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THE EFFECT OF HALOGEN ATOMS ON THE SNl REACTIVITY OF

OTHER HALOGEN ATOMS ATTACHED TO THE SAME CARBON ATOM
CHAPTER I
INTRODUCTION

1
Olivier and Weber found the rate of hydrolysis of alpha-
chloro-substituted toluenes, in 50% aqueous acetone, to follow the

order,

CeitsCC15 > CHSCHCL, > C¢i50H01,

and found the rate of hydrolysis of C6H50013 and 06H5GH012 to be
independent of the concentration of the hydroxide ion present.

For this reason, it has been stated2 that the hydrolysis
proceeds by the carbonium ion mechanism, and that the alpha-halogen
atoms stabilize the carbonium ions by resonance, thus inersasing
their rate of reactivity.

In order to determine if alpha-bromination and alpha-fluori-
nation have the same effect as alpha-chlorination, and to compare

the relative magnitude of the effects due to chlorine, bromine, and

8, C. Je Olivier and A, P, Weber, Rec. trav. chim., 53,

869 (193L).
%%. D. Hughes, Trans. Faraday Soc., 37, 603 (19L1).



fluorine, it was decided to determine the rates of hydrolysis, in
50% aqueous acetone, of all the alpha-chloro, alpha-bromo, and alpha-
chloro=hromo derivatives of toluene, as well as one fluorine deriva-

tive, benzodiflucrochloride,



CHAPTER II

THEORETICAL DISCUSSION

According to the theory developed by Ingold and Hughes,l

substitution reactions may be divided into nucleophilic substi-
tution (Sy) reactions and electrophilic substitution (Sg) resoctions.
Either type resction may be subdivided into monomolecular {Syl or
Sgl) or bimolecular (S;2 or SEE) reactions., In the case of the

nucleophilic substitution resction, the following examples are

illustrative:

(5y1) R S, gt xo
Rt + Y fast RY

(542) RX + Y —3 RY + X

The chief characteristic of the Syl reaction is considered
to be the formation of a carbonium ion. Since the reaction of a
earbonium ion, such as 06H5CHCI+, would be immeasurably fast, it is
the formation of this ion that would be the rate-controlling step.
Thus, those factors that would influence the formation of the carbo-
nium ion would influence the Syl reactivity.

0livier and Weber® found the rate of hydrolysis of 06H5CH201,

1
&, Bdward Remick, Electropic Interpretations of Organic
Chemistry (New York: John Wiley & Sons, 1ncCe, 19139), De 73

2
Olivier and Weber, loc. cit.



in aqueous KOH solution, to increase with an increase of concentra-
tion of hydroxide ion, while the rate of hydrolysis of Céﬁ5CH012 and
of 06H50013, in aqueous KOH solution, was independent of the concen-
tration of hydroxide ion present.

Hughes3 ¢ites this evidence as proof that in the cess of the
latter two compounds, the hydrolysis proceeds by the carbonium ion,
or Syl, mechenisme. By the line of reasoning outlined in the next few
paragraphs, it would seem that an Syl mechanism is indeed indicated
in the case of the alpha<halo-substituted toluenes, although by no
mgans is actual proof established.

In the hydrolysis of an elkyl halide, in a pure water solvent,
the substituting group comes from a source of sufficient quantity thet
its concentration may be considered to be constant. Thus the reaction
will be first order, whether the mechanism is Syl or SN2. If, upon
inecreasing the concentration of the hydroxide ion, the rate of reaction
increases, it is safe to consider the mechanism, of that part of the
reaction that depends on the hydroxide ion concentration, as being
S8y2+ On the other hend, if an increese in the concentration of hydrox-
ide ion has no effect on the rate of hydrolysis, it may be considered
that (1) the added hydroxide ion is not as strong a nucleophilic agent
25 is the pure solvent, water, or (2) the mechanism is not S,2.

Since the hydroxide ion is & stronger base than is water, it
would be expected to he a more nucleophilic agent than is water. Also,

with most SN2 reactions, such as the hydrolysis of n-bubyl chloride,

5Hughes, loc, cit.



increased hydroxide ion concentration causes an inerease in SNE ro=-
activity., For these reesons, it seems likely that if an increased
concentretion of hydroxide jon does not inerease the rate of hydroly-
sis, the mechanism is not Sy2.

This line of reasoning is supported by the work of FPetrenko-
Kritchenko &nd Opotsky,h'who show that methyl halides, which are
lnmown to react by an Sy2 mechenism, are more reactive then methylene
helides, This indicates that alpha-halogenation decreases the Sy2 re-
ectivity of the methyl halides. With the benzyl halides, alpha-halow-
genation increases the reactivitys. Since this does not follow the order
of SN2 reactions, benzyl halides probably hydrolyze by an SNl mechanism,

Dus to the lack of more concrete evidence, it will be assunmed,
for the purpose of this paper, that the hydrolysis of alpha-halo-sub-
stituted toluenes, in 50% aqueous acetone, proceeds by an SNI mechanism.

Olivier and Weber? also found the rate of hydrolysis of the

alphe~chloro toluenes, in 50% aqueous acetone, to follow the order,

CgHzC0ly > CHACHCL, > CgHsCHC1.

6

Hughes™ cites this evidence as proof that the alpha-halogen atoms
stabilize carbonium ion formation by resonance,

H H

'--——- (‘:..:—— .

It might then be expected that the tetra-halo derivatives of

lLP. Petrenko-Kritchenko and V, Opotsky, Ber., 59B, 2137 (1926).
20livier and Weber, loc. dit.

Hughes, loc. cit.



methane, with the opportunity of resonance stebilization by three
remaining halogen atoms, would hydrolyze by an Syl mechanism. The
actual unreactivity of these tetra-halo derivatives is explained by
Hlckel? es being due partly to the increased carbon-halogen bond
strength, and partly to the shielding effect of the negatively charged
halogen atoms.

Another factor that should greatly influence the carbonium ion
formation, and thus the Syl reactivity, is the inductive effect of the
alpha-halogen atoms. The electronegetive halogens, as compared to
carbon, should make the central carbon atom more positive, thus de-
creasing the tendency for carbonium ion formaticn. This fendency should
be more apparent with increasing alphe-halogenstion, and would oppose
the effect of resonance stabilization of the carbonlum ion.

The only other apparent fector which might influence the carbonium

8 caused by the sterie

ion formation is the possibility of "B" strain,
effect of the large halogen atoms. This effect, by promoting a less
strained carbonium ion, would incresse the SNl reactivity. However,
elthough this factor cennot be entirely disregarded, an examinstion of
models, based on atomic measurements, shows this effect to be im-
probable.

For the purpose of this investigation, it will be necessary to

make two more assumptions. First, we will assume that the replacement

N, Hickel, Ann., 540, 274 (1939).

8H. C. Brown end R, S. Fletcher, J. Am, Chem. Soc., 71,

1845 (19L49).



of the first halogen atom is the rate-controlling step. In agree-

ment with this assumption, it is known that bemzoyl chloride, a
possible intermediete in the hydrolysis of 06H5CCI3’ hydrolyzes at

e rate too fast to be measured under the conditions used in this
investigation. It seems likely that e compound conteining a halogen
etom and a hydroxyl group, on the same carbon atom, would decompose at
e. rate too rapid to be measured, since no such compound hes besn re-
ported to be iscleted. This makes it even more likely that the re-
placement of the first halogen atom is the rate-controlling step.
Secondly, we will assume that in the cese of & compound conbaining

both bromine and ehlorine, the bromine will be replaced initielly,
rather than the chlorine. This second assumption is in accord with

the fect that in nucleophilic substitution reactions, bromides have
inveriably been found to be much more reactive than the corresponding
chlorides. However, it must be realized that this relation between the
reactivities of bromides and chlorides will not necessarily be true for
a compound conbaining both bromine and chlorine, since the enviromment
of the bromine in 06H5GHClBr is not the same as the environment of the
chlorine in the same compound.

In the case of the single fluorine compound, it will he assumed
thet the chlorine stom is replaced initiaslly.

