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R EnleV EL/eV AEy. eV AEg/eV NICS(0)/ppm
[6]CA —2.55 —-3.96 1.41 0.95 —35.29
Lit @[6]CA —6.52(—6.58)" —8.01(—8.09) 1.49(1.51) 0.96 —33.35
[6]CA-BN —-1.13 ~7.14 6.01 4.80 —3.11
Li* @[6]CA-BN —5.49(—2.04) —10.79(—13.93) 5.30(11.89) 3.98 —-9.23
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HL RS 3 5 20 R (BA) R/ AT R VR A L7
AN TRRE N RE J7, W] LU S e 44 2R 153 2% WL 1 1)

Y FEFE. EA R EEP BROK, 88 %) #5252 v+, Ty L B
(IP) 1 HEP /), k75 5y 2k 2o -, ti 3k 3 vl
LA i, 7E [6]CA, [6]CA-BN PiRlgh K Ih A &, 4
BT BAE, JOIR e T H SR A A 2 4k B AT
BOK, PrUABEES T A R AT IR 3G K,
X5 TS B T ZR 2> FHUE LUMO BB
BAARAH — 20 AT T fEL 20 RE R 4 A 2 e R R, 2
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AL REAE N Lt RE I — DN EE R &, I
EBR /N, B TR k. 3K 3 Bl T LR
th, [6]CA FIK IR HL T EALHE (0.25 eV) F177 X
HALHE (0.23 eV) RAHIT, BT LA [6]CA 44K 1) L
F R0 2 R AR AR D0 AE 1, AT AR R ¥ A RO
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HL M AR A R E AT P 3% 104 [6]CA-BN
PRI, R ALRE (0.54 eV) W] WK T
ZLAE (0.37 eV), A2 /A% i RE 7/ T+ HL 1 A
€1, X 55 HOMO 73 Aii i€ 45K, 1) LUMO 73 Aii 25 45K
2 R 95 8 A A AL RE I T /)

(0.03 eV), LT HAL B HE I W N (0.16 eV), B
A, B 51 I 45 22 Al K EMA R 1K 2 UL e ) 1
hn, BT AR RE ) BRAG. REEU, BE T Al
LiT @[6]CA-BN {4 i [ /5 4 XUB PEAL S RL.

%3 PBE0/6-31G(d, p) /5 v SRS 44, g, ALRE, =5/ CHRECRER L7 Hl HL AE

RA VealeV Aga/eV Vip/eV ApleV Pug/eV P /eV AsfeV A_JeV
[61CA —1.20 —1.33 5.31 5.19 5.08 —0.95 0.23 0.25
Lit @[6]CA —-5.32 —5.42 9.21 9.12 9.02 —5.12 0.19 0.20
[6]CA-BN 0.19 0.04 8.58 8.31 8.04 0.56 0.54 0.37
Lit @[6]CA-BN —4.20 —4.47 12.22 11.96 11.71 -3.67 0.51 0.53
3.5 BTt
Jy T 6ICA, SICA-BN 4PKIRE R . 10| - paye
P SB35 45 2 KB b R ) S, e : L BHGHLYP
T T WA UK IME R I L FIRIBOGE, H X e Lowop Zlﬁiﬁﬁgm
PAZR GG T TR WL SIS 4R IE. /R TDDFT & H < e LC-0PBE
S BRAE B IR 92 177 7, (U oL E sl .
RIRZ 8RRV S45 AT BRI 22 57 1981 i, A = .
SCHE PBE0/G-31G(d, p) 4x U6 JL AT &5 10 36 i 1=, 7RO
& F 2 Bl BR JEEVZ B0 7 VT S R I ol T BT e i 4
43R GGA 12 % BP86, 4%4kiZ % B3LYP, PBEO, fEi oV
BH&HLYP, M06-2X [ K Fif 1IE 72 i CAM-B3LYP 5 KR [6]CA RHARFZ R 6-31G(d, p) SE4UK T8
I LC-wPBE £ R J&12 i 77 1%, 75 6-31G(d, p) & B oL
YUKF 5L T [61CA L IO HE, 502 Bt
S BT ARIOR 5 F1ZE 4. W S AT DL H, 0 — ojon
B HE A2 #4080, 7R 6152 B8V 1 Wi - | --- Li@lsica
it A DL 0 5 5, R o -0 6 5 ool | e moany
B[ 2, W L R IR 132 B A F e i L 5
A = 1T TR e O LI T S AR — 0 B, AR S
3 CU A SCHRIR I, HE 22 e fig 5 108 b 0 2046 32 56 g "
PBEO 513 £ SUHESE 2 10 L S BB K A R B = / AV
B 48] DR T SR, JRA D R A2 8 NWAVAN R

