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Conventional formation enthalpies of free radi-
cals in the gas phase at 0°K have been calculated,
proceeding from the formal isoentropic approxima-
tion (log Aq * 14.64) for the unimolecular gas
phase homolysis and the model expressed by equa-
tion (3).

In our previous paper”® for the gas phase homolysis reac-

tion: k
R - R Voo+Yy (1)
K-1

the mutual independence of structural effects, influencing
the values of the preexponential factor logarithm (log A)
and activation energy (E), was concluded. Besides, the
dependence of log k1l on the structure is mainly determined
by the corresponding changes in E values. Formally, one
can interpret this result as an example of the isoentropic
series in which the variation of log A values is considered
as a random distribution among the mean value.

There are also indications of relatively high and nearly
constant log A values for reactions of type (1) in liter—
ature. So, Tsangz*3 considers in essence the gas phase homo-—
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lysis of hydrocarbons as an isoentropic reaction with the
constant value of log A«l16.2. The kinetic data of the
unimolecular gas phase reactions including the gas phase
homolysis (simple bond fission ) prior to 1967 have been
collected and evaluated by Benson and O*Neal”. Beside ex-
perimental data the preferred values of the Arrhenius param-
eters are listed as well. The recommended values frequently
differ from the experimental ones and the preferred log A
values lie generally in the range 14 — 17. In fact, the
principal criterion used to evaluate the reported reaction
rate data has been the estimated thermochemistry of the
transition state. Observed activation energies were com-
pared with the estimated reaction enthalpies at the mean
reaction temperature. This procedure was followed for all
the reactions for which the formation enthalpies of free
radicals were reasonably well known from the work of the
indicated authors. The majority of those formation enthal-
pies used in the given ease have been determined by bromi-
nation and iodination experiments. The errors associated
with the estimated activation energies (reaction enthalpies)
do not exceed 2 or 3 kcal/mole. For the majority of reactions
considered the estimated value of activation energy was
higher than the experimental one. Preferred Arrhenius param-
eters were calculated by scaling the low parameters to the
corrected activation energy if the rate constants were
thought to be reliable. In all reactions, rate constants for
radical-radical recombinations have been calculated from the
estimated reaction entropies and the preferred A-factors.
This was done to study what correlations exist between the
recombination rates and the geometry, size, and mutual reso-
nance interaction of recombining radicals. The obtained re-
combination rate constants served also as a criterion of the
reliability of the existing kinetic data for homolysis re-
actions. The general conclusion was drawn™ that the higher
log A values would be preferred. This is in accordance with
the activation entropies estimated in the framework of the
transition state theory. For example, one can consider all

152



Arrhenius parameters leading to the negative value of acti-
vation entropy as incorrect ones since it is hard to ima-
gine the transition state tighter than the initial one if
the homolysis reaction is considered.

Interest in the simple bond fission reactions stems
principally from the relations presumed to be valid between
the Arrhenius parameters for dissociation and the thermo-
dynamic properties of the free radical products. Diere is
a paper"* devoted specially to the thermochemistry of free
radicals covering the literature prior to May 1971. No
doubt kinetic data are regarded as the most reliable ones
for the calculation of the formation enthalpies of free
radicals. There are three most important kinetic methods”
which can be applied: iodination and inverse iodination,
bromination, and pyrolysis. Ohe initial stage of pyrolysis
is reaction (1). In principle, the data of reaction (1)
should be excellent sources of reliable formation enthalpies
of free radicals. Okis is so because radical—-radical recombi-
nation activation energy is probably indistinguishable
from zero. Ghus, the enthalpy of reaction (1) at the mean
reaction tempereture Tmean equals:

™
mean

Taking E_1 ~ 0 we set:

» E —E,

AH® - E1
mean

With heat capacity data, the standard reaction enthalpy
(ideal gas, pressure 1 atom, temperature 298.15°K) can
be obtained:

'D"_ggg Bﬂ'HTme i nggean,ﬂ,cpdT

an

Often an approximate formula is used:

A *OYean—-ArP (I» ~ —m

where acp is the mean value of the heat capacity change
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at constant pressure and temperatures from 298 to Tmean
Thus, if one has the enthalpy of the homolysis reaction at

298°K, the experimental or calculated formation enthalpy of
reactant ggg and one radical, new values of free radical

formation enthalpies could be estimated from the relations

JIH298 — "298 <V )+ *$*96 <Y> '~298 (RiV
In practice, the determination of formation enthalpies

of free radicals from bond fission reactions has not been
very successful. Difficulties arise already with the assump-
tion that the activation energy for radical-radical recombi-
nation reaction is equal to zero. In general, two main ap-
proaches for the calculation of formation enthalpies of free
radicals from kinetic data are employed. The first usual
assumption is that the activation energy of the recombination
of free radicals equals zero at the temperature T for the
rate constants expressed in pressure units2“”.
In this case

AHT — ET

where is the enthalpy change of the bond fission reaction
and ET is the experimental activation energy of bond fission.
In earlier studies the usual procedure was to suppose AH"o8»
- * ET, i.e. heat capacity changes was ignored. Assuming
that the activation energy of the radical-radical recombina-
tion has zero value at the temperature T for the rate con-
stants expressed in concentration units, it follows that

AHY 3 Ep + RT,

since the difference between the activation energies of a
bimolecular reaction for rate constants measured in concen-
tration units as opposed to pressure units is equal to RT
(i.e. E@ - Ep « RT). Hie latter procedure is more favorable?
However, there may be some positive values of activation
energies for radical-radical recombinations”*~. In general,
much remains to be done 1n radical recombination reactions
Die reliability of the assumed definite values of radical
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recombination rate constants tabulated in Refs. 4,5 ie
considered to be critical in the estimation of the gas
phase homolysis kinetic parameters'™. Assuming that E_”"»0,
the main problem is the experimental measurement of rate
constants k® and activation energies These values must
be extracted from the overall decomposition kinetics of
extremely complex reactions. Difficulties often arise in
surface catalysis and in the stimulated free radical chain
decomposition of R"R* . Surface effects can, and usually
are, studied or avoided experimentally. Chain decompositions
appear to be a more difficult problem. To identify the
experimental activation energy of pyrolysis with that of
the bond-fiseion reaction, the latter must be the rate-—
—determining step. Diis will be the case for all nonchain
pyrolytical reactions. Some classes of compounds (e.g., al-
kyl azo compounds and peroxides) are thought to decompose
in this way. However, small amounts of chain decomposition
probably do occur even in these reactions. Most decomj—
position reactions, however, no doubt involve complex free—
—radical chain processes. The most common procedure used to
study these reactions has been to add free-radical scav-
engers (inhibitors) in the hope to suppress the chain de-
compositions. It is assumed that free radicals formed in
reaction (1), react exclusively with the inhibitors to pro-
duce stabilized inert radicals which are unable, to stimu-
late chain decomposition and their principal fate is radi—
cal—-radical termination. This procedure has been subject to
just criticisms™M—*.

Another difficulty in the experimental determination of
the rate constants and Arrhenius parameters of reaction (1)
is their pressure dependence. There are two limited cases:
the ranges of low and high pressure limits. Between them the
falloff region exists where the reaction order is changing
from the second to the first. Hie boundary between the
ranges of low and high pressures may be characterized by
the pressure p ~ at which the effective rate constant
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equals half of the rate constant Halting value k*, for the
high pressure region. The value v—“Y2 strongly depends on
the size of the molecule. P~/2 is shifting to lower pres-
sures with an increase in the number of atoms and the ther-
mal decomposition of two—atomic molecules always follows
the second order law. The T&3ue depends also on temper-
aturej P1/2 ia moving to higher pressures with an increasing
in temperature. The decomposition of all molecules must fol-
low the second order law at high enough temperatures”. The
majority of reactions belonging to type (1) have been stud-
ied in the high pressure region. However, it is considered8
that the limiting rate constant values of reaction (1) Kk,
are in the majority of cases not accessible and may be es-
timated only by extrapolation. In practice experimental
data are often incomplete,for the determination of reliable
koe values because the rate constants cannot be measured at
pressures high enough8.

Taking into account these experimental complications
resulting in the considerable uncertainties of the homolysis
rate constants, the statistical treatment of a possibly
large set of data in the framework of some possible hypothe-
ses about the quantitative representation of structural ef-
fects which exert influencing on the log A and £ values
could be regarded as an alternative approach. The exclusion
of significantly deviating points has to be applied as an
obligatory procedure. To obtain sufficiently reliable re-
sults, it is necessary to have parallel independent data and
those should include a set of reliable enoufgi data.

Por the true activation energy or enthalpy D the depen-
dence an the nature of radicals R™ and Rj* can be repre-
sented as follows:

D] m +4 .- MR t3)

This relationship assumes the absence of interaction
between free radicals formed in the transition state (the
additivity rule). denotes the conventional formation
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enthalpy of the respective free radicals in the transition
state at 0°K, by AHgR r the standard formation enthalpy

of the compound R A~ at $°K.It means that the additivity of
temperature—contributions of enthalpies during the transition
state is .also supposed:

(H? “ **0~. + "HT “ Ho ~. " (H? * HOMRIiRj

Bquation (3) reflects the dependence of D.y value on the
nature of radicals—substituents and makes it possible to
calculate the*4— values for free radicals in the transition
state. If the number of different combinations of radicals
with the known values of considerably exceeds the number
of different radicals involved in these combinations and the
AHgr r values are either available or could be calculated,
Ithe consistency of eq. (3) can be proved and the values of
AH”. add their standard deviations could be calculated using
the technique of multilinear regression analysis (MLRA) in
the coordinates of eq. (3). Die calculation of the formation
enthalpies of compounds in the gas phase at 0°K was discussed
in our first paperq of this series. To specify the relation-
ships valid for D and log A values, one can check several
different hypotheses™— The present study is concerned with
the formal isoentropic model. We have demonstrated* that all
reactions of type (1) are characterized by an effective mean
value of log A which is equal to log Ag»14.64. For the fis-
sion of the aliphatic nitro compounds the significantly dif-
ferent value log Ag»16.0 was obtainedJ

Taking into account the formal isoentropic behavior the
recalculation of experimental activation energies is possible
according to the formula;

D =E+ 2.3 Hlwean (log Ao — log A + log n), 4)

where R is the gas constant, Tﬂgﬁ represents the mean
temperature for the temperature range studied to calculate
the log A and E values, n denotes the statistical factor
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(the number of equivalent bonds undergoing the homolysis).

The D values calculated according to eq. (4) (log
=14.64) are presented in the ninth column of Table 2. One
can see that the scatter of D values is considerably lower
than for the original E values if the respective parallel
independent data for the same reaction are available.Thus,
the reaction of ethane decomposition forming two methyl free
radicals is characterized by 11 independent E estimates in
the range of 12.4 kcal/mole from 79.3 to 91.7 kcal/mole (
(mean value 85.8, standard deviation 3.4, kcal/mole). The
respective D values cover the range 7.0 kcal/mole from
78.4 to 85.2 kcal/mole (mean value 80.0, standard deviation
2.5, kcal/mole).

There are 7 independent estimates of E for nitromethane
bond fission (S = 51.9-5.1» kcal/mole). From the correspond
ding D values based on the value of log Ag= 14.64, D*53.3-
~2.4 kcal/mole and for log Aq = 16.0, * 59.8—1.9 kcal/mole.
Eie extreme log A and E values reported for nitro benzene
bond fission differ enormously: 17.32 and 12.63 for log A,
and 69.7 and 53.4 kcal/mole for E, respectively. The corre-
sponding D values are 60.9 and 59.7 kcal/mole.

One can see from these examples thatmm general increase
in parallel data self-consistency can be observed.Therefore,
even purely formal acceptance of the isoentropic model may
appear to be useful for calculation purposes.

Conventional formation enthalpies at 0°K AH”. could
be estimated by the use of the combinations of equations (3)
and (4) as a result of multilinear regression analysis in
the coordinates of the equation:

4 r + + N iSrlsj <5>

where is the value recalculated according to eq. (4).
The use of eq. (5) requires known formation enthalpies
of the compounds which are homolyzing. The corresponding
experimental values are available by no means in all cases.
Besides, some of them include significant uncertainties
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leading to the respective increase of uncertainties in
calculatedtfiR. values. Therefore, one can use not only
experimental but also calculated values of formation enthal-
pies for compounds.

According to the formal calculation scheme of formation

enthalpies for organic compounds RjR”™» ~ qgr R can be

represented as a sum of the group additive terms [OH°

and the interaction term In R s
RiR3

4 enl - AOR,-— & [AHU - oV j

The value of I,, D (in kcal/mol) can be calculated as a sum

n - .- - -
of T-and |nduc%|\}e interactions:

v ., N\ S *ox efRi *4°'
where'll ‘ﬂl'i are substituent n "—constants, Ri’
il 1] i
(B R represent their inductive constants and oC is the

i
inductive scaling factor. Generally speaking, the It¢ r
ij
value contains also eterical and resonance terms.
The la v value can be calculated also as a difference:

RiRj
IRiR€ = ~HORIiR* " AHORIH ~ ~ORMN—H
Therefore, instead of AHR. the values could be

estimated and used for calculations as follows:

AOHE. = [OH*.

i.e. one can introduce the differences between the formation
enthalpy of the free radical and the additive enthalpy term
for corresponding substituent.
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Dien eq.(5) can be rewritten;

OOH*.  + . D3 + 1~ (6)

The AA4H~. values are convenient for the treatment
of structural effects for radicals R. because the additive
increments for the substituents at the free radical centre
drop out.

Initial data for the treatment in accordance with
equations (4) — (6) and also employed by usl are listed in
Table 2. The values of i and j correspond to the sequence
numbers of radicals—substituents R from Table 1. The data
of log A and E included in the tables of Vedeneev and
Kibkalo” are quoted according to this source. The date
of log A and E data publication is also indicated ( the
last but one column). Die first 307 lines of Table 2 repre-
sent the reactions for which the experimental formation
enthalpies of reactions are available. Then the reactions

for which we were not able to find R values in liter—
ij

ature are listed. The final lines (417 — 432) represent

the data excluded in the course of the treatment of the

complete data set in the coordinates of log and log

kj . The Arrhenius parameters for these reactions are
obviously unreliable. If it is not otherwise indicated the
AH°® or ~7298 values are extracted from references
56—-58 with the exception of lower alkanes for which the
data from papers”*are used. The AHqg values are esti-
mated from the values using the technique de-
scribed by us earlier”.

Technique of Data Treatment

The statistical treatment of data in the coordinates
of equation*(5) and (6) was carried out using the programs
of multilinear regression analysis (MLRA). It can be done
in several ways. Firstly, for the radicals constituted from
a single atom (hydrogen and halogen atoms) the AOH".
values could be fixed equalling them to the values calcu-
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lated from the dissociation energies"” for H2 and molecular
halogene at 0°K. However, it must be considered that these
values are the standard formation enthalpies for isolated
particles.

Another reason for the existence of several versions
for the data treatment is caused by the great differences
in the degree of representation of various R in the
available data set. Although some radicals are represented
abundantly (methyl,nitro group etc.) the majority of them
occur only in a single combination and the data are report-
ed in a single source. The inclusion of those data into the
set for the primary statistical treatment leads to only
apparent increase in the statistical representativity of
this set since the number of statistical degrees of freedom
is not increased. Therefore, side by side with the simul-
taneous treatment of the complete data set, the data for
the most represented radicals were processed separately in
other cases.

Further, from such ,EI,HQ ory,El,D,H?"{_ ar)d i) values we
calculated the corresponding AHE. or AAH”. for the combina-
tions of radicals represented only in a single or very few
combinations.

Besides, one can prove a version with the special value
log Ao»16.0" for the reactions of C-NOg bond fissicn.

The alternative values of and of can be used for

eqgi (6) although we have preferred =4.48

— 1.35 kcal/mole in ref. 9.

All the main manipulations with data and their statis-
tical treatment were performed using computers and programs
written by us. Problems confined to the possibilities of
a small universal computer Nairi—2 were solved Using this
one.

Die MLRA program used in the simultaneous calculation
of the values for 98 radicals was composed in

FORTRAN for the computer "Minsk-32 *

» Authors are indebted to T. Juriado for the representation
of the program written by him which was used in the
present study in a somewhat modified form.
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The exclusion of significantly deviating points was
applied according to Student’s criterion on the confidence
level of 0.95 during the MLRA programs processing.

Results and Discussion

The data processing according to eq. (5) was performed
for the complete data set and also for 15 meet represented
free radicals. Versions were checked either without previous
fixing of AHj”. values for any radicals or with fixing
this value only for H* or also fixing for 01*, Br* and I»
atoms (there are no data available for ?e¢). Alongside with
using the universal value log Ag=14.64 for all the reac-
tions the special value log AQal6.0 for C — NOg bond fission
was tested as well.

Two main criteria were considered when estimating the
results of the data treatment: the reliability of descrip-
tion at the comparable size of data sets involved, and sta-
tistical self-consistency or "reasonableness" of the obtain-
ed AH}JJ. or AAH”. values set in the framework of the for—
mal theory of intramolecular interactions. It was sufficient
to use the criterion of "reasonableness"” only in the case
of methyl, ethyl, isopropyl and tert-butyl radicals. These
ones are well represented in the initial data set.

Let us assume the simplest hypothesis within the formal
theory of intramolecular interactions. This is the additivity
of Y*interaction for the free—radical centre O related
to substituents. Consequently, the values for the
indicated alkyl free radicals are expressed as follows:

*M U )n H3_nc— “ n/IHOCH4 mJIHCH3. + n %= Y L

denotes ~constant for the free—radical centre C*.
This equation introduces two new empirical parameters
at four possible values of n (from 0 .to 3) and its validity
can be checked by using the data only for four indicated
radicals. If there are interactions between the considered
substituents analogously with the alkanes of the general
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structure RMRgRMR"G, these interactions must be taken into
account by introducing another two additional empirical
constants analogous to the constants A and B for alkanes.

In this case the data of the considered four radicals are
not sufficient for checking the resulting relationship.
Nevertheless there remains the "reasonableness" criterion
represented by the convergence requirement for the used row.
The absolute value of the contribution proportional to the
sum ‘'fL, (generally the sum of double products for the

'f constants of subBtituents) must be essentially lower
than the value of , and the absolute value of

the term proportional to must be by far lower still.

Besides, the values of the par‘ameters calculated from the
data of the considered four radicals are to describe the
terms of 'f interaction in the gH”~. and AAH~. values for
all other substituted methyls.

The AOHn values obtained for the four above radicaJs,
especially for ethyl, appear to be distorted if the AOH~".
values were considered as unknown for H* and CI*, Br*, and
I* or if all these gH”. values were previously fixed accord-
.ng to the dissociation energies of the respective two-ato-
nic molecules. When doing so the J/IHg» value is essentially
enhanced (approximately by 5 kcal/mole) if compared with the
estimate from the H2 dissociation energy. This is to a
large extent conditioned by the use of parallel data which
were excluded as the significantly deviating ones in the
case,of the preliminarly fixed AOH||. value.Therefore,later
the AHo* and AA4HN. values were fixed and the respective
values for halogens were considered as the values to be
determined.

