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LCC Magnetic anisotropy in maghets

v Necessary in inorganic/bulk magnets and molecule-based ones

Magnetocrystalline anisotropy linked to local magnetic anisotropy generated by
Spin-Orbit Coupling (SOC) and crystalline symmetry
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Crystal field parameters matter
Charge effect of point charges (coordinating atoms)

Prolate or oblate type magnetic anisotropy

P%Sb‘iséﬁé'eﬂﬁ & S.-D. Jiang, S.-X. Qin, Inorg. Chem. Front. 2015, 2, 613. | 2




J @@\ agnetic anisotropy in molecule-based magnets

= Case of 3d metal-based compounds :

1s* order SOC generates strong magnetic anisotropy
Requirements: degenerate orbitals => unquenched orbital momentum

B

5] 4 + dad
[
J. M. Zadrozny et al., Nature g 3 % + de2 2, dyy
Chem. 2013, 5, 577. =
s
14
0 H oa [Fe'(C(SiMe;);),]

2"d order SOC creates Zero-Field Splitting (ZFS) with axial (D) and rhombic (E) terms

Z((,‘z) t’“ mS= -L1Jr_2r__,—" +1Jr2
N - T
X T X SR — 1. ' A G 2 &2 &2
L Y / n, N D +3/2 H = DSZ + E(SX -S )
N l r y
R Y=o =
Oy = Oyr ‘-,‘
L ¥ i i
(ov=0z) PhsP  PPhy Ex0 — 312
oy Gy ~ ZFS  Zeeman A.N. Bone et al.,, Chem. Eur. J. 2021, 27, 11110, |
Co?* ion crystal field effect
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LCC

= Zero-field splitting :
Example with S = 1:

Energy A D<O

0..
3

—_— mg=-1 O] mg=0 mg=0
H#0 H=0 H#0
Axial anisotropy Planar anisotropy

H=pgB gl S +DS?
|D| > 3 E and E > O by convention (here E = 0)

‘ D < 0 stabilizes the highest spin value as the ground state
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IH&@ Mecthods to determine magnetic anisotropy

= Magnetic measurements:
v' Bulk samples

3.0+

Routine measurements (bulk)
Mostly adapted to mononuclear complexes

2.5

2.0

g ] Not sensitive to sign of D (E/D = 1/3)
Loy f Average estimation (best to confirm with
050 J/ other techniques or calculations)
O.O_Y T T T T
0 1 2 3 4 5
H(T)
v’ Single crystal: cantilever Torque magnetometry

Bic B/

Local anisotropy measured
Orientation vs. crystallographic axes

Big crystals needed

B. Cahier et al., Chem. Eur. J. 2017, 23, 3648. ‘
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JH@(@ Methods to evaluate magnetic anisotropy

dépasser les frontiéres

= HF-EPR:
= |104.16 GH .
, i o i ” V) Very precise
£ |9472GHz A\)/: o
5 |88.59 GHz = I
. A e AR S— o . . .
c [eo0soHz ~ N > Sensitive to some ions
S — TN\ T -
3 [7Zi9cHz —V g Limited to D < 80 cm-! (100 GHz)
g 66.51 GH:z PR, o
& |5675GHz N =
T [es26he T\ ]
SR IR L SRR A e 00""5':"110“”1'5'f”2'0' T E. Suturina et al., Inorg. Chem. 2017, 56, 3102. ‘
Magnetic Field (T) Magnetic Field (T)

= Polarized neutrons scattering:

Local anisotropy measured
Orientation vs. crystallographic axes

Big crystals needed

D. Luneau, B. Gillon, Magnetochemistry 2021, 7, 158. ‘
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JH@(@ Methods to evaluate magnetic anisotropy

= Inelastic Neutron Scattering (INS):

Co-Cl

Estimations of D

Intensity

Large amount of samples

i —— 90

15 20 25 30 35 40 45

o o . . Energy Transfer (cm™
= Magnetic Circular Dichroism: A. N. Bone et al., Chem. Eur. J. 2021, 27, 11110.
250 —
200 —5K

