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1. RMN *H spectrum of 2 «(PFg)s (DMSO d°)
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COSY 'H-'H map of 2-(PFg)s (DMSO d°)

4.

0 ® udd 92 8. 08 28 ¥8 98 88 06 ¢6 v6 96
4 00°0 a1 A ] A ] A ] A ] A ] A ] A ] A ] A ] A ] A ]
0 ass
N IS MW —9°6
ZHA' 00000ET "00¥ 4S
D N
¥20T IS
slajawe led Bu issasold - T4
or T od v'6
0 =)
24 000 R
0 ass
N IS NAW - N @
ZHA' 00000ET "00% 4s
¥20T IS
slajawe led Bu Issasold - z4
D Eleo/\IE] .
wdd 8,98 MS —0°'6
24 TTITT9E LT s=4a I4
ZHN €2ET "00% T04S
002 aL
T N .
s 1o jaueted uo |11s Inbay .Qw“_ —8°Q
29sn 00 000T 9Td
% 00 0T 1749
00T 3NIS TAVNAD .
===== TENNVHO IN3I QWD ====== —9°'Q
ZHN GE6ZZET 007 104S
M ¥66959.9 ‘6 MTd
ap 00 'T- Td
2asn 00 '8 Td 1 -
2asn Q0 '8 od V'8
HT TONN
======== T} EANNVHD ========
28S 00882000 ‘0 N | —z°'Q
285 00002000 ‘0 91a
28S 00%700000 ‘0 €10 AI\JL
08S 66EETISE ‘T 1a @
98s 00£00000 ‘0 oa
M 0°862 EN .
299sh 00 ‘9 3a I~ O w
29sn 000 ‘v¥T ma
822 o
29s 0Z96¥62 ‘0 oV o
H TZvS69°T S=4a 4 .
H 2Zz TIvE MAS .ﬂ @ ® —8 .
8 sa
14 SN L
osna INSA TS
8r0c atL
JbdBAsoo 208d Nd =9 '/
HT lgavd ww § aHgodd
109ds NYLSN |
90 "2z au L
92106002 To Qg < < wdd
S Jalaueled uo 11i1s Inboy - g4
T ONOO¥d
€ ONdX3
X408X 880 IAVN

Sl9laue jed eleg 1ualind



Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique, 2010

NOESY *H-'H map of 2 {(PFg)s (DMSO d°)
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NOESY *H-'H map of 2 {(PFg)s (DMSO d°)

6.

ZHN

7

Y

wdd
zH
ZHN

ZHN

Jsn

J8s
J8s
J8s
PEN

sn
Jsn

J9s
7
7H

0 @O
00 ‘0 an
< ass
N IO NAW
00000€T "00F =N
ddL-sele s N
20T IS
siajaue ted Bu Issed0d - T4

00T Od
0 9]
00 ‘0 an
< ass
N IO NAW
00000€T "00% 4s
20T IS
sisjaue Jed Buissedod - 24
ddL-sele s 3aoAud
8.9 '8 MS
S€9026 '6 S3¥a 14
€¢ET "00¥ T0ds
0se adl
T QN
s jaue Jed uo 111s Inboay - T4
SE6CCET 00V TOd4S
166959.9 "6 MT1d
00 °'T- Td
00 '8 d
HT TONN
======= T} 1T3NNWHO ======
00882000 ‘0 N |
20000009 0 8d
00212598 ‘T a
T8EET000 ‘0O od
0862 N
00 ‘9 3a
000 "v¥T Mma
8c¢ od
0296v6¢ ‘0 oV
T2VS69°T S34d 14
2ce eLve HWAS
9T sa
14 SN
OSAa INIADS
8r0¢ aL
ydAsaou PIdNd
HT lgdvd wu g aHaodd
pads ANLN |
€ ‘e _auin
9210600¢C 9 e
SJojaue jed uo111sinboy - z4

T ONOQHd
14 ONdX3
X408X8d0 AN

s jaueled eieg ua 1D

00T

udd



7. NMR titration of of 1-(PF ), with TBA.CI
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(8 mM, 300 mHz, DMSO % 2% D,O)
1-determination of the binding constant frad(NHa) = f (Cenioride)
According to the equilibrium

L+S=LS

Ad=( Admax /(2*L))*((L+S+(1/K))-(sqrt(((L+S+(1/K))"2)-4*L*S)))

With L : total concentration in L
S : total concentration in S
K : binding constant

Ad = Bobs-0o

JM +2.75 eq
A A

)\ +1.5 eq

» P .

