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A novel tripodal gelator, functionalized by three urea and three azobenzene moieties grafted with three
long alkyl chains, was designed and synthesized. The morphologies and surface properties of the xerogels
prepared from this gelator strongly depend on the polarity of the gelling solvent. Cabbage-like topography
and superhydrophaobicity were observed in the xerogel formed from a low polar aromatic solvent such as
xylene. The wettability of a xerogel could be turned from hydrophobicity to hydrophilicity by applying
a sol-gel process with different solvents. Spectral and structural analysis of the xerogels revealed a
basic bilayer arrangement of molecules with polarity changing on going from the inner hydrophilic regions
toward the outer region (edge) of the layer. The cooperation and relative competition of hydrogen bonds,
hydrophobic interactions, and azobenzeaeobenzene interactions are suggested to be the main
contribution for the bilayer structure self-assembly. This two-dimensional self-assembly and the growth
of nanostructures are remarkable in view of the usual fibrous aggregates given by organogels.

Introduction that they possess well-defined micro- and nanostructures on
. ) . the surface. Their wettability can be tuned between super-
Functional surfaces with controllablelwettabl'llty havg hydrophilicity and superhydrophobicity by modifying the
come to the forefront of research for their great interest in gyface chemistry or topographic structure by various stimuli

biological and industrial applicatiolsMany of the func- including light irradiatiorf pH changé,thermal treatmeri£8
tionalities of living organisms prove to be governed notonly ggvent® and so on. Several efforts have been made to
by the chemical nature of their constituents but also by their ¢onstruct micro- and nanostructures on various surfaces. One
micro- (or nano-) structure, as frequently observed in qf the most common techniques employed consists of coating
naturel-2 Synthetic materials with tunable surface properties the surface with a polymer. However, polymer coating once
have been reparted recently, including a polymer.mogn‘led spread generally displays untunable properties. According
surface} ACNT,* and specifically treated Tinanofilms® ¢4 our previous experience on low weight molecular (LWM)
The most significant feature common to these materials is assembly? the challenging idea appeared that if the as-
sembled LWM material itself could intrinsically contribute

* To whom correspondence should be addressed. E-mail: yitao@fudan.edu.cnto the micro- or nanostructure on the surface, tunable surface
e Caredon (G properties could be more easily achieved. _

¥ Laboratory of Advanced Materials. The self-assembling of small functional molecules into

supramolecular structures is a powerful approach toward the
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Scheme 1. Synthesis Process of 1la and 1b

C,HsOH
HOOC N=N OH ——> C,H;00C N=N OH
2 3
NaOH
C,Hs00C N=N OR — HOOC N=N O—R

R-Br
—_—

4a and 4b 5a and 5b
SOCl, NaN; Tris-(2-aminoethyl)-amine
- > N,OC N=N 0—R >
THF
6a and 6b
- = -C- HOH
\—\ N-C-N—©—N=N O-R
v
1aand 1b a R=-CsgHys
b R=-CyHs

development of new materials and nanoscale devicas. of several competitive or cooperative interactions in a single
a novel class of self-assembled materials, LWM gels have system could possibly allow controlling the topography of
received considerable attention in recent years because theyhe self-assembled materials and perhaps tune the surface
can organize into regular nanoarchitectures through specificproperties, thus providing new opportunities to LWM materi-
noncovalent interactions including hydrogen bonds, hydro- als. In this report, we describe a novel microscopic gelation

phobic interactionsg—o interactions, and Van der Waals
forces!'*? The intermolecular hydrogen bonds arx
interactions usually facilitate the growth of linear, elongated
aggregates in the geld! Therefore, the microscale mor-

system that leads to materials whose morphologies and
surface properties strongly depend on the solvents.

Results and Discussion

phology of most of these gels consists of fibers or ribbons.

