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Abstract

Molecular-based magnetic refrigeration materials have attracted wide attention because of their
excellent prospects in information storage, quantum computing, magneto-thermal conversion and
other fields. Molecular-based magnetic refrigeration materials can achieve low-dimensional magnetic
structures as small as the molecular level, and have the properties of monodispersity and chemi-
cal modifiability, which also provides an important model for theoretical research. Therefore, based
on the basic theory and design strategy of molecular-based magnetic refrigeration materials, this pa-
per divides them into three categories: transition, lanthanide, and transition-lanthanide, and intro-
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duces the latest progress in the structure and properties of the materials in recent years.
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1. 518

TR BT R i, SRR S B NN RS 5 B A SR G T B, X — B R AR AL A
4. (Magnetocaloric Effect, MCE) [1]. WAEGAMELZH T804 RG M BB AR, T H A
ROR T, RERIHAENS, V5, Uk, 1EHMRl. REUR. {5 828 MR 5 & 2 R R EINMER2] [3] [4]-
FAE = A =448, Debye 1 Giauque fE4 H AT DUKHRE RGN FH TRESGA, DRI IF4ERHIRIRS], H
H, S R (GdsGasOrp, GGG) T KA H A MU AR IR EECA MR 6], Ik, VR NHEVERELT)
TP o3 TR MR RS R [ 7]-[13] 0 73 T IR HE B A RE AT LLSE IR 4R I RE S5 4
— M 2R BGEIREYE, BAA P RERAR, R E S TR AR A-3 RIX MRS MR . B &
TR KR, TR N 7 7 B MR A e ok TR R, A, R
(1958 S Ril& 8 AL R e A R R RS A T I ORBR I E I, oA 2 DR A M BT R TR BT
[14].

SEG SRR - K DLGRAE - IR BORAI L, WES0A BAA RS Ee. RS, 3
WEANHAT . BRIz, o FREMEAMENE 5 TER R R ST, 18T A3 5 SLHLE M)
Wit RS LA R A8, T — B LA e RE, Rk, JES BB FANME[L15]-[20]. R4
RN R AR ) — P [ AT b, AR 72 ke, e R il SRS A5 R0 2B e o 4 N AR i
WEVEM B G R ) T RE3A 7 1), MRS S BRI B . Rz, UM, BvEM
b PR A EX A2 TR, AL, ARMREE T = R (1] 1),

T RE AN R R LS, B AN FIAE A0 I (L 2 22 . S0 78 (%) IR A4k i 3504 A R E
AW B DX IR P 23 2 — 7 THE A I R R AT Re i, 9 — 5 T AE AR 22407 I F 42 AR R T e
&, AREFREFERMREA . S—NEAHBE RN S Mk R, fEE4 FREHE 2S + 1 HfFH, XM
(1 BE SR BEAF(Sm) N RIN(2S + 1) [RIG, BESRAGHAG B S RN [ = PR RE 2 T B REBUAMRL, B ik $E 4k
BUN, BEERRASSUT S 7, SRESERA. SHREENSEE T, X Hatt i it
.

2. WBUST IR RE

Xf 3d i IE SR B T, W LI EBER Cr(i), Mn(1/I, Fe(L/IN), Co(11)ZE 3y ay DA™= A8 o] W i wg 8
A, Hor, BLS = 52 B RFEMER Mn() ik, EHEEZN A EET 3d &8 8 7 5EAAZ R AL
RGN RAIEN I, 3d-3d 2 [IE R A 3 AR = A (A He— M LA, X, R 5 P AR AR
ARG ik, 7E3d Fpimrld, T2 R FE R LW HISS 3d &8 872 MR e, K, %
2R (15 22 2 LI SR Mn(IBC A2 R A IE IR . I TR T 3d B (R] R sE AR ELAE A A %
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Figure 1. Schematic diagram of magnetic refrigeration materials [21]

1. HEHS MR RO IR E [21]

IR BLUEE, Fe, Co, Ni ffE BIR i =i, EiXSnRARETEU/N, 1T DOK X e i ik
LERHAEENHETRNE, BammE RiREHS=EE, RN, RERKNSRBBT. BT
(IR 7 MR ELAT £ BRAR R A B K28 4k, HL 3d-3d #B 4 (2958 101 om )il o 3 T 4F-4F Fl 3d-4F 22 /{5 1%
MG, LR 20 TAERAR G E A THES. Bk, ESEEESTIHUE, MRS 17
TR 37 I RO (0 A8 4k, (LR BRI CATE /I 1) 3 M AR o 452 v PR JRLPE R 77 AR B A 119 MCE [21]

