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Abstract. The Langmuir and Langmuir—-Blodgett (LB) films supramolecules which combine the unique properties of both
of a novel crowned [60]fullero-pyrrolidine (CFP) were pro- [60]fullerene and crown ethers together. Meanwhile, the sol-
duced in different conditions. Macroscopic second-harmoniability and amphipathy of [60]fullerene will be improved
generation of the LB film was investigated by means of AM1due to the good hydrophilic properties of the crown ether
Hamiltonian as well as experiments. The monolayer LB filmmoiety. This makes crowned [60]fullerenes a kind of com-
displayed a periodic fringe pattern. A linear dependence gpetitive compound to form structurally ordered fullerene thin
second-harmonic intensity on the number of layers was olfiims, and may find practical applications such as active sur-
served. The second-order molecular susceptibjit§) and  face layers in microsensors or optoelectronic devices. Several
hyperpolarizabilitys were evaluated to be.3x 108 and  kinds of crowned [60]fullerene derivatives have been synthe-

8.3x 10-®esu. sized [10-16]. A few works have been done on the formation
of Langmuir and Langmuir—Blodgett films based on these
PACS: 74.70.Wz; 42.70.Nq compounds [13,14,17,18]. However, little work has been

done concerning the photophysical properties especially the
second-harmonic properties of such species [19, 20]. Leigh et
The covalent functionalization of [60]fullerene has de-al. [17] reported the second-order nonlinear susceptibilities
veloped dramatically since [60]fullerene was available inxg%) were within the range of .3—36 pm/V, but no further
macroscopic quantities. Various derivatives of [60]fuller-detailed research was performed.
ene have been synthesized and exhibited potential applica-
tion ranging from drug delivery to advanced nanostructured
devices [1,2]. Among manifold [60]fullerene derivatives, %
[60]fulleropyrrodine, which can be readily obtained from
[60]fullerene and the azomethine ylide formed by the coup
ling of ketongaldehyde and amino acid via 1,3-dipolar cy-
cloaddition reactions, proved to be one kind of important <& >
compound [3-5]. Several phenyl-substituted [60]fulleropy- "‘
rrodines [6—8] were synthesized very recently. The .OO‘
tophysical studies show that these compounds possess (X [ 7
tramolecular electron transfer efforts, whereas [60]fulleren. ===
moiety acts as the electron acceptor. This unique property
makes such compounds more competitive among various Recently, we took advantage of the intramolecular elec-
[60]fullerene derivatives in the development of advanced matron transfer of phenyl-substituted [60]fulleropyrrolidine,
terials with new optical optomagnetic properties. successfully combined a benzo-15-crown-5 moiety onto
Being a kind of typical functional molecule possessing[60]fullerene via 1,3-dipolar cycloaddition reaction, and
unique supramolecular properties such as molecular recogbtained the first crown-ether-bearing [60]fulleropyrroli-
nition and molecular regulation, crown ether [9] plays andine(CFP) [21] (Scheme). This compound should be an elec-
important role in both biological and material sciencestron donor-acceptor system and will possess intramolecular
The crown-ether-modified [60]fullerenes will be typical electron transfer according to the previous studies [6—8]. CFP
will also be a molecule with relatively good hydrophilicity
*Corresponding author. and can easily form Langmuir and Langmuir—Blodgett film.
(Fax: +86-106255-9373, E-mail: ylli@infoc3.icas.ac.cn) As intramolecular electron transfer is a necessary term for
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a molecule possessing second-harmonic properties, we ¢ *°
sume CFP will have good second-harmonic properties. Her b
we report the results.

a. subphase: water

1 Experimental b. subphase: 0.1MNaCl

ressure mN/m
()
o
T

Cso (purity > 99.5%) was obtained from Beijing University
and was used without further purification. All other chemicals= zo |
used are analytical pure grade. Solvents are purified accor &
ing to standard procedures. CFP was prepared by the methg
reported before [21]. Pure product was obtained via HPL(
(JAIGEL — 1H+ 2H preparative gel permeation chromatog-
raphy columns eluted with chloroform) and characterized by . .
FT-IR, FD-MS,'HNMR, and'*CNMR. o 28 58 84 112 140
Preparation of LB film of CFP was performed by uti- Area/Molecule (Angstrom?)
lizing a computerized Langmuir Trough 4 ,(‘Joyce I‘Oebl)'Fi . 1. Pressure—arealI[— A) isotherm film of CFP on the Langmuir
Quartz plates were used as substrates, which were was gh 4
by conventional method. CFP was dissolved in fresh dis-
tilled chloroform to form a solution of ® x 10~* M. Either
deionized double-distilled water or alkali chlorides in deion-tored by absorption spectrophotometry. The absorption spec-
ized double-distilled water was used as subphase. Onto a staum of CFP in solution shows three major bands at 280,
ble subphase surface, 2@Dof the chloroform solution was 308, and 432 nm. The onset absorption lies at about 730 nm,
carefully spread at a temperature of °Z3 After “resting”  with the first small evident peak at 706 nm. The five-layer
more that 20 min, the dispersed molecules were compressé@ film in pure water subphase shows two major bands at
at 0.8 cn? min~1, in order to measure the isotherm or to form 204 and 270 nm, with a shoulder around 320 nm. The ab-
a LB film. The film was transferred at a film pressure ofsorption peak at 432nm and the well-defined weak bands
30 mN nT! after the pressure was held constant for 20 min. in the range of 730—400 nm cannot be distinguished, instead
Absorption spectra were obtained using a computera flat curve is observed (Fig. 2). The absorption spectrum of
controlled diode array spectrophotometer (HP8452A, Hewfive-layer LB film in 0.1-mol NaCl subphase is very similar
lett-Packard). Second-harmonic generation (SHG) was meat® that of the LB film using pure water as subphase, show-
ured in the transmission, using0B44m output from an ing two peaks at 204 and 264 nm with a shoulder around
Nd:YAG mode-locked laser, and the experimental setup wa320 nm (Fig. 2). In the plot of the absorbance of the LB film
similar to that described in the previous paper [22]. Linearlyin 0.1-mol NaCl subphase at 268 nm against the layer num-
polarized light that was parallel to the plane of incidence wader, a linear line is obtained (Fig. 3 inset), indicating that the
directed at a variable incident angleor a fixed angle of 45  Langmuir film is effectively transferred onto the quartz sub-
onto the vertically mounted samples. An infrared blockingstrates. However, the same plot of the LB film in pure water
filter and a 532-nm interference filter were used to ensursubphase shows a relatively bad linear relationship. These
that only SH irradiation was detected. The SHG signal wasmply that the addition of metal ions in the subphase can
measured with a photomultiplier and a boxcar integrator.  improve the transference of the Langmuir film to the quartz
Computation was performed via MOPAC6.0 (Ergo Com-substrates.
puting, Inc.) on an IBM-PC computer.

