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A simple methodology has been developed for the synthesis of functional nanoporous carbon (NPC)
materials using a metal-organic framework (IRMOF-3) that can act as a template for external carbon
precursor (viz. sucrose) and also a self-sacrificing carbon source. The resultant graphitic NPC samples
(abbreviated as NPC-0, NPC-150, NPC-300, NPC-500 and NPC-1000 based on sucrose loading) obtained
through loading different amounts of sucrose exhibit tunable textural parameters. Among these,
NPC-300 shows very high surface area (BET ~ 3119 m?/g, Langmuir ~ 4031 m?/g) with a large pore vol-
ume of 1.93 cm?/g. High degree of porosity coupled with polar surface functional groups, make NPC-300
remarkable candidate for the uptake of H, (2.54 wt% at 1 bar, and 5.1 wt% at 50 bar, 77 K) and CO,
(64 wt% at 1 bar, 195 K and 16.9 wt% at 30 bar, 298 K). As a working electrode in a supercapacitor cell,
NPC-300 shows excellent reversible charge storage thus, demonstrating multifunctional usage of the car-
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1. Introduction

Over the past decade, porous carbon materials have attracted a
great deal of attention due to their potential applications in the
fields of gas storage/separation, catalysis, fuel cell and biology
[1-10]. Nanoporous carbons have received special attention com-
pared to other contemporary porous materials because of its low
density, chemical inertness and high thermal stability [11-13].
Among various techniques (both physical and chemical) to prepare
nanoporous carbons, nanocasting approach using sacrificial tem-
plate is an advantageous method owing to its fine control over pore
size, surface area and pore volume [14-20]. In the past mesostruc-
tured silica, zeolites and clays have been utilized as hard templates
for synthesizing hierarchical (meso/micro) porous carbons respec-
tively [21-29]. Microporous carbon materials possessing high sur-
face area are potential candidates for the adsorption and storage of
small molecules such as hydrogen and carbon dioxide [30]. Recent
reports suggests that materials are required to have appropriate
balance between ultra microporosity, pore volume and surface
area for high density hydrogen storage because of small kinetic
diameter and low polarizability of hydrogen molecule [30].
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Therefore, the synthesis of nanoporous carbon materials with high
surface area and micropore (ultra-micropores) volume is of para-
mount importance, although it is not straightforward.
Metal-organic frameworks (MOFs) or porous coordination
polymers (PCPs) are a novel class of crystalline materials and have
various applications in gas storage, separation, catalysis, magne-
tism and drug delivery based on their structural topology, tunable
pore size and environment [31-50]. MOFs with ordered functional
porous environment combined with high crystallinity and thermal
stability can also be utilized as templates for the preparation of
high surface area porous carbons [51-56]. Using MOF as a tem-
plate, Xu et al. first prepared porous carbons using furfuryl alcohol
as an external carbon precursor [53]. Later, other research groups
also reported porous carbons derived from MOF, with and without
external carbon precursor [53]. Furthermore, porous carbon mate-
rials with tunable textural properties have received substantial
attention, owing to their important industrial applications in catal-
ysis, adsorption, chemical sensing and as a supercapacitor [27].
Therefore, the right choice of external carbon precursor and MOF
is very critical to fabricate desired tunable nanoporous carbon
sample. As MOFs offer ordered and tunable soft porous environ-
ment with various functional groups on organic linker, it is feasible
to choose suitable carbon precursor which can be easily immobi-
lized through an intermolecular host-guest interaction. Herein,
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we report a simple route for the synthesis of nanoporous carbon
materials from IRMOF-3 {[Zn4O(NH,-BDC)3]-xDMF}, (NH,BDC = 2-
amino-1,4-benzenedicarboxylate) which acts as a template for
external carbon source (sucrose) and a self-sacrificing carbon pre-
cursor [60]. Although the synthesis of porous carbon from MOFs
and external carbon precursor are well studied, their tunable tex-
tural property based on the loading of the external carbon precur-
sor is yet to be accounted. This work reports synthesis,
characterization, tunable surface area and pore volume (high ratio
of micropore to mesopore) of various nanoporous carbon samples
(NPCs) (NPC-0, NPC-150, NPC-300, NPC-500 and NPC-1000)
obtained based on different loadings of sucrose in IRMOF-3. The
beneficial influence of external carbon precursor to obtain high
surface area NPC samples with high micro pore volume has been
discussed in the context of gas storage and electrochemical sup-
ercapacitors. Among the NPC samples, NPC-300 shows high BET
surface area of (3119 m?/g) with a large pore volume (1.93 cm?/
g) which has been exploited for hydrogen and carbon dioxide stor-
age and electrochemical double layer super capacitors.

