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TLC LITERATURE REVIEW (A)
TECHNICAL BACKGROUND AND PRACTICAL ISSUES

This review was originally compiled as an aid to understanding the practical issues that have been encountered over the years
by those interested in exploiting the unique properties of TLCs in commercial applications. It covers the problems associated
with using TLCs as the unsealed liquids and the related need for stabilization and protection of the materials if they are to be
used successfully. The various methods and technologies that have historically been used during manufacturing to impart
additional stability and protection are described. These include the optimization of unsealed TLC mixtures by changing their
?ompcIJsition and the use of microencapsulation techniques and polymer matrix dispersions to produce stable coating
ormulations.

PROBLEMS WITH USING TLCs AS THE UNSEALED LIQUIDS

The unique properties of TLCs can only be used to advantage if they can be controlled and the materials made to behave
predictably for a given period of time (the lifetime of the product in which they are to be used).

In simple thermographic/thermal mapping/NDT applications when long-term stability is not important, the materials can be used
as the unsealed liquids. However, they are not easy to use in this form. The consistency of most commercially available
thermochromic liquid crystal formulations (at their working temperatures) varies between that of thin oil and a viscous paste;
this makes it difficult to apply the materials onto a black background to give a thin uniform film. In addition, the liquid crystal,
once applied, should remain inert and inactive. Problems encountered in trying to use the materials successfully are
compounded by the fact that, to a certain extent, the characteristics of the cholesteric (chiral nematic) liquid crystal phase which
gives it its commercial usefulness also create the stability and the life-time problems to which so much development time and
effort has been applied over the years.

Unsealed TLC mixtures are generally applied in thin uniform films of 10-100 microns thickness. As a result, changes in color
can be observed when only small amounts of energy are applied and response times can be fast. However, the resulting large
surface area to volume ratio gives rise to a high susceptibility to degradation, whether from oxygen in the atmosphere, which
can diffuse into the shallow film easily, UV radiation or dust and fiber particles.

Films of unsealed TLC are also very sensitive to certain chemicals, particularly fats, greases and many common organic
solvents. The presence of small amounts (a few ppm) of these chemicals change the temperature at which a particular color is
shown or, for fixed color systems (showing one color over a wide temperature range), change the color seen. Indeed, some
TLC compounds and mixtures possess very good solvent properties themselves (particularly at high temperatures around
100°C) and have the ability to selectively extract certain harmful chemicals from various polymer sheets and coatings with
which they are in contact, resulting in associated changes in their color/temperature profiles. In chemical analysis systems,
such sensitivity is particularly useful (see, for example, reference (1)), but in other applications it is a serious drawback. Dust
and fiber particles are readily trapped by viscous films of unsealed TLC. These can induce changes in the film from the
colored, maximally reflecting, planar texture of the cholesteric mesophase to the colorless focal conic texture (2). High viscosity
can also result in entrapment of the solvent which may have been used to apply the film initially. The volatile solvent eventually
evaporates out, changing the color/ temperature characteristics of the film as it does so.

As a result of the effects described above, the lifetime of an unprotected, unsealed TLC film varies from a matter of hours to a
few days, depending on the conditions to which the material is subjected. In "spray-on/wipe-off" thermal mapping/NDT
applications this causes no problems, however, the majority of applications require a degree of stability far in excess of the
lifetimes quoted above.

Numerous cholesteric TLC compositions have been recommended for thermographic/ temperature indicating applications in
the literature (3-24, 159, 167-171). These include hysteretic (memory) and shear-sensitive (temperature insensitive)
formulations. Significant improvements in the performance and stability of cholesteryl ester mixtures can be obtained by the
addition of crystallization inhibitors, anti-oxidants and other stabilizers (7, 8, 12, 25-35, 163-166). The decomposition of
cholesteryl ester mixtures and the effects of various inhibitors/stabilizers have been studied (36, 37).

