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SUMMARY

One of the most thoroughly studied reactipns in organic
chemistry is the nuclecophilic displacement reaction on carbon,
of the type:

R-X o Y: —3 R-Y 4X:

Many investigations have been carried out on the influence of the
R group on the reactivity of R-X. For example, it is well known
that the substitution of alpha-methyl groups tend to inhibit SN2
reactivity and to enhance SNl reactiv;£y. The substitution of an
alpha-halogen has also been found to inhibit SN2 reactivity; however
it was somewhat surprising to find that beta~halogen compounds were
reported to accelerate the SN2 Reactivity. On the other hand, gamma-,
delta-,and epsilon-halo compounds were reported to be of about the
same reactivity as the unsubstituted compounds. As a result, it

was of interest to study quantitatively the influence of beta-,

gamma.-, delta-, and epsilon-halogens on the SN2 reactivity of other

halogens.

A study of the reactions of the ethylene halides with many of
the nucleophilic reagents previocusly used indicated thot elimination
reactions were occurring to a large extent. Thus, the conclusicns
that beta-halogens increased the SN2 reactivity were found to be based
on data for elimination reactions rather than for substitution re-
actions. In order to obbain accurate data for the influence of halogens

on SN2 reactivity, nucleophilic reagents were sought which would produce



displacements on carbon rather than on hydrogen or halogen. It
was found., however. that no substitution reactions could be measured
in the ethylene iodide series: the various ethylene halobromides
ont the other hand. were found to reasct with sodium thiophenolate in
methanol at & convenient rate to form substitution products.

The reaction rates were measured by pinetting measured
volumes of solutions of the halogen compounds and sodium thiophenolate
together in a reaction flask. At & measured interval of time 2.0 ml.
of acetic acid was added, and the unreacted thiophenol analyzed by
titration against standard iodine using the iodine color as an end
noint. Since many of the halogen compounds were lighi sensitive,
the reaction vessels were shielded from the light in order to prevent
interference.

The results are tabulated as follows:

pal



Table 1. Alkyl Halide Plus Thiophenoiate Ion

Alkyl

1. mole

o
20 C

AR AS,

keal e.u.

CH3CH2BI'

CH3CHECH2BI‘

CHBCHSCH2CH2Br

C ), HgCH,CH,Br
FCH,CH, Br
C1CH,CH,Br
BrCH,CH,Br
FCH,CH,CHpBr
C1CH,CH,CH,Br
BrCH,CH,CH, 1
ICH,CH,CHp1

CiC c
1 HQCHE HEI

-

*xii
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M

l-l'm H-m
e oo
W

18,1 =10

7.7 =12,

17.7 =12.

17.1 =13.7

19.4 ~9g,

19.1 =10.

187 =12

17.9 =12

16.9 =10.

16.5 =~ 11,
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FCH,CHoCH, T tlég -:lL_-Oj{ -
C1CH,CH,CH,CH, I _:281613 %oi: ———
CLCH,CH,CH,CH,CH, T '!:252 3".\_.95 ———-
CH3CH20H21 ‘l-}g 3{ %‘.22 ———

i7.2

17.2

16.5

10.6

«11.0

-11.5

=12.h

&hese rate constants contain =z statistical factor of one-half

o
Tnese rate constants were cdetermined at 29.800.
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From the data tabulated above it can immediately be seen that
a halogen in the beta position decreases the reactivity as compared
to the reactivity of the ethyl halide. For the beta substituent the
rates vary thus:

H >)C2H5 ~ CH3 9 Cl ABr AF
It is also readily observable that a substituent further removed from
the reaction site has little influence on the SN2 reactivity.

An effort was made to find to what extent the order of re-
activities observed earlier by Thomas in the reaction between scdium
methoxide and various of the methylene halide compounds was due to
steric or electronic effects. Since the previous studies were carried
out using ionic nucleophilic reagents, 1t was thought desirable to study
the kinetics of the reactions between the same halogen compounds and
a nucleophilic reagent of neutral charge type. The reagent chosen which
possessed the desired propertles was triethylamine in nitrobenzene.

The reaction kinetics were carried out by pipetting measured
volumes of triethylamine and the halogen compound into a conductivity
cell, and the cell resistance measured from time to time. Utilizing the
resistance of the solution found, the concentration of the products
formed can be easily determined by use of a plot correlating resistance
of the solution and product concentration.

The results are tabulated as follows:

®1iv



Table 2. Alkyl Iodide Plus Triethylamine

5 -1 -1
Alkyl k x 107 1. mole sec.
Todide ol.8°C
CHy 34,200 ¥600
0101{2 39.3 + 0.5
ICH2 6.78 *+0.08



The decrease in SNE reactivity caused by the substitution
of a halogen for an alpha-hydrogen of an alkyl halide results from
the increased difficulty of bond cleavage. Within the group of alpha-
halo substituents, however, the variation of reactivity appears to te

due largely to the size of the substituent.

xvi



THE EFFECT (" HALOGEN ATCMS ON THE SN2 REACTIVITY

OF OTHER HALOGEN ATOMS IN THE SAME MOLECULE.




CHAPTER 1
INTRODUCTION

Perhaps one of the most thoroughly studied reactions in
organic chemistry is the one-step bimolecular displacement reaction
on carbon which is more commonly known as the SNE reaction.l Many
investigations have led chemists to believe that the reaction occurs
according to the scheme shown below in which an attack is made by
the nucleophilic reagent, Y-,

R Q R _ R
Y + R..S-X —_— [Y---}C{---X ]___,. X <4 Y-Cf—{R

on the carbon atom in a line co-linear with the group being dis-
placed i. e. X+ 1In this discussion it will be assumed that the for-
mation of the transition state, the structure shown in brackets, in-
volves a partial formation of the Y-C bond and simultaneousiy a partial
rupture of the C-X bond, both of which are in a line perpendicular to
the plane of the carbon and its substituents. This transition state
then gives a product of inverted configuration.

Considerable evidence is avallable concerning the effect of an
alpha~alkyl group relative to alpha hydrogen on the SNE reactivity;
however the data are insufficient for allowing one to theorize with
regard to the influence of substituents on SNE reactivity. ©Since the

alkyl groups are electron donors, it was thought necessary to have

lFor a discussion of the S5 2 reaction see C. K. Ingolid,
Structure and Mechanisms in Organig Chemistry, Cornell University
Press, Ithaca, New York, 1953, Chapter VII.




information concerning the influence of electron withdrawing groups
before a logical conclusion could be reached. In this laboratory
a recent study has been made concerning the influence of substituting
a halogen atom for one of the alpha-hydrogen atoms of a methyl halide
(1). It was found that the alpha-halogen diminished the reactivity
by a large factor.

At this point, it was thought desirable to learn whether a
decrease also occured Iin cases where a halogen was substituied in

the beta, gamma, or delta position for a corresponding hydrogen

atom. Surprisingly enough, however, several reports have been made
to the effect that such substitutions served to increase the re-
activity (2-5). The data, however, from which most of these state-
ments were derived concerned reactions which involved rather strong
bases as the mucleophilic reagent. For example, Tronov and

Gershevich studied the kinetics of the reaction between various

(1) €. H. Thomas, Ph. D. Thesis, Georgia Institute of Technology, 1953.

(2) E. R. Alexander, Principles of Ionic Organic Reactlons,
John Wiley and Sons, Inc., New York, N. Y., 1950, p. &9.

(3) M. J. S. Dewar, The Electronic Theory of Organic Chemistry,
Oxford University Press, London, 1949, p. 7T1.

(¥} A. E. Remick, Electronic Interpertations of Organic Chemistry,
2nd, Ed., John Wiley and Sons, Inc., New York, N. Y., 1949, p. 39k.

(5) B. V. Tronov and A. I. Gershevich, J. Russ, Phys, Chem. Soc.,
59, 127 (1927); C. A., 22, 3389 (192%7.




bromine derivatives of propane and sodium methoxide (5). Taylor
also found that the reaction rate between ethylene bromide and
ethanolic alkali was greater by a factor of two or three than that
of ethyl bromide (6). Similar results were observed by other in-
vestigators using various 1l,2~dihalo compounds and strongly basic
nucleophilic reagents (7-9). 1In the reactions ¢ such polyhalogen
compounds with strong bases one might suspect that considerable de=-
hydrohalogenation was occuring. TFor examplie, it was found by
Lespieau and Bourguel that 1,2,3-tribromopropane gives an 80 per
cent yield of 2,3-dibromopropene upon reaction with sodium hydroxide
(10).

Although sodium thiosulfate is not a strong base, Slator
found that ethylene icdide was more reactive by a factor of approximately
20 toward sodium thiosulfate than ethyl iodide (11)}. Previous
theorists, however, have not regarded the fact that Slator also found

ethyl bromide to ve considerably more reactive toward the seme reagent

(5) B. V. Tronov and A. L. Gershevich, J. Russ. Phys. Chem. Soc.,
59, 727 (1927); C. A., 22, 3389 (19287.

(6) W. Taylor, J. Chem. Soc., 151k (1935).

() B. V. Tronov and L. V. Iaduigina, J. Russ. Phys, Chem. SocC.,
62, 2165 (1930); C. A., 25, 3957 (15317,

(8) P. Petrenko-Kritchenko and V. Cpotsky, Ber., 59IL, 2131 (1920).

() A. L. Bernoulli and W. Kembli, Helv. Chem. Acta, 10, 1187 (1933).

(10) R. Lespiesu and M. Bourguel, Organic Synthesis, Collective Volume I
Z2nd., Ed., John Wiley and Sons, Inc., New York, N. Y., 1941, p. 209.

(11} A. slator, J. Chem. Soec., 85, 1286 (1904).




than ethylene bromide. Thus, it is believed that no reliable con=-

clusions can be drawn from the data cited above since one is dubious

concerning the extent of occurence of elimination in these reactions.
It was, thus, decided to measure substitution reactions on

some bpeta~-, gamma-, and delta-haloalkyl halides. Specificalily it

was desired to compare the relative influence of the various sube«
stituents on the reactivity of both alkyl iodides and bromides.
Thus, the various ethylene, trimethylene, and tetramethylene
bromides and iodides were chosen as the compounds to bpe studied.
The alpha-substitutent has been found to inerease the SN2

reactivity in the order (1):
H»F)» CLYI?YBr

it is, thus, observed that the order 1s roughly one of decreasing
size and increasing electronegativity of the substituents.

In an effort to distinguish between the size and electro-
negativity factors it was thought desirable to study the re-
activity of the methylene halide series toward a nucleophilic reagent

of neutral charge type. A reaction previously studied by several

(1) ¢. H. Thomas, Ph. D. Thesis, Georgia Institute of Tech-
nology, 1953.



workders using a tertiary mine as the nucleophilic reagent ap-

peared to satisfy the conditions desired (12-15). The reaction

is the well known Menschutkin reaction which involves the re-

action of a tertiary amine with an alkyl halide to form a

quaternary ammonium salt.

(12)

(13)
(14)
(15)

He C. Brown and N. R. Eldred, J. Am. Chem. Soc., Tl, 455
(1949).

H. C. Brown and W. H. Bonner, ibid., 75, 1% (1953).

C. N. Hinshelwood et al, J. Chem. Soc., 80 (1938).

We Co Davies et al, ivid., k12 (1939).

N
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CHAPTER II
PROCEDURE

Ixperimental

Kinetic Runs on the Reaction of 06H58Na and R-X.=<Standard

thiophenolate ion solutions were prepared vy weighing thio-
phenol asccurately into a volumetric flask and adding a two per
cent excess of standard sodium methoxide. Absolute methanol was
then added to dilute the solution to the desired concentration.
Solutions of the halogen compounds were prepared in a similar
manner by accurately weighing them in a volumetric flask and
diluting to volume with absolute methanol.

The reactions sudied at temperatures other than OOC were
carried out in & fashion described in this and the following
paragraph. One hundred milliliter volumetric flasks, whose necks
and stoppers had been painted black, were used as the reaction
vessels. The reactions were carried out in a constant temperature
bath to which several pottles of Script biack ink had been added.
In an effort to prevent light catalysis the painted flasks were
immersed with about one-half of the painted necks submerged.

The reactions were started by pipetting measured volumes of
the solutions of the halogen compounds and sodium thiophenolate
together in a reaction flask. The initial time was observed when
the pipet containing the later reactant was one-half deiivered; a
stopwatch was utilized f'or observing the time to the nearest one-fourth

minute. At a measured interval of time 2.0 ml. of glacial acetic acild



was added to one of the resction flasks in order to stop the re-
action by converting the sodium thiophenolate to unreactive thio-
phenol. The thiophenol concentration was then determined by
titration against standard iodine using a falint iodine color as
the end point (10).

The procedure followed for the reactions at OOC was
modified somewhat as a matter of convenience. These reactions
were carried out by weighing into 100 ml. volumetrick flask
containing 50 ml. of methanol the desired amount of halogen compound.
The reaction vessels were then placed in a one-galion Dewar flask
containing an ice water slurry and allowed to equilibrate, after
which 50 ml. of a sodium thiophenolate sclution, prepared as des-
cribed above, was pipetted into the flask containing the halogen
compound, and the solution diluted to volume with cold methanol.
The reaction vessels were then shaken and allowed to stand for about
10 minvutes in order to equilibrate. Two 10 ml. samples were with-
dravn from each vessel and allowed to flow into flasks containing
methanol and two ml. of acetic acid., The solution was analyzed for
thiophenol by the method described above. Since mercaptans in basic

solutions are oxidized easily (17).

(16) pP. Klason and T. Carlson, Ber., 39, 738 (1906).

(17} J. ¥an et al, J. Am. Chem. Soc., 63, 1139 (1941).
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a stream of nitrogen was directed at the top of the reaction
flask while samples were being withdrawn in order to maintain
an inert atmosphere above the solution. It was also found that
best results were cobtained by keeping the Dewar flask in a re-
frigerator when samples were not being withdrawn and by cooling
the pipets in a refrigerator before use.

