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The mechanism of Dz + CI-t2=CH2 reaction on Na/Pt/SiO2 was investigated to characterize the 
reaction environment of Pt surface modified by Na additive in relation to SMSI and general promoter 
effects. The structural and electronic properties of Na/Pt/SiO2 catalysts were studied by TEM, 
XPS, and hydrogen adsorption (H/M). The H/M for Pt/SiO2 coincides with that calculated from 
the average particle size in TEM, whereas for Na/Pt/Si02 it was always smaller than that expected 
from TEM. The peak intensity of Pt 4f7/2 decreased by small amounts of Na additives and kept 
constant in the higher loadings. From these results, we estimated the saturation coverage of Na on 
Pt surface to be 0.2. The binding energy ofPt  4f7/2 changed as a function of Na loading in the range 
of X( = Na/(Na + Pt)) from 0.16 to 0.86, due to a direct interaction (X < 0.43) and an indirect 
interaction (X >->- 0.43) through SiO2 surface. The deuterogenation of ethene was enhanced by Na 
addition. The profile of the deuterogenation activity of Na/Pt/SiO 2 is explained by the location of 
Na and the direct/indirect electron transfer. 7r-Ethene and di-~r-ethene at the Pt surfaces were 
observed by FT-IR. The rate of ethane formation and the vc-H of di-~r-ethene were correlated with 
Pt 4f7/2 binding energy. On the other hand, the rate of ethene-hydrogen exchange reaction and 
Uc_ H of ~r-ethene were independent of Na loading. 

The dual site model for the deuterogenation and hydrogen exchange in the D2 + CHz~CHz 
system is proposed; the former reaction proceeds at the bare metal sites through di-~r-ethene and 
the latter occurs at the periphery sites around Na20 island on Pt particles through 7r-ethene. © 1991 
Academic Press, Inc. 

INTRODUCTION 

The promotion of metal catalysis by metal 
additives or supports has been studied exten- 
sively from practical points of view in indus- 
tries as well as by chemical interests. For such 
promoted catalysts unique catalytic perfor- 
mance/phenomenon and the microscopic re- 
action feature induced by second elements 
have been observed (1-3). 

Alkali metals may result in a considerable 
modification of metal surface, due to the alter- 
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nation of surface electronic structure by 
charge transfer. It has been reported to reduce 
the strength of the adsorption of CH2=CH 2 
(4-6) and C6H6 (7) or to strengthen the adsorp- 
tion of CO (8, 9) and NO (10). The activation 
energy of CO hydrogenation decreases in the 
presence of alkali-metal, which is related to 
a large red shift of C-O stretching frequency 
(11). In addition to the electronic modification 
of surface, several authors have pointed out 
short-range effects of additives on adsorbates 
experimentally (12, 13) or theoretically (14, 
15). 

Metal catalysis is a dynamic process at the 
surface including short- and long-range inter- 
action between adsorbates and additives. It is 
necessal2¢ for the microscopic clarification of 
alkali-metal additive effect in catalysis to in- 
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vestigate the reaction mechanism relating to 
surface structures reflecting the working 
state. 

We have been studying the local environ- 
ments of reaction sites and the reaction 
mechanism of hydrogenations on SMSI cat- 
alysts, Rh/Nb205 (16), Ir/Nb205 (16, 17), 
and Pt/Nb205 (18). On these SMSI catalysts 
the electronic modification of metal surfaces 
and the cooperative catalysis by two kinds 
of sites have been observed. The bare metal 
sites far from migrated suboxides (NbOx; 
x< 2.5) on metal surface and the peripheral 
sites of NbOx were distinguished from each 
other. In this article, we have investigated 
the mechanism of Dz-ethene reaction on Na- 
promoted Pt/SiOz catalysts to understand 
the microscopic surface states and the short- 
and long-range effects of Na additives in 
relation to the genesis of essential factors 
for catalysis. 

