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(54) Title: CHANGED CONDITION INDICATOR

(57) Abstract: A device and method
of making a device for indicating
a change in condition is disclosed.
A first embodiment is a device for
indicating a transition from a frozen
condition to a thawed condition is
disclosed. The device includes a
housing and a capsule. A first reactant
and a liquid are included within
the capsule. The liquid is chosen
such that it expands upon freezing.
The capsule is sized such that when

S the liquid freezes and expands, the
capsule fractures. A second reactant
is provided within the housing. The
location of the second reactanl and
the method of attaching (if any) the
second reactant to the housing may
take various forms. When the liquid
within the capsule freezes, it expands

and fractures the capsule. Upon thawing, the reactant within the capsule escapes and mixes with the reactant located outside the
capsule. A second embodiment is a time-temperature indicator. A flexible housing is used, allowing the user to manually deform
the housing to fracture a capsule enclosed therein. The reactants combine to produce a color. The color is chosen to be a different
color than the housing, allowing a person viewing the indicator device to quickly and easily determine the status of the object being
monitored.
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CHANGED CONDITION INDICATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an indicating apparatus and method of manufacture. More

particularly, this invention relates to devices for indicating a change in condition by producing a

color change and methods of manufacture therefor.

2. Description of the Related Art

In the preparation and storage of foodstuffs, both raw and cooked, it is desirable to have

some manner of indicating whether frozen items have previously been thawed. This is true in

both home and commercial (such as a grocery store, supermarket, or restaurant) settings. Such

information is useful from health, safety, and nutritional standpoints.

In the healthcare industry, it is well known that some vaccines, blood, various

medications, etc. are temperature-sensitive. Because such materials may not function properly if

frozen and then thawed, it is not only desirable but also essential to know whether these materials

have been previously frozen. Similarly, it would be very beneficial to know whether material,

which is stored frozen, is allowed to thaw and subsequently is refrozen.

Maximum-minimum thermometers may be used to indicate the range of temperatures to

which an item has been exposed. However, the use of such apparatus with every item in a frozen

food department of a grocery store or supermarket, or with every container of vaccine, blood,

drug, or other heat fragile item, is both impracticable and prohibitively costly.
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Freeze-thaw indicators are known. For example, the Applicant's previous patent, U.S.

Patent No. 4,163,427, which is incorporated by reference herein in its entirety, discloses an

apparatus in which melting ice is used to activate a dye formation in producing a color indication

of thawing. The present invention uses a pigment rather than a dye to indicate a freeze-to-thaw

transition. The use of a pigment allows for a greater clarity of indication, a reduced chance of

error, and a reduction in manufacturing costs.

Another known device is marketed under the name "ColdMark Freeze Indicators." This

device comprises three liquids that provide a color change upon extended exposure below a

certain temperature and another color change upon extended exposure above the temperature.

However, this device is much larger than, and much more expensive than, the device of the

present invention.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an apparatus for indicating a change in

condition.

It is a further object of the present invention to provide an apparatus for indicating a

transition from a frozen condition to a thawed condition.

It is a further object of the present invention to provide an apparatus for indicating a

change in time.

It is a further object of the present invention to provide an improved indicator apparatus.

It is a further object of the present invention to provide a reliable indicator apparatus.



0 It is a further object of the present invention to provide an inexpensive indicator

apparatus.

It is a further object of the present invention to provide an indicator apparatus

Sthat uses a pigment indicator.

It is a further object of the present invention to provide an indicator apparatus

that can use a single frangible capsule.

IND It is a further object of the present invention to provide an indicator apparatus

that can be used to monitor a small item, such as an individual vaccine vial.

It is a further object of the present invention to provide an indicator apparatus

that creates a brilliant color upon a freeze-to-thaw event.

