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Synthesis, Crystal Structures and Properties of Coordination
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Abstract A 2D Hofmann-type cyano-bridged coordination polymer Mn(H,O),[Ni(CN)4]*4H,O (1) has
been synthesized by self-assembly based on [Ni(CN)4]27 and Mn*" as building blocks. The single crystals
were obtained successfully by slow solution diffusion method and the crystal structure has been solved. 1
belongs to orthorhombic system, space group Cmcm, cell parameters: a=0.73080(5) nm, b=1.21372(8)
nm, ¢=1.40875(9) nm, a=£=y=90°. Ni and Mn centers are connected by cyano-bridges alternately, re-
sulting in 2D undulate sheets. A series of powder samples M(H,0),[Ni(CN),]*xH,O (M=Mn, Fe, Co, Ni,
Cd) have been synthesized by quick mixing method, which are isostructural with 1 confirmed by PXRD
patterns. VI-PXRD and TG analysis indicate that these coordination polymers are of high stability. A 3D
porous coordination polymer has been constructed with dehydrated sample of Mn(H,0),[Ni(CN)4]*xH,O
and pillared ligand pyrazine, which exhibits gas storage property.
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% —H% Hofmann ZRICA A1 562 H Hofmann
2&e 1897 4E RPN, BN Ni(NH;),Ni(CN)4CeHs. Hof-
mann KA E &Y SCO M FRAIF X M 2D 1)
{Fe(pyridine),[Ni(CN),]} PIF4h, "©7E 210 £ 170 K 2 |7
KA ATORAS KA, FFAFER E IS, RIFER PR
(GO, 50540 HH R 1 2 A kg S vk, A e kit |
KOJE R kKM 3D A R & W {Fe(pyrazine)-
[M(CN),]}*2H,0 (M = Ni, Pd, Pt) [ £k 'k — ik Iic &
pyrazine U ALK pyridine /% 3D W25 454, & H
A LLHT# AR SCO PEBT, RIVE A B w1 e it
FHEE B8 (R I 60, i 5 R 0055 SCO thdi
w0 HAT SCO PER Y 3D Hofmann KA 3 & Wik
41 {Fe(azpy)[M(CN),]} *nH,O (azpy =4,4'-azopyridine; M
=Ni, Pd, Pt)".

3D Hofmann JSHLAT SR AW LU & AR &7
J2 5 R Z a8 s AL b, OF H R AT ke £E0E. a0 3D
Hofmann-a,m- — & #t $t & K £ & M(a,0-diamino-
alkane)Ni(CN),, HALLNEN a,0- &P KT
Mok 2 5 B RGER, TE Rk ARG H, 3l s bk
TRBEMACRE, AT U FLIR B R, BB ) < mT LA
RKEARALI Ay AR 2> 71K/, M(1,12-diamino-
dodecane)Ni(CN), F A& DAY 2 Pleg ik 5y, WK,
Z5 L FE. BORPIUR FRORAIAR . ) b FRP

WA BEVE n) LA ™ 8, SR — Mg il R
R Z B NATHI A, WA E AT 5T OB T4

BAZE) T2 i % Hofmann 28N SR A4
it PERE M 7 A8 W B A WIRIE S, Li SPHRIE T
[M(pyrazine) {Ni(CN),}] (M=Fe, Co, Ni)[{Ifir & fE, 7
FE 300 7.7 MPa I S KW BRIk 2.34 wt%, Jf BRI
F, ARSI )] R R PR &, X — R A
MRHEFLAR W T DL A AN E0 1, 77 AU B
Culp 1 15% Hofmann 14 & i 7 K EAFSE TAE, 4ib
WL T 3D Hofmann 44 2 H H AN [A) G A4 2 A 2Rk
ghikgrp, HRBCARRIRE . RSP RIZEPIPESERT Noy CO,
FH, W PERE s, FEfE SRR I, B
FLARIIHE R, Hy W G AT A A I 2, 1K
DAL H MERR R I BRAIG, DRI, M 7 23 SR L 3R T
FUR N FLAR A R 15 Hy il 47 30K I8 B e K AL
Kepert!" 541 % 3D Hofmann {4 &[] SCO 4 J5 R b
MR 4 A RIS, KA [Fe(pyrazine)Ni(CN),]
SCO M JFu A = AR it 2 AL B A A BAE ], &
ARV B/ L B FT LS80 SCO, i Ab T AN ) & BER A 1)

