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ABSTRACT: In this work, we develop a Bottom-Up Electrochemical Fabrication process of
Conjugated Ultrathin Layers with Tailored switchable properties. To do so, we use ultrathin
layers of covalently grafted oligo(bisthienylbenzene) (oligo(BTB)) as a switchable organic
electrodes and perform 3,4-ethylenedioxythiophene (EDOT) oxidation on such organic layer.
Adding only 3 nm of EDOT moieties (5 to 6 units) completely changes the switching properties
of the layer without changing the surface concentration of the grafted electroactive species. As a
consequence, a range of new materials, with tunable interfacial properties, is created through this
bottom-up electrochemical process. They consist of oligo(BTB)-oligo(EDOT) di-block

oligomers of various relative length grafted covalently on the underlying electrode. As an
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important result these ultrathin films retain reversible redox on/off switching and their switching
potential can be finely tuned between 0.6 and -0.3 V/SCE despite an overall thickness that

remains below 11 nm.

INTRODUCTION

Bottom-up approach is one of the heart pieces of modern material science and provides
an enormous creativity in its use as tool for the fabrication of an almost undetermined choice of

* 14 and nanoelectronic devices'>?*. Ultrathin films of conjugated

smart materials'™ ,interfaces
oligomers grafted on surfaces from diazonium salt reduction are of particular interest for the
fabrication of molecular electronic devices'”*’. Indeed they allow the fabrication in high yield
of robust molecular junctions using CMOS compatible processes”2°. Among such layers,
ultrathin films combining thiophene and EDOT units exhibit unique on/off switching of their
transport properties in electrochemical environment™>'. Insulating behavior is observed below
an intrinsic film commutation potential whereas above this potential, they become conductive.
As a consequence, reversible redox probes with an E° below this intrinsic film commutation
potential exhibit an anodic peak shifted towards higher potential and no cathodic peak, while
reversible redox probes with an E” above the film commutation potential exhibit the same redox
behaviour as on bare electrodes®®’. The film commutation potential depends on the molecular
structure of the grafted oligomers and incorporating EDOT in the molecular backbone decreases
the layer switching potential”™ **. Overall, such systems combine the advantages of conductive
oligomers to those of diazonium based layers, i.e. fine control of the film thickness in the 2 to 20

nm range, ability to generate robust, pinhole free and electroactive layers, two redox states of

different conductivity”®. As a consequence they can be seen as switchable organic electrodes.
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In this work we investigate a bottom-up electrochemical process based on the
electrochemical oxidation of irreversible redox systems on such a switchable organic electrodes,
namely oligo(bisthienylbenzene) (BTB) layer. In doing so, we wish to create new ultrathin layers
with tunable properties. For this purpose, we chose to study EDOT oxidation, a monomer whose
oxidation is irreversible, gives unstable EDOT radical cations and yields on a bare electrode to
PEDOT deposition. As EDOT oxidation potential is located beyond the switching potential of
the grafted oligo(BTB), it will take place on a p-doped organic conductive electrode, that is a
layer in which oligo(BTB) radical cations are already generated. As a consequence, two types of
reactive radical cations will be created in the vicinity of the electrode and we will investigate the
outcome of their chemical coupling and the resulting electrode modification. In doing so we wish
to evaluate if it is possible to extend the ways to combine the advantages of conductive
oligomers to those of diazonium based layers using a low cost bottom up nano-electrochemical

Process.

Scheme 1 displays the two possible scenarios and materials that can be expected,
depending on the concentration of the EDOT radical cations generated in the vicinity of the

oligo(BTB) electrode and their relative reactivity towards oligo(BTB) radical cations.
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Scheme 1: Alternative scenarios that can be anticipated when performing EDOT
oxidation on an oligo(BTB) layer. In scenario 1, a new material is generated by covalent
attachement of EDOT on oligo(BTB). In scenario two, Oligo(BTB) layer is covered by PEDOT
and an interface exists between the two materials

First, at low EDOT radical cation concentration (i.e; low EDOT oxidation current
density), EDOT radical cations can couple covalently to the grafted layer and thus extend the
aromatic chain and create new block oligomers with new properties (Scenario 1). In this case, a
new material is generated and its electrochemical and interfacial properties differ from those of

the initial BTB layer.

