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Effects of non-mesogenic provitamin D and vitamin D upon thermal stability of
cholesteric and smectic-A phases formed by mixtures of cholesterol esters have been
studied. Widening of DSC and selective reflection peaks were noted for higher (>5 %)
concentrations of provitamin D, which were accompanied by deviations from linearity of
concentration dependences of cholesteric — isotropic and cholesteric — smectic transition
temperatures. The respective limiting concentrations for provitamins D, and Dg in differ-
ent matrices correlate with eutectic concentration values calculated using Schroeder-van
Laar equations. The results obtained present a physico-chemical basis for development of
optimized sensor materials for bioequivalent UV detectors that would meet contradictory
requirements of high sensitivity and high thermodynamic stability.

HccunenoBano BausiHMe HeMe30reHHBIX IpoBUTaMuHa D m BuramumHa D Ha TepmocTabuib-
HOCTb XOJIECTEPUUYECKON 1 CMEKTHUUYECKOI-A (a3, o0pasoBaHHBIX cMecAMU 3(UPOB XOJIECTEPHUHA.
OrMeueHO pasMBITHE NUKOB Au(depeHIINaIbHON CKAHUPYIOIEH KAJIOPUMETPUN U CEeJIEKTHBHOTO
OTPa’KEeHUS [IJIsi IOBBIMIEHHBIX (>5 %) KoOHIeHTpamuil mpopuTaMuHA D, COIIPOBOMKIAIOIEECH
OTKJIOHEHUSAMU OT JUHEHNHOCTH KOHIIEHTPAIIMOHHBIX 3aBHCUMOCTEH TEeMIIEPATyp IIEPEXOA0B XO-
JIECTEPUK — H30TPOITHASA KUIKOCTb M XOJIECTEPUK — CMEKTHUK. COOTBETCTBYIOIHE I'DAHUYHBIE
KOHIIEHTPANWK JJIA HPoBHTAaMUHOB Dy m Dg B PasIMUHBIX MATPHUIAX KOPPEJMPYIOT CO 3HAUE-
HUSMM SBTeKTHYECKHX KOHIIEHTpaluii, paccunTaHHbiX 110 ypaBuHemusaMm Illpemepa-san Jlaapa.
ITonyuennsle pe3yabTaThl MOTYT OBITH (PUBHMKO-XMMHUUYECKOH OCHOBOII [Ijisi pas3paboTKH CEHCOp-
HBIX MATE€PHAJIOB [Jd OMOSKBMBAJEHTHBIX IETEKTOPOB Y@ H3JIyUeHUs, KOTOPble COUeTANU Obl
BBICOKYIO UYBCTBUTEJbHOCTD U TEPMOINHAMUYECKYIO CTAOMIBHOCTD.
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In our previous papers [1, 2], we have
shown a possibility to create a sensor mate-
rial for dosimetry of biologically active UV
radiation on the basis of cholecteric liquid
crystals (CLC) doped by provitamin D
(ProD). The response mechanism of such
systems is based on ProD photoisomeriza-
tion reaction (Fig. 1) under UV irradiation,
which is monitored by recording shifts of
selective reflection maximum (A,,,) of the
cholesteric planar texture.

Effects of the reaction medium (includ-
ing its liquid crystalline phase state) upon
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ProD photoisomerization process, as well as
effects of intensity and spectral composition
of UV radiation, have been a subject of nu-
merous studies [3—8]. Advantages of the use
of CLC as matrix materials for ProD have
been discussed, and requirements to CLC
compositions to be used as UV sensor mate-
rials have been formulated [9-11].
According to generally accepted notions
[12—-14], the CLC + ProD system is a liquid
crystalline solution of a non-mesogenic sub-
stance, which, at low concentrations, is con-
ventionally called a non-mesogenic dopant
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Fig. 1. General photoisomerization scheme
of provitamin D group steroids.

(NMD). This system can exist as a true so-
lution in a specified range of temperatures
and concentrations. In the case of limited
NMD solubility, a homogeneous solution can
become (via a possible stage of metastabil-
ity) a heterogeneous system (which can be
characterized by the degree of its
(micro)heterogeneity or described in terms
of lyophilic colloids [15]); ultimately, as the
most obvious manifestation, the surplus
dopant can be precipitated in the form of
solid particles. In developing a CLC-based
sensor material, a contradiction arises —
the concentration of a photoactive dopant
should be as high as possible to ensure high
sensitivity, and at the same time it should
not exceed the solubility limit to ensure sta-
ble operational characteristics of the sensor.

