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FIGURE 7 
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Figure 7. - Photoluminescent film structure for use as a transfer label 
a.) Transfer label prior to separation from release base #2, b.) Label after release 
from release base #2, c.) Transfer label after adhesion to substrate, d.) transfer label 
after release from release base 1. 
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FIGURE 8 
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HIGH-INTENSITY, PERSISTENT 
THERMOCHROMC COMPOSITIONS AND 

OBJECTS, AND METHODS FOR CREATING THE 
SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application Ser. No. 60/637,535, filed Dec. 20, 2004 
(Attorney Docket No. 7044531001), titled, “Layered Envi 
rochromic Materials, Applications and Methods of Prepara 
tion Thereof.” which is incorporated by reference herein for 
all purposes. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention is directed to thermochromic 
compositions comprising an effective amount of thermo 
chromic materials formulated to yield change in color of 
high intensity. The present invention is also directed to 
thermochromic objects comprising at least one envirochro 
mic layer, wherein said envirochromic layer comprises at 
least one thermochromic composition. Thermochromic 
objects may also additionally comprise at least one reflective 
layer, at least one colorant layer, and/or at least one protec 
tive layer. Such protective layers comprise photolumines 
cent fluorescent materials to retard photolytic degradation. 
The present invention is further directed to methods for 
creating thermochromic objects, said methods comprising 
the steps of obtaining a preformed article and applying 
thereto at least one envirochromic layer constructed by 
applying said thermochromic materials, and wherein one 
may additionally apply to said preformed article said reflec 
tive layer, and/or said colorant layer, and/or said protective 
layer. 
0004 2. Description of the Related Art 

1. Field of the Invention 

0005 Modern consumers are looking for added informa 
tion and features from the products that they purchase. 
Desirable products are those that meet specific needs and/or 
provide added benefits to the consumer. These specific needs 
or added benefits may be safety controls or indicators, 
environmental information indicators, shelf life indicators, 
authentication and tamper indicators, fashion accessory ben 
efits, and/or fun & entertainment benefits. These added 
benefits can be created, or indicators provided, by triggering 
a color change as a response to the products environment. 
0006 Envirochromic materials are those whose visible 
color changes due to emission, absorption reflection, or 
scattering of electromagnetic radiation. Such emission, 
absorption, reflection, or scattering of electromagnetic radia 
tion results from a change in the materials environment. 
These changes, or “triggers, include change in temperature, 
change in electromagnetic radiation, change in chemical 
environment, an electrical stimulus, etc. 
0007 Color change can occur by changes in electromag 
netic radiation, reflection, absorption or scattering. Thus, for 
example, photochromism signifies color change triggered by 
electromagnetic radiation; thermochromism signifies color 
change triggered by changes in temperature; electro 
chromism signifies changes in color occurring due to gain or 
loss of electrons; Solvatochromism signifies color change 
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resulting from changes in solvent polarity; halochromism 
signifies color change caused by a change in pH, iono 
chromism signifies color change caused by ions; tribo 
chromism caused by changes in mechanical friction; and 
piezochromism signifies changes caused by mechanical 
pressure. 

0008 Color change can also result from luminescent 
emissions. Hence, when dealing with color changes result 
ing from emissions, we will use “luminescence' or “lumi 
nescent to signify the color change. 

0009. This invention deals with color changes not only 
resulting from temperature-triggered color changes as a 
consequence of changes in absorption reflection and/or 
scattering of electromagnetic radiation, hereinafter referred 
to as “thermochromic,” but also from luminescent emissions 
which will be designated as “luminescent” or “lumines 
cence. 

0010. Thermochromism can be triggered, in general, by 
inorganic compounds, organic compounds, polymers, and 
sol-gels. 

0011 Inorganic Compound Thermochromism 

0012 Many metals and inorganic compounds are known 
to exhibit thermochromic behavior either as solids or in 
Solution. It has been suggested that such thermochromic 
behavior arises from phase transition, change in ligand 
geometry, equilibria between different molecular structures, 
and change in the number of solvent molecules in the 
coordination sphere. 

0013 Certain metal complex crystals comprising double 
salts of a transition metal Such as cobalt, nickel, or manga 
nese, and an aminic amide, Such as hexamethylenetetramine, 
exhibit thermochromism. See, e.g., U.S. Pat. No. 4,717,710. 
These double salts discolor on releasing water when heated 
and resume the original color on absorption of moisture 
when cooled. Id. 

0014) However, in these metal complex crystals, the 
thermochromic temperature range is substantially from 50° 
C. to about 300° C. More specifically, the number of 
Substances undergoing thermochromism at temperatures 
below 100° C. is limited to 2 or 3. For instance, in the case 
of Ag HgI, the thermochromism is from yellow to orange 
occurs at 50° C., and in the case of Cu HgI thermo 
chromism from red to brown is brought about at 70° C. See, 
e.g., U.S. Pat. No. 4,028,118. Of course, the kind of color 
cannot be optionally chosen and the difference between 
colors before and after thermochromism is small. Moreover, 
since these metal complex crystals are not light-transmitting, 
it is not possible to use them as optical switches to hide/ 
reveal an indicia, pattern or color in the layer below. Id. 

0015 These materials have heretofore been used as ther 
mochromic materials but their applications are limited. 

0016 Organic Compound Thermochromism 

0017. The mechanism responsible for thermochromism 
varies with molecular structure. It may be due to equilibrium 
between two molecular species, acid-base, keto-enol, lac 
tim-lactam, or between stereoisomers or between crystal 
Structures. 
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0018. Thermochromic liquid crystals show different col 
ors at different temperature because of selective reflection of 
specific wavelength of electromagnetic radiation from their 
structure. In an appropriate temperature range intermediate 
between a low-temperature crystalline phase and a high 
temperature isotropic liquid phase, these materials form a 
cholesteric liquid crystal. In a cholesteric liquid crystal, 
changes in temperature result in thermal expansion, which 
leads to a change in layer spacing and hence pitch, which 
results in a change in the wavelength of reflected light and 
hence a color change is observed with varying temperature. 
We present below an example of such a material that is used 
in the manufacture of a thermochromic printing ink. 

