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Abstract: By using rare earth salt of DyCl,-6H,0, a bidentate ligand of tmphen and the block of [Mo" (CN),]",
a dysprosium heptanuclear cluster was self-assembled with the formula of [Dy™,(tmphen),,0,(OH),C1,][Mo" (tmphen)
O(CN),JCl1,-66H,0 (1, tmphen=3.4,7,8-tetramethyl-1,10-phenanthroline), which was characterized structurally and
magnetically. The crystal structure shows that compound 1 is dominated by a disc-like structure of dysprosium
heptanuclear. The [Mo" (CN),]* block was oxidized and decomposed, forming [Mo" (tmphen)O(CN),]" cations free in
the lattice. Besides, weak -7 interactions are found between aromatic rings of tmphen. The direct-current (dc) mag-
netic susceptibility indicated this compound had no hysteresis loop at low temperatures due to the existence of the
quantum tunneling relaxation path. The alternating current (ac) magnetic susceptibility, however, illustrated that the

compound exhibited slow magnetic relaxation under zero field, showing the properties of a single-molecule magnet,

with an effective barrier of 51.6 K (35.8 em™', 7,=17 ws). CCDC: 2161872.

Keywords: dysprosium; polynuclear clusters; magnetic anisotropy; single-molecule magnets; magnetic relaxation

Wik H41:2022-03-29. Wiy H 1 :2022-05-04.

[ 5 A SRR E 42 (N0.21973039) 11 PG 48 JE AT 7T 1130 (A R 28328 T H (No.20210302123355) . 11 74 45 5 45 2% A B A ot B
(No. 20201.0592) , ¥ v 2% B¢ “1331 T2 7 B 8 4tk Ak B4 BE Q) 57 1 BA 350 H (No. jzxyextd2019005) F1 ¥ Hf 2% B 1 4= 4 T H (No.
jzxybsjjxm2019020) %% Bl

HEBEAR AN E-mail : wangxy66@nju.edu.cn, weixiaogin@jzxy.edu.cn



FHTH DIRERAE  EDRBR A 0 A N B RS s 7 1383
0 2| = L FE R+ B T I 0 W , L R AU

PRy T W5 AK (single-molecule magnets, SMMs) A&
— YR RUBE (ARG AR, FE BH ZE I B (T, LA T 2R3
2R B RE S TS, AU SN A B G i AT A L
Hif B F 8 W T RAAT R, I 7R o R
AT A A A TR A A AR i
AR o AP S & e il = ) ot 2 G S B WS
A VB AE R R AR, BB A 2 B R . A
Sessoli ZE5F 1993 4F 38 1 1 1468 Wi v A1 5% AL & )
[Mn,,|LAK , SMMs %% I T REPERFFE A D sh 8k 55, IRl s
BRI AR 3T Z A RS A 5 A AT

9T AL RE S 9 SMMs, B4 H B A B 1
Wi 10) SEVEBE 22 ()N Ty, TBAT 2Fh 7. —Fh 2
B RA G VWS B MH S ) — Rl 38 R G
() Bl A5 ) S L B BRI R M S5
(D). WWIRFGR A F BRI A REA RS T A E
10 22 4% 1 4 s A6 0, 00 B3 ok 18 R Ak
VI S ket U Ty BRTAT, KA IAFFEIESL S (142
EAEEREREE D BRI, AT A A B SO 5 H .
H #2003 4F Ishikawa 40 1H 1 5 0] 5 SMMs:
[ThPc,| ™, 1 T SMMs %) & J i 81, HLAS H — 283
R BA A A e 0 LG, BV B T R A
(SIMs). 1 FH B FRIGIA AT I 28 i%,
ALY T, W5 .

T 4% 1] 53 1 2 TR R SMMs/STMs 2% 1% 1 it 2 1)
FEER K, B4 874 SMMs 8 SIMs it B WL 2>
77 A W A TR, AR TR s A R Y R A ) S
P, PRI AR By TR AR N L& 1T SMMss 114 g 5
BEU, — 5 A B T ST R
BRI AE f1 By 2 T EL A R T 548 R 1 R R 45 1)
S, H R AR BN A, DR AR T o U 4 e
BT B A AT RS SRR SMMs. 55—
i, T B TR T ZANE s 2R T B
i, G B 15 - 22 1) i AF A A 55, AT 5 e 30
th SIMs PP T o B Ah , B B O 1 A R 3 %
SMMs W 8l J1 2647 R 2 OCEZM, iR i 55
MR RE SRR 1 4 8 B T IS BE A A I R
b, YT R 0 SMMs/SIMs O34T 4 o Long %543
Br T ARG 8 T 48 71 m ST 2 %Y
MR, FEA e YA KB, Horp ThURT Dy "
R i B SL S T = FER 800 T RE AR B 1 1
Sl O A, AT A Stark 7 BB IEAS B KRR
A 1) Sk A 5 SRR S PERE Y SMMs, JITAER

