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Abstract. In the past few decades, due to human activities such as fossil fuel power
generation, more and more CO2 in the atmosphere has been caused, and the greenhouse
effect has become more and more obvious. This poses a huge threat to human and global
security. At present, the CO> concentration in the atmosphere has exceeded 400 ppm, which
is about 40% higher than before industrialization, and the surface temperature has increased
by about 0.8 °C [1]. In work, we illustrate deliberate design strategy based on a switchable
porous new systems as member of a representative class of flexible MOFs via combination
of Zn(ll) as a metal ions with polydentate pyridine contain ligands and carboxylic contain
compounds at different reaction conditions that will depend on mole ration of starting
materials, solvent systems and temperature to comprise with reported structures in the
literature. Based on in situ experimental like (SC-XRD and PXRD) that will combined with
literature reports to find responsive and nonresponsive, depending on the transformability of
the gas-free reopened pore phase into the collapsed phase. To the best of our knowledge, a
few flexible frameworks are known to exhibit permanent porosity even in the absence of gas
molecules.
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1 Introduction

The rational design and assembly of coordination polymers are of current interest due to their
fascinating architectures and potential applications in gas storage, luminescence, separation,
catalysis, drug delivery, and so on [1-6]. Among the various N-donor bridging ligands, the 4,4'-
bipyridine type rigid linear ligands have afforded many noteworthy 2-D and 3-D frameworks whit
different metal ions. When rigid bifunctional ligands are used as spacers to connect metal centers,
the topology of the network is usually determined by the coordination geometry of the central
metal preference. Contrary to rigid ligands, the bifunctional flexible ligands with conformational
flexibility can induce variety of structures and may lead to the formation of the supramolecular
isomers. Many factors such as the coordination environment of metal centers, the donor sets of
ligands, solvent molecules, temperature, templates, counteranions, etc. can affect the final
architectures . Supramolecular isomerism is an essential element in the crystal engineering of
coordination polymer frameworks [7-9]. Supramolecular isomerism often results from the
existence of several different building block units with little or no difference in formation energy,
making it difficult to accurately predict final topologies. The study of supramolecular isomerism
is not only important in producing novel functional materials with a variety of topologies and
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interesting properties, but may also be helpful in developing a fundamental understanding of the
factors influencing crystal growth. However, the rational design and synthesis of supramolecular
isomers are still challenging topics [11-13]. Taking into account that systematic investigation of
the influence of the rigid spacer and substituent position of N-donor ligands on the formation of
coordination frameworks is scarce so far, to investigate the impact of substituent position of N-
donor ligands on the structural diversity of the assembled frameworks, L2 instead of L1, which
have different substituent groups and same spacer (Scheme 1), in an effort to investigate their
supramolecular coordination chemistry, was used in the reaction and complexes 1-4 were
successfully isolated

2.  Experimental

2.1 Materials

The solvents and reagents used in these studies were obtained from commercial sources and were
used as received.

2.2 Physical measurements

he IR absorption spectra were recorded in the range of 4004000 cm™ by means of a Bruker
Tensor 27 FT-IR spectrometer with KBr pellets. Microanalyses were performed using a Heraeus
CHN-O-Rapid analyzer. Melting points were measured on an Electrothermal 9100 apparatus and
are uncorrected.

2.3 X-ray crystallography

X-ray data for complexes 1 and 2 were collected at 100 K on a Bruker AXS SMART APEX —and
complex 3 on an APEX II CCD diffractometer, using Mo Ka radiation (Ka = 0.71073 A) in the x-
scan mode. The structures were determined by direct methods and refined by full-matrix least-
squares procedures using SHELXTL.

2.3 Syntheses

The compounds were prepared following branched tube methods as showed in fig.1.

Fig. 2. Graphical representation of the apparatus used in the syntheses of 1-4
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2.4 Results and discussion

The apparatus used in this work is shown in Fig. 1, and consists of a glass tube fitted with a side
branched arm, which forms an angle of 85° with the main reaction tube. The Mn(II) salts are
typically added to the main reaction tube, and the ligand is added as a ethanol solution (0.5 mmol
of the ligand L in 25 ml of ethanol). Alternately, all solid reactants may be added to the main
reaction tube and neat ethanol (25 ml) is added to fill the apparatus. Then, the main reaction tube
is sealed and it is immersed in a 60 °C oil bath, with the branched arm remaining at room
temperature (not immersed in the oil bath). The temperature differential between the reaction tube
and the angle-mount arm is believed to allow for the formation of single crystals suitable for X-
ray crystallography. It is noted that one-pot reactions in a flask often do not produce single
crystals, and the use of the unique apparatus described herein is advantageous in such cases.

2.5 Crystal structures of 1-4
Crystal structers data summarized in table 1 and structures described below

Complex 1: The crystal structure of 1 with the atom labeling is shown in Fig. 1 Single crystal X-
ray diffraction analysis reveals that complex 1 crystallizes in triclinic space group P-1. The
asymmetric unit of 1 consists of four Mn(ll) centers, two deprotonated L1 ligands, two
thiocyanate ligands without any solvwnt. The Mn(ll) centers bridges by four p-nitrogen atoms
and the complex 1 exhibits a square grid-like structure.