—GK 1-8

oo, ) o i Local anisotropy measured
1- —1 [ . °
50 — 12 Orientation vs. crystallographic axes

0
50

—aK
—5K

Big crystals needed

3
AAy o (107 cm ™)

-100 o -

150 o —7K Chiral molecules only
-200 —ok | ™A

250 '—I2KI

425 450 475 500 525 550
Wavelength (nm)

M. Atzori et al., J. Am. Chem. Soc. 2020, 142, 13908. ‘
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LCC
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D. H. Moseley et al., Inorg. Chem. 2022, 61, 17123. ‘
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Variable temperature
measurements

Percent Transmission

BEELYBERERRE 8882889838

Metal specific
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%36‘(85%‘5.5! INP J.M. Zadrozny et al., Inorg. Chem. 2013, 52, 13123. | 8




LCC Magnetic anisotropy & SMMs

= Case of SMMs :
Ueff = Dsz

dépasser les frontiéres

1"down" up

D appears to be the most important parameter - %

Energy (arb. u.)

as D ® cte/S?

) U % D

O. Waldmann, Inorg. Chem. 2007, 45, 10035.

\
90 0 9 180 270
Angle between easy axis and magnetic moment

In polynuclear systems, difficulty to control the
alignement of magnetic anisotropy

[Mn';,Mn;/(11,-0)q

(13,m4-N;)(HL)1o(MeCN)GJ?*
S=83/2

A. M. Ako et al., Angew. Chem. Int. Ed. 2006, 45, 4926. ‘
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LCC Magnetic anisotropy & SMMs/SCMs

= Case of SCMs :

Uefs = Dus-Sas® + nJ(S,- Sp)

Strong interaction (J) through organic
radical

[Co'(hfac),(NITPhOMe)]
U.qlks =154 K

Anisotropy brought by Co!! ions
Importance of relative orientation of

A. Caneschi et al., Angew. Chem. Int. Ed. 2001, 40, 1760. ‘ th isot .
€ anisotropic axes

P%Sb‘(g%ﬁ%‘éﬁ @ - C. Coulon et al., Struct. Bond. 2015, 164, 143. 10




LCC SMMs and SCMs : where are we?

A

[Co'((C(SiMe,ONaph),),] (J = 9/2) [(CpP)Dy"(Cp*)]*
U.q/kg = 648 K (SMM) Uik = 2219 K (SMM) [(Cp™),Dy"Dy"L,]

U, ks = 2348 K (SMM)

[Co'(hfac),(NaphNN)]
U,k = 398 K

UNIVERSITE & R. A. Alldo Cassaro et al., Inorg. Chem. 2015, 54, 9381; C. A. Gould et al., 11
P Sanarien me LR Science 2022, 375, 198; V. Vieru et al., Angew. Chem. Int. Ed. 2023, e202303146.




LCC

[Co"(SPh),J* (S = 3/2) Fell(H.LN302Ph\CL.1 (S = 2
[Fel(C(SiMeg);] ($=2) D74 om e 1972

v

V
UNIVERSITE Struct. Bond. 2015, 164, 143; Inorg. Chem. 2015, 54, 9381;
P SABATIER ﬁ Science 2018, 362, 1378. Science 2018, 362, 1400.

[Co'(12C4),]** (S = 3/2)
D=-70 cm’

8

Coordinence
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Syntheses of heptacoordinated complexes

| | S-mand
EtOH l

HN™ SNH MX. / / S, lact or
N )\/|\)\ /L 5

Y = solvant, anions

UN.VERS.TE = C. W. G. Ansell et al., J. Chem. Soc., Chem. Commun. 1982, 546. 13
robiose - N T e e = e




J @@ 3d mononuclear complexes and unusual coordination

[Fell(HzLN?:OZPh)Clz] D5h
S=2

100-
S 981
2 96+
E 4
g ]
S 944
£ ]
g o exp
& o] fit ;

