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Negative Thermal Expansion Properties of Two Metal-Organic Perovskite Frameworks
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Abstract: Lattice parameters and crystal structures of two metal-organic perovskites [C(NH,);][Mn(HCOO);] (1)
and [(CHy);NH,|[Mn (HCOO);] (2) are investigated via variable-temperature single-crystal (VIT-SCRD) X-ray
diffraction and transmission electron microscopy (TEM) experiments. The significant negative thermal expansion
(NTE) phenomena along their c-axes are revealed. The average NTE coefficients of frameworks 1 and 2 are o=
-1.2(1)x107° K" and a,=-6.1(11)x107° K, respectively, obtained via linear fits using the Pascal software. A
hinge-strut like structure model is used to explain the NTE mechanism of these two frameworks, the perovskite
frameworks 1 and 2 can be considered as a simple hinge-strut like structure which is a prototypic motif for
anisotropic thermal expansion, the formate ligand and Mn(Il) stand for the hinge and strut, respectively, the hinge
angles are represented as 6 and ¢. The results indicate that the hydrogen bond lengths and angles between the
anion framework and the A-site amine cations change slightly with increasing temperature, which induce the
distortion of the perovskite frameworks and give rise to the increase of the hinge angle 6 but decrease of ¢ with
increasing temperature. These structural rearrangements result in the NTE along the diagonal of the pseudocubic
perovskite framework. Furthermore, the two frameworks show significantly different thermal expansion properties
due to their distinct modes of hydrogen-bonding between the framework hosts and A-site amine cations. In

framework 2, each [(CH,);NH,]" is aligned with the ac plane and bonded to the two opposite edges within the
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same face of the pseudocubic unit cell by four hydrogen bonds. However in framework 1, each [C (NH,):]" is cross-

linked to two perpendicular edges from two opposite faces of each pseudocubic unit cell by six hydrogen bonds

and tilted with respect to the ac plane, which consequently gives more cross-linking constraints to the cubic unit

cell along three orthogonal orientations. As a result of the constraint, the amine cation and anionic framework of 1

are bonded more tightly. Therefore, it is concluded that the number and orientation of hydrogen bonds have a

marked impact on the thermal expansion properties of these two frameworks.

Keywords: metal-organic perovskite; negative thermal expansion; “hinge-strut” like structure model; hydrogen bonding
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Color scheme: Mn?*, green or teal; O, red; C, black; N, blue; H, white; N-H:--O bhonds are represented as dashed purple lines;

Azetidium in 2 is equally disordered at two positions, as illustrated in grey and black colors
Bl 1 HESE 1(a) (b)F 2(c) (d)HF{010)(a) (c)FH{101} (b) (d)77 1] 9 i R &5 4 7 =R
Fig.1 Framework structures of [C(NH,);][Mn(HCOO)] (1) (a, b) and [(CH,);NH,] [Mn(HCOO);] (2) (c, d)
showing the perovskite unit cell: (a)(c) {010}; (b) (d){101}
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Fig.2 (a) (b) Evolution of lattice parameters a, b and ¢ of frameworks 1 and 2 in dependence on the temperature (the solid

lines are there to guide the eye); (b) (d) Different direction thermal expansion of frameworks 1 and 2 basing on

PASCal programme™ calculation; Note: Positive and negative thermal expansion are illustrated in red and blue grid

10° K, IR IK R B0 . ,=5.8(10)x107° K, PR 1 B i A Ik R A, R BHEZE 1
23 MR SRRE ARG 18 B RN T 22 S 2 T ML AR 1 S 5 M RE ZeW,04; 7]

1 OMHESL 1 M2 AR HU T LR AR R I R Y 4 JE A HLHE AR AT LR, g T
T e 2R B2 MOF-5, fH & K F 1 silver(I) 2-methylimid-

F1 ER1M2 5ABHBEAREKRY

Table 1 Negative thermal expansion (NTE) coefficients of frameworks 1, 2 and other typical materials

Material NTE coefficient / K™ Reference

ZrW,05 a=-9x10° [23]
MOF-5 a=-9x10° [24]
silver(I) 2-methylimidazolate a,=-2.45x10" [25]
[Zny(fu-L),dabceo) ,=-9.43 x10°~-1.29x10™ [26]
CdI[meso-tetra(4-pyridyl)porphine] a,=-2.1x107 [27]
InD(BDC), (BDC=1.4-benzenedicarboxylate) a,=-3.5x10" [28]
[C(NH,);][Mn(HCOO);] (1) a,—1.2x10°

[(CTL)NFL]Mn(HCOO),] (2) a,=6.1x10°
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Fig.3 (a) (b) Hinge-strut like structure models for the frameworks 1 and 2; (c) Thermal expansion mechanism of frameworks 1 and 2
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Fig.4 Change of hinge angle 6 and ¢ of frameworks 1 and 2 as a function of temperature
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