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Nano-Morphological Reversibility of Carboxylic  
Acid-Protruding Zincophosphate Sheets
An asymmetric ligand based on 1,4-benzene- dicarboxylic acid (H2BDC) with spaced distance 
of para –COOH and a unique crystalline material, Zn2PO4, were utilized to synthesize a new 
compound with high thermal stability. Interestingly, this compound exhibits a reversible mor-
phological transformation between lamellae and nano-rod forms efficiently at specific envi-
ronmental conditions. 

E xotic materials designed with a carboxylic-acid 
(–COOH) group have broadened the scope of 

utilizations because of their ionic conductive capabili-
ty, the adequate aqueous solubility of their nano-par-
ticles, further conjugation with biomolecules and so 
on. It is valuable to explore complex inorganic solids 
carrying –COOH that could induce novel properties 
and functions. No –COOH arrays have been charac-
terized as zeolitic or mineral phosphate layers; the 
former is silanol with multiple functions for the im-
mobilization of enzymes and catalysts. The hydroxyl 
group of phosphates further showed reactivity on a 
solid surface that could be modified for various appli-
cations. One has wondered whether the functional 
groups can be manifested and how they affect the 
structural properties, although the preparation of 
such a material is extremely challenging. 

Sue-Lein Wang (National Tsing Hua University) and 
her group chose an asymmetric ligand based on 
1,4-benzene- dicarboxylic acid (H2BDC) for a possible 

Fig. 1: Polyhedral plots of (a) Zn2PO4(NH2HBDC) layers stacked 
through hydrogen bonds (blue dotted lines) provided by 
the uncoordinated –COOH and (b) Zn–O polyhedra lay-
ers of Zn2O8 and ZnNO4 in which the oxygen atoms are 
from PO4 (omitted for clarity). ZnNO4 trigonal bipyramids 
appear in cyan, Zn2O8 dimers in blue, and PO4 in yellow. 
[Reproduced from Ref. 1]

Fig. 2: Schematic drawing showing the surface reactivity of  
–COOH on compound 1: (top) drafted with myristyl-
amine (14C-amine) via grinding and its removal via son-
ication; (bottom) water contact angle variation before 
and after grinding. [Reproduced from Ref. 1]

spaced distance of para –COOH from the binding 
metal.1 Using a unique crystalline material, Zn2PO4, 
not only the expected uncoordinated –COOH ap-
pears; compound 1 was synthesized in a stoichio-
metric way shown in Fig. 1 with single-phase yield 
over 95%. Furthermore, the synthesized compound 
showed an ability to undergo a reversible lamella-na-
norod morphological transformation. 

The thermal stability was tested up to 440 °C based 
on combined measurements of thermogravimetric 
analysis (TGA) and variable-temperature powder X-ray 
diffraction patterns. The crystal heated at 400 oC was 
individually selected and refined to decreasing values 
of R factors, indicating that the structure remained. 
The crystal contained less –COOH after being heated 
at 440 °C, based on single-crystal X-ray diffraction 
data. This compound has mineral-like inorganic-core 
layers, and is hence expected to possess properties 
distinct from those of the pure organics. 

To test whether the –COOH group can terminate 
on the bulk surface and exhibit surface reactivity, a 
long-chain alkylamine was taken as an exotic modifi-
er to alter the surface wettability of this compound, 
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Fig. 3: Morphological transformation of compound 1. From left to right are pristine lamellar crystals, nanorods and restored lamellar 
crystals from a sequence of ultrasonic acid–acetone treatments. [Reproduced from Ref. 1]

The –COOH groups also afforded a facile route for the 
mechano-chemical reaction for the surface modi-
fication. The existence of both surface and interior 
–COOH groups collectively induced a lamella-to-na-
norod transformation; this morphological transforma-
tion is reversible. (Reported by Chen-Lin Liu)

This report features the work of Sue-Lein Wang and 
her collaborators published in Chem. Commun. 55, 
2429 (2019). 
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as shown in Fig. 2. The change of contact angle is 
also represented in Fig. 2; the large contact angle 
indicates that decylamine was grafted onto this 
compound. Furthermore, the mechanical grinding 
achieved the same modification effect and was more 
convenient because a solvent was absent and the 
duration of reaction was decreased. 

More interestingly, this compound exhibits a revers-
ible morphological transformation from lamellae 
to nano-rod as shown in SEM images of Fig. 3. The 
restored lamellar crystals showed nearly equivalent 
crystallinity, thermal stability and hydrophilicity. In 
this research, a remarkable hybrid zincophosphate 
with surface- active as well as interior –COOH was 
synthesized. The interior –COOH groups provide 
strong hydrogen bonding to hold layers tightly to-
gether, resulting in the extraordinary thermal stability. 
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