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Abstract

Potential cellulose-surface active aryl ammonium compounds that may also de-aggregate dye molecules in aqueous solution have been mod-
elled using molecular mechanics methods and simulation methods, and compared with known additives such as amines and urea, as an extrap-
olation of modelling the interaction of water and urea molecules with cellulose microfibril surfaces. The results from these modelling studies
have clearly elucidated the way in which polar molecules interact with cellulose surfaces, and have been used to provide insight into the dyeing
process and to identify which new molecular systems might be predicted to act as molecular delivery agents for assisting dye processes.
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1. Introduction

The molecular structure of cellulose has been studied over
the years by a number of techniques such including molecular
modelling [1], FT-IR [2], solid state Cross Polarisation/Magic
Angle Spinning (CP/MAS) NMR [3], solid state '*C NMR [4],
neutron [5] and electron [6] diffraction, Raman spectroscopy
[4], scanning [7] and transmission electron microscopies and
atomic force microscopy (AFM) [8]. These techniques have
aided in the elucidation of the structure of cellulose. However,
the structure is complex because the crystalline properties of
cellulose vary with the source, the amorphous nature of the
source and the number of polymorphs present in the source.
It is not the intention to review the cellulose structure because
recent reviews are available in the literature [9].
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Cotton is the purest natural form of native cellulose with
a cellulose I polymorphic structure. This cellulose I poly-
morph can readily undergo interconversion to other poly-
morphs. The cellulose II polymorph interconversion being
initiated by mercerisation; a technique common in the textile
industry whereby cellulose is exposed to concentrated sodium
hydroxide solution. Computational analysis of cellulose over
the decades has had varying degrees of constraint applied to
reduce the computational power and time required [10]. As
molecular mechanics force fields have evolved, the constraints
applied to the original models have been largely removed.

Computational analysis of cellulose has been undertaken by
many groups [11—13], with varying degrees of success. With
this in mind, we did not want to repeat the work of other
groups by modelling cellulose, but to use the models already
available for studying the interactions of the cellulose matrix
with dyes and solvent molecules at the molecular level. The
initial model that we intended to use in our studies was that
of Hardy [11] (Fig. 1). This structure consists of a planar
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Fig. 1. End view of the Hardy planar array.

3 x 6 array of strands, each strand being eight glucose residues
in length (Fig. 2).

However, this proved to be impractical since these cellulose
block models did not appear to have the characteristics of a cel-
Iulose microfibril, which has been described as being nearly
square with lateral dimensions of 3—4 nm [12] and would con-
tain 36 chains. Hence, we have adopted [1] models produced
by Baird et al. [14]. These models were all based on cellulose
I literature dimensions [12] and was sufficiently large to
mimic a cellulose microfibril, with the desired characteristics
outlined above. It was therefore our intention to use this struc-
ture, along with other molecular modelling tools, such that ad-
ditives could be designed and tested in a conceptual manner
before any synthetic work was undertaken. The main tool of
choice for this study was interaction mapping tool within
Quanta 97%. One of the options of the interaction mapping
is the facility to probe a structure with a second structure. In
this paper on the modelling of cellulose in water and on the
mechanism of the cellulose dyeing process, we provide an in-
sight into cellulose—water interactions which is of utmost im-
portance with respect to the processing of cellulose for dyeing
applications. It is shown that cellulose does not wet in an even
fashion but with clustering of water in certain regions. We also
study the behaviour of potential dye-bath additives and dye
molecules in the vicinity of cellulose and their interactions us-
ing the probe map tools within Quanta 97,

Fig. 2. Side view of the Hardy planar array.

2. Methods

Dyes and all potential additives, with the exception of water
and cellulose molecules, were initially drawn within the 2D
molecular builder available within Quanta 97®, using the
Baird et al.’s approach [14]. These structures were then mini-
mised (gas phase) such that each component in the more com-
plex models was at its own gas phase local minimum. The
potential additives were initially constructed and minimised
using molecular mechanics (see Section 5), before being sub-
jected to gas phase molecular dynamics simulations and sim-
ulated annealing vie re-minimisation. The minimised
structures obtained were then used for probe mapping studies.

