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ok cd” ooz wHHE AYolE Y WAHL 294 KoM |Nays|[Siii7Al;50554]-FAUNas-Y,
Si/Al = 1.56)°ll 0.05 MQ! Cd(NOs)(pH = 3.65)T 8402 w3ste] 723 KolA A3 85 T3l &
HISF A (crystal 1) 7 HA 2R A AR 287 Zo] FHg F 294 KollA Az dlAs 7243t
S =EAA FHlAHerystal 2). ©1E9] FRE AIAREE XS o83t AFH oz FRls)
A3 F, > 4o (F)E A3t HF o AAE 47 R/wR, = 0.040/0.121 18]3L 0.052/0.168Z 3
‘i‘:_‘il-él-‘?\iﬁ} Crystal 1(‘Cd36H3‘[Si]17Al7503g4]-FAU)°“k1 CderO]%% ‘X]"i site Ijq' site IIa°ﬂ Z\:'[]‘PFE]Oi
A, olgt HEO site I, 1 LTI site IblE Cd* o]0l HHHHTE Crystal
2(|Cdss(CsHeg)24Hs|[Si117A1750384]-FAU) Ol A Cd* o] &2 oAl e AAsH Aol HH= Atk 2470
o] MAEA = supercage WH-olA F 719 F3g Al A 2 HAk 17719 MAREA = site 1la
o Q& Cd* o] e WA A M2 A5 28381 supercage SHAllA 33] 3 AZ Ao A LAEH AT
Uz 7712 WA EA= 12-ring B3A E4 (framework) A E &7 oFgk gg=o] A 7]H <
Z+8-3} van der Waals 432802 QF4 3l o] 93T

F20f : ALUIE Y, €& o), WA, FF

ABSTRACT : Two single crystals of fully dehydrated Cd*"-exchanged zeolites Y were prepared by the
exchange of |Nays|[Sii17Al750584]-FAU (Nazs-Y, Si/Al = 1.56) with aqueous 0.05 M Cd(NO;), (pH =
3.65) at 294 K, followed by vacuum dehydration at 723 K (crystal 1) and a second crystal, similarly
prepared, was exposed to zeolitically dried benzene for 72 hours at 294 K and evacuated (crystal 2).
Their structures were determined crystallographically using synchrotron X-rays and were refined to the
final error indices using F, > 4 o (F,) of Ri/wR, = 0.040/0.121 and 0.052/0.168, respectively. In crystal
1 (|Cds6H;|[S1117Al750354]-FAU), Cd*" ions primarily occupy sites I and II, with additional Cd* ions at
sites I, II’, and a second site II. In crystal 2 (|Cdss(CsHe)24Hs|[Si117Al750334]-FAU), Cd* ions occupy
five crystallographic sites. The 24 benzene molecules are found at two distinct positions within the
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supercages. The 17 benzene molecules are found on the 3-fold axes in the supercages where each
interacts facially with one of site ITa Cd*" ions. The remaining 7 benzene molecules lie on the planes
of the 12-rings where each is stabilized by multiple weak electrostatic and van der Waals interactions

with framework oxygens.

Key words : Zeolite Y, Cd** ion, Benzene, Sorption
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A Eokll A de] ARSEIL Qe AlEElEs
|24 F#H(cracking), ©14d A SHisomeri-
zation) ¥ ©&3slra Y OE fU|EAE 2
g A a7E9 AE w3 5 4F 71l
o3l 22 A7} o] Fo)#th(Tanabe and Hoelderich,
1999; Sheldon et al., 1998; Chon et al.,1997). A
Selo|E9 Fu] EAL Al&To|EY FTHA W
E 25 72 W ol A d FxEgl o}
Yzl Al&TolE E4(framework) Ee= Fol23}
& BAF 3 dEAbgol ojEd). wWEbA faujasite
A 2P| E(A &) E Y) Y] A #(Shamsuzzoha
et al., 2011a), &5 (Shamsuzzoha et al., 2011b),
WA & &l(Shamsuzzoha et al., 2011c; Choi et al.,
2002), lDell(Jang er al, 1997), oD e(Bae
and Kim, 1998), A|EZZZI(Choi et al.,
2000) 183 WMA(Kim et al., 1998; Yeom et al.,
1998; Shamsuzzoha et al., 2011d)3} 72 &34
& A F2ol| tig ot A AR XA
3" 7o g FHnl AT

Mny;s-YS &2 o-, m-, p-ALA EAT}L
supercage SHollA] HAE A, site 9] Mn*"o]-&
S A 33] 3HF FRMGNA B
g A 6-ringe] HPsHA SAletL des &
3} tHShamsuzzoha et al., 2011a).