Kinetic Runs on the Reactinn of R3N and R~X.-~Standard solutions

of triethylamine were prepared by weighing triethylamine into a
volumetric flask and diluting the contents to volume with nitro-
venzene. Solutions of known concentration of the halogen compounds
were prepared in a similar manner. Flasks containing each reactant
were then placed in a constant temperature bath and allowed to
equilibrate for at least one hour. Following equilibration,
measured volumes of each reactant were pipetted inteo a conductivity
cell, and the cell shaken. The initial time was recorded when the
pipet containing the second reactant was one-half delivered. Care
was taken at all times to maintalin the volume of the reaction
mixture at 30 ml. in order to have the solution surface well above
the cell electrodes.

At intervals the conductivity cell was placed in the bridge
circuit, and the bridge adjusted until a null point was cobtained.
From the resistance observed the concentration of product formed
was found by the use of a curve correlating the concentration of
quaternary ammenium salt and corresponding resistances.

Reaction of Ethylene lodide with Sodium Thiosulfate.--In an effort

to analyze the gas evolved during the course of the reaction between



sodium thiocsulfate and ethylene iodide in 50 per cent agqueous
ethanol, a solution was prepared in a one liter three-neck f{lask
containing 5.2 grams (0.0184 mole) of ethylene iodide and 20 grams
(0.08 mole) of sodium thiosulfate in 500 ml. of solvent. The gas
evolved was allowed to pass through a condenser with an attached
"eold nose", and into a two liter bottle containing water saturated
with potassium carbonate. When the reaction was complete, the
mixture was refluxed until the dissolved gases ceased to be given
off. The mixture was then cooled, and refluxed again in order to
correct for the expansion of the solvent and its atmosphere. The
gas volume was then measured to be 300 ml. at 738 mm. and 2900; the
volume of gas collected corresponded Lo a 6h per cent yield.

Using a bromine solution which contained some meruric
ions in an Orsat arrangement, a derivative was made of the gas
which was assumed to be unsaturated. After the gas was absorbed,
the absorbing solution was treated with an aqueous solution of
scdium thiosulfate in order to discharge tie bromine, and the re-
sulting solution extracted several times with methylene chloride
in order to remove all organic products. Distilling the extracted
solution under vacuum to remove the solvent gave a small volume of
an organic liguid. A yield of one to two ml. of a ligquid boiling
over a range of 130-13HOC was obtained upon distilling the above
liquid.

A derivative was prepared by mixing the distilled product,

thought to be ethylene bromide, with sodium thiophenolate in methanol.
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The reaction mixture was allowed to react for about two days in

a constant temperature bath at 3500 after which the sample was
removed and placed in water in order to precipitate the derivative.
The white solid was filtered and then recrystallized from ethanol. A
melting point of 68-6900 was obtained which corresponded to that of
1,2-bis-{phenylmercapto }~ethane (13). One might then conclude that
the ligquid obtained was ethylene bromide and the gas evolved ethylene.

Reaction of Ifthylene Bromide with Sodium Thiophenolate.--Four hundred

ninety milliliters of a solution containing 21.383 grams of ethylene
bromide (O.llh mole}, 39.35k4 grams (0.357 mole) of thiophenol, and
100 ml. of 3.6k N (0.364 mole) of sodium methoxide were placed in

a constant temperature bath at 35°C. As a precaution against light
catalysis the flask which was used as the reaction vessel had pre-
viously been painted. After three days the solution was removed from
the bath, dilute sodium hydroxide added, and then filtered. While
being filtered, the product, part of which lmd separated during the
course of the reaction, was maintained under an atmosphere of nitrogen
in order to prevent oxidation of the excess thiophenol {(17). The re-
sidue was washed several times with dilute sodium hydroxide solution
and then with water. After several recrystallizations from ethanol a
residue was obtained which melted at 68.500; the product expected,

1,2-bis~(phenylmercapto)-ethane, was reported to melt at 69°C (18).

(13) E. V. Bell and G. M. Bemnett, J. Chem. Soc., 3189 (1923).

(19) J. ¥an et al, J. Am. Chem. Soc., §_§, 1139 (1941).




The crystals were placed on a watch glass in a desiccator over
calecium chloride and allowed to remain for one week. The dry ma-
terial was found to weigh 26.9 grams corresponding to a yield of
9 per cent. A derivative was prepared by dissolving some of the
above material in glacizl acetic acid, adding 30 per cent hydrogen
peroxide, and allowing the solution to digest for several hours. The
resulting solution was poured into a large volume of water to pre-
cipitate the product and then filtered. A residue was obtained
which after recrystallization from ethanol gave a melting voint of
180-18100. This melting point corresponds to that of 1,2-bis-
(phenylsulfonyl )-ethane (19), the product expected from a two-step
substitution reaction on ethylene bromide.

Reaction of Ethylene Bromide and Sodium Hydroxide.--In an effort to

determine the extent of substitution in the reaction between sodium
hydroxide and ethylene bromide, 15.00 ml. of 0.0275 @ ethylene
bromide containing diphenylamine in dioxane were pipetted into 100 ml.
volumetrice flasks which contained 15.00 ml. of 0.0573 N sodium hy-
droxide in water. At intervals samples were removed and titrated with
standard hydrochloric acid. The results in Table L9 indicate that
substitution occured to an extent of about two per cent.

Reaction of Diicdomethane with Triethylamine.--Ten ml. of diiodo-

methane (0.125 mole} and 25 ml. of triethylamine (0.25 mole) were each
added to two 100 ml. volumetric flasks. To one flask were added 25 ml.

of nitrobenzene and to the other 25 ml. of methl ethyl ketone.

(19) H. Gilman and N. J. Beaber, J. Am. Chem. Soc., L7, 1k51 (1925).




The crude product obitained from the nitrobenzene solution
weighed 47 grams as opposed to 45.5 grams expected from a reaction
between one mole of triethyiamine and one mole of diiodomethane.
The product was recrystatiized severa. times from a mixture of methano.
and ethyl acefate using ether to precipitate and dry the salt; the
melting point observed, with decomposition, was 152%¢. The product
obtained from the methyl ethyl ketone solution was also found to melt,
with decomposition, at 18200 after several recrystallizations. Weighed
samples of the product were analyzed for ionic icdide by titration
against standard silver nitrate using dichlorofluorscein as the in-
dicator in the absence of sunlight. The per cent ionic iodide was
found to be 33.6, 3h.8, 3L4.2 and 34.6 as compared to the theoretical
value of 34.ht for a one step reaction (a value of 54.0 per cent is
calculated for the ionic iodide in a two step reaction). The low
value, 33.6, occured with a sample which required only 1.87 ml. of
0.1034% N silver nitrate.

Investigation of the Reversal of the Menschutkin Reaction.--In

order to explain decreases observed in some of the rate data for the
formation of quaternary ammonium salts, the reaction between triethyl-
amine and certain halogen compounds were investigated for a possible
reversal. Investigations were carried out by dissolving a sample,
taken from a reaction mixture which had proceeded until the resistance
of the solution no longer changed, in an aqueous acetone soluiion.
Analysis of the triethylamine was then carried out by titration against

standard hydrochlorie acid using egqual volumes of bromeresol green in
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acetone and methyl red in water as the indicator. Upon titrating
5.00 ml.. samples obtained from the reaction of triethylamine with
methyl iodide, 0.437 milliequivalent of triethylamine was found

as compared to 0.439 expected if no reversal occured. A similar
analysis on the solution obtained from the reaction of bromoido-
nethane showed 0.0213 milliequivalent of triethylamine present as
compared with 0.0216 expected. Further evidence against reversi-
bility was obtained by preparing a solution of triethyliodomethylam-
monium icdide in nitrobenzene and allowing it to stand for ten days
at 60.800. Samples were removed and titrated with standard hy-
drochloric acidj; however no base was observed to be present.

Calibration of the Conductivity Cells.--~The greatest problem en-

countered in using a conductometric method was that od determining
the relationship between measured resistance and product concentration.
The most convenient method consisted of allowing a solution to react
until the resistance no longer changed. Measured volumes of solvent
were then added to the reaction cell and the corresponding resistances
observed. Such a procedure had merits in that the concentration of
quaternary ammonium sall was known at the end of the reaction from
the guantities of reactants added. The data obtained were then plotted,
and the unknown concentrations read directly from the plot.

Since some decomposition of product was observed while awaiting
completion of the reaction, a somewhat more laborious but more ac-
curate method was devised. 1In this case the pure products expected

from the reactions were synthesized, and several solutions of known



"salt" concentration prepared. Then the necessary conductivity
measurements were made and the previous method continued.

Determination of the pKﬁ of Thiophenol in Absoclute Methanol.--

Using the method of Kolthoff, a spectrophotometric determi-
nation of the pK, of thiophenol in absclute methanol was carried
out. The pK; for bromeresol purple was reported to be 11.3 in
methanol by Kolthoff (20). Thus, using equal volumes of 0.02L2 N
sodium thiophenolate and 0.0151 M thiophenol, a value of 11.2 was
obtained for the pKé of thiophenol. In a similar manner equal
volumes of 0.0121 N sodium thiophenclate and 0.04k92 M thiophenol

gave g value of 1l.1.

(20} I. M. Kolthoff and L. S. Guss, J. Am. Chem. Soc., 60,
2516 (1938)
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Preparation and Purification of Reagents

Methanol.~~To about four liters of commercial methancol in a five
liter round~bottom flask was added 10 grams of magnesium metal
turnings (21), and the mixture allowed to react, under reflux,
until all of the magnesium had disappeared. The dry methanol was
then distilled and stored under nitrogen.

Ethylene Chlorobromide.--Ethylene chlorobromide obtained as a sample

from Dow Chemical Co. was twice fractionated, and the fraction
o]

boiling at 106 C was collected and stored under nitrogen. The

refractive index at 20°C was observed to be l.h899.l

Sodium Thiosulfate.~--Eimer and Amend C. P. Grade sodium thiosulfate

was dissolved in freshly boiled water and diluted to the desired
concentration with the boiled water. A fresh solutlion was prepared
for each reaction in order to avoid difficulties due to decomposition
of the sodium thiosulfate.

Thiophenol . -~Matheson Company thiophenol was used without further
purification. However, titration of weighed sarples of the thio-
‘phenol against standard iodine indicated that the thiophencl was

99.6 per cent pure.

Sodium Methoxide.--Freshly cut scdium was added to a polythene

bottle containing methanol in which a stream of nitrogen was played

over the surface of the methanol while the reaction was in progress.

(21) L. P. Pieser, Experiments in Organic Chemistry, Part II,
2nd ed., D. C. Heath and Co., New York., N. Y., 19%1, p. 359.

411 of the refractive indeces reported herein were measured
with an Abbe refractometer (manufactured by the Bausch and
Iamb Co.) utilizing the D line of sodium.



Absolute methanol was then added to bring the solution to approxi-
mately the desired concentration; the solution was stored in a poly-
thene container under nitrogen.

Trimethylene Chlorobromide.--Dow Chemical Company trimethylene

chlorobromide was fractionated through a Todd Column having an in-

side diameter of 1.2 cm, a length of three Teet, and packed with one-
eighth inch single turn glass helices. The fractionation was

carried out under nitrogen, and the fraction boiling at 1h44°C (740 mm.)
was collected and stored in brown bottles in the refrigerator. The
refractive index at 24.5°C was found to be 1.4841, the density at

the same temperature was observed to be 1.5599. The molar re-
fraction was then found by experiment to be 28.9 as compared with

25.7 calculated.l

Trimethylene Bromide.~-Tastman Kodak White Tabel trimethylene

bromide was fractionazted under nitrogen and the fraction boiling

o]
167-168C collected. The index of refraction at 250 was observed to
be 1.5209.

Trimethylene Chloroiodide.--Trimethylene chloroiodide was prepared

by refluxing trimethylene chlorobromide and sodium iodide in acetone
for about five hours. The sodium bromide which had precipitated was
filtered, the acetone distilled, and the organic material remaining
washed with aqueous sodium thiosulfate. The material was dried over

CaSOlL and fractionated. The fraction boiling at TloC (35 m. ) was

1

Molar refractions reported herein were calculated from atomic
refractions listed in Handbook of Chemistry, Ooth. Ed., Handbook
Publishers Inc., Sandusky, Chio, 1945, p. 1025,
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collected and stored in the usual manner. The refractive index was
found to be 1.5475 at 20.5°C: the density at the same temperature
was 1.9393. The molar refraction observed was 33.5 as compared with

the calculated value of 33.7.

Trimethylene Iodide.--Trimethyiene lodide was prepared by the methed

of M. T. Bogert and E. M. Slocum (22). The material was fractlionated
under vacuum and the material boiling 110°% (19 mm)} was collected.
The refractive index measured at 2500 was 1.6402; the density at the
same temperature was found to be 2.5531. The molar refraction cal-
culated was 41.7 as compared with 41.8 observed.

Trimethylene Bromoiodide.--Trimethylene bromoiocdide was prepared

from the reaction of sodium ilodide and trimethylene bromide in ace-
tone in the same manner described for the preparation of trimethylene
chloroiodide. The fraction collected boiled at 88°C (17.5 mm. ).

The refractive index at 2500 was found to be 1.5810,and the density
at the same temperature was 2.280Lk. The molar refraction was ob-
served to be 36.4 as compared with 36.6 calculated.

Propyl Iodide,--Fastman Kodak White Label propyl iodide was fractionated

and the fraction boiling 102°C (740 mm.) collected. The refractive
index at 20°C was observed to be 1.5051 as compared with the value

1.5051 reported in the Chemical Rubber Handbook (23).

(22) M. tf.'t.L Bogert and E. M. Slocum, J. Am. Chem. Soc., 46, 763
(192h). -

(23) Handbook of Chemistry and Physics, 32nd. Ed., Chemical Rubber
Publishing Co., Cleveiand, Ohio, 1950, p. 1043.
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Trimethylene Fluorobromide.--Trimethylene fluorcbromide was prepared

according to the method of F. W. Hoffmann (2L). The material was
fractionated, and the material boiling between 101.5O and 10200,
(740 mm.) was collected. The refractive index, 1.4295 at 23°C was
found to agree with that reported by Hoffmann.

