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Figure S1. (a) Nitrogen adsorption–desorption isotherms and (b) BJH pore size distributions curves of the 

prepared OMA samples: (1) Al2O3-acetic, (2) Al2O3-citric, (3) Al2O3-malonic.
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Figure S2. (a) Nitrogen adsorption–desorption isotherms and (b) BJH pore size distributions curves of the 

prepared zinc chloride modified-OMA samples using citric acid with different aluminum precursors: (1) 

ZnCl2-Al2O3-Al(OBus)3, (2) ZnCl2-Al2O3-Al(OBut)3, (3) ZnCl2-Al2O3- Al(OPri)3 and (4) ZnCl2-Al2O3-

Al(NO3)3 · 9H2O. All samples were calcined at 400 °C.



Figure S3. TEM microphages of the prepared zinc chloride-modified ordered mesoporous alumina 

materials with different carboxylic acids; (a) citric, (c) oxalic, (e) tartaric and (f) fumaric viewed along 

[001] orientation and (b) maleic and (d) malonic viewed along [110] orientation.



Figure S4. TEM microphages of the prepared zinc chloride-modified OMA using tartaric acid with 

different aluminum precursors; with (a) aluminum isopropoxide, (c) aluminum nitrate nonahydrate and 

(d) aluminum-tri-sec-butoxide viewed along [001] orientation, and (b) aluminum tri-tert-butoxide viewed 

along [110] orientation.



Figure S5. Representative SEM images obtained for OMA microparticles prepared using Al(OBus)3 with 

different carboxylic acids: (a) fumaric, (b) tartaric (c, d) oxalic and (e) citric. Energy dispersive X-ray 

(EDX) spectra of OMA samples obtained using (f) oxalic and (g) fumaric acid.



Figure S6. Representative SEM images obtained for zinc chloride-modified OMA microparticles 

prepared using different carboxylic acids and aluminum precursors: (a) tartaric-Al(OPri)3, (b) tartaric-

Al(OBut)3, (c) citric-Al(OBus)3, (d) oxalic-Al(OBus)3 and (e) oxalic-Al(NO3)3 · 9H2O. Energy dispersive 

X-ray (EDX) spectra of ZnCl2-OMA samples obtained using Al(OBus)3 with (f) fumaric and (g) citric 

acid. 



0 100 200 300 400 500 600 700 800 900 1000 1100 1200
0

50000

100000

150000

200000

250000

300000

350000

400000

450000

Biniding Energy (eV)

In
te

ns
ity

 (C
PS

)

Al2p
C1s

a

Al2p
C1s

aO1s

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
0

50000

100000

150000

200000

250000

300000

350000

Binding Energy (eV)

In
te

ns
ity

 (C
PS

)

O1s

Zn2p

b

C1s
Al2p Cl2p

Figure S7. XPS survey spectra of (a) the OMA and (b) the ZnCl2-modified OMA samples.


