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The Reaction of Ethane with Deuterium over Platinum (111) 

Single Crystal Surfaces. 

by F. zaera and G.A. Somorjai 

Materials and Molecular Research Division, 
Lawrence Berkeley Laboratory 

and 
Department of Chemistry, University of California 

Berkeley, California 94720. 

ABSTRAcr 

Deuterium exchange and hydrogenolysis of ethane were studied over 

LBL-17764 

(111) platinum surfaces under atmospheric pressures and a temperature ran-

ge of 475-625K. Activation energies of 19 Kcal/mole for exchange and 

34 Kcal/mole for hydrogenolysis were obtained. The exchange reaction 

rates displayed kinetic orders with respect to deuterium and ethane partial 

pressures of -0.55 and 1.2, respectively. The exchange product distribu-

tion was U-shaped, peaking at one and six deuterium atans per ethane mole-

cule, similar to results reported for other forms of platinum, e.g., 

supported, films, and foils. The presence of ethylidyne moieties on 

the surface was inferred from low energy electron diffraction and thermal 

desorption spectroscopy. A mechanism is proposed to explain the experi-

mental results, in which ethylidyne constitutes an intermediate in one of 

two competitive pathways. 
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IN'IROIX.JCTION 

The development of apparatuses in which samples can be transferred 

fran Ultra High Vacuum (UHV) to high pressure reactors and back without 

exposure to air, together with the powerful tools of surface science, 

allows a more detailed examination of the mechanism of catalytic surface 

reactions. we have recently reported a study of ethylene hydrogenation 

over Pt (111) single crystal surfaces [1], where it was concluded that 

ethylidyne (a hydrocarbon fragment which forms under UHV when ethylene 

is adsorbed at roam temperature) is also present during high pressure 

reactions, covering the metallic surface. Since ethylidyne is stable in 

the presence of high pressure of H2 below 350K, the hydrogenation of 

gas phase ethylene takes place on top of this first chemisorbed layer. 

In this paper we report a similar study of the ethane deute-

rium exchange reaction. An activation energy of 19 Kcal/mole was obtained, 

consistent with values reported previously on supported platinum, plati­

num films or foils [2-6]. Furthermore, au-shaped product distribution 

was obtained, with maxima at one and six D atans per ethane molecule, 

indicating the existence of two oampetitive exchange reactions. Low ener­

gy electron diffraction (LEED) and thermal desorption spectroscopy ('IDS) 

suggest the presence of ethylidyne fragments on the surface after these 

reactions. Since the initial step for exchange is the dissociative 

adsorption of ethane, the reaction requires temperatures above about 

400K. Under these conditions ethylidyne moieties present during the 

high pressure reaction are readily rehydrogenated. We propose a mechanism 

for the exchange reaction in which initially adsorbed ethane either 
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desorbs ~iately, yielding monodeuterated ethane, or undergo through 

sequential hydrogen exchange reactions involving ethylidyne as an inter­

mediate, to finally produce fully deuterated ethane. 

EXPERIMENTAL 

All the experiments were carried out in a UHV/high pressure appara­

tus designed for combined UHV surface analysis and high pressure studies 

using small area catalyst samples, as described in detail in previous pu­

blications [7]. The system is equipped with standard instrumentation for 

perfonning LEED, Auger electron spectroscopy (AES), and TOS: and with a 

retractable cell that all0t1s the catalyst sample to be isolated fran UHV 

and inserted into a high pressure recirculation loop that can be operated 

up to 10 atm. for kinetic studies. Most of the experimental details 

have been described extensively in a previous paper [1]. A platinum 

single crystal, cut and polished in a (111) orientation, was used as 

the catalyst. '!he total area was about 1.5 an2, with less than 30% 

polycrystalline surface. Research purity ethane (Matheson, 99.96%), and 

deuterium (Matheson, >99.5% atanic purity) were used as supplied. 

