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Sl 1. Additional Experimental Details.

A. Procedure for the synthesis of Na'-exchanged zeolite-Y having 0.7 TMA" ions in each
supercage and 1.0 TMA" ion in each sodalite cage. We prepared a gel consisting of Al(iPrO);, TEOS,
TMAOH, NaOH, and H,0, where the mole ratio of the gel in terms of Al,03:S10,:TMA:Na,O:H,0
was 1:3.6:6.2:0.05:250. The procedure for the preparation of the above gel is as follows. TMAOH
solution (25%, 112.8 g) was diluted in distilled deionized water (315 g). To this solution, Al(iPrO);
(20.8 g) was added with stirring, and the mixture was stirred for 1 h to hydrolyze Al(iPrO);. TEOS
(38.3 g) was added to the above mixture, and the solution was stirred for 2 h. A dilute NaOH solution
consisting of NaOH (0.2 g) and distilled deionized water (50 g) was added to the above clear solution.
The mixture was aged for 12 h at room temperature with continuous stirring. The synthesis gel was
then transferred into a polypropylene bottle, and the bottle was placed in an oven heated at 100 °C for 7
d. The produced [Na(TMA )sp(TMA )soa]-Y 1.8 Was collected by centrifugation at 9000 rpm, and washed

with copious amounts of distilled deionized water.

B. Procedure for the preparation of Cd?*-exchanged Y1 having 1.0 TMA ion in each sodalite
cage {[Cdn(TMA)sa]-Y18, n =0.01, 0.1, 1, 6, 12, and 30}. For the preparation of [Cd3o(TMA )soa]-Y1 3,
[Na(TMA)soq]-Y1s (0.3 g) was added into a Cd(NOs;), solution (400 mM, 50 mL), and the
heterogeneous solution was shaken for 24 h at room temperature. Due to a very high preference of Y, 5
to Cd*’, the ion exchange of Na" with Cd*" was complete even after undergoing the above ion
exchange procedure only once. Despite this, we repeated the above ion exchange procedure one more
time to ensure a complete ion exchange of Na" with Cd*". For the preparation of [Cdy(TMA)sod]-Y 18
with smaller n (i.e., n=0.01, 0.1, 1, 6, and 12) five 250-mL flasks and five different aqueous Cd(NO3),
solutions with the concentrations of 0.05, 0.46, 2.8, and 5.5 mM, respectively, were prepared. Into each
flask, [Na(TMA)sod]-Y1.s (0.3 g) and each Cd(NOs3), solution (50 mL) of different concentration were



introduced, and the flasks were shaken for 24 h at room temperature. The Cd2+-exchanged zeolite-Y g
crystals were separated from the supernatant solutions by centrifugation at 9000 rpm, and washed with
copious amounts of distilled deionized water several times until the supernatant solutions were free
from Cd*". The presence of Cd*" ion in the washes was monitored by dropping a drop of 1 M Na,S

solution into the washes.

C. Additional instrumentation. The scanning electron microscope (SEM) images of zeolites were
obtained from a FE-SEM (Hitachi S-4300) operated at an acceleration voltage of 20 kV. On top of the
samples platinum/palladium alloy (in the ratio of 8 to 2) was deposited with a thickness of about 10 nm.
The elemental analyses of the zeolite samples were carried out by both the energy dispersive X-ray
spectroscopy (EDX) analyses and chemical analyses. The EDX spectra were obtained from a Horiba
EX-400 EDX analyzer attached to our FE-SEM. The chemical analyses of Cd and S were carried out
by ICP-AES (Shimadzu ICPS-10001V) and those of Si and Al were carried out by XRF (Shimadzu
XRF-1700). The chemical analyses were done by the National Center for Inter-University Facilities
located in Seoul National University. X-ray powder diffraction patterns of the samples were obtained
from from a Rigaku diffractometer (D/MAX-1C) with the monochromatic beam of Cu Ka. The
thermogravimetric analyses (TGA) of the zeolite Y samples were performed on a TA instrument (TGA
2050). The rate of temperature increase was 10 °C min™, using air as the eluting gas. The flow rates to
the balance and furnace were 10 and 90 mL min™', respectively. The transmission electron microscope
(TEM) images of zeolite were obtained from a FE-TEM (JEOL JEM-2100F) at an acceleration voltage
of 200 kV.



Sl 2.

Table. Denotations and Compositions of Various Zeolites Used in This Study.

