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Aiming at Superconductivity in Organic Ultrathin Films
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A cooperative project aiming at superconductivity in organic ultrathin films was
executed by ETL and NIMC (National Institute of Materials and Chemical research) from

1988 to 1994 (fiscal years).

In this project, NIMC newly synthesized numbers of

amphiphilic charge-transfer (CT) complexes and generated conducting organic thin films
by applying Langmuir-Blodgett (LB) technique to the materials. Simultaneously, in order
to obtain guidelines for development of superconducting LB films, ETL characterized

those conducting LB films precisely.

In case of the films of the 1:2 complé¥ of

docosylpyridinium and tetracyanoquinodimethane (TCNQ), quantitative analysis of the
observed electron-spin-resonance (ESR) signals revealed a quasi one-dimensional
electronic state and a segregated columnar structure of TCNQ moiety in these films.
Combined application of the ESR technique and the polarized infrared absorption
spectroscopy confirmed the existence of conduction electrons and evaluated the density
of states in the LB films of the 5:2 complex of bis(ethylenedioxy)-tetrathiafulvalene (BO)
and decyl-TCNQ. Furthermore, ETL and NIMC tried to dope alkali metals into LB films

of fullerene (G,). Finally, it was found that rubidium-azide works as a good precursor of
the cation dopant and a superconducting phase was detected in the doped film$_below

= 23 K. To our knowledge, this transition temperature is the highest record for LB films.
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Fig.1 Chemical structures of organic materials used to generate
conducting or superconducting Langmuir-Blodgett Films: (a)

1:2 charge-transfer (CT) complex Nfdocosyl-pyridinium and

tetracyano-quinodimethane (TCNQ), (b) 3:2 CT complex of
tetramethyl-tetrathia-fulvalene and tetradecyl-TCNQ, (c) CT

complex of tri(decyl)-methyl-ammonium and Cu(dméhion,
where Hdmit = 4,5-dimercapto-1,3-dithiol-2-thione, (d) 5:2 CT

complex of bis(ethylenedioxy)-tetrathia-fulvalene and decyl-

TCNQ, and (e) fullerene.
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Fig.3 The thick curves are orientation dependent{a(9.3 GHz) and
o--4 1 (b) K-band (23.4 GHz) ESR spectra of a LB film of
L LU ' C,,Py(TCNQ), at room temperature. The number given in the
f; .o ! R figure is the angle between the external static magnetic field
1 and the normal axis of the solid substrate of the film for each
couple of lines. The thin lines are the results of the spectrum
simulation based on the line-width theory for the quasi-one
0,00 1 L B dimensional spin systems of Hennessyl. (ref. 4). Here, the
1 7 10 T pin sy l. (ref. 4)

TEMPERATURE {K |

Fig.2 The temperature dependent effective number of free spixs,
of a LB film (e ) and a powder sample () of C,,Py(TCNQ),

inter-chain exchange interactions and molecular arrangements
are treated as fitting parameters, while the intra-chain exchange
is fixed to the value estimated from the spin-susceptibility data
(Fig.2),J/kg = 700 K. Then, inter-chain exchange is estimated
asJ/kg = 0.7 K.

obtained from numerical integration of the observed electron
spin resonance (ESR) signals. The solid line of the higher-
temperature side is the theoretical curve for a regular
antiferromagnetic chain with the intra-chain spin exchange
interaction ofd/kg = 700 K. The dotted line of the higher-
temperature side is that for an antiferromagnetic chain with
alternating intra-chain spin exchange interactiod,t; = 600

K andJ,/J, = 0.4. The solid and dotted lines of the lower-
temperature side refer to power laws)df, O T° andx/x, O

T°3 respectively, wher& is the temperature. The observed
temperature dependence Y, is well explained by REHAC

model of Soos and Bondeson (ref. 2)
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Fig.4 (a) The temperature dependent spin susceptibility (obtained O ) zﬂ
from the integrated ESR intensity) of a (8(@,,TCNQ), LB a(j)= aBg Z(j- k) gkg +(1—aB)gQ
film (e ) and the components due to the spin specieB A ( Fk=x.y,z g

and B (0), respectively. The ordinate shows the susceptibility
per 1 mole of the BO molecules. (b) The temperature dependenh 000000000 k0000000 O0000OTCNQ

line width (full width at half maximum) of the integrated ESR
signal observed for a (BQC,,TCNQ), LB film (e ) and those O000Og0go00O0OD0O0O0O2.0029000000000
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of the deconvoluted ESR signals of the spin species pgnd

B (O ), respectively. The spin species A shows the Pauli-like

susceptibility (approximately constant) and Elliott-like line 0O OO0 OO0OOOOOOAOCOOODOgOOLBOO
width (Imearl_y Qecr.eases W|th det_:reasm_g the'te_mperature)D 000200460 000002.00910 000 agl 0.850
above 50 K, indicating that this spin species originates from

conduction electrons.
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a C,, LB-film sample (a) before and (b)-(e) after doping with

RbN, powder at 670 K for 60 minutes. Curve (f) is the signal

observed for a G powder sample doped with metallic Rb
vapors. Solid and hatched lines were recorded vai&dt > 0
and < 0, respectively, whet¢ is the external static magnetic

7)
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11)

1

field andt is the time. Curve (a) corresponds to the back ground2)

due to the instruments, sample tube, substrate, and pris{jne C

molecules. Clear hysteresis is observed for the doped film below
23 K, reflecting the existence of a superconducting phase in the

sample.
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