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A Quantitative Study of the Action of.
Monochloracetic Aclid Upon Varlous
Amines. .

I Introductlon

The 1nteréction of anlline and chloracetic acid,when
heated together, 1s‘apcompenied by the liberation of three
gaseous products:- methyl chloride, carbon dioxide and hydro=-
gen chloride. It 1s concelvable that the chloracetlec acid |
may be the source of the cnrbon dioxide and methyl chloride

..according to the simple equation:
C1CH,COOH ——> CH;C1 + GO,
‘The 1iberation of hydrogen chloride most likely aécdmbahiea
the formation of phenyl glycine: ‘
| q‘ngnaz + C1CH,COOH —>C, Hy NHCH,COOH + HC1.
-”This equation recpresents the common method of préparation of
phenyl glycine. ' ' | |

No references were found in the literature relative
‘to a8 quantitative study of the eliminatior of the three gnses
evolved in the interaction be tween chloracetic aciad end ani-

~1line. Unfortunately the literature of organic chemistry too
frequently falls to tske into account the cuantltative yields
of.the products of_glven reactions. = The nature and, conse-
 quent1j,‘the.description of sny resction 1is vitally defigient
unless the investiggtiop is not 6nlx.quelitat1ve but also

Quantitative. | |  u  R

Adopting this viewpoint, the present thesis 15 concerned

il
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with the study of the aetion of chloracetio aoid upon an-
1line, methylaniline;, dimethylaniline, ethylaniline and di-
ethylaniline. - In each of these reactions there 15 obtained'
carbon dioxide,. hydrogen chloride and alkylchloride, It 1s;
therefore, proposeeg‘ae the chief feature of this ressearch,
to devise.methods for deoermining queniitatively the yieide‘
of each of these gaseous producte in the several reactions.
. In preliminary experimenta 1t was fbund that a varia-w
‘tion in the relative quantities of amine and acld gave vary-
1ng yielde of the gases mentioned. _ It was therefore deter-
mined, to study the action of ohloracetic acid upon (1) ani-
1ine,}(2) methylaniline, (3) monoethylaniline, (4) dtmethyl-
aniline, (5) diethylaniline, and with each of the five amines
to study the:reectlon in four different molecular ratios of
aminemto‘acid, as follows: (A) two moles amine to one mole v
acid;‘ (B) one mole amine to one mole acid; (C) one mole emine

to two moles acid, (D) one mole amine to four moles acid.

R & CEE Historical |
* There 1s nothing in the literature bearing upon anyﬂ
quantitatiﬁe'study of the gaeeons products in the reection'
Abetgeen=oh1oracetic acid snd aninee; ‘The followlng reac-
.-tione, which deal with the“elim*nation of carbon dioxide qur-
;ing the decomposition of various suhetituted benzoic acids,_‘e
; have some bearing upon the present 1nvestigation. A brief

review of those reactions is of interest.

v




In 1892 Cazeneuvé” announced that certain hydroxy-
benzolc aclds are uhstable, yvielding carbon dioxlide and
phenol, whén warmed with vasrious amines, He found ihat on
mixing gellic acid with sbout twice its weight of aniline,
that the mixture suddenly solidified; and that this mass,

‘whén heated to 120°C, evolved carbon dioxide., At this tom-
perature he was able to decompose all of the ascld. Aniline
pyrogallate separated on cooling.

Cazeneuve further found that 1iquid amines of the béﬁ-
zene series, notably‘o~tolu1d1ne, the, xyledines and quinbline,
behave In much the same way. Various phenolio acids have been
found to eliminate carbbn dioxide: protocatechuic acid decome.
posed at 180°, salicylic acld at 200°, whille benzolc acid was
unaffecteds From thls Cazeneuve drew theigenefal conclusion

that the stabllity of the carboxyl radical decreases ss the nums

ber of phenolic hydroxyl radicals in the henzene nucleus incresses.,

On studying the decomposition of hslogen substituted qaré;
boxylic acidé, he found that dibromsalicylic:acid'dacomposed at
© 180°, dichlorsaiicyud scld at 200°, dibromgallic acld at 80° but
‘ thét'tribrombenzoic acid was unaffected, Also, methyldihﬁdrqu-
-‘benzoic acid lost CO gt 110° while dibromsellenie mscid did so
only at 100°. Using as nis criterion the temperature at which
décomposition'took»ﬁlace, he stated that tha'Stability‘of acidaf
was decressed through the substitution of halogen.
'Hémmeimayrﬂ)extended this work and determined quantita-

tively the emount of carbon dioxide which a weighed smount of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

)



acid would yield when heated with eilther 50 cec of water or

60 co of aniline for & dafinitq ‘period of time, He meaaured
the stabllity of carboxyl groups in terms of the amourits of
carbon diéxida evolved in given intervals bf‘tlme.'. Various
aubstitutéd benzolc aclds were investigated. The four aﬁb-vr
stituents whilch affectéa the stability'ofiihe cérboxyl;radi-'.
¢al are arranged.in the following descending order: OH, NOL;
Br, NH in—eaégtg;g;:tn~wntch the carboxyl group was ortho ;
or para t0 a’ hydroxyl group it yielded carbon dioxide, while, ;’
. on the other hand, when carboxyl was meta to the hydroxyl it'

| ‘was steble. This held true‘with thirty-five out of'ﬁhirtyé |

"nine hydroxybenzoic aclds.

atill aniother example of this type of dacomposition was o

‘reported in 1914 by Fry! He ‘dissolved chlorcarbonicethylester
in dry carbon tetrachloride and added pyridine. A white ‘solid

wasvimmediately formed which soon decomposed into carbon dloxide

“and ethyl'éhloride; "~ The extént’of‘this decompositions<

cmooc, Hy M—) C,Hs Cl + c«:z

was determined by absorbing the carbon dioxide 1n soda lime.

Fry explained the liberation -of carbon dioxide in terms of the_., |

: pclarity of. the valences of the carbon in the carboxyl group,
i.e., in terms of the eleotronic conception of valence.

These 1nterest1ng researches of Cazeneuve, Hemmelmayr

_ and Fry suggested the possibility of rendering the: carboxyl of{«ffm?;”

chloracetic acid.unstable by heating with an amine..'
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III, Method of Experiment.

A. The Reactlon Mixture.

| An accurately weighed quantity of chloracetic acid, »
approximately one tenth mole, was put into a 100 cc. long neck,, '
round bottom flask and one fif;h.mole of‘aniline was added by 3
means‘of a8 plpette., A white solid immediately formed and the
J@gction mi;ture became quite warm. ' The flask, connected to a
spiral reflux condenser was immersed in a Wood's metal bath, in

- which a thermometer was guspended, and slowiy heated. The solfda-
The solid reaction mixture melted between 70° énd 80°, At-150°v
an evblution of gas begen whish increased as the temperature waS
elevated.. ‘The temperature in this and in subsequent rééctioné{wasg
finally held at 250°. The gaées, consisting chiefly of hydrogen .
chloride, carbon diloxide and.methyl éblbride, were found to contain

traces of saniline and water wvapor.

'B. Puriflcatlon of Gases Prior 1o Quantitative Absorption.
. The first step 1n the quantitetive estimation of thesenprof{
ducts of decomposition of chloracetic acid must be the eliminaiibn
of aniline and water vhpor, without concomitant‘loss of darbdn di&i;t 
ide, methyl chloride or hydrogen chioride. Theifirst‘methbd:Whiéh‘
suggested 1tself was to pass the gases through concentrated Sui; >
phhricAécids While this‘prOQed Satisféctbry for the elimina#ibh
of aniiiné and water, it held back appreciable aﬁdunts of methyi
chloride through solution. The foliowing experimeng,111ustrgted,f-
, th1s point. | | PRI

-
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To determine the extent of solubility of methyl chlor-
‘ide in sulphuric scld, methyl chloride was prepared by pasg-
lng hydrogen chloride through boiling sbsolute alcohol and
zinc chlorides The resulting ges was washed with water and
then successively passed through soda lime, calcigm chloride
and sulphuric scid. When paséed through 25.0 grams of con-
centrated sulphuric acid in s Liebig bulb, 1t wes. found that
0.4168 grams methyl chloride had been tsken into solution,
This experiment proves conclusivély that sulpnd§£§zac1d can
not be employed to dry methyl chloride. o
To test the sultabllity of calcium chloride es a dry~
| 1ng agent methyl chloride was passed into a buld containing 25
grems of dry, grenular calcium chloride for fifteen mintues.
The apparstus was first swept clear of any residual methyl
chloride by a brisk stream of dry air, free from carbon dioxide,
and then welghed. The bulb-.geined 0.0012 grams in»wgight, a
"negligablq increa;e. Since it is well known that ealcium chlor~
1d§'fbrms Stable addlitlon compounds with both water and aminea,
It satisfles all of the present requirements of & drying agent;
It then remalned to devise a method for determination of

carbon dloxide, hydrogen chloride and methyl chloride.

Ce’ Simulteneoua Absorption of Carhon Dioxide and Hvdrogen
Chioride.

A solution of potassium hydroxide was found to be im-
- practicable for the absorption of carbon dloxlde because 1t dis-

- 8olved smell qmounts of methyl chloride. It was then declded to

-
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absorb the hydrogen chloride and the carbon dioxide simulten-
eously in soda lime. Fortunately; a Flemming bulb filled with
soda lime was found to suffer no gain in weight when a brisk
stream of methyl chloride was passed through 1t for fifteen min-
utes, Therefore, in the determinations wh1ch follow, the galn
in welght of the soda lime bulb will represent the sum of the
Qeights of the carbon dloxide and hydrogen'chlorida. But 1t 1s
necessary to acertein these welghts separately, 1;6., devise
means for determining the wéigﬂi‘of hydrogen.chloride absorﬁe@,
Knowing this, the welght of carbon dloxide absorbed may bé‘found
by difference. The description of the method of determining hy-

drogen chloride follows..

