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ABSTRACT: Fundamental understanding of heterogeneously catalyzed aerobic,
base-free oxidation of glycerol is highly desirable for sustainable and highly efficient
chemical synthesis. In this work, Pt/CNTs catalyzed base-free oxidation of glycerol is
investigated by combining experiments, DFT calculations and kinetics analysis. The
solvent effects and kinetic isotope effects measurements as well as DFT calculations
reveal that water-assisted Oz activation to form active OH* intermediates is not in
rate-determining step (RDS) but in equilibrium. Then, Langmuir-Hinshelwood kinetic
models are developed and fitted with the experimental data. The OH*-assisted C-H
bond cleavage of glycerol is discriminated as the RDS for the two parallel oxidation
pathways of glycerol via primary or secondary hydroxyl groups, where the former
case exhibits lower activation energy. The insights revealed here could guide the
design and optimization of this catalytic process to generate the targeted products.

Keywords: Base-free oxidation of glycerol; Solvent effects; DFT calculations; Kinetic

isotope effects; Kinetics analysis



1. Introduction

Heterogeneously catalyzed aerobic, base-free oxidation of glycerol (GLY) to
produce various value-added fine chemicals offers a simple, sustainable and
environmentally benign alternative to traditional costly, multi-step and/or polluting
base-promoted as well as stoichiometric oxidation processes (Bianchi et al., 2005;
Zhou et al., 2008; Zope et al., 2010; Nie et al.,2012; Ning et al., 2015; Dodekatos et
al., 2018a,b). For this process, a large amount of metal components (e.g., Pt, Pd and
Au) and supports (e.g., carbon materials, oxide and zeolite) have been studied (Xu et
al., 2008; Villa et al., 2010; Pestana et al., 2013; Wang et al., 2015; Shen et al., 2015;
Xiao et al., 2016; Kaskow et al., 2018). Among them, conductive carbon materials,
e.g., carbon nanotubes (CNTs), supported Pt catalysts have shown outstanding
catalytic performance, which is mainly ascribed to the effective mass transfer and
electron transfer of Pt with carbon support as well as low C-C cleavage of Pt catalyst
(Liang et al., 2011; Lei et al., 2014; Zhang et al., 2015). Therefore, fundamental
understanding of carbon supported Pt catalyzed base-free oxidation of glycerol is
highly desirable for providing some controlling factors and mechanistic details, and
then guiding the rational catalyst design and optimization.

For the carbon supported Pt catalyzed base-free oxidation of glycerol, there exists
typical Pt size effects, and the optimal mean Pt particle size of 2~3 nm (Lei et al,,
2014; Li and Zaera., 2015). Meanwhile, the remarkable Pt electronic effects have
been also observed, and the catalyst with the higher Pt 4f binding energy is favorable

for the reaction, while that with the lower Pt 4f binding energy is prone to be poisoned



by strongly adsorbed oxygen species (Lei et al., 2016). Moreover, DFT calculations
have shown that the adsorption of oxygen atom from the primary hydroxyl group of
glycerol on the Pt(111) surface is thermodynamically more stable than that of the
secondary one, which is in accordance with the experimental observations of the
preferential oxidation of the primary hydroxyl group (Duan et al., 2018). In principle,
the oxidative dehydrogenation of the adsorbed glycerol most likely proceeds by
means of either the resultant O* species from direct oxygen dissociation or the
resultant OH* species from H:0-assisted oxygen dissociation (Zope et al., 2010;
Davis and Ide., 2014). However, it remains open for the preferred pathway of oxygen
activation and the possible rate-determining step (RDS) of base-free glycerol
oxidation.

