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Abstract

= —
Cellulose is a linear, stereoregular, and semi-crystalline E '
[ ‘ 2

polysaccharide. Linear chains of cellulose connected by hydro-
gen bonds form the supramolecular structure of this biopolymer,
consisting of elementary nanofibrils and their bundles, called
microfibrils. Each nanofibril contains ordered nanocrystallites J .

and poorly ordered nanosized non-crystalline domains. After - . ' )
chemical modification, various cellulose derivatives can be ob- W
tained among which the cellulose esters are important. To de- “s=

scribe the supramolecular structure of cellulose a new structural
model was proposed, which includes amorphous-mesomorphous
non-crystalline domains and imperfect crystallites with
paracrystalline layers on their surface. In this model, the crystal-
lites and non-crystalline domains are located along the fibril and ELINA

their alternation has a random character. Crystallites of natural

cellulose have the allomorph of CI alpha or beta, which can be converted to other allomorphs, CIlI, CllI, or CIV.
Crystallites of various allomorphs at normal conditions are stable and inaccessible to most reagents, typical organic
solvents, water, and diluted solutions of acids and bases. Vice versa, non-crystalline domains represent weak and
accessible places of cellulose fibrils. As a result, these domains can absorb water vapor, swell in polar liquids, and
react; they are easily esterified and etherified, oxidized, and split during thermolysis, hydrolysis, alcoholysis, acetol-
ysis, etc. To characterize the supramolecular structure of cellulose, it is necessary to know the sizes of crystallites, the
type of crystalline allomorph, the degree of crystallinity, interplanar distances, parameters of the crystalline unit cell,
and degree of lattice distortion, as well as the content, size, and packing density of paracrystalline and non-crystalline
domains. Along with the supramolecular structure of cellulose, it is also important to know the structural characteris-
tics of various esters of cellulose and aliphatic acids with different degrees of substitution such as parameters of crys-
tallites, molar, Van-der-Waals, and free volumes of non-crystalline domains, index of hydrophobicity, etc. Despite a
large number of studies, many details of the structural organization of cellulose and its esters are still not sufficiently
clear. This paper discusses models of supramolecular structure and improved methods of structural studies that provide
new reliable results on the structural organization of cellulose and its esters. It is also shown that the obtained structural
characteristics can be used to predict many important properties of these biopolymers.
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Annomauusn

