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INTRODUCTION

This work has been done to supplement and continue

that of Gordon Henry Turner as reported by him in his

‘,now on file in the library of the Uhivers1ty of British

Columbia. o _
" For dn outline of preVious studies leading to this

npresentvwork, b refer ‘the reader tokthe above mentioned

”ﬂ‘thes1s. Therefhe'WilI find ell the details necessary

:for the understanding and appreciation of this the31s.

kaFor the most part I have referred to Turneris thesis,

if‘when explanatrons’ofwthe different phases of thiS“x“

‘present study, are contained therein,

: Turner found that dimethyl acetal decomposes to

give methyl aloohol and methyl vinyl ether. It'was thus

*”’considered de31rable to study the thermal decompos1tion
of methyl vinyl ether in the hope that it would‘phrow
,more light on the decomposition neehanism;ofkthe"aCetal.
“Althoughrthis work has confirmed assumptions*made
'iin explainingdthe deoompositiOndmeohenism of dimethylp
"'aeetal;“it'hesdnop been compietedito %he writervs,sat—
\4ﬁiSféetion.k There?are still complicating factors~which
could bear’further investigation. The readert's attent-
ion will be drawnntodthese as{ﬁhey'are mentioned in the

following pages.




EXPERTMENTAL

Preparatidﬁrof‘Methyl Vinyl Ether.

:Thisvpreparatioh was carried~odt*after the»method
of Dr., Wm. Chalmers (1),

CHZOHCHQOCHZ e (PBr3) —n CHéBrCHzocﬁz
‘ CHzBrCHQOCHB - (NaOH) - CHQGHOCHB.
;An excess of the methyl ether of ethylene glycol (8-10

moles) was mixed with two moles of anhydrous ethyl ether

and placed 1n a threeonecked flask provlded w1th a reflux'

oondenser, stirrer and dropping funnel. The flask was
cooled in ioe and waterfand two. moles of phosphorus tri—
bremlde were added dropw1se with v1gorous stlrring., The

:mixture was then warmed on a water bath for several hours-

and allowed,te.stami over;nlght,‘~Methylwbromorethyl.ether 5

waS'separated~from the abOve bykrepeated distillatien.k

| The methyl vinyl ether was made by the reaction between

'the methyl bromo;ethyl ether and sodium.hydr0X1de. This
was accompllshed in generators attached directly to the
apparatus used 1n studylng the thermal decomposition.k
These generators are shown in flgures 1 and 2, and are

'descrlbed in the - paragraphs 1mmed1ately following.
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kFlrst‘Generator.

The ether used in making runs la, 2a, Ba, 4a,
i and 5a was made in the generator shown 1n figure 1,
' The genefator‘d and the column P were filled

Wlth sodlum hydroxide pellets. With stopeocks Sl

",;‘33, S5, s6 and §9 closed ~and 82, s4 ST and S8

open, and whole apparatus ‘as seen in this diagram
jwas evacuated through the vacuum llne v, which leads
'through a mercury dlffu81on pump to a. Cenoo Hluvac.

Then stopeocks sS4, 87 and S8 were closed

. about 30m1t methyl bromo-ethyl ether'were’
;lutroduced;iuto the,generatorvthrough the funnel F
‘aﬁd‘stopcook’Sl; On warming‘the geuerator on~a water
"kbath methyl vinyl ether distilled off and passed.
through the column P 1nto afgas holder D (approx. .
yéooml, capaclty). The apparatus.was-so.de31gned, .
that any of the bromo-ether leaving.Gtwouldaoondensed,
: iu'the condehserlc and’ruh‘back’into P;'Whére;it;, '

would be in contact with sodium hydroxide.

