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Wt H SV TR T ZF W Clar 20 seatet 2T, HHgh i
T VEGHIER

2 TR IEE RS T T IO RIS AN, AU ELEE
L Clar S5HHN sextet pattern G5FRATIATIN, FEHRA T PSSR
2, ARG TR Clar 230 sextet 22 W HIEFRE)T ,
VE R S5 25 S — NN ECE $M5 (BasNog) F—RAN A KE (351 -BiaN1o
B Armchair U EGKE) 1 Clar Z2 IR sextet 2 T,
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Abstract

Clar sextet theory is well known for its role in research of molecule stability
and resonance energy. Shiu W C et al. gave the count of Clar structures of Cgg
and the associated Clar polynomial and sextet polynomial. For boron-nitrogen
fullerenes, the corresponding problem has not been solved. In this paper we con-
sider three BN-fullerenes (B12/N12,B16/N16 and BagNog) which were anomalously

stable and capped boron-nitride nanotubes. The main results are as follows:

1. Properties of B1o/N12 and B1gNig are considered, as well as their hexagon-
dual graphs. By Combinatorial Enumeration the Clar polynomials and the sextet

polynomials of these two BN-fullerenes are given. Detailed proof is also provided.

2. For large BN-fullerenes, we suggest that it is unworkable to count Clar
structures and sextet patterns using only pen and paper before we get a practica-
ble recursive formula because thousands of such structures may occur. We design
the algorithm and the corresponding program for such cases. As an illustration,
the Clar polynomials and the sextet polynomials of BogNog and hemi-Bio Ny

capped armchair boron-nitride nanotubes are given.

Key words: polyhedra boron-nitrogen fullerenes, Clar polynomial, sextet

polynomial, graph theory
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AR T — BRI R S B, LR iR &
BIZ AR, Rl — e E O E IO, R TR
LR BIRIAER, i Kekulé 4545 M BEEETE T IR 52 S8 1)
Bl1o AHI Kekuld G510 X5 Be TR 58 6 ILEGE — 80U . HAR
(1, R 5E R ILEC A AH DG 45 SR T DL RS B Kekulé S5HBIBFSC, il
HFRARG G W Kekulé S5RIANEL (FFR Kekulé W5 08 K(G)) 25
TEIMTEEIEECTN 2. Kekulé THEURAT R 2 385 e he e e 265 br,
REBS IR LF A oh o1 I iR e = .

BT Kekulé SR B T 20 =0, S—Mgh e Kekuld THE, 25—
PO P A Y, S =Rt S 5 AR SC AR YIS Clar sextet PR
SLHEPE R B Randic [30-32] A4, &S B —MoCTRIMEs, i
TP E YR AE. Gutman A Cyvin FIZEAE [3] W IL/E T REW A, KT
JCHERE 5 a2 00 [37]) LSS STk

KRR AN A Y (Benzenoid Hydrocarbon) 7 JE LA I8 hy H 2 A
NG (X5 S R 18 B8) T o SR ey i, TR AR b S M R
%%, Erich Clar Sl k72 /N M R 40 b el 1 7 v A W oy iAo 1, 31X
AN EAUE RAE Clar IJEAE (1] TR L “Clar 45407 240640 E L F:

(1). AFCVFLEPASFHAR K75 T4 8 Hh 0 ] e

(2). R g5 fi) 20 22 i BE NI T JE AT 56 G VLG, X 2855wy i
e, 25 RN A H AT 58 S DL ;

(3). Clar &5KJZIRTE (1),(2) RGNS B EL. Fig 1 451 T
—A™ Clar G5BT

—ANANHARG G N Clar 85T UH ZA, HEA Clar S50
(1) P 5 — — MSZ N TE A B — — 2 MR8, XA B RO Clar
number. Clar number FHATRF IR KA e 7] 3 S 46 1R PR A 05 7 234
WEY, Clar number RKFAAS TSI 2= FHARIAGERE, HHEAR
TR AT H AT R R AL B o TR R R K R S0
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Fig. 1 pyreneffjClargtfy

P B aimsk, 52 A — 28] 1l 7E [3] thkE]. X T N RS Clar
number 115, Hansen 1 Zheng[2] FIJH 24 BRI 8 SRR 45 HEAA T 4%
4, Abeledo 1 Atkonson[8] UEH] T iZ AR A FEEME, FEWG T T
e 3 TR ) R R

KT Clar &5 BTG T 5 Clar G5 <8 — 251
©o Clar ik e b an S HZER 2 (1) A (2), WIFRA generalized
Clar %58, WA sextet pattern. 5 Clar GE¥IANF WL, A sextet
pattern A RIS NIATE A E T L ANFE B, A T AR X Fh X
A, Hosoya Al Yamaguchi [4] X KK RL G & X sextet ZINAUT -
Ba(z) =Y o(G, i)’ (1.1)
=0

Hpm KR G I Clar number, o(G,i) £x G P& NMMALNILIE
(1] sextet pattern FIECE, %A1 o(G,0)=1. [4] i & T ££ Catafusene
i, Bg(l) = K(G), ZJi Zhang Al Chen [22] %45 H T — 3 M55 1 7o 2
FA, LR T TN R.