+ SMMs AL A + SMMs BYBTFE IS T 28 i e
(R E S, H AT, SMMs 1) 55 KA 2B 22 (U, ik 5
2219 K, Hodp =y B ZE 3 B ok 80 K", B 281 T WA
() SR BE (77 K), 53X A F & R 98 &0 T 1Y SMMs
BEE T IRSCA RN HESh T T RE TR R (R BT
) S B N FH R

His £ 3 SMMs P BIF9Y £ 2L AE 4 (R R 4f-4f
TR 3d-df T R 2p-3d-4f PR R, H ATk £ W
K Ad-4f R FR . 78 4d & &, Mo" B+ HA I A TEny
A, SR 12, 5ERIE A Mo" (CN), [ F S e
Mo™ (14 BfL 5 1~ 4% 1) 514 B2 4% 1] S MR R A5 (T A5 (Mo ™
(CN),I* BT ELAT AR 98 9 10 45 1) S, (o LA A 3 5
BH ZE 15 B2 i SMMs/STMs 77 T JE 5 47 A, 76 4H 3
S FREPERE R BRI R R 3d-4d R R .
FH 3d FN 4d 45 J&@ B 1 2 [8] 5% 1Y 45 ) S5 R 5 S
[Mo" (CN), " ¥ SR AE () D, B3 , 345 T — R 5]
5 RIS AR,

FATHIFR 48 3R AR (& 1) F[Mo™ (CN),]*
M P AT B3, AT T — 1 Mo" 8 48 fk B
[Mo" (L)O(CN),]* B 43 7 H 5 , 4% 7 3K 4 [Dy",
(tmphen),,0,(OH),CL][Mo" (tmphen)O(CN),],Cl,-66H,0
(1,tmphen=3,4,7,8-PUH JE-1, 10-FEM%ME) . XFizfk
B YT T RS RIS, 5 R R AW
VBB T LR A A5+, 28 UR R, BRI
SMMs F4 14 5

bRase

Bl 1 iR tmphen 254475 &

Fig.1 Schematic view of ligand tmphen
= T =2
1 XLty

1.1 XK RFENSE

BT 90 1 J5BE K,Mo(CN),+2H,0 2 % SCiik &
AR A ) an s 4 B ATECAK tmphen DL B %
R R Hr 4l , R gt — 4tk .

i T K,Mo(CN), - 2H,0 % 5 9 S8 Ak, T A SE g4
YESHAE R S ai A FER T 2R, TR
fii FH Vario MICRO BT ZH A HHAGHEAT . £0A 615
JH17% [E Bruker Tensor 27 FT-TR {8 L M- 25 #2141k
(AR KBr JE A5, 400~4 000 em™ 385 FBl)I . 20



1384 Jc ML 1k

2

L
&

=

Eitd 384

a7 A BCHE B A A A B8 B (0 48 19 15 [ Bruker
APEX Duo CCD 737 S8 7 o % 1 25 40 el P 26 [
Quantum Design 2y ] SQUID VSM i & & F T ¥ i
PRI R G E . R X B AT BT (PXRD) B (i
5 [ Bruker D8 Advance X 526 A AT 51X (Cu Ka
FH2E,1=0.154 18 nm, 40 kV, 40 mA , 20=5°~50°){l]
o ST (TCA) S E Netzsch STA 449 C #4
H - 22 R FL AL (FHRE 2 10 Comin™', IR
LI 7E 40~800 °C)iEAT o
1.2 EWMINER

¥ K,Mo(CN),-2H,0(0.04 mmol, 18.8 mg) ¥ it T
9 mL Z i FK AR G F) (Ve Vigo=1: D,
DyCl,-6H,0(0.1 mmol, #J 38 mg)# tmphen(0.2 mmol,
47 mg) i % T 9 mL A R Ee 51 (% TR 5 9 550 v, R
BAEMSIIRARE. SEEAEY IBRET
P, mEEE. DR BRI A
ZIRR YRR AR A B, T A — LR B R UTE .
DB S A, BRI S S R 4 22 144, T4 15 mg
A, TR R 27%(R HE Mo™ i B, FE
(Dy;MogCosH 56 CLN S, Oy,) B IC F 43 AT i 38 52 56 {8 (BE
W ,%): C, 46.57(44.62); H, 4.88(5.21); N, 9.73