O 

RO -()–( -( )—circucci, 
MeN 

( ) O 
NMe2 

0019. Thermochromic substances further include choles 
teric liquid crystals and mixtures of cholesteric liquid crys 
tals and nematic liquid crystals, but these Substances also 
find greatly limited use because they are low in color 
density, have no selectivity in color and in color change 
temperature and are very expensive. See, e.g., U.S. Pat. No. 
4,717,710. 
0020 Liquid crystals generally exhibit thermochromism 
attemperatures ranging from -10°C. to +200° C. However, 
the number of liquid crystals undergoing thermochromism at 
a temperature not exceeding 0°C. is very limited, namely 1 
or 2. The color or thermochromism causing temperature 
cannot freely be chosen but is determined by the properties 
of the liquid crystals per se. These compounds are also 
chemically very sensitive; their properties are readily 
degraded upon contact with other Substances. 
0021. Thermochromic liquid crystal materials tend to be 
expensive and generally exhibit low color density. Hence, 
their use is not widespread, occurring in specialized situa 
tions 

0022. Thermochromism arising from variations in stere 
oisomers in mostly associated with “overcrowded ethyl 
enes, such as Bianthrone, Dixanthylene, and Xanthylidenan 
throne. These compounds are characterized by at least one 
ethylene group, a number of aromatic rings, and a hetero 
atom, usually nitrogen or oxygen. The ethylene bond places 
a restriction on the molecular orientations possible, thereby 
increasing the energy barrier between different Streoisomeric 
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configurations. As the temperature is increased, the molecule 
“switches' between different stereoisomers, this change 
being accompanied by a variation in color. For a majority of 
compounds that exhibit this behavior, thermochromism 
occurs at temperatures in excess of 150° C. For example, 
bianthrone is colorless when solid, but forms green droplets 
above its melting point. 
0023 The molecular rearrangement of an organic com 
pound that arises from tautomerization can lead to an 
increase in the conjugation of the molecule, and conse 
quently the formation of a new chromophore. Such molecu 
lar rearrangement can be effected by a change in temperature 
or by alteration of the polarity of the solvent and/or the pH 
of the system. Examples are, acid-base, keto-enol, and 
Lactim-Lactam equilibrium. 
0024. Although fundamentally the chromism is pH-de 
pendent, the temperature-dependence of the acid-base equi 
librium means that pH sensitivity can result in thermochro 
mic behavior. We present below one such example of crystal 
violet lactone. 

NMe2 MeN NMe2 

s 

CO 

NMe2 

0025. It should be noted that crystal violet Lactone does 
not exhibit thermochromism below a pH of 4. That is, even 
upon heating the ring opening does not occur and the colored 
form predominates. On the other hand, at higher pHs and 
upon heating equilibrium will shift to the left and the dye 
will become colorless. 

0026. The mechanism described above has been com 
mercialized the most, and there is a wide variety of ther 
mochromic materials available. Specifically, the commonly 
employed thermochromic system is one wherein molecular 
rearrangement occurs by a reaction between an electron 
donating compound referred to as a color former and an 
electron accepting compound referred to as a developer. 
0027. These compositions have the following advan 
tages: (1) Thermochromic materials can be formulated for 
various colors; (2) The thermochromic materials gives a 
high color density; and (3) Depending on the kind of solvent, 
the color change temperature can be set over a wide range 
of low to high temperatures. 
0028. To summarize, thermochromic materials of this 
type generally comprise an electron donating compound, an 
electron accepting compound, and organic solvents to con 
trol the temperature and sensitivity of the thermochromic 
effect. It can be appreciated that since thermochromism is an 
equilibrium reaction, the two component systems can be 
very sensitive to their environment and hence are generally 
encapsulated to make them amenable to deployment in 
different formulations. See, e.g., U.S. Pat. Nos. 4,028,118; 
4,421,560; 4.425,161; and 4,717,770. 
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0029. It can be seen that there are a wide variety of 
thermochromic materials but which are generally very sen 
sitive to their physical and chemical environment, which can 
comprise solvents, polymeric resin binders, stabilizing addi 
tives, pigments, dyes etc., which if not controlled, can 
quickly result in a degradation of the degree of color change, 
or even complete loss of thermochromic performance. Even 
for the case when thermochromic materials are encapsu 
lated, to enable greater formulation flexibility for application 
to various Substrates deploying a variety of techniques, the 
materials are still quite sensitive to their physical and 
chemical environment since the encapsulant is still porous. 
For the use of these materials as envirochromic materials 
that serve as indicators, as described above, it is essential for 
the color change to be perceived as vibrant. 
0030 Even if the chemical environment does not impact 
the thermochromic materials, it can impact the capsule 
material. For example, the solvent can swell the polymeric 
capsule wall, thereby making it a scatterer of electromag 
netic radiation. In cases where thermochromic materials are 
used as an optical Switch, the changed color state will appear 
white and/or hazy instead of clear. 
0031. For single layer constructions, even if the thermo 
chromic material environment is carefully selected so that 
the thermochromic performance is not degraded, the Sol 
vents used can leach harmful materials from the substrate 
over which these materials are applied. 
0032 Even though progress has been made over the years 
in expanding the colors and temperature ranges available, 
since thermochromic materials have generally been 
deployed as single layer applications, the color gamut is still 
fairly limited. With single layer embodiments, pigments are 
added to colorants in order to expand the range of colors that 
can be achieved. However, when color results from absorp 
tion of electromagnetic radiation, creating colors with com 
binations of thermochromic materials of limited color range, 
and pigment colorants, is still quite restrictive in the range 
of bright colors that can be achieved. 
0033 Additionally, for outdoor usage, thermochromic 
materials are not only subject to photolytic degradation but 
by virtue of their sensitivity, need to be protected from 
mechanical forces Such as abrasion, etc. 

0034 Specific thermochromic materials and mixtures of 
thermochromic materials will need to be adapted to provide 
the requisite color change. Thermochromic materials usually 
exist as Solids or liquid crystals in a carrier medium. 

0035. When thermochromic materials are used as an 
optical switch, the theromochromic material needs to be 
formulated with clear resins and solvents that do not interact. 
Vibrant color layer formulations using solvents that do not 
leach are also desired. 

0.036 Outdoor usage of thermochromic objects also 
necessitates good adhesion to Substrates and mechanical 
toughness Such as scratch resistance, etc., specific require 
ments being dictated by the application. 

0037 Accordingly, in view of the above, there is a need 
for thermochromic materials and thermochromic objects 
created from Such materials that can serve as safety indica 
tors, fashion indicators, or create fun and entertainment by 
triggering temperature-activated color changes that are 
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vibrant and impactful. The thermochromic objects can also 
be created in a variety of Standard and emissive colors, also 
with high intensity. The thermochromic objects are also 
created to minimize photolytic degradation, do not degrade 
with moisture, and are mechanically robust, particularly in 
outdoor applications. 

