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Physical measurements: Infrared spectra (Nujol) were recorded with a Thermo Nicolet 380 FT-IR
spectrometer in the range 400-3600 cm'. NMR spectra were obtained on a Bruker Avance 300 MHz
spectrometer at 25 °C. 'H and 31P{IH} NMR spectra were recorded at 299.948 and 121.420 MHz, respectively.
Chemical shifts are reported with reference to SiMey ("H) and 85% H;PO, (31P{1H}). Electronic spectra of
absorption in 10~ M solution were measured on a Lambda-35 spectrometer in the range 200—1000 nm. Cyclic
voltammetry was carried out at 100 mV/s scan rate in 0.1 M nBusNPF; solutions using a three-electrode
configuration (glassy carbon electrode, Pt counter electrode, Ag/AgCl reference) and a Gamry Series G 750
potentiostat and function generator. The ferrocene/ferrocenium couple served as internal standard. Elemental

analyses were performed on a Thermoquest Flash EA 1112 Analyzer from CE Instruments.

Synthesis of the Ni'’ complexes: A suspension of HL (3 mmol, 1.125 g) in aqueous EtOH (10 mL) was mixed
with an aqueous EtOH (10 mL) solution of KOH (3.3 mmol, 0.185 g). An aqueous (10 mL) solution of NiCl,
(1.9 mmol, 0.247 g) was added dropwise under vigorous stirring to the resulting potassium salt. The mixture
was stirred at room temperature for a further 3 h and left overnight. The resulting complex was extracted with
CH,Cl,, washed with water and dried with anhydrous MgSO4. The solvent was then removed in vacuo. Dark
violet solid was isolated and washed with hot n-hexane (3 x 10 mL). Yield: 1.139 g (94%). 'H NMR 6 (CDCls,
ppm): 1.22-1.78 (m, 24H, CH3, iPr), 2.90 (s, 6H, CH3, Me), 2.94 (s, 6H, CH3, Me), 4.68 (br. s, 2H, OCH),
4.98 (br. s, 2H, OCH), 6.52-6.76 (m, 4H, 0-H, CsHy), 7.20 (d, *Juu = 8.1 Hz, 4H, m-H, C¢Hy), 7.34 (br. s, 1H,
aryINH), 10.76 (br. s, 1H, aryINH); "H NMR ¢ (acetone-ds, ppm): 1.14 (d, 3JH,H = 6.1 Hz, 12H, CH3;, iPr),
1.17 (d, *Juu = 6.0 Hz, 12H, CH3, iPr), 2.93 (s, 6H, CH3, Me), 2.98 (s, 6H, CH3, Me), 4.92 (br. s, 4H, OCH),
6.81-7.14 (m, 4H, o-H, C¢Hy), 7.37 (d, *Jun = 8.3 Hz, 4H, m-H, C¢Hy), 9.18 (br. s, 2H, aryINH); *'P{'H}
NMR 6 (CDCls, ppm): 50.7 (2.6P), 53.5 (5P), 55.0 (1P), 58.4 (1P); *'P{'"H} NMR 6 (acetone-ds, ppm): 51.3.
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UV-Vis spectra (CH2Cly), [Amax, nm (g, M~ cm™)]: 237 (21320), 315 (19206), 512 (201), 638 (193); UV-Vis
spectra (acetone), [Amax, NM (&, M em™)]: 248 (20980), 311 (2195), 542 (172), 672 (181). Anal. Calc. for
C30HsoNgNiO4P,S4 (807.64): C 44.62, H 6.24, N 10.41. Found: C 44.71, H 6.28, N 10.36.

Violet [Ni(L-1,3-NV,S);] or dark violet [Ni(L-1,5-5,5"),]'(CH3),C=0 crystals were isolated by
recrystallization from a 1:5 mixture of CH,Cl, or acetone, respectively, and n-hexane.

[Ni(L-1,3-N,S),]: IR v (cm™): 616 (P=S), 982 (POC), 1562 (SCN), 3218 (NH).
[Ni(L-1,5-5,5"),](CH3),C=0: IR v (cm™"): 594 (P=S), 974 (POC), 1515 (SCN), 1702 (C=0), 3323 (NH).