Mn*' o2 w3 ALeolE v i 7 EE
A RS F25 e 7] F2 BA 2004
T 229 == mAgd Bk W= 187} site
el = Mn®* o] 23} g 33 7= oA &
A% T Shamsuzzoha et al., 2011b; Shamsuzzoha
et al., 2011c). Mny,5-Y Y] HA 2 Exle] 74¢-
ole FHEY el W velse] HEH v ok

SE [Mnyg[Sito0Al2Osss]-FAUS ol el F2}
Bk LxoMe F FRAA B 46718 Mn?
o] o] F+ 7N AREA A<l 13 1] Ex3}
I AR FF EJA FRoAMe deAE 7
30718 Agd EAF EAEJ, ol A4

1

Mn*" o]} F5AE-S FA3aL UtiJang er
al., 1997).

Holg& oz ol ewdt © A LeolE Xo A%
8 o () EE Ao FR IR OR FA
04 @'*6‘% |Mn46(C2H2)3O|[Si100A192O384]'FAU (Bae
and Kim, 1998)9’]' |Cd46(C3H6)4|[Si100A19203g4]-FAU
(Choi et al., 2000)2] FZol A= GHZG 3070
of opMdl EAte} 30749 Ae]ERZ 2 EAP}
site 119l QM= ol 4E2-8-25 skal UUTH

O T2 G ooz wdkd AlgeolE X ) Wl
Aog F2H T22] |Cdif(CeHo)al[SitooAlnOss]-FAU
(SVVAl = 1.09)(Kim et al., 1998)9} |Cays(CsHg)ag|
[Si]00A19203g4]-FAU(Si/A1 = 109)(Ye0m et al.,
1998)9] FxAAE B4 XA 3- 7joR
EAste] Bugh up e} o5 FEelA WA &
A= supercage Ul Holl F 7o) SEEek &FE(site 1T
A9} 12-ring WA ST AlA A S

[Mn37 5(CeHe)24/[Si117A1750584]-FAU(SI/AL = 1.56)
(Shamsuzzoha et al., 2011d)2] FZANM= ¢ A
9 97KKim et al., 1998; Yeom et al., 1998)}
FAFSHAl WAl 2171 supercage Y] site 11 T4}
supercage W 12-ring W 7kH|Ql + 7H¢] 5
B3k AgollA FRIH AT

B AFoAe cd o]leoR witE A&l
E Y(FAU, Si/Al = 1.56)% A|Z3}3(crystal 1),
olg]gt Al&THolE Yo WlAlS F2 3t (crystal
2) AATH dAFE FIFeEA AleHolE Y
W Cd* ool | Al Eake fIAE st
Cd* ol TEE ALH|E 47 WAl #4319
FEAgel i A5 st i

A& HiH
=0 oH

Cd?* o|22oz watE HS20|E Y(Cd-Y)

2 ATl AH8E ¢F 0.2 mm 7] FA9] AlE
E}OIE Y %@Zé, |Na75|[Si117A1750334]—FAU (Na75—Y,
SI/Al = 1.56)2 £ A7l FAHUATHLIm er
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Table 1. Summary of Experimental and Crystallographic Data

crystal 1 crystal 2
Crystal cross-section (mm) 0.20 0.20
Ton exchange with Cd** T (K), t (h) 294, 72 294, 72
Dehydration T (K), P (Pa) 723, 1 x 10* 723, 1 x 10*
Sorption T (K), t (h) - 294, 72
Evacuation T (K), t (h) - 294, 6
Crystal color Dark brown Black
Data collection T (K) 100(1) 100(1)
Space group, Z Fd3m, 1 Fd3m, 1

X-ray source

Detector

Detector to crystal distance, mm
Wavelength (A)

Unit cell constant, a (A)

26 range in data collection (deg)
Total reflections harvested

No. of unique reflections, m

No. of reflections with F, > 4 o (F,)
No. of variables, s
Data/parameter ratio, m/s
Weighting parameters, a/b

