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Polymorphism of polymethylmethacrylate/rubrene and a stearic acid/rubrene monolay-
ers depending on concentration of luminophore immobilized in the film has been studied.
The maximum rubrene concentration has been determined at which phase separation in
monolayers of the binary systems is not observed. It is revealed that in multilayer
Langmuir-Blodgett films with immobilized rubrene molecules, its content is higher in the
polymer film than in stearic acid. The rubrene concentration in Langmuir-Blodgett films
of polymethylmethacrylate grows linearly with increasing carry pressure. It is found that
at exposure of films in bidistilled water at 22°C for 45 min, the luminophore content in
the films decreases by at most 40 %.

UccnegoBan moamMop(dusM MOHOCJIOEB ITOJUMETUJIMETAKPUJIaT/PyopeH U cTeapuHOBasd
KHcJI0Ta/pyOpeH B 3aBUCUMOCTH OT KOHIIEHTPAIIUM MMMOOUJIN30BAHHOTO B IJIEHKE JIIOMUHO-
dopa. Ompegenena mMakcuMajbHAA KOHIEHTpAIlUS PyOpeHa, IMPU KOTOPOH He HaOJIOgaeTcsa
(dasoBoe pasmesieHre B MOHOCJIOAX OMHAPHBIX cucteM. OOHAPYKEHO, UTO B MYJbTHUCIOMHBIX
niaeHkKax Jlenrmmopa-BaIomiKeTT ¢ *MMOOUIN30BAHHLIMU MOJIEKYJIaMU pyOpeHa ero comepixa-
HUe OoJIbIlle B MOJUMEpPHOI IMJeHKe, YeM B cTeapuHOBOI Kucjore. KoHIleHTpanusa pyopeHa B
niaeHke Jleurmiopa-BiomkeTT molmMeTHIMETaKpPUIaTa pacTeT JUHEHHO ¢ yBeJUYeHUeM IaB-
JIeHUs TiepeHoca. ¥YCTAHOBJEHO, UYTO IMIPU 9KCIIOHMPOBAHUU TJEHOK B OUIUCTUJIJIUPOBAHHOMN
Boze mpu temieparype 22°C B TeueHume 45 MUHYT comepikaHue JIOMUHO(MOPA B IMJIEHKAX
yMmeHbmIaerca makcumyMm Ha 40 %.
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The Langmuir-Blodgett (LB) method, al-
lowing to obtain molecular mono- and mul-
tilayers of low and high molecular organic
compounds with controllable thickness and
molecular orientation, is now used widely in
various areas of science and engineering,
particularly in biosensor development, non-
linear optics, nanoelectronics, etc. [1-3].

Most luminophors of good prospects, in-
cluding rubrene, cannot form independently
monomolecular LB layers at the water/air
interface. In such cases, mixed solutions are
used to provide stable monomolecular layers
of hydrophobic compounds, where one com-
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ponent is able to form the LB monomolecu-
lar layers [4, 5]. The well-known am-
phiphilic compounds such as fatty acids
(stearic and arachidonic) and polymethyl-
methacrylate are often used as matrices for
LB films [5, 6]. However, physical and
chemical features of LB monomolecular lay-
ers formation in binary mixtures of leng-
muirogenic and non-amphiphilic compounds
on an aqueous subphase surface, the prob-
lem of multilayer LB film preparation, sta-
bility and luminescent properties remain
poorly investigated to date. The purpose of
this work is to study the formation features
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Fig. 1. n—A isotherms for (PMMA + rubrene)
mixtures at rubrene content: 0 % (I1); 10 %
(2); 20 % (3); 30 % (4); 50 % (5); 100 % (6).

of Langmuir-Blodgett monomolecular layers in
the of stearic acid/rubrene and polymethyl-
methacrylate/rubrene systems, the multi-
layer LB film formation processes and the
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Fig. 2. n—A isotherms for (HSt + rubrene)
mixtures at rubrene content: 0 % (I1); 10 %
(2); 20 % (3), 30 % (4), 50 % (5)

grade were prepared. The bidistilled water
was used to prepare subphase. Formation of
Langmuir-Blodgett monomolecular layers
and of surface pressure/area per a molecule

spectral and luminescence properties isotherms (n-A isotherms) were studied
thereof. using equipment made at NIOPIK (Moscow).
Polymethylmethacrylate (PMMA, mo- The surface pressure, m, was recorded using

lecular mass 100,000), stearic acid (HSt),
and rubrene were used. The computer model
of the rubrene molecule executed using the
design technique AM1 (MOPAC) is pre-
sented below:
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Initial solutions of 1.1073 M-1"1 concen-

%

tration in chloroform of chemical purity

a Wilhelmy balance (to within £0.8 mN.-m™1)
at 20.0+0.5°C. The area per one structure
unit in the monomolecular layer (A) was
measured by extrapolating the rectilinear
part of the isotherm to the X axis at an
accuracy of +(1-8) A2. The pressure, at
which the multilayered film structure was
formed on the glass substrates by Schaefer
method, was determined from the compres-
sion isotherms. The subphase pH value
(6.00+0.04) was monitored by an I-160M
ionometer. The absorption spectra of LB
films were measured by a Specord M 40
spectrophotometer, and luminescence spec-
tra were measured using a SDL-2 device.
The LB film composition was analyzed by
X-ray photoelectron spectroscopy using a
Kratos XPS-800 spectrometer.