Because the morphology of a gel is essentially the same over Molecular Design and Gelation PropertiesThe strategy

the whole system, the surface properties of related xerogelsof our research is to build up a single system containing
have rarely attracted much attention. A few examples of hydrogen bonding and hydrophobic and azobenzene
lamella-1® vesicle-1¢ and platelet-shapétigels have been  azobenzene interactions. These interactions play on their
reported, but the origin of the specific topography is not clear. mutual balance to modulate the packing arrangement of the
Very recently, Smith et al foun#,in the case of a two-  molecules and eventually obtain a particular superstructure
component dendritic system, that the morphology of the gels and functional surface. For this purpose, we designed and
could be tuned by varying the ratio of the gelators, a method synthesized the tripodal tris-urea derivatide, which
evidently not applicable to one-component systems. How- contains triethylamine, three azobenzene moieties, and three
ever, those “nonfibrous” examples which generally contain hydrophobic alkyl chains (Scheme 1). Tris-urea-based ge-

more than one interaction site suggest the fact that occurrencdators have been previously reported by van Esch €t
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displays several original points. First, it possesses a hydro-
philic amino core with urea groups and hydrophobic alkyl
chains as adjustable tails, an overall geometry that should
render the morphology sensitive to the polarity of the gelling
solvent and perhaps even controllable. Furthermore, the
numerous interactions in this compound should offer, at least
to some extent, the possibility of controlling the morphology
of the gel. Actually we found thata has the ability for
gelating a wide variety of organic solvents, such as 1-butanol
(n-BuOH), 1-methyl-2-pyrrolidone (NMP), chloroform, xy-
lene, anch-hexane, in a critical gelation concentration range
of 10—30 mg/mL (Table 1 and Figure 1). The related short-
chain compound.b cannot gel any of the above solvents,
while it even can crystallize from the mixed solvent of
dimethyl sulfoxide (DMSO) and tetrahydrofuran (THF; 1:4,
v/v). The most dramatic feature is that the xerogels formed
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Table 1. Gelation Properties of 1&

solvents state CGC solvents state CGC

ethanol PG benzene S(R)

acetone | dichloromethane S(R)

ethyl acetate PG toluene S(R)

NMP G 25mg/mL  THF S(R)
chloroform G 30 mg/mL  cyclohexane S(R)

xylene G 20 mg/mL  1,4-dioxane S(R)

hexane G 15mg/mL  1,2-dichloroethane S(R)
1-butanol G 10 mg/mL  bromobenzene S(R)

aCGC: critical gelation concentration, the minimum concentration
necessary for gelation of solvents. PG: partial gel. I: insoluble. S: solution
when heated. R: recrystallization. G: gel.

Gel
Sol

Figure 1. Pictures of the setgel transition of 1-butanol (20 mg/mL).
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by 1a display morphologies and surfaC(_a properties that Figure 2. SEM images of the xerogels fromBuOH (a and b), NMP (c
strongly depend on the nature of the gelling solvent. and d), and xylene (e and ).

Morphologies of the Xerogels.To obtain visual images
of the assembleda from various organic solvents, the
morphology of the xerogels obtained froba were inves-
tigated by scanning and transmission electron microscopy
(SEM and TEM). The NMP and xylene xerogels were
obtained from the corresponding initial gel with a concentra-
tion of 30 mg/mL; then-BuOH xerogel was obtained from
the gel of 20 mg/mL. Micrographs of the xerogels are
strongly dependent on the gelling solvent. The xerogel from
n-BuOH shows regular flakes of about 206200 nm in size,
connected by thin ribbons (Figure 2a,b). There is no
appreciable difference in the SEM images over the concen-
tration range ofla in the gels from 10 to 30 mg/mL. TEM
images of the xerogel show that the flakes actually consist
of a mosaic assembly of “nested” tiny thin platelets (Figure
3a). The ribbons connecting the flakes displayed by the SEM
images are wrinkles formed by thin platelets (Figure 3b),
and their widths range from 10 to 50 nm.

Figure 2c,d shows the SEM images of the NMP xerogel.
The molecules ola aggregate to form flowerlike architec- 2 tiin
tures about 1000 nm in diameter. The thickness of the flower ~
petals is about #10 nm. The flowers are connected by
spacious silklike soft ribbons. TEM images of NMP xerogel
(Figure 3c) also show thin platelets tiled up to form closely stacked thin films with the thickness about®Bnm
flowerlike architectures. Furthermore, randomly distributed (Figure 2f).
nanodots and grains were found in TEM images by careful On the basis of the above results, we can see that the
analysis of the images; these dots were residuesP¥WD; morphology of the xerogels strongly depends on the nature
used as the staining agent as evidenced by energy-dispersivef the gelling solvents. This feature most likely results from
X-ray (EDX) analysis of the constituting elements. The grains a strongly anisotropic growth, a process related to highly
display a very homogeneous dimension of about 1.6 nm, directional intermolecular interactions that in turn may be
which proved to be the cell parameterof the structure due to the partial or full extension of the long alkyl chains
model discussed below. In contrast, the gel formed in xylene of 1aor to the formation of directional molecular aggregates.
provides homogeneous cabbagelike spherical structures with Spectral Analysis of the Gel and Xerogel States.