SAccording to a first aspect of the present invention there is provided a device

for indicating a transition from a frozen condition to a thawed condition, comprising:

a housing having a first surface, at least a portion of said first surface being of a

first color;

a first reactant located within said housing; and

a capsule containing a liquid and a second reactant, said capsule being located

within said housing;

wherein one of said first and said second reactants is a nickel salt and the other

of said first and said second reactants is sodium dimethylglyoxime;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine cooperate to produce a

pigment upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

According to a second aspect of the present invention there is provided a device

for indicating a transition from a frozen condition to a thawed condition, comprising:

a housing defining an interior, at least a portion of said interior being of a first

color;

a first reactant located within said housing; and

a capsule containing a liquid and a second reactant, said capsule being located

within said interior of said housing;

wherein one of said first and said second reactants is a nickel salt and the other

of said first and said second reactants is sodium dimethylglyoxime;
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00
wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

According to a third aspect of the present invention there is provided a device

for indicating a transition from a frozen condition to a thawed condition, comprising:

a housing defining an interior, at least a portion of said interior being of a first

color;

a first reactant located within said housing; and

a capsule containing a liquid and a second reactant, said capsule being located

within said interior of said housing;

an adhesive for coupling said first reactant to said interior of said housing;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

According to a fourth aspect of the present invention there is provided a device

for indicating a transition from a frozen condition to a thawed condition, comprising:

a housing defining an interior, said interior being of a first color;

a capsule located within said interior of said housing, said capsule defining an

interior volume and containing a liquid and a first reactant within said volume, said

capsule having an exterior surface; and

a second reactant located on said exterior surface of said capsule;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

According to a fifth aspect of the present invention there is provided a device,

comprising:

a housing;

R \MJWI ateWs)7150951rlac. pages 19 Ma 08 doc



0 a first reactant located within said housing;

Sa frangible capsule located within said housing, said capsule containing a

tsecond reactant; and

a third reactant located within said housing;

wherein said first and second reactants combine to form a fourth reactant upon

mixing; and wherein said third and fourth reactants combine to cause a color change

IND upon mixing.

According to a sixth aspect of the present invention there is provided a method

of making a device for indicating a transition from a frozen condition to a thawed

condition, comprising:

Sproviding a first housing having an interior and at least one opening;

coating said interior with a first reactant;

placing a capsule containing a second reactant and a liquid within said interior;

and

closing said opening to form a closed volume defined by said interior,

wherein said liquid expands upon freezing such that said capsule will fracture

due to the expansion of said liquid upon freezing; and

wherein said first and said second reactants combine to produce a pigment

upon mixing.

According to a seventh aspect of the present invention there is provided a

method of making a device for indicating a transition from a frozen condition to a

thawed condition, comprising:

providing a substrate having a cavity;

placing a first reactant within said cavity;

placing a capsule containing a liquid and a second reactant within said cavity;

and

placing a cover layer over said cavity to enclose said cavity;

wherein said liquid expands upon freezing such that said capsule will fracture

due to the expansion of said liquid upon freezing; and

wherein said first and said second reactants combine to produce a pigment

upon mixing.

The apparatus of the present invention indicates a freeze-to-thaw condition

using two reactants that combine to produce a pigment. A pigment is insoluble in the

RAMIW tu\71SIOP95Ipld pagm 19 Me8dw



00 medium in which it is applied, while a dye is soluble. The use of a pigment is superior

I to the use of a dye since, for example, a pigment can produce a more brilliant color

Swith smaller amounts of each reactant. Additionally, pigment reactants are less likely

to produce a color change with anything other than the complementary reactant.

S 5 A housing is provided. One or more capsules are provided within the housing.

As used herein, "capsule" refers to any closed receptacle and includes microcapsules.

INO A first reactant and a liquid are provided inside the capsule. The liquid is chosen such

that it expands upon freezing. The capsule is designed such that when the liquid

freezes and expands, the capsule fractures. A second reactant is provided within the

housing. The location of the second reactant and the
rs
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means of coupling (if any) to the housing may take various forms. For example, the second

reactant may take the form of a coating on the housing. The second reactant may also be mixed

with an adhesive for coupling the second reactant to the housing. The second reactant may also

take the form of a coating on the outside of the capsule. The second reactant may be coupled to a

piece of material, such as paper, and the material placed inside the housing.

When the capsule and the liquid located therein freeze, the liquid expands. Since the

capsule does not expand upon freezing, the expansion of the liquid fractures the capsule. When

the capsule is subsequently thawed, the liquid melts, releasing the first reactant. The first and

second reactants then combine to form a pigment. The pigment is a brilliant color that is chosen

to be a different color than the housing, allowing a person viewing the freeze-thaw indicator

device to quickly and easily know whether the device has been previously frozen and thawed.

