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Plenary  Lecture:  Layered  Double  Hydroxide  Based
Photocatalysts for Efficient Solar Fuels

Tierui  Zhang  -  Key  Laboratory  of  Photochemical  Conversion  and

Optoelectronic  Materials,  Technical  Institute  of  Physics  and  Chemistry

(TIPC), Chinese Academy of Sciences (CAS), Beijing, China 

Layered double hydroxide (LDH)-based materials  have emerged
as one of the most promising photocatalysts for water splitting into
hydrogen, CO2 photoreduction into fuels and photofixation of N2 into
NH3, owing to their unique layered structure, compositional flexibility,
controllable  particle  size,  low  manufacturing  cost  and  ease  of
synthesis. Herein, some very recent research progress in my group
has  been  summarized  on  the  rational  design  of  LDH-based
photocatalysts for above-mentioned reactions by enhancing the light
absorbance and separation of electron-hole pairs of photocatalysts.
For instance, I) by creating more oxygen defects in ultrathin ZnAl-LDH
nanosheets, the photocatalytic reduction of CO2 with water over ZnAl-
LDH exhibited stable activity of ≈7.6 μmol g-1 h-1; in ultrathin ZnAl-
LDH nanosheets N2 can be efficiently reduced into NH3 under visible-
light irradiation; II) By constructing heterogeneous interface structure,
NiO/Ni  nanocatalysts  exhibited  an  unexpectedly  high  selectivity  of
60% for C2-C7 hydrocarbons in the CO hydrogenation reaction under
visible-light irradiation.[1-8]
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Plenary  Lecture:  The  versatile  world  of  clays:  from  early
studies to innovative applications

C. Bisio,  G.  Gatti,  F.  Carniato,  L.  Marchese  -  Dipartimento  di  Scienze e
Innovazione  Tecnologica,  Università  del  Piemonte  Orientale,  Alessandria,
Italy

The  use  of  clay  minerals  has  ancient  origin  and  nowadays  these
natural  materials  are  extensively  employed  for  a  great  number  of
environmental and engineering applications. The major advantages in
the use of natural clays are associated to their large availability and
low price. However, their use requires several extensive purification
steps.  In  addition,  depending  on  the  genesis  process  and  on  the
provenance site, the chemical composition of natural materials can be

extremely
variable.  This
variability
represents  a
strong  limitation
for  their
application,
especially  when
surface  properties
have to be strictly
controlled.  These

reasons  have  stimulated  scientists  to  develop  synthetic  materials
whose  structure  and  properties  mimic  those  of  natural  layered
materials.  Through  designed  synthesis  procedures  it  is  possible  to
obtain lamellar solids with controlled chemical compositions, tunable
layer  dimensions  and  enhanced  physico-chemical  features.  The
modification of the inorganic clays by insertion of specific ions in the
tetrahedral  sheets  (i.e. transition  metal  species),  and/or  the
substitution  of  cations  located  in  the  interlayer  space  by  organic
surfactants,  ions  or  hybrid  compounds,  make  clays  promising
matrices for several applications spanning from from heterogeneous
catalysis to polymer science (see Figure). In this respect, examples of
the possible modification of synthetic clays will be given starting from
early  studies  (for  instance  concerning  the  use  of  clays  as
heterogeneous catalysts or as fillers for the preparation of polymer
nanocomposites) to more recent applications especially focusing to
the  development  of  solids  for  environmental  purposes.  Results
obtained  in  our  research  group  and  related  to  the  possible
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modification  of  the  framework  and/or  interlayer  properties  of
synthetic saponite clays to extend their application fields will be also
discussed.
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Plenary Lecture: Advances of Zirconium Phosphate and 
Phosphonate Chemistry for new Applications

Morena Nocchetti - Dipartimento di Scienze Farmaceutiche, Università 

degli Studi di Perugia (Perugia, Italy)

Zirconium  phosphate  and  phosphonate  chemistry  has  grown
considerably in recent years, due to the increased demand of new
functional solids for application in many fields of materials chemistry.
Inorganic–organic functional derivatives have been prepared by the
modification  of  layered  -  and  -phases,  with  formula  -
Zr(HPO4)2H2O, and  -ZrPO4(H2PO4)2H2O, by means of intercalation,
topotactic  exchange  or  ion-exchange  reactions,  carried  out  in  soft
conditions. Moreover, Zr phosphonates with organic functional groups
covalently bonded to the inorganic layers and with structures related
to those of their parent compounds, can be easily obtained by direct
synthesis. More recently many new compounds, essentially based on
aminophosphonate  derivatives,  have  been  discovered  and  their
structures  were  solved  mostly  from  powder  diffraction  data.  In
particular,  the use of selected aminodiphosphonate building blocks,
that can connect both phosphonic groups to metal atoms on the same
side of layers, allowed to obtain compounds with reduced crowding of
organic groups with different reactivity in the interlayer space. [1,2].
Finally,  the  combination  of  proper  aminodiphosphonate  and
phosphate building blocks yielded compounds with a highly accessible
interlayer  region,  that  could  accommodate  a  range  of  polar  guest
species,  up  to  their  complete  exfoliation.  The  possibility  to  obtain
single-layer nanosheets with a given structure is an ambitious and
highly desirable goal because monolayers, or packets of few layers,
can lead to the preparation of low-dimensional compounds in which
the number of accessible functional sites on the surface of layers is
largely  increased.  Moreover,  the  large  number  of  polar  amino,
carboxylic,  and  free  P-OH  groups  on  the  surface  of  these  layers
resulted very efficient to firmly immobilize metal nanoparticles, with
catalytic  or  bioactive properties,  such as gold,  silver,  palladium, or
nickel [3,4].  

https://www.researchgate.net/institution/Universita_degli_Studi_di_Perugia
https://www.researchgate.net/institution/Universita_degli_Studi_di_Perugia
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[1] R. Vivani, F. Costantino, M. Taddei in “Metal Phosphonate 
Chemistry: From Synthesis to Applications”, A. Clearfield and K. 
Demadis (Eds), (The Royal Society of Chemistry, Cambridge, 2012) 
Chap 2, p 45-86.

[2]  R.  Vivani,  F.  Costantino,  G.  Alberti,  M.  Nocchetti,  Micropor.
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[3] F. Costantino, R. Vivani, M. Bastianini, L. Ortolani, O. Piermatti, M.
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ACS Applied Nano Materials, 2018, 1, 1750–1757.
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Plenary Lecture: Hydrous Layered Silicates

Bernd Marler - Department of Geology, Mineralogy and Geophysics, Ruhr 

University Bochum, Germany

The layer silicates considered as “Hydrous Layer Silicates” (HLSs)
consist  of  a  tetrahedral  silicate  layer  and  an  inter-layer  region
where  cations  of  low  charge  density (predominantly  organic
cations) and water molecules are located. Only weak interactions
exist  between  neighbouring  layers  and  between  layers  and  the
constituents  of  the  inter-layer  region.  HLSs  can  be  made  by  i)
classical hydrothermal synthesis using organic cations or hydrated
alkali metal ions {e.g. [Na(H2O)6,] +}, ii) by acid leaching of layered
alkali silicates, or iii) using the ADOR method (first step). Also, some
natural  HLSs  like  the  mineral  Kanemite,  Na4[H4Si8O20]  •  12  H2O,
exist. HLSs  have  been  used  as  adsorbents  and  also  for  the
preparation of composite materials by intercalating the materials
with various organic molecules and cations. In particular, HLSs are
interesting materials  to  serve as  precursors  for  the  synthesis  of
micro- and mesoporous  framework silicates while preserving their
layer topology. Initially, an overview on the HLSs materials known
so far  will  be presented with  a  focus  on structural  aspects.  The
structures of the silicate layers show a remarkable relation to layer-
like building blocks of zeolite frameworks. Therefore, HLSs are also
often  named  “layered  zeolites”  or  “two-dimensional  zeolites”.  A
database on well characterized HLSs which is available online will
be presented. This database also includes a compilation of some
relevant features of the silicate layers. So far, silicate layers of 16
different layer topologies (= layer types) have been identified as
being  part  of  an  HLS  structure. The  structure  solution  of  HLS
materials proved in most cases to be quite difficult because of the
limited  crystallinity  of  the  materials  leading  to  low  resolution
powder diffraction data. Various methods had to be used to solve
the structures. Among those, FTIR spectroscopy turned out to be a
useful tool to develop a first structure model of a HLS with a, so far,
unknown  structure.  In  contrast  to  many  other  silicates,  the
fingerprint region of the FTIR spectrum of a HLS (ca. 400 - 1500 cm -

