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POTASSIUM COMPLEXATION WITH IODINE AND CERTAIN
ORGANIC LIGANDS, STRUCTURE AND PROPERTIES OF
GENERATED COMPOUNDS

Abstract. Potassium cations are coordinated predominantly by oxygen atoms of carbonyl, hydroxyl, and ether
groups. Complexes with cyclodextrins and crown ethers can serve as an example. The halogens are equally
interesting, and iodine in particular. Triiodide [K]+[I3]- is the well-known and simple complex between potassium
and iodine. The uniqueness of iodine lies in the ability to form long, almost infinite polyiodide chains (I ... I-1). Their
electronic structure allows us to consider them as molecular conductors and semiconductors of electric current. The
thermoelectric voltage potential is higher for the cyclodextrin-triiodide compound than that of for semiconductors.
Potassium iodide in combination with organic molecules forms a new class - semi-organic substances. The presence
of a chiral organic molecule determines their optical activity. The inclusion of potassium iodide enhances the
nonlinear optical properties of crystal structures.
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Cations of alkali metals of sodium and potassium are expanded in all living organisms being
components of nonspecific buffer systems. These cations fulfill the function of cofactors in enzymes,
provide electrical potential of cells and transport of substances. Sodium and potassium cations are more
often coordinated by oxygen atoms, which are part ofthe carbonyl, ether and hydroxyl groups of different
ligands [1]. Of considerable interest are compounds in which metals can also be coordinated by other
electronegative elements, for example iodine. Due to the large ionic radius and the removal of the electron
shells from the nucleus, the iodine anion is easily polarized and is able to form one-dimensional, two-
dimensional and three-dimensional polyiodides [2]. Thus, as a result ofthe interaction of potassium iodide
and iodine, the simple complex KI3 (I2KI ~ [K]+[I3]) is formed. This complex is the basis of many
pharmaceuticals. Therefore, coordination compounds, including potassium atoms and different organic
molecules, are of great interest from the point of view of the diversity of their physical and
pharmaceutical properties. In particular, interesting properties are revealed if biologically active ligands:
amino acids, peptides and carbohydrates participate in the coordination compound as organic molecules.
In connection with the great scientific interest in such compounds, the aim of this article was to analyze
the existing data on the coordination compounds of potassium, iodine and some organic ligands.

Among the coordination compounds of potassium, a special class of substances with the participation
in the formation of halide or polyhalide structures is allocated [2]. The variety of pharmaceutical and
physical properties of these compounds can be initiated, on the one hand, with the peculiarities of
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interactions of potassium cations with special atoms of organic molecules and halogen polyanions, and,
on the other hand, with a variety of crystal structures ofthese compounds.

In recent years, the coordination compounds with the formation of multi-nuclear structures, especially
with heterometallic clusters, have acquired special significance in connection with their intriguing
molecular architecture and biological properties [3-5]. Integration of alkali metal ions into heterometallic
clusters can lead to new materials with possible application in magnetic ordering, catalytic and biological
recognition [6-7]. Cations of alkali metals deserve great attention of researchers because of their low
polarizability and variable coordination numbers, which makes it possible to construct polymer stable
structures with a predominant ability of selective ion transport [8]. Analysis of literature data shows that
chelating ligands containing O- and N- donors tend to coordinate between transition metals and alkali
metals, along with other linking groups [9-12]. Complexes of transition and alkaline metals are of
paramount importance for the development of chemotherapeutic drugs and the creation of tools for
molecular biology for the chemical modification of proteins and nucleic acids [13-16]. A vivid example of
a multi-nuclear structure is the complex of Ni3-K and ligands of L-proline (figure 1), showing
antimicrobial activity. The most interesting feature ofthis stellar complex is that it is the first example ofa
heterometallic cluster in which alkali metal cations are connected by three water molecules with six
transition metal ions [3].

Figure 1- The heterometallic complex Ni3-K [3]

The ionic potassium radius provides a variety of coordinations, from octahedral to decahedral or
more. For example, in the structure of betaine potassium bromide dihydrate (CSHnN 02”KBr*2H20,
potassium cations are coordinated by octahedral O atoms and two water molecules [17]. Depending on the
temperature near 150 K, a structural phase transition occurs, but no pyroelectric effect was observed in the
temperature range 10-300 K, and this compound belongs to the family of dielectrics with the general
formula Bet*"KX (where, X = CI, Br, 1) [17,18].

In the structures (xanthotoxin)2*KI3 and (glycine)4*KI3 the crystal structure in addition to organic
molecules contains potassium cations and triiodide anions. In both structures, the potassium cations are
coordinated only by the oxygen atoms of the ligands, and the anions of the triiodide are located in the
cavities of the structures, providing compensation for the positive charge of the cations. In the structure
(xanthotoxin)2*KI3, the potassium cations are coordinated by the octahedral six oxygen atoms of the
xanthotoxin molecules, and in the (glycine)4*KI3 structure, potassium ions are encapsulated in a distorted
Archimedean antiprism of eight oxygens of glycine molecules [19]. The KI3KI5 complex of the
valinomycin antibiotic is another example of a potassium polyhalide compound with a peptide organic
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ligand, where the cation K is coordinated by the octahedrally six oxygen atoms of the ligand molecules.
Six hydrogen bonds involving amide nitrogen atoms and carbonyl oxygen atoms form a belt around the
molecule [20]. Therefore, valinomycin affects the highly specific transport of potassium ions through the
cell membrane, which is used in scientific research [21].