The device of the present invention may be attached to any number of items in order to

determine whether the items have been frozen and thawed. Exemplary preferred items to monitor

include, but are not limited to, vaccines, other medications, food, and other temperature-sensitive

items.

The device of the present invention may also be initiated manually. Rather than fracture

via expansion upon freezing, the device of the current invention can be initiated by manually

fracturing the capsule, thus allowing the device to be used as a time-temperature indicator.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described with reference to the accompanying drawings, in which

like reference characters reference like elements, and wherein:
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Figure 1 is a perspective view of a preferred embodiment of the indicator of the present

invention;

Figure 2 is a top view of the indicator of Figure 1 indicating a safe condition;

Figure 3 is a top view of the indicator of Figure 1 indicating a transition from a frozen

condition to a thawed condition;

Figure 4 is a sectional view of the indicator of Figure 1 taken along line 4-4;

Figure 5 is a sectional view of another preferred embodiment of the indicator of the

present invention;

Figure 6 is a sectional view of another preferred embodiment of the indicator of the

present invention;

Figure 7 is a sectional view of another preferred embodiment of the indicator of the

present invention; and

Figure 8 is a sectional view of another preferred embodiment of the indicator of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a perspective view of a preferred embodiment of the indicator of the present

invention. For exemplary purposes only, the embodiment of a freeze-thaw indicator will be

discussed; however, other embodiments are equally available for use. The device 10 comprises a

housing 20 and a capsule 30. Housing 20 defines an interior 22. Interior 22 is bounded by a first

surface 24 and a second surface 27 (see Figure A first reactant 26 is provided within housing

Reactant 26 may be located within housing 20 in various ways. For example, reactant 26 can
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be applied directly to surface 24 or reactant 26 may be applied to a piece of material, such as filter

paper, and the material placed inside housing 20. In addition to filter paper, other carriers may

also be used with the present invention.

Capsule 30 is located within housing 20. Capsule 30 contains a second reactant 32.

Capsule 30 also contains a liquid 34. Liquid 34 is chosen such that it expands upon freezing. A

preferred form of liquid 34 is an aqueous solution. Capsule 30 is designed such that it will

fracture when liquid 34 freezes. After fracture, reactant 32 can escape capsule 30 to mix with

reactant 26. This will not occur, however, while device 10 is in a frozen condition. When device

enters a thawed condition, liquid 34 melts/thaws, releasing reactant 32. Reactant 32 then

mixes with reactant 26 to form a pigment, indicating that device 10 has made the transition from

a frozen condition to a thawed condition. Note that the rigidity of housing 20 can fmunction as a

means to protect against crushing of capsule 

Figure 2 is a top view of the freeze-thaw indicator of Figure 1 indicating a safe condition.

Either device 10 has never been frozen or has been frozen and not thawed. One can view first

surface 24 through second surface 27. In this condition, surface 24 has a first color 

Figure 3 is a top view of the freeze-thaw indicator of Figure 1 indicating a transition from

a frozen condition to a thawed condition. Device 10 has been frozen and capsule 30 has been

fractured. Reactants 32 and 26 have combined to form a pigment. This pigment causes surface

24 to become brilliantly colored to a second color 42, color 42 being different than color 

Alternatively, if reactant 26 was placed on a piece of material, the material and not necessarily

surface 24 will become colored upon mixture of reactants 26, 32. Thus a person can easily
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determine whether device 10 and therefor any item to which device 10 has been attached has

previously been frozen and thawed.

Figure 4 is a sectional view of the freeze-thaw indicator of Figure 1 taken along line 4-4.

It is seen that in a preferred embodiment, housing 20 can have two layers 46, 48. At least a

portion of layer 46 is transparent, allowing one to view inside housing 20. At least a portion of

layer 48 contains an adhesive, allowing device 10 to be coupled to an item to be monitored. One

preferred material for housing 20 is foam-board. This material is readily available and

inexpensive. Another preferred material for housing 20 is cork. Cork is also readily available

and is less crushable than foam-board, which facilitates the manufacturing process. However,

housing 20 can be made of any suitable material.