Non sterol-based "chiral nematic" compounds (38-48) were made on a commercial scale for the first time in the 1980s. These
materials are cholesteric liquid crystals by the accepted definition but are not related to cholesterol or any other sterol and
therefore have different chemical and physical properties to cholesteryl esters. They need to be differentiated and the term
"chiral nematic" is used to do this. Although the mechanism by which these materials change color is the same as cholesteryl
esters, they can be used in different ways to achieve different effects (172). It is also possible to mix chiral nematics and
cholesterics to give TLC formulations which have properties intermediate between those of the constituents. Compositions for
useful TLC mixtures (cholesteric and chiral nematic) continued to appear in the open and patent literature well into the 1980s
(e.g. (49-52, 173-175)).
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In the bulk, unsealed, unstabilized form, chiral nematic mixtures are inherently more stable than their cholesteryl ester
counterparts, but the materials are still far from being completely stable. The mechanism of chemical decomposition is
different and unsealed chiral nematic TLC mixtures cannot be stabilized in the same way as cholesterics. However, it is
possible to greatly increase the stability of both types of material in a number of different ways during the further processing
steps necessary to put together a finished product or effect.

Ultimately, the stability or apparent stability of a TLC mixture is determined by many parameters including the following:

(a) its functionality - essentially how temperature sensitive it is; (b) the form in which it is used; (c) its environment - the
composition of the vehicle to which it is added / nature of the product in which it is incorporated; (d) the conditions to which it is
exposed, during handling and when it is in the final product.

The actual composition of the unsealed TLC mixture is also an important factor, but not as overly important as it might appear
to be initially. The ways in which the materials are used and the steps that are taken to improve stability in their working
environment are probably equally important, if not more so.

STABILIZATION AND PROTECTION TECHNIQUES

Microencapsulation

The first step in stabilizing TLC formulations is to isolate the liquid crystal from the atmosphere by a protective barrier and
preferably, at the same time, to convert it into an easily-to-use form. If the primary protection against degradation is provided by
some sort of physical packaging, then secondary protection can be achieved by incorporating stabilizing (UV absorbing)
properties into the materials used in conjunction with the liquid crystals to make devices. The clear polymer substrates to which
the packaged TLC is applied and the polymer systems (ink or paints) which either contain the packaged TLC or are applied to it
to protect it, are the best examples of hosts for stabilizers.

Generally speaking, contact with organic material (e.g. enclosure within foils, dispersions in polymers and plastics and
microencapsulation) always brings with it the danger that soluble or diffusible substances can alter the color/temperature
characteristics of the liquid crystal material. To date, the microencapsulation process seems to be the most versatile, widely
applicable and successful way of packaging TLC. Slurries containing microencapsulated TLC are generally agueous and need
to be made into inks or paints before they can be applied successfully in device manufacture. Good TLC inks usually contain a
number of water-based polymer/resin components in addition to the microencapsulated TLC and are optimized for the
particular method of lay-down to be used. To date, screen printing has been the most successful means of laying down TLC
inks commercially, although many other printing and coating processes are claimed in the literature.

As mentioned above, the microencapsulation process is especially well suited to protect TLCs (53-65, 176). The following
procedure is a typlcal example (54): 1.25¢g of acid-extracted pigskin gelatin and 1.25g of gum arabic are stirred with 125¢g of
distilled water at 55°C to yield a solution of about pH 4.5. When the solution has formed, the pH is adjusted to 6.0 by the drop-
wise addition of 20% (by weight) aqueous sodium hydroxide solution. Then the cholesteric mixture consisting of 2g cholesteryl
chloride, 8g cholesteryl nonanoate and 1g MBBA is added and emulsified to an average droplet size of 5 to 30 microns. By the
drop-wise addition of 14% (by weight) aqueous acetic acid solution, the pH is slowly reduced to finally reach about 5, whereby
the polymeric material is phased out to dep03|t on the liquid crystal droplets The system is then chilled to 10°C under

continuous agitation, and 0.06 ml of a 25% (by weight) aqueous solution of pentanediol, a chemical hardening agent for the
gelatin, is added. After 12 hours stirring while slowly returning to room temperature, the capsule walls are firm and sufficiently
hardened to be sieved through a wire mesh sieve. If a silver halide is incorporated in a similar procedure, photosensitive liquid
crystal microcapsules can be obtained (62, 66, 67). A number of books and review articles provide both comprehensive
summaries and detailed accounts of microencapsulation techniques (e.g. (68-72)).

Once microencapsulated, the TLC mixture can be incorporated into a coating formulation optimized for the application method
to be used either in device manufacture or to achieve the desired color change effect.

