230 B 6 H Tl 1k 2% 2 Eird Vol.30 No.6
2014 4 6 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 1413-1420

ETRIBRM =M LS FRIES TR
WEW. &M R R

Hiperl IpQ@GER a2 F oD OFH OF' E M
(HARHREFEERRENFEDFR EHABERERBR AT TS RT  437100)
CRMRFHEERBEADIRHXFHRELEHE KM 550025)

WE., ETRIAARMZ WP EFE 0 7 AT R 571G %, [(1,4-PMNH,) - (18-crown-6)] - [(H;0) - (18-crown-6)], -
[(HL0) - (18-crown-6)] - (18-crown-6)- (Bi,Cly) (1), 1L4 ¥R IE58 i 5 | Pea2, % I BE a=2.483 0(3) nm,b=1.161 8(3) nm,c=3316 1(2)
nm, V=9.566(2) nm*, I3l iF ILLL ARG 1E By AT G AN ST R S S5 K S BT R AG A WHEAT T SR 0 /AR, AR T T B
FALG Y 1 b KBRS 7 B A(Bi,Clo)™ I 18 - 5 85 HE FUR UL & W &5 4 IR 78 2 IR T X H R 96 1 Bt 47 I X R AE il
1 DSC XF HAERE P AT T REA 43T

KB . ARIRGH PO, AR BT
RESES . 0614.532 CEAARIRAS . A XEHS . 1001-4861(2014)06-1413-08
DOI:10.11862/CJIC.2014.210

Synthesis, Structure and Properties of a Supramolecular Hybrid
Compound Based on Macrocyclic Assemblies
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Abstract: The first pentacyclic supramolecular hybrid compound based on macrocyclic assemblies and
multichloro-metal anion, [(1,4-PMNHj;) - (18-crown-6)]+[(H;0)+ (18-crown-6)},+[(H,0) + (18-crown-6)] + (18-crown-6) -
(Bi,Cly) (1), has been synthesized and characterized by single crystal X-ray diffraction, XRPD, elemental analysis,
UV, DSC, TGA, IR and 'H NMR (1,4-PMNH;*=1,4-phenylenedimethanaminium). Compound crystallizes in the
orthorhombic system, space group Pca2,, with a=2.483 0(3) nm, 6=1.161 8(3) nm, ¢=3.316 1(2) nm and V'=9.566(2)
nm’. There are five 18-crown-6 macrocyclic molecules with different structural parameters to build the
pentacyclic structure. And the macrocyclic assemblies ([(1,4-PMNH;)-(18-crown-6)[*, [(H;0)-(18-crown-6)]* and
[(H,0)- (18-crown-6)]) were formed by the guest molecules (1,4-PMNH;*, H;0* and H,0) inserting into the crown-
ether macrocycle through strong N(0)gu,—H*** Oy H-bonding interactions. The (Bi,Cly)’~ cluster was composed
of three u,-Cl donors and six terminal Cl atoms. The macrocyclic assemblies and anion clusters were alternately

stacked together to build the H-bonding supramolecular multi-component compound. CCDC: 917407.
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0 Introduction macrocyclic  cavity  through ~ H-bonding  weak

The intermolecular weak interactions can play an
important role for the design and synthesis of host-
guest supramolecular compounds. And the selective
recognition of guest molecules can easily be achieved
if the host and guest molecules were combined
together through the mentioned intermolecular weak
forces, such as H-bonding, charge-transfer and van
der Waals forces. That is, the host and guest should
be provided with some special configurations and

U9 In this way, the host and guest

suitable groups
molecules can be combined together to build the
designed self-assembly  structures through each
distinctive building modes. Therefore, these supramol-
ecular self-assembly compounds will be the potential
functional materials applied in the fields of molecular
recognition, molecular adsorption, mediated ion
transport, ion exchange, self-assembly engineering,
luminescence and anion-activated catalysis*'?. Among
such compounds, the most typical examples are the
crown ether-based inclusion compounds. As we all
know, the crown ether host shows a particularly high
selectivity to the alkali metal ion guests (such as K* or
Na*) through metal-O bonding interactions. Similarly,
the crown ether also possess a high selectivity to some
nonmetallic ion guests (NH,", R-NH;" and OH;"), and
this the by