Tb carry out a reaction, the crystal was first cleaned until no 

impurities were detectable by AES. It was then inserted into the high 

pressure loop, and cooled to near roam temperature in the presence of 

about 150 torr of ~· '!he ~ was evacuated, ethane and deuterium were 

introduced in that order to the desired pressures and circulated for 2-3 

minutes to ensure adequate mixing, and finally the crystal was heated to 

the reaction temperature. 
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Methane formation was followed by gas chranatography, using a 6'xl/8" 

Chranosorb 104 column. The deuterium exchange was follCMed mass spectrane­

trically by leaking a small amount of the reactant mixture into the vacuum 

chamber. The product distribution was obtained by deconvoluting the data 

using the mass spectrum of each pure deuterated ethane, as reported in the 

literature [8]. These calculations proved to be fairly accurate [1], although 

the errors accumulate in the light alkane region of the distribution. 

After reactions, the crystal was returned to UHV, where LEED patterns 

were photographed, and AES and H2 and 1>2 thermal desorption spectra 

were obtained in the usual manner. 

RESUL'IS 

Deuterium exchange and hydrogenolysis (to produce methane) of ethane 

were investigated over the close packed (111) platinum crystal surfaces 

at temperatures between 473 and 623K. The standard reaction conditions 

utilized pressures of 100 torr deuterium and 10 torr·ethane, unless other­

wise indicated. TYPical product accumulation curves are shown in fig. 1 

for both reactions. These curves are plotted using the total number of 

ethane molecules that underwent reaction as a function of ttme. As expected, 

deuterium exchange is more than three orders of magnitude faster than 

hydrogenolysis over the temperature range studied. 

For hydrogenolysis, the initial reaction rates were determined from 

the slope at zero time from plots like the one shown in fig. 1. rue to the 

high conversions for exchange, the rates for those reactions were calculated 

• 
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using first order kinetics for the disappearance of the light alkane (do). 

'!he reverse reactions, namely, the production of light alkane fran deute-

rated ones, were neglected, since the equilibrium concentration of do under 

our conditions is less than 0.02% of the total ethane (as calculated using 

the method described by Kemball [9]). 'nle corresponding semilogarithmic plots 

are linear up to very high conversions, as can be seen in fig. 2, where the 

data fran figure 1 has been replotted to obtain the reaction rate eonstant. 

'nle rates estimated using this procedure were within 20% of the values 

obtained in a stmilar way as for the hydrogenolysis (by taking the 

slope at t=o from fig. 1). The first order kinetics is justified by the 

first order dependence of the reaction rates on ethane pressure, as 

will be reported later. 

Arrhenius plots of the initial rates for both reactions are shown in 

fig. 3; they give activation energies of 19±2 Kcal/mole for deuterium 

exchange, and 34±1 Kcal/mole for hydrogenolysis. The dependence of 
' 

exchange rates on reactant pressures was also studied; the data is 

summarized in table I. The rate is almost linearly dependent on the etha-

ne partial pressure, and inversely proportional to the square root of the 

deuterium pressure. All the kinetic parameters obtained for the two 

reactions are displayed in table II. 

The product distribution of the resulting ethane from deuterium ex­

change was followed mass spectrametrically. A typical distribution is shown 

in fig. 4. This distribution has an "U" shape, with maxima at one (dl) and 

six (dG), and a rninilnum at 3 (d3), deut~rium atoms per ethane molecule. 



- 6-

This distribution changes as a function of time of reaction and tempera­

ture, as can be seen fran figs. 5 and 6. As the time of the reaction in~ 

creases, d1 increases while d2 decreases, the other ethanes remaining 

approximately constant. This may be explained by exchange with the scrambled 

HD and H2 fonned and accumulated during reactions as byproducts. 'Itle 

effect of temperature is to decrease the production of totally deuterated 

ethane, ahd to increase d1r d4 and d5 products, while d2 and d3 remain 

almost unchanged. The distribution is also slightly affect~d by changes 

in reactant pressures, as shown in table III. 

