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(57) ABSTRACT

According to embodiments of the present application, a
carbon dioxide sensing color changeable dye can comprise
a carbon dioxide status indicator, a solvent, a polymer
wherein the carbon dioxide status indicator is dispersed, an
optional plasticizer, and an optional agent to facilitate mix-
ing. The color changeable dye is a first color in the presence
of a carbon dioxide rich environment and is capable of
changing to a second color upon exposure to atmospheric
condition for a period of time corresponding to the intended
use time of a restricted, disposable or limited use product.
Methods of making and using the color changeable dye and
apparatuses incorporating such dye are also disclosed.
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CARBON DIOXIDE SENSING COLOR
CHANGEABLE DYES FOR INDICATING
EXPOSURE, METHODS OF MAKING AND
USING SUCH DYES, AND APPARATUSES
INCORPORATING SUCH DYE

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

[0001] The present application is a continuation of U.S.
patent application Ser. No. 14/292,246, filed May 30, 2014,
which is hereby incorporated herein by reference in its
entirety.

BACKGROUND OF THE APPLICATION

[0002] Generally speaking, the present application relates
to a carbon dioxide sensing color changeable dye that
changes color after being exposed to an atmosphere for a
predetermined period of time. In one embodiment, the color
changeable indicator is intended for use on or in disposable,
limited or restricted use products that can transmit contami-
nants or disease to a person, cause infection, or decline in
quality or potency if reused or used beyond a recommended
period of time. In another embodiment, the color changeable
indicator is intended for use on or in packaging for a product
for human consumption wherein the product for human
consumption can decline in freshness, quality of taste,
and/or potency and/or can cause disease if consumed beyond
a recommended period of time. The color changeable indi-
cator also acts to indicate that a product should no longer be
used or consumed. The present application also relates to
methods of making and using the color changeable dye and
apparatuses incorporating the color changeable dye.

[0003] Many products currently marketed and sold are
designed for limited use. These products are usually asso-
ciated with a single event, a restricted time period or
restricted access. There are many reasons for the need of
single use or limited use products.

[0004] There are numerous examples of single use prod-
ucts in the medical field. One example is a disposable
syringe. Instrument contamination and cross infection
between patients is an ever present concern if the syringe is
inadvertently reused. It is a particular concern in some
countries where repeated use of instruments is known to
transmit serious diseases such as HIV and hepatitis. Medical
and ophthalmic devices that must be sterilized such as
scalpels or tonometers (e.g., for the measurement of a
patient’s intraocular pressure) body piercing and tattooing
instruments used on multiple clients also give cause for
concern. Needles used in acupuncture offer another
example. Decontamination procedures or employment of
single-use devices are methods used to control cross infec-
tion, but they rely on personnel awareness, willingness to
follow protocol, monitoring and documentation.

[0005] The limited use type of product is usually associ-
ated with goods that should be used for a restricted time
period. One example of this type of product is “daily wear”
or disposable contact lenses. Contact lenses for refractive
correction or cosmetic purposes require suitable wear and
care regimes in order to maintain good eye health. Non-
compliance on the part of the patient, either through choice
or due to lack of education, can injure the eye. Frequent
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replacement lenses are sometimes worn for longer than
recommended or they may be stored or cleaned inappropri-
ately.

[0006] Other examples of limited use products that have a
shelf life after which they should not be used because of a
risk of infection or a decrease in effectiveness are cosmetic
products, personal hygiene products such as electric tooth-
brush heads, and home diagnostic kits such as pregnancy
tests and ovulation prediction tests. For example, it has been
found that cosmetic applicators can harbor bacteria that can
infect the eye and should be disposed of prior to their
expiration to prevent eye infections.

[0007] Many products currently marketed and sold to
consumers are supplied prepackaged where the packaging is
intended to preserve the freshness of the product such as
food or beverages or in the case of medication, the potency
of the content within the packaging. These products are
usually associated with a single event, i.e., the contents
remain fresh or potent until the packaging is opened by the
consumer; however, the freshness or quality of the contents
may decrease over time.

[0008] An example of the importance of preservation of a
packaged product is a cold tablet or a food item. Medicinal
potency or food spoilage and the expense related to these
issues are important to both consumers and manufacturers.
Pharmaceuticals, food stuff, and similar items are commonly
packaged in sealed plastic containers.

[0009] Gas, such as oxygen, permeation through the plas-
tic material of the container negatively affects the freshness
or quality of the contents of many packaged products. In the
case of pharmaceuticals, oxygen absorption decreases
potency. In the case of food products, oxygen absorption into
the packaged food makes the food taste stale. Other products
and items also have limited use where quality of the item
decreases over time.

[0010] U.S. Pat. No. 8,388,131 and its related cases, which
are co-owned by applicant and incorporated herein in its
entirety by reference, previously addressed a similar prob-
lem. U.S. Pat. No. 8,388,131 and its related cases presented,
for example, a disposable limited or restricted use apparatus
that includes a color changeable portion wherein the time
that the color change occurs is controlled so that it coincides
to the approximate time of the end of one use of a single use
apparatus or to the approximate expiration time for extended
but limited or restricted use apparatus.

