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to the support of any one of these hypotheses, nevertheless the facts es- 
tablished demonstrate rather clearly that the final solution of the problem 
is to be sought in a specific effect of the non-ionized portion of the salt 
rather than in some function of the ions produced. To this extent our 
results are in accord with the recent work of A. A. Noyes, E. W. Washburn, 
J. Walker, and others, who attribute various abnormal effects of electro- 
lytes to the non-ionized side of the equilibrium equation, rather than to 
the ions. In  a recent contribution, published after this work was com- 
pleted, Stieglitz' is inclined to take the same point of view as a basis for 
the discussion of the salt effect in hydrolysis phenomena among the imido 
ethers. 

I t  is to be regretted that lack of time, as well as the inherent experi- 
mental difficulties, prevented any measurements of the concentration 
of the hydroxyl and hydrogen ions in the solutions employed and of the 
degree of hydrolysis of the salts present. Such measurement would have 
had an important bearing upon the problem, especially in connection with 
the hypothesis of Euler, namely, that a t  higher salt concentrations water 
is much more ionized than in dilute solutions, the increase in the concen- 
trations of its ions increasing the velocity of hydrolysis. 

If we admit that the hydrolysis of the ester is largely controlled by the 
concentration of the salt molecules, the cause of the maximum observed 
in these experiments finds an easy explanation. Not only does the cpn- 
centration of the molecules increase as the total concentration rises, 
but the difficulty of meeting (i. e. ,  the viscosity) varies as well. Plate XV 
shows this very clearly. The observed maximum is, then, the resultant 
of two oppositly directed tendencies. On the one hand is the accelera- 
tion produced by the salt molecules which increases with concentration. 
On the other hand is the resistance offered to the meeting between the 
ester and the water with which it reacts; and when the viscosity becomes 
sufficiently great, the catalytic effect of the salt begins to diminish. 
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Introduction.-The nature of the change of certain of the vegetable al- 
kaloids to their toxic isomers has been the subject of recent investigations 
by Biddle* and later by RabeS3 It has been shown by the former that weak 
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acids have a peculiar catalyzing influence on the reaction, and furthermore, 
within certain limits it appears that the weaker the acid employed the 
more rapidly does the reaction proceed. Besides this catalyzing influence 
of the weak acids, attention has been called to the retarding influence 
of strong acids-an influence quite as strongly characterized as the 
catalysis. Biddle found, for example, that in solutions of cinchonine 
made acid only with hydrochloric acid there was practically no reaction; 
while in solutions containing hydrochloric and acetic acids 404 of the 
possible conversion was effected in forty-eight hours. In pure acetic 
acid, however, the reaction after twenty-four hours was complete. In 
the case of acetic acid it has been shown that the speed of the conversion 
is a function of the concentration of the undissociated acid.' 

The present investigation2 had for its purpose the development of a 
quantitative method, more exact than the ether extraction method3 
for studying this change of the alkaloids to their toxic isomers, and the 
application of this method to the particular case of the conversion of 
cinchonine to cinchotoxine by means of acetic acid. I t  was planned to 
determin the kinetic law for this reaction; for a knowledge of the rate 
of a reaction and of the factors on which the rate depends makes it possible 
to tell with some degree of certainty not only what molecular species are 
involved in the reaction, but also in what quantity each is concerned. 

Methods of Analysis.-The first step in the investigation was the de- 
velopment of methods for the. analysis of solutions containing salts of 
cinchonine and 6f cinchotoxine. Two methods have proved useful, a 
gravimetric one and the polarimetric method. 