Table 1. The characteristics of monomolecular layers of binary mixes PMMA /rubrene with the

various contents of rubrene

C.ub> Compressibility, §, m-mN! Ay, A2 n., mNm?t| A, ., A2
mol. % ¢ o
=7 mNm?! | =12, mNm! |x=18, mN-m!

0 0.140 0.014 0.031 18.50 26 -
10 - 0.059 0.021 21.15 20 45
20 0.400 0.021 0.034 22.00 20 36
30 0.063 0.048 0.039 18.47 22 18.4
50 0.053 0.0385 0.054 16.75 29 15
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Fig. 3. Luminescence spectra of rubrene in a
36-monolayer films in different matrices:
Rub/Cloroform — 1 (rubrene solution in chlo-
roform, 1.107¢ M/I'l), PMMA — 2, HSt — 3 at
rubrene content 20%. Spectra are normalized
to maximum, 2,,. = 495 nm.

Consideration of n-A isotherms presented
at Figs. 1 and 2 shows (Tables 1 and 2) that
parameters of the LB monomolecular layer
in PMMA /rubrene and HSt/rubrene binary
mixtures depend on the rubrene concentra-
tion and the surface pressure. The area per
rubrene molecule was calculated according
to a rule of additivity for noninteracting
binary mixes [6, 7]:

Ajg = N3A; + NyAy, (1)

where N and N, are mole fractions; A; and
A, area the areas per molecule of the first
and second component, respectively; A;,
area the average area obtained from com-
pression isotherms. The areas of rubrene
molecule projections (calculated for the
model structure presented above) on the
planes parallel to water/air interface and
perpendicular to X-axis are about 125 A2

and about 64 A2, respectively. The value
obtained from the compression isotherms at
20 % rubrene content in the polymer ma-

trix is 36 A2 (Table 1). It is possible to sug-
gest that such area corresponds to the mo-
lecular orientation at which benzene rings
are inside of monomolecular layer and other
part of rubrene molecule is pushed out to
the surface of the monomolecular layer due
to strong hydrophobic properties.

After introduction of luminophore into
stearic acid monomolecular layer at an
amount less than 20 mol.% (Table 2), the
area of rubrene molecule projection on the
subphase surface becomes abput 76 AZ2.
Thus, the rubrene positions in LB films of
PMMA and HSt can be assumed to be differ-
ent. In the PMMA /rubrene system, the ru-
brene molecule is partially displaced to the
monomolecular layer while in the HSt/ru-
brene one, the luminophore molecule basic
plane is positioned between alkyl chains.

The decreasing area per luminophore
molecule observed at its rising concentra-
tion in considered LB films (Tables 1 and 2)
can be caused by aggregation of rubrene
molecules with their further release into a
separate phase. This is especially apprecia-
ble when rubrene is introduced into film at
the amount of 50 % and above (islands of
luminophore phase on the aqueous subphase
surface are visually observed).

For all studied rubrene concentration in
PMMA matrix, a "plateau” is observed in
the compression isotherms caused by change
of luminophore molecules conformation in
the matrix monomolecular layer. The col-
lapse pressure in the LB films of HSt/ru-
brene system is higher considerably than in
PMMA /rubrene LB films (Fig. 2, Table 2).
Compressibility of monomolecular layers
drops with pressure increasing, and in the
intervals n =12 to 19 mN-m'! (PMMA/ru-
brene) and n =25 to 50 mN/m (HSt/ru-

Table 2. The characteristics of monomolecular layers of binary mixes HSt/rubrene with the

various contents of rubrene

C,«ub.,/ mol. Compressibility, &, m-mN~1 Ay, A2 Tes mN-m~1 A s A2
5 .
0
n=5 mNm?l| =15 mNm?!| r=30, mNm!

10 0.074 0.019 0.013 21.5 58 66

20 0.039 0.024 0.006 32 58 76

30 0.173 0.017 0.011 31.5 55 56

50 0.059 0.005 0.005 24 46 27

0 0.072 0.019 0.044 20.5 58 —
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Fig. 4. The dependences of rubrene emission in
Langmuir-Blodgett films PMMA /rubrene (1) on
the n (number layers) at 7 =18 mN-m! and
HSt/rubrene (2) at m =80 mN-m™1; rubrene
20 %.

brene), the LB film becomes a liquid-crystal
(6 =102 to 1073 m'mN-1 in the liquid crys-
tal state [7]). The considered LB films are
stable on the water surface, and are well
transferable onto the glass substrates (the
transfer coefficient of the monomolecular
layer is close to 1).

The rubrene luminescence spectra in
various matrices and in the chloroform so-
lution are presented in Fig. 3. The rubrene
luminescence intensity maximum in chloro-
form is at A,,, = 559+1 nm, while in the

LB films, at about 555+1 nm. The small
hypsochromic shift is caused obviously by
weak rubrene interaction with PMMA or HSt.