Rint"

Ryigma”

Final error indices

Ri/WR, (Fo > 40 (F,))

Ri/WR, (all intensities)d

Goodness-of-fit*

Pohang Light Source (PLS) (Beamline 2D SMC)
ADSC Quantum 210

63 63
0.70000 0.70000
24.777(1) 24.712(1)
59.02 66.91
79,583 87,697
1,095 1,427

1,083 1,401

53 56

20.7 255
0.030/317.5 0.081/153.1
0.0138 0.0048
0.0119 0.0081
0.040/0.121 0.052/0.168
0.044/0.122 0.056/0.181
1.34 1.30

Rine = Z\Foz-Foz(mean)\/Z[Foz]; Rin 1s calculated from the merging of equivalent data for internal agreement for all reflections.

b _
Riigma =

S[o(FEHVLIFA R = 2|Folell/ EFo and wRy = [ Ew(F-F2Y X w(F,3)* "% Ry and wR, are calculated using only the

reflections for which F, > 40 (F,). ‘R, and wR, are calculated using all unique reflections measured. eGoodness-of-fit = [
W(F-F2)(m-s5)]"%, where m is the number of unique reflections and s is the number of variables.

al., 2010a).

T3l Cd” o]0 E wdH AEEo|E YE
skl el ARES olxwE e wiA
(batch)¥(static ion-exchange method)S AHE-3}
t}. 25 ml conical tubedl] Nazs-Y ©24 0.01 g&
Y31, Cd(NO;3), AK(Aldrich, 99.999%)3 Z7F4
£ ARE3EY 0.05 M2 CANOs), TEH(pH 3.65)
< AZ3HY 20 mlE Najs-Y &84 0.01 go] &
o7} = 25 ml conical tubeo] Eo|E H
Shaking incubatorg ©]-&-3t] A-&olA 36417t &
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Cd-Yy 28 41t

Cd™ o]2o2 w3H A&TolE Y AHE &
ARl THAR FElsta AED AB(SF 0.2
mm, €& ZA) shE fine pyrex capillary <Fll
FAAZ & AAo] SoJUE capillarys FFEkel

Fod 1 x 10* Pa JFE, 723 K =004
F BEREE AR o] & Ae7HA
% AAo] Y& capillary W FF
torchE ARgste] 34 7hHse =7]

Cd-Y W W 55

N

frARE Z719] F WA AL A7) e =4
o7 Az, = WA(Aldrich, > 99.9%)
< A2olA 3 Bt grE Cd-Y BEA ==
AR HF BAEEL 647 5% 1 x 107 Pa &
go=g gl ¢toll Q= WAl 8o E Hj7] A7)
dde] AAS Fall FAHEUY. EE AP

A A torchs AHE-3H] F-she] 2ol

L AR Ae Aeae gain,

¢

AL

st

X-d 3|8

T &4 A5 34 HolHe AIZEE X-
A(Z37157]1A974 2D HEkkl)S AREate] A4
AAE ol& 100(1) K ZAA -3t
Preliminary cell “3<5=9} orientation matrix= 2|
A F 12 223X 509 scan IHFOF 360° H
A= A 2zH R8T HKL3000sm
Z2HE ARESlY 7|8 scale HYS AU
(Minor et al., 2006), Reflectione DENZO ZZ
9] 53} indexing ol o5t HFHo=
index 3 THMinor ez al., 2006). B2 3+ Ho]E]
E-2 Lorentz®} polarization &3] o|5) XA}
T}, XPREP Z&13(Bruker-AXS, 2001)¢] 2]3]
Fd3m 33s A om ddxds 243
2l 272 Table 19 ZAASHAl AdFtath

TZoiM a HAUsH(Refinement)

