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INTRODUCTION

The study of the kinetics of chemical reactions has 
thrown much light on the mechanism of these reactions»
From a knowledge of the kinetics of a reaction the effects 
and the degree of homogeneity of the reaction and the 
possible catalytic effects of foreign substances on the re
action can be determined« With this knowledge it is often 
possible to determine the mechanism of the reaction. From 
the values of the reaction rate constants at different 
temperatures the energy of activation of the reaction may 
be determined. Gas phase reactions are theoretically the 
easiest to study kinetically. Usually the reaction will 
result in a change of the number of moles of substance in 
the system, The reaction may then be followed by the 
change in pressure of the system at constant volume and 
temperature, It is frequently found, however, that reac
tions follow a complex course, so that the results instead 
of being easy to interpret are often in fact quite baffling. 
Because of surface effects or other obscure causes, it may 
be difficult to obtain consistent results, even in experi
ments made under apparently identical conditions.

In 1940, T, Hardy began an investigation of the 
pyrolysis of methyl-chloroformate in the gas phase, No
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previous information concerning this reaction had. been re
ported in the literature, but information regarding other 
chlorinated formic acid esters indicated that the decompo
sition should be a simple one. Qualitative analysis of the 
decomposition products indicated that the ester decomposed 
into carbon dioxide and methyl chloride only. Quantitative 
analyses, although not exactly reproducible, confirmed the 
view that these were produced by the pyrolysis in equimolar 
amounts. The reaction was believed to be .

GlCOOCHg ... ;__ _ . ^ C02-fCH3Cl
This conclusion was supported by mahometric measurements 
of pressure during the reaction; the final pressure of the
system was always twice the initial pressure within ex
perimental error, in conformity with the proposed equation. 
The course of the reaction was followed by observing the 
change in pressure at constant volume by means of a mercury 
manometer. In the temperature range studied, 320-390° C., 
the reaction was found to be of the first order, and it was 
concluded that the decomposition took place at least par
tially on the walls of the reaction vessel since the surface 
area of the vessel had considerable effect on the reaction 
velocity. The energy of activation was calculated to be' :. 
about 3^600 calories i . • ; J • ' \ - 'Y ?

Hardy found it • difficult to obtain reproducible' 
reaction rates, and later studies on, the decomposition of

J ■ • - -n ■ _ , P Q JL?ethyl-chlorOfornate presented the same difficulty. 93



This is believed to have been due to several factors« It .. 
appears that the nature of the surface of the reaction 
vessel may have an effect on the reaction velocity» It is 
well known that many processes - which occur slowly or not at 
all in contact with some materials will react rapidly when 
in contact with others = The variation of reaction rates 
which Hardy obtained even under similar conditions would 
seem to point to this type of effect. Another, important 
cause of these variations might have been the presence of 
mercury vapor from the manometer and stopcock grease in the 
reaction system. Local differences in temperature may also 
have caused discrepancieso The side tube which held the 
ampoule containing the ester was. warmed with, a burner to 
drive the ester into the reaction vessel. 'This side tube 
was.not put into the furnace, so that both it and the manom
eter tube provided a considerable volume of "dead space".
The manometer tube was wrapped with chromel Wire and kept 
hot enough to prevent condensation of vapor, but it was 
certainly at a temperature much.lower than that of the fur
nace. '• : ' . ■- . . v
• , In 1954, J. Davis, Jrdesigned an all glass system
which would eliminate the possible catalytic effects of 
mercury vapor and stopcock grease in the system. He was able 
to complete only two kinetic runs, one of which was reported 
to be of the first order, but upon reconsideration seems to 
be mpre in agreement with a second order mecWwlsm. He had
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great difficulty with breakage of his gauges, which were of 
the click-gauge type*-

The object of this investigation has been two^fold.
One has been to develop a gauge which would combine sensi- 
tivity with ruggedness and which would make it possible to 
carry the reaction out in an all-glass system and the 
second has been to study further the pyrolysis of the 
methyl-chloroformate in the gas phase at different carefully 
controlled temperatures, in this system.



V •• ■ THE ESTER . , ; .. .

