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The aim of this work was to modify simple polyvinyl chloride plates using the 

spin coating technique, in order to obtain a smooth, uniform, antibacterial surface. 

In this purpose, AgNO3 was incorporated in the film deposited by spin coating and 

reduced using trisodium citrate in aqueous medium. Thus silver nanoparticles 

(AgNPs) were obtained on the material surface. The samples were characterized by 

FT-IR spectroscopy and microscopy to determine surface morphology and 

composition. Using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) 

analysis the migration of AgNPs was determined. Scanning electron microscopy was 

used to examine the microstructure and homogeneity of AgNPs on the surface. All 

samples were tested against Gram-positive and Gram-negative strains. 

Keywords: silver nanoparticles, spin coating, polyvinyl chloride, antimicrobial 
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1. Introduction 

Presently, many studies that are performed in the field of medical 

applications are related to material surface modifications, for improving their 

properties. One of the main factors to be considered when choosing a material for 

manufacturing medical devices is material biocompatibility [1]. Also, the material 

surface that comes into contact with biological fluids or human tissues must have 

the right structure and characteristics to prevent the microbial adhesion and 

proliferation, which are the main causes of nosocomial contamination and failure 

of medical devices [2-5]. 

Microbial adhesion is influenced by the type of biomaterial used, 

wettability, but also by the morphology (roughness, presence of surface defects, 

etc.) of the surface that comes into contact with the animal/human tissues [2, 6, 7]. 

The most widely used materials in this field are polymeric materials due to their 

properties and also due to the fact that polymers can be modified by several 

methods, including surface modification, without altering the properties of the 

bulk material [8-10]. Among the polymers used in the manufacture of medical 

devices the most important are: polyvinyl chloride (PVC), polyurethane, silicone 

rubber, ethylene vinyl acetate, polycarbonate, polyester, polyacrylonitrile, etc., or 

their combinations [5, 9, 11]. PVC is one of the most used polymers because it is 

transparent, has good chemical and wear resistance, exhibit flexibility and good 
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anti-aging properties [12]. Unfortunately this material has a low biocompatibility 

because of its hydrophobic surface [12]. Thus, the formulation of this material is 

very important, regarding the selection of additives used in order to achieve 

optimal surface compatibility [9, 13].  

The aim of this work was to modify the surface of PVC in order to reduce 

bacterial adhesion, thus avoiding the risk of medical devices associated infections. 

In order to accomplish this, the samples in the form of simple PVC plates were 

covered using the spin coating technique with a thin film of PVC loaded AgNPs. 

This method has been chosen because is a very easy and affordable technique for 

covering and achieving a smooth, uniform surface [14, 15]. The use of AgNPs in 

this surface modification has been chosen due to their very good antimicrobial 

activity proven over time, in numerous studies in this field. Various types of 

composite materials polymer/AgNPs were studied with the aim of obtaining a 

surface with improved antibacterial properties. Among them we can name: silver-

polyvinyl alcohol nanocomposites  [16-18], chitosan stabilized AgNPs [19], 

PVC/AgNPs composites [15], PVC-pyrazolone-silver nanocomposites [20], 

nanocomposite hydrogels of alcohol polyvinylic-polyethylene glycol-chitosan-

AgNPs [21], etc. However, this type of modification is still highly studied because 

the activity of AgNPs differs depending on the particle size, surface charge and 

also on the additives contained in the support material used [22, 23].    

2. Materials and methods 

Bovine Serum Albumin (Fluka), Silver nitrate (Carl Roth), Trisodium 

Citrate (Sigma-Aldrich), standard flat samples of medical grade PVC (RB1) and 

cyclohexanone (Silal) were used without further purification. Simulated body 

fluid (SBF) was prepared according to Oyane et al. [24]. The samples were 

characterised using a Thermo Scientific Nicolet iN10 Infrared Microscope in 

order to analyse the surface morphology of the samples, Thermo Fischer Nicolet 

iN10 Attenuated Total Reflection Infrared spectroscope was used to determine the 

surface composition of the samples obtained and Inductively Coupled Plasma-

Mass Spectrometry (ICP-MS) analysis was performed in order to determine silver 

migration from the surface. Scanning electron microscopy (SEM) was used to 

examine the morphology, microstructure and homogeneity of the samples as well 

as to visualize the distribution of AgNPs on the surface. SEM images were 

obtained using a HITACHI S2600N equipment, at 15 keV, in primary electron 

beams. 

