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Abstract

A new copper (Il) coordination compound,
[Cu (H2EDTA)]-H20, was synthesized via slow
evaporation from a mixed aqueous-DMF medium
under controlled pH conditions. Single-crystal
X-ray diffraction analysis revealed a six-coordi-
nate copper (1) center surrounded by four oxygen
and two nitrogen donor atoms from a partially
deprotonated H2EDTA ligand, forming a distorted
octahedral geometry. The crystallographic results
confirmed the chelation of both carboxylate oxy-
gen and amine nitrogen atoms to the Cu (Il) ion.

Fourier-transform infrared (FT-IR) and
Raman spectroscopic studies supported the co-
ordination mode by identifying characteristic
asymmetric and symmetric stretching vibrations
of coordinated carboxylate groups. The observed
Av (v_asym-v_sym) values indicate predominantly
bidentate coordination of the carboxylate moi-
eties. Metal-ligand vibrations in the low-frequen-
cy region further confirmed Cu-0O and Cu-N bond
formation.

Bond Valence Sum (BV'S) analysis yielded
a value of 2.07, consistent with the +2 oxidation
state of copper and supporting the structural data
obtained from single-crystal analysis. Minor devi-
ation from the ideal value reflects slight geometric
distortion within the coordination sphere. Ther-
mal behavior examined by TG-DTA demonstrated
the presence of lattice water molecules and indi-
cated stepwise decomposition of the coordinated
framework.

The combined crystallographic and spectro-
scopic investigations provide a comprehensive un-
derstanding of the coordination environment and
bonding characteristics of the Cu(ll)- H2EDTA
system, contributing to the structural chemistry of
EDTA-based copper complexes.
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AHHOTaLms.

Hoeoe koopounayuonnoe coedunenue
meou (I1) [Cu (H2EDTA) |-H20 6w110
CUHME3UPOBCAHO NYyMEM MeO/IEHHO20
UCNAPEHUA U3 CMEWAHHOU 600HO-

JIM® cpeowt 6 Konmpoaupyemvix
ycnosuax pH. Monokpucmaniuueckuii
PEHmMZeHOCMPYKMYPHbLIL AHAIU3 GbLAGUIL
WLeCmUKOOPOUHAMHBLIL UeHmp Meou

(1), okpysicennviit uemplpoma amomamu
KUC10p0o0a u 08ymMsa AamoMamu-00HOpamMu
azoma u3 4acCMU4Ho 0enpoOmMOHUPOCANHOZO
auzanoa H2EDTA, obpa3zyoujuii
UCKAIICEHHYI0 OKMAIOPUHECKYIO
ceomempuro. Kpucmannozpaguueckue
pe3yibmamsl NOOMEEPOUIU XeLAUUIO
KaK KapOoKCUIamuozo Kuciopooda, max u
amunnozo azoma k uony Cu (II).

@ypve-mpanchopmuvie unppaxpacnsie
(OT-HK) u kombunauuonnvie
CHEeKmpocKonuvecKue uccie006anHus
nOOMEEpOUIU KOOPOUHAUUOHHBLIL PEICUM,
6bLABUE XAPAKMEPHDbLE ACUMMEMPUUHDIE U
cuMmempuyinsle yOluHeHHble KOeOanus

KOOPOUHUD OBAHHBIX KAPOOKCUIAMHBIX ZPYNA.

Haénrwoaemvie 3navuenun Av (v_asym-v_
SyH1) yKa3vleaom Ha NPeUMyu|ecneeHHO
Oudenmammuyo KOopouHayuio
Kapooxcuiamuplx yacmeil. Buopauyuu
Memai-uzanoa 6 HU3KO4acmomuou
0b1acmu 0OnOIHUMEIbHO HOOMEEPOUILU
obpaszoeanue ceazeit Cu-O u Cu-N.
AHanu3z cymmol 6a1eHmHocmeli
ceazeii (BVS) oan 3nauenue 2,07,
coomeemcmeyioujee +2 cmenenu
OKUC/leHUA MeOu U hoomeepiicoaiouiee
CmpyKmypHble OaHHble, ROIYUeHHbIE 8
pe3yibmame MOHOKPUCMALIUYECKO20