The objective of the present work was to
study the behavior of vitamin D group sub-
stances as NMD in cholesteric solvents with
the aim of laying down physico-chemical
foundations for optimizing the CLC sensor
material composition.

In our experiments, we used the follow-
ing CLC matrices:

CN (cholesteryl nonanoate);

CM (cholesteryl myristate);

CNM (60 % CN + 40 % CM; here and
below the concentrations are given in mass
per cent);

CNCC (60 % CN, 20 % cholesteryl capri-
nate, 20 % cholesteryl caprylate);

CNCCe (59.6 % CN, 32.1 % cholesteryl
caprinate, 8.3 % cholesteryl caprilate).

As non-mesogenic dopants, we used er-
gosterol (ProDy), 7-dehydrocholesterol
(ProDg), and ergocalciferol (vitamin D).

Temperatures and enthalpies of phase
transitions were determined by differential
scanning calorimetry (a Mettler TA 3000
thermoanalytical system, Switzerland),
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Fig. 2. DSC thermograms for the CM + ProD,
system (heating): I — 0 % ProD,, 2 — 1 %
ProDy, 3 — 2 % ProD,y, 4 — 4 % ProD,.

which was also used to check the purity of
the substances.

For some of the matrices (CNCC,
CNCCe), DSC could not provide data on the
cholesteric to smectic-A phase transition,
since the corresponding peaks were smeared
(in fact, hardly discernible) as it could be
expected for a multi-component mixture. In
these cases, the cholesteric-smectic transition
temperatures (T,) were evaluated indirectly
from the color-temperature characteristics
(i-e., Apu, (T) dependences) in the region of
pre-transitional phenomena [16, 17] and
checked by polarization microscopy.

Measurements of A,,, were carried out
using a Hitachi 330 spectrophotometer
equipped with a specially designed tempera-
ture-controlled cell; the sample thickness
was 10 pm. The procedure of sample prepa-
ration, filling the cell and formation of the
planar texture of the cholesteric phase was the
same as in our previous works [1, 2, 9], with
the most detailed description given in [18].

Typical DSC thermograms for CLC matri-
ces doped with provitamin D and vitamin D
are shown in Figs. 2, 3. ProD, and D,, as
typical NMD, lower the temperatures of
cholesteric-isotropic (7;) and cholesteric-
smectic A (T,) phase transitions, with the
peaks getting smeared as the dopant concen-
tration is increased. The effect of vitamin D
is more pronounced as compared with the
provitamin. This is in agreement with the
molecular structure of these dopants (Fig. 1):
the D molecule is less rigid due to breaking
of the bond in ring B, which leads to lower
molecular anisotropy.

Introduction of ProD, decreases T; of CM
by ~0.7 K/% in the linear region both on
heating and cooling (Fig. 4, insert). In all
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Fig. 3. DSC thermograms for the CM + D,
system (heating): I — 0 % Dy, 2 — 1 % Dy,
3 — 2% Dy, 4 — 38 % D,. Numbers marked
and not marked with primes refer to T, and
T, peaks, respectively.

the ProD, concentration range studied (up
to ¢ =15 %), both cholesteric-isotropic and
cholesteric-smectic transition peaks re-
mained clearly discernible. At ProD, con-
centrations above ~5 %, the T;(c) plot be-
came non-linear, which could be naturally
related to limited solubility of ProD, (i.e.,
not all ProD, formally introduced into the
system actually entered the thermodynami-
cally stable homogeneous solution during
the time period and in conditions of the
experiment).

Effect of Dy upon T; is stronger
(2.5 K/%); Ti(c) linearity persists up to
~5 % (Fig. b). Its effect upon widening of
the DSC peaks is also more marked as com-
pared to ProD,. The same applies to T, —
in CM, the relative T, decrease was
~2.5 K/% with Dy and ~1 K/% with ProD,.
In CN, CNM and CNCC, the effect of D,
upon T, was noticeably stronger than in CM
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Fig. 4. Lowering of phase transition tem-
peratures T; (I— heating, 2 — cooling) and T
(3— heating, 4 — cooling) in the CM matrix
doped with ProD,. Insert: linear decrease of
T; and T, with dopant concentration.

(~4.2 K/%). This can be related to lower en-
thalpy of the -cholesteric-smectic transition
(-1 J/g for CN and CNM, ~3 J/g for CM). Phase
transition parameters obtained for the studied
matrix-dopant systems are presented in Table.