DFT calculations: We have applied in DFT-based geometry optimizations the hybrid exchange-correlation
functional B3LYP' and the LANL2DZ basis set by Wadt and Hay,2 as implemented in the Gaussian 09
package.’ Deformation density map as well as deformation density contributions of the ETS-NOCV method

were plotted based on ADF-GUI interface.*

ETS-NOCV bonding analysis: Historically the Natural Orbitals for Chemical Valence (NOCV) have been
derived from the Nalewajski-Mrozek valence theory as eigenvectors that diagonalizes the deformation density
matrix. It was shown that the natural orbitals for chemical valence pairs (w4 ) decompose the differential

density Ap into NOCV-contributions (Apy):

M/2 M2

Ap(r) = Y VI~V (D + V(D] = Y Ap, (1) 1)

where v, and M stand for the NOCV eigenvalues and the number of basis functions, respectively. Visual
inspection of deformation density plots (Apx) helps to attribute symmetry and the direction of the charge flow.
In addition, these pictures are enriched by providing the energetic estimations, AE,,;(k), for each Ap; within
ETS-NOCV scheme. The exact formula which links ETS and NOCV method will be given in the next
paragraph, after we briefly present the basic concept of ETS scheme. In this method the total bonding energy
AE a1 between interacting fragments exhibiting the geometry as in the combined complex is divided into the
three components:
AE otal = AEistat + AEpauli T AEorb (2)

The first term, AE .51, corresponds to the classical electrostatic interaction between the promoted fragments as
they are brought to their positions in the final complex. The second term, AEp,y;i, accounts for the repulsive
Pauli interaction between occupied orbitals on the two fragments in the combined molecule. Finally, the last
stabilizing term, AE,,; represents the interactions between the occupied molecular orbitals of one fragment
with the unoccupied molecular orbitals of the other fragment as well as mixing of occupied and virtual orbitals
within the same fragment (inner-fragment polarization). This energy term may be linked to the electronic

bonding effect coming from the formation of a chemical bond. The three last terms (AEcistat, AEpauti, AEorb)
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very often are combined into the instantaneous interaction energy, AEiy, as it describes the interaction between
the fragments in the geometry of the complex.
In the combined ETS-NOCYV scheme the orbital interaction term (AE,) is expressed in terms of NOCV’s

eigenvalues (v) as:

/2
AE,, = ZAEorb (k)= v [_F_Tks,—k + FkT,i] 3)
k

k=1

where £’ are diagonal Kohn-Sham matrix elements defined over NOCV with respect to the transition state

(TS) density (at the midpoint between density of the molecule and the sum of fragment densities). The above
components AE (k) provide the energetic estimation of Ap; that may be related to the importance of a
particular electron flow channel for the bonding between the considered molecular fragments. ETS-NOCV
analysis was done based on the Amsterdam Density Functional (ADF) package in which this scheme was

implemented.

X-Ray crystallography: The X-ray data were collected on a STOE IPDS-II diffractometer with graphite-
monochromatised Mo-K,, radiation generated by a fine-focus X-ray tube operated at 50 kV and 40 mA. The
reflections of the images were indexed, integrated and scaled using the X-Area data reduction package.’ Data
were corrected for absorption using the PLATON program.® The structures were solved by direct methods
using the SHELXS-97 program’ and refined first isotropically and then anisotropically using SHELXL-97.”
Hydrogen atoms were revealed from Ap maps and those bonded to C were refined using appropriate riding
models. H atoms bonded to N were freely refined. Figures were generated using the program Mercury.”
Crystal data for [Ni(L-1,3-V,5),]. C30HsoNgNiOsP,S4, M, = 807.65 g mol_l, triclinic, space group P ]_, a=
15.0369(5), b = 17.5722(6), ¢ = 24.6552(8) A, a = 89.796(2), B = 73.261(2), y = 72.496(2)°, V' =5925.1(3) A’
Z=6,p=1358 gcm >, u(Mo-Ka) = 0.824 mm ', reflections: 111312 collected, 21625 unique, Ry = 0.0785,
R (all) =0.0983, wR,(all) = 0.1213.

Crystal data for [Ni(L-1,5-5,5"),]'(CH3),C=0. C33HscN¢NiOsP,S4, M, = 865.73 g mol_l, triclinic, space
group P 1, a =9.4301(7), b = 9.4986(7), ¢ = 12.5942(9) A, a = 105.235(2), f = 101.467(2), y = 93.622(2)°, V
=1058.75(13) A°, Z =1, p=1358¢ cm >, #(Mo-Ka) =0.776 mm ', reflections: 27589 collected, 7652 unique,
Rine = 0.0167, R, (all) = 0.0379, wR,(all) = 0.0834.

