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Table S1. The ELF parameters and CVB index involved in hydrogen bond O1-H2···N3 or O4-

H5···N6 for BDYBD-O, BDYBD-S and BDYBD-Se in S0 and S1 states. CVB index = ELF(C-V,D) 

- ELF(DH-A).

BDYBD-O BDYBD-S BDYBD-Se 

States S0 S1 S0 S1 S0 S1 

ELF(C-V,D) 0.1026 0.1050 0.1035 0.1071 0.1036 0.1073 

ELF(DH-A) 0.2183 0.3288 0.2369 0.3849 0.2373 0.3899 

CVB index -0.1157 -0.2238 -0.1334 -0.2778 -0.1337 -0.2826
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Table S2. The calculated Mulliken charge and NPA charge of O1, H2, N3, O4, H5 and N6 atoms 

for BDYBD-O, BDYBD-S and BDYBD-Se in both S0 and S1 states. 

Mulliken charge NPA charge 

atoms S0 S1 S0 S1 

BDYBD-O 

O1 -0.288 -0.285 -0.658 -0.656

H2 0.295 0.290 0.504 0.497 

N3 -0.222 -0.229 -0.526 -0.528

O4 -0.288 -0.285 -0.658 -0.656

H5 0.295 0.290 0.504 0.497 

N6 -0.222 -0.229 -0.526 -0.528

BDYBD-S 

O1 -0.290 -0.283 -0.655 -0.653

H2 0.300 0.294 0.502 0.490 

N3 -0.176 -0.184 -0.482 -0.491

O4 -0.290 -0.283 -0.655 -0.653

H5 0.300 0.294 0.502 0.490 

N6 -0.176 -0.184 -0.482 -0.491

BDYBD-Se 

O1 -0.291 -0.283 -0.654 -0.652

H2 0.301 0.294 0.501 0.490 

N3 -0.185 -0.192 -0.484 -0.494

O4 -0.291 -0.283 -0.654 -0.652

H5 0.301 0.294 0.501 0.490 

N6 -0.185 -0.192 -0.484 -0.494

Table S3. The stepwise potential barriers (kcal/mol) in S1 state along with I → III, I → II and II → 

III paths for BDYBD-O, BDYBD-S and BDYBD-Se compounds using Cam-B3LYP functional. 

BDYBD-O BDYBD-S BDYBD-Se 

I → III 2.9548 2.6949 2.0541 

I → II 1.6059 1.2473 1.1110 

II → III 2.6872 2.4912 2.1017 



The coordinates of the searched TS forms in S1 state 

BDYBD-O (TS1): 

X Y Z 

C 0.72980900 -1.48773700 0.00363500 

C -0.67916800 -1.51523400 0.01179100 

C -1.43152000 -0.34823100 0.03227900 

C -0.72428600 0.92533600 -0.01494100

C 0.69253100 0.94191400 0.02085300

C 1.44582700 -0.29469500 -0.01298500

H 1.27225100 -2.42325900 -0.00419700

H -1.18574200 -2.47117600 0.02268600

C 2.87363700 -0.23858400 0.00061900

O 3.59029600 -1.39822300 0.07079900

C 4.97425800 0.51447500 0.08907700

C 4.98136700 -1.01164100 -0.12841500

H 5.33826200 0.78850800 1.08513400

H 5.58940500 -1.56324500 0.58470300

C -2.85101700 -0.30188700 0.03200600

O -3.60966000 -1.42114700 -0.08997200

C -4.92840300 0.54287200 -0.12083500

C -4.99066000 -0.98096300 0.09535100

H -5.20849200 0.82161100 -1.14309900

H -5.60976900 -1.51123900 -0.62366400

N 3.55996400 0.86807100 -0.04649100

N -3.51656800 0.83137700 0.12467800

H 5.58520000 1.03887700 -0.64643600

H 5.26389800 -1.28497700 -1.14685800

H -5.57457200 1.08409500 0.56998400

H -5.29134300 -1.24072600 1.11198800

O 1.31533200 2.11454400 0.03194400

H 2.32253400 1.92385900 0.01123900

O -1.40159100 2.04530800 -0.06528000

H -2.51466900 1.74393600 0.00067100

BDYBD-O (TS2): 

