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Synthesis
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Figure S1. The gas chromatogram of 1,2,3,6,7,8-hexahydropyrene brominated with 2 eq of bromine.
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Figure S2. The mass spectrum at 12.5 minutes of the gas chromatograph in Figure S1.
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Figure S3. The mass spectrum at 14 minutes of the gas chromatograph in Figure S1.
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Figure S5. The gas chromatogram of 1,2,3,6,7,8-hexahydropyrene brominated with 3 eq bromine.
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Figure S6. The mass spectrum at 12.5 minutes of the gas chromatograph shown in Figure SS.
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Figure S7. The mass spectrum at 14 minutes of the gas chromatograph shown in Figure S5.
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Figure S10. The separation of 1 and 2 on a Recycling Preparative SEC.
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Figure S11. The separation of 3 and 6 by Recycling Preparative SEC.
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Electrochemistry

.
oooooooo

.
ooooooooo

//
7/

30 25 20 00 05 1.0 15 20
E/ V(vs.Fc/Fc)

Figure S12. Cyclic voltammograms (solid line) and differential pulse voltammetry (dashed lined) of compounds 1-
5. The reduction potentials were measured in THF and the oxidation potentials were measured in dichloromethane.
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Figure S13. Cyclic voltammograms of compound 1 in THF (black) and dichloromethane (red).
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Figure S14. Cyclic voltammograms of compound 2 in THF (a and b) and dichloromethane (c).
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Figure S15. Cyclic voltammograms of compound 3 in THF.
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Figure S16. Cyclic voltammograms of compound 4 in THF.
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Figure S17. Cyclic voltammograms of compound 5 in THF.
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Photophysics
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Figure S18. Absorption spectra of compounds 1-5 in hexane, toluene, DCM, THF and DMF.
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Figure S19. Fluorescence spectra of compounds 1-5 in hexane, toluene, DCM, THF, and DMF.
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Figure S20. The absorbance dependence of compounds 1-5 in hexane on concentrations (1 & 2 at 379 nm, 3 at 391
nm, 4 at 390 nm, and 5 at 385 nm). The slope of the fitted line (in red) is the molar extinction coefficient of the

corresponding compound at designated wavelength.
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Figure S21. Fluorescence decay of compounds 1-5 in hexane (excited at 293.6 nm).
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Figure S22. Fluorescence decay of compounds 1-5 in THF (excited at 293.6 nm).
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Theoretical studies

Table S1. TD-DFT calculations results of compound 1 in gas phase.

Excited Oscillator
AE/eV [/ nm Transitions Contribution
State strength
S1 3.5430 349.94 0.3887 HOMO—LUMO 88%
S2 3.6126 343.20 0.0000 HOMO-1-LUMO 89%
HOMO-3—LUMO 26%
S3 3.8910 318.65 0.0625
HOMO—LUMO+1 44%
S4 4.2046 294.88 0.1505 HOMO-2—>LUMO 1%
HOMO-1—-LUMO+1 45%
HOMO-1—LUMO+6 15%
S5 4.5208 274.25 0.0001
HOMO—LUMO+2 10%
HOMO—LUMO+5 13%
Table S2. TD-DFT calculations results of compound 2 in gas phase.
Excited Oscillator . o
AE/eV [/ nm Transitions Contribution
State strength
S1 3.5706 347.24 0.1731 HOMO-1-LUMO 84%
S2 3.5887 34548 0.2143 HOMO —-LUMO 91%
HOMO-3—LUMO 29%
S3 3.9280 315.64 0.0995 HOMO-2—LUMO+1 13%
HOMO—LUMO+1 49%
S4 4.1670 297.54 0.0607 HOMO-2—-LUMO 82%
HOMO-1-LUMO+1 43%
HOMO-1—-LUMO+6 12%
S5 4.5406 273.06 0.0972
HOMO —LUMO+3 11%
HOMO —LUMO+5 13%
Table S3. TD-DFT calculations results of compound 3 in gas phase.
Excited Oscillator . L
NAE/eV [/ nm Transitions Contribution
State strength
S1 3.4919 355.07 0.3485 HOMO —-LUMO 82%
HOMO-1-LUMO 48%
S2 3.6946 335.58 0.0431
HOMO—LUMO+1 29%
HOMO-3—LUMO 23%
S3 3.9734 312.03 0.0212 HOMO-2—LUMO 13%

