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1  Proposed structure of commercial contact lens materials 

 

 

Supplemental Figure S1. Proposed average repeat unit molecular structure of Delefilcon A. The 

estimated mole fractions of the repeat structures of CM3, CM2, CM5, CM1, and CM4 are respectively 

0.1662, 0.0702, 0.5772, 0.0749, and 0.1116, corresponding to symbols c1, c2, c3, c4, and c5. [1] 

Oscillating lines represent crosslinking connections to the network. 
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Supplemental Figure S2. Proposed average repeat unit molecular structure of Balafilcon. The estimated mole 
fractions of the repeat structures of NVA, PBVC, NVP, and TPVC are respectively 0.5224, 0.0765, 0.299, and 
0.102, corresponding to symbols c1, c2, c3, and c4. [2,3] Oscillating lines represent crosslinking connections to the 
network. 
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Supplemental Figure S3. Proposed average repeat unit molecular structure of Comfilcon A. The estimated mole 
fractions of the repeat structures of TAIC, IBM, VMA, FM0411M, M3U, NVP, and HOB are respectively 0.0149, 
0.1438, 0.3224, 0.0194, 0.0099, 0.2876, and 0.2021, corresponding to symbols c1, c2, c3, c4, c5, c6, and c7. [3] 
Oscillating lines represent crosslinking connections to the network. 
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Supplemental Figure S4. Proposed average repeat unit molecular structure of Galyfilcon A. The 

estimated mole fractions of the repeat structures of PVP, SiGMA, mPDMS, EGDMA, HEMA, and DMA 

are respectively 0.1747, 0.1102, 0.0407, 0.0123, 0.0746, and 0.5875, corresponding to symbols c1, c2, c3, 

c4, c5, and c6. [3,4] Oscillating lines represent crosslinking connections to the network. 
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Supplemental Figure S5. Reported average repeat unit molecular structure of Lotrafilcon B. The 

corresponding mole fractions of the repeat structures of TRIS, DMA, and Siloxane Macromer are 

respectively 0.8503, 0.0997, and 0.0500, corresponding to symbols c1, c2, and c3. [3,5,6] Oscillating 

lines represent crosslinking connections to the network. 
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Supplemental Figure S6. Proposed average repeat unit molecular structure of Polymacon. The estimated 

mole fractions of the repeat structures of HEMA and EGDMA are respectively 0.9917 and 0.0083, 

corresponding to symbols c1 and c2. [3] Oscillating lines represent crosslinking connections to the network. 
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2  Calculation of solubility parameters 

For certain contribution groups not conventionally found in the HVK group contributions, we 

used parameters from Meaurio et al., who created group contributions for some additional 

groups.[7]  For poly(dimethyl siloxane) (PDMS) we created group contribution parameters based 

on experimental Hansen solubility parameters found in Smith.[8] For the single silicon atom 

(>Si<), we assumed it had the same group contribution as a carbon atom (>C<), but with the 

molar volume of silicon.[9] For monomers with a Si group connected to dimethyl siloxane 

groups (e.g., the TRIS component of LB), we considered the group contributions consisting of 

the PDMS groups, a terminal methyl, and a >Si< atom. Finally, in the SiGMA monomer of GA, 

we considered the silicone branching at the end as consisting of two PDMS groups, 1 silicon 

(>Si<) atom, and 3 methyl groups. See Supplemental Materials A for structures of each 

monomer, the estimated structures of the polymers, each group contribution method, and the 

details of the group contribution procedure.[7]  

Polymer solubility parameters calculated by the HVK method employs the following 

equations,  

𝛿" = 	
∑&',)
*
	  (S1) 
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∑&,,)

-

*
  (S2) 
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∑01,)
*
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𝛿23 = 𝛿"3 + 𝛿+3 + 𝛿.3  (S4) 
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where  𝛿5 is the dispersive solubility parameter, 𝛿6  is the polar solubility parameter, 𝛿7 is the 

hydrogen bonding solubility parameter, 𝛿8 is the overall average solubility parameter, and V is 

the molar volume. The parameters Fd,i, Fp,i and Eh,i are the dispersive, polar and hydrgen-bonding 

contributions from group i. For PDMS, we calculated polymer molar volume using the repeat 

unit molecular weight and its experimental amorphous density.[10] Using the molar fraction of 

each monomer, we weighted proportionally the mole contributions of each group to calculate the 

average molecular volume.  

