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EPR theory background

The 'V HFC tensor 4 has three contributions: the isotropic Fermi contact (4™), the anisotropic or
dipolar hyperfine interaction (4°), and the second-order term that arises from spin-orbit (SO)

coupling (4°°):"
A= A1+ AP + A (1)

where 1 is the unit tensor; 4 and the components AEV and A/Sf,) of the tensors A” and 4% are

given by the following equations:
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g. and gy are the g-factors of the free electron and the nucleus, 3. and By the electron and nuclear

magnetons, <SZ> the expectation value of the electronic spin on the z axis, p‘,{,‘ﬁ the spin density at
the nucleus, Pk‘ffB the spin density matrix, r the distance between the unpaired electron and the
nucleus, and h3°¢ the spatial part of an effective one-electron spin-orbit operator.'

The tensor 4° is always traceless: AD, A'? and AP are the elements of the diagonilized tensor,

their sum being zero:
AD+A)+ A? =0 (5)

The values of the >'V anisotropic hyperfine coupling constants along the x, y and z axes result to

be:

A= AT+ A+ AP (6)
A =AC+A+ A° (7)
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A= ACH A+ AP ®)

From egs. (5)-(8), the value of 4js, is:
1 1
Aﬁsoz é(A("'A/'FAZ):AFC-F §(A§O+ S0 4 SO) — AFC 4+ APC 9)

1 . . .
The term 3 (Afo + AP+ SO) is named isotropic pseudocontact, A™C.!

Gaussian neglects the second-order SO effects and egs. (6)-(9) become:

A= AC+A] (10)
A=A+A (11)
A=A+A (12)

A=A (13)
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Table S1 Main calculated and experimental electronic transitions calculated for [VO(taci)(H20),]*",
[VO(tmca)(H,0),]*", [V(taci),]*" and [V(tmcaH_,)] till 300 nm.

Main transition Character (%) A [x 1037 ot gexetlac
[VO(taci)(H,0),]*" H(o) — L(o) dyy —> dy, (66.3) 781.4 20 845/ 15

H(a) > L+1(a)  dyy —> d,, (79.6) 645.3 10 608 /5

H(o) > L+3(a)  dyy — d22 (61.8) 464.6 10 560/ 10

H(a) — L+6(c)  dyy —> d,2 (53.6) 335.6 30 370/190
[VO(tmca)(H,0),]" ¢ H-1(a) > L(at)  dyy — dx, (75.9) 645.6 30 650 /20

H-1(o) > L+1(o)  dyy — dy, (77.2) 586.0 10

H-1(0) > L+2(00)  dyy — di2_ 2 (82.4) 502.8 10 450 /30
[V(taci),]*" H(o) — L(o) dy — dy, (87.2) 2046.1 5

H(a) > L+1(a)  dyy — dy, (87.3) 1965.3 5

H-3(a) —» L(a) / O® —d,, (35.1)/

H-1(o) > L+1(o) O — dy, (29.1) A Ho

H-2(a) - L+1(a)  OP — d,, (62.8) 403.7 2250 375 /1190

H-1(B) — L(B) 0P — dyy (49.3) 337.5 470

H-1(B) — L(B) 0" > dyy (36.8) 333.5 500

H-8(o) > L(a)  O"—>d,, (35.4) 316.0 4890 295/ 1790
[V(tmcaH_,),] H(o) — L(a) dyy —> d,, (95.0) 1091.3 5

H(a) = L+1(a)  dyy —> dy, (90.2) 898.1 10

H-1(o) > L(a) NP —>d,, (52.6) 548.0 800

H2(o) > L(a) NP —>d,, (70.8) 530.6 2770 480/ 935

H-1(a) > L+1(a) NP — d,, (60.7) 478.8 370

H(B) = L(P) NP - d,, (60.3) 376.0 830 395/ 1335 ¢

HP) - L+2(B)  N®—d,, (72.8) 361.6 740

H-1(B) = L+1(B) NP = d,, (55.1) 356.2 760

H-1(B) » L+2(B) N" > d,, (42.0) 335.6 6920

HP) > L+2B)  N*—>d,, (32.7) 333.2 20250  320/7100

“\ values measured in nm. * Oscillator strength. ¢ & values measured in M~' em™". ¢ dy, — d2 predicted

