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Hydrogenation of propene on Pt catalyst was studied in 0.5 M D2S04. The distribution of 
deuterium in the product propane consists of two segments A and B where maxima appear at d2- 
and ds-species, respectively. Precise analyses of the mass and NMR spectra of the propane clarified 
the positions of the deuterium atoms in the molecule; (i) both the methylenic hydrogens are 
deuterium for d3 - d6 species in segment A, (ii) the deuterium atoms are omnipresent in one of the 
two methyl groups for 40% of d4 - d,-species in segment A and are distributed in both methyl 
groups for the rest, and (iii) deuterium atoms in segment B are randomly distributed in the eight 
hydrogen atoms. The above result (i) indicates the preferential formation of n-propyl rather than 
iso-propyl as a reaction intermediate, and (ii) and (iii) point to the presence of different, restricted 
or free rotational states for the isopropyl intermediate around the C-metal bond. The H/D exchange 
in the free rotational intermediate is extremely fast in segment B and relatively slow in segment A. 

INTRODUCTION 

Hydrogenation of lower olefins on metal 
catalysts has been widely studied in the gas 
phase. The associative mechanism in which 
adsorbed olefin molecule accepts a hydro- 
gen atom to form an adsorbed alkyl radical 
(half-hydrogenated state) and then a second 
hydrogen atom to form paraffin, has gener- 
ally been accepted from the 1960’s (I). In 
addition, Bond et al. (2) have shown that 
the alkyl radical undergoes the H/D ex- 
change reaction with olefin and the dispro- 
portionation reaction forming olefin and 
paraffin. A dissociative species of olefin 
was also reported to participate in the ex- 
change reaction of olefin with D2 (3, 4). 
These studies are based on the analyses of 
mass spectra of paraffin and/or microwave 
spectra of deuterium-exchanged olefin. 
However, the number of deuterium atoms 
taken up into the paraffin is rather limited in 
the deuteration of olefin in the gas phase, 
because the fraction of deuterium in ad- 
sorbed hydrogen atoms, fu, is rather low, 
for example, 0.72-0.76 for the hydrogena- 
tion of 1,3-butadiene (5) and 0.33-0.50 for 
that of ethylene (2) on Pt/A1203. The lower 
fD is due to both the slow rate of the ex- 

change reaction of the adsorbed hydrogen 
with D2 and the small deuterium capacity of 
D2 in the gas phase. Phillipson and Burwell 
(6) used deuterium-containing organic 
solvents such as CH,COOD, CH,OD, 
(CH&COD, THF (tetrahydrofuran)D20, 
and D2NCH2CH20D-CH30D for the hy- 
drogenation of olefins such as cyclopen- 
tene, cyclohexene, and I-hexene on Pt/ 
A1203, and were successful in raising fD to 
0.82-0.90. In such a system, the exchange 
reaction, H(a) + ROD g D(a) + ROH, pro- 
ceeds rather rapidly. On the other hand, we 
have carried out the deuteration in 0.5 M 
D2S04-D20 solution and found out that fD 
is always kept above 0.9 during the reaction 
(7) through the fast equilibrium step of D+- 
discharge. Therefore, the study in an aque- 
ous system is expected to provide en- 
hanced H/D exchange and hence useful 
information in elucidating a rather compli- 
cated reaction mechanism on metal cata- 
lysts. We have already reported the new 
information (8) that two maxima appear in 
each distribution of deuterium in paraffins 
produced from propene, 2-methylpropene 
and 1-butene on Pt; one maximum is at par- 
tially deuterium-exchanged paraffin, often 
at &-species (CnHZnDZ, n = 3, 4), and the 
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other at or near perdeuteroparaffin It has 
been concluded that the parttally deute- 
t-turn-exchanged paraffin 1s produced 
through the H/D exchange of only the vmy- 
hc hydrogens via the first, reversible addt- 
tton of a hydrogen atom The present work 
aims to reconfirm the above concluston by 
determmmg the postttons of deutenum at- 
oms m methyl and methylene groups of 
propane Thus, specml attentton is paid to 
the precise analyses of the mass and NMR 
spectra On the basis of the dtstnbutton 
thus obtamed, the reaction mechamsm 1s 
discussed m detatl 

