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During the'spring of 1919 we undertook to prepare
tri-methyl-amine for the Research vepartment of the
Lastman ilodak Company in the Industrial Chemistry
Laboratory of the iuissouri HSchool of uines. According
to V.lerz and k.Gasiorowski™ the three methyl amines
were qualitatively proven to be present in the reaction
producis ootained by heating methyl alcohol, ammonia
and sinc chloride to 220°C. in a bomb Tor fourteen
hours. As these raw materials are inexpensive we attemp-
ted to prepare the tri—methyl—aminé by this reaction
employing for the purpose a small industrial autoclave.
idethyl amines were obtained but the yield especially
of the tri- were very low (less than one percent) and
the procesz was put aside until such time as smaller
scale experimental work could be done upon it.

The researcnes to be described in this paper were

undertaizen to supply the need outlined above. rthe first

necessary step was to devise or obtain from the literature

a satisfactory method of analysis. The literature at hand
up to this time spoke of six possible methods of separa-

tion as follows:
I- : .
Reactions or the three classes of amines with HNO,
2_
Reactions of amines with di-ethyl-oxalicester.

*Berichte Vol. I7, page 623.



A=~

Reactions of amines with formaldehyde.
4=

zeactions of amines with Dbenzine-sulpho-chloride.
5=

lteactions of amines with carbon bi-sulphide.

6..
Differences in the soluabilities of the methyl-
amine sulphates in absolute alcohol.

1t was our intention to test each of these reacti.ons

as the possiole bagis of an analytical method and tae
first had pveen tried and found uwnsatisfactory wren a
method devised by Berthreume® was found in the literature.
ihis method is based upon the fact that the hydrochlorides
of di~ and tri-methyl amine are soluabvle in pure dry
chloroform while the hydrochloridés of ammonia and mono-
methyl amine are not. r‘he method as published is complete
and satisfactory except from tae standpoint of the time
required waicnh we were avle to snorten from about tThirty
six to twelve hours. ‘he method as finally used is as
follows:when adapted so as to determine methyl alcohol
also: | |

SOLUYTIvuLL RE.ULRED:

I- I.900 normal H C1l

2- .L . OUO . ’ P Hz D(OIf
3- L.000 , , ,, Ha OH
4- c.i000 , , , , HCL
5-  0.0500 v ~  HCl
6- Oo.0500 , , , , Ha OH

7-  0.0500 , , , , Ag BO,

¥comptes Rendus
Vol. 150 page 1251



8- iodine solution.
127 gre. I,& 150 gr. KI per liter.

9~ Na OH
307 solution.

I0- 1a,COg3 20 solution.
LI- Lessler's reagent

12- saturated Hg Cl; solution or as an alternative
yellow #g Oe
13- Nq2804, KI and other genersal reagents.

FLOw SgERET OF UHE ARALYSIS:

reaction products from autoclave or bomb
Bistill off CHyU4 after.acidifying with
Hp SOxiMake basic with ia OH distill again and determine
Cd30H in distillate by Sp.G.

Distill bases into water & titrate with I normal H Cl
Evaporate .15 t0 .30 mols in evap. dish with excess conc.
H Cl. Add 20 gr. pure sand just before dryness & take
just dry on water oath. -

Dry 2 to 3 hours in vacuum dessicator over iWa UH and

Ca Clz

ixtract 5 times with dry CiClg
residue extract
evaporate CHClp Dilute to 8dd Hgd,distill oPf CHC13
250 c.cm. after digsolving ,c00l dilute to 250 c.cm.
in water. ’ -
Pitrate 25 c.cm. With Agmo, Re. Ag(ﬁ‘ostoge% total bhases.
to get total bases. -

- P'ske I00 mol. dilute to
take sufficient to equal 50 L00 c.cm.,co0l to 0°C. &
CceCm. o5 He solne. in I00 c.cm add 30 c.cm. of the iodine

graduated cylinder. soln. also at 0°C.



