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Abstract 

 
Biofilms which are self-organized communities can contaminate various infrastructural 

systems. Preventing bacterial adhesion on surfaces is more desirable than cleaning or 

disinfection of bacteria contaminated surfaces. In this study, a 24 h bacterial adhesion test 

showed that “slippery surfaces” had increased resistance to bacterial contamination compared 

to polydimethylsiloxane (PDMS) and superhydrophobic surfaces. However, it did not 

completely inhibit bacteria attachment indicating that it only retards surface contamination by 

bacteria. Hence, a strategy of killing bacteria with minimal bacterial adhesion was developed. 

A crystal violet impregnated slippery (CVIS) surface with bactericidal and slippery features 

was produced through a simple dipping process. The CVIS surface had a very smooth and 

lubricated surface that was highly repellent to water and blood contamination. Bactericidal tests 

against E. coli and S. aureus showed that the CVIS surface exhibited bactericidal activity in 

dark and also showed significantly enhanced bactericidal activity (>3 log reduction in bacteria 

number) in white light.  
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1. INTRODUCTION 

 

Bacteria commonly exist in nature and anthropogenic environments1-2. Bacteria form biofilms 

on surfaces in favourable environments 1-2. Biofilms are resistant to various antimicrobial 

treatments and it is hard to remove biofilms adhered to surfaces 3-6. Biofilms can contaminate 

various infrastructural systems and devices, for example, plumbing pipes, heating and air 

condition systems, food packing processes, and medical implants 7-9. In hospital settings, 

biofilms persistently pose an infection threat. In 2016/17, there were an estimated 834,000 

incidents of healthcare associated infections (HAIs) among adult inpatients and healthcare 

professionals in the National Health Service (NHS) hospitals in England and it was estimated 

that 28,500 patients died 10. Respiratory tract, urinary tract, surgical site and bloodstream 

infections which may be attributed to bacteria surface contamination accounted for 63% of all 

HAIs in England 11. 

Biofilms are a self-organized community, that have cooperative behaviour through cell to cell 

communications and other factors enabling enhanced metabolic diversity and effectiveness 12-

15.  Bacterial cells in biofilms are covered and bound together by charged exopolysaccharide 

and proteins, which can prevent diffusion and penetration of antimicrobial agents into the 

biofilm, resulting in resistance to antimicrobial treatment 12-15. For example, among the 312 

hospital room surfaces tested, 83 rooms were still contaminated by vancomycin-resistant 

Enterococcus faecium after four cycles of routine cleaning and disinfection5. Pseudomonas 

pickettii and P. aeruginosa colonized on the interior of PVC pipes and survived for several 

days treatment of multiple disinfectants 16.  

Preventing bacterial adhesion on surfaces is more desirable than cleaning or disinfection of 

bacteria contaminated surfaces. Numerous techniques for preventing bacterial adhesion have 

been suggested. Most of the strategies have involved either bactericidal or anti-biofouling 

surfaces 17-19. Bactericidal surfaces release biocides into the surrounding environment and have 
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been actively studied for example silver or copper nanoparticle coatings releasing metal ions, 

photocatalysts and graphene oxide coatings which produce reactive oxygen species 20-27. Anti-

biofouling surfaces commonly use chemical functional groups to minimize biomolecule 

absorption or reduce the contact surface area between bacteria and the surface 28.  The anti-

biofouling of superhydrophobic and slippery surfaces has been extensively studied 6, 29-35. For 

superhydrophobic surfaces, it was reported that a bubble layer entrapped on the rough surface 

with low surface energy can decrease the contact area between the bacteria and the surface 

such that it was difficult for the air/water interface to be penetrated by planktonic bacteria 

resulting in low bacterial adhesion 6. However, the anti-biofouling property of the surface was 

not maintained over a long period of time as the air bubbles typically dissolved in the solvents 

tested 6. The anti-biofouling feature of a slippery surface is stronger and longer-lasting than 

that of the superhydrophobic surface and shows a good repellency to adherence for a range of 

organisms including mussels, bacteria, and algae 31, 33, 36. It was reported that the lubricant oil 

layer which infused the solid surface prevented the organism from reaching the solid surface 

or that the lubricant surface deceives the sensing mechanism of the organisms which is initiated 

for adhesive behaviour31, 33.  