ananusza. He3nauumenvnoe omkionenue
0N UOeAIbHO20 3HAYEHUS OMPadicaen
He3HauumenbHoe 2eomempuiecKkoe
UCKajicenue 8 KOOpOUHAUUOHHOUL cghepe.
Tepmuueckoe nosedenue, ucciedosannoe
TG-DTA, npooemoncmpupogaio
Halu4ue peutemuamplx MoieKyl 600bl
U ROKA3A/10 ROIMANHOE pacuienienue
KOOPOUHUDPOBAHHOU CHIDYKHIYPb.
Komobunuposannuie
Kpucmaniozpaguueckue u
CHeKMpOCKOnu4ecKue Ucce006anus 0aiom
noIHOe npedcmagiieHue 0 KOOPOUHAUUOHHOUL
cpeoe u XapaKkmepucmuKax cea3u Cucmembl
Cu (1I)-H2EDTA, umo cnocoocmeyem
CHIPYKMYPHOU XUMUU KOMNLEKCO8 MeOU Ha
ocnoge EDTA.

Kniouesble cnosa:

Komnaexc meou (11); H2ED-
TA auzano; Monokpucmaiiuueckas
penmeenoouppaxuyusn; UK-cnekmpockonus;
Pamanoeckaa cnekmpockonusn; Ananu3s
CYMMbL 6A/IEHMHOCHIU 00/ 1uzayuil,
TI'eomempusn koopounam; Xenayus

Introduction

In recent years, there has been a significant increase
in the synthesis of new coordination polymers'. Coordi-
nation polymers (CPs) are molecular structures formed
through the regular bonding of metal centres and organ-
ic ligands, and their diverse propertics and applications
arc being cxtensively studied. These compounds are
distinguished by their high thermal and chemical stabil-
ity, structural adaptability, and the ability to selectively
incorporate functional groups®. As a result, they show
great potential for wide-ranging applications in various
fields such as gas storage and separation, catalysis, op-
toclectronics, magnetic materials, drug delivery systems,

1 H. Furukawa, K.E. Cordova, M. O’Keeffe, O.M. Yaghi, The Chemistry and Applications of Metal-Organic Frameworks, Science 341

(2013) 1230444. https://doi.org/10.1126/science.1230444.

2 N. Stock, S. Biswas, Synthesis of Metal-Organic Frameworks (MOFs): Routes to Various MOF Topologies, MOI’phOlOgieS, and

Composites, Chem. Rev. 112 (2012) 933-969. https://doi.org/10.1021/cr200304e.
3 H.-C. Zhou, J.R. Long, O.M. Yaghi, Introduction to Metal-Organic Frameworks, Chem. Rev. 112 (2012) 673-674. https://doi.org/10.1021/

cr300014x.
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and sensor technologies'. At present, luminescent co-
ordination polymers are attracting considerable scientif-
ic interest. The main reason is their high sensitivity in
detecting heavy metal ions, particularly Fe** ions’. Un-
like conventional luminescent sensors, such coordination
polymers offer advantages due to their structural flex-
ibility, high porosity, and the possibility of fine-tuning
their architecture through the careful selection of build-
ing blocks, which enables selective detection of various
hazardous compounds®. Recent studies have also given
special attention to the biological activity of coordination
polymers and their prospects as environmentally friendly
materials®. Porous coordination polymers (CP) and met-
al-organic frameworks (MOF) are of particular scientific
importance as architectures formed at the molecular lev-
611011.

1D coordination polymers possess a linear metal-li-
gand chain structure and serve as an important platform
formolecular pathways (molecular wires), selective ionic
conductivity, and host-guest dynamics'?. 2D coordination
polymers have a layered structure and are preferred for
catalysis, membrane technology, and sensing applica-
tions due to their high surface area, electron conjugation,
and compatible flexural arrangement”. 3D systems are
widely used in areas such as gas storage, separation, and
drug delivery owing to the high porosity, stability, and ex-
tensive functional capabilities of porous MOF!*. Unlike
ordinary crystals, 1D-3D coordination polymers have
the ability to pre-design their structure based on reticular
chemistry principles and tailor their properties by adding
functional groups''S.

Synthesis
HEDTA (0.556 g, 2 mM) was completely dissolved
in a mixture of distilled water (20 mL) and dimethyl-

formamide (DMF, 10 mL). Separately, Cu(NO,),.3H,O
(0.375 g, 2 mM) was dissolved in distilled water (30
mL), and the resulting solution was added dropwise to
the ligand solution under continuous stirring. The re-
action mixture was stirred magnetically for 1 h. A 0.05
M sodium hydroxide solution was then added dropwise
until the pH of the solution reached 7. The mixture was
subsequently sonicated in an ultrasonic cleaner (100 W,
40 kHz) for 30 min and sterilized. The resulting solution
was filtered through standard filter paper to obtain a clear
blue filtrate. For crystal growth, the filtrate was main-
tained in a thermostat at 55-60°C to allow slow evapora-
tion over 43-45 days. After this period, well-defined blue
crystals were obtained, with a yield of 78%. Anal. calcd.
for [Cu(H,EDTA)].H,O: C, H CuN O, C, 33.6%; H,
5.1%; O, 35.8%:; N, 7.8%; Found: C, 33.2 %; H, 4.9%: O,
36.1%:; N, 7.7 %.

