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A -Conjugated Organic Molecule: BDOBC16
Assembly in Silylated SBA-15 and Luminescent Properties
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Abstract: 4, 4-(9-(n-Hexadecyl)carbazole-3,6-diyl)di(6-(4-(diphenylamino)phenyl)-2, 2-difluoro-1, 3, 2(2H)-diox-
aborine) (named as BDOBC16), a kind of 7-conjugated organic molecule containing B-diketone-boron difluoride
groups, was assembled in SBA-15 modified with (3-aminopropyl)triethoxysilane (APTES), and fluorine-boron
groups in molecule of BDOBC16 was found to be remained in the assembly. Results indicate that the organic
compound in silylated SBA-15 emits green light while itself emits red light. The energy of 0.45 eV is found
changeable in emission of the guest before and after assembly, and luminescent intensity of BDOBC16 increases
75 times after it was assembled. Strong H-bond existed between the host and the guest, which is regarded as
main reason to result tremendous change in luminescence of the guest. Molecular aggregation is also found

harmful while high dispersion is benefit to luminescence of the guest.
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m-conjugated organic systems have attracted optoelectronic devices such as organic light emitting
increasing attention in recent years due to their diodes  (OLEDs), organic field effect transistors

promising applications in sustainable and low-cost (OFETs) and organic photovoltaic cells  (OPVs) 7.
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Particularly, research on 7-conjugated organic mole-
cules emitting fluorescence under UV irradiation
becomes an important area™. Numerous mr-conjugated
organic molecules have absorption in visible region
because of decreasing on energy gap of 7-7*, and
possess  high

they  sometimes energy quantum

B0 Most organic luminescent molecules

efficiency
exhibit strong luminescence in dilute solutions, but
their luminescent intensities decrease greatly in
improper solvent or in their solid state because of
strong intermolecular 77-7r stacking interactions and
non-radiative decay in the aggregations, which is
called aggregation-caused quenching (ACQ)™\. The
ACQ effect, resulting in dissatisfactory efficiency of
organic luminescent materials in the solid state, has
become an obstacle to fabricate efficient light-emitting
devices, for the materials must be fabricated in a solid
state!!,

The host-guest chemistry, studied for near half
century, provides an effective method to solve the
problems">"".  Host-guest system has gained consider-
able interest for its superiority to prepare functional
groups in a well-defined geometry!™, and it provides
controllable possibility over interactions among the
functional groups to obtain particular properties"®!. Tn
case of inorganic zeolite-based host-guest system, the
organic molecules with functional groups are assembled
by gas diffusion or in solution state®. Interaction
between the host and guest involves more than one
type of noncovalent interactions, such as hydrogen
bonding, hydrophobic association, electrostatic intera-
ctions, van der Waals forces, and -7 stacking 2.
Most of the hosts possess the groups mainly used as
hinges like -NH, to connect organic panel units,
which can form a variety of nanoscale architectures!”.
Some conjugated systems were assembled as compo-
nents of the panel units for their interesting physical
phenomena, such as optoelectronic properties.

Here a kind of rigid organic molecule with -
conjugated structure BDOBC16", was synthesized
according to the reference!”. The molecule has novel
which

fluorescent properties to the material

fluorineboron  groups, brings  excellent

531 However,

low fluorescence-emission is found in its solid state
for molecular aggregation. To conquer the flaws,
BDOBC16 was assembled into the cavity of SBA-15
modified with (3-aminopropyl)triethoxysilane. Fluorine-
boron groups in molecule of BDOBC16 were found to
be remained and H-bonds were formed between the
guest and host, for the existence of amine groups in
inner wall of the silylated mesoporous material and
atom of F in BDOBC16™. Results indicate that the
organic compound in silylated SBA-15 emits green
light while itself emits red light, 0.45 eV energy is
found changeable in emission of the guest before and
after assembly, and luminescent intensity of
BDOBC16 increases 75 times after it was assembled.
Strong H-bonds between the host and guest is
regarded as a main reason to result in tremendous

change on luminescence of the guest.
1 Experimental

1.1 Materials

All chemicals used are of analytical reagent
grade available from a commercial supplier without
further purification. Tetraethoxysilane (TEOS, =99%)
was obtained from Sinopharm Chemical Reagent
Company (in Shanghai, PR China). (3-aminopropyl)
triethoxysilane, =99% ) was obtained from Sigma-
Aldrich Company (a USA chemical company). The
other reagents were obtained from Beijing Chemical
Reagent Company (PR China).

