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Abstract

Chromium(III) has an electronic configuration of [Ar] 3d3 and belongs to the d3 ion category. In an
octahedral coordination environment, its degenerate t:g orbital can only accommodate three elec-
trons, which weakens the Jahn Teller effect. Therefore, the ion exhibits relatively weak magnetic
anisotropy, which also leads to a lack of research reports on single molecule magnets (SMMs) us-
ing chromium(III) as the central ion. This article reviews typical chromium lanthanide based sin-
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gle molecule magnets in recent years, in order to lay a certain foundation for the development of
3d-4f single molecule magnets.
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Table 1. The magnetic data of Cr-Ln SMMs
=1 8% - B RO U RIE

Complexes Hdcéko Ueri/K 70/S V/?T/ Te/K  Ref.
[CraDya(u3-OH)a(us-N3z)a(mdea)s(piv)4]-3CH2Cl2 (1) 0 15 1.9(1) x 1077 35 0.04 [20]
[CraDy4F4(OMe)1.12(OH)2.88(02CPh)s(mdea)4] (2) 0 78.65 6.1x1078 3 35 [21]
[Cr2Dy2(OMe)2(02CPh)a(mdea)2(NOs)2] (3) 0 77 5.1x 108 3 35 [22]
[CrTha(OMe)2x(OH)x(2-Cl-4, 5-F-benz)s(mdea)2(NOs)2] (4) 0 6292  7.7x107 3 28 [23]
[Cr2Dy2(OMe)2.x(OH)x(2-Cl-4, 5-F-benz)s(mdea)2(NOs)2] (5) 0 8723  21x107 3 44 [23]
[CraHo2(OMe)2x(OH)x(2-Cl-4, 5-F-benz)a(mdea)2(NOs)2] (6) 0 51.48 6.8 x107° 3 2.2 [23]
[Cr2Dy2(OMe)(OH)(4-'Bu-benz)s(‘Budea)2(NOz)2]JMeOH-2Et20 0 64.35 7.7x1078 3 3.1 [23]
[Cr2Dy2(OMe)2(mdea)2(hfacac)s] (7) 0 415 1.6 x 1077 4 2.2 [24]
[Dy(4-MMNO)(H20)s][Cr(CN)s] (8) 0 592 1.86x10M 50 25  [25]
[Cr2Dy3(PhCO2)7(OH)s(PrO)(NOz)(H20)3] (9) 0 309  4.09x1070 [26]
[Dy(hfac)s(H20)CrF2(py)4Dy(hfac)s(NOs)] 0.5 4.29 5.3(4) x 10°® [27]
[Cr2Dy2(u-F)a(u-OH)2(py)a(hfac)e] 1.6 6.56 2.8(3) x 10°° [28]
Nas[DysCrz(HGIy)s(13-OH)s(H20)9] - (C1O4)s-Cla-14H20 0 12.68 1.07 x 1077 [29]
Naz[ThaCr2(HGly)s(uz-OH)s(H20)e] - (ClO4)s-Cls-6H20 0 13.0 6.4x107 [29]
[DysCra(HGly)s(dpy0)a(is-OH)s(H20)7] - (C1O4)o- 15H20 0 1324  916x10° [29]
(pipzH2)[Cr2Dya(y4-O)2(us-OH)a(H20)10(13-SO4)4(SO4)2] - 2H20 0 39.7 29x107° [30]
[Cr2Dy2(OMe)2(02CPh)a(dea)2(MeOH)4] (NOs)2 0 621 23x107 2 3 [31]
[Cr2Dy2(OMe)(OH)(02CPh)s(edea)2(NOs)2] -MeOH-Et.0 0 79.1 3.4x1078 2 35 [31]
[Cr2Dy2 (OMe)2(02CPh)4(bdea)2(NO3)2] 0 61.6 1.1x107 2 3 [31]
[Cr2Dy2(OMe)2 (O2CPh)a(teaH)2(NO3)2(MeOH)2] 0 63.4 8.3x107 2 35  [31]
[Cr2Dy2(OMe)2(mdea)z(acac)a(NOs)z2] 0 346 1.2 x 1077 4 1.8 [32]
[Cr2Dy2(OMe)2(edea)z(acac)s(NOs)2] 0 41.6 9.2x1078 4 22 [32]
[Cr2Dy2(OMe)2(bdea)z(acac)s(NOs)2] 0 375 3.1x107 4 22 [32]