In this study, it was observed that slippery surfaces were more resistant to bacterial 

contamination than PDMS and superhydrophobic surfaces. However, the surface did not 

completely prevent bacterial adhesion, indicating that it retards surface contamination by 

bacteria. To obtain a surface capable of killing bacteria with minimization of bacterial adhesion, 

a crystal violet impregnated slippery (CVIS) surface was produced through a simple dipping 

process. Transmission electron and atomic force microscopies showed that CVIS surface 

formed a smooth and lubricant surface like slippery surface. It was observed that the CVIS 

surface was highly repellent to water and blood. In bactericidal testing against S. aureus and 
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E. coli, the CVIS surface showed not only bactericidal activity in the dark but also significantly 

enhanced bactericidal activity in white light.  

2. EXPERIMENTAL SECTION 

2.1. Sample Preparation  

2.1.1. PDMS Surface.  2 g of polydimethylsiloxane (PDMS, Dow Corning SYLGARD184, 

with 10% curing agent) was added in 20 mL of hexane and it was sonicated for 5 min. Intact 

glass slides were dipped into the coating solution for 5 s, and then, the slides were slowly 

withdrawn resulting in a formation of thin liquid film on the slide surface and they were dried 

for 1 h at room temperature. After the solvent was mostly evaporated, the sample was cured at 

100 °C for 2 h.  

2.1.2. Superhydrophobic Surface. Superhydrophobic surfaces were produced by a dip-

coating process. For coating solution, 2 g of PDMS containing 10% curing agent and 2.75 g of 

silicon dioxide (SiO2) nanoparticles with a size of 5-15 nm were dispersed in 20 mL of hexane 

and it was sonicated for 5 min. The intact glass slide was dipped into the coating solution for 

5 s, and then, the slide was slowly withdrawn resulting in a formation of thin liquid film on its 

surface and it was dried for 1 h at room temperature. After the solvent was mostly evaporated, 

the sample was cured at 100 °C for 2 h.  

2.1.3. Slippery Surface. The superhydrophobic surface was dipped into silicone oil and the 

surface was slowly withdrawn. The excessive oil was removed from the surface. 

2.1.4. Crystal violet Impregnated Slippery (CVIS) Surface. Crystal violet solution was 

prepared at a concentration of 1000 ppm in ethanol. The superhydrophobic surface was placed 

into 50 mL of the crystal violet dissolved in ethanol for 24 h, and after that the surface was 

collected and dried in the dark. The superhydrophobic surface was dipped in silicone oil and 

then the excessive oil was removed from the slide surface. 
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2.1.5. UV-Vis Absorbance Spectra and Light Transmission Rate of Treated Samples. To 

determine the UV-Vis absorbance spectra and light transmission rate of PDMS, 

superhydrophobic, slippery and CVIS surfaces, UV-Vis spectrometer (Lambda 25, 

PerkinElmer Inc., USA) was used and the spectra and transmission was measured over the 

wavelength range of 380-800 nm. 

2.2. Bactericidal Test. Escherichia. coli ATCC 25922 and Staphylococcus aureus 8325-4 

were used in this study.  E. coli and S. aureus were kept at -70 C in brain-heart-infusion broth 

(BHI broth, Oxoid Ltd., England, UK) containing 20%(v/v) glycerol. E. coli and S. aureus 

were propagated on Macconkey (Oxoid Ltd.) and Manitol salt agar (Oxoid Ltd.), respectively. 

One bacterial colony of each bacterium was inoculated into 10 mL of BHI broth and incubated 

at 37 C for 18 h with shaking at 200 rpm. After 18 h incubation, the bacteria were collected 

by centrifugation (20 C, 5000 rpm, 5 min), washed using 10 mL of phosphate buffered saline 

(PBS) and vortexed for 1 min to resuspend the suspension, and subsequently this process was 

repeated. The bacterial suspension was diluted 1000-fold to obtain ∼106 CFU/mL. The treated 

samples were inoculated with 25 μL of bacterial suspension and covered with a sterile cover 

slip (18 mm × 18 mm) to achieve uniform distribution of bacteria and decent contact between 

sample surface and the bacteria. After that, the samples were placed into a petri dish with wet 

paper to keep constant humidity, and then illuminated by a white light source (28W white 

fluorescent lamp, GE Lighting, USA). The emission wavelength of the light source ranges from 