a diameter of 10001500 nm (Figure 2e). These spherical- Electronic UV-vis absorption spectra of the gels were
shaped balls are composed of hierarchical structures ofstudied to obtain information about the aggregated state of

Figure 3. TEM images of the xerogels fromBuOH (a, b) and NMP (c,
d).
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Figure 4. Absorption spectra ofain solution, gel, and xerogel from xylene (a) andBuOH (b) at room temperature. Concentration: the solutions, 1
10°° M; xylene gel, 30 mg/mLn-BuOH gel, 20 mg/mL. UV irradiation: 365 nm for 20 min.

azobenzene on the molecular sc&k° The concentration 150
of 1ain both xylene andh-BuOH is 1 x 1075 M (Figure 4),
and the absorption band centered at 351 nm can be assigned

to 7—ax* transitions of the azobenzene moiéfyThis band

120

appears to split into two bands both in the gel and in the 90|

xerogel obtained from the corresponding solvents, one blue- :’ 3
shifted and the other red-shifted. These “bands” do not 60 4
exhibit obvious change when going from gel to xerogel state,

but their positions slightly depend on the gelling solvent. 301

Gelation with xylene anah-BuOH give a component blue-
shifted to 302 and 305 nm, respectively. These strong blue
shifts of thex—s* absorption band suggest the formation
of H-aggregates (Scheibe) by the moleculedain the gel
and xerogel state’.A red-shifted component at about 360
nm also accompanies gelation in both solvents. Interestingly,
the intensity of this band is reduced by UV light irradiation, 2854 cm! as broader bonds in the xylene gel. The IR
which indicates that the azobenzene species contributing tospectrum of the native gel fromBuOH is poorly resolved
this absorption are not strongly aggregated. The red-shiftedbecause of the dominant signal of the solvent. It is worth
component is more intense in a gel with nonpolar xylene pointing out that there is no appreciable difference between
(Figure 4a) than in a gel or xerogel with polatBuOH IR spectra given by the xerogels from different gelling
solvent. In xylene xerogel it only appears as a shoulder solvents. On the basis of the WWis and IR data, it is
(Figure 4b). It suggested that the formation of aggregates inreasonable to suggest that the aggregates of the molecules
both gels and xerogels in turn implies tHatis arranged in  in the gel and xerogel states do not significantly depend on
an extended linear conformation in the gels and that this the nature of the gelling solvent. The supermolecular
conformation is retained in the related xerogels. structure of the gel may result from the combined effects of
Figure 5 compares the IR spectra of the gel, xerogels, andhydrogen bonds, aggregation of azobenzene moieties, and
the powder ofla. In the powder, the NH and CO stretching hydrophobic interactions.
modes of urea groups are located at 3281 and 1638;cm  Molecular Structure of the Xerogel. Information about
the NH bending vibration is located at 1547 tmThese  the structure at the molecular level of theBuOH, NMP,
peaks become broad and move to slightly higher wavenum-and xylene xerogels was obtained by small-angle X-ray
bers of 3320, 1648, and 1542 chin the xylene gel and  scattering (SAXS; Figure 6). The SAXS patterns of the
3327, 1642, and 1545 crhin the related xerogel. These xerogels prepared with the three solvents show similar series
shifts suggest that the hydrogen bonds in the gels areof reflections. In each series, the various spacings observed
somewhat more disordered than that in the solid St&t€&®  form a suite of fractions d/1:d/2:d/3:d/4), a feature that
The Ch stretching vibrations at 2916 cth(vang) and 2849 strongly suggests a lamellar structd?é??s The gelling
cm™ (veym in both the xerogels and the powder indicate splvent influences the value of the basal spadigg to a

that the alkyl chains are closely packed to form quasi- small but significant extent. Theyo; values are 7.49, 7.88,
crystalline domaing? These peaks are observed at 2922 and