The results of the treatment of the complete data set
according to eq. (5) are presented in Tables 1 and 3. The
initial data set contained 297 independent points for 137
reactions. The presence of several parallel points for a
single reaction is caused in most cases by the fact that
several parallel D values exist. In some cases two or more
parallel different r Vvalues are responsible for it.
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Die number of radicals with unknown aHR. values is equal to
97.

Altogether 65 points were excluded in the course of the
data processing.©ut of these 38 are alternative to values
included into the set defining final result. 12 points for
5 reactions were excluded as a consequence of large dis-
crepancies between the alternative ahgR R values. In

the final set the data for these compounds and the correspon-
ding five radicals were not used so far as these radicals
(i—C~MHANN*, C6H50°, CIlgCH*, 3,5—-(N02)2-C6H3* and .Pb(CH3)3)
are presented in the initial set only in single combinations
with other radicals. The remaining 15 points for 9 reactions
were excluded owing to the lack of statistical consistency
of the corresponding data with the rest of the data. In all
these cases it is hard to say if this is caused by the
corresponding or £HgR r values.

The standard deviation?* the end of the data processing
is equal to 1.1 kcal/mole. Die inital data set is character-
ized by the value of 3.1 kcal/mole. As a result the conven-
tional values of AHR. for 93 free radicals are obtained.
Out of this set 17 are represented in five or even more
independent combinations of radicals (this number of combi-
nations is equal to 69 for methyl and 45 for NOg). 45 radi-
cals are represented only in a single combination each,and
23 in couple ones. In the case of all the radicals repre-
sented in the final set at least by three points the stan-
dard deviations of "HR* are below 0.7 kcal/mole. One can
hardly ascribe any real significance to the obtained values
of those standard deviations for these radicals have a
lower degree of representation.

It is of interest to compare the results for the de-
scribed treatment version when the universal value log Ag=
=14.64 is assumed with the ones for the same data set but
using D values for nitrocompounds relevant to log Ao«*16.0.
In the first case 66 points are excluded before the standard
deviation 1.1 kcal/mole is achieved while five of them
correspond to C-NOg bond fission. In the latter case the
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same level of standard deviation is achieved after the exclu-
sion of 71 points while 11 of them correspond to the forma-
tion of the NOg. radical. Therefore the application of the
special log Aq value for the reactions of C-NOg bond fission
doet not improve the general statistical indices of the
data treatment within the used simplified model.

The comparison of the results obtained according to
eq. (5) for the complete data set and th”se for the 15 most
represented radicals shows that they are practically identi-
cal. Therefore further statistical data processing according
to eq. (6) was performed only for the most represented radi-
cals.

Processing the data according to eq. (6) one can include
into the initial data set additionally some reactions which
are not characterized by experimental Arqr r values. At
the same time one can not calculate the R* ~values for

other reactions, and the points with alternative R

values vanish as well. The resulting initial data set
includes only 175 independent points for 111 reactions and
83 radicals. In the present case the data were processed in
the framework of MLRA for 15 radicals with the highest de-
grees of representation in the initial data set. The AOH".
values of other radicals were calculated starting from
values for H» and these 15 radicals. The initial data set
for these radicals includes 81 independent points for 34
reactions. The standard deviation is equal to 1.4 kcal/mole
after the exclusion of 16 points while 13 from them represent
parallel data for reactions in the final data set. The
standard deviations for are in the range from 0.20
kcal/mole for CH”. represented by 36 points to 1.05 kcal/mole
for CI* represented by two points. These results ere also
listed in Tables 1 and 3.

One can estimate the values by using the or
AAHr. values obtained as a result of the described proce-
dures. Consequently, one can estimate also the corresponding
rate constants for all combinations if the experimental

values of [OH2P n or the calculated values of It O are
ij RiRj



known.

Hie model reflected by equations (5) and (6) is more
appropriate than one could expect taking into account the
general reliability of the initial data. This is due to the
exclusion of less reliable or rough erroneous data and the
statistical self-consistency of the remaining sets.

Certainly it should be unreasonable to take this statis-
tical conclusion too literally.

Die results of the data treatment in the coordinates
of eq. (5) indicate that the adoption of log Ag»16.0 value
for the bond-fission reaction of nitrocompounds is statis-
tically groundless. Nevertheless a log Aq value higher than
14.64 for this reaction was obtained from the results of the
data treatment in the coordinates of the isokinetic relation-
ship.

In the previous paper”™ of this series we have estimated
the maximum value SMI m 6 kcal/mole for the contribution to
the standard deviation which could be caused by neglecting
the real variation of log A values. In this study the stan-
dard deviations obtained for the final data sets (1.1 and
1.4 kcal/moles using experimental and calculated ~HgR r
values, respectively) are significantly less in magni— i »
tude. One can conclude that the true variation of log A
values is essentially lower than it can be estimated from
the results of the data processing in the coordinates of
the isokinetic relationship. This estimate was obtained
assuming that the observed standard deviation is wholly
caused by disregarding the real log A variation.

Let us assume that the upper limit of the standard
deviation estimate for the data treatment in the coordinates
of equations (5) and (6) is equal to 1.5 kcal/mole. If now
one assumes that this value reflects the consequence of the
disregard the real log A variation, the standard deviation
for the real log A difference from the effective mean value
at 750°K is estimated as Amean = 0.4. Diis means that the
log A value for 2/3 cases of the total number of treated
reactions varies in the range from 14.2 to 15.0 and in 95%
cases from 13.8 to 15.5.
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We are tempted to draw the conclusion that the variation
of the supposed "real" log A values lies in even narrower
statistical limits taking into account the significant
contribution of experimental errors.

We shall remind once more that the present approach
does not take into account the heat capacity changes during
the activation leading to the formation of free radicals.

A number of reactions are characterized possibly by much
lower experimental Arrhenius parameters”™’ s This ~conclusion
is followed from the comparison of experimental activation
energies and the independent experimental (iodination and
bromination) estimates of the formation enthalpies of
free radicals. Too low Arrhenius parameters may be caused
also by the fact that the kinetic data listed in Table 2
are in many cases probably not related to the high pressure
limit. Therefore, the real mean effective log Aqgq value
should be probably higher than the one obtained from the
treatment in the coordinates of the isokinetic dependence.
Finally, we should note that the present approach is founded
on the model with temperature independent Arrhenius parame-
ters. Significant log A and E temperature dependence is
observed in large temperature ranges*00’8’701. It is clear
that within the present approach extrapolation to high or
low temperatures in these cases may bring about respective
additional uncertainties.
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Table 1
List and Enumeration of Departing Groups, and the Values of and AO0HN.
for Respective Free Radicals.

AHR£98” - the result of the data treatment in the coordinates of eq. (5) for
98 radicals R*.

**<«> _ tkg result obtained by solving the MLRA problem for 15 radicals
followed by the calculation of these values for other radicals according
to eq. (5).

~5) _ the result of analogous data treatment according to eq. (6).

sAHr. and 8/14H~”. - standard deviations in kcal/mole.
No R ah£(98) «_ m 8AH>F’;* 8AOHE.
0 1 2 3 4 5 6 7
0. H 51.6 0.0 51.6 0.0 51.6 0.0
1. F - - - - r -
2. Cl 27.5 1.19 28.1 1.4 50.6 1.05
3. Br 30.0 0.7 30.2 0.8 38.7 0.89
4. 1 29.3 0.49 31.5 0.48 24.8 0.66
5. 0 - - - - - -
6. OH 10.5 0.79 10.6 2.2 — . -
7. OF 28.2 0.8 28.3 0.1
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

0C1
0C1P
cio2p
cio3
cio4
«2
NH2
nf2
NO
no2
ONO?

Ce°2
SH
SP5
SOjF
och3
OCF3
0C2H5
OC3H?

44.8
8.6
21.2
7.2
20.9

18.7
4.2

—-2.2
-8.0

0.3
0.4
0.38
0.25
0.8

0.68
0.25

0.18
0.7

44.9
8.6
24.3
7.1
20.9

19.9

4.0

-1.3
-10.9

Table 1 continued

0.3
0.0
1.49
0.3
0.25

0.68

0.3

2.5
0.1

29.2

39.3

51.6

60.4

0.2

0.8

1.0

1.49
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28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

ocH(cwun,)2 -

0C4H9

OC(CH3)3 -15.9
0C(C1Ly2Cc2H -
OCH « CH2 12.6
OCH(CH20N02)2 -
0COCH3 -
0oooCc2HS -
0COC3H? -
OCOCBH5 -
0C6H, -
NHCH3 39.2
nhcbh5 60.0
n(ch3)2 36.0
n(c2h5)2 -
N(CH3)CgH5 63.0
N = CHCH3 -
LLICH3 —
NNCD3 -
LLICP3 -

Table 1 continued

4 5 6 7
-15.9 0.19
14.2 -
20.1 4.5
39.2 - 51.1 1.1
59.8 1.4
35.9 - 44.0
62.9 1.9
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1

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

nnc2h5

imc3H7
nnch(ch3)2

m c 4h9
NNCH(CH3)C2H5
NNC(CH3)3
NNCH2 CH-CH2
nnn(ch3)2
nwn(c2h5)2
NOCH3
noch2ch(ch3)2
SCH3

SC6H5

S020H3
Si(CH3)3
ZnCH3

CdOH3

HgClI

HgBr

48.3

31.3

14.7
42.8
—-74.5
-1.2
48.9
53.8
22.7
29.1

P O OFPr O O F
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Table 1 continued

4 5 5
49.5
51.4 6.2
31.1 1.4
14.8 — 36.1
42.7
—-72.5 3.1
-1.2 0.2
48.7
53.7 1.3
22.0 1.9
28.5
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1

67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.

HgCH3
H8c2H5
HgQCH(CH3)2
HgCH * CHg
Ga(CH3)g
In(CH3)2
ti(ch3)2
SnCI2CH3
Sn(CH3)3
Pb(CH3)3
Pb(c2H5)3
Sb(CH3)2
Bi(CH_)p
CH3

CD3

C2H5

C3H7
CH(GK—)2

C4H9
CH(CH3)C2H5

51.1
47.8

35.4

-8.2
33.9

57.6

31.9

25.2
20.7
17.1

14.0

0.3
0.8
0.8

1.1
0.79

0.85

0.15
0.36
0.68
0.3

0.49

51.2

50.5
35.2

“8.3
29.8
54.5
59.1

32.1
23.7
19.5
17.4

13.9

Table 1 continued

0.9
5.9
0.7

4.7
6.6
0.8

0.18

0.4

2.66

0.4

0.27

48.0
41.9
41.3

37.3

35.9

0.2

0.48
3.4
0.5

1.8
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OHI00HO
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OH Of
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9 *lZ
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40-9
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28x0
459
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wlxel
109
#(x 0
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65«
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0+8
O¥V€
1,08
Lal
Lyl

1«0
1.0

0«6

Il
Ll
0x6
1«1

X

‘I[gbxa x oonyxnued

1

10+ G
96
1.1

J1«9
2240
[AEY4

28x0
1SxC

G9x0
G1«8
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432+0
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106.
107.
108.
109.
110.
111.
112.
113.
114.
13.5.
116.
117.
118.
1109.
120.
121.
122.
123.
124.
125.

1

2—CH2 —C5H4N
3—ch2—<5h4n
4—-CH9-C,H N
CHC12

CHBr2
CHPRO2
ch(no2)2
GH(C6H5)2
CP3

CC13

CBr3

cp2np?2
CP2N02
CP(NP2)2
cfcino2
OPBrNOg
CPINO2
CP(N02)2
C012N02
cci(nf2)2

61.9
64.6

18.5

36.8

-122.7
15.3
52.2

—-63.0
—-54.5
-6.9

1.1
1.1

1.3

0.8

0.5
1.0
1.0
1.2
1.1
1.2

Table 1

61.9
64.6

18.3
45.5

36.9

121.4
15.1
52.0

—-63.0

—-54.4
-6.9

continued

4.2

2.1

7.4

0.4
0.7

32.9
33.

©

37
41.
49
46
25
32.
32
34.

0o N WO~

50.1

48.4
47.3
46.6

55.5
42.2
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126.
127.
128.
129.

130.
131.
132

133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.

1

cci(no2)2
CBr(N02>2
ci(no2)2
c(nf2)3

c(no2)3
cooh
COCH3
COCF3
coc6unb

&deid
CH(OH)CH3
CH(CH3 )NO2
CH(CH3 )C6H5
CCIgCH3
C(N02)2CH3
CF(N02)CH3
CC1(NO2)CH3
CBr(N02)CH3
C(CN)(CH3)C6H5

38.3
47.6

36.4
53.2

-5.8

102.0

26.3

17.0
46.1

25.6

1.1
1.1

1.2
0.8

0.4

1.1

1.6

1.6
1.1

Table 1 continued

38.4
a47.7

36.4

53.3

-7.7

102.0
25.7

17.1

25.7

0.8

-3.5

48.3
47.3
46.6

51.5
44.7
39*9

23.
44,
35.
39.
31.
39.
44.
46
40
40.
25.

N O NNR P N®WO oM

0.8

Y.5
4.2
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166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.

1

4—NO —-C6H4

2-*yCo<

3—CH3 —C6H4

4—CH3 -C6H4
2,5—(N02)2-C6H3
2,6—(N02)2-C6H3
3,5—(N02)2-06H3

2—CH3 —5—N02 —C6H3
3_ch3-5—+n02-—<6nh3
4—-CI-3,5—-(N02)2—-C6H2
4—NH2 -3,5—(N02)2-C6H2
4—ch3-3,5-(n02)2—6h2

I —°10H7

2-C10H7
9— Anthracenyl

9 — Phenanthrenyl
ch2p
CH21
chf2

cn

Table 1 continued

4 5 6_
68.8 - 52.3
61.0 2.3 47.0
78.9 5.7 50.7
75.7



Table 1 continued

o 1 2 3 4 5 6
186. CHFC1 — - - —
187. CHFBr - -

188. CHFI - - - -
189. C6Hii (cyclo—hexyl)— - 36.1

Note. Lack of AHr* or AOHMN  values in the table indicates the following possibilities:
1) the given radical is in combination with only one other radical and it is impossible to
calculate the AH”N. or AAH”~. values for either of them; 2) the combinations with the
given radical have neither r nor ir r values; 3) radicals 182-188 which have

no Arrhenius parameters are included due to the fact that later on they will take into
account their substituent effects. There are log A and E values for cases 1) and 2) in
Table 2 and these data were used in the data treatment of the coordinates of log k. -

log kj fro“ ref*



Initial Experimental Data for Homolyzing Compounds

i and $ correspond to the enumeration of R from Table 1.

Tmean QU AT “ wean temperature and the value of temperature range in °K.
n — statistical factor.

~“OR.R , Bij 0@ Dij are in kcal/mole.

References of r sources are listed if this value has not been taken from
ref. 56-58. 13
) Source of Sgurce "01
No i i Thean ., log A.. and Date ~HORi RJ
J u _ z values ————values
1 2 3 4 5 1* 11 12 13
1 <6 0 1500 16*0) —-15.9 14.71 Iil.i 104.72 (11, p. 72) 1959
2 80 0 1670 ,160) —15.9 15.00 103.0 104.84 (ni p. 72) 1965
3 8 0 1225 150) -159 1410 10i.i l07.45 jn1  p. 72) 196 3
4 8 0 1475 1650) -15.9 1458 103.0 107.47 " op. 72) 1963
5 80 0 1850 ki*eg -15.9 16.45 l07.6 It1.63 NQ 1975
6 91 0 10GQ 150 0.98 13.7 76.0 82.53 rop. 72) 1949
7 99 0 1200 (80) 227 11.8 72.0 90.26 SI 1969
8 100 0 999 (-) 175  13.3 77.5 85.85 (11, Pp. 72) 1947
9 100 0 1050 (23®) 17.5 14.8 85.5 87.07 yUi* p. 72) 1962
IO 101 0 1050 (l07) 11.1 13.7 74.8 81.64 n, P. 72) 1948
11 02 0 1070 g127§ 0.9 13.6 77.1 84.56 g,. P. 72) 1948
12 03 0 K80 115 11.06 13.7 76.2 83.24 (11, p. 72) 1948
13 103 0 1200 (300) 11.06 13.97 76.8 82.35 (u; p. 72) 1962
14 KO3 0 150 (125) 11.06 14.43 79.5 82.21 P. 72) 1955
15 06 0 K075 (43) 29.03 13.3 75.5 84.48 " p. 73) 1948
16 HO7 0 1075 (43) 36.75 13.3 76.5 *5.48 Cil, p. 73) 1948



Table 2 continued

3 4 5 6 7 8 9 L®) 11 12
80 gg9 “T 0 7 -16.3 17.0 85.0 75.29 (11, P. 74) 1955
80 075 (70) 1 -16.3 15.0 87.0 85.22 (u, P. 74) 1955
80 1230 (361) 1 -16.3 14.7 79.3 79.00 (11, P. 74) 1966
80 1000 (95) 1 -16.3 16.3 86.0 78.44 P. 74) 1959
80 899 (-) 1 -16.3 16.5 85.0 77.35 (11, P. 74) 1961
80 860 (44) 1 -16.3 17.45 91.74 80.71 u! P. 74) 1963
80 810 (125) 1 -16.3 14.5 81.0 81.51 (n, P. 74) 1964
80 858 (70) 1 -16.3 16.00  86.00 80.66 (u! P. 74) 1966
80 980 (120) 1 _—-16.3 16.8 88.4 78.74 Juf 1972
80 80 (37) 1 -16.3 16.3 88.0 81.50 (n, P. 74) 1966
80 830 (100) 1 —16.3 16.0 86.3 81.12 (155 1976
8 899 (=) 2 -19.7 17.6 82.0 7110 (11, P. 74) 1955
80 899 - 2 -23.6 18.58  86.3 71.36 cy4. P. 75) 1962
80 350 (100) 3 -—25.2 18.5 80.9 75.47 (11, P. 75) 1966
80 840 (30) 3 =-25.2 18.9 80.0 65.49 (11 P. 75) 1966
80 800 (0) 3 -252 18.4 83.1 71100 (u! P. 75) 1967
80 760 (H01) 3 -25.2 17.8 82.5 73.20 n, P. 75) 1968
80 80 (70) 4 -31.8 17.4 83.0 75.03 (1i, P. 75) 1957
80 899 (-)) 4 -31.8 16.1 78.2 74.70 (11, P. 75) 1966
80 1000 (150) 4 -31,8 16.9 80.5 72.95 (11, P. 75) 1969
80 800 89) 4 -31.8 16.1 78.9 75.78 (16% 1976
80 760 {803 4 318 16.8 82.0 76.61 (17 1971
80 770 (1K0) 4 -31.8 18.05  85.6 75.73 Elsg 1969
80 870 (160) 4 -31.8 17.7 85.0 75.25 (19) 1973
80 1150 (170) 4 -31.8 16,? 77-8 72.80 ézo 1973
30 1375 (550) 1  +8.5 16.07 85.84  76.89 (11, P. 74) 1968
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67
68

2

157

88
92
93
158
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100
139
169
169
169
24
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132
132
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132
17
17
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945
850
990
730
1100
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685
1200
900
899
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960
940
860
1220
950
860
785
750
0 50
K050
1020
650
683
623

