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ABSTRACT

A complex of copper sulfate was formed by impregnation of the cyanuric acid melamine adduct (CAM)
with a solution of copper () sulfate. A thermal treatment at 250°C of the dried compound delivered a
greenish powder. The UV-Vis spectroscopy showed that an absorption around 700 nm is compatible with
a copper (Il) sulfate complex coordinated inside the supramolecular structure of CAM. No copper or
copper oxide particles were found by means of either transmission or scanning electron microscopy. X-ray
photoelectron spectroscopy showed that on the surface there was a considerable amount of Cu(l) (66%)
probably coordinated also inside the CAM channels. A brief catalytic test showed the ability of the copper

complexes to oxidize sucrose to gluconic acid.

Introduction

The research presented in this report on cyanuric acid and mel-
amine adducts started from the synthesis of polymeric carbon
nitride, which is a very popular carbon material for its versatil-
ity and the many potential applications (1-15). However, the
precursor, i.e. the cyanuric acid and melamine adduct (CAM),
used in our synthesis, exhibited interesting characteristics by
itself since it is a supramolecular solid, hold only by hydrogen
bonds, with the ability to host molecules in channels and cavi-
ties behaving as a solid solvent. In Figure 1, the rosette-shaped
cavity of diameter of approximately 4 A—large enough to host
small molecules and transition metal ions—is shown (16).

In brief, this research started in a reverse way: we realized
that the precursor may exhibit interesting properties. The
CAM precursor treated with sulfuric acid at different temper-
atures was studied in a previous report to follow its transfor-
mation to polymeric carbon nitride. Actually, we noticed that
sulfuric acid could interact with CAM retarding its decompo-
sition as a solute does, so that we found interesting to intro-
duce as a probe a coordination complex to follow
investigating the interaction of a ionic complex with the 3D
structure of CAM. Copper sulfate was introduced into CAM
to better investigate this supramolecular solid and to discover
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the possibilities that it offered as both a hosting material and
a solid solvent. Moreover, copper sulfate IR and UV-vis spec-
tral characteristics are well known and can vary depending on
coordination providing us information about the environ-
ment in which is embedded. The idea of using melamine and
cyanuric acid compounds as the basis to design self-assem-
bling started with Zerkowski et al. (17), they denominated the
most plausible structures as tape and rosette types. Rangana-
than et al. (16) confirmed that the CAM adducts are of the
rare cases of organic solids which contain channels. It is note-
worthy to point out that Choi et al. prepared rod shaped
particles self-assembled from the lattice of CAM compounds
such as (18). Recently, attention was focused on self-assem-
bled monolayers (SAM) based on either melamine or cyanuric
acid (19-21). For example, a molecular network of melamine
with featured pores of subnanometer size was prepared on
the Au(111) surface, and was found to be able to trap gold
adatoms and concomitant single vacancies (21).

Either catalytic or sensor properties can also be searched
in the 3D networks of CAM with the formation of metal
complex that can be hosted inside the material cages and
channels. In this study, X-ray diffractometry (XRD), Fourier
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Figure 1. Rosette cage of the cyanuric acid and melamine adduct able to host mol-
ecules and metal ions (16).

transform infrared spectroscopy (FTIR), UV-visible spec-
troscopy, as well as the innovative Tera-Hertz time domain
spectroscopy (THz-TDS) were used to determine the effect
of the presence of copper in the CAM framework, vibra-
tional lattice modes related to the stacked sheet
structure. The material was also characterized by scanning
(SEM) and transmission electron microscopy (TEM). X-ray
photoelctron spectroscopy (XPS) allowed us to identify the
types of copper sites and their interaction.

The ability of the Cu complex embedded in CAM to act as a
catalyst towards glucose oxidation by hydrogen peroxide was
briefly tested. The main product of glucose oxidation detected
by IR spectroscopy was gluconic acid.

