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currence in these runs; consequently, each phase was 
worked up separately. Each was neutralized with solid 
sodium carbonate and extracted thrice with ether. The 
ether solutions were dried over anhydrous potassium 
carbonate, and that from the upper layer worked up ac­
cording to (1), the one from the lower according to (2). 

(1) Upon saturation of the extract with hydrogen 
chloride, di-4-morpholinehexane dihydrochloride pre­
cipitated; yield, 29.4 g (21.4%) after recrystallization 
from isopropyl alcohol; m. p. 261-261.5° (dec). This 
material was found to be identical with that prepared 
from hexamethylene chloride and morpholine. 

Anal. Calcd. for C14HaAN1Cl,: N, 8.50; Cl, 21.53. 
Found10: N, 8.62, 8.66; Cl, 21.37, 21.50. 

The hydrochloride was converted to the free base with 
ammonium hydroxide. It melts at 40-42.5° (cor.).11 

(2) The dried ether solution of the lower phase, when 
saturated with anhydrous hydrogen chloride, produced a 
dark viscous oil which, after three days in the refrigerator, 
finally solidified. After two recrystallizations, the product 
was dried in vacuo at 50° over phosphorus pentoxide; 
the <tf-4-morpholinehexyl diphenylacetate hydrochloride 

(11) Anderson and Pollard' found 35.5-38.5°. 

The kinetic equation for reaction between ions 
and dipolar molecules 

In k - In *«_« + ' g g f f to - *<*«-"« (1 + «r0)) (1) 

derived by Amis and Jaff6 la was tested as to the 
dependence of the reaction rate (between ions and 
dipolar molecules) both on ionic strength and on 
dielectric constant of the solvent using a positive 
ion reactant , namely, hydrogen ion. Since /X0* > 
H*e~"n (1 + Kr0) and since the te rm ii*e~'r° (1 + «r0) 
decreases a t a decreasing rate while fi* remains 
constant with increasing ionic strength, then for 
positive ionic reactants (ZB positive) k should in­
crease with decreasing rate as the ionic strength is 
increased. For negative ionic reactants , however, 
k should decrease with decreasing rate as ionic 
strength increases. Also k should increase, bu t 
progressively less, with decreasing dielectric con­
s tant of the medium for positive ion reactants since, 
although the term it*/D increases, the smaller term 
H*e~m (1 + KTo) decreases faster proportionally 
with decreasing diectric constant . For negative 
ionic reactants k should decrease with decreasing 
ra te as the dielectric constant is decreased. 

For the hydrogen ion reacting with sucrose 
both in the presence and in the absence of salts, 
the predictions of Eq. (1) were fulfilled, as was 
the case also when hydrogen ion reacted with 
ethylene acetal in the absence of sal ts . l a The re­
action between hydrogen ion and sucrose and 
t h a t between hydrogen ion and glucose as a func­
tion of the dielectric constant of the media gave 
da ta in conformity with expectations. l a 

(1) Present address Louisiana College, Pineville, La. 
(Ia) Amis and JaS*. J. Chtm. Phyt., 10, S98 (1942). 

weighed 17.8 g. (10.2%) and melted at 110.6-112.6° (cor.). 
The M-4-morpholinehexyl ester hydrochloride readily 

can be converted to the nitrate which is less soluble than 
the hydrochloride. A solution of 7.5 g. of the hydro­
chloride in 160 ml. of water was treated with 40 ml. of 
dilute nitric acid. The solution immediately became 
cloudy and crystals of the nitrate began to separate. 
These were collected after one-half hour and recrystallized 
from isopropyl alcohol, m. p. 119-120°, 7.1 g. or 90% yield. 

Anal. Calcd. for C24H12CNj: N, 6.30. Found10: N, 
6.21, 6.28. 

The nitrate will form a 4% aqueous solution when heated 
and allowed to cool; whereas, a 35% solution of the 
hydrochloride can easily be made. 

Summary 
A s tudy has been made of the preparation of 

w-4-morpholinehexyl diphenylacetate. The in­
termediates, w-hydroxyhexyl, w-chlorohexyl and 
w-bromohexyl diphenylacetate, have been pre­
pared and identified. 
DETROIT, MICH. RECEIVED AUGUST 3, 1944 

I t would be well, however, to test Eq. (1) using 
a negative ion reactant since there should not only 
be a change in the sign of the slope bu t also an 
inversion of the curvature of the empirical curves 
(In k vs. ionic strength and In k vs. 1/D2) if the 
equation correctly predicts the influences upon 
the rate constants of the ionic strength and di­
electric constant of the medium. 

