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ABSTRACT

The kinetics and activation parameters of the reaction
betveen p-nitrobenzyl chloride and hydroxide ion, leading
to the formation of P, p'- dinitrostilbene quantitetively,
have been studied in five aqueous dioxane solvent systems
at five different tewmperatures between 20° and L0oC. At
any one temperature the second-order rate constants are
minimum in the 309 dioxane solvent mixture, reach a mmaximun
in the 50% dioxane systems, and fall off slightly in the
60% and 70% dioxane systems. The Arrhenius activation
energies are highest in the 30% dioxane and lowest in the
70% dioxane systems. The free energles of activation

change in the same direction but the magnitude of change 1is

>

)

much less than that for E, or AH*. The greatest variation

shown in the entropies of activation: 14.4 e.u. in the

e
43}

30% agueous dioxane solvent mixture and only 2.5 e.u. in
the 705 system. The significance of these results is
discussed in terns of specific solubte-solvent interactions,
diclectric constants, and varistions in the activities of

nydroxide lon with variations in the solvent composition,



I. IWTRODUCTION

p-lMitrobenzyl chloride is a peculiarly reactive
halide. Its behavior in alkaline aqueous aprotic solvent
mixtures is basically different from the behavior of all
other suvbstituted benzyl halides studied in the sane media
to datel. Instead of the usually observed hydrolysis, P~
nitrobenzyl chloride undergoes an eliminative condensation

to p,p'-Adinitrostilbene in quantitative yleld in the said

- . OH™ - T e
W s e O N -CiI=CHd -NO
“02<<::>bbdzcl 5q. Gioyans. 2 <<:;> 4<i:>.\ ®

or
aq. acetone
The kinetics of this reaction has been reportedl, and
despite the controversies about the details of the possible
2-4

nechanisms , the most accepted mechanism 1s the

followinglz

1., fianna, S. B., Iskander, Y., and Riad, Y,
J. Chen, Soc., 217, 221 (1961)

2. Swain, C. G. end Thornton, &. R.
J. Am. Chem. So¢., 83, 4033 (1961)

3. Eartzler, H. D.
J. Am. Chenm. Soc., 83, 4997 (1961)
L, Hine, J.
"Divalent Carbon"
The Ronald Fress Coupany, New Yorlk, Chapter 6 (1964)




(1) Ar-CH,-Cl + OH = fast > ArCH-Cl + H,0

Tequilibrium¥

rate- devgrmlnlng> Ar-CH: + C1~
step

(@1
Y
i
(@
}_J

(3) 2 ar-ci, Simerization., av_cu=CciH-Ar

(3') or Ar-CH: + Ar-0i-cl —£28% av_cr=ci-Ar + C1”

The proposed rate-determining step finds parallelism in the
much-~studied Hofnmann and Lossen rearrangerents of compounds

Ral 1.

of the type R-CO-NIX in the presence of alkalls
In recent years much attention has been given to the
study of the solvolysis of benzyl chloride in mixed
solventsé-8. On the other hand, very little has been done,
concerning solvent effects in elimination reactlions in

mixed solvents. In this work we present the results of a

- e o ———

* In the presence of Dy 0, unreacted p-nitrobenzyl
chloride, recovered after partial conversion to p, p
dinitrostilbene, was found to have incorporated ~
deuterium as shown by infrared analysis.

5, Renfrow, W. B.,Jr. ond !lauser, C. R.
J. Am. Chem, Soc., 59: 2308 (1937)
Bright, R. D, and lzUser, C. R.
ibid., 61, 618 (1939)

6. Tommila, E. .

Acta Chem. Scand., 20. 923  (1966)
Tommila, E. and Pitkanen, I.
ibid., 20, 937 (1966)

7. Sadekx, Y., Halim, F., and Khalil, F.
Suoren Kemistilebtl, B 36, 141 (1963)

8. Hyne, J. B., Golinkin, d. S., and Laidler, W. G.
J. Am. Chem. Soc., 88, 2104 (1966)




much-needed study, viz.,, a study of the influence of
solvent composition on the p-nitrobenzyl chloride ==~
hydroxide lon reaction. The system dioxane-water was
chosen since densities9, and dielectric constant data
are knownlo, and since a study of the activity of
hydroxide ion in such a system has been conducted

previouslyll.

e e - —— - —— e N e

9. iHans, S.
J. Chem. Eng. Data, &, 19 (1961)

10. Akerlof, G. and Short, 0. A,

J. Am. Chen. Soc., 223 1241 (1936)

11. 1iash, G. B. and lonk, C, B.
Trons. Farvaday Soc., Sha. 1657 (1958)




IT. FEXFERILENTAL

Beagents,., p-Vitrobenzyl chloride and dioxsne were
laboratory analytical reagent grades and were used without
further purification. p-litrobenzyl chloride solutions
were prepared by weighing exsctly 3.4317 g of the reagent
and dissolving in dioxane to get a 100 ml solution,

0.2000 M.

Silver nitrate solution for titration was prepared by
weighing 0.8494 g of silver nitrate salt in water and
making up the solution to 1000 ml. The salt had been
previously dried at 120¢C for 3 hours and cooled doun to
room temperature in a desiccator before weighing. The
solution was standardized by celectrometric titration
againest standard NaCl solution. The calculated normality
of silver nitrate solution was 0.00505.

