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Abstract

As real nano-scale magnet materials, single-molecule magnets (SMMs) have very broad applica-
tion prospects. Researchers are committed to developing single molecule magnets with better per-
formance and more stability. The 3d transition metal single-ion magnets (3d-SIMs), as special sin-
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gle-molecule magnets, have relatively simple magneto-structure correlation, and the anisotropy of
the central metal ion can be maximized by properly adjusting the ligand field. Therefore, the
3d-SIMs naturally becomes one of the frontier research hotspots. In 3d-SIMs, there are many stu-
dies and reports on cobalt-based complexes due to the large magnetic anisotropy of cobalt ion.
However, most of the current reports are field induced single ion magnets, and few cobalt-based
SIMs show slow magnetic relaxation under zero field. Therefore, it is urgent to study more in-de-
pthly on zero field cobalt-based SIMs. Combined with the existing research results, this paper takes
mononuclear cobalt-based complexes as the research basis. Starting from the coordination number
and configuration, the mononuclear cobalt-based complexes with zero field single-molecule mag-
netic properties are reviewed, which provides new ideas for the further study of high-performan-
ce single-molecule magnets.
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WM R E AR T2, EE S BIRMETE2NOBEAE AT BRI . @EEENT, W
PEA B TR P n R Bk B BRI A SRR B E A B e AR R 5L, 140 SmCos A Nd,Fe 4B
[1]e AHRHETFRBFHEEPIEAEZE/DS, UL SRR RSZ 2000 THEOR R §1) © 28k i T
AT ELE 20 T4 90 4E 4K, Sessoli 25 A& I Z 4% A [Mn1,015(0AC) 16(H20)4]-2 AcOH-4H,0(Mn »Ac) [2]
FERIR T 546 G iR —FE o] DRI AR AT, T HLAR B A B B ) SRR 2 A8, X uERH 1 —Fh
FREER R I o X RRENEA BRI T2 T AR S, BeWR OBy TREAR[3]. B0 T REARIEE A
ERE T 5AENRARRA RS . SEEANERE. &E4 4854 R A 9K 2% mE 5+ kLA
L, B FREREAE W2 AT 2RI 55, S5 FREPR AR SRS [ 20 F B e R, IRl R R — R
PR E AR . AL, BT RER— R REVE T A NLIE A, X AE 1S DR RERR S 1 T A BEIR 1S IR T A KL
B RELE A T AW 3RS o BT AR R P 5 T o ik 4 J B8 1 RN HLIC AR IR 3 A A i
IHERSCH AR B 563, ERIT LT SRR TR S, W FUE A A 9K R ST R
AN N W LB I G b 3 - A S =T oo v v O = I 1 | R €8 o Y R N 1 B B2 G A
ARG EAE, BERE, REERE S RIS ENHEE S, NHT Ry Tk Es
1P T RN AN T AN S AR T, AR E IR 4 A — R T AR TS AR
FE BRGSO TR IR R B T R R, FERONI . B MORLEE AN R A
AHS1[6] 7.

B AR — A B P R B B BRI . ORI ES E AL (S) A il il &% 1) S (D) o BT, AT AT
A BRI AR U 45 2% 1 T 28 A [ (PO R AR A P SR v 2538 E R AEL(S), AT SR A HR 7 TRk . IR R0
Wik Z &G B BB SEE S BIREAYI8]. R, MR ENTIRDL S KR D Em/h, HiE
1K S H AR SR R T REARIE AR 22 [9]. IR, WFFC & LA B ps & 1a M e R B T
AL &R S T ARG, Etie s D EME R RS TR BT XRS5 FRIET 7 (A
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A AN, BRI RIR O B TR A b R T AR o < SR B T AR P ARR R BT
Witk . SHRE T HiAA L, ISR TR SR B S A S B AR SRS IR R K, PR
0 % 1 25 [ S ME K 220 B BB RS T 5. 3d 4R SRS AR A A O BRI AT, A B
WS RERT, 0 FLE 2% 1) S Pk A e A s B8 B ATtk . H AT HRIE R 3d <5 Jm o B Tl ik 2 24
FEGRANEE L AL S [10]0 AbI0RFA I RARE LA B LA AR 50 I (0 X8 S5 R AL AE 2017 4R 4RkIE
T — R B LAY B AR RS TR, LA [(sIPr)CoNDmp] (IPr =
1,3-bis(2,6-bis(diphenylmethyl)-4-methylphenyl)imidazol-2-ylidene, Dmp = 2,6-dimesitylphenyl) (1] £ 1% 3|
T 413 em ! [11], it mE it AR 2 A b BB T4 . Long WRZLAE 2018 SE4RIE 1 ) fcfr 2k 4L e B 1
T4 Co(C(SiMe,ONaph)s), [12]. BCArH 2 8] ) f1 (L C-Co-C)Hi T BRARZ A (1) 180° . IXFhZR A4 AL )
TC #4337 155 FL A AR B A BT TTRR AR F) B 5 1o S 1 . IZIC A I RE 22 ik 450 em ', 2 H A TN
A A 221 3d 1 4 8 B gs T ik .

