CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Alternative Layer-by-la ion of Poly(styrene sulfonate) and

Chitosan
Multilayer film on ammo-c i ing=s iﬁtﬂ; was prepared by alternative
adsorption between pe né ' sulfonate) - ( and chitosan (CHI) having

. A number of adsorption

variables were investigdted/add/used 16" cont: hickness of each layer and
overall assembled “layers Fhe . @ss of adsorbed layer was monitored by
ellipsometry '

The subst VL for all experiments were Sili con oxide substrates that

; Y
were chemically medi (i ality in its surface region.

[
Silicon oxide reacts"with 1% of 3-amino(propyl trie xysilane) (APTES) to form

;r:z;f:ns ﬁuﬂﬁww ﬁﬂw ﬁ?on chosen in this experiment
Q‘W’]ﬁ\‘m‘im UN1INYIAY

APTES
OH —» O0—Si \/\/NH2
8 h, RT

Scheme 4.1 Reaction between a silicon oxide substrate and APTES.
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4.1.2 Multilayer Formation

PSS can be easily soluble in water. Since PSS is a strong polyelectrolyte
,sulfonic acid groups on the polymer backbone (-SO3H) are completely dissociated
into negatively charge of sulfonate groups (-SO3) in the working pH range (1-14).
On the other hand, CHI is only soluble in acidic solution so the polymer backbone
bears positively charge of ammoniu s (-NH;") when pH is below 5.

Multilayer formation was {hus q‘u ' , the pH at which PSS is in the

charged polyelectrolyt€. Due e positive m amino groups on the amine-
functionalized substrat Was d e fir to be adsorbed. If the total
number of layer is . If the total number of layer is

even, the last layen's multilayer using different

The first ac ) d was polymer concentration.
The average bila)g thickne o multilayer .ﬁms using various chitosan
concentrations is showp.in Figure 42 e film thickness of bilayer was quite

mdependeﬁuh&is@ %E*J*%‘ﬁ PWESRTY G250 momt: The

expenments ere carried out m the presence of 0.25 M NaCl This set of data

el LR SR P Y RN 1) N

plateau region of adsorption isotherm of CHI on Si-NH,-PSS. PSS concentration
used in the layer assembly was fixed at 3 mg/mL. It was believed that this
concentration was sufficiently high for the adsorption of PSS to reach its

equilibrium.
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Figure 4.1 The averagg calculated from ellipsometric
data of Si-NH,-(PSS-CHL)s

presence of 0.25M NaCl. ,_, :

of chitosan concentration in the

4.1.2.2 Eff5t of Tonic Strength FY ]

The ionic sﬂngtb of polymer solution was vmed by an addition of NaCl.

The averag ? ti NaCl concentration in
Figure 4.2. E{I‘ﬁ:ﬂo ﬁmﬁsﬂﬁﬁé 18, 30, 36 and 42 A,
when 0, 025, 0.5 and 1 M of NaCl was sncorporated iny ghitosan solution,
res@tlﬁ"}l@ Egun E@H N %qhq wyﬂuﬂ bed gradually
mcrea%ed as the amount of NaCl increased. This can be explained by the fact that the
coiled polymer can adsorb more in the presence of NaCl due to a relaxation of
electrostatic repulsion in polymer solution. Random coil can obviously result in

thicker individual layer and multilayers as compared with loop and train, dominated

conformations of polymer chains in the absence of NaCl.
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Figure 4.2 The average thi ¢ ?‘ ayer calculated from ellipsometric
data of Si-NH,-(PSS-CHLD)jo assemblies 2 nC of NaCl concentration.
Figure 4.3 disy e thiickness with the number of

layer for all condiio r"deposition. The addition of
NaCl into PSS solﬂon seems : ‘onger i%xence on overall multilayer
thickness as compared‘aw'Ah the previous c‘(.)}ldition of which NaCl was only added to

CHI solutiﬂ % Hy’% w&,m !w H&!&}ﬂsj layer adsorbed as the

first layer induced more CHI to adsorb. The magnitude of thickness progression was

