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Abstract

The alcoholysis of acetyl chloride under various reaction conditions has been investigated by isoperibolic calorimetry and

HPLC-analysis. Non-linear kinetic evaluation has been realized by the program TA-kin 3.3 on the basis of temperature and

concentration data. Depending on the excess of alcohol, different partial reaction orders are found. The reaction rate also

depends on the basicity of the solvent. This could be caused by H-bonding with the alcohol increasing the activation energy.

It was possible to distinguish between the kinetic parameters of the ethanolysis and the i-propanolysis of acetyl chloride in

the evaluation of the alcoholysis of acetyl chloride by alcoholic mixtures at stoichiometric concentrations of the reagents. A

partial order of n � 0:5 for the alcohol, as determined in the evaluation of the single alcoholysis under these conditions, has

been con®rmed. The results show that heat accumulations are an important feature for the kinetic evaluation of reactions under

the concentration conditions described. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the past, the alcoholysis of acyl chlorides has

been frequently a subject of publications [1±5], but

due to the exothermic character of the reaction, inves-

tigations have generally been restricted to conditions

which slow down the rate of reaction to permit the

reaction course to be followed with the methods

available at that time. Nowadays, alcoholysis of acyl

chlorides is still of interest because the reaction is

useful to convert alcohols into their esters which are

frequently used as solvents, fragrances and additives

to drugs and perfumes, as well on an industrial scale.

But for an economic realization of this reaction,

high concentrations of the starting products are

desired so that parameters in the literature are not

necessarily appropriate. Therefore the alcoholysis

of acyl chlorides had been investigated by means of

modern calorimetric methods, that are not affected by

the disadvantages of the former methods and are also

favoured by the developments in measuring techni-

ques and computer technology.

2. Experimental

A glass reactor with the alcoholic mixture (30 ml) is

placed in a water cooled, double walled vessel which,

after closing, is connected to a burette with the acyl

chloride solution. The vessel and the burette of this

isoperibolic reaction calorimeter [6] are integrated in a

thermostated circuit. The effective volume of the re-

actor is 40 ml and it contains a Pt-sensor, a calibration
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heater and a stirrer. After thermal equilibration has

been reached, the acyl chloride is added using the

batch mode. The temperature of the reaction medium

is measured and stored by the software of the

ACTRON calorimeter [7].

The investigation of the reaction of acetyl chloride

(1 mol/l) with mixtures of i-propanol and ethanol has

been performed, varying the alcohol concentrations as

follows:

1. �etOH� � �i-prOH� � 1 mol=l; �etOH� � 0:2; . . . ;
0:8 mol=l; step 0:2;

2. �i-prOH� � 0:8 mol=l; �etOH� � 0:4; 0:6 and

0:8 mol=l.

To investigate the complex reactions, as well as to

verify the simulated conversion data from simple

reactions, it is necessary to measure concentration

data because the temperature change is due to the

sum of all heat releasing processes in the system.

To support the evaluation of temperature data,

samples have been taken, quenched and subjected

to HPLC-analysis to get concentration data for i-

propyl acetate and ethyl acetate, respectively. Quench-

ing was realized by an aqueous ammonia solution.

The recorded temperature data and concentration

data sets can be evaluated kinetically by the software

package TA-kin [6,8]. This program allows de®nition

of most reaction models. Using this non-linear evalua-

tion procedure, the simultaneous kinetic evaluation of

reactions with up to four steps is possible.

Traces of condensation products in the solvent

acetone could disturb the evaluation of the chromato-

gram, because the peaks of these lie near that of i-

propyl acetate in the HPLC-chromatogram. So the

acetone was checked before use and it was found that

samples should not be taken after a period of more

than 1 h. Furthermore, for this reason, drying is

restricted to a short period of time and is only possible

with non-reacting reagents such as molecular sieves.

Details are described in [6], pp. 30, 59.

3. Results

3.1. Alcoholysis with one alcohol

Figs. 1 and 2 show the temperature±time curves of

the ethanolysis of acetyl chloride in acetone and

toluene, respectively, with varying concentrations of

acetyl chloride.