RO T, HTHEEY P A E R R KR, —H ARNIEMSESHHERSERESS
FSRE B 5 FEU EAN BRI 1) v, HARE 509 Kramers 2 5-(S = 3/2), Brbl HAT#RkIER 3d
R AR TR E B T AR S . B TR RS AT S, AT, OF HARES
TAFAE G BEAME B BE P B e, SRR E T LERF A BEARATRL . AN BB T AL W] DL RN KA
gia, HlE BB AR B TRARECA E 2 B 8, MMM AR BT R EE S
PAERGSRCALY, TP AR BRI R &, WA ) e, DRI R 2 M e PR R B R T AR
AL (2~6), A DB EECAL(T~8)o AFTERT, ot & BBC AL A B0 IE & VIREVE oUA 3522500 . i
T 3d WERRARE THAY, BTREEWEOVIE, 15X 7 i AN A s A
AN HE0TE . TR TR I SR E R AL G T T RERZ B, AR &) R I T3 503 T
PVERT o B8N ) R TR AA T DA D v A AR R A, {EL 52 3 PH 28 IR L 1Y
SO, HATE S IR T VRS SERR I N A, PRI, R 08 i v il B AR PR R 25 T 1 RE 4
M e FLRE P ZE TR Oy 7 SR ST AL PR B B 7 WA AR TR 52, A8 ST S & A SR & A il
BEXS AN RO AT S BB FE I S E 3 26 A T R B 5000 T HEAR L B BEAT T RGO aR
Tk RE 3 B0 T RER SR LI

2. ZECHLEh RS TRtk

TRALE S BV B R AR SR, BRI B sl R, Re R R L S
B, A AEC G DRI AR 5 80 0 FREARPE T o R AR O I Y 4 SR S T R A e L A AL
BCAAR AL FE AR BRI BE R ] D5 %0k . N-ZRFR R =R b SE e A

2017 4, X ME A TREAME N-ZRF-REG R —6HE 5 5 WA B AL R B 8 1 AR &4
[(sIPr)CoNDmp] (K 1) [11]. BLAIRLMME, HEAREM Co-N #(1.691 A). 7E5=23/2 LT,
Co-N 48 AL X 2B, SR LA A B [ 45 % e S F30 4 PRI B R 47 N, HES
BRI RE 22 413 em ' BRAL, IZEAYIEARIR N IR B R AR R . iR 4 R B
BT Co-N #& P AN BRSO LA WL & 1) S MEREAT TR FL . iU R MR A% G B T — B e
FZNEMIREE, MEERW Co M N IR R RIAH FLAE FHAE[CoNT #% 0 S BUAH 4 KRG 10 S, T
X IERAC S5 B85y -1 WEAA R BT 1 SRR

—HHEW S, SESRE T d PUE SIS P Jahn-Teller B35, BRHIE {7 I 3 S 8B HLE
BIEPEK . MELMRAIIAEE T, 48 T4 Jahn-Teller BGAR [FIFEMA, WM 25 5 3R 13 BRI G #%
M 5. 2018 4, Long BRARZHARIE T — 5 —FoAr 26 B4 F1 3 FREFR Co(C(SiMe,ONaph)s), [12] (K 2). H
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Figure 1. Molecular structure of [(sSIPr)CoNDmp] [11]
[& 1. [(sIPr)CoNDmp] [1 1189 F&544

Figure 2. Molecular structure of Co(C(SiMe,ONaph);),
[12]
[& 2. Co(C(SiMe,ONaph),), [ 1253 F 2544

3. MECsh S ST HEE

AT RS TR B S B R TR AR I SRR R I e R R 22, (BRZEUE LR R
K R BUR A VLS B IC A9, BRI AL & 5 5 7 A Bl T AN % B2 e AT -5 2507E 2 o I FH AR 128
RAEE, T =HCALHG BB AR [13] [14] [15135 0 B B 1tk Ak o B AR 7838 A1 Tl R 1) 38 5K S vy
PERERIPE L 7 BLARE BB TR . T W A0 A 6 DU AL (1 4 B0 8 FREAR BT T — RVIMIBE 7L, JF
R DY FEC AL H g Y R BY R G R TR S s e R ) S G . B RTIRIE 9 B T35 5 0 TR YRR
() VU BC AL A B B - AR KR O R B B s, D EU L 2% R B s .
3.1. EEFEHL: NEF