Trimethylene FTluoroiodide.,-~-Trimethylene fluoroicdide was prepared by

the reaction of sodium iodide and trimethylene fluorcobromide in acetone
according to the method described for the preparation of trimethylene
chloroiodide., The material was fractionated and the fraction boiling
at 16°C (39 mm.) was collected. The refractive index was observed to
be 1.4991 at 20°C, and the density 1.9655 at the same temperature.

The molar refraction was observed to be 28.1 as compared with 25.83 cal-
culated.

Tetramethylene Chloroiodide.--Tetramethylene chloroiodide obtained from

Columbia Organic Chemical Company was fractionated under nitrogen, and
the material boiling at 91°C (16 mm) was collected. The refractive index
at 25.300 was 1.7350. The molar refraction was found by exveriment to be
38.3 as compared with 38.3 calculated.

Hexyl Bromide.--Hexyl bromide obtained frcm the Fastman Kodak Company

was fractionated, and the fraction boiling at 156°C (740 mm.) was col-
lected. The refractive index, 1.L478 at 20°C corresponded to that

reported in the Chemical Rubber Handbook (25)

(24) F. W. Hoffmann, J, Org. Chem., 14, 1056 (1940).

{25) Handbook of Chemistry and Physics, 32nd. Ed., Chemical Rubber
Publishing @o., Cleveland, Ohioc, p. 928.




Pentamethylene Chloroiodide.--Pentamethylene chloroiodide obtained

from the Coiumbia Orgenic Chemical Co. was fractionated and the fraction
boiling at 85% (5 mm.) was collected. The refractive index at 20°¢
was 1.5304.

Ethylene Bromide.=-«Eastman Kodak White lLabel ethylene bromide was

twice fractionated through a Todd Columm; the fraction boiling at
131.°C (738 mm.) was coliected and stored under nitrogen. The index of
refraction at 21.5°C was found to be 1.5379.

Vinyl Bromide.--Approximately 20 grams (0.106 mole) of ethylene bromide

was added to a 500 mi round-bottom flask containing four grams of KCOH
and 29 ml. of ethanol. The solution was refluxed for one hour using an
ice water condenser to condense the vapors; the vinyl bromide was then
distilled into a receiver which was cooled by an ice-brine solution.

The product was then fractionated through a Todd Column, and the
fraction boiling at about 6°C collected and a small amount of diplewyla-
mine added to inhibit polymerization.

Ethylene Todide.--Into a flask containing a slurry of lodine in ethanol
was slowly passed ethylene at a rate such that most of the ethylene

was absorbed. After the ethylene was no longer absorbed, the contents
of the flask was diluted with water, the iodine color discharged with
bisulfite, and the white crystals filtered. The product was immediately
recrystallized from hot ether since its decomposition was catalyzed by
iodine. The ethylene iodide cobtained melted at 820C, and was stored

under nitrogen in a brown container.
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Ethylene Fluorcbromide.--Ethylene fluorobromide was prepared by the

method of Hoffmann (24) in which ethylene bromide was reacted with
potassium fluoride in ethylene glycol. Since the prodﬁct formed was
the lowest boiling component, it was collected as it was formed. The
product obtained was fractionated through the Todd Column, and the
Fraction boiling 70.5-71°¢C (738 mm.) was collected and stored under
nitrogen. The index of refraction at 2500 was found to be 1.4226.

n-Propyl Bromide.--n-Propyl bromide was prepared according to the

procedure in Organic Synthesis (26). Two fractionations gave a product
which boiled 70.5-70.9°C (738mm.). The index of refraction at 15°C
was found to be 1.4370.

Ethanol.--U. S. P. absolute ethanol was used without further treatment.

Ethyl Bromide.--Merck reagent grade ethyl bromide was twice fracticnated,

and the fraction boiling at 38.&00 was collected and stored uncer
o
nitrogen. The index of refraction at 20 C was found to be 1.L4239,

Nitrobenzene.--Fastman Kodak White Label nitrcbenzene was fractionated

over phosporous pentoxide through a Todd Column. The fraction boiling
at 89.5°C (12 mm.) was collected. The refractive index at 29.5°C was
found to be 1.5478.

Methyl Iodide.--Fastman Kodak White Iabel methyl iodide was fractionated

thorough a Todd Column Column under an atmosphere of nitrogen. The
fraction beoiling h2.5°c (738 mm. } was collected and stored in a brown

bottle. The refractive index at EOOC was observed to be 1.5305.

(2k) F. W. Hoffmann, J. Org. Chem., 1k, 1056 (1949).

(26) R. F. Goshorn, T. Boyd, and E. F. Degering, Organic Synthesis,
Collective Volume T, John Wiley and Sons, Inc.. 2nd. kd., New York,
¥, Y., 1051, ©. 37.




Methylene Chloroiodide.--Methylene chloroiodide was prepared by the

reaction of sodium iodide in acetone with methylene chlorobromide

in a manner similar to that described for the prepration of trimethylene
chloroiodide. Fractionation thorough a Todd Column gave a fraction
boiling at lOBOC (‘740 mm. ). The material was collected and stored
under nitrogen; a refractive index of 1.5825 was observed at 20°C.

Methylene Bromoiodide.--Methylene bromoiodide was prepared by the

action of sodium iodide in acetone on methylene bromide as described

for the preparation of trimethylene chlorolodide. Fractionation through
a Todd Column gave a fraction boiling at hh.SOC {23 mm.}. A refraction
index of 1.638L was observed at 20°C.

Triethylamine.--Fastman Kodak White Tabel triethylamine was fractionated

through a Todd Column over sodium. A fraction was obtained which
boiled at 89.500 (739 mm. ). The refractive index was observed to be
1.4003 at 20°C.
Apparatus

The instrument arrangement used for the measurement of el-
ectrolytic conductivities was a modification of that descrihed in the
Leeds and Northrup catalogue EN-95 (L2). The principle difference in
the instrument arrangement was the use of a cathode-ray oscilloscope
as the null point indicator, as described by Jones (43}, rather than
the usual audio method. A diagram of the modified circuit is shown in

Figure 1, which is located in Appendix C.

(42)  Apparatus for Electrolytic Conductivity Measurements, Leeds
and Northrup Company, Catalogue number Bn-95, 1993, ». 16.

(43} G. Jones, XK. J. Mysels, and W. Juda, J. Am. Chem. Soc..
62, 2919 (19%0).




Experimental determinations of the electrolytic conductivities
were carried out by (1) placing the conductitity cell, ¥, in the bridge
circuit, (2} making an approximate setting of the decade resistance
box, R, and (3) varying the ratio arms of the slidewire for a null point
in the bridge circuit. Measurements were normally carried out with
the oscillator adjusted for a frequency of 2200 cycles per second. In
general it was found that the conductivity was independent of the fre-
querncy; however the current phase in the ¢ircuit was found to vary with
the fregquency. The phasing difficulties were taken care of by means
of a condenser in parallel with the decade resistance box. The oscillo-
scope was arranged and used in the manner described by Jones (43).
Specifications of the apparatus are listed as follows:

Decade resistance box, General Radioc Co., Model 1432-L.
Audio frequency Oscillator, Hewlett-ptackard, Model 200-CD.
Cathode-Ray Oscillograph, Du Mont Co., Model 304-A.
Variable Capacitor, leeds and Northrup, Model 1185.
Conductivity Cell, Sargaent Co., No. $5-29305.

Isolation Transformers, War Surplus.

Student rotentiameter, Leeds and Northrup. Model 70651,



CHAPTER III
Discussion

Previous studies have been made in this laboratory on the
influence of alphe-halogens upon the Sy2 reactivity of other halogens

{1). However, the study of the influence of beta-, gamma-, and delta-

halogens on the SNE reactivity of other halogens in the same molecule
is complicated in one respect in that elimination reactions may occur
as well as substitution reactions.l The literature indicated that
the existing experimental data was inconciusive with regard to the

type of reaction occurring (5,6,7,8, and 11).

(1) C. H. Thomas, Ph. D. Thesis, Georgia Institute of Technology,
1953.

;For a discussion of the mechanism of substitution reactions
see C. K. Ingold, Structure and Mechanism in Orgenic Chemistry,
Cornell University Press, Ithaca, N. Y., 1953, Chgp. VIiIi.

(11) A. Slator, J. Chem. Soc., 85, 1290 (1904).

(6) W. Taylor, ibid., 1514 (1935).

(8) E. Pgtrenko-Krltchenko and V. Opotsky, Ber., 59 II, 2131
1926)

(5) B. V. Tronov and A. I. Gershevich, J. Russ. Phys. Chem.
Soc., 29, 127 (1927); C. A., 22, 3399 (ig2¢C).

(1) B. V. Tronov and L. V. Laduigina, ibid., 62, 2165 (1930);
C. A., 25, 3957 (1931).
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An investigation of the various possible nucleophilic reagents
was undertaken in an effort to find one vwhich gave only the desired sub-
stitution reactions. Since the ethylene halides were expected to give
the preatest difficulty in this respect, they were the first group of
compounds to be studied. The first nucleophilic reagent investigated
was sodium hydroxide with which a mixture of dioxane and water was used
as the solvent in order to dissolve both the organic and the inorganic
compounds involved. COne may write ionic reactions which may occur in

the case of the ethylene halides as follows:

XCHpCH, Y+ OHpY ~f ¥CH = CHy 4 HpO (1)

" NaOH
XCH,CH,Y + O Y + XCHoCHL O > O Ch (2)
0

In the exampies above X znd Y are both halogens and in some cases both
are the same halogen.

If the reaction rate of sodium hydroxide with a vinyl halide,
the product of an elimination reaction between sodium hydroxide and
an ethylene halide, is negligible, only one mole of base will be re-
quired per mole of ethylene halide in an elimination reaction (example 1).
On the other hand, if the halchydrin produced from the first step of the
substitution reaction (example 2) reacts rapidly with sodium hydroxide
as compared with the ethyiene halide, two moles of base will be re-
quired per mole of ethylene halide. Thus, one can experimentally
determine the extent of elimination and substitution by measuring the
quantity of base required in the reaction between an ethylene halide
and sodium hydroxide provided, of course, the limitations cited above

are observed.



An investigation of the literature showed that the rate
constant for the reaction of 2-bromoethanol with sodium hydroxide in
25.1 per cent dioxane at 0°C was 4.53 1. mole ‘min. "t (27). In this
laboratory the rate constant for the reaction of ethylene bromide with
sodium hydroxide in 50 per cent dioxane at 36.500 was found to be
0.0760 1. mole“lmin._l (Table 47). A comparison of the values shown
gbove indicates that the halohydrin. the product formed in the first
step of & substitution reaction, reacts much faster with sodium hy-
droxide than does ethylene bromide.

Vinyl bromide was prepared and its reaction rate with sodium
hydroxide observed. The data, Table 45, indicate that a subsequent
reaction of vinyl bromide, if any, is negligible. The solvolysis of
ethyvlene bromide was also shown not to occur. Since the assumptions
for distinguishing between substitution and elimination reactions ap-
peared to be valid, experiments were carried out in which it was found
that substitution occurs to an extent of about 1.9 per cent (Table 49).
It was concluded, therefore, that sodiun hydorxide and other strong
bases, e. g., sodium alkoxides, were unsuitable for use in measuring
substitution reactions.

The search for a nucleophilic reagent which would give pre-
dominantly substitution narrowed to two possibilities: sodium thio-
sulfate and sodium thiophenolate.

Preliminary experiments using sodium thiophenolate in sbsolute
methanol indicated a convenient reaction rate with ethylene chlorobromide
Ethylene iodide, on the other hand, was completely reacted within one

minute at 0°C and very low concentrations.

{(27) J. C. Warner and C. L. McCabe, J. Am. Chem., 70, 4031 (1943)



2’7

Efforts to slow the rate by the addition of water to the reaction
mixture proved to be futile.
Slator had shown in a previous work that the reaction rate
of ethylene iodide with sodium thiosulfate was measurable (11).
As a result of the convenient reaction rate, it was decided to study
more thoroughly the reaction of the ethylene halides with sodium thio-
sulfate in 50 per cent agueous ethanol. As reported by Slator, two
moles of sodium thiosulfate were to be required per mole of ethylene
iodide (11); however a gas was observed to be evolved during the
course of the reaction. An Investigation showed the gas to be ethylene.
An experiment similar to the one described above using sodium
thiosulfgte was arranged using instead sodium thiophenolate as the
nuclecphilic reasgent in order to see whether a gas was evolved in its
reaction with ethylene iodide. A gas which was assumed to be ethylene
was found to he evolved, as in the case of sodium thiosulfate. The
reactions appear, therefore to involve an attack by the sulfur anion

on iodine rather than on carbon according to the reaction scheme:

ICHECHEI =+ 2 Na 28 201-'_—)CH2=CH2+ Naasho 6+ 2 Nal

At this point it appeared advisable to discontinue efforts to
measure a substitution reaction with the ethylene iodides. However,
preliminary experiments showed that the ethylene bromohalides did not
evolve a gas in their reaction with sodium thiophenolate in methanol.
Since these compounds were also found to react at a convenient rate

with sodium thiophenolate, the problem was pursued along these lines.

(11) A. Slator, J. Chem. Soc., 85, 1290 (1904).




Sodium thiophenolate was chosen rather than sodium thiosulfate as

the nucleophilic reagent because of several advantages of the former
reagent; For example, the latter yilelds Bunte salts which are sus-
ceptible to hydrolysis to sulfuric acid and mercaptans which interfere
with the analytical method. {23). One may also observe oxygen sub-
stituted products (28).

