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METHODS FOR PREVENTING OR REDUCING 
INTERACTION BETWEEN PACKAGING 
MATERIALS AND POLYMERIC ARTICLES 

CONTAINED THEREIN 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to polymeric articles 
having reduced interaction With packaging materials, meth 
ods for producing such articles, and methods for preventing 
or reducing interaction betWeen such articles and their 
packaging materials. In particular, the present invention 
relates to ophthalmic devices that are modi?ed to have 
reduced interaction With packaging materials, methods for 
producing such ophthalmic devices, and methods for pre 
venting or reducing interaction betWeen such ophthalmic 
devices and their packaging materials. 

[0002] Packaging containers are often made of polymeric 
materials. These containers also are often used to contain 
products made of polymers, Which tend to stick to the 
containers. For example, ophthalmic devices, such as con 
tact lenses and intraocular lenses (“IOLs”), are commonly 
contained in packages ?lled With packaging solution for 
shipment to points of use. The individual package typically 
comprises a cavity, Which is typically made of a polymeric 
material and sealed With a lid typically made of a laminated 
foil. Because the ophthalmic device tends to stick to the 
package, packaging solutions have been formulated to 
reduce or prevent device sticking. For this reason, certain 
surfactants, such as polyvinyl alcohol or poly(alkyleneoxy) 
surfactants, have been used in the formulation of packaging 
solutions. HoWever, adding neW compounds, including sur 
factants, in device packaging solution Would require regu 
latory approval. Other challenges encountered in adding a 
surfactant to a packaging solution, including the possibility 
of loWering shelf-life and/or adverse reactions during heat 
sterilization, have further limited the use of surfactants in a 
packaging solution for the purpose of preventing device 
sticking. 
[0003] Therefore, there is a continued need to provide 
products that do not tend to interact With packaging mate 
rials and methods for making such products. In particular, it 
is very desirable to provide ophthalmic devices that at least 
have a property of reduced interaction With packaging 
materials and methods for making such ophthalmic devices. 

SUMMARY OF THE INVENTION 

[0004] In general, the present invention provides poly 
meric articles that have reduced potential for interaction 
With the packages in Which they are contained, and methods 
for preventing or reducing interaction betWeen the poly 
meric articles and the packages. 

[0005] In one aspect, the present invention provides pack 
ages and methods for containing or storing ophthalmic 
devices, Which packages and methods provide at least 
reduced potential for the sticking of such devices to the 
packages. 
[0006] In another aspect, the present invention provides a 
method for preventing or reducing interaction betWeen an 
ophthalmic device and a package containing the device. 

[0007] In still another aspect, the method for preventing or 
reducing interaction betWeen the ophthalmic device and the 
package comprises oxidizing the ophthalmic device. 
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[0008] In yet another aspect, the method comprises treat 
ing the ophthalmic device With an oxygen-containing 
plasma before disposing the treated device in the package. 

[0009] In still another aspect, the method further com 
prises disposing a solution in the package and disposing the 
device in the solution. 

[0010] In yet another aspect, the ophthalmic device is a 
contact lens or an intraocular lens. 

[0011] Other features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic cross-sectional diagram of a 
package of the present invention for packaging or storing a 
polymeric article. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] In general, the present invention provides poly 
meric articles that have reduced potential for interaction 
With the packages in Which they are contained, and methods 
for preventing or reducing interaction betWeen the poly 
meric articles and the packages. 

[0014] In one aspect, the present invention provides pack 
ages and methods for containing or storing ophthalmic 
devices, Which packages and methods provide at least 
reduced potential for the sticking of such devices to the 
packages. In another aspect, the packages and the oph 
thalmic devices comprise polymeric materials. 

[0015] In another aspect, a method for preventing or 
reducing interaction betWeen an ophthalmic device and a 
package comprises oxidizing the ophthalmic device. In still 
another aspect, the method comprises causing an increase in 
the oxygen content of the ophthalmic device. In still another 
aspect, the method comprises treating the ophthalmic device 
With oxygen-containing plasma. 

