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NMR Data
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Figure S1. 400 MHz 'H NMR spectrum Evans” Method of a 20 mM PhMe solution of 6-K with
PhMe capillary.
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Figure S2. 400 MHz '"H NMR spectrum in CsDs sample of 6-K with TMB standard (bottom) and
0.5 mL of 10% HCl solution in H20O added to the 6-K sample (top).

S4

| : - b

L 1




THF

THF
18-crown-6 l
j \l
JM/
J g«% / LJU VLP
CeDs
18-crown-6
JL_lg g
O] he
3 s‘& L‘”—
T T T T T r r T T T T T T T T T T r - r T T T T
10 8 6 4 2 °

[ppm]

Figure S3. 400 MHz CsDs, 25 °C, "H NMR spectrum of 9 and expanded region (inset).
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Figure S4. 400 MHz 'H NMR spectrum of 10, CsDe.
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X-ray Crystallographic Data

Details of crystallographic refinement

Treatment of previously reported X-ray structure of 5-Li (JOHBEN, deposition number 1188315). While
the atomic coordinates of 5-Li could be easily retrieved from the Cambridge crystallographic
database under deposition number 1188315, the reflection intensities were unavailable from the
database. This was not surprising, since routine deposition of structure factors did not become
common until the last decade. Fortunately, the structure factors for 5-Li had been published in
printed form as supporting information, and were available to download in pdf format. The
software package Tabula' was employed to extract tabulated structure factors (reported as 10Fo
and 1000Fo) which were transformed into hklf3 format using Microsoft Excel.

Modeling 5-Li as a disordered pair of bound N2 molecules. Refinement of the published coordinates
against the extracted structure factors required selection of a suitable occupancy refinement
model for the nitrogen positions since these were unavailable in the published work. We applied
a model where the sum of the occupancy over the 6 sites was equal to 4. Modeling two fully-
occupied dinitrogen molecules over 6 atom positions requires an average occupancy of 2/3 per
site, however owing to symmetry, N4 represents 4 of those positions and N3 represents 2. The
occupancy was therefore refined using a linear combination such that the 4*Occ(N4) +2* Occ(N3)
= 4. Final refined occupancies were 0.718(13) and 0.641(7) for N3 and N4 respectively. A
disordered trimethylsilyl group was also modeled using similarity restraints placed on the atomic
thermal parameters and Si-C bond lengths. This model gave near-identical metrics to those
published, as would be expected. A map of unmodeled density revealed a peak equal to 0.64 e
/A2 at a distance of 1.57 A away from one of the nitrogen atom sites (N4). A contour map of Fo
showing the arrangement of the nitrogen sites as well as the four positions with positive electron

density nearby is given in Figure S5.
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Plane: 0.6338x-22.2843y 0.9207z = -0.8864 Cont-Lev(eA-3): -0.60 3.80 0.20 Fo-Map
Tol = 1.5 Ang Step = 0.0000 Ang Resolutlon 18.7 Deg. Omit 2xSigl

Figure S5. Electron density contour map of 5-Li modeled as two disordered N2 molecules. Ri =

0.063, wR2 =0.179.

Modeling 5-Li as a disordered toluene. Remodeling the disordered pair of N2 molecules as a full-
occupied toluene molecule disordered over four symmetry-related orientations gave an
improved R-factor and a smaller largest unmodeled peak in the difference map. In this model,
the Ya-occupied methyl site coincides with the largest electron peak in the previous N2 model. The
magnitude of the improvement in R-factor is relatively small owing to the low quality of the
original diffraction data, however the toluene model is clearly a better fit to the observed electron
density. A contour map of Fo showing the toluene model overlayed with the electron density is

given in Figure S6.
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Tol =

Plane: 0.6338x-22.2843y 0.98207z = -0.8864 Cont-Lev(eR-3): -0.60 4.00 0.20 Fo-Maop
.5 Ang Step = 0.3000 Ang Resolutlon 18.7 Deg. Omlt 2xStgl

Figure S6. Electron density contour map of 5-Li modeled as a disordered toluene molecule, 6-Li.

R:1=0.061, wR20.172

General methods. Structure refinement was performed using Olex2? with the ShelXL refinement
package.® Electron density contour maps were generated using PLATON.* A CIF file containing
both the 5-Li and 6-Li model and the tabulated hklf3 structure files is attached as supporting

information.
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Table S1. Crystal data and structure refinement for 6-K.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient

F(000)

Crystal color, morphology
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

20047z_a

C48.50 H100 K N4 Si8 Ti2

1098.94
126(2) K
0.71073 A
Monoclinic
P2i/c
a=17.4417(7) A
b=25.7154(9) A
c=14.5174(5) A

a=90°
b = 106.8550(10)°
g=90°

6231.6(4) A3

4

1.171 Mg/m3

0.510 mm-1

2376

purple, Block

0.400 x 0.300 x 0.200 mm?3
1.999 to 26.060°
21£h£21,-31£k£31,-17£1£17
129122

12306 [R(int) = 0.1044]

8721

99.9%

Multi-scan

Full-matrix least-squares on F2
12306 / 21 / 683

1.060

R1 =0.0406, wR2 = 0.0840

R1 =0.0745, wR2 = 0.0970
0.364 and -0.290 e.A-3

S9



Table S2. Selected bond lengths [A] and angles [°] for 6-K.

