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METHOD OF MAKING LENS WITH
COLORED PORTION

FIG. 3 is a cross-sectional vieW of a mold assembly
according to a second embodiment.
FIG. 4 is a plan vieW of a contact lens of this invention

FIELD OF THE INVENTION

according to various embodiments.

This invention relates a method of making lenses, espe
cially contact lenses, having a colored or tinted portion.

DETAILED DESCRIPTION OF VARIOUS
PREFERRED EMBODIMENTS

BACKGROUND OF THE INVENTION

FIGS. 1 and 2 illustrate a ?rst embodiment of an apparatus

Various colored contact lenses are knoWn in the art. One

class of colored lenses includes “cosmetic” lenses useful for
enhancing or changing the apparent color of the Wearer’s
iris. Generally, these lenses include a colored iris section,
and the colored contact lenses may include an optical
correction, for example to accommodate farsightedness or
nearsightedness of the Wearer of the contact lens, or the
contact lenses may be provided With the colored iris section
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15

for practicing this invention. The lens mold assembly 20
comprises a ?rst, anterior mold section 21 including an
anterior molding surface 23, and a second, posterior mold
section 22 including a posterior molding surface 24. In the
illustrated embodiment, the anterior molding surface 23
includes a centrally located cathode 31, and the posterior
molding surface 24 includes an annularly arranged anode
32. In this illustrated embodiment, the cathode 31 and anode
32 may have the form of a ?lm of electrically conductive
material, such as a metal foil or ?lm, for example, copper
?lm.

solely for cosmetic purposes. Examples of such contact
lenses are disclosed in US Pat. Nos. 5,120,121 and 4,582,
402. The colored contact lenses of US. Pat. No. 4,582,402

are produced by printing a colored, opaque, intermittent

According to conventional lens casting procedures, a

pattern over the iris section of a contact lens. The colored

contact lenses of US. Pat. No. 5,120,121 are produced by

lens-forming monomer mixture is introduced to the anterior
mold section 21, i.e., the monomer mixture is deposited on

applying a pattern comprised of lens forming mixture doped

the anterior molding surface 23. Then, the mold sections 21,

With a tint to a mold surface, subjecting the mold to
22 are brought together, to assume the general con?guration
polymeriZation conditions so as to partially or fully poly 25 shoWn in FIG. 2, so that a lens-shaped molding cavity 25 is
meriZe the pattern on the mold surface, dispensing a con
de?ned betWeen the anterior and posterior molding surfaces
ventional lens forming monomer mixture Which does not
23, 24.

contain ink into the mold such that it submerges the previ

ously polymeriZed pattern, and polymeriZing this mixture to
obtain a contact lens.

According to the illustrated embodiment of this invention,
30

In addition to the cosmetic contact lenses, US. Pat. Nos.
4,576,453 and 4,707,236 disclose a contact lens for light

sensitive lens Wearers having a progressively optically
graded area therein. In US. Pat. No. 4,707,236, such lenses
are made by bringing an ioniZed dye into contact With the
lens gel material at a central point, and applying an electric

sively diminishing toWards the periphery.

the mold assembly, prior to fully assembling the mold
sections. The colored material is either in admixture With the
lens-forming monomer mixture, or the colored material may
be introduced to the mold section before or after the lens

35

potential across the lens gel, thus causing the dye to migrate
toWards the periphery, and Whereby the higher concentration
of dye is at the central point With the concentration progres

an ioniZed, or charged, colored material is also introduced to

40

forming monomer mixture is deposited therein. Then, the
mold sections are brought together and assembled.
An electrical ?eld is applied to the lens-forming monomer
mixture and colored material through the cathode 31 and
anode 32. In response to this electrical ?eld, the colored
material Will migrate to form a pattern de?ned by the
electrodes. For example, in the case Where the colored

material is positively charged, it Will migrate toWards the

SUMMARY OF THE INVENTION

anode 32 and aWay from the cathode 31.
The lens-forming monomer mixture is cured While the

This invention provides a method of making a lens, such

as a contact lens, With a colored portion. The method 45 colored material is maintained in the desired pattern. Curing

comprises: introducing a lens-forming monomer mixture

may be accomplished by conventional free radical polymer

and an ionic colored material to a lens mold; applying an
electrical ?eld to the monomer mixture and the colored

iZation processes. Generally, such processes involve the

application of heat, light, or both for a suf?cient time to cure
the monomer mixture. In the case Where photopolymeriZa
to the electrical ?eld to form a desired pattern; and curing the 50 tion is used to cure the monomer mixture, the cathode and
lens-forming monomer mixture With the colored material
electrode should not be too thick, or not arranged to block

material, Whereby the colored material migrates in response
forming a desired colored pattern in the lens.

too much surface of the molds, so that suf?cient light reaches
the monomer mixture to effect curing. Then, the mold
sections 21, 22 are separated and the contact lens cured in

Apositive electrode may be formed on one of a ?rst and

second mold portion, With a negative electrode being formed
on the other mold portion. The positive and negative elec
trodes may be arranged such that the colored material
migrates to form an annular ring, for example, an annular

55

embodiment, a contact lens 40 is obtained, Where the
colored material forms an annular pattern 41, for example,
an annular ring generally corresponding to the iris portion of

ring corresponding to an iris portion of a contact lens.

