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.THE CATALYSIS OF IMIDO ESTERS .IN. THE PRNSENCE OF ACIDS,
By Willian Weldén Eiokman.

Tho:porﬁqn;lt value :of cny.thoorj.ctn:bt;"-lrdd.
on¥yy by;puttinguthc;conoluaionu'prdcoodigy1ociotlly1frdn.1td
applications im different &irections.to .the test ¢f rigozdus .
quantitative experimentation.ln the folllowing pages some of the:
consequendes conporaiaguthOtbohcvior;ot:tltde;ontirtxtn.‘oil solution-
the quantitative study of #hich has fersed the hasis of Stlef2ittz'®
theory of catalysis of ordinary esters,éene suger .and similar -
boldies--- have 'besn exanined fwcm this peint of view,(1):

It may be :said that in the oxder of time: in .which tBe -
three 'proeblemns treated in this ’lpor."tO:t‘!.l.up;ihtt‘dit0,
eu-nod‘rizit7vc.~1nvbotigttod.1uat.tt.£- Placed first because:
it leads to the most interesting results.

Foeotnote) .

(1) Investigetions with ether classes of campeunds than imide.
es®ers are befing proseeuted {n this laberdtory. J.Stieglits.
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i Y
The Velocity of Decompesition of Imide Bsters as §rdgi¢=3;ﬁ!trttos
and Sulphates.-

Considerable work has been dome in this laborator;(l)
on the velocity of the decoémpesition of the hydrochlorides of
itido esters by water and on the effect prcduced on the velooity
by the addi{tien of the alkali hydrochlorfdes. The conclusions
‘'reacksd may be summarized in the ‘statement that the desomposition:
seens to be the result of the action of water on the positive:

ion of the ester .as expressed in the equation: 4+

+
UANVﬂWHd00H3f~NON‘f’(%'A“ﬂ‘/Oﬂ%“ rNHy ()
the action proceeding according te the follewing isothermal squation:

25 Kooy X C Pt S o X [y x 0] )
The :addition of alkali salts accelerates this actiom,

es referred to the positjive ion as the reactiag comgoment, the velue.
of the velecity constantrégﬁélliucrotling with the concentration
of the added elecfrolyte;(2) this scceleration is aseribed to a
probeble inereesed ionization.of water,(3) the third fector in
equation (2),under the influence of electrolytes,comparable with
the increased ionigation of avids, such as acetie,oxalie,formic acid

ete. under the influence of neutral salts.(4) In cenfirmation of .

Footnotes)
(l)8tieglitz; Derby; MeCracken; Schlesinger. Am.Chem.Jt. 39,290,168,
402,437,688,719.

(2)Barnard.

(3)Arrhenius,Z.Phys.Chem.},128.Euler,Ibid, 32,348.3tieglitz,
Anm. Chen.J. '&.29. 188 .

The question whether the so celled 3alt effeet may be interpreted
s the result 6f hydrate formation. in the solutions will be diseussed

st length in anether place. It does not sesnm possible.
) Arrhenius,Zeit.Phys.Ch. 1,198, ¢1887)
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such & view Miss Barnard found that the age®eleration is the-
same for the variocus imxdo esters investigated, 1rrotpoctivo of

the question whothorqis decomposed rapidly or slowly.(l) THat i,
as demanded by equatiox (2)A/ . under the influence of
equivalent quantities of ionized petassium chloride shewed the
same proportional i{ncresse for the various edters,namely about
186% per gram molecule .fully ionized selteSodium end lithium
hlorddes,although predueing different pesitive ions, preduce-
the same acceleration,namely 186% per gram molecule fully ionized
salt,as does potassium c¢hloride.This cenclusion may be formulated

mathomttﬁénlly‘as fodlows:-

The velocity of decomposition of the imido ester hydrochlerides
gpears to be dependent on two factors(2)--namely the velocity
of decempesition of the posjitive ester ion by water irrespective
of any salt effect,and an increase of this veleclity due to the

salt effect,which mest likely is due,as stated to an inerease
in the ionizétien of water,the third factor in the fundamental
equatien(f) .The combined actione may be expressed in the equatien:-

ﬁ;gﬁ:j_&ﬁdﬁkgﬁé = Ai%uwnjo ({ + A X A X;K\) (9)

Footnotes)

(1)Vide alsoe part IIl.below.

§2) Exactly the same iz trus in ¢onsidering the velocity of
decomposition of any ester or of cane sugar under the influence of
wcids, Arrhenius having shown thet besides the catalyzing effect

of the hydrégen ion,there is alsc always an additional salt

offect produced by the catalyzing scid itself.
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in which [%Vu}12p4ﬂu~f is the otserved velocity constant referred
tc the cencentration of the poesitive ester ion(l) A&xgzhu;_ is the

velocity constant for the decompesition of the positive ester
ion in the absence of all electrolytes(2),4 is the acceleration
produced by the salt effect by one ‘grauz molecule of fully iénized

salt present,m is the coéncentration ef the electrolyte present
andA is its degree of ionizetion.For instance,in the case of the
hyd rochioride of ethyl imido bonzoate,k&&i:lﬁ_ the velocity of
decémpesition of the positive ion at 26° in the absence of any

electrolyte 1:4§§§d and for potessium,sodium and lithium chioride

A 1s 186% as determined by Miss Barnarg.
In considering the velocity of decomposition of any

imide ester salt,it is therefore necessary to determine two

constante(3) vizaﬁﬂxgxga__ the .velocity constant #rrespective of
any salt effect and A the constant of the accelerating salt
offtct.ﬁlugnug__Aahguld_hgﬂjho sapq for the decomposition of all

the salts of & given jmidg ester,and A should be the same for
the effect of any given salt (e.g.potassium chloride) irrespective

of the imido ester en which its effect is produced,i.e. irrespeetive
of the value af&L&ﬁ;ﬁ_. The results of Miss Barnard's investi-
gations may be briefly fummarized in the statement that she

Foeotnotes)
) [olns) plrasnved = ‘%42, in which_ﬁLfis the velocity of decompo-
sition referred to the total im{do ester salt amd.{ is the degree

of ienization of the imido ester salt.

(2) The value is obtained by exterpolation from the curve,the cen-
centration of the ionized salt and the values of»@zég_ for the
varicus concentrations being used on the coordinates.

(3) See footnote (3),p.2."
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feund the correctness of the secoend part of this postulate,viz.
that 4 is the same (e.g. 1856% for KC1 ) for the effect of a
given salt on all the imido eséers studied. In addition te +hat
Miss Barnard feund that A4 is the same for the @ similar salts,
potassium, @odium and lithium chloride.

In measuring the velocities in more ¢oncentreted imide
estor) hydrochlorides, a similar salt effect is evident, the
observed velocity decreasing owing to the decreased ionization
of the salts,but the velocity referrad to the positive ion.[ﬁ;zzﬁzL)
increasing as a result gy of the auto catalytic salt effect of
the imido ester salts themselves,(l) exectly as in the presence

of foreign salts. The accelerating effect of the imido ester

salt ions is smaller than that of the petassium,sodium and lithium
enlorides,being //J % for the hydrochlorides of ethyl and methyl
imido benzoate and about 76% for the hydrochloride ¢f methyl imide
para toluylate.

In all these investigations the hydrochloeides execlwsive~
ly have teen used.it the suggestion and under the &irection of
Prof.Stieglitz I undertook the measuremsnt of the decomposition
of the hydrebromides and nitreates and finally also of the sulphates
of the imido esters with the object of testing the Pirst postulate
discussed above,viz. whether the velocity of decoupesition
of the positive ester ion.éi&b;bﬁ,~in the calculation of which
the salt effects have been eliminated- is the same for a given

imido ester,irrespective of the acid with which it is combined.

Footnate)
(1)8chlessinger,im.Chem.J.38,719.
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If the reacting compcnent is the poesitive ester ion-
a theory of fundamental importance for the catalytic action of
acidstl)~ then the velocity of dacomposition.[ﬂﬁ&;&;.should be
e same irrespective of the origin of the icn. If variocus salts
coulid be used without exhioiting the disturbing infiuence of an
accelerating '"salt effect, one could in fact say categoricalliy thet
all the various salts must shew the same velocity constants referred
to the céncentration of the positive ester ions,if the theory
of Stieglitz of the catalysis of éesters,imido esters etc.
is correct. 'The fact,however, that there is a secondary accel-
erating factor,the salt effes#t, must be taken into consideration.
In the simplest case,if the accelerating salt effect caused by the
salts of different negative ions.o.g{ET and Br, skeuld provo
to be the same,the velocity constant,ﬁkkﬁzL,obtained for the
different salts would still remain the same.The factor 4 for the
effect of the salts of these negative ions can be contrelled by
studying the imido ester salts not only in aqueous solution but
also in the presence of added saits of the acid under investi-
@ation,exactly as Miss Barnard did with the hydrochlorides of the
imido esters.

The fact that the hydrochlorides of the positive ions,
potassium, sodium and lithium,gave the same acceleration (2) led
us to hope that such might prove the case,at least,for salts of
the univalent negative iens,Cl,Br,and NOs3,--a result which would
simplify the problem.

As & matter of experiment,careful determinations of
Footnotes)

(1)8tieglitz,Am.Chem.J. 39,20.
(2) E4ith E.Barnard.
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the degree of ionization by conductivity measurements and

velocity determinations made with the hydrcbrouides in the presence

ef potassiun Bnd sodium browide shcwed the potassium and sodium

bromide have the same accelereting effect,l86%, as sodiux and

potassium chlioride. This cenclusion is borne out by the facts

presented,for instance,in the folilowing table,in which the

results of the velocity determinations of Miss Barnard's work on
+he hydrochloride of ethyl imide benzoate in the presence of

yotassium chloride ere compared with the results of my determinations

with the hydrobromides of the same salts.