Materials, experimental, and theoretical methods
Materials

Melamine cyanurate was supplied by Nachmann S.rls.u.
(Italy) with a purity higher than 99%. Melamine cyanurate was
treated with 0.1M Cu(II) sulfate solution overnight, filtered and
dried at 110°C for 6 hours to favor dispersion of copper within
melamine cyanurate. The sulfate treated sample of about 4 g,
was subsequently placed in microwave oven and treated at
250°C for 30 min.

Structural characterization

FT-IR spectroscopy

The infrared spectra were obtained by means of a Agilent
Carey 630 transform-infrarred (FT-IR) sepectrometer (Agi-
lent, USA). The IR spectra were obtained directly from sol-
utions and solids by attenuated total reflectance (ATR). A
brief qualitative reaction of sucrose oxidation in ethanol at
70°C was performed in order to check the catalytic activity
of the CAM Cu complex.
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X-ray diffraction measurements

The X-ray diffraction patterns were obtained by means of a
powder diffractometer Rigaku ULTIMA-IV with Cu Ko radia-
tion. Glass capillaries for sample mounting were used. The
samples were ground in an agate mortar and sifted. The meas-
urements always lasted for 1 hour, and crystalline silicon was
used as a standard.

TEM and SEM characterization

In addition, the CAM Cu complex was studied by transmission
electron microscopy (TEM) with a JEM-FS2010 HRP (JEOL,
Japan). A scanning electron microscope (SEM) Hitachi SEM
1510 (Hitachi, Japan) was used to observe the particles mor-
phology at lower magnifications. In addition, the scanning
transmission electron microscope (STEM) JEM-ARM200F
(JEOL, Japan) was used to study the morphology and composi-
tion of the samples by the energy dispersion spectroscopy.

Thermal analysis

The thermal stability and decompostion rate of supamolecular
intermediates in of polymeric carbon nitride from melamine
cyanurate was evaluated by thermogravimetric analysis using a
STD Q600 thermobalace (TA Instruments, USA) with an nitro-
gen mass flow rate of 25 mL/min and a temperature raye of
10°C/min.

UV-Vis spectroscopy
UV-Vis diffuse reflectance spectra were measured using a Per-
kin Elmer Lambda 35 UV-Vis spectrophotometer. A
Spectralon® blank was used as reference. The reflectance data
were transformed to absorbance data applying the Kubelka—
Munk method as follows:

(1-R)’

F(R)= R (1)

Where R is the reflectance and F(R) is the Kubelka-Munk (K-
M) function. The K-M function was plotted as a function of
the energy (E = hc/A) and the band gap value was calculated
through the inflection point of this curve. The abscissa of this
point is directly associated with the band-gap value (22).

Tera Hertz-time domain spectroscopy measurements

A Menlo Tera K15 Spectrometer was used for the THz-TDS
analysis. The system is based on a 1560 nm fiber laser that gen-
erates 90 fs pulses at a repetition rate of 100 MHz. This pro-
vides a compact fiber-coupled setup. The system was operated
in a nitrogen rich atmosphere in order to avoid the signature of
water absorption in the recorded samples. Ten sample and ten
references measurements were performed in each case in order
to reduce the noise in the measurements.

The material parameters in the spectral range of interest
were calculated from the time domain photocurrent traces
measured with the spectrometer. These time domain wave-
forms depend not only on the material data but also on the
width of the pellets due to the contributions from multiple
reflections at the pellet-air interfaces. Signal processing techni-
ques similar to those described by Duvillaret et al. (23) were
employed in order to obtain the THz spectra of the materials.
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X-ray photoelectron spectroscopy