Alternately, electrical probes may be brought into contact
With the lens mold. Representative colored materials include

the contact lens 40. The uncolored central section 42 may
60

materials comprising pigment particles or dyes.

generally correspond to the pupil region of the contact lens.
The lens-forming monomer mixtures employed in the
invention include conventional lens-forming monomers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded, perspective vieW of a contact lens
mold assembly according to a ?rst embodiment.
FIG. 2 is a cross-sectional vieW of the mold assembly of
FIG. 1.

cavity 25 is recovered. Accordingly, for the illustrated

Preferably, the lens-forming monomers are monomers that

are polymeriZable by free radical polymeriZation, generally
65

including an activated unsaturated radical, and most prefer

ably an ethylenically unsaturated radical. (As used herein,
the term “monomer” denotes relatively loW molecular
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Speci?c examples of positively charged pigments

Weight compounds that are polymeriZable by free radical
polymerization, as Well as higher molecular Weight com

include: ultramarine blue, FD&C blue no. 1, and chromium

pounds that are polymeriZable by free radical polymeriZa

hydroxide green (available from BF Goodrich, Cleveland,

tion and also referred to as “prepolymers”,

Ohio, USA). Speci?c examples of positively charged dyes

“macromonomers”, and related terms.) Generally, the lens

(including CI designations) include: ingrain blue 1 (CI
72420), basic green 1 (CI 42040), basic red 9 (CI 42500) and
basic blue 9 (CI 52015) (available from Aldrich, Milwaukee,

forming monomer mixture Will be liquid When added to the

mold assembly. Also, the lens-forming monomer mixture
Will generally be clear and colorless, although it is possible

Wis., USA). Speci?c examples of negatively charged dyes

for the monomer mixture to include a minor amount of tint.

An especially preferred class of materials are hydrogel
copolymers. A hydrogel is a crosslinked polymeric system

10

FIG. 3 illustrates an alternate embodiment of an apparatus

that can absorb and retain Water in an equilibrium state.

Accordingly, for hydrogels, the lens-forming monomer mix
ture Will typically include at least one hydrophilic monomer

and a crosslinking agent (a crosslinker being de?ned as a

15

monomer having multiple polymeriZable functionalities).

opposed to molding surface 24. As in the previously

(meth)acrylic substituted alcohols, such as
20

acrylamides, such as methacrylamide and N,N
polyvinyl, typically di- or tri-vinyl monomers, such as di- or
25

butyleneglycol and hexane-1,6-diol; and divinylbenZene. A

composed

primarily

of

2-hydroxyethylmethacrylate With a small amount of dieth
yleneglycol methacrylate as a crosslinking monomer.
Optionally, the monomer mixture may include a silicone
containing monomer in order to form a silicone hydrogel

30

copolymer. Examples of silicone-containing monomers
35

silane, pentamethyldisiloxanyl methylmethacrylate, tris

(trimethylsiloxy) methacryloxy propylsilane, methyldi
(trimethylsiloxy) methacryloxymethyl silane, 3-[tris
(trimethylsiloxy)silyl] propyl vinyl carbamate, and 3-[tris
(trimethylsiloxy)silyl] propyl vinyl carbonate; and

40

multifunctional ethylenically “end-capped” siloxane
containing monomers, especially difunctional monomers
having tWo activated unsaturated radicals. A speci?c
example of a silicone hydrogel-forming monomer mixture is
bala?lcon, based on N-vinyl pyrrolidone and the aforemen
tioned vinyl carbonate and carbamate monomers, disclosed
in US. Pat. No. 5,260,00. Many other lens-forming mono

lens. For example, the mold cavity may have the shape of a
cylinder, Whereby a cylindrical blank of cured lens material
is formed therein, and this resultant cylindrical blank
includes a desired colored pattern. Then, this blank may be
lathe cut to form a ?nished contact lens.