The gravimetric method is based on the difference in the strength of 
the two difficultly soluble bases, cinchonine and cinchotoxine. Cinchonine 
is a base much weaker than ammonia, while cinchotoxine is considerably 
stronger. For this reason cinchotoxine, although somewhat difficultly 
soluble in water, will dissolve in a solution of ammonium nitrate or any 
other ammonium salt with the liberation of free ammonia. The solu- 
bility of cinchonine, on the other hand, is not much affected by ammonium 
salts. When a solution containing salts of both of the alkaloids and of 
ammonia is made alkaline with ammonia, the cinchonine alone is pre- 
cipitated. The free base may then be collected on a Gooch filter, dried 
at  IOOO C..and weighed. To test this method, analyses were made on known 
mixtures of cinchonine and cinchotoxine salts in solution. The solutions 
were nearly saturated with ammonium nitrate before being made alkaline 

Biddle, Ber., 45, 2832 (1912). 
This study is one of a number of investigations begun in this laboratory seven 

months ago along similar lines with regard to the conversion of cinchonine and cin- 
chonidine to cinchotoxine, and of quinine and quinidine to quinotoxine in the presence 
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with ammonia. 
hours before filtering. 

The precipitates were in each case allowed to settle twelve 
In  Table I are given the results of four suchanalyses. 

TABLE I. 
Volume 

of solution. Gms. cinchonine Gms. cinchotoxine Gms. cinchonine 
cc.  taken. taken. found. 
350 0 .  I S 2  0.192 0 .  I82 
350 0 .  I82  0,384 0 .  I79 
3 50 0 , 4 5 7  o.o()o 0.446 
3 50 0,437 0.384 0.459 

The method is accurate to approximately 2 % .  The manipulation, while 
not difficult, is not as convenient, nor is the method as accurate, as the 
one next to be described. For these reasons the second method was used 
in preference to the first. However, two determinations of the specific 
reaction rate were made by the first method. 

The second method of analysis is based upon the fact that the rotatory 
power of solutions of cinchonine salts is much greater than that of cincho- 
toxine sa1ts.l The change in the rotatory power of a solution of cinchonine 
salt is then a measure of the extent to which conversion to cinchotoxine 
has taken place. But the rotatory power is a function, not only of the 
concentrations of optically active substances in the solution, but also of 
the nature of the solvent. The experiments were planned to be carried 
out in solutions 3.0 molal and 1.5 molal with respect to free acetic acid, 
and so the rotation of solutions of cinchonine and cinchotoxine in both 
these strengths of acid was determined. The instrument used in all of 
the determinations was a Franz Schmidt and Haensch quartz wedge 
saccharimeter. The source of light was a Welsbach burner. A bichromate 
cell was used as a light filter. In  Table I1 are given the rotations de- 
termined with a one decimeter tube in terms of the arbitrary readings of 
the instrument.2 Column I gives the concentration of cinchonine diacetate 
in mols per liter, column 2 the concentration of cinchotoxine diacetate, 
column 3 the concentration of free acetic acid, and column 4 the corrected 
readings of the instrument. Each of the figures in column 4 is a mean 
of six settings. 

’rARL13 11. 
1. 2. 3.  

Expt.  Concentration of Concentration of Concentration of 4. 
N O .  cinchonine. cinchotoxine. acetic acid. Readings. 

I . . . . . . . . . .  0.10 m. 0.00 I . 5  m. 20.90 
2 . . . . . . . . . .  o . o o m .  0 .  I O  I . 5  m. 2.08 
3 . . . . . . . . . .  o . o j  rn. 0.05 I , 5  ni. 11.36 
4 . . . . . . . . . .  o . ~ o m .  0.00 3 .om.  2 1 . 0 6  

5 . .  . . . . . . . .  0.00 m. 0 . 1 0  3 . 0 m .  2 . 7 0  

I Scc Landolt, “Thc Optical Rotation of Organic Substances,” 2nd ed., pp. 5 0 0 ,  

* The instrument readings are per cent. sugar. 
680, 68;. 
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Experiments No. 4 and 5 in this table show that the rotatory power of 
a solution of the alkaloid in 3.0 molal acid is slightly greater than that of 
a solution in 1.5 molal acetic acid. The reading in the case of No. 3 
shows that the rotatory power of the solution 0.05 m. with respect to both 
cinchonine and cinchotoxine is a mean of the rotatory power of the 0. I O  m. 
cinchonine and 0. IO  m. cinchotoxine solutions, that is, the rotatory power 
is a linear function of the composition of the solution. 