Sodiunm chloride solution for the standardization of
the silver nitrate solution was prepared by dissolving
0.2923 g of NaCl (dried at 120°C for 2 hours and cooled at
room temperature in a desiccator) in distilled walter and
diluting to one liter to get a 5.000 x 1073 i standaxrd
solution.

Sodium hydroxide solulion was prepored as follows:
(1) Trom a saturated 1la0d solution®* (set over night) the

%* Solution was prepared by dissolving 50 g of NNaOH in
50 ml freshly boiled and cooled distilled water.




clear supernatant liquild was siphoned (through gless wool)
end thne molarity estimated by acid-tase titration with

potassium hydrogen phthalate using phenolphthalein as

ju
O

indicator. The molarity was 0.5991 and was checked
periodically and found to be constant.

(2) A certain volume of this NaOH was diluted to 2000 ml
with CO,~free, freshly-distilled water and the solution
stored in a wax-ccated-bottle.

(3) “The wax-coated storage bottle, a 2-1iter round-bobtom-
flask with a 24/40 standard taper, was made the reservoir
for an automatic dispensing system which was operated
exclusively under nitrogen atwosphere (Figure 1).

Sulfuric acid, used for guenching the reaction, was
prepared by using the laboratory analytical reagent grade
material, which was chloride~free., An approximately 1 N
sulfuric acid solulbion was obtained by dissolving 56.4 ml
of concentrated sulfuric acid in distilled water and
Giluting to one liter.

The buffer solution for the guinhydrone half-cell used
in the electromelric titration of chloride ion was prepared
by adding 6.5 ml of exactly one molar sulfuric acid and
10.21 g of potassium hydrogen phthalate to distilled water
and diluting to one liter; the pll, meagured on a Beclkmann
l'odel G3, was 3.U42.

‘he electrometric determination of chloride lon was



Figure 1
AUTOMATIC BURETDTE AND WAX-COATED ROTTLE IFOR

THE TRANSFER AND STORAGE OF STANDARD NaOH
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d bed previously “, To our ¥nowledge it is the fastest

]
je

scr
and one of the best methods for chloricde deterrination.
The apparatus used is ghown in Figure 2.

fate neasurcrients

s An X% (by volume) aqucous dioxane
solution was made by mixing X ml of dioxane wilh (100 - %)
nl water or NaOH in water solution. A mixture of (X - 5)
ml dioxane, 16.70 ml 0.5991 i aqueous MNaQOX solution plus
(83.30 - X) ml water was placed in a 100-ml round-bottom
flask and allowed to reach thermal equilibrium in a well-
stirred bath regulated at the desired tenverature x0.029C.
In a separate 150-ml long neck, round-bLottorr [lask with a
ground glass joint and glass storper, 5 rl of the p-
nitrobenzyl chloride solution in dioxane (1 maole) were
pipetted, and the solution was also thermostated foxr about
0.5 hour. To start a run, the bigzer volure (17204 in
water-dioxane) was poured unto the sraller one (&4rCH,Cl in
dioxane), 2nd the reaction mixture shaken vigorously to
ensure good mixing. The solutions were always homogencous
at the beginning®. At suitable intervals of time, 5 ml

portions were withdrawn, quenched in sulfuric acid solution

———— pmann a—— e a—— — ——— e n e e A e, e - —

12. Chen, D. Ro
The kinetics and mechanisms of the reaction of benzyl
chloride with potassium t-butoxide in t-butyl alcohol
Thesis (1.8.), University of Iiissouri at Rolla. 51 p.
(UJith 4 figr., 2 tables) (1965)

p,p'-Dinitrostilbene begins to precipitate in the
Teaction nixture after a few ninutes but its presence
as a precipitate does not interfere with the rate
neasurenents,

V3
oL



Figure 2

METHOD FOR THE DETERMINATION

OF CUHLORIDE IONS
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Saturated povassium nitrate solution
Agar-potassiun nitrate bridge
Ag-AgCl electrode

Titration vessel

Burette

Key, single contact

ot

O~ O\ T



(~1 i), and the liberated C1~ Litrated w

,.J'

th Az’ using a
Ag-25C1l electrode. The experinental result

mathematical operations erployed to calculate the second-

.

order rate constants are descrited in Appendix I,

All experinments were run in duplicate, and somre in

2

triplicate. Twelve or thirteen samples were taken from
the beginning till at least 707 reaction.
The initial concentrations of NaOfd at the difrerent

temperatures were determined by titration of 505 solvent

mixtures without added p-nitrobenzyl chloride.
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III. RESULTS AND DISCUSSICH

Table I contains a summary of the sccond-order rate
constants and the corresponding activation parameters
(Arrhenius activation energy, &5, free energy of acti-
vation, AG¥*¥, enthalpy of activation, aA4d%, aznd entropy of
activation, &5%) for the eliminative condensation of

P-nitrobenzyl chloride in agueous dioxane solvent nixtures.

