
Influence of Vanadium in Iron-based Zeolites and Silicalites
in Oxidation of n-Octane to C-8 Oxygenates

S.S. Ndlelaa, M.N. Celeb,* §, N.I. Sehlokoa and H.B. Friedricha,*

aSchool of Chemistry and Physics, Westville Campus, University of KwaZulu-Natal, Private Bag X54001, Durban, 4000, South Africa.
bSchool of Physical and Chemical Sciences, Mafikeng Campus, North-West University, Private Bag X2046, Mmabatho, 2745, South Africa.

Received 4 February 2020, revised 8 July 2020, accepted 31 July 2020.

ABSTRACT

Modified ZSM-5 and silicalites catalysts were prepared to evaluate the influence of vanadium in a bimetallic system (V, Fe) using
the sol-gel [1.7Fe-silicalite, 1.8V-silicalite, 0.9Fe0.8V-silicalite and 0.3Fe1.3V-silicalite] and ionic exchange [1.6Fe-ZSM-5(IE),
1.7V-ZSM-5(IE), 1.1Fe0.8V-ZSM-5(IE) and 0.4Fe1.2V-ZSM-5(IE)] methods. Powder XRD outcomes displayed that a single phase of
ZSM-5 was obtained for all the prepared catalysts. All synthesized catalysts were used in the activation of n-octane via oxidation
with H2O2 as the oxidant in MeCN at 80 °C. Only C8 oxygenate products were obtained. The introduction of vanadium to the
Fe-ZSM-5 catalyst via ion exchange enhanced the conversion, while the terminal selectivity was reduced. However, for the
silicalite catalysts, there was no relationship observed from the introduction of vanadium to the Fe-silicalite with respect to the
terminal selectivity. The highest conversion achieved was 6.6 % with selectivity to terminal oxygenates of 12 % using
1.7V-ZSM-5(IE) and the highest terminal selectivity achieved was 31 % at a conversion of 1.7 % using 1.7Fe-ZSM-5(IE). In contrast
to the two above mentioned ZSM-5 catalysts, 1.8V-silicalite gave the highest terminal selectivity of 22 % and the lowest conversion
of 1.5 %, while 1.6Fe-silicalite gave the highest conversion of 2.9 % with relatively low terminal selectivity of 17 %.
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1. Introduction
Alkanes are saturated hydrocarbons, which means that they

are stable compounds and they have no specific region of attack,
with no preferred reaction site.1–2 This limits their applications in
the chemical industry; hence the functionalization of the
terminal carbon in alkanes remains a major challenge because it
is very difficult to control the region of selectivity. Many catalysts
materials have been considered previously for the terminal
oxidation of paraffins. Zeolites contain features that appear to
make them suitable for use as catalysts in the oxidation of paraf-
fins, such as n-octane. These catalysts are characterized by their
porous structure and are composed of Si, Al and O, which can
be tuned to suit specific catalysis. An active metal can also be
contained within the cages of the zeolite, which would lead to
reduced leaching probabilities. Complete substitution of frame-
work aluminium ions by a different metal has been reported to
result in structures called silicalites. Consequently, metallo-
silicalites with a ZSM-5 structure have also been used in cataly-
sis.3 To date, promising results have been obtained using titanium-
based silicates (TS-1 materials).3–4

Different metal combinations can have different catalytic
properties. Thus, some metals are not active for certain catalytic
processes when not supported by other metals, whilst some are
active individually and get retarded when they are mixed with
other metals in the same catalytic reaction. However, it is gener-
ally true that most metals can enhance catalysts in one of two
ways. They either enhance a catalyst by making it highly selec-
tive with low conversion, or a highly active catalyst.5 To tackle
this challenge, chemists and engineers have investigated ways
of using more than one metal per catalyst to try and improve
systems.

In the work reported by Jodaei et al.,6 H-ZSM-5 based bimetal-
lic catalysts were used to oxidize ethyl acetate. For this work, Ag
was used as the primary metal of the catalysts and three other
transition metals (Fe, Mn and Co) were used to promote the
catalytic activity. The catalysts were prepared by ion-exchange.
The results showed that the activity of the bimetallic system was
higher than that of the individual components. The activities of
the catalysts with respect to the added transition metals were
observed to follow the sequence: Fe > Co > Mn.6

