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et BT METHOD OF. REVERSIBLE SELECTIVE MANIFESTATION
OF DIFFERENT STATES OF FUNCTIONAL ELEMENT
The present invention relates to a method of
reversible selective manifestation of different states of
a'fﬁnctional element, which comprises at least two
compounds and is capable of alternatively aséuming two
different states, by controlling the respective
conditions for attaining the two states.
N

The utilization as a reversible functional element
of a material capable of assuming a plurality of stable
- different states and'beihg transferred among those
different states as desired by the application of some
stimuli thereto ié'donvenfionally known.
o As such revérsible functional.elements, for
“instance, functional elemeﬁté?are known. which utilize the
reversible thermal transformq%;on of a crystalline state,
a molecular arrangement, or an-aggregation state, such as
a display element which utilizes:the reversible changes
in the molecular arrangement of liquid crystalline |
compounds by the application of an electric field or

heat, and an information recording element which utilizes
I —
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a: functional elenment, which conprises at |east two conpounds and is
capabl e of alternatively assumng two different states, by controlling the.
respective conditions for attaining the two states. ' The
utilization as a reversible functional element of a material capable of
-assumng a plurality of stable different states and being transferred
anong those’ different states as desired by the application of sone

stimuli thereto is conventionally known. As such reversible
~functional elenments, for

' a reversible transformation between an amorphous state

"and a crystalline state of an inorganic compound or an
organic compound, a reveisiple transformation between two
different crystalline states, or a reversible trans-
formation between two different association states bf
molecules.

Althohgh some of these conventional elements are

already widely used in practice, they leave much room for

™

impro#ement because of the complexity of the structure
thereof, the complexity of systems using the elements,
and the poor contrast of displayed or recorded images.
There are also known functional elements which
utilize reversible changes in molecular structure, such
as photochromism and electrochromism. Almost none of
such elements is used in pracfice because they have
problems related to repeated operation performance and
response speed.
(. A reversible functional element which utilizes a
reversible reactibﬁ between two compounds has also been
proposedQ An ekample of such.a reversible functional
element which has been put to p#actical use is a thermo-
sensitive coloring element which utilizes a coloring
reaction between an electron-dénor coloring compound and
an electron-acceptor compound. The function of this
'thermosensitive coloring element can be manifested by the

application of heat thereto, so that it assumes a colored
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i nstance, functional elenents are known which utilize the reversible
thermal transformation of a crystalline state, a nolecular arrangenent,
an aggregation state, such as a display elenment which utilizes the
reversi bl e changes in the nol ecular arrangenent of liquid crystalline
conpounds. by the application of an electric field or heat, and an

I nformati on recordi ng el enment- which utilizes

state. Further, depending on the materials employed in

- the coloring -element, it is possible to.reversibly chénge
its state from the colored state to a decolprized state.

Reversible‘thermosensitive coloring elements of this'

type, however, have the following shortcomings: A long
time is required to return to a decolorized state from a
colored state. A decolorizing agent is'necessary. An
additional treatment.using an organic solvent or water is
also necessary. Furthermore, once the reversible
thermpsensitive cdloring element has been coldred, it
reassumes the initial.decolorized state only with great.

difficulty.

Accordingly, an objecf of the ?resent invehtion is
to provide a méthod-of reversibly and selectively
manifesting different stdtes of a functional element

(. easily and speedily, free from the above-mentioned
conventional shortcomings.

The above-mentioned object of the present invention
can be achieved by é method of reversible seiective
manifestation of different states of a functional
element, which comprises at least two compounds and is
capéble of alternatively assuming (a) a first state ip

which the two compounds interact to form a regular

 aggregate stfucture, or (b) a second state in which the
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a reversible transformati on between an anorphous state and a crystalline
state of an inorganic conpound or an organic conpound, a reversi.ble
transformati on between two different crystalline states, or a reversible
trans- formation between two different association states of nolecules.
Al t hough some of these conventional elements are already wdely used in
practice, they |l eave much roomfor inprovenent because of the conplexity
of the structure thereof, the conplexity of systens using the el enents,

two compounds do not interact, and at least one of the
two compounds is in an aggregate or crystallized stéte,
by controlling the respective conditions for attaining

one of the two states.

A more complete appreciation of.the present
invention and many of the attendant advantageé thereof
will be readily obtained as the same becomes better
understood bf reference to the following detailed
description when considered in connection with the
accompanying drawings, wherein:

Fig. 1 is a diagram showing the relationship between
the color development and décolorization of a functional
element for use in the present invention and the
temperature thereof;

Figs. 2 and 3 are charts showing the changes in the

( x-ray diffraction of functional eleménté when rapidly
cooled from the respeétive fused color development
states; .. '

Fig. 4 is a chart showing the changes in the
transmittance of functional elements when the temperature
thereof was raised frbmJthe respéctive color development
states obtained by rapid cooling; _

.Figs.'5(a), 5(b), 6(a) and 6(b) are charts showing

the changes in the x-ray diffraction of functional
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and the poor contrast of displayed or recorded imges. There are al so
known functional elenments which wutilize reversible changes in nol ecul ar
structure, such as photochrom sm and el ectrochromi sm Al nost none of such
elenments is used in practice because they have problens related to
repeat ed operation performance and response speed. A reversible
functional elenment which utilizes a- reversible reaction between two
conpounds has al so been proposed. An exanple of such a reversible
functional elenent which has been put to practical use is a therno-
sensitive coPéPmeytsl whem: the denperhitnrre iheseefi wgs raised from the

respective color development states obtained by rapid
cooling;

Figs. 7 and 8 are charts showing'the changes in the
x-ray diffraction of comparative functional elements when
rapidly cooled from the respective color development

states obtained by rapid cooling;

Fig. 9 is an infrared abéorption spectrum chart
showing the changes in the interaction state of two
compounds in two functiohal elements, when one functional
element was cooled promptly, and the other was cooled
gradually; | |

_Fig; 10 is an infrared absorptidn spectrum chart
showing the changes in the interaction state of two
lcompounds in a functional element &epending upon
temperature thereof when the temperature of a rapidly.
cooled functional element was elevated;

(‘ ' Fig. 11 is an x-ray diffraction chart showing the
formation of a regular aggregate structure in a
functional element formed by gapidly'cooling;

Fig. 12 is an x-ray diffraction chért showing
‘the formation of independent crystals of two compounds in
a functional element formed by gradual ¢ooling;.

Figs. 13(a) and 13(b) are x-ray diffraction charts
showing changes in the x-ray diffraction in the

functional element comprising two compounds formed by
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reaction between an el ectron-donor col oring conpound and -an

el ectron-acceptor conpound. The function of this .thernpbsensitive coloring
el enent can be manifested by the application of heat thereto, so that it
assunes a colored state. Further, depending on the nmaterials
enployed in the coloring element, it is possible to reversibly change

rapid cooling, indicating that one of the two compouhds
is\being.crystallized; and |

Fig. 14 is a chart showing the changes in the
transmittance of functional elements in a color
development state, depending upon the temperature

thereof.

The inventors of the present invention have analyzed
the relationship among the molecular structure in the
solid phase of each of two compounds, the strength of
interaction therebetweeh, and the aggregate state
thereof. |

As e result, the inventors have discovered that the
two compounds can assume a stable regular aggregation
etructufe, even though the interaction therebetween is
not very strong and the two compounds are solidif;ed in

( | | the intefactiﬁg state with difficulty; and that the two
compounds can be brought back to the initial state
without the interaction therebetween by.destroying the
regular aggregate structure.

In addltlon to the above, the 1nventors of the
present invention have discovered that the formation of
the above-mentioned regular aggregate structure can be
controlled by selecting the molecular structure of a

compound employed in a functional element, and that the
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its state fromthe colored state to a decolorized state. Reversi bl e

t hernosensitive coloring elenents of this type, however, have the
_followi ng shortcomngs: Along time is required to return to a decolorized
state froma colored state. A décolorizing agent is necessary. An
additional treatnment using an organic solvent or water is- al so necessary.
Furthernore, once the reversible thernosensitive coloring elenent has been
colored, it reassunes the initial decolorized state only with great
difficulty. Accordingly, an object of the present invention is

aggregation force of a long chain structure such as a
straight hydrocarbon chain ﬁlays a particularly important
role.

The present inventioh has been made based on the
above discoveries, and is directed to a method of
reversibly and selectively manifesting different states
of a functional element. This functional elemeht
comprises at least two compounds and is capable of
alternatively assuming (a) a first state in which the two
compounds interact to form a regular aggregate structure,
or (b) a second state in which the two compoﬁnds do not
interact, and at least one of the two compounds is in an
aggregate or crystallized state. The above method is
actually carried out by controlling the respective
conditions for attaining one of the two states.

. The above first state is attained by fusing the two

compounds with the application of heat thereto, followed

~—

by rapidly cooling the two fused compounds. The
interacting state of ﬁhe two compounds can be stably
maintained by the formation of the aggregate structure in
~the first state.
Moreover, the second state is attained by elevating
the temperature of the functional element to a
temperature below the'temperature at which the two
. compounds are fuéed, thereby destroying the regular

aggregate structure of the two compounds, and placing at
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to provide a nethod of reversibly and sel.ectively manifesting different
states of a functional elenment easily and speedily, free fromthe
above-nmenti oned- conventional shortcom ngs. The above-nenti oned

obj ect of the present invention can be achieved by a nethod of reversible
sel ective manifestation of different states of a functional elenent,

whi ch conprises at |east two conpounds and is capable of alternatively
assunmng (a) a first state in which the two conpounds interact to forma
regul ar aggregate structure, or (b) a second state in which the

- least one of the two compounds in an aggregate or
crystallized state.

The method of reversibly and selectively manifesting
different states of the functional element according to
the present invention utilizes.the differences in the
properties between the first state obtained by the
interaction of the two compounds and the second state
without the interaction. |

In the aboveémentioned first state, the two
_compounds are weékly bonded by the interaction
therebetween. Such a bonded state can be seen in
composite materials formed by hydrogen bonding, by
charge-transportation-type interaction, or by
coordination.

If a regular aggregate structure is formed when the
two compounds are fused and then rapidly cooled, the
interaction between the two comﬁounds can be Stably

(. _ maintained at room temperature even théugh the
interaction therebetwéen is weak, whereby the first state
is formed. ' - e

dn the other hand, when the fﬁsed compounds are
gradually cooled, the aggregate structure of the two
compounds is not generally formed by the interaétion
therebetween because the aggregation force which works

- among compounds of 6ne kind is stronger than the

aggregation force which works among two kinds of

-
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two conpounds do not interact, and at |east one of the two conpounds is in
an aggregate or crystallized state, by controlling the respective
conditions for attaining one of the two states.

compounds, so that at least one of the two compounds
forms a stable aggregate or crystallized state by the
aggregation force améng the molecules of the one kind of
ccompound, without the aggregation force among the two N
kinds of compounds.

_Thérefore, when the regular aggregéte structure of
the two cbhpounds is destroyed by the elevation of the
temperature thereof, the aggregation force of the same
kind of compounds predominates, so that a state free from
the interaction between the two compounds can be
regained.

The method of :eversible_selecpive manifestation of
different states of the functional element according to
the present invention can be applied to a functional
element such as the previously mentioned composite
material with relatively weak interaction.

The method of reversible selective manifestation of

( different states of the functional element according to
the present invention.comprises the steps of reversibly
alternating the two étates-offthe functional element by
thermally controlling the relationship among the strength
of the interaction between the two kinds of.compounds,
.the aggregation fbrce of the composite material formed by
the interaction between the two kinds of compounds, and
the éggregation force between the molecules of the same
kind of compounds. _ o

- e
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A.nore conpl ete appreciation of the present invention and many of the
attendant advantages thereof w1l be readily obtained as the sanme becones -
better understood by reference to the foll.owing detailed description when
considered in connection with the acconpanying draw ngs, wherein

Fig. 1 is a diagram showi ng the relationship between the col or devel opnent
. and decol ori zation of a functional elenment for use in the present
invention and the tenperature thereof; Figs. 2 and 3 are charts
showi.ng the changes in the x-ray diffraction of functional elenments when

rapidly The state in which the regular aggregate structure

of .the two compounds is maintained is attained by the
aggregation force of the composite material of the two
compounds. In this aggregation force is inherently
contained the aggrégation force which works between the
compounds of the oame kind.

In this sense, it is preferable that at least one of
the two compounds have such a structure that a relatively
strong aggregation force”is generated and a regular
aggregate structure is apt to be formed. Such a
structure is obtained, for example, by bonding a long
higher aliphatic chain such as a long hydrocarbon chain
to at least one of the two compounds. Such a long chain
struoture has various advantages because the aggregation
foroe can be controlled in aocordanoe with the length of
the aliphatic chain in the long chain structure. For
example, the tempefatﬁre for the desﬁruction of the

! aggregate structure of the composite material formed by
the interaction of thé two compounds can be controlled by
the selection of the length of the aliphatic chain.
Furthermore, a portion which exhibits the function of the
compoﬁnd and a portion which exhibits the aggregation
force and aggregate properties of the compound can be
separately designed within the molecule of the compound.
Furthermore, the lengoh of the long chain_strﬁcture

necessary for_the.portion assigned for the exhibition of
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cooled fromthe respective fused col or devel opnment states; Fig. 4is
a chart showing the changes in the transnittance of functional elenents
when the tenperature thereof was raised fromthe respective col or

devel opnment states obtained by rapid cooling; Figs. 5(a), 5(b), 6(a)
and 6(b) are charts showing the changes in the x-ray diffraction of

functi onal ' '

the function of.the compound can be easily determined, so
that the different states of the functional element can
be reversibly manifested without difficulty.

The differencés between the state in which the two
compounds are interactive and the state in which the two
compounds are not interacti&e in the functional element
for use in the present invention are exhibited, for |
example, in the following differences in properties:
optical properﬁies such as light absorption, optical
transmittance, scattering, and reflection; crystaloptical
properties such as double refraction and polarized light
properties; nonlinear optical properties such as
secondary higher harmonics (SHG) properties;_electrical
properties such as electrical conductance, electrical
resistivity, eiectron mobility, positive-~hole mobility,
dielectric constant, ferroelectric properties,
piezoelectric characteristics, pyro—electriq properties,

( and chargeability; thermal properties such as thermal
conductivity; magnetié properties; mechanical properties;
and surface characteristics such as wetting properties.

The present invention can provide a method of
reversible thermal manifestation of the above-mentioned
properties.

In order to explain the method of the present
invention more specifically, a thermal coloring-

functional element is employed as an example of the
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el enents when the tenperature thereof was raised fromthe

devel opnent states obtained by rapid cooling; Fi gs.

respective col or
7 and 8 are

charts showi ng the changes in the x-ray diffraction of conparative
functional elements when rapidly cooled fromthe respective col or

devel opment states obtained by rapid cooling; Fig. 9 is an infrared
absorption spectrumchart show ng the changes in the interaction state of
two conpounds in two functional elenents, when one functional

functional element in the présent invention.

-The thermal

coloring functional element comprises an electron-donor

coloring compound (hereinafter referred to as the

coloring agent) and an electron-acceptor compound

(hereinafter referred to as the color developer). This

thermal coloring functional element can assume

a color

developmenf state in which the coloring agent and the

color developer interact to produce a colored composite

material with a regular aggregate structure, and a

decolorized state inlwhich the regular aggregation

structure of the colored composite material is

decomposed, so that the coloring agent_and/or the color

developer are in an aggregate or crystallized state.

When the coloring agent and the color developer are

fused with the-application of heat thereto, the molecules

of the coloring agent and the color developer come into

contact with each other and interact even though the

( interaction is partial. As a result, the functional

element assumes the color development state in its

entirety. In this case, the natio of the interacting

molecules may differ depending.upon the combination of

the coloring agent and the color developér.

When the fused mixture of the coloring agent and the

color developer in the color development state is

gradually cooled, the interaction between the coloring

agent and the color developer is lost during this cooling
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el-ement was cool ed promptly, and the other was cooled gradually;

.Fig. 10 is an infrared absorption spectrumchart show ng the changes in
the interaction state of two .conpounds in a functional elenment depending
upon tenperature thereof when the tenperature of a rapidly cooled

functional elenent was el evated; - Fig. 11 is an x-ray diffraction
chart show ng the formation of a regular aggregate structure in a
functional element formed by rapidly cooling; Fig. 12 is an x-ray

diffraction chart showing the formation of independent crystals of two
conpounds in course, and the color developer is separately

crystallized, so that the functional element is
decolorized. This is because, during the above-mentioned
cooling course, the aggregation force of the color
developer itself is etronger than the interaction between
the coloring agent and the color developer.
on the other hand, when the fﬁsed mixture of the
coloring agent and the color developer in the color
deﬁelopment state is rapidly cqoled, the functional
element continues to assume the color development state.
This is because when cooled raéidly, the interaction
between the coloring agent and the color developer is
maintained, so that the colored composite material with
the regular aggregate structure is formed by the
maintained interaction between the coloring agent and the
color developer.
In the above-mentioned color development state with
¢ the formation of the regular aggregate structure,
~obtained by rapid cooiing, the percentage of the
molecules of the coloring agent in the color development
.state is larger than that in the color development state
obtained by fusing the coloring agent and the color
developer.
This is because ihe formation of the regular
aggregate structure provides a state in which the

coloring agent and the color developer interact more

This Sheet Has Been Replaced

[T




a-functional elenment formed by gradual cooling; Figs. 13(a) and 13(b)
are x-ray diffraction charts showi ng changes in the x-ray diffraction in
the functional elenment conprising two conpounds forned by

rapid cooling, indicating that one of the two conpounds is being
crystallized; and _

easily than in the case where the coloring agent and the
color developer are fused.

The state in which the regular aggregate structure
is formed with the interaction between'the coloring agent
and the color developer can exist stably at room
temperature. Herver, in this state, the binding force
between the coloring agent and the color developer is
weak, so that wﬁen the functional element in the above-
mentioned state is heated to a temperature below the
temperature at which the color developer and the coloring
'egent are'fused, the regular aggregate strueture in the
functional element is destroyed with the solid phase
being maintained, so that the stability attained by the
regular aggregate structure is lost. The result is that
the color developer is dissociated from the coloring
agent, whereby the color developer is independently
aggregated or crystallized. Thus, the functional element
C assumes the decoibrized state without the interaction

between the color developer and the coloring agent.

In addition, the ebove state without the interaction -
between the coloring agent and_the color developer,
obtained by the above-mentioned heating, can be stably
maintained even when this functional element is cooled to
room temperature. | ' ' ' .

The reversibie manifestation.of the function of the

above-mentioned thermal coloring functional element for
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Fig. 14 is a chart showing the changes in the transmttance of functional
el enent s
t her eof .

rel ati onshi p anong the nol ecul ar structure in the

in a-color developnent state, depending upon the tenperature
The inventors of the present invention have anal yzed
solid phase of each of

t he

two conpounds, the strength of interaction therebetween, and the aggregate

state thereof. As a result, the inventors have discovered that the
use in the present invention will now be explained with
reference to Fig. 1.

Fig. 1 is a diagram showing the relationship between
the color density obtained by the thermal coloring
‘functional element and the temperature thereof, with the
color density as ordipate and the temperature aé
abscissa.

In Fig. 1, reference symbol A indicates a

( ! decolorized sﬁate of the functional element at room
temperature, reference symbol B indicates a color
development state of the functional element in a fused
state by the application of heat thereto, and referénce
symbol C indicates a color development state of the |
functional element at room température.'

The functional element for use in the present
invention is assumed to be in the above-mentioned
decolorization state A at the beginning. When the

( temperature of the functional element in this state is
raised and reaches teﬁperature Tys the color dens;ty of
the element beginé to increase since the coloring agent
and the color developer begin to be mixed and fused with
the formation of a eutgctic mixture at the temperature
T,. As the temperature of the functional element is
further incréased, the color density of the element
increases and finally the element reaches the color
development state B. Even though the temperature of the
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two conpounds can assunme a stable regul ar aggregation structure, even
though the interaction therebetween is not very strong and the two
conpounds are solidified in the interacting state with difficulty, and
that the two conmpounds can be brought back to the initial state wthout
the interaction therebetween by.destroying the regular aggregate
structure. In addition to the above, the inventors of the present
i nvention have di.scovered that the formati on of the above-nenti oned
Fregul ar aggregate structure can be controlled by selecting the nol ecul ar

structure of 3o GHPIY Qh%n@t%%d g 17 deW1ehised2 ko8 EggﬁmtemgQQ'atth% JLhe

the COlor‘of the element is not changed, and is in the
state C which is the same as the color development state
B. The process from the decoloriied'state to the colox
development state as explained above is indicated by the
solid line_in the direction of the aﬁrow = in Fig. 1.
When the temperature of the functionai element in
the state C is again raised, the color density begins to
decrease at temperature T, and the functional element
finally reaches a state D which is a completely
decolorized state. When the temperature of the
functional element in the state D is decréased, the
decolorized state of the functional element is
maintained, so that the element returns to the initial
state A. Thg process from the color development state to -
the décolorized state as explained above is indicated by
the broken line in the direction of the arrow (=) in
( Fig. 1.

Thus, in Fig. 1,.the.température Tl is the color
development initiation femperature at which the color
developmeht ié initiated, and the temperature Tz-is the
decolorization initiation témperature at which the
decolorization is initiated. The'temperature range from
Ty to Ty is a decolorization temperature range in which

- the functional element assumes a decoiorized_state.

The color development and decolorization phenomenon
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7 aggregation force of a long chain structure such as a straight
hydrocarbon chain plays a particularly inportant role. The present

i nventi on- has been nmade based on the above discoveries, and is directed to
“a'nmethod of reversibly and selectively manifesting different states

of the functional element for use in the present
invention shown in Fig. 1 is characterized in that the
above;mentioned decolorization temperature iange is
located in a zone lower than the color development
initiation temperature at which the fusing of the
functional element is initiated and a coloring reaction
is initiated in the functional element.- Therefore, the .
functional element in the color development state at_reom
temperature can be decolorized when heated to a
temperature wiﬁhin the decolorization temperature range.

In addition, such a color development and |
decolorization phenomenon can be repeatedly caused to
occur in the functional element.

Fig. 1 shows a representative example of the process
of color development and decolorization of a thermal
coloxring functional element for use in the present
invention, The color development initiation temperature
,( and the decolorization initiation temperature vary,

depending upon the combination of the coloring agent and
eolor developer employed. _The color density in the state
B is not alweys the same as that in the state C. In some
cases, the respective color densities are differenﬁ.

In order to obtain a thermal coloring functional
element comprising a color developer and a coloring agent
in a color development state at room temperature, the |

color developer and the coloring agent in the thermal
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of a functional element. This functional elenent conprises at |east two
conpounds and is capable of alternatively assuming (a) a first state in
whi ch the two conpounds interact-to forma regul ar aggregate structure,

or (b) a second state in which the two compounds do not interact, and at

| east one of the two conpounds is in an aggregate or crystallized state.

. The above nethod is actually carried out -by controlling the respective

conditions for attaining one of the two states. The above first state

is attained by fusing the two conpounds with the application of heat
thereto, folleokorihy fanttiyns&DobldentcatdOfEsiSE b RO IS idd€ion

of heat thereto, and then rapidly cooled.

Furthermore, iq order to obtain the decolorized
state at room temperature, using.the above-mentioned
therhal colering functional element, the thermel coloring
functional element in the color development state is
heated to a decolorization tempefature which is lower
than the color development temperature, and then
decreasing the temperature thereof to room temperature.

A cdnventionalifﬁnctional element with peor
reversibility or without reversibility used as a
thermosensitive material comprising a celoring agent and
a color developer is not readily decolorized even when
the tempereture of the functional element in the color
development state is increased.

A nuﬁber of functional elements'comprising varieus
coloring agents and color developers capable of inducing
colors in the coloring agents were tested with respect to
the changes in celor development states thefeof, by
fusing the coloring agents-and color developers, and then
decreasing the temperature of each of the fused mixtures
thereof. | |

.The result was'that not all functional elements can
maintain the color developﬁent states thereof, end some
are decolorized as the ﬁemperature is decreased.
Moreover, the above—mentioned phenomenon varies greatly,
-
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interacting state of the two conpounds can be stably naintained by the
formation of the aggregate structure in the first state. Mor eover,
the second state is attained by elevating the tenperature of the
f.unctional element to a tenperature below the tenperature at which the two
conpounds are fused, thereby destroying the regular aggregate structure of
the two conpounds, and pIaC|ng at

depending upon the conditions for decreasing the
temperature of the functional element.

The inventors of.the present invention made
comparative tests with respect to the color development
state meintaining properties of functional elements which
include one color developer selected from the group
consisting of (a) a color developer empioyed in a
conventional thermosensitive'material, (b) a color
developer with an aliphatic chain which is bonded to a
moiety of the color'developer which exhibits a color-
inducing function, and (c)'a color developer with the
color developing capability thereof being changed, when
the temperature of each functional element in the color
development state wae decreased.

In the above comparative tests, the temperature of
each functional element was decreased under the following
two different conditions: Under the first condition, the

( temperature of the functional element was gradually
decreased at a cooling rete'of about 5°C/min or less
(hereinefter referred to as gradual cooling), and under
the second condition, the'temperature was rapidly |
decreased at a cooling rate of about 50°C/sec or more
(hereinafter referred to as rapid cooling).

In practice, gradual cooling was carried out by
interposing the functional element between a pair of

glass plaﬁes, fusing the functional element, using a

- 19 -
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| east one of the two conpounds in an aggregate or crystallized state.
The nethod of reversibly and selectively manifesting different states of
t he functional elenment according to the present invention utilizes the
di-f ferences in the properties between the first state obtained by the
interaction of the two conpounds and the second state without the

i nteraction. In the above-nenti oned flrst state, the two conpounds

are meakly bonded by the |nteract|on
heater, and allowlng the fused functional element to cool
.by_turnlng off the heater or by suspending the heated
functional element in air.
Rapid cooling was carried out by immersing the
heated functional elemeht in cold wafer.
When the functional element is cooled at a cooling
| raté intermediate between the gradual cooiing rate and
the rapid cpoling rate, it is possible that portions in
the state obtained by gradual cooling and'portions in
the state obtained by';apid cooling become mixed in the
functional element, or an intermediate state between the
state obtained by gradual cooling and the state obtained
by rapid cooling is forméd in the functional element.
When the functional element is heated by a thermal
head which is conventionally used for thermdsensitive
recbrding, the functional element is rapidly heated, and
accordingly rapidly cooled, so that rapid cooling is
( carried out.
Moreover, thé fuhctional element wés heated and then
cooled, and the structure of the cooléd_functional .
element was analyzed by x-ray diffraction.
The functional elements are classified into Al, A2
and B types as shown in TABLE 1 in accordance with the
properties and the structure thereof, based on the

results of the above analysis using x-ray diffraction.
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t her ebet ween. Such a bonded state can be seen in conposite materials
formed by hydrogen bonding, by charge-transportation-type interaction, or
by coordinati on. If a regul ar aggregate structure is forned when the
tWwo conpounds are fused and then rapidly cooled, the interaction between
the two conpounds can be stably nmaintained at roomtenperature even though
the interaction therebetween is weak, whereby the first state is forned.
On the other hand, when the fused conpounds are gradually cool ed, the
aggregate structure of the two

TABLE 1

When gradually When rapidly Structure | Type of
cooled from cooled from of func- functional
fused color fused color tional element
development development element
state state after

rapid

cooling
Color develop- Color - Amorphous Al
ment state development state
formed state formed :

' Regular
aggregate A2
¢ structure

Mostly Color Regular
decolorized, development aggregate B
"without the state formed structure
formation of
color develop-
ment state

The results shown in TABLE 1 indicate that when the
heated and fused functional elements in the color
developmént state are gradually cooled to room
temperéture, some functional elements assume the color
development stéte, while other functional elements do not
assume the color development state, buf are mostly
decolorized. |

In contrast, when the.heéted and fused functional
elements in the color development state are rapidly
cooled to room temperature, all the functional elements
assume the color development state.

Furthermore, some funétiqnal elements can, for an
extended period of fime, stably maintain the colorx

- development state, which is obtained by gradually or
s
heet Has Been Replaced
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conpounds is not generally formed by the interaction therebetween because
the aggregation force which works anobng conpounds of one kind is stronger
than the aggregation force which works anong two ki nds of

conpounds, so that at |east one of the two conpounds

rapidly cooling the heated and fused functional elements
in the color development state. Other functional
elements cannot maintain the color'development state, but
are gradually decolorized with time.

| An X-ray analys;s was conducted on the functional
elements which were decolorlzed when gradually cooled
from the fused state, during the course of the
decolorization. The ana;ysis indicated that the above-
mentioned decolorization is caused to take place by the
crystallization and éeparation of the color developer in
the functional element. This also applies to the
functional elements whicn ere gradually decolorized with
time.

The functional element type B in TABLE 1 cannot
assume the color development state and is mostly
decolorized when gradually cooled, but can assume the
coior development state when rapidly cooled.

( An x-ray diffraction analysis indicated that the
functional element type B has such a structure that the
colored composite material formed theredn assumes a
regular aggregate structure after rapid cooling.

From the above results, it is considered that in the
functional element which cannot assume a color
development state by gradual cooling, which is the
functional element-type B in TABLE 1, the interaction

between the coloring agent and the color developer which
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forns a stable aggregate or crystallized state by the aggregation force
anong the nol ecul es of the one kind of conpound, w thout the aggregation
force anong the two kinds of conpounds. - Therefore, when the regul ar
aggregate structure of the two conpounds is destroyed by the el evation of
the tenperature thereof, the aggregation force of the sanme kind of
conpounds predom nates, so that a state free from the interaction between
the two conpounds can be regained. The met hod of reversible

sel ective manifestation of different states of the functional elenent

according toconstitute the functional element is relatively weak, so
that the aggrégation force among the molecules of the
color developer predominates at a lower temperature than
the eutectic temperature of the.coloring_agent and the
color developer, when gradually cooied from the fused
color development state, As a result, the color
developef is caused to separa£e from the colored
composite material and is crystallized. Theréfore, the
functional element type B is decolorized Qhen cooled
gradually.
On the other hand, when the funétional element type
B is rapidly cooled, the colored composite material forms
a regular aggregate structure and the bond between the
color developer and the coloring agent is stabilized.
Thus the functional element type B assuﬁes the color
development state when rapidly cooled.
In other words, a decolorized stafe can be ébtained
( in the functional element type B by destroying the
regular aggregate strﬁcture of the colored composite
material formed therein byieleyating the temperature of
the functional element to bring_about the thermal
movement of the molecules of the colored composite
material, and by causing the color developer to be
independently recrystallized, separated from the colored
composite material. |

The functional elements of the other types Al and A2
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the present invention can be applied to a functional elenent such as the
previously nentioned conposite material with relatively weak interaction.
The met hod of reversible selective manifestation of different states of
the functional elenent according to the present invention conprises the
steps of reversibly alternating the two states-of the functional elenent
by thermally controlling the relationship anong the strength of the

i nteracti on between the two kinds of conpounds, the aggregation force of
- the conposite material formed by the interaction between the two kinds of

compounds,  angl, $4grR99 GER | 0w’ BECEXPELYREE 1N CCIMOEALSES Wik "EngA™
functional element type B.

As mentioned above, the functional element type B
assumes the color develdpment state only when the regﬁiar
aggregate structure of the colored compbsité material is
fdrmed by rapid cooling from a fused color dévelOpment
state of the functional element. In ﬁhe functional
element type B, the bond strength between the color
developer and the coloring agent is rather high, and the
aggregatibn force which works within the colored material
is also very high. |

Unless the bond strength between the coléring agent
and the color develdper is rather high, the coldr '
development state of the functional element cannot be
maintained by the formation of the aggregate structure of
the colored composite material when the functional
element is rapidly cooled. —

{ . When the temperaturé of the functional element type
B which assumes the célor'development state by rapid
cooling is elevated, the-aggregate strﬁgture:and the
color development state thereof can be maintained at a
certain temperaturé. Once the temperature of the
‘functional element type B exceeds the temperature, the
aggregate structure of the colored composite material is
destroyed, and the color developer is independently

crystallized, because the color developer can exist as
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ki nd of conpounds. The state in which the regul ar
aggregate structure of the two conpounds is naintained is attained by the
aggregation force of the conposite material- of the two compounds. In this
aggregation force is inherently contained the aggregation force which

wor ks between the ' ' :

-independent.crystals at the temperature, so that the
functional element type B is immediately decolorized.
In this case, decolorization is rapid since the
aggregation force among.the molecules of the color
developer is strong.

