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Abstract

With the rapid development of single ion magnets, researchers found that a few of complexes even
with low-spin (S = 1/2) ground state spin can still exhibit slow magnetic relaxation behavior. Owing
to their great potential in quantum information processing (QIP), these complexes have attracted
many researchers’ attention. For transition metal complexes, the ligands coordinating to the transi-
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tion metals have great impact on the electronic structure of central metal ions, and then significantly
affect the slow magnetic relaxation behavior and quantum coherence properties. Based on the re-
cent research, this paper describes the slow magnetic relaxation behavior in low-spin complexes.
Moreover, we have analyzed the origin of the relaxation behavior and summarized the relaxation
mechanism in these complexes, which will provide new routes in the design of quantum qubit.
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1. 3]

G T HEAARAEIE A AEOR IS IR IO B MRFE 2 A SURI T . BAE T
BARLE S MnpAc [1] RN BER IS T-I0SL 70 T RIS Ja ,  BO 2 1 BA A F e w7 &4
PARIERIL T AR R AT, IXRECE VISR I T AR (SMMs) ot T HLZ5 M AN 5 &) 3¢
TR, A B — R DI REREA R Z N TE REOR[2]. A e R3] b & T it
[41558408. X T SMMs, HHiestas S > 12 if, AR TERIFRR & SERER S22, RaiE A e
EMEERESREG, AP AR RS 1, HRRILH 4 dL ) 80 TR AR AT 09 [5] -

T i, HEIEE S =12 0, RRPAEE ST R KN B TR s 22[5], AR MERDL
PSRRI TERAT Y o (W FE R B, LN LR IC & V0 AE i T PR B i st 3 18] [6] [7] [8] [9].
X L R I B A BN B e EANE b TR AT N 8 R IC S e AE B i SENLAO & 7 AR ds A rh AR L
{(9EE PN o P 2 )W N/AY 1 1 PSR = S B a0 71 ) S 1 65 3/ 5 P 52 i 6 8 3
—ANE LR HPRER(0 B 1) M2, B RN E TR & M0] [11] [12]. B e RN
PE> T U SR BEIE BUBLK (IR A T 18], BRSOy — NP AR AL, SR TS AR ) gk T
W% 325 NIk, RS AR EYILS] [L4]H 8RB & &7 IR BB 7. b, T4k
AR, B TRAA(SIMS), IR RSO T BT IR TR . X T AL 22 A RN B 2R AR B
ONTRTEL, AT AR GEh ] WS IR T A R B AR, R E B/ B B TE RS & RN UL K oA Ab
B, WlCA AR, AT AT CLSE G hdR B8 1 LU 1 & s it

NT SR T T, R TE, DR ATREEFERLS R A MRV R B FERC &, Lt BAT 5 H e
- PUBETTIRIE SRR S, TIAREE R LRI EY). XA S =12 kA iek R+, diTok=h
IR SRR R L AS[15], BrUA SRR A A AR RE, RO B R . ACARGLAAS T
FERARTE A AR B B R EL S, RO A A RIBC AL ASE -h R L (R i st AT AT 1 A

2. KRBT ESRESY

H A 4RIE B A 180 AT N E (S = 12)id V% &) 51 EZaHE V(IV) [6] [7] [16], Mn(IV)
[17], Fe(11) [18], Co(ll) [19][20], Ni(I/111) [21] [22] [23], Cu(l1) [24], Ru(lll) [25]41 Ir(1V) [26].