The linear luminescence intensity de-
pendence on the number of layers suggests
that each subsequent layer is transferred
similarly to previous one (Fig. 4). With in-
creasing superficial pressure at which the
monomolecular layer is transferred onto the
substrate, the luminescence signal increases
linearly, too. Hence, the rubrene concentra-
tion in PMMA LB films increases linearly.
A higher luminescence signal intensity in
polymer LB film as compared to the stearic
acid/rubrene LB film (by a factor of about
2.5) shows that in the first case, the num-
ber of rubrene molecules is greater. The
relative change of the luminescence inten-
sity in considered systems (when processing
substrates in bidistilled water for 45 min)
in stearic acid LB films is 0.65, and in
polymer ones, 0.59 (Fig. 5). Thus, the sta-
bility of luminescent properties for LB
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Fig. 5. Luminescence properties stability of
PMMA /rubrene systems (1) and HSt/rubrene
(2) vs substrate treatment time (PMMA/ru-
brene: 7 =18 mN/m; HSt/rubrene: ==
30 mN/m); rubrene 20 mol.%, n = 30.

films in water solutions in PMMA /rubrene
system is greater than in HSt/rubrene.

The XPS research of multilayer
PMMA /rubrene LB films (20 mol.% of ru-
brene) has shown that even when 2 layers
only are deposited, a continuous film of
thickness not exceeding 10 nm is formed.
After deposition of 6 layers, the signal
from substrate is essentially absent (less
than 1 %), that evidences the absence of
pores in LB films.

To conclude, the polymorphism of
PMMA /rubrene and HSt/rubrene mono-
molecular layers depending on the lumino-
phore concentration immobilized in a film
has been studied. The maximum rubrene
concentration at which the phase separation
in monomolecular layers of PMMA /rubrene
and HSt/rubrene binary mixtures is not ob-
served has been determined. Influence of a
matrix on rubrene orientation in the formed
LB film has been revealed. In stearic acid
matrix, the luminophore molecules are ori-
ented with the basic plane between mole-
cules of surfactant while in PMMA matrix,
they are partially displaced above the mono-
molecular layer. The rubrene maximum lu-
minescence in LB films is shifted hypso-
chromically with respect to that in its chlo-
roform solution, that is caused by weak
luminophore interaction of with PMMA or
HSt. It has been shown that at formation of
the multilayer films containing rubrene
molecules in PMMA and HSt matrixes, each
subsequent layer is carried as the previous
one. The transfer coefficient is close to
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unity. At the same number of monomolecu-
lar layers in multilayer LB films, the lumi-
nescence intensity, and so the rubrene con-
centration, is higher in PMMA matrix than
in HSt one. The rubrene concentration in LB
PMMA film grows linearly with increase of
transfer pressure. The luminescence inten-
sity of LB films on glass substrates has
been established to decrease approximately
equally for both systems at films exposure
in bidistilled water at 22°C.
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HocaigskeHHss yMOB (GOpMYyBaHHSA Ta ONTHYHHUX
BJIACTUBOCTEeHM NIiBOK Jlenrmiopa-bBiaomskerT OiHapHHMX
CHCTEM IOJIiMeTHJIMEeTAaKpuJjaT/pyOpeH Ta cTeapHMHOBA

KHMCJIOTa/pyOopeH

O.H.Be3xkposéna, I0.M.Caséin, M.B./[o6poméopcvra

Hocaigxeno moaimopdismM MoHOHmIAPIB MMoJiMeTHIMeTaKpHUJIAT/PyOpeH i creapmHOBa KUC-
JoTa/pyOpeH 3ajeKHO Bij KoHIeHTpalii imobinisoBanoro y muiBmi atominodopa. Busnaueno
MaKCHMAaJbHY KOHIIEHTpAIlil0o pyOpeHy, mpu sKiili He cmocrepiraerbcsi (PA3oBUMl POBIOLLI Yy
MOHoOmIapax OiHapHux cucreM. BusBieHo, 10 y MyJbTHUINAPOBUX ILIiBKax Jlenrmiopa-Biopy-
JKeTT i3 imoOinmisoBammmMu moJeKyJsaMu PyOpeHy #oro Bmict Oyme OinblnmM y ImOJimMepHiit
IIiBILi, Hi¥K y IIiBIi moBepxHEeBO-aKTUBHOI peuoBunu. Koumnenrpalliss pyopeny y JleHrmiopa-
Buom:kerT miaiBui moaimMeruamMerakpuiaTy 3pocTrae JiHiMHO 31 30iJbIIeHHAM THCKY IIepeHOoCy.
BceraHoBIIeHO, 110 IPpU eKCIOHYBaHHI ILIiBOK y GigucTuiaboBaHiil Boxi mpu Temmepatypi 22°C
Ha nporasi 45 xBuauH BMicT goMiHO(DOpa y mIiBKax sMeHIIyeThes He 6iibi, Hik Ha 40 %.
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