D. Determination of Hydrogen Chloride.

' Although the determination of the guantity of the miipure
df carbon dloxide and hydrogen chloride; as well as the quentity
§f methyl chloride, 1is accomplished from a:given reaction mixture,
1t is necesgsary that hydrogen chloride be estimated from a separ-
ated execution of the experiment. Accordingly the mixture of

Acﬁloracetic acild and amine.was'heéted as beforé in a 100 cc,
round bottom fiask, connected with a spiral reflux éondenser, but‘the
"evolved gases were passed directly into 50 cc. of a 30% solution
of s&8ium hydroxide._ Carbon dloxide, hydrogen chloride sasnd some‘
methyl chloride were absorbed in this operation. The caustic
solution wWas diluted to 250 cc. and aliquot portions used for the
determination of hydrogen chloride content.

.
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The dissolved.methyl chloride was removed by warm- |
'ing the caustic solution in = beaker. This treatment effects
practically no hydrolysis of methyl chloride, this being effect- |
ed only under pressure. Carbon dioxide was easlly eliminated |
‘on acidifying with nitric acid, and upon the additlon of silver
‘nitrate solution the hydrogen chloride was precipitated and
weighed as silver chloride.
The various steps in the quantitative determination of
~ carbon dioxide and hydrOgen chloride may be summarized ag follows. :
. The evolved gas mixture containing traces of aniline and water ' |
vapor, carbon dioxide,'hydrogen chloride and.methyl chloride are~‘
passed through a spiral condenser and then into a U-tube contain-
ring granular calcium chloride; This absorbsvthe traces of ani?” i
‘~1ine and water vapor but allows the other gases to’ pass on with-:”‘
' out alteration in quantity. . The}next pass into a weighed Flem-i
ing bulb containing small grained soda lime which effects the sim~»
'ultaneous ‘absorption of carbon dioxide and hydrogen chloride, ":"‘"
without loss of methyl chloride. Hydrogen chloride is determin~li“
ed by passing the gases, evolved from a separate reaction mixture
"of the same. relative molecular quantities of amine and acid,‘nw
through a solutlon of socium hydroxide and weighing hydrogen chlor-!

1de as silver chloride.

"B Determination of Methyl Chloride.
bince the interior volume of the entire apparatus in '
these experiments 1s approximately 200 cc., it is. evident that

L there will be quite an error unless precautions are taken to
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sweép:out any gases, whiéﬁ would othefwlsé remain 1n-tﬁe
fsjstem. " To this end, at the close of ench determihation,
ja;r'waé pessed,through the entire apparatus until the laat ‘
traces of thevgases had héen swept‘outh Hence, the absobbe~
- ents chosen for the various gases muet be of such a nature
that they are unerfected by the presence of falrly large vol-
umes of dry alr, free from csrbon dloxide, Moreover, the ab~:
sorbent for methyl chloride must not loae same when air is
- passed through it. The methods already chosen for the ab-
sorptloﬁ'Of carbon dioxide end hydrogen chloride_conrormw to
ﬁhese requirements, since their retention 1is through»chemicai
interaction with their absorbing medium.v' The problem hext t6 2
‘be encountered was the quantitative determination of methyl
i;chloride through complete absorption in a medium which" fulfils

7 ?the requirments noted ahove.

1. Methods Proposed in the Literature for the Ahsorgt'on
S T 5EIor1 6.

| Allison snd ueighaﬂﬁ’mention three methods of deter- o
“mining methyl chloride in various gas mlstures. First. they
suggeat condensation and fractlonal dlstillation of the gas at
low tamperatures. This mould evidently be a slow and difficult_ 

'method, the accuracy of which would be grestly 1esseae@ bY the
~ presence of much air. Therefore, it was not feasible in the

'present research. Secondly, they auggest combustion of methyl

' chloride in the presence of a platinum spiral, and absorption of""

_'gthe.resultant gases by caustic. It was assumed that the methyl" g
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chlorlde would burn according to the following equation:
2CH3C1 + 30, —— 2C0, + 2HCl1l + 2H;0

They claim that the temperature needed_for'the combustioh

18 so high thst the platinum spiral lasts only a shdrt

time. It 1s evident that this metnhod 1s impractieal in

the present investigation.

Finally, they suggest the absorption of methyl
chloride in glacial acetlc acld. They measureﬂ'an-airﬁmix-f;_' 
ture of methyi chloridb in a gés burette and thén passed 1t
six times back and forth through s Hemple pipette contain- =

-vihg glaciél acetic scid. It was then returned to ihe
‘bﬁrette and from the contraction in volume the pércentage; )

- of methyl chloride was calculated. . The large volume of alr,"
needed in the present determinétion to swéep dut-the appa-
ratus, renders thils method impractidéble.

' A brief account of attempts to effect'absorbtion of

"méihyi chloride in var@bus-subétances'follows.

2. Glaclal Acetic Aqid.

The solublility of methyl chloride in g;acial'acqtic‘
scid suggestedvthe possibility of abaorbiﬁg it directly in
a welghed Lieblg potash bulb. A Lieblg bulb was fllled with
glacial scetlc acid, 23.71 grams, end the outlet fitted with
a tube containing sode lime and cslclum chloride. - The acid :
wés found to absqrb}2.5410 grems of méthyl chloride at.roam .
temperature. But to fill the present requirements the gaa:
so held ln:éolution must not be removed on passage of air

. lthrough the system. To test this requirement dry oarbon
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dloxide free air, at the rate of loo.oo;<per minute, was
pasased through the welghed Leibig bulb containing the gla-
clal acetio acld previously saturated with methyl chloride.
The loss of welght which represents the weight of methyl
chloride removed by the alr, 1s shown in the following

table.
| Time Volume of air ‘CH3 C1 removed.
(Minutes) (ce.) | (gm.)
1 | 100 03400
3 | 300 . ' 0.8104
5 ‘ 600 . 1.,1011

From these figures it is apparent that the loss of methyl

chloride from glacial acetic acid, on passage of alr through
| 1t, is too great to warrant its use as an absorbent. It

‘may be seen that the suocessiVe loss of methyl chloride per -
1m1putp decreases, That 1s, as the concentration of the solu«~

tlon of me thyl chloride in acetic acid decreases, the loas

through removal by air also decreases. The loss from a di-

lute solution should be quite small,

The possibllity of reobsorbing the removed methyl
chloride by pasaing it thfough a second Liebig bulb of acetic -
acld was investigated as follows. A second bulb, contalning
glaclal acetic acid, carefully weighed, was attached to the'
outlet tube of a bulb filled with glaclal acetic acid previous-
ly saturated with methyl chluvride. Alr et the rate of 100 cc.
per minute was then'forced through both bulbs, so that any me-
thyl chloride removed from the first bulb might be reabsorbed in
the second. The tabulated results follow.

[4
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Time ,v°1o air. Wt.CHsCl 86X~ Wt. CH3C]- re -

{Min.) . cluded from  absorhed in
buld I.  bulb II
(gm.) ‘ (sm-)
1 100 | 0.4323 0.4160
3 ) 300 0.9013 . 0.8025
6 800 105200 1.1172

‘There was a total loss of 0,4028 gramé in six minutes.
Therefore, this plan had to be abandoned.

The results obtained with other absorbents should be
noted; |

3. Acetlc Ethyl Ester.

15 grams - of acetlc ethyl ester were found to gain
1. 9485 grams in welght when methyl chlorids was passed through
it to the saturation point. But the absorbent itself was
‘found to be too volatile to serve the purpose.
4, Glycerine. |
Oon the other hand, non-volatile glycerine absorbed’
"on1§ 1.3% of 1ts own welght of methyl chloride at room tem-
.peratufe} This would necessitate the use of too lafgé.a
"volume of absorbent. It also was discarded. |

5. Petroleum 0i1l.

‘The absorbing qualitles of light petroleum oil was
next investigated. 10.8755 grams of thils oil were placed in
a Lieblg bulb and methyl chlorilde passed through 1t. At the
end of fifteen minutes there was only 0.2601'grams‘gain in

weight. Petroleum oil 1s therefore uselezs.
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6.-A1cohol.
AR Ethyl alcohol absorbed four times its own volume
‘of the gas, but like acetlc ethyl eauer was too volatile

for use,

7. Lloyd's Resgent.

Lloyd's Reagent, an aluminium silicate, was sus-
pended in a Fleming bulb with blugs of loose cotton.
After passage of a brisk streem of methyl chloride through
this for an hour, it was found to suffer no gain in welght.,

8. Cocosnut Charcosl.

Finally. a thorough Investigation of the absorption '
of methyl chloride by a speoially prepared cogoanut char-
coal was undertaken. The charcoal (40 minute chlorpigrin

- activity) &as first ignited in a covered iron crucible and

- then allowed to cool for several hours in a desslcator over
‘calcium chlorlde, at atmospheric pressure. After this.
treatment 1t was found that 1t did not galn 1n weight when
dry carbon dloxlde free alr was passed through it., It is
the object of the following éxperiments to aSqertain-(lf the
extent of the absorption of methyl chloride by charcoal, and
(2) ‘the effect of the passage of alr through charcoal satur-

~ ated with methyl chloride. |

41,50 grems of cocoasnut charcoal in a Fleming bU1b
- with methyl chlorlde gained 9.743 grams in welght when com-

pletely saturated at room temperature and pressure.‘ When,
however, alir was passed through the bulb at the rate of 100 ce.

per minute, the loss in weight which the charcoal suffered
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through removal of methyl chloride, wes as follows:

Time Vol. air, CHzCl re- Percent
(Min.) (cc.) moved (gm.) loss

1 100 0.0716 0,73

2 200 0.1542 - 1.58
B | 00  0.3680 3.77
10 1000 0.6743 6,92

Frbm the foregoing_table it is evident that one liter
of dry, carbon dloxide free air, passed through 41.50 gm.
charcoal, satursted with 9.743 grams of methyl chldride.
effects a loss of 0.6743 grams of methyl chloride or 6.92%
cof the sbsorbed ge&s. |

. Sinee it is necessary to sweep through the appéra-
tus and to retain through absorption sll of the methyl chlor-
ide which has been formed, the objsct of the following ex-
periment is to determine how much of the methyl chloride so
removed, can be recovered when 1t 18 subsequently passed
through a second mass of fresh oharcogl; .