[0016] FIG. 1 is a schematic cross-sectional diagram of an 
embodiment of a package 10 for containing or storing a 
polymeric article 40, such as a contact lens. It should be 
understood that the draWings in this disclosure are not draWn 
to scale. In one embodiment, package 10 has the design of 
a blister pack. Package 10 comprises a base portion 12 and 
a cover member 14. Base portion 12 forms a cavity 16, 
Which has an opening 18. A ?ange 22 extends outWardly 
from opening 18. Cover member 14 releasably seals opening 
18 With, for example, an adhesive 26, Which is applied to a 
surface of ?ange 22. Cavity 16 is sized to receive polymeric 
article 40. In one embodiment, cavity 16 contains a suf?cient 
quantity of a solution 30 for storing and keeping polymeric 
article 40 in a hydrated state. In one aspect, the quantity of 
solution 30 is enough to keep polymeric article 40 sub 
merged. In another aspect, solution 30 can be a saline 
solution. 

[0017] Base portion 12 can be made ofa thermoplastic or 
ther'moset polymeric materials. Non-limiting examples of 
thermoplastic materials are polyole?ns (such as loW- and 
high-density polyethylene and polypropylene), polysul 
fones, polyethylene terephthalate, polycarbonates, nitrile 
rubbers, acrylonitrile butadiene styrene (“ABS”) polymers, 
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and polyimides. Non-limiting examples of thermoset poly 
meric materials are epoxy and phenolic-based polymers. 
Base portion 12 also can be made of a composite of any of 
these polymeric materials and compatible reinforcing agents 
or materials, such as silica or glass ?bers. Preferably, base 
portion 12 is made of polypropylene for its good thermo 
forming properties and its ability to Withstand thermal 
steriliZation. Alternatively, other polymeric materials can be 
chosen if non-thermal steriliZation is used. Base portion 12 
can be formed by conventional extrusion or molding pro 
cesses and has thickness suf?cient for Withstanding handling 
of the package. 

[0018] Cover member 14 is typically made of a metal foil, 
such as aluminum foil. Alternatively, it can be a laminated 
multilayered stack of metallic and polymeric materials. Such 
a multilayered stack can be made by coextrusion of sheets of 
metallic and polymeric materials, With or Without an adhe 
sive betWeen the layers. 

[0019] In one embodiment, polymeric article 40 is a 
contact lens and solution 30 is a contact lens storing solu 
tion, such as a saline solution, Which keeps contact lens 40 
in a hydrated state. 

[0020] Generally, contact lenses in Wide use fall into tWo 
categories: (1) the hard or rigid gas permeable corneal type 
lenses formed from materials prepared by polymerization of 
acrylic esters, such as poly(methyl methacrylate) (PMMA), 
silicone acrylates, and ?uorosilicone methacrylates; and (2) 
gel, hydrogel, or soft-type lenses that are formulated from 
polymers having a proportion of hydrophilic repeat units 
derived from monomers, such as 2-hydroxyethyl methacry 
late (“HEMA”), N,N-dimethylacrylamide, or N-vinylpyr 
rolidone, such that the Water content of the lens during use 
is at least 20% by Weight. The term “soft contact lens” 
generally refers to those contact lenses that readily ?ex 
under small amounts of force and return to their original 
shape When that force is released. In one embodiment, 
silicone hydrogel soft contact lenses can bene?t from a 
method of the present invention. 

[0021] Contact lens 40 is treated With an oxygen-contain 
ing plasma before being disposed in solution 30 in cavity 16. 
A treated contact lens of the present invention does not stick 
to or has reduced potential for sticking to the internal surface 
of cavity 16 or to the surface of cover member 14 that is 
adjacent to the contact lens 40. The optical properties, such 
as light transmission or optical poWer, of Well-treated lenses 
are not detectably affected by the treatment With oxygen 
containing plasma. 

[0022] In general, polymeric article 40 is treated With 
oxidiZing plasma. In one embodiment, the oxidiZing plasma 
is oxygen-containing plasma, Which can be generated in an 
oxygen-containing atmosphere by a conventional method 
such as loW-pressure electrical discharge, radio-frequency 
(“RF”) capacitive discharge, RF inductively coupled plasma 
discharge, microWave-generated plasma discharge, or com 
binations thereof. A suitable method for the present inven 
tion is RF inductively coupled plasma discharge in a loW 
pressure oxygen-containing atmosphere (such as pressure in 
the range from about 0.1 Pa to about 1000 Pa), at RF in the 
range from about 1 MHZ to about 100 MHZ (such as the 
commonly used frequency of 13.56 MHZ), and at poWer in 
the range from about 10 to about 1000 W. The duration of 
the treatment can be in a range from about 1 second to about 
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2 hours. Preferably, the treatment duration is sufficient to 
prevent the sticking of the polymeric article 40 to the 
internal surface of cavity 16. For example, the treatment 
duration can be in the range from about 10 seconds to about 
1 hour. 

