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ABSTRACT. Nanoparticle with antimicrobial property has been applied to various fields. This study added silver/platinum
nanoparticles to HEMA (2-hydroxyethylmethacrylate), NVP (N-vinyl pyrrolidone) and MMA (methylmethacrylate) in various
concentrations and copolymerized by heating at 70 °C for 40 minutes, 80 °C for 40 minutes, and finally, 100 °C for 40 minutes.
The particle size of used nano silver and platinum was 10 ~ 20 nm respectively. Using the polymer produced through the copoly-
merization process, the authors have produced a contact lens and measured the physical characteristics which showed water
content of 34.29 ~ 39.00%, refractive index of 1.422 ~ 1.430, visible transmittance of 78.8 ~ 92.5% and tensile strength of 0.149 ~
0.179 kgf. The ophthalmic lens material produced using silver/platinum nanoparticles satisfied the basic physical properties
required for contact lens application.

Keywords: Silver nanoparticle, Platinum nanoparticle, Water content
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Table 1. Percent composition of samples unit: %

HEMA NVP MMA EGDMA AgNO; Platinum

R 9620 2.50 1.00 0.30 - -
A 9571 2.49 1.00 0.30 0.50 -
APl 94.77 2.46 0.99 0.30 0.49 0.99
AP3 9294 242 0.97 0.29 0.48 2.90
AP5  91.19 2.37 0.95 0.28 0.47 4.74
AP7 8949 2.33 0.93 0.28 0.46 6.51

1T, Japan)& AF&-3F 00 Q174 9] 749, AIKOH Engi-
neeringAF2] Model-RX seriesE A&-51o] =451 T}

RES E RS

AAETRE =42 Rehder single-chamber system - O2
permeometer model 201T(Rehder Development Company,
Castro Valley, California, USA)S AM&-5}53.2H, 35°C+0.5°C
£ FAA = A A 2E 3% Ao &Jsf] Al o] =53
ghgol g sto] FaPS ol & W o] AR g S =
A AR s A4 ol i Yl she] Dk(itaF-8)E 27
skt

a1 — s
Zn 3 uFE

AgNO; 0.50%2} platinum nanoparticle 1.00 ~ 7.00%

Zeo| 22 &Y

Az o] wghy]

HEMA(96.20%), NVP(2.50%), MMA(1.00%), EGDMA
(0.30%)Z i gFsto] Al 23k 7] 23 Ui 22 0.50% 3
7bek 23 193 e 22 0.50%2 AR YA F o
e ¥ 0] F& 1.00 ~ 7.00%7HA] F-7FA1 X1 sample&- ZH2} vl
Srotsch. Al g o] AHH ] 8 Table o] LER e
3l 7} sample2 == 2 253} R, A, AP1, AP3, AP5, _1
231 AP7= g3ttt

A o] o]3)] HolZ sample?] T3} B =
&5 Table 20 Yl o™, S H T2 7 3z
£ Fig. 19 et 3lct.

Ule 23} ¥l 55 X 7}51A] 982 sample R9| 3t 77
o Az H FA 2] 2}o]=0.0251 g, Bt T2 38.27%E,
R2| 3] Urle 23 0.50% 3 7}gk sample A 2] 57 2] Z}o]
£0.0233 g, Bt T2 39.00%= YEFH T

Sample A 2] Z8}o]| L1 ¥l 9] 9F-S-1.00 ~ 7.00% Z7}A]
%1 sample AP1 ~ AP72] Sh= A9 AxH A 2] Zfo)
2 3 382 sample AP12] 9-0.0254 g, o 3Hg
37.65%, AP3-20.0238 g, Tt $<~8 35.93%, AP5:=0.0232 g,
B 3H8 34.50% 18] 3 AP720.0231 g, - 488

ofk
=
Mz o

Table 2. Water content of samples

Sample *mdry (2 **”I’hyrlruted (2 ***wﬁz() (%)
R Avg. 0.0406 0.0657 38.27
A Avg. 0.0365 0.0598 39.00
APl  Avg. 0.0421 0.0675 37.65
AP3  Avg. 0.0425 0.0663 35.93
AP5  Avg. 0.0441 0.0673 34.50
AP7  Avg. 0.0443 0.0674 34.29

mg,, 1s the mass of the dry test specimens. **my, . ..., is the mass

of the hydrated the specimens. ***w,, , is the water content.
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Fig. 1. Effect of nano platinum concentration on water content.
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3t Bt gk Table 30|, WL 7332 Fig. 20 2H7F Lhet
W 3lch. Sample R 1.422, sample A 1.425%, sample AP1 ~
AP7-&1.425,1.429,1.430 12|31 1.4302. 2 Z}ZF VERY QL
th o] 2z & uf ghpgo] | wet =480 57t
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Sastol dlojal FUEUZS] T BEIES Table 4
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Table 3. Refractive index of samples

*nh ydrated
R Avg. 1.422
A Avg. 1.425
APl Avg. 1.425
AP3 Avg. 1.429
APS Avg. 1.430
AP7 Avg. 1.430

M, ydratea 18 the index of refraction.

