
International Journal of Advanced Research in Chemical Science (IJARCS) 

Volume 2, Issue 8, August 2015, PP 1-9 

ISSN 2349-039X (Print) & ISSN 2349-0403 (Online) 

www.arcjournals.org

 

©ARC                                                                                                                                                             Page 1 

The Simple and General-Base Catalyzed Aqueous Hydrolyses of 

Propionic and Butyric Anhydride 

Floyd L. Wiseman, William C. Cooper, Curtis Heishman, Brandon Robinson 

Abstract: This article presents results of the aqueous hydrolyses of propionic and butyric anhydride between 0 

and 60 C in mildly acidic solutions of varying propanoate and butanoateconcentrations, respectively.  These 

studies focus specifically on the temperature effectsand analysis of the activation parameters.  The primary goal 

of this work is to establish mechanistic trends for simple and general-base catalyzed hydrolysis of smaller 

anhydrides, and to reevaluate conventional conclusions on certain modeling features.  Resultsstrongly support a 

two-step mechanism for simple hydrolysisbelow room temperature,and a single-step mechanism for propanoate- 

and butanoate-catalyzed hydrolysis for all temperatures.Implications of these results and comparison with 

acetic anhydride hydrolysis are discussed. 

Keywords: aqueous hydrolysis, Eyring plots, kinetics, pH technique, activation parameters, acetic, propionic, 
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1. INTRODUCTION 

This study, which complements historicaland recent work on the aqueous hydrolysis of acetic 

anhydride[1-16],includes analyses of the activation parameters for simple and general base-catalyzed 

hydrolyses of propionic and butyric anhydride.  To the authors’ knowledge, with the exception of the 

simple hydrolysis of propionic anhydride, data for these reactions hasnot been published in refereed 

scientific literature until now.  Some work has been done in aqueous/organic mixtures [17], and in 

aquatic systems in the study of abiotic degradation [18].  More work probably has not been done with 

butyric anhydride due to its very low water solubility.  Fortunately, the pH technique [2] lends itself to 

very low concentrations of reacting substrate, and has been used successfully in this work for studying 

the aqueous hydrolyses of propionic and butyric anhydride.  Results of this study show that hydrolysis 

for both pathways appears to be mechanistically similar to acetic anhydride hydrolysis.  For these 

anhydrides, curvature in the Eyring plots occurs only for simple hydrolysis, and then only at lower 

temperatures.  There is no discernible curvature in the Eyring plots for general-base catalyzed 

hydrolysis, suggestingthe activation heat capacity term, which induces curvature at any temperature 

range, is insignificant.  Researchers have traditionally invoked the heat capacity termto explain 

curvature in the Eyring plots for a variety of hydrolysis reactions[19, 20],but this work suggests the 

curvature is not due to this term. 

The ratio of the rate constants for general base-catalyzed to simple hydrolysis varies from 80 at 5C 

to 140 at 60C for propionic anhydride, and from 80 at 5 C to230 at 55 C for butyric anhydride. 

Since the activation enthalpy is significantly larger for the catalyzed pathway for both anhydrides, the 

higher hydrolysis ratesarethe result of a less unfavorable activation entropy. This is likely due to less 

structural restrictions on the solvent moleculesfor the catalyzed pathway. 

2. THEORY 

2.1. The Mechanisms 

The reaction for the simple single-stepmechanism for a symmetric anhydride is: 

(RCO)
2
O + (n+1)H

2
O + B  →  2RCO

2
H + B + nH

2
O       (1) 

in which (n+1)H
2
O represents the solvent shell consisting of n+1 water molecules, and B is either 

anotherwater molecule (simple hydrolysis) or a weak base (general-base catalysis – for this work the 

propanoate and butanoateions).  Themolecularity of this reaction is open for debate; however, it is 

certain the reaction is at least termolecular (n = 0 for termolecular).  The reversible, two-step steady-

state mechanism is: 
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In which the subscript “1” refers to the formation of anion-pair tetrahedral intermediate, 