The resulting solubility parameters are reported in Table 1 of the paper. 
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3  Archimedes Principle to Measure Dry Lens Density 

The dry density of the contact lens were required in the HVK calculations and in calculations 

of volumetric swelling. We could find no published densities of dry contact lens materials, so we 

made the measurements ourselves using the weight of a dry contact lens weight in air and the 

weight of the same contact lens weight in water (or other solvent). The lenses were attached to a 

6 cm 32-gauge copper wire fiber using cyanoacrylate, and the fiber was attached to the bottom 

loading mechanism of a Mettler Toledo microbalance. The details and derivation of equations 

are given below. The experiments and data reduction accounted for the surface tension of the 

water (and other solvents) on the 6 cm 32-gauge copper wire fiber and the buoyancy of the fiber 

suspending the lens.  This was done by using the following equations, where 𝑔 is the 

gravitational constant, 𝜌 is mass density, 𝑉is the volume, and 𝑊 is the force of the weight 

measured by the balance with the lens suspended in air or water.  These equations below ignore 

the weight of polycyanoacrylate, the weight of the copper wire, and the force (downward) of the 

meniscus of water on the wire.  Those corrections are subsequently accounted for. 

𝑊=>? = 𝜌@ABCD𝑉@ABCD𝑔 − 𝜌=>?𝑉@ABCD𝑔  (S5) 

𝑊F=8G? = 𝜌@ABCD𝑉@ABCD𝑔 − 𝜌F=8G?𝑉@ABCD𝑔  (S6) 

Subtracting Eq S6 from Eq S5, and rearranging gives: 

𝑉@ABCD =
(IJKCLIMJNOC)
Q(RMJNOCLRJKC)

= IJKC

QSRTUBCDLRJKCV
  (S7) 

Rearranging Eq S7 gives:  

𝜌@ABCD =
IJKC

Q	WTUBCD
+ 𝜌=>? =

IJKC(RMJNOCLRJKC)
(IJKCLIMJNOC)

+ 𝜌=>? , (S8) 
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all of which on the right-hand side are measured or calculated from ideal gas or water density. 

 

Meniscus Force Measurement 

As part of the calculation of the mass of the swollen contact lens, we had to determine the 

force that the water meniscus pulled downward upon the wire. We hung an ethanol-cleaned 6-cm 

32-gauge copper wire from the bottom of the microbalance to measure its weight. A clean square 

beaker, filled with distilled-deionized water, was raised to touch the copper wire. This produced 

an instant increase in weight on the balance. We then measured a linear decrease of weight on 

the balance at immersion depths of 1 cm, 2 cm, and 3 cm, and then extrapolated these values to 

the 0-cm point. We repeated this experiment 15 times and averaged each experiment to calculate 

the meniscus force. 

This meniscus force was subtracted from the measured forces Wwater and Wair used in the 

equations above. 

 

Weight of Cyanoacrylate 

Some contact lenses required adhesion with a drop of cyanoacrylate, and sometimes more 

because not all contact lenses adhered to the wire with the first drop. To account for this, we 

calculated the weight of a single drop of cyanoacrylate. A clean 6-cm 32-gauge copper wire was 

hung from the bottom of the microbalance and weighed. We then dipped the end of the wire into 

the cyanoacrylate and weighed it again. We averaged 15 such measurements to estimate the drop 

weight. 
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The weight of cyanoacrylate was subtracted from the measured forces Wwater and Wair used in 

the equations above. 
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4  Correlations of drug uptake and swelling ratio 

 

The paper states that “There is a good correlation (R=0.979) between the amount of drug 

uptake and the swelling in n-propanol”.  The figure below shows the drug loading ratio as a 

function of the mass swelling of the various contact lenses in water, n-propanol, 

trichloroethylene, and n-hexane with their respective colors blue, orange, grey, and yellow. The 

best linear correlation is the data of uptake and swelling in n-propanol. 

 

Supplemental Figure S7. The ratio of the average mass of drug uploaded in the contact lens 

over the average weight of the dry contact lens as a function of the ratio of the average mass 

of swollen contact lens over the average mass of dry contact lens in a certain solvent. The 

solvents are distilled-deionized water, n-propanol, trichloroethylene, and n-hexane with their 

respective colors blue, orange, grey, and yellow. The shapes are ●, ▲, ■, ♦, +, and X are 

respectively contact lenses Balafilcon A (BA), Comfilcon A (CA), Delefilcon A (DA), 

Galyfilcon A (GA), Lotrafilcon B (LB), and Polymacon (PM). 
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5  Calculation of estimated delivery rates from eye drops 

