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Metal organic framework material based on copper and benzene—1,3,5—tricarboxylic acid
(H3BTC) was synthesized by applying electric current method. The influences of applied
current, NaNOj, concentration, synthesis time and hydrate process to molecular and phase
structure, morphology and specific surface area were studied. When the parameters of
electrodeposition changed, CuBTC one dimension (1D) and three dimensions (3D) could
be obtained. The optimum conditions to gain CuBTC 3D were: 100 mA current, NaNO,
concentration of 0.05 M with synthesis time of 10 min. The short-time hydrate process
could increase specific surface area from 79 m?/g to 617 m*g, however, the long-time
hydrate process could lead to the destruction of material structure.
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Metal organic framework (MOF) is a highly
porous material group which is made of metallic
ions (or clusters) co-ordinated to organic ligands
to form 1-D, 2-D and 3-D structures with high
adsorption ability and high specific surface
area. MOF’s flexibility gives rise to “breathing”
phenomenon or gate-opening effect of its pores
in response to external stimuli [1-4]. MOF was
first synthesized by Prof Yaghi in 1995 [1]. In
1999, Cuy(BTC), (MOF-199 or HKUST) and
MOF-5 were synthesized and they are two types
of MOFs which were researched extensively
[2]. There are many methods to synthesize
MOF such as hydrothermal [3, 4], chemical
[5], mechanochemical [6], microwave [7],
sonochemical [8] and electrochemical [9-20]. The
electrochemical synthesis has much potentials
because it is capable of synthesizing large amount
of pure material in a short time and the product
mass can be controlled. MOF is widely applied in

gas adsorption, gas separation [21], gas storage [1,
7,22,23], catalyst[11, 20, 24, 25], electrode, ionic
exchange and medicine.

In the electrochemical method, we can use
applied potential, applied current and scanning
potential method to synthesize Cuy(BTC), based
on copper and benzene-1,3,5—tricarboxylic acid.
The morphology, structure and properties of
MOF are affected by many factors in synthesis
process such as organic ligand, metallic ions,
solvents, conducting electrolyte, temperature,
pH and synthesis method. Therefore, research to
determine the optimum condition to synthesize
MOF for application in different fields still
attracts many scientists. This paper describes the
investigation of influencing factors such as applied
electric current, NaNO; electrolyte concentration,
synthesis time and hydrate process to morphology
and structure of MOF based on Cu and H3BTC.
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EXPERIMENT METHOD

Chemical and Experiment

CuBTC was synthesized from benzene-1,3,5—
tricarboxylic acid (H;BTC, Merk; 95% purity, has
formula C4H,O4) and copper in methanol (CH,OH,
99.5% purity) solutions of sodium nitrate (NaNO;;
99% purity). CuBTC was synthesized in an
electrochemical cell containing the solutions of
various compositions as shown in Table 1.

We conducted the experiments to investigate
the effect of following factors: applied current
intensity (M1, M2, M3); the concentration of
NaNO; conductor (M1, M4, M5); synthesis time
(M1, M6, M7) and product hydrate process.
The cell had three electrodes: saturated calomel
electrode, working and counter electrodes were
copper 99.61% and 20x50%3 mm in size. Copper
electrodes were polished by polishing machine
and 400, 800, 1200 SiC papers, rinsed in water
and methanol. CuBTC synthesis experiments were
conducted by Autolab equipment and Regulated
Powersupply GP-1305TP by applied current
method. The source of the metallic ion was the
oxidation of the working copper electrode (anodic
dissolution), and the released metallic ions reacted
immediately with the organic linker present in the
solution to form the MOF close to the electrode
surface. MOF was not only formed as a dense
film on copper but also as crystals in the solution.
But we wanted to obtain a large amount of MOF
powder for further application so that the powder
could be analyzed. The powder was filtered, rinsed
by methanol and dried at 60°C in oven for 15 h to
conduct analytical studies.

