
C H A P T E R  IV
R E S U L T S  A N D  D I S C U S S I O N

4 .1  C h a r a c t e r iz a t io n  o f  C h ito s a n  S ta r t in g  M a te r ia ]

T he starting m aterial, chitosan, show ed the in trinsic v iscosity  346. The 
m olecu lar w eight o f com m ercial chitosan is usually  in  the range o f 105 and the 
v iscosity  reaches or exceeds 1 500 cps (Sugano e t  a l ,  1992). T hus, it w as 
concerned  to be low  viscosity chitosan. T he so lubility  in acetic acid w as 
found to be as high as 5% chitosan concen tration  in 10% acetic acid aqueous 
solution.

4.1.1 C hem ical Structure A nalysis o f  C hitosan
F T -IR  spectrum  o f the chitosan w ith  a degree o f deacety lation  75.8%  is 

show n in F igure 4.1.
T he elem ental analysis (EA ) o f chitosan D D  75.8% ; ( C 6 H n N 0 4)o.758 

(C gH i3N 05)o.242 is show n in Table 4.1.

T a b le  4 .1  E A  result o f chitosan starting m aterial (D D  75.8% )
%c % H % N C /N

A nal. C alcd 45.46 6.71 8.18 5.47
Found 35.2 6.54 6.43 5.56

G enerally , chitin-ch itosan cannot avoid the trace am ount o f m ineral, 
especially  CaCCE, even from  the purification  process. C hitosan cann o t be 
decom posed  com pletely  w ithout oxidative agent, such as P 2 O 5 . T he EA  result 
is alw ays som ew hat different from  the calculated  data. Thus, C /N  ratio  was 
chosen  to evaluate the com ponent and the ratio  w as close to that o f  the
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S c h e m e  4 .1  R e d  structure o f  chitosan starting m aterial

c a lc u la te d  o n e . R e fe rrin g  to  E A  resu lt, the  d eg ree  o f  d e a c e ty la tio n  sh o u ld  be
7 4 .5 7 %  (S c h e m e  4 .1 ).

T G A  show s the broad peak from  56.27°c to 100°c and the sharp  peak 
at 308.67°c (F igure 4.2). The form er peak revealed  the loss o f m oisture 
con ten t w hile  the latter peak show ed the degradation o f chitosan.

4 .1 .2  M icrostructure Analysis
T akai e t  a l. (1988) reported that crab shell gives a ortho rhom bic  

a -c h itin  w ith  m ajor peak  around 19° and m inor peaks at 9° and 20°. X -ray 
d iffrac tion  pattern  o f  shrim p shell chitosan are sum m arized in F igure 4.3 .

T he X R D  pattern o f the starting chitosan D D  74.57%  show s the 
c ry sta llin ity  peaks at 9.44° and 19.9°. This im plied that the shrim p shell has 
the sim ilar a  pack ing  structure as the crab shell. A fter m echanical grind ing 
force, chitosan becam e less crystallin ity  structure as can be seen from  the 
broad peak  from  5°-30° (Figure 4.3 (c)).
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F ig u r e  4 .1  FT-IR spectrum of chitosan (DD = 75.8%).
FT-IR (KBr, cm 1):- 3419 (O-H), 2881 (C-H), 1658 
(C=0 amide), 1596 (NH2 amine), 1075 (pyranose rings).
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Temperature / ๐ c
F ig u r e  4 .2  TGA diagram of chitosan (DD 74.57%).

10 20 30 40 50
2Theta / deg.

F ig u r e  4 .3  XRD patterns of chitosan DD 74.57% (a) starting material;
small flake, (b) after cutting with stainless blade; fine flake, 
and (c) after ball mill 72 h; fine powder.

Derivative W
eight / %/°C
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4 .2  P r e p a r a t io n  o f  C h it in a s e  E n z y m e

The production chitinase from S ta p h y lo c o c c u s  s p e c ie s  strain TU005 (E) 
depends on variables, such as aeration, cultivation temperature, bacteria 
growth, and the type of media used for cultivation. In the present work, these 
variables were fixed to simplify the studies as mentioned in experimental part. 
Colloidal chitin is an effective source for induction of chitinase production 
owing to the ease of digestion as compared to the flake chitin (Kuakarun e t  a l . ,  
1998). Colloidal chitin was prepared and added to the culture medium for the 
S ta p h y lo c o c c u s  sp . to induce the chitinase. The highest activity of enzyme 
was achieved at 1.5-2 days of cultivation (Figure 4.4), after 2 days the enzyme 
activity decreased. This may due to depletion of nutrition, death of bacteria or 
degradation of the enzyme by some proteinases.

