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Abstract:

Noncovalent interactions are vitally important to understand the structural stability and
molecular assembly of cellulose and its analogue molecules. Using density functional theory in
conjunction with three popular generations of dispersion correction (D2, D3, D4), we
systematically estimate the strength of inter-chain interaction for several 3-1,4-linked crystalline
polysaccharides (cellulose Io, IB, II, III;, a-chitin, B-chitin, chitosan) and their building block
monomers (glucose, cellobiose). Switching on and off dispersion correction for both condensed
and isolated chains allow the extraction of the intra- and inter-chain London dispersion
interactions as well as the inter-chain electrostatic interaction. Regardless of the generations of
dispersion correction and allomorphs, the estimated inter-chain London dispersion interaction is
45~74 kJ/mol per pyranose ring comparable to the inter-chain electrostatic interaction (47~88
kJ/mol). The upper limit of the strength of inter- or intra-chain hydrogen bonds are estimated to
be 21~53 kJ/mol based on energy profiles of hydroxyl rotation. Our work quantitatively
highlights that it is the London dispersion interaction rather than the hydrogen bonding
interaction dominating in the tight assembly of polymer chains for B-1,4-linked crystalline
polysaccharides, regardless of the crystal allomorph and types as well as the generations of
dispersion correction of DFT. thus, London dispersion interaction should be preferentially

considered during their deconstruction, defibrillation, or dissolution processes.

Introduction:
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X-ray and neutron studies revealed abundant hydrogen bonds and regular network patterns
among the crystal structures of cellulose and chitin (Langan et al. 1999; Nishiyama et al. 2002;
Nishiyama et al. 2003; Wada et al. 2004; Deringer et al. 2016; Ogawa et al. 2019; Sikorski et al.
2009; Nishiyama et al. 2011; Naito et al. 2016). Some authors regarded hydrogen bonds as the
key factor governing the assembly of polymer chains, trying to explain many physical properties
of cellulose. Recent studies have gradually reshaped such a view. The impact of hydrogen bond
on the peeling-off of the cellotetrose (Bergenstrahle et al. 2010) and the proposal of the
hydrophobicity of cellulose (Lindman et al. 2010; Lindman et al. 2021; Medronho et al. 2014;
Glasser et al. 2012) also argued that the contribution of hydrogen bonding to the insolubility of
cellulose was overemphasized.

After a few years of debates, it seems that we have well established hitherto that other
noncovalent interactions, such as electrostatic interaction and London dispersion interactions,
are also responsible for the tight chain stacking (Jarvis 2023). A more recent, detailed review
evaluated the “exaggerated” role of hydrogen bonds (Wohlert et al. 2023) associated with the
properties of cellulose in the paste decades. Based on the linear tendencies of heat of evaporation
of analogue molecules with number of hydroxyl groups and molecular weights, the inter-chain
London dispersion interaction in crystalline cellulose If is estimated to be 67 kJ/mol per glucose
while hydrogen bond energy is 24 kJ/mol(Nishiyama 2018). Still, the first-principles-based
quantification of internal energy of the cellulose and chitin are rare (Deringer et al. 2016). We
previously quantified the partition of the non-covalent interaction in chitin and chitosan based
on DFT-D2 calculations (Chen et al. 2021) using energy decomposition analysis base on low-
dimensionfragments (Deringer et al. 2016). Here, we have extended this method for the
systematical analysis of cellulose, chitin, chitosan, and their allomorphs as well as their
monomers using three different generations of dispersion correction approach (D2 (Grimme
20006), D3 (Grimme et al. 2010), D4 (Caldeweyher et al. 2017; Caldeweyher et al. 2019)) in which
polarizability was considered. In addition, the upper limit of hydrogen bond strength is estimated
based on the energy profile of hydroxyl rotation, providing a basic understanding of the
components of noncovalent of the crystalline polysaccharides.