In order to establish that the reaction between the ethylene
halobromides and sodium thiophenolate was one involving substitution
an experiment was arranged in which the product was isosated and
identified., 8ince ethylene bromide was thought to be the most Likely
of the series to undergo elimination reactiors, it was chosen as the
example to be studied. A product separated from the reaction mixture
whose physical properties corresponded to 1,2-bis(phenylmercapto)-
ethane. This material was oxidized and the product found to be
1.2-bis-(phenylsulfonyl )-ethane. The above compounds were those ex-
pected from a two step substitution reaction. Scdium thiophenolate
therefore, apreared to yield the desired substitution reactions with
the ethylene halobromide series.

A two per cent excess of sodium methoxide was used in the pro-
cedure for measuring the kinetics of the reactions involving sodium
thinophenolate in order to insure that the thiophenol was completely
converted to its anion. 1In order to find whether tne excess of the
sodium methoxide was sufficient to interfere in the comparison of SN2
reactivities an experiment was arranged in which the reactivity of
ethylene bromide toward sodium thiophenolate and sodium methoxide wasg

compared. The thiophenolate ion was found to be more reactive by a

(283 P. M. Dumbar apd L. P. Hammett, J. Am. Chem. Soc., 72, 109 {1950).

{
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factor of about 25 which indicated that no difficulty should be en-
countered.

It was also desirable to know whether the two ml. of acetic
acid added as a means of converting the thiophenclate ion to un-
reactive thiophenol was sufficient., A spectrophotometric determination
of the pKéfor thiophenol in absolute methanol vas carried ocut using
bromcresol purple as tie indicator. From the value of 11.1 obtained for the
pKé of thiophenol in absoluie methanol one can show that the concentration
of thiophenolate ion was reduced to a negligible amount by the ad-
dition of two ml. of acetic acid. Kolthoff found the pKa of acetic
acid in methanol to be 9.65 (20).

All of the experimental values for the specific rate constant
in the reactions involving sodium thiophenolate were calculated by
the unmodified second order rate equation. The maximum average de-
viation tolerated was two per cent. However, ethylene bromide was the
only compound studied which did not conform to such a simple equation
since beta-bromoethyl phenyl sulfide appears to react with sodium
thiophenolate at a rate comparable to that of ethylene bromide. An
effort was made to find whether the kinetics of the reaction conformed
to a rate equation modified for a two step reaction which assumed the
second step of the reaction to be fast compared to the first. Such an
equation, however, did not represent the reaction kinetics. As a
consequence, to obtain the initial specific rate constant the

quantity shown below versus Lime was plotted on a large graph paper,

b 8-x
log - . ——
a

(20} I. M. Kolthoff and L. S. Guss, J. Am. Chem. Soc., 60. 2516 (19383).
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the curve extrepolated to the initial time, and the desired specific
rate constant calculated from the initial slope of the curve. Since
the effect of Egggfbromine on the reactivity of alkyl bromides was de-
sired, it seems that the above results should be satisfactory. Since
each bromine was equally capable of being displaced, the specifiic rate
constant gquoted for ethylene and trimethylene bromide are divided by
two in order to give the rate constant per bromine. The specific

rate constant for trimethylene iodide was freated similarly.

The heats and entropies of activation listed in the tables were
calculated from the absolute rate equation using the method of least
squares (29). The average deviation of activation energies from the
mean was thought accurate within 0.3 kcal/mole and the corresponding
values for the activation entropies were thought accurate within
0.7 e. u./mole.

In a previocus study in this laboratory on the influence of a
second halogen on the SN2 reactivity of another halogen attached to
the same carbon atom it was found that the g}g&g-halogen decreased the
reactivity (1). In an effort to determine whether the steric in-
fluences were responsible for the decrease in reactivity, it was thought
desirable to study the reaction using a nucleophilic reagent which was
of a neutral charge type. The nucleophilic reagent chosen was trie-
thylamine, and the reaction the well known Mentschutkin reaction. of

the type:

(29) S. Glasstore, K. J. Iaidler, and H. Eyring, The Theory of Rate
Processes, McGraw-Hill Book Co., Inc., New York, W. Y., 1041, p. 1k.

(1) C. H. Thomas, Ph. D. Thesis, Georgia Institute of Technology, 1953.




(CEH5 )BN-PXCHgY —_— (02}15 )31-@-03,2}( +Y

Similar reaction rates have been studied in the past by
measuring the rate of formation of the halide fon (30) i. e., Y ,
or by measuring the rate of decrease of base concentration (1h).
However, ii was decided to measure the kinetics of the reaction by
measuring the rate of change of the conductance of the solution. Such
a method offered advantages in that only small quantities of reactants
were needed, and very fast reactions could be measured conveniently
and with accuracy.

In order to achieve the results desired it was decided to study
the relative reactivities in nitrobenzens. WNitrcbenzene was chosen
as the solvent because of its superior ability to fmecilitate the rate
of formation of the quaternary ammonium salts. Further advantages ex-
isted in that there appeared to be less likelihood of subsequent salt
hydrolysis, and the relatively high boiling point allowed one to study
the reaction at high temperatures without the difficulty of evaporation
losses due to handling.

The instrument arrangement was that of a simple conductivity
bridge whose circuit diagram is described under the instrument section.
However, a Leeds and Northrup student potentiometer was arranged in
the cirecuit as the bridme's ratio arms in such a way that only the slide-~
wire and end coils were used. This allowed one to make rapid measurements

by merely placing the cell in the c¢ircuit, making an approximate setting.

(30) G. E. Zdwards, Trans. Faraday Soc., 33, 129 (1937).

(L4) C. M. Hinshelwood et al, J. Chem. Soc., 360 (1933).




of the resistance box, and adjusting the slidewire until a null
point was obtained. The cell resistance was then calculated from the
resistance hox reading, R, and the slidewire ratio, A, by tne
equation:
50044
R=2ER. e
x 5500 - A

Utilizing the resistances measured, the concentration of product
formed can easily be obtained by use of the plots described in the
experimental section.

Some difficulty was encountered in that the phase of the
current in each side of the conductivity bridse was not in balance.
Since an ad,justiable air condenser of sufficient size was not
aveilable, the problem was overcome by adding an identical cell
containing 30 ml. of solvent in parallel with the resistance box.

An increasse was encountered in some of the kinetic data; it was
thought that a subsequent reaction might explain these data since
it had been reported by Davies and his associates that trimethylamine
would form a bis compound when reacted with the dihalomethanes (15).

An experiment was arranged in which a two fold excess of irie-
thylamine was reacted with diiodomethane in nitrobenzene. TIn order to
be certain that no unexpected influence of solvent was occuring, a
simllar experiment was carried out using methy ethyl ketone as the
selvent. Although the crude product from the reaction using nitro-

benzene as the solvent weighed 3.3 per ceni more than theoretically

(15) W. C. Davies et al, J. Chem. Soc., 412 (1939).




expected from a one step reaction, the analysis for ionic iodide cor-
responded to that for a product from & one step reaction. Further,
the products obtained from reactions using different solvents were
identical.

Although Hartmar and coworkers had shown that no reversal of
the Menschutkin reaction occured in examples which they investigated
(31). a possible reversal of the reactions involving triethylamine
were considered in an effort to explain certain decreases in the rate
data.l Experimentcs were arranged in which an excess of triethylamine
was used and in which the product was dissolved in nitrobenzene; how-
ever no reversal could be detected. A more probable explanation of
the difficulties in the rate data can be attiributed to the procedure
uged Tor cell calibration since decomposition of the reaction mixture
was observed in many cases while awaiting completion of the reaction.
In such cases the final resistance did not correspond to the correct
concentration of quaternary ammonium salt, and the entire calibration
curve was incorrect by a small factor.

In Chapter I brief mention was made of the mechanism for the
SN2 reaction. It is desired now to consider in greater detail the
glectronic influences expected from such a mechanism. Two factors appear
to determine reactivity by this mechanism, namely the extent of hond
making and the extent of bond breaking in the transition state. Thus,
the extent of bond making and bond breaking in the transition state will

determine the magniftude of the electron deunsity around the alpha-carbon

(31) D. Hartmen et al, J. Am. Chem. Soc., 0h,229L (1942),
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atom. FElectron supply is expected to ald reactions in which the
central carbon is relatively positive, i. e., where bond breaking is
Tavored over bond making, and eiectron withdrawal to aid in cases in
which bond making is favored. However, one should be aware that this
simplification is somewhat exaggerated in that those factors which
favor bond formation atso tend to increase the sirength of the bond
undergoing cleavage due to contributions from the 1onic terms of the

bond energy eguation (32;.

Bz 2, 4B, )% 23-00(X 415 2
In the above equation the first term represents the average of the
Pbond energies of the diatomic molecules A2 and BE; the remaining term
is a function of the difference in rauling's electronegativity values
between the atoms A and B. Thus, the latter term accounts for the added
stabilization of the bond due to its unsymmetrical character. Thus,
those factors which favor bond cleavage will also decrease the ease of
approach of nucleophilic reagents.

In compounds which possess electron donor groups many examples
exist for which bond cleavage has been favored to such an extent that
bond formation is not of significance. These are, of course, the well
¥nown uni-molecular or SNl reactions many of which even show no de-
pendence at all on the concentration or the nature of the nucleophilic
reagent. It seems reasonable too that with sufficiently strong with-

drawing substituents one might observe examples in which little dependence

(32) L. Pauling, Nature of the Chemical Bond, 2nd. Ed., Cornell
University Press, ltnaca, N. Y., 1945, p. 60.
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is attached to bond cleavage. A similar idea has recently been in-
troduced by Swain and Langsdorf (37). Intermediate cases are known,
thus, in the reaction of various para substituted beta-phenylethyl chlo-
rides with iodide ion in acetone a minimum in the relative reactivities
was observed in the series of substituents; p-MeO 1.04, p-H 0.735,

p F 1.53, p-Cl 1.65, p-Br 1.63, p-T 1.k0, p-1O, 3.76 (33). Other data
are available which show a similar minimum (34-36). However, it should
be noted that those minima are observed in aromatic series within which
steric factors are constant. A rate minimum due to steric rather than
electronic effects should also be possible.

Since the beta-, gamms-, delta~, and epsilon-halcalkyl halides

are electron withdrawing groups, one should expect their reactivity
relative to an alkyl halide to be determined by competition

between bond cleavage and bond formation. Further, with regard to the
influence of the specific substifuent the energy necessary for c¢leavage
of the old bond should be expected to decrease and the energy for the

formation of a new bond to increase in the series of beta substituents:

F, C1, Br

(33) ¢. Baddeley and G. M. Bennett, J. Chem. Soc., 1819 (1935).

(34) s. Sugden and J. B. Willis, ibid., 1360 (1951).
(35) G. M. Bennett and B. Jones, ibid., 1815 (1935).

(3¢) C. K. Ingold, Structure and Mechanism in Organic Chemistry,
Cornell University Press, Ithaca, N. Y., 1953, D. 327.

(37) C. G. Swain and W. P. Langsdorf, Jr., J. Am. Chem. Soc.,
73, 2813 (1915).
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An examination of the data in Table 3 shows that the reactivity of

the various ethylene bromides is less than that of ethyl by a factor
of about eight. However, the various trimethylene bromides are
observed to be of about the same reactivity as propyl. Unfortunately,
it was not found possible to measure the SN2 reactivity of the ethylene
ipdides; however a consideration of the trimethylene, tetramethylene,
and pentamethylene iodides show that the reactivitieg are only slightly
greater than that of propyl iodide. One is led to conclude in the
ethylene bromide series that bond cleavage is still the Jominating
factor while in the higher series the substituents are sufficiently

Tar away that little influence is cobserved.



Table 3 Summary of Results for the Reaction

R-X-l-NaSC6H5 ———}RSC6H5 o  NaX
k x lOu 1 mole—lsec -1 H 3
. . . A . A N
R-X 0°¢ 20°C 34,69 keal e.u.
HCH,CH,Br. 3.79 39.1 182 18.1 - 10
2 = +0.06 *0.6 +3
CH?)CHQCHEBI‘ 2.56 25.6 112 17.7 -12,3
+0.03 +0.3 *o
C,H5CH,CH,Br 2.77 26.9 121 17.7 -12.3
i *0.03 +0.3 +1
¢, H.CH CH.B 3.1k 77 8b 17.1 13.7
r . . -—- . -13."
W92 +0.02 + 0.k
FCH,CH,Br 0.403 h.95 25.5 19.4 - 9.6
+0.006 0.0l 0.2
ClCHECH?Br 0.u486 5,61 08,5 19.1 -10.6
~ *0.006 *0.03 0.1
BrCH . CH Br 0. hh&* h,90% ok, 3% 18.7 -12
22 +0.01 +0.15 + 1
)
FCH,.CH,.CH,Br 1.86 52.6 ——— 17.9 - 12
Fataths *o.00 + 0.L
b
C1CH.CH_CH Br 2,54 70.6 ———— 17.3 -11.5
ez * 0.0 4+ 0.4
BrCH,CH,CH_Br 2,892 29,8 ——— 18.1 ~10.5
+ 0.0k ro.1
BrCHACH,. CHAT 21,8 151 ———— 16.7 ~-11.3
2N vo.lk otk
TCHACHACHALT 20.1 1512 S 16.9 -~10.7
27 + 0.3 +3
C1CH,CH,CH, T 15.7 133 ~--- 16.8 -11.3
120 t o0 + 1



FCH_CH CHAT 11.2 104 S 17.2 -10.0
2 e to.1 1
C1CH CH CH CH I 23,8 204 - 17.2 -ll.3
2 2 2 2 '.*.'f3>.1 i ! )
. - A, -
ClCHBCHECHQCHECHEI +2g g *1.95 16.5 10
CH CH CH I 147 128 —— 16.6 =-12.4
3 2 2 t 0.3 +7

aThese rate constants contain a statistical factor of one-half.

bThese rate constants were determined at 29.800.




Within the ethylene bromide series, somewhat surprising

results were found in thot the various substituents had about the

same influence on reactivity. A closer examination of the reactivity,
however, shows the correspondence to be largely fortuitous since the
decrease in reactivity caused by a beta-fluorine results from a more
unfavorable activation energy while at the other extreme that of beta-
bromine results from a more unfavorabie activation entropy. Con-
sidering only the activation energy, one finds that the beta-halogen

increases the activation energy of the aipha-bromine in the order;

F 2 Cl #Br
This sugpests that the overall decrease in activation energy re-
lative to the unsubstituted alkyl halide is due to difficulty in
cleavege of the old halogen bond.

