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Homogenous Esterification of Cellulose Pulp in [DBNH][OAc] 

Tia Kakko, Alistair W.T. King, Ilkka Kilpeläinen*
Table 1 The reaction conditions for esterification of Eucalyptus PHK pulp, with one equivalent of reagent per anhydroglucose unit (AGU) of cellulose.
	Reagent
	AGU 

[mol]
	Reagent

[mol]
	DBN 

[mol] 
	Tempa 

[°C]
	Reaction time [h]

	Ac2O
	0.0031
	0.0031
	0.0031
	70
	1

	VinAc
	0.0037
	0.0037
	-
	65
	1

	VinPr
	0.0031
	0.0031
	-
	70
	1

	IpeAc
	0.012
	0.012
	-
	60
	1


a Different reaction temperatures are used as the boiling points of the different reagents are close to the melting point of [DBNH][OAc]. (VinAc 72 °C, VinPr 94 °C, IpeAc 94 °C and Ac2O 138 °C).
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Figure 1 1H NMR spectrum of eucalyptus PHK kraft pulp cellulose acetylated with 9 eq of acetic anhydride. The acetyl signals can be seen around 2 ppm and cellulose backbone CH and CH2 signals from 3.5 to 5.2 ppm. Solvent CDCl3 signal is at 7.26 ppm.
The calculation of DS from 1H NMR spectrum is made according to the fact that one fully acetylated AGU has seven (7) protons in the backbone and three acetyl substituents methyl’s’ altogether nine (9) protons. The calculation has been made using the proportions of the protons and integrals. From 1H NMR integrals the calculated DS is 3 and from quantitative 31P NMR 2.90.
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Figure 2 Baseline corrected ATR-IR spectrum of [DBNH][OAc]. The IL signals at 2950 and 2880 cm-1 which belong to acetate CH3. At 1300, 1370, 1580 and 1670 cm-1 are signals that can be seen in impure cellulose esters. 
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Figure 3 The 1H NMR spectrum of [DBNH][OAc] before the reaction. 
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Figure 4 An expansion of a blank sample eucalyptus pre hydrolysis kraft pulp 31P NMR spectrum. 

[image: image5]Figure 5 A HSQC spectrum from acetylated (3 eq vinyl acetate) microcrystalline cellulose. 
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Figure 6 The 1H NMR spectrum of [DBNH][OAc] after the reaction and evaporation of solvents. Very small signals from trace ethanol can be seen at 1.05, 2.2 and 3.4 ppm.
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Figure 7 The ionic liquid before Kugelrohr distillation.
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Figure 8 The distillation residue after Kugelrohr distillation.
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Figure 9 1H NMR spectrum of cellulose acetate that was acetylated with vinyl acetate (DS 0.4) after perpropionylation
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Figure 10 1H NMR spectrum of cellulose acetate that was acetylated with isopropenyl acetate (DS 0.5) after perpropionylation
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Figure 11 1H NMR spectrum of cellulose acetate (DS 0.7) that was acetylated with acetic anhydride after perpropionylation
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Figure 12 1H NMR spectrum of cellulose propionate (DS 0.4) that was propionylated with propionic anhydride after peracetylation
Table 1. DS and DPn results to show the time dependence of the reactivity and the hydrolysis after longer reaction times. As reference Eucalyptus cellulose has DPn 313 and DPw 2300.

	Time
	 DS (Ac2O)
	 DS (VinAc)
	DPn (Ac2O)
	DPn (VinAc)
	DPw (Ac2O)
	DPw (VinAc)

	10 min
	2.6
	1.40
	452
	337
	1857
	2368

	30 min
	2.9
	1.37
	288
	308
	1799
	2140

	1 h
	2.8
	1.35
	309
	330
	1774
	2020

	2 h
	2.7
	1.31
	322
	313
	1739
	2100

	26 h
	2.7
	1.03
	297
	288
	1463
	1464
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