Macroheterocyclic compounds - crown-ethers form stable complexes with alkali metals (Na+, K+
Rb+, Cs+, Ca2t Ba2). In simple ethers, which are weak Lewis bases, sodium and potassium cations are
poorly coordinated by oxygen, whereas during the formation of a cycle, metal ions bind more strongly
(figure 2).

Figure 2 - 18-Crown-6 with coordinated potassium ion

This structure models some antibiotics - ionophores (valinomycin, nigerichin, monensin,
salinomycin, gramicidin), which bind the alkali metal cation by the same principle and transport through
the cell membrane [21-23].

Chiral crown-ethers are also interesting objects for researchers because of their selective
complexation with optically active amino acids or glycosides. The molecular structure of the crown-ether
complex containing alpha-beta-glucopyranoside as a chiral moiety with an iodide, is described in [22-24].

The potassium salts of the para-tert-butylcalix[6]arene derivatives of p-bromophenylalanine, in solid
form sufficiently large octameric voids, which were detected by X-ray diffraction analysis [25]. The study
of self-organizing molecular capsules and molecular cells is an attractive part of supramolecular chemistry
[26-28]. These compounds can serve as molecular containers for the inclusion of guest molecules, are
used to isolate unstable intermediates [29-31], selective recognition of guest molecules [32-33], and the
activation of chemical reactions [34-35]. In the process of self-assembly, the formation of hydrogen bonds
and metal coordination play an important role in the creation of unique capsular structures that are large in
size. The potassium salt derivatives of p-t-butylcalix[6]-arene and p-bromophenylalanine in the solid state
form a new design of octameric capsular structures. In a crystal rich in potassium ions, the driving force
of self-organization is coordination and ionic bonds between amino acid residues and potassium ions [25].

Coordination compounds of halides or potassium polyhalides with the participation of saccharides or
cyclic polysaccharides as ligands are another interesting name for the semi-organic compounds.
Cyclodextrins (CD) are truncated cone-shaped cyclic oligosaccharides, composed of six, seven, eight
alpha-1,4-linked D-glucose. They have hydrophobic cavities and primary hydroxyl groups on the narrow
sides of macrocycles (heads), as well as secondary hydroxyl groups on the other sides (tail). This deserves
special attention, since CDs are able to form stable inclusion complexes with various organic compounds
as guest molecules [36,37]. In the crystalline structures, CD molecules often form channels, bonding to
each other by weak hydrogen bonds [38]. The size of the channels is determined by the modification of
cyclodextrin molecules (alpha, beta or gamma). For example, in the structure (P-CD)2*KI79H20 a
sufficiently wide channel allows the zigzags of polyiodide 17- to adapt to the conformation of the channel
and to merge in it [39]. The crystal structures of the inclusion complex gamma-cyclodextrin®12-crown-4"
LiSCN (C4H80 40"CH 180 4*1/3(LiISCN)™7,7H20) and the inclusion complex gamma-cyclodextrin12-
crown-4"KCl (C48H80 40"CHi60 4 1/3(KCI)"9H2) are described in [40]. Three molecules of gamma-
cyclodextrin are folded along the fourth-order rotation axis and form a channel-type structure. The
impressive size of gamma cyclodextrins allows them to include a sufficiently voluminous 12-crown-4
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molecule with a suitable orientation. These inclusion complexes exhibit a selective inclusion of ions due
to the interactions of cations, crown-ethers and cyclodextrins. For example, due to unusually long
distances of Li-0 and short contacts between 12-crown-4 and gamma-CD molecules in
(C48H80 40"CeHis0 41 /3(LISCN)*7,7H20), normal K -0 distances and short gamma-CD contacts in
(C48H80 40"CsHis0 41 /3 (KCI)™9H20 ), it can be assumed that the compound with lithium is less stable
than with the potassium [40].

Thermoelectrochemical elements (TEC) convert thermal energy into electrical potential with an
applied temperature difference between two electrodes [41]. It has been shown experimentally that the
coordination compound of potassium triiodide and cyclodextrins can be a component of
thermoelectrochemical elements [41, 42], having a potential for creating a thermoelectric voltage an order
of magnitude higher than semiconductor materials. in the capacity of a redox-active guest molecule,
triiodide is used, since a-CD exhibits an effective host-guest inclusion with this moderately hydrophobic
anion of 13- [43,44]. The supramolecular thermoelectrochemical phenomenon is based on the inclusion-
dependent and potential ofthe oxidation-reduction pair 13- in the host molecule (cyclodextrin).

Potassium iodide in combination with organic substances also forms new semi-organic materials with
nonlinear optical properties. For example, thiourea with potassium iodide forms heat-stable
K[CS(NH2Z4l crystals with a second harmonic generation (SHG) efficiency higher than that of KDP
[45].