ZJa AL sextet 2 AT RAL G P ILIRBE, (HXSA 70 KR
FWEY), sextet Z2IN G5 VAR TVAWRE LR D0 [5,6] Herndon A
Hosoya[7] M9 i€ Clar S e LRE TIXAEUR, MATR Clar S5
2 SRS (3) BUASAE (4): £E (1),(2) MIPRE T mifEl, 2R EA RS
B BBUE KIS TR —A Clar Sk, WITGIEAEABIR (1),(2) HIHTH
MR . [7] 43T U RBE N B AR U7k, 8 SCF g R
PEBE, UESE SR T I S P E I BOR BRI o XA Clar 51 E
X MAGR 2 A, 8 T ASIERE, Clar 15046 € SCE WA
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proper Clar 451, AL RARXP I EFRIE .

Fig. 2 phenanthrenel] W FiC1lar4s#y

VER BN AN R RGP Clar 45K T8 7 NI A KR
AR (W Fig 2) 5 B ARE Clar 250 [9] 15T X
£(Gyx) = Zp(Gw‘)xi (1.2)

Horb p(GLi) 72 G i MSINTLIEH) Clar SR, @ MIBGE T
ATREMIE, AR ¢ Wi KAE A Clar number.

BEE & # & (Fullerene) [ HATAEY (U6 44K Carbon nanotubes) 7E
Jo L WEARSUSAT R Z N, A SG BB ST 2 BIAR 2 e )
I B IR A (Ceo> Buckminster-fullerene) =Pl 12 Nk
JERD 20 DNLIEAH BRI BRIE 32 AR, "EHRISMEREBLERR, NLUIERIE
AN R 1 B AU 5 A iR B 1456 TR SRR IR ) 4584 . D.J.Klein
FEN [10] ML 22 53R % Coo ML IR REM T WF9T, Z )5 El-Basil A
W.C.Shiu % N XSE R4 Coo B Clar 20U sextet 2115 [11].

BT — 2 (B-N) BRI — B (C-C) B R ARALURE W0 A [R) 2
FBI0 s~ 0 U 1 B M A R SR A (R BRI LR 0 04, Boron-
Nitrogen Fullerenes) FJEE1® TAE 5|0 22 SR GER [12-19], 2 J5 AW
8t B O 20 E 808 A BRI 40K (Boron-Nitride Nanotubes) 4R
7 [24,28,29], [25] HEAR T 2000 2 FI AR TAE . ZULIIZKE LB 4
KAEFEL, B2 /NI IE SR i J5t 5 2 POIR G A BT A B, A ok DY B
BN IE IR R o SERUESE, SRRAUKREHEL, ZALIN 9K 1
SRR AL T ) AR S R BE TR AR LS I R, X Ry Al
PRI 20 KA A AR L B8 N

FAREZAL AR A & — P IR B R AL ) 1, LSS mT BUE S 73
A E AR ERIEIE T PR 22 de € 2 B 7N JU N EE S B 1 g
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Fig. 3 v [u) FHIME ¥ ) 57 44 K

T E AR G5, HARAH AR )2 N T B T U AT 40 Zigzag 2 (H
W), Armchair Y (B 7-2Y) F chiral Y (FAY) = (W Fig 4). THT 26
Sy i) |2 R sm AR A R Ad 2 B PS54 . Fig 3 ¢ P 2 FIE 11— s

R 8

Zigzagh Armchair/

Chiral/
CT L 2 Ak i 15

Fig. 4 21 =Maim

HAS B, — AN (a-4) DNISILTER 6 NP TE 4L 1 &AL 2 T
(BN)z» Mx>4 Ha#5 NI R R AN STAR 7+ B AT B EE 20K
& (BN-SWNT), [19] #t—D¥aH 11X 6 ANPUIALTE B AR N LG 1 H
FUEME, ERIIXS Coo R TLIU I B AT (P o 201 . Xk
WU B e S5 10 E 5 N R G AR ARUPE AR A 22 8 2 FH S A R8I
IR KM IZRA SN . [33] 45 T 41 2F -BiaN1» TEH Armchair
PR RE A A A K AT 1 Kekulé THEBHEA L, IFgt T 1 2] 17 )21
LA R . [34] 43t T A7 -Big Nig MHIRIHNT 2 -Bsg Nag 18 1] Zigzag 4 L
BEFACIN K 1) Kekulé THEUWEHE 2 20 (35, 36] WIAHIFH #4250 1 A
LR AE AR B 5 RE A1 I Y Armchair BRI Zigrag B RRE SUAL A 449 K B 1)
Kekulé TFEUAAE T —MEPEMIBEST, B ARG 7 415 T8 B 45 ] g 14
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gikgy M2 MBI R, IR T KRS, [33-36] HTHELR

