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PYRIDINE-CONTAINING METAL-ORGANIC COORDINATION
POLYMERS: SYNTHESIS AND PROPERTIES

The article presents the results of our research on the synthesis of
pyridine-containing coordination polymers based on zinc and copper. At
the moment, metal-organic coordination polymers are considered one of the
most interesting and rapidly developing areas of organic chemistry. This
determines their use in petrochemistry, pharmaceuticals, construction and
much more. The introduction presents a literature review on the methods
of synthesis of metal-organic coordination polymers, their structure and
the main pyridine ligands used. The structure of a known polymer based
on pyridine-3,5-dicarboxylic acid and europium is presented.

The materials and methods describe the reagents used and the
synthesis techniques. The discussion results present data on the obtained
metal-organic polymers based on pyridine-2,6-dicarboxylic acid, and
provide photographs of the polymer crystals obtained using a light
microscope. The absorption spectra of the synthesized polymers were
recorded in comparison with pyridine-2,6-dicarboxylic acid. It was shown
that the absorption spectra of the initial acid and the obtained polymers
exhibit a hypochromic effect of the carboxyl group signal, indicating the
formation of a polymer. The polymer obtained on the basis of copper has
a more ordered structure, gives a higher yield of the product and better
strength properties in contrast to the zinc polymer.

Key words: metal-organic polymers, pyridine, solvent evaporation,
dicarboxylic acid, ligand.
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Introduction

Organometallic coordination polymers are compounds consisting of metal
ions or clusters linked together by rigid organic molecules to form one-, two- or
three-dimensional structures that must also be porous [1]. In general, the structural
design of organometallic coordination polymers is a simple approach known as
building block methodology [1]. Organometallic polymers have great potential
for further industrial applications.

Synthesis of organometallic coordination polymers is carried out by
solvothermal, ionothermal, diffusion, microwave methods, synthesis using
ultrasound, directed at the matrix, and others [2]. One of the most common and
simple methods for obtaining polymers is the solvent evaporation method. In this
method, the organic ligand and inorganic component are dissolved in a mixture
of an organic solvent and water [3].

MOFs contain organic and inorganic components. The organic units (linkers/
bridging ligands) are composed of carboxylates or anions such as phosphonate,
sulfonate, and heterocyclic compounds [4]. The inorganic units are metal ions or
clusters. Their geometry is determined by the coordination number, coordination
geometry of metal ions, and the nature of the functional groups [5]. The pore
size can be tuned and the spatial arrangement of the cavities can be controlled by
a judicious choice of metal centers and organic ligands, as well as by adjusting
the conditions of their synthesis. Their high porosity allows them to be used in
adsorption and separation of gaseous molecules, catalysis, microelectronics, optics,
sensor applications, bioreactors, drug delivery, and others [6]. Figure 1 alone shows
several possible pyridine-based organic ligands such as pyridine-2,3-dicarboxylate
and pyridine-2,6-dicarboxylic acid [7].

Figure 1 — Pyridine-based organic ligands

It is worth considering in more detail the structure of MOFs with pyridine
ligands, since pyridine can have substituents in 3 positions and depending on their



Becruuk Topaiireipos yuusepcutera, ISSN 2710-3544 Cepust Xumuko-ouonoeuyecxas. Ne 3. 2024

location, the structure and shape of the MOFs will change [8]. Figure 2 shows a
Eu(IIl) complex in which the linker was pyridine-3,5-dicarboxylic acid [9].

Figure 2 — Spatial model of the Eu(III) polymer

This structure shows that the bond between the metal and the ligand is formed
by the oxygen atoms that are part of the carboxylic acid.

Material and methods

Reagents used in the synthesis: pyridine-2,6-dicarboxylic acid —a product of
Sigma-Aldrich. Zinc nitrate hexahydrate Zn(NO,), 6H,O, copper nitrate trihydrate
Cu(NO,), 3H,0 (chemically pure).

In this experiment, to obtain polymers, an organic ligand in the form
of pyridine-2,6-dicarboxylic acid and an inorganic component, zinc nitrate
hexahydrate, as well as copper nitrate trihydrate, were dissolved in a mixture of
ethanol and water.

Preparation of zinc-MOF: 0.2 mmol (0.024 g) of pyridine-2,6-dicarboxylic
acid was dissolved in 12.5 ml of aqueous solution (H20 and C,H,OH in a
ratio of 1.5:1), after which 0.05 mmol (0.0148 g) of zinc nitrate hexahydrate
Zn(NO,),"6H,0 was added. The contents were dispersed in an ultrasonic bath
GAO008G (GRANBO, China) for 1 minute. The solution was left at room
temperature for 6 days to evaporate the solvent. The yield was 52 %.