[0011] U.S. Pat. No. 8,663,998, which is co-owned by
applicant and incorporated herein in its entirety by reference,
also addressed a similar problem. U.S. Pat. No. 8,663,998 is
directed to, for example, a color changeable dye that can
include a redox indicator, a reduction reaction initiator, an
electron donor, an oxygen scavenger, an indicator barrier
agent, a thickening agent and an agent to facilitate mixing.
The color changeable dye may be, for example, a first color
in the presence of oxygen, capable of changing to a second
color upon reduction in a substantially oxygen free envi-
ronment, and capable of changing back to the first color after
exposure to oxygen for a period of time corresponding to the
intended use time of a disposable or limited use product.
[0012] U.S. patent application Ser. No. 14/038,586, which
is co-owned by applicant and incorporated herein in its
entirety, is directed to, for example, use protocol indicators
having a color changeable dye that changes color after
exposure to a particular environment for a defined time. U.S.
patent application Ser. No. 14/038,586 is also directed to, for
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example, an exposure time indicator that uses a color
changeable dye or multiple color changeable dyes that
change color after exposure to an environment in a sequen-
tial manner.

[0013] The present application addresses the benefit of
allowing the color changeable dye to be applied to a dis-
posable, limited or restricted use apparatus in a carbon
dioxide environment. When the color changeable dye is later
exposed to an environment having a different level of carbon
dioxide for a period of time it changes color indicating that
the disposable or limited use product should no longer be
used.

BRIEF SUMMARY OF THE APPLICATION

[0014] The present application relates to a color change-
able dye that comprises a carbon dioxide status indicator, a
solvent, and a polymer wherein the carbon dioxide status
indicator is dispersed.

[0015] The color changeable dye can be a first color in the
presence of a higher than atmospheric carbon dioxide envi-
ronment, and can be capable of changing to a second color
after exposure to atmospheric conditions for a period of time
corresponding to the intended use time of a restricted,
disposable or limited use product. In one example, the
period of time is less than about 60 minutes. In another
example, the period of time is between about 1 and about
168 hours.

[0016] Examples of carbon dioxide status indicators
include Cresol Red, Texas Red Hydrazine, Bromothymol
Blue, M-Cresol Purple, Phenol Red, Congo Red and Natural
Red.

[0017] Examples of solvents include acetone, alcohol,
ethanol, methanol and water.

[0018] Examples of polymers include polyvinyl alcohol
(PVA), hydroxyethyl cellulose (HEC), hydroxypropyl cel-
Iulose (HPC), polyvinyl butyral (PVB), polyvinyl chloride
(PVC), polyethylene terephthalate (PET), and polymers
made from vinylidene chloride along with other monomers.

[0019] The color changeable dye can further comprise a
plasticizer and/or an agent to facilitate mixing. In one
example, the plasticizer is glycerol. Examples of agents to
facilitate mixing are bentonite nanoclay, glass microspheres,
diatomaceous earth and cellulose acetate.

[0020] According to embodiments of the present applica-
tion, a disposable ophthalmic or medical apparatus com-
prises a disposable ophthalmic or medical device and a color
changeable dye disposed on the device wherein the color
changeable dye comprises a carbon dioxide status indicator,
a solvent and a polymer.

[0021] The ophthalmic or medical apparatus could be,
e.g., a disposable contact lens, a disposable scalpel, a
disposable a syringe and/or a disposable ophthalmic lens
through which a clinician looks to view a patient’s eye.

[0022] The color changeable dye can be a first color in the
presence of a higher than atmospheric carbon dioxide envi-
ronment, and can be capable of changing to a second color
after exposure to atmospheric conditions for a period of time
corresponding to the intended use time of a restricted,
disposable or limited use product. In one example, the
period of time is less than about 60 minutes. In another
example, the period of time is between about 1 and about
168 hours.
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[0023] Examples of carbon dioxide status indicators
include Cresol Red, Texas Red Hydrazine, Bromothymol
Blue, M-Cresol Purple, Phenol Red, Congo Red and Natural
Red.

[0024] Examples of solvents include acetone, alcohol,
ethanol, methanol and water.

[0025] Examples of polymers include polyvinyl alcohol
(PVA), hydroxyethyl cellulose (HEC), hydroxypropyl cel-
Iulose (HPC), polyvinyl butyral (PVB), polyvinyl chloride
(PVC), polyethylene terephthalate (PET), and polymers
made from vinylidene chloride along with other monomers.
[0026] The color changeable dye can further comprise a
plasticizer and/or an agent to facilitate mixing. In one
example, the plasticizer is glycerol. Examples of agents to
facilitate mixing are bentonite nanoclay, glass microspheres,
diatomaceous earth and cellulose acetate.

[0027] According to another embodiment of the present
application, an apparatus with time controlled color change
indication comprises a restricted, disposable, or limited use
apparatus and a color changeable dye disposed on the
restricted, disposable or limited use apparatus or its pack-
aging wherein said color changeable dye comprises a carbon
dioxide status indicator, a solvent and a polymer.

[0028] The apparatus could be, for example, a cosmetic
applicator or an oral medication or pill having an expiration
date after which said apparatus should not be used.

[0029] The color changeable dye can be a first color in the
presence of a higher than atmospheric carbon dioxide envi-
ronment, and can be capable of changing to a second color
after exposure to atmospheric conditions for a period of time
corresponding to the intended use time of a restricted,
disposable or limited use product. In one example, the
period of time is less than about 60 minutes. In another
example, the period of time is between about 1 and about
168 hours.

[0030] Examples of carbon dioxide status indicators
include Cresol Red, Texas Red Hydrazine, Bromothymol
Blue, M-Cresol Purple, Phenol Red, Congo Red and Natural
Red.

[0031] Examples of solvents include acetone, alcohol,
ethanol, methanol and water.

