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Figure SI.1. XRD patterns of Silicalite-1 seeds.
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Figure SI.2. XRD patterns of [Mo]-ZP, [Mo]-ZF, [Mo]-ZOH zeolite catalysts. 
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Figure SI.3. SEM images of ZP, ZF, and ZOH zeolite catalysts. 
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Figure SI.4. BJH pore size distribution of [Mo]-ZP, [Mo]-ZF, [Mo]-ZOH zeolite catalysts (adsorption branches).
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Figure SI.5. Methane conversion as a function of time on stream on [Mo]-ZP ( ) compared to a 3wt.%Mo/ZSM-5 (Si/Al = 40) catalyst reported in the 
literature1.



0 5 10
0.0

0.2

0.4  [Mo]-ZP
 [Mo]-ZF
 [Mo]-ZOH

m
m

ol
 h

-1
 g

-1
C

at
.

T.O.S. (h)

(A)

0 5 10

-1

0

1  [Mo]-ZP
 [Mo]-ZF
 [Mo]-ZOH

ln
(B

en
ze

ne
 fo

rm
at

io
n 

ra
te

)

T.O.S. (h)

y = -0.06x - 0.22
R2 = 0.99

y = -0.07x + 0.25
R2 = 0.99

y = -0.13x - 0.11
R2 = 0.99

(B)

Figure SI.6. (A) Benzene formation rate and (B) logarithm of benzene formation rate as a function of time on stream on [Mo]-ZP , [Mo]-ZF and [Mo]-
ZOH catalysts.

Determination of cokes distribution

[Mo]-ZP-Spent, assumption: coke only in the micropores
Total coke content: 9.3 wt.%

Loss of microporous volume ( ): 0.07 cm3 g-1
𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠

[𝑀𝑜] ‒ 𝑍𝑃 ‒ 𝑆𝑝𝑒𝑛𝑡

The coke molecules are mainly pyrene (  = 1.27 g cm-3) and benzopyrene (  = 𝜌𝑃𝑦𝑟𝑒𝑛𝑒 𝜌𝐵𝑒𝑛𝑧𝑜𝑝𝑦𝑟𝑒𝑛𝑒

1.24 g cm-3)2.

The volume occupied by pyrene molecules ( ) can be estimated as follow based on 1 g 𝑉𝑃𝑦𝑟𝑒𝑛𝑒

of catalyst:

𝑉𝑃𝑦𝑟𝑒𝑛𝑒 = 𝜌𝑃𝑦𝑟𝑒𝑛𝑒 × 𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠
[𝑀𝑜] ‒ 𝑍𝑃 ‒ 𝑆𝑝𝑒𝑛𝑡

= 1.27 × 0.07 = 0.089 𝑔

For 1 g of catalyst, the coke content measured by TGA (0.093 g) is close to the volume 
occupied by pyrene molecules (0.089 g).

[Mo]-ZF-Spent, assumption: coke in the micropores and macropores

Total coke content ( : 7.7 wt.%
𝐶𝑜𝑘𝑒 𝑇𝑜𝑡𝑎𝑙

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡
)

Loss of microporous volume ( ): 0.03 cm3 g-1
𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

Based on the linear relationship between coke content and loss of microporous volume3, the 

amount in the micropores ( ) can be estimated as follow:
𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

=
𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠
[𝑀𝑜] ‒ 𝑍𝑃 ‒ 𝑆𝑝𝑒𝑛𝑡

× 𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝑃 ‒ 𝑆𝑝𝑒𝑛𝑡



For 1 g of catalyst, the  is:
𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

=
0.03
0.07

× 0.093 = 0.04 𝑔

From coke balance, the amount of coke located in the macropores ( ) is 
𝐶𝑜𝑘𝑒 𝑀𝑎𝑐𝑟𝑜

[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

assessed to be 0.037 g for 1 g of catalyst, according to the following equation:

𝐶𝑜𝑘𝑒 𝑀𝑎𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

= 𝐶𝑜𝑘𝑒 𝑇𝑜𝑡𝑎𝑙
[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

‒ 𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝐹 ‒ 𝑆𝑝𝑒𝑛𝑡

= 0.077 ‒ 0.04 = 0.037 𝑔

[Mo]-ZOH-Spent, assumption: coke in the micropores, mesopores and macropores

Total coke content ( : 10.8 wt.%
𝐶𝑜𝑘𝑒 𝑇𝑜𝑡𝑎𝑙

[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡
)

Loss of microporous volume ( ): 0.03 cm3 g-1
𝑉 𝑀𝑖𝑐𝑟𝑜, 𝑙𝑜𝑠𝑠

[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

The loss of microporous volume is similar to the [Mo]-ZF-Spent catalyst, thus the 

 can be estimated to be 0.04 g for 1 g of catalyst. 
𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜

[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

By assuming a similar deposit in the macropores, as for the [Mo]-ZF-Spent catalyst, the 

 can be estimated to be 0.037 g for 1 g of catalyst. From coke balance, the 
𝐶𝑜𝑘𝑒 𝑀𝑎𝑐𝑟𝑜

[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

coke located in the additional mesoporosity ( ) is assessed to be 0.031 g for 
𝐶𝑜𝑘𝑒 𝑀𝑒𝑠𝑜

[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

1 g of catalyst:

𝐶𝑜𝑘𝑒 𝑀𝑒𝑠𝑜
[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

= 𝐶𝑜𝑘𝑒 𝑇𝑜𝑡𝑎𝑙
[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

‒ 𝐶𝑜𝑘𝑒 𝑀𝑖𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

‒ 𝐶𝑜𝑘𝑒 𝑀𝑎𝑐𝑟𝑜
[𝑀𝑜] ‒ 𝑍𝑂𝐻 ‒ 𝑆𝑝𝑒𝑛𝑡

= 0.108 ‒ 0.04 ‒ 0.037
= 0.031 𝑔
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