A3 (ppm)

0,354

0,30
_
0,25+
0,20 Data: Datal_H
0,15
Chir2/DoF =7.5638E-6
1 R"2 = 0.99952
0,10+
M 0.51442 +0.01059
T L 0.00792 +0
0,05 - K 18.76628 +0.80358
0,00
-0,05 : . T . T T . T
0,00 0,02 0,04 0,08 0,10 0,12

TBACI (mol.I™)

+TBA.CI

1(PFg),
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8. NMR titration of of 1-(PF )2 with TBA.Br
(8 mM, 300 mHz, DMSO Y 2% D;0)

determination of the binding constant frd®(NHa) = f (Cenioride)
According to the equilibrium
L+S=LS
Ad=( Admax /(2*L))*((L+S+(1/K))-(sqrt(((L+S+(1/K))"2)-4*L*S)))
With L : total concentration in L

S : total concentration in S

K : binding constant

A3 = Bops-Bo
0,08 NHa [
0,06
,é Data: Datal_ delta
Model: RMN1
Q. 0104 . Weighting:
3 y No weighting
Ze]
< Chi"2/DOF = 1.0056E-6
R"2 = 0.99767
0,02
M 0.13033 +0
L 0.00792 +0
K 8.12991 +0.06304
0,00
T T T T T T T T T
0,00 0,05 0,10 0,15 0,20

TBABr (mol.I")
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(3.9 mM, 300 mHz, DMSO d6, 2% D,0)

q
+15.75 eq.
‘ M Ml 1
/ L ‘j“ - ,,,“HHV‘U‘L - - ‘
+10.2 eq
O
+
+7.75 eq. —
98,
N S >
& :
@)
+5.5 eq.
e [
J\ J\ +2.5 eq.

Jo T
|||||||||

8.5 8.0 [ppm]

10. NMR titration of of 2 -(PFg)4 with TBA.CI _Shift of Hf, Hc, He, Hd
(3.9 mM, 300 mHz, DMSO d°, 2% D,O)

| ]
0,30
| ]
| ]
0,25 |
| |
. n H
—~ 0,20
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S 0154 v Hd
[ |
0,10 4 v
v ®
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T T T T T T T T T
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TBACI (molar equivalents)



11. NMBSHH%&'?S% Qheolkroérggmetygzg emls?r@% ! CI;r'geen tre we;ptlgf)flﬂe If&rghtlr%e@gentiﬁque, 2010
(3.9 mM, 300 mHz, DMSO d 2% D,0)

0,30
m NHa .
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o
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10A— (103 M, 20mV/s, Pt @=2 mm, CD3CN 0.1 MTBAPF¢)

Current / 1e-6A

50

404
3.04
2.04
1.04
0 1
-1.04
2.0
-3.0
-4.0
5.0
6.0
-1.04
-8.04
9.0

Mar. 17, 2009 15:05:2
Tech: CV
File: cv 20mV pt.bin

InitE (V) =0

High E (V) =0

Low E (V) =-0.85

Init P/N =N

Scan Rate (V/s) = 0.02

Segment = 2

Smpl Interval (V) = 0.0C
Quiet Time (s) = 2
Sensitivity (A/V) = 1e-5
Comp R (ohm) = 40.6

Segment 1
Ep=-0.613V

ip = -7.960e-6A
Ah = -1.505e-5C
Segment 2:
Ep=-0.577V

ip =7.391e-6A
Ah = 1.402e-5C

-0.90 -0.80 -0.70 -0.60 -0.50 -0.40 -0.30 -0.20 -0.10 0

Potential / V

10B— (103 M, 20mV/s, Pt @=2 mm, DMF 0.1 MTBAPF)

Current / 1e-6A

10C— (10-3M + Ferrocene as int. ref., 100mV/s, Pt @=2 mm, DMF 0.1 MTBAPF)