Time / h
F ig u r e  4 .4  Induction of chitinase production in S ta p h y lo c o c c u s

s p e c ie s  strain TU005 (E) when grown in colloidal chitin 
minimum media.
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Partial purification by precipitation with (NH4)2S04, is the practical 
way to exclude other proteins. In our experiments, 80% (NH4)2S04 caused a 
lost in enzymatic activity of 50% from the crude enzyme preparation, 
therefore, the enzyme was partially purified by dialysis and then concentrated 
by using polyethylene glycol (PEG) to remove water and small molecules. 
After the enzyme was concentrated by PEG for 3 h, the measured activity was 
80-90% of its original activity. The enzyme was then prepared into powder 
form by lyophilization. It was found that the percent yield decreased 35%, 
from lyophilization process, as determined by turbidimetric assay (Table 4.2).

Chitinases production from different source gives different activity. 
The activity of chitinase purified from S tr e p to m y c e s  o r ie n ta l i s  was 4.41 บ/mg 
(Tominaga e t  a l., 1976) while specific activity of purified chitinase from 
V ib r io  s p . , was 110 u/mg (Ohtakara e t  a l ,  1979). The activity of chitinase 
can also be assayed by a colorimetric assay, measuring reducing sugar during 
the enzymatic degradation process. The amount of reducing sugar produced 
can be determined using standard N-acetylglucosamine solution to generate a 
standard calibration curve. The colorimetric analysis showed that purified 
enzyme has an activity of 18 mU/mg.



T a b le  4 .2  Activity of enzyme obtained from each preparation step

Turbidimetric assay
Preparation step Total volume 

(raL or mg)
Activity

(A%T650/min/mL)
Total activity 
(A%T65o/ททํท)

% yield

Crude enzyme 275.75 ± 140.33 0.952 ±0.34 190.29 ± 115.34 100
PEG absorbed 

enzyme
53.375 ± 10.125 2.95 ± 1.5 167.32+ 104.93 87.64 + 9.85

Lyophilized
enzyme

362.575 ± 336.78 0.35 ± 0.17 a 86.6 ± 22.28 35.130 ± 1.67

a A%T650/!ฒ่ท.mg.
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4 .3  F a c t o r s  E f f e c t in g  E n z y m e  H y d r o ly s is  o n  C h it o s a n  C h a in

The factors effecting enzyme digestion were studied, i.e., hydrolysis time, 
amount of substrate, and amount of enzyme used in a reaction.

4.3.1 Effect of Hydrolysis Time
The enzyme denatures with time, in a reaction. The enzyme stability 

determines the period time in which an enzyme can function in a reaction. As 
shown in Figure 4.5, in either 0.1 M phosphate buffer or 0.2 M acetate buffer, 
chitinase activity decreases gradually to 50% of its initial activity after 2 h. 
There were only 10% of the activity left after 3-4 h. This suggests that the 
incubation time for our reactions should be within 2 h.
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F ig u r e  4 .5  Enzyme stability in: o  phosphate buffer (0.1 M) 
pH 7; and •  acetate buffer (0.2 M) pH 4.5.

1 1Q \ 00CK5
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4 .3 .2  E ffec t o f Substrate C oncentration
T he so lvent for dissolv ing chitosan should be considered  accord ing  to 

the nature  o f  ch itosan  and enzym e used. A cetic acid is one o f the best so lvents 
for chitosan, w hile enzym e functions at neutral or w eak base/acid  condition .

H ow ever, if  the pH  o f the reaction  m ixture is too low, the enzym e 
could  no t function  well. The viscosity  and substrate concen tration  also effects 
the w ay an enzym e w orks. H igher viscosity  o f the solution w ill decrease  rate 
o f  enzym atic reaction . T herefore, the enzym e activity w as studied in various 
ch itosan  acetic solutions. The stability  o f the enzym e in these reac tion s w as 
also studied.

