CHAPTER IV

RESULTS AND DISCUSSION

4.1  Grafting Yield

In this particular stud olymerization in the presence of
selected as an approach for

[he films were soaked in the

benzophenone, a well-
grafting hydrophilic
solution containing benzé itizer to permeate into the
substrate before startin 5. After being irradiated, the

molecule of benzopheng (ate that can abstract hydrogen

atom from polyisoprene g DO y1soprene radicals capable

of initiating graft copoly
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Scheme 4.1 Mechanism of UV-induced graft copolymerization of hydrophilic

monomer in the presence of benzophenone.
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4.1.1 Effect of Time

The first grafting parameter to be determined was grafting time. The average
grafting yield as a function of time using 0.5 M of PEGMA and VPy is shown in
Figure 4.1. The magnitude of the grafting yield increased as a function of time for the

vulcanized NR latex film was les at of the unvulcanized NR films. This
implies that the crosslinked A d NR prohibits the permeation of

benzophenone as well as meJ presses the extent of grafting.
The grafting yield of th ru at the value ~1.0 % in the case
of PEGMA and at the after 150 min. In the case of

MPC, the grafting yie
grafting.

e same period of time for -
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Figure 4.1 The grafting yield as a function of time: vulcanized-g-PEGMA (A),
unvulcanized-g-PEGMA (A), vulcanized-g-VPy (#) and unvulcanized-g-VPy ().

It can be observed that the maximum grafting yields of both unvulcanized
and vulcanized NR using VPy as a monomer were quite low (< 0.5%) in comparison
with PEGMA. We explained these results as a consequence of its reactivity being

lower than PEGMA and MPC. Since lone-pair electrons on nitrogen atom of
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pyrolidone help stability the radical. This may cause higher stability than the other
two monomers leading to the less extent of surface grafting.

4.1.2 Effect of Monomer Concentration

The effect of monome e grafting yield was determined by

varying the concentration . ). ing the grafting time of 150 min.
- , ; T —

The grafting yield plotted.as'a filaction of monomer concentration is shown in Figure

42. As the higher monefer€oncentrati A\ 'ater extent of grafting was

obtained. \
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monomer concentration (M) o »

Figma.ﬂh:]gﬁ& amm&%ﬂ &L::l@iilusing 150 min

of grafting : vulcanized-g-PEGMA (A), unvulcanized-g-PEGMA (A), vulcanized-g-
VPy (#) and unvulcanized-g-VPy (©).
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4.2 Surface Characterization of Modified NR Latex Films

In order to confirm the success of surface grafting, two major surface
characterization methods were used. The wettability of modified NR latex films can
be assessed by water contact angle measurements. ATR-IR was used to determine

the chemical functionality of the NR latex films. The water contact angle
data of NR-g-PEGMA as sh S;& revealed that the surface of modified
NR latex film became mouﬁhﬂlc a&ng yield increased as a function
of time for both un vui"‘axn——
was also observed in y 2 \gS ; ightly higher contact angle as a
consequence of the lo . \ ‘Q\

Since the sampli 5F - is generally in a range of a few

com Figure 4.4, a similar trend

angstroms, the comntact gle (a modi a?e should theoretically be
independent of the de
implied that not only th the greater depth, but the graft

as elevated as a function of time. A

"«" )
NR films suggestc;B) that the hghtly crosshm ff_?wed the denser and the

Unlike the g}nnghhm er conc@ration did not significantly

affect the wetting behavior, of the modified NR latex films. Interestingly, the contact

angle of unvﬂa%:{r}lﬁ}a%}lﬁ Y Spéfipdsed gnlth one of vulcanized NR

regardless of their different graftmg yields.

’Q‘W’Wﬂ\‘iﬂ‘ifﬂﬁi‘lﬂﬂﬂ%ﬂﬂﬂ
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Figure 4.4 Water contact angle of vulcanized NR and unvulcanized NR after being
graft copolymerized by 0.5M VPy as a function of time.
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Figure 4.6 Water contact angle of vulcanized NR and unvulcanized NR after being

graft copolymerized by VPy for 150 min as a function of monomer concentration.
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Even though the depth of modification increased, as a function of monomer
concentration (grafting yield increase) the graft density was not much affected. From
a practical perspective, it is not necessary to obtain a great depth of modification.
Thus, the grafting time seems to be a more effective parameter in controlling the

grafting yield as well as the grafting density.