Computational Methods:

Model Construction: Eight types of crystalline polysaccharides, named cellulose 1o
(Nishiyama et al. 2003), I8 (Nishiyama et al. 2002), IT (Langan et al. 1999), III;(Wada et al. 2004),
a-chitin-A (Sikorski et al. 2009, Deringer et al. 2016), a-chitin-B (Sikorski et al. 2009, Deringer et
al. 2016), B-chitin (Nishiyama et al. 2011), chitosan (Naito et al. 2016)) whose atomic structures

are available. 3-D-glucose and, 3-D--cellobiose (Jeffrey 1968) were also included. The unit cells
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and the corresponding fragment of these crystals are all represented in Figure 1. The
computational setup is identical to our former study(references ), and a detailed description can

be found in the following method sections.

glucose
N

J&i’j I
B
a-chitin-A a-chitin-B chitosan -chitin cellobiose

Figure 1. Unit cell representation of cellulose, chitin, chitosan, glucose, and cellobiose. (All
crystal structures are deposited in glyco3D)

Energy Minimization: Periodic boundary condition (PBC) based DFT calculation were
performed by using Quantum Espresso (QE) (Giannozzi et al. 2009; Giannozzi et al. 2017) and
VSAP package. D2 (Grimme 2006) and D3 (Grimme et al. 2010) are implemented in QE and
D4 (Caldeweyher et al. 2017; Caldeweyher et al. 2019) can be implemented to VASP (Hafner et
al. 1997). The generalized gradient approximation (GGA) functional PBE (Perdew et al. 1990)
was used for geometry optimization of crystals. The total energy and force convergence
thresholds for ion minimization were set to 1.0e-6 Ry and 1.0e-5Ry/bohr, respectively. The
kinetic energy cutoff value of the wave function was 160 Ry. The k-points were set to (2, 2, 2, 0,
0, 0).

Energy Decomposition Analysis: The classical molecular mechanics (MM) represents the
intermolecular noncovalent interaction as composed of Coulomb interactions between point
charges of each paired atoms and Lennard-Jones potential interactions which includes the
London dispersion and Pauli repulsion terms. In DFT calculation, the intermolecular energy is
composed of terms such as electrostatics, exchange, induction and dispersion interaction etc. For
both cases, we can simplify as dispersion energy and everything else as electrostatic interactions,
the molecular interaction energy within a crystal can be written as equation 1.

E

= By Egyp ©)

int elec

Further decomposition for intra-chain and inter-chain terms results in four energy terms,

which is the interchain electrostatic energy (E,,,, ), the intrachain electrostatic energy (E;,,, ),
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the interchain dispersion energy (E,,,,. p), and the intrachain dispersion energy (E,,, p) as
represented by equation 2.

Eim‘:E' +E

inter_E

intra_E +Eiﬂter_D + Ez’nmz_D (2)
We rely on the low dimensional fragments approach that is widely used in DFT-based
materials simulations (Deringer et al. 2016) to estimate the contribution of interchain interactions.

In brief, DFT calculation was performed for the three-dimensional crystals (3D: raw unit cell
applied with periodic boundary condition), relaxation of both atomic coordinates and crystal
lattices, obtaining an optimized energy and structure (noted as Ejp ., corresponds to top left in
Figure 2). One isolated structural fragment (1D) was constructed by computationally “cleaving”
the lattice apart from the above fully relaxed 3D structure. This is achieved by leaving one chain
within the supercell and enlarging the transverse lattices by a factor of two, which separates this
chain from their periodic boundary images, as shown in (top right of) Figure 2. The total-energy
computation was subsequently performed by freezing both the box size and coordinates, and the

obtained energy is noted as E;p, ;. This is slightly different from our previous work (Chen et al.
2022), in which the enlarged box and atoms were both relaxed, and makes the E,,,  truly

constant, In the previous studies the E;, 5 was “assumed” to be unchanged which turned out

to be not the case as can be seen in the comparison between Table 1 and Table S1. By switching
off the dispersion correction and freezing the atoms in the 3D system when dispersion

correction switched off and in 1D system when dispersion correction was turned on and off, two
other energy terms can be generated, noted as Ejp 5, and Ejp 4, corresponding to the

bottom left and right states in Figure 2, respectively. This is illustrated in equation 3, 4, and 5,

respectively.
Eirap = (B1p_dgip — EfD_mdz;p) /N ©)
Eiver 0= (Esp_iip = Esp_nodip)/ N = Eigra_p )
Eier £= E3D_nodz’:p/ N ©)

Where N stands for the number of residue per unit cell.