F igure 4 .6  show s that at 2% chitosan concen tration  (d), the decrease  in 
v iscosity  o f  ch itosan  w as no t as high at that o f  h igher concen tration  (a, b, and
c).

F igure 4 .7  show s the enzym atic degradation  rate. It w as found that at 
4%  concen tration  (a), the degradation proceeded at 0.81 cP/m in, w hich are the 
h ighest deg rad ation  rate observed in this experim ent. H ow ever, ch itosan  
so lu tion  w as nearly  saturated at this concentration . A t low er concen tration
(d), the degradation  rate proceeded very slowly.

A t low  substrate concentration, the p robability  o f  enzym e-substrate  
fo rm ation  is low . T he enzym atic degradation  at saturated concen tration  (4% ) 
w as the op tim um  condition in out set o f experim ent.
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F ig u r e  4 .6  V iscosity  reduction  o f  chitosan so lu tion  w hen treated
w ith chitinase 18 m U /m L  o f ch itinase w as used  to d igest 
(a) 4%  chitosan, (b) 3.5% chitosan, (c) 3% chitosan, and 
(d) 2%  chitosan, at 37°c.

Time/min
F ig u r e  4 .7  Enzym atic degradation  rate o f  ch itosan  using

chitinase 18 m U /m L  at 37°c o f  (a) 4%  chitosan, (๖) 3.5%  
chitosan, (c) 3% chitosan, and (d) 2%  chitosan.
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4.3 .3  E ffec t o f Enzym e C oncentration
T he m inim um  am ount o f enzym e to obtain  the h ighest rate  o f  chitosan 

degradation  w as studied by fixing the am ount o f  substrate and vary ing  the 
am ount o f  enzym e used in the reaction. The am ount o f enzym e w as varied 
from  4.5 m U /m L  to 30 m U /m L, as show n in Figure 4.8. T he rate o f  v iscosity  
reduction  at in itial phase w as significant. The am ount o f  enzym e 9 m U /m L  
gave the rate  o f 0.48 cP/m in, w hich w as close to the reaction  rate  w hen, 18 
and 30 m U /m L  o f enzym e w as used. This suggested that the m in im um  
am ount o f  enzym e for the degradation should be the range o f 9-18 m U /m L. 
H ow ever, the enzym e half-life in the reaction w as found to exceed the period 
o f  2 h prev iously  observed (F igure 4 .5). It also should be noted  th at the 
v iscosity  o f  ch itosan  solution continues to decrease over 4  h. T his indicates 
that the enzym e w as stable for longer periods o f time in the reaction  m ixture 
conta in ing  chitosan.

In conclusion, the optim um  degradation condition w as 4%  chitosan  
concen tration  w ith  18 m U /m L of chitinase.

Time / min
F ig u r e  4 .8  E nzym atic degradation o f 4%  chitosan w ith  ch itinase at 

37°c with enzym e am ount o f (a) 4.5 m U /m L, (b) 9 
m U /m L, (c) 18 m U /m L, and (d) 30 m U /m L.
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4 .4  C h a r a c t e r iz a t io n  o f  O l ig o c h ito s a n

4.4.1 M olecular W eight
A fter the treatm ent w ith enzym e, the viscosity  decreased  gradually  

w hen the enzym e w as added for 4 tim es, i.e., after enzym e treatm ent 1, 2, 3, 
and 4  days (F igure 4.9). The viscosity decreased rap id ly  to 45%  o f the initial 
v iscosity  o f ch itosan  starting m aterial w hen the enzym e w as added at the first 
tim e. T his indicated  that the large am ount o f chitin  un it w as degraded  from  
chitosan  chain. T he viscosity decreasing o f ch itosan  chain w as dependent on 
the am ount o f chitin  unit and the ability  o f enzym e. Even though m uch 
am ount o f enzym e w as added, the v iscosity  did no t change significantly . This 
reflec ted  that the starting m aterial contained a lim it am ount o f chitin  and after 
degradation  at chitin  unit the reaction term inated.