fﬁfter tﬁelreactiou‘ineG waS'complete,lSSdWas\opened
wnbil meTeury from.the resertoir Rl hdd risen above 82.
Then both Szeand S} Were closed aﬁd’theigenerator,
column and condenser were rembved by disconnecting

the ground glass;joint e







The gas contained in D now consisted of methYl
- vinyl ether together withkany permanent gases (Which‘
ﬂdght have been formed from impuritieekin theﬂbromo;‘
ether or from the bromo-ether 1tself) and possibly
a trace of the bromowether, The Vinyl ether was frozen
&!out by immersing the tube T1 in liquid alr - and raising
f;the leveling bulb L1l to 1ncrease the pressure in D.
'pThe permanent gases were pumped off through S4 and 38,
'Then with only 84 and 87 open, the llquid air was
"removedgp Before all of the ether had evaporated into
.the storage bulb B S7 was closed and 88 opened to
‘ allow the res1due to - Dbe pumped off Thus only the’
middle fraction of the: gases which had been generated
in G—were stored,,and;the lighterﬂand heav1er fractions

were discarded,

'jSecond Generator.}

In spite of the precautions taken in the above
~meﬁhod of preparation,,it was. thought that a more
:efficient type of’generator could be_dev1sed. Therefore

the ~generator shown in Figure 2 was built.

As before, the whole apparatus was evacuated and
all stopcocks closed w1th the exception of SZ.‘ The -
. traps Y and Z were immersed in dry ice and liquid air
’respectlvely. 'Then,'Wiph coldfuater'flowing through
’the condenser C and hot water through the Jacket H,

a‘about BOml. methyl;bromoeethyl-ether were 1ntroduced:
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from F into the sodium hydrox1de packed generator Gs

The de51gn of this generator was such that any bromo- i

ether Whlch evaporated while the pressure in the

appératuS~was’still?low‘would'be in~contaot withysodium

hydroxide for a longer period of time before passing 1nto
' the condenser' and that which condensed in C could Tun

doWn~t0‘the'heated part oftthe,generatoro, What little
‘:Abromoeether passed through the eondehSer was caught in
the dry icé trap. Thus only the very Tow bolling poimt

oonstituentsffound theirnway'to the liQuideair trap.

After;the‘reaction'was completeg~82 was'Sealed with
mereury and. the generator, condenser and dry-lce trap were
,fremoved Then S4 and 88 ‘were opened and the permanent gases

pumped off.

On the removal of the llquld alr, the flrst fractlon
6f methyl vinyl ether evaporating was stored in B, The
\remalnder was taken from the trap to Tl by immer51ng thls
tube in liquid air. Then, on the removal of the liquid
alr‘frOm Tl part . of the ether was allowed to evaporate

into D and the rest was sealed off in Tl.

The ether stored in D was used in all of the b-runs, ,
.and that stored in B was used in the c-runs. When aAk |
~decompos1tion run Was to be made, the ether was taken‘to
the reactlon chamber through SE. After the run had been

oompleted the products of the decompos1tion were removed
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“through S5 and stored in the previously evacuated storage

‘bulbs bl, B2, b3 and b4.

Removal"of Gaseous Samples. / |

7,: To. remove gaseous samples for analysis, the’ appropriate
st0pcooks were opened and the. gas to be analysed Was pumped
off through S9 to a burette - a Topler pump being used for
:thls pum.pingo The samples taken from:the burette were stored

*,over mercury andkmiorOanalysed (2),

'Reactlon Chamber And Pressure Measuring Apparatus.o

Figure 3 shows the method of acoomplishing the thermal
decomp031tion of the methyl vinyl ether at constant volume,
kand of measurlng the pressure at progressive stages through—

out the decomp031t10n.

The~furnace F; enclosing the decomposition ohammer X\
andnthe platinuh resistanoeithermometer PR, was brought |
-to~the“desire& tehpereture,he;d the~whole°apparatus as
seen in flgure 3 was. evacuated through 85, s12 and S13.
Then all other stopcooks were closed and Sl4 was opened
untilfmeroury~from the reservoir R2 had rlsenjinto~the"
U-tube U to the level H, It will be seen that manipulation
of . SlO Sll and S14 leadlng to the air leaks Al, A2 and A},
and through VB to a vacuum bottle, made it possible to -

oontrol the mercury level in either or both of the arms

of the U;tube,







| Epher was letvinto~X through SBVuntil the leVelAin U
showed that the desired initial pressure fcr~the resction
. had beeukreached. Them185'was;closed'and air allowed |
inﬁoiSV (afstabilizing volume)~£hrough Al aud A2 until the
_’level in U was brought back to H The time which elapsed
between the 01031ng of S5 and the re-establishlng of the
‘:level H was recorded together with the pressure read frcm

~the manometer M,

Air was let into Sv at regular intervals; and, eaich
,tlme the level H was re—established by the pressure o
"building up in X the tlme and pressure were recorded.