¢
0O R Ui o b £ T
The age thickne b S ies were 1 in t sence of NaCl and

30, 37 and 59 A, when 0.25 M NaCl was added in CHI, PSS and in both PSS and
CHI solutions, respectively. The thickness of an initial bilayer is clearly a critical

parameter that controls overall multilayer thickness.
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Figure 4.3 Ellipsometric thickfiess of Si PSS-CHI), assemblies as a function
e
of the number of layer; no-NaClL:( J 0.25 M NaCl in CHI solution (@), 0.25 M

NaCl in PSS sol C- A‘-I.‘-l‘-l' IC N Dot Crt -A,_,_L_-_,P » SOluthl’lS (A)

4.1.3 Confirmation of Layer Formatlon ATR-IR and XPS

ﬂﬂuﬂc’& 1] ﬂsm jﬂﬂthe layer formation by

ﬁonzﬁ the atomic co ﬁosm(ﬂ before and after multilayer assembly. As shown

bb Ll B DIk Refbahocitiction of

s1hcon oxide surface with APTES. The signals of Sis appearing on Figure 4.5

indicated the existence of PSS in the multilayer film. The attenuation of the signal
from Si, suggested that the thickness of 10 bilayers of (PSS-CHI);o on Si-NH;
should be thicker than the XPS sampling (~ 50 A). The speculation was later proved
by ellipsometry that thickness of 10 bilayers of (PSS-CHI);q was 45 A. This
multilayer film was prepared in the presence of 1 M NaCl. A stoichiometric ratio of

N:S was 4 : 1 indicating an excess of CHI when it was the top layer.
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Figure 4.5 XPS survey spectrum of Si-NH,-(PSS-CHI);o.
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Table 4.1 Atomic composition of Si-NH; substrate and Si-NH,-(PSS-CHI)o.

Atomic composition (%)
Sample
Si N S
Si-NH; 25.04 18.62 0.00
Si-NH,-(PSS-CHI)1o ) .00 18.09 4.32
4 Ry '

In addition, AT

films. Due to th

nctional groups of multilayer

assembled on brittle
terephthalate) (PET) :
flexible and easy to handle. ‘i of plas -treated PET is hydrophilic and

ive substrate which is more

with hydrogen bo@ng '
carried out in the presence of 1M NaCbATR-lR spectrum of PET-(CHI-PSS)14-

F-~
CHI assemﬂ wﬁnﬁa ﬁ:ﬂﬂ ?Wﬂﬁﬂ range of 2500-3700
. i to the over -H stretc

cm™ can be dssigne apping between ng and O-H stretching

el CXaw T b1k aiok (LAY e

Figure 4.7, a continuous increase of absorbance as a function of the number of layer

e l er-by-layer deposition was

implied that ATR-IR technique can be used as a tool to qualitatively monitor the

multilayer assembly.
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Figure 4.7 ATR-IR spectra of PET-(CHI-PSS), assembly; (a) PET, (b) PET-(CHI-
PSS),-CHI, (c) PET-(CHI-PSS),-CHI, (d) PET-(CHI-PSS)4-CHL
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4.1.4 Stratification of Multilayer Film

4.1.4.1 Zeta-Potential

The measurement of zeta-potential was used to assess surface potential of the
assembled film. If the concept of alternative adsorption is valid, the charge of

deposited film should alternatively ch between positive and negative depending

that the multilayer wa A ersed after each deposition.
201 ' »
15s; ' 16 layer CHI
o ., /6ilaye ) layer CHI

Zeta Potential / mV

ot e

-20- .9 layer PSS 15 layer PSS

AUBTINENINGINT
A EIAINDHRATNUNE e

added to chitosan solution.
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4.1.4.2 Water Contact Angle

The stratification of multilayer film can also be assessed by water contact
angle measurements. The wettability should presumably be alternated depending
upon which polymer was last deposited. As can be seen from Figure 4.9, the films

having the odd number of layer (CHI is the top layer) were slightly more hydrophilic
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added to chitosan solution; Si-NH, (M), odd layer (®), even layer (O).
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4.1.5 Surface Topography of Multilayer Films