Forde et al.4 reported work on the oxidation of methane using a
Cu-Fe-ZSM-5 catalyst prepared by chemical vapour decomposi-
tion. For this work hydrogen peroxide was employed as the
oxidant. It was shown that when Fe-ZSM-5 was used as a cata-
lyst, an activity of 15.8 mol. product kg(cat)–1 h–1 could be
achieved, but when the bimetallic catalyst was employed, an
activity of 11.4 mol. product kg (cat)– h–1 was obtained. However,
the work also showed that upon the introduction of the second
metal, the selectivity of alcohol increases, while that of formic
acid decreases. The selectivity to methanol increased from 12 to
78 mol. % when Fe-ZSM-5 and Cu-Fe-ZSM-5 are compared.4

No previous work was found reporting the oxidation of n-
octane to oxygenates with bimetallic ZSM-5 zeolites and
silicalites. Most previous work that reported on bimetallic ZSM-5
zeolites and silicalites focus on dehydrogenation reactions,
the oxidation of volatile organic compounds (VOCs) and the
reduction of NOx.7–13

The aim of this work was to explore the oxidation of n-octane
using ZSM-5 bimetallic systems prepared from vanadium and
iron. Vanadium was chosen to increase conversion and iron was
used because it is known to functionalize the terminal carbon of
n-octane.1 For this work, a total of eight catalysts were prepared
and tested to evaluate the effect of adding vanadium into
Fe-ZSM-5 (with a Si/Al ratio of 46) and Fe-silicalite catalysts in the
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oxidation of n-octane. For both the ZSM-5 and the silicalite
systems, different ratios of Fe and V were used for the study.
n-Octane was chosen as an example of a medium-chain length
paraffin. These are cheap, abundant and may offer new, greener
routes to reusable chemicals.1–3

2. Experimental

2.1. Materials
Materials, solvents and chemicals used for this study were

purchased from Sigma, Aldrich, Fluka and Merck. High purity
standards for GC analysis were used.

2.2. Preparation of Na-ZSM-5 Zeolite by a Sol-gel Method
The zeolites were prepared using a Teflon-lined Parr reactor

according to the method described in our previous work.14–15

The prepared ZSM-5 had a Si/Al ratio of 47:1 and contained the
following oxide mole compositions: SiO2 = 0.3255 mol and
Al2O3 = 0.00651 mol.

2.3. Preparation of Monometallic Na-ZSM-5 and Bimetallic
Catalysts by Wet Ionic Exchange

Four catalysts were prepared using the same ionic exchange
procedure. The catalysts were ion-exchanged with iron and
vanadium. The required amounts of metal salts (iron (lll) nitrate
and vanadium (III) chloride) were dissolved in 20 mL of
deionized water, and 2 g of the parent ZSM-5 was mixed into the
solution under constant stirring for 3 h. Thereafter the mixture
was transferred to a 50 mL round-bottom flask, and then
connected with a condenser. The mixture was then left to reflux
overnight at a temperature of 100 °C.16 The mixture was then
filtered under vacuum and the filtrate dried at 110 °C overnight.
The resulting catalyst was calcined under air at 500 °C for 16 h.14

2.4. Preparation of Silicalite Catalysts by a Sol-gel Method
Silicalite catalysts contained ~2 wt. % overall of Fe and V were

prepared. The composition and the method of preparation were
kept similar to the preparation of Na-ZSM-5 for comparison
purposes. The only difference in the two syntheses was that the
silicalites were aluminium free and the crystallization period
took 48 to 60 h. Solution 1 was made up of the metal salt of
interest. Everything else was kept the same as mentioned in
Section 2.2.

2.5. Catalysts Characterization
This method has already been published.15 Catalyst dissolu-

tion was performed using 10 mL of hydrofluoric acid to 0.2 g of
sample. Multi-element standards were prepared, and the
elemental content was determined using a Perkin Elmer, Optima
5300 DV ICP-OES. The Fourier transform infrared spectra were
collected on a Perkin Elmer attenuated total reflectance (ATR)
spectrometer, Spectrum 100 FT-IR, with four scans at a resolu-
tion of 4 cm–1 and a scan speed of 0.2 cm–1 s–1.1 The X–ray diffrac-
tion was carried out using a Bruker AXS D8 Advance diffracto-
meter using Cu Kα radiation. The data was collected between 5
and 60 ° (2θ) at a rate of 1 ° min–1 with a 0.02 scanning step size.1,17

Nitrogen–BET surface area and porosity measurements were
performed using a Tri-Star II 3020 Surface Area Analyzer from
Micromeritics. Samples weighing from 0.06 to 0.075 g were
degassed from room temperature to 200 °C at an initial step rate
of 1 °C min–1 overnight, before carrying out the measurements.
The surface area measurements were performed at a tempera-
ture of –196 °C.18–19 Transmission electron microscope (TEM)
images were obtained from a JEOL JEM 1010. Sample prepara-
tion was done by taking a small amount of the sample into a

small vial and adding methanol. Before analysis, the samples
were sonicated for about 10 min. For SEM analysis, samples were
coated with Au. The coated samples were then analysed using a
Zeiss ULTRA 55 FEGSEM.