Type of Zeolite

Composition

CdS contents (wWt%)

[Na(TMA)up(TMA)s0q]- Y18

[Na(TMA)goa}-Y 15

Na53v3 [TMAS.X]a[TMA7.9]BA167Si 1 250384
NaS?.l TMA7.9AIG7SilZSO384

[NassH4]-Y1 s
[Na]-Yi 5
[Na]-Y2 s
[H]-Y:5
[H]-Yss

Nas 3Hj37Als7S11250354
Nag70Alg7Si1250384
Nasg 0Als4Si350384
He7.0Ale7Si1250384
Hsa0Al54Si1330384

[Cdooi(TMA)soq]-Y1 5
[Cdo1(TMA)soa]-Y18
[Cdi(TMA)sea]-Y1 5
[Cds(TMA)s0a]-Y1 8
[CdiA(TMA)soa]-Y1 8
[Cd3o(TMA)soa]-Y 1.5

Cdo.01Nasg 08 TMA79AlgSi1250384
CdO 1N858.9TMA7.9A167Si| 250384
Cd, . \Nass 9 TMA79Als;Si1250354
Cd().ZNaA()]TMAT‘)AlCﬂSiI 250384
Cdy; §Nass sSTMA79Als7Si1250384
Cdz9.5NaO.l TMA7.9AIG7Si| 250384

[CdU.Ul]_Y1.8 CdeUlNaﬁG 98A167S11250384
[Cdﬂ.l]_Yl.s CdO.lNaﬁﬁgAlﬁ7Si1250334
[Cdl]_Y1.8 Cdl vZNaﬁ4v6Alﬁ7SilZ50384
[Cdﬁ]_Yl.s CdS.XNa55.4Alﬁ7SilZSO334
[Cdlz]-Yl.3 Cdl [_6N343_3A167Si[250334
[Cdsa]-Yis Cds3 sNag 9Als7SiinsOssa
[CdO.Dl]-YZ.S CdO.OlNaS3 9SA154Si|330334
[Cdo.]-Yas Cdo.\Nas3 gAls4Sii350384
[Cdl]_YZ.S Cdl .lNa51.4A154Si1330334
[Cdﬁ]'Yz.S Cdﬁlea’4leA154Sil380384
[Cdlz]_YZ.S CdlZ.4N329.ZA154Si|3803B4
[Cd30]_YZ.5 CdZT(JNaﬂv(JAlS“Sil}EOSE‘J

[Cdo.o1(TEA)up]-Y1 5
[Cdo((TEA)sup]-Yi s
[Cdi(TEA)qp)]-Y1s
[CAs(TEA)sup]-Y 15
[CdiATEA)qp]-Yi8
[Cdso(TEA)sup]-Y18

Cdy 01 Nasg 75 TEA72Alg7S11250384
Cdo.\Nasy s TEA72Ale7S11250384
Cd, 2Nas74TEA72Als7S11250384
Cdg3Nay7,TeA72AlgS11250384
Cdy2.1Nass s TEA7,Al7S11250354
Cdpo4Nay 0 TEA7,Ale7S11250584

[Cdo.o1(TEA)sup]-Ya 5
[Cdo.(TEA)sup]-Yas
[CA(TEA)sup)-Y2 5
[C(TEA)qup)-Y25
[CAiATEA)sup)-Ya5
[Cdso(TEA)sup]-Ya s

CdeUlNazﬂ (’ETEAﬁv‘)AlS“Sil}ﬁO}X‘J
CdO.lNa46.9TEAG.9A154Si1380384
Cdl vlNa44v9TEA6.9A154Si1380334
Cdﬁ.ﬂNa35.lTEAG.9A154Sil3SO384
Cdl l.7Na‘23v7TEA6.9A154Si]330384
Cdy sNay  TEA69ALsaSi1330384

[(CdS)o01(TMA)sea]-Y1 5 Cdo.01S0.01Ho.02Naso s TMA7 9Als7S11250354 0.01
[(CdS)o.((TMA)soq]-Y1 5 Cdo.1S0.1Hp 2Nasg s TMA7 9Als7Si1250384 0.11
[(CdS)I(TMA)soa]-Y1 5 Cd,1S1.0H2 0Nasss TMA79Alg7Si1250384 1.2

[(CdS)s(TMA)soa]- Y15 Cdg 286, 0H12.0Nags 7TMA7 9AlsSi1250384 6.3

[(CdS)12(TMA)sea]-Y 15 Cdy1 §S112H2 4Nazs sSTMA79Als;S11250354 11.6

[(CdS)so(TMA)sod]-Y1.8 Cdy9.5S29.2Hs5.4Nag | TMA7 0Al67Si1250384 26.0

[(CdS)o0i]-Y1s Cdo.01S0.01Ho.02Nags 9sA 16781125034 0.01
[(CdS)o,1]-Y1s Cdy 180.1Ho 2Nags sAls7Si1250384 0.11
[(CdS)]-Yis Cd, 2S1.0H2.0Nags 6Al67S11250384 1.3

