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1. Ethylene hydrogenation measurements to estimate metal dispersion
First, ethylene hydrogenation rates at 5% conversion were measured in a fully characterized
Ru/TiO2 catalyst (Table S1). Ru particle sizes in Ru/TiO2 were determined by TEM, BET
surface area by N2 physisorption, and Ru weight percent was confirmed by induced coupled
plasma (ICP). Additionally, no measurable ethylene conversion was observed on TiO2 alone.
Next, ethylene hydrogenation rate at 5% conversion on Ru/CNT and Ru/CNT-Ox was measured
and the average Ru particle size determined by assuming ethylene hydrogenation TOFs remained
unchanged (Table S2).

2. Assessment of external and internal mass transfer limitations
When reaction rates are controlled by external mass transfer (from the bulk to the external
surface) the observed rate (robs) is given by:
𝑟𝑜𝑏𝑠 = 𝑘𝑐(𝐶𝐴 ― 𝐶𝐴𝑆) ≈ 𝑘𝑐𝐶𝐴

[1]

Where kc is the mass transfer coefficient, CA is the bulk concentration, and CAS the surface
concentration. CAS would be very small due to fast surface reaction; thus, the reaction rate is
proportional the value of kc.
The mass transfer coefficient kc is directly proportional to the Sherwood number (Sh) according
to the expression
𝑘𝑐 =

𝐷𝐴𝐵𝑆ℎ
𝑑𝑝

[2]

In turn, Sh can be calculated using the Frossling correlation
𝑆ℎ = 2 + 0.6𝑅𝑒1/2𝑆𝑐1/3
Therefore, from Eqs. [2] and [3]:

[3]

𝑘𝑐 =

𝐷𝐴𝐵
𝑑𝑝

(2 + 0.6𝑅𝑒1/2𝑆𝑐1/3)

During external mass transfer tests stirring speeds were varied from 200 to 400 (Figure S1) rpm
using a pitched 4-blade turbine type impeller, while keeping all reaction conditions and catalyst
properties constant. Therefore, diffusivity (DAB), catalyst particle size (dp), and Schmidt
number (Sc) would also remain constant when varying stirring speed. On the other hand,
Reynolds number (Re) is proportional to the liquid bulk velocity (U) which is proportional to the
stirring speed (N)1.
𝑅𝑒 =

𝑈𝑑𝑝
𝑣
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And,
𝑘𝑐 𝛼 𝑈1/2 𝛼 𝑁1/2
Therefore, if the system were controlled by external mass transfer limitations changing stirring
speed from 200 rpm (1) to 400 rpm (2) should increase the observed rates proportionally even in
this range of stirring rates:
𝑟𝑜𝑏𝑠2
𝑟𝑜𝑏𝑠1
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Since the observed reaction rates remained constant as the stirring rate doubled (Figure S1), it
can be concluded that external mass transfer does not control the observed rates under the
reaction conditions and range of stirring speeds of the study.

1Catalyst particle size (dp) and kinematic viscosity (v) will also remain constant at constant reaction conditions.

3. Ru metal particle size before and after reaction
Ru metal particle size was measured from TEM images before and after reaction to ensure that
metal sintering is not playing a role in the enhanced activity observed in FT in decalin/water
emulsions. Figure S2 shows that average metal particle size and size distributions do not change
significantly after reaction.

4.

Characterization of Pickering emulsions
Following previous studies of the group within our Center of Interfacial Reaction
Engineering (CIRE), we have characterized the Pickering emulsions employed in this study
with a series of techniques,
including optical microscopy,
SEM, and TEM of thin slices of
water
oil
solidified wax from one of
these emulsions. As described
in several studies published by
researchers of the center [715], the emulsions are
oil
stabilized by the presence of
water
the CNT. Depending on the
hydrophilicity / hydrophobicity of the CNT, as well as the oil/water ratio in the system, the
resulting emulsions are either oil-in-water or water-in-oil (see scheme above). Moreover,
as shown in Fig. S3, the droplet size can be tailored by changing the oil/water ratio.