EXPERIMENTAL 

A catalyst of Pt net (4 N purtty, apparent 
area 80 cm2) was Immersed m 0 5 M D2S04 
solutton prepared from D2S04 (Merck, 
99% D) and D20 (Merck, 99 75% D), and 
was subJected to an electrochemtcal pre- 
treatment, 1 e , anodtc oxtdatton at 1 8 V vs 
rhe (reversible hydrogen electrode) for 5 
mm and then reduction at 0 V for 5 mtnJust 
before the reaction The reaction gas was 
an atmospheric pressure mixture of pro- 
pene, D2 (Showa Denko, Japan, 7 N punty) 
and He (7 N punty) The reactton was car- 
ned out on open cucutt at room tempera- 
ture m a closed-ctrculatton system 

In order to estimate the accurate dtstnbu- 
tion of deutenum from an observed mass 
spectrum, the pattern coefficients for each 
deuteropropane isomer were carefully de- 
termined by takmg mto account the two 
factors whtch have a great influence on the 
results, one 1s the ratto of the cleavage of 
C-H to C-D (tsotoptc effect) and the 
other 1s the ratio of the cleavage of C-H m 
CHs- to that m -CHr groups (posl- 
tional effect) The former 1s estimated as 
1 5 from the mass spectra of CD3 
CD2 CD3 and CH3 CH2 CH3, and the lat- 
ter as about 0 from the mass spectra of 
CD3 CH2 CH3 and CH, CH2 CH3, re- 
spectively These values indicate that 
C-H bond cleaves 1 5 times more easily 
than C-D bond does and that the cleavage 
occurs exclustvely m the methylene group 

The distribution thus calculated 1s much 
more reliable than the previous one (8) 
where the above two effects were not taken 
mto account However, It will be noticed 
that the other dtstnbutton, calculated under 
the assumption of zero postttonal effect, for 
2-methylpropane produced from 2-methyl- 
propene on Pt/graphtte m 0 5 M D2S04 (8) 
remains valid smce the tert-alkyl cation is 
very stable compared with the see-alkyl 
cation and 1s formed so easily that the dtf- 
ference between the C-H and C-D cleav- 
age m the methme group cannot be de- 
tected, as confirmed by the mass spectra of 
CD3 CD (CD3)2 and CH3 CH (CH,), 

The NMR spectrum of propane, dis- 
solved m CDC& and sealed mto a glass 
tube, was measured by a high-resolutton 
NMR spectrometer (400 MHz, JEOL, 
JNM-FX-400), m order to estimate the re- 
specttve average numbers of deutenum 
taken up m CHj- and -CHZ- 

RESULTS AND DISCUSSION 

I Dlstnbutlon of Deuterlum m 
Deuteropropane 

We first describe the dtstnbutlon of deu- 
tenum m deuteropropane estimated from 
mass spectra with the pattern coefficients 
mentioned above As an mtttal stage we as- 
sume that one deutenum IS always taken up 
m the methylene group of d2 - ds-species 
since the double bond 1s deuterated under 
condtttons with a high-deutermm fraction m 
adsorbed hydrogen atoms The dtstnbution 
thus obtained (Fig 1 (0)) is clearly com- 
posed of two segments, A and B, A conststs 
of less-deuterated spectes where a maxi- 
mum appears at d2 - d3-species and B con- 
sists of htghly deuterated species where a 
maximum appears at perdeuteropropane 
The present fraction for d6-spectes amounts 
to ca lo%, m contrast to the previous value 
of -0% (8), as a result of the due conader- 
ation of the tsotoptc and positional effects 

Such a two-maximum distribution of deu- 
termm has not been reported m gaseous 
heterogeneous hydrogenation nor even m 
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FIG 1 Dlstnbutlon of deutenum m propane pro- 
duced by the deuteratlon of propene on Pt net m 0 5 M 
DzS04 In the calculation of these dlstnbutlon from 
mass spectrum, one (0) or two (A) methylemc hydro- 
gens are assumed to be always deutenum 

the hydrogenation m deutenum-contammg 
organic solvents (6) In the latter case of 
the hydrogenation of cyclopentene, how- 
ever, It should be mentloned that their N- 
profiles deduced from the monotonous dls- 
tnbutlons of deutermm clearly reveal two 
maxima, one at Nz and the other at N5 (N,, 
the fraction of the molecules m which I hy- 
drogen posltlons have been eqmhbrated 
with the surface H/D pool) The maximum 

at Nz 1s easily understood m terms of the 
simple addltlon of two hydrogen atoms to 
the double bond The other maxlmum at N5 
suggests the presence of multlexchange glv- 
mg nse to per-exchanged species to a con- 
siderable extent under the condltlons that 
one and the same side of cyclopentane 
keeps an interaction with the catalyst sur- 
face Such a double-maximum dlstrlbutlon 
clearly develops m the dlstnbutlons of deu- 
termm m our expenments In the present 
system (0 5 M D2S04), fD IS much higher 
(close to unity) and hence the observed dls- 
tnbutlon of deutermm directly approxl- 
mates Its N-profile 

