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determ ned weight ratio 5 and are characterised by an ability to forma
thernooptically active nesophase of a established narrow range of a
thernooptical transitions separation, by 0.5 C, in a tenperature range:
from31.8 Cto 32.8 C, from32.8 Cto 33.8 C, and from33.8 Cto 34.8 C,
and to the system conprising these mxtures. The present invention al so
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cancer, and repeated pathologic thermograms are associated with 22-times higher risk of
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method of choice at continuous anticancer monitoring in women with a positive family

25  history.

The physiological basis for the use of thermography in medical imaging diagnosis

is a dermothermic effect based on direct mapping of different metabolism rate of

pathological cells through a contour-line recording of corresponding thermic changes on

examined area of the patient body (also including the surface of the mammary glands). The
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25 It is an object of the present invention to provide the liquid-crystal mixtures able to
formation of the thermooptically active mesophase of established narrow range of the
thermooptical transitions separation, every 0.5 °C, in the temperature range: from 31.8 °C
to 32.8 °C, from 32.8 °C to 33.8 °C, and from 33.8 °C to 34.8 °C. The above object is
realised by developing the composition of liquid-crystal mixtures having the required

30  properties.

The liquid-crystal mixtures in the system according to the present invention, due to
their unique length change property, thus the colour of the selectively reflected light in the

mesophase, precisely every 0.5 °C, in a very narrow range of termooptical response of only

1.5 °C for each mixture, can act as colorimetric indicator of the temperature differentiation
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r epr esent edxyinetergar swufase 2reas of the thermic differentiation, at least corresponding to the

rated gradient known from the literature (0.7 °C), which is characteristic for the tumours
neoplasmic malignant growth type. In particular, it means that the successive application
20  fixed on the carrier first mixture, then second mixture and third mixture, allows the
detection of the areas on the examined surface of the breast that are anomalous in respect
of thermal characteristic, in whole range of surface temperature experimentally registered
for this organ, with simultaneous very easy detection of the focal changes of the
temperature due to the fact, that the individual primary colours (red, green, blue) visible as
25  the colour of light reflected in the mesophase formed by given liquid crystals mixture, are
observed precisely every 0.5 °C — thus two adjacent areas of different colour may
minimally differ from each other by this temperature range.
In first aspect, the present invention relates to the mixtures of the liquid-crystal
compounds having the ability to form the thermooptically active thermotropic mesophase
30  in narrow range of temperatures, with the colour transitions changing every 0.5 °C.
The liquid-crystal mixtures according to the present invention comprise the

following compounds:



Formula 2 10- chol esteryl propionate, CAS registry nunber 633-31-8, and the

structure represented by the fornmula 3; Fornmula 3 15- chol esteryl

chl ori de,wQABIIY®gi3gt ry nunber 910- 31-6, dnd the struct UPETPERIIBHENDEd by

the formula 4; C Formula 4 5 WD 2011/ 093734PCT/ PL2011/ 050005 -

gt fu ot S:, gepgg:’ Zggﬁ%gegtnﬁﬁ Rep]aég(ﬁ%t r Ir%gt;‘né/matlc meltlcr)igS?%heB zemperz?ture g(ﬁ' § °C to
achieve the isotropic liquid state at the temperature 90 °C (temperature of clarification),

CAS registry number 633-31-8, and the structure represented by the formula 1;
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5 Formula 1

- cholesteryl oleyl carbonate, CAS registry number 17110-51-9, and the structure

5“%

represented by the formula 2;

/ N
/f‘\\ /\\/ .. .z'\\_'. \.

[\ PN N

ity

Formula 2

10 - cholesteryl propionate, CAS registry number 633-31-8, and the structure
represented by the formula 3;
1L
..\‘)J\D
Formula 3
15 - cholesteryl chloride, CAS registry number 910-31-6, and the structure represented

by the formula 4;




Formula 5 5The m xture of |iquid-crystal conpounds according to the present
i nvention consists of chol esteryl pelargonate in amunt from48.61%to