[RCO2CO(OH)R
−
,HB

+
], “−1” to the breakdown of the intermediateback to reactants, and “2” to the 

breakdown of the intermediate to products. It is noted here that the suggestion of an ion pair 
intermediate and solvent shells represented by (n+1)H2O and mH2O are points of departure from the 

first paper in this series [2].  As will be discussed later, even if n and m are equal, it is likely that the 

respective solvent shells are structurally different.  Furthermore, the number of solvent shell 

molecules is expected to depend upon B and the nature of the solvent medium.  Application of the 
steady-state approximation to the ion-pair intermediate leads to the following expression for the rate 

constant: 

k =
k1

1+α
              (3) 

in which α =
k−1 H2O n−m

k2
.  In this work general nucleophilic catalysis is not an issue since the buffer 

solutions were made using the same carboxylate ionas the product from the anhydride hydrolysis. 

2.2. The General Rate Law 

For either pathway represented by Reactions (1) and (2), the rate law is pseudo first-order, i.e.:  

[(RCO)2O] = [(RCO)2O]0e
−kt            (4) 

in which [(RCO)2O]0 is the initial anhydride concentration and k here represents the experimentally 

observed rate constant.For systems in which simple hydrolysis and general-base catalyzed hydrolysis 

both occur, the observed rate constant is expressed as: 

k = kw  H2O n+2 + kb H2O n+1 B           (5) 

in which “B”here represents the carboxylateion, “w” refers to simple hydrolysis, and “b” to general 

base-catalyzed hydrolysis.  The form of the equation used in this work is: 

k = kw
′ + ϕkb

′              (6) 

in which ϕ =
[B]

[H2O]
, kw

′ = kw  H2O (n+2) , and kb
′ = kb  H2O (n+2) .kw

′  and kb
′  are the experimental 

pseudo first-order rate constants for the respective pathways.Table 1 shows the overall rate constant 

expressions for all possiblesingle-step/two-step mechanism pairs.As suggested by Equation (6), and 

consistently verified in this work, k is linear with .   

Table1.Combined rate constant expressions for the single-step and two-step mechanisms.  The subscript “w” 

signifies simple water hydrolysis; “b” signifiesgeneral base-catalyzed hydrolysis; “1” signifies the forward 

reaction forming the tetrahedral intermediate; “1” signifies the reverse reaction back to the reactants; and 
“2” signifies the forward reaction for the intermediate forming the products. [B] is the concentration of the 

carboxylate ion.     

Pathway pair Equation Experimental rateconstant expression Definition of terms 

Single step (w)/ 

single step (b) 
T1  kw + ϕkb  H2O 

(n+2) ϕ =
 B 

 H2O 
 

Single step (w)/ 

two-step (b) 
T2  kw +

ϕkb1
1 + αb

  H2O 
(n+2) αb =

kb−1 H2O 
n−m

kb2
 

Single step (b)/ 

two step (w) 
T3  

kw1
1 + αw

+ ϕkb  H2O 
(n+2) αw =

kw−1 H2O 
n−m

kw2
 

Two step (w)/ 

Two step (b) 
T4  

kw1
1 + αw

+
ϕkb1
1 + αb

  H2O 
(n+2) 

 

2.3. The Rate Law in Terms of the pH for a Buffered Solution  
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All the reactions in this work wereconducted in buffer solutions in which the concentrations of the 
carboxylate were much higher than the reactive anhydrides.  Precision in replicate trials is generally 

better if the reactions are carried out in buffer solutions, probably because the buffer model has fewer 

regression parameters.The rate law in terms of the pH fora buffer solution isderived in Reference 1, 

and is:  

pH = pKa + log
𝑎−

γ RCO2H ∞
− log  1 −

2 (RCO )2O 0e
−kt

 RCO2H ∞

         (7) 

in which Ka is the acid dissociation constant of the acid formed from the anhydride hydrolysis, a is 

the activity of the carboxylate ion,  is the activity coefficient of the acid, [RCO2H]∞  is the acid 

concentration after hydrolysis is complete (time = ), and [(RCO)2O]0 is the anhydride concentration 

when monitoring is initiated (time = 0).  Equation (7) is a three-parameter model, for whichthe 

regression parameters are pKa + log
𝑎−

γ RCO2H ∞
, 
2  RCO  2O 0
 RCO2H ∞

, and k. 