Polymer Matrix Dispersions

It is possible to disperse the TLC mixture straight into a resin system without first microencapsulating it. Coatings made in this
way are referred to as polymer (matrix) dispersions although confusion does exist as some people also refer to such systems
as encapsulated liquid crystal systems. Thermosetting resins (e.g. acrylic (135-139) and melamine resins (140)), polyvinyl
alcohol (141-143) and other emulsion media (135, 139, 144-155) have all been suggested as components for polymer
dispersion coatings, the structures and optical properties of examples of which have been studied (156-158). However, such
dispersions containing non-microencapsulated liquid crystal mixtures are generally not as stable and have not been used as
successfully in commercial thermochromic applications as coatings containing microencapsulated material.
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Coating Formulations

Further processing of microencapsulated and non-microencapsulated TLC mixtures towards temperature indicating devices
and applications includes ink (4, 73, 74, 76-79, 178), paint (80, 81, 179, 180) and general coating formulations (75, 177, 181-
185), sprays (82, 83) film-forming pastes (84, 143, 186) and coated films/sheets (85-94, 187-189). Multi-coat systems are also
described (83, 95, 96). Incorporation into or onto elastic membranes can offer microcapsules further protection (97, 98, 191).
Response times of various commercially available TLC films and coating materials have been measured (99, 192). Electro-
optical display devices containing microencapsulated cholesterics are claimed (100-104) and the preparation of vitrified nematic
and chiral nematic (cholesteric) LC films (105, 106) and of decorative iridescent coatings have also been described (107-110).
The use of dyes in LC mixtures (111), in coating formulations (112) and in overcoats as color filters (113) has also been
covered. The literature includes reference to decorative coated plastic sheets for use as substrates (114) and protection
?gair;st degradation by UV radiation can be built into clear polymer substrates optimized for use with TLC coating formulations
115).

Other Protection Methods

In addition to microencapsulation and coating formulations incorporating microencapsulated and polymer dispersed CLC
mixtures, a number of other techniques for packaging, protecting and utilizing TLCs have been developed. The materials can
be sandwiched between two plastic sheets (a transparent cover and a black substrate) or can be protected by similar
procedures (116-124). The influence of polymer surfaces on the textures has been studied (125). Textile fabrics coated with
CLC are described (126-130, 190), as are TLC filled hollow fibers that can reversibly change color with temperature (96, 131,
132). Yarns with temperature sensitive colors have been obtained in the following way (133). A polyester sheet is gravure
coated with a black ink, gravure coated with a mixture of 30% aqueous polyacrylamide and 30% aqueous slurry of a
microencapsulated TLC, and top-coated with a solution of maleic acid-vinyl acetate-vinyl chloride graft co-polymer. The film is
slit to 0.4mm and wound round a 120 denier yarn. Other patents also exist (134).

Publications covering the subject matter of this review continued to appear in the open and patent literature into the mid 1990s,
but at a much reduced rate. Since then, the rate of publication of relevant articles has continued to decrease, highlighting the
importance of the 25 year period from the mid 1960s to the late 1980s as the golden era for advances in TLC technology.

REFERENCES

1. Fergason J.L., US Patent 3,409,404 (1963)

Dixon G.D. and Scala L.C., Mol. Cryst. Liqg. Cryst., 7, 443 (1969)

Bubel O.N., Kaloshkin E.P., Koleshko V.M., Novikov L.S. and Stepanov V.P., USSR Patent 463,693 (1973)
Davis F., US Patent 3,975,288 (1975)

Demus D. and Wartenberg G., Kristall und Technik, 11, 1197 (1976)

Erdos G., Janossy |. and Pinter K., Hung. Acad. Sci. Cent. Res. Inst. Phys. KFKI 1975, KFKI-75-65
Goldberg N.N. and Fergason J.L., US Patent 3,580,864 (1969)

Goldberg N.N., US Patent 3,580,865 (1969)