(t06)
(200

(150)
(=)
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(t04)
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5125)
300)
(61)
(154)
5154;
300
(100)
(o 8)
(150)
(1303

(60)

17.8
12.71
13.9
13.0
16.3
16.6
15.9
16.9
18.26
13.0
14.9
14.6
14.7
14.3
14.67
12.97
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1966
1965
1968
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1970
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1970
1976
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1967
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1969
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1964
1975
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1946
1956
1955
1966
1950
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1
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1200
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800
800
899
940
1150
950
940
860
1100
1140
10 90
0 60
673
970
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840
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740
740
K055

5

(60

30
(éoog
97N

(154)

(161)
2153
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(127)
(155)

(40)
(100)
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1959
1969
1971
1972
1954
1961
1951
1951
1962
1974
1969
1952
1963
1954
1965
1967
1969
1966
1952
1951
1951
1951
1951
1951
1951
1951



Table 2 continued

1 2 3 4 5 6 7 8 9 to 11 12 13
95 114 3 1055 (70) 1 —155.1 13.3 64.5 71.01 (11, p. 79) 1951
9% 95 3 955 (91) 1 -8.64 13.3 61.0 66.89 (11 p. 79) 1951
97 109 3 80 (91) 1 -10.2 13.3 53.5 58.75 (11  p. 80) 1951
98 115 3 775 (09) 1 8.8 133 49.0 53.78 (11 p. 80) 1950
99 115 3 775 (l09) 1 8.2 13.3 49.0 53.78 (u p. 80) 1950
100 160 3 0O $113) 1 21.6 13.3 70.9 77.62 5111 p. 80) 1952
01 114 4 675 100) 1 -142.6 15.4 47.2 44.87 (275 1975
02 114 4 675 (100) 1 —138.0 15.4 47.2 44.87 (27) 1975 [59]
103 14 14 1000 (120) 1  26.15 12.6 60.0 69.38 (11, p. 98) 1949
04 14 14 960 §147 1 26.15 11.7 54.15  67.09 (11 p. 98) 1963
105 14 14 1350 (500 1 26.15 12.8 52.0 63.42 (11 p. 98) 1965
06 14 14 1350 (500) 1 26.15 12.0 48.0 64.30 Ell p. 98) 1965
07 14 14 1250 (580) 1 26.15 13.0 54.0 63.38 (11 p. 98) 1965
08 39 14 700 (316) 1 27.5 13.19 51.9 56.56 (11 p. 98) 1963
09 17 17 275 (48) 1 4.64 16.0 13.0 11.28 E11 p. 103) 1953
10 17 17 275 (48) 1 4.47 16.0 13.0 11.28 (11 P.H03) 1953
111 18 17 298 (o) 2 5.7 13.1 20.0 22.52 (11 P.103) 1957
112 18 17 298 (l0) 2 5.7 14.1 21.0 22.16 (11 P.103 1957
113 7 17 383 (40) 1 4.3 15.39 32.3 30.99 (11, P.rosg 1962
14 7 17 373 (20) 1 4.3 14.96 31.75 31.20 (n, P.103) 1961
115 15 15 650 (67) 1 -1.23 14.98 194 1t.40 (U. p. 98) 1965
116 15 15 400 (02) 1 -1.23 15.37 19.8 18.47 (30) 1973
117 83 100 925 (100) 1 5.93 14.48  65.0 65.71 (11, p. 77) 1952
118 g3 100 900 (145) 1 593 1450 67.2 67.76 (11 p. 77) 1963
119 13 5 1899  (-) 1 204 11.66 60.6 86.57 (111 P.l102) 1951
120 13 5 1899  (-) 1 20.4 11.70  60.0 85.63 (11, P.102) 1955
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Table 2

10)

92.00
88.50
63.68
63.68
96.88
96.88
96.88
75.01
82.40
82.40
61.3

61.3

65.03
65.03
65.35
65.35
60.70
63.57
56.95
55.13
54.25
56.77
53.10
56.95
55.63
55.49
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1964
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1960
1960
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1969

1969
1960
1950
1950
1975
1975
1963
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1960
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1953
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1957
1963
1959
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[62]
[62]
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147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
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164
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170
171
172
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67
67
67
67
67
67
67
67

75
75
75
74
76
76
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750
650
800
590
810
750
700
750
650
870
870
870
870
890
710
710
1000
1000
900
980
710
730
730
710
730
730

5

(99)
(116)

(63)

(39)
(143)
(l03)
(185)

(99)
(116)
(138)
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(138)
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(134;
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(79)
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(122)
(40)
(140)
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(40)
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11.9
13.65

©

(o))
. . . . b. . . . .
OO0 ONNNADMRUOOIUIOONO OPw Ul ON

Table 2 continued

114

(11

(52)

TTTVTTTTTD

°

VUV UUVTTTTT

93)

78)
78)
78)
77)
83)
83)
83)
83)
83)
83)

12

1963
1964
1953
1955
1957
1963
1959
1963
1964
1972
1972
1972
1972
1958
1972
1972
1965
1965
1965
1955
1964
1965
1965
1964
1965
1965

L67.
[64]
66.

L69,
L71J

.73J



Table 2 continued

1 2 3 4 5 6 7 8 9 10 11 12 13
173 26 82 860 C70) 2 -53.2 14.0 78.0 81.70 cuy» P- 89) 1964 H
174 26 82 860 (70) 2 -53.7 14.0 78.0 81.70 un, p. 89) 1964 Bll
175 32 82 640 Co) 1 -285 15.9 70.0 66.33 (U p. 89) 1967
176 68 82 620 (50) 2 28.4 13.0 49.5 55.00 Ell p. 91) 1953  ;63;
177 68 82 640 (100) 2 28.4 14.1 42.5 44.99 (11 p. 91) 1956 .63,
178 68 82 640 (72) 2 28.4 15.4 45.7 44.37 (503 1971  .63.
179 68 82 620 (50) 2 23.7 13.0 49.5 55.00 yi, p. 91) 1953 64—
180 68 82 640 (100) 2 23.7 14.1 42.5 44.99 (n, p. 91) 1956 .64,
181 68 82 640 (72) 2 23.7 15.4 45.7 44.37 (5073 1971 .64
182 77 82 530 (30) 4 38.8 12.08 36.9 44.58 (11, p. 93) 1933
183 77 82 530 (42) 4 38.8 12.6 37.0 43.43 y=* p. 93) 1964
184 69 84 375 (60) 19.3 11.0 27.0 33.76 (U, p. 91) 1963
185 69 84 375  (60) 18.3  11.0 27.0 33.76 (11, p. 91) 1963 II]
186 OO0 g4 1H00 1 4.4 15.23 69.1 66.17 (2)* 1969
187 17 84 050 (25(9) 1 -27.5 15.38 54.0 50.49 (36) 1973
188 17 84 1050 (285) 1 -27.1 15.38 54.0 50.49 (36) 1973
189 9 g7 070 (130) 1 -8.9 15.78 65.53 59.59 (n, p. 76) 1967
190 16 87 700 (300) 1 3.8 15.6 36.0 32.95 (555 1974
191 9 9 9i0 (93) 1 257 13.4 56.0 61.20 (11, p. 76) 1967
192 90 90 1020 (93) 1 25.7 13.3 45.6 51.58 (lit p. 76) 1966
193 2 9 921 (119) 1 2.9 13.17 59.3 65.48 Ui! p. 79; 1954
194 3 9% 800 (133) 1 16.6 12.7 47.5 54.63 (11, p. 80 1950
195 4 90 900 (326) 1 26.3 14.49 42.8 43.61 (295 1972
196 61 9 69 (100) 1 -82.2 14.1 47.7 49.42 Ui, p. 90) 1961
197 100 3 820 (04) 1 21.8 13.3 50.5 55.56 (11, p. 81) 1949
198 100 3 820 (04) 1 255 13.3 50.5 55.56 cu: p. 81)  1o40 [81]
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Table 2 continued

1 2 3 4 5 6 7 8 9 to 11 12 13
199 100 3 82 (104 1 26.7 13.3 50.5 55.56 (n, P. 81) 1949  >2;
200 160 4 9O (943 1 446 15.0 64.4 62.89 (28J 1976 83,
201 160 4 910 (94) 1 43,0 15.0 64.4 62.89 (28) 1976  ,84i
202 40 14 650 (112) 1 54.8 11.8 39.99 48.46 (11, P. 98) 1964
203 41 14 770 (122) 1 26.2 13.22  49.6 54.62 (U P. 98) 1963
204 118 17 535  (35) -92.5 15.83 47.4 45.23 (11] P. 85) 1968
205 112 17 463 (20) 3 4.8 15.94 42.4 40.66 (11j P. 85) 1969 |1
206 112 17 463 (20) 3 1.9 15.94  42.4 40.66 <31+ P. 85) 1969 [S3
207 123 17 480 (58) 3 -—33.0 15.4 41.9 41.29 (111 P. 85) 1968
208 126 17 415 (45) 3 10.29 15.75 36.4 35.17 (lit P- 86) 1967
209 127 17 408 (50) 3 20.4 16.1 36.2 34.37 Cu» P. 86) 1967
210 130 17 520 (153) 4 24.4 17.53  40.9 35.46 (11, P. 86) 1966
211 130 17 405 (91) 4 24.4 16.3 3d.6 36.64 (11, P. 86) 1967
212 138 17 500 gegg -18.8  16.74  47.1 43.00 (11, P. 86) 1968
213 141 17 460 50 3 6.1 17,18  43.2 38.87 (11, P. 86) 1968
214 147 17 387 (52) 3 -12.9 17.3 36.5 32.63 u, P. 86) 1968
215 148 17 383 (40) 6 46.0 17.3 35.8 32.49 (11, P. 86) 1967
216 149 17 515 (50) 2 _21.7 16.91  48.0 43.38 (11, P. 87) 1968 [79]
217 149 17 515 (50) 2 _—199 16.91  48.0, 4338 (pn, P. 87) 1968 f793
218 152 17 465 (35) 2 -24.0 18.5 50.5 42.92 211, P. 87) 1962
219 154 17 453 (40) 3 -10.6 16.86 42.3 38.69 (11 P. 87) 1968
220 155 17 515 (48) 2 -25.9 17.0 48.2 43.33 Ell P. 87) 1968
221 160 17 720 5703 1 20.7 17.32  69.7 60.89 (38% 1975 > 7;
222 160 17 690 50 1 20.7 12.65 53.4 59.70 (43) 1963 .87,
223 160 17 720 (70) 1 20.0 17.32  69.7 60.19 (38) 1975  .79.
224 160 17 690 (50) 1  20.0 12.65 53.4 59.70 (43) 1963 .79J
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Table 2 continued

1 2 3 4 5 6 7 8 9 18 11 12 13
225 164 17 606 (50) 2 26.3 14.6 55. 56.05 (4«l) 1972
226 165 17 650 (65) 2 19.2 13.0 52. 58.66 (4 ) 1966
227 165 17 650  (65) 2 21.4  13.0 52. 58.66 (4 ) 1966 111]
228 166 17 600 (50) 2 18.3 13.5 53. 57.64 (4 ) 1966
229 169 17 600 (50) 1 137 16.73 61. 55.78 (4 ) 1969
230 172 17 590 (85) 3 34.0 13.6 51 56.01 (4 ) 1963
231 172 17 590 (85) 25.9 13.6 51 56.01 (4 ) 1963 ;[|_||'_|
232 83 17 l060 (285) -24.0 15.36  55. 51.55 (3 ) 1973
233 26 17 470 (25) —-31.9 15.8 39. 37.41 (1 98) 1949
234 26 17 444  (20) -31.9 16.15 41.23 36.75 (1 , p« 98) 1954
235 26 17 465  (34) —31.9 14.74 38. 37.80 (1 ,, 98) 1956
236 24 17 500 (30) -25.1 14.4 39 40.07 (1 » p*x 97) 1936
237 83 49 590 (170) 22.4 14.6 45 46.6 3 (1 » p+ 88) 1968

238 84 50 543  (40)
239 84 50 590 (170)

19.3 13.75 40
19.3 13.68 40.

43.84 (1 * p« 88) 1928  ~8S]
44.18 (1 5 pe 88) 1968  .88]

00 OOW~WO~©~ U1 ON® DO U~ © ©
o

240 84 50 543 (40) 30.2 13.75 40. 43.84 (1 , p. 88) 1928 89
241 84 50 590 (170) 30.2 13.68 40.75 44.18 (1 4 px 88) 1968  .89]
242 87 53 473  (40) 2.9 16.34 42. 39.78 (1 » px 88) 1960

243 87 53 530 66) 2.9 17.15 43. 37.66 (1 p« 88) 1962

244 24 6 610 90) -29.1 11.0 32. 42.16 (1 » 94) 1965

245 0 6 600 (100) -44.1 137 37. 40.39 (I 94) 1960

246 24 24 440  (25) -255 15.6 36.89  34.94 (1 1 p« 95) 1954 {90;
247 24 24 415  (43) -25.5 15.2 35.3 34.23 (1 » p« 95) 1959 {90,
248 24 24 440  (25) -27.5 15.6 36.89

34.94 (1 » p« 95) 1954 91.
—-27.5 15.2 35.3 34.23 (1 * px 95) 1959 913
-12.4 13.26 36.4 39.47 (1 ¢t p* 96) 1934

RFRREPRPRENNNNNNNR RRP R

249 24 24 415 5433
250 16 24 490 50



Table 2 continued

1 2 3 4 5 6 7 8 9 to 11 12 13
251 16 24 900 (220) -12.4 129 34.0 . 41.19 ( 1, p- 96) 1970
252 16 24 500  (30) -12.4 13.1 36.1 39.62 ( 1, p. 97) 1936
253 26 16 490 (50) —20.0 14.13 37.7 38.82 (1, p. 97) 1934 {92]
254 26 16 495  (21) -20.0  14.13 37.3 38.43 ( 1. p. 97) 1936  j92J
255 26 16 455  (40) —-20.0 13.78 37.5 39.28 ( 1, p. 97) 1956 192
256 26 16 498 gso; —20.0 13.65 36.68 38.92 ( 1. p. 97) 1966 [92J
257 26 16 490 50 -20.6  14.13 37.7 38.82 (1, p.- 97) 1934 [93J
258 26 16 495  (21) -20.6  14.13  37.3 38.43 (1, p. 97) 1936 193J
259 26 16 455  (40) —-20.6 13.78 37.5 39.28 ( 1, p. 97) 1956  [93J
260 26 16 498  (30) -20.6 13.65 36.68 38,92 (1, p. 97) 1966 93]
261 27 16 463 (40) -24.6 14.43  37.64 38.07 (1, Pp- 97) 1935
262 27 16 500 0) —-24.6  14.43 37.0 37.47 ( 1, p. 97) 1936
263 27 16 488  (30) —24.6 13.2 34.7 37.91 | 'af p. 97) 1956
264 129 15 495  (64) 6.6 16.13  40.4 38.36 | 2) 1970
265 119 15 590 (124) —-43.0 16.44  48.3 44.70 ( 2) 1970
266 117 15 690  (85) -105.4 15.75 53.6 51.02 | 2) 1970
267 114 114 1720 (300) -320.1 18.22 94.4 66.20 1, p. 74) 1965
268 114 114 1450 (285) —-320.1 17.62  94.4 74.60 E 1, p. 74) 1965
269 132 132 899  (-) -74.4 157 66.0 61.67 ( 1, p. 77) 1953
270 132 132 725 Eggg —74.4 16.0 67.2 62.66 ( 1, p. 77) 1969
271 26 26 430 60 —38.6 14.7 31.5 31.39 i 1, p. 95) 1938  '60;
272 26 26 473  (80) -38.6 12.03 299 35.52 ( 1, p. 95) 1946 .60,
273 26 26 495  (45) -38.6 13.3 31.7 34.73 (1, p. 95) 1952 .60,
274 26 26 420  (40) —-38.6 12.67 30.4 34.16 ( 1, p. 95) 1952 .60,
275 26 26 425 §34g —-38.6 16.1 37.3 34.46 (1, p. 95) 1967  .60.
276 26 26 430 60 -39.1 14.7 31.5 31.39 ( p. 95) 1938  .90.
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278
279
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282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
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K

K1l
495
420
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510
415
400
490
418
435
383
500
830
830
710
10 10
O
980
980
812
820
383

~ 6

—-39.1
-39.1
-39.1
—-39.1
—-67.3
—-67.3
—-67.3
—-67.3
-67.3
—-67.3
—-67.3
—-67.3
—-67.3
—-67.3
—-67.3
—-67.3

12.5

12.2
-75.1

28.1

30.9

38.0
—-73.6
—-73.6
—-73.6

70.0

12.03
13.3
12.67
16.1
16.5
13.3
14.72
16.0
15.84
16.6
16.4
16.07
15.6
16.12
15.8
15.8
13.47
13.47
14.51
13.0
13.0
14.3
12.2
13.5
17.2
15.64

29.9
31.7
30.4
37.3
39.1
34.0
36.0
38.0
38.0
39.0
38.7
38.3
37.4
38.1
37.8
37.9
53.0
53.0
51.2
59.0
59.0
63.0
49.5
67.3
80.5
32.9

Table 2 continued

o

35.52
34.73
34.16
34.46
35.47
36.54
35.80
35.40
35.18
35.28
35.47
35.07
35.56
35.13
35.76
35.22
57.43
57.43
51.60
66.56
66.56
64.55
60.47
71.51
70.92
31.65

11

11*
11»
11»
11»
11»
11»
11»
11»
11»
11»
11»
11»
11»
N»

11»
11»
11»
11»
11»
11»
11»
11»
11»

N2
54?
n.
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12

1946
1952
1952
1967
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1950
1951
1952
1952
1954
1959
1961
1962
1962
1968
1968
1954
1954
1961
1956
1956
1956
1967
1968
1975
1956

13

.90,
.90,
.90.
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Table 2

continued

11

(U, P.104)
C35

3)

©)
cn, P. 89
", P. 79)
11, P. 84)
a1’ p. 8d
(243
o, P.m
Cn, P. 78
(€3)

(26)

(25)

1, P. 79
n[ P. 85)
Cu» P. 85)
Cu, P- 85)
Cu, P- 89
8|/|, P. 85)
n, P. 85
n, P. 8
cn, P- 86
(11, P. 86)
(37}

(11; P. 86)
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1956
1973
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1972
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1949
196 3
1972
1956
1965
1969
1970
1976
1967
1938
1971
1967
1969
1968
1968
1968
1967
1968
1971
1971
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41.

68.
67.
62.

