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Synthesis, Structure and Magnetic Properties of Two Cyano-Bridged
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Abstract: Based on Mn"-Schiff bases and the building blocks of Ks5[Co™(CN)s] and Na[N(CN),], two new cyano-
bridged assemblies, [Mn!s(Salen)s(H,0) - Co ™ (CN)e][Co ™ (CN)e] - 6H,0 (1) and [Mn"(5-Br)Salen - N(CN),] - H,0 (2)
[salen=N,N’-ethylenebis (salicylideneiminato) dianion] have been synthesized and characterized structurally through
IR, elemental analyses and single crystal X-ray structure analysis. The magnetic measurement of complex 1 and 2
were also carried out. The structure analysis reveals that 1 is a ion-pair complex, which is composed of a
heptanuclear cation [MngCo]** and a counteranions [Co(CN)sJ". In contrast to 1, complex 2 is a 1D neutral chain
constructed by Mn™, which is found that [N(CN),|” bridges between metal ions by a same mode as end-to-end Nj~.
Magnetic investigation indicates the overall paramagnetic nature of complex 1 with the strong zero field splitting
(ZFS) effect of Mn™. However, complex 2 exhibits the weak intrachain antiferromagnetic coupling mediated by
[N(CN),]|~, which implies that the conjugated [N(CN),|” mediates the stronger magnetic coupling interaction between
Mn™ ions than [Co(CN)[* although they both are the five-atom bridging ligands. CCDC: 847146, 1; 847147, 2.
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‘H,0 (2), FIHLLAMDEIE JTR T X-3 25 A AT
S BT L EE R R AT T R AE I T R A M
SRR, kAW 1 e h 1 A B T
[MneCo A1 1 A~F-1 B 25 [ Co(CN) > 2H B 1 &5+ XF
G A A9 2 WA T Mn™ 4% A — 4 rh e
SERE [IN(CN), R FH 22 ZU0r 106 77 =R 43 @ 25 e Aoz,
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mg(0.033 mmol) K;[Co™(CN)e|7E & i§/7K (7.5 mL/2.5
mL) IR & VA 50 v By i AR AR K — A A A
UG K & A X-9F AT it i ks B a ek @ik, ™
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Table 1 Summary of the crystal data and refinement details for complexes 1 and 2
1 2

Formula CiosHosCoMngN»0o4 CisHiBr,MnN;O;

Formula weight 2 561.59 563.1

Crystal system Trigonal Orthorhombic

Space group R3 P2,2.2,

a/ nm 1.489 56(12) 1.115 5(3)

b/ nm 1.489 56(12) 1.161 0(3)

¢/ nm 4.368 5(7) 1.651 1(5)

V/ nm? 8.394 1(16) 2.138 2(10)

A 3 4

D./ (grem™) 1.52 1.749

F(000) 3924 1104

0/°) 1.83~24.99 2.14~27.58

Index ranges -17<h<15-17T<k<17,-47T<[<51 -13<sh<l4,-14<k=<14,-21<I<16

Reflections collected 14 100 12 628

Independent reflections R;, 3296 (0.065 0) 4 839 (0.044 1)

Reflections observed (I>207(1)) 2 109 4117

Parameters refined 259 257

S 0.937 1.049

R, (I>20(1)) 0.060 1 0.046 2

wR, (all data) 0.176 4 0.12 90

K2 AWML 2HMoRRMNER

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

1
C18-Co2 0.190 7(4) Mn1-N3 0.196 4(6) Mn1-N1 0.233 0(6)
Mnl1-01 0.185 8(4) Mn1-N2 0.196 9(4)

Mn1-02 0.188 0(3) Mn1-03 0.228 3(4)

01-Mn1-02 92.30(1) N3-Mn1-03 84.59(2) €2-N2-Mnl 124.96(3)

01-Mn1-N3 172.89(2) N2-Mn1-03 88.95(1) C3-N2-Mnl 114.21(4)