As noted above, in CNCC matrix determina-
tion of cholesteric-smectic phase transition pa-
rameters by DSC is hardly possible because of
strong smearing of the corresponding peaks.
Therefore, we used the helix unwinding in the
vicinity of the cholesteric-smectic A transition,
which is observed as a steep rise of A, . (T)
when T, is approached on cooling [16, 17]. As
an estimate of T, we assumed the temperature
at which 2, . reached 700 nm, i.e., the tem-
perature at which visible colors of the planar
texture were disappearing [19].
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Fig. 5. Lowering of phase transition temperatures T; (I-4) and T, (5-8) in different matrices doped
with D, (a — heating; b — cooling). 1,8 -CNCC; 2,6 —CN; 3,7 — CNM; 4,5 — CM
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Table. Phase transition parameters of cholesteric matrices doped with ProDg, ProD, and D,

Matrix and dopant Heating Cooling
Ti’ °C AH;w J/g Ts’ °C AHQ’ J/g Ti’ °C AH;w J/g Ts’ °C AHQ’ J/g
CN 0 % 91.5 1.5 76.2 1.2 91.0 1.4 75.7 1.0
1 % D,y 89.0 1.1 72.1 0.7 88.3 1.7 74.1 0.8
2 % D, - - - - 84.1 1.4 73.9 0.9
CM 0 % 84.6 2.7 79.1 2.3 83.9 2.6 78.5 2.8
1% D, 82.5 1.7 76.3 1.2 81.7 1.8 75.6 2.8
2 % D, 79.1 1.8 72.5 2.0 79.1 1.8 72.3 2.0
3 % D, 77.5 2 70.8 1.9 76.6 1.8 70.2 1.4
4 % D, 75.6 0.7 69.3 1.4 73.9 0.9 66.9 1.7
CNM 0 % 87.8 1.8 72.1 0.7 87.3 2.2 71.5 1.0
1.8 % Dy 82.3 1.8 64.6 0.6 81.6 1.2 63.8 0.5
CNCC 0 % 92.4 1.3 65.7 0.3 91.8 1.6 65.2 0.4
2 % D, 87.4 1.2 57.0 - 86.2 1.3 78.5 -
CM 0 % 84.6 2.7 79.1 2.3 83.9 2.6 57.0 2.8
1 % ProD, 83.7 1.9 77.7 2.2 83.3 2.1 77.1 2.4
2 % ProD, 83.0 2.0 76.6 2.3 82.4 2.1 75.9 2.3
4 % ProD, 81.8 2.2 75.0 2.4 81.1 2.1 74.3 2.4
6 % ProD, 80.5 2.1 73.8 2.3 79.9 2.5 73.3 4.0
10 % ProD, 79.1 1.8 73 2.4 78.5 2.7 72.5 3.6
15 % ProD, 78.3 2.1 73.1 2.7 77.6 2.2 72.2 3.4
CM 0 % 84.6 2.7 79.1 2.3 83.9 2.6 78.5 2.8
5 % ProDg 80.3 2.3 - - 79.3 2.6 70.6 2.2
10 % ProDg 79.2 2.1 - - 77.9 2.0 69.0 2.4
15 % ProDg 78.9 2.3 70.8 1.2 77.4 2.0 69.3 4.0

It has been found that introduction of
ProDy and ProDg into CNCC causes similar
decreases in T, (about 2.2 K/% at low dopant
concentrations). However, with ProD, T(c) re-
mained linear only up to ~6 %, while with
ProDj this linearity persisted also at concentra-
tions up to ~9 % (Fig. 6). This can be presum-
ably related to higher solubility of ProDs in
cholesteric matrices (which was also assumed in
[11]). These deviations of T(c) from linearity
are accompanied with worsening of the meas-
ured selective reflection spectra: starting from
the same concentrations (i.e., ~6 % and ~9 %,
respectively), the peak halfwidth increases, and
the reflection bands become asymmetric with
formation of "shoulders”.

It can be concluded that linear regions
of Ty (c) and T;(c) plots correspond to the
concentration range where the dopant is
completely dissolved. Saturation of these
dependences, accompanied by worsening of
selective reflection peaks, indicates that dis-
solution is not complete, i.e., the liquid
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Fig. 6. Cholesteric to smectic-A transition tem-
perature T, for CNCC doped with ProD, (1) and

ProDg (2). T, values obtained from the selec-
tive reflection data.

crystal system is not in the state of true

thermodynamically stable solution.
As a natural next step for understanding

the behavior of vitamin D steroids in CLC
systems as components of limited solubility,
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we studied the effects of these NMD on
melting temperatures (T,) of cholesteric
matrices. (In our studies, we did not pay
any specific attention to crystallization tem-
peratures, since all the systems studied
showed a marked tendency to supercooling).