In view of the considerations discussed above, it would be
difficult to accurately predict the effect of halogen atoms on the Syl
reactivity of other halogen atoms attached to the same carbon atome How=
ever, some conclusions can be drawn.

The deta reported for the hydrolysis of the chlorine series,



06H5CH201, 06H5CH012, 06H 0015, shows that the effect of & chlorine

5
atom on the Syl reactivity of enother chlorine atom attached to the

same cerbon atom, as opposed to the effect of a hydrogen atom on the

SNl reactivity of & chlorine atom attached to the same carbon atom, is
to increese the Syl reactivity. This increased SNl reactivity indicates
that rescnance stabilization of the carbonium ion has a greater effect
on Syl reactivity tham does the inductive effect of the chlorine atoms
of the carbonium ion.

Since we have assumed that the rate-controlling step in the
hydrolysis of halides is the replacement of the first halogen atom, and
that in the case of chloro-bromides this first helopgen atom would be
bromine, hydrolysis would give en identical enviromment for all of the
alpha-chloro=bromo~substituted derivatives of toluene. Thus, the only
change in reactivity would be due to the nature of the carbonium ion
formed. A comparison of the rates of hydrolysis of the series 06H50Br5’
CéHECCIBrQ, C6H50012Br, should give the informetion desired. In the
case of fluorine, the only possible comparison would be bebtwesen the
benzodiflucrochloride, and benzotrichloride,.

Due to the faect that fluorine is in an earlier pericd of the
periodiec table than is chlorine, fluorine should have a greater tendency
for double bond formation than chlorine. For the same reason, chlorine
should have a greater tendency for double bond formation than bromine.
Since the hydrolysis of the chlorine series has indicated thet resonance
stabilization of the carbonium ion by double bond formetion is pre-

dominate over the opposing inductive effect of the slpha-chlorc atoms,

it would be expected that the results of the hydrolysis of the various
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alphaeheale derivetives of toluene would show, as regards the effect
of halogen atoms on the Syl remctivity of other halogen atoms

ettached to the same carbon atom, the following order,

Fluorine > Chlorine > Bromine.



CHAPTER II1I
EXPERIVENTAL
A, FPREPARATION OF MATERIALS

It was found necessary to synthesize the majority of the alpha=-
halo toluenes used in this worke The preperation and purificetion of
these compounds, as well es the purification of the available comw
pounds, is given in the folleowinpg section.

Benzyl chloride. DBenzyl chloride {Eastman Kodak Company, White

label) was fractiopated once, at atmospheric pressure, using a Todd
Secientific Company Precise Fractionation Assembly, of LO theoretiecal
plates. The 36 inch column, with an inside diemeter of 12 mm., wes
packed with glass helices, and equipped with an upper and a lower
variable heating olement. From the still-head extended an all-glass
teke-off device, equipped with & stop-cock, by means of which the
reflux retio could be adjusted.

The main fraction distilled at 178-179°C (7.5 mm.), as com-
pared to 179.35°C (760 mm.), reported by Timme rmans o

Benzel chloride. Benzal chloride (Eastmen Kodek Company,

Vhite lebel) was fractionated three times, at atmospheric pressure,
using the Todd still (page 10).

The mein fraction distilled at 206-207°C (7L0 mm.), as

lJ. Timmermans, Chem. Centr., 618.5 (101ly).
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compared to 205,2°C (760 mm.), reported by Timmermans.2

Benzotrichloride., Benzotrichloride (Eastman Kodak Compeny,
White label) wes frectionated twice, under reduced pressure, using
the Todd still {page 10).

The mein fraction distilled at 85-86°C (8 mm.), as compared
to 105°C (25 mm.), reported by Timmermans.3

Benzyl bromide. 918 grams (9.96 moles)of toluene (Eestman

Kodak Company, Practical Grade) wes heated to reflux in a 3-liter,
round-bottomed, 3-necked flask, equipped with a reflux condenser and
e dropping funnel, All glassware was Pyrex, with ground-glass,
standard-taper joints., 1120 grams (7 moles) of bromine was placed in
the dropping fumnel, and added to the refluxing toluene during a
period of 2,5 hours. The bromine wes added at such a rate that at
no time wes there & large amount of unreacted bromine present in the
reaction flask. A 300-matt, unfrosted, tungstén bulb, equipped with
an asbestos reflector, was placed very close to the reaction flask,
To the top of the condenser wes attached a calcium chloride drying-
tube, from which ran a rubbsr tube to a glass funnel inverted over

& beaker of water, for the purpose of absorbing the hydrogen bromide
evolved during the reaction. The heating element consisted of a
Gleas~col mantle, controlled by a wvariable transformer.

Upon completion of the reaction, the reflux condenser was

_I-E.Eo cit.

?Egg. cit.
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replaced by a simple fractionation column, end the mixture
fractionated under e slight vacuum. This slight vecuum wes main-
tained by extending s rubber tube from one neck of the reaction
flask to a water aspirator., A suitable safety trap was placed be-
tween the f'lask and the mspirator. In the other neck of the flask
wes placed a cork, through which a lonp piece of glass tubing ex-
tended well into the liquid in the flesk. By this means, a constent
pressure was mainteined slightly below atmospheric pressure. A fow
pellets of sodium hydroxide were mdded to the mixture, to absorb any
free hydrogen bromide.

L50 ml. of material distilled over during the first 2 hours,
at & temperature of 90-110°C (the mjority distilled at 108°C), The
temperature then rose rapidly to 190°C, but began to drop when put
on totel reflux., About 150 ml. of materiel was taken as fore-run, as
the temperature fell slowly but steadily. As it was evident that this
falling temperature, at total reflux, was ceused by decomposition, it
wes decided to take the main fraction rather rapidly. Accordingly,
€90 grems of distillate was collected at a tempersture of 195-197°C,
at & rate of 3 drops per second, during & pericd of 2,5 hours.

This main fraction (beps 195-157°C) was fractionated at a
pressure of 9 mm., using & 36 inch, vacuum-jacketed column, with an
inside diemeter of 12 mm. The column was packed with glass helices
and wrapped with glass wool, but not equipped with a heating element.
The column was provided with a device by means of which the reflux
ratio could bs adjusted.

10 nml. of & fore-run at 73-T76°C was discarded, and the main
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freotion distilled at 76°C (9 mm.), es compared to 198-199°C
(760 mm.), reported by Kekuld .t

Using an Abbe Refrectometer, the index of refraction was
obtained, n§2 = 1.57L9, a§ compared to n§2 = 1.57L2, reported by
Baker and Nethan,?”

Benzal bromide. The residue from the simple distillation,

under slight vecuum, of benzyl bromide {pege 12) was subjected to
frectional distillation under reduced pressure, using the apparatus
described on page 12,

A middle fraction of 110-115°C (8 mm.) wes refrectionated,
using the same apparstus,

The main fraction distilled at 108-109°C (6 mm.), as compared
to 156°C (23 mm.), reported by Curtius and Quedenfeldt,6 and the
conflicting tempereature, 105-107°C at 12-15 mm., reported by
Vorlander,./

The melting point was 0-1°C,

Using an Abbé Refractometer, the index of refraction was
obtained, n%e = 1,6106, as compared to n%z = 1.54,1, reported by
Curtius and Quedenfeldt.8

Using a Pyrex specific gravity bottle, equipped with a ther=

be, A, Kekuld, Ann,, 137, 190 (1866).
SJ.'W. Beker end W, S, Nathem, J. Chems Soc., 519 (19%5) .

6T. Curtius and E, Quedenfeldt, J. pralkt. Chem., (2) 58,

%89 (1898).,
7D. Vorlinder, Ann,, éﬁi, 22 (1905).

Curtius and Quedenfeldt, loc. cit.
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mometer, and with a capacity of 9.86 ml., the density wes obtained,

28

d=° = 1,8365, as compared to 412 = 1,51, reported by Curtius end

Quedenfeldt.’

From a comparison of the above physical constents, as wsll as
other reported properties, it is spparent that Curtius and Quedenfeldt
hed not obteined the correct compound. Vbrlgnder's work supports this
conclusion.