Teble I.
X Hal. KC1 KBr
o 43430 ﬁé4&, 43430 k',
Found Calculiated. Found Calculeted.
0 178 178 178 177
0.1 191 100 191 190
0.2 213 214 209 210
2.26 227 228 230 227
0.333 247 24b (288) 247

In the table,column 1 gives the concentratien of the
potassium salt used,column 2 and 4 contain the values found for
the velocity constant referred to the concentration of the positive
ester ion in the hydrechloride and hydrobromide respectively.

ﬁiﬁ::: 524%1 when é!i’ the degree of ionization ef the imide

ester salt and
7

Ko~ e, X Los meb o

N
represents the coricentration of the imido ester salt at any
moment.Columns 3 and © are calculated offi the basis of the
fundamental equatioen,(3) p.3,43¢30/CurJc being taken as 184. The
accelerating racter,i, was taken as 188% for both the hydrochlor-

ide and the hydrobromide.
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It is quite evident from the tab.e that the twec salts,

potassium chioride and ctromide,have ecactly the same efrfect on (/42
KU S #ES BT GUPY #HEF R SRR EHT ¥ tng - RS/ ot H R WA Y T 4 8F AR ME PR an 744
the velocity of the action referred tc the concentraticn c¢cf the
rositive ester ion.That being the caée.if the reacting compcnent

in the decomposition of imido esters by water is the pesBtive ion
of the ester,solutions of ap ipido ester hydrochioride.hydre-
oromfide and nitrate, of the same degree of ionization,ghouid show
tne same veiocity C°n't‘nt5'121£zzﬁé7?gf(orAééi ,the secondary

salt effect being the same for allof them. That such is the case
is shown by the folléwing tables.

In the first column is found the molecular concentratio:s
of the imido ester salts used; in the columns headed o~ is given

the percent of ionization of each sait for the indicated con-

centration; in the columns headed k/ are glVen the constants of
. ‘l?'“‘j:«\ /'(V‘tl oad Lo

decomposition)

ester ion.Commen—ltogarithms are used in p.Ece of metursl 1oyarithms

in the columns headedézgare Zive. the constants of decompesition
as referred to the concentration of the positive ion.Common

logarithms were used in place of natural logarithms and the
constants were multiplied by 17%and the values given are con-
sequently 4343§ times too large,Cut as we wish té see only the

comparative values they are left in this shape.



Takle II.

Ethyl Imido 3enzoate.

Hvdrgchlcrido(l) tiydrocromidas., Nitrases.
b kg =< o kL A ke i
°& s 138 A 176.0  76.38 133 179 76.11 133 177
1 ~1.8 132. ¢ (84.6  ©9.38 128 184 38.33 127 188
2 34,5 121.X 188.0 8l.71 1l 13 80.46 118 1986
233 g7,7 114X 198.0 04.70 138 198 02.38 107 221
Table III.

Methyl Imido Eenzoate.

Hydrechloeride. Hydrobromide.
n dg) Aﬁ?) /8/« . b A2§¢
0.06  77.0 249 323 78431 262 321
3.1 71.6 244 341 73.11 242 331
.2 R4.8 239 369 38.09 231 360
94332 8.4 (222%3) 380 59.61  200(?) 3B1(?)

Acomparison of the values under/hxéi for equi-maelar
solutions shows a very close agreement as the theory predicted.The
differences are all within the limits of experimental error.

It is evident then that for the hydrocchlorides,hydro-
bromides and ndtrates of these im.do esters,the value of the
constantyéiigggg ror the velocity of decomposition of the pos-
itive ester ion,shorn of ##s any salt effect,may be considered
the same,-the same constant 134 for the ethyl esters and 285 for
the mnethyl esters respectively having served for the calculatioms
cf coiumns 3 and © in teble I.

After the investigation of the hydrooromides and nitrates
our attention was Turned to the sulphate of the ethyl and methyl

imido benzoates. The work on these salts was handicapped somewhat

Footnotes)
(1)From Miss Barnerd's results.

(2)From Schlesinger's results.

w% ol LA Lo
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by tas Tact the solid salts ccwlid not be iscliated in pure condition.

iney are s> hyisroscopic and sensitive te mcisture tnat recourse
nad to 0e taken to preparing the saits in agueous so.ution for
every experiient by ui.ing ejuivalert quantities of the Iree

2832 and of tne acid.it is thouxht, nowever, from the cencerdance
cf tae res..its obtained,that tnis handicap does nct vitiate tne
revelty#e6ovalnedly reliavility o tne determinations,altnouza
rurtaer eiperiments will be necessary te conrirm the une:ipected
conciusioas tc waich the experimental results liead.

According to our conductivity measuraments,the sulphates
of the ianido esters ilke other sulpnates &6e less honized in
ejuivaient soluations than are the salts of monocasic acids. Nexdect-
ing fer +the moment tiae salt erfect,one would anticipate that in
reactions .n waich the positive salt ion is the reactinz compo-
nent, the suliphates would react more siowly than woeuld these
otaer sa.ts.(l) All of our deterzinations Tor the action of water
an the suiphates of the imide esters show unifermly & greater
spreed of reaction tuan for the Aydrochlorides,hydrocromides and
nitrates in equivelsat solutions,and in view or ths reduced
icnization,the rate of change calcu.atad for the pesitive ester
1on,k;4L. proved to be Jquite a little greater Tor the su.phates

tnan fer the ctaer salts investigated.

Feotnote)

(l)for the imido ester selts this ccnclusion fas confirmed
bty Miss B3lunt i1 the caese of the action of ammonia on the irido
ester saits.lne sulphates react wore siowly than tae hydrochiorides

in preportion to the dezrees of ionizationj

TR )

PR ~d Ui
fo n

’}-4/10‘\//\‘1‘(‘ .



This rather unexpected result ied to tae suspicion tra< the
eccelerating salt erfect,j,of the selts of the suip.aate fcn (1)

mignt be Zreater tnan for the sal.ts of ths urnivalent ions used.

If such is the case,the same zreater aegres of F¥wkEz#¥ton~s acce.«
sration of the spsed of decompositicn sanoulid Zesult ?ron +he

azi1.tion orf the‘Sulphate ion fren some other sourse,lor imstance

froiw the addition of an dlkali sulphate. And furthermoere the sama
croportiorate acceleration should be shewn Tor the sulvhates of
Gdifferent imiazc esters.(2) The experimental Jata ocotained,a’theugh
still too meagre ror & final decision,bear out botn tiese consequence
of the assumption mede,viz.that the salit effect of sulphatas is
;;uc“ Sre#8ter than of the chloridses, bromides or nitrates. ThHe accel-
erating selt faetor,4, calculated for one cram equivalent ful.iy ienimed
sait can be calculated from eguation (3) as rollows:-
/4 - A?é: ~ kv ()b (6’)

=N S

in snichy , the velocity of decomposition of the cositive

“~)6

ester ions with no salt 8ffect at &il is taken to bs the same
rfor the sulrhate as for the hydrochlorides,etc.g&ia the degree
of ionization of the imide ester sait in the mixture,m the concen-
tration of the added salt and 25 its degrae of ionizatisn in the
mixture. For ethyl imido benzoate 434301ﬁﬁiy£>: 184, for methyl
izido benzoate it is 205.Calculating 4 accordinz to eg.ation (B)

#e find the rolliowing:-

Footnotes)
(11360 page 5 equation 3.
(2)Sea page 4.



Tatie IV.

Sulpbate ol Zildy. lulds Zenzcatae-
Suipiate of the Iiide Su_vhate of the Zaidc Sster wix
bl - > i - g oy - : g T v, . &L - .
cster Alone. Isotiydaric 3Solutisns of Ferassiu Sulpaste

md K A e My op

0. 343 204 718% 0.033% 209 713%
.87 233 882% 240713 244 387%
Table V.
Suliphatre_ ol dathyl Imido 3anzosta.
Sulpnate of the Imido Sulphate of tne Imidaoc Zster with
L£ster Alene. Isohydric Solutrions of Potassiunm

Siiphate.
(Yn/( kyj( A /Lné /{V/f /}
CeT304 372 737k 2.2384 390 (839)%
D.0351 424 702% J.0710 443 722%

In these taples m represents the concentratisn in
Zraia equivelents oi the sulprnate preseat; = is the dezree of ioniza-
tion of the imido ester salt and gé that of the potassiuz sulphate
in the mixture fer tas velecity determinations usad,based on
The conauetivity measurements and on calculations made with the
aid ¢f the principlies of iscaydric solutions.h is the accelera+tion
per wgram equivalient fu.ly ionizsd 3alt and isciudes thersrore

the salit errect of both positive and nexative ions.
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These values can, for the pressnt,be considered to be.
only approximations on account of the limited number of experi-
ments and the difficulty in securing absolute accuracy(l):

Yot it does appear from the tolerably gocd agreement observed

for the values of A both for the ethyl and the methyl esters

and in the absence and presence of posassium sulphate,that all
the experimental facts obtained are psrfectly consistent with

the assumption of a much stronger salt effect for the sulphate.
ion than for the chloride,bromide and nitrate ions (A= 186 feor
these salts).Qn the other hand the great Hifference in the values
of A_ is very surprising and while it is not at all dnconsistent
with the fundamental hypothesis,these measurements are intended
to control,yet such a difference only encourages us to persist in
our critical attitude toward our own hypothesis and in the
endeavor to put all of its consequences to the test of extended

quantitative experimentation.The work on this preblem will therefore

be continued.