Current / 1le-5A

40 : : Mar. 17, 2009 18:04:2
Tech: CV
30 File: cv 4 pt dmf 20 mv.
Init E (V) =-0.2
2.0 [ HighE(V)=-0.2
LowE (V) =-0.9
1.0 FomitPIN=N
Scan Rate (V/s) = 0.02
0 [ Segment=2
| - Smpl Interval (V) = 0.0
Quiet Time (s) = 2
-1.0 Sensitivity (A/V) = 1e-5
Comp R (ohm) = 52.7
-2.0 L Segment 1
Ep =-0.738V
-3.0 ip = -5.568e-6A
Ah = -1.264e-5C
-4.0 Segment 2:
Ep = -0.689V
-5.01 ip = 4.867e-6A
Ah = 1.027e-5C
‘60 T T T T T T
090 -080 070 060 -050 -0.40 -030 -0.20
Potential / V

20
1.64
121
0.8
0.4
01
-0.44
-0.84
-1.24
-1.64

-2.0

-1.233

Mar. 17, 2009 18:31:30

Tech: CV
File: cv8 pt dmf 100 mv +F
InitE(V)=-02

[ HighE(V)=045
LowE (V)=-14

E IntPMN =P

Scan Rate (V/s) =01

Segment =5

Smpl Interval (V) = 0.001

Quiet Time (s5) = 2

Sensitivity (A/V) = 1e-5

Comp R (ochm) =486

-1.4

12 1.0

-08 -0.6

04 -02 0 02 04

Potential / V

12
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Current / 1e-5A
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Cyclic voltammograms of 1.(PF
11A— (103 M, Pt =2 mm, 20mV/s, CD3CN 0.1 MTBAPF)

6)2

N 1 [ T PR I
06 Mar. 17,2009 09:42:
Tech: CV
0.41 /70673 File: cv1 20mv carb.bir
[\
[\ InitE (V) =0
02] [ High E (V) = 0
/ . Low E (V) = -0.93
— Init PN = N
0 / = — Scan Rate (V/s) = 0.0z
/ // Segment = 2
02] / / Smpl Interval (V) = 0.0
| / Quiet Time (s) = 2
/ / Sensitivity (A/V) = 1e-£
041 / / Comp R (ohm) = 26.4
/‘/ / Segment 1:
-0.6 1 Y. | Ep = -0.736V
/// / Segment 2:
081 [ Ep = -0.673V
N
-1.0 \\ /
\J
-1.2 T T 478 T
0

Potential / V

T T T T T
-10 -09 08 07 -06 05 -04 -03 -02 -0.1

11B— (10-3M,CV Pt @=2 mm, 20mV/s, DMF 0.1 MTBAPFs)

Current / 1e-6A

11C— (10-3M + Ferrocene as int. ref.,, 100mV/s, Pt @=

3.0
20 "/"561\766
1.0 [ N
01 / J—
-1.0 I/
201 [
-3.01 .
409 /
S0
601 /

S ———
40 -09 -08 07 06 05 -04 -03 -02 -01

Potential / V

IR T S S L

0

Mar. 17,2009 16:38:

Tech: CV

File: cv3 carb dmf 20 n
InitE (V) =0

HighE (V) =0

Low E (V) = -1

Init P/N =N

Scan Rate (V/s) = 0.0z
Segment = 2

Smpl Interval (V) = 0.0
Quiet Time (s) = 2

Sensitivity (A/V) = 1e-£
Comp R (ohm) = 56.7

Segment 1:
Ep = -0.833V

Segment 2:
Ep =-0.766V

Mar. 17, 2008 17.02.15

1.6
1 Tech: CV
14 File: w3 pt dmf 100 mV +1
1214 IntE (V) =-0.2
i High E (V) = 0.45
1.0 Low E (V) =-1.35
- q Int PN =P
- 0.8 Scan Rate (V/s) = 0.1
< 0.6 1 Segment = 6 )
- Smpl Interval (V) = 0.001
- 04 k| Quiet Time (5) = 2
- Sensitivity (AV) = 18-5
= 0.2 Comp R (ohm) =841
@
& 04
=
=021
'
-0.41
-06 1
-081
-1.0
1.4

Potential / V

2 mm, DMF 0.1 MTBAPF)
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14.  Spectroelectrochemistry experiment carried out with 1.(PF ¢)2

Evolution of the UV-vis abs. spectum during the 1e- reduction of 1.(PFs)2at- 1.0 V
(Evs Ag/Ag*, 2.5 x10 4 M, V=25 mL DMF 0.1 M TBAP). Spectra were recorded at ca. 10 s
intervals . Arrows indicate the directions of absorbance change

Abs

1000

Wavelength/nm

15.  Spectroelectrochemistry experiment carried out with 2.(PF )4

Evolution of the UV-vis abs. spectum during the 2e- reduction of 2.(PFs)sat- 1.0 V
(Evs Ag/Ag*, 2.5 x10 %M, V=25 mL DMF 0.1 M TBAP).
Spectra were recorded at ca. 10-s intervals .

