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This laboratory has been concerned for some time with developed and reported by Willson and Beef&r This
the development of novel calculational methods for the di- technique examines the relationship between pairs of data
rect determination of thermodynamic and kinetic parame- points along a calorimetric curve and identifies the re-
ters from isothermal microcalorimetric ddta-6]. We have action order through the ratio of the two points. Once
shown that it is possible to determine values for the rate con-the order is known, then the appropriate calorimetric
stant,k, enthalpy,H, order of reactionn, equilibrium con- equation (previously published by O’Neil], Hills [8],
stant,K, activation energyis, and the quantity of material ~ Gaisford [9] and Willson [10]) can be applied. For the
undergoing reactiond, in a model free fashion (save that purposes of this demonstration, we will deal solely with
there is conformity with the van't Hoff isochore). Our early a second order reaction for a reaction studied by flow
efforts were concentrated on the development of these tech-calorimetry.
niques for the study of solution phase reactions examined The equation which describes a second order reaffipn
using static/batch type calorimetdfis2]. These techniques  studied by flow calorimetry, is given igq. (1):
have been refined to incorporate methods for analysing so- —KHV[Ag]?
lution phase flow calorimetric da{&,6] (for first order re- ¢ =
actions) and solid state calorimetric dfdd Whilst we are Tl +k(r + D)[AoD( + k[ Ao]]
confident that we can calculate accurate values for the pa-whereg is the calorimetric output (J$), k the rate constant
rameters of interest (for all reaction orders) from static/batch (mol~1s~1dm?), H the enthalpy (kJ moil), V¢ the thermal
calorimetric data and for first order reactions studied by flow volume (dnf) (for further discussion of this term s¢&]),
calorimetry, until now no consideration of higher order re- [Ag] the initial concentration of reagent (mol d¥), t the
actions studied by flow calorimetry has been addressed. time (s), andr the residence time (s).

Note that for the calculation of the parameters of interest, Note that the rate constamt,and the enthalpy, appear
from flow calorimetric data, itis required that accurate values as a product function and therefore cannot be separated by
for the rate constant of reaction can be found. This is trivial simple algebra. In order to calculate one, it is necessary to
for first order reactions since the rate constant is merely the obtain an accurate value for the other. Also note that the
negative slope of the line from a In(output) versus time plot. calorimetric output is dependent upon the termand V.,
However, this is not the case for higher orders of reaction. these are related to the flow rate of the reaction solution and

For reaction orders >1, it is necessary to identify the the physical dimensions of the calorimetric cell, their values
reaction order through a data pairing technique recently can be found through the application of a test and reference

reaction, the base catalysed hydrolysis of methyl paraben

(1)
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equation in terms of only one unknowk(Eg. (2)):

1, (A+k[Ao] + kz[Ao]) (1 + Ki2[Ag])

—R=—
2 (1 + kta[Ao] + kr[Ao]) (1 + kt1[Ag])

(2)

Eqg. (2) can be rearranged to give a quadratic equation in

terms ofk (Eq. (3)):

K (RE[A0]® + Rut[Ao)? — $5[Ao]® — 12t[Ao]®)
+ k(2Rt1[Ao] — 212[Ao] + Rt[Ao] — t[Aq])
+(R-1)=0 3)

This quadratic equation is now readily solved fousing

reactions, although the derivation for third order reactions
has not been attempted, it is anticipated that it could be
achieved by a similar technique to that described earlier.

It is now possible to calculate accurate thermodynamic
and kinetic information for all integral ordered, solution
phase reactions studied by static/batch and flow calorimetry
and from solid state reactions (assuming that the reaction
conforms to the Ng equatigi 2]) directly from the calori-
metric data free from assumption as to the mechanism of
reaction.

standard procedures. As always with a quadratic equationReferences

two roots will be returned, clearly the real rate constant will

be given by a positive root. Once a value fois found, it
can be used iEqg. (1)to find the enthalpy and from there
all other parameters can be found.

This calculational method has been scrutinised through
its application to simulated data. It can be shown that the
correct value fok is returned for simulated data where the

value ofk ranges from 4x 108 to 4 x 10 3s~! and en-
thalpies ranging from 50 to 150 kJ mdl assuming that the

order of reaction (second order in this case) is known from
ancillary sources. If the reaction order is not known prior to
the experiment, then the data pairing technique for the cal-
culation ofn, noted earlier, must be employed. In this case,

the range of accessibleandH are constrained by the lim-
itations of the method for determining

This example describes the derivation of the equations
necessary for the determination of the rate constant (and
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