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Figure S1 Symmetry coordinates, |1), for (a) stretching and (b) bending vibrations of cubic YOg, octahedral AlOg, and tetrahedral AlO4
moieties. See Table S1 for mathematical expression of the symmetry coordinates.
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Figure S2 Left: full PDM for silent normal modes of YAG. Right: average atomic displacements of Y, AIVL AI'Y, and O atoms.
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Figure S3 Vibrational frequency shift of YAG:z%Ce>" upon increasing Ce3* dopant concentration from z = 0 to z = 3. IR-active modes at
222,294, and 333 cm ™! are offset by —1, —2, and —3 cm™ !, respectively. Raman-active modes at 162, 218, and 339 cm! are offset by —1,
—2,and —3 cm‘l, respectively.
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Figure S4 IR spectra of YAG:z%Ce3* (z = 0, 1, and 3) in the temperature range of 300-780 K. Vertical lines are positioned at the maxima of
the IR bands of YAG at 300 K.
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Figure S5 Experimental and calculated vibrational frequency shift of YAG upon increasing temperature (a) from 300 to 780 K for the IR-active
modes and (b) from 300 to 870 K for the Raman-active modes.
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Table S1 Mathematical description of the symmetry coordinates, |1), of cubic YOg, octahedral AlOg, and tetrahedral AlO4 moieties, ex-
pressed in terms of the internal coordinates r (bonding length) and 6 (bonding angle), cf. Figure S1. Degeneracy of symmetry coordinates is
distinguished by the superscripts /,” and "

Displacement Symmetry coordinate

Cubic YOg

Symmetric stretching A’ \[A(rl +rtr3trgtrs+re+rr+rg)

Asymmetric stretching AL, = \[A(rl —rtr3—rg—rs+rg—ry+rg)

Asymmetric stretching T "= f AQBri+r—r3y+ry+rs—rg—3r7—rg)

Asymmetric stretching Tl u = A(rz +r3—rs—rg)

Asymmetric stretching T1 .= #A(rz —r3—2r4+rs+2rg—rg)

Stretching Tzlgr 2\[ AQBri—r—r3—rqy—rs—re+3r7—rg)

Stretching TZ,;, = QA(rg —r3—rs+rg)

Stretching ng "= #A(—rz —r342r4—rs+2rg—rg)

Symmetric bending E,°= zyﬂeeufemfemfeB79%+2%¢7%77am+2%67%8f@n+2w@
Symmetric bending E,®= 2¢7(2m3—m6—9m+2@¢—@5 027 — O35 — B35 — Oas — Oa7 -+ 2057 +26¢3)
Symmetric twisting Eu o= 2{ A(2013 — 016 — 018 — 2024 + 025 + 027 — O3 — O38 + O45 + 047 — 2057 + 2643)
Symmetric twisting E 16 = z\lfA(Om — 013 — 625+ 67 — 036+ O3 + 645 — 647)

Asymmetric bending TI’M = %A(Zelz + 614+ 615+ 023+ 626 — 637 — O43 — Osg — Og7 —2673)

Asymmetric bending Tlﬁue = %A(Gl 3+ 624 — 057 — Ogg)

Asymmetric bending T, = LA(614 — 615 + 623 — O + 2034 + 037 + Oug — 2056 — Osg — O7)

Bending T2’g9 = JA(812 — 634 — O56 + 7g)

Bending Tzlg = JA(613 — 624 + 057 — O63)

Bending TZ'Z, 0 = LA(B14 — 63 — 055 + 667)

Asymmetric twisting Tzue = (2612 — 014 — 015 — 63 — Oy + 037 + 048 + O5g + Og7 — 2673)

Asymmetric twisting Ty,% = JA(=614+ 615 — 623 + B2 + 2034 — B37 — O — 2056 + Osg + 0g7)

Asymmetric twisting TZHI; 6= %ﬁA( 014 — 015 — 023 + Or6 + 037 — O48 + O55 — O7)

continued on next page
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Table S1 continued

Octahedral AlOg
Symmetric stretching
Stretching

Stretching
Asymmetric stretching
Asymmetric stretching
Asymmetric stretching
Asymmetric bending
Asymmetric bending
Asymmetric bending
Bending

Bending

Bending

Asymmetric bending
Asymmetric bending

Asymmetric bending

A{g —6A(r1 +rtr3trgtrs+rg)

g

Egr = 7A(2r1 —ry—r3—r4—rs—+2rg)

E(;r IA(}”27F3+}”47}“5)

M\

17,0 = LA(2612 + 613 + 615+ 623 + 625 — B34 — B36 — Oy5 — 2046 — B56)

Tl”ue = \I/EA(OIS — 015+ 623 — 0p5 + 034 + 036 — 045 — Os¢)

"

T, % = LA(613+2014 + 015 — 623 — B35 — 206 + O34 — 836 + O45 — O5¢)

’

ng9 = JA(612 — 014 — 626 + O4g)

Tp,% = 3A(613 — 615 — B3 + O56)

TZ'Z, 0 = 2A(623— 655 — 034+ 645)

7,0 = 1A(2012 — 013 — 015 — 623 — Os5 -+ B34+ B3 + 045 — 2646 + O56)
7,9 = zf A(013 — 815 — 633 + B35 — B34 + B3 + 45 — Os6)

Ty % = LA(—613+2614 — 615+ 623 + 825 — 2026 — O34 + 36 — O45 + O56)

Tetrahedral AlQ4
Symmetric stretching
Asymmetric stretching
Asymmetric stretching
Asymmetric stretching
Symmetric bending
Symmetric bending
Asymmetric bending
Asymmetric bending

Asymmetric bending

A= %A(V1+72+r3+r4)

T2’= A(3r1 —r—ry—ry)

%

5A(r—r3)

s\— sw

(r2 +r3— 2"4)

Ele 1 A(2612 — 613 — 614 — 633 — 624 +2034)

%\

%A(en — 014 — 623+ 624)
T2, TA(912 —634)
T, % = %/A(@m —64)
T, ® TA(GI“ —623)
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Table S2 Compilation of the Debye temperature 8p (in units of Kelvin), of YAG with lattice constant a at the environmental temperatures of
300, 500 and 1200 K that is denoted by azog Kk, as00 k- and a0 K, respectively, where aj290 Kk > asgo Kk > @300 k- 6p is derived from the
2

mean-square-displacement () through (u?) =

x2

), where x = 6p/T and m is the mass of the atom, see ref S1 for

36 3600
details.
YAG az0 K asoo K anoo K
Atoms (u?) (A% 6p (K) (u?) (A% 6p (K) (u?) (A% 6b (K)
Y 0.003891 362.28 0.006940 345.67 0.018951 322.27
AV 0.003638 715.07 0.005930 691.74 0.014748 665.27
ALY 0.003406 742.58 0.005401 726.64 0.012932 710.88
(6] 0.004670 837.99 0.007407 811.02 0.017979 783.75
Average 740.03 716.63 691.75
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