Table 4. Optical transmittance of sample unit: %

Sample UV-B UV-A Visible transmittance
R 85.2 88.2 91.5
A 78.5 85.6 86.9
APl 74.8 83.5 88.2
AP3 74.5 83.4 87.7
APS 74.8 83.5 87.9
AP7 71.5 82.5 86.8

S YERQTE Al A 78.5%, 85.6%, 86.9%S APl
74.8%, 83.5%, 88.2%%, AP3-2 74.5%, 83.4%, 87.7%%S L}
EF 9l o™, AP5: 74.8%, 83.5%, 87.9% 18]i AP7TS
71.5%, 82.5%, 86.8%= Z+Z+ Lrel Qi) o] Axt2 E uj AY
AE 1 B2 FHAFA o o :Hs} A Aol FEgo

7|E9] FEER =0 A3t FilaS e itk
V=
NAE BEHL B 233 THEH 20| QA=
0.157 kgf ~ 0.179 kegfo] Q& Ul on, iz o=

sample AP39] Z3+E Fig. 40] kR 91k,

ff

E 77
=3
Pk AL RAE ARESto] A2 FHEMZ] AhaR
ZA3tF o, QEAH SR sample AP39] ANE
Fig. 5o epi ek A9 A7 k-2 2.36 Ampere, A5
T-8-2 7.092 x10” em/s mL Oo/mL x mmHg® A AH=] ¢},

of 2=

o ook B
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HEMA(96.20%), NVP(2.50%), MMA(1.00%), EGDMA
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H7ket 23 281 vhke Wl 0.50%9] Aol Ui 22
9F-&-1.00 ~ 5.00%7}A] Z7}A 7] samples ZHZh vl g5} o)
o] of| thet vl etH| & Table 591 7 2] 5}of Lyepf Qlet. T3 2t
sampleS s =E 2 E523510] R, P, PA0.5, PAL, PA3, 18|11
PA5SZ W sFoich

2010, Vol. 54, No. 3

NEEEPS BERELY 313

1.432
APS=1.430  APT=14300

1.430
AP3=1.420

1.428 / - - -
1.426
A= 1405 Apr=145 ]

1.424 — — — —
f=1.422

1.422 ] ] 1 m

Refractive index

1.420 H — — — =

1.418

R A AP1 AP3 AP5 AP7
Sample

Fig. 2. Distribution chart of refractive index.
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Fig. 3. Optical transmittance of AP1-2 sample.
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Fig. 4. Tensile strength of AP3-2 sample.
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Fig. 5. Oxygen transmissibility of AP3-2 sample.

Table 5. Percent composition of samples unit: %

HEMA NVP MMA EGDMA Platinum AgNO;

R 96.20 2.50 1.00 0.30 - -

P 95.71 2.49 1.00 0.30 0.50 -
PA0.5 9523 2.47 1.00 0.30 0.50 0.50
PA1 9477 2.46 0.99 0.30 0.49 0.99
PA3  92.94 242 0.97 0.29 0.48 2.90
PA5  91.19 2.37 0.95 0.28 0.47 4.74

Table 6. Water content of samples

Sample *mdry(g) **my, ydrated (2) ***wHZO (%)
R Avg. 0.0496 0.0791 37.31
P Avg. 0.0438 0.0691 36.59
PA0.5 Avg. 0.0438 0.0775 37.50
PA1  Avg. 0.0458 0.0742 38.24
PA3  Avg. 0.0417 0.0659 36.75
PA5  Avg. 0.0465 0.0726 3593

*my,,, is the mass of the dry test specimens. **m, ;. .., is the mass
of the hydrated the specimens. ***wy, , is the water content.

Sample P2} Z3of U= -29] 952 0.50 ~ 5.00% =7}A 7]
sample PAQ.5 ~ PA5 9| g5l A oF 7 29 FA| 9] 2ol e}
ot 28-S sample PA0.5=0.0337 g, - 3H837.50%,
PA1L20.0284 g, Hat T8 38.24%, PA32-0.0242 g, Bt
48 36.75% T12] 31 PASE=0.0261 g, Hat T2 35.93%
£ 217 Ui Slct. o] 23R & uf sample R 9h4=&2} v
ko] sample P2} Fha=g-0] 7hAgh 212 Uhie Wi o] J3F
of oJ5fl 7Hae A o 2 ek et Sample P2 gh=&-3} H|
ko] sample PA0.59F PA1-E Ule 29 H]&o] 75t uh
2t g grgo] T7HE AT 1y e 20 Ao
ofsff ALEALS] Fhpgro] F7elthrt A g Sl =g
A = Ule W F 3t ue 0] Hh-g-o] FAF o &7 AYA g
o] Tgro] Fhaio) FFE & Ao R wkEr

