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Abstract

Spin-Dependent Electrochemistry (SDE) is a new gigma in electrochemistry where
the electrochemical response of a chiral electsotlgjon interface is studied as a
function of spin-polarized current. In this worketSDE concept is further developed
exploring the use of the “chiral imprinting” condepvhich is implemented in two
different, complementary, ways i) a chiral compoumdbulk solution to obtain chiral-
induced spin selectivity effect at the ferromagne(FM) electrode surface ii)
conversely, a chiral-ferromagnetic (CFM) hybrid Wiog electrode is produced: nickel
is electrochemically co-deposited with a chiral pomwnd, L-ta or D-{)-tartaric acid,
which is added to the electrodeposition bath; @fiswvs to obtain a chiral co-deposited
nickel-tartaric acid (Ni-LTA or Ni-DTA) working elgrode. As a further innovation,
the ferromagnetic working electrode is prepareddigct Ni electrodeposition on the
north, or south, pole of a permanent magnet. Téetreichemical response of these two
chiral imprinted systems is studied by comparinglicywoltammetry (CV) curves. The
latter are recorded in the potential range relevarthe Ni(lll)/Ni(ll) electrochemical
equilibrium, and also in the presence of glucosebirk solution. An impressive
variation in peak potentials is found when compa@Vs recorded on the north, versus
south, pole of the magnet (in particular, whendbaleposited CFM working electrode
is used). These results are properly rationalizathinv the Chiral-Induced Spin
Selectivity (CISS) effect.

Keywords: spin-dependent electrochemistry, nic&kirality, enantio-recognition, spin
injection, CISS
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1. Introduction

Charge transport in chiral systems, through chimédrfaces, isper sea fascinating
subject [1]. Indeed the interplay between chargadmission, chirality and magnetism
is a field of fundamental science yet open to dismn. Moreover, besides its
intrinsically intriguing aspects, a number of pre&k applications are here involved. For
instance, enantio-recognition is one fundamenta¢etsof the yet unfolded problem of
homochirality in nature, i.e. the fact that the omdy of chiral natural compounds is
right handed, a major fundamental problem in nasiile open to discussion [2,3]. In
the field of electrochemistry enantio-selective ewolar architectures are quite often
obtained by the preparation of high quality suriabte be used as electrodes, where
chiral surfaces are obtained exploiting a numbetitiérent methodologies: adsorption
of chiral organic compounds [4-6], chiral imprintedectrode surfaces using for
instance tartaric acid or chiral liquid crystals-ID], chiral metal surfaces obtained by
application of a rotating high-intensity magnetield [11-13]. The concept of chiral-
imprinted systems has been pushed further as tgamrhonstrated in some papers by
Mussini and Sannicold where the presence in bulitisa of chiral compounds was
used to “induce” enantio-selectivity, or generaveal spatial chirality effects: for
instance in cyclic voltammetry experiments careed in chiral ionic liquids, as well as
in achiral ionic liquids where chirality is inducég the presence of suitable bulk chiral
compounds [14,15]. Within this field, a strongblated area of fundamental research
deals with the combination of chiral effect withrspharge transfer properties as in the
spin-dependent electrochemistry (SDE) method. I&tter is a quite recently proposed
paradigm in electrochemistry [16—19]. The pecutiharacteristic of SDE is that it
allows for the control, production and measurenoérsipin polarization currents within
an electrochemical system. This gives the oppdstuni gain further physical insight,
and extend the range of possible applications,hef ¢hiral-induced spin-selectivity
(CISS) effect [20,21], also allowing to investigdle influence and role of spin in the
charge transport and on surface adsorption phersmmdmen chiral systems are
involved [20,22—-24]. Further, a possible applicatod SDE is to enhance the efficiency
of the hydrogen productionia electrochemical dissociation of water: this preces
commonly addressed as water splitting (WS) [25-28].

In this work the CISS effect is exploited using gresence of chiral compounds in bulk
systems, rather than adsorbed on the electrodeacgurfThus, allowing for the

achievement of spin polarized currents using a lengmd low-cost methodology.
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Within this picture, here we present electrochemgsadence which demonstrates that
Ni and Ni-chiral electrodes directly supported opesimanent magnet can be exploited

as effective spin injectors.