With the aim to obtain a material that is more resistant to bacteria adhesion 

and that prevents infection for a prolonged period of time so that it can be used in 

medical applications, several solutions of PVC with various concentrations (1%, 

5%, 10% mass percentage, [wt/wt]) of silver nitrate (AgNO3) were prepared 
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according to Table 1 and then they were deposited in the form of a thin film on 

the surface of standard flat samples also of PVC by the spin coating method.  

Table 1 
The recipe used for preparing the suspensions used for the film depositions. 

Nr. Crt. PVC, [g] Cyclohexanone, [mL] AgNO3, [g] 

1 1.2 15 0.012 

2 1.2 15 0.06 

3 1.2 15 0.12 

4 1.2 15 - 
 

The solutions were prepared by dissolving the PVC in cyclohexanone and 

when the solid dissolved and a clear, colourless solution was formed, the 

corresponding amount of AgNO3 was added; then the suspension was stirred at 

40⁰C for 2 hours. The colour of the suspension changes in time, becoming light 

yellow at first, then the colour turns slightly brown to dark brown. The higher the 

concentration of AgNO3, the darker the suspension becomes. After 2h of stirring at 

40 ⁰C the suspension was treated on an ultrasound bath for 15min in order to 

uniformly disperse the particles in the solution of PVC in cyclohexanone. The 

suspension cooled down to room temperature was then deposited on the PVC 

samples by the spin coating method. The parameters used in the coating method 

were varied in order to determine the optimal conditions that must be used to 

obtain a smooth, thin film that has a homogenous dispersion of silver on the 

surface (Table 2).  
 Table 2 

Parameters used in the spin coating method 

Samples AgNO3 Dispenser Spread EBR Dry 

 

P1 

P4 

P7 

M1 

 

1% 

5% 

10% 

- 

Acc. spin: 

1000rpm 

Spin time: 5s  

Spin speed: 

100rpm 

Spin speed: 

500rpm 

Spin accel: 

1000rpm 

Spin time: 10s 

Spin speed: 

2000rpm 

Spin accel.: 

100rpm 

Spin time: 20s 

Spin speed: 

4000rpm 

Spin accel: 1000rpm 

Spin time: 20s 

 

P2 

P5 

P8 

M2 

 

1% 

5% 

10% 

- 

Acc. spin: 

1000rpm 

Spin time: 5s  

Spin speed: 

100rpm 

Spin speed: 

500rpm 

Spin accel: 

1000rpm 

Spin time: 10s 

Spin speed: 

2000rpm 

Spin accel.: 

100rpm 

Spin time: 20s 

Spin speed: 

7000rpm 

Spin accel: 1000rpm 

Spin time: 20s 

 

P3 

P6 

P9 

M3 

 

1% 

5% 

10% 

- 

Acc. spin: 

1000rpm 

Spin time: 5s  

Spin speed: 

100rpm 

Spin speed: 

500rpm 

Spin accel: 

1000rpm 

Spin time: 10s 

Spin speed: 

2000rpm 

Spin accel.: 

100rpm 

Spin time: 20s 

Spin speed: 

10,000rpm 

Spin accel: 1000rpm 

Spin time: 20s 

 

It was observed that the evaporation step influences the most the 

morphology of the film obtained. In parallel, a blank solution of PVC in 

cyclohexanone was prepared and the deposition was performed at the same work 
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parameters in order to compare the properties of the films containing AgNPs (P1-

P9) with those of the film without AgNPs (M1-M3). 

The samples were weighed before and after the depositions were 

performed in order to determine the quantity of silver deposited on the surface 

(Table 3).  
Table 3 

The AgNO3 quantity deposited on the samples surface 

Samples P1 P2 P3 P4 P5 P6 P7 P8 P9 

AgNO3 

deposited, [mg] 

0.03 0.023 0.026 0.033 0.025 0.03 0.4 0.39 0.37 

The coated materials were then subjected to a reduction using trisodium 

citrate [25] in order to obtain AgNPs on the surface. For that, the samples were 

immersed in a diluted aqueous solution of trisodium citrate, prepared using a 

molar ratio of 1:10 of AgNO3: trisodium citrate, warmed to 40⁰C and maintained 

at this temperature for 1h. The samples were then washed with ultrapure water 

and dried at room temperature. The modified samples of PVC were characterised 

using FT-IR spectroscopy to determine the presence of AgNO3 in the film 

deposited on the surface and also by FT-IR microscopy to observe the 

morphology of the surface. SEM was performed in order to determine if the 

reduction took place resulting in the formation of AgNPs, their size and also to 

see their distribution on the surface. The quantity of AgNPs deposited on the 

surfaces of the samples P1-P6 was very low so these samples were no longer 

subject to further analysis.  