The chemical composition of the two samples was examined ex
situ by XPS surface measurements. The Cls, Ols, N1s, S2p,
Cu2p, and survey spectra were recorded using a Thermo Scien-
tific K-Alpha instrument. Monochromatic X-ray source Al Ko
(1486.6 €V) was used for all samples and experiments. The X-
Ray monochromatic spot was 400 um in diameter. Residual
vacuum in the analysis chamber was maintained at around
6010~° mbar. The binding energies (BEs) positions were refer-
enced to the Cls on unsputtered surfaces. Charge referencing
was done by setting the binding energy of C 1s photo peak at
285 eV Cls adventitious carbon contribution. We have also
employed an electron flood gun to minimize surface charging
(Charge compensation). Correct charge compensation is dem-
onstrated in all samples by overlapping the Cls signal before
and after experiment. The atomic concentrations were deter-
mined from the XPS peak areas using the Shirley background
subtraction technique and the Scofield sensitivity factors. Some
fragments of the samples were fixed to the sample holder with
a double side copper adhesive tape.

Quantum chemistry computations
The semiempirical quantum chemistry computations were per-
formed with the PM6 method (24) using the parallel imple-
mentation for multi-threaded shared-memory CPUs and
massively parallel GPU acceleration (25) of the MOPAC2012
(26) software package. A Fedora Linux server with a 12 cores
Intel Xeon processor and a NVIDIA Tesla K20 GPU was used
for the computations.

In the Supplementary Section, more details on the following
photocatalysis tests, procedure, and results were provided.

Results and discussion
Structural characterization

Infrared spectroscopy

The IR spectrum of CAM (see Figure 2) is dominated by the
absorptions due to three chemical groups: NH,, OH, and car-
bonyl CO, in addition, to other modes, associated specifically to
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Figure 2. IR spectra: complex of cyanuric acid and melamine as is (CAM), nonther-

mally treated complex of copper sulfate and CAM (1 CAM Cu), CAM Cu treated at
200°C (2CAM Cu).

the triazine ring. Both melamine and cyanuric acid belong to the
D3h point group, their vibrational modes were already studied
and assigned to the modes of this group (27,28). However, the
symmetry of each type of triazine is distorted by the H-bonds
and many absorptions which are usually not active become active
in IR too. The peaks at 3377 and 3227 cm ™' (both E” modes) cor-
respond to the asymmetric and symmetric NH, stretching
absorptions, respectively. The broad band around 2500 cm™"
may correspond to amide NH interacting via hydrogen bonding
with oxygen within cyanuric acid. The peaks at 1778 and
1731 cm™" are attributed to the carbonyl stretching of cyanuric
acid. The peak at 1655 cm™" corresponds to the NH, bending
(including amide of the cyanuric acid), A’ mode, while the peak
at 1531 cm™ ! is attributed to a C-N asymmetric stretching in the
ring (E’). The peak at 1447 cm ™' can be attributed mainly to a
side-chain C-N breathing (A;). The peak at 1200 cm™! may be
an overtone of NH, wagging. Both peaks at 1084 cm ™" s and
1031 cm™' correspond to ring breathing (A,”). The peak at
764 cm~' belongs to a side-chain CN vibration (A,”), and
810 cm™ ' belongs to a ring out of plane deformation mode (E’).

The spectra of the pure CAM, that of the CAM Cu (1CAM
Cu) nonthermally treated, and that of the CAM Cu (2 CAM Cu)
treated at 200°C are shown in Figure 1. The spectra of CAM as is
and that of CAM Cu not thermally treated do not show any spe-
cific difference, indicating that copper sulfate did not interact
with CAM, but that thermally treated exhibited a considerable
shoulder at 1330 cm ™" due to the coordination of copper in the
CAM framework. This band can be due to a mode of cyanuric
acid in the lactim form, the OH bending is made more active
possibly for the decreasing of the H-bonding with melamine,
which in turn is involved in coordinating copper ions.

X-ray diffraction pattern

The XRD pattern of 2 CAM Cu is shown in Figure 3 and is sub-
stantially compatible with that of pure CAM. However, the 2CAM
Cu sample exhibited more ancillary peaks around the main peak
assigned to the 002 reflection (d = 3.21 A) than the pure CAM in
the region between 18 and 40°, highlighted by the box in Figure 2.

