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SUPPORTING INFORMATION AVAILABLE

(6 pages, Tables S1–S6)

==============================================================

Table S1. Harmonic vibrational frequencies and intensities at different levels of theory for the ground state of TiO32- dianion. a

Mode
e
Intensity


(cm-1)
(km mol-1)


A2
191.08
87.8



(205.75)*
(105.2)


E
246.59
0.2



(267.09)
(2.0)


A1
693.28
0.0



(793.63)
(0.0)


E
783.30
302.4



(838.80)
(374.2)

 aFigures in parentheses are the computed harmonic vibrational frequencies and intensities at the B3LYP level.

Table S2. Harmonic vibrational frequencies and intensities at different levels of theory for the ground state of TiO(OH)2 dianion .a

Mode
e
Intensity
Mode
e
Intensity


(cm-1)
(km mol-1)

(cm-1)
(km mol-1)


B1
99.82
23.4
B1
650.20
548.2



(40.05)
(0.0)

(600.99)
(553.3)


A1
193.45
0.8
A1
687.27
48.8



(198.46)
(0.0)

(734.91)
(34.5)


B2
249.86
0.0
B2
824.71
276.2



(239.38)
(4.4)

(855.27)
(270.0)


A1
444.58
16.0
A1
943.83
99.8



(376.23)
(503.7)

(1056.64)
(241.2)


B2
478.54
513.8
B2
3906.38
350.1



(379.23)
(0.4)

(3887.74)
(330.4)


A2
638.63
0.0
A1
3907.54
53.8



(575.43)
(0.0)

(3891.58)
(29.0)

 aFigures in parentheses are the computed harmonic vibrational frequencies and intensities at the B3LYP level.

Table S3. Computed harmonic vibrational frequencies(cm-1) and intensities(km.mol-1) for the Ti2O32+  topomers.a


Ti2O32+ (C2)
Ti2O32+ (C2h)
Ti2O32+ (C2v)
Ti2O32+ (Dh)
Ti2O32+ (C3v)


Mode
e
Intensity
Mode
e
Intensity
Mode
e
Intensity
Mode
e
Intensity
Mode
e
Intensity


A
45.74
33.1
Au
i40.17
76.6
A2
i55.20
0.0
E
i267.40
199.2
E
i299.38
0.0



(44.83)
(0.0)


A
149.27
40.2
Bu
117.52
48.3
A1
103.23
8.0
E
i267.45
0.0
E
i299.38
0.0



(78.41)
(11.5)


A
155.86
71.6
Ag
213.34
0.0
B2
237.93
59.8
E
i292.98
324.2
E
486.72
115.2



(224.36)
(138.0)


A
359.83
108.9
Au
283.43
199.2
B1
287.96
202.3
E
i293.02
324.2
E
486.73
115.2



(260.03)
(16.6)


B
370.18
114.3
Bu
400.20
97.7
A2
410.93
73.8
E
184.33
34.7
A1
595.14
0.0



(397.02)
(41.9)


A
455.42
1.8
Ag
453.19
0.0
A1
452.97
6.0
E
184.37
34.7
E
775.31
145.5



(421.41)
(9.5)


B
978.74
1515.2
Bu
983.04
1678.8
B2
956.58
1352.6
Ag
342.50
0.0
E
775.32
145.5



(878.46)
(1241.7)


B
1265.87
238.1
Bu
1266.60
406.7
B2
1261.04
31.6
Au
885.84
0.0
A1
811.91
336.7



(1263.91)
(8.8)






Au
1191.71
999.5


A
1273.12
238.1
Ag
1269.03
0.0
A1
1278.59
380.3
Ag
1228.22
0.0
A1
943.67
0.0



(1266.32)
(1014.1)

aFigures in parentheses are the computed harmonic vibrational frequencies and intensities at the MP2 level.
Table S4. Harmonic vibrational frequencies(cm-1) and intensities(km.mol-1) for the topomers of the Ti2O52- dianion calculated at the correlated MP2 level of theory.


Ti2O52-(D2d)
Ti2O52-(D2h)


Mode
e
Intensity
Mode
e
Intensity


B1
31.96
3.0
B2u
24.12
1.7


B1
38.79
0.0
B3u
52.82
14.2


E
146.94
83.9
B2g
137.63
0.0


E
146.94
83.9
Au
165.09
0.0


A1
185.74
0.0
Au
185.99
224.0


E
237.04
15.4
Ag
188.47
0.0


E
237.04
15.4
B2u
257.70
0.0


B2
277.64
0.7
B1u
279.56
1.1


A1
387.97
0.0
Ag
386.77
0.0


B2
771.58
66.9
B1u
766.61
172.4



A1
810.70
7.4
B1u
810.59
0.0



B2
833.94
1452.3
Ag
823.48
1370.0



E
858.32
309.3
B3g
853.65
0.0



E
858.32
309.3
B2u
858.71
594.8


Table S5. Harmonic vibrational frequencies(cm-1) and intensities(km.mol-1) at different levels of theory for the ground state of Ti2O3(OH)2. 