Ti(1)-N(2)
Ti(1)-N(1)
Ti(1)-C(5
Ti(1)-C(4
Ti(1)-C(2
Ti(1)-C(1
Ti(1)-C(3
Ti(1)-C(6
Ti(1)-K(1)
Ti(2)-N(3)
Ti(2)-N(4)
Ti(2)-C(3
Ti(2)-C(6
Ti(2)-C(4
Ti(2)-C(5
Ti(2)-C(1
Ti(2)-C(2
K(1)-N(1)
K(1)-N(2)
K(1)-C(34)
K(1)-C(33)
K(1)-C(35)
K(1)-C(32)
K(1)-C(14)
K(1)-C(36)
K(1)-C(37)
K(1)-C(12)
C(7)-C(1)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(1)-C(6)
C(1)-C(2)
C(6)-C(5)
C(6)-H(6)
C(5)-C(4)

)
)
)
)
)
)

)
)
)
)
)
)

2.129(2)
2.147(2)
2.227(3)
2.245(3)
2.256(3)
2.345(3)
2.440(3)
2.453(3)
3.7203(7)
2.028(2)
2.030(2)
2.189(3)
2.205(3)
2.322(3)
2.356(3)
2.368(3)
2.395(3)
2.904(2)
2.960(2)
3.226(3)
3.234(3)
3.308(3)
3.352(3)
3.372(3)
3.392(3)
3.402(3)
3.408(3)
1.508(4)
0.9800
0.9800
0.9800
1.436(4)
1.446(4)
1.435(4)
0.89(3)
1.438(4)

510

C(5)-H()
C(4)-CQ)
C(4)-H(4)
C(3)-CQ)
C(3)-HE)
C(2)-HQ)

N(2)-Ti(1)-N(1)
N(2)-Ti(1)-C(5)
N(1)-Ti(1)-C(5)
N(2)-Ti(1)-C(4)
N(1)-Ti(1)-C(4)
C(5)-Ti(1)-C(4)
N(2)-Ti(1)-C(2)
N(1)-Ti(1)-C(2)
C(5)-Ti(1)-C(2)
C(4)-Ti(1)-C(2)
N(2)-Ti(1)-C(1)
N(1)-Ti(1)-C(1)
C(5)-Ti(1)-C(1)
C(4)-Ti(1)-C(1)
C(2)-Ti(1)-C(1)
N(2)-Ti(1)-C(3)
N(1)-Ti(1)-C(3)
C(5)-Ti(1)-C(3)
C(4)-Ti(1)-C(3)
C(2)-Ti(1)-C(3)
C(1)-Ti(1)-C(3)
N(2)-Ti(1)-C(6)
N(1)-Ti(1)-C(6)
C(5)-Ti(1)-C(6)
C(4)-Ti(1)-C(6)
C(2)-Ti(1)-C(6)
C(1)-Ti(1)-C(6)
C(3)-Ti(1)-C(6)
N(2)-Ti(1)-K(1)

0.96(3)
1.446(4)
0.89(3)
1.449(4)
0.98(3)
0.92(3)

103.82(8)
104.81(9)
130.01(9)
139.04(9)
97.82(9)
37.52(9)
135.63(9)
106.97(9)
78.43(10)
66.18(10)
103.56(8)
142.24(9)
65.36(10)
77.49(10)
36.58(9)
165.34(9)
90.84(8)
64.52(9)
35.65(9)
35.66(9)
63.40(9)
93.59(8)
161.09(9)
35.30(9)
63.68(9)
63.26(9)
34.73(9)
71.89(9)
52.64(6)



N(1)-Ti(1)-K(1)
C(5)-Ti(1)-K(1)
C(4)-Ti(1)-K(1)
C(2)-Ti(1)-K(1)
C(1)-Ti(1)-K(1)
C(3)-Ti(1)-K(1)
C(6)-Ti(1)-K(1)
N(@3)-Ti(2)-N(4)
N(@3)-Ti(2)-C(3)
N(4)-Ti(2)-C(3)
N(3)-Ti(2)-C(6)
N(4)-Ti(2)-C(6)
C(3)-Ti(2)-C(6)
N(@3)-Ti(2)-C(4)
N(4)-Ti(2)-C(4)
C(3)-Ti(2)-C(4)
C(6)-Ti(2)-C(4)
N(@3)-Ti(2)-C(5)
N(4)-Ti(2)-C(5)
C(3)-Ti(2)-C(5)
C(6)-Ti(2)-C(5)
C(4)-Ti(2)-C(5)
N(@3)-Ti(2)-C(1)
N(4)-Ti(2)-C(1)
C(3)-Ti(2)-C(1)
C(6)-Ti(2)-C(1)
C(4)-Ti(2)-C(1)
C(5)-Ti(2)-C(1)
N(@3)-Ti(2)-C(2)
N(4)-Ti(2)-C(2)
C(3)-Ti(2)-C(2)
C(6)-Ti(2)-C(2)
C(4)-Ti(2)-C(2)
C(5)-Ti(2)-C(2)
C(1)-Ti(2)-C(2)
N(1)-K(1)-N(2)

(
(
(
(

51.18(6)
136.92(7)
135.76(7)
144.40(7)
146.71(6)
142.01(6)
145.53(7)
107.88(9)
121.14(10)
111.62(9)
112.99(10)
120.36(9)
81.65(10)
94.53(9)
148.85(9)
37.25(10)
66.53(10)
91.80(10)
156.07(9)
66.55(10)
36.49(9)
35.80(9)
149.31(9)
93.81(9)
66.87(9)
36.37(9)
75.55(9)
63.05(9)
156.59(9)
91.53(9)
36.49(9)
64.96(10)
62.76(9)
73.23(10)
35.34(9)
70.03(6)
S11

N(1)-K(1)-C(34)
N(2)-K(1)-C(34)
N(1)-K(1)-C(33)
N(2)-K(1)-C(33)
C(34)-K(1)-C(33)
N(1)-K(1)-C(35)
N(2)-K(1)-C(35)
C(34)-K(1)-C(35)
C(33)-K(1)-C(35)
N(1)-K(1)-C(32)
N(2)-K(1)-C(32)
C(34)-K(1)-C(32)
C(33)-K(1)-C(32)
C(35)-K(1)-C(32)
N(1)-K(1)-C(14)
N(2)-K(1)-C(14)
C(34)-K(1)-C(14)
C(33)-K(1)-C(14)
C(35)-K(1)-C(14)
C(32)-K(1)-C(14)
N(1)-K(1)-C(36)
N(2)-K(1)-C(36)
C(34)-K(1)-C(36)
C(33)-K(1)-C(36)
C(35)-K(1)-C(36)
C(32)-K(1)-C(36)
C(14)-K(1)-C(36)
N(1)-K(1)-C(37)
N(2)-K(1)-C(37)
C(34)-K(1)-C(37)
C(33)-K(1)-C(37)
C(35)-K(1)-C(37)
C(32)-K(1)-C(37)
C(14)-K(1)-C(37)
C(36)-K(1)-C(37)
N(1)-K(1)-C(12)