BRIEF SUMMARY OF THE INVENTION 

0038. It has now been found that formulations compris 
ing an effective amount of thermochromic materials, at least 
one liquid carrier medium, at least one polymeric resin, and 
at least one formulation stabilizing additive, wherein said 
thermochromic materials are uniformly distributed within 
said formulation provide thermochromic formulations with 
high intensity and persistence. 
0039. Accordingly, in one of its formulation aspects, the 
present invention is directed to a thermochromic formulation 
comprising an effective amount of thermochromic materials, 
at least one liquid carrier medium, at least one polymeric 
resin, and at least one formulation stabilizing additive, 
wherein said thermochromic materials are uniformly dis 
tributed within said formulation. 

0040. In another formulation embodiment, the present 
invention is directed to a thermochromic formulation com 
prising an effective amount of thermochromic materials, at 
least one liquid carrier medium, at least one polymeric resin, 
and at least one formulation stabilizing additive, wherein 
said thermochromic materials are uniformly distributed 
within said formulation and wherein the theromchromic 
formulation has an FT of at least 90%. 

0041. In one of its object embodiments, the present 
invention is directed to a thermochromic object comprising 
a performed article and at least one thermochromic layer, 
wherein the thermochromic layer results from the foregoing 
thermochromic formulations. 

0042. In yet another object embodiment, the present 
invention is directed to a thermochromic object comprising 
a preformed article, at least one thermochromic layer, and at 
least one reflective layer, wherein the thermochromic layer 
results from the foregoing thermochromic formulations, 
wherein the reflective layer results from a reflective formu 
lation, wherein the reflective layer is proximal to said 
preformed article, and wherein said thermochromic layer is 
distal to said preformed article. 
0043. In yet another object embodiment, the present 
invention is directed to a thermochromic object comprising 
a preformed article, at least one thermochromic layer, at 
least one reflective layer, and at least one protective layer, 
wherein the thermochromic layer results from the foregoing 
thermochromic formulations, wherein the reflective layer 
results from a reflective formulation, wherein said protective 
layer results from a protective formulation, wherein the 
reflective layer is proximal to said preformed article, and 
wherein said protective layer is distal to said preformed 
article, and wherein said thermochromic layer is between 
said reflective layer and said protective layer. 
0044) In yet another object embodiment, the present 
invention is directed to a thermochromic object comprising 
a preformed article, at least one thermochromic layer, and at 
least one protective layer, wherein the thermochromic layer 
results from the foregoing thermochromic formulations, 
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wherein the protective layer results from a protective for 
mulation, wherein the thermochromic layer is proximal to 
said preformed article, and wherein said protective layer is 
distal to said preformed article. 
0045. In one of its method aspects, the present invention 

is directed to a method for creating a thermochromic object, 
said method comprising the steps of obtaining a preformed 
article and applying to said preformed article at least one 
thermochromic layer, wherein said thermochromic layer 
results from the foregoing thermochromic formulations. 
0046. In yet another method embodiment, the present 
invention is directed to a method for creating a thermochro 
mic object, said method comprising the steps of obtaining a 
preformed article, applying to said preformed article at least 
one thermochromic layer, and applying to said preformed 
article at least one reflective layer, wherein the thermochro 
mic layer results from the foregoing thermochromic formu 
lations, wherein the reflective layer results from a reflective 
formulation, wherein the reflective layer is proximal to said 
preformed article, and wherein said thermochromic layer is 
distal to said preformed article. 
0047. In yet another method embodiment, the present 
invention is directed to a method for creating a thermochro 
mic object, said method comprising the steps of obtaining a 
preformed article, applying to said preformed article at least 
one thermochromic layer, applying to said preformed article 
at least one reflective layer, and applying to said preformed 
article at least one protective layer, wherein the thermochro 
mic layer results from the foregoing thermochromic formu 
lations, wherein the reflective layer results from a reflective 
formulation, wherein said protective layer results from a 
protective formulation, wherein the reflective layer is proxi 
mal to said preformed article, and wherein said protective 
layer is distal to said preformed article, and wherein said 
thermochromic layer is between said reflective layer and 
said protective layer. 
0.048. In yet another object embodiment, the present 
invention is directed to a method for creating a thermochro 
mic object, said method comprising the steps of obtaining a 
preformed article, applying to said preformed article at least 
one thermochromic layer, and applying to said preformed 
article at least one protective layer, wherein the thermochro 
mic layer results from the foregoing thermochromic formu 
lations, wherein the protective layer results from a protective 
formulation, wherein the thermochromic layer is proximal to 
said preformed article, and wherein said protective layer is 
distal to said preformed article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049 FIG. 1 illustrates how absorption of ultraviolet 
radiation by a molecule excites it from a vibrational level in 
the electronic ground state to one of the many vibrational 
levels in the electronic excited State. Such as singlet states 
and triplet States. 
0050 FIG. 2 is a Jablonski Diagram illustrating pro 
cesses that occur between the absorption and emission of 
electromagnetic radiation. 
0051 FIG. 3 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a thermochromic layer 2 
applied thereto. 
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0052 FIG. 4 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a reflective layer 3 and a 
thermochromic layer 2 applied thereto. 
0053 FIG. 5 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a theromchromic layer 2 
and a protective layer 4 applied thereto. 
0054 FIG. 6 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a reflective layer 3, a 
thermochromic layer 2, and a protective layer 4 applied 
thereto. 

0.055 FIG. 7 is a stylized depiction of an embodiment of 
the invention whereby transfer technology is used to obtain 
the thermochromic object. 
0056 FIG. 8 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a reflective layer 3, a first 
thermochromic layer 2, a second thermochromic layer 5, a 
first protective layer 4, and second protective layer 6 applied 
thereto. 

0057 FIG. 9 is a stylized depiction of an embodiment of 
the invention whereby a thermochromic object is created 
using a preformed article 1 with a reflective layer 3, a first 
thermochromic layer 2, a second thermochromic layer 5, and 
a first protective layer 4 applied thereto. 
0.058 FIG. 10 is a stylized depiction of an embodiment 
of the invention whereby a thermochromic object is created 
using a preformed article 1 with a reflective layer 3, a first 
thermochromic layer 2, a first protective layer 4, and second 
protective layer 6 applied thereto. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0059. As noted above, the present invention generally 
relates to thermochromic formulations, thermochromic 
objects comprising preformed articles onto which said ther 
mochromic formulations have been applied, and to methods 
for creating said thermochromic objects. 
0060 Prior to discussing the invention in detail, the 
following terms will first be defined. 
0061 The term “luminescence' is defined as the emission 
of electromagnetic radiation from any Substance. Lumines 
cence occurs from electronically excited States. As seen in 
FIG. 1, absorption of ultraviolet radiation by a molecule 
excites it from a vibrational level in the electronic ground 
state to one of the many vibrational levels in the electronic 
excited States. The electronic states of most organic mol 
ecules can be divided into singlet states and triplet States. 
0062. As used herein, “singlet state' refers to when all 
electrons in the molecule are spin-paired. As used herein, 
“triplet state' refers to when one set of electron spins is 
unpaired. The excited state is usually the first excited state. 
A molecule in a high vibrational level of the excited state 
will quickly fall to the lowest vibrational level of this state 
by losing energy to other molecules through collision. The 
molecule will also partition the excess energy to other 
possible modes of vibration and rotation. 
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0063 “Luminescent materials are those which emit 
electromagnetic radiation. Characterizing luminescent mate 
rials requires consideration of: (1) the excitation source, (2) 
the nature of the emission, and (3) whether or not additional 
stimulation is required to cause emission. 