90-""I""I'"'I""I""I""I""I"" . EE— B " = B

4 3 2 1 0 1 2 3 4 0 10 20 30 40 50
v (mms™) H (kOe)
D=-13.3 cm!
57 = . ,
Fe Massbauer |E| = 0.02 cm-! and g = 2.31
e hd A. K. Bar et al., Chem. Commun. 2015, 51, 3616;
UNIVERSITE - N\ o . . f f f
(©)robiotici A. K. Bar et al., Chem. Eur. J. 2017, 23, 4380, ¥4




= Advantages:
v" Local magnetic anisotropy for given electronic configuration

i
g

FeII (D < 0) Co™ (D > 0)
Energy
N
- - = o
TP
@d D AE
P e

Case of Nill (3d?8)

UNIVERSITE
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ﬁ r Point group: D,
irL (D < 0)

n ~2 ~2 n2

D » A*/AE
A = spin-orbit coupling constant,
AE = energy splitting between ground and excited states

R. Ruamps et al., Chem. Eur. J. 2013, 19, 950. 15




= Advantages:
v" Local magnetic anisotropy for given electronic configurations

+ - + -

Point group: D,

z
v
-"‘j

o

v

i -

Co™I (D > 0) NiTZ (D < 0)

llf}4_| N302Ph 2+ _
rendt (s)imzt;OH)(HZO)] [Co'(H,LNe02*h2)(NO ,)(H,0)]* [N'"(Hz|-N('°;’2Ph12;(Hzo)z]z+
§=302 -
D=-4cm!, |E/D| =0, D = +31 c(m'l, |)E/D| -0, D=-14cm!, |E/D| = 0.11,
g‘228 g=2.26 g=2.23

%3{,‘[5[*,2';,5: - R. Ruamps et al., Chem. Eur. J. 2013, 19, 950. 16




= Advantages:

v" Modulable and stable geometry: preparation of complexes with different groups
in axial positions

I
N. H,0/MeOH

o
HN” \ = NH 4+ (NN
2N e

A
[FeII(HzLNSOZPh)Ni(CN)4]

v Modulation of D through ligand fields in axial positions

D=-4cm!? D=-13.3 cm! D=-16 cm!

UNIVERSITE = A. K. Bar et al., Chem. Commun. 2015, 51, 3616; 17
@ A OULOUSE I - A. K. Bar et al., Chem. Eur. J. 2017, 23, 4380.




@@ Impact of axial ligand field on anisotropy

=  Ab-initio calculations:

E(em™)| " d, .,.-'
8000 + o . >
~ 0. .o .
/_ i *:’*:o".
& . d‘) — 45
6000 ‘-‘“*\’r’ “ea..

5000 T d’:.". q. .' . ...c. .
g — kb 43
4000 i & .': :-‘ ot .-o. .a 1
w E .
‘. .' oY “e 0‘.

1000 o 5% [« }
_“‘. du‘ d 411 o°.‘.
d, e R W e |
0 Td." — d, 'T:
o ‘s :-" 5 o
oo 9&*“' . ..‘; *:: o. ....““Q.:-:
Calculations made by Dr. Nicolas Suaud and ®» e, T o .9 o
Prof. Nathalie Guihéry (LCPQ, Toulouse) __ B o
b DR Al < &
) " /g_ £ ' =
D > s s

dépasser les frontiéres

%3{,{8[‘,2'5.5 B [N A. K. Bar et al., Chem. Eur. J. 2017, 23, 4380. |
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LCC

[NH(LS#r)(H,0) 2
D=-11cm", E=15cm', g=2.11

More symmetric equatorial plane

[Nill(LN5phen)Ni(CN)4]
D=-144cm' E=19cm’, g=213

v

v
%3[';‘[55255 & K. Bretosh et al., Inorg. Chem. Front. 2020, 7, 1503. | 19
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LCC Impact of crystal symmetry

dépasser les frontiéres

= Others important parameters to control:
v Mononuclear systems: Syntheses of molecular systems with strong local
anisotropy oriented in a single direction in the crystals

r" (cm3nlol'1)

v(Hz)