On the other hand, the functional elements types Al
and A2 assume a color development state.when cooled
either gradually or rapidly'from a fused color
development state. The functional element type Al in the
color development state after rapid cooling is a colored
composite material of an amorphous aggregate structure,
while the functional element type A2 in the coloﬁ
development state after rap?d cooling_%s a co}ored
composite material of a regular aggregate structure. 1In
the functional element type Al with the amorphous -
aggregate structure; the bond strength between the
coloring agent and color developer is high, and the

{ ' aggregation strength within the colored composite

material is weak.

A functional element which belongs_to the type Al
includes a color developer with a relatively strong
eggregation force. Such a functional element tends to be
decolorized because of the crystallization and separation
of the color developer with time, even thougﬁ the
functional element is in an amorphous state after gradual
cooling or rapid cooling.

N ————
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conpounds of the sane kind. In this sense, it is preferable that at

| east one of the two conpounds have such a structure that a relatively
strong aggregation force is generated and a regular aggregate structure is
apt to be forned. Such a structure is obtained, for exanple, by bonding a
| ong higher aliphatic chain such as a‘long hydrocarbon chain to at |east
one of the two conpounds. Such a long chain structure has various

advant ages because the aggregation force can be contralled in accordance
with the length of the aliphatic chain in the long chain structure. For
exanpl e, the tenpeimtthe functivnalesslandrntortyde A which forms a

regular aggregaté of the colored composite material when
rapidly cooled, the aggregation force of the colored
composite material is strong. However, the bond Strength
between the color developer and the cdloring agen£ is
stronger than.the aggregation force of the colored
composite material, so that even though the aggregate
structure of thé_colored composite material is destroyed
by elevating the temperature, the colored composite
material can be maintained, or the regular aggregate
structure can be maintained up to high temperatures.

The destruction of the aggregate structure is a
transitional stage leading to a fused color development
state, but does not lead to decolorization.

Among the functional elements of type A2,.there are
elements which do not assume a complete decolorization
state. In such functional elements, even when the

( aggregate structure is destroyed with the elevation of
the temperatufe, since the aggregatidn force of the color
developer is so weak at that femperature, the
crystallization 6f the color develdper is insufficient
for decolorization, 6r the coloring agent is incorporated
into the aggregation structure of the color developer
(for inétance, in a liquid crystal structpre). In the
former cése, no substantial decolorization takes place

even when the temperature is raised from a rapidly cooled
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aggregate structure of the conposite material formed by the interaction of
the two conpounds can be controlled by the selection of the length of the
‘aliphatic chain. Furthernore, a portion which exhibits the function of the
conpound and a portion which exhibits the aggregation force and aggregate
properties of the conpound can be separately designed within the nol ecul e
of the conpound. Furthernore, the length of the |long chain structure
necessary for the portion assigned for the exhibition of

color development state. In the latter case,
degolorization takes place to some extent by the
destruction of the aggregate structure, so that the
element can be used as a reversible functional element.
However, the scope of application is quite limitéd
because the decolorization does not take place so
completely as in the case of the above4mentioned
fﬁnctional element type B.

As explainéd above, the decolorization phenomenon of
the functional element is affected by the relationship
among the bond strength between the color developer and
the coloring agent, the aggregation force within the
colored composite material, and the aggregation force
within the color developer.

It is difficult to quantitatively show the above-
mentioned relationship, but a functional element useful
in the present invention is a functional element that has
{ characteristics by which a color developmenﬁ state cannot

be formed by gradual éooling, but can be formed by rapid
cooling, from a fused color developmenthstate, with the
formation of the regular aggregate structure of the
. colored cdmposite material. In other words, if a
functional element has the above-mentioned
characteristics, the element has an excellent reversible
' thermosensitive coloring performance.

Such an excellent functional element can readily

. -
- - 27 -
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the function of the conpound can be easily determ ned, so that the
different states of the functional elenent can be reversibly manifested
wi thout difficulty. The differences between the state in which the
two conpounds are interactive and the state in which the two conpounds
are not interactive in the functional elenent for use in the present

I nvention are exhibited, for exanple, in the followng differences in
properti es: : :

- assume a decolorized state when heated to a
decolorization initiation temperature lower than the
temperaturé.at which a fused color development state is
obtained, with the destruction.of a regulai aggregate
structure of a colored composite material, and with the
separate crystallization of the color developer with the
predominan% aggregation forcé of the colof developér.

The cohditions for rapid cooling and the conditions
for gradual cooling differ, depending upon the
combination of the coloring agent and color developer
employed in the functional element.

It is diffiéult to make exact distinctions between
the two, but as mentioned previously, rapid cooling is
conducted at a cooling rate of about 50°C/sec or moré,

. and gfadual cooling is donducted at a cooling rate of
about 5°C/min or less.

In the present invention, it can be said that the

( : conditions for rapid cooling are thoge which bring abpuf
a state in which two éompounds interact to form.a fegular.
aggregate structure, and the eonditions for gradual
cooling are those whiph bring apout a state in which at
least one of the two compounds is separately crystaliized
or aggregated: |

The method of feversible selective manifestation of
different stateé of the functibnal element according to
the present invention will now be explained in more
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optical properties such as |ight absorption, optical transmttance,
scattering, and reflection; crystaloptical properties such as double
refraction and pol arized light properties; nonlinear optical properties
such as ‘secondary higher harnonics (SHG properties; electrical
properties such as electrical conductance, electrical resistivity,
electron mobility, positive-hole mobility, dielectric constant, .
ferroelectric properties, piezoelectric characteristics, pyro-electric
properties, and chargeability; thermal properties such as therm
conductivity,deegie;i c properties; nechanical properties; and surface
“characteristics such as wetting properties.

By way of example, reversible coloring functional
elements for use in the present invention were
fabricated, each comprising a coloring'agent and a
representative color developer with a long chain
structure with a different number of carbon atoms,
capable ofhinducing color in the coloring agent, in order
to investigate the relationship among the length of the
long_chain structure of the color developer, the
formation of the color development state, and the
aggregate structure of the functional element.

A mixture of a phosphonic acid with a saturated
hydrocarbon chain (straight alkyl group) serving as the
above-mentioned color developer and 2-(o-chlorocanilino)-
6-dibutylaminofluoran (hereinafter referred to as Dl)
serving as the above-mentioned coloring agent, with the
respective molar ratios thereof being 5:1, was interposed
7 between a pair of glass plates and heated to 175°C to

fuse the mixture.

The heated mixture assumed a color development
state, whereby the above-mentioned functional elements in
the color development state were fabricated.

In the reversible coloring functional elements in
which a. phosphonic acid with a straight chain alkyl-gréup

“having 14 to 22 carbon atoms (hereinafter referred to as

P14 to P22) was employed as the color developer, when the
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The present invention can provide a nethod of reversible thermnal
mani f est ati on of the above-nentioned properties. In order to explain
the nmethod of the present invention nore specifically, a thermal coloring
functional elenent is enployed as an exanple of the - :

12

temperature thereof was gradually decreased from 175°C
with a cooling rate of 4°C/min, these functional elements
mostly assﬁmed'a decolorization state.

When each of the ébbve reversible coloring
functional elements was rapidly cooled from 175°C to rooﬁ
temperature, the functional eiement assumed a. color
developmeni state.

In the case of a reversible coloring functional
element employing as.the color developer a phosphonic
acid with.a sﬁraight chain alkyl group having 12 carbon
atoms (hereinafter referred to as P12), the functional
element assumed a color development state when rapidly
éooled. However, when the ambient temperature was high,
the decolorization proceeded with Fime in the reversible
coloring functional element.

In the case of a reversible coloring functional
element employing as the color developer a phosphonic

- acid with a straight chain alkyl group having 10 cérbon
" atoms (hereinafter referred to as PlO), the -functional
element assumed.a color devglopment state either when
gradually cooied or when~rapidly cooled, but this color
development state was not stably maintained, and the
decolorization proceeded with time in the reversible
coloring functional element.
In the case 0f a reversible coloring functional

element employing as the color developer a phosphonic
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functional elenent in the present invention. The thermal coloring
functional el enent conprises an el ectron-donor col oring conmpound
(hereinafter referred to as the coloring agent) and an el ectron-acceptor
compound (hereinafter referred to as the col or developer). Thiss thernma
coloring functional el enment can assune a color devel opment state in which
the coloring agent and the color developer interact to produce a col ored
conposite material with a regular aggregate structure, and a decolorized
state in which the regul ar aggregation structure of the col ored conposite

material is deddmdthda serbight! khasal ankya g§eedp ARFLAG BheatBbar
atoms (hereinafter referred to as P4), the functional
- element assumed a color develobment state eithér when
gradually cooled or when rapidly cooled, and the thus
obﬁained-color developmént state was stably maintained. -
However, when the ambient temperature was high,.the
decolorization proceeded with time in the revérsible
coloring functional'eiemeht;
Figs. 2 and 3 show x-ray diffraction patterns of the
functional elements comprising as the color developer,
'any of P22, P20, p18, P16, P14, P12, P10, and P4; and as
the coloring agent, D1.
The x-ray diffraction patterns (a) to (f) of P22 to
.P12 in Figs. 2 and 3 show the respective diffraction
peaks which indicate the regular aggregate structure of
each colored composite material. More specifically,
peaks with a diffraction angle of 10° or less are
Q“ observed at a lower angle side, which indicate a layered
structure of the colored composite material. Peaks with.
a diffraction angle of 20-21° are also‘obsérVed, which
indicate tﬁe aggregation of the alkyl chain, in each
diffraction pattern'of.(a) to (d) in Fig. 2 and (e) and
(£) in Fig. 3.
In contrast, in the x-ray diffraction pattern (g) in
Fig. 3 of the functional element comprising.Plo,.peaks

indicating the aggregate structure of the colored
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devel oper are in an aggregate or crystallized state. . When the
coloring agent and the col or devel oper are fused with the application of
heat thereto, the nolecules of the coloring agent and the col or devel oper
cone into contact with each other and interact even though the

interaction is partial. As a result, the functional elenent assumes the
col or devel opnent state in its entirety. In this case, the ratio of the
interacting nolecules may differ dependi ng upon the conbination of the
col oring agent and the col or. devel oper. - When the fused m xture of the
- coloring agentompaisite matepiallexpéopet obsébeedo! OInghewad ppaepéaktate is

which indicates the individual crystallization of P10 is
observed. This indicates that separation and
crystallization of P10 has proceeded during the x-ray
diffraction measurement. This peak in the diffraction
pattern (g) increases with time.

In the Xx-ray difffaction pattern (h) in Fig. 3 of
the functional element comprising P4, no peaks are
observed and the functional element is in an amorphous
state.

The functional element comprising P4 and the
functional element comprising P10 becomes .tar-like after
rapid cooling. The other functional elements become like
a hard film after rapid cooling, and the longer the alkyl
chain of the color developer, the greater the.hardness
thereof.

The functionai eiemeﬁts each comprising P14 to P22
( cannot assume a color dévelopment state when gradually

cooled from the fused-color development state, but can-
maintain a color development state'when_;apidlf cooled,
with the formation of a fegular aggregate structure of
the respective colored composite materials. Therefore
theée functional elements are classified as the
previously mentioned type B in TABLE 1.

The functional element comprising P10 is also

classified as the type Al, because this element assumes a
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gradual ly cooled, the interaction between the coloring agent and the color
devel oper is lost during this cooling : _

13 course, and the col or developer is separately «crystallized, so that the
functional element is decolorized. This is because, during the

above- nenti oned cooling course, the aggregation force of the color

cblor development state either by gradual cooling or by
rapid cooling, and the crystéls of P10 separafe out with
.time, so that the functional element is decolorized. The
colored composite material is in an amorphous form.

The functional element comprising P4 is also clas-
sified as the type Al, which assumes a color development
state either by gradual cooling or by rapid cooling, and
the colored composite matefial is in an amorphous form.

Fig. 4 shows the changes in the light transmittance
in each of the functional elements which belong.to thé
type B, comprising P14 to P22, as the temperaturé of the
functional elements in the color development state,
obtained by rapidly cooling the fused element, is
elevated at a rate of 4°C/min.

As can be seen from Fig. 4, the transmittance of
each element begins to increase at a respective certain
temperature, and each element is decolorized at this
i _ temperature. This is.the decolorization initiation

temperature. The decolorization initiation temperature
of each functional element_ changes, depending upbn-the
length of the alkyl chain therein. fhe longer the alkyl
chain, the higher the decolorization initiation_
temperature.

The changes of the aggrégaﬁe structure of each
functional eiemenﬁ during the course of the elevation of

the temperature thereof have been examined by use of x-
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devel oper itself is stronger than the interaction between the coloring
agent and the col or devel oper. On the other hand, when the fused
m.xture of the- coloring agent and the col or devel oper in the color
devel opnent state is rapidly cooled, the functional elenent continues to
assune the col or devel opment state. This is because when cool ed rapidly,
the interaction between the coloring agent and the col or devel oper is
mai nt ai ned, so that the colored conposite material with the regular
aggregate structure is formed by the nmintained interaction between the
col ori ng agerkaxardiffeactions devel oper.

Fig. 5(a) and Fig. 5(b) respectively show the
changes in the x-ray diffraction of the functional
element comprising P18 on a lower diffraction angle side,
.and the changes in the x-ray diffraction of the
functional element comprising P18 on a higher diffraction
angle side.

Figs. 6(a) and 6(b) fespectively show the changes in
the x-ray diffractibn of the functional element
compriéing P22 on a lower diffraction angle side, and the
changes in the x-ray diffraction of the;functional
element comprising P22 on a higher diffraction angle
side. |

In both thé above-mentioned functional eleménts,
the peaks indicating the layered structure on the lower
diffraction angle side are decreased as the temperature
of the functional element is.increased, while the peaké
(i which indicate the aggregate structure of the alkyl chain

are increased as the ﬁemberature of the functional
element is increased. - -

The peaks indicating the aggregate structure of the
colored composite material disappear'near the
Idecolorization.initiation temperature, and the peaks
which indicate that individual crystallization of the
color deVelopers PiS'and péz appear instéad. The

functional elements are thus decolorized.
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In the above-nentioned col or devel opnent state with the formation of the
regul ar aggregate structure, obtained by rapid cooling, the percentage of
the nolecules of the coloring agent in the color devel opnent state is
| arger than that in the color devel opnent state obtained by fusing the
col oring agent and the col or devel oper.. This is because the
formation of the regular aggregate structure provides a state in which the
coloring agent and the col or devel oper interact nore

Similat changes in the x-ray diffraction pattern afe
also observéd in all the functional elements comprising
P14 to P22 and other functional elements classified as
the type B. Therefore, it can be seen that a functional
element classified as the type B, which cannot form a
colbr development state by gradual cooling from a fused
color deveiopment state, but can form a color development
state by rapid cooling from a fused color development
state to form a regular aggregate structure of a colored
composite materiél, can be decolorized by the destruction
of'the_aggregate structure by the elevation of the
temperature thereof and the separate crystallization of
the color developer.

In particular, the destruction of the aggfegate
structure and the crystallization of the color developer
can be considered to correspbnd.to thé_fusion of the long
chain structure portion and the rearrangemént thereof.

4 ' Such a system that cuts the bond between the color
developér and the coibring agent in the functional
element in the above-mentioned manner is completeiy
novel.

The functional element comprising P4 as a color
developer can stably maintain the color.development state
although the element is in an amorphous state. In this

sense, this functional element is similar to a functional

element which emplbys a conventional thermosensitive
. -
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1.4 easily than in the case where the coloring agent and the color

devel oper are fused. The state in which the regul ar aggregate
structure is formed with the interaction between the coloring agent and

t he col or devel oper can exist stably at room tenperature. However, in this
state, the binding force between the coloring agent and the col or

devel oper is weak, so that when the functional element in the above-

material without reversibility or with poor
revefsibility,.comprising'such a color developer as 2,2'-
bis (p-hydroxyphenyl )propane.

These elements belong to the previously mentioned
-tYpe Al in TABLE 1; So long as such elements are in a
color development state, a sudden decolorization does not
occur even when the temperéture thereof is increased.

A functional element comprising octadecylphosphonic

—~

acid (hereinafter referred to as P18) as a color
developer, and 2-anilino-3-methyl-6-dietylaminofluoran as
a coloring agent (hereinafter referred to as D2) has been
examined. This functional element can maintain a color
development state, which is obtained either by gradual
cooling or by rapid dooling from a fused color
development state.
Fig. 7 shows an x-ray diffraction pattern of the

above-mentioned functional element in the color

( l..development state obtained by rapid cooling, which '
indicates a regular aggregate structure of the colored
composite material. Thus,-this element is classified as
the previously mentioned type A2 in TABLE 1. In this
functional element, chénges.in'the aggregate structure of
the colofed compoéite material are observed, but no
decolorization takes place even when the temperature of
the functional element in a color development state_is

increased.
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nmentioned state is heated to a tenperature below the tenperature at which
the col or devel oper and the coloring agent are fused, the regular
aggregate structure in the functional element is destroyed with the solid
phase being naintained, so that the stability attained by the regular
aggregate structure is lost. The result is that the color devel oper is

di ssociated fromthe coloring agent, whereby the col or devel oper is

i ndependently aggregated or crystallized. Thus, the functional el enent
assunes the decolorized state without the interaction between the color

devel oper and the x£ GhaldyibrAfie W ement. conpAYiy WeeddieyADua 15kl ©

Wi t hout the'interactio
(herelnafter referred to as GE18) as a color developer

and 2f(e—chloroanilino)—G-dibutyiaminefluoran (referred
to as D1) as a coloring agent assumes a colorldevelopment
state either when gradually cooled or when rapidly
cooled, from a fused color development state.

Fig. 8 is an x-ray diffraction. chart show1ng the
changes in the x-ray diffraction of the above-mentioned
functional element, which indicates the_formation_of a
regular aggregate.structure of the colored composite
material. This element is classified as the previously
mentioned type A2 in TABLE 1.

When this functional element is caused to aseume a
color development state by rapid cooling, and the
temperature thereof is elevated, the decolorization is
caused to some extent at temperatures in the range of 45
to 50°C, with the destruction of the colored composite

- material, but no distinct crystallization of the color
developer occurs. When the temperature of the functional
element is further elevated, a strong peak appears in the
x-ray diffraction chart, which is different from the'peak
indicating the aggregate structure of the colored
composite material, together with the occurrence of
another color development; The strong peak indicates
that another aggregate structure of the colored composite -

material is formed, and the functional element assumes
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bet ween the coloring agent and the color devel oper, obtained by the
above- nentioned heating, can be stably maintained even when this

functional element is cooled to roomtenperature. The reversible
meni f estation of the function of the above-nentioned thernmal coloring

functional el ement for | : 15

another color development state.

The functional element compfising P12 as a color
developer and D1 as a coloring agent is decolorized to
some extent when the temperature thereof is elevated to
40 to 45°C. However this decolorization is not so
complete as iﬁ the functional element comprising P14 as a
color devéioper and D1 as a coloring agent. When thel
functional element comprising P12 énd D1l is further
heated to 50°C or more, the element assumes the color
development state obtained based on the formation of the

: aggregate structure of the colored composite material
again. These elements are not satisfactorily
decolorized, unlike the elements classified as the type
B, because the color developers used in these elements do
‘not have satisfactory aggregation force, and these
elements assume a stable color development state in a
liquid crystal state when the temperature thereof is

( elevated.

A functional element suitable for use in the present
invention does not assume a celor develppment state when

- gradually cooled from a fused color development state,
but assumes a coior development state when rapidly cooled
with the formation of a regular aggregate structure of a

- colored composite material.

The method 6f reversible selective manifestation of

different states of a functional element according té the
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use in the present invention will now be explained with reference to Fig.
1. Fig. 1 is a diagramshow ng the rel ationship between the col or
density obtained by the thermal coloring functional elenment and the
tenperature thereof, with the color density as ordinate and the
tenperature as abécissa. In Fig. 1, reference synbol A indicates a
decol ori zed state of the functional elenment at room tenperature, reference
synbol B indicates a color developnment state of the functional elenent in
a fused state by the application of heat thereto, and reference

present invention comprises the above-mentloned
transformation step in a reversible thermal coloring
method using the above-mentioned functional element, with
the destruction of a regular aggregate structure of a
colored composite material of a color.developer and a
coloring agent, and the separate crystallization of the
color deveioper.

Any color developer can be employed in the present
invention as long as the color developer is capable of
inducing color formation within the molecule of a
coloring agent by the reaction with the color developer
and can be crystallized, separated from a colored
composite material formed in an aggregate structure by
the reaction between the color developer and the coloring
agent.

From the above-mentioned view point, it is
preferable that the color developer have a long chain

{ Structure therein in order to control or enhance the |
aggregation force witﬁin the color developer.
| More specifically, it-isjpreferable that the cOloi
developer for use in the present invention have an
aliphatic group with 12 or more carbon atoms as tﬁe'long
chain structure. When the aliphatic group have 12 or
more carbon atoms, the color developer can have a
sufficient aggregation force.

Examples of the aliphatic group include a straight-
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synbol C indicates a color devel opnent state of the functional elenent at
room t enper at ur e. The functional elenment for use in the present
invention is assunmed to be in the above-nentioned decolorization state A
at” the begi nning. Wien the tenperature of the functional elenment in this

state i s

rai sed and reaches tenperature T[err], the color density of

el.enment begins to increase since the coloring agent and the color

devel oper begin to be m xed and fused with

mxture at the tenperature T As the tenperature of the functional

el enent

S

fenabRr ok NBL8ASREd ERRiAOkkydegebhy, OhndPs 8LEARBht-chain

or. branched chain alkenyl group. The aliphatic group may
have a substituent such as haiogen; an alkoxyl group, or
an ester group. _

Examples of the color developers for use in the
present invention are as follows:

(A) o}ganic phosphoric ‘acid compounds such as an
organic phosphoric acid compound represented'by the

following general formula (I):

rR'-pO(OH), (1)

.wherein R1 represents an alipﬁatic group having 12 or

more carbon atoms.

Specific examples of the organic phosphoric acid
compound represented by general formula (I) include
dodecylphoséhonic aéid, tetradecylphosphohic acid,
hexadecylphoéphonic acid, octadecylphosphonic acid,
eicosylphosphonic acid, docosylphosphonic acid,
tetracosylphosphonic acid, hexacosylphosphonic acid, and
octacosylphosphonic acid.

| (B) Aliphatic carboxyiicfacid compounds
. (B-1) a—hydroxy-aliphatic carboxylic acid compound

represented by the following general formula (II):

R2-CH(OH)-COOH (I1)

wherein R2 represents an aliphatic group having.lz.or

more carbon atoms.
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increases and finally the el ement reaches the color devel opnent state B

Even though the tenperature of the

1 6 elenent in the state B is decreased to roomtenperature, the color of

the elenment is not changed, and is in the state C which is the sanme as the
col or devel opnent state B. The process fromthe decolorlzed state to the

col or

Specific examples of the a~hydroxy aliphatic
carboxylic acid compound represented by general formula
(II) are as followé:' |
o~hydroxydodecanoic acid, a-hydroxytetradecanoic acid,
a-hydroxyhexadecanoic acid, a-hydroxyoctadecanoic acid,
a-hydroxypentadecanOLC acid, a~hydroxyeicosanoic ac1d
a-hydroxydocosanOLC acid, a-hydroxytetracosanOLC acid,-
a~hydroxyhexacosanoic acid, and a-hydroxyoctacosanoic
acid.

(B-2) Halogen-substituted compounds having an
aliphatic group having 12 or more carbon atoms, with the
halogen bonded to at least one carbon atom at a—position
or B-position of the compounds can be preferably |
employed.

Specific examples of such halogen—substituted_
compounds are as follows: 2-bromohexadecanoic acid,
2-bromoheptadecanoic acid,.2—bromooctadecanoic acid,
2-bromoeicosanoic acid, -bromodocosanoxc acid,
2-bromotetracosanoic ac1d 3-bromooctadecanoic acxd
' 3-bromoeicosanoic acid, 2,3-dibromooctadecanoic acid,
Z-fluofododecanoic acid, 2-f1uorotetrade¢anoic acid,
2-fluorohexadecanoic acid, 2-fluorooctadecanoic acid,
2-fluoroeicosanoic acid, 2-fluorodocosanoic acid,

- 2-iodohexadecanoic acid, 2-iodooctadecanoic acid,
3-iodohexadecan§ic acid, 3;iodooctadecanoi¢ acid, and

perfluorooctadecanoic acid.
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devel opment state as explained above is indicated by the solid line in the
direction of the arrow (-->) in Fig. 1. When the tenperature of the
functional elenment in the state Cis again raised, the color density
begins to decrease at tenperature T2 and the functlonal element finally
reaches a state D which is a conpletely decolorized state. Wen the
tenperature of the functional element in the state D is decreased, the
decol ori zed state of the functional elenment is nmaintained, so that the

el ement returns to the initial state A The process fromthe col or

devel opment st ate (B-3) KRompmauids ihesting are ‘abiphat ¢ nexbuhovavisgi hali cat ed

by or.more carbon atoms, including an oxo group with at

least one carbon atom at the a-position, B-position or y-
position of the aliphatic carboxylic acid compound
constituting an oxo group can be preferably employed.

Specific examples of such compounds are as follows:
2-oxododecanoic acid, 2-oxotetradecanoic acid,
2-oxohexadecanoig acid, 2-oxooctadecanoic acid,
2-oxoeicosanoi¢ acid, 2-oxotetracosanoic acid,
3-oxododecanoic acid, 3-oxotetradécanoic acid,-
3-oxohexadecanoic acid, 3-oxooctadecanoic acid,
3-oxoeicosanoic acid, 3-oxotetracosanoic acid,
4-oxohexadecanoic acid, 4-oxooctadecanoic acid, and
4—oxodocosan010 acid. |

(B-4) Dibasic acid compound represented by the
following general formula (iII):

R3-Xn-CH-COOH

(III)
' CH2-COOH
wherein R3 represents an aliphatic group having 12 or
more carbon atoms, X reprgsents an oxygen or sulfur atom,
and n represents 1 or 2.

Specific examples of the dibasic acid compound
represented by general formula (III) are as follows:
dodecylmalic acid, tetfadecylmalic acid, hexadecylmalic

. acid, oqtadecylmalic acid, eidosylmalic acid,

docosYlmalic acid, tetracosylmalic acid, dodecylthiomalic

N
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the broken line in the direction of the arrow (-> in Fig. 1. Thus,
in Fig. 1, the tenperature T[err] is the color developnent initiation
tenperature at which the color developnent is initiated, and the _
tenperature T[err] is the decolorization initiation tenperature at which
the decolorization is initiated. The tenperature range from T[err] to
T[err] is a decolorization tenperature range in which the functional
el enent assunes a decol ori zed state. The col or devel opnent and
decol ori zati on phenonenon
acid, tetradecylthiomalic acid, hexadecylthiomalic acid,
octadecylthiomalic acid, eicosylthiomalic acid,
docosylthiomalic acid, tétracosylthiomalic acid,
dodecyldithiomalic acid, tetradecyldithiomalic acid,
hexadecyldithiomalic acid, octadecyldithiomalic acid,
eicosyldithiomalic acid, docosyldithiomalic acid, and
tetracosyldithiomalic acid.
(B-5) Dibasic acid compound represented by the

following general formula (IV):

?4
RS-?-COOH (IV)
r®-C-coon
wherein R4, R5 and R6 each represent hydrogen, and an
4 5 6

aliphatic group, at least one of R°, R and R~ being an

aliphatic group having 12 or more carbon atoms.
Specific examples of the dibasic acid compound

represented by general formula (IV) are as follows:

~ dodecylbutanedioic aCid, tridecylbutanedioic acid,
tetradecylbutanedioic acid, pentadecylbutanedioic acid,
qctadecylbutanedioic acid;'eiéosylbutanedioic acid,
docosylbutanedioic acid, 2,3-dihexade¢y1butanedioic acid,
2,3-dioctadecylbutanedioic acid, 2-methyl-3-dodecyl- |
butanedioic acid, 2-methyl-3-tetradecylbutanedioid acid,
é-methyl—B-hekadecylbutanedioic acid, 2-ethy1-37dodecyl-
butanedioic acid, 2-propyl-3-dodecylbutanedioic acid,

2-octyl-3-hexadecylbutanedioic acid, and 2-tetradecyl-3-
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17 of the functional elenent for use in the present invention shown in
Fig. 1 is characterized in that the above-nentioned decolorization
tenperature range is located in a zone |ower than the col or devel opnent
initiation tenperature at which the fusing of the functional elenent is
initiated and a coloring reaction is initiated in the functional elenent.
Therefore, the functional elenent in the col or devel opnent state at room

octadecylbutanedioic acid._
(B-6) Dibasic acid compound represented by the

foilowing general formula (V):

7 _
R _-COOH

8 Cc

(V)
R \COOH

wherein R7 and R8 each'represent hydrogen, and an

7 or R8 being an

aliphatic group, at least one of R
aliphatic group having 12 or more carbon atoms.

Specific éxamples of the dibasic acid compound
represented by general formula (V) are as follows:
dodecylmalonic acid, tetradecylmalonic acid,
hexadecylmalonic acid, octadecylmalonic acid, -
eicosylﬁalonic acid, docosylmalonic acid,
tetracosylmalonic acid, didodecylmalonic acid,
ditetradecylmalonic acid, dihexadecylmalonic acid,
dioctadecylmalonic acid, dieicosylmalonic aéid,_
didocosylmalonic acid, methyloctadecylmalonic acid,
methyleicosylmalonic acid, methyldocosylmalonic acid,
methyltetracosylmalohic acid, ethyloctadecylmalonic acid,.
.ethyleicosylmalonic acid, éth&ldocosylmélonic acid, and
ethyltetracosylmalonic acid. |

(B-7) Dibasic acid compound représented_by_the

following general formula (VI):

9 .~ (CH,) COOH
" R7-CH (VI)
' \(cnz)mcoo_n '
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tenperature can be decol orized when heated to a tenperature within the.

decol ori zation tenperature range. In addition, such a color
devel opnent and decol orization phenomenon can be repeatedly caused to
occur in the functional elenent. Fig. 1 shows a representative

exanpl e of the process of color devel opnent and decol ori zation of a

thermal coloring functional elenent for use in the present invention. The
col or devel opment initiation tenperature and the decolorization initiation
tenperature vary, depending upon the conbination of the coloring agent and

col or devel opdlereipl ®Wedeprdbents! ah Ae0phh¥itNgtb88pShateng 12 or more

carbon atoms; and n is an integexr of 0 or 1, m is an
integer of 1, 2 or 3, and when n is 0, m is'2 or 3, while
when n is 1, m is 1 or 2.

Specific examples of the dibasic acid compound
represented by general formula (VI) are as follows: 2-
dodecyl-pentanedioic acid, 2-hexadecyl-pentanedioic acid,
2;octadecyl-pentanedioic acid, 2-eicosy1-pentanedioic
acid, 2-docosyl-pentanedioic acid, 2-dodecyl-hexanedioic
acid, 2-pentadecyl-hexanedioic acid, 2-octadecyl-
hexanedioic acid, 2-eicosyl-hexanedioic acid, and 2-
docosyl-hexanedioic acid.

(B~8) Tribasic acid compounds such as citric acid
acylated by a long chain aliphatic acid:

Specific examples of such compounds are as follows:

0  CH,COOH
cn3(cnz)l4L-o-ccoon
{ CH,COOH .
O CH.COOH .
R
cn3(cnz)16c-o-?coon
CH2COOH , and
O  CH,COOH
l
CH, (CH,) ) ; gC~0-CCOOH
CH,COOH
- 45 -
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B.is not always the same as that in the state C. In sone cases, the
réspective color densities are different. In order to obtain a
thermal coloring functional elenent conprising a color devel oper and a
coloring agent in a color development state at roomtenperature, the
col or devel oper and the coloring agent in the thernal

(C) Phenolic compounds such as a compound

represented by the following general formula (VII):

HO
( )n\@-Y—RlO (VII)

wherein Y repfesents ;S-, -0-, -CONH-, or -CO0-; R10
represents an'aliphatic group having 12 or more carbon
atoms; and n is an integeﬁ of 1 to 3.

Specific examples of the phenolic compound
represented by general formula (VII) are as follows:
p-(dodecylthio)phenpl; p-(tetradecylthio)phenol,
p-(hexadecylthio)phenol, p;(octadecylthio)phenol,
p-(eicosylthio)phenol, p-(docosylthio)phenol,
p-(tetracosylthio)phenol, p-(dodecyloxy)phenol,
p-(tetradecyloxy)phenol, p-{(hexadecyloxy)phenol,

- p-(octadecyloxy)phenol, p-(eicosyloxy)phenol,
p—(docosyloxy)phenol, p-(tetracosyloxy)phenol,
p-dodecyléarbamoylphenol, p-tetradecylcarbamoylphenol,
p-hexadecylcarbamoylphenol, p-octadecylcarbamoylphenol,
p-eicosylcarbamoylphenol, p-docosylcarbamoylphenol,
p—tetracosylcarbamoylphenoi, hexadecyl gallate, octadecyl
gallate, eicosyl gallate, docosyl gallate, and tétracoéyl
gallate.

