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ESR Study on the Regularity of the LB Films of Amphiphilic TCNQ Salts
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The ESR spectra of the LB films of N-docosyl- and N-octadecyl-
pyridinium-(TCNQ)n (n=1,2) deposited on glass capillaries or glass
slides were measured. The intensity of the ESR spectrum increased
markedly with the number of layers. From this and other results,
it was suggested that the ordering of the LB film was enhanced by
cumulation of monolayers. The ESR spectrum of the LB film depo-
sited on a glass slide showed marked dependence on the orientation
of the film in the static magnetic field.

Recently, much attentions have been directed to functional Langmuir-
Blodgett (LB) films, because of their feasibility of constructing micro-elec-
tronic devices. It is a current subject to find the characterization methods of
microscopic structures of functional LB films. ESR specroscopy is expected to
be a powerful tool for this purpose, since it offers informations concerning the
electronic states, the dynamic properties, and the conformational structures of
paramagnetic samples. Furthermore, it has a high sensitivity, which is indis-
pensable to the characterization of LB films.

Since the first synthesis of tetracyanoquinodimethane (TCNQ), a number of

investigations concerning the electric1) 2)

and magnetic properties of quasi-one-
dimensional organic conductors consisting of TCNQ have been reported. Recently,
conducting LB films of amphiphilic TCNQ salts were prepared, and their electric
and magnetic properties were investigated.3'5'9)

In this letter, we will report the ESR spectra of the LB films of amphi-
philic TCNQ salts, and discuss the conformational and electronic structures of
these LB films.

N-Octadecylpyridinium tetracyanoguinodimethane (TCNQ) salt (C18Py—TCNQ),
N-docosylpyridinium TCNQ salt (C22Py-TCNQ), N-octadecylpyridinium (TCNQ)2 salt
(C18Py—(TCNQ)2), and N-docosylpyridinium (TCNQ)2 salt (C22Py-(TCNQ)2) were
synthesized by the method cited in the literature.6) Samples of LB films of
these salts for ESR measurements were prepared by transferring monolayer of
these amphiphiles onto glass capillaries with 1.5 mm diameter or glass slides
with 0.5 mm thickness. Two LB troughs from Kyowa Interface Science Co. were

used in this experiments.
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Fig. 1. ESR spectrum of the powder Fig. 2. Absorption spectra of
sample of C18Py-TCNQ. the LB films of C18Py-TCNQ (a)

and C22Py-(TCNQ)2 (b).

Figure 1 shows the ESR spectrum of the powder sample of C18Py—TCNQ. This
spectrum has a strong sharp line with g value near the value of free electron
and several side 1lines. These side lines may be due to triplet states of
(TCNQ)%’.7) The ESR spectrum of the powder sample of C22Py—TCNQ was very
similar to that of C18Py—TCNQ. On the other hand, both the ESR spectra of the
powder samples of C18Py—(TCNQ)2 and szPy-—(TCNQ)2 have only single peak with g
value near the value of free electron. These results may be attributed to the
fact that the TCNQ ™ molecules in C18Py—TCNQ and C22Py—TCNQ are usually in the
vicinity of other TCNQ molecules, whereas the TCNQ molecules in C18Py—(TCNQ)2
and C22Py—(TCNQ)2 are situated between the TCNQ molecules.

The absorption spectra of the LB films of C18Py—TCNQ and C22Py-(TCNQ)2 are
shown in Fig. 2.8) Inzelt et al.7) reported that the radical anion (TCNQ™)
bands at 735 nm and 830 nm and the dimer ((TCNQ)%‘) band at 655 nm were found in
the film of the TCNQ oligomer, and no absorption band was found for the mixed
valence species (TCNQ)E. Therefore, the specra shown in Fig. 2 suggest that the
the TCNQ molecules in the LB film of C18Py-TCNQ are in the forms of (TCNQ)%’
and TCNQ , while the TCNQ molecules in the LB film of C22Py (TCNQ)2 are mostly
in the form of (TCNQ)2 and slightly in the forms of (TCNQ)2 and TCNQ .

