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Table S1. The calculated maximum wavelength (4,,,, in nm), oscillator strength (f) and the major
contributions of percentage transitions of the dyes (4, is the maximum wavelength measured
experimentally).

Amax Aexp Oscillator
Dyes (nm) (nm) strength(f) Major contributions
HOMO-1 to LUMO (34%),
Dye 1 423 438 1.4787 HOMO to LUMO (44%)
HOMO-1 to LUMO (34%),
Dye 2 423 438 1.4787 HOMO to LUMO (44%)
HOMO-1 to LUMO (41%),
Dye 3 467 472 1.4563 HOMO to LUMO (43%)
HOMO-1 to LUMO (40%),
Dye 4 467 473 1.4557 HOMO to LUMO (44%)
HOMO-1 to LUMO (36%),
Dye 5 426 474 1.1976 HOMO to LUMO (44%)
HOMO-1 to LUMO (36%),
Dye 6 425 474 1.2149 HOMO to LUMO (44%)
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Figure S1. Powder X-ray diffraction of TiO,
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Figure S2. 'H NMR spectrum of donor 1
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Figure S3. Expanded 'H NMR spectrum of donor 1
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Figure S4. 3C NMR spectrum of donor 1
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Figure S5. Expanded '3C NMR spectrum of donor 1
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Figure S6. 'H NMR spectrum of donor 2
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Figure S8. 3C NMR spectrum of donor 2
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Figure S10. '"H NMR spectrum of dye 1
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Figure S11. Expanded of "H NMR of dye 1
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Figure S12. 3C NMR spectrum of dye 1
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Figure S19. 3C NMR spectrum of dye 2
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Figure S26. 3C NMR spectrum of dye 3

LEG'EL—

9€0'Zc—

§68'9C—

LE9'8Z—

oL’ e—

SS0°Lr—

oLLgg—

B8S5'v6—

28 26 24 22 20 18 16 14 ppm

47 ppm 34 32 30

ppPM

90

95

YT 9L~
0889k b~
0ELLLL—"

9Z6°'8LL—

085°ZZh_
80°EZh~
L0V EZh—
vegczL”
956°'PZL—

EP6'STL—
Wo9Zl~—
LOE LT~
LL9'BZL

LaLazh

Z6E'6T I~ _
S0L6ZL—
LOS0EL~C

SLLOEL
rLE0EL
6E6°0EL

vSZTEVL—

960°9F1L—

L0991 —
LIT 9L —

65261 —

ppm

T
122

T
124

T
130

T
132

145 ppm

ppm

168

PP

Figure S27. Expanded of *C NMR spectrum of dye 3



G RRODODS 0T NEaENRR-rDOONODOURERERASMORRERDODTROODOROGN
NOOROLDBDTOATON O T O DO rr O r OGO OWO DN~ DTN
CEMMOMMANNNNNSRNNIROLLONNNNNNNNG®QQ
WO TMNANNT"T " rrr 000
—
ppm lﬂl JJ||_] J }._A\k_
1 L] -
i
2
k
3
4 -
-
5
[
T C O
4" %
8
-| o
9
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm
Figure S28. COSY NMR spectrum of dye 3
W~ OCOCT NN T™WWMMN M B~ Ook~~sT~O®
38R a3RINNNCRE88R ~805hB3KNE8I
L=< - == - - - - < e - B T FTONNNT ™™ O
5, et — [ B 8
ppm A ppm | 1 skl
53 7443 o "|-
7172
7.398 ,f'
7.0 7.402 1.5 i
- 7.563
[ =]
. & - 7.566 2.0
2 7.745
[ ] ;-— 8.131 25 i
e 2| o | [y Jpo217
! 8222 .
8238
8.245 y
e 2 B 8.294 3.5 5 >
: 8.310
o s 8.340 4.0 i
8.350
- [+ o 8.358 4.5
8.365 ' -
8.378
- g3 0
: 8.607
8.5 8.0 7.5 7.0 ppm § 4 3 2 1 ppm

Figure S29. Expanded of COSY NMR spectrum of dye 3

0.829
0.843
0.857
1.213
1.226
1.245
1.256
1.260
1.267
1.274
1.288
1.297
1.339
1412
1.711
2.507
2.510
2,513
3.387
3.503
3.949



PBG € L—
£28'12
1Sz
82.'5Z
PES0E
_:_._nmm./
LPEBE
L05°6E
vL9°6E
mmm.mm\.
mﬁ."&\.