To a bulb of charcoal, saturated with methyl chlor-
ide, s second ulb of fresh charcoal was connected. ¥hen
alr was then passed through the system;any me thyl chlpridé

‘removed from the first bulb would be reshsorbed in the less

saturated charcoal of the seg®nd bulb. 600 cc., of alr were

passed through the system in six minutes. The data follows,

Time  Vol. air ~ 'Loss CH3Cl Gain CHsCl
(Min.) CCe : , &llb I ) ’ mlb II

L R o ~ {gm.) . (gm.)
& . 600 © ' '0.4401 0.4335
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There was a total loss -of only 0,0066 gm., methyl chlor=-
ide;or approximately 0.06% of the total amount of gas
absorbed. '

Evidently, methyl'chioride is easily removed from
charcoal by sair, when the charcoal 1s very highly saturated.
When, however, another mass of fresh éharcoal'is connecied
to the system, the excluded methyl chloride comes in contact
with the fresh absorbent, 1is réabsorbed, and perhaps held.
more firmly because of the low concentration of thé gas in
the charcoal in the second bulb., If it is again removéd by
the mir, it immediately comes in touch with unsaturated abe
sorbent further on in the bulb, and is retained. | A

o | Tﬁe.fofégoing result suggested the study of the effect

of the passage 6f alr through large U~tubes of charcoal apprbx-
imately one half saturated with methyl chloride.,” A large U=

tube was filled with 40,00 grams.of charcoal, Methyl chlor-

ide Was'paséed through this untll there was a gain in weight
of 3.8215 grams. It wes then less than half saturéted. It

was naturally assumed that the inlet region of”the tuﬁe-was -
saturated with meihyl chléride while the sectiohs of the char-

coai further removed were practically free from 1£. ' This would

mean that approximately 15. cm. length of the U-tube held methyl
gn}@rﬁde,and,that this was followed by sbout 30 cm. length of

'charcéal fdr‘thé regbsorptibn of any gas which would be carrled 
out of the saturated area. _Air was passed through zheev?tube;
et the rate of 100 ce, per minute. Any loss of meth&l chlor-

' 1de would be equal to the loss in wéiéht Qf the tube.  This
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was determined by weighing at different 1ntervals. The'data  i
1s as follows: | ' -
Trial I -
40.00 gm. charcoal contsining 3.8215.gm. CH,C1,

Time . Vol.air., : Loss .welght.
(Min,. : - (oee) - | - ¢gm. CH:Cl. )
1 I 100 | | ~ 0.0008
2 200 | 0.0013
3 300 © o.0021
6 | 600 . ' 0.0052
Trisl II - |

40 00 gm. charcoal contsining 4.6286 gm. CH Ci.
Time - ' Vol.air. o Loss weight.v

(Min.) (ce.) _ o (gm. CH3C1.)
! 100 10,0024

2 200 o .0056

3 300 : 0075

4 600 .0136

This represents a totsl loss of 0.13% in the first
trialland 0.290% loss in the second. This proves;iha; this‘x
method ia feasible.‘ It was then decided to use charcoal con-
tained in large U~-tubes as the absorbent for methyl chloride;
and.to always so choose the smount of charcoal, that if fhe”7 ‘ 

.‘chloracetic scid would give 100% decomposition, 1t would only :. 1w?
' be half saturated with the methyl chloride evolved. . L
| The following dlagram represents ‘the apparatus used in ,{.

the experiments which follow.
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- Fa Manipulatlon.

The reaction mixture of amine and acld was placed

'in a 100 cé. round bottom, long neck flask A (see figure);.

. fitted with a two hole cork end spiral reflux condenser B.
The second hole of the cork was fitted with a glass tube C
drawn to a fine bore; extending into the rounded portion of
the flask. ~ The outer end of this tube wes closed with a
plece of‘rubbér tubing and a screw clamp D, The reflux
ondenser was connected with a U-tube E which 1s pertly
f£11led with calcium chloride and loosely plugged with 6otton;
Thé out1et from this drying tube was connected with a Fleming

.. bulb, the absorbing section F of which Was filled with small
 :gra1ned_soda lime, the drying section G, with calcium chlor-
ide. This in turn was connected with a large U-tube H £1l1~.
ed with charcoal and pﬁotected_by a small portioﬁ of calcium -
chloride.st the outlet.
The PBBCuiOH mixture in the flask, submerged in the
WOod 8 metal bath I, was slowly heated for a space of thirty
 m1nutes until a temperature of 250°C was obtained. = It was
then held at 250°C for two hours. At the end of this time

;thé fiask was allowed to cool, énd for six minutes dry éarbanb

>¢d16x1&e’free air was forced through the capillary tubs C, |

‘which extended 1nto the flask. The air was measured by

means of a flowmeter and sent through the apparstus at the

"fbsrate of 100 cc. per‘minute. This 1nsured the absorption~of‘
V‘all gases whlch otherwise would not have come in contact with

the absorbing materiala.
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The:gain in weight of the Fleming bulb represents the
sum of the weights of carbon dioxide and hydrogen chlbride.
The weight of methyl chloride evolvéd, is represented by the
gain in weight of the charcoal tube ﬁ.

In determining the hydrogen chloride, the tube from
the condenser was directly connected with two gas washing bottles
@quipped with special bubbling attachments, each bottle contaln=-
ing 50.0 cc. of SO% sodium hydroxide solution. Another reaction
mixture of aminé and acld was heated for two hours at a temper-

.ature of 250°C as previously dbscribed. The apparétus was
gwept out with sir at the rate of 100 cc. per minute to insure
the passage of all of the hydrogen chioride throﬁgh the sodlium
hydroiide. The contents-of the botties were diiuted to 250 cc.
and aliquot portlons analyzéd for hydrogen chloride content as

- follows.,

The caustic solution was heated to insure removal of any
methyl chloride énd the carbonates were dacdmposed by addition of
dilute nitric acid. Finally the hydrogen chloride was precipi~
tated and weighed as silver chloride. |

Calculations.

The amount of carbon dloxide ﬁay be calculated by differ-
enée, thus

Ascertain the combined welght of carbon dioxide and hy-
drogen chloride simultaneously evolved from & reaction mixture

containing a given molar ratio of chloracetic acid and amine,
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~ Subtract from this the amount of hydrogen chloride determined
from a second reaction mixture contalning the same ratio of
emine and acid.
The percentages of carbon dloxide and methyl chlor-
1de evolved from each reactlon mixture investigated, were cal-
culated by referring the actual ylelds of these substances to
the amounts which would haﬁe been liberated had the chloracetic
acid been fully decomposed according to the equation:
ClCH,0,H ———> CH,C1 + CO..
On the other hand, the percentage of hydrogen chloride was cal =~
culated on the basis of the following equation:
RNH, + C1CH,CO,H

> RNHCH, CO,H + HC1.

The welght of hydrogen chloride actually obtained was compared
with the'weight which wou;d.have been evolved had all of the
chloracetic acid reacted according to the abéve equation which
will frequently be referred to as the glzéﬁne reaction.

Due to the difficulty in handling the vavry hygroscoplc
chloracetic acid, 1t was impossible to weigh exunctly the same
amount of acid 1n the determination of the ﬁydrogen chloride
alone as in that of the combined hydrogen chloride and carbon
dloxlide mixture. Hence, ﬁo render comparable the respective
yields of hydrogen chloride and carbon dloxlde 1t was necessary
to calculate the amount of hydrogén chloride which the chlor-
acetie¢ acid would have yilelded in the combined carbon dioxide
hydrogen chloride determination.
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The following data will 1llustr9te the method of cal-
culation. 10,00 grams chloracetic aéid, when heated with
,éniline in the ratio of two moles of aniline to one mole of
‘chloracetic acid gave.6.6668 grams total of carbon dloxide and
hydrogen chloride. .The charcoasl tube increased 0.0579 grams
in weight which represents the welght of methyl chioridé evolved.

10.78 grams of'chloracetic aéid vielded 0,0014 grams of
hydrogen chloride when heated with aniline in the same molar
ratio{ By calculation from thg proportion 10,78:10.,00 =,0014:x,
it is found that 10.00 grams of chloracetic acid would yield (x)
Qr 0.0013 grems of hydrogen chléridﬁ; Subtracting this welght
of hydrogen chloride (0.0013), from the total welght of hydro-
gen chloride and carbon dioxide evolved from 10.00 grams of chlor-
acekic acid (0.6668), gives the aptuél welght of carbon dioxide
evolved, namely 00,6655 grams, |

The theoretical percentage of Carbon didxide, methyl chlor-
ide and hydrogen chloride as calculated from the ratlos .
C1CH, CO,H:CO, s ClCHZCOQH: CH3Cl, and ClCH,CO,H:HC1l, are respect-.
ively 14.20% GO, , 1.00%CH Cl end 0.03% HC1.