For illustrative purposes only, a preferred manufacturing process will be discussed using

cork as the material of housing 20. Device 10 may be manufactured by first providing an amount

of cork, preferably in the form of a roll. The cork can then be machined in known fashion to form

interior 22. Several interiors 22 can be formed simultaneously. Preferably, the cork has already

been treated with an adhesive on each side. Alternatively, adhesive can be applied subsequent to

machining interiors 22 in the cork. Once interior 22 has been formed, first reactant 26 can be

added. Reactant 26 may be applied to a piece of material, such as paper, and that material placed

within interior 22. Capsule 30, which has been manufactured previously and has second reactant

32 and liquid 34 located therein, is then added to interior 22. Transparent layer 46 and adhesive

layer 48 can then be added on either side of housing 20, creating a closed volume for interior 22.

A preferred method of attachment is lamination. The completed device 10 can then be coupled to
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an item to be monitored. It should be noted that the order of the steps of the above process can be

altered. For example, transparent layer 46 or adhesive layer 48 can be applied to housing 20 prior

to adding first reactant 26. In this manner, first reactant 26 can be applied directly to transparent

layer 46 or adhesive layer 48.

The reactants discussed above cooperate to form a pigment upon mixing. Use of a

pigment as an indicator is better than use of a dye for several reasons. First, pigments are

insoluble in water and are solid particles rather than solutions. Dyes completely dissolve in water

and are, therefore, solutions. Thus, a smaller amount of each reactant is needed to create a

reliable indicator with a pigment than with a dye. This allows an indicator using pigment

reactants to use fewer capsules and be smaller than an indicator using dye reactants. As few as a

single capsule may be used with the present invention. A smaller indicator may be attached to

more items such as an individual vaccination vial than are possible with a larger indicator.

Secondly, it is possible to get more "color" into pigments than into dyes. Therefore,

pigmented colors tend to be more vibrant and brilliant than dye-based colors. A more brilliant,

vibrant color is desirable with a freeze-thaw indicator to increase readability and decrease the

likelihood of an erroneous reading. Thus, an indicator with pigment reactants is more reliable

than one with dye reactants.

Thirdly, pigment reactants are less likely to react with anything other than the

complementary reactant. Thus, an indicator with pigment reactants is more reliable than one with

dye reactants.
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Finally, the molecules in a dye are spread out and are therefore prone to fading. The

molecules in a pigment are spaced closer together and are therefore less prone to fading. If the

color in an activated indicator (that is, an indicator that has been frozen and thawed) fades, one

might erroneously be lead to believe that the item to which the indicator is attached has been

continuously frozen. As discussed above, this could lead to grave consequences. Thus, an

indicator with pigment reactants is more reliable than one with dye reactants.

Exemplary preferred reactants include water soluble sodium dimethylglyoxime and any

water soluble nickel salt, such as nickel chloride. The sodium dimethylglyoxime could be inside

the capsule and the nickel salt outside or vice versa. These reactants combine to form a brilliant

scarlet, solid, colloidal crystal. These reactants are highly specific and are unlikely to form such a

color with other substances. Other pigment reactants may also be used with the indicator of the

present invention and other pigment colors may be produced upon a freeze-thaw transition. Once

the reactants combine to form a pigment, the pigment remains even if the device is subsequently

refrozen.

The capsules that are used with the present invention were manufactured using the

equipment described in U.S. Patent No. 3,3 89,194, the disclosure of which is incorporated herein

in its entirety. Three capsule shell materials were developed. The first shell composition was

made of paraffin wax. The second shell composition was made of a paraffin wax blended with a

hydrocarbon resin. The third shell composition was made of a paraffin wax blended with a

hydrocarbon resin and a polyethylene. piccolyte S-115 is a preferred hydrocarbon resin. All the

capsules were prepared with 5% dimethylglyoxime as a solute in water and the fill to shell ratio
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ranged from 50/50 to 60/40. Upon testing, the third shell composition was found to result in

more completely cracked capsules upon freezing.

A preferred composition comprises 40% paraffin wax, 50% piccolyte S-115 (a

hydrocarbon resin), and 10% polyethylene, with a 60% fill to 40% shell ratio. This composition

was found to result in proper brittleness at freezing so that assurance of capsule cracking was

increased.