(D) Other organic phosphoric acid comﬁounds such as
a-hydroxyalkyl phosphonic acid represented by the

following general formula (VIII):
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coloring functional elenent are fused by the application of heat thereto,
and then rapidly cool ed. Furthernore, in order to obtain the
decolorized state at roomtenperature, using the above-nentioned thernal
coloring functional elenent, the thermal coloring functional elenent in
the col or devel opnent state is heated to a decolorization tenperature
which is lower than the col or devel opnent tenperature, and then
decreasing the tenperature thereof to roomtenperature. A
conventional functional elenment with poor reversibility or without
reversibility used as a therfPsenS|t|ve material conprising a coloring
agent and : -CH- P(OH)2

' . (VIII)
OH

wherein R11 represents én aliphatié group having 11 to 29
carbon atoms.

Specific examples of the a-hydroxyalkyl phosphonic
acid represented by general formula (VIII) are as
follows: a-~hydroxydodecyl phosphonic acid, a-hydroxy-
tetradecyl phosphonic acid, a-hydroxyhexadecyl phosphonic
acid, oa~hydroxyoctadecyl phosphonic acid, a-hydroxy-
eicosyl phosphonic acid, a-hydroxydocosyl phosphonic
acid, and a-hydroxytetracosyl phosphonic acid.

(E) Metallic salts of mercaptoacetic acids such as
an alkyl mercaptoacetic acid or alkenyl mercaptoacetic
acid represented by the following general'formhla (IX):

(R2-5-CcH,-C00), M (IX)

2
wherein R12 represents ah aliphatic group having 10 to 18
carbon atoms; and M representé tin, magnesium, zinc, ox
copper. .

Specific examples of the-metallic salt of the
mercaptoacetic acid represented by general fqrmula (IX)
are as.follows: tin decylmercaptoacetate, tin

dodecylmercaptoacetate, tin tetradecylmercaptoacetate,
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a:.col or devel oper

t he functi onal
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el ement

of functional
col or devel opers capabl e of
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t hat not al
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functi onal
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el enents conpri sing vari ous

i nduci ng

t he changes in col or devel opnent states thereof,
fusing the coloring agents-and col or devel opers,
tenperature of each of the fused m xtures

el enents can

readily decol orized even when

thetmmaaﬂueof

devel opnent state is increased.

col oring agents and

colors in the coloring agents were

t her eof .

and t hen

by
decreasing the
The result was

acetate, magnesium decylmercaptoacetate, magnesium
dodecylmercaptbacetate, magnesium tetradecylmercapto-
acetate, magnesium hexadecylmercaptoacetate, magnesium

octadecylmercaptoacetate, zinc decylmercaptoacetate, zinc .

"dodecylmercaptoacetate, zinc tetradecylmercaptoacetate,

zinc'hexadécylmercaptoacetate, zinc octddecylmercapto-
acetate, copper decylmercaptoacetate, copper dodech-

mercaptoacetate, copper tetradecylmercaptoacetate, copper

hexadecylmercaptoacetate, and copper octadecylmercapto-

acetate.

The coloring agents for the thermal coloring-
functional element for use in the present in&ention,
electron-donor compounds which are colorless or light-
colored before color formation is induced therein.

| Examples of such cohpounds are conventionally known
triphenylmethane phthalide coﬁpounds, fluoran compounds,
phenothiazine compounds, leuco auramine compounds and
indolinophthalide compounds.

Compounds representéd.byhthe following general
formulas (X) and (XI) can be employed as preferable

coloring agents for use in the present invention.

Ri - 15
14N 0 R™
SO e @
-c\0 R
=
B mfslﬁiietli'iiHBﬁnli B

mai ntai n the col or devel opnent states
.and-@knmhexadecylmercaptoacetate, tin octadecylmexrcapto-



are decolorized as the tenperature is decreased. Moreover, the
above- nenti oned phenonenon varies greatly,

19 depending upon the conditions for decreasing the tenperature of the.
functional el enent. - The inventors of the present i.nvention nmade

13
erer”
NS
-0

13 represents hydrogen or an alkyl group having

wherein R~
1 to 4 carbon atoms; R14 represents an alkyl group having
1 to 6 carbon atoms, a cyclohexyl group, or a phenyl
group which may have a substituent; R>> represents
hydrogen, an alkyl grbup or alkoxyl group having 1 to 2

carbon atoms, or halogen; and Rls

represents hydrogen, a
methyl group, halogen, or an amino group which may have a
substituent.

Examples of the substituent for the phenyl group are
alkyl groups such as methyl group and ethyl group;
alkoxyl groups such as methoxy group and ethoxy group;
and halogen.

Examples of the substltuent for the amino group are
alkyl group, aryl group whlch may have a substituent, and
aralkyl group which may have a substituent. The
substituents for the aryl group or.thé aralkyl group can

" be selected from a group conaisting of alkyl group,

halogen and alkoxyl group.

Specific examples of the compound used as the
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conparative tests with respect to the col or devel opnment state maintaining
properties of functional elenents which include one color devel oper
selected fromthe group consisting of (a) a color devel oper enployed in a
conventional thernosensitive material, (b) a color developer with an
aliphatic chain which is bonded to a noiety of the col or devel oper which
exhibits a color- inducing function, and (c) a color devel oper with the
col or devel opi ng capability thereof being changed, when the tenperature of
each functional elenment in the color devel opnent state was decreased.

I n the above colgeingi agehtsiéprédentedisy ajeeral formula (X) or (XI)

are as follows:
2-anilino-3-methyl-6-diethylaminofluoran,
2-anilino-3-methyl-6;(di-n—butylamino)fluoran,
2-aniliho-3-methyl-6-(N-n-propyl-N-methylamino)fluoran,
2-anilino-3-methyl-6-{N-isopropyl-N-methylamino)fluoran,
2-anilino—33methyl—6—(N-isobutyl-N-methylamino)fluoran,
2-anilino-3-methyl-6-(N-n-amyl-N-methylamino)fluoran,
2-anilino-3-methyl-6-(N-sec—butyl-N-ethylamino)flﬁoran,
2-anilino-3-methyl-6-(N—n-amyl—N-ethyLamino)fluoran,
2-anilino-3-methyl-6—(N-iso—amyl-N-ethylamino)fluoran,

2—anilino-3~methyl—6-(N—n-prdpyl-N-isopropylamino)-
fluoran,

2-anilino-3-methyl-6-(N-cyclohexyl-N-methylamino)fluoran,
2-anilino-3-methyl-6-(N-ethyl-p-toluidino)£fluoran,
2—anilino-3—methyl—6—(N—methyl-p-toluidino)fiuoran,

2—(m-trichlorbmethYlanilino)-3-methyl-G—diethylamino-
fluoran,

2-(m-trifluoromeﬁhylanilino)—3-methyl—6—diethylamino-
fluoran,

2~ (m-trlfluoromethylanlllno) 3-methy1 -6~ (N—cyclohexyl ~N-
methylamlno)fluoran, .

_ 2-(2,4-d1methylan111no)-3-methjl-S—diethylaminofluoran,

2-(N-ethyl-p-toluidino)-~ 3—methyl -6~ (N-ethylanlllno)-
fluoran,

2-(N-methyl-p-toluidino)- 3—methyl ~6~(N-propyl-p-
toluidino)fluoran

2-anilino-6-(N-n-hexyl-N-ethylamino)£fluoran,
3 _

2-(o-chloroanilino)—6—diethylaminofluoran,
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each functional elenent was decreased under the followng two different
conditions: Under the first condition, the tenperature of the functional
el ement was gradually decreased at a cooling rate of about 5[err]C/min or
| ess (hereinafter referred to as gradual cooling), and under the second
condition, the tenperature was rapidly decreased at a cooling rate of
about 50[err]CYSec or nore (herelnafter referred to as rapid cooling).

In practice, gradual cooling was carried out- by- interposing the
functional el ement. between a pair of glass plates, fusing the functional
el ement, usi 123 (@-bromoanilino)-6-diethylaminofluoran,

2-(o-chloroanilino)-6-dibutylaminofluoran,
2-(o-fluoroanilino)-6-dibutylaminofluoran,
2-(m—trifluoromethylanilino)—S—diethylaminofluoran,
2-(p-acetylanilino)-6-(N-n-amyl-N-n-butylamino)fluoran,
2-benzylamino-6-(N-ethyl-p-toluidino)£fluoran,
2¥benzylaﬁino—6-(N—methyl—Z,4-dimethylanilino)fluoran,
2-benzylamino-6-(N-ethYl—Z,4—dimethylanilino)fluoraﬁ,
2-dibenzylamino-6-(N-methyl-p-toluidino)fluoran,
2-dibenzylamin046—(N-ethyl—p-toluidino)fluoran,

2-(di-p-methylbenzylamino)-6-(N-ethyl-p-
toluidino)fluoran,

2-(a-phenylethylamino)-S—(N-ethyl-p—toluidino)fluofan,
2—methylamino-6-(N—methylanilino)fiuoran,
2-methylamino-6-(N-ethylanilino)fluoran,
2-methylamino-6~(N-propylanilino)fluoran,
2-ethylamino-6-(N-methyl-p-toluidino)fiuoran,
2-methylamino-6-(N-methyl-2,4-dimethylanilino)fluoran,
2-ethylamino—6-(N—ethyl-2,4~dimethylaﬁilino)fluoran,
2-dimethylamino-6-(N-methylanilino)fluoran,
2—dimethylamino-6-(N-ethylénilino)fluofan,
2-diethylamino-6-(N-methyl-p-toluidino)fluoran,
2-diethylamino-6-(N-ethfl-p-toluidino)fluoran,
2-dipropylamino-6-(N-methylanilino)fluoran,
2-dipropylamino-6-(N-ethylanilino)fluoran,
2-amin9-6-(N-methylaniliho)fluoran,
[
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20 heater, and allowing the fused functional elenent to cool by turning
off the heater or by suspending the heated functional elenent in air
Rapi d cooling was carried out by imersing the heated functional elenent
in cold water. ~ Wen the functional elenent is cooled at a cooling
rate internedi ate between the gradual cooling rate and

2-amino-6-(N-ethylanilino)fluoran,

2-amino-6-(N-propylanilino)fluoran,

2-amino-6-(N-methyl-p-toluidino)fluoran,
2-amino-6~(N-ethyl-p-toluidino)fluoran,
2-amino-6—(N-propyl-p-toluidino)fluoran,
2-amino-6-(N-methyl-p-ethylahilino)fluoran,
2-amino—6-]N-ethyl-p-ethylanilino)fluoran,
2—amino-6—(N-propyl-p;ethylanilino)fluoran,
2-amino-6-(N4methyl—2,4-dimethylanilino)fluoran{
2-amino-6-(N-ethyl-2,4~-dimethylanilino)fluoran,
2-amino-6-(N—propyl-z,4-dimethylanilino)fluoran,
2-amino-6~(N-methyl-p-chloroanilino)fluoran,
2-amino-6-(N-ethyl-p-chloroanilino)fluoran,\
2-amino-6-(N-propyl—p—chloroanilino)fluoran,
2,3-dimethyl-6-dimethylaminofluoran,
3-methyl-6-(N-ethyl-p-toluidino)fluoran,
2-chloro-6-diethylaminofluoran,

{ 2-bromo-6-diethy1aminofluoran,
2-chloro-6-dipropylaminofluoran,
3-chloro-6-cyclohexylaminofluoran,
3-bromo-6-cyclohexylaminofluoran,
2-chloro-6-(N-ethyl-N-isoamylamino)£fluoran,
2-chloro-3-methy1-6-diethy1aminofluoran, |
2-anilino-3-chloro-6-diethylaminofluoran,
2-(o—chloroanilino)-3-éhloro-6-cyclohexylaminofluoraﬁ,

2-(m-trifluoromethylanilino)-3-chloro—G—diethylamino—
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the rapid cooling rate, it is possible that portions in the state obtai ned
by gradual cooling and portions in the state obtained by rapid cooling
beconme m xed in the functional elenent, or an internedi ate state between
the state obtained by gradual cooling and the state obtained by rapid
cooling is fornmed in the functional elenent. When t he functional

" elenent is heated by a thermal head which is conventionally used for
thernmosensitive recording, the functional element is rapidly heated, and
accordingly rapidly cooled, so that rapid cooling is carried out.

Moreover, the fuaetafpal el enent was heated and then

2-(2,3-dichloroanilino)-3-chloro-6-diethylaminofluoran,
1,2-benzoé$-diethylaminofluofan,
1,2-benzo-6-(N—ethyl-N-isoamylamino)fluoran,
1,2-benzo-6-dibutylaminofluoran,
1,2-benzo-6~(N-methyl-N-cyclohexylamino)fluoran, and
1,2-benzo-6-(N-ethyl-toluidino)fluoran.

Specific examples of compounds used aé the coloring
agent other than the fluoran compouéd represented by
general formula (X) or (XI) are as follows:

2-anilino-3-methyl-6-(N-2 —ethoxypropyl—N-
ethylamino)fluoran,

2-(p~chloroanilino)-6—(N-n-octylamino)fluoran,
2-(p-chloroanilino)-6-(N-n-palmitylamino)fluoran,
2-(p-chloroanilino)-6—(di-n-octylamino)fluoran,
2-benzoylamino-6-(N-ethyl-p-toluidino)fluoran,

2- (o-methoxybenzoylamlno) -6~ (N-methyl-p-toluidino)-
fluoran,

2-d1benzylam1no-4-methyl G-dlethylamlnofluoran,

2-dlbenzylamlno-4—methoxy-s (N-methyl-p-toluidino)-
fluoran,

2—benzylamino-4-methyl-6-(N-ethyl-p—tolhidino)fluoran;
2-(a-phenylethylamino)-4-methyl-6-diethylaminofluoran,

2-(p-toluidino)-3-(t-butyl)-6- (N-methyl-p-toluldlno)—
fluoran,

2-(o-methoxycarbonylanilino)-S-diethylaminofluoran,
2-acety1amino-6-(N-methyl-p-toluidino)fluorah,

3-diethylamino-6-(m~trifluoromethylanilino)fluoran,
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cool ed, and the structure of the cooled functional elenment was anal yzed by
x-ray diffraction. ‘The functional elenents are classified into Al, A2
and B types as shown in TABLE 1 in accordance with the properties and the
structure thereof, based on the results of the above anal ysis using x-ray
di ffraction. ‘ 2 1

4-méthoxy¥5-(N-ethyl-p-toluidino)fluoran,
2-ethoxyethylamino-3—chloro-G-dibutylaminofluoran,
2-dibenzylémino—4-chloro-6-(N-ethyl—p—toluidino)fluoran,
2-(a~-phenylethylamino)-4-chloro-6~diethylaminofluoran,

2-(N-benzyl-p-trifluoromethylanilino)-4-chloro-6-~diethyl-
aminofluoran.

. 2—-anilino-3-methyl-6-pyrrolidinofluoran,
2-anilino-3-chloro-ﬁ—pyrrolidinof1uoran,

«( 2-anilino-3-methy1-6-(N-ethyl-N-tetrahydrofurfﬁrylamino)-
fluoran,

2—mesidino-4',5'-benzo—6-diethylaminofluoran,

2-(m~trifluoromethylanilino)~ 3—methyl G-pyrrolldlno-
fluorxran,

2-(o-naphthylamino)-3,4-benzo-4’-bromo-6-(N~-benzyl-N-
cyclohexylamino)fluoran,

2-piperidino-6-diethylaminofluoran,

2- (N~-n-propyl-p-trifluoromethylanilino)- 6-morpholino-
- £fluoran,

2-(di—N—p-chlorophenylmethylamino)-6—pyrrolidinofluo;an,

2~ (N-n-propyl-m-trifluoromethylanilino)-6-morpholino-
fluoran,

1,2-benzo—6—(N-ethyl—ﬁ—n-octylamino)fluoran,
l,2-benzo-6-diallylaminofluoran,
1,2-benzo-6-(N-ethoxyethyl-N-ethylamino)fluoran,
benzoleuco ﬁethylene blue, |

2-[3,6-bi$(diethylamino)]-6-(o-chloroanilino)xanthyl
benzoic acid lactam,

2-[3,6-bis(diethylamino) }-9~(o~chloroanilino)xanthyl
benzoic acid lactam,

3,3-bis(p-dimethylaminophenyl)-phthalide,
ﬂ_____ﬁ______;___———
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TABLE 1 When gradually Wen rapidly Structure Type of cooled from

cooled from - of func- functional fused col or fused col or ti onal
el enent devel opnent devel opnent el enent state state
- after rapid
" .cooling Color develop- Color Anor phous Al nent state
devel opnent state forned state forned :
Regul ar o aggregate A2 :
structure Mostly Col or Regul ar decol ori zed,

devel opment 3 908i8¢pL8imeth §laiMLhB€HénS(ﬁ!? —6-dimStRYEahOREBHthaLLHE! U e
formation of gkoc g{ghoviolggnhag 3h8) The results shown in TABLE 1

i ndi cate that mhen t
3,3-b15(p-dlmethylamlnophenyl)-6-d1ethylam1nophthallde,

3,3-bis(p-dimethylaminophenyl)-6-chlorophthalide,
3,3-bis(p-dibutylaminophenyl )phthalide,

3-(2-methoxy-4~dimethylaminophenyl)-3-(2- hydroxy—4 5-di-
chlorophenyl)phthalide,

3- (2—hydroxy-4—dLmethylamlnophenyl)-3 (2-methoxy-5-
chlorophenyl)phthalide,

-
P .

3-(2-hydroxy-4-dimethyoxyaminophenyl)-3-(2-methoxy-5-
chlorophenyl )phthalide,

3-(2-hydroxy-4-dimethylaminophenyl )-3~(2-methoxy-5-nitro-
phenyl)phthalide,

3- (2-hydroxy-4-dlethylamlnophenyl) -3~ (2—methoxy—5-methyl—
phenyl)phthalide,

3-(2-methoxy-4-dimethylaminophenyl)-3- (2-hydroxy-4-
chloro-5-methoxyphenyl)phthalide,

3,6-bis(dimethylamino)fluorenespiro(9,3’)~-6’-
dimethylaminophthalide,

6'—chloro-8'-methoxy—benzoindolino-spiropyran, and

6'-bromo-2'-methoxy—ben2oindolino-spiropyfan.

It is necessary to use the coloring agent and the
color developer in an appropriate ratio in accordance
with the properties of the compounds employed. It is
preferable that the color developer be employed in an
amount of 1 to 20 moles, more preferably in an amount of
2 to 10 moles, to 1 mole of the coioring agent,'in order
to obtain an appropriate color density for use in

- practice. | |

Depending upon the amount ratio of the color
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heated and fused functional elenents in the color developnent state are
gradual ly cooled to room tenperature, sone functional elenents assune the
col or devel opnent state, while other functional elenents do not assune

t he col or devel opnent state, but are nostly decol orized. In °
contrast, when the heated and fused functional elenments in the color

devel opnent state are rapidly cooled to roomtenperature, all the
functional elenments assune the col or devel opnent state. Furt her nore,
some functional elenments can, for an extended period of tinme, stably

mai ntain thedﬁ”éﬁopar to the coloring agent, the decolorization
‘characteristics of the functional element are changed.
Némely, as the amount of the color developer is
relatively increased, the'decolorization initiation
.temperature tends to be loweied, while as the amount of
the colér develdper is relatively decreased, the
decolorization becomes sensitive to:the changes in the

temperature. Therefore,'the ratio of the coloring agent

-~

to the color developer should be appropriately selected,
with the application purpose thereof taken into
consideiation.

Additives for controlling the crystallization of the
color developer can be-édded to the reveréible'ﬁhermo-
sensitive coloring functional element for improving the
properties thereof such as decolorizing properties and
preservability. '

A reversible thermosensitive recording medium using
any of the above-mentioned reversible thermal coloring
functional element_wiil be now explained. The term
"reversible thermosensitive recording medium" also
includes a display medium.

 The above-mentioned_reversible thermosensitive
coloring functional element comprises a suppoit and a
recording layer formed théreon,.which comprises the
aﬁove-mentioned reversible thermal coloring functional

element.
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devélopnent state,'mhich i s obt ai ned by gradually or

2 2

rapidly cooling the heated and fused functional elenents’

in the col or

devel opment state. Ot her functional elenents cannot maintain the color
devel opnment state, but are gradually decol orized mnth tine.
anal ysi s was conducted on the functional

Any materials whiéh can support the recording layer
thereon can be'eﬁployed as the materials for the above-
mentioned support. For example, paper, synthetic paper,
a plastic film, a composite film of the paper and the
plastic film, and a glass plate can be employed as the
support. | |

The récording léyer can be formed in any shape as
long as the functional element can be contained therein.

If necessary, a binder resin may be contained in the
recording layer to retain the shape of the recording
layer.

As the binder resin, for example, polyvinyl
chloride, polyvinyl acetate, vinyl chloride - vinyl
acetate copolymer, polystyrene, styrene copolymer,
phenoxy resin, polyester, aromatic polyester,
polyurethane, polycarbonate, polyacrylic acid ester,
polymethacrylic acid ester, acrylic acid copolymer,
maleic acid copolymer, and polyvinyl alcohol can be -
employed. '

Moreb?er,lthe functional,. elements can be
microcapsuled before use. The functional elements can be
microcapsuled by a conventioﬁal method such as the
coacervation method, the interfacial polymerization
method, or the in-situ polymerization method.

The recording layer can be'forméd by a conventional

method. More specifically, a coloring agent and a color
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el ements which were decol orized when gradually cooled fromthe fused
state, during the course of the decolorization. The anal ysis indicated

t hat 't he above- nentioned. decolorization is caused to take place by the
crystallization and separation of the color developer in the functional
element. This also applies to the functional elenments which are gradually
decolorized with tine. - The functional elenent type B in TABLE 1
cannot assune the col or devel opnent state and is nostly decol orized when
gradual |y cool ed, but can assune the color devel opnent state when rapidly

cool ed. developer are uniformly dispersed or dissolved in water

or in an organic solvent, together with a binder resin to
prepare é coating liquid. The thus prepared coating
liquid is coated on the support and dried, whereby a
recording layer is formed.

The binder resin employed in the recording layer
sexrves to maintain the funcfional-element in a uniformly
dispersed state in the.recbrding layer even when color
development and decolorization are repeated. It is
preferable that the binder resin have high heat
resistance in order to prevent the coagulation of the
functional element while in use with the repetition of
color development and decolorization.

When no binder resin is employed, the'functionél
element is fused to form a film layer and cooled so as to
use the element as a recording layer.

The light-resistance of the reversible thermo-
sénsitive coloring recording medium for use in the
present invention can be improved by containing a light
stabilizer in the recording layer. As such light
stabilizers for use in the present invention, an
ultraviolet absorber, an antioxidant, an anti-aging
agent, a singlet-éxygen quenching agent, a superoxide-
anion qﬁenchiné agent can be employed.

When reversible thermosensitive recording is

conducted by using the reversible thermosensitive
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An x-ray diffraction analysis.indicated that the functional elenent type B
has such a structure that the colored conposite material fornmed therein
assunes a regular aggregate structure after rapid cooling. From t he
above results, it is considered that in the functional elenent which
cannot assune a color devel opnent state by gradual cooling, which is the
functional elenent type Bin TABLE 1, the interaction between the coloring
agent and the col or devel oper which '

recoxrding medium, the recording medium is caused to
aséume a color development state by temporarily heating
the recording medium to a temperature which is abofe the
melting point of the mixture of the coloring agent and
the color developer in the recording layer. When
recorded information is erased, the reéordiﬁg medium
which is in the color development state is heated to a
decolorization initiation temperature which is below the
above-mentioned melting point of the mixture of the
coloring agent and the color developer.

To record an image on the recording medium, an image
which is in the color development state may be formed on
the background which is in the decolorization Stéte, or
an image in the decolorization state may be recorded on
the background in the color development state. In any
case, when heat is imagewise applied to the recording
medium, heating means capable of partially applying heat
to the recording medium, such as a hot-pen, a thermal
head, or a laser beam; is used..

In the case where coior development or decolori-
zation is carried out on the entire surface of the
recording medium, the recbrding medium ﬁay be brought
into contact with a heat roller or a heat plate, or
exposed to hot air, or placed in a heated temperature-
controlled chambef,'or irradiated by @n infrared ray.

Alternatively, heat can be applied to the entire surface
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constitute the functional elenent is relatively weak, so that the
‘aggregation force anong the nol ecul es of the color devel oper predom nates
at a lower tenperature than -the eutectic tenperature of the coloring agent
and the col or devel oper, when gradually cooled fromthe fused color
devel opnent state. As a result, the color developer is caused to separate
fromthe colored conposite material and is crystallized. Therefore, the
functional elenent type B is decolorized when cool ed :
of the receding medium by a thermal head.
The method of reversible selective manifestation of
different states of a functional element according to the
. present invention has been explained by use of examples
of the functional elements comprising a coloring agent
and a color developer. The present invention is not
limited to those examples, but can be applied to other
functional elements, which can reversibly assume a first
state in which two compounds interact, and a second state
in which the two compounds do not interact.
For example, the method of the present invention can
be applied to a functional element comprising a
phosphonic acid with a long alkyl chain and a gallate
with a long alkyl chain in combination.
More specifically, a mixture of docosylphosphonic
acid and octadecyl gallate in a molar ratio of 5:1 was

fused.

A functional element [A] was prepared by rapidly

—a

cooling the fused mixture. A functional element [B] was
prepared by gradually cooling- the fuseq'mixture. |

Fig. 9 shows an infrared spectrum of the functional
element [A] and an infrared spectrum of the functional
element [B]. In Fig. 9, the peak near 1700 cm™ in the
curve for the functional element fA]_and that in the
curve for the functional element [B] respectively

indicate a characteristic absorption peak of C=0
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gradual |l y. - On the other hand, when the functional element type B is
rapidly cooled, the colored conposite material forms a regular aggregate
structure and the bond between the color devel oper and the col ori ng agent
is stabilized. Thus the functional elenment type B assunmes the color '
devel opnment state when rapidly cool ed. In other words, a decolorized"
state can be obtained in the functional elenent type B by destroying the
regul ar aggregate structure of the colored conposite material forned
therein by elevating the tenperature of the functional el enment to bring
about the thermnal

stretching vibration of the octadecyl gallate in the two

functional elements. The two pe§ks are greatly
_different. This indicates that the interaction state
between the oétadecyl gallate and the dbcosylphosphonic
acid in the functional element [A] is significantly
different from the interaction state between the two
compounds in the functional element [B].

Fig. 10 shows an infrared spectrum of the functional
element [A] measured as the teﬁperature thereof was
increased. Fig. 10 shows that the infrared spectrum
changes around at 60°C which is far below a temperature
at which the two compounds are fused, that is, 93°C, and
that the functional element [A] eventually reaches the
same state as that of the functional element [B].

More specifically, when the functional element [A] was
further heated to 70 to 90°C, the infrared spectrum of
the functional element [A]'bécame the same as that of the
functional element [B].

Figs. 11 and 12.are x-ray diffraction charts of the
functional elements [A] and [8], regpeqtively.

In the functional element [A], diffraction peaks are
observed at 1.59°;'3.22°, 4.84° and 21.1° indicating the
formation of a regular aggregate structure .of the two
éompounds.' These peaks do not correspond to the
diffraction peaks of the'crystals of docosylphosphonic

acid and octédecyl gallate, but indicate that a regular
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movenent of the nol ecul es of the colored conposite material, and by
causing the col or devel oper to be independently recrystalllzed separated .
fromthe colored conposite naterlal The functional elenments of the
ot her types Al and A2 : 2 4 in TABLE
1 will now be explained in conmparison with the _

aggrégaté structure ofldocosylphospbonic_acid and
octadecyl gallate is formed by the interaction between
the two compounds.

On the other hand, ih the functional element tB],
diffraction peaks are observed at 1.76°; 2.16°, 4;00°,

4.34°, 6.54°, 8.74°, 10.94°, 22.34° and'23.94°, and all
of these péaks correspond to diffraction peaks indicating
the crystallizatidn'of docosylphosphonic acid.

Therefdfe, it is cOnfirmed that the docosyl-
phosphonic acid is in an independently crystallized state
in the functional element [B]. |

Moredver, Figs. 13(a) and 13(b) respectively show an
x-ray diffraction chart on a lower diffraction angle side
and that on a higher diffraction angle side, of the
functional element [A], measured as the temperature
thereof was increased. Figs. 13(a) and 13(b) both
indicate that the aggregate structure of docosyl-
phosﬁhonic acid and octadecyl gallate formed by the
interaction between the'two compounds is changed to such
a state in which the docosylphosphonic acid is
independently crystallized at about 50-60°C.
| As can be seen froﬁ the above, even in the
functional element comprising docosylphosphonic acid and
octadecyl gallate, it is possible to cause the functibnal
element to reversibly assume a first state in which the |

two compounds interact and a second state in which the
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functional el enment type B. As nentioned above, the functional el enent
type B assunes the col or devel opnent state only when the regul ar

aggregate structure of the colored conposite material is fornmed by rapid
cooling froma fused col or devel opnent state of the functional elenent. In
the functional elenent type B, the bond strength between the color

devel oper and the coloring agent is rather high, and the aggregation force
whi ch works within the colored material is also very high. . Unl ess

t he bond strength between the coloring agent- and the col or devel oper is

rather high, trm%éégéﬁnds do not interact as desired by forming a

regular aggregate structure of the two compounds by
rapidly cooling a fused mixture of the two compounds, and
destroying the regﬁlar aggregate structure to elevate the
tempefature thereof by the application of heat thereto,
to crystallize oné of the two compounds.

The ébéve-mentioned changes_between the two states
can be functioned as non-linear optical reversiblel
changes, so that the method of the present application
can be effectively applied to a functional element with
such non-linear optical reversible changes.

Other featuré of this invention will become apparent
in the course oflthe following description of exemplary
embodiments which are given for illustration of thé

invention and are not intended to be limiting thereof.

Examples 1-1 to 1-6

2—(o—chloroanilipo)—6-dibutylaminofluoran serving as
a coloring agent, and each of phosphonic acids with a
long-chain alkyl group; servihg as color developers,
shown in TABLE 2 were mixed in a molar ratio of 1:5 and
pulverized in a mortar;'_

A glass plate with a thickness of 1.2 ﬁm was placed
on a hot plate and heated to 170°C.

A small amount of each'of the above mixtures was

placed on the thus heated glass plate. Each mixture was
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devel opnent

devel opnent

state of the functional elenent cannot be nmaintained by the
formation of the aggregate structure of the colored conposite materi al
when the functional elenent is rapidly cool ed. When the tenperature
of the functional elenent type B which assunes the col or devel opnent state
by rapid cooling is elevated, the aggregate structure and the col or

state thereof can be maintained at a certain tenperature.

Once

the tenperature of the functional element type B exceeds the tenperature,
the aggregate structure of the colored conposite material i.s destroyed,

and the col of flexe! gRer ol 2nLRIgPEBISN 1Y

Subsequently, a cover_glass was placed on each of
the above melted mixtures. Each melted mixture was
spread so as to have a uniform thickness. The melted
mixture on the glass piace, with the cover glass placed
thereén, was then immediately immersed in ice water to
quickly lower the temperature of the melted mixture.

The melted mixture was then taken out from the ice

 water quickly, and water was wiped off from the melted

mixture, whereby functional elements Nos. 1l-1 to 1-6 were

fabricated, each in the form of a colored thin film.

TABLE 2
Example' : ' Decolorization|Decolorization
No. Color Developer ~ |Initiation Ratio (%)
o Temperature
(°C)
1-1 Dodecylphosphonic acid 34 38
1-2 Tetradecylphosphonic acid 46 _ 60
1-3 Hexadecylphosphonic. acid . 55 72
i-4 |Octadecylphosphonic acid | 63 81
1-5 |Eicosylphosphonic acid . 69 84
1-6 Docosylphosphonic acid 74 86

~ The thus fabricated functional elements Nos. 1-1 to
1-6 were subjected to an evaluation test for evaluating

the color development properties and the decolorizing:

_—
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crystallized, because the col or. devel oper can exist as

25 independent crystals at the tenperature, so that the functional
element type Bis inmediately decolorized. 1In this case, decolorization is
rapi d since the aggregation force anmong the nol ecul es:-of the color

devel oper is strong. : _

[y

properties thereof as fdllows:

A heating apparatus was provided on a specimen’
carrier of an optical microscope. Each sample of the
above obtained functional elements in the color
developmént state was inspected at room temperature, and
also as the temperature thereof was elevated at a heating
rate of 4°C/min by the heating apparatus. At the same
time, the changes in the amount of light transmitted from
the light source of the optical microscope through each
sample to the ocular portion'of the optical microscope
was measured.