400 to 730 nm37. Another set of samples were located into a dark room. The intensity of the 

white light source was ~6000 lux on average. After the incubation in dark or white light, the 

samples were washed using 5 mL of PBS, the bacterial suspensions were plated on MacConkey 

agar for E. coli and mannitol salt agar for S. aureus and incubated for 24 h (E. coli) or 48 h (S. 

aureus) at 37 °C, and then bacterial colonies which were grown were counted. 
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2.3. Bacterial Adhesion. Bacterial suspensions with ~108 CFU/mL were used for bacteria 

adhesion. The treated samples were immersed and incubated in bacterial suspension for 24 h 

at 37 C. After 24 h, the samples were removed from the suspension, rinsed using DI water 

twice to eliminate weakly adhered bacteria, and placed into 0.1 % crystal violet solution for 10 

min to stain the bacteria adhered to samples. The samples were washed vigorously in DI water 

twice, placed into 10 mL of pure ethanol, vortexed to solubilize crystal violet for 3 min. 

Residues in ethanol were removed through centrifugation for 1.5 min at 14000 rpm, and the 

absorbance of the solution was measured at 590 nm by UV-Vis spectrometer. 

2.4. Bacterial Surface Coverage. The treated samples were immersed in bacterial suspension 

with ~108 CFU/mL for 24 h at 37 C. After that, the samples were washed using DI water 

twice, and placed into 0.1 % crystal violet solution for 10 min to stain bacteria adhered to 

samples. The stained samples were washed using DI water and dried in dark. To determine 

bacteria surface coverage, the area stained by crystal violet was analyzed using ImageJ 

software.  

Bacteria surface coverage was calculated as equation below 

Bacteria surface coverage (%) = 100 × 
bacteria surface coverage

total area
 

2.5. AFM and SEM Analyses. To measure the topography of the treated samples, Atomic force 

microscope (AFM) and scanning electron microscope (SEM, JEOL Inc., USA) were employed. 

Veeco AFM (Veeco Instruments Inc., USA) was used for slippery and CVIS surfaces, and 

Nanosurf AFM (Nanosurf AG, Switzerland) was used for superhydrophobic and PDMS surfaces. 

The AFMs employed a contact tapping mode. Ultra-thin film of gold was coated to sample surface 

through a sputter process and the images of samples were taken by SE, at an acceleration voltage of 

5 kV.  

2.6. Water Contact Angle. Water contact angles of the treated samples were measured using a 

water contact angle meter (First Ten Angstroms, Virginia, USA). A gauge 30 needle dispensed a 
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droplet of water (5.0 μL) by gravity and over 5 measurements were taken to measure the average 

contact angle for each sample. A contact angle of water droplet on the samples were photographed 

and analysed using Surftens 4.5 software. 

For water repellent test on the treated samples, from a pipette, 0.5 mL of methylene blue dye 

dissolved water was dropped onto sample surface which was titled at an angle of 20o. 

2.7. Contact Angle Hysteresis.  Contact angle hysteresis of the treated samples was measured 

using an “add and remove volume” method 38. The difference of advanced and receding angles 

against samples was calculated to get contact angle hysteresis. 

2.8. Leaching test.  To investigate CVIS stability, the treated sample (75 mm × 26 mm) was 

immersed in 45 mL of DI water at normal temperature for 6 days.  Absorbance of DI water at 

590 nm was periodically measured using UV-Vis spectrometer if crystal violet molecules were 

leached from CVIS to DI water.  

2.9. Blood Repellent Test. Blood repellency of the treated samples was tested using 

defibrinated horse blood (EO lab, Scotland, UK). The blood droplets were allowed to fall onto 

the treated surface which was tilted at 60 o and the surfaces were immersed into 20 mL of the 

blood for 5 min and withdrawn slowly from the solution to determine blood surface coverage.  
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3. RESULTS AND DISCUSSIONS   

 In order to produce the CVIS surface, a superhydrophobic surface consisting of PDMS and SiO2 

nanoparticles was produced by a simple dipping process and then crystal violet molecules were 

impregnated into the superhydrophobic surface through 24 h immersion in ethanol containing 

crystal violet. After that, silicone oil was infused into the surface (Scheme 1). As a comparison, 

PDMS, superhydrophobic and slippery surfaces were prepared. As shown in Figure 1 a). PDMS 

and slippery surfaces appear colourless and the colours of the superhydrophobic and CVIS surfaces 

were white and violet, respectively. Figure 1 b) and Figure S1 show UV-Vis absorbance spectra and 

light transmission rate of the treated surfaces in the range of 380-800 nm. PDMS, superhydrophobic 

and slippery surfaces did not represent any notable absorption spectrum features over the range 380-

800 nm. However, the CVIS surface absorbed strongly at 590 nm due to the presence of crystal 

violet. Among the tested sample surfaces, the visible light transmission rate of PDMS surface was 

the highest and it showed a light transmission rate of > 90% over 380-800 nm. The visible light 

transmission rate of superhydrophobic surface was ~0.4%, indicating the lowest transmission rate. 