It will be seen that each time the level H was establlshed
the pressure in Sv was the seme as the pressure in X and
rtherefare the pressure measured by Mywas 1dentical wlthlthe

pressure in X,

Other parts of the apparatus not explalned above are
levellng bulbs to manipulate mercury for seallng stop-
ycocks, capillary tubes to retard the flow of gases, and

traps to catch wrld mercury, liquidvproducts etec,

Temperature Control.

Figure 4:is a wiring diagram showing the methods used
to control and measure the temperature.
The furnace Fl was coupled in series with a variable

resistance~Rl,gan ammeter,A ahnd a,llOV~5amp'variac Vo
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Acrosszl‘was,a‘Seoondary circuit consisting of another
varlable r681stanoe R2 and a photoelectrlc relay (PEC)
in serles. The double throw switeh SF was placed in the
secondary clrcult to accomodate another and similar

arrangement for anotherofurnace.

~The platlnum res1stance thermometer PRl ‘was wired
‘across the center poles of the double throw sw1tch SS -
'yanother double throw switch SP belng placed 1n this llne
to accompodate the platimum resistance. thermometer used
’ih?eOhjunctionewith the other‘furnaoe.’ The 31de of the
switeh 85 led to the wheatstone ‘bridge WC and from there
to: the galvanometer*Gl used with the photoelectrlc relay,
The: other 31de of SS was led to the wheatstone bridge WM

' and fr@m there to a secon@ galvanometer Geo'

TWith thefproPer adﬁusﬁment of;Bl ahd B? any desired
:  temperahure iﬁﬁ@hé[furnaee‘coﬁld beymainfained by thef:
/4correct‘settingvof?WCA and this ﬁemperafure‘eould'bek'
measured on WM by means of the light L2 and- the scale Sc

‘used 1n congunction w1th G2,

The above method of controlling and measurlng the

\'atemperature 1n the furnace was found to be entlrely

satlsfaotory. At no tlme durlng a run was the temperature
found to vary more than O 05°C on either 31de of the -

: recorded temperature of the run.
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TREATMENT OF THE DATA = PART 1.

,PreSSure - Time;Graphsr

>ﬁrperimentel“total pressures were plottedias ordinates
~pagainSt;time as ebscisseeo From the ourves‘so‘obtained,u~
»“smoOthed" values of:the‘totel pressures corresponding to
equal 1ncrements of time were tabulated and used in the :

V ’follow1ng calculatlons.

Graph 1. shows the type of curves obtalned when total

pressures were dlvided by correspondlnD initial. pressures

and plotted against tlme., Div1ding by the 1n1t1al pressures‘

facllitates comparlsons of fractional 1ncreases in pressure N

from one time to another durlng a given run, or from one

run to another for a. glven time.

~Each curve w1ll be seen to turn upwards at the
beginnlng. Theflength of tine fer which this waS‘noted
'varled from curve to curve and seemed to depend upon the

temperature and 1nitial pressure and upon “the condition

- of the reactlon chamber, For relatlvely hlgh;temperatures'

and for high lnitlal pressures the effectewas nearly

indiscernable becausegorlthe'more rapid increases in total

pressure due~to the‘msin reection. It is dlfflcult
'therefore to calculate the dependence of this "inductlon"
period upon temperature and (oro pressure. Experiments ﬁ

‘with air proved that it was not due to the heatlng of the
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ether from room temperature to the temperature of the run. ; =;ﬁ

This takes an immeasurably short time.