1)  gives  a  clear  indication  on  the  layer  type  of  the  material.
Furthermore, some recent research results will be presented. This
comprises i) the syntheses and structures of two fairly well ordered
Crystalline  Silicic  Acids,  ii)  the  structures  of  hydrated  and
dehydrated  PREFER,  and  iii)  a  study  on  a  “phyllo-tecto  pair”  of
materials being closely related to each other and belonging to the
Silica-X  family  of  materials:  RUB-6,  a  hydrous  layer  silicate  and
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RUB-5,  a  silica  zeolite  with  a  very  high  framework  density.
Moreover,  the  structure  and  some  properties  of  the  mineral
magadiite  will  be presented.  Magadiite,  Na2[H2Si14O30]  *  8 H2O is
known  as  a  mineral  since  1967  and  has  frequently  been
synthesized in the lab. The structure, however, remained unsolved
for a long time, because of its complex nature and since magadiite
typically shows considerable structural disorder.
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Keynote Lecture: The structure and ion-exchange properties
of layered double hydroxides on the atomic level

Ulla Gro Nielsen - Department of Physics, Chemistry and Pharmacy, 

University of Southern Denmark, Odense, Denmark

Layered  double  hydroxides  (LDH),  anionic  clays,  find  application
within,  e.g.,  environmental  remediation,  catalysis  and  as  energy
materials due to their flexible chemistry and ion-exchange properties.
However, LDH materials are notorious for their poor crystallinity and
frequent  stacking  faults,  which  render  structural  characterization
challenging. Their  general  chemical  composition  is  [M(II)1-

xM(III)x(OH)2Ay nH2O], where possible M(II) and M(III)  cations include
Mg(II),  Ca(II),  Zn(II),  Ni(II),  Al(III),  Ga(III),  and  Fe(III).  A  is  an  anion
needed for charge balance and is located in the interlayer along with
interlayer  water.  The  LDH  properties  and  hence  function  are
controlled  by  the  choice  of  metal  ions  and  anion.  Especially,  the
distribution of metal ions in the cation layer has a large impact on the
properties,  but  this  information  is  difficult  to  obtain  by  diffraction
techniques due to the large number of stacking faults in the LDHs.
Structural characterization of LDH from the atomic level to the bulk
composition has been obtained by combining multiple experimental
techniques (PXRD, solid state NMR, vibrational spectroscopy, electron
microscopy and ICP), which has advanced our understanding of the
atomic  level  structure  of  LDH.1-4 Furthermore,  LDH are  extensively
tested for application in water remediation due to their ion-exchange
properties. Detailed insight into the ion-exchange properties has been
obtained using SSNMR in combination with adsorption studies.

1. Jensen,  N.  D.;  Forano,  C.;  Pushparaj,  S.  S.  C.;  Nishiyama,  Y.;
Bekele,  B.;  Nielsen,  U.  G.,  Physical  Chemistry  Chemical  Physics
2018, 20, 25335.

2. Pushparaj, S. S. C.; Forano, C.; Prevot, V.; Lipton, A. S.; Rees, G. J.;
Hanna, J. V.; Nielsen, U. G., Journal of Physical Chemistry C 2015,
119, 27695.

3. Pushparaj, S. S. C.; Jensen, N. D.; Forano, C.; Rees, G. J.; Prevot, V.;
Hanna,  J.  V.;  Ravnsbæk,  D.  B.;  Bjerring,  M.;  Nielsen,  U.  G,.
Inorganic Chemistry 2016, 55, 9306.

http://findresearcher.sdu.dk/portal/en/organisations/institut-for-fysik-kemi-og-farmaci(39c04782-9099-4ffd-bed3-73f4fdcee114).html
https://www.researchgate.net/institution/University_of_Southern_Denmark
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4. Staal,  L.  B.;  Charan  Pushparaj,  S.  S.;  Forano,  C.;  Prevot,  V.;
Ravnsbæk, D. B.; Bjerring, M.; Nielsen, U. G.,  Journal of Materials
Chemistry A 2017, 5 (41), 21795.
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Keynote Lecture: Layered double hydroxide and layered 
hydroxide salts as cationic exchangers!?

Fernando Wypych - Department of Chemistry - Federal University of
Paraná - - Curitiba - PR - Brazil.

Layered double hydroxides (LDHs) and layered hydroxide salts (LHSs),
with the respective generic formulas [M+2

1-xM+3
x(OH)2](A-n)x/n.yH2O and

[M+2(OH)2-x](A-n)x/n.yH2O (M+2 and M+3 = cation metal and (A-n)x/n.yH2O =
intercalated  hydrated  anion)  are  very  well  known  as  anionic
exchangers.  When  some  sulfate  intercalated  LDHs  and  LHSs  are
analyzed  as  minerals,  like  Natroglaucocerinite
([Zn6Al3(OH)18(SO4)2.6H2O].Na(H2O)6)  and  Gordaite
([Zn4(OH)6(SO4)Cl].Na(H2O)6), a  mismatch  occurs  during  the
neutralization  of  the  hydroxide  layers.  In  the  case  of
Natroglaucocerinite,  between  the  triple  positive  Zn/Al  hydroxide
layers are intercalated two hydrated sulfate anions, resulting in an
excess  of  negative  charge,  which  is  counterbalanced  with  the
intercalation of a hydrated sodium cation. In the case of Gordaite, the
double positive zinc hydroxide layers are grafted with one sulfate and
one  chloride  anion,  resulting  again  in  negatively  charged  layers,
which  can  be  counterbalanced  with  the  intercalation  of  hydrated
sodium cations.  The objective of the present talk is  to present the
synthesis  and  characterization  of  different  LDHs
(M+2

6M+3
3(OH)18(SO4)2.6H2O].B+(H2O)6; M+2= Mn, Mg, Zn, Co, Ni; M+3=

Al, Cr; B+= Li, Na, K) and LHSs ([M+2
4(OH)6(SO4)Cl].B+(H2O)6; M+2= Mg,

Zn, Co, Ni; B+= Li, Na, K) in the form of minerals. The results obtained
when these materials  are submitted to cation and anion exchange
reactions are described.
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Poster Inorganic and hybrid layered materials Doy Why Justin Leung,Kanittika Ruengkajorn,Dermot OHare

18 389 Host-guest association of coumarin 343 with ß-cyclodextrin: experimental induced circular 
dichroism (ICD) and computer simulation studies (TD-DFT/PBE1)

Poster Theory and modelling Aguinaldo Robinson de Souza,Nelson Morgon,Valdecir Ximenes
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Abstract.  

Luminescent Organic-inorganic Hybrids (such as layered double hydroxides (LDHs) and metal-organic 

frameworks (MOFs)) have received much attention due to their wide structural tunability and 

potential applications in sensors, biomedical imaging, photocatalysis, nonlinear optics and light 

emitting devices. Compared with the typical ligand-based, metal-active (noble metal (e.g., Pt and Ir) 

and rare-earth (e.g., Eu and Tb)) LDHs and MOFs with the excitation-state lifetime at nanosecond 

and/or microsecond levels, long-lasting phosphorescence systems usually feature much prolonged 

lifetimes (millisecond (ms) to second level). Therefore, the development of phosphorescent LDHs 

and MOFs can not only supply new understanding on the relationship between structure and 

long-lived excitation-state, but also construct new types of long-afterglow (also known as long-lasting 

phosphorescence or persistent luminescence) materials. In this work, recent long-afterglow 

phosphorescent LDHs and MOFs systems will be introduced, and their further applications in logic 

gate and smart materials will be discussed.
[1-5]

 

 

Fig. 1 (a) Crystal structure of Zn-IPA. (b) Luminescence spectra. Insets show photographs taken before/after 

the excitation is turned off. (c) Time-resolved emission decay curve.  
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ABSTRACT  

 

One of the major challenges in the circular economy relating to food packaging is the 
elimination of metallised film which is currently the industry standard approach to achieve 
the necessary oxygen barrier performance. There is an urgent unmet need for scalable 
solutions that can replace this aluminium coating with a solution-deposited or coextruded 
layer that can be recycled without separation from the rest of the packaging materials. 
Two-dimensional (2D) inorganic nanosheets are impermeable to gas molecules so 
exploiting their potential for high aspect ratio platelet structures is an effective approach 
to construct tortuous pathways to lower molecular diffusion rate through polymeric 
materials. The key challenges for high gas barrier food packaging materials are (i) the 
preparation of stable, high aspect ratio non-toxic 2D nanosheet dispersions and (ii) the 
use of an existing commercial coating technique. Here, we report the synthesis of high 
aspect ratio 2D non-toxic layered double hydroxide (LDH) nanosheet dispersions using a 
non-toxic exfoliation method in aqueous amino acid solution. High gas barrier coating 
films can be prepared using this food safe liquid dispersions through a bar coating 
process. The oxygen transmission rate (OTR) of 12 μm PET coated film can be reduced 
from 133.5 cc/m2/day to below the instrument detection limit (<0.005 cc/m2/day). The O2 
permeability of this film is estimated to be below 0.0007 x 10–16cm3(STP)·cm/cm2·s·Pa, 
giving a barrier improvement factor (BIF) of 24640. In comparison, a commercially 
available 12 μm metallised PET has an O2 permeability of 0.0349 x 10–

16cm3(STP)·cm/cm2·s·Pa. Most importantly, these coated films are also transparent and 
mechanically robust, making them suitable for flexible food packing while also offering 
new recycling opportunities.  
 