2. Experimental section
2.1. Materials

All the reagents and solvents employed were commercially
available and used as supplied without further purification.
Zn(NO3),-6H,0, 2-aminobenzenedicarboxylic acid, sucrose, were
obtained from Aldrich Chemical Co.

2.2. Preparation of nanoporous carbon using IRMOF-3

IRMOF-3 was prepared according to the literature as reported
by Yaghi et al. [57] using Zn(NOs),-6H,0 (4.8 g, 16 mmol) and
2-aminoterephthalic acid (1.32 g, 8 mmol) in 30 mL of dimethyl-
formamide (DMF) at 120 °C for 6 h. The resultant compound was
filtered, thoroughly washed with DMF and then activated by guest
exchange with ethanol (20 mL) for 7 days. The sample was then fil-
tered and dried in vacuum at 130 °C. For the synthesis of porous
carbon, we took desolvated IRMOF-3, different amounts of sucrose
(X=0, 150, 300, 500, 1000 mg), 8 uL of H,SO4 and then mixed
together in 2 mL of water to form light yellow colored paste. This
mixture was then kept in an oven for successive temperatures
100 °C for 6 h and 160 °C for 6 h. The resulting composites were
then pyrolyzed in a nitrogen flow at 900 °C and kept under these
conditions for 6 h to carbonize the composite. The NPCs were
obtained after removal of ZnO species using 20% hydrochloric acid
by filtration, washed several times with water-ethanol mixture
followed by drying at 100 °C. The resultant carbons obtained by
variation in sucrose content are denoted by “NPC-X”, where X
indicates that amount of sucrose used. The obtained samples were
designated as NPCs (NPC-0, NPC-150, NPC-300, NPC-500 and
NPC-1000) based on the different amount of sucrose loading. All
the resultant NPCs were characterized by FT-IR, elemental analysis,
thermogravimetric analysis, powder X-ray diffraction (PXRD),
Energy dispersive X-ray analysis (EDS) and different microscopic
techniques.

3. Characterization techniques
3.1. Physical measurements

The resultant NPC samples were characterized through differ-
ent techniques. Powder X-ray diffraction (PXRD) patterns were
recorded on a Bruker D8 Discover instrument using Cu-Ko radia-
tion. The morphology and porous nature of NPCs examined with

field emission scanning electron microscope (FESEM, FEI Nova-
Nano SEM-600, Netherlands) and transmission electron micro-
scope (TEM) (JEOL JEM-3010 with an accelerating voltage at
300kV). The Raman spectra were recorded in backscattering
arrangement, using 532 nm laser excitation using 6 mW laser
power. Elemental analyses were carried out using a Thermo Scien-
tific Flash 2000 CHN analyzer. FT-IR spectra were recorded using
KBr pellets in the range 4000-400 cm~! on a Bruker IFS-66v spec-
trophotometer. Thermogravimetric analysis (TGA) were carried
out under nitrogen (flow rate of 50 mL/min) with Metler Toledo
TGA-850 TG analyzer in the temperature range between 25 and
600 °C at a heating rate 3 °C/min.

