RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page 1 of 18

RSC Advances

Rational design of a pyrene based luminescent porous
supramolecular framework: excimer emission and energy
transfer

Komal Prasad,” Ritesh Haldar,” and Tapas Kumar Maji***

“ Molecular Materials Lab, New Chemistry Unit, Jawaharlal Nehru Centre for Advanced
Scientific Research, Jakkur, Bangalore- 560064, India.’ Chemistry and Physics of Materials
Unit, Jawaharlal Nehru Centre for Advanced Scientific Research, Jakkur, Bangalore-560064,
India.

*E-mail: tmaji@jncasr.ac.in. Tel: (+91) 80 2208 2810; Fax: (+91) 80 2208 2766

Abstract

Here we report rational design and synthesis approach to construct a porous luminescent
supramolecular framework by modulating the spatial arrangement of aromatic linker directed by
coordination to metal ion. A metal-organic complex, {Cd(oxo-pba),(H,O),}, (1) has been
synthesized using a functionalized pyrene linker, 1-pyrene-y-oxo-butyric acid (oxo-pba) and this
structure is extended to a 2D supramolecular framework through non-covalent interactions.
Using Zn(I) as a metal center we have also synthesized {[Zn(oxo-pba),(bpy)]-4H,0}, (2),
which has similar chemical structure as compound 1, except 2,2'-bipyridine chelator is occupied
the positions of the coordinated water molecules. Further, compound 2 extends via several n-nt
and C-H:- -7 interactions to form a 3D porous supramolecular structure as supported by CO, (195
K) and different solvents vapour adsorption studies. Compounds 1 and 2 both show bright
pyrene excimer emission. Furthermore, the porosity and aromatic m electron decorated pore
surface of compound 2 has been exploited for noncovalent encapsulation of a suitable
acceptor dye acridine orange (AQO) and an efficient energy transfer from the framework to

encapsulated dye was observed.
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Introduction

The macroscopic properties of a metal-organic solid depend on its molecular arrangement in the
crystal lattice." Therefore the ability to predict the spatial organization of the constituent metal

ions and ligands in metal-organic compounds based on their structure and the metal ion geometry

2a-2b 2c-2d

is invaluable for designing magnetic and optoelectronic materials and also for their
nonlinear optical activity,” solid state reactivity®" and zeolite-like porous properties.*® Recently,
there has been an increased interest in the design of various excimer or exciplex based
optoelectronic materials for the development of sensors and light emitting diodes.” Such
materials based on inorganic-organic hybrid systems are relatively unexplored. Coordination
driven spatial organization of various organic chromophores would be beneficial, as it enables
efficient intermolecular charge transfer or energy transfer based on different donor-acceptor
pairing in a close proximity and secondly it can restrict molecular rotation of the fluorophores

that enhances their luminescence efficiencies.***¢

Therefore, the luminescence properties of such
hybrid systems may be modulated with wavelength shifts, intensity changes or even new
emission with the increase lifetimes as well as the quantum efficiencies.**f Among the different
organic fluorophores pyrene and its derivatives have been extensively studied in the area of
OLEDs due to its high luminescence quantum yield and life time.” The large aromatic m surface
area of pyrene can form strong m---m/C-H-- 7 association with other molecules resulting in a
bright red shifted excimer or exciplex emission.’ Indeed luminescent metal-organic porous
framework constructed using such chromophoric linker would be an exciting platform for
molecular recognition based on guest responsive tunable emission, molecular sensing and light
harvesting application and these are yet to be properly explored.” In this communication, we have
chosen a functionalized pyrene linker, 1-pyrene-y-oxo-butyric acid (oxo-pba) and Cd(Il) as a
precursor to synthesize a molecular complex, {Cd(oxo-pba),(H,0),}, (1). Similar to compound
1, another molecular complex of Zn(II), {[Zn(oxo-pba),(bpy)]-4H,0]}, (2) has been synthesized,
where cis coordinated water molecules of 1 is occupied with 2,2'-bipyridine (bpy). Such
replacement changes 2D supramolecular nonporous network of 1 to a 3D porous supramolecular

framework 2 with permanent porosity sustained by noncovalent m---w/C-H---7 interactions

(Scheme 1). Both the compounds show pyrene based bright excimer emission and in framework
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2 such emission has been further exploited for energy transfer application by encapsulating a

suitable acceptor dye acridine orange (AO).

