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2s Where Cyq is the equilibrium MB concentration in a solution, a is

Experimental the MB adsorption, a, is the monolayer capacity, and Ry is the
gas constant.
10 Methods The specific surface area was calculated from the MB

adsorption isotherms using the area occupied by a MB cation

Mercury porosimetry . 20 equal to 1.19 nm? estimated from the adsorption complex (Fig.
Mercury porosimetry with a PoreMaster (Quantachome s2)

Instruments, USA) was used to determine the macropore size
distribution of flax fibres (differential PSD (D) ~ dV/dD, Fig. S1,

1s shown for better view as —dV/d(logD) where D is the pore
diameter).
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Fig. S2 Adsorption complex of two MB cations in slitshaped nanoropore
(calculations by CharMM force field with Vega ZZ 2.4.0).
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0 50 100 150 200 s Kinetics of MB adsorption onto flax and cotton fibres depends

on several processes such as (i) molecular diffusion of MB to a
surface and within pores in fibres; (ii) adsorption of individual
MB molecules in narrow pores; (iii) adsorption of MB (individual
molecules, dimers and oligomers) in broad pores. The MB
20 Adsorption of methyltne blue (MB) 40 adsorption Kinetics could be described by the pseudo-first-order

To calculate the free energy distribution (f(AG)) of MB (Eq. (S2)) or pseudo-second-order (Eq. (S3)) kinetics

adsorption, the Langmuir equation® was used as the kernel of the

Fredholm integral equation of the first kind®* da(t) _

dt

Pore Diametr (um)

Fig. S1 Macropore size distribution in a bead with flax fibres (mercury
intrusion mode).
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where a(t) is the adsorption (experimental data) as a function of
time t, a.q is the equilibrium plateau adsorption, k; (in min™) and
k, (dm® min™ g%) are the adsorption constants. These equations
describe saturation effect when MB adsorption reaches a plateau.
The second equation in (S3) is a kinetic analogue of the
Langmuir adsorption equation.’

Natural fibres such as flax and cotton have a complex
nonuniform structure. Therefore, the MB adsorption Kkinetics
including several processes mentioned above can be described by
overall equation based on Egs. (S2) and (S3)
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[wl (1—exp(—kt)) +w, Jf (k)dk (S4)

where w; and w, are the weight of the pseudo-first-order and
pseudo-second-order Kinetics, ag corresponds to the adsorption of
the total amount of dissolved MB, Ky, and K.y are the minimal
and maximal values of the effective adsorption rate (measured in
min~* units) on integration, f(k) is the distribution function of the
effective adsorption rate constant.> The f(k) distributions were
calculated wusing a regularisation procedure with unfixed
regularisation parameter determined on analysis of experimental
data using the F-test and the parsimony principle. Another
integral equation describing several types of adsorption kinetics
and diffusion can be also used

a)= | (wp +w, (- exp(~(k)*)) +
Ko (S5)

Ly w, In( k) f (K)dk

Jkt

w; and o are equation constants. Eq. (S5) describes both non-
saturated and saturated adsorption. The k, k,, w; and a. constants
in Egs. (S2) — (S5) were calculated using minimisation of the
functional
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Where ageoretical COrresponds to Eqs. (S2) and (S3) or the kernels
in Egs. (S4) and (S5). Calculations with all equations were
performed for the total time range of the experimental data. For
clearness of changes in the f(k) shape over a broad k range
(several orders of magnitude), the f(k) distributions were re-
calculated into incremental distributions

o(ki) = (F(kien) + F(kD)x(Kivr — ki)/2

The first moment <x> of a distribution function f(x) was
calculated with equation
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Water adsorption

