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Abstract 
Based on the modernized scheme of the structural organization of microfibrils of native cellulose, the 

possibility of determining its degree of crystallinity, the transverse dimensions of crystallites, as well as the 
content of elementary fibrils in microfibrils using 1H NMR and sorption measurements is shown. The 
mechanism of defibrillating cellulose at different stages of its wetting is established, which is associated with 
the appearance of a wedging pressure on the part of the condensed liquid in the micropores, which leads to 
changes in its supramolecular structure. In this case, the rate of spin-lattice relaxation of the “cellulose-water” 
system is sharply increased at low moisture contents, which is explained by the formation of new active 
centers at the interface of the forming section with water molecules adsorbed on them, which accelerate the 
energy exchange of the proton spin system with a “lattice”. This process is accompanied by a decrease in the 
degree of crystallinity of the sample at all stages of cellulose moistening. The nature of the decrease in the 
transverse dimensions of crystallites in the framework of the proposed model of the layered structure of 
cellulose is established. The possibility of determining the content of elementary fibrils in a microfibril based 
on data on the degree of crystallinity of cellulose is shown. The process of penetration of adsorbed water 
molecules into the space between the elementary fibrils in the microfibril structure of cellulose is considered. 
A scheme is proposed for the formation of monolayer adsorption of water on the active surface of cellulose, 
which takes into account the dipole-dipole interaction in the “adsorbent – adsorbate” system, which turns into 
the formation of a hydrogen bond. A hypothesis is expressed about the formation of a V-structure of adsorbed 
water, when this molecule interacts with an active center to form an acceptor hydrogen bond with a hydroxyl 
group at the sixth carbon atom. In the adjacent glucopyranose ring of the surface cellulose chain, the adsorbate 
molecule forms two donor hydrogen bonds with the oxygen atoms of the hydroxyl groups at the second and 
third positions of the carbon atoms. 

 
 

References 
[1] V.P. Nikolaev, A.A. Ageev, Y.G. Frolov. Isopiestic method of analysis. Works MKhTI them. D.I. 

Mendeleev. 1978. Iss.101. 84-101p. (russian) 
[2] NMR analyzer «Spin Track». URL: http://www.nmr-design.com. 
[3] L.Y. Grunin [et al.]. An NMR relaxation and spin diffusion study of cellulose structure during water 

adsorption. Biophysics. 2017. Vol.62. Iss.2. P.266-275. (russian) 
[4] Y.B. Grunin [et al.]. Microstructure of cellulose: NMR relaxation study. Polymer Science. Series A. 2012. 

Vol.54. No.3. P.201-208. 
[5] D.P. Delmer, Y. Amor Cellulose biosynthesis. The Plant Cell. 1995. Vol.7. Р.987-1000. 
[6] Y.B. Grunin [et al.]. Features of the structural organization and sorption properties of cellulose. Polymer 

Science Series A. 2015. Vol.57. Iss.1. P.43-51. 
[7] Q. Li, S. Renneckar Supramolecular structure characterization of molecularly thin cellulose I 

nanoparticles. Biomacromolecules. 2011. Vol.12. No.3. Р.650-659. 
[8] S.-Y. Ding, M.E. Himmel The maize primary cell wall microfibril: A new model derived from direct 

visualization. Journal of Agricultural and Food Chemistry. 2006. Vol.54. P.597-606. 



Full Paper _________________ Yu.B. Grunin, M.S. Ivanova, T.Yu. Grunina, G.Sh. Gogelashvili, and D.S. Masas 

 68 ______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2018. Vol.56. No.11. P.67-74.  

[9] L.H. Thomas Structure of cellulose microfibrils in primary cell walls from collenchyma. Plant 
Physiology. 2013. Vol.161. P.465-476. 

[10] Y. Nishiyama [et al.]. Neutron crystallography, molecular dynamics, and quantum mechanics studies of 
the nature of hydrogen bonding in cellulose Ib. Biomacromolecules. 2008. Vol.9. P.3133-3140. 

