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Critical Review of Hydrolysis of Organic Compounds in Water 
Under Environmental Conditions 

W. Mabey and T. Mill 

Stanford Research Institute, Menlo Park, California 94025 

This review examines the rate constants for hydrolysis in water of 12 classes of organic compounds with the 
objective of using these data to estimate the presistence of these compounds in freshwater aquatic syslems. Pri· 

mary data were obtained by literature review through mdst of 1975 and some of 1976. These data, which include 
values for acid, base, and water promoted rate constants (kA , kB' kN) and temperature coefficients are presented 
in 18 tables in section 4. Estimated rate constants for hydrolysis under environmental conditions are presented 
.in 13 tables in section 5, including rate constants at 298 K and pH 7 for acid, base, and water promoted reactions 
together with values for the estimated rate constant (k h ) and the half-life (t l/ 2

). 

Key words: Acid; base; environmental conditions; freshwater systems; hydrolysis; organic compounds; rate con
stants. 
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During 1975, 293 billion pounds of about 8,000 different 
organic compounds were manufactured in the United States 
exclusive of petroleu'm products [1 V Each year about 5,000 
new compounds are synthesized, and 200 to 300 of them 
come into commercial use [2]. Many millions of pounds of 
synthetic organic compounds are deliberately introduced into 
the environment for weed and pest control, and many mil-
ium; uf pounds of other chemicals are introduced into the 

environmental through dispersive uses. 
The effects on the biosphere of these often persistent, often 

biologically active synthetic chemicals are only now becom
ing fully apparent: fish kills, species extinction or enervation, 
and perhaps as many as several hundred thousand human 
cancers per year have been associated with the increasing 
production and dispersion of synthetic chemicals [3]. In an 
effort to avert further, and perhaps tragic, biological conse
quences of a continuing and unrestricted discharge of chem
icals to the air, water, and soil, thp gnvernmpnt hegan some 
years ago to regulate the manufacture and use of selected 
compounds, such as DDT, which had been shown to be ex
ceptionally hazardous to the biological environment. The 
Toxic Substances Control Act of 1976 is one further step 
toward regulating the introduction of hazardous chemicals 
into the environment. 

Fortunately, the environment has the capacity to cleanse 
itself of many kinds of chemicals through a variety of chem
ical and biological processes. An understanding of this proc
ess. especially how rapidly the environment can degrade a 
specific chemical structure to a simpler and potentially less 
harmful chemical, is a key to the rational use of natural re
sources with minimal abuse. The ability to predict the proba-

,hIe fate of specific compounds in the environment is also es
sential for screening the thousands of chemicals that may be 
considered for applications leading to their ultimate intro
duction into water, soil, or air. 

The objective of this review is to provide one kind of pre
dictor of environmental fate-hydrolysis of organi.:: com
pounds· in freshwater systems-based on the best available 
kinetic data for hydrolysis in water. 

I Fig~es in brackets indicate literature references at the end of each section or 
subsectIon. 
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There are at least two reasons why hydrolysis may be a sig
nificant chemical process in the environment. First, many 
hydrolyzable chemicals, including pesticides and plasticizers, 
eventually find their way into groundwater, streams, and 
rivers through leaching and runoff. Second, rates of hydroly
sis in aquatic sY,stems are independent of commonly used but 
rapidly chang~able indicators of the degradative capacity of 

. aquatic systems, such as sunlight, microbial popul~tion!'1., ~nrl 

oxygen supply; rates do depend on pH, temperature, and 
concentration of chemical-properties that may change only 
slowly and seasonally. 

In undertaking a review of this kind, which claims to pre
dict rates of hydrolysis in aquatic (freshwater) systems on the 
basis of laboratory data, we are aware of the belief that such 
estimates are of little value because the rates of hydrolysis ob
tained in laboratory studies do not reflect the complexity 
found in the environment. This concern, although under
standable, is not well founded. There are several examples 
where rates of hydrolysis have been measured in both pure 
and natural waters and which showed good agreement be
tween the two kinds of measurements for a variety of chem
ical structures r 4,5,6] providing that both pH and tempera
ture were measured. 

Another objection raised occasionally concerns the validity 
of the extrapolation of data for hydrolyses measured in the 
laboratory at concentrations of chemicals that often exceed 
0.01 M to environmental conditions where typical concentra
tions of trace organics rarely exceed 10-6 M. The apparent 
implication of this concern is that at high dilution other com
plications may arise but in fact it is axiomatic that rate proc
esses found to he simple at high concentrations remain so at 
low concentrations; mor~ovcr, with only one exception, the 

rate laws for hydrolysis reviewed here show a simple fi'rst~ 

order dependence on the chemical. Thus the actual half-life 
of the chemical is independent of its concentration and 
depends only on easily and accurately measurable param
eters like pH and temperature. 

For these reasons we believe that in most cases extrapola
tion from laboratory to field site is relatively uncomplicated 
and that estimates of persistence summarized in section 5 
provide valuable information on the upper limit for persis· 
tence of hydrolyzable dissolved organic compounds. From 
these estimates it should be possible to also assess possible 
effects of intervention by other environmental processes. 
Thus, if field measurements of the half-lives (persistence) of 
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specific chemicals depart significantly (by factors of 5 or 
more) from those predicted in section 5 after taking into ac
count differences in pH and temperature, then some other 
process such as biodegradation, or photolysis or insolubiliza
tion may have changed the measured half-life. These esti
mates apply only to chemicals dissolved in water; in most 
cases any suspended or oil solublized chemicals will hydrol
yse much more slowly than predicted. 

OnlyrecentIy has there beeullluch il1lere~l iu measuring or 

estimating the rates of hydrolysis of organic compounds 
under environmental conditions which include very dilute 
solute concentrations in pure or natural waters in the pH 
region 4 to 8 at or below 298 K. In the absence of much 
environmentally-nintended" data, this review has drawn 
upon a large amount of hydrolysis data from studies con
cerned wIth kinetics and mechanism. Some of these data were 
obtained from experiments in mixed solvents, or at high tem
peratures (to 393 K) or extreme pH values, and often lack 
data on temperature dependence. 

In some cases data are given for compounds which are not 
of environmental concern; however these data do describe 
the range of rate constants for the class of compounds and 
make it possible to estimate the rate constant{s) for and per
sistence toward hydrolysis of organic compounds not in
cluded in this review. 

We hope this review will stimulate more and better studies 
of hydrolysis of synthetic chemicals in water under carefully 

. defined conditions, both in the laboratory and in the field, to 
supplement the data presented here and further validate the 
concept that careful laboratory studies on. individual proc
esses can accurately predict the fate and persistenc~ of chem
icals in the environment. 

1.2. Content.of This Review 

This review provides information on kinetics of hydrolysis 
in water of 13 classes Dr organic structures, with sufficient 
detail within each class to enable the reader to find either the 
specific compound or one dose enough to estimate reliabJy 
the rate constant(s) for hydrolysis. The classes of compounds 
reviewed are: 
(1) Organic halides 

(a) Alkyl halides 
(b) Allyl halides 
(c) Benzyl halides 
(d) Polyhalomethanes 

(2) Epoxides 
(3) Esters 

(a) Aliphatic acids 
(b) Aromatic acids 

(4) Amides 
(5) Carbamates 
(6) Phosphorus esters 

(a) Phosphonates 
(b ) Phosphates and thiophosphates 
(c) PhosphoDohalidates 

(7) Acylating and alkylating agents and pesticides 
Kinetic data are presented in two· sections. Section 4, 

HHydrolysis Rate Data," summarizes primary kinetic data on 

hydrolysis of these compounds in water or (in a few cases) in 
mixed solvents; section 5, HEstimated Hydrolysis Rates under 
Environmental Conditions," uses data from section 4 to 
estimate rate constants and half-lives for these same com
pounds at 298 K, pH 7, and zero ionic strength, conditions 
typical of a great majority of freshwater systems (section 2.1). 

The classes of compounds reviewed here cover a significant 
fraction of the· hydrolyzable structures found iIi organic 
molecules .. Many of thc individual compoun.d5 listed in this 

review are used in quantity in industrial or agricultural ap
plications; others are unique to laboratory studies. Most of 
them have been subject to study in water solvent under condi
tions that require few assumptions and relatively short extra
polations to environmental conditions. 

Several classes of hydrolyzable compounds have not been 
included in this review because some are hydrolyticaUy inert 
under ordinary conditions and are best considered as refrac
tory toward water (nitriles, vinyl, and aromatic chlorides are 
p.xamplp.~), and others are hydrolytir.ally unstable but have 

not been examined in any quantitatively useful way. 

1.3. Error Analysis 

Because many different kinds of experimental procedures 
are used to measure hydrolysis reactions, no one error analy
sis procedure is applicable to all·sets of data. Rate constants 
for hydrolysis of most compounds appear to be of high preci
sion, often with less than 2% standard deviation. Different 
investigators have reproduced individual rate constants to 
within ±50%. Some sets of experimental data are reported 
with error limits that involve a judgmental factor in selection 
of data. These error limits may be considered equal to twice 
the standard deviation. 

Most experimental measurements of E or Mr are made 
over temperature spans of 40-80 K and usually around 345 
K. Benson's urule" [1J indicates that with a random error of 
2% in rate constant k, activation energy E may be deter~ 
mined with an accuracy of about 5%; however, with a random 
error of 10% in k, E is only accurate to 100% Dr a factor of 2. 
Put another way, if E is known only with an accuracy of 
±10%, k is known only with an accuracy of ±60%. 

Values for kh estimated in section 5 at 298 K are probably 
not more accurate than a factor of 2 (±lOO%)or less accurate 
than a factor of 5 (±250% ) owing to uncertainties in pH, 
temperature coefficients, and, in some cases, solvent effects. 

1.A,. Literature Sources 

A thorough search of the current literature through 1975 
was made using Chemical Abstracts. Data were searched 
under the major subject headings for specific compounds. 

1.5. Format 

The review is divided into five sections; to assist the user, 
references are renumbered as appropriate within each sec
tion. Although every effort has been made to use a consistent 
format throughout, some differences among tables are un
avoidable owing to differences in the kinds of compounds 
and the reliability of data available for various compounds.· 

J. Phy •• Chem. Ref. Data, Vol. 7, No.2, 1918 
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Section 4 reports primary kinetic data in the form of rate 
constants for acid (kA ), neutral (kN ), and base catalyzed (kB) 
hydrolysis reactions, together with available temperature co
efficients. Data are summarized in 18 tables. Section 5 uses 
data from section 4 to. estimate kh at 298 K and pH 7 for se
lected compounds in n tahles. 

In each table, compounds are grouped by class, such as 
alkyl halides, epoxides, and esters, and are listed in order of 
increasing co~plexity. Line formulas are used in most cases 
to avoid ambiguities of nomenclature. 

Rate constants k are expressed in units of 5-1 or M-1s-1, 
where M=mol' dm-3

• Very large and very small values of k are 
listed in twu way~; a l:ulumu heading l(P k rcquirc5 that every 
listing in that column be multiplied by 10-3 to retrieve k; a 
column listing of 5(-11) means 5XIO-ll . Throughout this re
view, we have used the SI unit of joules for energy and en
tropy; conversion of joules to· calories requires division by 
4.184. Units for A are the same as for k; units for !lSI' are 
llmol; units for E and AJJ.* are kllmol. To simplify presenta
tion of data in the tables, we have fixed the value of R at 
0.01914 kllmol K, which includes a conversion factor of 
2.303 for base 10 log units. 

1.6. Acknowledgments 

This review was prepared under Contract No. 5-35905 with 
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Standards. We thank Dr. L. Gevantman for his advice, en
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2. Physical and Chemical Properties of 
freshwater Aquatic Systems 

The freshwater systems of North America's streams, rivers, 
lakes, and groundwater comprise several hundred thousand 
square miles of area draining 7 million square miles of 
diverse environmental regions. Sin~e one objective of this 
review is to provide reliable estimates of lifetimes for organic 
compounds in freshwater aquatic systems, some review of the 
range of physical and chemical properties of freshwater is 
r1eHirahle. 
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2.1. Characteristics of U.S. Freshwater Streams 
and Rivers 

Detailed information on most freshwater systems in the 
United States, including temperature range, pH, and mineral 
content, is available from the United States Geological Sur
vey [1]. These data have been summarized for 111 streams 
and rivers in the, United States that account for over 95% of 
the water volume; table 2.1 summarizes mean concentration 
values for 11 inorganic constituents found in natural waters 
at pH 7.5 and 287 K. 

Table 2.1 Analysis for v_So rivers and streams 

_. 

Ca 2 + Mg 2 + Na+ K+ Fe 2 + I HCO; j soz- C1 - NO; PO~- CO~-

36 9 25 2 0.06 1127 I 36 7_7 1.4 0.65 0.10 

pH 7.5, Temperature 287K 

The following values represent average conditions in most 
freshwater systems in nonwinter months: temperature 293 K, 
pH 7.0, and ionic strength 0.00. 