HOMO-1-LUMO+2

14%

S18



HOMO —-LUMO+2 24%
HOMO-3—LUMO 15%
S4 4.1197 300.95 0.0551 HOMO-2—-LUMO 44%
HOMO-2—LUMO+1 16%
HOMO-1—-LUMO 16%
S5 4.2242 293.51 0.1660 HOMO-1-LUMO+1 38%
HOMO —LUMO+1 18%
Table S4. TD-DFT calculations results of compound 4 in gas phase.
Excited Oscillator . o
AE eV !/ nm Transitions Contribution
State strength
S1 3.5104 353.19 0.3996 HOMO —-LUMO 78%
HOMO-1-LUMO 48%
S2 3.7052 334.63 0.0487
HOMO —-LUMO+1 25%
HOMO-4—LUMO 26%
HOMO-1—-LUMO 10%
S3 3.9716 312.18 0.0270
HOMO-1—-LUMO+3 14%
HOMO —-LUMO+3 16%
HOMO-3—-LUMO 28%
HOMO-3—LUMO+1 11%
S4 4.1081 301.81 0.0752
HOMO-2—LUMO 28%
HOMO-2—LUMO+1 12%
S5 4.1785 296.72 0.7321 HOMO —LUMO+2 67%
Table S5. TD-DFT calculations results of compound 5 in gas phase.
Excited Oscillator . o
ANE eV !/ nm Transitions Contribution
State strength
HOMO —LUMO 73%
S1 3.5476 349.48 0.1952
HOMO —-LUMO+1 10%
HOMO-1-LUMO 52%
S2 3.7227 333.05 0.3563
HOMO —LUMO+1 26%
HOMO-4—LUMO 26%
HOMO-1—-LUMO 12%
S3 3.9027 317.68 0.0523 HOMO-1—-LUMO+1 10%
HOMO-1—-LUMO+3 11%
HOMO —LUMO+3 11%
HOMO-3—LUMO 29%
HOMO-3—LUMO+1 12%
S4 4.1141 301.36 0.0638
HOMO-2—LUMO 30%
HOMO-2—LUMO+1 12%
S5 4.1833 296.38 0.9432 HOMO —-LUMO+2 68%

S19



ﬁd ﬁﬂﬁﬂ ﬁﬁ
- ole o
o S| &
wdd ST 0€ g'e (1R &Y 0'S §'s 09 g9 0L
l | ] | | ] ] | l ] ]
JE o s
00" T 0d
" G 0 EG)
r r ZH 0€°0 o
WA MM S
dd ZHR TZTO0ET*00S as
$ : 9£559 is
e Q_ﬂ —._m sisqswered Bursssoord - zd wdd .
1
M 8TO00ER0ET T4
o8sn 0001 1d
ossT g€ 0d
HT To0N ol
ZHW €880£ET° 006 1048 Jm
T 0aL by
285 00000000 T 1d =
¥ 17862 fcan O
o8sT 61701 #a a
O3ST 000°0S Ma O
10T 9% .
038 666L9LZ° € oY N
ZH 9LTS0€°0 SHEATA jan
ZH 000700001 HME S
z sa
91 SN S
€100 INJATOS et
9£559 ai ~
\_/ \_/ 0ghz ooMdTNd =)
) BSE0TOLP6TTZ  QHECMA
i B e U 0 ) =
Mm%m mw_onuom 9 IpT0z _suTL e 3
10%0TZ02 =780 a,
D@ WO o
oL omd sIisjsweied UoT3TsInboy - zd4 & 17}
= a4
I ONDC¥d S
ST ONAXE Z
=

'H and 3C NI

A\
7

68L6°¢C

0T66°C

€€00° €

0TL0" €

ge80°¢

0960°€

T0P0-T-E79 1L FWVYN
sisisweled 3R 3UsIIND

0TOV "L —

S20



S

sisjaweled e1RJ IUSIIND

AN S

S21

id g'e 0¢ G'e ot gt 0'g g'g 09 g9 0L gL
| | | ] ] | | | | | ] |
00°T o4
0 ES]
ZH 0£°0 41
0 dss
WE Mam ==
ZHW GZTOO0ET 006 as x|
98559 18 ﬁSnL
sislsweied bursssooid - zZd
wdd '
M 8TOQDEBO' €T BTG T i e R
o8sn 00° 0T 1d
EEELEE S 0d
HT 100N o
ZHW £880££1° 0068 104S M
T 04l >
23S 00000000 T 1a Ra
M 1°86¢ CAR g
o®sn gL 0T clel D
o8sn 00005 Ma =t
10T ay g
089S §66L9L7°€ oY %
ZH 9LTG0E"0 SEMAIS G
ZH 000700001 HMS ©
z sa ~
91 SN O
£T00D LNFATOS A
9£559 ar O
0ghz 20¥d10d .
) PSE0TOLPETIZ aHdo¥d N
soUBAY WOYLSNT o
U075t swTI =
82101202 Ta3eq - o
sIsjsweaeg uoratsinboy - za3 . (=]
w v
1 ONDO¥d e = g
1 ONdXH = o m
Z-£pd1lL FNEN
3
o
2]
D B N O DN W www DMA
DO OO O O WOoOOoOOoOOoOOoCo N
O W= ~NwOBENWOY W
= ~J O N L, OO O DN O NS H
N Oy b 0 W ~JwOoONwWNDE O —

TI6E L~
9T0% " L—"



0L'ZL

L

i)

:

