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Abstract

ZnO nanoparticles and vinyl pyridine were added to the mixture of MMA (methyl methacrylate), HEMA (2-hydroxy

ethyl methacrylate) and NVP (N-vinylpyrrolidone) in a mould at various concentrations. Cross-linker EGDMA

(ethyleneglycoldimethacrylate) and AIBN (azobisisobutyronitrile) initiator were finally added to the mixture and then

heated at 80oC for 60 min to prepare high-performance hydrogel ophthalmic lens. The physical properties of the hydrogel

ophthalmic material were investigated by measuring the average value of refractive index, water content and optical

transmittance. The refractive index of 1.429~1.450, water content of 34~41%, and visible transmittance of 78~90% were

obtained. The material is possibly used to manufacture UV-block hydrogel contact lens. 
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1. Introduction

Various materials including metals and metallic

oxides and other functional materials such as Si, Ge are

utilized as the form of nanoparticles, nanowires or nan-

otubes. Since nanostructured metal with antibiotic char-

acteristics can be used for industrial and medical

applications, studies are more actively conducted on

these materials[1-3]. In particular, in the case of ophthal-

mologic materials, physiological characteristics are very

important because such materials have to come in direct

contact with the cornea of our eyes. The eye is com-

posed of many neurons and various types of fibers, and

is an organ that is easily exposed to bacteria under high

humidity and proper temperature. Hart et al. reported

that 35% of soft contact lenses worn by people are con-

taminated with bacteria, E. coli, and fungi[4]. Pseu-

domonas aeruginosa and staphylococci are the most

common bacterial pathogens related to the eye that can

cause fungal corneal ulcer, pseudomonas corneal ulcer,

acute catarrhal conjunctivitis, and chronic bacterial con-

junctivitis[5-7]. Meanwhile, not only bacterial infections,

but also UV is an important cause of ophthalmologic

disorders which can cause damage to the cornea, retina

and lens, and leads to cataract and photic maculopa-

thy[8,9]. Therefore, in order to block UV, benzophenones

are being used in contact lens as a UV absorbent.

Although various materials for blocking UV were

reported, there is still a lack of studies on nanostructure

materials that can be used in contact lens. ZnO nano-

particles have a broad band gap energy and has lumi-

nous characteristics at UV due to its high excitation

binding energy. Therefore, this material is used in sem-

iconductors, piezoelectric materials and photoconduct-

ing materials[10,11], and is broadly used in display

screens, leads of photovoltaic cells, light emitting diode,

laser diode and photoelectric devices. Here we report

the physical characteristics and protein affinity of a

hydrogel contact lens polymer made by adding vinyl

pyridine and ZnO nanoparticles to the mixture of

HEMA, MA, NVP, and EGDMA in the presence of

AIBN initiator.

2. Experimental Section

2.1. Reagents and Materials

HEMA (2-hydroxyethyl methacrylate) and AIBN

(azobisisobutyronitrile) were purchased from JUNSEI,
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and NVP (N-vinyl pyrrolidone) and EGDMA (ethylene

glycol dimethacrylate) were purchased from Acros.

ZnO (nanopowder, <100 nm particle size), MMA (methyl

methacrylate), 2-vinyl pyridine and 4-vinyl pyridine

were purchased from Aldrich. 

2.2. Polymerization of Macromolecule

HEMA, NVP, MMA and EGDMA were used as

basic monomer combination for copolymerization and

AIBN was used as the initiator. 2-Vinyl pyridine and 4-

vinyl pyridine were mixed according to the mixing ratio

and stirred for approximately 30 mins to add function-

ality. In addition, the ZnO nanoparticles, dispersed for

approximately 1 hr in an ultrasonic bench top cleaner

(branson 2510), were added to the mixture of mono-

mers. Then the mixture at a mould was thermal polym-

erized. The produced contact lens was then put in 0.9%

NaCl normal saline solution for 24 hrs for hydration,

and various measurements were carried out. Each sam-

ple used in this experiment was named Ref., 2VP-1,

2VP-3, 2VP-5, 2VP-7 and 2VP-10 based on the pro-

portion of 2-vinyl pyridine, and was named 4VP-1,

4VP-3, 4VP-5, 4VP-7 and 4VP-10 based on the pro-

portion of 4-vinyl pyridine. The combinations added

with ZnO were named with z- as a prefix. A total of 5

samples were produced for all combinations and the

average value was calculated of the 5 samples. The

mixture ratios of the contact lens samples used in this

study are summarized in Table 1.