Akerlof23 '4 has studied the rate of decomposi­
tion of diacetone alcohol by the hydroxide ion for 
various alkali metal hydroxides alone and in the 
presence of their uni-univalent and uni-bivalent 
salts. He has also studied the same reaction 
using sodium hydroxide in various mixed solvents. 
These da ta are ideal for testing Eq. (1). 

In Fig. 1 we plot the da ta for the decomposi­
tion of diacetone alcohol in potassium hydroxide-
uni-univalent potassium salt solutions of various 
ionic strengths. Also similar da ta for sodium 
hydroxide-uni-univalent sodium salt solutions 
are plotted in this figure. These da ta were plotted 
according to the suggestion of Amis and Jaff£ la 

who transformed Eq. (1) into the form 

W = »•/(! + z + z2/2 + (n*/2D)(l + «)) (2) 

by introducing the dimensionless variable 

z = Ka = KU (3) 

and the dimensionless quant i ty 

W = (In k - In fe«-oH2I>fe7>oJ)/«ZBM«* cos <V (4) 

In Fig. 1 the solid line is the theoretical curve 
(2) Akerlof, Tms JOURNAL, 48, 3046 (1926). 
(3) Akerlof, ibid., 49, 2960 (1927). 
(4) Akerlof. ibid., 50, 1272 (1928), 
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Fig. 1.—A plot of the specific rate constant vs. ionic 
strength for the decomposition of diacetone alcohol in the 
presence of potassium hydroxide-uni-univalent potassium 
salts and of like data in the presence of sodium hydroxide-
uni-univalent sodium salts. The salts used with KOH 
were KNO2, KNO3 , KCl, KBr, KI , KSCN and KCN. 
The salts used with NaOH were NaNO2, NaNO3, NaCl, 
NaBr, NaI, NaClO3, NaSCN, and NaCN. 

from Eq. (2) (neglecting the insignificant term 
n2/2D), and the data for the seven potassium 
salts and the eight sodium salts fall within the 
length of the vertical ellipsoid at each specified 
value of z2. The plot covers a range of ionic 
strengths from zero to 3.6. This is a very much 
wider range than is given for ion-ion reactions on 
the basis of the Debye-Hiickel limiting law, but 
this range is used to give an idea of what range 
can be included in the theory. Table I contains 
the constants used in fitting the data to the theo­
retical curve in Fig. 1. 

TABLE I 

UNI-UNIVALENT SALTS 

U = 3.05 A.; M0 = 4 X 10~I8 

Salt 10'fc_o m X 10" K' 

Potassium hydroxide-potassium salts 

KNO2 

KNO3 

KCl 
KBr 
KI 
KCN 
KSCN 

212 
213 
214 
217 
222 
215 
225 

6.15 
7.35 
8.30 

10.34 
14.6 
8.79 

16.4 

1.08 
1.68 
2.15 
3.17 
5.30 
2.40 
6.20 

Sodium hydroxide-sodium salts 

NaNO2 209 10.04 3.02 
NaNO3 210 10.60 3.30 
NaCl 211 11.2 3.60 
NaBr 213 13.4 4.70 
NaI 217 17.5 6.78 
NaCN 205 7.27 1.64 
NaSCN 220 19.4 7.70 
NaClO3 210 10.98 3.49 

In general Akerlof2 found the rate was slowed 
down to a less extent by a potassium salt than by 

the corresponding sodium salt at like concentra­
tions. This is reflected in the smaller /̂ 0* and n2 

values and the larger k„ -o values for the potas­
sium salts. In the case of the cyanides the usual 
order of relative decrease of the rate was inverted 
for the potassium and sodium salts and here also 
the magnitudes of the constants for the two salts 
were inverted except for the magnitude of k„m<> 
which is larger for the potassium salt even in this 
case. The actual values of the constants corre­
spond closely to the values used in fitting data 
for the positive hydrogen ion reactant to the theo­
retical curve. 