9. Grossman B., Rokicka E. and Szymanski A., Zesz. Nauk Politech. Lodz. Fiz., 2, 117 (1973)

10. Hori F., Japan Patent 74 37,884 (1972)

11. Hori B, Kato B. and Arima N., Japan Patent 76 136,586 (1975)

12. Koff A., Ger. Patent 2,059,789 (1969)

13. Kosai K. and Higashino T., Shikizai Kyokaishi, 48, 85 (1975)

14. Kubo S. and Arai H., Japan Patent 74 46,473 (1970)

15. Sagane M., Japan Patent 74 35,427 (1972)

16. Sawatari K., Mukai T., Tsukinuki K. and Seto T., Japan Patent 75 80,283 (1973)

17. Sharpless E.N., US Patent 3974317 (1976)

18. Shimomura T., Yoshikawa N. and Murakami T., Japan Patent 74 46,235 (1970)

19. Suzuki F.K. and Davison T.W., US Patent 4,015,591 (1976)

20. Tishchenko V.G., Fetisova M.M., Makhotilo A.P., Onishchenko L.N. and Babenko V.V., USSR Patent 449,923 (1973
21. Ueno S. and Kobayashi S., Farumashia, 7, 96 (1971)

22. Woodmansee W.E., US Patent 3,441,513 (1966)

283. Yamaguchi M., Japan Patent 77 24,992 (1975)

24. Tokuyama Soda Co. Ltd., Japan Patent 83 180,574 (1983)

25. Brown G.T., Clark D.B. and Koopman D.E., US Patent 3,920,574 (1974)

© N o k0D

RT002 Rev00 Page 3 of 7
www.HALLCREST.com Glenview, IL




26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

Brown G.T., Clark D.B. and Koopman D.E., US Patent 3,998,860 (1974)

Pick P.G., Fabijanic J. and Stewart A., Mol. Cryst. Liqg. Cryst., 20, 47 (1973)

Chistyakov I.G., Gorina L.I., Vistin L.K., Karpov O.N. and Kuznetsov A.N., USSR Patent 463,694 (1973)
Chistyakov I.G., Gorina I.I. and Rubtsova, Krystallografiya, 22, 334 (1977)

Sawatari K., Mukai T., Tsukinuki K. and Nishida O., Japan Patent 75 1,082 (1973)

Sawatari K., Mukai T., Tsukinuki K. and Nishida O., Japan Patent 75 32,082 (1973)

Zharkova G.M. and Khachaturyan V.M., Aerofiz. Issled., 3, 169 (1974)

Dixon G.D. and Scala L.C., US Patent 3,656,909 (1970)

Dixon G.D. and Scala L.C., Mol. Cryst. Lig. Cryst., 10, 411 (1970)

Andreev V.M., Zharkova G.M., Fokin E.P. and Khachaturyan V.M., Izv. Sib. Otd. Akad. Nauk SSSR, Ser. Tekh. Nauk, 124 (1979)

Parsyan G.V., et al., Arm. Khim. Zh., 36, 689 (1983)

Vardanyan R.L., Parsyan G.V., Akopyan G.G., Arm. Khim. Zh., 38, 153 (1985)
Gray G.W., Harrison K.J. and Nash J.A., Electron. Lett., 9, 616 (1973)

Gray G.W. and McDonnell D.G., Electron. Lett., 11, 556 (1975)

Gray G.W. and McDonnell D.G., Mol. Cryst. Lig. Cryst., 37, 189 (1976)

Gray G.W. and McDonnell D.G., Mol. Cryst. Lig. Cryst., 34 (Letters), 211 (1976)
Gray G.W. and McDonnell D.G., Mol. Cryst. Lig. Cryst., 48, 37 (1978)

Gray G.W. and McDonnell D.G., Brit. Patent 1,556,994 (1979)

Gray G.W. and McDonnell D.G., Brit. Patent 1,592,161 (1981
Gray G.W. and McDonnell D.G., Brit. Patent 1,596,012 (1981
Gray B.W. and McDonnell D.G., Brit. Patent 1,596,013 (1981
Gray G.W. and McDonnell D.G., Brit. Patent 1,596,014 (1981
Gray G.W. and McDonnell D.G., Brit. Patent 1,603,076 (1981)

Demus D., Krieg C. and Weissflog W., Z. Chem., 22, 446 (1982)

Demus D., Krieg C. and Weissflog W., Z. Chem., 22, 385 (1982)

Tokuyama Soda Co. Ltd., Japan Patent 83 180,574 (1982)

Chilaya G.S., Elashvili Z.M., lvchenko S.P. and Vinokur K.D., Mol. Cryst. Liq. Cryst., 106, 67 (1984)

Arimoto H., Kakishita T. and Takada M., Japan Patent 73 44,177 (1971)

Cartmell J.V. and Churchill D., US Patent 3,720,623 (1971)