2.6. Catalyst Testing
This method has already been published.15 The oxidation of

n-octane was carried out under a nitrogen atmosphere. Exactly
18 mL of acetonitrile was added into a two-neck round bottom
flask (50 mL) fitted with a stopper and a condenser. This was fol-
lowed by the consecutive addition of 1.8 mmol of n-octane, 0.25 g
catalyst and 16 mmol of H2O2 (30 wt. % in water). The reaction
temperature and time were kept constant at 80 °C and 8 h,
respectively. The products of the reaction were analysed by a
Perkin Elmer Auto System GC equipped with a Flame Ionisation
Detector using a Pona 50 m × 0.20 mm × 0.5 µm column. Chloro-
benzene was used as an internal standard. All the reactions were
repeated at least three times and the results were consistent.

3. Results and Discussion

3.1. Catalyst Characterization
The catalysts prepared for this work were Na-ZSM-5,

1.6Fe-ZSM-5(IE), 1.7V-ZSM-5(IE), 1.1Fe0.8V-ZSM-5(IE),
0.4Fe1.2V-ZSM-5(IE), 1.6Fe-silicalite, 1.8V-silicalite, 0.9Fe0.8V-
silicalite, and 0.3Fe1.3V-silicalite. The numbers in the catalyst
name correspond to the metal weight percentage in the catalyst,
IE refers to ion-exchange. Figure 1 shows the FT-IR spectra of the
ZSM-5 zeolite catalysts and Fig. 2 shows the silicalites catalysts’
spectra. Both catalyst groups belong to the Mordenite Frame-
work Inverted (MFI) family of porous solids, the difference
being in the synthesis method. In the synthesis of the ZSM-5
catalysts, aluminium is included as one of the framework con-
stituents, while for the silicalites, there is no aluminium in the
framework, but instead, there is the metal of interest.

The two types of catalysts show the same FT-IR absorption
bands, proving that they belong to the same MFI family. Absorp-
tions for Si-O and AlO4/MO4 tetrahedral internal (where M =
metal) and external symmetric vibrations are found at around
1060, 790 and 430 cm–1. The bands at around 650–540 cm–1 are
assigned to the double rings of tetrahedra in the framework. The
external asymmetrical stretching vibration of SiO2 is always
shown by a strong band around 1220 cm–1. This is the band that
confirms the ZSM-5 structure with 3D channel morphology.20–24

The purity and crystallinity of the prepared catalysts were
confirmed by the optical density ratios which agree with the
literature.20 All the catalysts show a value greater than 0.7 for the
optical density ratio.19

The p-XRD patterns of the two sets of catalysts (Fig. 3 and
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Figure 1 Infrared spectra of the mono/bimetallic ZSM-5 catalysts prepared
by ion-exchange.
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Fig. 4) are similar, showing the fingerprint of the MFI material.
The intensity of the peaks agrees with the FT-IR results, showing
the crystalline nature of the catalysts. Importantly, for the Fe
based catalysts, no haematite part shapes are observed at 38.7
and 41.6 ° 2θ.25,26

The FT-IR and the p-XRD results clearly show that incorpora-
tion of the metal into the framework of the zeolite does not alter
the overall structure of the zeolite material. This is true for both
the silicalite and the ZSM-5 zeolite. What makes these results
even more interesting is that the two types of catalysts (silicalite
and ZSM-5) have the active metals situated differently with
respect to the framework of the material, because of the different
synthesis procedures.

Table 1 shows the BET surface area measurements, the micro-
pore volumes and the ICP-OES results of all the prepared cata-
lysts. For all the catalysts, the targeted total weight percentage
loading of the metals was two percent.