Analysis Method

The characteristic groups of CuBTC were
researched by FT-IR 6700 (Nicolet) in the
range of wave numbers from 400-3000 cm™;
the morphology was studied by SEM S4800
(Hitachi). The specific surface area of CuBTC
was determined by BET method using a device
Micromeritics TriStar 3000 V6.07A. From X-ray
diffraction pattern (Siemens D5000 Bruker —
Germany), the phase structure of CuBTC and
the distance between lattice planes d could be
determined. CuBTC 1D has monoclinic structure,
CuBTC 3D has faced-centered cubic structure
witha=b=cand a ==y =90° from the Miller
index (hkl) of CuBTC 3D, we could determine the
lattice parameter using the following the equation:

a
d= ("

RESULTS AND DISCUSSIONS
The Effect of Applied Current Intensity

Figure 1 shows the variation of potential follow
time of synthesis process of CuBTC at the different
applied current intensity: 100 mA; 200 mA and
300 mA with the NaNO, 0.05 M conductor in 10
min. In general, the curves have the same shape,
the first, responded to the potential increase faster
due to the formation of double layers of BTCions
on the surface of the electrode; subsequently, the
potentials obtained the stable value about 2, 4.3
and 6.1 V corresponding with CuBTC synthesis
process at the applied current intensity of 100,
200 and 300 mA. The applied current intensity

Table 1. The component of the solutions to synthesize CuBTC in the different conditions.

Sample [NaNO;] (M) Applied current intensity (mA) Time (minutes)
Ml 0.05 100 10
M2 0.05 200 10
M3 0.05 300 10
M4 0.1 100 10
M5 0.2 100 10
M6 0.05 100 20
M7 0.05 100 40
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Figure 1. The variation of potential according to time of CuBTC synthesis process at different current intensity.

increased leading to the responding potential
increase; the synthesis process happened faster
and the mass of CuBTC increased.

The IR spectra of CuBTC synthesized at
different applied current intensity (100 maA,
200 mA and 300 mA) are shown in Figure 2. In
general, the IR spectra of the samples which were
synthesized at different applied currents intensity
had the same shape. The peaks appeared in the
range 1391 — 1628 cm™' which characterized the
COO- group of CuBTC; the peaks at about
1232 cm™ related to the bending mode of -OH
group of acid [26, 27] was not observed.

Figure 3 presents X-ray diffraction pattern
of CuBTC synthesized at the different applied
current intensity. Compared with the published

results of others, we could see that synthesized
CuBTC had a 3D structure corresponding with
the formula Cu,y(BTC), expressed in 2 6 value in
Table 2. The peak corresponding with the crystal
plane which had the Miller index (222) was the
highest intensity (Table 2). The phase structure of
CuBTC was not affected by the change of applied
current in the range from 100 to 300 mA.

From the X-ray diffraction pattern, we could
determine the crystal lattice parameter a (Table 2)
of CuBTC 3D following the equation (*). The
crystal lattice parameter a changed from 26.44 to
26.46 A, corresponds with the findings of other
researchers [28].

Table 3 shows the product mass obtained in
the solution of the samples which were synthesized
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Figure 2. IR spectra of CuBTC synthesized at 100, 200 and 300 mA of different current intensity.
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Figure 3. X-ray diffraction pattern of Cu-BTC synthesized at 100, 200 and 300 mA

current intensity (1-CuBTC 3D).
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Table 2. 20 value, (hkl) plane, distance between the crystal planes d and lattice parameter a of CuBTC
synthesized at the different current intensity.

20 Cu-BTC dA) a (A)
(hkl) | 20729
Ml M2 M3 Ml M2 M3 Ml M2 M3

200 6.67 661 664 696 | 1334 1325 1330 | 2668 2650  26.50
220 9.45 9.3 937 1025 | 939 936 939 | 2658 2650  26.58
222 11.6 1156 11.65 1149 | 7.65  7.64  7.65 | 2651 2649 2552
400 13.4 1338 1327 1326 | 662 662 662 | 2648 2650  26.50
331 14.61 1453 1454 1446 | 608 606 607 | 2652 2644 2649
420 14.98 1487 1497 1489 | 592 592 593 | 2651 2652 2652
422 16.43 1629 1634 1643 | 541 541 541 | 2650 2650 2653
511 17.46 1743 1744 1736 | 510 510 509 | 2651 2650  26.50
440 19.02 18.88  18.88  18.88 | 4.68  4.68 486 | 2649 2647 2749

