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Methods of Thermokinetic Analysis of Chemical Reactions

V.S.Livshits

The theoretical foundations of the thermokinetic method of investigating chemical reactions are discussed. An analysis is
made of the method as applied to the kinetics of adiabatic and non-adiabatic reactions. including heterogeneous catalysis.
Methods of calculating kinetic parameters from experimental thermokinetic curves by different versions of the method are

discussed.
posed.

New ways of applying the thermokinetic method to studies of heterogeneous catalysis in flow systems are pro-
Examples are given of the use of the thermokinetic method in studies of a wide range of chemical reactions. The

advantages of the thermokinetic method are briefly assessed. 50 references.
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1. INTRODUCTION

Whenever possible, kinetic measurements are made
under isothermal conditions: this tendency is fully justifi-
able, since isothermal kinetics are usually easy to treat
mathematically.

However, there is a large group of reactions which
cannot be made to take place isothermally because of the
large thermal effects involved. These include reactions
in media of low thermal conductivity and fast reactions
with high initial concentrations of reactant and leading to
explosion or ignition.

Most of the industrially important polymerisation and
polycondensation reactions are strongly exothermic and
usually proceed with appreciable self-heating. A number
of variants of the thermometric method, based on mea-
surements of temperature as a function of time, have been
proposed for kinetic studies of reactions of this type.

There are also reactions (for example, the formation of
condensation oligomers) which can only be taken to com-
pletion by gradually raising the temperature. These re-
actions can be investigated by thermokinetic methods,
based on programmed heating?®.

Theoretical and experimental results relating to the
thermokinetic method are scattered among journals for
different fields, depending on the type of reaction being
studied. Hence, there was a need for a review article and
for a systematisation of existing methods.

The present article is devoted to an analysis of methods
of treating experimental thermokinetic data so as to extract
from the data the variation with time of the extent of re-
action, the rate constants, and the activation energies.

We shall review the most important publications up to
1968, and we shall briefly characterise the thermalregime
and the current applications of thermokinetic methods.

We shall be little concerned with the design of detectors
used in the thermokinetic method, of calorimeters, and
with other experimental problems, because they are ex-
haustively discussed in a number of monographs2-5,

1I. HOMOGENEOUS REACTIONS

1. Adiabatic Regime

The simplest relationship between AT and the extent of
reaction is obtained with adiabatic reactors, and also with
pseudo-adiabatic calorimeters provided with automatic
compensation for the heat losses which occur when a tem-
perature difference arises between the wall of the reaction
vessel and the mass of reactant®,

In these instances, as may be shown from the heat
balance equation for an adiabatic reaction, the relationship
between the conversion a and the temperature T at time ¢
is of the form

T—T, AT
o == e 1
Ty~To ATy ™
where
Q
ATy =T —T, =(_:_

where @Qp is the heat of reaction, cal mole-t; Ep the mean
heat capacity of the reaction mixture, cal mole-! deg™!;
and T, the initial temperature of the surrounding medium.
In the absence of reliable values for @p and Cp, the
experimenter can determine only the conversion & max,
corresponding to the maximal observed value of AT. Then,

ATy = AT max/%max «

The steepness of the experimental plots of AT against ¢
depends, as can readily be seen, not only on the rate con-
stant at T = T, but also on the activation energy E. This
follows from the kinetic equation for an adiabatic reac-~
tion”:

% = ky(Taa — TY" exp(—E/RT) ( . )“_‘ ) @)

Tag —To



Russian Chemical Reviews, 37 (10), 1968

or

a _ ko (%’-)n_l (Taa —T)exp (—L) ye

at RT (2)

where 7 is the order of the reaction, %, the pre-exponen-
tial factor, and x, is the initial concentration of reactant.
An expression for the activation energy can be obtained
from the logarithmic form of this equation®:®9®, The
activation energy is then given by the slope of the linear

plots of In dT/dt against 1/7T or In aT against 1/7,
T-T, z dt

which is equal too—E/R.