Although the capsules were filled with a 5% solution of dimethylglyoxime and the co-

reactant was located externally to the capsules, the location of the reactants could have been

reversed. Also, the capsules could be loaded with a reducing agent such as a 10% solution of

sodium bisulfite, or an acid solution, or a base solution and placed upon a colored matrix which

when reduced, acidified or alkalinized changes from one color to another.

It may be desirable to determine whether capsules 30 are suitable for use prior to

manufacturing device 10. To do this, one can immerse capsules 30 in a solution containing a

complementary reactant to that included within capsule 30. For example, if sodium

dimethylglyoxime is used as the reactant within capsules 30, the solution can contain a solution

of nickel chloride. A preferred solution contains 5% nickel chloride in water, to which 20% by

weight glycerol is added. If a capsule is already fractured, and therefore unsuitable for use, the

reactants will combine to produce a brilliant pigment when the capsule is immersed in the

solution. Those capsules that do not produce a color change are suitable for use and may be

separated for subsequent use in the present invention.
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During testing of the present invention, it was discovered that capsules tested according to

the above process retained a coating of reactant on the outer surface of the capsule 30 when

removed from the solution and allowed to dry. When the capsules 30 that tested as good for use

were subsequently fractured, the reactant inside capsule 30 combined with the reactant on the

outer surface of capsule 30 to form a brilliant pigment. This indicates that capsules 30 may be

coated with the second reactant and used in the device 10 of the present invention, without the

need of separately including a reactant in the interior 22 of housing 

Figure 5 is a sectional view of another preferred embodiment of the freeze-thaw indicator

of the present invention. Device 110 comprises a housing 20 and a capsule 30 (described above).

Housing 20 includes layers 46, 48 and defines a volume 22. Capsule 30 has a first reactant 26

and a liquid 34 included therein. Liquid 34 is chosen such that it expands upon freezing. Device

110 further comprises a piece of material 120. Material 120 may be impregnated with second

reactant 32. Alternatively, reactant 32 may be topically applied to material 120. Material 120

may take any desired form, as long as it is able to host reactant 32. Preferred forms of material

120 include, but are not limited to, paper (such as filter paper) and cotton. Upon freezing and

expansion of liquid 34, capsule 30 fractures. Upon subsequent melting or thawing of liquid 34,

reactant 26 is released from capsule 30 such that it contacts material 120 and reactant 32.

Reactants 26 and 32 cooperate to form a brilliant pigment, notifying a viewer that device 110 

and therefor any item to which device 110 has been attached has previously been frozen and

thawed.
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Figure 6 is a sectional view of another preferred embodiment of the freeze-thaw indicator

of the present invention. Device 210 comprises a capsule 30 (described above) and a blister pack

220. Blister packs 220 are known and commonly used to package, for example, over-the-counter

medications. Blister pack 220 includes a cover 222 and a backing 224. Cover 222 is

substantially transparent, allowing one to view inside device 210. Backing 224 includes a first

surface 225. An adhesive maybe applied to surface 225 to couple device 210 to an item to be

monitored. A first reactant is included within capsule 30. A second reactant may be applied to a

piece of material 230, which is enclosed along with capsule 30 within blister pack 220.

Alternatively, the second reactant may be applied to a second surface 226 of backing 224 using,

for example, an adhesive such as latex. A preferred adhesive is polyvinyl acetate latex; a

preferred reactant-latex mix includes 10-20% by volume latex. Alternatively, the second reactant

may be applied to the outer surface of capsule 30. With the latter two alternatives, material 230 is

not required. As discussed above, when capsule 30 fractures upon freezing and subsequently

thaws, the reactants combine to form a pigment, notifying an observer that the item to which

device 210 is attached has experienced a freeze-to-thaw transition.

Figure 7 is a sectional view of another preferred embodiment of the freeze-thaw indicator

of the present invention. Device 310 comprises a housing 320 and a capsule 30. Housing 320 is

substantially cylindrical and has an outer surface 330. The longitudinal ends of housing 320 may

be crimped or sealed in any lknown manner. Device 310 may be attached to an item to be

monitored in known manner, such as by applying an adhesive to surface 330. The reactants are

included in any manner described above. Upon a freeze-to-thaw transition, the reactants mix as
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described above to produce a vibrant color, allowing one to easily determine whether the item to

which device 310 is attached has been previously frozen and thawed.