1.1 Spin-dependent electrochemistry/Chiral-induced spin-selectivity

In general, ferromagnetic materials and magnetisencansidered as a macroscopic
manifestation of the electron spin. Spin-relatedpprties are in general controlled by
suitable application of a magnetic field. Withinstipicture, the CISS effect plays a
peculiar role, in that the “spin transport/spinectjon” properties are controlled and
manipulated by suitable selection of a chiral sys{20,21,29]. Implementation of the

CISS effect in electrochemistry led to the develeptrof the so-called Spin-Dependent
Electrochemistry [16,18,19]. As often the casespmtronics, spin injection is obtained

exploiting the effect of magnetic field on ferrommafjc materials; this at variance of

results obtained in quite recent magnetless Hallcdebased SDE experiments [30].

Figure 1 shows the physics underlying the procéspio injection in a ferromagnetic

material.
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Figure 1. Energy vs Density of States (DOS) pajtespin polarized theoretical
calculation for a Ni fcc crystal: A) without (blueurves) and B) with (red curves)
application of a magnetic field. The horizontal lies line is the Fermi energy. Spin
polarized plane wave based calculations [31].

The application of the CISS effect in SDE aims &angcontrol of spin driven chemical
reactivity: allowing for spin control over the Nixioation process using two new
concepts for the fabrication of the working eledeg© magnetic field Ni spin injection
in the presence of a chiral compound in bulk sotutivith a nickel electrode directly

electrodeposited (about 30n thickness, compare the Supporting Informationtroa
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detailed characterization of the electrodepositedoN the north and south side of a
permanent magnéei) a totally new concept, where the electrochemioadleposition of
Ni and L-ta is used to obtain a chiral ferromagnetorking electrode able to enhance

spin injection selectivity.

1.2 Electrochemistry oxidation of Ni

The electrochemical oxidation of Ni in alkaline sidn is a thoroughly studied process,
this because of its use in the field of surfacecfiamalized materials used in the field
batteries, sensoristic and electrocatalytic apptoa [6,32—42]. In alkaline solution
nickel is spontaneously covered by a thin filmNe{OH),, and the situation is further
complicated by existence of a variety of hydraMidOH), crystal structures —
Ni(OH), andp — Ni(OH),, hydration plays also a role leading to a rathmmglex
picture, which is characterized by a non-stoichiimebehaviour:Ni(H,0),(0OH),
with 0.1 < x < 0.4. Upon electrochemical oxidation nickel oxyhydroxidpecies are
formed: f — NiOOH andy — NiOOH crystal structures [43]. Indeed, the hypothesis
about the presence and distributiorNetOH), in the film is controversial; in particular
Visscher and Barendrecht showed that a first layeéMiO is covered after the positive
scan with a thick film off — Ni(OH), which is the base material for the practical
application in batteries [44]. It must be mentionbat the electrode pre-treatment
influences the separation of the oxidation reducpeak potentials, to the electrode pre-
treatment [45]. The main reactions and chemicatisgeunderlying the appearance of
the redox peaks in CVs run in alkaline solutionghe 0 to 0.8 V potential range are
shown in reactions (1) to (4) [32,36,46,47]:

Ni + 2(0H)™ > Ni(OH), + 2e~ 1)

Ni(OH), -» NiOOH + H,0 + 2e~ )

Ni(OH), » NiOOH + H* + e~ ?3)

2Ni(OH), - xH,0 - [Niy(OH)s - (x — 1)H,0] + H* + e~ )

2. Experimental

2.1 Chemicals

L-(+)-tartaric acid (L-ta), D-{)-tartaric acid (D-ta), L-f)-glucose (L-glu), D-(+)-
glucose (D-glu) enantiomers were purchased froom8ighldrich and used without

further purifications. The nickel electrodepositimas carried out using a Watt’'s bath:
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150 g/L of nickel sulphate, 60 g/L nickel chlorid&, g/L boric acid, pH = 5. A chiral
imprinted ferromagnetic electrode, CFM, is obtaibgdaddition of 0.1 M L-(+)-tartaric
acid (or D-()-tartaric acid) to the Watt’'s bath compositiore tlelevant Ni-LTA or Ni-
DTA CFM electrodes are obtained.