Footnoteld ¢
(l)For instance,relatively small errors in the value of &,

and o« strongly affects the value of 4.
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EXPERIMANTAL PART.
Ihe Hydrohromides of Etihyl Imide Zanzoats.

The hydrobromide of ethyl iimido benzoate was prepared
from benzonitril,ethyl alcohol and nydrogen bromide in the same
way that the hydroochloride is prepared.The hydrogen bromide was
prepared by the action of bromine on naphthalime in kerosene
solution as described by Kastle,.,(l) Only a small amount of ether
was used in the reacting mixture owing té6 the fact that hydrogen
bromide is very soluble in it.-

The imido ester salt was analyzed by titrating with
tenth normsl potassium hydroxide,phenclphthaleine being used

as indicator.(2)

Analysisy
I. 0.3138 grams of salt required 13.60 c.c. teanth normal KOH.
II. 0.2267 L " 0.74 " " W
I11.0.2049 ! moow 8.3 " " v w
Calculated for Found.
Co H,, ON B |
HBr, 36.22 36.12 34.96 35.26

The degrees of ionization of the hydrobromide were
determined by conductivity measurements at 0% to avoid the
rapid decomposition which takes place at 28° As im well known
there is very little change in degrees of ionization of salts
between ..and,lﬁ'%nd the legitimacy of this method is shown by me
in part II. In the table the columns nave the usual significance.
The value of the .cenductivity at infinits dilution./tﬂ'. was
cbtained by Xdhlrausch's graphic method, the conductivities and
(Footnotes)
.(1)Am.Chem.J. 18,106.
(2)E.E+Barnard.



o olse

Q.4
0.333
9.3
0.2

(16)

iy i o T
the cube roots of the con:entrations)co-ordinates.The curve for

this salt is practically rectilinesr from 0.3 normal to the

extreme dilution ### used(l):

Table 5% V..

/L' oA z AP A

27.30 46.12 el 41.97 89.38 "
20.47 48.70 0.08 46.06 74.46
31.38 $1.88 0.06 46,96 76.96
33.06 B4.32 0.02 49,70 82.16
34,00 ©8.20 0.01 6l.82 86.83
37.34 31,71 0 80.62 120.09

The Velocity of Decomposition of the szrobromide of Ethyl
Imido Benzoate at 26.°

The velocity of Qecomposition of this salt at 26 °
was measureld in the usual way.(2) In thé tables the line headed
% conteins the time in minutes from the time the first titration
was made; the line headed y contains the .number of c.c. of
tenth normal potassium hydroxide used to neutralize the acid
renmaining combined with the imido ester in the solution at the
time indicated; the line headed /. contains 4343¢@ times the value
of the constant found according to the equation:-
ko= L e
~rf~“ ’&?‘5/

The symbol m indicates tho molecular concentration used and Y
the volume of the reacting solution used for each titration.

Footnotes)
(1) Miss Barnard found the same for the hydrochlorides using

concentrations as low as Q.902 noermal.

. €2) - Derby,Loc.Cit.
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Ethyl Imido Benzoate.

- ¢ %8 3. /
= OIﬂSr I/: 25’ Table VII. %&v\ 4/89/5& /’r”
] 111 176 238 297 363 416

12.08 8.89 737 5.82 4,88 4,27 3.3
-— 132.3 132.6 133.68 132.3 133.3 134,1
t)
Table VIII. - J@:/LV,i‘(
Am = 0/ V=15 oo vzvxo/fz=’27'g 2
0 118 180 242 310 366
14.89 10.46 8.02 7 .28 5.94 5.03
- 127 .0 128.8 128.0 128.8 127.6
Table IX.
= 114§
A= 2 V=10 Chuame3V3OZﬁ
0 83 161 278 333 384 487
18.70 16.81 9.22 7.88 8.88 .18
=== 11705 118.6 11806 11906 11903 llgol
Table X. ) _ 2
o= G333 V=0 Do y3v30 fr =108 7
0] o7 166 213 281 341 421

32,99 26.83 22.36 19.44 16.60 14.13 11.42
-- 109.1 108.1 107,.9 107.1 108.0 1009.4

A summary of the relation of the veiocity of decomposi-
tion to the concentration and the degree of ionization of
the salts is given in Table I.pe7.

In order to determine the salt effect due.to the
bjomides as compared with the chlorides,velocities of decomposi-
tion had to be determined fer the hydrobremides in mixtures
with potassium and sodium bromide.It was considered advisable te

determine the degree of ionization of potessium bromide at 87
the same temperature used for the imido ester salt. In the table
following the degrees of ionization &re given for the various
concentrations.The various columns have the usuel significance.

Footnotes) ,
(1)In some cases the value of K, was also computed by using the
second and third readings as t.In such cases the average of all

the values is given and marked @rand Av.
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Tebie Xl
lonization of Potassium Brouide at Q7

d A o v N <
S 2 89.13 81.01 84 78.27 91.72
4. 71.09 83,36 128 79.59 93.28
8 73.22 86.80 256 81.17 95.12
16 76.02 87 .89 612 82.02 93.12
t 78.22 39.35 oL 85.33 190.09

The curve from which the conductivity at infinite dilution
was obtdined in the usual way is rectilinear rrom N/32 to N/612,

but not for stronger concentrations.

Velocity of Deconmposition at 20 of the Hydrobremide of Ethyl
Inmido uenaoate in Mixtures with Isohydric Solutious of Bromides.

The symbels have the same meaning as in the previous ta-
bles except that m indicates the molecular concentration of
the potassium bromide and m' that of the imido ester salt,each in
its own isohydric solution before miving,and V indicates the
volume of the potassiui bromide solution mized with V' the
voluws of the imideo ester salt solution.
fable xﬁ.;fiz, @W w3930 = /130 ¢

- o oo l: OI/,\J\(— y: /¢ 0

" e v
R 0 104 189 234 291 343 403

¥ 12.81 9.13 7.61 8.21 6.18 4.6 3.74
& - 130.1 131.1 130.0 131.8 120.4 130.1

stle-XiszXIZT ‘ )
* = OL2RS J=50 Vlf‘— 2?0 %O_,\(/gt/zgi/yilldr:S

1 = O/ A = O id ¢t
——

tr ) 143 201 287 . 331 338 462
y 11.23 7.32 8.16 5.06 4.20 3.30 2,94
Ko . 130.0 130.1 130.0 120.4 127.4 128.6



Table XIV. 4
amtonts- V530, Y220 Quuan y3uso =/l A Zz020y (18)

“‘\‘—\:0/
t 0 89 147 129 266 319 373
v 14.906 1l1. 61 P72 8.36 7.14 5.89 4,93
g -~ 127.8 127.2 126.9 128.8 128.4 127.4
Table XV.
anzgl o201 Yeso U'=id0  Gruau3¥so fe 126057
t 0 103 182 223 230 343 420
v 14,97 11.14: 9.36 7«78 8.62 B.30 4,72
£ - 124.7 128.2 128.0 128.7 128.1 126.3
Table XVI.
en=0. 2 om=02925 [ 20 VWS o ysvso M =(257 Srone) = (RS 2
t 3 108 186 221 203 342 309
K -——— 128.3 123.8° 123.8 122,8 123.1 122.4
, Table XVII.
f,m:o:L o =42925% _l/:?’é .yf:sﬁl/ I ‘;al 1/3‘(30 /7/ //?/
t 0 98 164 219 278 340 301
y 16.12 1l.64 9.33 8,20 707 6.92 .13
K -- 118.3 118.8 121.4 110.8 119.8 120.1
Table XVIII.
A = 0, A 9'—;0,291}/’[/:(‘0,’({25’0 Proo « 3¢ 30 ff:'//ﬁ,é
t 0 114 173 837 300 364 447
h'4 14.23 10.36 8.79 7 .42 8.24 6.36 4,17
X - 121.1 120.8 1190.2 119.3 119.7. 119.2
M:()‘Z_M,OZ?2$ y_/d$-;’;bl;$}1x.%, qjvfa-/f,:/iﬁ.7
t 0 141 261 313 371 438
v 12.77 10.08 8.62 8.28 £.20 4.01 3.79
K -~—= 126.2 124.7 122.8 122.3 121.8 122.1
, Table ¥X.
om.= a2y om =049 V=220 V= 2o W,\L/BVZO&:/?—O‘L
t 0 147 212 271 333 393
Y 11.67 7«74 8.33 6.48 4,34 3.84
K -——— 118.7 120.9 120.3 119.2 121.9
, Table XXI. _ /9 2
o203 on=0.423 Z:Ll}’V 2 Qo ‘(3‘/30—,{;&*/
h 0 98 181 221 281 341
b4 11.81 P.11 7 .32 8.44 6.48 4,068
5, - - (116.1) 118.2 110.2 118,38 120.8
Table XXII. _ L
20,833, '=d.6lL, V=x%0 20 Qﬂmmf/svlo/’/"’//%

\_

? 108 177 . 227 . 284 340 401
11.98 8.82 7028 8.61 6.62 4.77 3.99
- 123.2 122,3 118.7 . 118.6 117.3 118.1

IR !
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Sumaary.