The cohesion energy of crystals per residue equals to the sum of E,, ,and E,,,

inter_
(equation 0).
Em/ﬂe_E = Eiﬂter_D + Eiﬂter_E (6)
The graphical illustration of such energy decomposition with cellulose 1f as a trial is shown in

Figure 2. On the graph, E;; 4, is total energy of one isolated structural fragment with

dispersion correction switched on. In contrast, E;p 4, is the one without dispersion correction.
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To eliminate intermolecular interactions
3D crystal 1D chains

VAN~ -1 hl* A 2E ;0 p

-2(Ejnter p* Eintra_ D) Eintra p

Y II% o Y ”“" %“ M, e

*ﬂ‘%n‘ 8 % J ‘I e ‘ ,ﬁquﬂ )

| O Relaxed cell and atomic coordinates | |I:I Frozen cell and atomic coordinates I

129
130  Figure 2. llustration of the condensed 3D fragment and isolated 1D fragment with dispersion

131  correction switched on/off used for the energy composition calculation.

132
133 Table 1. Decomposed energy (E,,,. r Eir pr Einya D> Ecop p) Of crystals.

Energy (-kJ/mol) Glu CB To 13 I IIIi  o«-chitin-A  a-chitin-B  B-chitin ~ Chitosan

D2 Intra_D 59 68 70 79 77 76 105 104 105 83
Inter_D 98 79 62 62 64 60 70 74 70 67
Inter_E 145 107 50 47 70 63 68 56 72 48
Cohe_E 243 186 111 109 134 123 139 130 141 116

D3 Intra_D 38 44 52 52 51 51 70 69 70 54
Inter_D 83 66 53 53 54 48 60 63 59 59
Inter_E 148 111 54 51 70 69 72 60 76 49
Cohe_E 231 177 107 105 124 117 132 124 136 108

D4 Intra_D 62 69 78 79 76 77 104 104 104 82
Inter_D 76 61 48 49 51 45 55 58 56 51
Inter_E 151 117 ol 52 75 69 73 61 88 52
Cohe_E 227 178 109 100 126 114 128 119 144 103

134
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Figure 3. Histogram of intermolecular L.ondon dispersion and electrostatic energies (the two

components of E,. ) based on DFT-D2 (left), D3(middle), and D4(right).

Results and Discussion:

Estimation of London Dispersion Interaction

Figure 3 and Table 1 show the decomposed energy for all crystals as a function of
generation types of dispersion correction. The (E,,., p, E;n p» Eipnr 5 Ecope p) of 18 s
estimated as (79, 62, 47, 109) kJ/mol per glucose based on DFT-D2, respectively. This
quantification of E,,, p is close to the empirical estimation of 67 kJ/mol (Nishiyama 2018).
Comparing the four allomorphs of cellulose within D2 framework, the E, ;. ;, of I is the largest
(64 kJ /mol per glucose), while that of I1I; is the smallest (60 kJ/mol per glucose), and Ia/If is in

the middle (62 kJ/mol per glucose). If we simply normalize the energy by the volume of their

unit cell and considering the relative volume of I8 being as 1, we obtained xxx for cellulose and

soux for chitin, respectively. [N ORI e
OO TRONEHREN 1 ., one can find (Table 1)

in crystalline monomer and dimer that the F,,, , (59, 68 kJ/mol) and E,,,,. , (98, 79 kJ/mol)
are (although different but) already comparable to that of polymer crystals. The slightly higher
value of E,,, p and smaller value of E, , 1, in small molecular crystal than polymer crystal is

simply ascribed to the increased molecular weight of repeat unit (162 for anhydrous glucose, 171
for cellobiose, and 180 for glucose). Different hydroxy groups per glucose also leads to different

number of inter-molecular hydrogen bonds per residue, which is 5 for glucose, 4 for cellobiose

and 2 for II, III;, chitin, and 1 for Io/IB and chitosan. _
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much lasger than ts E,,,, p (Figure S1) and I, ; of polymer crystals, respectively. I 1 el

and rough calculation, we simply divide the E,,,, . by the number of hydrogen bonds per

inter_

residue, the strength of the single hydrogen bond in mono and dimer crystals can be estimated to
be under 30 kJ/mol in glucose and 27 kJ/mol in cellobiose. Similarly, the E,,,, 5 in cellulose 11,

III;, and chitin are larger than Io, If3, and chitosan, simply due to one more inter-chain hydrogen

bond per glucose residue. More measurement of hydrogen bonds interaction will be discussed in
the last section.

Based on the DFT-D2 calculation, for the B-1,4-linked crystalline polysaccharides, the
London dispersion interaction represents by 48~58% of the total cohesion energy of the
polymer crystal regardless of polymer categories and types of correction used as can be

overviewed in Figure 3 (left) and Table 3.