Alternatively, at high current densities, EDOT radical cations may prefer to react with
each other and form oligomers in solution or even a polymer. It can then precipitate onto the first
layer, yielding a double layer structure by physisorption (Scenario 2). In this case, two different
materials are deposited in a bilayer structure with a specific interface separating the two
materials. As the BTB layer is not modified in this scenario, it keeps its electrochemical
properties. As BTB potential switch is above that of PEDOT, BTB will command the

electrochemical properties of the physisorbed PEDOT layer.
EXPERIMENTAL METHODS

Chemicals: 1-(2-bisthienyl)-4-aminobenzene were synthesized according to published
procedures®™ *2. All chemicals were used as received. Ferrocene (Fc), decamethylferrocene
(DmFc) and were purchased from Sigma Aldrich. Tert-butyl nitrite (tBuO-NO) was purchased
from Aldrich. Lithium perchlorate (LiClO4) and tetrabutylammonium tetrafluoroborate
(BusNBF,) from Aldrich were used as supporting electrolyte at 0.1 M concentration in

acetonitrile (ACN). 3,4-ethylenedioxythiophene (EDOT) was from Bayer.
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Electrochemical deposition of the oligo(BTB) layer: The in situ formation of the diazonium
cation from 1-(2-bisthienyl) precursor was performed without any acid in the solution, by adding
tert-butyl nitrite (tBuO-NO)*® **3  Briefly, an acetonitrile solution containing of 1-(2-
bisthienyl)-4-aminobenzene (0.5 mM) and Bu4yNBF, (0.1 M) as supporting electrolyte was
prepared and degassed by argon bubbling for at least 10 min. Following that, tBuO-NO was
added in excess to the solution (30 equivalents). As the reaction between amine function and tert-
butyl nitrite is relatively slow, grafting was only started after 5 minutes incubation time. BTB
layer deposition was performed using multicyle voltammetry between 0.4 V/SCE and -0.4
V/SCE on glassy carbon electrodes as well as on gold stripes (20 um wide and 5 mm long). The
thickness of the deposited layer was measured using tapping mode AFM and was set to ~8 nm.
Each electrode was then characterized in acetonitrile containing 1 mM ferrocene and 0.1 M

LiClOg.

Electrochemical oxidation of EDOT on the oligo(BTB) organic electrode: Electrodes previously
functionalized by oligo(BTB) were sonicated in ACN for 10 minutes and plunged in a solution
containing 2 x 102 M EDOT. Cyclic voltammograms were performed while the potential
window was adjusted in order to obtain oxidation charges turning around 0.3 mC/cm?,
corresponding to a maximal theoretical deposition thickness of 2 nm for each EDOT oxidation
cycle (or around 3-4 moieties, considering a size of 0.6 nm per EDOT unit). After each oxidation
cycle, the electrode was thoroughly rinsed with ACN and electrochemically characterized in
electrolyte solution (0.1 M LiClO4 in ACN), without any redox probe, at a scan rate of 10 V/s
(with ohmic drop compensation). Then, voltammograms in presence of Fc and DmFc were

recorded using the same modified electrode. This procedure (EDOT deposition on the organic
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electrode, rinsing characterisation in Fc, and DmFc, and in redox probe free solution) was

repeated several times.

AFM characterization: AFM measurements were performed on a Molecular Imaging system
(picoscan 5500). AFM images are recorded in tapping mode with tapping tip from Budgetsensor
(AFM tap 300G, resonant freq 300kHz, force constant 40nN/m). Blank studies were first realized
on bare Au microelectrode in order to measure the thickness of Au stripes. The thickness of the

grafted layer is then determined by subtracting the thickness of the Au bottom electrode®® *.

RESULTS AND DISCUSSION

The voltammograms of EDOT oxidation onto the BTB layer are shown in Figure la,
where the number of cycles used is indicated. EDOT oxidation onset starts at 0.8 V/SCE and is
as expected irreversible. Successive oxidation cycles show that this onset shifts slightly to higher
values as the BTB layer is modified by EDOT moieties deposition. In order to generate a small
amount of EDOT radical-cations, the current density has been restricted to be below 0.3
mA/cm®. EDOT oxidation is here performed at the threshold of the EDOT oxidation signal
which can reach current as high as 20 mA/cm” with such EDOT concentration. After each
oxidation cycle, the electrode was thoroughly rinsed with ACN and electrochemically
characterized in electrolyte solution (0.1 M LiClO4 in ACN), with Fc then with DmFc¢ redox
probe. Voltammograms of Fc and DmFc were recorded using the same modified electrode. The
electrochemical responses of these two redox probes are thus an indication of the modifications
of the layer electrochemical properties, induced by each EDOT deposition cycle. This procedure

(EDOT deposition on the organic electrode, rinsing characterisation in Fc, and DmFc,) was
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repeated several times in order to monitor the progressive evolution of the transport properties of

the modified electrode.