A series of tests were further performed to determine if the AgNPs will 

migrate from the surface. In this purpose, the samples were immersed in simulated 

body fluid (SBF) with a pH of 7.4, similar to the human blood and skin, and 

respectively in a solution of SBF that contains 1% albumin, the major protein 

found in blood. The migration of AgNPs in SBF was monitored by ICP-MS 

analysis. The albumin deposition was monitored by FT-IR microscopy and FT-IR 

spectroscopy.  

Further, the anti-adhesion properties of the obtained films were studied 

using the Gram-positive and Gram-negative bacterial, as well as fungal strains, 

the results of the bacterial colonization being expressed in logaritmic units of 

viable cell counts (log CFU/mL), quantified at different time intervals after 

contacting these surfaces with the bacterial suspension. Biofilm associated 

infections are frequently determined by Candida species, particularly by Candida 

albicans the mortality rate in this case being 25-30%. Fungal infections following 

the development of biofilms are common in the case of prolonged hospitalization 

in the intensive care units, for extended use of medical devices (dental implants, 

cardiac valves, vascular bypass, contact lenses, joint prostheses, catheters) or post-

transplant [26]. Escherichia coli is the most representative Gram-negative 
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bacterial species in the intestinal tract, capable of developing biofilms. With over 

250 serotypes, this species is extremely versatile, being able to occupy various 

sites, from the commensal intestinal tract to the common colonizer of medical 

devices and the primary cause of recurrent urogenital infections [27].  

3. Results and discussions 

Initially, the obtained surfaces were characterized by FT-IR spectroscopy 

(Fig. 1) in order to track the changes that occur in the modified surface 

composition, and FT-IR microscopy (Fig. 2, 3), respectively, to see if the surface 

morphology has suffered changes as a result of the deposition or if it remained the 

same. In order to have a clear view of the changes that took place, the initial PVC, 

before coating, was also analysed by the same characterization methods.  

 
 

 

Fig. 1. Compared FT-IR spectrum of the unmodified PVC with the spectra of the film deposited by spin 

coating 

From the FT-IR spectra presented in Fig.2 it could be observed the 

appearance of an additional peak at 1370cm-1 in the case of the samples modified 

by spin coating, before the reduction was performed, that can be assigned to  

group present in AgNO3, confirming its presence on the surface as a non-reacted 

precursor.      

FT-IR microscopy shows a relatively uniform dispersion for all three 

samples, but, at a first sight, samples P7 (Fig. 2b) and P8 (Fig. 2c), obtained at 

7000 and respectively 10,000 rpm, have a better dispersion than the other sample. 

The black spots reveal the presence of clusters on the surface of the material, 

which means that a larger quantity of compound was deposited in that area, 

probably due to small defects that remained on the surface of the samples even 

after the deposition of the polymer film. 
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Fig. 2. FT-IR Microscopy images of the initial, uncovered PVC (a), P7 (b), P8 (c) and respectively 

P9 (d) 

 

Although these small flaws still appear, the smoothness of the surfaces is 

significantly improved. Before carrying out the film deposition, the material 

surface had a „hill-valley” appearance, but after the modification was performed, 

the surface was significantly smoother and uniform (Fig. 2.a-c). After the 

reduction was performed, the clusters on the samples surface are more evident 

(Fig. 3). 

 
 

Fig.3. FT-IR images of the samples P7 (a), P8 (b) and P9 (c) after reduction with trisodium citrate 

AgNPs presence on the surface was confirmed by SEM analysis (Fig. 4) 

which showed an uniform dispersion of AgNPs on the surface and also confirmed 

the assumption that those spots that appeared on the films are composed of 

AgNPs. Of the three samples analysed, the most uniform dispersion of silver on 

the surface was obtained for sample P7 (deposition at 4000 rpm), followed by P9 

(deposition at 10,000). The surface of sample P8 presented a large number of 

clusters. Fig. 4 presents these clusters at a magnification of 5000 x (a),  10,000 x 

