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va xlorid kislota bilan M:L:L 1:1:1 nisbatdagi koordinatsion soni yettiga teng bo ‘lgan, polimer tuzi-
lishli aralash ligandli yangi kompleks birikmasi olinib, uning monokristali o ‘stirildi. Uning tarkibi
va tuzilishi RTT yordamida aniqlandi. Kompleks birikmada 2,6-piridindikarbon kislotasi ligandi tri-
dentant holatda koordinatsiyalangan. Hirshfeld sirtini Crystal Explorer17.5 dasturi yordamida tahlil
qilindi.
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Abstract.

To study the interaction of 2,6-pyridinedicarboxylic acid (2,6-PDCA) with metal ions and the
properties of its metal complex compounds, a new complex compound with a mixed ligand of poly-
meric structure with a coordination number of seven in the ratio M:L:L = 1:1:1 with manganese(Il)
acetate and hydrochloric acid was obtained, and its single crystal was grown. The composition and
structure were determined by X-ray. In the complex compound, the ligand of 2,6-pyridinedicarbox-
ylic acid is coordinated in the tridentate state. The Hirschfeld surface was analyzed using Crystal
Explorerl7.5 software.

Annotatsiya.
Ushbu magqolada 2,6-piridindikarbon kislotasi (2,6-PDCA)ning metall ionlari bilan ta’sirlashishi
va uning metallokompleks birikmalarining xossalarini tadqiq qilish magsadida, marganes(Il) atsetat
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AHHOTauuA.

Jna uzyuenua ezaumooeiicmeus 2,6-nupudunouxapoonosoii kuciomwl (2,6-PDCA) c uonamu
MEeMma1106 U C60UCIME €€ MEMALIIOKOMNIEKCHBIX COCOUHEHUIL NOYHEHO HOB0E KOMNJIEKCHOE
coeOuHeHUue CO CMEULAHHBIM IUZAHOOM ROJIUMEPHOZ0 CIPOEHUA C KOOPOUHAUUOHHBIM HYUC/IOM
cemb 6 coomnowenuu M:L:L = 1:1:1 ¢ auemamom mapzanya(Il) u conanoi kuciomoit, a maxice
svipauien ezo monoxkpucmaii. Cocmas u cmpykmypa onpeoeiiervt memooom PCA. B komniexcrnom
COeOUHEeHUU JIU2AHO 2,6-nUPUOUHOUKAPOOHOBOI KUC/I0MbL KOOPOUHUPOBAH 6 MPUOSHMANIHOM
cocmoanuu. Ilosepxnocmp Xupuihenvoa ananuzuposanacsy ¢ ROMOWbIO NPOPAMMHOO
obecneuenusn Crystal Explorerl?7.5.

KnioueBbie cnosa:
PCA, 2,6-nupuounouxapbéonosan kucioma (2,6-PDCA, ounuk), auemam mapzanya(ll),
conanan Kucioma
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Kirish.

2,6-piridindikarbon kislotasi (2,6-PDCA, dipic) bir
yoki bir nechta karboksilat kislorod atomlari orqali barqa-
ror komplekslar hosil giluvchi, ko‘p qgirrali N, O-xelatlov-
chi', bidentat’ va tridentat xelatlovchi liganddir**-. Qiziq-
ishning sababi shundaki, ligand H2pda va markaziy piridin

olib, barcha ishlatiladigan kimyoviy moddalar va reagent-
lar tijorat manbalaridan (Sigma-

Aldrich) olingan. Mn(CH,CO0),4H,0 (98%) va
2,6 -PDCA (99%) qo‘shimcha tozalashsiz ishlatilgan.
Ushbu sintezda xlorid kislota va distillangan suv ham ish-
latilgan. Marganes(IT)atsetat kristallogidratidan Mn(CH-

halqasi va ikkita karboksilat guruhi o‘rtasida qattiq 120 °
burchakka ega va shuning uchun hosil bo’lish uchun turli
xil bog’lanish usullarini ta’minlay oladi**-.

,C00),4H,0 0.245 gr (1 mmol), 0.167 gr (1 mmol) 2,6
-PDCA ni tegishlicha suvda hamda xlorid kislotaning
suyultirilgan eritmasini 1;1;1 mol nisbatdagi eritma-
lari tayyorlandi. Eritmalar aralashtirildi. Hosil bo‘lgan
cho‘kmani xlorid kislotaning suyultirilgan eritmasidan
tomizildi. So‘ngra magnitli aralashtirgich yordamida 60 °C
da 30 minut davomida intensiv aralashtirildi. Eritma xona
haroratida qoldirildi. Natijada 10 kundan so‘ng idish tubida
sariq rangli kompleks birikma kristali o‘sganligi kuzatildi.
RTT analizi uchun yaroqli kristallar ajratilib, tekshirilgan-
da [Mn(2,6-PDCA)(CI)(H,O)]n tarkibli ekanligi aniglandi.
Unumi 86 % {Mn(2,6-PDCA)(C)(H,0)}n (Mr=220.5 g/
mol) C.H,NO,CI tahlili nazariy jihatdan: C 38.09, H 3.17,
N 6.35,0 36.28 Cl 16.1 % ni ko‘rsatdi: ma’lum bo‘ldiki
C 37.86, H 3.08, N 6.16, O 36.16, C1 15.90 %. Reaksiya
tenglamasi quyidagicha(1-sxema).

