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I. Supplementary Figures
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Fig. S1 The optimized unit cell structure of four host-guest complexes: (a) PYCI/CB[6], (b) PYBr/CB[6], (c)
PYCI/CBJ[7], (d) PYBr/CBJ7].
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Fig. S2 The QM/MM model of (a) PYCI, (b) PYCI/CBJ[6] and (c) PYCI/CB[7] with the representative distance
between the plane of PY™ and the counterion labeled.
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Fig. S3 The wavelength of Phosphorescence at Ti-geometry calculated by different functionals, including TPSSH,
B3LYP, BMK and M06-2X coupled with 6-31G** basis set for PYBr.
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Fig. S4 Single-crystal X-ray diffraction analysis of (a) PYCI, (b) PYBr. The dotted line shows the n-m interaction
force between two adjacent molecules and hydrogen bond. Here, H-bond with the distance between the donor (D)
and acceptor (A) atoms is less than 3.5 A, and the angle of D-H-A is greater than 135°.
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Fig. S5 Intermolecular interactions of (a) PYCI/CBJ[6], (b) PYBr/CBJ[6], (c) PYCI/CBJ[7], (d) PYBr/CBJ[7].



PYCI PYBr
RMSD = 0.1038 A RMSD = 0.0803 A

PYCIl/CB[6] PYBr/CB[6]
RMSD = 0.0503 A RMSD = 0.0791 A

PYCI/CB[T7] PYBr/CB[7]
RMSD = 0.4744 A RMSD = 0.3168 A

Fig. S6 The structural superposition and RMSD values of (a) PYCI, (b) PYBr, (c) PYCI/CB[6], (d) PYBr/CBJ6],
(e) PYCI/CB[7], (f) PYBr/CB[7] in the optimized Sy and T; geometries in crystals.
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Fig. S7 (a) The frontier molecular orbitals at S;-geometry of (a) PYCI/CB[7], PYBr/CB[7]. (b) The energy levels
of key transition orbitals and the corresponding transition properties of the PYBr, PYBr/CB[6] and PYBr/CB[7] at
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Fig. S8 The transition orbitals for the excited singlet state S, (n<4) of (a) PYCI, (b) PYBr, (c) PYCI/CB[6], (d)
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Fig. S9 The frontier natural molecule transition orbitals for the T, of (a) PYCI, (b) PYBr, (c) PYCI/CBJ6], (d)

PYB/CBI6], (e) PYCI/CBI[7], (f) PYBr/CB[7].
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Fig. S10 Energy level of HOMO, LUMO, and the corresponding energy gap based on T geometries of the studied

molecules. “H” means the “HOMO”, “L” means the “LUMO”.
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Fig. S11 Transition orbitals of the high-lying triplet states of (a) PYCl and (b) PYBr.
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Fig. S12 Transition orbitals of the high-lying triplet states of (a) PYCI/CB[6] and (b) PYBr/CB[6].
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Fig. S13 Transition orbitals of the high-lying triplet states of (a) PYCI/CB[7] and (b) PYBr/CBJ[7].



I1. Supplementary Tables

Table S1. Table of unit cell parameters and cell volume for the host-guest complexes: PYCI/CB[6], PYBr/CB[6],
PYCI/CB[7], PYB1/CB[7].

Complexes a(A) b (A) c(A) o S y Volume (A3)
PYCI/CB[6] 20.74 13.97 10.68 90.00 120.97 90.00 2652.88
PYBr/CBJ[6] 20.86 13.99 10.88 90.11 121.42 89.87 2709.62
PYCI/CB[7] 12.85 20.13 31.66 90.00 92.59 90.00 8185.58

PYB1/CBJ[7] 12.95 19.91 32.27 89.97 91.26 89.96 8319.44




Table S2. Selected structural parameters of PYCl and PYBr at both the Sy and T, geometry, the geometrical changes
|A(T;-Sp)| in crystal, respectively.

5 6
R R e
10 11 ! 3 2
PYCI PYBr

So T,  AT-S  So T, AT\-S|

Br-X~ 3.00 299 0.01 326 323 0.03

C1-Br 200  1.96 0.04 2.01 1.98 0.03

C4-C7 148 141 0.07 148 141 0.07

C2-C1-Br 120.12 120.76  0.64 119.27 119.59  0.32

Cl11-C7-C4 122.13  122.61 0.48 120.17 120.07  0.10

D, c5-(é4t1—1(?17- 0.70  1.08 038 1591  8.13 7.78




Table S3. Selected structural parameters of PYCI/CBJ[6], PYBr/CB[6], PYCI/CB[7], PYBr/CB[7] at both the S, and T, geometry, the geometrical changes |A(T;-Sy)| in crystal,

respectively.