Keywords: Coating, Oxygen barrier, Food packaging, LDH. 
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ABSTRACT 
 

Several procedures for the exfoliation of layered metal arylphosphonates with general 
formula Me(C6H5PO3) (Me = Ca, Sr, Ba) and Zr(HO3SC6H4PO3)2·2H2O were 
investigated with the aim to obtain material with the highest yield and the highest degree 
of delamination. The methods for characterization of these exfoliated materials were 
suggested and tested. 
 
Keywords: metal phosphonates; exfoliation; nanosheets 
 
INTRODUCTION 
 

Layered metal organophosphonates belong to a large group of hybrid organic-
inorganic materials. They benefit from a well-defined structure of their inorganic part in 
combination with organic moieties, which can be modified to obtain desired properties. 
Thanks to their structure, with strong covalent bonds between the atoms in the layers 
but with rather weak interactions between the layers, these compounds can be used as 
host materials in intercalation reactions or as starting materials for production of 2D 
nanosheets by exfoliation. 

 
ALKALINE-EARTH PHENYLPHOSPHONATES 
 

In this work we studied exfoliation of layered phenylphosphonates of alkaline-earth 
metals with general formula MeC6H5PO3·2H2O (Me = Ca, Sr, Ba).1 These layered 
phenylphosphonates are hybrid organic-inorganic materials, which exhibit a hydrophobic 
character due to the presence of phenyl groups on the surface of the layers. Thanks to 
its hydrophobic character, these materials can be promising fillers for a series of polymer 
matrices. Production of nanosheets was performed by a so-called liquid-based 
exfoliation.2 This technique is based on dispersing layered solids in a suitable solvent 
followed by application of normal and shear forces, which cause separation of individual 
layers from the bulk. The first step consisted in finding the most suitable solvent, in 
which the exfoliation can proceed. From the several solvents chosen for the testing of 
the exfoliation process, propan-2-ol (isopropylacohol, IPA) showed to be the most 
suitable, together with butan-1-ol.3  With regards to the use of the phenylphosphonates 
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as filler in polymeric systems, IPA was used for further testing thank to its lower boiling 
point, which allows easier removal of this solvent from the reaction system during the 
preparation of the composite.  

Several methods for the exfoliation of the calcium phenylphosphonate, which showed 
to be the most suitable phosphonate for the exfoliation, are also described and methods 
for the determination of the character and degree of the exfoliation are discussed. 
 
ZIRCONIUM 4-SULFOPHENYLPHOSPHONATE 

 
In contrast to phenylphosphonates, which have no reactive functional group, 

zirconium 4-sulfophenylphosphonate (ZrSPhP) has an active acidic sulfo group,4, 5 which 
can be employed in the process of exfoliation. In this contribution the exfoliation in the 
presence of amino alcohols is described and the exfoliated particles are characterized 
by a combination of several methods. 
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ABSTRACT 
 

Layered silicates are well known for their low acidity and surface area, while the 
reactivity of their silanol groups allows the most different modifications in the lamella. In 
this work, two post-syntheses procedures were studied using the layered silicate Na-RUB-
18 as the precursor of 3D materials containing structural Al, thus broadening its spectrum 
of applications. After the Al incorporation, confirmed by 27Al NMR analysis, the layered 
material was ion-exchanged with CTA+ ions and the pillarization was conducted for 18 h 
using octylamine as the hydrolizing agent and tetraethylorthosilicate (TEOS) as the 
pillaring agent. The final material presented BET surface area of 223 m2 g-1 and 
mesopores in the range of 2-4 nm. Also, the XRD profile showed a significant crystallinity 
drop due to the amorphous SiO2 pillars in the interlamellar space. In turn, the hydrothermal 
conversion of Na-RUB-18 led to the mordenite zeolite structure (MOR). The synthesis gel 
was obtained from the mixture of the precursor Na-RUB-18, the Al source and a NaOH 
solution. After 24 h, the treatment at 140 °C resulted in the desired material with Si/Al 
molar ratio of 6. The changes observed in the XRD profiles during crystallization 
suggested a conversion free of amorphization steps. The presence of 29Si NMR signals of 
silicon connected to Al and 27Al NMR signals of tetrahedrally coordinated Al atoms both 
confirmed the formation of the new structure. 

 

Keywords: Na-RUB-18, pillarization, hydrothermal transformation, mordenite zeolite 
 

RESULTS AND DISCUSSION 
 

Figure 1, curves a-b, shows the XRD profiles of the layered silicate Na-RUB-18 and 
the Al-incorporated sample, respectively. The comparison makes it clear that the post-
synthesis procedure did not compromise the precursor structure and further promoted the 
aluminum insertion reaching a Si/Al molar ratio of 22, determined by ICP-OES analysis. In 
addition, the 27Al NMR spectrum clearly showed the presence of Al tetrahedral sites; and 
also a small signal related to octahedral or partially extra-framework Al [1,2]. 

In the next step, the Na-[Al]-RUB-18 sample 
was ion exchanged with CTA+ ions in order to 
promote the expansion of the interlamellar space. 
The XRD profile shown in Figure 1, curve c, shows 
that the diffraction peak for lamellar stacking was 
shifted from ~ 8° 2θ (d = 1.02 nm) in the sodium 
sample to 3.24° 2θ (d = 2.73 nm) in the CTA-[Al]-
RUB-18 sample, which confirms the expansion [2]. 
Additionally, two more low-angle reflections are 
observed, corresponding to the peaks in 6.52° 2θ 
(d = 1.35 nm) and 9.70° 2θ (d = 0.91 nm). These 
peaks follow the d/2 and d/3 correlations as 
previously observed in the literature [2]. 

Figure 1. XRD profiles of (a) Na-, (b) Na-[Al]-
, (c) CTA-[Al]- and (d) pillared-[Al]-RUB-18. 
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Finally, Figure 1, curve d, shows the XRD profile of the CTA-[Al]-RUB-18 sample 
after the pillarization using octylamine and TEOS. The diffraction pattern of this material is 
very similar to the precursor one, presenting only a slight decrease in the overall intensity. 
Such behaviour can be attributed to the silica species present in the solid interlamellar 
space. These species are the precursors of the amorphous pillars formed during the 
calcination step, which leads to the dilution of the crystalline material and to a pronounced 
loss of peaks intensity in the range of 20-30° 2θ [2]. 
 The 29Si NMR spectrum showed a wide signal in the region of Q4 sites and a 
shoulder in the region of Q3 sites. In turn, the 27Al NMR spectrum showed the maintenance 
of tetrahedral Al sites. Elemental analysis provided a Si/Al molar ratio of 41, consistent 
with the addition of silica during pillarization. The BET surface area jumped from 7 m2 g-1 
to 223 m2 g-1 in the final material, which also presented mesopores between 2-4 nm [2]. 
 Figure 2, curves b-f, presents the XRD profiles of the samples synthesized trying to 
reach the MOR structure starting from Na-RUB-18 and using a Si/Al ratio of 10. The 
sequence of profiles follows the increase in crystallization time and shows a gradual 
transformation until the final material. Figure 2, curves b-d, shows that the Na-RUB-18 
structure is present until 12 h of reaction. After 18 h, curve e, there are peaks of the 
precursor and also of the zeolitic material, i.e., the two phases coexist. Finally, above 18 h 
of hydrothermal treatment, curves f-g, crystalline MOR was obtained and the profiles were 
comparable to the literature [3]. Nevertheless, some MOR diffraction planes presented 
intensities slightly different than expected, a feature frequently dependent of the Si/Al 
molar ratio [3]; determined here by elemental analysis to be equal to 6. No extensive 
dissolution of the precursor followed by crystallization of the intended zeolite could be 
seen; an evidence of the surface-localized character of the transformation. 