So‘nggi paytlarda monoetanolaminlar va oddiy bir
o‘rnini bosuvchi benzoy kislotalar asosidagi aralash ligand-
lardan tayyorlangan oltita muvofiglashtirilgan mono- va
ikki yadroli mis komplekslari*’, xususan, monoetanolamin
(MEA) va p-nitroben kislotasi (p-nitrobenzo) va yuqori da-
rajadagi muallifiar tomonidan nashr etilgan [Cu*'(MEA),]
va [2Cu*(MEA),(H,0),)]. Yann-Teller effekti tufayli buz-
ilgan oktaedrik tuzilishli komplekslar. Bitta [Ni(dipic),]
(mea), tarkibli yangi kompleks birikmaning monokristali piri-
din-2,6-dikarboksilik kislota (PDC yoki dipic) bilan (MEA)
aralashgan holatda o°stirildi®.

Hozirgi vaqtda kimyogarlar metall ionlariga biriktiril-
gan donor atomlarining soniga qarab di, tri, tetra yoki ko‘p
ligandli komplekslar bo‘lishi mumkin bo‘lgan qiziqarli
fizik-kimyoviy xossalari tufayli aralash ligand kompleks-
lari bo‘yicha keng qamrovli tadqiqotlar olib bormoqda.

Tahlil natijalari.

Ushbu kompleks birikma {Mn(2,6-PDCA)(CI)
(H,0)}, ((C,H,CIMnNO,) ) tarkibli, monoclinic singoni-
.. .. yaga ega bo‘lib, P21/c fazoviy guruhiga mansubdir.
Tajribaviy gism.

Yugqori sifatli kristallarni olish muhimligini hisobga
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1-sxema. {Mn(2,6-PDCA)(CI)(H,0)}n kompleksi sintezi

1 Mirzaei M. et al. On the importance of non-covalent interactions in the structure of coordination Cu (II) and Co (II) complexes of
pyrazine-and pyridine-dicarboxylic acid derivatives: experimental and theoretical views //CrystEngComm. — 2014. — T. 16. — No. 27. — pp. 6149-
6158.

2 Das B., Baruah J. B. Water clusters in mixed ionic complexes with metal dipico linate anions //Journal of molecular structure. —2013. — T.
1034. - C. 144-151.
3 3 Hadadzadeh H. et al. Pyridine-2, 6-dicarboxylic acid (Dipic): crystal structure from co-crystal to a mixed ligand nickel (II) complex //

Journal of Chemical Crystallography. — 2010. — T. 40. — C. 48-57.

4 Ilkimen H. et al. Synthesis and characterization of a novel proton salt of 2-amino-6-nitrobenzothiazole with 2, 6-pyridinedicarboxylic acid and its
metal complexes and their antimicrobial and antifungal activity studies // Journal of Molecular Structure. —2016. — T. 1120. — P. 25-33.

4 5 Ghasemi K. et al. Potential antidiabetic drug involving a zinc anionic complex of dipic and metformin as counter ions: Synthesis,
characterization, crystal structure and electrochemical studies //Journal of Molecular Structure. —2014. — T. 1074. — C. 79-84.

6 Khayit Kh. Turaev, Yusufjon E. Nazarov, Abdukadir Kh. Tashkulov, Sherzod A. Kasimov, Bekmurod Kh. Alimnazarov, Jamshid M. Ashurov, Aziz
B. Ibragimov, Takashiro Akitsu, Changkun Xia, Abul Monsur Showkot Hossain. Synthesis of mononuclear Ni (II) and binuclear Cu (II) complexes
from pyridine-2, crystal structure and Hirschfeld surface analysis, 6-dicarboxylic acid with monothenolamine and hydrochloric acid solution //
Structural Chemistry. — 2025. — C. 1-13 https://link.springer.com/article/10.1007/s11224-025-02468-9

5 7 Ghosh S. K., Ribas J., Bharadwaj P. K. Metal-organic framework structures of Cu (II) with pyridine-2, 6-dicarboxylate and different
spacers: identification of a metal bound acyclic water tetramer //CrystEngComm. — 2004. — T. 6. — Ne. 45. — C. 250-256.
6 8 Nazarov Y.E., Turaev Kh.Kh., Suyunov J.R., Ibragimov B.T., Alimnazarov B.Kh., Ashurov J.M. 8-Hydroxyquinolinium

trichlorido(pyridine-2,6-dicarboxylic acid-k30,N,O")copper(1l) dihydrate Acta Crystallographica Section E: Crystallographic Communications, 2024,
80(10), ¢ 1049—1053 https://doi.org/10. 110 7/S2056989024009186

@ | TerDU xabarlari



eeoecO

1-rasm. {Mn(2,6-PDCA)(CD)(H,0)}, kompleksining (a)molekulyar tuzilishi, (b) polimer zanjir hosil qilishi F—

orqali marganesga ion va donor akseptor bog‘lanish orqali bog*lanib, ligandning tridentant holatda birikishini ta’minlag-
an. Shu bilan birgalikda xlorid ioni birikkan bo‘lib, bir molekula suv donor-akseptor bog*lanish orqali bog‘langan. Mn(II)
ioni go‘shni 2,6-PDCA ning karboksil ioni porgali bog‘lanishi marganesning koordinatsion yetti bo‘lishini ta’minlagan,
shuning hisobiga kompleks polimer tuzilishli bo‘lgan. 7 - & stascing orasidagi mosafa 3.772 A ekanligi pluton dasturi
yordamida aniqlangan.