2.3. Instruments and Analysis

The surface analysis of ZnO nanoparticles dispersed

in the macromolecular polymer was conducted using

AFM (XE-100, Parks System) and the water content

was measured and calculated using the gravimetric

method based on the ISO 18369-4:2006 standard. The

refractive index was measured based on the ISO 18369-

4:2006 and the average of 3 measurements of the

hydrated contact lens was obtained using ABBE refrac-

tometer (ATAGO NAR 1T, Japan). Optical transmit-

Table 1. Percent compositions of hydrogel samples Unit: %

HEMA MMA NVP EGDMA 2VP+ 4VP++ ZnO+++

Ref. 93.90 0.94 4.69 0.47 - - - 

Ref.z 93.90 0.94 4.69 0.47 - - 0.1

2VP-1 93.02 0.93 4.65 0.47 0.93 - - 

2VP-3 91.32 0.91 4.57 0.46 2.74 - - 

2VP-5 89.69 0.90 4.48 0.45 4.48 - - 

2VP-7 88.11 0.88 4.41 0.44 6.17 - - 

2VP-10 85.84 0.86 4.29 0.43 8.58 - - 

4VP-1 93.02 0.93 4.65 0.47 - 0.93 -

4VP-3 91.32 0.91 4.57 0.46 - 2.74 - 

4VP-5 89.69 0.90 4.48 0.45 - 4.48 - 

4VP-7 88.11 0.88 4.41 0.44 - 6.17 - 

4VP-10 85.84 0.86 4.29 0.43 - 8.58 - 

2VPz-1 93.02 0.93 4.65 0.47 0.93 - 0.1 

2VPz-3 91.32 0.91 4.57 0.46 2.74 - 0.1 

2VPz-5 89.69 0.90 4.48 0.45 4.48 - 0.1 

2VPz-7 88.11 0.88 4.41 0.44 6.17 - 0.1 

2VPz-10 85.84 0.86 4.29 0.43 8.58 - 0.1 

4VPz-1 93.02 0.93 4.65 0.47 - 0.93 0.1 

4VPz-3 91.32 0.91 4.57 0.46 - 2.74 0.1 

4VPz-5 89.69 0.90 4.48 0.45 - 4.48 0.1 

4VPz-7 88.11 0.88 4.41 0.44 - 6.17 0.1 

4VPz-10 85.84 0.86 4.29 0.43 - 8.58 0.1 

2VP+: 2-vinyl pyridine, 4VP++: 4-vinyl pyridine, ZnO+++: zinc oxide nanoparticles
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tance was measured for UV-B, UV-A and visible light

using spectral transmittance meter (TOPCON TM-2,

Japan) and was recorded as percentage values. 

3. Results and Discussion

3.1. Polymerization and Analysis of Macromolecule

The hydrogel contact lens was prepared by the addi-

tion of 2-vinyl pyridine and 4-vinyl pyridine to the gen-

eral monomer mixture with the given ratio in Table 1.

The hydrogel lens generally exhibit colorless, transpar-

ent and hydrophilic characteristics. The combination

containing ZnO nanoparticles produced light white and

transparent contact lens. The contact lenses hydrated in

standard normal saline solution for 24 hrs generally

exhibited characteristics of flexibility and softness.

AFM images are shown in Fig. 1. 