600 20.16 20.04 20.17 20.09 4.41 4.41 4.41 26.47 26.47 26.48
620 21.27 21.18 21.12 21.27 4.18 4.18 4.18 26.49 26.49 26.46
444 23.33 23.33 23.32 23.24 3.81 3.82 3.82 26.44 26.49 26.45

551 24.07 24.02 - 2408 | 370 370 370 | 2645 2646 2644
640 2431 - - 24.93 - - - - - -
642 24.23 353 353 353 | 2645 2647 2647

731 2591 25.84 25.94 25.94 3.44 3.44 3.44 26.44 26.46 26.45
733 27.65 27.46 27.57 27.57 3.23 3.23 3.23 26.45 26.46 26.46
660 28.68 28.60 28.58 28.59 3.11 3.11 3.11 26.43 26.43 26.45
751 29.29 29.21 29.17 29.26 3.05 3.05 3.05 26.43 26.47 26.46
840 30.29 30.29 30.19 30.19 2.95 2.95 2.95 26.40 26.47 26.43
911 30.85 - 30.88 30.89 2.89 2.90 2.90 26.40 26.43 26.44
664 31.78 31.74 31.65 31.82 2.82 2.82 2.82 26.44 26.45 26.45
860 33.95 33.74 33.76 33.77 2.64 2.65 2.65 26.48 26.51 26.52

1020 34.64 34.73 34.63 2.59 - 2.59 26.44 - 26.43
951 35.18 35.19 35.05 35.05 2.55 2.55 2.55 26.42 26.45 26.44
1111 37.77 37.86 37.59 37.69 2.38 2.38 2.38 26.44 26.45 26.43
971 39.08 39.16 38.96 39.13 2.31 231 231 26.39 26.42 26.42

973 40.28 40.25 40.15 40.15 2.24 2.24 2.24 26.41 26.41 26.43
1151 41.50 41.39 41.33 41.51 2.17 2.18 2.18 26.42 26.43 26.43
1222 42.21 42.53 42.11 42.62 2.14 2.14 2.14 26.43 26.45 26.43
1153 42.67 - 42.62 - 2.12 2.12 2.12 26.42 26.44 26.43
1080 43.92 43.84 43.72 43.81 2.06 2.06 2.06 26.44 26.44 26.46
1082 44.48 44.53 44.65 - - -
1331 45.99 45.90 45.85 45.94 1.97 1.97 1.97 26.41 26.42 26.41
1333 47.11 47.20 46.95 47.04 - 1.932 - - 26.42 -

a average 26.46 26.46 26.44
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at the different applied current intensity. When
the applied current intensity increased, the mass
of product also increased. However, with the
experiments performed at 200 mA and 300 mA,
on the electrode surface we could see some black
products. It was due to the oxidation of copper
metal to copper oxide Cu,O, the black product
might flow down to the solution, mix with the
CuBTC powder, leading to a decrease in the purity
of product. Therefore, the 100 mA applied current
intensity was suitable to synthesize CuBTC.

Table 3. The mass of CuBTC synthesized at the
different applied current intensity.

Current intensity
(mA) 100 200 300
Mass of CuBTC | 15619 007586 0.16511
(2
The Effect of the NaNO,

Conductor Concentration

The solution to synthesize CuBTC had small
conductivity, so we had to add the conductor to
increase the conductivity ability of the synthesis
solution. In this part, we investigated the influence
of NaNO; conductor concentration to CuBTC
synthesis process with 0.05M H,BTC. When the
concentration of NaNO; changed to 0.05 M, 0.1 M
and 0.2 M, the variation of the respond potential
following the synthesis time is shown in Figure 4.
Three synthesis curves had the same shapes. At
the beginning, the potential increases were fast
corresponding to the formation of the double
layers of BTC ions on the electrode surface, after
that the potential had a stable value corresponding
with the synthesis process. When the concentration
of NaNO; increased, the potential decreased.
This could be explained as: when the NaNO,
concentration was increased, the conductivity
of solution increased; the Ohms voltage drop of
the solution decreased, leading to a responding
potential decrease. The stable potential values
obtained at 0.7; 1.1 and 1.26 V/SCE corresponding
to NaNO, concentration were 0.2; 0.1 and 0.05 M.

