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Figure S1. Temperature dependence of the magnetic moment, s, us, of powdered sample of
[W"'Cl,(dppe),][PFs] measured in a 1 T external field. Experimental data are shown as filled
circles, and the red line indicates a best fit: S = ,; g = 1.35; TIP = -157 x 10°® cm® mol %; 6y = -

0.09 K.
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Figure S2. S-band EPR spectrum of [W"Y(NPh)Cls(PMes),] recorded in CH,Cl,/THF solution at
190 K (experimental conditions: frequency, 3.6684 GHz; power 2.0 mW; modulation, 0.5 mT).
Experimental data are depicted by the black line and simulation in red: gis, = 1.903; Aw = 60 x

10% em™: Ap =26 x 10 cm™.
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Figure S3. S-band EPR spectrum of [W"Y(NPh)Cls(PMes),] recorded in CH,Cl,/THF solution at
30 K (experimental conditions: frequency, 3.7005 GHz; power 0.2 mW; modulation, 0.2 mT).
Experimental data are depicted by the black line and simulation in red: g = (1.9372, 1.9066,

1.8829); Aw = (91, 116, -25) x 10 cm™; Ap = (25, 28, 25) x 10 cm™.
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Figure S4. X-band EPR spectrum of [W"(NPh)Cls(PMes),] recorded in CH,Cl,/THF solution at
190 K (experimental conditions: frequency, 9.4182 GHz; power 0.2 mW; modulation, 0.2 mT).
Experimental data are depicted by the black line and simulation in red: gis, = 1.903; Aw = 60 X

10*cm™: Ap =26 x 10 cm™.
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Figure S5. X-band EPR spectrum of [W"(NPh)Cls(PMes),] recorded in CH,Cl,/THF solution at
30 K (experimental conditions: frequency, 9.4352 GHz; power 0.006 mW; modulation, 0.5 mT).
Experimental data are depicted by the black line and simulation in red: g = (1.9372, 1.9066,

1.8829); Aw = (91, 116, -25) x 10 cm™; Ap = (25, 28, 25) x 10 cm™.
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Table S1. Experimental (L; and L,-edge) and Calculated Ligand Field Splitting (eV) for

Complexes
Compound Ls L, Calcd
[W'Cly(PMePhy),] 2.3 2.2 2.9
[W"'Cl,(dppe),][PFe] 3.6 3.3 3.7
[W"VCl4(PMePh,),] 3.0 2.7 3.3
[WY(NPh)Cl3(PMes)] 1.1 1.6 1.6
[WY'Clg] 3.3 3.4 3.3
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Figure S6. Comparison of the Ls;- (A) and L,-edge (m) intensities of the six reference

compounds [W°(PMes)s], [W'"Cl,(PMePhy)s, [W"'Cly(dppe)2][PFs], [W'"YCli(PMePhy,),],
[WY(NPh)Cl3(PMes),], and [W"'Cl¢].
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Figure S7. Comparison of the normalized W Ls- (panel A) and L,-edge (panel B) X-ray

absorption spectra of [W"'Clg] (black) and [W"'(xylidene)s] (dark yellow).
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Figure S8. Comparison of the normalized W Ls- (panel A) and L,-edge (panel B) X-ray
absorption spectra of (a) [W°(CO)s], (b) [W°(Mepipdt)(CO)s, (c) [W'"(mdt)(CO).], (d)
[W'(mdt)(CO)(PMes)2],  (8)  [WY(mdt)2(CO)l, () [W"Y(mdt)2(CO)(PMes)],  (g)

[W" (mdt),(PMes)2], (h) [W" (mdt)2(CN'Bu)z], (i) [NEtJ[W" (mdt),(CN).].
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Figure S9. Comparison of the Ls- (A), Lo- (m) and Li-edge () energies of formally W°
compounds [W°(CO)¢] and [W°(Me,pipdt)(CO)], W" complexes [W'"(mdt)(CO)s] and
[W"(mdt)(CO)»(PMes),], and WY compounds [W"Y(mdt),(CO),], [W"(mdt),(CO)(PMes)],
[W"(mdt),(PMes),], [W"(mdt),(CN'Bu),], and [NEt]Jo[W"(mdt)o(CN),], with their respective
standards, [W°(PMes)s], [W'"Cl,(PMePh,)4], and [W'VCl,(PMePh,),], represented by the open

shapes.
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Figure S10. Comparison of the normalized W Ls3- (panel A) and L,-edge (panel B) X-ray
absorption spectra of (a) [PPha]o[W"(mnt)s], (b) [PPha]o[W" (bdt)s], (c) [NEts][W" (bdt)s], (d)
[NEt]o[W"(mdt)s], (¢) [PPh][W"(bdt)s], (f) [NELJW'(mdt)s], (g) [W''(bdt)s], (h)