IV, Specific Reactions Investigated and Data.

It has been observed that a variation in the relative
quantities of a given amine and chloracetic acld gmve varying
yislds of the gases in question. In this section the character-
istic behavior of each of the amlnes is briefly described and all
of the quantitative data is tabulated. '
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Reactidn I. Chlorecetic Acid and Anlline,.

Thevaddltion of aniline to chloracetic a cid, in each
of the four reaction mixtures, was characterized by the form-
ation of a white compound,} The reaction was exothermsl., The
renction mixturs wes found to melt at temperatures which vare
ied with the}rglativa amount of amine and acid brought together.
When the temperature was ralsed above the melting point, an
evolution of the gases began, the r-te of which increased as
the ratio ofﬁamine to acid diminished. The reactlion mixture
at the end of the experiment was an amber Qolored. rubber like
masa, except in the case when the ratio'was of four moles of
acid to one mole of amine. In this 1nsiancé i1t was black,

The following data (Table i), presents the Guantities
of carhon dioxlde, methyl chloride and hydrogen chloride evol-
ved by a given amount of chloracetic scld when heated with anil-
ine in the several ratics:(A) two moles anlline to one mole
chloracetic acid, (B) one mole éniline to one mole chloracetiec
acid, (C) one mole aniline to two moles‘chloéacetio scid, (D)

" one mole aniline to four moles chloracetic acid. It should
be noted under each of the several reactiomn ratios (4,B,C,D)
that four experimental determinations (a',b',a",b") wers made.
The quantitative determinations a' and a" are duplicate checks
in which the c¢srbon dioxide and hydrogsn cnhloride were'simulian~
eously absorbed and subsequently weighed in the Fleming bulb,
while the alkyl halide was absorbed and likewise subseguently
welghed in the U-tube containing the cocoanut charcoal. Deter-

minations b' and b" are duplicate check :experiments in which the
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the quantity of hydrogen chiloride evolved was sepaprately deter-
mined by absorption in s odium hydroxide solution es previously
described.

£
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Teble I. Aniline and Chloracetic Acid.

23

o -

CO4

-Percent Percent Pércent

Amine  Chlor HC1+CO, HC1 . CH, C1

(gms ) acetio (gm.) (gm.)(gm.) (gm.) Theory  Theory  Theory
acid HC1. COa. CH,C1.
(gm.)

A 2 1

' 19,70 10.00 0.6668 0,0013 0,66556 0,0579 0,03 14,2 1.0

' 21,20 10,78 0.0014

" 18,72 9.50 0.5359' 0.0022 0.6337 0.0424 0.06 12.2 0.83

B 1 1 A |

' 10,69 10.75 2.2605 1.2628 0.9977 0.2009 30.6 19,9 3.5

' 11,19 11.25 1.3207 |

" 10,46 10,62 2,1530 1.2247 0,9285 0,1802 20,8 18.7 3.3

" 10,70 10.95 1.2628

c 1 2 .

' 4,92 10,00 4.3042 2,1245 1.8605 0.4488 54,9 39,9 8.4

' B.,72 11.63 | 2,4707

" 5,40 11.63 4.6024 2,3802 2,3802 2.2222 53.0 41,0 9.0 |

" 6,02 12.23 2. 5030 | |

D 1 4 | |

' 2,60 10.72 4.9146 2.5251 2.3894 1.1465 61.1 47.9 20.0

".2.60 10.72 2,5251 |

"-'2.40 8.68 4.0150 2.0311 1.9839 1,0200 60.2 49.1 21.¢ :

" 2,23 2.13685 | | L
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Reaction II. Methyl Aniline and Chloracetic Acid.

The addition of methyl aniline to chloracetic acid

was not accompanied eilther by formation of a s0lld addition

N compound or noticeable change in termperéture. ‘The amine
dissolved a part of,tﬁé acld in the cold: the remainder went
into solution on application of hest. The initlal evolution
of hydrogen chloride, carbon dloxide and methyl chloride was
so vigorous that the heating had to bs done with caution.,
The reaction mixture, at first a yellow 1liquid, finally had
the appearsnce of a red viscous oil,

The data which follows (Table I1), presents the amounts
ofihjdrogen chloride, carbon dioxide and methyl chloride yleld-
ed by chloracetic acid when heated with methyl eniline in the
four different reaction ratios,(A,B,c,.and D) and pairs of du-

plicate checks a',b',and a",b", described in preceding Reactian I.
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Teble II. Hethyl Aniline and Chloracetic Acid.

Amine

Chlor

'2.68

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

HC1+C0, HCl.+ COz  CH,Cl ' Percent Percent Percent
(gm.) acetic (gm.) - (gm.) (gm.) (gm.) - Theory Theory Theory
acld. HCL. = CO,.  .CH,C1.
23,20 10.71 2.2540 0.0115 2.2425 1.14456  0.27 44.9 20,0
" 23,20 10.71 . 0.0115
35,36 15,656 5.3826 0.0335 3.3491 1.7435 00.55 46.9  20.9
22,23 9.84 0.0211 | |
T T
13,60 11,08 3.2387 0.2642 2.9745 4.0210 5.7  53.2  62.8
112,53 11,06 . 0.2440 | U
12,65 11,06 2.9081 0.2440 2,6641 3.7233 5.7  51.7  63.0
12.47 11.00 0.2427
T z
19.20 16,46 6.10156 1.5692 4.5323 5.5530 24,7  59.3  63.1
5.95 10.51 1.0023
| 9.54 16.84 6.1855 1.5605 4.6252 5.6420 24.1  58.9 62,7
6.12 10.85 o 1.0053
1 7.3
3,06 10.84 4.6043  1.3911 3.2132 3.2076 33.2  63.6 . 56.9
2.68 . 9.55 1.2230 | ‘
. 2,80 10:00  4:2856 1.2004 3.0852 3.0092 31.1  66.2 88.0
\ 9.55  1.440 |



Reaction III. Monoethyl Aniline and Chloracetlc Acid.
When ethyl anlline was mixed with chloracetic acid,

a part of the acid went Into solution but no solid addition
compound was formed. 'On heating, the complete solution of
the sclid in the amine wes followed by a brisk evolution of
the three gases., The initial heating in this instance also
had to be done~with eaut1on.

.The percentage of hydrogen chloride, carbon dloxide
and alkyl dhloride evolved from the four ratlios of ethyl an~-
iline and chloracetic acid are embodied in the following
Teble III. '
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Table III.\ Mono;Ethyi:Aniline end Chloracotid Acld. -

HC1  COp

Porcent Percent

' 3429
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10;27 -

- .1.6548

"Amine  Acid  COx +HC1 Alkyl Percent
(gme) (gme) (gms) (gm.) (gm.) Chloride Theory Theory . Theory
- (gm.) HC1. C0,. Alkyl
. Chloride,

A2 1 |

' 25,60 ©9.83 1.8570 0.0252 1.8292 3.8950  0.66  40.0 74,1
' 27.20 10.60 0.0272 | -

' 20,82 8,12 1.5900 0.0157 1.5743 3.2975 0,50 41,6 76,0

' 26.4 10.29 0.0200 |

.B s I |

' 15,37 10.93 2,6570 0,1169 2,5401 4.8795 2,7 49.9 83:5

' 12,74 9.91 0.1080

' 14,49 11,36 2.7135 0.,12906 2.5839 5.0335 2.9 48,8 - 32,9

' 13.80 10.07  0.1149

c 1 2

'\ 7,31 11.43 4.0265 0,9678 3.0687 4.8375 21,9 57.4 79,2

' 6.40 10.06 ~0.8511 | |

' 6,80 10.67 5.8425 0.8980 2.9436 4.6505 21,8 59.2 81.0

' 7,06 11,00  0.9361 | -

D 1 4 | - | i |
' 3,65 11.20 4.,9785 1.8023 3,1762 3.2282 41.3  60.3  53.5
' 2,85 9.20 - 1.4687 | ; ‘,_} o
' 3.37 10450 4.7428 1.6918 5+0507 3.1280  41.7  62{5;% -13$§6x 



Reaction IV, ' Dimethyl Aniline‘and Chloracetic Acid.,

The mixing of céhloracetic acid and dimethyl anlline
was not characterized by any visable chemical change. A
small part of the acid dissolved in the amine but no solid

addition compound was formed. pn application of heat the

chloracetic acid completely dissolved forming a yellow 1iquid,

Further elevation of tgmberature.cnused ﬂhe solution to psss
through an Interesting series of color chénges: from yellow
to green, from green to purple, and finally to red, At the
end of the expefiment the reaction mixture was a red viscoﬁs
oil.

The following Table IV presents the amounts of the
various gsses produced in each of the four - -different molar

ratios of acid to amine.,
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Table IV. Dimethyl Aniline and Chloracetlc Acld.