0064. With regard to the excitation source, luminescent 
materials excited by electromagnetic radiation are referred 
to herein as “photoluminescent.” Luminescent materials 
excited by electrical energy are referred to herein as “elec 
troluminescent.” Luminescent materials excited by a chemi 
cal reaction are referred to herein as “chemiluminescent.” 

0065. With regard to the nature of the emission, this may 
be either fluorescence or phosphorescence. A “fluorescent 
material stores electromagnetic radiation and releases it 
rapidly, in about 10' seconds or less. Contrarily, a “phos 
phorescent material stores electromagnetic radiation and 
releases it gradually, in about 10 seconds or more. 
0.066 Processes that occur between the absorption and 
emission of electromagnetic radiation are usually illustrated 
using a Jablonski Diagram, Such as the one found in FIG. 2. 
Ground, first, and second electronic states are depicted in 
FIG. 2 by So S, and S, respectively. At each electronic 
energy level, the fluorophores can exist in a number of 
vibrational energy levels, denoted by 0, 1, 2, etc. Transitions 
between states are depicted in FIG. 2 as vertical lines to 
illustrate the instantaneous nature of electromagnetic radia 
tion absorption. 

0067 “Fluorescence” occurs when a molecule returns, by 
emission of a photon, from the excited singlet state to the 
electronic ground state. If the photon emission occurs 
between states of the same spin state, that is, from S to So, 
it is characterized as fluorescence. 

0068 “Phosphorescence” occurs when a molecule goes 
from the ground state to a metastable state Such as T1, a 
triplet state, and then the metastable state slowly decays 
back to the ground state So, via photon emission. Hence, if 
the spin states between initial and final energy levels are 
different, that is emission occurs between T to So, it is 
characterized as phosphorescence. 

0069. The term “thermochromic' is defined as character 
izing a change in absorption, reflection, and/or scattering of 
electromagnetic radiation with a change in temperature to 
cause a change in the perceived color, wherein the color 
change may be from colorless to colored, or colored to 
colorless, or from one color to another. 

0070. “Thermochromic materials are defined to mean 
materials that undergo a change in absorption, reflection, 
and/or scattering of electromagnetic radiation with a change 
in temperature to cause a change in the perceived color of 
the materials wherein the color change may be from color 
less to colored, or colored to colorless, or from one color to 
another. 

0071 "Thermochromic objects are defined to mean 
objects that undergo a change in absorption, reflection, 
and/or scattering with a change in temperature to cause a 
change in the perceived color of the object wherein the color 
change may be from colorless to colored, or colored to 
colorless or from one color to another. 
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0072 “Negative thermochromism' is defined to describe 
a temperature-triggered color change resulting from a 
change in absorption, reflection, and/or scattering wherein 
the color change is from a colored State to a colorless state. 
0073. “Positive thermochromism' is defined to describe a 
temperature-triggered color change resulting from a change 
in absorption, reflection, and/or scattering of electromag 
netic radiation wherein the color change is from a colorless 
to colored State. 

0074) “Neutral thermochromism' is defined to describe a 
temperature-triggered color change resulting from a change 
in absorption, reflection, and/or scattering of electromag 
netic radiation wherein the color change is from one color to 
another color. 

0075) “Liquid carrier medium' is a liquid that acts as a 
carrier for materials distributed in a solid state and/or 
dissolved therein. 

0076. As used herein, a “formulation' is a liquid carrier 
medium, as defined above, comprising at least one material 
either dissolved and/or distributed in a solid state within said 
liquid carrier medium. 
0077. A "dispersion' is a formulation, as defined above, 
wherein said material is a solid distributed in the liquid 
carrier medium. 

0078. A “thermochromic formulation' is a formulation, 
as defined above, which additionally comprises thermochro 
mic materials as defined above. 

0079. As used herein, a “thermochromic layer is a film 
resulting from at least one thermochromic formulation that 
is Substantially dry, as characterized by the residual liquid 
carrier medium being in the range of 1-5 weight % of the 
total weight of the film. 
0080 A “reflective formulation' is a formulation, as 
defined above, which comprises at least a polymeric resin in 
a liquid carrier medium, as defined above, and further 
comprises at least one colorant (white or non-white). 
0081. As used herein, a “reflective layer is a film result 
ing from at least one reflective formulation that is Substan 
tially dry, as characterized by the residual liquid carrier 
medium being in the range of 1-5 weight % of the total 
weight of the film. 
0082 A“white reflectance layer” is one that reflects 95% 
of visible electromagnetic radiation incident upon it. 
0083. A "protective formulation' is a formulation, as 
defined above, which comprises at least a polymeric resin 
selected for environmental or mechanical protection of the 
underlying article, upon application onto said article. 
0084. A "protective layer is a film resulting from at least 
one protective formulation that is Substantially dry, as char 
acterized by the residual liquid carrier medium being in the 
range of 1-5 weight % of the total weight of the film. 
0085. A “stabilizing additive' is a material added to a 
formulation comprising Solid particles or a dispersion to 
uniformly distribute, prevent agglomeration, and/or prevent 
settling of Solid materials in said dispersion in said liquid 
carrier medium to result in an enhancement of luminous 
intensity. Such stabilizing additives generally comprise dis 
persants and/or rheology modifiers. 
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0.086 A "preformed article' is any article onto which at 
least one layer may be applied. A preformed article may be 
rigid or flexible. 

0087 As used herein, “visible electromagnetic radiation' 
is characterized by electromagnetic radiation with wave 
lengths in the region of 400 nanometers (nm) to 700 nm. 

0088 As used herein, “Film Transmissivity” (“FT) is 
the fraction of incident visible electromagnetic radiation 
transmitted through a layer. 

0089. “Photolytic degradation' is deterioration, degrada 
tion, or change in properties, such as observed color, that is 
initiated by electromagnetic radiation. 

0090 The present invention relates to thermochromic 
materials that are formulated to be liquid mixtures with 
stabilizing additives comprising polymeric resin binders, 
dispersants, rheology modifiers, and wetting agents so as to 
be highly transmissive of visible electromagnetic radiation 
in the colorless thermochromic state upon application to any 
article. 