2.4. The Eyring Expressions for the Elementary Rate Constants 

The simple Eyring rate constantexpression is : 

k =
kBT

h

 γi
o
i=1

γ‡
(𝑀1−o)e

 ΔSr
‡
−

ΔHr
‡

T
+ΔCp

‡
 ln

T

Tr
+
Tr
T

−1  R 
        (8) 

in which k
B
 is Boltzmann’s constant, h is Planck’s constant, o is the molecularity,M is the molarity 

(moldm
3

), γ
i
 representsthe reactant-state activity coefficients, γ‡ is the transition structure activity 

coefficient, R is the gas constant,ΔHr
‡
 is the activation enthalpy, ΔSr

‡
 is the activation entropy, ∆Cp

‡
 is 

the temperature-independent activation heat capacity, and the subscript “r” denotes a reference 

temperature.There is more diffuse charge distribution as the transition structure is formed, but there is 

no net change in the charge;so the term
 γi
o
i=1

γ‡
 is assumed to be1.  The kinetic parameters 

w
 and 

b
 

appearing in Table 1 are given by the following Eyring form: 

α =  
[H2O]

𝑀
 
n−m

e
 
ΔΔHr

‡

T
−ΔΔSr

‡
−ΔΔCp

‡
 ln

T

Tr
+
Tr
T

−1  R 
  

=  
 H2O 

𝑀
 
n−m

e−∆∆Sr
‡
/Re

 
ΔΔHr

‡

T
−ΔΔCp

‡
 ln

T

Tr
+
Tr
T

−1  R 
        (9) 

in which ΔΔHr
‡ = ΔHr,2

‡ − ΔHr.−1
‡

, ΔΔSr
‡ = ΔSr,2

‡ − ΔSr,−1
‡

, and ΔΔCp
‡ = ΔCp,2

‡ − ΔCp,−1
‡

.  The full 

set of regression parameters for the termisΔΔHr
‡
, ΔΔCp

‡
, and  

 H2O 

𝑀
 
n−m

e−∆∆Sr
‡
/R .However, in this 

work, ΔΔCp
‡
 is set to 0 and n and m are assumed to be equal.  The practical significance of the  term 

is its ability to induce curvature in the Eyring plots at lower temperatures. 

2.5. The Overall Rate Constant Expressions 

Of the rate constant expressions in Table 1, Equations (T2) and (T4) can be immediately ruled 
outbecause the Eyring plots for general-base catalyzed hydrolysis do not show any discernible 

curvature over the temperature ranges studied in this work. 

 Rate Constant Expressions for Equation (T1) (single-step for both reaction pathways):  

The single-step rate constant has the general form k′ =
kBT

h
 
[H2O]

𝑀
 
2

e
 ΔSr

‡
−

ΔHr
‡

T
+ΔCp

‡
 ln

T

Tr
+
Tr
T

−1  R 
, 

assuming n = 0.  More convenient formsfor the two pathways are:  

R  ln
kw

′ h

kBT
− 2ln  

[H2O]

𝑀
  = ∆Sw

‡ −
ΔHw

‡

T
+ ΔCp,w

‡  ln
T

Tr
+

Tr

T
− 1                  (10) 

R  ln
kb

′ h

kBT
− 2ln  

[H2O]

𝑀
  = ∆Sb

‡ −
ΔHb

‡

T
+ ΔCp,b

‡  ln
T

Tr
+

Tr

T
− 1                  (11) 

in which the subscript “r” has been dropped for brevity.  Regression analysis of the data plotted as 

R  ln
k′h

kBT
− 2ln  

[H2O]

𝑀
   vs. T

−1
 directlyyields ΔS‡ and ΔCp

‡
 in J∙K

−1
∙mol

−1
, and ΔH‡ in J∙mol

−1
.   
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 Rate Constant Expressions for Equation (T3) (single-step for base-catalyzed hydrolysis and two-

step for simple hydrolysis) 

The experimental data suggests this is the mechanism pair that actually occurs.  Equation (11) is used 

for the base-catalyzed hydrolysis, except the ΔCp,b
‡

 term is excluded since the Eyring plots are linear.  