Our studies were based on the Schroeder-
van Laar equation [20]:

AHp1 1 (1)
=" T, )

where x, is the mole fraction of the k-th
component, AH, is the melting enthalpy of
the k-th component (J/mol), T} is the melt-
ing temperature of the k-th component (K),
and R (8.31 J/mol-K) is the universal gas
constant. Applicability of the Schroeder-van
Laar equation to liquid crystalline systems
was discussed in [21, 22].

In our experiments, the DSC thermogram
of CNCC showed several subsequent melting
peaks, which could be expected since the
composition of this matrix did not corre-
spond to the eutectic composition of the
components involved. We endeavored to
modify the quantitative composition of
CNCC with the aim of approaching the theo-
retical eutectic composition. Having all the
required data for all three components of
CNCC, we solved the equation system (1),
finding the required quantitative composi-
tion (this matrix is designated as CNCCe).
In fact, CNCCe showed just one melting
peak at 331.9 K, which was in good agree-
ment with the calculated value of 331.6 K.

The introduction of ProD, decreased the
melting temperatures of the CLC matrices
studied, but this decrease was less signifi-
cant than that observed for T, and T,. The
results for CNCCe are shown in Fig. 7. No
clear eutectic point could be seen on the
phase diagram. This can be attributed to a
certain miscibility of the components in the
solid state, with the picture similar to that
observed for mixtures of cholesterol esters
(see, e.g., [23]). Estimates of the eutectic
dopant concentrations in the CLC matrices
studied gave values of about 6-9 % for
ProD, and 10-13 % for ProDg (higher per-
centage values apply to matrices melting at
higher temperatures, i.e., CM and CN).
Thus, our theoretical calculations using the
Schroeder-van Laar equation have fully sup-
ported our assumption of higher solubility
of ProDg in cholesteric matrices made from
our measurements in the mesophase.

Thus, the results obtained show a clear
physico-chemical picture of the effects of
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Fig. 7. Lowering of phase transition tempera-
tures I - T;, 2 - T, 3 — T, in CNCCe
matrix doped with ProD,.

vitamin D group steroids on mesomorphic
phase states of cholesteric liquid crystalline
systems, which can be used in further devel-
opment of optimized sensor materials for bio-
equivalent UV dosimetry that would meet
contradictory requirements of high sensitiv-
ity and high thermodynamic stability.

This work has been supported in part by
the Science and Technological Center in
Ukraine, Project No.Gr-50(j).
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Bnaus crepoiniB rpynu Bitaminy D mHa me3somopgHi
¢da3o0Bi cTaHM XO0J€eCTEPMYHHUX CEHCOPHMX MaTepiaiB

B.J{ .Ilanixapcovra, H.O.Kacan, JI.M./Iuceyvruii, I.I1.Tepeneyvra

Hocaip:keHo BnJIuB HeMe3oreHHHX HnpoBitaminy D ra Bitaminy D Ha TepmocradinbuicTb
xoJiecTepudHOl Ta cMeKTHUHOI-A ¢as, yTBopeHuX cyMmimamu ecrepiB xoJsecrepury. Bigzaaue-
HO PO3MUTTA HiKiB audepeniianpHol cKanyouol KaJopumMeTpil Ta celleKTUBHOrO BimbuBaunHA
nia nigsumenux (>5 %) xkoruenTpariii mpositaminy D, AKe cyIpOBOIKYETHCHA BiagxuieHHd-
MU Bin JgiHiliHOCTI KOHIIEHTPAIL[IMHHX S3aJEeXXHOCTEH TeMIIepPaTyp IIEPEXOJIB XOJIeCTEPUK —
isorpomna piguHA Ta XOJIleCTEPUK — CMEKTHK. Bigmoigui rpanmuHi KoHIeHTpamii miasa
npositaminie Dy ta Dg y pisHMX MaTPUOAX KOPENIIOTH 31 SHAYCHHAMH €BTEKTUYHUX KOH-
medTpalliii, pospaxosauux sa piBuamaavu Illpexepa-san Jlaapa. OrpumaHi pesyabTaTy MO-
KyTh OyTu BisUKO-XiMiuHMM HiArPpYHTAM OJs PO3POOKH CEHCOPHUX MaTepiaaiB mia 6ioekBi-
BAJIEHTHUX AeTeKTopiB Y@-punpomiHioBaHHA, dKi 0 IMoeIHYBaIuM BUCOKY UYTJIUBICTH Ta Tep-

MOAMHaMiuHy cTabiibHIiCTE.

Functional materials, 12, 4, 2005

627