Experimental Details.-To determin the rate of the reaction with re- 
spect to the cinchonine and the acetic acid, 0.10 molal solutions of the 
alkaloid in acetic acid were kept a t  a constant temperature of 99.6' 
(50.1 ") during the course of the experiments. The flask in which the 
reaction took place was hung in a well-insulated thermostat through 
which steam from a small boiler passed continuously a t  atmospheric 
pressure. The reaction flask was provided with a condenser to prevent 
any change of concentration due to evaporation, a stirrer to maintain 
uniform temperature, a syphon, and a thermometer graduated in tenths 
of a degree. At different time intervals samples were removed by means 
of the syphon and the reaction stopped by immediately chilliiig the sample 
in an ice bath. The sample was then analyzed, either gravimetrically 
or by means of the polarimeter. 

The first set of experiments was carried out in solutions 1.5 molal with 
respect to free acetic acid and 0.10 molal with respect to cinchonine di- 
acetate. The next set was made with solutions 3.0 molal with respect 
to acetic acid and again 0.10 molal with respect to cinchonine diacetate. 
An experiment was also performed with a solution 3.0 molal with respect 
to the acid, 0.10 molal with respect to the alkaloid, and containing an 
amount of sodium acetate sufficient to reduce the concentration of hydro- 
gen ion to the same amount as in the 1.5 molal acetic acid. 

If the reaction is a monomolecular one with respect to the alkaloid, 
that is, if the rate is directly proportional to the concentration of cinchonine 
in the solution, then the rate of the reaction for any particular strength 
of the catalyzer is expressed by the equation 

where c is the concentration of alkaloid a t  the time t ,  and K is the specific 
reaction rate. The value of K will depend upon the concentration of 
free acetic acid and of hydrogen ion in the solution. On integration this 
equation gives for the value of the specific reaction rate 

where K, is the specific reaction rate, t is the time, c,, is the concentration 
of alkaloid a t  the beginning of the experiment, c, is its concentration 
after the time t ,  and log is the logarithm to the base IO. Or, if instead 
of calculating K from the time when the reaction began, the calculation 
is made during different time intervals, 

- d ( ~ ) / d t  = K(c) 

K, = I / t  log c ~ / c ,  (1) 
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K, = I / ta  - t, log c,/c, ( 2 )  

where cl is the concentration after the time t,, and c2 is the concentration 
after the time t,. It has been shown that the rotatory power of solutio& 
of cinchonine and cinchotoxine salts is a linear function of their composi- 
tion and, therefore, the rotatory power may be used directly in the formulae 
for the specific reaction rate. Replacing concentrations by polarimeter 
readings, formula ( I )  becomes 

and formula ( 2 )  becomes 

In these formulae, a. is the instrument reading for 0.10 molal cinchonine 
diacetate, a, and a2 the readings for the solution after the time intervals 
2, and t,, and a, the reading for 0.10 molal cinchotoxine diacetate. 

If the catalysis is one which is monomolecularwith respect to the catalyzer, 
then its specific reaction rate will be directly proportional to the concen- 
tration of the catalyzer, provided the reaction does not proceed at an ap- 
preciable rate when the catalyzer is absent. If, on the other hand, the 
reaction does proceed at  a measurable rate even when none of the catalyzer 
is present, then the specific reaction rate will not be directly proportional 
to the concentration of the catalyzer but will be a linear function thereof, 
provided other conditions in the solution, such as the concentration of 
hydrogen ion, are the same. 