64.
65.
65.
66.
51.
70.
34.
41.
48.
86.
57.
45.
47.
36.
60.
76.
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53

81
42
43
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76
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41

01
17
30
11
51
47
88
42

75
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29
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1971
1968
1971
1968
1967
1955
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1960
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1976
1972
1972
1972
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1954
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1960
1967
1948
1963
1965
1958
1958
1973
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1952
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11

11»
7
U»

39)
39
39
42
4
o
40)

b

11»
11»
11»
N »
11»
11»
11»
11»
11»
11»
11»
11»
11»

R
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82)

82)
83)

12

1952
1952
1952
1964
1973
1973
1973
1969
1966

1972
1972
1961
1975
1932
1936
1959
1939
1953
1961
1966
1969
1956
1962
1969
1962
1959



Table 2 continued

1 2 3 4 5 6 8 9 10 11
381 48 82 509 2 14.76  48.5 48.98 |y P.
382 51 8 63 57) 2 17 53.2 45.22 11y .
383 41 55 425 48) 2 13.82 34.58 36.75 1I» D.
384 41 55 500 573) 2 14.4 36. 37.34 UN» DP.
% B % w0 G 2 57 B8 B% R
387 45 W0 445 (19) 2 145  35.4 3627 U)
388 28 6 600 (IO 15.2 40.0 38.47 N» P.
383 34 6 500 (129) 14.0 32.0 33.45 11» pD.
300 4 6 650 (l10) 12.82  47.0 52.40 11y D.
391 28 16 463 (40) 14.43 37.64 38.07 11y P.
392 28 16 500 ©) 14.1 37.0 38.25 11, .
R e 360 B o
394 } . ] .
35 125 15 493 §21) 13.23  36.04  40.28 3i5
3% 159 114 1000 50) 14.03 82.7 86.84 1» D.
397 D 26 430 40 14.4 345 34.98 p.
308 27 27 400 50 14.95 35.0 34.42 1y P
3099 28 28 440 (37) 15.4 % él 35.56 py DP.
4G0 28 28 400 440)) 15.14 . 35.86 1y P.
401 31 31 413 2 16.71  38.7 34.76 1y .
402 34 3# 413 (100) 14.25 29.5 30.22 1y .
403 B H 420 91 14.4 30.0 30.47 wu» P
04 B 3B 40 82 14.27  29.6 30.27 p.
405 25 25 495  (47) 1503 46.2 = 43.25 A?
406 34 I6Q 799 - 14.5 67.0 67.50 py DP.
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Table 2 continued

1 2 3 4 5 6 7 8 9 0 11 12
407 37 100 955 C42) 1 - 15.3 69.0 66.14 (11. P. 85) 1953
408 60 98 800 75 1 - 15.0 58.0 56.67 §V| P. 90) 1968
409 70 157 850 (140) 2 - 11.9 48.3 60.14 (11 P. 91) 1961
40 57 57 38 (30) 1 - 11.8 21.7 26.70 (11 P. 99) 1960
411 57 57 3B (30) 1 - 13.4 23.0 25.19 gll P. 99) 1960
412 58 58 38 (30) 1 - 14.4 25.6 26.02 (11 P. 99 1960
413 9 5 593 (40) 2 - 13.4 45.0 49.19 (11» P.104) 1959
414 23 1 G0 2 - 15.12  33.0 32.67 (11  P»i04) 1968
415 19 20 960 (125) 1 - 14.1 54.0 56.40 (11 P.i4 1962
416 52 86 580 79) 2 - 17.27  48.4 42.19 glit P. 6 1962
"17 167 17 598 §50§ 1 - 0.21  42.5 54.61 (42j 1969
418 171 17 548 50 1 - 4.8 23.4 48.08 (40) 1972
419 176 17 5% (42) 1 - 8.8 38.5 54.41 (40) 1972
420 177 17 573 (40) 1 13.4 8.45 345 50.75 (40) 1972
421 177 17 573 (40) 1 13.4 7.4 31.5 50.50 (40) 1972
422 175 17 583 (40) 1 - 8.45 37.0 53.53 (40) 1972
423 26 17 585 (430) 1 -31.9 20.7 38.0 21.80 (11, P. 98) 1962
424 41 17 456 ;35 1 - 20.0 53.0 41.80 (11 P. 9 1962
425 13 5 1850 0 1  20.4 9.1 49.5 96.38 (u P.102 1964
426 13 5 1850 (700) 1 20.4 9.4 51.4 95.65 (U P.102) 1964
427 13 5 1850 (700) 1 20.4 9.6 52.4 95.13 (11 P-102) 1964
428 13 5 1850 (700) 1 20.4 ©.1 55.0 93.50 (11 P. 102) 1964
429 13 5 1850 (J00) 1 20.4 8.95 48.2 96.34 (11, P.00 2) 1964
430 13 5 1899 20.4 9.3 50,0 96.48 (11  P.K02) 1964
431 76 8 785 (70) 4 40.1 10.17 28.2 46.39 (11 P. 93) 1947
432 76 8 78 (70) 4 307 0.17 28.2 46.39 (11 P. 93) 1947



Table 3
Results of the Statistical Treatment in the Coordi-
nates of Equations (5) and (6)-
NE - the number of independent equations (points)
NRN - the number of different reactions (combinations
of R and R.).

NRD - the number of different radicals-substituents
with unknown f£Hj[. or AE£H". values.
s - standard deviation in kcal/mole.
Variants:
1) Eq. (6). MLRA treatment of data for 98 radicals.
The value AHN. * 51.63 kcal/mole is fixed prior data
processing.
2) The D*. values for the reactions of C-NOg bond
fission are calculated assuming log Ag* 16.0Q
3) Eq. () for 15 the most represented radicals.
4) Eq. (6) MLRA treatment of data for the most
represented 15 radicals. 0&*jjo = 3*55 and 0™»2.2 kcal/mole
The results for the final data set after the exclusion

of significantly deviating points are listed. The figures
for the initial data set are given in parenthesis.

Variant NE NRN NRD s

D) 231(297) 125(138) 93(97) 1.1(3.1)
2) 213(297) 117(138) 95(97) 0.9(3.2)
3) 107(134) 35(41) 15(15) 1.3(2.6)
4) 65(81) 31(34) 15(15) 1.4(3.0)
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13.

14.

15.

16.

17.
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19.
20.
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The activity coefficient (f3) of a weak base
in aqueous acid solution determined by the dist-
ribution method reflects the changes in solvation
energy of an unhydrated base (B). The activity
coefficient of the hydrated base (B.bH20) really
existing in aqueous solutions may be calculated
by the equation f£ bH gq= fg.a”Q. It has been

assumed that in distribution equilibria the re-
lative changes in weak base concentrations in the
aqueous phase are due to changes in the molar
concentrations of all ionic and nonionic compo-
nents present in aqueous acid solutions. This
assumption leads to an extended form of the Se-
chenov equation which is now suggested for the
interpretation”of activity coefficient behavior
in aqueous acid solutions.

The activity coefficient behavior of weak bases plays
an important role in their basicity studies . The res-
pective papers have been reviewed by K.Yates and R.McClel-
land 1 , Since only the activity coefficient of the
unionized weak base can be determined without using some
additional assumptions, most of the work done deals with
this activity coefficient (fjj)- It has been found that or-
ganic compounds of different structure exhibit rather g,
different B behavior in aqueous strong acid solutions ~ .
To the best of our knowledge till now no attempts have been
made to derive an equation describing the behavior in
terms of concentrations (or activities) of ionic and non-
ionic components present in aqueous strong acid solutions.
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Our objective is to derive such an equation.

First, it is reasonable to suppose that all organic
compounds remarkably soluble in water and in aqueous strong
acid solutions are hydrated. In the case of weak bases the
electrophilic hydration predominates ~ < The activity
coefficient of an unionized base determined by the distri-
bution method is calculated by the equation

f8 =D .0"1 [€H)

where DQ and D are the distribution coefficients in stan-
dard state (in water) and in aqueous strong acid solution®
respec tively_Assuming that in trie organic phase only the non-

hydrated base (B) is dissolved ™ we can write

Do = Worg MO 1 <2>
and

E « Mors = 18]"1
where [bJorK is the B concentration in the organic phase,
M 0“dm are the B concentrations in water and in
aqueous strong acid solution, respectively.

It is evident from Fig. 1 that the [BJorg has the same

value inBgns. (2) and (3)* liquation (1) then becomes

s=1Bo-M"1l

Organ ic phase

B
N IV e
B + B +
+ bH20 = B.bH20 + bH20 = B.bH20
Water Aqueous strong acid
solution

Fig. 1 (The scheme for a distribution experiment
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Thus the distribution method yields the activity
coefficient of the unhydrated and unionized base (B) which
is nou the hydrated species really existing iIn aqueous so-
lutions (B.bE™O). It remains to mention that in case the
remarkable protonization of the base B occurs, the res-
pective correction must be used

M KBH”
where h is the appropriate acidity scale for the base B and
KBh+ is the basicity constant of the base B.
In order to obtain the activity coefficient for the
species B.bH20 we have to account for the equilibrium
taking place in the aqueous phase:

B.bH20 B + BH20 ®)

with the constant

M .

K = B-————— =*- 7
[B.bH20j S

Combining Egns. (@) and (7), the latter being written
twice - for water and for aqueous strong acid solution, we
obtain

[B.bH20]0 —\t/)
™ [B.bH20]

where [R.bH20]Jo and [B.bH20] are the B.bH20 concentrations
in water and iIn aqueous strong acid solution, respectively.
Then

B-bHZ2Plo _.b
B.bHgQ - l%.BHZO] = fB « aH-0

In aqueous solutions of strong acids the water activity
(@H q) decreases with increasing acid concentration so that

aHQ < 1e Consequently, fB>bH O~ fg. The ratio

-1 —b
fB.bH20* fB = aH20 should be larger for more heavily
hydrated ba™es, 1i.e. for those having more lone pairs of
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electrons.
The second point to be discussed here is how the fg
and/or fg g values depend on the total concentration of

strong acid iIn its aqueous solution. For instance, if the
sulfuric acid total concentration increases, the molar
concentrations of SO™“, HSO”, HSOMN.HMNO+, «tc.» vary over ft
wide range 6,7 . In order to set up a quantitative
relationship between the fg (fg bH g) and the molar

concentrations of different species present :in the aqueous,
acid solutions considered,let us have a hypothetical model
consisting of a very large volume of organic phase and a
small volume of aqueous strong acid solution.The compound
studied (B) is distributed between these two phases and the
equilibrium is reached. Following the suggestion of A.Zda-
novsky ® proposed for the case when the considered com-
pound is an electrolyte, we assumed that the relative
changes in the weak base concentration in the aqueous phase
follow a linear relationship

- iLfAL _ ANc”™ + A2dc2 + ... + AQdcn 10)

BJ

where A, A2, ... An are constants and c”, c2, eee cn are

the molar concentrations of species present iIn aqueous
strong acid solution.
If integrated from water to the given solution,, the
Eq. (10) yields
. [BL
in — =*,<l_,+ A202 + ... & AnCn 1)

Taking into account Bgns.(4) and (9) we obtain
log fg = A c™ + A%c2 + ... + 2)
and
log fB.bH20- A o1 + A ¢ +...+ A cn - b-log a”Q a3)
The derived expression Egn. (11) seems to be reasonable

because this 1is an extended form of the Sechenov
equationl’8-11 whose applicability to a number of cases is
well known °“+£ _ in confirmity with general views on the
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nature of hydration numbers 9 we should expect that the
hydration parameter b inEgn. (13) will probably be not a
constant If the strong acid concentration increases to a
large extent.

10.

11.
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Photoelectron spectra (PES) of 9 aliphatic
ethers and 3 0O-and N-methyl-substituted hydroxyl-
amines have been recorded. The substituent effects
on PES of the ethers have been analyzed. The
performance of the semiempirical CNDO/2 method
for the analysis of the PES has been discussed.

In the previous paperl of this series the PES of some
aliphatic alcohols were analyzed on the basis of empirical
relationships between IP and energetic characteristics
(proton affinity (PA), core level ionization energies,
etc.) as well as from the viewpoint of some semiempirical
and nonempirical quantum chemical methods.

In the present work primarily the effects of the halo-
gen substitutions on the PES of the aliphatic ethers have
been studied. Also* some other (SiMe”, CNCHg, NH2, etc,)
substituents were involved.

It should be mentioned that while the PES of the
alkylsubstituted ethers have been thoroughly studied2 3 4
the PES of ethers with the electronegative substituents
have received much lees attention. So, PES of a few per-
Ffluorinated ethers were analyzed in Ref. 5. Halogen-
substituted propylene oxides”, ICHgCHgOMe~, FMO and Clg0?
and CPMOP™ were also studied. PES of silicon-containing

208



ethers were reported in Refs. 10 and 11.
Experimental

The procedure of determination of ionization potentials
and the instrumentation used were described in detail in
the 1st communication™ of this series. The argon gas was
used for the calibration of spectra. The vertical ionization
potentials (1Py) were determined at the location of the
maximum of the corresponding bond in PBS, whereas the adia-
batic ones (IP ) refer to the beginning of the PBS band
(the half-width of the argon line was added to the corre-
sponding ionization energy value).

The PES measured* are shown in Pig. 1. The IP values
determined** from PES are given in Table 1 alongside with
some literature data. A few values of 1st adiabatic ioniza-
tion potentials were determined by the photoionization (IP)
technique.

As a rule, the commercial samples were used. CF~CHgCMe
and CPMOHgOEt were synthesized by standard techniques.
H2NOMe, MeNHCMe and MeONMe2 were liberated from their hydro-
chlorides by the treatment with the aqueous KQH. The purity
of compounds was checked by g.l.c. Each sample was subjected
to several freeze-pump-thaw cycles to remove entrapped
gaseous impurities.

For the most compounds measured in this study as well
as for the reference compounds the semiempirical CNDO/2
calculations were performed using the originall? para-
metrization of Pople and Beveridge. Mostly, the "optimum”
bond lengths (CO0-1.367, CC-1.457, CH«*1.119, CF«1.343) from
Ref. 13 were used. Some other values (CClal.67, SM0=1.63,
and SiC=1.87 ) were accepted on the basis of the calcula-
tions by the present authors. All valence angles were
considered tetrahedral.

* As a matter of fact the averaged spectra from several
(3-5) scans are reported in Fig.l.

**Analogously to Ref.l, part of this data was already
reported and used while discussing various aspects of the
dependence of IP on the structure and proton affinities
of molecules (See Ref. 1 for further references).

209



Pig. 1. PBS of some compounds of general
formula X-jOXg
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<Pig. 1 (continuation).

The results of our calculations alongside with some
literature data are included in Table 1. Generally accepted
notations for the symmetry type and characters of localiza-
tion of MO-s were used (for example, nQ, CTCC,N'siQ»
pseudo-Sf~ » etc.).
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Table 1
lonization Potentiale and Calculated MO Energies (-£,) of Aliphatic Ethersand Some

Other Oxygen-containing Compounds. All Values are In eV Units.

1. Me20 2. MeOEt
1P 4-31Ga cnpos2P ip? 4-31Ga CNDO/2b
MO _t or MO - £
1. 10.04 11.36 2b2 o 14.33 1. 9.86 11.27 4a™ no 13.99
2. 11.91 12.76 6al 50 16.07 2. 11.60 12.59 13a" no 15.48
3. 13.43  14.33  4p1 30H 16.25 3. 12.57 13.60 12a A1 15.64
4. 14.20 15.04 1a2 18.63 4. 13.13 13.72 &{' F CH,, 16.31
5. 16.0 17.20 331 <o 21.91 5. 13.94 14.55 11a ACH 18.14
6. 17.67 541 ron, 24.25 6. 14.70 15.89 2" oy, 21.27
7. 16.5 17.97 Ib2 ®CH 25.57 7. 15.72 16.96 10a* J°CH 22.55
3 8. 16.53 17.56 1 20 23.85
9. 17.14 18.27 1a" 5rCH9
a - Ref. 2 a - Ref. 2
b . Btot- ~37-2601 a.u.. the order b E¢ot= —45-9601 a.u., the order and characters
and characters of MO coincide of MO coincide with those indicated in the
with those indicated in the previous columns for this compound.

previous columns for this
compound .



3. C?3CH20Me

Ipa

1. 10.
2.
3. 12.
4. 13
5. 14.
6.
7. 15
8.
9.
10. 16.
11. 17.
12. 19.
13. 20.

v

69

38
80
40

49

70
18
14
32

15.
15.
16.
18.
19.
19.
20.
21.
21.
21.
22.
24.
26.

CNDO/2b

14
44
74
62
42
81

08
40
83
52
80
36

a - This work

MO

8a nO
14a£bc
13a Np fFreu

7a¥CH9
12a n 2

ba.

11la % ,
cam_ 3

ba” fp. .
4al v

%H®co
3a no,

8a 7CJ?

IP*1* = 10.53,

Ip£2)» 11.99,

1P*3 %

b - This work:
-126.9310 a.u.

Etot*

13.19 eV.

3

continuation of Table 1
4. G?3CH20Et

Ipa
\

©®NOm AW NP

PR
N PO

15. 19.

10.
10.
10.

12.
13.

15.
13. 16.
14. (17.

35
38
56

26
21

49
67

5)
11

CNDO/2b
MO

-e

14.
15.
16.
16.
18.
19.
19.
20.
20.
21.
21.
22.
23.
25.

25.

70
10
14
77
06
33
40
26
98
01
69
21
59
17

85

a - This work:

9a'" o
16a ACC
15a o
8am AcHO
l4a M¢2
7’ ne
13a f\p
12a" Aco,
6a" *F
Sart nE
1la

4F%

10a o

®
32" Jenz

IPE1” 10.27 eV

b - This work:
Btot- -135.6315 a.u.
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continuation of Table 1

5. CICHQOEt 6. HCF2CF20Bu 7. (n—-C~JgoO
IPY CNDO/2b 1PV 1PV
-t MO
1. 10.50 13.61 gaﬂ-nci, nQ 1. 11.80 1. 13.30
2. 11.06 13.s0 lie" ncl 2. 15.01 2. 16.11
3. 11.42 14.29 4a" n0O, nGl 3. 15.86 3. 17.75
4. 15.79 10a G"cd.”o 4. 18.76
5. 12.39 16.10 9a nQ
6. 13.09 16.92 3a/ no*
7. 13.70 18.53 8a ~ ch
8. 14.88 20.72 7a no,l"cu
9. 23.41 oancn9 3
10. 17.06 23.62 6a «CO
a - Obis works a - This works a - This works
10.30 eV IP(1)- 10.78 eV ipjl5» 12.68,
b - This works IpC2)s 15.60_eV._
Due to the misprint
Etot- -61«3801 a.tt. in Ref. 14. incor-
rect structure
[CCF3)3C]20 was
ascribed to this
compound
Discussion

As in the 1st paper” of this series
to accept the idea that it is necessary

it seems reasonable
to use the complex

approach to the analysis of the FEIS of the larger molecules.
So along with the quantum chemical methods the use of the
relationships” between IP-s and several independent energet-
ic characteristics could be very helpful for the interpre-
tation of PES of complex molecules characterized by several

broad structureless bands and competing

23A
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continuation of Table 3

8. CIgCHOMe 9. NCCH2QVe
1? CNDO/2 ip:
MO MO
1. 10.98 13.41 6a |« o 1- 10.96 14.36 Aall no
2. 11.35 14.10 102" ., 2. 12.62 15.54 ACN* 1O
3. 14.49 58" 3. 16.14 %"
4. 14.58 9a . 4. 16.17 3a’”%° o
nCI* no
5. 15.06 4" no- ncl 5. 17.57 8a nO, STdqjj
6. 17.18 8" g4 6. 19.33
7. 18.03 7a y g T 20.82  5a¢ ACH "CN
8. 18.83 3a" o 8. 23.60 g, ACO. ACH,
9. 21.82 6 o, 9. 26.00 AOH3
10. 23.95 28" |0 aqy 10- 26.95 1a nO, 5Movo

a - This work: IPgl” 10.84, a - This work: 1p(1)- 10.75
1P~"2)= 11.19 eV b - This work:

b - This work: tot™ ~55-0314 a.u.