LEED pictures of the platinum (111) surface were taken after each 

reaction. A very diffuse (2x2) pattern was obtained, the half order extra 

spots being sharper for reactions ·perfonned at lCMer temperatures. An 

example of these diffraction patterns is shown in fig. 7, together with 

one obtained after ethylidyne formation on platinum [10], for COmparison. 

The Auger spectra taken after reactions always indicated the presen­

ce of carbon on the surface. About half of these carbonaceous deposits 

were reversibly adsorbed, since they could be removed by flashing to 

high temperature in UHV. The ratio of carbon to platinum a tans, calculated 

from the Auger spectra taken after flashing, increases as a function of 

reaction temperature, from about 0.25 at 500K to 0.6 at 620K (fig. 8). 

Hydrogen (2 amu) and deuterium (4 amu) TOO were also taken after 

reactions. Examples are shown in fig. 9. Both TDS exhibit three main 

·peaks: the first one around 470K (A), due to hydro9en coadsorbed ·with 
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carbonaceous deposits produced during reactions, and-two. others at 530-550K 

(B) ar)d above 640K (C). 'Ihe.shape and relative contribution of each 

peak to the total desorption does not change appreciably as a function of 

reaction temperature. However, total area ar)d the hydrogen (or deuteritnn) 

to carbon ratio on the surface decrease when the reactiqn~ are performed 

at higher temperature. 'Ihe (H+D)/C ratio changes fran about 1.5 at T<500K, 

to 0.9 at 575K, where ethylidyne is used as a standard (a/0=1.5). 'Ihe 

fact that the mass spectrometer is 1.7 times more sensitive to H2 

than to ~ was also taken into account for the D/C calculations. A 

Stn11'!\ary of the thermal desorption data is presented in table IV. 

DISCUSSION 

Ethane deuterium exchange on Ft (111) single crystal surfaces was 

found to have an activation energy of 19 Kcal/mole, and kinetic orders of 

-0.55 and 1.2 with respect to deuterium and ethane pressures, respective-
. . . . ' . : 

ly. 'Ihese values canpate favorablywith those obtained on fil.Ins and supper-

ted catalysts (table V). In the case of hydrogenolysis, on the other 

hand, activation energies between 53 and 55 Kcal/mole have been reported 

(see, for instance, refs. 12-14), as canpared to the value of 34 Kcal/mole. 

obtained here on pt (111). Still, since hydrogenolysis was aoout three 

orders of magnitude slower than exchange, it appears that the limiting 

step for carbon-caroon oond breaking is not the initial chemisorption of 

.the saturated hydrocarbon [14]. Deuterium pressure dependences of -0.3 

to -0.6 for ethane deuterium exchange were obtained on silica and cab-o-sil 

supported platinum [6] ,and are also consistent with our value of -0.55. 
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·Where the product· distribution has been studied, u-shaped curves .. 

sbnilar to fig. 4 were obtained [2,3,5]. Anderson and Kernball [2] studied 

this reaction using different metal catalysts, obtaining three different 

product distribution shapes: a) predominantly ethane with one deuterium 

atan (dl) (Mo, Ta): b) mostly fully deuterated ethane (d6) (Pd, Rh): 

and c) maxima in the ethane distribution at both d1 and d6 (W, Zr, Cr, 

v, Pt). In order to explain these results, they propose the following 

mechanism for exchange: 

where the asterisks identifies adsorption sites. lhey then propose the pa-

.rameter P, defined as the probability for adsorbed C2H5 species to undergo 

through a C2Hs (ads) + C2H4 (ads) + C2Hs (ads) cycle, rather than directly 

desorbing and forming ethane (P=k2fk-l, if k-2 is fast). Using this 

scheme, a value of P<l reproduces the type a product distribution, namely, 
. . 

a maximum at d1. P> 1, on the other hand, accounts for the results for 

the second group (mainly production of d6) • Finally, to obtain the 

u-shaped distribution characteristic of the third group, they postulate 

that two different mechanisms occur on different crystal faces with 

different values for P. Tb explain the distribution obtained for platinum 

it was necessary to propose that 54% of the products form via a reaction 

path with.P1=2.0, and the other 46% from a second branch with P2=20.0. 