3.2. Adsorption measurements

Adsorption studies of N, (77 K), CO, (195 K for NPC-300) and H,
(77 K for NPC-300) for NPC samples prepared at 423 K under high
vacuum, were carried out using QUANTACHROME AUTOSORB-1C
analyzer. The adsorption isotherm of different solvents (like H,O
and CgHe, at 298 K) for NPC 300 was measured in the vapor state
by using BELSORP-aqua-3 volumetric adsorption instrument from
BEL, Japan. In the sample chamber (~12mL) maintained at
T +0.03 K was placed the adsorbent sample (100-150 mg), which
had been prepared at 423 K in 107! Pa for 18 h prior to measure-
ment of the isotherms. The adsorbate was charged into the sample
tube, and then the change of the pressure was monitored and the
degree of adsorption was determined by the decrease of the
pressure in the equilibrium state. All operations were computer-
controlled and automatic. High-pressure H, (77K) and CO,
(298 K) sorption measurements for NPC-300 was carried out on a
fully computer controlled volumetric BELSORP-HP, BEL JAPAN high
pressure instrument. All the gases used for high pressure measure-
ments are scientific/research grade with 99.999% purity. For the
measurements, approximately 300 mg sample was taken in a
stainless-steel sample holder and degassed at 493 K for a period
of 18 h under 0.1 Pa vacuum. The dead volume of the sample cell
was measured with helium gas of 99.999% purity. Non-ideal
correction for Hy, and CO, gases were made by applying virial
coefficients at the respective measurement temperature.

3.3. Supercapacitor cell measurements

Investigations were carried out using NPC-300 as a working
electrode in a cell containing 1.0 M aqueous H,SO, solution as elec-
trolyte, platinum wire as counter electrode and a saturated calomel
electrode (SCE) as a reference electrode. All electrochemical char-
acterizations were performed at room temperature. The composite
working electrode was prepared by dispersing a mixture of NPC-
300, polyvinyldifluoride (PVdF) binder and acetylene black in
N-methyl-pyrrolidone (NMP) solvent. The three components were
in the ratio 85:05:10 (w/w) in NMP and processed to form homo-
geneous slurry. The homogeneous mixture is pasted onto stainless
steel (SS) current collector (0.5 x 0.5 cm?) and electrodes were
dried at 120 °C for 12 h under vacuum.

4. Results and discussion
4.1. Synthesis and characterization NPCs

The step-wise synthesis of various nanoporous carbons
obtained from sucrose and IRMOF-3 is illustrated in Fig. 1.
IRMOF-3 {Zn4O(NH,-BDC)3} has a three dimensional structure
consist of an oxo-centred {Zn40(CO;)s} secondary building units
connected by NH,-BDC linkers. Framework has 3D channels
(dimensions of 18 x 18 A%) decorated with basic -NH, functional
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Fig. 1. Flowchart showing detailed synthetic methodology of IRMOF-3 derived nanoporous carbon.

groups and possessing a surface area of 2371 m?/g. We surmise
that, the inclusion of sucrose inside the pores (amine functional-
ized pore surface) is facilitated by its hydrogen bonding interac-
tion. Sucrose loaded IRMOF-3 has retained structural integrity as
revealed by powder XRD pattern (Fig. S1). Sucrose infiltrated
IRMOF-3 was heated at 100 and 160 °C for the polymerization of
sucrose and then resulting composite is carbonized under a nitro-
gen atmosphere at 900 °C resulting in a black colored powder.
The EDS analysis and PXRD pattern of these carbonized samples
suggest the presence ZnO nanoparticles (Fig. S2). The wide angle
PXRD pattern of the carbonized sample exhibit peaks correspond-
ing to hexagonal phase of wurtzite (Fig. S2 (left)). After treating the
carbonized samples with HCl solution (20%) followed by through
washing with a water/ethanol mixture yields pure nanoporous car-
bon samples. The same procedure was adopted with various
sucrose loadings to prepare different NPCs (see Section 2). The pur-
ity of all resultant NPC samples after HCI treatment is confirmed
through elemental (CHN) analysis (Table S1). FT-IR spectra of all