0 13.7 45+1x10°%
[CrDy2(OCHs3)4(dpm)s(CH30OH)]-CHsOH 08 134 50+1x10° [33]
[CraTh2(OMe)2(02CPh)a(mdea)2(NOs)2] 0 62.92 1.7 x107° 3 25  [34]
[CrzH02(OMe)2(02CPh)s(mdea)2(NOs)2] 0 5148 1.1x10° 3 18 [34]
(PipzH2)[Cr2Tha(us-0)o(13-OH)a(H20)10(3-SO8)a(S04)2] - 2H:0 0 241 4.0x10° [35]
[(TbsCr)-(C8A)2] 0 1813  7.5x10° [36]
[(DysCr)-(C8A):] 0 7.56 1.36 x 10°® [36]
[CrsDys(mdea)16(CH3COO)s(NO3)s]-6CH3CN 0 19.0 35x1078 06 05 [37]
[CrsLns(u3-OH)s(tbdea)s(CsHsCOO)16]-2H20 0 12.8 1.8x107 [38]
[Cr2Dya(ua-0O)2(us-OH)a(H20)9(SO4)s]-3H20 0 24.6 7.2x107° [39]
[CraDya(uta-0)2(te3-OH)a(H20)s(1ta-SOa)a(1ts-S04)] - 9H20 0 375 6.7(0.3)x10°8 19 [40]
|[_(IizléDy4(,u4-O)2(,ua-OH)4(H20)8(#4-804)2(,ue.-SO4)(ter-na-SO4)2]-2 0 259 7.3(0.3) x 10° [40]
[CrThs(OH)s(0-tol)12(NO3)(MeOH)s]-2MeOH 3 12.3 6.3x10°8 [41]
[CrErs(OH)s(0-tol)12(NO3)(MeOH)s]-:2MeOH 3 4.5 9.1x1078 [41]
[Cr2Tbs(Piv)10(OH)s(H20)2]EtsNH 0 17 7x107° [42]
[Cr2Dyz(Piv)10(OH)s(H20)2]EtsNH 0 10 1.3x107° [42]
[CraTha(OH)2(FcCO2)4(NOs)2(Htea)s]-2MePh- 2THF 0 54 2.1x10°8 [43]
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[Cr2Dy2(OH)2(FcCO2)4(NO3)2(Htea)z]- 2MePh-2THF 0 75 2.6x 108 5 4 [43]
[CraHo2(OH)2(FcCO2)4(NO3)2(Htea)z]-2MePh-2THF 0 47 2x107° [43]
i i . A, 17(3)  w=3(1) x10°5;
[CrsDys(us-F)(us-OH)s(mdea)s(piv)sDMF]-H20-CH3sCN 0 38() 2= 7(2)x 107 5 [44]
[Cr2Dy2(OCHz)2(Htea)2(piv)s] 0 715 1.2x 107 7 2 [45]
. 0 20.0 4 x10710 -
[CrsDys(mdea)s(piv)s(OH)4(H20)] 3 28.6 3x10-8 [46]