121.19(7)
168.76(7)
133.10(7)
147.70(8)
24.85(9)
126.45(8)
149.62(8)
24.20(8)
42.85(9)
156.12(7)
126.58(7)
43.20(8)
24.43(8)
49.53(8)
113.53(6)
56.26(6)
115.36(8)
91.47(8)
119.61(8)
73.11(7)
145.64(7)
128.44(7)
42.17(8)
48.99(8)
23.87(8)
41.67(8)
99.99(8)
168.24(7)
119.74(7)
49.05(8)
41.85(8)
41.81(8)
23.41(7)
78.20(7)
23.41(7)
56.16(6)



N(2)-K(1)-C(12)

C(34)-K(1)-C(12)
C(33)-K(1)-C(12)
C(35)-K(1)-C(12)
C(32)-K(1)-C(12)

114.21(6)
74.74(8)
98.06(8)
70.98(8)

117.38(8)

512

C(14)-K(1)-C(12)
C(36)-K(1)-C(12)
C(37)-K(1)-C(12)

169.33(7)
89.93(8)
112.17(8)



Table S3. Crystal data and structure refinement for 6-Li.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

123vgya

C43 H109 Li N8 Si8 Ti2

1065.84

126(2) K

1.54178 A

Orthorhombic

1222

a=11.4958(13) A a=90°.
b =13.0602(15) A b=90°.
c=22.084(3) A g =90°.
3315.7(7) A3

2

1.068 Mg/m3

3.673 mm-1

1164

0.100 x 0.050 x 0.050 mm?3

3.932 to 74.914°.

-13<=h<=14, -16<=k<=16, -26<=1<=27
36985

3408 [R(int) = 0.0985]

99.6 %

0.7538 and 0.5941

Full-matrix least-squares on F2
3408 /0 /189

1.048

R1=0.0519, wR2 = 0.1223

R1 = 0.0688, wR2 = 0.1320
0.042(17)

0.378 and -0.615 e.A-3
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Table S4. Selected bond lengths [A] and angles [°] for 6-Li.

Ti(1)-N(1)#1
Ti(1)-N(1)
N(2)-Li(1)
C(1)-C(2)
C(1)-C(2)#2
C(1)-Ti(1)#3
C(2)-C(2)#3
C(2)-C(3)
C(2)-Ti(1)#3
Li(1)-N(2)#1
Li(1)-N(2)#4
Li(1)-N(2)#5

N(1)#1-Ti(1)-N(1)
Si(1)-N(1)-Ti(1)
Si(2)-N(1)-Ti(1)
C(11)-N(2)-Li(1)
C(10)-N(2)-Li(1)
C(12)-N(2)-Li(1)
C(2)-C(1)-C(2)#2
C(2)-C(1)-Ti(1)#3

2.063(4)
2.063(4)
2.128(5)
1.421(6)
1.421(6)
2.303(4)
1.449(12)
1.61(2)
2.411(7)
2.128(5)
2.128(5)
2.128(5)

107.2(3)
123.0(2)
117.2(2)
114.5(4)
112.4(4)
101.6(4)
122.2(6)

76.7(3)

514

C(2)#2-C(1)-Ti(1)#3
C(2)-C(1)-Ti(1)
C(2)#2-C(1)-Ti(1)
Ti(1)#3-C(1)-Ti(1)
C(1)-C(2)-C(2)#3
C(1)-C(2)-C(3)
C(2)#3-C(2)-C(3)
C(1)-C(2)-Ti(1)
C(2)#3-C(2)-Ti(1)
C(3)-C(2)-Ti(1)
C(1)-C(2)-Ti(1)#3
C(2)#3-C(2)-Ti(1)#3
C(3)-C(2)-Ti(1)#3
Ti(1)-C(2)-Ti(1)#3
N(2)-Li(1)-N(2)#1
N(2)-Li(1)-N(2)#4
N(2)#1-Li(1)-N(2)#4
N(2)-Li(1)-N(2)#5
N(2)#1-Li(1)-N(2)#5
N(2)#4-Li(1)-N(2)#5

69.0(3)
69.0(3)
76.7(3)

105.0(3)

117.7(3)

132.6(9)

104.7(8)
74.5(3)
78.7(4)

137.3(10)
68.3(3)
65.2(5)

116.4(11)

103.74(19)

112.9(3)
86.9(3)

131.6(3)

131.6(3)
86.9(3)

112.9(3)



Table S5. Crystal data and structure refinement for 7.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

21120a

C14 H39 C1 N4 00.50 Si2 Ti
411.02

126.0K

1.54178 A

Monoclinic

P121/c1

a=13.0154(5) A a=90°.
b =26.2836(10) A b=114.484(2)°.
c=14.8634(6) A g =90°.
4627.4(3) A3

8

1.180 Mg/m3

5.222 mm-1

1776

0.1 x 0.1 x 0.1 mm?3

3.363 to 70.187°.

-15<=h<=15, -32<=k<=32, -18<=1<=18
95008

8777 [R(int) = 0.0877]

99.9 %

Semi-empirical from equivalents
0.7533 and 0.3741

Full-matrix least-squares on F2
877710/ 412

1.101

R1 =0.0901, wR2 = 0.2073
R1=0.1097, wR2 = 0.2187

1.025 and -1.400 e.A-3

515



Table S6. Bond lengths [A] and angles [°] for 7.