The tabulated results represent the oubcome of 25 experi-
ments, run in duplicate or triplicate, each comprising a
minimum of eleven samnples. In other words, Table I is a
condensate of approximately 500 experimental observations,
each involving sanpling, gquenching and analysis for ionilc
chloricde by electrometric titration.

The second-order-rate constants were calculated by use

of the following equation:
- 4[ArCi,C17]/dt = k[ATCH,C1T[ 0H]
which, on integration, yields

= 1 b( "’X)
K= m ey T

where a 1s the initial concentration of hydroxide ion,

b is the initial concentration of p-nitrobenzyl

chloride
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X is the concentration of already reacted naterial at
time t
The Arrhenius activation energy, Ey, wWas calculated
from the slope of the straight line obtained from a plot of
Ink vs. 1/T in any one solvent medium. The enthalpy of
activation, A%, was in turn calculated from £ through use

of the following eguation:
AH* = E5 - RT

The free energy of activation, AG¥, and the entropy of
activation, AS%*, were calculated by use of the Eyring

equation,

X = -f%i-lieAS"/Be'AH“/RT
Nh

or 1nk = 1nRBL 4 _AS* _ 4o0*
Nh R RT

in combination with the thermodynamical relationship,
AGH = AH¥ - TAS*

Variastions in the rate constants. An inspection of Table I

reveals that the rate constants increase in the range fron
30 to 50% dioxane and then decrease in the 60 and 70%
dioxane at any one temperature. The change is more dramatic
at 200 than at L0oC. Tor example, the rate constant in the

50% dloxane solvent mixture is approximately double that in
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the 30% dioxane solvent mixture at 20¢C, but the ratio is
only about 1.5 at 40°C. The fact rerains that the change
in the rate constant does not simply parallel the variation
in the percentage dioxane in the zqucous dioxane solvent
mixture. As a matter of fact, there is no single vroperty
of the dioxans-water mixtures which changes 1n the sane
fashion as the rate constants of the studied reaction.
However, an inspection of the steps of the mechanismn of the
studied transformation reveals that there are at least
three factors which must be taken into consideration in any

attempt to correlate rates with solvent composition,

(1) 1\502-®-032<:1 + 01 gis_t_z Og'ﬂ«@-@iﬂ)l + H,0

(2) Noz_®_65{01 _slowy 02N~©~CH: + C1l~

(3) 2 021'3-©-3H: Lasty 02N-®-cz=cz{-®-r¢oz

(3") OEN—Q—CH: + 02N-©~5331 fost o
og&-@-c&cm@-l\!oa + C1°

(a) First, the solvent effect on the rate-determining
step, step (2) in the mechanism above. On the left hand

side we have a species which is best represented by a

resonance hybrid of the forms I and II
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H\: cl HQ /Cl
c) .
RN u
QN &
SN
{}% \O 9/ e}
I 11

A convenient way of representing the hybrid is shown in

form IXIX

I1X

where the negative charge 1s shown as dispersed over the
entirety of the molecule. Such dispersal of charge
requires little solvationlB. On the other hand, the
charged product on the right hand side of step (2) 1s a

chioride ion, Cl™, which demands a good deal of solvation

by an appropriate solvent. In the mixed solvent system

13. Ingold,C. K.
? "Struo%ure and echanisn in Organic Chemistry"

Cornell University Press, Ithaca, N. Y., D. 324

(1953)
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used in this study, dioxane is a very pcor solvent for
anions. Yater, on the other hand, is an excellent solvent
for anionslB. 30, here 1s a case of specific solute-
solvent interaction in which the chloride ion will be
heavily aquated or hydrated while the carbonion is only
slightly so. It is readily seen that steo (2) will be
favored by an abundance of water in the solvent mixture.
The failure to isolate the intermediate, 3-J0-i11-X, of the
Hofmann reactions, except in non-agueous media backs our
argument.

(b) Second, step (1) in the presented rechanism is an
ecquilibrium step as shown in carlier workl. The concen-
tration of the carbanion, p-i02-CgHp-CHC1, will be
inversely proporticnal to the concentration of water.
Llready we see that water in the reaction medium has
opposite effects on steps (1) and (2); its abundance
inhibits the formation of the importont carbanion inter-
nediste, yet it hastens 1ts deconrposition to products,

The overall rate constant, which is a product of the
equilibrium constant for step (1) and the rate constant for
step (2) may be expected, therefore, to show little
variztion with solvent composition.