Full-matrix least-squares Q3K SHELXL2014)
(Sheldrick, 2008)%= Lime Aol <3 g™

Table 5. Selected Interatomic Distances (A) and
Angles (deg)”

crystal 1 crystal 2
(Si,A)-O(1) 1.6420(17) 1.6526(14)
(Si,A)-O(2) 1.6756(14) 1.6744(13)
(Si,AD)-O(3) 1.7049(17) 1.7029(14)
(Si,A1)-O(4) 1.6296(10) 1.6312(9)
Mean (Si,Al)-O 1.663 1.665
Cd(I)-O(3) 2.372(3) 2.359(3)
Cd(I")-0(3) 2.383(10) 2.350(14)
Cd(II")-0(2) 2.321(8) 2.313(20)
Cd(ITa)-O(2) 2.207(4) 2.272(3)
Cd(ITb)-O(2) 2.35(3) 2.575(21)
O(1)-(Si,A)-O(2) 112.25(13) 112.23(11)
O(1)-(Si,A)-O(3) 106.83(15) 106.77(12)
O(1)-(Si,A)-O(4) 113.03(17) 110.99(14)
0O(2)-(Si,A)-O(3) 105.41(16) 106.95(13)
O(2)-(Si,Al)-O(4) 107.10(18) 107.45(15)
0O(3)-(Si,A)-O(4) 112.02(17) 112.44(14)
(SL,AD-O(1)-(Si,Al) 130.27(23) 128.39(18)
(SL,AD-O(2)-(Si,Al) 139.71(23) 138.22(19)
(S1,Al)-O(3)-(S1,Al) 126.74(21) 127.05(17)
(Si,Al)-O(4)-(S1,Al) 161.0(3) 158.62(23)
0O(3)-Cd(D-0(3) 89.61(12) 90.97(9)

90.39(12) 180.00(18)
0O3)-Cd(I")-0(3) 89.9(5) 92.4(7)
O(2)-Cd(I1)-0(2) 110.4(5) 108.7(14)
0O(2)-Cd(11a)-O(2) 119.51(4) 112.21(7)
0O(2)-Cd(11b)-O(2) 108.1(18) 97.23(13)

*The numbers in parentheses are the esds in the units of the
least significant digit given for the corresponding parameter.

|Tl7s|[Si117Al750384]-FAU Wl [(Si,Al), O(1), O(2),
0(3) % 0(4)9 =494 FrHES AHE-3t
7k Alge] HolEEg AYUSSIAUTHLIm e al,
2010b). 7] AslolA oo 42 einE
(Uaniso)E #-83+ crystal 13} crystal 2= Z+7}
Ri/wR, = 0.53/0.84 18]1 0.58/0.90% &< 24}
HoE FHEATH o] T AZE AR ol gt
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Table 6. Selected Interatomic Distances (A) and
Angles (deg) involving sorbed benzene molecules
(crystal 2)*

HlAl(1)

C(1)-C(1) 1.49(5)
C(1)-H(1) 0.930
C(1)-C(1)-C(1) 120.00(1)
Likl0))

C(2)-C(2) 1.34(4)
C(2)-H(2) 0.930
C(2)-C(2)-C(2) 118.2(13)
4 (1)-Cd(Ila)

Cd(ITa)-C(1) 3.00(24)
Cd(ITa)-center” 2.67

WA (1)-Framework

C(1)-0(1) 3.824(24)
C(1)-0(2) 3.52(3)
C(1)-0(4) 3.80(3)
H(1)-0(1) 3.154
H(1)-0(2) 3.514
H(1)-0(4) 3.617
H13(2)-Framework

C(2)-0(1) 3.84(3)
C(2)-0(4) 4.02(3)
H(2)-0(1) 3217
H(2)-0(4) 3.114
WA (1)-4A2)

C(1)-CQ2) 1.369(23)
H(1)-H(Q2) 3.116/2.322

“The numbers in parentheses are the esds in the units of the
least significant digit given for the corresponding parameter.
"Center of CsHs.

Adsl= A48 02 Difference Fourier electron
density map= ©|-&3te] Y3 THTable 2).
27 weight &2 1A HF weight #2
w = 1/[s"(Fo*y+(aP)y+bP] A& AH&3lon, o
714, P = [Max(Fo*,0)+2Fc*]/30]1. U3t as}
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supercage sodalite
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Fig. 1. Stylized drawing of the framework structure
of zeolite Y. Near the center of the each line
segment is an oxygen atom. The nonequivalent
oxygen atoms are indicated by the numbers 1 to 4.
There is no evidence in this work of any ordering of
the silicon and aluminum atoms among the
tetrahedral positions, although it is expected that
Loewenstein’s rule (Loewenstein, 1954) would be
obeyed. Extraframework cation positions are labeled
with Roman numerals.

