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Fig.S1. Transmission spectra of CNC films with various electrolyte concentrations (a) NaOH (b) NaCl (c) CsCl (d) CaCl2 (e) AlCl3.
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Fig.S2. CNC films at various NaOH concentrations (a) 0.125 mmol/g (b) 0.25 mmol/g (c) 0.375 mmol/g (d) 0.5 mmol/g (e) 0.75 mmol/g (f) 0.875 mmol/g (g) 1.75 mmol/g (h) 2.5 mmol/g (i) 3.75 mmol/g.
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Description automatically generated]Fig.S3. (a) Dried dialyzed CNC film (b) Transmission spectra comparison of different CNC samples.  a
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Fig.S4. 5 wt.% aqueous samples of dialyzed CNC (left) and as received CNC (right).












Fig.S5. XRD plots for pure CNC films and CNC films containing 1.25 mmol/g of various electrolytes














Fig.S6. Crystallinity of CNC films containing electrolytes at different concentrations.


Fig.S7.Crystallinity of CNC film samples added with 1.25 mmol/g electrolyte before and after dialysis.
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Fig.S8. Dialyzed and redispersed samples after treating with CsCl, NaCl, NaOH, CaCl2 and AlCl3 (from left to right).
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[bookmark: _Hlk66296594]Fig.S9. FTIR spectra of KL and peroxide bleached KL samples.
 b
 a


[bookmark: _Hlk66296654]Fig.S10. Scanning electron microscopy images of the CNC/lignin film cross sections showing the lignin dispersibility in 10 wt.% CNC/PBKL150.









Table S1. Effect of H2O2 concentration on lignin optical properties. (%T550 nm and %UV blocking at 400 nm obtained for 0.1 wt.% lignin solution and extinction coefficient obtained using absorbance at 255 nm).

	H2O2 Conc. (wt%)
	H2O2/KL
	%T at 550 nm
	% UV blocking at 400 nm
	Extinction coefficient at 255 nm (wt.%-1 cm-1)

	0
	0
	31.2
	99.7
	223.8

	50
	0.5
	62.5
	99.3
	206

	150
	1.5
	85.5
	93.7
	187.3

	200
	2
	87.6
	90.8
	185

	400
	4
	90.3
	89.8
	175.2

	600
	6
	91.6
	89.4
	157.3

	1000
	10
	94.3
	88.4
	148.9





[bookmark: _Hlk65764475]Table S2. %UV A, %UV B, %UV blocking at 400 nm and %T at 400 nm for CNC and CNC nanocomposites. 
	Sample
	%UV A blocking
	%UV B blocking
	%T at 550 nm
	% UV blocking at 400 nm

	CNC
	19.9
	26.6
	86.8
	18.8

	CNC/KL (10 wt.%)
	99.9
	100.0
	33.4
	99.5

	CNC/4-ABA (10 wt.%)
	54.3
	99.5
	75.3
	46.2

	CNC/PB-KL150 (4 wt.%)
	87.5
	99.9
	76.1
	66.2

	CNC/PB-KL150 (10 wt.%)
	99.3
	100.0
	65.6
	95.3
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%T
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Intensity



AlCl3	0	0.22500000000000001	0.75	1	1.25	77.172962307520194	71.305043542480846	71.234471375206326	70.325434439178508	67.49245472837022	CaCl2	0	0.18	0.36	0.9010999999999999	1	1.25	77.172962307520194	71.076899626552844	67.694656488549626	64.632437253153256	63.51	62.837931833990254	CsCl	0	0.11899999999999999	0.23759999999999998	0.35599999999999998	0.59400000000000008	1	1.25	77.172962307520194	71.777345098526595	66.80135161711334	63.632286995515699	57.816988100123098	51.334446442332393	50.123762376237622	NaCl	0	0.3422	0.6845	1	1.25	77.172962307520194	71.999147182147681	69.156907190530163	69.3	69.349999999999994	NaOH	0	0.5	1	1.25	77.172962307520194	70.713643262690425	70.310432289369217	70.2	Electrolyte concentration (mmol/g)

%Crystallinity 



CNC (control)	
1.864874139333687	1.864874139333687	CNC	CNC(NaCl)	75.623333333333335	Before dialysis	
1.6727711207607356	1.6727711207607356	CNC(NaCl)	CNC(CsCl)	CNC(NaOH)	CNC(CaCl2)	CNC(AlCl3)	71.022771120760723	52.618053324767111	72.58674518364343	63.598423371203339	67.49245472837022	After dialysis	
1.0900629408460105	1.0900629408460105	CNC(NaCl)	CNC(CsCl)	CNC(NaOH)	CNC(CaCl2)	CNC(AlCl3)	75.860062940846007	72.66965936097175	74.773472262036819	65.2	63.999681236801209	Sample


% Crystallinity 
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