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and a preparation nethod of the |iquid-crystal enul sion A present

i nventi orwoebutm®s7380 t he emul sion of a thernotropic |iqeca/Peeygoaioss m xt ure
5 in aqueous solution of polyvinyl alcohol (PAW and the method for
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crystals into isotropic liquid. Dependently on the liquid crystal, it my
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system. As a result of the problems with achieving (using said method) repeatable

emulsion, in respect of significant thermooptical requirements, it was abandoned to use this

25  method in the industrial processes.

Presently applied method of encapsulation is the microencapsulation process. The

microencapsulation of the thermotropic liquid crystals, that is valid in the technical and

advertising applications, is not appropriate as the encapsulation method for medical



15related to it average di nensions of the disperse phase aggregates.
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to 8 days, the nost preferably during 4 to 6 days.
83% to 98 molar %. The emulsion according to the present invention will conveniently
contain from 4 to 19% polyvinyl alcohol by weight. It is believed that the main function of
30  polyvinyl alcohol in the emulsion, in combination with small amount, preferably from 1 to
2% by weight, of surfactant (nonoxynol-5) as a dispersing agent, is to act as a thickening

agent. The function of polyvinyl alcohol in the phase after emulsion application, is in turn

to act as a film-forming agent and partially encapsulating agent.



In order to obtain the aqueous phase, polyvinyl alcohol is added to the
aqueous- 25 al coholic solution containing dissolved boric acid, preferably
at the tewperatuesms322 2C. The mixture is mxed until geoct/rdespas®doOn oOf
pol yvinyl al cohol is obtained Then, 8he tenperature of the m xture, while
continuously m q% is rising.,to a
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and the properties of conposition 5 O phase: Conposi tion: the

m xture of ther fexpgsitadly itqiasdoend/dethisusing te ernelvensephrestionasgerdingep ey a
function of, ano ot her n y of the xture titu
conmpounds. PEsey renish ord i el Pelshp v e oSG, yhi§Rgcnat
cont ai ni ng:meRothe Hhetivhe P ehe FeNAferen&@neshBigYthe ghﬁﬂet&ﬁﬁm%ttﬁe drop size
cholesteryl propionate, cholesteryl chloride and di pentyl azoxybenzene

i n appropr ichthe aibpliassaisythaeinghsion viscosity Rrabained. es: any range of

t er moopti cal itivit colour res i,n visib ectrumrange fo

| ndl cated mesoptigerim v RE rSE0 Phcts it SoPaEE uiBRPE Al
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75 to 93 nPas. Aqueous phase: 20Conposition: dem neralised water with

conduct i vi tweauewsf pewinigyout e mixvaigr of 0hg themotropic liquid crystals (oil phase), at the

temperature near to the temperature of the transfer from the mesophase to the isotropic
15  phase, to the aqueous phase containing polyvinyl alcohol, water, ethyl alcohol, acetone,
emulsifying agent and boric acid, at the temperature conveniently lower by 5 to 10°C from
the temperature of the oil phase. Mixing conveniently is carried out using the stirrer with
the rotation speed from 500 to 5000 1/min. In order to obtain the droplets of the liquid-
crystal aggregates with demanded size, pre-emulsion mass conveniently is mixed for 1 to
20 15 minutes. After cooling down to the room temperature the emulsion should be stored in a
hermetically closed vessel, in a place not exposed to the direct action of sunlight. The
emulsion is conveniently utilized during 1 to 10 days, preferably during 2 to 8 days, the

most preferably during 4 to 6 days.
In order to obtain the aqueous phase, polyvinyl alcohol is added to the aqueous-
25  alcoholic solution containing dissolved boric acid, preferably at the temperature 22 + 2°C.
The mixture is mixed until good dispersion of polyvinyl alcohol is obtained. Then, the
temperature of the mixture, while continuously mixing, is rising to about 80 to 85°C and
the mixture is maintained at this temperature until polyvinyl alcohol is completely
dissolved. Next, the solution is cooled down to the temperature of 40°C, acetone and
30  emulsifying agent are added and the whole is mixed to complete mass homogenisation.
After cooling down to the room temperature the obtained mass is passed through the sieve

of a number 29T, then it is transferred to the hermetically closed containers and placed in a



acetone preferably analytically pure; anhydrous ethyl alcohol; boric acid
preferably analytically pure, nonoxynol-5 preferably with a water content
| ower thawo02941/093733 Properties: honbgenous, transpar enPCRER3201Mi05(904
stabilised rheol ogi cal paraneters, in4the form of polyvinyl alcohol
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wer e neasured using the OW ng neasuring apparatus. Density was neasured
with a pycnoneter from Zehner S/N. Viscosity was neasured using a

vi scosi neter Brookfield RVT type. To. neasure.the drop size of the oil phase
1 Che omi i on Kt Biistiah st arcyDisns clpbiet BubEBrpeiis oF camepions
from Makvern, equipped with He-Ne |aser of a power of 5 mlliwatts) was
used. The drop size was also confirnmed in a finished product, by testing a
cross-secti on ofOibpiasé:m cont ai ni ng applied | ayer of emul sion by using
scanni ng el ectron m croscope BS-301/Tesla type. WO
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Chol esteryl pel argonate, chol esteryl ol eyl carbonate, chol esteryl

propi onat e 9320%hsl esteryl chloride and 4, 4' - di pentyl azoxybenzene was ni xed
in appropriate ratios by