When the functional element was decolorized; the
amount of the transmitted.ligbt was increased.

The décolorization initiation temperature of each
element was determined from the temperature at which the
amount of the transmitted light was changed.

It was confirmed that when the coloring functional
element was furthe; heated until it was fused, the above
functional element was again colored. |

It was further confir@ed_that the reversible
thermosensitive coloring functional elements.comprising
one of phosphonic acias with a straight chain alkyl group
having 12 to 22 carbon atoms have such'transmittances as
shown in Fig. 4. 1In Fig. 4, each of the number suffixed
to P12, P14, P16, P18, P20 and P22 stands for the number

of the carbon atoms in the alkyl group, as mentioned
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On the other hand, the functional elenents types AL and A2 assune a col or
devel opnent state when cooled either gradually or rapidly froma fused

col or devel opnent state.. - The functional elenent type Al in the color.
devel opnent state after rapid cooling is a colored conposite material of
an anor phous aggregate structure, while the functional elenent type A2 in
the color developnent state after rapid cooling is a colored conposite
material of a regular aggregate structure. In the functional elenment type
Al with the anorphous aggregate structure, the bond strength between the

col oring ageg}egggug8§9r devel oper is high, and the

In Fig. 4, the transmittance of each of the
functional elements in the initial.color development
state is expressed as 1.0 in terms of an arbitraiy unit
for comparison. | _

The results shown in Fig. 4 indicate that each
functionalnelement'comprising the phosphonic acid ‘has its
own decolorization temperature range, and that the longer
the length of the alkyl chain of the phosphonic acid
contained in the element, the hiQher the decolorization
initiation temperaturé thereof.

TABLE 2 also shows the decoldrization initiation
temperature of each functional element, and the
decolorization ratio thereof. The decolorization ratio
shown in TABLE 2 was determined as follows:

p%-D*

Decolorization ratio = —__—;E___ x 100 (%)

In the above relationship, D¢ indicates the color
development density obtained Py rapidly cooling the fused
functional element in the color developﬁent state, and a®
indicates the makimum decolorization density. As can be
seen from TABLE 2, the longer the alkyl chain of |
phosphonic acid, the higher the decolorization ratio of
the functional element. This means that excellent

reversibility is obtained in the functional element
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aggregation strength within the colored conposite material is weak.
A functional elenment which belongs to the type Al includes a color
devel oper with a relatively strong aggregation force. Such a functional
el ement tends to be decolorized because of the crystallization and
separation of the color developer wth tinme, even though the functional
element is in an anorphous state after gradual cooling or rapid cooling.-

comprising a phosphonic acid with the long alkyl chain.

Examples 2-1 to 2-6

The procedure for fabricating the reversible thermo-
sensitive coloring functional elements in Examples 1-1 to
1-6 was repeated except that thé phosphonic acids
employed as the color developers in Examples 1-1 to 1-6
were replaced by eicoéylthiomalic acid, and the 2-(o-
chloroahilino)-6—dibutylaminofluoran employed as the
céloring agent in Examples 1-1 to 1-6 was replacéd by
each of the fluoran compbunds as shown in TABLE 3, and
that the color develoéer and the coloring agent were
mixed in a molar ratio of 2:1,.whereby functional
elements Nos. 2-1 to 2-6 in the color development state
were fabricated.

The thus fabricated reversible thermosensitive color
functional elements Nos. 2-1 to 2-6 were able to maintain
the color development state when cooled rapidly, but were
mostly decolorized when cooled gradually.

it was confirmed from an” x-ray diffraction anélysis
of the above functional elements thaﬁ when the fused
functiohal elements in the color development were rapidly
cooled, a regular aggregate structure of the colored
composite material was_forméd by the interaction between
the color developer and the coloring agent in each of the

functional elements Nos. 2-1 to 2-6, while when cooled
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2 6 In the functional elenent type A2 which forms a regular
aggregate of the colored conposite material when rapidly cooled, ‘the
aggregation force of the colored conposite material is strong. Fbwever
t he bond strength between the col or devel oper and the coloring agent.
stronger than the aggregation force of the colored conposite naterlal so
that even though the.aggregate structure of the colored conposite naterial
is destroyed by elevating the tenperature, the col ored conposite
gradually, the color developer was separately
ciystallized. ‘
Fig. 14 shows the changes in the light transmittance
of each of these elements in the color development state
depending upon the temperature thereof. The curves (a)
to (f) in Fig. 14 respectively show the changes in the
light'transmittance of the functional elements comprising
color developers (a) to (f) shown in TABLE 3.
TABLE 3 also shows the decolorization initiation
temperature of each functional element determined from
the respective light transmittance and temperéture
thereof shown in Fig. 14.
It was confirmed that each of the functional

elements Nos. 2-1 to 2-6 has a distinct decolorization

temperature range and is an excellent functional element.
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material can be maintained, or the regul ar aggregate structure can be

mai nt ai ned up to high tenperatures. The destruction of the aggregate
structure is a transitional stage leading to a fused col or devel opnent
state, but does not |ead to decolorization. Anmong the functional

el ements of type A2, there are elenments which do not assume a conplete
decol orization state. In such functional elenents, even when the
aggregate structure is destroyed with the elevation of the tenperature,
since the aggregation force.of the color developer is so weak at that
tenperature, the crystallization of the col or devel oper is insufficient

TABLE 3

Example : Decolorization
No. Coloring Agent Initiation
Temperature (°C)

2-1 (a)}2-(o-chloroanilino)-6-dibutyl-
aminofluoran 47

2-2 (b)|{2-anilino-3-methyl-6-dibutyl-
aminofluoran 51

2-3 (c)|2-anilino-3-methyl-6-diethyl-
aminofluoran 60

2-4 (d)|2-anilino-3-methyl-6-(N-methyl- .
N-cyclohexylamino)fluoran _ 55

2-5 (e) 2-anilino-3—methyl-6—(N—methyi—
N-propylamino)fluoran _ 62

2-6 (f£)]|2-(2,4~dimethylanilino)-3-methyl-
6-diethylamino)fluoran 51

Examples 3-1 to 3-49

Each of the mixtures of the components shown in
TABLE 4 was pulverized in a béll mill so as to have a
particle size of 1 to 4 um, so that recording layer
coating liquids comprising a functional element
comprising a color deveioper with a long-chain structure
and a coloring agent wereiprepared. In TABLE 4, the term

"part" is based on weight.
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above- menti oned col or devel oper and 2-(o-chl oroanilino)-

6- di butyl am nof | uoran (hereinafter
above- nenti oned col ori ng agent,

being 5:1,
- 175[err]C to

rati os thereof

serving as the

respective nol ar

A mxture of a
was i nterposed between a pair of glass plates and heated to

el enent .
hydr ocarbon chain (straight. al kyl

referred to as D1)

with the

fuse the m xture

aggregate structure of the functional
phosphonic acid with a saturated
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t enper at ur e

whi ch a phosphoni c acid
30

in

el enent s

P14 to P22) was enpl oyed as the color .

group having 14 to 22 carbon. at ons
el enent s
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nostly assuned a decol ori zation state. Wien each of the above
reversible coloring functional elenents was rapidly cooled from175[err]C
to room tenperature, the functional elenment assumed a col or devel opnment
state. In the case of a reversible coloring functional elenent

enpl oyi ng as the col or devel oper a phosphonic acid with a straight chain
al’kyl group having 12 carbon atons (hereinafter referred to as P12), the
functional elenent assuned a col or devel opnent state when rapidly cool ed.
However, when the ambient tenperature was high, the decolorizatjon '
proceeded -wi t h tiBach Pk Hehe ko mrepared recording layex coating

liquids was coated on a polyester'film with a thickness
of 100 um, serving as a support by a wire bar, and dried,
so that a recording layer with a thickness of about 6.0
was formed on the support.

Thus, reversible thermosensitive recofding media Nos.
3-1 to 3-49 were obtained.

Each of the thus obtained reversible thermosensitive
coloring recording media was thermally colored by a
thermal-head-built-in heat gradient tester (made by Toyo

Seiki Seisaku-sho, Ltd.) under the following conditions:

Temperature: ' 130°C
Contact Time: .' 1 second
Applied Pressure: 1 kg/cmz\

The color density obtained in each reversiblé
thermosensitive coloring recording medium was measuréd
with Macbeth densitometer RD-918.

Then, each colored sample was placed in a
thermostatic chamber at the decolorization initiation
temperature thereof shown_in_TABLE 5 for about 20 seconds
and decoloxized. |

The thus obtained color density of each of the
- reversible thermosensitive coloring recording media Nos.
3-1 to 3-49 and the decolorization densitf thereof are

shown in TABLE 5.

-7 - This Sheet Has Been Replaced
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coloring functional elenent. ~In the case of a reversible coloring
functional elenment enploying as the col or devel oper a phosphonic acid
with a straight chain al kyl group having 10 carbon atons (hereinafter
referred to.as P10), the functional elenent assuned a col or devel opnment
state either when gradually cooled or when rapidly cooled, but this color
devel opnent ‘state was not stably maintained, and the decol orization
proceeded with tine in the reversible coloring functional elenent.

In the case of a reversible coIoringTRHEEtgonal el enent enpl oying as the
col or devel oper a phosphoni c _

Example Colorx Decolorization _.Decolorization
No. Density Initiation Density
' Temperature (°C) '
3-1 1.63 T 60 | 0.28
3-2 1.68 67 '0.26
3-3 1.72 73 0.24
3-4 1.73 82 0.23
3-5 | 1.70 1 84 0.23
3-6 - 1.84 73 0.30
3-7 1.88 82 0.31
3-8 1.61 73 0.24
3-9 | 1.65 82 0.25
3-10 1.53 73 0.30
3-11 1.55 73 0.23
3-12 1.78 82 0.25
3-13 1.82 82 _ | 0.22
3-14 1.86 82 0.32
3-15 1.47 | 70 0.32
3-16 1.44 | 70 0.30
3-17 1.50 70 0.33
3-18 1.44 70 : 0.35
3-19 1.48 | 70 0.34
3-20 1.41 70 | 0.30
3-21 ~1.48 | 65 | 0.33

(to be continued)
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acid with a straight chain alkyl

referred to as P4),
state either when

anbi ent tenperature was high,

t he functi onal

group having 4 carbon atons. (hereinafter

el ement assuned a col or devel opnent

_ gradual |y cool ed or when rapidly cool ed, and the thus
obt ai ned col or devel opnent state was stably maintained. However, when the

t he

(continued) TABLE 5

Example Color Decolorization Decolorization
No. Density Initiation Density

Temperature (°C)

3-22 1.42 50 0.35
3-23 1.35 50 0.32
3-24 1.31 55 0.40
3-25 1.38 | 55 0.38

- 3-26 1.40 50 0.30
3-27 1.32 60 0.35
3-28 1.30 60 0.28
3-29 1.58 70 0.21
3-30 1.70 75 0.36
3-31 1.68. 70 0.29
3-32 S 1.75 75 0.35

3-33 1.75 75 0.34
3-34 1.70 75 0.34
3-35 1.63 65 1 0.37
3-36 1.69 65 0.33
3-37 1.62 65 0.32
3-38 1.55 60 0.34
3-39 1.52 70 0.33
3-40 1.68 70 0.39
3-41 1.40 70 0.32
3-42 1.56 70 0.41
3-43 1.32 70 0.29

(to be continued)
- 81 -
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decol ori zation proceeded with time in the reversible coloring functional

el enent . Figs. 2 and 3 show x-ray diffraction patterns of the
functional elenments conprising as the col or devel oper, any of P22, P20,
P18, P16, P14, P12, P10, and P4; and as the coloring agent, D1. -  The

x-ray diffraction patterns (a) to (f) of P22 to P12 in Figs. 2 and 3 show’
the respective diffraction peaks which indicate the regul ar aggregate
structure of each colored conposite material. Mre specifically, peaks
with a diffraction angle of 10[err] or less are observed at a | ower angle

si de, whidorntidiiy a | ayered TABLE 5
Example Color " Decolorization Decolorization
No. Density Initiation Density
' Temperature (°C)

3-44 1.46 70 0.36
3-45 1.57 70 0.25
3-46 1.62 70 0.29
3-47 - 1.61 70 0.32
3-48 1.61 70 0.30
3-49 1.53 70 0.24

Furthermore, the reversibility of the color
development and decolorization was tested by repeating
the above operation for color development and
decolorization 10 times. As a_result, it was confirmed
that all the reversible thermosensitive coloring
recording media Nos. 3-1 to 3-49 has excellent

reversibility.

Examples 4-1 to 4-4

The procedure for fabrication of the functional
elements Nos. 1-1 to 1-6 in éxamples 1-1 to 1-6 were
repeated except that the 2-(o-chloroanilino)-G—dibutyl-
-aminofluéran employed as the colqring agent in Examples
1-1 to 1-6 was réplaced by fluoran compounds shown in
TABLE 6, and the phosphonic acids employed as color

developers. in Examples 1-1 to 1-6 were replaced by

: o - 82 -
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structure of the col ored cohposite material. Peaks with . a diffraction
angl e of 20-21[err] are also observed, which indicate the aggregation of
the al kyl chain, in each diffraction pattern of (a) to (d) in Fig. 2 and
(e) and (f) in Fig. 3. In contrast, in the x-ray diffraction pattern
(g) in Fig. 3 of the functional elenent conprising P10, peaks indicating
the aggregate structure of the colored’ , '

octadecylphosphonic acid, whereby functional elements

Nos. 4-1 to 4-4 were fabricated.

The decolorization initiation temperature and the

decolorization ratio were measured in the same manner as

in Examples 1-1 to 1-6. The results are shown in TABLE

6.
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conposite material are not observed. Instead, a peak which indicates the
i ndi-vidual crystallization of P10 is observed. This indicates that
separation and crystallization of P10 has proceeded during the x-ray

di ffraction neasurenment. This peak in the diffraction pattern (g)

I ncreases with tine. In the x-ray diffraction pattern (h) in Fig. 3
of the functional elenment conprising P4, no peaks are observed and the
functional element is in an anorphous state. '

TABLE 6
Decolor- |Decolor-
: ization ization
Ex. No. Coloring Agent - | Initiation [Ratio(%)
Temperature
(°C)
4-1 59 84
4-2 64 84
4-3 62 86
4-4 64 86

In the method of reversible selective manifestation
of different states of a functional element accoxrding to
the present invention, the functional element comprises
at least two compounds and is capable of alternatively
assuming (a) a first state in which the two compounds
interact to form a regular aggregate structure, or (b) a
second state in which the two compounds do not interact,

and at least one of the two compounds is in an aggregate

- 84 -
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The functional element conprising P4 and the functional elenment conprising
P10 becones tar-like after rapid cooling. The other functional elenents
becone |ike a hard filmafter rapid cooling, and the |onger the al kyl
chain of the color devel oper, the greater.the hardness thereof. The
functional elements each conprising P14 to P22 cannot assune a col or

devel opnent state when gradually - cooled fromthe fused col or devel oprent
state, but can nmintain a color devel opnent state when rapidly cooled

with the formati on of pe ar gregate structure. of th Lve
col ored conpo%FtErﬁﬁF%iiéF ?F%Fgfo?g the respective conditERE ot

attaining one of the two states can be reversibly and
extremely speedily controlled, for instance, by use of
thermal means.

The present invention can be utilized in a variety of
fields, fof instance, in the fields of thermosensitive

recording medium and the thermosensitive display medium.

I
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these functional elenents are classified as the previously nentioned type

B in TABLE 1. The functional element conprising- %Hi%ﬁ?f?ﬂ?ﬁ?’
classified as the type Al, because this el enent asSUMeSy,R sheet Has Been Replaced

3 3 color devel opment state either by gradual coollng o
cooling, and the crystals of P10 separate out with

[

CLAIMS

1. A method of reversible selective manifestation of
differént states of a functional element which comprises
at least two compounds and is capable of alternatively
‘assuming (a) a first state in which said two compounds
interact to form a regular aggregate structure, or (b) a
second state in which said two compounds do not interact,
and at least one of said two compounds is individually in
an aggregate or grystallized state, by controlling the
respective conditions for attaining one of said two

states.

2. The method as claimed in Claim 1, wherein said
first state is attained by fusing said two compounds with
the application of heat thereto, followed by rapidly

cooling said fused two compounds.

3. The method as claimed in Claim 1, wherein said
second state is atfained by elevating the temperature of
said two compounds to a temperature below the temperature
at which said two compounas ;re fuséd,‘theréby destroying |
said regular aggregaie structure of said two compounds,
and placing at least one of said two compounds

individually in an aggregate or crystallized state.

4. The method as claimed in Claim 1, wherein said

- 86 -
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time, so that the functional elenent is decolorized. The colored conposi te
material is in an anorphous form The functional el enment conprising
P4 is also clas- sified as the type A, which assunes a col or devel opnent
state either by gradual cooling or by rapid cooling, and the colored
conposite material is in an anorphous form Fig. 4 shows the changes
in the light transmttance in each of the functional elenents which bel ong
to the type B, conprising P14 to P22, as the tenperature of the
functional elements in the color developnent state, obtained b gldl
cooling the funetienadeplempst exbihiks &t TeIPARE BEIAPERFPCPEFH! cta

when fused and thereafter rapidly cooled, and a state in
which at least one of said compounds is in an aggregate
or crystallized state when fused and thereafter gradually

cooled.

5. The method as claimed ih Claim 1, wherein at
least one of said.two compounds has a long chain
'structure, and said second state is attained by the
aggregation force of said long chain structure of at

least one of said two compounds.

I
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As can be seen fromFig. 4, the transmttance of each el enent begins to

I ncrease at a respective certain tenperature, and each elenent is

decolorized at this tenperature. This is the decolorization initiation
tenperature. The decolorization initiation tenperature
el ement changes, depending upon the Iength of the alkyl chain therein.

| onger the al kyl chain, the higher the decolorization initiation
t enper at ur e. The changes of the aggregate structure of each

el ement during the course of the elevation of the tenperature
t hereof have been exam ned by use of x- :

functi onal

A method of reversible selective manifestation of
different states of a functioﬁal element is discldsed.
The functional element is composed of at least two
compounds and is capable of alternatively assuming (a) a
first state in which the two compounds interact to form a
regular aggregate structure, or (b) a second state in
whiéh the two compoundé do not interact, and at least one
of the two compounds is in an aggregate or crystallized
state. The respective conditions for attaining one of
the two states can be reversibly and extremely speedily
controlled, for instance, by use of a heat appliqétion

device.
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L)

- 88 -

of each functi onal

The



3.4 ray diffraction. Fig. 5(a) and Fig. 5(b) respectively show the
changes in the x-ray diffraction of the functional elenent conprising P18
on a lower diffraction angle side, and the changes in the x-ray
diffraction of the_ functional el enent conprising P18 on a higher:
diffraction

1
Fig. 1
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angl e si de. Figs. 6(a) and 6(b) respectively show the changes in the
x-ray diffraction of the functional elenent conprising P22 on a | ower
diffraction angle side, and the changes in the x-ray diffraction of the
functional elenment conprising P22 on a higher diffraction angle side.

In both the above-nentioned functional elgnents, the peaks indicating the
| ayered structure on the lower diffracti®n angle side are decreased. as the

tenperature of the functional elementgpig, imcreased, while the peaks which
i ndicate the aggregate structure of the al kyl chain
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are increased as the tenperature of the functional elenent is increased.
The peaks indicating the aggregate structure of the colored conposite .
~material disappear near the decolorization initiation tenperature, and the

peaks which indicate that individual crystallization of—the—eeter—
devel opers P18 and P22 appear. i nstead. The functi onal --elﬁ'f'g?ltée?H%r eent]QeurQéced
decol ori zed. - _ N

3 WA
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35 Simlar changes in the x-ray diffraction pattern are also
observed in all the functional elenents conprising Pl4 to P22 and ot her
functional elements classified as the type B. Therefore, it can be seen
that a functional elenent classified as the type B, which cannot forma
col or devel opment state by gradual cooling froma fused color devel opnent
state,. but can forma col or devel opnent state by rapid cooling froma
fused col or devel opnment state to forma regular aggregate structure of a
colored conposite material, can be decol offi zed by the destruction of the
aggregate structure by the elevatlon of the

Fig. 4
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tenperature thereof and the separate crystallization of the color

devel oper. In particular, the destruction of the aggregate structure
and the crystallization of the col or devel oper ‘can be considered to
correspond to the fusion of the long chain structure portion and the

rearrangenent thereof. Such a systemthat cuts the bond between the
color devel oper and the coloring agent in the functional elenent in the
above-nenti oned nanner is conpletely novel. The functional el enment

conprising P4 as a color devel oper can stably .nmaintain the col or
devel opnent state '

Fig. 5(a) Fig. 5(b)
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al t hough the element is in an anorphous state. In this sense, this
functional elenent is simlar to a functional elenent which enploys a _
conventional thernosensitive material w thout reversibility or
wi-t h poor reversibility, conprising such a color devel oper as 2,2'-
bi s( p- hydr oxyphenyl ) pr opane. :

Fig. 6(a) Fig. 6(b)
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These el enents belong to the previously nmentioned type Al in TABLE 1. So
| ong as such elenents are in a color devel opnent state, a sudden

‘decol orization does not occur even when the tenperature thereof is

1 ncreased. A functional el ement conprising oct a_decywl c acid
(hereinafter referred to as P18) as a color devel oper, and

2-ani |l i no- 3-net hyl - 6-di etyl am nofluoran as a colorlngTa Bhigbt ahB&BR LETr
referred to as D2) has been examped. This functional ntain
a col or devel opnment state, which i's obtailed either by ,Hmuﬁ ng or
by rapid cooling froma fused color devel opnent state.

Fig. 7
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functi onal

el ement

Fig. 7 shows an x-ray diffraction patterngof the above-nentioned

cool i ng,

whi ch
conposite} materi al

nmenti oned

aggregate
decol ori z

el ement i

9

Fig.
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37 A functional el enment conpr|5|ngaoctadecyl

referred to as GE18) as a col or devel ope and

2- (o-chl oroani l'ino) - 6- dlbutylan1nofluoran (referred

col ori nf—agent assSUMesS a COof OT<Ueve
cool ed ¢r when rapidly cooled, f
Fig. 8 s an x-ray diffraction chart
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changes in the x-ray diffraction of the above-nentioned functional

el ement, which indicates the formation of a regular aggregate structure of
the col ored conposite material. This elenment is classified as the
previously nentioned type A2 in TABLE §. When this functional

el enment is caused to assune a color de opnent state by rapid cooling,
and the tenperature thereof is elevated, the decolorization is caused to
sonme extent at tenperatures in the range of 45 to 50[err]C, with the
destruction of the colored conposite material, but no distinct
crystallization of the col or develoﬁ@ﬂ o&&urs When the tenperature of the
fundticgsal
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element is further elevated, a strong peak appears in the x-ray
diffraction chart, which is different fromthe peak indicating the
aggregate structure of the colored conposite material, together with the
occurrence of another col or devel op g The strong peak indicates that
anot her aggregate structure of the col Jed conposite material is forned,
and the functional el enent assunes

Fig. 13(a)
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anot her col or devel opnment state. The functional elenment conprising
P12 as a color developer and D1 as a coloring agent is decolorized to
some extent when the tenperature thereof is elevated to 40 to 45[err]C
However this decolorization is not so conplete as in the functional

el ement conprising P14 as a color devel oper and DL as a col oring agent.
VWhen the <funétional el enment -conprising P12 and D1 is further heated to
50[err]C or nore, the el enent assunes the color devel opnent state obtained
based on the formation of the aggregate structure of the colored conposite
material Y Qlé
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METHOD OF REVERSIBLE SELECTIVE MANIFESTATION
OF DIFFERENT STATES OF FUNCTIONAL ELEMENT

The present invention relates to a method of

reversible selective manifestation of different states of

a functional element, which comprises at least two

compbunds and is capable of alternatively aséuming two

different states, by controlling the réspective

conditions for attaining the two states.

The utilization as a reversible functional element

of a material capable of assuming a plurality of stable

different states and being transferred among those

different states as desired by the application of some

stimuli thereto is cor_xventiona_.lly known.

As such reversible functional elements, for

instance,

functional elements are known.- which utilize the

reversible thermal transformation of a crystalline state,

a molecular arrangement, or an aggregation state, such as

" 'a display element th.ch utilizes the reversible changes

in the molecular arrangement o:f lx.qu,:.d c::ysta‘il::.ne

%ot

" compounds by the appllcatlon of dni elec‘tr:.c

field or

heat, and an information recordlngr..element which utilizes "
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col ored conposite materi al . The nethod of reversible selective
- mani festation of different states of a functional elenment according to the
w39 present-invention conprises the above-nentioned transformation step in
a reversible thermal coloring method using the above-nentioned functional
elenment, with :

2 :

a reversible transformation between an amorphous state
and a crystalline state of an inorganic compound or an
organic compound, a reversible transformation between two
different crystelline states, or a reversible trans-
formation between two different association states of
molecules.

Although -some of these conventional elements are
already widely used in practice, they leave much room for
improvement because of the complexity of the structure
thereof, the complexity of systems using the elements,
and the poor contrast of displayed or recorded images.

There are also known functional elements which
utilize rever51ble changes in molecular structure, such
-as photochromlsm and electrochromlsm. ‘Almost none of
such elements is used in practice because they have
problems related to repeated operation performance and
response speed.

(. A reversible functional element which utilizes a
reversible reaction between two compounds has also been
proposed. An example of such-a reversible functional
element which has been put to practical use is a thermo-
sensitive coloring element which utilizes a coloring
reaction between an electron-donor coloring compound and
an electron-acceptor compound The function of this
thermosensitive colorlng element dan be manlégsted by the

application of heat thereto, so that it assumes a colored
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the destruction of a regular aggregate structure of a colored conposite
material of a color devel oper and a coloring agent, and the separate
crystallization of the «color devel oper. Any col or devel oper can be
enployed in the present invention as |long as the col or devel oper is
capable of inducing color formation within the nolecule of a coloring
agent by the reaction with the col or- devel oper and can be crystallized,
- separated froma col ored conposite'ﬁﬁTéFﬁaB formed in an aggregate
structure by the reaction between the col of devel oper and the col oring
agent . st on

state. Further, depending on the materials émployed in
the coloring element, it is possible to reversibly change
its state from the colored state to a decolorized state.
Reversible thermosensitive coloring elements of this
type, however, have the following shortcomings: A long
time is required to return to a decolorized state from a
colored state. A decolorizing agent is.necessary. An
additional treatment using an organic solvent or water is
-also necessary. Furthermore, once the reversible
thermosensitive coloring element has been colored, it
reassumes the initial decolorized state only with great

difficulty.

Accordingly, an object of the present invention is
to pro#ide a method of reversibly and selectively
manifesting different states of a functional element

(_~ easily and speedily, free from the above-mentioned
conventional shortcomings.

The above-mentioned object of the present invention
can be achieved by a method of reversible selective
manifestation of différent states of a functional

. element, which comprises at least two compounds and is
capable of alternatively assuming (a) a first state in
which the two compounds interact to form a xegular - -

aggregate structure, or (b) a second state in which the
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Fromt he above- menti oned view point, it is preferable that the col or

devel oper have a long chain structure therein in order to control or
enhance the -aggregation force within the col or devel oper. Mire
specifically, it-is preferable that the color developer for use in the
present invention have an aliphatic group with 12 or nore carbon atons as
the long chain structure. \Wen the aliphatic group have 12 or nore carbon
atons, "the col or devel oper can have a Xsufficient aggregation force.
Exanpl es of the aliphatic group include a straaght-

two compounds do not interact, and at least one of the
two compounds is in an aggregate or crystallized state,
by controlling the respective conditions for attaining

one of the two states.

A more complete appreciation of the present
- invention and many of the attendant advantages thereof
will be readily obtained as the same becomes better
understood bf reference to the following detailed
description when considered in connection with the
accompanying drawings, wherein:

Fig. 1 is a diagram.showing the relationship between
the color devélopment and decolorization of a functional
element for use in the present invention and the
temperature thereof;

Figs. 2 and 3 are charts showing the changes in the

(_ X~-ray diffraction of functional elements when rapidly
cooled from the respeétive fused color development
states; | ..

Fig. 4 is a chart showing the changes in the
transmittance of funcfional elements when the temperature
thereof was raised from the respective color develbpment
states obtained by rapid cooling;

Figs. 5(a), 5(b), G(a) and 6(b) are chartsvshowing. -

the changes in the x-ray diffraction of functional
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4 0 chain. or branched chain alkyl group, and a straight-chain or

- branched chai n al kenyl group. The aliphatic group may have a substituent
such as hal ogén, an al koxyl group, or an ester group. Exanpl es of
the col or devel opers for use in the present invention are as follows:

" (A) organic phosphoric acid conpounds such as an

]
elements when the temperature thereof was raised from the
respective color development states obtained by rapid
cooling;

Figs. 7 and 8 are charts showing the changes in the
x-ray diffraction of comparative functional elements when
rapidly cooled from the respective_color development
states obtained by rapid cooling;

Fig. 9 is an infrared ébsorption spectrum chart
showing the changes in the interaction state of two
compounds in two functioﬁal elements, when one functional
element was cooled promptly, and the other was cooled
gradually;

Fig; 10 is an infrared absorption spectrum chart
shqwing-the cﬁanges in the interaction state of two
compounds in a functional element aepending upon
temperature thereof when the temperature of a rapidly.
cooled functional element was elevated;

(". : Fig. 11 is an x-ray diffraction chart showing the.
formation of a regular aggregate structure in a
functional element formed by ;apidly cooling;

Fig. 12 is an x-ray diffraction chért showing
the formation of independent crystals of two compounds in

! functionai element formed by gradual cooling;

Figs. 13(a) and 13(b) are x-ray diffraction charts

showing changes in'the.x-ray diffraction in the

functional element comprising two compounds formed by
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or gani ¢ phosphoric acid conpound represented by the follow ng general
formula (1): [err] wherein R represents an aliphatic group having 12 or
nor e ‘car bon .at ons. Speci fic exanpl es of the organic phosphoric acid
conmpound represented by general forrmula (I) include dodecyl phosphonic
acid, tetradecyl phosphonic acid, hexadecyl phosphonic acid,

oct adecyl phosphoni ¢ acid, eicosyl phosphoni ¢ acid, docosyl phosphoni c acid,
t et racosyl phosphoni ¢ aci d, hexacosyl phosphoni ¢ acid, and

oct acosyl phosphoni ¢ aci d. : p

rapid cooling, indicating that one of the two compounds
is being crystallized; and |

Fig. 14 is a chart showing the changes in the
transmittance of functional elements in a color
development state, depending upon the temperature

thereof.

The inventors of the present invention have analyzed
the relationship among the molecular structure in the
solid phase of each of two compounds, the strength of
interaction therebetween, and the aggregate state
thereof. | .

As a result, the inventors have discovered that the
two compounds can assume a stable regular aggregation
structure, even though the interaction therebetween is
not very strong and the two compounds are solidif;ed in
( ' the interacting state with difficulty, and that the two
compounds can be brought back to the initial state
without the interaction therebetween by. destroying the
regular aggregate structure. |

In addition to the above, the inventors of the
presernit invention have discovered that the formation of
the above-mentioned regular aggregate structure can be’
controlled by selecting the molecular structure of a -

-compound employed in a functional element, and that the
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(B) Aliphatic carboxylic acid conpounds (B-1) [err]-hydroxy aliphatic
.carboxylic acid conpound represented by the followi ng general fornula
(1) : [err] wherein R err] -represents an aliphatic group having

12 or nore carbon atons. 41 '

1
aggregation force of a long chain structure such as a
straight hydrocarbon chain plays a particularly important
role.

The present invention has been made based on the
above discoveries, and is directed to a method of
reversibly and selectively manifesting different states
of a functional eiement. This functional element
comprises at least two compounds and is capable of

“alternatively aésuming (a) a first state in which the two
compounds interact to form a regular aggregate structure,
or (b) a second state in which the two compounds do not
interact, and at least one of the two compounds is in an
aggregate or crystallized state. The above method is
actually carried out by controlling the respective
conditions for éttaining one of the two states.

. The above first state is attained by fusing the two
compounds with the application of heat thereto, followed

(;i by rapidly cooling the two fused compounds. The

interactiﬁg state of fhe two compounds can be stably
maintained by the formation of the aggregate structure in
the first state.