2.1 KB VIV)EE4
Sessoli I AALIRIE | — &5 B A 18R IZAT NI VIV)ES &Y, B4 HECAL A SECAL6] [7] [16].
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Hrdr, 2016 FiZUREARE T 6 LA & VOPe [7]. F10 VAIV)E 5004 N R FAT—4> O Ji 1
TERL T WA DY HEA R (] 1) ACTRMEAL 23R B IR A 20 K DAY, AL EWESEH 02T M 10T F
PR IS RS EAT N, M B m) E AR N E ISR . % VOPe 5 RIFHTHETE & TiOPc LA 1:1000
IR ELVR AT, 7RSI T ol DG B & A . XRE T T AR E TS LA R iiath, BfA
IR FRE M, & — PRGBS e &7 LR

Figure 1. Molecular structure of VOPc

[# 1. VOPc B9 4> F L5 HE

22. fRBE Mn(IV)ECEH)

2016 4, Ding 25 A4 7 —BIMIK F i YA A7 Mn(IV) 525 7l /& PhB(Meslim);Mn= N(PhB(MesIm); =
phenyltris (3-mesitylimidazol-2-ylidene)borato) [17].Jahn-Teller &k 3 5 S0iZ% B &4 5 548 DU i A4 A4 AL (5] 2).
ACIHEA ZR R L LA PR AN T RIS R IZAT J, A ECR & TRk . @it EPR 4 7 bt
ST SEOIE A A A 018 5t B AT R IR T IR SE R A BN RE S 1) v . @ XA TR A N DA
T AN [P st 4T 8] P20 Bt R IR T & 47 R ) st P e 72 2 B R 2 N 2 0 R

Figure 2. Molecular structure of
PhB (MesIm);Mn=N

2. PhB (MesIlm);Mn=N HJ43F
i

2.3. KB Fe(IINELEH
it Buades 25 AR B b & 1% T 56— B EF 1B AT NEMER B IES = 1/2)Fe(lN{L &9 [NMe,]
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[3,30-Fe(1,2-C,BgH11),] [18] (1] 3)o X IXEC- & WA MEAT A M MEALZE MR I, £ N %A A8
WAL RAE S, 40 0.05 T 4Nz, FLAEYIRIUEISHGAT N, EE MBS NR 2R, IS 5H
RPBR I EMNESARSET 12, HRKATHAERRNIEMRS, B4 THORI0 & M2,
S B S IS R RIS

3 |ayer

2™ layer

1t layer
H
/)

o = C-H - —
O =8H
Figure 3. Molecular structure of [NMe,] [3,30-Fe(1,2-C,BgH11),]
[& 3. [NMe,] [3,30-Fe(1,2-C,BoH,,), ]8I 5 FLEH &

2.4. {KBHE Co(INBE &4

2015 4F, [ KRR 1,4,7,10-09 1 %:-1,4,7,10- D9 & 44 3R+ —Be(12-TMC) LA K 5 R A [&] () 470
BB 7 & 7 A LA DY 7 5 e 45 0 10 T A 5 8% Co(1) T & 4 [Co(12-TMC)(CHZCN)](BF,), Al
[Co(12-TMC)(CH3CN)](PFe), [19]. ELiit kAt 3K 32 I ANAC & W) h A FEAN 58 42 B eSS IR (K 4). 53
A, AETREAG ZEHE os ARG S TE SN B T RIS R IR AT N, HAaZAT NRIET Co(I) &+
OIS T BEAS o BRI 56t st T 1) 99 23 7 43 b AN TIC 5 0 b ) st T4 0 A o B e b 2 i R A B B 7

= N
i e
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Figure 4. Molecular structure, variable-temperature susceptibility and magnetization
of [Co(12-TMC)(CH3;CN)](BF4),
4. [Co(12-TMC)(CHLCN)](BF.), B93> T4549. TRMN R IEEE
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Ak, BREESEAAE 2018 FEARARIE T — B BA B e XA L EAL Co(1)AL A4 [Co(3,4-1ut),Br]Br
(3,4-lut = 3,4-lutidine) [20]. L&A Co(l)E FEAREN B E5 U N TR, i E b5
Br s AL, JERL T HLE DY HEA B (] 5). B0 45 M AT 56 a2 B i I A W S5 M FE IR AR N A7AE
Wz BEEIRE RIS, Hrb N-Co-N A1 KM Br-Co-N A/ . FLHL R HHE R I &4)
HHAEAE 58 4% H IR AE XAT N ZEE AN T BA 18 0TS, BB 12 2o & TR 5 M 8112