 The average dose averaged over 24 hours is 0.059 µg/hr, but is further corrected for the 

inefficiency of delivery to the cornea (only about 1-5%). To make a fair comparison to contact 

lens release rates, the calculation also factors in estimated efficiencies of 20-70% for contact lens 

drug delivery directly to the cornea.[11] Based on the range of possible efficiency combinations, 

a contact lens could give anywhere from a 4- to 70-fold increase in efficiency of drug delivery, 

with the most realistic scenario somewhere between these extremes, calculated as follows. For a 

low estimate, 0.0024 µg/hr was calculated by assuming the maximum eye-drop retention 

efficiency of 5% and minimum contact lens efficiency of 20%, giving only a 4-fold boost in 

delivery efficiency from a contact lenses. For a high estimate, 0.015 µg/hr was calculated, 

assuming only 1% efficiency in eye-drop retention and a higher contact lens efficiency of 70%, 

giving only a 70-fold boost in lens delivery efficiency. 
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6  Transmission of visible light in fresh and latanoprost-loaded lenses 

 

Supplemental Figure S8. The transmission of Lotrafilcon B lenses mounted on glass slides 

was measured before and after loading with latanoprost from a 0.125 mg/mL solution in n-

propanol. The shade of the colors represents a different individual lens tested, and the blue 

color represents the transmission of the lens before it was loaded and the red color represents 

the transmission of the lens after it was loaded. There is no evidence of scattering or 

absorption from the latanoprost that was loaded. N = 3. 

0

10

20

30

40

50

60

70

80

90

100

300 350 400 450 500 550 600 650 700 750 800

%
Tr

an
sm

itt
an

ce

Wavelength (nm)



Supplemental Information  Page     16 

 

Supplemental Figure S9. The transmission of Delefilcon A lenses mounted on glass slides was 

measured before and after loading with latanoprost from a 0.125 mg/mL solution in n-

propanol. The shade of the colors represents a different individual lens tested, and the blue 

color represents the transmission of the lens before it was loaded and the orange color 

represents the transmission of the lens after it was loaded. There is no evidence of scattering 

or absorption from the latanoprost that was loaded. N = 2.  
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Supplemental Figure S10. The transmission of Galyfilcon A lenses mounted on glass slides 

was measured before and after loading with latanoprost from a 0.125 mg/mL solution in n-

propanol. The shade of the colors represents a different individual lens tested, and the blue 

color represents the transmission of the lens before it was loaded and the green color 

represents the transmission of the lens after it was loaded. There is no evidence of scattering 

or absorption from the latanoprost that was loaded. N = 2. 
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7  Swelling of Polymacon Lenses in Alcohols 

 SofLens38 lenses were dried as desribed in the paper (section 2.2). Briefly, they were soaked 

in water to remove packing solution, dried, weighed, and then placed in a capped vial containing 

methanol, ethanol, n-propanol or n-butanol.  At designated times, the lenses were removed from 

the alcohol, blotted with a Kimwipe™, weighed, and returned to the vial.  Mass swelling is 

reported as the mass of the swollen contact lens divided by the original mass.  The figure below 

(Fig S8) shows the swelling as a function of time.  The rate of swelling decreases substantially as 

the number of methylene groups increases in this alcohol series. 

In methanol, the polymacon lens achieves a mass swelling ratio of about 2.15 ± 0.06 (mean ± 

StDev) in less than 10 minutes. In ethanol, the swelling ratio reaches an apparent equilibrium at 

about 1.84 ± 0.07 in 4 hours.  In n-propanol, it takes about 72 hours to reach an equilibrium 

swelling ratio of about 1.56 ± 0.04. In n-butanol 1t 168 hours, the swelling ratio reached 1.1 ± 

0.05, and may not have been complete.    
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Supplemental Figure S11. The mass swelling ratio is the average of swollen masses of 

polymacon lenses divided by the dry masses, presented here as a function of time in various 

solvents. The solvents are methanol, ethanol, n-propanol, and n-butanol with their respective 

colors blue, orange, grey, and yellow. Further data points for methanol and ethanol were not 

measured after equilibrium was confirmed. The error bars represent the standard deviation (n 

= 3 or 4). 
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8  Residual n-propanol in lenses 