In the table following the first columa contains the
volumne of the imido ester salt solutionlcolﬁmn two gives the volume:
of the potassiumn broumide solition; (These two solutions were mixed when
the velocity measurement was started) column three gives the molecular
concentration of the potassium bromide; column four the degree of ioniza-
tion of the potassium bromide; column five the molecular concentration
of the imido ester saltjcolumn six tae degree of ionizetion of the .
imido ester salt;column seven the concentration of the ionized salt:
column eight the constant of velocity of decomposition as found
in the foregoing tables; column nine the same value divided by the
degree of ionizatioﬁkf the imido ester salt giving the velocity of
decomposition as referred to the positive ion; Column ten gives the value

as calculated from the theory according to equation (3),page 3,

Table XXIII.

Pt S s s ooy ket ST,
e o T B e / =4 (180
;;; ::: . -e= 0,06 7B.9 40379 133.4 178 176.5

100 160 0.1 882 0.1286 67.1 09088 120.9 104

0 80 0.1 " " " LN 120.2 103 100
120 30 0.1 " " " t 127.4. 190

120 30 0.1 " oo 126.3 188

46 200 0.2 84.3 0.202 B7.7 @.186 123,2 213"

B4 98 0.2 " " " " 110.8 203 516.8
50 B0 0.2 " " " L 110.8 208

46 106 0.2 " " " " 122,7 213

30 220 Q.20 83.4 0.401 B62.1 09,2090 120.,2 230 227 .
26 226 0.3 82,9 0.623 47.6 0.243 120.1 263 240
20 230 0.333&.6 0.818 44.3 0,276 110.3 288 248

The last column marked k’%@& ca&.,wn.s calculated
by assuming a salt acceleration (1)-of~é;i percent per gram mol-
ecule ionized salt,the same factor as was found by Miss Barnard for

(Footnote) - .
(1) Factor A in equation (3) page 3.
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the acceleration produced by potassium, sodium and lithium
chlorides.The value 134 for the hypothetical velocity of decoipo-
gsition of the ester ion in the absence of any ioms whatever is also

taken from her tables for the hydrochloride.

Comparison of the last column with those sf the column
markedﬁ%&;,gqg ﬁshows that an acceleration of 185 per cent
per gram molecule ionized salt agrees very well with the experi-
mental results,showing that potassium bromide has the same effect
within the .imits of experimental accuracy as has potassium
chloride. and that the bromide ion has thereffire the same effect
as the chloride ion. For the purpose of comparison,Table I.page 7
will prove of inéerest, giving the values found by Dr.Barnard for
Aéé; in mixtures with potassium chlopide side by side by those
found by me for .uixtures with potassium bromide of equivalent
concentration.

The velocity of decomposition of the same imido ester
salt in mixtures with isohydric solutions of sodium bromide
was then studied. The degree of ionization 6f the sodium bromide
in various concentretions were first determined at @°in the same
manner as was done with the potassium bromide. The following tablse
shows the resulte of the work on the conductivities.The symbols

have the same significance as basfore.



Table XXIV.

(21).

Dezrees of Icnization of Sodium Bromide at 9.

vV

2 53.5
4 66.08
8 58.72
18 80.88
38 82,60

/0 0p-
73.73
77.31
80.95
83.71
83430

4

84
128
263
612

o©

A

36.02
86.02
87.33
38.78
72.63

/0054
39.86
91.86
93.16
94.82

120,09

In the following tables on the velocity of decomposition

at 206

of the hydrobromide . of ethyl imido benzoate in mixtures

with isohydric solutions of sodium bromide the sams symbols

are msed with the same significance as were used in the fore-

going tables.

¥
e

=0,/ 1"':0.1209 _L/:/c;o V:/a(/ %ga,., qgvsoﬁ/_v?"“'

Table XXV.

; A and Ou 1272

t 0 113 179 233 297 363 416
v 11.73 8.43 8.92 5.82 4,87 4.09 3.30
E - 12700 12803 12900 128.6 12806 12906
Table XXVI. A/ /847
om0l e'=0129%, Yo po Y= 90 Peen ¥3VIO DT
t 0 197 189 261 313 339
v 10.84 7«26 0.97 4,98 4,29 349
K -— 131.2 132.8 132,0 131.4 131.2
Table XXVII.
' , % s 30 /fk - /72 4 2
?2.\34( ’@:0,/209 .V: é() __y;QO ,ea-——‘—\‘( —
_3 0 °} ] 161 202 270 320 374
g - 128.6 127.9 128,3 128,.3 128.1 128.3



T XXVIII. «
=08 an'=0 R34 M:bxlzy V':Iir qgvza_/(:,;/z 57
t 0 124 172 229 287 348 409
v 11.91 8.82 7.33 8.17 65.28 4,45 3.71
X ---  120.4 122.8 124.7 123.1 122.8 123.8

Table XXIX.
[ !
om = 0.5 om=02781L U=108" V= yy-
t 0 83 143 197 233 329 370
v
LS

QZ.M L/syifoZ(a S N4

11.76 9.29 7.87 8.82 ©.30 4.72 4.18
- 118.8 119.2 119.9 121.0 120.4 121.3

(22)

Table X{X. A 7 V)

_0L amtarrik, Uzso U tso, Do w3330 0= 118y

13.42 12.18 8.30 7047 3.23 .22 4.63

om
t 0 101 134 213 290 344 393
A4

J:Q— 118.3 117.4 117.6 118.8 119.0 113.1

Table XAXI.
EF VI 35" Frto ¢3 ‘/’o’_ﬁ’:/}‘/'o
t 0] " 90 152 219 272 333 377
v 11.28 8.73 737 3.23 5.24 4.43 4.04
X -—= 121.9 121.6 119.9 122.7 127.4 119.4

Tabie XXXII. /
_s en'=ows V=327 [rav %quwdfi’://é‘
0 97 183 261 320 380 404
¥ 12,11 9.37  7.48  3.18  6.43  4.32  4.13
E -~ 114.8 118.2 118.3 113.1 113.2 116.8



Sumnary.
In the . table the columns have the same signifizance as

those in Table I{III.
Table XXXIII.

b Ul on reek em' 100k sone, ysuzek Y3V)A sl
of e i o ?#/ij %/

d He B Y’ % Q‘B/\, Ll 2nlE — /t-a»gf’ L e
L L L L. Tl T T (184)

BED ~-= m=a  —-- 0.06 76.9 02.0379 133.4 173 173

lon 160 0.1 81.9 0.1209 37,73 02.082 120.2 191

oo 80 0.1 " " " " 131.7 194} 189

lep 39 Q1 " " " " 128.2 190

46 205 0.2 78,8 0.2723 §7.38 0.166 123.4 214

4% 1% 2.2 v " " " 120.4 209} 212

8 B0 0.2 v " " " 118.0 206

36 2195 0.20 77431 0.381 53,94 9,193 121.2 228 223
27 223 0.3 78.61 0.433 49.68 0.239 113.1 234 234

The values in the last column were .cadculated in the sam: manner

as explained on page 17. Comparing the values found in this

last column wBth those . in the preceding column we see that the
agreement is fully as good as found for the solutions with potassium

bromide.
For the purpose of comparison with the .results

obtained by Miss Barnard for mixtures with sodium chloride the
following table has beon arranged.The columns have the same

significance as in Table I.page 7. The second columa was calca-
lated according to the equation:-(1)

Kb (asblotits) = 149 (14 185 o &)
This shows agaia that the influence of the bromide ion and the

chloride ion are identical within the limits of experimental error.

Footnotes)

. (1l}Equation (3) page 3.
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Table X TXIV.

Kol G ,./; na A,
A Y~ [y
= bl S foid  edloctrtid
0 176 178 1738 177
5 192 189
2.1 191.0 &V}SQ oo 010
D.2 211 213 ~
2.3 234 234 234 . 233
Maethyl Imido Benzoaia.
The hydrobromide of methyl imido benzoate was prepared
from benzonitril,methyl alcohol and hydrobromic acid. It is
a white solid having properties similar to those of the hydro-
chloride. It was analyzed in the same manner a&s the ethyl salt
as explained on page 1l4. The following is the result of the
analysis.
0.3133 grams of salt required 14,63 c.c. tenth normal XOH,.
Catdculated for Found.
Cp Nio% 0 B .
HBr. 0.1173 2.1176.

The results of the conductivity measurements of this
salt,which were made in the usual way at 7€ are given in the

following table. The columns have the usual siznificance.

Table XXXV,

moA . - 4 =

- - Ny

7.4 34,12  66.06 0.96  47.78  78.71
2.3 37,12 81.2) 0.92  51.138  83.88
7.2 49.31  33.09 0.01  B3.18  87.18
7.1 44,87 73.11 2099 81.00  100.00
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Velocity of Decomposition at §§¢fof the Hydrooromide

of Methyl Imido Benzoate.

The symbols have the usual significance.

Table X{XVIa
. - 9¢2/
N A N o U = 2 s- %ML/B‘/ZOK—E
t 0 80 112 166 170 220 2206
v 12,13 9.08 de 32 4,93 4,64 3.78 3.34
S - 261.4 2067 .4 260.6 261.7 263.2 249.0
Table XXXVII,
anse akr -y 30 //azga-.—-/&:ﬁ‘//:g
~— = 0,1 V=170 Qﬁz?""‘ y3w39Lf

0] 406 75 106 136 196 2206

t
K

--~  244,7 242,90 244.,0 241.3 242.7 247,1

Table IXXVIII.