Strukturada 2,6-PDCA ligandining karboksil guruhining ikkita O atomi va 2,6-PDCA dagi piridinning N atomi l

1-jadval.
{Mn(2,6-PDCA)(CD)(H,0)}, kompleksdagi vodorod bog‘lar geometriyasi A)(°)
D-H-A D-H,A H-AA D--AA D-H...A, (°)
05 --H5B ..Cll 0.9100 2.2700 3.069(3) 147.00
C2 --H2 .04 0.9300 2.5000 3.420(4) 173.00
Simmetriya kodlari;(i) 1+x,3/2-y,1/2+z,(ii) x,y,-1+z
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2-rasm. Kompleksning kristall tahlanishi. Punktir chiziglar vodorod bog‘lanishni ifodalaydi.
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3-rasm. Hirshfeld surface (a), shape index(b), curvedness (d)
and fragment patches(e).

Bog‘lanish uzunligi Mnl -Cl1= 2.4404(10), Mn1 -O1= 2.250(2), Mnl NI= 2.266(2) va Mnl -03 = 2.423(2) ,
Mnl -05=2.156(3) A. Bog* burchaklarining ham turli xil ekanligi kuzatiladi. CI1 -Mnl -O1 94.53(6), Mn1-N1 -C5
123.47(18), CI1 -Mn1 -03 90.67(7), CI1 -Mn1 -O5 176.56 (7). Ligand geometriyasi tomonidan qo‘yilgan cheklovlar
tufayli sezilarli darajada egilgan eksenel pozitsiyalarni kislorod atomlari egallaydi.

Hirshfeld sirtini Crystal Explorer]7.5 dasturi yordamida tahlil qilindi '°. Qizil va ko‘k dog‘larning d__bo‘yicha
standart o‘lchamlari mos ravishda -0,6476 va 1,1469 ga teng.

Tahlilga ko‘ra, qizil rang van der Waals radiuslari yig‘indisiga yaqinroq ta’sirlashishni ko‘rsatadi. Ko‘k dog‘lar
esa van der Waals radiuslari yig‘indisidan uzoqroq alogalarni ko‘rsatadi. Ushbu kompleks birikmaning d _ bo‘yicha
molekulaning Hirshfeld sirtida qizil dog‘larning asosiy qismini vodorod bog‘lar tashkil qiladi (3-rasm). Hirshfeld sirt
yuzasi S= 222,94 A2 va hajmi V= 227,52 A3 ga teng. Kristall tarkibida ichki zarrachalarning o‘zaro ta’siri di va kristall
sirtidagi o‘zaro ta’sirlarni de ikki o‘lchamli funksiyalari yordamida aniqlandi.

Molekula tarkibidagi atomlarning asosiy o‘zaro ta’sirlashuvlarni O...H/H...O (21.4%), H...Cl/Cl...H (16.6%),
H...H (13.6%), O...0 10.3%, H...C/C...H 9.7%, CI...0/0O...C1 7.7%, Mn...0/O...Mn 7.0 %, O...C/C...0 6.6 %, C...C
4.7%,H...N/N...H 1.1 %, O...N/N...O 0.8%, Cl...C/C... C1 0.5%, N...C/C...N 0.2%, Mn...C/C...Mn 0.1% bog"‘lari
hissasiga to‘g‘ri keladi (4-rasm).
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4-rasm. {Mn(2,6-PDCA)(CI)(H20)}n kompleks birikmaning juft atomlarining hissasini
tavsiflovchi ikki o‘lchovli barmoq izlari (%).

Xulosa:

Tadqiqotlar natijasida 2,6-piridindikarbon kislotasining marganes(Il) atsetat va xlorid kislotaning M:L:L 1:1:1
nisbatdagi polimer tuzilishli kompleks birikmasi sintez qilindi. Sintez qilingan kompleksning tarkibi va tuzilishi RTT
yordamida aniqlandi. Kompleks birikmaning kristallografik ma’lumotlari Kembridj kristallografik ma’lumotlar bazasi-
ga (Cambridge Crystallographic Data Center) ga kiritildi(CCDC2403742). https://www.ccdc.cam. ac.uk/structures/
Search?Ccdc= 2403742& Author=nazarov& Access=referee. Hirshfeld sirti tahliliga ko ‘ra molekula tarkibidagi atomlarn-

ing asosiy o‘zaro ta’sirlashuvlarni O...H/H...O (21.4%), H...Cl/Cl1...H (16.6%), H...H (13.6%).
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