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Characterization results of catalysts

Figure S1 XRD patterns of (a) HZSM-5 and (b) Ga exchange HZSM-5 (Si/Al of 15)

Table S1 Ga contents and Si/Al ratio obtained over the Ga exchange HZSM-5 (Si/Al of 15)

Sample Ga (wt%) Si/Al

HZSM-5 - 16.2

1%Ga-Exc-HZSM-5 1.0 16.2



Table S2 Textural properties of Ga exchange HZSM-5 (Si/Al of 15)

Sample
SBET

a

(m2/g)

Smicro
b

(m2/g)

Sext
c

(m2/g)

Vtotal
d

(cm3/g)

Vmicro
e

(cm3/g) 

 Vmeso
f

(cm3/g) 

HZSM-5 426 391 35 0.32 0.15 0.17

a SBET: BET specific surface area (m2 g-1). bSmicro: micropore surface area (m2 g-1). c Sext: 

external surface area (m2g-1). d Vtotal: total pore volume (cm3 g-1) obtained at P/P0 = 0.99. 

eVmicro: micropore volume (cm3 g-1).  f Vmeso = Vtotal-Vmicro (cm3 g-1).

Table S3 Optimized geometrical parameters of hexa-1-ene dehydrogenation to hexa-1,3-diene 

over the Ga/ZSM-5.

Parameters INT2_De TS3 INT3 TS4 INT4 INT4_De

Distances (Å)

Ga-O3 2.23 2.34 2.04 2.14 2.26 2.24

Ga-O4 2.16 2.13 2.06 2.17 2.17 2.21

Ga-H3 - 1.64 1.56 1.90 3.56 -

H3-H4 - - - 0.88 0.74 -

C4-H3 - 1.68 3.30 - - -

Ga-H4 - 4.05 3.42 2.29 3.78 -

C3-H4 - 1.09 1.10 1.62 6.10 -

C3-C4 1.53 1.59 1.56 1.44 1.34 1.35

C4-C5 1.53 1.51 1.54 1.52 1.50 1.50

C3-Ga 3.74 3.62 2.89 2.65 3.51 2.90

C4-Ga - 2.97 1.98 2.19 3.52 2.87

Angle()

O3-Ga-O4 68.2 68.0 74.3 69.9 68.5 68.1



Table S4 Optimized geometrical parameters of hexa-1,3-diene dehydrogenation to hexa-1,3,5-

triene over the Ga/HZSM-5.

Parameters INT4_De TS5 INT5 TS6 INT6 INT6_De

Distances (Å)

Ga-O3 2.24 2.13 2.02 2.14 2.18 2.17

Ga-O4 2.21 2.11 2.04 2.11 2.17 2.17

Ga-H5 - 1.71 1.56 1.90 3.30 -

H5-H6 - - 2.89 0.89 0.74 -

C5-H5 - 1.58 3.06 - - -

Ga-H6 - 4.25 2.94 2.37 3.26 -

C6-H6 - 1.09 1.09 1.52 3.86 -

C4-C5 1.50 1.39 1.48 1.46 1.45 1.45

C5-C6 1.53 1.50 1.55 1.39 1.34 1.34

C5-Ga 3.50 2.87 2.00 2.51 3.41 3.45

C6-Ga 4.97 4.03 2.80 3.02 3.21 3.22

Angle()

O3-Ga-O4 68.1 69.8 72.7 69.4 69.4 69.7



Figure S2 Energy profile of the reaction mechanism of the dehydrogenation of second 

hydrogen (H2) of C6H13 towards hexa-1-ene over the INT1 (GaH1/HZSM-5) via the 

production of H2 molecule and the regeneration of Ga site (black line) and the incorporation 

of H on the GaH active site to be the GaH2 site (blue dash line).


