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Abstract: A silicone hydrogel contact lens (SHCL) with a 97% (550 nm) of optical transmittance, a 40.78 barrer of oxy-
gen permeability and a 38.4% of water content were synthesized, and a crosslinked sodium carboxymethyl cellulose
(SCMC) layer with over 80% of water content was covalently grafted on the surface of the synthesized lens to improve
wearability. The SHCL was first reacted with poly(vinyl alcohol) (PVA) in the presence of glutaraldehyde (GA) as a
crosslinker to introduce hydroxyl groups on the lens surface. The PVA-incorporated SHCL was then reacted with SCMC
and GA for 20-80 min to produce SHCL with a 0.35-2.50-um-thick SCMC surface layer. By incorporating the cross-
linked SCMC surface layer, contact angle of the lens was sharply decreased to 43.80° from that (90.25°) of pristine one.
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Al ©f. 3-[Tris(trimethylsiloxy)silylJpropyl methacrylate (contains
MEHQ+HQ as stabilizer, 98%, TMSMA)2} SCMC(average
M,~90000 g/mol)= Sigma-Aldrich(USAFS] A|E-S- o]-&5
2™, N,N-dimethylacrylamide(above 99.5%, DMA), 2-
hydroxyethyl methacrylate(above 96%, HEMA), N-vinyl-
2-pyrrolidinone(above 99%, NVP) % sulfuric acid(H,SO,)
(95%)= g skaF@(Korea)2] AFS ullste] ARE-sIATE
Ethylene glycol dimethacrylate(98%, stab. with 100 ppm
4-methoxyphenol(EGDM)$} glutaraldehyde(50% aqueous
solution, GA, ©|3} AX == GAL] A& 50% 8- A+
e ) 2 poly(vinyl alcohol)(86-89% hydrolyzed,
average M, = 57000-66000 g/mol, PVA) Alfa Aesar(USA)
Ale] AES o]-8314 T Benzoyl peroxide(wetted with ca.
25% Water, BPO)<} divinylsulfone(DVS)< Tokyo Chemical
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Table 1. Monomer Compositions for Fabrication of SHCLs with Different Content of Hydrophobic TMSMA and Hydrophilic HEMA

Content of TMSMA (Wt%)  TMSMA (g) HEMA (g) NVP (g) DMA (g) EGDMA (g) BPO (g)
20 24 48 3.0 1.8 0.06 0.174
30 36 3.6 3.0 1.8 0.06 0.174
40 48 24 3.0 1.8 0.06 0.174
50 6.0 12 3.0 1.8 0.06 0.174
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Figure 1. Synthetic scheme of SHCL using TMSMA, HEMA,
NVP, and DMA.
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Figure 2. Crosslinking reaction scheme of SCMC using DVS as a
crosslinker.
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Table 2. Compositions for Crosslinking Reaction of SCMC Using

GA as a Crosslinker (unit: g)
Reaction solutions H,0 SCMC GA H,SO,
SCMC-1 (for measurement of 20 1.0 0.02-018 0.10

water content)

SCMC-2 (for formation of

20 1.0 0.10 0.10
surface layer)

SCMC-3 (for formation of

20 1.0 0.05 0.01
surface layer)
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Figure 3. Crosslinking reaction scheme of SCMC using GA as a
crosslinker.

Table 3. Compositions for Incorporating Hydroxyl Groups on

the Surface of SHCL Using GA as a Crosslinker  (unit: g)

Reaction solutions  H,O PVA GA H,SO,
PVA-1 20 14 0.05 0.01
PVA-2 20 14 0.10 0.01
PVA-3 20 14 0.20 0.01
PVA-4 20 14 0.30 0.01
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Figure 4. Transmittance spectra of SHCLs with different content of
TMSMA and HEMA.
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Figure 5. Oxygen permeability of SHCLs with different content of
TMSMA and HEMA.
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Figure 6. Variations in water content with different content of
TMSMA and HEMA.
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Table 4. Transmittance, Oxygen Permeability and Water Content
of SHCLs with Different Content of TMSMA and HEMA

Content of Transmittance at Oxygen permeability Water content

TMSMA (Wt%) 550 nm (%) (barrer) (%)
20 95.8 24.02 58.0
30 97.6 28.09 53.5
40 97.6 31.81 47.1
50 96.7 40.78 384