R, BT I K ekulé + 4B 50 R 2 R

Vi

)
Fig. 5 B]ZNIZ

V1

7 a] &
Fig- 6 BisNis

- 1hi 1

Fig. 7 BuNas

[18]18 1 5 T tight-binding scheme (1% & p8 475 (DFTB), Rt ™4 <
r < 30 B, RERIARE M RE & BiaNi2s BigNig 411 BagNog, X —FhZIRAL
GG R . [26] ik TRk (Mass Spectrometry) 43 HT,
UESE T [18] R T BogNog MRS PR VHE & IEAA I
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X, JFHAS =T T H A S #8842 10 0 SE ARE
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# " F DBiyNiy M BigNig B4R

§2.1 B1aNyp B9 Clar ZIIFA sextet 2N

A, FATGIANILIERAEE RS, X5 W.C.Shiu 58 A
[11] $EH R, LR MAEOK B Fowler[23]: LL BiaNio HIZNILIE T AL,
PHANTRAT — T AE = HACH I NI AT — e R 6, IXHEAS 211
FRA BiaN1g HIZNIEXHEE . I Fig 8 ATLLE H BiaNi2 BIZNILJEXT %
bR B ST ITR (JH 3 — cube R .

Fig.8 B12N12|§/‘]/;\123%XUL1'1%I§|

4 M ={e|ec E(BiaN2) H e &MAN/NIATEW ALY, 5% M
& B1aNi2 W5ERILHL (W Fig 9) o« X BiaNi» FATE AL /N B H4E
&S, T M AE BiaNie — S _ERIREIG A& BiaNie — S II5ERILAS, PRI
S J& sextet pattern. iy SL45 H B XA RAE — BTG T2 RS2 AN L
EFEAE BiaNio [ sextet pattern FSLITTAR RIS AL Z TR SUA IR BAR T — —
X IGER,  [RAE R N R R ABAEAE T BiaN1g W Clar &5 RIS TR
WA B 2 T]

NI Z TS, AR AR Z T [11] & R

In(G,2) =Y 2Tl =" 8(G. k)a
T p

Horp T 08 G BRI, B(G, k) 275 G AT k AT
MATEEMHEH o A2 10K [27] 5 XUl h:

I(G,x) =) _b(G, k)"
k=0
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Fig.9 B12N1ZE4J~/]\Kekulé%$@

o /& G MEBKRMATEERS, b(G k) TR G FEA kAT LI LE
INEAQE[R

MBI 3 AT HARAT R4 e

FIEERE

(a). £(B12N12; ) = Iy (3 — cube, x)

(b). Bp,,Ny,(z) = I(3 — cube, x)

WAL RIS 7382 X MY, T KoL iR RN 4, 1
1704 T BT vl BERRR L
Case . T=X8T=Y, W|T|=4;
Case 2. T = {zj,vi}> Hp o, e X, yieY Huy 5 o AHAR. AL TR
&3 IEME, X7 X e AR, AR Y PR RS AR AR
HI | X |= 4 A ENSL 7 AR R AR AR A 4 A

e FATI43 2]«

In(3 — cube, ) = 22 + 42°

M 1 R SLITARB ST, R 1 A5 T 0] 2 s an T DY R AR
ﬂé:
Case 1. |I|=4, W I=X8I=Y;
Case 2. | I |=3, W1 "3 AT pie )8 -8 20, & W &AM
AN RAAR; Rz, X (BLY) AR 3 AT A XA AN
2 x C3 =8 AIANILAT 8 MNIXFEMIMAT AL
Case 3. | I |=2, # I WIMANTO oM JEAN A 70 50 1 e KARST AR, AT
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IR AT FIAT 4 A A7 T BIPIANTTORE TR — 2086, 2x CF =12; Kt —
A 16 DIXFERIMALAE
Case 4. | I |=1, WM 8 MXFEMMALLE.