lhe fact that ~.- sbnilar u-shaped product distribu~ion was obtained on 

a flat hexagonal close packed· plati.num ( 111) crystal surface mediates 
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against this argument.. nte partially ordered (2x2) overlayer observed 

by LEED after·reactions indicates the presence of a short range periodicity, 

strongly suggesting the presence of only one main moiety on the surface 

(or at least a c:x::rrrnon intermediate), which leads to the .. formation of both 

d1 and d6 ethanes. If this hypothesis is valid, it is kinetically 

necessary to proposemore than one·dehydrocjenated surface intermediate 

to reproduce the experimental product distribution. Miyahara [15] has 

offered an .alternative kinetic nodel to account for the results by Anderson 

and Kemball, in which intermediates with 5,4 and 3 hydrogen atcms per surfa­

ce moiety were postulated. The full kinetic treatment of this system suc­

cesfully reproduced the u-shaped curve, but it was later questioned be­

cause the existence of adsorbed C2H3 fragments was thought unlikely [16] •. 

However, recent surface studies have shown that such highly dehy­

drogenated intermediates are, in fact, stable and easy to obtain. Ethylidyne 

formation, for instance, is nCM well e·stablished .• LEED [17 ,18], UPS, TOO 

[19], and HREEIS [20] st~dies of chemisorbed ethylene on Pt and Rh (111) 

indicate the'presence of a fragment of C2H3 stoichiometry, in which 

one.carbonatan sits on a hollCM site, bonding to three metal atans, 

and the carbon-carbon bond is perpendicular to the surface so that .the 

terminal carbon constitutes a methyl group. A schematic representation 

of this ethylidyne is shown in fig. 10. we also reported recently clear 

evidence shCMing the presence of this moiety during ethylene hydrogenation 

[1]~ In such reactions the ethylidyne layer formed is too stable to be 

rehydrogenated, so that the gas phase ethylene hydrogenates on top of an 

ethylidyne covered platinum surface. 
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In the present case, the (2x2) LEED pattern obtained after reactions, 

together with the thermal desorption results, lead us to propose ethylidyne 

as a reaction intermediate· .for exchange as well. Unlike roan temperature· 

ethylene hydrogenation, H/D exchange reaction temperatures are much higher, 
. ,· . 

around SOOK, and 14c radiotracer experiments have shown that under these 

conditions those CCH3 fragments can be easily rehydrogenated and removed 

from the surface [21]. However, the diffuse nature of the extra spots 

in the LEED pictures indicates sane disorder, probably due to the presence 

of other species. For that reason, the TDS are not of unambiguous interpre~ 

tation. Although the peaks· in both H2 and D2 TDS are in the expected· 

temperature ranges for ethylidyne [11], the relative areas are different. 

For ·instance, the high temperature peak in the ~ trace is considerably 

bigger than expected. '!his could be expl~ined by the presence of CD frag­

ments on the platinwn surface, prcxiuct of sane ethylidyne decomposition 

at the high reaction temperatures, as obtained in UHV chemisorption studies 

[11]. 'lhese fragments would then account for the prcxiuction of methane, 

the end prcxiuct of hydrbgenolysis. 

It is therefore suggested that in the case of exchange reactions, 

associative desorption of the C2Hs adsorbate formed during the initial 

adsorption of ethane with a surface deuteriwn atom would yield mainly d1 

products, while the formation and rehydr6genation of ethy lidyne could . 

account for the formation of fully deuterated molecules. The proposed 

mechanism could be described as follows: 

..... 
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CX3 k2 CX3 k3 CX3 
Cx2 + X "" ' Cx + 2X .;: ' C + 3X 
* * k_2 . ** * k-3 *** * 

*** * 

where X can be either H or D. '!he limiting step for exchange would be given 

py k1, while the shape of the final distribution would depend on the 

ratio k2/1L1• k3, k.-3, and k.-2 are postulated to be fast reactions. 

