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270. The Homogeneous Catalysis of Gaseous Reactions. The Influence 
of Iodine on the Decomposition of Acids, Esters, Ketones, and Halides. 

By  S. BAIRSTOW and C. N. HINSHELWOOD. 
THE decomposition of ethers and of acetaldehyde is catalysed by iodine in an extremely 
marked degree (Glass and Hinshelwood, J., 1929, 1815; Clusius and Hinshelwood, Proc. 
Roy. SOC., 1930, A ,  128, 82 ; Clusius, J., 1930,2607). The chemical changes can be formul- 
ated as the simple movement of a hydrogen atom : 

4, 
CH33-€k + CH, + CO, 

0 
CH3*CH,-O*CH*CH3 j C,H, + CH,*CHO + CH, + CO 

I 
?l- H 

The investigation has been continued with the object of finding out which classes of com- 
pound are subject to this catalytic influence. The present experiments deal with acids, 
esters, ketones, and halides. 

Acids and esters were chosen first because they contain atomic groupings similar to 
those of aldehydes and ethers; e.g., formic acid contains an aldehyde group and might 
be catalysed to carbon monoxide and water : 

I 
H1;-&H + CO + H,O. 

Methyl fomate contains both an aldehyde group and an ether linkage : thus three methods 
of catalytic decomposition are conceivable : 

0 

l1 Ether " type : 

(1) 

H +- I 
CH,-O-C=O -++ CH, + CO, 

I $ H  H*CH2-O-C<o + 2HCHO + ZH, + 2CO 

+-I l 1  Aldehyde " type : 
CH3-01;H + CH,*OH + CO 

0 
Acetic acid contains a carbonyl group but no aldehydic hydrogen. Methyl acetate, on 
the other hand, can be represented as an ether, which the iodine might cause to decompose 
in the following way. 

I J. 
H*CH,-O-$-CH, 4 HCHO + CH,-CHO 

0 + + 
H,+CO CH,+CO 

Acetone and methyl ethyl ketone were examined as examples of simple carbonyl compounds, 
for comparison with the esters and aldehydes. 

Formic Acid and MethyZ Formate.-At @So, iodine has no influence on the rate of 
decomposition of formic acid, as the following table shows : 

Fraction of 
formic acid 

decomposed. 
0.1 
0.2 
0.3 
0-4 
0.5 

Time. 
/ I -- 

Acid+10 mm. Acidf40 mm. 
Acid aIone. catalyst. catalyst. 

2'20" 2' 14" 1' 54" 2' 18" 
5' 2" 5'24" 4' 53" 5' 4" 
9' EV' 9'46" 9' 6" 9' 12" 

14' 36" 15' 34" 15' 13" 15' 0" 
23' 20" 23'42" - 
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(The formic acid was treated repeatedly with anhydrous copper sulphate and then 
distilled. The decomposition of the formic 
acid is largely, though possibly not entirely, heterogeneous at this temperature. In a 
vessel packed with silica spheres the rate was about seven times as great as in the un- 
packed vessel : an appreciably greater acceleration would have been expected if the 
reaction were entirely heterogeneous. But since surfaces vary not only quantitatively 
but also qualitatively, the result is inconclusive. The influence of iodine on the reaction 
in the packed bulb was negligible. 

Formic acid decomposes to give either hydrogen and carbon dioxide or water and carbon 
monoxide. I t  might therefore be expected that methyl formate would undergo the 
analogous changes : 

Analysis showed it to  contain 4.6% of water.) 

It has been stated that formaldehyde can be formed at high temperatures but no trace 
has been found in any of our experiments. 

The two processes (a) and (b)  are both catalysed by iodine, which also influences the 
further decomposition of the methyl alcohol formed in (b ) .  

The methyl formate used was dried and fractionated; b. p. 31-5-32-0". 
The following table indicates the extent to  which the initial rate of decomposition is 

The catalyst concentration is given as mm. of decomposed iso- increased by iodine. 
propyl iodide, the actual pressure of iodine being approximately one-third of this. 