The .methyl^chloroformate used was. that prepared by 
J, Davis 3rP The ester had been stored in the dark in a 
glass stogpefed fiask and all the samples used in the 
kinetic runs came from this flask so the quality of the 
ester used was uniform. For full instructions on the . 
preparation and purification of the ester one should read 
the thesis by J= Davis, J r .



THE PRESSURE GAUGE

In the previous work.on the problem one of the most 
serious problems has been the measurement of the pressure 
in the reaction vessel, J» Davis, Jr, had considerable 
difficulty with his click-gauges breaking during a run.
With the click-gauge which he used it was impossible to 
follow the building up of pressure in the reaction vessel. 
When the diaphram clicked it Should have been possible to 
read the pressure oh the manometer but often the gauge 
would break, thus ruining a run. It proved, on the whole, 
very unsatisfactory.

With a suitable gauge it should be possible to follow 
the building up of the pressure in the reaction vessel. A 
gauge should also be sturdy enough to withstand the sudden 
pressure changes which occur with the breaking of the 
ampoule and the immersion of the reaction vessel in the 
molten salt bath. The sickle-gauge here described proved 
satisfactory in these respects.

The gauge was. macie, from half inch pyrex shell tubing.
A sausage.was blown about an inch in diameter and pulled 
out to a length of from two to three inches. This glass 
cylinder was collapsed by careful heating with a torch into 
the sickle shape. The sickle was then tested and those



which did not withstand a pressure difference of ten centi
meters were disqarded, A pyrex glass rod pointer was then : 
attached to the top of the gauge and it was then sealed ; 
into the housing by professional glassblowers. We attempted 
to seal several gauges, into the housings ourselves hut the 
results were not good and it was feared the thick glass at 
the hing seu.! ̂ would crack while the system was being 
immersed in the molten salt bath. ‘

Some of the gauges were equipped as shown in Figure  ̂
1, with a short glass rod ground to a point Extending from % 
the top of the housing to give a fixed reference point for 
the rest position. Others had, instead of the:fixed pointer 
at the top of the housing„ simply a mark on the housing or 
some device in the viewing glass to get a consistent rest 
position. When the pressure was changed on one side of 
the gauge the sickle would flex=and the pointer would move. 
When the pressures on the two sides of the gauge were 
equal the pointer would come back to its rest position.
With this gauge it was easy to follow the building up of 
pressure in the system and to know how much pressure to let 
in to bring the movable pointer to its rest position^ The 
gauges proved sensitive to as little as one-half milli
meter of mercury pressure difference. Some of the more 
rugged gauges were sensitive to only one millimeter of 
mercury pressure, difference but this was as close as the 
reading of the pressure could be made. -
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FIGURE 4

THE GAUGE

FIGURE I
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: This type of gauge seems well adapted to the study of
pressure changes of the type measured in this work. It is 
sensitive,and yet rugged enough to withstand the sudden 
pressure changes which occur in the system, and it has 
the added advantage of showing at all times the relative 
pressures in the systemo



THE THERMOSTAT

A molten bath of KNOg-ENOg with a melting point of • 
135° Co was used to heat the reaction vessel, which was 
submerged in it. A liquid bath was much more satisfac
tory in maintaining a uniform temperature than the air 
bath used in Hardy's work. 1 .

The diagram of the furnace (Pig. 2) shows that the 
furnace heating units could be connected in either series 
or parallel.. The parallel connection provides the lower 
resistance and therefore the more rapid heating. A 
secondary heater was used in conjunction with the main 
furnace to provide the fine temperature control. The 
original secondary heater consisted of a silica tube wound 
with.chrome1 wire Which'was then coated with alundum
dement to insulate the wiring from the iron pipe in which
the heater was enclosed. A modification of the design was 
made by winding a silica tube of 0.7 cm. diameter with 
chrome1 wire and placing:this inside another silica tube 
which had one end sealed off by a torch so that the molten, 
salt could not get.in and short out the heater. It was 
found possible to adjust the resistance in series with 
this heater so that it would supply just enough heat to 
the bath to counterbalance the loss of heat from the



furnace. / \ . ■ .■ . . ' . :
The temperature of the bath was shown-by a Leeds 

and Northrup platinum resistance thermometer (A, Fig.2), 
which formed one side of the Wheatstone bridge circuit B. ... 
shown in Figure A . Small changes in the temperature of 
the bath resulted in a change in the resistance of the 
thermometer and caused ;a deflectioh of the galvanometer C= . : ; 
The galvanometer was originally part of an automatic tem
perature controlling device 0 For full details, on the de- . 
sign.of the thermoregulator see the thesis of Jo Davis, Jr.