Water content (%) = WVIV_ %100 )
wet

DVSEZ 7inE SCMC &9 g8 % = mHES

29| MEY. 7laA| 24 DVSE °]&st] SCMC 7ld 52

Azt o, o] BE9| &S s =, PBS &
NE 0|83t 8l (hydration) FF2] SCMC 71w ZE FA <}
2l () olgdt] T8-S AXtEldITh SCMC:DVSe] &3
HI7} 1:0.5%] 9= kSR & /TS o83 A
o BT faHE AoE Hol slwnkgo] AsER] gt
A 7t =7} v e Aoz FAokEith SCMC thH)]
DVSe] E3H] 71 75 wive(1:0.75) o)) 7$-oll:= Figure 29}
7+o] DVS 71Alel 213k Oxa-Michal additiono] '8 213)¥]o]
AR A SCMC] 83171 dojub] skar g &4
o] 7Fs3taTh dojxl 7t 59| g2 85-86%= =2
e Boon, 7kwAQl DVSY] gEe STMAR e
Ao AA3 7S FAEIAT) o] 25E SCMC tiH] DVS?]
shafo] 75 wit% o)delAE SCMCe] 7t o] M3zt 7
o] s & & U

o} 7ro] IEE=8(85-86%)2] 7kl SCMC 52 SHCL
o] FHe FFAFeE A7 SlEli= SCMCeF SHCL
7re] slebdgto] o] Fojxof gt} &, DVSE "i7iAI= st
SHCL®} SCMC 7+¢] Oxa-Michal addition(Figure 2) ¥+-3-32}
FAlll SCMC A= 7+e] 71 Add vhgol zls=d 739 7t
¥ SCMC EW3S zh= SHCLY A%7} 7Fs3litt. o=
9ate], AR AAE 2SR SCMC 584, DVS 7}
A (SCMC:DVS=1:0.75), NaOH &< % SHCLE %H&
EehaTo|] FRF o R Hrist $, 80 C SRSl wRkA
ALt oluf AMg-E AR ARARFEIE0] 7MY =2 SHCL =,
TMSMA o] 50%%1 @A 2402 A|lxH SHCL(©]s}
SHCL;, ©]2} A3hE o|&3atitt. 22}, whgo] Xd==
A el|A] SHCLs7F RES-E1Ql SHroll BT &3ll=«= &




ITH=0
Ao =

Ir

Al

7k 2]

IFFEL] AEZQOA A,

p

A7F LA AT o]= DVSE ©|8-3F Oxa-Michal addition
o] 7] 27 (pH ~12)0l|4 " R =] 7] whZeoll et
HAJolelar At} =, SHCLs© XE8HE ester bond (-CO-
O-y} 4z &a) slollA saponification ¥-g-0] FgY=|o]
alcohol??} carboxylic acid 7|2 HFAA] =W, o]E2 % vt
S8uQl S/l 74 EZolBE A=t SHCLy/| £
of % &3llE Aoz ATASGITE 0 o]z 2ol DVSE
o]-83l] SCMC 7 &9 AZ= 7Fssiied, olgst 7}
W5 SHCLs, 7+ shebdete E7Igh 210 = SRl

GAZ 7tuE SCMC g9 g2 ¥ U= xHEc=9|
HEM. 7IuAIQl GAE SCMCe| 63 kol A3d sl==
A]7](methylol group)e} W33t SCMC®| 77} X8 ==
Aoz defx Ark? o]e} Fo] GAell €] SCMCS] 7t
HhS- A RE mlets}r] 9l51ed FTIR 412 AAIsIHoH, 1
ZA3E Figure 70 AAISIATE olwl] SCMC-19] 202 A
ZH 7hEES B0 o] 8-3513dth SCMCe EA8h= 3]
ZEA]7]9] 2157 & (stretching vibration)oll ] g+ 3 A7}
3301 ecm™ollA YEPEOL, GAR 71® SCMColA = Ho}
& I (wavenumben)Z ©]FE 3382 cm'ollA YEATE T
gk, 7kEl SCMCe] 75, 3|=8A]71¢] 4l5%150l €3t 1
FA717F Bl7k SCMC 73-5-Hu) 9HA 2= Sde). oleh 2
o] SCMC7} 7hagel we} A5%1% 92 A7t B} =2
R olFE AL, FA AI7I7F Ashe olf e AER
EARALolof] ZEuAR] GAZE EATOEA] S| EFA]7] 71+
473 (intermolecular hydrogen bond)©] 7HA%$17] W&
ot} 2 1], C-0-C 252 AEXFol &gt y=a7} 1105
emoA YeERgon, 7iwE SCMC ZE9] 7% o] ¥=9]
M717F B 3A YERgth B3 C-0 2159 5383F
(bending vibration)el] ©]gt =7} 893 emellA] LFERE O,
7t F5e] 735 o] ¥=Ae] A|7|7F By A UERsT. o]

Transmittance (%)

T T T T T T g T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-')

Figure 7. FTIR spectra of pristine and crosslinked SCMC films.
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Figure 8. Equilibrium water content of crosslinked SCMCs with
different content of GA in reaction solution.
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Figure 11. Water drops on (a) bare; (b) SCMC-incorporated SHCLs.
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