๐
c

F ig u r e  4.9  Intrinsic viscosity o f chitosan after treatm ent
enzym e for several days w hen enzym e w as added for 18 
m U /m L in 1 ,2 , 3, and 4 days.
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4 .4 .2  C hem ical S tructure o f O ligochitosan
F T -IR  spectra  of the o ligochitosan obtained from  various degradation  

conditions w ere  studied. Figure 4 .10  show s that after enzym atic degradation, 
the characteristic  peaks o f am ide I and II o f chitin  are decreased at 1655 and 
1550 cm"1, respectively . The quantitative FT -IR  analysis w as used to confirm  
the decreasing  o f these peaks by com paring am ide I and II peaks to the C-H  
peak  a t 2878 cm"1 (Sannan e t  a l ,  1978). T he p lo t o f the ratio  o f  the 
absorbance o f the am ide II band at 1550 cm"1 to that o f the C -H  band  at 2878 
cm"1 against the d ifferent degradation conditions are show n in F igure 4.11. 
T his dem onstra ted  that the enzym atic degradation w ith ch itinase enzym e 
rem oved som e chitin  unit out o f the chitosan chain. As com paring F igure 4.11 
to F igure  4.9 , it should be noted that the decrease o f viscosity  w as lim ited at a 
certa in  level m igh t relate to the fact that chitin unit rem oved by ch itinase from  
the po lym er chain. As a result, the enzym e treatm ent m ore than 1 day show ed 
the v iscosity  decreased slightly and at the sam e tim e only sm all am ount of 
ch itin  un it rem ained in the chitosan o ligom er chain.

T he elem ental analysis (EA ) resu lt o f o ligochitosan is show n below :
Anal. C alcd  for (C g H i3 N 0 5)o.2543 (C 6H 11N 0 4)o,7457 : %c, 45.49% ; % H, 

6.70% ; % N , 8.15% . Found: %c, 38.87; % H , 7.28; % N , 7.16.
T he C /N  ratio  o f calculated data w as 5.58 w hile that o f the found  data 

w as slightly  low er to be 5.43. This m ay be because the decom position  of 
ch itosan  is know n to require the oxidative agen t such as P 2O 5 to help  the 
com plete  com bustion  in elem ental analysis instrum ent.

F igure 4 .12  shows TG A  diagram  o f o ligochitosan. T he in itial w eight 
loss a t 57.85°c referred to the loss o f m oisture. The second peak at 303.05°c 
revealed  the degradation tem perature o f o ligochitosan at g lycoside bond 
breaking. B y com paring oligochitosan to the chitosan starting m ateria l (Td = 
308.67°C), the degradation tem perature o f o ligochitosan w as close  to that o f
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c h ito sa n . T h is  im p lie d  th a t th e  en z y m a tic  d eg ra d a tio n  h ad  little  e f fe c t  o n  the
th e rm a l p ro p e r ty  o f  ch ito san .

Wavenumber / cm'1

F ig u r e  4 .1 0  FT-IR  spectra of oligochitosan in (a) reprecip itated
undigested  chitosan w ith 1 M  N aO H , (b) rep recip itated  
o f chitosan after enzym e treatm ent o f  18 m U /m L  for 1 
day, (c) reprecip itated  o f chitosan from  (b) w ith  an 
addition o f 18 m U /m L of enzym e at the end o f the first 
day, (d) reprecipitated o f chitosan from  (c) w ith  an 
addition o f 18 m U /m L o f enzym e at the end o f the second 
day, and (e) reprecipitated of chitosan from  (d) w ith  an 
addition o f 18 m U /m L o f enzym e at the end o f the third 
day.
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am ide II band to C-H  band (A i550/A 2878) by FT-IR .

F ig u r e  4 .1 2  TG A  diagram  o f oligochitosan.
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4.4 .3  M icrostructure Study
T he enzym atic hydrolysis gave the changing o f structure  as show n in 

the X -ray  patterns (F igure 4.13). The peaks o f  chitosan after enzym atic 
hydro lysis w ere  broad at 10° and 20°, w hile untreated ch itosan  show ed the 
sharp  peaks. T he results im plied that the enzym atic treatm ent induced  the 
am orphous part in m icrostructure.