M E T H O D  

SiO2-supported platinum catalysts were 
prepared by an incipient wetness method 
using aqueous solution of HzPtC16 • 6HzO 
(Soekawa Chemical Co.) or by coimpregna- 
tion with aqueous solution of NazCO3 
(Wako Pure Chemical Industries, 99.7%) 
and H z P t C 1 6  • 6HzO. The impregnated sam- 
ples were subsequently dried for 3 h at 393 
K and calcined for 2 h at 773 K in air. Com- 
mercially available S i O  2 (Nippon Aerosil, 
ox-50, surface area: 50 m 2 • g-~) was used 
as support. The loading of platinum was al- 
ways 2.4 wt%. Five kinds of Na/Pt/SiO2 
catalysts were prepared with varying 
amounts of sodium; 0.16, 0.43, 0.60, 0.70, 
or 0.86 in atomic molar ratio, X = Na/(Na 
+ Pt). These are equivalent to 0.19 to 6.1 
times of Pt in atomic ratio. The catalysts 
thus obtained were placed in a closed circu- 
lating system that can be evacuated below 
10 - 4  Pa. They were then treated with oxy- 
gen at 473 K for 1 h, followed by evacuation 
for 30 min, and reduced by hydrogen at 473 
K for 1 h, followed by evacuation for 30 
min before each catalytic reaction. These 
pretreatments cannot expel the significant 

amount of sodium from silica surface (19). 
Chlorine was not observed with all samples 
used by XPS in the wide scan mode. Hydro- 
gen adsorption at 293 K was also carried out 
in this system. 

We also prepared a Na-promoted cata- 
lyst ofx = 0.60 by a two-step impregnation 
method. SiO2 was impregnated with aque- 
ous N a z C O  3 solution, Na-doped dried for 
3 h at 393 K, and calcined for 2 h at 673 K 
in air. The Na-doped support thus ob- 
tained was again impregnated with aque- 
ous solution of HzPtC16 • 6H20. The follow- 
ing procedure was similar to that for 
coimpregnation samples. This Pt/Na • 
S i O  2 catalyst gave the same results 
in the experiments, such as H/M, 
transmission electron microscopy (TEM), 
and D z - C H z ~ C H  2 reaction, as those 
for Na/Pt/SiO 2 with X = 0.60. 

The particle size of platinum metal in the 
catalysts was determined by  TEM. The 
electronic states of elements and surface 
composition in the catalysts were examined 
by XPS (Shimazu, ESCA 750). The absence 
of chlorine, sulfur, and the other poisoning 
elements was confirmed in wide scan mode. 

Ethene (Takachiho Trading Co., 99.9%) 
was further purified by freeze-thaw cycles 
before each catalytic reaction. Hydrogen 
and deuterium gases of research grade were 
purified through a 5A molecular-sieve trap 
at77 K. 

The products of reactions were analyzed 
by gas chromatography with a TCD or by 
mass spectrometer (ANELVA AQA-100R 
operating with 70-eV electrons) after the 
separation by a 2-m VZ-10 column at 343 K. 
The usual corrections were made for natural 
isotopes (13C and 12C). The other corrections 
were small enough to be neglected. 

The adsorbates on the catalysts were ob- 
served by IR (JASCO FT/IR-7000 with 2 
cm -1 resolution). The catalysts were 
molded into self-supporting disks and 
mounted in the cell, which can be heated 
to 773 K. The IR cell was combined in 
the closed circulating system mentioned 
above. 



278 YOSHITAKE AND IWASAWA 

TABLE 1 

Dispersion and Particle Size of Platinum in the 
Catalysts 

X a H/M TEM (/nm) b Na coverage c 

0.00 0.31 4.1 (0.30) 0 
0.16 0.24 5.5 (0.22) 0.1 
0.43 0.13 8.0 (0.16) 0.2 
0.60 0.13 8.0 (0.16) 0.2 
0.70 0.13 7.8 (0.17) 0.2 
0.86 0.13 7.9 (0.16) 0.2 

a X = Na/(Na + Pt). 
b The values in the parentheses are the estimated 

dispersion by TEM after Anderson (20). 
c Calculated from the results of H/M and TEM. 

