CHAPTER 1v
CONCLUSIONS AND SUMMARY

Analysis of the reaction products showed that as the

water concentration of the aqueous alcohol increased, there
was less methyl n-butyl ether formed., The finding of less
ether is in accord with the work of Bird, Hughes and lngoldz l
who studied the uncatalyzed reaction of n-butyl bromide in
alcohol-water mixtures containing 0.0 to 45 weight per cent
water, inclusive. (Their work included a determination of
the ether directly and of the alcohol by difference.)

The kinetics of solvolysis appear to be first-order in
both hydroxide ion and butyl bromide within experimental
error over the ranges investigated (see figures 5,6,7, 8 and
9). There was some indication that the first-order specific
rates dropped slightly and that the rates tended to "level
off" after about 600 minutes for runs 2-3 and 4-7, and
after about 1000 minutes for runs 5-6.

Plots of per cent reaction (tolh s Lo t}) versas Bme-s
the time taken directly from the log C versus t grapnss-

ion and for butyl bromide.
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The least squares Computations gave the following
estimates of the total specific solvolysis rates:
25% methanol-75% water

k(OH‘) ~ :%W); k E -2,784 -ln(b-x).
y
min., (BuB 1‘) tmin.

50% methanol-water

k . =22.080 :Infa-x) - =2.363 -in(b-x)
(OH") t ‘ ‘ '

min, (BuBr) tmin.
75% wmethanol-25% water

k L) -lc 941 .1n a-x); k 8 oz. 344 -oln
t

(OH) i (BuBr) E A

Up to about fifty per cent reaction, the values (tL,
tLs %) calculated from the least squares equations and
those taken from the graphs (in the latter case, assuming
ideal behaviour, i.e., linearity throughout the entire re-
action for the plot of log C versus t) agree fairly well in
hydroxide ion for all runs and, in butyl bromide for the
50-50 and 75-25 runs (% methanol-% water).

Several mechanisms for the total solvolysis of the

alkyl halide (BuBr) in aqueous alcohol were proposed.

of the valnei (€. Be»

were proposed, and piots

. X d on)
Axfat  yersus (a-x) {e’%ﬁi versus (a-x), and 80




d (x)/dt= k) (BuBr) + kz(BuBr)(OH'h. where

'
kj (CH3O0 )= k; « Using (BuBr),=b and (OH"),=a, this rate
will be:

d(x)/dt =k;+ ky(a-x), in which the terms in paren-
b-
theses re;‘w;:)o;nt concenirations in moles per liter. If the

plot of _g%& versus (a-x) were linear, the slope would
o

equal k, and the intercept would be kl, . The plot of these co-

ordinates was nt;t linear.

Although the rate constants were calculated by several
methods, they were inconstant. Thei-ctorc.. it is quite cer-
tain that these vﬂues do not represent good ecdmntps of the
true specific reaction rate constants for the solvolyses



studied,

If we think of the reaction measured as (4) in the Syl

mechanism:? -
OH
BLR

/‘317 BuOH + Br*
+
BuBr == <la1 Bu + By

H.
addition of water to the solvent may favor the competing

BuOCH; + Br + H,0 ,

substitution (3) considering ky<k; , and kg small, which
are reasonable assumptions, However, the amount of n-
butyl alcohol (BuOH) formed was negligible or small for
the higher weight per cent methanol solutions. Because
both butyl alcohol and methyl n-butyl ether (BuOCHj) were
recovered as products, it is apparent that either both kj
and k4 are operating by the Syl mechanism or that the
mechanism may be Sp2; in the latter case, the rate may
be partially specified by the rate constants ky and Ez in

the bimolecular mechanism:
BuBr+ 2320—3 BuOH + HyO'+ Br’

BanZCHQOH-iBuOC!lg + CHyOHp+ Br” .
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Cﬁ i _'
active” solvent, methanol, Some indication of this pos-
sibility is given by the k
, “1ia.ot and k value

run 5 which tend e l‘b.x) e

end to decrease progressively, while these
same values for runs 4-7 and runs 2-3 are slightly
steadier for a time and then decrease.

Plots of log klavg. versus 1/D and lll)z + Where D

is the dielectric constant of the solvent at 50° C,, -==the

k values calculated by the method of least squares---are
noticeably parabolic, contrary to expected behaviour (see
figures 10 and 11), For these graphs, a maximum is

found in the vicinity of 40-60 % methanol-water, ''Anoma-
lous" behaviour of the methanol-water system has been
observed in other ways.

Much of the published data supports the idea that n-
- butyl bromide reacts via mechanism B (i.e.,5,2) in water
and in aqueous alcohol solvents. The rate constants for

the solvolysis should have increased directly as did the

medium if this were the case.

om the strict second-

dielectric constant of the

The plots of log kz (kz calculated fr

order rate equation) versus 1/D and lID

haviour (see figures 10 and 12). Flots of log k versus
illustrate similar effects for both

show this be-

mole fraction of water

estimates, kj,yg. and ky, (see figure 13).



It is concluded that the
in methanol

solvolysis of n-butyl bromide

“Water mixtures (of 25, 50 and 75 weight %

o
water) a8 50 C., and in the presence of equimolar sod-

found. If other criteria find that butyl bromide reacts
via mechanism B (i.e,, Sy 2) in agueous methanol, second-

order rate constants (kz) are probably fair estimates of

the total lolvolyiil. | & :

The correlation datt nf Grnnwald, Jones and ‘Win.ntcmlz3
is supported by the linetrity Q‘ the plot.of log k. ﬁor blltYl
bromide versus log k, (for tertiary butyl chloride at 25°C,)

in acetone-water, ethanol-water and methanol-water sys-
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Fig. 11. Plot of log k’avg versus I, 1/D; I, 1/D*, for n-Butyl bromide, 50 C.
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Fig. 13. Plot of logk v

, for: , t=BuCl, 25°C.; ,

59‘ C.. E, 50 C. Sol.vento'
| 3 BD c hr. D. E mlno