The two-step rate constant has the general form k′ =
kBT

h 1+α 
 
[H2O]

𝑀
 
2

e
 ΔSr

‡
−

ΔHr
‡

T
+ΔCp

‡
 ln

T

Tr
+
Tr
T

−1  R 
. 

Setting n = m = 0 and ΔCp,w
‡

 = 0 yields the following form that is used in the regression analysis:  

R  ln
kw

′ h

kBT
− 2ln  

[H2O]

𝑀
  = ΔSw1

‡ −
ΔHw1

‡

T
− Rln{1 + e

 
ΔΔHw

‡

T
−ΔΔSw

‡
 R }                (12) 

The regression parameters for Equation (12) are ΔSw1
‡

, ΔHw1
‡

, ΔΔHw
‡

, andΔΔSw
‡

. 

3. EXPERIMENTAL AND  DATA ANALYSES 

Propionic and butyric anhydride (Aldrich,  99%) were used as received.  Reaction solutions for 

propionic anhydride were prepared using deionized water, sodium propanoate (Acros, 99.0 – 

100.5%), a 2.0-moldm
3

 solution of propanoic acid (Acros, 99+%, extra pure), and sodium chloride 

(Flinn Scientific, Inc.), which was used to adjust the ionic strength to 0.500 moldm
3

.Propanoate 

concentrations ranged from 0.0095 to 0.475 moldm
3

.  Reaction solutions for butyric anhydride were 
prepared using deionized water, sodium butanoate (Acros, 99.0 – 100.5%), and sodium chloride, 

which was used to adjust the ionic strength to 0.201moldm
3

.  Butyric acid was not used for these 

reaction solutions.  Butanoate concentrations ranged from 0.0011 to 0.201 moldm
3

.  The lower ionic 
strength for butyric anhydride was used because of its very low water solubility.      

Temperatures were maintained at ±0.01C using a water bath and a thermostatted water circulator 

(Thermo Scientific, Haake SC 100).  Since the thermostat only heated the water, ice was used to 
maintain temperatures lower than room temperature.  The water bath was placed on a magnetic stirrer 

to allow the reaction solutions to becontinuously stirred.  The reaction time was monitored manually 

using a digital timer, and the pH, which ranged between 4 and 5.5, was monitored using an 
AccumetModel 15 pH meter set to read to 0.001 pH unit and equipped with atemperature probe and a 

Thermo Scientific Orion Ross pH electrode.  The electrode was periodically calibrated using standard 

pH 7.00, 5.00, 4.00, and 3.00 buffer solutions (Fisher Scientific) as appropriate.As evidenced by the 

quality of the regression analyses, the experimental rate constants did not appear to be pH-dependent 
within this pH range. 

All propanoate reaction solutions had a density of 1.020 (0.002) gcm
3

at room temperature, and all 

butanoate reaction solutions had a density of 1.008 (0.001) gcm
3

.  The water concentration for all 

reaction solutions was 55.0 (0.3) moldm
3

.  For each trial a few drops of the anhydride, 
commensurate with the carboxylate concentrations, were added to ~100mL of the reaction solution.  

Fewer drops were used for the butyric anhydride system, again because of the solubility issues.  