Benzotribromide. DBenzyl bromide was photobrominated in the

apparatus described on page 11,

565 grams (3.3 moles) of benzyl bromide (page 11) was heated
to 120°C, By means of the dropping funnel, 1015 grams (6.35 moles)
of bromine was added to the benzyl bromide over a period of hS minutes.
During the reaction, some bromine wes carried off with the hydrogen
bromide, At the end of three more hours, the reaction was apparently
complets, and the heating was discontinued.

Simple distillation of the clear, reddish reaction mixture was
attempted. The mixture begen to boil at 130-160°C, but so much de-
composition occurred, the operation wes discontinued. Some reddish
liquid, as well as colorless, had distilled over, and a large amount
of crystals had collected in the still-head and condenser.

Some of the crystals from the stillehead were recrystellized
from hexane, and found to melt at 195.198°C. A solution of these

crystals in acetone gave a precipitate almost immediately with

Egg. cit,
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alcoholic silver nitrate, but did not reasct with soaium igdide in
scetone even after standing for 5 minutes at room temperature. The
crystals were insoluble in water and in dilute elkali, slightly
soluble in hexene and in acetone, and soluble in chloroform. The
crystals did not decolorize bromine in chloroform.

The reaction mixture was filtered, and distilled in the
appearstus described on page 12,

Distillation commenced at 77°C, but the temperature rose very
rapidly. 4% a temperaturs of 87 # 2°C {2 mm.), 100 ml. of distillate
was collected and discarded. The temperature then rose to 123°C, at
the same pressure. 20 grams of this distillate was discarded es
fore-run, end the next 120 grams collected as the main fraction.
During this collection, the temperature and pressure both varied some-
what, but it wes judged that the average would be 123°C (L.5 mm.), as
compeared to 130-1&090 (2 mm.), reported by Heble, Nadkerni, and
Wheeler,10

The last portion of this frection solidified in the condenser,
and had to be melted with steam. During the entire distillation,
bromine was constently evolved, giving the distillate a reddish color.
The entire distillate solidified at room temperature,

The flask of distillate was placed in an svecuated desiccator
for three hours, but bromine fumes were still being given offs The

distillate was then dissolved in 50 ml. of hexane, end boiled. This

10L, S, Heble, D. R, Nadkarni, and T, S, Wheeler, J. Chem,
Soo., 1322 (1938), -
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caused the reddish solution to change to a light yellow color. On
standing in & refrigerator for several days, large white crystels
were precipitated. These crystals were decanted from the mother
liquor, washed with hexmane, and filtered under a rubber dam, They
wore then placed in an evecuated desiccator. After drying, they gave
& melting point of 56-57°C, as compared to 60°C, reported by Heble,
Fedkarni, and Wheeler.ll

A weighed ssmple was placed in & flask, hydrolyzed, and the
equivalent weight, as an acid obtained:

82,21 Calculated
81.55 Found

Benzal chlorobromide. Benzyl chloride was photobrominated in

the apparatus described on page 1l.

1000 grams (7.9 moles) of benzyl chloride (page 10) was heated
to reflux. 800 grams (5 moles) of bromine was placed in the dropping
funnel, and added to the resction flask during & period of 1 hour,.

The reflux condenser was then replaced by a Claisen still-head
and condenser, and the resction mixbture distilled at atmospherio
pressure, Distillation commenced at 175°C, but the tempserature rose
rapidly to 177°C, This portion was discarded as fore-run, 250 ml,
of distillate was collected at 177-18300, and was discarded as un-
reacted benzyl chloride. The temperature then began to drop, and the
distilletion was discontinued,.

The residue was subjected to wvecuum distillation in the Todd

e, oit.
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gtill {pege 10)., A middle fraction was taken et 93+0L°C (7 mm.),
as compared to 92-95°C {22 mm.), reported by Heble, Nadkerni, and

Wheeler.12

To a weighed sample of the benzel chlorobromide was added
stendard silver nitrate solution. The excess silver was titrated
with stendard potassium thiocysnate scolution, and the value for side=

chain halogen obtained:

56.1), Cealculated
55.66 Found

The following physical properties were obtained:

Melting point = =11 to -8°C
Density, di5 = 1.5478
I.R., n25 = 1.5808

Benzochlorodibromide. Benzal chloride was photobromineted in

the apparatus described on page 1l.

127 grams (0,79 moles) of benzal chloride (page 10) was heated
to a temperature of lhOOC, and stirred. 127 grams (0.79 moles) of
bromine was placed in the dropping funnel, and added to the reaction
flask during a period of 3 hours. The resultant mixture was distilled
from a Claisen flask a% sbout 15 mm. pressure, then subjected to
vacuum distillation in the Todd still (page 10).

About 50 ml., of several fractions between 82°¢ (6 mm.) and

110°C (1.5 mm.), wes discarded as fore-run. 10 ml, of a main fraction

12Loc. cite
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o
wes taken at 110-111 € (L5 mm.), as compared to 98-103°C (1 mm.),
reported by Heble, Nadkerni, and Wheeler.13

The velue for side~-chain halogen {page 17) was obtained:

Tle1l0 Calculated
71 001 FOlmd

The following physical properties were obtained:

Melting Point = 27-30°C
Density, die = 1.9017
I.R., n32 = 1,6089

Benzodichlorobromides 266 grams (1.l moles) of benzotrichloride

(page 11), L90 grams (L8 moles) of dry sodium bromide (J. T. Baker
Compeny, Us S, P.,}, and 20 grems (0.0056 moles of mercuric bromide

(Jo T. Baker Company, C.P.) were placed in a 100 ml., 3-necked,
stendard-taper flask, equipped with a stopper, reflux condenser, and

a mercury sosled stirrer., The o0il bath, in which the flesk was pleced,
wpe heated to e tempersture of 15000, and the contents of the flask
stirred.

At the end of 5 minutes, the colorless solution had turned to a
yellow=brown color, which slowly turned to a dark reddish-browm color.
At the end of 140 minutes, the reaction memed complete, so the heating
and stirring wes discontinued. The mixture was decanted through a
sintered suction funnel, and the residue washed with an smount of

carbon tetrachloride twice the volume of the originsl filtrate.

lBLOCQ Cito
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The carbon tetrechloride soclution was distilled at atmospheric
pressure. The first fraction consisted of cerbon tetrachloride,
bromine, and 15 ml. of liguid that was discarded as fore-run. The
next 70 ml. was taken as the main fraction. A residue of approximately
70 ml, wes discarded.

The main fraction from the simple distillation was subjected
to vecuum distilletion in the Todd still (page 10). The first 21 ml.
distilled at 78-8.7°C (5 mm.), eand was discarded as fore-run. The
next 22 ml. distilled at 8L.5-85°C (5 mm.). This fraction gave a
density vaelue corresponding to that of benzotrichloride, and was dis-
carded, The main fraction distilled at 98°C (L.2 mm.), as compared
to 88-94°C (1 mm.), reported by Heble, Nadkarni, and Wheeler.lh

The value for the egquivalent weight, as an ascid (page 16), Was
obtained:

60,00 Calculated
60,87 Found

The following physical properties were obtained:

Melting Point = L-79C
Density, dﬁa = 1.6379
I.R., 0?0 = 1,586

Benzodifluorochloride. A sample of benzodifluorochloride was

obtained through the courtesy of The Hooker Electrochemical Company.

The sample wes not repurified.

Moo, oit,
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The index of refreaction was obtained, neh'7 = l.:622,

2642

Also, the density was obtained, d = 1.2L37, as compared %o

at? = 1.25415, reported by Swarts.l5

Yswarts, Fred., Chem. Centr., 26 II (1898),
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B. PROCEDURE

Approximately 0,01 moles of the halide, weighed to the
nearest 0.0001 gram on a Fisher Company Analytical Balance, wes
placed in a 100 ml. Pyrex volumetric flask, and diluted to the
celibrated marlk with redistillsd acetone.