(9.18) ZLAMFFAE ML IS U4 (KBr, em™): 3 421(s), 2 922
(m), 2 865(m), 2 482(s), 2 095(s), 1 619(s), 1 591(m),
1 527(vs), 1 428(vs), 1 386(s), 1 307(w), 1 272(w),
1 244(m), 1 177(vw), 1 089(vw), 1 016(w), 965(s), 863
(m),818(m),726(vs),620(w), 524(w), 461 (w),446(vw).
1.3 XH&BRITHSW

B A ECHE AR A A A8 Y 1R
Bruker APEX Duo CCD 7 43 _E 0 % , CCD 117 5§ 4%
K Mo Ka 5145 (A=0.071 073 nm) . $94 97 X347
Bl s o A M Paratone 40 32 54 AR HE 170
K, APEX 12 70 22 i A S BIORISCAE B8 -
JITAS K08 I Crys AlisPro 804 8 47 55040 148 T 0 08 i
BE AL B A AR R 5 Olex2 4R | R T
SHELXT 2 17 47 E AL A, P A5 T F> 20
/NSRS - ] SHELXL-2018 F2 /7 ¥4 7
KBS, P AR SR FERHEAT T 45 10 e RS HON
18 o A LB Y U 58 o #e I E AR .
PR 2 e 23 ) T A A SRS T R R K oL
SQUEEZE #FAT AL, 5 (A 25 44 iU 88 VRS 18 2 250
F 1o A LR 2,

CCDC:2161872,

®1 LEMIHNBEEHEENBESH
Table 1 Crystal data and structure refinement for compound 1
Parameter 1 Parameter 1
Formula Dy, Mo CyeH,2cCloNs, Oy, F(000) 12537
Formula weight 8237.17 Index ranges -49<h<47,-49<k<48,-20<[<23
Crystal system Trigonal Reflection collected 68 722
Space group R3 Independent reflection 11291
a/nm 4.171 03(1) R, 0.064 9
b/nm 4.171 03(1) Data, restraint, parameter 11291, 692, 756
¢/nm 1.960 93(7) GOF (F?) 1.017
V/nm?’ 29.5447(2) R1%, wR, [I>20(I)] 0.049 6,0.120 8
A 3 R1%, wR," (all data) 0.081 6,0.146 5
T/K 153 (Ap), (M), (e-nm™) 2430, -1 560
D,/ (g-em™) 1.389

R=IF JAF JF s wRy={[w(F = F 2PV [w(F P12 w=[F 2 +APP+BPT !, P=(F *+2F 2)/3.

F2 HEWMIHES B mm)FER(C)

Table 2 Selected bond distances (nm) and bond angles (°) for compound 1

Dyl—01#1 0.228 7(4) Dy2—03

Dyl—O01 0.227 2(4) Dy2—03#1
Dyl—03 0.241 9(4) Dy2—03#2
Dyl—03#1 0.236 4(4) Dy2—03#3

0.213 5(5) Mol1—02 0.168 0(8)
0.262 6(6) Mol—N5 0.236 4(2)
0.262 7(6) Mol—C51 0.214 8(2)
0.262 7(6) Mol1—C37 0.1997(2)
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Dyl—NI 0.254 3(6) Dy2—03#4 0.2120(5) Mol—C48 0.213 0(1)

Dyl—N2 0.255 3(5) Dy2—03#5 0.2120(5) Mol—N7 0.217 9(7)