0f interest also is the entropy of activation term wihich is

observed to increase in the order:

Fez Cl « Br.
Assuming the model proposed by Ivanhoff and Magat (38), it is found
that the smell size of size of beta-fluorine makes its£18a of about the
seme megnitud as that for a beta-hydrogen. On the other hand, it is less
probable that a molecule with a beta-bromine attached would be in the
proper configuration for reaction. According to calculations by Mozshime's

method (41}, the pgauche form of ethylene bromide in methanol is about

(38) N. Ivenhoff and M. Magat, J. Chim. Phys., 47, 91k (1950),

(41) S. I. dizushima, Journal of Chemical Physics, 18, 754 (1950).




ko

0.7 ckal per mole less stable than the trans form. Thus, an ex-
amination of Table 3 shows that the & Sa for ethyl bromide to be
about equal to that for ethylene fluorobromide and about two en-
tropy units greater than that for ethylene bromide. As might be
suspected, the § Sa for ethylene chlorobromide is intermediate be-
tween that for ethyl bromide and ethylene bromide.

An examination of Table 3 also indicates that the electronie
effects are constant when the substitution is more than two carbon
atoms removed from the reaction site. Thus, it is observed that the

gamma-, delta-, and epsilon-haloalkyl halide are of approximately the

same reactivity as the propyl halide.

In an earlier portion of this chapter consideration was given
to the electronic influences exerted in an SNB reaction. The re-
actions previously considered, however, were those in which the charge
types of the reactants were similar to those of the products. The
formation of a quaternary ammonium salt from a tertiary amine and an
alkyl halide, on the other hand, involves a reaction between neutral
molecules to form an jonic product. Since the §£ng—carbon atom of the
gquaternary ammonium salt is more positive in the product than in the initial
state, one should expect the alpha-carbon atom to be more positive in
its transition state than in the ground state. As a result, bond
cleavage should be mede more difficult. A rate minimum, if any, should
be expected to occur with considerably stronger electron withdrawing
groups.

A comparison of the relative reactivities of the methylene

halides toward sodium methoxide in methanol indicate a rate minimum
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as is seenh by the order:
CHSI’ 1200; CHQIE, 1 CHgClI, T

In a consideration of the data in Teble 2 a similar minimum in the
relative reactivities of the methylene halides toward triethylamine

is seen by the order:
CH3I, 5300; CHEIE, 1; CHLCLI, 6

Thus, the increased reactivity caused by Tthe substitution of an
ﬁiggg-chlorine for an g&gﬁg—iodine atom is more probably due to steric
factors since a rate minimum is not expected to occur with these
substituents.

Cne night tentatively conelude that the order of reactivities
observed by Thomas (1) is also due to steric factors. However, the
above conclusions should be regarded as tentative until more reliable
data on the reactivities of the various methylene halides toward

triethylamine and quinuclidine are collected.

(1) C. H. Thomas, Ph. D. Thesis, Georgia Institute of Technology,
1953.



CHAPTER TV
CONCLUSIUNS

Tn this investigation the substitution of a halogen atom for
a beta-hydrogen ztom in an ethyl halide was found to decrease the
reactivity of that halide toward sodium thicophenolate in absclute
methanol. Previous reports that a Egzi—halogen increased the SNE
reactivity were shown to be based on kinetic evidence for an EZ2 re-
action.

The order with which the beta-subsiituent decreases the re-

activity of the ethyl halide is:

The order of reactivities were somewhat surprising, however, in that
the various Egzéfhalogens had about the same influence on reactivity.
An inspection of the heats and entropies of activation show the si-
milarity of reactivities to be fortuitous since the more unfavorable
heat of activation for the EEEa—fluorine is balanced by the less
favorable activation entrony for the beta-bromine.

One should also note that the heats of activation increase with
increasing electronegativity of the substituent while tie activation
entropy decreases with increasing size of the substituent.

Electronic influences exerted by substituents situated in the

gamma, delta, or epsilon position are observed to be minor as ev-

idenced by similar rates and heats of activation.
Preliminary experiments on the reactivity of triethylamine

toward various of the methylene halides suggest that the order of re-



activity observed by Thomas in the reaction of the same compounds

with sodium methoxide was due to steric as well as electronic

effects.
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CHAPTER V

RECOMMENDATTIONS

It is felt that further work should be carried out on
the relative reactivities of the methylene halides toward trie-
thylamine and toward a less sterically hindered tertiary amine
such as quinuclidine or l-azabicyclo(2,2,1)heptane. Such data
would give stronger evidence concerning the importance of steric

factors on the course of the reaction.



APPENDIX A

SAMPLE CATCULATTONS
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1. Derivation of rate egquations.
See any text on kinetics, e. g. laidler (ko).

The eguation used for the calculations is:

2.303 bla-x)

R 8 ) (1)

II. Calculation of Ha from the absolute rate equation.
eKT -~ QAEs, ASA
k - i e RT, e -R— (2)

k Boltmamn's constant
h Planck's constant

A Derivation of the equation used when two sets of data are avallsble:

Kl _afa | 45,

In 5= 1n — = + 5 (3)
exT g
RT,T T
- 2172 - = )
AHa o {1n kl lnkg-Q- In 7 ) {5)

B, Derivation of the least squares method used when three sets

of data are available.

eKT a Sz HH

In k= 1n - * - "R (6)
let A= -fg-r e A—;‘?-‘

al=ln A

ap _'.e_g_a

Via the minimm deviation



Equation O then becomes

-1
1n l{-.-al-k a2 1—- (7)
Ink - a 2 =3 (3)
o
n
(ln k - a1+32)=v§_ (2)
§v.° .
1 (Ink, ~a=?2 ) (-1)=0 (10)
RSN 1 i N r——
g 2 T
a.
872 L (nkg-a - 2 ) () (11)
$ % T T

i

[}
a3 -1
P! 2 g ~Ink) =0

a -1 -2
i(l'ﬁi *aETi - T

-1 1nk Ja0
* 1 l
1t

I1T. Calculation of § Sa from the absolute rate equation.

a. Derivation of the eguation used when two sets of data are

available,.

Using equation 3 or 4, the following eguation is found:

eXT Ay
A Sa = R 1n —E— -R1ln k - -—T——-
B. Derivation of the least squares equation used when three sets

of data are available. Using the value of al from equations 10 or
11 derived in part IT. B. of the 3Zample Calculations, the value of

Fa Sa can be readily calculated.
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Table I

CsHeSlia end ColicBr in CIL;0H at 34, 6%,

R 2

Thirty ml. of 0.0Mh5a ¥ C;HSSNa and 0.01577 U C 8 By
wvere titrated arsainst 0.02L5 nIL,
Time in Hier in A
L. ml. 1. mole min
! 1 I U
a 15,70 1,000
Do 12,0 1.007
29 11,70 1,057
Jf‘l" 00 1,05
2 CLon 1,103
"3 5.10 1,117
15 100 1,110
12 7.0 1.109
15k .00 1.121°
Thirty ml. of 0.0205Lk W C,P5 TWa and 0.020k4k @ COHSBr

were titrated arainst 0.0329 i ]‘
1 3,70
10 7) Gr}
0.5 13.1h
30 11.53
50 7.30
a0 5.48
k3 9.92
150 L. s
oho 3.00

K=(1.024+0.003) x 1077 1. mole

1z (1.00#0.016) x 10° 1. molc”

sec,

min.

1.087
1.072
1.072
1.053
1.075
1.057
1.035
1.102

-1

-1




Table 5
. 0
C -HeoNa and C.17.Br in CHLOI at 20°C.
G 205 )

Talrty ml. of 0.03770 H Cgligtlla and 0.04423 1 Cyll Br

P

wvere titrated against 0.0kS8 . I,

- [

Time in Titer in 5 -1 -1
Min, ml. 1. mole min.
1 23,0 Lola.

23 19.51 0.2395

Ll 15.3¢ 0.2377

a3 12.61 0.2340
125 9.93 0.2355
159 5.01 0.235h
211 G.55 0.237C
281 5.16 0.2370
300 b4z 0.2ko7

Thirty ml. of 0.03022 B 05358”3 and 0,04303 1 C2H5Br

were titrated against 0.0450 I,

1 22,97 emeaa-
21 39.10 0.2384
Ly 16.32 0.23h7
53 1%.00 0.2323
95 1.2 0.2321

132 .20 0.2306
175 Z.TS C.2300
21N 5,70 0.2297
275 5,36 0.0002
-3 -1 -1
Kz(3.91 40,00} x 10 1 1. mole 58

K=(”2.354 0.03} x 10 1. mole sec.



Table O

21

CgfigStin and CpHBr in CLCH 2t 0°¢.
Fifty ml. of 0.0432% N CHoSNa and O. 751, CGWBB
per 100 ml. of solution. Ten nl. samples were titrated against
0.0297 W T,,
» . 1. b 1 2
Mme in Titer in % 10 -
Min ml. mole min.
0 2 T 2 T —
71 11.76 2.203
209 .66 2.255
311 3.39 2.301
ko2 T 47 2.319
3l 2.5 2,323
Fifty ml. of 0.0%h00 If LTS\N and 0.7355 g. of Cgvrgr
per 10C ml., of scolution. Ten ml. szamples were titrated azainst
0.0297 ﬁ T
e o
0 3.5 aaaes
30 12.33 0.065
1496 10.49 2,200
3A27.5 Q.01 2,237
hS?.S 7.536 2,200
1515 2.973 2,292
-~ —ll- -l 5eC ']-
L= (2.7040.05) x 1077 1. mole 5ec.
-4 -2 -1 . -1
K= (2.275220.03) x 10 7 1. mole min




Table 7

C6H5

Thirty ml. of 0.02563 N C.H

5 dac in CH
Na an 3H,?IBI' in

JOH at 34.6%,

>

were titrated against 0.0297 N Ie.

SNa and 0.02853 M C3H7Br

Time in Titer in k x_y 107 N

Min. ml 1. mole min.

1 24,81 0000 eeeea

11 20.80 6.829
20 18.31 6.596

35.5 15.03 6.690

51 12.69 . 6.638
75 10.23 6.51h4

100 8.34 6.584

124 7.12 6.524

146 6.26 6.477

Thirty ml. of 0.02320 N C6H58Na and 0.02827 E.C3HTBr
were tltrated against 0.0297 N Ig.

1 22.36  eeeaa

11 18.76 6.977
ol 15.48 6.839

Lo 12.63 6.817

61 10.02 6.807
91 7.63 6.704

117 6.20 6.7h8

151 4.89 6.712

181 4.09 6 .65k

-2 -1 -1
k=(1.12 +0.02) x 10 1. mole sec.
-1

k= (6.697+0.112) x 1077

1. mole ~imin.



Table 8§

0
C6HSSNa. and C3H7Br in CH30h at 207C.

Thirty ml. of 0.03816 N C H_SNa and 0.0435k M C5HBr

5
were titrated against 0.0466 ¥ I,

Time in Titer in k x._llo'l _
Min mi. 1. mole nin.
L 23.84 ————
27.5 20.19 1.595
51 17.88 1.530
85 15.24 1.538
182 16.68% 1.507
260.5 13.15*% 1.509
hoo 7.96% 1.460

Thirty ml. of 0.03412 N C.H SNa and 0.05707 ¥ C H Br
were titrated against 0.0297 N 12.

2 32.50 aann

23 ' 27.3k 1.559
L5 23.27 1.548
107 15.54 1.554
188 g.87 1.570
245 T7.40 1.580

Thirty ml. of 0.03202 N C H_SNa and 0.06085 M C,H Br

5
were titrated against 0.04137 N I,.

2 21.73 o
20.25 18.hg 1.569
b3 15. 44 1.543
71 12.59 1.532
102 10.20 1.530
168 6.86 1.513
2ko L.62 1.510
3 2.75 1.513

k= (2.5640.03) % 107 1. mole ‘sec. -1

k2 (1.54%0.02) x 10°T 1. mole ~Lmin. -1

* represents ml. of 0.0297 N 12.



Table @

L . : . L A0
CiEsSla and CqHBr in CH,OM at 07,

Fifty wl. of 0.03350 i Cé‘HSS e and 0.7247 =, of C3H Sr

per 100 ml. of solution.

0.021h 1 T,

Ten ml.

i
[

samples were titreted asainst

)
Time in Titer In It x_lO”
Min. nl. 1. mole min. "
0 1 T——
139 1640 1.hol,
299.5 1h b6 1.533
3725 1377 1.503
1335 .59 1.5k
1o7h G50, 1.530
Fifty ml. of 0.08136 I C,H38lla and 1.2502 g. of Cgﬁfgr

per 100 ml. of solubtion.
0.0214 1 I, |

0
198
305
b

1387
1535
2970

_ o -
w=(2.56£0.03) % 107 1. milesec. T

k=(1.53370.01) x

Ten ml. samples were titrated against

17.40

13.35 1.5he
11.75 1.53
10,34k 1.542
3.70 1,56k
2.0 1.5k
0.93 1.538
-1
-2 -1 -1
10 1. mole min.
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Table 10

CgHsSNa. and CyH.Br in CHyOH at 34,69,

Thirty ml. of 0.01704 N CeHs

were titrated against 0.0297 N 12.

SNe and 0.02683 M C)HoBr

Time in Titer in k

Min. mi. 1. m.ole_l m:l.n.'l

1 16.65 0 e

10 1k.20 0.70h1

25 11.10 0.7225

L5 8.36 0.7258

70 6.16 0.Th76
110 b.op 0.7231

Thirty ml. of 0.02553 N CéHSSNa and 0.02783 M ChHgBr
were titrated against 0.0297 N 12.