10 20 30 40 50

2Theta / deg.
F ig u r e  4 .1 3  XRD patterns o f (a) reprecip itated  und igested  ch itosan  

w ith 1 M NaOH, (b) reprecip itated  o f ch itosan  after 
enzym e treatm ent o f  18 m U /m L  for 1 day, (c) 
reprecipitated o f chitosan from  (b) w ith an addition  o f  18 
m U /m L of enzym e at the end o f the first day, (d) 
reprecipitated o f chitosan from  (c) w ith  an addition  o f  18 
m U /m L of enzym e at the end o f the second day, and (e) 
reprecipitated o f chitosan from  (d) w ith  an addition  o f 18 
m U /m L o f enzym e at the end o f  the third day.
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4 .5  P r e p a r a t io n  o f  O l ig o c h it o s a n  D e r iv a t iv e s

In the p rev ious part, it was confirm ed that the structure o f ch itosan  after 
enzym atic  degradation  w as m aintained. Here, the chem ical m odifica tion  of 
o ligoch itosan  w as studied under the sam e approach for chitosan. In general, 
ch itosan  un it can  be m odified at C-6 hydroxyl group and C -2 am ino group. In 
the p resen t w ork, oligochitosan w as m odified to a reactive p recu rso r by 
focusing  on chem ical m odifications at the C-6 position.

4.5 .1 P reparation  o f N -phthalovlo ligochitosan
O ligochitosan, as same as chitosan, has three reactive group, i.e., 

am ino, p rim ary  alcohol, and secondary alcohol groups. In order to sim plify  
the reaction , w e concentrated on OH at C-6, protecting group at am ino group. 
Ideally , the protecting  group should be attached in the chain effic ien tly  and be 
res is tan t to acidic or basic hydrolysis, and oxidation. There are m any 
pro tec ting  groups such as sulfonam ide, phenacyl group, ph thaloyl group, etc 
(H endrickson  e t  a l . ,  1970). N -phthaloylation is concerned to be a useful 
pa thw ay  to p ro tect am ino group o f chitosan, especially, in order to focus the 
reac tion  at C -6 hydroxyl group. The phthaloyl group also can be rem oved 
easily  by  treatm ent w ith hydrazine hydrate at 100°c (N ish im ura e t  a l . ,  1991). 
A s show n in  F igure 4.14, the FT-IR  spectra show  characteristic  absorptions 
due to ph thalim ido  groups at 1775 and 1714 cm '1.

T he e lem ental analysis (EA) resu lt o f N -phthaloylo ligoch itosan;
A nal. C alcd for (CgHi3N05)o.2543(Ci4Hi3N06)o.699ü- %c, 55.3; %H, 

4 .92; % N, 5.33. Found: %c, 46.46; %H, 5.96; %N, 5.01.
T he calculation  o f elem ental analysis show ed that the phthalic 

anhydride w as not reacted w ith N H 2 group com pletely . The resu lt im plied 
th at the ph thalic  anhydride was introduced for 93.75%  as show n in Schem e
4.2.
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Wavenumber / cm'1

F ig u r e  4 .1 4  FT -IR  spectra o f (a) o ligochitosan, and
(b) N -phthaloyloligochitosan.
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S c h e m e  4 .2  Structures o f phthaloylo ligochitosan  w ith  the degree  o f 
deacety lation  74%  (a) ideal structure for com pletion  o f 
phthaloyl group, and (b) 93%  phthaloyl form ation 
structure
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T G A  d iagram  o f phthaloylo ligochitosan  is show n in F igure 4.15. The 
in itial w eight loss until 100°c referred  to the loss o f  m oisture and the 
fo llow ing  peak  at 213.61°c revealed the loss fo r ph thalim ido group. The 
la tte r peak  at 360.73°c reflected  the breaking o f g lycoside linkages. T he 
degradation  tem perature  o f  m odified chitosan w as 57.68°c higher than that o f 
the unm odified  chitosan. U nexpectedly, the in troduction  o f phthaloyl group 
onto  chitosan, even it w as a bulky group, the therm al stability  was im proved. 
T his m ay due to the m ore rigid  pack ing  structure o f  ph thaloylo ligochitosan , 
w hich  m ay com e from  ionic in teraction o f carbonyl group and phenyl ring 
stacking conform ation .

