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1. Active Spaces for TeC and TeG Systems
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Figure S1. Molecular orbitals of TeC (top) and TeG (bottom) used as active spaces in the MS-CASPT2

calculations.



2. The Choice of Active Spaces for TeG

Table S1. Vertical excitation energies at MS-CASPT2-optimized Sy minima of TeG with different

active spaces.

States (12,10 (12,10)middle (14,12)botiom
S, (") 53.9 58.4 52.8
Sy(nm™) 65.9 67.0 64.3
Ti(nn™) 49.1 52.7 47.4
Ty(nm") 53.3 57.5 52.2
Ts(nr”) 79.5 84.1 78.9

The superscripts of “top”, “middle” and “bottom” refer to the different active spaces of TeG in Fig. S2.
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Figure S2. Molecular orbitals of TeG used as different active spaces (12,10)-(top), (12,10)-(middle),

(14,12)-(bottom) in the MS-CASPT?2 calculations.



3. The Explicit Spin-Orbit Coupled Calculations

Table S2. The absorption energies and oscillator strengths of Sy—T,, calculated with different
density functionals.

cam-b3lyp wb97x-v
Structures States Energy Energy
Osc. Osc.
(eV) (eV)

Si 2.47 0.17*10%4 2.65 0.14*10%4

S, 3.29 0.32 3.36 0.34
TeG T, 1.65 0.30*1095 1.69 0.35*1095
T, 2.16 0.89*10°2 2.35 0.12*10
T 3.38 0.16%10°2 3.62 0.12*1003
Si 2.71 0.67*10%4 2.93 0.66%10%4

S, 2.95 0.22*10 3.42 0.13
TeC T, 2.00 0.13*10%4 2.12 0.14*10%4
T, 2.40 0.68*10°2 2.64 0.72*10°2
T 2.67 0.25*103 3.07 0.76*103

Oscillator strengths are evaluated by the TD-DFT method with the zero-order regular approximation to account

for the scalar relativistic effects.



4. Comparison with Different Chalcogen Substitutions

Table S3.Vertical excitation energies at Sy minima of guanine and cytosine with different chalcogen
atom substitutions (units: eV).

States TeG? SeGP TG G4 TeC? TCe Cf
Si(n7™) 2.32 2.61 3.36 4.93(nr") 2.52 3.65 4.68(rn”)
Sy(nr™) 2.84 3.39 4.05 5.54(nm") 2.78 3.74 5.12(nwc")
Ty(nn™) 2.14 2.40 3.10 - 2.35 3.37 -
Ty(nm) 2.30 2.56 3.31 ; 248 3.47(nn¥) i
Ty(nn”) 3.51 - 424 - 272 3.64(nt%) i

a This work. ® ACS Omega 2019, 4, 9769-9777. ¢ Chem. Commun.2012, 48, 2134-2136. 4 J. Am.
Chem. Soc. 2008, 130, 2473-2484. ¢ Nat. Commun. 2016, 7, 13077. £J. Chem. Phys. 2008, 128,

134110.

Figure S3. Ground-state equilibrium structures of G (top) and C (bottom) with different heavy atom

substitutions. Also shown are the selected bond lengths (in A).



Table S4. The spin-orbit constants (cm!) and intersystem crossing rates (s™') of guanine and cytosine
with different chalcogen atom substitutions in the Franck-Condon approximation based on the MS-

CASPT?2 calculations.
Systems Structures States SOC ISC
TCe MECP !nn*/*nm* Inr* A 160 3.75*%10
MECP 'nr*/nm* Inn*Anr* 170 4.24*1014
(So/Sy/To/T))p Sy/T, 992 1.70%1016
(Sy/S/To) S,/T, 849 5.80%1014
(To/T1/So)r T\/So 1028 3.60%1015
TeCh T S,/Ts 292 1.50%1014
Sip S/T, 768 4.00*%1015
S/T, 619 3.20*1013
Sie S/T, 795 7.90*%10'4
Si/T, 591 7.40%1014
So S,/T, 100 2.10*1012
. Si/T, Si/T, 200 2.93*1013
16 T./So T,Cn*)/So 270 2.14%1013
T./So T,(Grn®)/So 12 2.64*1011
Si/T, 437 4.67*10'4
S;-MIN
3eG Sy/T, 14 1.44%1012
in gas phased S,/S1/T, S,/T, 435 1.39%1015
So/T; T1/So 252 7.16*1013
S,/S\/T, S,/T, 440 5.68*%1014
- 8eG - S,/T, 380 3.03%1014
In water © Si/T, 155 5.87*10"3
T/So T1/So 283 3.56*1013
ST, 399 1.17*%10'4
- SDCI\(I}AG SrMIN SI/T 93 6.34*1012
T/So T1/So 273 2.73*104
(Sy/S1/Ta)p Sy/T; 906 2.10%10!5
(T1/So)r T\/So 694 2.50%10'4
S/T, 888 1.20*1013
TeGP Sip
Si/T, 359 1.10*1015
S/T, 953 1.20*1015
S S//T, 20 1.00%1012




a Nat. Commun. 2016, 7, 13077. b This work. ¢ Chem. Commun.2012, 48, 2134-2136. Chem. Sci.
2014, 5, 1336-1347. 9 ACS Omega 2019, 4, 9769-9777.¢J. Phys. Chem. B 2021,125,1778—1789