The Impact of Three Generations of Dispersion Correction

When dispersion correction was modulated from D2 to the other two generations (D3 and

E E

D4), the four energy terms (E Ec,..p) of cellulose 18 varied to (52, 53, 51,

intra_D> “—inter_D> —inter

105 kJ/mol) for D3 and (79, 49, 52, 100 kJ/mol) for D4, showing the monoclinic decreasing of

E, .. p and the increase of E,, ;. and resulting the E, . slightly over E,, p. Such tend of

reverse between E, ,, pand E,, - is also applicable for other crystals as presented in Figure Sxx.

In D2, the dispersion coefficients for each atom species were constant no matter their chemical
contexts. In D3 and D4, the local electron polarizability effect was accounted for and the
dispersion coefficients are automatically adjusted according to their local chemical environment,
resulting in more expensive calculations and different energy values. Such update leads to slightly
difference in predicted unit cell parameters, especially the slightly expansion of unit cell
parameter a, which reflected the relatively less tight packing in D3 and D4, and therefore

reduced E, ., , and increased E Stll, the E, ., , takes 41~55% of the total intermolecular

inter_E*

interactions for D3, and 35~48% for D4, as shown in Table S7.
No matter which type of dispersion correction, the E, . pand E,, of chitin is always

higher than cellulose. This is simply ascribed to the larger molecular weight of the repeat unit
(which is 162 Da for cellulose, and 203 Da for chitin).

Estimations of hydrogen bond strength
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Although more than one hundred years have passed since the first proposal for hydrogen
bond (Huggins1971; Derewenda et al. 2021), the estimation of its range of the strength is still
under development (Emamian et al. 2019). To computationally estimate one hydrogen bond
interaction between small molecules such as water, one can simply separate the hydrogen
bonding paired molecules and estimated the energy difference as hydrogen bond strength since
the London dispersion interaction is small and thus can be neglected. However, for hydrogen
bonds in cellulose or chitin, one cannot simply do so because of other electrostatic interactions

and the increased London dispersion due to increased molecular weight. In addition, dividing the

E, .. by the number of interchain hydrogen bonds would overestimate the hydrogen bond

contribution, because other multipolar electrostatic interactions also contribute to E, . 5. In the

textbook (Mark 2023), an hydrogen bonds are often judged by an arbitrary geometric factors:
donor (H)-acceptor length < 0.27 nm and H-donor-acceptor angle < 30°. When such criteria are
not fulfilled, they fall into categories of Coulomb interaction. Based on this, we developed an
approach by extracting one chain or one sheet out of the 3D crystal (as shown in Figure 4) and
rotating the hydroxyl group around the C-O bond. Single point energy calculations were run at
each point by freezing all the atoms. Only a proton is moving so the London dispersion
interaction can be regarded as nearly constant and the energy difference can be regarded as an
indicator of hydrogen bond and partial contribution from electrostatic repulsion interaction. This
method is similar to the study by Estacio et al (Estacio et al. 2004) which shows that this
hydrogen bond energy value is overestimated and can be considered as an upper limit of
hydrogen bond strength. Details for each hydrogen bond energies in 3-chitin are also provided in
Figure S2.

Taking the intrachain hydrogen bond of If as an example, the HO3-O3 was rotated around
the O3-C3 bond with a stepwise increment of 10° starting from the initial energy minimum
(labeled as A) and single point energy was calculated at each frame, as shown in Figure 4. The
variation of total energy is purely ascribed to the movement of hydrogen (HO3) atom. The
difference between the optimized energy and when H-O...H angle becomes 30° is considered as
the strength of intra-chain O3H...O5 hydrogen bond (labeled as B in the Figure 4a). The
estimation of another intra-chain (O2-HO2...HOG0) hydrogen bond was done in a similar way by
applying rotation for O2-HO2 around the C2-O2 bond as shown in Figure 4b. The estimation
of inter-chain hydrogen bond (O6-HOG6...03) requires the simultaneous rotations of C2-O2-
HO2 and C6-O6-HOG angles, because the sole rotation of C6-O6-HOG6 will induce short
HOG6...HO2 contact (< 1 A) that is unreasonable. To avoid this short proton-proton contact,

starting from the energy minima, the HO2 hydroxyl and HOG hydroxyls are rotated in an
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opposite direction as indicated in the red arrow in Figure 4c. The rotation of HOZ2 in Figure 4c
and 4b follows the same direction. The total energy variation of simultaneous rotation of HO2
and HOG was subtracted by the energy profiles of the sole HO2 rotation in Figure 4b, and the

result in shown in Figure 4c. The estimation of other crystals follows the receipt of If3.
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Figure 4. Total energy variation of Iff chain as the function of H-O rotated angle around bond
C-O. The arrow indicates the rotation trajectory of hydroxyl groups. A, B, C, D, E in energy
profiles corresponds to the same label in molecular snapshots which indicates the selected
frames during the rotation trajectory of hydroxyls. The red arrows indicate the rotational
direction of hydroxyls from 0 to 360 degree.