Etof' -68.1184 a.u.

So, for the ethers the following simple linearity be-
tween IP (nQ band) and proton affinity holdsl™*:
IPV- -0.057(0.002)PA + 21.33(0.52), @

r = 0.985; B - 0.08 eV; b% = 5.0, n = 17
where r - the correlation coefficient;
s - standard deviation;
b%= (s/AIngX)loo, where Alpmax is the maximum
range of the variation of IPy;
n - the number of points;
the confidence intervals of regression coeffi-
cients are given in parentheses.
Relationship (1) is visualized in Pig. 2.
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continuation of Table 1

10. Et20
4-31Ga cNDo/2P
1P?
-1 MO - £ uo
1. 9.61 n.24 58, 13.77 8V
2. 11.68 12.43 16, 15.06 112" ncy sec
3. 11.92 13.08 15" o, 15.18 102"
4. 13.35 4y o 15.30  4a"
5. 14.13 18" no_  ° 16.88 @
. 3
6 14.44 30 gy 18.29 33" | 0:"A o
7 14.95 13a acy_ 19.61 8" ayy
8 16.04 12a A4 21.60 72" 553 nce
9. 16.23 16.51 23" .. 23.41 22" aqy
10. 17.87 118" rgq 32526 6al ngooy
11. 18.56 ladg_ . o 26.73 5a

a - Ref. 2
b - This works q wu- -55 6598 a.u.

One can see that Me”~SiOde does not obey Bgn.(l) - its
PA value (204.4 kcal/mol) occurs to be ca by 5 kcal/mol too
low to fit the linearity (1). CNCHgCMe probably protonates
on the CN-group and the measured PA(189.7 kcal/mol) corre-
sponds to 1Py»13.29 eV for the nitrogen’s lone pair (calcu-
lation on the basis of Egn.(l1l) from Table 2 of Ref.16).
Egn.(1) could be used for the rough prediction of PA values
for some compounds with the experimentally unaccessible
gas phase basicities.

The approximate linearity between IP values of alcohols
and the complex formation shifts [ VphOH of OH““81;r8*cll-
ing frequency of phenol” with these bases in CCI™ was
found to hold. Bie analogous relationship seemsto be true
also for the ethers (see Pig. 3):

1Py> -0.009 (0.001)AY~phOH + 12.13(0.08) (@)
r - 0.988, s = 0.08 eV; &7 - 5.2;
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continuation of Table 1

11. Me3SiQMe 12. (Me-jSi~0
1P® CNDO/2b 1P® CNDO/2b
-1 MO -£ MO
1. 9.85 13.61 7aVv 1. 9.69 13.61
2. 13.79 12a4i0 % 13.63 | }a, no
3. 10.64 14.69 ya- 0 3. 13.96
4. 14.95 6Tsio 4 13.99 LOa ffSiC
5. 17.34 10api, 5- 10.54 14.29 |53 =gy
6. 12.33 17.92 sa"<W 6. 16.12 95 gqeay
7. 18.09 5 §ToHi 7. 12.21 16.59 Ua SQ
8. 19.09 8. 16.73 130! o
9. 13.82 19.82 ®co 9. 16.80 8a
10. 18.40 7a"
3
11. 18.47 12a”
12. 18.71 6a" Fdj
13.13.84 19.39 1la nQ
a - This work: a - This work: IPé‘l): 9.64*0.01
Ip(ﬁl)z 9.61, (P1 - technique). See also

Ref. 11.
b - This work:

1p£2)« 10.39,
=T
ip&')— 11.96 eV
Btot* “ 83*1750 a*u*
b - This work:

Etot" -60.1737 a.u.
(k”phOH is given in cm"1l units)

As in the case of Egn. (1), trimethylsilyl-eubstituted
ether do not fit Egn. (2).
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continuation of Table 1

13. t-BuQMe 14. t-BUgO
cnpos2P CNDO/2b
* <
-£ MO T_E MO
1. .9.48 13.12 T7a' 1. 9,16 11.66 17a"
2 13.69 12a* e 2. 10.,24 12.59 Illa”
3 15.19 1a° g 3. 10..95 13.80 16a"
4. 15.94 6" .oy 4 14.13 15a"
5. 17.06 102 guqy 5. 14.30 10a"1
6 17.19 5" «gy 6. 15.54 9"
7 18.18  9a# Ay 7. 15.67 1l4a"
8 18.26  Aal 9_P9H§ 8. 16.93 13a
9. 20.36  8a o 9. 17.37 8a’1
10. 22.60 3" 4y 10. 17.71 Ta"
11. 23.73 & gy 11. 18.29  6a*
12. 24.15  2a* . 12. 19.02 12a"
13. 24.91 68 Acy. 13. 19.71  Ba"
14. 26.83 52 g 14. 20.83 1la”
a - Ref. 3 a - Ref* 15
b - This works b - This work:
Etot= -63.3174 a.u. BtQt- -89.2398 a.u.

Due to the existence of the linear relationship be-
tween IP(NQ) and the gas phase proton affinity (pa) one
might expect also the observance of the linear dependence
of the latter quantity on the AphQH Paran,eters* As a
matter of fact, this kind of relationship means that the
changes of the so called general basicity in solution
(i.e. formation of hydrogen bonded complexes between acid
AH and base B) and of the intrinsic basicity in the gas
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continuation of Table 1

15. HgNOMe8 16. MeHNQMea 17. MeONMe2a
o
v 1Pa
1. 10.16 1. 9.39 1. 8.78
2. 10.93 2. 10.22
3. 12.94 3. 12.61
4. 15.0 4. 13.95
5. 17.31 5. 16.11
6. 17.25

a - The analysis of the PBS will be given in the forth-
coming communications of this series,

b - This work: IP;}Ll)z 9.55, Ip§2’\« 10.46 eV; See also
Ref. 2.

¢ - This work: Ipll)= 8.92, IP~» 9.97, IPp~= 12.20 eV

L_

S

PA,ﬁgoaI/moI

Pig. 2. The relationship between 1Py and
PA for ethers.
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Pig- 3. The dependence of IPy values of ethers
on the complex formation shifts

&VphOH cm_1) bases in C(I™.

phase parallel in a certain limits each other at Ileast
in the first approximation.

The statistical least squares treatment of the joint
data on the adiabatic and vertical ionization potentials of
ethers and alcohols in terms of the multiparameter equation
suggested in Ref. 14 leads to the following dependences of
IP-s on the structure:

IP »10.09(0.17) + 0_547(0.017)£6*—0.027(0.004)£LR +
‘ + 0.493(0.169 +0.446(0.087)"~+ 0.057(0.006Ffcn2 (3
R«0.982; s=0.15 eV; s#-3.5; n«34



IPV-10.09(0.21) + 0.670(0.0240.012(0.003)AR +
+1.028(0.089)11~ 0.162(0.031)ANn2 4)
R*0.978; 8*0.17eV; B&»4.1; n=40 ,

where -6* and ~ are Taft"s inductive and resonance
constants, AW - the relative molecular refractivi-
ty of the substituent, n™ and™n2 are the numbers
of the hydrogen atoms attached immediately and
in o<,-position to the ionization center.

As a rule, the use of Egns. (3) and (4) for the calculation
of 1P(N¢p) values of these compounds leads to quantities
which, within the error limits, coincide with the experi-
mentally determined ionization energies of the first PES
bands of these molecules. Trimethyl silyl-substituted
ethers does not fit Egns.(3) and (4).

For the chlorosubstituted ethers the question about
the identity of the ionization center needs clarifications.
As in the case of the alcohols Egns.(3) and (4) suggest
that the first IP in PES of these compounds corresponds
to the ionization of the electrons of the lone pair of the
oxygen atom. The use of Egn. (9) Table 2 from Ref. 14 for
the calculation of IP(nclj for the chlorides ZCl predicts
for CICHgOEt IP=11.37 eV which agrees well with the energy
(11.42 eV) of the 3rd band in PES (identified) by CNDO/2
as ncl) .

In the fluorinated molecules the perfluoroalkyl group
could be studied by comparing the PES of the corresponding
methyl (alkyl) and perfluoromethyl (perfluoroalkyl) deriva-
tives. In the present paper, by the analogy with the Ref.l,
%ﬁi substitution is used for the separation of 6~-and

-molecular orbitals. As earlier™, the order of S"-orbit-
als ( was assumed on the ab anitio calculation
of the ethanol molecule.

The B>orbitals for the two pairs of etners determined
according to this principle are listed in Table 2.
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Table 2
The energies (in eV) of MO-s of some ethers determined
on the basis of perfluoroalkyl effect.

Compound no 6ec 6co ~CO
EtOMe 9.68 11.60 14.70 16.53
CP3CH20Me 10.69 12.30 15.49 17.18
EtOEL 9.61 11.08 16.23
CP3CH20Et 10.35 12.26 16.67

In the PES of substituted alkyl ethers the presence of
the intense and sharp peaks of 2p nonbonding electrons of
the oxygen and of the halogen lone pairs as well as bands
from the electrons of C-C and C-0 bonds. Also the broad
overlapping bands characteristic to the alkanes should
appear .

As in the case of alcohols the IP(nQ) bands are broader
than expected which evidences about the bonding character
of these orbitals. The width of these bands increases with
the increase of the volume of the alkyl group and is espe-
cially significant in the case of the PES of (n-C"Fg)20
(see Pig. 1). Simultaneously with that the intensity of the
corresponding band decreases and its structure becomes
apparent. Due to the p-d interaction'® of the orbitals of
oxygen and silicon, PES of ethers containing the silicon
atom attached immediately to the oxygen atom, are character-
ized by the decrease of the nonbonding character of the
first band in the spectrum. In the PES of alkyl ethers with
the normal chains the increase of the volume of the alkyl
eubstituent moves the area of the overlapping bands of the
inner MO-s towards IP(nQ). It is noteworthy that in the
case of n-BuO(CF2)2H the complete overlapping of this kind
takes place and, therefore, it is impossible to identify the
IP(nQ) orbital in the usual way. However, the calculations
according to Egn. (3) lead to the IPa = 11.05 eV which is
inta reasonable agreement with the determination of the
starting point (10.78 eV) of the PES band.
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For the more detailed identification of the PES band
the semiempirical GNDO/2 calculations were performed.

PES of Me90 has been interpreted on the different !evels
of the quantum chemical approach. So, K. Kimura et al.
have made the calculations of the energies of the ionic
states of this molecules using the method of configuration-
al interactions. The SCP MO calculations on the 6-31G basis
set level were also made by the Bate group using the Koop-
man’s theorem. The calculations on the 4-31G level as well
as using the more primitive CNDO/2 method20 lead to the
conclusions regarding the order and character of the local-
ization of MO-s.

Por the study of the substituent effects on the spec-
trum of the MO energies one might start with the analysis
of the PE spectrum of the methylethyl ether. The optimized
GNDO/2 geometry of this molecule agrees with the data2
from microwave spectroscopy(trans-MeOCHgCH™Mt CO -symmetry).
The order of MO-s coincides with that calculated2 for the
same configuration using nonempirical method whereas the
charge distribution and MO characters differ only slightly
(see Table 1).

As in our earlier papers

1.19.20 the linearity

IPi ="afi + b~ )

where a and b are constants between the measured
consecutive IP-s of the molecules and the corresponding
calculated MO energies (Koopraans* approach) was used
for the identification of the PES bands.

Pig. 4 visualizes the linearity (6) for the MeOBt

molecule.
The results of the statistical treatment of the data

from Table 1 in terms of Egn. (5) are given in Table 3.

As one can see from the correlation diagram (see Fig.5)»
the change of the methyl group for the hydrogen atom in the
ethers with the non-branched alkyl groups destabilizes the
nQ(2b2 MO in Me20) and 5I' (1a2 and 3a.j) MO-s and stabili-
zes the 6°C0(2b1) and 3j*(Ib2) MO-s. Starting with the
ethyl substituent the MO with the character appears.
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This orbital is somewhat destabilized by the increase of
the length of the chain.

Pig. 4. The linearity between the measured IP-s
and calculated MO energies (&) f°r
the methylethyl ether.

C,™ turns out to be the most stable configuration for
the diethylether whereas the hydrogens of the methyl group
are in the cis-position to the oxygen atom. The correspon-*-
ding transform is by 5.5 kcal/mol less stable. The results2
of the more sophisticated quantum chemical calculations
agree in general features (the order and character of local-
ization) with the predictions of the CNDO/2 method.

The effect of substitution of the CP~-group for the
methyl-group on the PES could by monitored in the case of
CP~CHgOMe and CP~CHgOEt molecules. The assignment of the
geometry of these species could be made by the analogy with
the corresponding alkylsubstituted alcohols\ As compared
with the corresponding alkyl ethers the CNDO/2 MO-s of the
COF.,-derivatives with the nr.@"and 9 £), nn(I3a* and 15al),
ang STdij (7a”and 855 characters are stabilized whereas O qC

(14 attand 16a*) is almost unsensitive towards that kind of
substitution.lt means that CNDO/2 calculations are unable
to confirm the effect of the stabilization of tF*~M0-s (as
suggested in Ref. 21.) by the CP"-substituent.
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Fig. 5. Correlation diagram of CNDO/2 eigenvalues
of some aliphatic ethers.
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To our knowledge there is no literature data about the
experimental PBS of the simplest fully perfluorinated ether
(CF3)20. That, unfortunately, excludes the possibility to
study the perfluoreffect which accompanies the transfer
from dimethylether to its perfluorinated analog. One has
only to mention that the I P~ value predictedl™ by us for
the latter compound on the basis of the information of its
energy of IsO electrons is 13.3 eV whereas the calculated
(this work, STO0-3Gobasis set; -736.9396 a.u., dco*
=1.43; dQme 1.365 A, formal charge on the oxygen is - 0.276
charges of electron) spectrum of the corresponding orbital-
energies is as follows (in a.u.): 0.521(12b.,), 0.464(14a.,),
-0.4463(7b2, HCMO), -0.4516(138", -0.4641(lib,), -0.4951
(6a2), -0.4964(10bl), -0.5019(6b2), -0.5025(12a.,),-0.5136
(5a2), -0.5172(5b2), -0.5340(4a2), -0.5417(9b1),-0.5455
(11a.,), -0.5595(4b2), -0.6230(10a.,), -0.6721(8b1), -0.6842
(3a2), -0.7162(3b2), -0.7233(98~, -0.7385(7bl), -0.8131(88",
-0.9008(6"), -1.3658(7al), -1.5335(2a2), -1.5350(5bl) ,
-1.5387(6al),-1.5409(2b2), -1.627(4b1l), -11.35(48.,), -11.35
(3.,), -20.35(38", -26.0(1a2), -26.0(1b2), -26.0(2"),

-26.0(18«,), -26.0(1bl).
On chloro-substitution, alongside with the appearance

in the PBS of the lines which correspond to the chlorine
lone pairs, the mixing of the orbitals of the latter type
with those belonging to the oxygen lone pairs becomes pos-
sible. As a matter of fact this situation is characteristic
to PBS of CIgCHQMe and CICHgOEt* moleculee. The pairs of
the mixed 6a* , 4aU and 9a* , 7a* MO-s in the former and 5ay
and 4aw MO-s in the letter molecule.

In the case of NCCHgOMe the mixing (symmetric combina-
tion) of UTqjj with the orbital of the oxygen’s lone
pair (10a* , 8 ) as well of the orbital with ( asymmet-
ric combination) the pseudo-5/"CH" orbital ( 3al’ and 2a#/).

*  Despite the fact that the gauche-form of CICHgOCHgCH”"
(C symmetry group) is the most stable CNDO/2 conformation
of this molecule, Table 1 and the text refer to the symmet-
ry notations of MO-s for the Cis-form (Cg-symmetry).
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Table 3.

The Results of the Statistical Analysis of
PES in terms of Eqn.(5) for some Alkyl Ethers*

Compound Method a b r s n

1. Me20 4-31G 0.962 -0.545 0.995 0.28 6
(0.049) (0.738)

CNDO/2 0.536 3.606 0.925 1.04 6
(0.110) (2.070)

2. MeOEt 4-316 0.993 -0.922 0.993 0.29 9
(0.043) (0.645)

CNDO/2 0.508 4.061 0.957 0.73 9
(0.057) (1-121)

3. Etgo 4-31G 1.242 -4.347 0.999 0.02 4
(0.004) (0.058)

CNDO/2 0.630 1.584 0.979 0.72 4
(0.093) (1.580)

4. CF-jCHgOMe CNDO/2 0.855 -2.120 0.999 0.12 9
(0.011) (0.239)

5. CF3CH20Et  CNDO/2 0.767 -1.423 0.993 0.41 9
(0.033) (0.670)

6. CICH20Et CNDO/2 0.565 3.090 0.996 0.22 8
(0.021) (0.379)

7. Me”~SiOMe CNDO/2 0.616 1.486 0.997 0.18 4
(0.036) (0.598)

8. (Me3Si)20  CNDO/2 0.699 0.393 0.994 0.26 4
(0.056) (0.903)

9. (t-Bu)20 CNDO/2 .824 -0.336 0.981 0.25 3

0
(0.162) (2.055)

r - correlation coefficient
s - standard deviation
n - the number of points

For the study of the behavior of the orbital energies ac-
companying the substitution of Me”~Si group for the methyl-
substituent one can begin with the Me~COMe molecule which
could be considered as a prototype of Me”SiQMe. Unfortunate-
ly, PES of this reference compound, is with the exception
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of the first IP(9.48 eV), unavailable. The same (Cs) symmet-
ry was assigned to Me~SiOMe molecule. One can see (Table 1)
that nQ IP for the trimethylsilyl derivative is evidently
lower than that for the corresponding alkyl-substituted
compound. Such a change is not fully accounted for by the
inductive effect of the substituent.

Most reasonable explanationl8,22 seems to be the con-
nected with the idea about the participation of the d-AO-s
of the silicon in the higher occupied MO-s (the so called
reversed ( - dil- ) conjugation).

CNDO/2 reproduces correctly the shift of the intensity
of the Mg band. However, it fails to indicate the signifi-
cant contribution of d-AO-s of the silicon into the HOMO-8.
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Photoelectron spectra (PES) of 8 aliphatic
nitriles (halogen-substituted acetonitriles,
NCCHgCN, MegNCHgJN, EtgNCN, and C1CH2SCN).

Uhe linear dependences of ionization poten-
tials (IP) on the energetic characteristics
(proton affinity, the complex-formation shifts
of the OH-group of the phenol, ete.) of the
molecule, the quantum chemical SCP calculations
(CNDO/2 and Gaussian 70), and the so called
method of comparison were used for the inter-
pretation of the spectra.