FAN, EFEZAEDLR, 40 Mn (1), Fe (1), Co (INATNi (1), 3d HF Al RESRIMH B E 3.
GAES TEHFITRAERG SR, BTS2 w2 MER TSl T3, RIS,
Sw (H = 0)FME /N T RIN(2S + 1), FUNBLA 75 R AELEBARKEREE T, Al =4E R G MR HIRHE
G DL 2 2R R B

iR AR TR, AR TREBOR N SRENE, Ao RMNE LEERAK, ARe
EERBAER, aTLER T o RS GENHEEICRLE, ERRFEMREZ R -, fRefER
.

AR R, BTERESEAAEE R, Bk, JLTRE S = 72 A& MK Gd(1)E SR
. 1 H BT 4f B R N2, 23 5d BTG, Gd-Gd XM=k wes, BE/RMRAELL
R DGR IRAE RIn(8)EL 2.08R. Klt, 7E Gd (I)FEmEHIA BRI, 32 B% e PR 22 Tyt /b ok
ot BN OMFERLR, WRIERIREL, COE AR A S kes, R, ZEET
&ﬁ%?ﬁ%ﬁ%“%%ﬁ%ﬂJ%R# Btz Ab, senT DL I R SECE KA SR A R — P>

RSN PR SR, RN A — XTI 8, FERE fRTECAR I [RIIN, AEAE(EA Gd-Gd B & 45
ﬂH&%@E%ﬁ@m M AFREAC AR 5k T HL, SR ECA R GV B w5 fnT, &n]

Rer = AEKARMEA P IR, NI 75 B 45 G M Ok R TR 4%

N T EE M BT ES S BN =GR T B R, BT 3d-4f ARG 100 T RATEA H R R e B
Rk FE. 7€ 3d &b, ZaEYE Cr (), Mn (I)F1 Fe (H)E LT Mn (1), Fe (1), Co (INA1 Ni (11),
JE M (I)RIE L, Py FBUR A TE e 75 D 0 s B B Tk . X T Cu (1)1, HIRS Hik(E
SN U2 K/, 5 ZFS () Ni (1) (S = V)G SAEE . BT, Wi Ae—2s 2)HE B e i 5 48 00 R e,
—~ASw IR /N2 B TR T R RERE B 5 B A Z e . B 2 H4Evh, WSR2 R WA 3d
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B fESL, b, RIESE B-ASV Z A TIRRLRER . ST, 4f BT XA il R 4 1 — MR EF gk 7
Fo T AF PUBHRIRECK HLT i Ah 72 B HT AT RO i (Bs, 5p), WERS G AE 3d-3d, 3d-4f Al 4f-4f 2
(I o I vt 3d-4f 7 T HEREHI A ADRE, RTLAXT 4F 3 185 70 3d 1 U 4 e B T IR AME . U Y
PRZA ) 3d B 74 4F BT RRITRY, 3d-3d AR H 3T, AT DAL BAT L8 ORI HBOR Y
FERSAS . BEAh, BT DUAHE 3d BT (RBR . B4 MRS, M RIMEREIR R AR S R K2
TR FRL

3. BB IR ER
3.1 WIEMBSME

XFF4l 3d REGE, —ASw fHIAE S YRR A NG ZFS Frfifi. DR, 32 B () e gD i
Ho FERFME T, AEE TR R, T L, —MAS RIS ENEE SO Mn" Z B £
— PR B i 0 35(60.3 J-kg K Y) B (15 42 JE 5k MCE #18) .

B2 T HEE A A7) 21 8 SMMs, [Mng,] (B 2)Fi[Feg], B 7 EiE S = 10. ‘EATHIZE1E
S TRAT RN G 5 17 PSR B, MCE i FEAR IS T 9016 DL Je A N3z 5 iz (R R e Sy o A FH =4 7%
SMMs {ENHEA EIF MRS 1) BE& A SR —ASy /N 2) BRI A2k SRR R, 459
MCE 7EHIA IR IPERE; 3) Wl s B AE A SEIm FBE, (H—-ASy H 5B /N T35 A1 HAE F
RE[10].