automatically adjusting the sizes and shapes of the

macrocyclic  host  include guests

NH

N

Solvent

Scheme 1

BiCl, < o““H”"o >
N’

interactions"". Thus, a large number of novel supra-
molecular structures based on 18-crown-6 macrocyclic
host have been synthesized'*®, in which the intermol-
ecular weak interactions played an important role, and
the macrocyclic host with six -O-CH,-CHy- repeating
units showed excellent natural flexibility in the self-
assembly process. Furthermore, the cation guests and
balance anions can also affect the stoichiometry and
molecular conformation of the host-guest inclusion
complexes. In most cases, the R-NH;* type of cations
will be embedded in one side of the flexible 18-crown
-6 macrocycle with 1:1 stoichiometry via three (or six)
strong R-N-H -+ O g ooms H-bonding interactions"*'”. Tn
addition, the large multi-charged anions (multichloro-
metal ion or heteropolyanion) can result in the
formation of mult-component composites by the spatial
the

mentioned synthesis strategies and characteristics, the

stacking interactions. According to above-
benzyl diamine, Bi,Cls*™ and 18-crown-6 were selected
to build the supramolecular compound 1, [(1,4-
PMNHj) - (18-crown-6)] - [(H;0) - (18-crown-6)], - [(H,0) -
(18-crown-6)] - (18-crown-6) * (Bi,Clg) (in which the 1,4-
PMNH;=1,4-phenylenedimethanaminium) (Scheme 1).
And the macrocyclic assemblies ([(1,4-PMNH;) - (18-
[(H;0) - (18-crown-6)|* and [(H0) - (18-
crown-0)]) were formed by the guest molecules (1,4-
PMNH;*, or H;0* and H,0) inserting into crown-ether

H-

crown-6)]*,

macrocycle through strong  N(O)yme—H"** O cceptor

Q % 0 0
O‘“I:I. —I-‘Lno . Ou‘ﬁ- —I:I'no .
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Synthesis process and H-bonding modes of compound 1
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bonding interactions. There are five 18-crown-6
macrocyclic  molecules  with different  structural

parameters to build the first supramolecular multi-

component compound with pentacyclic structure.
1 Experimental

1.1 Material and instrument

All the reagents and solvents employed were
commercially available and used as supplied without
further purification. Elemental analyses for carbon,
hydrogen and nitrogen were performed on a Vario EL
IIT elemental analyzer. The infrared spectra (4 000~
500 e¢m™) were recorded by using KBr pellet on a
SHIMADZU IRprestige-21 FTIR-8400S spectrometer.
UV/Vis spectrum was measured at room temperature
using SHIMADZU UV-2450 UV-Vis spectrophotometer.
The X-ray powder diffraction (XRD) data were collected
with a Siemens D5005 diffractometer with Cu Ko
radiation (A=0.154 18 nm). Luminescence spectra were
recorded on an F-4600 fluorescence spectrophotometer
at room temperature using the solid sample.
1.2 Preparation of complex 1

Compound 1 was synthesized by employing mild
solvothermal method in the presence of organic 1,4-
phenylenedimethanamine  (1,4-MPNH,), BiCl;, 18-
crown-6 and dilute HCL. BiCl; (4 mmol, 1.26 g) was
added into an 20 mL H,O/DMF/MeOH/HCl mixture
solvent (volume ratio 5:2:5:1) under constant stirring.
To this solution, 0.22 g (2 mmol) of 1,4-MPNH, was
slowly added. Finally, 1.58 g (6 mmol) of 18-crown-6
and additional 1 mL of HCl (36%) were added into
the mixture, and the mixture was stirred for 1 h to
obtain a homogeneous gel. The final mixture with the
molar composition of BiCly/18-crown-6/1,4-MPNH, (2:
3:1) was transferred into a 25 mL Teflon-lined acid
digestion bomb and heated at 100 °C for 2 d under
autogenously pressure. Then the reaction was slowly
cooled to room temperature at a rate of 5 C +h™".
Colorless block monophasic crystals suitable for X-ray
diffraction were obtained in 47% vyield (based on
BiCl;). This compound is only slightly soluble in
water. 'H NMR (300 MHz, D,O, TMS, 298 K):
(ppm): 7.72 (d, 2 H, aromatic-H), 7.51 (d, 2H,