Temperature, 451"; initial pressure of formate = 100 mm. 
Catalyst, mm. ....................................... 6 11 21-5 33.5 46.5 
Ratio of rates (with I,)/(without I,) ......... 20 25 38 48 54 

Kinetically the reaction is by no means simple. 
position occurs in consecutive stages. 
end of the change varies with the amount of catalyst present. 
typical of the numerous experiments made. 

There is a clear indication that the decom- 
Furthermore, the total increase of pressure at the 

The following figures are 

Temperature, 451"; initial pressure of formate, 114 mm.; catalyst, 8 mm. 
Change in Change in Change in Change in 

Time. press., mm. Time. press., mm. Time. press., mm. Time. press., mm. 
0' 0" 0 11' 15" 60 47'38" 121 374' 0" 146.5 
1 10 10 18 31 80 66 0 131 570 0 146.5 
2 39 20 28 29 100 129 0 142 
6 19 40 40 23 115 264 0 145.5 - - 

- - 

The first stage of the decomposition gives an increase in pressure roughly equal to the 
original pressure of the formate : the second stage is much slower and continues until 
the total increase is about 4/3 times the initial pressure. 

Analyses of the non-condensable reaction products were made at  various stages towards 
the end of the reaction. The results were as follows : * 

Percentage after various times. Percentage after various times. 
1$ hrs. 3; hrs. 64 hrs. 14 hrs. 3; hrs. 6g hrs. 

20-3 15-4 13.7 CH, 27.8 29-3 29.8 3 47-5 47.6 48.3 H, 4-4 7.7 8.2 
_ _ _ _ ~  ~~ ~ 

* The figures given are corrected for the presence of decomposition products of the catalyst itself. 
In  the preparation of samples for analysis, small quantities only of the catalyst were used, in order that 
the correction should be small. In  a typical analysis, the volume 
of gas remaining for combustion after removal of carbon monoxide and dioxide and unsaturated 
compounds was 155. Combustion gave : contraction 292, carbon dioxide formed 128, oxygen used 265. 
isoPropyl iodide decomposes according to  the equation 2C3H,I = C3H, + C3H, + I,. In the earlier 
stage of the analysis a volume 4 of unsaturated compounds had been found. This was all attributed 
to  the propylene from the catalyst. Thus there would be 4 of propane in the saturated hydrocarbons 
burnt a t  the end; 4 of propane would give 12 of carbon dioxide, a contraction of 12, and an oxygen 
consumption of 20. Subtracting these from the corresponding figures given above, we obtain: gas 

It was applied in the following way. 
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The high proportion of carbon monoxide in these analyses indicates that (b )  is the 
principal mode of decomposition. Other significant facts are the lack of correspondence, 
in the later stages, between the amounts of methane and carbon dioxide, the decreasing 
proportion of carbon dioxide as time goes on, and the increasing amount of hydrogen. 
Much more methane is produced than can be accounted for by the reaction H*CO,CH, = 
CO, + CH,. I t  is derived from the catalytic decomposition of the methyl alcohol formed 
in reaction (b).  Further light is thrown on the matter a t  this point by an investigation 
of the uncatalysed reaction of the fonnate. 

In  the latter the intermediate formation of methyl alcohol can be clearly demonstrated. 
At 550" the two stages of the reaction are rather sharply separated as shown in the fig. : 

'0 300 400 500 600 
Time, in minutes. 

a rapid increase in pressure to about double the initial value is followed by a very much 
slower increase due to the further decomposition of the intermediate product. Analysis 
of samples withdrawn as nearly as could be judged at  the end of the initial rapid reaction 
showed the non-condensable product to consist principally of carbon monoxide, two 
examples of the percentages found being 71.6% and 78.5% respectively. 

Since H*CO,CH, - CO = CH,*OH, it appears very probable that methyl alcohol is 
the other substance formed, and that reaction (b) is the predominant mode of decomposition. 
No formaldehyde could be detected by Schryver's test. The presence of methyl alcohol 
was proved by a quantitative comparison of the second part of curve A with the 
corresponding curve for the decomposition of pure methyl alcohol. The almost exact 
coincidence of B with the second part of A leaves no doubt about the identification. 

