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Abstract

In the mid-1980s, the discovery of fullerenes, a new allotrope of carbon, confirmed theorists’ pre-
dictions that there might be polyhedral carbon molecules with icosahedral symmetry. Due to their
unique molecular structure, magnetic and electronic solid-state properties, fullerenes have at-
tracted the interest of scientists in different fields such as physics, chemistry and biology. Both
pure fullerenes and fullerene-based compounds exhibit interesting solid-state properties, includ-
ing ferromagnetism, photoconductivity and nonlinear optics. Therefore, fullerenes and fullerene-
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based compounds are of great research value. In this paper, the structural characteristics, solid
properties, electrical conductivity and magnetic properties of fullerenes were summarized. Moreo-
ver, the electrical conductivity and magnetic properties of fullerene-based donor-accepter com-
plexes and radical ionic salts were analyzed. This work will lay a foundation for the study of mag-
netic properties of fullerenes conductors.
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Figure 1. Application fields of fullerene materials
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2. EERLEHIE R SEIFHE

Ceo B BN > T B - HHIAXFRIE, HRH 20 MNTEHA 12 MHTEHAUR. Co EEIRIIS T
i1 25 AN TEHAT 12 A FEFRALAR, BB A IR R AR o TR T A0 2 10 5 A 2 T
S FE LIS

Figure 2. Molecular structure of Cg

B 2. Coo HI5Y FEEHIE

WL °C NMR Yeai op e — (5 5 (A AEUESE Coo 20 F P IIFTH 60 MRIE T8 M. Coo PAFAERFH
C-C &, Hrb 6:6 LK N 1.38 A, [ 6:5 IR4EHEK(1.45 A)V BRI (1] 2). Coo 745 C-C HEES N 1.44 A,
Pl T A2 ) C-C B (1.42 A)1E sp? 244k, o BB FO Rkl 5 sp? 24k (1 = A o B 7 T 1E 28 (Oon
=90%). Ceo "THIBRIE T HAIUT sp® 44fk, H Coo &8I T 2B, DU/ANAR BB RS IR ANTE R — P 1H]
F, M O A 101.64°TIANZ 90°. DML, B 175 & 8k h R AEHEARAL, SECE WM T KA B3 N
BIECE T OB IRFAE,  [F S S AR e TR A B R TR ) .

TEZEUR T, Ceo dnt& AHOALTT (fec), T IOFHRPIFFE A “ YA ” [13] [14] [15]. BEEIREZR
FEAIG, 14 RAE 260 K 7ida N & — iR AR R T B SL T AR S5 ), XM IEAR 2 i T Coo 20 T IR E 7]
FHHET . BA RSB 127 B R BRI R N, IR R E] 90 K B, K4 83.3%I1 4 T4k
FAR A, FLIX A5 LR RAREE FAS AR [16]. EZEE R, Hgm 7B [17], FH
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2 N[19]4RIE Cro ih#s a3 HE/NT7 (hep) M fec. Fleming 28 A [20]H & B Cro B A fec fuiA%5#) . Verheijen
N [201 K I, Cop b IATE il T RERE SR foey Z5TRA4(rh). BEAR hep IR T HIRTE hep IUAR4ERy, H
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37 (cop) d A SE HIAFLE o
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Figure 3. The highest occupied and lowest unoccupied 7 or bitals of Cg fullerenes
are calculated by Hiickel method, and £ is the resonance integral
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(5 Wl HE T, WA RN W A R < . i, TP AR v DB K
TEEGE A PR ARRE o, BB RVEEARH /NN T B2 5B R, T IR RN 2 B AR RGE T 724
PHEAR Y ZFC A FC i kPP 0 MO AN IERRI . AR T, FIH M-H BHZRAE H = Hey (Ho AURARI
F3) BE IR RIS T 73 oo SEANTEERA » Xy T SRR st FRBEAT BT ST 3R B, AE R Z UG O ]
CAVLER 21 7 B A L [26], AR I K97 1 BE il A T E PR T v T i o T X o 800 3 A R i st T TR W
[27], FELETEAERLN 107 eV MBS, H SRRSOk AR, BEb IR 7T REAS 208 % B
P, X AT HE SR AR RE fh T SR TR R AR S 5. EAh, BRI A STt st R R, 1
AP . BRIk, A0 B PR i AT AS R (AL S D HEAT RO KT RS R 7T, DU ST s LA .
5. E¥ats - REBNESYNERES TR

5 MU £ (TCNE) AT U i — HGE(TCNQ)SE A WL I o 324K —HF, & ¥k Coo 2 —Fh3214, BE
ETE Rttt - AR AW . 5P, B RIEIERIE 2 740 MR T4 R EE AR AL
FRIZLCRFLN & G SR - 2R AR R AL T — e Rk 2B s A BHAFE A2 2 = 810 <0
<1, & REBMEBIE), WERHBFEBEAY), D Co . &¥iHEHEE T HIRA T e
e, D"Coo " (n EENEEH) AL 1 G T H PSS A SR B AL i R 4 2 FeCp(CsMes)
(Cp = #°-CsHs) I CoCp*p, "EATIFER P RS F= A = Fh st WG I B, K 2 Bk A=A — R 7
X R AERRAE AN AR A BT P #R R AL B IR . SR, @ ik R RS E AR IS L T 4
R E BRI T