aromatic-H), 3.24 ~3.28 (s, 4H, methylene-H) and
3.45~3.50 (d, 120H, methylene-H of 18-crown-6).
Elemental analysis for 1, CgH yBiCloN,Os; (2251.84):
Anal. Caled.(%): C 36.25, H 6.26, N 1.24; Found(%):
C 35.88, H 6.13, N 1.17. IR spectrum (cm™, KBr):
3 505(s), 3 481(s), 3 402(m), 3 393(s), 3 354(s), 3 328
(m), 3 277(m), 3 103(w), 2 918(s), 2 871(s), 2 381(w),
1 583(m), 1 543(w), 1 479(m), 1 421(s), 1 361 (w),
1 288(s), 1 221(m), 1 210(m), 1 129(s), 1 051(w), 933
(m), 871(w), 824(w), 778(m), 730(w), 704(m), 648(w),
569 (w), 538 (w), 502 (w). In addition, the analogous
tertiary amine and secondary amine molecules (1,4-
PM-NHMe, 1.4-PM-NMe,, 1.4-PM-NHEt and 1.4-PM-
NEt,, that is, the H atoms of 1,4-PM-NH, were
substituted by methyl or ethyl) were additionally
added into the reaction solutions, respectively. These
corresponding ammonium cations were not involved in
the crystallization, and did not affect the yield and
purity of compound 1.
1.3 Crystal structure determination

A single crystal of the title complex with
approximate dimensions 0.30 mmx0.20 mmx0.20 mm
was selected for data collection at 93(2) K, using a
Rigaku SCXmini diffractionmeter with graphite mono-
(A=0.071 073 nm). The

structure parameters were obtained by CrystalClear™"

chromated Mo Ko« radiation

with the 6 range for data collection from 2.29° to
27.41°. Of the 57 938 reflections collected, there were
20 246 unique reflections (R;,=0.131 8). The absorption
correction was carried out by multi-scan method. The
structure was solved by direct methods with SHELXS-
97 and refined by full matrix least squares on F* with
SHELXL-97%21. All non-H atoms were refined aniso-
tropically. The H atoms attached on N and O were
located on Fourier map and refined with U, (H)=
1.5U,,. All other H atoms were placed in geometrically
idealized positions and constrained to ride on their
parent atoms with U, (H)=1.2U,,. The Flack parameter
is 0.00(3).

the compound 1 are summarized in Table 1, and the

Detailed data collection and refinement of

selected bond distances and angles are listed in Table
2.
CCDC: 917407.
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Table 1 Crystal data and structure refinement for compound 1

Empirical formula
Formula weight
Crystalsystem

Space group

CesH1N205B1,Clos
2251.8423
Orthorhombic
Pea2,

0 range for data collection / (°)

Limiting indices

Reflections collected

Independent reflections (R;,)

2.29~27.41
-2 <h<32,-14<k<15-42<[<34
57 983

20 246 (0.131 8)

Completeness to 6#=25.98° / % 99.18

a/ nm 2.483 0(3)

b/ nm 1.161 8(3) Absorption correction

¢/ nm 3.316 1(2) Refinement method

Volume / nm? 9.566(2) Data / restraints / parameters
A 4

D./ (g-em™) 1.563 Final R indices ([>20(/))
F(000) 4 854 R indices (all data)

Semi-empirical from equivalents
Full-matrix least-squares on F*

20246 /849 /1 016

Goodness-of-fit on F* 1.017

R=0.078 0, wR,=0.178 6
R=0.120 8, wR,=0.224 9

Table 2 Selected bond-length (nm) and bond-angle (°) of compound 1

Bi(1)-Cl(1) 0.255 4(4) Bi(1)-C1(2)
Bi(1)-Cl(4) 0.291 5(3) Bi(1)-CI(5)
CI(1)-Bi(1)-C1(2) 94.37(11) C1(1)-Bi(1)-C1(3)
CI(1)-Bi(1)-Cl(4) 89.89(10) C1(2)-Bi(1)-Cl(4)
CI(1)-Bi(1)-C1(5) 92.91(10) C1(2)-Bi(1)-C1(5)
Cl(4)-Bi(1)-C1(5) 80.67(9) CI(1)-Bi(1)-C1(6)
C1(3)-Bi(1)-C1(6) 97.50(10) C1(4)-Bi(1)-C1(6)