PYCI/CB[6] PYBI/CBI[6] PYCI/CB[7] PYBI/CBI[7]
So T, A|T;-Sy| So T, A|T;-Sy| So T, A|T}-Sy| So T, A|T;-Sy
C1-Br 2.05 2.00 0.05 2.13 2.10 0.03 2.02 1.99 0.03 2.02 1.99 0.03
C4-C7 1.44 1.38 0.06 1.47 1.39 0.08 1.48 1.41 0.07 1.48 1.41 0.07

C2-C1-Br 11472 11459  0.13 12632 127.27 095 11831 118.61 0.30 11821 118.75 0.74

C11-C7-C4 120.65 120.67  0.02 121.89 122.92 1.03 120.78 121.99 1.21 120.99 122.72 1.73

D, C5—(é41—1Cl7— 1.24 1.11 0.13 1.08 2.20 1.12 34.58 1.16 3342 2948 6.67 22.81




Table S4. Calculated transition orbitals assignment and composition (%) of atoms in frontier molecule orbitals of PYCI, PYBr, PYCI/CBJ[6], PYBr/CBJ[6], PYCI/CB[7] and
PYBr/CBJ[7] in S; state and T, state calculated by NAO method.

Compounds S T,

Assignments n s nature Assignment n m nature

HOMO-3—LUMO (42%) 47.60% 51.30% (m, m*)

PYCI HOMO—LUMO (97%) 81.70% 16.10% (n, n*)
HOMO—LUMO (36%)  89.20% 5.70% (n, n%)
PYBr  HOMO—LUMO (98%) 79.90% 18.30% (n,n*) HOMO-3—»LUMO (89%) 42.00% 62.10% (m, n*)
PYCI/CB[6] HOMO—LUMO (97%) 30.10% 64.50% (m, n*) HOMO—LUMO (89%)  25.60% 68.90% (m, *)
PYBr/CB[6] HOMO—LUMO (98%) 28.10% 67.80% (m, n*) HOMO—LUMO (93%)  24.50% 71.10% (m, m*)
PYCUCB[7] HOMO—LUMO (98%) 31.60% 66.10% (m,n*) HOMO—LUMO (94%)  29.50% 67.80% (m, n*)

PYBr/CB[7] HOMO—LUMO (98%) 32.10% 65.30% (n, n*) HOMO—LUMO (94%) 29.40% 67.70% (m, m*)




Table SS. Calculated vertical transition energy (eV), oscillator strength (f), assignments and transition nature in S,
of PYC], PYBr, PYCI/CB[6], PYBr/CB[6], PYCI/CB[7] and PYBr/CBJ[7].

States Energy (eV) f Assignments nature
S| 3.06 0.0131 HOMO—LUMO (98%) (n, T*)
S, 3.46 0.0001 HOMO-1—LUMO (99%) (n, T*)
PYCl
S, 3.48 0.0370 HOMO-2—LUMO (99%) (n, %)
S, 4.14 0.0100 HOMO-3—LUMO (95%) (m, )
S, 2.52 0.0065 HOMO—LUMO (98%) (n, T*)
S, 2.60 0.0014 HOMO-1—LUMO (99%) (n, %)
PYBr
S, 2.66 0.0008 HOMO-2—LUMO (99%) (n, %)
HOMO—LUMO+1 (64%) .
S N 0.0040 HOMO-3—LUMO (25%) ()
S, 3.84 0.8343 HOMO—LUMO (95%) (m, 1)
PYCI/CBI6] HOMO-2—LUMO (58%)
*
52 4.44 0.0149 HOMO-1—LUMO (29%) (n, 7%)
S| 4.20 0.8619 HOMO—LUMO (95%) (m, m*)
HOMO-1—LUMO (75%) .
e CIEE] = 464 00024 HOMO—LUMO+1 (10%) (. %)
HOMO-2—LUMO+1 (53%) .
53 S R0 HOMO—LUMO+1 (20%) (b4
S| 4.00 0.6218 HOMO—LUMO (96%) (m, m*)
PYCI/CB[7] S, 4.35 0.0184 HOMO-1—-LUMO (93%) (m, T*)
HOMO-1-LUMO+1 (5%) .
S5 302 00006 HOMO-2LUMO+1 (85%) (n, )
S| 4.18 0.8000 HOMO—LUMO (96%) (m, )
PYB1/CB[7] S, 4.47 0.0237 HOMO-1—-LUMO (88%) (mt, T*)
0
s, o TS HOMO—LUMO+1 (23%) @ 7%

HOMO-2—LUMO (63%)




Table S6. The calculated properties of the excited states of PYCIL, PYBr, PYCI/CB[6], PYB1/CB[6], PYCI/CB[7]

and PYBr/CB[7], including oscillator strength of the S, (fs1 h 50) and the T, (fT1 h 50), transition dipole moment both