HPiv = pivalic acid; Homdea = methyldiethanolamine; 2-Cl-4, 5-F-benz = 2-CI-4,5-F-benzoate; hfacacH = hexafluoroacety-
lacetone; 4-MMNO = 4-methylmorpholine N-oxide; 'PrO = isopropoxide; Hhfac = 1, 1, 1, 5, 5, 5-hexafluoroacetylacetone;
py = pyridine; dpyo = 4, 4-dipyridyl N, N-dioxide; HGly = glycine; Hzpipz = piperazine; Hzdea = diethanolamine; Hzedea =
N-ethyldiethanolamine; Hzbdea = butyldiethanolamine; Hstea = triethanolamine; Hdpm = dipivaloymethane; HsC8A =
p-tert-pbjutylcalix[8]arene; o-tol= o-toluate; Fc = (n3-CsHa4)(n®-CsHs)Fe
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Figure 1. The magnetic interaction type of Cr-Ln. Color code: Cr'!!, bright green; Ln'", sky blue
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2.1. [Cr,Dy,) B B 5y F it

2010 4, Powell FHFF 58/ NEL D oKy Crillls v FE %5 ) e 4 1) DYMES & 78 1T —ile, AT 3B — 1M EA
LA FRETER) Cr-Dy BC &Y [CraDys (us-OH)a (1s-Ns)s (mdea)s (piv)a]-3CHCl, (1, HPiv = #%&, H.mdea
= W AEHZ) [20]. FERCE 1rh, 44 Dy"E 57005 4 A us-OH FCiRIER:, FER—F 1 AT R IE
TGN, 5 4 NBERRAARTAL. thAh, 4 ASEFTH mdea® Fof& 40515 14> CritAl 2 4 DyMEs -+
ER . VYR CrUEs T2 B AL T VU R Dy™Eg ¥4 s IE 7 T I B R . WY LA DY E T i T
MEZRN VYA Dy MBS+ 1E 5 TEHEFIHR A DY Cril sS4 i) 1E 75 TR 548 v (] 2) o [EAE R 2, 1 E 5K
(R L, FEF AN T R I B3 AR S 5 . FIA Arrhenius & B0 #E 7005, R EIH
MAe22 N 15K, 1 1.9(1) x 107 s,

Figure 2. The molecular structure of [CraDya(us-OH)a(us-N3)4(mdea)a(piv)4]-3CH2Cl. Color code: Cr'™, green; Dy™, purple;
O, pink; N, blue; C, gray. H atoms are omitted for clarity

[& 2. [CraDya(us-OH)a(us-Ns)a(mdea)a(piv)a]-3CH2Clz B 4> FL54 . EREEKES: Crl, fF@; Dy, £&; O, Haf;
N, f; C, kfa. AT EMENEET HET
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2015 4, Keith S. Murray H@ZH[21)#IE T —Fh B # M EL I [Cralng 2 B & 4 [CryDy"sF4(OMe)-
112(OH)2.88(02CPh)s(mdea)s] (2). 2 &)@ S 1 & @Al #HHEAVIA Cr BT H L4 Dy B1 1)
EHHES . PUAS Dy"ESF B YA TE 5 ) 1e-OHIOMe MR FIDUAS u-F 35 FHRBE(F 3(a)). RMEDIEAESE 1
2 1 Dy"RI CriUfEAE & 2 FIREAS A E , FEF W TR SMM 170y, RERF #2275 78.65 K. 1tb4t,
£ 30 Oefs AR Z T, 2 7£ 3.5 K T ot LR Rl 4, &M 2 BA R H SMM PERE(E] 3(b)).
1E 2 P Z AN G0 A2, X ulae A T J0/7 1 OH/OMe M. 2 HiRe L2 BB B & T 1 HRe2, X
BEDCONAETAERI SRS o BRIk, AT RAHEWT, A M IBE R 0 BIOAR i P A4 11 F, A7 5 [T W DA i) 28 458 1)
A R e 22 A5t 74 ) a] o

M/ Ny,

Figure 3. The molecular structure (a) and magnetic hysteresis (b) of [Cr4Dy™4F4(OMe)1.12(OH)2.88(02CPh)s(mdea)s]. Color
code: Cr''" green; Dy, purple; O, pink; N, blue; C, gray; F, bright green. H atoms are omitted for clarity