Moreover, the second state is aﬁtained-by elevating
the temperature of the functional element to a
temperature below the temperature at which the two
compounds are fused, thereby destroying the regular

aggregate structure of the two compounds, and placing at
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Speci fi c exanpl es of the a-hydroxy aliphatic carboxylic acid conpound
.represented by general formula (l1) are as foll ows:
“[err]-hydroxydodecanoi ¢ aci-d; [err]-hydroxytetradecanoic acid,

[ err]-hydroxyhexadecanoi c acid, [err]-hydroxyoctadecanoic acid,

‘[ err]-hydroxypent adecanoi ¢ acid, [err]-hydroxyei cosanoic acid,
“[err]-hydroxydocosanoi c acid, [err]-hydroxytetracosanoic acid,

[ err]-hydroxyhexacosanoi-c acid, and [err]¢hydroxyoctacosanoi c acid.

(B-2) Hal ogen-substituted conpounds having an aliphatic group having 12 or
nore carbon atons, with the halogen bonded to at | east one carbon atom at

a-position jeast one of the two compounds in an aggregate or
crystallized'state.

The method of reversibly and selectively manifesting
different states of the functional element according to
the present invention utilizes the differences in the
properties between the first state obtainéd by the
interactioh of the.ﬁwo compounds and the second state
without the interaction.

In the above-mentioned first state, the two
compounds are weakly bonded by the interaction
therebetween. Such a bonded state can be seen in
composite materials formed by hydrogen bonding, by
charge-transportation-type interaction, or by
coordination.-

If a regular aggregate structure is formed when the
two compounds are fused and then. rapidly cooled, the
interaction between the two coméounds can be stably
{,- maintained at room temperature even though the

interaction therebetween is weak, wﬁereby the first state
is formed. - .
| on the other hand, when the fused compounds are
~ gradually cooled, thé aggregate structure of the two
compounds is not generally formed by the interaétion
-therebetween because the aggregation force which works T
among compounds of one kind is stronger than the

aggregation force which works among two kinds of
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or B-position of the conpounds can be preferably enployed. Specific
.exanpl es of such hal ogen-substituted conpounds are as foll ows:
* 2- bronohexadecanoi ¢ acid, 2-bronpheptadecanoic acid, 2-bronpoctadecanoic
acid, 2-bronoeicosanoic acid, 2-bronbdocosanoic acid, 2-bronotetracosanoic
~-acid, 3-bronpoctadecanoi c acid, 3-bronpeicosanoic acid,

2, 3-di bronpoct adecanoi ¢ acid, 2-fluerododecanoic acid,
‘2-fluorotetradecanoic acid, 2-fluorohexadedhnoi ¢ aci d,

2-fl uorooct adecanoi ¢ acid, 2-fluoroeicosanolc acid, 2-fluorodocosanoic
acid, 2-iodohexadecanoic acid, 2-iodooctadecanoic acid,

compounds, so that at least one of the two compounds
forms a stable éggregate or crystallized state by the
aggregation force among the molecules of the one kind of .
compound, without the aggregation force among the two |
kinds of compounds.

Thérefore, when the regular éggregate structure of
the two cbhpounds is destroyed by the elevation of the
temperature thereof, the aggregation force of the same
kind of compounds predominates, so that a state free from
the interaction between the two compounds can be
regained.

The method of reversible selective manifestation of
different states of the functional element according to
the present iﬁvention can be applied to a functional
element such as the previously mentioned composite
material with relatively weak interaction.

The method of reversible selectiﬁe manifestation of
(“ different states of the functional element according to

the present-inventidn'comprises the steps of reversibly
alternating the two states-of-the functional element by
thermally_controlling_the relationship among the strength
of the interaction beﬁween the two kinds of .compounds,
the aggregation force of the composite matérial formed by
the interaction between the two kinds of compounds, and
the aggregation force between the molecules of the .same

kind of compounds.
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3-i odohexadecanoi ¢ aci d, 3-iodooctadecanoic acid, and
. perfl uorooctadecanoi c aci d. ' 42
“(B-3) Conpounds having an aliphatic group having 12 or nore carbon atons,
including an oxo group with at |east one-carbon atomat the a-position,
-[err]-position or y- position of the aliphatic carboxylic acid conpound

10

The state in which the regular aggregate structure
of .the two compounds is maintained is attained by the
aggregation force of the composite material of the two
compounds. In thie-aggregation force is inherently
contained the aggregation force which works between the
coﬁpounds of the same kind.

Ih this.sense, it is preferable that at least one of
the two coﬁpounds have such a structure that a relatively
strong aggregation force is generated and a regular
aggregate strﬁcture is apt to be formed. Such a
structure is obteined, for example, by bonding a long
higher aliphatic chain such as a long hydrocarbon chain
to at least one of the two compounds. Such a long chain
strueture has.various advantages because the aggregation
force can be controlled in accordanee with the length of
the aliphatic chain in the long chain structure. - For
exampie, the temperature for the destruction of the
{ . aggregate structure of the composite material formed by

the interaction of the two compounds can be controlled by
the selection of the length of the aliphatic chain.
Furthermore, a portion which exhibits the function of the
compound and a portioﬁ which exhibits the aggregation

- force and aggregate properties of the compound can be
separately designed within the molecule of the compound.
Furthermore, the length of the long chain structure

necessary for the portion assigned for the exhibition of
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constituting an oxo group can be preferably enpl oyed. Specific
.exanpl es of such conpounds are as follows: 2-oxododecanoic acid,
" 2-oxotetradecanoi c acid, 2-oxohexadecanoic acid, 2-oxooctadecanoic acid,
2- oxoei cosanoi ¢ aci d, 2-oxotetracosanoic acid, 3-oxododecanoic acid,
- 3-oxot etradecanoi c acid, 3-oxohexadecanoic acid, 3-oxooctadecanoic acid,
3- oxoei cosanoi ¢ acid, 3-oxotetracosanoic acid, 4-oxohexadecanoic acid,
4- oxooct adecanoi ¢ acid, and 4-oxodocosdnoif aci d. (B-4) Dibasic acid
conpound represented by the follow ng dgeneral formula (111):

the function of the compound can be easily determined, so
that the different states of the functional element can
be'reversibly manifested without difficulty.

The differencés between the state in which the two
compounds are interactive and the state in which the two
compounds are not interactive in the functional element
for use in the present invention are exhibited, for
example, in the following differences in properties:
optical properties such as light absorption, optical

. transmittance, scattering, and reflection; crystaloptical
properties such as double refraction and polarized light
properties; nonlinear optical properties such as
secondary higher harmonics (SHG) properties;.electrical
properties su&h as electrical cdnductance; electrical
resistivity, electron mobility, positive-hole mobility,
dielectric constant, ferroelectric properties,
piezoelectric characteristics, pyro—electriq properties,

(_: ' and chargeability; thermal properties such as thermal

_cbnductivity;.mégnetié properties; mechanical pfoperties;
and surface characteristics such as wetting properties.

The present invention can provide a method of
reversible thermal manifestation of the above-mentioned

. properties.-

In order to explain thé method of the present

invention more specifically, a thermal coloring

functional element is employed as an example of the
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[err] wherein Rl err] represents an aliphatic group having 12 or nore
. carbon atons, X represents an oxygen or sulfur atom and n represents 1 or
C 2. Speci fic exanpl es of the dibasic acid conpound represented by

general formula (I1l1) are as follows: dodecylmalic acid, tetradecylmalic
--acid, hexadecylmalic acid, octadecylmalic acid, eicosylnmalic acid,

docosyl malic acid, tetracosylmalic acid, dodecylthionmalic

12
functional element in the present invention. ihe tﬁermal
coloring functional element comprises an electron-donor
coloring coﬁpound (hereinafter referred to as the
coloring agent) and an electron-acceptor compound
(hereinafter referred to as the color developer). This
thermal coloring functional element can assume a color
developmen£ state in which the coloring agent and the
color developer interact to produce a colored composite
material with a regular aggregate structure, and a
decolorized state in which the regular aggregation
structure of the colored composite material is
decomposed, so that the coloring agent and/or the colorx
developer are in an aggregate or crystallized state.

When the'coloring ageht and the color developer are
fused with the application of heat thereto, the molecules
of the coloring agent and the color developer come into
contact with each other and interact even though the

(. interaction is partial. As a result, the functional
element assumes the color development state in its
entirety. In this case, the xatio of the interacting
molecules'may differ‘depending.upon the combination of
the coloring agent and the color developer.

When the fused mixture of the coloring agent and the
color developer in the color development state is
gradually cooled, the interaction between the coloring

agent and the color developer is lost during this cooling
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4 3 acid, tetradecylthiomalic acid, hexadecylthiomalic acid,
_octadecylthiomalic acid, eicosylthiomalic acid, docosylthiomalic acid,
tetracosylthiomalic acid, dodecyldithiomalic acid, tetradecyldithiomalic

acid, hexadecyldithiomalic acid, octadecyldithiomalic acid,

-ei cosyl dithiomalic acid, docosyldithiomlic acid, and
“tetracosyl dithiomalic acid. (B-5) Dibasic acid conpound represented

by the
13

course, and the color developer is separately

cxystallized, so that the functional-element is

decolorized. This is because, during the above-mentioned .
cooling course, the aggregation force of the color

developer itself is stronger than the interaction between

_the coloring agent and the color developer.

On the other hand, when the'fﬁsed mixture of the
coloring agent and the colorfdeveloper in the éplor
develobment state is rapidly cooled, the functional
element continues to assume the color development state.
This is because when cooled rafidly, the interaction
between the coloring agent and the color deveioper is
maintained, so that the colored composite material with
the regular aggregate structure is formed by the
maintained interaction ﬁetWeen the coloring agent and the
color developer.

In the above-mentioned color development state with

(f: ' the formation of the regular aggregate structure,
' obtained by rapid cooiing, the percentage of the
molecules of the coloring agént in the goldr.development
-staté is larger than that in'the_color development state
obtained by fusing the coloring agent and the color
- developer.
This is because the formation of the regular
aggregate structure provides a state in which the

coloring agent and the color developer interact more
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followi ng géeneral formula (1V): R4 [err] wherein R err],
_Rerr] and R err] each represent hydrogen, and an aliphatic group, at-
“least one of Rerr], Rerr] and R err] being an aliphatic group having 12

or nore carbon atons. Speci fic exanpl es of the dibasic acid conpound
-represented by general forrmula (IV) are as follows: dodecyl butanedioic

acid, tridecylbutanedioic acid, tetradecylbutanedioic acid,

pent adecyl but anedi oi ¢ acid, octadecyl butanedi oi c acid, eicosyl butanedioic

aci d, 1 4

easily than in the case where the coloring agent and the
color developer are fused.

The state in which the regular aggregate structure
is formed with the interaction between the coloring agent
and the color developer can exist stably at room
temperature. However, in this state, the binding force
between the coloring'agent and the color developer is
wéak, so that when the functional element in the above-
mentioned state is heated to a temperature below the
temperature at which the color developer and the coloring
agent are.fused, the regular aggregate structure in the
functional element is destroyed with the solid phase
being maintained, so that the stability attained by the
regular aggreéaté structure is lost. The result is that
the color déveloper is dissociated from the coloring
agent, whereby the color developer is indepeﬁdently
aggregated or crystallized. Thus, the functional element
( assumes the decolorized state without the interaction

between the color devéloper and the coloring agent.

In addition, the above state withogt the interaction
-between the coloring agent and the color developer,
obtained by the above-mentioned heating, can be stably
maintained even when this functional element is cooled to
room temperature. |

The reversible manifestation of the function of the = =

above-mentioned thermal coloring functional element for
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docosyl but anedi oi ¢ aci d, 2, 3-di hexadecyl but anedi oi ¢ aci d,
.2, 3-di oct adecyl but anedi oi ¢ aci d, 2-nethyl-3-dodecyl - butanedioic acid,
" 2-met hyl - 3-t-et radecyl but anedi oi ¢ acid, 2-nethyl-3-hexadecyl but anedi oi ¢’
acid, 2-ethyl-3-dodecyl- butanedioic acid, 2-propyl-3-dodecyl butanedi oic
-acid, 2-octyl-3-hexadecyl butanedi oic acid, and 2-tetradecyl - 3-
4 4 octadecyl but anedi oi ¢ aci d.
15

use in the present invention will now be explained with
reference to Fig. 1.
Fig. 1 is a diagram showing the relationship between
the color density obtained by the thermal coloring :
functibnal elemént and the temperature thereof, with the
color density as ordinate and the temperature as
abscissa.
In Fig. 1, reference symbol A indicates a
decolorized state of the functional element at room
temperature, refereﬁce symbol B indicates a color
development state of the functional element in a fused
state by the application of heat thereto, and reference
symbol C indicates a color development .state of the
functional elément at room temperature.
The functional element for use in the present
invention is assumed to be in the above-mentioned
decolorization state A at the beginning. When the
( temperature of the functional element in this state is
raised and reaches temperature Tl,,the color density of
the element begins to increase since the coloring agent
and the color developer begin to be mixed and fused with
the formation of a euéectic mixture at the temperature
~ T;. As the temperature of the functional element is
further increased, the color density of the element

 increases and finaily the element reaches the color

development state B. Ewven though the temperature of the
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(B-6) Dibasic acid compound represented by the follow ng general fornula

(V) [err] wherein Rlerr] and Rlerr] each represent hydrogen, and an
7 8 aliphatic group, at least one of R or R being an al i phatic group
having 12 or nore carbon atons. Speci fic exanples of the dibasic acid

conpound represented by general .fornula (V) are as follows: _
dodecyl mal oni ¢ acid, tetradecyl mal onic acid, hexadecyl malonic acid,
oct adecyl mal oni ¢ aci d, _ -

element in the state B is decreased to room temperature,
the color of the element is not changed, ahd is in the
state C which is the same as the color development state
B. The process from the decolorized state to the color
development state as explained above is indicated by the
solid line in the direction of the arrow (» in Fig. 1.

When the temperature of the'functionai element in
the state C is again raised, the color density begins to
decrease at temperature T2 and the functional element
finally reaches a state D which is a completely
decolorized state. When the temperature of the
functional element in the state D is decreased, the
decolorized state of the functional element is
maintained, so that the element returns to the initial
state A. The process from the color development state to.
the decolorized state as explained above is indicated by
the broken line in the direction of the arrow (—) in
( Fig. 1.

Thus, in Fig. 1, the‘temperature Tl is the color
development initiation temperature at which the color

development is initiated, and the temperature T. is the

2
decolorization initiation temperature at which the
decolorization is initiated. The temperature range from
T, to T1 is a decolorization temperature range in which

the functional element assumes a decolorized state.

The color development and decolorization phenomenon
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ei cosyl mal oni ¢ acid, docosyl malonic acid, tetracosylnmalonic acid,

di dodecyl mal oni c acid, ditetradecyl malonic acid, dihexadecyl nal onic acid,
- di oct adecyl mal oni ¢ aci d,  di ei cosyl mal oni ¢ acid, didocosyl nmal onic acid,

met hyl oct adecyl mal oni ¢ acid, nethyleicosyl mal onic acid,

- met hyl docosyl mal oni ¢ acid, nethyltetracosylmalonic acid,

et hyl oct adecyl mal oni ¢ acid, ethyteicosyl malonic acid, ethyldocosyl nalonic
acid, -and ethyltetracosyl mal oni ¢ aci 7 (B-7) Dibasic acid conmpound
represented by the follow ng general Torrmula (Vl):

of the functional element for use in the present

invention shown in Fig. 1 is characterized in that the
above;mentioned decolorization temperature fange is

located in a zone lower than the color development :
initiation temperature at which the fusing of the

functional element is initiated and a coloring reaction

is initiated in the functional element. Therefore, the -
functional element in the color development state at room
temperature cén be decoloﬁized when heated to a

temperature within the decolorization temperature range.

In addition, such a color development and
decolorization phenomenon can be repeatedly caused to
occur in the functional element.

Fig. 1 sﬁows a representative example of the process
of color development and decolorization of a thermal
coloring functional element for use in the presént
invention. The color development initiation temperature
(. - and the decolorization initiation temperature wvary,

depending upon the coﬁbination of the coloring agent and
color developer employed. _The color density in the state
"B is not alwéys the same as that in the state C. 1In some
cases, the respective.color densities are different.
In order to obtain a thermal coloring functional
element comprising a color developer and a coloring agent
in a color development state at room temperature, éﬂe .

color developer and the coloring agent in the thermal
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[err] j wherein R err] represents an aliphatic group having 12
.or nmore carbon atons; and n is an integer of 0 or 1, mis an integer of
1, 2 or 3, andwhen nis 0, mis 2 or 3, while when nis 1, mis 1 or 2.
Speci fic exanpl es of the dibasic acid conpound

18

coloring functional element are fused by the application
of. heat thereto, and then rapidly cooled.

Furthermore, iq order to obtain the decolorized
state at room temperature, using the above-mentioned
thermal coloring functional element, the the;mél coloring
functional element in the color devélopment state is
heated to a decolorization temperature which is lowex
than the color development temperature, and then
decreasing the temperature thereof to room temperature.

A conventional functional element with poor
reversibility or without reversibility usedlas a
thermosensitive material comprising a coloring agent and
a color developer is not readily decolorized even when
the temperéture of the functional element in the color
development state i& increased.

A number of functional elements'comprising various
éoloring agents and coior developers capable of inducing
colors in the coloring agents were tested with respect to
the changes in color Aevelopment states thefeof, by
fusing the coloring agents-and color dévelopers, and then
decreasing the tempergturé of each of the fused mixtures
thereof.

The result was that not ail functional elements can
maintain the color development states thereof, and some.
are dgcolorized as the temperature is decreased.

Moreover, the above-mentioned phenomenon varies greatly,
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represented. by general formula (VI) are as follows: 2-

. dodecyl - pent anedi oi ¢ acid, 2-hexadecyl -pentanedi oic acid,

* 2-oct adecyl -pent anedi oi ¢ acid, 2-eicosyl-pentanedioic acid,
2- docosyl - pent anedi oi ¢ aci d, 2-dodecyl - hexanedi oic acid,

- 2-pent adecyl - hexanedi oi ¢ acid, 2-octadecyl- hexanedioic acid,
2- ei cosyl - hexanedi oi ¢ acid, and 2- docosyl - hexanedi oi ¢ aci d. ' (B-8)
Tri basic acid conmpounds such as citric acid acylated by a |ong chain
al i phatic acid: Specific exanpleglo@)such conpounds are as foll ows:

depénding upon the conditions for decreasing the
temperature of the functional element. |

Thé inventors of'the present invention made
comparative tests with respect to the color development
state maintaining properties of functional elements which
include one color developer selected from the group
consisting of (a) a color developer employed in a
conventional thermosensitive material, (b) a color
developer with an aliphaﬁic chain which is bonded to a
moiety of the color developer which exhibits a color-
inducing function, and (c)-a color developer with the
color developing capability thereof being changed, when
the temperature of each functional element in the color
development sfate was decreased.

In the above comparative tests, the temperature of
each functional element was decreased under the following
two different.conditions: Under the first condition, the
( temberature of the functional element was gradually
| décreased af a coolin§ rate of about 5°C/min or less

(hgreinéfter referred to as gradual cooling), and under
the second condition, the temperature was rapidly
decreased at a cooliné_rate of about 50°C/sec or more
(hereinafter referred to as rapid cooling).

In practice, gradual cooling was carried. out by- -
interposing the functional element between a pair of _

glass plates, fusing the functional element, using a
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[err]

20

heater, and allowing the fused functional element to cool
by. turning off the heater or by suspending the heated
functional element in air.

Rapid coocling was carried out by immersing the
heated functional element in cold water.

When the functional element is cooled at a cooling
rate intermediate between the gradual cooling rate and
tﬁe rapid cooling rate, it is possible that portions in
the state obtained by gradual cooling and portions in
the state obtained by ;apid cooling become mixed in the
functional element, or an intermediate state between the
state obtained by gradual cooling and the state obtained
by rapid cooling is forméd in the functional element.

When the functional element is heated by a thermal
head which is conventionally used for thermosensitive
recording, the functional elementlis rapidly heated, and
accordingly répidly cooled, so that rapid cooling is

( carried out.

Moreover, the fuhctional element was heated and then
cooled, and the structure of the cooléd_functional
element was analyzed by x-ray diffraction.

The functional elements are classified into Al, A2

- and B types as shown in TABLE 1 in accordance with the
properties and the structure thereof, based en the

results of the above analysis using x-ray diffraction.
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4 6 (© Phenolic conpounds such as a conpound
.follow ng general formula (VII):
‘represents -S-, -0, -CONH, or -COO-; Rerr] represents an aliphatic
group having 12 or nore carbon atons; and nis an integer of 1 to 3.
- Specific exanples of the phenolic conpound

represented by the
[err] wherein Y

2 1

TABLE 1

When gradually When rapidly Structure | Type of
cooled from cooled from of func- functional
fused colorx fused color tional element
development ~ development element
state state after

rapid -

cooling
Color develop- Color Amorphous Al
ment state development . | state
formed state formed

' Regular
aggregate . A2
(” structure

Mostly Color Regular
decolorized, development aggregate B
without the state formed structure
formation of
color develop-
ment state

The results shown in TABLE 1 indicate that when the

heated and fused functional elements in the color

development state are gradually cooled to room

temperature, some functional elements assume the colox

development state, while other functional elements do not

assume the color development state, but are mostly

decolorized.

In contrast, when the heated and fused functional

elements in the color development state are rapidly

assume the color development state.

cooled to room temperature, all the functional elements

Furthermore, some functional elements can, for an

extended period of time, stably maintain the color =

development state, which is obtained by gradually or
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represented by general fornmula (VIl1) are as foll ows:
. p- (dodecyl t hi o) phenol , p-(tetradecylthio)phenol, p-(hexadecylthio)phenol,
* p- (oct adecyl t hi o) phenol, p-(eicosylthio)phenol, p-(docosylthio)phenol,

p- (tetracosylthio ) phenol, p-(dodecyl oxy)phenol, p-(tetradecyl oxy)phenol,
- p- (hexadecyl oxy) phenol, p-(octadecyl oxy)phenol, p-(eicosyl oxy)phenol,

p- (docosyl oxy) phenol , p-(tetracosyl oxy)phenol, p-dodecyl carbanoyl phenol,
p-t etradecyl car banoyl phenol, p-hexadecyl aﬁ?annylphenol,

p- oct adecyl car banoyl phenol, p-eicosyl carbanoyl phenol ,

p- docosyl car banoyl phenol, p-tetracosyl carbanoyl phenol, hexadecyl gall ate,

octadecyl rapidly cooling the heated and fused functional elements
in the color development state. Other functional
elements cannot maintain the color development state, but
are gradually decolorized with time.

An x-ray anglysig was conducted on ﬁhe functional
elemenfs which Were decoloriéed when gradually cooled
from the fused state, during the course of the
decolorization. The analysis indicated that the above-
mentioned decolorization is caused to take place by the
crystallization and separation of the color developer in .
the functional element. This also applies to the
functional elements which are gradually decolorized with
time.

The funCiional element type B in TABLE 1 cannot -
assume the color development state and is mostly
decolorized when gradually cooled, but can assume the
color development state when rapidly cooled.

( An x-ray diffraction analysis indicated that the
functional element type B has such a structure that the
colored composite material. formed there;n assumes a
regular aggregate structure after rapid'cooling.

From the above results, it'is considered that in the
functional element which cannot assume a colox
development state by gradual cooling, which is the
functional element type B in TABLE 1, the intexaction .

between the coloring agent and the color developer which

This is the replacemsnt sheet

Date: 19 NOV 1298



gal l ate, eicosyl gallate, docosyl gallate, and tetracosyl gallate.
.(D) O her organic phosphoric acid conmpounds such as [err]-hydroxyal kyl
*phosphoni ¢ acid represented by the follow ng general fornmula (M 11):
[err] )

23

constitute the functional eiement is relatively weak, so
that the aggregation force among the molecules of the
‘color developer predéminates at a lower-temperature than .
the eutectic temperature of the coloring agent and the
color developer, when gradually cooied from the fused
color development state, As a result, the color
developer is caused to sgparate.from the colored
éomposite méterial and is crystallized. Therefore, the
functional element type B is decolorized when cooled
gradually.
On the othér hand, when the functional element type
B is répidly cooled, the colored composite material forms
a regular agg;egate strﬁctgre and the bond between the
color developer and the coloring agent is stabilized.
Thus the functional element type B assuﬁes the color
development state when rapidly cooled.
| In other words; a decolorxrized staﬁe can be ébtained
( in the functional element type B by destroying the
regular aggregate strﬁcture of the colored composite
material formed therein by- elevating the temperature of
the functional element to bring about the thermal
movement of the-mqlecules of the colored composite
material, and by causing the color developer to be
independently recrystallized, separated from the colored
composite material. . | - ' -
The functional elements of the.other types Al and A2
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wherein R efr] represents an aliphatic group having 11 to 29 carbon atons.
. Speci fic exanpl es of the a-hydroxyal kyl phosphonic acid represented by
“general formuta (VII1) are as follows: [err]-hydroxydodecyl phosphonic.
acid, [err]-hydroxy- tetradecyl phosphonic acid, [err]-hydroxyhexadecyl

s phosphonic acid, [err]-hydroxyoctadecyl phosphonic acid, [err]-hydroxy-

ei cosyl phosphonic acid, [err]-hydroxydocosyl phosphonic acid, and

[ err]-hydroxytetracosyl phosphonic acid. (E) Metallic salts of

mer capt oaceti c acids such, as '

in TABLE 1 will now be explained in comparison with the
functional element type B.

As mentioned above, the functional element type B
assumes the color development state only when the regulax
aggregate structure of the colored composite material is
formed by rapid cooling from a fused color development
state of the functional element. In the functional

element type B, the bond strength between the color

SN,

developer and the coloring agent is rather high, and the
aggregation force which works within the colored material
is also very high.

Unless the bond strength between the coloring agent
and the colorsdeveloper is rather high, the color
development state of the functional element cannot be
maintained by the formation of the aggregate structure of
the colored composite material when the functional
element is rapidly cooled.

¢ ~ When the temperature of the functional element tyﬁé
B which assumes the célor development state by rapid
cooling is elevated, the-aggregate structure and the
color development state thereof can be maintained at a
certain temperature. Once the temperature of the
‘functional element type B exceedé the temperature, the

aggregate structure of the colored composite material is

destroyed, and the color developer is independently = - o -

crystallized, because the color developer can exist as

This is the replacement sheet

1
Date: 19 MOV 1%



-an al kyl nercaptoacetic acid or al kenyl nercaptoacetic acid represented by

-the follow ng general formula (IX): [err] wherein R err] represents an
al i phatic group having 10 to 18 carbon atons; and Mrepresents tin,
magnesi um zinc, or copper. Specific exanples of the netallic salt of

~the nercaptoacetic acid represented by general formula (I X) are as
follows: tin decyl nmercaptoacetate, tin dodecyl nercaptoacetate, tin
t et radecyl ner capt oacet at e, 2 5

- independent crystals at the temperature, so that the
functional element type B is immediately decolorized.
In this case, decolorization is rapid since the
aggregation force among the molecules of the color .
developer is strong.

On the other hand, the functional elements types Al
and A2 asshme a color development state when cooled
either gradually or rapidly from a fused co;or
developmeﬁt state. The functional element type Al in the
color development state after rapid cooling is a colored
composite material qf'ap amorphous aggregate structure,
while the functional element type A2 in the color
development state after rapid cooling is a colored
composite mat;rial of a regular aggregate styucture. In
the functional element type Al with the amorphous -
aggregate structure, the bond strength between the
coloring agent and color developer is high, and the

{ - aggregation strength within the colored composite

material is weak.

A functional element which belongs_to_the type Al
includes a color developer with a relatively strdng
aggregation force. Such a functional element tends to be
decolorized because of the crystallization and separation
of the color developer with time, even though the
functional element is in'én amorphous state after gradual

cooling or rapid cooling.
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48 tin hexadecyl nercaptoacetate, tin octadecyl nercapto- acetate,
.magnesi um decyl ner capt oacet at e, nmagnesi um dodecyl ner capt oacet at e,
‘magnesi um t etradecyl nercapt o- acetate, nagnesi um hexadecyl mer capt oacet at e,
magnesi um oct adecyl ner capt oacet ate, zinc decyl nercaptoacetate, zinc
~dodecyl mer capt oacetate, zinc tetradecyl nercaptoacetate, zinc
hexadecyl ner capt oacet ate, zinc octadecyl nercapto- acetate, copper
decyl ner capt oacet ate, copper dodecyl - 2 5

In the functional element type A2 which forms a
regular aggregate of the colored composite material when
rapidly cooled, the aggregation force of the colored
composite material is strong. However, the bond strength )
between the color developer and the coloring agent is
stronger than the aggregation force of the colored
composite material, so that even though the aggregate
structure of the colored composite material is destroyed
by elevating the temperature, the colored compoSite
material can be maintained, or the regular aggregate
structure can be maintained up to high temperatures.

The destruction of the aggregate structure is a
transitional stage leading to a fused color development
state, but doés not lead to decélorization.

Among the functional elements of type A2, there are
elements which do not assume a complete decolorization

state. In such functional elements, even when the

aggregate structure is destroyed with the elevation of

V)

the temperqtufe, since the aggregation force of the color
developer is so weak at that temperature, the
crystallization of the color develdper is insufficient
for decolorizatidn, br the coloring agent is incorporated
into the aggregation structure of the color developer
(for instance, in a liquid crystal structure)... In the
formér case, no substantial decolorization takes place

even when the temperature is raised from a rapidly cooled
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mer capt oacet ate, copper tetradecyl nercaptoacetate, copper

. hexadecyl ner capt oacet ate, and copper octadecyl nercapto- acetate. - The
“coloring agents for the thermal coloring functional elenent for use in the
present invention, electron-donor conpounds which are colorless or |ight-
-colored before col or formation is induced therein. Exanmpl es of such
conpounds are conventionally known triphenylnethane pht hal i de conpounds,

fl uoran conpounds, phenot hi azi ne conpo | euco auram ne conpounds and

i ndol i nopht hal i de conpounds. 32n32 represented by the follow ng
gener al

color development state. In the latter case,
decolorization takes place to some extent by the
destruction of the aggregate structu:e, so that the..
element éan be used as a reversible functional element.
However, the scope of application is quite limited
because the decolorization does not take place so
completely as in the case of the above-mentioned
functional element type B.

As explained above, the decolorization phenomenon of
the functional element is affected by the relationship
among the bond strength between the color developer and
the coloring agent, the aggregation force within the
colored coﬁposite material, and the aggregation force
within the color developer.

It is difficult to quantitatively show the above-
mentioned relationShip, but a functional element useful
in the present invention is a functional element that has
: - characteristics by which a color development state cannot

be formed by gradual éooling, but can be formed by rapid
cooling, from a fused color development_state, with the
formation of the regular aggregate structure of the
colored composite material. In other words, if a
functional element has the above-mentioned
characteristics, the element has an excellent reversible
thermosensitive coloring performance.

Such an excellent functional element can readily
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formulas (Xj and (XI) can be enployed as preferable coloring agents for
-use in the present invention. 13 [err]

28

assume a decolorized state when heated to a
decolorization init;ation temperature lower than the
temperature at which a fused color development state is
obtained, with the destruction of a regular aggregate
structure of a colored composite material, and with the
separate crystallization of the color developer with the
predominan% aggregation force of the coloﬁ developer.

The conditions for rapid cooling and the conditions
for gradual cooling differ, depending upon the
combination of the coloring agent and color developer
employed in the functional element.

It is difficult to make exact distinctions between
the two, but as mentioned previously, rapid cooling is
conducted at a cooling rate of about 50°C/sec or more,
and gradual cooling is conducted at a éooling rate of
about 5°C/min or less.

In the present invention, it can be said that the

( conditions for rapid cooling are thoge which bring abput
a state in which two éompounds interact to form a regular
aggregate structﬁre, and the eonditions for gradual
cooling are those which bring abpout a state in which at
least one of the two éompounds is separately crystallized

. or aggregated:

The method of reversible selective manifestation of

different states of the functional element according to

the present invention will now be explained in more
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4 9 13 .15 [err] wherein Rlerr] represents
- hydrogen or an al kyl group having 14 1 to 4 carbon
“atonms; R represents an alkyl group having 1 to 6 carbon atons, a

cycl ohexyl group, or a phenyl group which may have a substituent; R err]
Srepresents hydrogen, an al kyl group or al koxyl group having 1 to 2 carbon
atons, or halogen; and R err] represents hydrogen, a nethyl group,

hal ogen, or an am no group whi ch may have a

detail.
By way of example, reversible coloring functional
~elements for use in the present invention were
fabricated, each comprising a coloring agent and a
representative color developer with a long chain
structure with a differen£ number of carbon atoms,
capable ofhinducing color in the coloring agent, in 6rder
to investigate the relationship among the length of the
long chain structure of the color developer, the
formation of the color development state, and the
aggregate structure of the functional element.