NPCs show —C=C— vibrational bands along with oxygen contain-
ing carboxyl (—COOH) and hydroxyl (—OH) functional groups
(Fig. S3 for NPC-300). The PXRD patterns of all the resultant NPC
samples are shown in Fig. S4 (NPC-0, NPC-150, NPC-500 and
NPC-1000) and Fig. 2 (left) (for NPC-300). Interestingly, all NPC
samples after treating with HCl exhibited two major broad peaks
centered at 20=24.5° and 44.3° corresponding to (002) and
(101) planes respectively, which resembles the structural signa-
ture of nanoporous carbons. Further Raman spectroscopy measure-
ments were performed to study the local structure of the NPC
samples. Raman spectra of NPC samples are provided in Figs. 2
(right) and S5, showing two major broad peaks centered at
~1350 and ~1629 cm™! and are attributed to D- and G-bands
respectively. The relative ratios of the G band to D band are almost
constant (Ig/Ip ~ 1.2) in all the NPC samples. The ratio of the inten-
sities of D to G bands signify the degree of crystallization of the
graphitic carbon and suggests in all NPC samples the local carbon
structure has both graphitic and disordered carbon atoms [28].
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Fig. 2. (left) Powder X-ray pattern;

(right) Raman spectra of NPC-300.
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Furthermore field-emission scanning electron microscopy (FESEM)
analyses were performed to understand the morphology of the
resulting porous carbons and also the effect of MOF on the result-
ing morphologies and overall surface textural characteristics
(Figs. 3 and S6). FESEM images suggests that the original cubic
morphology of the IRMOF-3 was not retained in the NPC samples,
rather a different morphologies were observed in the various NPC
samples. In case of NPC-300 well separated micron size rod or
block shaped carbon particles was observed, whereas NPC-1000
revealed the aggregated sheets of carbon in micron size range.
Other samples like NPC-0, NPC-150 and NPC-500 exhibit sponge
like morphologies. However high-magnification images uncovered
a wide range of pore sizes from micrometer to nanometer com-
pared to defect free surfaces in IRMOF-3. High resolution transmis-
sion electron microscope (HRTEM) images reveal oriented

multilayer domains in all the carbon samples and few indistin-
guishable parallelly stacked graphene sheets (Fig. 4). Similar struc-
ture was observed in previously reported MOF derived carbon
materials [53]. In agreement with PXRD and Raman spectra, all
the samples contain high degree of disordered graphitic layers.
The bicontinuous three-dimensional network of nanosized carbon
particles with small grain sizes (about 5-10 nm) resulted the hier-
archical porosity. These results suggest that surface texture and
characteristics could be tuned to some extent by changing the con-
tent of the carbonizing agents.

4.2. Textural parameters for NPC samples

Nitrogen adsorption experiments (at 77 K) were performed to
examine the surface textural characteristics of the NPC samples

Fig. 4. TEM images of all NPC samples; (a) NPC-0, (b) NPC-150, (¢ and d) NPC-300, (e) NPC-500, (f and g) NPC-1000, (h) sucrose derived carbon.
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Fig. 5. (I) Nitrogen adsorption isotherms of (a) NPC-150, (b) NPC-300, (c) NPC-500 and (d) NPC-1000 (inset showing pore size distribution respective samples obtained from
NLDFT method). (II) Nitrogen adsorption isotherms of carbons derived from sucrose, and IRMOF-3 (NPC-0) samples (inset showing pore size distribution respective samples

obtained from NLDFT method).

Table 1
Textural parameters of the resultant NPC samples.