Churchill D., Cartmell J.V. and Miller R.E., Brit. Patent 1,138,590 (1967)

Churchill D., Cartmell J.V. and Miller R.E., US Patent 3,697,297 (1970)

Churchill D., Cartmell J.V. and Miller R.E., US Patent 3,732,119 (1968)

Hori F., Kato B. and Arima N., Japan Patent 74 101,281 (1973)

Kano M., Ninomiya T. and Nishimura Y., Japan Patent 73 71,377 (1971)

Koff A., Ger. Patent 2,227,720 (1971)

Kubo S. and Arai H., Chiba Diagaku Kogakubu Kenkyu Hokoku, 21, 163 (1970)

Kubo S., Arai H., Hori F. and Kato T., Japan Patent 75 11,344 (1970)

Kuhn-Weiss F., Mater.-Pruf., 16, 140 (1974)

Orido Z., Uchida Y., Sawa T., Tokuyama N. and Kato T., Japan Patent 74 18,914 (1970)

Ueda M., Hori F., Kato B. and Arima N., Japan Patent 73 83,903 (1972)

Kubo S., Arai H., Hori B. and Kato B., Japan Patent 74 20,967 (1970)

Kubo S and Arai H., Nippon Shashin Gakkaishi, 35, 40 (1972)

Vandegaer J.W., "Microencapsulation; Processes and Applications", Plenum Press (1974)

Sliwka W., Angew. Chem., 87, 556 (1975)

Zheleznov K.N., Indeikin E.A. and Klopov V.1, IZV. Vyssh. Uchebn. Zaved., Khim. Khim. Tekhnol., 25, 1221 (1982)
Nixon J.R., Ed., "Microencapsulation”, Marcel Dekker (1976)

Kondo A. and Van Valkenburg J.W., "Microcapsule Processing and Technology", Marcel Dekker (1979)

Davis F., US Patent 3,969,264 (1976)

Davis F., US Patent 4,022,706 (1977)

As. Sib. Mech. Theor., USSR Patent 881,106 (1979)

)
)
)
)

www.HALLCREST.com Glenview, IL

RT002 Rev00 Page 4 of 7



76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
. Tokyo Ohka Kogyo Co. Ltd., Japan Patent 74 46,473 (1974)
. Visioterm Application S.A., Swiss Patent 591,553 (1977)

113.
. Nisshin Spinning Co. Ltd., Japan Patent 84 232,853 (1984)
115.
116.

111
112

114

117

Hori F., Kato B. and Arima N., Japan Patent 73 49,502 (1971)
Hori F. and Kato B., Japan Patent 75 101,110 (1974)

Kazakova S.M., Chebur V.G., Vilchinskaya N.I., Bazheva T.P. and Zadvinskaya T.V., USSR Patent 1,118,660 (1984)

Tokyo Ohka Kogyo K.K., Japan Patent 79 37,524 (1979)

Ono M., lto T., Sawa T. and Tokuyana M., Japan Patent 75 4,370 (1970)
Ono M., lto T., Sawa T. and Tokuyana M., Japan Patent 75 4,371 (1970)
Hesse R., Edler G. and Keller H., Ger. Patent 2,201,121 (1972)

Mace A., Bersan J. and Luby J., Fr. Patent 2,461,008 (1981)

Pick P.G. Fr. Patent 2,051,423 (1969)

Buirley W.L., Koopman D.E., McQuain D.B. and Reeves W.H., US Patent 4,441,508 (1984)

Eurand S.p.A., Fr. Patent 2,216,121 (1973)

Goto K., Japan Patent 73 19,488 (1971)

Hori F., Kato B. and Arima N., Japan Patent 74 108,187 (1973)
Kurosawa K., Japan Patent 73 97,777 (1972)

NCR Co. Ltd., Brit. Patent 1,387,389 (1972)

Visioterm Applications S.A., Swiss Patent 582,352 (1974)
Tricoire J., Fr. Patent 2,110,505 (1970)

Fergason J.L., US Patent 4,385,844 (1983)

Kyoshin Co. Ltd., Japan Patent 84 38,725 (1984)

Toppan Printing K.K., Japan Patent 81 28,852 (1981)
Nippon Ekeisho K.K., Japan Patent 85 18,306 (1985)
Patterson J.A. and Finkle D.E., US Patent 3,852,092 (1972)
Demus D. and Schmidt R., DD Patent 223,809-A (1983)
Parker R., Mol. Cryst. Lig. Cryst., 20, 99 (1973)