Complex 2

The asymmetric unit of 2 contain two Mn(ll) ion, one L2 ligand, three thiocyanate ligands. The
complex 2 consists of a centrosymmetric structure with two types of Mn(ll) centers. The
coordination environments around Mn(ll) ions are distorted octahedral geometries and each
manganese(ll) ions are coordinated with two nitrogen and one oxygene atoms from the L2 ligand
and two end-on (EO) bridging thiocyanate groups. The distorted octahedral geometries of Mn1
and Mn2 centers are completed by one terminal azido and methanol ligands, respectively. Two
Mn(Il) centers are bridged by the L5 ligand through one oxygen atom and four nitrogen atoms
with Mn1---Mn2 distance 3.972(1) A.

Complex 3

Complex 3 crystallizes in the monoclinic crystal system and P2:/c space group. the
asymmetric unit of 3 consists of symmetry related four Mn(ll) ions, four pentadentate L1 and four
terminale thiocyanate ligands. Each Mn(ll) ion is connected to the other two Mn(ll) ions through
bridging oxygen atoms from L1 ligands to form a square grid-like structure. Each Mn(ll) ions are
coordinated by three nitrogen atom from two different L1 ligand, one nitrogen atom from
terminale azide ligand. The coordination geometry around the all Mn(ll) ions can be described as
a distorted octahedral geometries.

Compex 4
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The structure of 4 Mn(ll) ions bridged by two L1 ligands. The molecular structure of 4 is very
similar to that of 3, with the difference being that the distorted octahedral geometries of Mn(ll)
ions are completed with thiocyanate. Furthermore, crystal structure of 4 is interpenetrated lattice.

Table 2. Crystal data and structure refinement parameters for complexes 1-4.

Crystal data 1 2 3 4
../../../User/Desktop/Ghodrairan/M4/grat011

Temperature | ) [..]../User/ p/ [M4/g 110 2) 100 2)
(K) cell measurement temperature293 (2)
Formula 137695 | 1435 179049 | 3507
weight
Crystal triclinic Triclinic monoclinic | triclinic
system
Space group | p 3 P-1 P21/c P-1
2 (d) 14.1532 13.4149

12.7720 (7) | 9.743 (2

0(7) | 9.743 (2) (13) (16)

b(A) 12,9943 (7) | 12.392 (2) 43.808 (4) 23300
c(A) 10.9873 14.0851

an 14.5990 (19) n 24.147 (3)
o () 85.019 (2) | 81.677 (14) 90 98.319 (7)
BC) 87.169 (2) | 73.422 (15) 110.454 (4) | 91.437 (7)
v () 66.460 (2) | 69.467 (19) 90 117.846 (6)
V (A3) 3029.2 (3) | 1580.1 (5) 8182.5 (14) | 3953.8 (8)
z 2 1 4 1
De(gem-3) | 1510 1.508 1.453 1.473
w (mm-1) 0.89 0.86 0.73 0.80
Omax. () 35.9 29.3 333 26.1
Measured 76101 10574 92040 53067
refls.
Independent | ) 7060 24646 14663
refls.
Rint 0.057 0.064 0.061 0.190
S 1.01 0.94 1.06 0.96
R1/wR2 0.050/0.112 | 0.066/0.201 0.079/0.230 | 0.083/0.238
Apmax/Apmin | o ce, 060 | 0.73/-0.48 3.62/-1.14 | 0.83/-0.68
(eA-3)
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2.6 Conclusions