For the d6 production, once ethylidyne is fonned, hydrogen exchange in 

the methyl group should be much more rapidly than ethylidyne rehydrogena­

tion. '!he slow step for hydrogenolysis would be the carbon-carbon bond 

breaking, k4. An energy diagram of the same mechanism is shown in fig. 

11. It is analogous to one ·previously proposed for methane deuterium 

exchange [22], except that here the limiting step for the formation of 

both d1 and· d6 is the same, namely, the dissociative adsorption of _ethane. 

This also eXplains why methane d4 .and·d1 production have different 

activation·energies, ~t ethaned1 and d6 pathways have the same value. 

In the energy diagram presented in fig. 11, the initial dissociative 

chemisorption of ethane is the proposed limiting step .. for the exchange [4] ,· 

and it has therefore an activation. energy of 19 Kcal/mole. Also, the resul­

ting C2Xs moiety (an ethyl radical) has to be less stable than ethane gas, 

since its desorption is faster than the adsorption. Once fonned, this 

· initial adsorbed specie can either rehydrogenate and form ethane again, 

or·~ndergo further dehydrogenation. 'lbese are the two canpetitive pathways 

responsible for theU-shaped distribution of products, so the activation 
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barriers have to be of Sllnilar hight. Using the temperature dependence 

data of the product distribution shown in fig. 6, it can be seen that the 

barrier for rehydrogenation should be slightly higher than that for multi­

ple exchange, by about 2 Kcal/roole, because less d6 is produced at higher 

temperatures. The relative energies of other adsorbed species can be esti­

mated using values of ~ 98 (&-H)=104 Kcpl/roole [23], Eact=17.5 Kcal/roole 

for hydrogen desorption from Pt(111) [24], ~~(C 2 H 6 )=-20 Kcal/roole 

and ~~(C 2 H 2 )=54 Kcal/roole [25], and calculations reported by 

Gavezotti and SiiOOnetta for the adsorbed hydrocarbons [26]; giving: 

+ 

and CHCH3(ads) 

CHCH3(ads) + 2H(ads) 

+ CCH3(ads) + H(ads) 

~H=29 Kcal/roole 

~9 Kcal/roc>le 

Although the absolute values may not be accurate, the relative stabilities 

of the species involved have been used in the drawing of our diagram. The 

equilibrium between different adsorbates may also change as a function of 

hydrogen pressure. Thus, ethylidyne, which is very stable under UHV 

conditions, may hydrogenate under an atiOOsphere of H2 to yield·ethyledene 

(CXCX3), or further to ethyl radical (CX2CX3). The deuterium exchange 

in the methyl group .of ethylidyne is assumed to go through an e.thylidene 

intermediate, as proposed previously by Salmeron et~ al. [11], and must 

be faster than ethylidyne rehydrogenation. If this would not be the case, 

a large proportion of d3 would be observed at low .conversion, and this 

was not the case (no maxllnum in d3 in fig. 5 was obtained). 

It is ~mportant to point out that the intermediates proposed in the 

preceeding paragraph for exchange are 1,1 and 1,1,1 adsorbed species, as 

, ... 

... 
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opposed to the 1,2 and 1,1,2 adsorption modes that have been previously 

reported. In other words, the multiadsorbed fragments bond to the metal 

through one of the carbon a tans only. 'Ihese new species are well doccumen-

ted in· chemisorption studies under UHV, as discussed earlier. ·Ethylidyne, · 

that can be formed at room temperature, is triply bonded to the surface · 

through one of .the carbon atans,· and only·at higher temperatures, above 

450K, does it "tip over" and further deccinposes to CH fragments [11,27]. 

'Ihese intermediates can also explain the thermal desorption results. 