The objective of this work is to fundamentally understand Pt/CNTs catalyzed
base-free oxidation of glycerol from the mechanistic and kinetic points of view. The
solvent effects and kinetic isotope effects experiments as well as DFT calculations
were combined to probe whether and to what degree the water promotes the oxygen
dissociation. Then, two Langmuir-Hinshelwood kinetic models were proposed and
studied by assuming the first or second oxidative dehydrogenation step (O-H or C-H
bond cleavage) being rate-determining step. Finally, the plausible rate-determining
step was discriminated, and the kinetic parameters were obtained by fitting the model

to the kinetic experimental data.



2 Experimental
2.1 Catalyst preparation and characterization

CNTs (Cnano (Zhen jiang) Technology Ltd.) with closed ends were used as received
to prepare Pt catalyst with metal loading of 5 wt% by incipient wetness impregnation
method. In brief, an aqueous solution of chloroplatinic acid (Sinopharm Chemical
Reagent Co., Ltd.) was impregnated onto CNTs surfaces. The impregnated sample was
dried in stagnant air at room temperature for 12 h followed by drying at 120 °C for 12 h
in an oven, and then reduced at 250 °C for 2 h in a hydrogen flow (50 cm®-min™). After
being cooled to room temperature under Ar atmosphere, the reduced catalyst was
passivated by 1% (v/v) O2/Ar for 20 min. Moreover, transmission electron microscopy
(TEM, JEOL JSM-1400, Japan) was employed to characterize the Pt/CNTs catalyst,
and the Pt particle size distribution was determined by counting at least 200 random

particles.

2.2 Catalyst testing

Unless otherwise stated, the glycerol oxidation reactions were performed at
atmospheric pressure in a 250 mL four-neck flask equipped with a gas supply system,
a mechanical stirrer, a condenser and a thermocouple. The flask was immersed in a
well temperature-controlled water bath, where there is no obvious reaction
temperature change during the whole reaction process. Generally, appropriate
amounts of glycerol aqueous solution and Pt/CNTs catalysts were added into the

reactor with desired stirring speed. Once the required temperature was reached, Oz or



02/N2 mixed gas was bubbled into reactor via a mass flow controller.

In order to estimate the influence of external mass transfer limitations, the
oxidation experiments were respectively carried out using different stirring speeds,
oxygen flow rates and GLY/Pt molar ratios with other conditions constant, i.e., 160
mL aqueous solution of glycerol (0.1 g/mL) and 60 °C. By excluding the effects of
transport limitations, the kinetic experiments were performed at atmospheric pressure
with varied initial glycerol concentration, oxygen partial pressure and reaction
temperature. All experiments were repeated at least three times with a relative error of
less than 2% among the repeated measurements. Furthermore, the oxidation
experiments were also conducted using absolute ethanol or D20 instead of H20 as
solvent to investigate the role of water in base-free oxidation of glycerol. The other
reaction conditions are as following: 30 mL glycerol solution (0.1 g/mL), GLY/Pt

molar ratio of 4000, pure oxygen with flow rate of 150 cm®-min!, 60 °C and 1000

rpm.

2.3 Products analysis

During the reaction, the samples were removed periodically and filtered using 0.22
um NY filters before analysis with a high performance liquid chromatograph (HPLC,
Agilent 1100). The HPLC was equipped with refractive index and UV detectors using
a BP-OA column (300x7.8 mm) operating at 80 °C. Diluted H3PO4 (0.001 g-mL™)
operating at 0.5 mL-min"! was employed as eluent. The retention time and calibration

curves for observed products were determined by injecting the standard samples.



