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Materials

A series of cation-exchanged Y zeolites were prepared as reported.” Na-Y (Si/Al, = 5.6,
Catalysts & Chemicals Industries Co. Ltd.) was ion-exchanged into NH4-Y in an aqueous NH4NO;
solution, filtered, washed with deionized water and dried at 373 K. The thus prepared NH4-Y was
further exchanged in Ba(NO3),, Ca(NO3); solution at 353 K for 4 h to prepare an MNH4-Y (M =Ba or
Ca) zeolite. On the other hand, the NH4-Y was steamed at 823 K for 1 h in a flow of water vapor and
nitrogen mixture (H,O : N, molar ratio = 2 : 3). The thus obtained USY was stirred in an
Na,H,-EDTA solution (0.1 mol dm'3) for 24 h at 371 K, followed by ion exchange in NH4NOj3

solution and drying at 373 K according to Rhodes ef al.%, Gola et al.® and our previous papers.*

Ammonia IRMS-TPD measurement

IR (Perkin-Elmer Spectrum-One with a mercury cadmium telluride (MCT) detector kept at 77 K
by liquid N, during measurements) and MS (Pfeifer QME200) spectrometers were connected with a
vacuum line. Self-compressed zeolite wafer (about 10 mg and 10 mm in diameter) was mounted on
a holder in an in situ IR cell, and evacuated at 773 K for 1h. IR spectra were recorded before and
after ammonia adsorption during the elevation of temperature from 373 to 773 K at a ramp rate of 10
K min”. Flow rate of helium carrier gas was 82 umol s!, the inside of IR cell was kept 25 Torr (1
Torr = 133 Pa), and desorbed ammonia was monitored by MS based on a signal at m/e = 16. After
the measurements, the difference IR spectra were calculated, and the differential change of the IR

band area with respect to measurement temperature (hereafter called IR-TPD) was compared with



MS-TPD (conventional TPD) to quantify the ammonia species adsorbed on Brgnsted or Lewis acid
site. It has been known that the wave number of acidic OH band on zeolites shifts to lower
frequency with increasing the temperalture.5 This temperature effect on frequency of OH band
(vOH) is estimated as Av/AT = - 0.03 to 0.052 cm'K' where Av is the shift of vOH and AT is the
difference of temperature. Difference spectra of ammonia in the OH stretching region were
corrected using this equation. Heat of ammonia adsorption (AH) as a parameter to show the strength

of the acid site was determined based on the theoretical equation of TPD.°

Difference IR spectra during TPD of ammonia in OH stretching region
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Figure S1. Difference IR spectra during TPD of ammonia on Na,H,-EDTA treated usy’ (a), in situ
prepared H-Y® (b), in situ prepared 37%CaHY? (c), and in situ prepared 35%BaHY" (d).

Geometric and Energetic Parameters of Isolated Nonequivalent Four SiO(H)Al Groups



Optimized geometries and energetic parameters of four kinds of nonequivalent SIO(H)AI groups
obtained from HCTH/DNP (this work), PW91/PAW’ and VWN/DNP'° periodic DFT calculations
are summarized in Table S1. Relative energies of SiIO(H)AI groups obtained from HCTH/DNP
calculations were in agreement with the values obtained from the other two computational conditions.
The T-O bond lengths obtained from HCTH/DNP calculations were slightly longer than those of
VWN/DNP calculations. On the other hand, the O-H bond lengths were slightly shorter than those
of VWN/DNP calculations. The optimized geometries were slightly different depending on the
computational conditions (GGA or LDA approximations); however, the optimized geometries of the

H-form FAU in the present calculations is in reasonable agreement with reported geometries.

Table S1. Optimized geometries of isolated SIO(H)AI groups (HAISi4709¢/ u.c.).

Acid site Er d(AlO)  d(SiO)  d(OH)  d(AlH) [1Si(O)HA1
/kImol' /A /A /A /A /deg.
1 0 1.927 1.711 0.965 2.484 129.8
HCTH/DNP 2 8.3 1.934 1.708 0.966 2.431 136.6
3 1.6 1.972 1.718 0.965 2.495 133.5
4 6.7 1.918 1.703 0.965 2.455 132.1
1 0 1.916 1.716 0.975 2.484 129.0
a2 9.6 1.903 1.710 0.977 2.392 137.7
PWOLPAW™ 3 45 1942 1711 0975 2460 1345
4 8.9 1.907 1.712 0.977 2.443 132.5
1 0 1.909 1.705 0.980 2.490 128.7
VWN/DNP® 2 10.8 1.905 1.699 0.985 2.372 140.4
3 34 1.921 1.705 0.984 2.421 136.1
4 8.6 1.906 1.701 0.982 2.436 134.2
% Optimized geometries for nonequivalent bridged OH groups (01-04) in ref. 9.
® in ref. 10.

YAl MOMAS NMR spectra
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Figure S2. ZTAl MQMAS NMR spectra (16T) of NaY (A), USY (B) and Na,H,-EDTA treated USY
(C). Reproduced from ref. 11.
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