[11] Y. Nishiyama Structure and properties of the cellulose microfibril. Journal of Wood Science. 2009. 
Vol.55. P.241-249. 

[12] H. Chanzy Aspects of cellulose structure. J.F. Kennedy, G.O. Phillips, P.A. Williams Cellulose sources 
and exploitation: industrial utilisation biotechnology and physicochemical properties. Chichester, UK. 
Ellis Horwood. 1990. P.3-12. 

[13] C. Verlhac, J. Dedier, H. Chanzy Availability of surface hydroxyl groups in valonia and bacterial 
cellulose. Journal of Polymer Science. Part A: Polymer Chemistry. 1990. Vol.28(5). P.1171-1177.  

[14] Y. Nishiyama [et al.]. Crystal structure and hydrogen bonding system in cellulose Ia from synchrotron X-ray 
and neutron fiber diffraction. Journal of the American Chemical Society. 2003. Vol.125. P.14300-14306. 

[15] Y. Nishiyama, P. Langan, H. Chanzy. Crystal structure and hydrogen-bonding system in cellulose Ib 
from synchrotron X-ray and neutron fiber diffraction.  Journal of the American Chemical Society. 2002. 
Vol.124. P.9074-9082. 

[16] S.J. Gregg, K.S.W. Sing  Adsorption, Surface area and  Porosity. Moscow. 1984. 2ed. 306p. (russian) 
[17] Y.B. Grunin [et al.]. Features of the sorption of water vapor and nitrogen on cellulose. Russian Journal 

of Physical Chemistry A. 2013. Vol.87. No.1. P.100-103. 
[18] Y.B. Grunin [et al.]. Proton magnetic relaxation study of the thermodynamic characteristics of water 

adsorbed by cellulose fibers. Russian Journal of Physical Chemistry A. 2016. Vol.90. No.11. P. 2249-2253. 
[19] Y.B. Grunin [et al.]. Nanostructure and sorption properties of cellulose microfibrils. Structure and 

physico-chemical properties of cellulose and nanocomposites based on them: monograph. Edited by   
L.A. Aleshina, V.A. Gurtov, N.V. Meleh. Petrozavodsk: PetrGU. 2014. 240p. (russian) 

[20] Z.A. Rogovin Cellulose Chemistry. Moscow. 1972. 520p. (russian) 
[21] W.G. Glasser [et al.]. About the structure of cellulose: debating the Lindman Hypothesis. Cellulose. 

2012. Vol.19. P.589-598. 
[22] Y.I. Gerasimov Physical chemistry course: vol. 1-2. Moscow. 1964. Vol.1. 624p. (russian) 
[23] Y. Habibi, L.A. Lucia, O.J. Rojas Cellulose nanocrystals: chemistry, self-assembly, and applications. 

Chemical Reviews. 2010. Vol.110. P.3479-3500. 
[24] R.M. Brown. Cellulose structure and biosynthesis: What is in store for the 21-st century? Journal of 

Polymer Science. Part A: Polymer Chemistry. 2004. Vol.42. P.487-495. 
[25] Y.B. Grunin [et al.]. Supramolecular reorganizations in cellulose during hydration. Biophysics. 2015. 

Vol.60. No.1. P.43-52. 
[26] A.D. French, M.S. Cintron Cellulose polymorphy, crystallite size, and the Segal Crystallinity Index. 

Cellulose. 2013. Vol.20. P.583-588. 
[27] H.F. Stoeckli, P. Rebstein, L. Ballerini On the assessment of microporosity in active carbons, a 

comparison of theoretical and experimental data. Carbon. 1990. Vol.28(6). P.907-909. 
[28] N. Baiklz, L. Segal. Cellulose and cellulose derivatives: vol. 1-2. Edited by Z.A. Rogovin. Moscow. 

1974. Vol.1. 500p. (russian) 
 