[esmttono3a npencraiseT coOOH TMHEHHBIH, CTepeoperyIsIpHBIN U TONYKpH CTAIUTHYECKHI TToincaxapu. Jn-
HeWHbIE [ENHU MEIUII0N03b], COeTMHEHHbBIE BOJOPOIHBIMY CBS3sIMH, 00pa3yloT HaMOJICKYJSIPHYIO CTPYKTYPY 3TOTO
OromnonuMepa, COCTOSIIYIO U3 3JIEMEHTAPHBIX HAaHO(UOPWIIT M MX ITy4KOB, HAa3bIBaeMbIX MUKpopuOpmmtamu. Kax-
Jtasi HaHO(UOPHIIA COZEPIKUT YITOPSIIOYCHHBIE HAHOKPUCTAIUIUTHI M TUIOXO YIOPSIOYCHHBIE HAHO-Pa3MepHbIEC He-
KpHCTaJUTHUecKne AoMeHbl. [lociie XuMHIeckoi MOAM(HKAIIMA MOTYT OBITh HONYYCHBI pa3jIMdHbIC MPOU3BOIHbIE
LIEIUTIONO3BI, CPEAN KOTOPBIX BAXKHOE MECTO 3aHUMAIOT CIIOKHBIC 3(hMPHI LEIITION0361. JIIs onvcaHus HaIMOJIEKYIsp-
HOM CTPYKTYpPBI IEJUTIONO03bI NMPEIO’KEHA HOBasi CTPYKTYPHAsI MOJENb, BKIIoUalomas aMmophHo-Me30MopdHbIe He-
KPHUCTAJUTUYECKHE IOMEHBI X HECOBEPILICHHBIE KPUCTAIUIUTHI C MAPaKPUCTANIMIESCKIMH CIIOSIMH Ha X TIOBEPXHOCTH.
B 5T0i1 Mozten KpUCTAIUTUTHL M HEKPUCTAIUTMYECKHE TOMEHBI PACIIoNararoTcsl BAOIb (GHOPUILIBI, a UX YepeoBaHNe
HOCHT CITy4alHBIH Xapakrep. KpHucTamiuTsl TpHUPOIHON LEUTI0N036 MMEIOT KpucTamindeckyro Moaudukamnuio Cl
anb(da uu 6era, KOTopble MOTYT ObITh peodpa3oBanbl B apyrue mMoaudukamuu, Cll, CHI wm CIV. KpucraminTs
Pa3IMYHBIX KPUCTAJUIMIECKUX MOAN(HUKAINI B HOPMATBbHBIX YCIOBHUAX YCTONYMBBI M HEJOCTYIHBI ISl OOJIBIIMHCTBA
peareHTOB, THITMYHBIX OPraHUIECKUX PacTBOPUTENIEH, BOJBI, pa30aBIEHHbBIX PACTBOPOB KHCJIOT M ocHOBaHMH. Haobo-
POT, HEKPHUCTAILTIMYECKIE JOMCHBI MPEICTABISIOT cO00i cadble W TOCTYIHBIE MecTa (PUOPHILT MEIUTION036l. B pe-
3yAbTATE 3TU JOMEHBI MOTYT HOTJIOIIATh BOASHON Map, HA0yXaTh B MOJSIPHBIX KUAKOCTSX U PEarnpoBaTh, OHH JIETKO
3TepUGHUIUPYIOTCS B 3CTEPUPHIUPYIOTCS, OKUCISIOTCS, PACIISIUISIOTCS IPH TEPMOJIH3E, THAPOIN3E, aIKOTONIN3E,
areTonn3e u Apyrux obpaborkax. /s XapaKTEpUCTHKHM HAIMOJICKYSIPHOH CTPYKTYpBI LEJUTION03bI HEOOXOIMMO
3HATh pa3Mepbl KPUCTAJUIUTOB, THIT KPUCTAUNTHIECKON MOAU(UKAIINY, CTENEHb KPHUCTAIUTMIHOCTH, MEXKIUIOCKOCTHBIE
paccTosiHNS, TapaMeTphl SIMEMEHTAPHON KPUCTAINTHIECKON sTMEHKH, CTEIIEHb NCKaKeHUS PELIETKH, a TAKKE COfIepKa-
HHE, pa3Mep ¥ INIOTHOCTh YIIaKOBKH MapakpUCTANIMIECKIX ¥ HEKPUCTANTMIECKUX JoMeHOoB. Hapsiny ¢ Hagmoseky-
JSIPHOM CTPYKTYPOH LEJUTIONO3bI Ba)KHO TAK)KE 3HATH CTPYKTYPHBIE XaPaKTEPUCTUKH PA3IMYHBIX CIOXKHBIX 3(pHUPOB
LEJUTIONO03b! B anu(aTHIECKUX KHUCIOT C PAa3HOM CTEMEHBIO 3aMEIEeHHs], & UMEHHO. ITapaMeTPhl KPUCTAILIUTOB, MO-
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JSIpHBIE, BaH-JIEP-BAaIbCOBBIC U CBOOOIHBIE 00bEMBI HEKPUCTAJUIMYECKUX JJOMEHOB, HHJIEKC rHApodoOHOCTH U Ipy-
THe XapaKTepuCTUKH. HecMOTpst Ha OOJIBIIOE KOJIMYECTBO MCCIIEI0OBaHMIA, MHOTHE ICTaJIN CTPYKTYPHOH OpraHu3alui
LIEIJUTIONO3BI U €€ CIOKHBIX 3()UPOB /10 CHX MOp HEAOCTATOYHO SICHBL. B 1aHHOM cOOOIIEHNN 00CYKAAIOTCSI MOJICITN
Ha/IMOJIEKYJISIPHOM CTPYKTYPBI M yCOBEPILEHCTBOBAHHBIE METO/IBI CTPYKTYPHBIX MCCIIEJOBAaHNH, AaloIIne HOBbIE 00-
JIee JOCTOBEPHBIE PE3YIbTAThl O CTPYKTYPHON OpraHM3alMy LEJUII0NIO36I U €€ CIOKHBIX 3¢upoB. Kpome Toro, Ob110
MIOKA3aHO, YTO ITOJIyYE€HHBIE CTPYKTYPHBIE XapaKTePHUCTUKH MOTYT OBITh MCIIOJIB30BaHBI ISl PEICKA3aHUsI MHOTHX
Ba)KHBIX CBOMCTB 3TUX OHMOIOINMEPOB.
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