In the earlier publications of this series PES of some
aliphatic alcohols™ and ethers2 were reported (see also
Ref. 3). e linear relationships established between IP-s
of the localized lone pairs and some energetic characteris-
tics (proton affinity, the energy of the core level Is
electrons of the oxygen, complex formation shifts of the
stretching frequencies of the phenol OH-group, etc.) of the
molecules were shown to serve for the purposes of the
identification of the spectral bands.

Already for some time period and partially due to the
well resolved spectral bands the PES of the nitriles have
received the continuous attentions of several scholars. So,
experimental studies of PBS of alkylnitriles4'™, halogen-
nitrlileel0*11, vinyl-, ethynyl-? and phenyl8 nitriles as
well as dicyanogen8 were performed. Qhe analysis of PES
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of cyanamide and dimethylcyanamide PSS of methyl and halo-
genthionitriles were also studied™ " .

In the present work PSS of halogen-substituted aceto-
nitriles NGCH2CN, Me2NCH2CN, Bt~GN, and CICHgSCN were re-
corded and analyzed.

There are theoretical calculations of the relatively
simple nitriles on the different levels of theory which can
determine the general strategy of analysis of their PBS.

Prom one hand, the semiempirical SCP methods could be
formally considered as some algorithms of calculation of
IP-s as it was done, e.g., in Ref. 3b. 1t should be mention-
ed that corresponding to the highest correlation coefficient
slope of the straight lii\e of the plot of the experimental
IP-s vs., calculated on the basis of the Koopmans~” theorem
IP-s is essentially close to the unity.

Prom the other hand, these semiempirical calculation
schemes also could be considered as SCP-methods of the
calculation of the charge distribution in the molecule.
Meanwhile, the latter approach is being used throughout the
present series of papers. It is evident that in this case
the ability of the given method to reproduce adequately at
least the order of MO-s in one of the key elements of the
latter approach. While comparing the calculated orbital
energies with the experimental PBS values of vertical IP-s
on the basis of the Koopmans* theorem one has to keep in
mind the shortcomings of the latter (See Ref. 3). So, for
the HCN molecule the CNDO/2 order of the higher occupied
MO-s (HOMO) is aj,which contradicts to the experimentally
determined8,*3-15 or(ier of these orbitals (e” a”~. Also,
in Ref._16 some discrepancies between CNDO/2 and experimental
orders of the lower MO-s were noticed for BtGN and H2C=CHCN.

However, the order of HOMO-s ( 6 ,1T, 6”) suggested in
Refs. 10 and 11 for the halogennitriles is correctly re-
produced by the present GNDO/2 calculations.

Oie (I15Tg)4 (56"g)2 (4™u)2 ﬁiSFu)4 (4<5*g)2 electronic
configuration has been suggested for the dicyanogen
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molecule. Our SCP MO calculations* on the STO-3G minimum
basis as well as CNDO/2 calculations of this molecule re-
produce adequately this order of IP-s. However, the earlier
nonempirical calculations of ClementiIT lead to the invert-
ed order of 4dfu end 15T MO-s.

It seems clear that the results of the semiempirical
calculations of PES using Koopmans” theorem should be taken
with the proper caution. Despite that in many cases they
lead to the fully reasonable and adequate results.

Experimental

Ube photoelectron spectrometer used and the technique
of experiments were already described elsewhere.l*2

Figure 1 shows the typical PES of compounds measured.
Table 1 lists the vertical and adiabatic IP-s of these
compounds as determined from PES. For comparison, some lit-
erature spectra of aliphatic nitriles are also reported in
the same Table.

Most of the reagents used are commercical. Their purity
was controlled by g.l.c. Monofluoromethyl- and trifluoro-
methylnitriles were synthesized during the experiment in
the PE instrument by dehydration of the corresponding amides
by diphosphorpentoxide (P2°5) < Aa far ae PES have roughly
equal sensitivity towards the components of the mixtures
there can be, in the general case, some serious difficulties
in measuring the PES of all components. However, in our
special cases the situation is less complicated. At the
room temperature the PES of the pure amide was monitored**

* Uhese calculations”™2 were made using Gaussian 70 system
of programs, uhe linear geometry was used whereas NO=1.15
COl1.38 A and Etot« -182.2178 a.u. The corresponding HCMO
are as follows: 11.84, 11.84, 14.40, 15.04, 15.05, 15.05,
24.36.

“ PES of FCOWH2 includes the following 1Py (e¥):10.38;10.68;
12.99;13.91;14.47;15.18;16.39* whereas PES of CF3CORH2 is
as follows (IPy,eV): 11.23;14.81;15.42;16.02;16.37;17.30;
18.42. _PES of_these compounds and their analysis will be
given in the forthcoming communications of this series.
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Fig. 1. PES of some nitrilee.



(@BRNCN

@BNCHXN =

a9 i i e

Pig. 1. PBS of some nitriles (continuation).
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Table 1

Experimental lonization Potentials of Nitriles (PES)
and Calculated Orbital fiiergies (-A.) (in eV units).

1. MeCN

PP

12.46
13.17
15.7
17.4

24.9
29.7

o0 pwiNE

a,, Prom Ref. 4, see also.

-1
12.17

HAVW/3®

13.10-

15.30
16.88

23.16
25.97

MO

2e
74
le
6al

5al
4al

CNDO/2b
MO

15.36 26 acN

1742 421 N
22.79 331 <Stc
23.15  Je  ~CH3

36.23 2al 25n
40.61 1la, 2SC

5-9

b,. lhis work: Etot- -27.8994 a.u.

2,. PCHgCN

\

12.92
13.25
13.60
14.58
14.94
18.5

19.1

NP@rDNPE

CNDO/2b

-L
15.60
16.74
17.26
19.71
19.96

23.53
26.32

MO

3a

80
Ta”

2a
6a
=

la

3. CICHgCN
IPv CNDO/2b
MO

ACN 1. 12.05 14.22 3a" ncl
ACN 2. 14.32 8a; nGl
np,nN 3. 12.3 15.17 7a
np 4. 12.9 16.46 2a 5Srcr*nCl
nN,np 5. 13.59 18.16 6a nN
np
~ACcHg» NP

a - Ohis work (Ip£l)-

*

1Pr6)= 17.4)
b - This work: Etot=
= -54.8693 a.u.

a - Prom Ref. 5, see also9

b work: Etot »
= -43.3180 a.u.
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Table 1 continued

4. CF3CN

1P® HAM/3b CMDO/2c

_e HO MO

1. 14.39 14.30 10al 17.48 6al N
2. 14.39 13.81 6e 18.41 5e Ia
3. 16.39 16.76 9*1 20.40 4e nE
4. 16.57 15.87 1vo 21.26 5al nN
5. 17.0 16.45 50 21.68 1a2 _»
6. 18.24 17.30 4e 22.55 3e >
7. 21.6b 20.85 3e 27.11 2e .
8. 22.6b 21.51 8al 27.85 4al np
9. 25.8b 24.56 7a, 33.59 3a1 6 cc
a - Ihis work (IPa 14.0) See also Ref. 18.
b - Fron Ref. 18
c - This work, -108.8498 a.u.
5. CIgCHCN 6. CCICN

IPj CNDO0/2b IP* CNDO/2b

MO -£ MO

1. 12.14 13.95 5a nGl 1. 11.94 13.98 %e
2 14.37 9a] acl 2. 12.27 14.51 6, ncl
3 14.48 g5 nci 3. 14.80 la2 ¢
4. 12.63 15.11 4a nGl 4. 12.69 15.45 4e
5. 16.05 3a"5r (X 5. 13.06 17.53 3e A
6. 13.43 17.14 73 3ren 6. 13.87 19.33 5+ N
7. 13.92 18.83 6a" nN 7. 22.12 2e
8 21.34 21 ‘TCN 8. 16.99 22.49 441
9 21.59 &a" 9. 29.32 3a,

18.38 31.44 e

S

10. 16.38 25.97 4"

a - This work (IP~12.00), a - This work (IP§1"11.8°

See also Ref. 5. See also Refs.5.9.
b - Diis work:Etot= b - This work work: Etot=
= -58.9558 a.u. - -74.2138 a.u.
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Table 1 continued
7. EEJNCN

CNDO/2b
47
—i MO
1. 9.32 12.07 123 nN
2..11.81 13.19 8a" »oT,
3. 12.54 15.22 5rcH2

a o
b - This work: Etot*“ -66.3817 a.u.

NCCHgCH 9. Me”~CHgCN

CNDO/2b 1P? GNDO/2b
-1 MO MO

1. 12.70 14.89 2bi Ay 1. 9.22 12.47 la° nN
2. 13.05 15.60 4b2 ACN 2. 12.14 13.82 10a" AGN
3. 15.77 5 ~gy 3- 12.62 14.53 6l A
4. 13.57 17.63 1a2 gy 4. 12.98 15.84 58" Apy
5. 13.91 18.53 362 5. 13.74 16.26 9a15-gn
6. 19.08 4al nN 6- 14;58 17.07 4a" ne

cn
7. 17.68 25.51 i . o 7- 16.73 17.83 &

8. 25.57 1bl "ch2 8. 17.51 20.62 Ta* r cH2
9. 25.71 9. 20.4 21.47 3a"/\GH
a - This work tIPy;) a - This work (IP; 8.86)
See also Refs. 9.19. b - This work: E+/4+
b - lhis work: - -57.7369 alu!
* -45.6805 a.u.
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Table 1 continued
10. CICHgSCN

GNDO/2b

-L MD
bl
1. 10.38 11.98 4a ng, nN

2. 11.69 13.28 102"

3. 11.84 14.26 3"

4. 12.62 1554 9"  1cs

5. 13.04 1574 828 [, geeN

6. 13.33  19.07 7@ .

7. 14.44  19.97 22" g,

8. 15.6 20.40  6a% cop el

9. 17.52 2219 " nN,ns
23.20 la" A,

a - lhis work o, i, . 10.29, IP"2;= 11.59)
b - This work -54.2270 a.u.

whereas the PBS of the nitrile appears on the heating of
the reaction mixture (amide + )= After the cooling of
the ampoule and after some pumping the PBS of the initial
amide is again recorded. It is worthwhile to notice that
the PBS of CF,CN measured using the present technique is
in a good agreement with the recently18 Dubliehed data.

PES of EtONCN was followed only up to 12.6 eV due to
the presence 5f the significant amounts of water vapor

in the system.

IP-s listed in Table 1 are the average figures from the
values determined by the repeated scanning of the spectrum.
Some of the presently reported results were already
used3 for the analysis of the relationship between IP and

the energetic characteristics of the molecules. CNDO/2

method with its original parametrization20 was mostly used

for the interpretation of PES throughout the present work.
Hie order of MO-s and the approximate characters of
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their localization are given in Table 1* and correspond to
the GNDO/2 optimized geometry, Ube generally accepted sym-
bols frr the symmetry and MO characters are used, sp-hydri-
dization is assumed for the CN group (Mjqij*“1800; the other
valence angles are assumed tetrahedral with the exception
of CSC (90°)). The CNDO/2 "‘optimum' bong lengths from Ref.
21 were used; besides that C-S« 1.77 A and "C-S*»1.51 A
were used.

Discussion

The interpretation of PES of nitriles is rather com-
plicated due to the problem of the separate determination
of the IP localized on CBA bond and IP-s belonging to the
~'cN and nH characters. In Ref. 9 the linear relationship
between proton affinity and IP(njj) of several nitriles was
suggested, Uhe extended relationship of the same kind was
recently suggested3®:

PA(RCN) - -0.556(0.010)IP(nN) + 360.3(3-2) (€))
r m 0.998; e » 0.6 kcal/mol; n » 13,
where r - is the correlation coefficient

s - standard deviation
n - the number of points (PA(NH3)»207 kcal/mol).

Only the point for HCN was found to deviate the rela-
tionship (1) significantly.

As in the case of IP(nQ) (see Refs. 1 and 2) IP(nN)
also depends linearly on the shifts of the stretching
frequencies of the OH group of the phenol (in CCIM).
caused by the complex formation of the latter with the
oxygen (alcohols, ethers) and nitrogen bases.

Uhe comparison of values with IP(nN) (See Pig. 2)
results in the following approximate linearity:

* Aa a rule, most semiempirical and nonempirical SCP

calculations of nitriles are characterized by the bad
convergency of the iteraction cycles in the SCP routine.
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CI2CHCN

“ « <ACICN CICH2CH
CI3CCN e HCN
BrCN"*4~ 9 CICH2CH2CN
o2 IcN*\ I ymecN
* 13 h2c=chcn s #Mg2NCH2CN
c MeSCN MEHCCI\TCHCN
t
? COHSCN ——
12
50 100 | 200

A VPhOH >cm

Fig. 2. The dependence of 1P(na) of the lone pairs of the nitrogen atom of the

CN group of the nitriles on the shifts of the stretching frequencies of
the OH-group of phenol in CCI™ g ~p”~oH



zJphOH* -71.792(6.219)IP(nN) + 1079.8 (82.2) @
r m0.961; 8 = 12.5 cm“1; n » 13

The observance of Egns. (1) and (2) again supports the
assignment of the IP-s used to the lone pairs of the CN-
—-group-

As a direct consequence from Bgns. (1) and (), Bgn.(3)
could be written:

PA(RCN) - 0.169(0.018) + 165.77(2.66) (©))
r - 0.948: s » 2.6 kcal; n » 12

In the case of the localized orbitals the method of
direct comparison of the gross IP values of the compounds
of different classes which resemble each other by the
character of the localization of the MO-e could be used to
give rather interesting results.

Due to the simultaneous presence of the large enough
number of common substituents R the comparison of the corre-
sponding ionization potentials of nitriles (AP(Y)) and
aldehydes (IP(nQ)) was made. Ege.(d) represents the result
gotten (See also Pig. 3). I

IP(NN) = 1.14(0.04)IP(n0) + 1.48(0.43) @
r - 0.995; B » 0.07 eV; n = 12

Por the comparison with the IP(5TclH) of nitriles,
IP( fiC5G) values of alkynes seem to be most proper partners.
Indeed, the corresponding relationship between these quan-
tities is quantitatively incorporated into Bgn.(5) (See
Pig. 3*):
1P( 1-47(0.06) IP(5TCFfC) -3.15(0.68) ©)
r »0.992; s « 0.11 eV; n - 11.

X Ube deviation of CPCN from the straight line in Pig.3
could be caused by the circumstances that the 1st PBS band
of this molecule (1 eV wide) is possibly formed by two
different but strongly overlapping bands IP(5I@,)-14.39 eV
(at maximum) and IP(nNN)=14.7 eV.
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IP ( rfCN) RON, IP(nN) RONfeV

Fig-. 3. The comparison of IP(STCN) for nitriles RON
and IP(6TC30for alkynes RC=CH (1ineST) and
IP(nN) for nitriles RON and IP(nQ) for alde-
hydes RCHO (line n).
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The IPCiTgjj) end IP(nN) values calculated by means of
these relationships are listed in Table 2.

With the exception of the inverted order of 3*1 and 1 1
orbitals the CNDO/2 calculations of the acetonitrile molecule
give the spectrum of eigenvalues which in the framework of
the .Koopmans* theorem agrees with the determinations from
PES = and with the calculations on HAM/3 and double dzeta
levels . Bie above-mentioned contradiction is overcome by
using the modified7 CNDO method.

In the molecules of the C"y group of symmetry Jf-MO-s
are doubly degenerated. However, in the case of the asymmet-
ric substitution (CS group) such a degeneration disappears
and a doublet of bonds «merges.

In the case of chlorosubstituted nitriles HOMO refers to
the lone pairs of chlorine atom.

Table 2

IP of Electron Pairs of the CN-Group Calculated
Prom Eqgns.(1)-(5) for Hitriles

Nr RCN IP(STCT) IP(ij)
1 2 1 A

1. HCN 13.6 13.82
2. MeCN 12.18 13.11
3. EtCN 11.85 12.85
4. PrcN 11.67 -

5. [¥-PrCN 11.85 12.7

6. t-BuCN 11.6 12.5

7. PCN 13.65 14.48
8. CION 12.37 13.80
9. BrcN 12.03 13.56
10. JCN 13.15
1. (cn)2 13.93 14.68
12. pch2ch 12.92 13.60
13. PN 14.39 14.39
14. CICHgCN 12.9 13.59
15. CIgCHCN 13.43 13.92
16. CCI™CN 13.87 13.87
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Table 2 continued

2 3 4

- HgC-CHCN 12.35 13.0

Me GH=*+CHCN 12.89
. HG5CCN 13.54

PhCN 12.18 12.62

C1CH2CH2CN 12.25 13.24
- HgNCN 13.12 12.98

Me~CN 12.33 12.55

BtgNGN 12.54
- MeSCN 12.85
- NCCHgCN 12.69 13.91
. MegHCHQCN 14.58

eV ~€cndo

Pig.4. The dependence of IPy1” on the energy (-£7)
of HOMO for aliphatic nitriles.
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Pig. 4 represents the linear relationship between the
1st vertical IP-s of some nitriles and the corresponding
GBDO/2 energies of HCMO-s based on the Koopmans* theorem.

It is iInteresting to notice that the points for HCN,
HgC-CHCN and cyanamides deviate from the general relation-
ship and form a separate straight line of approximately
the same slope.

IPA1) = -0.702 (0.042) £1 + 2.01 (0-63) ®)
r - 0.982 ;s *0.24 ;n - 12

The CNDO/2 calculations of the fluoroeubstitution of
acetonitrile suggest that the mixing of n™ and np orbitals
should take place. As a result of that the doublet of MO-s
(7al, 6a) appears. On the analogous chlorosubstitution ST/
and n~ orbitals will be mixed leading to the MO doublet
7, 5" (on the same reason 3& and 2e MO-s in CCI™CN are
also mixed)

According to CNDO/2 calculations the n™ character is
assigned to the HCHO of the CPACN molecule. As a matter of
fact it is very significantly delocalized all over the mole-
cule.

CNCHgCN mollecule belongs to the C2y symmetry. The calcu-
lations according to the modified CNDO method lead, with
the exception of la2 and 3bg» to the order of MO-s listed
in Table 1. The MO characters, however, differ significantly.
CNDO/2 predicts for 4a~ clearly pronounced n” character
whereas 2bl and 1a2 should have Slgjj character. In its tum,
due to the delocalization of 4b2, 5al and 3bg orbitals the
assignment of their character is rather unambigous.

According to CNDO calculations™ the 1st IP in the PES
of Me2NCN has the nN character. On the other hand, the gas
phase protonization of this compound most probably takes *
place on the CN-group. The analogous behavior could be
expected also for EtjNCN molecule whereas Me2NCH2CN should
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behave in both cases as a typical aliphatic amine (IP”and
protonization are associated with the lone pair of the NMe2
group). Therefore, the more detailed analysis of PES of
this compound will be given in the further communication of
the present authors jointly with the discussion of thed:

for the aliphatic amines.The experimental23 CSC angle in
MeSCN is 99? CNDO/2 calculations indicate that somewhat
more stable conformation corresponds to the angle of 90°.
In this case the results of the present CNDO/2 calculations
agree (with the exception of the order of 6a#and 2aw) with
those of nonempirical STO-3G calculationsl12. In molecules
of this type the HCMO has a clear cut Mg character even in
the chlorosubstituted derivatives. In CICHgSCN the mixing
of nQ1 and orbitals occurs. As a result of that &*
and 6a“MO-s appear in the spectrum of the eigenvalues.