52. 53% bywaebglm373ahol est eryl ol eyl carbonate in anount PCTERREIG/O8I96 t O

50. 39% by wei ght, chol esteryl propionate in anount fromO0.18%to 0.28% by
wei ght, chol estery], chl oride in ano fram 0. 16% t % Db ight and

a 0™ i pentyt ag by SERYEHAE S bR Chs oGRS somPs T60880e virbiBe e
forns ther rgepdchealtythéfdrmvg Jresophase in the tenperature range from31.8 C
to 34.8 C I n one enbodi ment, the composition in % by weight of the
first mxture according to the present invention is as follows: chol esteryl
pel ar gonat e48. 61% 15chol esteryl ol eyl carbona}e50.39@6cholesteryl

pr opi onat €0. 28% chol esteryl chl ori de0.20% 4, 4 -di pentyl azoxybenzene0. 52%
Preferably in the first m xture according td the present invention, the

mesophase is 20 thernooptically responsive in the tenperature range from
31.8 Cto 32.8 C, wherein at the tenperatuye 31.8 C appears reflected in

t he nesophase |ight of red col our (of wa%ef%ngth 720 nn) and this colour is
mai nt ai ned through 0.5 C, at the tenpera;zg% 32.3 C appears reflected in
t he nesophase |ight of green col our (oh;g; el ength 545 nm

Formula 5

5 The mixture of liquid-crystal compounds according to the present invention
consists of cholesteryl pelargonate in amount from 48.61% to 52.53% by weight,
cholesteryl oleyl carbonate in amount from 46.47% to 50.39% by weight, cholesteryl
propionate in amount from 0.18% to 0.28% by weight, cholesteryl chloride in amount from
0.16% to 0.20% by weight and 4,4’-dipentylazoxybenzene in amount from 0.52% to
10 0.66% by weight and forms thermooptically active mesophase in the temperature range

from 31.8 °C to 34.8 °C.
In one embodiment, the composition in % by weight of the first mixture according

to the present invention is as follows:

- cholesteryl pelargonate 48.61%
15 - cholesteryl oleyl carbonate 50.39%
- cholesteryl propionate 0.28%
- cholesteryl chloride 0.20%
- 4,4’-dipentylazoxybenzene 0.52%.

Preferably in the first mixture according to the present invention, the mesophase is

20  thermooptically responsive in the temperature range from 31.8 °C to 32.8 °C, wherein at
the temperature 31.8 °C appears reflected in the mesophase light of red colour (of
wavelength 720 nm) and this colour is maintained through 0.5 °C, at the temperature

32.3 °C appears reflected in the mesophase light of green colour (of wavelength 545 nm)



WO 2011/ 0937346PCT/ PL2011/ 050005 and this colour is maintained through 0.5
C, and at the tenperature 32.8 C appears reflected in the nesophase |ight
of bl ue csbDaor1/EeB4nwavel ength 410 nm and this col our i PCRPLAG1AI0M®AS t hr ough
0.5 C I n second enbodi nent, the conposition in % by wei ght of

t he second m xture 5Saccording to the present invention is as ld ows:
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chol ester ylfi-aRi iANAL BRsGh e H%Ql(ﬁ?tﬂ&r 31oENbPHag8Bn ABY%10 nm) and this colour is
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0.5 C. In third._enbogdhdiedéryl plopione@Posi tion i madpy wei ght of the third

m xture 2 Oaccording to the present invention is as follows: cholesteryl

pel ar gonat e52. 53% chtledes} shloideey| car bonat €4BBA7% chol esteryl
propi opgt 0. 18% 4,4’-dipentylazoxybenzene 0.58%

Preferably in the second mixture according to the present invention, the mesophase
is thermooptically responsive in the temperature range from 32.8 °C to 33.8 °C, wherein at
the temperature 32.8 °C appears reflected in the mesophase light of red colour (of
wavelength 720 nm) and this colour is maintained through 0.5 °C, at the temperature 33.3

15  °C appears reflected in the mesophase light of green colour (of wavelength 545 nm) and
this colour is maintained through 0.5 °C, and at the temperature 33.8 °C appears reflected
in the mesophase light of blue colour (of wavelength 410 nm) and this colour is maintained
through 0.5 °C.

In third embodiment, the composition in % by weight of the third mixture

20  according to the present invention is as follows:

- cholesteryl pelargonate 52.53%
- cholesteryl oleyl carbonate 46.47%
- cholesteryl propionate 0.18%
- cholesteryl chloride 0.16%
25 - 4,4’-dipentylazoxybenzene 0.66%

Preferably in the third mixture according to the present invention, the mesophase is
thermooptically responsive in the temperature range from 33.8 °C to 34.8 °C, at the
temperature 33.8 °C appears reflected in the mesophase light of red colour (of wavelength
720 nm) and this colour is maintained through 0.5 °C, at the temperature 34.3 °C appears

30 reflected in the mesophase light of green colour (of wavelength 545 nm) and this colour is
maintained through 0.5 °C, and at the temperature 34.8 °C appears reflected in the
mesophase light of blue colour (of wavelength 410 nm) and this colour is maintained

through 0.5 °C.



chol esteryl chloride0. 16% 25-4, 4' - di pentyl azoxybenzene0. 66%
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Example 1

Preparation of liquid-crystal mixtures
Using analytical balance, the individual components of the liquid-crystal mixtures

20  was weighted. The compositions of the mixtures are presented in Table 1.

