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FIGURE CAPTIONS 

Figure i. (a) Schematic representation of five Fe single crystal 
surfaces. The coordination number for each surface atoms is 
indicated. (b) rate of NH 3 synthesis over five different faces 
of iron (~rom ref. [21]). 

Figure 2. Structure sensitivity in the ammonia synthesis over Re 
single-crystal faces. The turnover frequencies (TF) are given as 
NH 3 molecules cm-2s "I. Schematics of the atomic structure of each 
surface are given above each bar (from ref. [22]). 

Figure 3. (a) A comparison of the rate of methane formation(CH 4 
molecules/site-s) over single crystal nickel catalysts and 
supported Ni/AI203. Reaction conditions: 120 Torr, H2/CO ratio = 
4 (from ref. [25]). (b) Atomic configuration of a Ni(100) 
surface. (c) Atomic configuration of a Ni(lll) surface. 

Figure 4. (a) Arrhenius plot of CH 4 synthesis on a Ni(100) 
catalyst at total reactant pressures of I, i0 and 120 Torr. The 
ratio H~ / CO is 4 (from ref. [25]). (b) Arrhenius plot of CH 4 
synthesls on a RuCII0) catalyst at total reactant pressures of I, 
I0 and 120 Torr. The ratio H 2 / CO is 4. Data at two 
temperatures for a Ru(001) catalyst at 120 Torr are plotted with 
the symbol X (from ref. [25]). 

Figure 5. Methane productionrate (molecules/Ni surface atom-s) 
at 625K over a Ni(lO0) catalyst versus surface carbon coverage 
(under steady-state conditions). The H 2 / CO ratio and the totai 
pressure (Torr) for each point are indicated in the insert (from 
ref. [25]). 

Figure 6. (a) The methanation activity for W(II0) compared to 
that for Ni(lO0), plotted in an Arrhenius fashion (from ref. 
[34]). (b) The H 2 dependence of the methanation ~ctivity for 
W(IIO) compared to that of Ni(100) (from ref. [34]). 

Figure 7. (a) Arrheniusplot for CO methanation on Mo(100) (from 
ref. [38]). (b) Rate of formation of methane over Mo(100) versus 
the partial pressure of each reactant. Constant H 2 pressure of 3 
atm for determination of. CO dependence, and constant CO pressure 
of 3 arm for determination of H~ pressure dependence. In all the 
cases the total pressure was 6 atm, with nitrogen or argon used 
as a buffer gas (from ref. [38]). 

Figure 8. (a) Arrhenius plot for CH 4 synthesis over several 
different Ni coverages on W(llO) and W(100) at a total reactant 
pressure of 120 Tort (H2/CO = 4) (from ref. [51]). (b) Arrhenius 
plot for CH 4 synthesis over several different Ni coverages on 
W(II0) at total reactant pressures of I, I0 and 120 Torr (H2/CO = 
4) (from ref. [51]). 
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Figure 9. Variation of the saturation coverage of CO (part (a)) 
and H 2 (part (b)) on Ni(100) with the precoverage of Cl, S and P 
(from ref. [63]). 

Figure I0. Plot of the rate of methanation (CH 4 molecules/site- 
s) over a sulfide and phosphided Ni(100) catalyst at 120 Tort and 
a pressure ratio of H 2 to CO of 4 (from ref. [63]). 

Figure ii. 
(a) Ru(001) 

catalysts. 
= 600K. 

Methanation rate as a function of sulfur coverage on: 
(from ref. [68]), and (b) Rh(lll) (from ref. [58]) 

Pressure = 120 Torr, H2/CO = 4, reaction temperature 

Figure 12. Relative change in methanation rate over W(II0) as a 
function of sulfur coverage (from ref. [693). For comparison the 
data for Ni(100) is also shown (from ref. [63]). 

Figure 13. (a) Relative methanation rate as a function of 
potassium coverage at various reaction conditions: (¢) Pc0 = 1.0 
Tort, p~ = 99.9 Tort, T = 600K; (0) Pc0 = 24 Torr, PH2 = 97.6, T = 
538K; (4) Pc0 = 24 Torr, PH2 = 96 Torr, T = 600K; (0) Pc0 ~ 24 
Tort, PH2 = 96 Torr, T = 594K (from ref. [70]). (b) A comparison 
of the rate of methane synthesis over a clean single crystal 
Ni(100) catalyst with the rate over a potassium doped catalyst. 
Total reactant pressure is 120 Tort, H2/CO = 4 (from ref. [70]). 

