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The seven curcumin derivatives were deposited on palygorskite in order to obtain hybrid materials. The
fluorescence emission spectra of the obtained materials show a decrease in fluorescence intensity relative
to the respective dyes, due to the environments around the dyestuff molecules created in the host matrices.
Absorption studies show the best adsorption on the inorganic matrix, for the compounds with the hydroxyl
groups. Correlating fluorescence spectra of hybrid materials with the results for absorption spectra of the
dyes adsorbtion on the surface of the clay lead to the conclusion that a high percentage of the adsorbed dye
had the effect of fluorescence quenching. Thus, it was confirmed that the fluorescent properties of hybrid
materials depend on the interactions established between the fluorescent dyestuff and the inorganic

network.
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Curcuminis a natural yellow coloured compound known
for centuaries, extracted from the rhizome of Curcuma
species, was used initially as a textile dye [1,2] and then
used in diet as a spice or additives [3]. Curcumin
applicability has been extended due to their antioxidant,
anti-inflammatory and anticancer properties in biomedical
domain [4-6]. In the recent years to develop and diversify
curcumin derivatives with improved properties in terms of
photostability and with increased efficiency of fluorescence
emission, were made structural changes on the curcumine
skeleton by alkylation, acylation or as metal-complexes
[7]. Several curcumin derivatives have been incorporated
into inorganic networks (porous materials, natural or
synthetic zeolites), thus obtaining hybrid materials with
improved photochemical properties for non-conventional
applications [8-11].

In many studies on the adsorption of dyes on clays,
palygorskite (or attapulgite) was used as an efficient
adsorbent [12-14]. Palygorskite (PAL) clay is a natural
white-gray, with high hydrophilic properties, abundant in
nature and relatively inexpensive. Depending on the area
from which the palygorskite comes, it may contain iron,
calcium, potassium and sodium ions in various proportions,
[Mg (AI )] Si,0,, (OH) -4H,O (chemical
composmon s|c3 50-68%; IO, 9-12%; MgO 3-12%; Fe. O,

3-5%). Due to its Structure contalnlng open channels fhe
palygorskite falls within the category of porous materials,
with a surface area that varies between 75-400m?/g [15,16].
Due to it lamellar structure, the palygorskite has
remarkable properties for chemical stability and durability
when exposed to various external factors. These properties
have made it to be used in studies aimed at obtaining
luminescent nanocomposites [17] and in biological
applications [18].

Based on these considerations, this study is intended to
provide data on obtaining hybrid materials with
luminescent properties by depositing of the curcumin
derivatives on an inorganic matrix. The curcumin
derivatives were previously synthesized in the microwave
field, purified and characterized [19].

Experimental part

The present paper illustrates experimental data
regarding synthesis and characterization of seven new
organic-inorganic hybrids obtained by curcumin derivatives
(fig.1) depositing on surface of palygorskite inorganic
matrix.

All of the chemicals used were of laboratory reagent
grade and were obtained from Merck (Germany) and
Aldrich (USA). Methanol (MeOH), hexadecyltrimethyl-
ammonium bromide (CTAB), and hydrochloric acid (0.1
N) were used as they were received without further
purification. The Palygorskite (PAL) clay used in this study
was obtained from SERVA (Germany).

The curcumin derivatives (ccl-cc7) were deposited on
PAL previously modified with hydrochloric acid and
hexadecyltrimethylammonium bromide (CTAB) [13,18].

Surface treatment of palygorskite

PALs were activated in a 5 M HCl solution at 100°C for
4h, and then washed with water until neutral pH.
Afterwards the crude product was dried at 120°C for5 hiin
order to get activated PALs. CTAB (0.01 mol) was dissolved
in water (300 mL) at pH = 3 and 60°C, and after complete
dissolution it was added Palygorskite (10 g) and then stirred
at 60°C for 12 h. The dispersion was filtered, washed with
water to pH = 7 and dried at 120°C for 24 h.
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General method of depositing dyes on modified
palygorskite

The modified palygorskite was used as the inorganic
matrix on which the curcumin derivatives were deposited,
thus obtaining hybrid materials. To this purpose, modified
palygorskite (PAL-CTAB) (0.5 g) was suspended in
alcoholic solution of 0.004% curcumin derivative (cc1-cc7)
and refluxed for 3 hours. The dispersion was filtered and
dried at 70°C for 1 h. The obtained hybrid materials were
characterized by IR, TGA, fluorescence spectra and
porosimetry.