Review of the hydrolysis literature for organic chemicals 
shows that many rate constants have been evaluated at 298 K . 

or higher; only a few data have been obtained at lower tem
peratures. Although higher than either the mean or the 
average temperature of the rivers and streams, we have 
chosen 298 K as the environmental reference temperature for 
this review in order to use as much primary kinetic data as 
possible for estimates of persistence without temperature ex
trapolations. 

Estimates of persistence (half-lives) summarized in Section 
5, will be. 50 percent longer at 293 K and 130 percent longer 
at 287 K, based on an average energy of activation for 
hydrolysis of 65 kJ Imol. 

Reference for: Section 2 

[I} Quality of Surface Waters of the United States, Parts 2-16, U.S. Geo

l~gical Survey Water Supply Papers 2092-2099,1972-73. 

3. Hydrolysis Kinetics 

3.1. Rate Laws 

Hydroly·sis refers to reaction of a compound in water with 
net exchange of some group X with OH at the reaction 
center: 

The detailed mechanism may involve a protonated or anionic 
intermediate or a carbonium ion, or any combination of these 
intermediates. But whatever the mechanism, the rate law for 
hydrolysis of substrate RX usually can be put in the form 

(1) 

where kB' kA' and kN' are the second-order rate constants for 
acid and base catalyzed and neutral processes, respectively. 
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In water k;[H 20] is a constant (kN)' The pseudo-first-<lrder 
rate constant,k", is the observed or estimated rate constant 
for hydrolysis at constant pH. Equation (1) assumes that ·the 
individual rate processes for the acid, base, and neutral 
hydrolyses are each first order in substrate. With only a few 
exceptions, this is the case, and 

k,,=kB[OH-]+kA[H+]+kN. (2) 

From the autoprotolysis water equilibrium, eq (3), eq (2) 
may be rewritten as eq (4). . 

[H+][OH-]=Kw (3) 

k = kBKw +k [H+]+k 
" [H+] A N 

(4) 

3.2. Effect of pH 

From eq (4) it is evident how pH affects the oveiall rate: at 
. high or low plI (high OH- or H+) one of the first two terms is 
usually dominant, while at pH 7 the last,term can often be 
most important. However, the detailed relationship of pH and 
rate depends on the specific valuelS of kB, kA, anJ k N • At any 

fixed pH, the overall rate process is pseudo first order, and 
the half-life of the substrate is independent of its concentra
tion: 

tlh =0.693/k". (5) 

Equation (4) is conveniently expressed graphical1y as three 
equations-one each for. the acid, base, and neutral hydrol
ysis reactions-in which log kh is plotted against pH. The 
curves obtained are especially useful for estimating the effect 
of acid or base on the rate of hydrolysis. Figure 1 depicts a 
typical log kh vs pH plot for compounds which undergo acid, 

. water, and base promoted hydrolysis. It is obvious from eq (4) 
that the upper curve in figure 1 is a composite of three 
straight lines-(a) log k,,=log (kaKw)+pH; (h) log k,,=log kN' 
and (c) log k,,=log kA-pH-with slopes + 1,0, and -1, respec
tively. The lower curve results when krO. 

Most log kIt vs pH curves are found to have one or two in
tercepts corresponding to pH values where two kinds of rate 
processes contribute equally to the overall process. Thus in 
figure 1 the intercept IAN corresponds to a value of pH where 
kA[H+ ]=kN; similarly, INB corresponds to kB[OH-]=kN • In 
cases where kA , kB' or krO, only one intercept is observed. 
V ~lues of pH corresponding to I may be calculated readily 
from the values of kA , kN and kB : 

(6) 

(7) 

(8) 

Use of intercepts in tabulating data on rates of hydrolysis as a 
function of pH greatly simplifies the task of estimating the 
effect of pH on the rate constant k,. for a specific compound. 
For example, INB for alkyl halides lie above pH 11. Obviously, 
the base-catalyzed process for hydrolysis of alkyl halides is 
never of concern in estimating persistence in aquatic systems. 
Values of IAN, INB , and lAB are tabulated for specific com
pounds in section 5. 

3.3. Effect of Temperature 

Section 5 reports estimated half-lives at 298 K based on 
rate data listed in section 4 at several different temperatures 
and with temperature coefficients for the rate constants. 

Ie) log kh ; log kSKW + pH '-..... 

Ib) log kh ; log kN 

pH-_ 

FIGURE l. pH dependence of kh for hydrolysis by acid, water, and base promoted processes. 
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The effect of temperature on the rate constant for a spe
cific hydrolysis process can be expressed in several ways, all 
of which are variants of the general relation 

log (kls-1)=-AIT+B log T+C. (9) 

There is no uniform practice for expressing values of A, B, or 
C; different investigators have used different "versions of eq 
(9), usually in more familiar Arrhenius or absolute rate theory 
format 

log (kls-1)=log A-EIRT Arrhenius (10) 

log (kls-1)=log (kT mlh)-IlIf'IRT+ llstlR Absolute (ll) 
Rate Theory 

Equation (9) can also be used to describe more accurately the 
effect of temperature on the rate constant and activation 
parameters by inclusion of a heat capacity contribution in the 

constants Band C. When the heat capacity term, llC;, is 
known or can be estimated, lllf' and llfr are then calculable 
at a specific temperature, T2 , from AIl! and AS: or ~and 
llSi-

1 

lllIfr. = llFl!+ llC; T'2 or lllf'r, = ll.Ff:r, - /). C ATt - T2 ) 

AS;.,=llS!+2.303 llC: (log T2 ) 

A few authors have expressed rate parameters for a reac
tion in the mixed terms of E and·llS*'. Although such a prac
tice is not immediately useful within the individual Arrhenius 
or absolute rate theory treatments, the rationale appears to 
be that llS*'and E are more easily conceptualized for diagnosis 
of the reaction mechanism. 

Recasting of data to fit a uniform temperature dependent 
relationship might assist in mechanistic interpretations; 
however, the probable loss of precision for some data argues 

against such a practice. Therefore this review uses the origi
nal temperature dependence relationships developed for 
each compound to extrapolate rate constants to the chosen 
environmental temperature of 298 K. 

Each table of data in section 4 lists the appropriate tem
perature coefficients together with values of coefficients in 
apprupriaLt:: uuiL:s. For a few compounds where no tempera
ture coefficients were determined and the reported data are 
not at 298 K, we have extrapolated to 298 K using a stated 
tf'mper::ltl1re coefficient? haserl on ::t "imi1::tT reaction with 

known temperature dependence relationships. In a very few 
examples where data are reported within ±S K of 298 K, we 
have used the data without further correction. 

3 • .4. Ionic Strength and Buffer Effects on Hydrolysis 

The ionic strength of most natural freshwater"is quite low, 
usually much less than 0.01 M" in total cation and anion con
centrations (see table 2.1). This is fortunate since ionic 
strength effects on hydrolysis reactions are difficult to prc-
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diet: they can lead either to rate acceleration or retardation, 
depending on the substrate, the specific salts, and their con
centration. Salt effects of this kind are associated with 
changes in activity coefficients of ionic or polar species or 
transition states with significant charge separation; no bond 
making or breaking is involved in such interactions. 

Table 3.1 which lists some effects of different non-nucleo
philic salts on the hydrolysis of several kinds of compounds, 
shows that in most cases rather massive amounts of these 
salts cause only 30-40% changes in rate constant. Concentra
tions necessary to effect these rate changes are found only in 
ocean or brackish waters or in highly buffered laboratory ex
periments. 

Table 3.1. Salt effects in hydrolysis reactions. 

Compound Salt, M Solvent, T/K k/k",a Reference 

t-BuBr LiBr, 0.1065 90/10 acetone-water, 1.44 1 

323 

y-Butyrolactonc NnCl, 0.51 O.10M HC1, 29S LOS 2 

NaClO q , 0.40 O.lOM HCl0 4 , 298 0.95 

CH 3 C0 2 Et LiCl, 2.00 O.lSM HCl0 4 , 298 1.35 3 

NaC10 4 , 2.00 0.15M HC10 4 , 298 1.00 

CH!lC02Me NaCl, 0.100 O.OlM. NaOH, 308 0.96 4 

ak / kn is the ratio of rates with (k) and without· (k) salt. 

Another effect of nucleophilic added salts is to accelerate 
the rate of hydrolysis by a general acid or general base pro
moted process (where H+ or OH- promoted reactions are spe

cific acid or base processes). Some anions can effect dis
placement of leaving groups more rapidly than water (kN) and 
in doing so catalyze hydrolysis via "the sequence 

R-X+A-~ RA+X-, 
RA+H2 0 ~ ROH+HA, 

(HA+X ~A-+HX). 

The use of nucleophilic anions such as phosphate or acetate 
at 1.0 M to 0,01 M to buffer hydrolysis reactions is a common 

and useful practice. Unfortunately, the general acid or base 
catalyzed term ko[A*] added to eq (2) to give 

can often be as large as the specific acid or base terms be
cause both [H:'] and [OH-] are relatively low in the buffered 

\ 

Table 3.2. Nuc:leophilicity constants (n) for displacement reactions [5]. 

a From the Swain-Scott relation log (kG/1);) ns, where s is a substrate-

dependent constant '.Jhich varies from 0.75 to 1.5; s for MeBr is 1.00 [5]. 



HYDROLYSIS OF ORGANIC COMPOUNDS 389 

region uom pH 5 to 9. As a result, the value of kh may in
crease significantly. Table 3.2 lists values for kG relative to kN 
for specific ions in displacement reactions. However, the fact 
that primary and secondary salt effects also may be important 
makes it difficult to predict the overall direction or magni
tude of such rate changes. 

To ensure that hydrolysis measurements reported in buf
fered systemS! are not subject to these salt effects, the follow
ing procedures are recommended: 

(1) Measure rates ()f hydrolysis at concentrations of sub
state less than 10-4 M. In most cases this procedure 
eliminates or minimizes the need for buffers and avoids their 
possible effects on rate. 

(2) Check the effect of different buffers on the rate of 
hydrolysis; when possible use borate or acetate )nstead of 
phosphate. With low concentrations of chemicals buffers may 
be used at 0.01 M concentrations to hold pH constant without 
introducing significant salt or buffer effects. 

(3) Compare the initial rates of hydrolysis in the absence 
and presence of buffers. 

3.5. Effect of Solvent Composition 

With a few exceptions, rate data reported here refer to 
water solvent. Many investigators have used mixed water
organic solvents to work at conveniently high concentrations 
of substrate, most of which are relatively insoluble in pure 
water. Although extrapolation of rate data from mixed sol
vents to water can be done with moderate success using 
schemes like the Winstein-Grunwald relation [6], combined 
extrapolations of temperature and solvent composition 
together with the questionable meaning of pH in mixed sol
vents introduce sufficient error in the final estimate to make 
such effort of questionable value for purposes of this review. 
For the most part, these data were not, included. 

The effect of solvent composition is most pronounced in 
those reactions in which charge separation is well developed 
in the transition state, as, for example, in solvolysis of t-butyl 
chloride. In ethanol-water mixtures this hydrolysis is purely 
:5olvolytic-no effect of acid or ba:se its nULed. Table 3.3 sum
marizes values of kN' which increases by a factor of near 104 
on going from 90% ethanol to water. 

Table 3.3. Effect of solvent/composition on the rate of hydrolysis of t-BuCl 

in ethanol/water at 298 K [6]. 

Percent 
90 70 50 40 0 

p.th~nn] 

~/S-l 1. 71(-6) 9.14(-6) 4.03(-6) 1.26(-4) 1.0(_2)a 

aEstimated from data in table 4.1. 

3.6. Effects of Metal Ion <:atalysis 

A number of alkaline earth and heavy metal ions catalyze 
hydrolysis of a variety of organic esters [7,8]. The principal 
function of the metal ion appears to be to increase the effec
tive concentration of HO- ion at pH levels where its concen
tration would otherwise be negligible [8,10]. This explanation 
is by no means universally_ applicable, especially to enzyme
like processes where prior complexation seems' a necessary 
prelude to bond cleavage. Nonetheless, the kinetic features of 

several kinds of esters hydrolyses are similar, and they follow 
the same rate law 

where k,., kN' and kB have their usual significance, kM is the 
metal ion catalysis constant, M is the total metal ion concen
tration, and KA is the equilibrium constant for dissociation of 
the hydrated metal ion complex M(H20)~+: 

Study of the hydrolysis of the nerve agent isopropyl methyl 
phosphonofluoridate showed that Cu, Mn, and Mg ions were 
effective catalysts for hydrolysis and at 10-2 M concentration 
increased the values of kh by factors of 7 to 32, respectively 
[9]. The magnitude of the catalytic constants suggests that at 
1 ppm ("\., 10-6 M) of each of these cations, their contribution 

would be negligible. 
Similarly, the catalyzed hydrolysis of propionic anhydride 

by Co and other metal ions [10] may be shown to be slow rela
tive to the water reaction at pH 7 when the Co concentration 
is less than 10"5 M, a value fQ,r in excess of the amounts of Co 

ever found in the environment. 
Cu ion is also an effective catalyst for hydrolysis of many 

dialkyl thiophosphorolate esters but is completely ineffective 
when complexed to soil organics [11]. When complexed to 
montmorillonites, however, Cu ion was still effective. A rough 
caiculation from the data indicates that at concentrations of 
Cu (total) found in most freshwaters, about or less than 1 ppm 
[12], the contribution of the catalyzed reaction to the 
observed rate is negligible, even if all of the Cu is assumed to 
be in an effective form, an unlikely situation. 