Presence of additional relaxation processes

A. K. Bar et al., Chem. Commun. 2015, 51, 3616. 20




dépasser les frontiéres

0407 ——2k —— 44K —/
{ ——22K = 34x —— 58K

{ ———24K —— [
035] ——26K ——38K ——5K

{ ——2sk —— 52K

— 54K

Cancellation of tranverse relaxation o e T
modes v(Hz)

v' Polynuclear systems: Syntheses of molecular systems with parallel local anisotropy
between metal centers and molecules/chains for global anisotropy in the crystals plus
strong exchange interactions (for SCMs mostly)

Difficult to control => chemical control with appropriate ingredients

V
A. K. Bar et al., Chem. Commun. 2015, 51, 3616. \ 21
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Synthetic approach

= Heterometallic SMMs:

B I Anisotropic
* complex
+
Magnetic linker

(isotropic or
anisotropic)

= Heterometallic SCMs:

Sl AR

= Building blocks used:

x=1

j _‘ Cationic systems (discrete or 1D)
YQ/ \((j\/ / [CPIII(LN3O2R)(CN),MIT(LN3OZR")]+

v IR )\Xx \

Neutral systems
[CrIII(LN%()ZR)(( N), T [MII(H N302R’ )%, ]2+ [{Cr.III(LN3OZR)(CN)Z}ZMII(LNSOZR')]

X = solvant

v

UNIVERSITE
@ TOULOUSEI - 22
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B N \ \
z I

N N7 7

N N EtOH | c | MeOH

HN NNH O+ CrCl.6H,0 —— _N N ‘/CN
N NH
A A IO e O
X Z N Pz
) ; ° ) R o c|:| o R R o"nNc O
N30O2R ]
H2L [CI.II](HLN3()2R)C12] [CI'IH(LN';OZR)(CN)z]_

v Example of structure with R = Ph

[Cr(LNO2FR)(CN),]

ESULSSEZ'ET.E L - C. Pichon et al., Eur. J. Inorg. Chem. 2018, 340. 23




LCC Effect of stoechiometry

N CN |

# s 4 cl
— | >/c< | HN/N\Fe//N\NH

Sy @ " N/I\o/m/ \o/knn

[CrIII(LN3()2Ph)((~N)z]- [FeII(HzLN3()2NIIZ)C12]
N, N,
x=2 x=0.5, 5 eq. NH,PF,
HzO/MGOH HzO/MeOH

o\
¥~

{Cr(LYSO2P)(CN)}Fe(H LMo [Cr(LYSO2P) CN),Fe(H,L N2 PF

%3{,{8[‘,2'5.5 & C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. | 24
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Magnetic properties of the frinuclear

dépasser les frontiéres

10 H= —](S'Crl-SA'Fe + ~§Cr2-~§Fe) + DSge

e
2
"% ol T =2.05+0.01 cm-!, Dy, = -25 + 0.01 cm!,
= zj' = -0.015 + 0.001 cm-! and g, = 2.15 + 0.03
= 4.0

N o 1000 Oe

2.09 fit

0.0:""I""I""I""I""I""

0 50 100 150 200 250 300
T (K)
—— 2K —— 36K ——35K
21K 29K 3.7K

—— 22K

<

o

S
|

{em’mol ™)

<

.

=
|

SMM
Ueff/kB = 22 K and 7 = 3.8 108 s

’ZM
<o
]
(=]
1

Arrhenius law: 7 = 7, exp(—U,¢/kgT)

A 4
C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. 25
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Magnetic properties of the chain

401 = —~ z : ~ ~
35_2“’; . o © H = _] (SCr,i-SFe,i)
30—5: 3.0 ° i
- ] e ]
S . T J=2.68 + 0.04 cm-! and OFe = 2.10 £+ 0.04
Moo209° 020
CRRTER: 15 1D behavior with A, = 20.6 K (correlation length) between
~ kl.o ------------------- 10 and 30 K
N 10—_3 0 0.05 0.11 0.15 0.2
E UT (X7)
5.01
005----|----||---||-|-|-|--|.... ——2K —— 375K —— 75K
0 50 100 150 200 250 300 I e P TN