2 Results and discussion 0.30

Figure 1 shows the surface pressure — aréa-(A) isotherm

of CFP on the Langmuir Trough 4 under different subphases.
In every case, the concentrations of the dispersed solution
were kept the same. The zero-pressure limiting areas per

0.25 | —— water subphase

N\ 0.1M NaCl subphase
0.20 |

molecule, Ao, of the isotherms were evaluated by extrapo-.2 :
lating the linear region of the isotherm to theaxis (r = 2 o15f -
0 mN/m). TheAq value is 60 & with a collapse pressure over § ‘
40 mN/m for a pure water subphase. As for &M NaCl < 40l
subphase, théy value is 63 & with a collapse pressure over

35 mN/m. Compared with that of puresgfilms (20 A2), the 005

molecular area of CFP is greatly increased, mainly because of
the huge hydrophilicity of the polar crown-ether group, which o
favors the formation of the monolayer instead of an aggre- Ry ST —s = — “g‘c')*o
gated multilayer.

Monolayers prepared from CFP were transferred to solid Wavelength (nm)
substrates by the LB technique, and the transfer was monfig. 2. Absorption spectra of five-layer LB films in different subphases
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mental light for monolayer of CFP. Theset shows the dependence of SH

Fig. 3. Absorption spectra of LB films from CFP. Theset shows plots of intensity from CFP LB films on the number of layers

absorbances at 268 nm vs. numbers transferred for the LB films

CFP is a typical phenyl-substituted [60]fulleropyrrolidine 1 x 10-3Cesu, which is comparable with that of the typical
possessing intramolecular electron transfer with methyleNLO moleculep-nitroaniline.
neoxy groups as electron-donors and [60]fullerene as the In the SHG experiment, we assume that the refractive
electron-acceptor. In the meantime, CFP has abundelgc- index is 1.70 [24], the film thickness was calculated as
trons and has no central symmetry due to the functionality 01.50 nm, and the limiting area of LB film was determined
the crown-ether group. Thus it should have macroscopic SH@s 167 x 10-**cm2. Using the methods developed by Ash-
response in the LB films. well et al. [25], the second molecular hyperpolarizabifty
To confirm the SHG properties of CFP, the computatiorand susceptibilityy® can be evaluated as3x 10-2°esu
of the SHG properties of CFP were performed. Based oand 32 x 10~8esu, respectively. These values are compara-
the optimized geometries [23], the AM1 Hamiltonian wasble with those of the [60]fullerene derivatives reported be-
employed to calculate the hyperpolarizabilig) f CFP fol-  fore [17, 24, 26, 27].
lowing the change of dihedral angle of benzo crown-ether Figure 5 shows fringing patterns for the mono-LB film of
plane and pyrrolidine plane (Fig. 4). It can be seen clearl{CFP. A periodic fringe pattern was observed. However, the
that when the dihedral angle changes from abotité@3®, periodic fringe pattern seems different from the Makers fringe
which is quite reasonable due to the very small changes dbr a 150-nm-thick film, normally observed for the SHG data
heat of formation, thes value is between & 10~ esu and in Fig. 5. It is possible that the LB film does not level on the
substrate perfectly, and the results lead to different structural
regions in some area in the LB film of CFP. To our know-
860 ledge, this phenomenon has never been reported before for
a LB film of [60]fullerene derivatives. The measured data for
10 e the square root of the SHG intensity versus the number of
—o— Heat of formation 840 LB film layers are shown (Fig. 5 inset). It can be seen clearly
I that the SHG intensity increased quadratically with increasing
number of LB films. This implies that the LB films of CFP are
a promising material for SHG.
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The Langmuir and Langmuir-Blodgett films of CFP can
be produced in pure water and alkali chloride subphases.
Second-harmonic-generation study shows that the monolayer
0 50 160 1é0 film exhibit; strong SH responds. The sgcond—order molecu-
lar susceptibilityy® and hyperpolarizability3 were evalu-
Torsion Angle/(°) ated to be 2 x 108 and 83 x 10-2° esu. The monolayer LB
Fig. 4. The relationship between the changing of dihedral angle of benzgllm dlsplayed a pgnqdm f”r.]ge pattern. A linear dependence
crown-ether plane and pyrrolidine plane with hyperpolarizabilgy énd ~ Of second-harmonic intensity on the number of layers was
heat of formation of CFP calculated using AM1 Hamiltonian also observed.
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