There is one report by Ketelaar et al. some 20 years ago 
[13] that does suggest that Cu is effective in catalyzing hy
drolysis of parathion at Cu concentrations below its limits of 
detection; only by completely removing all traces of metal 
ions with EDT A was it possible to measure the uncatalyzed 
process in glass vessels. The effect of EDT A was small, only a 
factor of two, but it may mean that some reported rate con
stants for hydrolysis of other phosphorus esters have in fact a 
small metal-ion catalyzed component. 

In general, we believe that metal ions do not playa signifi 

cant role in most hydrolysis reactions that occur in the envi
ronment; at the concentrations of metal ions normally found, 
the catalyzed rates are too small,to contribute importantly 
compared to the acid, base, or water reactions; moreover, 
most metal ions are probably tightly complexed to natural 
organics and are not available as catalysts. Obviously, this 
area deserves much more careful study before the question 
can be decided fully. As a start, heavy metal concentrations in
water should be reported both as soluble and insoluble 
metal based on 
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Aliphatic or allylic halides hydrolyze in water by neutral 
and base catalyzed reactions to give· alcohols~ In. water 
f3-elimination to give olefins and hydrogen halides is rare ex
cept at high temperature. No acid catalyzed processes are re
ported. Comprehensive kinetic dat~ are available for the neu
tral hydrolysis of simple .alkyl halides, but only scattered rate 

Table 4.1. Alkyl halides: rate constants kN, with temperature coefficients at 323. 2K 
for log ~ =-dHt/RT + ASt/R + log T + 10.32.a,b 

Alkyl halide T/K ~/S-l AR*/kJ Imol 103AS*/kJ/mo1 K I -10311C IkJ/mol K 

MeF 373 4.42(_6)d,e 107.1 -51.1 

MeCl 363.1 5.64±0.2(-5)f,g 105.7 -37.2 

MeBr 343.7 1. 065±0. 004 (-4) 101.0 -27 .8 

Mel 353.2 8.19±0.06(-5) 108.6 -16.5 

.1 .. 148 (-4) e, h 
I 

Ete1 373.2 I 104.4 -21. 9 
I 

EtBr 371.8 1.395±0.OO4(-3)j 101.5 -29.7 

Etl 371.8 8. 78±0.07(-4) 107.1 -15.1 

i-PrC1 371.8 1. OO±O. 011(-3) 104.4 -22.0 

i-PrBr 121.2 1. 129±O. 001 (-4) 101. 9 -5.98 

i-PrI 3"53.2 2.75±0.004(-3) 106.8 7.78 

n-PrBr 353.2 1.614(-4) 
I 

97.4 -42.3 

i-BuBr 353.2 1.406(-5)k 

I 

111.2 -H.O 

neo-Pentyl Br 363.4 S.08±0.04(-5)1 134.7 -5.73 

l:-:BuI' 363.4 5.18::tO.02(-4) I 94.6 -H.4 

t-BuCl 2B7.2 6.36±0.03(-3) 
I 

91.8 34.8 1 

d R c 0.01914 kJ/~ol K. 

b . * To c.alc.ulate kN at temperature T2 where Tl 323.2K, ART 
AC (T 2 - T1 ) and L\ST* MT* - AC (2.303) log (1:) 2 

p 2 1 P T2 

cFirst reference is for kinetic data, second reference is for temperature 
coefficient data. 

dCalculated value at 373K is 1.2(-5). 

eA better temperature dependence fit is given by log (kN/s- 1
) = 

109.435 -33.729 log T - 10467 IT 14]; ~ calculated at 373K using this 
expres~ion is 4.29(-6). 

fCa1culated value at 363K is 4.6(-5). 

gA better temperature dependence fit is given by log (kN/S- 1
) = 

85.335 - 25 .118 log T - 9192. 2/T [17 J; kN calculated at 363. 2K using 
this expression is 5.44(-5). 

hCalculated value at 373.2K is 1.1(-3). 

jCa1culated value at 371.8K is 9.5(-4). 

kCalculated value at 353.2K is 6.4(-5). 

1Calculated value at 363.4K is 1.4(-7). 
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constants and a few temperature coefficients are available for 
other halides. Polyhalomethanes hydrolyze by neutral and 
base catalyzed processes and, in the case of trihalomethanes, 
by proton transfer followed by loss of halide to give dihalo
carbene: 

HCXa+OH---CXa+H2 0 

Carbon tetrachloride is unique among halides in hydrolyzing 
by a rate process second order in carbon tetrachloride. The 
mechanistic significance of this unusual rate dependence is 
not clear. 

It should be noted that certain classes of organic halogen 
compounds probably do not hydrolyze at rates fast enough to 
be detected, even at elevated temperatures. Vinyl chloride, 
for example, is not hydrolyzed significantly in water even at 
373 K after 10 days [1]. Perhalogenated compounds-e.g., 
perchlorobicycloalkanes such as mirex-are resistant to 
strong base for short times and in boiling water for several 
months at 393 K [2]. Under environmental conditions, these 
~ompollnrls must degr~rle, if they rio, hy pro~esses other th~n 

hydrolysis. Rate constants for hydrolysis by neutral and base 
promoted reactions for alkyl, allyl and benzyl halides and 
polyhaloalkanes are listed in tables 4.1 through 4.6. 

Table 4.2. Methyl halides: rate constants kB at 373K and temperature 
coefficients for log kB = log A-(EiRT)a [7]. 

Methyl halide I kB/W ' s 1 
EAI (kJ Imo1) I log (AIM 'S-') 

MeF 8.98(':'4) 90.4 9.607 

MeCl 2.42(-2) 101.7 12.614 

MeBr 3.52(-1) 96.3 13.017 

Mel 1.24(-1) 92.9 12.093 

a R = 0.01914 kJ/mol K. 

fable 4.3. Allyl halides: rate constants kN and temperature coefficients 
f", .. lne: 1<N = - Af'!' __ R lne: 'I' + r. [Rl 

Allyl halide 
RX 106~/s-1 T/K A/s- ' 

CH
2

CHCH
2
cf,d, e 4.294 ± 0.017 308.16 -8345.3 

CH 2 CHCH 2 Br b 16.98 ± 0.05 298.16 8794.7 

CH 2 CHCH 2I c 4.103 ± 0.012 298.13 8304.5 

aMeasured over temperature range 308-35BK. 

bMeas~red over temperature range 29B-3BBK. 

cMeasured over temperature range 298-34BK. 

B/S"",l C/s- ' 

-24.189 81. 916 

28.727 95.813 

22.560 78.289 

dThese data are in good agreement with those of Shvets and Belyaev 
[9] in the temperature range 323-363K. 

e log kB = 8.92 - 75.0/RT), R = 0.01914 kJ/mol K. 

Table 4.4. Polyhalomethanes: rate constants ~ and k
B

. 

Polyhalomethane T/K 10·~/s 104k
B

/M- ' s- 1 I Reference 

CH 2 C1 2 '" 298
a 

1.39 ± 0.04 -- 11 

373.16 57.7 ± 0.04 1.61 10 

CHCl. "'- 298
a 

1.62 ± 0.27 -- 11 

373.16 7.285 ± 0.0146 -- 7 

307.96 -- 3.0B2 ± 0.093 7 

298.9
b -- 0.602 ± 0.023 12 

CC1 4 c 373.16 1.208 x 10-' < 10-sd 7 

BrCHC1 2 b 298.9 -- 16.0 ± 0.6 12 

Br2CHClb 298.9 -- 8.01 ± 0.22 12 

i 
b 

HCBr, 29B.9 -- 3.20 ± 0.12 

I 
12 

ICHC1 2 b 30B.9 -- 39.9 12 

BrCHFCl
b 

287.3 -- 2150 12 

"Measured in '" 8 x 10-6M in sealed tubes without temperature control. 
The value of ~ is suspect. 

bMeasured in 66.67% (v/v) dioxane/water; the values for kB for CHCl. 
in water and in dioxane/water agree quite closely. Values for other 
compounds are presumed to be close to those in water. 

CHydrolysis of CC1 4 is reported to be second order in CC1 4 • 

dReference 13 . 

Table 4.5. :olyhalomethanes: temperature coefficients for k and k 
~n form log k = log A - (E/RT)a or log k - C B ~ T BA/ - - og 

Po1yha10methane 
T. 

Temperature Coefficient (k
B

/M- ' s-, or ~/S-l) Reference 
CR 2 C1 2 log ~ = 98.441-29.66 10g'T - 10597.3/T 10 

log ~ = 11.567-109.86/RT 10 

CRGl, log ~ = 149.6905-46.28 log T-1410B/T 7 

log ~ = 15.90-114.2/RT b 
12 

log kB = 212.80249-67.18 log T-15132/T 7 

CC1 4 10g(~/M""'S-S-1) = 11.0189 - 23646/2.3 RT 7 

BrCHC1 2 log ~ = 16.22-108.0/RT b 
12 

Br2CHCl log ~ = 16.44-111.3/RT b 
12 

HCB.l- 3 .log ~ = 15.33-107.5/RT b 
12 

ICHC1 2 log kB = 17.33-116d/RT b 
12 

BrCHFCl log kB = 19.44-110.5/RT b 
12 

a R = 0.01914 kJ/mol K. 

bSolvent 66.7% dioxane in water. 
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Table 4.6. Ben?yl halides: rate constant ~ 

C6 HsCH 2 X T/K 10s~/s-1 Reference 

C6HsCH 2 Cl 293.19 0.703
a I 8 

log (~/S-l) .= 7306.02/T - 19.309 log T + 67.404 

p-MeC6H4CH2Cl 303.0 86.2 6 

C6 HsCHC1 2 303.0 297b 6 

C6 HsCC1s 278.1 387c 6 

C6 HsCH2Br 303.0 27.5 6 

p-MeC 6H4 CH 2 Br 293.0 140.6 6 

o-MeC 6HsCH2Br 293.0 56.0 6 

aRate reported to be independent of pH below 
13 [14]. 

bRate reported to be independent of pH below 13 

CRate reported to be independent of pH below 13 

J. Phys. Chem. Ref. Oata, Val. 7. No.2, 1978 
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4.2. Epoxides 

Epoxides hydrolyze to give diols in acid, neutral, or base 
catalyzed reactions. Published rate constants for hydrolysis in 
water hy one or more of these 'processes are availahle for a 
few simple aliphatic epoxides. Since these compounds are 
quite reactive, most rate measurements were made near 298 
K. In general, there: i5 little effect of I)tructUle iu terlllinal 

epoxides on the neutral or base catalyzed processes, both of 
which proceed mainly by nucleophilic displacement at the 

terminal carbon; for these epoxides l07kr S.7±3.4 and 
104kB=0.8S±O.2. However, acid catalyzed hydrolyses are very 
sensitive to substitution of an incipient carbonium ion. These 
same epoxides have values of kA that increase by a factor of 6 
on addition of one methyl group and 100 on addition of a 
second methyl group. The presence of halo or hydroxy sub
stituents heta to the secondary epoxy-carhon slows down the 
rates of hydrolysis significantly. Aromatic or conjugated 
epoxides are much more reactive than aliphatic epoxides 
toward acid or water, often by facton) u[ lO~ lu lOs. Rate con

stants for acid,. base and water promoted hydrolyses of ali
phatic and dihydroaromatic epoxides are listed in table 4.7. 

I 

Table 4.7. Epoxides: rate constant kA' kB' and ~ and temperature 
coefficients log k = log A - (E/RT) or log k = log (ek/~ + log T + (~S~/R) -
(~H:f/RT)a,b 

R~4 
R2 0 3 r 

RI R2 R3 R4 T/K 10 3k
A

/}11 S-1 107~/s-1 104~/M-ls-l Reference 

H H H H 293 5.34 3.61 -- I 

293.2 -- 4.2 '0.65 2 

298 9.3 6.75 -- 3 

298 10 -- 1.0 4 

I 303.2 16.9 -- -- ,5 

log kA = 10.753 + log T - 0.0255/R - 79.5/RT 5 

log ~= 7.726 - 79.5/RT 2 

log ~= 9.312 - 75.3/RT 2 

Me H H H ?73 3_50 -- -- 6 

297.7 46.5 -- -- 7 

298- 60 'V 5.5 'V 1 8 

298 -- -- 0.87 4 

303.2 74.5 -- -- 5 

log kA = 10.753 + log T - 0.0180/R - 77.9/RT 5 

log kA = 12.62 - 79.4/RT 7 

Me Me H H 273 330 -- -- 6 

298 6800 11.1 .0.S7 8 

298 -- -- 0.76 4 

298.2 4600 -- -- 5 

29S.9 7350 ± 240 -- -- 9 

301.9 8580 -- -- 7 

log kA ~ 10.753 + lug T - 0.0167/R - 6-7.4/RT .) 

log kA = 14.94 - SO.S/RT 7 

CH 2 0H H H 
lH \273 I 

0.266 

I 
--

\ 

-- L_ 293.0 2.46 2.S4 --
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Table 4.7. (Cant.) 