The ESR spectra of the LB films of C22Py (TCNQ)2 with 4, 8, and 18 layers
deposited on the glass capillaies are shown in Fig. 3. The apparent peak to
peak line width of each ESR spectrum of these LB films decreased from about 3 to
1.1 gauss with the increase in number of layers. It is also noteworthy that the
ESR 1line of the LB film with 4 layers has broad lower slopes at both sides of
the 1line which 1is not expected in the Lorentzian line shape. This finding
suggests that this ESR spectrum consists of the superposition of many lines with
varying line width. Table 1 lists the relative intensities and the line widths
of the ESR spectra shown in Fig. 3. The relative intensity is defined here by
the peak height multiplied by the square of the peak to peak line width, and is
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corresponding to the area of the
integrated ideal Lorentzian ESR line. A. 4 LAYERS

From this Table, it is shown that the
relative intensity is not proportional wmaﬂﬂmaw&ﬁwk\\ﬁyufw-v&v~”’
to the number of layers, but increased \
drastically with the increase in the B. 8 LAYERS
number of layers.

ESR spectra of these LB films have —
only single peak, and have no hyperfine
structures as well as the powder sam-
ples. This result shows that TCNQ™ C. 18 LAYERS
molecules in LB films interact with TCNQ
molecules by electron exchange, or with
other TCNQ molecules by spin exchange.
If the regularity of the ordered struc-
ture of an LB film is low, the inter-
action of TCNQ in the film with each
other or with TCNQ may be so weak that

the narrowing of the ESR lines 1is not

sufficient for our detection of the Fig. 3. ESR spectra of the LB films
lines. Therefore, the results shown of C22Py—(TCNQ)2 with various number
above suggest that the regularity of the of layers.
ordered structure of the LB films of

C22Py—(TCNQ)2 increased with the number

of layers. In other words,

the ordering of the LB film

was enhanced by the cumu- Table 1. The dependence of the relative intensity and
the line width, Apr, of the ESR spectrum for the LB

film of C22Py-(TCNQ)2 on the number of layers

lation of monolayers. This
idea may be also supported

by the following results:

Sample S/A3/T4a) S/A3/T8a) S/A4/T, 8"")
The intensity of the ESR
spectrum of the LB films Relative intensity 1.0 21 260
with 8 or 12 layers of Apr/G 3 1.5 1.1

C22Py—(TCNQ)2 was usually
much larger than the double a) S: Substrate, A: Arachidic acid, T: C22Py~(TCNQ)2.
of the intensity of the ESR
spectrum of the LB films
with separately deposited 4 or 6 layers of C22Py(TCNQ)2. The intensity of the
ESR spectrum of LB films with 4 or 6 layers of szPy—(TCNQ)2 was markedly
enhanced by the additional deposition of the several layers of an ESR-insensi-
tive cadmium arachidate onto these samples. This indicates the overlay enhanced
the regularity of the underlaid LB film.

ESR spectrum of the LB film of C22Py—(TCNQ)2 deposited on a glass slide
have shown marked dependence on the orientation of the film in the static mag-

netic field. Figure 4 shows the plots of the peak to peak line width (Apr) of
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the LB film with 24 layers of C22Py-
(TCNQ)2 versus the angle (9) between the
normal to the film plane and the static
magnetic field at 20 ©c and -130 °c. The
behavior is similar to those of the ESR
spectra of the I2 doped4?nd undoped LB
films of C18Py—TCNQ and C22Py—

O
(TCNQ)2.9) However, the line width of \Et
the ESR spectrum at 20 ©°C in this 35
experiment was slightly smaller than
those reported by K. Ikegami et al.,g)
and scarecely increased even at -130 ¢

in
disagreement also indicates that the
structure of these LB films are affected 0 L |
by the preparation condition as des-
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30 T ;

contrast to their results. This
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