50

mixture is added. Additionally, the colored material is ionic,
or charged, so that it migrates in response to the applied
55

Many other modi?cations and variations of the present
invention Will be evident to the skilled practitioner in the
?eld in vieW of the teachings herein. It is therefore under
stood that, Within the scope of the claims, the present
invention can be practiced other than as speci?cally
described.
We claim:
1. A method of making a lens With a colored portion,

comprising:

lens-forming monomers for simultaneous introduction to the

mold. Alternately, the pigment or dye may introduced sepa
rately to the mold, and if desired, an inert liquid diluent may
be mixed With the pigment or dye. The amount of the

annular region may be formed, by varying the speci?c
25 does not have to assume the shape of a ?nished contact

45

to the mold, or the colored material may be added to the
mold section before or after the lens-forming monomer

electrical ?eld. Representative charged colored materials
include pigments, having the form of solid particles, and
dyes. The pigment or dye may be premixed With the

Of course, When a negatively charged colored material is

used in place of a positively charged colored material, the
colored Will migrate toWards the cathode instead of the
anode. It Will be appreciated that various patterns of colored
regions may be formed by the method of this invention. For
example, patterns having a shape other than a colored
arrangement of the cathodes and anodes.
As another embodiment of this invention, the mold cavity

mers and speci?c mixtures thereof are Well-knoWn in the art.

As mentioned, the colored material may be mixed With
the lens-forming monomers prior to introducing this mixture

aWay from the cathode 35. The lens-forming monomer
mixture is cured While the colored material is maintained in
the desired pattern, then the mold sections 21, 22 are
separated and the contact lens cured in cavity 25 is recov
ered. For this illustrated embodiment, contact lens 40 is
obtained, Where the colored material forms an annular

pattern 41.

include: monomers including a single activated unsaturated

radical, such as methacryloxypropyl tris(trimethylsiloxy)

response to this electrical ?eld, the colored material Will
migrate to form a pattern de?ned by the electrodes. For
example, in the case Where the colored material is positively

charged, it Will migrate toWards the anode probe 36 and

speci?c example of a hydrogel-forming monomer mixture is

polymacon,

described ?rst embodiment, after depositing a mixture of the
lens-forming monomers and colored material to the molds,
and assembling the mold sections to assume the general
con?guration shoWn in FIG. 3, an electrical ?eld is applied

through the cathode probe 35 and anode probe 36. In

dimethylacrylamide. Typical crosslinking agents include

tri(meth)acrylates of diethyleneglycol, triethyleneglycol,

for practicing this invention. In the lens mold assembly 20,
a positively charged probe 35 is brought into contact With
the surface 27 of mold section 21 that is opposed to molding
surface 23, and a negatively charged probe 36 is brought into
contact With the surface 28 of mold section 22 that is

Suitable hydrophilic monomers include: unsaturated car

boxylic acids, such as methacrylic acid and acrylic acid;

2-hydroxyethylmethacrylate and 2-hydroxyethylacrylate;
vinyl lactams, such as N-vinyl pyrrolidone; and (meth)

(including CI designations) include: acid red 151 (CI
26900), acid blue 120 (CI 26400), acid orange 8 (CI 15575)
and acid green 27 (CI 61580) (available from Aldrich).

60

introducing a lens-forming monomer mixture and an ionic
colored material to a lens mold;
applying an electrical ?eld to the monomer mixture and

colored material included With the monomer mixture Will

the colored material, Whereby the colored material

depend on the color intensity of the colored material, as Well
as the desired color intensity of the formed pattern in the
lens. Generally, hoWever, the colored material may be
included at 0.1 to 20 Weight percent, preferably 0.2 to 10
Weight percent, of the total monomer mixture.

desired pattern; and
curing the lens-forming monomer mixture With the col
ored material forming a desired colored pattern in the
lens.

migrates in response to the electrical ?eld to form a
65
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2. The method of claim 1, wherein the lens mold com
prises a ?rst mold section including an anterior molding
surface and a second mold section including a posterior

8. The method of claim 7, Wherein the lens-forming
monomer mixture is cured by application of light energy,
heat or both.

molding surface, and the lens-forming monomer mixture

9. The method of claim 1, Wherein the lens-forming

and the colored material are charged to a molding cavity

monomer mixture and the colored material are charged

formed betWeen the anterior and posterior molding surfaces.

simultaneously to the lens mold.
10. The method of claim 1, Wherein the colored material

3. The method of claim 2, Wherein a positive electrode is
formed on one of the ?rst and second mold portions, and a

is ?rst charged to the lens mold, folloWed by charging the

negative electrode is formed on the other of the ?rst and

lens-forming monomer mixture to the mold.

second mold portions.
4. The method of claim 2, Wherein electrical probes are
brought into contact With the ?rst and second mold sections.
5. The method of claim 3, Wherein the positive and
negative electrodes are arranged such that the colored mate
rial migrates to form an annular ring.
6. The method of claim 5, Wherein the annular ring
corresponds to an iris portion of a contact lens.

7. The method of claim 1, Wherein the lens is a hydrogel
contact lens and the lens-forming monomer mixture includes
a hydrophilic monomer.

11. The method of claim 1, Wherein the colored material

comprises pigment particles.
12. The method of claim 1, Wherein the colored material

comprises a dye.
15

13. The method of claim 1, Wherein the desired pattern is
an annular ring.

14. The method of claim 13, Wherein the annular ring
corresponds to an iris portion of a contact lens.
*
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