Preparation of copper-MOF: the preparation of copper polymer was carried
out by the same method as the preparation of zinc. 0.2 mmol (0.024 g) of pyridine-
2,6-dicarboxylic acid was dissolved in 12.5 ml of aqueous solution (H,O and
C,H,OH in a ratio of 1.5:1), after which 0.05 mmol (0.0121 g) of copper nitrate
trihydrate Cu(NO,),"3H,0 was added, dispersed in an ultrasonic bath for 1 minute
and left for complete evaporation of the solvent for 4 days. The yield was 53 %.
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Results and discussion

Despite the variety of methods for synthesizing MOFs, as a rule, only the
solvent evaporation synthesis method allows obtaining a polymer in a crystalline
state, which allows further study of its structure by X-ray structural analysis. This
technique shows a good yield of polymers and practicality [10].

The polymer yield averaged about 50 %. Scaling the process allows obtaining
a product with a higher yield, which is associated with the acceleration of the
crystallization process. The obtained polymers were examined under a microscope,
Figure 4. A study of the polymer structures under a microscope showed that
the Cu-MOF crystal shape corresponds to the orthorhombic syngony, in which
the unit cell is determined by three perpendicular, but not equal to each other,
base vectors. A similar structure was found in the polymer obtained by solvent
evaporation [10]. Zn-MOF has a monoclinic structure, which corresponds to
three vectors of different lengths, forming two right angles and one angle greater
than 90. The polymer obtained in work [10], also by solvent evaporation, had the
same structure.

Figure 4 — Copper-zinc MOFs under a microscope
with illumination from below

MOFs obtained from copper have a characteristic bluish color, while zinc
polymers are colorless.

The absorption spectra of the obtained polymers and pyridine-2,6-dicarboxylic
acid were studied using a CM 2203 spectrofluorimeter (SOLAR, Russia).
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Figure 5 — Spectra of polymers and organic ligand

In the absorption spectrum of pyridine-2,6-dicarboxylic acid, two absorption
maxima are observed in the region of 220 and 275 nm, which indicates the
aromaticity of the acid structure and the formation of carboxylate anions,
respectively (Figure 5). In the absorption spectra of Cu-MOF and Zn-MOF, the
presence of an aromatic structure is confirmed by the retention of the absorption
maximum at 220 nm. In this case, the second absorption maximum in the case of
polymers is subject to a hypochromic effect and a hypsochromic shift by 270 nm.

Conclusion

Organometallic coordination polymers have become an integral part of
modern science and technology due to their unlimited variations in structural
construction, which is an amazing opportunity to create a new layer of functional
materials with desired properties. Over time, improving synthesis techniques,
as well as more extensive research in this direction, will open new boundaries
for the use of metal-organic coordination polymers. In this article on MOCPs, a
new method for obtaining polymers based on pyridine-2,6-dicarboxylic acid was
proposed, and the main characteristics of the obtained polymers with metal centers
from zinc and copper were studied based on micrographs and absorption spectra.
It was shown that the obtained structures completely coincide with the known
literature data. This study was carried out with the financial support of Ministry of
Science and Higher Education of the Republic of Kazakhstan, project AP 08856049
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METAJIBIK — OPTAHUKAJIBIK KOPJUHAIIASITBIK
MOJIMMEPJIEP: CHHTE3I 7)KOHE KACUETTEPI

JKymvicma mbipbii neH Mblc He2i3iHoe NUpUOUH 6ap KOOPOUHAYUATLIK,
noaumepaepOiy cunmesi O0UbIHWA 63IMI30IH 3epmmeyiepimizoiy
nomudicenepi bepineen. Kazipei yakeimma memann-opeaHuKkaiviy
KOOPOUHAYUSILIK NOJUMEpPIeD OP2AHUKAILIK XUMUSAHbIY el Kbl3bIKnibl
JHCOHE me3 OAMbIN Kejle HCAMKAH CANANaPbIHbIH Oipi 60abin cananasl. byn
011apObl MYHA XUMUACBIHOA, (hapmayesmuxaod, KypbliblCma HeoHe m.o.
natioananyea sxeneoi. Kipicneoe memainn-opeaHuxaiblk KOOPOUHAYUAILIK,
noaumepnepdi cunmesoey adicmepi, 01APObIH KYPbLIbLMbl HCOHE
KOJLOAHBLIAMbIH He2i3el NUPUOUH JUeaHOmapvl mypaisl a0ebuemmepee
wony oepineen. Iupuoun-3,5-0ukapOun KeliuKbvlivl MeH eyponull
Hezi3iHOe2l Oenzini noaumMepoiy KypblibiMbl OepiiceH.