The large peak at 691K in the 4 amu trace corresponds to the CD fragments 

from ethylidyne decomposition, after having exchanged with ~· They 

constitute the intermediates for methane formation, a reaction which is 

much slower than the exchange. It is worth noticing that the calculated 

activation energy from the high temperature peak in the TDS .is 33 Kcal/mole 

[11], close to the value for hydrogenolysis over the (111) surface. It 

is also interesting that, according to our model, the mechanisms for 

ethane deuteritml exchange and ethylene hydrogenation are not directly 

related,·since in the latter case the ethylidyne is stable on the surfa~, 

while ethylene hydrogenates on a second laye'r through a hydrogen transfer. 

process [ 1] • Finally, recent HREEIS work in our group has shown that 

chemisorption of ethyl iodide over Pt(lll) results in the formation of 

ethylidyne under UHV [28]. This means that once a c2H5 ethyl moiety is 

formed on the surface (product of the C-I bond breaking), further dehydro-

genation of the a carbon is a facile process, easier than the formation 

of adsorbed ethylene over the same surface. 

Further testing of the previously proposed etnane H/D exchange me-
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chanism is difficult. '!he identification of adsorbed species on the plati­

num surface is oamplicated by the presence of different types of fragments. 

In addition to HREELS, 13c-NMR and high resolution mass spectroscopy [29, 

30] have been used to attempt to obtain the-exact position of the deute­

rium atans in the ethane produced during reactions. '!his information could 

be related to surface intermediates, but no solid conclusions have been. 

obtained in this respect. It is hoped that further studies will lead to 

more satisfactory results to give an insight to the details of the reac­

tion mechanism. 

In conclusion, we propose that the mechanism of ethane deuterium ex~ 

change proceeds through an initial slCM step, the dissociative adsorption 

of ethane, followed by two competitive reaction branches: the inrnediate 

desorption of· the C2Hs fragment formed from chemisorption, and the 

further dehydrogenation to fonn ethylidyne, C2H3, followed by hydrogen 

exchange in the methyl group and then desorption as a fully deuterated 

ethane molecule. Further experiments are under way in our laboratory to 

test this model. 'lhese two reaction channels explain the predcminance of . 

the single (dl) and fully. (d6) deuterated ethane fonnation arrong the · 

products of the exchange process. 

. ACKNCMLEOOEMENT 

This work was supported by the Director, Office of Energy Research, 

Office of Basic Energy Sciences, Material Sciences Division of the u.s. 

Oeparbnent of Energy under contract DE-AC03~76'SF00098. 

... 



,, 

- 15-

. REFERENCES 

1) F. zaera and G.A. Sanorjai, J. Am. ~em. Soc., in press. 

2) J.R. Anderson and c. Kembal1, Proc. Royal Soc., A223, 361 (1954h 

3) L. 'Guczi, A. S~rk~ny and P. ~t~nyi, J. Chern. Soc. Faraday 
Trans~ I, 70, 1971 (1974). 

4) L. Babernics, L. Guczi, K. Matusek, A. ~rk~ny and P. ~t~nyi, th .. . . . 
Proc. 6 ·Int. Cong. Catal., Vol •. 1, paper A36, LOndon, 1976. 

5) L. Guczi and z. Karpir1ski, J. Cata1., 56, 438 (1979). 
. --

6) L. Guczi and J. ~rk~ny, J. Catal., 68, 190 (1981). 

7) D.W. Blakely, E. Kozak, B.A. Sexton and G.A. saoorjai, J. vac. Sci. 
Techno!., 13, 1901 (1976). 

8) "Registry of ·Mass Spectra Data", Vol. 1, E. Etehhager, s. Abrahamsson 
and F.w. McLafferty, Eds., pp 1-3 (1974). 

9) c. Kemba11, Adv. in Catal., Vol. 11, pp 223-262 (1959). 

10) R.J. Koestner, M.A. van fbve .and G.A. Sanorjai, J. Phys. Chern., 87, 
203 (1983). 

11) M. Salmer<Sn and G.A. saoorjai, J. Phys. Chern., 86, 341 (1982). 