The success of grafti Wa}%!o d by ATR-IR analysis. Figures 4.7
and 4.8 show ATR-IR sp vu5am Icanized NR latex films before

and after graft copol es ective earance of a characteristic
peak of carbonyl stry 20 & “’\iﬂ“ e speetra of both vulcanized and
unvulcanized NR lat 1 T surfa dlcated that PEGMA was
incorporated into the easﬁtl um from the top surface of both NR
substrates. The less intensi .r nyl s XX? vulcanized NR after graft

ification as compared with

U-g-MPC
U-g-VPy
U-g-PEGMA
STD‘nvulcamzed
2000 1800 1600 1400 1200 1000 800 600

Wavelength (cm-1)

Figure 4.7 ATR-IR spectra of unvulcanized NR before and after being graft
copolymerized by 0.5 M PEGMA, VPy and MPC for 150 min.
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copolymerized by 0.5 M_E

As a consequence of "ﬁ _’! graff ing yield, we did not observe a
characteristic peak}f carbonyl stretéixing”c
[IMS

itex films after being graft copolymerized with VPy. This
is lﬁs than the sampling depth of

of both vulcanized and

unvulcanized NR ;' feX
observation suggests@at the depth
ATR-IR.

. AN NN T ctons

stretchmﬁﬂzo cm’, the stretching due to the phosphate groupiat 1150, 1240 cm’
1t 39 oG e B P YA b n bt

ed and unvulcanized films. This result also confirms the success of graft
copolymerization of MPC and that the modification has proceeded to the depth of at

least 1-2 pum.
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43 Determination of Benzophenone Residue after Graft Copolymerization

For a medical application, it is necessary to assure that there is no
photosensitizer initially incorporated leaching out after graft copolymerization. The
amount of benzophenone dissolving out from both unvulcanized and vulcanized NR
by measuring UV absorbance of ew olution after soaking the NR latex films

before and after graft copol ing to Figure 4.9, the amount of

T —

benzophenone adsorbed orb&d o x films that can be soluble in

ethanol was ~30 and ~

respectively. After gr

benzophenone was be

o aﬁ'c;gmﬁmg for
40.00 - ——
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S AV, %
ipRocan ’
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from vulcanized and unvulcanized NR latex films before and after graft

copolymerization.
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4.4  Blood Compatibility

In this study, the blood compatibility of modified NR latex films was
determined with an attention to investigate the interaction between the surface with
blood components which are plasma proteins in platelet-poor plasma (PPP) and
platelets in platelet-rich plasma (PR{)LJ / e effects of grafting yield as a function of

grafting time and the type of m@nome‘r mpatlblhty

on a material surface is a primary
"qf the material. When polymeric
uced thrombosis is initiated by the

calibration curve using albumm E'S?Smn

d-.-___,.-"" __-:_," f *3

Figures 4. 1? and 4.11 show the amoun =-=.-. protein adsorbed on NR

latex films after gra ‘copolymenzatlon witk is a function of time and

monomer concentratrdL respectively. The amount of J«phasma protein adsorbed was

signiﬁcantly i viousl e reduction of protein
adsorption d %ﬁm mﬂ%{wﬁ] ﬁﬁ ied as a function of

time and monomer concentration. As a result of the lower,grafting yield, the
oo b e oS e etanznd N
using tﬂe same grafting time and concentration. The complete absence of protein
adsorption on NR latex films required as high as 1% grafting yield (See Figure 4.1
for comparison). Eventhough a similar trend was also observed in the case of VPy,
the reduction of protein adsorption was not so effective due to its grafting yield being
lower than 0.5% (see Figures 4.12-4.13).
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Figure 4.11 The amount of plasma protein adsorbed per surface area of vulcanized

NR and unvulcanized NR before and after graft copolymerization by PEGMA for

150 min as a function of monomer concentration.
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Figure 4.13 The amount of plasma protein adsorbed per surface area of vulcanized
NR and unvulcanized NR before and after graft copolymerization by VPy for 150

min as a function of monomer concentration.
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Considering comparative results of plasma protein adsorption on NR latex
films after graft copolymerization with PEGMA, VPy and MPC as shown in Figure
4.14, it can be implied that PEGMA and MPC are the monomers suitable for graft
copolymerization in order to reduce protein adsorption. Hydrophilic polymers being
highly effective in repelling protein adsorption can be regarded as its chain flexibility

Wironment.
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and its large excluded volume i
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Figure 4.14 The amgnt of plas dsorbed Er surface area of vulcanized
and unvulcanized rubber before and after copolymenzatlon by 0.5 M PEGMA,
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4.4.2 Platelet Adhesion