Ti(1)-Cl(1)
Ti(1)-N(1)
Ti(1)-N(3)
Ti(1)-N(5)
Ti(1)-N(4)
Ti(2)-Cl(2)
Ti(2)-N(2)
Ti(2)-N(8)
Ti(2)-N(6)
Ti(2)-N(7)
N(1)-Ti(1)-Cl(1)
N(1)-Ti(1)-N(3)
N(1)-Ti(1)-N(5)
N(1)-Ti(1)-N(4)
N(3)-Ti(1)-Cl(1)

2.3913(18)
1.767(5)
2.011(6)
2.298(6)
2.344(6)
2.3894(18)
1.766(5)
2.306(6)
2.020(6)
2.358(5)

103.46(17)

111.9(2)

95.0(2)
96.2(2)
96.02(16)

S16

N(@3)-Ti(1)-N(5)
N(3)-Ti(1)-N(4)
N(5)-Ti(1)-Cl(1)
N(5)-Ti(1)-N(4)
N(4)-Ti(1)-Cl(1)
N(2)-Ti(2)-Cl(2)
N(2)-Ti(2)-N(8)
N(2)-Ti(2)-N(6)
N(2)-Ti(2)-N(7)
N(8)-Ti(2)-Cl(2)
N(8)-Ti(2)-N(7)
N(6)-Ti(2)-Cl(2)
N(6)-Ti(2)-N(8)
N(6)-Ti(2)-N(7)
N(@?)-Ti(2)-Cl(2)

151.8(2)
92.2(2)
85.17(17)
76.2(2)
153.97(17)
102.43(17)
94.6(2)
112.6(2)
96.9(2)
85.76(16)
76.9(2)
96.32(16)
151.4(2)
90.6(2)
154.97(16)



Table S7. Crystal data and structure refinement for 8.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.483°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

21072_abs

C24 H72 K2 N6 Si8 Ti2

843.59

396(2) K

0.71073 A

Monoclinic

P2i/n

a=9.367(4) A a=90°.
b=14.742(5) A b=90.117(6)°.
c=16.488(6) A g =90°.
2276.7(15) A3

2

1.231 Mg/m3

0.768 mm-1

904

0.263 x 0.162 x 0.075 mm3

1.853 to 25.483°.

-10<=h<=11, -17<=k<=17, -19<=1<=17
11137

4168 [R(int) = 0.0518]

98.5 %

Semi-empirical from equivalents
0.7452 and 0.6443

Full-matrix least-squares on F2
4168 /0/334

1.005

R1 = 0.0439, wR2 = 0.0978

R1 = 0.0684, wR2 = 0.1107

0.426 and -0.357 e.A-3
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Table S8. Selected bond lengths [A] and angles [°] for 8.

Ti(1)-N(3)
Ti(1)-N(1)#1
Ti(1)-N(1)
Ti(1)-N(2)#1
K(1)-N(3)
K(1)-N(1)
K(1)-N(2)
N(1)-Ti(1)#1
N(2)-Ti(1)#1
C(9)-K(1)#2

N(@3)-Ti(1)-N(2)#1
N(1)#1-Ti(1)-N(3)
N(1)-Ti(1)-N(3)
N(1)#1-Ti(1)-N(1)
N(1)-Ti(1)-N(2)#1
N(1)#1-Ti(1)-N(2)#1
N(3)-5i(3)-K(1)
C(9)-5i(3)-K(1)

2.073(3)
1.825(3)
1.836(3)
2.091(3)
2.993(3)
2.831(3)
2.976(3)
1.825(3)
2.091(3)
3.424(4)

116.95(11)
114.06(11)
109.50(11)

86.33(12)
117.77(11)
108.38(11)

58.65(9)
(

171.01(17)

C(7)-Si(3)-K(1)
C(8)-Si(3)-K(1)
N(3)-Si(4)-K(1)
C(12)-Si(4)-K(1)
C(10)-Si(4)-K(1)
C(11)-Si(4)-K(1)
N(2)-Si(1)-K(1)
C(1)-Si(1)-K(1)
C(2)-Si(1)-K(1)
C(3)-Si(1)-K(1)
Ti(1)-N(3)-K(1)
Si(3)-N(3)-Ti(1)
Si(4)-N(3)-Ti(1)
Si(4)-N(3)-K(1)
Ti(1)#1-N(1)-Ti(1)
Ti(1)-N(1)-K(1)
Ti(1)#1-N(1)-K(1)
Ti(1)#1-N(2)-K(1)



Table S9. Crystal data and structure refinement for 8- THF.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

21037_abs2

C16 H44 K N3 O Si4 Ti

493.90

125.0K

0.71073 A

Monoclinic

P121/c1

a=10.4873(4) A a=90°.
b =21.2094(7) A b=107.2060(10)°.
c=12.8048(5) A g =90°.
2720.70(17) A3

4

1.206 Mg/m3

0.655 mm-1

1064

0.1 x 0.1 x 0.05 mm?3

2.248 t0 29.616°.

-14<=h<=14, -29<=k<=29, -17<=1<=17
79275

7655 [R(int) = 0.0691]

99.8 %

None

0.7459 and 0.6822

Full-matrix least-squares on F2
7655 /0 / 265

1.067

R1 =0.0321, wR2 = 0.0725

R1 =0.0513, wR2 = 0.0812

0.412 and -0.300 e.A-3

519



Table S10. Selected bond lengths [A] and angles [°] for 8-THEF.

Ti(1)-N(2)
Ti(1)-N(1)
Ti(1)-N(1)#1
Ti(1)-N(3)
K(1)-N(1)
K(1)-O(1)
N(@)-K(1)#1
N(1)-Ti(1)#1

N(2)-Ti(1)-N(3)
N(1)-Ti(1)-N(2)
N(1)#1-Ti(1)-N(2)
N(1)-Ti(1)-N(1)#1
N(1)-Ti(1)-N(3)
N(1)#1-Ti(1)-N(3)
O(1)-K(1)-N(1)
N(3)-Si(4)-K(1)
C(11)-Si(4)-K(1)
C(10)-Si(4)-K(1)
C(12)-Si(4)-K(1)
N(2)-Si(2)-K(1)#1
C(6)-Si(2)-K(1)#1
C(4)-Si(2)-K(1)#1
C(5)-Si(2)-K(1)#1
N(2)-Si(1)-K(1)#1
C(2)-Si(1)-K(1)#1
C(3)-Si(1)-K(1)#1
C(1)-Si(1)-K(1)#1
N(3)-Si(3)-K(1)
C(9)-Si(3)-K(1)
C(8)-Si(3)-K(1)

