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Abstract: Problem statement: The attachment of biopolymers such as collagennert polymeric
template created great challenge due to hydrophwdtiere of polymeric material. The modification of
PVDF for improved adhesion and introduction of $fiefunctionalities have been widely recognized in
various industrial applications. Typical methods fwodifying polymer surface such as chemical etghin
and UV irradiation are not favorable as it requinggh temperature and the use of chemical solvents.
However plasma modification is suitable as it zdit low heat and a clean environment, thus preagnti
contamination on the deposited collag&pproach: Free standing orientated Poly (Vinylidene Fluoyide
(PVDF) films were fabricated by solution castingthoel and dried in a convention oven. The dried
PVDF films were orientated in a tensile machineteahperature 70°C enclosed in a custom made
environmental chamber. The pulling rates of 5 mm ivere utilized with a draw ratio of 2 (R =
Lina/Liniiar)- The PVDF film was plasma treated for 60 secrioa@ce the hydrophilic property of PVDF
and utilized as template for collagen depositiome @eposited collagen on surface of PVDF was theft i
desiccators at temperature of 24°C for completangriResults: The untreated and plasma-treated PVDF
template were observed for water contact angle uneant, the functional group and dielectric
properties of collagen were observed and measusedFHR and SOLARTRON respectively.
Conclusion: The orientated PVDF films were produced at pulbpged of 5 mm mifhand temperature

of 70°C. The hydrophobic PVDF surface was transéatrto a hydrophilic surface by plasma treatment
for collagen deposition. The FTIR result shows dherlapping peaks of C-H and C-F in range 1500-
1000 cm® which indicates the C-C bonding of collagen andFVThe significant increase in dielectric
constant is a result from the favorable bondingvbenh collagen and PVDF template.
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INTRODUCTION Many studies have been carried out to investigate
structures and surface morphology of collagen dusbr
Collagen have been used widely used for medicabn various polymer (Dufrenet al., 1999a; 1999b;
application especially in the field of tissue eregiring,  Dupont-Gillainet al., 1999). Polymer surfaces, covered
which include areas such as regeneration of neuds  with organic molecules have attracted much atteritio
and new organs, artificial prosthetic in joints, the development of sensors, molecular electronic
connective tissues or blood vessels. These collagen devices as well as in the assembly of supramolecula
able to create a three dimensional living cells andstructures (Lowe, 2000). Collagen is utilized foating
promote cell growth by generating molecular signalsPVDF substrates. Collagen exhibits biodegradability
at the specific areas which will induce a tissugaie  has excellent biocompatibility, as well as safeise in
responses (Griffith, 2000; Nagt al., 2006). They are medical field due to its biological characteristics
usually extracted from tissues of skin or bones andMaeda, 1999).
consit of highly oriented crystalline fibers, hovesv PVDF being an inert and stable material is a blgta
the molecules lose their ordered conformation andupporting substrate for biopolymer depositions.
appeared as random structures. Some studies PVDF are materials of large technological impartan
instigated the self assembly of collagen films byand they are characterized by high chemical insstne
variation of pH and electrolyte of the buffer saduts  thermal stability and electrical insulating profest They
(Jianget al., 2004). also have very low surface tension, which causes
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negligible adhesion to other materials, especiaigtals deionized water of 0.1:9.9 (vol/vol). 4gm of cokag
(Duca et al., 1998). PVDF has created interest inwas dissolved into 200 mL mild acetic acid, depmukit
numerous researchers, due to the dielectric piepert on treated-stretched PVDF template by dipping pgsce
which constitute from its net polarization. Netgridation  for 2 h. Deposited collagen was dried vertically in
generates dielectric properties for that particgample desiccator of temperature 24°C.
and this property had been applied worldwide anthlgna
used as capacitors in electronic devices. The sbidy Experimental setup: The functional group of PVDF
stretched PVDFf films and PVDF composite show Ifigh and collagen was analyzed by FTIR model Perkin
phases in comparison to unstreched PVDF filmsr®ali Elmer-7 in which the fingerprint region of PVDFdién
and Yousefi, 2003; Suat al., 2010). the range of 1500 crh until 600 cm'. The wave
There is lack of study of the effect of electrical numbers selected for deposited collagen on PVDF
properties of deposited biomaterials on orientedPV template was in range of 4000-600 <mwhich
films. Even though PVDF do not posses surfaceccounts for C-N-H ~ 3300 ¢hand C-H ~1600 cith
properties needed for deposition of other materialsgj) 1200 cmi®. Dielectric constant is a response of
PVDF still is the common materials used for capasit charges, generated when PVDF and collagen is applie
and other electronic devices applications due ®rth  girong electric field. The dielectric properties
excellent electrical properties, bulk physical andpypr template and deposited collagen were measured