0.091 The present invention also relates to the use of 
photoluminescent fluorescent pigment materials to render 
color or aid in rendering color upon triggering of thermo 
chromic materials into a colorless state. 

0092. The present invention also relates to the use of the 
luminescent fluorescent dye materials such that they exist as 
Solid solutions in the polymeric resin matrix, thereby creat 
ing high ratio of emission per unit weight of material 
deployed for rendering color or aid in rendering color upon 
triggering of the thermochromic materials into a colorless 
State 

0093. The present invention also relates to the use of 
photostabilizers either singly or in combination or with a 
combined functionality in a single molecule to retard the 
photolytic degradation of said thermochromic and photolu 
minescent fluorescent materials cited above. 

0094. The present invention also relates to a thermochro 
mic objects comprising at least one thermochromic layer, 
wherein said thermochromic layer is highly transmissive of 
visible electromagnetic radiation and wherein the thermo 
chromic materials have been triggered into a colorless state. 

0.095 The present invention also relates to a thermochro 
mic objects comprising at least one thermochromic layer, as 
defined above, but which may additionally comprise pho 
toluminescent fluorescent pigments, dyes, or both, as 
described above. 

0096. The present invention also relates to the construc 
tion of a thermochromic objects comprising at least one 
thermochromic layer, as defined above but which may 
additionally comprises photostabilizers, as described above 

0097. The present invention also relates to the construc 
tion of a thermochromic object which comprises a thermo 
chromic layer, as defined above, wherein the thermochromic 
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layer functions as an optical Switch to transition from either 
a colored State to a colorless state or from a colorless state 
to a colored State. 

0098. The present invention also relates to a thermochro 
mic object which comprises a reflective layer comprising 
polymeric resin and white or colored pigments, wherein the 
reflective layer is highly reflective of unabsorbed visible 
electromagnetic radiation and wherein Such reflective layer 
is deployed in conjunction with a thermochromic layer. 

0099. The present invention also relates to a thermochro 
mic objects comprising a reflective layer, as defined above, 
and additionally comprising photoluminescent fluorescent 
pigments wherein the reflective layer is highly reflective of 
unabsorbed visible electromagnetic radiation. 

0.100 The present invention also relates to a thermochro 
mic object comprising a reflective layer, as defined abov,e 
and additionally comprising photoluminescent fluorescent 
dyes wherein the photoluminescent fluorescent dye exists as 
a solid solution in polymeric matrix wherein the reflective 
layer is highly reflective of unabsorbed visible electromag 
netic radiation. 

0101 The present invention also relates to a thermochro 
micobject comprising a reflective layer as defined above 
which additionally comprises photostabilizers as defined 
above to retard the photolytic degradation of said thermo 
chromic and photoluminescent fluorescent materials cited 
above 

0102) When the thermochromic object according to the 
invention comprises at least one reflective layer and at least 
one thermochromic layer, the reflective layer is applied first, 
so that it is proximal to the preformed article. The thermo 
chromic layer is applied after the reflective layer, so that said 
thermochromic layer is distal to said preformed article. If 
transfer technology is used, it must be used such that the 
result is the same. 

0103) The present invention also relates to a thermochro 
mic object comprising at least one protective layer which 
comprises a polymeric resin and wherein the protective layer 
is deployed in conjunction with an thermochromic layer and 
wherein the protective layer provides physical protection to 
the thermochromic layer. 
0.104) The present invention also relates to a thermochro 
mic object comprising at least one protective layer as 
defined above but which additionally comprises photosta 
bilizers as described above. 

0105. When the thermochromic object according to the 
invention comprises at least one thermochromic layer and at 
least one protective layer, the thermochromic layer is 
applied first, so that it is proximal to said preformed article. 
The protective layer is applied after the thermochromic 
layer, so that said protective layer is distal to said preformed 
article. If transfer technology is used, it must be used Such 
that the result is the same. 

0106 When the thermochromic object according to the 
invention comprises at least one reflective layer, at least one 
thermochromic layer, and at least one protective layer, the 
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reflective layer is applied first, so that it is proximal to said 
preformed article. The thermochromic layer is applied next 
and then the protective layer is applied. Therefore, the 
reflective layer is proximal to the preformed article, the 
protective layer is distal to said preformed article, and said 
thermochromic layer is between said reflective layer and 
said protective layer. If transfer technology is used, it must 
be used such that the result is the same. 

0107 The present invention also relates to the method of 
making a thermochromic object with at least one thermo 
chromic layer. 

0108. The present invention also relates to the method of 
making a thermochromic object with at least one reflective 
layer and one thermochromic layer. 

0109 The present invention also relates to the method of 
making a thermochromic object with at least one thermo 
chromic layer and at least one protective layer. 

0110. The present invention also relates to the method of 
making a thermochromic object with at least one colorant 
layer and at least one thermochromic layer. 

0111. The present invention relates to the method of 
making a thermochromic object with at least one reflective 
layer, at least one thermochromic layer and at least one 
protective layer. 

0112 The present invention relates to the method of 
making a thermochromic object with at least one colorant 
layer, at least one thermochromic layer and at least one 
protective layer. 

0113. The present invention relates to the method of 
making a thermochromic object with at least one reflective 
layer, at least one colorant layer, at least one thermochromic 
layer and at least one protective layer. 
0114. In order to produce these products, one needs to 
develop a system construction Such that the visual impact of 
the color change is striking, the indicator indicia are robust, 
the applied images patterns or indicia are photolytically 
stable and the product is not only durable for the user but 
also environmentally stable. One also needs to develop 
products that are desirable and useful to consumers in many 
fields of use, including food products, entertainment, sports, 
transportation, weather protection, decorating, indoor and 
outdoor sanitation or a combination thereof. 

0115 New products have surprisingly been developed 
that address the problems associated with various com 
pounds and their uses, including developing products which 
have color changing indicators based on thermochromic, 
fluroscent photochromic, phosphorescent photochromic 
compounds or a combination thereof and that are con 
structed from a variey of substrate materials such as PVC 
acrylics, urethanes polyester, nylon, etc. The Substrate or 
Surface construction materials or components may be rigid 
or flexible. 