Finally, as illustrated in Figure S4, it is clearly demonstrated that the emulsion droplets
are stabilized by the spreading of CNT along the water/oil interface (e).
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Figure S4. (a,b) TEM images of thin sectioned solidified wax droplets clearly
showing the presence of MWNTs at the interface. CNT-Ox at the interface. From
Refs. 14, 15; (c) Optical microscope for dodecane and water emulsion stabilized by
CNT-Ox. From Refs. 14, 15; (d) SEM images of wax particles formed on cooling
of Pickering emulsions using oxidized MWNT (CNT-Ox). From Refs. 14, 15; (e)
Schematic of an oil droplet in an oil-in water emulsion stabilized by CNT-Ox

While optical microscopy clearly shows the characteristics of the oil/water emulsions
stabilized by CNT-Ox (Fig. S4 c), a special method had to be developed to investigate the
emulsions with electron microscopy. Specifically, we generated paraffin wax/water
emulsions at temperatures high enough (60-80 C) to allow the wax to melt and being able
to form the emulsion. Upon cooling, the wax solidified (see SEM of solidified wax
droplets Fig. S4 d) and allowed us to handle it as a solid sample. Therefore, to obtain
TEM images of the CNT at the water/wax interface, the solid droplets were deposited
inside a matrix and sliced with a microtome to obtain thin enough samples to be imaged
in TEM (see Fig. S4 a and b).
5. Further discussion on the effect of organic solvents on FT activity
Fischer-Tropsch synthesis is known to follow a mechanism that kinetically resembles chaingrowth polymerization. In this mechanism, hydrocarbon chain formation goes through
initiation, propagation, and termination steps. Additionally, methanation typically occurs as a
side reaction.

In fact, this is the basis for the well-known Anderson-Schulz-Flory distribution (ASF) typical
of Fischer-Tropsch products. All experiments in this study followed typical ASF
distributions. For example, the graph below shows product distribution for FT on Ru/CNT
(Figure 7, 22.5% water). Higher methanation yields than predicted by ASF distributions are
consistent with excess methane produced by a side methanation reactions.

After chain initiation, the growing hydrocarbon chain can either 1) add another monomer at a
rate proportional to kp (propagation) or 2) terminate a chain at a rate proportional to kt
(termination)

And the chain-growth probability (α) can be calculated as
𝛼=

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛
𝑟𝑎𝑡𝑒 𝑜𝑓 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 + 𝑟𝑎𝑡𝑒 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛

In our experiments, changing the solvent from pure decalin to pure water increased the chaingrowth probability (α) from 0.72 to 0.82 and increased the overall rate of reaction by a factor
of 3 (Figure 7). This suggests, in agreement with the literature, that water increases the rate
of the rate-limiting initiation step (H-assisted CO dissociation) and also the rate of
propagation without concomitant increase in the rate of termination.
When the organic solvent is mixed with water in biphasic media the rate of reaction
increased by a factor of 2 (Figure 7, 22.5% water) without change in the chain-growth
probability regardless of the ratio of water/organic. As shown below, the chain-growth
probability is 0.82 +/- 0.01 at water volumes higher than 1.5%.

Selectivities reported in Figure 8a and b include CH4 produced from methanation which
could make it seem that selectivities are changing more than they actually are. Below, the
selectivity reported in Figure 8a is corrected by excluding methane produced from side
methane-producing reactions. After the correction, it is clear that selectivity to hydrocarbons
remains largely unchanged regardless of the ratio of water/organic phase.

Therefore, the role of organic solvents is proposed to further enhance the rate of the ratelimiting initiation step (H-assisted CO dissociation) without significantly modifying the rate
of propagation or termination. As explained in section 3.7 of the manuscript, recent work by
Iglesia et al. has proposed that destabilization of dense CO adlayers, typical of practical FT,
decreases the overall barrier for CO dissociation by removing the need to desorb and adjacent
CO molecule and create a vacant site required to anchor the “O” atom. We believe it is
reasonable to propose that adsorbed decalin or heptane molecules destabilize the dense CO
adlayers in a similar way and reduce the overall energy barrier for the dissociation of CO.
Furthermore, Iglesia et al. have proposed that growing hydrocarbon chains effectively disrupt
CO adlayers increasing the rate of CO dissociation near growing chains, which provides COderived monomers at rates consistent with the formation of long-chain hydrocarbons. Thus,
organic solvents do not further increase the rate of propagation by disruption of CO adlayers
because the CO adlayers near hydrocarbon chains are already effectively disrupted by the same
growing hydrocarbon chains. Therefore, organic solvents do not have any effect on the rate of
propagation.

In Fischer-Tropsch synthesis, initiation steps occur every time a hydrocarbon chain forms;
followed by propagation, and termination. Since, the organic solvent molecules decrease the
energy barrier for the initiation step (CO-dissociation) by destabilizing CO adlayers, then we
propose that this effect is present every time a hydrocarbon molecule is initiated and should
not be restricted to the induction period.
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