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Abstract
The present investigations introduce a new simple strategy to synthesize a crystalline copper metal–organic frameworks 
by high-energy He–Ag laser assisted synthesis for the first time in 18 min. The produced meso-tetraphenyl-porphinato–
Cu(II) metal–organic frameworks (MOFs) were characterized by X-ray diffraction, scanning electron microscopy (SEM) 
and 3D-atomic force microscope (3D-AFM). Brunauer–Emmet–Teller BET specific surface area was measured and found 
3418 m2g−1. Furthermore meso-tetraphenyl-porphinato–Cu(II) metal–organic frameworks (MOFs) exhibit good sensitivity 
toward CO2-capture with an adsorption capacity of 76.66 mg CO2/g in 27.5 min at 25 °C, 40 bar.
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1  Introduction

Crystalline metal–organic frameworks (MOFs) are consid-
ered one of the most important categories of porous materi-
als, which find widespread in different types of applications 
including adsorption, gases-separation, catalysts, magnetism 
and some of pharmaceutical uses [1–5]. MOFs are typically 
constructed by connecting secondary building units (SBUs) 
with organic spacers to create diverse networks. Synthesis of 
metal–organic frameworks (MOFs) were performed by using 
different synthetic approaches as, solvothermal synthesis, 
microwave-assisted synthesis, electrochemical synthesis, 
mechanochemical synthesis and sonochemical synthesis 
[6–10].

2 � Experimental

Meso-tetraphenylporphinato–Cu(II) was successfully syn-
thesized via high energy He–Ag-laser assisted solvothermal 
procedures for the first time in 18 min as shown in Fig. 1a, 
the details of solvothermal synthesis procedures were 
described in [11].

The intensive energy absorbed via He–Ag laser 
(224.3 nm) irradiations is suffice to initiate and activate 
malonic acid linker in presence of DMF to close rings in the 
longitudinal axial direction as well as horizontally direction 
as clear in Fig. 1a, b forming 3D-MFOs.

2.1 � He–Ag Laser Assisted Synthesis

The accurate molar ratios of copper nitrate trihydrate 
[Cu(NO3)2·3H2O], tetraphenylporphinato ligand as well as 
malonic acid as organic linker were carefully dissolved in 
120 ml of N,N-dimethylformamide (DMF) and sonicated for 
10 min then, finally the container was subjected to be the 
target for He–Silver laser irradiations, with average power 
of 103 W cm−2 at distance of 21 cm by angle 60°. The dose 
of irradiations was accumulated six times each of 3 min of 
irradiations with total accumulated time of 18 min.

He–Silver laser has the following characteristics features, 
the laser output is insensitive to ambient temperature and 
requires no warm-up or other preheating and no temperature 
regulation. The laser head and power supply are designed 
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Fig. 1   a Schematic sequences of 
forming “Cu–MOFs” via laser 
assisted technique. b The final 
structure of Cu–MOFs showing 
the role of malonic acid linker. 
(Color figure online)
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for operation at an average input power of 120 W in order to 
keep the system air cooled and simple. In order to provide 
the discharge conditions needed for optimum output (12 A at 
350 V = 4.2 kW). The focal length F of the focusing lens, D 
is the beam diameter (5.5 mm), and λ is the laser wavelength 
(224.3 nm). Therefore this laser can be focused to 5 µm spot 
on sample with a 5.5 mm focal length.

3 � Results and Discussions

3.1 � Structural and Microstructural Features

The yield of meso-tetraphenylporphinato–Cu–MOFs was 
structurally investigated as it clear in Fig. 2a–e. The analyses 
of refined XRD pattern measured for laser assisted meso-
tetraphenylporphinato–Cu–MOFs as shown in Fig. 2a were 
matched and compared with the crystalline data reported 
by Stevens [12] for tetragonal metallized-meso-tetraphenyl-
porphinato complex where metal = cobalt. The evaluated 
lattice constants for meso-tetraphenylporphinato–Cu(II) 
(MOFs) were a = b = 14.9770(4) and c = 13.7434(4)  Å, 
which are fully consistent with those reported by [12] for 
tetragonal phase with I-4 2d space group.

Figure 2b, c shows 3D-AFM tapping contact mode image 
for meso-tetraphenylporphinato–Cu–MOFs before and after 
forming MOFs. The surface topology analyses before laser 
irradiations shows heights gradient with maximum heights 
average of 1.26 µm while after laser assisted irradiations the 
surface topology has a lot of aggregated segrations on the 
surface and near to the surface’s layers as a result of thermal 
effects of intensive ultra-high laser irradiations as reported 
by one of the authors themselves [13].

Figure 2d displays scanning electron micrograph captured 
for “Cu–MOFs” with average grains sizes ranged in between 
1.1 and 3.8 µm as clear in Fig. 2d.

The molecular structure visualization and stability param-
eters of the “Cu–MOFs” were theoretically investigated by 
using diamond impact crystal program. The studies are con-
cerned by stereo-orientations, crystal symmetry and tortion 
angles inside crystal lattice of “Cu–MOFs” as shown in 
Fig. 2e which represents space filling of meso-tetraphenyl-
porphinato–Cu(II) molecule with extended internal stress.

Further more infrared absorption spectra measured for 
“Cu–MOFs” Fig. 2f confirmed the the presence of most 
functional groups in the proposed schemes Fig. 1a, b.