Rl . R4 

~Rs 
Rl R2 Rs R4 T/K 10skA/M-1s- 1 107~/s-1 10 4 k

B
/M- 1s- 1 Reference 

CH 2 C1 H H H 273 0.048 -- -- 6 

293 0.406 9.75 -- I 

297.9 0.804 -- -- 7 

298 0.8 -- -- 4 

log kA = 11.48 - 83.1/RT 7 

CH 2 0H Me H H 273 0.75 -- -- 6 

298 11 -- -- 4 

CH 2Br H H H 273 0.038 -- -- 6 

CH2 C1 Me H H 273 0.115 -- -- 6 

Me H Me H 273 7.70 -- -- 6 

H I Me Me H 273 14.8 -- -- 6 

6 298.0 1. 64 (7) 2.20(3) 14.8 10 

0 

V 303 3.2(4) 1.40(4) -- II 

0 

0 298.0 3550 < 3.60(3) -- 10 

0 

~ 303 4.70(5) 3.00(4) -- II 

~ / 
0 

eta 303 1. 30 (5) -- -- II 

I 

. aR = 0.01914 kJ/mo1 K. 

b1og ( ek/h) = 10.32. 

J. Phys. Chem. Ref. Data. Vol. 7. No.2, 1978 
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4.3. I:sters 

Esters hydrolyze to give alcohols and carboxylic acids by 
acid, neutral, and base catalyzed processes. In this review, 

data on esters have been organized into two sections: 4.3.1 
esters of aliphatic acids and 4.3.2 esters of aromatic acids. 

4.3.1. Aliphatic Acid Est.rs 

The hydrolysis of esters has been the subject of a recent ex
celleni review [16]. The hydrolysis of esters is acid and base 
catalyzed, and for some compounds the water promoted reac
tion is also important. Limited data are avaiJable for evalua
tion of the acid' catalyzed reaction in dilute acids (less than 
""0.1 M [H+], pH= 1). The data listed in table 4.8 indicate 
that, in general; the reaction is little affected by steric or elec
tronic influences in the ester structure; for most esters, 
1 ()4kA= 1.0±0.5 at 298 K. The base catalyzed process has been 
extensively studied. Steric factors significantly retard kB' with 
the rate constant two orders of magnitude less for t-butyl 
acetate than for methyl acetate. Electron-withdrawing groups 
on either ester moiety increase kB by making the ester car
bonyl more susceptible to nucleophilic attack with subse
quent displacement of the alcohol. In 50me cases, the ester i!3 

so activated that the neutral reaction with water is more rapid 
than the acid catalyzed process at low pH. 

J. Phys. Chem. Ref. Data, Vol. 7, No.2, 1978 
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~ 
Table 4.8. Aliphatic acid esters, RC(O)OR: kA'~, and kB at 298K and temperature coefficientsa log 

k = log A-(E/RT) or log .k = (-6.H+/RT) + (M:j:/R) + log T + 10.32. 
-----.--------T~--r---_r_-____.._______J 

R1C(0)OR2 

Rl R2 

H Me 

H Me 

H Et 

H Pr 

H Bu 

H Pr 

Me Me 1.133 

Me Et 
I 

1.097 0.000153 

Me Pr 1.100. 

Me Bu 1.133 

Me i-Pr 0.600 

Me s-Bu 

Me cyclo-CsHg 

Me t-Bu 1. 26 

R1C(0)OR2 

Rl R2 10 4 k
A

/M- 1s- 1 106~/s-1 

Me CH 2CH- 1.355 0.1133 

Me CH"C (CH~) -- --

Me 1- (cyclo-CsH7) -- --

Me CH 2CHCH 2 . -- --

Me CH 2 CHCH(CH 3 ) -- --

Me (Me) (Et) (CH 2CH)C -- --

Me CHCCH(CH 3 ) -- --

Me C6HsCH 2 1.09 --

Me C6HS -- 0.066 

0.782 --

Me -- 0.039 

Me -- 0.063 
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36.6 

2'5.7 

22.8 

21.8 

10.9 

0.179 

0.1077 

0.111 

0.0655c 

0.0970 

0.070Sc 

6.H+/kJ/mq1 l036.S*lkJ/K mol 
or or 

flE/kJ/mol. log A/s- 1 or M_lS~l 

E = 40.0 log A = 8.57 

E = 37.4 log A = 7.'36 

E = 35.6 log A = 7.60 

E = 33.5 log A = 7.19 

E = 34.8 log A = 7.13 

O. 06S±0. OOld llH+ = 44.4 IlS+ = -115.9 

0.0262 

0.01738 

0.026±0.00r llH:F = 49.8 M+ = -105.4 

0.00150 

1l~/kJ/mol 10 3 11S:F/kJ/K mol 
or or 

Reference 

4 

5 

5 

5 

5 

7 

12 

10 

12 

10 

8 

10 

12 

8 

10 

llE/kJ/mol log A/s- 1 or M-1s_ 1 I 
Reference· 

10.33 7 

3.28±0.13d llH* = 53.6 IlS * = -53.1 8 

AS:F = -88.7 8 

0.8SS±0.03if llH* = 47.0 IlS:F = -86.4 12 

0.209 12 

0.0717 12 

0.00400 12 

0.365 12 

0.197 10 

2 

I 1.37 10 

2 

2 

2 

2 

9 

2 
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Table 4.8. (Cont.) 

10'kA/M-',-' I 10''./,-' I 
- .-

R, C(0)OR2 ' f1H:I=jkJ/mol 103 f1S:J:/kJ/K mol 
or or 

R, R2 kB/M-'S- ' M/kJ/mol log A/s- ' or M-1s_ 1 Reference 
! I ------------ ---- --

ClCH 2 Et -- 0.1083 36.7 1 

ClCH2 P-N02C6 H4 -- 3.3 5920 9 

C1 2CH Me 2.33 15.33 2830 7 

C1 2CH Et -- 4.91 883 1 

C1CH2 C6 H5 -- 1760 12800 9 

F2CH Et -- 56.7 4500 1 

C1 3 C Me .-- 733 -- 11 

F3 C Me -- 3280±5 -- f1H* = 44.35 ± 0.33. f1S* = 135.1 + 1.3 13 

:f3 C Et: -- 273J:tl2 f -- 1u~ ~ - -G4J9.0409/T - J2.714 log TI 13 

1253±3g 100.0558 

FsC i-Pr -- 3494±l2 -- f1H* 43.97 ± 0.211 f1S* 155.2 ± 2.5 13 

F3 C t-Bu 1320±43h -- log ~ = -10612/T 38.35 log T + 14 
127.63 

(CH 3 S-CH2) Et -- -- 0.92 15 

I CS-CH 2 -) Et -- -- 0.0064 15 

CH 3SOCH 2 - Et -- -- 4.2 15 

(CH3S02CH 2 ) Et -- -- 12.8 15 

(CH 3) ;SCH2 I Et -- -- 204 15 

I R1C(0)OR2 I f1H*/kJ/mol 10 3 M* /kJ/K mol 
or or 

I 

I 
Rl R2 104kA / M-ls-l 106~/s-l ~/W1S-l lIE/kJimol log A/s-l: or M-1s_ 1 Reference 

6.59 j m* = 73.6 ~S:j: = 
.... -_. 

2,4-(C12)C6 H3 OCH2 BuOCH2CH2 -- -- 89.1 6 

C6 H5 OCH 2 Et -- -- 30.2£ ~H* = 84.1 ~S:j: = 61.9 6 

I 
C6 H5 OCH2 Me -- -- 17.3£ 6 

Et Et 0.33 c -- 0.059
c -- -- 17 

-- 0.087 E = 44.85 log A = 6.780 18 

n-Pr Et 0.18c -- 0.035c -- -- 17 

-- -- 0.038 E = 43~J8 log A = 6.142 18 

i-Pr Et -- -- 0.023d 
E = 42.55 log A = 5.93 19 

CH .. =CH Et O.012c O.064c 
17 

0.078 E 50.00 log A 7.638 20 

trans-CHsCH=CH Et 0.063c -- O.OO9lc -- --
-- -- o.ou t; = 53.22 .log A = 1.4J.l 20 

cis-CH 3 CH=CH Et -- -- 0.015 -- -- 20 

H-C::::C- Et -- -- 4.68 E = 51.30 log A = 9.638 20 

CH 3 C::::C- Et -- -- 0.568 E = 53.16 log A = 9.055 20 

aR = 0.01914 kJ/mol K' b293.3K; c293K; d293.2K; e294.1K; f295.2K; g283.1K; h297.8K; J340.2K; £30l.2K. 
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Little work has been carried out in water as the sole solvent 
for aromatic ester hydrolyses, primarily because of the ·low 
solubility of these compounds in water. Consequently, cosol
vents with water such as dioxane, ethanol, methanol, and ace
tone, among others, have been used to expedite laboratory 
studies. Data listed in table. 4.9 indicate that increasing 
amounts of organic cosolvent decrease rate constants leA and 
kB • Unfortunately, these studies fail to examine pure water 
solvent but rates do not vary more than an order of magni
tude in the solve~t compositions used. Whereas the base hy
drolysis studies have often been carried out around 298 K, 
the slower acid hydrolyses were usually carried out at higher 
temperatures, but some temperature dependence data are 
av.ailable to calculate kA at lower temperatures. No data are 
available for water promoted hydrolysis reaction of aromatic 

acid esters. As with the aliphatic acid esters, kA is generally 
insensitive to structure variations, and kB is increased when 
electron-withdrawing substituents are present on the aro
matic ring. 
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Table 4.9. Aromatic acid esters; 
catalyzed reactions. 

kA and kB at 298K and temperature coefficientsa for acid or base 

I 
-r--

Rl-~-O-R2 103~/M""ls-1 % Organic solventbi1og k = log A - 2.303 Ea/RT --
R, ! R2 10"k

A
/M"" ' s-1 at 298K in H2 O E 

a log A Ref. 
-------

C.Hs Me 1.68
c 

60 v% M 74.0 6.57 4 

1.86 50 w% M 2 

9.01
j 

56 w% A 59.3 8.38 5 

C.Hs Et 3.9d 
30

e 
water 3 

8.7
e 

33 % D 3 

C.Hs Et 0.845 f 60 v% E 82.l3 7.46 4 

1.20
g 

67.1 w% E 69.3 9.28 1 

C.Rs Et 0.209
h 

60 v% A 84.7 7.84 4 

2.87
j 

56 w% A 60.9 8.18 5 

2.69 55 w% A 2 

C.Rs Et 9.72
u 

40 v% D 51.1 6.80 7 

5.08
n 

70 v% D 58.4 7.76 7 

C.H, _i-Pr 6.2
e 

water 3 

p-BrC.H" Et 0.200~ 60 v% E 73.30 6.29 4 

0.185 ~ 60 v% A 84.18 7.72 4 

p-BrC.H" Me 5.50 55 w% M 2 

I Rr~-O-R2 l103~/M""ls-1 
b.: Organic solventb log k = log A - 2.303 E/RT 

R, I R2 10"k
A

/W 1 s- 1 
; at 298K in H2O 

P-N02C6 R" Me 1.65m 60 v% M 

74.1 55 w% M 

640 j I 56 w% A 

P-N02 C6 H" Et 0.286 ~ 60 v% E 

0.271 ~ 60 v% A 

245 55 w% A 

244 j 56 w% A 

P-N02 C6 H" Et 58.2n 60 v% D 

SO.2n 70 v% D 

C6 Hs C.Hs CH 2 12.11tl. 50 v% D 

8.52
n 

70 v% D 

C6 H, C6 Hs CH, 9.31
n 

50 v% A 

5_90n 70 v% .A. 

o-C6 R" [C(O)OEt] 2 l4.85/Z.47n ,r 50 v% D 

10.20/2.19n ,r 70 v% D 

12.72/2.05n ,r 50 v% A 

8.14/1. 75n ,r 70 v% A 

o-C 6 H" [C(0)OCH 2 c.Hs l. 24'2/4'03n,~~ 50 v% D 

17 .05/3.60n , 70 v% D 

18.65/3.09n , 50 v% A 

11.81/2.85n , 70 v% A 

P-C.H4 [C(O)OMe) 252/16.1P,r 60 w% D 

197/29.0p ,r 80 w% D 

p-C 6 H4 [C(O)OEt12 147/52.9Q,r 50 v% A 

97.6/46.0Q,r 70 v% A 

0 Mo 1,2_6 

I 
5S ,,% M 

I ..-: 
117 55 w% A 

N Et ! 

0 Me 218 55 w% M 

~r: 0.3], .55 wI. A 

0 Me 63.1 55 w% M 

Et 200 55 w% A 

540 pure water 

:R 0.01914; borganic solvent legend: M 
372K; e298.3K; f372.8K; g298.2K; h 353 .5K; 

:rkB (1)/k
B

(2) represents first and second stage of hydrolysis. 

E 
a log A Ref. 