2.2 Electrochemical set-up

The electrodeposition was carried out under patetdtic regime at -1.4 V, 900
seconds total electrodeposition time. The relewdnbnoamperometric curves, for the
north and south sides of the magnet, are showimguré 3SI and 4SI of the Supporting
Information. Electrochemical measurements were gperéd using both Autolab
PGSTAT 128N and CHI660A potentiostats, employingtyaical three-electrode
electrochemical cell. A peculiar arrangement wapsetl in the case of Ni
electrodeposited on the magnet: a teflon cellufgag a hole (0.8 cm diameter) in the
bottom, was used in a vertical configuration wh#ére Ni-on-the-magnet working
electrode was tightened from below, a teflon ringswused to ensure no solution
leakage from the cell. Thus, Ni-on-the-magnet ate$ were used as working
electrodes, while a Pt sheet and a silver, silMaorle, KCl saturated solution
(Ag/AQCI/KClsa) electrodes were the counter (CE) and refereneetrebes (RE),
respectively. Control experiments, to check thdityuaf the nickel surface obtaineda
electrodeposition on the magnet, were carried aihgu glassy carbon, Pt and
evaporated gold as working electrodes (compar&tigporting Information). A 0.1 M
KOH aqueous solution was used as base electratyi@lireported electrochemical
measurements. A neodymium permanent magnet was asdbe substrate for the
nickel electrodeposition made on the north (or Isppble. Due to the direct contact
between the Ni and the magnet, the relevant magfietd intensity has the highest
attainable value (compare Figure 12S in the Supmpihformation). This allows for
maximizing the magnetic effect on the Ni spin piation. The permanent magnet was
a NdFeB B88X0 Grade N42 K&J Magnet, Inc., with ekeill coating: magnetic field at
the surface is larger than 0.6 T (6353 Gauss).

2.3 XPS measurements

Spectra were taken at normal emission with a VG Xle8ble anode X ray source
delivering Mg Ko photons at 15 kV and 15 mA and with a CLAM2 VG lgpherical
analyser driven at constant pass energy. Survestrapeere acquired with an analyser

resolution of 2 eV, while elemental spectra whaieh with a resolution of 0.5 eV.



3. Results

3.1 Chiral compound in solution: tartaric acid

CV curves recorded in the presence of the chirghmic compound in solution are
shown together with the relevant base electrol@tg 1 KOH) CVs: figures 2 and 3. A
guantitative assessment of the efficiency of thekedi oxidation process is carried out
calculating the ratio between the current peakhénpresence of the chiral compound
with respect to the current peak value of the @he\base electrolyte. Figure 2a shows
CVs in a 0.5 mM solution of L-ta, the working elexte is Ni electrodeposited on the
north-pole of a permanent magnet. The CV features one ar{fimiward scan) current
peak (Pla), at about 0.54 V (the 0.1 M KOH basetrelyte shows the anodic peak at
0.5 V). A rather broad cathodic peak (P1lc, cen&te@.37 V) is present in the backward
scan, for both the base electrolyte and the 0.5 lrailsl acid solution. The peak in the
forward scan is associated with the Ni(ll) to NiIbxidation processyide supra
[32,36,46,47].

1.5 1.5
a) b)
1.0 4 1.0 4
L-(+)-tartaric acid L-(+)-tartaric acid
05 | North Pole 0.5 | SouthPole
< <<
£ £
~ 0.0 — 00
-0.5 1 -0.5
-1.0 w - - - ‘ ‘ -1.0 .
00 01 02 03 04 05 06 00 01 02 03 04 05 06
E vs. (Ag/AgCI/KCI_ )V E vs. (Ag/AgCI/KCI_ WV

Figure 2. CV curves, the WE is Ni electrodeposited on magaeorth pole b) south
pole. Red line: 0.1 M KOH. Black line: 0.5 mM L-ta acid 0.1 M KOH aqueous
solution. 50 mV/s scan rate, a Pt sheet is theAQFAgCI/KCl is the RE.