Figure 1b and 1c illustrate the evolution of Fc and DmFc voltamograms on such BTB
based organic electrodes as a function of the number of EDOT oxidation cycles used to modity

the initial BTB electrode.
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Figure 1: (a) EDOT oxidation on a oligo(BTB)-modified GC electrode in ACN with EDOT (2 x
10% M) and LiClO4 (0.1 M); (b) Response of ferrocene on the oligo(BTB)YEDOT modified
electrodes (Fc; 1 mM) with LiClO4 (0.1 M) as supporting electrolyte in ACN, after cycling in
EDOT solution (2 x 102 M). 0 represents Fc response prior to EDOT cycling, 1-9 represent the
number of deposition cycles in EDOT solution used for modifying the BTB electrode. (c)
Response of decamethylferrocene on the same oligo(BTB)/EDOT modified electrodes (dmFc; 1
mM) with LiClO4 (0.1 M) as supporting electrolyte in ACN, after cycling in EDOT solution (2 x
102 M). 0 represents electrode response prior to EDOT cycling, 1-9 represent the number of
deposition cycles. Scan rate: 0.1 V/s.

Ferrocene oxidation signal on the initial oligo(BTB) layer is curve labelled “0”. As
ferrocene redox potential is below the switching potential of the oligo(BTB) layer, it has a
typical diode like signature, i.e. no current is observed at 0.3 V/SCE but ferrocene oxidation
peak is shifted to positive values while no reduction peak associated to the ferricinium reduction,
is observed during backward scan. Such behavior indicates that the oligo(BTB) film is pinhole

free and switches from insulating to conductive at 0.65 V/SCE*".
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After the first oxidation cycle in presence of EDOT, the ferrocene signal on the new
electrode is labelled “1” in Figure 1b. A typical diode like signature is still observed (Figure 1b
curve 1), which indicates that the new electrode still switches from an insulating to a conductive
state. However, the anodic peak potential is lowered compared to that observed on an
unmodified BTB film. Upon further cycling, the anodic peak potential decreases more and after
the third cycle, an emerging cathodic peak, corresponding to Fc' reduction, is observed. The
intensity of this cathodic peak increases progressively while the layer is modified during 3rd to
7th cycle of EDOT oxidation. Simultaneously, the peak separation between anodic and cathodic
peak, which is a measure of the reversible redox probe heterogeneous electron transfer kinetic
constant, decreases. From the seventh cycle on, ferrocene shows reversible behaviour on the new
organic electrode with 4E, close to 60 mV and does not significantly changes upon further

EDOT oxidation cycles.

DmFc redox probe was also used to report on the transport properties of the layer after
each EDOT oxidation cycle. The voltammograms obtained on DmFc are depicted in Figure Ic.
They show a preserved diode-like behavior until the sixth cycle of EDOT oxidation, while after
that, a growing cathodic signal appears, attributed to DmFc" reduction on the modified electrode.
Simultaneously AE, starts to get measurable at that point and decreases after each EDOT
oxidation cycle and finally stabilises at 60 mV after nine successive EDOT cycles. After cycle 9,
total reversibility is achieved also for DmFc. It is noticeable that at this moment, the film has

become transparent towards Fc and DmFc.

At that point, a first intermediate conclusion can be drawn. EDOT oxidation on
oligo(BTB) layer chemically modifies the pristine oligo(BTB) layer and changes its transport