The slippery surface resulted from silicone oil infusion into superhydrophobic presented a visible 

light transmission rate of 75-88%. The silicone infusion led to enhanced visible light transmission 

of >74.5%. This is attributed to the enhanced transmission to the reduced refractive index 

contrast of the oil /air interface, compared to the original surface/air interface. Crystal violet 

impregnation into the slippery surface resulted in a significant reduction of the transmission rate. As 

a result, the rate of CVIS surface was < 22% over the range of 380-800 nm.  

Figure 1 c) shows coating thickness and topography of the PDMS, superhydrophobic, slippery and 

CVIS surfaces imaged by scanning electron microscopy (SEM). The PDMS surface was smooth.  

The superhydrophobic surface produced a rough topography with a coating thickness of ~8.5 μm. 

This is because of coalescence of PDMS and SiO2 nanoparticles. Silicone oil infusion into the 

superhydrophobic surface formed a fluid-like layer on the rough surface, resulting in transformation 
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from rough to smooth surface and after the oil infusion, the surface thickness increased to nearly 

double (Figure 1c)). Crystal violet impregnation into the slippery surface did not cause a change of 

the topography and coating thickness (Figure 1c)).  

Table 1 shows a static water contact angle, contact angle hysteresis and surface roughness of PDMS, 

superhydrophobic, slippery and CVIS surfaces. All of tested surfaces were hydrophobic and the 

superhydrophobic surface had the highest water contact angle (~159.4) and surface roughness (Ra, 

~1000 nm). Slippery and CVIS surfaces had the lowest water contact angle (~103.5)  and surface 

roughness (Ra, ~0.6 nm). In terms of contact angle hysteresis, PDMS had the highest contact angle 

(27.9) while the angle hysteresis of other samples was < 3 . 

To determine the water repellency of the PDMS, superhydrophobic, slippery and CVIS 

surfaces, droplets of water stained with methylene blue were dropped onto the titled surfaces 

at distance of 5 cm. Figure S2 shows the water repellency of the tested surfaces. The droplets 

were entrapped on PDMS whereas the droplets bounced and rolled off on the superhydrophobic 

surface and in the case of slippery and CVIS surfaces, the water droplets slid off the surfaces. 

Additionally, in a 5 min water dipping test, superhydrophobic, slippery and CVIS surfaces still 

kept their water repellent properties indicating that the surfaces were not wetted by water.  

In the blood repellent test, blood droplets were allowed to fall onto the treated surface and the 

surfaces were then immersed into the blood for 5 min. Contrary to water, blood is a non-

Newtonian fluid which changes its viscosity under shear stress. As shown in Figure 2 a), droplets 

of the blood were allowed to fall on the surfaces which were tilted at 60. The PDMS surface 

was instantly contaminated by the blood droplets. In the case of the superhydrophobic surfaces 

initially, the blood droplet rolled off on the surface, however after repeated blood dropping into it, 

the surface was contaminated. The blood droplets slid off on the slippery and CVIS surfaces without 

any blood contamination. As shown in Figure 2 b), 5 min blood dipping test showed that the 
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superhydrophobic surface was totally contaminated by the blood whereas slippery and CVIS 

surfaces had only minor levels of contamination compared to that of the superhydrophobic surface.  