 29Si NMR analysis showed that 
throughout the transformation, the Q4 signal of 
the precursor decreased steadily, while the Q3 
signal remains a little displaced from its position 
in Na-RUB-18. A new signal between these two 
is possibly assigned to (1Al)-Si-(SiO4)3 groups, 
an evidence of the presence of structural Al [3]. A 
few intermediate samples showed also a signal 
in the Q2 site region that can be attributed to 
(2Al)-Si-(SiO4)2 groups. The 27Al NMR spectrum 
of the MOR obtained showed tetrahedrally 
coordinated Al atoms. Again, the intermediate 
samples presented some particularities: this 
signal was slightly distorted and there was also 
evidence of octahedral Al sites, which is 
expected for materials in process of 
transformation. 
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Figure 2. XRD profiles of (a) Na-RUB-18 and 
samples synthesized after (b) 6, (c) 12, (d) 18, 
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ABSTRACT  
 

The solid-liquid molten salts method has been employed in order to synthesize 
alkaline-earth metals and lanthanides Graphite Intercalation Compounds (GIC). By 
optimization of the synthesis parameters, several GIC have been successfully prepared. 
For the first time, it has been possible to prepare binary SrC6 intercalated into the bulk, 
characterized by 00l and hk0 X-ray diffraction. Using the same way, bulk BaC6 has also 
been successfully synthesized and characterized. Finally, even ytterbium has been 
partially intercalated into graphite. XRD, SEM/EDXS, ion beam analysis and magnetic 
measurements confirmed this observation. Currently, our efforts are focused on bulk 
intercalation of ytterbium and other lanthanides.  
 
Keywords: Graphite Intercalation Compound, X-ray diffraction, molten salts, 
superconductivity 
 

 

INTRODUCTION   
 

Especially due to their superconducting properties, MC6 compounds (with M = 
alkaline-earth metal or lanthanide) have been extensively studied using various 
characterization techniques [1,2]. However, most of these studies are performed on 
samples prepared by solid-gas reaction where metal in the gaseous phase reacts on 
graphite powder at high temperature. By such a technique, metal is partially intercalated 
into graphite so that pristine graphite remains. Moreover, regarding the high temperatures 
employed, spurious metal carbides can be formed. Considering these facts, we have 
developed an original solid-liquid method in LiCl-KCl molten salts [3,4]. After a 
comprehensive study of the chemical mechanisms in different metal-LiCl-KCl mixtures, 
different MC6 intercalation compounds have been prepared and characterized using X-
ray diffraction, SEM/EDXS observations, ion beam analyses and magnetic 
measurements. 
 
RESULTS AND DISCUSSION 
 

In this solid-liquid method, a LiCl-KCl eutectic mixture with a low melting point 
(353°C) is prepared and heated in a glove-box under argon atmosphere. Then, the metal 
desired to be intercalated into graphite is solubilized into the reaction medium thanks to 
a redox phenomenon. Finally, a highly oriented pyrolytic platelet of graphite is immersed 
in the liquid and the reaction is performed for a given duration (from 30 minutes to 10 
days) in the temperature 400-450°C. After reaction, the intercalated sample is recovered 
in a glove-box and finally placed in an air-tight sample-holder for further characterizations. 
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Using strontium, we have successfully synthesized for the first time a high-quality 
SrC6 bulk intercalation compound. The 00l X-ray diffraction pattern is given figure 1. 

 

 
Figure 1: 00l X-ray diffraction pattern of SrC6 

  

It can be indexed as a first stage compound with a repeat distance of 494 pm without any 
residual graphite. By quantitative analysis of the 00l reflexions, it has been possible to 
calculate the 1D electronic density profile along the c-axis given figure 2. 
 

 
Figure 2: 1D electronic density profile along the c-axis of SrC6 

 

In a same manner, we have successfully prepared a BaC6 bulk intercalation 
compound and performed itscharacterization by XRD. Finally, intercalation of ytterbium 
has been tested. For the moment, only partially intercalated samples have been 
obtainedbut the synthesis parameters are currently modified separately in order to 
prepare superconducting bulk YbC6 intercalation compound.    
 

References 
 
[1] M.P.M. Dean, C.A. Howard, S.S. Saxena, M. Ellerby, Phys. Rev. B 81 (2010) 045405. 
[2] R.P. Smith, T.E. Weller, C.A. Howard, M.P.M. Dean, K.C. Rahnejat, S.S. Saxena, M. Ellerby, 
Physica C, 514 (2015) 50. 
[3] M. Bolmont, S. Cahen, M. Fauchard, R. Guillot, G. Medjahdi, P. Berger, G. Lamura, P. Lagrange, 
C. Hérold, Carbon 133 (2018), 379. 
[4] M. Fauchard, S. Cahen, M. Bolmont, G. Medjahdi, P. Lagrange, C. Hérold, Carbon 145 (2019), 501. 

 

 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

Study of the surface properties of clays and intercalated 
clays by inverse gas chromatography 

 
J. Brendlé1, E. Brendlé2 

 
1Institut de Science des Matériaux de Mulhouse, UMR CNRS 7361, Université de Haute-

Alsace, Université de Strasbourg, 15 rue J. Starcky, 68057 Mulhouse Cedex, France: 
jocelyne.brendle@uha.fr 

2Adscientis, Parc Sécoia, 1 rue A. Kastler, 68310 Wittelsheim, France, 
e.brendle@adscientis.com 

 
ABSTRACT  
 

In this work a series of clays (natural and synthetic ones) and intercalated clays (i.e. 
organically modified  by alkylammonium ions or a fungicide) were characterized by inverse 
gas chromatography,enabling gathering information on the numerous surface 
characteristics like the surface energy (S

d), the surface nanoroughness, the acid-base 
character and the surface morphology.It is worthy to note that the dispersive component of 
the surface energy (S

D) decreases strongly after organic treatment, whatever the clay, 
meaning a lowering of the surface interactivity. The determination of the morphology indices 
indicates also a decrease of the surface roughness. 
 

INTRODUCTION 

At the origin, the chromatographic analysis has been developed as a direct method, allowing 
the separation, the quantification and the identification of the components of a complex mix. 
This technique was then developed in order to determine the thermodynamic properties of 
a melted polymer impregnated on a finely divided solid (powder). This is the founding idea 
of the principle of inverse gas chromatography today called IGC. IGC measurements are 
realized by injecting chosen and known molecules, called molecular probes, in order to get 
chromatograms. The measured retention times, as well as the shape of the obtained peaks, 
are depending on the interactions occurring between the molecular probes and the 
investigated material (stationary phase). If the amount of injected probes is very low, the 
degree of dilution is such that the intermolecular interactions between the adsorbed 
molecules can be neglected, in this case, IGC is performed at Infinite Dilution ( ID-IGC)The 
exploitation of measured retention times and/or of the shape of the chromatograms gives 
access to numerous physicochemical properties of the analysed materials such as surface 
energy (s

d)the surface nanoroughness, the acid-base character and the surface 
morphology. The goal of this determine the influence of the intercalation of organic moieties 
in the interlayer space of the natural of synthetic clays on the surface properties. A series of 
compounds have been prepared and fully characterized by conventional methods such as 
X-ray diffraction, thermal analysis and solid state nuclear magnetic resonance (13C and 19F) 
prior being characterized by ID-IGC.  

MATERIALS  
 
A synthetic beidellite (Na0.6(Al2) (Si3.4 Al0.6) O10(OH,F)2), was used as host to guest 
hexadecyltrimethylammonium ions (C16TMA+) and a natural Patagonian Na-
montmorillonite(Na0.41[(Si3.89Al0.11)(Al1.43Fe0.28Mg0.30)O10(OH)2] (PatMt) was used to host  
octadecyltrimethylammonium ions  (C18TMA+)  (PatOD ) as well as fludioxonil (PatFX), a 
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widely used fungicide and both C18TMA+ and fludioxonil (PatODFX) [1]. Each sample used 
as chromatographic stationary phasewas introduced in a stainless steel column. All the 
samples were conditioned at 130 °C over night, using dry He as carrier gas. The 
measurements were performed at 110 °C.Several molecular probes (n-alkanes (from C2 
to C12)), branched and cyclic alkanes (isooctane and cyclooctane respectively), polar 
molecules (acetonitrile, acetone, tetrahydrofuran (THF), ether, chloroform, methyl-
acetate, benzene) were injected at infinite dilution conditions (< 1 μL).  
 