Order of the Reaction;

Graph II.kshows pQ
P ’ S Pf wpt
D5 is the 1nitial pressure, Dp is the flnal pressure and

~plotted against time, Where

Py is the total pressure at time t. The ;nltlal pressures ‘ﬁf

‘ Werencalculated fromithe'final<pressures'by diViaing by’

2 2 . This value was determlned by 1ntroduc1ng methyl
vinyl ether 1nto the cold reactlon chamber 'measurlng the
’pressure heating untll the decomp081tlon was complete
- and then measurlng the flnal pressure. The value 2.2 is

~ an average of several runs made 1n this manner.

The fact that the curves in Graph II. approach llnearlty
‘shows the decomp051tlon reactlon to approximate an overall

second order rate.

If the reaction were second order the ratios .%lfi

: 1/2

and t3;4 should be 1/5 and 3 respectively, where t1/4,
l/2

t1/2 and t3/4 are the times necessary for decom9031tlon

of 1/4 1/2 and 3/4 of the ether respectively,, Table 1

shows that the above ratlos would indicate an approximately,
. second order~reactlon.‘ From this we may conclude that the
main reactlon in the thermal decomp031tion of methyl v1nyl ‘l; Q

~ether is deflnltely second order.
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Yy/4

b3/

Rum | T°C |

t

Yije|

ba | 423

2a | 423 |
| 3a| 430
| 4a| 439

av| 403 |
3b| 413

" 5b 414
1b 423
2b ) 435

e | 390 |
e 403 |
be| 414
Ic| 414 |
S 2e | 423 |
4dec | 433 |
| 7e| 413 |

la| 400

,:28
.41

- i |

W41

o317
35

.57

35
'35

.39 |
05‘6 :

.51

«l9

.36
24

1/2 :

" s s

- 2270

2.99

2.88)
3.3

3,03 |

3.24

2.60|
3025' :
3.24 |

- . o a>

3 0]—4‘ E

555
353
2199

3.13

,t 2¢95

averages

.35

3,15




Reaction the:ConStant.

Reactlon rate constants (k2) Were calculated for each

run by use of the formula-

K = D R | ————(appendix (1))
~ t P =Dy  PFf - po) ‘ P
where S is the ratio of final to 1n1t1al pressures deter—

mined as described above.

Values for k2 ealculated in this mannerkdid not show

any deflnite dependence upon temperature. This was assumed

_to be partially due to what I have, for convenienoe, termed

i
|
4
i
i
N
i
i
R

the "induetion" period., As will be seen in the follow1ng
examble (chosen to show th1s~effect), the determinationl
of an exact constantﬁror'thedrate of'the main reaction

| rwastalmQSt impossible - at least by this method.

Since values ofrk25so'oaloulated were 1in most cases

constant over'oonsiderable periods of time; it was

decided that the main decompos1tlon reaotlon was

deflnitely second order. Slnce averaging values such

as those in table 2 would not . give good“results the

reactlon rate constants used for further calculatlons
were obtalned from the formula -

Ko = 2?2; --.-;Q---(appendlx (2))

The constants.obtained in~this manner are tabulated in

table 3. ,
- These values showed better agreement for runs at the

same'temperature,and showed a temperature relationship;
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TABLE 2.

Bun 1o 41470

t B ¢

158
| B U

min.| em. |

~ 118 | 11.50

i’“BO | 12,30

10 - 7.00
2 '7155'
4 . 8,20
6 - 8.851
18 | 9.50]

10 10415
120 [ 10,70
14 | 11,05
116 11,30

* e 9

PO O ROWW S I A R\ OO0

| efrect of
. induction
- period -

?

20 | 11,60
122 S 11.75
26 12,05
28 | 12,15

38 ; 12¥7O :
40 | 12.85 |
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Run

pog |

;(}m‘\

 Remarks

‘;la,

5a

2a.

