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• Synthesis of Co doped ZnO nanomaterials via co-precipitation method.

• Characterization of the material by PXRD, TEM-HRTEM, SEM-EDS and 

XPS analyses.

• Exploring the potential of the synthesized nanomaterial as a 

multifunctional catalyst for oxidant-free alcohol dehydrogenation (AD) 

and acceptorless dehydrogenative coupling (ADC) reaction. 

• Recycling of the catalyst for both AD and ADC reaction.

• Characterization of the recovered catalyst by TEM-HRTEM, SEM-EDS, 

XPD analyses

ABSTRACT

Conventional method

Use of toxic oxidants (KMnO4, Cr2O7

etc)

Heavy metal and stoichiometric amount 

of waste generation

Poor atom economy

Environmentally hazardous

Expensive

AD & ADC reaction

No oxidants required

Reduced waste generation

H2 gas as by-product that can be 

used in Hydrogen-economy

Efficient  atom economy

Environmentally friendly

Inexpensive

AD & ADC vs. Conventional Method

Scheme 1 CoZnO as a multifunctional catalyst for AD and ADC reaction

AD reaction

 Alcohol to carboxylic

acid

 H2 as by-product and

energy vector

ADC reaction

Alcohols to coupled

products

Aldehyde or ketone as

intermediate

Cyclization, coupling or

condensation of

intermediate with

substrates

H2 and H2O as by

products

SYNTHESIS OF CATALYST 

Why Co doped ZnO

More reconcilable with Zn while doping

Co can amend the morphology and optical properties of ZnO

nanostructures

Easily soluble in ZnO nanostructures

the ionic radius of Zn2+ (0.60 °A) is nearly same as Co2+ (0.58 °A).

CHARACTERIZATION

XPS analysis

Fig 1 TEM micrographs of (a), (b), (c), (d) CoZnO with respective size distribution

histogram for CoZnO NPs (inset) of (c); (e), (f), (g) HR-TEM images of CoZnO

depicting d-spacing of (e) Co, (f) Zn

TEM-HRTEM analysis

d = 0.46 nm

d = 0.24 nm

d = 0.25 nm
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SEM-EDS and PXRD analysis

Fig 2 (a), (b), (c) SEM images, (d) EDAX spectra; (e) PXRD 

spectra of CoZnO
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Fig 3 (a), 

(b) XPS 

spectra of 

CoZnO
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Scheme 2 Synthesis of doped material CoZnO via co-precipitation method

aReaction condition: substrate (1.0 mmol), KOH (1.1 mmol), CoZnO (15

mg), toluene (6 mL), reflux, 18 h, then aq. HCl bIsolated yield

cReaction condition: 2-aminobenzyl amine (0.5 mmol), substituted benzyl

alcohol (1 mmol), tBuOK (0.5 mmol), CoZnO (15 mg), Xylene (6 mL),

reflux, 24 h, bIsolated yield

Table 1 Acceptorless dehydrogenation of alcohols to corresponding

carboxylic acid under optimized conditiona

Table 2 Acceptorless dehydrogenative coupling of alcohols to

quinazolines under optimized conditionc
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Fig 4 Plot of recyclability test performed for the

CoZnO catalyst up to the 5th cycle

corresponding to the conversion of benzyl

alcohol to (a) benzoic acid (b) quinazoline

Fig 5 (a), (b) TEM micrographs; (c) HR-TEM

(d), micrographs, (e) EDS spectra of the

recovered catalyst (5th cycle)

(a) (b) (c)

(d) (e)

Co doped ZnO nanomaterial (CoZnO) was synthesized as a multifunctional

catalyst to convert alcohols to various value added products. AD reaction of

aromatic alcohols gave carboxylic acids and AD coupling of 2-amino benzyl

amine with benzyl alcohols gave corresponding substituted quinazolines along

with the concomitant evolution of 2 equivalents of hydrogen and 3 equivalents of

H2 gas, 1 equivalent of H2O respectively. The catalyst was highly stable, could be

reused up to 5th cycle for both the reaction and recovered catalyst after 5th cycle

showed no morphological and compositional difference with the fresh material.
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