
ISSN	215

Prepara
surface	

Khaldoun

1	Department	of
2	College	of	Phar

*	Corresponding
Tel.:	+962.79.58

	
	

	

ARTICLE	IN

DOI:	10.5155/e

Received:	29	Oc
Received	in	rev
Accepted:	29	No
Published	onlin
Printed:	31	Mar

KEYWORDS
Surface	
Tension	
Chitosan	
Surfactant	
Particle	size	
1H	NMR	spectro

	
1.	Introduct
	

Chitin	
(N‐acetylgluc
amino‐2‐deo
extracted	 fro
chitosan	 der
with	 tailorin
wastewater	
medicine	as	
materials	[7]

Chitosan
are	believed	
and	 many	
availability	
positive	 char
charged	surf
because	of	 it
good	 sorptiv
complexation
base	and	ins
is	 soluble	 in
convert	the	g
rendering	th

53‐2249	(Print)	

	

	

	

ation	and	
active	N‐

	Abed	Al‐So

f	Chemistry,	Al	Al‐B
rmacy,	Taif	Univers

g	author	at:	Depart
861350.	Fax:	+962.2

FORMATION	

	
eurjchem.7.1.91‐96

ctober	2015	
vised	form:	16	Nov
ovember	2015	
ne:	31	March	2016	
rch	2016	

S	

oscopy	

tion	

(β(1→4)‐linked
cosamine))	 a
oxy‐β‐D‐glucose
om	various	pla
rivatives	 has	 r
ng	 of	 the	polym
treatment	 [3]
wound	dressin
]	and	drug	deliv
n	 exhibits	 a	 larg
to	be	involved	
other	 substan
of	 free	 amino
rge	and	 thus	 in
faces/polymers
ts	high	amino	c
ve	 abilities	 for
n	with	the	ami
soluble	 in	wate
	dilute	 aqueou
glucosamine	un
he	polysaccharid

/	ISSN	2153‐225
ht

Europ

character
butyrated

u’od	1,*,	Moh

Bayt	University,	Maf
sity,	Taif,	21974,	Ki

tment	of	Chemistry,
2.6297034.	E‐mail	a

6.1353	

ember	2015	

d‐2‐acetamido‐
nd	 chitosan	
e)	 (Figure	 1)	 a
ants	 and	 anima
recently	 becom
mer	 to	 specific	
],	 the	 food	 in
ngs	[5],	gel	imp
very	systems	[8
ge	 number	 of	 a
in	the	interacti
nces	 [10‐12].	
	 groups	 in	 ch
n	 turn	 reacts	w
s	[13].	It	was	re
content,	has	be
r	 many	 heavy	
no	groups	[14]
er	and	organic	s
us	 acidic	 solutio
nits	into	a	solub
de	a	polyelectr

European	Journ

Europ
57	(Online)		20
ttp://dx.doi.org

pean	Jo
Journal	web

rization	o
d	low	mol

hammad	Mu

fraq,	25113,	Jordan
ingdom	of	Saudi	Ar

y,	Al	Al‐Bayt	Univers
address:	khaldoun@

	 	

	 	

	 ABSTRACT
	 New	classes	o
weight	chitos
new	compoun
and	particle	 s
57%	as	confir
with	higher	su
found	 to	 be	 s
breaking	up	o

Cite	this:	Eur.

2‐deoxy‐β‐D‐gl
(α‐(1→4)‐link

are	 natural	 poly
ls	 [1,2].	 Synthe
me	 of	 great	 int
applications	 su
ndustry	 [4]	 an
plants	[6],	scaffo
8,9].	
amine	 groups	w
ion	between	chi
Due	 to	 the	

hitosan,	 it	 carr
with	many	nega
ported	that	chi
een	 found	 to	po
metal	 ions,	 th
].	Chitosan	is	a	
solvents,	althou
on	 (pH	<	6.5),	w
ble	form	R‐NH3+

olyte	in	acidic	m

al	of	Chemistry	7

	

pean	Journal	of	C
016	Atlanta	Pub
/10.5155/eurjch

	

ournal	
bpage:	www.