Aqueous phase:

20 Composition: demineralised water with conductivity preferably lower than 10 uS;
acetone preferably analytically pure; anhydrous ethyl alcohol; boric acid preferably
analytically pure, nonoxynol-5 preferably with a water content lower than 1%.

Properties: homogenous, transparent mass with stabilised rheological parameters, in
the form of polyvinyl alcohol solution in solvents with a density measured at the

25  temperature of 25°C preferably of 1.004 g/cm3 and viscosity preferably of 6300 mPa-s.

Physical properties of individual phases and final liquid-crystal emulsion were
measured using the following measuring apparatus. Density was measured with a
pycnometer from Zehner S/N. Viscosity was measured using a viscosimeter Brookfield
RVT type. To measure the drop size of the oil phase in the emulsion, a photon correlation

30  spectroscope (Zeta — Master 4, from Malvern, equipped with He-Ne laser of a power of
5 milliwatts) was used. The drop size was also confirmed in a finished product, by testing a
cross-section of a film containing applied layer of emulsion by using scanning electron

microscope BS-301/Tesla type.



wei ght at the tenperature of about 70C, to obtain 15 g of the oil phase.
Preparation of the liquid-crystal emulsion 25The m xture of the

t her not r owDo11yei3d crystals (oil phase, 15 g) was vi gorouiLgoiposied i nto
t he aqueous phase (continuous phase, 235 g) at the tenperature about 60C.
The whole was m ed gggng t he nechanical stirrer RD 50D type with the
rotation speed /mn. for 7 mnutes to obtain 250 g of the

| i quid-crystal emulsion of a white col our, viscosity of 4200 nPas at the
tenperature of 25C, density of 1.002 g/cnB at the 30tenperature of 25C and
t he average dr opfreiazasiopfof theeqoeduspthase(cofitidiots phave) WO

2011/ 093733PCT/ PL2011/ 050004 6 Exanple 2 The |iquid-crystal enulsion
was prepared by follow ng the procedure as described in Exanple 1, using

the conponents 1B ATDYNGSIGeiddhol #hlsCadkied ST B Sordio RBRANARY 96 eeB o
(g) Polyvinyl alcohdl 6.
demineralised Water, 75.2 g of ethyl alcohol and 1.18 g of boric acid at the temperature of
22 + 2°C. The mixture was mixed using the mechanical stirrer RD 50D type to obtain good
dispersion of polyvinyl alcohol, then still mixing the temperature of the mixture was raised
to about 80 to 85°C and the mixture was maintained at this temperature until polyvinyl
10  alcohol was completely dissolved. Next, the solution was cooled down to the temperature
of 40°C and 37.6 g of acetone and 2.35 g of nonoxynol-5 was added and obtained mixture
was mixed to homogenous mass (235 g). After cooling to the room temperature, the

obtained mass was passed through the sieve of a number 29T, transferred to the

hermetically closed containers and placed in a room at the temperature of about 20°C for

15 22 days.
Preparation of the oil phase (disperse phase)

Cholesteryl pelargonate, cholesteryl oleyl carbonate, cholesteryl propionate,
20  cholesteryl chloride and 4,4°-dipentylazoxybenzene was mixed in appropriate ratios by

weight at the temperature of about 70°C, to obtain 15 g of the oil phase.
Preparation of the liquid-crystal emulsion

25 The mixture of the thermotropic liquid crystals (oil phase, 15 g) was vigorously
poured into the aqueous phase (continuous phase, 235 g) at the temperature about 60°C.
The whole was mixed using the mechanical stirrer RD 50D type with the rotation speed of
680 1/min. for 7 minutes to obtain 250 g of the liquid-crystal emulsion of a white colour,
viscosity of 4200 mPa-s at the temperature of 25°C, density of 1.002 g/cm’ at the

30  temperature of 25°C and the average drop size of the oil phase of 3.1 um.
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emul sion of a white col our,

result, twe 2bilpesm3cryst al
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35.0 Boric acid 0.1 Acetone 18.0
As a
PCT P20 1t p5@whH4 4250

nPas at 10t he tenperature of 25C, density of 1.003 g/cnB8 at the tenperature

of 25C and the
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2¥Frag§adrop size of the oi

phase of 2.8 pm was obt ai ned.

The liquid-crystal emulsion was prepared by following the procedure as described

in Example 1, using the components in amounts given in Table 1.

