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Liquid-crystalline carbosilane dendrimers of different molecular architecture
with photochromic mesogenic and aliphatic terminal groups
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Second-generation (G-2) liquid-crystalline carbosilane block and statistical dendrimers
with aliphatic (decyl) and photochromic (azobenzene-containing) mesogenic terminal groups
and a G-2 homo-dendrimer containing the same mesogenic terminal groups were synthesized
for the first time. The influence of dendritic architecture on the phase behavior of the dendrim-
ers and on photoinduced Z— E-isomerization of the azobenzene fragments in mesogenic termi-

nal groups in dendrimer solutions are discussed.

Key words: dendrimer, liquid-crystalline state, smectic mesophase, block codendrimer,
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Photosensitice polymers with azobenzene groups have
been a subject of intensive research for more than two
decades. This activity is due to search for novel materials
suitable for fast reversible recording and long-term stor-
age of information and for design of optical switches and
modulators for opto-electronics and photonics to meet
the demands of rapidly growing communication system
and information technology industries.

Most advances in the synthesis of and research on
photosensitive polymers were made in studies of amor-
phous and liquid-crystalline (LC) compounds with linear
chain topologies.1—3 Recently, the attention of research-
ers has been focussed on dendritic systems representing a
specific class of spherically symmetric hyperbranched
compounds. A number of studies on dendrimers contain-
ing photochemically active groups in various structural
fragments have been carried out. In particular, dendrim-
ers in which F—Z-photoisomerizable azobenzene groups
are localized only within the dendritic matrix¥=7 or only
on the dendrimer "surface"8—11 have been investigated. It
should be noted that most studies were performed using
the so-called amorphous or crystalline homodendrimers
and that the photochemical properties of codendrimers
containing different types of terminal groups was studied
fragmentarily.12:13 Information on photo-active dendrim-
ers capable of forming LC phases is also scarce.10:11,13,14
But the ability of photochromic LC dendrimers to self-
organization makes them of interest from the standpoint
of light-assisted control of their molecular and supramo-
lecular structures.

The aim of the present work was to reveal the effect of
the molecular architecture of LC dendrimers containing
photosensitive mesogenic groups on their phase state and
photochemical properties in dilute solutions. We studied
second-generation (G-2) carbosilane homo-, block, and
statistical dendrimers with mesogenic azobenzene-con-
taining and aliphatic terminal groups (Fig. 1).

The azobenzene fragment has a dual function, name-
ly, its rigid anisometric shape ensures the formation of the
LC phase while the chromophore fragment imparts the
dendrimer the necessary photosensitivity.

Experimental

IH NMR spectra were recorded on a Bruker WP-250 spec-
trometer in CDCl; with Me,Si as the internal reference. GPC
analyses and preparative GPC were performed on a Knauer
instrument using Waters columns (8S300 mm and 19S300 mm,
respectively) filled with Ultrastyragel (pore size 1000 A), with
THF as the eluent. The detectors were a Waters R-410 refracto-
meter and a Knauer UV spectrometer, respectively. The heats of
phase transitions were determined by differential scanning calo-
rimetry (DSC) using a Mettler TA-4000 thermal analyzer (scan-
ning rate 10 deg min™1).

Optical studies of textures and determination of phase tran-
sition temperatures were carried out with crossed polaroids us-
ing a LOMO POLAMR-211 polarization microscope (Russia)
equipped with a Mettler FP-800 hot stage. The photochemical
properties of the dendrimers were studied using a tailor-made
setup including a DRSh-250 ultra-high pressure mercury lamp.
Light with A = 365 nm was selected using an interference filter;
the light intensity was 1.0 mW cm~2 (determined using a Laser-
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Fig. 1. Schematic view of synthesized photochromic carbosilane LC dendrimers.

Mate-Q (Coherent) intensity meter). Spectral measurements
were performed with a Tidas (J&M) UV-Vis spectrometer.

