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Abstract 
 

Novel nano-catalysts (Nano ZnO and Fe doped ZnO (Fe(0.1)Zn(0.99)O) were synthesized by co-

precipitation method in aqueous solution as new nanocatalysts and characterized by common 

techniques as FTIR, XRD, SEM and UVD. The size of particles obtained from XRD data is 27 

and 16 nanometers for ZnO and Fresno respectively. Influences of doped Fe on ZnO catalytic 

properties in oxidation of Benzylic alcohols were studied. The oxidation was carried out under 

mild and green conditions as solvent free, at room temperature and with H2O2. The results show, 

that FeZnO is better than ZnO as nanocatalyst in oxidation reaction. The rate, of %conversion 

and %selectivity of reaction is improved in the presence of Fe atoms than ZnO only. The main 

product of oxidation reactions is Benzaldehyde and/or its derivatives. 

Keywords: Nanocatalyst; ZnO; FeZnO; doped nanoparticles; oxidation; green oxidation; 
benzylic alcohols. 
 

Introduction 

Recently, Nanoparticles are used widely and 

efficiently as catalyst in organic synthesis 

because of the increase in the interface of 

catalyst with substrates [1-7]. 
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In the past few years, spinel and 

perovskite type metal oxides have been 

extensively used as catalysts for various 

organic transformations [8-11]. These types 

of metal oxides have good thermal and 

chemical stability and can be employed for a 

wide range of temperatures in various 

reactions [12-14].  

Oxidation of alcohols is one of important 

transformation in organic synthesis. The 

products of this reaction are commonly 

benzoic acid, but production of aldehydes is 

essential in the synthesis of other organic 

compounds. Therefore, catalyst and oxidant 

are effective on the main product of 

oxidation reaction [15-19]. 

Recently, nano-transition metal oxide 

materials, like ZnO, CuO and NiO have 

attracted intense interest by the following 

facts. First, these metal oxides are a non-

toxic, green synthesis, inexpensive and non-

hygroscopic powder. Second, the 

nanostructure and surface geometry of the 

material are modified by the addition of 

suitable dopant. Third, many physical and 

chemical properties are arisen by doped 

metal [20]. ZnO has been used for a number 

of organic syntheses in combination with 

other metal oxides, Such as; ZnO-CuO-

alumina, FeZnO and CuZnO [21].  

Many previous studies have disadvantages, 

for example, using a BuOOH (TBHP) as 

Oxidant and performed oxidation in different 

solvents, such as acetonitrile and/ or 

oxidation at high temperature condition [22-

24]. 

Few studies were performed on the 

oxidation of alcohols by using nano-materials 

with H2O2 [25- 33], but selective oxidation of 

benzylic alcohols by nano-ZnO and doped 

Cu metal-ZnO under eco-friendly condition 

such as with H2O2 oxidant, solvent free and 

in room temperature, were not reported yet. 

Herein we report the oxidation of benzylic 

alcohols to carbonyls using H2O2 as a clean 

oxidant with nano crystalline ZnO and 

FeZnO catalyst. Also, we investigated the 

influence of Fe atom on ZnO catalytic 

properties. 

Experimental 

General 

All chemicals were of reagent grade (Merck 

and/or Aldrich). All compounds were used 

without further purification. 

IR spectra were recorded as pressed KBr 

discs using a PerkinElmer RXI, FT-IR 

instrument. Diffuse reflectance spectra were 

recorded on an Analytikjena (Specord 205) 

UV–Vis in the range of 200– 900 nm. The 

XRD data of synthesized nanoparticles were 
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obtained with a Bruker X-ray diffractometer 

(Advanced-D8) using Cu-Kα radiation. 

Synthesis of ZnO nanoparticles: 

Pure ZnO was prepared through hydrolysis 

and oxidizing process. Zn(NO3)2 (1 mmol) 

dissolved in 100 mL of distilled water with 

continuous stirring. NaOH solution was 

added into the former solutions drop by drop 

until the pH of the solution became 12. White 

particles were washed three times with 

distilled water and dried for 24 h at 80 oC. 

Synthesis of FeZnO nanoparticles 

Synthesis of FexZn(1‐x)O (1% Fe‐doped) 

nanopowder was carried out using a modified 

procedure [34]. The targets were specifically 

designed using high purity Zn(NO3)2·6H2O 

(99.99%) and FeCl2·6H2O (99%) powders. 

The Fe‐doped ZnO catalyst was prepared by 

a two‐step procedure: (1) preparation of the 

precursor by co‐precipitation; (2) formation 

of the Fe/ZnO nanopowder by thermal 

decomposition. This method has been 

considered to be efficient and inexpensive, 

allowing for the production of high purity, 

homogeneous, and fine crystalline powders.  

Stoichiometries quantities of Zn and Fe salts 

were dissolved in 100 mL of deionized 

double distilled water (solution A). 

