



























































































































































Digeunssion apd Conclusions

As the graphs indicate there is considerable variation
in the velocity of the reaction for different runs. In some
cases duplication of rune was almost exact, as Figures 3 and
4 (right) show. On the other hand, as can he seen in Figures
4 {left), 5 (right), and 6, the reaction went progressively
faster for other runs. In addition several cases were observed
in whiech the reaction slowed down, Figure 7 and Figure §
{left) being examples. Moreover, the veloeity of the first
run of a day invariably proceeded more slowly than the last
run of the day before. The run in the packed flask shows
clearly a more rapid rise in pressure during the early stages
of the reaction than in an unpacked flask., All these facts
indicate some heterogeneity in the reaction.

Inepeetion of the tables shows that in many cases the
change in pressure per m;nuta is strietly linear over a reriod
of several minutes in the earlier part of the reaction. Such
pressure variations are characteristic of zero order reactions,
whieh take place on the wall of the reaction bulb.

At one time an apparatus was used in which the ester
wag introduced into the reaetion bulb through a stopeock. The
temperature was 510°C. After a few runs were made, the re-
action suddenly stopped. Though the ester was heated for
half an hour, no pressure change was observed. This behavior

was repeated for five runs. To foree a reaction, the
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temperature had to be raised to 550°C. where peculiar curves
were obtained, one of whieh is given in part in Figure 8.

The behavior observed was presumably due to stopeock gresase
waghed into the system by the ester and seeme to us to be
proof that the initial decomposition of dimethyl carbonate

is heterogeneous.

The reaction graphed in part in Figure 8 proceedled for
ten hours, s¢ practically all ester must have been decomposed.
Hence, any ester passing through the U tubes whiech were
cooled to -17°C. with ice anﬂvsalt wae negligible. Analysis

of the produets gave:

Y
692 23.2
Hy 27.3
co 28,2
czag 1.18
CHy 23.80
Total 97.13

When the per cent of CO and CHg 1s corrected on the

assumption that the ethane is due to CO, we have

%
o, 23.20
K, 27.30
co 24,33
CH, 24.43

Total 99.26
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As has already been shown, dimethyl ether appears to be
a produet of the reaction. It would seem plausible, therefore,
that the initial, heterogeneous decomposition of dimethyl

carbonate is given by the egquation

Hinsehlwood and Askeyze have shown that dimethyl ether
decomposes homogensously and unimolecularly at temperatures
from 422%C. to 552°C. provided the initial pressure is above
300-400 mm, The products were Cﬂi, Hy,, and CO, with HCHO as
an intermediate produet. |

Farthermore, Fleteher®l has shown that formaldehyde de-
~ecomposes homogeneously and bimoleeularly from 510° to 607°
when the initial pressure was between 30 and 400 mm. The
produets were CO and Hp,

In the present investigation it has been shown that for-
maldehy@e is & produet of pyrolyeic and that neither farmal-
dehyde nor dimethyl ether accumulate to any apprecisble ex-
tent. The latter is to be expected since the temperature
at which the decomposition of the carbonate was studied was

540°C. Moreover, the analytical data shows that CO0p, CO,
Ho, and CH, are the prinecipal products of pyrolysis, each

being present to the extent of approximately 25%. It thus
appears that the prineipal decomposition of dimethyl carbonate

can be represented very nearly by the three ceconsecutive reactions



(CHy ) 5C05=-» (CHy) 50+ CO,
(335)20 ~=p» HCHC + CHy

HCHO -->» Hy+ CO

That COg, €O, Hp, and CHy are not present to the extent

of exactly 25% is probadbly due to side reactions which are un-
guestionably present. Carbon and ethylene are among the
products formed, and water may also be. From the kim tie
data for the packed flask run, it will be observed that a
decrease in pressure of 7.9 em. resulted over the period from
172 hours to 48 hours. When the flask was removed from the
furnace, the glass Jubes used to paek the flask and the flask
itself were observed to be very dark yellowish-brown in eolor.
The same color resulted with the unpacked flask, but to a
lesser degree. Hinshelwood and Askeyzl found that dimethyl
ether gives neither ethylene nor water, Henee it appears
that the products of pyrolysis undergo resction at the tem-
perature used. In addition, of course, dimethyl ecarbonate
may decompose by some side reaetion to give produets other
than those already indiecated, :

Inspection of the analyses brings out the following
faets: 1. During the early stages of the reaction (0, is

present to more than 25% of the gas volume and deereases with

time to less than 25%. 2. Hy and CO both begin at less than

25% and inerease to greater than 25% with their ratio remaining



nearly constant. 3. The per cent o CHy is nearly constant.