2.4 Computational details

Density functional theory (DFT) calculations of oxygen activation on Pt(111) were
performed using the Vienna ab initio simulation package (VASP) (Kresse and Hafner.,
1993; Kresse and Furthmiiller., 1996a,b; Kresse et al., 1994). The Pt(111) surface was
modelled using a p(3%3) supercell slab model, containing four atomic layer slabs with
a relaxation of the top two layers, and a vacuum thickness of 12 A was used to avoid
the interaction from the top supercells. The ion-electron interaction was described
with the projector augmented wave (PAW) method (Blochl, 1994), and the electron
exchange-correlation was GGA-PBE (Kresse and Joubert., 1999; Perdew et al., 1996).
The Dimer method was used to determine the transition states of the elementary steps
(Henkelman and Joénsson., 2000). The Hellman-Feynman force on each ion was
minimized to be less than 0.03 eV/A. Notably, exemplified with the two crucial
elementary steps, i.e., direct Oz dissociation and water-assisted Oz dissociation,
testing of the effects of Monkhorst-Pack k-point mesh (Monkhorst and Pack., 1976;
Methfessel and Paxton., 1989) and cutoff energy in Table S1 shows slight differences
in those calculated results, and the 5 x 5x 1 k point and the cutoff energy of 450 eV

are accurate enough to calculate the oxygen activation.

3 Results and discussion
3.1 Solvent effects and kinetic isotope effects
One typical Pt/CNTs catalyst with the Pt loading of 5 wt% was prepared and

characterized by TEM, which exhibits average Pt particle size of 2.0 nm in Fig. la.



Such catalyst was employed to comparatively study the solvent effects on the
base-free oxidation of glycerol with oxygen in aqueous or ethanol solution, and then
to probe whether and to what degree water plays a crucial role in the reaction. It is
noted that the absolute ethanol as the referenced solvent well mixes with glycerol and
has higher oxygen solubility than the water (Dodekatos et al., 2018b), and no
additional side reactions, i.e., absolute ethanol oxidation over the same Pt/CNTs
catalyst under the reaction conditions, are observed according to preliminary
experimental results. It can be obviously seen in Fig. 1b that using ethanol as the
solvent gives rise to an unexpected lower glycerol conversion than using water as the
solvent despite the former one with the improved oxygen solubility. This suggests

remarkable solvent effects on the reaction.
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Fig. 1 (a) Typical TEM image and the corresponding particle size distribution of
Pt/CNTs catalyst, and (b) glycerol conversion as a function of time over Pt/CNTs
catalysts in water and absolute ethanol. Reaction conditions: Ccry,0=0.1 g/mL,

maeLy=3 g, T=60 °C, Po2=1 bar, ncLy/np=850, stirring speed=1000 rpm.
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Fig. 2 (a) The reaction pathways and (b) the corresponding relative energy profile for
direct O2 dissociation (blue), H2O-assisted one (red and orange) and ethanol-assisted
one (green) pathways, respectively.

To understand the solvent effects, we resort to DFT calculations for comparing the
effects of the solvents on the O activation by means of direct O: dissociation,
H2O-assisted one and/or ethanol-assisted one, as schematically shown in Fig. 2a. It
can be clearly observed in Fig. 2b that for the point of thermodynamic view, the
ethanol-assisted Oz dissociation is highly exothermic than the H2O-assisted one, while

the direct Oz dissociation is highly endothermic; the first activation step in the
H2O-assisted Oz dissociation pathway exhibits activation energy of 0.48 eV, which is
lower than the direct Oz dissociation (i.e., 0.60 e¢V). These results indicate the
promotional effects of the water solvent on the O: activation in comparison to the

ethanol solvent, and the most likely occurrence of the direct O activation in the



ethanol solvent when combining to the results of Fig. 1b. In addition, the H20O-assisted
O2 dissociation is also observed to proceed via the OOH* cleavage rather than the
HOOH?* intermediate to form active OH* species. Notably, in previous studies, O2
activation has been found to be highly sensitive to the types of reactions (e.g., ORR,
alcohol oxidation) and catalysts (e.g., Au, Pd, Pt ) as well as the water content (Ou et
al., 2009; Chang et al., 2013; Hibbitts and Neurock, 2013; Tran et al., 2016). Bearing
this in mind, kinetic isotope effects (KIE) measurements were further carried out
below to probe whether the H20O-assisted Oz activation is in rate-determining step
(RDS) for the glycerol oxidation or in equilibrium. This is because it is very crucial to
establish the kinetics models in the following Section 3.2.