PBEO J5 VXS SRR B IO G i 2B A T 1 20 BT

X4 R EZ R ITETE [6]CA 1 f KR K e ik

ik HF 746 E/% K /mm BRILRE/eV
BP86 0 243 5.11
B3LYP 20 231 5.37
PBEO 25 226 5.49
BH&HLYP 50 215 5.77
M06-2X 54 220 5.64
CAM-B3LYP 100 220 5.64
LC-wPBE 100 211 5.88

2 3 4 5 6 7 8 9
feE eV

5 6 PBE0/6-31G(d, p) J7ik it AU I L PRI 1%

X H PBE0/6-31G(d, p) 772715 [6]CA, [6]CA-
BN 24K A BB 145 20 R & 1 L 7 WOl 1 il
2%, PLE IO o LI 6. e um . WO K
WOR B N T SPGB AT sTik W% 5. B 6 W LU
H [61CA ZIKIE B & 115 Ak R AR A0 AT ok
O A AT =AW IR RO, [61CA 9K IR B K
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WO A7 T 226 nm Ab (5.49 eV), H 32 BEHIE KT vt
ik Ft HOMO—3 — LUMO+2 (32%) 1 HOMO—1 —
LUMO+6 (58%) &1 J%. 1M [6]CA-BN 442K31 5 [6]CA
PRI 1) 6% B B AN [, L5 A2 BT [6]CA-BN
5 [6]1CA 4K FR I fig B 25 5 52 K. [6]CA-BN 42K
AR ST ' 135 2 3 A e 58 AR X, g R A e
A7F 169 nm 4k (7.34 V), HH HOMO—2 — LUMO+5
(81%) 1 HOMO — LUMO+4 (10%) %138 §X3T 57k
k. BLES 14828, X [61CA AK I ROt
GEIAR /N, 1 [6]CA-BN WG s 21 s, e K
WA T 183 nm 4b.
DY AN A4 3R B3z KW S U Ak 1) 3 B2 BRI B03E
5 PFror, BT R PO vk LA o G, R ERUE 1
FRUMAENT PRIAE, b T S35 4 M8 7R RO BR AT 5 4654
(AR TR 22, FATTR Y MA R I NTO B d5e K
B TDM AT IR 70T, 45 R 7 B s, NTO
Iy BT 45 R B, DYAMA R 7R L (1 BRI # A

&R AL
6& 0.350

S 40
®a%

[6]CA

s Qq

, o
- Ogum
":"' .Q m 0’5“0

85 =2

@ wow
9@ Re®

BT S, [6]1CA UK IR f5 R W e Ak 1 vRL 7
SO LU B, R BT R AN 1 — 1)
EB?’*%V B T 145 2 A B B OO L R Gy
. 1M [61CA-BN 44K FRTE f5z KRS 0 Ak 1) i £
LA 5 %, R BRI HR A RS K ) N T
FIERH T B T I AT RS, B T 1B 2 I 2
B T BN GOK IR (1) HL 2% B o3 AT, A8 o0 A B8
e k.
JUE AR IR S BN KR AT AR 2544, {H
JE, PP A K A A 2R e B R R O D g S K A7
7 B2 22 ). DA B KR A Ak (1) L F- TDM 43t
TUﬁﬁ [6]CA 4K ML B 524k &, BlLiE
I3 AT AT B, B AR H 2R B T Y R R BTG ()
E<J HL AT R R . T [6]CA-BN 94K 3R 1 2 /3 A
B A 3, 2 BRI A ) 0B B T PN 1 A A
[6]CA-BN 4l K2Rt T-£1 2 1 145 2%, A i far 4% 7%
SIS 2%, W3 N T B R B G R Y R AT R
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#* 5 PBE0/6-31G(d, p) J7 55 DA IR K, P T3R8 & BT B

A Wk/mm  FRTHEEV  PRTHREE FTITHR
[6]CA 226 549 0.9278 HOMO-3 — LUMO+2 (32%) HOMO—1 — LUMO+6 (58%)
299 4.15 0.1118 HOMO-2 — LUMO+3 (48%) HOMO—1 — LUMO+2 (48%)
401 3.09 0.2348 HOMO—2 — LUMO (55%) HOMO — LUMO+3 (37%)
Li* @[6]CA 225 5.51 0.8275 HOMO-3 — LUMO+2 (31%) HOMO—1 — LUMO+6 (50%)
296 419 0.1051 HOMO—-2 — LUMO+3 (48%) HOMO—1 — LUMO+2 (48%)
396 3.13 0.2166 HOMO—2 — LUMO (57%) HOMO — LUMO+3 (34%)
[6]CA-BN 160 775 0.1701 HOMO—13 — LUMO (50%) HOMO—4 — LUMO+2 (18%)
169 7.34 0.1179 HOMO-2 — LUMO+5 (81%) HOMO — LUMO-+4 (10%)
199 6.23 0.0431 HOMO—4 — LUMO (50%) HOMO—2 — LUMO+1 (20%)
Li* @[6]CA-BN 183 6.78 0.1843 HOMO-3 — LUMO+6 (46%) HOMO — LUMO+5 (29%)
200 6.20 0.0326 HOMO-2 — LUMO+1 (36%) HOMO—1 — LUMO+2 (32%)