Solvated models were constructed by combining the de-
sired structures before solvation using the solvation tools
available within Quanta 97%. These tools involve the incorpo-
ration of each water molecule, as opposed to there being sim-
ulated solvation using a dielectric constant.

The cellulose models of Baird and O’Sullivan [14] were
initially minimised using molecular mechanics (see Section
5), before use with Quanta 97%. All structures were subjected
to minimisations using the SD method to remove bad contacts,
then CG minimisations over 4000 iterations. This conjugate
gradient minimisation regime was repeated where necessary
until convergence had occurred, with a convergence limit set
at the default value of 0.01 kcal mol~'. The minimised struc-
tures were then subjected to molecular dynamics simulations,
followed by simulated annealing via re-minimisation.

Probe maps were performed as outlined (see Section 5), us-
ing the interaction mapping menu within Quanta 97°. The cel-
lulose matrix [15] and the chosen additive were then placed
apart in space, with the additive selected as the probe, and
the cellulose matrix selected as the structure to be probed.
The probe mapping was performed within the confines of
a 10 A box, between the energy limits of 4100 kcal mol ™’
and —200 kcal mol ' and the resulting probe maps were dis-
played as a grid around the cellulose matrix.

3. Results and discussions

To comply with the specifications for a celluose microfibril,
i.e. nearly square with lateral dimensions of 3—4 nm and con-
taining approximately 36 chains, Baird and O’Sullivan [14]
constructed a model of a cellulose microfibril from a mono-
clinic unit cell of cellulose I, which consisted of two chains,
each eight glucopyranose units in length. To remain within
the constraints of the modelling package and computational
power used, a 16 chain model of a microfibril was constructed
as shown in Figs. 3 and 4 and not the desired 36 chain. In
Fig. 3 the non-reducing chain ends of the microfibril can be
seen, whilst Fig. 4 displays the length of the chains with the
non-reducing ends orientated to the right of the model.

This model, although somewhat smaller than a cellulose
microfibril, was suitable for our needs since it contains surface
and non-surface chains, i.e. it has a central core not exposed to
the outside environment and also has a reducing end and non-
reducing end, allowing full exploration of the microfibril. This
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Fig. 3. End view of the non-reducing end of 16 x 8 array of cellulose.

reduction in size allowed computational calculations to be per-
formed at reasonable speed. The microfibril has dimensions of
21 x 21 x 45 A, and a total energy of —2039.74 kcal mol ™!
after minimisation and a final energy of —2532.1 kcal mol
following 5 ps of dynamics simulation and simulated anneal-
ing. After re-minimisation within Quanta 97® this annealed
structure had an energy of 1344.04 kcal mol ™', which al-
though somewhat different from that reported by Baird et al.
[14], is accounted for in that the energy observed is specific
to the modelling package and the force field used.
Cellulose—water interactions have been extensively studied
by various techniques, including IR-spectroscopy [13], NMR
[15], and sorbtion isotherms [16]. In crystalline cellulose I,
there are many sites at which water sorbtion can occur due
to the large number of hydroxyls on the surface. The energy
minima of the sorbtion sites vary due to the relative balance
of attractive and repulsive forces, localised steric hindrance,
position of interfering atom groups, possibility of water bound
to more than one substrate group, and interference from other
water molecules [17]. It is also known that water in contact
with macromolecules behaves differently to water in the
bulk of a solution. This difference can be attributed to sorbtion
and disruption of the hydrogen-bond network in the water, in
that water molecules are hydrogen bonding to the carbohy-
drate hydroxyls as opposed to other water molecules [18].

Fig. 4. Side view of 16 x 8 array non-reducing end of cellulose, orientated to
the right.

Fig. 5. Side view of the solvated, non-reducing end of a 16 x 8 cellulose
matrix.

Baird and O’Sullivan [19] performed complex modelling stud-
ies involving end solvation (Fig. 5) and side solvation (Fig. 6).
They found that cellulose does not wet evenly over the whole
structure, but has regions with a high solvation affinity and
areas with a low solvation affinity, as proposed by Pizzi and
Eaton [17]. These higher affinity sorbtion sites lead to a clus-
tering of water molecules, since it appears that it is more fa-
vourable for water molecules to bond to water molecules at
a high affinity site than to bond to cellulose at a lower affinity
site. This leads to an interesting discussion on the nature of
water layers forming on cellulose. Hartley et al. [20] stated
that water molecules at a hydration site may interact with
each other to form clusters, as it is the natural tendency of
water [21].