Experimental Section

Materials

All the reagents were commercially available and used as provided without further
purification. Metal salts were obtained from SDFCL, 1-pyrene-y-oxo-butyric acid (oxo-pba) and
2,2'-bipyridine (bpy) were obtained from Sigma Aldrich chemicals. Acridine orange

hydrochloride hydrate was purchased from Acros Organics.
Synthesis of {Cd(oxo0-pba),(H,0),}, (1)

A 10 mL aqueous solution of oxo-pba (0.120 g, 0.4 mmol) was prepared using 0.1 M KOH
solution in a glass vial. 10 mL methanolic solution of Cd(NO3),-4H,0 (0.062 g, 0.2 mmol) was
added to the ligand solution before it was sealed and kept in the oven at 80 °C. Good quality
single crystals were obtained after 24 hours. Yield: 79%. Anal. calcd. for C40H3003Cd: C, 63.96;
H, 3.99. Found C, 64.01; H, 4.23. FT-IR (KBr pellet, 4000-400 cm '): 3451 (b), 3071 (m), 3038
(s), 2968 (s), 2922 (W), 2900 (s), 1672 (s), 1605 (m), 1593 (s), 1565 (s), 1540 (w), 1508 (s), 1495
(s), 1473 (s), 1441 (s), 1406 (b), 1383 (s), 1372 (m), 1345 (s), 1313 (s), 1251 (s), 1232 (s), 1210
(s), 1192 (s), 1178 (s),1158 (s), 1120 (s), 1078 (s), 1057 (s), 1025 (s), 992 (s), 972 (W), 959 (W),
954 (s), 880 (s), 845 (s), 820 (w), 802 (s), 776 (s), 736 (s), 720 (s), 694 (W), 682 (s), 652 (8).

Synthesis of {{Zn(oxo-pba),(bpy)]-4H,01}, (2)

A 10 mL aqueous solution of oxo-pba (0.120 g, 0.4 mmol) prepared using 0.1 M KOH and 10
mL methanolic bpy (0.031 g, 0.2 mmol) solution were mixed together and stirred for 30 minutes.
Zn(NO3),-6H,0 (0.059 g, 0.2 mmol) was dissolved in 10 mL water. 2 mL of this Zn(II) solution
was slowly and carefully layered above the mixed ligand solution using 1 mL buffer (2:1 of
water and methanol) solution. Good quality yellow coloured crystals were obtained after 15
days. The crystals were separated and washed with water/methanol (1:1) mixture and air dried.
Yield: 81%. Anal.cald. for CsoH4,N,O19Zn: C, 67.55; H, 4.73; N, 3.15. Found C, 68.13; H, 4.27;
N, 3.03. FT-IR (KBr pellet, 4000-400 cm™'): 3450 (b), 3071 (m), 3038 (s), 2968 (s), 2920 (W),
2900 (s), 1672 (s), 1605 (m), 1593 (s), 1565 (s), 1540 (w), 1508 (s), 1490 (s), 1473 (s), 1441 (s),
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1406 (b), 1383 (s), 1345 (s), 1313 (s), 1251 (s), 1232 (s), 1210 (s), 1192 (s), 1178 (s), 1166 (W),
1158 (s), 1120 (s), 1078 (s), 1058 (5), 1025 (s), 1015 (W), 992 (s), 972 (W), 954 (s), 917 (m), 880
(), 845 (s), 820 (W), 802 (5), 776 (5), 736 (8), 720 (S).

