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Organic Radical Molecules for Spintronics Motivation

Study of injection, transport, and manipulation of electron spins into
organic radical-based solid state systems
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Why organic molecules?

Why organic radical molecules?

_ .

M. A. Ratner and col. J. Am. Chem. Soc. 2010, 132, 3682



Organic Radical Molecules for Spintronics Motivation

Study of injection, transport, manipulation and detection of electron spins
into organic radical-based solid state systems

Final objective:
A spin filter device based on organic radicals
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Organic Radical Molecules for Spintronics Introduction

Charge transport through PTM radical molecules
Polychlorinated triphenylmethyl (PTM) radicals
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Au
-— " \
/
® Chiral propeller-like
‘ R J structure
A
o PTM advantages:
» Functionalization (R)
Solid-state junctions made of a single-molecule » Persistent and stable radicals
or of a self-assembled monolayer (SAM) of = Non-radical derivative (HPTM)
organic radicals anchored to Au ¢ Ultra-long coherence time (> 1 ps)

¢ Chiral polarized luminiscent emitter

P. Mayorga-B¥riaZdait el.akngfeemBivrsCHaot WA®RL9,D 09:725:2902 /anie.201909398 4



Electrical properties of PTM radical-based materials

Charge transport through a single PTM radical molecule

Junctions
Single molecule junctions
& Z X cicl X XY g
Au ‘ ™ o — Au cl & o
Cl Cl
“ “ Au electrode
PTM radical molecule i cl
Cl
J ci cl Y\ (MCBJ)
PNSF cicl NS

cl E Cl
_—— Cl Cl
Au e Au cl cl
Cl Cl

PTM non-radical molecule
Au electrode

(EMBIJ)
In collaboration with H.S.J. van der Zant and E. Burzuri (Delft Univ. Tech) >



Electrical properties of PTM radical-based materials

Charge transport through a single PTM radical molecule ¢ ‘ - Au’

r:,-;\w;,,;,_-:ﬂ
. . 3
Conductance breaking traces of two PTM radical 1 -
junctions with MCBJ at 6K R .
- - ‘.H - -
T d radical molecul T = No zero-bias anomaly at differential
rapped radical molecules ‘l, ‘l’ conductances

Two conductance channels: = Non-radical molecules show lower
a) A background transport channel that changes with stretching conductances than the radical ones

b) Another channel responsible of zero-bias anomaly independent on stretching



Electrical properties of PTM radical-based materials

Charge transport through a single PTM radical molecule
Conductances at temperatures between 30 mK and 4.5 K of a PTM radical junction with EMBJ

Zero-bias anomaly
Au ‘ ™ 0 — AU’

Kondo temperature; T, = 3.0 K Onset of Kondo splittingatB=1.2T
R. Frisenda, et al. Nano Lett, 2015, 15, 3109 !



Electrical properties of PTM radical-based materials

Charge transport through a single PTM radical molecule

2 Off-resonant conductance channels:

SUMO-assisted transport channel —

SOMO-assisted transport channel ——

SUMO (-3.6 eV)
e
/ﬁ
Er (Au) =-4.3 eV SOMO (-5.7 ev)
HOMOs 6.2 e¥)
Vbias = 0

The strong localization of the SOMO
makes the Kondo resonance stable under
large molecular stretchings/distorsions

Au‘ TN 0 Au’

DFT calculations of energy levels with
B3LYP hybrid functional

SUMO-assisted
HOMO transport channel is
responsible for the
spin-independent
conductance
background

SOMO-assisted
transport channel is
responsible for the
Kondo-correlated
phenomena

SOMO




Electrical properties of PTM radical-based materials

Molecule/electrode contact dependance of transport through single PTM radical molecules

Zero-bias resonance at 4 K
(Kondo correlation)

Cl
Cl Cl
] _ Conductances are more
|
ci ci spread, a signature of a

cl g Cl
ji;/v/\@ weaker Au-S bonds
A Cicl g . o N
cl cl — with ill-defined

molecule-metal

contacts
o Au-C bonds are more robust and have less variability in conductance values jjji