Separately, a solution was prepared by 

dissolving appropriate amounts of NaOH and 

Na2CO3 in deionized double distilled water 

(solution B). Solution A was heated to 85 °C 

and solution B was added dropwise into it 

with constant stirring. The temperature was 

maintained at 85 °C and the reaction mixture 

was stirred for 1 h and refluxed through a 

water condenser. The resulting solution was 

cooled to room temperature and the green 

precipitate formed was washed with 3 × 20 

mL of de‐ionized water and dried under 

vacuum overnight at 50 °C. Finally, the 

precursors were calcined at 450 °C for 90 

min in a muffle furnace under air atmosphere 

to obtain the nanocrystalline Fe/ZnO powder. 

Oxidation Reaction: 

With a mixture of benzyl alcohol (1 mmol) 

and 30% H2O2 (10 mmol) was added (10 mg) 

of nano-catalyst. The reaction mixture was 

stirred at room temperature. The progress of 

the reaction was monitored by TLC n-

Hexane/Ethyl acetate (4:1) solvents. After an 

appropriate time, the catalyst was separated 

by filtration and extracted by Diethyether. 

Results and discussion 

Characterization of catalysts 

The XRD patterns and SEM images of ZnO 

and FeZnO are shown in Figures 1 and 2 

respectively. The patterns of two samples are 

closely the same without any impurity peak; 

therefore all samples have a wurtzite 

hexagonal phase and Zn and substituted Fe 

metal are distributed homogeneously along 
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the whole crystal [35]. The general 

morphology of nano samples is similar and 

has mushroomed-shaped. 

The crystallite sizes of the catalysts were 

calculated using the Scherrer’s formula: 

D = Kλ/(β Cosθ) 

where D is taken as crystallite size, K is a 

constant equals to 0.9, λ is 1.5406 Ȧ, � is the 

FWHM measured in radians on the 2θ scale, 

θ is the Bragg angle for the diffraction peaks. 

The results are tabulated in Table 1. ZnO 

crystallite sizes decreased as Fe-oxide 

loading. Detected phases are observed to be 

in nanosized scale. Results show a 

considerable effect of metal oxide dopant on 

ZnO particle size. Thus, the presence of 

small parts of a different metal oxide has a 

characteristic effect on the particle size of the 

sample.  

 

Figure 1. XRD data of ZnO and FeZnO 

 
                    ZnO                                FeZnO       
 

Figure 2. SEM images of ZnO and FeZnO. 

 

Table 1. Crystallite sizea (nm) of synthesized samples. 

Sample ZnO FeZnO 

Crystallite size 

(nm) 
28 16 

aCalculations were done using Scherrer equation. 

The absorption spectra of 2 samples are 

the same (Figure 3). The absorption edge 

(oxygen to Zn) showed 376 and 359 nm and 

the energy of Band Gap was calculated 3.15 

and 2.52 ev for ZnO and FeZnO respectively 

[36, 37]. Then, the Band Gap of ZnO was 

reduced by doped Fe metal. 

 

Figure 3. UV-Visible diffuse reflectance spectra 

of ZnO and FeZnO 

The FTIR of samples is shown in Figure 4. 

The spectra of tow samples are exactly the 
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same and several well-defined bands at 460, 

1120, 1650 and 3450 cm-1 

appearing in the FTIR spectrum. The band at 

460 cm-1 is due to metal–oxygen modes and 

hence confirms the formation of ZnO and Fe 

doped ZnO [26]. The broad absorption peaks 

around 3450 cm-1, 1120 and 1650 cm

attributed to O–H stretching and H

bending vibration of H2O in Fe-

O lattice [38-40]. 

Figure 4. FTIR spectrum of ZnO and FeZnO

Influence of doped Fe metal 

The influence of doped Fe metal on the 

catalytic properties of nano ZnO was studied

First of all, the catalytic properties of both 

catalysts were compared after 4 times in 

oxidation reaction. ZnO and FeZnO can be 

easily recovered from the reaction mixture by 

filtration and reused as catalyst.

reusability of the ZnO and FeZnO were 

evaluated for 4 runs, and the results are 

shown in Figure 5. During the four runs, the 

conversion of reaction decreased with

a range from 100% to 80%, probably due to 

140024003400
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defined bands at 460, 

 have been 

appearing in the FTIR spectrum. The band at 

oxygen modes and 

hence confirms the formation of ZnO and Fe 

doped ZnO [26]. The broad absorption peaks 

, 1120 and 1650 cm-1 are 

H stretching and H–O–H 

-Zn–O or Zn-

  

 

FTIR spectrum of ZnO and FeZnO 

The influence of doped Fe metal on the 

catalytic properties of nano ZnO was studied. 

First of all, the catalytic properties of both 

catalysts were compared after 4 times in 

ion reaction. ZnO and FeZnO can be 

easily recovered from the reaction mixture by 

filtration and reused as catalyst. Herein, the 

reusability of the ZnO and FeZnO were 

evaluated for 4 runs, and the results are 

shown in Figure 5. During the four runs, the 

version of reaction decreased with ZnO in 

a range from 100% to 80%, probably due to 

the change in surface (loss of surface) of ZnO 

[41], but it is fixed for FeZnO because the 

size of FeZnO is smaller than ZnO and the 

loss of surface is poor in FeZnO in the

presence of ZnO. Also, the selectivity of 

Benzaldehyde is motionless in 4 runs

both catalysts. The result is indicating that 

the FeZnO catalyst has a goo

and stability than ZnO. 