CCDC 814216 (|Ni(L-1,3-NV,S)2]) and 805250 (INi(L-1,5-S,5")2](CH3),C=0) contain the supplementary
crystallographic data. These data can be obtained free of charge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12

Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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[Ni(L-1,3-N,S),] [Ni(L-1,5-S,S",]

AE = 0.0 keal/mol AE = +17.3 keal/mol
[Ni(L-1,5-8,8",]-(CH,),C=0 [Ni(L-1,5-8,89,][(CH,),C=0],

AE = +8.1 kcal/mol AE = -1.1 kcal/mol
Fig. S1 The optimized structures of [Ni(L-1,3-N,S),], [Ni(L-1,5-S,8"),], [Ni(L-1,5-5,5"),](CH3),C=0 and
[Ni(L-1,5-S,8")2]-[(CH3),C=0], together with the relative energies caclulated at DFT/B3LYP level of theory.

AE = -5.7 kcal/mol
AE_, = -8.3 kcal/mol
AE . =-12.3 kcal/mol
AE, = 14.9 kcal/mol

Pauli

Fig. S2 ETS energy decomposition results characterizing the hydrogen bonding formed between the [Ni(L-
1,5-5,5"),] isomer (part A) and the acetone molecule (part B).
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Table S1. Selected bond lengths (A) and angles (°) for [Ni(L-1,3-N,S),]

Bond lengths

Molecule 1 Molecule 3 Molecule 4
Ni(1)-N(1) 1.902(3) Ni(1B)-N(1B) 1.905(3) Ni(1C)-N(1D) 1.893(3)
Ni(1)-S(2) 2.2176(9) Ni(1B)-S(2B) 2.2198(10)  Ni(1C)-S(2D) 2.2176(10)
N(1)-C(1) 1.338(4) N(1B)-C(1B) 1.343(4) N(1D)-C(1D) 1.338(4)
N(2)-C(1) 1.323(4) N(2B)-C(1B) 1.320(4) N(2D)-C(1D) 1.314(4)
P(1)-N(1) 1.648(3) P(1B)-N(1B) 1.644(3) P(1D)-N(1D) 1.649(3)
P(1)-0O(1) 1.575(3) P(1B)-O(1B) 1.570(3) P(1D)-O(1D) 1.573(3)
P(1)-0(2) 1.553(3) P(1B)-O(2B) 1.564(3) P(1D)-O(2D) 1.566(3)
P(1)-S(1) 1.9315(14)  P(1B)-S(1B) 1.9333(13) P(1D)-S(1D) 1.9302(14)
S(2)-C(1) 1.711(4) S(2B)-C(1B) 1.714(3) S(2D)-C(1D) 1.715(4)

Molecule 2 Ni(1B)-N(1C) 1.902(3) Ni(1C)-N(1E) 1.904(3)
Ni(1A)-N(1A) 1.913(3) Ni(1B)-S(2C) 2.2180(11)  Ni(1C)-S(2E) 2.2083(10)
Ni(1A)-S(2A) 2.221409) N(1C)-C(10) 1.337(4) N(1E)-C(1E) 1.336(4)
N(1A)-C(1A) 1.336(4) N2CO)-C(10) 1.324(4) NQE)-C(1E) 1.315(4)
N(Q2A)-C(1A) 1.318(4) P(1C)-N(1C) 1.642(3) P(1E)-N(1E) 1.646(3)
P(1A)-N(1A) 1.646(3) P(1C)-0(1C) 1.567(3) P(1E)-O(1E) 1.575(3)
P(1A)-O(1A) 1.565(3) P(1C)-0(2C) 1.571(3) P(1E)-O(2E) 1.566(3)
P(1A)-O(2A) 1.578(3) P(1C)-S(1C) 1.9309(13) P(1E)-S(1E) 1.9299(14)
P(1A)-S(1A) 1.9304(13) S(2C)-C(10) 1.714(3) S(2E)-C(1E) 1.713(4)
S(2A)-C(1A) 1.718(3)
Bond angles