II Posltlons of Deuterlum Atoms m 
Deuteropropane 

Next, we ~111 determme posltlons of the 
deutenum atoms taken up m deuteropro- 
pane by using the dlstnbutlon of Fig 1 and 
NMR spectra NMR spectra show that 3 12 
deutenum atoms go mto methyl groups and 
1 67 mto the methylene group, respectively 
(Table 1, I-( 1)) In the followmg it IS shown 
how these numbers are obtamed from the 
dlstrlbutton of Fig 1 using the model de- 
scribed below 

Segment B We first assume that segment 
B represents the random dlstnbutton of 
deutenum m the eight hydrogen atoms be- 
cause of a high production of perdeutero- 
species (&) which are produced only by 

TABLE 1 

(DN)‘s m Methyl and Methylene Groups of the Deuteropropane 

I” II” 

CH,- -CH2- Total CH,-- -CH?-- Total 
-CH, -CH, 

(1) (DN)o,s 3 12 1 67 4 79 3 22 I 68 4 90 
(2) (DN)B 1 91 064 2 55 190 0 63 2 53 
(3) @WA d 060 0 60 1 20 0 63 0 63 1 26 
(4) (DN), ex 0 60 044 104 064 0 48 1 12 

(1) - i(2) + (3) + (4)1 001 -0 01 0 05 -0 06 

R I and II are based on the dlstrlbutlons of deutenum shown m Fig 1 by circle and 
triangle, respectively 



132 SHIMAZU AND KITA 

the extremely fast H/D exchange over all 
the hydrogen atoms of the molecule Thus, 
the fractions of ds- and &spectes can give 
the deutermm fraction m adsorbed hydro- 
gen atoms,fn, and then the expected contn- 
butron at each less-deuterated species by 
using a bmomml formula based on the ran- 
dom dtstnbutton Calculatton shows that fn 
= 0 95 and that the contnbutton sharply 
drops from 19 1% at ds to 1 8% at ds and 
becomes negligible at d4 - do By summing 
up the contnbuttons at each d,, we can estt- 
mate the relative proportton of segment B 
and hence of A as 

the deuteratlon (DN)A,dCH3 and that m meth- 
ylene (DN), dCH2, are given by 

(DN)A,dCH3 = (DN)A,dCH2 

= 0 48 XIA + 0 95 f: X: (3) 
1=2 

Number of deuterlum atoms taken up by 
the HID exchange (Segment A) Second, 
the numbers of deutenum atoms which go 
mto the two methyl and one methylene 
groups by the H/D exchange, (DN)zt3, and 
(DN)::$, are estimated as follows Subtrac- 
tlonof (DN), dCH3 + (DN) A dCH2from the total 

6 

5X? = 035, ix/‘= 065, 
number of c I XLA gtves the total number 

1-I 
1=5 r=O of the deutenum atoms introduced by the 

where XB and X,A are the fraction of d,- 
species m segments B and A, respectively, 
and XIB + Xp gives the observed fraction of 
d,-species Here, XTA and XgA are zero The 
random dtstnbutton (segment B) also gtves 
a contnbutton to the average number of 
deutenum m methyl and methylene groups, 
denoted as (DN)BCH3 and (DN)BCH2, by a 
proportional allotment as 

(DN)BCH3 = i $ X,” (1) 

and 

(DN)BCH2 = f $ x, (2) 

The respective contnbuttons are listed m 
Table 1, I-(2) 