properties. The shape of the electrochemical response of Fc and Dmfc clearly demonstrates that
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the new electrodes still switch from an insulating to a conductive state. The switching potential
of EDOT modified BTB electrodes can be easily tuned from 0.65 V/SCE to below -0.3 V/SCE
and at any intermediate values by careful control of the EDOT oxidation process. As a
consequence, one can easily reach an intermediate situation in which EDOT modified
oligo(BTB) electrode is transparent towards ferrocene, while a diode like behaviour is still
observed with decamethylferrocene. This behaviour is expected from Scenario 1 (covalent
grafting of oligo (EDOT) block on oligo(BTB)) as described in scheme 1 and is not compatible
with scenario 2 in which the oligo(BTB) layer retain its switching potential. The differenciated
AE, evolution of Fc and DmFc redox probes associated to the pinhole free compact oligo(BTB)
layer (observed in electrochemistry and when metal evaporation is directly performed on the
layer) exclude PEDOT polymer growth through pinholes of the oligo(BTB) layer* *°. As an
important result, these experiments demonstrate that it is possible to tune the switching potential
of the layer from its initial value of 0.65 V/SCE to below -0.3 V/SCE by using the procedure

described above.

This distinctive evolution of the two redox probes signal is to our belief unique and has
never been reported elsewhere. It is thus detailed in Figure 2 and Figure SI1-X where X
designates the number of EDOT oxidation cycles used to modify the BTB layer. Each figure also
contains the electrochemical response of Fc and DmFc on a bare GC electrode and on the
pristine oligo(BTB) film. By comparing both probe responses in one graph, we nicely see how
their respective electrochemical signal gradually changes. After 1 cycle of EDOT oxidation
(Figure SI1-1), both redox probes show still irreversible behaviour while after cycle 2 (Figure
2a), Fc already starts to exhibit a cathodic wave. After cycle 4, Fc finally starts to behave like on

bare electrode (Figure 2b) and does not shift any more from cycle 6 on (Figure 2c¢), indicating

10
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that now, Fc is quasireversible on this film. In the meantime, DmFc still preserves its diode-like
behavior and only after cycle 7 (Figure SI1-7), a cathodic peak appears but the 4E, is still

superior to bare electrode, indicating that the electrode remains partially blocked®’. After cycle 9

©CoO~NOUTA,WNPE

11 (Figure 2d), both redox probes show reversible behaviour onto the modified electrode at the
13 same Ej than on bare electrodes. Sonication in ACN during 15 minutes did not modify film
15 responses, which is a further indication for covalent attachment of EDOT moities and thus

18 strongly points to Scenario 1 (scheme 1).
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Figure 2: Comparison of Fc (pink line) and DmFc (blue line) (both at ImM concentration in
ACN with 0.1 M LiClOy as supporting electrolyte) response on oligo(BTB) modified electrodes
(thin solid line) and after cycling in EDOT solution (2 x 10-2 M) (dashed line) with redox probe
response on bare glassy carbon electrode (thick solid line). (a) After 2 EDOT overgrating cycles,
(b) after 4 EDOT overgrafting cycles (c) after 6 EDOT overgrafting cycles, (d) after 9
overgrafting cycles. Scan rate: 0.1 V/s.

To characterize further the film modification, electroactivity of the EDOT-modified-
BTB-electrode was recorded in ACN at 10 V/s with IR drop compensation(Figure 3a) after each
EDOT oxidation cycle, and compared to that of an unmodified oligo(BTB) electrode. This
electroactivity shows small anodic and cathodic peaks shifting progressively towards less
positive values upon successive EDOT oxidation cycle. Initial anodic peak for BTB is above
0.75 V/SCE then shifts to 0.55, 0.50, 0.35, 0.25 and 0.15 V/SCE after 1 3, 5, 7 and 8 EDOT
oxidation cycles, respectively. Cathodic current peak follows the same tendency and the anodic

current density onset also decreases to lower potential upon successive EDOT oxidation cycle.
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These measurements confirm that the switching potential of the EDOT modified oligo(BTB)

electrode is progressively lowered.
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Figure 3: a) Electroactivity after 1, 3, 5, 7 and 8 EDOT oxidation cycle respectively on BTB-
modified GC electrode. CVs are recorded in ACN with LiClO4 (0.1 M) as supporting electrolyte.
Grey line is bare electrode, scan rate: 10 V/s (ohmic drop correction). (b) Evolution of Qgyitch as a
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function of Qgeposiion. Colours correspond to two different electrodes, black squares represent
PEDOT deposition on bare electrode.