It should be noted that the integral form of Eqn. (2) can-
not be expressed?'® in simple functions in the general case,
even with » =1,

Livshits suggested?!! that the activation energy of non-
isothermal (including adiabatic) reactions could be deter-
mined from the position of the point of inflection of experi-
mental plots of T against £, This point, corresponding to
maximal reaction rate, is reached when the “temperature”
acceleration (or retardation) of the adiabatic reaction is
fully compensated by the “concentration” retardation (or
acceleration).

Table 1. Types of non-isothermal reaction with extreme dependence of
rate upon time.
. : dp@) | Therma |Thermal regime up
Type of reaction and (@) " effect, Qp to %931(3; /%il)eo
nth order reaction, (1 ~ &)” with n > 0* <0 >0 >0
nth order reaction with retardation,
(1 - a)* with n <0* >0 <0 <0
Autocatalytic first-order reaction,
(1 - a)a with 0.5 <a < 1 <0 >0 >0
Ditto, (1 - o), with 0.5 > a> 0 >0 <0 <0
o, n>0 >0 <0 <0
o n<O0 <0 >0 >0
First-order reaction with retardation,
(1 - o)/ <0 >0 >0

* With zero-order reactions n = 0, and the rate of non-isothermal
reaction continuously increases (Q, > 0) or decreases (0, < 0). In
this case the activation energy is determined by the slope of the linear plot
In (dT/dt) = f(1/T), which is equal to -E/R.

To analyse this method, we note that the kinetic equa-
tion of an adiabatic reaction can be expressed in the
general form;

L — k@i, @)

The quantity da/dt goes through a maximum if the time
changes of ¢(a) and f(T') are equal and opposite. It can be
shown that this condition is realised in a number of
instances, listed in Table 1.

Since f(T') = exp (~E/RT), and k, is not a function of 7T,
E can be determined at the instant corresponding to the
point of inflection (that is, d2a/dt? = 0) if the form of ¢(a)
is known.,

Hence, by differentiating Eqn. (3) and equating the
second differential to zero, a direct relationship is ob-
tained between the activation energy and the temperature T
of the reaction mixture at the point of inflection of the
thermokinetic curve. Expressions for the activation
energy of reactions obeying different kinetic laws aregiven
in Table 2.
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2. Non-adiabatic Non-isothermal Reactions

The heat balance equation for a non-isothermal reaction
is of the form

moQy & — H T — (T —T) =0 @
where H is the effective heat capacity of the system, cal

deg™1; B the heat transmission coefficient, cal deg-! s-1;
and m, the number of moles of reactant.

Table 2. Activation energy of various adiabatic reactions.

o Expression for the activation i Expression for the activation
Kinetic law energy Kinetic law energy
1—a) __ nRT} . __ nRT}
n0 E = AT — 4T, a’; a0 = aT
}2AT; — AT,
—a)a E= .ﬂ._‘._‘i)_— —a)a E= RT}AT,4
AT, (AT,q—AT}) AT, (AT 4—AT; ).

Integration of Eqn. (4) for the initial conditions @ = 0,
t =0, and T = T, gives
T
mQoe = (B(T —Ty)dt + H(T —Ty). ®)
For the condition!?s!3 T, = const the T-¢ curve can be
transformed into an o -t curve by graphical integration
once H and B have been evaluated. For relatively small
values of AT it can be assumed that 8 and H are constant.
In the more general case we can assume

B=B8,T¢: H=H,+a(T—T,).,

where 8,, H,, !, and a are constant.
Using Newton's law of cooling it can be shown?!? that the
extent of conversion at time ¢ is given by

-] t
(a—rya+§a—rya
as f 2 . (6)
S(T—T.)dt

The integral j.(T - T,)dt is evaluated from the cooling
t

curve by measuring the area under the curve between T
and T,. The second integral is equal to the area under the
thermokinetic curve between 0 and #, and the integral in
the denominator is equal to the area under the whole of the
experimental curve, including the cooling period, up to the
temperature T,.

Evreinov and Entelis!® used this method?? in a modified
form, which required the determination of 8 and H using
Eqn. (5).