(c) Third, the activity or the effective concentraction of
hydroxide lon varies substantially with the change from 30

. 11
to 70% dioxene in the aqueous dioxane solvent mixture” .
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Nash and ionk reported that the dissociztion constsnt of
NaOH in 45% dioxane-water mixture at 25°C was 0.35 + 0.05,
but only 0.008 in a 70% dioxane-water wixturell. In this
work, the initisl concentrations of HaOd and Q—nitrobenzyl
chloride were approximately 0.1 and 0.01 }, respectively.
In a 45% dioxane-water mixture, the effective concentration
of hydroxide ion 1s calculated to be 0.082 li; this is about
80% of its stoichiometric concentration. Iowever, in a 70%
dioxane-water nixture, the effective concentration is
calculated to be 0.0246 ¥, 1.e., about 254 of the stoichilo-
metric concentration of HaOH. Thus, a change from 305 to
70% dioxane in the reaction medium is apt to have a
pronounced effect on the kinetics of the reaction in
question.

In looking back on Table I, one may explain the
increase in k in going from 303 to 50% dioxane by the
predominance of factor (b), viz., enhancement of the
concentration of the intermediate carbanion. The fact that
the increase is relatively small may be accounted for by
the partial compensation of factor (b) by factors (a) and
(¢), both of which would tend to decrease the rate
constant. Above the 50% dioxane in the reaction mixture,
the slight decrease may be accounted for by assunmlng that

factor (b) is not adequate to compensate for the trends

caused by (a) and (c).
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The changes in k with the dielectric constont of the
nedia are represented graphically in Figure 3. Ilone of the
available equaticns for the dependence of reaction rate
constants on the dielectric constant can account for the
cbserved point of inflexion around 507 dioxane. 3uch
variation will, therefore, not be considered in this
discussioﬁ.

Activation Parameters. There are two striking features in

Table I regarding activation parameters. The free energyg

of activation, AG¥, is almost constant throusghout the whole
range of solvent nmixtures and temperatures. An explanation
of such constancy is not avaeilable at this time. The
entropies of activation, AS*, on the other hand, show a
substantial decrease in going from 304 to 70% dioxane
except for the 50,5 dioxane-water system. The change in the
direction indicated ray be accounted for by the greater
orientation possible in the water-rich rather than in the
dioxane-rich media. In summary, the variations in the
rate-constants are mostly due to entropy changes in the

system, which in turn are due to specific solute-solvent

interactions.



Figure 3

VARTATION OF THE CALCULATED SECOND-ORDER RATE CONSTANTS

WITH THET DIRLECTRIC CONSTAWT OF THY RTACTION MIDIA
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Iv. AfPLlJlC
AFPENDIX I DATA 1y 1 DUC IO TECHNTAUES
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Te A short review of line eal leasbt-squares resregsion”
IRaY)

ine regression line of dependent variable (y) on
independent variable (x) has the form of a lincar, first-

order model

- X -1
@O g (51 + & (I-1)
vherae (%)Qﬂd {% are called the parometers of L
¢ is the increment by which any individual y may £21] off

Ao

the regression line. (A linear model 18 referred to
lincority in the parameters. The value of the hichest
povier of an inderendent variadble x in the model is called
the order of the model.)

The least-squares method 1is the way of fitting the
best straight line to given data in order to relate the
variables y and x. Thls methed may be used to estimate the
Parameters whiclhi may e used fo glve a prediction of the
true mean value of y by substitution of a value of x.

Javing available n sets of obscrvations (Xl,yl),

(x?,yz) cee (x ,yn), the equation way be written as

(r-2)

ih- ul?per, N. R, and 3mwith, d.
"Applied Regressilon Analysis”
John Willey and Sons, Inc., New York, Chapters 1 and 2

(19¢606)
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so that the sum of squares of deviations from the true line

is

o2 B 2
S =Z e =z (vy =@, - Pyxy) (I-3)

1

In order to get the least possible value of S, equation
(1-3) nay be differentiated first with respect to ﬁb and

then to ﬁi and set the results equal to zero. Now,

25 _ 9
=S
(I-4)
D3
T = O
<R

Through matrix formulation, it 1s very easy to solve
equation (I-4) to find ﬁg and ﬁi and give
B= ()M xry (I-5)

where

&)

i
T
PP

<
it
B seee ¢
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X' is the transpose of natrix X; (X'X)—1 is the
inverse of matrix (X'X).
Equations (I-5) are called the norual eqguations whiich
can be arranged in a computer programming for the computa-
tion of a parameters.