F. Bejarano et al, J. Am. Chem. Soc. 2018, 140, 1691 ?



Electrical properties of PTM radical-based self-assembled monolayers

Charge transport through organic radicals anchored to metals

PTM SAM junctions

Metal Metal
Characteristics of
junctions:
e e = PTM heads are decoupled from the Au bottom-electrode via long alkyl

. chains guaranteeing the same work functions of in both junctions

PTM radical SAM PTM non-radical SAM ¢, o ling the PTM distance to Au, d, changing (CH,),; n = 4, 6, 8
i tions (R-SAMs) ) . ontrolling the istance to Au, d, changing (CH,); n=4, 6,

junc junctions (NR-SAMs)

= Similar PTM head/top-electrode interactions via van der Waals interfaces

In collaboration with C. A. Nijhuis and Y. Li (Nat. Univ. Singapore) 0



Electrical properties of PTM radical-based materials

Preparation of PTM radical SAM (R-SAM) and non-radical SAM (NR-SAM)on Au(111)

Toluene (0.5 mM) 24h at
40° and 24h at rt

Immersion

Ultra-flat Au Toluene 0.5 mM 40 °C (1h) /rt. (48 h) Formed
substrate solution of SAM

molecules
11



Charge transport through PTM radical molecules anchored to metal surfaces

Supramolecular structure characterizations of PTM radical and non-radical SAMs on Au(111)

NR-SAMs

Angle resolved XPS (Cl 2p spectra) Angle resolved XPS (S 2p spectra)

R-SAMs NR-SAMs lg ratios of S 2p at take-off angles of 902 and 402 of SAMs
902 40202

d;=1.83 nm
di;p=2.05 nm
d;;=2.20 nm

Radical and non-radical SAMs are laterally Molecules are standing-up on the surfaces with
packed with similar molecular densities thickness, d, that scales with the number, n, of C

(0.15x10° mol/cm?) atoms of alkyl chains of R-SAMs and NR-SAMs

R-SAMs and NR-SAMs have similar supramolecular structures
Other characterizations of SAMs: CA, ESR, CV 12



Electrical properties of PTM radical-based materials

Electronic structure determinations of PTM R-SAM and NR-SAMs on Au(111)
UPS C K-edge NEXAFS Energy diagrams of frontier orbitals of SAMs

E =0 eV (vaccum level)

LUMo  —§ OEy=1.3 eV OEy=0.5eV SUMO
(-3.1eV) 1 f (36ev)
AE, = 3.9 eV EflAu(111)]
HOMO e
(-7.0 eV) .
HOMO cl
LUMO
E; [Au(111)]
UPS, Ultra-violet NEXAFS, Near edge X-ray adsorption
. NR-SAMs
photoelectron spectroscopy fine structure spectroscopy

Occupied levels Unoccupied levels 13



Charge transport through PTM radical molecules anchored to metal surfaces

Charge transport measurements on Au™-PTM SAM//Ga,0,/EGaln junctions

Current densities of radical and non-radical junctions at voltage bias range of -1.0 V/+1.0 V

Metal

1S ¢~ DTAA
A

a)

:. ... ~+1~Arrhenius plots for average J valuﬁairs:}é)él P ve

PC B _Lo--o-o-*-*--t-ns-+--o----.—

0
— IElectromei s
; E Poss v e T -g-e-»
2
- -
Au -——" ® :ﬂ
electrode &= . " R
. ra-n-X-g-p-g-w-w-w--4 | ¢ R
32x10°  36x10° 40x10° 44x10°  4.8x10°
: : : AIT (1K)
0.5 0.0 0.5 1.0 -1.0 05 0.0 05 1.0 1.0 0.5
vv) V(V)

S22~ Current densities at -1 V do
not depend on temperature
(210-340 K) confirming a
charge transport through a
coherent tunneling
mechanism

0.0 0.5 1.0
4\

In all three junctions and in the whole measured bias range the mean values <|J|>; for R-SAMs are

100 times higher than for NR-SAMs iii

Current densities, J, of both SAMs decrease exponentially for larger chains suggesting that
charge transport mechanism is in the coherent tunneling regime for both SAMs