2.0753(13)
1.8239(13)
1.8354(13)
2.0942(13)
2.8655(13)
2.6629(14)
2.9989(13)
1.8354(13)

116.47(5)
114.14(5)
109.95(6)
86.31(6)
108.82(6)
117.46(5)
166.74(5)
47.76(4)
75.85(6)
96.24(6)
155.73(6)
59.02(4)
80.19(6)
75.24(6)
173.21(6)
51.53(4)
118.64(5)
135.66(6)
61.23(6)
55.48(5)
61.56(6)
104.89(6)
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C(7)-5i(3)-K(1)
Ti(1)-N(2)-K(1)#1
Si(2)-N(2)-Ti(1)
Si(2)-N(2)-K(1)#1
Si(1)-N(2)-Ti(1)
Si(1)-N(2)-K(1)#1
Ti(1)-N(1)-Ti(1)#1
Ti(1)-N(1)-K(1)
Ti(1)#1-N(1)-K(1)
Ti(1)-N(3)-K(1)
Si(4)-N(3)-Ti(1)
Si(4)-N(3)-K(1)
Si(3)-N(3)-Ti(1)
Si(3)-N(3)-K(1)
Si(3)-N(3)-Si(4)
C(13)-O(1)-K(1)
C(16B)-O(1)-K(1)
C(16A)-O(1)-K(1)
K(1)-C(9)-H(9A)
K(1)-C(9)-H(9B)
K(1)-C(9)-H(9C)
5i(3)-C(9)-K(1)
K(1)#1-C(4)-H(4A)
K(1)#1-C(4)-H(4B)
K(1)#1-C(4)-H(4C)
Si(2)-C(4)-K(1)#1
K(1)#1-C(1)-H(1A)
K(1)#1-C(1)-H(1B)
K(1)#1-C(1)-H(1C)
Si(1)-C(1)-K(1)#1

150.52(6)
85.23(4)
118.30(7)
91.35(5)
122.17(7)
101.58(5)
93.69(6)
93.50(5)
93.73(5)
84.95(4)
122.94(7)
106.74(6)
115.74(7)
95.89(5)
118.07(7)
120.46(13)
135.63(16)
121.3(3)
66.5
163.2
59.7
86.90(6)
38.6
136.8
109.5
73.63(6)
70.4
160.0
54.4
88.67(6)



Table S11. Crystal data and structure refinement for 9.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

22052b

C30 H77 K N3 06 Si6 Ti

831.48

150.0 K

0.71073 A

Monoclinic

P121/c1

a=23.2036(6) A a=90°.
b =20.0225(5) A b=113.6070(10)°.
c=22.5981(4) A g =90°.
9620.3(4) A3

8

1.148 Mg/m3

0.450 mm-1

3608

0.1 x 0.1 x 0.1 mm?3

1.916 to 28.312°.

-30<=h<=22, -21<=k<=26, -29<=1<=30
85817

23870 [R(int) = 0.0622]

99.9 %

None

0.7457 and 0.6670

Full-matrix least-squares on F2
23870/ 0/ 881

1.014

R1 = 0.0525, wR2 = 0.1022

R1 =0.0955, wR2 = 0.1181

0.349 and -0.357 e.A-3
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Table S12. Selected bond lengths [A] and angles [°] for 9.

Ti(1)-Si(1)
Ti(1)-N(1)
Ti(1)-N(2)
Ti(1)-N(3)
Ti(1)-C(1)
Ti(2)-Si(7)
Ti(2)-N(4)
Ti(2)-N(5)
Ti(2)-N(6)
Ti(2)-C(31)
K(2)-O(11)
K(2)-0(7)
K(2)-0(12)
K(2)-O(10)
K(2)-0(%)
K(2)-O(8)
KMD)-0()
K(@1)-0(3)
K(1)-O(4)
K(1)-O(6)
K(1)-0(2)
KMD)-O(1)
C(1)-K(2)#1

N(1)-Ti(1)-Si(1)
N(1)-Ti(1)-N(2)
N(1)-Ti(1)-N(3)
N(1)-Ti(1)-C(1)
N(2)-Ti(1)-Si(1)
N(2)-Ti(1)-C(1)
N(3)-Ti(1)-Si(1)
N(@3)-Ti(1)-N(2)
N(3)-Ti(1)-C(1)
C(1)-Ti(1)-Si(1)

2.7614(8)
2.0059(19)
2.059(2)
2.0305(18)
2.215(2)
2.7637(8)
2.004(2)
2.0293(19)
2.050(2)
2.223(2)
2.8155(18)
2.8427(19)
2.7855(17)
2.8211(19)
2.8375(18)
2.8619(19)
2.8280(18)
2.8690(17)
2.7935(17)
2.8091(16)
2.8696(18)
2.7924(18)
3.258(2)

38.71(6)
108.55(8)
126.25(8)

80.05(8)
125.64(6)
125.77(8)
120.27(6)
113.85(8)

99.59(9)

41.34(7)
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N(4)-Ti(2)-Si(7)
N(4)-Ti(2)-N(5)
N(4)-Ti(2)-N(6)
N(4)-Ti(2)-C(31)
N(5)-Ti(2)-Si(7)
N(5)-Ti(2)-N(6)
N(5)-Ti(2)-C(31)
N(6)-Ti(2)-Si(7)
N(6)-Ti(2)-C(31)
C(31)-Ti(2)-Si(7)
O(11)-K(2)-0(7)
O(11)-K(2)-O(10)
O(11)-K(2)-O(9)
O(11)-K(2)-O(8)
0O(7)-K(2)-O(8)
0(12)-K(2)-O(11)
0(12)-K(2)-0(7)
0(12)-K(2)-O(10)
0(12)-K(2)-O(9)
0(12)-K(2)-O(8)
0(10)-K(2)-O(7)
O(10)-K(2)-O(9)
0(10)-K(2)-O(8)
0(9)-K(2)-0(7)
0(9)-K(2)-O(8)
O(5)-K(1)-O(3)
O(5)-K(1)-0(2)
0(3)-K(1)-0(2)
O(4)-K(1)-0(5)
O(4)-K(1)-O(3)
O(4)-K(1)-O(6)
O(4)-K(1)-0(2)
O(6)-K(1)-O(5)
O(6)-K(1)-O(3)