Figure 8 is a sectional view of another preferred embodiment of the freeze-thaw indicator

of the present invention. The device 410 of Figure 8 is similar to the device 310 of Figure 7, but

includes an additional housing 420. Housing 420 and housing 320 cooperate to define a volume

430. Volume 430 functions as an air space, which is an insulator. This insulation may prevent

obtaining a premature indication of a thaw condition. The amount of insulation can be varied as

desired by varying the relative diameters of the housings 320, 420 (which therefore will vary the

size of volume 430).

A preferred method of including the second reactant for the embodiments of Figures 7 and

8 is to prepare a reactant-latex mix as described above. The reactant-latex mix can then be drawn

into the housing 320, such as by suction. The reactant-latex mix can then be removed from

housing 320, such as by draining due to gravity. A film of the mix will remain on an inner

surface 340 of housing 320. During testing, it was discovered that a film formed accordingly

contained enough reactant to produce a vibrant color change upon a freeze-thaw condition. This

process worked on a housing made of polyethylene, which is known not to be easily coated. This

process also worked on a paraffin wax coating of the capsules themselves. This process is fast,

inexpensive, and readily adaptable to devices of virtually any size.

By changing the reactants, the device of the present invention may also be used as a time-

temperature indicator. For example, by coating the housing with a gelatin-immobilized urease

(an enzyme that breaks down urea to ammonia and carbon dioxide) together with a mixture ofpH
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indicators and filling the capsule with a urea solution, upon fracture of the capsule the reactants

will mix. This will allow the urease to produce the breakdown products of urea in response to

time and temperature according to the Arrenhius equation. As these products (ammonia and

carbon dioxide) accumulate in response to time, temperature, or both, the pH of the coating will

change. This change in pH will result in a color change based on the indicators chosen. The

concentration of the urea solution can be varied in concentration to allow for various time or

temperature scenarios. Note that the capsule can be fractured by either external or internal

pressure. Other chemical combinations may also be used.

By providing a relatively flexible (or at least less rigid) housing 20, 220, 320, 420, a user

can initiate the process by manually fracturing capsule 30. This can be done, for example, by

squeezing housing 20, 220, 320, 420. The device 10, 110, 210, 310, 410 can then be attached to

an item to be monitored. By doing so, an observer can determine how long the item being

monitored has been in its current condition (for example, held at room temperature). Note that by

providing a less rigid housing 20, 220, 320, 420, there is no need to freeze the device 10, 110,

210, 310, 410 prior to use. Device 10, 110, 210, 310, 410, when used as a time-temperature

indicator, is of the same design and manufacturing as described above with respect to the freeze-

thaw indicators.

While the preferred embodiments of the present invention have been described above, it

should be understood that they have been presented by way of example only, and not of

limitation. It will be apparent to persons skilled in the relevant art that various changes in form

and detail can be made therein without departing from the spirit and scope of the invention. Thus
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the present invention should not be limited by the above-described exemplary embodiments, but

should be defined only in accordance with the following claims and their equivalents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A device for indicating a transition from a frozen condition to a thawed

condition, comprising:

a housing having a first surface, at least a portion of said first surface being of a

first color;

IN a first reactant located within said housing; and

a capsule containing a liquid and a second reactant, said capsule being located

within said housing;

wherein one of said first and said second reactants is a nickel salt and the other

Sof said first and said second reactants is sodium dimethylglyoxime;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

2. The device of claim 1, wherein said capsule is designed such that it will

fracture due to the expansion of said liquid upon freezing.

3. The device of claim 1, wherein said housing has a second surface opposite said

first surface, said second surface including a transparent portion for allowing one to

view said first surface.

4. The device of claim 1, wherein said housing has a third surface, said third

surface having an adhesive attached thereto for attaching said device to a product to be

monitored.