-

mine. Acid. HC1#CO, HC1 €O, . CH361 ~  Percent ‘Percent . Percent
gns)  (agms)  (gm.)  (gm.) (egm.) (gme) - Theory, Theory = Theory
s S “ o . . HC1.™" COz CH; C1

2’,‘.{5.“ “‘1

34 9.48 1.0645 0.0148 1.0497 - 4.8060 0,39 -22.8  00.9
.62 9.89 ~ 0.0185 - ) |
i65 9.80 0.9989 0.0154 0.9835 4.8757 0.04 21.56  93.1
i20 10,50 0,0165
i 1 o | |
.48 11,25 1.9676 0.0242 1.0434 5.6052 0.5 37.1 94.6
.06 0.8 .o.28 -
.88 10.81 1.8610 0,023l 1.8369 65.4470 1.58 36,5  94.3
.25 10.24 _0.0219 |

1 e IR | |

.03 10,92 2.7505  0.1021 2.6484 5.3395 2.4 52,8  01.5
.6 10.25 0.0957 . o |
.97 12.34 5.0280 0.1154 2.9126 6.2261 2.40  50.7 9.4

.6 10.23  0.0957

1 4 o f' o | D -
.16  9.80 3.6385  0.8979 2.7406 35,7250 237 60,1 . 7.1
.09 °.65  o.8e
.30 10.32 3.8464 0.9007 2.9457 4.1491 22.5 :sl.éu 7.0
.20 10,00 0.8726 | L
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Reaction V, . Diethyl Anliline and Chloracetic Acid. -

The mixing of chloracetiec aclid and diethyl aniline
gave no visible evidence of chemical reaction, When, how- .
ever, the mixture was heéted, it became red in color and
alkyl chloride, hydrogen chloride and carbon dloxide were
evolved.

The amounts of these gsdses obtained In the wvarious

reaction mixtures are embodlde in Table V.
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Tabls V. Diethyl Aniline and Chloracetlic Acid.

Amine Acid CO, +HCl HCl:s COp Alkyl Percent Percent Percent

{(gm.) (am.) {(gm.) (gm.} (gm.) Chloride Tneory. Theory. Alkyl
. {gme) Chloride
. Theory,
o2 1
18,39 5.19 03110 0.0026 00,3084 3.2948 C.l 12,7 1ig.8
32.40 10.46 .- 0.,0053 |

32,04 10.81 0.5200 0.0052 0.5148 6,7485 0.12 10,2  116.8
32,67 10.63 0.0051 | '

156.60 9;82 - 11045 00,0028 1.1017 6.1851 Q.07 24,0 117.8

15.63 9.90 - 0.0028 .
16.50 10.45 1.1563 0.0026 1.1537 6.5041 0.06 23.7 - 116.4

~

16,70  9.92 0.0028

i
-
o

10,98  13.91 2.7110 0.5234 2.1876 7.8425 9.7  33.7  104.1
7.82  9.95 10,3774
9.47 12.01 2.3704 0.4498 1.9206 6.7906 9.7 34.3  105.8
10,26 13.00 . 0.4869 | |
5 1 4 |
3,19 08.16 3.0081 0.8388 2.1693 2.,8173 26,6  57.0 66.9 -
3.95 10,00 1.0283 | | |
5.20 13,40 4.8910 1,3798 3.5131 4.8026 26.7 56.3 67.0

' 3.96 10,01 1,0316
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T™he table'which follows summarizes the contents of |

the preceeding tables I - V, and presents the average yield
of the two determinations for each of the reaction ratios:
(a) two}molee amine to bne of chloracetioc acid; (B) one
mole a&ine.to one of ecid; '(c) one molé amine to two of

acld; (D) one mole amine to four of chloracetic acid.
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Ratlo Aniline Amine to Aeld o  %CH C1 %HCL
A 251 13.2 +90 04
B 1l: 18,2 5440 3042
¢ 12 40.4 8,70 53.9
D _1:4 48.5 20,90 60,6
Ratio Hethyl Aniline amine to Aoid ,
A 2: 45.4 20,4 o4l
B 111 52.4 62.9 5.7
¢ 1:2 59,1 62.9 24,4
D ;ig 649 57.4 32,1
- 11T .
Mono Ethyl Aniline Alkylohloride
A 231 40,8 76.0 +58
B 11 49.3 83.2 2.8
c 12  B8.4 80.1 21.8
D_1:4 _ 5l.4 5445 41,5
; ‘ v
Ratic Dimethyl Aniline Amine to Acld
“ A 231 22,1 92,0 '
B 1:1 = 36.8 04.4 5
c 12 51,7 62,9 2.4
D 1l:4 80,8 71,0 23,1
\'
DY Ethyl Anlline Alkylechlorilde
| A 21 11.4 117.8 1
B 1: 23,8  117.1 .06
c 1:2 32,0 104.9 0.7
D 1:4 56,6 66,8 26,6
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General :Summagz of ng,_é.

A general survey of t.hls dats shows that in
each of the rivé reasctions studied, the asmounts of
~carbon ;_iioxide and hydrogén chloride' evolved increases
as the i;atio of emine to acld decreases.v The ylelds
of alkyl chloiride do not follow this regulsarly except
in Reactlon I, 1.e., anlline and chloracetic acid,
in which there is a stesdy increase in the smount of
methyl chloride a&s the ratio of emine to acld decreases.
in Resctions IXI, III and IV (monomethyl aniline, mono=
ethyl aniline snd dimethyl aniline) ﬁe qQuantity of
alkyl chloride inoreases thi-ough the ratios A and B
(ratios 2 amine : 1 acid, and 1 smine : 1 acid). But
in ratios C and D, (ratios 1 emine : 2 acid, and 1
amine : 4 acld) the ylelds of alkyl ohloride decrosse.
In reaction V, alkyl chloride decreases through the
four ratios A,B,C and D.#

The problem now presented is to explain not
only the evolution of these gases, hydrogéq chloride,
alkyl chloride and carbon aioxide, but their varying
ﬁields in the .Rmr reaction mixtures,

# It s apparentiy anomalousa that ‘the percentage yilelds
- of alkyl chlopride in ratics A,B,C and D are greater
than 100 %« This anomaly will be explesined later.
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In the following discussion, a number’wili be
assigned ¢to each equét1oﬁ for every possible reaction
which may be assumed to have taken place. The number
of the given equation (or reaction) will be convenient

for reference throughout the proposed Lnterpretations;
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)&_Iniergretat;on of Data.
Reactioﬁ‘I.  Aniline and Chloracetic Acid.

Before proceeding to a more specific discussion

of the data obtained in the performance of the reaction

between aniline and mono-chlorascetic acid, the equations

representing all of the possible reactions which might

effect the elimination of carbon dioxide; methyl chlor-

1de end hydrogen chloride will be considered.

l. CH,Cl0,H
2. C,H;NH,+ CH C1CO H

——3CH,C1 + CO,

———> C,H . NHCH,CQ, H + HCl

3. C, H,CHCH,CO,B + CH C1CO H——> C,H_N(CH,CO,H), + HC1

4. C, H,NHCH,CO, H

5. C,B,N(CH,CO, _H),

6+ C,HeNHCH, + CH,C1CO,H
7. C,H,NCH,CH,CO,H

8. C,H,NH, + CH,C1

9. C,H,NHCH; + CH,Cl
10.C,H,NH, + HC1

11.C, H,NHCH, + HC1

12. G, HN(CH;), + HC1

—— C H,NHCH; + CO,

——> C,HsN(CH3), + 2C0,

. ———C, H.NCH;CE,CQ, H + HC1

~———— C, H N(CH; ), + CO,
~—— C, B NCH3H + HCL -
—> ¢, H{N(CH;), + HOC1
—— C, H,NH,,HC1

——— ¢, H NHCH; . HCL
~—> C MgN(CH3z), . HO1

Equations 1 to 7 represent all of the possible

reactions which may produce any of the three gases,

Equations 8 to 9 involve a possible consumption of methyl

chloride, but the hydrogen chloride 80 produced may be

held back as the hydrochloride of the amine. Equations
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10,11 aﬁd 12 represent fetention'qr.hydrbgen chloridé
‘tirough the formation of amine salts. These last three
reactions wouiq only be expscted in the presenee_or'én
excesa of Aﬁﬂﬂ§. x | | |

Specific assumptiohs'and}cohdlusions»will be
made from the point of fiew_qf the foregoing twelve re-
actions In cqnjupct;on.with_thqléﬁantitétive data in
Tgble I. ‘ |

Ratio A. ‘Reaction I.

Carbon ‘dioxide 1s the only volatile product elim-
inated in appreciable quantlty, 13.3 %. Methyi chlor-
ide and hydfogeh‘chloride afe:produded in quéntities of
‘less than one percent. If the source of carbon dloxide |
is through the catalytiec reaction (1), thénjthe methyl 4
chloride must have been appropriated according to reaction
8. It 1s, however, more 1likely that the glycine reactiéﬁ,
(2), predominated and that 13;2 % carbon dioxlde is to be.
attributed to a decomposition of glycine according to re-
action 4, 'Abséncé of hydrogen chloride 1s readily explainé

“ed by the reaction numbered 10, Indicating the formation of I

eniline hydrochloride, since there 1s an excess of anlline )
present.in this reaction mixture. .

If, In reactionfmixpure A,freactions nunbered 2,
4 and.lO p?OOGGdﬁéimultaheouslj and indepenéently, the.
following equation.is derivable. -
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20, HgNH, + C10H,00, H —> C, H;NH,,HC1 + C,H,NHCH, + CO,
Thié equaiion aécounts very well for the elimination
of carbon digxide; and the absence of free hydrcgeh
chloride in this experiment. ~

Ratlo B, Reaction I,

In‘ﬁﬁié ratio of‘one.mole chloracetlc acld to one
mole aniiine ‘the, elimination of 3.4% methyl chloride may
be éxplained.by_the cccurrence of the catalytic decomposi -
tion of chloracetic acid according to equation 1, The:
production of 30,2 % hydrogen chloride indicates that
the glycine reaction (2) has progressed. Had all of the

‘.glycine decompbsedvacoording to‘adﬁatibn’é, the'earbon'
dioxide eliminated would likewise have had a value of
30.2% instead of the 19.2% actually obtained. = It is not
to be expected that all of the glycine formed, according
to equation 2, would be decomposed sccording to equation

4. This is brought out by the following separately cone
ducted experiment in which 6.10 grams of phenyl glycine
were heated in the same mennexr as in this reasction. The
evolved gases were passed over calcium chloride, and then
into a weighed bulb of soda lime. The smount of carbon
‘dloxide thus obtained was 0,2322 grams which is only
15.0% of theoretiqal,L

It is a well known fact that phenyl glycine, in- »
stead of deccmposiﬁg entirely to carbon dioxids»and.methylf_;

aniline, condenses forming dyclic.compbunds.(s)
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In such reactlons there 1ls no slimination of carbon
dioxide. It may therefore be concluded that in

retio B of reaction 1, the smell amount of meth&l
chloride 1s due to the catslytic decomposltion of
chloracetlc acid, and that the hydrogen chloride
evolved accompanies formation of phenyl glycine accord-

ing tc equation 2,

Ratlo C. Reéction l.