02-Mn1-N3 92.45(1) 01-Mn1-N1 95.74(1) C5-N3-Mnl 124.74(4)

01-Mn1-N2 93.12(1) 02-Mn1-N1 95.95(1) C4-N3-Mnl 113.45(4)

02-Mn1-N2 174.5(1) N3-Mn1-N1 88.99(2) €6-01-Mnl 128.27(3)

N3-Mn1-N2 82.22(2) N2-Mn1-N1 82.65(1) C12-02-Mnl 128.81(3)

01-Mn1-03 89.98(1) 03-Mn1-N1 170.06(1) N1-C1-Col 177.89(5)

02-Mn1-03 91.90(1) C1-N1-Mnl 151.86(5) N2-C2-C7 126.06(5)

2
Br1-C5 0.188 5(5) Mnl1-01 0.187 7(3) Mn1-N4# 0.228 9(4)
Br2-C11 0.190 1(4) Mn1-N2 0.198 2(3) Mn1-N3 0.252 5(4)
Mn1-02 0.187 3(3) Mn1-N1 0.198 2(4)

02-Mn1-01 93.88(1) N2-Mn1-N4# 89.40(1) C4-N2-Mnl 125.72(3)

02-Mn1-N2 91.90(1) N1-Mn1-N4# 89.39(1) C3-N2-Mnl 114.99(2)

01-Mn1-N2 172.55(1) 02-Mn1-N3 94.18(1) C17-N3-Mnl 119.90(3)
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2
02-Mn1-N1 172.85(1) 01-Mn1-N3 86.48(1) C18-N3-Mnl 120.57(3)
O1-Mnl1-N1 92.02(1) NI1-Mnl-N3 82.15(1) C17-N4-Mn1" 160.11(4)
N2-Mnl-N1 81.89(1) N4"-Mn1-N3 171.48(1) C8-01-Mnl 127.96(3)
02-Mn1-N4" 94.11(1) C1-N1-Mnl 125.50(3) C14-02-Mnl 128.62(3)
O1-Mn1-N4" 94.83(1) C2-N1-Mnl 113.24(2)

Symmetry codes: 2: * —x, 0.5+y, 0.5-z; ?-x, —0.5+y, 0.5-z.

R3 UEW1PEREKEER
Table 3 Hydrogen bonds lengths and angles for 1

D-H---A d(D-H) / nm

d(H-A) / nm

d(D-A) / nm £DHA /(%)

03-H3C-N4 0.086 3

0.208 2

0.288 8 155.2

2 GRS

2.1 ARSRIE

G HALE Y 1 2 TE I FK IR G % R
AT, R T A AL A 1 2 AR E
B PR R A S U v ) B AT A5 3 TR )
AW o B IF A B 3R Gl R (EAS — 4R
2 SCHK P AY H [Min(5-CHs)Salen (H,0),]C10, 188
[MnSalen(H,0),]C10, 5 Ki[Co™(CN)¢] R 1 , 753 3] T 5
G 1 8RR Z5 | U 13X 2 S Ry % — 28§l
ANRLER I AR AR R U

K KBr JE A (09 75 358 T B b5k & 9 404
M (400~4 000 em™), 3400 em™ 2247 (4 B8 A WL I
W R TR AR AE Y A K Bl AR, 2100~
2150 em™ AJ H @ A SUEFFE M 4 4R 30 (kS 1
LR IE M o 2LV T H AR R PR AL 2 PR

AFMEFREER, S50 FRSENASS
Bc 57 1) 3ty L L 1 600~1 630 em™ X A 119 /2 J&5
W N=C #ERY R aa iRzl (L&Y 1 A 2 208G
AR 2R T e AT A AL A HLECR S5
22 EBREgH
22.1 tLEY 1 145y

