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The experiment focused on alement sensitivenvestigation of the alkali cation insertion witha
molecular layer of polyaniline in order to claritye mechanism of modulation of its conductivity.
Conductivity of poly-aniline (PANI) depends stropgin its doping level and redox state [1]: insulgti
emeraldine base form can be transformed into itglecting salt by doping, usually with hydrochloaicid.
This form can be reversibly transformed to a nonewting state e.g. by exposure to an alkali saib o
ammonia or electrochemically by applying to it dueing or oxidizing potential. We characterized the
doping mechanism both in the Langmuir monolayethenwater surface, and on multilayers deposite8ion
for the structural characterization and on glask @Wr evaporated electrodes for the study of therdgde
doping mechanism.

Langmuir layers. In figure 1 (left) we report the GID profiles measd on PANI (M.W.>100kDa) at
incident energg=8063eV and impinging angle 75% of the critical langtegrated in the Qange up to
0.2A™ The two curves correspond to PANI films in insirgtform (pure water , circles) and conductive
(0.1M HCI subphase, thick line). The two prominpatks correspond to those recently found for truly
metallic PANI solid layers [2,3] their distanceditect space corresponds to the size of a douldayphing
and to the distance between coupled (piled) phemys. We also measured X-ray reflectivity (riglainel of
the same figure) which is fited by a 2 slabs mdseé inset) with total thickness, 2.8nm, in agregméth
our previous ellipsometric measurements. Thesdtseme important because they demonstrate thatt PAN
polymer (at least with large enough molecular wgifdrms homogeneous and well structured filmsat t
air water interface even in its metallic, dopedrid®].
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Figure 1, Left: GID patterns for insulating (on pure water) and conducting (on 0.1M HCI subphase)
Langmuir films of PANI, measured at incident energy é&=8063eV and impinging angle 75% of the critical
angle, integrated in the Q, range up to 0.2 A ™. Center: XRR reflectivity scaled by the Fresnel, with the best
fit obtained with the 2 slab model sketched in the inset.Right: GIXF intensity from PANI film, normalized to
the signal from subphase without film vs incidence angle,normalized to the critical angle.

In the right panel we report the GIXF spectra fiommgmuir monolayers, normalized to the intensity
measured on the same subphase without the fila fasction of the incidence angle normalized to the
critical angle. Data were analysed in energy, agakp were fitted in correspondence of the fluonmesce
emission of K, Cl and Ar (the later providing ateimal consistency check) besides analysing thsiejaatic
(Compton) scattering used for data normalizatigmotJHCI doping, a huge increase in the Cl signal is
observed (data not shown),indicating that the dppimcess is not merely"Hattachment to the film, but
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also intercalation of excess Mhose excess electrostatic charge is balanceaebyarresponding Cl In the
presence of KCI we note the expulsion dfdations and the inclusion of @h the formed PANI film, which
is reasonable taking into acount the cationic matdithe PANI film (top right panel), while wheoth

doping agents are present, a combination of theefieats is observed (bottom right panel).

PANI films deposited on solid substrateFor some unknown reason the XRR reflectivity oftladi PANI
films deposited on flat Si substrate invariably gawstructured curves with no signature even o$sge
fringes, albeit the morphology of the film, as dkext by ellipsometry and SEM was optimal. Therefwee
are not able to provide any structural evidenceHerdeposited filma/Ne investigated the effects of
exposing a PANI film, made of 48 monolayers, to @t NH vapors. The sample was originally one of our
device doped with KCI, so we expected to deteatraid and potassium even before the expositiohdo t
vapors. We recorded fluorescence as a functioheoiricidence angle below and above the criticaleang
data were analysed in energy, and peaks were fittedrrespondence of the fluorescent emission,dEIK

Cs and Ar (the later providing an internal consistecheck) besides analysing the quasielastic (Camp
scattering used for data normalization. Differemgipons along the sample were recorded, with aitioloart
an applied voltage, so as to detect any chandeeiioh distributionFirst we followed the process of doping
of PANI by HCI vapors. In figure 2, left panel, weport the Cl intensity before and after expositio HCI
vapors, and subsequent dedoping by exposition t9 Wiere is anobvious increase of Cl intensity dietd
by its drop upon dedoping, while K and Ar interssdio not change (data not shown).
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Figure 2, left: Distribution of Cl ionsin pristine, in doped and in de-doped PANI film, center: a sketch of the
device used, right: CI” and Cs" (inset) fluorescence intensity, as a function of the x-ray beam on the device.

Coming to the main objective of our proposal, wpligg a voltage within the PANI film and observée t
distribution of fluorescence from a 60 layer fillhHCI-doped PANI. The electrical connections arewh in
the mid panel of figure 2. We selected to work viithsalt because of its high energy fluorescensson.
However a drawback of this choice was that Cs pseseintrinsically a lower ionic mobility.

In order to achieve some time resolution keepieglateral space resolution, we measured fluorescenly
at two values of the incidence angle, below and/altbe critical angle. We scanned the whole samp®0
pum steps.We performed four runs: the first with otiageapplied, the second and the third applyirly\é&
bias, the fourth applying a -2 V bias. Data intBasiwere corrected for the attenuator on the inogrbeam,
and normalized to Compton scattering, to accoamngiéometrical effects due to the non ideal con&irom
of our sample. In the right main panel of fig.2 keport the fluorescence from CI. Note that, whHenhlias
reaches -2 V, there is a significant migration bfi@s away from the negative electrode diffusinghitthe
surface of PANI film (data taken with incidence Enlgelow critical angle). On the same time thekimil
PANI film is not interested by the CI migration {danot shown).Ar intensity was routinely checkednAre
refined data analysis is in progress, however wieipate that this is related to the mechanism radiinig the
conductivity of PANI films [4].
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