Along this line, H/D kinetic isotope effects for the Pt/CNTs catalyzed base-free
oxidation of glycerol were explored, and the results are shown in Fig.3. From the
slopes of the curves in the initial reaction period, the initial reaction rates of glycerol
oxidation using H20 or D20 as the reactant are respectively determined to be 370 and
288 molgry-h!*mole!, and thus a value of £ / k, =~ 1.3 is obtained. Generally, a
small KIE value of 0.7-1.5 implies that no bond to the isotopically substituted atom in
the reactant is broken or formed in RDS (Westaway., 2007; Chen et al., 2016; Chen et
al., 2017; Li et al., 2017). Therefore, the small KIE value here suggests that the
H2O-assisted O activation is rate relevant, but not in RDS. In other words, the
relevant steps concerning the O-H bond cleavage of water proceed before the RDS,

and can be assumed to be in equilibrium as follows:
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Fig. 3 Glycerol conversion as a function of time over Pt/CNTs catalysts in H20 and
D20. Reaction conditions: Cary,0=0.1 g/mL, mciy=3 g, T=60 °C, Pox=1 bar,
ncLy/np=850, stirring speed=1000 rpm.
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The equations (3)-(5) can be combined as:

O,*+2H,0%+ *} ™ 40H* ©6)

3.2 Reaction kinetics
As mentioned above, for Pt/CNTs catalyzed base-free oxidation of glycerol, water
can promote oxygen dissociation to form OH* species, and the resultant OH* species

on Pt surface might facilitate the O-H bond activation of adsorbed glycerol and the



subsequent activation of C-H bond to form glyceraldehyde (GLYD) and
dihydroxyacetone (DHA), as schematically shown in Scheme 1. For this process, it is
still unknown which step, the first or second dehydrogenation of glycerol (the O-H or
C-H bond cleavage step), is in RDS, and whether the mechanisms for the oxidation of
the primary hydroxyl group to GLYD (Route 1) and that of the secondary one to DHA
(Route 2) are similar. Therefore, a detailed kinetic analysis is performed aiming to

provide some insights into the reaction mechanism.
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Scheme 1 Possible mechanism for initial oxidative dehydrogenation of glycerol under
base-free conditions over Pt-based catalyst.

By assuming the O-H or C-H bond cleavage of glycerol being in RDS, two models
can be created, respectively. Only the main compounds, GLYD and its oxidation
product glyceric acid (GLYA), and DHA are taken into account as the kinetic
experiments were performed at low glycerol conversion (~10%). Moreover, since
there is no reaction without catalysts, only surface species are involved in the
reactions.

Model I
Besides the steps of water and oxygen adsorption and OH* species generation (Egs. 1,

2 and 6), the following main steps are also assumed to occur on the surface of Pt:



The adsorption of glycerol:

CH,OHCHOHCH,OH + *} *k“_fT CH,OHCHOHCH,OH * (7)
the first dehydrogenation of adsorbed glycerol, i.e., the cleavage of the primary and
the secondary hydroxyl group with the assistance of adsorbed OH*, considered as the
RDS:

CH,OHCHOHCH,OH *+ OH * %'%® CH,0HCHOHCH,O *+ H,0* (8)
CH,0OHCHOHCH,OH *+OH *—* s CH,OHCHOCH,OH *+H,0 * )

In this model, the steps occurring after the RDS are not considered. Therefore, the

coverage of each reactant species and OH* species may be derived, in which Ki=ki/k-i:

B0 = KiCipoby (10)
6o, = K, P, 6, (11)
Oon = (K300,6,,00,)"" (12)
Ocry = K, Cory 0y (13)

According to a Langmuir-Hinshelwood-type reaction, the corresponding rates of steps

& and 9 can be written as follows:

r5 = kSqGLYqOH (14)