2015 4 Dietmar Stalke i @8ZH I H Vi {2 £ il 17— Bl e N Ji 7 e A7 1 DY C 67 B B 28 7 i Ak
[Co{(NBu);SMe},] (1¥ 3) [16], FFidiHi X SR Hrifie 17 M 22 D A AL . &)

FH) N-Co-N MBI, O 71.5°, RMEFECEDHINTHAIAEE R G, W22, M FHH &Y BA
ISR R A ) S, Bl IR BH D = —58 em o BOKII SR RE S A AR A R R S A
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Figure 3. Molecular structure of [Co {(N/Bu);SMe},] [16]
E 3. [CO{(NI‘BU)}SMC}Q[1(,]]9"]%%2%*@

2016 4 Joris van Slageren PRAAHRIE | — 151t N J5 - Be A7 ) A% VU ThI A4 B 85 114 44 (HNEt3),[ Co(L),]
(H,L = 1,2-bis(methanesulfonamido)benzene) (& 4) [17]. ZE&WAESK P NFaE, HAEGMRFK B
THEAARTET . 5 OB B EOAL R PR A A L B, E AR P O A S F O il B A SR —
T 3 48 T N 84.83° o WURF R 1% i 7= 2 P s it ) BC 7 3% (6 75 66 8 7 10 * B J 6 0 By 58 — R S B B2
NI SRR — el &, IS8 4E 7 ORR) S & m) e . BB BT, am 20 A B
SR ZE S YRS 1 Z35 0 MBS H D N-115 em™ . ZREMEA E5 505 THEAYERR, @ ekl
PRSIk 230 em ' AN, FLAWIIERILHMBA LS, SEHEE N 0.5 T/min i, BLAWITE 1.5 K 4
AN 0.24 To

41 e,
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Figure 4. Molecular and electronic structure of complex (HNEt;),[Co(L),] [17]
[ 4. (HNEt;),[Co(L),] [ 171895 FEE+0FNEE F 454

2019 AR PR R U ] S T AR IO A 5 1 1 7 491 B A DU TREASE i B B 1 644 (HNEt3 o[ Co(Ly )] HL0
F1(BugN),[Co(L,),]-H,0 (H,L; = N,N’-bis(p-toluenesulfony1)oxamide, H,L, = N,N’diphenyloxamide) [18], Jf
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Figure 5. Molecular and electronic structure of complex (HNEt;),[Co(L;),]-H,O and (BuyN),[Co(L,),]-H,O [18]
[& 5. (HNEt;),[Co(L,),]-H,O F(BuyN),[Co(L,),]-H,O [18]89 5> FLE+ FneE F 4544

2019 F Naoto Ishikawa VR ZH ) FH K5 RO A G B 1 — 91 A% DY T A7 4 B 55 1 i A& [ Co(half-Pc),] (Pc =
doubly deprotonated phthalocyanine) [19], £ X 52850 & A7 5 %) 45 F3EAT SRAE 43 B 15t FL 45 40 g e A2 DY
(K 6). BIRMAGZNNAFR NG B A BOR R RRE 5 18 e 1 . SRR IR B S A%
oy 5053 F- WA 5 o S8 I G A AT RERR R I3 T 1RI AN 431 A AE ELAE O s AT A B A B
P AT R DX I (1 32 B 755 B2 8 Orbach 12, A1 HIIBIF B2 Uy= 54.0 em™' . @IS
A M A I 36808 57 em ', SEIFERE MM Y, UESE TR AT ISR O R RS
Mg =%3/2 3] Mg =+1/2 WHBR FEM

3.2. IE”?\%EE{S‘I:: O\ S\ Se\ Te ,E?

2011 4 4 DU BT A7 5 . 55 1 e A4 2 Long 558 NGB I(PhyP),[Co(SPh),] [20] (K] 7), ZECEY T OEG
BT5A S FE AL, MDA, TSRS RSHD = -70 cm™, S FEIIZE &I
T T RER I I FRARAT R AP R, EAEERIIRE T ga i « S|ETC. M
MR T 2.5 KB R RN I T HIABOR S BN Orbach 84T A, &0 i3 Bl EA A6 %2 Uy=21 cm ',
FEHTT 70 = 1.0 x 107 so fE%FADT, 0 dyy, YU 5B 11 d,_,PUBRESARIL, BUEHAE
HERA, M= AR BR RS G I 5] R BOR B SRR E % 17 1% . 2013 4, Long VA SR FH 43731
EH 0. S Al Se M ZREAA A K T LI (PhyP),[Co(OPh),]J(CH;CN), K(PhyP)[Co(OPh),], (Ph,P),[Co(SPh),]
FI(PhyP),[Co(SePh),JIUBC AL G211 Hidh X SHERESH R, X D491 A P 1Y 15 S e A2 DY T
WA, HEA Dy XFtE . BERMARIARE, WA AR ZFSSRSH D fi-113 cm™' &
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Figure 6. Molecular and electronic structure of complex [Co(half-Pc),]
[19]
[& 6. [Co(half-Pc),] [ 191895 TLEIFNEE T 4544