[0032] Examples of polymers include polyvinyl alcohol
(PVA), hydroxyethyl cellulose (HEC), hydroxypropyl cel-
Iulose (HPC), polyvinyl butyral (PVB), polyvinyl chloride
(PVC), polyethylene terephthalate (PET), and polymers
made from vinylidene chloride along with other monomers.
[0033] The color changeable dye can further comprise a
plasticizer and/or an agent to facilitate mixing. In one
example, the plasticizer is glycerol. Examples of agents to
facilitate mixing are bentonite nanoclay, glass microspheres,
diatomaceous earth and cellulose acetate.

[0034] These and other advantages and novel features of
the present invention, as well as details of illustrated
embodiments thereof will be more fully understood from the
following description of the drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0035] FIG. 1 is a perspective view of a syringe in
accordance with one embodiment of the present invention
depicting the area of the color changeable dye overlying the
graduated scale of the syringe;

[0036] FIG. 2 is a perspective view of the syringe of FIG.
1 depicting the syringe after the timed color change occurs;
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[0037] FIG. 3 is an illustration of an alternative placement
of the dye on a syringe;

[0038] FIG. 4 is an illustration of the syringe of FIG. 3
with an expiration message printed with the color change-
able dye which becomes visible after a predetermined period
of time;

[0039] FIG. 5 is a perspective view of the syringe of FIG.
3 contained in a package to prevent premature actuation of
the color changeable dye;

[0040] FIG. 6 is a perspective view of a scalpel with the
color changeable dye in accordance with another embodi-
ment of the present invention;

[0041] FIG. 7 is a perspective view of the scalpel of FIG.
6 with a message printed with the color changeable dye
which has become visible after a predetermined time;
[0042] FIG. 8 is a front perspective view of a contact lens
in accordance with one embodiment of the present invention
with the dye in peripheral areas of the contact lens;

[0043] FIG. 9 is a front perspective view of the contact
lens of FIG. 8 depicting the dye after color change has
occurred to indicate expiration of the lens;

[0044] FIG. 10 is a cross-sectional view of a package
containing the contact lens of FIG. 8 to prevent premature
color change;

[0045] FIG. 11 is a perspective view of a packaging in
accordance with one embodiment of the present application
depicting the area of the sequential color changeable printed
inside the packaging and observable through the closed
packaging.

[0046] FIG. 12 is an illustration of an oxygen indicator
scale showing the freshness information of the inside of a
closed packaging.

[0047] FIG. 13 is an illustration of a packaging of FIG. 1
depicting the packaging and indicator scale after the first in
the series of color change occurs.

[0048] FIG. 14 is an illustration of a packaging of FIG. 1
depicting the packaging after the last in the series of color
change occurs.

[0049] FIG. 15 is an illustration series showing the multi-
step printing of the indication in text while the previous text
message is blanked out by the newly activated indicator.
[0050] FIG.16A-16L are photographs of an exposure time
indicator with a color changeable dye that changes color
after exposure to an environment in a sequential manner.
[0051] The foregoing summary, as well as the following
detailed description of certain embodiments of the present
application, will be better understood when read in conjunc-
tion with the appended drawings. For the purposes of
illustration, certain embodiments are shown in the drawings.
It should be understood, however, that the claims are not
limited to the arrangements and instrumentality shown in the
attached drawings. Furthermore, the appearance shown in
the drawings is one of many ornamental appearances that
can be employed to achieve the stated functions of the
system.

DETAILED DESCRIPTION OF THE
APPLICATION

[0052] A solution of the present application utilizes indi-
cator chemistry to create a color change indication on a
product that provides accurate information or a warning to
a user of, e.g.: prior use of a single use product or instru-
ment; a reminder that a limited use product has reached its
expiration time; or that a product that is restricted for use has
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been tampered with. The warning indication is provided by
a dye that changes color in a time controlled manner wherein
the dye is disposed on the product itself by being either
printed on the product or incorporated within the material
forming a portion of the product, in this manner dyes are
understood to include pigments.

[0053] A color changeable dye of the present application
may include a carbon dioxide status indicator, a solvent, a
polymer wherein the carbon dioxide status indicator is
dispersed, an optional plasticizer, and an optional agent to
facilitate mixing wherein the color changeable dye changes
to a warning color after exposure to a change in carbon
dioxide environment for a predetermined period. Each of
these elements will be explored in more depth below.

[0054] A carbon dioxide status indicator is a compound
that changes color because it is exposed to a change in
carbon dioxide environment, i.e., the additional presence or
absence of carbon dioxide either before or after the color
change is what triggers the change in color, and is used to
indicate a change in the carbon dioxide environment. In one
embodiment the carbon dioxide status indicator is a pH
status indicator. A pH status indicator is a compound that
changes color when exposed to a change in pH and is used
to indicate a change in environment. A pH status indicator
can be incorporated into the present color changeable dye to
allow for a color change upon exposure to a change in
carbon dioxide environment. That change could be either an
increase or a decrease in the carbon dioxide concentration of
the environment. Examples of possible pH status indicators
and their corresponding colors are shown below in Table 1.

TABLE 1

Acid or Low  pH Transition Base or High
pH Status Indicator pH Color Range pH Color
Cresol Red (CR,0- yellow 7.2-8.8 reddish-
Cresolsulfonephthalein) purple
Bromothymol blue (BTB,  yellow 6.0-7.6 blue
Hydroxytriarylmethane)
Congo red (sodium salt blue-violet 3.0-5.0 red
of benzidinediazo-bis-
1-naphthylamine-4-
sulfonic acid)
Phenol red (PR, yellow 6.4-8.0 red
phenolsulfonphthalein)
Neutral red (NR, red 6.8-8.0 yellow

toluoylene red)

[0055] Texas Red or m-Cresol Purple could also be used.
The acid low pH color for these dyes is a light yellow. Texas
Red transitions from yellow to red at about 4% CO,.
m-Cresol purple transitions from yellow to purple at approx.
2% CO,. It is understood that other status indicators could
be substituted in the color changeable dye of the present
application. Preferred pH status indicators for use in the
present solution are Cresol Red, m-Cresol Purple and Phenol
Red.