Table 1
Chemical compound Mixture I Mixture II Mixture 111
cholesteryl pelargonate 48.61 g 5028 ¢ 5253 ¢
cholesteryl oleyl carbonate 5039 ¢ 4872 ¢ 4647 ¢
cholesteryl propionate 028 ¢ 024 ¢ 0.18 ¢
cholesteryl chloride 020¢ 0.18 ¢ 0.16 g
4,4"-dipentylazoxybenzene 052¢ 0.58 ¢ 0.66 g

Weighted samples of the individual mixtures components were placed in 200 ml
beakers. The mixtures were heated at the temperature about 70°C with mixing by the use
25  of mechanical stirrer RD 50D type for about 24 hours to obtain the homogenous mixture.
The obtained liquid-crystal mixtures were made to control in order to check the
temperature phase transitions. The sample of the melted mixture was applied on a

blackened metal plate of dimensions 50 mm x 50 mm of a cooling-heating table with



Usi ng anal ytical bal ance, the individual conponents of the |iquid-crystal

m xtures 2 Owas wei ghted. The conpositions of the m xtures are presented in
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10  at the temperature 32.8 °C - 33.3 °C reflected light of blue colour (410 nm)
were obtained.
For the mixture II:
at the temperature 32.8 °C - 33.3 °C reflected light of red colour (720 nm);
at the temperature 33.3 °C - 33.8 °C reflected light of green colour (545 nm);
15  at the temperature 33.8 °C - 34.3 °C reflected light of blue colour (410 nm)
were obtained.
For the mixture I1I:
at the temperature 33.8 °C - 34.3 °C reflected light of red colour (720 nm);
at the temperature 34.3 °C - 34.8 °C reflected light of green colour (545 nm);
20 at the temperature 34.8 °C - 35.3 °C reflected light of blue colour (410 nm)

were obtained.
Example 2

25 Preparation of the plate containing the mixture III according to the example 1, for
the use as thermodetector.

On the rectangular plate surface made of transparent organic polymer, e.g.
polycarbonate or polyester, was applied an adhesive coating, e.g. aqueous dispersion of
acrylonitrile copolymer, then dried at the temperature 80 °C for about 2 hours. Next, on the

30  adhesive coating such prepared the liquid-crystal mixture I according to the example 1,
suspended in aqueous dispersion of polyvinyl alcohol was applied by means of squeegees.
The layer of the liquid crystals, after pre-evaporation of the dispersing component by
placing the plate functioning as a carrier for the liquid crystals under an infrared radiator at

the temperature 280 °C for 30 minutes, was coated with an encapsulating layer of vinyl



5the m xture was cool ed down to determ ned tenperatures and visually
checked for the col our response. For the mxture |: at the tenperature 31.8
C - 32. 3 wonefl@st3ed |ight of red col our (720 nm; at tIRETPEAPE0&I00Fe 32. 3
C- 32.8 Creflected light of green coI our (545 nm; 1 Oat the tenperature
32.8 C - 0 ur r.e.obt ai.ned. o
Che mixt ur @oPPEroEOl Y En afoiegt ot e B8 M 3 S A o PG RRAT no Lo

col our (72Qo¥dD than 80%ahnd he theBebalte 3328 €. - fop3atduf ehbest apindd g of
green colour (545 nn); 15at the tenperature 33.8 C - 34.3 Creflected |ight
of bl ue colpohnne(ma_t@omptpcmemsabmaimdhe ﬁmsPaﬂqet eriaseduwigh liguid caystalhplate was
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5  polymer side using a screen printing technique. When the absorptive coating was dried
(about 12 hours at the temperature of 25 °C), the plate containing the liquid-crystal mixture
IIT was obtained, showing the thermooptical response in the temperature range from
33.8°C to 34.8 °C, ready to use as the thermodetector for imaging of the isotherm

distribution on the surface of the examined mammary gland.



2 Oat the tenperature 34.8 C- 35.3 Creflected |ight of blue colour (410
nm were obtained. Exanple 2 25Preparation of the plate containing the

m xture IWO20t98B4Nng to the exanple 1, f%r the use as PhEPIRUIVEWDDI .

