Supplementary Information (SI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2024

Supporting information

Nonadiabatic ab initio chemical reaction dynamics on photoisomerization
reaction of 3,5-dimethylisoxazole via the S, electronic state

Mizuki Kimura? and Shinkoh Nanbu* b

@ Graduate School of Science and Technology, Sophia University, Japan, Chiyoda, Tokyo 102-8554,

Japan. Email: m-kimura-0o3@eagle.sophia.ac.jp

b Faculty of Science and Technology, Sophia University, Chiyoda, Tokyo 102-8554, Japan


mailto:m-kimura-0o3@eagle.sophia.ac.jp

3,5-dimethylisoxazole cartesian coordinates (A) at XMS-CASPT2
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3,5-dimethylisoxazole cartesian coordinates (A) at SA4-CASSCF
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Table S1(a) The primary CSF for each state and the squared values of transition dipole moment (TDM) at SA4-CASSCF

Electronic State  Primary Electronic Configuration TDM2/ ag?
S Ryd « (Tno + ) 0.119
S, e +Toc”  (Tno+Teec)” 0.437
Ss Tye” + e  (n+9co4cc)” 0.111

Table S1(b) The vertical excitation energy (Ep)

Electronic State XMS-CASPT2/ SA4-CASSCF/ SAC-Cl/ SAC-Cl/
cc-pVDZ + sp cc-pVDZ + sp aug-cc-pvVDzZ cc-pVTZ

So -323.01051634 -323.53623696 -323.262988 -323.375982

S1 -322.77050436 -323.28875461 -323.032850 -323.128486

S, -322.76137757 -323.28280562 -323.024065 -323.120191

S3 -322.74817739 -323.26228710 -323.007678 -323.087671
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Fig. S1 The molecular orbitals (MOs) in the active space for SA4-CASSCF
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Table S2(a) The coefficients of the correlation interaction (Cl) for the Sg, S, S, and S; states at XMS-CASPT2 level

Configuration State Function (CSF) So S1 S, Ss3
(24a)?%(25a)%(260)%(27a)°(280a)°(29a)° -0.9387224  0.0000001  -0.0000204 -0.0433679
(24a)?%(25a)%(260)1(27a)°(280a)(29a)° -0.0000001 0.9269819  0.0040877  -0.0000004
(24a)?%(25a)%(260)1(27a)(280a)°(29a)° 0.0000002  0.0041877  0.9149561  -0.0004300
(24a)Y(25a)%(260)1(27a)(280a)°(29a)° 0.0866112  0.0000018  -0.0003280 -0.6938881
(24a)1(250)%(260)%(270a)°(280a)°(29a)* 0.0550695  0.0000005  0.0001656  0.3500992
(24a)%(25a)%(260)°(27a)(280a)°(29a)? -0.0300139  -0.0000000 0.0001544  0.3331554

Table S2(b) The ClI coefficients for each electronic state at SA4-CASSCF level

Configuration State Function (CSF) So S1 S, S3
(24a)%(25a)%(26a)%(27a)°(28a)°(294a)° -0.9383068 0.0000001 -0.0439348 0.0000123
(24a)%(25a)%(264a)(27a)°(28a)*(294a)° -0.0000003 0.9267115 0.0000040 0.0034411
(24a)%(25a)%(26a)(27a)1(284a)°(294a)° 0.0850873 0.0000037 -0.7063145 0.0001956
(24a)1(25a)%(264a)%(27a)1(284a)°(294a)° 0.0562196 0.0000008 0.3372313 -0.0000930
(24a)1(25a)%(264a)%(270a)°(28a)°(29a)* -0.0307454 -0.0000003 0.3273773 -0.0000958

(24a)?(25a)1(264a)%(27a)*(28a)°(294)° 0.0000003 0.0043313 0.0002571 0.9139180



Table S3 (a) The first peak of the histogram of distance in comparison by brute force of structures with non-adiabatic transitions

(id, Time / fs) Distance, d Probability, p Geometryl Geometry2
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Table S3 (b)The second peak of the histogram of distance in comparison by brute force of structures with non-adiabatic transitions

(id, Time / fs) Distance, d Probability, p Geometryl Geometry2
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Table S4 (a)The primary peak around d=18.03

(id, Time / fs) Distance, d Probability, p Geometry
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Table S4 (b) The subsidiary peak around d = 9.98

(id, Time / fs) Distance, d Probability, p Geometry
(011, 24.00) 9.98 0.84
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Table S4 (c) Time-resolved histograms.
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Fig. S2 (a) and (b) are time variations of the Cl-coefficients between 100 fs corresponding to Figures 6(b) and 6(d).



Table S5 (a) The time variation for molecular orbitals on the trajectory producing azirine after photoexcitation

Time / fs 26a 27a 28a

0.00




Table S5(b) The time variation for molecular orbitals on the trajectory producing azirine

Time / fs 26a 27a

18.75

22.50

23.50

25.00

50.00

100.00

150.00

250.00




Table S5(c) The time variation for molecular orbitals on the trajectory producing azirine after photoexcitation

Time / fs 24a 25a 26a 27a 28a

0.00

15.50

68.25

69.75

74.75

79.50

86.50

104.75
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Fig. S3 The isomerization pathways to nitrile ylide product at XMS-CASPT2 level: (a) the potential energies of four electronic

states over the time evolution, and (b) ClI coefficients over the same time are shown. The legends used in (b) is mentioned in

Fig. 6.



Table S6(a) The time variation for molecular orbitals on the trajectory producing nitrile ylide and oxazole

Time / fs 26a 27a 28a

0.00

4.75

7.25

7.50
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Table S6(b) The time variation for molecular orbitals on the trajectory producing nitrile ylide and oxazole

Time /fs 26a 27a

21.50

76.00




Table S6(c) The time variation for molecular orbitals on the trajectory producing nitrile ylide

Time / fs 26a

150.00

175.00

200.00




Table S6(d) The time variation for molecular orbitals on the trajectory producing oxazole

Time / fs 26a 27a

350.00

375.00

400.00

425.00




Table S7(a) The time variation for molecular orbitals on the trajectory producing ketenimine

Time/fs 24a 25a 27a

0.00

16.75

28.25

55.75

65.00

92.50

361.75




Table S7(b) The time variation for molecular orbitals on the trajectory migrating the methyl group.

Time / fs 25a 26a 27a 28a

375.00

400.00
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Fig. S4 The methyl shift, (a) the optimized geometry of conical intersection, (b) MOs at the optimized conical intersection, (c) MOs for the methyl migration
in our trajectory, and (d) MOs for methyl radical only



Table S8 The other products
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Fig. S5 The molecular orbitals for the other products for (a) the C3-C7 bond dissociation, (b) CH;CN + CH3CCO, and (c) CH;CN



Table S9 The time variation of molecular orbitals for producing acetonitrile and 1,2 -shift

Time / fs 26a 27a

24.00

25.00

50.00
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