FAARS ST A 7] 1 5 A4

B, BATIEES ) T HM(CN),]* (M'=Ni, Pd,
POE ML ORI S S 7 M (M=Mn"', Fe*',
Co™", Ni*", Cu*", Zn*", C&")LL B A AR MIFRATHL
BePRREAT 41 %%, BevhAG i 3D 412 IR Hofmann LA
REY, WHREAE SR L & Fe(ID) LA P I G RE,
ML, AR T —A 2D B R ED
Mn(H,0),[Ni(CN),]*4H,0 [, b T o f Ak 4 4,
B O RIE R — LA A A A A R0 [,
FRY AR X AT aoaMeit . AE b REis A
FL 45 25 06) R AL AT BB &) M(HL0),[Ni(CN)4]xH,0 (M
=Mn, Fe, Co, Ni, CA)FIMARFE b T TRAE, L& 2D
WC A 2R G W v] 1 — 20 SRR LB AR 2123645 3 3D
Hofmann K% fLRCALR &4, HATVEERIE S PERE.

1 KRS

1.1 RFIS5UES

BRI A pral, Ridk—b gl

TCE MR Perkin-Elmer 240C 70 % 430 M1 %
AL 45 40 52 F Bruker Smart APEX B SRATEHX, S
A Bl Mo Ka HF2k; Z04M56% M2 Al Nicolet
FT-1703X ZLAMEHEAL(KBr ), Mk H 4 400~
4000 cm ' Z AT, ARERY R X S RATHE AXS A ]
[ D8 ADCANCE %! % X SR AT E3EAT, M4
i K 40 KV, B 30 mA, IE VL 5°0~50°, HEK 2
()emin ', FIHIBRX 0~20 LI, T PE A
& i Pyris Diamond AT, MIREAE: AR, T+
IR DX TR AR E] 800 CAEAT, FHREAE A 2 Cemin ™'
& JBICFE T 0 AT R e E 2R3 A H] 1 INCA fg ik
A MR B/ B BTV e F ASAP 2020 LA THIAIFLER
SIATIEAL, MR R A T (77 K).
1.2 M(H20)2[Ni(CN)JxH,0 BY & B
1.2.1 Mn(H,0),[Ni(CN),]*4H,0 (1) ¥ dh 8932 7

FRE MnCl,*4H,0 (0.0099 g, 0.05 mmol)Fll pyrazine
(0.0040 g, 0.05 mmol) I~ 2 mL /N, FRIL
K,[Ni(CN),]*H,O  (#2 SCHR[2111 J7 356 ) (0.0129 g,
0.05 mmol) T~ 20 mL I KNE, Ed g ey #isk,
K2 G R EYOR R K . S I )
LA pyrazine 1] LAF 2 [FIFE 1) 1A, TR TS,
H: Anal. caled for C4H;,MnN,NiOg: C 14.75, H 3.71, N
17.20; found C 14.72, H 3.72, N 17.18.
122 M(H,0),[Ni(CN)4]sxH,0 (M=Mn, Fe, Co, Ni, Cd)
R S04 ) &

FREL MnCl»4H,0 (0.0198 g, 0.1 mmol)¥% - 5 mL



No. 12

Bl R FOAZ SRS ) M(HLO),[Ni(CN),]oxH,O 45 B
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B TK, B A; FRELK[NI(CN),]*H,0 (0.0259 g,
0.1 mmol)¥# T~ 5 mL £ &K, 3% B, Toml )i+
ZAER, B B RIS IN BT A T, AREEEE L d,
Bk, ik, KT, KEEERanm 0.1
mmol FeSO,+7H,0 . CoCl*6H,0 . NiSO,7H,0 #Il
8CdSO4+3H,0, %M AL 71253 A4S BT A, ¥4l
o, WEMAERARCHFH MNixH,0 fifh%R). f
o M 5 B (FE 4 t): MnNiexH,0: Mn 34.27, Ni
38.13; FeNiexH,0: Fe 34.56, Ni 36.67; CoNiexH,O: Co
21.44, Ni 22.53; NiNiexH,0: Ni 62.35; CdNisxH,0: Cd
50.88, Ni 25.30.
1.3 EEY 1 BREEHNE