Analysis of the products formed in the later stages of the decomposition in the absence 
of iodine shows a large increase in the proportion of hydrogen, as would be expected if 
the methyl alcohol decomposes according to the equation CH,*OH = CO + 2H,. Thus 
at 552", without iodine, the percentage of hydrogen in the non-condensable products 
formed after 3 hours was 21-0, that of carbon monoxide being 58.0, while after 6 hours 
the corresponding values were 30.8 and 54.0 respectively. 

That methyl alcohol alone under similar conditions at 552" gives only carbon monoxide 
and hydrogen was confirmed by direct experiment, two samples yielding the results: 
CO, 32.8, 34.6; H,, 67.2, 65.4% respectively. 

volume 151, contraction 280, carbon dioxide 116, oxygen used 245. The presence of ethane is very 
improbable. On this basis the calculated 
gas volume is 148 compared with the actual 151, while the calculated oxygen consumption is 248 
compared with the 245 measured. 

Thus we infer CH, = 116, H, = 2 / 3 .  (280 - 232) = 32. 
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Since the uncatalysed decomposition of methyl alcohol gives carbon monoxide and 
hydrogen only, and since the catalytic decomposition of the formate gives a large propor- 
tion of methane which cannot be accounted for by reaction (a) ,  it follows that if equations 
(a) and (b)  are correct, then methyl alcohol in presence of iodine must give a large pro- 
portion of methane and comparatively little hydrogen. This anticipation was confinned 
by direct experiment at 451", where, in presence of an amount of iodine corresponding to 
that used for the catalysis of the formate, methyl alcohol gave the following products : 
CO,, nil; CO, 38-3; CH,, 53-3; H,, 8.5y0. The absence of carbon dioxide shows that 
the formate produces it by reaction (a) rather than via the methyl alcohol. It seems 
clear that the methane must be produced from the methyl alcohol as follows : 

CH,*OH = 2H2 + CO . . . . . . . . . .  (1) 
2H, + 21, Z- 4HI 
2CH,*OH + 4HI = 2H,O + 2CH, + 21, 

The net result of these changes is a catalytic decomposition of the methyl alcohol according 
to the equation 

with regeneration of the original iodine. 
ducts, (1) and (2) can be regarded as alternative reactions. 

calculate the proportion in which the alternative reactions take place. 

. . . . .  3CH3*OH = 2 C H 4 + 2 H 2 0 +  CO (2) 
Since some hydrogen appears in the final pro- 

We are now in a position to interpret the results obtained with the formate, and to 

Consider first the virtually simultaneous reactions : 

. . . . . . . . .  ;17 2H, + CO (1) 

1/3.(2CH4+2H,O+CO) . . . . .  (2) 
CH3*OH ,-' 

Number of CH,.OH molecules yielding (1) H, = ~ 8-5 = o.0532, from the 
analysis given above. Thus at 451", under the conditions of the experiments, 5.05% 
reacts according to (1) and 94.95y0 according to (2). These figures will be taken as 5% 
and 95%, respectively, for general purposes, though in the rest of this calculation the 
unrounded numbers are used. 

Now 100 mm. of methyl alcohol would give (0.0505 x 300) + (0.95 x 166.7) = 173.4 
mm. of products. These consist of carbon monoxide, methane, hydrogen, and water, 
the first three being in the ratio 38-3 : 53-3 : 8.5. Water equal in volume to the methane 
had condensed out before the analysis was made. Thus, to obtain the amounts 
of the various gases present in the reaction bulb, we must divide 173.4 in the 
ratio 38.3 : 53.3 : 8.5 : 53-3. This gives CO, 43-3; CH,, 60.2; H,, 9-6; H,O, 60.2. In 
so far as methyl formate only decomposed into carbon monoxide and the products of the 
further decomposition of the methyl alcohol, 100 mm. would give (100 + 43-3) mm. of 
carbon monoxide. If the formate decomposed entirely by reaction (a), no carbon monoxide, 
but only 100 mm. of carbon dioxide would be produced. Thus the relative numbers of 
molecules reacting according to equations (a) and (b )  are CO,/(100/143-3 CO). In the 
analysis of the final products obtained after 6+ hours at 451" in presence of iodine, the 
percentages of carbon dioxide and carbon monoxide were 13.7 and 48.3 respectively. Thus 
we have : 