Adsorption experiments

In order to evaluate the adsorption of curcumin
derivatives on the surface of the inorganic matrix,
experiments were conducted with the modified
palygorskite, which was suspended in dye alcoholic
solution by the method presented in the literature [14].
PAL-CTAB (0.2 g) was suspended in 100 mL dye alcoholic
solution 100 mg/L for one hour at 30°C. The dispersion was
filtered and dried at 70°C for 1 h, and the dye concentration
was measured spectrophotometrically at A _ of 391 nm,
416 nm, 397 nm, 422 nm, 414 nm, 416 nm, 499 nm for
compound ccl - cc7. Using the equation (1), the sorption
degree of the dye on the inorganic matrix was calculated.

Sorption degree (%) = (C,-C,)-100/C; @)

where C and C, represent the initial and final concentrations
(mg/L), respectively.

Measurements

IR spectra of all the studied compounds were recorded
onaJasco FTIR 6300 spectrometer equipped with a Specac
ATR Golden Gate (KRS5 lens), in the 400-4000 cm™ range
(32 accumulations at a resolution of 4 cm?).

Total color differences in CIELAB system, using a 10
degrees standard observer and illuminant D65, diffuse
reflectance spectra of powders and transmission spectra
of solutions and films were measured with a JASCO V570
UV-Vis-NIR spectrophotometer equipped with a JASCO ILN
-472 (150 mm) integrating sphere, using spectralon as
reference.

Fluorescence spectra were recorded with a JASCO FP
6500 spectrofluorimeter, at 25°C, using the device for solid
samples at an excitation wavelength of 435 nm.

In order to investigate the thermal stability of the hybrid
composites, TGA was performed using a Q5000IR (TA
Instruments) thermogravimetric analyzer. The samples
were heated up to 800°C from the ambient temperature at
a heating rate of 10°C/min under 50 mL/min Nitrogen
(99.999%) atmosphere.

Surface area and relative measurements of raw clay
and hybrid materials were performed using Nova 2200e
Quantachrome.

Results and discussions

In this study seven curcumin compounds derivatives of
acetylacetone (ccl-cc7) previously synthesized [19] in the
microwave field were deposited on attapulgite
(palygorskite) through the adsorption process, obtaining
hybrid organic-inorganic materials.

By the deposition of dyes on the palygorskite, organic-
inorganic hybrid materials were obtained, characterized
by FTIR spectra, thermogravimetric analysis, specific
surface area measurement and fluorescence spectra.

The analysis of IR spectra (fig.2) recorded for natural
and modified palygorskite after acid treatment shows
characteristic peaks according to literature data [13], a
64

http://www.revmaterial eplastice.ro

band between 3650*- 3200 cm™ representing the stretching
vibration of hydrogen bonded hydroxyl groups. The 1654
cm? peak was attributable to H-O-H bending vibrations,
corresponded adsorbed water in the inorganic network.
The 1422 cm™ and 1194 cm™ peaks indicate the bonding
region of aluminum, which disappears after acid treatment
when dislodged in the form of salts. After treatment with
hydrochloric acid, the structure of the clay undergoes
changes evidenced by the appearance of the peak at 793
cm?, attributable to Si-O bending vibration, and peak
displacement of the most intense bands in the spectra
from 976 to 1058 cm?, attributed to Si-O-Si stretching
vibrations. After modifying the palygorskite surface with
CTAB, the FTIR spectrum shows the absorption bands
around at 2929 cm* and 2852 cm?, attributed to the
oscillation of stretching vibration of methylene group,
confirming thus the success of the organic modification of
the clay.