3.2. Water Content and Refractive Index Mea-

surement

The measurement of the water content of the

hydrophilic contact lens showed that the average water

content for Ref., which does not contain 2-vinyl pyrid-

ine, 4-vinyl pyridine and ZnO nanoparticles, was

39.32% which is similar to the value of general hydro-

gel contact lens. The average water content of the 2VP

combination with 2-vinyl pyridine was 39.26% for

2VP-1, 38.12% for 2VP-3, 36.15% for 2VP-5, 35.07%

for 2VP-7 and 32.99% for 2VP-10, respectively. In

overall, the measurements showed that the water con-

tent decreased as the ratio of 2-vinyl pyridine increased,

but a abrupt decrease was not observed. The average

water content of the 4VP combination with 4-vinyl

pyridine was 38.04% for 4VP-1, 37.03% for 4VP-3,

34.85% for 4VP-5, 33.70% for 4VP-7 and 32.44% for

4VP-10, respectively. For this combination, the water

content decreases as the ratio of 4-vinyl pyridine

increases, and the water content was slightly lower

overall than that of the 2VP combination. No change in

water content with varying the amount of ZnO nano-

particles was observed in combinations with ZnO nan-

oparticles. The water content is similar to that of the

sample which does not contain ZnO nanoparticles, indi-

cating that the addition of ZnO nanoparticles did not

affect the water content of the hydrogels. The figure

comparing the water content of the combinations 2VP

and 4VPz are shown in Fig. 2. 

The refractive index is inversely proportional to water

content, and a dramatic increase or decrease in refrac-

tive index was not observed. The average refractive

index of Ref., which does not contain 2-vinyl pyridine,

4-vinyl pyridine and ZnO nanoparticles, was 1.4333

which is similar to the value of general hydrogel contact

lens. The average refractive index of the 2VP combi-

nation was 1.4370 for 2VP-1, 1.4423 for 2VP-3, 1.4490

for 2VP-5, 1.4510 for 2VP-7 and 1.4567 for 2VP-10.

Fig. 1. Surface analysis of hydrogel polymer by AFM. (a) scan size: 3000×3000 nm, (b) scan size: 1000×1000 nm
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The average refractive index for the 4VP combination

was 1.4360 for 4VP-1, 1.4433 for 4VP-4, 1.4477 for

4VP-5, 1.4527 for 4VP-7 and 1.4583 for 4VP-10. No

change was observed in refractive index with varying

the amount of added ZnO nanoparticles in each com-

bination and the difference in refractive index of each

combination was below 0.002, indicating that the addi-

tion of ZnO nanoparticles does not affect refractive

index. The figure comparing the refractive index of the

2VPz combination and the 4VP combination is shown

in Fig. 3.

3.3. Optical Transmittance

Measurements of the optical transmittance of each

sample showed that the average transmittance in Ref.,

which does not contain 2-vinyl pyridine, 4-vinyl pyri-

dine and ZnO nanoparticles, is 90.97% for visible light,

84.0% for UV-B and 88.5% for UV-A. In overall, the

optical transmittance was high in all wavelengths and

the lenses could not block UV light. The average trans-

mittance in the 2VP combination where 2-vinyl pyrid-

ine was added at each ratio was in the range of

90.0~91.0% for visible light, 65.5~82.3% for UV-B and

78.7~88.5% for UV-A. Although there were no signif-

icant differences observed in the transmittance for vis-

ual light for each mixing ratio, the transmittance for UV

light decreased slightly as the mixing ratio increased.

The average transmittance in the 4VP combination

where 4-vinyl pyridine was added at each ratio was in

the range of 90.2~91.0% for visible light, 71.0~81.5%

for UV-B and 84.5~86.7% for UV-A. Although there

were no significant differences in the transmittance for

visible light for each mixing ratio, the transmittance for

UV light decreased slightly as the mixing ratio

increased. However, the decrease was smaller than that

with 2VP and there was no significant change observed

for UV-A. The optical transmittances for 2VP and 4VP

are summarized in Table 2. 

The measurement on the optical transmittance of each

combinations where ZnO nanoparticle was added to

2VP and 4VP showed that the average transmittance is

in the range of 76.0~82.7% for visible light, 17.0~

24.5% for UV-B and 19.7~26.7% for UV-A. Compared

to the 2VP combination, the transmittance for UV light

was reduced significantly, indicating that UV light was

effectively blocked, and the transmittance for UV light

decreased with the increase in the mixing ratio for 2VP.