38.66(6)
127.13(8)
107.17(8)
79.87(8)
117.68(6)
114.18(8)
98.12(9)
128.05(6)
128.10(8)
41.31(7)
114.25(5)
60.00(5)
116.11(5)
160.01(6)
58.28(5)
59.81(5)
59.35(6)
119.79(5)
160.62(6)
117.53(6)
156.19(6)
59.33(5)
118.24(6)
112.73(6)
58.93(5)
114.86(5)
159.83(5)
58.21(5)
59.47(5)
59.00(5)
119.12(5)
117.21(5)
59.77(5)
157.01(5)



0(6)-K(1)-0(2)
O(1)-K(1)-O(5)
O(1)-K(1)-0O(3)
O(1)-K(1)-O(4)
O(1)-K(1)-O(6)
O(1)-K(1)-0(2)
C(27)-0(5)-K(1)
C(26)-0(5)-K(1)
C(23)-0(3)-K(1)
C(22)-0(3)-K(1)
C(24)-O(4)-K(1)
C(25)-O(4)-K(1)
C(28)-0(6)-K(1)
C(29)-0(6)-K(1)
C(56)-O(11)-K(2)
C(57)-0(11)-K(2)
C(21)-0(2)-K(1)
C(20)-O(2)-K(1)
C(49)-0(7)-K(2)
C(60)-0(7)-K(2)
C(58)-0(12)-K(2)
C(59)-0(12)-K(2)
C(55)-0(10)-K(2)
C(54)-0(10)-K(2)
C(52)-0(9)-K(2)

118.10(5)
114.87(5)
111.91(5)
155.61(6)
59.27(5)
58.84(5)
108.71(14)
111.64(14)
111.92(14)
113.92(15)
119.23(15)
118.20(14)
117.38(13)
115.69(15)
112.10(14)
109.63(15)
118.00(15)
117.47(14)
116.20(15)
114.14(16)
118.51(15)
119.12(16)
115.84(14)
117.00(16)
111.34(15)
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C(53)-0(9)-K(2)
C(30)-O(1)-K(1)
C(19)-O(1)-K(1)
C(51)-0(8)-K(2)
C(50)-O(8)-K(2)
Si(2)-N(1)-Ti(1)
Si(2)-N(1)-Si(1)
Si(1)-N(1)-Ti(1)
Si(4)-N(2)-Ti(1)
Si(3)-N(2)-Ti(1)
Si(7)-N(4)-Ti(2)
Si(8)-N(4)-Ti(2)
Si(6)-N(3)-Ti(1)
Si(5)-N(3)-Ti(1)
Si(9)-N(5)-Ti(2)
Si(10)-N(5)-Ti(2)
Si(12)-N(6)-Ti(2)
Si(11)-N(6)-Ti(2)
Ti(2)-C(31)-K(1)
Si(7)-C(31)-Ti(2)
Si(7)-C(31)-K(1)
Ti(1)-C(1)-K(2)#1
Si(1)-C(1)-Ti(1)
Si(1)-C(1)-K(2)#1
Si(3)-C(8)-K(1)

113.36(16)
117.46(15)
113.95(14)
117.43(15)
117.86(15)
137.82(11)
125.89(12)
94.92(9)
119.68(9)
121.71(10)
95.11(9)
136.35(11)
123.02(11)
116.24(10)
122.91(11)
113.49(10)
120.81(11)
120.22(10)
172.56(11)
85.41(9)
92.35(9)
172.53(11)
85.55(10)
92.51(9)
165.57(12)



Table S13. Crystal data and structure refinement for 10.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

22004a

C32 H88 N6 O2 Si8 Ti2

909.60

150(2) K

0.71073 A

Monoclinic

P2i/n

a=10.6293(16) A a=90°.
b=24.141(3) A b=113.538(4)°.
c=11.2893(12) A g =90°.
2655.8(6) A3

2

1.137 Mg/m3

0.512 mm-1

988

0.1 x 0.1 x 0.1 mm?3

2.226 to 30.632°.

-15<=h<=11, -34<=k<=27, -15<=I<=16
28586

8158 [R(int) = 0.0364]

99.9 %

Semi-empirical from equivalents
0.7461 and 0.6507

Full-matrix least-squares on F2
8158 /0 /287

1.028

R1=0.0381, wR2 = 0.0894

R1 =0.0574, wR2 = 0.0980

0.487 and -0.298 e.A-3
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Table S14. Selected bond lengths [A] and angles [°] for 10.

Ti(1)-N(1)
Ti(1)-N(2)
Ti(1)-N(3)
Ti(1)-O(1)
N(1)-N(1)#1

N(1)-Ti(1)-N(2)
N(1)-Ti(1)-N(3)
N(2)-Ti(1)-N(3)
N(1)-Ti(1)-O(1)
N(2)-Ti(1)-O(1)

1.7625(12)
1.9951(13)
2.0107(12)
2.0931(11)
1.276(2)

111.49(6)
108.72(5)
115.43(5)

96.12(5)
100.22(5)
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N(@3)-Ti(1)-O(1)
C(16)-O(1)-Ti(1)
C(13)-O(1)-Ti(1)
N(1)#1-N(1)-Ti(1)
Si(4B)-N(3)-Ti(1)
Si(3)-N(3)-Ti(1)
Si(4A)-N(3)-Ti(1)
Si(2)-N(2)-Ti(1)
Si(1)-N(2)-Ti(1)

123.16(5)
127.25(10)
122.29(10)
174.11(14)
118.11(9)
121.82(7)
114.44(13)
117.82(7)
121.86(7)



Table S15. Selected bond distance ranges (A) and angles (°) of the Ti-arene moiety of 1,52,°3,”

42 6-K, and 6-Li.