(b) and respectively at 50,000x (c). At greater magnification (50,000 x) it can be 

observed that are composed from larger sized nanoparticles, most likely due to 

uneven expulsion in that area during the spin coating process steps or the presence 

of a larger flaw present on the surface of the substrate on which the deposition 

was performed, leading to the agglomeration of the solution used for film 
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formation at that point. The rotational speed during spin coating influenced the 

amount of AgNO3 deposited (Table 3), its homogeneity in the polymeric film, and 

also the size of the resulting AgNPs. In the case of a lower speed of rotation the 

silver is uniformly dispersed on the surface of the film (Fig. 4a), and the size of 

the nanoparticles is between ̴ 16 and  ̴ 27 nm. The size of nanoparticles increases 

with increasing rotational speed. Within the clusters, the nanoparticles are of 

significantly larger sizes, as can be seen from Fig. 4c. The resulted nanoparticles 

size has the smallest value in the case of sample P7, and in the case of P8, clusters 

were formed in which the particles are 2-3 times larger than the ones present on 

P7. According to the SEM analysis, the best distribution of nanoparticles on the 

surface is presented by P7.     
 

 

Fig. 4. SEM images recorded at 5000 x (a), 10,000 x (b) and 50,000 x magnification for samples 

P7, P8, P9 
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The EDS spectra performed on the samples after reduction also confirmed 

the presence of silver on the surface and revealed significant differences related to 

the amount of AgNO3 deposited. In Fig. 5.a it is represented the spectrum 

corresponding to sample P7, where it can be observed that the peak corresponding 

to the silver ions is very obvious and significantly much bigger compared to that 

corresponding to chlorine, so the surface is covered almost entirely with AgNPs. 

In the case of sample P8, the EDS spectrum (Fig. 5b) reveals a smaller amount of 

silver deposited on the surface and the peak corresponding to chlorine is higher 

than in the case of P7. Sample P9 (Fig. 5c) shows the smallest percentage of silver 

in relation to the intensity of the chlorine peak. These results confirm the decrease 

of the amount of AgNPs deposited on the PVC surface as the speed of rotation 

increases.  

 

Fig. 5. EDS spectrum recorded for sample P7 (4000 rpm), P8 (8000 rpm), P9 (10,000 rpm) 

A very important aspect to consider when using AgNPs for the 

manufacture of medical devices is related to the concentration of ions released in 

biological fluids because it may exhibit cytotoxicity at certain concentrations. In 

order to monitor the migration behaviour of silver ions in the body fluids, the 

samples were immersed in SBF with pH = 7.4, maintaining the temperature at 

36.5 ⁰C, thus mimicking the conditions in the body. These were kept in solution 

for up to 24 days, periodically analysing the SBF solution (1h, 2h, 6h, 1 day, 2 

days, 3 days, 9 days, 13 days and 23 days respectively), using ICP-MS analysis 

(Fig. 6). After determining the amount of AgNO3 deposited on the surface of the 

three samples (Table 3) it can be observed that as the rotation speed increases, the 

amount of silver nitrate present in the polymeric film deposited on the PVC 

surface decreases, fact confirmed by the analyses presented above. However, the 

difference is very small according to the calculations made. The ICP-MS analysis 

revealed that the films deposited are sufficiently compact to prevent the migration 

of AgNPs in large quantities, the recovery degree being 0.3 - 0.4% even after 23 

days. According to the degree of recovery of the silver ions from the SBF solution 
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represented in the graphic illustrated in Fig. 6, from the sample P9 occurs the 

migration of the largest amount of silver ions, followed by P8, and P7 is the 

sample with the lowest degree of release. In the first 6 days, the migration of 

silver ions from the surface of the polymeric film takes place in a similar way for 

all three samples, but in the next period, P7 begins to differ significantly from the 

other two samples, the amount of ions determined in the solution being about 30-

40% lower than in the case of P8 and P9. This may be due to the formation of a 

denser, more compact film, with greater thickness, the rotational speed being 

lower (4000 rpm). The faster migration of silver ions and in larger quantity in the 

case of sample P9 may be caused by the formation of a thinner film and faster 

evaporation of the solvent from the surface due to the high rotational speed, 

leading to the exposure of a larger amount of AgNO3 to the interface of the 

material with the SBF solution. Sample P8 has a behaviour similar to P9, the 

degree of recovery having an intermediate value compared to the other samples 

due to a value of rotation speed higher than in case of P7 but lower than in case of 

P9.  