The IR spectra of hybrid materials obtained after the
dye was deposited on the clay surface showed the
displaced peaks characteristic of a,3-unsaturated
compounds, respectively 1740 cm™ due to hydrogen bonds
and 1695 cm™ corresponds to the stretching vibration of
C=0. The disappearance of peaks at 2929 cm*and 2852
cm? characteristic of CTAB leads to the conclusion that
during the adsorption process, the surfactant passes into
the solution and promotes the process of depositing the
dye on the clay surface.

The color parameters (lightness (L*), red-green (a*) and
yellow-blue (b*) color component), calculated from the
spectralon (CCO) and the color differences to the clay,
modified with CTAB shows that PAL 4 has the highest AE
value in the series.
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Fig.2. IR spectra of commercial clay, treated clay powders and the
hybrid composites

The obtained results reveal that the lightness of the
samples decreases with the increase of the volume of the
substitution groups in the aromatic rings, and the color of
the sample become yellowish (Ab increases). The color
characteristics of the hybrids are also influenced by the
conjugations of organic derivatives with the hydroxyl groups
on the surface of the clay, so in the compounds PAL2, PAL4
and PAL5 where hydrogen bonds are present, the colors
are lighter (AC increases), while for the PAL 6 and PAL7
where polar bonds occur between organic and inorganic
compounds, the color has become dull and dark.

Curcumin and its derivatives deposited on the porous
material have maximum adsorption in the UV-Vis spectrum
around 400-441 nm displaced by 9-64 nm over the maxima
obtained in the solution. Thus another important factor is
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Table 1
COLOR PARAMETERS AND DIFFERENCES IN THE CIELAB SYSTEM

Color parameters and differences
Sample
L* a* b* AL* Aa® Ab* AEg* AC* ATT*
CCo 0321 056 037
PAL' Y 7 5 ] L]
CTAR 92.10 0.42 277 111 0.98 284 3.20 151 2,60
PAL 1 00.51 047 6.51 270 0.00 7.00 7.58 5.73 417
FAL2 89.70 0.49 821 4351 1.05 5.78 951 7.42 480
PAL3 8977 042 6.13 344 0.14 6.70 7.53 533 4.04
FAL4 86.83 1.37 928 638 1.93 o83 11.59 5.58 521
PALS 80.73 0.25 7.84 348 0.81 541 913 7.04 467
PALG 87.58 242 497 563 298 554 .44 473 415
PAL 7 §7.02 267 225 £.19 323 282 753 2.60 3134
800 501 529 628 544 -
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Fig. 3. Absorption maxima (a) and colour differences (b) of hybrid compound PAL7 obtained from different solvents

the solvent from which the dye is deposited on the porous
material, because a small part of it remains in the pores
and plays an important role in conjugating the organic
compound to the matrix anorganic. In non-polar solvents
the adsorption maxima were found at values between
501-544 nm for PAL 7 figure 3 (a), the batochromic
displacement is explained by the conjugations between
the amine groups of the curcumin derivative and the
hydroxy groups on the clay surface. The PAL 7 derivative
retains its solvatochromic properties, thus obtaining a pale
pink hybrid from the methylene dichloride solution, from
the diethylether solution, the hybrid obtained is pink, while
the chloroform solution results in a yellow compound, and
from the hexane solution the color of the hybrid is orange.
Thus, hybrids with directed color properties can be obtained,
as shown in figure 3 (b), where it can be seen that the
hybrid obtained by depositing the curcumin derivative in
hexane has the total color difference (AE) and the lightness
(AL) with the highest values in the series of solvents and
is an indication of the fluorescence intensity.

Thermal analysis data for the commercial powder clay,
palygorskite treated with CTAB and palygorskite after
adsorption of the dye were presented in table 2. All TG
curves show a first stage at a temperature around 110°C,
due to the evaporation of the adsorption water, the mass
loss was of 6.9% for raw clay and between 4.3-5.4% for
palygorskite after adsorption of the dye.