Synthesis of LC dendrimers

G-2-Block dendrimer (Scheme 1). A mixture of compound 1
(0.345 g, 1.04+10~* mol),!5 HSiMe,Mesogen (0.626 g,
1.25+ 1073 mol), 10 and PC072 (3—3.5% platinum complex with
cyclovinylmethylsiloxane; ABCR, Germany; 20 uL) in anhy-
drous toluene (10 mL) was magnetically stirred in a closed vessel
at 35 °C for 72 h. Following completion of the reaction, the
catalyst was removed by passing the reaction mixture through a
column filled with silica gel (with toluene and ethyl acetate as
eluents). Final purification was performed by GPC. Yield 490 mg
(64%). '"H NMR, &: —0.08 (s, Si(CH3)); 0.03 (s, O—Si(CHj;));
0.53 (m, Si—CH,); 0.86 (t, (CH,);CH3); 1.05 (t, O(CH,),CH);
1.20—1.45 (m, CH,CH,CH,, CH,CH,CHj3); 1.80 (m,
OCH,CH,); 4.00 (t, ArOCH,); 4.30 (t, COOCH,); 7.00—8.20
(m, Ar); the intensity ratio ~5.25:6:9:15:15:145:2:1:1:
4 is in agreement with calculations.

G-2-Stat dendrimer (Scheme 2). Reaction of G-2 carbosi-
lane dendritic matrix (G-2-(All);¢) (0.064 g, 3.75+ 10> mol)
with HSiMe,Mesogen (0.190 g, 3.77 « 10~* mol) and decyldime-
thylsilane!s (0.104 g, 5.2+ 10=% mol) in the presence of PC072
(15 uL) in anhydrous toluene (7 mL) was conducted, and the
product was purified, as described above. Yield 170 mg (62%).
'H NMR exhibits almost the same signals with the same intensi-
ty ratio.

G-2-Homo dendrimer (see Scheme 2). Reaction of the car-
bosilane dendritic matrix G-2-(All)4 (0.065 g, 3.81+ 10~ mol)
with HSiMe,Mesogen (0.459 g, 9.15+ 10~ mol) in the presence
of PC072 (15 uL) in anhydrous toluene (7 mL) was conducted,
and the product was purified, as described above. 'H NMR, &:
—0.09 (s, 36 H, Si(CHj3)); 0.02 (s, 192 H, O—Si(CHj3)); 0.53
(m, 144 H, Si—CH,); 1.05 (t, 48 H, O(CH,),CH;); 1.20—1.45
(m, 152 H, CH,CH,CH,); 1.80 (m, 64 H, OCH,CH,); 3.99 (t,
32 H, ArOCH,); 4.31 (t, 32 H, COOCH,); 7.00—8.20 (m,
128 H, Ar).

Results and Discussion

The synthesis of the carbosilane block codendrimer
containing eight terminal allyl and eight aliphatic decyl

groups (compound 1, see Scheme 1) was reported in de-
tail.1® The azobenzene-containing mesogenic groups were
attached using the hydrosilylation reaction in the pres-
ence of the Pt-catalyst PC072.

The G-2-homo and G-2-stat dendrimers were syn-
thesized using the procedure proposed by us earlier,!7-18
viz., by hydrosilylation of carbosilane dendritic matrices
containing terminal allyl groups with a mesogene-con-
taining fragment (G-2-homo) and a mixture of meso-
gene-containing and aliphatic fragments (G-2-stat) (see
Scheme 2).

In all cases the hydrosilylation reactions were carried
out using a 1.5-fold excess of the compounds containing
the Si—H bond to ensure complete addition of necessary
fragments to the terminal C=C bonds of the dendritic
matrices. The course of the reaction was monitored by the
disappearance, in the 'H NMR spectra, of the signals at
8 4.9 and 5.8 corresponding to allylic protons of the den-
dritic matrices. The purity of the dendrimers synthesized
was established by GPC and their structures were proved
by 'H NMR spectroscopy. The 'H NMR of the G-2-
block dendrimer is shown in Fig. 2.