5. Additional Proposed Excited-State Relaxation Paths of TeG and TeC
Calculated at the MS-CASPT2 Level
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Figure S4. The proposed excited-state relaxation pathways of TeG based on the MS-CASPT2
calculated LIIC paths (in kcal/mol).
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Figure S5. The proposed excited-state relaxation pathways of TeC based on the MS-CASPT2
calculated LIIC paths (in kcal/mol).
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Figure S6. The proposed excited-state relaxation pathways of TeC based on the MS-CASPT2

calculated LIIC paths (in kcal/mol).
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Figure S7. The proposed excited-state relaxation pathways of TeC based on the MS-CASPT2
calculated LIIC paths (in kcal/mol).
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Figure S8. The proposed excited-state relaxation pathways of TeC based on the MS-CASPT2
calculated LIIC paths (in kcal/mol).
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6. Cartesian Coordinates for Critical Structures Optimized at the MS-CASPT?2
Level (Unit: Angstrom)
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-2.35911727
-0.95418872
-0.99696900
-3.15118232
-1.56904516
-2.88692519
0.50494729
-2.36665327
-0.42031171
0.56994432
-0.87658700
-0.22785140
-2.71676425
-0.46812210
-5.15604481

-1.45521297

-2.36343602
-0.93777593
-1.01358596
-3.11920535
-1.56290691
-2.84662176

-0.55592892
-0.41040103
1.80318030
0.60416823
-2.52861933
2.62267474
-1.95177130
1.75853835
3.05969860
3.01445893
3.77735693
0.72371813
-1.89401487
-1.68900581
0.77451358

-3.60224601

-0.57084319

-0.41241646
1.81485457
0.58145987

-2.54097851

2.62968226

0.02671339
-0.01460104
0.04049956
0.12098135
-0.09028575
0.23103670
-0.12905934
0.10714457
0.14684376
-0.06405144
-0.40519712
-0.01233671
-0.02019242
-0.08747516
0.29469081

-0.14547642

0.16031523
-0.00466605

0.08433739

0.33811278
-0.05819013

0.49889912
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Te

0.49553009
-2.36155894
-0.41925493

0.54593683
-0.91931071
-0.23934704
-2.71176867
-0.46636774
-5.16388000

-1.44653051

-2.35110209
-0.97003375
-0.99682851
-3.12922123
-1.57550852
-2.76611896
0.47581284
-2.36782381
-0.42241060
0.56508706
-0.88332986
-0.23797650
-2.72199290
-0.49027461
-5.18822171

-1.47014036

-1.95187809
1.77037880
3.06796048
3.00378092
3.76828196
0.72096432
-1.90838604
-1.68994038
0.83474240

-3.61134237

-0.54956985
-0.41139116
1.80936610
0.60755516
-2.53145276
2.64611906
-1.95124553
1.80531282
3.07462097
3.02048986
3.75592630
0.75089873
-1.87642525
-1.68983991
0.65059402
-3.60463801

-0.27838644
0.26803201
0.08725161

-0.21345540

-0.45059347

-0.06932526
0.10773336

-0.12660918

-0.19964198

-0.14457884

0.12170233
-0.01925439
0.03937288
0.28369010
-0.05667015
0.56647559
-0.24600035
0.16892611
0.10503425
-0.11447354
-0.48757934
-0.09156199
0.09111219
-0.12483360
-0.11831870

-0.11838669
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-2.34526389
-0.97232074
-0.99891499
-3.13231479
-1.57921499
-2.75980239
0.46707491
-2.35892079
-0.42160134
0.55440278
-0.90899792
-0.23924232
-2.71839318
-0.49503396
-5.14560271

-1.47593722

-2.36193616
-0.97546951
-1.00753151
-3.14713610
-1.56894249
-2.80018894
0.47122215

-2.34603506

-0.54809403
-0.40986377
1.80543492
0.60756023
-2.52937061
2.64978822
-1.94336323
1.79235225
3.06932010
3.01418849
3.75948992
0.74777234
-1.87372738
-1.68584825
0.65301605

-3.60233473

-0.56044946
-0.41156174
1.80582927
0.60084611
-2.53237432
2.65912128
-1.93485588

1.78306823

0.16359194
-0.01325107
0.04878454
0.36887037
-0.04997839
0.59054446
-0.29787626
0.23322499
0.09453473
-0.17155825
-0.46569234
-0.10141780
0.13431020
-0.14058984
-0.27086539
-0.12339716

0.17408225
-0.02956373
0.06613723
0.39982846
-0.03807605
0.48366595
-0.31725910

0.26273974
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Te
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-0.39802588
0.54947599
-0.92266938
-0.24459676
-2.71114721
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-1.45857124

-2.36178791
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-0.46249515
-5.25329876

-1.43077654

3.04824064

2.99366600
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-1.89093907
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-3.60526723
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0.79778654
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0.09678807
-0.25540818
-0.34435886
-0.09821163

0.16054604

-0.15358060
-0.29972515
-0.10836967

0.01842783
-0.02789288
0.04364620
0.07719721
-0.07603858
0.25526651
-0.13686111
0.10531767
0.13945308
-0.08972514
-0.34773462
-0.03587623
-0.01007282
-0.09078191
0.29098287
-0.11607334
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2.63550880
-1.95515319
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0.65886889
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-2.53711059
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-0.01046927
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-0.01028334
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-0.07924883
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0.35522011
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