Inclusion of iodine and triiodide in polymers increases the electrical conductivity of complexes of
monosubstituted polyacetylenes (up to 0-4 Q-1 cm-1) [46]. Polyiodides have a weak photoactivity,
however, polarization can be enhanced by interaction with 3-thiophenomethylamine. As a result, a long
chain of polyiodide is formed: (-NH3"I...I-1; -H...I-1). When the quantum of light is absorbed by iodine,
excitons are formed which are ionized in an electric field. Electrons can be transmitted along the
polyiodide chain, since the distance between ions becomes shorter than the van der Waals radius [47,48].
This makes it possible to obtain new materials in which molecules of the polyiodide act as electrical
current conductors.

Analysis of literature data on coordination compounds of potassium polyiodide shows that, despite
the existing interest in the physical and biological properties of these compounds, they still remain a
poorly studied class of substances. One expects that a suitable choice of components will allow to obtain
new materials with properties of interest to us.
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KOMIMNIEKCOOBPA3OBAHNE KAJTIA C NOAOM
N HEKOTOPBIMW OPTAHUHECKUMW ITTAHOAMW,
CTPYKTYPA N CBONCTBA OBPA3YHOWNXCHA COEAVHEHINIA

AHHOTauuA. B KOOPAMHALMOHHBIX COEANHEHUAX Kanus U OpraHnyeckux NUraHfoB (aMWHOKWUCNOTHI, LUKNO-
LEeKCTPUHbI N KpayH-3(Mpu) KaTUOHbI Kanna KOOPAUHUPYOTCA NPeNMyLLeCTBEHHO aTOMaMmn KUCnopoga kapboHub-
HbIX, TMAPOKCUAbHLIX M 3PUPHbIX rpynn. OCOB6EHHO WHTEPeCcHbl COefMHeHUs Woaufa Kanusa B KOMOGUHauum c
OpraHn4YeckMMn MONEKYNaMu B CUY YHUKaNbHOIO CBOCTBA iioAa 06pa3oBbiBaTh pasHbie NOANKOANAHbIE @HWNOHBI |-
1 120, 12%1] In2 (n=1,2, 3.), crnocob6CTBYHLWMIA opraHM3aunio pa3HoobpasHbiX CTPYKTyp. Cneynduueckoe
3N1eKTPOHHOE CTPOeHWe 3TUX CTPYKTYp onpefenseT pasHoo6pasve (M3MYECKUX M BMONOTMYECKMX CBOMCTB 3TUX
coefuHeHWn. Hanpumep, COefWHEHUA LUKNOLEKCTPUHA M TPWUIAOAMAA NOKAa3blBAOT BbICOKUIA MOTeHLMan Tepmo-
3M1EKTPUYECKOr0 HanpsKeHWUs, a COeLWHEHUSA C yyacTMeM XWpanbHUX OPraHMYecKMx MOMeKyn u Hoamga Kanus
onpeaenseT ONTUYECKY0 aKTUBHOCTb 3TWUX COEAMHEHWI. B cTaTbe aHann3n3upylTca CyLLecTBYlOWMNe NnTepaTyp-
Hble AaHHble MO0 KOOPAUHALMOHHBLIM COEAMHEHUAM C y4acTUeM Kanus, hoga n HeKOTOPbIX OPraHUYeCcKMUX MraH4oB.

Kniouesble cnoBa. Kanua nogng, Tpunoang, nonmmogua, KOopauHaLMoHHOe COeAUHEHNE, NTaHA,.