05 1

|

024

Abs

240 340 440 540 640 740 540 440
Wavelength/m

14
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Rotating disc measurements conducted in glove box on (left) 1.(PFs)4+ and (right) 2.(PF¢)4 in
DMF at 1 x 10 -3 M in presence of increasing amounts of fluoride ( TBAF).
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15A— Color changes observed before and after addition of 0.2 equiv. of F* or 2 equiv. of

representative anions or base in DMF solutions of the receptors (R) and 1.(PF¢)s or 2.(PFe)s

(ImM, Argon atm) (from the left to the right: R, R+F, R+Cl, R+Br, R+I', R+Di-isopropylamine)
1.(PFe¢)4 2.(PFe)4

15B— Changes in the Absorption spectrum of 2.(PF¢)s and 1.(PFe)4 (1mM) in DMF under
argon atmosphere upon addition of various amounts of tetra-n-butylammonium salts of F- (0.2

equiv.) or Cl-, Br-, I- and Di-isopropylamine (2 equiv.).
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The quantum chemistry calculations were carriedwath both the CP2KQuickStep program and
the Gaussiand3program. With this latter code, we used the BLYBBLYP? B3LYP-CP
(Corrected Potential) and MPRinctional with the 6-31+G(d,p)pasis sets.

Solvent effects have been evaluated using the ipalde continuum model (PCR1jn which the
cavity is created via a series of overlapping spher

Theab initio Born-Oppenheimer dynamics calculations were pergarsing the CP2K- QuickStep
prograni at the DFT level with the BLY®P+ D’ functional. QuickStep is an implementation of the
Gaussian Plane Waves (GPW) method based on the-K®&ham formulation of the density
functional theory (DFT). It is a hybrid method ugia linear combination of Gaussian-type orbitals
to describe the Kohn-Sham orbitals, whereas anlianxiplane waves basis set is employed to
expand the electronic charge density.

The basis set used was a doublealence set of Gaussian orbitdlsn conjunction with the
Goedecker-Teter-HuttErpseudopotentials. The auxiliary PW basis set vedimed by a cubic box
of 25 A% and by a density cutoff of 360 Ry.

Metadynamic¥ has been used to overcome the problem of obsergirgevents in conventional

molecular dynamics and determining the energy &aaofi our system. The method consist in a series
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of small rpulsive. GRusslarErorentalsy dupftfe doanatdetiolsome, solleglive yayiables, added
during the dynamics, preventing the system fromisigng the same points in configurational space
and creating a historydependent multidimensionasibg potential. A time step of 1 fs is used for
the dynamics, and the deposition rate of the Hslisvery:c=20 fs. The heightw) and with ¢s) of

the Gaussians-shaped potential hills added arkcdlmol and 1 Bohr respectively.

In the present study, we considered distances BR&mas collective variables. The definition of R1
and R2 can be seen in the figure 1. Velocity reésgallgorithm was used to enforce the system to a
given temperature T, of 300 Kelvin. The Hydrogeonas are changed to Deuterium in conjunction
with integration step of 1 fs. The duration of @imulation is approximately 5 ps of Metadynamics
and after 3 ps the system starts to opening. Thislearly emphasized by the variation of the
collective variable R1 showed in the figure 2.

The free energy surfade(S(R)) is then reconstructed on a 180L00 grid in the (1.052A < R1 <
6.843A) x (1.362A < R2<16.560A) region with an integratioteps of 0.111A and 0.290A

respectively see figure 3.

R1
Fig.1 Collective variable R1 and R2, which represé¢he distances between the nitrogen atoms.
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Fig.2 Time evolution of collective variable R1
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Fig. 3 Free energy surface reconstructions fromablijgtamics run at T=300K with the bottom
representations of the Free Energy Surface depth.
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