Churchill D. and Cartmell J.V., US Patent 3,578,844 (1968)
Churchill D. and Cartmell J.V., US Patent 3,600,060 (1968)
Churchill D. and Cartmell J.V., US Patent 3,734,597 (1971)
Churchill D. and Cartmell J.V., US Patent 3,816,786 (1971)

Hodson T.L., Cartmell J.V., Churchill D. and Jones J.W., US Patent 3,585,381 (1969)

Chistyakov |.G. and Kosterin E.A., Rost. Kristallov. Akad. Nauk SSSR, Inst. Kristallogr., 4, 68 (1964)

Leder L.B., US Patent 3,789,225 (1971)

Davis F., Ger. Patent 2,459,618 (1973)

Mahler W. and Panar M., US Patent 3,766,061 (1970)
Mahler W. and Panar M., Ger. Patent 2,245,924 (1972)
Mahler W. and Panar M., Brit. Patent 1,349,050 (1972)

Fordyce D.S. and Hurt B.A., Brit. Patent Appl. 2,165,646-A (1984)

Mackenzie W.M., Eur. Patent Appl. 180,360 (1986)
Fuller D.L., US Patent 4,388,139 (1983)

. Foppe Van Meer, M.B., Neth. Patent Appl. 81 05,533 (1983)
118.
119.
120.
121.
122.
123.
124.
125.
126.

Davis F., US Patent 3,619,254 (1969)
Tsutsui T., Japan Patent 81 139,506 (1980)

Kolenko E.A., Lopatina G. and Borodulya V.A., Czech. Conf. Electron. Vac. Phys. (Proc.) 5th, 1, 11 (1972)

Mina F.A., Fr. Patent 2,038,104 (1969)
Pichikyan N.A., Sonin A.S. and Titova N.B., Kvantovaya Electron, 3, 1614 (1976)
Woodmansee W., US Patent 3,511,086 (1966)

Hilsum C., Kerr K. and McDonnell D.G., Eur. Patent Appl. 132,077-A; Brit. Patent Appl. 2,143,323-A (1984)

Elefante G., Mark H.F. and Mark J.E., C.F.S.T.l., AD-805 577 (1966)
Nishijima Y. and Shimizu K., Japan Patent 74 14,784 (1972)

www.HALLCREST.com

Glenview, IL

RT002 Rev00 Page 5 of 7



127

141
142

143.

144

. Oguchi N., Ikami |. and Ohe A., Japan Patent 74 35,114 (1970)
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
. Churchill D., Cartmell J.V., Miller R.E. and Bouffard P.D., Fr. Patent 1,572,257 (1967)

. Churchill D., Cartmell J.V., Miller R.E. and Bouffard P.D., Brit. Patent 1,161,039 (1967)
Makhotilo A.P., Shevchuk S.V., Tkachenko V.P. and Tishchenko V.G., USSR Patent 531,835 (1974)
. Benton W.J. and Quigley J.R., US Patent 3,872,050 (1972)
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.

Ono M., lto T., Sawa T. and Kato T., Japan Patent 74 1,676 (1970)

Mace A., Busan J. and Luby J., Fr. Patent 2,493,338 (1980)

Ruggeri C., Fr. Patent 2,523,161 (1983)

Arimoto H., Kakishita T. and Takada M., Japan Patent 73 44,522 (1971)

Fujii Keori Ltd., Japan Patent 84 144,613 (1984)

Matsuda Y., Aramoto S. and Iwata K., Japan Patent 74 66,976 (1972)

Shibanai I. and Tanabe S., US Patent 4,048,359 (1977)

Baltzer D.H., US Patent 3,620,889 (1968)

Baltzer D.H., Ger. Patent 1,929,256 (1968)

Nakamachi H., Ouchida A., Shintani M. and Wada Y., Ger. Patent 2,442,176 (1973)
Ono D., Sawa T. and Tokuyama N., Japan Patent 74 43,269 (1970)

Shevchuk S.V., Makhotilo A.P. and Tishchenko V.G., Kholestericheskie Zhidk. Krist., 67, (1976)
Ono M., lto T., Sawa T. and Tokuyama N., Japan Patent 74 7,595 (1970)