(002)
§ doz=0320nm
) 8 dyo-0.828 nm
5 -4
&2 z
= (100)
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‘0
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Figure 3. XRD pattern of 2 CAM Cu (CAM Cu treated at 200°C). In the inset, the
XRD pattern of pure CAM (29).
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Figure 4. Thermal gravimetric analysis of CAM Cu sample.

There is another ancillary peak at 11.8° (d = 7.71 A) close to
the 001 reflection at 10.7° (d = 8.29 A). These ancillary peaks
can be due to distortions and modulations (including density
modulations) (30) caused by the presence of copper coordi-
nated inside the lattice, which alter the supramolecular H-
bonded frame.

Thermal gravimetric analysis (TGA)

The thermal gravimetric analysis curve and the differential
thermal analysis (DTA) signal are shown in Figure 4. The mas-
sive weight loss at 400°C corresponds to the CAM decomposi-
tion, the second loss to the decomposition of the polymeric
carbon nitride (31), which was formed in completion with
decomposition in gaseous compounds. The residue above
600°C is around the 6.5 wt % corresponding to the amount of
copper sulfate trapped by CAM.

Morphology of the CAM Cu: SEM and TEM analysis

A small amount of CAM Cu (few miligrams) was suspended in
ethanol, sonicated and a fraction of the suspended material was
observed at both SEM and TEM. No particles of copper oxides

CukK

Figure 5. Cu and S mapping of the surface of a CAM Cu particle obtained by EDS of the STEM ARM 200 F.
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were observed by both SEM and TEM analysis. Moreover, the
distribution of Cu and S seemed to be quite uniform on the sur-
face as shown by the EDS mapping obtained with the STEM
Arm?200F (see Figure 5).

For sake of brevity, only two images obtained by the JEM-
FS2010 are shown. The lamellar structure of the material can
be better seen on the edges where the stacked layers tend to be
unfolded (see Figure 6). It is noteworthy to point out that most
suspended particles seem to be composed of few layers of the
CAM complex.

UV-Vis spectroscopy

UV-Vis diffuse reflectance spectrum of 2 CAM Cu is presented
in Figure 7. This shows two bands: one around 200 nm and the
other around 700 nm. These bands should not be confused
with those of polymeric carbon nitride (31) since in CAM Cu
these are due to the copper complexes. More recently, Cu(II)
sulfate was used as to obtain Cu-doped polymeric carbon
nitride from melamine cyanurate(32). Our results shows that
using a Cu(Il) sulfate solution, and a slight temperature treat-
ment (heating the sample at 250°C for 30 minutes) an elec-
tronic transition at energies lower than polymeric carbon
nitride appeared due to the copper complexes (32,29). The two
main absorptions at 200 and 700 nm caused the greenish color
of the product.

The curve deconvolution showed that the real maximum
of the band around 700 nm is 760 nm, which correspond
to a hydrated Cu(II) sulfate according to (33). The tempera-
ture treatment of 250°C probably induced a reaccomodation
of the copper (II) sulfate complex, where water molecules
(after treatment at this temperature Cu(II) sulfate is dehy-
drated (34)) were substituted, for example, by the OH of
cyanuric acid inside the rosette cages of CAM, causing a
color variation as found also in some Cu(II) nanofluids(35).
This is compatible with the IR changes caused by the pres-
ence of copper sulfate, especially the appearance of the
shoulder at 1330 cm™' associated to a complex with mela-
mine and cyanuric acid (36). It noteworthy to highlight

20.00 nm

SK
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Figure 6. TEM images of the CAM Cu suspended particles showing the detail of the layers exposed on the particle edges.

that also our complexes are in a certain way solvated as
nanofluids. However, copper (I) oxide or sulfate does not
exhibit absorptions in the Uv-vis range.

The possible coordination product is shown in Figure 8,
showing either Cu (II) or Cu(I) coordinated in the cages of
CAM by cyanuric acid, melamine and sulfate ion.