25 ml, of distilled water and 20 ml, of redistilled acetonse
were placed in each of several 100 ml, Pyrox volumetric flasks, The
flasks were placed in a water bath and allowed to come to thermal
equilibrium {approximately L5 minutes). The water bath was a Sargent
Constant Temperature Water Bath, Model S-81805, equipped with a come
bination stirrer and heating element. The heeting element was con-
trollsd by a mercury thermostat, with an accuracy of #0,02°,

By means of a calibrated Pyrex pipette, 5 ml. of the halide=-
acetone stock solution was placed in each of the thermally equili-
brated water-acetone flasks, and the contents well shaken while still
in the bath. The beginning of the reamction was taken as the time
when the pipette, delivering the halide-acetone sclution to the re-
action flask, was half-emptied., The clamp holding the flask in the
weter bath had been loosened, so that the flask could be shaken imme=
diately upon complstion of the addition of the halide-acetone sol-
ution to the reaction flask.

At predetermined intervals, the reaction flasks were removed
from the water bath and plunged immediately, with vigorous swirling,
into a dry ice-mcetone bath. This brought the contents of the flask

to -500 in 25 seconds. The end of the reaction was taken as that time
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when the reaction flask enbered the dry ice-acetone bath,

Two drops of phenolphthalein indicator solution was then
added, and the contents of the flask titrated with standard NaOH
solution (approximately 0.05 N). During the titraticn, the contents
of the flask were shaken wvigorously, and the addition of the stan-
dard NeQH solution so timed that the end-point was reached as ths
last frozen crystals of the solution had melted. 4s an aid %o
rapid titration, the approximate amount of standard NaOH solution
needed had been previously calculated,

A blank was determined for each halide-acetone stock solu-
tion prepared, This was accomplished by freezing the contents of
one of the water-acetone reaction flasks, adding 5 ml. of the halide
acetone shock solution, with 2 drops of phenolphthalein indicator
solution, and titrating with the standard NaOH solution,.

In the case of the slowly hydrolyzing halides, such as
benzyl chloride and benzyl bromide, the cooling of the solution

before titration was omitted.
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Ca CALCULATION OF RATE CONSTANTS

The rate constants were calculated by means of a modifi-
oation of the first order rate sguation, 16

g ® 4 s

k = 2,305 log mles »
t Mmla ~ mly

where t is the reaction time in minutes, mly is the ml. of base re-
quired to neutx.'alize the acid formed in time %, and mly is the ml.
of base required to neutralize the total amount of acid formed in
the reactioun,

The value for ml.. may be obtained by celculating the ml. of
base reguired to neutrelize the theoretical amount of ecid formed in
the hydrolysis reasction. It was this method that wes used in cael-
culating the rate constants presented in this paper,

An elternative method for obteining the value of mly is to
titrate the contonts of one of the reaction flasks, when the reaction
is at least 99.99% completed. It was this method that wes used in
calculating the rate constants presented in the original publication
of this work.’

The walue of the appropiate blenk was, of courss, subtracted

from each titration value,

)

léFa.rrington Daniels, Outlines of Physical Chemistry, (New
York: John Wiley & Sons, Inc,., 19L8), p.?lfé.

lTJack Hine and Doneld E. lee, i. Am, Chem. Soc., 73, 22 (1951},



CHAPTER IV

DISCUSSION OF RESULTIS

A. EXPERIMENTAL RESULTS

The following section consists of a series of tables in
which are listed the results of the hydrolyses of the alpha-
halogenated toluenes,

In each tabls, ‘the fundamentel data are given before the
tabulation of experimental results.

The fundamentel date are followed by & sumary, in tabu-
lated form, of the results of the hydrolysis reaction concerned,
This swmary consists of a solution number, the length of time of
reaction, the net amount of standard base required for neutrali=-
zation of the acid formed during the reaction, the per cent comple~
tion of the reaction, eand the rate constant as calculeted on page 23,
In some of the tables arse listed the observed infinity points, ob-
tained from the neubtralization values at 99,99 per cent completion

of the resaction.

Following this tabulation is found the average wvelue of the
rate constant, which, however, is given only in the cases where
results were consistent.

For the calculations of the average rate constants, only those
constants were used that fell within the limits of 10 to 85 per cent

completion. 4&lso, the constants that deviated by more than six times
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the average deviaticn were omitted from the average. All omitted
constants are indicated in the tables.

Since a few of the tables show a variance from normal pro-
cedurs, the following explanations are givent
Table I, Cé?ﬁf?g?}ﬂﬁﬁ«?ooc' Before the first point could be

taken, the temperature rose in the water bath., Therefore, one of

the solutions was titrated at }j99%,5 minutes, and the obtained wvalue
used as a blank for solutions 1, 2, 3, and L.

After taking the above points, the power supply failed for
several hours, thus necessitating the preparation of new solutions
for 5, 6, and 7.

Table V, CgHsCHCL, at 30°C. In spite of atbtempts to purify

the CglisCiCly by three fractional distillations, the initial rete of

hydrolysis showed that & highly reactive substance, probably CéHBCOCI,
was 8till present. Accordingly, the first 5 per cont of the resction
was disregarded, and a point at 101 minutes was taken as the starting

point of the reaction.

Table VI, CgH-CHCL, at 1,5°C. The same condition was found to

be present as with CéHBCHC12 at 3000. Due to the increased temper-
ature, a point at 25 minutes wes found to be sufficient for the start-

ing point of the reaction.

Tables VIII and IX, 06%500%3 et 30°C, The results shown by these

e L EUE—— T ]

tables msde it necessary to purify the 06H5CCI3. The correct constants,
after redistillation of the compound, are in Table X,

Table XVI, 06§5CHBr2 at 15°C. It wes necessary to prepare more

e sl - ——————

stock solution for solutions 5 mnd 6,
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Teble XXXTT, CHpCFAClL at 15°C, Due to lack of time, it

B A P . S

wes ilmpossible to obtain suffieient points for an adequate range

of reaction time.

Table XXXITI, CgH-CF,CL at 60°C, After the first three

e e —

points were taken, the temperature of the water bath rose, making

it necessary to prepare new solubtions for the remaining points.
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TABLE I

HYDROLYSIS OF C H.CH Cl at 20°C

5CH2

For points 1, 2, 3, and he 5 ml. of an acetone solution

of CgH CH201 (1.2610 gm. per 100 ml.) was used, giving en original

5
concentration of 0,09968 M,

A point at 1,993,.5 minutes (1,47 ml, 0.0LL1 N NeOH) was
taken as the starting point, giving a calculated infinity point =
10,01 ml. 0.0LL1 N NaOH,

EPELEﬁﬁ?yﬁijbv§5_f?§1;Z' 5 ml, of an acetone solution of

C¢H-CH,C1 (1.2724 gm. per 100 ml,) wes used, giving an original

5
concentration of 0.1006 M.

Calculated infinity point = 11,40 ml. 0.0LL1 N NaOH,

son, (o) Rmon. sompaeme ko
1 L235 0.88 8.8 | 042170 %
2 10031 2.01 20.1 0422%5
3 10587 2.08 20.8 0.2201
L 10591 2.07 20.7 0,2188
5 15765 347 30,4 042303
6 26021 5408 L6 0.2267
7 37009 6439 56.1 0.2222

— - - -

*Omitted from average.

Average k = 0,22%6 & 0,0033 x 10.-1'L min.-l
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TABLE II
HYDROLYSIS OF 06H5CH201 at [,5°C

5 ml. of an acetone solution of 06H5CH201 (1.2724 gm. por
100 ml.) was used, giving an original concentration of 0.1005 M,

Calculated infinity point = 11,40 ml., 0,041 W NaOH,

Time Mi. 0.0LIA Per cent
Soln, {min.) N NaOH complete x x 10
1 890 1,17 10,3 1,217
2 2l95 2.8), 2149 1.148
3 280 Lk 39,0 1,153
N 7460 6.56 575 1.119
5 11350 8.1,8 holy 1,200

Average k = 1,174 # 0,028 x 10"]'" nin,~!