3a

4&
4B

3b

6o
30
5e

le|

2¢c

de . :
1 413

7c

400
423 |
423
430
439

403

413

| 5b| 412
1b
2b

423
433

390

403

414

414 |
15,80
10,50 | 4
6, 07'-

423
433

6.325

9. 40

12, 9o,

17, 20

19, 60
20,10

- 21.10]:
15 052
17.40

7,00

e

+0359

.0105
.027% |
.0428

: 00081 -
.0110'
'.0183
| 50269 |

.0075

| L0093 |
.0112 |
~,0111

L2l

Dy too low,

proven unreliable

bY DofPr-Pt VS t.

Po J(';OCk) low.

| s0022 |
L0031 [

20f¥
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as seen in Graph III; Tt will be ﬁoticed that the points
in thls graph eongregate 1n zones, and that the averages of
p01nts within each zone shcw a deflnlte trend from zone

to zone.

‘Energy~of Activation}

The energy of activation (E) for a second order

reaétion is given by the‘equétidn'c

from whloh we may derlvee

E =2, 303R a ijf}o kp - 2L, --(appegaig(§>)

‘ T
and since %2 is relatively small compared with E

E & - 2,303r @ logig kp =‘const.
| i |

ap—

_f Thus plottlng loglo k2 against % should glve a straight
‘llne. ‘

This however was not the case.' But on plottlng '

‘loglo k2 agalnst T the straight line in Graph IV. was

obtalned - 1ndicat1ng the relatlonshlp
=R

2, 5033 a éoglo ko T2 --—(appendlx (4)) , ié

o

0.IT2 - o, 992 T

- 48,300 cals at 4}0°c S o 5
and 44,600 cals;atj400°c{
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The fact that the overall reaction was proven tO'
approximate a second order rate would 1ndicate that, although
,this last equatlon may give values of -the- actlvatlon energy
whieh are of the right order of magnitude, ‘the equation it-

- self. could hardly be expected to hold over any reasonably k

large range of temperatures.,

* TREATMENT OF THE DATA — PARTII.

Effect df thesRatio’of Einal{to Initial Pressures. .
}The%dependende ordapparent dependence of the activation

| energy upon temperature was thought to be due to the

'condltion of the reaction chamber.’ It will be remembered
that the ratios of flnal to initial pressures were taken
‘kas 2 2 for every run. If, however the pressure - time
curves are extrapolated to ZEero time, the actual values of
this ratio very and 2, 2 1s Just an -’ average. It is ¢35;f
"that the,dirferenee between these‘values amd the average'
Was never'more than éive percent» but the following 3
Tcalculatlons show that their use in place of the average o ' ‘g
‘glves a constant value ‘for the activation energy while ‘ :%

, having little effect/upon.the other’data.

Using the individual values of Pf and the py's from
' : o D el
extrapolation of the pressure »,timg curves, itrwas found
thatbthesCurves in Graphs I and II were notfnoticeably

:shifted;~and that the'approximation of an overall second
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order rate was indicated as before.

| Table 4. shows the values of - s-pf/pO and the effeot they have
on, prev1ously calculated data, The blank spaces in table 4
,correspond to curves which could not ‘be extrapolated to

Zero time°

The Reaction Rate Constant
| Table 5. glves the values of k2 oalculated by use of the

. formula : |
ky, = l/Potl/g. n,",'. ; (appendix (2))

This table 1neludes only runs for which the pressure =
’time curves ecould be extrapolated to zero time. With the
exception of k2 for run 4b y the values in eolumns a and b
oheck quite ¢losely, but it w1ll be seen that those in

vcolumn b show more regularity than those 1n column B

Energy of Activation. , v

| Under this heading in part I it was explalned that
for a second order reaetiong theyenergy’of,activation is
~given by the eQuation 475 | =

E = -2. 305R = eonstant.

and plotting loglok against l/T should give a straight

2
pline. Graph V. shows this oondition fulfilled for the

reaction rate oonstants 1n column b table 5. The slope of

- the line in Graph V is =5, OOO, giVing

E = 24 900 calories,

This value Would appear to be extremely low and is definitely

s




TABLE 4,

NOTE - s=2,2 :f"’or_(a)fk eolumnsand is v,ariable for' ( b‘)‘"colkumnys. :

, i ‘ r—
Rum | T°C|  pyom peom | s tl/2m1 x—l—/% ' %ﬁé’.