@W\#}VBO_A_/":XSO'Q

=00 V=5

t 8 48 78 106 13 188 280

v 9.83 7.84 3.44 .62 4,70 4,02 3.00
K - 223.3 232.8 232.1 230.8 232.7 230,22

Table XXXIX,.

t 0 B0 81 112 142 174 204

¥ 18.38 12.64 10.93 9.35 8.28 8.93 B3.06
K --~- 218.8 808.8 211.4 207.4 210.9 208.7

A summary of the ®elation of the velocity of decon-

position to the concentration and the degree of ionization of the

salt is given in Table III. p.Q.
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Iha ditraste of Ethyl Imido Bepzoata.
The method by which the hallide salts of imido esters

are prepared synthetidally is not practical for the formation of
the nitrates owinz to decompositio.. of the salts by water.The nitrate
of ethyl imido benzoate is prepared as follows:- The pure free
base is prepared from the hydrochloride of the imido ester as
described by Derby (1) A weighed amount of the base is dissolved
in a small amount of absolute alcohol and the solution cooled

in a flask to —6. Enough concentrated nitric acid(sp.g.l.4)

to just neutmalize the amount of base used was diluted with an
equal volume of absolute alcohol,both of the liquids beinz
previously cooled to—b. The solutions were then brought together
and an excess of absolute ether at once added. The small amount

of water in the nitric acid could have but a minimal effect on the
imid salt at the low temperature during the few moments required
for the precipitation of the imid salt. The s#t is at once
brought on a filter in a porcelain funnel,washed with absolute

ether and placed in a vacuum desicator over solid potassium
hydroxide. It was analyzed by titration of the acid in the
presence of phenolphthaleine.

Following is the result of the analysis:-

0.1615 grams salt required 7.17 c.c.tenth normal X0H,

Cagdculated for Found
C?l‘/ll %Oy
HNOg¢ 0.,0461 N .7460

It will be seen tnat the salt is obtained as readily

in the pure state as those prepared by the method coumonly
used for the chlorides and cronides. No nitrates of imido esters

seem to have been described in the literature.

f'ootnotes)

(1) AM.Chem.J. 38,442.
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The degrees of ionization of the nitrate were determined

by the conductivity method at 2°in the usual manner.

The following table zives the results of the experiments

The various columns have the usual significance.

Table AL
adl 11 A r ‘12 A
0.0 28.07 43.14 D.1 38.30 38.33
De333 29.76 52.33 0.02 43,27 81.65
ND.3 30.82 64.68 N.21 48.27 86.28
D.2 34,15 32440 09292 58.69 120.00

Velocity of Decomposition of tgg‘gijrate of Bthyl Imido Benzoate.
The symbols have the same significeancs am in the
foramer tables in the following tables.

TeblelLI. g Lo (239
@20‘65/ V; 9 4 M(/';‘/jal/f :/22,7 % 4/.
t o) Q0 166 203 278 333 378
v o 12.11 9.23 7 .54 8.61 5.20 4,37 3.89
£ - 120.6 132.,7 132.8 132.1 132.9 133.2
Table XLII.
~ = 0./ V= s PRom 43V 30 ’/Q: (2727 /,i\o-w/du:/,lt”(
t s) Q2 166 211 277 332 892
v 14,79 1l.22 9,34 7491 3.69 B.5% 4,87
£ - 127.8 127.2 127.56 127.9 127.0 127.0
Table XLIII.
o~ = 2L V=10 Qmev,vzvrdég’://ZK
t ) 81 142 202 239 321 383
v 19,79 16.78 13.32 11.41 9.67.  8.23 701
O 119.8 119.7 1l17.4 113.6 117.8 117.2
Table XLIV. _ :
on 0223 Q=yy O 3 w20 K =107
t 0 79 1456 272 281 339 384
¥ 32,38 27.03 22,92 19.97 13.42 14,30 12.39
£ --- 1077 108,1 127.2 107.4 128.7 107.7

A summary of the relation of the velocity of decompo-
sition +¢o the degree of ionization of the salt and the concentration

is given in Table II. p. 9.
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The Sulphate of Ethyl Imido 3enzoate.

Several attempts were .ade to prepare the sulphates
of the iunido esters in the same manner as the nitrates were prepared.
The heat formed by the action of coancentrated sulphuric acid on
the free base and the consequent rapid decomposition of the salt
formed were eliminated by mixing the acid with absolute alcohol
and adding this solutio~ to the alcoholic solution of the free base.
All the solutions were kept at the temperature of -20°and the vessels
protected from the moisture of the atmosphere. Salts were obtained
in this manner but they crystalized out very mlowly. They were ;Bund
to be exceedingly hyzroscopic.It was found impractical to work with
them on this account as any moisture taken in from the air rapidly
decomposed them and ansolutely pure salts ars necessary for our
purposes. It was finally necessary to give uP the attempt to isolate
the solid sulphate and recourse ¥## was had to the method of preparingz
the salt in aqueous solation at the noment of startiny an ex¥periment.

In order to test the accuracy of the method a velocity
determination of the hydrochloride prepared in similar fashidn
from ons twentieth normal hydrochloride acid and the calculated amount
of ethyl iwido benzoate was made side by side with a velegity deter-
mination of the sulpnate«The constant of decomposition obtained from
the hydrochloride azreed excellently with the constants obtained by
Miss Barnard by the method of isolating the salt and makiny u. the solutinp

at the wmowm:nt of starting a velocity deterizination.



The Sulphate of Ethyl Imido Benzoata.

The fouuowing table gives the results of the con-
ductivity experiments which were carried ofit at 256°iu the
usual manner.The sulphate was precared in solution as described
at the moment of determining the conductivities. The symbols
are the same as in the previous tables except that here we have
the equivalent conductivities in vlacs of the molecular con-
ductivities and mark the first column Ygl.indicating the volume
in which one equivalent weight of the salt is dissolved.

Table XLV.

vX A ot ak. A =
2,138  23.08  40.37 34  44.48  79.16
4.2 28.30  651.13 128  °47.11 83,03
8.2 34,33 32.30 263  49.24  83.83
18 37.71  38.60 B12  B50.86  89.23
32 41.42  73.06 <O B3.70  120.00

Yolocity of Decompaaiilon of the Sulphatc of Zibyl Imido Benzoata.

Except for the method of preparing the solutions the vel-
cities of decomposition of the sulphate of ethyl imido benzoate were
determined in the usual inanner. The symbols in’the.followig’
tables have the usual meaning except the symbol gagq. 1is u§ed
and represants the equivalent solutions which are used in place

of the wolecular solutions.

. Table XLVI.
; - 7 )
:%.: 0.0Y% l/:g_ [ Oﬁe ‘/3,/301‘)1:/322. élﬁ-wc/ Q/"’ 24
t
¥
X

3 89 161 208 238 328 419
11.87 8.97 7437 .14 .06 4,18 3.14
-——- 1338.7 137.1 139.,) 130.86 139.7 140,909

.
%ﬁ A 2 T T%‘blzl,.:ivylgl.vfé /ﬁ/: 100 g A G = 1907
t o 96 166 220 272 323 398

vy 11.83 8.76  7.10  5.8) 4.92 4.17  3.32

£ - 137.9  139.3 1472.8 140.1 147.2 130.4
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Table XLVIII,. /
_/:7:0./ 1/:/(— P @3 L/?O,,_‘f:/y';’9
t 0 59 122 138D 249 298 331 429
v 14.21 11.37 Q.56 7 .83 Be43 5,30 4,28 3,50
K- - 144,9 143.8 142,.,9 143.0 143,7 144.4 144,92
Table XLIX.
#20‘2 __V: Va7, Orec 3 \/301’1&:/(//’/

t 0] 83 143 211 279 333 403
v 18.41 14.04 11.37 0.29 7489 .14 4.93
£ --- 141.8 141.4 140.3 139.7 141.3 141.3

The unusually rapid decomposition noted here,as explained

on page 12,Table IV. was investigated further by using potassium

and sammonium sulphdtes in isohydric solutions with the imido ester
sulpnate in order to determine whether the increase in sposed was

due to the sulphate ione In cowpuating the isohydric solwtions the
degrees of ionization for the potassium sulphate were taken from
Kohlrausch and Holborn. for the ammonium sulphate the same values
were used as were used for the potassium sulphate.

Velocity of Decoaposition of the Sulphate of Zthyl Imido
Benzoate In Mixtures with Isohydric Solutions wf potassium Sulphat:

Table L.
%—: 005, @;0405'7/, Y=roo Liso Pruamwzusoll=1vo A,WJ Cw. = 1%0. 7
t 0 94 149 206 283 322 379
¥ v8.13 5.97 B.02 4,18 3.37 2.88 2.39
£ - 137.7 139.6 142.2 14l.4 140.1 1390.1
, TAble LI. /{/
Lgr=0,1 LY SCNIF Y=/50 K '=(s0 v y 3w 30y = /Y8
A o) 36 182 220 288 34)
I 11.02 7.99 3.41 5426 4.24 3.51

K --- 147.1 146.3 148.4 144.2 148.1
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Velocity of Decomposition of the Sulphate of Zthyl Imido 3Bsnzoate
in Mixtures with IsoByvdric_Solutions of_ Ammonium Sulphate.
27 - 008" w0051 ,1/>f::1}ilf§.~o o ng}a‘é/" aad
0 84 139 194 267 311 371
8.24 D27 4.42 3.568 2.97 2.48
-—- 138.3 141.b 140.7 142.0 142,09 140.1

s

Table LIII.
o. ! &7,’:0,0&‘? i/:/s*o _V/:/do QWM ygVSO_é“’:/Vg,L

9] 80 147 204 270 328
11+24  8.33 8.93 6.37 4.61 3.77
-— 143.4 142.9 144.9 143,.3 144.8

AP h+§§

A sumnmary of the relation of the velocity of decompo
-sition to the concentration and the degree of ionization of
the imido ester salt.in aqueous solution anH in the presence
of potassium sulphate will be found in Table I¥. p.12. In the

following table the action of amwmonium sulphate is summarized.