0 T T T T T T T 1
3400 3200 3000 2800 1600 1400 1200 1000
Wavenumbers / cm™

Figure 5. FT-IR spectra of the powder (1);BuOH xerogel (2), xylene
xerogel (3), and xylene gel (30 mg/mL; 4) béa
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Figure 6. (a) SAXS patterns of xerogels @& from n-BuOH (solid line), NMP (dotted line), and xylene (dotted-dashed line); (b) WAXS pattern of xylene
xerogel.
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Figure 7. Expected molecular packing model and cell parametefisin

and 8.33 nm forn-BuOH, NMP, and xylene xerogels, in an antiparallel way by azobenzenazobenzene interac-
respectively. The variation of the basal spacing thus parallelstions. The cooperation of these two kinds of noncovalent
the change of polarity of the solvents. This may reflect a interactions may be the driving force fab to achieve a
different capability of solvent penetration between the two-dimensional packing instead of a one-dimensional chain
layers? The weak polar aromatic solvent such as xylene structure as already obsernvEdqFor the molecular packing
swells the layer structure more efficiently thasBuOH, and, of 1b, see Figure S1 of Supporting Information.)

therefore, the xerogel (even Qried) gives a larderalue. Comparing the structural data dfb with the X-ray
The SAXS pattern of the native gels, from batrBuOH scattering patterns dfa, it is clear that both of them have
and NMP, did not show any sharp diffraction peak, only & |, ejiar structures with large spacings. According to the

broad band_ around 8.5 nm. For the purpose of a deepermoIecuIar length ofla which reaches about 3.6 nm when
u_nderstandlng of the detailed structure of the xerogel, thethe three branches extend along the same direction (from
_smgle_—crystal s_tructure of the relat(_ad_ compautil was CPK molecular modeling) and considering the hydrophobic
investigated, W'.th the goal of obta|n|n925a modpl of the interaction along alkyl chains, the long axgsais) observed
mglr?g;:?irc E":l:tk(':r;% Fl’g (f)]/i) Xw?trr??ﬁtl-:‘ l(j:rt”at‘ cel}t;)a%griztjrs in the xerogels must be related to a pair of two head-to-tail

_ o - _ molecules. The wide-angle X-ray scattering (WAXS) spec-
35_8?.85(;; (i)nﬁ,zbz_ 41‘(1)025-;‘:5129) rég:le::u:lg:fgrse@grf;f g; qin Tum of the xylene xerogel provides values for the other two

‘ ' Lo : . parameters of about 1.68 and 2.02 nm (Figure 6b). The first
the same way as in the previously reported tris-urea deriva- 168 . ted to be determined by the hvd
tives!® The three urea branches extend along a commonone( -68 nm) is suspected to be de ermined by the hydrogen
direction, with strong intramolecular hydrogen bonds be- bonds between the urea groups, which was also observed as

' the smallest dimension in the TEM images. The weak peak

tween the urea and the central nitrogen atom of triamine. at 2.02 nm suagests an insufficient nacking of the long alkvl
Weak intra- and intermolecular hydrogen bonds are also ; Sug9 nep 9 ng alky
chain @ axis). Because of the unique length of thaxis, it

observed between urea groups in the [010] direction. In .

contrast, molecules along the [101] direction are arranged IS obylous _that the mo_IecuIe_s grow a_Iong theaf‘d b
directions giving a two-dimensional architecture (Figure 7).

(26) Simmons, B. A.; Taylor, C. E.; Landis, F. A.; John, V. T.; McPherson The thickness of the film is expected to correspond to the
G. L.; Schwartz, D. K.; Moore, Rl. Am. Chem. So2001, 123 2414. length of thec parameter in the celldg, value), a value
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Figure 8. Photographs of the water droplet on glass slices spin-coated with xerobefraim n-BuOH (a), NMP (b), and xylene (c). Reversible wettability
transition betweem-BuOH and xylene gel by the sebel process (d).
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Figure 9. XPS spectra in the C 1s, N 1s, and O 1s regions ofntBaiOH (solid line) and xylene xerogels (dotted line), respectively.