All the solvents were dehydrated before used.
1.2 Synthesis of SBA-15

SBA-15 was synthesized
TEM images of SBA-15 longitudinal

section and cross section are shown in Fig.1%l,

according to the

reference!”.

Fig.1 TEM images of SBA-15 cross section and

longitudinal section

1.3 Synthesis of BDOBC16

BDOBC16, with molecular structure shown in
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Scheme 1, was synthesized according to the method in
the reference”. '"H NMR (500 MHz, CDCl;) &: 8.45 (s,
2H), 8.03 (d, J=9.0 Hz, 2H), 7.98 (d, J=8.5 Hz, 4H),
7.37 (t, J=8.0 Hz, J=8.0 Hz, 8H), 7.32 (d, /=9.0 Hz,
2H), 7.25~7.18 (m, 12H), 7.03 (s, 2H), 6.98 (d, J=9.0
Hz, 4H), 4.22 (1, J=6.5 Hz, J=7.0 Hz, 2H), 1.86~1.81
(m, 2H), 1.31~1.21 (m, 26H), 0.86 (t, J=6.5 Hz, J=7.0
Hz, 3H). *C NMR (125 MHz, CDCl;) 6: 179.9, 179.5,
154.3, 145.9, 144.9, 131.3, 130.3, 127.6, 127.0, 126.2,
124.5, 123.2, 123.1, 122.0, 118.9, 110.1, 92.0, 68.4,
44.2,32.3,30.1,30.0,29.9,29.8,29.7, 29.4, 27.6, 26.0,
23.1, 14.5. Elemental analysis for C;yHgB,F,N;0,. Caled
(%): C, 75.48; H, 6.24; N, 3.77; Found:(%) C, 75.31;
H, 6.12; N, 3.69.
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Scheme 1

1.4 Preparation of silylated SBA-15

0.5 g of dried SBA-15 was added into a 100.0
ml three-necked dried flask filled with N, gas. A
solution of APTES (5.0 mL of APTES in 20.0 mL

dried toluene) was added into the flask containing

Molecular structure of BDOBC16

SBA-15 drop by drop. The mixture was stirred and
refluxed at 90 °C for 16 h under protection of nitrogen
gas. The final product was obtained by centrifugation,
washed with chloroform, and dried at room
temperature, and the result indicates that the mass
fraction of the incoming group containing NH, is

about 16.9% .

course to SBA-15 is shown in Scheme 2.

Schematic drawing of the silylated

OH o)
C,Hs—O,

OH + CyHs—O0—Si—C3Hg—NH, — [—0——5i—C;H,—NH,
C,Hs—O

OH o

Scheme 2 Schematic drawing of the silylated course
to SBA-15
1.5 Assembly of BDOBCI16 into silylated SBA-15
0.1 g of silylated SBA-15 was added into a
solution of BDOBC16 (0.01 g of BDOBC16 in 10.0

ml dried toluene). The mixture was stirred and heated
at 60 °C for about 24 h. The assembly was obtained by
centrifugation, washed with toluene and ethanol, and
dried at room temperature. The mass percent of
BDOBCI16 in the assembly is about 15.5%.
1.6 Characterizations

Crystal structures of the samples were deter-
mined by powder X-ray diffraction (PXRD), using a
Rigaku D/MAX diffractometer
Cu Ka radiation (A=0.154 06 nm, scanning speed=
10° - min™). Solid-state *Si NMR spectra of the samples
were obtained with a Bruker AV600 (made in Germany),