KaTuoHbI LLenoYHbIX MEeTanoB HaTpus U Kanus PacrpoCcTpaHeHbl BO BCEX XKMBLIX OpraHusmax
ABNASACL KOMMOHEHTaMM Hecneunguyecknx OydepHbIX CUCTEM. OTW KaTUOHbI BbIMOHAT (PYHKUMIO
KO(haKTOpOB B (PepMeHTax, 06ecneymBatoT 3MEKTPUUECKMA MOTEHLMan KNeTOK U TPaHCMOPT BeLLecTB.
KaTuoHbl HaTpuMs U Kaiua valle KOOPAWHMPYKOTCA aToOMaMu  KWUCNopofa, BXOoAsAlMe B COCTaB
Kap6OHWNbHOW, 3(WMPHOA N TMAPOKCUALHOW FPYNM pa3fiMyHbIX AUraHgoB [1]. 3HauMTeNbHbIA MHTEpeC
NPeAcTaBNSAIOT COeJMHEHUS, B KOTOPbIX MeTan/lbl MOFYT KOOPAMHUPOBATLCA TakXe APYrMMW 31eKTPOo-
oTpuLaTeNlbHbIMU 3/IeMEHTaMK1, Hanpumep ogom. W3-3a 60MbLION0 WMOHHOrO paguyca W yaaneHus
3NEKTPOHHbIX 060M0YeK OT SApa, aHWOH ioda Nerko Mnonsipu3yeTca U crnocobeH 06pa3oBbIBATh
OfHOMEpHbIE, ABYXMEPHble W TpexMepHble noauinognabl [2]. Tak, B pesynbTaTe B3aMMOAENCTBUSA
nogmncToro Kanua u noga obpasyetcs npoctenwmnin komnneke KI3 (I12KI ~  [K] [13-). 3T0oT KOMNAeKc
MOSIOXKEH B OCHOBY MHOTMMX (PapmaLeBTUYeCKUX npenapatos. [103TOMY KOOPAMHALMOHHbIE COEAUHEHNS,
BK/IKOUaloLLMe B cebe aTOMbI Kasnsi U pasHble OpraHuYeckne MoseKysbl, MPeACcTaBAstOT 60/bLIOA NHTepec
C TOYKM 3peHust pasHoobpasnii mx uanyYecknx K dapmaleBTUYeCKMX CBOMCTB. B yacTHOCTW,
MHTEPeCHbIE CBOWCTBA BLISBAATCA, €CNN B KOOPAWHALMOHHOM COEfVMHEHMMN B KA4ecTBe OpraHnyeckmx
MOJIEKYN YHaCTBYIOT BMONOrMYECKN aKTUBHbIE IMFaHAbl: aMWHOKUCOTbI, NeNTUAbI U yrnesoasl. B ceasu
C 60/MbLIMM Hay4YHbIM WHTEPECOM K TaKMM COEAMHEHMWSM, LEeMbl 3TOW CTaTby SABAANCA aHaIn3
CYLLECTBYHOLLNX JaHHbLIX M0 KOOPANHALNOHHBIM COEAMHEHMAM Kanus, Nof4a U HEKOTOPbIX OpraHnYecKux
NATaHLoB.

CpefiM KOOPAUHALMOHHBLIX COeAMHEHWUI Kanua BblaeNnseTcsa 0cob6blli KnacC BeLLecTB C y4acTUMeM B
06pa3oBaHMU CTPYKTYpP rasoreHuaoB uam nonuranoreHngos [2]. PasHoobpasuve hapmaueBTUUEeCKUX K
(hM3MYECKN CBONCTB 3TUX COEAMHEHUI MOXET ObiTb MHULMMPOBAHO C OAHOW CTOPOHLI C 0COBEHHOCTAMMU
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B3aMMOJENCTBMIA KaTUOHOB Ka/nsl CO CMeLManbHbIMU aTOMaMy OPraHnYecKnx MoJieKyn v NonaHnoHOB
raforeHa, a ¢ ipyroi CTOPOHbI ¢ pasHoobpasnem KpUCTaIMYECKUX CTPYKTYP 3TUX COELUHEHWA.

B nocnegHue rofabl, KOOpPAUHALMOHHbIE COEAUHEHUS C 06pa3oBaHMEM MHOTOSLEPHbIX CTPYKTYP,
O0CO6EHHO C reTepoMeTa//IMYecKMMU Knactepamy npuobpenn ocobyto 3Ha4YMMOCTb B CBA3M C WX
WHTPUTYIOLLLEN MONEKYNAPHOW apXUTEKTYPOI 1 BMONOrMYeCKUMMN cBolicTBaMU [3-5]. NHTerpauns MoHOB
LWeNOYHbIX METa/IOB B FeTepoMeTa/i/InyecKme KnacTepbl MOXET MPUBECTW K HOBbIM MaTepuanam ¢
BO3MOXHbIM MPUMEHEHMEM B MarHUTHOM YMOPSAOYEHWUN, KaTa/IMTUYECKOrO U BMOMOrMYecKoro
pacno3HaBaHusi [6-7]. KaTWOHbI LWENOYHbIX METaNN0B 3aciyXXMBaKT O0MbLIOE BHMMaHWe MCCneaoBa-
Tenein n3-3a UX HWU3KOM MONAPU3YEMOCTM W MEPEMEHHbIX KOOPAWHALMOHHBLIX YUCes, YTO MO3BONSET
NOCTPOUTbL MOSIMMEPHbIE YCTONUYMBbLIE CTPYKTYpbl € npeobnafatolleidi CnOCOOGHOCTbIO CeNeKTUBHOrO
nepeHoca MOHOB [8]. AHanu3 NUTepaTypHbIX AaHHbIX MOKa3blBaeT, YTO XenaToobpasylolime nnraHfbl,
cogepxauime 0- v N-4OHOPbI, UMEKOT TEHAEHLMIO K KOOPAMHAUUN MeXAY NepexofHbiMU meTaniaMu u
LWe/IOYHBIMY MeTanIamMmu, Hapagy ¢ ApYruMu CBA3YHOLWMMU rpynnamu [9-12]. Komnniekcbl NePexXoaHbIX 1
We/IOYHbIX METa/INI0B MMEHT MNepBOCTEMEHHOE 3HayYeHue AN pa3paboTKM XMMUOTeparneBTUYECKMX
npenapaToB U CO34aHWNA MHCTPYMEHTOB A1 MOMIEKYNAPHOI 6MOOTUN A1 XUMUYECKOTO BUAOU3MEHEHNS
6e/KOB M HYK/MEMHOBbIX KncnoT [13-16]. SApkMM MprMEpoM MHOTOSiJepHOM CTPYKTYpbl SIBASETCH
komnnekc Ni3K u auravgbl L-nponuHa (puc. 1), nokasblBalOWMA aHTUMUKPOOHYH aKTUBHOCTb.
Hanbonee MHTepecHOl OCOGEHHOCTbLKD 3TOr0 3BE344aTOr0 KOMMJEKCa SBMASETCS TO, YTO OH SIBASETCA
MepBbIM MNPMMEPOM TFeTepOMETaNIMYECKOro KnacTepa, B KOTOPOM KaTUOHbI LLEMOYHbIX MeTannoB
COefIMHEHbI TPEMS MOMIEKYNIaMK BOZbI C LIECTHH MOHAMMW NePexXoHbIX MeTannos [3].