1 (a) (b) ,'(a&b)“LA)‘ (B) (a) | (p) (a) (b) (a) | (®)
6c | 390| 21.10| 20.95 46,40 2.2] 2;22;_22 10| 21.75] 31| 31| oo | ooee
la | 400 | 13.30| =====| 29,25 2.2| ====| ci0ve.| mmmme| com | con| s | meee
4b | 403 | 12.90| 12.40| 28.40| 2.2 2.29| 9.52| 5.95| .35| .36| 3.03| 2.57

3¢ | 403 | 15.05| ~====| 33,10| 2.2| ====| 21,65| ====e| 19| =o=| 3,14| ==um
3b| 413 | 17.20| 16,80 37.85| 2.2| 2.25| 5.27| 6.58| .36 .28 3,24 2.51
5b| 414 | 5.85| 5,90 12,85{ 2,2} 2,18 9.25| 12,60| .39 | .30 | 2.60| 3.00
"le | 414 | T.00| m====| 15,40 | 2,2 | ====| 15,30 | =eme=| (44 | =o=| 3,53 | =ae=
5c | 414 | 17.40| 17.10| 38.30| 2.2| 2.24| "7.68| 7.27| .36 .35 3.53 | 3.72
76| 413 |  6.07| ==—mmm| 13.35| 2.2 | —omm| 14.90| =mmm=| .21 | 22| 295 | 22n-
1b | 423 19.60| 19.33 | 43.12| 2.2 2.24| 2.78| 2.79| .36 | .34 | 3.25| 3.21

2a | 423 | 10.95| —mmce| 24,20 | 2.2 | mmmm| 8.65| —mame| .37 | 3,99 | ===
Sa | 423 | 6,32 ==bee| 13,90 | 2,2 | =ses| 4,40| cm—ee| 41| === | 2,70 | ==mm
2¢ | 423 | 15,80 ===ew| 34,75| 2.2 | ~===| 8,10| ==w-- 228 | === ] 2,99 | ====
3a | 430 | 9,40| ==ie=| 20,70 | 2,2 | ====| 2,90| =w==-= 1 o35 | === | 2,88 | —=w-
4¢ | 433 | 10,50 10,40 | 23,10 | 2,2| 2.22| 4,75| 4.50| .33 | .34 | 3.13| 3.23
2b | 433 | 20,10 19,22 | 44,22 | 2,2| 2,30| 1.85| 1.75| .36 35| 3.24 | 3.28
4a 439 9,40 | 9.80| 20,65| 2.2| 2,09| 2.48| 3,20 ,37| .33 | 3.13| 3.34
averages | .35 | .33|3.15| 3.11




 NOTE - s=2,2 for (a) columns and is variable =

TABLE .

for (b) columns.

Run

S TeC

v

(a)

3Db
| 5o
1b
4¢
2b

be |-
4bh-

4a

20
403
413

414
423 |

435

455

.0022

- .0075

.0081
.0110

00185'
.0200

0022

L0136

20095 |
'10081@,

0214 |

.0298

| 439

“0428

20359 |

_7.
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To obtaln the best value for the energy of activatlon 1t

was decided to use all of the individual values for ks and“

" solve for the slope ,Eii%%%o_zl by the method of least
| . aly)
squares. Thus

z:loglg o = mE;T + b,
d(lO%_] 0_2)
: d( el

ll

~ where the slope m

o » z( 'loglokz) :

LQE]_O]—K-Z.).) =
T R A e T ,

!
g
e
\J
O

. O

‘From this we have:

E = -8,500 (-2, 303)(1 985)

38 800 calorles°

1)

Although plottlng the reaction rate constanﬁs flrst

Galculated agalnst l/T does not show any deflnlte trend

- {Graph VI.),,the;activatlon energyfcalculated,from these by

the abo&é ﬁethpd is'o@#iously the best value obtainable
- from ﬁhe data in hand. On édnsideration of the‘work of =
Turner and of the reaction rates in this thesis, it will
~be seen that 38 800 calorles is reasonable ‘for the energy
of activation in the thermal decompmsitlon of methyl vinyl

ether.
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| e otiique 1inds show thd straieht

| - trend by the method of least squares. 7 |

4
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COMPLICATING FACTORS.