Ohe correlation diagram of CNDO/2 MO-s of the compounds
studied in this work is given in Pig. 5.

Table 3 represents the results of the correlation anal-
ysis of experimental (IP) and calculated (-£7) orbital erer™*
gies in terms of the Eqn.(7):

IPi ="atx + b @
where a and b are constants.

Por the nitriles the CNDO/2 method, as a rule, leads to
slopes a which are considerably less than unity. On the
other hand, HAM/34which is specially parametrized for the
calculations of PES predicts slopes which practically do
not differ from unity (see Table 3).

The present identification of IP(nN) values of nitriles
is also supported by the analysis of the dependence of IP-s
on the formal CNDO/2 Mulliken charge distribution in these
molecules. As it was shown earlier3® IP of the lone pairs
depend linearly on the Mulliken chargee on condition that
the intramolecular Madelung correction potential is taken
into account. It is, meanwhile, interesting to notify that
the relationship of that kind derived in Ref. 3c for 18
CN-pontaining compounds predicts for CPCN the 1P(ns)=14.7
which is identical to the above-accepted value.
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Fig. 5. Correlation diagran of CNDO/2 eigenvalues
of some aliphatic nitriles
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The Comparison of Experimental
(-£,™) lonization Energies Por Nitriles

No

Compound

MeCN

PCHgCN
CP-CN

CICH2CH
CIgCHCN
CI-jOON
NCCHgCN
Me”NCN
EtgNCN
Me~CHgCN
MeSCN
CICHgSCN

Method

HAM/3

CNDO/2
CNDO/2
HAM/3

CNDO/2
CNDO/2
CNDO/2
CNDO/2
CNDO/2
CNDO/2
CNDO/2
GNDO/2
CNDO/2
CNDO/2

a

1.23(0.
0.67(0.-
0.64(0.
1.08(0.-
0.75(0.-
0.40(0.
0.35(0.-
0.39(0.
0.32(0.
0.87(0.
0.94(0.
1.08(0-
0.55(0.
0.58(0.

Table 3
(IP™) and Calculated

05)
04)
06)
04)
03)
02)
o1)
05)
04)
08)
48)
10)
09)
07)

b

-3.03(0.
1.48(1.
2.59(1.

-0.71(0.
1.09(0.
6.29(0.
7.36(0.
6.64(0.
8.09(0.

-1.53(1.

-1.49(6.

-3.62(1.
3.81(1.
3.54(1.

81)
06)
16)
80)
64)
36)
15)
99)
84)
36)
a7)
65)
50)
22)

0.997
0.993
0.980
0.994
0.995
0.997
0.999
0.959
0.973
0.977
0.891
0.972
0.943
0.950

Some aspects of the quantitative correlation of the
dependence of IP of nitriles on the substituent constants
and polarizability were already discussed in our earlier

publication.3C

1

1.A. Koppel®, U.H. Molder,
Reactivity,
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STRUCTURE INFLUENCE OF POLYCYCLIC ARENES 0S THEIR
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The paper reports the results of studying
the solubilization of a set out of 12 poly-
cyclic arenes (PA) in the aqueous solution
of ionic surface-active substances (SAS). The
influence of the nature of SAS on the change
of standard free energy of the system - AG®°
was determined. It was established that there
exists a polylinear correlation between the
coefficient of PA distribution in aqueous and
aicellar phases,the Hansch hydrophobicity
constants (log P) and the Streitwieser polar
constants GT .It was shown that the contribu-
tion of each constant of the correlation is
conditioned by the nature of SAS.

The penetration of polycyclic arenes (PA) into the build-
ing materials of cells and cell membrancee as well as their
distribution there is the initial point in the process of
PA metabolic oxidation.

As is known™in aqueous medium biphilic molecules, due
to the forces of hydrophobic interaction , form aggregates:
liquid micelles, protein globules, two-layer membranes,
micelles of surface-active substances (SAS). The ability
of these aggregates to solubilize PA molecules essentially
changes their content in water, thus influencing the meta-
bolic processes.
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A group of authorsl have studied the kinetic regulari-
ties of neutral arene solubilization in the micelles of
ionic SAS. They have presented an empirical model for the
solubilization process which unites the position of the
solubilized arenes and the factors that determine the speed
of their entry and departure from the micelle.

As can be concluded from ref. 2 the bonding of hydro-
carbons with micelles is conditioned by the hydrophobic and
ionic interactions with nonpolar and charged groups of the
solubilized molecules.

In the case of aromatic molecules the interaction of the
charged groups of the micelle surface with the 7f-electron
system of the aromatic ring is involved as well. However.no
distinct correlations between the structure of hydrocarbons
and its ability to solubilize can be found in literature.

We have shown earlier3 that there eﬁist correlational
dependences between the experimental hydrophobicity values
of a set of PA and quantum-chemical characteristics FTm x f
Lr“in and the streitwieser polar constants 6".

In the present communication we have presented the re-
sults of studying the influence of PA structure on their
solubilization in the micelles of ionic SAS.

Methods and Objects of Investigation

A set of PA served as the object of investigation, they
are presented in Table.SAS were used iIn the experiment as
well: anionic - sodium dodecylsulfate (DDS) (the Shostkin
Factory of Chemical Reagents) and cationic - cetyltrimethyl-
ammonium bromide (CTAB).-"Merck'. The commercical reagents
DDS and CTAB were further purified by repeated recrystalli-
zation from ethanol and the mixture of acetone-acetonitrile
(3:1) respectively.

The experiments were conducted in a thermostatically
controlled glass reactor which was supplied with a magnetic
mixer. 1 ml of the acetone solution of PA (4nM) was intro-
duced into the reactor, after that acetone was elaborately
evaporated. To the dry residue 50 ml of SAS solution in
water was added. The concentrations of SAS were taken higher

251



than their critical concentrations of micelle formation
(CoM) (Table). The contents of the reactor were mixed for
4 hrs and then left alone for 16-18 hrs. In. order to avoid
suspended particles the PA solution was filtered through a
double green tape (Filtrak 91» Germany).

In the cases when the sensitivity of the device (Specord,
W VIS) didn’t enable us to measure the PA concentration
directly from the aqueous solution (applying the coefficient
of molecular extinction for ethanol) the extraction method
was applied.

The mathematically treated results of the experiment are
presented in Table.

(Hie error which is indicated in Table is a mean devia-
tion).

Discussion and Results

Table presents the data on the solubilization of a set
out of 12 PA in the aqueous solutions of ionic SAS. When
interpreting the results of the experiment the distribution
coefficient K has been applied which is established in
accordance with the simple law of distributing substances
between the micellar and aqueous phases.

K = /PA/n / /PA/Gi

where /PA/m and /PA/_are the concentrations of PA in the
micellar and aqueous phases, at this (PA)a is numerically
equal to their solubility in water.

Hie calculation of (PA)U has been done from the equation:

PAML - /PAden - /PA/,,
(€ - cowy. Vv

where/Pa/gendenotes the general PA content in the aqueous
solution of SAS, V is the molar volume of SAS equal to
0.32 1, the values for CGM have been taken from ref.l, C is
the initial SAS concentration in the solution.

The molar volume (V-0.32 1) has been calculated by ap-
plying the numbers of aggregation (N) for DDS - 62, for
CT AB-60. Our calculations showed that according to the
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Gaussian distribution of micelles as to their size in the
aqueous solutions of ionic SAS, 95% of their molecules form
micelles with the above numbers of aggregation in the areas
of the concentrations studied.

The changes iIn the standard free energy of PA solubili-
zation have been calculated from the thermodynamic equation:

AG*» - RT In K.

As structural characteristics we have selected the empir-
ical Streitwieser constant 6*r which indirectly character-
izes the values for electron densities in the r-position of
aromatic hydrocarbon® and the Hansch hydrophobicity con-
stantG’Z (log P), where P is the distribution coefficient
of the compound between n-octanol and water. According to
ref. 7 the hydrophobic constant of a molecule is determined
by the sum of the hydrophobic contributions of its fragments:

loSP- £ Vn

Here fn stands for the hydrophobicity of the molecular
fragment, a is the number of fragments.

Applying the literature values6""7 of log P to a number
of PA and fragments, we have calculated on the basis of
additivity and invariancy of fR the unavailable log P values
for a number of PA (Table).

As is known, the process of micelle formation in the
aqueous solutions of ionic SAS is to a large extent deter-
mined by the forces of hydrophobic interaction. The latter
should also exert considerable influence on the solubili-
zation of hydrocarbons which accounts for selecting the
constant log P as one of the structural characteristics.

As can be concluded from Table at PA solubilization a
decrease in the free energy of the system is highest in the
case of benz(a)pyren-arene with the highest hydrophobicity,
i.e. the ability of PA to solubilize in the micelles of
ionic SAS is closely related to their efforts to leave the
aqgueous environment.
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Taking into account the charge on the surface layer
of the micelle (the Stern layer) the ff-electron system of
the aromatic ring should make a certain contribution to PA
solubilization.

The mathematical treatment of the results by the step-
regression method gave the following correlational equa-
tions (1,2).

In K1 - (1.58-2.39)+ (0.26*0.11)+ (1.79*0.57) log P (1)
n=10, r m 0.95, s = 1.07

The analysis of the obtained correlational dependences
(1,2) shows that in the case of anionic micelles of sodium
dodecyleulfate the process of PA solubilization (the confi-
dence level being 95%) is sufficiently well described by
polylinear correlation (1). At this the contribution of both
independent altements to the correlation is nearly the same.

Bg- (2) which describes the PA solubilization in the
micelles of cationic CTAB is to some extent different. On
the confidence level of 95% the introduction of log P as the
second independent alternant does not make a noteworthy con-
tribution to the correlation.

Thus, correlation equations (1,2) do reflect the na-
ture of SAS influence on PA solubilization. Since & © is the
measure of relative basicity of the r*th position in an
aromatic molecule, then it can be concluded from the corre-
lation equations that the interaction of the micelle with
PA takes place in accordance with the laws of the arene"s
electrophilic attack. Consequently, the position of PA de-
pends on the former - in the surface layer, the position of
the cationic micelle, but in the hydrophobic nucleus, that
of the anionic micelle.

Consequently, the results obtained evidence that the
correlation equations can be applied to interpret the results
of investigating the solubilization of polycyclic arens in
the micelles of ionic SAS.
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jeier4

a - the number of PA solubilized

RI6(CH3)3NBr (1.5mM)

PA Ca,mmol/1
Benzeneb 12300
Naphthalene” 1110
Anthracene 17.0-2.0
Phenanthrene 28.0-3=0
Pyrene 51.078.0
Benz(a)anthracene 25.0-3.0
Benz(a)pyrene 24.0-4.0
Benz(a)pyrene 3.1-0.0
Triphenylene 2.1M0.6
Perylene® 2.4
Dibenz(a,j)anthracene 13*0-2.0
Dibenz(a,h)anthracene  3.9-1.2

,-ro kj
“AG 56bT

16.81
20.76
26.29
19.63
28.43
38.42
43.61
33.28
23.19
34.30
31.70
25.61

in a litre of micelles,

R12S04Na

Ca,mmol/1

12.
18.
23.
20.
26.
34.
38.
32.
24.
33.
31.
22.

(1omv)

mol

86
16
41
53
12
86
92
94
48
73
70
79

Table
The Results of Determining PA Solubilization in the Aqueous Solutions of lonic SAS

NDODPRNOOPR

log Pc

2.13
3.37
4.45
4.46
5.15
5.83
6.52
6.53
5.84
6.36
7.21
7.21

b - taken froml; c - calculated

on the basis of ref. 6 and 7:~_cHwCH-Cb=CH- " 1*38-0.036 and fH = 0.23; d - taken from
ref. b.
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Conventional formation enthalpies of free
radicals iIn the gas phase at 0°K have been cal-
culated from experimental activation energies as
well as proceeding from the isokinetic and iso-
entropic models.

Final reliability criteria of the all dif-
ferent models verified are approximately indie«
tinguishable.A primary result before the exclu—»
sion of significantly deviating points is
somewhat worse using original activation ener-
gies.The other treatment versions are approxi-
mately identical. The application of activation
energies obtained as a result of the treatment
according to the Arrhenius equation of the
parallel independent data sets for separate
reactions makes the result worse.

We have calculatedl conventional formation enthalpies
of free radicals at 0°K in the approximation of the con-
stant effective mean value of log Aq for the estimation of
r“te constants in the gas phase homolysis:

R. k4 N * + /\j* <1/\

The working model was based on the expression for the
activation energy Du of reaction (U):
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DiJ m l-I,1 + 4 -—LIH.EO <2>
where AHR* and [M|£ are conventional formation enthal-
pies of free radicals™ in the transition state; £HR r is

a standard formaticn enthalpy for a compound at 0°K.
Recalculated values of experimental activation energies
served as values obtained according to the formula:

Dij " Eij + 2*3 RTmean (log V  log Aij + log nij} @)
where R is the gas constant, Tnean represents the mean tem-
perature for the temperature range studied to calculate the
log A and B values, log Agq is the effective universal value
of the logarithm of the preexponential factor obtained
from the data treatment in the coordinates log kT - log kT

and is equal to 14.642, n~ denotes the statisticAl factor
equalled to the number of equivalent breaking bonds.

The technique of multilinear regression analysis
(MLRA) was used to solve the systems of equations:

AHp i* + AHV » Did + (4)
or
AOHE +A00H _ Dii * 5
i* V Dij ®
where
_ « ®
i~ AR;

MHV SR VALY ™
i.e. the differences between the formation enthalpies of

the free radicals and the additive enthalpy terms for cor-
responding substituents, and

4 R . ®)
representing the interaction energy terra between substitu-
ents Ra and Rj in the initial compound R © .
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In the present study different modifications of the
model based on equation (2) are verified. It makes a sense
to test equations (4) and (5) using activation energies re-
ported in the literature and obtained by the treatment of
the parallel data in the coordinates of the Arrhenius equa-

tion2 as well. Values + RT, where is the
enthalpy and E” the activation energy for reaction (1),
must be served as values, if one assumes the zero value3

for the activation energy of the recombination of free radi-
cals and if the rate constants are expressed in concentra-
tion units. Within the framework of the transition state
theory the activation enthalpy is expressed*

* Eu - RT (©))
Consequently one can solve the systems of equations (4)
and (5) assuming that the values known are D.. B E.. and
“n m\) - RT-
The presence of the isokinetic relationship should be
exposed to a more direct verification comparing with the
data treatment in the coordinates log kp - log K per-

formed iIn ref. 2. One can assume the ,isokinetic relation-
ship between "true"” values of log A* and of activation en-
ergy D*:

log A>=w < +D/2.3RR , (¢9))
where R is the isokinetic temperature. Statistically correct-
ed value of log characterizing the gas phase homolysis
(D) can be represented as follows:
1°g Igﬁ » L@g Aﬁ = EIM/2.3 RT = |eg A ij (@X))
and
log k§jf = o< + D?/2.3 RR - D/2.3 RT
=< + (R - 1/T)D’/2.3 R a2

Combining equations (11), (12) and either equations of
type (@) or type (6) one can obtain equations (13) and (14),
respectively:

259



@ -T/Q) ( GHE ~+ AK* )+ T AH~ R /B - 2.3 RTc* -

1 I i}
- AHR.Rj t Bij T 2-3 RR Klog nyjr = og Ajj)- a3)
@ - /B (AAH{ ~+ AAH*") + T IRR /B - 2.3 RTe< *

1 J 1]
alrr +\j + 2*3RTd°g nij - iog Aij ) (¢7))

14

In the special case of the isoentropic behavior (B3 m a )
these relations are reduced to respective equations (15)
and (16):

A HA + AH* - 23 RTdC - AH® p +b..+
i y ORIRj A
+ 2.3 RT (log n™ - log A+j) (15)

AAH*J N+ AQH* ~ - 2.3 RTeX - IR R + B, +
i 3 ij
+ 2.3 RT (log n~ - log Aizj) (16)

In equations (15) end (16) the constant o< * log k5
represents the universal effective value of the logarithm
of the preexponential factors.

Technique of Data Treatment.

The statistical treatment of data in the coordinates of
equations (4) - (6) and (15) - (16) was carried out using
the program of MLRA. Equations (13) and (14) require the
use of nonlinear least square (NLLS) method. The same pro-
gram was used for the version with 1/ m O leading to
equations (15) and (16) after the exclusion of significantly
deviating points. The last procedure was performed in all
cases according to Student’s criterion on the confidence
level of 0.95. The calculations were carried out using the
Nairi-2 computer. Instead of the complete data set the
date for the most represented radicals were processed. The
maximum number of unknown coefficients for MLRA and NLLS
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programs was equal to 15*

In ref. 1 only a mean temperature Tiliseut of studied tem-
perature range for each pair of literature log A and B val-
ues was used to* solve the systems of equations (4) and (5).
In the present report three temperature values corresponding
to lower (Tnin) and upper (Twax) limits of temperature
ranges and are used for each pair of log A and E
values. In all ve5‘1sions the value AH"N. » 51.63 kcal/mol
from the handbook was assumed. Alternative values5 for

5 and o? were used in calculations of values.
Compiled literature values of log A, E and AHaR R are
listed in ref. 1. * A

Results and Discussion.

The data treatment in the coordinates of eq. (4) where
D~= E,, or DA * E~ - RT leads to the results presented
in Table 1. The result obtained using the values of activa-
tion energies reported in the literature is comparable with
that obtained for D» values corresponding to the effective
mean value of log Aq. The latter one is somewhat preferable
owing to better showings of the primary result before the
exclusion of points. For D” according to equation (3)

s B 2.6 kcal/mol (134 points, 41 reactions, and 15 radicals).
At the same time assuming D~ - EN s » 3.74 kcal/mol (100
points, 35 reactions, and 14 radicals). After the exclusion
of significantly deviating points respective values are
8-1.3 kcal/mol (107 points, 35 reactions)l and s » 1.52
kcal/mol (75 points, 35 reactions). If one takes into ac-
count that different radical sets were used then the final
reliability is approximately identical for both versions.
Besides of that when D m E~ was assumed not a single one
from 35 reactions was excluded.

The use of the values Di' ] Etilu— RT at Tméa’n leads to
lower value of standard deviation (s « 1.34 kcal/mol) after
the exclusion of 31 points and one reaction (i—CJI-cI)o—NO(c:)).
However, the same number of points (NE - 75) as in the
version 1) in Table 1 leads to B m 1.66 kcal/mol and the
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reaction for i1-C"H"-NOg is not Ye* excluded. The value of
s is essentially lower in result of the data treatment for

- RT at the three indicated temperatures. However
in this case the data for three reactions (i-C"H*- NOg,
GHg m CHCHg - I and C™H"CHg- GH™) are already excluded and
120 points fron 300 as well.

Cfe can see from the variants 4) and 5) of Table 1
that the use of the E~ values obtained for the parallel
literature values according to the Arrhenius equation2
makes the result significantly worse. This conclusion un»
Justifies the respective «veraging procedure in the coordi-
nates of the Arrhenius equation.