Bulk amount of the compound was synthesized in powder form by the direct mixing of the

corresponding ligand solution with aqueous solution of Zn(II).

Synthesis of acridine orange (AQO) included 2a (AO@?2)

0.03 g of desolvated compound 2 was dipped in 10" mM methanol solution of acridine orange
(AO) dye. The mixture was then stirred for 48 hours, filtered, washed with fresh methanol and
dried to obtain AO@2. NMR spectroscopy of AO@2 suggest that 0.08 molecule of AO
encapsulated of 2 per formula. Anal. cald. for Cs; 36H3552N22406Zn: C, 75.22; H, 4.34; N, 3.83.
Found C, 75.97; H, 4.11; N, 3.61. FT-IR (KBr pellet, 4000—-400 cm '): 3450 (b), 3071 (m), 3038
(s), 2968 (s), 2920 (W), 2900 (s), 2851 (W), 1672 (s), 1604 (W), 1594 (s), 1566 (m), 1540 (w),
1506 (s), 1489 (s), 1472 (s), 1441 (s), 1419 (s), 1384 (s), 1373 (m), 1346 (s), 1253 (s), 1232 (s),
1210 (s), 1191 (w), 1180 (s), 1157 (s), 1141 (m), 1123 (s), 1076 (s), 1058 (s), 1042 (w), 1026 (s),
1015 (w), 995 (s), 978 (W), 956 (s), 885 (s), 846 (s), 820 (w), 801 (s), 777 (s), 737 (s), 718 (s),
696 (m), 683 (s), 654 (s), 633 (s).

Physical measurements

Elemental analyses were carried out using a Thermo Fischer Flash 2000 Elemental
Analyzer. FT-IR spectra were recorded on a Bruker IFS 66v/S spectrophotometer using KBr
pellets in the region 4000-400 cm™'. Thermogravimetric analysis (TGA) was carried out (Metler
Toledo) in nitrogen atmosphere (flow rate = 50 mL min™) in the temperature range 30-600°C
(heating rate = 5°C min™). Powder X-ray diffraction (PXRD) pattern of the products were
recorded on a Bruker D8 Discover instrument using Cu—Ka radiation. Electronic absorption
spectra were recorded on a Perkin Elmer Lambda 900 UV-vis Spectrometer and PL spectra were
taken with Perkin-Elmer model LS 55 luminescence spectrometer. NMR spectrum was obtained
with a Bruker AVANCE 400 (400 MHz) Fourier transform NMR spectrometer with chemical
shifts reported in parts per million (ppm). Fluorescence lifetime measurements were carried out
using the EPL-405 ps pulsed diode laser. The quantum yields (QY) were determined using

‘integrating sphere’, an absolute QY measurement system.
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X-ray crystallography

X-ray single crystal structural data of 1 and 2 were collected on a Bruker Smart-CCD
diffractometer equipped with a normal focus, 2.4 kW sealed tube X-ray source with graphite
monochromated Mo-Ka radiation (A = 0.71073 A) operating at 50 kV and 30 mA. The program
SAINT® was used for integration of diffraction profiles and absorption correction was made with
SADABS’ program. All the structures were solved by SIR 92'° and refined by the full matrix
least-squares method using SHELXL-97."" All the hydrogen atoms were fixed by HFIX and
placed in ideal positions. Potential solvent accessible area or void space was calculated using the
PLATON multipurpose crystallographic software.'* All crystallographic and structure
refinement data of 1 and 2 are summarized in Table 1. Selected bond lengths and angles for 1and
2 are given in Tables S2-S5. All calculations were carried out using SHELXL 97, PLATON,
SHELXS 97" and WinGX system, Ver 1.70.01.'* The cif files are deposited in Cambridge
crystallographic database with CCDC number 987769-987770.