Primary alcohols produce a temperature jump pro-

portional to the concentration of acetyl chloride

because the release of heat is high enough to create

Fig. 1. Temperature±time curves of the alcoholysis of acetyl

chloride with ethanol (6 mol/l) in acetone.

Fig. 2. Temperature±time curves of the alcoholysis of acetyl

chloride with ethanol (6 mol/l) in toluene.
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practically an adiabatic state. This corresponds to the

observed chemical conversion curves which reaches

100% just after the maximum of the temperature curve

([6], p. 97). The temperature curve of the ethanolysis

of 1 mol/l acetyl chloride in toluene (Fig. 2) shows, in

contrast to all other experiments, a phenomenon at the

maximum of the temperature signal which may be

called `̀ needle effect''. Later a normal cooling curve

could be observed. This occurred only in one case of

extremely high heat production (high concentration of

acyl chloride and ethanol, toluene) and a low cooling

constant, respectively, which indicates local overheat-

ing as an explanation. From Fig. 2 it can be seen, as

well, that the increase and the maximum are generally

much higher in toluene than in acetone under compar-

able conditions. In contrast to this, none of the tem-

perature±time curves of the reaction with secondary

alcohols (Fig. 3) shows this proportionality, which is

due to the lower reaction rate and heat production.

Besides this, Fig. 3 shows the decreasing endothermic

starting signal which is characteristic for all measure-

ments, only varying in magnitude depending on the

alcohol, its concentration and the acetyl chloride

concentration. Secondary alcohols produce a stronger

endothermic signal than primary alcohols.

The kinetic evaluation of temperature±time curves

with varying acyl chloride concentrations leads to

different reaction enthalpies, which may be the con-

sequence of a solvation effect of the acyl chloride and

its reaction products with the alcohol. But because

there is also the endothermic effect of dilution of

alcohol by the acetone of the acyl chloride solution

(Fig. 3), it is dif®cult to determine which solvation

effect is responsible for these differences. It can be

shown that the amount of the endothermic signal is

approximately proportional to the acetone content in

the acetyl chloride solution ([6], p. 43).

Overall evaluations of a group of curves (e.g. Fig. 1)

do not give satisfactory results, because the varying

reaction enthalpy leads to relatively large differences

between the simulated and experimental temperature

curves if a constant enthalpy is presupposed. In Table 1

the result of overall evaluations (varying the tempera-

ture) at constant acyl chloride concentrations are given

for the ethanolysis (6 mol/l) of acetyl chloride in

acetone. Table 2 shows the result of the overall

evaluations varying the acyl chloride concentration

and the temperature simultaneously. If the concentra-

tion of alcohol at a constant acyl chloride concentra-

tion is increased, the maximum of the temperature

curve is shifted to earlier reaction times and the

increase grows. This can be seen in Fig. 4 which

represents the temperature±time curves for the alco-

holysis of 0.5 mol/l acetyl chloride with various

ethanol concentrations. Due to the change of the

kinetic rate laws of the alcoholysis, the reactions with

Fig. 3. Temperature±time curves of the alcoholysis of acetyl

chloride with i-propanol (6 mol/l) in acetone.

Table 1

Parameters of the overall evaluation of the i-propanolysis of acetyl chloride in acetone varying the starting temperature (10, 20, 308C) (m:

number of equations of equations) ESS: result of the non-linear regression (minimization of error square sum)

[AcCl] ln k0 Ea (kJ/mol) DRH (kJ/mol) ESS/m

0.25 8.95 � 0.022 40:54� 0:064 ÿ78:50� 0:33 13.92/1010

0.50 10.96 � 0.032 45:41� 0:088 ÿ76:99� 0:31 17.13/1010

1.00 15.56 � 0.058 56:99� 0:150 ÿ74:13� 0:30 177.48/872
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stoichiometric, or nearly stoichiometric, alcohol con-

centrations and those with higher alcohol concentra-

tions (Table 3) are treated separately.