Reaction monitoring began when the change in pH was less than 0.1 pH unit per minute.  At least 
four trials were conducted for each reaction solution, and the precision errors for multiple trials were 

generally within 1.5%.The change in pH ranged from 0.15 pH unit for the faster reactions at the 

higher temperatures to 0.8 pH unit for the slower reactions at the lower temperatures. The number of 
data points ranged from 15 for the faster reactions to 40 for the slower reactions.  
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Figure1.Typical data set (k vs. ) showing the linear regression analysis of Equation (6).  Results for this 

particular data set for the propionic anhydride system at 25.0 C are: 𝑘𝑤
′  = 0.0825 min1, 𝑘𝑏

′  = 7.872 min1. 

The raw kinetic data (as pH vs. time) was analyzed using Equation (7).  All data points were weighted 

equally in the regression analyses.  The correlation coefficients generally ranged from 0.99995 for the 

faster reactions to 0.99999 for the intermediate and slower reactions.  The resultant kinetic data at 

each temperature was then analyzed using Equation (6).  Figure 1 shows a typical data set (k vs. ) 

with the regression line.  Finally, the data sets for kw
′  and kb

′  were analyzed using Equations (11) and 

(12) to obtain the activation parameters for the suite of mechanisms. 

4. RESULTS AND DISCUSSION 

4.1. Regression Analyses 

Figure 2 shows plots of R  ln
kw

′ h

kBT
− 2ln  

[H2O]

𝑀
   vs. T

1
 from the regression analysis of Equation (12) 

for the simple hydrolysis of acetic, propionic, and butyric anhydride.  Figure 3 shows plots of 

R  ln
kb

′ h

kBT
− 2ln  

[H2O]

𝑀
   vs. T

1
 from the regression analysis of Equation (11) for the general base-

catalyzed hydrolysis of acetic, propionic, and butyric anhydride.  Table 2 shows the activation 

parameters from theseregression analyses.  Reference 2 discusses the statistic “F” tests for the simple 
and the general-base catalyzed hydrolyses modelsfor acetic anhydride.  Since propionic and butyric 

anhydride exhibit nearly identical behavior, the statistical conclusions from Reference 2are assumed 

to apply here as well. For this reason, other modeling options have not been explored.  Figure 4 shows 

plots of  vs. T (from 270 to 300 K) for all three anhydrides. 

 

Figure2.Plots of data as𝑅  𝑙𝑛
𝑘𝑤

′ ℎ

𝑘𝐵𝑇
− 2𝑙𝑛  

[𝐻2𝑂]

𝑀
   vs. T1 and the regression analysis of the data using Equation 

(12) for all three anhydrides (= acetic anhydride,  = propionic anhydride,  = butyric anhydride). Data for 

acetic anhydride is from Reference 2.  Dashed lines are included here to highlight the curvature at lower 

temperatures.    
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Figure3.Plots of 𝑅  𝑙𝑛
𝑘𝑏

′ ℎ

𝑘𝐵𝑇
− 2𝑙𝑛  

[𝐻2𝑂]

𝑀
   vs. T1 and the regression analysis of the data using Equation 

(11)(excluding the activation heat capacity term) for all three anhydrides (= acetic anhydride,  = propionic 

anhydride, = butyric anhydride).  Data for acetic anhydride is from Reference 2. 

 

Figure4.Plots of  vs. T(𝛥𝛥𝐶𝑝
‡
= 0 and n = m) for the simple hydrolysis of acetic, propionic, and butyric 

anhydride.   

Table2.Results of regression analyses of the data using Equations (11) and (12), with the activation heat 

capacity terms set to zero.  The estimated errors from the regression analyses are in parentheses. For the 

analysis using Equation (12), n and m are assumed to be 0.  The ionic strength for the hydrolysis of acetic and 

propionic anhydride is 0.500 moldm3; and for butyric anhydride it is 0.201moldm3.The corresponding Eyring 

plots are shown in Figures 2 and 3. 