The MLRA treatment of the system of equations (5)
gives the results analogous to the obtained above (see Ta-
ble 2). One can explain comparatively high s values of
final results for the versions 1) and 3) because of the
interruption of the point exclusion procedure. It was so
since the program used was not suited with the routine of
the exclusion of all points for any radical. A great dif-
ference in the AAH~. values for CHMO. radical in the
version 1) compared with that one for the versions 2) and
3) is explained since the treatment of the parallel inde-
pendent data for the GH™O - CH™ bond homolysis in the coor-
dinates of the Arrhenius equation leads to E m 59.1*11.9
kcal/mol2. At the same time the literature values are
equal to 76.0 and 81.0 kcal/mol. The present reaction is
the only one available for the calculation of the

value.

The results of the data treatment in the coordinates
of equations (13) and (15) using the NLLS program are list-
ed in Table 3. At that time in the version 1) the close
enough independent values of the right side of equation
(13) based on the parallel experimental E~ and /\Hqur)

«
values were averaged in order to include all the data at
the present number of radicals (due to the limited memory
of the computer used). In the version 3) of Table 3 close
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values were not averaged and the number of radicals was
reduced to 10. Using NLLS program the versions with un-
known Q or 1/0 were tested. The results coincided with the
high reliability (including the data of Table 5) except the
version 3) in Table 3 in which the solution did not converge
and B as unknown coefficient approached -co

The 1/8 and B values are unstable in the course of the
solution. For example the R values for the version 1) in
Table 3 change from 4594° K to 13600°K and 1/ from 0.00007
to 0.00013 while the final results are B « 7494-2532°K and
1/ - 0.00013-0.0004. In the version 3) of Table 3 the 1/R
value changes from 0.00001 to 0.00010, the difference be-
ing in the order of the magnitude . However,the distinc-
tion of the 1/R value from zero is reliable from the point
of view of Student*8 criterion on lhe confidence level 0.95.

One can see from Table 3 that the standard deviation s
is somewhat lese than in Table 1 at the very beginning of
the data treatment and equals approximately to the value
for the scheme reported in ref. 1. However the final s val-
ue iIs somewhat higher.

Assuming 1/3 m O (i.e. the treatment according to equa-
tion (15)) the standard deviation s for the same data set
somewhat increases. When then the solution process has been
continued and some additional points excluded s became
somewhat lower (see versions 2) and 4) in Table 3).

The data treatment in Jthe coordinates of equation (15)
was carried out in addition to the procedure described above
by the MLRA program at TMe . for two different sets of radi-
cale listed in Table 4. The Ffirst of them corresponds to the
set of the versions 1) and 2) in Table 3 and also to the
sets of Tables 1-2 and 5-6. This set includes the radicals
represented by largest numbers of data both for the treat-
ment schemes using the experimental formation enthalpies
of compounds R~ and the interaction terms IR R.. The

version 2) corresponds to the set of the most represented
radicals taking into account only models with the experi-
mental AHgR r values. The different sets of radicals iIn
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Table 4 lead to approximately identical formation enthalpies
of free radicals within the range of their uncertainties.
These results are close to that ones for the versions

2) and 4) in Table 3 as well.

The data treatment according to equations (14) and (16)
at Teann leads to the results reported in Table 5. In this
case the s value is insignificantly lower for the isokinet-
ic model according to equation (14) both for initial and
final data sets. Within the framework of the scheme (16)
and used data set one is not able to prefer one of the ™ NC,
values (3.55 and 4.5).

The resulte of the verification of equations (15) and
(16) using three temperatures for each independent estimate
of the right sides of the indicated equations are listed in
Table 6. Using the set of radicals identical to the version
1) in Table 4 the number of equations (points) at Tjdgy is
equal to 100 instead of 107 in Table 4. This decrease is
connected with the exclusion of experimental data for which
the temperature ranges are not reported in the compilationl.
For the comparison the variant 1) is reported where only
Tean are used. The use of three temperatures diminishes
the final e value evidently owing to more considerable ex-
clusion of deviating points. Thus, at the same number of
reactions (29) involved, 31 points from 100 are excluded
using the data only for Twean while 107 from 297 are exclud-
ed in the case of three temperatures. One can note more that
all corresponding regression coefficients obtain very close
values for the final sets. The values for three tem-
peratures are about 0.1 - 0.3 kcal/mol lower than using
Tmean' The log Ao value is somewhat lower as well,

When solving equations (15) and (16) the parameters to
be estimated were both « log A”~q for nitrocompounds

and o<2 “ log AO f°r other compounds. These modifications
of the isoentropic model are not reflected in Tables 4-6.
The log A~q values (14.8 - 16.0) exceeded respective

log Aq values (13.8 - 14.1), however the reliability of the
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description remained approximately identical for all ver-
sions tested.

One can draw a general conclusion from the above results
of the treatment of the Kinetic data for the gas phase ho-
molysis that the final reliability of the all models tested
is approximately identical and do not lead to the apprecia-
ble improvement of description compared with the approach
in ref. 1 where log Ag» 14.64 was assumed. Besides, the
primary result before the exclusion of significantly devi-
ating points is somewhat worse using the original litera-
ture activation energy values being approximately identical
for all other treatment versions. The use of the activation
energies obtained by the treatment of the parallel data
sets according to the Arrhenius equation leads to even high-
er values of the standard deviation.

Within the framework of the isoentropic model expressed
by equations (15) and (16) the data treatment gives some-
what lower values (close to 14) for the effective universal
log Aq If compared to the treatment result in the coordi-
nates of log kT and log kT . This may be related to the

different initial data sets used. The different obtained
log Aq values were associated with some changes in the

MHIl- and AH||- values as well. However the reliability
of description remains identical. One can see this from the
data in Table 7. There are the results of the treatment of
Dij values according to equations (4) and (5). values
were calculated according to equation (3) assuming for the
log Aq values 14.641, 14.1 and 13.0. Cte can see that at
similar numbers of accounted points and reactions the val-
ues of the standard deviation for the different log Ao
values are practically identical.

So one can confirm the conclusion that the variation

of log A values can not be described within the framework
of the isokinetic model. The validity of the isoentropic
and isokinetic models must be considered as purely formal
which indicates to significant uncertainties in the kinetic
parameteis of the gas phase homolysis.
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Table 1
Results of the Data Treatment According to Equation (4)

NE - the number of independent equations
NRN - the number of different reactions (combinations of R and RM)

s - standard deviation, kcal/mol
Versions:

1>DiJ - *1J

2) Dij - SiJ- RT at "wean

3) Dij * SiJ- M vn- Van- “d

4) The activation energies calculated in the coordinates of the Arrhenius equation
are used for the reactions which have the parallel literature data of log A~ and E/.
For others D™ « E,,

5) Dyi — Ej5— RT where E,; are analogous to the version 4) at Torn ® TmeSn and Tiex
The data for the final set af!ter the exclusion of significantly deviating points are
listed, Uhe number of independent equations used for the calculation of the present value
is given in the parenthesis after the values and their standard deviations. In paren-
thesis after the NE, NRN and s values the respective characteristics are indicated for the

initial set before the exclusion of significantly deviating points.

R* OHa. , kcal/mol for the versions
—————————— 1) SN 7 (T " .. ~5T

cl 21.0-1.6(1) 20.171.4(1) 20.4-0.6(3) 20.6"2.6(D) 19.4-1.4(3)



L9¢

Br

NH2
no2
SH
00H3

0C2H5
CH3

°2H5
CH(CH3)2
C(CH3)3
CHgCH * CHg
<W2c6H5

NE /
NRN

2
24.0%0.9(4)
25.5—0.6(7)
39.8%0.4(3)

8.4—0.4(9)
14.0-0.8(4)

4.9-0.4(6)
—-3.9-0.3(11)
35.0-0.2(29)
27.2%0.5(10)
21.1%0.5(9)
13.9-0.5(8)
41.2-0.5(7)
50.8*0.6(10)

75(100)
35(35)

1.52(3.74)

3
23.5%0.8(4)
24.9-0.6(7)
38.6*0.4(3)
8.6-0.4(6)
13.3-0.7(4)
4.4-0.3(6)
—4.4%0.2(11)
34.1*0.2(25)
26.1*0.4(10)
20.8%0.4(7)
13.1%0.4(7)
40.2%0.5(7)
49.6*0.5(10)

69(100)
34(35)
1.34(3.76)

4
23.4%0.4(7)
24.4%0.3(18)
38.8*0.2(7)

8.6%0.2(17)
12.8%0.3(12)

4.7%0.1(15)
—4.4%0.1(33)
34.3*0.1(61)
26.2*0.2(30)
20.6%0.2(21)
12.8*0.2(18)
39.9%0.2(18)
50.6*0.3(19)

180(300)
32(35)
0.93(3.58)

Table 1 continued

5
24.0%1.4(4)
26.5*1.1(5)
48.3%0.8(2)

8.7*0.6(7)
14.5%1.2(4)

2.2*0.7(3)
—4.4%0.5(6)
33.6*0.7(9)
26.8*0.7(8)
20.8*0.8(6)
14.6*0.9(4)
41.6%1.4(4)
50.7*0.9(9)

44(51)
31(35)
2.17(7.66)

6
23.5%0.7(12)
24.8*%0.6(14)
47.3%0.4(5)

7.0%0.4(16)
13.9%0.6(12)

1.3*0.5(4)
—5.1*0.3(18)
32.5%0.4(20)
25.7*%0.4(24)
19.9%0.4(16)
13.0%0.5(10)
41.0%0.8(12)
49.4%0.5(25)

115(135)
32(35)
1.99(7.25)



Table 2.

Results of the Data Treatment in the Coordinates of
Equation (5)-

Variants:
1>Du
M

i

t1

by the averaging procedure according to the Arrhenius
equation were used

, kcal/mol

2)
53.2*1.8(1)
30.3*1.4(2)
21.4*1.1(3)
45.5*1.8(1)
31.0%1.0(3)
33.7*1.0(3)
36.0%1.7(1)
55.5%1.7(1)
48.9%0.6(8)
43.1*0.6(6)
41.6*0.6(5)
37.4%0.7(3)
34.5%1.2(3)
34.2%0.7(8)

27(33)
27(31)

3) Dy - Bij"
2> at Tooxr Tnim @9 Thean
The symbols are same as in Table 1
R* LOHE .
D
Cl 48.2*1.6(2)
Br 31.0*1.6(2)
[ 18.2*1.2(4)
NH2 44.4%1.7(2)
NO- 29.4*0.9(6)
SH 32.7*1.3(3)
och3 53.8*1.6(2)
OC-H* 54.8*2.3(1)
CH3 50.6*0.3(37)
o 43.9%0.8(9)
CﬁE%H3)2 41.6*0.7(8)
C(CH3)3 38.3*0.6(9)
CHgCHeCHg ~ 32.6*0.8(6)
CH2C6H5 34.6*0.8(11)
NE 60(77)
NRN 30(31)
8 2.17(4.24)

1.63(10.29)
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Eij are 86l1°g°us to the variant

for variants

K))
47.0%1.2(4)
30.1*1.0(6)
19.8*0.8(10)
44.2%1.3(3)
30.1*0.7(9)
32.9%0.7(9)
35.3*1.3(3)
55.1*1.3(3)
48.0%0.4(21)
41.8*0.5(21)
40.4*0.5(13)
36.5%0.5(9)
32.5%0.8(11)
33.4*0.6(21)

80(95)
28(31)
2.04(8.63)



Table 3
Results of the Data Treatment According to Equations
(13) and (15) at TM>n

Variants:
1) NLLS treatment according to eq.(13) for 13

radicals
2) After the NLLS treatment according to eq.(13)

in the variant 1) 1/} was equalled to zero and excluded
from the unknown coefficients. Transition to eq. (15) was

so achieved. )

3NLLS treatment according to eq. (13) for 10
radicals ) )

4) Analogous to the variant 2) for 10 radicals

The symbols are the same as in Table 1

kcal/mol for variants

R* *4 -
D 2) 3) 4)
Br 28.1-1.5 27.5-1.2 28.8-1.0 29.4-1.0
1 28.5-1.1 29.6-0.9 29.6-0.8 30.270.6
NH2 45.9-1.2  43.3-0.9 - -
NO, 6.4-0.8 7.2i0.6 6.5+0.5 6.8+0.4
SH2 20.3-1.6 19.3-1.2
OCH3 3.7-0.7 3.9-0.6 - -
oc2H5 -3.2+0.8 -2.8-0.7 -3.0"0.3 -2.9-0.3
CH3 33.271.1  3j.oio.5 32.7-0.8 31.0+0.4

oS 24.9-1.1 23.3-0.7 245-0.9 23.170.6
CH(CH3)2 17.171.0 15.970.7 16.9-0.8 15.870.6
C(CH3)3  10.3-1.0  9.1+0.7 10.5-0.8  9.4-0.5
CH2CH-CH2  41.7-1.0  41.2+0.7 40.0-0.9  39.2+0.8
50.271.0  50.2+0.9 51.1-0.8 50.7-0.7

CH2C6H5
1/3  0.00013-0.00004 — 0.00009—0.00003
749442532 . (10821)
n 12.73-0.44 14.117°0.19 13.34-0.38 14.13-0.16
NE 67(74) 64(67) 78(90) 77(78)
NRN 33(35) 33(33) 25(28) 25(25)
s 2.07(2.88) 1.87(2.20) 1.62(2.63) 1.57(1.64)
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Table 4
Results of the Data Treatment According to Equation (15)

by MLRA Program at Tre«n

Variants s

1) 14 the most represented radicals taking into ac*
count both the schemes expressed by equations (15) and (16)

2) 14 the most represented radicals taking into
account only equation (15)

R* oHE. , kcal/mol for variants
D 2)
Gl 27.1*1.7() -
Br 29.7*1.0(3) 28.7*0.9(3)
1 30.1*0-6(9) 31.0%0.6(11)
NH. 43.4*0.6(3) .
NO . 20.6*0.5(11)
NOp 6.8*0.4(14) 6.7*0.3(17)
SH 18.9*0.8(4) .
0CH3 3.5*%0.4(5) 3-5*0.3(8)
0075 -2.7*0.3(12) -3.0*0.3(19)
HgCH3 - 49.4*0.4(13)
CH3 31.2*0.4(39) 30.4*0.3(49)
CoH5 23.2%0.5Q2) 21.6*0.5(10)
OH(CH3)2 16.1*0.6(7) 14.2*0.7(6)
0(CH3)3 9.3*0.5(11) 8.8*0.5(10)
CH2CH-CH2 39.1*0.7(7) 39.3*0.7(5)
CHRcBH5 50.3*0.6(13) 50.5*0.6(11)
oBHS - 71.9*0.7(6)
- log AQ 14.13*0.15(88) 13.92*0.13(104)

NE 88(107) 104(130)
NRN 32(36) 29(37)
s 1.52(2.61) 1.30(2.40)
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Table 5
Results of the Data Treatment in the Coordinates of
Equations (14) and (16) at Tmean

Variants 1) and 2) are analogous to those in Table
3.£ NO “ 3.55 is assumed

~Variant 3) corresponds to the variant 2), except

~ 4.5 and MLRA program is used.

R~ aah£. , kcal/mol for variants
1) 2 3)
cl 51.2*1.5 49.0*%1.3 48.9*1.2(2)
Br 37.1*1.2 36.8*1.2 36.6*1.2(2)
1 23.5*0.9 24.8*0.9 24.5*0.8(5)
nh2 53.5*1.4 51.0*1.2 51.3*1.1(3)
NO, 26.3*0.9 27.8*0.7 28.1*0.6(8)
SH 39.1*1.1 38.0*1.0 38.0*%1.0(3)
OCH3 51.7*1.3 50.5*1.2 50.5*1.1(2)
00”5 - 7/ - 60.0*1.6(1)
CH3 49.1*0.8 46.7*0.4 46.8*0.4(37)
CoH5 / 41.7*0.8 39.8*0.6 39.9*%0.5(10)
CH(CH3)2 37.7*%0.8 36.1*0.7 36.4*0.6(6)
C(CH3)3 36.2*0.8 34.4*%0.6 35.1*0.6(8)
CH2CH=CH2 31.0*%0.7 30.4*0.6 30.4*0.6(8)
ch2c6h5 34.6*0.8 33.5*0.7 33.2*0.6(15)

/R 0.00015*0.00004

) 6756*1873 -

@ 12.54*0.44  13.98*0.17 14.01*0.16(64)
NE 61(74) 61 64(78)
NRN 29(32) 29 29(32)

s 1.43(2.65) 1.59 1.52(2.73)
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Results of the Data Treatment®
Bguations (15) and (16) using Tgln, Thax and T

Variants:

DBg. (A5) at ™Man
2) The same at T, .

3) Bag.

ci
Br

NH?

NO,

SH

och3
OC2H5

CH3

C2H5
CH(CH3)2
C(CH3)3
CH2CH=CH2

CH2CeH5
°< =1°8 AO

NB
NRN
8

(16) at Tnin, THix and Tfflem assuming
O, 4.5
or LI,,D,HR* kcal/mol for variants
TT ~TT

26.6%1.1(1) - 49.2*0.3(6)
29.5%0.7(3)  29.3*0.3(9) 37.1*0.3(6)
28.1*0.5(7) 27.8%0.3(19)  24.0*0.2(15)
42.7%0.4(3)  42.2*0.2(8) 51.9%0.3(9)
7.0*0.3(8) 6.9*0.1(26) 27.4%0.2(47)
18.2*0.6(4)  18.0%0.3(12)  37.7*0.3(9)
3.2%0.3(5)  3.1*0.1(14)  51.5*0.5(3)
-2.9%0.2(11) -3.0*0.1(33) 59.2*0.5(3)

31.0%0.3(26)
24.0%0.4(10)
16.1*0.4(5)
8.5%0.4(8)
38.7*0.5(7)
49.4*0.5(11)

13.90%0.11(69) 13.79*0.05(190) 13.83*0.05(137)

69(100)
29(35)
1.01(2.53)

T and Tmean

max

30.7*0.2(69)
23.7*0.2(29)
15.8*0.2(10)

8.2*0.2(16)
38.6%0.2(18)
49.2%0.2(33)

190(297)
29(34)
0.85(2.46)
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Table 6

in the Coordinates of

mean

47.0%0.1(75)
39.9*0.2(20)
35.8%0.2(8)

34.9%0.2(16)
29.5%0.2(21)
31.8*0.2(30)

137(210)
27(31)
0.76(2.49)



Table 7
Results of the Data Treatment According to Equations
@ and (). DNj values are calculated at different
log Aq values according to equation (3)

The number The number  Standard

Equation 10g A0 Gf points of_ deviation
reactions in kcal/mol
@ 14.64 134 41 2.55
125 39 1.92
118 37 1.59
14.10 134 41 2.40
125 39 1.84
120 37 1.64
13.0 134 41 2.53
122 38 In90
(©) 14.64 82 36 2.91
<A*02" 4'5 74 35 1.91
68 34 1.49
14.10 82 36 2.70
74 35 1.85
68 33 1.50

The estimation of the formation enthalpies for substi-
tuted methyl free radicals taking into account substituent
effects within the isoentropic and isokinetic models will
be discussed in the following paper of this series.
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