Figure 14. A comparison of the product distributions (weight 
percent) observed for clean and K-doped catalysts at T = 500K, 
H2/CO = 4, and a total pressure of 120 Torr. Potassium coverage 
= 0.i0 ML (from ref. [70]). 

Figure 15. The relative initial rate of reactive carbon 
formation from C0 disproportionation as a function of potassium 
coverage. Pc0 = 24 Torr, T = 500K. (From ref. [70]). 

Figure 16. (a) The methane yield from Ni/Ti02(100 ) as a function 
of the average Ni thickness. PH2 = 60 Tort, Pc0 = 20 Torr, T = 
190"C (from ref. [99]). (b) Arrhenius plots of the methane 
turnover number (CH 4 molecules/site-s) for Ni(lll) and 5A 
Ni/Ti02(100), PH2 = 60 Torr, Pc0 = 20 Torr (from ref. [99]). 

Figure 17. (a) Comparison of the specific rates of the CO + 02 
reaction measured over Rh(100), Rh(lll) and Rh/AI20 z (from refs. 
[106,107]). (b) Measured rates of the CO + O~ reaction over 
Rh(lll) at various partial pressures of CO, an 02 partial 
pressure of 8 Torr and a temperature of 500K (from ref. [107]). 
(c) Rates of CO oxidation over Rh(lll) at various partial 
pressures of 02, a CO partial pressure of 16 Torr and a 
temperature of 500K (from ref. [107]). 

Figure 18. (a) Arrhenius plot of the rate of C02 formation over 
Ru(001) and Ru/SiO 2 catalysts (from ref. [107]). (b) Effect of 
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CO partial pressure on the rate of CO oxidation on Ru(001), P02 = 
8 tort, T = 500K (from ref. [107]). (c) Effect of 02 partial 
pressure on the rate of CO oxidation on Ru(001), P=0= 16 Tort, T 
= 500K (from ref. [107]). 

Figure 19. Specific rates of CO 2 formation as a fun6tion of 
inverse temperature for single-crystal and suppor£ed catalysts 
(from teE. [i09]). 

Figure 20. 02 (part a) and CO (part b) partial pressure 
dependence of CO oxidation ~ver Pt(100) at several temperatures 
(from ~ef. [109]). 

Figure 21. Dependence in CO and 02 partial pressures for CO 
oxidation on Ir(lll) (from ref. [109]). 

Figure 22. Arrhenius plot of the CO 2 formation rate from the CO 
+ NO reaction on Rh(lll) and Rh(100). Pc0 = P,D = 8 Torr (from 
ref. [i12]). 

i 

Figure 23. NO and CO partial pressure dependences of the CO + NO 
reaction on Rh(lll) and Rh(lO0) catalysts (from ref. [112]). 

Figure 24. Arrhenius plot of the steady-state rates of CO2and 
ethylene epoxide (EtO) production on Ag(ll0) at ~Et = 20 Torr and 
~ = 150 Torr (from ref. [8]). Shown for comparlson is the rate 

EtO production on a silica supported Ag catalyst (form ref. 
[119]). 

Figure 25. Effects of 02 (part a) and C2H ~ (part b) partial 
pressures on the rates of production of ethylene epoxide (FrO)and 
CO 2 on Ag(llO). The selectivity for ethylene conversion into EtO 
is defined as: SE~ 0 = TONEr 0 / (TONEr o + ½TONED2) (from ref. [8]). 

Figure 26. (a) Variations in the steady-state reaction rates and 
selectivity with C1 coverage on Ag(lll)at 490K, 4.1 Tort of ~H 4 
and 150 Tort 02 (from ref. [130]). (b) Selectivity variations on 
Ag(lll) and Ag(ll0) as a function of Cl coverage (from ref. 
[1303). 

Figure 27. Influence of chlorine coverage upon the kinetic 
parameters for CO 2 and ethylene epoxide (EtO) production on 
Ag(llO) (from ref. [129]). 

Figure 28. Rates of ethylene epoxide (EtO) and CO 2 production as 
a function of Cs precoverage on Ag(lll). The selectivity to 
produce EtO is defined as: SEt 0 = TONer ~ (TONEr 0 + hTON¢02) (from 
ref. [131]). 