	

of		
lecular	w

ustafa	Saade

n	
rabia	

sity,	Mafraq,	25113
@aabu.edu.jo	(K.	A

of	natural	surfac
ans	(1.3,	6,	10,	1
nds	were	charac
size	were	also	d
rmed	by	1H	NMR
urface	activity	on
soluble	 in	 all	 pH
of	chitosans	inter

.	J.	Chem.	2016,	

lucose	
ked‐2‐
ymers	
esis	 of	
terest,	
uch	 as	
nd	 in	
olding	

which	
itosan	
easy	

ries	 a	
atively	
tosan,	
ossess	
rough	
weak	
ugh,	 it	
which	
+	[15],	
media	

[16
chit
dea
dea

cos
pro
anti
gro
the	

hyd
cou
intr
Sev
acti
mic
the	
app
biom
sub
con

7	(1)	(2016)	91‐

Chemistry	
lishing	House	LL
hem.7.1.91‐96.1

of	Che
.eurjchem.co

weight	chit

elnour	1	and

3,	Jordan.		
Al‐Sou’od).	

ctants	have	been
18	and	30	kDa)	
terized	by	1H	NM
determined.	The
R	spectra.	These	
n	comparison	w
H	media	 in	 cont
r‐strand	hydroge

7(1),	91‐96	

].	 The	 main	 pa
tosan	 are	 its	
acetylation	 (D
acetylated	units
There	 is	 a	 r
metics	 concern
operty	 to	 act	
imicrobial	activ
ups	of	chitosan
surface	of	micr
Chitosan	by	its
drophobic	 segm
uld	 improve	 su
roducing	 hydro
veral	 examples
ivity	have	been
celles	 and	 aggre
entrapment	 o

plications	 in	 t
medical	 fields
bstrates	by	elec
nsiderable	biom
	
	

‐96	

LC	‐	All	rights	re
1353	

emistry
m	

tosan	

d	Mayyas	Mo

n	prepared	throu
with	butyric	an
MR	and	FT‐IR	sp
	degree	of	subs
compounds	pos

with	native	chitos
trast	 to	 native	 c
en	bonding	upon

arameters	 influ
molecular	 we

DD),	 represen
s	[17].	
remarkable	 int
ning	 the	 applic
as	 natural	 pre
vity	on	the	hypo
n	at	C‐2	interact
roorganisms	ca
self	have	weak	
ments.	 Chemic
uch	 surface	 a
ophobic	 substit
s	 of	 chitosan	
	surveyed.	The	
egates	which	h
of	 water‐insolu
the	 controlled
s.	 Chitosan	 a
ctrostatic	and	h
medical	applicat

served	‐	Printed

y	

ohammad	Al

ugh	the	reaction
nhydride	in	aque
pectroscopy.	The
titutions	was	 in
sess	low	aggreg
san.	The	prepare
chitosan.	 This	m
n	substitutes.	

uencing	 the	 cha
eight	 (MW)	 a
nting	 the	 p

terest	 in	 food
cation	 of	 chito
eservative.	 Chi
othesis	that	pro
t	with	anionic	c
using	cell	dama
surface	activity
al	 modification
ctivity.	 This	 is
tuents	 in	 its	 glu
derivatives	 w
surface	active	

have	enormous	
uble	 drugs	 and
d	 drug	 delive
also	 interacts	
hydrophobic	 int
ions	[18].	

d	in	the	USA	

	

	

	

l‐Remawi	2

n	of	low	molecul
eous	medium.	Th
eir	surface	tensio
n	 the	 range	of	4
ate	size	12‐18	n
ed	compounds	a
may	 be	 due	 to	 th

aracteristics	 of
and	 degree	 of
proportion	 of

d	 science	 and
san	 due	 to	 its
itosan	 showed
otonated	amine
constituents	on
age	[18].	
y	since	it	has	no
ns	 of	 chitosan
s	 achieved	 by
ucosidic	 group.
with	 surfactant
polymers	form
importance	 in

d	 consequently
ry	 and	 many
with	 several

teractions	with

ar
he
on
4‐
m
re
he

f	
f	
f	

d	
s	
d	
e	
n	

o	
n	
y	
.	
t	
m	
n	
y	
y	
l	
h	



92	 Al‐Sou’od	et	al.	/	European	Journal	of	Chemistry	7	(1)	(2016)	91‐96	
	

	

(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.	
	
Acknowledgements	
	

The	authors	express	 their	 thanks	to	Al	Al‐Bayt	University	
for	financial	support.	
	
References	
	
[1]. Jayakumar,	 R.;	 New,	 N.;	 Tokura,	 S.;	 Tamura,	 H.	 Int.	 J.	 Biolog.	

Macromol.		2006,	40(3),	175‐181.		
[2]. Guibal,	E.	Prog.	Polym.	Sci.	2005,	30,	71‐109.		
[3]. Crini,	G.	Prog.	Polym.	Sci.	2005,	30,	38‐70.		
[4]. Agullo,	E.;	Rodriguez,	M.	S.;	Ramos,	V.;	Albertengo,	L.	Macromol.	