A device for indicating a transition from a frozen condition to a thawed

condition, comprising:

a housing defining an interior, at least a portion of said interior being of a first

color;

a first reactant located within said housing; and
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0a capsule containing a liquid and a second reactant, said capsule being located

Swithin said interior of said housing;

wherein one of said first and said second reactants is a nickel salt and the other

of said first and said second reactants is sodium dimethylglyoxime;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

IDupon mixing; and

wherein said pigment is of a second color, said second color being different

N than said first color.
(Ni

6. A device for indicating a transition from a frozen condition to a thawed

condition, comprising:

a housing defining an interior, at least a portion of said interior being of a first

color;

a first reactant located within said housing; and

a capsule containing a liquid and a second reactant, said capsule being located

within said interior of said housing;

an adhesive for coupling said first reactant to said interior of said housing;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and

wherein said pigment is of a second color, said second color being different

than said first color.

7. A device for indicating a transition from a frozen condition to a thawed

condition, comprising:

a housing defining an interior, said interior being of a first color;

a capsule located within said interior of said housing, said capsule defining an

interior volume and containing a liquid and a first reactant within said volume, said

capsule having an exterior surface; and

a second reactant located on said exterior surface of said capsule;

wherein said liquid expands upon freezing;

wherein said first and said second reactants combine to produce a pigment

upon mixing; and
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00 0 wherein said pigment is of a second color, said second color being different

N, than said first color.

8. The device of claim 7, wherein one of said first and said second reactants is a

nickel salt and the other of said first and said second reactants is sodium

dimethylglyoxime.

t 9. A device, comprising:

C a housing;

a first reactant located within said housing;

a frangible capsule located within said housing, said capsule containing a

second reactant; and

a third reactant located within said housing;

wherein said first and second reactants combine to form a fourth reactant upon

mixing; and wherein said third and fourth reactants combine to cause a color change

upon mixing.

The device of claim 9, wherein one of said first and second reactants is urea

and the other of said first and second reactants is urease.

11. The device of claim 9, wherein said housing is flexible enough to allow a user

to deform said housing in order to fracture said frangible capsule.

12. A method of making a device for indicating a transition from a frozen condition

to a thawed condition, comprising:

providing a first housing having an interior and at least one opening;

coating said interior with a first reactant;

placing a capsule containing a second reactant and a liquid within said interior;

and

closing said opening to form a closed volume defined by said interior,

wherein said liquid expands upon freezing such that said capsule will fracture

due to the expansion of said liquid upon freezing; and

wherein said first and said second reactants combine to produce a pigment

upon mixing.
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13. The method of claim 12, wherein said coating includes:

tproviding a reactant-adhesive mix;

placing said mix within said interior; and

removing said mix from said interior, leaving a film of said mix on at least a

portion of said interior.

14. The method of claim 13, wherein said placing includes drawing said mix

N within said interior.

The method of claim 13, wherein said removing includes draining said mix

from said interior.

16. The method of claim 15, wherein said draining includes draining said mix from

said interior by gravity.

17. The method of claim 12, further comprising:

providing a second housing spaced apart from and surrounding said first

housing to define a volume between said first and second housings, said second

housing having at least one opening.

18. The method of claim 17, wherein said closing includes closing said openings of

said first and second housings together to form a first closed volume defined by said

interior and a second closed volume intermediate said first and second housings.

19. A method of making a device for indicating a transition from a frozen condition

to a thawed condition, comprising:

providing a substrate having a cavity;

placing a first reactant within said cavity;

placing a capsule containing a liquid and a second reactant within said cavity;

and

placing a cover layer over said cavity to enclose said cavity;

wherein said liquid expands upon freezing such that said capsule will fracture

due to the expansion of said liquid upon freezing; and
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00 0 wherein said first and said second reactants combine to produce a pigment

N, upon mixing.

The method of claim 19, wherein said placing said first reactant includes:

placing said first reactant on a carrier; and

placing said carrier within said cavity.

21. The method of claim 19, wherein said placing said first reactant within said

,,cavity includes placing said first reactant directly on a surface of said substrate.

S22. The method of claim 19, further comprising:

placing an adhesive layer on a surface of said substrate within said cavity prior

to placing said first reactant within said cavity.

23. The method of claim 19, wherein said placing of said cover layer includes

laminating said cover layer to said substrate.
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