Yuan Li et al., Nature Comm., 2016, 7, 12066
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Charge transport through PTM radical molecules anchored to metal surfaces

Charge transport measurements on junctions as function of tunneling distances

Tunneling regime:
Current density J (A/cm?)
depends on the n?
carbons (n_) or the
distance, d

J=JeH

f = tunneling decay
constant
Jo = pre-exponential
factor

<log|J|>¢ values determined at -1.0 V

] .
: ical- Radical-SAM
Nboh-Badical-SAM ® Radical
LYMO —5—(-3.0 ] Ngn-radical
— 95/ i e interval e [ _
10° - io&&pﬁdﬂv SUMO——(-3.6 eV) SEr=0.5 eV
43eV  Ad ,oev ~ 43V 43ev AE=20eV -43eV
SOMO =—Y— (-5.7 eV)
="
~ . Homos  (6:2eV)
=~ S
- Gox-
« , EGaln

<

.-

- d=2.7 nm
Q Coherem.@t nneling transport™ = +1_SUMO-assisted coherent tunneling transport

d‘uetq.@ higher transmission probability
induced by the lower dE,

10 11 12

Carbon numbers (n)

Radical SAMs;
Non-radical SAMs;

Jf = 1018 A/cm? f; =0.89+0.01n.! (£5=0.72 A1)
JVR= 78 Afcm? fyr=1.0320.03 n.! (B=0.82 A?)

Transport through a coherent tunneling mechanism in both kinds of SAMs

Y.Li, N

15

. Crivillers et al. Nature Commun., 2016, 7, 12066



Charge transport through PTM radical molecules anchored to metal surfaces

Current rectification in junctions with asymmetrically located electroactive groups

Fcgroupis a
PTM radical is an ERyIRy Donor group
Acceptor group o s o
10%41V 1V
A !
— 10-4 I‘\‘\ :
NE T ‘\;‘ ——————————————— :
A O €1 | “ |
: 3 10 | !...‘ ’
3’ 5 -8 E \\ g "”’ :
S 10°] | N’ :
B)wod i o
1.0 0.5 0.0 0.5 1.4
A\
V() RR =|J(-1V)|/|J(+1V)]| = 150
R=|J(-1V)|/|J(+1V)]| = 0.7 C. A. Nijhuis and col. Nat. Commun., 2015, 6, 6324

The lack of rectification in R-SAM and NR-SAM contrasts with the behavior of SAMs with electroactive groups
energetically and spatially close to the top electrode and separated from the bottom one, like in Fc-SAMs



Charge transport through PTM radical molecules anchored to metal surfaces

Manipulation of charge transport through organic radicals anchored to metals

e

e

Radical SAMs on Au efficiently transport
electrons:

Met

How to achieve a rectifying Radical
SAMs? :

17



Charge transport through PTM radical molecules anchored to metal surfaces

Current rectification through SAMs based on Donor-7-Acceptor dyads

D-1t-A dyad
D-1t-A dyad
PTM as an
R =|J(+1V)]|/log |J(-1V)| =30 Acceptor
unit
+1V
Acceptor
unit Fcasa
Donor
Donor unit
unit
(@]
R-SAM
SAM
S
7 v f (s/{ YNNG
/ ®, ([[ffj\[f’ X [? ’

A. Girlando et al., ChemPhysChem, 2007, 8, 2195-2201 18



Charge transport through PTM radical molecules anchored to metal surfaces

Charge transport through Au™-Fc-n-PTM__,dyad SAM//Ga,0,/EGaln junctions

Preparation bf yadimka0dmmel fadical D-rt-A SAMs

d=2.2nm

.
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R-SAM

Similar supramolecular structures of
dyads (thickness, surface coverage)
Calculated from angle resolved XPS

A Y Y )
XN Y
ASOSASCSANS \/l\.-’J\./X ¥

Energy (eV)

