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Introduction 

Fischer-Tropsch (FT) synthesis is a complex catalytic process in which a mixture of 
CO and H2 (synthesis gas) is converted to various long-chain hydrocarbons [1,2]. Intensive 
effort has been dedicated to FT synthesis since it was discovered about 80 years ago and great 
progress has been made experimentally [3] and theoretically [4]. It is generally accepted that 
the chain initiation is started by the dissociation of the CO, and hydrogenation to form CH, 
CH2 and CH3, namely as the “building block” of the hydrocarbon. However, for the further 
formation of hydrogenated carbon species, mechanism studies for FTS often assumed the 
formation of CH2 and CH3 species while recent characterization and theoretical studies in 
energetic debate for the more possible formation of CH species on many transition metal 
surfaces [4]. Ciobica studied the chain growth mechanism of FTS over Ru catalyst by using 
periodic ab initio quantum chemical calculations and shown CH was the most stable of all C1 
surface intermediates.  
 In turn, the rate-determining step of the over all reaction still remains a controversy. 
Deuterium isotope study is one of the methods of analysis to ascertain the mechanism 
involving transition state with hydrogen. Early H2-D2 kinetic isotope study for CO 
hydrogenation haven’t given a clear conclusion and often observed a contradictory result on 
various catalyst systems. Kobori et al [5] observed an inverse isotope effect for the 
hydrogenation of CO over Ru/SiO2 and the isotope effect was 0.57±0.12 for methane and 
0.43±0.11 for C2

+ in the temperature range 413-473 K. Since simple dissociation of the C—O 
bond in an adsorbed CO molecule to adsorbed carbon and oxygen atoms leads to the absence 
of the isotope effect (ie. KH/kD =1) whereas the observed isotope effect from the previous 
literature study excludes the simple dissociation mechanism and indicates that the hydrogen 
atoms play an important role in the dissociation of C—O bond. Herein, we report the kinetic 
isotope studies on CO2 hydrogenation over γ-Al2O3 supported Pt-Co catalysts.  
Experimental 

The rate of CO2 hydrogenation was measured using 0.5%Pt-25%Co/Al2O3 catalyst 
in a 1L CSTR and prior to the run, the catalyst was reduced ex-citu by H2:He (1:3) mixture at 
623 K for 10 h followed by in-situ reduction using pure H2 at 503 K for 24 h. The catalyst 
transfer was accomplished under flowing nitrogen to a CSTR after the ex-citu reduction, to be 
mixed with 310 g of melted Polywax 3000 (start-up solvent). The catalyst was then reduced in-
situ in the CSTR in a flow of hydrogen at atmospheric pressure and at 503 K for 24 h. After the 
activation period, the reactor temperature was decreased to 493 K and started feeding CO2/H2. 
The reactor pressure was then increased to 2.16 MPa. In order to achieve a steady state activity 
of catalyst CO hydrogenation (H2/CO = 2) was carried out before switching to CO2 (H2/CO2 
=3). The gas compositions were quantified using an on-line gas chromatography (HP Quad 
series Micro GC) Deuterium switch was done at various H2/CO2 ratios (3, 2, 1) and the gas 
samples were collected and analyzed after 24 h time on stream of deuterium. Calibration 

factors for the TCD detection of the D-labeled C1 to C4 hydrocarbons are corrected using the 
respective standard gases. 
Results and Discussion 

Figure 1 shows an inverse kinetic isotope effect for CO2 hydrogenation (α = 0.83). 
The inverse effect was calculated for various HC and the effect was increases with increasing 
carbon number (0.9 for methane, 0.63 for C2, 0.42 for C3 and 0.26 for C4). Kobori interpreted 
the inverse isotope effect interms of a large surface concentration of CDx than of CHx because 
of the thermodynamic stability of CDx. In our system CO2 + H2 (D2), the effect was small for 
methane (α = 0.9) compare to other literature (α = 0.57, in the case of CO hydrogenation over 
Ru/SiO2). This fact would correlate with a lower energy barrier of intermediate hydrogenation 
in the CO2 reaction compared with that in CO hydrogenation.  

 
Figure 1Variation of Inverse isotope effect (kH/kD) with the number of carbon  
(T-493 K, P-2.16 MPa, SV-4.0 slph/g catalyst), H2/CO2-3.0) 

 
The systematic increase of inverse isotope effect with carbon number evidenced the 

participation of a common intermediate possibly partially hydrogenated CO on all the HC. 
According to organometallic chemistry, species such as formyl (M-CHO), hydroxycarbene (M-
CHOH), and hydroxymethyl (M-CH2OH) have been identified as partially hydrogenated CO 
species. These species have C—H and/or O—H bonds, which bring about stretching and 
deformational vibrations. These vibration modes significantly contribute to the zero-point 
energy of M—COHn species. Since the zero-point energy for the C—H and O—H bonds are 
higher than those for the C—D and O—D bonds, respectively, the zero-point energy for the 
M—COHn is higher than that for the M—ODn. In other words, the M—CODn is more stable 
than the M—COHn species. Participation of this intermediate species becomes more as the 
carbon chain grows. That is the reason, why the inverse isotope effect is more as the carbon 
chain increased.  
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