In this ratio, the methyl chloride vleld is in-
creased to 8.7%, most likely through reaction l. There
is a marked increase in the ylelds of éarbon dioxide
and hydrogen éhloride_. 40,4% and 53.9% respectively, in-
dicating the further progress of reactions 2 and 4,'or

the less extensive progress of either reaction 8 or 9,

Ratlio D. Reaction 1.

In thils instance it 18 sgain evident that as the
quantlty of chloracetlc acid is increased, the yields of
each of the vwolatile products is also increased. Each
respective yield 1s attributed to reaction 1, 2 aﬁd 4 re~
spectively. The high yield of hydrogen chloride, indicates
that rééctiona 10, 11 and 12 proceed only to'a limited ex-
tent. The small initlel amount éf emins in this reasction

mixture warrants this assumption,
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Reaction Il. Monomethyl Aniline snd Chlbraeetid_ég;g&h

| All of the possible resctions, between methyl
sniline and chloracetice scid, which might 1nfluénce
the smounts of cerbon dioxlide, hydrogen chiorlide and
methyl chloride sre as follows

1. CH,C1C0,H ——— CH,C1 + €O,

6. G, H,NHCH; + ClCH,CO,H —— ©, H,NCH;CH,CO,H + HC1

7. ©, H,NCH,CH,CO,H — ) G H,N(CH,), + CO.

9. C,H,NHCHz + CH;61 = ———— C,H;N(CHy), + H01—>O‘H,N(CH3)HCI
11, G H NHCH, + HC1 ———— C,H, NHCH, . HC1

12, C,H,N(CH,), + HCl ——— G, H,N(CH;), HC1

13a c‘nsm(cﬂ,L + 01caacqg ————y c‘n,ucnacﬂzco,n +c§gl
Ratio A. Reaction 1I.

™is retio 1s characterized by an inoresse in the
yields of both earbon diéxlde ard methyl chloride, over the .
‘amounts of those products obtained in the same ratio of
saniline end acetic ecid, (Ratio A. Resction 1). The smount
of hydrogen chloride 1is less than one percent of the theoreti-
cal, The increase in oarhonidioxlde must be due either to
an increase in the extent qf the cataelytle reaction 1, or to
a greater decomposiiion {resction 7) of the methylphenylaminé
acetic scld which is previously formed according to resctiong.

3

% Those equations which are identicsl with the equations
postulated under Resaction 1 will be indlented by the identi-
cal numbers, and reference will be made to them accordingly.
Other possible reections will be essigned numbers consecutlve
to those previously indicated under reaction 1, and so on
tgpougnout the subsequent interpretations of reactions 1I1I,

I » and V.
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But it 18 quite logleal to assume that therse should be

'a deorease in the emount of glycine formed (equations 6)

through eliminatiqn of hydrogen chloride, because there

is only one avallable hydrogen stom in methyl aniline

that 1s susceptable to the action of chloracetic acid.

In}this event oarﬁon dioxlde would occur chiefly '

through the catalytle decomposition reaction (1), If

this 18 true it accounts quite well for the inoreased

smount of methyl éhloride produced. However, the in-

crease in methyl chloride may also be explalned by a

reaction similar to the glycine reaction number 6,'name-

1y number 13, Grenting that carbon dioxide is partly

due to a decomposition of phanyldmethyl-amino-acetic aoid,
according to resction number 7, the reformation of dimethyl '
eniline amounts to a catalytie reaction, |

(Reaction 7) G Hs;N(CH,), *+ C1CH,CO,H-—C, K NCH,CH,CO,H + CH,Cl

(Reaotion 13)C,H,NCH,CH,CO,H >C,H,N(CH,), + CO,

C,H;N(CH;), + CLCH,CO.H

— G H_N(CH;), + CO, + CH,Cl.
The small smount of hydrogen chloride evolved in
this reaction may be explained by the formation of smine
hydrochlorides, reections 1ll snd 12,
Ratio B. Reaction II.
In this ratio there 1s.aft increase in the amounts
of all three gases evolved, over the amounts formed in the



preceding ratio, It is slgnificant that the methyl
chloride yield,‘GE.Q%,.exceeds that of carbon dloxlde,
52.4%,“an¢ thet hydrogen chloride incresses only to
6.7%, * This 1s in marked contrast with the fact that
the inérease of hydrogen chloride through ratios A and B
in reaction I was 30.1%.‘ |

The large ylelds of both carbon dioxide and of
methv1l chloride indicate the prepondeérance of'the,catQ
alytic reaction 7. The increased yleld of methyl chlor-
ide over the carbon dloxide would point to reaction 13,
If 13 and 7 teke place simultaneously the reactlop would
really amount to the cataiytio reaction pre#ipusly noted
1n rgtio B, reaction 1I.

Raﬁio Ce Reaction 1I.

There 1s an increase in both carbon dioxide and
hydrogen chloride evolution, but the methyl chloride
yield is the same as 1nlthe_breceding ratio B, 62.9%.
The increase in the hydrogen chloride yield points to a
decrease in the extend of the reaction ll'and'iz, due to
the decressing ratio of amine to scid. An increase in
the extent of resction 6, which natura11y precedes reaction
7 may be loglcally inferred. This 1s substantiated by
the 1ncreased‘yield.6f carbon dioxide (reaction 7). The
absence of any éhange in the yleld of methyl chloride
through ratios B and C leads to the assumption that reac-

tions 1 and 13 have reached a maximum in this ratio of
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methyl aniline and chloracetic acld.
Ratio D. Reaction II. |

Here sgaln there 1s s further increase in the
yields of ocarbon dioxide and hydrogen chloride but a

deorease in’that of methyl chloride. This decrease

_'may be explained by reaction © which involves the form=-

*EAtien of dimethyl eniline end the liberation of hydro=
gen,ohloride. . The following experiment was performed
to prove‘this essumption...

The reaction mixture (Ratio D, Reaction II) was
first neutralized with a sodium carbonate solution and
then extracted with ether.( After removing the ether by
Adietillation there remained a yellow oil having 8 boil-
ing point of 193°c. Thib 011 was dissolved in sn ex~-
cees of concentrated hydrochloric acid, cooled to 0°C
and a cold solution of sodium nitrite was. added. Yell~
ow needles of the hydrochloiride of para-nitrosodimethyl
aniiine separated on standing. This proves that dimethyl
aniline was pProduced during‘the reaction hetween monome thyl
| aniiine'and chioracetio acid. This in conjunction with
tne increase in hydrogen-ohloride would indicate‘that re~
action 9 had taken place.,

The relative ylelds of carbon dioxlde, 64.9%, and
hydrogen chloride, 32.1%, seem to indicate that the catal~

ytie reaction predominates over the'reaction which forms
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methylphenylglycine, and, thereforse, 1its subsequent
decomposition. The small amount of methyl aniline
used would not warrant the assumption that reaction

11 and 12 proceed to any appreciesble extent.

“
It 1s to be concluded, generally, that as the

amount of methyl aniline is decreassed, in the warious

resction mixtures, the extent to whilch the catalytic

reaction I proceeds is increased.
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Reastion III. Monoethyl Anlline.

a The following equaiiona represent all of the
possible reactions which might influénce the pro-
duction of the three gaseous products from the inter-

sction between acetic acid and monoethyl aniline.

1. C1CH,CO,H _‘ ~ ——CH,01 + GO,
14.C, H,NHC, H; + C10H,C0,H ——C, H,NC, , CH,CO H + HCl
16.C, K,NCH, CH, CO, K  —C,HsNC,E CH; + CO,

16.C,H,NCR,C, B, + C1CH,C0, B—C, H,NC,H,CH,C0,H + CH,01
17.C, H,NCH, C, H; + C1CH,CO, E—C,H _NCH,CH, CO,E + C,H.C1.