Modelling work performed during this study by Baird et al.
and O’Sullivan [14,19] with 55 water molecules placed over
the non-reducing end of the 16 x 8§ matrix (Fig. 5) found
that 38% of the water molecules get ‘sucked in’ towards the
end of the matrix. Three ‘kinds’ of water were observed in
this study; i.e. (1) water bound to cellulose; (2) water cluster-
ing to bound water; and (3) free water molecules. These obser-
vations support the selective wetting discussed above.

Solvation of the side of the matrix affords water molecules
the chance to move along the side of the matrix, to find
a higher affinity sorbtion site resulting in clustering of the wa-
ter molecules at the end of the cellulose microfibril model, and
thus minimising the degree along the microfibril, in

Fig. 6. Non-reducing end view of the side of cellulose solvated (16 x 8 cellu-
lose matrix).
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accordance with the proposals of Pizzi and Eaton [17], and
Hartley et al. [20]. This was also observed by Baird and O’Sul-
livan [19], as depicted in Fig. 6.

It can be seen from the above modelling studies that cellu-
lose—water interactions are reasonably well understood if not
completely documented, and that there was little need to re-
produce these results within Quanta 97®. We did, however,
check that provided similar results for the minimisations and
dynamics simulations of the 16 x 8 cellulose matrix and that
water on the side face behaved as predicted by our co-workers.
This work was carried out as outlined in Section 5 to produce
the results predicted in Fig. 7. In this paper, we extend these
studies to provide an insight into what happens in the presence
of urea within the textile processing industry.

3.1. Computational analysis of cellulose with amines and
urea

Ammonia has been investigated in relation to colour chang-
ing properties [22] and swelling of wood [23]. This application
of anhydrous liquid ammonia in conjunction with sodium hy-
droxide in an attempt to overcome the difficulty of mercerising
natural fibres, such as jute [24], interested us. Molecular dy-
namics studies by our co-workers showed that a pressure of
500 atm was required before ammonia molecules entered the
cellulose matrix. The familiar hydrogen bonding and cluster-
ing interactions of ammonia molecules were being prevalent
below the extreme pressure indicated (Fig. 8).

Our molecular dynamics studies were concerned with cel-
lulose—urea interactions and especially, those interactions on
the side face of the matrix, since these make up more of the
active surface area within a cellulose microfibril. These studies
were initially performed in the gas phase, with the urea mole-
cules (18 of them) being randomly placed around the junction
of two of the side faces. It was observed that the urea mole-
cules hydrogen-bond both with themselves and with the cellu-
lose matrix, leading to a distortion of the most exposed strand
(shown on the left hand side of Fig. 9).

The hydrogen bonding of urea to the cellulose matrix takes
place through the available C(2)-, C(3)-, and C(6)-position

0ol o

Fig. 7. Cellulose—water interactions.

Fig. 8. Space fill view of the clustering of ammonia around the non-reducing
end of 16 x 8 cellulose array [21].

hydroxyl groups, with urea—urea interactions acting through
the carbonyl of one urea and amide hydrogens of an adjacent
urea molecule. These hydrogen-bonding interactions can be
seen from the close up of Fig. 9, as shown in Fig. 10, and
from above Fig. 9, as depicted by Fig. 11.

It has been suggested that urea, amongst other effects, be-
haves as a swelling agent [25], causing the swelling of the cel-
Iulose matrix, thus facilitating the ingress of the dye. This may
be the case with bulk cellulose, i.e. expansion of the inter-mi-
crofibrillar space would allow the ingress of dye into the
deeper, more secluded fixation sites. However, this swelling
does not appear to extend to the microfibrillar level, from
the results obtained here, since we observe no ingress of the
urea into the matrix and only minor deformation of the ex-
posed edge of the cellulose matrix.