 To determine the efficiency of our procedure to remove n-propanol from the lenses, we 
measured the residual amount of n-propanol using gas chromatography as follows.  Lenses were 
swelled (4 minutes) and deswelled following the procedure described in section 2.2.2. Then the 
lenses were extracted in 15 mL of pure water for at least 3 hours in a clean glass vial. After lens 
removal the sample was submitted (along with serial dilution of n-propanol standards) for gas 
chromatography analysis in the Food Science Department at Brigham Young University. Results 
showed that the n-propanol remaining in a Balafilcon A lens was 19.2 nL. The amount remaining 
in a Comfilcon A lens was 5.7 nL.  These values are below the toxicity levels for n-propanol, 
which are about 170 nL/lens for fish cells[12] and about 514 nL/lens for Hep G2 cells.[13] 

  



Supplemental Information  Page     21 

8  Supplemental References 

1. Scifinder Chemical Abstract Society Database [Internet]. American Chemical Society: CAS 
Registry. 2019 [cited 6 February 2018]. 

2. Balafilcon A [Internet]. PubChem Compound Database: PubChem Compound Database. 2015 
[cited Feb 13 2019]. Available from: 
https://pubchem.ncbi.nlm.nih.gov/compound/91971246#section=Top. 

3. Phan CM, Subbaraman LN, Jones L. In vitro uptake and release of natamycin from conventional 
and silicone hydrogel contact lens materials. Eye Contact Lens. 2013 Mar;39(2):162-8. 

4. Galyfilcon A [Internet]. PubChem Compound Database: PubChem Compound Database. 2009 
[cited February 13 2019]. Available from: 
https://pubchem.ncbi.nlm.nih.gov/rest/compounds/44146076#section=Top. 

5. Nicolson PCD, GA), Baron, Richard Carlton (Alpharetta, GA), Chabrecek, Peter (Basel, CH), Court, 
John (Ultimo, AU), Domschke, Angelika (Lorrach, DE), Griesser, Hans Jorg (The Patch, AU), Ho, 
Arthur (Randwick, AU), Hopken, Jens (Lorrach, DE), Laycock, Bronwyn Glenice (Heidelberg 
Heights, AU), Liu, Qin (Duluth, GA), Lohmann, Dieter (Munchestein, CH), Meijs, Gordon Francis 
(Murrumbeena, AU), Papaspiliotopoulos, Eric (Paddington, AU), Riffle, Judy Smith (Blacksburg, 
VA), Schindhelm, Klaus (Cherrybrook, AU), Sweeney, Deborah (Roseville, AU), Terry Jr., Wilson 
Leonard (Alpharetta, GA), Vogt, Jurgen (Fribourg, CH), Winterton, Lynn Cook (Alpharetta, GA), 
inventor; CIBA Vision Corporation (Duluth, GA),Commonwealth Scientific and Industrial 
Research Organisation (Campbell, AU), assignee. Extended wear ophthalmic lens. United States 
patent US 5760100. 1998. 

6. Hopken J, Lohmann D, Domschke A, inventors; Novartis AG (Basel, CH), assignee. Polysiloxane-
comprising perfluoroalkyl ethers and the preparation and use thereof. United States patent US 
5945498. 1999. 

7. Meaurio E, Sanchez-Rexach E, Zuza E, et al. Predicting miscibility in polymer blends using the 
Bagley plot: Blends with poly(ethylene oxide). Polymer. 2017 2017/03/24/;113:295-309. 

8. Smith R. Polymers: A Property Database. 2nd Edition ed. Ellis B, editor.: CRC Press; 2008.  
9. Van Krevelen DW, Te Nijenhuis K. Chapter 7 - Cohesive Properties and Solubility. In: Van 

Krevelen DW, Te Nijenhuis K, editors. Properties of Polymers (Fourth Edition). Amsterdam: 
Elsevier; 2009. p. 189-227. 

10. Polymerdatabase.com. Poly(dimethylsiloxane) polymerdatabase.com: Crow; 2017 [updated 14 
June 2017;18 October 2018]. Available from: 
http://polymerdatabase.com/polymers/Polydimethylsiloxane.html 

11. Li C-C, Chauhan A. Modeling Ophthalmic Drug Delivery by Soaked Contact Lenses. Ind Eng Chem 
Res. 2006;45:3718-3734. 

12. Dierickx PJ, Van De Vyver IE. Correlation of the Neutral Red Uptake Inhibition Assay of Cultured 
Fathead Minnow Fish Cells with Fish Lethality Tests. B Environ Contam Tox. 1991 May;46(5):649-
653. 

13. Dierickx PJ. Cyto-Toxicity Testing of 114 Compounds by the Determination of the Protein-
Content in Hep G2 Cell-Cultures. Toxicology in Vitro. 1989;3(3):189-193. 

 