0.260 4(3) Bi(1)-C1(3) 0.261 9(3)
0.292 2(3) Bi(1)-C1(6) 0.305 6(3)
91.50(11) C1(2)-Bi(1)-C1(3) 92.23(11)
172.17(10) C1(3)-Bi(1)-Cl(4) 94.23(10)
92.53(10) C1(3)-Bi(1)-C1(5) 173.25(10)
165.89(10) C1(2)-Bi(1)-C1(6) 96.10(10)
78.67(9) C1(5)-Bi(1)-C1(6) 77.23(9)

2 Results and discussion

2.1 Synthesis

For the synthesis of compound 1, the reaction
conditions and the proportion of raw materials are
very important. The pure compound 1 with highest
yield can be obtained by controlling the mole ratio of
1,4-MPNH;* and 18-crown-6 to be 1:3 under mild
solvothermal conditions. Otherwise, a large amount of
white powder will be precipitated with the increase in
the proportion of 1,4-MPNH; * ions, which was
identified as the [(1,4-PMNH;) - (18-crown-6)]; - (Bi,Clo)
compound by elemental analysis and TG. On the
contrary, the yield will be reduced as the decrease in
the proportion of 1,4-MPNH;". In addition, the analogous
tertiary amine and secondary amine molecules (1,4-
PM-NHMe, 1,4-PM-NMe,, 1,4-PM-NHEt and 1,4-PM-
NEt,, that is, the H atoms of 1,4-PM-NH, were
substituted by methyl or ethyl) were additionally added
into the reaction solutions, respectively. However,
these corresponding ammonium cations were not

involved in the crystallization, and did not affect the

yield and purity of compound 1. Moreover, only
the [(OHa)+(18-crown-6)];+(Bi,Cly) compound can be
obtained when the 1,4-MPNH;* cation was absent,
regardless of whether the other ammonium cations are
present in this solution (even with a very high
concentration). This experiment provides evidence that
the flexible 18-crown-6 ether shows high selectivity to
1,4-MPNH;* and OH;" cations, and the 1,4-MPNH;*
guest possess a priority to be selectively identified.
2.2 Spectral properties

The structure of compound 1 was identified by
satisfactory elemental analysis, IR and XRPD?I, The
IR spectra shown a series of characteristic peaks of
aromatic ring at 1 583, 1 479, 1 210, 778 and 704
cm™, and the sharp peak at 3 103 cm™ corresponds to
the aromatic C-H vibration of 1,4-MPNH,**%. The
strong broad band around 3 300~3 400 cm™ suggests
that the -NH, group and H,O molecules were
protonated to form the intermolecular N-H---O or O-
H---O H-bonds. Moreover, the double sharp peaks at
3 505 and 3 481 c¢m™ showed the presence of unpro-

tonated -NH, group. And the double sharp peaks at
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2 918 and 2 871 em™ are corresponds to the v, (C-H)
and v(C-H) of methylene, respectively. The characte-
ristic peaks of crown ether are presented at 1 421,
1361, 1288, 1221 and 1 129 ecm™, which are attrib-
uted to the specific -O-C-C- structural unit. The
corresponding UV/Vis spectra of the compound 1 and
1,4-PMNH, were measured in the solid state at room
temperature and exhibit an absorption bands at the
range of 200 ~400 nm. The above spectral analyses
are in agreement with the determined single-crystal
structure.

(XRPD) analysis: The

agreement between the experimental and simulated

X-ray powder diffraction

XRPD patterns indicated the phase purity of 1 (Fig.1).
The difference in reflection intensities between the
simulated and experimental patterns was mainly due
to the different powder size during collection of the

experimental XRPD data.