1 25.39 -

20 15.23 0.7h39

23 16.27 0.7390

h2 13.72 0.731h

61 11.34 0.71h7

37 9.01 0.7049
119 7.08 0.7293
160 5.51 0.7206
230 3.90 0.7ik1
263 3.36 0.7109

.0 -1

r=(l.21 F 0.001) x 107° 1. mole sec.

k=(7.2k1 % 0.111) x ]_0"2 i mOle-lmin,-l



were titrated against 0.0297 NI

Table 11

C H68Na and C,H . Br in CH

) L9 3

Thirty ml. of 0.0500 g ChH9

o

at 20°C.

Br and 0.03348 N CgHSile

A

Time in Titer in

-1, -1
Min ml 1. mole min
1 21.29 S

i5 19.05 0.1655

25 17.76 0.1613

e 15.27 0.1620

79 12.49 0.1632

125 9.79 0.1607

173 7.73 0.1617

234 5.92 0.1614

299 L, 55 0.1613

3k5 3.5 0.1612

Thirty mi. of 0.3559 N 06H5

were titrated against 0.04653 N I,-

1 29,60
13 20.35
23.75 15,73
b3 16.21.
(a 13.52

100 11.32
161 3.20
218 6.23
304 h.bo

k= (2.09F 0.03) x 1072 1. mote tsec. "t

k= (1.62% 0.016) x 1071 1. mole-lmin. !

COOCOOOO0O

.i675

. 1602
1635
L1600
.1609
1595
. 1605
L1573

Stia and 0.05415 M C)HBr



Table 12
* (o)
CéﬁsﬁNa anéAChﬁgBr in CH30H at 0°C.
Fifty mi. of 0.080L3 N CgHgSNa and 0.7766 . of Cp,HgBY

ner 100 mi. of solution. Ten ml. samples were titrated agninst

0.0297 W I,.
Time in Titer in e
-1 . -1
min. mlL. J. mole min.
0 13.55
1.00 12.39 0.01659
236 11.11 0.01530
1233 5.52 0.01665
1523 h, 53 0.01676
2579 2.65 0.01660
106 L.5h 0.0166k

Fifty ml. of 0.03323 N 06H SNo. =nd 0.9231 g. of C)H.Br

p) 9

ner 100 ml. of solution. Ten ml. ramples were titrated agninst

0.0297 N Ip.

) 373 eeea-
T3 12.69 0.01635
319 9.90 0.01650
hot 9.19 0.01671]
1ho7 b, 23 0.016h7
1320 3.29 0.01695
23k 1.5 0.01679
32540 1.5h 0.01655

w=(2.77 % 0.03) x lO'h 1. mole tsec. "

k= (1.66F 0.017) x 107 1. mole 'min. !



Table 13

CeligSla  Cgliy ,Br in CH;0H at 25,49,

13

Twenty-five ml. of 0.01391 N C6H58Na and 0.03450 M

C6H_L3Br were titrated against 0.02068 N 12.
Time in Titer in ko .1
Min. ml. 1. mole sec
0 16.10 ——-
25 11.1h 0.007740
36 9.52 0.007873
L5 B8.48 0.007325
68 6.38 0.007795
88 5.05 0.007773
120.5 3.52 0.007757
158 2,34 0.007777
Twenty-five ml. of 0.01391 ¥ C HsSNa and 0.03955 M
C6H13Br were titrated against 0.02008 N Ig.
0 16,00 a—--
9 13.62 0.007876
2L 10.63 0.007779
3L g.08 0.007773
L5 7.68 0.007779
55 6.66 0.007742
69 5.4%0 0.007823
85 4.3h 0.007799
105 3.3k 0.007745
129 2,48 0.007668

k={7.783 £ 0.037) x 103 1. mole—lsec.

k={L.670% 0.022) x 10 1. mole Tmin.

-1




Table 1k

. O
C6H Sla, C6H13Br in CH3OH at 0°C.

b

Fifty ml. of 0.0k712 N C,l SNa and 1.5673 g, of CcH, ,Br per
- J

13
100 mi. of solution. Ten ml. of solution were titrated against

0.00923 I T,

Time in Titer in i -1 B
Min. ml. 1. mole = gec.
0 oh,so  oeaan
7.5 22.59 0.0003223
147 15.03 0.0003177
2hg,25 16.12 0.003143
Lok 12.63 0.0003127
5L0 10.23 0.0003133
EU7 8.78 0.00031.06
1520 2.4 0.0003141.
Pifty ml. of 0.04712 N C4H,SNa and 1.3871 g. of CgH, 5Br per
ml. of solution. Ten ml. samples were titrated against 0.000923 o 12.
0 oh.52 ..
70,75 20,17 0.000309.
152 19.655 0.0003091
250.75 16.96 0.0003143
hol.s 13.065 0.0003146
539 11.41 0.0003133
643,75 9.4 0.0003160
1519 3.32 0.UVL3153

-k -1
k= (3.101% 0.023) x 107 I. mole sec.

‘ -p - oy
k= (L.ookPoiothy x 1077 L. moie ‘ain. 7t



Tabl

C/%:G\deQ%ijlnCH

22

e 15

3OH at 34.0

Thirty ml. of 0.03407 N Cfﬁ SNa and C.0157S MC H&Br

were titrated against 0.0535 I I

L

Mime in Titer in k x 10 -1
Min. ml. 1. mole min.
1 S T i
16 17.h2 3.56
31 16.19 3.54
21 12.55 L.ok
121 10.45 h.ot
17h 8,33 h.51
2ho G.50 5.06
300 5.31 5,08
362 L8 5.73

Thirty mi., of C.01110 I CsH.SNa and O. 18267 M CQH&BTQ

were titrated against 0.0245 I 12

L c.)q
P, 5.71
10 7.27
14 5.60
18 L.34
ol 0.01
30 1.89
o]

k= (2.43%0.10) x 1077 1. mole”

bu

sec.

- -1 -
k:ﬁl%&OJﬁ)xlOll.mﬂelﬂm

P O MNNO D

(USRVIRVIRUL RN W]
.
—] Chw Sl A

This k was cbtained by plotting the term shown below

log g

a=-X

versus time, obtaining the initial slope to the curve, and dividing

the initial slope by the difference in initial concentration of the

of the reactants.



C, H_SHa and

135

Tabte Lb

T - o
CBH“Breln LH3UH at 20-C.

ot s 77 W .1 SHa o W7o '
Thirty ml. of 0.03770 Q'COH5SN3 and 0.07947 M CQHHBTQ
were titrated against 0.0h6" N To-
. . . . 2
Time in Titer in k x 10 K
Min. ml. . 1. moie " min.”
1 23.95 SRRRE
27 21.02 5.ko
59 17.92 6.73
101 1Lh. b2 6.92
155 10.54 7.4
237 7.22 .10
Thirty ml. of 0.03595 N C6H58Na and 0.093L0 M CQHhBr2
vere titrated against 0.0bOH N I
1 22,3 s
23 20.13 5.379
70 15.19 6.7
100 12.77 7.00
153 9.27 7.Lay
196 7.12 7.64
236 5.hp 3.1k

* ke (Loo%0.15) » 10J‘]ﬂ mole ‘gec.

k=(5ﬂot0J9)xJo£

o
1. mole min. ©

* This X was obtained as described at the boliom of Table

* Thig

contains a statistical factor of one-half.



Tab'e 17
. ; 0
CGHSSB:a and CEHL”BTE in CHBUH at 0°C.
Fifty ml. of 0.08136 N CoHoSNa and 1.7152 g. of CpHyBr,.
per 100 ml. of solution. Ten ml. samples were titrated against

0.021b I IE.

he

Time in Titer in k X_Eto 1
Min. ml. 1. mole ~ min.
0 18,77 aeeas
3Ll 15.5%9 5.51
1359 9.81 2.97
1307 7.94 65.13
2946 L. hg 6.83
3223 3.56 7.03
4551 1.79 3.14
Fifty ml. of 0.09136 g C6H5SN3 and 1.5029 g. of CzHl;Brg

per 100 ml. of solution. Ten ml. samples were tiltrated

against 0.021k W

o
0 18.7%  eaean
323 16.57 5.003
1344 10.51 5.59
17849 9.02 6.07
2925 5.57 6.75
3201 4,61 6.95
4529 2.59 7.92

x=(0.446¥ 0.010) x ]_OJ’L 1. n‘;ofr_e“lsec:.*l

* %=(5.354#0.06) x 107> 1. mole ‘min.”t

*

* This k was obtained as described at the bottom Table 15.

* This k contains a statistical factor of one-half.



Table 18
Gl eamd Cop, C1Br in CHOT at 3,650,

Thirty ml. of 0.020%2 ¥ CAII gl and 0.03129 M C,H),C1Br

CA
were titrated against 0.0329 I IP'
Time in Titer in s -1 1
Min. ml. 1. mole min.
1 shooh  aaeas
5 22.79 0.1665
8 21.95 0.1621
12 20.55 0.1560
20 19.65 0.1725
35 15.21 0.1782
53 12.81 0.15k0
HG 10.31 0.1735
a0 3.00 0.,17564
130 5,35 0.1720

Thirty ml. of 0.0253L i C.H SMNa znd 0.5535 i CthClBr
b : 22 Vol

LA

were titrated against 0.0320 11 1 _.

e
1 22,02 s
12 20.P20 0.171%
20 15.73 0.171h
50 12,45 0.1721
L5 1k4.35 0.1723
an G.62 0.1725
113 7.75 0.1702
100 L.03 0.1751

l‘Z:(E.BSi0.0S) 210 3 1. moj_e-lsec_
K=(1.7140.03) ¥ 107" 1. mole ~Imin. =%



Table 19

CéHBSNa and C2HuClBr in CH3UH at 20°C.
Thirty ml. of 0.03166 X CgH,SNa and 0.0L09T M CpH) BrCl
were titrated against 0.04137 N 12.
Time in Titer in k 3 1
Min. ml. 1. mole ~ min’
2 22,96 aeeea
100 20.23 0.03346
153 18.96 0.03333
319 15.75 0.03353
k50 13.50 0.03358
Thirty ml. of 0.02821 N C6H58Na and 0.07510 M CQHhClBr
were titrated against 0.04137 N I,
2 P06 -
3L 18.83 0.03355
112 15.53 0.0336L
193.5 12.90 0.03316
Thirty ml. of 0.03130 N C6H58Na and 0.07210 M CEHhClBr
were titrated against 0.04137 W I,.
2 o264 .
20 21.68 0.03363
k5 © o 20.h5 0.03357
7h 19.05 0.03k455
130 15.89 0.03373
200 13.97 0.03360
311 11.65 0.03399
465 _ 8.84 0.03355

= (5.61t 0.03) x 10‘lL 1. mole tgec. T

K= (3.36%0.02) x 107> 1. mole ‘min.-1




Table 20

CgHgSNa and C,H)C1Br in CH,UH at 0°C.

5
Fifty ml. of 0.08126 3] 06H

3

5SNa, and 1.1554 g. of

CgHuCIBr per 100 ml. of solution. Ten ml. samples were titrated

against 0.0297 ﬁ_Ig.

Time in Titer in kx 19
Min. ml. 1. mole™ ™ min.

0 13.68  aeee-
1019 10.97 2.839
1488 9.97 2.85
2502 8,14 2.91
3983 6.25 2.91
Skt L.93 2.89

Fifty ml. of 0.08136 N C6H SNa and 1.3267 g. of CQHMCIBr

5

per 100 ml. of solution. Ten ml. samples were titrated against

0.0214 I,
0 18.87 ——
303 17.43 2.59
1262 13.59 3.02
2902 9.4k 2.96
3179 8.96 2.954
4512 6.90 2.91

k2 (0.486%0.006) x JLo'lF 1. mole Tsec. ™t

k=(2.92%0.037) x 1073 1. mole ‘min. ™t



Table 21
. o
CgHSNa and CHFBr in CH3UH ot 3k.6%C.
Thirty ml. of 0.01810 N C HsSNa and 0.03955 M C,H)FBr

were titrated against 0.02L5 N I

Oy

o
Time in Titer in k
Min. ml. 1. mole L min.-1
1 22,05 ecaa-
30 18.51 0.1590
63 15.55 0.1539
91 13.50 0.1532
127 11.4%0 0.1520
208 7.93 0.1525
260 6.43 0.1518
302 5.4 0.1503

Thirty ml. of 0.08256 M C,H,FBr and 0.03386 N CgHsSNa

were titrated against 0.0535 N T

o
1 18.75 meea-
10 16.79 0.1527
20 14.89 0.1548
31 13.16 0.1538
N 10.28 0.154%0
an 9.33 0.1531
90 T.27 0.1523
120 5.51 0.1527
170 3.59 0.1525
275 1.60 0.1500

k= (2.55% 0.02) x 1073 1. mote-lsec.™t

k= (1.529% 0.009) x 107 1. mole imin. *




Table 22

CgHsSa and CH)FBr in CH3UH at 20°C.

were titrated against C.0297 N I2.

Thirty ml. of 0.02428 N CgHgSNa and 0.04680 M CoH)FBr

Time in Titer in k _ -

Min. ml. 1. mole min.
1 °k.53 eeaan

17 23.98 0.03036
50 22.92 0.02943
116 21.05 0.02936
192 19.06 0.03000
263 17.57 0.02960
349 15.93 0.03048
433 1k.h4o 0.02966

were titrated against 0.0518 ¥ I

1
Lo
90

140
186
275
338
ghp
1300

Thirty ml. of 0.037hkl

o
21.66
20.12
8.
16.93
15.72
13.66
12.45

5.78

3.99

k= (4.95%0.04) x ILO-lL 1. mole LYsee, ™t

k¥ (2.97£0.03) x 1072 1. mole=Imin. 1

N CgH SNa and 0.,0645k M CoH, FBr

0.02978
0.02957
0.02934
0.02041
0.02961
0.02963
0.03000
0.02982



Tanle 23

I FBr in CILOT at 0 g

CAHLGlla and C
DD )
>

O

Lo

Tifty ml. of 0.07204 oI 3(555:2 ané 0.9517 . of

-

FCH?CH Br per 100 ml. of soluticon. Ten wl. samnlcos were Litrated
SO

. 1 e -
against 0.021% U L.