X-ray photoelectron spectroscopy

The XPS survey scan of the CAM sample showed the presence
of Cls, N1s, Ols, as depicted in Figure 9 corresponding to the
composition of cyanuric acid melamine adduct.

To compensate surface-charging effects, the binding energy
(BE) of the core level C(1s) was set at 285 eV(33).

XPS peaks deconvolution allowed to extract the different
peaks components being then possible a chemical state
interpretation.

Moreover, we performed the deconvolution of the Cls spec-
tra referencing the main peak at 285 eV(37), which is assigned
both to carbon atoms bounded to Carbon atoms and hydrogen
atoms. The spectra and peak deconvolutions of Cls and N1s
were displayed in Figure 10.

The BEs of Cls high-resolution spectrum (CAM sample)
were identified as follows; C1 (284.9 eV), C2 (286.3 eV), C3
(288.3 V), and C4 (290.0 eV) were attributed to C-CH,, C-O
and C-N, C=O0, carboxyl, C=0, respectively. While C5
(295.8 eV) corresponds to the Skape up satellite due the tran-
sition m— 7" of delocalized electrons (33).

The contributions of nitrogen into the CAM structure also
were characterized by peak fitting in N1s region. The peaks
can be identified as N1 (399.1 eV), N2 (400.6 eV), which are
attributed to the amino group NH,, pyrrolic nitrogen C-N-C,
respectively. Moreover, N3 (406.2 eV) is associated to 7— 7"
transition shake-up satellites. The O1s peak was characterized
by an intense peak at 532.29 eV which essentially corresponds
to the carbonyl oxygen of cyanuric acid, and for sake of brev-
ity it is not reported. A satellite peak was localized at
539.95 eV.

In Figure 11, the Cls, N1s, Cu2p, and S2p of CAM Cu
core-level photoemission spectra are shown. It is possible

to see that the peaks of Cls, N1s are substantially inaltered
indicating that also the CAM structure did not undergo any
change due to the copper presence. The Ols peak, not dis-
played for sake of brevity, was also inaltered. Although, the
Cu2p peaks were weak, it was possible to distinguish
between Cu(I) and Cu(II) species. Their peaks position of
Cu2ps,, were situated at 932.64, and 934.93 eV, attributed
to Cu(I) and Cu(Il), respectively (39). The corresponding
peaks of Cu2p,,, were found at 952.5 eV and 955.0 eV for
Cu(I) and Cu(Il), respectively. The copper shake-up peaks
are located around 945 and 942 eV for Cu(I) and Cu(Il),
respectively. It was determined that Cu(I) is the 66% of
total so that most surface copper (II) was reduced to Cu(I).

Moreover, S2p peaks essentially corresponded to sulfur of
the sulfate ion SO,> (41).

The quantitative elemental analysis is resumed in Table 1
for both CAM and CAM Cu samples. The composition cor-
responded in both cases to that of the cyanuric acid and
melamine complex with C/N ratio close to 1 since both

Kubelka-Munk (a.u.)

d " T T T T
200 400 600 800 1000 1200 1400

Wavelength (nm)

Figure 7. UV-Vis diffuse reflectance (Kubelka-Munk) spectra for the CAM Cu
sample.
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Figure 8. Cu®* coordination in the CAM rosette channel, a similar situation may occur for Cu™.
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Figure 9. XPS Survey of CAM alone showing the presence of C1s, N1S, and O1s as well as that of some impurities.

cyanuric acid and melamine has a C/N ratio of 1. More-
over, the Cu/S ratio indicates that a part of Cu is not yet
bonded to sulfur at least on the surface. Possibly, Cu(I) is
probably formed by the oxidation of melamine to melami-
nium and hosted and coordinated in the CAM cages, since
copper oxide particles were not detected by SEM or TEM
analysis.

CAM

6000 c3

cs

c1

3000 o

Counts (s)

T T T T T
305 300 295 290 285 280

Binding Energy (eV)

Figure 10. XPS spectrum of C1s and N1s of CAM sample with deconvolution peaks.