If no activation parameter or reaction order is kept

constant in the user-de®ned reaction model of TA-kin

3.3, the kinetic evaluation results in a kinetic law (1)

with a partial order of 1.5±1.9 depending on the

alcohol, e.g. for ethanol (Table 3):

r � k5�AcCl��ROH�1:6 (1)

It has been shown for the ®rst time that the fractional

order with respect to alcohol in this rate law is a

consequence of a mixed kinetic law (2) consisting of

two terms with the partial orders 1 and 2 for the

alcohol, respectively (Tables 4 and 5):

r � k2�AcCl��ROH�2 � k1�AcCl��ROH� (2)

This law has been found by several authors [1,6,9,10].

It has been interpreted as the involvement of two

mechanisms. The ®rst mechanism includes the

Table 2

Parameters of the overall evaluation of the i-propanolysis of acetyl chloride in acetone varying the concentration of acetyl chloride and the

temperature

ln k0 Ea (kJ/mol) DRH (kJ/mol) n1 (AcCl) n2 (i-PrOH) ESS/m

15:44� 0:017 55:72� 0:043 ÿ74:26� 0:33 1:0327� 0:0017 0:986� 0:013 200.998/1135

Fig. 4. Temperature±time curves of the alcoholysis of acetyl

chloride (0.5 mol/l) with ethanol in acetone.

Table 3

Parameters of the overall evaluation of the ethanolysis of acetyl chloride in acetone varying the concentration of ethanol (2, 4, 6 mol/l) with

free and ®xed order of reaction

ln k0 Ea (kJ/mol) DRH (kJ/mol) n1 n2 ESS/m

12:83� 0:18 47:78� 0:22 ÿ79:10� 0:20 1.00 (fixed) 1:624� 0:016 35.8/779

11:93� 0:16 45:61� 0:40 ÿ79:02� 0:22 0:979� 0:014 1:625� 0:015 36.1/779

Table 4

Parameters of different evaluations of the ethanolysis of 0.5 mol/l acetyl chloride at 208C varying the concentration of ethanol (2, 4, 6 mol/l),

rtotal: de®nition of the rate law

Evaluation with rtotal Rate law ln k0 Ea (kJ/mol) DRH (kJ/mol) n2

rtotal � r r � k�A��B�n2 11.9 45.6 ÿ79.0 1.6

rtotal � r1 � r2 r1 � k1�A��B� 9.96 � 0.28 53:3� 1:7 ÿ72:8� 2:2 ±

r2 � k2�A��B�2 9.95 � 0.23 51:4� 0:84 ÿ76:9� 1:8 ±
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reaction of an acyl chloride molecule with two alcohol

molecules (second-order law), the second molecule

serving as the acceptor for the proton released in the

reaction. In the second mechanism the proton is

accepted by a solvent molecule (®rst-order law). This

explains, to some extent, a dependence of the mechan-

ism on the alcohol concentration, because, whether the

®rst or the second mechanism dominates, depends on

the concentration of alcohol and the solvent. So, the

result of Gilkerson [11], who found a partial order of 2

for the alcohol can be explained by the small pKa-

value of the solvent acetonitrile (pKa(CH3CNH�):

ÿ10.1) which prevents the solvent molecules from

acting as ef®cient proton acceptors, therefore mainly

the mechanism with two molecules of alcohol occurs.

Fig. 5 shows the concentration- and the tempera-

ture±time curves of the ethanolysis of acetyl chloride

with a stoichiometric concentration of alcohol which

gave the kinetic parameters and reaction enthalpies

summarized in Table 6. In this case a different rate law

(3) with a partial order of n�ROH� � 0:5 has been

found:

r � k5�AcCl��ROH�0:5 (3)

Angelidou and Hugo [12] also found that simple

reaction laws are not capable of describing the tem-

perature curves, especially if the alcohol concentration

is less than twice that of the acyl chloride. As shown in

[12], these curves can be better evaluated on the basis

of complex formulas consisting of a fractional kinetic

Table 5

Parameters of the evaluation of the i-propanolysis of 0.5 mol/l acetyl chloride at 208C in acetone varying the concentration of i-propanol (2, 4,