Adsorption study

Adsorption isotherms of N; (77 and 195 K) and CO, (195 K) were recorded using the
desolvated sample of 2 by using a QUANTACHROME QUADRASORB-SI analyzer. In the
sample tube, the adsorbent sample (~100—150 mg) was placed which had been prepared at 80 °C
under a 1 x 10™" Pa vacuum for about 12 h prior to measurement of the isotherms. Helium gas
(99.999% purity) at a certain pressure was introduced in the gas chamber and allowed to diffuse
into the sample chamber by opening the valve. The amount of gas adsorbed was calculated from
the pressure difference (Pca— Pe), where P, is the calculated pressure with no gas adsorption and
P. is the observed equilibrium pressure. All the operations were computer controlled and
automatic.

The adsorption isotherm of different solvents (MeOH, at 293 K and water, at 298 K) of 2
was measured in the vapour state by using a BELSORP-aqua volumetric adsorption instrument
from BEL, Japan. A sample of about ~100—150 mg was prepared by heating at 150 °C for about
12 h under a vacuum (1 x 10™' Pa) prior to measurement of the isotherms. The solvent molecules
used to generate the vapour were degassed fully by repeated evacuation. Dead volume was

measured with helium gas. The adsorbate was placed into the sample tube, then the change of the
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pressure was monitored, and the degree of adsorption was determined by the decrease in pressure

at the equilibrium state. All operations were computer controlled and automatic.

Results and discussion

Structural description of {Cd(oxo-pba),(H,0),}, (1)

Compound 1, synthesized in a solvothermal reaction of Cd(NOs),-4H,0 and oxo-pba crystallizes
in monoclinic C2/c space group. The asymmetric unit consists of 0.5 Cd(II), one oxo-pba ligand
and a water molecule (Fig. 1a). Each Cd(II) center is attached to four carboxylate oxygen atoms
(01, 02, Ol _a and O2_a) from two oxo-pba and other two coordination sites are occupied by
water molecules (O4 and O4 a) (a= 2-x,y,1/2-z) (Table 1, S1 and S2). The two oxo-pba act as
two side arms of 1, and extend as 1D column along a-axis through slightly off-set face-to-face
n-- -7 interaction (cg---cg distance ~ 3.496 A) between the pyrene rings (Fig. 1b and S1t). The
dihedral angle between two pyrene rings is 77.2 © and this is reinforced by H- bonding between
coordinated waters (O5 and O6) and carboxylate oxygens (O8 and O1), respectively (Fig. S2 and
S37). This 1D column is extended to 2D along b-axis by another H-bonding between coordinated
water molecule (06) and carboxylate oxygen (O7) (2.657 A) (Fig. 1c-1d). Additional face-to-
edge (~ 3.375 A) interactions between pyrene rings of neighbouring1D chains also support such

molecular packing (Fig. 1c-1d).

Structural description of {{Zn(oxo-pba),(bpy)]-4H,01]}, (2)

Further, we envisage the replacement of two cis-oriented coordinated water molecules (O5 and
06) in compound 1 by a chelating ligand bpy which has similar coordination angle for further
modification in the structure. However, this was unsuccessful as suitable single crystal was not
formed. But in a similar attempt with Zn(Il) we could able to synthesize {[Zn(oxo-
pba)(bpy)]-4H>01}, (2). 2 crystallizes in monoclinic C2/c space group and similar to compound
1 each hexa-coordinated Zn(Il) attached to four oxygen atoms (O1, Ol a, O2 and O2 a) from
two oxo-pba but two water molecules are replaced by two nitrogen atoms (N1, N1 _a) from a
chelating bpy (Fig. 2a and see Table 1 and S3-S47). The overall molecular structure resembles 1,
however the dihedral angle between two pyrene rings in 2 significantly reduces to 60.4 ° due to