RESULTS AND DISCUSSION 

(i) The Structure and Electronic State of 
the Catalyst Surface 

The average particle size estimated by 
TEM and the dispersion determined by hy- 
drogen adsorption (H/M) are summarized 
in Table 1. The dispersion expected from 
the particle size of  TEM (20) was smaller 
than the value of  H/M in the case of  the 
presence of  Na,  assuming that one H atom 
corresponded to one surface Pt atom and Pt 
particles are spherical. The comparison of  
Pt dispersion evaluated by two different ex- 
periments would be valid to some extent  
because both values of  dispersion from 
H/M and TEM are almost the same in the 
unpromoted catalyst. Since hydrogen is not 
adsorbed on sodium at room temperature,  
the surface ratio of  Na to Pt, coverage 0Na, 
can be evaluated from the difference in the 
dispersion calculated by H 2 adsorption and 
TEM.  The results of  the estimation are listed 
in the last column of Table 1. 

The degree of  error  in the dispersion cal- 
culated from TEM should be described be- 
cause the size of  the Pt particles on the S i O  2 

(ox-50) are usually distributed, involving 
smaller and larger particles. The Pt particle 
sizes were distributed relatively uniformly 
as illustrated in TEM photographs of  Fig. 1. 
The deviation from the average particle size 
is estimated to be -+ 1.2 nm. Accordingly,  

the error  of  Na coverage in Table 1 was 
evaluated to be +-0.1. Nevertheless ,  it is to 
be noted that the values of  Na coverage are 
the averaged values for  Pt particles con- 
tained in each catalyst. 

Pt particle size distributions in Na/Pt/SiO 2 
catalysts in the range 0.43 -< X -< 0.86 were 
very similar. The surface coverage 0ya was 
constant at 0.2. In the catalyst with X = 0.16 
Pt particles are thought to be in a mixed state 
of Pt particles with and without Na. 

Table 2 shows the results of  XP spectra,  
in which the binding energies and peak in- 
tensities of  Pt 4f7/2 level are listed. The bind- 
ing energy decreased by the loading of  Na 
and continuously decreased with an in- 
crease of  Na quantity. The intensity also 
decreased by Na loading but  was constant  
from X = 0.43. Since the particle size was 
almost the same in the range of  more than 
X = 0.43, the shift of  the binding energy may 
result from the electron donation f rom Na  
to Pt rather than extra-atomic relaxation or 
particle size effect. The peak intensities of  
Pt (Ipt) and Na (Iya) as a function of  Na 
loading are plotted in Fig. 2, where  let was 
normalized by H/M due to surface area cali- 
bration, let was constant  in X -> 0.43, which 
is consistent with the constant  coverage of  
Na on Pt particle in Table 1. let for X = 0.16 
was similar to let for the samples with 
X - 0.43. This may indicate that Na  cluster/  
particles with a similar size start to cover  
the Pt particle surfaces f rom a low content  
of Na. 

On the other  hand, INa increased monoto-  
nously, showing an upward curvature.  It 
suggests that Na is also loaded o n  S i O  2 sup- 
port. INa profile in Fig. 2 shows a saturation 
curve. In contrast  to Na on Pt particles, the 
Na o n  S i O  2 surface is suggested to grow 
to form the larger islands by increasing Na 
loading. The most  probable growth mode of  
Na/Pt/SiO2 catalyst surface as a function of 
the Na amount  is illustrated in Fig. 3. The 
binding energies of  Na  ls  in the catalysts 
were observed in the range 1073.4 - 1073.8 
eV, which suggests that the Na atoms are in 
a Na + state like N a 2 0  (21). 
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FIG. 1. T E M  photographs  of  the  catalysts .  (a) Pt/SiO 2 (X = 0.00), (b) Na/P t /S iO 2 (X = 0.60). 