Sample SBET (mZ/g)d SLang (mz/g)b Smicro (mz/g)( Smesu (mz/g)d Smeso/smicro Vt (Cm3/g)g Vmicro (Cm3/g)r Vmeso (Cm3/g)g Vmeso/micro (Cmalg)
Sucrose 258 391 117 141 1.2 0.17 0.08 0.09 1.125
NPC-0 392 581 299 93 0.31 0.409 0.36 0.049 0.136
NPC-150 1022 1567 898 124 0.13 0.65 0.58 0.07 0.121
NPC-300 3120 4031 2987 133 0.03 193 1.89 0.04 0.024
NPC-500 1761 2687 1692 69 0.04 0.74 0.58 0.16 0.103
NPC-1000 1077 1622 994 83 0.08 0.435 0.245 0.19 0.175

@ Sger is the BET specific surface area.
b Stang is the Langmuir specific surface area.

-0 8 on

Vmicro iS the specific micropore volume calculated

0

by NLDFT.

Vimeso 1S the specific micropore volume calculated by subtracting Viicro from V..

Smicro 1S the t-plot specific micropore surface area calculated from the N, adsorption-desorption isotherm.
Smeso 1S the specific mesopore surface area estimated by subtracting Spcro from Sggr.
V. is the total specific pore volume determined by using the adsorption branch of the N, isotherm at P/P, = 0.99.
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[Fig. 5(I) for NPC-150, NPC-300, NPC-500, NPC-1000 and Fig. 5(II)
for NPC-0 and Sucrose derived carbon] (Table 1). All IRMOF-3
derived samples exhibit combined characteristics of type I and
type IV isotherms with a steep uptake at low pressure regions, sug-
gesting the dominant microporous nature in the carbon samples.
The hysteresis in desorption curve in P[Py > 0.4 for all the samples
can be accounted for the existence of mesopores as well. The BET
surface area for NPC-150, NPC-300, NPC-500 and NPC-1000 were
found to be 1022, 3119, 1760 and 1077 m?/g respectively. The cor-
responding Langmuir surface areas are given in Table 1. The BET
surface areas for the NPC samples derived exclusively from sucrose
and IRMOF-3 were 258 and 391 m?/g, respectively. Among the var-
ious NPC samples, NPC-300 shows the highest BET surface area and
Langmuir surface area is about 4031 m?/g with a micro pore vol-
ume of 1.93 cm®/g.

All the samples show wide pore size distribution as obtained
from Non-Local Density Functional Theory (NLDFT) method. The
micropore sizes are in the range of 1.2-1.8 nm whilst the mesopore
sizes fall in the range of 3-4 nm. Furthermore, the surface areas
related to micropore were calculated from the t-plot that sug-
gested that NPC-300 has a very high micropore surface area
(2984 m?/g) and then decreases with increasing sucrose content,
in case of NPC-1000 the corresponding value is 994 m?/g. On the
other hand mesopore surface area increases with increasing
sucrose content after NPC-300. The total pore volumes were deter-
mined through adsorption profiles up to P/Po = 0.99, whereas micro
pore volumes were obtained from (NLDFT) method and details are
compiled in Table 1. We have clearly shown that hierarchically
(micro and meso) nanoporous carbons (NPCs) with tunable poros-
ity can be prepared based on loading of different amount of exter-
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nal carbonizing agent. The BET surface area (Sggr) measured from
N, adsorption slowly increases from NPC-0 to NPC-300 and then
decreases gradually. In addition the mesopore to micropore surface
area (Smeso/Smicro) and mesopore to micropore volume (Viesof
Vimicro) €an also be varied by the different amount of sucrose load-
ing. This is the first systematic study where textural properties can
be systematically tuned in a MOF derived carbon materials by
using an external carbon precursor. The BET surface area of NPC-
300 is second highest reported in MOF derived carbon materials
using external carbon source and is comparable to porous carbon
derived from ZIF-8 without additional carbon precursor [53]. Upon
encapsulation and subsequent polymerization of sucrose resulting
in a small pores and concomitant decomposition of IRMOF-3, that
acting as a template and self-sacrificing carbon precursor further
contributed towards this high surface area. The high micropore
surface area and pore volume in NPC-300 can be attributed to
the optimum condition where maximum loading of the sucrose
is possible in the pores of IRMOF-3 which resulting in micro pore
after carbonization. It should be noted that the direct carbonization
of sucrose and IRMOF-3 (NPC-0) exhibits major contribution of
mesopores with less surface area as clearly observed in Fig. 5(II).
The decrease in microporosity and increase in mesoporosity in
NPC-500 to NPC-1000 probably due to the involvement of the sur-
face adsorbed sucrose.