PucyHok 1- eTepometannunyeckuin komnaeke Ni3-K [3]

VIOHHbIV paguyc Kanus obecreynBaeT pasHoobpas3ne KOOpAMHALMWIA, HauyMHas C OKTasapuyeckoi Ao
[eBATUBEPLUMHHWKA W Gonee. Hanpumep, B CTpykType pawurugpata 6eTauH 6Gpommuga Kaaus
(CHIiiN02)"KBr"2H20 KaTMOHbl Kanusi KOOPAMHMPOBAaHbI OKTasApu4yeckuii aTomamm O W ABYMSA
mMonekynamu Bogbl [17]. B 3aBMCMMOCTM OT TemnepaTypbl B6AM3m 150 K MpouMcxXoauT CTPYKTYPHbIiA
(ha3oBbIli  Mepexod, HO npu 3TOM B AnanasoHe Temnepatyp 10-300 K He 6bl1  06HapyXeH
NMNPO3NEKTPUYECKNIA 3DPEKT N 3TO COEAMHEHME NPUHALNEXUT K CEMENCTBY ANINEKTPUKOB C 06LLEN
thopmynoii Bet"KX (rae, X = Cl, Br, 1), [17,18]

B cTpykTypax (KCaHTOTOKCUH)2¢KI3 u (rnuumH)#MO3 Kpuctanimyeckas CTPyKTypa MNOMUMO
OpraHMyecknx MOJIEKYN COAepXKaT KaTUOHbI Kainsi U aHWOHbI Tpunoanaa. B 06emx CTpyKTypax KaTUOHbI
Kanvs KOOPAMHMPOBAHb! TO/IbKO aTOMaMu KWUCN0poja AUraHLoB, a aHWOHbI TPUMOoAMAa PacnosioKeHbl B
NycToTax CTPYKTyp, 06ecneuymBas KOMIMEHCALMWIO MOMOXWUTENLHOrO 3apsafa KaTMoHOB. B CcTpykType
(KCaHTOTOKCMHA)2¢K 13 KaTUOHbI Ka/insi KOOPAWMHNPOBAHbI OKTA34pPUYECKUI LLECTbIO aTOMaMun K1UCcnopoga
MOMIEKYN KCAHTOTOKCWMHA, & B CTPYKType (rnumH)HO3 MOHbI Kannsi 3aKIHYeHbl B UCKaXKEeHHO
apXUMefOBO/ aHTMMNPU3ME W3 BOCbMW KWCMOPOAOB Monekyn ranumHa[l9]. Komnnekc KIIKI5
aHTUOMOTMKA BaIMHOMULMHA SBNSETCA APYTMM MPUMEPOM COeAMHEHUS MOAUranoreHuja Kanms ¢

12
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NenTUAHbIM OpPraHUYeCKMM NNraHAoM, rae KaTMoH K KoopaMHUPYEeTCA OKTasApUUEecKm LLECTbIO aToMamu
Kucnopoga Monekyn nuraHga. LLecTb BOAOPOAHbLIX CBSI3e € y4yacTMemM aMuHbIX aTOMOB a3oTa U
KapboHMNbHLIX aTOMOB KuCAopoda 06pa3ytoT Mosic BOKPYr monekynbl [20]. Mo3ToMy BaMHOMMWLMH
B/IMSIET Ha BbICOKOCMELN(UYHBIA TPAaHCNOPT MOHOB Ka/lns Yepe3 MeMOpaHy KNeTKMW, UTO UCMOJb3yeTcs B
Hay4HbIX nccnefoBaHmsax [21].

MakporeTepoLnKIMYeckne COeAMHEHNUs - KpayH-3upbl 06pasytoT CTabunbHble KOMMIEKChbl C
wenoyHbiMn metannamm (Nat+, K+, Rb+, Cs+, Ca2t Ba2). B npocTbiX aupax, ABAAKOLWMXCA CnabbiMm
OCHOBaHUAMM J1bloWCa, KaTUOHbI HAaTPUS 1 Kanus cnabo KOOPAMHUPYIOTCA KUCNOPOAOM, TOrfa Kak, npu
06pa3oBaHMM LUKIA NOHbI METANIOB CBA3LIBAKOTCA CU/bHee (puc. 2).