908

L

d g'e o't g'E o'y S'rv 1] g'g 09 g9 0L gL 0 g8
1 1 1 1 1 1 1 1 1 | | 1 1
Jﬁ T
Nig g | 14 N
an;:1 2 b4 @R |& ]
ZH 0£'0 €1
1] a55 a
WA Mam __-ﬂ . . H
ZHW OZTO0OET"0ODS g8 N h. Q h. w h. m h °-ﬁ N-@
9£559 13 ] 1 1 I} 1 | |
gizlauweied Butesadeld - 74
M STDDDERD"ET ™4 ﬁl
SRE0 00 0T 14
o@EN £LUE od
KT Ta08
ZHW EBBOEET'0DS 038
T 0aL o
228 Q00D0000"T 1a G
H Z'88Z - %4 o
BB §L°0T aa \.nﬂ
29ETL 00005 Mg —
101 ad @)
o298 GEELILEZTE ow D
ZH aLIS0£°0 sSTEa1a C
ZH 000 0000T HMS
z sa N
- ER H
£T002 LHEANTOS M
9EGS9 aL
nebz aodII0d o
) PSEQOTOLPETIZ OHEOHE =
souRAY HOHLSNT v
- ZINN /A /\ E
SO501202 Teawq m
gaiajsueied uetayteinboy - 74 ) ] ] ] ] e md ] ] ] oo m
L ONOOMd oo oo ~] 0 O OO WO WO M 1)
< ORIXT =R,y W W =] 0 W o= LN Q
S050-Ta-T-5PEIL AR e R SO W W = =] m..
sIBjaweIRd PIRQ JULIIAND on LN Q0 WO Wino oMW B B R
I3 @ z ~1 =] =1 =] ] ] =] ~] =] =1 00 oD
b o o000 =] 0 W W o kobk
D =BGy W= W~ 0w s
L O ~d = s GO s O 0w O =)
) Oh N OO W Wno ok Wbk

S22



wdd szl 0cl sl ovlL ShlL
PR SO0 S | ST SO0 S WS S| AU DO WIS OV ST ) | SN S VR, S S W
or 1 a4 R, #
1] 171}
H 00" 1 a1
1] ass
W3 MaM
W SBBLLGLSZT 45
89LIE 15
pxadsueIed DuTEEeDOId = 24
M OODERTET O E£TMTA
¥ TODES0SE™ 0 ZTMId
M STODOEBO0"£2 ZMTa
N 0008 20424
§9zITER z]odagas
HT Zo08
M $000ZET 005 z0as
M SSTOOSET "PL ™14
N 00" 0T 12
N EETE od
26T Ta08
I ERIEOLLSTT Toas
1 oal
& QDO0OOED " 0 11a Z
'8 QDOODO00 " E 10
4 2862 ar
N 059 20
LT | Md
TOT od T
8 LLEELEOT B
I FOZET6"0 34014 ==
H ZEFOZTOL HME
¥ za %
pETE SN —
£1305 LNANTOS =
26559 oL
o bz a0daTn4 } > _ _ \/ _ _ _ _ m
) BSEOTOLPETTE  OWEOWd ot e B e = b 2
BSLEAY MOMISHT Ba Ba [T TH TR T MR W W a . =
CRT suTL Mo RO = bl b o Q
OTSOTZ0Z “aueg B B [= B S N E-NE I S - i m
[ejeue1ed C@ﬁﬂuni_s—u.b.q - Za W
1 on0Ed &
1 ON4X3 >
3=§050-Td-F-§Ha1L TN Z
glslaEeieg PIRg JULIIND
~—
=
——
?
AN |
] Bt ot i o e et e fd el i =
& B b3 B3 B R B R PO L R e e
" B3 B LR GR = D WD e B [
i B3R O R e e - B F ™

S23



vo'e

&0, I

€0l
.
— il

wdd gc oe St o Sy 0°s §'S 09 S99 0L L 08 g8

1 J\\AJ\W v T
\f s ¥ ﬁl oL " Lzﬁ | f g
B0 o wliol|o o
= =] —|o)|= I
001 .y wdd L ¥L 9L 8L 08 28
0 q9 | | | | | | |
ZH 0E£°0 a1
0 asg — \\L)!I‘ R e = = Y Y2
Wa Mam | ‘ |
ZHW 0ZTOO0ET 00§ as | ﬁ |
9£559 18 i ,
sIiojouexed bursssoold - zd ;
M BT000EBO"EZ MTd |
D2sn 00701 14
D9SN £g£°¢ od
HT T20N
ZHW €880EE€T 00§ 1048
i oar
295 0000000071 Ta
M Z2°86¢ q1
D98N 64701 ad
Da2sn 000" 0§ M
10T BX|
098 666L9LC"E o))
ZH 9LTS0£°0 SAIATA
ZH 000°0000T HMS
N R AN AL b
91 SN
£TOAD INAATOS ~ N dJ0 o Co
9€559 at 10 NN
ocbz s04a1d SR G RO PO RS o
) PSE0 OLP6TTZ  QHAOWd MW o o, AN OO o w
SDUBAY WNEISNT =D NN gwkHE WwJdEk O [\eNe]