chemical properties a.n.d are easy to process. Ig‘aseth using SOLARTRON SI 1260. The study was carried
reasonsf, surfaﬁe modification techmqu_eT can bﬁp out at the frequency range from 100 Hz to 1MHz at
to transform these inexpensive materials into \#RIa ,ient temoerature.,

finish product and being an important part in many
plastics industry (Mengt al., 2011). Nowadays, many RESULTS
researchers have been developing polymer surface

treatments to alter the chemical and physical ptE®e  contact angle measurement: The contact angles are
of polymer surfaces without affecting bulk propesti  measured for both untreated and plasma treated
The one that is being focused here is plasma tB#M jjagen deposited PVDF films. Figure 1 shows the
due to its clean process. Plasma treatments aléer tcontact angle of untreated surface PVDF templater p
surface energy of most polymers, changing the#aser 4 hjasma treatment. The angles on both sides 9&fe
polarity, wettability and adhesive characteristics.indicating the untreated PVDF template is highly
Surface activation takes place during the plasm"ﬁydrophobic. This suggests that PVDF, being a

]E)roces_s ma|ﬂ!yhby h)lldro_gen e(ljt.)fs.tra(.:tmn fandl ra(rj]'c"’\gredominantly fluorine based material caused the
ormation, which results in modification of onlyet repulsion of water droplet.

top-most nanometers of the polymer structure being
altered (Kullet al., 2005). The objective of this study -
focused on producing deposited collagen on oriedtat

PVDF template and to measure the dielectric cohstan

of collagen using SOLATRON.

MATERIALSAND METHODS

Template preparation: PVDF (Sigma Aldrich Co.
Ltd, United Kingdom) and DMF (Sigma Aldrich Co.
Ltd, United Kingdom) were diluted to 10M. 4 grams
PVDF and 30 mL DMF 10M solution were stirred for
2 h until complete dissolution, casted into glas#rip
dish and evaporated in an oven at temperature 70°C
for 12 h. PVDF films of 0.2-0.4 mm was stretched by
tensile machine at stretching rate of 5 mm Thiat
temperature 70°C. The stretched PVDF surface
undergoes surface modification by plasma treatment
of Argon (Ar) gas for 60 sec.

Collagen deposition: Type | Collagen from bovine was Fig. 1: Contact angles of untreated-stretched earfa
dissolved in mild acetic acid with ratio acetic daci PVDF template
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Fig. 5: FTIR spectrum of unstretched PVDF and PVDF
stretched at 70°C

FTIR analysis

Fig. 2: Contact angles of treated-stretched surfac&ontrolled Polyvinylidene Fluoride (PVDF) and

PVDF template
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Fig. 3: FTIR spectra of unstretched PVDF
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Fig. 4: FTIR spectra of collagen

collagen: The fingerprint region of PVDF and collagen
are measured within range 4000-650tm

Figure 3 shows the FTIR spectrum of unstretched
PVDF. The fingerprint region of PVDF film can be
observed at 1230 cifor CF bond and 840 crhfor
CF, bond. Range between 1250 ¢rantil 1000 crii*
relates on the CH stretching. The vibration band&&
cm* accounts for CFbending and skeletal bending of
a-phase, which is supported by studies where and the
840 cm* is attributed to the GFasymmetric stretching
vibration ofp-phase and 763 cihfor a-phase (Costat
al., 2009; Salimi and Yousefi, 2003; Sanal., 2010).
The result shows no peak at1670 and 1500,cwhich
indicates the absence of C = O and C-N respectively
Hence it is assumed that most of the DMF have
vaporized (Jacob and Arof, 2000). Therefore tha fd
safe to be used for biological application.