6 mol/l), rtotal: de®nition of rate law

Evaluation with rtotal Rate law ln k0 Ea (kJ/mol) DRH (kJ/mol) n2

rges � r r � k�A��B�n2 18.55 66.73 ÿ72.7 1.9

rges � r1 and r2 r1 � k1�A��B� 13:9� 0:1 66:33� 0:58 ÿ67:24� 0:47 ±

r2 � k2�A��B�2 15:3� 0:1 76:40� 0:40 ÿ51:27� 0:40 ±

Fig. 5. Temperature±time curves and concentration courses of the alcoholysis of acetyl chloride (1 mol/l) with ethanol (1 mol/l) in acetone Ð

experimental and simulated data.
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law, but an explanation for the partial orders in this law

could not be given.

Supposing a steady state in each step, as has been

done by Turkewitch and Makitra [13], and taking into

account the mechanism described above, which

includes the reaction with one molecule and two

molecules of alcohol, respectively, it is possible to

derive Eq. (4) which gives on simpli®cation (omitting

k3 and representing the counter by one term)

r � k1�AcCl��ROH�1 � k2�AcCl��ROH�2
k3 � k4�ROH� (4)

Eq. (3). Because of the resemblance with the equation

resulting on simpli®cation of the rate law given in

[10], Eq. (4) might well describe the data given by

Angelidou and Hugo [12], who found several equa-

tions to be appropriate to describe his measurements.

Eq. (4) should be able to describe the rate law of any

alcoholysis of acyl chlorides. For higher concentra-

tions the counter terms dominate (k3 can be neglected),

that is why the evaluation of measurements with a

simple second-order law is also successful.

For stoichiometric starting product concentrations,

any other simple rate law with an order n 6� 0:5
(Eq. (3)) does not ®t simultaneously the temperature

changes and the course of the acetate concentration.

Different ways of evaluation, as was also found for the

corresponding i-propanolysis experiment, gave simi-

lar results. Unfortunately, the fractional law (4) could

not be tested in the kinetic evaluation, because only

reaction laws with products of concentrations can be

used in the de®nition of the reaction model in TA-kin

3.3. Furthermore, it does not make sense to evaluate

the experiments on the basis of the underlying six

partial reactions (implying two back-reactions) as

reaction model, because there are not enough data

available (e.g. concentrations of the transition states)

to support the resulting kinetic parameters (17 free

variables).

As demonstrated in Fig. 6, the solvent has a distinct

in¯uence which follows as well from the considera-

tions above. In toluene, higher reaction enthalpies and

reaction rates than in acetone have been found. In

general, non-polar solvents increase the reaction rates,

whereas in polar solvents lower reaction rates are

found (Table 7). The reaction rate in non-polar sol-

vents is correlated to the dielectric constant. In polar

solvents the rate depends on the basicity of the solvent

in such a way that the rate is increased by weak bases

(CH3CN) and decreased by stronger basic solvents

like ether (not by amines which attack the acyl chlor-

ide). In [13] this decrease is explained by H-bonding

between the transition state and the solvent, which

decreases with the pKa-value. Although this might be

Table 6

Parameters of the overall evaluation (temperature and acetate concentration curve) of the ethanolysis of acetyl chloride in acetone (1 and

0.2 mol/l)

�AcCl� � 1 mol=l �ROH� ln k0 Ea (kJ/mol) DRH (kJ/mol) n1 (fixed) n2

1 mol/l 20:52� 0:30 67:2� 0:8 ÿ61:0� 0:26 1.00 0:485� 1:6� 10ÿ2

0.2 mol/l 19:50� 0:03 68:4� 0:07 ÿ72:8� 0:12 1.00 0:612� 2:7� 10ÿ2

Fig. 6. Temperature±time curves of the alcoholysis of acetyl

chloride (0.5 mol/l) with i-propanol (6 mol/l) in different solvents.
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an explanation, this could not be con®rmed because of

the following facts (Table 7):

� At high excess of alcohol, the probability of colli-

sion of the molecules of the intermediate with those

of the alcohol is much higher than with solvent

molecules.