3.2. Computational analysis of C.I. Reactive Red 2
(Procion Red MX-5B) with cellulose

Dye—cellulose interactions have been studied by placing
the dye molecules in question (two molecules of C.I.
Reactive Red 2) in close proximity to the stripped down and

Fig. 9. Gas phase dynamics simulation of 16 x 8 cellulose matrix with urea.
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Fig. 10. Close up view of the hydrogen-bonding network in from Fig. 9.

re-minimised 16 x 8 cellulose matrix, and performing aqueous
phase molecular dynamics simulations as shown in Fig. 12.
Molecular dynamics simulations were performed after the ad-
dition of a 10 A solvation sphere to all residues. This was per-
formed as outlined in Section 5. Minimisation studies were
also performed, along with the molecular dynamics simula-
tions; however, no firm patterns have emerged as to where
the C.I. Reactive Red 2 dye molecules prefer to be orientated
in relation to the cellulose matrix (Figs. 13 and 14). This may
suggest that there is no apparent specificity in the initial dye—
cellulose binding process. In fact there appears to be minimal
interaction of any kind between dye and cellulose surface,
however, given the fact that water molecules tend to cluster
in specific regions around the cellulose matrix and that the

Fig. 11. A further close up view of Fig. 10.

Fig. 12. Dye—cellulose orientation shown from above the matrix.

dye is ‘dissolved’ in water, it could be envisaged that there
is likely to be an effective and selective delivery process oper-
ating, based entirely upon greatest cellulose—water interac-
tions. If this is the case, one would expect dye—cellulose
interactions to be maximal where the cellulose—water interac-
tions are maximal, i.e. at amorphous regions, at dislocations of
the crystalline structure, i.e. at the strand ends and microfibril
edges, and around the more available 6-position hydroxyl
groups in those areas.

A

Fig. 13. (A) Dye—cellulose orientation about the reactive function and the
C(6) hydroxyl. (B) Showing the lack of specificity in the orientation of the
C.1. Reactive Red 2 with the cellulose matrix.
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3.3. Computational analysis of cellulose with potential
additives

The interactions between the cellulose and potential addi-
tives were observed and modelled by use of probe interaction
techniques. This was done since the demand placed on compu-
tational time by these systems was large if meaningful results
were to be generated by molecular dynamics simulations.
Probe interaction calculates empirical energy field maps.
A probe molecule or atom (in our case the additive in
question) is used to sample the chosen environment. As the
structure is probed, the energy is calculated between the probe
and target at all points within the pre-defined sampling box.
The energy calculated is the Lennard—Jones van der Waals en-
ergy, the electrostatic energy, or the sum of both the energies.

411

For molecular interaction studies, the probe is tumbled about
the target at specified angles and increments and an energy cal-
culation performed at each point of a grid superimposed on the
target, using all possible combinations of probe rotation angles.
A contour map is calculated by taking the maximum and mini-
mum energy values for each grid point (Fig. 15).

The probe map studies of the mono-ammonium species i.e.
aniline hydrochloride 1, benzylamine hydrochloride 2, 4-me-
thoxybenzylamine hydrochloride 3 and 2-(3,4-dimethoxyphe-
nyl)ethylamine hydrochloride 4 seem to infer that the
introduction of the extra carbons and the methoxy moieties
to the initial phenyl core lead to more favourable interactions
between the additive species and the cellulose matrix. The
probe map displayed in Fig. 16 for aniline 1 and cellulose
was probed within the confines of a 15 A box. It can be
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Fig. 14. End view showing orientation of dye with cellulose.

seen from the red matrix that close interaction over most of the
cellulose matrix is energetically unfavourable, whilst the blue
matrix, which indicates favourable interactions, has an energy
of —115.78 kImol ' and covers much less of the cellulose
surface.

If we look at the probe map of benzylamine hydrochloride
2 (Fig. 17) with the cellulose, we see that the red (energetically
unfavourable interaction) matrix once again envelopes the cel-
lulose. However, the blue (energetically more favourable inter-
action) matrix can be seen to be permeating the probe map
with particularly favourable interactions occurring above and
below the cellulose hydroxyls. This is even more pronounced
with 4-methoxybenzylamine hydrochloride 3 (Fig. 18) and 2-
(3,4-dimethoxyphenyl)ethylamine hydrochloride 4 (Fig. 19)
probe maps, thus indicating that the addition of the methoxy
groups, which were incorporated to increase solubility, has
a favourable effect upon the cellulose—additive recognition
and binding processes according to the modelling studies.