The B coefficient is evaluated from the cooling of copper
specimens ! or by electrical heating to the temperature
Tiim at which the rate of heat evolution is equal to the rate
of heat loss. Hence

0.2390 ¥
Tim —To

B=

’

where N is the power dissipation of the heater in joules.
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Also, the value of H/B, equal to

io (T —To) dt
‘t

T—T,
is obtained from the cooling curve. It is important tonote
that separate determination of H and 8 is not necessary:
the first integral in the numerator of Eqn. (6) can be re-
placed by H/B(T - T,).

This type of treatment can be used as long as T, =const.
If on the other hand the reaction is carried out under pro-
grammed heating, the quantity T, in Eqn. (6) must be re-
placed by the temperature of the surroundings for which
the function (T ~ T,) is 2 maximum 15,

Methods of integration of non-isothermal kinetic equa-
tions with arbitrary temperature laws are given by Eman-
uel' and Knorre 6,

The more complicated case when the effective activation
energy varies with extent of conversion has also been con~

sideredi4s17, In this case, the functions T = f(a) and
g—t‘l = @(a) are obtained from Eqn. (6) and by graphical

differentiation of the experimental T -f curve. The varia-
tion of the non-isothermal rate with reciprocal temperature
is then determined for a number of values of a. Hence,
E(@)
T

using the equation ;—itg = ky,exp ~“ET ¢(@), the activa-

tion energy can be evaluated for the chosen values of a.
The non-isothermal rate is related to the isothermal
rate of reaction at temperature T = T, by the equation

() = (@) (B2 (7 5] ™

An original method of treating thermokinetic data has
been described by Korolev and coworkers!®, Since the
most commonly used reaction vessels are cylindrical,
these authors considered the heat balance equation for an
infinite cylinder of radius #:

3T

o

P2 g0, ®)

pciT_:x(
dt r o dt s

where ¢(t) is the rate of heat evolution, p is the density,

A is the thermal conductivity, and C is the heat capacity.
Eqn. (8) can readily be solved by a Laplace transform.
Putting

- e
z =S e~PtTdt
and °

0

7 =g et
and integrating Eqn. (8) multiplied by e P between the
limits 0 < ¢t < «©, we obtain

cﬁ:x(if +—:——Z—:—)+q'(p)- ®)

The solution which satisfies the condition of symmetry
with respect to z;—df at v = 0 is a Bessel function of the

first kind, of purely imaginary argument. Carrying out
the series expansion, and after some transformations, we
obtain

4\ ” dT
q(f)=—E<T+ -k T) (10)
where ¢; (the relaxation time) is of the order of several
minutes, and can be determined experimentally from the
cooling and heating curves of the reaction mixture.
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When applied to an adiabatic process, Eqn. (8) takes the
form

dT
q(t)zpc—;}— . (11)

In the proposed method!8, the portions of the thermo-
kinetic curve for which dT/di = const are analysed.
Under these conditions the reaction rate w is

ar —P

W= —Z-' 3;
If the rate of heat removal is equal to the rate of heat
evolution (isothermal process), Eqn. (10) takes the form

q(t)=;“TT .

Mo

az2)

In the case of a non-isothermal, non-adiabatic process
the quantity -‘;—c r& needed for the calculation is evaluated
from the cooling rate of the reaction mixture from tem-
perature Tto 7T,. Thus for a cylinder,

T = To exp (___l“:ft pc> (13)

[

where p, is the first root of the zero order Bessel function
of the first kind (p, = 2.401).

Since the temperature [difference] falls by a factor of e
in time ¢,

o
rieC S

=

whence the desired quantity is

eC

2 2
—_—ry = .t
g Hale

In another group of methods of thermokinetic analysis
of reactions, the heat evolution in the reaction mixture is
reproduced by the application of current pulses of known
power,

The design proposed by Skuratov and coworkers?!® is
based on a double calorimeter, with cells of identical heat
capacity, Current pulses of power equivalent to the rate
of heat evolution in the working cell are applied to the
reference cell. The kinetic curve is a plot of the square
of the current in the reference cell against time. The
area under the kinetic curve, multiplied by the appropriate
proportionality factor, is a measure of the total heat
evolution during the experiment.