—— 275K —— 625K ——9%K

1.62 10-11 s

A‘cl/kB = 113 K and ()
5.7 10-10 s ool

A‘cZ/kB = 94 K and ()

Arrhenius law : 7 = 5y exp(—U,¢/kgT)
Magnetic correlation and spin alignment (local magnetic axes) along the
chain boost SCM properties.

tem iR S - ==
P T TP o T T

1 10 100 1000

v

) 4
%38[55?—,‘;.5 & C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. ‘
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LCC Influence of R groups

Yo

)\/ \/k

[FeII(HzLN3 (J2R)X2]2+
X = solvent |

‘b

{Cr(LYSO2P)(CN) b Fe(H LMo

[{Cr(LN302Ph)(CN)2}2Fe(H2LN302mand)]

[{Cr(|_N302Ph)(CN)Z}ZFe(HZLN302cyclohex)]

UNIVERSITE = C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. 27
()it @ - C. Pichan et ., Chem, Eur, 3. 5021, 27, 15484,




LCC Influence of R groups

= Maximal distortion around Fe!l centers :

: SR '*T’*

R= NH, S-mand cyclohex

X T(cm3 K mol'])
(=)}
(=]

M
b
=)

© 1000 Oe
2.0 —Fit

T T T T T
0 50 100 150 200 250 300
T(K)

UNIVERSITE = INP C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. 28
T°”L°“SE I i C. Pichon et al., Chem. Eur. J. 2021, 27, 15484,
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LCC Influence of R groups

= Maximal distortion around Fe!l centers :

S-mand
OH
R = NH, S-mand cyclohex
J =2.05+0.01 cm™!, J=2.12 + 0.01 cm!,
D, = -25 + 0.01 cm!, D, = -11 £ 0.07 cm!,
zj' = -0.015 + 0.001 cm-! zj' = -0.002 + 0.001 cm-!
and g, = 2.15 + 0.03 and g, = 2.1 £ 0.02
J=2.82%+004cm!, D, = -20 £ 1 cm™!,
zj' = -0.014 + 0.001 cm-! and g, = 2.1 + 0.01

H= _](S'Crl-gFe + S\'Crz-s\‘Fe) + D'S‘Ee

v
UNIVERSITE = C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698. 29
e el C. Pichon et al., Chem. Eur. J. 2021, 27, 15484.




LCC Influence of R groups

= ab-initio calculations:

dépasser les frontiéres

Distorsion influences D and J
CN bending (¢ angle < 180°) reduces D
Perpendicular bending (6 angle < 90°) decreases J

Calculations made by Dr. Nicolas Suaud and Prof. Nathalie Guihéry (LCPQ, Toulouse)

= Impact on the relaxation:

——2K —+—36K ——5K
—+—21K ——29K —— 37K

——22K

—+—23K —+—39K —+ 575K

—+—24K ——32K ——4K ——6K

10— Rk 0807
27K —+—35K ——4.75K 0.70
0.704 ——00e
| .
H': -~ 0507
M% n% 0.407
= £
= E’E 0.307
= 5
B 0204
0.107 )
0.0 R e AL
0.0 2 25 3 35 4 45 5 55 6
T(K)
v(Hz)
R= S-mand cyclohex
Ueff/kB = 22 K and Ueff/kB = 19 K
% =3.810%s (35.6 K @ 1000 Oe)
and ; = 6.8 10-8 s
M hd C. Pichon et al., J. Am. Chem. Soc. 2018, 140, 7698
UNIVERSITE . Pl op Uo o . . , , .
(©) oot & P o], Gham oy o L 3, e 30




LCC Chirality and heptacoordinated systems

= Multifunctional materials:

Synergetic effects between magnetic and optical properties
B

—-  B(i})
B(i) -h

%p g e(t)-e() =0
==y

Unpolarized
light beam

MagnetoChiral Dichroism
Faraday effect effect (MChD)