1
270

Semi-empirical quantum chemistry calculations

The experimental crystal structure of the CAM adduct deter-
mined in (16) was used as initial guess in the numerical calcula-
tions. The reported CAM crystal is monoclinic with lattice
parameters a = 14.853 A, b = 9.641 A, c = 3.581 A = 92.26°.
In the CAM crystal, the relative positions of the N and C ring
atoms of the CA and M units are identical (16) and the relative
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Figure 11. Cl1s, N1s, Cu2p, S2p XPS spectra and deconvolution peaks of CAM Cu.

positions of the O atoms in CA are very close to those of the N
of the amine groups in M. Therefore, interchanging the CA
and M positions in alternate layers does not have any relevant
impact on the predicted XR diffraction pattern.

Calculations performed using MOPAC with the PM3, PM6,
and PM7 Hamiltonians failed to converge when the initial crys-
tal structure as given in (16) was used. Nevertheless, conver-
gence to an accurate geometry could be obtained when the CA
and M positions in adjacent MAC layers were interchanged.
Among the NNDO semi-empirical methods, PM6 typically
provides a very good compromise between accuracy and the
tight convergence level required for the calculation of the lattice
vibrations (39). The geometry optimized using the PM6
method has unit cell parameters a = 14.882 A, b = 9.920 A,
c=7364 A, @ = 90.55°, B = 94.03° and y = 90.29° in very
good agreement with the experimental data, after doubling the
spatial period along the ¢ axis.

Accuracy restrains in solid state calculations using MOPAC
set a minimum size for the computational unit cell (40). This
often requires to increase the computational domain to include
several crystal unit cell. In our case, we had to extend the com-
putation cell to 1x1x2 unit cells so a sphere with a diameter of
at least 8 A can be fitted in it. The vibrations calculated in this
manner include modes that do not satisfy the k~0 condition,
which is a requirement, arising from momentum conservation
considerations, for a relevant contribution to the vibrational
spectra (39). Therefore, the calculated frequencies have to be
processed in order to select those for which the crystal unit cells
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12000 CAM Cu
N2
0
]
t 6000
3
o
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u T~ y
T T T T T N 1 5 1
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comprising the computational domain oscillate approximately
in phase and, therefore, match the k~0 condition, to predict
the absorption spectra of materials (39).

For the optimized geometry, two of the computed modes
with a relevant transition dipole satisfy the aforementioned
condition in the terahertz band, with respective frequencies of
1.22 THz and 2.15 THz and transition dipoles of 0.154 D and
0.209 D, respectively. The calculated modes are displayed in
Figures 12 (a) and (b). The resonance at 1.22 THz is associated
with in-plane displacements distorting the rosette structure.
The resonance at 2.15 THz corresponds to a lattice mode
involving the rocking of several rings in the MCA adduct.
Moreover, since the oscillations are in phase for all the layers in
the computational unit cell, it is expected that these modes
should also provide a good description of the vibration spec-
trum in an arrangement without the alternation of layers, with
the interchange of the M and CA units as well.

THz-TDS measurements
The materials were pressed under identical conditions (7 tm
and 5 min) to form pellets of small width w <400 um in order

Table 1. Atomic percent of the both CAM and CAM Cu samples as determined by
XPS.

atomic % C (0] N C/N ratio Cu/S
CAM 40.99 16.37 41.98 0.98 —
CAM Cu 43.17 14.88 40.79 1.05 127
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(®)

Figure 12. Two views of the domain used in the semi-empirical quantum chemistry calculations and the atomic displacements corresponding to the two vibration modes

at 1.22 THz (a) and 2.15 THz (b).

to limit the total propagation loss low and maximize the
dynamic range.