[0056] A pH status indicator is a halochromic chemical
compound that is added in small amounts to a solution so
that the pH of the solution can be determined visually. A pH
status indicator is a chemical detector for hydronium ions
(H;0") or hydrogen ions (H") in the Arrhenius model.
Normally, the indicator causes the color of the solution to
change depending on the pH. The reactions of pH indicators
can be simplified as follows:
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H Ind (Acid or Low pH Color)+H,0«»H;0*+Ind~
(Base or High pH Color)

These reactions and their role in the present color change-
able dye will be discussed in more detail below.

[0057] As an example of how the pH status indicators
function in different carbon dioxide environments, for
Cresol Red the acid or low pH color is yellow and the base
or high pH color is reddish purple. When the Cresol Red is
in a carbon dioxide rich environment, for example a pure
100% carbon dioxide environment, it will be in the H Ind
form which is the acid or low pH color of yellow. When
placed in a lower carbon dioxide environment, for example
an atmospheric environment with approximately 0.0397%
carbon dioxide, the Cresol Red changes to its Ind~ form
which is the base or high pH color of reddish purple. This
would apply similarly to the other pH status indicators in the
chart above with their respective high and low pH colors.

[0058] A benefit of the present application is that the pH
status indicator can be incorporated into the color change-
able dye in its acid or low pH form (the yellow form in the
case of Cresol Red) in a carbon dioxide rich environment.
The product can then subsequently be packaged to provide
a sterile environment for the product. The internal atmo-
sphere of the package can be pure carbon dioxide (approxi-
mately 100% carbon dioxide) or any other amount of carbon
dioxide higher than the amount of carbon dioxide in the
atmosphere, e.g. 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% carbon dioxide.

[0059] When the package is subsequently opened and the
product is exposed to atmospheric conditions with a lower
carbon dioxide content (approximately 0.0397% carbon
dioxide), the dye disposed on the product will change from
its acid or low PH state (yellow for Cresol Red) to its base
or high pH state (reddish purple for Cresol Red) after a
period of time that is controlled by the composition of the
dye as discussed in detail below, and that is selected to
correspond to the typical time for a single use of a product
in the case of single use products or that corresponds to the
expiration time of the product. The time at which the dye
changes color can also be selected so as to indicate that the
product may have been tampered with.

[0060] The present color changeable dye contains a sol-
vent. The solvent can be added to the color changeable dye
to dissolve the carbon dioxide status indicator. Preferred
solvents include acetone, alcohol, ethanol, methanol and
water.

[0061] A benefit of the present color changeable dye is that
the color change can be delayed so that it does not begin
immediately upon exposure to an atmospheric environment
but rather at some predetermined time based on recom-
mended use of the product. For example, the dye could turn
color (reddish purple for Cresol Red) after a period of days
for a product that is intended to be used for a certain number
of days after opening. As another example, the dye could
turn color (reddish purple for Cresol Red) after minutes for
a product that should be used within minutes of opening. In
order to delay the color change of the dye upon exposure a
polymer wherein the indicator is dispersed can be included.
[0062] A polymer acts to delay the change of the carbon
dioxide status indicator by forming a physical or chemical
barrier around it. Examples of polymers that the pH indi-
cator can be dispersed in include polyvinyl alcohol (PVA),
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), polyvinyl butyral (PVB), polyvinyl chloride (PVC),
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polyethylene terephthalate (PET), or polymers made from
vinylidene chloride (especially polyvinylidene chloride or
PVDC), along with other monomers, e.g. Saran®.

[0063] Other agents can be added to the color changeable
dye in order to give the dye physical properties that make it
usable for its intended purpose. For example, a plasticizer
can be added to the color changeable dye to give it plastic
or moldable qualities. A preferred plasticizer is glycerol.
[0064] As another example of an agent that gives the dye
physical properties that make it usable for its intended
purpose, an agent to facilitate mixing lessens the tacky
nature of the carbon dioxide status indicator and creates
microspheres to help the hygroscopic glycerol mix with an
aqueous solvent and form a usable solution. Examples of
agents to facilitate mixing include bentonite nanoclay, glass
microspheres, diatomaceous earth and cellulose acetate. A
preferred agent to facilitate mixing is bentonite nanoclay.
The bentonite nanoclay acts to incorporate the viscous,
hygroscopic glycerol into the aqueous dye. Without addition
of an agent to facilitate mixing, such as bentonite nanoclay,
the other components of the solution will not mix as well but
separate like a mixture of oil and water. The agent for
facilitating mixing, such as bentonite nanoclay, allows these
materials to be mixed and form the present color changeable
dye.

[0065] For single use disposable products the dye may be
required to be substantially translucent in its high carbon
dioxide environment and change color after exposure to
atmospheric conditions after a number of minutes, a number
of hours, or a week.