II. Standard deviation of 3.

When we tackle the guestion of what reasure of
rrecision can be attached to our estinate of the regression
line, we get to consider the relation of the sum of squares
of deviations of the observations from the mean,

[g(yi - §)2], and the deviation of the obLservation from its

. . A 2 . f s
predicted or fitted value, [s(y;-¥;)"], and the deviation
of the predicted value of the obscrvation from the nean,

[Z(§i_ §)2]. This relation may be cxvressed as

Sum of squares Sum of squares sum of squares
about the mean ~ about regression due to regression

or

2

b ,\ r
2y, = ¥)7= glyy - vy) 2(yy -9 (II-1)

shows that, of the variation in y's about their mean,

I
o5
e
[&]

some of the variation can be ascribed to regressiocn line



and some, to the fact that the actual olservations do not
all lie on the regression line, co that the fact of how
small the quantity (yi- §&)2 may Dbe observed 1s a measure
of the precision of the regression line to thebfitting of
the data about this postulated model. Using equation (IT1)
and considering the possible degrees of freedom, the
variance due to regression from the variance about mean.
employing alternative computational forms for the expres-
sions of equation (II-1), the variance about rezression
ray be written as

2 [2x;7,- (3x4) (Zyj_‘)/n]2

(I1-2)

2 2
£xy - (zxi) /n

The estimated standard diviation of @1 is given by

est. s.d. ({%) = 2 ——5m (II-3)
IXI. Confidence linits Tor 1“’15.

Through the statistical theory 1t is possible to
predict within what limits the observations 1s likely to
agree with the regression line. Some fraction of risk, &,

or percentage probility (100 - 100d) always involved in

PSEENGPRPUIEEURERERPUS VP - S SIS P S M M

55. F;itz, J. S. end Schenk, G. H. ) '
"Quantitative Analytical Chemistry’
Allyn and Pacon, Boston, p. 333-335 (1966)
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such a prediction. The limits predicted for a certain risk
or probability are called confidence limits. The limits
depend on the t, or "Student's t" distribution curve which
Yylelds values for a constant called t. The t may be found
by consulting table of percentage points of the t-distri-
bution in most of statistics texts.

The way to assign 100(1 - R)% confidence limits for

%.is to calculate

where n is the number of measurements in sample; snd
¢ depends on &, and on the degrees of freedom (n - 2).

IV. GZEstimation of second-order rate constant, Ik, the

standard diviation, and the confidence limits of k.

The rate constants were calculated by the second-

order reaction rate equation,

This equatlion may be rearranged into the forn,

1 1p bla_ - x) = Xkt . (1Iv-1)
(a - b) a(b - x)

The linear, first-order model can be applied to fit

equation (IV-1) to give the form,
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—ag)— In ZE% :.,?8 =C + Xkt +6& (IV-2)
where € is the term of ramdom error, C and %k are rarameters;
t and the formula at the left-hand side refer to x and Y
respectively. The calculation of k and i1t's standard
deviation with cenfidence limits may be arranged into a
computational form in a computer programming based on the
metheod mentioned in I to III exactly in this Appendix. The
cormputer programming with the input data and output answers
in the form of thesis-listing are also attached to this
Appendix.

V. LEstimation of the aclivatlon energy Zp and the

calculation of Al*, AS¥, and AG#,

Using the Arrheneous equation,

sl
Ink = 1nA - a
RT
= -1
or Ink = InA - »73-(—4%-) (v-1)
i L

In cquation (V-1), E4 may also be observed as the
vrararicter @ﬁ in the linear, first-order model and may De
treated in the same way as the rate constant k in the last
Scction.,.

The A%, A3%, and AG* nay be obtained by the compu-

tations through the programming,
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AT% = By - RT

Pin( - ) ¢ A

D>
v
!

AG* = AH¥* - TA3*

where % is a Poltzmann constant, h is a Planck constant ,
and B is Gas constant.

The computer programming with the data input and the
answer oubtput in the form of thesis-listing are also

attached to this Appendix.
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CALCULATION OF SFECOND ORDER RATE FONSTANTS
REACTION TYPE RUA)+S(B)=PROCUCTS
P-NITRO BENMZYLCHLORIDE + NANH = ST RENT  ( Kry v, w0 )

DIMENSTON XML{3CC),HI3N0) 4 X{302),Y(300) (XSLNO( 37 0) , L (270 )y, T

JJ=5

TEMP=15,

N 2 NN=1,JJ

TEMP=TFMPp+5,

READ (1, 1063M

READ (1,21C) J

N 7 I0=1,M

WRITE (3,2CC) TEMD

J=J+1G

WRITFE (3,211) J

WRITF (3,215)

L=2

SUMSL=0.

SUMHL=C.

