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Abstract

Primary alkyl iodides (RI) are reduced at smooth gold @des in polar organic solvents such
as N,N-dimethylformamide (DMF) in the presence of divesradlkylammonium salts
(TAAX). Beside a main two-electron step currently observed anhpate> -2.0 V vs Ag/AgC|,
abell-shaped step appears with all organic iodides within a poteantigé between -0.6V to -
1.2V. This peak does not depend on the organic substrate cotioentits current is
proportional to the scan rate in voltammetitylisappears at the second scan. These features
arise form slow adsorption of the Rl at gold, followed byeetro-catalytic reduction induced
by the metal. It is expected that this (simple) procdssvalthe formation of akyl radicals
readily adsorbed at the metal surface and thus produced d&gagly inhibits the main
cathodic step at more negative potentials. With linear chairG;o, G2, Cs and Gg, the
coverage of gold leads to self-assembled monolayers €3pAWhe compactness of this
coverage was found to be abouit'¥@nolcm?.
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1. Introduction
The discovery of new solid electrodes for achieving speaéctions and/or building new
surfaces remains an important goal. Until now, within a braathodic range, carbon

(graphite or glassy carbon) as well as platinum electrodebyafar the most used [1] with,
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however, several important experimental limitationsthin field of the cathodic reduction of
akyl halides, several materials were proposed for speeléctro-catalytic reactiong].
When the use of gold as electrode material is concernedgcdsssful applications worthy of
interest are apparently limited. Its association with dalia permitted to obtain exceptional
catalytic gain in the scission of carbon-halogen bonfisABo, let us quote the unexpected
reaction of gold with 1,3-dibromopropane and the formatibAu nanoparticles reinforcing
the electrocatalytic role of the surface in the ovaediuction process [4]. Additionally, the
use of Au could strongly influence the cleavage reactioalplic and propargylic bromides
[5] leading to the coverage of Au interface with unsatatrgand therefore reactive) organic
layers.

On the other hand, linear alkanes were reported to adsorb abgwlahg energy is 14-81
kJ mot* [6]. Specific adsorption of alkyl chains at Au(111) [7] occurs witlalel orientation
of the C-C-C plane to the surface. Metastable adsorption of Mal(&08) [8] also occurs (in
first layer) with the C-1 bonds parallel to the sugfapractically without decomposition,
though iodoheptane largely decomposes at Au(111) [9]. A preiorazt iodoalkanes with
gold was also reported creatiAg-C and Au-1 bonds [10 ].

The goal of this contribution is now to specifically earthe interest for gold as electrode
material within the field of the cathodic cleavagepomary alkyl iodides RI. As shown in
this note, there is preliminary adsorption and further gatateduction of RIs within a
potential range between -0.7V and -1.2A4.robustly attached alkyl layer concomitantly
formed during this process inhibits further electron trassfé&/ith long alkyl chains, SAM
building at Au surfaces could occur. Then, dense coverages astablished when RIs are

marked with redox groups, here ferrocene moieties.

2. Experimental

2.1 Electrochemical procedure; salts and solvents

In this study, the results essentially concern solutiohgetran-butylammonium and
tetramethylammonium tetrafluoroborate (TBABRnd TMABF;) in dimethylformamide
(DMF) purchased from Merck (quality for syntheses). Adaily, solutions of TBAI and
TBAPFs were also tested. The supporting salt concentration was in &l fieesg at 0.1 M. It
is worth mentioning that procedures given hereafter dorewtire extremely dry solutions
(water content <1000 ppm). All electrochemical experimentse vgerformed under inert

atmosphere bubbling dry argon through the solution.



All potentials are given versus aqueous Ag/AgCl(sat).e Tklectrochemical

instrumentation has been previously described [5,11

2.2. Working electrodes
All the electrodes used in voltammetry had apparenaserfirea of 0.8 mm Before

being used as electrode materials, gold and glassy carbon q@@ces were carefully
polished with silicon carbide paper (Struers 500 and 1200)itbr Nwrton polishing paper
(type 02 and 03) and rinsed with water, then alcohol ancseidh acetone. Finally, each
electrode was dried with a hot air flow during about 30 s. @uoetric measurements and
electrolyses of alkkyl iodides reported in this work wergiedrout using three-electrode cells
with a total catholyte volume of about 5 to 10 mL. A frittedisgl separated the dw

compartments.