[0066] For example, the color changeable dye that
changes after exposure to atmospheric conditions for a
number of minutes could be used with a disposable syringe
that is intended for a single use that takes less than 10
minutes. FIG. 1 shows such a disposable syringe 10. The
disposable syringe 10 can include a graduated scale 12
printed thereon so that the amount of liquid drawn into the
syringe can be accurately measured. In one embodiment, the
color changeable dye 14 is printed over the scale. In this
embodiment, the dye is substantially translucent so that the
scale is clearly visible until the dye 14 changes color, as
depicted at 14' in FIG. 2, after a predetermined time asso-
ciated with the time of typical use of the single use dispos-
able syringe 10. In the embodiment of the syringe depicted
in FIGS. 1 and 2, because the dye is disposed over the
graduated scale, when the time controlled color change
occurs, the graduated scale is no longer clearly visible so
that the disposable syringe cannot be accidentally reused. In
this manner, the transmission of contaminants or disease
from one patient to another by an inadvertent reuse of the
syringe is prevented.

[0067] In another embodiment of the present invention as
depicted in FIGS. 3 and 4, the dye is disposed on another
area such as 18 of the disposable syringe 10. The dye can be
used as an ink to print a message on the disposable product
so that when the color change occurs the message, such as
the word “USED,” becomes visible to the user as shown at
18' in FIG. 4.

[0068] The dye of the present invention is applied in its
acid or low pH form (yellow for Cresol Red) and dries
quickly after being placed on the product. The application of
the dye is done in an environment with higher than atmo-
spheric carbon dioxide content. After the dye is dry, the
product can be sterilized with any common, low temperature
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sterilization technique and sealed container or package 16,
as depicted in FIG. 5, with an internal atmosphere with
higher than atmospheric carbon dioxide content. When the
package is subsequently opened and the product is exposed
to atmospheric conditions, the dye disposed on the product
will change from the acid or low pH form to its colored form
(reddish purple for Cresol Red) after five or ten minutes
depending upon the makeup of the solution.

[0069] As another example, the color changeable dye that
changes after exposure to atmospheric condition for a num-
ber of hours could be used with a disposable scalpel that is
intended for use in a surgery that takes hours to complete.
Such a disposable scalpel is depicted in FIG. 6. The dispos-
able scalpel 24 has the dye 26 of the present invention
disposed thereon in an area that will be clearly visible to the
surgeon when the dye changes color. As depicted in FIG. 7,
a warning message 28 may be printed with the dye on the
scalpel to inform the surgeon that the scalpel has been
“USED” wherein the color change occurs after a certain
number of hours after the scalpel is removed from the higher
than atmospheric carbon dioxide content package or con-
tainer as discussed above with respect to the syringe. In this
way, the surgeon is warned that the scalpel should not be
inadvertently used again but should be disposed of.

[0070] As yet another example, the color changeable dye
that changes after exposure to atmospheric conditions for a
number of days or a week could be used with a disposable
contact lens that is only intended for use for a certain number
of days or weeks. Such lenses are known as “daily wear” or
“monthly wear” disposable contact lenses. The problem that
arises with these disposable contact lenses is that many users
of the contact lens do not dispose of the contact lens at the
recommended time but wear the contact lens longer than
they are supposed to. This can damage the eye. The contact
lens of the present invention as depicted in FIGS. 8-10
overcomes this problem by providing a visual indication on
the contact lens itself that the contact lens should be
removed from the eye after the contact lens has been worn
for the prescribed amount of time.

[0071] In accordance with the present invention, the color
changeable dye 36 as described above is disposed on a
portion of the contact lens. The formulation for the dye is
preferably that which delays the color change of the dye for
a certain number of days or weeks according to the longest
time that the contact lens manufacturer suggests that the
contact lenses should be worn. As discussed above for the
other devices, the contact lens 30 should be placed in a
higher than atmospheric carbon dioxide content package 40
as shown in FIG. 10. The user of the contact lens 30 can then
remove the contact lens from the package for immediate use
in the eye. After the contact lens has been worn in the eye
for the recommended time by the manufacturer, the color
change of the dye occurs as depicted in FIG. 9 wherein,
colored (reddish purple for Cresol Red) spots are clearly
visible on the contact lens by an observer looking into the
contact lens wearer’s eye. As such, the contact lens wearer
is encouraged to remove the contact lens from his eye and
dispose of it as recommended.

[0072] As yet another example, the color changeable dye
that changes after exposure to atmospheric condition for a
number of hours or a week could be used with a product such
as makeup or medicine that has a shelf life of certain period
of time. For example, it has been found that cosmetic
applicators can harbor bacteria that can infect the eye. The
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dye of the present invention can be applied to the handle of
a mascara applicator or eyeliner applicator, for example, so
that a warning message becomes visible at the recommended
time of replacement, after a number of hours or a week. As
such a user is warned that the cosmetic should be disposed
of prior to its expiration to prevent eye infections. With
regard to medications, the present dye could be applied to
oral medications such as pills wherein the dye is printed
directly onto the pill and changes color from white or
translucent to another darker color or warning symbol when
the environmental oxygen level around the pill changes. The
color change indication of the dye should be timed to
coincide with the expiration of the pills.

[0073] In accordance with another embodiment of the
present invention, a color change indication on a packaging
provides accurate information or a warning to a user: that a
product for human consumption within the packaging has
reached its expiration time; that a product for human con-
sumption has decreased in freshness, quality of taste or
potency or that a product for human consumption within the
packaging has been tampered with. The warning indication
is provided by a dye that changes color in a time controlled
manner wherein the dye is disposed on the packaging by
being either printed on the packaging or incorporated within
the material forming a portion of the packaging. The dye is
safe for human consumption so that it can come into contact
with the product for human consumption without any health
concerns. In an alternative embodiment, the dye could be
printed on the product for human consumption itself without
any health concerns.