.The design of the thermoregulator seems to have in-; ;
herent in it a lag in the heating and cooling cycles which / 
causes a periodic overheating and undercooling of. the bath.
The two photocells in the sensing unit are set several
centimeters apart. The separation makes it necessary for 
the spot of light from the galvanometer; to travel some ; • Vo '
distance from the rest position midway.between the photo
cells before it strikes the controlling.photocell. During 
the time the spot of light is traveling to the photocell
the bath is either heating or cooling from the desired
temperature. The heating or cooling done -in this time will V ‘ 
tend to cause the light to travel past the photocell . The • V;. 
distance the light has to travel bdck to the other con
trolling photocell is. greater than the distance it had V 
traveled before „ • Therefore <, the period of overheating or.
,of undercooling is;greater than before, causing the next
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cyp 1 e inx the" heating . or eob 1 ing to deviate even further 
from the-desired temperature« This deviation from the 
desired temperatufe reached a mEdcimum value of about 2 C. 
In drdeh to minimize the deviation of the bath * s tempera
ture from the desired temperature a manual control was 
used to ̂ switch the.secondary heater on and off» The heater 
was switched off by tripping the proper relay by hand when 
the bath began to overheat as shown when the spot of light 
from the galvanometer mirror moved to.the hot side of the 
rest positioho The other relay was tripped when the bath 
began to cool» Using manual•control of the secondary 
heater and adjusting the secondary heater so that it sup
plies just enough heat to counterbalance the loss of heat 
frOm. the bath, it; was possible to keep the temperature of 
the bath constant within; Oo01° Oo ; .



THE EXPERIMENTAL PROCEDURE

The Apparatus, was. set up as shown in Figure 3 ° The 
mercury.diffusion pump (H) was used with a CencoHyvac pump 
to exhaust the air from the. reaction system. The mercury 
vapor was kept out of the reaction!system by interposing 
a cold finger charged with acetone arid dry ice» When ! 
stopcocks B and C were open, the opening of stopcock A 
allowed the pumps to draw from both sides of the gauge 
simultaneously. A buffer chamber (P) was installed.on the 
upper side to make;the volumes, of the upper and lower 
systems about the same as a: safety measure, against breakr- 
ing the gauge,.; Thb stopcock (D) was used -to seal off the 
mercury manometer (K) When the system.was being tested 
for air leaks with a Tesla coil, so that.the ozone gener
ated by the discharge would not oxidize the mercury.

The ampoule (N) was sealed in the side arm,.(J) along 
with; the hammer (0) which was a small cylinder of soft 
iron sealed inside a pyrex tube. The ampoule was made by 
sealing a piece of tubing and. pulling it into the shape 
shown.in Figure 4. The bulb was then filled with the ester , 
using a capillary pipette. The ampoule was attached to a : 
vacuum pump, and the air exhausted from it. The neck was 
then pulled off in a flame. The full ampoule and the excess
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glass was weighed and the weight of the empty ampoule sub
tracted from this to find the weight of the ester used.

To start a run the system was evacuated for about , 
two hours . The tubing on the side arm (J) which, had been 
previously pulled out to a capillary was sealed off and
the tubing leading to stopcock C is bent up out of the
way of the furnace. The ampoule was then broken by lift
ing the hammer with magnets and dropping it on the tip of 
the ampoule. After the ampoule had broken and during, 
evaporation of the esterr the pressure was balanced on 
both sides of the gauge by letting in air through stop- > 
cock E. The,furnace was then raised over the reaction 
vessel. The stopwatch was started when the reaction 
vessel was about half covered by the molten salt bath.
The stirrer (M) was started, the temperature adjusted to 
the desired value and a reading.of the pressure taken by
letting in enough air through stopcock E to bring the gauge.
back to the rest position. The time and the difference in 
the pressure were then read. More air 'was let in and the 
time read when the pointer returned to the rest position.
In this manner, the pressure changes with time during the 
reaction were followed either to the completion of the 
reaction or to the attainment of atmospheric pressure.
. At the completion of the run the furnace was lowered 
from the. reaction vessel> which was allowed to cool. The;.
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pressure was adjusted in the upper system by drawing out 
some of the air with the pump. A:rubber tube with a. stop
cock in one end was slipped over the sealed capillary on 
the side arm (j) and the capillary is broken inside the 
tubeo Air was then admitted through stopcock E arid the 
tube uritil both sides of the system were, at atmospheric 
pressure.. The side arm was blown out and the hammer and 
the broken ampoule removed. The run was then complete and 
the apparatus could be used for another run.