consistent with the thickness of the flower petals (Figure 2d) surface wettability crucially depends on the gelling solvents.
and closely stacked thin film (Figure 2f) in SEM images. The chemical compositions of the top surfaceneBuOH
Taking into account the structure and parameters of the and xylene xerogels were investigated by X-ray photoelectron
compound, it can be deduced that the film has a bilayer spectroscopy (XPS). The intensity of the C 1s and N 1s peaks
structure. The bilayer slab consists of two single layers, eachof the n-BuOH xerogel are weaker than that of xylene
of them comprising double antiparallel species packing along xerogels, whereas the intensity of O 1s peak$-&uOH
the b direction. The long hydrophobic chains are interdigi- xerogel is much stronger (Figure 9). The XPS measurement
tated to hold the bilayer structure, whereas the triamine coredemonstrated a decreased C/O ratio for the xerogel from
of each molecule located on the outside of the layer forms n-BuOH compared with that from xylene, which means that
the hydrophilic environment of the surface. It seems that evenmany more &0 groups are exposed on the surface of the
though the polarity of the gelling solvent does not strongly n-BuOH xerogel and cause the hydrophilic surface. It is
influence the molecular level structure of the gel (proved reverse in the case of xylene xerogels. Both results of XPS
by spectra and diffraction analysis); it greatly contributes to and the wetting experiment are consistent with our concept
the configuration of the hierarchical nanostructure of the of the bilayer aggregate structureXd, with a triamine tris-
corresponding xerogel. The hydrophilic surface of the layer urea core of each molecule located on the surface of the layer
suppresses the formation of a multilayer structure in a polar forming a hydrophilic environment and the long hydrophobic
solvent such as-BuOH, while in a nonpolar solvent like  chains located at the edge of the layer. The xerogel formed
xylene, the films tend to pile up to form cabbage shaped from a polar solvent likee-BuOH is covered by a large area
balls. of flat surface and, therefore, gives a comparatively small
Gelling Solvent Dependence of Surface Composition CA (<90°). In a gel from the nonpolar solvent of xylene,
and Wettabilities. The wettabilities oh-BuOH, NMP, and the films stack in such a way as to create a hydrophobic
xylene xerogels were characterized by the measurement ofexternal surface all around the cabbage balls, because only
the water contact angle (CA) on their surface. The organogelsthe nonpolar edges of the layers are located there. Thus, the
were spin-coated on glass slices, which were pretreated withfilm exhibits a large CA approaching superhydrophobicity
silicon oil/THF (1:10) solution, and dried in a vacuum for (~15C). The enhancement of the roughness of the surface
12 h at room temperature. Thermogravimetric analysis (TGA) is also an important factor for the hydrophobicity according
of the xylene,n-BuOH, and NMP xerogels shows the to the Wenzel's equatiofi. SEM images suggest a much
absence of any weight losses up to Z%D (Figure S2 of rougher, more corrugated surface of the xylene xerogel than
Supporting Information), which indicates that no free solvent that of then-BuOH xerogel. In the case of a rough surface,
remains in these xerogels. The shapes of a water dropletair trapped in the cracks of the ball also prevents the contact
sitting on xerogel films obtained from different gelling of the water droplet with the surface of the lay&fThe
solvents are shown in Figure 8. The CAs on surfaces coatedfraction of the air/water interface is calculated to be as high
with n-BuOH, NMP, and xylene xerogel are 8043 0.9,
110.1+ 1.5°, and 146.0t 0.6°, respectively. Therefore, the  (27) wenzel, R. Nind. Eng. Chem1936 28, 988.
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as 0.85 according to modified Cassie’s equatfomhich 13C NMR (DMSO<s, 25 °C) 6 167.00, 159.64, 150.70, 135.92,
indicates that achievement of high hydrophobic xerogel film 130.66, 127.33, 121.46.

is mainly a result of the specific surface topographic  4-(4-Hydroxyphenylazo)benzoic Acid Ethyl Est@®). (To a
structure. solution of2 (2.42 g, 10 mmol) in 50 mL of ethanol was added a

The wettability could not be switched by simple immersion catalytic amount of concentrated sulfuric acid. After the reaction
of a given xerogel film in a different solvent and drying mixture was refluxed and stirred for 6 h, 50 mL of water was poured
again. Changing the wettability requires reabsorption of a into the mixture, and the reaction mixture was neutralized with 1

new solvent. Eor example. after tmeBUOH xerogel wa M NaOH solution.3 was then obtained by filtration and purified
w solvent. xampie, u XErogel was by column chromatography on silica gel with chloroform as the

dipped in xylene and heated above 80, the xerogel eluent, yield 2.38 g (88%}H NMR (CDCl,, 25°C) 6 8.17-8.19
converted to a sol, and the sol turned to the xylene gel and (g j = 8.4 Hz, ArH, 2H), 7.89-7.92 (dd, ArH, 4H), 6.97-6.99
subsequent xerogel after cooling to room temperature and(d, J = 8.8 Hz, ArH, 2H), 6.28 (s-OH, 1H), 4.40-4.46 (q,J =
drying. Thus the surface wettability of the xerogel can be 7.2 Hz,—OCH,CHs, 2H), 1.42-1.45 (t,J = 7.2 Hz,—OCH,CHs,
easily modified from hydrophilic to hydrophobic by changing 3H); 13C NMR (CDCh, 25°C) ¢ 166.81, 159.53, 155.55, 147.24,
the gelling solvent from polar to nonpolar. The reversible 131.59, 130.82, 125.67, 122.59, 116.18, 61.67, 14.53.