steric strain imposed by bpy coordination (Fig. S2 and S4t). Two such mirror image complexes
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pack in such a way that two bpy stacks in a face-to-face fashion (cg---cg distance = 4.230 A) and
two oxo-pba arms of each complex stack in a face-to-edge fashion (cg:--cg distance = 3.601 A)
(Fig. 2b-2e). Such molecular packing leads to a 1D supramolecular column along c-direction that
has four arms directing in ab plane (Fig. 2b). Further 1D columns with four arms are
interdigitated by off-set face-to-face n-m stacking (cg:--cg distance = 3.827 A) between oxo-pba
to form a 3D supramolecular framework with 1D distorted rectangular shaped channels (6.2 x
6.2 A?) along c-direction (Fig. 2¢)."> These channels are filled with hydrogen bonded guest water
molecule (O1W) (Fig. 3 and S57) and removal of all the water molecules create a void space of
15.7 % of total cell volume.'® Interestingly, the pore surface is decorated with the oxygen atoms
from the carboxylate groups and also aromatic pyrene rings which render hydrophilic and phobic

sites on the pore surface, respectively.

Thermal stability and flexibility

The phase purity of compound 1 is confirmed by the measurement of PXRD patterns of the as-
synthesized compound (Fig. S67). To verify the thermal stability of 2 TG analysis was carried
out and it shows release of guest water molecules in the temperature range of 50-130 °C and the
desolvated phase (2a) is stable upto 220 °C (Fig. S77). This high thermal stability indicates very
strong intermolecular association in 2. The desolvated framework was prepared at 80 °C under
reduced pressure (10”' Pa) and PXRD pattern of the same shows subtle changes compared to that
of as-synthesized pattern (Fig. S8%) suggesting structural transformation. Such sort of
rearrangement or flexibility is expected in supramolecular structure and similar phenomena are
well-known in literature.'” To get an insight of the structural change we have indexed the PXRD
pattern of 2a and observed a distinct change in the cell parameters compared to that of as-
synthesized 2. The cell parameters are as follows: a = 15.018(14) A; b = 13.149(16) A; ¢
=9.790(28) A; B=98.23(8) °; ¥=1913.53 A® (ESIY). This result shows significant change along
a-axis and cell volume also decreases to less than half compared to 2. This suggests structural

contraction after guest removal.



RSC Advances

Gas and solvent vapour adsorption

To measure the porosity of 2a we have carried out N, adsorption at 77 K and recorded a
type-1I adsorption profile (Fig. S97). Interestingly, the CO, adsorption profile at 195 K shows
stepwise and gradual uptake with increasing pressure and finally ended with a value ~ 28 mL/g
at P = 1 atm (Fig. 4) indicating the permanent porosity in the framework. This sort of CO,
adsorption is characteristics of ‘soft’ porous framework and this can be attributed to weak
supramolecular forces that built up the overall framework of 2."® Further we have also carried out
water (298 K) and methanol (293K) vapour adsorption to understand the polarity of the pores
surface and structural flexibility (Fig. 5a). Water vapour uptake increases slowly at low pressure
but at P/Py ~ 0.7 shows a distinct step to reach the final uptake amount ~ 100 mL/g that
corresponds to ~ 3.7 molecules/formula. Desorption profile takes a different route leading to a
large hysteresis. In case of methanol vapour initial uptake is very low, afterwards two distinct
steps appear at P/P, ~ 0.24 and ~ 0.68 and final uptake amount corresponds to 2.6
molecules/formula (Fig. 5a). Methanol vapour shows slow uptake at low pressure and with
increasing vapour pressure probably the structure expands to accommodate methanol molecules
through specific interactions with hydrophobic and hydrophilic sites. Both vapour sorption
profiles are suggesting the contracted pore in the desolvated state and presence of hydrophobic
and-philic sites on the pore surface (Inset Fig. 5b). The stepwise uptake reiterates flexible nature

of the supramolecular framework.