Results of the Ex$eriments.-The following tables summarize the results 
of all the experiments. Tables I11 and IV give the results of two ex- 
periments carried out by means of the gravimetric method above outlined. 
I n  column I is given the time in minutes from the beginning of the ex- 
periment, that is, from the time at  which the cinchonine was introduced. 
Column 2 gives the concentration of cinchonine in mols per liter found 
by analysis; column 3 gives the value of K,, calculated by equation ( I ) ;  

and column 4 the value of K,, calculated by equation ( 2 ) .  

TABLE 111. 

K, = I / t  log a,, - a, /a, - (3) 

(4) K, = 111, -. t, log a, - a, la,  - a ,  

Concentration of cinchonine diacetate . . . . . . . . . . . . . . . .  o IO molal 
Concentration of free acetic acid. .  . . . . . . . . . . . . . . . . . .  3 .o molal 
Temperature.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 6' (&  0. I O  C.) 

1. 
Time. < 
o min. 
IO " 

30 " 

SO " 

I 0 0  
160 " 

2.  
Concen. of 

4nchonine found. 
[o. IOOO] 

0'0934 
0.0868 
0.0794 
0.0644 
0.0461 

3. 
Ki . 

0,00298 
0.00205 
0.00200 
0.00191 
o 00209 

0.00221 

4. 
Kz. 
. . .  

0.00298 
0.00158 
0.00193 
0.00183 
O.OO239 

Mean, 0.00214 
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TABLE IV.  
Concentration of cinchonine diacetatc . . . . . . . . . . . . . . . . . .  
Concentration of free acetic acid. . . . . . . . . . . . . . . . . . . . .  
Temperature.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

v . 10 molal 
I . \jo molal 
99.6O (f 0.1 ' C.) 

L .  
1. Concen. of 3. 4 .  

Time. cinchonine found. K i .  E;% 
o min. [o ,  IOOO] . . .  . . .  
3.5 " 0.0908 0 .00120 0.00120 

5 5  " 0.0854 0.00 I24 0 . 00 13 1 
75 I '  0'0793 0,00134 0.00163 

18j " 0.06Ij 0.00113 0.00099 
24j ' I  0,0499 0.00123 0,00154 

~. 

Mean, o.00123 0 . 00 I 35 
Tables I', 171 ,  1711,  and VIII give the results of the experiments made 

with the aid of the polarimeter. In each case column I gives the time 
in minutes from the beginning of the experiment, column 2 the observed 
rotation in terms of the arbitrary readings of the instrument, column 3 
the values of K,' calculated by equation ( 3 ) ,  and column 4 the values of 
K2 calculated by equation (4). 

TABLE 1'. 
Concentration of cinchonine diacetate . . . . . . . . . . . . . . . . .  
Concentration of free acetic acid. .  . . . . . . . . . . . . . . . . . . .  
Temperature.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99.6' (f 0. I e C.) 

1. Polarimeter 3. 4. 
Time. readings. K, . E;?. 

0 .  I O  molal 
I .50 molal 

2.  

1 0  min. 19.43 . . .  I . .  

39 I' 18. jo 0.001 2 0  0.00 I 2 0  

'49 " 13,80 0.00 13 I 0.00133 
199 " 1 2 ,  IO 0.00133 0.00136 

0.001 13 259 " I O ,  65 0 00132 

328 " 9 ,0.5 0.00132 0.00130 

Mean, 0.00130 0.00126 

TABLE VI.  
Concentration of cinchonine diacetate . . . . . . . . . . . . . . . . .  
Concentration of free acetic acid. .  . . . . . . . . . . . . . . . . . . .  
Temperature.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99.6' (i 0.1' C.) 

0 .  I O  molal 
I .  j o  molal 

L.  
I .  Polarimeter 3 . 4 .  

Time. readings. I;,. E;?. 