7. C,HsNCH,CH,CO,H —C,H:N(CH,), + CO,
18.C,H;NHC, H, + CH,C1 =~ ——C,H,NC, H CH, + HC1(C H NG H,CH,.HC1).
19.C. H;NHC,Ey + HC1 - —C, H,FHC, H, . HC1

20.C, H;NC, H,CH, + HC1 ———C,H,NC, B _CH, .HC1

Ratio A, Reaction III. |
 The percentages of carbon dioxide, 40.8%, and

hydrogen chloride, 0.58%, evolved in this ratio, are
practically the same as the ylelds in ratio A of re-
aotion IXI. ‘The alkyl chloride yield is much higher
then that obtained in any of the other eiperiments,
namely 75.0%

The hydrogen chloride must proceed rroﬁ the
glycine reaction 14. The very small amount of the hy-
drogen chlioride liberated must be due to the operation
of reactions 19 and 20 producing smine hydrochlorides.
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Carbon dioxide must be formed by the catalytic
resction (1), through the decomposition of phenylethyl-'
aminoacetio acid (15)‘or of methylphenylaminoscetic
acid (7). Alkyl chloride may be the result of reactions
1l, 16 or 17 singly or simultaneously. If reaction 17
does take. place the substance absorbed and.weighed in
the charcosl must have contained ethyl - as well as
me thyl chloride. The following éxperimént‘was carried
out with the view of determining this point, namely.
the simulteneous liberation of both methyl and ethyl
chloride. _ | |

| Ethyl aniline snd chleracetis acid, in the
.molar ratio of 2:1, were héated together in a long
neck, round bottbm flask connected with a reflux eon-
denser from which s tﬁbe.extéhdéd into a long test tube
aurréunded ﬁy ether and carbon dioxide snow, {-70°C.)
A colorless low boiling liquid condensed. This was
mixed with concentrated sbdium hydroxlde solution und
heated in & sealed tube at 120°C for several hours in
order to convert methyl and ethyl chloride into their
corresponding alcohols. The reaction product was then
placed in & distilling rlaxk connected with a condenser
end heated in a weter bath. The disiillate was tested
for methyl and ethyl alcochol as rollote.

A few drops of the distillate were diluted with
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5 cc. water. A hot copper wire was then repeatedly
plunged into the‘sdlutioﬁ to insure;oxidation of al-
cohol to aldehyde. A few drops of resorcin was then
addéd,to 1l oc. of the solutlion and concentrated sul-
phuriciintroduced as a lower layer. A red ring et
the junction of the two liquids indicsted the presence
of_formaldohydo. '

A few drops of an alcoholic solution of gallie
acld were addsd te‘anqther portion of the liquid. In-
tféductlon of'ooncéntrated sulphuric acid as a lgyer lay~
er caused the formation of a blue ring. This‘éonfirmd
ed the presenoe of rormaldshyde. |

A pOrtion of the distillate was tested for ethyl
alcohol. The‘solution was made alkaline with sodium hy-
droxide and & few corystals of lodine added. On heating
thié solutivon lodoform was prodncad;.conrinming the pre-
sence of ethyl alcohel. This proves conclusively that
ethyl chloride was evolved. Reaction 17 affords an ex-
pl.anation. ‘ , ‘

The data for slkyl chlorideytherefoie represents
a2 mixture of methyl and ethyl chlorides, bﬁt it is cal~
culated from the amount of methyl chloride which & given
amouht pr:chloracétio.acid would yield through the catal=-
ytic reaction I. It was not feasible in this thesis to
undertake theideve;opment of’mathods which would enable
one to estimate the respective yields of methyl chloride
and ethyl chloride.
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Ratlo B, Reaction 11I.

In proceeding from ratlo A to ratic B an incresse
in the amounts of all three gsses ls noticed. It is
significant that the incresse in the yileld of hydrogen
chloride 1is quité smell, namely from 0,58% to 2.,8%. The .
increase in hydrogen chloride output, through the same
ratics in resction I (aniline) 1s from 0.04% to 30.2%,
Apparently the substitution of an emino hydrogen for an
ethyl radical inhibits the production of hydrogen chlor-
ide. The hydrogen chloride 1s préduoed through thé gly-
cine reaction (14) and poasibly reection {(18). The emounts
of hydrogen chloride produced must be an ‘approxlmat.o index,
of the extent of the glycine reaction (14), especially sinse
the initial amount of the emine used does not warrent the
sssumption thst resctions 18 and 20 proceed to any greast
extent, |

Capbon 4loxide 1s formed through reactions 1, 18
and 7. A repetition of the experiment described in the
preceding section using equimolar quantities of amine snd
acid reveals the fact that othyl chloride 1s also produced
in the veaqtton. Therefore alkyl chloride must be the re-
sult of reéactions 1, 16 and 17,
Retlo C Raaouéga 111,

This ratio is characterized by & further increase
in the amoﬁnte of carbon ‘dioxide and hydrogen chloride end
by & élight decrease in the amount of alkyl chlorids formed.
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Carbon dioxide 1s produced by resction 1, 156 and 7.

The presence of ethyl ochloride in the gas mixture warr-
ants the assumption that reaction 17 does take place.

The deorease in the amount of alkyl ohloride is to be ex-
peoted to eccompany & deoreese in the initiel amoﬁnt of
athyl-aﬁiline used. A8 the concentration of ethyl asnil-
ine s decreased through the verlous ratlos the extent to
whxah reaction 17 proceeds, should also be expected to do~-
crease; wiﬁh a .consequent deorease in the amount of ethyl
chloride formed.

Ratio D. Reaction III.

’ . There 1s a further increase in the carbon dloxids
and hydrogen chloride ylelds and a decrease in the alkyl
chloride ylelds. Carbon dioxide and hydrogen chloride are
the result of reactions 1, 14, 18 and perhaps, tc a slight
measure, reaction 7. The wvery small initial smount of
amine used in this experiment does not warraent the assump-
tion that reaction 17 has taken place t0 &8s great an axtent
as‘previously, 80 that ethyl chloride evolution is dboreaséd.

The smell concentration of amine in the resction
mixture prevents the.rbrmation of amine hydrochlorides sccord-

1bg to resctions 19 and 20.
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Resction IV. Diméthzl Aniline and Chiloracetic Acid,
The seven equations which follow represent

all of the poesible reactions between dimethyl anil-

ine and chloracetic acid which mey influence the evo-

lution of carbon dioxide, hydrogen chloride and alkyl

‘ chloride.
1. CH,C1CO,H

- ——CH;Cl1l + CO,

21, C,HcR(CH;), + CH,C1CO,H— C,H,NCH;CH,CO,H + CH,Cl

7. ©,H,NCH,CH,CO,E

22, ( j“cn" )2

h:

~N
23, 'CH 5
+C1CH, 00, B
.——-—c 3

CH,

24. OK\ZH CO. H

12. C.H.N(CH;), + HC1

Retio A. Reaction IV.

—_— C, B;K( cﬁa )a -+ 601

e
&
=

'CH, CO,H
+ HC1
. nggF
“\JCH: + CO,
—_—
/_CHB2

3¢ Hs“( 033 )2 « HCl.

The yields of carbon dioxide end hydrogen

chloride ere 22.1% and 0.4% respectively., The value

for carbon dloxide is lower than that in the ssme ratio

with mono~-methyl eniline.

On the cther hand the yield

of methyl chloride is very high, 92.08%. The source of
carbon dioxlde may be attributed to reactions 1,7 and 243
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the methyl chlicride, to reasctions 1 and 21, |

With dimethyl aniline the eliminstion of hy-
drogen chloride would be expected to take place only
to 8 limited degree and would be made possible only
through the well known para-rearrangement reaction,
which substitutes hydrogen for the alkyl of the amino
group. This reaction is represented by equation 22,
It is highly 1mpvébable that there should be substitu-
tion of any of the hydrogen atoms of the nuocleus to
form hydrogen chloride, Such resctions sre unknown,
If, in this ratioc, the para-raarﬁangement does take
place, then reaction 24 mey follow and the hydrogen
chloride thus formed would be held back, according to
reaction 12, due to the excess of the amine in this re-
ection mixture of 2 moles amine to 1 mole acid,
Rstlo B. Reagtion IV.

TN In proceeding from retic A to ratio B, there is
nn‘igcrease in the yields of carbon dioxide and methyl
chldride, but practicelly no hydrogen chloride is evol~
ved, Cerbon dioxide must agsain bq agsumed to prooceed |
from resction 1, 7 end 24, If reaction 1 were the sols
souree Jf_methyl ohloridb and carbon dioxide, then.tho
methyl chloride yield should equal that of carbon dioxida,

Sinece, however, the methyl chloride yield (94.4%) is muoch
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| greater than thst of carbon dloxide (36.8%), then
reaction 21 must be assumed to have been the source of
excess methyl chloride. No increase in the amount of
hydrogen chloride evolved in this ratio, and the com-
paratively small initisl smount ¢of smine used, do not
warrant the asgumption that reaction 23 has taken place
to any appreciable sextent.

Ratio C. Reaction IV.

The yield of carbon dioxide (51.7%) continues to
increase through this ratio, while the hydrogen chloride
yield only advances to 2.4%. The methyl chloride has
reached a maximum yield in the previous ratio (94.4%) and.
now slightly deoreasses to 92,9%. Carbon dioxide again
may be assumed to have been formed through‘reéctions 1, 7 |
and 24, The yield of 2.4%‘hydrogen chloride must result
from the glycine reaction 23, 'The small initlal amount
of amine does not warrant the assumption that equaticn 12
has taken place to'an& great extent, so that, in this ra-
tio; the amount of hydrogen chloride ¢volved may be a fair
measure ofhthe extent of the para-rearrangement. The very
slight decrease in the methyl chloride yleld must point to
e slight decrease in the extent to which reactlon 21 takes
place; due, in turn to a small eoncentiation of amine in

the reaction mixture.
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Ratio D, Reaction IV. .
There is a further increase in the yields of

carbon dioxide and hydrogen chloride but a decrease in
th#t of methyl chloride. Carbon dloxide proceeds from
reactions 1, 7 and poesibly 24. The greatly inereased
yield of hydrogen chloride (23.1%) indicates that reac~
tion 23 has taken place and‘this lends weight to the
asgsumption that part of the carbon dloxide proceeds from
the decomposition reaction 24.

The small inltial amount of dimethyl aniline used
would not lend ltself to any extensive retention of hy-
drogen chloride according to equation 12.