[Number of molecules reacting according to (a)] : [number reacting according to (b)] = 
13-7 : 48-3 x 100/143-3. From this it follows that 29% of the formate gives carbon 
dioxide and methane, while 71% gives carbon monoxide and methyl alcohol. 

For the total decomposition of 100 mm. of the formate we have therefore 

# >  J ,  ,, ,> ,, (2) =3CH, 3 x 53.3 

/f 29c0, + 29CH4 

0-71(143.3CO + 60-2CH4 + 9-6H2 + 60-2H20) 
Le. ,  l02C0 + 42.7CH4 + 6.8H2 + 42-7H20 

lOOH*CO,CH, 
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Thus the 100 mm. give a total pressure of 252 m., i.e., an increase of 1-52 times the 
initial pressure. The increase actually found when the decomposition had entirely ceased 
was 367 for an initial pressure of 252 mm., i.e., 1.46 times. 

Omitting the water, the composition of the non-condensable products can now be 
calculated and compared with those actually formed, the latter being in parentheses: 
CO,, 13.8 (13-7) ; CO, 48-7 (48-3) ; CH,, 34-3 (29.8) ; H,, 3.2 (8.2)%. In the actual expen- 
ment the reduction of the methyl alcohol does not appear to have proceeded quite as far 
as would be anticipated from its behaviour alone. In other respects, all the facts seem 
to be adequately accounted for by the mechanism proposed. 

With ethers and with 
acetaldehyde the catalytic reaction takes place at a rate directly proportional to the iodine 
concentration, and, for a given iodine concentration, the whole change is of the first order. 
The situation with methyl formate is complicated by the separation of the reaction into 
two stages, of which the second is the slower, and still more by the action of the hydrogen 
in converting some of the iodine into hydrogen iodide. The amount of iodine available 
for catalysing the primary decomposition is thereby lessened, but, on the other hand, 
the hydrogen iodide itself reacts with methyl alcohol, and so accelerates the second stage. 
For a given iodine pressure, the greater the concentration of the formate the larger will 
be the amount of hydrogen present at a given moment : thus the greater wil l  be the amount 
of iodine removed. Hence the time required to reach a given stage of the reaction should 
increase as the initial pressure of the formate becomes greater. This expectation is ful- 
filled, as the following figures show : p is the initial pressure of the formate, and t~ is the 
time required for one-third of the total pressure change to take place. The pressure of 
catalyst is 20 mm., and the temperature 451". 

The kinetics of the decomposition are naturally rather complex. 

16, mm. 51 113 156 228 301.5 
t ) ,  Secs. 202 249 302 360 400 

In these figures the fact that the " end point " of the reaction varies somewhat with the 
initial concentration is allowed for. 

The reaction between methyl alcohol and hydrogen iodide, which is an important 
step in the catalysis of the second stage of the decomposition, will presumably take place 
at a rate proportional to the hydrogen iodide concentration. If equilibrium in the system 
H, + I, 2HI were maintained, [HI] would be proportional to the square root of the 
iodine concentration. In so far ,  therefore, as the contribution of this reaction to the 
total change is important, it wiU reduce the proportionality between rate and catalyst 
concentration to a power less than unity. This also is confinned by experiment : c was 
the concentration of catalyst, and the initial pressure of formate was approximately 100 
mm., the temperature being 451". 

G, mm. 11 16.5 2 1-5 33.5 46.5 
t i ,  secs. 3 90 2 92 262 204 180 

It was not considered profitable to attempt a more detailed analysis of the rather involved 
kinetic relationships thus revealed. All the observations are, however, qualitatively in 
agreement with theoretical expectations. 