Figure 29. (a) Arrhenius plot of the rate of product appearance 
during thiophene HDS over Mo(lO0). P,2= 780 Torrr P hio-- ne = 2.5 
Torr (from ref. [144]). (b) Comparison of the prod~c% ~e 
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Figure 39. Ethane hydrogenolysis activity of Re/Pt(lll) (a) and 
Pt/Re(001) (b). Pethane = i0 Torr, PH2= 100 Torr and T= 573K (from 
ref. [160]). 

Figure 40. Relative rate of ethane hydrogenolysis over Ru(001) 
as a function of copper or sulfur coverage. P,2= 99 Tort, ~th,ne= 1 
Torr, T= 550K (from ref. [152]). 

Figure 41. Specific reaction rates for propane hydrogenolysis on 
Ir(lll) and Ir(ll0)-(ix2). (0)= methane, (o)= ethane. P~2= 100 
Torr, Ppro~ne= 1.0 Tort (from ref. [156]). 

Figure 42. Specific reaction rates for n-butane hydrogenolysis 
on Ir(lll) and Ir(ll0)-(!x2). (0)= methane, (s) = ethane, (4)= 
propane. PH2 = i00 Tort, P~a~= 1.0 Tort (from ref. [156]). 

Figure 43. Selectivity for ethane production (mol % of total 
products) from the reaction of n-butane with hydrogen on Ir 
catalysts plotted as a function of the mean Ir particle size 
(from ref. [156]). The abscissae for the two single crystals were 
determined by a calculated "effective particle size" (see ref. 
[156]). 

Figure 44. Specific reaction rates for the hydrogenolysis of 
n-butane over Rh(ll0) (part a) and Rh(lll) (part b). (D)= 
methane, (+)= ethane, (a)= propane. P~t,ne= I0 Torr, P,2 = 200 Torr 
(from ref. [165]). 

Figure 45. (a) Product accumulation curves for isobutane 
hydrogenolysis over platinum single-crystal surfaces. T= 573K, 
P,2= 200 ~orr, P~s~t.ne= 20 Tort (from ref. [166]). (b) Idealized 
atomic surface structures for the flat (100) and (iii), stepped 
(332), (557) and (13,1,1) and kinked (10,8,7) platinum single- 
crystal surfaces (from refs. [166,178]). 

Figure 46. Arrheniusplots for n-hexane hydrogenOlysis catalyzed 
over platinum single crystal surfaces. P,2= 200 Tort, P¢6H14= 20 
Torr (from ref. [167]). The atomic configurations of the Pt 
surfaces are shown in Fig. 4Sb . 

Figure 47. Product formation from the reaction of cyclopropane 
with hydrogen over Ni(lll) and Ni(100) surfaces. Total pressure= 
100 Torr, H2/cyclopropane= 100 (from ref. [170]). 

Figure 48. Product distribution as a function of S coverage for 
the reaction of cyclopropane with hydrogen over Ni(lll) at 550K 
and Ni(100) at 450K . Ptot, L= i00 Torr, H~cyclopropane= I00 (from 
ref. [170]). 

Figure 49. Time evolution of ethane formation on initially clean 
Mo(100) at 323, 423 and 523K (from ref. [176]). 
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Figure 50. Arrhenius plots for ethane formation from 
cyclopropane hydrogenolysis on clean, C- and O-modified Mo(lO0). 
PH2= 715 Tort, Pc3,6= 40 Torr (from ref. [176]). 

Figure 51. Arrhenius plot for the hydrcgenolysis of cyclopropane 
on Pt(s)-[6(lll)x(100)]. Pc3H6= 135 Torr, PH2 = 675 Tort (from ref. 
[4]). 

Figure 52. Specific reaction rates for the reaction of 
cyclopropane and hydrogen on Ir(lll) (part a) and Ir(ll0)-(Ix2) 
(part b) surfaces. PH2 = i00 Torr, Pc3H6 = 2.0 Torr (from ref. 
[177]). 

Figure 53. Specific rates for the reaction of cyclopropane and 
hydrogen on Ir(lll) at T= 575K. (a) Effect of H 2 partial 
pressure, P~.6 = 2.0 Tort. (b) Effect of cyclopropane partial 
pressure, P.2= 100 Tcrr (from ref. [177]). 

Figure 54. (a) Relative selectivity for hydrogenation/ 
isomerization (C3) and hydrogenolysis (CI+C2) from the reaction of 
cyclopropane and hydrogen on Ir(lll) at 575K. The reaction 
conditions are identical with those given in fig. 53 . (b) The 
fractional surface coverage of the carbonaceous residue at the 
corresponding reaction conditions (from ref. [177]). 