[0074] The dye can be disposed on the interior of the
packaging while also being visible from the exterior of the
packaging. Disposing the dye on the interior of the packag-
ing allows the color changing dye to monitor the environ-
ment inside the packaging where the product for human
consumption is contained. Making the dye visible from the
exterior of the packaging allows the user to determine the
environment on the interior of the packaging where the
product for human consumption is contained without open-
ing the packaging. For example, a packaging of the present
application could contain a food product on the interior of
the packaging. A portion of the food packaging could be a
clear material with the color changeable dye located on the
interior of the clear portion. The color changeable dye could
then be viewed by the user from the exterior while measur-
ing the environment on the interior with the food product.
FIG. 11 is a perspective view of a packaging in accordance
with one embodiment of the present invention depicting the
area of the color changeable dye printed inside the packag-
ing and observable through the closed packaging.

[0075] The product for human consumption is packaged
into the packaging of the present application to provide a
sterile environment for the product and/or limited access
thereto. The internal environment of the unopened packag-
ing has a certain percentage of carbon dioxide present. For
example the internal environment of the unopened packag-
ing could be “flood packaged” by pumping in carbon
dioxide. As an example, a packaging that was flood pack-
aged could have an internal environment of approximately
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%
carbon dioxide. In another example, the packaging could by
packaged in a vacuum. When the flood packaging or vacuum
packaging is subsequently opened, the internal environment
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and the product for human consumption therein are exposed
to a different carbon dioxide environment.

[0076] After the product for human consumption is
exposed to a change in carbon dioxide environment for a
certain period of time, the product for human consumption
may reach its expiration or decrease in freshness, quality of
taste or potency of the product. The length of the period of
time after which a product for human consumption reaches
its expiration or decreases in freshness, quality of taste, or
potency varies depending on the environment to which the
product for human consumption is exposed. For example, a
food product will reach its expiration or decreases in fresh-
ness or quality of taste more slowly in a closed packaging
than in an open packaging. These specific times would differ
depending on the internal product. For example, coffee that
is exposed to oxygen decreases in freshness and quality of
taste very quickly whereas potato chips decrease in fresh-
ness and quality of taste more slowly.

[0077] After the dye has been exposed to a change in
carbon dioxide environment for a certain period of time, the
dye which may be disposed on the packaging will change
color after a period of time that is controlled by the com-
position of the dye as discussed in detail herein. The time
after which the dye changes color is selected to correspond
to the length of the period of time after which a product for
human consumption reaches its expiration or decreases in
freshness, quality of taste, or potency at a certain percentage
of oxygen.

[0078] Different compositions of dye can be disposed on
the packaging in a sequential arrangement so the dye
changes at different times to indicate a freshness or potency
level as the freshness, quality of taste or potency changes.
FIG. 12 is an illustration of an indicator scale showing the
freshness, quality of taste or potency information of the
product inside of the closed packaging. The indicator scale
has different compositions of dye at the end of the scale that
indicates “good” and the level that indicates “bad.” The dyes
will change at different times as the product’s freshness,
quality of taste or potency goes from good to bad. FIG. 13
is an illustration of a disposable packaging apparatus of FIG.
14 depicting the packaging and indicator scale after the first
in the series of color change occurs. FIG. 15 is an illustration
of'a disposable packaging apparatus of FIG. 16 depicting the
packaging after the last in the series of color change occurs.
[0079] As an example of the sequential indicator, a food
product could begin to decline in freshness or quality of taste
after two weeks in an open package and continue the decline
in an internal environment until its expiration date at one
month. The dye at the “good” end of the scale could turn
after two weeks, the dye at the middle end of the scale could
turn at three weeks and the dye at the “bad” end of scale
could turn at one month. This would indicate the level of
freshness to the potential purchaser before they purchase and
open the product. These specific times are only an example
and could be changed to correspond to the internal product.
Other words or symbols could be used in this indicator
scheme and more levels of indication could be added.
[0080] In yet another embodiment of the invention the
sequential dye indicators are printed on top of each other,
and given that the indicator dye is relatively transparent until
activated, the dyes may be printed such that a text message
appears indicating the conditions within the packaging and
that the previous message is blacked out by the newly
activated indicator in the sequence. FIG. 19 is an illustration
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series showing the multi-step printing of the indication in
text while the previous text message is blanked out by the
newly activated indicator.

[0081] As an example of this sequential indicator, a food
product could begin to decline in freshness or quality of taste
after two weeks in an open package and continue the decline
in until its expiration date at one month. In this example, the
term “‘good” could be written in a first dye that changes
almost immediately after the food packaging is opened. A
second dye which changes color after two weeks could be
applied over the “good” indicator to black it out and the term
“ok” could be written in the next area of the scale in that
same dye. Finally, a third dye which changes color after four
weeks could be applied over the “ok” indicator to black it
out and the term “bad” could be written in the next area of
the scale in the same dye. In this example, the potential
purchaser would see the “good” indicator for the first two
weeks when the product is freshest. That indicator would be
blacked out after those two weeks and the potential pur-
chaser would see the “ok” indicator during the two weeks
after that when the product is starting to decline in freshness
but has not yet expired. That indicator would be blacked out
after four weeks and the potential purchaser would see the
“bad” indicator. These specific times and oxygen levels are
only an example and could be changed to correspond to the
internal product. Other words or symbols could be used in
this indicator scheme and more levels of indication could be
added.