To calculate the free energy distribution (f(AG)) of water
adsorption, the Langmuir equation was used as the kernel of the
Fredholm integral equation of the first kind®

pexp(-AG/R,T)

a_ I (S9)
a, *Ll+pexp(-AG/R;T)

f (AG)d(AG)

where p is the vapour pressure.
Cluster adsorption of water can be described by the equation

bx{1+ iigi (bx)”}
B 1+ bx{1+ Zm:gi (bx)”}

(S10)

where a, is the monolayer capacity, b = z,0:/(q00.),
zo=exp(uo/RyT) absolute activity, g; statistical sum of adsorption
complex with i molecules, & = exp(—i(AE; — AEg)/RyT), AE;
energy of adsorption of the i-th molecule, x = p/ps, m the number
of molecules in a cluster at adsorption site. Equation (S10) can be
transformed into integral equation

a

i=2

. bx{lJer:i exp(-E/ RgT)(bX)”} (S11)
‘e dE

m - Emin

i=2

1+ bx{1+ Zm:exp(—E / RgT)(bX)il}

where f(E) is the distribution function of adsorption energy of
water molecule in adsorbed clusters.® Egs. (S9) and (S11) were
solved using regularisation procedure? with unfixed regularisation
parameter. Eqg. (10) was solved using the minimisation of a
functional similar Eq. (S6).

The PSD of flax and cotton samples was calculated using
water adsorption isotherms with the model of cylindrical pores
with the Lennard-Jones parameters for water oy = 0.3137 nm,
exlkg = 480 K, and water interaction with polymer g/kg = 78.2 K
and o = 0.24 nm ® using the MND method and the regularisation
procedure.>®

To characterise the adsorption properties of fibres, the
adsorption potential (A) distribution (f(A)) was calculated as

f(A)= —d[spline(a(p/py)]/dA (S12)

where a refers to the adsorbed amount of nitrogen or water; and A
= —AG = RyTIn(po/p) and represents the differential molar work
equal to the negative change in the Gibbs free energy.” A cubic
spline applied to adsorption isotherm a(p/p,) was used to
calculate f(A).

TG/DTA measurements

The thermogravimetric (TG) measurements carried out using a Q-
1550D (Paulik, Paulik & Erdey, MOM, Budapest) apparatus
show that desorption of water (3.7 and 3.9 wt%, respectively, at T
< 150 °C), depolymerisation and oxidation of organics (300-500
°C) occur in the same temperature ranges for flax and cotton
fibres (Fig. S3). The weight loss (TG), differential TG (DTG) and
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differential thermal analysis (DTA) curves have similar shapes
for them (Fig. S3). Swollen fibres contained approximately 27

wt% of water decomposed at slightly lower temperatures than air-
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dry samples (Fig. S3). Ash (mineral residue) was not formed on
5 oxidising of cotton to 700 °C in contrast to flax giving 4.1 wt% of

ash.
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Fig. S3 TG (1, 2), DTG (3, 4) and DTA (5, 6) data for (a) flax and (b) cotton fibres air-dry (1, 3, 5) and swollen for 24 h (2, 4, 6).

XRD 10 patterns (Fig. S4) as described in detail elsewhere.®
The crystallinity was estimated from integral intensity of XRD
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Fig. S4 Determination of crystallinity from integral XRD intensity of crystalline and amorphous fractions of (a, b) flax and (c, d) cotton fibres, (b, d)
patterns after subtraction of contribution of amorphous part.

Crystalline structure of fibres changes on swelling (Figs. S5a-c),

15 drying in air (Fig. S5d) and then heating in an oven at 120 °C for
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1 h (Fig. S5e). These changes are stronger for cotton than flax. (XRD peaks shift towards larger 26 values) and these changes are
Certain decreases in the size of crystalline structures are observed greater for cotton fibres.
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Fig. S5 XRD patterns of air-dry and 24h swollen fibres: (a) flax, (b) cotton, (c) swollen flax and cotton; (d) swollen fibres dried in air 1-4 days; (e)
swollen fibres dried in air and then in oven at 120 °C for 1 h.

5

In other words, crystallinity of flax is higher and its crystalline
structure is more stable than that of cotton fibres.

10

Adsorption of MB and CHX
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Fig. S6 Distribution functions of MB adsorption rate constant for flax and
cotton calculated with integral equations: (a) Eq. (S4) with different
weights (w; and w,) of the terms corresponding to pseudo-first and

5 pseudo-second order of adsorption; and (b) Eq. (S5).
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Fig. S7 Distribution functions of CHX adsorption rate constant for flax
and cotton calculated with integral equation Eq. (S4) at weights w; =
0.333 and w, = 0.667 of the terms corresponding to pseudo-first and

10 pseudo-second order of adsorption.
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Fig. S8 Chlorhexidine diacetat (6-31G(d,p)° geometry without the

hydration effects).
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