N 6 K=1,L

READ (1,106) N

READ {1,110) TS

XN=N

RFEFAD (1,100 {(XML{TI),I=1,N)
READ (1,100) (H{I),I=1,N)

READ (1,110) AX,RB,CF
A=AXXCF/S,

WRITF (3,107) A,R

DO 2 1=1,N

TUI)=AC%H(]I)

X{T¥=XML (I)%CF/5.
Y{I)}=ALOG(RX(A=X(T)}/(A%X(B=X{1))}))/{A=-R)
LEAST-SQUARES FITTING NF DATA
SUMX=0,0

SUMY=0,0

SUIMXY=0.0

SUMX?2=0.0

SUMY2=0,0

nn 3 I=11N

SUMX=T{T)+SUMX

SUMY=Y{T1)+SUMY
SUMXY=T{I¥*Y(I)+SUMXY
SUMY2=Y {1 )%%x2+SUMY?2
SUMX2=T( T )%%2+SUMX2

DEM= XN=SUMX 2—-SUMX k%2
SLOPE=(XN*SUMXY—SUMX*SUMY)/DFM
cowsr:(SUmx2*SUMY—SUMX*SUMXY)/DFM
WRITF (3,101) SLOPF,CONST
SIUMSL=SUMSL+SLOPE
HL:(ALQG(R/(Q.#R—A)))/(SLOPF*(A-R))
WRITE (3,240)HL

SUMHL = SUMHL +HL

CzLCbLATE OF INDIVIDUAL SLOPES
DO & I=1,N

CALCK=Y(T1)/T7(1)



NDEL (T )=SLOPE-CALCK
4 WRITFE (3,102) T(T1), CALCK,DFLLT)
STATISTICAL TREATMENT 0OF THF DATA
DELI=0.C
DELZ2=0.0
NN % I=14N
NSELNe=ABS(NDFL{TIY))
S NELI=DNSLOP+DEL]
ADEV=DEL 1/XN
WRITE (2,103) ADEV
A=SUMY2— [ SUMY%%2) /XN
31 =S{UMXY
B2=SUIMXESUMY /XN
B3=SUMX?
Rg=({SUMX%%X2) /XN
B={{R]1-RB2)*%2)/{R23-84)
S?={A-B)/(XN=-2)
STD=SQORT{S2/(R3-R4))}
WRITE (34,10C4)STD
ST=TSXkSTD/SORT { XN)
WRITF (3,10%) ST
6 WRITE (3,219%)
AVHL=SUMHL/L
WRITE (3,25G)AVHL
ASLOPE=SUMSL /L
7 WRITF (3,230) ASLOPE
A WRIYE (3,215%)
RETURN
100 FORMAT(6F10.2)
101 FNRMAT(2X, THSLNPF =,E12.5, L4HLITER/MOLF-SEC 36X, THOTNSTAMT =48 18 .5)
102 FORMATI2X,SHTIME=,F10e342X, 10HFEXP CNONST=,E11.5,2X 4000y =,617,4)
103 FORMAT{(2X,19HAVERAGE DEVIATINN =,F13.5)
104 FIORMAT({2X,?0HSTANDARD DEVIATION =4F13.5%)
105 FNRMAT {2X,38BHAT 695% CONFIDENCE LIMIT K=SLOPEH[NC =) ,F14,9)
106 FOARMAT(16)
107 FNRMAT(1X,13HCONC OF PCL =,FRB.5,5X14HCANC OF NADH =, ,Fa, %)
110 FOPMAT (6F12.5)
200 FORMAT(1S5HITEMPERATURFE 1S,F6.1,1X,1HC)
210 FNRMAT (18]
211 FDRMAT(IX,[9HDIO¥ANE—AO SYSTEM Z,T13)
215 FORMAT (/1)
230 FNORMAT(1X,9HAVESLOPE=,F13.73)
240 FNRMAT(2X,1CHHALF LIFE=,E13.3)
250 FNRMAT({1X,18HAVERAGE HALF LIFE=,FE12.73)

END
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FORMAT (6X, 2HDINXANE
FOAPMAT (1X, 1OHTEMPFERATURE
FOPMAT (22X, 131ACT.,
FORMAT [ 2X, 14HHEAT 0OF ACT,.

END
203.16
1.390-23
0.C000564
0.000901
0.0C1140
0.001050
0.0C0"*"N

298.16

HGOB2K82F-24

C.COCT24
0.0011%0
0.001300
0.0CY270
0.CC1050

7y 13)

ENTRGY

ISeFALL,1X,1HC)
=y F1445,8H4CAL/MOLF)
=3 F14.5, 1 X, BHCAL/MALT)