The automatic calorimeter used by Anderson for emul-
sion polymerisation studies?? is even more convenient.
This calorimeter operates on the following principle. The
adiabatic heating produced by the reaction and measured
by a sensitive thermocouple is converted into electrical
power, which is applied to the reactor in the form of
pulses and measured by a wattmeter. The power of the
pulses is automatically controlled at the level correspond-
ing to constant total rate of heat evolution, that is, to the
difference between the power in the absence of chemical
reaction and the rate of thermochemical heat evolution.
Special calibration is not needed to calculate the conver-
sion at a given instant and the heat of polymerisation,
since a power of 1 W is equivalent to a rate of heat evolu-
tion of 0.2390 cal s,
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III. HETEROGENEOUS EXOTHERMIC REACTIONS

The thermal regime of heterogeneous exothermic reac-
tions was first discussed by Frank-Kamenetskii?!, De-
pending on the rate of removal of heat, two stable tem-
perature regimes were shown to be possible: the lower in
the activation-controlled and the upper in the diffusion-
controlled region. The steady-state heating of the surface
in the upper regime can be used to evaluate the kinetic
parameters.

The critical condition?! leading to ignition for a first-
order surface reaction is of the general form

8 crir, = 0%® (14)
and
v=e00—1) (15)
where
8= L 4 exp(—E/RTY)x,
B RT}

E
p=-L _T—T
RT;( o

ko exp (— E/RTy)
T
Here xy is the molar concentration of reactant in the bulk,
v is the mass transfer coefficient, defined by the expres-
sion

V=

_ (Nu)D

¥ d

where (Nu) is the Nusselt criterion, D is the diffusion co-
efficient of the reactant, and d is the characteristic linear
dimension of the system.

Rozovskii and coworkers have shown that the kinetic
parameters of heterogeneous reactions of zero?? and non-
zero 23 order can be determined from the critical ignition
condition.

For a zero-order reaction the critical ignition condition
has the form

e, = Yo (CERTL) E 16)
B'R(T,)

where the primes denote the values of the parameters cor-

responding to the onset of ignition.

By experimenting with different heat evolution condi-
tions (through changes in linear velocity, which in turn
produce a change in the ignition temperature 7;), the fol-
lowing relationship between T, and &cx can be obtained:

By S erit @ (To))?

B0 m (Ta)” = expE/R (Towy — Tow) .

amn

Taking logarithms, and ignoring the term In Seittn),
crit(2)
we arrive at an expression for the activation energy involv-
ing only the ignition temperatures and the ratio of the heat
transmission coefficients, which can be replaced by the
ratio of the linear velocities raised to the power s = 0.65:

o " ”
RT,(Tom (m — o )
E — Bl Tﬂ(l)

— (18)
Toul - To(a)

(where the numbers in brackets refer to the number of the
experiment). The rate constants at the ignition tempera-
ture are calculated by the formula :

quitB'R (T;)’ .
QE

k= (19)

8156

The quantity 6y is evaluated by one of the approximate

formulae as a function of the parameter b = I—B-EE:

14+ b4 b2
or Ot >

Serip == b

The rate constants at any other temperature T are
calculated by the formula
E(T—T,)
kr = kre KT
which is equivalent to Eqn. (7).

I the order of the reaction is not zero, the expression
for the activation energy from the results of two experi-
ments retains the form of Eqn. (18), but the pre-exponen-
tial factor is found from the equation

Serit B'R(T5)
Q,E exp (—E/RT,)
and the order » of the reaction with respect to the ith

component is found from the variation of Ty with x4,suf
according to the equation

(20)

f (Xisurt) ko =

E

0

0

lgdcrie +21g To + = ;1 Xy purt+ A,
where A is a constant.