(ii) Effects of  Na Additives on 
Hydrogenation Rate and 
Activation Energy 
The activities and activation energies of 

ethene deuterogenation are listed in Table 
3. In the presence of sodium, the rate of 
ethane formation became about four times 
higher as compared with that on the unpro- 
moted catalyst. The activation energy (41 kJ 
• tool-1) was a little higher than that of Pt/ 

SiO 2 catalyst (33 kJ • mol-1)• As for Na/Pt/ 
SiO2, the rate increased with an increase 
of the sodium loading, while the activation 
energy was kept constant. The Pt on SiO2 
might have been depressed by acidic impuri- 
ties on the support and in this case the role 
of Na additives would be to neutralize the 
acidic sites• However, the XP spectra re- 
vealed neither C1 peaks nor impurity peaks. 
The enhancement of the rate by Na addition 
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TABLE 2 

The Binding Energies and Intensities of Pt 4f7/2 
peaks in XP Spectra of the Catalysts 

X a Pt 4fTt2 (eV) Intensity b 

0.00 70.53 0.19 
0.16 70.38 0.12 
0.43 70.28 0.07 
0.60 70.14 0.07 
0.70 70.08 0.07 
0.86 70.02 0.07 

a x = Na/(Na + Pt). 
b Arbitrary unit (normalized by the intensity of Si 

2s). 

may be due to direct and indirect electronic 
transfer from Na20 to Pt particles as dis- 
cussed later, although there might be a mi- 
nor effect by some acidic impurity. It is 
known that the rate-determining step of eth- 
erie hydrogenation on group VII1 metals at 
lower temperatures is hydrogen dissociation 
and the apparent activation energy is posi- 
tive. At higher temperatures the rate-de- 
termining step shifts to the second-hydrogen 
addition and the apparent activation energy 

¢-i 
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FIG. 2. Peak intensities of Pt 4f7 /2  and Na Is as a 
function of Na loading. Each peak was integrated and 
normalized by that of Si 2p of the sample. Pt 4f7 /2  was 
corrected by H / M  to avoid the decrease of surface area 
due to enlarging of particle size and to deduce the 
coverage of Na. 

is often negative (22). In our case of Na/ 
Pt/SiO2, the reaction temperatures are low 
enough (208-312 K) and the activation ener- 
gies are positive. In addition, the partial 
pressure dependence of the rate was well 
fitted to (23) 

r = kD2 × PD2/( 1 + KE × PE), 

TABLE 3 

Activities (r) and Activation Energies (E) of Ethene 
Deuterogenation and Exchange on the Catalysts with 

Different Sodium Loading 

X a Ethane b HD C 

E / k J  • mol -I r E / k J  • mo1-1 r 

0.86 41 3.98 40 4.10 
0.70 41 3.53 41 3.56 
0.60 41 3.31 40 3.35 
0.43 41 3.20 40 3.07 
0.16 40 d 1.22 
0.00 33 1.00 19 4.04 

a X = Na/(Na + P0. 
o D2 + C H ~ C H 2  reaction at 273 K (P~: = 1.3 kPa, 

Pcnz~cn 2 = 3.0 kPa). 
c D2 + Hz + C H ~ C H z  reaction at 273 K (PD2 = 

Pnz = 0.6 kPa, Pcn2=cn2:3.0 kPa). 
d T _  250 K. 