Atomic force microscopy (AFM) was used to investigate the surface
topography of Si-NH,-(PSS-CHI), assembled films. The multilayer films were
prepared either in the absence or in the presence of 1 M NaCl both in PSS and in
CHI solutions. The R, value reflects the average roughness of the whole image. The
Si-NH, substrate showed a mean roughness of 0.5 nm indicating a relatively smooth
surface (See Figure 4.10). The surface topogra;;hy of multilayer films prepared in the
absence and in the presence of 1M.NaCLis shown in Figures 4.11 and 4.12,
respectively. In the cas€ of amtililayer films preparedin the absence of NaCl, the
surface appeared to be{'?;&ismg in the'il roughness as the number of layer increased
according to Figure 413, The/surface r()ughness of multilayer films prepared in the
presence of NaCl tenc tgf reach the value of ~10 nm even at low number of layer
and remained relatively ponsta11t up unulﬁ6 deposited layers. Eventhough multilayer
films having 16 layers infbgth, cases dttame_d a similar value of R,, their surface
topographies appeared cornpletg,ly. d]ffepq{mg. To better explain this result, it is
necessary to take R, into coh'sii}:ération.E;iepresents the standard deviation of
surface roughness. In other wora; it indis?étcs the height and depth fluctuation of
each AFM images. As plotted in Figure 4.14, R, seems to’ fluctuate quite a lot due to

hills and valleys apptanng on the image, especially whenxlhe film is quite thick. This
fluctuation may disappear if the scan arca is narrow down perhaps to 2x2 or 1x1 p,m
Thus, it is much more feasenable to use bath'R, and R, to explain surface roughness

and topography ahd takingnto acCount the scan area of the samiples.

Figure 4.10 An AFM image (5x5um’) of Si-NH,.
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(c).10 layers

(e) 16 layers (f) 20 layers
Figure 4.11 AFM images (5x5um2) of Si-NH,-(PSS-CHI), prepared without 1 M
NaCl; (a) 1 layer, (b) 2 layers, (c) 10 layers ,(d) 15 layers ,(e) 16 layers and (f) 20

layers.
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(b) 2 layers

(c)\ 0 Tayers (d) 15 layers

(e) 16 layers (f) 20 layers

Figure 4.12 AFM images (5x5um?) of Si-NH,-(PSS-CHI), prepared with 1 M NaCl;
(a) 1 layer, (b) 2 layers, (c) 10 layers, (d) 15 layers ,(e) 16 layers and (f) 20 layers.
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4.1.6 Blood Compatibility

In this study, the blood compatibility of multilayer films was determined with
an attention to investigate the interaction between the surface and blood components
which were, platelet-poor plasma (PPP) and platelet-rich plasma (PRP). In order to
analyze the effects of the thickness of assembled film on blood compatibility, two
conditions were chosen for mi aration. The samples prepared with

or without 1M NaCl added i

Plasma Protein Ady W

The amount

terial surface is a primary
factor in evaluati mpatibilit; aterial. When polymeric
biomaterial is in co ; thrombosis is initated by the
and activation of platelets. Here
the amount of plasma protein adsoiption using microassay is determined. The

calibration curve using albumin as. dard. i ayed in Figure 4.15.
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Figure 4.15 A calibration curve of the amount of albumin adsorbed and the

absorbance obtained from BCA microassay.
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dsorbed on multilayer films
prepared without Na€l. The amount of plasma proteirmdsorbed was slightly higher
on the suﬁaﬁ\avinﬁhﬁas the top layefias coniIed to the one having PSS as the

top layer. 'su gdm& %@gﬂe :tltﬂ i@raction between the

positively chyged chitosan and blood proteins glrrying negativvharges. Chitosan
= QAR IR FEURNE T EVQ B o
adsorption. The alternative trend was observed up to 16 layers. The amount of
protein adsorbed on the 19-layer film having PSS as the top layer became higher
than the one on the 16-layer film eventhough its surface charge is negative. This
observation implies that the surface topography may play a dominant role in
controlling the protein adsorption. More obvious trend was observed in Figure 4.17
for the case of multilayernfilms prepared in the presence of 1M NaCl. A marked

increase in protein adsorption as the number of deposition was increased despite the
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alternate surface charge. This result supports the speculation on the influence of

surface topography.