[0023] The oxygen-containing species of the plasma are 
derived from an oxygen-containing gas introduced into the 
plasma chamber, such as oxygen, air, NOX (N20, NO, N203, 
N204, NO2,N2O5, N304, N03), SOX, (S02, S03), or a 
mixture of any of these gases and an inert gas selected from 
the group consisting of nitrogen, helium, argon, neon, kryp 
ton, xenon, and combinations thereof. 

EXAMPLE 

Treatment of Contact Lenses With 
Oxygen-Containing Plasma 

[0024] Monomer formulation RD-1632 comprising poly 
meriZable dialkyl siloxanes and a polymeriZable ?uoroalkyl 
siloxane (Bausch & Lomb Incorporated, Rochester, NY. ) 
Was cast into contact lenses in polypropylene molds and 
cured under ultraviolet (“UV”) light. The lenses Were 
released from the molds using liquid nitrogen. 

[0025] These lenses Were treated With oxygen plasma at a 
range of treatment times (from 30 seconds to 30 minutes) in 
a Metroline/IPC 7104 plasma chamber at pressure of about 
40 Pa (or 0.3 mm Hg), poWer of 400 W, and RF of 13.56 
MHZ. Some lenses Were also treated for 30 seconds at the 
same pressure and RF, but at poWer of 100 W. The loading 
for each plasma treatment Was 50 lenses on a tray designed 
to handle lenses, centered on a shelf in the middle of the 
chamber. After plasma treatment, these lenses Were 
extracted in a bath of isopropanol (“IPA”) for 4 hours, 
re-hydrated in Water, and packaged into polypropylene blis 
ter packs in three different ?ll volumes of aqueous borate 
buffered saline solution (3.6, 4.2 and 4.7 ml). The packaged 
lenses Were steriliZed in steam in an autoclave, for example 
at a temperature up to, and including, 1000 C. The steril 
iZation temperature can be higher if super heated steam is 
used. HoWever, the steriliZation temperature should not be 
high enough to negatively affect the polymeric article and 
the package. Alternatively, steriliZation can be effect by 
radiation, such as gamma or e-beam radiation. 

[0026] Samples of these packages Were then randomly 
opened and inspected for sticking to the blister and/or 
lidstock. Further chemical and physical characteriZation on 
the lenses Was conducted using X-Ray photoelectron spec 
troscopy (“XPS”) and atomic force microscopy (“AFM”). 
Three lenses from each lot Were tested for surface analysis. 
FolloWing desalination, lenses Were cut into quarters and 
mounted for XPS and AFM analyses With one-quarter 
posterior side up and one-quarter anterior side up for each 
technique. Survey and high resolution spectra Were obtained 
for one spot on each lens quarter for XPS. 

[0027] At all ?ll levels, the untreated lenses tenaciously 
stuck to the package (Table 1). There Was minimal or no 
sticking at the ?ll volumes of 3.6 and 4.2 ml, from 0.5 
minute of plasma treatment to 30 minutes of treatment, 
indicating that a minimal plasma treatment Was necessary to 
prevent this negative phenomena With these ?uorosilicone 
hydrogel lenses. At the highest ?ll volume (4.7 ml), sticking 
to the packages decreased With increasing plasma surface 
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treatment time. It is believed that the lens Was pushed 
against the lidstock rather than actually stuck. 

[0028] Cloud-clarity qualitative ratings of the treated 
lenses, compared to the untreated control, Were maintained 
up to 15 minutes. At treatment time of 20 minutes, this rating 
dropped, and at 30 minutes decreased greatly. 