Mamepuanoap men odicmep KOIOAHBIIAMbBIH peazeHmmep MeH
cunmes npoyedyparapuln cunammauovl. Tanixweiniay nHomudcenepi
nupuourn-2,6-0ukapOor KoliKblibl He2i3iHOe allblH2AH Memaii-
Op2AHUKANBIK NOAUMEpAep MYPaAabl MOAIMemmepOi JCoOHe HCAPbIK
MUKPOCKONIHAH AIbIH2AH NOIUMED KPUCTANOAPbIHbIY (homocypemmepin
ycoiHaowl. Cunmesoeneen noaumepiep yulih abcopoyusnblk cnekmpiep
HCAZBLIBIN, NUPUOUH-2,6-0UKAPOOH KbIUKLLIBIMEH CAAbICIbLPBLIObL.
bacmankpl Keluksiiovly osrcone anvinean noaumepnepoiy abcopoyusnblk,
cnekmpiiepinoe noaumepoiy my3inyin Kepcememin KapOoKcul mooObiHbIH
CUSHATLIHBIY 2UNOXPOMObL dcepl balikariamuinbl KopcemineeH. Muic
HezizinOe2i noiumep He2ypivlmM pemmenzen KypoliblMed ue, Mulpblil
noauMepinet aublpMablIbl2bl JHCO2aPbl OHIM WbI2IMObLIbLIZHIH JHCOHE
JHCaKcol bepikmik Kacuemmepin bepeoi.

Kinmmi cosdep: memann-opeanukanelk noaumepiep, MUPUOUH,
epimkiwmiy Oyianyvl, OUKAPOOH KbIUUKbLIbL, TUSAHO.
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IINPUINHCOAEPKAINUE METAJIJI-OPTAHUYECKHUE
KOOPJIWHAIIMOHHBIE IOJUMEPHI: CHUHTE3 U CBOMCTBA

B pabome npedcmasinenvt pesynomamuol coOCmeeHHbIX UCCIE008aAHUL
no CUHmMe3y NUPUOUHCOOEPHCAUUX KOOPOUHAYUOHHBIX NOIUMEPOS HA
ocHoGe yunka u meou. Ha OauHblii MOMEHM Memain-opeanuieckue
KOOPOUHAYUOHHBIE NOLUMEDPDl, CUHUMAIOMCA OOHUM U3 CAMbIX
SAHUMAMENLHBIX U OLICMPO PA3GUSAIOWUXCS HANPABTEHUL OP2AHUYECKOT
xumuu. Omo obycirasiusaem ux UCHOIb308AHUE 8 Hedmexumuu,
papmayeemuke, cmpoumenbcmee u MHozoe opyeoe. Bo esedenuu
npeocmagier aumepamypHulii 0630p N0 Memooam CuHmesa Memai-
OP2aHUYECKUX KOOPOUHAYUOHHBIX NOTUMEPOB, UX CIMPYKMYPE U OCHOBHbLM
UCRONbL3YEeMbIM NUPUOUHOBLIM Tucandam. Ilpedcmasnena cmpykmypa
U36ECMHO20 NOIUMEPA HA OCHO8e NUPUOUH-3,5-0UKapOHOBOU KUCIONb
u esponusi.

B mamepuanax u memooax onucanvl ucnonb3yemvle peaxmuesl u
Memoouxu cunmesa. B pesynomamax oocysrcoenus npedcmagiensi OaHHble
0 NONYYEHHBIX MEMALI-0P2AHUHECKUX NOTUMEPAX HA OCHOBE NUPUOUH-2, 6~
OUKApOOHOBOIL KUCTIOMbL, NPUBEOEHbl (homozpaghuu KpUucmaios nonumepd,
NOTYHEHHBIX CO C8EMO08020 MUKPOCKONA. [IIst CUHIME3UPOBAHHBIX NOTUMEPOB
CHAMbL CHEKMPbL NO2LOWEHUSL C CPABHEHUU ¢ NUPUOUH-2, 6-OUKAPOOHOBOI
Kucnomoii. Ilokasano, umo 6 CneKmpax no2niowenus: UCXOOHOU KUCTOMbl
U NOTYYEHHBIX NOTUMEPOB HADII0OAeMCsl 2UNOXPOMHBILL 3¢hhekm cueHana
KapOOKCUNbHOU epYynnel, Ymo ceudemeibcmayem 006 006pa308anuu
noaumepa. Ilonumep, nomyuenHvlili Ha 0cHOGe melu, obradaem Ooiee
VHOPAOOYEHHOU CIPYKMYPOU, 0daemn 006U 8b1X00 NPOOYKMA U Iy YULUMU
NPOYHOCMHBIMU CEOUCEAMU 8 OMIAUNUU OM YUHKOBO2O NOIUMEDPA.

Kniouesvie crosa: memanioopeanuueckiue noaumepsl, NUpuOuH,
ucnapetue pacmsopumens, OUKApOOHO8As KUCIOMA, TUSAHO.
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