Biosci.	2003,	3,	521‐530.		
[5]. Sashiwa,	H.;	Aiba,	S.	I.	Prog.	Polym.	Sci.	2004,	29,	887‐908.		
[6]. Chenite,	C.;	Chaput,	D.;	Wang,	C.;	Combes,	M.	D.;	Buschmann,	C.	D.;	

Hoemann,	J.	C.;	Leroux,	B.	L.;	Atkinson,	F.;	Binette,	A.	S.	Biomaterials	
2000,	21,	2155‐2161.		

[7]. Hsu,	S.	H.;	Whu,	S.	W.;	Tsai,	C.	L.;	Wu,	Y.	H.;	Chen,	H.	W.;	Hsieh,	K.	H.	J.	
Polym.	Res.	2004,	11,	141‐147.		

[8]. Huang,	M.;	Khor,	E.;	Lim,	L.	Y.	Pharm.	Res.	2004,	21,	344‐353.		
[9]. Chen,	R.	H.;	Tsaih,	M.	L.	J.	Appl.	Polym.	Sci.	1997,	66,	161‐169.		
[10]. Wang,	H.;	Li,	W.;	Lu,	Y.;	Wang,	Z.	 J.	Appl.	Polym.	Sci.	1997,	65,	1445‐

1450.		
[11]. Ma,	Z.;	Yeoh,	H.	H.;	Lim,	L.	Y.	J.	Pharm.	Sci.	2002,	91,	1396‐1404.		
[12]. Mi,	F.	L.;	Shyu,	S.	S.;	Kuan,	C.	Y.;	Lee,	S.	L.;	Lu,	K.	T.;	Jang,	S.	F.	J.	Appl.	

Polym.	Sci.	1999,	74,	1093‐1107.		
[13]. Hejazi,	R.;	Amiji,	M.	J.	Control	Release	2003,	89,	151‐165.		
[14]. Sinhs,	 V.	 R.;	 Singla,	 A.	 K.;	 Wadhawan,	 S.;	 Kaushik,	 R.;	 Kumria,	 R.;	

Bansal	K.;	Dhawan	S.	Int.	J.	Pharm.	2004,	274,	1‐33.		
[15]. Rinaudo,	M.	Prog.	Polymer	Sci.	2006,	31,	603‐632.		
[16]. Berger,	J.;	Reist,	M.;	Mayer,	J.	M.;	Felt,	O.;	Peppas,	M.	A.;	Gurny,	R.	Eur.	

J.	Pharm.	Biopharm.		2004,	57,	19‐34.		
[17]. Boonsongrit,	Y.;	Mueller	B.	W.;	Mitrevej,	A.	Eur.	 J.	Pharm.	Biopharm.		

2004,	69,	388‐395.		
[18]. Elsabee,	M.	Z.;	Elsayed,	M.	R.;	Al‐Sabagh,	A.	M.	Colloids	Surf.	B:	

Biointer.		2009,	74(1),	1‐16.		
[19]. Obaidat,	R.;	Al‐Jbour,	N.;	Al‐Sou’od,	K.;	Sweidan,	K.;	Al‐Remawi,	M.;	

Badwan,	A.	J.	Sol.	Chem.	2010,	38,	575‐588.		
[20]. Gamzazade,	A.	I.;	Shlimac,	V.	M.;	Skljar,	A.	M.;	Stykova,	E.	V.;	Pavlova,	

S.	S.	A.;	Rogozin,	S.	V.	Acta	Polymerica	1985,	36,	421‐424.		
[21]. Pankaj,	R.	R.;	Block,	L.	H.	Carbohydr.	Res.	1999,	321,	235‐245.		
[22]. Wan,	 Y.;	 Creber,	 K.	 A.	 M.;	 Pepply,	 B.;	 Bui,	 V.	 T.	 Polymer	 2003,	 44,	

1057‐1085.		
[23]. Chandumpaia,	A.;	Singhpibulpornb,	N.;	Faroongsarngc,	D.;	Sornprasit,	

P.	Carbohyr.	Polym.	2004,	58,	467‐474.		
[24]. Jiang,	G.	B.;	Quan,	D.;	Liao,	K.;	Wang,	H.	Carbohydr.	Polym.	2006,	66,	

514‐520.		
[25]. Gupta,	 A.;	 Buschmann,	 M.;	 Wang,	 D.;	 Rodrigues,	 A.;	 Berrada,	 M.;	

Serreqi,	A.;	Xai,	Z.;	Lavertu,	M.	J.	Pharm.	Biomed.	Anal.	2003,	32,	1149‐
1158.		

 
	 	