4.3. H, and CO, storage properties
Encouraged by the high surface area and micropore volume, we

measured H, and CO, storage capacity for NPC-300 at different
conditions. As shown in Fig. 6a (inset), H, uptake capacity is found
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Fig. 6. (a) High pressure hydrogen adsorption isotherm for NPC-300, up to 40 bar at 77 K, (inset showing up to 1 atm 77 K), (b) CO, adsorption isotherm for NPC-300 1 atm at

195K 1 atm (inset CO, uptake 30 bar at 298 K).
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Fig. 7. Vapor sorption isotherm of NPC-300 for (a) H,O0, (b) C¢Hg at 298 K (Py is the saturated vapor pressure of the adsorbates at the respective temperatures).
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to be 2.45 wt% at 1 atm, at 77 K, much higher than the IRMOF-3
(1.3 wt% at 77 K, 1 atm). Sorption profile suggests complete revers-
ibility without any hysteresis, indicating H, molecule are physi-
sorbed. The storage capacity in this condition is comparable to
the highest value reported so far for MOF derived carbon materials
(see Table S2) and MOFs of similar surface area. This value is much
higher than the activated carbons and zeolites [28]. The H, uptake
capacity significantly increases at high pressure and it shows about
5.1 wt% at 40 bar, 77 K (Fig. 6a). This value is comparable to the
best performances MOFs, including IRMOF-77, 176, HKUST, PCN-
7 [54]. NPC-300 has high degree of microporosity which is proba-
bly beneficial for hydrogen uptake. To the best of our knowledge
this is the highest storage capacity of hydrogen in NPC derived
from a MOF template. This is attributed to the saturation at large
number of adsorption sites at high pressure compared to the lower
pressure. Further this material has been tested for CO, capture at
various conditions and showed exceptionally high capacity of
CO, uptake. At 195K and 1 atm, the NPC-300 sample exhibited
64 wt% uptake capacity (Fig. 6b). Then we have tested at 298 K
under high pressure and the uptake amount is 86 mL/g
(16.9 wt%) at 30 bar (Fig. 6b (inset). The steep uptake at low pres-
sure regions can be attributed to the strong interactions of CO, and
micropore surface composed with the graphitic carbons as the for-
mer having large quadrupole moment which can effectively inter-
act with 1 cloud of the NPC-300 sample. To understand the polarity
of the pore surface in NPC-300 water and benzene vapor sorption
were carried out at 298 K (Fig. 7). Benzene adsorption profile
reveals a typical type I profile with steep uptake at low pressure
regions whereas water vapor shows unusual type V isotherm with

gradual uptake at low pressure regions (Fig. 7a). The onset steep
uptake pressure is about P/Py~ 0.3 and final uptake amount is
about 220 mL/g at P[Py ~ 1 with small hysteresis at high pressure
region. The final uptake amount by NPC-300 for benzene is
196 m2g~! (Fig. 7b). This variation in the adsorption behavior for
benzene and water suggests the graphitic structure of NPC-300
interact well with nonpolar molecule like benzene [28]. This sug-
gests strong hydrophobic character of the pore surfaces which is
also supported by the water adsorption profile.