By setting the universal hydrogen bond criteria (H...acceptor < 0.27 nm and H-D-A < 30°),
the three major hydrogen bond (Ey3 05 Enoz. o6 Enos. o23) of I can be qualitatively
estimated to have the upper limit of 25 kJ/mol, 24 kJ/mol, and 31 kJ/mol, with DFT-D2 as
labeled in the dashed line in Figure 4a, 4b, and 4c. The slightly higher value of Ey;o; 3 than the
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other two can be ascribed to the additional contribution of electrostatic attraction from the
HOG...02 pair, since the rupture of HOG6...O3 also alters the HOG6...O2 distance during the
rotation of hydroxyl group (Figure 4 & S3). Summary of all hydrogen bond strength is provided
in Table 2, showing the range from 14 to 33 kJ/mol, which is similar to that in the estimation of
alcohol hydrogen bond (24 kJ/mol) of small analogs (Nishiyama 2018). This indicates that the
hydrogen bond strength in cellulose, chitin, and chitosan is not particularly strong, but is similar
to their smaller analogs (such as glucose, Table S2). For the chitin and chitosan, the strength of

NH...OC hydrogen bond is 26 or 34 kJ/mol, within the same magnitude of the strength of

OH...OH hydrogen bond of cellulose. All the hydrogen bond strength estimation depends very
little on the generation types of London dispersion correction, as shown in Table S3, S4 (13~34
kJ/mol for D3) and S5 (14~32 kJ /mol for D4), for all crystals.
Table 2. The type and maximum strength of intra- and inter-chain hydrogen bond (HB)
in crystals.
Energy (-kJ /mol) Io. 18 1 I, «chitinA  achitin B Bchitin _ Chitosan
Intra- O3H...05 25 26 21 21 27 32 27 27

HB O2H...06 23 24 - - - - - -
OCH...O3 33 31 -- - - - - -

O6H...02 - - 16 21 - - - -

Inter- O2H...06  -- - 19 23 - - - -
HB O2H...02 - - 14 - - - - -
O6H...06 - - 30 - - 20 - -
OGH...OC - - - - 13 - 17 -
NH...OC - - - - 33 30 33 -

OG6H...N -- - -- - - - _ 27

Each anhydrous glucose residue in Iff contains three free hydroxyl groups that form one
interchain hydrogen bond and two intra-chain hydrogen bond on average, the strength of which
is <31 and <50 kJ/mol per glucose, proving that both the inter- and intra-chain hydrogen SRl

BOIPEREIEEsE) «cspcctively. This picture is regardless of types of dispersion correction (52,
51, 53, 27 of E,,., p Einw tip Einer p Eiper p for D3 and 79, 53, 49, 31 for D4). A similar

expression also applies to cellulose Ia that exhibits similar structural features as If3, as shown in
Table 3.

Table 3. Comparison between London dispersion interaction and hydrogen bond.

T 18 11 111, a-chitin-A a-chitin-B B-chitin  Chitosan

D2 Intra_D 79 79 77 76 105 104 105 83
Intra HB 48 50 21 21 27 32 27 27
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Inter_D 62 62 64 60 70 74 70 67

Inter HB 33 31 40 44 46 50 50 27
D3 Intra_D 52 52 51 51 70 69 70 54
Intra HB 49 51 22 29 26 31 26 27
Inter_D 53 53 54 48 60 63 59 59
Inter HB 29 27 37 39 47 44 50 27
D4 Intra_D 78 79 76 77 104 104 104 82
Intra HB 48 53 21 29 26 32 28 27
Inter_D 48 49 51 45 55 58 56 51
Inter HB 32 31 39 34 45 44 47 28
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Figure 5. Histogram of (inter-chain and intra-chain) London dispersion interaction and hydrogen
bond strength in crystals.