 

Fig. 6. Degree of silver ions recovery from the SBF solution after various periods of time 

Another very important aspect to be considered when using a material for 

medical devices formulation is the adsorption of proteins on the surface that come 

into contact with biological fluids. Adherence of proteins to the surface of the 

material can lead to thrombosis, calcification, bacterial adhesion, or biofilm 

formation, which results in blockage of tubular devices. In order to observe the 

behaviour of the surfaces obtained by spin coating when interacting with the 

blood proteins, the samples were immersed in a solution of SBF pH = 7, at 36.5 

⁰C, with 1% albumin content, the main protein found in the blood. The samples 

were maintained under these conditions for 24 days and were analysed by FT-IR 

microscopy after 1 day, 6 days, 14 days and 24 days respectively. Also, the 

control samples, made by depositing a film using the same parameters, composed 

only by PVC, and the initial PVC, were maintained under the same conditions to 

observe whether the presence of AgNPs influences the adsorption of albumin on 

the modified surface.  

Comparing the morphology of the PVC surface modified by spin coating 

at 4000 rpm (Fig. 7), 7000 rpm (Fig. 9) and 10,000 rpm (Fig. 11) by depositing a 
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film having silver incorporated with that of the control sample surface of PVC 

obtained under the same conditions (Fig. 8, Fig. 10 and Fig. 12 respectively) it 

was observed that the smoother surface does not allow the deposition of other 

salts on the surface of the material, whereas the control samples have significant 

deposits even in the first days. Moreover, according to the microscopy images, 

albumin deposition is also reduced by the presence of AgNPs. This was evidenced 

by tracking albumin deposition using FT-IR microscopy at  ̴ 1581 cm-1 but also at 

  ̴1684 cm-1, the wavelengths corresponding to the albumin peaks. In the case of 

sample P7 (Fig.7) the differences are significant, the control sample M1 (Fig.8) 

presenting deposits in significant quantities from the first day and increased in 

time. P7 shows very weak depositions even after 24 days of immersion in the 

albumin solution in SBF.  

 

 

Fig. 7. FT-IR microscopy images of sample P7 after various periods of time (a - 1 day, b - 6 days, 

c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 

In the case of the control sample at 7000 rpm, M2 (Fig. 10) the salt 

deposition significantly increased after 6 days of immersion in SBF, and a 

relatively uniform dispersion of the adsorbed albumin on the surface can also be 

observed and in time, the deposited layer is increasing resulting in changes of 

surface morphology. The sample obtained using the same coating parameters but 

using a solution with silver nitrate content (Fig. 11), shows very small 

depositions, and they appeared in the areas where the material had small flaws. 

P8, compared to P7 and P9 has larger surface depositions, and also a less smooth, 

less uniform surface. 
 

 

Fig. 8. FT-IR microscopy images of sample M1 after various periods of time (a - 1 day, b - 6 days, 

c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 
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Fig. 9. FT-IR microscopy images of sample P8 after various periods of time (a - 1 day, b - 6 days, 

c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 

Sample P9 shows depositions even in the first days, but they are very 

weak. The control sample M3, unlike the samples M1 and M2, does not present 

such important depositions, even after 24 days they are quite reduced and the 

degree of albumin adhesion to the surface is very low. P9 is the sample with the 

best resistance to protein adhesion on the surface, followed by sample P7. 

 

 

Fig. 10. FT-IR microscopy images of sample M2 after various periods of time (a - 1 day, b - 6 

days, c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 

 

Fig.11. FT-IR microscopy images of sample P9 after: a - 1 day, b - 6 days, c – 14 days, d – 24 days 

of immersion in albumin solution in SBF. 
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Fig. 12. FT-IR microscopy images of sample M3 after various periods of time (a - 1 day, b - 6 

days, c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 

 

Fig. 13. FT-IR microscopy images of the uncovered PVC after various periods of time (a - 1 day, b 

- 6 days, c – 14 days, d – 24 days) of immersion in albumin solution in SBF. 

Unmodified PVC (Fig. 13) has a very rough surface, with very obvious 

defects, which favour the adsorption of both albumin and salts on its surface. 

From the first day the adherence is very obvious and the deposition is uniform 

throughout the surface. The FT-IR spectrum (Fig. 14):  

 

 

 

 

Fig. 14. FT-IR spectra of the surface of the modified surfaces before and after immersion in SBF 

solution of albumin 
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confirms the presence of albumin on the sample surface by the appearance of 

additional peaks after immersion in the albumin solution. These peaks occur at 

wavelengths  of 1680 cm-1 corresponding to amide I band mostly consisting of 

vibration of υ(C=O) and also at  ̴1580 corresponding to amide II band due to 

vibration of υ(C-N) [28-30]. The intensity of the peaks corresponding to the 

albumin is different depending on the point at which the measurement is made on 

the sample surface proving that albumin is absorbed. 