The probe map studies for the initial di-ammonium series
of additives included p-xylenediamine dihydrochloride S, m-
xylenediamine dihydrochloride 6, 1,5-diaminonaphthalene
dihydrochloride 7 and diaminoterphenyl dihydrochloride 8.

Box centred here at C(5) poition

Fig. 15. Figure showing the position of the probe map box centred on the C(5)
carbon indicated.

C(6) hydroxyl

Fig. 16. Probe map of aniline hydrochloride 1 on cellulose.

If we look at the probe map for p-xylenediamine dihydro-
chloride 5 on cellulose (Fig. 20) we can see that the red matrix,
i.e. unfavourable interaction matrix, has diminished and there
appears to be much more evidence of favourable interaction
(blue matrix) between the additive and the cellulose matrix.
It is also apparent that the distance between the red and blue
matrices has decreased significantly, indicating that the addi-
tive is now able to get within close proximity to the cellulose
before repulsions begin to take effect thus facilitating the hy-
drogen-bonding interactions between the additive and the cel-
lulose. We are now beginning to see a continuation of the blue
matrix around most of the cellulose as opposed to the channels
seen previously with the mono-ammonium species congregat-
ing around the cellulose hydroxyls. All these indicate that the
approach to additive design appears to be generating better tar-
get structures with each cycle.

If we compare the probe map of p-xylenediamine dihydro-
chloride 5 (Fig. 20) with that of benzylamine hydrochloride 2
(Fig. 16), we can see that both the plots envelop the cellulose
in a similar manner. Although, the extra interaction obtained
from the addition of the second alkyl ammonium in the

C(6) hydroxyl

Fig. 17. Probe map of benzylamine hydrochloride 2 on cellulose.
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C(6) hydroxyl
™

Fig. 18. Probe map of 4-methoxybenzylamine hydrochloride 3 on cellulose.

para-position has an effect that is much greater than one
would have anticipated from the previous results.

The relocation of the second alkyl ammonium moiety to the
meta-position (Fig. 21) leads to a probe interaction map that is
somewhat more complicated than was the case for the p-xyle-
nediamine dihydrochloride. This is manifested by the fact that
we now have an abundance of blue (favourable) channels and
what appears to be a compromise between Figs. 17 and 20. As
a result we would expect that this additive would perform in
some intermediate capacity between that of the benzylamine
hydrochloride 2 and the p-xylenediamine dihydrochloride 5.

The probe maps for the 1,5-diaminonaphthalene dihydro-
chloride 7 (Fig. 22) and diaminoterphenyl dihydrochloride 8
(Fig. 23) seem to indicate that these two di-ammonium species
would perform to a lesser degree than the m- and p-xylenedi-
amine dihydrochloride species, 6 and 5, respectively. This may
be due to the increased hydrophobicity imparted upon these
additives by the larger organic core; however, there still ap-
pears to be definite interactions between the additives and
the cellulose hydroxyl sites.

If we return to the m- and p-xylenediamine dihydrochloride
species that appear from the preceding modelling exercises to

C(6) hydroxyl

Fig. 19. Probe map of 2-(3,4-dimethoxyphenyl)ethylamine hydrochloride 4 on
cellulose.

C(6) hydroxyl

Fig. 20. Probe map of p-xylenediamine dihydrochloride 5.

be two potential candidates for salt replacement, we can look
at the effect of these adding polyethyleneglycol (PEG) units to
each of the terminal amines. The addition of these groups was
carried out to increase the solubility of the additives such that
they can be used at high concentrations if desired whilst simul-
taneously providing further sites for dye—cellulose binding
interactions.

If we now compare the results obtained for p-monol 9 and
p-digol 10, Figs. 24 and 25, respectively, we can see that on
going from one ethyleneglycol unit to two that the probe inter-
action maps with the cellulose matrix show an increase in the
inability of the additive to interact with the cellulose matrix.
This could possibly be attributed to steric factors and a mask-
ing of the ammonium functionality.