Table LIV,
Sulphate of Ethyl Imido 3enzeate.
1lphate of the Imido Sulphate of the Imido Ester with
nster Alone. Isohydric Solutions of Ammonium Sulphate.
n~ KL A itk A
0343 204 718% 0.7383 210 732%
0817 233 832% 0.,2712 249 863%

The symbols have the same significance as in Table IV.p.1l2.
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The Sulphate of Metayl Imido Benzoate.
M
Determinations were next mads with the suiphate of Methyl
imido benzoate in precisely the sams manner as wes done with the

ethyl ester salt.
In the following taole ars ziven the Wesults of the
conductivity determinetions carried out at 0% The symbols

have tue same siznificance as those used in ®Paosle XLV.

Table LV.
W A = oL A =
8 23,72  40.47 84 43,46  70.23
4 30,01  Bl.21 128 48.07  83.57
8 34,74  B0.28 268  B0.98  88.97
13 39.28  37.03 o B8.30 100,70

32 43,03 73.48

Velocity of Decomposition at 2600f the Sulphate of

Methyl Imido Benzoate.

Table LVI.
_%g:aar /= %+ Qmphusdwﬁ}:rzé/o
9 88 aa 126 183 197
v 11.78 7.69 8.02 b.5b 4,49 3.67
’E -— -~ (278.7) 2B67.0 268.9 268.7 282.8
Table LVII. R
,%L:acay- 1/: 2y~ %‘—v-w q;vgoﬁ:'zcglé
§~ 0 85 98 126 - 18D 170
Eg ——— 2892.0 273.,9 287 .2 231,.8 286.9
Table LVIII.
- - ALY/
2g= O/ W=rs- %, ngsdf__ﬂéoﬁ Srod Cuv=AREY

t o0 81 81 111 - 141 172 101
T 18.43 . 9.89  8.28  8.98  6.83  4.77  4.19.
£ --- 282.4 2817 268.1 267.8 282.5 28B.4



Table LIX.

l\,z: a7 : = /75— P o t/;(/gy_/t,,:)éu, ? %a—._/d[/,: 22, g
t 0 45 75 105 137 1385 201
13.84 10.49 8.81 736 3.07 5. 10 4,13

v
K --- 233.9 280.0 231.3 281.4 230.3 281.4
Velocity Metorminations were next carried out with this
sane salt in the presence of pofassium and ammonium sulphate
in isohydric mivtures.The solutions were made up and the vel-
ocities determined as in the case of the ethyl salt above. The same
symbols are used in the tables.
Velocity of Decomposition of the Sulphate of Methyl Imido
Benzoate in Mixtures with Isohydric &olutions of Potassium
§Sulphate.
Table LX. - 9¢y L
%:QOsf %,: 0,05‘41’__“:_ Iﬂa!i/g‘() @-‘_M VZVSO&:}L/’? é"@y\/@“ -
to 48 756 105 136 1386 196
v 7.42 5.68 4,73 3.84 3.28 2.73 2.28
K -- 268.0 267 .9 281.8 282.3 233.1 284.8

Table LXI. ) .
%:0./ %'—:(J./I&‘ L/:/to s_k’:/oa %‘/\‘/SV’(J&;’ZL’ZO M@‘Zégly

t o 46,5 78 108 138 188 197
v 11.20 8.49 7403 6.85 4,94 4,11 3.39
I - 271.8  270.8 289.2 234.0 231.3 236.3

Velocity of Decomposition of the Sulphate of idethyl
Imido Benzoate in Mixtures with Isohydric Solutions of

i Sulphate.

Table LXII. @‘, f e~ 2690
Ly = 0,05 "Qf’: 0.04Ly =(d0 &' 150, g""“”””//g:’ugj ’

0 60 86 115 142 177 102 241

8.03 .93 4.73 4,12 3.43 2.71 2,02 1.86
——— 233.0 284.0 283.4 233.9 208.4 232.2 2384.5

=W+

, Tablo/LXIII. K- pesg
:0,/17:0.//341_1_/:/“) [:/oo %vﬁvJo,f*" g
0 ol 81 111 142 171 212
11.22 8.07 8.82 B.72 4.03 3.91 3.13
-— (282.,6)  287.2 283.3 268.7 287.7 282.9

7

I\ q ) ot
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A summary of the relation of the velocity a® decouposition
of this salt to the concen:tration and degraé of ionization of
the imido ester salt in aqueous solution aq:d in the presence of
potassium sulphate will be found in Taeble V. p.l2. In the fel-
lowing table the action of awmonium sulphate is summarized.
Table LXIV.
Methyl Imido Benzoate.
Sulphate of the Imido Ester Sulphate of the Imido Fster

Alone. with Isohydric Solutions

of Ammonium Sulphete.

ot ’ﬁ/} A 2 kg A

0.0364 372 737% 0.0384 330 (8303)

J.0321 424 702% 0.0712 442 702%
The symbols have the same significance as those in

Taple Ve p.l2.



3~
(3%)

II.

-

3 i e Pressenpc

of Hydrochloric Acid in Solutions of Increasing Concentretions.

£2-
In Schlesinger's work on the rfilation of the decompo-

sition of the hydrochlorides of ethyl and methyl imido ben=zoate
to the dekree of ionization of these salts,the velocity measure-
ments were made at 24°and the degrees of ionization were based
on conductivities measured at zero in order to avoid the
rapid decomposition that takes place a. 267 Bince these salts
are not so highly ionized as salts like potassium chloride, ammonium
chloridef%ithere.might be an eppreciable change in their ioni-
zation in the temperature interval between zero and 26iand so in
order to eliminate any uncertainty on this point and on the
conclusinns reached,it was thouzht desirable to carry oif some
determinetions of the velocity of decomposition of these imido
ester salts at zero,--the same temperature for which the degree
of ionization had been de¢termined experimentally. The results of
these determinations follow:i-

The temperature was maintained at zero by means of an ice
bath of forty litres capacity,well protected agzainst abserption
of heat. By drawing off the water from the bottom of this tath
onece each day and adding about four or five litsrs of ice
it was feund te keep a temperaturs so unifori that no change
was observed of sufficient magnitude to be detected by a Beck-
mann thermometer.

The method of analysis used was the one used by Derby.(1l):

Footnote)
(1) Am.Chem.J.39,437. (1908) .



= 14 )

\x 14 o

3¢
(38

Methyl Orange and alizarin sulphonate weres used as indicators.
Ethyl Imido Benzoate.
The results of the velocity determinations arae

ziven in the followinz tables. The first éﬁiggﬁ denotes the time
b minutes from the time the first titration was made. The second

eé&gg; shows,under the heading v, the number of ce.c. tenth normal
potassium hydroxide used to neutralize the acid remaininz combined
with the imido ester in the solution at the time indicated. The

third line shows the value of the constant found according to

the.equation

K- et O
4 t' '22; Ct- X

A X zM&#’JZ
Zj 73

The symbol m ndlcates the molecular concentration used and V the

volume of the reacting solution used for each titration.

R
Table LXV.
o =005" U= 2y Q$u4~\u$750ﬁ;: 62
0 3820 4047 6587 8893 8469 9786

12.33  12.77 8.91 6.64 4.67 3.84 8.03

-—— (30,9) 82.4 82.68 82.8 32.8 33.4

Table LXVI.
) Uwoé{,—,w,%

o = 0,958 V= 3¢~

po—

0 1401 2863 4043 4286 8906 8830 9984

12.40 9.98 8.19 8.83 8.30 4.62 3.61 2.86

-—- (84.,8) 83.1 83.3 33.2 33.6 - 83,56 33.9
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Table LXVII.
_ ./
- 0,08 V-2 Grumm g susof = €5
0 1348 2333 4073 4235 53313
12.32 10.17 8.09 8.83 3.07 5,33
- (81.3) 33.1 32.7 33.4 33.3
Table LXIX, ' /{/- Lo/
O~ L 0,087 U= 2~ @wwv3v5d,!’
0 1331 2811 2831 4062 4239 5333
- (34.3): 80.38 59.9 80,2 803 9.7
Table LXX.
-~ ysyso h=£02
v~z O V= 2« s —
o) 135656 1301 2797 3716 4082 4348
19.86 18.82 18.03 13.70 13.38 11.59 11.29
- B7.0 B7.2 67 .3 68.8 B7 .2 B57.2
Table LXXI. N
m:u‘?_\ _L/flo })&M L/SV}O//.—};"S .2—
2 1309 2773 3957 4194 8814 8631
19.94 13.74 13.77 11.83 11.62 8.08 3.41
- (Bbb.9) Db79 B7 .0 67.0 B7.8 B7.8
Table LXXII# / -
om =0,833 U= s Goan ¥ 5030/~ 522
o) 1191 13195 4044 4289 B6766 7192
14.20 12.39 12.00 8.3) 8.01 727 8.22
- 61.2 62.7 51.8 i 52.4 62.9 6202
Table LXXIII. /{/ R “,?
033:0,235 yz/d %/—\,\L/Zl/}é ‘_—«/—S r O

0 9192 3976 5403 8824 8373 9711 10946
33.03 3.00 21.03 17.43 14.31 12,27 12.4D 8.83
-— 2.3 Bl.? 01l.7 62.0 62.1 B2.4 2.8



2¢
=)

Pable L XIV.
o= 4" VAEES Brean y3 ¢ 30 {7/* #e o

o) 1449 2637 27863 6381 5313 7295 8647
26.20b 2l.03 19.22 18.892 14.17 13.77 11.39 Q.97

K - 46.0 45.4 40.2 48.0 43,0 48.8 48.8

Table LXXV.,
3, 0 1126 4029 boe 3 8382 8436 9781
v 49.79 44,49 32.81 27 .79 24,04 20,22 17.34
/K - (43b) 46.0 46.4 48.0 48.4 43.9

In the following table the velocity of decomposition
rePferred to the ppsitive ion of the ester is shown for thevarying
concentrations of the ethyl ester salt used. The determination of the
degrees of ionization of the salt had been very carefully made by
Dr.Barnard at zero and her results are used in place of the values
or Schles$nzer whose determinetioms were not so elaborate and exact as
the ones carried out later by Dr.Barnard.