Number of deutenum atoms taken up by 
the deuteratlon (Segment A) Next, we ex- 
amme segment A At first, the number of 
deutenum atoms whrch go mto the two 
methyl and one methylene groups by the 
deuteratlon wtthout H/D exchange 1s estt- 
mated Obvtously, the deuteratron mtro- 
duces 0 95 deutenum atom cfn = 0 95) mto 
both the groups of each deutero-species ex- 
cept d, In the latter case, we assume that a 
deutenum atom has the equal chance to go 
mto the both groups Thus, the number of 
deutenum taken up m the methyl group by 

exchange Now, a question anses as to the 
ease of the exchange m the methylene and 
two methyl groups We first assume that 
the ongmal hydrogen atom at the methy- 
lene group 1s m equthbrmm with respect to 
the H/D exchange because of the extremely 
easy cleavage of the methylene C-H bond 
Then, we will show that the DN calculated 
under this assumption can reproduce the 
(DN),,,, from the NMR spectrum Spectes 
d3, d4, d5, and d6 will contam two deutenum 
atoms m the methylene group from the 
above assumptton and one deutermm atom 
due to the deuteratton m one of the two 
methyl groups Thus, the subtractton of 
these deutenum atoms by taking mto ac- 
count& (= 0 95), gives the DN brought by 
the exchange m the two methyl groups, 

(DN)::Z = f: (I - 3 x 0 95)X? (4) 
1=3 

Stmdarly, the DN m the methylene group 
$ue to the exchange 1s calculated as 0 95 

x Xp In addttlon, a contnbutlon, though tt 
r=3 

1s minor, from dl and d2 species must be 
taken mto account to fulfill the mass bal- 
ance condttron These species contam 0 95 
and 1 9 deutenum atoms due to the deuter- 
atton, and the remainder of 1 and 2, 1 e , 
0 05 and 0 1 are due to the H/D exchange 
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The latter fractions are added to the above 
DN since the exchange proceeds much 
more rapldly m the methylene group than m 
the methyl groups Thus, we have 

(DN):H,$ = 0 05 XIA + 0 10 X,A 

+ 0 95 f: xp (5) 
r-3 

Calculated values of all the (DN)‘s are sum- 
manzed m Table 1 The subtraction of the 
(DN)‘s from the observed average number 
of deutenum, (DN),b,, results m almost 
zero m the methyl and methylene groups 
From these results, we can conclude that 
both hydrogens attached to the methylemc 
carbon are deutenum for d3 - ds-species 

Recalculation of the dlstnbutron of deu- 
terzum Now, the above conclusion re- 
quu-es recalculation of the dlstnbutlon of 
deutenum by taking mto account that both 
the hydrogens m the methylene group are 
deutenum m dS - de-species m segment A 
The final dlstnbutlon IS shown m Fig 1 (a) 
The same procedure for the estimation of 
the above (DN)‘s 1s repeated New (DN)‘s 
are summanzed m Table 1, II No essential 
dtierence 1s observed 

localized structure 
4 CHD*--CD2--CH3 (0 4) 
4 CD3--CD2-CH3 (0 1) 
de CD3--CD2-CH2D (0 4) 

The figures m parentheses show the proba- 
bility of appearance of each species when 
the deutenum atoms enter randomly mto 
the two methyl groups This random dlstn- 
butlon 1s named “model I” m contrast with 
that giving only the species of locahzed 
structure called “model II ” These two 
models are now examined to see which one 
reproduces the observed relative Intensity 
(Table 2) of the peak at m/e = 34 
(CD3-CD,+) to that at m/e = 33 
(CHDrCD2+ or CD,-CHD+) Only the 
foregomg three fragments give peaks which 

Throughout the above calculation, we 
have assumed that fo 1s uniform over the 
surface, m contrast to the conclusion by 
Phdhpson and Burwell (6) that there are at 
least two sets of surface sites different lnfj, 
on largerfn sites most of the hydrogenation 
accompanied with multiple H/D exchange 
takes place, and on smallerfn sites mainly 
simple addltlon hydrogenation occurs This 
model will be disproved as follows 

Since the present value of fD = 0 95 1s 
derived from X7 and X8, the fractions of the 
multi-exchanged propanes, the other fn 
must be estimated from the fractions of the 
species formed by the simple addition X,, 
and X, are, however, almost zero m the dls- 
tnbutlon (Fig 1) Thus, the& must be close 
to unity (if& is low, a significant amount of 
X,, and Xl must be observed) Thus, we re- 
gardfn as umform, as a first approxlmatlon 