Table 1

Compo

nent

Contents (g)

Polyvinyl alcohol
Demineralised water
Ethyl alcohol

Boric acid

Acetone

Nonoxynol-5

Mixture of thermotropic liquid crystals

6.0
40.4
35.0

0.1
18.0

1.5

2.0

As a result, the liquid-crystal emulsion of a white colour, viscosity of 4250 mPa-s at

10

the temperature of 25°C, density of 1.003 g/cm’ at the temperature of 25°C and the average

drop size of the oil phase of 2.8 um was obtained.



7 Exanple 3 The liquid-crystal enulsion was prepared by foll ow ng
the procedure as described 5in Exanple 1, using the conponents in anounts
gi ven i n wakba/@373¥abl e 2 Conponent Contents (g) Pol yvieayipLadiaobwbs 19. 0
Dem neral i sed water 34.6 Ethyl al cohol 29.0 Boric acid 0.9 Acetone 14.5

Example 3

The liquid-crystal emulsion was prepared by following the procedure as described

5 in Example 1, using the components in amounts given in Table 2.

Table 2
Component Contents (g)
Polyvinyl alcohol 19.0
Demineralised water 34.6
Ethyl alcohol 29.0
Boric acid 0.9
Acetone 14.5
Nonoxynol-5 2.0
Mixture of thermotropic liquid crystals 5.0
10 As a result, the liquid-crystal emulsion of a white colour, viscosity of 4350 mPa-s at

the temperature of 25°C, density of 1.005 g/cm’ at the temperature of 25°C and the average

drop size of the oil phase of 2.4 um was obtained.



Nonoxynol-5 2.0 M xture of thernotropic liquid crystals 5.0 10As a result,
the liquid-crystal enulsion of a white col our, viscosity of 4350 nPa.s at

t he tenpewetori@9sf3z25C, density of 1.005 g/cnB at the tecp@Latiaosooof 25C
and the average drop size of the oil Pphase of 2.4 p. mwas obtained. WO
2011/ 093733PCT/ PL2011/ 050004 8 Clainms 1. A liquid-crystal emulsion oil in
wat er type, characterised in that it consists of a) a continuous
phase (aqueous phase) containing water, ethyl alcohol, acetone, polyvinyl
al cohol , di spersing agent and boric acid, b) a di sperse phase (oi
phase) containing the mxture of the thernotropic liquid crystals. 2.
The liquid-crystal enulsion according to claiml, characterised in that it
contai ns the continuous phase containing pol yvinyl alcohol in amobunt fromb5

to 20% by wei ght. 3. The liquid-crystal enulsion according to claim
1, characterised in that it contains the continuous phase contai ni ng
di spersing agent in anount from1l to 2 % Glaimsi ght . 4. The

| i qui d-crystal enmul sion according to claim1, characterised in that it
contains the continuous phase containing boric acid in anmount fromO0.1%to

1.0 % by weight. A liquid-crystal emulsion oil in water type, characterised in that it consists of

a) a continuous phase (aqueous phase) containing water, ethyl alcohol, acetone,
polyvinyl alcohol, dispersing agent and boric acid,

b) a disperse phase (oil phase) containing the mixture of the thermotropic liquid
crystals.

2. The liquid-crystal emulsion according to claim 1, characterised in that it contains
the continuous phase containing polyvinyl alcohol in amount from 5 to 20% by weight.

3. The liquid-crystal emulsion according to claim 1, characterised in that it contains
the continuous phase containing dispersing agent in amount from 1 to 2 % by weight.

4. The liquid-crystal emulsion according to claim 1, characterised in that it contains
the continuous phase containing boric acid in amount from 0.1% to 1.0 % by weight.

5. The liquid-crystal emulsion according to claim 1, characterised in that it contains
14 to 48% by weight (on a dry matter basis) of the thermotropic compounds mixture and 50
to 86% by weight (on a dry matter basis) of polyvinyl alcohol.

6. The liquid-crystal emulsion according to claim 1, characterised in that it contains
polyvinyl alcohol of a molecular weight from 50000 to 130000 and hydrolysis degree of 83
to 98 molar %.

7. The liquid-crystal emulsion according to claim 1, characterised in that it contains
the mixture of the thermotropic compounds selected from the group consisting cholesteryl
pelargonate, cholesteryl oleyl carbonate, cholesteryl propionate, cholesteryl chloride and
4,4"-dipentylazoxybenzene.

8. The liquid-crystal emulsion according to claim 1, characterised in that it contains
nonoxynol-5 as the dispersing agent.

9. The liquid-crystal emulsion according to claim 1, characterised in that the drop

size of the oil phase (liquid-crystal phase) is lesser than 5 um.



5. The liquid-crystal emulsion according to claim11, characterised in that
it contains 14 to 48% by weight (on a dry matter basis) of the thernotropic
conpoundswizetima7and 50 to 86% by wei ght (on a dry nat PEr/Pibasli1 950004
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