The measured THz spectra are shown in Figure 13. Instead
of defined resonances, they display the broadened attenuated
feature typical of disordered materials (41,42) in the THz band,
with a monotonic increase from the low frequency edge. Above
2 THz, the measurement is limited by the available dynamic
range. Even though the global shapes of the spectra of the two
materials are very similar, there is a noticeable reduction in the
attenuation of the Cu doped sample, which can be attributed to
the incorporation of some Cu in the CAM adduct channel.
Even though measurements have been performed in a nitrogen
rich atmosphere, the faint spectral features at 1.7 THz corre-
spond to water vapor absorption lines are due to the presence
of residual humidity (43).

Results of photocatalytic oxidation

Catalytic activity of the CAM Cu complex was briefly tested
and compared with a blank without CAM Cu. A 10 ml solution
of sucrose in ethanol at 10 wt % was treated with 10 ml of
hydrogen peroxide at 5 wt% in the presence of CAM Cu
(10 mg) and another aliquot without the potential catalyst.

150 r r T ; r ; r
125 {os
g
100 {4 §
o g
g {03 2
8 ]
50 {o2 &
g
25 o1

125 15
f(THz)

1.75 2 2.25

Figure 13. Measured THz spectra for CAM and Cu CAM and the theoretically calcu-
lated vibration modes.

Each sample was treated for 27 min at 80°C. The IR spectra of
the samples with and without CAM Cu, as well as that of
sucrose in water are displayed in Figure 14.

The region between 1200 and 800 cm ™" is characterized by a
combination of modes of C-O and C-C vibrations of C-OH
groups. The spectrum of sucrose treated for 27 min at 80°C is
similar to that of glucose with a shoulder on the water OH
bending peak, around 1700 cm™', corresponding to carbonyl
stretching of the aldehyde of glucose.

Moreover, the spectrum of the specimen treated in the pres-
ence of CAM Cu showed a stronger band of carbonyl around
1700 cm ™" overlaid to that of OH bending of water and two
remarkable peaks at 1402 and 1272 cm ! corresponding,
respectively, to C-O-H bending and C-O stretching of carbox-
ylic acids.

The broad band of OH stretching also showed a different
structure from the other spectra attributable to the OHs of car-
boxylic acid.

In summary, the reaction catalyzed by CAM Cu led to the
oxidation of glucose to the carboxylic acid named gluconic acid

c) 27 min CAM Cu

h) 27 min

Absorbance (a.u.)

a) sucrose

T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)
Figure 14. IR spectra of (a) sucrose in water, (b) after 27 min of treatment with

H,0; at 80°C, (c) after 27 min of treatment with H,0, at 80°C in the presence of
CAM Cu.
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H OH CAM Cu H OH

HO H » HO H
H OH H OH
H OH H202 H OH
H H

Figure 15. Oxidation of glucose to gluconic acid catalyzed by CAM Cu.

(see Figure 15), which is a powerful chelant of several metallic
cations (44). The ability of copper (I, II) complexes to specifi-
cally catalyze the oxidation of aldhydes to carboxylic acids was
already reported by us in a previous report on polymeric car-
bon nitride complex of copper (32).

Conclusions

A complex of copper sulfate was formed by impregnation of the
cyanuric acid melamine adduct (CAM) with a solution of cop-
per (II) sulfate. A thermal treatment at 250°C of the dried com-
pound delivered a greenish powder. The UV-Vis spectroscopy
showed that an absorption around 700 nm is compatible with a
copper (II) sulfate complex coordinated inside the supramolec-
ular rosette structure of CAM. No copper or copper oxide par-
ticles were found by means of both TEM and SEM. XPS and
XRD results showed that the cyanuric acid-melamine frame-
work was only slightly altered by the presence of copper. More-
over, a considerable amount of Cu(I) (66%) was found on the
surface by XPS, which was probably coordinated also inside the
CAM cavities as Cu(II). The THz spectrum showed a continu-
ous attenuation increment with frequency, compatible with the
behavior of a disordered material. However, attenuation
decreased at low frequencies (~1THz), possibly due to the hin-
drance caused by copper coordination. A brief catalytic test
showed the ability of the copper complexes to oxidize sucrose
to gluconic acid using hydrogen peroxide.
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