3. [Cr4Dy"4F4(OMe)1.12(OH)2.83(02CPh)s(mdea)s] I 53 F &5 40 (a) PRk I 2k (D). BRERAKED: Cr, fE&; Dy, &
fa; O, M4t; N, Ef; C, &Rfa; F, R&H6. ATEWEN, BT HETF

2.2. WNREL & oy TR A

B T [Craln BUBC A4, WIERYE -G R 00 AR e A e B« 2013 4, Langley #ff 541 [22] 5h
BT B ST IR 45 7 FTEC & ) [Criil, Dy, (OMe)2(02CPh)s(mdea)2(NOs),] (3). fEFL&H) 3 /1, B us-
FSE AR HERH A DYy E T Al —A Cri'E 1, CrES 718 5 mdea? BCAAR R AN 28 R AR Fio i &+,
TEBONECAL N AR AL . B T 5 mdea® FLARFIPIAN 28 BRI ACAAZE 8241, 54~ Dyt 5 — M MR AR B 1
BEAr, TR \FCA R B B (] 4(a)) o MBI AR 7R T S5 (™) FURE 58 (o) FR R I HH 2 350 P55
B, RIABCEY) 3 B SMM AT 8. Il 5 Arrhenius SE IG5 26 RBe 228 77 K. 164F,
£ 3.5 K LA g (a1 26 H IR 1o BRARTHELER B, i 121 2k thoWl 2 21K B it i /2 B UG CrV s+ R 77
FEGEE (] 4(b)). CriURI Dy [a] (R REAC ekl BAE 330 3 RAAER 2 s e 38 22, ) 1 &1 BE 27 AL
RE(QTM)IFAE K T st TR 1] .

B6)5, Langley BF5TCZHA 2-%-4, 5-%% B IR IR, ST — RAE - L&Y
[Cr'"Ln"",(OMe),.«(OH)«(2-Cl-4, 5-F-benz)4(mdea),(NOs).]-xMeOH (Ln = Th (4), Dy (5) and Ho (6)) (i 5(a))
[23]. 5T 25 R B B R R s s BT 5N, 2 | RESS H e IR 5m L, 5 B [ 2R 1 1
IR 2 4.4 K (15 5(b)), FFERCHD S MIReLiRmE) 87.2 Ko AL, SIANH-T-EC{ATT LA ot |
QTM. B4k, FLAY) 4 A1 6 [ [ 2 45 5 Wom BRI s, A6 e Th A1 Ho MRS SMM
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Figure 4. The molecular structure (a) and magnetic hysteresis (b) of [Cr'2Dy">(OMe)2(O2CPh)s(mdea)2(NOs)2]. Color
code: Cr'l, green; Dy™, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

[& 4. [Cr;Dy"M2(OMe)2(02CPh)a(mdea)2(NOs)2] B 4> F &5 4 (a) Fnfisim 21 2k (b) . BREKES: Crll, 4&&; Dy, £6; O,
Mert; N, I5f; C, RBa, ATEMWER, AT HET
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Figure 5. The molecular structure (a) and magnetic hysteresis (b) of [Cr'2Dy"'2(OMe)2.x(OH)x(2-Cl-4,
5-F-benz)s(mdea)2(NOz3)2]-xMeOH. Color code: Cr'™, green; Dy™, purple; O, pink; N, blue; C, gray; F, brightgreen; Cl, yel-
low. H atoms are omitted for clarity

[& 5. [Cr';,Dy"";(OMe)2«(OH)x(2-Cl-4, 5-F-benz)s(mdea)2(NO3)2]-xMeOH &Y 43> F25#4(a) RN A [E £ (b) . BREa X HS : Cril,
Re; Dy, £@; O, Mt; N, ¥6; C, k&; F, R&EE; Cl, BE. ATEWEN, 4T HETF