Uk el SWTL Q
62901202 Te3eq
sasjsweieq uctafsinboy - z4g
T ONDOYd
Z ONdXH
6¢90-24-Srd1L AWEN z z

sIajaweled BB JUaIIND “ Q

Y
7
\
N\
7
7

3] ~N ~ -3 ~J 3 -JC0CoC
3] o O OO ~N ] J00WWWOWOMNN
0 O U ONWOONDOO O]
b Mo oo aAaNomOdIMNY— OO
[se] =N NN D wkPE W O Mo

S24

'"H NMR spectrum (500 MHz, CDCI;) of 2
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13C {1H} NMR spectrum (126 MHz, CDCl;) of 2
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1H} NMR spectrum (126 MHz, CDCl;) of 4
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{'H} NMR spectrum (126 MHz, CDCI;) of 5

o

vl vl vl vl vl v
el I R
MRS A OO OG0 A~

M
B ks wg O b= RS PO s




Z/A

2.059
1.4297

Y/A
-2.6644
-1.8733

X/A
$32

1.0263
1.985

W ~I6r o) Y Y (Y Y Y [ POCY Y Y Y P Y
= - = ololbi=lo|lolo|o|alole|eo|e
=) & B = SIRE I = Y e
wdd *N o€ g€ oY Sy 0'G gS 09 g9 oL 'L 0’8 g8
| | | | | | | | | | |
.\J\l —y B \f) \5“11047\ R Jé% ﬁg) dﬁﬁ j:g’ B
|
00°T od
0 9
ZH 0£°0 d1
0 dss
WH MaM m
ZHW ZZTO0ET 008 as =
98659 18 £
sialawered HuTssao0Id - ZJ o=
[ ) Jary |y w -k -k - -y -k
2 ala| 5] || |a ol Ela| |5
M BT000EB0'EZ M1d ~N @] |= (] o -||© e . -
o8sn Q- 0T 14 —
o8sn g£gtg 0d -
HT 150N wdd g2 1'g Z'8 €8 v'8 g8 c£98 L8
ZHW £880££T°00§ 1038 <
T 0dl '~
288 00000000 T 1a —_ N — - ——r=, B remer—;
¥ 1867 a1 |3\\_|W L_\?ﬂ\ \ Mientants
o®sn 61701 20 ( i _, o |
o8sn Q0009 Mma “a
7865 2k o9 __ —
039S §66/917°¢ fo)'4 Q
ZH 9LTS0E'0 sEMAId a
ZH 000°0000T HMS QO >
z sa S 3
91 SN N —
£T2a2 INIATOS i =
sggco ar > b1
oebz 20¥d10d =3 =
) PSEOTOLPETIZ aHdo¥d S z
SDUBAY WOYISNI NS v
4 16T suty ~ @»
Z1e02 moN Te3eQ
s s N A 27 270 AN A E/IN g
1 ONDOHd . . . . . . . . . . . . . . . . . . . 5] . . . o
UL O ODOWOOVWOOOCOORFERRERENNNDNDWW PN QN oo o m
t ONdXE OO WM -JO,OdOWUOUUJOWOREROCRE o1 Ao — W O R=
Riq-9£3-8p9T1L FWYN NUIW RO TN JOWOOE O WOR R WD WN S oy N~ 0o )
sIsjsweivd BIRQ USIIND CUITO ENOWARRXOUTIFR v WU U ~JF UlWww w w ROof._96 p
| | \%&?ﬂw
) N G 1 =] =) =0 =] =) =) = =] 00 00 O o @ oo o w o &
< w o iy By ot i o oot ks £
o o IO PDWNTD B DWU G-I
1= [ee] NN WO NINJ0 WO Es 0O WO
o w WO UOBENOWRM®OU -JE o B W

Cartesian coordinatés§ of

1

DFT B3LYP/6-31G(d), gas phase, S,
E(total): -1807.935273 hartree

Imaginary Freq

=0

Dipole Moment = 0.028826 Debye

Symbol



ol==l=sloN--NoN:-NoNoNoNoN:-N:-NoN:-Nol:-NoNoNoNela:-i=iiiiicloNoNoNoNoN-"NoNoNoNoNoNoNoNoNe

1.6058
0.2226
-0.7438
-0.3288
2.5764
-0.22
0.7464
2.1403
0.3314
1.084
-1.0237
-1.9824
-1.6032
-2.5738
-2.1377
-2.855
1.3475
3.051
-1.0814
2.8576
-1.3449
-3.0484
3.9669
4.7628
6.0007
4.332
6.7793
6.3628
5.1201
3.3658
6.3525
7.7432
4.7686
4.5693
5.7689
3.9728
6.3346
6.2612
4.5497
3.0392
5.734
7.269
4.0664
7.1921