Figure 2. Molecular structure diagram of {Mn,,} [10]
B 2. {Mn, }#05> FLEHIE[10]

2010 4, Sanjit Nayak A 7 [ BA & I J U 1R 237 Tk PR 74 50 70), 5 Sl JEL A 7 D T Akl 2 Py i (1)
3), W[Mny] (S =22). [Mny;] (S=28+1). [Na;Mnys] (S =32), [Mny] (FicFMETEIEEN S = 83/2).
H X 2K e, BATIAE 8.9~13 kg KT HTERE Y, HAREEAL RS . HF7E 2008 AEtRIE T AT
o T RO AR R 1 o = 4k 2 AL A [22]

BT RE B & FEMERSS A AR, Bk Mn ()& A YR AT RE LI 7T = 4890 T WA H I 413
SR ) R U3 ¢ . 2014 4F (1 — T 7E EL R 17— 3D Bz R AW IMn" (glc),], Al— A % Mn' (glc)2(H20).]
(11 4), "BATIR R R AR 5 i A 2 B BR[23] o $3e K—ASw E M —AN/ME 6.9 I-kg K™ B —ANE KR HE
60 J-kg MK, AL R, —ANER K FRAE RS K TFEREY
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Figure 3. [Mny;] structure diagram (a), and change diagram of
—AS,, calculated from magnetization data at H = 0~90 kOe (b) [22]
3. [Mny/)&54[E (a), WAKAR#E H = 0~90 kOe T RIFA L B 1R
HEEH-AS, THE (D) [22]
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Figure 4. Magnetic entropy change diagram of [Mn'(glc),], (a), inset mo-
lecular structure diagram of [Mn"'(glc),], [23]
B 4. [Mn"(glc).], BIREKE S 1L B (a), R [Mn" (glc) ], B9 5 F &t Bl 23]

A1, 2007 4, Rachel Shaw BF 7% 21 BA % B [Fe14(ta)s0s(OMe) 15-Clg] £ P24/n 75 [ e 45 i )y 54.5 MeOH,
[Few] 7 F B A ik CxRRIE(E 5) [24]. RIRBAACIEAE RSN INEA K R ER 7R, HBE R WA AE K 50
uB BB TR, 747 T2 KAMNESA+, 5 S =25 F3EE A 8. EIMNIRSELN 0~7 T i,
[Fe14(ta)sOs(OMe)15-Clg] fI—ASy v 20.3 I kg K ™.

3.2. BB

XFT4E Af R 2, J9RGA EAE R E S THRIBEORH MCE, Rl 2t T Gd" &1, T H AR KK
EJE(S = 7/2)FI7] ZW& 11 % 16 . B EAT AL, GdFs BI-ASw 1H 9 74.8 Jkg “K ™, JLFRAAT TR .
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Figure 5. Structure diagram of [Pc,Ln]™ (a), and magnetic entropy change diagram calculated from magnetiza-

tion data (b) [24]
[ 5. [PcoLn] ZEH[E(a), WARARIERG ML EIIETE LBV (L E (D) [24]

2011 4, JW.HF AN R BLEDIR{Gd;}. [Gd;(OH)s(thmeH,)s(thmeH)(tpa)s(MeCN),](NO,), (&l 6)H—
Arpry Gd"™ A [26], B AN 3-OH 41 Gds /NIUTEAE . AME Kl = (52 H 3E) 2.5t (thmeH,) f1 = %
5 7R (tpaH) R, T2 B B 40 o G 2 18] AR AR ELAE P SRR (RS2 44, T FE 3 K R P2 45 —-ASy
=23 Jkg K A H = 70 kOe. {HRZ5 7 MARKEAEN Gd" HIEL, R K-ASy 1 BRI 14.6 R, AIMIE

TR SRR A 6 A

Figure 6. Structure diagram of [Gd;(OH)s(thmeH,)s(thmeH)(tpa)s
(MeCN),]* [26]
6. [Gd;(OH)s(thmeH,)s(thmeH)(tpa)s(MeCN),]* ZE 43 E [26]

BT GA™ (K 4% 1 ) 1 e AR M S MR85 A0 Bk AE ELVE A, 2015 48, 8 8H K A7 7 T A S0
F| GdF; 1 — N EH KEI-ASy FEAMH = 9 T I iAH)] 528 mJ-em K™, HIEBA S & — Fie ik AR IR A1tk ¥4 20
F[27]. HTHRME ., GdF; AR EIUA 214.25 grmol ™, £ p = 7.062 g-em > IR 2 45 4 R 3k 1
73.4%. [Ftt, HEAE TARR B XA KA SORMERR T, GAFs B2 — il i g P4 #0575 [FBF, GdFs
2 B ARG K R LR A (A 7).
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Figure 7. Structure diagram of [Th{[N(SiMes),]}4(THF),(:n%#*-N,)]” (a), and magnetic entropy change dia-
gram at the scan rate of 0.9 mT-s™* (b) [27]