12) G. Leclerq, L. Lec1erq and R. Maurel, J. Catal., 44, 68 (1976). 
·'· .· --

13) P. ~t~nyi, L. Guczi and A. ~rk~hy, Acta Chim. Acad. 
Scient. Hung., 97, -221 (1978). 

14) J.H. Sinfelt, Adv. in Catal., 23, 91 (1980). 

15) K. Miyahara, J. Res. Inst. Catal., fbkKaido Univ., !r 143 (1956). 

16) c. Kemball, J. Res. Inst. Cata1., fbkkaido Univ., 4, 222 (1957). 

17) L.L. Kesroode1, L.H. D.Jbois and G.A. saoorjai, Chern Phys. Lett., 56, 
267 (1978). 

18) L.L. KeSJrode1, L.H. I:Ubois and G.A. saoorjai, J. Chern. Phys., 70, 
2180 (1979). 

19) J.E. Demuth, Surf. Sci., 93, L82 (1980). 



- 16 -

20) P. Skinner, M.W. Hc:Mard, I.A •. OXton, S.F.A. Kettle, D.B. Powell and 
N. Sheppard, J. Chern. Soc. Faraday Trans. 2, 77, 1203 (1981). 

21) S.M. Davis, F~ Zaera, M. Salmer6n, B.E. Gordon and G.A. Sanorjai, 
Sutmitted to J. Am. Chern. Soc. 

22) c. Kemball, Catal. Rev., i' 33 (i971). 

23) "Handbook of Chemistry and Physics", 64th edition, C.R.C. Press, Flori­
da 1983. 

24) K. Christmann, G. Ertl and T. Pignet, Surf. Sci., 54, 365 (1976). 

25) D.R. Stull, E.F. westnim, Jr. and G~C. Sinke, "1he Chemical !hemodyna­
mics of Organic Canpounds", John Willey & Sons, Inc., New York 1969. 

26) A. Gavezotti and M. Siminetta, Surf. Sci., 99, 453 (1980). 

27) A.M. Baro and H. Ibach, J. Chern. Phys., 74, 4194 (1981). 

. . 
28) B. Bent and G.A. Samorjai, private cammunications. 

29) F. zaera, Ph.D. 'Ihesis, University of California, Berkeley 1984. 

30) L. Guczi and K. Ujsz~ski, React. Kin. & Catal. Lett., .!!_, 489 (1978). 

l~ 

,. 



,.., 

- 17 -

~.--

FIGURE CAPTIONS 

Fig. 1. Product accumulation curves as a function of reaction time for 

ethane deuterium exchange and hydrogenolysis over Pt ( 111) single crystal 

surfaces. T=573K, Pc H =10 torr and Po =100 torr. 
2 6 2 

Fig. 2. First order kinetic plot of the product accumulation curve for 

ethane deuterium exchange over Pt (111). Same conditions as in fig. 1. 

Fig. 3. Arrhenius plots for ethane deuterium exchange and hydrogenolysis 

over Pt (111). Pc H =10 torr and Po =100 torr. 
2 6 2 

Fig. 4. Deuterium atom distribution in the resulting ethane from the ex-

change with deuterium over Pt (111). Same pressures as in fig. 3, T=550K. 

Fig. 5. Deuterium atom distribution of ethane as a function of reaction 

time for deuterium exchange over Pt (111). Same conditions as in fig. 4. 

Fig. 6. Temperature dependence of the deuterium atom distribution in 

ethane deuterium exchange over Pt ( 111). Same conditions as in fig. 3. · 

Fig. 7. a) (2x2) LEED pattern resulting from the adsorption of ethylene 

on a Pt (111) surface at roam temperature and UHV. b) diffuse (2x2) LEED 

patt~m Obtained after ethane reactions with deuterium over Pt (111) surfa­

ces at 500~650K~ Electron energy - 70 eV. 

Fig. 8. .Am::>unt of earbon on the Pt ( 111) surface after ethane deuterium 

exchange as a function of reaction temperature, measured using Auger elec-

tron spectroscopy. Same conditions as in fig. 3. 
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. Fig. 9. 2 amu (H2, trace a) and 4 amu (~, trace b) thennal desorption 

. spectra after ethane reactions w~th deuterium over Pt ( 111). Same condi­

tions as in fig. 3. Heating rate· 40 K/sec. 