= Synthetic approach:

P R "

N’N\c{/N\N + U \// — Chiral SMMs/SCMs?
)\O/N ! \0)\R wa ork
\_/
[CHL N3Oy Ny, T [Fe(LNS*)(H,0),]>"

UN|VERS|TE G. L. J. A. Rikken, E. Raupach, Nature, 1997, 390, 493.
TOULOUSE n = - C. Train et al., Nat. Mat., 2008, 7, 729. 31




L.CC Chirality and heptacoordinated systems

= Synthesis of a chiral Fe* complex:

\\\NHZ
O\ " \O
+ +H N\\

N
N7 + FeCl,.4H,0 —)» 5 \ //
MeOH _Fe
) 0 Meoy \ &
N )

[Fe''(H,L¥%)(MeOH)C1]C1

[Fe(H,LRR)(MeOH)CIJ*

ggb‘(gﬁggﬁ - V. Jubault et al., Cryst. Growth Des. 2023, 23, 1229. | 32
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L.CC Chirality and heptacoordinated systems

= Reactivity on axial positions :

| x
| v [
\ // MeCN
@eo / \ NH,PF;
\_/

[Fe''(H,L5%)(MeOH)C1]CI

[Fe(H,L*R)(MeCN),](PF),

%3{;‘.’_55?,?.5 & V. Jubault et al., manuscript in preparation. | 33
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LCC

Chirality and heptacoordinated systems

= Reactivity on axial positions :

\
“s‘ <
[ A e
NN V- E TR
N Cl' N RS- RSy, .
SN Y/ MeOH/MeCN | { L ;
7N ",
n___/ "Q’ A
A=
[Fe''(H,L5%)(MeOH)C1]CI
[Fe(H,LSS)Ni(CN),]

UNIVERSITE
TOULOUSE I =
PAuUL SABATIER i EEHEBMES

V. Jubault et al., manuscript in preparation. |




L.CC Chirality and heptacoordinated systems

= Helicoidal supramolecular organization :

Helicity A

Helicity A

[Fe(H,LRR)Ni(CN),] [Fe(H,LSS)Ni(CN),]

%3{,‘.’_552';.5 & V. Jubault et al., manuscript in preparation. | 35
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LCC Chirality and heptacoordinated systems

dépasser les frontiéres

= Magnetic anisotropy (SQUID measurements):

4.0+ 3.0
3.5—; 2_5_2
_ 30 z
5 257 207
2.0 “m 1.5
(] 1 EJ :
E 1.5 = 10:
:§ 1,0—; ° il‘i(t)OOOe '
0.50- 0.507
0.0:""I""I""I""I""I"" OO-..........‘.........
0 50 100 150 200 250 300 ) 0 1 ) 3 4 5
e H(T)
Example with the [Fe(H,LR-R)(MeOH)CI]Cl complex %
[Fe(H,LRR)(MeOH)CIICI  [Fe(H,LSS)(MeCN),](PF¢), [Fe(H,LRR)NiI(CN),]
D (cm™) -5.95+0.12 -7.10 £ 0.37 -10.16 £ 0.3
E (cm?) - -0.01 £ 0.38 1.59+£0.17
g 2.17+0.01 2.17+0.01 2.04+£0.01
e hd V. Jubault et al., Cryst. Growth Des. 2023, 23, 1229
UNIVERSITE . Jupault et al., Cryst. Gro es. 5 5 5
gﬂ?'&?ﬁfﬁ!ﬂ E V. Jubault et al., manuscript in preparation. 3%




L.CC Chirality and heptacoordinated systems

dépasser les frontiéres

= Circular dichroism :

[ ¥
40— /&(w,
; JEA
30
20
10
) o ]
< < 007
g i
A a ]
o S -104
220
] —R.R ] —RR
157 —,S 30 —s.
-20-""|""|""|""|""|"" -40-""I""I""I""I""I""
200 300 400 500 600 700 800 200 300 400 500 600 700 800
A (nm) A (nm)