7. [Tho{[N(SiMes) 1 }4(THF),(urf’n®-No)] £844[E (2), MARZZEREIAIFHEER N 0.9 mT-s BIAOBEIBEE L
E(b) [27]

2021 4E, JARIFBNE BP0 Gd"™ #E(E 8)3k I SN A ) BLR R L ¢ O 28 s o) 4% AR A8 Gd™
B TAE - BRAR G R R A R P A AR syn-syn—uo-ntigt B syn-syn-uo-ntin?. BEPERT S BT,
—ASy = 29.3 kg K™ (46.4 mJ-cm > K™) (50.8 mJ-em K )R I AR HI AT A[28]. XTI TAEFE T
St AT KBERGIN A% Gd™ HIFEIBE TS, RN, EsE T BAT S AE A R R R A 2 e cd"
PR A'E s A ARG R A 4 ) 1 BER AR e 4 e

c
(a) I (¢) 30
.p 271
. 244 —8—25k0e
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- M —A— 10 kOe
= . 7 18] —¥—15k0c
£ —4—20kOe
= 154 ——25k0e
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Figure 8. Molecular structure diagrams of [Gd,(iba)s(bipy),] (a) and [Gdy(nic)s(H,0)4] (b), and magnetic entropy change
diagrams calculated from magnetization data at 2~10 K (c) and 2.5~70 kOe (d) [28]

[& 8. Gd(iba)e(bipy),] (a)FA[Gd,(nic)s(H,0)4] (b)HI > FEEMIE, LARFE 2~10 K (c)FA 2.5~70 kOe (d) {4 TR #BRHAL 2
BT AL E 28]
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[FI4E, BRI TRETEDE FCR A, Gd, th A A BB RO REHI AR5 PE-ASw = 23.2 JK kg™ (T = 2.0
K, AH=7.0T), T1fi Dy, &R ZAL IR IZAT A FIH 2 06 7% BT A 15 v A6 s T L) iy
ZRAMNEY), HErEEE— B IRR AR MRt [29]

F 5T FIAF A B- —HER Hdbm & B 1 PIFET I XUZ [Ln,O,] (Ln = Gd #1 Dy) H1##%[30], [Gd,(dbm)s]
FI[Dy,(dbm),(CH;OH),]-3CH30H (11 9), PAML AP O & A P \BELAL 80 A& (Ln") B+, 3L, A
SB[ Ln" B F A 1p-0 SR FEBAE D, TR —AN[Ln,0,] Fl#% . WEVEWF LR, 75 2 K #1 80 kOe I,
[Gd(dbm)s] fI—ASy B KAK A 17.69 3K kg ™; [Dy,(dbm),(CH;OH),] -3CH,OH Hii ik it #R2848:, & i S 1 3
24864 18.3 K.
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Figure 9. Molecular structure diagrams of [Gd,(L,)(dbm)s] (a) and [Dy,(L,),(dbm),(CH;0H),]-3CH3;0H (b),
and change diagram of —AS,, calculated from magnetization data at H = 0~80 kOe (c) [30]

9. [Gd,(Ly)(dbm)s] (a)FA[Dy,(L,),(dbm),(CH;OH),]-3CH;OH (b)AY4E4IE], AR #RIE H = 0~80 kOe
THRC BB T E E#-AS, LB (c) [30]

3.3. T - BLHBUATHR

3d-4f RGHISEMA R R ARH 44, — MOk, I 4F 55700 3 =4k B 7] B 4 v 3d-4fF 40 A 15
H MCE MERER— MR AR 7% . HR¥E 3d-4f F0 A HIFIKEE, 78 3DMn"-Gd" #1klH, REEE
4 50.1 Jkg MKl 3d A 4F BT ROMER DL e AT A 2 A B LA I (3d-3d. 3d-4f AT 4f-4f-4f
AR, YL - BERRAH M R R A o (R BATISA T DL MR X S S [ R e h =2 &
JBE T IR, CFS M k4 .
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2012 4 Jun-Bo Peng W L A A 75 3R 0, 7EATE CLA11) 3d-4f BL &P, GdgaCoyo T Gdyg,Niyg HfESR
U K B FAEB(MCE) [31]. FH#& 1A 7 DY* 3 FBUR GA™ B 1, & SBBIEMEEAT MR A 5
FAL; DygpCoyo Fl DyagNigg IR L 218 (G ZE . PIE GA* 1% GdypCoyo A1 GdyoNig B H
A NEDGIRZIR MAC s X% T B ATIAE B AR UL 52 0 Rl 9 R B A E0 e R AT VB AR R B 3