Measurement

C

0 2 3 4 50
20/ (%)

Fig.1 Experiment and simulated XRPD curves for

compound 1

2.3 Description of crystal structure

Single-crystal X-ray analysis reveals that complex
1 crystallized in the orthorhombic space group Pca2,.
The asymmetric unit were composed of five 18-crown-
6 molecules with different shapes, one 1,4-PMNH;*
cations, two OH;" cations, two Bi(ll) cations, one water
molecule, three uy-bridged Cl- and six terminal CI-
anions (Fig.2). Two water molecules and one of the -
NH, groups (1,4-PMNH, molecule contains two
terminal -NH, groups, 1,4-PMNH;*=H,N-CH,-Ar-CH,-
NH;*) were protonated to form the tridentate H-bonding
(-NH;* and OH;"). Then the tridentate 1,4-

donors

PMNH;*" H-bonding donor involved in the formation of
macrocycle-based [(1,4-PMNHa) - (18-crown-6)|* asse-
mbly with 18-crown-6 acceptor, via strong N-H--- O
hydrogen-bonding interactions. The -NH;*side of H,N-
CH,-Ar-CH,-NH;* guest was connected to the crown-
ether host through three short linear N-H --- O H-
bonds and three longer acute interactions. Similarly,
the OH;* and H,O connected with the crown-ether
molecules through strong O,.—H *** O g mme hydrogen
bonds to result in the formation of [(OHs)«(18-crown-
6)]" and [(H,0) - (18-crown-6)] assemblies. The distances
(N or O, and

(Oigaoms) 1n the macrocyclic

between the H-bonding donor atoms
the acceptor atoms
assemblies are very short as shown below, indicating
strong intermolecular hydrogen-bonding attractions
(the N1++-0g e distances are 0.284 7(2), 0.286 0(2),
0.297 3(2), 0.299 4(2), 0.287 9(2) and 0.291 3(2) nm;
O1W -+ O g.oms distances are 0.259 7 (2), 0.268 7(2),
0.265 4(2), 0.285 2(2), 0.281 9(2) and 0.292 2(2) nm;
02W -+ Ogomns  distances are 0.268 9(2), 0.296 4(2),
0.2655(2),0.2889(2), 0.271 6(2) and 0.285 5(2) nm;
and 0.286 0(2) and 0.295 9(2) nm for O3W -+ 05 oumes
respectively). All the hydrogen-bond geometry in the
above mentioned assemblies are similar to those in
related compounds containing  18-crown-6 and
alkylammonium salts"*®. In addition, the tridentate
H-bonding donor -NH;* and OH;" are almost perpendi-
cular to each crown-ether mean plane along the gyro-
axis of the assemblies, and the N1, O1W, O2W and
03W atoms are out of each plane with 0.071 3(3),
0.026 1(3), 0.048 6(3) and 0.174 5(5) nm, respectively.
The shape and structural parameters of the five 18-
crown-6 macrocyclic molecules are different, but all
the macrocycles are based on the same conformation
of approximate C;, symmetry, with all O-CH»-CH»-O
torsion angles being gauche and alternating in sign,
similarly, all CH,-O-CH,-CH, torsion angles being
trans. And the O,y ane atoms are nearly coplanar, that
is, three O atoms are located slightly above the mean
plane of Oy anes and the other three O atoms below
the plane, with average deviations of the O atoms from

the O aner planes of 0.365, 0.479, 0.452, 0.521 and

0.689 for the five 18-crown-6 macrocycles, respectively.
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Displacement ellipsoids at 30% probability level; Different color represents different 18-crown-6 assemblies

Fig.2 Viewing of the asymmetric unit and showing the coordination environment in complex 1

One unit

Different color represents different 18-crown-6 assemblies; Hydrogen atoms which not be included in H-bonds are excluded for clarity

Fig.3  Self-assembly packing of the 18-crown-6 assemblies and (Bi,Cly)* anion units viewed along the b axis (a)

and the simplified diagram by omitted the guests (3b)