[Fe(H,LXX)(MeCN),](PFy), [Fe(H,L**)Ni(CN),]

Enantiomeric purity

Solid state: 1% mass in KBr (pellet)

v
UNIVERSITE
TOULOUSE I =
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N\\/CI k e \ / It _NHPFq
C( C'7M @)\ / \ )© MeOH
_/
[MnH(LNSR,R)Clz] [CrH[(LNS'()ZPh)(CN)Z]-
X AN -
| | |
N/ N
| \ | ! / |
N N e ANy
\ // n N \ N
CI7 \ @)\O/M / \ =
__/
[FCH(H2LNSR’R)C12] [CrI[](LN3()2Ph)(C1\')2]-
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L.CC Chirality and heptacoordinated systems

= Helicoidal supramolecular organization in the CrFe chain:

Helicity A /
SR

[Cr(LNBOZPh)(CN)ZFe(H2|_N5R,R):|+ [CF(LN3OZPh)(CN)2Mn(HzLN5R'R)]+

¥3L',‘.’_5'f,§'§.ﬁ & V. Jubault et al., manuscript in preparation. | 39
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L.CC Chirality and magnetism

= Magnetic properties of the CrFe chain:

dépasser les frontiéres

J =3.82+0.02cm?!and g, = 2.17 + 0.02 ——2K ——52K ——68K
22K 38K 54K
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L.CC Chirality and magnetism

= When the addition order matters...

NH,* +HZN/1,,’ NH HN,,,’
4 eq. tBuOK
Q/ /O R
"‘I’”NHS' *HsN MGOH -W”‘f/N H, HaN

dépasser les frontiéres

FeCl,.6H,0
MeOH
\
7 /~\ e
NS AN,
e ° N
MeOH , /HO / \
N N
[Fel'(H,L"*)(MeOH)C1]* N\ M

+

[Fe''(H,L®®)FeCl,]
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L.CC Chirality and magnetism

= When the addition order matters...

\\NHZ *HoN
CL U ®
A\ -

NH**HN N

C
N + FeCly 4H,0 —l- SNV
MeOH @eoyfe\
o] o] S

N N

__/
[Fe''(H,L*%)(MeOH)C 1]C1

84 %

%3{,‘.’_85%};,5 = V. Jubault et al., Cryst. Growth Des. 2023, 23, 1229. | 42
PAUL SABATIER &mmi ZERESHMEN




L.CC Chirality and magnetism

= Rational synthesis:

| X
N/
| |
\ // Cl @) ~
+ FeCl,.4H,0 ———»
Meo/ \ “ 1) MeoH
2) DCM/Et,O
[FCH(HZLS’ S)(MCOH)C 1cl [FGH(HZLS’ S)FBC14]

77 %
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\ /
/ +MCl, 4H,0 ———»
Meo/ \ 1) MeOH

2) DCM/Et,0

[Fe''(H,L>%)(MeOH)C1]CI [Fell(HLLS)MCl,]
M =Fe, Co and Ni

Nature of MCl, units change spin state of M, type of anisotropy and exchange interaction

Based on calculations:

v FeCl,: D = -15 cm!
v' CoCly: D = +4 cm-!
v" NiCl,: D < 0 and potentially very strong

Calculations done in collaboration with Dr. Nicolas Suaud and Prof. Nathalie Guihéry (LCPQ, Toulouse)
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Heterometallic systems with tunable anisotropies

LCC

= ab-initio calculations:

— X aXis
—> y axis
—> Z axis

DFe = -28.6 Cm-l, EFe = 0.3 Cm-l,
DFeCI4 = -15.1 Cm-l and EFeC|4 = 3.6 Cm-l

» Circular dichroism:

G\) (]
H Enantiopure
0
© samples
=30
200 3(}0 400 500 GOO 700 800 900
A (nm)
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LCC
chrs

Magnetic anisotropy
(local and relative
orientation)

Metalloligands Combination of two

anisotropies

.
i;’l\

Discrete paramagnets Chains or SCMs
or SMMs
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