[0029] The unstuck lenses and their surfaces Were char 
acteriZed using XPS and AFM. The oxygen concentrations 
found by XPS Were higher (and carbon concentrations 
loWer) for all the treated samples compared With the controls 
(Table 2). 
[0030] Atomic concentration data obtained from XPS 
analysis suggests that With increasing plasma treatment 
time, the carbon concentrations decreased and oxygen con 
centrations increased up to the tWenty-minute treatment time 
(Table 2). The lenses With the thirty-minute treatment time 
shoWed slight increases in carbon and decreases in oxygen 
from the tWenty-minute treatment. This data suggests that 
the surface Was being oxidiZed With increasing plasma time. 
It is believed that oxygen is incorporated into the lens 
surfaces and exists as various oxygen-containing moieties, 
such as one or more of the groups of hydroxyl, carbonyl, 
carboxyl, ether, and epoxide. 

[0031] Roughness data obtained from AFM analyses are 
shoWn in Table 3. The untreated, control samples shoWed 
loW roughness values. AFM images indicated that treatment 
times from 0.5 minute up to 20 minutes resulted in varying 
degrees of formation of islands having siZes from a 
micrometer in diameter to about 20 micrometers in diameter. 
The lenses treated for thirty minutes shoWed large islands 
With space betWeen and wrinkled areas around the islands. 
These observations Were also supported by the large RMS 
(root means square) roughness values and standard devia 
tions. In general, the surface morphology appeared to trend 
in these plasma treatment times from a mildly cracked 
under-treated surface, to a Well-treated homogeneous sur 
face similar in morphology to the untreated control to a 
grossly cracked over-treated surface. Such an over-treated 
surface rendered the lens cloudy because of the large 
micrometer-siZed cracks. Surface roughness data also sug 
gests such a trend, Wherein the RMS roughness initially 
increases With treatment, then decreases and levels off at 
5-15 minutes, then increases again at the treatment times of 
20 and 30 minutes. 

TABLE 1 

Results of Blister Pack Inspection 

Fill Number of Treatment Number of 
Volume Lenses Time Power Lenses Cloudy/ 
(ml) Evaluated (min) (W) Stuck Clarity 

3 6 10 0.5 400 0 4/4 
3 6 l0 5 400 0 4/4 
3 6 l0 10 400 0 4/4 
3 6 l0 15 400 0 4/4 
3 6 10 20 400 0 3/2 
3 6 10 30 400 0 U1 
3.6 10 0.5 100 0 4/4 
3.6 10 no treatment 9 4/4 
4.2 10 0.5 400 0 4/4 
4.2 10 5 400 0 4/4 
4.2 l0 10 400 0 4/4 
4.2 l0 15 400 0 4/4 
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TABLE l-continued 

Results of Blister Pack Inspection 

Fill Number of Treatment Number of 
Volume Lenses Time PoWer Lenses Cloudy/ 
(ml) Evaluated (min) (W) Stuck Clarity 

4.2 10 20 400 0 3/2 
4.2 10 30 400 0 U1 
4.2 10 0.5 100 1 4/4 
4.2 10 no treatment 9 4/4 
4.7 9 0.5 400 7 4/4 
4 7 l0 5 400 10 4/4 
4 7 l0 10 400 8 4/4 
4 7 l0 15 400 7 4/4 
4 7 10 20 400 6 3/2 
4 7 10 30 400 0 U1 
4.7 10 0.5 100 0 4/4 
4.7 10 no treatment 10 4/4 

[0032] 

TABLE 2 

Surface Atomic Concentration in Atomic % Via XPS Analysis 

Sample 

Carbon Nitrogen Oxygen Fluorine Silicon 

Control 53.8<1> 5.9<1> 23.0<1> 4.2<1> 13.1<1> 
03(2) 04(2) 03(2) 03(2) 01(2) 

0.5 min., 100 W 52.0 5.8 25.3 4.1 12.7 
0.6 0.2 0.4 0.2 0.2 

0.5 min., 400 W 52.1 5.7 25.6 4.0 12.7 
0.9 0.2 0.8 0.3 0.4 

5 min., 400 W 52.0 6.2 25.7 3.5 12.7 
0.8 0.2 0.5 0.3 0.2 

10 min., 400 W 51.7 5.7 26.3 3.9 12.3 
0.7 0.3 0.5 0.3 0.4 

15 min., 400 W 51.6 6.1 25.9 3.7 12.7 
0.9 0.3 0.5 0.4 0.4 

20 min., 400 W 50.6 5.6 27.1 3.7 13.0 
0.5 0.5 0.6 0.4 0.2 

30 min., 400 W 51.4 5.8 26.2 3.7 13.0 
0.5 0.2 0.4 0.3 0.3 

Notes: 
(UAverage 
@Standard deviation 

[0033] 