296 K 123K

Brl
Brl

Figure 5. Molecular structure of [Co(3,4-1ut),Br]Br at different temperatures

[& 5. [Co(3,4-1ut),Br]Br EAEIRE TR FL4EHE

2.5. {KBRE Ni(/INEEH

fIC E AR BT &0 T R B A0 G N(DAD NI B AN S o Fod Ni() SR8 1RGP, A REsh T4
TN H A . S — K E R A2 th Poulten %5 A7E 2013 4F4RIER Ni(1) 5 &5 7 Hi f&
[Ni(6-Mes),]Br (6-Mes = 1,3-bis(2,4,6-trimethylphenyl)-3,4,5,6-tetrahydropyrimidin-2-ylidene) [21]. %A &40
N, HALRRA, C-Ni-C f12h 179.27(13)° (151 6). ELImBIGEREE . IS THE A EPR % EIME
HIZIC A ) P AFTE ARSI K — B B & k. BARZA G+ Ni()E T HIRS AN S=1/2, HEH—
R G 7= A ORGP A L A WTE AN T 2RI B G B AT . R Arrhenius 5@ %)
NIFIRFE N TR AT IS, R EIILRES N 118 em .

: ‘ | X . “ . |
.‘ “ ® 7/ PY ¢ /
2eq (-2.01 eV)
* 4

10, (2.4 eV)

c35 N4 — . ‘ \Vam '
/ > /
NC24 { {
- %:
c26 c25a 1eg (-2.80 eV)

Figure 6. Molecular structure and orbital distribution of [Ni(6-Mes),]"

[ 6. [Ni(6-Mes),| B 10 E R ENE 3 16
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2016 4, Lin 28 A\4RiE 7 1 =BCAL Ni()BL A [NiCI(PPhs),]-C4HgO FI[Ni(N(SiMes),)(PPhs),] (141 7)
[22]. AZ AL R A 2R AN S TE R R B A BUR S FRIAME . 5 Poulten 55 A RIE 1 Al
AR Ni(1) BB T-REAR AN, BE-S W INICI(PPh3),]- CaHsO FN[Ni(N(SiMes),) (PPhs) ] I L it B2 AT S 3 A
H— e & S B RESS 1R ST 51 R, T2 B el & S 801 g I35 [ S SR Y

Figure 7. Molecular structure of [Ni(N(SiMej3),)(PPhs),]
7. [Ni(N(SiMej),)(PPh,),] 8 5> F 25+ [E

2018 4F, Bhowmick 2 \4l3E 7 — R FIME A JE Ni(H)ELA4[Ni(cyclam)(NOs),](NOs), [Ni(cyclam)(NOs),]
(ClO,)FI[Ni(cyclam)(NCS),](CIO.) (cyclam = 1,4,8,11-tetraazacyclotetradecane) [23]. =ANACEYII N /NELAT &
BRI R (P 8), AP AT B ANEE &4 O Ni(IT) 572050 5 04 N EFRIBAS O JRFRchL, sk =
ANECEPD L NI(HDEF5754 N T ECAT o A [F] T BCAL 55 5 3080 A P 0 S AS R B G BT A ]
SR A H O Ji TS 5 MR EESINN) FIRINERN AT N, MR FEAH N JE TR

01

o1

Figure 8. Molecular structure of [Ni(cyclam)(NO3),](NO3)
8. [Ni(cyclam)(NO3),] (NO,) B 4> F L5+ &
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S & EIAELE AN AR IH B W B IS R RN G o SEB AN T R B S s 454 201 A
A3 18] A LA F DA K B AN i 1B e 2 18] ()48 & 07 SN i @ jE s 7847 AL s md - & 40 [Nli(cyclam)
(NO3);](NO3) F[Ni(cyclam)(NO3)](CIO,) H st 4 it F2 42 B2 by 2 i PR AN B A2
2.6. {KBHE Cu(INBELE4D