EXPERIMENTAL RESULTS AND INTERPRETATION

. The investigations by'Hardy arid Davis indicated that 
the pyrolysis of the ester was a first.-order reaction. A. . 
second order plot of the run made by Davis at 368° is ' 
linear to about 90^ completion. A reaction which takes 
place on a surface may be zero order. The velocity of a 
first order reaction can be represented by the familiar 
differential equation •

-dc/dt = k^c
where c is the concentration of reactant, at time t. Since 
the partial pressure of a gas is proportional to its con
centration, the equation can also be written in the more 
useful form : :: ’
. -dp/dt = k^p :
.where p : is: -the , partiai:, presshre of reactant; at time t. 
Integration of this equation gives

: '■ • . In p z -k̂ t'f” constant ■ 
in which In p is a linear, function of t. , Thus > if the 
natural logarithm of the pressure of the reactant is. 
plotted against the time, the slope of the resulting 
straight line will be equal to the negative of the first 
order reaction rate constant kj. ;

The velocity of a second order reaction can be
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represented by: the differential "equation
-dc/dt z k c

•- •. ' ■' .■ \ where c Is the concentration of reactant at time t.
Integration of this equation gives

1/d ~ kg tyk constant
in which. 1/c is a linear function of t« If the validity
of the ideal gas law be assumed the pressure is related .
to the concentration by the equation . .
, ; ■, : : p/RT - c .
where R is the ideal gas constant and T the absolute tem- 
peratdn-e. -. ,lWn this relationship is substituted into the 
second order integrated equation we obtain

l/p = klt/RT constant 
or - . ' 1/p = kgt Hh constant
where = kg/RT, A plot of l/p against t will yield a 
straight, line of slope kg. ,

The velocity of a zero order reactipn. can be represented 
by the differential equation

Integration of this equation gives
c = k0 tHk constant 

substituting in the.relationship, between c. and p we obtain 
: • p = -RTk^t ̂  constant .

or . p =. -k/tXH constant
where kg = RTk . Here p is a linear function of t. If p is 
plotted against t we should get a straight line of slope k0



Eleven kindtic; runs were completed, five at 373° 0, 
and six at 383° C. The total pressure of the reaction sys
tem was recorded at different time intervals. These data 
are recorded In Tables'1 through XI .

,It can be seen from the equation for the decomposi-

■ ' - :: ̂ V? . C1C00CH3 OOgikCHgCl ,
. that for any initial pressure of.the ester, the final pres
sure of the;system after the reaction is complete will be 
twice the initial pressure since two molecules of gaseous 
products result ffom one molecule of the reactant. Simi
larly, for any amount of ester that decomposes^ twice that 
amount of products form. Thus, if the pressure of the 
.ester is reduded a given amount by decomposition, the total 
pressure of. /the system will increase over the initial 
pressure by ah equal amount since the decrease in total 
pressure caused by the decrease in the amount of ester is. 
doubly compensated for by the double amount of products 
formed! Mathematically this condition is expressed by the 
equation

v; :> V  pt=t - yo z i-o - pe : ■ .
or ^e,= 2P0 ~ ^tot
where P^0 .̂ is the total pressure of the system, P0 is the 
initial pressure of the system and P@ is the partial 
pressure of the unchanged ester (The initial pressures for



18

the runs were caleulated from the /amount of ester by the :
Ideal gas law and the volume of the system, which was ob
tained from runs "Which were carried to completion). The 
partial pressure of the ester was calculated by means of 
the relationship between Ee, Ptot,&R& po° The values of 
Pe at the different time intervals are also recorded in 
tables I through XI. The values of In Pe and ,1/Pe x 10^
,are also given in.the tableso