RESULTS AND DISCUSSION 
 

The γs
d value was determined starting from the slope of the straight line obtained from 

the plot of the n-alkane ΔGa versus their number of carbon atoms. It was shown that the 
value decreases from 192 mJ.m-2 to 50 mJ.m-2 for the synthetic and modified beidellite, 
respectively, meaning a reducing of the surface interactivity. Injection of cyclooctane and 
isooctane also allows concluding that the intercalation of C16TMA+ ions in the interlayer 
space induce a lowering of the nanoroughness. In the same way, the results showed that 
the organo-treatment of Patagonian montmorillonite decrease significantly the surface 
energy values (from 170 mJ.m−2 to 41 mJ m−2 respectively), whereas the fludioxonil 
adsorption seemed not influence the measured surface energy of the samples. 
Information on the acid-base character were obtained by using a series of polar probes. 
Only the most acidic probes were eluted (CHCl3 and benzene) on samples PatMt and 
PatFX. All the basic and amphoteric probes were not eluted. This is explained by the 
strong surface acidity (Lewis type).On the opposite, all the probes were eluted on samples 
(PatOD) and  PatODFX meaning that the organo-treatment shields the surface acidity of 
the PatMt. 

 
CONCLUSION 

 
It is worthy to note that organic treatment greatly affected the surface properties of the 

both beilleite and montmorillonite as nicely showed by inverse gas chromatography. 
Indeed the dispersive component of the surface energy strongly decreased as well as the 
nanoroughness and the surface acidity. 
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ABSTRACT 

 
The electronic and structural properties of monolayer and few-layer 2D materials obtained 

from the exfoliation of four zinc-based layered hydroxide salts (LHSs) were investigated via DFT 
calculations. The exfoliation energies in the range of 30 meV/Å2 were found for all cases. 
Monolayer structures remained semiconducting like the respective bulk compounds, although in 
some cases the band gap changes its character from indirect to direct. The effects of 
dehydration were also explored in terms of the electronic structure. It could be observed that the 
anion or cation removal from the interlayer region can turn the monolayer systems into metallic, 
by means of electron and hole doping, respectively. 

 
INTRODUCTION & THEORETICAL METHODOLOGY 

 
The successful mechanical exfoliation of graphite into 2D graphene1 opened up the field of 2D 

materials. Since then, a plethora of novel materials in monolayer or few-layer forms have emerged. 
2D materials hold the promise to provide truly disruptive applications, with the potential to 
revolutionize many different fields, such as energy, health, electronics, space and many other 
more. 

Many 2D materials can be obtained by exfoliation of layered or lamellar materials. Particularly 
interesting classes of layered materials which have not been extensively explored as platforms for 
2D materials are layered double hydroxide (LDHs) and LHSs. Many LDHs have been successfully 
exfoliated into 2D form, but in comparison 2D LHSs have been less studied. 

In this work, we used first-principles calculations based on density-functional theory (DFT) in 
order to explore different properties of the exfoliated forms of four representative examples of zinc-
based LHSs: Zn3(OH)4(NO3)2, Zn5(OH)8Cl2.H2O, Zn5(OH)8(NO3)2.2H2O and 
NaZn4(OH)6SO4Cl.6H2O. In particular, NaZn4(OH)6SO4Cl.6H2O is an interesting case to consider 
because it has Na cations in the interlayer region, which allows for hole-doping by ion removal. 

All ab initio calculations were performed using the codes available in the Quantum Espresso 
package, which implements the DFT under periodic boundary conditions with plane wave functions 
as a basis set. The exfoliated forms of these structures were simulated by the insertion of a 
vacuum layer along the z-direction. Each of these 2D forms was studied by considering 1, 2 and 3 
layers for each structure and also by the optimization of the layer parameters in the lateral 
directions, while the cell size along the z-direction was kept frozen during the geometry 
optimizations. 

 
RESULTS AND DISCUSSION 

 
The exfoliation energies of the multilayer structures present the following energetic order: 

NaZn4(OH)6SO4Cl.6H2O and Zn5(OH)8Cl2.H2O >  Zn5(OH)8(NO3)2.2H2O and Zn3(OH)4(NO3)2. The 
exfoliation energies fall near 30 meV/Å2, which sets the boundary between “easily exfoliable” and 
“potentially exfoliable” materials, according to the classification of Mounet et al.2 This is also 
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suggestive of the important contribution of electrostatic interactions – and not only van der Waals - 
in determining the strength of layer binding in these systems. 

The band structures of the studied materials show that the bulk forms of the investigated 
compounds present an indirect band gap. In the case of NaZn4(OH)6SO4Cl.6H2O, even the 
exfoliated forms present this type of band gap. On the other hand, the monolayer structures of 
Zn3(OH)4(NO3)2, Zn5(OH)8Cl2.H2O and Zn5(OH)8(NO3)2.2H2O present direct band gaps. The same 
holds true for the bilayer and trilayer structures of Zn3(OH)4(NO3)2

 
and Zn5(OH)8Cl2.H2O. In the 

case of Zn5(OH)8(NO3)2.2H2O, the bilayer and the trilayer forms displayed, respectively, a direct 
and indirect band gap. Changes from indirect to direct gap as the number of layers is reduced 
occur in many 2D materials. Perhaps, the most well-known example is MoS2, which has 
remarkable optical properties in the 2D form due to the direct gap3. 

The band gaps tend to be lower for the bulk forms of Zn3(OH)4(NO3)2 and Zn5(OH)8Cl2.H2O than 
for those observed in their exfoliated forms. This is the expected behavior in terms of quantum 
confinement arguments. On the contrary, in the case of Zn5(OH)8(NO3)2.2H2O and 
NaZn4(OH)6SO4Cl.6H2O, the band gap of the bulk form is higher than those calculated for the 
multilayer systems. 

Exfoliated LHSs may offer an extra degree of freedom for controlling their electronic structure 
and screening of Coulomb interactions, which is the possibility of adding or removing water 
molecules in their structure. The band structures of these dehydrated structures were also 
constructed in order to verify if the gaps are direct or indirect. In the case of NaZn4(OH)6SO4Cl and 
Zn5(OH)8Cl2, the gaps are direct at Γ, while the gap of Zn5(OH)8(NO3)2 is indirect. Therefore, the 
direct band gap of the LHS monolayer containing Cl- (Zn5(OH)8Cl2.H2O) remains even when the 
dehydration occurs. On the other hand, the band structure of LHS monolayer containing nitrate 
anions is modified by the dehydration process, leading to an indirect band gap. The opposite 
occurs for the dehydration of NaZn4(OH)6SO4Cl.6H2O. The hydrated monolayer presents an 
indirect band gap, whereas the water removal makes it a direct band gap semiconductor. These 
changes in the electronic structure upon insertion or removal of water molecules is uncommon in 
other 2D materials and they certainly add flexibility and novel possibilities in exploring the optical 
properties of this class of materials. 

LHSs may also offer the flexibility of tuning the electronic structure upon removal of cations and 
anions. As a matter of fact, charge conservation considerations suggest that one may be able to 
convert semiconducting monolayers to metallic ones by changing the ion concentration in the 
monolayers. The band structures clearly show that the nitrate removal generates metallic donor 
states, as the Fermi level is now pinned to the bottom of the conduction band. The removal of 
hexacoordinated sodium cations also leads to the generation of metallic acceptor states, with the 
Fermi level at the top of the valence band. The PDOS (Projected Density of States) analysis also 
shows that the projected states of the remaining ions (nitrate, and chloride and sulfate) tend to 
occur at the Fermi level for the two studied scenarios. Therefore, our analysis shows that indeed 
one may dope LHS monolayers by playing with the ion concentration. 
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ABSTRACT  

 
The hydrolysis of disaccharides is of great interest due to the possibility of obtaining 

platform chemicals such as glucose or hydroxymethylfurfural (HMF) from renewable 
feedstock[1].  

Layered materials such as H-[Al]-magadiite were options as catalysts since the 
insertion of Al in their structures generates acid sites that are sufficiently strong to 
hydrolyze the glicosidic bonds while their interlamellar space (1.1 nm) allows the sugars 
to reach the active sites of the catalyst, by intercalation. Higher concentrations of 
aluminum inserted into the lamella led to a larger amounts of acid sites in the material, 
reflecting in higher conversions. The catalyst also showed good stability, since its 
structure did not change after 7 h of reaction, at temperatures around 473 K, in aqueous 
medium. 

Among the disaccharides studied, cellobiose and lactose were hydrolyzed in the 
presence of H-[Al]-magadiite, while maltose presented low conversion values at the 
temperatures analyzed. This shows that the catalyst exhibits selective reactivity for 
glycosidic β(1→4) bond. 
 
Keywords: [Al]-magadiite, disaccharide conversion, continuous process, layered solid. 
 
