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SUPRAMOLECULAR COMPLEXES
OF IONITES WITH ORGANIC SUBSTRATES

Abstract. In the present work, the general laws of the interaction of aromatic and heterocyclic acids with the
anionite AV-17-8 have been studied by IR spectroscopy. Adsorption was studied under static conditions. The nature
of the interaction was judged by the appearance of new bands, the shift of their maxima and the change in intensity
on the spectrograms of fresh and spent ionite samples. IR absorption spectra of the freshly prepared anion exchanger
in the OH form were obtained and after mixing it with organic acids. Based on the data on the IR spectra of the
anionite AV-17-8 after adsorption of carboxylic acids, various aggregate supramolecular complexes of adsorbed
molecules with active centers of the ion-exchange resin are proposed. It has been shown that the molecules with
pyridine derivative substituents have the best tendency to adsorb, owing to the high degree of intramolecular
resonance and the formation of anions upon adsorption on the anion exchanger. It was found that acid adsorption is
carried out due to the formation of a hydrogen bond with hydroxyl groups located on the surface of the adsorbent. In
the anionite spectra after the adsorption of organic acids, absorption bands corresponding to symmetric and
antisymmetric valence vibrations of the carboxylate of anions were observed.

Keywords:adsorption, carboxylic acids,anion exchange.

Supramolecular chemistry studies the associates of two or more particles held together by
intermolecular forces. It can be said that supermolecules refer to molecules and intermolecular bonds, as
molecules belong to atoms and covalent bonds [1]. From these positions, it seems to us, it is more
convenient to consider ion exchangers, which are increasingly used in the purification of waste water and
flue gases from harmful impurities. In addition, they are increasingly used as heterogeneous catalysts in
organic synthesis.However, the mechanism of intermolecular interaction between adsorbates and active
groups of ion exchangers has not been sufficiently studied[2-11]. The knowledge of the laws governing
the formation of associates, their structure and intermolecular forces, which hold together different
molecules and active surface centers of adsorbents, will allow them to be used more efficiently and
selectively for these purposes.

The present work is devoted to the study of the adsorption of organic acids on the anioniteAV-17-8 in
the OH form by IR spectroscopy, the formation of intermolecular aggregate associates of adsorbed
molecules with active ionite centers.

Experimental part

In the work, commercial ion exchanger with a grain diameter of 0.3-0.5 mmhas been used, which was
conditioned and transferred to the OH-form by the method [12]. The static exchange capacity of 0.1 N
hydrochloric acid solution was 4.2 mg-eq / g.

The adsorption was carried out in a glass reactor equipped with a reflux condenser, with a
temperature of 25 to 75 ° C for 1-2 hours and an adsorbate: ionite: water ratio of 1: 2: 8. After treatment,
the ion exchanger was filtered, washed with water, dried in air in a drying oven at 30-50 ° C., then kept in
a desiccator over P,Osfor 24 hours, tableted with pre-recrystallized and dried up to the complete
disappearance1 of KBr bands and recordedspectra on thespectrometer Impact 410 (USA) in the field of
4000-400 cm™.
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Results and their discussion

We first studied the adsorption of pyridinecarboxylic and aromatic acids on the anioniteAV-17-8 in
the OH form.

Pyridinecarboxylic acids and their derivatives are part of the waste water of coke production, in
particular, in the production of vitamins and antituberculosis drugs. Therefore, a study of the mechanism
of their sorption is of interest both from the point of view of environmental protection and the capture of
valuable raw materials.

In the spectrum of fresh ionite (1), a number of bands in the region of 1380-1500 cm 'pertain to the
deformation vibrations of the CH,, CH; groups and the skeletal vibration of the benzene ring. The wide
band in the field of 1600-

1700 cm™' corresponds to the deformation vibration of the OH groups of water

[13-18].