In table 12 the values of ki are . tabulated* The value 
of ki was calculated by graphically determining the half 
life of the reaction and dividing this value into In. 2 or 
0.693° Table 13 summarizes the experimental results. ,

From the graphs it can be seen, that runs S* 6 -̂ 8> and 
11 appear to obey the zero order equation* Immediately 
before runs 3 and 11 a new reaction vessel was put into 
the system. It is kndwh that zero order reactions often . 
are the result of the reaction taking place oh a surface 
where there is some, catalyst present. This may have been 
the cause of the zero order reaction in these.runs. . Runs 
2, 4, 5/ 6, and 10 appear to obey the first. order equation.
The first order, rate constants for these runs show general 
agreement except for run #4 which was quite large ° The. 
change in the temperature did not make any noticeable 
change, in the value of the rate constant. Runs 1, 7, and 
9 appear to obey the second order equation. The two second 
order rate constants for the runs at 383° 0°, were.noticeably



larger than the rate constant at 373° C« These results 
are difficult to explain. There seems little doubt that 
the reaction Is,more complex than had heretofore been 
supposed. Surface- effects seem to be a major factor In 
determining the courAe of the reaction. It seems, howevery 
that the reaction'could be taking place by'2 mechanisms,
.The first being the first order decomposition postulated, 
by Hardy, The second mechanism might be a bimolecular 
collision and decomposition which would obey the second 
order equation, but would still give two molecules of 
product for every molecule of reactant used up. The re-r 
action would be ; ■; :

2 CICOOCH3 2 COg f 2 CHgCl
• More work needs to be done on the problem of determin

ing what substance or substances may be causing the erratic 
results obtained in this investigation and how to control 
them so that reproducible results may be obtained and re
liable rate constants obtained for the decomposition.



TABLE 1
Temperature : 373° C. Wt. sample : Q.7365
2P0 : 97-4 cm. ;
t(min) ptot . m  pe 1/Pe x 102

9.93 51.4 : 46.0 3.83 2.17
13.65 53.4 44.0 3 = 78 2.27 .

. 20,20 54.6 42.8 3=76 2.34 ,
24,62 55.3 42.1 ' 3.74 2.38
32,97 57.3 46.1 3.69 2.49 .
38.65 58.3 39 = 1 3=67 2 = 56 .
44,48 59.1 38,3 3.65 2.61
56,37 . 61.0 , 36.4 3=59 2.75 ...
74.85 . ■ 63 ,1 - '' . 34,3 3=54 2.92 :
80.57 64.1 , 33.1 3 = 50 . 3 = 02
89.80 64.9 32.5 3=48 3 = 08
97.22 65.8 ; 31 = 6 3=45 3.16
102.67 66.3 31.1 3.44 3.22
115.40 67.8 ; 29 = 6 3.39 3.38
121.20 68.4 29.0 3.37 3.45
135.83 69.8 28.6 3=32 3.62

Univ. of Arizona-Library



TABLE II
Temperature : 373° 0. Wt. sample : 0.454 g.
2B0 > 57.2 cm.
t (min) Ptot (cm) Pe ■ - In. Pg ' 1/Pe x 10:

7.40 . , 29.7 . 27.5 ; : 3.31 3.64
11.57 30.9 . 26,3 3.27 3,80
22.17 33.1 24.1 3.18 4.15
29.93 34.9 22.3 . ' 3.10 4,48
37.80 36.5 20.7 3.03 . .4,8347.43 38.lv 19.1 • ■■ 2.95: - 5.23
54.72 39.3 17.9 2.88 5.59
63.35 40.7 . 16.5 2.80 . .6.07
76.00 42.4 : 14,8 2,69 6.76
88.70 44,0 13.2 2.58 . 7.58
126.72 48.2 9.0 2.20 11.10
165.33 50.5 6.7 1.90 14,93