PucyHok 2 - 18-KpayH-6 ¢ KOOPAVHUPOBAHHbLIM MOHOM Kasius

3Ta CTPYKTypa MOAeNupyeT HeKoTopble aHTUOWMOTUKK - MOHOQOPbI (BAIMHOMULMH, HUTEPULVH,
MOHEHCWH, CIMHOMULMH, rpaMULMAMH), KOTOpble MO TakOMy >Xe MNPUHLMMNY CBA3LIBAKT KaTWUOH
LLLEeNIOYHOro MeTasa 1 TPaHCNOPTUPYIOT Yepe3 MeMbpaHy KneTku [21-23].

XupanbHble KpayH-3(hMpbl TakxKe SABAAIOTCS UHTEPECHBIMU 00beKTaMU AN UCCnefoBaTened n3-3a nx
Ce/IEKTUBHOr0 KOMM/EeKCo06pa3oBaHMs C OMTUYECKM aKTUBHbIMW aMWHOKUCIOTaMWU WKW TNKO3UAAMU.
MonekynspHas CTPyKTypa KOMMJeKca KpayH-agupa, cogepkaliero anbta-6eTa-rntoKonmpaHosng B
KayecTBe XMpanbHOM YacTu ¢ MOAMA0M onucaHa B [22-24].

KanuitHble conu nNpou3BOAHbIX N-TPeT-OyTunkanukc[6]apeH n-6poMdeHnNanaHnHa, TBEPAOM
COCTOSIHMM 00pasytoT [OCTaTOYHO 6OofblUMe OKTaMepHble MYyCTOThbl, KOTOpble OblAW  BbISBAEHLI C
MOMOLLLI0O PEHTreHOCTPYKTYpPHOro aHanusa [25]. ViccnefoBaHve camoOpraHu3yoLWMXCs MOJIEKYNAPHbIX
Karncyn u MONeKYNspHbIX f4YeeK MPUBNEKaTeNbHas YacTb CYMpPaMONeKynspHOA Xumun [26-28]. ITn
COeAMHEHMS MOTYT CAY)XWTb KaK MONEKy/spHble KOHTEMHepbl AN BKAKYEHWUS TOCTEBbIX MOMEKY,
NPUMEHATCA  ANA  U30MALMM  HecTabubHbIX MPOMEXYTOUHbIX NPOAYKTOB [29-31], CenekTUBHOrO
pacnosHaBaHWs MoOfeKyn rocta [32-33], akTMBauMm XMMUYeCcKMX peakuuin [34-35]. B npouecce
caMoCO0pKM, 06pa3oBaHWe BOAOPOAHbLIX CBA3E U KOOPAWHALMM MeTanna WrpaloT BaXHYH pofb B
CO3[aHUN YHUKaNIbHbIX KancyNbHbIX CTPYKTYp, KOTOpble UMelT 60/bline pas3mepbl. MpPou3BOAHbIE
KanneBbIX COMei p-TpeT-6yTunkanukc[6]-apeHa u p-6pomdeHnnanaHnHa B TBEPAOM COCTOSIHWM
06pa3yoT HOBYI KOHCTPYKLMIO OKTaMepHbIX KamncynHbIX CTPYKTyp. B KpucTanne 6oratoil MoHamu
Kanus, ABWXKYLLEA CWI0A camoopraHm3auuy SBASKOTCS KOOPAMHALUWOHHbIE W WOHHbIE CBA3WM MEXAY
ocTaTKamy aMUHOKUCIOT U MOHOB Kanus [25].