In summary, a series of Mn complexes prepared via one pot simple method and final product
received without any recrystalization. Using the classical bridging ligand which lacks potential
hydrogen donor or acceptor groups (except the very weakly basic imine nitrogen atom which is
only a modest hydrogen acceptor and often does not participate in intermolecular hydrogen
bonding) yields complex 1 in all three tested solvents. In 4, the change from acetonitrile to
methanol leads to a structure where the solvent molecules not only engage in extensive hydrogen
bonding, but they also coordinate to the manganese ions. Each ion is coordinated in an all-trans
manner by N-bound thiocyanate anions. Crystallization from solutions containing Mn2+ and
SCN- ions as well as bis(4-pyridyl) substituted hydrazone derivatives L normally leads to the
formation of 2D [Mn(SCN)2L2]Jn MOFs. When a ligand L which cannot form hydrogen bonds
with the solvent molecules is employed, the obtained product has an intepenetrated structure with
the voids of each 2D network occupied by atoms of two neighboring networks. Adding an amide
functional group, acting both as a hydrogen donor and acceptor, on the bridging ligands, thus
allowing hydrogen binding of the solvent molecules and, expectedly, preventing interpenetration,
was found to have three possible effects: (1) formation of hydrogen bonded interpenetrated
structures; (2) hydrogen bonding of solvent into the voids leading to noninterpenetrated 2D
networks (as expected); and (3) replacement of one or more of the bridging ligands by solvent
molecules.
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Abstrakt. Son bir ne¢o onillikds, qaliq yanacaq enerjisi istehsali kimi insan faaliyyati
noticasindo atmosferdo getdikco daha cox CO2 amoalo golir vo istixana effekti getdikco daha
aydin goriiniir. Bu, insan va qlobal tohliikasizliys bdyiik tohliiks yaradir. Hazirda atmosferds
CO2 konsentrasiyas1 400 ppm-i ke¢ib ki, bu da senayelogsmadon avvealkindan toxminon 40%
yiiksokdir va sothin temperaturu toxminon 0,8 °C artmisdir [1]. Isdo biz ¢cevik MOF-larin
tomsil¢i sinfinin tizvii kimi doyisdirilo bilon masamali yeni sistemlors asaslanan diigiintilmiis
dizayn strategiyasini tosvir edirik. Zn(II)-nin polidentat piridinlo metal ionlar1 ilo birlogsmasi
noaticosinds miixtalif reaksiya soraitindo ligandlar vo karboksilik torkibli birlogsmalar var ki,
bu da odobiyyatda bildirilmis strukturlardan ibarot baslangic materiallarin, holledici
sistemlorin vo temperaturun mol nisbatindon asili olacaq. Qazsiz yenidon ag¢ilmis mosamo
fazasinin ¢okmiis fazaya ¢evrilo bilmoasindon asili olaraq, cavab veron vo reaksiya
vermoyanlori tapmaq tliglin odobiyyat hesabatlari ilo birlosdirilocok in situ eksperimental
(SC-XRD vo PXRD) ssasinda. Bildiyimiz qadar, bir ne¢a ¢evik ¢argivonin qaz molekullari
olmadiqda bels daimi masamslik niimayis etdirdiyi malumdur.

Acar sozlor: koordinasiya polimeri, kristal miihondisliyi, hidrogen rabitosi, 6z-6ziino
y1gilma va solvent effektlori

IDPPEKT ITAMATH ®OPMbI B T'NMBKOM NOJIMJAEHTATHOM IIUPU/IUHE,
COJIEP)KAIIIEM METAJLUIOPTAHUYECKHUI KAPKAC
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3a MOCNEeIHUE HECKOJIBKO JECATWIETUH W3-3a JEATEIbHOCTH 4YEJIOBEKa, TaKOM Kak
IIPOM3BOJICTBO IEKTPOIHEPTUH HA MCKOIIAaEMOM TOIUIMBE, B aTMOc(epe MOSBISUIOCh BCe OOJIbIIIe
u Oonpiie CO2, a mapHUKOBBIA 3(PQeKT cTaHOBHICS Bce Oonee M Oolee OUYEBUIHBIM. ITO
IpeJICTaBIsIeT CcOOOM OTrPOMHYIO yIpo3y uYeloBedecko M riobaibHO Oe3omacHocTu. B
Hacrosee BpeMs kKoHeHTpauus CO2 B armocdepe npessicuiia 400 ppm, uto npumepHo Ha 40%
BbIIIIE, YEM JI0 MHIYCTpUAIM3AI1H, a TeMIIepaTypa MOBEPXHOCTH yBeIUYMIach nmpuMmepHo Ha 0,8
°C [1]. B pabote MBI WITIOCTPUPYEM MPOJYMAHHYIO CTPATETHIO MPOEKTHPOBAHUS, OCHOBAHHYIO
Ha MEepeKII0YaeMbIX MOPUCTHIX HOBBIX CHCTEMaX KakK IMPEJCTaBUTENs MPEACTaBUTEIBHOIO Kilacca
rubkux MOF. 3a cuer coderanus Zn(Il) kak HOHOB MeTamia C MOJUACHTATHBIMU
NUPUIMHCOJIEPKAIUMH  JIMTAaHJIaMU M KapOOKCWJIBHBIMH COEIMHEHMSIMM TIPH  Pa3IUUHbIX
YCIOBHSAX PeaKIuu, KOTOpble OyIyT 3aBUCETh OT MOJIBHOTO COOTHOILIEHUS MCXOIHBIX MaTEPHUAJIOB,
CHUCTEM pacTBOpUTENEH U TEeMIEpaTypbl COEIUHEHHS] CO CTPYKTypaMH, YKa3aHHbIMH B
autepatrype. Ha ocHoBe skcmepuMmeHTanbHBIX HccaenoBanuid Ha mecte (SC-XRD u PXRD),
KOTOpbIe OyIyT OOBEANHEHBI C JIUTEPATYPHBIMH OTYETAMHU, YTOOBI ONPEAEIUTh pearupyromue u
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HE pearupymoliue, B 3aBUCUMOCTH OT CIOCOOHOCTH K TpaHcpopmanuu 6e3ra3oBoii (a3pl BHOBb
OTKPBITBIX TOp B CkaTylo (asy. Hackoibko HaM M3BECTHO, M3BECTHO, YTO HEKOTOPHIC TMOKHE
KapKachl IEMOHCTPUPYIOT OCTOSTHHYIO MOPUCTOCTD JIaXKe B OTCYTCTBHE MOJIEKYJI rasa.
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