Add 3 c.cm. of 30, lia OH
soln. 5 of 20% Ha,COzand
sufficient Hg Clz soln to
give 2.5 gr. Hg o¥

Agitate % hour

Filter thru gooch crucible
into H%SO* Jash with same

concen ratlon of Ila OH and
Haz LO3 .

precipitate filtrate
iransfer to add Na OH
ammonia dist. and distill
flask. Add into .I N.
30 gr. KI & HC1 and

a little Na 64 titrate
Distill into

I Neo HC1

ant titrste.

Note:

Filter after one hour thru
glass wool & wash with same
iodine soln. diluted I:3

—— e s - Gty S N g vy Ry W V) i Mo G Wt S S

filtrate precipitate

N(Cﬂ3gﬁ‘H01 H(CH3)3H01

dissolve I, 1132803& NaOH

in 1‘132903 -

soln. Distill and
- titrate with

Add little .U He HCl.

ia UH,distill
into .05 N.
10l & titrate.

Use Hessletrd reagent tou test for complete
precipitation of Nujy. See page I62 in "Laboratory
methods of Inorganic Chemistry" by Biltz,nall &

Blancharde.

X7

HegO can be used directly in place of 1gCly but
the agitation must be longer (I hour).

*2_.

Attach a glass tube to the end of the Gooch
funnel so that it projects below the surface of

the Hy S0
mono-mefﬁyl amine.

thus preventing volitalization of the



In the first experiments an attempt was made to
heat so.utions of ammonia or amines in methyl alcohol
to eguilibrium in glass bombs but they failed owing
to the facts that the glass lacked tensile strength
and was also attacked by the basesy

in the second series steel bombs were used. Some
trouble was found in designing a bomb that would not
leak upon prolonged heatings. i0or example in an ordinary
% inch pipe capped at boith ends the entire charge would
leak out in one hour. The type of bomb finally used

with success is shown in the accompanying diagrsam.

z§????§§22§<//;///4§iéé;7;/’///
\fbvm |
L s

DA

—

"

/ \
72

—

\\\64STCAP

STEEL
COPPEFR GASKET

In this series the charges comnsisted of a solution of
ammonia in methyl alcohol with and witnout thne addition
of fused zine chloride. the temperature was maintained
for varying lengths of time at 218%c. ( B.r.of

naphthalene). The naphthalene was boiled in a two liter

*Gelatinous silica was formed.



flask titted with a reflux condenser and containing the
experimental bomb suspended witnin it. The charges used
,the conditions of heating and an ahalysis of the products
ot reaction are given in the following tavles.

"able one shows ine charzes of series one as they
were before heating and also the loss on heating. It
will be noticed that the losses were large due to tne

technique of closing the bombs not having been perfected

Pime 'empe xatio to
in Hrs|{Ce. Compound te Molsa mola=-1Hs
| 24 218 NH, I1.03 gr| .0566 1.00
[Charge LO.
CHg OH b.83 .1520 3.00
one.
ZnCl, none | =—=-=== | s=ec=--
loss on .
heating L.56
60 218 . .
. CH3 CH 5.98 +1869 3.00
number two
4nCly none
loss 3.13
2218 | wu, 0.866 | 0509 I1.00
Charge
CH; OH 4.89 .IDI8 3,00
xumber three _
4nCl, 10,37 L.50
loss .18
TABLE T.

CHARGES USEVD IN SERILES NUMBER UNE.



at this time. As shown by tne table three experiments
were run in this series;one for 24 hours without snCl;
anotaer for 60 hours without .nCl,and a third for 2
hours with ZnCl, . The yields in each case being so very
low the series was discontinued. i‘he yields as given in
table 2 show however that .nCl has a marked effect in

increasing the yield of amines.

Time Temp. ‘ ) " Tiatio to
in HrglC, Compound Wte ols, ilols NH3I
L 24 218 HHq o751 . U442 I.00
NCH; H, <021 .00008 021
Ch no. | N(CHsz pH:
onzrge 4EICH3£§ trace
yndte. «33
60 218 B3 «D76 « 0339 T.00
NCH3;H, «031 . 0010 .029
Charge Prace of [di- & tri
number two
CH30H 3.31 « 1034 3.05
Undt. 933
2 218 WH3 «834 . 0453 T.00
_ NCH; Hz «I32 «00359 079
Charge Di-& Tri- 00029 L0064
number threg
Undt. 1.30
TARBLE No. B.