[0082] Itis understood that one can vary particular aspects
or volumes of the components of the color changeable dye
in order to vary the timing of the color change after exposure
to oxygen between a number of minutes, a number of hours
or a week. For example, one could vary the type, number or
amount of polymer used in the color changeable dye to vary
the timing of the color change. Variations in the molecular
weight of the polymer could also be used to vary the timing
of the color change.

[0083] The color changeable dye can be formed as fol-
lows. First, a stock solution can be prepared by dissolving a
carbon dioxide status indicator in a solvent and 4 mL of 1.0
M sodium hydroxide (ethanol solution). The stock solution
can be sonicated until homogeneously mixed.

[0084] The carbon dioxide status indicators discussed
above could be used in preparing the present stock solution.
In one embodiment the carbon dioxide status indicator is
Phenol Red. An amount of carbon dioxide status indicator
effective to create a color changeable dye that changes to a
warning color after exposure to atmospheric condition for a
period of time corresponding to the intended use time of a
disposable or limited use product is added. For example,
0.5-1.5 grams of carbon dioxide status indicator can be
added, or more preferably 1 gram.

[0085] The solvents discussed above could be used in
preparing the present stock solution. In one embodiment the
solvent is ethanol. An amount of ethanol effective to create
a color changeable dye that changes to a warning color after
exposure to atmospheric condition for a period of time
corresponding to the intended use time of a disposable or
limited use product is added. For example, 25-35 mL of
solvent can be added, or more preferably 30 mL.

[0086] 10 mL of stock solution is then added to the
polymer. If a plasticizer and/or agent to facilitate mixing are
used they are also added. The resulting solution can be
sonicated until homogeneously mixed.
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[0087] The polymers discussed above could be used in
preparing the present color changeable dye. In one embodi-
ment, the indicator barrier agent is 50% w/v PVB. An
amount of polymer effective to create a color changeable dye
that changes to a warning color after exposure to atmo-
spheric conditions for period of time corresponding to the
intended use time of a disposable or limited use product is
added. For example, 10-20 grams of indicator barrier agent
can be added, or more preferably 15 gram.

[0088] The plasticizers discussed above could be used in
preparing the present color changeable dye. In one embodi-
ment, the plasticizer is glycerol. An amount of plasticizer
effective to create a color changeable dye that changes to a
warning color after exposure to atmospheric conditions for
period of time corresponding to the intended use time of a
disposable or limited use product is added. For example, 1-2
grams of indicator barrier agent can be added, or more
preferably 1.5 gram.

[0089] The agents to facilitate mixing discussed above
could be used in preparing the present color changeable dye.
In one embodiment, the agent to facilitate mixing is ben-
tonite (nanoclay powder). The bentonite can be ground using
a mortar and pestle. An amount of agent to facilitate mixing
effective to create a color changeable dye that changes to a
warning color after exposure to atmospheric conditions for
period of time corresponding to the intended use time of a
disposable or limited use product is added. For example,
0.8-1.2 gram of an agent to facilitate mixing can be added,
preferably 0.9-1.1 gram, or more preferably 1 gram.

[0090] Sonication can aid in mixing of the bentonite. The
solution can be sonicated for 25-45 minutes or preferably 35
minutes.

[0091] The solution can be mixed in a carbon dioxide rich
environment. This mixing can last for 25-35 minutes or
preferably 30 minutes. The solution can be spread thin and
allowed to dry in the carbon dioxide rich environment. The
drying can last for hours, preferably 1-2 hours.

[0092] The carbon dioxide color changeable dye could
then be applied to a substrate. Examples of possible sub-
strates include a sintered material comprised of plastic,
metal or other such material, a hydroxyethyl-methacrylate
substrate such as that used for hydrophilic contact lenses
(daily wear disposables) or a sponge that has been extruded
into a filament or a strip and then dipped into the carbon
dioxide color changeable dye.

[0093] The substrate with the carbon dioxide sensing color
changeable dye thereon could then be laminated or encap-
sulated under a carbon dioxide controlled atmosphere (inclu-
sion of or exclusion of carbon dioxide) between layers of
plastic material such as Poly(vinyl chloride), (PVC), Poly-
ethylene terephthalate (PET), or Saran having very low
atmospheric diffusion rates; thus forming an indicator strip.
Additionally an adhesive back could be applied to the strip
to form a sticker type indicator. Under a carbon dioxide
controlled atmosphere, the top of the indicator strip would
be trimmed or cut off, thus presenting a small atmospheric
aperture to the extruded filament or strip.

[0094] The indicator strip could then be placed onto,
within or around any device or into a package. The package
would preferably be flood filled with carbon dioxide. The
package would be closed/sealed. Once the package was
opened the indicator strip would be exposed to a low carbon
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dioxide environment. This would trigger the indication of
the carbon dioxide sensing color changeable dye through the
indicator substrate.

[0095] The indication timing control could be adjusted by
adjusting the rate of carbon dioxide diffusion out of the
indicator substrate, by decreasing the diameter of the aper-
ture thus lengthening the time of the indication, or by
making the strip assembly longer. A combination of adjust-
ments such as length and aperture could also be used.
[0096] Barriers can also be used to achieve color change
at different times. Physical polymer barriers can be applied
over the color changeable dye to create color change at
different times. A color changeable dye such as those
described above can be disposed onto a substrate, such as a
paper indicator strip. Polymer sheets, such as polypropelene,
are then disposed on top of the color changeable dye. The
polymeric sheets in this can be disposed with different
numbers of sheets depending on when color change is
desired.