Time in Titer in kox 103 2]
Min. ml. 1. mole Tmin.

2

5; 17.55  aeaan
127h 1.1 2.7
2305 11.11 2,119
Wi 2.5 2,3k

5752 7.05 247

[

Pifty ml. of 0.07504 7 CSIIFS}Ia and 0.8123 ., of
- M2
FCH?CHPBT per 100 mi. of soluticon. Ten ml. samples were titrated

against 0.0214 1j T7,.

C

5741
1015).

o -
1257 14,63 2,407
o736 11.91 2.472
W55 .53 2.359
i
0

NV ToND e =]

-

MR OWNWD OO

-1
Le=(0.50340.006) % 1 1. mole sec.

=(2bn #0,020) x 1073 1. mole'l min, T


http://l4.ll

Table 2L

C HBlia 4 C1(CE, )3 in CH5OH at 0,L%,
Twenty-Tive ml. of 0.07417 I CoH Sl and 0.07003 M
5 1
C.‘.!..(CH,))BBI' vere titrated aseinst 0.023CT7 I I,.
Time in Titer in ‘:-]_ -1
JHn. ml. 1. nmole min
o) o L
10. 19.51 0.L2ak
15. 17.20 0.5:3%0
20. 14,99 0275
20, 11,07 0.4255
3o, a,5L 0.h273
>0. 7.31 0.4524a
70. 4.3 0.417"
oo, 3.00 o.hioo
Twenty-five ml. of 0.02372 I Coy _Slia and 0.07101 I
= Vel =
CJ—(CHQ)BB::' were titrated ageinst 0.02307 1 7_,
G 25,77 ammaaa
7 20.90 0.h210
15. 15.91 0.4220
23. 13.01 0.4253
31. 11.18 0.h235
%z, 3.ko 0.4230
55. 5.h5 0. heoo
70. .55 0.5236
-1 51
1= (7.055% 0.050) % 107 1. mole sec.
- -1

-1
tr(h.e3540.021) % 30 7 1. mole nmin.



Table 25
' . o
C6H5SNa Cl{CH2)3Br in CH3OH at 0°C.
Fifty ml. of 0.01918 N C6H58Na and 0.8356 g. of
Cl(CH2)3Br per 100 ml. of solution. Ten ml. samples were

titrated against 0.007735 N I2.

Time in Titer in ml. of -1 -1
Min. 0.007735 N I2 l. mole = min.
0 2.3k aeea-
230.5 10.27 0.01519
258.5 9.26 0.01539
530 8.12 0.01531
1466 4,10 0.01515
1665 3.61 0.01496

Fifty ml. of 0.02025 N C6H5SNa and 0.9432 g. of

Cl(CHE)jBr per 100 ml. of solution. Ten ml. samples were

titrated against 0.007735 H-IE‘

0 0 < 1 R ———
112 11.52 0.1597
207 10.64 0.1521
301.5 9.72 0.1566
hi7.25 2.90 0.1502

1445 3.93 0.1473

k= (2.543% 0.042) ¥ 10'1F

ka (1.526F 0.026) x 107 1. mole tmin.

1. mole"lsec.



CelSa 4 F(CHE)?Br in C

. re
Toble 20

o}
1,01 at 29.4L7C,

Mrenty-Five ml., of 0.0L743 U f‘/Hqu and 0.05139 i1
F(CHp 3?r were titrated asmins 02275 T T
mime in Titer in ko -1
Min. nl. 1. mole mnin.

C 3.5 eeaoos
10, 15. 38 0.31153
17. 1h.32 0.311%
25. 12,009 0.31065

8.5 10.50 0.3160
5L. 8.92 0,3156
65, 7.35 0.317h

120. 3.72 0.3103
Twenty-five md, of 0.01503 I OgH S and 0.0397h N
- 2
F(CH2)3Br were titrated against 0.02275 W I,.

0 20.00  aaee-
2. 15.75 0.3106
15, 15.94 0.3210
£3.5 1,19 0.3157
30. 12.95 0.3170
30.5 12,0k 0.3134
b5, 10,60 0.3155
a1, S.71 0,310k
90, 3.0k 0.31.53

125, 5.005 0.3131
- -3 =L -1
s (5-202"_0-037) x 10 7 1. mole sec.
. - o =1 -3 . -1
2 (3.157F0.022) 2 10 1, mole min.



TabLe 2
v Qg 1 o
L,Dhb.bi\ia +F(br12)3Br in CH3OH at 0°C.
Fifty ml. of 0.02426 N C6HSSNa and 1.4890 g. of
F(CH2)3Br per 100 mi. of solution. Ten mi. samples were

titrated against 0.00685 N L.

Time in Titer in k

Min. ml. 1. min, 1 mole
0 7.6 emea-
93 15.83 0.01110
261 13.06 0.01111
409.25 11.10 0.01099
520.25 9.75 0.01107
T34 T.28 0.01190
1hg5 3.50 0.01091
1917 2.21 0.01102

Fifty ml. of 0.01970 N C.H-SNa and 1.6723 g. of F(C}12)3Br

pl
per 100 ml. of solution. Ten ml. szamples were titrated ageinst

0.00685 N I,

0 1h.28 ———
120 12.19 0.01103
255 10.25 0.01110
379 8.72 0,01117
563 6.95 0.,01106
758 5437 0.01122

174 2.30 0.01094
k= (1.85540.023) x :Lo"‘L 1. mole tsec.™t
1

k=z(1.113%0.014) x 10~% 1. mole lmin,”



Teble 28
CgHsSNa Br(CH2)3Br in CHCH at 19.95°C.

Twenty~five mi. of 0.009858 N C H_SNa and 0.114357 M

5
Br(CH2)3Br were titrated against 0.00923 §.06H58Na and 0.114357 M

Time in Titer in k

Min. ml. 1. mole™t min.™*
0 oh by aaaas
5 19.98 0.3579
i 18.40 0.3610

10 16.37 0.3580
13 14.53 0.3587
17 12.46 0.3569
25 9.03 0.3615
37 5.70 0.3603
43 4,52 0.3607
55 2.85 0.3613

Twenty-five ml. of 0.008569 N C.H.SNa and 0.11085

5
Br(CH2)3Br were titrated against 0.00923 N I,.
0 22,20 eeee-
4 18.98 0.3561
8 16.31 0.3528
10 15.01 0.3591
15 12.41 0.3376
20 10.29 0.3561
26 8.15 0.3588
33.5 6.13 0.3596
ho.25 4,82 0.3578
50 3.37 0.3561
* K=(2.987+0.014) x 1073 1. mole Tsec. !
1

* x=(1.792 £0.009) x 10! 1. mote™tmin."

* This k contains a statistical factor of one-haif



Table 29

al
L)

55

Fifty ml. of 0.02025 E ;F i oand

ey
-~

BT(CHP)qBr ner 100 ml. of solution., Ten ml.

Titrated against 0.00735 N IO.

2 II SN 51 ()\; DYy 11 CI. ()Jﬁ. [ el O "o
)((‘_ f,- Of

samples were

Time In Titer in g o1
Min. ml. 1. mole  min.
0 2.7 eeea-
30, 1105 0.03450
&h.5 10.64 0.03505
111.5 o,k 0.0351L
155.5 a.eh 0. 0°b
okl,5 5,81 0. ovh3J
303. 5.51 0.,03h53
361k, 3.95 0.03450

Fifty ml. of 0.01921 il C H_SWa and 1.2308 7. of

"5

Br(CHP)QBr per 100 ml. of solution. Ten ml.
=’

against 0.007735 1 In.

0 10.ho
103. 2.23
175. f.61
232.5 7.54
320, 5.50
Lo3.,5 W.Co

ko5, 0.7

?

ol

samples were Litrate

0.03h5h
0.,03505
0.035h5

£.03390
3.03505
0.03395

~ — = -1 -
L —“—‘-(2-8~>9f0-03f) x 10 1. mole sec. !

-2 '
€1.737F 0.022) ¥ 1077 1, mere Mpia. "t

This Iz contains a stabtisticzl Cactor of one-half.



Table 30
, . i 0
06H58N3-+-03H7I in CH3OH at 19.957¢,

Twenty-five ml. of 0.003562 2 C HgSla and 0.0398% 1

03H T were titrated ogainst 0.00923 ¥ I_.

[ [

Time in Titer in

ol -1
Min. ml. 1. mole min.
0 22,71 e
5. ig.n2 0.77h3
3. 17.59 0.7712
14, 15.09 0.7552
25, 11.05 0.7743
38.5 7.0k 0.7595
50, 5.75 0.7575
a0 L.5% 0.756%
a0, 2,07 0.7509
Twenty-five ml. of 0.01811 W CGH5SNa and 0.02562 i
03H7I were titrated against 0.02276 11 I,
0 e T g
9. 16,12 0.77h5
17. 13.96 0.7595
p5. 12.00 0.750k
38. 9.91 0.7653
b, 257 0.7592
50, 7.23 0.7731
20. k.o9 0.7735
12k, 3.h5 0.7535

- -2 -
I{:(}...ETUf0.0lO) x 120 1. mole lsec. -1

1 -1

K= (7.65540.052) x 1077 1. mole Tmin.



Table 31

Cqliglliad CsllyT in CH,OH et 0%,

J

3

. - . . - P X
Fifty ml. of 0.0k712 CoH-SMa and 1.095G g. of

P

CBH«r-I per 10C ml. of solution. Ten mi. samples were titrated

againgt 0.00G722 § T

— =

ime in Titer in N -1
Min. ml. 1. mole sec.
o 23.91 -
23. 19.70 0,001
35.25 17.53 0.001502
52. 15,51 0.00147h
21.75 12.15 0.00147
108.75 9.707 0.001hes
173.25 5.00 0.001513
225.5 h.10 0.001510
PO0.TS 2,01 0.001ko3

Fifty ml. of 0.0621% ¥ Coup
per 100 ml. of solubion. Ten ml. scmples were titrated

against 0.02270 I I,,

0 i3.00 aaea-
13.25 12.03 0.001hho
30,025 1007 0.001k37
67.75 5.90 0.001LES

100.5 T.20 0.001301
135. 5,34 0.001L56
156,25 5.00 0.001450
ok 75 3.95 0.001450
307.75 215 0.001450

3]

vs (1.473 # 0.028) ¥ 1077 1. mole tsec., -

- - -1 +
bz ("3‘338_{'0.1\39) % 1072 1, mole min. =t




Table 32

CgligSNa o T(CH, )3T in CH_OH at 19.95°¢.

Twenty-five ml. of 0.0081k0 §_06HSSNa and 0.04071 M

I(CH2)3I were titrated against 0.01375 N I,.

Time in Titer in k

Min. mi. 1. mole min. 1
0 3. aaaa-
3 10.62 2.078
5 8.89 2.186
7 7.60 2,165
9 6.50 2.161
14 L,33 2.207
1k.3 h.19 2.2066
18 3.21 2.197
21.5 z.he 2.2224

Twenty-five ml. of 0.007181 N C6H58Na and 0.03910 M

I(CH2)3I vere titrated against 0.00923 N T,.

0 17.92 e
3 13.98 2.193
5 12.03 2.135
8 9,54 2.143

11 7.68 2.120

1k 6.05 2,161

20 3.88 2.172

25 2,71 2.171

29 1.93 2.229

k= (1.811 # 0.026) x 1072 1. mole lgec.

1 -1
k= (1.087 #0.016) 1. mole min.

This k contains a statistical factor of one-half



Colls o T(C,) T a0 CH,OH at 090,
- i

[
i

I(Cup)gI ner 100 mLl. of sclution. Ten ml. sammles were totrated

azeinst 0,007735 I Ig-

Time in
Min. Titer in E_q -

ml. 1. mole— min.

10.95 —————

N
L
—
[
r
&
2

P
N1

[
R G RV
o000
P20 D
VLR

.
oy
!

.
P
O
.
™)
et
i
o3

.‘L

Fo s 7 Gh=1 (2
-

O
O
2

Fifty ml. of 0.0191°5 11

Cﬁnﬁﬁna and L7300 o, of
i) by - -
5

T per 120 ml. of selotlon. Ten md, samples were
titrated against 0.007730 31 I,

‘.

0. 11.25
k.75 2.g0
2h .5 yiris

_ R
35.5 .03
2.5 .53
21,5 nLoh

- -~

155.05 1.15

=1
=20.20080.003 1. mole T

(E.GIQf!D.O?Y) % 1073 4 qole"lsec.—l

A

This = contalineg a stctistical Tactor of one-hnlif.



in Tiver in "I 1

A
ml. J. nole nmin.

S 35
o 0
il 1.
2. 3
~ 17

30. 3.00
3549 nLho
R iRely L.op

twerty-five nml. of 0.01207 7 Cg{{sg?.}-;_ and 0.0k332

(oAt O
-

e

O OGN O

WM

=

] n

sec,

i

1.mole min.
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Table 35
[al * ) e
06H5uNaf45r(LH2)3I in CH3OH at 0°C.

Fifty ml. of 0.01970 N CjH.SNa and 1.9590 g. of Br(CH2)3I

5
per 100 ml. of solution. Ten ml. samples were titrated against 0.00685 N 12‘

Time in Titer in ko _
Min. it. 1. mole min.
0 13.44 _——
15.5 11.72 0.1229
30.25 10.13 0.1313
53.5 8.11 0.1342
78 B.57 0.1317
110.5 h.o2 0.1320
1h40.5 3.5k 0.1335
215 1.93 0.1346

Fifty ml. of 0.0275% N CgisSNe and 1.8903 g. of Br{CH,),I per 100

>
ml. of solution. Ten ml. samples were titrated against 0.00085 NI,.

Titer in
mi.