.-'" ----
73.51 6.52 

2 

51.4 8.84 5 

73.3 6.29 4 

82.2 7.57 4 

2 

51.9 8.55 5 

48.4 8.10 7 

51.4 8.55 7 

52.2 7.07 7 

55.6 7.51 7 

56.7 7.74 7 

60.S 8.25 7 

52.0/53.8 7.13/6.67 8 

57.8/59.2 7.97/7.55 8 

57.1/59.3 7.95/7.54 8 

64.6/64.8 9.03/8.30 8 

50.9/53.2 7.16/6.77 8 

54.6/58.1 7.64/7.57 8 

56.4/58.4 7.98/7.56 8 

60.0/62.4 8.65/8.20 8 

6 

6 

56.2/58.2 8.69/8.60 
I 

8 

62.6/63.'5 9.61/9.42 8 

2 

2 

2 

Z 

2 

2 

9 ---------

D = dioxane; E ethano1;c373 .4K; 
n303.2K; P2'98.4K; Q308.2K; 

399 
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Amides hydrolyze by acid and base catalyzed processes to 
carboxylic acids and amines. Simple amides are about 1000 
times less reactive than simple esters in base catalyzed proc
esses but about as reactive in the acid catalyzed process (see 
tables 4.8 and 4.10). This reactivity pattern is consistent with 
the relative ease of removal of-OR, -NR2, and HN+R2 as leav
ing groups from the tetrahedral intermediate common to 
most acyl hydrolysis reactions. No neutral hydrolysis rate 
data are reported; probably as for simple esters the rate con
stants are too small « 1 0-9S-1) to measure. Structure-reactivity 
patterns for amides are much like those of esters (see section 
4.3). 

Table 4.10 summarizes data for ~4 aliphatic acid amides 
and their C- or N-substituted derivatives, all measured at 
348K. 
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Table 4.10. Amides: kA, kB at 348K and temperature coefficienta 10g k = (-AH*/RT) + (AS*/R) + log T + 10.32. 

A~ AH:f: 
B -103ASA -10 3

. ASt Reference 

Amide 104k
A

/M- 1 s_ 1 104~/M-IS-l leJ/mol k J/mo1 K A B 

Acetamide 10.3(8.54) 13.6(18.67) 80.3 55.31 72.8 141.8 1(3) 2(3) 

Propionamide 12.0 13.1 75.7 61. 7 84.5 124.3 1 2 

Va1eramide 5.93 5.52 78.2 60.58 83.7' 134.3 4 2 

Isova1eramide 1.29 1.97 81. 7 72.68 87.4 108.4 4 2 

t-Buty1acetamide 0.193 -- 86.2 -- 88.7 -- 4 --
Dimethy1acetamide 6.22(6.06) 6.61 80.3 81.4 76.6 74.l 1(5) 4 

Pheny1acetamide 5.19 17.7 75.3 49.25 91.6 163.2 4 2 

Cyc10hexy1acetamide 1.24 1.77 87.03 68.87 70.3 120.1 4 2 

Trimethy1acetamide 2.26 2.57 83.3 71.1 77.0 110.9 5 2 

Diethy1acetamide 0.176 -- 91.8 -- 73.6 -- 5 --
Methoxyacetamide 8.98 8.56 79.1 56.2 77.0 121.3 4 --
Ch10roacetamide 12.1 1400 78.2 -- 78.7 -- 4 1 

Bromoacetamide 4.79 -- 77.4' -- 80.8 -- 1(4) --

Dich10roace·tamide -- 18400(3000) -- -- -- -- -- I 

Trich10roacetamide -- 135000(9400) -- -- -- -- -- I 
Cyc10hexy1carboxamide 3.96 4.24 

I 
84.6 53.6 68.2 157.3 5 2 

Butane-2-carboxamide 1.51 1.65 87.0 64.2 69.0 133.9 5 2 

N,N-RIR2 Acetamide 

_R_l_ R2 

H methyl 0.582(0.425) 3.58 87.0(86.2) 69.4 77.8(90.4) 121.8 1(3) 3 

H ethyl 0.233 1.80 92.5 67.4 77.8 132.6 3 3 

H isopropyl 0.090 0.367 -- 73.2 -- 123.0 3 3 

methyl methyl 0.654(0.377) 5.18 81.6(85.8) 63.2 92.0(92.9) 131.4 1 (3) 3 
ethyl ethyl 0.0227 0.1167 -- 75.3 -- 130.1 3 3 

! methyl ethyl 0.102 0.983 -- 67.8 -- 128.0 3 3 
a 

R = 0.01914 kJ/mol K. 

b 
kA and ~ calculated from temperature coefficient data are good to within ± 5% of measured value listed 
unless otherwise noted. 

cCalculated value 1.08(-4). 

dcalculated value 5.93(-4). 

eCalculated value 5.96(-4). 

fCalculated value 8.80(-4). 

gCa1culated value 1.34(-4). 

hCa1culated value 1.03(-3). 

jAt 25°C, estimated ~rom 1Qg \ versus l/T plots given in reterence.6 (no primary data given). 
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References for Section 4.4 

[1] Bolton, P. D., Aust. J. Chern. 19, 1013 (1966). 
[2J Bolton, P. D., and Jackson, G. L., Aust. J. Chern. 24, 969 (1971). 
[3J Yarnana, T., Mizukarni, Y., Tsuji, A., Yasuda, Y., and Masuda, K., Chern. 

Pharrn. Bull. 20, 881 (1972). 
[4] Bolton, P. D., and Jackson, G. L., Aust. J. Chern. 22, 527 (1969). 
[5] Bolton, P. D., and Jackson, G. L., Aust. J. Chern. 24, 471 (1971). 

J. Phys. Chem. Ref. Data, Vol. 7, No.2, 1978 

4.5. Carbamates 

Carbamates hydrolyze by acid, base, or neutral processes 
to give alcohols, amines, and CO2 , probably via the in
termediate carbamic acid. Carbamates are moderately reac
tive at 298 K, where most data are reported, exhibiting a 
range of rate constants (kB) that spans 8 powers of 10. The 
striking increase in reactivity toward OH- for carbamates 
having an -RNH structure is caused by a change in mecha
nism from one involving the usual addition of OH- to the 
carbonyl to one involving proton transfer from NH followed 
by loss of RO- to forman intermediate isocyanate: 

ROC(O)NHR+OH --ROC(O)NR+H20 

ROC(O)NR -RNCO+RO-

Table 4.11 summarizes, data for 20 aliphatic and aromatic 
carbamates. 
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, b1e 4.11. Carbamates R1 0C(0)NR2 Rg : kA, ~T' ku at 298K and temperature coefficientsa 10g k 
+ ~S*/R + log T + 10.32 or Tog k = Z - E/RT. 

p= 
~ ~b,c t I R1 OC(0)NR2 Rg k

A
, or ~ 

RI O R2 -N-Rs (M'"" lS-1 or 8- 1 ) l!.R*/kJ/mo1 '-10 3 l!.S:j: IkJ Imo1 K Reference 

Me C6 HS H 5.5(-5) -- -- 5 

Et C6 Hs H 3.3(-5)d 66.5 106.7 2 

Et C6 HS Me 5.0(-6)e 54.0 164.4 2 

C6 Hs C6 HS H 4.7(-1)f 69.45 -21 2,4 

C6HS C6Hs Me 4.2(-5)g 62.8 117.2 2 

p-MeO C6HS H 2.52(1) -- 4 

m-Cl (,;6 H S H 1.83(3) -- -- 4 

p-N02 C6HS H 2.71(5) hi -- -- 4 
I 

P-N0 2 G6H S Me 7.98(-4) I -- -- 5 

p-N02 Me H ~ < 2.52(-5) -- -- 3 

kB ;:;: 3.0(-3) -- -- 3 

1-C1oH9 Me H k ;:;: 1.4(-7) log kA ;:;: 2.48 - 53.01/RTk 1 A 
3.69(-5)j 62.59/RTk 

~= log ~! = 4.82 - 1 

~;:;: 3.4R. log ~ = 11.95 -70.11 /RT 6 

1-C1oH9 Me Me kA = 1.1(-9) log kA = 8.00 - 96.94/RTk 1 
h 

102.22/RTk l~ = 2.30(-8) log l~ =' 7. /t8 - 1 

k = 4.55(-5)h log kB = 9.37 - 92.51/RTk 
1 B 

Et2NCH2CH2 C6Hs H 2.6(-5) 73.2 87.0 2 

Et2NCH2 CH 2 Me sC6 H2 H 9.2(-7) 103.3 13.8 2 

m-Me3~C6H4 Me H 6.7(-1) 76.6 - 47.7 2-

m-Me3~C6H4 Me Me 2.8(-4) 59.4 113.0 2 

C1CH2CH 2 C6 Hs H 1.59(-3) 5 

C1 2 CHCH 2 C6 Hs H 5.00(-2) -- -- 5 

CC1 sCH 2 C6 HS H 3.16(-1) -- -- 5 

CF gCH 2 C6 Hs H 1. 00 (-1) -- -- 5 

403 

-~H:j: /RT 

aR = 0.01914 kJ/mo1 K; bVa1ue given is for kB unless indicated otherwise; CStandard deviation 
for most values of kB is ± 2%; dOther workers [5] report 3.2(-5); kB calculated from temperature 
coeffic'ients is 3.7 (-5); ~Other workers [5] report 3.98(-6); kB calculated from temperature 
coefficients is 5.5(-6) ~ Other workers [4] report 5.42(1); kB ca1cu.1ated from temperature 
coefficients is 5.2(1); gOther workers [5] report 1.41(-4); kB ca1culat~d from temperature 
coefficients is 4.6(-5); hMeasured at pH 6.5, no contribution from kN; JAt 353K; kCalculated 
from data in reference 1; .lI.At 296K; other workers [1,7] report 50 and 5.7, respectively, 
at 298K; on basis of agreement of data in reference (6,7) the data in table is preferred. 

J. Phys. Chem. Ref. Data, Vol. 7, No.2, 197' 
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4.6. Phosphoric and Phosphonic Acid Esters 

Pentavalent phosphorus forms a great variety of ester and 
amide derivatives, many of which have significant biological 
at.:LiviLy. The cholillesteJast:-illhiLiLillg prupt:rLit:s uf JUaHY uf 

these compounds have led to their extensive application as 
pesticides and to preparation of many candidate chemical 
warfare agents. 

The chemistry of organic phophorus compounds has been 
reviewed extensively [1,2,3]. Hydrolysis of pentavalent phos
phorus compounds proceeds by nucleophilic displacement at 
phosphorus or carbon, with formation of leaving groups such 
as RO-, R2 N-, X-, RS-, or (RO}zP02• Although almost all 
phosphorus ester hydrolyses exhibit promotion by OH-, only 
a few esters are hydrolyzed by acid or water promoted reac
tion. 

Mechanisms of hydrolysis of phosphorus esters have also 
been examined extensively [1-6]. Unlike carboxylic acid' 
derivatives, the phosphorus esters do not form pentacovalent 
.intermediates with water or OH-. Thus, reactions involving 
P-O cleavage must involve synchronous bond making and 
breaking between phosphorus and the entering and leaving 
groups. 

Structure-reactivity relationShips among phosphorus esters 
are more complex than for simple carboxylic esters, but some 
generalizations are possible within specific classes. More 
elt~ctron-withdrawing substituents accelerate hydrolysis; 
bulky substituents retard hydrolysis; among substituents, 
those groups having the more acidic conjugate acids are bet
ter leaving groups and their esters cleave more rapidly. 

Hydrolysis may involve C-O rather than P-O bond 
cleavage: 

C-O cleavage is dominant for many acid and water promoted 
hydrolyses of esters; P-O cleavage is associated predominant
ly with base hydrolysis [4-6]. Thus, as pH is lowered, the 
mechanism, stereochemistry, and products change, usually 
with a decrease in overall rate of hydrolysis. 

As expected for an Sn 1 or Sn2 process, displacement at car
bon is most sensitive to steric constraints at carbon, to 
charge-stabilizing substituents, and to solvent. Thus, in 
hydrolysis of dialkyl alkylphosphonates (tables 4.12 and 4.13); 

. isopropyl is more readily hydrolyzed than methyl (by 12><) in 
the acid process, but the hydrolysis of isopropyl is much 
slower (by 1000x) in the base process. Similarly, solvent 
effects on hydrolysis are more marked for the acid or neutral 
process than for the base process (see table 4.14). 
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Competition between P-O and C-O bond cleavage in neu
tral and acidic water has beenworked out in detail for methyl 
phosphates by Bunton and his coworkers [4-5]. Table 4.15 
separates the rate constants for the two processes with the 
neutral, monoanion, and monocation species. 

The pH dependence and kinetics of hydrolysis of phos
phorus esters can assume complex forms owing to the forma
tion of intermediate phosphorus acids that can catalyze 
hydrolysis of the parent ester, as, for example, with 
(RO}zP(O)F (table 4.16). In other cases the species that 
hydrolyzes most rapidly is formed in a pree'quillibrium with 
HO- or H+., and the rate law exhibits a pH maximum, usually 
below pH 4 [6]. For these reasons, special attention must be 
given to control of pH and the effect of pH on rate should be 
clearly defined. 