If we now compare these results with those of the initial p-
xylenediamine dihydrochloride additive 5 we can see that
there is an increasing lack of interaction on going from the
p-xylenediamine dihydrochloride 5 to the p-monol 9 and again
on going from the p-monol 9 to the p-digol 10. This occurs to
such an extent that the blue (favourable interaction) matrix in
Fig. 24 for p-monol 9 has been displaced away from the cel-
lulose array. Also, in the p-digol 10 case (Fig. 25) the blue

C(6) hydroxyl

C(2)and C(3) hydroxyls

Fig. 21. Probe map of m-xylenediamine dihydrochloride 6.
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C(6) hydroxyl

Fig. 22. Probe map of 1,5-diaminonaphthalene dihydrochloride 7 on cellulose.

and red matrices merely form a wall at the back of the probe
sample box. Hence, it is envisaged that whilst these additive
had already displayed strong interactions with the dyes, they
would have little influence upon the binding to the cellulose.

Finally, if we look at the interactions between the cellulose
and the m-xylenediamine dihydrochloride with the attached
PEG moieties, i.e. m-monol 11 (Fig. 26) and m-digol 12
(Fig. 27), we see a similar trend to that observed for the
m-xylenediamine dihydrochloride series. There is the same de-
crease in interaction between the additive and the cellulose ar-
ray with the resultant probe mapping of only the back wall of
the probe map box once again. This would therefore lead us to
believe that these would be poor additives for the binding to
cellulose, although once again they displayed excellent results

C(6) hydroxyl

Fig. 23. Probe map of diaminoterphenyl dihydrochloride 8 on cellulose.

C(6) hydroxyl

Fig. 24. Probe map of p-monol 9.

with the binding of the dye, which is much enhanced by the
PEG chains.

4. Conclusions

From the results presented above, it can be seen that the
structure of cellulose is predictable using established models
and that molecular modelling can be applied to generate rep-
resentative 3D structures. In turn, these models can be used
to examine certain molecular level phenomena, such as sur-
face wetting and interactions with potential dye-bath additives.
It is apparent from this work, and that of Pizzi et al. [17] and
Baird and O’Sullivan [9,14,19], that cellulose does not wet
evenly, in contrast, it has pockets of higher and lower affini-
ties, and water forms hydrogen-bonded clusters around the
higher affinity sites, whilst the lower affinity sites are devoid
of major interactions.

We have shown that Quanta 97® can be used for these large
structures with comparable results to larger software packages
and have extended the molecular mechanics modelling of cel-
lulose and water to include urea (as used in the textile indus-
try) and have shown how urea facilitates the adsorption of
water onto the cellulose microfibril surface. The modelling
of dyes in the presence of cellulose has also been presented,

C(6) hydroxyl

Fig. 25. Probe map of p-digol 10.
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C(6) hydroxyl

Fig. 26. Probe map of m-monol 11.

and although no firm conclusions can be drawn as to the exact
orientation of the dye in relation to the cellulose, we observe
the approach of dye molecules to areas of cellulose where wa-
ter molecules also cluster, i.e. around strand ends, and hence
are in closest proximity to the free 6-position hydroxyl groups
of glucosyl rings.

The probe mapping results infer that all of the above addi-
tives modelled herein show some level of interaction with the
cellulose matrix, with the m- and p-xylenediamine dihydro-
chloride additives 6 and 5 in particular showing the strongest
interactions and are therefore all viable targets for future syn-
thesis and testing as potential dye-delivery agents. However,
modelling of such additives and their interactions with cellu-
lose also need to be balanced with their predicted (modelled)
interactions with dyes. The combination of modelling both
dye—additive and additive—cellulose interactions should allow
one to predict which additives are truly suitable candidates for
synthesis and application. In future work, we will report on
these dye—additive interaction studies and experimental deter-
mination of the validity of this type of modelling approach to
the rational design and application of dye-bath additives to im-
prove dyeing efficiency.

C(6) hydroxyl

C(2) and C(3) hydroxyls

Fig. 27. Probe map of m-digol 12.

5. Experimental procedures
5.1. General computational procedures

All molecular modelling work was undertaken on a Silicon
Graphics O, workstation with a 180 MHz CPU, 64 MB of
RAM running IRIX 6.2. Quanta® was used in the initial stages
and was upgraded to Quanta 97°. Hardcopies of structures
were prepared using Snapshot for screen capture and XV for
RGB to JPEG conversion.