The uncatalysed decomposition of the formate is predominantly heterogeneous ; but 
the reaction catalysed by iodine is mainly, if not entirely homogeneous. The rate of 
reaction of the formate was very much greater in a packed bulb, but on addition of iodine 
the rates in the packed and in the unpacked bulb approached one another closely. 

Concn. of catalyst ................................. 0 10 23 41 
Ratio of rates (Packed bulb)/(Unpacked bulb) 67 3.8 3-3 2.4 

Methyl Ahhol.-Experiment s were made on the catalysed decomposition of methyl 
alcohol itself. The mechanism of this reaction has already been explained. At 451" 
the ratio of the rate of decomposition with 14 mm. of catalyst to that with none was 6-4. 
For each molecule of methyl alcohol decomposing according to the equation CH,*OH = 
CO + 2H2, it is possible to have 4HI fonned as a maximum. If these reacted imxnedi- 
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ately with two more molecules of methyl alcohol to give methane, with regeneration of 
iodine, the net result would be that the primary reaction rate would be multiplied by three. 
Thus on purely chemical grounds we can explain away a three-fold increase in rate, and 
this would only leave a factor of two for the influence of the iodine on the primary reaction. 
The methane formation is by no means complete, however, so that the factor must lie 
somewhere between two and six. It is, in any case, not very large. 

The proportion of methane to  hydrogen diminishes as the temperature increases : 
450". 
38.3 
53.3 
8.5 

550". 
37.0 
37.0 
26.0 

650". 
33-5 
13.2 
53.3 

The initial rate of reaction is proportional to  the iodine concentration, but the curves 
showing amount of decomposition against time show marked changes in direction near 
the beginning, due to  the- removal of catalyst by reaction with hydrogen. Unlike the 
catalysed reaction of the formate, that of the methyl alcohol appeared to be influenced 
to a great extent by the surface. 

In general, the methyl alcohol decomposition is influenced by iodine to a much smaller 
extent than, and in a quite different way from, that of the ethers, aldehydes, and esters. 

Acetic Acid and Methyl Acetate.-The acetic acid was purified by freezing and remelting 
fractions five times. At 550" its initial rate of decomposition is not appreciably influenced 
by iodine, but the later stages are affected : 

Fraction decomposed ......... 0.1 0.2 0.3 0.4 0.5 0.6 
Time with I,, secs. ............ 23 50 81 128 183 267 
Time without I,, secs. ......... 23 51 96 159 308 900 

It seems reasonable to  assume that the iodine does not catalyse the reaction in which 

In a packed bulb the behaviour is complicated by condensation reactions, but the 

Experiments were next made with a carefully dried and fractionated specimen of 
If this ester decomposed in a manner similar to formic acid, it would 

we are interested, viz., the primary decomposition of the acetic acid. 

results show that the decomposition is by no means entirely heterogeneous. 

methyl acetate. 
yield the following products: 

. . . . . . .  C,H, + CO, (1) 

CO +CH,-OCH, (2) 
CH,CO,CH, 7 

. . . . . .  
the ether decomposing further into methane, hydrogen, and carbon monoxide. Methyl 
acetate, however, contains the grouping C--0-C, and might decompose like an ether, 
giving acetaldehyde and formaldehyde : 

R 
CH3*C*O*CH,H+ CH,*CHO + HCHO . . . . .  (3) + + 

CH, + CO, 

I t  is mainly homogeneous, and is strongly catalysed by iodine. 

H, + CO 
This last mode of reaction has been found to  predominate in the gaseous decomposition 

at  about 500". 
Temperature, 480" ; initial pressure of ester, 130 mm. 