switching was repeated several times from th&uOH 4-(4-Alkoxyphenlazo)benzoic Acid Ethyl Estéa @nd 4b). To
xerogel to the xylene one, and good reversibility of the 50 mL of dry acetone solution containir®2.16 g, 8 mmol) and
surface wettability was observed (Figure 8d). 2.5-fold of the corresponding alkyl bromide (20 mmol) was added

2.78 g (20 mmol) of anhydrous potassium carbonate. The reaction
mixture was refluxed and stirredrf8 h and then poured into excess
water and filtered. The crude product was obtained by filtration
In conclusion, the novel tripodal gelatba, functionalized ~ and purified by column chromatography on silica gel with
by three urea and azobenzene moieties and tailed with threechloroform/petrol ether (1:2, v/v) as the eluent, yield 90%4) @nd
long alkyl chains, is capable of forming anisotropic bilayers 92% @b) of corresponding producta: *H NMR (CDCls, 25°C)
which are hydrophilic along the plane but hydrophobic near © 8-16-8.18 (d.J = 8.4 Hz, ArH, 2H), 7.89-7.95 (q,) = 6.4 Hz,
the rim. The wettability of the surface, therefore, strongly ArH, 4H), 7.00-7.02 (d,J = 7.2 Hz, ArH, 2H), 4.384.44 (q.J
) ' LT = 7.2 Hz, —COQOCH,CHz—, 2H), 4.03-4.06 (t,J = 6.4 Hz,

depends on the morphology of th(_a xerogel which is in turn —OCH,CHy—, 2H), 1.80-1.84 (m,—CH,—, 2H), 1.40-1.44 (t,
cpntrolled by the intermediate gelling s_olvgnt. Thg COOPEra- — 75 Hz, —OCH,CHs, 3H), 1.26 (s~CH,—, 26H), 0.87-0.89 (t,
tion of hydrogen bonds, hydrophobic interactions, and j = 7.2 Hz, —CH,, 3H): 2*C NMR (CDCk, 25 °C) 6 166.37,
azobenzeneazobenzene aggregation ability seems to be the 162.55, 155.5, 147.06, 131.68, 130.75, 125.42, 122.54, 114.99,
key point of the bilayer self-assembly. This two-dimensional 68.64, 61.38, 32.18, 29.86, 26.25, 22.95, 1448. H NMR
self-assembly and the growth of nanostructures are remark-(CDCl;, 25°C) 6 8.16-8.18 (d,J = 8.4 Hz, ArH, 2H), 7.89-7.95
able compared with the usual fibrous aggregates of most(d, J = 6.0 Hz, ArH, 4H), 7.00 (dJ = 8.8 Hz, ArH, 2H), 4.38-
organogels. The unique and tunable surface properties suck-43 (4, = 7.2 Hz,~COOCH,CHs, 2H), 4.09-4.14 (9,0 = 6.8
as superhydrophobicity distinguish the organogels as a novelHz, ~OCH:CHs, 2H), 1.46-1.47 (m, ~COOCHCH; and
class of functional materials. To the best of our knowledge, Lg%';zig'i' 760H)1; 3 ;C;SN'Z'ZF; EngCZ% 5235 1(31 271(121'22' éii’f% 1.40
this is the first example that the wettability properties of the 14 §7 ’14 sé PTTT T TET Ae e STy S T e
surface of a low molecular assembly are tuned by solvents,” "~~~ "~ ) _
which opens a new method for the application of these 4'(4'A|koxyphenlazo)b?nzo'c AciBia(and 5b). A total of 20

. . mL of 0.5 M NaOH solution was added to 30 mL of an ethanol
organic molecules and also provides a strategy for the

I f | il solution of4a or 4b (6 mmol). The reaction mixture was refluxed
development of nanostructural advanced materials. overnight and then neutralized Wil M hydrochloric acid. After

) . the ethanol was evaporated, over 90% yield of crude prdshuot
Experiment Section 5b was obtained by filtering and used without further purification.