All the formulae used in this Section have been derived
from the heat balance equation

B(T —T,) = Qokyexp(— E/RT) f (xi,surt),
where i =0, 1, 2,

It must be stressed that only the critical ignition tem-
perature depends on the value of the heat transmission co -
efficient, which varies with the flow velocity. However,
the steady state heating of the surface is independent of the
gas flow velocity, as shown by Buben for the catalytic
oxidation of hydrogen and ammonia on platinum 24,

In conclusion, we note that the thermokinetic methods
of investigation of heterogeneous catalytic reactions lead
to equations of the same mathematical form as those ob-
tained for homogeneous processes, However, in the
latter case one makes experimental plots of T against ¢,
whereas in catalytic reactions the steady state heating of
the surface at a particular point is observed as a function
of the position of that point along the layer of catalyst.

It is evident that a definite contact time and extent of
conversion must correspond to each cross-section of the
catalyst in an integral reactor once a steady state is estab-
lished. Thus, having determined the temperature dis-
tribution (in a uniform thermal field from the electric
heater) along the catalyst column, the required kinetic
parameters can be calculated from the formula given in
Section II.

IV. SPECIAL FEATURES OF THERMOKINETIC METHODS
FOR THE STUDY OF FAST REACTIONS

When applied to fast reactions, in which the half-life
Tyse is Of the order of 1 s or less, thermokinetic methods
exhibit some specific features both in apparatus design and
in the significance of the mathematical equipment.

We shall briefly discuss the thermometric methods of
monitoring fast reactions, originally put forward in both
a static and a flow variant.

In the first variant25, the gas mixture in the reaction
vessel is irradiated through a special window with ultra-
violet light capable of initiating the reaction and of specific
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intensity I, at the entry window. The absorption of light
by the gas creates an intensity gradient in the vessel, and
therefore the rate of thermochemical heat evolution de-
creases with increasing distance from the entry window.
With a finite rate of heat transfer over the cross-section
of the reactor, an easily detectable temperature gradient
arises. An expression relating the temperature rise AT
in the central zone of the reactor to the extinction co-
efficient € and to the distance X from the window for an
initial pressure P can easily be obtained from the heat
balance condition:

AT — Iphv [1—exp (—2X)]

Ae (21)

where & is Planck's constant, v is the frequency of the
light used to initiate the reaction, A is the thermal conduc-
tivity of the gas. A modification of the static variant,
known as the thermal maximum method, has been developed
for fast liquid-phase reactions.

In this method?® a bulb containing one of the reactants
is broken in a solution of the second reactant under stan-
dard conditions of fast stirring. If the reaction is exo-
thermic, we observe a temperature rise determined by the
value of the rate constant and by the efficiency of the heat
exchange. This rise goes through a maximum, with time,
if the order of the reaction differs from zero. The rate
constant k, for a first-order reactiont is calculated from
the equation?8

2o (kx/ka) Fa—he

ATgq (2 2 )

where the cooling constant &, is defined by Newton's law

T T —T). (23)

dx

If the heat of the reaction is not known, the adiabatic
heating is obtained by measuring ATmax for a series of
increasing concentrations of the first reactant and extra-
polating to infinity. The rates of reactions with 7,,, of
the order of 0.2 s can be studied by this method?”.

The flow variant of the method is applicable both to
liquid-phase 28 and to gas-phase ?® reactions: it is usually
called the continuous flow method.

In the method developed by Roughton 28} two streams of
liquid reactants moving with a linear velocity of the order
of metres per second are efficiently mixed and led into a
capillary provided with a sensitive thermocouple whose
junction can be moved controllably. Under the given con-
ditions the reaction proceeds adiabatically§. Hence, the
temperature rise (of the order of 0.2-0.3 deg) can easily
be correlated with the extent of conversion. The variation
of the conversion along the length of the capillary allows
the rate constant to be determined to a reproducibility of
+7% at the lowest values of 7,,, investigated ¢~ 0.1 s).
When the flow method is applied to gas-phase reactions,
substantial changes are necessary not only in the dimen-
sion of the apparatus and in the linear velocity, but also-in

the method of treatment of the results of the measurements:

this is because of the non-adiabaticity of the process and
of the need to use heat transfer equations in partial differ-
ential form (Laplace transform)?2e,