TABLE 3 

AFM RMS Roughness Values 

Treatment Average (nm) Standard Deviation (nm) 

Control, no treatment 3 l 
0.5 min, 100 W 4 2 
0.5 min, 400 W 7 2 

5 min, 400 W 4 1 
10 min, 400 W 4 l 
15 min, 400 W 4 l 
20 min, 400 W 8 2 
30 min, 400 W l2 16 

[0034] While speci?c embodiments of the present inven 
tion have been described in the foregoing, it Will be appre 
ciated by those skilled in the art that many equivalents, 
modi?cations, substitutions, and variations may be made 
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thereto Without departing from the spirit and scope of the 
invention as de?ned in the appended claims. 

What is claimed is: 
1. A method for preventing or reducing interaction 

betWeen a container and a polymeric article contained 
therein, said method comprising: 

oxidizing a surface of said polymeric article. 
2. The method of claim 1, further comprising disposing a 

quantity of solution in said container. 
3. The method of claim 1, Wherein said oxidizing com 

prises exposing said polymeric article to oxygen-containing 
plasma. 

4. The method of claim 3, Wherein said oxygen-contain 
ing plasma is generated by a technique selected from the 
group consisting of loW-pressure electrical discharge, radio 
frequency (“RF”) capacitive discharge, RF inductively 
coupled plasma discharge, microWave-generated plasma 
discharge, and combinations thereof; and said plasma being 
generated in an oxygen-containing atmosphere. 

5. The method of claim 4, Wherein said oxygen-contain 
ing atmosphere comprises a material selected from the group 
consisting of oxygen, air, NOX, SOX, and mixtures thereof 
With an inert gas selected from the group consisting of 
nitrogen, helium, argon, neon, krypton, xenon, and combi 
nations thereof. 

6. The method of claim 3, Wherein said oxygen-contain 
ing plasma is generated by RF inductively coupled plasma 
discharge in an oxygen-containing atmosphere. 

7. The method of claim 6, Wherein said plasma discharge 
is generated at a radio frequency in a range from about 1 
MHZ to about 100 MHZ. 

8. The method of claim 3, Wherein said oxidiZing is 
carried out at a pressure in a range from about 0.1 Pa to about 
1000 Pa. 

9. The method of claim 3, Wherein said oxidiZing is 
carried out for a time from about 1 second to about 2 hours. 

10. The method of claim 3, Wherein said oxidiZing is 
carried out for a time from about 10 seconds to about 1 hour. 

11. A method for preventing or reducing interaction 
betWeen a package and a polymeric article contained therein, 
said method comprising: 
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exposing said polymeric article to oxygen-containing 
plasma to produce a treated polymeric article; and 

disposing said treated polymeric article in a quantity of an 
aqueous solution contained in said package; 

Wherein said oxygen-containing plasma is generated by 
RF inductively coupled plasma discharge at a radio 
frequency in a range from about 1 MHZ to about 100 
MHZ, said exposing is carried out in an oxygen 
containing atmosphere having a pressure in a range 
from about 0.1 to about 1000 Pa, for a time in a range 
from about 1 second to about 2 hours. 

12. The method of claim 11, Wherein said polymeric 
article is a contact lens or an intraocular lens. 

13. A package comprising a polymeric article having an 
oxidiZed surface contained in a container, Wherein said 
polymeric article is free from interaction With an internal 
surface of said container. 

14. The package of claim 13, Wherein said container 
further includes a quantity of an aqueous solution. 

15. The package of claim 14, Wherein said surface of said 
polymeric article is oxidiZed by a treatment in oxygen 
containing plasma. 

16. The package of claim 15, Wherein said oxidiZed 
polymeric articles has a surface oxygen concentration 
greater than a surface oxygen concentration of a polymeric 
article before oxidation. 

17. The package of claim 15, Wherein said oxidiZed 
polymeric article has a surface oxygen concentration of 
greater than about 25 atomic percent, as determined by XPS 
analysis. 

18. The package of claim 17, Wherein said plasma is 
generated by RF inductively coupled plasma discharge in an 
oxygen-containing atmosphere at a radio frequency in a 
range from about 1 MHZ to about 100 MHZ. 