0116. A system construction has also been developed 
Such that the visual impact of the color change is striking, the 
indicator indicia are robust, the applied images patterns or 
indicia are photolytically stable and the product is not only 
durable for the user but also environmentally stable. These 
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new products are also desirable and useful to consumers in 
many fields of use, including food products, entertainment, 
sports, transportation, weather protection, decorating, indoor 
and outdoor sanitation or a combination thereof. Specifi 
cally, in contemplated embodiments, a multilayer system 
construction or layered material has been designed so as to 
create a visually striking impact of the color change, to be 
durable with respect to scratches and abrasions and to have 
weatherometric robustness, such as photolytic stability and 
atmospheric stability for the indicator indicia or images. 
0117. One contemplated embodiment comprises a three 
functional layer structure with a base layer providing func 
tionality for maximizing or that maximizes the desired 
visual impact of the color change of at least part of the 
layered material, a thermochromic layer providing function 
ality for triggering a state change that is, either colorless to 
colored, or colored to colorless, or from one color to another, 
and a protective layer that provides functionality for han 
dling and weatherometric robustness for the underlying 
image. The protective layer can also provide a visual 
enhancement function when desired by providing a reflec 
tive component or gloss for image viewing. 
0118. The base functional layer may produce the desired 
functionality either by a single or multiple layers of material, 
depending on the application and product. The base layer 
may be constructed either by blending the final color dye or 
pigment before fabrication of the layered material. Such as 
by extrusion or molding or formation of plastic, glass, paper 
etc., or by a coating application process such as gravure, 
flexo, roll or blade coating etc., or by printing application 
processes such as Screen printing or pad printing etc. One 
example of a base layer construction would to apply a layer 
containing a dye or pigment material including one or more 
fluorescent dyes or pigments that will render a brilliant final 
color. In this type of application, the thermochromic layer 
(applied on top of this layer) would generally function as an 
optical Switch going from colored to colorless. This indica 
tor could be accomplished by the base layer having the 
appropriate dye or pigment for the desired visual impact. 
Another application of a base layer construction is where the 
base layer contains just a white reflective pigment coating to 
maximze the color rendering of the thermochromic materi 
als. In this type of application the thermochromic layer 
would go from either colorless to colored or from one color 
to another. 

0119) As stated earlier, the base layer may also comprise 
multiple layers. An example of a two layer base functional 
layer is contemplated when the base layer is being applied 
to a rigid or flexible plastic or other material containing a 
strong absorbing color different from the final color. In such 
a case so as not to reduce final color impact or vibrancy, the 
base layer will consist of a hidden layer consisting of a white 
reflective pigment application followed by the layer render 
ing the final color such as that described above. 
0.120. There will be occasions where in order to create a 
visually-striking final color, it may be necessary to first 
apply a specific contrasting color layer to enable striking 
visual impact of the final color. In such an embodiment, the 
base functional layer could become a three layer construc 
tion. In this case, one has to first create a desired oversized 
(oversized relative to final color image) contrast color image 
followed by a white reflective image followed by final color 
image application. 
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0121 The base layer, in addition to serving the function 
of enhancing the visual impact of the final color, will also 
serve as a platform for the additional layers and/or func 
tional layers. Therefore, it is important to consider the 
components of the base layer with respect to the components 
of additional layers in order to avoid color bleeding, unde 
sirable chemical reactions between layers of materials and 
deterioration of the desired visual impact of the layered 
materials. 

0122) The second layer applied on top of the base layer 
will contain the thermochromic layer. The thermochromic 
layer may have one or more layers, where the layer or layers 
comprise at least one layer of envirochromic dyes, pigments 
or inks. Envirochromic dyes, pigments or inks are those that 
change color or texture with a changing environment, Such 
as heat, cold, rain, Sunshine, UV rays, Snow, dark, light or a 
combination thereof. Envirochromic dyes, pigments or inks 
are contemplated to be those described herein earlier, con 
ventional envirochromic dyes, pigments or inks, envirochro 
mic dyes, pigments or inks that are yet to be developed or 
a combination thereof. Envirochromic inks, dyes and pig 
ments may be clear until triggered, opaque until triggered or 
a particular color until triggered. Once triggered by an 
environmental condition, the ink, dye or pigment will 
change—whether it changes from clear to opaque or col 
ored, from opaque to clear or colored or from colored to 
opaque or clear. 
0123 Dispersing Agents 
0.124 High mechanical forces are necessary to incorpo 
rate Solids in liquid media. It is customary to employ 
“dispersing agents' in order to reduce these dispersion 
forces and in order to keep the total energy input into the 
system, which is necessary for deflocculating the Solid 
particles and thus the time of dispersion, as low as possible. 
These dispersing agents are Surface-active Substances of 
anionic, cationic, or neutral structure. These Substances are 
added in a small amount, either directly to the solid or to the 
dispersion medium. Furthermore, it is known that even after 
complete deflocculation of the solid agglomerates into pri 
mary particles, re-agglomeration occurs after the dispersion 
process. In Such a case, the effort expended to produce a 
dispersion is partially or completely negated. 
0125 There is a multiplicity of different substances 
which are used nowadays as dispersing agents for pigments 
and extenders. A review of the existing patent literature is 
given in European Patent No. 0318 999. See, e.g., Page 2, 
Lines 24-26. Apart from very simple, low molecular weight 
compounds such as lecithin, fatty acids, and salts thereof, 
and alkylphenol ethoxylates, for example, complex struc 
tures are also used as dispersing agents. In particular, these 
comprise amino- and amide-functional systems, which are 
widely used amongst dispersing agents. In British Patent No. 
2 153804, for example, amino- and amide-functional poly 
and oligocopolymers based on polyamines and polycapro 
lactones are used for the dispersion of magnetic pigments. 
European Patent No. 0 713 894 describes the use of amino 
functional polylactones for coatings and printing inks. 
Moreover, amine-functional polyacrylates, such as those 
disclosed in European Patent No. 0311 157 and in U.S. Pat. 
No. 3,980,602 are used for the stabilisation of organic and 
inorganic pigments. Amine-functional polymers based on 
polyisocyanates constitute a further group. See, e.g., Euro 
pean Patent Nos. 0 159 678 and 0 438 836. 
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0.126 Derivatives of phosphoric acid esters are also fre 
quently used as dispersing agents. European Patent No. 0 
417 490, see Page 2, Lines 23-43, gives a summary of the 
use of these substances, preferably as dispersing agents or 
for the pretreatment of pigments. The salts of acidic phos 
phoric acid esters are also described in this patent. Inorganic 
bases as well as mono- and diamines are listed as the basic 
salt formation components. 
0127. While satisfactory stabilization of pigments or sol 
ids can be achieved with one or more of the dispersing aids 
cited above, many of these dispersing agents have an insuf 
ficient capacity for reducing the Viscosity on the incorpora 
tion of pigments or of solid particles in binder vehicles. 
Additionally, for manufacturing efficiency, there is a need to 
minimize the thickness of the thermochromic layer together 
with the necessity of reducing the amount of solvent as far 
as possible (e.g., high-solids formulations). All of this can 
lead to high viscosity with the resulting need for the appli 
cation of excessive energy to disperse the pigment. This can 
result in significant degradation. 