0 16.87 -——--
12.5 16.79 0.12863
27 14,61 0.1331
7 12.43 0.1278
70 10.31 0.1275

100.25 7.97 0.1312

138.25 5.95 0.1317

197.25 3.88 0.1315

283 2.00 0.1343
k = (2.18370.040) x 1073 1.mole tsec, >

k= (1.31010.024) x 107 1.mole Ymin. ™t



A

Table 3¢
. . o
Oghiglin # C1(CHp )3T in CHOF at 19.95°C.
Twenty-five ml. of 0.0175L ¥ C;H.0la and 0.03011 I
= Vi b

C1(Cllp)5T were titrated against 0.02276 U Tp,

Time in Titer in Bog
Min. ml. 1. mole
0 7.7 e

D 15.33 0.8595

18, 10.79 0.5433
P8, 3,55 0.9255

ho., 543 0.530h

L3, 5.33 0.8180

59, ko L0340

53. 2.71 0.75255

Twenty-five ml. of 0.01365 I C,SHSSNa and 0.03%93 B

CJ~(CH2}3I were titrated agains

O
10,
1h.5
23,
31.
k1,
53,
a2,

vz (1.3%2F0.012) % 1077

1= (8.20:#0.073) x 107"

t 0.02276 ¥ I,.

19.12
1h.20

}_}i—l
50
N
D

AN
[
MR AD On R T

4

-1
1l.mole “sec

-1

1.mole Tmin. -

0.02bLp
0.5207
0.5243
0.59371
0.%202
0.5255
0.8253



82

Table 37
. . O,
CgHgSla #CL(CHy )31 in CH, OH at 0°C.
Fifty ml. of 0.02622 N CgHsSNe and 1.8282 g. of 01(c32)31 per

100 ml. of solution. Tern ml. samples were titrated against 0.00685 N In.

Time in Titer in Ky -1
Min ml. 1. mole min.
0 17.47 ———
15.25 15.38 0.09497
34.5 13.07 0.09570
55.75 11.06 0.09528
81 9.12 0.09422
111.5 T+.20 0.00444
170.5 Lok 0.093706
321.5 1.57 0.09205

Fifty mi. of 0.01223 N C;H.SNa and 1.8959 g. of Cl(CH2)3I per

p
100 ml. of solution. Ten ml. sampies were titrated against 0.00685 NI

e
0 10.37  eeses
16 14,33 0.09104
32 12.42 0.09578
52475 10.51 0.09373
85.75 8.08 0.09309
119.5 5.98 0.09639
180 3.78 0.0G430

1

¢=(1.573 $0.019) x 1073 1.mole tsec.”

k= (9.838%0.112) x 1072 1.mole"lmin.'l



Table 38

CgH,_SNa F(CH2)3I in CH,CH at 19.95°C.

> 3
Twenty-five ml. of 0.008272 N CgHySNa and 0.01938 I

F(CHE)SI were titrated against 0.02068 N I,.

Time in Titer in k_4
Min. ml. ' 1. mole
0 1%.13 0 ee-aa
1k 12.08 0.6146
28 10.40 0.627h
ho 9.11 0.6221
60.2 7.71 0.6272
80.5 6.5h 0.6225
113 5.11 0.6195
160 3.75 0.61k4%
240 2.22 0.6267

Twenty-five ml. of 0.02341 N C6H58Na and 0.03834 M

F(CH2)31 were titrated against 0.02276 N I

2
0 24,5 aeea-
7.25 20.79 0.6415

10 19.66 0.6344

1T 17.22 0.6191

25 14,77 0.6306

38 12.00 0.6168

L5 10.91 0.60L2

60 8.62 0.6180

T9 6.70 0.6155
100 5,09 0.06224

k= (1.037+0.010) x 1072 1. mole “sec.”*

x=(6.2220F£0.062) x 107t 1. mole~tmin,"t
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Table 39

1 T PR TT O
C6H58nai-F(Cﬁ2)3I in CILOT at 072,

Fifty ml. of 0.05030 I CiligSla. and 1.1765 g. of

F(CH?)EI per 100 ml. of solution. 'en ml. samples were

titrated against 0.00270 I I..

Time in Titer in B Ly -1

Min. ml. 1. mole sec.

0 15.73 aaaa-

26,25 15.11 0.001105

70.5 12.02 0.001125
109. 11.33 0.001.209
172, 9,34 0.001111
oh8,5 7.50 0.001123
3h1.25 5.G1 0.001127
b7l 75 4,37 0.0011.20

Fifty ml. of 0.0550% N CgI.SNa and 2.0920 g, of
F(CH2)3I par 100 ml. of solution. Ten ml. spmples were

titrated amainst 0.01375 T I,
—_— falt

Time in Miter in
1in. ml.

0 13.95 ———-
13.73 17.13 0.001123
3L.25 14,82 0.001117
S5 12.920 0.001121
79.25 10.92 0.001117

112, .39 0,001126
163,75 6,11 0.001127
238, HERo 0.001.22k
283,25 2.07 Cc.00 182

k= (1,120 + 0.009) x 1073 1.mole"lsec.'l

- - - -1
Tz (@.?Eof 0.030) x 10 2 1..mole lmin_ *



Table 4O
C,Kr“ilf.J(CI I in o, OH ot 12.95°¢.
Myrenty-five ml. of 0.000700 me . T'S[j’ and. 0.030507 M
CMOL,),T were titrated against 0.00023 I T,.
Time in Titer in 1 -1
Min. rl . L. mole min,”
0 a0 aaaas
3. 21.16 1.201
5. 19.41 1.232
11. 15.17 1.229
15, 12142 1.22h
20. 10.77 1.213
2. 7.53 1.227
4o, 5.08 1.235
51.5 2.k2 1.226
Twenty-five ml. of 0.01391 N Cr; {5 Slia and
03714 2 CL{SHp)) T were titrsted aguinst 0.00052 § T,.
0. 5.0 aeeas
5. 17,12 1.3‘.:'26
5.5 10.0L 1.1k
13, 9,11 1.220
15, 3.0 1.210
2h. 5,19 1.207
20. 7.0 1.200
29. 5,22 1.200
15, 3.20 1.307
£0.25 2.00 1.163
- . -1 -
22 (2.04140.037) x 1077 1.;mole sec.
z (L.l F0.022) 1.mole"lmin,“~



Table 41
T N (8]
Céﬂsbha Cl(CHE)hI in CH3OH at 0°C.
Fifty ml. of 0.00237 N CgHSlia. and 1.4b242 g. of
Cl(CHE)hI per 100 mi. of solution. Ten ml. samples were titrated

against 0.02068 N Ip-

Time in Titer in k-l
Min. ml. 1. mole ~—sec,”
0 3.9 aeea-
17 12.00 0.002379
30.5 10.71 0.002h09
57 8.71 0.002h06
81.75 7.30 0.002390
112.75 5.90 0.002393
1ks5.5 4.76 0.002401
197.75 3.51 0.002371

Fifty ml. of 0.04015 N C.H SNa and 1.7958 g. of

5
Cl(CHE)hI per 100 ml.of solution. Ten mi. samples were

titrated against 0.02276 N 12.

Titer in
ml.

0 16.07 ————
14,75 13.7h 0.002332
30 11.73 0.002385
51 9.66 0.002360
73.5 7.79 0.002427
92.25 6.76 0.002371

1P1.75 5.30 0.002393
157.25 h.10 0.002369
237.5 2.32 0.00238h4

k= (2.385F0.13) 1. mole tsec. T

k= (1.431%0.010) 1. mole tmin, ™t



Table A2
CHgSla ¢ CL{TH,) T in CILOH et 19.95%C,

Twentv-Tive ml. of 0.01073 u CiU oM and 0.0M115 15}

[_— R2LV

~ v o . e
vl(CH?)rI were titrated asainst 0.02003 W I,.
- )‘ —_ [

Time in Titer in il -1
Min. ml . 1. mole sec,
Q no 5 e

s 19.50 0.01807
T 15,60 0.01072
10. 1o 0.01043
15. 12.21 0.01047
20. 10.25 0.01940
30. 7.32 0.019L7
45, hL66 0.01935
5. 3.01 0.01945

-~

Twenty-five mi.of 0.01850 i CQH Sla and 0.03527 M

5
Cl(CEQ)SI were titrated against 0.02008 N I,.

0 21L.50 aaeas
L, 1540 0.01855
T 1545 0.01a873

10.5 14,56 0.01938

20, 10,01 0.019%52

29, 5.3G C.010k).

ho. 5.21 0.01960

50. h.0o 0.01942

73.5 2.%1 0.01856

L= (0.01951 1 0.00010) l.mole Ysec. ™

K2 (3.1711 0.006) 1.mole “min.<1




Table 43

SN I(CH,)cCL in CH,OH at 0.

Fifty ml. of 0.05692 N CgH SNa and 2.3226 g. of

I(CH2)5C1 per 100 ml. of solution. Ten mi. samples were

titrated agninst 0.02068 N I

2
Time in Titer in k-l 1
Min. ml. 1. mole sec.
0 12.23 P
18 9,68 0.002305
30.5 8.36 0.0022hg
4g 6.63 0.002308
68 5.32 0.002308
8h.s 4. hg 0.002268
103.75 3.60 0.002293

Fifty ml. of 0.06232 K C H_SNa and 1.4319 g.
- V65

of

I(CH2)501 per 100 ml. of solution. Ten mi. samples were titrated

agalnst 0.02008 N I

0
14,75
35.75
60

95.775
122.75
155.75
212
291

ke (2.292%0.020) x 10

= (1.375% 0.012) x 107"

k.02
12.43
10.67
8.99
T.10
6.09
5.02
3.78
2.50

- ~1
3 1, mole =sec.

-1 -
1. mole min.

-1

1

- -

0.002356
0.002285
0.002299
0.002315
0.002280
0.002290
0.002250
0.002282



Thirty ml.

mable bk

(C Hs) 1 and CH

3
of 0.0255H2

. . 2]
T in csnsmog at 2L ,.3%a

E(CQH5)3H and 0.02530 1 OF, T

Time in Resistance in Moles Per Liter 1
ifin. Qe 3alt Formed 1. Mole ©
5.5 199h 0.0055L4 0.03511
7.25 iGen 0.0072% 0.03590
o 1h31 0.00350 0.03538

10 1353 0.00911 0.0363%
11.5 1153 0.00902 0.03600
15.25 1060 0.01200 0.,03502
19 1006 0.01290 0.035h2
23 935 0.01415 0.03557
37 £10 0.015692 0.0350h
Thirty ml. of 0.02939 M (Cou )1 and 0.01671 M CH,T
—_— ol 5 3 — 3
7.5 2007 0.00551 0.03374
8 1547 0.0061k 0.03257
10.75 145k 0.00310 0.033%5
12.25 1Ls5 0.00532 0.03535
17 1259 0.00956 0.03593
16.5 1221 0.01031 0.03557
2h .25 1122« 0.01131 0.03490
b5 .25 933 0.01h20 0.03517
31.5 1027 0.01200 0.03513
ka (3.52 1 0.064) x 1072 1, nore™t sec.-?

N



atal
PR

Takle 45
(02H5)3n and TCHLT in C HAHO, ot 24.5°

Thirty ml. of 0.09330 M (C,H_) ¥ and 0.0kk12 ICH1

Time in Nesistance in lloles Per Liter ?:_1)( lOU
IHin. Ohms Balt Formed 1. mole” sec,.

275k 5177 0.00kkY 5,95

336h 3953 0.00592 4.739

L350 3767 0.00628 5.535

h335 3550 0.00555 5.55

Thirty ml. of 0.11547 1 (CEHS)BN and 0.05421 M ICH,T

1502 5284 0.00432 6.04
2152 3952 0.00532 5.53
ol50 3595 0.00659 5.70
3838 2563 0.01027 5.9
5052 2102 0.01209 5.83
5502 1974 0.01h03 5.8

WY

f
{

4 -1
1. mole ser.,

<

e (5.304 0.03) x 107 -1



Teble L6

(CoHg)gN and CICH,I in CgHghO, at 2k.8%.

Toirty ml. of 0.11547 M (02H5)3N and 0.04207 Y C1CH,I

Time in Resistance in moles Per Liter Kk x 195

Min. Ohms Salt Formed 1. mole” sec:."l
271 kose 0.00300 3.99

30k 3881 0.00331 3.9k

352 3467 0.00377 3.91

kho 2397 0.00u47T3 3.99

530 2509 0.00548 3.89

5 -1

k=(3.93+0.05) x 10~ 1. mole 'sec.



Table h7

WaOll and C in 50 Per Cent Agueocus

Thirty mi. of 0.02500 I MaOll and 0.02305 I1 C,H Br

2

-

were titrnted against €.0307 17 HCL.

Time in Titer in % ox 107
Min. ml.. 1. mole min.

P
~ s
I 20, 2h .

[ RN |

e A NI

25.19 7
23.05 7
£1.1h 7.
T
T
i

[

=

10.24
17.97
0.5

J1 L0 O W) O g

WL O O OO O

e N e R N
=] Chaa

[
F
iy
Is
)

~ e -1
k= (7.50£0.15) % 107 1. mole min. -1

Tavle La TaOH and CIT,D = CiBr in 50 Per Uenk Aqueous -

Pl

Dioxane at 35.5%.

Thirty ml. of 0.0230 I a0l and 0.027h

vinyl bromide were witrated gmainst 00,1071 ¥ a0,

Time in Titer in o 107
Ein, ml. 1. mole mnmin.
0 e
1200 O 5.1
&099 T30 7.0
5570 7.55 2.30
310 5.59 1.4
10320 7.50 3.9



Table
Ixtent of substitution in the Reaction
Between Malh and CEHEBr? in 50 Per Cent Dioxazne at 35.5 C.

Thirty ml. of 0.02005 I RaCH and 0.01373 i CoH,Dr

N

— P

o cl.

Time in Titer in FalH used Nalll vsed 1f no Fraction of
Hrs. ml. noles / L. substitution occurs. Substibution
s 17k 0.01355 0.01355 0.0217
- -~ -

54 kg7 0.0137%73 0.01355 0.0151

sty

[
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