Characterization techniques

Elemental composition was determined by the
Dumas combustion method using an ELEMENTARY
UNICUBE® IZI analyzer. Vibrational features were ex-
amined through FT-IR spectroscopy (Bruker FT-IR) and
Raman spectroscopy in the 100-3500 cm™ region with
a Renishaw inVia instrument operating in FT-Raman
mode. Morphological characteristics and elemental map-
ping were studied by SEM (JSM IT-200 LV) equipped
with EDS. Thermal stability was assessed by TG-DTA on
a Shimadzu DTG-60 under argon. Single-crystal X-ray
diffraction data were collected on an Oxford Diffraction
Xcalibur-R CCD diffractometer, and structural refinement
was carried out using SHELXS-97 and SHELXL-97.
[18].

4 H. Li, M. Eddaoudi, M. O’Keeffe, O.M. Yaghi, Design and synthesis of an exceptionally stable and highly porous metal-organic

framework, Nature 402 (1999) 276-279. https://doi.org/10.1038/46248.

5 M.J. Kalmutzki, C.S. Diercks, O.M. Yaghi, Metal-Organic Frameworks for Water Harvesting from Air, Advanced Materials 30 (2018)

1704304. https://doi.org/10.1002/adma.201704304.
6 DR
doi.org/10.1016/j.jpowsour.2017.07.117.

7 P. Ramaswamy, N.E. Wong, G.K.H. Shimizu, MOFs as proton conductors — challenges and opportunities, Chem. Soc. Rev. 43 (2014)
5913-5932. https://doi.org/10.1039/C4CS00093E.

8 D.-W. Lim, H. Kitagawa, Proton Transport in Metal-Organic Frameworks, Chem. Rev. 120 (2020) 8416-8467. https://doi.org/10.1021/
acs.chemrev.9b00842.

9 K.A. Mauritz, R.B. Moore, State of Understanding of Nafion, Chem. Rev. 104 (2004) 4535-4586. https://doi.org/10.1021/cr0207123.

10 M.A. Hickner, H. Ghassemi, Y.S. Kim, B.R. Einsla, J.E. McGrath, Alternative Polymer Systems for Proton Exchange Membranes
(PEMs), Chem. Rev. 104 (2004) 4587-4612. https://doi.org/10.1021/cr020711a.

11 J.A. Hurd, R. Vaidhyanathan, V. Thangadurai, C.I. Ratcliffe, .L. Moudrakovski, G.K.H. Shimizu, Anhydrous proton conduction at 150 °C
in a crystalline metal-organic framework, Nature Chem 1 (2009) 705—710. https://doi.org/10.1038/nchem.402.

12 S. Bureekaew, S. Horike, M. Higuchi, M. Mizuno, T. Kawamura, D. Tanaka, N. Yanai, S. Kitagawa, One-dimensional imidazole aggregate
in aluminium porous coordination polymers with high proton conductivity, Nature Mater 8 (2009) 831-836. https://doi.org/10.1038/nmat2526.

13 M. Sadakiyo, T. Yamada, H. Kitagawa, Proton Conductivity Control by Ion Substitution in a Highly Proton-Conductive Metal-Organic
Framework, J. Am. Chem. Soc. 136 (2014) 13166-13169. https://doi.org/10.1021/ja507634v.

14 L. Zhu, H. Yang, T. Xu, F. Shen, C. Si, Precision-Engineered Construction of Proton-Conducting Metal-Organic Frameworks, Nano-
Micro Lett. 17 (2025) 87. https://doi.org/10.1007/s40820-024-01558-3.

15 Y. Ye, W. Guo, L. Wang, Z. Li, Z. Song, J. Chen, Z. Zhang, S. Xiang, B. Chen, Straightforward Loading of Imidazole Molecules into
Metal-Organic Framework for High Proton Conduction, J. Am. Chem. Soc. 139 (2017) 15604—15607. https://doi.org/10.1021/jacs.7b09163.