(made in Japan) with

and the chemical shifts recorded on the d-scale were

referenced through external tetrakistrimethylsilane
(TTMS). Fourier transform-infrared (FT-IR) spectra of
the samples were recorded from KBr pellets (1 mg of
sample to 100 mg of KBr) over the range of 400 ~
4 000 ecm™, at 2 em™ resolution using a Bruker Vector
-22 spectrometer (made in Germany). UV-Vis spectra
of the samples were performed in range of 200~600
cm™ with a Perkin Elmer Lambda 900 UV-Vis spec-
trophotometer (made in Japan). N, sorption isotherms
of the samples were recorded on a (Quantachrome
NOVA 2000e sorption analyzer (made in USA) at the
(77 K). Samples were

degassed at 200 °C overnight prior to the measure-

temperature of liquid nitrogen

ment. Surface area was obtained by Brunauer-Emmett-
Teller (BET) method, and pore size distribution was
calculated using Barret-Joyner-Halenda (BJH) model.
Thermogravimetric analysis  (TG) and differential
(DTA) were performed on a HCT-2
thermoanalyzer (Beijing Hengjun Instrument Company)

at a heating rate of 10 °C+min™, raised from 25 to 800

thermal analysis

°C, using a-Al,0; as the reference. X-ray photoelectron

spectroscopic  (XPS) analysis was measured on
Shimadzu ESCA-250 and ESCA-1000 spectrometers
(made in Japan) with Mg K X-ray sources. Emission
spectra were collected on a Spex Fluorolog-7000
fluorimeter (made in Japan) with a 450 W Xe lamp as
an excitation light source. The photoluminescence
quantum yield and lifetime measurements were
performed using a FLS-980 steady state and transient

state fluorescence spectrometer made by Edinburgh



%3

BRAS  JLBE A P2 T BDOBC16 TEfiESEft SBA-15 FL A A 20 % B H RSB 511

Instruments (UK).
2 Results and discussion

#Si MAS NMR spectra of SBA-15 and the surface
silylated SBA-15 sample are shown in Fig.2. The
bands labeled 02, Q3, and Q4 in Fig.2A correspond
respectively to (OH),Si (0Si),, (OH)Si (0Si);, and Si
(OSi),. After silylated, intensities of the relative peaks
in the spectra are changed, indicating that silylation
occurred during the treatment. The band assigned to
Si(0Si), increases in intensity (Fig.2B), proving the
reaction between APTES and Si-OHs existing on the
wall of SBA-15. The data of relative chemical shifts
and some bands’ intensities are summarized in Table

1, and there is about 8.3% of the Si-OH groups in

Q3 )

Q3 ®)

Q2
Q4
‘ |
-80 -100 -120 -140

Chemical shift / ppm

Fig.2  *Si MAS NMR spectra of SBA-15 (A) and
silylated SBA-15 (B)

SBA-15 were silylated.

The pore volumes and pore diameter distributions
of SBA-15, silylated SBA-15 and the assembly
(BDOBC16 in silylated SBA-15) were determined from
N, adsorption isotherms at 77 K, which are shown in
Fig.3. It can be easily found that the pore radius and
pore volume decreased clearly from SBA-15 to the
assembly, pore radius of silylated SBA-15 decreased
from 3.268 to 2.462 nm after BDOBC16 assembled.
TEM images (Fig.4) show that the diameters of silylated
SBA-15 and the assembly all have some decrease,
and the pores are obscure after BDOBC16 assembled.

A B C
04 3897 (A) (B) ©)
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Fig.3 Pore size distributions for SBA-15 (A), silylated
SBA-15 (B) and the assembly (C)

i o T

60 nm_#

Fig4 TEM images of silylated SBA-15 (a: longitudinal
section; a’: cross section) and assembly (b: cross

section)

FT-IR spectra of BDOBC16, SBA-15, silylated
SBA-15, and the assembly are shown in Fig.5. In Fig.
5Aa, A broad peak at about 3 340 ¢cm™ are assigned

as structural hydroxyl groups in the spectrum of dried
SBA-15, which offers reactive resource to APTES. The

Table 1 *Si MAS NMR data of SBA-15 and silylated SBA-15

Chemical shift

Intensity / %

Sample
Q2 Q3 Q2 Q3 Q4
calcined SBA-15 -102.5 -110.9 -118.5 274 522 20.4
APTES-SBA-15 -102.5 -111.2 -118.5 25.0 46.3 28.6
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Fig.5 A: FT-IR spectra of dried SBA-15 (a), silylated SBA-15 (b), the assembly (c) and BDOBC16 (d);
B: FT-IR spectra of silylated SBA-15 from 3 000 to 4 000 c¢m™

peaks at 1 082, 803, 468 cm™ are attributed to asym-
metric stretching, symmetric stretching and bending

