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Table S1. Full widths at half-maxima of the Ti*°0,, Ti*’O,, and Ti*®0 rutile bands, obtained
experimentally at 295 K and 5 K (Lorentzian shapes).

Mode  FWHM @ 295K (cm™) FWHM @ 5K (cm™)
Ti'%o, TiY'0, Ti0, Ti**0, TiY0, Ti%0;,
Big 2.5 7.2 5.5 1.2 2.1 2

Eq 405 404 371 113 208 102
Ay, 419 459 417 235 271 205
Bag 11 381 129
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Table S2. List of possible combination modes in Ti*°0, and Ti*®0, rutile with the Raman
shifts (vis, v1g) calculated from LDA and from experimental values. In the latter case, Raman
shift values of Byg, Eqg, A1g modes acquired at 5 K (see Table 1, main text) were utilized to
calculate the frequency of the particular combination mode (where possible). In the right
columns (“Measured 5 K”), is the list of combination modes fitted to the experimental
spectra. It is given at positions approximately corresponding to the calculated frequencies.
The ué@g combinations are omitted and the A;®A, and B;®B, combinations are marked with
dark background (see the main text for discussion).

Calculated LDA (cm™)  Calculated from exp. 5 K (cm™) Measured 5 K (cm™)

Combination
Vie vig  Aisis Vie Vig A1618 Vie vig  Aieis
Eo(D) - An 33 35 02
B.(2) - E.(2) 157 43 114
Agy - Biu(1) 452 399 53
E, - A 471 444 27

Eu(1) - Bu,(1) 485 434 51
Eu(3) - Bu(2) 897 976 7.9
E.(3) - E.(2) 1055 1019 35

Ay -E, 1483 139.8 8.5 156.4 148.6 78| 1572 -
By(1) +By(1)  187.1 187.0 0.1 1654 1615 3.9
Ay - Ay 11.2 181.5  174.0 -1.3
Bag - Aq 2046 1929 117 1955  193.0 2.5
Biu(1) + As 2323 2269 5.4 2155 2135 2.0
Bu(1) +E, (1) 2356 2304 5.2 2365  236.3 0.2
Eu(2) - Eu(1) 242.6  236.6 6.0 250.3 2506  -0.3
Eu(2) - Ag 2459 2401 5.8 2644 2647  -03

Buw(2)-Ei(l) 2584 2409 175
B1(2) - A 261.6 2444  17.3

Aoy + Ao, 2775 2668 107
Agq - Big 2780 2621  15.9

Agy + Eo(1) 280.8 2703 105 286.7 -
By + Big 2824 2662 161 285.4 266.4 19.0

E(l) +E,(1) 2841 2738 103 303.7 2959 106

Eu(2)-Bu(l) 2911 280.0 11.1
Bu(2) -Bu(l) 3068 2843 226

Eq- Big 3251 3065 186 310.7 297.3 134| 3199 3064 135
E.(3)-E(1) 3481 3385 96 3401 3281 120
Eu(3) - A 3514 3420 94 3544 3438  10.6
By - Eq 3529 3327 202
E,(3)-Bu(1) 3966 3819 147 3729 3593 136
Bog - Agg 4000 3771 229 4052 3846  20.6
Ay - Big 4733 4463 271 467.1 445.9 21.2

Bu(1)+E(2) 4782 467.0 113
Buw(l) +Bw(2) 4940 4713 227
Ay + Eu(2) 5234 5069 16.5 508.3 4916  16.7
Eu(1) + Ey(2) 526.7 5104  16.3
Ay + By (2) 539.2 511.2  28.0
E.(1) +Bw(2) 5425 5147 27.8

Big+ Agg 5603 528.3  32.0
Bu(l)+E(3) 5837 5689 148
Big + E, 6075 5727 347 596.1 563.7 324

Ag + E(3) 6289 6088  20.1
E(1)+E,3) 6322 6123 199

B2y - Big 678.0 639.2 38.8 691.7 660.2 315

By + Aygq 755.7 7125 43.2 752.5 712.3 40.2
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Eu(2) + Eu(2)
Eu(z) + Blu(z)
Blu(z) + Blu(z)
Agg + Ay
Eu(2) + EuQ3)
Ay + Eq
B1u(2) + Ey(3)
E,+Eq
Big *+ Bag
Eu(3) + Eu(3)
Ay + Agg
E,+ Ay
A+ Agg
Ayy + By
E, + By
Ag + By
Byg + Byg

769.3 7469
7851 7512
800.8 7556
838.3 7904
8748 8489
8854 8348
890.6 8532
932.6 8792
980.3  950.8
10808 1019.0
12200 115838
12383 11675
12854 12119
14337 13517
16383 1544.6

22.4
33.8
45.3
47.9
25.9
50.6
37.4
53.3
54.9
29.5
59.1
61.8
70.3
70.8
735
82.0
93.7

906.8

1063.2
1219.6

861.0

1009.6
1158.2

45.8

53.6
61.4
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Table S3. Full widths at half-maxima of the Ti'°0,, Ti*’O, and Ti*®0, anatase bands,
obtained experimentally at 295 K and 5 K (Lorentzian shapes). The Eq4(2) mode is omitted
due to high uncertainty in the fitting procedure.

Mode  FWHM @ 295K (cm™) FWHM @ 5K (cm™)
Ti*o, Ti'0, Ti*%0, Ti*0, TiY0, Ti*0,
Eq1) 133 15.5 12.8 4.8 9.4 4.5
Big(1l) 323 35.6 24.8 9.6 17.6 8.1
B14(2) 3.7 6.4 3.0
32.0 39.4 29.3
Aig 13.6 17.1 14.8

E,3) 314 329 254 139 193 140
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Figure S1. Evolution of the Raman spectra of Ti'®0, rutile with temperature
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Figure S2. Evolution of the Raman spectra of Ti'®0 rutile with temperature.
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Figure S3. Evolution of the Raman spectra of Ti*®O, anatase with temperature with a
magnified view of the B14(2) and Aiqy mode region (right). The spectra are normalized on the
Eq(1) mode amplitude.
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Figure S4. Evolution of the Raman spectra of Ti®0, anatase with temperature with a
magnified view of the B14(2) and A1y mode region (right). The spectra are normalized on the
Eq(1) mode amplitude.