where PDz and PE are the partial pressures 
of deuterium and ethene, respectively, kDz 
and KE are constants. This rate equation 
implies a relatively strong adsorption of eth- 
ene and the rate-determining deuterium dis- 
sociation. This is confirmed by the fact that 
the rate data for ethene deuterogenation and 
hydrogen exchange had almost equal Ar- 
rhenius parameters as shown in Table 3. The 
rate of HD formation in H 2 - D  2 exchange 
reaction on Pt/SiOz under the deuterogena- 
tion conditions was much larger than the 
rate of ethane formation. Furthermore, the 
activation energy for HD formation on Pt/ 
SiO2 (19 kJ • mol -~) was smaller than that 
for ethane formation (33 kJ • mol-a). This 
difference suggests that there is a kind of site 
o n  P t / S i O  2 that is active mainly for H z - D  2 

exchange reaction on Pt/SiO2. In other 
words, there may be at least two kinds of 
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FIG. 3. Schematic models for Na/Pt/SiO2 with vari- 
ous Na loading. (a) X = 0.00, (b) X = 0.2, (c) X = 0.5, 
(d) X = 0.8, X = Na/ (Na + Pt). 

s i t e s - -one  is active only for deuterium dis- 
sociation, where HD formation preferen- 
tially proceeds,  and the other  is the site on 
which deuterium and ethene react  by the 
above equation. On Na/Pt/SiO2, two kinds 
of  sites with the different character  do not 
exist because the activation energies and the 
preexponential  factors were almost equal 
for ethane and HD formations. The increase 
of  Pt particle size by Na addition may be 
related to this surface modification. 

The Pt particle size and the Na coverage 
remained in the range o f x  from 0.43 to 0.86, 
but ethane formation was enhanced by in- 
creasing Na loading. The extent  of  charge 
transfer f rom Na to platinum is roughly esti- 
mated from the shift of the binding energy 
of  Pt 4f7/2 of  Na/Pt/SiO2. The more negative 
the charge of  platinum was, the more rapidly 
the ethane formation proceeded.  The elec- 
tron transfer from sodium to platinum on 
SiO2 surface is ascribed to a direct interac- 
tion between them and an indirect interac- 
tion through the support,  as illustrated in 
Fig. 3. 

A break was observed at ca. 250 K in the 
Arrhenius plot for Na/Pt/SiO2 (X = 0.16). The 
activation energy in the lower temperature 
region was 32 ld  • mol-J and in the higher 
temperature region was 40 kJ • mol-~. These 

values are similar to those for Pt/SiO2 and 
Na/Pt/SiO2 (X ~ 0.43), respectively. This re- 
sult for Na/Pt/SiO2 (X = 0.16) also indicates 
a mixed state of the Pt particles with and 
without Na, as illustrated in Fig. 3. 

Ethene hydrogenation has been regarded 
as structure insensitive as usual. In fact, 
there was no large difference between two 
Pt/SiO2 catalysts with different dispersions, 
H/M = 0.67 and 0.014 in the hydrogenation.  
The rate of  ethene formation per surface Pt 
atom on the HIM = 0.014 catalyst was more 
than 80% of that for the catalyst with 
H/M = 0.67. The activation energy was also 
unchanged. It is unlikely that the enhance- 
ment of these parameters  by Na addition 
comes from the particle size enlargement.  

(iii) Isotope Distributions in the Products 

Table 4 summarizes the percentage distri- 
butions of d-ethane (i = 1, 2, • • • , 6) at the 
initial stage of ethene deuterogenation on the 
catalysts with various Na loading. The 
amounts of deuterium atom incorporated in 
ethane molecule (~id/6~di) also listed in Ta- 
ble 4. ~idi/6~di increased from 0.31 to 0.38 
in the presence of Na, whereas it was almost 
independent of the amount of Na. The in- 
crease of Eid/6Zdi for the promoted catalyst 
may be caused by the increase of deuterium 
adsorption comparing to ethene and/or the 

TABLE 4 

The Percentage Distribution of d-Ethane at the 
Initial Stage of D 2 + C H z ~ C H  2 Reaction at 263 K a 

Ethane X = Na/(Na + Pt) 