A mixture of a phosphonic acid with a saturated
hydrocarbon chain (straight alkyl group) serving as the
above-mentioﬁed color developer and 2-(o-chloroanilino)-
6-dibutylaminoflugran (hereinafter referred to as.D1l)
se;ving as the above-mentioned coloring agent, with the
respective molar ratios thereof being 5:1, was interposed
between a pair of glass plates and heated to 175°C to
fuse the mixture.

The heated mixture assumed a éolor.development
state, whereby the above-mentioned functional elements in
the color development-state were fabricated.

In the reversible coloring functional elements in
which a phosphonic acid with a straight chain alkyl group
having 14 to 22 carbon atoms (hereinafter referred to as

Pl4 to P22) was employed as the color developer, when the .
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substituent. Exanpl es of the substituent for the phenyl group are

-al kyl groups such as nethyl group and ethyl group; al koxyl groups such as
met hoxy group and et hoxy group; and hal ogen. Exanpl es of the
substituent for the am no group are alkyl group, aryl group which may have
a substituent, and aral kyl group which may have a substituent. The
substituents for the aryl group or the aral kyl group can be selected from
a group consisting of al kyl group, hal eq%and al koxyl group.

Speci fi.c exanpl es of the conpound used the .

temperature thereof was gradually decreased from 175°C
with a cooling rate of 4°c/min,_these functional elements
mostly assumed a decolorization state.

When each of the above reversible coloring
functional elements was rapidly cooled from 175°C to room
temperature, the functional element assumed aicolor
developmen% state.

In the case of amreversible coloring'functional
element employing as the color developer a phosphonic
acid with.a straight chain alkyl group having 12 carbon
atoms (hereinafter referred to as P12), the functional
element assumed a color development state when rapidly
cooled. However, when the ambient temperature was high,
the decolorization proceeded with Fime in the reversible
cdloring functional element.

In the case of a reversible coloring functional
element employing as.the color developer a phosphonic
acid with a straight chain alkyl group having 10 carbon
atoms (hereinafter referred to as P10), the functional
element assumed a color development state either when
gradually cooled or when rapidly cooled, but this color
development state was“not'stably maintained, and the

. decolorization proceeded with time in the reversible
cbloring functional element.

In the case of a reversible coloring functional

element émploying as the color developer a phosphonic
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50
foll ows:

coloring agent represented by general fornmula (X) or (XI) are as
: 2-ani | i no- 3- net hyl - 6- di et hyl am nof | uor an,
2-ani | i no-3-net hyl -6-(di -n-butyl am no)fluoran, 2-anilino-3-nethyl-6-

(N-n-propyl - N-net hyl am no) fl uoran,
72-anilino-3-nethyl-6-(N-isopropyl - N-net-hyl an no) f | uor an,

acid with a stréight chain alkyl group having 4 carbon
atoms. (hereinafter referre& to as P4), the functional
element assumed a color development state either when
gradually cooled or when rapidly cooled, and the thus
obtained color development state was stably maintained.
However, when the ambient temperature was high, the
decolorization proceeded with time in the revefsible
coloring functional element.

Figs. 2 and 3 show x~ray diffraction patterns of the
functional elements comprising as the color developer,
any of P22, P20, P18, Pl6, P14, P12, P10, and P4; and as
the coloring agent, D1.

The x-ray diffraction patterns (a) to (f) of P22 to
P12 in Figs. 2 and 3 show the respective diffraction
peaks which indicate the regular aggregate structure of
each colored composite material. More épecifically,
peaks with a diffraction angle of 10° or less are
observed at a lower angle side, which indicate a layered
structure of the colored composite material. Peaks with
a diffraction angle of 20-21° are also observed, which
indicate the aggregation of the alkyl chain, in each
diffraction'pattern'of (a) to (d) in Fig. 2 and (e) and
(£f) in Fig. 3.

In contrast, in the x-ray diffraction pattern (g) in
Fig. 3 of the functional element comprising“PlO,rpeéks. o

indicating the aggregate structure of the colored
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i no- 3= net hyl - 6- (N-i sobut yl'- N- met hyl ani no) f | uor an,
I no- 3- net hyl - 6- (N- n-anyl - N- net hyl am no) f | uor an,

i no- 3-net hyl - 6- (N-sec-butyl -N-et hyl am no) fl uor an,
i no- 3- et hyl - 6- (N- n-anyl - N- et hyl am no) f | uor an,

i no- 3-met hyl - 6- (N-i so-anyl - N- et hyl ami no) f | uor an,
[

[

[

[

no- 3- met hyl - 6- (N- n- propyl - N-i sopropyl am no) - fl uoran,
no- 3- et hyl - 6- (N-cycl ohexyl - N- et yl am no) fl uoran,
no- 3- net hyl - 6- (N- et hyl - p-t ol ui di*ho)Y | uor an,
no- 3- net hyl - 6- (N- met hyl - p-t ol ui di no) f | uor an,
ri chl compesbhykanaiterdpl3aret hplit- Gbdieetreyl. anilnstehidyorapeak
ri fluoromethylanilino)-3-nmethyl-6-diethylamno- fluoran,
which indicates the individual crystallization of P10 is

’“’“QJQ)QJQQJQ)QJQJQJ

33333333333
ot —————————

observed. This indicates that separation and
crystallization of P10 has proceeded during the x-ray
diffraction measurement. This peak in the diffraction
pattern (g) increases with time.

In the x-ray diffraction pattern (h) in Fig. 3 of
the functional element comprising P4, no peaks are
observed and the functional element is in an amorxphous
state.

The functional element comprising P4 and the
functional element comprising P10 becomes .tar-like after
rapid cooling? The other functional elements become like
a2 hard film after rapid cooling, and the longer the alkyl
chain of the color developer, the greater the hardness
thereof.

The functionai eiements each comprising P14 to P22
( cannot assume a color dévelopment state when gradually

cooled from the fused.color development state, but can
maintain a color development state when‘papidlf cooled,
with the formatioh of a regular aggregate structure of
the respective colored composite materials. Therefore
- these functional elements are classified.as the
previously mentioned type B in TABLE 1.
The functional element comprising P10 is also

classified as the type Al, because this element assumes a
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2-(mtrifludromethyl anilino)-3-nmethyl-6-(N-cycl ohexyl - N-

nmet hyl am no) f | uor an,

2- (2, 4-di met'hyl ani | i no) - 3- met hyl - 6- di et hyl am nof | uor an,

2- (N-et hyl - p-tol ui di no) - 3-nmet .hyl -6-(N-ethyl ani | i no)- fluoran,

*2- (N- et hyl - p-t ol ui di no) - 3- et hyl - 6- (N- propyl - p- tol uidino)fluoran

2-ani | i no-6- (N-n-hexyl - N-et hyl am no) f | uoran,

2-(o-chloroaniIino)-6-diet_hy|am’nofluorag,.3
color development state either by gradual cooling or by
rapid cooling, and the crystals of P10 separate out with
time, so that the functional element is decolorized. The
célored composite material is in an amorphous form.

The functional element comprising P4 is also clas-
sified as the typé Al, which assumes a cqlor development
state either by gradual cooling or by rapid cooling, and
the colored composite material is in an amorphous form.

Fig. 4 shows the changes in the light transmittance
in each of the functional elements which belong to the
type B, comprising P14 to P22, as the temperature of the
functional elements in the color development state,
obtained by'rgpidly-cooling the fused élement, is
elevated at a.rate of 4°C/min.

As can be seen from Fig. 4, the transmittance .of
each element begins to increase at a respective certain
temperature, and each element is decolorized at this

{ temperature. This is the decolorization initiation
temperature. The decolorization initiation temperature
of each functional element_ changes, depending upon the
length of the alkyl chain therein. The longer the alkyl
chain, the higher the~decolorization.initiation

temperature.

The changes of the aggregate structure of each e e

functional element during the course of the slevation of

the temperature thereof have been examined by use of x-
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51 2-(o-bronmanilino)-6-diethyl am nof I uor an,

2-(o-chl oroani lino)-6-di butyl am nofl uoran, 2- (o-f
IuoroaniIino)¥6-dibutylaninofluoran, _
2-(mtrifluoronethylanilino)-6-diethylam nofluoran,

"2- (p-acetyl anilino)-6-(N-n-anyl-Nn-butylam no)fl uoran,
2-benzy|anino-6-(N—ethyI-p-toIuid|no)flugéan
2-benzy|anino-6-(N—nethyI-2,4-dinethylanl_ldb)fluoran,
2- benzyl am no- 6- (N-et hyl - 2, 4-di net hyl ani | i no) f | uor an,
2- di benzyl ami no- 6- (N- met hyl - p-t ol ui di no) f | uor an,

2- di benzy! aregodd-fBastttiydn p- t ol ui di no) f | uor an,

Fig. 5(a) and Fig. 5(b) respectively show the
changes in the x-ray diffraction of the functional
element comprising P18 on a lower diffraction angle side,
and the changes in the x-ray diffraction of the
functional element comprising P18 on a higher diffraction
angle side.

Figs. 6(a) and 6(b) respectively show the changes in
the x-ray diffraction of the functional element
comprising P22 on a lower diffraction angle ‘side, and the
changes in the x-ray diffraction of the functional
element comprising P22 on a higher diffraction angle
side.

In both the above-mentioned functional elements,
the peaks indicating the layéred structure on the lower
diffraction angle side are decreased as the temperature
of the functional element is increased, while the peaks

( which indicate the aggregate structure of the alkyl chain
are increased as the femperature of the functional
element is increased. - e

The peaks indicating the aggregate structure of the
colored composite material disappear near the
decolorization initiation temperature, and the peaks
which indicate that individual crystallization of the

color developers P18 and P22 appear instead. . The.

functional elements are thus decolorized.
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2- (di - p- met hyl benzyl am no) -6- (N-et hyl - p- tol ui di no) f | uoran,
2-([err]-phenyl et hyl.am no) - 6- (N- et hyl - p-tol ui di no) fl uor an,

2- met hyl ami no-6- ( N- met hyl ani | i no) fl uoran,

2- met hyl am no- 6- (N-et hyl ani | i no) fl uor an,

2- met hyl am no- 6- (N- propyl ani | i no) f| uor an,

2- et hyl am no- 6- ( N- et hyl - p-t ol ui di no) f| uor an,
2-nethy|anino-6-(N—nethyI-2,4-dinethylaniIBn fl uoran,

2- et hyl am no-6- (N-et hyl -2, 4-di met hyl ani | i no) f1 uor an, o
2-di met hyl ami no- 6- (N-met hyl ani I'i no) fl uoran, 2-di met hyl am no- 6-
(N-et hyl ani | i no) Simidraan,changkst iyl tive no-Xay Minkidad et opattépn) kegor an
2-di et hyl am no- 6- (N-et hyl - p-tol ui di no) fl uoran,

also observed in all the functional elements comprising
P14 to P22 and other functional elements classified as
the type B. Therefore, it can be seen that a functional
element classified as the type B, which cannot form a
coloxr development state by gradual cooling from a fused
dolor devéiopment state, but can form a color development
state by rapid cooling from.a fused color development
state to form a regular aggregate structure of a colored
composite material, can be decolb;ized by the destruction
of the aggregate structure by ﬁhe elevation of the
temperature thereof and the séparate crystallization of
the color devgloper.

In particular, the destructién of the aggregate
structure and the crystallization of the color developer
can be considered to correspond to the fusion of the long
chain structure portion and the rearrangemeﬂt thereof.

Such a system that cuts the bond between the coloxr
developér and the.colbring égent in the functional
element in the above-mentioned manner is completely
novel.

The functional element cbmprising P4 as a color
developer can stably maintain the color development state
although the element is in an amorphous state.— In this
sense, this functional element.is similar to-a~funét£ohal l“" —

element which employs a conventional thermosensitive
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2-di propyl am no- 6- (N- et hyl ani | i no) f | uor an,
2-di propyl am no-6- (N-et hyl ani | i no) fl uor an,
2- am no- 6- ( N- net hyl ani | i no) f | uor an, : o 52
2-am no-6-(N-ethylanilino)fluoran, 2-am no-6-(N-propylanilino)fluoran,
-2-am no- 6- (N- net hyl - p-tol ui di no)fl ueran,
3 &
~F

maﬁerial without reversibility or with poor
reversibility, comprising such a color developer as 2,2'-
bis(p-hydroxypheﬁyl)propane.

These elements belong to the previously mentioned
type Al in TABLE 1. So long as such elements are iﬁ a
color development state, a sudden decolorization does not
occur ‘even when the temperature thereof is increased.

A functional element comprising octadecylphosphonic

o~

acid (hereinafter referred to as P18) as a color
developer, and 2-anilino-3-methyl-6-dietylaminofluoran as -
a coloring agent (hereinafter referred to as D2) has been
examined. This functional element can maintain a color
development state, which is obtained either. by gradual
cooling or by rapid cooling from a fused color
development state.
Fig. 7 shows an x-ray diffraction pattern of the

above~mentioned functional element in the color

{ -development state obtained by rapid cooling, which
indicates a regular aégregate structure of the colored
- composite material. Thus,.this element is classified as
the previously mentioned type A2 in TABLE 1. In this
functional element,-changes in the aggregate structure of
the colored composite material are observed, but né
decolorization takes place even when the temperature of
the functional element in a color developmenthstate is

increased.
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2-am no- 6- (N-et hyl - p-tol ui di no)fluoran, 2-am no-6- (N propyl-p-toluidino)
- fluoran, 2-am no-6-(N-nethyl-p-ethylanilino)fluoran,

2- am no- 6- (N- et'hyl - p-et hyl ani | i no) f | uor an,

2- am no- 6- (N- propyl - p-et hyl ani | i no) f| uor an, _

S 2-am no-6- (N-net hyl -2, 4-di met hyl ani | i no) f1 uor an,
.2-anino-6-(N—ethyI-2,4-dinethylanilinoggluzran
2-am no- 6- (N- propyl -2, 4-di met hyl ani | i no)f | tor an,

2- am no- 6- (N- et hyl -p-chl oroani | i no) fl uor an,

2- am no- 6- (N-et hyl - p-chl oroani | i no) f1 uor an,

2-am no- 6- (N- pr apyfumc€bRa Daglbn8RLf bofp2Nsing octadecyl gallate

2, 3-di et hyl - 6- di et hyl am nof | uor an,
(hereinafter referred to as GEl8) as a color developer
and 2-(o-chloroanilino)-6-dibutylaminofluoran treferred
to as D1) as a coloring agent assumes a color development
state either when gradually cooled or when rapidly
cooled, from a fused colox devélopment state.

Fig. 8 is an x-ray diffraction chart.shﬁwing the
changes in the x-ray diffraction of the above-mentioned
functional element, which indicates the formation of a
regular aggregate structure of the colored composite
material. This element is classified as the previously
mentioned type A2 in TABLE 1.

When this functional element is caused to assume a
color development state by rapid cooling, and the
temperature thereof is elevated, the decolorization is
caused to some extent at temperatures in the range of 45
to 50°C, with the destruction of the colored composite

( material, but no distinct crystallization of the color
developer occurs. Whén the temperature of the functional
element is further elevéted, a strong peak appears in the
x-ray diffraction chart, which is different from the peak
indicating the aggregéte structure of the colored
composite material, together with the occurrence of
another color development. The strong peak indicates
that another aggregate structure of the colored composite

material is formed, and the functional element assumes
This is the replacement sheet
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3-nethy|-6-(N—éthyI-p-toluidino)fluoran, 2- chl or o- 6-di et hyl am nof | uor an,
-2- br ono- 6- di et hyl am nof | uoran, 2-chl oro-6-di propyl am nof | uor an,
'3-chloro-6-cyd|bhexy|aninofluoran, 3- br ono- 6- cycl ohexyl am nof | uor an, -
2-chl oro-6- (N-et hyl - N-i soanyl am no) f| uor an
-2-chl or o- 3- net hyl - 6- di et hyl ami nof | ugr an, o
2-ani|jno-3-ch|oro-6-d®e;hy[aninof|uorang g-(o-chloroanlllno)
- 3-chl or o- 6- cycl ohexyl am nof | uor an,
2-(mtrifluoronethylanilino)-3-chl.oro-6-diethyl am no-

another color development state.

The functional element comprising P12 as a color
developer and D1 as a coloring agent is decolorized to
some extent when the tempeiature thereof is elevated to
40 to 45°C. However this decolorization is not so
complete as in the functional element comprising P14 as a
color devéioper and D1 as a coloring agent. When the
functionél'element'comprising P12 and D1 is further
heated to 50°C or more, the element assumes the color
development state obtained based on the formation of the

- aggregate structure of the colored composite material
again. These elements are not satisfactorily
decblorized,'gnlike the e;ements classified as the type
B,'because the color developers used in these elements do
-not have satisfactorylaggregation force, and these
elements aséume a stable color development state in a
-liquid crystal state when the temperature thereof is

( “elevated. -

A functional eleﬁent suitable for use in the present
invention does not assume a celor development state when
gradually cooled from a fused color development state,
but assumes a color dévelopment state when rapidly cooled
with the formation of a reQular aggregate structure of a
colored composite material. L

The method of reversible selective manifestation of

different states of a functional element éccording to the
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fl uoran,

2- (2, 3-di chl oroani | i no) - 3- chl or o- 6- di et hyl am nof | uor an,

-1, 2- benzo- 6- di et hyl am nof | uor an,

1, 2- benzo- 6-( N-'et hyl - N-i soanyl am no) f | uor an,

1, 2- benzo- 6-di but yl am nof | uor an, :

71, 2-benzo- 6- (N-net hyl - N-cycl ohexyl ami no) fl uoran, and

33

present invention compfises the above—mentioned
transformation step in a reversible thermal coloring
method using the above-mentioned functional element, with
the destruction of a regqgular aggregate structure of a
colored composite material of a color developer and a
coloring agent, and the separate crystallization of thé
color devéioper.

Any color developer can be employed in the present
invention as long as the color developer is capable of
inducing color formation within the molecule of a
coloring agent by the reaction with the colér developer
and can bé crystallized, separated from a colored -
composite material formed in an aggregate structure by
tﬁe reaction between the color developer and the caloring
agent.

From the above-mentioned view point, it is
preferable that the color developer have a long chain
structure therein in order to control or enhance the
aggregation forxce witﬁin the color devéloper.

- More specifically, it-is-preferable that the color
developer for use in the present invention have an
aliphatic group with 12 or more carbon atoms as tﬁe long
chain structure. When the alifhatic group have 12 or
more carbon atoms, the_color developer can have a
sufficient aggregation force.

Examples of the aliphatic group include a straight-'

This is the replacement sheet

Date: 19 Nov 1998



1, 2- benzo- 6- (N-et hyl - t ol ui di no) f | uor an. Speci fic exanpl es of
conmpounds used as the coloring agent other than the fluoran conpound
represented by general formula (X) or (Xl) are as foll ows:

2-ani | i no- 3-net hyl - 6- (N- 2- et hoxypr opyl - N- et hyl am no) f | uor an,

-2-(p-ch|oroaniIino)-6-(N—n-octy!anino)fluoran

2-(p-ch|oroaniIino)-6-(N—n-paIn1ty|an1no¥[l@bran,

2- (p-chl oroani i no)-6-(di-n-octyl am no)fluoran,

2- benzoyl am no- 6- (N-et hyl - p-t ol ui di no) f | uoran, :

2- (o- net hoxybenzoyl am no) - 6- (N-net hyl - p-tol ui di no)- fluoran,

2- di benzyl| achadaderebianched @hadrrdI6f] UWpfdlp, and a straight-chain
or, branched chain alkenyl group. The aliphatic group may
have a substituent such as halogen, an alkoxyl group, or
an ester group. |

Examples of the color developers for use in the
present invention are as follows:

(A) o}ganic phosphoric acid compounds such as an
organic phosphoric acid compound represented by the

following general formula (I):

R'-PO(OH), (1)

wherein Rl represents an aliphatic group having 12 or
more carbon atoms.

| Specific"examples of the organic phosphoric acid
compound represented by general.formula (I) include
dodedylphosphonic acid, tetradecylphosphonic acid,
hexadecylphosphonic acid, octadecylphosphonic acid,
eicosylphosphonic acid, docosylphosphonic acid,
tetracosylphosphonic acid, hexacosylphosphonic acid, and
octacosylphosphonic acid.

(B) Aliphatic carboxyiic'acid compounds
- (B=-1) a—hydroxy.aliphatic carbo#ylic acid compound

represented by the following general formula (IX):
R2-CH(OH)-COOH (II)
wherein'R2 represents an aliphatic group having.lz or

more carbon atoms.
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2- di benzyl am no- 4- met hoxy- 6- ( N- net hyl - p-t ol ui di no) - fl uoran,
2- benzyl am no- 4- net hyl - 6- (N- et hyl - p-t ol ui di no) fl uoran,
2- ([ err]-phenyl et hyl am no) - 4- net hyl - 6- di et hyl am nof | uor an,
_2-(p-toluidino)-3-(t-butyl)-6-(N-methyl-p-toluidino)- fluoran
- 2- (o- et hoxycar bonyl ani | i no) - 6- di et hyl am nof | uor an,
2-acetyl am no- 6- (N-net hyl - p-tol ui di no) fl uoran,
3-diethy|anino-6-(n}trifluoronethylaniIiEO)iIuoran,
Specific examples of the a-~hydroxy aliphatic
carboxylic acid cbmpound represented by genexral formula
(II) are as follows:
a-hydroxydodecanoic acid, a-hydroxytetradecanoic acid,
a~-hydroxyhexadecanocic acid, a-hydroxyoctadecanoic acid,
a-hydfoxYpenﬁadecanoic acid, a-hydroxyeicosaﬁoic acid,
a—hydroxydbcosanoic acid, o-hydroxytetracosanoic acid,
o~hydroxyhexacosanoic acid, and a-hydroxyoctacosanoic
acid. |
(B-2) Halogen-substituted compounds having an
aliphatic group having 12 or more carbon atoms, with the
halogen bonded to at least one carbon atom at a-position
or B-position-pf the compounds can be preferably
employed. |
Specific examples of such halogen-substituted
compounds are as follows: 2-bromohexadecanoic acid,
2-bromoheptadecanoic acid, 2-bromooctadecanoic acid,
2-bromoeicosanoic acid, 2-bromodocosanoic acid,
2-bromotetracosanoic ééid, 3-bromooctadecanoic écid,
3-bromoeicosanoic acid, 2,3-dibromooctadecanoic acid,
2-fluorododecanocic acid, 2-fluorotetradecanoic acid,
2-fluorohexadecanoic acid, 2-f1uorooctadécanoic acid,
. 2?fluoroéicosanoic acid, 2-fluorodocosanoic acid,
2-iodohexadecanoic acid, 2-iodooctadecancic - acid,
3-iodohexadecanoic acid, 3-iodooctadecanoic acid, and

perfluorooctadecancic acid.
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hoxyet hyl ami no- 3- chl or o- 6- di but yl ani nof | uor an,

met hoxy- 6- ( N- et hyl - p-t.ol ui di no) fl uor an,

t

i benzyl am no- 4-chl or o- 6- (N- et hyl - p-t ol ui di no) fl uoran,
[

4-
2-e
2-d
- 2-([err]-phenyl et hyl am no) - 4- chl or o- 6- di et hyl am nof | uor an,
- 2-(N-benzyl -p-trifluoronethylanilino)-4-chloro-6-diethyl- am nofluoran.
2-ani | i no- 3-net hyl - 6-pyrrolidinofluoran, '
2-ani | i no- 3-chl or o- 6- pyrrolidi nofl uoran,
2-ani|ino-3-nethy|-6-(hkethy|-hktetrahydrg;mZLnylanino)- fl uoran,
2-mesi di no-4',5' - benzo- 6-di et hyl am nof | uoran; '
(B~-3) Compounds having an aliphatic group having 12
or. more carbon atoms, including an oxo group with at
least one carbon atom at the a-position, B—positioh or y-
position of the aliphatic carboxylic acid compound
constituting an oxo group can be preferably employed.
Specific examples of such compounds are as follows:
2-oxododecanoic acid, 2-oxotetradecanoic acid,
2-oxohexadecanoiq acid, 2-oxooctadecanoic acid,
2-oxoeicosanoic acid, 2~-oxotetracosanoic acid,
3-oxododecanoic acid, 3-oxotetradecanoic acid,
3-oxohexadecanoic acid, 3-oxooctadecanoic acid,
3-oxoeicosanoic acid, 3-oxotetracosanoic acid,
4-oxohexadecanoic acid, 4-oxooctadecanoic acid, and
4-oxodocosanoic acid.
(B-4) Dibasic acid compound represented by the
following general formula (III):

R3 -Xn-CH-COOH

(III)
! CH

3

2-COOH

wherein R represents-an aliphatic group'having 12 or
more carbon atoms, X represénts an oxygen or sulfur atom,
and n repreéents 1l or 2.

Specific exampleé of the dibasic acid compound
represented by general formula (III) are as follows:
dodecylmalic acid, tetradecylmalic acid,'hexadécylmalic

acid, octadecylmalic acid, eicosylmalic acid,

docosylmalic acid, tetracosylmalic acid, dodecylthiomalic
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2-(mtrifluoronethylanilino)-3-nethyl-6-pyrrolidino- fluoran,
-2-([err]-napht hyl am no) - 3, 4- benzo-4' - br onp- 6- (N- benzyl - N-

cycl ohexyl am no) fluoran, 2-piperidi no-6-diethyl am nofl uoran,
2- (N-n-propyl -p-trifluoronethyl anilino)-6-norpholino- fluoran,

- J2-(di - N-p-chl or ophenyl met hyl ami no) - 6- pyrrol i di nof | uoran,

2-(N-n-propyl-mtrifluoronethylanilino)-6-norpholino- fluoran,

1, 2-benzo- 6- (N-et hyl - N-n-oct yl am no)f | uor an

1, 2- bénzo- 6-di al | yl am nof | uor an,

1, 2- benzo- 6- (N- et hoxyet hyl - N-et hyl am no) f |l uoran, benzol euco net hyl ene
bl ue, acid, tetradecylthiomalic acid, hexadecylthiomalic acid,

octadecylthiomalic acid, eicosylthiomalic acid,
docosylthiomalic acid, tetracosylthidﬁalic acid,
dodecyldithiomalic acid, tetradecyldithiomalic acid,
hexadecyldithiomalic acid, octadecyldithiomalic acid,
eicosyldithiomalic acid, docosyldithiomalic acid, and
tetracosylaithiomalic acid.

(B~5) Dibasic acid compound represented by the

following general formula (IV):

T4
R°-C~COOH (1v)
r®-C-coon
wherein R4, Rs and R6 each represent hydrogen, and an

aliphatic group, at. least one of R4,'R5 and R6 being.an

aliphatic group having 12 or more carbon atoms.

Specific examples of the dibasic acid compound
represented by general formula (IV) are as follows:
dodecylbutanedioic acid, tridecylbutanedioic acid,
tetradecylbutanedioic acid, pentadecylbutanedioic acid,
octadecylbutanedioic acid,'eiéosylbutanedioic acid,
docosylbutanedioic-acid, 2,3-dihexadecylbutanedioic acid,
2,3-dioctadecylbutanedioic acid, 2-methyl-3-dodecyl-
butanedioic acid, 2-methyl-3-tetradecylbutanedioic acid}
2-methyl-3-~hexadecylbutanedioic aéid, 2-ethyl-3-dodecyl-
butanedioic acid, 2-propyl-3-dodecylbutanedioic acid,

2-octyl-3-hexadecylbutanedioic acid, and 2-tetradecyl-3-

This is the replacement shest

oate: 1 9 MOV 1996



—wwN N

a

[
[

3
c

Vi ol et

3, 6- bi s(di et hyl am no)]-6-(0-chl oroanilino)xanthyl benzoic acid | actam
3, 6-bi s(di et hyl am no)]-9-(o-chl oroani |l ino)xant hyl benzoic acid |actam
3- bi s(p-di net hyl am nophenyl ) - pht hal i de,

- bi s(p-di met hyl am nophenyl ) - 6- di net hyl am nopht hal i de (or Crystal

tone) 3, 3-bi s(p-di net hyl am nophenyl ) - 6-di et hyl am nopht hal i de,

14

octadecylbutanedioic acid.
- {B-6) Dibasic acid compound represented by the

foilowing general formula (V):

7

R\\ /,COOH
g C (V)
R> "\COOH
wherein R7 and R8 each represent hydrogen, and an

7 or R8 being an

" aliphatic group, a;'least one of R

aliphatic group having 12 oflmore carbon atoms.
Specific examples of the dibasic acid compound

represented by general formula (V) are as follows:
dodecylmalonic acid, tetradecylmalonic acid,
hexadecylmalonic acid, octadecylmalonic acid,
eicosylmalonic acid, docosylmalonic acid,
tetracosylmalonic acid, didodecylmalonic acid,
ditetradecylmalonic acid, dihexadecylmalonic acid,
dioctadecylmalonic acid, dieicosylmalonic aéid,

didoéosylmalonic acid, methyloctadecylmalonic écid,

methyleicosylmalonic acid, methyldocosylmalonic acid,

methyltetracosylmalonic acid, ethyloctadecylmalonic acid,

L4

ethyleicosylmalonic acid, ethyldocosylmélonic acid, and
ethyltetracosylmalonic acid.
(B-7) Dibasic acid compound represented by the

following general formula (VI):

_~(CH,)_COOH
R?-cH 2'n

(vi)
"~ (CH,) COOH
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3, 3-bi s(p-di net hyl am nophenyl ) - 6- chl or opht hal i de,

- 3, 3- bi s(p-di butyl am nophenyl ) pht hal i de,

3- (2- met hoxy- 4- di met hyl am nophenyl ) - 3- (2- hydr oxy- 4, 5-di -

chl or ophenyl ) pht hal i de,

- 3-(2- hydroxy-4-di net hyl am nophenyl ) - 3- (2- net hoxy-5- chl or ophenyl ) pht hal i de,
3-(2-hydroxy-4-dinethyoxyaninophenyl)-3-(£- t hoxy- 5-

chl or ophenyl ) pht hal i de, ??

3- (2- hydr oxy- 4-di et hyl am nophenyl ) - 3- (2- net hoxy-5-ni tro- phenyl ) phthal i de,

3- (2- hydr oxy- 4-di et hyl am nophenyl ) - 3- (2- met hoxy- 5- met hyl - phenyl ) pht hal i de,

3- (2- met hoxyrhr it N HepPd st Wn a3-iphd i @¥6up having 12 or more '

chl or o- 5- met hoxyphenyl ) pht hal i de,

3, 6-bi s(di RABERE SRS | UORENESDET 1 %i8tegér-of 0 or 1, m is an

integer of 1, 2 or 3, and when n is 0, m is 2 or 3, while
when n is 1, m is 1 or 2.

Specific examples of the dibasic acid compound
represented by general formula (VI) are as follows: 2-
dodecyl-pentanediocic acid, 2-hexadecyl-pentanedioic acid,

2-octadecyl-pentanedioic acid, 2-eicosyl-pentanedioic

—_—

acid, 2—docosyl—pentanedioiq acid, 2-dodecyl-hexanediocic
acid, é-pentadecyl-hexanedioic acid, 2-octadecyl-
hexanedioic acid, 2-eicosyl-hexanedioic acid, and 2-
docosyl-~-hexanedioic acid.

(B-8) Tribasic acid compounds such as citric acid
acylated by a long chain aliphatic acid:

Specific examples of such compounds are as follows:

0 CHZCOOH
CH3(CH2)14C-O-CCOOH
Y CHZCOOH ’
0 THéCQOH-
CH3(CH2)1GC-Q—CCOOH
CHZCOOH , and
0 CHZCOOH
: |
CH3(CH2)18C-O-CCOOH |
CHZCOOH
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di net hyl am nopht hal i de, 6'-chl oro-8'-net hoxy- benzoi ndol i no-spi ropyran, and

.6' - brono- 2' - met hoxy- benzoi ndol i no- spi ropyr an. It is necessary to use
‘the coloring agent and the color devel oper in an appropriate ratio in
accordance wth the properties of the conpounds enployed. It is

-preferable that the col or devel oper be enployed in an anount of 1 to 20

nol es, nore preferably in an anobunt of 2 to 10 noles, to 1 nole of the
coloring agent, in order to obtain an appropriate color density for use in -
practice. Dependi ng upon the appunt ratio of the col or

16

(C) Phenolic compounds such as a compound

represented by the following general formula (VII):

HO
( )ﬁ\\<§§>_Y_R10 (VII)

wherein Y represents -S-, -0-, -CONH-, or -COO-; Rlo
represents an aliphatic group having 12 or more carbon
atoms; and n is an integer of 1 to 3.