Molecule 1 Molecule 3 Molecule 4
N(1)-Ni(1)-S(2) 74.48(9) N(1B)-Ni(1B)-S(2B)  74.13(9) N(1D)-Ni(1C)-S(2D)  74.63(9)
N(1)-Ni(1)-N(1)#1 180.0 N(1C)-Ni(1B)-S(2C)  74.30(9) N(1E)-Ni(1C)-S(2E) 74.74(9)
N(1)-Ni(1)-S(2)#1 105.52(9) N(CO)-Ni(1B)-N(1B)  179.59(15) N(1D)-Ni(1C)-N(1E) = 179.46(12)
S(2)-Ni(1)-S(2)#1 180.0 N(1B)-Ni(1B)-S(2C)  105.84(9) N(1D)-Ni(1C)-S(2E) 104.72(9)
C(1)-N(1)-Ni(1) 98.4(2) N(1C)-Ni(1B)-S(2B)  105.73(9) N(1E)-Ni(1C)-S(2D) 105.91(9)
C(1)-S(2)-Ni(1) 77.07(12) S(2C)-Ni(1B)-S(2B) 179.48(5) S(2ZE)-Ni(1C)-S(2D) 179.15(5)
P(1)-N(1)-Ni(1) 130.44(17)  C(1B)-N(1B)-Ni(1B)  99.1(2) C(1D)-N(1D)-Ni(1C)  98.7(2)
C(1)-N(1)-P(1) 129.9(3) C(1C)-N(1C)-Ni(1B)  98.8(2) C(1E)-N(1E)-Ni(1C)  98.1(2)
N(1)-C(1)-S(2) 109.9(3) C(1B)-S(2B)-Ni(1B)  77.68(13) C(1D)-S(2D)-Ni(1C)  76.94(13)
N()-P(1)-S(1) 117.65(12) C(1C)-S(2C)y-Ni(1B)  77.31(12) C(1E)-S(2E)-Ni(1C) 77.13(12)
N(2)-C(1)-N(1) 125.5(3) P(1B)-N(1B)-Ni(1B)  129.85(17)  P(1D)-N(1D)-Ni(1C)  131.30(17)
N(@2)-C(1)-S(2) 124.5(3) P(1C)-N(1C)-Ni(1B)  130.10(17)  P(1E)-N(1E)-Ni(1C) 131.17(17)
O(1)-P(1)-N(1) 100.49(14) C(1B)-N(1B)-P(1B) 131.0(2) C(1D)-N(1D)-P(1D) 129.4(3)
O(1)-P(1)-S(1) 115.19(11)  C(1C)-N(1C)-P(1C) 130.9(2) C(1E)-N(1E)-P(1E) 130.33)
O(2)-P(1)-N(1) 105.30(15)  N(1B)-C(1B)-S(2B) 109.1(2) N(1D)-C(1D)-S(2D) 109.7(3)
O(2)-P(1)-S(1) 114.40(11)  N(1C)-C(1C)-S(20) 109.5(2) N(1E)-C(1E)-S(2E) 110.03)
O(2)-P(1)-0(1) 101.71(15)  N(1B)-P(1B)-S(1B) 11591(12) N(1D)-P(1D)-S(1D) 116.88(12)

Molecule 2 N(IC)-P(1C)-S(1C)  116.59(12)  N(1E)-P(1E)-S(IE) 116.11(12)
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N(1A)-Ni(1A)-S(2A) 73.90(9) N(@2B)-C(IB)-N(1B)  126.3(3) N(2D)-C(ID)-N(ID)  125.8(3)
N(1A)-Ni(IA)-N(1A)#2  179.998(2) N(2C)-C(1C)-N(IC)  125.93) NQE)-C(IE)-N(1E)  126.2(3)
N(1A-Ni(1A)-SQ2A¥2  106.10(9)  N(2B)-C(IB)-S(2B)  124.6(3) N(@2D)-C(ID)-S(2D)  124.5(3)