Notably, the area of the two (forward and backwanatyent peaks, which is related to
the charge exchanged during the potential scaamsst the same. This suggests that
the chemistry of the redox processes underlyingctiveent peaks in the CVs are of
guasi-reversible nature. Figure 2b shows CVs rembrdising a Ni surface,
electrodeposited on tleeuth-pole surface of a permanent magnet, in contact wittba O
mM solution of L-ta acid. Systematic differences found in the potential values of the
Pla and Plc redox peaks, as well as in the cupeak ratio between the base

electrolyte KOH solution and the L-ta solution. Arder potential peak to peak
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separation, between the forward (oxidation) andcWwacd (reduction) curves, is found
in the case of the “south pole”, compare CVs inuFég 2 a and b. This suggests a
slightly better reversibility for the “north poleiorking electrode. Focusing on the
current peak values of the oxidation process a tifatime comparison, between the
north and south pole nickel working electrodes, cerried out calculating the
dimensionless quantity “anodic current ratio”. Tladter is calculated as the ratio
between the anodic current of the oxidation peakhersame pole of the magnet, in the
solutions containing the chiral compound and theelelectrolyte: ®r/Jon Where Jar

is the Pla current for the TA solution angby) is the Pla current for the base
electrolyte. Thus,®d/Jon IS @ quantitative measure of the ratio betweerctheent of
the solution containing the chiral compound and“fikank” (i.e. base electrolyte)
solution. Such a simple index allows for the congmar of the electrochemical
behaviour as a function of the magnet orientatioteéd, to unravel the role of the
chiral compound in relation to the role of the magarientation (north or south, i.e.
different spin “up” or “down” injection) in the odation process, we subtracted “anodic

current ratio” values between the north and sooth plectrodes:
sgn {(J (Tart)> B </ (Tart)) } 5)
](KOH) (North) ](KOH) (South)

Wheresgn is the sign function. Thus, the sign of relati&) s positive if Jart/ Jkon

ratio (from a measurement made on the north psl&grger than thergt/ Jkon (same
operative conditions) on the south pole, a minusbigined if the opposite holds. We
obtained always a positive value, out of 18 measards, indicating a “more
favourable” process, i.e. a larger Pla current,tren north pole working electrode
compared to the “south pole” one (numerical resaits reported in Tables IVSI and
VIISI, Supporting Information).

Figure 3a shows CVs of a 0.5 mM solution of D-tag tworking electrode is Ni
obtained by electrodeposition on therth-pole surface of a permanent magnet. Please
note that some of the features, here in partidharsplitting of the backward reduction
Plc peak in two sub peaks, depend on the init@tesbf the magnet surface, in
particular affecting the reduction process (backivaurve). In any case our procedure
of determination of the “anodic current ratio” all® for taking into account,
normalizing, such fluctuations in the CVs data vkhare related to the preparation of
each new Ni surface. Anyhow, the areas (chargedhmmoxidation process and for the
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reduction process in Figure 3a, are about the s@mesistently with the results shown
in Figure 2, the solution containing the chiral gwund shows current always larger
than the one recorded with only the base elecedfiOH), this both for the forward

and backward scans.

14 1.4
1.2 4 a) 1.2 1 b)
1.0 4 1.0 1
0.8 1 D-(—)-tartaric acid 08 D-(—)-tartaric acid
North Pole South Pole
< 0.6 1 < 0.6 -
£ 04 E 04
0.2 | 0.2 -
0.0 - 0.0 -
-0.2 1 -0.2 4
0.4 ‘ - ‘ - -04 - \ \ ‘
0.0 0.2 04 0.6 0.8 0.0 0.2 04 0.6 0.8
E vs. (Ag/AgCI/KCI_ WV E vs. (Ag/AgCI/KCI_ )V

Figure 3. CV curves, the WE is Ni electrodeposited on magred line: 0.1 M KOH.
Black line: 0.5 mM of D-(-)-tartaric acid in 0.1 MOH aqueous solution. 50 mV/s
potential scan rate, a Pt sheet is the CE, Ag/A{CIthe RE. a)orth pole b) south
pole