Specific examples of the phenolic compound
represented by general formula (VII) are as follows:
p-(dodecylthio)phenol, p-(tetradecylthioc)phenol,
p-(hexadecylthio)phenol,'p;(octadecylthio)phenol,
p—(eicosylthip)phenol, p~-(docosylthio)phenol,
p-(tetrabosylthio)phenol, p-(dodecyloxy)phenol,
p-(tetradecyloxy)phenol, p-(hexadecyloxy)phenol,
p-(octadecyloxy)phenocl, p-(eicosyloxy)phenol,
p-(docosyloxy)phenol, p-(tetracosyloxy)phenol,
p-dodecylearbamoylphenol, p-tetradecylcarbamoylphenol,
prhexadecylcarbamoylphenol, p—octadecylcarbamoylphenol,_
p—éicosylcarbamoylphenol, p—docosylcarbamoylphendl,
p-tetracosylcarbamoylphenol, hexadecyl gallate, octadecyl
gallate, eicosyl galiéte, docosyl gallate, and tetracosyl
gallate.

| (D) Other organic phosphoric acid compounds‘Sﬁdh as
a-hydroxyalkyl phosphonic acid represented by the

following general formula (VIII):

This is the replacement sheet
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devel oper to the coloring agent,. the decolorization characteristics of the
.functional elenent are changed. Nanely, as the anmount of the color

“devel oper is “relatively increased, the decolorization initiation
tenperature tends to be |lowered, while as the anount of the col or

Jdevel oper is relatively decreased, the

47

r*-cH-p(oH),
(VIII)
OH O

11 represents an aliphatic group having 11 to 29 -

wherein R
carbon atoms.

Specific examples of the a-hydroxyalkyl phosphonic
acid represented by general formula (VIII) are as |
follows: ca~hydroxydodecyl phosphonic acid, o-hydroxy-
tetradecyl phosphonic acid, a-hydroxyhexadecyl phosphonic
acid, c-hydroxyoctadecyl phosphonic acid, a-hydroxy-
eicosyl phosphonic acid, a-hydroxydocosyl phosphonic
acid, and a-hydroxytetracosyl phosphonic acid.

(E).Metallic_salts of mercaptoacetic acids such as
an alkyl merc;ptoacetic acid or alkenyl mercaptoacetic
acid represented by the following general formulé (IX):

(R1%-s-cH,-C00) , M (IX)

2
whexrein R12 represents an aliphatic group having 10 to 18
carbon atoms; and M represents tin, magnesium, zinc, or
copper. |

Specific examples of the-metallic salt of the
mercaptoacetic acid represented by general formula (IX)
are as follows: tin décfimercaptoacetate, tin

dodecylmercaptoacetate, tin tetradecylmercaptoacetate,
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decol ori zati on becones sensitive to the changes in the tenperature.
-Therefore, the ratio of the coloring agent to the color devel oper should
"be appropriately selected, wth the application purpose thereof taken into
consi der ati on. : Additives for controlling the crystallization of the
.col or devel oper can be added to the reversible therno- sensitive coloring
functional elenent for inproving the properties thereof such as
decol ori zing properties and preservabif§i y. A reversible

t her nosensitive recordi ng nedi um using™ any of the above-nentioned
reversible thermal coloring

tin hexadecylmercaptoacetate, tin octadecylmercapto-
acetate, magnesium decylmercaptoacetate, magnesium
dodecylmercaptoacetate, magnesium tetradecylmercapto-
acetate, magnesium hexadecylmercaptoacetate, magnesium
octadecylmercaptoacetate, zinc decylmercaptoacetate, zinc
‘dodecylmercaptoacetate, zinc tetradecylmercaptoacetate,
zinc hexadécylmercaptoacetate, zinc octadecylmercapto-
acetate, copper decylmercaptoacetate, copper dodecyl—
mercaptoacetate, copper tetradecyimercaptoacetate, copper
hexadecylmercaptoacetate, and copper octadecylmercapto-
acetate.

The coloring agents for the thermal coloring.
functional element for use in the present invention,
electron-donoxr combounds which are colorless or.light—
colored before color formation is induced therein.

Examples of such compounds are conventionally known
triphenylmethane phthalide compounds, fluoran compounds,

Q' phenothiazine compounds, leuco auramine compounds and
indolinophthalide combounds.

Compounds represented. by-the following general
forﬁulas (X) and (iI) can be employed as preferable

coloring agents for use in the present invention.

13 _.
~x 0 r13 - |
v
c R
\om
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functional element will be now explained. The term "reversible
.thernosensitive recording nmediunf also includes a display nedi um

*The above-nenti-oned reversible thernosensitive coloring functional elenent
conprises a support and a recording |layer formed thereon, which conprises
~the above-nentioned reversible thermal coloring functional elenent.

49

213 | | | |

>@( o e | ___

| N© |
X0 - |

13 represents hydrogen or an alkyl group having

wherein R~
1 to 4 carbon atoms; Rl4 represents an alkyl group having
1 to 6 carbon atoms, a cyclohexyl group, or a phenyl

15

group which may have a substituent; R represents

hydrogen, an alkyl group or alkoxyl group having 1 to 2

16 repfesents hydrogen, a

carbon atoms, or halogen; and R
methyl group, halogen, or an amino group which may have a
substituent. °

Examples of the substituent for the phenyl group. are
alkyl groups such as methyl group and ethyl group;
alkoxyl groups such as methoxy group and ethoxy group;
and halogen.

Examples of the substituent for the amino group are
alkyl group, aryl group which may have a substituent, and
aralkyl group which may have a substituent: The
substituents for the.aryl group or thé aralkyl group can

. be selected from a group consisting of alkyl group,.

halogen and alkoxyl group.

Specific examples of the compound-used—éS”the'
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57 Any materials which can support the recording |l ayer thereon can
‘be enployed as the materials for the above- nentioned support. For
exanpl e, paper, synthetic paper, a plastic film a conposite filmof the
paper and the plastic film and a glass plate can be enpl oyed as the
.support. The recording | ayer can be forned in any shape as 1|ong as
the functional el enent can be contained_therein. I f necessary, a

bi nder resin may be contained in the rSC_ ding layer to retain the shape
of the recording

coloring agent representea by general formula (X) or (XI)
are as follows:
2-anilino-3-methyl-6-~-diethylaminofluoran,

. 2-anilino-3-methyl-6-(di-n-butylamino)fluoran,
 2;anilino-3-methyl—6-(N-n-propyl-N—methylamino)fluoran,
2-anilino-3-methyl-6-(N-isopropyl-N-methylamino)fluoran,
2-anilino-3-methyl-~6-(N-isobutyl~-N-methylamino)fluoran,
2-anilino-3-methyl-6~(N-n-amyl-N-methylamino)fluoran,
2—anilino-3-methyl-6—(N—sec-butyl-N—ethylamino)fluorah,
2-anilino-3-methyl—6—(N-n—amyl—N;ethylamino)fluoran,
2-anilino-3-methyl-6-(N-iso-amyl-N-ethylamino)fluoran,

2~anilino-3-methyl-6-(N-n-propyl~N-isopropylamino)- -
fluoran,

2—aniliﬂo-3-méthyl—6—(N-cyclohexyl—N—methylamino)fluoran,
2-aniiino-3—methyl—6-(N-ethyl-p-toluidino)fluoran,
2—anilino-3—methyl-6—(N-methyl-p—toluidino)fiuoran,

2~(m~trichloromethylanilino)- 3-methyl 6-d1ethylam1no—
£luoran,

2- (m-trlfluoromethylanlllno) 3—methyl 6~diethylamino-
fluoran,

2~ (m-trlfluoromethylanlllno) 3-methyl -6- (N-cyclohexyl-N—
methylamino)fluoran, .

2-(2,4-dimethylanilino)-3-methyl-6-diethylaminofluoran,

2-(N-ethyl-p~toluidino)- 3-methyl 6~ (N-ethylanilino)-
fluoran,

2-(N-methyl-p~toluidino)-3-methyl-6-(N-propyl-p-~
toluidino)fluoran

2-anilino-6-(N-n-hngl—NQchylamino)fluoran,

2-(o-chloroanilino)-6-diethylaminofluoran,
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| ayer . ~As the binder resin, for exanple, polyvinyl chloride,

pol yvinyl acetate, vinyl chloride - vinyl acetate copolyner, polystyrene,
styrene copol ymer, phenoxy resin, polyester, aromatic polyester,

pol yur et hane, pol ycarbonate,” polyacrylic acid ester, polynethacrylic acid
éster, acrylic acid copolynmer, maleic acid copolyner, and polyvinyl

al cohol can be enpl oyed. Mbor eover, the functional elenents can be

m crocapsul ed before use. The function?§ éienents can be m crocapsul ed by
a conventional nethod such as the : :

2—(o—bromoanilino)—6-diethylaminofluoran,
2-(o-chloroanilino)~-6-dibutylaminofluoran,
.2-(o-fluoroanilino)-6-dibuty1aminofluoran,
2-(ﬁ-trifluoromethylanilino)—6—diethylaminofluoran,
2-(p-acetylanilino)-6-(N-n-amyl-N-n-butylamino)£fluoran,
2fbenzylamino-6-(N—ethyl—p-toluidino)fluoran,.
2-benzy1aﬁino-6—(N—methyl-2,4;dimethylanilino)fluoran,
2-benzy1amino-6—(N—ethyl-2,4-dime£hylanilino)fluoran,
2-dibenzylamino—6—(N—methyl-p—toluidino)fluoran,
2-dibenzylamino-6—(N-ethyl-p-toluidino)fluoran,

2-(di-p-methylbenzylamino)-6-(N-ethyl-p-
toluidino)fluoran,

2-(a-phenylethylamino)-6-(N-ethyl-p-toluidino)}fluoran,
2—methylaminoi6-(N—methylanilino)fluoran,
2-methylamino-6~(N-ethylanilino)fluoran,
2-methylémino-6-(N-propylanilino)fluoran,
2-ethylamino-6-(N-methyl-p-toluidino)£fluoran,
2-methylamino-6-(N-methyl-2,4~-dimethylanilino)£fluoran,
2-ethylamino-6-(N—ethyl—z,4-dimethylaﬁilino)fludran,
2~-dimethylamino-6~(N-methylanilino)fluoran,
2-dimethylamino-6-(N—ethyléni&ino)fluofan,
2-diethylamino-6-(N-methyl-p-toluidino)fluoran,
2-diethylamino-6- (N-ethyﬁ—p-toluidino) fluoran,
2-dipropy1amino-6-(N-methylanilino)fluorah,
2-dipropylamino-6-(N—ethylanilino)fluoran,

2-amino-6-(N-methylanilino)fluoran,
This is the replacement sheet
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coacervation nethod, the interfacial polynerization mnmethod, or the in-situ
- pol ynmeri zation mnet hod. The recording | ayer can be fornmed by a
conventional nethod. Modre specifically, a coloring agent and a col or

58 devel oper are uniformy dispersed or dissolved in water or in an
Jorgani c solvent, together with a binder resin to

5 2

2-amino-6~(N-ethylanilino)fluoran,
2-amino-6-(N-propylanilino)£fluoran,
2-amino-6-(N-methyl-p-toluidino)fluoran,
2—amino-6-(N—ethyl—p-toluidino)fluoran,
2-amino-6~(N~propyl-p-~toluidino)fluoran,
2-amino-6-(N-methyl-p-ethylanilino)fluoran,
2-amino-6-kN-ethyl-p-ethylanilino)fluoran,
2-amino-6-(N-propyl-p-ethylanilino)fluoran,
2-amino-6-(N-methyl-2,4-dimethylanilino)fluoran,
2-amino-6-(N-ethyl-2,4~dimethylanilino)fluoran,
2-amino-6-(N—propyl-2,4-dimethylanilino)fluoran,
2—amino—6-(N—methyl-p-chloroanilino)fiuoran,
2-amino-6-(N-ethyl-p-chloroanilino)fluoran,
2-amino—6-(N-propyl-p-chloréanilino)fluoran,
2,3-dimethyl~-6-dimethylaminofluoran,
3-methyl-6-(N-ethyl-p~toluidino)fluoran,
2-chlofo-6-diethyiaminofluoran,
( ' 2-bromo-6-diethylaminofluoran,
'2-chloro-6-diprdpylaminofluoran,
3-chloro-6-cyclohexylaminofluoran,
3~-bromo-6~cyclohexylaminofluoran,
2~-chloro-6-(N-ethyl-N-isoamylamino)fluoran,
2-chloro-3-methyl-6-diethylaminofluoran, |
2-aﬁilino-3—chloro-6-diethylaminofluoran,
2-(o-chloroanilino)-3-chloro-6-cyclohexylaminofluoran, -

2—(m-trifluoromethylanilino);3—chloro-6-diethylamino—

This is the replacement sheet
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prepare a coating liquid. The thus prepared coating liquid is coated on
.the support and dried, whereby a recording |ayer is forned. The
"binder resin enployed in the recording |layer serves to maintain the
functional element in a uniformy dispersed state in the recording |ayer
Jeven when col or’ devel opnent and decol orization are repeated. It is
preferable that the binder resin have high heat resistance in order to

prevent the coagul ation of the functiongl elenment while in use with the
repetition of color devel opnment and dece oM zati on. When no bi nder-
“resin is enployed, the functional
fluoran,

2—(2,3-dichloroani1ino)-3—chloro—6-diethylaminofluoran,
1,2-benzo-6-diethylaminofluoran,
1,2-benzo-6-(N-ethyl—N—isoamylamino)fluofan,
1,2-benzo-6-dibutylaminofluoran,
1,2-benzo-6-(N—methyl—N-cyclohexyiamino)fluoran, and
1,2-benzo-h—(N-eﬁhyl-toluidino)fluéran.

Specific examples of compounds used aé the coloring
agent other than the fluoran compouﬁd represented by
general formula (X) or (XI) are as follows:'

2-anilino-3-methyl-6-(N- 2-ethoxypropyl—N—
ethylamlno)fluoran,

2~(p~-chloroanilino)-6-~(N-n-octylamino)fluoran,
2-(p-chlo£oanilino)-6—{N-n-palmitylamino)fluoran,
2-(p-chloroanilino)~6~(di-n-octylamino)fluoran,
2-benzoylamino-6-(N-ethyl-p-toluidino)fluoran,

2-(o-methoxybenzoylamino)-6~(N-methyl-p-toluidino)-
fluoran,

' 2-dibenzylamino-4-methyl-6-diethylaminofluoran,

_2-dlbenzylamlno-4—methoxy-6 (N-methyl-p-toluidino)-
fluoran,

2-benzy1amino—4-methyl—G-(N—ethyl—p-tquidino)fluoran,
2-(a-phenylethylamino)-4-methyl-6-diethylaminofluoran,

2-(p-toluidino)-3-(t-butyl)-6~(N-methyl-p-toluidino)-
fluoran,

2-(o-methoxycarbonylanilino)-6-diethylaminofluoran,
2-acetylamino-6-(N-methyl-p-toluidino)fluoran,

3;diethylamino—6-(m-trifluoromethylanilino)fluoran,
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element is fused to forma filmlayer and cooled so as to use the el enent
as a recording |ayer. The light-resistance of the reversible therno-
sensitive coloring recording nediumfor use in the present invention can
be inproved by containing a |ight stabilizer in the recording |ayer. As
such light stabilizers for use in the present invention, an ultraviolet
absorber, an antioxidant, an anti-aging agent, a singlet-oxygen quenching
agent, a superoxide- anion quenching age gpn be enpl oyed. Wien
reversi bl e thernosensitive recording is conducted by using the reversible
t her nosensitive :
4-methoxy-6-(N-ethyl-p-toluidino)fluoran,

2-ethoxyethylamino-3-chloro-6-dibutylaminofluoran,
2-dibenzylamino-4-chloro-6-(N-ethyl-p-toluidino)fluoran,
2-(a~phenylethylamino)-4-chloro-6~diethylaminofluoran,

2-(N-benzyl-p-t}ifluoromethylanilino)—4—chloro-6-diethyl-
aminofluoran.

2-anilino-3-methyl-6-pyrrolidinofluoran,
2-anilino-3-chloro-6-pyrrolidinofluoran,

(' 2-énilino-3-methyl-6—(N-ethfl-N-tetrahydrofurfurylamino)—
fluoran,

2-mesidino-4',5'-benzo-64diethy1aminofluoran,

2—(m-trifluoromethylanilino)-3-methyl—6-pyrrolidino-
fluoran,

2-(a-naphthylamino)-3,4-benzo-4’-bromo-6-{N-benzyl-N-
cyclohexylamipo)fluoran,

2-piperidino-6-diethylaminofluoran,

2-(N—n-propyl-p-ﬁrifluoromethylanilino)-6~morpholino—
fluoran,

2-(di-N-p-chlorophenylmethylamino)-6-pyrrolidinofluoran,

2-(N-n-propyl-m-trifluoromethylanilino)-6-morpholino-
fluoran,

1,24benzo-5-(N-ethyl—N-n—octylamino)fluoran,

: 1,2-benzo-s-diallylamianluoran, .
1,2-benzo-6-(N-ethoxyethyl-N-ethylamino)fluoran,
benzoleuco methylene blue,

2-[3,6-bis(diethylamino)]-6—(o-chloroanilino)xanthyl
benzoic acid lactam,

2-[3,6-bis(diethylamino)}-9-(o-chloroanilino)xanthyl
benzoic acid lactam,

3,3-bis(p-dimethylaminophenyl)-phthalide,
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recordi ng medium the recording mediumis caused to assune a col or

:devel opnent state by tenporarily heating the recording nmediumto a

tenperature which is above the nelting point of the m xture of the

coloring agent and the col or developer in the recording |ayer. Wen
-recorded information is erased, the recordi ng nmedi um

R R

3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalide
(or Crystal Violet Lactone)

3,3-bis(p-dimethylaminophenyl)-6-diethylaminophthalide,
3,3-bis(p-dimethylaminophenyl)-6-chlorophthalide,
3,3-bis(p-dibutylaminophenyl)phthalide,

3-(2-methoxy-4-dimethylaminophenyl)-3-(2-hydroxy-4,5-di-
chlorophenyl)phthalide,

3-(2—hydroky-4-dimethylaminophenyl)-3-(2-methoxy-5—
chlorophenyl )phthalide,

{ 3-(2-hydroxy-4-dimethydxyaminophenyl)-3-(2-methoxy-5—
chlorophenyl)phthalide,

3-(2-hydroxy-4-dimethylaminophenyl)-3-(2-methoxy-5-nitro-
phenyl)phthalide, '

3—(2-hydroxy—4-diethylaminophenyl)—3-(2-methoxy—5-methyl-
phenyl)phthalide,

3-(2-methoxy-4-dimethylaminophenyl)-3-(2-hydroxy-4-
chloro-5-methoxyphenyl)phthalide, '

3,6-bis(dimethylamino)fluorenespiro(9,3)-6'-
dimethylaminophthalide,

6'-chloro-8’-methoxy-benzoindolino-spiropyran, and

6'-bromo-2’-methoxy-benioindolino-spiropyran.

L~

It is necessary to use the coloring agent and the
color developer in an appropriate,ratio in accordance
with the properties of the compounds employed. It is
preferable that the color developer be employed in an
amount of 1 to 20 moles; more preferably in an amount of
2 to 10 moles; to 1 mole of the coioring agent,_in oxrder
to obtain an appropriate color density for use in
practice.

Depending upon the amount ratio of the color
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which is in the color devel opnent state is heated to a decol ori zati on
initiation tenperature which is below the above-nentioned nelting point of
~the mixture of the coloring agent and the col or devel oper. To record
an inmage on the recording nedium an image which is in the color
-devel opnent state nmay be formed on the background which is in the
decol ori zation state, or an imge in th@hdgpolorlzatlon state may be
recorded on the background in the col or Mewdel opment state. In any case,
when heat is inmagew se applied to the recording nedium heating neans
capable of partially applying heat to the recording nmedium such as a

hot - pen, a idefdlper to the coloring agent, the decolorization
characteristics of the functional element are changed.
Namely, as the amount of the color developer is
relatively increased; the decolorization initiation
temperature tends to be lowefed, while as the amount of
the color developer is relatiﬁely decreased, the
decolorization becomes sensitive to the changes in the
temperature. Therefore, the ratio of the coloring agent
to the color developer should be appropriately selected,
with the application purpose thereof taken into
cbnsideration.

Additives for controlling the crystallization of the
color developer can be édded to thé reversible thermo-
sensitive coloring functional element for improving the
properties thereof such as decolorizing properties and
preservability. . |

A reversible thermosensitive recording medium using
any of the above-mentioned reversible thermal coloring
functional element wiil be now explained. The term
"reversible thermosensitive recording'medium“ also
includes a display medium.

" The above-mentioned. reversible thermosensitive
coloring functional element comprises a support and a
recording layer formed thereon, which comprises the
above-mentioned reversible thermal coloring functional

element.
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head, or a |aser beam is used. In the case where col or devel opnent

or

decolori- zation is carried out on the entire surface of the recording

medi um the recording nedi um may be brought into contact with a heat
roller or a heat plate, or exposed to hot air, or placed in a heated
-tenperature- controlled chanber, or. irradiated by an infrared ray.

Al ternatively, heat can be applied to ths e7tire surface

Any materials which can support the recording layer
thereon can be employed as the materials for the above-
mentioned support. For example, paper, synthetic paper,
a plastic film, a composite film of the paper and the
plastic film, and a glass plate can be employed as the
support.

The récording léyer can be formed in any shape as
long as the functional element can be contained therein.

If necessary, a binder resin may be contained in the
recording layer to retain the shape of the recording
layer.

As the binder resih} for example, polyvinyl
chloride,'polyvinyl acetate, vinyl chloride - vinyl
acetate copolymer, polystyrene, styrene copolymer,
phenoxy resin, polyester, aromatic polyester,
polyurethane, polycarbonate, polyacrylic acid ester,
pblymethacrylic acid.ester, acrylic acid copolymer,
maleic acid copolymer, and polyvinyl alcohol can be -
employed. ' | |

Moreover, the functional_elements can be
microcapsuled before use. The functional elements can be
microcapsuled by a conventional method such as the
coacervation method,.the intérfacial polymerization
method, or the in-situ polymerization method.

The récording layer can be formed by a conventional

method. Moxe specifically, a coloring agent and a color
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60 of the receding nmediumby a thermal head. The nethod of reversible
selective nanifestation of different states of a functional el enent
according to the present invention has been expl ai ned by use of exanples
of the functional elements conprising a coloring agent and a col or

‘devel oper. The present invention is not limted to those exanples, but can
be applied to other functional elenents, which can reversibly assume a
first state in which two conpounds inte acg, and a second state in which
the two conpounds do not interact.

developer are uniformly dispersed or dissolved in water
or.in an organic solvent, together with a binder resin to
prepare a coating liquid. The thus.prepared coating
liquid is coated on the support and dried, whereby a
recording layer is formed.

The binder resin employed in the recording layer-
serves to maintain the functional élemenﬁ in a uniformly
dispersed state in the recording layer even when color
development and decolorization are repeated. It is
preferable that the binder resin have high heat
resistance in order to prevent the coagulation of the
functional element while in use with the repetition of
color develbpment and decolorization.

When no binder resin is employed, the functional
element is fused to form a film layer and cooled so as to
use the element as a recording layer.

The light-resistance of the reversible thermo-
sensitive coloring recording medium for use in the
present invention can.be improved by containing a light
stabilizer in the recording layer. As such light
stabilizers for use in the present invention, an
ultraviolet absorber, an antioxidant, an anti-aging
agent, a singlet-dxygen quenching agent, a superoxide-
anion quenching agent can be employed.

When reversible thermosensitive recording is

conducted by using the reversible thermosensitive
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For exanple, the nethod of the present invention can be applied to a
:functional elenment conprising a phosphonic acid with a long al kyl chain
and'a gallate wth a long alkyl chain in conbination. Mor e _
specifically, a m xture of docosyl phosphonic acid and octadecyl gallate in
-a molar ratio of 5:1 was fused. A functional elenment [A] was
prepared by rapidly cooling the fused mxture. A functional elenment [B]
was prepared by gradually cooling the fs;e m xt ure. _ Fig. 9 shows an
i nfrared spectrum of the functional ele [A] and an infrared spectrum
of the functional '

recording medium, the recording medium is caused to

assume.a color development state by temporarily heating
the recording medium to a temperature which is above the
melting point of the mixture of the coloring agent and
the color developer in the recording layer. When
recorded information is erased, the recording medium
which is in the color development state is heated to a
decolorization initiation temperature which is below thé
above-mentioned melting point of the mixture of the
coloring agent and the color developer.

To record an image on the recording medium, an-image
which is in the color development state may be formed on
the backgrounq which is in the decolorization state, or
an image in the decolorization state may be recorded on
the background in the color development state. In any -
case, when heat is imagewise applied to the recording
medium, heating means capable of partially applying héat
to the recbrding medium, such as a hot-pen, a thermal
head, or a léser beam; is used.

In the case where color developmenp or decolori-
zation is carried out on the entire surface of the
recording medium, the'recording medium may be brought

into contact with a heat roller or a heat plate, or

exposed to hot air, or placed in a heated temperature- A Ty

controlled chamber, or irradiated by an infrared ray.

Alternatively, heat can be applied to the entire surface
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element [B].” In Fig. 9, the peak near 1700 cnierr] in the ~curve for the
functional element [A] and that in the curve for the functional elenent
’[B] respectively indicate a characteristic absorption peak of C=0O

6 1 stretching vibration of the octadecyl gallate in the two functional
‘el ements. The two peaks are greatly

6 0

of the receding medium by a thermal head.

The method of reversible selective manifestation of
different states of a functional element according to the
. present invention has been e#plained by use of examples
of the functional elements comprising a coloring agent
and a color developer. The present invention is not
limited tokthose'examples, but can be.applied to other
functional elements, which can reversibly assume a first
state in which two compounds interact, and a second state
in which the two compounds do not interact.

For example, the method of the present invention can
be applied to a functional element comprising a
phosphonic a¢;d with a long alkyl chain ahd a gallate
with a long alkyl chain in combination.

More specifically, a mixture of docosylphosphonic
acid and octadecyl gallate in a molar ratio of 5:1 was
fused.

- A functional element [A] was prepared by rapidly
cooling the fused mixture. A functional element [B] was
prepared by gradually cooling- the fused mixture.

Fig. 9 shows an infrared spectrum of the functional
element [A] and an iﬁfrared spectrum of the functional
element [B]. In Fig. 9, the peak near 1700 cm™ in the
curve for the functional element [Aj and that in the
curve for the functional elemeﬁt [B] respectively

indicate a characteristic absorption peak of C=0
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different. This indicates that the interaction state between the octadecyl
gal | ate and the docosyl phosphonic acid in the functional elenment [A] is
significantly different fromthe interaction state between the two
conpounds in the functional elenent [B]. Fig. 10 shows an infrared
Spectrum of the functional elenent [A] nmeasured as the tenperature thereof
was increased. Fig. 10 shows that the infrared spectrum changes around at .
60[err]C which is far below a tenperature at which the two conpounds are
fused, that is, 93[err]C, and that thenfugpctional elenment [A] eventually
reaches the same state as that of the Qungtional elenent [B].

stretching vibration of the octadecyl gallate in the two
functional eleménts. The two peqks are greatly
different. This indicates that the interaction state
between the octadecyl gallate and the docosylphosphonic
acid in the funptional element [A] is significantly
different from the interaction éﬁate between the two
compounds.in the functional element [B].

Fig. 10 shows an iﬁfrared spectrum of the functional
element [A] meésured as the temperature thereof was
increased. Fig. 10 shows that the infrared spectrum
changes around at 60°C which is far below a temperature
at which the two compounds are fused, that is, 93°C, and
that the functional element [A] eventually reaches the
same state as that of the functional element [B].

More specifically, when the functional element [A] was
further heated to 70 to 90°C, the infrared spectrum of
the.functional element [A] bécame the same as that of the
functional element [B].

Figs. 11 and 12lare x-ray diffraction charts of the
functional elements [A] and [B], reﬁpeqtively.

In the functional element [A], diffraction peaks are
observed at 1.59°, 3.22°, 4.84° and 21.1° indicating the
formation of a regular aggregate structure of the two
éompounds. These peaks do not correspond to the.
diffraction peaks of the crysﬁals of docosylphosphonic

acid and octadecyl gallate, but indicate that a regular
This is the raplacemetit sheet
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More specifically, when the functional elenent [A] was further heated to
.70 to 90[err]C, the infrared spectrumof the functional elenent [A] becane
‘the sane as that of the functional elenent [B]. Figs. 11 and 12 are
-X-ray diffraction charts of the functional elenments [A] and [ B]
_respectively. In the functional elenment [A], diffraction peaks are
observed at 1.59[err], 3.22[err], 4.84[err] and 21.1[err] indicating the
formati on of a regul ar aggregate structu&g the two conmpounds. These
peaks do not correspond to the diffractitwn#Apeaks of the crystals of

docosyl phosphonic acid and octadecyl gallate, but indicate that a regul ar

aggregate structure of docosylphosphonic acid and
octadecyl gallate is formed by the interaction between
the two compounds.

On the other hand, in the functional element [B],
diffraction peaks are observed at 1.76°, 2.16°, 4.00°,

- 4.34°, 6.54°, 8.74°, 10.94°, 22.34° and 23.94°, and all
of these péaks correspond to diffraction peaks indicating
the crystallization of docosylphosphonic acid.

Therefore, it is confirmed that the docosyl-
phosphonic acid is in an independently crystallized state
in the functional element [B]. |

Moreover, Figs. 13(a) and 13(b) respectively show an
x-ray diffracpion chart on a lower diffraction angle side
and that on a higher diffraction angle side, of the
functional element [A], measu:ed as the température
thereof was increased. Figs. 13(a) and 13(b) both
indicate that the aggregate structure of.docosyl-
phosphonic acid and octadecyl gallate formed by the
interaction between the two compounds is changed. to such
a state in which the docosylphosphonic acid-is
independently crystallized at about 50-60°C.

As can be seen ffom the above, even in the
functional element comprising docosylphosphonic acid and
octadecyl galléte, it is possible to cause the functional
element to reversibly assume a first state in which the

two compounds interact and a second state in which the
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6 2 aggregate structure of docosyl phosphonic acid and octadecyl gallate
.is formed by the interaction between the two conpounds. On the other -
“hand, in the functional elenment [B], diffraction peaks are observed at
1.76[err], 2.16[err], 4.00[err], 4.34[err], 6.54[err], 8.74[err], 10.94,
:22.34 and 23.94[err], and all ' .

6 3

two cdmpounds do not interact as desired by forming a
;egular aggregate'structure of the two compounds by
rapidly cooling a fused mixture of the two compounds, and
destroying the regular aggregate structure to elevate the
témperature thereof by the application of heat thereto,
to crystallize one of the two compounds.

The above-mentioned changes between the two states
caﬁ be functioned as non-linear optical reversible
changes, so that the method of the preseﬂt application
can be effectively applied to a functional element with
“such non-linear optical reversible changes.

Other feature of this invention will become apparent
in the course .of the followiﬁg description of exemplary
embodiments which are given for illustration of the

invention and are not intended to be limiting thereof.

Examples 1-1 to 1-6

2-(o-chloroanilino)-6-dibutylaminofluoran serving as
a coloring agent, and each of phosphonic acids with a
long-chain alkyl group, servihg as color developers,
shown in TABLE 2 were mixed in a molar ratio of 1:5 and
pulverized in a mortar.

A glass plate with a thickness of 1.2 mm was placed .-
on a hot plate and heated to 170°C. ) )

A small amount of each of the above mixtures was

placed on the thus heated glass plate. Each mixture was
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of these peaks correspond to diffraction peaks indicating the

crystallization of docosyl phosphoni c acid. Therefore, it is confirned
that the docosyl- phosphonic acid is in an independently crystallized
state in the functional elenent [B]. Mor eover, Figs. 13(a) and 13(b)

-respectively show an x-ray diffraction chart on a lower diffraction angle
side and that on a higher diffraction angle side, of the functional
el enent [A], nmeasured as the tenperatur her eof was increased. Figs.
13(a) and 13(b) both indicate that the“agdregate structure of docosyl -
phosphoni ¢ acid and octadecyl gallate fornmed by the

melted and turned black. '

Subsequently, a cover glass was placed on each of
the above melted mixtures. Each melted mixture was
spread so as to have a uniform thickness. The melted
mixture on the glass place, with the cover glass placed
thereon, was then immediately immersed in ice water to
quickly lower the temperature of the melted mixture.