IR spectra of CuBTC synthesized with the
different conductor concentration had the same

shape (Figure 6). The peaks in the range 1380 —
1640 cm™ were characteristic of the molecular
vibration of —COO group. We also could observe
the peak at 1237 cm™' (for H,BTC at 1273 cm™ in
Figure 5) characteristic of the vibration of bending
mode of —OH group of acid for the samples have
NaNO;, concentration of 0.1 M and 0.2 M [26, 27].
Therefore, in the synthesis solution containing
0.05 M NaNO,, H;BTC acid was protonated fully.
With the NaNO, concentration of 0.1 M and 0.2
M, acid H,BTC was only protonated partly.

The X-ray diffraction patterns of CuBTC
synthesized with different concentration of NaNO,
are shown in Figure 7. CuBTC synthesized in
the solution containing 0.05 M NaNO, had 3D
structure with characteristic peaks with 20 = 6.7°,
9.5°, 11.6° and 13.5°. When the concentration
increased to 0.1 M and 0.2 M, CuBTC had both
3D and 1D structures (Table 4). Having the sample
in the solution with a concentration of 0.2 M
(saturate concentration), the peak corresponding
with CuBTC 1D had higher intensity than CuBTC
3D. CuBTC 1D is called catena-triaqua-p-[1,3,5-
benzentricacboxylato]-copper (II) corresponding
to the formula Cu(BTC)(H,0), with characteristic
peak values of 26: 9.2°, 9.9°, 10.9° and 13.5°. To
react with Cu* ions, the -COOH groups in H;BTC
were protonated, if the protonation was full with
three —COOH groups, CuBTC 3D structure
would be obtained. In this case only two in three
—COOH groups were protonated, CuBTC would
have a zigzag structure (1D), the crystals growth
followed one direction. CuBTC 3D corresponding
to the formula Cuy(BTC), with the characteristic
20 values 6.7°, 9.5°, 11.6° and 13.5° in which
the peak at 11.6° corresponding crystal plane
with Miller index (222) had the highest intensity.
This result was suitable with the IR spectra above
when the characteristic peaks of —OH group of
acid were observed with the samples which had
NaNO; concentrations of 0.1 M and 0.2 M. This
result could be explained as follow: The use of a
higher concentration of the conductive salt in the
synthesis resulted in agglomeration and collapse of
the cubic crystals shape of the MOF. Conceivably,
the MOF material following its formation might
have suffered electrolytic degradation in the
increasingly conductive medium.
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Figure 7. X-ray diffraction pattern of CuBTC synthesized in NaNO, with different
concentration (1- CuBTC 3D and 2- CuBTC 1D).
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Table 4. The position of diffraction peaks of CuBTC 1D synthesized with 0.2 M NaNO, compared with
the CuBTC 1D following the literature.

20 CuBTC 1D [29] 9.3 10 11 13.4 17.1 18.65 21.35 22.2 24.5
20 (M5) 9.2 - 11 13.5 - 18.6 21.36 22.7 24.35

Table S. 20 value, (hkl) plane, the distance between crystal plane d and lattice parameter (@) of CuBTC
synthesized in solution with different NaNO; conductor concentrations 0.05 M and 0.1 M.