IR STA 0.18 mmX0.16 mmX0.12 mm (KR8
)5 55, BT Bruker Smart APEX P S ATHMY L,
AT SR B AR 1) Mo Kadft 26(A=0.71073 A)EN AGTEE,
M Bruker XSCANS F/FllsE, Lh o #4577 LI0S 4R
2580 MITH R LR, LT AT AU 682 AN ATt
KAy I H SMART I SAINT # AP HEAT 43 47 FIAE J51,
HACZEIR T WAL R Rl SADABS J7 i)
REIE, Sfk4EKIF SHELXS-97 1 SHELXL-97 # {2
AT RS 1. BCEA 1 T AT RS IR AR AR F A RE R
/NI 1) S PR S R B IE, SR T AR bR E AR
JURIAT BN SXBEET i R AR R R & ) ] P B DS 1
SN, BASIMEIE. 5N — ik pi s
St P, RHESHOE N 47 A, X 580 A I>20(DIAAl
SL AL AR, B 2 T Ry =0.0433, wR,=
0.0841, S=1.088, w=1/[S( Fy’ )+(0.08P)*+1.99P], }
i P=(Fy +2F*)/3.
1.4 Mn(L)[Ni(CN),] (L=pyrazine)E9& F

FEREN P22 OB KA i MnNisxH,O (0.1268 g, 0.5
mmol), FITEEMEFINAE 140 CHK 1.5 h, FE5E
HAE=WESG, A pyrazine (0.0400 g, 0.5 mmol)] P i
VAR 20 mL (AR 2k TR A 3, 76 N, fRET, ndk
%50 CIIL 9 h, F=#ikik, HFEMEFIVESG, 125
A, S A

2 GRS

21 Bik4EH

B AW 1 KRB IEAS i &R, FRIEE Cmem,
A S ¢=0.73080(5) nm, h=1.21372(8) nm, c=
1.40875(9) nm, a=4=y=90°, V'=1.24954(1) nm’, Z=4,
D.=1.732 gecm °, F(000) =660, u(Mo Ko)=2.534
mm . AT EREA 1R A KRN B A 5T L.

R1 1 HEK (om) FIEEA ()
Table 1 Selected bond distances and angles of 1

C()Y—N(1)  0.1138(5)] Mn(1)—N(1)  0.2179(3)
C()—Ni(1)  0.1856(4)] Mn(1)—O(1)  0.2189(3)
N(1)—C(1)—Ni(1) 176.4(4) | O(1)~Mn(1)—0O(1)  180.0
N(1)—Mn(1)—N(1) 89.49(1) | C()—N(1)—Mn(1) 170.5(3)
N(1)—Mn(1)—0(1) 89.50(1) | C(1)—Ni(1)—C(1) 89.1(3)

1 ARCEY) 1 AR FRIL T, HIAR S 5§10
1A Mn? L 1 ANNICN) S, 2 ANBCATFT 4 A2 H,0
PR, FE[NI(CN), > B Hp, Hpoty Ni J5U7 o4 DU 7 i
4, ol g PUAS I SRS SAHAR DY M JR A,
C(D)—N(1)# Kk 0.1138(5) nm, Ni(1)—C(1)—N(1)4%
T2k 176.4(4)°, X5 3CHR[17, 18] IRIEMI1E — £ Mn
S R AN W VA O ANTETR N v EA I s £ s R NP8 < R VA
R DUAN UL T ) SUs  HE, le) A7 B AN LA HoO
AR BT S, Mn(1)—O(1)AT Mn(1)—N(1) 8K
4394 0.2189(3) nm A1 0.2179(3) nm, Mn(1)—N(1)—
C(1)EES 0 170.5(3)°. ATl a7 B HCAT HyO H ¥y s 4
O JR ¥4 T B 75 )\ T 44 Mn [0, O(1)—Mn(1)—
O(1)BE ik 180°.