KoopanHauoHHbIe COeUHEHUS TaNoreHnL0B Uan NoAUrasoreHNA0B Kainsa ¢ yyacTMeM caxapuios
NNN LUKINYECKUX NONMCAXapULoB B KaUeCTBe NUraHAoB, MPeACTaBNaoT APYTry0 UHTEPECHYIO PaMuInto
NoNyopraHNYecknx coeguHeHunin. LiuknogekcTpuHel (CD) npeACTaBnslOT  co6OM  yCeYeHHbIMU
KOHYCO00Opa3HbIMU LIMKINYECKUMU OIUrOcaxapuaamMmn, CoCTaBNeHHbIe U3 LWECTH, ceMu, BOCbMY anda-1,4-
CBfI3aHHbIX D-rntoko3bl. OHU UMEKT rnApPodo6HbIE MOMOCTU WU NePBUYHbIE TUAPOKCUIIbHBIE TPYNMbl HA
Y3KUX CTOPOHax MAaKpoLMKIOB (F00Bbl), a TakKe BTOPWUYHbIE TUAPOKCUAbHbLIE TPYMNMbl Ha APYrux
CTOpOHaxX (XBOCT). JTO 3acny)uBaeT 0co60e BHUMaHWe, NOCKOMbKY CD cnocobHbl 06pa3oBbiBaTh
YCTONYMBbIE KOMMMEKCbl BKAKOYEHUS C Pa3IUYHbIMU OPraHUYecKUMWU COefUHEHUAMU B KayecTBe
mMonekyn rocts [36,37]. B kpuctanamyeckmx CTpykTypax Mosiekynbl CD yacTto 06pas3ytoT KaHasbl,
CBfI3bIBasACb ApYyr C Apyrom cnabbiMy BOAOPOAHbIMKU cBA3aMK [38]. Mpu 3TOM pasvep KaHanoB
onpefensetcs MogudmMKaumein Monekyn UMKNOAeKCTpuHa (anbtha, 6eTa mam ramma). Hanpumep, B
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cTpykTtype (P-CD)2:KI79H20 pfocTaTOMHO LUMPOKWIA KaHan MNO3BOASET 3ursaram nonuinoguga 17
npucnocabnueaTbCa K KOH(opmauuy KaHana u pasmewlatbca B Hem [39]. B pab6ote [40] onwucaHsbl
KPUCTANNIMYECKME  CTPYKTYpPbl  KOMMJEKCa BK/HOYEHUSA  ramma-LuKNogeKCTpuHel2-kpayH-4LiSCN
(C48H8X0 40"CeHic04/3(LISCN)*7,7H20 ) M KOMMNeKca BKIKOUYEHUS raMMa-LuKNo4eKCTPUHN2-KpayH-
47KC1 (C48H8X 40"CeHis04™/3(KC1)Y"9H20 ). Tpu MoOnekynbl ramMMma-uUukiofeKCTpuHa CROXeHbl BLOMb
OCW BpalLeHMs YeTBEPTOro nopsgka v (opMUPYIOT CTPYKTYPY TMNa KaHana. BHyLIUTe/bHble pasmepbl
raMmma-LMKNo4eKCTPMHOB M03BBOMSAET UM BK/OYaTb B Ce6A [OCTATOUHO OOBLEMUCTYIO Monekyny 12-
KpayH-4 ¢ noaxofslleil opuweHTauueil. ITW KOMMEKChbl BKAKOYEHMA NPOABAAT M3bupaTtenbHoe
BK/IOUEHME WOHOB 6narofaps B3avMOLEACTBMAM KaTMOHOB, KpayH-3(MpoB, U LWKNOAEKCTPUHOB.
Hanpumep, 13-3a HEOOLIYHO [A/IMHHBLIX PACCTOAHWMA Li+0 M KOPOTKUX KOHTaKTOB Mexay 12-kpayH-4 u
monekyn ramma-CD B (CasHd00 40MC8Hi60 4*1/3(LiSCN)"7,7H20), HopManbHbiX K -0 paccTosHWiA u
KOPOTKMX KOHTakTOB ramma-CD B (C4sH8M0 40"CsH1604"/3(KC1)"H20 ), MOXHO NpeanonoXutb, 4To
COefMHeHNe C NUTUEM MeHee CTabunbHO, YeM ¢ Kannem [40].

TepMmo3anekTpoxmmmuyeckme anemeHTbl (TEC) npeobpas3ytoT TennoBYH 3HEPTUIO B 3NEKTPUYECKUI
NOTeHLUMan Npy NPUIOXKEHHON TeMNepaTypHOW pasHOCTM MeXAy ABYMS anekTpofamu [41]. SkcnepumeH-
Ta/IbHO MOKa3aHOo, YTO KOOPAMHALMOHHOE COeflMHeHWe Tpumoauaa Kaims U LUKNOAEKCTPUHOB MOXET
ObITb KOMMOHEHTOM TepMO3/IEKTPOXUMUYECKUX 3NEMEHTOB [41,42], nMetoWwMX MNOTeHUMan co3faHus
TEPMO3NIEKTPUYECKOrO HAaNpPsHKeHWs Ha MopsafoK Bbllle, YemM MONYNpPOBOLHUKOBbIE MaTepuansl. B
KayecTBe pefOKC-aKTMBHOW MOMEKY/bl FOCTS, CAYXWT Tpuilogug, Tak kak a-CD npossnseT addek-
TUBHbIA XO35IMH-TOCTb BKIKOYEHUE C 3TUM YMEPEHHO rnapotobHbIM aHMoHOM 13" [43,44]. Cynpamone-
KY/IIpPHOE TEPMO3/IEKTPOXMMMNYECKOE AB/IEHME OCHOBAHO Ha 3aBUCALLMM OT TeMMepaTypbl BKIKOYEHUA U
NnoTeHLMana OKUCNTENIbHO-BOCCTAHOBUTE/IbHO Napbl 13- B MoneKyne-xo3anHe (LMKNOAEKCTPUH).

Moang Kanus B KOMOMHaLUWM C OpraHUYecKMMM BeLlecTBaMu Takke 06pa3yeT HOBble MOSyOpraHu-
Yyeckne Martepuasbl ¢ HeIMHENHO-0NTUYECKUMU CBOWCTBaMWU. Hanpumep, TMOMOYEBMHA C MOANLOM Kasins
o06pasyeT TepmocTabunbHble Kpuctanabl K[CS(NH2)2Jal ¢ 3(hdeKTMBHOCTbIO TeHepauuu BTOPOIii
rapmoHuku (FBT) Boiwwe, yem y KDP. [45].

