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Persistent currents in toroidal carbon nanoscrolls

WANG Zhao
(School of Science and Engineering, Dehong Teachers’ College, Luxi, Yunnan 678400, P. R. China)

Abstract: Based on the toroidal carbon nanoscrolls tight-binding model, the expressions of persistent
currents are derived, and the effects of geometric structure, separation energy level, temperature and
Zeeman effect on the persistent current are systematically studied. The results show that the magnitude of
the persistent current in the toroidal carbon nanoscrolls is only 10 * A, and as the circumference of the coil
increases, the persistent current will gradually decrease. The states near the Fermi level carries almost all
the persistent current, while the far-off states contribute very little. As the temperature rises, the
persistent current decreases sharply; the larger the coil, the more obvious the influence of temperature on
the persistent current. With the Zeeman effect taken into account, the persistent current changes with a
new decrease and the periodic structure is destroyed for a stronger magnetic field.
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Fig. 1 Troidal carbon nanoscrolls in the uniform magnetic field B

PR (DO T UL E #3155 TZCNS #1 TACNS PN S dea B e .
I(@.TYy=— D>, f[EG:L:D.O)] i) (3)

1
exp{BLE (j +[+®.0) —p(T,0)]} T 79 Fermi-Dirac 3 A o 5. JH oK 4 38

TCNS i T 5 A F 0, b g= (K T) 'K} Boltzmann % ¥, (T, @) NAL2EHLIE T=0 K B
=0 eV IFHB T HIESMA SIS BAXFRYE, o B ABE T f1 @ 284k & A28 4617 57, o TCNS fig &
ARAEAS ] REAR R A R L i

AT AR E: f[EGL9.0)]=

IE(G .1, D,0
2.1,1:_%0 (4)

B OM@#HAR WG,

IEGLPsDraens F2rnyosin [n({ +@/ Do) /Pp] {Fcos[r(j —0/2r) /m]} )

D - = :
» Do {1 + éLcos[Tc(Z T8/ %) } . COS|:TE(] 0/2m) }+4 cos’ [M] }

o P m m




82 TR K FFHK % 43 %

IEG L D,0)tacxs  F 2 Ypsin [n(l+ P/ Dy) /p] {Fcos[n(j —0/2n) /m]+ 2cos [n(l+ P/ Dy)/P]}

Bl »®, {1i4cos[n(z +f/ D) } . COS|:7r(j —nf/zn) }% cod? [n(l +f/ D) } } T
(6)

254303 RGO 6 4B 9 AR 2 AT AT R 2 R AN [ E G L2, @.0) | /o B HE S 3158 B 2 K fi Bt T
1) B N 47 252 FEL AL DT MR A K, I A BB K DTk /. BRI, BB PR E, B8 K9 TCNS JL-F- WL EE N B FF 22 HL 3 » L
TZCNS(18,0,2 887,—5 774)7E 6=2x/3 B} E,=0.495 eV, 4 @ At —AJEW L EAVE T 7 peVIS X0 F54E
MU T 2970 107 A, BRRLH T P EREGY AR ST Aol 3200018 4 8 B S RE IR/ 2 1A 7Y TCNS,

T3 A FERE S T IR RE A A HIOR R — RO U I N SR SE 2 AN, B & FL TR A OBE 3 A ELAE Y
g0

el E G o) =T o g HMIEIN T (20 =21 /2 AT HBE m TR R =
e 0

apitpgtqt /2 NEFRF T (a=0.246 nm EAEHBWREBEEIO. M ANEEOBRRE N
E(] 91909®30):E(j 917@’6)+E(G’®)0 gﬁ&ﬂéi}‘éﬁ o] Kj(ﬁ‘]‘f%RT,E(a,@)ﬁﬁtlﬁﬁd\»%g‘;ﬂﬂﬁf
PAAT % 5 . TACNS(16,16,2887, —2 887)fE =0, f E (6,0)~5.98X10 eV,

2 FHRS5WR

2.1 JLAEMERm

Kl 2 W78 T TZCNS K TACNS PN 525 B it Bl i 2 A i 15 00 o i 5 %) LU AR 5 5 e B, AN 02 TZCNS
W TACNS, H MRS 3 T BOR 20N 107 A H 32 B2 R TONS A 28 5 48 AR 48 1 4545 i A 4K
Tl TACNS AN G =m+0/2n, 1<p/3) B (G=m+0/2rx, 1=2p/3) GeHXFHEEE A K BTk, i
MBREZ G =m . p/3<U<2p/3) K (GFm 1) P g A A 125 vt AF B AR L 28 9 K B2 DTk AR /D

— (16,162 886,~2 886)

10 S - 10
(16:0:2- 837, 774) (16,16,2 887,-2 887)

—e—(16,0.3 887,-7 774)

8 F s (16,0.4 887.-9 774) 8 —4— (16,16,3 885,-3 885)
v (32,02 887,-5 774) —v— (16,16,3 887,-3 887)
6 ¢ (18’0’2 887’—5 774) 6 <1 (18,18,2 886,-2 886)
4 b —»— (18,0.1 666,-3 332) 4 o (18,18,2 887,-2 887)3-' o
2 r 2
< o} < 0k
= =
s, s,
-4 F -4
-6 -6
-8 -8
_10 1 1 1 1 1 1 1 1 1 J _10 1 1 1 1 1 1 1 1 1 1
0.0 0.1 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 0.7 08 09 1.0
D/ P, b/ b,
(a) TZCNS: m=16,32, 6=27w/3; m=18, 6=27 (b) TACNS: =27

B2 MHEBETLHFERR

Fig. 2 Persistent currents varying with magnetic flux
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Fig. 3 Contribution of energy level to persistent currents
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Fig. 4 Effect of temperature on persistent currents
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