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Abstract

The imidazole catalysed hydrolysis of triacetin reaction is being used as a standard test method for isothermal microcalorimeters where the
reaction parameters, rate constant and enthalpy change are used as the reaction specification. To increase the robustness of the test meth
and to expand on our intellectual enquiry for the study of reactions by calorimetry, this paper improves upon the previous mathematical
model for the reaction. Our findings are that the rate constant determined from the model used in previous studies has a linear dependency
on the reciprocal concentration of triacetin. To account for this dependence on triacetin and for the dependence on imidazol, demonstrated
by others using the same model, this paper presents a more general mathematical model that can be used to obtain reaction parameters i
a broader context. At a fixed concentration of imidazol, a triacetin independent rate constant was determineck &0179+ 1.68 x
108dm*mol-ts?.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cedures for running a triacetin experiment in an isothermal
microcalorimeter. Hills et al[5] were the first to challenge
The previous publications, detailed bel¢®~5], on the the reaction model proposed by Willson et[a@]. when they
calorimetric investigations into the solution phase imida- showed that the rate constant had a dependency on imidazole
zole catalysed hydrolysis of triacetin have focussed on, ini- concentration. It is the aim of this paper to add to the obser-
tially, qualitative then quantitative analysis. In 1982 Chen vations of Hills et al[5] by showing that the rate constant
and Wadsd1] presented a qualitative method of reaction is also dependent on the concentration of triacetin. For both
analysis where the magnitude of the calorimetric signal was the Hills et al.[5] and this study, it can be shown that the
correlated to quantities of reactants. In 1995 Willson et al. dependency of the rate constant on imidazole and triacetin is
[2] showed that the calorimetric output (power versus time) minimal at the concentrations stated in the Beezer protocol
could be guantified in terms of kinetic and thermodynamic and insensitive to small variations in concentrations about
properties of the reaction. For this general approach, the ki- this concentration. Building upon findings from the previous
netics and thermodynamic parameters associated with a restudies, above, this paper defines the mathematical model
action can be determined by selecting an appropriate math-in more general terms. The purpose of which is two fold:
ematical model that describes the calorimetric oufpiit Firstly this reaction is being used as a standard test method
In 2001, Beezer et al4] set out a protocol describing for isothermal microcalorimeters and so the reaction param-
an experimental method to harmonise the experimental pro-eters calculated from such studies are required as specifi-
cations. As such, variations in reaction concentrations may
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No mechanistic interpretations of the observations are are the enthalpy change and specific enthalpy change for the
attempted in this paper except that a more general math-reaction. Where = 2 (i.e. a second order reactioq. (1)
ematical model for calorimetric data analysis is pro- can be simplified tdq. (2):

posed.
Where the analytical approach is to apply a mathemat- p — AHVQZ—k 5 2)
ical model describing a reaction, it is necessary that the (KIQ + AHV)

model selected for the analysis is an acceptable represen- SubstitutingA x AH for Qin E :
. . ) g. (2)givesEq. (3)(where
tation of the reaction mechanism. The robustness of theA is the quantity of triacetin used).

model is proven only in the fullness of time where ex-
tensive examination shows consistency over a wide range 2 k
o : P=AHVA*"———— (3)
of conditions such as temperature, concentration, pressure, (KA + V)2
etc. This study illustrates the fact that a model with a lim- _ _ _
ited or unknown scope of application can still be useful  EQ- (3)is the mathematical model used to derive the reac-
providing the context in which it is applied is carefully tion parameters from the calorimetric data and is the same
specified. For previous publicatiofig,4,5], the concentra- ~ Model used in previous publicatiofs4,5]. All calorimetric

tions of triacetin use in the studies are 0.259 motdrig], data generated for this publication were checked for order
0.245moldnt3 [3] and a range of 0.237—0.240 mol dfn by applying the mathematical procedure detailed by Willson
[5]. et al.[2] and by a graphical meaf8] specific to second or-

der reactions. The graphical method is to plot the calorimet-
ric signal, power, raised to the power 0.5 against time
2. Interpretation of calorimetric data where a linear plot indicates a second order reaction. The
advantage of this method is this is a rapid test for a second
In this study, imidazole concentration is kept constant and order reaction compared to the relatively laborious method
the concentration of triacetin is varied. for the determination of reaction ordgf]. From Eq. (1),
A second order solution phase model was used to analysdt can be seen that by writing = 2 and solving for time,
the data and is the same model as used in previous publicaPower (P) is linearly proportional to time in the following
tions[2,4,5], Eg. (1) shows the general form of the mathe- Way:
matical model: vV (PAHVK?2 t

—-AH— + ——— 4
pP= [ktAHl—nVl—n(n . 1) + Ql—n]n/(l—n)kAHl—nvl—n Qk + kP ( )

(1) Therefore,

whereP is power,V is the volume of the reaction solution, p1/2 _ p05_, (5)
n is the reaction ordek is the rate constant an@d and AH P -
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Fig. 1. A plot showing observed rate constants calculated fEgm(3) as a function of triacetin concentration. For each data set, calculations were made
usingn = 2 and fitting for rate constant and enthalpy change. The differences in enthalpy change across the data set were no gteSdmibén.