&M 1 45 fTE R3 25 iE, d5 o &
— M LEEHE TR Mool ,1 4 F i B & +
[Co(CN)e* Fl1 6 A~ fbd& /K , WA 1(a)fin, LAY 1
25 AR AR 281 L 4GE 146 S P MM M(CN)GJ
(M=Cr,Fe)?2 X} F L % FH B F [ MneCo 45 #4) 5.
JCIM & , L I[Co(CN)[-il i 6 AU AR T F1 6
A Mn"-(Schiff bases) A7 B AL, JE AL T 1 A
TE RN RAR BY | Co-C-N B BT Z M, 177.9°,
1 M-C-N B AR (7 2, 7R b 1) B0 U 3% B2 1
Mn"-N-C {158 /0] 5 i) i 25 %, o 151.9°, T A 1Y

Dotted lines are the hydrogen bonds; Symmetry codes: #1: 2/3+x—y, 1/3+x, 1/3—z; #2: —=1/3+y, 1/3—x+y, 1/3—z; #3: 2/3-x, 1.333 33—y, 1/3—z; #4:

—x+y, 1=x, z; #5: 1—y, 14x—y, z

K1 () &9 1R TEMEL b) ey 1 SRERE
Fig.1 (a) Structure of complex 1; (b) Hydrogen bonds of complex 1
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Mn #B T 22 28 800 b F 7K 9 22 T8 /T A4 e L
Wl X — OBl E Mn-N/O ##1£(0.228 3~0.2330
nm) ¥ 2K TR Mn-N/O B 14(0.185 8~0.196 9 nm)
AL LU AN MM P2 e xR S8 2SI 1
ANBRIK T2 BB 7 1Y Ab B 25— A P B
B F[Co(CN)J T, H 6 MR AR F A S5
Befr, (A 1 AU R 430 A 1R 6 4> BH S 1
A BC A K 43 5 2Z 18] 7 A S E B i = 4E
T E 1) , EAE Y 1SRG Rl
0 F N 48 5 4 8 Z ) A B B2 Mn " Co
0.5205 nm, 1M f5 3T /9 3 5 [8] ) BH 25 5 18] M- Co™
I 0.764 1 nm.,
222 LAY 2 M4EiH

G 2 45 b AE P2,2,2, 25 [IHE AN X R T h
A 1 Mn"-(Schiff bases)f.ICF1 1 >4l 1] Bic A7 1)

[N(CN),]" 55T, W& 2(a) i, H A [N(CN), R H#
B AU F N4 N5 BC A T2 ) e e g N3 A
1A AR 7 Na ST RO AE R, 2R A
PR Hoh N-C-N #f J2& 42 35 2k 1 19 (N3-C18-N5
174.4° \N3-C17-N4 171.6°), #li 1 C17-N4-Mn1?
(160.1°)3% #2284 T3 D 25 e M, Min1-N3 S J& 0.229 0
nm, 1M Mnl-N4* 8K iK% 0.252 5 nm, &K T
B [F T Mn-N/O $#4£(0.229 0~0.252 5 nm)|F]
FEBT 5K T 2R 1B Mn-N/O $#1(0.187 3~0.198 2 nm),
735 Y Min(I) 55 - 56 19 22 28 8 2400, AR B Y M-
(Schiff bases) A4 B~ 18 JL-F BAHEE L, TR 14
zigzag FE . WUEEHERUBIAORDE, WK 2(b) s | B —
FAEUTHE b I AT HES IR K A B A )
AHEAE R 5l B4 P9 4 ) TR FE 25 02 0.601 1 nm, 1M
T 3T 0 B 7] 4 i 9] B S 2 0.937 5 nm,,

Symmetry codes: #1: —x, 0.5+y, 0.5-z; #2: —x, =0.5+y, 0.5-z; #3: x, 14y, z

A 2
Fig.2
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(a) Structure of complex 2; (b) Packing diagram

1.8~300 K AMi#E3 2 kOe 4 FULER , A 3
(a)Fﬁﬂ? ,%ﬁﬁ MH6C02 ﬁéf&“l\ﬁl’_ﬁﬁi‘f‘ﬁ 5 %YJ]EIILXmT ﬁ%
17.87 cm*-K-mol™, H#& M g=2 6 1~ H HE Mn"