I, = K¢QoryQon (15)

By combining 6, +6, ,+0;, +0,, +6, =1 with Egs.10-13, the rate expressions

can be derived as:

kK, (K12K2K3 )" P(())fSCGLY

Iy = 2 0.25 2 (16)
[K,Cqy + K, +K2PO2 +(K; K2K3POZ) +1]

kK, (K12K2K3 )0'25 P(())-ZZSCGLY

_ (17)
[K,Cqy +K, +K P, + (KfK2K3POZ VOB 417

I‘6
The mass balance equations for the main compounds in the system can then be given

by:



L dCGLY

=—1.—T (18)
W dt >
L d(CGLYD + CGLYA) — 1,5 (19)
\\% dt
L dCpya —r (20)
W dt ¢

Model 2:

The steps of reactant species adsorption and OH* species generation are the same as
those in Model 1, but the second dehydrogenation steps with the assistance of
adsorbed OH* are considered as in RDS, and thus the first dehydrogenation steps are
assumed to be in equilibrium:

The first dehydrogenation step of glycerol:

CH,OHCHOHCH,OH *+ OH *} ** CH,0HCHOHCH,O*+H,0*  (21)

k

CH,OHCHOHCH,OH *+ OH*} % CH,0OHCHOCH,OH*+H,0*  (22)

The second dehydrogenation step of glycerol:

CH,OHCHOHCH, O *+ OH * %%® CH,0HCHOHCHO*+H,0* (23)
CH,OHCHOCH,OH *+ OH * %"%® CH,0OHCOCH,OH*+ H,0*  (24)

Similarly, the rate expressions of steps 23 and 24 can be derived as:

kKK (K2K3PoZ )0‘5 Coy

Ly =

Loy (K2K3P02 )0‘25
KIC,

K
[K,Cqy +K,Cpy o +K P, + (K12K2K3P02Cf{20 )%+ (K +K,) +17 (25

k8K4K6 (K2K3Po2 )0'5 CGLY

=

K,Cary (KszPoz )%

[K,Cory + KICHZO + KzPOz + (K12K2K3P02Cf{20 )0'25 +(Ks +Ky) K 395
1 H,0

+17* (26)

K, (KK, )0'25

By setting K| =K,C,,, K}=(KK,K,C} )", Ki=(K,+K)—t535%
Kl CHZO

b

K¢= k,K,K (K,K,)* and K} =k,K,K, (K,K,)**, the rate expressions can be



rewritten as follows:

' 0.5
I<7(‘/‘GLY P02

i 27)
[K4CGLY + K{ + K2P02 + I{;PO2 0.25 + K;CGLYPOZ 0.25 + 1]2

r2 0

’ 0.5
KSCGLY 1)Oz

(28)
[K4CGLY + KI + K2P02 + I(;PO2 0.25 + K;CGLYP()z 0.25 + 1]2

L, =

Similarly, the mass balance equations for the main compounds in the system can

then be given by:
1 dC
W d(zLY T It Ly (29)
1 d(CGLYD + CGLYA)
— =r 30
W dt » G0
1 dCpyy,
~ “DHA = 31
wod 7 G

It can be noted that the big difference between the two models lies in the reaction
order. The maximum order with respect to oxygen pressure is 0.25 for Model 1 and
0.50 for Model 2, respectively, although those with respect to glycerol concentration
are 1.0 for both models.