22 min. 19.46 . I .  . . .  
42 I '  18.40 b.oo136 0.00136 
62 I '  17.34 0.00142 0.00146 
82 " 16.36 0.00142 0.00144 
287 " 9.70 0.0013 j 0.00133 
327 ' I  8.96 0.00132 0 . 0 0 I I I  

-- 
Mean, o ,00137 0.00134 

These values of I(, are calculated from the time at  which the first polarimeter 
reading was taken instead of from the time at  which the alkaloid was introduced. 
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TABLE VII.  
Concentration of cinchonine diacctatc . . . . . . . . . . . . . . . . .  
Coilcentration of frce acetic acid.. . . . . . . . . . . . . . . . . . . .  

0. IO  niolal 
3 .o molal 

Tcmpcraturc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99.G0(1 o.1OC.) 
2. 

I .  Polarimcter 3. 
Timc. readings. K1. 

~j min. 19.61 . . .  
37 ' I  1 7 . 8 4  0 . 0 0 2  I () 
60 16.33 I>. 00208 
8 0  " 15 .C'7 0 ,  oozoq 

150 I '  1 1 . 7 7  0 .  0 0 2 0 0  

195 ' I  (j.82 0 ,  00208 

Mean, 0.00209 

4. 
K?. 

0.0021!, 

0 . oo I 99 
0.002IO 
0.00193 
0.00234 
____ 
0.00ZII 

TABLE VIII. 
Conccntration of cinchonine diacetatc . . . . . . . . . . . . . . . . .  
Concentration of free acetic acid.. . . . . . . . . . . . . . . . . . . .  

0 .  IO  molal 
3 .o molal 

Tcmpcraturc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 .Go (&  0 .  I O  C.) 

I .  
1 ime. 

I j  min. 
35 " 

' I  

75 " 

9j " 

,. 
2. 

Polarimeter 
readings. 
19.80 
18. 12 
16.80 
1 5 . 5 8  
12.03 

Mcan, 

3. 
Kl 

. . . . . .  
o 00224 
0.00209 
0.00197 
0.00191 

0.0020 j 

4. 
K?. 

0.00224 
o.oo19j 
0.00197 
0.00248 

0.00216 

An experiment was also performed to determin the effect of the addi- 
tion of sodium acetate on the rate of the reaction. The sodium acetate 
was added in such amount as to reduce the concentration of hydrogen 
ion in the solution to about one-half its original value. Table IX gives 
the result of this experiment. 

TABLE IX. 
Concentration of cinchonine diacetatc . . . . . . . . . . . . . . . . .  
Concentration of free acetic acid.. . . . . . . . . . . . . . . . . . . .  
Conccntration of sodium acetatc.. . . . . . . . . . . . . . . . . . . .  

0 .  I O  molal 
3 .o molal 
0.133 molal 

Tcmpcraturc., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99.6O (& 0 .  I' c.) 
2. 

1. Polarimeter 3. 4. 
Time. readings. Ki.  Kz. 
42 min. Ij.06. o.oc214 o.ooz14 
62 ' I  1 5 . 6 4  0.00219 0.00226 

83 14.37 0.00218 0.00214 
I 6 7  ' I  10.28 0.00221 0.00i24 

Mean, 0 .00~18  0.00219 

___ 

Discussion of the Results.-The values of the specific reactiov rate K, 
The fact that these or K, are fairly constant in all the experiments. 
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values show no systematic variation justifies the assumption that the 
reaction is of the first order with respect to the alkaloid salt, that is, 
that only one molecule of the alkaloid salt is involved in the reaction. 

At the two concentrations of acetic acid which were investigated the 
ratio of the concentrations of hydrogen ion was approximately 2 to I ,  

and larger in ‘the stronger solution. As hydrogen ion tends to retard this 
reaction its influence might come into consideration in the above cases 
even though the concentration of hydrogen ion is very sinall. This point 
was determined experinientally by the determination of the rate in the 
solution of 3.0 molal acetic acid containing 0.10 mols per liter of cinchonine 
diacetate and 0.133 mols per liter of sodium acetate, this amount being 
sufficient to reduce the concentration of hydrogen ion to approximately 
the value it had in the 1.5 molal acetic acid containing 0.10 mols of cin- 
chonine diacetate per liter. The mean value of the 
constant determined in this last experiment is not markedly different 
from the constants determined without the addition of sodium acetate. 
The retarding effect, then, of the hydrogen ion a t  these small concentra- 
tions is very slight. 