Boca %5 NFE 2017 fERIE | —F1/SEAL Cu(Il) 5B 144K [Cu(pydca)(dmpy)]-0.5H,0 (pydca = pyri-
dine-2,6-dicarboxylato, dmpy = 2,6-dimethanolpyridine) [24], FH:45F4n14 9 AR « 28 LA R E 8 % B %
HYEBCRBIAMNIN T RIS R AT A HREG X BE . HihBd R s s 7B fih 2df.
TR &Y A AE iR & S BN o BB 7 & ) ek, 2R 1R AR AT .

Figure 9. Molecular structure of [Cu(pydca)(dmpy)]-0.5H,0
9. [Cu(pydca)(dmpy)]-0.5H,0 B4 FLE+9E
2.7. {KBHE Ru(1IDFA Ir(V)EE &4

WA IAMUAE 3 d 4 B K H IERc & P s g i N &, 1 HAE 4d f1 5 d S EICH
JHE T &5 4 H AR 0 2102 ot BRI 5

2017 4F, Wu ZE A#3E T —6) Ru(1)fc & #I[RuCls(PPhs),(MeCN)] (PPh; = triphenylphosphine) [25].
W 10 pow, EEEPNNECAL, F0 Ru() B 4305 = CLERF AN P JETFA—A N B,

)

(VS B

Figure 10. Molecular structure and electronic configuration of [RuClz(PPh3),(MeCN)]
10. [RUCI3(PPh3),(MeCN) 8943 F 4544 K B8 F 418 53 75 [
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ENHARM AL ASRBIACR RIS S YLEIN N T B AR EAT N, Hibig 3 Bl s Py
. B AR WIRC S )51 KRR AR Y nT DL SR 1, AT el st PRk =2

2016 4, Pedersen ZE ARIE T = A /NEAL Ir(IV) BE & 9 (PPh,),[IrFs]-2H,0 < (Zn(viz))[IrFe] A1
(PPh)[IrClg] [26]o =ANECEWIHHT Ir(IV)BS 140 AN E ) i 3 B RO hr, FO AR 289 35 i A )\ T (14
11). RIMACFE R AT EWAEINNG T B TEAT A, H S Y (PPh,),[IrFs]-2H,0 Al
Zn(viz)[IrFe] Bt 750 A5 32 B B S RS 208 3 B0 B R

107
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Figure 11. Molecular structureand relaxation time of six-coordinate Ir(I\VV) complexes
11, REAL Ir(IV)EC & 4989 53 F 4548 K 5t T3 At (8]

3. ZitE5RE

Hig b, 4 S= 12 MR A BERC S PR AER DU B0 T HEARAT N, (BRSO 2 R U R, AR5
LR iR IE S AR TH AT DAL ER B MR st PRI 5 o TSR A WO 1 T 555 T A 8K ) 2 FH 75 i »
PRI AE foe il J LA i T B A < s T A M A st T e TR A g o HL P RE A I 2 I B A% 3d I )R
KB IV, BEEDTTR) AR, ZH L IR 28 M A kA . &G, XRIRA i &)
EARTT LRI R st 18, (H R st BORIEAMYLEG frit — D w7t (EREEHE SRR T RIARE,
XIS BRALEL AT RE 2 A EANRZI 0. HLUk, BOREIESE, Renld 5 e )d s T BRI E T, X
IR BT IR AT IR AN, #E TR A R AR AT . BRILZAh, IR BURESREC S IR
A2 i T A — RE BRI . WX R R MR TT, R 76 B 2 A2 2 1L SR8 Bk SRR

EHEWH

SR E 5K H SRR 42 (21776 140) A1 R 18 B 1 H 5£42(3CZ21022, JC2020134, JC2020133) 1 3 #F
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