Unfortunately, many studies of hydrolysis of phosphrous 
esters were done in mixed solvents to facilitate solubility, and 
with limited or no study of the effect of pH. As a result, data 
summarized in tables 4.12-4.17 are incomplete in many ways, 
with some listings for hydrolysis in mixed solvents. Despite 
these shortcomings, where it is possible to compare rate con
stants measured in water by different investigators, the 
agreement is; s;urprisingly good: for example 7 four determina

tions of the value of kN for (EtO)3PO reported over a period of 
75 years agreed within ±80-100% (table 4.14). Also, the 

. precision within a single investigation is often very high 
<±10% on k. But however precise, if kA or kN is measured in' 
50/50 dioxane/H2 0 rather than pure water, it is likely that.k 
will be 20 times too small for accurate estimates of environ
mental persistence. 

Table 4.12. Ptiosphonic acid esters: dialkylphosphonates, R,P(O) (OR2 ) 2: 

kA and temperature coefficients log kA = log A - (E/RTfi' [7]. 

RiPeO) (OR2 ) 2 T/K 10SkA/M"'S-' 
Tempe.~aturc Coc££:i.C~Qn~ 

log k", = 

Me Me 372.8 1.14 10.7 - 111.6/RT 

Me Et 382 2.05 10.9 111.6/RT 

Me i-Pr 366.6 12.86 11.35 107/RT 

Me t-BuCH 2 376 0.944 

Me C.Hs 383 0.50 ----

Me Et, Npb,c 383.4 1. 53 ----

Et i-Pr 365.5 3.4 10.58 - 108.7/RT 

n-Pr i-Pr 369 4.9 10.72 - 108.7/RT 

n-Bu Et 383 1.05 ----

n-Bu i-Pr 369 6.47 ----

t-Bu Me 393 2.25 ----

t-Bu i-Pr 388.2 32.8 ----

C.H • Et 374 1.05 10.6 - 111. S/RT 

'\t = 0.01914 kJ /mol K. 

bp-Nitropheny1. 

CHydrolysis product is ethanol. 
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Table 4.13. Phosphonic acid esters: dialkylphosphonates, R, P(O) (OR). 
kB and temperat~re coefficient log ~ = log A ..;. (E/RT).a 

Table 4.lS. Methylphosphates (MeO)3_n P(O) (OH)n: rate constants 
for c-o and P-O fission in anion, neutral, and 
conjugate acid forms at 373K [4,S]. 

R,P(O) (OR). T/K 

Me Me 322.8 

Me Et 333 

Me i-Pr 353 

Me t-B~CH2 361 

Me Et, Npb,c 298 

Et Et 342.5 

Et i-Pr 377.9 

n-Pr n-Pr 368 

n-Pr i-Pr 382.9 

C6 Hs Etd 332.8 

aR = 0.01914 kJ Imol K. 

b p-Nitrophenyl. 

104~/M-1S-1 Temperat~re Coefficient, 
log kB = 

146 7. 30-S6. S/RT 

26.0 6.60-58.6/RT 

0.lS3 4.43-62.3/RT 

0.9S8 

400 7.40-S0.2/RT 

17 .8 6.3l-59.4/RT 

1.06 4.4S-67.8/RT 

3.58 

0.516 3.88-~6.5/RT 

44.7 
_._.-

106k/s- 1 or M-'s- ' 
, Ester Anion Neutral Acid 

C-O P-O C-O P-O C-O P-O 

(MeO) 3PO - - 36.S - - -

(MeO).P(O)OH < 1 (-4) 0.001 3.3 0.9 0.91 0.11 

(MeO)P(O) (OH)2 - 8.23 O.S - 2.00 1.08 

CYydro1.yoio product io p nitrophenoJ.. 

dOther workers [8) report 48(-4) at 353K. 

Table 4.14 .. ' Phosphoric acid esters (ROhPO: kN' kB, 
and temperature coefficients log k = log A - (EiRT~ 

(RO)3PO T/K ~/S-l T/K kB/M-1s- 1 Reference 

MeOP(O) (OH) 2 373 5(-7) 8.2(-6)b -- -- E 

(MeOhP(O)OH 373 3.3(-6) -- -- J 

(MeO)3 PO 318 1.6(-7) 298 1. 3 (-4) ! " I,..!. 

373 3.7(-5) 308 3.3(-4) 

log ~ = 8.9 - 95.0/RT; log kB = 8.1 - 67.8/RT I -, 

(MeO)2P (O)OEt 375 2.5(-5) 375 4.5(-2) 9 

(EtO) 3PO 353 1.4(-6) 298 8.2(-6)c 8,11 

375 1.3(-5) 374 4.49(-2) 9 

374 8.35(-6) -- -- 10 

352 1.27(-6) -- -- 10 

(EtS) 3POd 355 'V 7 (-7) 298 1.2(-2) 12 

log ~ = 9.25 - 102.l/RT; log kB = 7.94 - 62.7/RT 8,16 

(C 6 HsO)3PO f37313C-9)d 1298 11.06(-2) 1 4 

log kB 6.11 45.9/RTe 
4 

(EtO)2 P(O)Np
f -- -- 298 6.7(-3)g I 13 

(EtO) (EtS)P(O)NP 310 1.3(-5) l3 

(EtO)P(O) (NP) 2 298 3.33(-6)g 29.8 5.25(-1)gl l3 

log ~ = 4.95 - 59.8/RT; log kB = 10.18 - 59.8/RT l3 
(NP)3POB 

1 298 I1.02(-3)g 129813.43(1)g I 13 

log ~ = 0.062 - l7.l/RT; log k = 4.56 - l7.l/RT l3 
I I BI I I 

aR = 0.01914 'kJ/mol K 

bValue for the monoanion. 

cMeasured in dioxane/water (1:1 v/v); only a small solvent 
effect is expected from the rate of hydrolysis of (MeO)3PO [1]. 

dMeasured in dioxane/water (3:2 v/v). 

eOriginal reference miscalculated A and E. 

fNP = p-nitrophenyl. 

gMeasured in acetone/water (1:1 v/v). 
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Table 4.16. Thiophosphoric acid esters' R1 R2R3PS: ~, kB and temperature coefficients 
log k = log A - (E/RT) a 

Ester T/K k
B

/W 1 S_ 1 Temperature Coefficient Reference 

(MeO) 2P (S)Npb 313 ~/S-1 = 6.97 ± 0.44(-7) log ~ = 10.3-98. 3/RT 14 

293 

(MeO)P(S) (NP) 2 298 

(MeO) 2P(S) (SCHCH2 [C0 2 Eth) 298 

(EtO)C 6 HsP(S) (NP) 298 

(NP) 3PS 298 

(i-PrO) 2P(S)NP 298 

(EtO) 2 P(S)NP 298 

aR = 0.019l4 kJ/mo1 K~, 

1.> NP p-ni trophenoxy . 

in 25% acetone/H 2 0. 

dHydro1y zed in 20% et1:tano1/H20. 

eHydro1yzed in' 50% acetone/H 20. 

5.95(-3) 

2(-2) 

5.16
c

, 5.5g ,h 

l.52(-1)d 

2.1(-1) 

5.5(-5) 

'2.17(-4)e 

f Recalculated A and, E from experimental data. 

is Measured at 300 K. 

'1 kA = 4.8 ± 0.2(-5). 

Table 4.17. Dia1ky1ha1ophosphonates and dia1ky1ha1ophosphorates. 
R1 R2 P(O)X: ~,kB and temperature coefficients. a 

R1 P(O)XR2 I T/K I ~/S-1 I ~/M_l S_1 I Reference 

X = F 

Me Me 298 4(-4) -- 17 

Et Et 298 -- 13.9 20 

Et EtO 298 -- 3.3(-1) 20 

EtO EtO -- -- l.8 20 

i-PrO i-PrO 298 1.7C-6)b -- 18,19 

i-PrNH i-PrNH 298 3.8(-8) 18.4 21,15 

i-PrNH Me 2N 298 -- S.46 15 

Me 2N Me2N 301 4.1(-3) 15 

Et2N Et2N 301 2.5(-3) 15 

X = Cl 

Et I Et \273\1.5
c 

I -- I 20 

log ~ 5.9 - 30.5/RT 

Et I MeO 1 273 11.6(-3) 
\ 

--
\ 

20 

logk
N 

= 5.7- 35.1/RT 

MeO I MeO 127312.9~-5) 
I 

-- I 20 

log ~ = 5.7 - 44.3/RT 

Me I i-PrO \ 298 1 6 .9(-4) I -- I 20 

a R = 0.019l4 kJ/mo1 K. 

b kA = 7.6(-2) at 298K [18]. 

cMeasured in 5% (v Iv) aqueous acetone. 
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log kB = 13.66-89 .1/RT 15 

13 

log ~ = 18.3-100/RT 
f 

16,22 

log kB = 12.01-73.20/RT 16 

15 

15 

log kB = 10.2-80.3/RT 16 
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4.7. Acylating and Alkylating Agents and Pesticides 

Table 4.18 lists rate constants for a variety of acylating and 
alkylating agents that have little in common except the trou
blesome property of being mutagenic toward certain yeasts 
(Ames test) and in some cases being produced and dispersed 
to the environment in significant quantities. Also listed in 
this table are rate constants for several important pesticides 
that are not readit;y classified into tables 4.1 to 4.17. Some of 
the data on pesticides have been obtained under environmen
tal conditions including use of natural waters. 

Table 4.18. 

Compound 

CH 2CH 2 

5.2(-7)b "'-NI 298 
H 

CH 2CH 2C(0) 

Lo~ 
298 3.3(-3) 

CH"CH"S(O,,) 

I-O...J 
298 2.1.::;(-::;) 

(CH S O)2S02 298 1. 66 (-4) 
(CICH~)~O ?93 1.8( 2)c 

C6 Hs N=N(CH 3 )2 310 5.5(-5) 
C6 Hs C(0)C1 298 4.2(_2)e 

(CHs)2NC(0)Cl 298 > 2.5(-3) 
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rI21 Merna, J. W .• Bender. M. E .• and Novy. 1. R .. Trans. Amer. Fish. Soc. 
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log ~ = 10.04 - 81.59/RT 3 

4 

1.48(-2) 5 

log ~ 9. 8P/ n - 64.78/RT 6 

7 

8 

9 
CHsOC(O)Cl 298 5.642±0.002(-4) 10 
(CHsOC 6 H4 )2CHCC1 3 358 2.4(-5) EN 90.11 kJ/mol K (methoxychlor) I 338 4(-6) 

298 3.64(-4) 
298 2.97(-8) 

. If 
~ '\ 

WSCCls 300 1.87(-5) 5.7(2) 

\I 
0 

(capt~n) f 

H ikC1 
C'H'"'(! 298. 3.9(-5) 7.6(-5) 

NHCH(CH 3 ) 
I 

(atrazine) j_. 

aR = 0.01914 kJ/mo1 K. 

bRate constant for hydrolysis of protonated aziridine [1] the pKa of which is 8 [2]. 

cNo acid or base catalyzed process observed. 

ncalcuiated fromk and E. 

ern 70: 30 (v/v) water-acetone. 

fHvdrolysis giV~R iminp, qulfur, carbon dioxidQ and chloride ion. 

II 

12 

11 
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5. Rates of Hydrolysis: Estimates of Lifetimes 
Under Environmental Conditions 

This section provides estimated rate constants kA' kB' kN' 
kh , and half-lives of organic compounds in hydrolysis reac
tions in water at 298 K and pH 7. Rate constants kA' kB , and 
kN for individual hydrolysis reactions were calculated at 298 K 
using the temperature coefficients tahluated in section 4 or 
were used directly if measured at 298 K; values of kh were cal
culated from eq (2), and half-live5 were calculated from cq (5): 

t 112=0.693/kh' 

These tables also list the intercepts, I, corresponding to' pH 
values where two rate processes contribute equally to the 
observed rate. These values were calculated from the rela
tiohs in section :5. Inspection of values of I for specific com
pounds and classes quickly indicates the possible importance 
of acid or base hydrolysis in the pH range of concern in 
freshwater systems, namely pH 5-9. 

5.1. Alkyl, Allyl, and Benzyl H"alides and Polyhaloalkanes 

Tables 5.1-5.4 list relevant rate constants for hydrolysis at 
298 K and half-lives for halogen-containing organics. Hydro
lytic reactivity of these compounds spans 11 powers of 10: 
benzotrichloride has an estimated half-life of only 3 minutes 
while chloroform' and carbon tetrachloride (at 1 ppm) have 
half-lives of 3100 and 7000 years, respectively. Under envi
ronmental conditions only alkyl fluorides, neopentyl halides, 

and methyl chloride are likely to be hydrolyzed too slowly for 
this pathway to be important. All other alkyl, allyl, and benzyl 
halides are hydrolyzed rapidly enough (30 minutes to 169 
days) that hydrolytic degradation should be considered as 
competitive with microbiological degradation, volatilization, 
and absorption. 