o)

NGy cay /N

B 1 1/ ORTEP K
Figure 1 ORTEP diagram of 1
Hydrogen atoms and clathrated water molecules are omitted for clarity and

thermal ellipsoids are presented at the 30% probability level

2 AW RIHERLEE, [NI(CN), > A —AN 1
ETTEERA S AFPUA Mn HoOAHE, BB s—
ANTE B SE A (1) — AEP IR B ARG R (K] 2a), HERRDT A
ABAB ([ 2b), Y x HHAH A TT 0.3654 nm, AHAR)Z [H]
#Eh 0.6298 nm (24 Mn---Ni [A]FH). 481 h
[Mn(H,0),]* " FI[Ni(CN), 1> 3% 32 111 )i 1) 1E 5 T X T 41
B, 2 Mne+-Mn A1 Ni--Ni [8 #5505 % 0.7308 nm £
0.7245 nm. FEFZAE Mn J3 1 E AN HO 48 140 Bilab T
JEAREE RPN, WY ac THI 2B R FR.

2.2 X gttkfivat

Kl 3 HRCAT SR A 1 (1B U XRD i KR & 51

W A FEH MNiexH,O (M=Mn, Fe, Co, Ni, Cd)[f] XRD i
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Figure 2 View of the stacking of 1
(a) along the a axis; (b) along the b axis
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z
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Figure 3 Comparison between simulated and powder XRD

patterns

B 4 SHBCAIR A 1 AR XRD 58, R 17
FHEC AR 44 R KK, A 100 £ 500 “C ik Bl S A —
B, ULIALE SRR X R P, R KAH S5 R LA AR e, 4kt
T2 700 C LA b, FCALZRE S W B 2L TF 06 70 i

Bl 5 il MRS 1 AEEE RS A R R XRD
WD L, PRI AT AR B RAKRE S, FF S R (A
)P SRR AE T A, 33T 55 KA R R KA 5
AR = AH, AT BERFE S KA G NS 133 T
oK, AEAFEE R R A B KA, RS A
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Figure 4 VT-PXRD patterns of 1
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Figure 5 Comparison between PXRD patterns under vacuum
and in the air of 1

AREEHUE R 18 h, SR e Ak,
2.3 I5hik

BCA A 1 BILT AN E /E 400~4000 cm '
ZIRHEAT, AE 2152.55 cm™ ' A IR AR IR 46 4R 5 R
e, 5 Ko[Ni(CN)J*H,O  H I iy 26 0 3 e 20 W i 0ee
(2123.62 em WAL, BAET#R, SR RIELE
R R R R E TG 3618.45 em ! AR IR I
W g /K i S O—H (4P sl o, 3290.55 cm !
Aab 5 T 5 (Y WRSC e DAy K TR A O—HL AR 48 B 5l MR
I, 1631.77 em ™' b hy 7K 43 F H—O—H {925 fh 3 s ik
I, 435.91 cm™' A2 Ni—C=N 125 iR sh i i, s
BILAHARFE S A T FIRE IR, R IL— R VI 2R
Y MNiexH,O [ZLAME A —S, FUR A B
ANF], SRR 2.
24 AEHI

6 A R I A IR A ) MNiexH,0 (M=Mn, Fe, Co,
Ni, CA AR 1) TG Mgk, TR AR AR AR &
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2 MNiexH,O (LA I I
Table 2 FT-IR spectrum of MNi*xH,O

WA RS w(CNYem ' wWOH)Yem ' S(HOH) S(NiCN)
MnNiexH,O  2152.55 3618.45 3290.55 1631.77 43591
FeNisxH,0  2154.48 3612.66 3251.98 1627.92 439.77
CoNisxH,0 216220 3614.59 3267.41 1625.99 441.70
NiNiexH,0 216798 3614.59 3273.19 1624.06 447.48
CdNisxH,0  2140.98 3630.02 3273.79 1614.41 448.70