For other cellulose allomorphs (II and III;) and chitin, as well as chitosan, the intra-chain
hydrogen bond (O3H...O5) is retained but the planar hydrogen-bond network disappears due to
the conformational variation of the exocyclic hydroxylmethyl group, which is # in native
cellulose, gg/g# in a-chitin, and g7 in the rest. The number of inter-chain hydrogen bonds increases
from 1 to 2 per residue and the intra-chain one decreases from 2 to 1, thus accompanying with
the increased total strength of inter-chain hydrogen bonds. However, the strength of inter-chain
hydrogen bonds is always below 50 kJ/mol from D2, 50 kJ/mol from D3, and 47 kJ/mol from

D4, showing that none of them exceeds their corresponding inter-chain London dispersion

interaction (see Table 3). NS ENINENNCN NI SEAIN NSO

BB 1he same picture between intra- and inter-chain dispersion interactions and hydrogen

bonds also holds for other polysaccharide analogues. As shown in the Table S6, the component

of hydrogen bonding interaction in the total interchain interaction in crystals varies between 23%
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and 40% while that of London dispersion energy fluctuates between 35% and 58% (Table S§7),
and the electrostatic interactions overall occupied from 42% to 61% (Table S8).

When hydroxyl groups is rotated around their corresponding CO bond (Figure 4), the
energy bartier during the C-O-H angle rotation may reach 50~60 kJ/mol per residue. One may
simply think this should be considered as the hydrogen bond strength. Such thought is improper
because the energy variation induced by the rotation of hydroxyl group includes both hydrogen
bond and other repulsions or attractions between hydrogen and nearby atoms. This repulsion or
attraction occurs in polymers but not for small molecules (such as water) in isolated state due to
steric effect of adjacent atoms in polymer chain. One obvious evidence is the bimodal shape of
the energy profile, where an energy minimum occurs between 200° and 250°, and is due to the
electrostatic attraction between mobile hydrogen and its adjacent oxygen. Their geometry
parameters at this minimum are far beyond the standard hydrogen bond criteria. At this low
energy minimum, the nearby electrostatic repulsion is the most minor and the energy variation is
always less than 32 kJ/mol in comparison to the initial state (20 kJ/mol in Figure 4a, 32 kJ/mol
in Figure 4b, 18 kJ/mol in Figure 4c), which is much smaller than the energy barrier. Therefore,
our estimated energy difference is already the upper limit of hydrogen bond strength.

The fact that hydrogen bond strength estimated here is slightly higher than those reported
for small molecules is that one hydroxyl in polysaccharide crystal structures acts as both donor
and acceptor because of the hydrogen bonding network, resulting in constructing correlation
among each hydrogen bond. Influencing one may also partially interrupt others. The
cooperativity in hydrogen bond network is also reported to enhance the strength of a single
hydrogen bond, but the extent is limited (Qian 2008; Masella et al. 2000). The hydrogen bond
strength is also reported to be context-dependent in protein, which is stronger in the inner
hydrophobic core than surface but never found to dominate the structural stability.(Deechongkit
et al. 2004) A similar principle can be parallel to crystalline polysaccharides according to our

estimation and London dispersion interaction.

Conclusion:

To summarize, using DFT calculation and modulation of dispersion correction and the
single energy calculation with rotating hydroxyl groups, we have systematically quantified the
London dispersion interaction and strength of hydrogen bond of cellulose, chitin, and chitosan
and their monomer and dimers. We are able to confirm the fact that inter-chain London
dispersion interaction excesses the strength of inter-chain hydrogen bond within the lattice

energy of cellulose If as Nishiyama reported. In addition, the intra-chain London dispersion
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interaction was proved to also be stronger than the intra-chain hydrogen bonds for I§ crystals.
Moreover, these findings not only adapt to cellulose IB, but also to other cellulose allomorphs
(I, II, III;) and other B-(1,4)-crystalline polysaccharides (chitin and chitosan). Although the
alteration of different generations of dispersion interactions alters slightly the absolute value of
intermolecular dispersion and electrostatic as well as hydrogen bonding energies due to slightly
different unit cell parameters comparing to experimental observation, the picture that London
dispersion interaction excesses hydrogen bonding interaction always stands. Our quantification
provides direct evidence that refutes the hydrogen bonding dominated dissolution mechanism of
cellulose and chitin. One may argue that although one hydrogen bond is not strong enough, the
activation energy of peeling-off abundant hydrogen bonds along a polymer chain would be
strong. This is true, but the peeling-off energy required to resist London dispersion interaction in

crystal would also be strong, and still larger than the total energy of many hydrogen bonds.
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