1u-addit10n to’the runs previcusly discussed, four runs
Were-madevwith a reecticn,chamber packed Withkglass tubing
to give a surface‘6'25 times as greatfas that'of'thef |
unpacked chamber. The information galned from these runs
threW'more llght onto factors such as.
| (i) The effect of extent of surface.
(ii)f The effect of conditlon of'surface;'
~To study‘these effects,pfour‘runs’(2a,2c,8c,,and llc) T }f

all“made at 423°Crwerekeonsidered_es follows.,

) Extent of Surface.v

Graph VII. shows that there is a reactlon dependent upon

~the extent of surface whlch tend to suppress the bullding
up of pressure due to the main reaction, Thus we have the
"branchlng of the two sets of llnes - the 1ower branch 1n ‘

each set showing the result of adding to the extent of

surface inicontact'with the_decomposingserher.jThis may be

taken~as an indication of a free redical‘mechanism;(B),

Gondition~of~8urf&ce.

The eondltion of the walls of the reectlon chamber is
:by far the most 1mportant factor, Reference to Graph VII,
rshows that the extent of surface does not have much effect
upon the general shape of the pressure - tlme curve, whlle’

‘the number of runs previouslyvmade in &.chamber (whether .
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packed cr nct) is of great lmportancenin‘this respect.
On comparing the values of tl/zl(table 6.) we £ind
a good index to the dependence on wall conditioning of
what must be the comblning of free radicals on the walls (4).
l If we assume a chain mechanism involving free radicals, |
We(may conclude that the combining of these radicals on the

chamber walls terminates the chain and slows up the decomm

~'p051tion. “As more and more runs are made in a given

- chamber, the walls become conditioned in such a manner that

the free radlcal combinatlon is slowed up. This'leads to

a faster overall decomp031tion ratea

Effect of Wall Reactlcn on Rate Constant°

The efrects of both extent and condition of surface

- are seenein,table,7, Increasedysurface decreases the rate .
) constant as seen by comparing the constants for 8¢ and 1lle
;withathcse forkébeand:Za resi)ectively° ‘Ccnditioning'of the

~surface also increases the rate constants as seen by

comparing k, for 8¢ with that for lle. The constants for -

- 2¢ and 2a do not show thisyeffect.]‘This may be due to their
not being accuratefenough and to the'extent of surface of

~ the unpacked. chamber not being greatrcompared with the

initial pressures..

 Little has been said and little can be said about what

“has been previously termed the ﬂinducbion~period". A study

of the pressure =~ time curves shows that this pefiod at the
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Runs at,423¢G;

Rum| mno. of | %.,.] kK | Romarks,
' previous | /2 2 | t ' ‘
‘runs

8¢ "_ 0 20.38 | ,0029 | packed with glass tubing.
2e | .10 .o112| g
lle "8.55 ,0069k’paoked with glaSs tubing
sa
1b |

| 4.40 | L0359
| 2.78 | .0185 |

1
3
2a| 3| 8.65 | .0105
oo
6




TABLE 7.

Runs at_423°C.

Run

Packing

" No. of
| previous

runs

llq"

2a’

8c
2¢|

yes
no
yes

no

.0029
00112

0069

.0105|




beginning of,each*run varies with initial pressure;
' eondition'of'eurface; temperature and‘eitentfof surface,
These factors are written in the order of their effect =

initial preSsure beiug‘most‘importantg

 SUMMARY oF RESUI.‘I‘S

The follow1ng 1s a tabulated summary of the results

of this Work on the thermal decompos1tlon of methyl

vinyl ether.