As in the previous case of L-ta acid, “anodic cotnetio” values are calculated for the
0.5 mM solution of D-ta. Remarkably, the differefmdween the “anodic current ratio”,
north-pole ratio minus south-pole ratio, is for taege majority of the cases (16 out of
18) negative, implying a larger increase in thedam@urrent ratio in the case of the
south-pole of the magnet. This is at variance Withresult obtained with the L-ta acid.
Summarising, in the case of L-ta acid the northeppklds the larger increase in the
anodic, Pla, ratio (with respect to the base albté). Consistently, the opposite is
found for the D-ta, in this case the nickel eled&posited on the south pole leads to the

larger anodic ratio.

3.2 Chiral ferromagnetic working electrode: Ni-LTA and Ni-DTA

This section shows results concerning the CFM eddet Structure and composition of
the CFM electrodes has been characterized via YB&rescopy measurements. Figure
4a compares survey spectra taken on a referenadepdisited electrode and co-
deposited Ni-LTA electrodes, either on the southaarth-pole of a permanent magnet
(Ni-LTA S and Ni-LTA N). The spectra are characted by Ni2p, C1ls and O1s well

evident peaks, apart from residual contribution€t#p, due to the preparation of the

electrodes. Resolved elemental structures are shofigure 4b-c.
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Figure 4. a) Survey spectra taken on a Ni-depositectrode and co-deposited Ni-LTA
electrodes with opposite directions of the magnfeid during growth (Ni LTA N and
Ni LTA S). b) Resolved spectra of Ni 2p. ¢) Resdhvapectra of Ols. d) Resolved
spectra of C1s

In Figure 4b, the Ni2p spectra are shown. Ni appeaidised, as expected for non-ideal
samples not cleaned in ultra-high-vacuum and thased from air before introduction
in the vacuum vessel for analysis. The lineshapgests a prevailing formation of
hydroxides at the surface [48]. No sizable diffeeens present between the three
samples, which indicates that neither LTA nor thegnetic field do alter the nature of
the Ni film. Ols spectra, in Figure 4c show a breadcture, with maximum at about
532 eV for the three samples. In addition, LTA sksppresent a pronounced tail
towards the high binding energy side. The spedikee been background subtracted and
fitted with a set of Voigt curves [49]. OH groupsntribute to the low binding energy
side of the O1s structure. Other structures caadseciated to contributions from O
differently bonded to C and to Ni oxide [50]. Inrpeular, the high binding energy talil
is ascribed to COOH of tartaric acid, not presenthe bare Ni sample. There’s no
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difference between samples prepared on the S apdldd of the magnet. C1s spectra
are reported in Figure 4d. The most prominent psalassigned to carbon from
contaminants. It is interesting to note that thghhbinding energy tail, that can be
associated to tartaric acid is present with eqoatrdbutions on both samples obtained
on N and S poles, indicating no difference in comicgion depending on the orientation
of the magnetic field. Figure 5 a and b show CWearof the CFM electrodes in 0.1 M
KOH aqueous solution, base electrolyte. In thiseda® only chiral component in the
system is the CFM electrode. Here the attentiofocsised on the electrochemical
oxidation/reduction processes underlying the agrear of the oxidation, P1lox (centred
at about +0.48 V), and reduction Plred (centreabatt +0.39 V), found in the forward
and backward CV curves, respectively. Please riwdé the current relevant to the
oxidation and reduction peaks of the Ni(lll)/Ni(H¢dox process, Figure 5a, for the Ni-
LTA south (solid line: 884A) is larger than that recorded on the north pdasted
line: 69 uA). Remarkably, Figure 5b shows that the oppositeound for the Ni-DTA
CFM working electrode: south 54A, north 64pA. That is: upon flipping the magnetic
field direction from north to south, the measuradér current swaps between the D-glu
to the L-glu co-deposited nickel electrode. Figbceand 5d show CVs recorded in 0.1
M L-glu, or D-glu, in 0.1 M KOH aqueous solutiondeaelectrolyte. The WE is the
chiral ferromagnetic imprinted working electrode:LIN'A and Ni-DTA. For the sake of

clarity only the forward scan is shown.