0128. Examples of suitable dispersing aids that minimize 
agglomeration require very low levels of energy are cited for 
example an acrylic acid-acrylamide polymer Such as those 
cited in U.S. Pat. No. 6,596,816, incorporated herein by 
reference for all purposes, or salts of an amine functional 
compound and an acid such as those cited in U.S. Pat. No. 
6,111,054, also incorporated herein by reference for all 
purposes. 

0129 Rheology Modifiers 
0.130 “Rheology Modifiers' are those substances which 
generally can build viscosity in liquid dispersion formula 
tions, thereby retarding settling of pigment materials while 
at the same time significantly lowering viscosity upon 
application of shear, to enhance Smooth applicability of Such 
formulations onto articles. There is a widespread practice of 
using materials such as colloidal silica or fumed silica and 
magnesium aluminum silicate clays, such as bentonite, not 
only as thixotropic modifiers to prevent sagging and running 
of luminescent formulation as it is applied to the object but 
also as Suspending fillers, that is, for minimizing settling of 
dense pigment particles Such as phosphor particles. See, e.g., 
U.S. Pat. No. 6,207,077. 

0131 The common practice is to use organically-modi 
fied bentonites, silicas, hydrogenated castor oil, and polya 
mide waxes. A disadvantage of these substances is that they 
are mostly dry solids which have to be brought into the form 
of a semi-finished product using solvents and shear forces, 
and incorporated into the liquid coating system under careful 
temperature control. Failure to observe such temperatures 
results in crystallites in the finished coating system, which 
may lead to defects in the coating. 

0.132. The bigger disadvantage of their use in luminescent 
coatings such as the thermochromic layer is that they lead to 
turbidities and haze rather than transparent coatings. More 
over, handling dry pulverulent products which give rise to 
dusts in the course of processing is undesirable. 
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0133. The present invention employs polymeric urea 
urethanes in aprotic polar solvents as rheology modifiers. 
This class of rheology modifiers can be used satisfactorily, 
that is without any scattering of electromagnetic radiation, 
and without any significant build up of Viscosity. Thus, this 
class serves not only as rheology modifiers but also to 
minimize settling of the dense pigment particles. Examples 
of Such urea-urethanes can be found, for example, in U.S. 
Pat. No. 6,617,468 and U.S. Pat. No. 6,870,024, incorpo 
rated herein by reference for all purposes. 
0134 Wetting Agents 

0135) If the applied luminescent envirochromic layer 
does not contain “wetting agents.’’ also known as leveling 
agents, the resulting Surface may not be smooth. Instead, the 
Surface may be less structured, referred to as having a wavy 
Surface or as having an orange peel-like Surface. These 
surfaces may be finely structured, with a short wave, or 
coarsely structured, with a long wave. 

0136. This waviness is unwanted not only because the 
Surface is not visually appealing with a lowered market 
appeal, but more importantly, any Surface structure is likely 
to cause light scattering and loss of perceived luminous 
intensity. 

0137 The structure depends on the nature and composi 
tion of the coating compositions; for example, on whether 
these coating compositions comprise solvents or else are 
Solvent-free, as in the case of powder coating materials. In 
the case of powder coating materials it is absolutely neces 
sary to add leveling agents, since without these leveling 
agents it is impossible to achieve a surface which is in any 
way Smooth. 
0138 Known examples of such agents are poly 
(meth)acrylates and polysiloxanes, which may be used as 
leveling promoters for coatings. In the case of the polysi 
loxanes, the compounds generally comprise polydimethyl 
siloxanes, polymethylalkylsiloxanes, or else polyether- or 
polyester-modified polydimethyl- or polymethylalkylsilox 
anes. In the case of the poly(meth)acrylates, preference is 
given to the use of polymers or copolymers of alkyl acrylates 
having an alkyl radical chain length of C-Cs. Such as ethyl 
acrylate, 2-ethylhexyl acrylate, or n-butyl acrylate, for 
example. The products used possess in some cases molecu 
lar weights of up to 100,000. 

0.139. The action of all these products is based on surface 
activity at the liquid/gas interface: owing to a certain incom 
patibility with the actual binder of the coating system, these 
products adopt an orientation to the interface. This incom 
patibility may be increased by raising the molecular weight 
of these polymers. A disadvantage then, however, is that 
owing to this incompatibility there can be cases wherein the 
scattering of electromagnetic radiation or haze of the layer 
becomes high, thereby resulting in significant reduction in 
luminous intensity. The present invention employs branched 
polymers comprising a free-radically or ionically polymer 
ized base molecule into which monoethylenically unsatur 
ated macromonomeric units have been incorporated by 

Jul. 20, 2006 

copolymerization. Examples of such polymers may be found 
in U.S. Pat. No. 6,710,127, incorporated herein by reference 
for all purposes. 

0140. Other Additives 
0.141. Other additives, such as “deaerators' and “defoam 
ers' may be employed. Deaerators are those substances 
which minimize entrained air. Defoamers are those sub 
stances that allow easier dissipation of entrained air. 
Depending upon the materials comprising the formulation 
and the resultant viscosity, a significant amount of air 
entrainment can cause scattering of electromagnetic radia 
tion and, hence, a reduction in luminous intensity. 
0142. The following examples are offered to illustrate the 
present invention and should not be construed in any way as 
limiting the scope of the invention. 

EXAMPLES 

Example 1 

0.143 A formulation was made consisting of a thermo 
chromic pigment in a binder of nitrocellulose and diluted 
with 2-methoxyethanol. This gave pigment solids of 40% of 
dry pigment to 60% Nitrocellulose binder. The solids were 
contained in a solvent mixture at 45% solids. This material 
was coated over plasticized PVC to give a dry coating 
thickness of 18 microns using a screen printing process. The 
color of the thermochromic pigment at room temperature 
was selected so that it contrasted the color of the PVC. The 
opacity of the thermochromic layer at room temperature 
masked the PVC layer below it. The thermochromic layer 
became translucent when heated through normal body con 
tact to reveal the contrasting base color of the PVC under 
neath. 

Example 2 

0144. A formulation was made consisting of 52% ther 
mochromic pigment in 48% Nitrocellulose binder. The pig 
ment and binder were prepared in a solvent mixture con 
taining Toluene, Hexane, and Hydrocarbon solvents at a 
solids content of 40%. This material was applied using a silk 
screen to give a dry coating thickness of 22 microns. 