X Y Z 

C -0.71964400 -1.45552000 0.00978700 

C 0.68040800 -1.50116100 0.00928700 

C 1.42915100 -0.32724000 0.00568400 

C 0.75127700 0.96030100 0.03231100 

C -0.70022500 1.02771500 -0.02533500



 C                 -1.42588400   -0.24535900    0.02202500 

 H                 -1.27108200   -2.38637000    0.03123000 

 H                  1.18389100   -2.45846500    0.00565700 

 C                 -2.83656800   -0.24601800    0.04374100 

 O                 -3.55491900   -1.38184000   -0.11217700 

 C                 -5.00881900    0.46980200   -0.15468900 

 C                 -4.96004200   -1.04251400    0.08057000 

 H                 -5.20866200    0.71498400   -1.20330500 

 H                 -5.54433100   -1.62446500   -0.62640200 

 C                  2.85171500   -0.30953700    0.01254400 

 O                  3.59733400   -1.42785000   -0.09891500 

 C                  4.94646800    0.52554200   -0.10155100 

 C                  4.98974200   -1.00649100    0.06965400 

 H                  5.56158300    1.04037800    0.63556500 

 H                  5.30552900   -1.30393300    1.07013400 

 N                 -3.64353900    0.81978800    0.22607600 

 N                  3.52602300    0.81033100    0.09343500 

 H                 -5.74153700    0.96738800    0.47771200 

 H                 -5.23388100   -1.30467200    1.10407600 

 H                  5.26585500    0.83964300   -1.09967700 

 H                  5.58516000   -1.52231500   -0.67884100 

 O                 -1.30436200    2.13812500   -0.10034900 

 H                 -3.19998500    1.73095800    0.10062500 

 O                  1.45030900    2.05827400    0.04394000 

 H                  2.62771100    1.70524700    0.06248900 

 

 

BDYBD-S (TS1): 

                        X            Y            Z 

C                  0.68716200   -1.34318000    0.04732200 

 C                 -0.72269100   -1.32434100    0.05205600 

 C                 -1.45361800   -0.14389600    0.00505600 

 C                 -0.69998200    1.09197600    0.00714800 

 C                  0.72141600    1.08017900   -0.02994800 

 C                  1.44274900   -0.18076800    0.01993500 

 H                  1.18458100   -2.30357000    0.09444500 

 H                 -1.24310100   -2.27262000    0.08727200 

 C                  2.87366400   -0.14076800    0.01451300 

 C                  4.93958000    0.91012300   -0.11090700 

 C                  5.37329900   -0.50268300    0.30302800 

 H                  5.46926400    1.66661900    0.46975500 

 H                  5.53845400   -0.57694700    1.37707100 

 C                 -2.88948600   -0.09502100   -0.00535700 

 C                 -4.97454400    0.89126500   -0.11700300 



C -5.37665900 -0.52808000 0.30948600 

H -5.22791100 1.05741600 -1.17212000

H -6.25599500 -0.89322800 -0.21589800

N 3.50731900 1.01270500 0.10710800

N -3.53862600 1.03635200 0.05603300

H 5.16538500 1.08094700 -1.17194000

H 6.25589500 -0.84723300 -0.23038500

H -5.50547600 1.64044000 0.47226900

H -5.53506800 -0.59850300 1.38493200

O 1.37702000 2.21241200 -0.08999000

H 2.46786800 1.92634100 -0.01740000

O -1.31630000 2.26284600 0.00175800

H -2.33175900 2.05975000 0.01918400

S 3.93255300 -1.57718800 -0.14319200

S -3.91843300 -1.57117000 -0.13838800

BDYBD-S (TS2): 

X Y Z 

C 0.69029600 -1.33783100 0.11786700 

C -0.70983800 -1.30036400 0.12131600 

C -1.43505600 -0.10796600 0.03474800 

C -0.71496500 1.16293400 -0.05570800

C 0.74177800 1.10861600 0.00491200

C 1.43746900 -0.16623000 0.04134800

H 1.18680800 -2.29704800 0.18814900

H -1.24070800 -2.23741400 0.23732400

C 2.86929300 -0.14656500 0.02426700

C 4.94251000 0.90378200 -0.16406100

C 5.37899800 -0.50303700 0.26346200

H 5.46511400 1.66904700 0.40986500

H 5.58063400 -0.55772000 1.33203700

C -2.85981000 -0.11917400 0.05896900

C -5.01379500 0.86845700 -0.04680700

C -5.37609300 -0.58495100 0.24481800

H -5.17358700 1.10210900 -1.10653700

H -6.22813100 -0.93255200 -0.33305400

N 3.50766000 0.99601200 0.05789800

N -3.60390700 0.98453500 0.29680400

H 5.15412900 1.07028100 -1.22656100

H 6.24041600 -0.86341200 -0.29300000

H -5.60751100 1.55472100 0.55678100

H -5.55121600 -0.75319300 1.30622000

O 1.41864700 2.21678000 -0.03819000



 H                  2.58318400    1.87371600   -0.00185300 

 O                 -1.31062200    2.27453900   -0.17041600 

 H                 -3.07829800    1.86280600    0.19870500 

 S                  3.91973400   -1.58387600   -0.10781000 

 S                 -3.87136000   -1.53810800   -0.26424800 

 