303.16
1.987
8.001C90
0.001520
0.202040
6.301620
« 201540

308.16

0.001540
6.002080
0.00277¢C
0.00243C
N0.,0CL230

61

317,154

0.QG232C0
C,002°C0
D.D03420
0.,0C29%7
C.2G2530



/DAT
DINMXANE Z 30

Ql!‘PE .\:_ 0,65 B(RF C4 N A = J1475RF Q2
ACT . CNERGY = .12991¢€¢ usrAl/nniF
[EPERATURE IS, 20,0 G
HEAT OF ACT,. = 0,12408F €5 CAL/MALE
ENTROPY = 0. 147T16E 02CAL/PDLE-DEG
FREE EMNERGY = 0.8093SE 04CAL/MOLE
TEMPERATURE IS, 25.0 C
FHOTAT OF ACT. = 0412398 G5 CAL/MALE
COUTROPY = 0.146436F 02CAL/NOLE-NEG
FROC CNERGY = C.80941E OACAL/IMULE
TEUPERATURE IS, 30.0 C
HEAT NF ACT. = 0.12388F 05 CAL/MALE
CHTRAPY = £.14497E Q2CAL/IOLE-DEG
FREE ENERGY = C.75933F CACAL/HOLE
TEOPEPATURE IS, 35.0 €
AT NF ACT. = 0.122786 G5 CAL/MALE
FTRnNY = 0. L44SCE Q2CAL/HNLE-DEG
FEE ENERGY = L 792366 D4CAL/MOLE
TP ERATURE IS 40.0 G .
MR R AGT.TE 0l 12363F Q5 CAL/UALE
CHTROPY = 0. L4>42r 07rAL/3ULE;QEb
PREE ENMERGY = L13126E C4CAL/HOLE
DINXANE % 40 o
S1.OPE =  =0,51319F C4 LN A = g 1064485 02
ANCT. EMERGY = 0.10296L 05CAL/ROL
TEUPERATUPE [Sy 200 e
FUAL OF ACT. = O 9/13°¥ C4n(3‘<L3L‘
i@f”UOY = 0L0456TE GICAL/HALETDED
PLE EHERGY = 0.78211F OG4CAL/Y
THPERATURE TS ?5 PN 1 E
TS :HU;\CT. = e ;’/‘(3’1*; L 9’2{?“4@9‘ e
TALT Y = 0.6 3‘{ i i i 4
;XQLSHESKROY 2tV AL 7a06E GACAL/MOLE
CUIOURATURE TS 3.0 G UALE
TR S e (? f‘;?gijﬁpféﬁﬂﬁéLt
CNTROPY = G.HPTOCE L
?Eﬁ?”tﬂgngv 2 0 TasCE CACAL/MGLE

FEAPERATURE IS, 235.0 C



HEAT OF ACT, = D+96841E C4 CAL/VALE
ENTRAPY = T0.631C3¢ ClLCAL/MWILE=NEG
FREE ENMERBY = G.77395€ 04CAL/HOLE
TEMPERATURE IS, 40.0 C
HEAT 08 ACT. = | 0.06162C 04 CAL/MALE
ENTROPY = 0.63355E Q1CAL /MOUE-NEG
Frec edrney 2708775001 GACAL 7 FOLE
DLOXANE % 50 ]
SLAOPE = -0, 54331F c4 LN A = 0,.11594F
ACT. EMERGY = C1C796F O5CAL/MILE
TEMPERATURE 1S, 20.0 C
HEAT NF ACT. =  0.102126 05 CAL/MALE
ENTROPY = 0.26256F O1CAL/POLI-DEG
FREE EHERGY =  C.76340E 04CAL/MOLE
APERATURE IS, 25.0 C
TR A ReT > S0 10s03E 05 CAL/MALE
FMTR0PY = 0.82365E CLCAL/MOLE=DEG
FREE ANERGY = 0.77473F Q4CAL/HOLE
PWIERATURE IS 2G.09 C . )
T T A 0,10193C 05 CAL/MALE
ENTROPY = 0.85016F OLCAL/MOLE=DEG
FREKE ENFERGY = C. 761528 04CAL/MOLE
FMPERATURE IS, 35.0 C X
UtEAT OF ACT. = n.101838 C5 CALéggLE
CNTRODY = 0.84991¢% ()]_('_,i\L{:‘JOLE:.._ -
F2EE ENERGY = 0.75641E CACAL/MOLE
TEMPERATURE 1Sy 40.0 C_ Ay g
FRee Fleroy = T IR R
DIIXANE 7 60 LA = 0.10077F
CLAPE s S0 AOBOSE Ch IN A = Q.
AP ey TP 080038 04CAL/HOLE
TEMPEAATURE ISy 20.0 C VALE
HEAT OF Acr.o=r%ogl?*};fg‘Eﬁqf?EKLG
TN 1 3] feed s 2000 - a1
§¥§£g51hnrwvcv = 0L 77319F 04CAL/HULE
e : c
TEMDURATURE 1Sy, 299 G o0 cat/mALE
HEAT ¥ ACT . 795236i:kL9;015“”EG
ENTROPY = PLIM I 1E CaCAL/POLE