4-(4-Alkoxyphenlazo)benzoyl Azidga@nd6b). A total of 2 mL

Conclusions

General Methods. All starting materials were obtained from ! ;
commercial supplies and used as received. Moisture sensitive®f SOCE (éxcess) was dropped into 10 mL of THF solutiorbaf

reactions were performed under an atmosphere of dry afgon. or 5b (5 mmol). The reaction mixture was refluxed and stirred for
NMR and 3C NMR spectra were recorded on a Mercuryplus, at 3 h, and then the solvent and excess SQ&re evaporated under

400 and 100 MHz, respectively. Proton chemical shifts are reported "educed pressure to yield 4-(4-alkoxyphenlazo)benzoyl chloride,
in parts per million downfield from tetramethylsilane. Matrix- which was dissolved in 10 mL of THF and dropped into 50 mL of
assisted laser desorption ionization time-of-flight (MALDI-TOF) an @queous solution of Na8.25 g, 50 mmol) in an ice bath. The
mass was recorded on an AXIMA-CFRPLVS mass spectrometer reaction mixture was §t|rred overnlght., the p.reC|p|tate was filtered,
(Shimadzu). Element analysis was carried out on a VARIOEL3 and6a or_§b was obtained as a yellowish solid. The_ prude prod_uct
apparatus (ELEMENTAR). was purified by column chromatography on _S|I_|ca gel vx_/lth
chloroform/petrol ether (3:1, v/v) as the eluent, giving 75% vyield
of 6a or 6b, respectively6a: 'H NMR (CDCl;, 25°C) 6 8.15—
8.17 (d,J = 8.4 Hz, ArH, 2H), 7.96-7.95 (q,J = 5.6 Hz, ArH,
4H), 7.00-7.03 (d,J = 9.2 Hz, ArH, 2H), 4.04-4.07 (t,J = 6.4

Hz, —OCH,CH,—, 2H), 1.79-1.84 (m,—OCH,CH,—, 2H), 1.44-
1.51 (m,—CH,CHs, 2H), 1.26 (s,~CH,—, 22H), 0.86-0.89 (t,J

Synthesis 4-(4-Hydroxyphenylazo)benzoic Ack).(Yellow solid
2 was synthesized according to a previous red@5% vyield).
1H NMR (DMSO-ds, 25 °C) 6 8.08-8.10 (d,J = 8.4 Hz, 2H),
7.81-7.85 (t,J = 8.8 Hz, 4H), 6.956.97 (d,J = 8.8 Hz, 2H);

(28) (a) Cassie, A. B. D.; Baxter, Srans. Faraday Sacl944 40, 546. = 7.2 Hz,—CHs, 3H); 13C NMR (CDCh, 25°C) 6 172.19. 162.81
A A W.: A. FPhysical Chemistry of Surfacesth -2 Hz,—CHg 3H); : .19.162.81,
e s ek sogy, T ysical Chemistry of Surfacest 156.48, 147.07, 131.65, 130.78, 125.60, 122.82, 115.06, 68.70,

(29) Hunter, C. A.; Sarson, L. Dletrahedron Lett1996 37, 699. 32.17,29.84, 26.24, 22.94, 14.3h: 'H NMR (CDCl;, 25°C) 6
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8.12-8.14 (d,J = 8.4 Hz, ArH, 2H), 7.88-7.94 (q,J = 8.4 Hz, XPS spectra were recorded with a Perkin-Elmer PHI 5000C

ArH, 4H), 7.00 (d,J = 8.8 Hz, ArH, 2H), 4.09-4.14 (9,J = 7.2 ESCA system with Mg I& radiation fw = 1253.6 eV) at a power

Hz, —OCH,CHj3 2H), 1.44-1.48 (t,J = 7.2 Hz,—OCH,CHjs, 3H); of 250 W. The pass energy was set as 93.9 eV and the binding

13C NMR (CDCk, 25°C) ¢ 172.15, 162.57, 155.43, 147.08, 131.63, energies (BEs) were calibrated by using contaminant carbon at a

130.75, 125.61, 122.81, 115.02, 64.15, 14.96. BE of 284.6 eV. The base pressure of the analyzer chamber was
Tris-[4-(4-Alkoxyphenlazo)phenylureidoethyllamida énd 1b). about 5x 1078 Pa.