‘;lgf The overall rate of decomposition is second order.
;i;]f : o 2, An increase 1n ‘surface lowers the rate.
o e "Condltloning" the walls 1ncreases the rate; 
4, There are three main factors -
(a) the maln decomp031tlon.
(b) the induction perlod dependent upon =
I initlal pressure.

II condltlon of surface.

III temperature of decomp031t10n.
IV. extent of surface,
(c) a free radloal mechanlsm dependent upon L
* I. condltlon of surfaoe.‘ |
; II. extent of surface._ 5
| _5@ The aotlvatlon energy is approx1mately 39 000

calories per mole.
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,NECHANISMkoEkDEcoMPOSITION

It is'difficult'to propose a:mechanismkfor the deeomps
oekgiOn until analYSes of theiintefmediate~and final
products have been eompleted.‘,Following,;hewever, are
equetions givingfwhat.appear1to be likely'stepsein the
idecompos1t10n - | . ' \’ |

(l) CH3=O CH—CH2 =l CH3 + CHQCOH
| = 2CHz + C0. .
; gg)i CHB + CH;—O»CH CH, —> cﬁh;+ CH,~0-CH=CHj.
T e = oy co = o
- (3) ~CéH%H+VCH3b07QH GH2
s ‘\ L 02H6 * 00 + 02H

— G2H6 * CH2=0—CH—CH2

AR 5°
(4)  Colig + O3 == Ogfle:

, Eqpation (4) is presumably ‘the reaction terminatlng the
ehain. This would be dependent upon the extent and

condition of the,surfacegef the reaction chamber (5)
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uAEPENDIX

Symbols used in the follow1ng derivations are as listed
“below =

fpog= initial pressure.

rpf‘= final pressurea ;

Py = total pressure at timebt‘

ptl= pressure of undecomposed ether at time to»

8 = ,ratio of flnal to initial pressure.

b and t5 14 = 1/4, 1/2 and 5/4 life
1/45
,respect%éel ; 3/4 .

:(1) To obtaln the reactlon rate constant from the pressure

- time data.k

NS
= kép,

kzdt.

I

K t=£ o i “..—’ o; o"k\i’ e o &, o» N o‘ e & (l)
Per P e | L

n

"but , pf‘f= spo;:giving'~
Py = Pﬁ,* S(Porptv);,
=pf.pt‘ ° ; e e e e e Te /'o e ® @ o 0(2)

| s-1
and at zero time

- po=8: p ° oo ® L 0 .« & e 'c o e s a2 (5)

Pgy

'from‘equationSg(l);<(Z),and {3)

Kkyt=S2l . s-l
© PPt DPrPo
o et 1
thus k. ("l““ : ~) .
| 2 pf Dy Dp=Py




et t
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(2) To obtain the reaction rate constant from the half life.‘

From part (1)

Dy

= De=D.
=T

for-t;
: ;/2 1/2po and py =

Uhen s g ‘ g-1

. simly.
and  p_ = 1-S=X() jp_.
o Tt s E |
"Thus,efrdm the @aleulated values for the total pressuresk
1/4, 1/2 and t3/4 the values of tl/4, tl/Z and.t3/4
can be read from the pressure - time curves.
| - 4p _ 2,
it = Kep:
To get the reaction rate eonstant in terms of the half ;
life, We integrate the abeve equation as p goes from,po to ‘ W
' i

‘;§P and t goes from Y to tl/a. 

k [ e
2 Potl/2
,ybut Po =»£f therefore i

2. p‘f'bl/g

: . and. Tor S,:Z‘?Z 5.9
A\KZV =

pob. o,
Pe"
,;(5) The aetiVation energy;
For a Secend order reaction
\ -~ 1/2 LB
k2 =*AT‘/‘e‘,RT
lnk2 =~W+lnA+§lnT e. % © o © o o (l)




differénﬁiating (1) with respeect to 1/T

g - . pdilnky) RT
e R T
D(logJ k>) (2. 503) -3
a(l)

T
(4) Differentiating (1) in part (3) with respect to T,

d(LNk f;z, RT:
dT RT 2 .

B =

= 2, 305 R -@J——ﬁlo 2lT2 =
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