Photophysical properties: excimer emission and energy transfer

Both 1 and 2 contain pyrene as a chromophore and hence an intense emission
characteristic was anticipated. 1 shows a broad absorbance spectrum with a maximum ~ 400 nm
(Fig. S107F). Upon excitation at 330 nm, 1 shows a red shifted emission with a maximum at 500
nm (Fig. S101). Such a huge red shift compared to oxo-pba monomer emission indicates
formation of a pyrene excimer and this is also clear from the crystal structure of 1 where two
pyrene moieties from two neighbouring complexes are in close proximity through w7
interaction (Fig. S117). Similar to 1, emission spectrum of 2 also shows a broad featureless band
with a maximum at 490 nm (4= 330 nm) (Fig. S107). Thus this cyan emission can be attributed

to the intermolecular pyrene excimer formation. From crystal structure it is evident that the
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pyrene rings, aligned in close proximity, are in appropriate spatial disposition to make such
excimer. Time-resolved single-photon counting experiment of 2 upon excitation at 405 nm and
monitoring at 490 nm showed a long lived excited state (~ t; = 0.4 ns (4 %), t2 = 11.1 ns (96
%)), further corroborating to excimer emission (Fig. 6b). oxo-pba dissolved in methanol (10 M)
was found to have shorter life time (~ t; = 1.6 ns ) in the monomeric state compared to the life

time of compound 2 (Fig. S127).

The permanent porosity, amphiphilic nature of the pore surface and bright cyan excimer
emission of compound 2 incited us to explore the energy transfer property by non-covalent
encapsulation of a suitable acceptor dye molecule. We selected acridine orange (AO) dye as its
absorbance maximum (An.x = 490 nm) overlaps with the emission spectrum of 2 and the
molecular dimensions is 13 x 6 A2 along the molecular axis of AO. The presence of four —CHj3
groups and large aromatic core of AO would help facile inclusion in the hydrophobic pore of 2.
The mixing of activated compound 2 in MeOH with 2 mol% of AO resulted the compound
AO@2. The difference in PXRD patterns of AO@2 with dehydrated 2 suggests structural
reorganization after encapsulation of AO (Fig. S131). To confirm that the AO dye has been
encapsulated into the supramolecular pores of 2a, we have measured the CO, adsorption
isotherm of AO@?2 at 195 K. It shows only 18 mL/g of CO, uptake, which is much lesser than
that in case of 2a (Fig. 4). '"H-NMR study of AO@2 after disintegrating in DCI and elemental
analysis suggest that 0.08 molecules of AO has been included per formula of 2 (Fig. S147).
Further, a physical mixture of compound 2 and AO was prepared in a 1:0.1 molar ratio. This
physical mixture showed a similar final uptake amount as that of 2a for CO, adsorption
measurement at 195 K (Fig. S15t). The experiment proves that the pores of compound 2a are not
blocked by AO in case of physical mixture. A distinct absorption band around 500 nm for
AO@?2 further concludes the inclusion of AO (Fig. S167). When AO loaded compound AO@?2
is selectively excited at 330 nm, the excimer emission at 490 nm is significantly reduced and
strong emission related to AO with maxima at 550 nm appeared (Fig. 6a, Fig. 6b Inset and Fig.
S17%). This suggests an efficient Forster resonance energy transfer (FRET) from framework to
non-covalently encapsulated dye molecules.”*™ Furthermore the excitation spectrum of AO@?2
monitored at AO emission (575 nm) shows a maximum at 410 nm which is clearly showing the

contribution of 2 in the observed emission (Fig. S187). Energy transfer is also realized from
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direct excitation of AO@2 at 500 nm that shows lesser intensity compared to when excited at

330 nm (Fig. S197).

To further elucidate the energy transfer process we have carried out time-resolved single-photon
counting experiments of AO@?2 with 405 nm excitation and monitored the emission at 470 (Amax
of donor) and 600 nm (for acceptor) (Fig. 6b and Fig. S207). The life-time decreased
significantly when monitored at 470 nm (~ 2.5 ns) compared to 2 (~ 11.5 ns) and at 600 nm we
observed sufficiently high life-time (~ 4.1 ns) compared to only AO dye (3.2 ns). This shows that
the framework emission energy has been consumed by the acceptor dye leading to decrease of
life-time when observed at 470 nm. The absolute quantum yield of 2 and AO@?2 were also
studied and found to be 6.1 and 17.5%, respectively. Such enhanced quantum yield in AO@2
indicates importance of such dye encapsulated luminescent framework in terms of better

luminescence efficacy.