V8" 9%

LOL9LE
6ZL9LL
999'¥Z1
LoL'¥ZL
899°5Z1
£8Y°9Z1
GLl6°92L
FS0'8ZL
905821
(A1 143
6l2°6Z1
FA:) a0 TAN
0€9°0€L
0LL'LEL
0v9'ZEL

NB3 litm_C13DEPT135 DMSO

10 ppm

140 130 120 110 100 90 20 70 €0 50 40 30 20

150

Figure S30. Expanded of COSY NMR spectrum of dye 3

NB-4 iitm_PROTON-5to15 DMSO

CO0
H

Ve

S

w
0
<
o

|

Figure S31. '"H NMR spectrum of dye 4

¢€0T
266°0
zzo’L
=988’}

EE

|

€160
vLO0'E
S60°L
L86°C
rr60

e



0080
v_.m,oW.
1280
§61° L —
vmn._.\
LS L
269'L~"

LEG'E—

f
A=

TS
- neoe

1.0 ppm

006'8

—
A

1.5

|

0002

||

G502

ppm

£E0'C

B

CEDT

7.2 ppm

7

2660
ZZ0'L

|

988'L

P

€160

ppm 7.8

[

8.2

vL0'E

)

L86°C

8.5

P60

7

Figure S32. Expanded of '"H NMR spectrum of dye 4

196°CL
Lro'ee
2E6'ST
99%'82
£€9'82
60L°LE
L00'6€
€LL'6E
ore'ee
L0S'6€
v.L9°6¢€
LP8'6E
800°0F¥
£50°LY
oLL88
ZLS'PE
L8E°9L)
889LL
ZSLLLL
6v0°6LL
vL9°ZC)
E€SL'ETL
vZv'ect
LL9'ET)
£re vzl
vreszi
€9L°92)
b AR AT
Leg'LZ)
0€E8Z1
08.'8Z}
(4 1A
vzs'ezi
8zL6Z)
LES0EL
c08°0¢c)
§58°0€1
996°0€)
LEPTLEL
PA: [ 40
9LZ'9vL
69£°991
SLZ'L9L

L

S
oxT 9
A,
o” \
=

==

o
oz o
o

a

=

a

t

o

£

(]

c

o

o

w_

E

5

¥

m

z

®
‘O‘]

ppm

20

T T T T T
180 160 140 120 100 80 60

L)
200

Figure S33. 3C NMR spectrum of dye 4
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Figure S43. Expanded of COSY NMR spectrum of dye 5
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Figure S45. '"H NMR spectrum of dye 6
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Figure S53. Absorption and emission spectra of the dyes 1-6 (a — f) in acetonitrile
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Table S2.The DFT calculated dihedral angle of the dyes

Dye Dihedral angle ¢
o R NBI =R=CHj; | ¢, =147°, ¢, = 1430
1 U
o
~
C; S © CN
2

‘O‘ NB2=R=CgH,; | @, =148, ¢, =143°
NB3 =R=CiH;; | ¢, =148", ¢, =144

®
‘O‘

(DlB
SPOPs!
S
7 SIS
o,

COOH

NB4 =R = C¢H,,

¢ = 1489, ¢, = 1440

> °
se

NB5 =R =CH,,

o) = 1479, ¢, = 1430

o) = 1470, ¢, = 1430




Table S3. Frontier molecular orbitals of the dyes without pyrene obtained using B3LYP/6-31G*
level of theory.

Compound | Optimized structure HOMO LUMO

PTC6CNCOOH :
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Table S4. Theoretically calculated HOMO, LUMO and energy gap of the

dyes without pyrene moiety

Compound HOMO LUMO | Energy gap

(eV) (eV) (eV)

PTC(CNCOOH -5.44 -2.57 2.87
PTC3CNCOOH -5.44 -2.57 2.87
PTC(RhCOOH -5.63 -3.08 2.55
PTC3RhCOOH -5.41 -2.91 2.50
PTCsCN2 -5.77 -3.17 2.60
PTCgCN2 -5.79 -3.18 2.61