For the bacterial adhesion test against PDMS, superhydrophobic and slippery surfaces, all the 

surfaces were immersed horizontally in bacterial suspensions with ~108 CFU/mL in PBS and 

they were incubated for 24 h at 37 C.  After that, bacteria attached to the surfaces were stained 

by 0.1% crystal violet (CV) solution. Figure 3 a) shows bacterial surface coverage against 

PDMS, superhydrophobic and slippery surfaces.  After 24 h bacterial exposure, 95.6 and 91.7% 

of superhydrophobic surfaces were colonized by S. aureus and E. coli, respectively. 18.2 and 

13.2% of the PDMS surfaces were covered by S. aureus and E. coli, respectively. In the case 

of slippery surfaces, the coverage by both bacteria was <5 %. For quantitative comparison of 

attached bacteria, the stained surfaces were immersed into 10 mL of pure ethanol and the 

crystal violet leached out from the bacterial membranes to ethanol were measured at 590 nm 

using a UV-Vis spectrometer. As shown in Figure 3 b), the superhydrophobic surface showed 

the highest bacterial adhesion among the tested samples. Compared to superhydrophobic 

surface, S.  aureus and E. coli adhesions of PDMS were 79.8 and 91.1% lower, respectively. 

The adhesion of both bacteria to the slippery surface was ~98% lower than that of a 

superhydrophobic surface. To determine the factors that contribute to an increase of bacterial 

adhesion, the surfaces were analysed in terms of surface roughness. As shown in Figure 3 c), 

there was a statistically significant correlation between bacterial adhesion and the surface 

roughness of the sample surfaces (Pearson correlation coefficient (PCC): r > 0.99). This 

indicates that compared to the smooth surface, it was relatively easy for bacteria to adhere on 

a rough surface. Thus, it can be explained that the high roughness of the superhydrophobic 

surface provided a favourable environment where bacteria adhered whereas the smooth surface 

that resulted from silicone oil infusion into the superhydrophobic surface makes bacteria less 

adhesive. Additionally, the thin silicone oil layer on slippery surface may interfere with 
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bacteria adhesion to the surface. Although a slippery surface was not able to completely prevent 

bacterial adhesion, it could retard bacterial film formation. Bacterial adhesion to the CVIS 

surface was not tested because it was not possible to determine bacteria attached to CVIS 

surface using 0.1% crystal violet stain. However, it is expected that bacterial repulsion from 

the CVIS surface is similar to that of the slippery surface.  

For bactericidal tests, 25 μL of bacterial suspensions ranging from 1.3 to 4.6 × 106 CFU/mL 

were inoculated onto the treated surfaces.  The surface was then exposed to white light with 

intensity of 6000 lux or incubated in a dark room at 20oC for same period of time. Figure 4 

shows the bactericidal activity of slippery and CVIS surfaces against E. coli and S. aureus in 

the dark and on exposure to white light. The slippery surface did not show any bactericidal 

activity in the dark nor on exposure to white light (P-value > 0.1). The CVIS surface showed 

bactericidal activities against E. coli and S. aureus in dark and white light. After 3 h incubation 

in the dark, a reduction in the number of E. coli was 0.72 log on CVIS, compared to slippery 

surface (P-value <0.05) and the number reduction of S. aureus was 0.54 log after 2 h incubation 

in dark (P-value <0.01). Crystal violet has been extensively used to prevent viral, bacterial and 

fungal infections in medicine for over 100 years39. It has been known that crystal violet inhibits 

bacterial growth through an interaction between positive ion (CV+) dissociated from crystal 

violet and bacterial membrane or DNA 39-40. Bactericidal activity of CVIS in dark indicates 

that crystal violet maintains some intrinsic bactericidal activity after impregnation into slippery 

surface. In white light, the reductions in the number of E. coli and S. aureus reached to below 

the detection limit (~103 CFU/mL) after 3 h and 2 h incubations, respectively indicating >3 log 

reduction in the number of bacteria (99.9% kill). The potent bactericidal activity of the CVIS 

surface in white light can be explained as follows: when crystal violet is exposed to a light, the 

crystal violet dye transforms into a triplet state via an excited single state41-45. The triplet state 

of crystal violet induces reactive oxygen species (ROS) formation through photochemical 
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pathway-I and II. The induced ROS attacks the bacteria at multiple sites resulting in bacterial 

death41-45.  