Dyl—N6 0.252 2(6) Dyl—N8 0.258 1(5) Dy2—Cl1 0.279 5(3)
01#1—Dyl—O01 147.30(2) 03#2—Dy2—03 71.57(2) 02—Mol—N5 161.9(6)
01#1—Dy1—03 81.19(1) 03#2—Dy2—03#1 87.71(2) 02—Mol—N7 91.8(4)
01#1—Dy1—03#1 69.21(2) 03#1—Dy2—03 71.57(2) 02—Mol—C37 103.9(6)
01—Dy1—O03#1 89.33(1) 03#3—Dy2—03 150.82(9) 02—Mol—C48 101.3(4)
01—Dyl—03 68.47(2) 03#4—Dy2—03H#5 118.24(8) 02—Mo1—C51 97.3(5)
01—Dyl—NI1 80.68(2) 03#2—Dy2—03#3 87.71(2) N5—Mol—N7 70.9(4)
O1#1—Dyl—N1 116.93(2) 03#1—Dy2—03#3 87.71(2) N5—Mol—C37 93.0(6)
01—Dyl—N4 134.39(2) 03#1—Dy2—03#4 150.81(9) N7—Mol—C37 163.8(5)
O1#1—Dyl—N4 77.49(2) 03#2—Dy2—03#4 71.56(2) C48—Mol—C37 94.0(5)
01—Dyl—N6 105.64(2) 03#3—Dy2—03#5 71.57(2) €51—Mol—C37 85.8(6)
O1#1—Dyl1—N6 79.61(2) 03—Dy2—03#5 118.24(7) N5—Mol—C48 83.7(5)
01—Dyl—N8 77.20(2) 03#3—Dy2—03#4 71.56(2) N7—Mol—C48 86.5(4)
01#1—Dyl—N8 131.10(2) 03—Dy2—03#4 118.24(8) C51—Mol—C48 160.9(5)
01—Dyl—Cl1 82.32(2) 03#2—Dy2—03#5 150.82(9) N5—Mol—C51 77.3(6)
01#1—Dy2—Cl1 126.87(1) 03#1—Dy2—03#5 71.57(2) N7—Mol—C51 88.5(5)
01#2—Dy2—Cl1 126.87(1) 03#4—Dy2—Cl1 82.32(2) 03#5—Dy2—Cl1 82.32(2)

Symmetry codes: #1: 1/3—y+x, =1/3+x, 2/3—z; #2: 1/3+y, 2/3—x+y, 2/3~z; #3: 4/3-x, 2/3~y, 2/3~z; #4: 1+y—«, 1=, z; #5: 1-y, x~y, z.
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Fig.7 Temperature-dependent direct-current susceptibility
curve and magnetization curves at different

temperatures (Inset) of compound 1
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Fig.9 Temperature-dependent (a) and frequency-dependent (b) alternating current susceptibility curves of compound 1
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Fig.10 (a) Cole-Cole curves of 1, where solid lines represent the fitting results according to the Debye model;

(b) In 7 vs T plot, where solid red line represents the Arrhenius linear fitting
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Table 3 Fitting parameters for Cole-Cole curves according to the generalized Debye model*

Temperature / K Xs / (em?+mol™!-K) Xr/ (cm?+mol ™!+ K) /s «
3.0 3.199 97 17.700 00 0.094 57 0.418 98
35 2.799 63 18.199 36 0.084 77 0.433 16
4.0 2.749 94 15.699 25 0.042 42 0.373 11
4.5 2.731 17 14.197 62 0.025 19 0.336 90
5.0 2.500 00 13.199 77 0.015 42 0.335 31
5.5 2.299 37 12.199 53 0.009 30 0.337 25
6.0 2.099 57 11.593 62 0.006 18 0.350 21
6.5 1.899 94 10.900 00 0.004 05 0.360 94
7.0 1.899 67 10.199 58 0.002 82 0.343 83
7.5 1.888 24 9.641 81 0.002 07 0.33793
8.0 1.713 01 9.268 54 0.001 56 0.357 23
8.5 1.800 00 8.500 77 0.001 13 0.314 05
9.0 1.750 00 8.214 62 0.000 92 0.319 97
9.5 1.748 81 7.900 00 0.000 78 0.319 59

10.0 1.749 64 7.504 37 0.000 64 0.302 70
11.0 1.600 00 6.900 00 0.000 44 0.302 00
12.0 1.698 86 6.300 61 0.000 34 0.258 19
13.0 1.619 13 5.942 90 0.000 27 0.270 01
14.0 1.547 86 5.505 26 0.000 21 0.246 61
15.0 1.564 92 5.181 84 0.000 18 0.231 96
16.0 1.600 00 4.889 18 0.000 16 0.217 89
17.0 1.514 53 4.601 35 0.000 14 0.199 72
18.0 1.452 56 4.389 83 0.000 12 0.210 60
19.0 1.508 09 4.165 05 0.000 11 0.188 72
20.0 1.518 72 3.972 81 0.000 10 0.162 20

* X5 and x; are the adiabatic and the isothermal susceptibility respectively, representing the extreme values on

both sides of the Cole-Cole curve.
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