+ For a second-order reaction the equation involves complex functions.

f Sometimes wrongly transliterated in Russian as “Poyron’.
§ Control experiments must be made to test whether the heat of
mixing of the reactants is zero.
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V. NON-STATIONARY THERMOKINETIC METHODS

Non-stationary kinetic methods are used when the num-
ber of kinetic constants to be determined is greater than
the number of kinetic equations which can be written in the
quasi-stationary approximation. We shall discuss the
application of non-stationary thermokinetic methods by
considering two examples: radical polymerisation and
enzyme catalysis with Michaelis—Menten kinetics.

1. Radical Polymerisation of Vinyl Monomers

According to the kinetic equations for radical polymer-
isation, the rate of decrease of the monomer concentration
is

_AMl ey, Ry
Y K (M)

(24)

where [M] is the monomer concentration, w; is the rate of
initiation, and %p and k¢ are the rate constants for chain
propagation and chain termination respectively.

As can be seen from Eqn. (24), a study of the stationary
radical polymerisation kinetics can only lead to a com-
bination of the kp and k¢ constants (p/k}’").

Bengough and Melville 3¢ developed an inertia-free
method involving measurements of the adiabatic heating of
the mixture undergoing polymerisation during the initial
period of the reaction under continuous illumination
(photoinitiation), and calculation of the mean lifetime 7 of
the radicals. The extent of conversion at time ¢ after the
beginning of irradiation such that ¢ > 7 (in practice,

t > 57) is given by the expression

&

o=AT _ "(L—m). (25)

AT,y 4 \t

The quantity 71n2, and hence 7, is evaluated from the
intercept of the linear plot of « against ¢ (of slope kp/ktT)
on the ordinate axis. From a knowledge of kp/kt and
kp/k¥?, the two kinetic constants can be evaluated sepa-
rately. One advantage of this method is the possibility of
measuring conversions of the order of 10-¢ mol.%.

Bagdasar'yan and Revzin® developed an original non-~
stationary kinetic method of determining kp and k¢ by
observing the change in the adiabatic temperature rise
accompanying a sudden decrease in the intensity of the
irradiation responsible for initiation after a steady rate of
polymerisation has been set up (background initiation
method), In this method, the steady-state rate before and
after the decrease in the rate of initiation must be known,
as well as AT,q. Thus, the non-stationary kinetic method
can be used both in the early stages and in the late stages
of a polymerisation reaction.

2. Enzyme Catalysis

The classical scheme of enzyme catalysis includes the
formation of an intermediate enzyme-substrate (ES) com-
plex, which subsequently decomposes with formation of the
product P and can also partially dissociate into the starting
components:

Ei1 ks
E+ST=ES ZE+P, with kps >k, .
—1
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By the conventional methods 32, only %, and the Mich-

aelis constant Ky can be determined:
by + ks
K, el

By using low-inertia (including thermometric) methods
of monitoring the reaction, the continuous flow method can
detect the formation of the enzyme—substrate complex
when the reaction leading to product formation is in a non-
stationary (accelerating) regime. By extrapolating the
linear (stationary) portion of the kinetic curve to the time
axis, the mean lifetime 7 of the enzyme-substrate com-
plex can be determined. Knowing 7 and the initial con-
centration of the substrate [S,], we can determine k,, from
the equation

o 1
ky, (SL

and hence arrive at 4_, from the value of Ky, .3

Another variant of the treatment of the experimental
data, proposed by Roughton3, yields the product %,k, from
the curve for product accumulation during the non-stationary
period.

To conclude this section, we note that the temperature
jump method proposed by Eigen35, which can be applied to
systems at equilibrium, is sometimes classified among the
non-stationary thermokinetic methods. The method
relies on the practically instantaneous (10-¢-10-7 s) rise in
temperature by 10-12 deg obtained by discharging a high-
voltage condenser or by a laser flash, followed by observa-
tion of the relaxation of the system, that is, its approach
to a new equilibrium. The method has also been applied
to enzyme reactions, but even in the case of unimolecular
reactions the measured relaxation time is a measure only
of the sum of the rate constants for the forward and the
reverse reaction.