Partltlon of deuterlum between two 
methyl groups (Segment A) The last ques- 
tlon to be solved 1s whether the deutenum 
atoms m the two methyl groups are local- 
ized m one methyl group or spread over the 
two methyl groups The localized and delo- 
cahzed structures for d4 - d6-propane m 
segment A are 

delocalized structure 
CH@--CD2--CH2D (0 6) 
CHD2--CD2--CH2D (0 9) 
CHD2-CD2-CHD2 (0 6) 

are free from any fragments formed by the 
cleavage of a carbon-hydrogen bond of 

TABLE 2 

Relatwe Intensity of the Peak at m/e = 34 to That at 
m/e = 33 

Run Observed Calculated 

Model I Model II 

Contnbutmn of 
Model II 

(%I 

1 190 I5 27 33 
2 192 16 23 44 
3 194 15 26 38 
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heavier Cz-species and free from the effect 
of a background of O2 at m/e = 32 The 
relative mtenslty of the peak at m/e = 34 to 

AND KITA 

that at m/e = 33, R, IS estimated from the 
dlstrlbutlon of deutenum m propane (Fig 
1) by 

R 
0 + 0 + 0 + 0 + 0 + 

= o5x,A 20&A 02&B lo5x,B 375Xf XgB 0 2XJA + 0 45XTA + 0 60XhA + 0 265X,B + 0 535XbB + 0 625X,B 

for model I and 

(6) 

R = 5x/ 5x/ 02xgB lo5x,B 0 375X,B X,B 
0 + 0 + 0 + 0 + + 

0 5XqA + 0 265XsB + 0 535XgB + 0 625X,B (7) 

for model II, where each coefficient 1s de- 
termmed as dlustrated m Table 3 The cal- 
culated R’s for three separate runs are sum- 
manzed m Table 2 and show about 40% 
occurrence of model II and about 60% 
model I 

ZZZ Deuteratlon of 2-Methylpropene 

In the deuteratlon of 2-methylpropene on 
IWgraphlte, however, species of the local- 
ized structure become mam products Fig- 
ure 2 shows the dlstrlbutlon of deutenum m 
2-methylpropane where two segments A 
and B separate clearly Smce the fraction of 

0 2 4 6 8 10 
number of D-atoms 

FIG 2 Dlstnbutlon of deutenum m 2-methylpro- 
pane formed by the deuteratlon of 2-methylpropene on 
Pt/graphlte m 0 5 M D2S04 

d5 1s definitely zero and the maximum num- 
ber of deutenum m segment A 1s four, it 1s 
concluded that the deutenum atoms m seg- 
ment A are locahzed as exemplified below 
for d4-species 

CHrC-CH, + D(a) CD3-CD-CH3 

CH3 CH3 

IV Reaction Mechamsm 

The locahzed dlstrlbutlon of deutenum 
atoms provides a key for the elucldatlon of 
the reaction mechamsm for segment A, al- 
though for propane it occupies only 40% of 
segment A These species are formed 
through the exchange reaction of the vmy- 
hc hydrogens of the reactant Dlsso- 
clatlvely adsorbed vinyl species such as 

YH3 
CH3 CH2 

\J 
CH H 
t/ 

C C * , * 

were often reported m the literature as the 
intermediates for the exchange reactlon of 
olefin with D2 on metal catalysts m the gas 
phase Such species were first proposed by 
Farkas et al (3) for the exchange reactlon 
of ethylene with D2 on NI and platlmzed Pt 
Hlrota and Hu-onaka (4) and Ledoux et al 
(9) also suggested the above vmyl species 
from the microwave spectroscopic data for 
propene subJected to the exchange reaction 
on Pt catalyst and for butenes on Pd film 
However, the exchange through the dlsso- 
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TABLE 3 

Coefficients m Eqs (5) and (6) 

Segment Species Weight Relative contnbutlon to 

mle = 34 m/e = 33 

A da 

4 

4 

4 
4 
‘& 

B 4 

de 

4 

Model I 
CHDrCD2--CHs 04 
CH@-CDrCH2D 06 
CDrCDrCHl 01 
CHDZ-CDrCH2D 09 
CDrCD2-CH2D 04 
CHDrCDz--CHD2 06 