Table 1

This shows the resulting observed rate constants derived from triacetin
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concentrations ranging from 0.0284 to 0.263 motdm

Triacetin concentration

Rate constant

Enthalpy change

(mol dn3) (dm® mol-1s71) (kImot?t)
0.0284 2.82x 10°° —95.8
0.0293 2.75x 10°° —95.9
0.0467 1.66x 1075 —95.0
0.05 1.74x 1075 -88.1
0.0581 1.39x 1075 —915
0.0933 8.52x 107 —90.8
0.0933 7.56x 10°° —90.8
0.0946 8.24x 107 -92.0
0.0946 7.59x 1076 -92.0
0.0946 6.99x 10°° —92.0
0.0993 7.56x 107 —94.3
0.1123 6.87x 107 —90.9
0.243 2.73x 107 —91.6
0.2431 2.73x 10°° —95.4
0.2448 2.83x 10°° —89.9
0.2465 2.82x 107 -90.1
0.2471 2.73x 1076 —89.9
0.2537 2.62x 10°° -96.1
0.2555 2.68x 1076 —96.7
0.2561 2.59x 10°° —90.2
0.263 2.50x 1076 -97.3

300pW and in 3cni glass ampoules. Baseline and electri-
cal calibration checks were performed at the start of each
series of experiments. Approximately 50 h of power—time
data were collected for each experiment with data collection
every 10s.

The test protocol detailed by Beezer e{4].was followed
to prepare reaction samples. The range of triacetin concen-
trations used was 0.0284-0.263 molthwith a fixed im-
idazol concentration of 3.82 moldm. A 30-min equilib-
rium time in the calorimeter was allowed before data col-
lection commenced.

At the conclusion of the experiment, the calorimetric data
were imported into a graphics-fitting programme, Orldin
and the data analysed usikg. (3), aboveV (solution vol-
ume, 3 ml) andA (triacetin quantity) are known and are en-
tered as constants. The program then iterates for batid
AH. Refer to Willson et al[8] for a discussion on the va-
lidity of this type of iterative analysis.

4. Results and discussion

At all concentrations of triacetin, the derived enthalpy

These values were determined using the mathematical model as describecchange was found to be consistent with literature v§dijie
by Willson et al.[2]. The associated enthalpy change was, withih5%,
the same as the published vali4g.

3. Materials and methods

A plot of the rate constant versus triacetin concentration
(Fig. 1) shows that the observed rate constant has a small
dependency on triacetin concentration at the triacetin con-
centration used in previous publicatiofs4,5] detailed in
the introduction to this paper. However, it was found that

Experiments were run in an isothermal microcalorime- the rate constant has a high dependency on triacetin concen-
ter (TAM, Thermometric AB, Jarfalla, Sweden) and were tration at concentrations less than 0.2 moldn{Table 1).
set up according to the manufacturer's manual. The studiesThe relationship between the rate constant and the triacetin
were performed at 298.15 K with an amplification setting of concentration can be seenhig. 2 when the rate constant
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Fig. 2. A linear relationship was found when the observed rate constant was plotted against imidazol concentration divided by the triacetin concentration.
The slope of this line is 1.9% 1077 &+ 1.68 x 10 8dm*mol~1s1.
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is plotted against the reciprocal of the triacetin concentra- tration of imidazol varied, a similar calculation of a rate
tion resulting in a linear plot, the slope of which is a con- constant could be made. A plot of rate constant versus im-
stant. From the study by Hills et gb], the rate constantis  idazole/triacetin gave a slope of 1.66 10~/ + 5.01 x

also proportional to the concentration of imidazol. Combin- 10~° dm®mol~1s~1. The Hills et al.[5] study did not fol-

ing these two observations results in the rate constant beinglow the protocol detailed by Beezer et |] as the sample

related to both imidazol and triacetin as showrkEin (6): volume used was 3.1 chrand that the extrapolation of the
Imidazol plot rate constant versus imidazole/triacetin concentrations
kobs = S|Oloe1m1 (6) does not go through the origin. Forcing a linear regression

through the origin gives a slope of 1.3310~ " + 1.53 x
Note that the slope has the value 0f 15910~/ dm®mol~1s1.  10-8dm*mol-1s~1. However, our conclusions are that the
Substituting the right hand side Bfy. (6)for kopsin Eq. (3) rate constant 1.9k 10~/ and 1.73x 10~/ are, with in
gives: experimental error, the same.
Even though the calorimeter can not directly return mech-
(7) anistic information, by selection of an appropriate model
that describes the reaction, some mechanistic information
The slope is a constant that is independent of triacetin can be obtained indirectly. This and other calorimetric stud-
concentration and may be regarded as a true rate constanies of the triacetin reaction bring us yet another step closer
(from the point of view of triacetin concentration) and pro- to the true mechanism describing the hydrolytic pathway.
vides for a more general mathematical model.

Imid
P = AHVTriac slope
! P (Slope Imids + V)2
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