PRODUCTS OF SERIES NUMBER OHRE



CHARGES OF SZRIES 7.0

. — | - - ratio of
Time | Tempe. |COL20UND -{ WBIGHT: | MOLS mols NHyI
b5 218 NH,Cl 2.862 L0535 .00
| Run number | GH,0H 5.140 L1606 3400
one.
ZnCl, none
loss I.31
5 218 11,01 330 .0598 1.00
| %un nunber | CH; OH 5.77 L1799 5.00
o ZHCL,  |12.56 I.50
loss 270
5 218 NH, 0L I.00 0I87 7.00
Aun number | oH, OH 5.42 L1684 9.00
tnree.
7nCl, 3,84 I.50
loss 0.0
5 303 NH,C1 0.50 .00935 1.00
Xun number | CH,OH 3467 LI146 12.26
foure. ' ,
loss .02
5 %03 NH,C1 .50 .00935 1.00
{un number | CH,OH 4,12 .1288 I13.77
five.
ZnQl, 0.00
loss 00
5 303 NH,C1 . 50 .00935 1.00
fun number | GH, OH 3,92 .1225 153.06
Xe .
51 721012 .95 .75
loss . 0D
8 Z0% | NH.C1 « 50 .00935 I.00
| Run number | gy, 0H 3,74 JII69 I2.39
‘sSevele.
L _ ZnCla T.91 I.50
loss .04

TABLE 3,



PRODUCTS OF SERIUS TWO
[78T10 TO
TIHE  |PELP. | Compound Wte wols ols iiH;
55 | 218 | uH,C1 2.587%7 L0585 I.00
_ , HCH, HaC1l | L L7T .0026 L0525
Expt.owmber | §(CH, JHLL 0469 . 00057 L0118
one.. L{CHs MIC1] trace
CH, UH 3430 .103T 2.153
Undt. «H9 ZnClz none
5 o1 |UH, 061 2.474 L0462 1,000
, LCH;il,C1 | 1,012 L0150 Q.325
Eﬁﬁg:number' U CH)JH,C1] .0030 000363 .0078
H(CH,); HC1| trace
CH, OH .720 .0225 489
Undt. 250 ZnCla 1.50
5 218 |uH,C1 04670 «0I253 £.000
NCH; H, HC1| .368 .0054C 432
%i%ﬁg?mber I(CHhH. 01| .0458 .000558 .0454
il ( Gy, HG1| .008I .000084 .0067
CH, OH 2.05 .06406 5,113
Undt. 3.44 Znol I.50
5 303 |NE,C1 .279 .00522 1.00
UCH; B, C1 | .243 .00360 689
BEpT AUIDeY | ( (HH,C1] .0£93 .C0036 2069
T H(CH)p HO1| .OIT5 LOUULE .023
CHj OH 1.696 L0530 |10.15
Undt.. £.00 ZnClaz 1.50

This table

is continued on next

age.



5 303

HH,Cl

453 .00849 .00
NCH, H, C1| .0678 000632 .098
Axpt enumber | H(CHME, ¢l .0I20 .G00I25 .0T47
five. N(cH,), 50l .trace
CH; OH 5.81 JITOT I4.04
Undt. .27 znCl, none
5 303 | NH,C1 .396 L0074T 1.00
HCH; HsCL | 114 001685 .227
Expt. number| N(CHLH, 0l 0408 .00020 0207
S1Xe N(cH), 5cl .0026 .000025 | 00335
CH, OH 3.32 .1006 13.57
Undt. .75 Znel, .75
8 303 | mH,C1 .225 .00424 I.00
‘ NCH; H,C1 | .308 .00457 1.078
dxpt. nunber| N(CHsbopCll 0600 .00074 .I162
Sever. N(CH), Hcl .0II4 .000T 2 L0262
CHsQH | =====-- logt: - =
Undte . ZnCle I.50

TABLE 4




rables three and four give tne charges and the
reaction products respectively of the second success-
ful series in which ampmonium chloride was used to
replace the ammonia of the preceeding series. Again
5ince chloride greatly increased the yields but it
will be noticed that Exptss without zinec cnloride
in this series gave as large yields as those with
zine qnloride in the preceeding series. Series two
consists of experiments at two temperatures;one
218°0. (boiling point of naphthalene) the other
303°C. (the boiling point of acetanilide).