Type of reaction Anhydride ∆H‡/kJ∙mol−1 ∆S‡/J∙K1∙mol−1 ∆H‡/kJ∙mol−1 ∆S‡/J∙K1∙mol−1 

Simple hydrolysis 

Acetic 39.5 (0.8) −229 (2) 37 (10) 145 (39) 

Propionic 37.3 (1.6) −241 (5) 44 (19) 169 (71) 

Butyric 36.6 (0.7) −248 (2) 51 (11) 198 (43) 

General-base 

catalyzed 

hydrolysis 

Acetic 49.7 (0.3) −157 (1) ∙∙∙∙∙ ∙∙∙∙∙ 

Propionic 48.3 (0.4) −167 (1) ∙∙∙∙∙ ∙∙∙∙∙ 

Butyric 54.9 (0.5) −147 (2) ∙∙∙∙∙ ∙∙∙∙∙ 

4.2. Comparison with other Work and Unique Contributions of this Work 

The value for ΔHw
‡

for propionic anhydride is somewhat low comparedwith other literature values 

(e.g. 39.8 kJmol
1

 [21] and 40.8 kJmol
1

 [22]).  However, the value in this work is expected to be 

slightly different due to the inclusion of the  term in the model.The value for ΔSw
‡

 is high compared 

to other literature values (e.g. 167 JK
1
mol

1
 [21]and 162 JK

1
mol

1
 [22]), but this difference is 

due to the term 2Rln  
[H2O]

𝑀
 , which offsets the valuesin this work by −67 JK

1
mol

1
.It is noted here 

that this term depends upon the presumed molecularity of the water molecules.  In general, values for 

ΔSw
‡

are offset by the factor (n + 2)Rln  
[H2O]

𝑀
 .In fact, very large negative values are possible if the 

solvent shells contributing to the molecularity are large.  

Work by Isaacs and Hoffman [18] on the aqueous abiotic degradation of butyric anhydride shows a 

half-life of 17 to 18 minutes at 22 C and a pH around 4.  This is in excellent agreement with this 
work.  Their work also shows a noticeable increase of the degradation rates at pH levels of 7 and 

higher.  Studies here did not extend to these higher pH levels, but it is likely that these higher rates 

indicate hydroxide-ion catalysis.    

One major contribution of this work, along with previous workin this series [2], is the separate 

analyses for simple and general-base catalyzed hydrolysis.  Secondly, this work applies the  term as 
an alternative modelling feature to account for the low-temperature curvature in the Eyring plots for 

simple hydrolysis.  Several reasons favor use of the  term over the activation heat capacity term.  For 
one, values quoted in the literature for the activation heat capacity for some systems seem 

unreasonably large.  Secondly, the  term favors curvature at lower temperatures, a feature that is 

consistently seen in the systems studied in this series.  Finally, it seems plausible that a significant 
activation heat capacity term should show curvature in the Eyring plots for both mechanisms, but the 
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plots for general-base catalysis show no discernible curvature over the temperature ranges studied.  
While the results of this work do not prove the mechanism depicted by Reaction (2), it certainly 

suggests the need for a paradigm shift away from the conventional thought.One final, but noteworthy 

contribution of this work is the first-time analysis (to the authors’ knowledge) for the aqueous 

hydrolysis of butyric anhydride under variable-temperature conditions. 

4.3. Mechanistic Implicationsfor Simple Water Hydrolysis 

Values for ΔΔHw
‡

 are positive for all three anhydrides, suggestinga much higher energy requirement 

for the decomposition of the intermediates to the product state.  This suggeststhat upon formation, the 

ion-pair intermediate is structurally poised for return to the reactantstate.  Some solvent structural 

reorganization is likely required to poise the intermediate for reaction to products.  The positive 

values for ΔΔSw
‡

 certainlysupport this, and further suggests that the solvent shell may consist of 

several water molecules.  Again it should be noted that values for ΔΔSw
‡

 depend upon the presumed 

water molecularities of the forward (k2) and reverse (k−1) steps.  If the reversible formation of the 

tetrahedral intermediate is the correct mechanism, as suggested by Bunton, Fuller, Perry, and 

Shiner[23], then this work shows the return to the reactantstate is thermodynamically favoredonly at 

lower temperatures where the ΔΔHw
‡

term is dominant.  Conversely, the positive values for ΔΔSw
‡

drive 

the intermediate to the product state at higher temperatures.  In effect, the reversible, two-step 

mechanism becomes a one-step mechanism as the temperature increases.  