2

PSS as a top layer
as a top layer layer
as a top layer

ugam

Amount of protein adsorbed /

1516

Figure 4.17 Theamount of plasma pi ion pe surface area (p,g/cmz) of

Si-NH,-(PSS-CHIyf assemblies pre teof 1 M NaCl.
il
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is well known. that platélets al #fibute to the thrémbus formation. I
AN TR HIAT IR Ehece vin o

adsorT)ed protein layer serving as a controlling factor of the platelet response. Figure
4.18 shows SEM micrographs of Si-NH,, and multilayer film surfaces prepared in
the absence of NaCl after contacting with PRP. Eventhough the trend of protein
adsorption was alternate, the responses of platelet adhesion of the supported films
having 1-6 layers were not significantly different from the Si-NH, substrate. A small
number of platelets were randomly appeared on the surfaces of deposited films. We

explain this outcome as a consequence of relatively thin individual layer (~ 8 A) and
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overall thickness (~ 8-48 A). The slight difference in the amount of protein
adsorption of such a thin film was not enough to alter the platelet response. It was
plausible that each individual layer was not completely covered. The amino groups
of the substrate might be visible and thus influence the subsequent platelet response.
The reverse effect was observed on the surfaces of Si-NH,-(PSS-CHI);-PSS (9
layers) and Si-NH;-(PSS- CHI)5 hose overall thicknesses were 77 and
89 A, respectively. It should%no&x'/ﬁ
roughness. The platelet was SO ned by the nature of surface
ly.; bs ant on the susface of Si-NH,-(PSS-CHI),-PSS
. %/ adhered on ¢ ‘TN (PSS-CHI)s. The reversed
trend seemed to disa faces having I‘S;&D deposited layers. A large
number of platelet adhgsio f 'bscrv.'-.&‘l dless of its alternate surface charge.

gteﬁl agsom n and su%port the speculation on the
hy. "Ih ere no direct correlation between the

wo surfaces have a similar surface

charge. Platelets were ¢

whereas quite a few

the surface. The adhgbion of platelet oeculq)xad a diameter of 2-3 um

(much larger than regular_plasma proteins), was much more sensitive to the surface

v FH4RP FRIASN 1111 3

Since much thicker individtal layer cansbe formed in tHe/presence of 1M
Nac@a&aaa =3 Ab A b o) Gr2ss s 1.
NH,- ( S-CHI) assemblies. The platelets seem to adsorb more on positively charged
surfaces with CHI as a top layer. The opposite trend was observed when the surface
charge became negative having PSS as the top layer. This indicated that each
individual layer was thick enough and the response was directed by the top layer. We
found that when the number of deposition increased to 15, the alternate activity was
no longer observed. Once again, this can be regarded as a consequence of the surface

becoming rougher as the number of deposition increases.
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(d) Si-NH-(PSS-CHI),-PSS (5 layers) (e) Si-NH,-(PSS-CHI); (6 layers)

Figure 4.18 SEM micrographs of Si-NH,-(PSS-CHI), assemblies prepared in the
absence of NaCl after contact with PRP.
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Figure 4.18 (continued)
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(e) Si-NH,-(PSS-CHI)4-PSS (9 layers) (f) Si-NH,-(PSS-CHI)5 (10 layers)

Figure 4.19 SEM micrographs of Si-NH,-(PSS-CHI), assemblies prepared in the
presence of 1 M NaCl after contact with PRP.
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(k) Si-NH,-(PSSZCHI)o-PSS (19 layers) (1) Si-NH>-(BSS-CHI);o (20 layers)

Figure 4.19 (continued)

Although there were no platelets adhered to Si-NH,-PS8S, Si-NH,-(PSS-
CHI)5PSS'and Si-NH;-(PSS-CHI)4-PSS /assemblies, we noti¢ed that there were
small particulates randomly distributed throughout the surface. We were still
uncertain whether or not they were NaCl aggregation. Interestingly, it was obvious
that the platelets became highly aggregated when the surfaces became really rough
(high R, and R;). The result of platelet activity only corresponded quite well with the

protein adsorption on surfaces having 5-20 layers.
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