Atotal of 0.15 g (1 mmol) of tris-(2-aminoethyl)amine was dropped  The SAXS diagram was obtained on a NanoSTAR U SAXS
into 10 mL of a toluene solution da or 6b (3.1 mmol) under an System (Bruker), using a Cudkradiation sourcel(= 0.1542 nm).
atmosphere of dry argon. The reaction mixture was stirred overnight The SAXS data were corrected for absorption and background
at 80°C and concentrated to 5 mL. The resulted precipitate was scattering. The structure data db were collected on a Bruker
then filtered and washed with toluene to obtain an over 70% yield SMART charge-couple device diffractometer, withyascan and

of 1aor 1bas a yellowish powdeda mp 165-167°C,*H NMR graphite-monochromated ModKradiation § = 0.710 73 A). The
(CDCls, 65 °C) 6 8.38 (s, NH, 3H), 7.237.73 (m, ArH, 18H), structure was solved by direct methods and expanded using Fourier
6.77-6.94 (m, ArH, 6H), 6.57 (s, NH, 3H), 3.89%.04 (t, techniques. The full-matrix least-squares refinement used was Shelx|
—OCH,—, 6H), 3.28-3.71 (NCHCH,—, 6H), 2.5%-2.76 (m, 973 based orF2. Because of the disorder of the alkyl chain in the
NCH,—, 6H), 1.79-1.84 (m,—~OCH,CH,—. 6H), 1.48-1.51 (m, structure, the atoms were only refined isotropically with position
—CH,—, 6H), 1.30 (s;~CH,—, 72H), 0.89 (t,—CHjz, 9H); 1°C NMR occupancy.

(CDCl;, 65°C) 6 167.91, 162.11, 154.60, 147.35, 134.81, 128.02,  cA measurements were performed using the sessile drop method
125.14, 124.55, 123.81, 122.53, 119.20, 114.76, 68.58, 53.78,Dataphysics, OCA 20). The water droplets were introduced using
38.02, 31.94, 29.50, 26.15, 22.64, 13.96. Anal. Calcd (%) for 5 microsyringe, and images were captured to measure the angle of

CoH141N1306: C, 72.66; H, 9.2; N, 11.85. Found: C, 72.51; H,  the |iquid—solid interface; each sample was recorded at five
9.21; N, 11.66. MALDI-TOF-MS: 1536.8\] + H]*. 1b: mp 241 different points.

243°C, *H NMR (DMSO-dgs, 25°C) 6 7.62-7.86 (m, ArH, 18H),
6.95-6.97 (d, ArH, 6H), 4.09-4.14 (g,—OCH,CHs, 6H), 3.4+
3.47 (t,—NCH,CHj, 6H), 2.76-2.76 (t, —NCH,, 6H), 1.35-1.39

(t, —OCH,CHgs, 9H). Anal. Calcd for GHs7;N130s: C, 64.61; H,
6.06; N, 19.21. Found: C, 64.75; H, 5.96; N, 18.95. MALDI-TOF-
MS: 948.2 M + H]".

Techniques.UV —visible spectra were recorded on an buis
2550 spectroscope (Shimadzu). Fourier transform infrared (FT-IR)
spectra were performed using an IRPRESTIGE-21 spectroscope
(Shimadzu) with KBr pellets. TGA curves were recorded on a DTG- . . . .
60H (Shimadzu) with a heating rate of 2G/min. Su_pportlng Information Available: Diagram of molecular

SEM images of the xerogels were obtained using a SSX-550 Packing of1b along thea and b axes and TGA spectra of the
(Shimadzu) with an accelerating voltage of 15 kV. Samples were xerogels. This material is available free of charge via the Internet
prepared by spinning the gels on glass slices and coating with Au, & http://pubs.acs.org.

TEM was recorded on a JEOL JEM-2011 apparatus, operating atcmos2805H
200 KV and fitted with an EDX analysis accessory. The sample

was prepared by putting the gel on a carbon-coated copper grld(30) Sheldrick, G. MSHELXL-97 An Integrated System for Solving and

and _by staining with phosphotungstic acid (2.0 wt % aqueous Refining Crystal Structures from Diffraction Data; University of
solution). Gottingen: Gitingen, Germany, 1997.

Acknowledgment. We thank National Science Foundation
of China (20571016, 20441006, 20490210), SRF, for ROCS
and SEM and Shanghai Sci. Tech. Comm. (05DJ14004) for
financial support. The authors greatly appreciate Prof. Rene
Clement (Laboratoire de Chimie inorganique, Univér§iggis
XI) for his valuable comments and help on modification of the
manuscript.