[WY(mdt)s], (i) (W (pdt)s].
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Figure S11. Comparison of the Ls- (m), L,- (A) and L;-edge (e) energies of (a)
[PPh,J[W" (mnt)s], (b) [PPheJ[W" (bdt)s], () [NEta]o[W"(bdt)s], (d) [NEta]o[W"(mdt)s], (€)
[PPh,][W" (belt)s], (f) [NEt][W"(mdt)s], (g) [W"'(bdt)s], (h) [W"(mdt)s], (i) [W"(pclt)s], with

calibrants (IV) [W"VCl4(PMePh,),], (IV) [WY(NPh)Cls(PMes),], (IV) [W"'Clg], represented by

the open shapes.
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Figure S12. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

W reference foil.
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Figure S13. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W(PMes)s].
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Figure S14. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"Cly(PMePh,)4].
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Figure S15. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"'Cl,(dppe).][PF].
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Figure S16. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"VCl,(PMePhy),].
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Figure S17. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[WY(NPh)Cls(PMes),].
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Figure S18. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[WY'Clg].
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Figure S19. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[WY'(xylidene)s].
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Figure S20. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W(CO)g].
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Figure S21. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W°(Mepipdt)(CO)4].
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Figure S22. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W'(mdt)(CO)a].
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Figure S23. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W'(mdt)(CO)2(PMes)2].
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Figure S24. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"Y(mdt)2(CO),].
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Figure S25. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"(mdt),(CO)(PMes)].
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Figure S26. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"(mdt),(PMes),].
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Figure S27. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"(mdt),(CN'Bu)-].
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Figure S28. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[NEts]o[W" (mdt)2(CN)2].
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Figure S29. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[PPha]o[W" (mnt)s].
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Figure S30. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[INEt][W" (bdt)s].
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Figure S31. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[PPhal.[W" (bdt)s].
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Figure S32. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[PPh,][W"(bdt)s].
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Figure S33. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W"(bdt)s].
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Figure S34. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[N Et4]2[\N'V(mdt)3].
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Figure S35. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[NEt][W"(mdt)s].

S25



3.0+

2.5+

2.0

1.5 1

1.0

0.5+

Normalized Absorbance

10200 10220
E, eV

Figure S36. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[WY! (mdt)s].
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Figure S37. Pseudo-Voigt deconvolution of the W Ls-edge (left) and L,-edge (right) spectra of

[W¥'(pdt)s].
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Table S2. Ls- and L,-edge White-Line Energies (eV) and EBR for Complexes

Compound Ls L, EBR
[WY'(xylidene)s] 10212.4 11547.6 0.490
[W°(CO)s] 10211.6 11547.9 0.447
[W°(Me;pipdt)(CO)4] 10211.2 11547.9 0.459
[W"(mdt)(CO)4] 10211.3 11547.7 0.454
[W'(mdt)(CO),(PMes),] 10211.5 11547.6 0.479
[W"(mdt)»(CO),] 10211.0 11547.4 0.463
[W" (mdt)2(CO)(PMe3)] 10212.0 11547.6 0.482
[W"(mdt),(PMes),] 10210.7 11547.0 0.495
[W" (mdt)2(CN'Bu).] 10212.3 11548.0 0.435
[NEts]o,[W"(mdt),(CN),]  10212.3 11547.9 0.514
[PPh,J[W" (mnt)s] 10211.4 11547.8 0.504
[PPha]o[W" (bdt)s] 10210.2 11546.5 0.495
[NEty]o[W" (bdt)s] 10210.2 11546.5 0.474
[NEts]o[W" (mdt)s] 10210.8 11546.7 0.464
[PPh,][WY (bdt)3] 10211.1 11547.1 0.491
[NEt][WY (mdt)s] 10210.7 11546.8 0.484
[WY'(bdt)s] 10210.7 11546.6 0.478
[WY!(mdt)s] 10210.2 11546.5 0.475
[WY'(pdt)s] 10211.0 11546.6 0.485
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Table S3. Optimized Coordinations for [W(PH3)e]
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Figure S38. MO energy level diagram for [W(PH3)s]. Contour levels for the orbital images are

drawn at the 0.05 level.
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drawn at the 0.05 level.
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Figure S40. MO energy level diagram for [WClg]. Contour levels for the orbital images are

drawn at the 0.05 level.
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Figure S41. MO energy level diagram for [W(xylidene)s]. Contour levels for the orbital images

are drawn at the 0.05 level.

S32



9.000 —

8.000 —

7.000 —

6.000 —

5.000 —

4.000 —

3.000 —

2.000 —

Eigenvalues Relative to HOMO (eV)