Energy level diagrams

NR-SAM R-SAM
-2.75 eV -2.85 eV
7 LUMO (R)
LUMO
-3.75 eV
—— 7 SUMO (R)
— 2.4 eV WF (Au) = -4.2 eV
— 1.35eV
-5.15 eV_ -5.10 eV J HomoO (Fe)
HOMO (Fc)
-5.70 eV SOMO (R)

Different electronic structures of dyads
(frontier molecular orbital levels)
Calculated from CV, UPS and NEXAFS

19



Charge transport through PTM radical molecules anchored to metal surfaces

Current rectification through Au™-Fc-n-PTM dyad SAM//Ga,0,/EGaln junctions

Rectification ratio
= [J(-2.0V)|/ [J(+2.0V)|

J= 103 A-cm?

30+

o e e e g e e e s o

: R=99

i e BT Parameter NR-SAM

] i N° of junctions 25

L . ' L TR M B T T T N° of shorts 3

2 1 L 1 o log(R) N° of traces 528

T No shorting 88

junctions (%)?2
Rectification 99

ratio (R) (dlog)® (0.7)

NR-SAM

R-SAM

J values of R-SAM are 100 times higher than those of NR-SAM at all assayed bias voltages
The rectification ratio is 99 for NR-SAM while it is only 6 for the R-SAM

M. Souto et al. J. Am. Chem. Soc., 2017, 139, 4262 20



Charge transport through PTM radical molecules anchored to metal surfaces

Proposed mechanisms for the current rectification through Au™-Fc-n-PTM dyads SAM//Ga,0,;/EGaln junctions

Calculated current densities
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Presence of SUMO orbital turns off the typical rectification properties of assimetric junctions because

Calculatthissarttiite RiTWeys|isvitis idhe tHEFbkB2wirndege dfeleCtradlddlions Univ.) .
M. Souto et al., J. Am. Chem. Soc., 2017, 139, 4262-4265



Electrical properties of PTM radical-based materials
I
Manipulation of the work function of a metallic surfaces using polar SAMs

Work function (W) of a metal is the thermodynamic work required to remove an electron (e) from
inside the metal to at state at rest in the vaccum nearby its surface

W - 'e¢ 'EF
] vacuum vacuum
W, work function of metal

WI =-e ¢I'EF

Er, Fermi level of metal W’
1 W’, modified work function

¢, electrostatic potential in
the vacuum nearby the
metal surface

¢, modified electrostatic
potential by the polar SAM

<«<—— polar SAM

<+«— metal

o>

Work function shift: W’-W = A¢g 22




Electrical properties of PTM radical-based materials

MetMBoiRulxtion @foverkdd ostianimipdasiini PRGBUSMtbe afbditeeyinf anedestinms

electronic dewces Laflﬂﬁs OPVs) are dictated by the charge injection barriers

SAM with Positive Interfacial Dipole
Organic SAM Organic

LUMO N A S S Y
E. S ©

HOMO

Negative Work Function Shift (A¢ <0)

SAM with Negative Interfacial Dipole

Positive Work Function Shift (A¢ >0)

J.L. Bredas and col., Acc. Chem. Res. 2008, 41, 721-729 23



Electrical properties of PTM radical-based materials

Manipulation of the work function of a gold surface, Au(111), using a bistable polar SAM

Bistable push-pull radical molecules

Neutral
D-wt-A

A=950 nm

Non-radical derivative
lacks of bistability

Molecular bistability of Fc-n-PTM radical dyads
J. Guasch et al. Chem. Mater. 2013, 25, 808 24



Electrical properties of PTM radical-based materials

Manipulation of the work function of a gold surface, Au(111) by an external stimulus,
using a bistable R-SAM

Switching the Au(111) work function

25



Electrical properties of PTM radical-based materials

I
Manipulatiion of the work function of a gold surface, Au(111), using dipolar SAMs

Work functions measured by the Contact Potential Difference (CPD) using Kelvin Probe Force Microscopy (KFPM)
with an in-situ reference

D-SAM NR-SAM R-SAM

A
¢ Cl 6_/ 8_ I T
i B
[ |
Wé 6”; O LE Experimentally determined A¢ values by KFPM
. D-SAM; A¢ = -400 meV
NR-SAM; A¢=+55 meV
| — R-SAM; A¢g=+20 meV
SIS S0P i Radiny)
g OO OO0

