
1. INTRODUCTION

• Morphological control of crystals is utterly important in reticular chemistry, especially as a fundamental strategy 
toward preparing functional materials of superior properties1,2. 

• In the realm of metal-organic frameworks (MOFs), previous endeavors primarily focus on shape manipulation at the 
nano- and microscale during bulk synthesis and subsequent processing at the mesoscale (e.g., incorporation into 
polycrystalline films, patterns, and composites) 3,4

• A notable challenge persists in attaining a meticulous control over both the shape and size of macroscopic single 
crystals.

• Here we successfully demonstrated the spatial and morphological control of crystal growth from a non-equilibrium 
state through the utilization of a microfluidic device. 

• Due to low Grashof number condition in microchannels, homogenous growth of peptide-based MOF - CuGHG was 
greatly promoted, resulting in formation of well-shaped single crystal at millimeter scale.

Growing and Shaping Metal–Organic Framework 
Single Crystals at the Millimeter Scale

Thao Nguyen,a Maria Guixa, Alessandro Sorrentia, Josep Puigmartí-Luisa

aUniversity of Barcelona (Spain)

e-mail: thao.nguyen@ub.edu

References
[1] Adair, J. H., & Suvaci, E. (2000). Morphological control of particles.

Current opinion in colloid & interface science, 5(1-2), 160-167.

[2] Oliver, K., Seddon, A., & Trask, R. S. (2016). Morphing in nature and

beyond: a review of natural and synthetic shape-changing materials and

mechanisms. Journal of Materials Science, 51, 10663-10689.

[3] Stock, N., & Biswas, S. (2012). Synthesis of metal-organic frameworks

(MOFs): routes to various MOF topologies, morphologies, and

composites. Chemical reviews, 112(2), 933-969.

[4] Furukawa, S., Reboul, J., Diring, S., Sumida, K., & Kitagawa, S.
(2014). Structuring of metal–organic frameworks at the
mesoscopic/macroscopic scale. Chemical Society Reviews, 43(16),
5700-5734.

Acknowledgement

The authors acknowledge founding from the European U (H2020-

EU. 1.2.2. Program, grant Agreement ID: 952152)

This work was partially supported by the European Union (ERC-

2015-STG microCrysFact 677020 and ERC Stg Chem-fs-MOF

714122), the Swiss National Science Foundation (Project nos.

200021_160174 and 200021 181988), and the Spanish MINECO

(MDM-2015-0538 and CTQ2017-83486-P).

• Here we successfully demonstrated the spatial and morphological control of crystal growth 
at the millimeter scale from a non-equilibrium state through the utilization of a 
microfluidic device. 

• Within an advection-free microenvironment of microchamber, peptide-based MOF –
CuGHG can be grown homogeneously and continuously as a consequence of a diffusion-
controlled supply of precursors. 

• We can tailor the size and shape of the microchannel to obtain the size and shape of the 
crystal.  

• Regrowth or shrinkage of the crystals after laser-induced damage demonstrated the 
stability and mechanical strength of the crystal.

• This work helps expanding the precise control over tailoring shape and size of different 
material classes for specific applications

3. RESULT 

• Micro scale dimension enables advection to be minimized and allow the MOF solution to
be stabilized and slowly transition from non-equilibrium to equilibrium state, resulting in
homogeneous crystal growth.

• Due to template effect of microchannel, CuGHG crystal takes shape of channel it is
confined in. We can tailor the size and shape of the microchannel to obtain desired size
and shape of the crystal.

• CuGHG single crystals can shrink and regrow in response to laser-induced damage.
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a) CuGHG crystals grown from microchambers are confirmed to be single crystals under cross polarizer. b) 
SEM images of selected CuGHG crystals c) In absence of flow, CuGHG crystal shows  a non-linear growth 

profile approaching a plateau, which corresponds to a percentage increase of size as small as 5%
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