Column on«shows the concentration of the imido salt
used; column two gives the degree of ionization:;column three zives the
averaze experimental value obtained for the constant of decomposition;
column four gives the value of the constant of decomposition reperred
to the positive ion;icoluun five gives the ttﬁbretical values of these

constants as explained below.

Table LXXVI.
(00~ Y Sv]o,ﬁ 4/34/30 ‘/3V3”'f/
0.06 77,73 83.1 81. 1 81, 3
0.10 71.81 3n.1 83.7 84.2
.22 84.30 67.3 88.7  88.1
0.33 57.76  B2.1 90,2 94.4
0.6 8277 48.3  (91.2) (99.7)

3
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It is clear that the velocity of decomposition of the imido
ester salt at zero as at 25°does decrease most decidedly with
increased concentration--i.e. with decreased ionization-- falling
from a value of 383.1 for D0.00 molar solution to 43.3 for 0.5
nmolar solution. The Qecrease,however, is not directly proportional
to the decrease in ionization as represented by oA . The values
of;&%{ show decidedly increasing values at zero as at 26%-the result
of a secondary accelerating "salt effect" common to reactions(1l)
in which water is a decomposinz agent.(2) Down to Q.33 malar solutios
the acceleration is proportional to the concentration of
the salt ions present as shown by the last column which rep-
ressnts the values calculated according to equation (3»;Part I.
p.3for‘ﬁ%ﬁ_9n the assumption of an acceleration of 11D percent
per wole ionized salt present.(A=110%)(3) The hypothetical
valu= 78.0 for the velocity of decomposition of the salt in the
absencs of any "salt effect" is found from the curve obtained by

using the values of CW\::\XQL a.nd/ﬁ/A on the co-ordinates.

Methyl Imido Benzoate.
The results of the experiments made with methyl imido

benzoate follow:
Table LXXVII,.

a—~ = 0,08 !:1&“ %Wygygdﬁ,:/ﬁf,o

—

t 3 1237 2627 2831 5387 5704 3828 7120
a4 1¥.89 8.31 6.73 2,67 2.38 1.75 1.57
- 122.9 124.c (119.4) 123.6 121.9 123.8
Table LXXVIII.

MmN = 0.9y V= &y @uwk_439304;: (A %0
t 0 1449 2846 4370 5731 39813 7383
vy 12.33 8.10 5.40 3.63 2.40 1,89 1.61
X -~ (126.9) 124,7. 124.3 124.0 123,38 123, 4
Footnokes) o

gl)E.g.the inversion of Caﬂé;sugar,the saponificatio. of esters by water

in the presence of acids,thg decomposition of imido esters by water etc.
(2)Arrhenius.Zeit.?hys.Ch.1;126.Euler.Ibid,§2,348. Stieglitz,Am.Chem.

Je 39,209,138,
(3)Vide Schlesinger pp.l14-18 for a more complete discussion of this

point.
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Teble LALIT. _ s-
o= 01T V= 2s G 24200 = (20
0 1302 2787 42099 4142 3323 7227
24.11 1d.33 1l1l.13 777 7438 3.03 3.23
--- (116.3) 119.8  120.0 120.2 120.9 121.6

- Table LX%X,
o = O V= 24 szvzd,’g:“?7

0 1420 2828 4367 ©714 8974 7372
24.49 13.80 11.27 7 .36 6.08 3.9 3.24

——— (118.2) 119.3 120,90 112.9 120,23 119.2

Table LXXXI.
A = 0 2 1/:w/0 0 73"5_é;;;/,%‘7
0 1333 2762 2936 4073 3838 7189
19.32 13,72 Q.49 9.01 8.72 3.17 2.83

-——- 114.9D 114.8 114.2 114.3 116.3 116.9

Table LXIXII.
- /077
@:0,3%3 \V:‘S” Q;uML/Z‘/zd/ff—/ ?

0] 1391 2800 3890 4189 ©380 8612
18.37 11.33 8.21 8.23 6.78 4,33 1.88
-—= (118.0) « 107.0 108.9 107.9 107.3 110.4.

Table LXIXIII.
4 - 973
o= G87 V=5 G Yy 3y 39 /l_:‘

0 13990 1446 2465 28279 3907 4198 6386

24.24 17.75 17.54 13.93 12.93 10.08 9.70 7.16
- 03.3 98.6 83.3 98,4 97.6 98.8 98.3

Table LXXXIV,.

—_/VY—‘_—\.,_\_’ 0,‘P HV_‘“ /0 @"\ﬂ-av—\, 4
0] 1302 1278 2887 4183 5543 3798
48,11 38.48 38,38 28.74 18,78 13,732 10.17
-—- 98.8 96.1 98.0 97.7 98,.2 99.3
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Table LXI:V,.
Suiamary of llethyl Imido 3enzoate., |,
m IR LSy ¢ v3usek, H“UA:/‘
/0 v % Calcentl by
0. y ( (154,0)
J.05 73.81 123.5 130.3 1820.4

0.12 71.50 122.1 137.9 133.2
D427 34435 114.7 177 .4 175.9
D0.33 58.4 127.9 184.7 183.9
0.6 52.382 972 (184.9) (138.b)

The velocity of decomposition of methyl imido benzoate
in acid solution decreases like that of the &hyl salt with
increasing concsntrations of the salt--ie.with the decreased
ionization of the salt-- from 123.5 for 0.790 molar solution to
97.2 for 0.5 molar solution at zero degrees. The accelerating
"salt effect" is again evident if one consider the values of

A/aL_in column four and the acceleration azain seems proportional

to the concentration of the ions present;column five being
calculated according to equation (3) Part I.,p.3 on the assumption
of an acceleration of 110% (A= 112) produced by a mole of ionized
salt as in the case of the ethyl ester salt. Except for the highest
concentration the calculated values giaven in tne last éolumn
asree well with the found values given in column four.

These results obtained from velocities of deco.iposition
measured at the same temperature,zero,at which the degrees of

ionization of the salts had been determined confirm therefore the
results obtained by Schlesinger and the conclusions based on
them-a conclusion of vital importance for Stiezlitz's theory
of catalysis of esters and siwilar bodies.
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Methyl Imido Para Toluylatee.

The hydrochloride of methyl imido para toiuylate is
decouposed by watar at an exceptionally slov rate. The velocity
constant is less than Ralf as large as that of t2e hydrochloride
of the corresponding benzoate.This slow decomposition appearing
favorable to exact work on the conductivity measurements used
to determine the degrees of ionization of the salt, & third series
of measurements were made whth this salt.The results are briefly
recorded in the following tables -they fully confirm those

obtained with the two other imido esterse.

The degrses of ionization were deterwined for various con-
centrations at zero dezrmes by the méthod used by Dr.Barnard(l)
The results are given in the table following. The columns have
the usual significance. The conductivity for infinite dilution
was obtained graphitally,the molecular conductivities WBeinx
used as ordinates and the cube root or the concentrations as
abscissae« or dilute shlutions this curve is practically
rectilinear. The molecular conductivity at infinite dilution was

found to be 68.20.
The Ionization of the Hydrochloride of idethyl Imido Para Toluylate.

Table L{XXVI,.

m AN 1006+ - A rys
0.2 28.32 48 .30 D.1 45.07 72.93
D.6 32.60 - B2.,08 2.28 44,9) 77 41
Ded 22,61 68,05 0.22 48,73 83.78
De3 36,08 80 .40 0.01 ©J.36 87.34
2.2 37.93 83.09 0.2708 61.70 89.14
Footnote)

(1)AmeChem.J.
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Velocity ieasuremsnts.

In the more con:entrated solutions of this salt,such

a mass of methyl para toluylate separated out in the velocity
determinations that were attempted at zero that I was obliged to
make these determinations at 26°. The following is the sumaary

of these determinationss:-

Table LIXXViI.
0,087 V=24 Pt ¥ 3Y swﬁz; /8.7

o) 8l.5 127 155 203 282 290
11.08 9.38 8.28 7.24 3.28 5450 5.02
~Z=  (138.9) 119.1 119.1 119.3 120.4 118.6

Table LXXXVIII.
)02, Z
o =0,/ V=2 @%aﬁ_ysv&fA;
0 96 141 187.5 241 284 326"

23.30 18.47 18.43 14.82 12.38 11.38 10.18
- 113.3 111.6 111.6 112.4 111.8 112.8°
Table :LXXXIX.