80.0
60.0 |
40.0
20.0

I/mA

0.0

-20.0

-40.0 -

0:0 011 0l2 013 014 0:5 0:6 olo 0:1 0:2 0:3 014 0:5 0:6
E vs. (Ag/AgCI/KCI_, )V E vs. (Ag/AgCI/KCI_,)/V
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Figure 5. CV curves in 0.1 M KOH aqueous solutianNi co-deposited with L-ta acid
WE b) Ni co-deposited with D-ta WE. Solid line: ei®deposition on the south pole.
Dashed line: electrodeposition on the north poJeNieLTA WE, north and south, in
enantiopure solution of 0.1 M L-glu or D-glu. d)-NDA WE, north and south, in
enantiopure solution of 0.1 M L-glu or D-glu. Sofied line: L-glu on north. Dashed red
line: D-(+)-glucose on north. Solid green line: L-glu on $ouW@ashed green line: B¢
glucose on south.

Figure 5¢c shows that the oxidation of L-glu is egsi.e. the peak potential is less
positive (about +0.69 V), with respect to the D-ghe (+0.81 V). The opposite is found
when the Ni-DTA electrode is used: the oxidationDxfjlu is easier, i.e. the peak
potential is less positive (about +0.68 V), witspect the L-glu one (+0.79 V). Also the
peak currents show a regular symmetric pattern mmetion of the CFM and of the
north and south poles. Remarkably, the CVs of tmangomers are clearly
discriminated, demonstrating a substantial abibfythe Ni-LTA electrode, in the
process of enantio-recognition. The differenceh@ oxidation peak is about 0.1 V, in
particular,i) Ni-LTA: the potential peak difference between gind L-glu is 0.12 V
i) Ni-DTA: the peak potential difference between Lrgind D-glu is 0.11 ¥ Note
that, the glucose CVs do not show any of the pekdted to the Ni oxidation/reduction
processes. This result can be due to glucose dasogn the electrode surface leading
to inhibition of the nickel oxidation, at increagithe potential glucose is oxidized to
gluconolactone, reaction (6), with a complex precas/olving a large number of

adsorbed intermediate species [37,38,51-54]:

! A crude estimation of the error affecting the vehptocedure of electrodeposition and CV measurement
on Ni CFM electrodes shows a 3% maximum variato¥q repeated at least five times, in two different
laboratories). Which means for the potential défares: 0.12 + 0.0036 V and 0.12 + 0.0033 V,
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NiOOH + glucose - Ni(OH), + gluconolactone + 2e~ (6)

4. Discussion
The idea that chiral compounds present in bulkesysare able to “induce” enantio-

selectivity, or generate local spatial chiralitffeets [14,15] is implemented within the
spin-dependent electrochemistry approach following different strategies:

a) Chirality effects induced by the presence ohamat compound in bulk solution: in
the case of the tartaric acid, D or L enantiomuee, cdurrent recorded in the presence of
the bulk chiral compound, black line, is systendlc larger than that of the base
electrolyte, red curve, compare Figures 2 and &ibicase the effect of the presence of
the chiral compound in bulk solution has been itigated by comparing the oxidation
peak current values as a function of the magnentation (north vs. south). Data
relevant to the systematic analysis of the expertaieresults are available in the
Supporting Information, Table ISI to Table IXSI. particular, the sign found in column
titled “sgn(Jatio North — Jaio South)” (Table IVSI and Table VIISI in the Suppog
Information) gives the indication of the most effist combination: in terms of the
larger variation in peak current induced by preseuicthe tartaric acid (with respect to
the “blank solutiofi. Remarkably, the L-ta acid north is found moreefive than L-ta
acid south, and in a consistent way the D-(-)-tartacid south combination is found
more effective than the D-(-)-tartaric acid norflable VIIISI and Table IXSI report the

percentage of spin polarization current, as obthirseng equation 7:
(](Tart)> _(J(Tart)>