Model II 
CHDrCD2-CHJ 1 
CDrCD2-CH3 1 
CDrCDrCH2D 1 

CDj----CD*-CH9 004 
CDrCHD--CHID 021 
CHD+ZD2-CH1D 0 32 
CHDrCH&CHD2 0 32 
CD3-CHz-CHD2 0 11 
CDrCDrCH2D 0 21 
CDrCHD-CHD2 0 43 
CHDICDrCHD2 0 32 
CD-CH2-CDS 004 
CHDrCD2-CD3 0 75 
CDj-CHD-CD, 0 25 
CD3-CD2-CD3 1 

0 
0 
0 05 
0 
02 
0 

0 
05 
05 

0 02 
0 
0 
0 
0 
0 105 
0 
0 
0 
0 375 
0 
1 

02 
0 
0 
0 45 
0 
06 

05 
0 
0 

0 
0 105 
0 16 
0 
0 
0 
0 215 
0 32 
0 
0 375 
0 25 
0 

clatlve mtermedlate ~111 not be plausible m 
the present system for the followmg rea- 
sons (1) Propene left unreacted does not 
contam any deutenum atoms after the reac- 
tion This disproves the existence of the 
dlssoclatlve adsorptlon proposed m the gas 
phase (11) Neither the exchange reactlon 
nor hydrogenation proceeds when a mix- 
ture of CH+ZH, and CDFCD, IS kept m 
contact with Pt net m aqueous solutlon 
(10) 

The localized dlstrlbutlon of deutermm 
also cannot be explamed by the simple as- 
soclatlve mechanism, which allows the re- 
lease of a hydrogen atom from the two 
nelghbormg methyl groups of Isopropyl m- 
termedlate with the same probablhty How- 
ever, if one of the two methyl groups IS not 
allowed to Join the exchange reaction, the 
localized dlstrlbutlon IS easdy explained by 
steps (1) and (2) m the followmg Scheme 

3 

- 

:H ;H3 
\32 / 

CH 
8 * 

Scheme I 

CH3-CH2-CH2 

CH3-CH2-CH3 
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An adsorbed propene IS half-hydrogenated 
to either n-propyl by step (1) or Isopropyl 
by step (2) The reverse of steps (1) and (2) 
introduces deutenum mto the vmyhc posl- 
tlon of the reactant In this explanation, it IS 
tacitly assumed that the geometrl:al one?- 

tatlon of the two carbon atoms,C and C, 
toward the two adsorption sites 1s fixed 
When the rotation of isopropyl mtermedl- 
ate 1s allowed as shown by step (3), deute- 
num atoms can enter mto both the methyl 
groups, glvmg the species of delocalized 
structure (model I) The clear separation 
between segment A and B m the hydrogena- 
tion of 2-methylpropane IS explained by a 
complete restnctlon on the rotation of tert- 
alkyl intermediate because of its bulky 
structure 

The high concentration of deutermm m 
the methylene of deuteropropane shows the 
preferential occurrence of step (1) to step 
(2) This 1s m accord with the observation m 
the gas phase by u- spectroscopy that only 
n-butyl IS detected m the hydrogenation of 
the adsorbed 1-butene on Pt/SlO, (II) 

Random dlstrlbutlon of deutermm for 
segment B assumes an extremely fast H/D 
exchange reaction A free rotational ~so-al- 
kyl 1s one of the possible intermediates for 
this exchange reaction We assumed the 
same intermediate m the explanation of 
segment A, but this intermediate should be 
accompanied by an exchange rate much 
slower than that of the former intermediate 

The detailed and accurate analysis of the 
mass and NMR spectra m the present study 
reveals (1) the formation of paraffins with 
the H/D exchange only at the vmyhc posl- 
tlons, this exchange produces 40 and 100% 
of segment A at propane and 2-methylpro- 
pane, respectively, (11) the presence of the 
lso-alkyl with a restricted rotation as the 
intermediate for the formation of the spe- 
cies mentioned m (I), and (m) the presence 
of two kinds of free rotational Iso-alkyls 

one gives segment B and the other gives 
60% of segment A for propane The present 
modified assoclatlve mechanism (Scheme 
1) will be applicable to the hydrogenation of 
other olefins The mechanism proposed by 
Bond et al (2) 1s rather complicated and no 
evidence seems to have been given for the 
dlsproportlonatlon of alkyls to form olefin 
and paraffin 

It should be emphasized that the hlgh- 
deutenum fraction m the surface H/D pool 
1s important m clarlficatlon of the reaction 
mechanism 
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