S33

-0.801
-0.5358
-1.3471
-2.4067
0.0525
0.5374

1.3486

1.0792
2.4082
3.0342
2.6659

1.8749
0.8026
-0.0509
-1.0777
-1.7279
-3.5003
-2.1022
-3.0327

1.7295
3.5017
2.1038
-0.2329
-0.2067
0.4682

-0.919
0.4163

1.0371
-0.9541
-1.4473
-0.2926
0.9476
-1.5137

0.104
-0.5337

1.0209
-0.2629
-1.2462

1.2735

1.5358
0.6385
-0.7685

1.9883

-0.354

0.6105
0.4196
1.0675
1.8862
-0.0696
-0.4213
-1.0693
-0.868
-1.888
-2.3904
-2.0608
-1.4315
-0.6122
0.068
0.8663
1.3952
2.6989
1.5886
2.3886
-1.3968
-2.7008
-1.5904
0.088
-1.0885
-1.1451
-2.2318
-2.2962
-0.2741
-3.375
-2.2208
-3.4229
-2.319
-4.2555
1.329
1.7211
2.221
2.9606
1.0408
3.4609
1.9442
3.8467
3.2492
4.1445
-4.6403



H 7.8485 -1.2603 -4.6065
H 6.559 -0.4162 -5.5596
H 7.8469 0.5483 -4.7224
C 6.3353 0.9038 5.1729
H 5.9418 0.1727 5.9239
H 7.4478 0.801 5.1358
H 6.0871 1.9348 5.5266
N -3.9643 0.2346 -0.0893
C -4.7602 0.2082 1.0872
C -5.9987 -0.4656 1.1432
C -4.3287 0.9193 2.231

C -6.7772 -0.4139 2.2944
H -6.3613 -1.0334 0.2718
C -5.1168 0.9542 3.3743
H -3.3621 1.4468 2.2203
C -6.3497 0.2937 3.4217
H -7.7416 -0.9443 2.3168
H -4.7648 1.5128 4.2552
C -4.5669 -0.1008 -1.3305
C -5.7661 0.5382 -1.7221
C -3.9702 -1.0159 -2.2242
C -6.3319 0.2691 -2.9618
H -6.2574 1.251 -1.0414
C -4.5472 -1.2667 -3.4645
H -3.0357 -1.5301 -1.9489
C -5.7323 -0.6326 -3.8486
H -7.2645 0.7774 -3.2512
H -4.062 -1.9783 -4.1502
C -7.1893 0.3549 4.6391
H -7.845 1.2617 4.606

H -7.8447 -0.5469 4.7206
H -6.5561 0.416 5.5584
C -6.3517 -0.9182 -5.1622
H -7.1125 -1.7327 -5.0575
H -6.8653 -0.0114 -5.5668
H -5.5845 -1.2504 -5.9043

2

DFT B3LYP/6-31G(d), gas phase, S,
E(total): -1807.935286 hartree
Imaginary Freq =0

Dipole Moment = 0.114157 Debye

Symbol X/A Y/A Z/A

S34
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-0.00014
1.21031
1.23385

-0.00005

-1.234

-1.21055

2.45883
0
1.23859
2.48035
1.2115
2.14479
0.0001

-1.21135

-1.23855

-2.48037

-2.45893

-3.39809
3.39796

-0.00018
2.15101

-2.15129
0.00014
-2.1446

3.7275

-3.72746

-4.70768

-6.03626

-4.34506

-6.97203

-6.33479

-5.28564

-3.31976

-6.62095

-7.99621

-4.97708

-4.08325

-4.94217
-3.56237
-5.27127
-5.34612
-3.88804
-2.89916
-4.75145

S35

-3.1417
-2.69753
-1.79205
-1.32799
-1.79202

-2.6975
-1.29867
-0.41665

0.0242
-0.42729

0.84399

1.16439

1.23834

0.84401

0.02423
-0.42723
-1.29861
-1.63351

-1.6336

-3.8425
-3.04948
-3.04942

1.86307

1.16442

0.01794

0.01803
-0.96045
-0.85198

-2.0755
-1.82692

-0.0047
-3.04938
-2.17353

-2.9442
-1.72068
-3.90504

1.38896

1.98079

2.19435

3.32835

1.37759

3.54929

1.76005

4.14513

3.5814
3.05276
1.97821
1.43342
1.97813
3.05268
1.42547
0.33482

-0.23353
0.37211

-1.3719

-1.8194
-1.93313
-1.37199
-0.23361
0.37195

1.4253
1.85666
1.85688
4.41199
3.46873
3.46859
-2.82217
-1.81957
-0.16479
-0.16505
-0.49703
-0.06252
-1.26967
-0.40674
0.54639
-1.58891
-1.61337
-1.17288
-0.05522
-2.18602
-0.05492

-0.999
0.96682
-0.90588
-1.80604
1.03428
1.70767
0.11008



-5.93687
-3.46441
4.70758
6.03622
4.34486
6.97186
6.33479
5.28538
3.31953
6.62066
7.99604
4.97672
4.08335
4.94245
3.56236
5.27161
5.34647
3.8881
2.89901
4.7517
5.93735
3.46437
7.64338
7.22192
8.011
8.51302
5.12628
6.15307
5.07116
4.46295
-5.1259
-5.06926
-6.15319
-4.46345
-7.64352
-7.22512
-8.51801
-8.00286
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3