The ICP results show that the lowest metal loading was 1.6 %
on 0.4Fe1.2V-ZSM-5(IE) and the highest loading was 1.9 % on
the 1.1Fe0.8V-ZSM-5(IE) catalyst. For the ZSM-5 catalysts, the
surface area decreased with an increasing amount of vanadium
in the extra-framework region of the zeolite. This decrease in the
surface area of the catalysts may be due to vanadium dispersed
on the outer surface of the zeolite.27 The constant pore volumes
for all the catalysts confirm that no major pore blockage took
place from the introduction of vanadium to the Fe-ZSM-5
catalyst. These results are further supported by the p-XRD
results which displayed only the MFI phase to be present in all
synthesized and modified catalysts.

Table 1 also shows the BET surface area measurements and the
micropore volumes for the silicalite catalysts. The surface areas
of the catalysts decreased with an increasing amount of vana-
dium, which might be due to the vanadium migrating to the
extra framework of the silicalite. The pore volumes of the three
silicalites containing vanadium were similar, while the pore
volume for Fe-silicalite was low compared to those of the other
three catalysts. The decrease in the pore volume of the Fe-silica-
lite may be due to possible pore reduction resulting from the
atomic radius of iron, which is higher than that of vanadium.

From the SEM analysis (Fig. 5) of the different sets of catalysts,
all catalysts have similar shapes. The zeolite ZSM-5 catalysts
have a more lath-like shape than the silicalite catalysts. This
could be attributed to the different crystallinities that the cata-
lysts have. According to Sang et al.,28 a high Si/Al ratio improves
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Figure 2 Infrared spectra of the mono/bimetallic silicalite catalysts
prepared by the sol-gel method.

Figure 3 p-XRD diffractogram of (A) 1.6Fe-ZSM-5(IE), (B) 1.1Fe0.8V-
ZSM-5(IE), (C) 0.4Fe1.2V-ZSM-5(IE), (D) 1.7V-ZSM-5(IE).

Figure 4 p-XRD diffractogram of (A) 1.6Fe-silicalite, (B) 0.9Fe0.8V-
silicalite, (C) 0.3Fe1.3V-silicalite, (D) 1.8V-silicalite.

Table 1 Surface properties and ICP results of the ZSM-5 and silicalites
catalysts.

BET Pore volume Pore size
/m2 g–1 /cm3 g–1 /nm ICP /wt. %

1.6Fe-ZSM-5(IE) 413 0.20 20.9 1.6
1.1Fe0.8V-ZSM-5(IE) 379 0.21 22.0 1.1 Fe, 0.8 V
0.4Fe1.2V-ZSM-5(IE) 363 0.21 22.7 0.4 Fe, 1.2 V
1.7V-ZSM-5(IE) 354 0.19 21.2 1.7
1.6Fe-silicate 391 0.11 24.0 1.6
0.9Fe0.8V-silicalite 383 0.20 21.2 0.9 Fe, 0.8 V
0.3Fe1.3V-silicalite 390 0.21 21.5 0.3 Fe, 1.3 V
1.8V-silicalite 344 0.19 22.2 1.8

Figure 5 SEM images of (A) 1.6Fe-ZSM-5(IE), (B) 1.1Fe0.8V-ZSM-5(IE),
(C) 0.4Fe1.2V-ZSM-5(IE), (D) 1.7V-ZSM-5(IE), (E) 1.6Fe-silicalite, (F) 0.9-
Fe0.8V-silicalite, (G) 0.3Fe1.3V-silicalite, (H) 1.8V-silicalite.
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the crystallinity of the catalysts. Hence, silicalites with the higher
Si/M ratio will have higher crystallinity as well as a less lath-like
shape. The overall shape of all the catalysts, however, is of the
typical MFI material (namely hexagonal). Another factor that
can explain the difference in crystallinity is that for low silica
zeolite samples, the crystallization time in the reactor was 36 h
and for the high silica zeolite samples it was 48 to 60 h. The differ-
ence in times was because, as the molar ratio of SiO2/Al2O3
increases, the induction period becomes longer.

The presence of Na+ gives rise to the spheroidal crystals
observed in the catalyst images.29 The TEM analyses (Fig. 6)
confirm the SEM results and shows the hexagonal shapes
expected of the MFI material for all the catalysts.