TABLE III

HYDROLYSIS OF 06H5CH01 at 30°C

2

5 ml. of an ectone solution of 06H50H012 (1.6502 gm. per
100 ml.) was used, giving an original concentration of 0,1025 M,

Calculated infinity point = 20.41 ml, 0.0502 W NeCH.

Time Mi., 0.0502 Por cent Observed

Soln, (min.,) "N NaOH complete  k x 10t infinity
1 15 0.20 1.0 6.571 19437
2 31 0.55 2.7 84811 19,68
> 1355 6.88 337 34035 20,147
L 285% 10,96 5347 24,699 20,81
5 5826 16.98 83.2 3.062 21.61

A e i ot AT T Al " L A i pirii £

Yot used in summry




TABLE IV

%0

HYDROLYSIS OF CgHpCHCly at 30°¢C

5 ml. of an acetons solution of 06H50H012 (1.5208 gm. per

100 ml.) was used, giving an original concentration of 0,09LL7 M,

Calculated infinity point = 18,81 ml, 0.0502 N NaOH.

Par cent Obssrved
complete k x 10ljr infinity

Soln.  (mind) . Neom
1 76 0,66
2 1015 L2k
3 L5k 11.87
L 7089 15435
> 7091 15.38
6

Not used in Ssummary

345
22.5
63,1
81.6

81.8

Le706
24290 19.1L
2401 19,16
2,389
2,100

19.09

i e o e e e e e ——

[ A e
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TABLE V

EYDROLYSIS OF 06H50H012 at 3000

5 ml. of an acetone solution of 06H50H012 {1.5630 gm. per
100 ml.) was used, giving an original concentration of 0.09707 M,
A point at 101 minutes (1.00 ml. 0,0502 N NaOH) was taken
as the starting point, giving a calculated infinity point = 18.3L ml.

0,0502 N NaOH,

Time Ml, 0,0502 Per cent

Soln, (min.) N NaOH complote & x 1ob
1 Lo 0.17 1,0 1,908%
2 21, 0,82 L5 2.138%
3 680 2.62 1.3 2.268
L 1063 %85 21.0 24217
5 3182 9422 50.3 2,196
6 L2 11,12 60.6 2.251
7 5308 13.04 7343 2.487*

. s —— r— - ——

*Omitted from average,

Averepe k = 2.233 * 0,027 x 1074 min,=1
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TABLE VI
HYDROLYSTS OF C H CHC1, at 15°%

5 ml. of an acetons solution of 06H50H012 {1.6370 gm. per
100 ml.) was used, giving an original concentration of 00,1017 M,
A point at 25 minutes (1,22 ml. 0,0502 N NaOH) was taken
as the starting point, giving a calculated infinity point = 19.03 ml.

0.,0502 N NaOH,

Time Ml. 0.0502 Per cent

Soln. {min.) _ N Ha0H _ complete ke x 104
* 77 1.91 10.0 13.74
2 125 299 15.7 13 .68
3 2l5 5e35 28,1 13,50
L 373 Te71 Lo.5 13.93
5 L85 %.48 L9.8 1L.22
6 5he 9.91 52.1 13.57
7 635 11,10 5843 13,79
8 767 12,25 6l 13.16
9 822 14,60 7647 17. 7L

e e o G o oy o e o o L L AT 71 i —

*Omitted from average.

Average k = 13,74 # 0.18 x 10~ min,=1
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TABLE VII

HYDROLYSIS OF 061{50015 at 20°C

5 ml. of an acetone solution of C6H50013 (0.97LL gm. per
100 ml.) was used, giving en original concentration of 0.0L985 M.

Caloulated infinity point = 19,86 ml. 0,0502 N HaCH,

Time Ml, 0.0502  Per cent Observed
Soln. (min,) N NaOH complete ‘5_5_;9E infinity
1 L6 3,00 15,1 35,462 20422

2 90425 S5.h2 2743 35432 20435

2 160 B.52 L2.9 35403 20.21
L 2L, 11,62 5845 36407 20.31

5 390 15.09 7640 36.53 20.141

Average k = 35,72 % 0.L8 x 10*4 min,-1

o e § S L —
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TABLE VIII

HYDROLYSIS OF 06H5001 at 30°C

3

5 ml. of an acetone solution of (.‘,(5H5CCI5 (1.9506 gm. per
100 ml.) was used, giving an original concentration of 0,09979 M.

Calculated infinity point = Lj5.25 ml. 0.0L41 N NaOH,

Time M1, 0,0LL1 Por cent

Soln,  (min.) ¥ NeOH complete  kx 10
1 5 2.62 5.8 119.*
2 i Te27 16.1 125,1*
3 21 9485 21.8 116,9
L 35 15.47 3L.2 119.6
5 60 22,67 50.1 11549
6 100 30,97 6845 115.0,

e e i e M T AM e _S— st o L e

*0mitted from average.

Average k = 117.0 # 140 x 10-'1"L min.-1

.. e ——— e

Not used in summary
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TABLE IX
HYDROLYSIS OF CéH50013 at 30°C

5 ml. of an acetone solution of CgHgCClz (1.9758 gm. per
100 ml,) was used, giving an originel concentration of 0,1011 M,

Caleulated infinity point = 5.8l ml. 0.0L41 N NaOH,

Time M1, 0.0441 Per cent L
Soln.  (min.)  _ N NeOH complste  k x 10
1 5 2471 5.9 123, 7%

2 1L 6469 145 112.7

3 21 9470 21,2 113,2
L 35 16,51 36,0 127.6%

5 60 28.70 6246 16L..0%

6 112,5 32470 71.3 111,1

*Omitted from average.

Average k = 112.3 % 0,83 x 1O-J4 min,~1

Not used in summary
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TABLE X

HYDROLYSIS OF CgHCCl, at 30°C

3

5 ml. of an acetons solution of 06550313 (0497LL gm. ver
100 ml.) was used, giving an original concentration of 0.04985 M,

Calculated infinity point = 19,86 ml. 0,0502 N NaOH,

Time Ml. 0.0502 Per cent Observed

Soln, (min.) N NaOH complete  k x 10 infinity
1 15 3,09 1545 112.8 20,00
2 30 562 2843 110.9 20,00
3 €0 9.7L Lg.1 112,M 20,00
L 105.25 15463 68,6 110.2 19.95
5 130 15.10 7640 10949 19.87

- — e mm— - B U PR SRS

Average k = 111,2 # 1,1 x 10°% min,~}
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TABLE XTI

HYDROLYSTS OF C/H CH.Br at 30°¢

5 ml. of an acetone solubion of C6H5CH2Br (1.693L gm. per

100 ml,) was used, giving an original concentration of 0,09901 K,

Calculated infinity point = 11.23 ml. 0,0441 N NaOH,

solne  (aim) RMon.  remieie  kx o
1 232 1,38 12,3 54652
2 Lé2 2,58 23,0 54650
3 852 L3l 3847 54734
L 130l 5478 5145 5e5L5
5 1803 7,08 63,1 5.522

i . s A e A e A e B a e T A e i i Bl o . B e et ke s s A e e | ke

Average k = 5.621 £ 0,07 x 1074 min,=!