Figure 55. N-hexane (part a) and light alkane (part b) 
production from cyclohexane hydrogenolysis as a function of 
surface structure and time (from ref. [180]). The atomic 
configurations of the Pt surfaces are shown in Fig. 45b . 

Figure 56. Effect of hydrogen pressure upon dehydrogenation and 
hydrogenolysis rates over Pt(lll)(part a) and Pt(10,8,7) (part 
b, from ref. [180]). 

Figure 57. Cyclohexane hydrogeno~ysis rates over Ru(001) at 650K 
as a function of reactant partial pressures: a) P,2 = ~00 Torr, 
and b) Pc.c6H12= 1 Torr (from ref. [181]). 

Figure 58. Product accumulation curves determined as a function 
of reaction time for isobutane isomerization over Pt single- 
crystal surfaces (from ref. [166]). PH2 = 200 Torr, Pis0~an~= 20 
Torr, and T= 573K . The atomic configurations of the platinum 
surfaces are shown in Fig. 45b . 

Figure 59. Arrhenius plots for the initial rates of isobutane 
isomerization over the flat (I00) and k~nked (10,8,7) platinum 
single-crystal surfaces (from ref. [166]). 

Figure 60. Product accumulation curves measured as a function of 
reaction time for neopentane isomerization over Pt single-crystal 
surfaces (from ref. [166]). 
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Figure 61. Arrhenius plots for n-hexane isomerization to 2- 
methylpentane (below) and 3-methylpentane (above) catalyzed over 
several Pt surfaces (from ref. [167]). The atomic configurations 
of the platinum surfaces are shown in Fig. 45b . 

Figure 62. Arrhenius plots for n-hexane C5-cyclization (part a) 
and aromatization (part b) catalyzed over five Pt surfaces (from 
ref. [167]). 

Figure 63. Plot of the initial turnover frequencies per surface 
atom (platinum and gold) versus the surface atom fraction of gold 
(from ref. [169]). 

Figure 64. Toluene formation from n-heptane over four Pt single- 
crystal surfaces (from ref. [178]). 

Figure 65. The dependence of initial rates (top) and 
selectivities (bottom) with respect to atomic surface structure 
at 15 Torr n-heptane, 480 Torr hydrogen and 573K (from ref. 
[17s]). 

Figure 66. Structure sensitivities of alkane isomerization 
reactions catalyzed over platinum single-crystal surfaces (from 
ref. [166]). The atomic configurations of the Pt surfaces are 
displayed in Fig. 45b . 

Figure 67. Arrhenius plots for ethylene hydrogenation with 
and D 2 over Pt(lll). P.2,4= i0 Tort, or 20 Tort, and 
P,2 = 80 Torr (from re~. [186]). P,2 PD2 = 

Figure 68. Deuterium atom distribution in the resul~ing ethane 
from the hydrogenation of ethylene with deuterium over Pt(lll) 
(from ref. [1863). 

Figure 69. Specific reaction rates for the reaction of propylene 
and hydrogen on Ir(lll) (part a) and Ir(ll0)-(Ix2) (part b). The 
partial pressure of propylene was 2 Torr, whereas that of 
hydrogen was i00 Tort (from ref. [177]). 

Figure 70. (a) Specific reaction rates for the reaction of 
prcpylene and hydrogen on the Ir(lll) surface at a temperature of 
575K. The partial pressure of hydrogen was maintained at i00 Torr 
as the partial pressure of propylene was varied. (b) The 
fractional coverage of the carbonaceous residue at the 
corresponding reaction conditions (from ref. [177]). 

Figure 71. 1,3-Butadiene hydrogenation reaction on Pt(lll): 
composition of the gas phase as a function of time; (b) 
selectivity as a function of conversion. "B-I" = 1-butene, 
"B-2-cis" = 2-cis-butene, and "B-2-trans" = 2-trans-butene. 
T = 413K, PH2 = 495 Tort and Pc~,6 = 20,3 Tort (from ref. [189]). 

(a) 
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Figure 72. Initial rates of 1,3-butadiene hydrogenation on 
Pt(100) (part a, from ref. [188]) and Pt(lll) (part b, from ref. 
[189]). 