The molecular structure visualization studies indicated 
that, there are a two different orientations of tetraphenyl-
porphinato–Cu complex as clear in Fig. 1, they are the main 
factor responsible for crystal stability of “Cu–MOFs”.

The (BET) specific surface area of laser assisted meso-
tetraphenylporphinato–Cu–MOFs were carefully character-
ized by evaluating, Brunauer–Emmet–Teller (BET) specific 
surface areas with an automatic system (Model 2200A, 
Micro-meritics Instrument Co., Norcross, GA), by using 
nitrogen gas as an adsorbate at liquid nitrogen temperature 
as clear in Fig. 3a, b.

The BET surface area was found ~ 3418 m2g−1 with large 
different pores sizes ranged in between “4–10.2 Å” which 
is ultrahigh value in contrast with ordinary adsorbents or 
carbon based materials [14, 15].

3.2 � CO2‑Capture Experiment

For checking sensitivity of laser assisted Cu–MOFs with 
ultrahigh BET-surface area ~ 3418 m2g−1 towards “CO2” 
capture, kinetic investigations were performed via fully auto-
mated Sievert-type Apparatus as shown in Fig. 4. The curve 
of pressure composition isotherm (PCI) were performed 
inside gas reaction controller (GRC) with PCI adsorption 
Mode (PCIa).

The activation of 1 g of Cu–MOF was performed via 
100 ml methanol solution at 60 °C for 24 h, the methanol 
solution was replaced each 8 h to swell porous Cu–MOF 
as possible to be applicable in the CO2-isotherm capture 
experiment.

As it clear in Fig. 4 the kinetics of adsorption (uptake 
CO2) were very fast in the first 10 min with ratio of 65.27% 
from maximum adsorption capacity which was 76.66 mg 
CO2/g of “Cu–MOFs” as shown in Fig. 4. The adsorption 
experiment was performed for 70 min while the maximum 
adsorption loading was achieved after only 27.5 min with 
adsorption capacity of 76.66 mg CO2/g which is considered 
a promising result in contrast with some others MOFs adsor-
bents materials [14, 15].

The present laser assisted “Cu–MOFs” has BET sur-
face area of ~ 3418 m2g−1, which is relatively high value 
and can be compared with some of common known 
MOFs. For example, MOF-210 is the highest surface area 
(10,450  m2g−1) MOF known to date, constructed from 
4,40,400-[benzene-1,3,5-triyl-tris(ethyne-2,1-diyl)]tribenzo-
ate (H3BTE), biphenyl-4,40-dicarboxylate (H2BPDC), and 
zinc(II)nitrate hexahydrate [16]. Other well known MOFs, 
such as NU-100 (69.8 wt%, 40 bar at 298 K), Mg–MOF-74 
(68.9 wt%, 36 bar at 278 K), MOF-5 (58 wt%, 10 bar at 
273 K), and HKUST-1 (19.8 wt%, 1 bar at 298 K), also show 
good sensitivity for “CO2” uptake [17, 18].

Furthermore the present Cu–MOFs can be compared with 
some new MOFs as reported in [19–21] specially on the 
point of view “CO2” capture. Li et al. [19] reported on the 
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first strontium-based MOF possessing polar tubular channels 
for CO2 and C2H6 capture while, Wang et al. [20] and Hou 
et al. [21] introduced new cobalt based and advanced rod 
packing MOFs as high selective MOFs for “CO2” capture.

On the other hand these results can be compared with 
those reported by Goel [22] who investigated, two new 
Cu- organic frameworks and checked them as H2 and N2 
trappers.

The present copper–MOFs exhibited good sensitivity 
to CO2 capture with reasonable adsorption uptake capac-
ity of ~ 76.66 mg CO2/g and in the near advance it will be 
checked as toxic gases sensors. Some of Tb–MOFs were 
successfully applied as selective sensor of picric acid among 
nitro-aromatic explosives through fluorescence quenching 
mechanism, acetone and tri-nitro-phenol (TNP) [23, 24].

4 � Conclusions

As a summary the present studies are introducing a new 
approach with eco-strategy to synthesize Cu–MOFs with 
ultrahigh specific surface area (~ 3418 m2g−1) by applying 

high energy He–Ag laser for the first time. The produced 
copper–MOFs exhibited good sensitivity to CO2 capture 
with reasonable adsorption uptake capacity of ~ 76.66 mg 
CO2/g. The synthesized Cu–MOFs has ultrahigh surface 
area but evaluated pore sizes not unified which due to that 
the rate of Cu–tetraphenylporphinato–MOFs 3D-growth not 
regular through axial and horizontal directions.

Fig. 2   a–e Different structural measurements measured for synthe-
sized laser-assisted meso-tetraphenylporphinato–Cu(II) (MOFs); a 
XRD-pattern, b 3D-AFM-for meso-tetraphenylporphinato–Cu–MOFs 
before laser assisted irradiations, c 3D-AFM-for meso-tetraphenyl-
porphinato–Cu–MOFs after laser irradiation process and forming 
of MOFs, d SE-micrograph for Cu–MOFs, e Space filling of meso-
tetraphenylporphinato–Cu molecule. For d micron scale bar = 5 µm. f 
Infrared absorption spectra measured for Cu–MOFs
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Fig. 3   a N2-isotherm curves applied for 100 mg of Cu–MOFs and b BJH-pore distribution curve of Cu–MOFs
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