Yot used in summaery
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TABLE XII

HYPROLYSIS OF CgHpCH,Br at 30°¢C

5 ml, of sn acetone solution of 06H50H2Br (1.693h gme per
100‘ml.) was used, pgiving an original concentration of 0.0990 M,

Calculated infinity point = 11.23 ml. 0.0LL1 N NaOH,

Solm.  (mn) BRoRT compreke pxick
1 240 1.31 1343 5937
2 356 1.84 1847 5.798
% 502 2.L6 2Le9 54712
L 13l2 5426 5343 5676
5 1538 571 5749 54621
6 1755 6.18 62,6 54610
7 1912 6456 6645 54719
8 1951 6466 6745 54762

Average k = 5,730 ¥ 0,077 x lO'h min.'l

Not used in summary
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TABLE XIII
\ o
HYDROLYSIS OF CéHSCHeBr at 30°C

5 ml. of an acetons solution of CéHBCHzBr (1729 gm, per
100 ml.) was used, giving en original concentration of 0.1011 M,

Canlculated infinity point = 11,16 ml, 0.0LL1 N NaOH,

Time M1, 0.0kl Per cent s
Sein, (min.) N NaOH complets kx 10
1 310 1.80 15.7 5.512 '
2 L70 2466 23.2 54619
3 567 3L 274 54648
L 997 L.99 L35 5735
5 1224 578 50k 54736
6 2517 8485 772 5+810

Average k = 54677 0,08k x 107H min.-1
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TABLE XIV

HYDROLYSIS OF CH 8r at L5°C

585

5 ml. of an acetone solution of C/H CHaBr (1.729 gm. per

5

100 ml.) wes used, giving en originel concentretion of 0,1011 M,

Colculeted infinity point = 11,16 ml, 0.0L41 N NeOH,

Time Ml. 0,0451 Por cent L
Soln, {min,) N NaOH complete kx 10
1 L8 1.28 11,2 2. 67
2 110 2.78 23 25.26
Z 201 L.50 72943 21,81
L 330 6.7 56.5 25.20
5 600 8.9L 7840 25425

Averege k = 25,04 % 0.2l x 107 min.-1

—— e - — - ————— A



TABLE XV
)
HYDROLYSIS OF ('.‘,6HSCHB::~2 at 30°C

5 ml. of an acetone solution of 06H5CHBr2 (3.1128 ¢m, per
100 ml.) wes used, giving an original concentration of 0,12L5 I,

Calculated infinity point = 28,2 ml, 0.0lLh1 N NeCH,

Time M1, 0.0L41 Per cent

Seln,  (min,)  _NNeOH = complete k x 10"
1 0 1415 Lol 6.9L0*
2 32 5455 21.1 6.919
5 587 9.55 351 6.852
L 1312 16.65 59.0 64790
5 1800 19,95 70.7 6811
6 2571 23430 82.5 6,782
7 2821 2l 15 8545 64851%

e -— L —— - A ——

*Omitted from average.

Average k = 6,831 £ 0.0l x 10’1'r min,~t




TABLE XVI

HYDROLYSIS OF CH CBr, at 5%

For points 1, 2, 3, and s 5 ml, of an acetone solution

of 06H5CHBr2 (3.1128 gm. per 100 ml.) was used, giving an original
concentration of 0.121,5 M.
Celculated infinity point = 28,25y ml, 0.0LL41 ¥ NaOH.

For points 5 and 6, 5 ml, of an acetone solution of

C6HSCHBr2 (2.5320 gm. per 100 ml,) wes used, giving an original
concentration of 0,101% M,

Caleulated infinity point = 22,97 ml. 0.0L41 N NaOH,

Time Ml. O.0LL1 Por cent

Soln,  (min.)  _NNaOE_  complete  kx 10
1 61 6460 23,0 L3 .65
2 135 12.75 L5.2 Llido
3 2lg 18,80 6646 Lh.02
L 299 22,90 81.1 ln.75+%
5 lg2 20.%5 88.6 Lha1%#
6 611 20.95 91,2 39 480*

o ——— i e ——

*Omitted from average.

Average k = ;.05 % 0,36 x 10')‘L min,~1




HYDRQLYSIS OF CéH

L3
TABLE XVII

0
5CHBr2 at L5 C

5 ml. of an acetone solution of 06H5CHBr2 (2.5320 gm. per

100 ml.) was used, giving an originml concentration of 0.1013 M.

Soln.

1

no

o~ U e W

(ndn,)

60
120
ehly
360
L80

589

Calculated infinity point = 22,97 ml. 0,041 N NaCH,

M, 0.,0L51 Per cent i

_NTeOd  complete  kx 107
560 eli.l L6458
9.50 Lledy L5.2l
15435 6648 L5.23
18,20 7942 43.67
19.75 86.0 LoW9l,
21,00 91.L Li«71

Not used in sunmary
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TABLE XVIII
HYDROLYSIS OF 06H5CHBI‘2 at L5°C

5 ml, of an acetone solution of CéHSCHBre (2.,5320 gm. per
100 ml.) was used, giving an original concentration of 0.1013 M,

Calculated infinity point = 20,18 ml. 0,0502 N NaOH.

Time M1, 0.0502 Per cent

Soln, (min. ) __ N NaOH _ complete k x 104
1 61 5.08 25.1 L7.55%
2 120 8460 L2.6 L6430
3 259 14.03% 6945 L5.89
L 36l 16438 81.2 15.88
5 L77 1783 8843 15 409 %
6 623 18,77 93.0 L2,72%

B b B BAE e g ki s el i T A S——

*Omitted from averenge.

Average k = 16,02 # 0,18 x 107l min,-1
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TABLE XIX

HYDROLYSIS OF 06H5CBr5 at 20°C

5 ml. of an acetone solution of CgfisCBry (2,7738 gm. per
100 ml.) was used, giving en original concenbtration of 0.08L3L M,

Celeculated infinity point = 33,60 ml, 0.0502 N NaeOH.

Tima Ml, 0,0l Par cent Observed

Soln. (min.) N NeOH complete  k x 10k infinity
1 7 8.05 2L.0 201.1 237
2 16.33 15.62 11645 383,0 34,50
3 25 20430 60.1 3708 34436
L Lo 25.L5 7548 354L.2 3L.18

Average k = 374:9 % 12u); x 1071 pin,"]
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TABLE XX
HEYDROLYSIS OF C6H5c:Br3 at 30°C

5 ml. of an acetone solution of 06H50Br (247738 gme per

3
100 ml.) was used, giving an original concentration of 0.08h§h M,

Calculated infinity point = 33,60 ml, 0.0502 N NaOH,

Time Ml. 0.0502  Per cent Observed

Soln. {min.) N NaOH complete Lk x 1q§ infinity
1 3 9.6l 28.7 1127 33,80
2 > 1493 bl 1176 25475
3 7 18,71 5547 1163 2,12
N 94333 21,82 6540 1123 33459k
5 2l 20.82 91.8 1039% 3L.18

*Omitted from average.

Averame k = 117 & 22 x 10"h min.” L
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TABLE XXI
HYDROLYSIS OF CgHGCHC1Br at 20°C

5 ml. of an acetone solution of 06H5CH01Br {19200 gm. per
100 ml,) was used, giving an original concentration of 0.,093L3 I,

Calculated infinity point = 21,19 ml. 0.0LL1 N NaOH.

S (mmd) L EMoi.  comiere  kxidt
1 110 1.9 9.1 8,682
2 250 11406 19,2 8,509
2 1,00 6411 28,8 84506
L 685 9.4l L6 84610
5 1283 1.2, 6742 84691
6 1325 .02 68.1 8,613

*Omitted from average.

Average k = 8,586 % 0,062 x lO"_J"fqz_rlin.'l
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TABLE XXII

BYDROLYSIS OF C6H CHC1Br at 3000

5

5 ml. of an acetons solution of 06H50H013r {1.920 gm. per
100 ml.) wes used, giving an original concentration of 0.0931,3 M.

Calculeted infinity point = 21,29 ml, 0.0LL1 N NaOH,

ol (mnd) O ANGE.  cmiste  kxac
1 103 579 2743 50.99
2 212 10,16 4749 30,61
3 o5l 11,62 5L49 31,30
L 302 12,91 6l.1 31,20
2 975 20,09 98 30,.L1*

*Omitted from average.

Average k = 21,09 # 0.19 x 207 min.”1
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TABLE XXIII

HYDROLYSIS OF 06H5CHClBr at 15°¢C

5 ml. of an acetons solution of 06H50H01Br {1.920 ghe per
100 ml,) wes used, giving an original concentrstion of 0,093L3 M,

Calculated infinity point = 21,19 ml, 0,0L}41 N NaOH,.

T;me Mle 040441 Per cent L
Soln. (min,) N NaOH complete  k x 107
1 15 L 21,1 158,0
2 20 8,12 3843 161.1
3 L5 10,93 5146 161,2
L 65 13,82 6542 16245
5 100 17.09 8046 16h.3
6 160 19.L2 91,7 155 .2

*Omitted from everage.