HF
MP2
B3LYP


Mode
e
Intensity
e
Intensity
e
Intensity


A
35.50
2.9
31.52
0.6
34.81
1.2


A
55.80
10.5
35.17
0.1
38.17
8.1


B
57.27
8.6
37.17
1.9
45.80
3.4


A
115.46
42.7
96.10
29.1
85.00
20.6


B
125.20
52.9
101.13
37.0
101.11
42.7


A
190.74
0.8
168.46
0.5
180.85
5.9


B
247.47
4.2
211.16
10.5
217.20
1.2


A
318.07
46.4
261.14
21.6
270.31
27.4


B
331.48
50.3
261.55
19.1
287.03
34.9


A
428.97
8.3
378.17
0.5
387.38
68.0


B
503.53
400.4
480.69
272.8
425.83
196.0


A
511.58
167.1
481.88
224.4
447.39
153.0


A
658.15
342.8
647.14
238.5
593.09
288.6


B
659.26
369.4
647.15
301.4
604.20
269.8


A
822.48
339.0
739.41
180.4
788.32
193.1


B
853.43
144.0
775.30
65.7
818.21
115.3


A
997.32
1713.8
899.92
1385.3
955.51
1364.3


B
1145.70
389.7
933.96
92.7
1052.34
241.3


B
1154.17
335.1
942.44
397.0
1058.82
181.6


B
4262.27
451.7
3897.44
379.2
3866.25
221.9


A
4263.42
148.5
3898.31
94.0
3878.83
208.0

Table S6. Harmonic vibrational frequencies(cm-1) and intensities(km.mol-1) at different levels of theory for the ground state Ti2O64- and Ti2O2(OH)4. 

Ti2O64- 
Ti2O2(OH)4

Mode
e
Intensity
Mode
e
Intensity


B1
83.33
0.4
B1
74.23 (68.78)a
2.6 (3.7)


A2
134.49
0.0
A2
128.41 (121.50)
0.0 (0.0)


A2
168.49
0.0
A1
166.54 (153.27)
0.0 (15.1)


A1
190.39
7.0
A2
171.86 (165.69)
4.4 (0.0)


A1
202.22
0.0
A1
186.71 (174.90)
0.0 (0.0)


B1
240.89
0.0
B2
219.39 (204.59)
9.1 (28.8)


B2
250.68
0.0
B2
235.96 (206.25)
0.0 (0.0)


B2
272.71
0.0
B1
270.43 (247.02)
0.0 (0.0)


B1
291.79
59.9
A2
377.77 (271.48)
10.2 (0.0)


B2
339.03
0.0
B1
426.44 (290.10)
0.0 (125.9)


A1
350.04
0.0
B2
428.71 (338.41)
0.0 (761.6)


A1
530.51
122.0
A1
442.94 (351.98)
0.2 (0.0)


B2
537.49
1663.9
A2
477.73 (360.70)
277.6 (0.0)


A1
552.56
0.0
B2
488.84 (366.77)
795.8 (0.0)


A2
596.08
0.0
B1
500.81 (370.83)
0.0 (14.5)


B1
616.19
1010.0
B1
510.15 (371.46)
0.0 (69.8)


B2
665.32
619.8
A1
521.88 (410.24)
0.8 (868.9)


A1
734.27
0.0
A1
530.15 (416.45)
903.6 (0.1)





B2
534.42 (467.74)
0.5 (0.0)





A1
749.86 (687.96)
673.9 (295.6)





B2
805.03 (736.63)
23.2 (147.6)





A1
824.98 (752.59)
1704.4 (0.0)





B2
825.00 (786.03)
0.0 (1042.2)





A1
885.08 (844.23)
0.0 (0.0)





A2
895.64 (854.77)
0.2 (0.0)





B1
917.24 (877.15)
805.2 (509.9)





A2
4278.56 (3933.45)
0.0 (0.0)





B1
4279.42 (3934.22)
990.3 (711.8)





B2
4281.43 (3935.15)
591.2 (440.4)





A1
4286.69 (3939.29)
0.0 (0.0)

aFigures in parentheses are the computed harmonic vibrational frequencies and intensities at the B3LYP level.