" But in the spec-

vibrations of Si-O-Si, respectively
trum of silylated SBA-15 (Fig.5Ab), the peak at 3 507
cm™ contributed to N-H absorption (Fig.5B, amplified
part from 3 000 to 4 000 ¢cm™ in silylated SBA-15)
and the peak at 2 928 c¢cm ™' contributed to C-H
absorptions from APTES are found.
Compared to silylated SBA-15, absorption of N-H in
the assembly (Fig.5Ac) has 8 cm™ blue shift (from
3 507 to 3 515 em™), indicating existence of H-bond
between BDOBC16 and silylated SBA-15 possibly.
Existence of H-bond also can be proved from the
absorption shift of B-F bond in
comparing to that of the absorption in BDOBC16. The
absorptions of B-F bond in BDOBC16 and assembly
are at 1161 (Fig.5Ad) and 1 135 cm™ (Fig.5Ac¢)"”,
respectively, 26 cm ™' blue shift happens. The other

stretching

the assembly

absorptions coming from the guest are all found in the
assembly.

Presence of BDOBC16 in silylated SBA-15 is
also proved by TG-DTA analysis. TG spectra of SBA-
15, silylated SBA-15 and the assembly are shown in
Fig.6A. To SBA-15 (Fig.6Aa), there is only about
1.13% mass loss observed below 100 °C, which comes
from the evaporation of adsorbed water in cavities of

the zeolite and some residue of the template. But to

silylated SBA-15 (Fig.6Ab), total weight loss from the
organic part is about 18.0%, some from evaporation of
(25~150 C, about 1.5%)

from decomposition

adsorbed organic solvents
and some of organic part

(150~600 °C, about 16.5%). Little water
was found to be contained in the sample, for SBA-15

connected

was dried at 100 °C under vacuum for about 2 h

before modification.
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Fig.6 A: TG curves of SBA-15 (a), silylated SBA-15 (b)
and the assembly (c); B: TG-DTA curves of
BDOBC16; C: TG-DTA curves of the assembly
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Figs.6B and 6C are the TG-DTA curves for
BDOBC16 and the assembly, respectively. Weight loss
of BDOBC16 is about 91.1% from 25 to 800 °C (Fig.
6B), which are divided into four steps. The first, from
180 to 360 °C, is assigned to the loss of alkyl chain
CiHs; The second, from 360 to 480 °C, is inferred
coming from decomposition of the triphenylamine
groups; The third, from 480 to 600 °C, possibly comes
from the loss of carbazole groups; and the last, over
600 °C, can be ascribed to decomposition of biphenyl
in the center.

As to the assembly, five weight lost steps,
corresponding to temperature changeable ranges 25~
180 C
position of aminopropyl connected with SBA-15 and
alkyl chain C;Hs), 380~490 °C
triphenylamine groups), 490~600 °C

(evaporation of solvent), 180~380 °C (decom-

(decomposition of
(weight loss of
carbazole groups) and over 600 C  (decomposition of
biphenyl), are found in its TG analysis, and the total
weight loss is about 33.5% (Fig.6C). Compared with
silylated SBA-15, about 15.5% (33.5%-1.5%-16.5%)
weight loss coming from the guest happens to the
assembly. The last four weight loss steps of the
assembly are well coincident with BDOBC16, and the
temperature changeable ranges of BDOBC16 in the
host are higher than that of the pure compound due to
protection of the zeolite. Weight lost steps and their
corresponding changeable
BDOBC16 and the assembly are listed in Table 2.
Compared to BDOBC16, number of exothermic

temperature ranges to

relating to the assembly decreases. One
(at 252 “C) and three exothermic peaks
(at 382, 560 and 640 °C, respectively) in TG curve

are found relating to BDOBC16. However, only one

peaks

endothermic

exothermic peak at 348 “C involving the guest, no
prominent peak over 450 °C, is observed relating to
the assembly. Some interactions, such as the hydrogen
silylated SBA-15 and the
conjugated molecule possibly lead to the results.
UV-Vis absorption spectra of SBA-15, silylated
SBA-15, assembly and BDOBC16 are shown in Fig.
7A. To BDOBCI16, a broad absorption band from 290