EXPERIMENTAL 
 
     The magadiite and [Al]-magadiites were prepared according to the literature[2] with 
different Si/Al (ratio ꝏ ,8, 9 and 22) and transformed to the acid forms where the number 
in the parentheses indicates the  Si/Al of the solids. All the samples were characterized 
by XRD, FTIR, NMR of the nuclei of 27Al and 29Si and ICP OES. The activity of the 
catalysts was evaluated in a continuous flow reactor with a space velocity of 0,026 s-1, 
applying 25 MPa (25 bar) of pressure for 25.200 s (7 h) in different temperatures and the 
products analyzed by HPLC.  
 
RESULTS AND DISCUSSION 
 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

     The characterization showed that the Al incorporated in the catalyst is stable in the 
framework, no structural alteration was observed after deammoniation. The first 
disaccharide studied was cellobiose at 473 K. It is formed by two units of glucose linked by 
the β-1,4-glycosidic bond. The reactions without catalyst and using H-maga showed very 
similar results: 23% and 20% of conversion (Figure 1), respectively. These results confirm 

that silicates are not acid and the products 
identified came from the homogeneous phase 
hydrolysis promoted by the temperature. 
Conversions of 81%, 67% and 32% were reached 
over the catalysts H-[Al]-maga(8), H-[Al]-maga(9) 
and H-[Al]-maga(22), in this order. The 
conversions increased as the concentration of 
framework Al also increased. For this substrate, 
the main product from the hydrolysis in Bronsted 
acid sites is glucose, but fructose was also 
identified in the analysis which shows that all three 

catalysts have active Lewis acid sites. The 
formation of HMF, levulinic and formic acids were 

identified in the samples. These three catalysts presented selectivity for glucose around 55-
50% with yields varying from 16 to 45%: larger Al concentration in the layers led to a larger 
number of acid sites and higher conversion and selectivity in the reaction. Different 
disaccharides were used as substrates to analyze the strength of the glycosidic bond. 
Lactose (glucose and galactose linked by β-1,4-glycosidic bond) was also tested at 453 K 
with initial conversions of 53%, 42% and 50% for catalysts with Si/Al ratio of 8, 9 and 22 
(Figure 2). Different from cellobiose, the reactions with lactose led to a small deactivation of 
all catalysts. These results were expected since 
both substrates present the same type of 
glycosidic bond. Lastly, maltose (two units of 
glucose linked by α-1,4-glycosidic bond) was 
tested at 383 K and, different from the other two 
disaccharides, it could not adsorb properly on 
the catalysts, resulting in a low conversion 
(10%). This substrate should have hydrolyzed 
more easily because its glycosidic bond is less 
stable than lactose and cellobiose. Therefore, 
[Al]-magadiite is a selective catalyst for β-1,4-
glycosidic bond with an interlayer space large 
enough to allow the intercalation with the 
disaccharides for subsequent hydrolysis 
reaction.  
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Figure 2. Conversion of lactose over time of 
reaction at 453 K. 

Figure 1. Conversion of cellobiose over time of 
reaction at 473 K. 
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ABSTRACT

Magadiite is a layered silicate with many applications such as ion exchange and
heterogeneous catalysis[1,2]. Its structure is yet unknown and several authors suggested
some models based on the experimental characterizations [3,4,5]. The goal of this work is
to study layered models of hydrated and dehydrated H-Magadiite by DFT calculations.
The geometry of all  the models were optimized and the XRD and  29Si NMR  spectra
were  simulated  for  comparison  with  experimental  data.  The  results  show  that  the
models based on Pinnavaia et.al. and Garcés et.al. works present the best similarities
with the experimental  data. Calculations of vibrational  structure,  phase diagram and
thermodynamic analyses are expected as next steps of this work.

INTRODUCTION AND COMPUTATIONAL METHODOLOGY

Magadiite is a layered silicate formed by SiO4-rings.  Although widely applied, this
material present small crystals with low crystallinity and many defects, consequently, its
structure was not yet refined. Experimentally, the models suggested for some authors
are not completely proven. We proposed in this work to investigate this material using
ab initio calculations which are based on the density-functional theory (DFT). Periodic
boundary conditions were used, the exchange-correlation potential was described by
the  PBE-GGA  and  the  core  electrons  were  treated  with  Vanderbilt  Ultrasoft
pseudopotentials. The Kohn-Sham orbitals were expanded in a plane wave basis set up
to a kinetic energy cutoff of 60 Ry and k-point grid of 4×3x1 was used to sample the first
Brillouin zone for all cells. 

Layered models of hydrated H-Magadiite (with 4 water molecules) and dehydrated
one based on published reports (Rojo et.al., Pinnavaia et.al., Garcés et.al.) were built.
The  geometry  of  all  the  models  were  optimized  using  the  QUANTUM ESPRESSO
package[6],   the  XRD  and  29Si  NMR  spectra were  simulated  for  comparisons  with
experimental data. 

RESULTS AND DISCUSSION

For  all  the  hydrated  models  (Figure  1),  we  noticed  that  the  water  molecules
interacting mainly between themselves than with layer hydroxyl groups. The simulated
XRD  patterns  (Figure  2)  show  the  sensible  reduction  of  the  basal  spacings  in  all
models,  comparing  the  displacement  of  peak  close  to  10º  in  2q, from hydrated  to
dehydrated samples,  caused by approximation of the layers due the interaction of layer
hydroxyl groups upon dehydration. For the values of basal spacing peak, the hydrated
model  from  Garcés  suggests  the  best  approximation  (7.44º)  with  the  previous
experimental work (6.55º)[7].
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Pinnavaia Rojo Garcés

Figure 1 : Simulated models of hydrated H-Magadiite

Figure 2: Simulated XRD of Magadiite.

  

We also calculated the 29Si chemical shifts and simulated the NMR spectrum for all
the compounds, thereby identified the Q3/Q4 ratio (Figure 3A).  The convolution of the
signs  shows  appreciable  difference  between  the  hydrated  and  dehydrated  models.
However,  the  spectra  of  hydrated  sample  based on  Pinnavaia  and  Garcés models
indicate better similarities with the experimental results (Figure 3B). 

Figure 3: 29Si NMR spectra of Magadiite (A) simulated and (B) experimental. Blue: Q3  sites and 
red: Q4 sites.

As  the  next  steps,  we  want  to  obtain  the  simulated  IR  spectra,  perform  the
thermodynamic analysis of the dehydration reaction and study the phase diagram for
each material.
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Unconventional superconductors, such as cuprates, Fe pnictides, and organic conductors 
have similarity to electron-doped aromatic hydrocarbon, such as antracene, tetracene, pentacene, 
and expanded C60 [1-4] as well as even in graphene [5]. Electron-electron (e-e) correlations are 
thought to be the very important origin of their high Tc superconductivity. On the other hand, the 
highest superconductivity surpassing the cuprates recently found in H2S under high pressure gives 
the discussion back to the electron-phonon (e-ph) mediated superconductivity for achieving 
extremely high Tc. Although, relatively high Tc in superconductivity was once claimed for simple 
aromatic hydrocarbons with electron carrier filling into their bands by alkali-metal insertion, the real 
electronic states have not yet been understood so far. This is partly because important scientific 
discussions have been made based on only limited magnetic and optical probes. The Fermi surface 
of A3C60 (A=alkali metals: K, Rb, Cs) superconductors with expanded cell (Vcell(C603-)) provides an 
intriguing research platform for both e-e and e-ph interactions. Being different from other 
unconventional superconductors, electrical transport measurements, however, had been very 
difficult in expanded A3C60 and they are made only for K3C60 and Rb3C60 with small cell size far apart 
from the Mott boundary. Here, we give experimental results that accurate electrical resistivity (ρ(T,P)) 
can be achieved for a variety A3C60 with expanded Vcell(C603-) near the Mott boundary under various 
temperature (T) and pressure (P). Electrical transport was carefully measured as a function of T and 
P, straddling the phase boundary between the Mott insulator and the metallic/superconducting 
phase. A new phase diagram is proposed, which unambiguously shows an unprecedented new 
metallic state existing in the universal T-Vcell(C603-) phase diagram. The new phase is interpreted to 
be generated by interplay between e-ph interactions via dynamic Jahn-Teller phonons and relatively 
large e-e correlations, showing a strong T-evolution of ρ(T).  
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It is well known that -type zirconium phosphates, both micro- and nano-crystalline materials, react 

with alkylepoxides. The reaction takes place between the –POH group of ZrP and the carbon atoms 

of the epoxide ring, provoking the ring opening and the formation of P-O-C bonds. 

In light of these findings, it seemed of interest to study the reaction of -ZrP with a diepoxide. The 

idea was to promote the formation of P-O-C bonds connecting adjacent layers, so as to covalently 

crosslink the layers. This contribution deals with the reaction of nanocrystalline ZrP with 1,2,7,8-

diepoxyoctane (hereafter diepoxy), by using the same procedure used for the reaction with 

monoepoxides. A gel in THF of nanocrystalline ZrP was reacted with the diepoxy and several 

materials were prepared, by changing the diepoxy/ZrP molar ratio in the range 0.25 – 1.0. 