The lower temperature range (below room temperature) is the region where the mechanism begins to 

shift from one-step to two-step.  However, given that the values for  are still less than 1 at 0 C, the 

mechanism is not firmly two-stepeven at this temperature.  In any regard, solvent changes within this 

range may have significant or unusual effects upon the rate constants.  In fact, studies of the 

hydrolysis of propionic anhydride in water/deuterium oxide mixtures show a fairly large normal 

kinetic solvent isotope effect, from 2.7 to 3.2,in this temperature range.  A minimum occurs at 30 

C[24].Davis and Hogg have shown that this large isotope effect is due to the effect upon the 

activation entropy[22].  The activation enthalpy actually has a slight inverse isotope effect.  Kinetic 

solvent isotope effects are comparable for acetic anhydride, where a maximum occurs at 15 C[24].  

The isotope effect for acetic anhydride falls rapidly above 25 C, which may correlate with the fact 

that isinsignificant above this temperature. 

4.4. Mechanistic Implications for General Base-Catalyzed Hydrolysis 

Two noteworthy points can be made about the general base-catalyzed hydrolysis.  First, the fact that 

catalyzed hydrolysis is faster than simple hydrolysis is due exclusively to a much less demanding 

entropic term, which overrides the higher energy demand for this pathway.  This effect becomes more 

pronounced at higher temperatures, and suggests there may be less structural assistance required from 

the solvent shell for general-base catalysis.The second point, one that runs counter to conventional 

thought and that bears repeating here, is the activation heat capacity is statistically insignificant.  Of 

course, this term isnot expected to be exactly zero, but it must in fact be numerically large to render 

any noticeable curvature.  The reason is the functional part of thisterm (i.e. ln
T

Tr
+

Tr

T
− 1) is rather 

insensitive to temperature.  In addition to sometimes being unreasonably large,as previously 

mentioned, the activation heat capacity termcannot adequately account for the curvaturein some 

systems [25].    

4.5. Correlation of Molecular Size with the Activation Parameters 

Figure 5 shows plots of the activation parameters vs. the number of carbon atoms for the three 

anhydrides and for both pathways.  For simple hydrolysis, the activation enthalpy appears to become 

slightly smaller with increasing number of carbon atoms.  However, this conclusion is tenuous as the 

errors are relatively large for this parameter.  On the other hand, the activation entropy definitely 

becomes more negative with increasing size.  The smaller energy demand for the formation of the 

tetrahedral intermediate for the larger anhydrides may be due to inductive effects.  The larger negative 

activation entropies are probably due to larger solvent shells required to stabilize the larger core 

transition structures.  For base-catalyzed hydrolysis, butyric anhydride does not follow the same trend 
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for either activation parameter.  The much higher energy demand for butyric anhydride may be due to 

a stronger steric hindrance as the butanoate diffuses in proximity to the anhydride to facilitate the 

attacking water molecule.  This higher energy demand may in turn reduce the energy requirement for 

a stringently restructured solvent shell.  This notion is implied by the noticeably smaller negative 

activation entropy. 

 

Figure5. Plots of the activation parameters vs. the number of carbon atoms (with error bars) for the anhydrides 
studied in this work (A1 and A2 − simple hydrolysis; B1 and B2 – general base-catalyzed hydrolysis). 

5. CONCLUSIONS 

This work has clearly established trends for the smaller anhydrides.  But a continuation of this work 

for larger anhydrides, particularly those that exhibit noticeable curvature in the Eyring plots, would be 
beneficial for further establishing trends.  Conducting studies in which the catalytic carboxylate ion is 

structurally different than the anhydride may also prove useful, as would further explorations of 

sterically-hindered catalytic systems.  Finally, conducting proton inventory analyses would 
bebeneficial for establishing trends in the detailed nature of the transition structures, particularly 

regarding the number and type of protons involved in the transition structure. 
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