The data suggest the following generalizations about RX: 
(1) The rate of hydrolysis is greatest when X is Br and least 

when X is F. Br is more reactive than CI by a factor of 5 to 10. 
(2) Rate of hydrolysis increases as R goes from primary to 

secondary to tertiary in the ratio 1:1:1000 for CI and from 
primary to secondary in the ratio 1:20 for Br. 

(3) Allyl groups enhance the rate of hydrolysis of primary 
X by a factor of 5 to 100; benzyl groups enhance the rate by a 
factor of 50. 

J. Phys. Chem. Ref. Data, Vol. 7, No.2, 1978 

Table 5.L Organic halides: hydrolysis rate constants ~ and ~ at 
298K and pH 7, and INB 

Organic 
halide ~/S-l ~[OH-]/s-l lNB 

MeF 7.44(-10) 5.82(-14) ILl 

MeC1 2.3(-8) 6.18(-13) 11.6 

MeBr 4.09(-7) 1.41(-11) 11.5 

Mel 7.28 (-8) 6.47(-12) 11.0 

CH 2 C1 2 3.2(-11) 2.13(-15) ILl 

CH 2 CHCH 2 C1 1.16(-7) 6.24(-12) 11.3 

C6 HsCH 2 Cl 1.28(-5) >13 

C6 Hs CHC1 2 , 1.56(-3) >13 

C6 RsCC13 6.3(-2) >13 

Table 5.2. Alkyl halides: ~ and t~ at 298K
a 

and pH 7. 

Alkyl halide kh/s- 1 
t~ 

MeFb 7.44(-10) 30 years 

MeClc 2.37(-8) 0.93 years 

MeBr " 4.09(-7) 20 days 

Mel ,7.28(-8) 110 days 

EtCl 2.10(-7) 38 days 

EtBr 2.64 (-7) 30 days 

Et:l 1. 62 (-7) 49 days 

i-PrCl 2.12(-7) 38 days 

i-PrBr 3.86(-6) 2.1 days 

i-PrI 2.77(-6) 2.9 days 

n-PrBr 3.04(-7) 26 days 

t-BuF 3.87(-5) 50 days 

t-BuCl 3.02(-2) 23 seconds I 

~h = kN since kB is not important below 
pH 10 (see Table 5.1). 

bCa1cu1ated from equation in footnote 
j, table 4.1. 

cCalculated from equation in footnote 

h, table 4.1. 
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Table 5.3. Allyl and benzyl halides: 
rate constant ~ and half-life t~ at 298K and pH 7. 

RX ~/s_la tl 
":i 
.. ~ -

CH 2 CHCH 2 Cl 1.157 (-7) 69 days 

CH;"CHCH",Br 1.674(-5) 12 h 

CH 2 CHCH 2 1 4.01(-6) 2.0 days 

C6Hs CH 2 Cl 1.28(-5) 15 h 

p-CH s C6 H4 CH 2 Cl 4.5(-4)b 0.43 h 

C6 Hs CHC1 2 1.S6(-3)b 0.1 h 

C6 Hs CC1 3 6.3(-2)b 19 s 

C6 Hs CH 2 Br 1.45 (-4) b : 1.32 h 

p-CH S C6 H4 CH2 Br 2.67(-3)b 4.3 min 

aAssume ~ .~; no evidence for base 
catalyzeM reactions. See table 5.1. 

bAssume that k changes by a factor of 1.9 
for each SK cHange in temperature based on 
temperature coefficient for benzyl chloride. 

Table 5.4. Po1yha1omethanes: ~ and t~ at 298Ka and pH 7. 

CH
n
X

4
_
n kh/s-

1a 
. t~/yr 

CH 2 C1 2 3.2(-11) 704 

r.H"Rrr.l 5.0(-10) 1,/, 

CH 2 Br 2 1. 2 (-10) 183 

CHC1 3 6.9(-12) 3500 

CHBrC1 2 1.6(-10) 137 

CHBr 2 C1 8.0(.-11) 274 

CHBr 3 3.2(-11) 686 

CHIC1 2 8.0(-11) 275 

CHFTr.l 7.7(-8) 1.0 

CC1 4 4.8(-7)b 7000 (1 ppm) 

7 (1000 ppm) 

a 
Assume kh = ~[OH] except for 
dihalomethanes. 

bHydrolysis is second order in 
CC1 4 (~/M_1S-1); half-life is 
instantaneous value at st.ated 
t:'onc<>ntra.tion. 
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5.2. Epoxides 

Epoxides hydrolyse rapidly at 298 K and pH 7 by a mostly 
water (neutral) promoted reaction to which the acid catalysed 
process contributes less than 10 percent of the rate; base 
catalysis is not detectable at pH < 10. 

Table 5.5 summarizes data for 14 epoxides. The half-lives 
of most of these epoxides are surprisingly similar: 14.6 ± 4.6 
days. Major exceptions are conjugated epoxides and aromatic 
epoxides which have half-lives of a few minutes. 

Table 5.5. Epoxides: rate constants k , ~, ~, and tl at 298K, pH 7 
and IAN and I

NB
. A ~ 

Epoxide 

R~R" 
R2 0 R3 

Rl R2 Rs R" kA/M-1s- 1 ~/S-l ~/S-l t~ 

H H i H H 1(-2) a 6.7(-7)a 6.9(-7)· 12 days 

Me ,H H H 4.6(-2)a 5.5(-7)a 5.5(.;..7) 14.6,days 

Me Me H H 7.3d 11 (_7)i:1 18.3(-7) 4.4 days 

CH20H H H H 2.5(-3)c 2.84 (-7) c 2.84(-7) 28 day!: 

CH 2C1 H H H 8.0(-4)a, 9.8(-7)c 9.8(-7) . ...:!' 8.2 days 

CH2Br H H H 6.1(-4)b 5 (_7)d 5(-7) 16 days 

CH:iOH Me H H 1.1(-2) 5 (_i')d 5 (-7) 16 days 

ClhC1 Me H H 1.84(-3)b ! 5(_7)d 
I 

5(-7) 16 days 

Me H Me H 0.l20b 5(_7)d 5.12 (-7) 15.7 days 

H I Me Me H O.240b 5(_7)d 5.24 (-7) 15.3 days 
0 

0 1.64( 4) 2.20(-4) 1.86(-3) 6 min 

0 

V 3.2(1)e 1.40(-3)e 1.4(-3) 8 'mine 

6 3.55(-3) 2.20(-4) 2.2(-4) 52 min 

60 4.7(2)e 3(_3)e 3(-3) 4 mine 

aData at 298K werese1ect'ed from table 4.7 on the assumption 
that most recent published data is most accurate. 

IAN 

4.2 

4.9 

6.8 

3.9 

2.9 

3:1 

4.4 

3.6 

5.4 

5.7 

7.9 

4.4 

4.2 

5.2 

b Calculated from data in table 4.7, assuming that E = 75.3 kJ/mol; k 
at 298K is then 16 times that at 273K, and 1.68 times that at 293K. A 

CAt 293K. 

dkN in table 4.7 ranged from 3(-7) to 11(-7) at temperatures 293K 
298K; we assume ~ = 5(-7) where no ~ available. 

eAt 303K. 
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5.3. Esters 

5.3.1. Aliphatic Acid Esters 

Table 5.6 summarizes data for hydrolysis of aliphatic esters 
at 298 K and pH 7. Available data indicate that the base cata
lyzed process is dominant for simple esters. Thus, the values 

of kB is a reliable guide to their lifetime. Generally, the more 
rapidly hydrolyzed esters have rate terms kN and kB [OH] that 
are competitive at pH 7; therefore, values of both rate con
stants are .needed to estimate persistence. Simple esters are 
resistant to hydrolysis; halogenated acid esters are much 
more reactive and hydrolyze in only a few hours or days. 

Table 5.6. Aliphatic acid esters: kA, -~, kB, ~ and t~ at 298K and pH 7, and I values. 

R1 C(O)OR2 

R1 R2 k [H+]/S_1 a 
A 

~/S-1 kB [ OH -]! s - 1 a ~/S-l tl 
~ 

IAN lAB INB 

Me Et 1.1 (-11) 1.5(-10) 1.1(-8) 1.1 (-8) 2.0 yr (5.9) 5.5 (5.2) 

Me i-Pr 6.0(-12) -- 2.6(-9) 2.6(-9) 8.4 yr ... ,..., 5.7 ... -. 

Me t-Bu 1.3(-11) -- 1.5(-10) 1.6(-10) 140 yr -- fl.') ,..., ..... 

Me CH 2CH 1.4(-11) 1.1(-7) 1.0(-6) 1.1(-6) 7.3 days 3.1 (4.6) 6.0 

Me CHCCH,. -- -- 7.3(-8) 7.3(-R) 110 c];:lYR -- -- -.-

Me C6 Hs CH2 1.1(-11) -- 2.0(-8) 2.0(-8) 1.10 yr- -- 5.4 --
Mp r. .. H .. 7.RC-12) fi. fi(-8) 1.4(-7) 2.1(-7) 38 days 3.1 (5.4) 6.7 

Me 2,4-(N02)C 6 H3 -- 1.1(-5) 9.4(-6) 2.0(-5) 9.4 h -.,.... -- 7.1 

C1CH2 Me 8.5(-12) 2.1 (-7) 1.4(-5) 1.4(-5) 14 h 2.6 (3.9) 5.2 

C1 2CH Me 2.3(-11) 1. 5 (;..5) 2.8(-4) 3.0(-4) 38 min 1.2 (3.5) 5.7 

C1 2CH C6 HS -- 1.8(-3) 1.3(-3) 3.1(-3) 3.7 min "".- ... ~ 7.1 

F2CH Et 5.7(-5) 4.5(-4) 5.1(-4) 23 min -- -- --
C1 3 C Me -- 7.7(-4) -- > 7.7(-4) < 15 min -- -- --- -

F3 C Et -- 3.2(-3)" -- ..:. 3.2(-3) < 3.6 min -- -- --

F 3C t-Bu -- 1.3(-3) -- :..:. 1.3(-3) -=:. 8.9 min -- -- --

R1C(O)OR2 a 
Rl R2 kA[H+] /S-1 a 

~/S-1 ~[OH-]/Sl ~/S-l tl IAN lAB INB ~ 

CH 3 SCH2 Et -- -- 9.2(-8) 9.2(-8) 87 days -- -- --

CH3S(O)CH Et -- -- 1.3(-6) 1.3(-6) 6.2 days -- --
+ 

(CH 3 )2SCH 2 Et -- -- 2.0(-5) 2.0(-5) 9.6 h -- -- --

Et Et 3.3(-12) -- 8.7(-9) 8.8(-9) 2.5 yr 5.3b --

n-Pr Et 1.8(-12) -- 3.8(-9) 3.8(-9) 5.8 yr -- 4.8b --

i-Pr Et -- -- 2.3(-9) 2.3(-9) 9.6'yr -- -- --

CH2~CH j Et 1. 2( -13) -- 7.8(-9) 6.3(-9) 3.5 yr -- 4.6b --
~ 

trans-CH 3 CH=C Et 6.3(-14) -- 1.3(-9) 1.3(-9) 17 yr -- 4.8b --

H-C=C- Et -- -- 4. 68(-7) 4.68(-7) 17 days -- -- --

a[OH-] = 10- 7 M, [H+] = 10- 7 M at pH 7, 298K. 

blAB is calculated from kA at 293 K, and kR at 298°K (see table 4.8); this affects the value of lAB by 
less than 3 per cent. 
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5.3.2. Aromatic Acid Esters 

Table 5.7 summarizes constants kA. and kB' expressed as 
pseudo-first-order constants k[OH]. km tll'l, and lAB' Included 
in these estimates are data from experiments in mixed sol
vents, from which it is evident that. values of k" are greatly 
affected by solvent composition (a factor of 20 or more). 

Estimates of persistence based on mixed-solvent studies are 
certain' to be too high, but for most simple aromatic esters 
lifetimes are long (over 5 years) and will remain long even in 
water solvent .. The extensive use of these compounds and 
their widespread occurrence in the environment requires 
some reliable data on their rates of hydrolysis as a function of 
pH and temperature in water. 

Table 5.7. Aromatic acid esters: kA, kB, ~, t~, and lAB at pH 7 and 298K. 