1 4 aq

(o)} N
1 ]

Xy

S8

Energy (10° cm™)

0 — ﬂ dZZ

Figure 7. Molecular structure and electronic configuration of [Co(SPh),]*
[21]
& 7. [Co(SPh),* [211K95 FEMIEIF d HiEEF 5% E

2014 4F Danna E.Freedman %5 A8 | — 191 155 [ Ji 1 Mas 2% DU ] 44 BRLA% B B0 25 Wb A4 (PhyP),[Co(C5Ss)a]
(1 8) [22], FERI T ZAMEEY T e RWBIRHIEZAT N EXBEYT, I d, PUE 5 d
Td, PUBREGANL, MTir=EREER I d-d THRE, SIRAEPIER A, AV ZICH 5
il F35 RS RRRAEEE AR, AWK D EREIE 200 cm™ o AZFRELER MR %R
EEAE TG THEATER, HEERE% Uy=339cem™, FRATHF 1p=4.5 x 10°s. N TIRTTIZIKME
EPTER T ORI R, [ EBIF FE 45 A4 B AR 6] 1 @ th 580 11 2 FI 52, 2016 AR IR RIE T — R 71
AT Dy JEFRE 9 Y T A4 4 B B8 TR As[Co(C5Ss),] (A = BuyN'™ (1), PhyP" (2), PPN' (3), [K(18c6)]
(4); PPN = Bis(triphenylphosphine)iminium chloride; 18c6 = 18-crown-6) [23]. 1% R ¥IAL & W)Y B A P hhii S
e, HEE RS HESH D fE-161cm ' £-187cm ' XIAIN . ZWF RIS Doy W FRIE B,
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Figure 8. Structure and electronic configuration of [Co(C3Ss),]* [22]
B 8. [Co(C5Ss),]* [22]HILEHFIEE F 43 7 &l
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2016 4, MLV R B GEBC A& e 7 — 01 S 5 BC A ) DU C AL B B 28 AR (11 9) [24]. 1%
B EWIAE ST BRI R e AR AE, 2 58— e BB Be A LR 2R 00 T AR . ELVR AR MR Wi &)
EAT RS i b, B g0 8B D = -71.6 em ', JBIEFIH Arrhenius LA A HRLAL R BdE, 15
B RS Uy=268 cm™', FRATF 7, =33 x 10 °s. {3 —4RAZ, ZEL AW 1.8 K i 23 H A
(YRR i [ 28, IXAE 3d I 4 S8 B S -l Ak v LR AR b L

Figure 9. Structures of o-carborane-embedded SIM [24]
9. FRARKE R S FRAR RS E [ 24]

2017 4, AR BAIRIE T — &85 5 LA S+ Se Al Te JF Ao A i VY THI A ES B 25 FRE4A Co[(EPR,),N],
(H:r R = phenyl B¢ isopropyl, E = S(1). Se(2)#1 Te(3)) (K 10) [25]. =ANBCL &5 B AT Bl R % 6] Sk
A7 80 FRAARTERR . BB EALR T S Bl Te, iZIREAERARMWE L FAZERBL T, %=
BT STECARI AR, A T8 —ANBA Te SR ECAL 1 DY FOAL B 5 88 TRk o Bl — NG A4 1 25 44
T W FRIE B ETAE N Doy SIFRPE, B R 0 2008 K. SRR AWML, =AM E%1 D 8
BKN-45.1 em ™' X SH AT EY R AR RHME . £F5 T, BRMHNLEEWERILH T
TEHEMTEAT N, R FER IR M RIS, X R G T AAAE T B E TR AR 52 AFN
&, (RS ZANES AT DA B AT ML R I, A 2 Uy=16.0cm .