Dixon G.D. and Meier J.F., Mol. Cryst. Lig. Cryst., 37, 233 (1976)
Fergason D.L., US Patent 3,885,982 (1968)

Koff A., Ger. Patent 2,018,028 (1969)

Ono D., Ito T., Sawa T. and Tokuyama N., Japan Patent 75 15,489 (1970)
Quigley J.R. and Benton W.J., Mol. Cryst. Lig. Cryst., 42, 43 (1977)
Taylor L.J., US Patent 3,935,337 (1971)

Totani K. and Fuji S., Japan Patent 74 122,541 (1973)

Benton W.J. and Quigley J.R., US Patent 4,182,700 (1980)

Lipatov Yu.S., et al., Dopov. Akad. Nauk Ukr. RSR. Ser. B: Geol. Khim. Biol. Nauk, 51, (1983)
Suzuki F.K. and Davison T.W., US Patent 4,161,557 (1979)

Davison T.W. and Suzuki F.K., US Patent 4,310,577 (1982)

Tsukruk V.V, et al., Kompoz. Polim. Mater., 22, 6 (1984)

Generalova E.V., et al., Vysokomol. Soedin., Ser. A, 25, 2274 (1983)

Generalova E.V., Klyukin L.M., Sonin A.S., Titova N.B. and Shibaev |.N., Zh. Fiz. Khim., 58 128 (1984)

Inst. Chim. Bucuresti, Rum. Patent Appl. 81,635 (1980)

Inst. Chim. Bucuresti, Rum. Patent Appl. 81,612 (1980)

Tokyo Ohka Kogyo K.K., Japan Patent 52 131,985 (1976)

Myl J., Czech. Patent 77 3,212 (1977)

Eurand S.p.A., USSR Patent 365,595 (1970)

Mukhina M.V., Zolotora L.V. and Komarov P.S., USSR Patent 618,399 (1978)
Crystallogr. Inst., USSR Patent 487,923 (1976)

Shubnikov Crystal, USSR Patent 463,694 (1975)

Babaev A.S., Bukhanov I.B. and Kleopov A.G., USSR Patent Appl. 675,066-A (1979)
Dainippon Printing K.K., Japan Patent 52 105,585 (1977)

Dainippon Printing K.K., Japan Patent 52 105,584 (1977)

Dainippon Printing K.K., Japan Patent 52 105,583 (1977)

Tokyo Ohka Kogyo K.K., Japan Patent 50 10,712 (1975)

Parsley M., Thermochromic Liquid Crystals, BDH Limited, 1984

Demus D., Gloza A. and Walter C., Z. Chem., 19, 146 (1979)

Thomson CSF, Fr. Patent 2,490,666 (1980)

Klanderman B.H. and Criswell T.R., J. Amer. Chem. Soc., 97, 1585 (1975)
Magne K.K., Japan Patent Appl., 58 196,285 (1982)

Kazakova S.M., USSR Patent 905,258 (1979)

www.HALLCREST.com Glenview, IL

RT002 Rev00 Page 6 of 7



178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.

Dainippon Printing K.K., Japan Patent 76 7,502 (1976)
Yokohama Rubber K.K., Japan Patent 82 59,962 (1980)
High Novelty Co. Ltd., Japan Patent 80 5,921 (1980)
Nippon Citation Tra., Japan Patent 79 37,073 (1979)
Dainippon Toryo K.K., Japan Patent 77 146,593 (1977)
Dainippon Paint Ltd., Japan Patent 74 122,541 (1974)
Mitsubishi Rayon Co. Ltd., Japan Patent 74 43,269 (1974)
Kanebo K.K., Japan Patent 74 14,784 (1974)

Makhotilo A.P., USSR Patent 105,501 (1974)

Kazakova S.M., Chebur V.G. and Vilchinska N.I., USSR Patent Appl. 998,480-A (1981)

Mansei Kogyo Co. Ltd., Japan Patent 73 19,488 (1973)
Tokyo Ohka Kogyo K.K., Japan Patent 76 136,586 (1975)
Unitika K.K., Japan Patent 76 22,547 (1976)

Bichara K.F., US Patent 4,087,575 (1978)

Jones T.V. and Ireland P.T., J. Phys. E., 20, 1195 (1987)

www.HALLCREST.com

Glenview, IL

RT002 Rev00 Page 7 of 7



