Electronic Supplementary Material (ESI) for Catalysis Science & Technology.
This journal is © The Royal Society of Chemistry 2019

Support Information
Can Hammett indicators Accurately Measure the Acidity of
Zeolite Catalysts with Confined Space? Insights into the

Mechanism of Coloration

Wei Chen® ¢, Xianfeng Yi?, Ling Huang?, Wentao Liu 9, Guangchao Li* ¢, Dinesh

Acharya® ¢, Xianyong Sun®, Anmin Zheng? > d-*

@ State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics,
National Center for Magnetic Resonance in Wuhan, Key Laboratory of Magnetic
Resonance in Biological Systems, Wuhan Institute of Physics and Mathematics,
Chinese Academy of Sciences, Wuhan 430071, P. R. China;

> Wuhan National Laboratory for Optoelectronics, Huazhong University of Science

and Technology, Wuhan 430074, P. R. China.

¢ University of Chinese Academy of Sciences, Beijing 100049, P. R. China;
4 School of Materials Science and Engineering, Zhengzhou University, Zhengzhou,
Henan 450052, P. R. China;

*Corresponding authors: Fax: +86 27 87199291.

E-mail address: zhenganm@wipm.ac.cn



20000 -

15000 —

10000

5000 <

Adsorption coefficient (L/mol/em)

' . T . T
500 400 350
Wavelength (nm)

Figure 1. TDDFT predicted UV-vis spectrums of Hammett indicators in H-ZSM-5
zeolite.



Table S1. The calculated HOMO-LUMO gap (eV), maximum adsorption wavelength (nm) and

their transition contribution of Hammett indicators (X) and its cationic form (HX") in H-ZSM-5 at

the level of B3LYP/6-31G(d,p).

H-ZSM-5
TYPE X HX* Wave Contribution
Gap AEa¢* 1r(O-H) Gap r(O-H) length HOMO—LUMO
A - - 443  2.197 - -
B - - 4.03 2.132 - -
C 3.68 -13368 0974 4.06 2.110 398 98%
I D 383 -79.87 0974 381 1912 394 90%
E 376 -68.66 0974 394 1.692 407 93%
F 391 -16577 0974 361 1990 377 98%
G 4.04 -161.50 1.031 - - - -
oI H 417 -15251 1.025 - - - -
I 437 -14142 1.022 - - - -
J  4.67 -140.62 0.989 - - - -

“AEaq is the adsorption energy (kJ/mol) of Hammett indicators in H-ZSM-5.



Table S2. The HOMO-LUMO gap (eV), O-H distances (A), maximum absorption wavelength (L)

(nm) and their transition contribution of Hammett indicators (A-J) in the 12MR and side pocket of

H-MOR at the level of B3LYP/6-31G(d,p).*

12MR Side-pocket
TYPE
Gap  AE.® 1(O-H) Gap AE, Y 1(O-H) L Contribution

A 479 - 1.639 - - - - -

B 4.34 - 1.631 - - - - -

C 442 - 1.620 - - - - -
I D 4.03 - 1.620 - - - - -

E 3.92 - 1.584 - - - - -

F 3.89 - 1.557 - - - - -

G 420 -190.8 1.052 3.95 -104.0 1.050 388 86%+3%?
I H 432 -174.9 1.040 4.00 -87.6 1.041 417 93%"*

I 4.32 -193.3 1.031 3.88 -109.1 1.038 404  36%“+42%" +9%°

J 4.43 -174.2 1.026 3.93 -82.3 1.030 404 33% +50%"

*Transition contributions of “‘HOMO — LUMO, PHOMO-1—LUMO, ‘HOMO — LUMO+1. “AE.q

is the adsorption energy of Hammett indicators in 12MR and side-pocket of H-MOR.



Table S3. The HOMO-LUMO gap (eV), maximum adsorption wavelength (nm) and their transition

contribution of Hammett indicators (X=C-F) and its cationic form (HX+) in the HY.

Wavelength (nm)
X Clusters pKa Gap AE.d r(O-H) "y Free Contribution
C HY -5.48 4.42 - 1.511 321 400 -
D HY -8.37 434  -120.88 1.006 344 393 82%“ +7%?
E HY 426  -111.38 0.998 348 391 81% +7%”
E HY-A 4.00 -153.97 1.003 365 391 93%:*
E HY-B > 442  -147.28 1.008 354 391 13%“4+49%+19%¢
E HY-C 440  -149.37 1.014 350 391 21%+43%4+17%¢
F HY 442  -127.74 1.012 337 381 79%+10%°
F HY-A 4.03 -109.70  0.987 366 381 96%*
F HY-B o0 431  -120.62 1.000 343 381 93%:*
F HY-C 432  -119.66  0.999 346 381 88%+5%*

Transition contributions of “HOMO — LUMO, "HOMO — LUMO+1; ‘HOMO-3 — LUMO;
HOMO-4—LUMO; ‘HOMO-2—~LUMO+1; /AE.q is the adsorption energy (kJ/mol) of Hammett

indicators in HY.