MEL B A mf 43

I(3 — cube, z) = 22 + 82 + 1622 + 8z + 1

M5 13 1 FA TG 2] i i 45ie

EHE

(a).&(B1aN12; x) = 22 + 422

(b).Bp,,ny, (2) = 224 + 823 + 1622 + 8z + 1

§2.2 BigNig B9 Clar ZINTFA sextet I

BigNig A&7 32 NI 3- IEWE, & 18 A, Hrh 12 Mgl
B, 6 MWL . 1FR8—DAEHILE 3- IENWHEE, BigNig H 58
FVLEL. 7E BigNig HI—FHHRA (UL Fig 10) W, A by (i=1, 2,---12) &
INNILIE s AE BigNig HINILTEXE K Cro (W, Fig 11) 1, H v 3270 MY
hi TR

Fig. 10 BlstE(J#/]\EIZEEL‘%]\

M BigNig 25 R]S5 4 (WL Fig 6) BATT AT DL = 2 — N B Fss: (T
HUE — NIRRT, R e i ELAEDREE BigNig SMEAZZI
e MR SR E TR . BIXAEZEMWASNILIE, #AFLE BigNie 1 H
[FFIBE Aut(BigNig) FIIEANTTER, B —AINLIEE K 75—/ Nia e,
KL BigNig 1 12 D/NILTEAE Aut(BigNig) HIVER N RALEI . HNILE
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XA T )52 ST BugNag /NI IE X E] Crg S IR 1A o

Fig. 11 Cip

I 2: Chg BAEEM ARSI T L 3<|T]<4

WEM: Crp 2 PUIEME, AFEL O T ARSI AN T R IR & T,
W TUNT) [€£2+42x4=10<12=V(Ca)e KL Crp WA 5
T RIS EIARR, [ 1> 35 Cip B 12 DR E T 4 BT AL
TR =B Avivsvgs Avgvguigs Avgurvir, Avgugvize BT =fAJE =
AR PIAHRE, P T 22U EFD=ZMIEPR— DAL | 1< 4,
T AT o O

It G WRSIAEH | 1= 4, W T 2 RAMAZEE, 3D T X2 Big N
I7SILTERIEES R S, W | S |=4 H S & KM NLIEIES .

1B 3: BigNig WAT BRI NTATEEE S WAL | S |= 4, W BigNig
— S f5ERILA

WE: BB Aut(BigNig) R BigNig b 7N IEIAE 2 AR 1811,
AR, Wk e S, WS hy AN NLIEEATE S he 2
™ BigNig — h1 MIZSIHEXARE G1 (I Fig 12 Frzs) , d S XMW Cpg
W1, a1 e Gy BRI Gy B 3 DT s s 48, WK m]
BN 3 MPEOL: {vo,v3, 04}, {va,vi0,v1nts {04, 09, v12} e TIFREHE—Fd
M, BigNig — S METEZEWAIETE, WHRE . ZWAENR, BisNig
— S WMETEH DA% A A LTS, KA S8R ULE . iy Rk
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Moo a

1B 4: Crp BERED 2 DT MST AR To, HBAFAE B DYAS TR A
KMSTEE T, 3 o1

UER: 9 fo={u,v}, HI Cro BITISAREENE, PTHLu = v, PG o ARE
HCw AR R, FrLh v € {ve, v, 04,09, v10, v11, v12}> AN v B £, Ik
ISR Io 72 512 3 R IEAS 1 (72, fril L. O

FIRE 5. Cro WAREMKMASZEE TWRE | 1 |= 3, WX ] BigNig
— S B sERILE

WEB: AW v e I, W1 7EG EREREMEE G & AT %
KMATEE, M Fig 12 B EH, R {ve,vi1}s {vie,vi2} MAMESL, SEE
S={hi,hg, h11} B {h1, k1o, h12}> RV BigNig — S HPIERS T 7 AN TS
HIR LR, DRI AT 58 G UL G, fiw AT O

EHE2: BigNig THIAES I NUIEES S /& BisNig 1 Clar 25124 H.
Y| S|=4

UEHL: HIE 2 AIAL | S <4, RS | BT AN [RECE 23 0

i#:

(D] S |=188 |8 |=2 WHGIF 4T, FELE So, | So |= 4, 15
S C So, MGIBE 3 WA BigNig — So A 56K ULAD, LIS S Hid my LLSE hng
A& Clar 858 5E XHI NG, PrLL S AN Clar 4it);

(2)] S |=3 H S AW KM NIHEESR, AES (1) R
13t S AN Clar 4515

(3)] S'|=3 H S Bt KM NUIEEAR, HIIH 5, BigNg — S ¥
5ERILH, PrLh S A Clar 4k,

(4)] S |=4 HTIH 2 ATE0 S KK, K13, UL BigNig — S 1
SERILES, FrLL S & Clar 45t a

1B 6: 45 S J& BigNig M7 3 DN HAHMAL I NTAIEEES, W S 2
sextet pattern 1 HALM S JEM K

R B HIRGIETE, A7 S ARKHT, WIHSIE 5, BigNig — S
WA EREILE, KL S ANJE seatet pattern, 77
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