Methyl chloride proceeds from the catalytic re~
action (1), or the glycine reaction (21) which results
4in the formation ofImethylphenylaminoacétic acid. The
diminution in methyl chloride yileld 1is expleined by the
‘decrease in reaction 21, which would follow a deérease in

the amount of dimethyl aniline used in the reaction mixture.
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Reaction V. w.

"All of the reasctions which may effect the
elimination or carban dioxlde, hydrogen chloride or
alkyl chloride from the interaction of chloracetic acid
and diethyl anililne are represented by the following equa-

tions.
1. CH,C1CO,K —————— CH;01 + CO,
¢l G B
25, c‘ngn(c,ns), + CH, ——— C,H.N]  + CO,
co,_ﬁ cHS
_CaHs - ¢,Hs
15. C HgN{ y G,HN, © % 00,
caz CO,E - U7 NeHs |
. e ' /clns
26. ‘N(__.c’?’)"* | — d\n
- | foms
’H | _CH;CO,H |
270 c H -'R ’
| >y ga., » "\ c,H¢ |
| ZC,H;  CO,E + HCL
N/G%KS' | ﬂ/cn,
28. NCH, CO, B L NC,Hy
| - y | + CO,
/C H, C,Hg
20, C,HN(C,H;) + HC1 -+ C,H,N(C,H,. . HC1
30. C BNC,H.CH, + HClL ~—— — C,H NCH,C H_ . HCl.

Ratio A. Reaction V.

The yields of carbon dioxide and.hynrogen chlor-
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1de are small, namely 11.4% snd 0.1% respectively.

It 1s interesting to note that the yields or carbon
dioxide is smaller than that from any of the other
reactioﬁé. _ The‘carbon dioxide may proceed from the
catalytié resction 1 and from theé decomposition re-
action 28. If carbon dioxide proceeds from réactioh
28, then it would have been preceded by reaction 27,
The extent of reaction 27 would be 1nd;§ated by the
emount of hydrogen chloride produced. Although hy=-
drogen chloride would be held back by reaction 29 and
30, 1.e.,, through the excess of amine preseni 1n.th;s
ratio, this retention would bve leés in the next ratio,
B. But there is no increase in the hydrogen chloride
ocutput in ratio B over ratio.A. The absence of in-
cresse in B, naturally leads to ths sssumption that
11ttle hydrogen chloride was formed in A. It would
then follow that little para-ethylphenylethylaminoacetic
acid was formed. This‘being the 6ase, the major part
of the carbon dioxlde must proésed.from reaction 1 and
not from reaction 28.

In this reaction the substance. absorbed in the
charcoal was & mixture of both ethyl and methyl chlor-
ides. Accordingly the data for alkyl chloride repre-

- sents a mixture of methyl and ethyl chlorides ard 1s
caloulated from the amount of methyl chloride which chlor-
acetiec acid would have glven if it had entirely decomposed
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according to the catalytic resction 1. Methyl chlor-

1de must have been produced through the resasction re-

presented by equationl; othyl cshloride, by resction 25,

The large excess of di-ethyl aniline would naturelly
have increassed the extent to whiech ieaction 25 took
place. The presence of ethyl chloride, expleins on the
basis of the caslculsted yield of methyl chloride, the
foot that the yleld is greater thaen 100%. This also is
trué in reactlon mixtures B and C.

Ratio B. Reactlion V.

There is here a stlill further inorease in the
amount of cerbon dioxide evolved but the yleld of hy-
drogen chloride remains prsctically the same In the
preoeding»ratib-ao There is a negligible decrease,
0.7%, in the amount of alkyl chloride eliminated,

The small amount of hydrogen chloride evolved
in this raiid together with the amall emount of amine
used would not werrant the sssumptiocn that the pera-
reariangementvﬂze),'or the glycine resction (27) had
occurred to any great e;tent. Consequently, reaction
28 csnnot be the source of any gréat.amount of carbon
dloxide. The principal amount of carbon dloxides then
must be through glycine reaction 1,

The alkyl chloride, reslly a mixture of methyl
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and ethyl chlorides, is the result of the catalytic

reaction 1, snd the glycine reactiop 26,

Ratio C. Reaction V.

A decresss in the smount of alkyl chloride evol~-
ved 1s noted in this ratio. There 1s an lncrease in
both carbon dloxide and hydrogen chloride, The incresse
in the hydrogen chloride yield indicates presumably, an

1ncréase in the extent of reactions 28 and 27. Thereforé;

a part of the carbon dloxide must find its source in re-

action 28, Carbon dloxids is also formed together with

‘methyl chloride, through reaction 1. The decrease in

alkyl chlorides, which aogompaniés the decreass in the

amount of amine used, must be due to a further decrense

in reaction 25, which éliminﬁtes'ethyi chloride of great-

er molecular weight than methyl chloride,

Ratio D. Reaction V.

The carbon dioxide and hydrogen chloride yields
increase in this ratio, especially the latter, There
is a large decrease 1in alkyl chlorides through ratlios

C and D, namely from 104.9% to 66.8%.

The large yiéld of hydrogenichloride (26.6%) in-
dicates s material 1ncreas§ in the extent to which re-
actions 26 and 27 take place. Reactions 29 and 30,

which represent the formatlion of amine hydrochlorides
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most likély takes place only to a veiy slight extent
‘because of the small amount of dimethyl anliline used

~ in the reaction mixtures. Hence, there is little or
no interference with the elimination of free hydrogen
chloride.

Since resction 27 takes place, (as indicated
by the hydrogen chloride evolved), carbon dioxlde must
alac.be formed by the catalytic reaction 1.

’ Methyl chloride is forméd through equatiocn 1,
the catalytic decomposition, ethyl chloride 1s& due to
reaction 25, .‘The’small concentrationior diethyl anil-
ine must inhibit the formation of ethyl chloride through
equation 25, SO‘that-the tota1 amount‘or'aikyl chloride
should be expected to deorease in this ratic. The da-

ta confirms this prediection

‘The Catslytic Decomhgsition'ﬂeaciion.

| A survey of the: varlous reactions proposed to
account for the production of the three gaseous pro-
duets, reveals the fact that the production of carbon
dioxide and methyl chloride is, in each case, partly
due to the catalytisc decompositibn'of'chloracetic'écid.
Other cases of similar decomposition, previously announced
by Hemmelymayr, Cazeneuve, and Fry, have been noted in
the historleal sectlion, |

Pryl) has explainad the instability of carboxyl
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groups by his theory of positive and negative wvalences.
He states that when the carbon atom of a carboxyl group
bears four positive charges, then and only then 1s the
elimination of carbon dloxide possible. Such carboxyls
are always unstable end yield carbon dioxide on decompo=-
sition. Thie is expressed by the following electronioc

equation:

-

The preperation of acctic acid by Wanklyn

through the interaction of sodium methylate and carbon

. dloxide, warrsnts the essumption thet the valences of the
carboxyl carbon atom, in the scetic acid molscule and in 1tg
derivatives, are entirely poslitive. The electronis rormmlgi

.of chlorecetio acld would then he:

tl':.;
% Ht—=C= tgot ro=— g
| |* +,rr
+ U I D
] 0

$ Since hydrolyaia‘givas glycollio acid, the chlorine atom,

under thesa'conditions. is presumably negativs,

¢l
. |
pt—c= :? ~0=—t§ #+ Ht—~0=IH pEE—=C1
' +
l-r --I - 6:
H 0 I,
Bt ~C= 4Gt =—0= <*H
- it
H "0~
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It is notvsurprising,'then. that chloracetic scid decom-
poses according to the equation: |
ClCH,CO,H ———> CH;C1 + CO,.
General Conclusions. |
The foregoing data for the various ylelds of ges~

eous products obtained from the five resctions investigated
ere indicated in the following graphs, I to V. A number of
the general tendencies noted in the prededing interpretations
are thus more apparent. RS

1. In each of the five reactions, the ylelds of carbon
dioxide and hydrogen chloride increase successively through
the ratics A, B, C and D.

2. In reaction 1, the ylelds of alkyl chloride increase
as the ratio of smine to acid is decreased.

Se In reactions II, IIXI and Iﬁ} alkyl chloride increases
through ratios A and B and decreases in ratios € and D.

4. There is a steady decresse in the yield of alkyl chlor-
ide in reaction V. N

6. In proceeding from the primary emines to the tertiary
amines there is a decrease in the yield or’hydrogen chloride.
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1. ‘ Experimental methods have been developed to
determine quantitatively the ylelds of the several
gases produced when chloracetic aclid is heated with
various emihés.‘ Ar entirely new method has been de-~
vised for the Quantltative estimation of methyl chlor-
ide 15 mixtures of csrbon dioxide and hydrOgen chlor-
ide. Hethods for the quantitative estimation of car-
bon dlioxide and hydrogen chloride have also been deveiop-
ed and desoribed.

2. All of the resctions which may have influenced
the production of the three gases have been consldered,

Se The possible function of easch of these reactions
in determining the various ylelds of the gases produced,
have been taken into account 1in the proposed interprets~

tions of the date.

4. The greast number of chemical changes occurring in
each reaciion mixture, and the variety of non-volat11§
products formed, making it impossible in the scope of this
thesis to investigate the residues of each of the twerty
resction mixtures, A complete quantitative study of a
single resction mixture would supply aufflclent mate rial
for a thesis in 1tsself,

5. The quantitative estimation of the gsseous pro-
ducta developed end desoﬁtbed in this thesis, supplies a
point of view for the inveatigestion of any subseguent
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work which may be undertaken in a quantitative study
of the interaction of mongohlor, and other chloracetic

aclide, upon aniline or sny other sromastic amine, prim-
ary, secondary or tertiary.
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