Figure 73. Rates of 1,3-butadiene hydrogenation as a function of 
S coverage (from refs. [188,189]). 

Figure 74. Conversion versus time for 1,3-butadiene 
hydrogenation on: (a) Pt(111) and (b) Pt0.sNi0.5(111 ) . P,2 = 660 
Torr, Pc4,6= 4.5 Torr and T= 300K (from ref. [191]). 

Figure 75. Product accumulation versus reaction time for 
cyc!ohexene hydrogenation over Pt(223) at several temperatures 
(from ref. [190]). 

Figure 76. Correlation of cyclohexene reaction rates and 
reaction probabilities over a ten-order-of-magnitude pressure 
range. The reactions were performed at 423K over Pt(223) with 
PH2/Pc~,6= l0 (from ref. [190]). 

Figure 77. Arrhenius plot for cyclohexene hydrogenation over 
Pt(223) (from ref. [190]). For comparison results for a high- 
surface area Pt/SiO 2 catalyst are included (from ref. [194]). 

Figure 78. Product accumulation curves for the reaction of 
cyclohexane + hydrogen on the Pt(10,8,7) surface (from ref. 
[18o]). 

Figure 79. Benzene (part a) and cyclohexene (part b) production 
from the c-C6H12 + H 2 reaction on several platinum surfaces (from 
ref. [180]). 

Figure 80. Influence of Au surface content on the iamount of 
benzene and cyciohexene produced from cyclohexane dehydrogenation 
over Au-Pt(Ill) in 123 min reaction time (from ref. [203]). 

Figure 81. Part a: amount of benzene (i) and lower carbon number 
alkanes (2) formed from the c-C6H~2 + H~ reaction on Ru(O01) as a 
function of time; (3) Relative ~/antit-ies of carbonaceous 
material present on the surface following reaction. Part b: 
relative rates of cyclohexane dehydrogenation (4) and 
hydrogenolysis (5) as a function of relative carbon coverage 
present on the surface following reaction at T= 650K, H2/C6H12 = 
i00, PT0taL = i01 Tort (from ref. [181]). 

Figure82. (a) Arrhenius plot of the rate of cyclohexane 
dehydrogenation to benzene over Ru(001) under steady-state 
reaction conditions, H/C H I = i00 and PtotaL = 101 Tort. (b) 2 ~ 2 
Cyclohexane dehydrogenatlon rates over Ru(001) at 650K as a 
function of reactant partial pressure: (i) PH2= I00 Torr and (2) 
Pc6H12 = i Tort (from ref. [181]). 
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Figure 83. Relative rate of cyclohexane dehydrogenation as a 
function of surface cu coverage on Ru(001) at T= 650K, H2/C6H12= 
25 and PTotaL = 104 Torr (from ref. [181]). 

Figure 84. Relative amount of benzene formed from acetylene 
cyclotrimerization on Pd single crystals in UHV and at 
atmospheric pressures (from ref. [205]). 

Figure 85. (a) Apparent activation energy for acetylene 
cyclotrimerization over Pd. The same value was obtained on all 
three low-Miller-index planes of palladium [205]. (b) Turnover 
frequency for acetylene cyclization as a function of acetylene 
partial pressure (from ref. [205]). 

Figure 86. Variation of the water-gas shift reaction rates on 
Cu(il0) and Cu(lll) with temperature, in Arrhenius form. P,20 = 
I0 Torr and Pc0 = 26 Torr. (from ref. [214] and [215]). 

Figure 87. Potential energy diagram of the water-gas sh~ft 
reaction on Cu(ll0) (from ref. [215]). 

Figure 88. Rate of water-gas shift reaction over Cu(lll) as a 
function of sulfur coverage (from ref. [221]). 

Figure 89. The water-gas shift reaction rate as function of Cs 
coverage (Scs) on Cs/Cu(ll0) at 493, 523 and 573K. PH20 = i0 Torr 
and Pc0 = 26 Torr (from ref. [215]). 

Figure 90. (a) Turnover frequency (CH3OH molecules produced/Pd 
surface atom-s) versus inverse temperature at a total pressure of 
244 kPa and a 3.9:1 H2/CO mixture (from ref. [231]). (b) 
Turnover frequency plotted as a function of total pressure at 
553K, for a 3.9:1 H2/CO mixture (from ref. [231]). 