FREE ENERGY =
TEMPERATURE ISy 0.0 C

Q2

02



h

}J :I\r (JF ACT. = ‘O.QZQ/,OE CH CA‘./r”Al-E
EMTROPY = 0.50776E GICAL/MDLE-DEG
FREE ENERGY = OC.T7546E Q4CAL/MOGLE
TEMPERATURE IS, 35,0 C
HEAT OF ACT, = 0.,9224CE 04 CAL/MALE
ENTROPY = 0.5321CE QLCAL/MOLE-DEG
FREE ENERGY = Ce 76443 CACAL/MOLE
TEHMPERATURE IS, 40.0 C )
HEAT OF ACT. = 0.92741E CA4 CAL/MALE
ENTROPY = 0.516166 CLCAL/MOLE-DEG
FREE ENERGY = 0.76577F C4CAL/YULE
IXANE Z 70 o
St mo(c)“:’x’—ﬂ.écm/wt N4 LM A =~ 0210 M
ACT. EMERAGY = NJORILLE DATAL/HOLE
TEMPER or N,0 € .
gﬂg?‘%Z”AFngé ?5.0?R?0F DA CAL/ALE
ENTRADY = 0 4R60PE 010 AL/ LT =N
F2RFF CMERAY = 0L, TR240T CACAL ONT
TADEDR = s5.N C
ENTPADY = QASCHEE QICAL /oty -2l 0
roREceNEenY = A,T7R7IRC CHCAL/TOLE
IWIE D AT 2N, 0 C
Tornr ARTREriYL Talazasys oo caLgnLe
F‘:}TQF]#’Y - Q.HhTTONE (‘1(‘?\1/:"‘“‘_‘-:(2‘_‘;
FREE FNERGY = CLTTRS2E DGCAL/YOLE
TEMPED ofc IS 25,0 C "
hear ne ArTLl “-077“1r‘;hn(ftﬂcitr
=L B N . /.’FQQF f]r", IV _:.'ﬂ .
5§;§q2:r5cv 2'+j3.779CﬂF AN WAL R
o . - an,n0 C . -
T;éiiegzuﬁ;T{Q; 40.0715?r rﬁmnﬁtfcﬁlr
CNTD‘WdV = NL4hG1RE O}('A‘/(;A")‘!..'ch:i
FREE ENERGY = Q.TTE0TE CArM



Figure 4

PLOT OF THE SECOND-ORDER RATE COWSTANT
O A LOGARITHEINM SCALE VS. 1/T FOR DETERNINATION OF

ARRHERIUS ACTIVATION PARAMITERS
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APPENDIX II

THE APFLICATION OF AKERLOF'S Rl

N

NOrRPOLATION OF DIRLICTRIC CONSTANT

‘PERICAL BEQUATION FCR TiiE

The equation employed by Akerlbflo,

log & = log a - bt

(2 and b are emplrical constants, and t is temperature

€6

in C) has been used to calculate the dielectric constant

of the solvent mixtures at various temperatures.

The curves of log a and b vs, wt.% of dioxane in

Figure 5 are constructed

by using the table from Akerlof

(shown below) and used for the interpolation of log a and

hi s 3 st ioxane for this
b which are specific to the wt.j of dioxan

experiment.

Pioxane, wt.% 1log a b

Ty .albl  0.00205
10 %.égég .00215
20 1.8398  .0022h
30 1.7734  .00233

Lo 1,6935  .002M
50 1.5965  ,00247

| 1.4747 00249

28 1,3090  .00245
80 1.0860  .00225

90 0.7896 L0016

55 .5923  .00100

100 .323@ . 0000




The resvlts of the interpolation log a and b are

also listed down below:

Dioxane, vol.%

30
Lo
50
60
70

Dioxane, wt,%

29.94
h1.61
50.76
62.29
70.64

}og a b x 1093
1.773 2.325
1.685 2.417
1.593 2.471
1.495 2.487
1.303 2.445

The log a and b reading from the curves
a8re substituted into the Akerlof's empirical

calculate the dielectric constant, £, of the

in Figure 5§
equation to

solvent

niztures at different temperature, as 1ln Table II:

TABLE IT

OF A SERIKS DIOXAN

67

INTERPOLATED VALUES FOR TH#E DIELFECTRIC COLSTANYS

i4

Dioxane wt.%

20
25
30

35
4o

29.94 hi.61
53.27 43,32
51.86 42,15
50,50 bo.97
48.60 39.85
L7.86 38.75

50.76 62.29
34,96 27.88
33.98  27.09
33,03 26.33
32.10 25.58
31.20  24.86

70,64

17.95
17.45
16.97
16.50
16.04

E-WATER MIXTURES AT VARIOUS TEHEERATUR:S
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Figure 5
PLOT OF WEIGHT PERCENTAGE OF DIOXANE-WATER
IXTURES VS, AKERLOF'S EMPIRICAL CONSTANTS log a AND b FOR

TS INTERPOLATION OF DISLAECTRIC CCHSTANT
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