The important results of this series can be
found in table four . thus experiments two and three
show that by multiplying the ratio of the mols of
glcohol to the mols of ammonium chloride by L0 that
the yield of mono-methyl-amine is multiplied by
approximately I.5 while the yield of di-methyl-amine
is increased to four times this degree or 1is
multiplied by about 6. uxperiments three and four
show that while increasing the temperature has

almost an equal effect in increasing the yields

-12=



of mono and di-methyl-amines but that it has three
times this great an effect in increasing the yield

of tri-methyl-amine. That is in raising the temperature
of the experiments from 218°C. to 303°C. the yield
of mono and di-metnyl-amine is multiplied by
approximately I.5 while the yield of trimethyl-amine
is multiplied by 4. Experiments four five and six
show that decreasing tne ratio of zinc chloride

has a slightly greater effect in decreasing the yield
of di-methyl-amine than of mono-methyl-amine and
about 2.5 times this great an.effect in decreasing
the yield of tri-methyl-amine. rinally experiments
four and seven show that while increasing the time

of heating from five tt eight hours practically
doubles the ylelds of mono- and di-methyl-amines

vet it has practically no effect on the yield

of tri-methyl-amine.

It must be mentioned at this point that large
quantities of gas was liberated 1n all bombs in
which zinc chloride was used the amount of gas
increasing with the time of heating. Upon analysis it

proved to be hydrogen.

~13%-



RATIOS OF MOLS AFTER HEATING HNHa=I

CONDITIONS

mime | Temy| NH, | HCH,H, IN(CH), H|N(CH)s |CH,0H | Znci,
24 | e218!|1.00 | .0I54 2.97
60 | 218 ||1.00 | .0290 3.05
2 | 218 |l1.00 | .0792 | .0064 2.30] I.50
5% | 218 ||1.00 | .0550 | .oI2T 2.7
5 |z2181l1.00 |.3250 | .0078 .49 1.50
5 |2z8 ||1.00 |.432 .0447 | .0064| 5.11| T1.50
5 | 303 ||1.00 |.689 .0690 | 025 | 10.15| T.50
5 | 303 ||1.00 |.098 L0147 14.04| .
5 203 ||l1.00 |.227 .0207 | L0034 | 13,57 .75
8 | =03 |lt.o0 |t.078 [ .162 .026 | 10-13| T.5C

TABLE 5.

~]1 4~



*H,T.Jones, J.A.C.S. vol. 40- page 1411 f.f.

Yable five sums up the important results of
both weries one and two and can advantageously be
used in considering the conclusions stated in the

following summarye.

SUKMARY :

I;.
liethyl amines are produced only in-

traces when IHjor WH,Cl is heated below
505°C. without the addition of a dehydrat-
ing agent.

o 2-
Using /nCl, as a dehydrating agent

yields of mono-methyl-amine are obtained
up to 55 % of the theoretical di-methyl-
amine up to 7.5 % and tri-methyl-amine
up to I.85 % of the theoretical in
eight hours at 50300.

5—
The yields increase*with increase in

the amount of ZnCl or of CH3;0H present
,Wwith increase in temperature, and with
increase in time of heating according to

the following rules.

A- .
Ratios~of /ZnCl,and CH,;0H to LHs

and temperature of reaction have

greatest effect on yield of tri,next

~15=-



on di~ and least effect on the yield
of mono methyl amine.

B_
Time of heating has greater-

effect on the yield of di-methyl-
amine than of mono-methyl-amine.

4~
HEquilibrium cannot be reached in an

iron vessel due to hydrolysis of the Zing
chloride and liberation of hydrogen from

tne H@l thus formed, by iromn.

23044
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