5.2. Gas phase minimisation studies of C.I. Reactive
Red 2 (azo-phenol form)

A Procion Red MX-5B molecule was constructed using the
2D molecular editor interface within Quanta 97%. This was
then subjected to gas phase minimisations over 4000 iterations
using the steepest descent (SD) algorithm to remove high en-
ergy interactions, then the minimisation was repeated using
the conjugate gradient (CG) algorithm again until the structure
reached its minimum energy according to the CHARMm force
field.

5.3. Gas phase molecular dynamics studies of C.I.
Reactive Red 2 (azo-phenol form)

Using the CG minimisation output from procedure 1 mo-
lecular dynamics simulations were performed. The dynamics
simulations were run over a 4 ps time scale, for each of the
stages, heating to 300 K, equilibration and simulation at
300 K. Simulated annealing was undertaken upon completion
of the dynamics simulations, by repeat minimisation of the dy-
namics output using the CG algorithm until the structure
would minimise no further.

5.4. Minimisation studies of C.I. Reactive Red 2 within
a water matrix

A C.I. Reactive Red 2 molecule was constructed within the
molecular editor of the Quanta 97% package, this structure was
then subjected to gas phase minimisations over 4000 iterations
using the SD, then CG algorithms. This structure was then sol-
vated, with a 30 A box of water, using the solvation option
within the calculation menu. The resultant model was then
re-minimised as until the structure would minimise no more
initially by SD, then by CG methods.

5.5. Molecular dynamics studies of C.I. Reactive Red 2
within a water matrix

Solvated dynamics simulations were studied by performing
dynamics simulations on the model generated from procedure
3. The simulations were carried out as in our previous paper
using 4 ps time scale for each of the dynamic simulation
components.
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5.6. Re-minimisation and dynamics simulations of
cellulose microfibril [19]

Using a model of a section of a cellulose microfibril which
was previously constructed [19] it was possible to re-minimise
the structure and perform dynamics simulations as outlined
earlier within Quanta 97® to check that similar results were
obtained to those of O’Sullivan [19].

5.7. Molecular dynamics simulations of urea in the
presence of a cellulose matrix

Using a model of a section of a cellulose microfibril which
was previously constructed [19] it was possible to place urea
molecules in close proximity to the side edges of the cellulose
block. These structures were then solvated with a 10 A solva-
tion sphere, and the models subjected to repeated minimisa-
tions using the CG algorithm until the structure would
minimise no further. The structure was then subjected to dy-
namics simulations lasting 12 ps in total before simulated an-
nealing by re-minimisation as outlined previously.

5.8. Molecular dynamics simulations of two C 1. Reactive
Red 2 molecules in the presence of a cellulose matrix

Using a model of a section of a cellulose microfibril which
was already constructed [19] it was possible to place two C.I.
Reactive Red 2 dye molecules in the vicinity of the edges of
this cellulose block. The structure was then solvated with
a 10 A solvation sphere; this was then subjected to repeated
minimisations using the CG algorithm until the structure
would minimise no further. The structure was then subjected
to dynamics simulations lasting 4 ps before re-minimisation.

5.9. Additive construction, minimisation and dynamics

Additive molecules were constructed using the 2D molecu-
lar editor interface within Quanta 97®. Each structure was then
subjected to gas phase minimisations over 4000 iterations us-
ing the steepest descent (SD) algorithm to remove high energy
interactions, then the minimisation was repeated using the
conjugate gradient (CG) algorithm again until the structure
reached its minimum energy according to the CHARMm force
field. Using the CG minimisation output from above, molecu-
lar dynamics simulations were performed. The dynamics sim-
ulations were run over a 4 ps time scale, for each of the stages,
heating to 300 K, equilibration and simulation at 300 K. Sim-
ulated annealing was undertaken upon completion of the dy-
namics simulations, by repeat minimisation of the dynamics
output using the CG algorithm until the structure would min-
imise no further.

5.10. Cellulose—additive probe mapping

Probe maps were performed using the interaction mapping
menu within Quanta 97®. The two structures i.e. the cellulose
and the chosen additive that had both previously been minimised
and taken part in dynamics simulations and annealing studies
were opened and the additive chosen to be the probe whilst the
dye was chosen as the structure to be probed within the confines
of a 10 A box and +100 kcal mol ™" and —200 kcal mol~". The
process was then left to run overnight before the probe maps
were displayed as a grid around the cellulose matrix.
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