b 2t ElE Table 19 A&tk Cd”, O, C
JEl3 (SLADMO S U A ARE ASHET
(Doyle and Turner, 1968; Ibers and Hamilton,
1974a). BE AFRIA= A 4k o3 B4
H #e AESIMTtHCromer, 1965; Ibers and
Hamilton, 1974b). & 22} 1A} 2 Table 19
A=At 72 F2v|HEL Table 37 40, 1
2L AR Aot AL Table 59 60 e
g

6T 2
Mgaole v 323 Davtset Yol Kl

AETlE Y(FAU)S] =4 FZ=  double
6-ring (D6R, hexagonal prism), 222} E(sodalite)
53 (cubooctahedron), “1#]3l supercageZ TA¥
THFig. 1). 2t GHAZ= 87119] supercage, 8719
22e}0lE B2, 16709 D6R, 1670 12-ring L
2] 32719 6-ring(S6R)S 7HAAL Q)
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(b)

Fig. 2. Stereoviews of the double 6-rings (D6Rs) in
crystals 1 and 2. Of the 16 D6Rs per unit cell, 14.5
and 15.1, respectively, are occupied by Cd(I) ions as
shown in (a). The remaining D6Rs hold 2.8 and 1.3
Cd(I’) ions, respectively, as shown in (b). The
zeolite Y framework is drawn with heavy bonds.
The coordination of Cd*" ions to oxygens of the
zeolite framework is indicated by light bonds.
Ellipsoids of 25% probability are shown.

Ageo|E Y 249 SAstet #3S olF e
W73 o] &E2 Fig. 19| Zriealg el
W A s i FEY == 25 JRE 9
o} ool AEel 1, I, 1, I 283 1o H
AFE & Jde MNae 44 16, 32, 32, 3270 2
Pl 48710tk Fd3m 3= 711 Al&eolE
Y W site IPE 192709 A2]E 71RItHZhu et
al., 1999; Bekkum et al., 2001).

Crystal 1, |Cd36H3| [Si117A|75O384]_FAU

SGHE T 36.03) Cd* ol oAl el A
AskA A< site 1, I, I’ 18] AL ITa, [Iboll 3

Fig. 3. Stereoview of a representive sodalite cavity
in crystal 1. See the caption to Fig. 2 for other
details.

Fig. 4. Stereoview of a representive supercage in
crystal 1. See the caption to Fig. 2 for other details.

=] A th(Figs. 2-4).

CdR) GYAE T 14.5(1) Cd*" o] site
I(D6R T, Fig. 2(a))°ll A=At ©]A2 D6R
o] 67 =244} 2.372(3) AS] AdARE 7HA
o, Tdo Uit e ol2¥Ee 3 097 +
1.32 = 229 A(Robert, 1980/1990) Xt} 7+ W
Ag)0.082 A)elty.  0(3)-Cd(1)-03) AL
89.61(12)° 1¥]3L 90.39(12)°(Table 5)EA, 7¢]
2813k 8 A|(octahedral) S ©]F3L UTKFig. 2(a)).

Cd(I) Aol 2.8 Cd™ o] 3719
0(3) HOoZHE AgeolE ¢kEoz 138 A9
AE 2E53HA Eo17F 2™, O(3)-Cd(I')-0(3)
Z+& 89.9(5)°= A H(1200) 025 He] ¥
o174 QITHFigs. 2(b), 3).

HANE T 272709 Cd* o] & site II'(&
getolE W S6R 2 91A], Cd(D), Fig. 3)°l
AREAT o5& S6Re Al el EFA4kA,
0(2)et A<l AHiAAle Fel= 2.321(8) Al 2
FAEE 7 ATk

Cd(Ila)$} Cd(IIb)(Site II, supercage Y] S6R B¢
2 AANNA 137570 282 2.3(4) e Cd*
o]&Eo] WAHEUTKFigs. 3, 4). °|E o]
Al e A4k 0Q2)E 23l THE A= HH
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Table 7. Displacements of Atoms (A) from 6-Ring Planes

) crystal 1 crystal 2
atom site
displacement

Cd(T) -1.38 -1.34
at O(3)"

Cd(I’) 1.38 1.30

Cd(Ir’) r -0.74 -0.80
at 0(2)° Cd(Il) or Cd(1la) 0.15 0.65

Cd(IIb) 0.77 1.29

“Site I’ is near the plane of one 6-ring of a D6R; displacements into the sodalite unit are given as positive. A negative deviation
indicates that the atom lies within a D6R. "Site II is in the supercage; displacements from its 6-rings are given as positive. A
negative deviation indicates that the atom is at site II’ and lies within a sodalite cavity.