S(2A)-Ni(1A)-S(2A¥2  180.0 NQ2C)-C(1C)-S(2C)  124.6(3) N(QE)-C(1E)-S2E)  123.8(3)
C(1A)-N(1A)-Ni(1A) 99.2(2) O(IB)-P(IB)-N(1B)  106.46(14) O(ID)-P(ID)-N(ID)  106.68(15)
C(1A)-S(2A)-Ni(1A) 77.70(12)  O@B)-P(IB)-N(I1B)  101.82(14) O(2D)-P(ID)-N(ID)  100.78(14)
P(1A)-N(1A)-Ni(1A) 129.87(17)  O(1C)-P(IC)-N(1C)  101.12(14)  O(1E)-P(1E)-N(IE)  106.49(15)
C(1A)-N(1A)-P(1A) 130.5(2) OQC)-P(IC)-N(I1C)  106.80(14) OQE)-P(IE)-N(1IE)  102.04(14)
N(1A)-C(1A)-S(2A) 109.1(2) O(1B)-P(IB)-S(1B)  115.09(10) O(ID)-P(ID)-S(ID)  114.51(12)
N(1A)-P(1A)-S(1A) 116.74(11)  O@2B)-P(1B)-S(1B)  114.75(11)  O(1E)-P(1E)-S(1E) 115.74(12)
N(2A)-C(1A)-N(1A) 126.2(3) O(1C)-P(1C)-S(1C)  114.66(11) O(2D)-P(ID)-S(ID)  114.98(11)
N(2A)-C(1A)-S(2A) 124.7(3) 0(Q2C)-P(1C)-S(1C)  114.72(10)  O(2E)-P(1E)-S(1E) 114.47(11)
O(1A)-P(1A)-N(1A) 100.97(14)  O(2B)-P(1B)-O(I1B)  100.95(14) O(2D)-P(1D)-O(ID)  101.02(14)
O(1A)-P(1A)-S(1A) 114.54(11)  O(1C)-P(1C)-0(2C)  101.00(14)  O(QE)-P(1E)-O(1E)  99.93(14)
O(2A)-P(1A)-N(1A) 106.56(14)

O(A)-P(1A)-S(1A) 114.34(10)

OQ2A)-P(1A)-O(1A) 101.85(14)

Table S2. Selected bond lengths (A) and angles (°) for [Ni(L-1,5-S,5"),]-(CH3),C=0

Bond lengths

Ni(1)-S(1) 2.2191(3) N(2)-C(1) 1.3539(15)  P(1)-0O(2) 1.5719(9)
Ni(1)-S(2) 2.2143(3) P(1)-N(1) 1.5934(10)  P(1)-S(1) 1.9981(4)
N(1)-C(1) 1.3063(15)  P(1)-0(1) 1.5641(9) S(2)-C(1) 1.7525(11)
Bond angles

S(2)-Ni(1)-S(1) 98.644(11)  C(1)-N(1)-P(1) 126.44(9) O(1)-P(1)-N(1) 105.94(5)
S(1)-Ni(1)-S(1)#1 179.999(1)  N(1)-C(1)-S(2) 129.11(9) O(1)-P(1)-S(1) 114.04(4)
S(2)-Ni(1)-S(1)#1 81.356(11)  N(1)-P(1)-S(1) 117.27(4) O(2)-P(1)-N(1) 107.36(5)
S(2)-Ni(1)-S(2)#1 179.999(16) N(2)-C(1)-N(1) 118.89(10)  O(2)-P(1)-S(1) 107.66(4)
C(1)-S(2)-Ni(1) 118.34(4) N(2)-C(1)-S(2) 111.97(8) O(2)-P(1)-0(1) 103.55(5)
P(1)-S(1)-Ni(1) 103.136(15)

Table S3. Hydrogen Bond Lengths (A) and Angles (°) for [Ni(L-1,3-N,S),] and [Ni(L-1,5-S,5"),]:(CH3),C=0

Complex D-H---A dD-H) dMH--A) dD---A) ~Z(DHA)

[NiL,-1,3-N,S] N(2)-H(2N)---S(1) 0.88 2.41 3.173(3) 1457
N(2A)-H(2AN)---S(1A)  0.88 2.39 3.159(3) 1459
N(2B)-H(2BN)---S(1B)  0.88 2.38 3.147(3) 1457
N(Q2C)-H(2CN)---S(1C)  0.88 2.39 3.156(3) 1455
N(2D)-H(2DN)---S(1D)  0.88 2.36 3.131(3) 1457
N(QE)-H(2EN)---S(1IE)  0.88 2.36 3.126(3) 1452

[NiL,]«(CH;),C=0 N(2)-H(2)---O(1L) 0.802)  2.37(2)  3.023(4)  139.7(18)
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