V1. EXAMPLES OF THE USE OF THERMOKINETIC
METHODS

Thermokinetic methods have been used to study the
kinetics of a number of liquid-phase reactions (hydrolysis
of esters12:,26, polycondensation of diacyl chlorides and
glycols!3, polymerisation of styrene!?, alkene oxides 3,
ethylenediamine 5°, and oligoacrylates3? in bulk). The poly-
merisation kinetics of styrene have been studied?® by com-
pensation calorimetry.

Thermokinetic studies of fast gas reactions include the
photochemical dissociation of ethylene2® and the reaction
of boron trifluoride with aliphatic amines?2®,

The adiabatic nature of thermal explosion and thermal
ignition was established by Semenov4°, and the use of the
adiabatic regime for studying these reactions has been
discussed in monographs by Zel'dovich and Voevodskii”,
Frank-Kamenetskii?!, and Kondrat'ev%. A great deal of
work has been devoted to the application of thermokinetic
methods in studies of topochemical reactions (thermal
decomposition of inorganic compounds, using differential
thermography 8, decomposition of explosives®-42, and ther-
mal degradation of polymers+3). The kinetics of various
heterogeneous processes (adsorption, dissolution) have
been investigated calorimetrically2. Critical ignition
conditions have been used to study the kinetics of a hetero-
geneous catalytic reaction (the synthesis of alcohols from
CO and H, #).

The application of fast thermokinetic methods has been
describedin conjunction with the hydration of acetaldehyde #7,

817

the preparation of polyamides45 and polyesters?é, etc.
Non-stationary thermokinetic methods have been used to
study the polymerisation of vinyl acetate, acrylates?°, and
oligoacrylates4?’. The kinetics of the formation of the
enzyme-—substrate complex in the cataly ‘is of ribonu-
clease %8 and of chymotrypsin have bee _investigated by
the temperature step method.

There can be no doubt that the number of investigations
by thermokinetic methods will increase rapidly, in paral-
lel with advances in the experimental techniques of this
rapidly developing branch of chemical kinetics.

VI. ADVANTAGES OF THERMOKINETIC METHODS

Thermokinetic methods have unique advantages in the
study of the kinetics of strongly exothermic reactions, in
which isothermal conditions cannot be maintained, and of
reactions in highly viscous media, which preclude effective
stirring. In most of the variants of the thermokinetic
method the whole of the kinetic curve can be obtained in a
single experiment. The use of rising temperature condi-
tions for the reaction (by exothermic self-heating or by
programmed heating) enables the kinetics to be studied at
extreme stages of the reaction, which is not always pos-
sible under isothermal conditions. Lastly, the thermo-
metric method (applied to reactions of known kinetic law)
allows the effective activation energy to be evaluated from
a single experimental curve?!!,
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The Differentiating Action of Oxygen-containing Solvents on the

Strengths of Acids

V.1.Dulova, N.V.Lichkova, and L.P.lvleva

The present review examines the differentiating action of various oxygen-containing solvents on the strength of acids,

chiefly carboxylic acids, and nitrophenols.

The strength of the acids in these solvents is characterised by the disso-

ciation constants (dielectric constant of solvent > 10) or by the conversion constants (dielectric constant of solvent

< 10).
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1. INTRODUCTION

In the study of electrolytes in non-aqueous solvents, it

is often found that the change in their strength is different

from that observed in water.

This effect of the solvents

is called their “differentiating action”.

The constants were determined by the buffer-free indicator method. The bibliography contains 143 references.
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The differentiating action of solvents on the strength of

electrolytes, in particular acids, is an important problem

in the general theory of solutions.

This problem is also

of considerable importance in the examination of the reac-
tivities of substances and the mechanisms of reactions in

solution.

The ability of various non-aqueous solvents to