The second stage takes place at around 200°C,
corresponding to the hygroscopic water and zeolitic water
[13]. The PAL-CTAB curve shows a significant weight loss
(31%) in the range of 200-300°C, attributed to CTAB
degradation. In the meanwhile, for the palygorskite with
dye ccl-cc7 the curve shows a mass loss between 2.0-
4.4% in the 250-350°C range, attributed to the degradation
of the dye deposited on the inorganic matrix. The most
important weight loss in this step is recorded in the case of
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PAL 6, followed by PAL 3 and PAL 4 and it is of about 4.4,
respectively 4.3%. Over 300°C, mass loss corresponds to
the loss of coordinated water and structural hydroxyl water
in palygorskite. As shown in table 2, due to the thermal
decomposition in an inert atmosphere, the residue for all
hybrids is high and it is formed of silica from the inorganic
matrices and carbonaceous char of organic moieties.

The specific surface area (S,.,) and the adsorption
average pore size were determined using the multipoint
BET (Brunauere-Emmette-Teller) method. The total pore
volume (V) and pore size were determined by using the
BJH (Barrei e-Joynere-Halenda) method. Prior to each
measurement the samples were degassed at 423 K for 4
h. Adsorption and desorption experiments using N, were
carried outat 77 K. The isotherms recorded were classified
as type Il with a H3 hysteresis, in accordance with the
IUPAC classification according to the literature [20]. From
the data presented in table 3 that shows the values for the
specific surface area, it can be observed that the surface
areas of the samples increase in the following order: PAL
5<PAL1<PAL2 <PAL6 <PAL7 <PAL3<PAL4.This
trend can be understood in terms of the size and orientation
of the auxocromatic groups of organic compounds on the
silica matrix.

Pore diameter was, on average, greater than the 3 nm
characteristic of mesoporous materials. Thus, it can be
seen that natural clay has a specific surface area of 117
m?/g and, depending on the volume and the number of
grafted groups on the aromatic rings, the surface increases
up to 204.5 m?g for the curcumin modified palygorskite.

Hybrid materials obtained by deposition of the dye on
the surface of the clay proved fluorescence properties
(fig.4). The samples were measured in the 350-700 nm
range, at the same wavelength (435 nm), indicating a
decrease in the fluorescence intensity as compared to the
curcumin derivatives in the alcoholic solution (table 4).
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Table 2
THERMOGRAVIMETRIC ANALYSIS OF FLUORESCENT POWDERS