In order to determine the reaction orders in glycerol and oxygen, kinetic
experiments were performed at atmospheric pressure with varied initial glycerol
concentration and oxygen partial pressure. To ensure the reaction kinetics measured in
the absence of mass transfer limitations, several groups of experiments were first
carried out by varying stirring speed, oxygen flow rate and catalyst amount. As shown
in Fig. 4, at a stirring speed of 300 rpm, the initial glycerol conversion is lower than
those at other stirring speeds, which may be due to the external mass transport
resistance. By increasing the speed from 700 to 1000 rpm, no substantial changes in

initial conversion are observed, suggesting the elimination of external mass transfer



(a)zo (b) 20

-
3]
T
-
(3]
T

—- 50 mL/min

Conversion (%)
s

Conversion (%)
=

100 mL/min
150 mL/min
300 rpm
700 rpm
5 5 ~¥~ 1000 rpm
o M 1 1 2 1 M 1 2 0 2 2 1 1 1 2
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (min) Time (min)
(c)
75
60
g
s
-545
[}]
>
[=
830
o
@
2
615
A 1 A 1 " 1 A L A 1 A X
0 100 200 300 400 500 600 4000 2000 890 310
Time (min) Molar ratio (GLY/Pt)

Fig. 4 Glycerol conversion as a function of time over Pt/CNTs catalysts with different

(a) Oxygen flow rates, (b) Stirring speeds, and (¢c) GLY/Pt molar ratios, and (d) The
effects of GLY/Pt molar ratio on the initial reaction rate. Other reaction conditions:

Cary,0=0.1 g/mL, T=60 °C, Po2=1 bar.

limitations. Similarly, the initial glycerol conversion appeared to be independent of
the oxygen flow rate varying from 50 to 150 cm® min™' and the initial reaction rate
remains nearly constant with the GLY/Pt molar ratio in the range of 890-4000
indicating that the reaction proceeds under kinetic regime environment. Moreover, the

effects of internal mass transfer limitations can be ignored based on the unique pore



characteristics of CNTs we have reported (Duan et al., 2018). Therefore, in the kinetic
experiments, the conditions of 700 rpm, 150 cm® min"' and GLY/Pt molar ratio of
4000 were employed, and the evaluation of the kinetic model was made with the
experimental results obtained at low glycerol conversion (<10%).

On the basis of the kinetic data from the reaction took place under varied initial
glycerol concentrations and oxygen partial pressure conditions, the initial formation
rates of the products from the oxidation of the primary (Route 1) and the secondary
hydroxyl group (Route 2) were respectively calculated, and the method of initial rates
was then used to determine the reaction order. By assuming the rate law in the form of
1y =kCepy pgz , the slopes of the plots of Inro versus InCary,0 and Inro versus Inpo2 will
give the reaction orders with respect to glycerol concentration (o) and oxygen partial
pressure (p), respectively.

Fig. 5a shows the plot of Inro versus InCary,, which indicates that both the initial
formation rates of the products from the two routes are almost constant in the studied
glycerol concentration. In other words, with respect to glycerol concentration, the
reaction orders of the products from the two routes can be both considered as zero.
Similarly, Inro versus Inpo2 for the two routes are plotted in Fig. 5b. The two plots are
linear with a slope of 0.52+0.02, and 0.30+0.02, respectively. This means that with
respect to oxygen partial pressure, the reaction order of the products from the
oxidation of the primary hydroxyl group is about 0.5, while that for the oxidation of
the secondary one is about 0.3. The obtained reaction orders, which are both larger

than 0.25, but smaller than or equal to 0.5, indicate that Model 2 may be more suitable



to describe the possible reaction mechanism than Model 1, i.e., the secondary
dehydrogenation of glycerol (C-H bond cleavage) with the assistance of adsorbed
OH* being in RDS. This also indicates that the two parallel oxidation pathways of

glycerol via primary or secondary hydroxyl groups have similar reaction mechanism.
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Fig. 5. The effects of (a) initial glycerol concentration and (b) oxygen pressure on the
oxidation of the primary (Route 1) and the secondary hydroxyl group (Route 2).
Reaction conditions: 160 mL of glycerol aqueous solution, ngry/npe = 4000, T=60 °C,
stirring speed=700 rpm.