0.0 0.16 0.43 0.60 0.70 0.86 

d o 10 8 7 9 10 13 
d I 24 15 19 19 16 15 
d 2 45 38 34 36 37 36 
d 3 13 21 21 20 18 15 
d 4 8 19 19 13 12 12 
d5 0 0 0 3 7 9 
d 6 0 0 0 0 0 0 

lOOYddi/6Y~d i 3 l 38 38 36 38 38 

a PD, = PCH,----CI~ 2 = 1.3 kPa. 
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FIG. 4. The initial rates for ethane formation and 

ethene exchange. PDz = PCH2=CH z = 1.3 kPa; the reac- 
tion temperature, 250 K. 

equilibrium between associatively adsorbed 
ethane and half-hydrogenated intermediates 
shifted, these changes leading to the change 
of H/D ratio at the surface. 

In our previous report for SMSI catalysts 
(16), it was demonstrated that there are site 
I (bare metal site) and site II (periphery site) 
and H/D ratios at the surface are different 
between these sites. On these surfaces with 
two different sites di-ethane should be pro- 
duced in the order, do, d2 > d l  on the whole 
surface. It was illustrated that ethene iso- 
topes were produced on site I or site II 
alone, in the order d 2 > d l  > do or do > d l  
> d2, respectively (16). In the case of Na- 
promoted Pt/SiO2 catalysts, the order is d2 
> d l >  do and there is no evidence of the 
H/D heterogeneity for ethane formation. 

(iv) Active Sites and Intermediates 
for Hydrogenation and 
Hydrogen Exchange 

The rates of ethene deuterogenation and 
hydrogen exchange in D 2 + C H z ~ C H  2 s y s -  

t e m  as a function of Na loading are shown 
in Fig. 4. The products in the hydrogen ex- 
change reaction were drethene (C2H3D) and 
d2-ethene (CzH2D2). d 3- and d4-ethene were 
negligible and below our detection limit in 
the initial stage of the reaction. The ex- 
change rate is defined as an amount of deute- 
rium atom in di-ethene (~id/) produced per 

unit time, while the deuterogenation rate is 
the sum of the formation rate of deuterogen- 
ated ethanes. The deuterogenation rate in- 
creased with an increase of the amount of 
Na while the exchange rate was almost con- 
stant except X = 0.00. Thus the rate of eth- 
ane formation seems to have a correlation 
with the binding energy of Pt 4fv/2, while 
the rate of exchange reaction correlates with 
the Na coverage on Pt surface. These results 
suggest that deuteroethene is formed at the 
neighboring sites of Na20 island (periphery 
site) and ethane is produced at the far sites 
(bare metal sites). The electronic modifica- 
tion should be large at the periphery sites, 
which might be located in the region of two 
or three atoms around Na because of the 
screening of platinum metal (15). 

The XP spectra for Pt 4f7/2 could not distin- 
guish the periphery sites from bare metal 
sites. This may be because the ratio of the 
periphery sites should be less than that of the 
bare metal sites considering the small cover- 
age of Na (0.2) and the particle size is large 
enough. 

Figure 5 shows IR spectra of adsorbed eth- 
ene in the C-H stretching region. Both ad- 
sorption and measurement were carried out 
at 293 K. Five peaks were observed for each 
catalyst in Fig. 5. Three higher-wavenumber 
peaks, 3078, 3025, and 2965 cm- 1 for Pt/SiO 2 
and 3078 - 9, 3025, and 2964 cm-1 for Na/ 
Pt/SiOz are due to ~r-ethene. The largest peaks 
at 2888 - 2869 cm -1 are assigned to di-tr- 
ethene on Pt (24). The absorption band in 
2803 cm-1 on Pt/SiO 2 has been attributed to 
the first overtone of the asymmetric CH 3 
bending mode of ethylidyne (24). These peaks 
diminished rapidly when D 2 was  added at 293 
K, evolving deuterogenated ethenes and eth- 
anes in gas phase. This means that the ob- 
served surface species can be the reaction 
intermediates for ethane formation and 
ethene-deuterium exchange. The position 
and relative intensity of the peaks for 7r-eth- 
ene were not affected by sodium addition. On 
the contrary, the band for di-o--ethene shifted 
by 18 cm -1 (X = 0.16) - 24 cm -~ (X = 0.86) 
and the relative intensity to those of ~r-ethene 
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FIG. 5. IR spectra of  C - H  stretching region for eth- 
ene adsorbed on Na/Pt /SiO:  catalysts; (a) X = 0.00 
(Pt/SiO2), (b) X = 0.16, (c) X = 0.60. 