Temperature/°c
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F ig u r e  4 .1 5  TG A  diagram  o f N -phthaloylo ligochitosan.
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'H -N M R  spectrum  o f ph thaloyloligochitosan show ed pro ton  peaks due 
to acety l m ethy ls at 2.5 ppm , pyranose rings at 3-5.5 ppm , arom atic rings o f 
ph thalim ido  groups at 7-8 ppm  (F igure 4 .16). This im plied the successfu l in 
ph tha loy la tion  on oligochitosan.

F ig u r e  4 .1 6  ^ - N M R  spectrum  o f N -phthaloylo ligochitosan.

u v  spectra  show ed the characteristic peak o f ph thaloyl group at 237 
nm  released  by  1 M  N aO H  as com paring to the pure ph thalic  anhydride. This 
resu lt confirm ed the success of phthaloylation  o f o ligochitosan (F igure 4 .17).
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F ig u r e  4 .1 7  u v  spectra o f (a) pure phthalic  anhydride, and (b) N- 
phthaloyloligochitosan.

4 .5 .2  Preparation  o f O -tosvI-N -phthalovloligochitosan
T osy l group is one o f the m ost effective leaving groups w idely  used in 

carbohydrate  chem istry . M oreover, the tosyl group provides m ore so lubility  
and show s high reactivity  under m ild condition  (K urita  e t  a l ,  1992). The 
to sy la tion  o f ch itosan  is considered to be a versatile  precursor for the novel 
derivatives. O -tosyl-N -phthaloylo ligochitosan w as prepared  using the sam e 
procedure  as O -tosyl-N -phthaloylchitosan (N ish im ura  e t  a l . ,  1991). The 
reaction  w as operated  in pyrid ine at room  tem perature  under hom ogeneous 
system .

F igure 4 .18  show s a characteristic  peak  at 1173 cm '1 attributed  to tosyl 
groups and at 1599 and 817 c m '1 due to p -pheny len e  groups. T his im plied that 
the tosy lation  w as successful.
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Wavenumber / cm-1

F ig u r e  4 .1 8  FT-IR  spectra o f (a) N -phthaloyoligochitosan , 
and (b) O -tosyl-N -phthaloylo ligoch itosan .

T he elem ental analysis (EA) result o f O -tosy l-N -phthaloylo ligoch itosan  
as follow s; Anal. Calcd for (Ci5Hi9NS07)o.2543(C2iHi9NSOg)o.699i 
( C 2 oH 2 3 N S 20 8 ) o.o466: %c, 55.02; %น, 4.53; % N, 7.9; %ร, 7.9. Found: %c, 
55.67; ฯจน, 4.73; %N, 3.58; %ร, 2.37.
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E lem ental analysis revealed the significant su lfur content. T he found 
S /N  ratio  w as equal to 0.66 w hile the calculation  from  the ideal structure w as 
abou t 2 .39 (Schem e 4.3). This im plied that the substitu tion  occurred  about 
27 .62%  at bo th  hydroxyl group and am ino group on the ch itosan  chain.

S c h e m e  4 .3  Ideal structure o f tosylation o f  ph thaloylo ligochitosan
w hen the reaction is com pleted to m ake the S/N ratio  be 
2.39

T G A  diagram  o f O -tosyl-N -phthaloylo ligoch itosan (F igure 4 .19) 
ind icates the significant w eight loss at 229.34°c due to the loss o f  tosyl group. 
T he m inor peak  a t 347.61 °c revealed the glycoside linkage breaking.

u v  spectra  show the peak at 361 nm  (F igure 4 .20) w hich can be 
refe rred  to arom atic group. This resu lt confirm ed the successful in O -tosyl-N - 
phthaloylo ligochitosan .
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Temperature/°c
F ig u r e  4 .1 9  TG A  diagram  o f O -tosy l-N -phthaloylo ligoch itosan .

Wavelength / ททา
F ig u r e  4 .2 0  u v  spectra o f (a) N -phthaloylo ligoch itosan , 

and O -tosyl-N -phthaloylchitosan.