Catalyst, mm. ................................................ 16 25.5 42 51.5 

Temperature, 500' ; initial pressure of acetate, 130 mm. 
Fraction decomposed .................................... 0.2 0.3 0.4 
Time in packed bulb .................................... 10' 0'' 17' 30" 26' 10" 
Time in unpacked bulb ................................. 11' 50" 18' 10" 24' 30" 

(Rate with catalyst) /(rate without catalyst) ......... 34 45 69 S l  

The influence of iodine in the packed bulb is the same as in the unpacked. 
Analysis of the gaseous decomposition products showed the presence of 2% of carbon 

This was assumed to come from reaction (l), and therefore to be accompanied by dioxide. 
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an equal volume of ethane. The figures for methane and hydrogen given below have been 
corrected on the assumption that this ethane was really present, and give the relative 
proportions of the gases other than carbon dioxide and ethane. 

Products of decomposition without iodine at 500". 
(1.) (2.1 (2) uncorr. for assumed C,H,. 

co, 76 52.7 53.2 51.3 
29.7 28.6 33.6 

15-1 H,, % 17.6 18.2 
CH,, % 

Products of decomposition in presence of iodine. 
CO, 54-7; CH,, 33.2; H,, 12.1%. 

The latter figures are corrected for the presence of the small amounts of hydrocarbon 
derived from the catalyst itself. 

Reactions (2) and (3) would both lead ultimately t o  the production of carbon monoxide, 
methane, and hydrogen in the proportions 2CO : CH, : H,. The dimethyl ether formed in 
(2) gives formaldehyde as an intermediate product of its own decomposition. Thus, to 
establish mechanism (3) it is necessary to prove the intermediate formation of an aldehyde 
other than formaldehyde. Gas samples were with- 
drawn from the reaction vessel about half-way through the decomposition, and dissolved 
in water. The solution gave a dense silver mirror with ammoniacal silver nitrate, but 
no trace of formaldehyde could be detected by Schryver's test. Blank tests showed that 
acetaldehyde neither gives this test itself nor interferes with the detection of formaldehyde. 
Mechanism (3) seems therefore to be the predominant one,* but the formaldehyde is de- 
composed or otherwise removed as fast as it is formed, none being detectable either at 
550" or at 516". In presence of iodine the amount of acetaldehyde accumulating is only 
enough to give a faint silver mirror : this is in accordance with the known marked catalysis 
by iodine of the acetaldehyde decomposition. 

The total increase of pressure should be three times the initial pressure of the methyl 
acetate. Moreover, it will be noticed that 
the amount of hydrogen is too small, and that the ratio of carbon monoxide to methane 
is less than 2 : 1, as equation (3) would suggest. These discrepancies can be accounted for 
by assuming that some of the formaldehyde condenses with methyl acetate, and that 
the condensation product is reduced by the hydrogen of a second molecule of formaldehyde. 
If this type of condensation is assumed to occur to the extent necessary to account for the 
difference between the observed and the theoretical ratio CO/CH,, then it can easily be 
calculated that the pressure increase during the whole reaction will correspond approxim- 
ately to that actually observed. 
. The kinetics of the reaction are hardly suitable for elaborate investigation, since the 

hydrogen formed removes some of the catalyst, and the amount removed at any stage is 
a function of the velocity and equilibrium in the system H, + I, z+ 2HI. In presence 
of iodine, the accumulation of the intermediate products seems to be very small. Thus 
the rate of reaction is that of the initial decomposition of the ester, and is fairly accurately 
indicated by the rate of pressure change. At 523" the change, for a given catalyst con- 
centration, is more nearly of the first than of any other order, but the values of k fall con- 
siderably as the reaction proceeds. At lower temperatures the fa l l  is still more marked. 

Temperature 523". 

It was possible to do this as follows. 

In practice it varied from 1.93 to 2.03 times. 

Fraction decomposed ............ 0.083 0.165 0.248 0.331 0.414 0-496 0.579 
K x lo5 .............................. 190 184 178 173 167 160 156 

Fraction decomposed ............... 0.038 0.153 0-227 0.303 0-379 0.455 0-530 
k x  lo6 ........................... 333 270 238 222 209 199 195 

Temperature 442 O .  