In addition it will be observed that in the case of the
decomposition to 52.5% completion, the per cent of CH, is

greater than the per cent of either 32 or CO.

Taking the mechaniem ag postulated and assuming that both
(CH3}20 and HCHO aecumulate to the extent of 1.3/, analysis |

should give
%
Absorbables 28.6 ineludeavcaz, (CHz )20,
HCHO

Ez 2304

co 23.4

CEQ 24.6

100.0

This {8 in good agreement with the values obtained for
the decomposition to 54.8% completion. However, in no case
was there any evidenes that either the ether or formaldehyde
was present to mors than & third af that assumed above.

The ethylene formed is probably produced by the reaction

2CH; ~-» CoH, eHy
which has been studied by Cantelo23 who pasesed CHy through &

hot tube at 800°C,

Bone and Coward~® have observed that methane decomposes

to give earbon and hydrogen.
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Cly --» C &2Hy

They found, however, that the rate was very slow at tempera-
tures below 700°C, unlees a very large surface wasg exposed to
the gas. This reaction would account for some of the ecarbon

formed as well as & portiocn of the inerease in Hpe They have
also shown that ethylene gives carbon and methane in the

neighborhood of 580°C,

In this manner some of the methane would be restored.

Carbon dioxide may be removed by the reaction

COg 4 C --3 2C0
which is known to proeeed slowly below 800°C,,26 or by the

reaction
502# 32 -t CO= Hs0

which is favored by heat.2d
It may be that a 'water gas' reaction is also present
C# Ho0 --» CO4Hp
Thie series of reaetions, known to proceed more or less

rapidly at the temperature used, provide a means of inereasing

the percentages of (0 and Hy, and redueing the percentage of
302.

What reaction causes the decrease in the volume is not
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definitely known. However, & reaction suech as qu ce-.-,ca}zza

would have this effect. In any case, the reaction does in-

volve the deposition of earbon.

An estimate of the overall order of the reaction ean be
obtained from the following ceonsiderations: For a first
order reaction, the ratio of the time for three guarters de-
composition to that for half decomposition is 2, For e seeénd
order reaction this ratlo is 3.

It will be observed that Run 3 in Table II and Run 4 in
Table III proceeded at about the same rate. Henece

fi = ‘32512 = 2.5
These runs were at the higher initiasl pressure.

Again, Run 3 in Table VI and Run 1 in Table VII, both at

the lower initiel pressure, show ebout the same speed. For

this case

g, _18
5 T

which is in good agreement with the former value, These
values indicate that the overall reaction is therefore between

8 Pirst and a second order.
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Snmmarz

1. An apparatus has been described which is suitable
for the study in the gaseous phase of substances which are
liguids at ordineary temperatures.

2. Kinetiec data havi been obtained for the dscomposi-
tion of dimethyl carbonate at 540°C. and at initial pressures
of about 17.7 om. and 34.0 em.

3. GQualitative analyses have been made indiecating that
the produets are CO0p, CO, Hy, CHyq, CgHy, HCHO, (CHz)p0, C,

HoO, and some unknown substanee. Acetylene, acetaldehyde,

acetone and ethane cre absent.

4. Guantitative aralyses have beer made to determine
the ratio of the components of the oroducts at thres stages
of the decomposition.

5. Evidence has been given tc show that the reaction
is in part heterogenecous anéd im part homogeneous.

6. 4 mechanism has been postulated to aceount for the
faets, but not entirely successfully.

7. It has been shown that side reactions involving the
products take plasce. Inown reactions are given whieh will

produce results whieh are in qualitative agreement with the

facts.
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