It is well known that platelets also contribute to the thrombus formation. In
general, a foreign substrate induces adhesion and activation of platelets with the
adsorbed protein layer serving as a controlling factor of the platelet response. The
extents of platelet adhesion on the modified NR latex films were monitored by
scanning electron microscope. ‘ V%ﬁow SEM micrographs displaying

d vulcanized NR latex films
/ sed to platelet-rich plasma
(PRP). There are a fg ets attack ~on the unmodified NR latex films
indicating their poor blged compatibility. - ts were able to adhere on the

surface of NR latex film e gra ting viel e a function of both grafting

time and monomer con tign: e ing of platelet adhesion on the

the responses to platelet adhesion of 13

—

modified surfaces represent:
NR latex films. The res

previously shown.

t of blood compatibility of
th protein adsorption data as
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U:g-PEGMA, 90 min V-g-PEGMA, 90 min

U-g-PEGMA, 120 min V-g-PEGMA, 120 min

Figure 4.15 SEM micrographes of unvulcanized NR (U) and vulcanized NR (V)
before and after graft copolymerization with 0.5 M PEGMA as a function of time

after contacting with PRP
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Usg-PEGMA, 0.3.M V:g-PEGMA,0.3 M

U-g-PEGMA, 0.4 M V-g-PEGMA, 0.4 M

Figure 4.16 SEM micrographes of unvulcanized NR (U) and vulcanized NR (V)
before and after graft copolymerization with PEGMA for 150 min as a function of

monomer concentration after contacting with PRP.
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U-g-VPy, 120 min V-g-VPy, 120 min

Figure 4.17 SEM micrographes of unvulcanized NR (U) and vulcanized NR (V)
before and after graft copolymerization with 0.5 M VPy as a function of time after
contacting with PRP.
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U-g-VPy, 0.4 M V-g-VPy, 0.4 M

Figure 4.18 SEM micrographes of unvulcanized NR (U) and vulcanized NR (V)
before and after graft copolymerization with VPy for 150 min as a function of

monomer concentration after contacting with PRP.
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Figure 4.19 shows the comparative results of platelet adhesion on NR latex
films after graft copolymerization with 0.5 M PEGMA, VPy and MPC for 150 min.
All three monomers can be used to improve the blood compatibility of NR latex

films. But PEGMA and MPC are more effective than VPy for unvulcanized and

vulcanized NR latex films.

V-g-PEGMA

V-g-MPC

Figure 4.19 SEM micrographes of unvulcanized NR (U) and vulcanized NR (V)
after graft copolymerization'by, 0.5.M PEGMA, VPy and MPC for 150 min.
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4.5  Mechanical Properties

In order to determine the feasibility of graft copolymerization for practical
purposes, the mechanical properties of modified NR latex films were determined
Dumbbell test pieces were cut from the vulcanized NR latex sheets before graft

copolymerization for tensile testlng

As outlined in Table%u it /@ved that graft copolymerization

unexpectedly caused a t drease—of-wdcamzed NR tensile strength,

\ i : was about 1%. Since UV-

\Wcamzed NR latex film, the
inate from e existence of the surface
modified layer, not b 1 ini induced during UV-exposure.
Slight increase of elongati | e ‘ lu\ was also evidenced as a
Table 4.1 Tensile strength, oﬂa% (at 0 and 500 %) and elongation at break

of vulcanized NR latex ﬁlms_,bch_re andMgIaft copolymerization with 0.5 M

PEGMA and VPy fi)_ASO min. V3

especially in the case 0

exposure alone did not a

improvement of tensi

Rubber type Terp le . uluﬂ%) Elongation at
(?éfmit%_.. 100 |, 300 500 DRERKLY)
‘ P ‘ o

Standard Jotes 153 0.30x001 ¢ 0lg9002 ﬂwiom 950.80 + 28.47
rubber
Rubber = —g —

TW o fs]s‘? S ag=0dalllodrad 1] Filask 3 loss.s0 + 0.87
1rrad1at10

Vulcanized-g- 69 + 1 +0.01 | 1.14+0.02 & &
PEGMA 35.69+1.82 | 0.38+0.0 .1410. 1.94+0.04 | 985.46 +8.71

x;l;anized'g' 28.73 +3.86 | 0.36+£0.04 | 1.07+0.12 | 1.84+0.32 | 989.90 + 59.25

"NR latex films were subjected to benzophenone soaking before UV irradiation
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The tensile properties suggest that UV exposure and grafting be caused
adverse effect on mechanical properties of NR latex film. UV-induced graft
copolymerization is thus a feasible mefhod that can be used to improve blood
compatibility of NR latex films.

AUEINENINGINT
ARANTUNMININY
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