Fig. 5. Stereoview of a sodalite cavity in crystal 2
containing Benzene (C6H6). See the caption to Fig.
2 for other details.

S 2HE 0.15 A 0.77 AT supercage M2
2 A SAolAM A=A E CdF-02)
Agtdol= ZHzt 2207(4) At 2.35(3) AolUTh
0(2)-Cd(ITa)-0(2) AFZr 119.51(4)°2 443
M-S o] F31 ATk O2)-Cd(IIb)-0(2) 2 108.1(18)°
2, A E(1200)3= s a2t

Crystal 2,
| Cd35(CgHg) 24H5 | [Si117Al750384] —FAU

Crystal 2= crystal 13} PRI E DAL 3
35.0 Cd* o]&E°] Ol Ao AATH Ae]olA]
A E Aok

Site T1AE 15.1(1)712] Cd* o]&o] LA
t}. Cd()8l site I ANME 1.3(1)709] Cd** o]
2o] BMAFJN, Cd(I)S! site oA 0.7(1)
Cd" o]o] wA=ILE Site MM Cd(Ila)<}
Cd(b)ol A ZHzE 17.1(1)70F 0.82)702] Cd* o]
o] A=A

15.1()782] Cd** o] (Cd(I))2 site 1 (16772

Fig. 6. Stereoview of a supercage in crystal 2
containing Benzene (C6H6). See the captions to Fig.
2 for other details.

ol wbs Aol A 75 A Aok
(Fig. 2(a)). °lE2 D6RS] 94 712] O(3) 244+
29} 2.359(3) A9l AZZ AgstiaA ZwA
Bl o]F1 9t} ols el &l cdr ot
0%*9] ol&uAe] g 097 + 1.32 = 229 ART}
ot W A0.069 A)E YERNL = Aoltt
(Robert., 1980/1990). ©]#g+ Jo]&E2] A=
6-ring WO ZHE DR QHHOZ 134 A HE A
T3 US4 7 UTKTable 7).

1.3(H7AQ) Cd* o] (Cd(I’))2 Al 7o) ZZ4t
2 0(3)9) 2.350(14) A2l AtAEE 7HA AUA
o} o] F¥F ¢l o] 2ub e 311 2.29 A
B} otE 1 ARARE AL S-S gRett
(Robert, 1980/1990).

17.1(H)712F 0.8(2)709] Cd(lla)9} Cd(1b) ©]-
2 site 1ol|A] FAFENT, Al 72 444 0(2)
o} AAF Y 27 2.272(3) A} 2.575(21) A2l A
FdolE 7ML itk

WAl EAe AR or = TR AedA
Z¥zy WlAl(1)(supercage QHE 23t 33 3=
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Table 8. Comparison of Structures of Benzene Sorption Complexes of Cd**, Ca*', Mn**-exchanged Zeolites

(FAU)'
Occupancies at sites
Distanceb II Cation-O(2) (A) Ref
I r r IIa IIb

Cdag(CeHg)ss-X¢ 0.60 T 2 27 2224100  Kim et al. (1998)
Case(CoHe)s-X¢ 0.55 6 - ; ) 2318(7)  Yeom et al. (1998)
My s(CsHe)oa-Y° 0.62 135 4 2 18 2.205(5) Sam“(zzzg]h{"‘) et al
Cds(CeHg)oaHs-Y¢ 0.65 151 13 07 171 08 227203) This work

“The numbers in parentheses are the estimated standard deviations in the units of the least significant digit given for the
corresponding parameter. “The ion or atom extends the distance into the supercage. “Fully dehydrated.

h3} wAl(2)(supercage} supercage AFO12] 12-ring
AHEA F A F2Z ARE 7 itk

A1) SHAHE F 17709 A ExH10274
g4 92he W 1] Hol 6-ring W B
A 17709 Cd* o] &(Cd(Ila)) & A= o] A
THCd(la)e} WlAEA FATe] Al = 2.67 A)
(Table 6, Figs. 5, 6). WlA(1) dHoz =&
A FA90E 7M1 e B e o R o
BFARoE EASL JYTHC(1)-C(1) = 1.49(5) A;
C(1)-C(1)-C(1) = 120.00(1)°)(Table 6).