DFT B3LYP/6-31G(d), gas phase, S,
E(total): -1935.314857 hartree
Imaginary Freq =0

Dipole Moment = 0.298436 Debye

S36

3.75986
4.15147
-0.96058
-0.85233
-2.07544
-1.82728
-0.00522
-3.04939
-2.17336
-2.9444
-1.72124
-3.90496
1.38882
1.98062
2.19425
3.32817
1.37742
3.54916
1.75998
4.14496
3.75965
4.15135
-3.98723
-4.9982
-3.8315
-3.95982
5.60554
5.73639
6.09951
6.1442
5.60575
6.09998
5.73669
6.1441
-3.98736
-4.99915
-3.95239
-3.83886

-1.65092
1.83519
-0.49707
-0.06251
-1.26985
-0.40686
0.54661
-1.58924
-1.61351
-1.17326
-0.05524
-2.18643
-0.05462
-0.99856
0.96705
-0.90537
-1.80557
1.03458
1.70778
0.11052
-1.65032
1.83542
-1.55945
-1.5203
-2.58293
-0.89435
0.20468
0.5722
-0.77283
0.88922
0.20409
-0.77321
0.57014
0.88973
-1.55859
-1.50825
-0.90029
-2.58606
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X /A
1.5689
2.5032
2.0934
0.7036
-0.2383
0.208
3.0357
0.23
1.1682
2.5693
0.7161
1.4449
-0.6473
-1.5756
-1.163
-2.1008
-1.6381
-2.3446
1.9148
3.5745
-0.5245
3.2659
-0.9968
-2.6523
-3.6389
4.432
5.1829
6.4188
4.7078
7.1531
6.8144
5.4519
3.7416
6.6828
8.1163
5.0663
5.0797
6.2964
4.512
6.9072
6.7654
5.1342

S37

Y/A
1.2105
0.7759
0.2793
0.2132

0.662
1.1598

-0.1862
-0.3025
-0.7492
-0.6711
-1.2521
-1.5996
-1.3119
-0.8773
-0.3724
0.0913

0.5981

0.976
1.5984
0.8321
1.5102

-1.0341
-1.7094
-0.9445
0.0349
-0.1569
-1.3154
-1.2423
-2.5868
-2.3961
-0.2685
-3.7289
-2.6762
-3.6506
-2.317
-4.7101

1.1064
1.2763
2.2277
2.5226
0.4171
3.4694

Z/A
-3.1287
-2.1907
-0.9457
-0.6557
-1.6177
-2.8492
0.0686
0.5949
1.5598
1.2643
2.7875
3.5349
3.0571
2.1151
0.874
-0.1235
-1.3024
-2.0617
-4.0988
-2.442
-3.5917
2.0388
4.022
2.3416
0.0825
-0.2315
0.1027
0.7797
-0.2949
1.0319
1.1088
-0.0284
-0.8157
0.633
1.559
-0.3453
-0.2207
-0.9212
0.4218
-0.9743
-1.4258
0.351
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3.5647
6.3368
7.853
4.6713
-4.3534
-5.1409
-4.2284
-5.7703
-4.8719
-5.6415
-6.3812
-4.7656
-4.4335
-5.259
-4.3066
-5.9515
-5.0082
-5.836
-6.5966
-4.9007
7.0033
7.5608
6.2587
7.7339
7.4753
8.1214
8.1374
6.8071
-6.5896
-6.7185
-7.6057
-6.0622
-5.3946
-4.5079
-5.4523
-6.3137
-3.4444
-4.0752
-2.8297
-2.7502
-6.3028
-7.2693
-6.5109
-5.6404

S38

2.1286
3.6337
2.6369
4.3332
-1.2638
-1.296
-2.4381
-2.4821
-3.6146
-3.6485
-2.4973
-4.5233
1.3229
1.3779
2.4674
2.5534
3.6349
3.6866
2.5868
4.5223
4.9541
5.0809
5.7832
5.049
-4.8733
-5.1055
-4.741
-5.7507
4.9198
5.0307
4.8792
5.8259
0.216
0.1608
-0.7417
0.3024
2.4785
2.5592
1.5453
3.3551
-4.9012
-4.6843
-5.5675
-5.4549

0.9751
-0.3426
-1.526
0.8525
0.537
1.704
-0.2274
2.0952
0.1742
1.3374
3.0109
-0.4378
-0.2636
-1.4007
0.5428
-1.7081
0.2238
-0.8992
-2.5993
0.8659
-0.3973
-1.3579
-0.3087
0.4456
0.8933
0.009
1.7842
1.0766
-1.2233
-2.3282
-0.7553
-0.8359
-2.3127
-2.9948
-1.7349
-2.9428
1.7511
2.6723
1.827
1.7241
1.7695
2.2876
0.8965
2.4823



