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a b s t r a c t

Metal organic frameworks (MOFs) are extended structures composed of a network of organic ligands and
metal ions or clusters connected to each other via coordination bonds. The numerous choices of organic
ligands and metal coordination geometries have led to the construction of porous MOFs with various
compositions, network topologies, pore sizes and shapes and they possess high surface areas and low
densities. The structures of MOFs can be tailor-tuned in such a way that any desired ligand or/and metal
ion can be incorporated; this has given to researchers the advantage of designing MOFs for a targeted
application. Within this review, we overview recent examples of a sub-class of MOFs namely biologically
derived MOFs (bio-MOFs), made of multifunctional and commercially available biologically derived
ligands (bio-ligands) such as: amino acids, peptides, nucleobases and saccharides and focus on their coor-
dination chemistry with a variety of metals. Central to this review are four tables detailing the coordina-
tion modes of bio-ligands to metals, along with a visual representation of the bio-MOF that is
subsequently formed. Through the detailed analysis of these structures, we highlight the structural
impact of these ligands on the structure, and their contribution to the MOF properties and applications.
Finally, we showcase the potential of bio-MOFs in several research areas such as CO2 capture, separation,
catalysis, drug delivery and sensing.
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1. Introduction

Metal organic frameworks (MOFs) are crystalline coordination
based materials consisting of an infinite network of metal–ions,
or metal–ion clusters, bridged by organic ligands through coordi-
nation bonds into porous two- or three-dimensional extended
structures [1,2]. The judicious selection of the metal ion and ligand
has led to the discovery of a broad array of highly porous MOF
materials with various topologies, compositions and properties
such as record-breaking internal surface areas (up to 7000 m2/g)
[3], high void volumes (up to 90%) [4], and low densities (as low
as 0.126 g/cm3) [5]. The ability to chemically modify the pore sur-
face of MOFs through pre- and post-synthetic introduction of func-
tional groups, combined with the potential for the formation of
open metal coordination sites, can also provide the means to tailor
internal surfaces for applications related to gas separation and
storage, catalysis, and sensing [6]. Compared with other frequently
used ligands for MOF synthesis, biologically related ligands (such
as amino acids, peptides, nucleobases and saccharides) offer the
potential to utilize multiple coordination sites, and contain a vari-
ety of functional groups that can be advantageous in areas such as
CO2 capture, separation and catalysis. They also, have added
advantages such as controlling hydrogen-bonding interactions,
resulting in structures that can be flexible or robust. Ultimately,
bio-ligands allow researchers to buy any combination of chirality,
aromaticity, cyclic or aliphatic features desired, or by buying the
necessary backbone and synthetically altering it for further
research investigations. This saves time, and can accelerate the rate
of MOF discovery. With the vast amount of bio-ligands readily
available, it is not surprising that these ligands have found their
way into several applications, such as CO2 capture/storage, enan-
tioselective synthesis, etc. that other well-known MOFs (e.g.
HKUST-1, MOF-74) have been known for [7]. To control the size
and shape of a cavity in a particular MOF for a given application
can still prove challenging to researchers, however the ligand
design strategy (and their incorporation within the MOF structure)
plays a significant role in the construction of functional MOFs.

In this review, we highlight the importance of ligands in general
and more specifically the impact of biologically related ligands
(hereafter bio-ligands), in the design, structure and applications
of biologically derived MOFs (hereafter bio-MOFs). More so, we
will discuss the current work and challenges of incorporating
bio-ligands into MOFs, and offer insights into this exciting sub-
discipline of research.

2. Ligand design in MOFs

Typically, the self-assembly of metal ions or clusters with
ligands to form MOFs can be achieved through classical coordina-
tion chemistry methods (<100 �C) [1,8], diffusion methods,

solvothermal synthesis (>100 �C) [9], electrochemical methods,
microwave synthesis [10,11], or high-throughput techniques
[12–14]. While a variety of metal ions throughout the periodic
table can be used, rigid organic ligands are generally preferred
(over flexible) since the resulting MOFs can be robust and/or por-
ous [15–17]. Commonly used organic ligands within MOFs are
divided into families such as: (i) carboxylic acid containing ligands,
(ii) nitrogen containing ligands (pyridyl, pyrryl, imidazolyl, etc),
(iii) cyano ligands, (iv) phosphonic acids ligands, (v) ligands based
on mixed functional groups, (vi) sulfonyl ligands and (vii) metal-
bearing ligands [18,19]. While cationic ligands are less common
in the synthesis of MOFs (low affinity to coordinate to metal
cations), both neutral and charged ligands can be used [8]. Func-
tionalities pointing toward their internal pore surface are often uti-
lized to introduce strong interactions with a target molecule and
can influence the framework structure [18]. In addition, they
may have interconnecting functions, which could extend the coor-
dination motifs, creating secondary interactions such as hydrogen
bonding and aromatic stacking [18,20–23].

With a wide variety of ligands available, many different strate-
gies have been used to synthesize MOFs that target a specific appli-
cation. Some of them can be summarized into six different
categories:

(i) Using ligands that are identical in size but contain different
functional groups can afford multivariate MOFs (MTV-MOFs)
[22,23]. This was demonstrated by Reimer et al., who com-
bined Zn4O and BDC to form a MTV-MOF-5 family, which
showed fourfold selectivity for CO2 over CO [22].

(ii) Replacing the organic ligands in a MOF with units that are
topologically similar or identical, but instead increasing in
length, can extend the pore size, resulting in the construc-
tion of new families of isoreticular MOFs (IRMOFs) with
unique properties [24–29]. This method can be used to
increase the BET, CO2 capacity, and pore of the material.
For example, in the IR-MOF-74-I to -IX series the pore aper-
tures were increased for 14–98 Å, allowing for molecules
such as vitamin B12, or green fluorescent protein (GFP) to
reside in their pores [27].

(iii) Using ligands with specific functionalities to target applica-
tions such as CO2 capture and storage, or ligands that have
specific functionalities to enhance their interaction with tar-
get molecules. For example, amine functionalized MOFs can
be used to achieve a higher total adsorption energy of CO2

molecules [28].
(iv) Increasing the conjugation of organic ligand can aid in the

formation of MOFs with hydrophilic pores, or that can be
used for light absorbing or sensing applications [30–39].
Ligands such as H4TCPB have been incorporated into MOFs,
allowing for selective uptake of p-xylene over other isomers
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