Example 3 

0.145) A yellow fluorescent pigment was dispersed in 
2-methoxyethanol at 50% solids using the wetting agent 
TegoWet 550. This dispersion was added to an acrylic binder 
(NeoCryl B-735) to give solids of 20% in 2-methoxyetha 
nol. The ink was then applied to plasticized PVC using a 
screen print to achieve a 15 micron thickness, which pro 
vided for an image that contrasted the base color of the PVC. 
Over this was applied the formulation from Example 2 at a 
thickness of 26 microns. The color of the thermochromic 
layer at room temperature contrasted with the fluorescent 
layer below it. In this case, the thermochromic layer was 
dark blue compared to the fluorescent yellow of the layer 
below the thermochromic layer. The opacity of the thermo 
chromic layer masked the fluorescent layer below it. The 
image was such that when warmed, the thermochromic 
pigment became translucent and revealed the fluorescent 
layer printed underneath. 
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Example 4 
0146 Thermochromic pigment was mixed with 10% 
2-methoxyethanol and then dispersed in plastisol to give a 
pigment concentration of 40% in the final mixture. This was 
then applied over a polyester fabric using a applicator to give 
a 1 mil ending thickness. 

What is claimed is: 
1. A thermochromic formulation comprising: 
(a) an effective amount of thermochromic materials; 
(b) at least one liquid carrier medium; 
(c) at least one polymeric resin; and 
(d) at least one stabilizing additive, 
wherein said thermochromic materials are uniformly dis 

tributed within said formulation. 
2. A thermochromic formulation comprising: 
(a) an effective amount of thermochromic materials; 
(b) at least one liquid carrier medium; 
(c) at least one polymeric resin; and 
(d) at least one stabilizing additive, 
wherein said thermochromic materials are uniformly dis 

tributed within said formulation and further wherein 
said formulation has an FT of at least 90%. 

3. The thermochromic formulation of claim 1 or claim 2, 
which further comprises electromagnetic radiation absorp 
tive pigment materials. 

4. The thermochromic formulation of claim 1 or claim 2, 
which further comprises photoluminescent fluorescent pig 
ment materials. 

5. The thermochromic formulation of claim 4, wherein 
said photoluminescent fluorescent pigment materials are 
selected Such that they are in Solution in said liquid carrier 
medium and wherein upon application of said theromochro 
mic layer said photoluminescent fluorescent pigment mate 
rials exist as a Solid state Solution said polymeric resin 
matrix. 

6. The photoluminescent formulation of any one of claims 
3-5, which further comprises photostabilizers. 

7. The photoluminescent formulation of any one of claims 
1-6, wherein said thermochromic materials are negative 
thermochromic materials. 

8. The photoluminescent formulation of any one of claims 
1-6, wherein said thermochromic materials are positive 
thermochromic materials. 

9. The photoluminescent formulation of any one of claims 
1-6, wherein said thermochromic materials are neutral ther 
mochromic materials. 

10. The photoluminescent formulation of claim 7 or claim 
8, wherein said thermochromic materials comprise an elec 
tron donating compound and an electron accepting com 
pound. 

11. The photoluminescent formulation of claim 7 or claim 
8, wherein said thermochromic materials comprise liquid 
crystal materials. 

12. The thermochromic formulation of any one of claims 
1-6, wherein said polymeric resin is selected from the group 
consisting of acrylates, poly vinyl chloride, polyurethanes, 
polycarbonates, polyesters, and combinations thereof. 
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13. A thermochromic object comprising: 
(a) a preformed article; and 
(b) at least one thermochromic layer 
wherein said thermochromic layer results from a formlu 

ation of any of claims 1-12. 
14. A thermochromic object comprising: 
(a) a preformed article; 
(b) at least one thermochromic layer, and 
(c) at least one reflective layer; 
wherein said thermochromic layer results from a formlu 

ation of any of claims 1-12, wherein said reflective 
layer results from a reflective formulation, wherein said 
reflective layer is proximal to said preformed article, 
and wherein said thermochromic layer is distal to said 
preformed article. 

15. A thermochromic object comprising: 
(a) a preformed article; 
(b) at least one thermochromic layer, 
(c) at least one reflective layer; and 
(d) at least one protective layer, 
wherein said thermochromic layer results from a formu 

lation of any of claims 1-12, wherein said reflective 
layer results from a reflective formulation, wherein said 
protective layer results from a protective formulation, 
wherein said reflective layer is proximal to said pre 
formed article, wherein said protective layer is distal to 
said preformed article, and wherein said thermochro 
mic layer is between said reflective layer and said 
protective layer. 

16. A thermochromic object comprising: 
(a) a preformed article; 
(b) at least one thermochromic layer, and 
(c) at least one protective layer, 
wherein said thermochromic layer results from a formlu 

ation of any of claims 1-12, wherein said protective 
layer results from a protective formulation, wherein 
said thermochromic layer is proximal to said preformed 
article, and wherein said protective layer is distal to 
said preformed article. 

17. A method for creating a thermochromic object, said 
method comprising the steps of 

(a) obtaining a preformed article; and 
(b) applying to said preformed article at least one ther 
mochromic layer 

wherein said thermochromic layer results from a formu 
lation of any one of claims 1-12. 

18. A method for creating a thermochromic object, said 
method comprising the steps of 

(a) obtaining a preformed article: 
(b) applying to said preformed article at least one ther 
mochromic layer, and 

(c) applying to said preformed article at least one reflec 
tive layer; 
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wherein said thermochromic layer results from a formlu 
ation of any of claims 1-12, wherein said reflective 
layer results from a reflective formulation, wherein said 
reflective layer is proximal to said preformed article, 
and wherein said thermochromic layer is distal to said 
preformed article. 

19. A method for creating a thermochromic object, said 
method comprising the steps of 

(a) obtaining a preformed article; 
(b) applying to said preformed article at least one ther 
mochromic layer; 

(c) applying to said preformed article at least one reflec 
tive layer, and 

(d) applying to said preformed article at least one protec 
tive layer; 

wherein said thermochromic layer results from a formu 
lation of any of claims 1-12, wherein said reflective 
layer results from a reflective formulation, wherein said 
protective layer results from a protective formulation, 
wherein said reflective layer is proximal to said pre 
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formed article, wherein said protective layer is distal to 
said preformed article, and wherein said thermochro 
mic layer is between said reflective layer and said 
protective layer. 

20. A method for creating a thermochromic object, said 
method comprising the steps of 

(a) obtaining a preformed article: 

(b) applying to said preformed article at least one ther 
mochromic layer, and 

(c) applying to said preformed article at least one protec 
tive layer; 

wherein said thermochromic layer results from a formu 
lation of any of claims 1-12, wherein said protective 
layer results from a protective formulation, wherein 
said thermochromic layer is proximal to said preformed 
article, and wherein said protective layer is distal to 
said preformed article. 