=02 Y=10 Gpeoo vavsh=10%3
0 03 144. 103 248 297

18.68 13.13 11.72 10.36  9.10

~~~ - 106.6 104.8 103.3 103,3 104.4

= 0,332 y:T/‘zblelxgc' v 3y so b, =958
0 127 174 202 272 322 428

32.79 24.74 22,38 20,18 18.04 18.12 12,36
-——— 98.6 96.2 94.8 956.6 90.8 98.8
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Table XCI. .
=0 V:./aa ) MWV“”O—{’_T{'&

E_ 0 121 1:38 210 289 318 421
v 48.74 38.23 36.27 32.03 28.32 28.13 21.08
K --- 8743 84.3 84.8 85.02 86.3 88.8

Table XCII. AL
: 3¢y30

o ggep gsvnk 1505 &%4
555 (147.0)
0.0 78.39 113.9 151.0 161.2
0.10 72.63 112.2 154.7 164.9
0.20 85440 104.3 169.4 13l.4
0,333 58.98 956.8 182.06 1383.8
0.0 b2.,08 86.6 182.8 (176.9) ¢

The accelerating factor for the salt effect appearsv
to be only 756% (l)per gram ioniged salt as compared with 110% for

the two salts reported on above.

Footnote)
(1)This factor was used in calculating the last column.
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Iz= The acceleratiqg effect produced by salts(electpo
lytesp:in actions in which water -~ reacting cowponent,as in the catal-
ysis of cane suzar,esters and imido esters, the influence of salts
has been ascribed by chemists(l)as due at least in part to a probaéle
increase in the ionggation of the water resuiting from the pressnce
of the electrolytes.The action of water on imido ester salts producing
esters and ammonium salts according to equation (1) p.2 and proceeding
accordinz to the dynamic equation (2) p.2 afforded an opportunity to

test this hypothesiskn the following waye.:- If the salt effect is

indeed an effect produced primérily by increasing the ionization of

the water--just as electrolytes (e.gesodium chloride) are known to
iancrease the ionization (2) of other weak acids like acetic acid and
rormic acid-- then the accelerating effect of a given concentration of
ionized salt (e.gssodium chloride) on the velocity of decomposition

of an imido ester should be the .sane irrespective of the imido ester used-
the same for the imido esters that are decomposed rapidly as slowly.

It is obvious that if the factor (CL A C%;{ ) in the dynamic equation
referred to above has a definite value when no salt is present and is
increasdd a Hefinite amount by the addition of a definite amount of
ionized salt,the eftfect af&& found, sk beste iusss Sse: 4 Lrin+Hie
srEe/PROpHAPESH ¢ when caloulated on the assumption that ((L k(@,{)"ésch
a constant, must be to increase it in the sawe proportion irrespective
o' the original valus.ofAi,. For example if a grau molecular weight

of potassium chloride,calculated for a condition of complete ionization

in solution with a fast reacting iwmido ester salt increases the

value ofﬁ; 186%, then we would expect that the same amount of potassium
chloride under the same conditions would increase the value of/&/ 1356

percent for a slow reactinx imido ester.The results obotained by Miss

Footnotes)
(1)See footnote (3) p.2.

(2) Arrhenius, ZePHys.Cheém.,l,128.
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Barnard (1) in the study qf these iuido esters showed that such

an identical proportiona%{ggg;‘%ake place in the three cases
studiedeIn such an investization the further apart the the values
for/ﬁ> are for the imido esters used ;-that is the greater the
difference between the smallest and greatest velocity constants--
the more convincing the proof would appesar to be. Having found in
tne imido pare todtuylates esters that are decomposed Darticularlyggjj&l
I made a series o7 determinations with the hydrochlorideg of the
methyl imido para toluylate in mixtures prepared from isohydric
solutions of the ester salt and potassium and sodium chloride. The
isohydric solutions were computed and made up as explained by
Dr.Barnard(l) and the velocities determined in the usual way.

The follovink tables give the results of these deternminations.

In these tables the symbols haWwe the usual siznificance.

Mothyl Imido Para Toluylate with Potassiun Chloyide.
Table XCIII.
o o 15
. GEBE om-00s” V=0 V=250 @quqzd’/ﬁ!://éﬂ o G 115,
t 0] 127 148 206 263 373 2373
X -—= 117.3 117.0 118.2 118.2 117.2 113.4

Table XCIV,
! = - M@u://g‘?
oz 0.2 _[_/:/S’UIV:/O() Q}qlmq'}t/j()//]jy-/l&.7

t 0 84 121 1739 231 280 334
11.01 8.79 7.98 3.83 5.96 5.21 4,61
--~- (118.8) 116.4 116.9 1156.3 118.0 118.2

13

(14

Yootnote)
(1)Am.Chem.J.
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Table XCV, 2
209 on'c 0866 V=200 plgs Gua wrvsd @V;//ZJ N A
20 93 164 273 250 204 347
12037 9.83  3.B0  7.40  3.48  6.91  6.13
--- 112,85 112,38  112.6 (113.4) 112.7 113.3

bild | 3

Table XCVI.
oo’ 0.2% @’:0,3‘/?922/‘@#@;3‘, Dren (/3‘/30/0 ~ ///’0

0 90 135 384 234 273 323

b9
¥ 11.46 Q.11 8.11 7¢14 8.30 .37 .01
o —_—— 110.8 111.1 1 1.5 111.1 110.6 111.3
) Table XCVII. (-
D003 o g 37 V=220, L'~ 30 @ua~\vséeqji:/dﬂ

t 0] 24 141 104 241 283 328
v 12,39 9.82 8.72 7«33 Se8) 8.03 5.41
X -——- 127 .4 12840 107.9 107.9 109.7 110.3

, Table XCVIII.
f_v_m:(),??}, ::h:ﬁ,)‘dlryz.’qzs— —kI: 2 - D (/gyjﬂ//a: /J&?
t 0 99 172 229 284 372
4 10.48 3.27 8.83 £.93 5,13 4.08
/Ii —— (114.6) 128.1 178.9 108.7 110.7

Table KCIX. ) us‘f’”fé; ~ /0L 8

:0.33’3 Mllﬂ.!“a’/_y_:?-l(‘ k': 23~

m =
t 2 111 187 256 321 338 432
v 10.33 7.78 3.49 .33 4,72 4,13 3.33
K -—— 110.8 107.9 102.4 108.2 107 .4 1038.2
) Table C., (427 éza«/@,:m%o
9:,:0,1/ @a,é(/(”l/:iﬁ’o _Vf':ﬁxd MV?‘(?O.’@‘/J

t 0] 141 183 244 287 362
v 11.87 8433 7.03 8.05 6.87 .03
X 102.4 104.3 102,83 103.8 104.3

In the following table is given a summary of the preceding
tables. In the last coluun is ziven the theoretical value for

the velocity of decomposition of the ppsitive ester ion cal-
culated accordinz to equation (3), pe3. The value of was obtainedk

by the method explained by Miss Barnard.(l) It was found to be

Footnote)
(1)Am.CheineJe___
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139. The value taken for A is 185 per cent,the same factor that
#®5 used by Miss Barnard in calculating the constants for the

faster reacting bodies.

Table .CI.
Methyl Imido Para Toluylate with Potassium Chloride.

DA o/ | o q3V504:°‘

m',,,,.,/,‘m Ke (007~ my /00 y3y30

AR, i 2570 €8, h’dﬂ .o c7 CD
s vond o fc (139)
260  ~-=  ——=—  0.0B0  78.88  0.038  113.7  148.5 148.8
100 0.1 86.9  0.122  70.38  0.083  113.8  131.8. 181.1
B0 2.2  82.1  0.283  31.856  0.186  112.8  182.7 181.4
36 0.26 8l.1  0.348  £8.30  0.203  110.7  138.3 101.2
30 N.3  82.3  0.438  66.00  0.241  108.6  197.2 271.9
26  0.333 79.8  0.601  53.04  0.286  107.8  203.3 277.1
20 0.4 79.0  0.846  48.97  0.318  104.0  212.4 220.13

It is evident from a comparison of the last two columns
that this same increase of 185 percent per gram ion which Dr.Barnard
found to hold for the faster reacting bodies,holds for the methyl
imido para toluylate in isohydric solutions with potassium chloride
for the varyin~ concentrations. Owi%y to the greater diffsrence of
the velocities of decomposition of this ester salt and the pther
iaido benzoates treated in the same way these wesults wpuld seem to
indicate that Bhe accelaration due *o the .salt present in solution
is entirely independent of the naturc of the decomposing cation. These
results, then,confiru the theory (1) that the other component,water,
is the one effected by the electrolytes in solution. This must be

done througih the ionization of the water.

Sodium chloride was next tried to ascertain if it had
the same adelerating effect as potassium chloride.lIsohydric mixtures
were mads and the experhments carried out just as before.The results are

Ziven in the following tables.
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Table CII. -y S L3538
! {= i - /00 %amqgvfdf//% %

= O am=z008Y WU=(co L=y

9 883 162 215 279 337 476

"
v 10.96 8.99 3.9 5.82 5.74 4.22 3.61
[ — 118.0  113.1  114.3  114.2  114.9 114.90

, Table CIII. L= 10,8
=0 om = O 8k _(/Z/: K00 '@’:-g’o f&’l!?*" ‘/39/3()’17;_: 172,/ M
t o) 88 164 223 287 321 389
v 10.99 8.29 3.99 5.82 5.04 4,22 3.51
K --=- (117.0) 1190.8 110.8 111.6 113.2 114.7

—_—

, Table CIV. /