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S1 Optimized ground state of gas phase DHI
and the mono-hydrated species of DHI

S1.1 Optimized ground state geometry at (120,10e) SA-
CASSCF/6-311++g(d,p) level of theory
C 0.5398418239 1.4590480814 0.0000000000
C -0.6920240928 0.7894290274 0.0000000000
C -0.7807795430 -0.6085472932 0.0000000000
C 0.4014282579 -1.3725481500 0.0000000000
C 1.6158778061 -0.7157485491 0.0000000000
C 1.6902638125 0.6929326031 0.0000000000
C -2.1866842352 -0.9394361834 0.0000000000
C -2.8654114749 0.2386513882 0.0000000000
N -1.9711322823 1.2927062712 0.0000000000
0 2.8245860334 -1.3536267515 0.0000000000
0 2.8929696395 1.3084981618 0.0000000000
H -2.6221156100 -1.9175963240 0.0000000000
H -3.9203729094 0.4183904932 0.0000000000
H 0.6180610767 2.5306661922 0.0000000000
H 0.3669807643 -2.4489287539 0.0000000000
H -2.2154709936 2.2518594524 0.0000000000
H 3.5815943911 0.6651962961 0.0000000000
H 2.7205125357 -2.2878289617 0.0000000000
S1.2 Optimized ground state geometry of conformer D-
O1 at (140,14€)/6-311++g(d,p) level of theory
C -0.9781395630 -1.6398767354 0.0000000000
C -1.6670637706 -0.4185733624 0.0000000000
C -0.9865756396 0.8302439573 0.0000000000
C 0.4223009877 0.8408494541 0.0000000000
C 1.0966642943 -0.3625520943 0.0000000000
C 0.4022969705 -1.5954719030 0.0000000000
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S1.3 Optimized ground state geometry of conformer D-
02 at (140,14€)/6-311++g(d,p) level of theory
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S1.4 Optimized ground state geometry of conformer D-
N1 at (140,14e)/6-3114++g(d,p) level of theory
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S2 Orbitals used in active space based mathods
in case of D-O1 microsolvated species

S2.1 CASSCF natural orbitals used in (140,14e) active
space for the calculation of VEESs
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Figure S1: CASSCF natural orbitals involved in (140,14e)/6-3114++g(d,p) ac-
tive space for the calculation of VEEs of all conformations of mono-hydrated
DHI

S2.2 CASSCF natural orbitals used in (40,2e) active space
for MECP search

)
‘%jrg/‘

1

(d)

Figure S2: CASSCF natural orbitals used in (40,2e) active space for MECP
search of D-O1 microsolvated species

S3 SA-CASPT2 potential energy surfaces (PESs)
of DHI in gas phase

S5
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Figure S3: (a) SA-CASPT2 PES of isolated DHI along ro i elongation (b) SA-

CASPT?2 PES of DHI along rn, i elongation. (¢) SA-CASPT2 PES of isolated
DHI along six membered ring puckering

S4 SA-CASSCF PESs of D-O1 microsolvated species

S6



N ©

Energy/eV
~

= \)
-2

Energy/eV

N 0

6

> 2ne®) | %t
L {2
>

G4 — | &

) | I

& ] Eap

SN

, So-S1 |

VIECP |
L L L L L L Ot A ] . ] . ] A I
1 1.2 1.4 1.6 -40 -30 -20 -10 0
Iy /A C,C,C,C, dihedral angle (degrees)

(c) (d)

Figure S4: (a) SA-CASSCF PES of D-O1 along ro.u elongation. (b) MS-
CASPT2 PES of D-O1 along ro,u elongation. (¢) SA-CASSCF PES of D-O1

along rn,u elongation. (d) SA-CASSCF PES of D-O1 along six member ring
puckering.

S5 SA-CASSCF PESs of D-N1 microsolvated species
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Figure S5: (a) SA-CASSCF PES of D-N1 along ro,u elongation.
CASSCF PES of D-N1 along six member ring puckering.
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S6 Topological parameters around the MECPs
of isolated DHI and microsolvated species of

DHI
Molecule mode Oy oy dgn Agn

OH MECP 0.02045 -1.40292 | 0.19324 | -0.64809

DHI NH MECP -0.87175 | -0.12929 | 0.24844 | 0.89056
six member ring puckered 0.0562 0.44572 | 0.16662 | 0.61658

OH MECP 1.42065 -0.02887 | 0.20173 | 0.99563

D-0O1 NH MECP -0.96429 0.40707 | 0.20508 | 0.77298
six member ring puckered | —0.43724 | —0.02419 | 0.16782 | 0.68522