Conclusions

In conclusion, a rational design approach has been implemented to construct a novel 3D
supramolecular luminescent porous structure based on a molecular complex {Zn(oxo-
pba).(bpy)} as a building unit. We have shown how a small change in the metal
coordination sphere acts as a structure directing force to generate an unprecedented soft
porous framework structure. This framework shows bright cyan pyrene excimer emission
and permanent porosity in the framework allows energy transfer application based on
non-covalent encapsulation of an acceptor dye through FRET process. This sort of design
of supramolecular soft framework would pave a new dimension towards luminescent

material design for potential light harvesting applications.

Associated content

1 Electronic Supplementary Information (ESI)
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Scheme 1 Schematic showing rational design of a luminescent porous supramolecular

framework for light harvesting application.

Table 1 Crystal data and structure refinement parameters of 1 and 2.

Parameters Compound 1 Compound 2
Empirical formula C4oH3005Cd Cs5oH4oN>O19Zn
Formula weight 751.05 888.18
Crystal system Monoclinic Monoclinic
Space group C2/c C2/c

a, A 53.310(5) 30.904(5)
b, A 5.4433(5) 16.245(5)
c, A 11.0524(9) 8.387(5)

B, ° 97.600(6) 90.170(5)
v, A’ 3179.0(5) 4211(3)

Z 4 4

T,K 293 293

umm’ 0.745 0.648
Deatea,g/cm’ 1.569 1.401

F (000) 1528 1832
Reflections [/>20(1)] | 2791 2529
Unique reflections 3811 5111

Total reflections 15293 24178

Rint 0.097 0.090

GOF on F~ 1.02 0.85

R, [I>26(D)]” 0.0661 0.0571
Ry[all data]” 0.2170 0.1680

Ry = Y| R= [ Aw(F S —F 2V M wE, ) 31"
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i , '
L—) b C-H- -7 interaction

Fig. 1 (a) Coordination environment of Cd(II) in complex 1; (b) 1D column like structure along

a-axis; (c¢) View of the 2D structure formed via C-H--'m interaction between oxo-pba of
neighbouring 1D columns in 1 and hydrogen bonding (black dotted lines) between O4 H---O2 1;
(d) View of the C-H---m interactions between neighbouring oxo-pba (shown in two different

colours for clarity).
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Fig. 2 (a) Coordination environment of Zn(II) in complex 2; (b) 1D supramolecular column with
four arms; (c) 3D supramolecular structure of 2 with 1D pore filled with water molecules (pink
balls); (d) two 1D columns interdigitated by face-to-face stacking of pyrene chromophores; (e)

face-to-edge interaction between pyrene moieties.
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Fig. 3 View of 3D supramolecular framework of 2 built by several non-covalent interactions

showing 1D water filled channels along the crystallographic c-axis.

Fig. 4 CO, adsorption isotherm of 2a and AO@?2 at 195 K.
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Fig. 5 (a) H,O and MeOH vapour adsorption profiles of 2 at 298 and 293 K, respectively; (b)
MeOH vapour adsorption profiles of 2 at 293 K in logarithmic scale; Inset shows hydrophobic
and philic parts of the pore in 2.
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Fig. 6 (a) Emission spectra of 2 and AO@?2 upon excitation at 330 nm; excitation spectrum of 2
monitored at 540 nm; UV-vis absorption spectrum of AO in methanol; (b) Fluoroscence life time

profiles of 2 and AO@2 monitored at 470 nm upon excitation at 405 nm; Inset: Structure of

Acridine orange (AO).