4.4. Supercapacitor application

Recently, multi-functional porous carbon materials with hierar-
chical porous structures have attracted considerable attention in
electrochemical energy storage and conversion devices [15].
Supercapacitors are energy storage devices which display very fast
charge-discharge rates over several thousands of cycles [58-63].
Their utility is being realized in various applications including
electric vehicles. Based on the beneficial structural features,
exploratory electrochemical investigations targeted at employing
NPC-300 as a probable supercapacitor electrode. Electrochemical
performance of NPC-300 based electrode was tested using cyclic
voltammetry (CV) and galvanostatic (i.e. at constant current) dis-
charge/charge cycles. Cyclic voltammograms (CVs) of porous car-
bon supercapacitors obtained in the potential range (—0.5 to 0.5)
V at different sweep rates (10-100 mV/s) are shown in Fig. 8a.
The above scan rate range was selected to investigate the profiles
of the CV of NPC-300 and their proximity to the rectangular traces
typically obtained for carbonaceous materials for supercapacitors.
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nanoporous carbon measured at 1 A/g.
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The measured CV curves have quasi-rectangular shape (~10 mV/s)
without any redox peaks indicating that the NPC-300 material
showing a typical electric double-layer capacitive behavior. How-
ever, the deformation in the CV curves at high scan rate
(=100 mV/s) may be attributed to the various charge transport
kinetics such as limited diffusion and migration of electrolyte ions
into the bulk. As reported, these are depend on several factors such
as pore size, morphology, chemical nature of the pores and degree
of electrolyte filling [64]. As a result the charge transport (kinetics)
in porous structure is complex and non-universal. More rectangu-
lar-like CV traces at higher scan rates may be achieved with addi-
tional optimizations with regard to materials synthesis, electrode
composition and cell configuration. These are materials engineer-
ing issues very specific to supercapacitor performance optimiza-
tion which is outside the scope of the present studies. Fig. 8b
shows the galvanostatic charge/discharge measurements for
NPC-300 electrode material supercapacitor at very high current
densities of 1-10 A/g. The specific capacitances (calculated using
C=(I x At)[(AV x m), where I is the discharge current, At is the
discharge time from 0.5 to —0.5V, AV is the voltage difference
within the discharge time At, and m is the mass of porous carbon)
calculated from the discharge curves are 159, 118, 111, 90 and 78
F/gat1,2.5,5, 7.5 and 10 A/g, respectively. From the high capacity
values and exceptional stability (Fig. 8c) it is concluded that the
NPC-300 has considerable potential as an electrode in supercapac-
itors. The decrease in specific capacitance of NPC-300 electrode is
with increasing current densities is due to the increase of iR
(voltage) drop and slow ion transfer at high current density. The
graphitic environment, hierarchical porosity, high surface area
made NPC-300 as a good supercapacitor materials which is
comparable to other porous carbons derived from various MOFs.
Electrochemical impedance spectroscopy was measured to further
understand the charge transport kinetics in the porous NPC-300.
The Nyquist plot in the range (1-10°) Hz for the NPC-300 is shown
in Fig. S7. The nearly vertical spike suggests good capacitor behav-
ior of the cell. The equivalent series resistance obtained from the
intercept of the spike with the real Z' axis (the x-axis) is approxi-
mately 4 Q. The low values strongly suggest that NPC-300 have a
very low resistance with good ionic response. The graphitic envi-
ronment, hierarchical porosity, high surface area make NPC-300 a
good supercapacitor materials which is comparable to other por-
ous carbons derived from various MOFs (Table S3).

5. Conclusions

In conclusion, we have demonstrated here a simple and
straightforward strategy for the synthesis of IRMOF derived porous
carbon materials with tunable porosity by varying the content of
external carbonizing agent sucrose. We have used amine function-
alized IRMOF-3 for efficient sucrose loading that acts as a template
and also a self-sacrificing carbon precursor. Among various NPC
samples, NPC-300 shows remarkable surface area with high micro-
pore volume and good hydrogen and carbon dioxide storage prop-
erties. We have also demonstrated NPC-300 as electrode material
for electrochemical double layer capacitor (EDLC). Our results
would open up an avenue to synthesize versatile nanoporous car-
bon materials with tunable textural parameters derived from dif-
ferent porous MOFs with potential applications in gas storage
and electrochemical supercapacitor.
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