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Synthesis and Gelation Ability of Spin-Crossover Iron(Il) Alkyl Imidazole Complexes
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GE Fang-Yuan' CHEN Yu-Xin' GU Zhi-Guo™"?
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Abstract: Complexes 1~5 were synthesized by one-step reaction of 1-heptyl-1H-imidazole-2-carboxaldehyde (L"),
1-tetradecyl-1H-imidazole-2-carbaldehyde (I.%), 1-hexadecyl-1H-imidazole-2-carbaldehyde (L), 1-octadecyl-1H-
imidazole-2-carboxaldehyde(L), 1-eicosyl-1H-imidazole-2-carboxaldehyde(L.) with ferrous tetrafluoroborate and 1-
phenylethylamine, respectively. The five complexes have been determined by IR spectra and elemental analysis.
X-ray crystallography reveals that each unit in 1 contains one [Fe(L');]** cation and two BF,” anions. The iron(Il)
center coordinates with six N donor atoms from three ligands to form a octahedral mononuclear compound with
fac-configuration. The Fe(I-N bond distances indicate that the Fe(Il) sites of 1 are in low-spin state. As for [Fe
(LYsJ**, intramolecular -7 interactions are present between phenyl group and imidazole ring of an adjacent
ligand, and then a supramolecular architectures are further formed by C—H---7r interactions between alkyl chain
and aromatic ring. Magnetic measurements reveal that 1 displays incomplete spin-crossover behaviour at 341 K,

and 2 is a high-spin paramagnetic compound, while 3 ~5 show incomplete spin-crossover behaviour. The
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corresponding metallogels MOG2~MOGS5 were formed by using complexes 2~5 with longer alkyl chains as

gelator and cyclohexane as solvent. Scanning electron microscopy (SEM) images showed that the MOG2~MOGS

had 3D network pore structure. Reversible gel-sol transitions were found in MOG2~MOGS. Under the influence

of heat and mechanical force, MOG2~MOGS were rapidly converted to sol, which can be restored to gel after

being stationary, showing good stimulation-response and self-healing ability. CCDC: 1920725, 1.

Keywords: Fe(Il) complexes; spin-crossover; metallogels; stimulus responsiveness
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Table 1 Crystallographic data for complex 1

Chemical formula CsHgB,FeNgFg w/ mm™ 0.328

Formula weight 1121.78 F(000) 1188

Crystal system Monoclinic 6 range / (°) 1.93~26.56

Space group P2, Index ranges -ISsh<sl4-17T<k<2],-15<[<16
a/ nm 1.270 86(13) Reflection collected 17 529

b/ nm 1.716 56(18) R 0.066

¢/ nm 1.346 14(15) GOF (F?) 1.02

V / nm’® 2.923 2(5) Flack y -0.03(3)

A 2 R, wRy [I>20(D)) 0.073 8, 0.161 9

D,/ (g-em™) 1.274 Ry, wRy (all data) 0.133 1, 0.196 8

CR=XNEJ-IFNZIE); " wR=[ X w(F~FA% X w(F)]"

Y UL B I R ot R K s TRE B W Y 25 A R
T T ECE 9 109 X SFR R ah A | R RS 15
S HE A UL 1 & Supporting information , 11
2 R X AT R BRI G W 1 T, B4
¥4 550t [Fe (L) FH & T F1 2 A~ BF, B ffir B 25 7 41
BRI G, BEW 1 P A Fe()d)E o
5% A 3 MEAAR 6 A5 B ALY BUE B\
K, Fe(lD-N 81V 45K 0.197 5 nm, Bi BR E
173 K B Fe(l)HrC Al TR A ek A, 7ER 59
1 ', C44-C49 C13-C18 .C32-C37 LW 3 ™A «

All H atoms and BF, anions have been removed for clarity; the
grey, blue and purple ellipsoids represent C, N, and Fe,
respectively; Intramolecular 77-7 interactions are illustrated as

green dashed lines
B2 BA1 RIRER R 3099 S A S5H K
Fig.2 ORTEP diagram showing the structure of complex
1 with the atom numbering scheme at 30%

probability levels
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Intramolecular C—H---7r interactions between benzene ring and benzene ring are illustrated as green dashed lines; Intramolecular C-H---7

interactions between imidazole ring and alkyl chain are illustrated as red dashed lines

B3 (a) BEAW 1004 CHo o M40 T45HI; (b) BOAH 110 49 B85 T I 4 Fh 2 b

Fig.3 (a) 2D C-H-- 7 supramolecular network structure of complex 1; (b) View of the 4* supramolecular network

topology for complex 1
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Fig.4 (a) Variable-temperature magnetic susceptibility measurements for complex 1; (b) Variable-temperature

magnetic susceptibility measurements for complexes 2~5
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PEAHLE A B ROE S 0 I3 2,
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R S 2 s R o | X AR I B e ol S I R S 2
i AT TR G WA R i 00 [ A TS 8 iU BE G 3 2
Bt AEJEE OE OB IEBERE | FR O R IR S B R 1Y
e S B E Y 2~5 T EE RS sl o e e, b 3RO
BEVE R I B A8 2~5 (0 BE R ey, m it
P I B 15 DXL A A ALV 5] v B B IR 15 105 A AL 7
MIRPEAR G, DMF NS 5 Sl S5 B ) ol 1
WA | RE AR - b s e T G 0 T G R I I A
T A AR P 9 2 O e X L 5 0 2~5 B I il B 35 v A
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Table 2 Gel conditions of complexes 2~5 in different solvents