Average k = 161,L £ 1.6 x 107 min,~1
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TABLE XXIV

CC1.Br at 20°C

HYDROLYSIS OF C6H5 o

5 mle of an acetons solution of 06H50012Br (1.3450 gm. per
100 ml.) was used, giving an originsl concentretion of 0.05606 M,

Calculated infinity point = 22,%3 ml, 0,0502 N NaOH,

Soine  (mimy) B NeOh . compiete kx10%  infiniay
1 5 6435 28.L 66943 21,90
2 10 11.11 49.8 688,4% 22,03
3 15 14.85 6645 72942 22,10
L 20 17.03 76.2 71942 22,13
5 25 18.L5 82.6 70042 22,03
6 30 19435 8647 71,5+ 21,87

*Qmitted from averege.

Average k = 701.2 * 18,1 x 10-LL min, L
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TABLE XXV

HYDROLYSIS OF 06H500123r at 20°C

5 ml. of an acetone solution of CéﬁECClzBr (1.3L50 gm. per
100 ml.) wes used, giving an original concentration of 0,05606 M,

Caleulated infinity point = 22,33 ml. 0.0502 Ii NaQH.

T?me Ml. 0.0502 Per cent L Qbs?rYed
Soln. (min.) N NeOH complete  k x 10 infinity
1 5 6.00 2649 62640 22,07*

2 10 11.10 L9.6 68745 22,30

3 15 11,80 6643 72108 22,33
L 20 17.00 76.1 716.1 22,18
5 25 18.58 83,2 71348 22,28
6 30 19.19 8742 687 5% 22,09

pa— i up——

*Omitted from average.

Averapre k = 710,6 % ll:fL?Llo-h min.~1

Not used in summary
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TABLE XXVI

HYDROLYSIS OF CGHCCL Br at 30°C

5 ml. of an acetone solution of CgH;CCl Br {1e3341 gm. per
100 ml.) was used, giving an original concentration of 0,05560 M,

Calculated infinity point = 22,15 ml. 0.0502 N NaCH.

Time Ml. 0.0502 Per cent
Solns (min,) _ N NeOH complete k x 104
1 2 10.22 L6.1 3095
2 3 10.L7 L7.3 213l
3 5 1h.67 6642 2172
L 8 18.00 Bl.3 209l
5 10 20.27 91.5 2L67

NotﬁTu_sed in sunmmary
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TABLE XXVII

HYDROLYSIS OF 06H500128r at 30°C

5 ml., of an acetone solution of 06H500125r {1.3341 gm. per
100 ml,) was used, ziving an original concentration of 0.05560 M,

Caleulated infinity peint = 22,15 ml. 0.0502 N NaOH,

Soln, (;ii?) f%ﬁ;;ﬁggii S:EPEZE: © x 108
1 2 6.92 31.2 1873+
2 3 10,32 Lé.6 2091
3 b 15.32 3.2 292+
L 5 14.85 67.1 2220
5 6 15492 7149 2115
6 7 19.17 86.5 2866+
7 7 17,07 770 210,
8 8 18,05 81.5 2109
9 9 119.02 85.9 2175+

10 10 19.32 87.2 2058+

" AL B et - — A h— . ——— e - ———— - - —

*Omitted from averags.

Average X = 2128 #* 37 x 1071 min,=?
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TABLE XXVIIX

BYDROLYSIS OF C6H5001Br2 at 20°¢C

5 ml. of an acetone solution of 06H50013r2 (1.1,098 gm.

per 100 ml.) was used, giving an original concentration of

0.,04557 M,
Caleculated infinity point = 19.75 ml. 0,0502 N NaeOH.

Time ¥1. 0.0502 Per cent

Solm.  (min.) N _MeOH = complete Kk x 1o
1 545 5423 26.5 559 oLy
2 10 945 L7.8 651,2
3 10 11.55 58.5 87G.2#%
L 15 12,29 6242 6LG «2
5 20.5 .69 Lol 66l4Ly
6 %0 16.78 85,0 631.6

*Omitted from average.

Average k = 6l9.1 # 8.8 x 1071t min,~1
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TABLE XXIX
HYDROLYSIS OF CgH:CClBrp at 30°C

5 ml. of an acetone solution of CglizCC1Br, (1.7832 gm.
per 100 ml.) was used, giving an oripginal concentration of
0.06270 M,

Calculated infinity point = 24,98 ml, 0.0502 N NaOH,

Soln.  (mim) N UOE.  compiets  kx10®  infimig
1 2 L.o7 16.3 889.2
2 5 8.19 32.8 LT
3 10 10,64 L2.6 5551
L 30 12,76 51.1 237.8 204,66
5 92 13,19 52.8 Bl.62 20417
6 115 13.39 5346 66479
7 20,67
8 20,16

Not used in sumnary
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TABLE XXX

HYDROLYSIS OF 06H5CCIBr2 at 3000

5 mle. of an acotone solution of CéHECClBrz (1.4098 gm. per
100 nl,) was used, giving an original concentration of 0.0L957 i,

Celculated infinity point = 19,75 ml. 0,0502 N NaQiH.

Time Ml. 0,0502 Per cent
Soln,  (min,)  _NIeOR  comlete  kx10%
1 L.h2 10,71 Blie2 1770
2 5 11,39 577 1720
T 1L.33 T2.6 18448
It 10 16.77 8lL.9 1892

- i e e d— e ———— .

Aveorage k = 1808 & 63 x ];(‘{"'_J‘L ,Igi_n.'l
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TABLE XXXT
HYDROLYSIS OF 06H50F201 at %6°C

5 ml. of an acetone solution of 06H5GF201 (0.7305 gm. per
100 ml.) wes used, giving an originel concentration of 0.04)93 I,

Calculated infinity point & 17,90 mi, 0.,0502 ¥ NaOH,

Time Ml. 0,0502 Per cent

Soln.  (min.) ¥ NeOR complote  k x 10
1 8917 1.55 8.7 0,10178%
2 2L346 3439 19,0 0.086L9
3 L6116 5.67 31.7 0.0828%
i 66503 7435 l1.2 0.07974

L e A a4 R L e T 8 A8 i A B ATE A B cmaerke b A vm s el = m m ik W e vl g

*Omitted from averegs.

Averago k = 0,08302 # 0,0023 x 10™ nin,
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TABLE XXXII
HYDROLYSIS OF 06H5CF201 at h5°C

5 ml. of an acetone solution of 06H50F201 (047287 gme
per 100 ml.) was used, ziving an original concentration of
0.0LL82 M,

Calculated infinity point = 17,86 ml, 0,0502 N NaOH.

Time Ml. 0.0502 Per cant

Selm.  (min,) NNOR  complobs  kx 10t
1 1574 0.74L L1 042686+
2 1592 0,62 345 0.2218
3 159L 057 542 0+2057*
L 1597 0.62 345 0.2215
5 Lolo 1.53 846 0.2218
6 Lioéo 1458 8.9 02278

Bm ok B B b h . B B W e ke me Bk & ek B e ek ek B R ML A s bR A 4 % A b R A o i cw e——

*Omitted From average.

Average k-= 02232 % 0,0023 x 10™* min,~

JSA - ———



29

TABLE XXXTIZX

HYDROLYSIS OF 06H CF201 at 60°C

2

For points 1, 2, and 3. 5 ml. of en acetone solution
of C4ligCFLC1 (0.7287 gm. per 100 ml,) was used, giving an original
concentration of Q.0LL/82 M,

Calculated infinity point = 17.86 ml, 0.0502 N NaOH,

- e

of CgH5CFLCL (047305 gme per 100 ml,) was used, giving an original
concentration of 0,01;,93 M,

Calculated infinity point = 17,90 ml. 0,0502 N NaOH.

Sl (mn, AR, eowists  xzi’
1 1151 1.91 10,7 0.98L8
2 1298 6402 337 0.9795
% 8721 10,39 5842 0.9997
I 11370 12,08 6745 0,9883
5 11526 11,64 65.0 0,9117%*
6 15350 13.97 78.1 0.9877
7 18398 15.35 85.7 1.059L*
8 20207 15.92 89,0 1,0898%

e A ———

- iyt — —_— - -

*Omitted from average.