16 K. Sumida, D.L. Rogow, J.A. Mason, T.M. McDonald, E.D. Bloch, Z.R. Herm, T.-H. Bae, J.R. Long, Carbon Dioxide Capture in Metal—

Organic Frameworks, Chem. Rev. 112 (2012) 724-781. https://doi.org/10.1021/cr2003272.
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Fig. 1 (a) FT-IR spectrum and (b) Raman spectrum of [Cu(H2EDTA)].H2O.
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Results and discussion
Fourier transform infrared and

Raman spectral analysis

The FT-IR spectrum of [Cu(H,EDTA)].H,O (Fig.
1(a)) displays characteristic vibrational bands that con-
firm coordination of the partially deprotonated EDTA li-
gand to the Cu(Il) center. A broad band around 3400 cm™!
is assigned to O-H stretching vibrations of lattice water
molecules. The absorption at 3185 cm™ cans be attribut-
ed to hydrogen-bonded O-H stretching of residual car-
boxylic groups, while the band at 2920 cm™ corresponds
to aliphatic C-H stretching vibrations. A sharp band at
1720 cm™ indicates the presence of non-coordinated
protonated carboxylic groups (C=0). The strong bands
at 1592 and 1393 cm! are attributed to the asymmetric
and symmetric stretching modes of coordinated carbox-
ylate groups (-COO"). The frequency difference between
these two absorptions suggests bidentate coordination of
the carboxylate groups to the copper center. Additional
features at 1426, 1352, 1216, and 1106 cm™ are assigned
to C-N stretching and C-C skeletal vibrations within the
ethylenediamine backbone. Strong absorptions in the re-
gion 1049-980 cm™ arise from C-N stretching coupled
with C-H deformation modes. In the lower wavenumber
region, peaks at 767, 703, 545, and 464 cm’! correspond
to metal-ligand vibrations, particularly Cu-O and Cu-N
stretching, confirming the chelation of EDTA donor at-
oms to the Cu(Il) center.

The Raman spectrum of [Cu(H,EDTA)].H,O (Fig.
1(b)) further supports the vibrational assignments ob-
tained from FT-IR. A broad band at 3372 cm is due to
O-H stretching of lattice water molecules, while weak
features at 3117 and 2891 cm! are attributed to hydro-
gen-bonded carboxylic O-H and aliphatic C-H stretching
modes, respectively. Intense Raman bands observed at
1818, 1629, and 1584 cm™! are assigned to C=0 stretch-
ing and asymmetric COO- stretching vibrations, confirm-
ing carboxylate coordination. Additional peaks at 1508,
1402, and 1258 cm! correspond to C-N stretching and
C-H bending vibrations of the ligand framework!’.

Well-defined signals at 1111 and 996 cm™ are as-
sociated with skeletal vibrations of the ethylenediamine

backbone coupled with carboxylate deformation modes.
At lower wavenumbers, strong peaks at 814, 705, 628,
and 334 cm?! are attributed to metal-ligand vibrations,
specifically Cu—O and Cu-N stretching modes, validat-
ing the coordination of both oxygen and nitrogen donors
from EDTA to the Cu(II) center.

3.2 Bond Valence Sum Analysis

Bond Valence Sum (BVS) analysis is a standard
approach for evaluating the oxidation state of a metal
center by correlating it with the lengths of its metal-li-
gand bonds'®*. In the present work, the copper atom is
coordinated by four oxygen donors and two nitrogen do-
nors, forming a heterogeneous coordination sphere with
bonds of different strengths and lengths. These variations
are reflected in the calculated BVS value, which provides
insight into the overall bonding environment®**.

The BVS for copper was determined using the fol-
lowing relationship:

R, — R;;
V=) =) ew(=5)

here V is the total bond valence sum, v, is the bond
valence for cach Cu—X interaction (X = O, N), R, is the
experimentally measured bond distance, and R, is the
bond parameter characteristic of the Cu—X bond type.
The parameter values employed were R =1.679 A for
Cu-O and R=1.7510 A for Cu-N, with the empirical
constant b taken as 0.36 for Cu—O and 0.37 for Cu-N.
Summing the individual contributions from all Cu—O and
Cu-N bonds yields a BVS value of 2.07 (Table 1), con-
sistent with a +2 oxidation state for copper, which is the
most common state for this metal in coordination com-
pounds. The slight departure from the ideal integer val-
ue can be attributed to small distortions in the geometry,
possibly caused by steric hindrance or clectronic effects
influencing bond distances. This outcome confirms that
the copper center is predominantly in the divalent state, in
agreement with the crystallographic results, and suggests
a bonding framework with significant covalent character
and minor ionic contributions®.