Table 1. Redox properties of the donors used to prepare ionic complexes with fullerenes
%= 1. ATHI&EHEBEFREYNBENSELTEER

Compound Potential vs. SCE/V Charge of the Cgg anion Ref.
FeCp(CsMey) ~1.55 -1. -2, -3 [28]
CoCp*, -1.55 -1, -2, -3 [29]
Ru(bipy)s -1.40 -1, 2 [30]
CoCp*, -1.04 -1, -2 [31]
CoCp; -0.91 -1, -2 [31]
CrTPP -0.86 -1 [32]
TDAE -0.75 -1 [33]
Cr(CsHg)2 -0.72 -1 [31]
NiCp*, -0.65 -1 [34]
CrCp, -0.55 -1 [31]

Note: Bipy is 2,2’-bipyridine, TPP is the 5,10,15,20-tetraphenylporphyrin dianion, Ref. represents reference.
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T AT AWRSCAL 70, AT BEL L A4 o 0, PRI 4 7 BRI VR R AT . O T REMS B M

DOI: 10.12677/japc.2023.124029 288 LY PR A= Svi


https://doi.org/10.12677/japc.2023.124029

ki 2%

B, RIS IR B RS ERRR. 2R ORI, O TR R e S R E A
I SN AR B A5G, BT TN G TR I Ao P T PR Mo R A A PAAAC AR rh R A 70 O AR5 R R [35] o

G PR - A2 ARSI W] LE IR AT R AT U B R T IR AR B R i,
B 0 P2 B B T LAE A P AR R (A B ) EAT T, AT E ML I R IS ) 3
EHKR. AR, IXEHE S FEE R VYRR  LBEAAE T, AR T IR 4
5 Ceo SN, 1FBIFIVE TR S ARAR LV NPT #1753 KaCoo THF) Hh A 5L B B o

PHGE, RIREEEAT & S0 00 2 2 A0 10 Ay o Fe v 7 I B TE 3%, R0l 5 i R XE VA
T Coo e B iz 180, 162 PI(DAN)Ceo(CeHo)s(DAN VK FI(TDAE)Coo & (TDAE U (= i AE)
L) A Y CAE 2T IR AT B bt o B RO N P T3 e 1 0 B 0 PR R B R [29]
SNLGy WA HEAT » P e 2K IH-18- -6 I B AT MR (K147 £ » Coo & B THF A id & M4MIL S5 N Cgy
FRE T, TR IR Coo BNERVA MR T SIS IR 80 o B 5 — R & A BORAERH & 7 1tk &4, fildn,
(= HREE) FALE(PPNCI), JEAE S —MES T GRS H Ceo MELAHE T &I A &
—HERA AN E &R, LI BARY BUR AT3AS B ¥ B 26 e 1 2

SR FH R 2 925 T UKE 35 R AR AR BH 28 7 B DU 2R 2 AL B (PhoPCI) B PPNCI (RO SCHE B BT, B 1,2-
CRCRE AR RS HORIIR A SRR S DK IR SO, R H R AR, fERA AR
EIEJFE R R AR 2 Cg AN Chy B I ZEBA RS T, AT 8 e A B A B 45 A [36]

52. EMBSERRNESY

SR ITENE LA AR AA, IPsTEEN 6.3 eV & 7.4 eV, XUEHARI > THILZ K 15 A~38 A,
Forp U & B (TTR) A PSS, ARk 530 R Z 1R/, X R i A2 B 4 o 7 HE
. BT EPEANTEZME, BART B WP AR o SUEFERE R Co MBRE t, J11E, FHOXHK
WED P AT RS . 7o, SERIEE 07T A& E AR e~ DU & P 77 R A i A
B, HEMEHE, WP B EC, (E =S, Se, Te)5IUHTE FUMSHATAE YA I L 2 18]/ —TH M N
20°~30°, FHOXLLSN T m LA R EAIR . VIR E UM 75 Ceo AR — 24 HAE F AL & Wi
—FpE n-z B, 0 E,C, (E =S, Se, Te)fiAk i BL IR F E (1 n P FE A1 — A Coo 23 TN TLHH L 5
— MR e B, EfCo A BULTF AT T 55— Ceo 28 T HI/STGH . (BEDT-TTF),Coo(BEDT-TTF iy
BB Z ) WA E T AR B — MRS E A & $a R s UG i &9 4) [37], BEER
N AR T HAL SR EH &GS & T A I EY[38] .