20 Cu-BTC synthesis d (A) AA)
(hkl) 26 [29]
0.05M 0.1M 0.05M 0.1M 0.05M 0.1M
200 6.67 6.61 6.62 13.34 13.22 26.68 26.44
220 9.45 9.3 9.46 9.39 9.39 26.58 26.58
222 11.60 11.56 11.6 7.65 7.64 26.51 26.48
400 13.40 13.38 13.3 6.62 6.61 26.48 26.45
331 14.61 14.53 - 6.08 6.06 26.52 26.42
420 14.98 14.87 14.82 5.92 591 26.51 26.43
422 16.43 16.29 - 5.41 5.44 26.50 26.65
511 17.46 17.43 17.40 5.10 5.09 26.51 26.47
440 19.02 18.88 19.04 4.68 - 26.49 -
600 20.16 20.04 20.16 4.41 4.40 26.47 26.424
620 21.27 21.18 21.18 4.18 4.17 26.49 26.39
444 23.33 23.33 23.75 3.81 3.82 26.44 26.44
551 24.07 24.02 24.04 3.70 3.70 26.45 26.43
640 24.31 - - - - - -
642 24.23 - - 3.53 3.54 26.45 26.49
731 2591 25.84 25.93 3.44 3.43 26.44 26.36
733 27.65 27.46 - 3.23 3.22 26.45 26.37
660 28.68 28.60 - 3.11 3.11 26.43 26.41
751 29.29 29.21 29.47 3.05 3.05 26.43 26.41
840 30.29 30.29 30.24 2.95 2.95 26.40 26.42
911 30.85 - - 2.89 2.89 26.40 26.40
664 31.78 31.74 31.53 2.82 2.82 26.44 26.47
860 33.95 33.74 33.78 2.65 2.65 26.48 26.54
1020 34.64 34.73 - 2.59 2.59 26.44 26.41
951 35.18 35.19 35.16 2.55 2.55 26.42 26.39
1111 37.77 37.86 - 2.38 - 26.44 -
971 39.08 39.16 39.04 2.30 2.30 26.39 26.37
973 40.28 40.25 - 2.24 223 26.41 26.38
1151 41.50 41.39 41.45 2.17 2.17 26.42 26.42
1222 42.21 42.53 - 2.14 2.14 26.43 26.45
1153 42.67 - 42.65 2.12 2.12 26.42 26.41
1080 43.92 43.84 43.78 2.06 2.06 26.44 26.46
1082 44.48 44.53 - - - - -
1331 45.99 45.90 - 1.97 - 26.41 -
1333 47.11 47.20 47.15 - 1.93 - 26.41
a average 26.46 26.44
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From the X-ray diffraction patterns, we could
determine the lattice parameter (a) of CuBTC 3D
following the equation (*). The lattice parameter
(a) varied from 26.44 to 26.46 A (Table 5),
concurring with lattice parameter (a) of CuBTC
3D of other researchers.

When the conductor concentration increased,
we could see the colour of solution becoming
more dark blue (the amount of product was
synthesized more). However, in observing the
electrode surface also in the bottom of the cell,
its appearance was a black product which was the
by-product of the synthesis process. The amount
of black product increased when the conductor
concentration increased. Therefore, we chose
NaNO;, conductor concentration of 0.05M for the
next research work.

The Effect of Synthesis Time

Figure 8 presents the variation of potential follow
time of CuBTC synthesis process with the 0.05
M NaNO; conductor in different synthesis time:
10, 20 and 40 min. In general, the synthesis

2.4
2.0
2.0

e

curves had the same shape, at the beginning, the
potential increase was fast due to the formation
of the double layer of BTC ions on the electrode
surface, subsequently, the potential stability was in
the range of 1.8 to 2.2 V/SCE.

Figure 9 shows the IR spectra of CuBTC
synthesized in the different time with the same
shape. The peaks in the range 1383 cm™ to 1632
cm™ was characterics of an —COO group. With
the samples synthesized in 20 min and 40 min,
we could observe the peaks at 1707 cm™ and 1195
cm™! corresponding with the vibration of C=0 and
C-0 groups.

The X-ray diffraction pattern of CuBTC
synthesized with different time was shown in
Figure 10. The results showed that CuBTC had
3D structures and were not affected by synthesis
time (the characteristic peaks could be observed
in Table 6). The lattice parameter a (Table 6) of
CuBTC 3D was determined by equation (*) varied
in the range 26.44 to 26.5 A which concurred
with the lattice parameter of CuBTC 3D of other
researchers.
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Figure 8. Curve E = {(t) of CuBTC synthesis process at I = 100 mA, 0.05 M NaNO, with
different synthesis time.
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Figure 10. X-ray diffraction pattern of CuBTC synthesized in NaNO, with different synthesis time.
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Table 6. 20 value, (hkl) plane, the distance between the crystal plane d and crystal lattice parameter « of CuBTC
synthesized with different time: 10, 20 and 40 min.