Ve 20.5%9} Uie W15 1.00 ~ 5.00%2 H 715t 257}

1o

2
Elapsed Time (minutes)

w

39.00

38.50
38.00
37.50
37.00
36.50
36.00 -

Water content (%)

35.50

35.00

PAG=3543

34.50 : . ‘ i
0 5 10 15 20 25 30
Sample (N)

Fig. 6. Effect of nano silver concentration on water content.
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<  36.00 .|
S P39 i G
3 35.00 \‘
—
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Fig. 7. Water content variation of samples with nanoparticles.
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FHE 22 9151 09%2] I e 4G5l o
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Table 7. Refractive index of samples

NEEEPS BERELY 315

Table 8. Optical transmittance of sample unit: %

M yirated Sample UV-B UV-A Visible transmittance

R Avg. 1.425 R 89.8 90.2 92.5

P Avg. 1.427 P 83.9 89.1 91.2

PAO.5 Avg. 1.425 PAO.5 81.8 87.2 89.9

PA1 Avg. 1.422 PA1 78.8 85.6 87.8

PA3 Avg. 1.427 PA3 70.9 78.8 80.8

PAS Avg. 1.429 PAS 60.5 70.1 78.8

Ny ydratea 15 the index of refraction.
1.430 — 5 HFEES Table 7o), WSk AT Fig. 8ol 212} 27
1.428 N &t} Sample R 1.425, sample P 1.427E, sample PA0.5 ~
3 = A PASL 1.425, 1.422,1.427 1230 1.429% 7+7F 24 =] 9t
g MBI A1 = 1405 / o] 412 & uff grgo] S| wet 2 d Eo] A
2 taf . 31018 4= 9191 Lhie 2 0.50%2} Lt #5100 ~ 5.00% 2
:_3 i A05=:.L”2 || i A7 23k U ¥ 0.50%2) U 2-1.00 ~ 5.00%E A7}
C & 29te) FHES vl wd A3 A Fig. 9ol vhehioiet
1420 H — H Ute W83 0.50% 4713t Po} H] 15k PAL ~ PASO] 23+
1418 ‘ : : : \ e 29] RS 1.00 ~ 5.00% S 7] whet PA12 24 &
R P PA0.5 PA1 PA3 PA5 ] U_/J\_O}‘%_Q_]%, PA3J—]’ PAS——J }—_?}oﬂ/\i’l\f 205_7}_0 _16___ 7‘;)]‘50]:
Sample

Fig. 8. Distribution chart of refractive index.

1.432
AP3= 1.4 APj= Jf%ﬂ
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1.428 oo P21 Y

x
S
£ B =145 / Pigi= 1438
o 1426
> M /PAs 147
S 1424
(0]
= A=1408 \‘/
&’ 1.422 g
i = Agl03 0. + Bt 15 5
1.420 0= Fitinum (.58 + A0 5 -
1.418 s \ s
0.00 1.00 3.00 5.00

Proportion (%)

Fig. 9. Refractive index variation of samples with nanoparticles.
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Fig. 10. Optical transmittance of PA3-3 sample.
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mmHgS LR 2Tt
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SR A A A T s TR D
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A U 20 kol ofsf 57 He A o & hEIT) Sample
A%] 3} v 1 5}ko] sample AP ~ 7% # 5 0] H|&-0] 3=
oplof wet Ao kg0 A E ik Ui W5 o] &
Aol ool Lhie Sk uF-o] Wk AMH O 2 A o] &
o) o] QR % A0 PeEch B B LS
UV-B, UV-A, visible transmittance]| 4] Z+Z}F 71.5% ~ 85.2%,
82.5% ~ 88.2%, 86.8% ~ 91.5%2] H{ &, U FHES
1.422 ~1.4309] HE, A& =9 A2, 0.157 kgf ~0.179
kgfo] H o1& UER AT
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o] heol el HE Uhte v 2.0] e XG0 2 5
S go) ol B FAT) BT HRIFES UV-B,UV-A,
visible transmittance | A Z+2} 60.5% ~ 89.8%, 70.1% ~ 90.2%,
78.80% ~ 92.5%2] H9|, H FHES 1.422~1.4299] ¥
9], A7 =] 73-9-0.149 kef ~ 0.168 kegfo] ¥ $]5 LEL
ik 2 A7 Zak A4 A 2 ke A 5
Aol WEA S ke RUEUE U /) o2 g 1A

A= SR S T A
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