[(CdS)e]-Y 15 Cds sSs 6Hi12Nass 4Alg7Si1250384 6.1

[(CdS)12]-Yis Cdy; 6S11.1H2.2Na3 §Als7S11250384 11.7

[(CdS)s]-Yis Cd33.5S33.0He60Na0.0A 67811250354 29.5

[(CdS)0i]-Y2s Cdo.01S0.01Ho.02Nas3 93Al54Si1350354 0.01
[(CdS)o.1]-Y2s Cdo.1S0.1Ho 2Nas3 sAls4Si1350384 0.11
[(CdS)i]-Ys Cd, 351 2H2.4Nas) 4Als54Si1350354 1.4

[(CdS)e]-Y5 Cde.1S6.0H12.0Nag1 sAls4Si1350384 6.6

[(CdS)12]-Yas Cdi24S122H24 4Nz 2A154S11350384 12.8

[(CdS)30]-Yas Cd27.0S26.8Hs3 6Nao 0AlssSi1380384 252

[(CdS)o01(TEA)sup]-Y15 Cdo.01S0.01Ho.02Naso s TEA7 ,Als7S11250384 0.01
[(CdS)o.(TEA)sp]-Yis Cdo.1S0.1Ho 2Nasg s TEA7 2Alg7S11250354 0.11
[(CdS)(TEA)sp)-Yis Cdi »8:.1H, 2Nas7 4 TEA7 ,Als7S11250354 1.2

[(CAS)(TEA)sp]-Yis Cde3S6.1H122Nag 2, TeAs ,Alg;S11250354 6.3

[(CdS)1o(TEA)sup)-Y15 Cdi2.1S12.0H24 0Na3s s TEA7 2Al5;S11250384 11.6

[(CdS)s(TEA)swp]-Yis Cdo 4820 2Hsg aNa; ¢ TEA75Als;S11250384 254

[(CdS)o01(TEA)sup)-Yas Cdo.01S0.01Ho 02Nz s TEA6 9Al54Si1350354 0.01
[(CdS).1(TEA)gp]-Yas Cdy.1S0.1Ho2Nay6 9 TEA4 9Als4Si 330384 0.11
[(CAS)I(TEA)sup)-Y25 Cd,.1S1.0H20Nass 9 TEA 9Al54S11350354 1.1

[(CAS)o(TEA)sup]-Y25 Cdg 0S5 sHi1 6Nass | TEA69AlssSii350354 6.1

[(CdS)1o(TEA)sup)-Y25 Cdy1 7S11.5H23 0Naz 7 TEAG 9AlssSi135038 11.5

[(CdS)so(TEA)qup]-Yas Cdy2 582 4Haa sNay  TEA6 9Al54Si1350354 20.7

[Nag-Y, Nagz 6Al62.651129.40354

[Nag]-Y, Naga 6Alsa 65112740384

[Nag-Ys Nag2Al702Si121 80384

[Nag]-Yog Nays 4Alys5.4Siii66038

[(CdS)sq]-Y* O Cds3.5S33.0Hs6.0Nag,0Al57S11250384 29.5

[(CdS)s]-Y** Cds1 3828 4Hs6.8ALe2.651120 40384 27.8

[(CdS)]-Y* Cds2.3829.0Hs5.0Al64.651127.40384 28.4

[(CdS)ss]-Y** Cdss.1S34.6He9 2Al70.2S1121 80384 30.5

[(CdS)se]-Y*™ Cds7.7S33.3He6.6Al5 48111660384 31.5
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SI 3. °C NMR of ODC-[Na(TMA )sup(TMA )s0a]-Y 1.8



A. Hydrated or Dry Y

ODC'[(CdS)30(TEA)sup]'Y1.8
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B. Hydrated or Dry Y,
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SI 4. °C NMR of ODC-[(CdS)s(TEA)sup]-Yis, [(CdS)so(TEA)wp]-Yis, ODC-[Cdso( TEA)sup]-Yis,
and  [Cdso(TEA)upl-Yis  (A)  ODC-[(CAS)s(TEA)upl-Yzs,  [(CdS)s(TEA)apl-Yas,  ODC-
[Cdas(TEA)p)-Y2s, and [Cdos(TEA)p]-Yass (B)
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SI 5. UV-vis spectrum of bulk CdS