at 281.1 nm. © Shoulder of a more intense absorption.
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Fig. S1 Experimental electronic absorption spectrum of [VOLH_;]*, recorded on the V'VO*/tmca
(L) system with a total VV'VO?** concentration of 4x10~° M, L/V'VO = 15, pH 7.05 (in black). The
spectra calculated by DFT methods for the two possible species [VO(tmca)(OH)(H,0)]" and
[VO(tmcaH_;)(H20),]" are shown in red and blue, respectively.
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Fig. S2 ESI positive ion mass spectrum recorded on the V'VO*"/tmca (L) system in a mixture

MeOH/H,0 1:1 v/v with a total L concentration of 1.0x10™* M, L/V'YO = 15, pH 10.30. In the inset

the region between m/z 573 and 580. The peaks at m/z 461.3 and 519.3 were assigned to the ions
{2tmca + Na'} and {2tmca + NaCl + Na'}, that at m/z of 576.3 to {[V(tmcaH_,),] + Na" + 2H,0 +

MeOH}.
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Fig. S3 ESI positive ion mass spectrum recorded on the V'VO*"

6032

600 620

/tmca (L) system in a mixture

MeOH/H,0 1:1 v/v with a total L concentration of 1.0x107* M, LvVo =15 , pH 5.20. The peaks at

m/z 461.3 and 519.3 were assigned to the ions {2tmca + Na'} and {2tmca + NaCl + Na'}.
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Fig. S4 ESI negative ion mass spectrum recorded on the V'VO*"

MeOH/H,0 1:1 v/v with a total L concentration of 1.0x10~* M, L/V'YO = 15, pH 10.30. The peaks

/tmca (L) system in a mixture

at m/z 560.6 and 676.5 were assigned to the ions {[V(tmcaH_,),] + NaCl + OH} and
{[V(tmcaH_,),] + NaCl + 2H,0 + SO42_}, those at m/z 794.4 and 852.4 to {{VO(OH);]™ + 5NaCl +
Cl" + OH + S04} and {[VO(OH)3]” + 6NaCl + CI” + OH™ + SO4*}.
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Fig. S5 Molecular orbitals for [VO(taci)(H20)2]**: (a) H(c), V-dyy, (b) L(cr), V-Uxz, (¢) L+1(ar), V-
dyz, (d) L+3(a), V-d2.y2 and (e) L+6(a), V-d,2.
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Fig. S6 Molecular orbitals for [VO(tmca)(H,0),]*": (a) H-1(cr), V-Oxy, (b) L(c), V-0, () L+1(a),
V-dy; and (d) L+2(a), V-d,2.,2.
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Fig. S7 Molecular orbitals for [V(taci).]**: (a) H-8(c), taci-O®, (b) H-3(w), taci-O", (c) H-2(),
taci-O", (d) H-1(w), taci-O", (e) H(w), V-dyy, (f) L(a), V-dy, (9) L+1(a), V-Uy,, (h) H-1(p),taci-O"

and (i) L(B), V-dxy. The superscript Ip indicates an electron lone pair.

11



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013

Fig. S8 Molecular orbitals for [V(tmcaH_,),]: (a) H-2(a), tmca-N", (b) H-1(c), tmca-N", (c) H(a),
V-tyy, (d) L(a), V-dy, (€) L+1(at), V-Oy, (f) H-1(B), tmca-N", (g) H(B), tmca-N", (h) L(B), V-dy,,
(h) L+1(B), V-dyy, and (i) (h) L+2(B), V-dy.. The superscript Ip indicates an electron lone pair.
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Fig. S9 Spin density contour of (a) [V(taci),]*", (b) [V(tdci)2]*", (c) [V(inoH.3),]*" and (d)

[V(tmcaH_;);]. The three Cartesian axes are also represented.
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Scheme S1 Possible coordination modes of a papa ligand.
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Scheme S2 The two chair conformations of tmca.
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