3.2. Catalyst Testing
The results in Table 2, show how the introduction of vanadium

as the second metal to Fe-ZSM-5 influences the conversion as
well as the selectivity to terminal oxygenated products
(1-octanol and octanal). It is clear from the table that the intro-
duction of vanadium to the Fe-ZSM-5 catalyst via wet ion-
exchange enhanced the conversion, while the terminal selectiv-
ity is reduced. Thus, for the monometallic Fe-ZSM-5, the conver-
sion was around 1.8 % and the terminal selectivity was around
31 %. Upon the introduction of vanadium, the conversion
increased up to 5.1 % and the selectivity decreased to 17 % over
0.4Fe1.2V-ZSM-5(IE). The monometallic V-ZSM-5 showed poor

terminal selectivity (12 %), but relatively high conversion (6.6 %).
Due to the introduction of vanadium, a substantial adjustment
in octanone(s)/octanol(s) ratio was detected, with upper
amounts of octanones detected at the higher vanadium concen-
trations and, hence, higher conversions as shown in Table 2, for
all the catalysts.

The trend in terms of C-1 selectivity for the above-discussed
catalysts also applies when the reactions were compared at
iso-conversion (Fig. 7). The high terminal selectivity seen in the
presence of Fe in the catalysts may be due to the size and/or
location of the iron compared to vanadium. This could result in
having the n-octane approaching the active site with the
primary carbon and, hence, the activation of primary carbon is
favoured, while the vanadium counter ions are more accessible
to the secondary carbon atoms of n-octane.

Comparing the catalytic results for the zeolites in Table 2 with
the results for the silicalites in Table 3, it was observed that they
were very different. Both sets of catalysts (Figs. 7 and 8) were
tested under similar conditions. For the silicalite catalysts, no
clear trend was observed between the introduction of the vana-
dium to Fe-silicalite and terminal selectivity, except that the
monometallic silicalites showed better terminal selectivity than
the bimetallic silicalites. The 1.8V-silicalite gave the highest
terminal selectivity of 21 %. The irregular trend in the selectivity
of the catalysts may suggest that the two metals in the bimetallic
catalysts (0.9Fe0.8V-silicalite and 0.3Fe1.3V-silicalite) work
independently and there is no synergy between the two metals.

The conversion between the catalysts also showed that there is
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Table 2 Selectivity to terminal products, conversion and octanone(s)/
octanol(s) ratio.

Catalysts C-1 Conversion octanone(s)/
selectivity octanol(s)

/% /% ratio

1.6Fe-ZSM-5(IE) 31 1.75 0.9
1.1Fe0.8V-ZSM-5(IE) 21 3.00 1.4
0.4Fe1.2V-ZSM-5(IE) 17 5.10 3.0
1.7V-ZSM-5(IE) 12 6.60 5.7

Reaction conditions: catalyst = 0.25 g, octane/H2O2 = 8.9 (molar ratio),
acetonitrile (18 mL), reaction time = 8 h at 80 °C.

Octanones(s) = octanone(s) + octanal.
SD = 0.04 ± 0.01.
Zeolite without metal showed no conversion.

Figure 6 TEM images of (A) 1.6Fe-ZSM-5(IE), (B) 1.1Fe0.8V-ZSM-5(IE),
(C) 0.4Fe1.2V-ZSM-5(IE), (D) 1.7V-ZSM-5(IE), (E) 1.6Fe-silicalite, (F) 0.9
Fe0.8V-silicalite, (G) 0.3Fe1.3V-silicalite, (H) 1.8V-silicalite.

Figure 7 Selectivity to C-1 product over different ZSM-5 catalysts at
iso-conversion of 2.7 %.

Figure 8 Selectivity to C-1 product over different silicalite catalysts at
iso-conversion of 1.7 %.
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little synergy between vanadium and iron in the silicalite cata-
lysts. 1.6Fe-silicalite gave the highest conversion of 2.9 %, and
decreasing the iron content in the catalysts and introducing
vanadium lowered the conversion of the reaction. 0.3Fe1.3V-
silicalite and 1.8V-silicalite gave the lowest conversion of about
1.5 ± 0.1 %.

Vanadium introduction to Fe-silicalite also showed a substan-
tial variation in octanone(s)/octanol(s) ratio, with upper
amounts of octanones observed at the lower or zero vanadium
concentrations. These outcomes also advise that the catalyst
initial yields octanols and then octanones (conversion effect).
The differences observed in the catalysis results between the
zeolite and the silicalite catalysts are likely due to the different
environments that the transition metals are in within the two
systems. For the zeolite, the metal ion is in extra-framework
positions, while for the silicalite, the active metal (Fe) is con-
tained inside the framework of the catalyst. These differences
can lead to different chemistry.

The C-1 selectivity trend of the silicalite catalysts was also
maintained at iso-conversion of 1.7 % (Fig. 8) using the average
data obtained from four repeat reactions. Conversion plots,
selectivity data for blank reactions and octanone(s)/octanol(s)
ratios are provided in the Supplementary Information (Fig. S1,
Fig. S2 and Table S1, respectively).