� The alcohol is more polar than the solvent so an

interaction between the alcohol and the intermedi-

ate should be more stable because it is strongly

polar.

� If the reaction takes place in toluene there is

no important interaction of the intermediate

or the alcohol with the solvent. But because alco-

hols are more basic (e.g. protonated form:

pKa�i-PrOH2
�� � ÿ3:2, pKa�EtOH2

�� � ÿ2:4,

pKa�MeOH2
�� � ÿ2:2 [14]) than most non-protic

solvents, there is a certain contradiction be-

cause solvents with higher basicities (ether:

pKa�Et2OH2
�� � ÿ3:6) cause lower reaction rates.

In contrast to this, the solution in toluene gives

higher reaction rates.

Apparently, solvation with other alcohol mole-

cules neither stabilizes the intermediate complex

nor increases the activation energy as the interac-

tions with other solvents do. But, supposing that

the properties of protonation of aprotic solvents

�Et2OH2
�� and alcohols with comparable pKa-

values are similar �i-PrOH2
��, they should have

the same effect on the reaction intermediate. Such

a stabilization is obviously not important, which

might be due to special properties of the alcoholic

group (e.g. autoprotolysis of the alcohol, a trans-

port mechanism for the proton, etc.). Instead, a

second alcohol molecule obviously serves as

an acceptor for the proton. As indicated by the

second-order law in Eq. (2), it should play an

important role in the mechanism.

These facts make a mechanism probable which

includes a cyclic transition state formed by two alco-

hol molecules and an acetyl chloride molecule. Cyclic

transition states frequently play an important role in

organic reactions because of the lower activation

energy of such an arrangement, but normally this does

not consist of three partners.

On the other hand, the lower activation energy of

the term r2 in Eq. (2) with n2 � 2 in the case of the

ethanolysis in Table 5 is a further hint on the proposed

mechanism. Thus the lower total reaction rate in polar

solvents should be due to a disturbing in¯uence on this

cyclic transition state. From the foregoing, it follows

that H-bonding between the alcohol and the solvent

should be more important for the reaction rate than H-

bonding between the solvent and the intermediate

[13]. Thus the activation energy is increased by the

amount necessary for the desolvation of the alcohol

molecule.

Fig. 7 shows the in¯uence of the addition of pyr-

idine and triethylamine, respectively, compared to the

Table 7

Parameters of the i-propanolysis (6 mol/l) of 0.5 mol/l acetyl

chloride at 208C in different solvents with ln k0 � 20 (constant)

(uncertainties: Ea < �0:1 kJ=mol;DRH < �1:8 kJ=mol)

Solvent Ea (kJ/mol) DRH (kJ/mol)

Hexane 65.0 ÿ71.0

Toluene 65.3 ÿ82.9

Acetonitrile 64.8 ÿ84.6

Acetone 66.7 ÿ76.2

Diethyl ether 67.2 ÿ68.8

Fig. 7. Effect of pyridine and triethylamine on the temperature±

time curves of the alcoholysis of acetyl chloride (0.5 mol/l) with i-

propanol (6 mol/l) in acetone.
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reaction without any amine. The higher reaction rate

in the presence of pyridine should be due to a different

reaction mechanisms. Whereas triethylamine elimi-

nates one H-atom of acetyl chloride to give the ketene,

which is a relatively slow process, pyridine attacks the

keto-bond giving the acylammonium chloride which,

reacting with the alcohol, easily eliminates pyridinium

chloride. Fig. 8 shows the temperature±time curves at

different starting temperatures. The slope increases

about 2±3 times by varying the starting temperature by

an amount of 10 K as normally expected.

3.2. Alcoholysis with binary alcohol mixtures

As has been shown before, the calorimetric curves

of ethanol are characterized by a steeper temperature

increase than that of i-propanol under comparable

conditions, due to a higher reaction rate. This has

been found too in the case of alcoholic mixtures.