4 #F

TR CA, CA-BN 9K IR KA1 3 145 %44
RIGTE N AN, A SCRH PBE0/6-31G(d, p) 7
EXFEEIFST T [6]1CA, [6]CA-BN 4KIR K AL 145
N APIRCELY AN S d N N 3 D &S
B RE S B . WSS K W: [6]CA K
5 F KT [61CA-BN 40K IE, IX 55 [6]CA
LA 40 A1 A B I, [61CA-BN R HIL3E 43 A 58 58 5k
R A, BT 135 2 W1 8 ks 188 2 1 R LI
NICS i, BT K75 & k. JrLk o FHERE T
W, [6]CA MR/, 7 HIEA RIS
[PERIT B4 45 5. BN B A 40 K 28 (1) HOMO
%, LUMO L7}, FrLA [6]CA-BN [HREBR (6.01 eV)
e KT [6]CA REBR. 425 115 4% 213X 5 Fh 4 oK
b, FEAS B S O R S oy T UE A AT I ET R T
{ff HOMO, LUMO fig 2% [F] i B A%, 218 115 Al
[6]CA [ HE B 14 hi1 (0.08 eV), AH 2, 1# [6]CA-BN

() BE B KR B2 R0/ (0.71 e V), BT LLBIES T i A
B35 T [6]CA K [6]CA-BN [ RERR 2. FALAEMN
THELR W, [6]1CA T AE by ¥ 76 1R XURK M A% S 44 8L,
BB TR 45 AR A 44 2R 1) WL 7 0 2 A% B v S 0
I [6]CA-BN ¥ HL 1L fie ) KT UL i ie 7).,
BTG, WP RETRE ) R AR, 2 UL Re
8, A FAGE ) T R A A . i G TR
Sl R I, [6]CA 1Y 3= ZEW AT T~ 58 Ak v] WG e
LY, 1 [61CA-BN [ 32 BRI T 38 48 A1 X k.
[61CA BB BS 1, RIS A W 2 IR 52 .
[6]CA-BN HB 8 551, WOGIS IS T2l # . BRiE
B PR M 2R B, BT IS 2N T 2R ()
NG IR [0 AT e B, 258 L BB nT 4, BN IR
BB T B 2%, A R B AR T 9K IR R 5 A I,
HL 1 0 e A8 T A Sk A T B T 2 RE B
PE A K, S B B T 145 A2 B A RO G &
A2 AR A XS B AT A e AN % T ) AL
PR S CE S R HE
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Abstract

Density functional theory (DFT) is used in a series of hexacene nanoring ([6]CA), its boron nitride analogue ([6]CA-BN) and
lithium ion doping derivatives to obtain an insight into electronic structure, aromaticity property, energy gap, ionization potential, elec-
tron affinity and reorganization energy. DFT calculations of these nanorings indicate that the energy gaps of the carbon nanorings are
smaller than those of the boron nitride nanorings. The lithium ion doping will remarkably reduce the HOMO and LUMO energy. The
aromaticities of the rings are investigated though nucleus-independent chemical shift (NICS) values. The NICS scan suggests that the
aromaticities of carbon nanoring systems are more than those of boron nitride analogues, the aromaticities of boron nitride compounds
are very weak due to orbital localization. We also calculate the reorganization energy to investigate the charge transport properties.
The results show that the carbon nanoring and their analogues could serve as bipolar carrier transport materials in photoelectric func-
tional materials, and the lithium ion doping significantly improves the charge transport properties. The [6]CA-BN nanorings serve as
better electron-transport materials. Furthermore, the lithium ion doping significantly affects the charge transfer property of [6]CA-BN
nanoring, making it used as bipolar carrier transport materials. The time dependant DFT investigations show that the boron nitride
substitution leads to an important change in absorption spectrum with blue-shift. And lithium ion doping has no obvious influence on

absorption spectrum.

Keywords: carbon nanoring, BN nanoring, lithium ion doping, density functional theory
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