The fall can be explained by the progressive removal of iodine by the hydrogen. 

for the observed rate. 
* It can also be shown that methyl ether, if formed, would not decompose fast enough to account 
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If the initial pressure of the acetate is increased, the absolute amount of hydrogen 

corresponding to a given fraction decomposed is greater, and thus a more serious removal 
of catalyst occurs. This means that for a given catalyst concentration the time required 
to reach a given stage of the decomposition will be greater the greater the initial pressure 
of acetate. 

Initial press. of acetate, mm. ..................... 48 130.5 270 
Time for 25% change, secs. ........................ 140 228 220 

The disturbing influence of the hydrogen can be allowed for approximately as follows. 
From curves we can read off the times required for given absolute increases in pressure. 
Over these intervals, the hydrogen concentration, and therefore the catalyst concentration, 
can be regarded as the same for all initial pressures of acetate. Therefore, if thz reaction 
is of the first order with respect to the acetate, [l/(a - x)] .Ap/At  should be independent 
of the initial pressure. For example, the time required for the pressure increase to change 
from 10 to 20 mm. was 67 seconds at 480", the initial pressure of acetate being 48 mm. 
The total pressure increase at the end of the reaction was 92.6 mm. Therefore the average 
amount of acetate present during the interval was proportional to 48(92.6 - 15)/92.6 = 
(a - x) = 40. When the initial pressure was 130-5, the time for the increase to change 
from 10 to 20 nun. was 21 seconds, and the end-point was 252. Thus (a - x) is 130.5(252 - 
15)/252 = 123. The product of the two times and their respective (a - x) values should 

Temperature, 480"; catalyst, 20 mm. 

be- independent of the hitial pressure. 
Initial (a-.) x 

press., mm. (a-x). At,,,,. Atlem. 
48 40 67 268 

130.5 123 21 259 
270 263 12 316 

Mean 281 

The extent to which this is fulfilled is shown below : 
(a-x) x ( a - x )  x 

(U-x). At2o-m. At20-30. (a-x). At-35. At30-35. 

35.1 8.5 298 31.7 52 165 
118 24 283 114 13 148 
257 12.5 321 253 6-5 164 

Mean 301 2xMean 318 

- x)At  is seen to be roughly constant. As we pass For each range, A+ being constant, (a 
from the earlier to the later stages of the reaction, the mean vaheof (a - x)At  for a given 
Ap increases, corresponding to the f a l l  in rate as the catalyst is removed. 

The Ethyl Halides.-The decomposition of the halides themselves is homogeneous. 
Iodine has no appreciable catalytic influence on the rate of the primary decomposition, 
though it alters the total pressure increase slightly. 

Acetone and Methyl Ethyl Ketone.-Here also the results were negative, except for some 
disturbance of the later stages of the acetone reaction. 

. 

SUMMARY. 
Iodine has a very pronounced catalytic influence on the homogeneous decomposition 

of methyl fonnate and methyl acetate in the gaseous state. The reactions are analogQus 
to those of ethers and aldehydes. The decomposition of the corresponding acids is not 
cat alysed. 

The mode of decomposition of methyl fonnate in presence of iodine at 451" is as follows : 

The predominant reaction is analogous to the catalytic decomposition of acetaldehyde, 
while the subsidiary reaction ca.n be interpreted by regarding the methyl formate as an 
ether. 

With methyl acetate the primary decomposition is of the ether type : 
CH,*CO-OCH, = CH,*CHO + HCHO -+ condensation 

CH,+CO H , + C O  
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There is no marked catalysis by iodine of the decomposition of the ethyl halides, or of the 
ketones. 

Methyl alcohol normally decomposes according to the equation CH,*OH = 2H, + CO, 
but in the presence of iodine the following reactions occur : (1) CH,*OH = 2H, + CO; 
(2) H, + I, = 2HI; (3) CH,*OH + 2HI = CH, + H,O + I,. Acceleration of the 
primary reaction does not exceed a factor of about three. 

The kinetics of the various catalytic reactions are obviously rather complicated, but 
are found to resemble in a general way those of the simpler ether and aldehyde decom- 
positions. 

PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND 
TRINITY COLLEGE, OXFORD. [Received, June 13th, 19331. 