Derivative weight / %/°C
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4.5 .3  P reparation  o f O -lauryl-N -phthaloylo ligochitosan
H exanoyl, decanoyl, and dodecanoylchitin  w ere prepared  by  using acyl 

ch lo rides in m ethanesulfonic  acid (K aifu e t  a l ., 1981). Ideally, ch ito san  has to 
be com plete ly  d issolved in organic so lvent in order to have the hom ogeneous 
reaction  p roceeded  effectively . In the presen t w ork, O -tosyl-N - 
ph thaloy lo ligoch itosan  w as tested for various organic so lvents to find  that it 
w as w ell d isso lved  in pyridine. T he reaction betw een lauric acid and O -tosyl- 
N -ph thaloy lo ligoch itosan  was perform ed in hom ogeneous system  to enhance 
the e ffic iency  o f  the reaction.

T he F T -IR  spectroscopy w as applied to clarify  the coupling  o f  long 
chain  alkyl by  observing m ethylene group. Figure 4.21 show s the peaks at 
2926, 1460, 726 for the lauryl group.

T he elem ental analysis o f O -laury l-N -phthaloylo ligoch itosan  is as 
fo llow s,

A nal C alcd fo r (C2oH35N06)o.2543(C26H35N07)o.699i(Ci8H33N05)o.o466: 
%c, 65.06; % H, 7 .85; %N, 3.15. Found: %c, 55.59; % น , 4 .58; % N, 3.38.

T he ideal structure o f O -lauryl-N -phthaloylo ligoch itosan (S chem e 4 .4 ) 
show s the C /N  ratio  is about 20.65 w hile it w as found fo r 16.45. T his resu lt 
im plied  that the lauryl group substitution w as achieved for 79.66% .

S c h e m e  4 .4  Ideal structure o f laurylation o f
tosylphthaloyloligochitosan w hen the reaction  is 
com pleted
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F ig u r e  4.21 FT -IR  spectra o f (a) O -tosyl-N -
phthaloyloligochitosan, and (b) O -lauryl-N - 
phthaloyloligochitosan.
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T G A  d iagram  o f O -lauryl-N -phthaloylo ligochitosan show ed the w eight 
loss a t 288°c, w hich  w as decreased for 15°c from  the o ligoch itosan  (F igure 
4.22). T his m igh t reflec t from  the fact that laurylation caused  a decrease  o f 
therm al stab ility  due to the in teraction o f  long chain. T he in troduced  lauryl 
g roup decreased  the chain packing and the therm al stability.

100 200 300 400 500
Temperature / °c

๐
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F ig u r e  4 .22  TG A  diagram  o f O -laury l-N -phthaloylo ligoch itosan .

T h e  su c c e ss fu l p re p a ra tio n  o f  O - la u ry l-N -p h th a lo y lo lig o c h ito sa n  w as
a lso  c o n firm e d  b y  the  to sy l p eak  a t 3 6 1 n m  (F ig u re  4 .2 3 )  w h ic h  w as d e c re a se d
a f te r  th e  d e r iv a tiv e s  o b ta in ed .
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F ig u r e  4.23 บ V spectra o f (a) O -tosy l-N -phthaloylo ligoch itosan , and 
(b) O -lauryl-N -phthaloylo ligochitosan .

4 .6  M ic r o s t r u c t u r e  S tu d y  o f  O l ig o c h i t o s a n  D e r iv a t iv e s

It is in teresting  to study how  the changing in  the chem ical structure 
effects the m olecu lar packing structure. T he X R D  patterns o f N- 
ph thaloylo ligochitosan , O -tosy l-N -phthaloylo ligoch itosan , and O -lauryl-N - 
phthaloy lo ligoch itosan  are show n in  F igure  4 .24. T he X R D  pattern  o f  N- 
ph thaloy lo ligoch itosan  show s the am orphous reg ion  from  10° to 30°. By 
in troducing  the bulky group on the ch itosan  m ain  chain, the inter- and/or in tra ­
hydrogen  bonding  o f am ino and/or acetam ide group am ong the neighbor chain 
w ere elim inated . O -tosylation and O -laurylation  show ed the less crystallin ity
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than  N -ph thaloylo ligoch itosan  as confirm ed from  the b roader peaks at 20 of 
10°, and 20°.

F ig u r e  4 .2 4  X RD  patterns o f (a) oligochitosan, (b) N -phthaloyl
oligochitosan, (c) O -tosy l-N -phthaloylo ligoch itosan , and 
(d) O -lauryl-N -phthalic anhydride.
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