3.3. ZEFEAL
2019 4 Ryoji Mitsuhashi 5 NG BOIFHIE 1 =491 4% B0 A7 (1 DY FC A7 45 50 25 1 b 4
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[Co(Himl),]-CH;0H (1), [Co(Himn),] (2)F1[Co(Hthp),] (3) (Himl~ = 2-(2-imidazolyl)phenolate; Himn =
2-(2-imidazolinyl)phenolate; Hthp~ = 2-(1,4,5,6-tetrahydropyrimidin-2-yl)phenolate) (/& 11) [26], FH-XFH 34T
TR RIRAE BT = ANBC AP B A AR DY T A4 AL R b % 1 bk, 237 70 2R B D (B IR
—42cm’, —38cm’', —35cm . RUESAEAYIN ERBAEREE ML, EE NI BASRETEH R 5 TR A
SEAE AN IR T S0 R B DX o SR A R AR, 3 —MIC S WAE R 5% A R IR LB M e AT
N, MEZ R EFHAE AP BIE 1.9~8 K F1 1.9~3.5 K Z [a] RIS Rkt 7547

Figure 10. Molecular structure diagram of Co[(EPR,),N], [25]
10. Co[(EPR,),N], B4 F 45+ [25]

C13

Figure 11. Crystal structure of [Co(Himn),] [26]
& 11. [Co(Himn),] [26]#9 G4k LEH

2020 A AT /N B VR AE R RS SR BIC AR S BT T 8 ER 2k T T AL AR DY T A R RS T R AR
[Co(L),]-C,H50H (L = 2-(adamantan-1-ylimino)methyl-4-methylphenol #I
2-(adamantan-1-ylimino)methyl-4-bromophenol) (& 12) [27]. AL & 90 FP #AFAE 5. 38 1) B b il 2% 1m) S 4
i ES S HESH D A HIAN-193 em ! FI-19.2 ecm™ . ZFBALFRMIREZ Y, =AW EAE T 55
TRERYERR, BIFERES Uy /h 5108 33.36 cm™ F129.19 em™ o EE K, BRI AN LHGE S HE
AN IR AR ARNE A WA AU E 2 28— DM S YRR R ) 2 LSS AN A Rg, xR
HAZ A 22 RO R 5t T84T DR ] LA 3 i e 38 T AR BB 1) MV AT 142

4. HECHIEH P BT HEE

T BC A T AR B C A AL R LS = A OUHE L DU A DL R s o )\ T AR A . (B H AT — =
FRHERS FE VR DU 1 B0 T LA PR T o
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Figure 12. Crystal structure of [Co(L),] [27]
12. [Co(L),] [27189 G iALE+

2016 4F Kim R. Dunbar WREAIRIE | — R TLBCAL R AL BT &)
[Co(TPMA)(CH;CN)J(BF.4),:CH;CN (1), [Co(TPMA)CIICI-2.4H,0 (2t). [Co(TPMA)CIICI (2¢) (& 13).
[Co(TPMA)Br|Br-2H,0 (3t). [Co(TPMA)Br]Br (3¢)fI[Co(TPMA)I]I (4) (TPMA = tris(2-pyridylmethyl)amine)
[28]o HH BB O T =AUk L, Biik TMPA TR N3 imic A il O ENIYEE 4L, AN A —4
BCA A7 25405 B CH;CN. CL\ Br AT (54 . 24 CH,CN FRfr iy, Fea4 5 5 Tid &5 17 S, M4 C1s
Br Ml THCALIY, BCEYEBLAAEE S . SRR, AHBEY[Co(TPMA)CIICL A%
BT HIAR, HARTEC G NGRS Tk . FIR TR AR, 2RI EW R THARIT N g
DA 25 AN S5 A R W AR R R, T A2 & 0 R AR 20 231~ 2 Ta] B A ELAE

Figure 13. Molecular structure of compound [Co(TPMA)CI|Cl1
[28]
& 13. EL&4I[Co(TPMA)CI|CI [28]89 4T F£544[28]

5. ANECILEHR BT HEA

FNECAL Co(IN)FR B PRI BUE = Mg Ry, A5 )\, =M= AR, BIAERW, =i
Be A A YA R 45 5 7 A2 K B AR R B &% 1) S, AT A R R SR A S5 P I 9 B 23 T AR [29]

2015 4 Richard E.P. Winpenny PRI HIE 1 — BB A = #AE 8 )RS (30]. BLEP
S A AR A BORRINIYE, T B 1B A 47~ A B B R B R AR R R S M i Feoe v . kA, IR
BCAR PRSI LAY, AR A& = AR IR 1 B % ) e, T R BRI A VR DL T4 .5 T Ak
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1R, R 23R R, Uy N 152 em ' 2017 4E Valentin V. Novikov 25 A 58 ) F i 8 R AZ g 3 &
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