For stoichiometric alcohol mixtures (Fig. 9a) as for

the reaction with a small excess of ethanol (Fig. 9b),

the temperature±time curves show a steeper tempera-

ture jump with increasing ethanol concentration. As it

has been found for the simple alcoholysis, the max-

imum of the temperature±time curves increases with

the starting temperature and is shifted to shorter

reaction times in the case of higher concentrations

of ethanol.

Fig. 10a and b shows examples of the results of

the simultaneous kinetic evaluation of temperature±

time and concentration±time curves for the

Fig. 8. Temperature±time curves of the alcoholysis of propionyl

chloride (1 mol/l) with i-propanol (6 mol/l) in acetone at different

starting temperatures.

Fig. 9. Temperature±time curves of the alcoholysis of acetyl chloride (1 mol/l) with a mixture of: (a) i-propanol and ethanol at a total

concentration of 1 mol/l in acetone varying the ethanol concentration; (b) i-propanol (0.8 mol/l) and ethanol in acetone varying the ethanol

concentration.
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stoichiometric and the over stoichiometric cases of

alcohol, respectively.

The kinetic analysis of temperature data and con-

centration data led in nearly all cases of alcohol

mixtures to the conclusion that the reaction order is

n2 � 0:5. As described before, this has been found for

the conversions with stoichiometric concentrations of

ethanol and of i-propanol, as well. Another important

observation is the temperature jump which frequently

occurs during the time of mixing of the reagent

solutions.

In contrast to the dilution of higher concentrations

of alcohol which produce greater endothermic signals,

experiments with stoichiometric (or nearly stoichio-

metric) alcohol concentrations result frequently in

exothermic temperature courses during the time of

mixing. This is especially observed at 108C. A look at

the experimental curves shows that only at a tempera-

ture of 308C does the starting signal become weakly

endothermic. The exothermic temperature signal can

be attributed to a heat accumulation which is a con-

sequence of the small endothermic heat of the mixing

process at low alcohol concentrations and the rela-

tively high reaction enthalpy and rate. Because

endothermic excess heats frequently increase with

temperature [15], the mixing signal becomes

endothermic for the experiments with a starting tem-

perature of 308C.

The accumulation of the reaction heat during the

addition of the acyl chloride solution leads to an

exothermic temperature jump in the case of stoichio-

metric concentrations of the adducts because of the

nearly adiabatic conditions and is due to the higher

acyl chloride concentration. The spontaneous heat

production should be mainly due to the reaction with

the more reactive ethanol, because the measured

concentrations of ethyl acetate are much higher than

those calculated, whereas the measured and the simu-

lated concentration data of the ester of the less reactive

i-propanol nearly do not deviate.

Whereas additional heat processes and the resulting

temperature signals can be described by introducing

appropriated amounts of heat into the model of reac-

tion in TA-kin, as shown in [6], the preceding obser-

vations might be simulated by a change of the constant

of heat exchange, because this would result in a higher

temperature and thus in a concentration increase in the

beginning as it has been frequently found.

Table 8 summarizes the kinetic parameters and

reaction orders found. The uncertainties of the para-

meters of the measurements are varying depending on

the number of free parameters and on the kind of the

parameter, they are given in the tables. For the repro-

ducibility of the ®nding of the activation parameters

from several measurements for a simple alcoholysis,

the following values have been obtained (standard

Fig. 10. Temperature±time curves and concentration courses of the alcoholysis of acetyl chloride (1 mol/l) with a mixture of: (a) i-propanol

(0.2 mol/l) and ethanol (0.8 mol/l); (b) i-propanol (0.8 mol/l) and ethanol (0.6 mol/l) in acetone Ð experimental and simulated data.
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deviation s) [6]: s�Ea� � �0:06 kJ=mol, s�DRH� �
�1:80 kJ=mol �ln k0� 20�.