2VP partially blocked the UV. Meanwhile, the average

Fig. 2. Effect of added monomers on water content

Fig. 3. Effect of added monomers on refractive index

Table 2. Optical transmittances of samples (2VP and 4VP)

Unit - %

Sample UV-B UV-A Visible

Ref. 84.0 88.5 90.7

2VP-1 82.3 86.0 90.5

2VP-3 79.5 82.4 90.0

2VP-5 74.5 81.0 91.0

2VP-7 69.0 79.4 90.3

2VP-10 65.5 78.7 90.5

4VP-1 81.5 86.7 91.0

4VP-3 80.1 86.3 90.5

4VP-5 77.5 85.5 90.7

4VP-7 74.0 85.0 90.2

4VP-10 71.0 84.5 91.0
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transmittance in 4VPz was in the range of 78.3~81.5%

for visual light, 23.7~26.7% for UV-B and 19.0~22.4%

for UV-A. Compared to the 4VP combination, the trans-

mittance for UV was reduced significantly, implying

that UV was effectively blocked, and the transmittance

for UV decreased in link with the increase in the mixing

ratio for 4VP. Thus, 4VP partially blocked the UV. The

overall transmittance rate for visible light in the com-

binations with ZnO nanoparticles was slightly reduced

due to the addition of ZnO nanoparticles which is not

from the loss of transparency but caused largely from

the reduced transmittance around the UV wavelength.

The optical transmittances for 2VPz and 2VPz combi-

nation are given in Table 3. The optical transmittances

of 4VP-10 and 4VPz-10 are compared in Fig. 4.

4. Conclusions

The use of ZnO nanoparticle as the UV-blocking

material for ophthalmologic devices was investigated

by measuring the UV transmittance. The water content

decreased in all combinations as the mixing ratio of

vinyl pyridine increased while the refractive index

increased under the same circumstance. The transmit-

tance for visible light was over 90% in all combinations,

and the transmittance for UV reduced up to a certain

level in combinations with 2-vinyl pyridine or 4-vinyl

pyridine. The water content and refractive index did not

show a significant difference in the combinations with

ZnO nanoparticles, indicating that ZnO nanoparticles do

not affect the water content and refractive index appre-

ciably. The amount of protein deposit showed an

increase in proportion to the increase in water content.

However, the addition of ZnO nanoparticles did not

change the amount of protein deposit. The transmittance

for visible light was over 90% in all combinations with

ZnO nanoparticle and the transmittance for UV reduced

up to a certain level in certain combinations with 2-

vinyl pyridine or 4-vinyl pyridine. Their transmittance

for UV was reduced significantly in combinations with

ZnO nanoparticle showing that ZnO s effectively block

UV. However, ZnO nanoparticles eluted from the lens

over time which resulted in reduced UV-blocking

effect. Therefore, 2-vinyl pyridine and 4-vinyl pyridine

can be used to control both water content and refractive

index. In the case with ZnO nanoparticle, the material

is expected to be able to be used usefully as a material

for UV-block hydrogel contact lens for short-term

wearing without affecting the water content and refrac-

tive index.

Table 3. Optical transmittances of samples (2VPz, 4VPz)

Unit - %

Sample UV-B UV-A Visible

Ref. 84.0 88.5 90.7

2VPz-1 24.5 26.7 82.7

2VPz-3 22.5 23.8 81.0

2VPz-5 19.7 21.0 79.4

2VPz-7 18.5 20.7 77.5

2VPz-10 17.0 19.7 76.0

4VPz-1 22.4 26.7 81.5

4VPz-3 21.5 24.5 80.7

4VPz-5 20.7 24.0 80.3

4VPz-7 19.3 23.7 79.5

4VPz-10 19.0 23.7 78.3

Fig. 4. Optical transmittances of samples: (a) Ref. and

2VP-10, (b) Ref. and 4VP-10
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