By integration of the CV, the amount of charge observed for doping the deposited layer
(Qswiten) as a function of charge applied during EDOT anodic deposition (Qgeposion) Was
determined. Qswiten Was plotted against Qgeposition (Figure 3b blue and magenta points) and
compared to the results obtained when anodic polymerisation of EDOT is performed on a bare
electrode (Figure 3b black points), without underlying oligo(BTB) layer. On a bare GC
electrode, a linear increase of Qswitch With @ Qqeposition 15 Observed with a ratio close to 10 between

339 Such behaviour has already been observed for many conducting

Qdeposition and Qswitch
polymers. When EDOT oxidation is performed on a oligo(BTB) layer, the evolution of Qgyitch 18
clearly different. It does not significantly increase upon the successive EDOT deposition cycle
and remains around 0.2 mC/cm? (I= 2.10'9mol/cm2) when Qqeposition 1ncreases. However when
Qdeposition gets above 6.5 mC/cmz, the expected curve for PEDOT polymerisation is obtained as
can be seen in figure SI3. This result is a very strong indication that covalent grafting of few
EDOT units had taken place on the BTB oligomers yielding to a block oligo(BTB)-oligo(EDOT)
that can be oxidized at a lower potential compared to oligo(BTB). (Note also that under

application of this charge, a PEDOT film of around 30 nm would be formed if it was performed

on a bare electrode.)

In order to measure the thickness variation of the oligo(BTB) film upon EDOT oxidation,
similar experiments were performed on gold stripes, 424+0.5nm nm thick, e-beam deposited on
Si/SiO; substrates. This allows to use AFM for thickness measurements at each step of the
electrochemical bottom up process. As the stripes exhibit a very small size of 20 um per 5 mm,
the electrochemical response of ferrocene is close to that obtained on an ultramicroelectrode

(UME) with stationary plateau currents observed when ferrocene is oxidized to ferricinium.***’

15
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Figure 4a shows the AFM profile of three different films generated on gold stripes while
Figure 4b and 4c show the behaviour of ferrocene and decamethylferrocene on these electrodes.
The first one is a oligo(BTB) electrode and Figure 4a reveals that the oligo(BTB) exhibits an
average thickness of 7.5-8 nm with a root mean square roughness of 0.7 nm. As expected on the
gold/BTB electrode, the electrochemical oxidation of Fc and DmcFe is shifted to 0.7 V/SCE
whereas on a bare electrode, a plateau like current at 0.3 V/SCE and —0.2 V/SCE is observed.
Note also that the value of the diffusion limited current is the same on the bare and all modified

electrodes.

The oligo(BTB) electrode was then modified by EDOT oxidation, generating a new
modified electrode labelled BTB-EDOT 1. The thickness of the organic layer is close to 9 nm and
the roughness of this electrode appears almost the same as that of the initial oligo(BTB)
electrode. However, the Fc and response on this electrode is significantly different with an onset
for ferrocene oxidation at 0.3 V/SCE, a current rising on a larger potential range and a plateau
current obtained only at 0.5 V/SCE. This result shows that despite a minimal amount of EDOT
grafted on the BTB oligomers (around one nm thickness increase, i.e. 1 or 2 EDOT moieties), the
switching potential of the new BTB-EDOTT1 electrode decreases sharply from its initial value.
This result is compatible with that observed when films are generated from new diazonium
cations, derived from 2-(4-aminophenyl)-3,4-ethylenedioxy-thiophene and various amino-
functionalized m-conjugated oligomers incorporating 3,4-ethylenedioxythiophene (EDOT) and

thiophene units™’.

A second electrode labelled BTB-EDOT2 was then generated and studied. Its thickness is
now 9-10 nm with a roughness of 0.9 nm. EDOT block of the electrode is thus only 2 to 3 nm

which implies that the EDOT block grafted on the oligo(BTB) electrode consists of only 4 to 6

16
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EDOT units. Fc signal on this electrode is at the same potential and has the same shape as on a
bare gold stripe, showing that BTB-EDOT?2 electrode has a switching potential below the
standard redox potential of ferrocene. On the contrary, DmFc signal is still shifted to higher
potential when compared to its position on a bare gold stripe. Onset of DmFc oxidation signal is
now at 0.0 V/SCE and plateau current is reached at 0.2 V/SCE which is as expected below the

standard redox potential of Fc.