Average k = 0,980 % 0,0048 x 10" min,">

e r—————



B. SUMMARY OF RESULTS

In the following tebles is presented a summary of the ex-
perimental results obtained from the hydrolysis reactions of the
alpha~halogenated toluenes.

Table XXXIV presents a summary of the rates of hydrolysis
at 20, 30, and L5°C, Since only those rate constants are used that
wers oconsidered most representative of the resction under consider-
ation, the number of the table from which the constant was obtained
has been indiceted.

It is to be noted that in the calculation of these rate
constants, the calculated infinity point is used for the wvalue of
Ml e (page 23).

Table XXXV shows the results of dividing the rate constants,
at 30°C, by the number of halogen atoms thought responsible for the
roaction. This is an indication of the reactivity of the individual
halogen atoms in the perticular halide,

In Teble XXXVI is found the results of calculating the rate
constants, using the observed infinity point for the value of mly
(page 23). Only those constents are listed that correspond to the
rate constants given in Table XXXIV. These are the constants used
in the oripinel publieation of this investigation.l

In Table XXXVII are presented the energies of activetion, as

1Hine end Lee, loc, cit,.
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Calculated by means of a modification of the van't Hoff squation,z

log ]_{2 = E T2 - T -

2
RemiCk, _R. _(.!_'J'.:Eo, P 1850
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Céﬁ CHEBr

2
CéHECHClBr
06H50012Br
06H CC1Br

5 2

C HCRPC
650 p ¥
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TABLE XXXIV

SUMLARY OF RATES OF HYDROLYSIS

OF ALPHA-HAIOGENATED TOLUENES

k x I{.OLl min._l

—2% 3% Lg%
0.2236(1) 1,17 (1IT)
24233 (V) Be7h (V1)
35,72 (Vi) 111,2  (X)

56677 (XIIT)} 25,0 (XIV)

64831 (XV) L6,02 (XVIII)
3749 (X1X) 11y (xx)
8.586(XXI) 31,09 (XXII) 161.h (XXIII)
701.2 (XXIV) 2128 (XXVII)
6ho.1 (XXVIII) 1808 (xxx)
040l 356%x 0,223%2( XXX1I)

*For the rate of hydrolysis at 60°C, see Table XXXIII.

**Caloulated from the rates of hydrolysis at hicher temperatures.



C,HCH.C
6H5 2 1

C 6H5GHC 12
H 6H5CC 13

06H5GH2Br
06H5CHBr2
C 6HSCHC 1Br

CéH cC 12331‘

>
CSHBCCIBrz

CEHCF,CL
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TABLE XXXV

RATES OF HYDROLYSIS

PER HALOGEN ATOM

k x 10% min,"} at 30°C

——— e A ——

_per C1 _per Br

0.2236
1,107
3741
54677
3.416
382
31.09
2128
90l
0,036

i bk A ek ek el A et



TABLE XXXVI

RATES OF HYDROLYSIS, CALCULATED

FROM OBSERVED INFINITY POINTS

 x 204 min,~2

20°C 20°C
061150013 255 {ViI) 110} (X)
CSHSCBI-5 262,3  (XIX) 1148 (xxX)
06H500123r 718,2 (XX1V)




06H5CH201

CéH CH012

5

5773
C4H CHyBr

C 6H

CéH CCl

5CI-IBr2

C
06H5 BI‘3

CgH-CHC1Br

5

CéHECClBr2

CyHisOF,Cl
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TABLE XXXVIX

ENERGIES OF ACTIVATION

Energy of Activation in keal,

21.2
2343
20,1
19.0
2Ly
2044
21,9*
1942
18.1

20 ¢ Bx

*This value is an average obtained from the rates
et three temperatures.



C. CONCLUSIONS

In all cases of substitution of alpha-hydrogen by chlorine,
the rate constants show incremsed reactivity. However, it is +to be
noted that the inecremse in rate, per chlorine atom, between 06H50H012
and 06H50013 is 30-fold, while the increase in rate, per chlorine
atom, between 06H5CH201 and 06H5CH012 is only 5-fold. This is proba-
bly due to the 06H5CH201 hydrolyzing largely by an Sy2 mechanism,
giving, therefore, & much larger rate constant than for an SNl
hydrolysis.

In the bromine substitutions of alpha<hydrogen, the same
general effect is noted, except that in this case, 06H5CH2Br is
ectually more reactive, per bromine atom, than is CéHBCHBr2° This
makes even more likely the probability that the benzyl halides
hydrolyze by an Sy2 mechanism.

In the series, 06H50Br3’ C6H5001Br2, and 06H50012Br, the
effects of chlorine atoms on the resctivity of bromine atoms attached
to the same carbon stom is easily noticeable., In this series, if our
original assumption of initial replacement of bromine holds true, the

following reactions should take place,



67

Br Br
6H5-C-Br —— 06H5 g-Br + Br

gl Cl
06H5-qur —_—e 06H5 ngr + Br

¢1 Cl1
06H5-g;01 e Céﬁ5-grcl + Br

Since the environments of the three sets of reaction products are
identical, the difference in reaction rates should be due solely
to the nsture of the carbonium ion formed.

In the series illustrated above, the reaction rates follow
the order, 382, 90L, end 2128, indiceting thet the effect of a
chlorine atom on the reactivity of s bromine atom attached to the
same carbon atom is to increase the rate of reaction. This order
of reactivity may be attributed to resonance stabilization of the
carbonium ion by the dirsctly attached halogen atom. Since chlorine,
an element in an earlier period of the periodiec table, has a grester
tendency for double bond formation then has bromine, it is not sur-
prising that it wounld cause greater stabilization than would bromine,
thus causing greater reactivity.

A comparison of 06H5CF201 and 06H5001 shows a different type

3
of effect than was apparent in the chloro-bromo series. If our
assumption holds true that, in the molecule CGHECF €1, the chlorine

is replaced initially, the following reactions should take placse,
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F F
06}15_ng = Cgig-C-F ¢ CL

c1 €1
C/H . wCul] ———= (,H _«C=Cl 1",
¥5% &5 !

As was true with the chloro-bromo series, the difference in reaction
rates should be due solely to the nature of the carbonium ion formed.

However, in the fluoroc-chloro series, above, the reaction
rates follow the order, 0.,0L36 and 111.2, indicating that the effect
of a fluorine atom on & chlorine atom attached to the same carbon
aton is to decremase the rate of reaction.

Thus, since fluorine, being an element in ar earlier periocd of
the periodic table, should have a greater tendency for double bond
formetion than has chlorine, the order of reactivity cannot be
attributed to resonance stabilization of the carbonium ion. Instead,
the inductive effect of the highly electronegative fluorine atom
apparently greatly predominates over the tendency of fluorine for
double bond formation. .

Other information obtained from the summary of experimental
results concerns the table of wvalues for the energies of activation,
The only generalizetion drewn from this information is that the values
for the benzel helides are higher.

In summary, it appears that in the case of chlorine and bromine,
alpha-haelogensetion of teoluene inereases the SN1 reactivity, as compared
to hydrogen, by resonance stabilization of the carbonium ion. Also,

chlorine apparently hes a greater tendency for resonence stabilization



&%

then has bromine, dus %o the grester ease of double bond formation.
In both alpha-chlorination and alpha-bromination, the reso=-
nance stabilization is probably oppossd by the inductive effect of
the electronegative halogen aetoms, as compared to the central carbon
atom. However, due to the small differences in electronegativityl
between carbon and chlorine (0.5), as wall as between carbon and
bromine (0.3), the effect of resonance stabilization predominates.
In the case of fluorine, which has & high electronsgativity
as compared to carbon {the difference being 1.5), any tendency for
resonance stabilization is evidently over-shadowed by the inductive

effect. Thus, alpha-fluorinetion tends to decrease the Syl reactivity.

1. Pauling, The Nature of the Chemical Bond (Ithmca, N, Y.:
Cornell University Press, 19L8), p. Qe
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