' The melted mixture was then taken out from the ice
water quickly, and water was wiped off from the melted
mixture, whereby functional elements Nos. 1-1 to 1-6 were

fabricated, each in the form of a colored thin film.

TABLE 2
Example}- : Decolorization|Decolorization
No. ' Color Developer Initiation Ratio (%)
Temperature
(°C)
1-1 - |Dodecylphosphonic acid 34 38
1-2 Tetradecylphosphonic acid 46 ' 60
1-3 Hexadecylphosphonic acid 55 72
1-4 Octadecylphosphonic acid 63 81
1-5 Eicosylphosphonic acid 69 84
1-6 Docosylphosphonic acid 74 86

The thus fabricated functional elements Nos. 1-1 to _
1-6 were subjected to an evaluation test for evaluating

the color development properties and the decolorizing-:

This is the replacement sheet

Date: 19 NOV 1906



i nteraction between the two conpounds is changed to such a state in which
the docosyl phosphonic acid is independently crystallized at about
50-60[err]C. = As can be seen fromthe above, even in the functional
el enment conprising docosyl phosphonic acid and octadecyl gallate, it is
-possi bl e to cause the functional element to reversibly assune a first
state in which the two conpounds interact and a second state in which the

65

properties thereof as folldws:

A heating apparatus wés provided on a specimen
carrier of an optical microscope. Each sample of the
above obtained functional elements in the color
development state was inspected at room temperature, and
also as thé temperature thereof was elevated at a heating
rate of 4°C/min by the heating apparatus. .At the same
time, the changes in the amount of light transmitted from
the light source of the optical microscope through each
sample to the ocular portion pf the optical microscope
was measured.

When the functional element was decolorized, the
amount of the transmitted light was increased.

The decolorization initiation temperature of each
element was determined from the temperature at which the

- amount of the transmitted light was changed.

It was confirmed that when the cbloring functional
element was further heated until it was fused, the above
functional element was again colored.

.It was further confirmed. that the reversible
thermosensitive coloring functional elements comprising
one of phosphonic aci&s with a straight chain alkyl group
having 12 to 22 carbon atoﬁs have such transmittances as
shown in Fig. 4. In Fig. 4, each of the number suffixed
to P12, P14, P16, P18, P20 and P22 stands for the number

of the carbon atoms in the alkyl group, as mentioned
This is the replacement sheet
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6 3 two conpounds do not interact as desired by formng a regular
~aggregate structure of the two conpounds by rapidly cooling a fused

“m xture of the-two conpounds, and destroying the regul ar aggregate
structure to elevate the tenperature thereof by the application of heat
Jthereto, to crystallize one of the two conmpounds. The

above- nenti oned changes between the two states can be functioned as
non-linear optical reversible changes, so that the nethod of the present
application can be effectively appliﬁd 50 a functional element with

previously.

In Figqg. 4; the transmittance of each of the
functional elements in the initial coloxr development
state is expressed as 1.0 in terms of an arbitrary unit
for comparison.

The resﬁlts shown in Fig. 4 indicate that each
functional element comprising the phosphonic acid has its
own decolorization temperature range, and that the longer
the lengﬁh of the élkyl chain of the phosphonic acid
contained in the element, the higher the decolorization
initiation temperaturé thereof.

TABLE 2 also shows the'éecolorization initiation
temperature of each functional element, and the
decolorization ratio thereof. The decolorization ratio
shown in TABLE 2 was determined as follows:

p%-p*

Decolorization ratio = —__—BE_—— x 100 (%)

In the above relationship, D indicates the color
development density obtained Py rapidly cooling the fused
functional element in the color developﬁent state, and d®
indicates the maiiwum decolorization density. As can be
seen from TABLE 2, the longer the alkyl chain of
phosphonic acid, the higher the decolorization ratioc -of
the functional element. This means that excellent

reversibility is obtained in the functional element
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such non-Ilinear optical reversible changes. O her feature of this

-invention will - -beconme apparent in t-he course of the foll ow ng descrlptlon
“of exenplary . énbodi ments which are given for illustration of the

i nvention and are not intended to be limting thereof. Exanples 1-1 to
S1-6 2- (o-chl oroani i no) - 6-di butyl am nof | uoran serving as a coloring

agent, and each of phosphonic acids with a |ong-chain alkyl group, serving
as col or devel opers, shown in TABLE 2 V\%rev?m' xed in a nolar ratio of 1:5
and pulverized in a nortar.

comprising a phosphonic acid with the long alkyl chain.

Examples 2-1 to 2-6

The procedure for fabricating the reversible thermo-
sensitive coloring functional elements in Examples 1-1 to
1-6 was repeated except that the phosphonic acids
employed as the color developers in Examples 1-1 to 1-6
were replaced by eicoéylthioﬁalic acid, and the 2-(o-
chloroahilino)-6-dibutylaminofluoran employed as the
céloring agent in Examples 1-1 ﬁo 1-6 was replaced by
each of the fluoran compounds as shown in.TABLE 3, and
that the color developer and the coloring agent were
mixed in a molar ratio of 2:1, whereby functional
elements Nos. 2-1 to 2-6 in the color developmentuétate_
were fabricated.

The thus fabricated reversible thermosensitive color
functional elements Nos. 2-1 to 2-6 were able to maintain
the color development state when cooled rapidly, but were
mostly deéolorized when cooled gradually.

It was confirmed from an’ x-ray diffraction analysis
of the above functional elements that when the fused
functiohal elements in the color development were rapidly
cooled, a regular aggregate structure of the colored
composite material was formed bf'the interaction between
the color developer and the coloring agent in each of the

functional elements Nos. 2-1 to 2-6, while when cooled
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A glass plate wth a thickness of 1.2 nmwas placed on a hot plate and

heated to 170[err]C. A smal |l amount of each of the above m xtures was
‘pl aced on the thus heated glass plate. Each m xture was ,
6 4 mel ted and turned bl ack. Subsequently, a cover gl ass

was placed on each of

6 8

gradually, the color developer was separately
crystallized. _

Fig. 14 shows the changes in the light transmittance
of each of these elements iﬁ the color development state
depending upon the temperature thereof. The curves (a)
to (f) in Fig. 14 respectively show the changes in the
light transmittance of the functional elements comprising
color developers (a) to (f) ‘'shown in TABLE 3.

" TABLE 3 also shows the decolorization initiation
temperature of each functional element determined from
the respective light transmittance and temperature
thereof shown in Fig. 14. T
It was confirmed that each of the functional

elements Nos. 2-1 to 2-6 has a distinct decolorization

temperature range and is an excellent functional element.
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the above nelted m xtures. Each nelted m xture was spread so as to

‘have a uniformthickness. The nelted m xture on the glass place,
with the cover ‘gl ass placed t hereon, was then inmediately i mersed
inice water to qui ckly lower the tenperature of the nelted m xture.
.The nelted m xture was then taken out fromthe ice wat er qui ckly,
and water was w ped off fromthe nelted m xture, whereby functional
el ements Nos. 1-1 to 1-6 were frabri cated, each in the formof a
colored thin film 6 9 TABLE 2 Exanpl e
Decol ori zation Decol ori zati on No. Col or Devel oper Initiation
Ratio (% Tenper at ure
" . TABLE 3
Example Decolorization
No. Coloring Agent Initiation

Temperature (°C)

2-1 (a)|2-(o-chlorecanilino)-6-dibutyl-
aminofluoran 47

2-2 (b)|2-anilino-3-methyl- 6-d1butyl-
aminofluoran 51

2-3 (c)|2-anilino-3-methyl-6-diethyl-
aminofluoran 60

2-4 (d)|2~-anilino-3-methyl-6-(N-methyl- :
N-cyclohexylamino)fluoran 55

2-5 (e)}|2-anilino-3-methyl-6-(N-methyl-
N-~propylamino)fluoran 62

2-6 (f)|2-(2,4~dimethylanilino)-3-methyl-
6-diethylamino)fluoran 51

Examples 3-1 to 3-49

Each of the mixtures_of the components shown in
TABLE 4 was pulverized in a ball mill so as to have a
particle size of 1 to 4 um, so that recording layer
coating liquids comprising a functional element
comprising a color developer with a long-chain structure
and a coldring agent were prepared. In TABLE 4, the term

"part" is based on weight.
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were fabricat ed.

each of the fluoran
functionaf el ements
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wher eby functi onal

nt state

col or.
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devel

that the col or devel oper and the
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in Exanples 1-1 to 1-6 was repl aced by

2-1to 2-6

1-6 was repeated except that the phosphonic acids
.devel opers in Exanples 1-1 to 1-6 were replaced by eicosylthiomalic acid,

"and the 2-(o--
The thus fabricated reversibhl

col oring agent were

el enent s Nos.

col ori ng agent
sconmpounds as shown in. TABLE 3,
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6 8 gradually, the color devel oper was separately crystallized.

Fig. 14 shows the changes in the light transmttance of each of these

el ements in the col or devel opnent state depending upon the tenperature
thereof. The curves (a) to (f) in Fig. 14 respectively show the changes in
the light transnmittance of the functional elenments conprising color

devel opers (a) to (f) shown in TABLE 3. . TABLE 3 al so shows the
decolorization initiation tenperature of each functional elenent

determ ned from

Each of the above prepared recording layer coating
liquids was coated on a polyester £ilm with a thickness
of 100 um, serving as a support by a wire bar, and dried,
so that a recording layer with a thickness of about 6.0
was formed on the support.

Thus, reversible thermosensitive recording media Nos.
3-1 to 3-49 were obtained.

Each of the thus obtained ieversible thermosensitive
coloring recording media waé thermally colored by a
thermal-head-built-in heat gradient tester (made by Toyo

Seiki Seisaku-sho, Ltd.) under the following conditions:

Temperature: ' 130°C
Contact Time: ' 1l second
Applied Pressure: 1 kg/cm?

The coldr density obtained in each reversible
thermosensitive coloring recording medium was measured
with Macbeth densitometer RD-918.

Then, each colored sample was placed in a
thermostatic chamber'af the decolorization initiation
temperature thexreof shown_in'TABLE 5 for about 20 seconds
and decolorized.

The thus obtained color density of each of the
reversible thermosensitive coloring recording media_Nos.
3-1 to 3-49 and the decolorization density thereof are

shown in TABLE 5.

This. is the replacement sheet
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the respective light transmttance and tenperature
14. It was confirned that each of the functional elenents Nos. 2-1

to 2-6 has a distinct decol orization

t hereof shown in Fig.

tenperature range and i s an excell ent

functional elenent. 6 9
8§ 0
TABLE 5
Example Color Decolorization Decoloriéation
No. Density Initiation Density
Temperature (°C)

3-1 1.63 60 0.28 :
3-2 1.68 67 0.26

3-3 1.72 73 0.24

3-4 1.73 82 0.23

3-5 1.70 84 0.23

3-6 1.84 73 0.30

3-7 1.88 82 0.31

3-8 1.61 73 0.24

3-9 1.65 - 82 0.25
3-10 1.53 73 0.30
3-11 1.55 73 0.23
3-12 1.78 82 0.25
3-13 1.82 82 0.22
3-14 1.86 82 0.32
3-15 1.47 70 0.32
3-16 1.44 70 0.30
3-17 1.50 70 0.33
3-18 1.44 70 0.35
3-19 1.48 70 0.34
3-20 1.41 70 0.30
3-21 1.48 65 0.33

{to be-ébntinueﬂ)

This is the replacemert sheet

teis: .
B 19 Ny mag



"TABLE 3 Exanpl e | | Decol ori zation  No.

Col oring Agent Initiation

Tenperature ([err]C 2 1 (a) 2- (o-chl oroani |l i no)-6-dibutyl -

am nof | uor an 47 2-2 (b)

2-aniIino-3-nethy|-6-d|butyl- ~am nof | uoran

51 2-3 (c) 2-anilino-3--nethyl-6-diethyl - am nof | uoran

60 2-4 (d) 2-anilino-3-nethyl-6-(N-nethyl 8 1 |

N- cycl ohexyl am no) f | uor an - 55 2-5 (e) :

2- anllancanmEhh$H)6 (N-met hyl - TaBLENs propyl am no) f | uor an

62 2-6 (- 2 (2,/| Pt hul aHAH— nn\ 3 "YQIhyI

6- d|ethyIExanpﬂquoramolor Decdibrization Decolorization
No. Density Initiation Density

Temperature (°C) -

3-22 1.42 50 0.35
3-23 1.35 ' 50 0.32
3-24 1.31 55 - 0.40
3-25 1.38 55 0.38
3-26 1.40 | 50 ' 0.30
3-27 1.32 60 0.35
3-28 1.30 60 0.28
3-29 1.58 70 0.21
3-30 1.70 75 0.36
3-31 1.68 70 - 0.29
3-32 1.75 | 75 0.35
3-33 1.75 _ 75 0.34
3-34 - 1.70 75 0.34
3-~-35 1.63 65 0.37
3-36 1.69 65 0.33
3-37 1.62 65 0.32
3-38 1.55 60 0.34
3-39 1.52 70 - 0.33
3-40 1.68 : 70 0.39
3-41 '1.40 70 . | 0.32
3-42 1.56 70 0.41
3-43 - 1.32 ' 70 0,28

(to be continued)
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Exampl es 3-1 to 3-49 Each of the nixtures of the conmponents shown

in TABLE 4 was pulverized in a ball mll so as to have a  particle
size of 1 to 4 Jerr]m so that recording |ayer coating liquids
conprising a functional elenent conprising a color developer with a
1 ong-chain structure and a col oring ageng were prepared. In TABLE 4, the
term "part" is based on weight.
(continued) _ TABLE 5
Example Color Decolorization Decolorization
No. Density Initiation Density
Temperature (°C)
3-44 1.46 70 | 0.36
3-45 1.57. 70 10.25
3-46 - 1.62 70 0.29
3-47 | 1.61 70 0.32
3-48 1.61 70 0.30
3-49 1.53 70 0.24

Furthermore, the reversibility of the color
development and decolorization was tested by repeating
the above operation for color development and
decolorization loltimes. As a result, it was confirmed
that all the reversible thermosensitive coloring
recording media Nos. 3-1 to 3-49 has excellent

reversibility.

Examples 4-1 to 4-4

The piocedure for fabrication of the functional
elements Nos. 1-1 to 1-6 in ékamples.lél to 1-6 were
repeated except that the 2-(o-chloroanilino)-6-dibutyl-
aminofluoran employed as the coloring agent in Examples
1-1 to 1-6 was replaced by fluoran compounds shown in
TABLE 6, and the phosphonic acids employed as color

developers in Examples 1-1 to 1-6 were replaced by

This is the replacement shéet
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70

[err]

octadecylphosphonic acid, whereby functional elements
Nos. 4-1 to 4-4 were fabricated.

The decolorization initiation temperature and the

decolorization ratio were measured in the same manner as

- in Examples 1-1 to 1-6. The results are shown in TABLE

6.

This is the replacement shaet
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TABLE 6
: Decoloxr- Decolor-
) ization ization
Ex. No. Coloring Agent - | Initiation |[Ratio(%)
Temperature
(°C)
C,H
<:>f 2 4\N
41 | (B)cny 59 84
T
'3\CHCH2
CH3” \N
- CH3
4-2 TbHCHz/' 64 84
CH3/
n-CyHo\ 0
N
—cyy” Q)
4-3 n-C4flg Q 4 ”ﬂ'@ 62 86
{ CHjy
o
n-C4Hoy\
4-4 n-C4Hy” 64 86

In the method of reversible selective manifestation
of different states of a funétional element according to
the present invention, the functional element comprises
at least two compounds and is capable of alternatively
assuming (a) a first state in which the two compounds
‘interact to form a regular aggregate structure, or (b) a
second state in which the two compoﬁnds do not interact,

and at least one of the two compounds is in an aggregate

This is the replacemsnt sheet
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[err] - 7 2

8 5
or crystallized state, and the respective conditions for
attaining one of lthe two states can be reversibly and
extremely speedily controlled, for instance, by use of
thermal means.
The present invention can be utilized in a variety of

fields, for instance, in the fields of thermosensitive

recording medium and the thermosensitive display medium.

This is the replacement shiéet

Dete: 1 3 NOV 1936



[err] 73 [err]

—NI

This Sheet Has Been R

LT Ill!

8 6

CLAIMS

1. A method of reversible selective manifestation of
different states of a functional element which comprises
at least two cbmpounds and is capable of alternatively
assuming (a) a first state in which said two compounds
interact to form a regular aggregate structure, or (b) a
second state in which said two compounds do not interact,
and at least one of said two coﬁpounds is individually in
an aggregate or crystallizea state, by controlling the
respective conditions for attaining one of séid two

states.

2. The method as claimed in Claim 1, wherein said
first state is attained by fusing said two compounds with
the application of heat thereto, followed by rapidly

cooling said fused two compounds.

.

A

3. The method as claimed in Claim 1, wherein said
second state is attained by elevating the temperature of
said two compounds to a temperature below the temperature
at which said two compoun&s ;re fused, thereby destroying
said regular aggregate structure of said two compounds,
énd placing at least one of said two compounds

individually in an aggregate or crystallized -state.

4. The method as claimed in Claim 1, wherein said

This is the replacement sheet.

MW e



74

This' Sheet Has Been Replaced -
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8 7

functional element exhibits a regular aggregate structure

when fused and thereafter rapidly cooled, and a state in
which at least one of said compounds is in an aggregate
or crystallizéd state when fused and thereafter gradually

cooled.

5. The method as claimed in Claim 1, wherein at
least one of said two ¢ompounds-has a long chain-
structure, and said second étate is attained by the
aggregation force of said long chain structure of at

least one of said two compounds.
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19NOV\§9§_

Dmte:



[érrj

-c--  000. | d~

88

METHOD OF REVERSIBLE SELECTIVE MANIFESTATION OF DIFFERENT
STATES OF FUNCTIONAL ELEMENT

ABSTRACT

A method of reveréible selective manifestation of
different states of a functional element is disclosed.
The functional element is composed of at least two
cOmpounds and is capable of alternatively assuming (a) a
first state in which the two'coméounds interact to form a
regular aggregate structure, or (b) a second state in
which the two compounds do not intéract, and at least one
of the two 6ompounds is in an aggregate or crystallized
state. The respective conditions for attaining one of
the two states can be reversibly and extremely speedily
controlled, for instance, by use of a heat application’

device.

This is' e raclacement sheet

oets: 1 9 NOV 1998

L



[err]

Color Density

1/12

Fig. 1

L
—

Temperature

- This Sheet Has Been Replaced

M

This is the replacement sheet

Date: ’5. 3 NOV 998



cfl - rH4 0.-4 04 g. - 0. 10 44 P. : 9HO-
0 -44 P

2/12

Fig. 2

K cps

30. — SN RN RN VO RN (O N N N (U SRR B B
T ) == (ay P22 /DL
20. 0| |—|—|— —| == 1=l= == ===
0. o=~ ——— == |—=l——*_7.5— —-
: SRR, NN IO NN NN M 00”4 )OS DA VR N IO M
0.0 .%<J\ ._._7=,“,¢=:._1__.“.:f:::==
29 9l T e e
T_____________,________-_______~__:__(b)PZJ/Dl
20-0 - - —-—'. : ——— :
i A D A, e 0
T O N D NN N VR A =) ) DN e s o N O
PANP . e NN N e eod vt -
I 1= - (e)pis/pd
200 - = e e e e
~I—1—l—l———l— % .7 . 5}—| —}—1—I|-
RO NCE | U D Dl et Sl ) N Bt A A -
R e S
BN Loy DRSS RS R (S PR e W —— -
0.0 |-l Al — | — 1= =
10.0 === i P e o i i s
== l=I==l=l==l=l—=i{—|—]—; (daY P16 /D1
8.0 N—l— —=|=l=====]=
6.0 IV - l= === = e = = e e e = = ==
4.0 === =l—=l=l=l====l==
== === = === R s S = ===
2.0 ==l === :::::;1’_’\‘5 —l—=l—=1—i-
0.0 — === ?:EZ;[WWE—TC:T

1<500 10.000 20.000

Lol al

30.000 35.000

~

T . 3

|

Sheet Has BeenRe laced This is the replacement sheet

TR e 19100198



This Sheet Has Been Replaced

- IWWWN“

Fig. 3

—f—l Tl

(e Pl4_[D

o
.
o

I
I

——

|
i
il

SRR EY ill—‘

== pt —k 2.5
o | PP
| S e e e e e e e e e o B
10 :8 : - : PIGRES TSV PP R I

( — —|— —-|— (f]Pl'Z/Dl
8.0 {iI—= ot
6.0 === === === === — 1=
4.0 L —}=— — == ——i==ic

A= —l=|=|= =k 2.5 —==|q

M\\‘ I

|
T
r

-

(g)P10/D

——

—

i
|
|
l
|

11

B

i
|
|

&L
5
2
Edll
=l
IL_;._"'IHH

1.0 EF"“ —l= —|= —
T ;""——-—“t —_—-
0.0 v vy Pt Y e T 0 L Sl i bl
4.0 H— — — =
1= —|—Wh)P4,/D1}
3.0 fl—l—|— Bt s i o o
2.0 {|l— —|— ——}— ===
TR o o o et =
.

20T FAIW

halis Lo % [y

ity

0.000 35.000

1
ik
@
A
kil
HI
3

0.0

1.500 10.000

w

This is the raeplacement sheet

19 NOV 1988



[err]

Transmittance

4/12
Fig. 4
20
1.0
20 40 Gb . L. 8!0 * 1(')0

This Sheet Has Been Rei]aced

L

This is the replacement sheet

Date: 15 NOV 896



" 5/12

T

Fig. 5(a) Fig. 5(b)

m

- ¥

1 {
‘{ ll | Temp, I} 'nf\ Temp.
TR TR | '!"J/\'wu- - 85
~UL_L_41______,|_! 85 A ,[«.,- /’,_ A A w ;!"-:”:ﬁ‘\-«k

W [ o A8 B

0 i . _‘l ! QA \,...ﬁ P ol B2 Y i l()"
|/ : e . ] v.,*/‘-w‘*‘ft" "7 ‘-\:—-,7‘.,..-.—- ; sp:"
e | s w-t
N A | N )

(| : s IRV IR W ~o 30|

o i I AT T

| T T 2 50 PRV aed X

e L : ~ _ 40

] 3 l 1 45 -"‘r""’“" : T Tt o

L% e TR

' : | i 28 | !

- e i i 2B h :

‘ 28 /e © & %
©g- 28 /deg.
-

eet Has Been Replaced

This is the replacement sheet

Date:



6/12

Fig. 6(a) : Fig. 6(b)

een Replaced

BT ———

e 19 NOV 838



[err]

- —

is Sheet Has Been Replaced

\\Il\l\l\llll\\\\l\IHII\

Fig. 7
K cps

20.0 : l
—_—f— : — P18/D2 |™
) p— :
15.0 ‘ S el phan e Qo] pntel B -

-
=
[ ]
o
|
}

Y . PR F

v
&
il
)
|
b
PR
Y
|
BENEEEEA

= | -} 1}
0.0 e~ o~ Y

o] Fean
1.500 10.000 20,000 . 30.000 g
' 20 (deg.)

r
I

o
[=)
(=
o

Fig. 8
K cps

0.2 — 1
E18/Dl|_.
' —_
l - o gw—— —
: st Gt e
]
0.1 == x 6.5 f=——F—1—H
1 ' e ;-_... e . ::
: : :h.— . : g ,-é Y Pt beane g PESEE ~e—} e}
0.0 y 3 I -

1.500 10.000 30.000 35.000

“his is the replacemstt sheaet

Des: 13 HOV 9%



8/12

[err]

(1-HD) ISqumusseM

g cw_z o“: cm_I 2“3 Eﬂmﬂ cm_m« ov_mﬁ cm_m“ omﬂmﬁ omw« om_m« ov_ﬁ %mm« 089F 00LF 02LF OvLE  09LF  0B.F 000t
_ ! l l 1 ! |

00C°0

—S50°0

—01°0

-S1°0

020

ﬁ . . [¥] -62°0

\ —CE"0

(: _ : : . | -GE°0

00r°0

19 NV &%

Date

This is the replacement shaet

. Thisllslliiﬂtriii Been Replaced



Each of the above prepared recording |ayer coating |iquids was coated on a
polyester filmw th a thickness of 100 [err]m serving as a support by a
wire bar, and-dried, so that a recordigygsl ayer with a thickness of about
6.0 was forned on the support . Thus, reversible thernosensitive
recordlng nedia Nos. 3-1 to S48 g opbtal Red!
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Each of the thus obtained reversible thernosensitive coloring recording
media was thermally colored by a thernal-head-built-in heat gradient
tester (nmade by Toyo Seiki Seisaku-sho, Ltd.) under the follow ng

condi tions: , Tenper at ur e: 10/12 130[err]C Cont act
Ti me: 1 second App(led Pressure: 1
kg/cmerr] The color density obtained in each reversible
t her nosensitive col oring recording nedi um was neasured w th Macbeth
densi toneter RD-918. . Then, each colored sanple was placed in a
t hernostatic chanber at the decolorieagianinitiation
M GES ] ] - :
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tenperature thereof shown in TABLE 5 for about 20 seconds and decol ori zed.
The thus obtained color density of each of the reversible thernosensitive

. coloring recording media Nos. 3-1 to 3-49 and the decol orization den5|ty
thereof are shown in TABLE 5.
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Exanpl e Col or Decol ori zati on Decol ori zation  No.

DenS|ty . Initiation . - Density
Tenperat ur e ([err] O 3-1 1.63 _ 60
0.28 3-2 1.68 67 o 0. 26 3-3.
1.72 73 0.24 3-4 - 1.73
$ 82 ' : 0.23 3-5 1. 7@/12 84
0.23 3-6 1.84 _ 73 0. 30 3-7
1.88 82 0.31 3-8 1.61
73 0.24 3-9 1.65 ' 82
0.25 3-10 1.53 73 0. 30
Fig. 14
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‘(conti pued) TABLE 5 Exanpl e Col or

- Decol ori zation Decol ori zati 6n No. Density Initiation
Density ' Tenperature ([err] Q) 3-22
.1.42 50 0.35 3-23 1.35
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3-46

(cont i nued)
Decol ori zati on
- Density

TABLE 5 Exanpl e

Col or

Decol ori zati on No. Density Initiation
Tenperature ([err] Q) 3-44 1.46
0.36 3-45 1.57 0
1.62 70 0.29  3-47
70 0.32 3-48 1.61
0.30 3-49 1.53. 70
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~Furthernore, the reversibility of the color devel opnment and
decol ori zation was tested by repeating t he above operation for color
devel opnent and decol ori zation 10 times. As a result, it was confirned
that all the reversible thernosensitive coloring . recording media Nos.
-3-1 to 3-49 has excellent reversibility. Exanples 4-1 to 4-4

The procedure for fabrication of the functional el ements Nos. 1-1to
-1-6 in Exanples 1-1 to 1-6 were repeat ed except that the

2- (o-chl oroanilino)-6-dibutyl -

6/12

Fig. 6 a Fig. 6.b.
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“am nof | uoran enpl oyed as the col oring agent in Exanpl es 1-1 to 1-6 was

repl aced by fluoran conpounds shown in TABLE 6, and the phosphonic

aci ds enpl oyed as col or devel opers in Exanples 1-1 to 1-6 were repl aced
by 8 3 octadecyl phosphoni ¢ aci d,
whereby functional elenents Nos. 4-1 to 4-4 were fabricated. The

decolorization initiation tenperature and the decolorization ratio were

nmeasured in the sane manner as in Exanples 1-1 to 1-6. The results are
shown in TABLE 6.

7712
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I'n the .nethod of reversible selective nmanifestation of different states
of a functional elenent according to the present invention, the
functional el ement conprises
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at least two conpounds and is capable of alternatively assumng (a) a

first state in which the two conpounds interact to forma regul ar
aggregate structure, or (b) a second state in which the two conpounds. do
not i nteract, and at | east one of the two conpounds is in an aggregate

85 or crystallized state, and the respective conditions for attaining one
of the two states can be reversibly and

10/12

Fig. 11
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éxtrenely speedily controlled, for instance, by use of

The present

I nvention can be utilized in a variety of fields,

t hermal neans.

for instance,

in the fields of thernosensitive recording medi umand the thernosensitive

di spl ay nedi um

mani f estati on of different colorization
el enment which conprises at

1

A met hod f or

11/12

reversi bl e sel ective
states of a functional
| east two conpounds and
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I's capable of alternatively assunming (a) a first colored state in which

sai d . two conpounds interact to forma regular aggregate structure, or
(b) a second decol ori zed state in which said two conpounds do not
interact, and at | east one of said two conpounds is individually in
an aggregate or crystallized state, by controlling the respective
conditions for attaining one of said two states in a manner such that
when the tenperature of said functional element in the decolorized
state A at roomtenperature is raised above tenperature T[err] the
color density of said el enent begins to increase and finally reaches
the colored state B which is nmaintai ned upon cooling the elenent to
roomtenperature again, state C, and when the tenperature of .said
functional element in the col ored sta§91? at roomtenperature is

rai sed again the color density of said elenent begins to decrease at
tenperature T2, which is lower than tenperature T[err], the elenent finally
reaching a conpletely decolorized state D which is maintained upon

| owering the tenperature to roomtenperature again, state A 2. The
nmethod as claimed in Caiml, wherein said first colored state is

attained by fusing said two conpounds Wiyt heg application of heat thereto

foll owed by rapidly cooling said fused two conpounds. 3. The net hod as
claimed in Cdaiml, yhereri—sa-e—second—decotrorized state [ S
attai ned by el evati t he tenper afl fij Ld two conpounds to a
t enper at ure bel ow terrperaturt(ab)ap } { p~m(§pmounds are fused,
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__,t%‘ﬁer'eby destroyi ng said regul ar aggregate structure of

rand pl aci ng at

| east one of said two conpounds i nd| Vi duiﬁ gpfn an

aggregate or crystallized state.

Mo ggefrpounds,

87 4. . The method as claimed in aim1, wherein said functional

el enent exhibits a regul ar aggregate .stru*turg,dwl@@,g o PR
thereafter rapidly - cooled, and a st8t in vﬂmm,‘gﬁ,déz §lt?.ils((i)ne 8Sf S fd
conmpounds is in an aggregate or crystalli 7@@&@4‘,@) f& """ (i W@fd'ﬁ
thereafter gradually cooled. 5. The method psghalf é t f“""ib: """
wherein at |east one of said two conpounds d@q@sga% oﬁ ~c éfh ?9 aged .....
struct ure,ﬁﬂ}’gp@gi d second decol orized state | s a tal né‘ﬁ"‘by -t é’“gc'd -----
aggregatio of said long chain structure pof @{:F (wel

sai d two compounds. '- W"m"*'ﬂ"ff Hr

1.

A method for reversible selective manifestation of different colorization
states of a functional element which comprises at least two compounds and
is capable of alternatively assuming (a) a first colored state in which said
two compounds interact to form a regular aggregate structure, or (b) a
second decolorized state in which said two compounds do not interact, and
at lcast one of said two compounds is individually in an aggregate or
crystallized state, by controlling the respective conditions for attaining one
of said two states in 2 manner such that when the temperature of said
functional element in the decolorized state A at room temperature is raised
above temperature T, the color density of said element begins to increase
and finally reaches the colored state B which is maintained upon cooling
the elcmcnt to room temperémre again, state C; and when the temperaturc
of said functional element in the colored state C at room temperature is
raised again the color denmsity of said element ‘begins to decrease at
temperature T,, which is lower than temperature T,, the element finally
reaching a -completely decolorized state D which is maintained upon

~ lowering the temperature to room temperature again, state A,

The method as claimed in Claim 1, wherein said first colored state is
attained by fusing said two compounds with the application of heat thereto,
followed by rapidly cooling said fused two compounds.

The method as claimed in Claim 1, wherein said second decolorized state
is attained by elevating the temperature of said two compounds to a
temperature below the temperature at which said two compounds are fused,
thereby destroying said regular aggregate structure of said two compounds,
and placing at least ope of said two compounds - individually in an
aggregate or crystallized state. '
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The method as claimed in Claim 1, wherein said functional element
exhibits a regular aggregate structure when fused and thereafter rapidly
cooled, and a state in which at least ome of said compounds is in an
aggregate or crystallized state when fused and thereafter gradually cooled.

The method as claimed in Claim 1, wherein at least one of said two
compounds has a long chain structure, and said second decolorized state
is attained by the aggregation force of said long cham structure of at least
one of said two compounds.
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