TABLE III
Temperature 
2P0 : 73.4

: 373° C.
cm 0

Wt. sample : 0.5820 ;

t (min) Ptot(°m.) pe . -• .in Pe 01/Pe x 10-
1,20 36.8 36.6 3.60 a. 7313.00 39.4 . 34.0 3,53. 2.94
15.78 40.1 33.3 3.51 3.00
.20.60 40.5 32.9 3.49 3.04
26.97 41.5 31.9 3.46 3.14
31.35 42.0 31.4 3.45 3.18
36.72 42.8 30.6 3.42 3.27
43.33 43.9 29.5 3,38 3.39
53.33 45.4 28.0 3.33 3.57
61.03 46.5 26.9 3.29 3.72
68.90 47.9 25.5 3.24 3.92
78.95 49.2 24.2 3.19 " 4.13
84.30 : 50.5 : 22.9 , 3.13 4.37

: 91.03 51.6 21.8 3,08 4.59
98.93 52.6 20.8 3.03 4.8l
107,00 53.5 19.9 2.99 5.03
114.72 54.7 18.7 2.93 5.35
121.23 56.0, 17.4 . 2.86 5.75
130.75 57.3 16.1 2.78 6.21
138.12 58,5 14.9 2,70 6.71
149.90 60.0 13.4 2.60 7.56
165.67 61.9 11.5 2,44 • 8.70
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' .. TABLE m  . '
Temperature; 373° Wt, sample; . 0»5501 g.
. 2P0 : 69o4 cm. . .
t(mln) ' Ptot(dm) pe ... In Pe 1/Pq x 102

1-97 36.9 32.5 3-48 3-08
3-05 38.4 31-0 3-43, . . 3 -23 ;
4.33 40.9 . 28.5 3-35 3-51
5-18 ' 42.6 . r . 26-8 . ; 3-29 . V 3-74 ; "
6.07 44.5 24.9 3-21 4.01
7-10 46.6 22.8 3-13 4-39
8-37 • 48.5 20.9 . 3-04 ■ 4.79
9-65 50.5 18.9 2.94 5-30
11-33 52.5 16-9 2.83 5-92
12.83 54.3 15-1 . 2.71 6.63
13-83 56.0 13.4 2.60 7-46
15.45 57-0 12.4 2.52 8.06
17.30 58.5 • 10,9 2-39 9-18 '
20.20 60.3 9-1 2.21 11.00
22.58 61.5 7-9 2.07 12.65
27-85 63-6 : 5-8 1-76 17-24
38.78 65-7 3-7 1.31 27-02
54-93 66.9 . 2.5 0.92 40.00

TABLE ¥'/
Temperature;; 373° C.
2P0 : 63-8 cm.
t (min) Ptot. . pe
2.13 32-1 : . 31,7
6.28 34.1 29-7
13-15 36.4 27-4
19-52 38.4 25.4
29-00 ; 40.9 22.9
35-25 42.4 21.4
41.83 44-1 19-7
48.77 45-6 18.2
55-12 46.8 17-0
63-43 48.3 15-5
71-93 50-0 . 13-8
85-55 .52.1 11-7
96.45 ' : 53-5 10-3
111.65 55-4 8.4
131-55 57-1 6.7

¥t. sample: 0.4984 g.

In Pe l/Pe x 102
3-46 3-17
3-39. 3-37
3-31 3-65
3-23 3-94
3-13 4.37 ;3.06 4-672.98 . 5-072.90 , 5-50
2.83 . 5-88
2.74 : 6-452.62 7-252.46 8.55
2-33 9-81
2.13 11-911-90 14.92
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' ■;. ' TABLE VI
Temperature: 3839 G ° Wt, sample: 0,6442 g,
2Pn ; 82,4 :V \

t(min) ,2 tot pe ■' In Pe 1/2 e 3
4,45 43.3 • 39.1 ' 3.67 2.56
7-75 ' 44.8 37.6 3.63 2.66
10,15 . 45.9 36.5 3.60 2.74
13-63 47.1 . 35.3 3.56 2.83
19-52
23.67