Work function shifts (A¢) are in accordance with DFT
Donor (D) | Do-IAh I D'Ah ; calculated dipole moments of D-A dyads, their
closed-sne open-she polarizabilities and the depolarization effects

V. Diez-Cabanes et al. Adv. Mater. Tech., 2018, 1800152 26



Electrical properties of PTM radical-based materials

Modification of the work function of a gold surface with polarizable Fc-t-PTM SAMs by an

external electrical potential generated in KPFM
Averaged data

D-A dyads have permanent dipglesgnd are polarizable |
l ll 1oo-m“ | KFM Phase (deg)} - —
o . a .***Ié%gng::::::: A ¢0= +55 meV | N
1 A" / ; A N
ﬁO ’ A¢0 l % 50. ’ s
2 o s,
4 Au 1¢' A@y,s = A9’ =Ap” 2 NR-SAM . !
T X 50 e e o S
_) -0,9 ) -0',6 ' -0l,3 ) 0:0 ) 0:3 ) 0j6 ' A |
E | +1V E) AKFM Bias (V)
150 —
. ' = KFM Phase (deg) | .
‘ _s_e M +, 4 _ 100%!% ; ﬁﬁiﬁﬂi
1 ® A¢+ > ﬂ H Ady=+20 meV |
g | .
A g ﬂm H}
v | [ o - R'SAM
Ay o i Jh
;i . ol gﬁ%gﬁﬁﬁ
504 1 3
Hyster<ti~ behaviours of WFs for both SAMs due to the polarizability of —— :
-0,9 -0,6 -0,3 0,0 0,3 0,6 0,9 27

molecular dyads and the presence of intermolecular dipole interactions AKFM Bias (V)



Electrical properties of PTM radical-based materials

Modification of surface potential with Fc-nt-PTM SAM under an external stimulus by a

NIR (950 nm) irradiation

- Ady=+20 meV
R-SAM + o+
Au
Ho ; Ay
A
Adgs +55adV L
NR-SAM
A A A A

V. Diez-Cabanes et al. J. Mater. Chem. C, 2019, 7, 7418-7426

05 AP u*; Ap”
- - hv
+ —l
u Au
itral Zwitterionic
Ko ; Ay Ho ; Ady
- - hv - -

Au Au
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Electrical properties of PTM radical-based materials

Metallic surfaces with photoswitchable work function using a dipolar Fc-t-PTM radical SAM

R-SAM

0%
RS

thermal relaxation

Reversible photoswitchable work function....

Why is interesting this reversible switchability of WFs?

29



Possible aplications of PTM radical-based materials

Metallic surfaces with photoswitchable work function using a dipolar Fc-t-PTM radical SAM

SAM Organic

()

thermal
relaxation

WORK IN PROGRESS: Photoswitching of charge injection barriers in organic
electronic devices (OFETs, OPVs....) controlling their efficiency...

30



Conclusions

+2\ 2V
Metal etal .
| suvis U—SAM;Qkganic vetat U SAM Organic
= R RO
EIB
OMO e
'®
>
e e vq;-

U Radical SAMs in junctions are significantly more conducting (two orders of magnitude) than the
Non-Radical SAMs.

U Presence of accessible SUMO orbital close to metal WF enhances the transport of open-shell
(radical) molecules.

O Non-radical SAMs with donor units (Fc) show considerable rectification values typical of

junctions with electroactive groups energetically and spatially close to the top electrode and
separated from the bottom one.

d Presence of accessible SUMO orbital of radicals, in radical SAMs, even with donor units (Fc), kills
the typically expected rectification properties.