T

at Sy (usl_SO) and T, (uTl_SO), energy gap between the S; and T; ( 1_50), spin orbit coupling constant (

le _Sl) between the S; and Ty, and the ratio of "1 1 to AETl 5o ( M-85~ _Sl).

fro-s Br s, Hs s AEr -5, Sry-s, S(Tl_sl/

Samples 515y [ (Debye) (Debye) Ar -5,

(eV)  (cm™) (cm''/eV)
PYCI 0.1051 0.96 0.0035 3.02 0.52 2.68 5.15
PYBr 0.0058 0.98 0.0036 0.78 0.10 1.62 16.2
PYCI/CB[6] 0.6402 6.72 0.0095 6.78 1.17 7.27 6.21
PYBr/CB[6] 0.7605 4.47 0.0080 7.04 1.51 2.29 1.51
PYCI/CB[7] 0.5049 1.14 0.0039 5.86 0.98 0.77 0.79

PYBr/CB[7] 0.7345 0.99 0.0036 6.97 1.32 0.30 0.23




Table S7. Calculated oscillator strength of the T, state (le_SO), vertical excitation energy of T;-Sy,

phosphorescence wavelength of T; calculated at BMK/6-31G** level of PYCI, PYBr, PYCI/CBJ[6], PYB1/CBJ6],
PYCI/CBJ[7] and PYBr/CB[7] in crystal.

Compounds j; Tllo —_75)0 ALZ Z{/ —) 5o Emiss(i;)rrrll)(Cal.) Emissi((r)lrrln ()Exp.)
PYCl 0.96 2.59 478 426
PYBr 0.98 2.44 509 470

PYCI/CBJ6] 6.72 2.24 554 500

PYBr/CBJ[6] 4.47 2.26 549 500

PYCI/CBJ[7] 1.14 2.25 550 482

PYB/CB[7] 0.99 2.30 539 /




Table S8. Calculated phosphorescence radiation rate (kp) of PYCI, PYBr, PYCI/CBJ[6], PYBr/CBJ[6], PYCI/CB[7]
and PYB1/CBJ[7] at BMK/6-31G** level in crystal.

PYCI PYBr PYCI/CB[6] PYBr/CB[6] PYCI/CB[7] PYBr/CB[7]

ky(s1) 2.80x10' 2.53x10'  2.08x102 1.49x102 2.50x10! 2.28x10!




Table S9. Calculated reorganization energies (A) of PYCI, PYBr, PYCI/CB[6], PYBr/CB[6], PYCI/CB[7] and
PYBr/CBJ[7] in crystal at BMK/6-31G(d,p) level by AP method.

A (meV)
PYCI 712
PYBr 691

PYCUCB[6] 629
PYBr/CB[6] 651
PYCICB[7] 932
PYBr/CB[7] 865




III. The optimized geometries and the corresponding coordinates of the QM
region of the PYCI, PYBr and their complexes at both S, and T, states.

Structure S1. The optimized geometry and the corresponding coordinate of the QM region of PYCI crystal at
Sy state
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Structure S2. The optimized geometry and the corresponding coordinate of the QM region of PYCI crystal at
T, state

Br -0.53061100 1.84840200 0.48098200
-8.78272800  -1.69066500  -0.56062800
-10.12098000  -2.26565900  -0.60323400
-10.13854000  -3.11202700  -1.28948400
-10.83248500  -1.51710900  -0.95932200

-10.37923700  -2.57768700  0.41303700
-7.69314000 -2.46511300 -0.83899700
-7.89992500  -3.45344000 -1.23114300
-6.42081000  -2.00146400  -0.64712800
-5.60497100  -2.67804100  -0.87446800
-6.19472000  -0.65864700  -0.14927900
-7.39136400 0.12139200 0.10424300
-7.34999600 1.14757000 0.44622100
-8.63062100  -0.41015800  -0.09874400
-9.54214500 0.14693900 0.09052600
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-4.71375300 1.22535600 0.58402600
-5.56894800 1.80217700 0.90525400
-3.46810900 1.76521200 0.72339300
-3.35998900 2.76086800 1.14617800
-2.30708900 1.00876200 0.36025100
-2.44861600  -0.34698100  -0.08328700
-1.56034700  -0.92232500  -0.33023800
-3.68747600  -0.90927000  -0.21944200
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Structure S3. The optimized geometry and the corresponding coordinate of the QM region of PYBr crystal

at S, state

Br 1.06563000
N -5.01001000
C -5.99738200
H -6.32192800
H -6.85391200
H -5.54056100
C -5.40860400
H -6.46278500
C -4.49737800
H -4.87355100
C -3.13155600
C -2.75941900
H -1.73638600
C -3.71452900
H -3.47541400
C -2.14048500
C -2.56304700
H -3.61399600
C -1.63467100
H -1.98770700
C -0.26762100
C 0.17220400
H 1.23485200
C -0.75768800
H -0.39536200
Br 3.15359000

