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(a)	
	

(b)	

Figure	1.	The	structure	of	chitin	(a)	and	the	structure	of	partially	deacetylated	chitosan	(b).	
	
	

 
	

Figure	2. Synthesis	of	N‐butyrated	chitosan.
	
	
In	 this	work,	N‐butyrated	 chitosan	 (NBCh)	 from	different	

low	 molecular	 weights	 chitosan	 (LMWC)	 were	 prepared	 by	
using	butyric	anhydride,	and	their	structures	were	clarified	by	
means	of	1H	NMR	and	FT‐IR	techniques.	Their	self‐aggregation	
behaviors	 were	 examined	 by	 dynamic	 light	 scattering	 (DLS)	
and	surface	tension.	
	
2.	Experimental	
	
2.1.	Materials	
	

High	 molecular	 weight	 chitosan	 (HMWC)	 of	 a	 viscosity	
average	 molecular	 weight	 of	 250	 kDa	 was	 obtained	 from	
Hongo	 Chemical	 Company	 Ltd.,	 China.	 The	 degree	 of	
deacetylation	 (DA)	 is	 93%.	 Butyric	 anhydride	 (C8H14O3)	
obtained	from	Merck	Schuchardt	OHG	Hohenbrunn,	Germany.	
Water	 used	 to	 prepare	 the	 aqueous	 solutions	 was	 double	
distilled	water.	All	reagents	were	of	analytical	grade	and	used	
without	further	purifications.		
	
2.2.	Methods	
	
2.2.1.	Depolymerization	procedure	of	chitosan	
	

The	high	molecular	weight	chitosan	(10	g,	250	kDa)	were	
dissolved	 in	 830	 mL	 (0.1	 M)	 HCl,	 and	 then	 170	 mL	 of	
concentrated	HCl	(37%)	were	added	to	dissolve	chitosan.	The	
dissolved	 chitosan	 was	 vigorously	 stirred	 (1000	 rpm)	 with	
heating	under	reflux	for	the	different	depolymerization	times.	
At	the	end	of	every	reaction,	each	mixture	was	allowed	to	cool	
and	 around	 two	 liters	 of	 96%	 ethanol	 were	 added	 to	 the	
depolymerized	 chitosan	 to	 enhance	 the	 precipitation	 of	
hydrochloric	 salt	 of	 chitosan	 oligomers.	 The	 hydrolysis	
reaction	 time	 for	 1,	 2,	 3.5,	 6	 and	 24	 hours	 gives	 different	
molecular	 weights	 (30,	 18,	 10,	 6	 and	 1.3	 kDa)	 respectively.	
Finally	 the	 precipitated	 low	 molecular	 weight	 chitosan	 was	
filtered	and	centrifuged,	the	solid	residue	was	washed	several	

times	 using	 ethanol,	 and	 dried	 using	 the	 freeze	 dryer.	 Low	
molecular	 weight	 chitosans	 were	 stored	 as	 powder	 in	 glass	
vials	at	room	temperature	[19].	

The	 viscosity	 average	 molecular	 weight	 of	 chitosan	
oligomers	 was	 calculated	 according	 to	 Mark‐Houwink	
equation	(1)	[12].		
	
[η]	=	K×Ma		 	 	 	 	 (1)	
	
where	[η]	is	the	intrinsic	viscosity,	M	is	the	average	molecular	
weight.	K	and	a	are	constants	which	had	been	determined	by	
many	 authors.	 K	 =	 1.38×10‐4	 and	 a	 =	 0.85	 [20]	 and	 K	 =	
2.14×10‐3	and	a	=	0.657	[21]	another	values	were	K	=	1.4×10‐4	
and	a	=	0.83	[22].	Another	formula	for	liquid	chitosan	has	been	
adapted	[23]	with	K	=	8.93×10‐4	and	a	=	0.71.	
	
2.2.2.	Synthesis	of	N‐butyrated	chitosan	
	

The	depolymerized	chitosan	(0.5	g)	of	1.3,	6,	10,	18	and	30	
kDa	were	dissolved	 in	50	mL	of	distilled	water.	The	 reaction	
mixture	 was	 adjusted	 to	 at	 pH	 (6.5‐7.0)	 with	 0.2	 M	 NaOH	
solution.	Equivalent	molar	ratio	(1:1)	of	butyric	anhydride	was	
added	with	mechanical	 stirrer	 to	 the	 chitosan	 solution,	 then,	
the	solution	was	kept	at	room	temperature	overnight	(25	°C).	
The	resulted	solution	was	dried	in	oven	at	temperature	40	°C	
for	 two	 days.	 The	 resulted	 films	 were	 crusted	 and	 kept	 in	
tightly	 closed	 vials.	 The	 synthetic	 N‐butyrated	 chitosan	 was	
prepared	as	shown	in	Figure	2.	
	
2.3.	Characterization	
	

LMWC	 and	 N‐butyrated	 LMWC	 were	 characterized	 by	
using	 different	 techniques,	 such	 as	 1H	 NMR	 and	 FT‐IR	
spectroscopy,	 particle	 size,	 surface	 tension,	 and	 comparison	
between	the	native	chitosan	and	N‐butyrated	chitosan	(NBCh).		
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chitosan,	this	is	may	be	due	to	breaking	up	of	chitosans	inter‐
strand	hydrogen	bonding.	The	new	surfactants	have	a	reduced	
particle	size.	
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