1.000 —

0.000 —

-1.000 —

-2.000 —

L+7 L+8
- ‘¢ &8y 44%d,..,.
_ Ve v @
L+1 L+2
% S 4
cp 57%d, 00
e IR e A - 0 ' T
ey LUMO
~~~~~~~~~~~~~ o a”
"""" 76% d.
H-1 H2
} “ ~ 32% d.\ﬁ\“,rzﬁ\'l
LA d <o
4
H-3 H4
Ay v e
) ‘ B 34% d.\'_"\'.'
0" £ ‘ .

Figure S42. MO energy level diagram for [W(Me)s]. Contour levels for the orbital images are

drawn at the 0.05 level.
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Figure S43. Comparison of the L;-edge (panel A) and FFT smoothed first derivative (panel B)
X-ray absorption spectra of (a) [W°(PMes)s], (b) [W"Clo(PMePh,).], (c) [W"'Cl,(dppe).][PFe],

(d) [W"Cl4(PMePh,),], (e) [WY(NPh)Cls(PMes)], (f) [W"'Clg].
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Table S4. W L;-Pre- and Rising-Edge Energies (eV), W 6p% in LUMO and LUMO+1, and

Trigonal Twist Angle, ® (°)

Pre-Edge Rising-Edge W 6p (0]
[NEt]o[W(mdt)s] 12089.8 12096.6 35 2.4
[NEt,][W(mdt)s] 12089.8 12096.4 3.6 2.9
[W(mdt)s] 12090.2 12096.5 45 0.7
[NEt,]o[W(bdt)s] 12091.0 12096.3 3.4 1.9
[PPh,]o[W(bdt)s] 12090.1 12096.2 1.9 23.0
[PPhs][W(bdt)s] 12090.0 12096.2 1.3 32.3
[W(bdt)s] 12090.4 12096.2 3.9 0
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Figure S44. Overlay of the normalized W Li-edge X-ray absorption spectra of [W°(CO)g],

[WO(PMes)g], [W°(Me,pipdt)(CO).], and W foil.
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Figure S45. Overlay of the normalized W L;-edge X-ray absorption spectra of formally W"

compounds [W"(mdt)(CO)4], [W"(mdt)(CO),(PMes),], and [W"Cl,(PMePh,).].
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Figure S46. Overlay of the normalized W L;-edge X-ray absorption spectra of formally W'
compounds [W"(mdt),(CO)z], [W"(mdt)2(CO)(PMe)], [W"(mdt)2(PMes)],

[W"(mdt),(CN'Bu),], [NEt]o[W" (mdt),(CN),], and [W'"Cl4(PMePh,)].
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Figure S47. Overlay of the normalized W Li-edge X-ray absorption spectra of formally W"'

compounds [W"'Clg], [W""(xylidene)s], [W"'(bdt)3], [W"'(mdt)s], and [W""(pdt)s].
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Figure S48. Overlay of the normalized W Li-edge X-ray absorption spectra of [W°(CO)g],

[W(Me;pipdt)(CO)a], [W"(mdt)(CO)a], [W"(mdt)(CO)2], and [W"(mdt)s].
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a) b)

Figure S49. (a) Illustration of the HOMO-2 in [W(mdt),(CO),], which is dithiolene-to-CO x*
donating, via tungsten. (b) Illustration of the “synergistic” m-donating oxo and m-accepting

carbonyl in cis-W'VO(CO) complexes, which is analogous to the MO shown in (a).
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Figure S50. Overlay of the normalized W L;-edge X-ray absorption (top) and first derivative

spectra (bottom) of the series [W(mdt)s]®* > Inset shows the relative intensity of the pre-edge

peak at ~12090 eV.
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Figure S51. Overlay of the normalized W L;-edge X-ray absorption (top) and first derivative

spectra (bottom) of the series [W(bdt)s]”*?". Inset shows the relative intensity of the pre-edge

peak at ~12090 eV.
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Figure S52. Thermal ellipsoid plot of cation 1 of [W"'Cl,(dppe),]** with complete atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of the
cation be crystallographically unique. The ellipsoids are shown at the 50% probability level.

Hydrogen atoms are omitted for clarity.
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Figure S53. Thermal ellipsoid plot of cation 1 of [W"'Cl,(dppe).]** with partial atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.
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Figure S54. Thermal ellipsoid plot of cation 2 of [W"'Cl,(dppe),]** with complete atom
labeling. The tungsten atom resides on an inversion center, which requires that only half
of the cation be crystallographically unique. The ellipsoids are shown at the 50%
probability level. Hydrogen atoms are omitted for clarity.
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Figure S55. Thermal ellipsoid plot of cation 2 of [W"'Cl,(dppe),]** with partial atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.
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Figure S56. Thermal ellipsoid plot of cation 3 of [W"'Cl,(dppe),]** with complete atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.
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Figure S57. Thermal ellipsoid plot of cation 3 of [W'"'Cly(dppe),]** with partial atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.
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Figure S58. Thermal ellipsoid plot of cation 4 of [W"'Cl,(dppe),]** with complete atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.
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Figure S59. Thermal ellipsoid plot of cation 4 of [W"'Cly(dppe),]** with partial atom
labeling. The tungsten atom resides on an inversion center, which requires that only half of
the cation be crystallographically unique. The ellipsoids are shown at the 50% probability
level. Hydrogen atoms are omitted for clarity.

S51



F(10A)

F(12A)
Figure S61. Thermal ellipsoid plot at the 50% probability level of anion 2 of [PFg]".
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Figure S62. Thermal ellipsoid plot of [W(0-(CH,),CsHy)s] drawn at the 50% probability
level. All hydrogen atoms are omitted for clarity.
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