Figure 4 shows the FTIR spectrum of collagen in
the range of 3300-3000 chfor primary amine of N-H,
1650 cm®; for C = O, N-H and N-H wagging, 1551
cm* for N-H, scissoring of the secondary ammines and
1250-1000 cmt for C-N. This is consistent to
observation made by (Bryanal., 2007).

Unstretched and stretched PVDF: Figure 5 shows
FTIR spectrum of untreated-stretched PVDF (70°C)

Figure 2 shows contact angle of post plasmaity respect to the unstretched PVDF. Significant

treated (60 sec) surface of PVDF template. Theddea
surface shows a significant reduction of angle haf t
water droplet to 78° (right) and 77° (left). Thissult

indicates the phenomenon of fluorine scission @& th

decreased in intensity was observed at the wave
number 840 cit of the unstretched PVDF (45%T)
incomparison to the streched PVDF (25%T). This

treated template which transformed the hydrophobi¢uggests the PVDF phase transformation fram

PVDF surface to a hydrophilic PVDF surface and
enhanced the adhesion water droplet due to theo€-C
water droplet with treated PVDF template.
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phase to pB-phase, which is supported by
respective studies (Lanceros-Mendez al., 2001)
and (Manocet al., 2004).
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Fig. 6: FTIR spectrum of stretched PVDF and plasmarig. 8: C-C mechanism of treated-stretched PVDH wit
Treated-Stretched PVDF collagen

Figure 8 shows C-H and C-F scission mechanism
100 between collagen deposited on treated-stretched®?VD
- 30 During post plasma treatment, highly active carbon
radicals were formed on the PVDF surface by the
scission of C-H and C-F groups. The tendency for
radical attack produced from these radicals toagah

20 with long branched amine group is favorable. These
o highly active carbon radical of PVDF attacked other
neighboring amine group, leaving MHadical. This
produced a chain reaction in which the Ntadical

will subsequently react with the neighboring
molecule. The process will continue until the
formation of a stable Njupon reacting with another

Treated-stretched PVDF: Figure 6 shows the FTIR carbon radical of the PVDF.

spectrum of stretched PVDF (dotted lines), while _. ) _ . .
plasma treated-stretched PVDF is shown by the smoof2i€l€ctric measurements. The dielectric calculation
line. A significant increase in intensity was obest Was carried out using Eq. 1 (Majid and Arof, 2007
throughout the fingerprint region of the treated-Dupont-Gillainetal., 1999):

stretched PVDF. The arrow indicates a 10%T increase

in intensity of the treated-stretched PVDF.
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Fig. 7: FTIR spectra of collagen deposited on &éat
stretched PVDF template
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Collagen on treated-stretched PVDF: Figure 7 shows
FTIR spectrum of collagen deposited on treatedWhere:

stretched PVDF template. The spectrum shows pedaks
1230, 840 and 763 cfrwhich indicates the presence of
C-F, which is consistent to the fingenprint spedtoan
literature (Ducaet al., 1998). Unique collagen band
peak at 3300-3000 cifor primary amine, C = O at
1650 cm*, NH, and NH at 1550 cim were observed.
Peaks in region 1400-1000 cmsuggest favourable
compatibilty between PVDF surface and collagen film
due to the active C-C radicals which react with the
amine group in polypeptide chain. This also protred

Q

Co

hydropbobic to a hydrophilic surface.
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Zi, Zr

Table 1 shows the dielectric constant,
unstretched PVDF,
plasma treatment can assist PVDF template in tefms collagen deposited on
The E for unstretched PVDF is found te ®.95.