The corresponding organophosphates, were characterized for their composition, thermal behavior 

and structural features. Moreover, the uptake of aliphatic alcohols, both from the liquid and vapour 

phases, was also investigated, showing that these materials have a quite agood ability to intercalate 

high percentages of alcohols, up to 60% in weight, with respect to the dry compound, in the case of 

ethanol.
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ABSTRACT 
 

Due to their unique electronic, magnetic, optical and catalytic properties, rare-earth elements 
(REEs) have been extensively used in the last decades in renewable energy systems and hi-tech 
products [1]. Thus, the recycling of REEs is of great importance to reduce costs related to their 
use in the industry and to mitigate the dependence linked to the strategic import of these essential 
raw materials from remote countries. The traditional processes employed in the recovery of 
lanthanides are based on solvent extraction, which requires several steps and large amounts of 
solvents. The development of recovery methods with higher efficiency, lower costs and reduced 
environmental impact is an important challenge. Different solid sorbents based on carbon, porous 
silica and natural layered materials have been study for this purpose, due to high chemical affinity 
for f-block species. In this work, we explored two Na+-exchanged synthetic saponite clays (Na-
SAP-n, gel composition: [SiO2:MgO:Al2O3:Na2O:H2O] 1:0.835:0.056:0.056:n, n = 20, 110) as 
alternative synthetic solid sorbents for the extraction of lanthanide ions, with different ionic radius 
(La3+, Gd3+ and Lu3+), from aqueous solutions. The saponites were characterized by different 
particle size and cation exchange capacity (CEC), equal to 32.6 mmol/100 g and 87.9 mmol/100 
g for Na-SAP-110 and Na-SAP-20, respectively.  The uptake studies of Gd3+ were performed in 
pure water and in simulated freshwater and seawater solutions, in different lanthanide 
concentrations (0.1-10 mM). Both solids showed high effective sorption capacity in the first 30 
min - 1 h, followed by a plateau-like adsorption up to 5-24 hours. The amount of Gd3+ captured 
(as ‘mg of ion on gram of clay’) indicates a strong relationship between the uptake and the CEC 
of clays: indeed, Na-SAP-20 extracted almost a double amount (ca. 49 mg/g) of Gd3+ compared 
to Na-SAP-110 (ca. 26 mg/g). The uptake values, indicated in terms of mass-weighted distribution 
coefficient (Kd), are comparable to the ones of other layered and microporous materials reported 
in literature, especially for Na-SAP-20 (Figure 1). The same extraction behavior was found for 
La3+ and Lu3+, with a higher amount of Lu3+ extracted by both saponites. The clays were finally 
tested in the presence of an equimolar mixture of all the three ions (3.33 mM of each), both in 
pure water and freshwater, showing a marked selectivity for Lu3+, due to its lower ionic radius. 

 
Figure 1. Gd3+-uptake sorption performance of two synthetic saponites and of reference 
layered and porous materials (commercial LTA zeolite; kaolinite and montmorillonite). 
Experimental conditions: 15 mg of clay (Na-SAP-20/110) were added to a 1 mL of the test 
solution (pure water, [Gd3+] = 10 mM), at 298 K. 
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ABSTRACT 
 

Layered double hydroxides (LDH) and mesoporous silicas (MS) are promising 
inorganic solids to be used as drug carriers due to their structural porosity and chemical 
properties. In this study, LDH with composition [M4Al2(OH)12]CO3 (M = Mg2+ or Zn2+) were 
combined to MS in order to produce heterostructures composed of LDH core coated by 
MS shell (MII

4Al2-CO3@mSiO2). The better experimental parameters were pursued to get 
ordered architectures after and before the template removal from the silica shell. 
Synthetized materials were characterized by X ray diffractometry (XRD), small angle X 
ray scattering (SAXS), elemental chemical analysis, infrared (IR) vibrational 
spectroscopy, specific surface area (SSA) and scanning electron microscopy (SEM). 
Applying surfactant elimination by calcination, memory effect permitted the structural 
reconstruction of magnesium based LDH core. On the other hand, surfactant extraction 
with aqueous solution kept the layered structure of both LDH core. SEM images showed 
significant morphological modifications after LDH covering by porous silica. The strategy 
evaluated in this work opens the possibility to prepare heterostructures of LDH 
intercalated with species besides carbonate and covered by mesoporous silica. 
 
Keywords: layered double hydroxides, mesoporous silica, heterostructures 
 
INTRODUCTION 
 

Several drugs have restrictions on the form of administration. Porous inorganic solids 
have emerged as promising alternatives for replacing conventional drug carriers. Among 
the universe of these inorganic carriers, layered double hydroxides (LDH) [1] and 
mesoporous silicas (MS) [2] deserve special mention, because they are biocompatible, 
biodegradable and show low toxicity. In order to improve the LDH properties regarding 
intercalation, storage and transport, it was proposed to join the properties of MS to this 
material producing a single heterostructure [3]. 
 
EXPERIMENTAL  

 
LDH samples were prepared by coprecipitation method at constant pH value. Next 

MII
4Al2-CO3 materials were vigorously dispersed in aqueous mixture of ammonium 

hydroxide, hexadecyltrimethylammonium cation, and tetraethylorthosilicate. The material 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

was isolated, dried and redispersed in organic solvent having trimethylchlorosilane before 
template extraction. Finally, the surfactant in the porous silica shell was removed by 
calcination or by extraction with an aqueous solution. The heterostructures submitted to 
calcination were rehydrated to regenerate the LDH core [4]. Synthetized samples were 
characterized by structural, textural, and spectroscopic techniques. 

 
RESULTS AND DISCUSSION  
 

XRD patterns and chemical analysis of LDH samples indicated the formation of typical 
hydrotalcite-type materials. Samples isolated after the silica covering presented an extra 
XRD peak at low angle region due to the presence of the porous silica amorphous 
structure. The calcination process promoted the layered structural collapse as it is 
expected. After rehydration, LDH structure reconstruction was observed partially only for 
Mg2Al@mSiO2 sample. In contrary, the solvent extraction did not compromise any the 
LDH core structure as all the main diffraction peaks remained after the template 
extraction. SEM images showed markedly differences in the particle’s morphology after 
the formation of mesoporous silica shell (Figure 1). MII

4Al2-CO3 materials presented 
circular arrangement of flat particles known as sand rose while the MII

4Al2-CO3@mSiO2 
derived heterostructures showed quite regular spherical particles. Small angle X ray 
scattering were also used to investigate the core-shell structure in detail.  

(i)    

(ii)   
Figure 1: SEM images of i. Mg4Al2-CO3 and i. Zn4Al2-CO3 (a and c), and their 

respective heterostructures calcined after silica coating (b and d). 
 

CONCLUSIONS 
 
Efficient experimental parameters were achieved to prepared core-shell structures of 

LDH covered by mesoporous silica as confirmed by a set of physical chemistry 
techniques used to their characterization. The removal of the template of silica pores by 
calcination promoted the collapse of LDH layered structure. The layered reconstruction 
by rehydrating the heterostructures (memory effect) was achieved partially for 
Mg2Al@mSiO2 material. Surfactant extraction by solvent was successful. The strategy 
evaluated in this work opens the possibility to prepared heterostructures of LDH 
intercalated with species besides carbonate and covered by mesoporous silica. 
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ABSTRACT  
 

The antioxidant lipoic acid is slightly soluble in water, sensitive to light and heat and 
exhibits low bioavailability. One strategy to surpass such physicochemical and 
pharmacological limitations is to design and develop drug delivery systems. This work 
shows the physicochemical characterization of magnesium-aluminium and zinc-aluminium 
Layered Double Hydroxides (LDHs) containing the anion form of lipoic acid (Lip) 
(abbreviated M2Al-Lip, M=Zn2+ or Mg2+) obtained by coprecipitation and ion exchange 
methods, as well as the biocompatibility assays by in vivo protocol. It was also explored 
different Lipoate/Al3+ molar ratio (5, 8 and 10). Samples were characterized by elemental 
chemical analysis, X-ray diffraction (XRD), thermal analysis, and spectroscopic techniques 
(IR and solid state 13C NMR). The intercalation of lipoate anion into Zn2Al and Mg2Al LDH 
was successful using both the coprecipitation and anion exchange methods. X-ray 
diffraction patterns clearly showed an increase of the interlayer distance to 21.3 Å, 
indicating a bilayer inter penetrating interlayer arrangement of the antioxidant anions. Pair 
distribution function analysis was used to describe more detailed the arrangement of 
lipoate between the LDH layers. Spectroscopic data attested the structural integrity of the 
antioxidant after intercalation process. The biocompatibility of M2Al-Lip samples was 
evaluated by in vivo assays via intramuscular tablets implantation in mice abdominal wall. 
The histological analysis suggested that Mg2Al-Lip drug delivery system provided a more 
effective anti-inflammatory action than the Zn2Al-Lip. 
 