[FAF, T T 5T A @ 43054 BT —Fi0B 1) Col# = 4 ) i) 4 2R 29[ CosLn(hmp)4(OAC)-5H,0]
(Ln =Dy, Ho, Er, Tm, YD, Y). ‘EAI7E Em— AR [CosLn]iZ 0 b B A B35 5 45 itk . RETERTF TR 1,
Dy, Er, Tm, Yb, Y &Y EGHHNE. Dy B AWRILH &KL (-ASy = 12.58 I kg K ™) [32].

2014 4F, Pei Wang T —# HHIE H LG T —RIVHNEZEEEME) 3d-4f (L&D
[NisLn(hmp)4(OAc)s]-H,0-CH,Cl, (Ln = Gd(1), Tb(2), Dy(3), Ho(4), Y(5)) (& 10) [33]. 5 HAh[NisLn]#%H
Et, [NisGd]ff) MCE &2 &% W, R Gd" 5 R T 20R Z FAFE IEM %

14 %7Kk =5K
~~6K==TK

4K =5K
6K ==7K
8K

H/T

Figure 10. Magnetic entropy change diagrams at 1~5 (0~7 T) and temperature (4~8 K) under different magnetic fields [33]
E 10. NE#H7HTE 1~5 (0~7 T)FLREE (4~8 K)RI AL E[33]

O T AR (MNMS) AT LLE 7R H 38 55 (G FARUN (MCE) » FEBEA -, MNMs AT DL i ¢ BB d sk it
TAMB . FFREY, BARRERR IR A1 MNMs ) MCE w] DL LEZE R I & IR R b ok B 2
KIFZ . ZRER D FERENHE — N0 LBBEATE & [ 7, R s g s ek, S8—4
KRR A AL, #Hian, Gd™ A1\, & E e Fe' A1 Mn" 2%, 2016 4F, Thomas N. Hooper fiff 5% [41 B\ i i
J Cu (2a), Ni (6a)sk Co (7a)HUCAERENE Zn" (La) R FAMTIX LlE A RGN [34], IEM 1 3 24 b 5
T 4 B T LU ERE A A E R R RERRR M, D mT BRI YA 70 8L AR B 7 R B L (1) 1)

2017 4, Qingfang Lin T 5t 1B\ LLIE 283 — Z. B2 (Ho I DA)FI R AR (HIN) NI FI AT N, AT ™
%I 4f B1#%{Lns;Nis,} (Ln = Gd #1 Dy) (4] 12) [35]. BEPEWFFRRET, ELIA BA BOR LA
(MCE). TEIRABMKIET, RAEFIMITEGR T 3d-4fGds;Nis, F14T L5 K1 Dys,Nis, 7%, 7& IDA
FAAE NAE NSRBI . WEPEWT FUR B, WA SRA MR ARDG . Mtk 3d-Gd HIREAEREA H1 5 T R A 1R
KIIRLFE T7
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Figure 11. Magnetic entropy change diagrams of 1a (a), 2a (b), 6a (c), and 7a (d) under AB = 0~1 T, 0~3 T, and 0~7 T [34]
11.1a (a), 2a(b), 6a(c), F7a(d)ZE AB=0~1T, 0~3T, F10~7 T £ ARG E[34]

354 —-0T
a © - 025T
® 30/ i
- i
i 251 2001
: =i
T 201 350T
-2 =i
2 =
o 1M e
T s
0
2 3 4 5 6 7 8 9 10
T/K
d 20

(b)

-1

15

(%)}

~AS_ / Jkg!
=
// ‘
LERREIAAANGRS IR0

Shohonshsho st —
SLEL8LSLEL8L258N
e PP e P

Figure 12. (a) Ball and stick plot showing the shell structure of compound 1, (b) the polyhedron structure of {Gds,Nis; } with
lantern-shaped, Gd-O polyhedron (red), Ni-O (N) polyhedron (yellow), values of —AS;, calculated from magnetization data
according to the Maxwell Equation for compound 1 (c) and compound 2 (d) under different magnetic fields (1~7 T) and
temperatures (2.2~10.2 K) [35]
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