Finally, a third electrode labelled BTB-EDOT3 was generated. The thickness of the
organic layer is 10-11 nm with an average roughness of 1.1 nm and this electrode is transparent
for ferrocene but not yet fully transparent for DmFc as DmFc oxidation onset is seen at -0.1
V/SCE with plateau current reached at O0V/SCE. Thickness measurements indicate that the
oligo(EDOT) block grafted on the initial oligo(BTB) units is only 3-4 nm thick that is close to 6

to 8 EDOT units.
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Figure 4: a) AFM profiles of a gold stripe covered with various organic layers. Bare gold, Gold-
BTB and Gold-BTB-EDOT1, Gold-BTB-EDOT2 and Gold-BTB-EDOTS3 electrodes obtained by
successive EDOT oxidation cycles at low current densities on the BTB-gold electrode. Note that
the results reported here are obtained on a unique electrode that is modified in several successive
steps. b) 3D AFM image of a Gold-BTB-EDOT3 electrode c) Response of ferrocene on the
BTB-EDOT modified electrodes (1 mM) with LiClO4 (0.1 M) as supporting electrolyte in ACN,
(d) Response of decamethylferrocene on the same BTB-EDOT modified electrodes (1 mM) with
LiCIO4 (0.1 M) as supporting electrolyte in ACN.

Overall, Scheme 2 summarizes the finding of this work. Starting from and 8 nm

oligo(BTB) layer acting as a switchable electrode, it is possible to create a large set of new
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1

2

2 materials with tunable electrochemical properties. Oligo(EDOT) block of various length are
5

6 grafted on the oligo(BTB) moieties leading to chain extension. As a consequence the new
2

g oligomers have higher energy HOMOs as seen in scheme 2c and the layer can switch from a
ig conductive to insulating state at lower potential than the initial oligo(BTB) electrode. As long as
12

13 the overall thickness remains below 11 nm, the charge involved in the film electroactivity
14

ig remains that of the initial oligo(BTB) layer with polaron, spreading over most of the oligomer®’,
17 . . . . . .

18 likely localized on the growing EDOT blocl as depicted in Scheme 2b. Ultimately further growth
19

20 will generate PEDOT chains on the electrodes as observed in figure SI3. This set of new material
21

gé with tunable switching properties through a bottom-up electrochemical process leading to
24

25 ultrathin layers with tailored switchable properties.

26

27

28 (@) (©)

29

0 4SS ... Vacum Level

31 +. 1

32

< > B
gg 8nm BTB g‘: AUBTB-EDOT02

33
34 I—_'f—)_ﬁ—J — SCE (-4.68eV)

11nm (BTB-EDOT)

46 Scheme 2: Overall evolutions of the organic electrode properties while grafting 3 nm of
oligo(EDOT) block on an 8 nm thick oligo(BTB) organic electrode. The yellow and green
49 envelops represents the plausible extension a polaron on each oligomer.

54 CONCLUSION
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In this work, focus was set towards extending the properties of ultrathin electroactive layers,
based on oligo(BTB) layer, covalently attached to the electrode by diazonium salt reduction.
Such layers switch from an insulating, to a conductive state and acts above their switching
potential as organic electrodes This switch is strongly dependent on the molecular structure of
the diazonium salt precursor. Here, EDOT oxidation was performed on ultrathin oligo(BTB)
layers. We show first that EDOT can be easily oxidized on such organic electrode and that by
using small current densities, EDOT oxidation does not generate PEDOT film on the oligo(BTB)
layer but oligo(EDOT) oligomers grafted covalently on the oligo(BTB) units. As a consequence,
new elongated oligomers with a block structure are generated on the surface. Moreover, the
degree of elongation can be easily controlled as we observe successive switching potential
decrease as a function of the EDOT overgrafting cycles, evidenced in voltammograms recorded
in presence of several redox probes with different redox potentials. Depending on the length of
the oligo(EDOT) block, the switching potential of the new layers can be tuned at will from 0.6
V/SCE to —0.3 V/SCE. As an exciting result, these large switching potential variations are

obtained by grafting less than 3-4 nm of oligo(EDOT) on the oligo(BTB) layer.

Overall, a bottom-up electrochemical process for oligomer elongation is indeed possible
and leads to thin films with very low switching potential being covalently grafted to the electrode
surface. Furthermore, film switching potential can be fine-tuned to the desired potential,
facilitating device fabrication. Finally, overgrafting electron withdrawing groups by a similar
procedure, is likely to raise the switching potential of the layer instead of decreasing it, a feature
which could enlarge even more the possibilities for tailoring film switching potentials to any

desired potential. Such experiments are under investigation.

20
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