The composition of the G-2-stat dendrimer was de-
termined from the ratio of the integrated intensities of the
signals at § 0.86 and 1.05 in the '"H NMR spectrum corre-
sponding to terminal Me groups of different-type termi-
nal fragments of the dendrimer (Fig. 3). This ratio is
~1:1, ie., the dendrimer contains almost equal amounts
of the mesogenic azobenzene-containing terminal frag-
ments and the aliphatic decyl residues.

Phase behavior of LC dendrimers. The phase state of
the dendrimers synthesized in this work was studied by
DSC and polarization optical microscopy. The DSC
curves of the dendrimers show two endothermic peaks.
The low-temperature peak can be attributed to the transi-
tion from the crystalline phase to the LC mesophase (based
on heat of melting of ~7 J g~!, which is in agreement with
the published data!8 for carbosilane dendrimers with ter-
minal mesogenic groups). The high-temperature peak cor-
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Scheme 2
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Fig. 2. '"H NMR spectrum of G-2-block dendrimer (R, and Ryiiph are the branches of the dendritic molecule with mesogenic
azobenzene-containing and decyl terminal groups, respectively).



Liquid-crystalline carbosilane codendrimers

Russ.Chem.Bull., Int.Ed., Vol. 56, No. 12, December, 2007 2411

(0]

Me Me @N 2
—SI—O—ISI_/\/\/\O \\N@ONMe

Me Me

I\I/Ie
NN N W

| Me

Me ﬂ

H(2)
H(1)
1.00 1.04
1 1 1 1
1.1 1.0 0.9 0.8 o

Fig. 3. Determination of composition of G-2-stat codendrimer
by 'H NMR spectroscopy.
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Fig. 4. DSC curve for G-2-block codendrimer.

responds to transition from the LC phase to the isotropic
state. As an example, Fig. 4 shows the DSC curve for the
G-2-block dendrimer.

The formation of the LC phase was also confirmed by
polarization optical microscopy; the dendrimer was char-
acterized by a fan-shaped texture typical of smectic A
(SmA) mesophase.

Thus, irrespective of the molecular architecture the
three dendrimers (G-2-homo, G-2-stat, and G-2-block)
are characterized by the formation of the same set of
phases, namely, the crystalline phase and the LC phase
SmA. However, the phase transition temperatures strong-
ly depend on the composition and pattern of organization
of terminal groups on the surface of the dendritic matrix
(Table 1).

First of all, it should be noted that all the dendrimers
synthesized are monodisperse individual compounds. The
G-2-block and G-2-stat codendrimers are characterized

Table 1. Phase behavior and polydispersity indices of dendrimers
according to polarization optical microscopy, DSC, and GPC
data

Dendrimer Phase behavior* M, /M, (GPC)
G-2-homo Cr8SmA 621 1.02
G-2-block Cr12SmA401 1.05
G-2-stat Cr—9SmA 21 1.03

* Cr stands for crystalline phase, SmA stands for liquid-crystal-
line smectic A mesophase, and I stands for isotropic melt; the
temperatures are given in °C.

by a considerable decrease in the temperature interval of
existence of the LC mesophase and by a decrease in the
isotropization temperature compared to the G-2-homo
homodendrimer (see Table 1). This seems to be due to a
decrease in the content of mesogenic groups responsible
for the formation of LC ordering in these dendrimers.
Although the G-2-stat and G-2-block codendrimers have
the same compositions, the clearing point of the former is
lower than that of the latter. Apparently, this is a conse-
quence of different conformational distortions in the pack-
ing of the terminal fragments on the surface of the den-
dritic molecules. One can assume the formation of a more
defect smectic phase in the case of the G-2-stat coden-
drimer with statistically arranged different-type terminal
fragments compared to the G-2-block codendrimer where
the molecular topology predetermines a more perfect
packing of mesogenic groups. This leads to a lower clear-
ing point and to a decrease in the temperature interval of
the existence of the mesophase for the G-2-stat coden-
drimer.