49-1 33-3 3.51 3-00
50.5 31.9 V 3.46 3.13

27-77 52.0 30.4 3.41 ■ 3.29
32,48 53.5 : 28.9 3;36 3-46
36.07 54.7 27-7 3-32, ■ 3.61
42,12 ; 56.6 25.8 - ;3^25 1  ̂ 3.88
46,37 57.9 24,5 V 3.20 '■ 4.08
50,28 58.8 23.6 3.16 4.24
56.05 60,4 22.0 ■ 3.09 4.55
62.33 -r::62ltr. * 20.3 V-- 3.01 ; 4.93
65.92 63-2 19.2 2.95 5.21
73.00 64,9. 17.5 2.86 5.7i82.88 66.9 15.5 ‘ 2.74 6.45

TABLE VII
Temperature: 383° C. ¥t. sample; O.6312 g.
2Po :t f M ) ptot pe • 1% pe 1/Pe x 102
■. ‘ • 2 .20: 42,3 38.5 3.65 2.60

4.58 44.7 36.1 3-59 2.77 V
6.75 46 0 9 33-9 3.52 2.95

, 8.47 48.9 • 31.9 3-46 3-13
10.33 50.6 30.2 3.41 3-31
12.47 52.0 28.8 : 3-36 3-47
14.73 53.7 ; 27.1 3.30 3.69
17.32 55.2 25.6 3-24 3.94 :
19-22 56..'3 24.5 .3.-20 4.08
21.55 57-5 :'23.3 . 3.15 4-2923.87: 58.5 . 22.3 3.10 4.48
25.87 59-4 21.9 , 3.06 4.67
30.00 61.0 ... 19.8 2.99 5-05
33.45 : 62.0 : 18.8 2.93 5.32

V 36.72 63-3 17.5 2.86 5-71
40.63 64.4 16.4 2.80 6.10
46.23 65.9 14.9 2.70 6.71

: 53.42 67-3 13.5 2.60 7.4l
74.05 70.2 . 10.6 , 2.36 9.43
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TABLE VIII
Temperature; 383° C°
2P0 : 93.4 \  ̂̂

t(mih) Ptot pe
3.07 48.2 45.2
6.93 50.5 : 42.9
9.55 51.7 41.7
11.50 52.5 40.9
15.85 54.7 38.718.97 . 56.1 37.319.80 56.6. 36.8
20.93 57.4 36.0
22.30 58.1 35.3
24.08 58.8 34.6
25.10 59.5 ,33.9"26.28 60.2 33.227.88 61.0 32.429.30 61.8 31.6
30.83 62.7 30,732.03 63.3 30.1
33.97 64.5 - 28.935.13 65.0 . 28.436.52 66.0 27.438.03 66.6 26.8
40.67 68.1 25.3
41.78 68.5 24.9
42.87 69,1 24.3
44.15 69.9 23.5

Wt. sample:. 0.7294 g,

In Pe
3.81
3.76
3.73
3.713.653.613.60
3.58
3<
3<

l/pe x 10s
22;2,2,
2-

22
g.
4660

2.70
2.742.86
2.85
2.913.52 2.973.50 3.033.47 3.113.45 . 3.18

3.42 3.28
3.40 3.343.36 3.48
3.34 ' 3"553,30 3.68
3.28 3.76
3.22 3.993.21 4.053.18 4.15
3.15. 4.29
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TABLE IX
Temperature: 383° C. Wt. sample; 0»4526 go
2P0 : 58.0 cm..

t(mln) >tot Pe In Pe lAe x 102
3-00 3G.6 27-4 3-31 3-755-00 32-2 25-8 3-25 3-887-00 33-5 24-5 3-20 4.089-00 35-0 23-0 3-14 4-3511.00 36-4 • 21-6 3-07 ' 4-63 r13-00 37-3 20-7 1 3-03 4-8315.00 38.2 19-8 2-99 5-05' • ■
17.00 38-9 19-1 2-95 5-2319-00 39-6; .18-4 . 2 - 9 1  5-4323-00 40.8 17-2 2.84 5-82
25.00 41.4 16.6 2.81 6.02
27.00 .41-9 16.1 2.78 6.2029.00 42.6 15-4 2.73: ; 6.5031-00 42.8 15-2 2.72 ! 6-5833-00 43-5 14-5 2-67 6.9035.00 43-7 14.3 2.66 7-0037.00 43-8 , 14.2 2.65 7-04