A series of experiments with transport limitations excluded were then carried out at
different temperatures (40, 50, 60 and 70 °C) to determine kinetic parameters. The
total concentration of GLYD and GLYA from route 1 and that of DHA from route 2 at
low conversion (<10%) were obtained and exhibited in Fig. 6. Under low glycerol
conversion, product concentrations from both routes increase linearly with an increase
in reaction time. Model 2 was employed to fit the experimental data. The model was
solved using the Matlab odel5s subroutine to obtain the concentration profiles as a

function of time. The kinetic parameters were then estimated by the non-linear fitting



using the subroutine Isqcurvefit by minimizing the objective function, the sum of
square error (SQE) defined as SQE =" (C™ —C)*, where ;" and C“ are the
experimental and the calculated concentration, respectively. As shown in Fig. 7, the
calculated results are in good agreement with the experimental data, indicating that

Model 2 can give a good description for the reaction.
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Fig. 6 Comparison of the experimental and calculated concentration of the product
from the oxidation of the primary (Route 1) and the secondary hydroxyl group (Route 2)
(dots: experimental data, lines: calculated data). Reaction conditions: 160 mL of
glycerol aqueous solution, CgLy,0=0.1 g/mL, T=60 °C, Po2=1 bar, nsrLy/npe =4000,

stirring speed=700 rpm.
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hydroxyl group of glycerol.

Based on the estimated parameters listed in Table 1, the Arrhenius plots of Ink;
and InK; against 1/T were respectively developed, and two straight lines with the
correlation coefficients of 0.99 and 0.96 were obtained. From the slopes of the two
lines, the activation energy (Ea) over the two reaction routes can be estimated as
33.3+£3.9 and 44.9+2.3 kJ/mol, respectively. Apparently, the oxidation of the primary
hydroxyl group (Route 1) has a lower activation energy than that of the secondary one
(Route 2), suggesting that at low temperature more products from the oxidation of

primary hydroxyl group could be obtained.

Table 1 Results of kinetic parameters estimation

T (°C) K, K, K, K, K/ K, K,
40 9.8E-04 1.80E+03 3.0E-04 148E-01 26E-10 8.89E+04 1.44E+04
50 7.7E-04 1.71E+03 2.6E-04 9.43E-01 50E-08 137E+05 2.73E+04
60 6.5E-04 1.61E+03 1.0E-04 325E+00 29E-08 2.22E+05 4.26E+04
70 6.0E-04 1.52E+03 9.90E-05 1.37E+01 24E-05 2.61E+05 6.59E+04




4. Conclusions

In summary, we have revealed the reaction mechanism of Pt/CNTs catalyzed
base-free oxidation of glycerol by combining the solvent effects measurements, DFT
calculations and kinetic (isotopic) analyses. The water-assisted Oz dissociation to
form active OH* intermediate has been demonstrated to be not in RDS but in
equilibrium, and the OH*-assisted C-H bond cleavage of glycerol to be in RDS for
the two parallel oxidation pathways of glycerol via primary or secondary hydroxyl
groups. The glycerol oxidation favorably proceeds via the primary hydroxyl group
than the secondary one. These results demonstrated here could be valuable to guide
the rational design and optimization of Pt-based catalysts for base-free oxidation of
glycerol, such as tailoring the Pt geometric and electronic properties with promoters
or changing the support surface chemistry to promote the water-assisted O2
dissociation and then aim to enhance the OH*-assisted C-H bond cleavage to generate

more targeted product.
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Nomenclature

CNTy carbon nanotubes

DFT density functional theory
DHA dihydroxyacetone

GLY glycerol

GLYA glyceric acid

GLYD glyceraldehyde

KIE kinetic isotope effects

RDS rate-determining step

Ci concentration of i, mol L!

Ki equilibrium constant

ki rate constant

ni number of particles

7i reaction rate, mmol h™!' gcat!

P pressure, Pa

w mol surface Pt per liter solution
Ea activation energy, kJ mol!

0 surface coverage of species i
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