Of all the salts studied by Akerlof, only potas­
sium fluoride, potassium carbonate, sodium car­
bonate and sodium sulfate give data which do not 
conform to theory. Even in these cases the curva­
ture of the log fe-ionic strength data is that pre­
dicted by the theory, though the sign of the slope 
of the curve is upward with increasing ionic 
strength in opposition to what is to be expected 
from Eq. (1). Akerlof himself devotes special 
space to the discussion of these cases, but arrives 
at no definite conclusion as to the reason for their 
behavior. He does point out that the carbonate 
salts themselves promote the decomposition of 
diacetone alcohol and, furthermore, that they are 
hydrolyzed to give hydroxide ion, but even when 
full correction is made for the influence of hy­
drolysis still there is a marked increase of rate 
with increasing ionic strength in carbonate solu­
tions. It is evident that these few salts do have 
specific effects upon the rate which is anomalous 
and cannot be accounted for on the basis of the 
present theory. It might be pointed out that the 
fluorides are abnormal in many of their properties. 

In Fig. 2 a plot of the data for the reaction rate 
in solutions of alkali hydroxide-uni-bivalent alkali 
chromates is given to an ionic strength up to 13.6, 
since the data showed no marked departure from 
theory up to high values of ionic strength. In 
Table II the constants used in fitting these data 
to theory are recorded. Except for the values of 
kK=o, the relative magnitudes of the constants 
for the potassium and sodium chromates were in 
the same direction as for the majority of uni-
univalent salts. This corresponds to potassium 
chromate slowing down the rate of reaction to a 
less extent than does sodium chromate for like 
concentrations of the two salts. The actual 
magnitudes of the constants agree very well with 
the values found for the uni-univalent salts. 

TABLE II 

UNI-BIVALENT SALTS 

r„ = 4.56 A.; MO = 4 X 10"18 

Salt + Base 10*.kx_o m X 10» n' 

K2CrO, + KOH 235 6.76 1.38 
Na2CrO, + NaOH 260 12.91 4.46 

It might be pointed out that the value of the 
moment in vacuo of IM> = 4 X 1O-18 for diacetone 
alcohol was chosen as a reasonable value of this 
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Fig. 2.—A plot of the specific rate constant vs. ionic 
strength for the decomposition of diacetone alcohol in the 
presence of KOH-K2CrO4 and of NaOH-Na2CrO.. 

quantity since it could not be found in the litera­
ture. The values of the other constants are de­
termined by trial and error after fixing the value 
of no. 

Figure 3 is a plot of the data for the rate con­
stants for the decomposition of diacetone alcohol 
in the alkali metal hydroxides of changing con­
centration. This plot extends only to an ionic 
strength of 1.2 and the data fit the theoretical 
curve reasonably well only to an ionic strength of 
about 0.8. The nature of the agreement is remi­
niscent of that for ion-ion reactions which gener­
ally fall off sharply from the limiting law at ionic 
strengths of roughly greater than 0.1. The low­
est points for potassium and sodium hydroxides 
fall considerably below the theoretical curve. 
The reaction constants as measured would have 
to be 2.5 and 4% lower, respectively, than Aker­
lof's in order to fall on the theoretical curve. 
Akerlof's observation at 0.1 N NaOH, however, 
is confirmed by measurements of French, Murphy 
and Sturtevant48 who find k approximately con­
stant at concentrations up to 0.1 N. (French's 
measurements extend from 0.005 to 0.1 normality, 
Murphy's from 0.01 to 0.1 and Sturtevant's from 
0.03 to 0.095.) Thus, there seems to be a dis­
crepancy between observation and theory at these 
low concentrations, unless the deviations are due 
to acid impurities as had been suggested to Stur-
tevant as a possible source of error. The values 

(4») French, T H I S JOUBNAL, 51, 3215 (1929); Murphy, iUd., IS, 
477 (1931); S turtmat , Hid., I t , 1528 (1937). 
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Fig. 3.—A plot of the specific rate constant vs. ionic 
strength for the decomposition of diacetone alcohol in the 
presence of different alkali metal hydroxides. 

of the constants given in Table I I I show the in­
creased effect of like concentrations of the hy­
droxides in reducing the rate as one goes from po­
tassium hydroxide through sodium hydroxide to 
lithium hydroxide. The relative values of the 
constants for potassium hydroxide and sodium 
hydroxide are the same as in the majority of the 
corresponding alkali hydroxide-alkali uni-uni-
valent salts. 