-5.3237
-4.3727
-5.6152
-6.1194
-3.4287
-2.4871
-4.007
-3.1499

T T T OQOIZD T IO

4

DFT B3LYP/6-31G(d), gas phase, S,
E(total): -2318.794595 hartree
Imaginary Freq =0

Dipole Moment = 0.796406 Debye

Symbol X/A
-1.884
-0.5258
-0.0838
-1.0264
-2.4144
-2.8168
1.3124
-0.5629
0.8215
1.7682
1.2213
2.2879
0.2826
-1.0728
-1.5093
-2.9031
-3.3572
-3.6125
2.0124
-2.2259
0.2065
-3.89
0.6205
-1.8086
3.1584
-4.8916
3.865
5.1341

OOFTZDIIITZTIZIITOOOOOZIOOOOOOOOOOONO

S39

-0.0944
0.1577
0.7883
-0.2593
-2.4896
-3.0689
-2.9984
-1.4668

Y/A
-3.0484
-2.7483
-1.5205
-0.5866
-0.8965
-2.1369
-1.1938
0.6642
0.9851
0.0027
2.2282
2.5029

3.135
2.8255
1.5948
1.2487
0.0698
1.9839
-1.9443
-4.0132
-3.4714
-2.3872
4.1042
3.5435
0.3309
-0.1698
0.0927
-0.5251

2.5548
3.0897
1.9303
3.3225
-1.4773
-1.3023
-2.2885
-1.8345

Z/A
1.3034
1.2873
0.7759
0.2761
0.3018
0.8165

0.743

-0.2483
-0.2709
0.2502
-0.78
-0.8041
-1.268
-1.2591
-0.7506
-0.7294
-0.2149
-1.1475
1.1474
1.7077
1.6764
0.8494
-1.6652
-1.6515
0.2628
-0.208
1.4692
1.4891
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3.3085
5.8203
5.5943
4.0056
2.3144
5.2702
6.8132
3.5532
3.8566
5.0666
3.3452
5.7261
5.4933
4.0153
2.4027
5.2131
6.6697
3.593
5.9141
5.9946
6.516
6.6649
5.5315
7.1835
6.4524
7.2602
6.7249
7.6497
7.788
5.9974
5.9838
6.7189
6.6791
5.4268
7411
6.7307
7.3935
6.6647
7.9716
7.9409
-5.6476
-5.4627
-6.4957
-6.1296

S40

0.5239
-0.6887
-0.8787
0.3501
0.9976
-0.2548
-1.165
0.6892
0.3005
1.0185
-0.3836
1.0485
1.5561
-0.3397
-0.9489
0.3728
1.6092
-0.8714
0.4108
-0.738
1.5965
-0.6998
-1.6753
1.6303
2.5057
0.4833
-1.6068
2.5659
0.5118
-0.4299
0.5776
-1.6073
0.4092
1.5083
-1.772
-2.4072
-0.765
1.2064
-2.7003
-0.8964
0.1355
-0.6876
1.2524
-0.4049

2.6961

2.6866
0.5528
3.8842
2.7145

3.8993

2.6779
4.8294
-0.9703
-1.1135
-2.0949
-2.3351
-0.2521
-3.3118
-2.0181
-3.4511
-2.4249
-4.1789
-4.7319
-5.5326
-5.1781
-6.7533
-5.1893
-6.4006
-4.5616
-7.1904
-7.3726
-6.7431
-8.1545
5.1539
6.1296
5.3995

7.3251

5.9444
6.5974
4.6439
7.5622
8.0828
6.7817
8.5067
-1.5289
-2.6533
-1.6332
-3.8503
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5

DFT B3LYP/6-31G(d), gas phase, S,

-7.1529
-6.9797
-5.9768
-7.8161
-5.6404
-5.5739
-6.4018
-6.2483
-7.0627
-6.9917
-6.1877
-7.6529
-7.6858
-7.9387
-8.631
-7.0259
-4.8061
-3.8841
-4.4958
-5.4228
-6.5234
-6.7974
-5.5526
-7.3073
-6.6924
-5.8234
-7.6215
-6.7714
-4.5743
-3.9918
-5.1814
-3.8501
-7.6962

-8.7018
-7.8471
-7.1278

E(total): -2318.794324 hartree

Imaginary Freq =0

Dipole Moment = 0.878698 Debye

Symbol

X/A

S41

1.5235
0.6979
-1.0597
2.3991
-0.6176
0.1702
-1.8019
-0.2256
-2.1869
-1.4059
0.4046
-3.1162
-1.8314
-0.9518
-2.3779
-2.5167
1.4398
1.2995
1.7826
2.247
-2.6777
-2.0755
-3.1952
-3.4601
2.1811
2.8839
2.7887
1.6188
-1.876
-1.9219
-2.8125
-1.8485
0.9834