to 350 nm, due to transitions of electrons in carbazole

bonding, between

and triphenylaminecentered, is observed. Absorption
bands

molecule are at 390 and 426 nm™. Moreover, the most

form -7* transition in the conjugated
interesting absorptions are charge transfers in the
whole conjugated system, and two strong absorptions
at 512 and 545 nm with high absorption coefficients
might partly be ascribed to charge-transfer transitions.
As to the assembly, the absorptions at 298 and 419
nm are from BDOBC16, and their positions in the
conjugated molecule are at 304 and 426 nm, respec-
tively. But the absorptions at 348 and 390 nm coming
from carbazole group in BDOBC16 disappear and a
new broad absorption band centered at 368 nm
appears after the guest assembled, due to the
influence from H-bond between the atoms of F in the
guest and the imino groups existing on the surface of

silylated SBA-15. The B element is electron deficiency,

Table 2 Weight loss steps and corresponding temperature change ranges of BDOBC16

and the assembly in their TG analysis

BDOBC16 Assembly

Step 1 Weight loss / % 5.33 2.4
Temperature range / C 180~370 25~180

Step 2 Weight loss / % 30.69 12.2
Temperature range / °C 370~490 180~380

Step 3 Weight loss / % 26.63 6.5
Temperature range / °C 490~600 380~490

Step 4 Weight loss / % 26 5.1
Temperature range / °C 600~680 490~600

Step 5 Weight loss / % 5.1
Temperature range / °C 600~800
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Fig.7 A: UV-Vis diffuse-reflectance spectra of SBA-15 (a), silylated SBA-15 (b), assembly (¢) and BDOBC16 (d);
B: fluorescence-emission spectra of solid BDOBC16 (a), BDOBC16 in toluene (10 pg-L™) (b) and the assembly (c)

and the BF, group is electrophilic forcefully. Before
assembled, BDOBC16 has a typical D-II-A-II-D
structure and strong intramolecular charge transfer
property.
BDOBC16) and NH, group (connected on the wall of
silylated SBA-15) was possibly formed after formation
of the assembly (Scheme 3). As it is known that the

Hydrogen bond between atom F (in

NH, group is a strong electron-donating group, the
electronic receptive ability of BF, in BDOBC16 would
be subdued greatly in the assembly. Thus, the original
peak at 545 nm in the UV-Vis absorption spectra
disappeared, and absorptions at 368 and 419 nm
were observed.

The fluorescence emission spectra for BDOBC16
(solid), its solution (10 pg-L7") in toluene and the
assembly are displayed in Fig.7B. The emission peak
can be observed at 663 (Fig.7Ba, its amplified figure
is shown in the upright) and 626 nm (Fig.7Bb) with
area of 244.5 and 5 486 for BDOBC16 and its solution
in toluene, respectively. The blue-shift for BDOBC16
in two states can be attributed to 7-7* or dipole-
conjugated BDOBC16

a broad emission peak of the

dipole interaction of the
molecules™. Moreover,
assembly is observed at 534 nm with area of 18 381.4
(Fig.7Bc). There is about 129 nm blue shift happening
from red to green glow area and the luminescent
intensity of BDOBC16 increases about 75 times before
and after assembling, considering mass percent of the

guest in host is about 15%. Some information about

emission peaks of BDOBC16 and the assembly are
listed in Table 3.

Table 3 Information about emission peaks of BDOBC16
and Assembly
Material and State Awn / nm Area
BDOBC16 (solid) 663 2445
BDOBCI16 (dissolved in toluene) 626 5 486
Assembly 534 18 381.4

()v 0 () V0

@a a @

|(“u

=

Scheme 3 Schematic drawing to the formation of

assembly
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The luminescent intensities of solid BDOBC16
and that of the organic compound in solution state are
only about 1.3% and 29.8% to the assembly, indicating
that the guest molecule dispersion affects its
photoemission greatly. Energy quenching effect plays
a leading role when the emitter molecules gather with
each other, for the energy is transferred among the
conjugate structures and consumed gradually. But in
the assembly, the molecules of BDOBC16 are stabled
by H-bonds in different wall surface positions of
silylated SBA-15, energy quenching effect among the
guest molecules disappears and its luminescent
intensity is increased greatly.