The average of all the values of E;, determined in the solutions 1 . 5  
molal with respect to free acetic acid is 0.00132; the average of the values 
of K, determined in the solutions 3.0 molal with respect to free acetic 
acid is 0.00215. So that the rate of the reaction is evidently not directly 
proportional to the concentration of free acetic acid in the solution, for 
if it  were, the value of the constant a t  the higher concentration would 
be 0.00264. Nor is the rate proportional to the concentration of acetate 
ion, for in that case the constant determined with sodium acetate added 
to the solution would be considerably greater than the constant determined 
without this addition. 

As has been previously mentioned, Biddle found that thc rate of the 
reaction is some function of the undissociated acid in the solution, and 
if i t  be assumed that this function is a linear one, that is, that the specific 
reaction rate may be expressed by the equation 

where K is the specific reaction rate a t  the concentration, c,, of free acetic 
acid, and K‘ and A are constants, then the two values of the specific 
reaction rate determined make it possible to calculate the values of the 
constants in the above equation. Such a calculation leads to the figures 

The value of K’, that is, of the specific reaction rate for pure cinchonine 
diacetate with no excess of acetic acid has been determined experimentally 
and found to be 0.00041 a figure in fairly good agreement with the oneabove 

Private communication from unpublished paper of Mr. 0. L. Brauer on the 
study of this catalysis 

(See Table IX.) 

K = K’ 4- Ac, (5 ) 

K’ = 0.00049 A = 0.00055. 
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given. Then the assumption made that the rate of catalysis is a linear 
function of the concentration of undissociated acid appears to be justified, 
and, as was pointed out previously, the significance of this fact is that the 
catalysis is monomolecular with respect to the undissociated acid present 
in the solution. 

The rate of the reaction when the concentration of hydrogen ion in the 
solution is very small may then be represented by the differential equation 

where c is the concentration of cinchonine salt in the solution at  any time. 
Or, substituting for K its value given in equation ( 5 ) ,  

--d(c)/dt = K(c) 

- d ( ~ ) / d t  = (K' + Ac,)(c) 
This equation is evidently not a complete expression for the kinetic 

law of the reaction, for it does not include the retarding effect of hydrogen 
ion. I t  does, however, indicate that the reaction of the conversion of 
cinchonine to cinchotoxine is made up of a t  least two reactions going on 
simultaneously; one of these reactions proceeding without the aid of a 
weak acid, and the other involving the weak acid. I t  is hoped that 
future work will make it possible to determin this law completely. 

Summary. 
I .  The specific reaction rate for the change of cinchonine to cinchotoxine 

by the catalytic action of acetic acid in large excess has been determined 
for two concentrations of acetic acid. 

2. The reaction has been found to be monomolecular with respect to 
the alkaloid, and the catalysis has been found to be monomolecular with 
respect to undissociated acetic acid. 

3. I t  ha3 been found that acetate ion has little or no effect on the speed 
of the reaction. 

4. At low concentrations of hydrogen ion the retarding effect of this 
substance has been found to be very small. 
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In an earlier paper of the series on phenols insoluble in alkalies, H. B. 
Kipper and one of us2 pointed out that in the compounds they had studied 

1 This research was suggested by the late Professor H. A. Torrey, and the experi- 
mental work was done under his direction, but the writing of the paper was deprived 
of the benefit of his supervision by his too early death.-C. L. JACKSON. 

THF JOIJBNAL, 30, 841 (1yo8); see also Ibzd., 29, 7 7  (1907). 