Base 

KOH 
NaOH 
LiOH 

U 

TABLE III 

UNI-UNIVALBNT BASES 
= 4.82 A.; 

10« *«_ , 

212 
207 
208 

IM) - 4 X 10~18 

w X 10" 

5.20 
6.23 

10.0 

71 

0.60P 
1.11 
3.00 

To test the dependence of rate constants upon 
dielectric constants of the medium Amis and 
Jaff6la made the following transformation of Eq. 
(1), setting 

«J = x y # (5) 
{ = Xo = Xr0 (6) 

and 
W = (In k - In k,-o)(2kT)/lzBn*o\* cos ^0 (7) 

the general relation 
W = (1/P1KV(I + i/D'A + $'/2D)) (8) 

was obtained. 
We give in Fig. 4 a plot of Akerlof's data for the 

decomposition of diacetone alcohol in 0.1 N so­
dium hydroxides when a mixed solvent was used. 
The data plotted are those for ethyl alcohol-
water and w-propyl alcohol-water and are ex­
tended downward to a dielectric constant of 50. 
The constants are recorded in Table IV. The 
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l/D2 X 104. 
Fig. 4.—The specific rate constant vs. 1/D* for the de­

composition of diacetone alcohol in 0.1 N sodium hydroxide 
when mixed solvents were used. 

values of these constants are fairly consistent 
with the values found for the ionic strength de­
pendence and also with those determined by 
Amis and JaSe" for the dielectric constant depend­
ence of rates involving a positive ionic reactant. 

TABLE IV 

MIXED SOLVENT 

fo - 1 A.; Aio - 4 X 10~IS 

Solvent 10< k«.0 m X 10« n> 

CjH5OH-HsO 213 9.84 2.92 
n-C,HjOH-H,0 219 23.9 9.95 

The data for methyl alcohol, glycol and glyc­
erol are in agreement with predictions in the di­
rection and shape of the curve, but either A»O* and 
n2 must be unreasonably large or r0 must be un­
reasonably small to account for the great effect of 
these solvents in slowing down the rate. Amis 
and Cook6 studying the dielectric and solvent 
effects upon the alkaline fading of brom phenol 
blue in glycerol-water mixtures found that the 
solvent had an abnormal effect upon the rate of 
this ion-ion reaction which was proportional to 
the amount of glycerol and could be accounted for 
upon the basis of the acidic nature of the glycerol, 

(S) Amis and Cook, THIS JOURNAL, 63, 2621 (1941). 

whereby the amount of hydroxide ion was effec­
tively reduced. This explanation could account 
for the abnormal slowing down of the rate of de­
composition of diacetone alcohol by alkali hydrox­
ide in glyceroL-water and glycol-water mixtures. 
However, the abnormal effect of methyl alcohol 
and of isopropyl alcohol, the latter of which ac­
tually increases the rate, must be attributed to 
specific solvent effects which are not yet clear. 
Such specific effects of solvent upon an ion-dipolar 
molecule reaction have been noted before.6 

It should be pointed out that Eq. (5) of refer­
ence la is a very special case of Kirkwood's7 solu­
tion for the potential of a particle with the most 
general charge distribution. Bateman, Church, 
Hughes, Ingold and Taher8 arrive at an expres­
sion for the potential of a dipole which is exactly 
like that given by Eq. (5) mentioned above. 

Conclusions 

1. Rate constants for the decomposition of 
diacetone alcohol in solutions of three alkaline 
hydroxides, alone and in the presence of seven­
teen alkali salts, were shown to agree with the 
theoretical equation proposed by Amis and 
Jaffe\ The data gave not only a change in the 
sign of slope but also an inversion of the curva­
ture of the empirical curves as predicted by 
theory. 

2. Four alkali salts were found to give anomal­
ous results which could not be explained either 
by Akerlof or by the authors. 

3. The rate of this reaction in ethyl alcohol-
water and M-propyl alcohol-water was found to 
agree reasonably well with theory. Here again 
there was the predicted change in sign of the slope 
and inversion of the curvature of the empirical 
curves. 

4. Deviations of data from theory in the case 
of certain mixed solvents are discussed. 

BATON ROUGE, LA. RECEIVED JULY 31, 1944 

(6) Amis and Holmes, ibid., 63, 2231 (1941). 
(7) Kirkwood, J. Chem. Phys., t, 351 (1934). See also Scatchard 

and Kirkwood, Physik. Z,, 33, 297 (1932). 
(8) Bateman, Church, Hughes, Ingold and Taher, J. Chem. Soc., 

979 (1940). 