HA2) HAHE F 779 WA Ex427]2)
B4 AAHE 12-ring @ FAll XS HAl(2)
t 39 gAE /A EE ZHEHOZ 12-ring H
o &Y fAd EAY F U5 ¢ F U

(C2)-C2) = 1.34(4) A, C(2)-C(2)-C(2) = 118.2(13)°).
Eol g ZE

Crystal 13} 2914 Nazs-Y+& pH = 3.65 710
A Cd* o] o7 o]2wdsle] A g A
I} AIE F 36.03)70 35.0(1)7H2] Cd** o]
o] BFAEATE ©]+= esd (estimated standard devi-
ations) H¢] WolA B Cdyys-YZA $48)3] Cd™
oo & o]2wd FHuty L& + Yok I1HY
ol 2wt g9 e pHE 12I3td Al&eo|E
=24 W H o]2o] HR{EHAUS 7ol EAlste
2 ol 1% 7 NEEY BAE T 24
Cd36H3—Y(crystal 1)9’}‘ Cd35(C6H6)24H5—Y(crysta1 2)
ojt}.

gy CdF o]leo 2 wIkd A LEolE Y9

924 FREMAY d9AED O TFHY A
oA cd** o] 2Eo] LA Table 33} 4).
oj& tE ATl A ek o] & pH(pH = 3.65)¢]
Cd" o]nd g4 AMES ufo Axe fAF
S & 4= QldtH(Moon ef al., 2016). CdsesHa-Y
(Si/Al = 1.56)2] FZEA M= Cd* o] &L site
I, ', I, Ila 283l IbollA ZH2zb 14.59, 2.81,
2.75, 13.770 18]1 2.670 2 EEXEAHMoon et
al., 2016). 12t} Cdy-X(SV/Al = 1.09)¢] A%
Cd* 0] &-& site I 1671, site 110l 30712 T
2709 o2 AgldA e HAEATHKwon et al.,
1996).

WA Bape} AgS o] Rl e Cd™ o](site
lla)2 ©5F CdiygHs-Y(crystal 1) 72} vl
P o Al Y =44 OQ)EFH supercage
WEZ g 050 A O A9AHA EAEI
Crystal 2] 114 supercage ¢HEO 2 Cd** o]
9] 0]%% Hxﬂ;ﬂ]_ :S:‘Z} }\] EELZI\"‘\:"]_ Cd36H3-Y(crystal
1) T7ZolA Cd(11a)-0(2) AFAE7} 2.207(4) A
oA 2272(3) A(erystal 2)0.2 718 AR &
4 SQItHTable 5). O(2)-Cd(Ila)-0(2) ZAgZte
crystal 1o4  119.51°0]1 2} crystal 2014
11221(7°2 ZolHth ol Cd* ©]&(Cdlla)°]
WA FE2A-get7] wfZel et @4elth
6-ring ol E OQ2)ZHE Cd* °]29] o|4"
AEE 2k 0.65 Aol™, Cdy-X (Kim ef al., 1998)
(0.60 A), Cas-X(Yeom et al., 1998)(0.55 A),
Mns;5-Y(Shamsuzzoha et al., 2011d)(0.62 A)<]
Al g2 EdA A Bt de] oA des &
T AJATHTable B).
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WA()oA  CeHo(g) W C-C ARAZE
1.397(1) Aot widl &2 H3A W 2%
Cd*" o]&3} Y42Q 7)13 AFAEHE(quad-
rupole moment) 12|31 WAl EAe] r HAALE
2 BAZA] A wiel] YeRd Aol wl
A FAC()S2HE Ake Hx)et =44
2= 2 AR H(1)-0(1)E 3.154 A= wj$- o3
AR FsA-gS st YAk

HAQ2) A= A4 K] O(1) =44k A
1] 02) EA4HAE FA == supercage?] 12-ring
Haol] ZA5t YAk 12719] AadAE= Y
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O4)¢} O(1)ydAF Atel& el ASATHFig. 6). HIAl
(2) A= dAl 2] 7)8keERl FEjel A9
A %) 5}9] th(Stoicheff, 1954).

WA c(hd WA c)t AR
3.41(5) Aolal &g F43t A" H(1)-HQ2)=
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