3.3. Catalyst Stability Test
Catalysts 0.9Fe0.8V-silicalite and 1.1Fe0.8V-ZSM-5(IE) were

used to carry out catalyst solidity tests at the ideal temperature of
80 °C. The average of three catalytic reactions on one catalyst
was carried out for each catalyst. No change was observed in
both the used catalysts structure as shown by FT-IR, XRD and
SEM analyses (Figs. 9, 10 and 11, respectively). It was further
detected that the catalyst upheld constant activity at the conver-
sion of about 1.9 % with no noticeable variation in product
profile, suggesting that the silicalite catalyst is capable to be
reused (Fig. 12).

4. Conclusions
Successful syntheses of the ZSM-5 zeolite and silicalite

monometallic and bimetallic catalysts were confirmed by p-XRD
and FT-IR. The BET surface areas for the zeolite catalysts
decreased with the introduction of vanadium, while the pore
volumes remained constant, suggesting little or no pore
blocking by the metals. Reducing the concentration of Fe
and introducing vanadium into the zeolite ZSM-5 catalysts
improved the conversion while reducing the selectivity to
primary oxygenated products (octanal and 1-octanol).

When using the silicalite catalysts, there was no correlation
between the concentration of Fe and V in the catalysts with
respect to the selectivity to terminal oxygenates, but reducing
the Fe content leads to a decrease in the conversion of the
reaction. At higher conversions more ketones were formed,

compared to alcohols, suggesting that ketones are a result of
secondary oxidation. The catalysts 0.9Fe0.8V-silicalite and
1.1Fe0.8V-ZSM-5(IE) were found to be stable over at least three
cycles, under optimum conditions, with no change in conver-
sions or selectivities.
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Table 3 Selectivity to terminal products, conversion and octanone(s)/
octanol(s) ratio.

Catalysts C-1 Conversion Octanone(s) /
selectivity octanol(s)

/% /% ratio

1.6Fe-silicalite 17 2.90 2.2
0.9Fe0.8V-silicalite 12 2.00 1.6
0.3Fe1.3V-silicalite 16 1.6 1.3
1.8V-silicalite 22 1.5 0.9

Figure 9 FT-IR of used 0.9Fe0.8V-silicalite and 1.1Fe0.8V-ZSM-5(IE).

Figure 10 p-XRD of used (A) 0.9Fe0.8V-silicalite and (B) 1.1Fe0.8V-ZSM-
5(IE).

Figure 11 SEM images of (A) 0.9Fe0.8V-silicalite and (B) 1.1Fe0.8V-ZSM-
5(IE).

Figure 12 Conversion data after three reaction cycles using recycled
0.9Fe0.8V-silicalite and 1.1Fe0.8V-ZSM-5(IE) under optimum conditions.
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Supplementary Information 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The data in Figure S1 shows that in the presence of H2O2, the overall conversion of octane to the corresponding oxygenates 
gradually increases with time. The conversion increased with the concentration of oxidant used in the reaction. 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure S2: oxidation of n-octane to C8 oxygenates as the function of reaction time for 1.6-Fe-ZSM-5(IE) 

 
Figure S2 shows that conversion increases with time and then after 8 h it levels off. Hence 8 hours was chosen as the 
optimum reaction time. 
 
Reaction conditions: catalyst = 0.30 g, octane/H2O2 = 8.9, acetonitrile = 18 ml, temp = 80 oC 
 
Blank reactions done: octane + H2O2 + acetonitrile = No conversion  
  octane + acetonitrile + catalyst = No conversion 
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Figure S1: oxidation of n-octane to C8 oxygenates as the function of oxidant concentration and

reaction time for 1.6-Fe-ZSM-5(IE) 
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Table S1: octanone(s)/octanol(s) ratio over different catalysts at iso-conversion  

of 2.7 % for ZSM-5 and 1.7 % for silicalite catalysts. 

 

Catalysts octanone(s)/octanol(s) ratio 

1.6-Fe-ZSM-5(IE) 1.1 

1.1Fe0.8V-ZSM-5(IE) 1.4 

0.4Fe1.2V-ZSM-5(IE) 1.2 

1.7V-ZSM-5(IE) 1.7 

1.6Fe-silicalite 1.3 

0.9Fe0.8V-silicalite 1.5 

0.3Fe1.3V-silicalite 1.4 

1.8V-silicalite 1.1 
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