For the Bi,Cly™ anion, it was presented as counter-ions
to the supramolecular guest-host cation assemblies, in
which, the irregular octahedral Bi(ll) centers adopt a
six-coordinate

geometry composing of three pu,-

chelated chloride atoms and three terminal chloride
(Cl4, CI5 and
Cl6) bridged the metal ions into a binuclear Bi,Cl;

atoms. And the w,-chelated Cl atoms

unit, with the Bi-Cl bond distances in the range of
0.305 6(5)~0.289 1(3) nm, and Bi-Cl-Bi bond angles
in the range of 85.66(3)°~83.31(2)°. In addition to the
three mono-valent assemblies (one [(-NH3) (18-crown-
6)]" and two [(OHs) - (18-crown-6)]*), where there are
two zero-valent assemblies (one [(H,0) +(18-crown-6)]
and one 18-crown-6) within the asymmetric unit, they
stacked through  the

were  alternately together

interactions of the Bi,Cly® - anions. This combined

mode may be due to the presence of the trivalent
Bi,Clg™ anion, which is relatively larger than the other
common anions. This is very similar to the known [Ni
(dmit),]” and [PMo,O,]" anions 5%, So the Bi,Cly*"
can be embedded into large and structurally diverse
macrococlic assemblies to result in the pentacyclic
supramolecular structure (as shown in Fig.3).
2.4 Fluorescent properties

The fluorescent properties of the complex 1 and
1,4-MPNH, were investigated at room temperature in
the solid state. The intense broad emission band at
391 nm was observed for compound 1 upon excitation
at A =315 nm, as illustrated in Fig.4. Moreover, the
free 1,4-MPNH, presents a weak photoluminescence
emission at 380 nm under the same experimental

conditions. The emission of complex 1 is red-shifted
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about 11 nm compared to that of free ligand 1,4-
MPNH,. Obviously, the emissions derived from the
conjugated systems of the aromatic amine molecules.
After coordination, one of the -NH, groups of 1,4-
MPNH, molecule was protonated, and the arm-like
-NH;* group was firmly bound in the crown ether
cavity through six strong N-H---O H-bonding interac-
tions, then the parent aromatic ring was fixed and
showed a better plane conjugacy. Therefore, the
rigidity and the conjugated effect of this aromatic
system has been promoted during the molecular
main role to the

packing, which plays the

luminescence intensity and red-shift effect. Thus, the
compound 1 and the 1,4-MPNH, have shown different

luminescence properties.

Excitation at 1=315 nm

391 nm

1,4-PMNH,

300 350 400 450
Wavelength / nm

Fig.4 Fluorescent emission spectra of compound 1
and free 1,4-MPNH,

2.5 Thermal analysis

The thermal behaviors of the title compound have
been discussed in detail through the thermogravi-
metric  (TG) and differential scanning calorimetry
(DSC) measurements from 20 to 700 “C. As shown in
Fig.5, there are four thermal anomaly peaks in the
corresponding DSC curve. The first endothermic stage
occurs with the peak temperature at 181 °C, which
proves that three water molecules were lost. And the
next endothermic peak with large thermal anomaly
value was observed at 263 “C indicating the escape of
four free 18-crown-6 molecules. The third endoth-
ermic peak indicates the escape of [(1,4-PMNH;)- (18-
crown-6)] assembly in the range of 298 to 312 °C. The
last exothermic stage, with very broad range of nearly

150 °C, corresponds to the decomposition of inorganic

parts. For compound 1, [(1,4-PMNHs)-(18-crown-6)]-
[(H;0) + (18-crown-6)],*[(H,0) * (18-crown-6)] + (18-crown
-6) - (Bi,Cly), the multi-component characteristic makes
the weight loss becoming a little more complicated.
Corresponding to the DSC, there are also four weight-
loss peaks in the TG diagram in the temperature
range of room temperature to 700 °C. The structure
remains undecomposed up to 182 “C where the first
weight loss start with the weight loss of about 2.53%,
which indicates the escape of three water molecules
(Caled. 2.49%). The second step of weight loss was
observed in the range of 260 to 273 °C, amounting to
about 46.77% weight loss and corresponding to the
escape of four crown ether molecules (Caled. 46.91%).
The remaining [(1,4-PMNHs;) - (18-crown-6)| assemblies
part has been lost until a high temperature of 301 C
with the weight loss of 17.69% (Calcd. 17.81%). Then,
the last weight loss appeared, which indicate the
decomposition of the remaining inorganic parts. This
is the special feature for multi-component hybrid

supramolecular compound.