h\CAE ™S _Ci _TMs ’Ee /Eﬁi ™S :‘:e Ee
& N, Ts/ Tz & e, T/ Tz/ & e, & e,
(‘:5\(:?(‘:3 CE’\C?%\TMS <‘:5\c‘?(‘:3 Tr\As/cs\i:A//Sc3 (‘:S\C?(‘:a (Ls\c?ga
15 26 37 43 6-K (this work)  6-Li (this work)

Ti1—C1 2.418(3) 2.354(4) 2.347(4) 2.318(1) 2.345(2) 2.231(7)
Ti1-C2 2.233(4) 2.142(4) 2.394(4) 2.285(1) 2.256(3) 2.303(4)
Ti1-Cs 2.368(3) 2.379(3) 2.307(3) 2.262(1) 2.440(3) 2.412(7)
Ti1—C4 2.351(3) 2.339(3) 2.207(4) 2.281(1) 2.245(3) 2.231(7)
Ti1-Cs 2.202(4) 2.151(4) 2.353(5) 2.316(1) 2.227(3) 2.303(4)
Ti1—Cs 2.390(3) 2.321(4) 2.307(3) 2.223(1) 2.454(3) 2.412(7)
Ti—C1 2.327(5) 2.281(1) 2.368(3) 2.412(7)
Ti—C2 2.237(5) 2.316(1) 2.395(3) 2.303(4)
Ti-Cs 2.222(5) 2.223(1) 2.189(3) 2.231(7)
Ti—Ca4 2.300(4) 2.318(1) 2.322(3) 2.412(7)
Ti—Cs 2.188(4) 2.285(1) 2.356(3) 2.303(4)
Ti2—Cs 2.299(3) 2.262(1) 2.205(3) 2.231(7)
Ti—Cave 2.32(9) 2.3(1) 2.29(6) 2.28(3) 2.32(6) 2.32(8)

CG-C 1.442(5) 1.475(5) 1.425(5) 1.490(1) 1.446(4) 1.448(8)
C-GCs 1.433(6) 1.490(5) 1.440(5) 1.472(2) 1.449(4) 1.422(6)
GGy 1.357(7) 1.388(5) 1.420(6) 1.474(1) 1.446(4) 1.422(6)
Ci—Gs 1.429(5) 1.447(5) 1.427(5) 1.490(1) 1.439(4) 1.448(8)
(G2 @ 1.426(6) 1.460(5) 1.426(5) 1.472(2) 1.436(4) 1.422(6)
Ce—C1 1.373(7) 1.366(5) 1.417(6) 1.474(1) 1.436(4) 1.422(6)
C—Cave 1.41(4) 1.44(5) 1.426(8) 1.47909) 1.442(6) 1.43(1)

Ti~Ti - - 3.588(2) 3.4762(3) 3.6419(6) 3.654(3)
arene dihedral  19.8(2) 29.6(3) 9.2(3) -a 20.0(2) 16.1(11)

angle

“Dihedral angle is negligible
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Computational Methods

All geometry optimizations and frequency calculations were performed with the Gaussian 16
package (Rev. C.016).° Structures were optimized using the M06 functional'® and def2- family of
basis sets,'? generally starting with def2sv(p) and reoptimizing at the def2svp level. The
ultrafine grid setting was used for all calculations to avoid integration errors, as is suggested with
MO06 functionals.’™* Calculations on compounds with unpaired electrons were ran using
unrestricted DFT, with a representative orbital belonging to one electron shown (a in most cases).
Frequency calculations were performed on the optimized geometries at the same level of theory
to obtain free energies and verify the structure as a minimum with no imaginary frequencies. To
mitigate fictitious contributions by small frequencies, thermal energies were calculated at 298.15
K and 1 atm using a frequency correction calculation that scales any frequencies lower than 50
cm! to 50 cm.*® Figures of computational structures have hydrogens omitted for clarity and MOs

rendered at an iso value of 0.02.

Computational Investigation

The goal of our computational investigation was to obtain DFT-optimized structures of both the
titanium toluene adduct and side on N2 adduct [5 and 6]. While not as convincing as experimental
results, this would help us compare structural data and see if the calculated structures optimized
to our expected structures and were local minima on their respective potential energy surfaces.
Additionally, this would allow a qualitative understanding of bonding in 5 and 6. Optimization
of 6 both as 6-Li and 6-K from X-ray coordinates using the M06 functional starting at the def2sv(p)
level before reoptimizing with def2svp resulted in the same overall structure from X-ray
coordinates (Figure S5, top). Attempts to optimize the side on N2 adduct 5 either as a doublet or
as a quartet resulted in vastly different structures (Figure S5, bottom). Initial optimizations from
X-ray coordinates were unsuccessful with the standard Berny algorithm, and required the
keyword scf=xqc as the SCF was not able to converge otherwise.

The doublet structure optimizes to give a bridging N2 between the two Ti atoms and an equivalent

of N2 extruded, with the closest Ti-N contact at over 3 angstroms. The quartet structure optimizes
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to give a a-n2n! coordinated dinitrogen (N-N = 1.237 A). The other N2 could be described as a -
ntnt coordinated dinitrogen (N-N = 1.19 A) with one elongated Ti-N interaction at 2.14 A. Both
of these results and the fact that quadratic convergence is necessary when starting from the

previously reported coordinates provides further evidence that 5 is unlikely to exist.

1- 1-

(TMS),N Me (TMS),N Me
\ " A\ -III"‘\N(TMS)Z L \ " AN -|||“‘\N(TMS)2
/T| — TI\ MO6, def2svp /T| \ T|\

(TMS),N \ N(TMS), GD3 correction (TMS),N N N(TMS),

6-K and 6-Li X-ray structure retained after optimization
X-ray structures

N$N

DFT, doublet SN N(TMS),
M06, def2svp, GD3 correction (TMS)N,, o WNT g
N scf=xqc (TMSN™ N N\
(TMS)2N ya L N(TMS),
N\ C N .”“\\N(TMS)Z
\N/Tl —_
/N0 TSNTMs), _
(TMS),N N l\\l“
. DFT, quartet (TMS)ZN//,, ./’N\ .,\\N(TMS)2
5 . —li T
M08, def2svp, GD3 correction (TMS)2N }\l//N N(TMS),
scf=xqc L

Figure S7. Summary of DFT analyses of 6-Li, 6-K, and 5.