The spectra of nicotinic (2), isonicotinic (3), benzoic (7) acids and the products of their interaction
with anionite (4), (5) and (6), respectively, are shown in the figure.
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Figure - IR adsorption spectra of the anioniteAV-17-8 in the OH form (1) of nicotinic (2), isonicotinic (3),
benzoic (7) acids and their interaction products with anionite (4, 5, 6, respectively)

Comparing them in pairs, one can see that in spectra 4-6 there are no absorption bands characteristic
of acids (a very strong band of the stretching vibration of the

C = O group at 1700 cm'for benzoic and 1725 cm™ for nicotinic and isonicotinic acids: about 1300
cm’'- stretching vibration of C-O bonds, about 1400 cm'for nicotinic and isonicotinic acids and 940 cm’
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'for benzoic acid, related to non-planar deformation vibrations of the OH group).The continuous
absorptionhas been disappeared, characteristic for both acids and anion exchanger. The intensity of the
band in the region of deformation vibrations of water (1600-1700 cm™) has sharply decreased. At the
same time, a very intense pair of bands appeared at 1370 and 1620 cm™ (1615 ¢cm™ for the reaction product
of benzoic acid). This pair of bands should be attributed, respectively, to symmetric and antisymmetric
stretching vibrations of the group - COO- adsorbed on the surface, according to [19,20]. In addition,
absorption bands at 1560 ¢cm'for isonicotinic and 1575 c¢m'for nicotinic and benzoic acids appeared in
spectra 4-6.

In [21] the origin of the band in the region 1550-1600 cm™is explained by the oscillation of the
skeleton of the ring, and the increase in its intensity by conjugation. As for conjugation, we can agree with

#9T

-
the statement, since the conjugation between the group N0 and the benzene and pyridine rings should
be strong.

The observed changes in the spectra of the products of the interaction of acids with anion exchanger
suggest a rearrangement of the structure of the molecules: the proton of the acid breaks off, neutralizing

the groupings H2u-10n 4 water.

Formedanions
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become counter ions of positively charged fixed centers of the resin surface. The absence of continuous
absorption in the spectra of the interaction products indicates that there are no bridged hydrogen bonds
between the water molecules and the oxygen atoms of the carboxylate groups with proton transfer, ie, in
contrast to the formate anion, aromatic carboxylate anions of non-carboxylate-hydrate rings. This implies
that the negative charge on the oxygen atoms of the carboxylate groups is insufficient to form such
bonds.The results confirm the presence of conjugation between the aromatic rings and the carboxylate
group in the anions and the large double bond of the C-C bond between these groups, which is probably
responsible for the appearance of an intense band in the field of 1560-1600 cm™. Along with this, it is
pointed out in [19] that the plane of the aromatic nucleus of adsorbed molecules is located parallel to the
surface of the adsorbent.
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Therefore, it can be assumed that most of the negative charge in these ions is at the center of the
aromatic or heterocyclic nucleus. These rings seem to surround the fixed cation of anionite like
carboxylate hydrate rings, stabilizing due to interactions between m-clectrons of the ring and quaternary
ammonium of hydrogen atoms.
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HOHUTTEPAIH OPTAHUKAJIBIK CYBCTPATTAPMEH CYIIPAMOJUIEKYJIAPJIBI
KOMILJIEKCTEPI

Annortamust. Kapactsipsursm otsipran sxyMbicTa MK- criekTpockonust 9miciMEH apOMTTBHI JKOHE TeTEPOIUKIIL
KeIIKbLTIAPAIH AB-17-8 AHHOHWTIMCH OPEKCTTCCYIHIH JKANMBI 3aHIBUIBIKTAPH 3CPTTCITCH. AICOPOLHSHBI
CTATHKAIBIK JKAFAAHAa sKyprizeai. OpeKeTTECY AiH CHIIATHI KOHIHAC aNIbIMCH JTAHBIHIAIFAH KOHE OHACYICH 6TKCH
HOHHUT YJTINEPIHIH CHEKTPOTPAMMAIAPBIHAA JKAHA >KOJAKTAPIBIH Makiga OOybIHA, OJApIbIH MAKCHMYMIAPBIHBIH
BIFBICYBIHA KOHC HHTCHCHBTLTIKTIH e3repicTepiHe Kapail tammaiinel. AumoHWTTIH OH —(OpMACHIHBIH JKOHC OHBI
OPTaHMKAJbIK KBIMIKBUITAPMEH apanacTeipydaH kedinri MK- cmekrpnepi amemasl. AamoHur AB-17-8 Oetinae
KapOOH KBINIKBbULTAPBIHBIH, aJCOPOUMICHIHAH KeiiH anbiHFaH MK-crekrprnepaiH HeETi3iHae ancopOnusIaHFaH