](KOH) (North) ](KOH) (South)
<](Tart)> 4 <](Tart)>

](KOH) (North) ](KOH) (South)

b) The new concept, here presented, of the hybhidalc ferromagnetic electrode

x 100 = SP% (7)

supported on a magnet, proved to be an efficierstesy for enantio-selective

discrimination, and an efficient spin-valve as wé&le spin valve behavior is proved by
the CVs recorded for the achiral Ni(lll)/Ni(ll) re’ process as a function only of the
magnetic field direction (i.e. north vs. south)idTfesult is only due to the interaction of
the chiral nature of the CFM with the magneticdietientation. The enantio-selectivity
Is substantiated by the consistent discriminatioaxidation peak potential found in the
CVs recorded in solution of the glucose enantioragpotential separation of 0.1 V is

found on the glucose oxidation potential when camnmgathe two enantiomers CVSs.

20.1 M KOH base electrolyte solution
-12 -



The latter potential difference is a function oftbthe chiral nature of the CFM and as a
function of the magnetic field orientation. In tighnalogy to the results shown when
chiral surfaces are considered [7—10,55]. Note #m@h-polarization can affect the first
stage of the glucose oxidation: the first elemgnsiep in the oxidation reaction is the
adsorption of glucose upon dehydrogenation, foltbw®y oxidation to gluconate
[37,38,51-54]:

glucosep, i + OHp, = (dehydrogenated glucose)gasorpea + H20 + e~ | (8)

Indeed, chiral-induced spin-selectivity (CISS) efseare known to affect adsorption
and enantio-selectivity through polarization eff¢24,56]. This appears the key to
rationalize the discriminating ability of the CFMj-LTA and Ni-DTA, north vs. south
electrode. This result can be addressed as an éxahphemical reactivity driven by
the CISS effect.

5. Conclusion
In this work we exploit the idea that the presewfechiral compounds is able to
generate local “spatial chirality effects”, or irther words to “induce” enantio-
selectivity [4,14,15]. Our innovative idea is tontloine the “induced spatial chirality
effect” with the CISS effect, the implementationsafch a concept is pursued in two
different ways.
a) Presence of a chiral compound in bulk solutiompted with a standard spin-
dependent electrochemistry set-up. The major vanatconcerns the nickel
ferromagnetic electrode, which is directly depabiom the magnet. An average of 4 %
spin polarization, SP, is obtained (average obthinethe SP values of a rather large
number of experiments). Such a value is definiyiiekss than the 15 % to 20 % SP
range obtained in the case of well-ordered chirahotayers directly adsorbed on top of
ferromagnetic electrode surface [16,17,57,58]. H™uwantage is that using bulk
compounds the preparation of the chiral systeny ibeasier.
b) A completely new concept is proposed: the choampound is co-deposited
(embedded) within the bulk ferromagnetic electrobe.is chiral imprinted by co-
deposition with the tartaric acid. In this casetGEM electrode”/magnet orientation by
itself is expected to couple the spin injectiompl@/beta DOS manipulation obtained by
applying the magnetic field) with the CISS. Thataisombined, magnetic field/chiral,
spin selective injecting system. Indeed, the istarspin transport characteristic of the
CFM is proved by the CVs recorded in KOH solutiomhere only the achiral
-13 -



Ni(II1)/Ni(ll) redox process is active. In this aaghe difference in current observed
upon flipping the magnetic field, north vs. souih,certainly due to the high spin-
selective transport properties of the Ni CFM eledtr: SP = 11%. What is more, a
systematic difference is found in the CVs measuredhe glucose solution upon
flipping the magnetic field direction, north andusio poles of the Ni-LTA electrode

(results confirmed by the complementary electroghahibehaviour observed with the
Ni-DTA CFM electrode). A clear-cut discriminatiors iobtained in the glucose
oxidation peak potential: the difference in the ID-gs. L-glu oxidation peak potential,

as a function of the magnetic field and of the retf chiral imprinting of the CFM, is

larger than 0.1 V. This last impressive result giverther impulse to the scientific

research concerning the role of spin in the enarttognition process [15,30,56].
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