2.3. Organic materials

All primary alkyl iodides were purchased from Aldrich anedisvithout any additional
purification. Ferrocene derivatives quoted in this articlerensynthesized according &

previously described method [[L1

3. Results

The unexpected behavior of primary RIs at smooth goldretées could be summarized
through different voltammetric curves displayed in Figlur@art A. Thus, taking as example
a long chain iodide (GH24l, denoted in the following as:@l), several scans shown in curves
1 appear to display the reduction step (at -2.6 V!) with a progeessigative shift of the Ha
peak potential and a tail-crossing the backward branch. ABC under similar conditions
(curve 2), a two-electron wave is observed at muchreggtive potentials (-2.15 V). Such
“anti-catalytic” behavior of gold is surprising since some examples of electadyssby this
metal have been already noticed, especially with afipthalides. When scrutinizing the first
scan displayed in 1 within a potential range between -0/4d/-4.5V, one may discern a
subtle peak around -1.2 YAt higher sensitivity, as displayed in curves 3 (firsirg¢ca quite
well symmetrial peak becomes clearly se@ = -1.18 V) which is ascribed to the reduction
of a compact layer of adsorbed RI molecules. The factithegcond scan this initial current
has practically disappeared suggests the reductionh®fRI layer followed by the

immobilization of R radicals resulting in a compact surface coverage. rakesgperiments



were performed in order to specify the nature of this layeta conditions of its formation:
() the intensity of the initial layer does depend (afterstandby of 2-3 min) on the
concentration of RI; (ii) its reduction peakr@ughly linear with the scan rate between 20 and
500 mV §'; (iii) after one scan, the reduction peak of Rls cannotebevered anymore by
stand-by during several minutes attesting chemical lisyaloif the deposit covering gold
surface; (iv) inhibiting character of thus formed layer carcbecked, which justifies the
strong shift of reduction of soluble RI towards moregatese potentials (E < -2V); (V)
integration of the peak current of the absorbed RI, whatever thétioasdfor [RI] > 2 mmol

L't andv = 50 mV &), permits to propose an average superficial concentratidikedfalky!
chains, e.gwith Ci, as T'r= (8+2)x10° mol cm?. With the surface roughness factor possibly
nearing 0.5, theelayers were assessed to be close to compact. WitindCGs, the values of
I'r are 4.610° and 6.%10° mol cm?, respectively, coherent with the above value fgg: C

A large panel of 1l-iodoalkanes was tested (from 1-iodoethd-iodopropane, 1-
iodobutane, 1-iodohexarne 1-iodopropybenzene); all of them showing the formation of a
robust akyl layer (see also Figure 1 B). However with atdydins shorter tha® carbon
atoms, the peak currents of the adsorbed RIs were found togee &his could be explained
by partial reduction of R(then implying a global two-electron reduction of RI)theiut
concomitant adsorption and reduction (possible prominefitieeostep 3, Scheme 1). As is
shown hereafter, this does not impede at all the formaficompact layers and only implies
significantly higher amounts of electricity (several scapsto -1.6 V are necessary for the
disappearance of the pre-peak).

Figure 1C depicts Nyquist plots for the reduction of 1,2 ,dtEatyanobenzene (TCB) in
CH3CN/0.1 M BuNPFs at Au electrodes modified withgCCi, and Gg chains by means of
constant potential electrolyses of the corresponding akijdés € 3x102 mol L?) at -1.0 V
until nil current (amount of electricity 030> C). Charge transfer resistancesr Rf the
layers formed with g Ci2 and Gs (41.6, 87 and 198 kohm, respectively) are particularly
coherent and underline the robustness of these organic layers.