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

MOJICKYJIATAPABIH, HOHAIMACTBIPFBINI INAMBIPABIH AKTHBTI OPTANBIKTAPBIMEH TY3UITECH OPTYPJ arperarthbl
CYTPAMOJICKY JIAPJIBI KOMIUICKCTSPl YCHIHBUIFAH, MOJICKY JAINIUTIK PS30HAHCTHIH KOFAPBI OPSKECI MCH AaHHOHHUTTC
aacopOImma KE3iHAC AHHOHTAPABIH TY3UIViHC OAHIAHBICTHI CH YKAKCHI aACOPOMIANAHY OCHIMTITITI MHPHIWHIIL
OpBIHOACYIIBIIAPEI Oap MOJIEKYJIAJapFa TOH CKEHZIr KepceTinreH. KpIMKbUIIapaslH aacopOIMsICsl aacopOCHT
OcTiHIE OpHANACKAH THAPOKCHJI TONTAPBIMECH CYTEKTIK OaWIaHBICTAp Ty3y €CEeOiHEH JKY3ETe AacaTbIHIBIFBI
aHbIKTaTFaH. OpPraHuKAIbIK KHIIIKBUTIAPABIH AJCOPOIMACHIHAH KEHIH AHHOHWTTIH CHEKTPICPIHIC CHMMETPHSLIBI
JKOHE AHTHCHMMETPILIIBI BANCHTTIK TEpPOETICTEpre CoWKeC KapOOKCHIIAT AHHOHTAPABIH CIHIPY KOJAKTaphl
TaObLTFaH.
Tyiiin ce3aep: aacopOIus, KapOOH KBIMIKBLIIAPEI, AHHOHHT.
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CYINPAMOJIEKYJJAPHBIE KOMIUIEKCHI HOHUTOB C OPTAHUYECKUMH CYBCTPATAMM

Annorammusa. B Hactoamelt pabore meromom HWK- CHEkTpockomuMm H3YyUCHBI OOMIME 3aKOHOMCPHOCTH
B3aUMOJCHCTBUS APOMATHUYCCKUX M T€TEPOLMKIMYCCKUX KHCIOT ¢ aHHOHUTOM AB-17-8. AncopOumio m3ydamu B
cTaTudecKux ycinoBmwiax. O Xapakrepe B3aWMOJCHCTBHS CYAWIM IO TMOSBICHHIO HOBBIX IIOJOC, CABHIY HX
MAKCHMYMOB M W3MCHCHHIO MHTCHCHBHOCTHM HA CIIEKTPOTPAMMAX CBEXKETO M OTPAOOTAHHBIX OOPA3IOB HMOHHTA.
boum momyuenst HMK-cnekTpsl moriomeHus CBEXENMpHUroToBicHHOro ammonura B OH- ¢opme m mocme
MICPCMCIIHBAHNS CTO ¢ OPTaHUYCCKHMH KUCIoTaMd. Ha ocHoBanmu maHabix o MK-cmekrpam annonuTta AB-17-8
mocyie apcopOuuy KapOOHOBBIX KHCIOT MPEIIOKCHBI PA3IHMYHbIC ATPETaTHBIC CYTPAMOICKYJLIPHBIE KOMILICKCHI
ancopOMpPOBAHHBIX MOJICKYJI C AKTHBHBIMH IICHTPAMH HOHOOOMEHHOM cMOubL [loKa3aHO, YTO HAWIYUIIYIO
CKIIOHHOCTB a7COPOMPOBATHECH UMCIOT MOJICKYJIbI C MUPHIMHIIPOM3BOTHBIMHI 3aMECTHTEILIMHE, OJaroaaps BbICOKOH
CTEIICHH BHYTPHMOJICKYJIIPHOTO PE30HAHCA M 00PA30BAHHIO AHHOHOB IPH ACOPOIMU HA AHWOHHUTE. Y CTAHOBIICHO,
YTO aACOPOUMS KUCIOT OCYIIECTBILICTCS 3a CUET 00Pa30BAHUSA BOJOPOAHOM CBS3H C TMIPOKCHIBHBIMH TPYIIIAMH,
PacTONIOKEHHBIMH HA TIOBEPXHOCTH aicopOeHTa. B cmekTpax aHMOHHWTA MOCJE ancopOLUM OPTaHHYECKUX KUCIOT
OOHAPY KCHBI TOJIOCHI TOTJIOMCHHUS, COOTBETCTBYIOIIWE CHMMCTPHYHBIM W AHTHCHMMETPHYHBIM BAJICHTHBIM
KOJICOaHHAM KapOOKCHIAT AHHOHOB.

Krouernie ¢j1oBa: aacopOIus, KapOOHOBBIC KACIOTHI, AHHOHMT.
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