1004 -20
18

80 1 16 =
R-NH,* assemblies lost 14 g
i 604 DSCofl |1, &
5 | pnbons decommenion [0 &
g 404 1 ! nions decomposition L2 &
Water lost | -14 2
@]
20 16 2

-18

04 <— 18-crown-6 lost -20

100 200 300 400 500 600 700
Temperature / °C

Fig.5 DSC and TGA curves for compound 1

3 Conclusions

In summary, the novel supramolecular compound
has been synthesized successfully by effectively
controlling the reaction conditions, in which the
different shapes were adopted for the five 18-crown-6
ether-based  cation

macrocyclic  molecules.  The

assemblies and trivalent anion clusters were

introduced into the multi-component crystal material
by performing the supramolecular self-assembly
method. And this experiment provides valid evidence

that the flexible 18-crown-6 ether shows distinct
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selectivity to different guests, and the R-NH;* guest
possess a priority to be selectively identified. This

supramolecular synthesis = strategies allow us to

modulate the structural assemblies effectively, thus
many macrocyclic supramolecular compounds with

useful properties will be obtained.

References:

[1] Akutagawa T, Koshinaka H, Sato D, et al. Nat. Mater., 2009,
8:342-347

[2] Wei R J, Huo Q, Tao J, et al. Angew. Chem. Int. Ed.,
2011,50:8940-8943

[3] Wei R J, Tao J, Huang R B, et al. Inorg. Chem., 2011,50:
8553-8564

[4] Bao S S, Liao Y, Su Y H, et al. Angew. Chem. Int. Ed.,
2011,50:5504-5508

[5] Jin H J, Wang P F, Yao C, et al. Inorg. Chem. Commun.,
2011,14:1677-1680

[6] Jin T, Li G N, Zhou X H, et al. Inorg. Chem. Commun.,
2011,14:1944-1947

[7] Peng Y H, Meng Y F, Zuo J L, et al. Inorg. Chem., 2010.49:
1905-1912

[8] Yang Q Y, Li K, Luo J A, et al. Chem. Commun., 2011,47:
4234-4236

[9] Fu D W, Zhao M M, Ge ] Z, J. Mol. Struct., 2011,1006:227-
233

[10]Suzuki I, Obata K, Anzai J, et al. J. Chem. Soc., Perkin
Trans. 2, 2000,2:1705-1710

[11]Fu D W, Cai H L, Li S H, et al. Phys. Rev. Lett., 2013,110:
257601 (5pages)

[12]Fu D W, Zhang Y, Cai H L. J Mater. Chem., 2012,22:
17525-17530

[13]Akutagawa T, Hashimoto A, Nishihara S, et al. J Phys.
Chem. B, 2003,107:66-74

[14]ZHOU Qin-Qin (JA 3£ 3F), FU Da-Wei (ff KX Hi). Chinese J.
Inorg. Chem.(RAUALF 5 3R), 2013,29(8):1696-1702

[15]Henschel D, Blaschette A, Jones P G, et al. Acta Cryst. C,
1997.53:1875-1877

[16]Chatterjee T, Sarma M, Das S K. J. Mol. Struct., 2010,981:
34-39

[17]Akutagawa T, Sato D, Koshinaka H, et al. Inorg. Chem.,
2008,47:5951-5962

[18]Akutagawa T, Endo D, Kudo F, et al. Cryst. Growth Des.,
2008.8:812-816

[19]Akutagawa T, Endo D, Imai H, et al. Inorg. Chem., 2006,
45:8628-8637

[20]Ren X M, Nishihara S, Noro S, et al. Polyhedron, 2007,26:
1787-1792

[21]Desiraju G R. Crystal Engineering: the Design of Organic
Solids. New York: Elsevier, 1989.

[22]Sheldrick G M. SHELXS-97, Programm for Crystal Structure
Solution, University of Gottingen, Gottingen, Gremany,
1997.

[23]Sheldrick G M. SHELXL-97, Programm for Crystal Structure
Refinemett, University of Gottingen, Gottingen, Gremany,
1997.

[24]SA INT-Plus, Version 6.02, Bruker Analytical X-ray System,
Madison, WI, 1999.

[25]Nakamoto K. Infrared and Raman Spectra of Inorganic and
Coordination Compounds. 3rd Ed. New York: Wiley, 1978.

[26]Newnham R E. Structure Property Relations. New York:
Springer, 1975.