0.4916
2.0828
0.5939

Y/A

-2.8375
-3.9512
-4.7215
-2.9095
1.0736
2.2372
1.1002
3.3981
2.271
3.4271
4.2985
2.2821
4.6642
5.3058
4.424
5.2543
2.2928
29119
1.2742
2.7613
-0.0912
-0.9949
-0.3003
0.06
-0.4935
-0.4196
-0.6234
0.4719
-2.6124
-1.6569
-2.6986
-3.4644
-5.2156

-5.2028
-5.3501
-6.0957

Z/A
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-0.6857
0.4506
0.3905
-0.8502
-2.0086
-1.8999
1.5562
-0.9432
0.1985
1.4438
0.092
0.978
-1.125
-2.2522
-2.1772
-3.3191
-3.2593
-4.2639
-0.6211
1.3981
-2.7919
-1.1959
-3.2094
-4.5716
-5.3779
-4.8758
-6.5987
-5.5927
-7.3021
-6.8083
-5.1894
-8.2589
-5.0903
-5.3391
-5.331
-5.8106
-5.794
-6.0364
-6.0032
-5.9758
-6.5145
-7.0957
-7.1681

S42

-2.0768
-1.2961
0.0965
0.7034
-0.1008
-1.4906
0.9546
2.1265
2.9397
2.3154
4.3308
4.9618
4.9127
4.1234
2.7303
1.887
0.5331
2.3751
-3.1692
-1.7908
-2.1232
6.0057
4.5906
-0.2705
0.0516
-0.3199
0.7463
-0.0146
1.0468
0.6684
-0.3163
1.5872
-1.2819
-0.8568
-2.6285
-1.7623
-3.5221
-3.0993
-1.4119
-4.5735
-4.0583
-3.5364
-4.8398

0.2409
0.4342
0.291
-0.0484
-0.2435
-0.0968
0.4919
-0.1892
0.0202
0.358
-0.1173
0.0486
-0.4628
-0.6747
-0.5403
-0.7537
-0.5984
-1.0484
0.3594
0.7001
-0.2362
-0.5697
-0.9509
-0.8131
-2.0999
-3.3592
-2.0302
-4.5212
-3.201
-4.452
-5.4997
-3.1365
0.2413
1.5591
-0.0928
2.5166
0.8785
2.1876
3.5421
0.6078
3.21
4.0095
2.7499



TTZTTOZTOTZIO0OO0O0O0ZTTOIDIOTOO000ZII I I IO DI I OIDI I ITIAOID I IO T T OT

-5.6417
-5.1231
-4.1945
-5.0111
-5.9847
-5.0985
-5.5829
-4.0022
-5.5163
-7.1555
-7.0045
-6.6431
-8.2501
-3.5914
-3.0407
-3.7808
-2.9338
-7.5565
-8.6583
-7.263
-7.3369
2.3117
2.796
3.4937
4.884
2.791
5.5415
5.4613
3.4623
1.7036
4.8446
6.6282
2.8963
5.5426
5.207
6.5574
5.8748
4.4173
7.221
6.8241
6.8822
5.6063
8.0135
7.4075

S43

-4.57
0.5464
0.6124
1.2383
0.9001

-3.1462
-2.4801
-3.1886
-4.1762
1.2006
0.4253
2.1415
1.411
-1.0499
-1.1099
-2.0926
-0.5359
1.0019
1.0022
2.0205
0.2673
2.9768
0.3482
0.9224
1.1642
1.2276
1.6759
0.9437
1.7413
1.0613
1.9712
1.8481
1.9757
2.5086

2.076

3.464

2.589
1.3215
3.9755
3.8156
3.5395
2.2411
4.7265
3.9437

3.6892
1.9937
2.6153
1.1218
2.6132
-1.4636
-2.2225
-1.6881
-1.5834
-0.7326
0.0614
-0.406
-0.8147
-3.5027
-2.5293
-3.8636
-4.2473
-5.6859
-5.4973
-6.0459
-6.4993
0.5183
0.8615
1.9543
1.9164
3.1435
3.0288
1.0045
4.2449
3.1995
4.2073
2.9804
5.1602
5.3724
6.6637
5.2155
7.7737
6.7978
6.3287
4.2075
7.6094
8.782
6.1953
8.4866
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3.52
4.4817
3.2661
5.1512
4.7058
3.9417
2.5202
4.8929

59
3.7206
5.6019
6.0346
5.8594
6.7118
5.8437
6.5352
5.5179
6.9633
7.0496
6.7297
7.4972

S44

-0.3426
-1.3131
-0.1337
-2.0415
-1.4932
-0.8744
0.612
-1.8356
-2.7892
-0.7028
-2.6074
-1.9936
-3.9724
-2.7315
-0.9218
-4.7066
-4.4658
-4.0887
-2.2403
-5.7773
-4.6696

-0.1419
0.2236
-1.5153
-0.7507
1.2869
-2.4779
-1.8336
-2.1131
-0.4457
-3.5431
-3.1305
-4.3152
-2.9363
-5.2837
-4.475
-3.9086
-2.014
-5.0834
-6.2081
-3.7482
-5.8492