BkoyeHuwe iofa v Tpuitoguaa B nofvMMepbl YBEMUMBAET 3M1EKTPUUECKYH) NPOBOAMMOCTb KOMMEK-
COB MOHO3aMelleHHbIX nonnauetuneHos (go 104 Q 1cm ') [46]. Monunoamabl obnagatoT cnaboit
(hOTOAKTUBHOCTbLIO, OAHAKO MOMSPU3ALUI0 MOXHO YCUAUTL B3aMMOAENCTBMEM C 3-TMOGEeHOMEeTUNa-
MUHOM. B pesynbTate o6pasyetca AnnHHas uenb nonumnoguga: (-NH3M...1-1; -H...1-1). Mpwu nornoweHnm
KBaHTa cBeTa MOAOM 06pasytoTCs SKCMTOHbI, KOTOPbIE MOHM3MPYKOTCS B 3/1EKTPUYECKOM Mone. Inek-
TPOHbI MOrYT nepejaBaTbCA MO LENOYKe NOANAOAMAA, MOCKOMbKY PacCTOsHME MeXAy WMOHaMu CTaHo-
BUTCA MeHblUe, YeM BaH aep BaanbcoBblii paguyc [47,48]. DTO AaeT BO3MOXHOCTb MOMYYMTb HOBbIE
mMarepuasbl, B KOTOPbIX B KQ4YeCTBE MPOBOLHUKOB 3/IEKTPUYECKOr0 TOKA BbICTYMAKT MOJIEKY/ bl MOANNO-
anpa.

AHanun3 nutepaTypHbIX JaHHbIX N0 KOOPAMHAUMOHHLIM COeJMHEHUAM NOAUMOAUAA Kans NOKasbl-
BaeT, YTO, HECMOTPS Ha CYLUECTBYIOLLUIA MHTEpec K (hM3MYeCKUM U OMONOrMYECKMM CBOMCTBAM 3TUX
COEJMHEHUIA, OHM BCe eLle OCTATCA MasoM3yYeHHbIM KIaccoM BewecTB. MOXHO 0Xugatb, 4TO
NoAXoAALNA BbIGOP KOMMOHEHTOB MO3BO/MT MOJyYaTb HOBblE MaTepuanbl C WUHTEPECYHOLUMU Hac

CBOICTBaMMU.
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" N.CatbaeB aTbiHAarbl Kasak ¥NTTbly TeXHUKabL, 3epTTey yHuBepcutet Anmathl, KasakcTaH;
MHpeKkymara kapcbl npenapartap rbiibiIMU opTanbirsl, AnmaTsl, KasaxcTaH;
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NOoO XXOHE KEWB1P OPTAHUKANbL, NNTAHATAPMEH KANVWAAIH KEWEHAL LANBINTACYHI,
H3TUXECIHAE NANAABONTAH LLOCBI/IbICTAPAbLL LYPblIbIMbl MEH LLACUETTEP1

TYWiugeme. Kanuit KaTnoHaapbl 6ackiM TypAae KapBoHUAbAI, MMAPOKCUAbAI X3He 3hUp TONTapbIHbIL, OTTEri
atomapbl apkbiibl Kentowear Mbicanbl, UWKIOAEKCTPUHAEDP MEH KpayH-aupnepi 6ap KeweHpaepne. [anorex-
fepae, acipece nMof, Kbi3blKTbl 60MbiN Tabbinagbl. Kanuii MeH MOATbIL, COHAaii-ak 6enrini api KapanainbiM KeweHi
6onbin [K]+[13]- Tpunognai tabbinagbl. WNoaTeiy 6Gipereiniri peTtiHge "3ak, weka3 gepnik (l...1-1) noannogmaTi
Ti3bekTepai KanbiNnTacTbipy KabineTi 60nbin Tabblnagbl. 0napAbll, 3NEKTPOHAbI KYPbIIbIMbIH €CKepe OTblIpbif,
0napAbl 3NeKTP TOTbIHbIL, MOMEKYNAP/bl TKI3rilTepi X3He XXapTbljaii eTKisriwTepi peTiHge KapacTbipyra M M-
wHAW 6epegi. LIMKNOAEKCTPUH MeH TPUMOAMATIL KOCINbICbIHAA TEPMO3NIEKTPAIK KepHEeY MOTeHLUManbl apTblnaii
eTW3NWTepre KaparaHga >xorapbl 60nbin kenegi. Kanuii mogmai opraHukanbik MoOfieKynanapMmeH ylTacTbipa
OTbIPbIN XaLa XXapTbinain opraHWKanblK 3aTTap KNacblH Kypaiabl. Xupanbii opraHuKanbik MofeKynaHbIL 6ap 60nybl
onapAbll, ONTUKanbiK 6enCeHAiNiriH aHbiKTangbl. KypambiHa Kanuii MOAUATIL, KOCbINYbl KPUCTaNAblK KypblabIMbl-
HbIL, CbI3bIKCbI3-ONTUKaNbIK KACUETTEPIH KylwenTeg"

TYWiH ce3. Kanuit noguai, Tpumoana, noAMNogna, KeniciMai Kocbiabic, NUraHa.
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