Qualitative analysis of the frontier orbitals of 6-K and 6-Li demonstrates that, as expected, the
bonding is extremely similar. The LUMO and SOMO £ (unoccupied) are cation centered, either
on the K*-capping arene, or TMEDAs wrapped around Li*. The SOMO a (occupied) for both
compounds involves one Ti-arene o-interaction and 0-bonding between the other Ti and arene.
The HOMOs involve almost entirely Ti-arene d-bonding, as do the HOMO-1s. Below HOMO-1,

the MOs are primarily Ti-amide bonding or ligand centered.
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Frontier Orbitals of 6-Li

Figures §9. SOMO «a (occupied) showing delta bonding between one Ti atom and arene, and

sigma bonding between other Ti atom and arene. Li(TMEDA )" omitted.
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Figure S$10. HOMO showing delta bonding between both Ti atoms and arene.
Li(TMEDA):* omitted.

Figure S11. HOMO-1 showing delta bonding between both Ti atoms and arene.
Li(TMEDA)z* omitted
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Frontier Orbitals of 6-K

Figure S12. LUMO centered on arene interaction with K*.

Figure S13. SOMO (3 (unoccupied) centered on the arene interaction with K*.
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Figure S14. SOMO a (occupied) showing delta bonding between one Ti atom and arene, and

sigma bonding between other Ti atom and arene.

Figure S15. HOMO showing delta bonding between both Ti atoms and arene.
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Figure S16. HOMO-1 showing delta bonding between both Ti atoms and arene.

5 quartet

Figure S17. The calculated structure of 5-as a quartet from crystallographic coordinates

optimizes to yield a coordinated end-on dinitrogen and p2-n*n' coordinated dinitrogen.
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5- doublet

Figure S18. The calculated structure of 5-as a doublet from crystallographic coordinates

optimizes to yield a dissociated dinitrogen (3.12 A to closest Ti) and bridging nitrides.
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Figure S20. HOMO of 10 depicting Ti-N pi bonding.
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Figure S21. HOMO-1 of 10 depicting Ti-N pi bonding (orthogonal to HOMO).
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Figure S22. HOMO-33 of 10 depicting continuous Ti-N-N-Ti pi bonding.
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UV-VIS DATA
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Figure S23. UV-vis spectrum of 6-K in toluene.
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Figure S24. UV-vis spectrum of 6-Li in 10:1 toluene:TMEDA.

538



25+

20
3 154
&
[}
2
£
2
< 1.0
0.5
00 ‘ ; ; : ; ; : : ; : ;
400 600 800 1000
Wavelength (nm)
Figure S25. UV-vis spectrum of 10 in pentane.
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Figure 526. Raman of 6-K in toluene using a 457 nm laser and expanded region (inset). Note:
solvent background not subtracted.
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Figure S27. Raman of 6-Li in 10:1 toluene:TMEDA using a 457 nm laser and expanded region
(inset). Note: solvent background not subtracted.

540



Table S16. Comparison of select vnn frequencies (cm™) and N-N bond distances (A) of bimetallic

Ti complexes containing a p2-No.

Compound van (em?)  N-N (A) Side-on or End-on N2 Reference
[{(Tren™S)Ti}2(u-n"1'-N2)] 1701 1.121(6) end-on 16
[(P-CsMesEt)2Ti(N2) | (1':7'-N2) 1719 1.150(2) end-on 17
[(15-CsH3-1-Pr-3-Me)2Tilo(r2:12-No) 1742 1.226(5) side-on 18
[(1p -CsHs3-1,3-Pr2)Tilo(112:172-N2) 1747 1.216(5) side-on 18
5-CsMes) (ne-CsHaC(CsHas-4-Me)2) Ti2(n':n'-N2) 1749 1.160(3) end-on 19
1 1 ntm
Free N2 2330 1.098(1) - -

Routing keywords and energies: See XYZ file for coordinates
6-Li
opt=(calcfc,maxcyc=512) freq=noraman def2svp empiricaldispersion=gd3

integral=grid=ultrafinegrid m06 scf=maxcyc=512 temperature=298.15

Energies

The electronic energy (Hartrees): -6162.80362

The Corrected Thermal Enthalpy (Hartrees): -6161.220173
The Corrected Thermal Free Energy (Hartrees): -6161.441666
6-K

opt=(calcfc,maxcyc=512) freq=noraman def2svp empiricaldispersion=gd3

integral=grid=ultrafinegrid m06 scf=maxcyc=512 temperature=298.15

Energies

The electronic energy (Hartrees): -6331.779642

The Corrected Thermal Enthalpy (Hartrees): -6330.530146
The Corrected Thermal Free Energy (Hartrees): -6330.728273

5- doublet (initial coordinates from crystal structure)
opt=(calcfc,maxcyc=512) freq=noraman def2svp empiricaldispersion=gd3

integral=grid=ultrafinegrid m06 temperature=298.15 scf=xqc

Energies
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The electronic energy (Hartrees): -5408.410285
The Corrected Thermal Enthalpy (Hartrees): -5407.414847
The Corrected Thermal Free Energy (Hartrees): -5407.596073

5- quartet (initial coordinates from crystal structure)
opt=(calcfc,maxcyc=512) freq=noraman def2svp empiricaldispersion=gd3
integral=grid=ultrafinegrid m06 temperature=298.15 scf=xqc

Energies

The electronic energy (Hartrees): -5408.410285

The Corrected Thermal Enthalpy (Hartrees): -5407.414847
The Corrected Thermal Free Energy (Hartrees): -5407.596073

10 from crystal structure
opt=(calcfc,maxcyc=512) freq=noraman def2svp empiricaldispersion=gd3

integral=grid=ultrafinegrid m06 temperature=298.15

Energies

The electronic energy (Hartrees): -5763.302627

The Corrected Thermal Enthalpy (Hartrees): -5762.066345
The Corrected Thermal Free Energy (Hartrees): -5762.259627
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