2.0

-3
1.54
o -2 %
= 1.0 o
3 G
Z -1
= &~
N =
0.5 i
-0
0.0+

Red solid lines are the Magpack fitting plots

Kl 3
Fig.3

()G W 1 (a) 1 2 (b) Ry 228 i B AL R M 42
(a) Temperature dependence of yyT and yy for complex 1 (a) and 2 (b)
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B9 SRR PR RS A, IR S AT DL 2 A
I, AT W 20 K BAF yo T (B 1 T BRI % £ 229 45
F Ma"WF 5 HIALE Y 1 T R AR
A R BRI RS /NS 5 SOk AR 5 1) S Min M 1 J
BB i Hx B [F] T Sk 04 7 306 15 )
(19 D A AR SCHE A% Mn 45T,
232 LB 2 MR

TG 2 170 I % Ak R R 2 22 A R A AR
1.8~300 K M3 2 kOe s F WA/, WKl 3(b)
JioR &l T B2 2.90 em?®- K -mol™, 4% i g=2
— N HE Mn"(S,,=2) 55 R B LR E 3 em®-K -
mol™ W& /IN . B WL I R B |y T HOMELIZ T REAIR , 50
K PUF R B2 HRIF7E 3.0 K B35 2 i /ME 1.35
em®+ Kemol™, Bl 5 Wi BE O AR 2L TR | yo T (EIA 5] — 1
FH L IFA NG EF TE 1.8 K BFiAE] 1.37 em?
K-mol™, ik IX yy T M 2218 N B UL B T 4% Py AR 55 119
RGP AR, 20 K £ 300 K Z B (ERF A
HAMITE R, [ xu=C/(T-0)], L& E] €=3.01 cm®K-
mol™,0=-5.35 K, T 6 1B U6 W] 5% P J2& S Bk g 1k A
HAEH, 42 Mn-Mn Z 8 REF EAEHIVE R 7, I
Magpack 4G 8~300 #EVEE S, Fbr G 45 3 2
J=—0.6 cm™,g=1.98,D=-1.77 cm™ ,R=1.47x10", Hi#il
HH R LA H Mn-N(CN),-Mn "1 [N(CN),] ¥ 1% i
(14 A 2 559 190 S A i P AR A D, (L B T A e
TR BE A B [N(CN), ] FE[Co(CN)o > 388 5 it 11 o A
HVER, LAY 2 T BHETF UG B IR 5 T
W1 R UH T X — 5, Xl e R
[N(CN),J i HL B4 2 AL 7 0 R Y o B Jl | T X
TP ST ZE[Co(CN)g |8 Co™ s F-BHWT T, 38 8 %) b
&Y 1 ERT AT LS 2, IR Xy T 18 T
Rif I Rl B M VR F R M3 43 S8 3 i) A
FHEB R EMRARIR L N yo T (HIE 2] — A1 15 28

BT, X AT RE S I Bk R A Y A e AR AR O X
FRas[BliE P2,2,2, T reA: (g Jes

3 &5 i

FEARTAED  FRATHIH M 5558 15 A i 5K
5 & TR BC AR 094 3B K{[Co™(CN)g)Ek
Na[N(CN)J A% T 2 Mfe sy o b s
P11 Fn 2 A RGPS AR BT R R [N(CN),J L R A2
JE T FEAR[Co(CN) 1% i st GRS B VE L % e B4k
G 1 ILT 2 Mo" A eI AR R R E A W] 0
A F B 2S5 K A G W POE L 1 = R R A5
Mn™" [ Ef 5B G AT R BTk Y R G 0 X L AR TR
T2 JT R B0 A B 1) s i R R 5 T 19 1 1 Ak
PE TR 23 o AT 1 — 25 B ) 5 T LA 1 R 2% i
PEAT R P AL B AR |
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