1 Metallic surfaces with NIR photoswitchable work functions using dipolar Fc-PTM radical SAMs

31
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<J (Alcm?)>

Charge transport through PTM radical molecules anchored to metal surfaces

Charge transport through organic radicals anchored to metals

Radical-SAM +1V SUMO (26ev) v
SUMO (-4.1eV) ;3'3 ev : Metal
-43ey SOMO -5.0 eV
-1V +1V -4.3 eV /\ 5.3 eV (-5.5eV)
53¢
SOMO (-6.4 eV) HOMOs
(-6.9 eV)
HOMOs
| | - can
1oL I-.-“]‘I < > “ < >
*““III'II" I II.I "““ [ Grounded d=2.7 nm Biased Grounded ~ 9=2.7nm Biased
1 | ]
1 Wiy, h » ittt
Al oy i I  Non-Radical-SAM +1V LUMO (2.0 eV) 1V
10 I 11 | LUMO (-4.0 eV)
I Metal -3.3eV Metal
I T -4.3 eV
10-5 I I -4.3 eV
| H l -5.3 eV
Ll |
1071k - - - - HOMO (6.0 eV)
-1 0 1 HOMO (-8.0 eV)
R =|J(-1V) |/Iog IJ(+1V)I =0.7 ¢ d= :- - Grounded d=2.7 nm Biased -
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Radical SAMs in junctions are two orders of magnitude more conducting than Non-Radical SAMs
but there is no rectification in both SAMs 35




Electrical properties of PTM radical-based materials

Charge/spin transport modelisation through a single PTM radical molecule

Up-dpanstriasinizdsontnelasizedoiamtnpigiesheiewran 6Yidod Akevad2e2 &¥ance
transport t_hrough thqjﬁe@é&“&é&ghmgwmmmﬁgmpty SUMO
|

| | l | | |  —
A candiaate for
spin filter?

| cl
ci cl1
<]l cl
cl cl
cl 13 o]}
— cicl i
S Cl Cl .

DFT-based transport
simulations with
Smeagol code

o W

I .
: O l

E-EF.: (eV)

SOMO at Vbias ~101V SUMO
G ~1043 Go

by A. Droghetti (UPV-EHU, San Sebastian) and I. Rungger (NPL, London) N. Crivillers et al. unpublished +



Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Resolution of the racemic mixture of disubtituted 2-Rad PTM radical

. . Cl
anticlockwise >
Cl, Cl

Minus (M) cn cl “« ”
propeller

conformation of
the PTMe moiety

Chiral stationary phase (CSP) HPLC

After the resolution of the racemic mixture by CSP
HPLC, the conductance through the two possible
enantiomers can be explored

37



Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Evaluation of the chiral-induced spin selectivity (CISS) effect using a chiral single radical
molecule with EMBJ

38
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Trityl-based radical derivatives with intrinsic chirality

< ‘ clockwise

Plus (P)
Cl Cl
cl Cl
Cl Cl Cl
Cl C-
Cl Cl cl
Cl (of]
ST of
(P)-PTM

C,&IQCI

anticlockwise >

Minus (M)

cl Cl

Co

Cl
Cl
Cl (of
Cl

Cl
(M)-PTM

Polychlorotriphenylmethyl (PTM) radical

Magnetic

Optic

“propeller”
conformation

Conducting

40



Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Resolution of racemic PTM and TTM radical samples

2000-_//
F1 F2 =6.40
1500 - 5.54
=
E1000- TTM
500 4
0 £ T T
0 5 6 7
Time (min)

900

675 -
=
<{ 450
S

225 -

ﬂ F1=8.73

8 10 12

PTM
F2=13.88

14 16 18 20 22
Time (min)

Chiral stationary phase (CSP) HPLC: Daicel Chemical Industries, Ltd. (250 x 4.6 mm, 5 pm).
Sample injection: 200 pL in n-hexane ~1 mg/mL. Separation conditions: eluent: n-hexane/DCM

(99.9:0.1), flow rate: 1 mL/min, 20 °C.