To determine CVIS stability, the sample was immersed in DI water and absorbance of DI water 

at 590 nm was periodically measured for 6 days. As shown Figure 5, after 24 h immersion,  a 

minor leaching (0.063 ppm) of crystal violet was detected and any additional leaching was not 

observed after that. Over a period of 6 days, the total amount of crystal violet leached out from 

CVIS was <0.01% 

A major source of surface contamination would occur from an absorbance of liquid-borne 

contaminants by solid surface in contact with the liquid1-2, 4. The liquid-borne contaminants 

including bacteria, virus, protein and others organic substances not only stain surfaces but also 

produce a major source of hospital associated infections by seeding formation for biofilms 1-2, 

4. Previous studies showed that superhydrophobic surfaces minimises the direct contact 

between the solid surface and the liquid-borne bacteria by the water repellent feature and air 

bubbles entrapped to the surfaces, resulting in a significant reduction of bacteria adhesion6, 46. 

However, in a prolonged exposure to the liquid, the superhydrophobic surface causes relatively 

high bacterial adhesion compared to other surfaces because of the air bubble loss and high 

surface roughness (Figure 3) 6, 46. Figure 2 shows that the surface was vulnerable to blood 

contamination indicating that the surface can be readily contaminated by other types of fluid-

borne contaminants. In the case of the slippery surface, despite its high resistance to liquid 

contamination, a small amount of bacterial adhesion was still observed, indicating that such 

surfaces can be a seeding base for formation of a biofilm. Thus, having both anti-biofouling 

and bactericidal properties would be beneficial to prevent biofilm formation on the surface. 

The CVIS surface developed in this study not only showed the fluid repellent features of the 

slippery surface, but also potent photobactericidal activity with >3 log reduction in the number 

of viable bacteria. It is expected that CVIS surface minimizes bacterial adhesion and then kills 
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the residual small number of bacteria that adhere to the surface resulting in prevention of 

biofilm formation.  

4. CONCLUSION 

In this study, crystal violet impregnated slippery (CVIS) surfaces with bactericidal and slippery 

properties were produced through a simple dipping process. The CVIS surface gave a water 

contact angle of 103o indicating hydrophobicity. It was observed that the CVIS surface was 

very smooth and had lubricant properties and that it was highly repellent to water and blood 

contamination. In bactericidal tests against E. coli and S. aureus, the CVIS surface exhibited 

not only bactericidal activity under dark condition but also potent photobactericidal activity in 

white light. It is expected that CVIS surface could be applied to biomedical and industrial 

spaces to prevent bacterial contamination of surfaces.  
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Table 1. Water contact angle of PDMS, superhydrophobic, slippery and crystal violet impregnated 

slippery (CVIS) surfaces. 

 

  

Sample 
Water contact 

angle ( o ) 

Contact angle 

hysteresis ( o ) 

Surface roughness 

(Ra, nm) 

PDMS surface 111.6 ±3.3 27.9 ±19.9 61.9 ± 49.3 

Superhydrophobic 

surface 
159.4 ± 1.1 0.6 ± 0.3 1005.3 ± 250.1 

Slippery surface 107.1 ±6.9 1.4 ± 1.1 0.6 ± 0.5 

CVIS surface 103.5 ± 1.3 2.4 ± 1.6 0.6 ± 0.3 
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Scheme 1. Schematic diagram for preparation of crystal violet impregnated slippery (CVIS) 

surface 
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Figure 1. a) Images, b) UV-Vis absorbance spectra, and c) SEM images of PDMS, 

superhydrophobic, slippery, and crystal violet impregnated slippery (CVIS) surfaces 
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Figure 2. a) Blood repellent test of PDMS, superhydrophobic, slippery and crystal violet 

impregnated slippery (CVIS) surfaces at a tilted angle of 60 o and b) 5 min immersion of 

superhydrophobic, slippery and CVIS surfaces into blood 
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Figure 3. a) Total bacterial surface coverage and b) quantity of attached bacteria on 

superhydrophobic, PDMS, and slippery surfaces. c) correlation between surface roughness and 

bacterial surface coverage or quantity of attached bacteria of superhydrophobic, PDMS and 

slippery surfaces. 
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Figure 4. Bactericidal activity of slippery and crystal violet impregnated slippery (CVIS) 

surfaces against E. coli (incubation time: 3 h) and S. aureus (incubation time: 2 h) in dark and 

white light. All experiments were performed at 20oC. The intensity of white light was ~6000 

lux in average.  

⃰ below detection limit (<103 CFU/mL)  
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Figure 5. Leaching of crystal violet from crystal violet impregnated slippery (CVIS) surface. 

CVIS was immersed for 6 days and concentration of crystal violet leached out from the sample 

to DI water was measured at 590 nm using UV-Vis spectrometry 
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