Photo-optical properties of LC dendrimers. Irradiation
of dendrimer solutions (A = 365 nm) produces significant
changes in their absorption spectra. Figure 5 shows that
an increase in the irradiation time causes a considerable
decrease in the optical density in the spectral region cor-

A

300 350 400 450 500 550

A/nm

Fig. 5. Changes in absorption spectra of a solution of G-2-block
codendrimer in dichloroethane upon irradiation at 365 nm (time
scale: 0—200 s).
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responding to the m—n* electronic transition of the
azobenzene chromophore. A slight increase in absorption
is observed in the region of n—n* electronic transition
(~450 nm). These changes, as well as the isosbestic points,
indicate the occurrence of only one process, namely,
E—Z-isomerization of azobenzene groups!® (Scheme 3)
upon UV irradiation.

Scheme 3

R2
N Q A =365 nm
%N A

E
I
- > R1 ©
R2
Z

The reverse reaction (Z— E-isomerization) occurs both
upon irradiation at A ~450 nm and upon heating. To study
the kinetics of the thermal process, the dendrimer solu-
tions were irradiated at 365 nm until photostationary state
and then the kinetics of an increase in the optical density
at the wavelength corresponding to maximum of elec-
tronic t—mn*-transition of azobenzene groups (362 nm)
were measured at different temperatures.

The rate of the reverse isomerization strongly depends
on temperature. To calculate the rate constants (k) for
reverse isomerization of all dendrimers at different tem-
peratures, the parameters (4; — A4.,)/(Ay — A..) were plot-
ted vs. time; here A4, A;, and A., denote the absorption at
t =0, at instant 7, and in the stationary state, respectively
(Fig. 6).

The plots are correctly approximated by a monoexpo-
nential function

(A, — A)/(Ay— A) = e k. (1)

The calculated rate constants for Z— E-isomerization
are listed in Table 2.

Table 2. Rate constants for Z— FE-isomerization of azoben-
zene groups in the dendrimers synthesized (for solutions in
dichloroethane)

Dendrimer k+103/s7! at different 7/°C

52 60 65
G-2-homo 0.76 1.7 2.9
G-2-block 0.75 1.6 3.2
G-2-stat 0.88 1.7 2.6

(A, —A)/(4y— A.)

1.0 &
&
%
0.8-6
o /
0.6-% ° 2
A 3
04
02
0

10 20 30 40 50 t/s
Fig. 6. Kinetic curves for Z—FE-isomerization of azobenzene
groups in G-2-homo (7), G-2-block (2), and G-2-stat (3) den-
drimers at 60 °C.

The results obtained show that the rate constants for
Z—E-isomerization of azobenzene groups in the three
dendrimers at the same temperature are similar within the
limits of measuring error, which indicates that the molec-
ular structures of the dendrimers do not influence the
kinetics of Z—FE-isomerization of terminal azobenzene
groups in the dendrimer solutions.

Constructing temperature dependences of the rate con-
stants for back transfer in the coordinates of the Arrhenius
equation (Fig. 7) made it possible to estimate the activa-
tion energy for thermal Z— E-isomerization of azoben-
zene groups. The activation energies for the three den-
drimers are also similar, being nearly 90 kJ (mole of me-
sogenic groups)~!, which is in reasonable agreement with
the value determined for low-molecular-weight azoben-
zene-containing analogs.2?

Thus, we synthesized three photochromic carbosilane
LC dendrimers of different molecular topology, namely,
the homo, block, and statistical dendrimers, for the first
time and studied their phase behavior and photo-optical
properties.

Ink
56
A
o [/
calLl ©
6.0 A 2
o 3
—6.4
—6.8 |
_7.2 i 1 1 1 1
2.96 3.00 3.04 T-1.103/K-!

Fig. 7. Temperature dependence of logarithm of rate constant
for Z— E-isomerization of azobenzene groups in G-2-homo (/),
G-2-block (2), and G-2-stat (3) dendrimers.
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