Structure S4. The optimized geometry and the corresponding coordinate of the QM region of PYBr crystal

at T, state

Br 1.08126500
N -4.98407200
C -5.96613200
H -6.28812200
H -6.83072300
H -5.51628000
C -5.39562500
H -6.45566500
C -4.50060600
H -4.89644900
C -3.08363100
C -2.70823700
H -1.68044000
C -3.66074200
H -3.42600400
C -2.13819600
C -2.55492900
H -3.60568300
C -1.63490500
H -1.97827700
C -0.23073600
C 0.21177200
H 1.27772300
C -0.68980800
H -0.32914600
Br 3.14658800
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Structure S5. The optimized geometry and the corresponding coordinate of the QM region of PYCI/CBJ[6]

crystal at S state
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Structure S6. The optimized geometry and the corresponding coordinate of the QM region of PYCI/CBJ[6]

crystal at T, state
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Structure S7. The optimized geometry and the corresponding coordinate of the QM region of PYB1r/CB[6]

crystal at S state
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Structure S8. The optimized geometry and the corresponding coordinate of the QM region of PYBr/CB[6]

crystal at T, state
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0.16026200
0.25469600
0.54009100
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0.01802900
-0.20887400
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1.02287500
1.70738600
2.44978800
0.06363400
-0.08245100
0.14220000
0.67833200
0.18205100
-0.09697200
0.23212700
0.63817000
-0.88122700




Structure S9. The optimized geometry and the corresponding coordinate of the QM region of PYCI/CB[7],

N -6.12123700 1.52645000 0.20749200
C -5.27423700 1.27414300  -0.97942700
C -5.67823500 2.33116500 1.19532300
C -6.46501700 2.63061300 2.29572100
C -7.77749200 2.11771600 2.38687100
C -8.17866100 1.23711800 1.36260300
C -7.33843300 0.95488400 0.30335600
C -8.73047900 2.54411500 3.43501900
C -10.08134500 2.71903700 3.08304800
C -10.99634300 3.24098000 3.99790300
C -10.53757600 3.57163000 5.27185000
C -9.21769200 3.35417600 5.67270400
C -8.30931300 2.83905900 4.74343100
H -4.71715400 2.18703600  -1.20444300
H -5.92064600 1.01141600  -1.81946200
H -4.57826900 0.45248800  -0.79342700
H -4.69003800 2.74431200 1.04351400
H -6.08052500 3.30438400 3.05606700
H -9.14146200 0.74755600 1.42175000
H -7.61170900 0.26711300  -0.48607400
H -10.43011100 2.48134800 2.08490800
H -12.02839900 3.38780700 3.69700600
H -8.88739800 3.57847800 6.68212800
H -7.29312000 2.62739000 5.05972700
Br -11.83808300 4.41348600 6.57084000

Structure S10. The optimized geometry and the corresponding coordinate of the QM region of PYCI/CB[7],
T, state

N -6.23385300 1.55240100 0.15580200
C -5.34850400 1.27741500  -0.98188100
C -5.70449900 1.74434300 1.40696600
C -6.49830200 2.02178500 2.48717800
C -7.93662900 2.14109400 2.34914900
C -8.43476600 1.93346400 1.00478500
C -7.58438700 1.65630100  -0.02881100
C -8.79232600 2.49182300 3.41994600
C -10.23540800 2.68766500 3.20801600
C -11.01956500 3.27899600 4.15739900
C -10.44130900 3.66321700 5.40486400
C -9.08113800 3.35343300 5.72026000
C -8.28681300 2.75815400 4.77688700
H -4.81687400 2.19746400  -1.25415600
H -5.94795300 091911500  -1.82091300
H -4.62344700 0.50139400  -0.72544300
H -4.62487200 1.67625800 1.46760900
H -6.01887700 2.15238200 3.45060700
H -9.49253800 1.99143900 0.78452100
H -7.92709800 1.51692000  -1.04481300
H -10.70407400 2.36855100 2.29041100
H -12.07386200 3.43795900 3.95569200
H -8.67712500 3.57444100 6.70378400
H -7.27645200 2.48229900 5.04867200
Br -11.59445400 4.57198900 6.75111400




Structure S11. The optimized geometry and the corresponding coordinate of the QM region of PYB1/CB[7],

Sy state
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Structure S12. The optimized geometry and the corresponding coordinate of the QM region of PYB1/CBJ[7],

T, state
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