 

BDYBD-Se (TS1): 

                        X            Y            Z 

C                  0.68558800   -1.00170100    0.09586100 

 C                 -0.72394600   -0.98252700    0.10092500 

 C                 -1.45690300    0.19490800    0.02469600 

 C                 -0.70183700    1.43014800    0.00167300 

 C                  0.71989700    1.41754300   -0.03642900 

 C                  1.44319700    0.15816600    0.04165400 

 H                  1.18109100   -1.96174900    0.16802300 

 H                 -1.24269600   -1.93078600    0.15939100 

 C                  2.87416600    0.19734500    0.03325400 

 C                  4.93862400    1.29728000   -0.11818900 

 C                  5.47432400   -0.05301600    0.37061600 

 H                  5.42594200    2.11757700    0.41202700 

 H                  5.61109500   -0.07429800    1.44982000 

 C                 -2.89265400    0.24283900    0.01138800 

 C                 -4.97851700    1.27624300   -0.12904600 

 C                 -5.48250600   -0.08198700    0.37472500 

 H                 -5.21775600    1.39293100   -1.19430700 

 H                 -6.40028800   -0.39554900   -0.11646600 

 N                  3.50482100    1.35150500    0.09734600 

 N                 -3.53997900    1.37261600    0.04211700 

 H                  5.15238100    1.41904000   -1.18878500 

 H                  6.39424400   -0.34523500   -0.12929600 

 H                 -5.47045000    2.08969800    0.40773100 

 H                 -5.61348600   -0.09662000    1.45486200 

 O                  1.37427000    2.54855300   -0.12023200 

 H                  2.46443900    2.26201100   -0.04214300 

 O                 -1.31689600    2.60120700   -0.02821300 

 H                 -2.33145000    2.39782000   -0.00963400 

 Se                 4.03832600   -1.34931800   -0.08769400 

 Se                -4.02546000   -1.34813000   -0.08250200 

 

 

BDYBD-Se (TS2): 

                        X            Y            Z 



C                 -0.71251100   -0.95456100    0.23530600 

 C                  0.68608700   -0.99072600    0.19874400 

 C                  1.43269000    0.17709400    0.07042200 

 C                  0.73179900    1.44459100   -0.03642900 

 C                 -0.72515800    1.50274200    0.00899100 

 C                 -1.44554000    0.22916400    0.10092000 

 H                 -1.23771200   -1.88886700    0.39433000 

 H                  1.18489100   -1.94470900    0.31376200 

 C                 -2.86880400    0.21054400    0.12534500 

 C                 -5.02804500    1.23922200   -0.02490300 

 C                 -5.49720500   -0.17036900    0.31460200 

 H                 -5.16316700    1.43958400   -1.09525300 

 H                 -6.37548100   -0.46830800   -0.25098800 

 C                  2.86308100    0.19607600    0.02102600 

 C                  4.93096200    1.28620900   -0.26444700 

 C                  5.47618200   -0.03112300    0.29428700 

 H                  5.41280800    2.13899600    0.21560400 

 H                  5.65160600    0.01883400    1.36667800 

 N                 -3.61845700    1.31396200    0.32925600 

 N                  3.49642200    1.33831800   -0.03567700 

 H                 -5.58838000    1.98506400    0.54001000 

 H                 -5.67027400   -0.30125300    1.38035900 

 H                  5.12264600    1.35333500   -1.34194800 

 H                  6.37651900   -0.36090500   -0.21715700 

 O                 -1.32319700    2.61649400   -0.05429500 

 H                 -3.08330000    2.18987000    0.25995500 

 O                  1.40206700    2.54800600   -0.18664700 

 H                  2.56554400    2.20789000   -0.14619600 

 Se                -3.96479000   -1.32658100   -0.20853200 

 Se                 4.02262400   -1.35238000   -0.02116900 