Fig. 10. Atanic surface structure for ethylidyne adsorbed over Pt. (111) 

single crystal surfaces. 

Fig. 11. SChematic energy diagram for the reaction of ethane with deut~ 

rium. X represents either H or D. 

. .. 

·• 
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Table I 

Pressure dependence of the initial reaction rates for ethane 

deuterium exchange over platinum (111) single crystal surfaces at SSOK. 

Pc H (torr) Po (torr) Rate (C2fi6 nolec./Pt atan sec) 
2 6 2 

10 100 8.94 

10 300 4.78 

10 600 3.46 

20 300 10.96 
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Table II 

Kinetic parameter;s for the reactions of:ethane with deuterilDTI 

Reaction 

D2 exchange 

Hydrogenolysis 

over platinlDTI (111) single crystals. 

Ea · ( Kca1/mole) 

19 2 

34 1 

b a 

9.8 o.s -o.ss o.os 

11.2 0.2c 

1.2 0.2 

a) Preexponentia1 factor, in mo1ec/Pt atan sec. (Pressures in atm.). 

b) orders in deuterilDTI (a) and ethcine (b) partial pressures. 

c) includes pressure dependence, Pc H =10 torr, and Po =100 torr. 
2 6 2 

-

.. 
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Table III 

Pressure dependence of the deuterium atom distribution for ethane 

deuterium exchange over Pt (111) single crystal surfaces. T=550K 

Canposition (%) 

Pc H (torr) Po (torr) dl d2 d3 d4 ds 
2 6 2 

10 100 29 10 1 4 11 

10 300 27 14 2 j 6 

10 600 27 14 4 4 7 

20 300 28 8 2 4 9 

d6 

46 

48 

44 

49 
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Table IV 

COmpilation of thermal desorption data obtained after ethane 

deuterium exchange reactions on Pt (111). 

Peak .ca 
m/e (xoolec.) · 'I? 

Peak Aa 
Area% Area% Eac H or D/C 

2 (H2) 473 

533 

548 

623 

Average 

513 

548 

573 

Average 

17 

12 

19 

22 

18 

9, 

~3 

9 

10 

60 

64 

56 

54 

59 

46 

41 

42 

43 

21~6 

22.7 

21.9 

21.9 

22 

22.2 

22.7 

22.2 

22 

23 

24 

25 

24 

24 

45 

46 

49 

47 

a) Peak A at 470K, peak B at 540K, peak C above 640K. 

b) Reaction temperature, in K. 

36.9 

36.6 

37.1 

36.9 

37 

39.8 

40.4 

40.4 

40 

0.65' 

0.44 

0.45 

0.24 

0.91 

0.78 

0;.70 

c) Activation energy, in Kcal/roole, assuming first order desorption kine­

tics, and =2x1o9 for peak Band =lo13 for peak c, as for ethylidyne [11]. 

. .. 

_._, 
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Table V 

CCmparison of ethylene deuterium exchange kinetic parameters 

for different platinum catalysts. 

catalyst Ea · ( Kcal/mole) 

Pt film 12.5 4.32 3.5 (415K) 2' 

Pt black 19.0 7.03 2.6 ( 373-413K) 3 

Pt pc:Mder 18.9 3.18 1.7 (377K) 4 
2. 7 ( S51K) 

Pt film 26.2 7.82 2.12 (573K) 5 

1% Pt/Si~ 17.7 7.07 6 

1% Pt/cab-0-Sil 17.1 5.26 6 

Pt ( 111) .19 9.8 3~74 (523K) our 
··:4.30' ( 573K) work 

a) Pree,q>bnential factor, including pressures, in C2fiG molec./Pt atan sec. 

b) Average m.unber of deuterium atans incorporated·_per ethane molecule •. 
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