ItAbh, Langley fF 70 4H R H £ JCEEREFC /A Homdea, F£H hfacac B FHER R FIRS BRARFCAA, W&
BT I A Y0 [Cri,Dy™,(OMe),(mdea),(hfacac)s] (7, Hhfacac = 7N 2Bt A ) [24]. 1EAS kG 2
=, 7 EEAERTEE N, WERBAR MOS0, RS I (A R IR B R
i TOIRAS, A 4 K FER B K R E, RIH SMM 47 . @i &5 814 %he2 N
41.5 K (& 6(a)). BbAL, 7 MR R TT IR N 2.2 K (18 6(b)). IX/& CrAl Dy™ B[] 5l 1 A2 4 fr 4%
.
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Figure 6. Frequency dependence of the out-of-phase (ym”) susceptibilities of 7 (a) and the M-H diagram of
[Cr,Dy"M,(OMe)2(mdea)z(hfacac)s] (b). Inset: The molecular structure of [Cr',Dy">(OMe)2(mdea)2(hfacac)s]. The M-H
diagram is measured under a scanning rate of 0.004 T/s. Color code: Cr', green; Dy, purple; O, pink; N, blue; C, gray; F,
brightgreen. H atoms are omitted for clarity

B 6. ()7 B SH = {k £ 89 [E 3B & 1L & 0 [Cr'.Dy"2(OMe)2(mdea)z(hfacac)s] B9 M-H . 1 B

[Cr;,Dy">(OMe)2(mdea)z(hfacac)s] B 5> F 4549, M-H EIZ27E 0.004T/s BIFERETNEM. BAGEKRE: Crll, K&,
Dy, &&; O, M4 f; N, #f; C, k&; F, R&EE. ATEWHEN, T HET

MG L, IR By TR TR e T AR DR DR R 2, 3l e A A A O e
FRAE AL B EE SR, AR BT AN O R b /5 B 5 R 3 7 1 i s (e A AN 2B i A e k. (H
[, G & P T A M A P R R AR5, AT DL S IR B ) T A R PR BT O, A
fi B2k MRS &% . T [CraDya) B # 7y REAR G5 KA feT B, G ph <2 B T A HLBC AR B, 65 Rl
XE o MHEVERT B, S51URA B0) - T AR AN [CraDy ) B W73 T A AR B 1 SR U S0y T vk, (A
PRI BORENE A BT AN ] W0 TR B )l P R L L i 0 S BRI, AT e Y L e A R
JEERI R (B0 £ o T 7 R AR B 3 T AR O SEAT ) 2R B Bk o, LA T e P B AR A E

2.3. HbAABY 8 o FRkE

Bk T RITHFZ I Cr-Ln 5 F[Cralng) FI[CroLn) B 5oy F-Hb AR AL, 3845 HAhI$ R, Wi[CroLng] [24]+
[CrsLng] [24]+ [CroLna] [24]+ [CrLne] [24]+ [CreLne] [24]« [Cralng] [47]%5. 2021 4F, S.Gao % A H Eiik
4- FJE gk N- S A6 7 (4-MMNO) & i | — KRB B A & 7 X i f2 € 1 3d-4f SMMs, HfI
[Dy(4-MMNO)(H:20)s] [Cr(CN)e] (8) [25]. EIZICA W+, DyMESF-HalEFER KA 4-MMNO Fiik, 75
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Figure 7. The molecular structure (a) and coordination geometry around the Dy ion (b). Color code: Cr'!, green; Dy, pur-
ple; O, pink; N, blue; C, gray. H atoms are omitted for clarity
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Figure 8. The molecular structure (a) and Plots of In(z) vsT~* for complex 9. The blue solid line is fitting curve with the Ar-
rhenius law (single Orbach process). The red solid lines are fitting curves using a dual-process (Orbach and Raman) model
(b). Color code: Cr'l, green; Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity
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