Figure 91. The temperature dependence of methanol turnover 
frequencies for Cu(!00) (,) [236], oxidized O/(i00) (A) [236], 
Cu/SiO 2 (V) [237,2383, cuo/Zno (A,O) [232], CuO/ZnO/AI203 (o) 
[232], and Raney Cu-Zn (0) [232]. Filled symbols represent data 
obtained under the actual experimental conditions: PT = 750 
Torr, CO2/CO/H 2 = 1/2/12. Open symbols represent data 
extrapolated to 14.8 atm (from ref. [236]). 
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TABLE I 

Metal Single Crystal Catalysts: 
Specific Activities and Activation Energies in CO Methanation 

Catalyst T P,2 Pco TOFa E a Ref. 
(K) (Tort) (Torr) (site'Is "I) (kJ/mol) 

Ni (I00) 450-700 96 

Ni (lll) 550-700 96 

440-540 60 

Ru (ii0) 500-700 96 

Ru (001) 550-650 96 

w(110) 480-75o loo 

Mo(100) 510-640 ii00 

Co (001) 490-550 500 

24 0.0002 - 8 103 [25] 

24 ! 0.04 - 5 103 [25] 

20 0.0002 - 0.05 Iii [99] 

24 0.002 - I0 !23 [253 

24 o.0i - o.s -12o [25] 

0 . 1  0 . 0 0 2  - 0 . 5  5 6  [ 3 4 ]  

220 0.001 - 0.2 i00 [38] 

250 0.0! - 0.07 -70 [40] 

aTOF = turnover frequency = CH~ molecules/site-s 
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Table II 

CO Oxidatign bv 0 2 

Activation__Enerqies 

Catalyst 

~(lOO) 

Rh(1~l) 

Ru(0001) 

Pt(lO0) 

Pd(11o) 

Ir(ll0) 

Ir(lll) 

Pco (ToPO2rr) Temp TOFa 
(Torr) 

s 8 4 5 0 - 6 0 0  0 . 1 - 1 0 0 0  

16 8 380-550 0.05-50 

16 8 500-725 0.1-500 

16 8 475-625 0.05-400 

16 8 425-625 0.02-100 

E~ ref. 
mol I) ___ 

l o a . 8  [ l o 7 ]  

8 1 . 6  [lOB] 

137.7 [lO9] 

138.6 [lO9] 

92.z [1o9] 

Reaction Orders b 

Catalyst Tem D (K) in CO in__OO~ ref. 

Rh (111) 500K --i. 0 -i. 0 [ 107 ] 

Ru (oooi) 500K -- -0.0 [ I08 ] 

Pt(100) 650K -0.9 -+ 0.2 1.0 -+ 0.i [109] 

Pd(ll0) 525K -i.0 - ~ 0.i 1.0 '+_ 0.i [109] 

Tr(lll) 525K -0.9 _+ 0.2 0.9 _+ 0.2 [109] 

a TOF = Turnover frequency = CO 2 molecules metal surface 
site. second 

b P~ = 16 Tort, Po2 = 8 Torr. 
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TABLE IiI 

Metal SingleCrystal Catalysts: 
Specific Activities and Activation Energies 

in Ethane Hydrogenol~sis. 

catalyst T P~2 Pethane TOFa E a Ref. 

(K) (Tort) (Tort) (site'ls "I ) (kJ/mol) 

Ni(100) 450-600 

Ni(lll) 520-600 

Ru(00Z) 500-600 

500--600 

RU (I, i, I0) 475-510 

Ir(lll) 450-550 

575"-650 

Ir(ll0)- 475-575 
(mx2) 

575-700 

Pt(lll) 550-640 

570-625 

Re(001) 573-623 

W(100) 553-613 

99 0.99 0.0005 -0.3 100.5 [148] 

99 0.99 0.0005 - 0.i 192.6 [148] 

20 1 0.2 - 3 -84 [152] 

99 1 0.04 - 1 -84 [152] 

39.8 5.6 - 92 [153] 

100 1 0.0004 - 0.3 145.2 [156] 

I00 1 0.9 - 8 82.5 [156] 

i00 1 0.0003 - 2 206.7 [156] 

I00 1 2 - 75 95.4 [156] 

I00 1 0.0003 - 0.02 153.2 [158] 

I00 b i0 0.02 - 0.25 144 [159] 

I00 I0 0.55 - 2 75.3 [160] 

100 1 0.004 - 0.05 113 [162] 

a TOF= turnover frequency = CH 4 molecules/site s 

b D2 pressure 
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