Gelator

Solvent

2 3 4 5
Cyclohexane G G G G
1-Pentanol PG PG PG PG
1-Hexanol PG G G G
1-Heptanol G G G G
Isoamylol S S S S
Cyclohexanol PG PG G G
n-Octanol G G G G
Isooctanol S S S S
DMF S S S S
MeCN S S S S
Isopropanol+MeCN, 1:0.5, V/V S S S S
Isopropanol+Chloroform, 1:0.5, V/V S S S S
G: Gel; PG: Partial gel; S: Solution

2.2.2 SEM FEAE 223 JZEI

DAFR C e R i 9] B 0 51 1 43 0K 6.4% 1) #%
143 4 JE A HLEER MOG2~MOG5, T MOG2-~
MOGS JEFAARL, Kl 5 V%R MOG3 F i 1) SEM
K, E Sa~b H AT LAA 2] MOG3 7RO I J2: i 2444
R AR EE R AH B A BUE iU = dE ZfL25 K, FLB 5y
Ay o) HE MG, BERE R 5788 X AL 19 3D
W2 2R SR e K R A B e FLBR s R rh B
JCEERE . SRR ECH 60 000,90 000 (Kl 3c~d),
AT LLE B L% AR E5 Fg 2R MR SF ) Homg S
th 2R s

5 B TA AL A2 W) DHR-2 224X, 4tk 20
i, 7£(20+0.1) C F X MOG2~MOGS # 17 J1 2%l
W, MR R 48 wum, T SETENEAN 0.5% 128 /1
LR L 7E 0.1~100 rad - s 4505830 Fl AT 000 4514
T D] 8 A3 X6 B I AT R g W AR 4, A SR ]
6 R,

i & 6 7T LL A F ,MOG2~MOG5 £ 0.1 ~100
rad s~ BIATTRETE IR Y, B BB B2 (G ) IR 4 K T4 FE A
(G, R B TERE & T A, N R
it BEE WA K ,MOG2~MOGS 1 ' 5 "
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Magnification times: (a) X1 300; (b) x2 000; (c) x60 000; (d) x90 000
5 MOG3 ) SEM Kl
Fig.5 SEM images of MOG3
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Fig.6 G’ and G" of metallogels as a function of frequency for MOG2 (a), MOG3 (b), MOGH4 (c¢) and MOGS (d)

R BN A PTG R H G IR RT 67 AR MOG2~MOGS ) fiff RERL &t (G) Y & 4f £ K T
HAERE R RE ) B W B 07, e Ah  DAREE SR FERIG(GY), i 2 BRI — > HLRURRAEDS . MOG2~
6.28 rad-s™ X Jm A HLEER AT 390 (81 S8),  MOGS fi#f BEAE & (G) T 4R T B3 1Y 12 28 73 351 °h 4% |
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2% 2% A% , W I Jw 08 gk 1A i 3k S M |, iy AR
TSN AR fE BRI R, 2 MOG2-~
MOGS 128 535 5 T 10% 8% 4.5% . 19%H , fifs
AEL i (G Ik F I FEL 1t (G7) , BE SR &R 3D M 45 45
PRSI IR | 58 i 50 4 Tt 720 S R P )
2.2.4 IR R G
MOG2~MOGS ¥z 37 5 7 4L B 2 min
Jei , BRI BB SR AR S VA G W E 10 min J5 R X
TBhPE | FOB R M BEICIRES UL R 5 42 )8 A AL

Stewing

e e B HLA I 1 R MOG2~MOGS BEETE 50
CHNAA 5 min J& , TSI PEBRIG A AR, 78 = 41
TWRH, BT s PTG T 15 min J5 KR EE
JREIRAS | 2 BT VS e — 5 JE 1) ARG A | B % R 8 4
& A ML e EL A AR ) Uk o o7 R e | eh L U B 3R
TR A B T 22 i o o7 ) 4 8 A HLEERS . T
MOG2~MOGS5 115l # e 1z 3 25 AR ] & 7 4%
JE7R MOG4 H30ma iz i i 25 5

=

Coo\‘\(\%

/

i

Ultrasonication

‘(\6'5{\“%

— | [T

Stew'mgﬂy Shaking

K7 MOG4 i Tl B E 7 b 30 5T DN ) A 00T 308 B e - e e A
Fig.7  Sol-gel phase transition process of MOG4 stimulated by temperature, ultrasound and shearing strength
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