became smaller than that of Pt/SiO 2. A small 
peak for di-o--ethene was observed for the 
catalyst ofx  = 0.16 (2889 cm 1), the position 
being the same as that for P t / S i O  2. This sup- 
ports the mixed state of pure Pt and Na-con- 
taining Pt particles in N a / P t / S i O  2 (X = 0.16) 
as mentioned above. 

The peak positions of ¢r-ethene (around 
2965 cm -1) and for di<r-ethene are plotted 
against the Na loading in Fig. 6. The ratio of 
the intensity of these two bands (I~/I~) was 
also plotted as a function of Na loading in Fig. 
6. The ratio, I~/I,~, for Na/Pt/SiO2 was much 
larger than that for Pt/SiO2 and was almost 
independent of the Na loading. These results 
suggest that the ~--ethene is located at the 
periphery sites, while the di-cr-ethene is 
formed on the bare sites as demonstrated in 
Fig. 7. 

The constant peak position of 7r-ethene 
shows that the change in the electronic state 

0.4 
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Na loading/10-awt% 

3000 

2950 

2900 2~ 

!850 

!800 

FIG. 6. The peak positions of  C - H  stretching for 7r- 
ethene (A) and di-o'-ethene (V~) and the ratio of  these 
peak intensities (I,/I~, ©) as a function of  Na  loading. 

characterized by Pt 4f7/2 XP spectra does not 
influence the electronic state of ~r-ethene, 
more precisely, C-H stretching. On the other 
hand, the C-H stretching of di-o--ethene 
changed still after the saturation coverage of 
Na at 0.20, due to the further electronic effect 
from sodium supported on SiO2 surface. 

From the above discussion it is concluded 
that ethane is preferentially formed at the bare 
metal sites through the di-o--intermediate, 
while ethene-deuterium exchange mainly 
proceeds at the periphery sites through the 
~--intermediate. The ratio of di-o--ethene/~-- 
ethene adsorbed on Na/Pt/SiO2 decreased as 
compared with that on Pt/SiO 2 and the C-H 

di - ethane d i-ethene 

r C2H6 CH2=CH2 C2H3 D 
C, HsD \ ~ / C,H~Dz 
C 2 H 4 D 2 ~  / D2 

etc. \ / _ _ D L O  ~ / 

FIG. 7. A schematic model for short- and long-range 
promotion by Na additives in D 2 + C H 2 = C H  2 re- 
action. 
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stretching frequency shifted toward lower 
wavenumber. Similarly to these observa- 
tions, it has been reported that the adsorption 
of di-tr-ethene is weakened by the presence 
of alkali-metal on Pt(111) (5) and the negative 
charge moves from Pt to the adsorbed ethene 
(23). The electronic effect on the Pt surface 
is reflected in the increase of the activation 
energy for ethane formation. However, the 
rate of ethane formation increased with the 
Na-promoted Pt/SiO2 catalysts due to the 
less adsorption of di-cr-ethene to lead to the 
enhancement of hydrogen dissociation, which 
competitively takes place as suggested by the 
rate equation. The C-H  peak position of ~r- 
ethene and the rate of the ethene-deuterium 
exchange at the periphery sites were almost 
independent of the Na quantity. These results 
indicate the constant size of the Na on Pt 
particles over the whole range of Na loading. 
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