[0097] FIGS. 16A-L are photographs of a carbon dioxide
sensing color changeable dye with stepped polymeric bar-
riers that changes color in a sequential manner after being
removed from a carbon dioxide rich environment and
exposed to the intended use environment, e.g., an atmo-
spheric environment. The stepped polymer sheets adhered
over the paper indicator strip in the example are 0.002 inch
thick cellulose. This device has nine regions with no sheets
in the first region, one sheet in the second region, two sheets
in the third region and so on. The region with no polymeric
strips changes color in a matter of minutes. This can be seen
in FIGS. 16A-16D. This rapid change indicates that the test
strip is working and has been activated. Each 0.002 inch
thick cellulose layer provides about a 2 hour barrier for the
color changeable dye. The region with one strip changes
color after approximately 2 hours, the region with two strips
after approximately 4 hours and so on in a controlled
sequential manner. This can be seen in FIGS. 16E-16K. The
final region has 8 strips and changes after approximately 16
hours. This can be seen in FIG. 16L.

[0098] More sheets or thicker sheets will extend the indi-
cation time. Conversely, fewer sheets or thinner sheets will
decrease the indication time. Additionally using a material
that has a higher or lower diffusion of gas will also shorten
or lengthen the time respectively. For example, Mylar and
Teflon have high low diffusion rates for gases and would
lengthen the time before color change of the color change-
able dye. Polyethylene has a high diffusion rate for gases and
would shorten the time before color change of the color
changeable dye. Different gases would also diffusion
through the barriers at different rates. For example, carbon
dioxide is a smaller molecule and would diffuse through
more quickly. The time change can further be timed using
this information.

[0099] The present color changeable dye can be applied to
a disposable, limited or restricted use product. The present
color changeable dye can be applied to the product using a
number of methods known in the present art. For example,
the solution can be applied to the product by printing,
painting, spraying, deposition, dipping, flowing or another
method known in the art.

[0100] While the application has been described with
reference to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
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scope of the application. In addition, many modifications
may be made to adapt a particular situation or material to the
teachings of the application without departing from its
scope. Therefore, it is intended that the application not be
limited to the particular embodiment disclosed, but that the
application will include all embodiments falling within the
scope of the appended claims.

1. A color changeable dye comprising:

a carbon dioxide status indicator,

a solvent, and

a polymer wherein the carbon dioxide status indicator is

dispersed

2. The color changeable dye of claim 1 wherein said color
changeable dye is a first color in the presence of a higher
than atmospheric carbon dioxide environment, capable of
changing to a second color after exposure to atmospheric
conditions for a period of time corresponding to the intended
use time of a restricted, disposable or limited use product.

3. The color changeable dye of claim 1 further comprising
a plasticizer.

4. The color changeable dye of claim 1 further comprising
an agent to facilitate mixing.

5. The color changeable dye of claim 1 wherein the carbon
dioxide status indicator is selected from Cresol Red, Texas
Red Hydrazine, Bromothymol Blue, M-Cresol Purple, Phe-
nol Red, Congo Red and Natural Red.

6. The color changeable dye of claim 1 wherein the
solvent is selected from acetone, alcohol, ethanol, methanol
and water.

7. The color changeable dye of claim 1 wherein the
polymer is selected from polyvinyl alcohol (PVA), hydroxy-
ethyl cellulose (HEC), hydroxypropyl cellulose (HPC),
polyvinyl butyral (PVB), polyvinyl chloride (PVC), poly-
ethylene terephthalate (PET), or polymers made from
vinylidene chloride along with other monomers.

8. The color changeable dye of claim 3 wherein the
plasticizer is glycerol.

9. The color changeable dye of claim 4 wherein the agent
to facilitate mixing is selected from bentonite nanoclay,
glass microspheres, diatomaceous earth and cellulose
acetate.

10. The color changeable dye of claim 2 wherein said
period of time is less than about 60 minutes.
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11. The color changeable dye of claim 2 wherein said
period of time is between about 1 and about 168 hours.

12. A disposable ophthalmic or medical apparatus com-
prising:

a disposable ophthalmic or medical device;

a color changeable dye
wherein said color changeable dye comprises a carbon
dioxide status indicator, a solvent and a polymer.

13. The apparatus of claim 12 wherein the color change-
able dye is a first color in the presence of a higher than
atmospheric carbon dioxide environment, capable of chang-
ing to a second color after exposure to atmospheric condi-
tions for a period of time corresponding to the intended use
time of a disposable or limited use product.

14. The apparatus of claim 12 wherein said ophthalmic or
medical apparatus is a contact lens.

15. The apparatus of claim 12 wherein said ophthalmic or
medical apparatus is a scalpel.

16. The apparatus of claim 12 wherein said ophthalmic or
medical apparatus is a syringe.

17. The apparatus of claim 12 wherein the color change-
able dye further comprises a plasticizer.

18. The apparatus of claim 12 wherein said color change-
able dye further comprises an agent to facilitate mixing.

19. An apparatus with time controlled color change indi-
cation comprising:

a restricted, disposable, or limited use apparatus;

a color changeable dye disposed on the restricted, dispos-

able, or limited use apparatus or its packaging,
wherein said color changeable dye comprises a carbon
dioxide status indicator, a solvent and a polymer.

20. The apparatus of claim 19 wherein the color change-
able dye is a first color in the presence of a higher than
atmospheric carbon dioxide environment, capable of chang-
ing to a second color after exposure to atmospheric condi-
tions for a period of time corresponding to the intended use
time of a disposable or limited use product.

21. The apparatus of claim 19 wherein the color change-
able dye further comprises a plasticizer.

22. The apparatus of claim 19 wherein said color change-
able dye further comprises an agent to facilitate mixing.
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