RI-
110
Sample =C 110°C - T, T1-Tz T:-Ts T:-T, BResidue
_ _ 800
Wt | We Wwt.
loss | loss | Tmas T loss Tosx Tz Wit loss | T Tz Wt loss | Toa Ts °C
% | % | c|=x| % | | = % ¢ | = % ¢ | e %
PAL 69 | 28 [ 1684|2656 18 [ 3658 [3083] 20 [a4a55|sa1]| 34 [ea2a| soo | 22
PAL- -
HCI 69 | 11 | 1524 |2054| 52 | 76| - - -] - - | %00 868
E‘%ﬁ 25 | 3142343 (3353 18 | 37735 | 5135 - : - 13 |51 so0 | 631
PAL 1 51 | 06 | 1392|1834 20 | 2725 | 32498 22 |32 4738| 22 |sas| 800 | ggg
PAL? 53 | 06 | 1379|1821 20 | 2756 | 3214 21 |3%08|4sss| 23 |saa2| 800 | g77
PAL 3 53 | 12 [ 1511|2056 43 | 3389 | 5083 B - 19 |56 so0 | 873
PAL 4 55 | 11 [ 1444|1983 43 [ 3335 | 5081 B - 18 |58443] s00 | 874
AL 5 43 |06 [ 1336|1787 25 | 2776 | 3305 20 3785 4856| 2 5571 | 800 | 883
PAL 6 53 | 12 | 1447|2018 44 | 3530 [s118] - - 18 |s422| so0 | 873
PAL 7 49 | 06 [ 1363|1781 23 | 2764 [3334| 24 [3013|s0ea| 20 [s452( soo | s78
Surface area T:F: ll“l::"::e Diameter pore
sumple | (methodBED) | S | Gt 57
g [em?/g]
PAL 11 E 0327 3.8 Table 3
PALL 190.5 0627 349 BET SPECIFIC SURFACE, AREA MICROPORE,VOLUME AND
PALZ 190.7 0.613 318 DIAMETER PORE OF PAL, PAL 1 -PAL 7
PAL 3 1973 0392 324
PAL 4 2043 0673 424
PAL 3 190.2 0.497 3.48
PAL 6 1933 0383 317
PAL 7 196.4 0.6357 5.18
Hybrid compounds Rz heg hem Stokes Shift
{dye in alcoholic solution) [nm] [nm] [nm] [m]
PALIL (ccl) 413 (389) 483 (493) 72 (106)
PAL 2 (cc2) 433 (415) 213 (330) 011 ADSORPTION ;aNbDIeFﬁUORESCENCE
PAL 3 (ce3) 424 (400) s 220009 68 (10) MAXIMA OF HYBRID MATERIALS
PAL 4 (ccd) a1 (425) | *° [ 525 549 84 (120)
PAL 5 (cc3) 423 (413) 523 (330) 100 (117)
PAL 6 (cc6) 404 (413) 534 (343) 130 (132)
PAL 7 (ccT) 434 (498) 330 (545) 06 (47)

Analyzing the fluorescence spectra of the samples, it was
observed that the PAL 4, PAL 5 and PAL 7 compounds had
the same emission peak at 525 nm but at different
intensities. Changing the wavelength of the fluorescence
emission spectra varies between 5-20 nm is due to the
lack of solvent and its interactions, leading to the reduction
of the polar tautomer structures of the dye molecules in
the interaction with the illuminated radiation. There are
also studies [21] in the literature that the curcumin in polar
solvent is predominantly found in enolic form, which can
explain the formation of intramolecular and intermolecular
hydrogen bonding with the hydroxylic groups on the clay
surface. The interactions between the auxochromes
groups grafted on aromatic rings and the hydroxy groups
on the inorganic matrix, all these factors contribute
significantly to the reduction of the fluorescence intensity
of the hybrid materials. Thus, result that the host matrix
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influence the 1t/ excited state by reducing the transition
energy.

The dye adsorption ratio was calculated by difference
from the dye concentrations in solutions before and after
adsorption by measuring the absorption of the initial and
final dye solutions of the adsorption process (fig.5).
Compound cc2 was best adsorbed and this result might
be attributed to the electrostatic interactions and hydrogen
bonds between adsorbent and the hydroxyl groups of the
dye. By analyzing the spectra, it followed that the
fluorescence intensity of this composite material
decreased greatly, probably due to the percentage of
adsorbed dye. This phenomenon is compared to the
tendency of aggregation in solutions that lead to quenching
fluorescence. The weaker absorption of compounds ccl
and cc4 on clay surface can be explained by the absence
of polar groups in the first compound and by the increased
size of the molecular structure of the other.

MATERIALE PLASTICE ¢ 55¢ No. 1 ¢ 2018



BALd Fig.4. Fluorescence spectra of the hybrid
§ composites (PAL1-7)
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Conclusions

By doping the attapulgite with the synthesized
curcumine dyes (ccl-cc7), seven new hybrid materials
were obtained. Hydrogen bonds with the inorganic matrix
and the percentage of fluorophore adsorbed on the clay
surface strongly influence the characteristics of the
fluorescence emission. The inorganic matrix is part of the
class of transporters, providing a stable environment for
curcumin derivatives, while preserving their fluorescent
properties, which results in organic-inorganic hybrid
materials with potential applications in optical sensors and
luminescent materials.
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