D-02 OH MECP —1.28578 | —0.71556 | 0.18712 | 0.49274
OH MECP —0.74631 | 0.00167 | 0.37003 | 0.97398

D-N1 six member ring puckered | —0.36624 | —0.28054 | 0.16288 | 0.60084
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S7 g and h vectors around Cls of gas phase DHI
and micro-solvated DHI species

S7.1 ¢ and h vectors around ClIs of gas phase DHI

(a) g-vector (b) h-vector

(c) g-vector (d) h-vector

(e) g-vector (f) h-vector

Figure S6: (a) g-vector around Sg-S3 ro.u elongated CI of DHI. (b) h-vector
around Sp-S3 ro.u elongated CI of DHI. (c¢) g-vector around Sg-So ry,u elon-
gated CI of DHI. (d) h-vector around Sop-S2 rn,n elongated CI of DHI. (e) g-
vector around So-S; nonplanar CI of DHI. (f) h-vector around Sg-S; nonplanar
CI of DHI.
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S7.2 ¢ and h vectors around ClIs of D-O1
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(a) g-vector (b) h-vector

(c) g-vector (d) h-vector

Figure S7: (a) g-vector around So-Ss rn, i elongated CI of D-O1. (b) h-vector
around Sp-Ss2 rn, 1 elongated CI of D-O1. (c¢) g-vector around Sp-S; nonplanar
CI of D-O1. (d) h-vector around Sp-S; nonplanar CI of D-O1.
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S7.3 ¢ and h vectors around Cls of gas phase D-02
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Figure S8: (a) g-vector around Sp-Ss ro.i elongated CI of D-O2. (b) h-vector
around Sp-Sg ro,u elongated CI of D-O2.
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S7.4 ¢ and h vectors around ClIs of gas phase D-N1
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Figure S9: (a) g-vector around So-S3 ro.n elongated CI of D-N1. (b) h-vector
around So-S3 ro.n elongated CI of D-N1. (c¢) g-vector around Sp-S; nonplanar
CI of D-N1. (d) h-vector around Sp-S; nonplanar CI of D-N1.

S8 Excited state optimized geometry of D-O1
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Figure S10: Optically active (7m7*) excited state optimized geometry at

7° C4-C5-C6-C7 dihedral angle: (a) (140,14e) CASSCF/6-311++g(d,p) (b)
TDDFT/6-311++g(d,p)
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S8.1 VEEs at excited state optimized geometries of D-O1

Table S1: VEEs in eV at n7m* excited state optimized geometries of D-O1 at

CASPT2/6-311++g(d,p) level of theory

Geometry S1 (wo*) | S (wm*)
TDDFT optimized 3.62 4.38
CASSCF optimized 3.60 4.37

S9 Vertical ionization energies (VIEs) of DHI,
the microsolvated species of DHI, 4-hydroxybenzothiazole
(4-HBT) and 4-HBT+water

Table S2: The VIEs in eV of DHI and the microsolvated species of DHI with

EOM-IP-CCSD/6-311++g(d,p) level of theory.

Number Orbital EOM-IP-CCSD
1st IP HOMO (39) 7.31
DHI 2nd IP | HOMO-1 (38) 7.64
3rd IP | HOMO-2 (37) 9.63
4th IP | HOMO-3 (36) 10.56
5th IP | HOMO-4 (35) 11.85
Number Orbital EOM-IP-CCSD
1st IP HOMO (44) 6.97
D-O1 2nd IP | HOMO-1 (43) 7.29
3rd IP | HOMO-2 (42) 9.36
4th TP | HOMO-3 (41) 10.18
5th IP | HOMO-4 (40) 11.43
Number Orbital EOM-IP-CCSD
1st IP HOMO (44) 7.31
D-02 2nd IP | HOMO-1 (43) 7.74
3rd IP | HOMO-2 (42) 9.67
4th TP | HOMO-3 (41) 10.61
5th IP | HOMO-4 (40) 11.48
Number Orbital EOM-IP-CCSD
1st IP HOMO (44) 7.01
D.N1 2nd TP | HOMO-1 (43) 7.32
3rd IP | HOMO-2 (42) 9.35
4th IP | HOMO-3 (41) 10.26
5th TP HOMO-4 (40)11.52
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Number Orbital EOM-IP-CCSD
Ist IP | HOMO (39) 8.12
2nd IP | HOMO-1 (38 8.92
4-HBT 3rd IP | HOMO-2 E37; 10.38
4th TP | HOMO-3 (36) 10.53
5th IP | HOMO-4 (35) 11.66
Number Orbital EOM-IP-CCSD
1st IP HOMO (44) 7.96
2nd TP | HOMO-1 (43 9.01
AHBTHwater 5 4 1p | HOMO-2 542; 10.39
4th TP | HOMO-3 (41) 10.61
5th IP | HOMO-5 (39) 11.40
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