20 Cu-BTC d (A) a(A)
(hkl) | 20[29]
Ml M4 M5 Ml M4 M5 Ml M4 M5
5.73 — 5.76 5.72 - 1545 15.25 - 26.76 26.41
200 6.68 6.61 6.52 6.68 13.34 1344 13.26 26.68 26.88 26.52
220 9.46 9.3 9.3 9.43 9.39 9.43 9.38 26.58 26.68 26.53
222 11.60 11.56 11.54 11.58 7.65 7.66 7.63 26.51 26.55 26.41
400 13.40 13.38 13.34 13.37 6.62 6.67 6.61 26.48 26.67 26.44
331 14.62 14.53 — - 6.08 - - 26.52 - —
420 14.99 14.87 14.87 14.99 5.92 5.92 591 26.51 26.62 26.42
422 16.44 16.29 16.33 - 5.41 5.43 - 26.50 26.62 —
511 17.46 17.43 17.37 17.44 5.10 5.11 5.08 26.51 26.54 26.42
440 19.02 18.88 19.51 - 4.68 4.67 - 26.49 26.41 -
600 20.17 20.04 20.93 - 441 4.22 - 26.47 26.67 -
620 21.27 21.18 - 21.31 4.19 - 4.18 26.49 - 26.42
444 23.33 23.33 23.27 - 3.82 3.69 - 26.44 25.59 -
551 24.07 24.02 24.15 24.10 3.70 — 3.69 26.45 - 26.37
640 24.32 — — — — — — — — —
642 24.24 - - - 3.53 — — 26.45 - —
731 2591 25.84 25.80 25.94 3.44 3.44 3.53 | 26.44 26.48 26.40
733 27.65 27.46 — 27.62 3.23 — - 26.45 - —
660 28.68 28.60 — — 3.12 - - 26.43 - -
751 29.29 29.21 29.30 29.30 3.05 3.04 3.05 | 26.43 26.39 26.37
840 30.29 30.29 - - 2.95 - - 26.40 - -
911 30.86 — - - 2.89 — — 26.40 - -
664 31.78 31.74 31.74 - 2.82 2.81 — 26.40 26.44 -
860 33.95 33.74 - - 2.64 - - 26.48 - -
1020 34.64 34.73 - - 2.59 - - 26.44 - -
951 35.18 35.19 35.19 35.05 2.55 2.55 - 26.42 26.45 -
1111 37.77 37.86 — — 2.38 - - 26.44 — —
971 39.08 39.16 39.02 39.12 2.30 2.31 2.30 26.39 26.43 26.39
973 40.28 40.25 - - 2.24 - 26.41 - -
1151 41.50 41.39 41.41 41.41 2.18 — 2.18 26.42 - 26.42
1222 42.21 42.53 42.37 - 2.14 — 26.43 — -
1153 42.67 - - 42.66 2.12 - 2.12 26.42 - 26.15
1080 43,92 43.84 - 43.80 2.06 2.06 2.06 26.44 26.44 26.47
1082 44.48 44.53 - — — — — - — -
1331 45.99 45.90 - — 1.97 2.00 — 26.41 26.79 -
1333 47.11 47.20 47.83 47.83 - 1.93 - - 26.45 -
a average 26.46 26.5 26.44
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Table 7. The mass of CuBTC synthesized with
10, 20 and 40 min.

Synthesis time (min) Mass of product (g)
10 0.05619
20 0.07210
40 0.10960

Synthesis time increased leading to the mass
of product increase which was shown in Table 7,
however, in synthesis process, when the synthesis
time increased, the amount of black product
(could be Cu,0) on the surface of electrode and
the bottom of cell also increased. This switching
of the redox state in solution could perhaps be
aided by the formation of chloro-complexes with
the CI ions coming from leakage of the calomel
electrode [30]. From the experiment, we chose the
most suitable synthesis time of 10 min.

Figure 11 presents SEM images of the
sample synthesized in the optimum condition:
concentration of H;BTC and NaNO, were 0.05 M
in 10 min with the applied current intensity of 100
mA. CuBTC had a block shape, large sized in the
range of 100 nm to 1.2 pm.