Rl-~OR2 
Rl R2 kA[H+]/S-la kB[OH-]/S-la kh/s- 1 

t1/yr 
~ 

-._._--. --c---------
C6Hs Me 4.0(-14) 1.9(-10) 1.9(-10) 

C6HS Et -- 3.0(-9) 3.0(-9) 

1.2(-14) 1.2(-10) 1.2(-10) 

9.9(-15) 2.8(-10) 2.8(-10) 

-- 7.0(-10) \ 7.0(-10) 

-- 3.3(-10) 1 3 . 3 (-10) 

C6Hs -_i:""Pr -- 6.2(-10) 6.2(-10) 

C6HS G6Hs CH2 -- .8.0(-10) 8.0(-10) 

p-N02-C6H4 Me 4.3(-14) 7.4(-9) 
I 

7.4(-9) 

-- 6.4(-8) 6.4(-8) 

p-N02-C 6H4 Et 1.4(-14) 2.4(-8) 2.4(-8) 

1- CS H4 N Et -- 5.4(-8) 5.4(-8) 

-- 2.0(-8) 2.0(-8) 

o-C 6H4 [C(O)OEt)2 -- 1.0(-9) 1 1 . 0 (-9) 

1.7(-10) 1.7(-10) 

o-C6H4[C(O)OCH2C6Hs]2 -- 1.7(-9) 1.7(-9) 

2.8(-10) 2.8(-10) 

pcC6H4 [C(O)OMe]2 -- 2.5(-8) 

I 
2.5(-8) 

1.6(-9) 1.6(-9) 

p-C 6 H4 [C(O)OEt]2 -- 6.9(-9) 6.9(-9) 

2.5(-9) 2.5(-9) 
... .-_." _.- _ ..• ' -""'------"" --- .. - .-~. _. '-"-- . _ ... --.--...... -.. ~. - ~ .. '." ....... _ .. .".- .-. -......... 

a[OH-] = 10- 7 M, [H+) = 10- 7 M at pH 7, 298K. 

borganic solvent legend: A = acetone; D = dioxane. 
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water 

55 W% A 
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50 V% D 

I 
I 

60 W% D 

50 W% A 

I 

lAB 

5.2 
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5.0 

4.8 

--
I --

--

--

4.38 

--

3.88 
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5.4. Amide$ 

With the exception of a few halogenated acetamides, most 
amides hydrolyze to acids extremely sl9wly at 298 K and pH 
7, with half-lives measured in centuries. Electronegative 
groups on carbon or nitrogen greatly accelerate base cata-

lyzed hydrolysis, but alkyl groups on nitrogen retard both 
acid and based catalyzed processes. No neutral (water) proc
ess is evident in hydrolysis of amides, and the competition 
between acid and base catalyzed hydrolyses is important at 
pH 6"'"'7. Data for some representative amides are summarized 
in table 5.8. 

Table 5.8. Amides: kA, kn, ~, t~, and lAB for hydrolysis at pH 7 and 298K. 

'Amide ! kA/M-1S- 1 i kB/M_ls_l I ~/S-l t~/yr TIAB 

Acetamide 8.36(-6) 

Va1eramide 5.43(-6) 

Isobutyramide 4.63(-6) 

Cyc1opentanecarboxamide 2.34(-5) 

Methoxyacetamide 7.84(-6) 

Ch1oroacetamide 1.1(-5) 

Dich1oroacetamide --
Trich1oroacetamide --
Bromoacetamide --
N-methy1acetamide 3.2(-7) 

N-ethy1acetamide 9.36(-8) 

N,N-methy1ethy1acetamide 5.16(-7) 

5.5. Carbamates 

Rate constants for hydrolysis of carbamates have been 
measured at 298 K, and in most cases only kB is reported; a 
limited number of values for kA and kNsuggest that for many 
carbamates the base catalyzed process will be dominant. 
Table 4.11 summarizes the values for individual rate con
stants, which cover the extraordinary range of 1012 • Electro
negative substituents on oxygen, such as C6 Hs or P-N02 C6 H4 , 

greatly accelerate the base catalyzed process, as does the 
presence of -NH. 

Estimates of persistence of carbamates under environmen
tal conditions, based mostly on the assumption that kh= 
kaXIo-' /S-I, are summarized in table 5.9. Half-lives vary from 
20 seconds to 240,000 years, a range that cautions against 

making generalizations concerning structure reactivity other 
than to note that purely aliphatic carbamates probably are 
resistant to hydrolysis under these conditions~ 

4.71(-5) 5.55(-12) 3,950 6.62 

7.41(-5) 1.96(-12) 11,300 ; 6.79 
i 

2.40(-5) 2.86(-12) 7,700 : 6.64 

1.67(-5) 4.01(-12) 5,500 7.07 

3.95(-4) 4.00(-11) 500 6.15 

1.5(-1) 1. 5 (-8) 1.46 4.93 

3.0(-1) "LO(-R) 0.7'1 --
9.4(-1) 9.4(-8) 0.23 

1.03(-5) 1. 03 (-12) 21,200 

5.46(-6) 5.76(-l3) 38,000 6.38 

3.10(-6) 3.10)-13) 70,000 6.23 

11.14(-5) 1.19(-12), 18,500 16.3~_ 
.... ~.- .. ---.--

Table 5.9. Carbamates R,OC( O)NR.R3 : ~, t~, IAN' and INB 
at pH 7 and 298K. 

R,OC(O)NR2 K3 
a 

R,O R.-N-R3 ~/S-l t~ I 

Me C"Hs H 5~5(-12) 4,000 yr --
Et C6H3 Me 5.0(-13) 44,000 yr --
C6Hs C6HS H 5.42(-6) 1.5 days --
C6HS C6 HS Me 4.2(-12) 5,200 yr --
p-MeOC6H. C6 Hs H 2.5(-6) 3.2 days --
M-C1C 6H. C6 Hs H 1.8(-4) 1.1h --
P-N02 C6H .. 

I 
(.;6 tis H i.. J(-i.) 26 s INB or lAB < 6.S 

P-NO.C 6 H. 
I 

Me 8.0(-1l) I C6HS 2,700 yr --
1-C,oR g Me H 9.4(':'7) 8.S days IAN = 0.80 

INB = 6.25 

1-C 10Rg Me Me 1.8(-11) 1,200 yr IAN = 1. 79 

INB 9.95 

EtzNCllz Cllz C6Hs H 2.6(-12) 3,400 yr --

I Et2NCH 2CH. Me 3 C6 H3 H 
I 

9.2(-14) 240,000 yr --

i Me 3 NC 6 H. Me H 6.7(-6) 1. 2 days --
IM.,NCOHO Me Me 2.8(-11) 784 days --
, C1CH.CH 2 C6 HS H 1. 6 (-10) 140 yr --
: C1 2 CHCH 2 C6 HS H 5.0(-9) 4.4 yr --
I I CC1 3 CH 2 C6 Hs H 3.2(-3) 252 days --

CF 3 CH. C6 Hs H 1.0(-8) 2.2 yr --

a ln the absence of data for kA or ~ values of ~ are assumed equal 
to kB x 10- 7 /5-'. 
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5.6. Phosphoric and Phosphoric Acid Esters 

5.6.1. Dlalkyl Alkylphosphonates 

None of the phosphonates reported in table 4.l2 is hydro
lyzed at significant rates at 298 K and pH 7. The dominant 
process is base catalyzed hydrolysis, which is extremely slow 
with all alkyl-substituted esters. Electron-withdrawing sub
stituents such as p-nitrophenoxy increase the rate of the base 
catalyzed process by a factor of about 100, but ~ven 
MeP(O)(OEt)OC6 H4N02 has an estimated half-life of 5.5 
years. Table 5.10 summarizes data for representative phos
phonate esters. 

Table 5.10. Phosphonic acid esters, dia1ky1 phosphonates, R,P (c)(OR,) 2: 
k

A
, k

B
, k h , tlz' and lAB at 298K and pH 7. 

R,P(O) (OR.) 2 kA/W'S_ ' kB/M-'S-' 

Me Me '" 1.36(-9) 2.5(-3) 

Me Et 1. 7 (-9) 2.2(-4) 

Me i-Pr 6.4(-9) 3.2(-7) 

Me Et, NPl '" 1.2(_7)b 4.0(-2) 

Et i-Pr 3.2(-9) 3.7(-8) 

CoHo Et 1.1(-9) > 5 (_4)C 

ap-Nitrophenyl. 

b Assume log kA '" 10.6 - (100/RT). 

c Assume log kB '" 6.6 - (56/RT). 

~/S-l t!/yr lAB 

2.5(-10) 88 2.8 

2.2(-11) 990 3.0 

3.3(-14) 663,000 3.5 

4.0(-9) 5.5 2.9 

4.0(-15) 5.5(6) 3.6 

> 5(-11) 440 2.9 

5.6~2. Phosphoric Acid and Thiophosphoric Acid Esters 

Hydrolysis rate data for phosphoric acid esters are incom
plete in many ways; those esters listed in table 5.11 have been 
extensively investigated, and it is evident that in almost every 
case neutral hydrolysis is the dominant process at pH 7. 

Lifetimes for phosphate esters are shorter than for phos
phonates by a factor of 100 or more. Table 5.11 summarizes 
data for 11 phosphoric and thiophosphoric acid esters. 

Table 5.11. Phosphoric acid and thiophosphoric acid es ters: (RO) spa 
and (RO) ,PS: ~,kB and ~ at 298K and pH 7. 

(RO)gPO(S) ~/S-l ~/M-1S-' ~/s-' t~ 

(MeO) ,PO 1. 8(-8) 1.3(-4) 1.8(-8) 1.22 yr 

(EtO) ,PO 4(_9)a 8.2(-6) 4(-9) 5.5 yr 

(EtS) 3PO 1.4(-9)b 1.2(-2) 2.6(-9) 8.5 yr 

(CoHsO) ,PO 2.7(_1l)b 1. 7(-2) 1. 7 (-9) 1.3 yr 

(EtO)P(O) (NP) 2 3.3(-6) 5.3(-1) 3.8(-6) 2 days 

(NP) ,PO 1.0(-3) 3.43(1) 1.0(-3) 11 min 

(MeO) 2P(S)NP 1.1(-7) 5.95(-3) 1.1(-7) 72 days 

MeOP(S)SCHyH -- 4.3 > 4.3(-7) < 18 days 
(C0 2Et) 2 

(EtO) 2P(S)NP '" 3(-9) 2.2(-4) . '" 3(-9) 

aAssume EN = 136 kJ/mol based on data at 375 and 353K. 

b Assume ~ = 95 kJ /mol. 
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5.6.3. Dlalkyl Phosphonohalldates 

Table 5.l2 summarizes the available data on hydrolysis of 
phosphoric acid halides in water. These compounds hydro
lyze via base-catalyzed reactions and have very short half
lives under environmental conditions. Exceptions are noted 
for alkylamino-substituted phosphonohalidates, which appear 
to be persistent. More detailed studies in water at moderate 
pH are needed to verify this conclusion. 

Table 5.12. Phosphoric acid halides: dialkylphosphonohalidates and 
dialkylphosphorohalidates R,R2P(0)X: kh and t, at 29SK and pH 7. 

>:2 

R,P(0)XR2 I ki S-
1 I t~ 

X = F 

Me Me 4(-4) 2.9 min 

Et Et ~.4(_(j)a ....: 5 UdYb 

Et EtO > 3.3(-8)a < 240 days 

EtO EtO > 1.8(-7)a < 80 days 

i-PrO i-PrO 1. 7(-6) 4.7 days 

i-PrNH i-PrNH 1.9(:-6) 4.2 day~ 

i-PrNH Me 2N 8.5(-7) 9.5 days 

Me2N Me2N > 4.7(-10)a < 46 yr 

X = C1 

Et Et 3.6 0.2 s 

Et MeO 3.5(-1) 2 s 

MeO Mea 8.6(-3) 1.3 min 

Me i-PrO 4.5(-4) 26 min 

i'-PrO i-PrO 8.1(-3) 86 s 

aBased on kB as a limiting value. 
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5.7. Acylating and Alkylating Agents and Pesticides 

Table 5.13 summarizes data for nine types of acyl and alkyl 
derivatives and three important pesticides. With the excep-

tion of aziridine (ethylen~imine) and methoxychlor, all the 
compounds have short half-lives in water, the longest being 7 
h. Captan was studied both in pure and natural waters and 
found tq have the same rate constant. 

Table 5.13. Acylat~ng and_alky1ating agent8 and pesticides: 
~ and tl at 298K and pH 7. -n '2 

Compound 

CH 2 CH2S(02) 

Lo~ 

I (CH 3 0)2 S02 
I 

. I (C1CH2) 20 

I 
I C6 HSN=N-N(CH3) 2 
I 
lC 6 Hs C(0)C1 
i 
I (CH3)2NCOCI 

iCH 30C(O)Cl 
! 
\ I (CH 3 0C 6 H4 ) 2 CHCC1 3 

\ (methoxychlor) 
I 
i 

IcQSCCl. 

5.2(~8) 1154 days 
i 

III, 

3.3(-3) 3.5 min 
i 

I 
1 

2 • 15 ( - 5) I 8. 9 min 
! 
I 

I 
1.66(-4) I 1.2 min 

2.8(-2) 25 s 

2.75 (-5) al 
4.2(-2) I 16 s. 

> 2.5(-3) I ,4 min 

5 . 64 ( -4 ) I 20 min 

5.5(-8)b 1147 days 

7 h 

6.5(-5)d 

I 
I 

I 270 days 
\ 
i 
i 
} 

3 h d 

I 0 
I (captan) I 

I 
H I 

,C2HsN~N~Cl I r 

I (at~=_:j~Ih~ 
a b Assumed ~ at 298K was one-half the value at 310K. Extrapolated 
results ofl~olfe et a1., [11] section 4. cMeasured value 
at pH 7.1, [12], section 4. dValue observed at 300K in distilled 
and natural waters, [11], section 4. 
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