In the second comparative study, ZnO and 

FeZnO were evaluated by the catalytic 

activity in the oxidation reaction of benzyl 

alcohol fter 3 h (Figure 6). The 

of ZnO and FeZnO is used in the same 

condition reaction. The conversion of FeZnO 

is more than ZnO catalyst (100% and 70% 

respectively). In addition, the rate of reaction 

remarkably increased in ZnO by doping Fe 

metal ion, perhaps it is due to the changes

surface and nature's ability of Fe

oxidation reaction to Zn2+ ion.

Figure 5. Compare the reusability of the nano ZnO 

and FeZnO in oxidation of benzyl alcohol after 4 

times. 
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the change in surface (loss of surface) of ZnO 

[41], but it is fixed for FeZnO because the 

size of FeZnO is smaller than ZnO and the 

loss of surface is poor in FeZnO in the 

presence of ZnO. Also, the selectivity of 

Benzaldehyde is motionless in 4 runs for 

. The result is indicating that 

the FeZnO catalyst has a good reproducibility 

In the second comparative study, ZnO and 

evaluated by the catalytic 

activity in the oxidation reaction of benzyl 

fter 3 h (Figure 6). The same amount 

of ZnO and FeZnO is used in the same 

condition reaction. The conversion of FeZnO 

is more than ZnO catalyst (100% and 70% 

addition, the rate of reaction 

remarkably increased in ZnO by doping Fe 

metal ion, perhaps it is due to the changes on 

surface and nature's ability of Fe2+ ion in 

ion. 

 

the reusability of the nano ZnO 

in oxidation of benzyl alcohol after 4 

run run4

ZnO
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Figure 6. Comparable catalytic properties of ZnO and 

FeZnO for 3 h. 

Finally, the third comparative study was

performed between both catalysts in 
 

Table 2. Oxidation of other benzylic alcohols after 2 h

R'

Entrya Substrate
R' 

1 H 

2 p-NO2 

3 P-Cl 

4 O-OH 

5b H 

6 H 

7b H 

                                    a (1 mmol) alcohol, (10 mg) catalyst and 
                                              b in (2mL) CH3CN. 
                                              c Converted to corresponding ketone.
 

ZnO FeZnO

70

9999 99

0 0

% Conv. % Benzaldehyde
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Comparable catalytic properties of ZnO and 

Finally, the third comparative study was 

performed between both catalysts in 

oxidation of other benzylic alcohols under 

similar conditions after 2 h, as shown in 

Table 2. Notable results were obtained as 

follows: first, no oxidation was observed in 

the aromatic rings of the benzylic substrates.

Second, oxidation of phenol group doe

occur (Entry 4). Third, the secondary 

benzylic alcohol was converted to the 

corresponding ketones and don’t observed 

each benzoic acid (Entries 5, 6 and 7). 

Fourth, FeZnO is better than ZnO as nano 

catalyst. 
 

Oxidation of other benzylic alcohols after 2 h 

nano-Cata.

H2O2

2 3

R

OH

R.T.

Solvent Free

R

O

R'

+

O

HO

R'

 
 

Substrate 
Nano-Cat. %Conv. 

Ratio (%2: 
3) R 

-H 
ZnO 60 >99 

FeZnO ˃ 99 >99 

 -H 
ZnO 50 >99 

FeZnO ˃ 99 >99 

-H 
ZnO 50 >99 

FeZnO ˃ 99 >99 

 -H 
ZnO 60 >99 

FeZnO ˃ 99 >99 

-Ph 
ZnO 60 >99c 

FeZnO ˃ 99 >99c 

-CH3 
ZnO 50 >99c 

FeZnO ˃ 99 >99c 

-CO-Ph 
ZnO 70 >99c 

FeZnO ˃ 99 >99c 
(1 mmol) alcohol, (10 mg) catalyst and (10 mmol) H2O2 (30%) was stirred at room temperature in solvent free.

Converted to corresponding ketone. 

% Benzaldehyde

199-207 

oxidation of other benzylic alcohols under 

similar conditions after 2 h, as shown in 

Notable results were obtained as 

follows: first, no oxidation was observed in 

the aromatic rings of the benzylic substrates. 

Second, oxidation of phenol group doesn’t 

Entry 4). Third, the secondary 

benzylic alcohol was converted to the 

corresponding ketones and don’t observed 

each benzoic acid (Entries 5, 6 and 7). 

than ZnO as nano 

(30%) was stirred at room temperature in solvent free. 
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Conclusion  

In conclusion, we introduced novel, efficient 

and recyclable nano-catalyst for the solvent 

free oxidation of benzylic alcohols by H2O2 

at room temperature. We evaluated the 

catalytic properties of ZnO with the Fe doped 

ZnO in these oxidation reactions. The 

catalytic activity of ZnO is significantly 

increased by slight changes in their physical 

and chemical properties by doped Fe metal 

ion. Also, we have developed a green 

chemistry, because the reaction was carried 

out under solvent-free and green oxidant. The 

catalysts were prepared in aqueous phase or a 

green solvent too. 
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