< clockwise

Plus (P)

anticlockwise >

Minus (M)

X:

@ = chlorine atoms (PTM)
o =hydrogen atczlr;\-s (TTM)



Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect
I

Determination of the absolute configuration of chiral radicals

ELECTRONIC CIRCULAR DICHROISM (ECD) SPECTRA

60 - 45 4 15
T 1.0
40 30{ F1 0.5
- ] 1 0.0 -
IE 20 b 15 N L] L] L] 1
) . ) 400 500 600 700
‘% 04 0 ¢ S A
£ : )
=-20 - -15 4
3 .
-40 1 -30 -
F2 (P)-TTM _ (P)-PTM
-60 - 45.
300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)
2000 74 2000 e
(M)-PTM ——. (M)-PTM
351000- % 10004
500 - (P)-TTM 500 - (P)-PTM X
ol o ' ' = chlorine atoms (PTM)

05 6 7 8 9 0 8 10 12 14 16 18 20 22 =hydrogenatoms(TTM)
Time (min) Time (min) o 42



Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Racemization kinetics of enantiopure radical samples

ECD 10 C (mAbs)

ECD 25 C (mAbs)
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Wavelength (nm) Wavelength (nm)
0,00 M g 0,00 = = — it
£
-0,25- g -0,25 -
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[+] 8 o
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300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm) CC|4 solutions
DYNAMIC (d) ECD signal decaysne/ith, ticag.«et) diffesesit temperatures)
Racemization
) (P)-TTM 21.12 1.77
energy barriers
(P)-PTM 22.36 1.92

‘ = chlorine atoms (PTM)
o =hydrogen atoms (TTM)
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Evaluation of the Circularly Polarized Luminiscence (CPL) activity G“"‘”ise
CCl, solutions, -20 °C Al>0 X x
X ’ X
X X
o Plus (P)
Racemic mixture Racemic mixture
anticlockwise >
(P)-TTM (P)-PTM
X X AI<0
X X
X x
Minus (M)
(M)-TTM (M)-PTM
X:

@ = chlorine atoms (PTM)
o =hydrogen atczlrzs (TTM)



Electrical properties of PTM radical-based materials

Transport through a single PTM radical molecule

Cl
CI Cl

O cicl O =
¢

Au Au

In collaboration with H.S.J. van der Zant (Delft Univ. Tech)

F. Bejarano et al, J. Am. Chem. Soc. 2018, 140, 1691

MCBJ

The most probable conductance
value was 8.8x10° G,
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Resolution of the racemic mixture of disubtituted 2-Rad PTM radical

. . Cl
anticlockwise >
Cl, Cl

Minus (M) cn cl “« ”
propeller

conformation of
the PTMe moiety

Chiral stationary phase (CSP) HPLC

After the resolution of the racemic mixture by CSP
HPLC, the conductance through the two possible
enantiomers can be explored
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Evaluation of the chiral-induced spin selectivity (CISS) effect using a chiral single radical
molecule with EMBJ
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Transport through a racemic PTM radical SAM

SAM with racemic
(M)-1-Rad mixture of radicals

N. Crivillers et al., J. Am. Chem. Soc. 2018, 140, 1691-1696

Resolution of

the racemic (M)-1-Rad (P)-1-Rad
mixture of 1-Rad

by CSP HPLC.
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Spin filtration with intrinsic chiral organic radical-based materials due to CISS effect

Chiral-induced spin selectivity (CISS) effect with a homoquiral radical Self Assembled Monolayer

\Cl
‘cl < clockwise
R Cl —p

Plus (P)

(1) Preparation of magnetically active
homochiral SAMs for the evaluation of the
chiral-induced spin selectivity (CISS) effect with
a radical SAM.

®© © © © © ©
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| P P
(M)-1-Rad (P)-1-Rad
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(2) The transmission of spin orientations at r.t. through

homochiral radical-based SAMs
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Electrical properties of PTM radical-based materials

Molecule/electrode contact dependance of transport through single PTM radical molecules

G £ 8.8x10° ﬁ;

Gy = 1.0x10% G,

G, = 4.0x106 G, ¢
g|| CICI

cl S

SN < cicl

Conductances are more
localized, a signature of
a stronger Au-C bond
with a more-defined
conformations

Conductances are more
spread, a signature of a
weaker Au-S bonds
with ill-defined
molecule-metal
contacts

o Au-C bonds are more robust and have less variability in conductance values jjiji

F. Bejarano et al, J. Am. Chem. Soc. 2018, 140, 1691
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