Blue shift on emission wavelength of guest in
silylated SBA-15 can be explained. As discussed
above, strength of electron acceptor in BDOBC16 was
greatly weakened due to the existence of the hydrogen
(in BDOBC16) and NH,
(connected on the wall of silylated SBA-15).

That is to say, a higher energy is needed to excite the

bonds between F atoms

groups

electron in BDOBC16 from a low energy level to a
high energy lever. So the emission wavelength of the
assembly has been blue shifted, and the fluorescence
color of BDOBC16 changed from red to green after
assembled.

To the original conjugate compound, electrons in
7 orbit jump from S, (the molecular ground state) to
Sy orbit (the first excited electronic singlet) after they
are excited by UV light. But in silylated SBA-15, the
7 electrons in BDOBC16 are excited and possibly
jump to S, orbit  (the second excited electronic singlet),
for the energy consumed in molecular vibration and
motion is decreased greatly. Energy difference in two
kinds of jumping for one electron is about 0.45 eV,
which is calculated based on the equation of E=hc/A,
(where h is Planck constant, ¢ is velocity of light and
A is the wave number of emission light). In this research,
Ay is 626 nm and A, is 534 nm, AE=hc (1/A,—1/A))=
6.626x107" J+sx3.0x10° m+s7'x(1/534-1/663) nm™'x
10%(1.6x107 J-eV™")=0.45 eV.

Measurement shows that the fluorescent lifetime
and quantum yield of BDOBC16 in silylated SBA-15
are 1.13 ns and 3.23%, respectively. Colours of the

relative materials under UV (365 nm) and sun light

irradiated are shown in Fig.8.

a and ¢ come from BDOBC16, b and d come from the assembly

Fig.8 Colours of BDOBC16 and assembly under sun
light (a and b) and UV light (¢ and d)

Existence of H-bonds between the guest and host
is proved by XPS analysis to Fls and Bls. As shown
in Fig.9, binding energy (BE) of Fls in F-B bond in
BDOBC16 is about 686.5 eV (Fig.9A). However in the
assembly, BE of Fls divides into two states, which
locates at 685.3 and 688 eV (Fig.9B), respectively.
The interaction between F atoms and silylated SBA-15
results in the change. Associating with molecular
structure of BDOBC16, the interaction should come
from the H-bonds between F atoms and -NH, groups.

However the H-bond (B-F---H) possibly happens to

686.5 (A) 193.8 ©)

D)
192.7

680 682 684 686 688 690 692 694 184 186 188 190 192 194 196 198
Bonding energy / eV Bonding energy / eV

Fig.9 XPS spectra of Fls in BDOBC16 (A), assembly (B);
XPS spectra of Bls in BDOBC16 (C) and the
assembly (D)
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one B-F bond and it makes that the other F atom
bonding with the same B is different. Moreover, BE of
the B atoms in BDOBC16 and in assembly are all
found (shown in Fig.9C and 9D), proving the conjugated
molecule was not damaged undergoing assembly. BE
of Bls in BDOBC16 is about 193.8 eV, and it is
about 192.7 eV in the assembly. 1.1 eV binding
energy decreased in the two states indicates that the
atoms of B in BDOBCI16 are also suffered by H-
bonds, which exists between F atoms and -NH,
of BDOBC16 molecules are

decomposed during the assembling, there should exist

groups. If parts

two states of B atoms in the assembly.
3 Conclusions

In summary, Bis(dioxaborine)carbazole deriva-
tives (BDOBC16), a kind of w-conjugated organic
luminophor molecule containing S-diketone-boron
difluoride groups, was assembled in silylated SBA-15.
XPS analysis indicates that the molecular structure of
BDOBCI16 was remained in the host, and there exist
H-bond between the guest and host. Under UV
irradiation, BDOBC16 emits green light after it was
assembled in silylated SBA-15, while itself emits red
light. Luminescent intensity of BDOBCI16 increases
75 times after it was assembled. 7 electrons in the
conjugate structure in silylated SBA-15 was found to

be excited more effectively under UV light.
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