Dielectric constant

2nf

Frequency

(e0 X Area)/Thickness

Imaginary and real value of impedance
conductivity

E for
treated-unstretched PVDF and
treated-unstretched PVDF
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Table 1: Magnitude of dielectric constantsods, for unstretched PVDF surface and collagen film, which may due te th
PVDF, treated-unstretched PVDF and treated-unsieeic  jnteraction of free radicals that created duringspia

PVDF with collagen modification to C-C backbonds with amine group on

Parameters E . . .
Unstretched PVDE 3.1;05& the chemical structure of collagen. The interactidn
Treated-Unstretched PVDF 230 free radical on PVDF backbone chain with amine grou
Treated-Unstretched PVDF with collagen 392 may lead to the propagation process which is

continuously repeated until two of active amineugro

Table 2: Magnitude of dielectric constantydg; for stretched PVDF, meet and terminate each other free radical ancltimg;u

treated-stretched PVDF and treated-stretched PVIR w

collagen on stable polymer surface and yield good adhesion
Ewow (5 mmmint  between PVDF surface and collagen.
Parameters at 70°C)
Stretched PVDF 491 CONCLUSION
Treated-Stretched PVDF 4.12
Treated-Stretched PVDF with collagen 4.82

Orientated PVDF films were produced at pulling

Upon treatment with plasma, the E of this unstredch SPeed of 5 mm mit of 70°C. The orientated
PVDF decreases by 40% in comparison to the untieatdydrophobic  PVDF  surface transformed to a
PVDF film. Subsequently, when the collagen washydrophilic surface by plasma treatment for collage

deposited on the treated-unstretched PVDF, théleposition. I_3Iasm_a treated PVDF template showhtslig

magnitude on E was found to increase significantly. ~ INCréase in intensity corresponding to the C-H &rH
Table 2 shows the dielectric constant, E forSCission. Overlapping peaks of C-H and C-F in range

stretched PVDF (5 mm miih of 70°C), treated- 1500-10Q0 cml_suggests C-C bonding of cpllagen and

stretched PVDF and collagen deposited on treated? VPF- Dielectric constant, E shows deposited celiag

stretched PVDF. The modification of the PVDFE ON treqted PVDF template increased S|gn.|f_|cantly,

template by plasma treatment caused the reducfion §u99esting a tendency of collagen to follow origata

the fluorine content in the PVDF, which resultedtie  ©f PVDF template upon deposition.

decrement of E from 4.91-4.12. This produced

hydrophilic characteristics of the film which enablthe ACKNOWLEDGEMENT

adhesion of collagen on the orientated PVDF teraplat Thanks to University Post Graduate Research

where the E of deposited collagen on PVDF treatedscholarship Grant Scheme from Ministry of Science,

stretched was found to increase to 4.82. Technology and Innovation, Malaysia RMI for
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The surface modification due to plasma treatment
the hydrophobic PVDF surface to a hydrophilic PVDF
surface and enhanced the adhesion water droplebdue gryan, M.A., J.W. Brauner, G. Anderle, C.R Flactla
the C-C of water droplet with treated PVDF template ~ B. Brodskyet al., 2007. FTIR studies of collagen
(Fig. 1 and 2). PVDF contains abundance of fluorine  model peptidesComplementary experimental and
atom, which repulses any material near its surface. gjmylation approaches to conformation and

Hoever, upon plasma surface modification, the water  ynfoiding. J Am. Chem. Soc., 129: 7877-7884.
contact angle measurement decrease from 95-785. Thi  poy: 10.1021/ja071154i

result indicates chain scission of fluorine atomtbe  costa, P., J. Silva, V. Sencadas, C.M. Costa and
surface of the treated PVDF that caused the sutface F.W.J.V. Hattumet al., 2009. The effect of fibre

become hydrophilic and thus enhanced adhesion of ¢oncentration on the to B-phase transformation,
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