Furthermore, in order to calculate superficial concentnatof immobilized alkyl chains
at smooth Au, the RIs (ing&and G>,) labelled with ferrocene moieties were used as displayed
in Figure 2. With the hexyl chain, the compactness was obtaitexdsateral scans (shown in
curve 3). The average coverage (obtained from curves dBanfound for the hexyl chain

is Ts = (10+2)x10'° mol cm? while the value for a SAM (grafting ofi€ chains) is quite

similar, T'1> = (8+2)x10*° mol cm?. These amounts are significantly smaller than those



obtained from the integration of pre-peaks directly fiihwa voltammograms of RIs but are
quite perfectly coherent with the values reported for longirs thiols adsorbed onto Au
Thus, a theoretical surface coverage for a compact bfyelkyl ferrocene, based on the
assumption that ferrocene species can be representedphsra ef 6.6 A in diameter, is
available (4.810%° mol cm? [12]); this value has been confirmed by the experimert@3°

mol cm? for a planar Au electrode [13]

4. Conclusion

This work bears out two closely associated features @bt#mgold: to adsorb and to
catalytically reduce primary alkyl iodides within a potentahge where electro-generated
free radicals are not yet reduced. As a result, akyrtayre easily formed on the metal
interface. Such organic coverage can be made compact1@’®-10° molcm?) by means of
repetitive scans (chains shorter thag) @ by fixed potential deposits at potentiais -1V.
Such deposits appear to be robustly attached to the metalabesuffer from the contact
with air and from sonication. The reported process looks cakitn to the arylation [14] of
carbons by means of aryl-diazonium salts (primary adsorpdiate followed by am situ
electron transfer). This preliminary electrochemical apph opens new perspectives for a
diverse decoration of gold using substituted akyl iodidesheftype FG-G-I with a large
palette of organic and organometallic functidR§) that are cathodically inactive at E > -
1.2V. Lastly, let us mention that secondary and tertiary atides exhibit comparable

features.
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Voltammetry of long chain primary RIs at smoath andGC electrodes in DMF + TBABE
Electrode surface area: 0.8 farRolishing with silicon carbide (Struers 13@@&pers.
A) 1-lodohexadecane (14.2 mmof). Scan rate: 50 mV's
1) Multiple scans aAu.
2) Voltammetry atGC.
3) Gold electrode: scans between OV and -1.9 V. Standby at OV for about 2 min.
4) Voltammetry showing the catalytic pre-wave obtained aftesld of 2 min at -
1.6 V and evidencing an inhibited reduction of the RI at potentials < -2BgWare
the change of intensity scale before and after -1.6V.
B) Voltammetry of 1-iodododecane (5.2 mmot)Lin DMT + TBABF,. Global curve in 1
(scan rate 50 mVY and the focus on the branch up to -1.7 VV (100 M s
C) Nyquist plots for the reduction of 1,2,4,5-tetracyanobenze n8)ifCCH;CN/0.1 M
BwNPFs at Au electrodes modified witha) Cie; (b) Ci12; (c) Cs. (d) Same electrode after
removal of the grafted layer. E = -0.45A& = 10 mV. Frequency range: from 1 MHz to 0.01
Hz. In the inset: Voltammograms of reduction of TCB atehelectrodes: (1) bare Au (1);
with grafted G (2), G2 (3) and Gs (4), respectively.



Figure 2

Figure 2 Au RI 13

Voltammetry of a,w-iodo-n-akkylferrocenes in DMF/TBABE at solid electrodes. Surface
area: 0.8 mfm
A) I-Ce-Fc (12 mmol [1).

1) At Au. 2) At GC. 3) Multiple scans at gold between -0.3 and -1.6 V. &tan50
mV s?. 4) Oxidation of the deposit obtained in 3. Scan rate: 200V s
B) I-C12Fc (3.4 mmol LY).

1) Voltammetry at GC. 2) At Au, scan rate: 100 mY 8) Oxidation of the deposit

obtained from two sweeps shown in 2. Scan rate: 200 TV s
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Scheme 1
Proposed mechanism for the coverage of smooth gold surfacalktithains under electron

transferat E<-1.2 V.
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