The Influence of Hydrate Process

CuBTC 3D sample synthesized in the optimum
condition: the concentration of H,BTC and
NaNO; was 0.05M in 10 min with applied current
intensity 100 mA, filtered and rinsed by methanol.

3

~
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Subsequently a part was dried at 60°C and another
a part was immersed in water for 5 min, 4 h, then
the sample was vacuumed, dried at 60°C, under
250 mBar pressure for 15 h. We could observe the
phenomenon of CuBTC expand after immersion
in water, it could be called breath effect of metal
organic framework. The hydrate process might
increase the specific surface area and also the
size and the pore volume of CuBTC, but it could
lead to the reaction of water with opening metal
centers and change the phase structure of CuBTC
with a large enough hydrate time. From the X-ray
diffraction pattern of CuBTC samples which was
immersed in water (Figure 12), we could see the
hydrate process affected by the phase structure
of CuBTC. The CuBTC sample after filtering,
rinsing, dried at 60°C, or immersed in water for a
short time (5 min) still kept the 3D phase structure
with the characteristic 2 6 value. However, when
hydrate product immersed in water for 4 h, the
phase structure of CuBTC was changed [31]. In
the X-ray diffraction pattern, the characteristic
peaks of CuBTC 3D were not observed. Instead of
that, the 2 0 values are 7.81°;9.07°; 11.36°; 12.03°
corresponding with other chemicals of copper
C¢H,Cu0,.3H,0, C(H;Cu, C,H,Cu0,.2H,0.

To confirm the effect of hydrate process to
specific surface area of sample, the CuBTC 3D
powder synthesized with applied current intensity
100 mA with the synthesis time of 10 min, immersed
in water with different times: 0 min, 5 min and 4 h,
after which the specific surface area of sample was

Figure 11. SEM image of CuBTC 3D synthesized in the optimum condition.
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Figure 12. The Xray diffraction pattern of CuBTC hydrated: 0 min, 5 min and 4 h
(1-CuBTC-3D, 3- C¢H,Cu0,.3H,0; 4-C;H,Cu; 5-C,H,Cu0,.2H,0).

determined by N, absorption. Figure 13 presents
the N, absorption isotherm curves of CuBTC
powder which hydrated with different time. There
was hysteresis with de-absorption, so that we
could predict that the material is mesoporous.

The specific surface area was determined from
BET curve (Figure 14) in the relative pressure
from 0.05 to 0.23. CuBTC 3D hydrate in 5 min,
617 m?/g specific surface area increased about 7.8

times compared with CuBTC without hydration
treatment (79 m?/g). With the sample CuBTC
3D hydrated in 4 h, the specific surface area was
only 2.7 m%*g. The short-time hydrate did not only
change the phase structure of CuBTC but also
increased the specific surface area and the pore
volume of material (Table 8). However, the long-
time hydrate process could destroy the structure
of CuBTC 3D leading to a decrease in the specific
surface area.

Table 8. The specific surface area, pore diameter and pore volume of the samples which were hydrated at

different time.

Hydrated time 0 hour 5 minutes 4 hours
Specific surface area (m%/g) 79 617 2.8
Pore diameter (nm) 53 2.4 17.2
Pore volume (cm?/g) 0.104678 0.376909 0.011896
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Figure 13. The BET absorption isothermal curve of CuBTC which was hydrated at different

time: 0 h, 5 min and 4 h.
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Figure 14. BET curves of CuBTC synthesized with different hydrated time: 0 h, S min and 4 h.

CONCLUSION

CuBTC was successfully synthesized by applied
current method. Depending on the synthesis
conditions, we obtained CuBTC 1D or 3D
structures, but CuBTC was obtained with a small
specific surface area due to the breath effect.
When CuBTC was hydrated by soaking in water

for 5 min, the specific surface area increased to
7.8 times however, with the soaking time of 4
h, CuBTC structures were destroyed leading
to a decreased specific surface area. Studies to
improve the stability and the specific surface area
of CuBTC 3D is needed and should be continued
in the future.
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