17 D. L1, A. Yadav, H. Zhou, K. Roy, P. Thanasekaran, C. Lee, Advances and Applications of Metal-Organic Frameworks (MOFs) in
Emerging Technologies: A Comprehensive Review, Global Challenges 8 (2024) 2300244. https://doi.org/10.1002/gch2.202300244.

18 C.-Y. Hsu, S. Obaidur Rab, F.M.A. Altalbawy, V. Jain, S.V. Menon, M. Chahar, Z.A. Taha, W.D. Kadhim, EDTA-Co( ii ) complex

fun Technol. 15 (2025)
2745-2756. https://doi.org/10.1039/D5CY00099H.

19 L. Feng, K.-Y. Wang, J. Willman, H.-C. Zhou, Hierarchy in Metal-Organic Frameworks, ACS Cent. Sci. 6 (2020) 359-367. https://doi.
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20 H.V. Doan, H. Amer Hamzah, P. Karikkethu Prabhakaran, C. Petrillo, V.P. Ting, Hierarchical Metal-Organic Frameworks with
Macroporosity: Synthesis, Achievements, and Challenges, Nano-Micro Lett. 11 (2019) 54. https://doi.org/10.1007/s40820-019-0286-9.

21 K.-Y. Wang, Z. Yang, J. Zhang, S. Banerjee, E.A. Joseph, Y.-C. Hsu, S. Yuan, L. Feng, H.-C. Zhou, Creating hierarchical pores in metal—
organic frameworks via postsynthetic reactions, Nat Protoc 18 (2023) 604-625. https://doi.org/10.1038/s41596-022-00759-7.

22 SAIDOV, D., TURAEYV, K., IBRAGIMOV, A., RUZIEV, U., KHOLTURAEYV, K., & GANIEVA, S. (2025). STRUCTURE,
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Table 1. Bond valance sum calculations of [Cu(H,EDTA)].H,O

Co. .
Bond distances (A) V=2Xv,
No. Y
Cu(1)-N(1) | Cu(1)-N(2) | Cu(1)-O(1) | Cu(1)-0(2) | Cu(1)-0(3) Cu(1)-0(4)
6 2.07*
2.089(3) 2.435(3) 1.972(3) 1.948(3) 2.367(3) 1.966(3)
Conclusion

In summary, a copper(Il)-H.EDTA coordination
polymer, [Cu(H,EDTA)] -H,O, was successfully syn-
thesized under controlled pH conditions and structural-
ly characterized by single-crystal X-ray diffraction. The
crystallographic analysis revealed a hexacoordinated
Cu(Il) center involving both nitrogen and oxygen donor
atoms from the partially deprotonated H EDTA ligand,
resulting in a distorted octahedral coordination environ-
ment. Vibrational spectroscopic investigations (FT-IR
and Raman) confirmed the coordination of carboxylate
and amine functionalitics to the metal center, with Av
values consistent with the coordination mode observed
crystallographically. Metal-ligand interactions were fur-
ther supported by characteristic low-frequency Cu-O and
Cu-N vibrational bands. Bond Valence Sum (BVS) analy-
sis yielded a value of 2.07, verifying the +2 oxidation state
of copper and supporting the reliability of the structural
model. Thermal analysis demonstrated the presence of lat-
tice water molecules and indicated a stepwise decompo-
sition pattern, reflecting moderate thermal stability of the
coordination framework.

Overall, the combined crystallographic, spectro-
scopic, and valence analyses provide a detailed under-
standing of the coordination behavior of the H,EDTA li-
gand toward Cu(II). The obtained results contribute to the
structural chemistry of EDTA-based copper coordination
polymers and may serve as a scientific basis for future
development of functional materials, particularly in catal-
ysis, sensing systems, and biologically active complexes.

23 TURAEYV, K., IBRAGIMOV, A, SAIDOV, D., TURSUNOYV, B., RUZIYEV, U., & NURULLAEVA, Z. (2025). STRUCTURE AND
PROPERTIES OF A MIXED-LIGAND COORDINATION POLYMER SYNTHESIZED FROM 3.5 DIMETHYLPYRAZOLE, FUMARIC ACID,
AND COBALT (II) CHLORIDE HEXAHYDRATE. Uzbek Chemical Journal/O’Zbekiston Kimyo Jurnali, (3).
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