TABLE X ' : ;
Temperature!;..383° C. Wt. sample; 0.3750 g-
2P0 : 47-80 cm. '
t (mln), ptot Pe in Pe 1/Pe x 10:
1.50 23-12.50 24.5 23.4 3-15 4-28
4.30 25-2 22.6 3-12 4.43
6.53 25-7 22.1 3-10 4-52
8-50 26.1 21.7 3-08 4.61
10.55 , 26.6 21.2 3-05 4-72
14.67 27-5 ... 20.4 3-01 . 4-92 ,
20.00 28.3 19-5 2.97 5-13
24-50 29-1 18.7 , 2.93 5-35
28-75 29-7 18.1 2.90 5-53
38-42 31-1 ' 16.8 2.82 5-97
40.62 31.5 16.4 2-79 6.11
46.62 32-1 15.8 2.76 6.35
54.30 32-9 i4.g 2.70 . . 6.71
61.00 33-9 13-9 2-63 7-20
79-67 35-7 12.1 2.49 8.27
88.00 36.4 11.5 2.44 8.76
104.60 37-9 9-9 2.29 10.10
114.65 38.9 • 8.9 2,-19 11.26
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TABLE XI
Temperature: 383° 0« Wt. sample: 0=3843 g»
2P0 : 47=80 cm.

t(min) ptot Pe . m  pe 1/Pe x 10^
2=50 24 = 65 , 23=15 3 = 14 4 = 305 = 00 25=80 : 22 = 00 .3 = 09 4=55
9 = 58 26 = 70 21 = 10 3 = 05 4=7416 = 00 27=80 20 = 00 3 = 00 5 = 00
26 = 13 28=80 19 = 00 2=94 5 = 26
35 = 27 29 = 55 18 = 25 2=90 • 5=48
43 = 00 30 = 10 17 = 70 2=87 5=65
59 = 35 31=40 ■v 16.40 2.80 . 6 = 10
70 = 70 32.4o 15=40 . 2 = 73 6=49
82=55 33 = 15 14=65 . . 2=68 6=82
96=80 . 34=25 13=55 2=61 7 = 37
112=83 35=6o . 12 = 20 2 = 50 8.20
125=57 36 = 90. ' 10=90 2=39 9 = 17
139=83 38 = 10 9 = 70 . 2 = 27 10 = 31
159=05 39 = 90 7 = 90 2 = 07 12=66
167=08 40 = 70 7 = 10 1 = 96 14 = 08
178=37 41=70 6 = 10 1=81 . 16 = 39
191=83 43 = 05 , 4 = 75 1 = 56 21 = 05207=18 44=20 3=6o 1=28 27 = 78232=00 45.60 . 2 = 20 0 = 79 45 =45
248=00 46=45 1 = 35 0=30 74 = 07
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TABLE XII

Rim # Temp o order kl
1 373 2 '
2 373 ; . i 0,00921
3 373 i Oo00872
4 373 0 0,066
5 373 : 1 0,01176 383 0,1 0,0115
7 ' 383 2 0,02378 383 0 0.0156
9 383 2 0.019310 383 1 ■ 0.00892
11 383 ; 0 0.00834

TABLE XIII

Run Temp. Order ki k2
1 373 2 0.00921 0,01072. 373 1
3 373 0 0,153 0.0664 373 1 ' ■

5. 373 1 0,0117
6 383 . 0,1 0.313 0,0115 0.08707 383 2 0.5188 383 0
9 383 2 0.102
10 ■ 383 1 0.0089211 383 0 0.0847
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SUMMARY AND CONCLUSIONS

A sickle-gauge was developed to study the pyrolysis 
of methyl-chlorofornate in an all glass system. The gauge 
seems very satisfactory for the study of this type of gas 
phase reaction. The. data obtained on the decomposition 
were not closely reproducible. Different orders of reac
tion as well as different rate constants were found under 
seemingly identical experimental conditions. This would 
seem to indicate that some type of surface effects are an 
important factor in the decomposition. The problem of 
surface effect on the decomposition is one which will 
require further investigation.

It was concluded that the use of the sickle-gauge 
and the all glass system is satisfactory in the study of 
the pyrolysis of methyl-chloroformatej and that many other 
thermal decompositions could be studied with such a system.
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