On the rectangul ar plate surface nade of transparent organic polyner, e.g.
pol ycarbonate or polyester, was applied an adhesive coating, e.g. aqueous
di spersion of acrylonitrile copolyner, then dried at the tenperature 80 C
for about 2 hours. Next, on the 30 adhesive coating such prepared the
liquid-crystal mxture | according to the exanple 1, suspended in agueous
di spersion of polyvinyl alcohol was applied by neans of squeegees. The

| ayer of the liquid crystals, after pre-evaporation of the dispersing
conponent by placing the plate functioning as a carrier for the liquid
crystals under an infrared radiator at the tenperature 280 C for 30

m nutes, was coated with an encapsul ating, | ayer of vinyl 9 WO

2011/ 093734PCT/ PL2011/ 050005 pol yner. Kdaerisation process was carri ed
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containing the liquid-crystal mxture Il'l was obtained, show ng the
t her moopt i cywlgh’cesqbéﬁs@hpentyﬂmxy@mp@man@rr@unhfmg@ OE 720t BB66% Dy weight. 8 C,
ready to use as .t he er nodet ect or f or %' of t he |S(}h%rqﬂ%}str|but|on

on the surface gf t he ‘examned I %ﬁ%ﬁy gI (]%?%%gwnse i xPUPe of
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pel argonate in anount from 48.61%to 52. 53% by wei ght, chol esteryl ol eyl

carbonate in andunt fThemix@reixeerdnsE. 39 byhewettgrised mhhﬂtetsqoelslyﬂs op il tmat e
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0.52% to 0.bg6Weidlt WRIIGryl propionate, 0.20% by weight cholesteryl chloride and 0.52% by
weight 4,4’ -dipentylazoxybenzene.
4. The mixture according to claim 1, characterised in that it forms
thermooptically active mesophase in the temperature range from 31.8 °C to 32.8 °C.
5. The mixture according to claim 1, characterised in that it consists of 50.28%
by weight cholesteryl pelargonate, 48.72% by weight cholesteryl oleyl carbonate, 0.24%
by weight cholesteryl propionate, 0.18% by weight cholesteryl chloride and 0.58% by
weight 4,4’ -dipentylazoxybenzene.
6. The mixture according to claim 1, characterised in that it forms
thermooptically active mesophase in the temperature range from 32.8 °C to 33.8 °C.
7. The mixture according to claim 1, characterised in that it consists of 52.53%
by weight cholesteryl pelargonate, 46.47% by weight cholesteryl oleyl carbonate, 0.18%
by weight cholesteryl propionate, 0.16% by weight cholesteryl chloride and 0.66% by
weight 4,4’ -dipentylazoxybenzene.
8. The mixture according to claim 1, characterised in that it forms
thermooptically active mesophase in the temperature range from 33.8 °C to 34.8 °C.
0. Use of the mixture according to claim 1 for colorimetric detection of

temperature differentiation on the surface of the biological objects.



2. The m xture according to claim1l1, characterised in that it forns
thernooptically active nesophase in the tenperature range from31.8 Cto
34.8 C. WO20113937Bhe m xture accordi ng td claim1, char aco@L2eemnsions t hat it
consists of 48.61% by wei ght chol esteryl pel argonate, 50.39% by wei ght
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wei ght 4,4" -di pentyl azoxybenzene. 6. The m xture according to claim
1, char act eravsledgth 20man), gieen golaur tof sanplength 945 Ingn) aed blus qetas pefasevelangthe

t enper at ur ange.fro 8 Cto 33.8 C 7. The mixture according to
claim1, c%&?&%ﬁéﬁ?ggglfﬁjPﬁngft consi sts of 52.53% by wei ght chol esteryl

pel argonate, 46.147% lye Wi @Bt syeheal astRark © &xlm Cr RanadiesimPurik8detbitionebght
chol esteryl propionate, 0.16% by wei ght chol esteryl chloride and 0.66% by

wei ght 4, 4'tempfirparn ditterentighen pante surface of theThilegisel wbgeckic Bonarawy raeeecPlai m
1, characterised in._that. itfor ernooptically active nesophase in the
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t enper at ur e PRAYHE" '8 C. 9. Use of the mixture
according to claiml1l for colorinetric detection of tenperature
differentiation on the surface of the biological objects. 10. System

of three liquid-crystal mxtures formng the thernotropi c nesophase
according to claim1-8, characterised in that the m xtures are adapted for
i magi ng of the isothermdistribution on the surface of the biological
objects in narrow range of tenperatures from31.8 C do 34.8 C, naintaining
the thernochrom c separation for three primary colours of the |ight
selectively reflected in the nesophase - red col our (of wavel ength 720 nnm,
green col our (of wavel ength 545 nm and bl ue col our (of wavel ength 410 nm
- inthe 0.5 Cintervals. 11. Use of the systemaccording to claim 10
for colorinetric detection of tenperature differentiation on the surface of
t he bi ol ogi cal objects in narrow range of tenperatures from31.8 Cto 34.8
C.