WOTEANR], DA ShoK il e P AN, tHE 6 nf I,
% 2R A BC A 58 G ) D 2 0 T 06 B 4 U P8 1 T v R A —
AR R N, SRR, )5 PRk
HL P ERINZR VI KA BR T NiNiexH, O K25
PSS SRR, SEEDUMISANE 45 50K, BG5S
KLFE, SRR, HISRERE SN 14.2%, 14.1%,
14.0%, 24.5%H1 11.6%, SEHAE 50N 14.2%, 11.5%,
12.9%, 24.6%F1 10.3%, i MNiexH,0 (M=Fe, Co, Cd)
AT RE T4 8 R T S A K 4 T AR R T A e
AR, EEEL N O &R LA, ISR
IR, T R, IR SRR SR R K
I3, AF B A RS B R4 MINI(CN),], W
ARSETE i, BT SR E W1 Y88 03 1.
100
95 4
90;
85 1

80

[“Keley
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Bl 6 MNiexH,O fJFH 2k
Figure 6 TG curves of MNiexH,O
(a) MnNiexH,O; (b) FeNiexH,O; (c¢) CoNiexH,O; (d) NiNiexH,O; (e)
CdNiexH,O

2.5 Mn(L)[Ni(CN),] (L=pyrazine) B4R B4R
MnNiexH,0 i 7K 41 Mn[Ni(CN),] 55 # IR fic 44
pyrazine ZH343%| 3D Z LA S Mn(pyrazine)-
[Ni(CN)4] (F Mn(pz)Ni £7R), [m]4 8 SCHER[16] 6
Fe(pyrazine)[Ni(CN)Ji¥ AR (H Fe(pz)Ni oK), il
IR XRD % xS, WiE LA AHE S anE 7),
Mn(pz)Ni [FJHEEHh2k dnld 8. HL 98 mg Mn(pz)Ni, 120
CRBA 12 h )5, 75 ASAP A I 3 N, £ Hy (W B

SR, JOMHBZAE 8T T Fe(pz)Ni. Wil 9 ok, #
I N W I 2R 3 2 00 TS, S0k NG 6 e KT B 23
524 1.82606 mmol/g F1 5.48949 mmol/g, HR & N, WK Ff} %1
P13 E0(1 BET LL R A5 514 23.5114 m’/g #1301.8274
m/g, X Hy {55 KW B 22 502k 1.2869 mmol/g
5.59099 mmol/g, HHT Hy WPt S0 B iz AL 2 H, (1)
B PR (33 K), DRI TE i I oK 25 Gk SR W B 58 22 11
H,, H4 Toth J7 R4 Hy W PR, HCRE R 4>
AIE 3 0.99742 F110.99893, 7 31| TN Lo AR it £ 73 301 Ay
2.43 mmol/g 1 8.94 mmol/g, 7] I, Mn(pz)Ni WK fff &0
LR R Z /N T Fe(pz)Ni, Jil Kl fig it T4 s
TN, BCAr RGP 4 5 RN 4 G Re I 22 5.

M

Relative intensity

T T T T T T 1
5 10 15 20 25 30 35 40 45 50
20/(°)

B 7 M(pz)Ni (M=Fe, M)} AT
Figure 7 PXRD patterns of M(pz)Ni (M=Fe, Mn)
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Figure 8 TG curve of Mn(pz)Ni

3 #Hi

PAINI(CN) > M igai e c, 5t 4 )8 81 Mn®'
Tt AR A 4 Hofmann 2847 K &4
Mn(H,0),[Ni(CN),]*4H,0 (1), filthlt 7 H Sk gh#, e
Mn A1 Ni 8 FOFIE e B e IR 2R G54, Tl
REEE B RPN A Y M(H,0),[Ni(CN)y]-xH,0
(M=Mn, Fe, Co, Ni, Cd). K XRD &5 REMH, ©i1H
A AN IE () AT BE LG R, AR R XRD AR 25 Lk,
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