4. Conclusions

The varying reaction enthalpies, depending on the

acyl chloride concentration, make the overall evalua-

tion of groups of data sets with various acyl chloride

concentrations dif®cult. Except for the evaluation of

single data sets, a kinetic law of ®rst- or second-order

is not appropriate to be applied to kinetic evaluations

of experiments of the alcoholysis of acyl chlorides

with various concentrations of the alcohol. Partial

reaction orders of the alcohol between one and two,

in the case of a large excess of alcohol, have been

explained, as well as the partial orders of n2 � 0:5
found for the stoichiometric case. The solvent deter-

mines the position of the maximum and the shape of

the temperature curve to a big extent, as well. In the

case of toluene, higher reaction enthalpies have been

found. For the dependence of the reaction rate on the

basicity of the solvent, alternative explanations com-

pared to the literature are given. The ef®ciency of

amine catalysts does not depend in a simple way on the

basicity of the amine but also on the reaction mechan-

ism, which may slow down the rate compared to a

weaker base.

In the present work, ®rst hints of the formation

of a cyclic transition state have been established.

Furthermore, it might be possible to estimate activa-

tion energies by taking into account the strength of

the present H-bonding, if the desolvation energy

alone is responsible for the increase of the activation

energy.

The results of the evaluation of the alcoholysis of

acetyl chloride with mixtures of ethanol and i-propa-

nol suggest that modern calorimetric methods permit

the distinguishing between parallel reactions if the

reactivity difference is big enough.

Table 8

Overall evaluations (including temperature courses and acetate concentrations) of the mixed ethanolysis and i-propanolysis of acetyl chloride

(1 mol/l) in acetone with ln k0 � 20 (uncertainties: Ea < �0:1 kJ=mol;DRH < �2:8 kJ=mol)

T0 (8C) ROH Ethanol i-Propanol

[etOH]

(mol/l)

[i-prOH]

(mol/l)

Ea

(kJ/mol)

DRH

(kJ/mol)

n2 Ea

(kJ/mol)

DRH

(kJ/mol)

n2

10 0.8 0.2 67.4 ÿ60.9 0.5 67.5 ÿ53.1 0.5

0.6 0.4 67.2 ÿ96.8 68.8 ÿ71.1

0.4 0.6 67.2 ÿ72.8 68.4 ÿ63.1

0.2 0.8 66.0 ÿ76.1 69.8 ÿ67.6

0.4 0.8 66.9 ÿ73.3 68.0 ÿ61.6

0.6 0.8 66.0 ÿ75.0 67.6 ÿ71.7

0.8 0.8 65.7 ÿ85.0 67.7 ÿ64.9

20 0.8 0.2 67.9 ÿ92.7 0.5 70.9 ÿ72.2 0.5

0.6 0.4 68.1 ÿ82.7 70.3 ÿ65.2

0.4 0.6 68.2 ÿ70.8 68.9 ÿ62.2

0.2 0.8 69.2 ÿ77.8 69.8 ÿ63.7

0.4 0.8 66.8 ÿ70.1 70.8 ÿ69.8

0.6 0.8 66.3 ÿ70.7 68.3 ÿ53.3

0.8 0.8 67.1a ÿ60.7 1.0 66.1a ÿ63.8

30 0.8 0.2 67.3 ÿ58.1 0.5 69.1 ÿ61.2 0.5

0.6 0.4 67.7 ÿ64.6 71.2 ÿ63.2

0.4 0.6 68.9 ÿ62.0 70.0 ÿ62.7

0.2 0.8 70.4 ÿ31.5 69.8 ÿ63.2

0.4 0.8 67.2 ÿ76.0 1.02 70.0 ÿ71.8 0.449

0.6 0.8 66.8 ÿ70.0 1.22 69.3 ÿ74.3 0.985

0.8 0.8 66.3 ÿ75.4 1.53 68.8 ÿ71.8 1.488

a DEa � �0:3.
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Results con®rm that, for stoichiometric concentra-

tions of alcohol and acyl chloride, a simple kinetic law

cannot be presupposed as is generally done in the

literature. So a partial order of n�ROH� � 0:5 for the

alcohol has been found, which is not the only hint on

more complicated rate laws [12]. Furthermore, inves-

tigations underline the necessity of taking into account

and simulating heat accumulations when modelling

strong exothermic reactions.

Precision calorimetry has proved to be a good tool

to differentiate the reactivities of alcohols with acetyl

chloride.
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