Figure 4. The crystal structure of (BEDT-TTF),Cg
4. (BEDT-TTF),Ceo HY S FRZEHE
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A E BUGEC A 2 T T R T O RN AR S o 120 N SR S AT R R ER AL AE 2016
FEARIE T — Bl Ceo M1 TTF MR T A H L B, b TTF 5 Ceo AR EAFRIERZ AR A B e
LA PP HES, AT 3 B0 AR B Y B A A e ARl AR B RIS PR A e A, B A 5T [39] » T3 41
LR I LI 8 it i B A R VAT AR ey I &7 e 7 [40]

53. EMESENESYMBERERTR

B 7w S DU & PURATAE AL E AL, BHE SUE AT T B A HABSR A T A HUL A
Y. B Ceo & ¥ A TDAE JE B 5 A C A A UM R il B2 BRI ERAT, XK T RN Coo AL
BV R ZGER . F TDAE Fl Ceo VEVRTE H R FFAH ELH B, BRI 45 2I(TDAE)Ceo I H. - 2014 4, Takashi
Kambe %5 A 3@ i A HL R UE ] T (TDAE) Ceo AR RN s 2k REAH H 354775 7K A AR AR A [41] o FoAt AN A
[z 5 5 s S St 2 A B REPE B B 12k . ORI, Gn TBMA (NN NG NC-DU 2K I /R — i), B EE
TDAE 551t , HAEE R Mm% R A, XRUEY B &6 & 8ie 5 KE LN
SR T IR AR A3 B 1
5.4. BE&RERANKE Co ERNHER

& MR PR 2R I SRR B A A T R TR SRR B . i, kA Cr' (TPP) LA 1R S A (it A ok
Jii(Eox = —0.86 eV), TEPYSMRMEH ] LUK [ Coo 185N Cgy o 1SN RTIEI, N F 2 I S48 ]
Coo TR BN, (HRAESE R R AN S KA Coo IR IR SN o 55 J5 A2 L IRI[Cr(TPP)1Ceo( THF)3 3 A5 TR
P, EEABES= 2. Sn'(TpTP)4&AW(TpTP Ny PUXS H A FENMIFR)7E N- F JE LKA (N-Melm) #7276, AT LA
5 Ceo JEHLER[SN(TPTP)(NMelm),(Ceo)z [42].N-Melm F #2532 Sn(TpTP)? BB 1, Ml e ik 5 &I
2023 4=, Harry L. Anderson M4 & B 17 P B EE NG SR (15] 5), BLHE—B1 = R — 1] DY S 4k, 2
W TH 2 ) = SRR A Y SR A 1) S A A L 40 ) R e S T AN T, e rh DY SRAR IR B T 5 ) A4S & 00 5
HEAT BC AL I R F X A A = [43]

porpeller-shaped
trimer

o LT

saddle-shaped % ﬁ J
tetramer 1:2 complex with C |

Figure 5. Two cyclic zinc porphyrin oligomers
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4 JR Rk 0 S B R R ST . 2023 4, Austen Moss 5 AARIE T — 5 Hi g Rk bk
IR Coo ATZEMIMIEII AL, Forb e B nb b R A B S A = 2 TR S BURDGE S T
HA BT (R 7 B S [44]. BT S RANRAT Coor HEA R 2 H BRI BT IF A B 7 — Mgt
EEGAEL AR SRR AL L B S G BT SR AR R AL A A T A, XA AR A 9 T BRI
WRCRIF B LSS ER ERR IR 20, AT 3 1% s SRR R 83 1F IO D R e MR St v 1 23%, JF
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Eitm 1T R E[45].
55 B¥ASXERNEAMNBEHERTHR

7 4 AR M R AT AR, e AT LS A T R A R A R R A . 588
BE AL R I I B AT T8 Bd B Foeh, #R TR &R E 80 o U ok B S A AU H
R, BN, [(CsMes)oNi]Ceo(CS2) IR — 3R 5 F 0 & B3 2 18] AR £ N 0.3°,

BEWMRREN RS RS & G ETINFIE. 76 Co 5 B R AT, HEM
BT ES5REEN TIELEBAEE. Coo 5 B+ L RBIE BN &Y ESR Jhil
HIREREIN B — 5 Cl W REFIE S . B A[(CsHs)Ni]Ceo F[(CsHs),Co]Ceo HIMENE 2 S TEMEAL B2k, H E
BT ARG IXLERE G B 5 T 0P, ATV R, X R B B I 5 Cy A L EUR. FRiitk
A, XA DL BE R I S B PE RS, 191 101[(CsMes),NilCeo(CS )AL &4 (4 6) S H M &iik 1072 S em ™t [34].
i Dorra Mahdaoui %5 ANWFFT T /R FH Ceo L 4K 1 IR PE FAF A i I B, R ILIN# A 150°C Ji=
WU =R RAK T F AL T O AL TT K Fr IR Fh i A S5 K IR 75 S 8 P B 284 1 o1 SRR I XL
AR B B [ AN ] 30 i 46 [46]

C—0=—0

Figure 6. Crystal structure of [(CsMes),;Ni]Cgo(CS,)
6. [(C5Me5)2N|]C50(C82)E"J$Eﬁlgﬁ$@
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Ceo "L TAELEUH TR IN 1) 5225 B 250 8 e 30 1 TR A Rl L 3, SRR n] DA A
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