The present study tested the ability of modified surfaces to prevent the 

formation of monospecific microbial biofilms, using both Gram-positive (S. 

aureus ATCC 6538) and Gram-negative (E. coli ATCC 25922) bacterial species, 

as well as fungal strains frequently involved in the development of biofilms in the 

case of medical devices. The colonization dynamics of the strains mentioned 

above was recorded after 2 h, 24 h, 48 h and 72 h (Fig.15, Fig.16) of contact. 

Thus, the different stages of biofilm formation were monitored from the initial 

attachment stage (taking place within the first 24 h after contact) to the mature 

biofilm formation step resulting from cell multiplication during 48, 72 hours after 

the initial contact.  

Due to the better results in terms of AgNPs dispersion on the surface, 

migration behavior and albumin adhesion, the sample P7 was considered to have 

the most promising results. Thus, P7 was subjected to biological tests along with 

the control sample M1 and the initial, uncovered PVC. Even though the samples 

with a smaller silver content were not characterized by the other methods, sample 

P4 (5 % AgNO3) was also subjected to biological tests in order to see if this type 

of coating has antimicrobial activity even at low concentrations of silver.   

  

 

Fig. 15. Quantitative assessment of the degree of development of the monospecific microbial 

biofilm developed by (a) - Staphylococcus aureus ATCC 6538 and respectively (b) - E. coli ATCC 

25922 

 

After 72 h all the modified materials completely inhibited the development 

of the mature biofilm on their surface (Fig.15.(a)). Analyzing the results it was 

found that the samples containing AgNPs were the most resistant to colonization, 

(a) (b) 
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completely inhibiting the adhesion stage and subsequent formation of the biofilm 

by the bacterial cells of S. aureus after 24 h (Fig.15-(a)).  

The assessment of the capacity of forming a monospecific biofilm was 

also performed for the Gram-negative E. coli strain (Fig.15.(b)). The studies 

performed showed a very good anti-biofilm behavior from the sample P7 (PVC - 

Ag 10%), this partially inhibiting the adhesion of planktonic cells of E. coli even 

from the initial phase quantified after the first 2 hours of contact, and totally after 

48 hours of contact (Fig.15.(b)). In the maturation stage of the biofilm (at 48 and 

72 h), a significant anti-biofilm effect was also manifested by the immersed PVC. 

The modified PVC samples were also evaluated for their behavior in 

contact with C. albicans ATCC 26790 fungal strain. This behavior was 

completely different compared to the effects on the bacterial species. All tested 

samples opposed to colonization with this type of strain, but after 72h, the 

unmodified PVC starts to lose it’s properties (Fig.16). 
 

 

Fig. 16. Quantitative assessment of the degree of development of the monospecific microbial 

biofilm developed by C. Albicans ATCC 26790 

 

Even if the concentration of AgNPs on the surface is very low, the film P4 

containing a 5% weight concentration of silver nitrate in the deposited film 

presented a good antimicrobial activity.  

In the case of medical devices, the biofilm formation is initiated shortly 

after implanting the device in various sites. Bacterial adhesion to the surface of 

the biomaterials goes through an initial phase called the lag phase (phase I), 

followed by the rapid adhesion phase (phase II) and a saturation phase (phase III) 

[31]. With the increase of nanorugosity and hydrophobicity of biomaterials, the 

adhesion rate increases during the first two phases [31]. During the first phase (lag 

phase), the influence exerted by the degree of hydrophobicity of the surface seems 

to exceed the degree of nanorugosity, but the phenomenon is reversed during the 

adhesion phase (phase II) [31]. This may explain the varied results obtained for 

the formulations used in the experiment. 
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4. Conclusions 

The PVC surface can be successfully modified by depositing films 

incorporating AgNPs. This deposition can be performed by spin coating at various 

work parameters. The resulted films are compact enough to prevent migration of 

significant amounts of silver ions (degree of recovery < 0.4%).  P9 presents the 

smoothest and most uniform surface, but the migration of silver from the film 

takes place faster and in greater quantity, unlike the other samples. Sample P7 

also has a smooth and uniform surface, and silver migration occurs much slower 

and more uniformly. P8 has a rough, uneven surface and migration from its 

surface occurs similar to that of surface P9, although it is slightly lower. The 

resulted nanoparticles sizes are comprised in a large range of values, from   ̴16 to  ̴ 

27 nm for the dispersed silver, and reaching  up to  ̴80 nm in the clusters. All 

modified samples presented anti-biofilm activity against E. coli, S. aureus and C. 

albicans. 
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