Keywords: Layered Double Hydroxides, Lipoic acid, antioxidant. 
 
INTRODUCTION 

 
Design and development of drug delivery systems are topics of great interest to 

surpass the traditional drugs physicochemical limitations (such as solubility) and 
toxicological properties, and/or physiological barriers for the drug release [1]. The 
inorganic nanocarriers Layered Double Hydroxides (LDHs) have been having attention 
since they are known to be biocompatible and to present antacid activity [2].  

The antioxidant lipoic acid is slightly soluble in water, sensitive to light and heat and 
exhibits low bioavailability (20-30 %) [3] which makes it a good candidate to be 
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intercalated between the LDH layers to improve its physicochemical and 
pharmacological properties. 
 
EPERIMENTAL 
 

M2Al-Lip samples were synthesized by coprecipitation and ion exchange methods and 
characterized by elemental chemical analysis, structural, thermal and spectroscopic 
analysis. The biocompatibility of the materials was assessed by in vivo assays via 
intramuscular tablets implantation in mice abdominal wall, as previously reported [4]. 

 
RESULTS AND DISCUSSION 
 

The intercalation of lipoate anion into Zn2Al and Mg2Al LDH was successful using both 
the coprecipitation and anion exchange method. The X-ray diffraction patterns clearly 
showed an increase of the interlayer distance to 21.3 Å in presence 
of lipoate anion. This distance value indicates a bilayer inter 
penetrating interlayer arrangement of the antioxidant anions into 
LDH, considering the acid form dimensions (Figure 1). The analysis 
of the Pair Distribution Function (PDF) revealed a distance at 4.8 Å 
that may be attributed to a S---S distance between closest 
neighbouring lipoate anions in the middle of LDH gallery. Vibrational 
IR and solid state 13C NMR spectroscopies showed that lipoate 
structure is kept after intercalation process.  

The histological analysis showed that the amount of defense cells 
presents in the material Mg2Al-Lip is lower than the results obtained 
for the zinc analogous material. Therefore, it suggests that the matrix 
Mg2Al-Lip provided a more effective anti-inflammatory action than the 
Zn2Al-Lip.  
 
CONCLUSION 
 

LDHs are potential carriers for lipoate storage and delivery in the organism. The 
different physiological activity presented by Mg2Al-Lip and Zn2Al-Lip materials suggests 
that the carrier chemical composition may contribute to the modulation of the lipoate 
activity. 
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ABSTRACT 
 

Perylene diimides (PDIs) are an important class of high-performance dyes, with intriguing 
optoelectronic properties. PDIs recently draw great attention as light-harvesting materials. 
[1] Here, one great challenge is to avoid the formation of large PDI aggregates, which is 
crucial when high transparency and high fluorescence are needed for realistic device 
applications.  

One possibility to avoid the formation of large PDI aggregates is to embed them in an 
inorganic matrix, i.e. to synthesize hybrid materials (HMs). In the best-case, one obtains 
PDIs that are finely dispersed in the matrix, and additionally improves their thermo-chemical 
stability. Moreover, when using inorganic matrices that structurally impart defined spaces 
for host incorporation – such as in layered clays – one may force the embedded PDIs to 
adopt a preferred orientation. Thereby highly organized photoactive HMs may be created. 
Yet, PDIs/layered materials HMs are relatively unexplored. [2-3] Moreover, the few existing 
routes suffer from severe drawbacks, including multistep syntheses under harsh conditions, 
and poor dispersibility and/or leaching of the PDI component.  

To overcome these drawbacks, we have developed a green and efficient one-pot 
approach towards optoelectronically active PDI HMs. Our approach consists of 
simultaneously synthesizing the organic PDIs and inorganic silicate matrices by 
hydrothermal synthesis (HTS). HTS is a classical method for generating various inorganic 
compounds e.g. gemstones and zeolites. Recently, we showed that organic high-
performance dyes can be prepared by HTS. [4-5] Yet, the simultaneous synthesis of organic 
dyes and inorganic matrices remains to date unexplored. 

Here, we discuss the major advantages and challenges of the concomitant preparation 
of organic PDIs and silicates regarding (i) PDI intercalation, (ii) HM crystallinity, (iii) thermal 
and chemical stability of HMs, (iv) PDI dispersion within matrix, and (v) fluorescence 
properties. The HMs here obtained benefit strongly from both components: While the 
inorganic host structure gives stabilization and generates order, the organic part contributes 
to the opto-electronic, color and fluorescence properties. 
 
Keywords: perylene diimides, hybrid materials, fluorescent solids 
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ABSTRACT  

 
MOFs have been drawing increasing interest as one of the most versatile materials with 

permanent porosity, despite other porous inorganic materials such as silica and zeolites. This class 
of metalorganic frameworks shows unique properties such as high crystallinity, high surface area, 
good thermal stability as well the possibility of chemical functionalization.[1] They are defined as bi- 
or three-dimensional coordination polymers with empty cavities and are constructed from multitopic 
ligands coordinated to metallic ions or clusters by strong covalent interactions.[2] In addition, 
luminescent properties can also be introduced to the MOFs if they are synthesized with lanthanide 
ions as metal centers (named LnMOFs) and, for this reason, other applications can be exploited as 
luminescent sensors, biosensors, biomarkers, light emitting devices, among others. In this context, 
this work starts with the preparation of the EUPDC sample, a 2D MOF based on trivalent europium 
ion and 2,6-pyridinedicarboxilate linker (PDC) and the investigation of the potential properties. The 
work also investigated the chemical stability of this material in aqueous phase. When in the presence 
of water, the compound EUPDC undergoes a reversible reaction generating the luminescent 2D 
coordination polymer [Eu(PDC)(HPDC)(H2O)2]·4H2O (EUPDCW). In addition to modifying the 
coordination environment of the europium ion, this structural modification caused by the presence of 
the solvent, led to the protonation of the PDC linker. The reversibility of the system EUPDC-
EUPDCW was confirmed by powder X-ray diffraction studies as well chemical exfoliation processes.  

 
Keywords: LnMOFs, lanthanides, luminescence, two-dimensional materials.  

 
INTRODUCTION 

 
The Metal-Organic Frameworks (MOFs) are crystalline solids constructed from multitopic 

ligands bridged coordinated to metallic ions or clusters by strong covalent interactions, forming 
coordination networks containing voids (cavities).[1] The main interest in this type of material is 
related to the set of unique properties such as: permanent porosity, high crystallinity, high surface 
area, good thermal stability and the possibility of chemical functionalization.[2] 

These networks can be two-dimensional (MOF 2D) or three-dimensional (MOF 3D). The two-
dimensional MOFs are layered with strong coordinate bonds in the plane, and weak interactions 
between layers. In addition to the inherent properties of MOFs, 2D MOFs also have high surface 
area, more accessible active sites and ultrafine (nm) thickness and possibilities of isolating the 
monolayers by exfoliation methods.[3] 

The luminescent MOFs, like some lanthanide metal-organic frameworks, have advantages and 
characteristics as high optical purity, sharp emission peaks, long luminescence lifetimes, which 
arise from f-f transitions via an "antenna effect". This event consists of the absorption of ultraviolet 
radiation by the chromophore groups of the linker followed by the transfer of energy to the 
emissive levels of the lanthanide ion populating the levels resulting in the f-f forbidden transitions 

observable, with potential for luminescent sensors.[4]  
 

EXPERIMENTAL 
 
Synthesis of EUPDC. The EUPDC compound was obtained by hydrothermal synthesis. 1,3,5- 

benzenetricarboxylic acid was dissolved in water, followed by the addition of NaOH to adjust pH. 
Then, was addition 2,6-pyridinedicarboxylic acid and europium (III) chloride hexahydrate. The 
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mixture was stirred further in a polytetrafluoroethylene (PTFE)-lined steel autoclave, and was 
subsequently heated to 150ºC for 3 days. After cooling and filtering, single crystals were isolated 
which were suitable for X-ray single crystal diffraction. 

Chemical stability. The EUPDC powder was simply immersed in water for 24 hours. After that, 
the material was washed with water, centrifuged, dried in a vacuum and characterized by powder 
X-ray diffraction. 

Chemical exfoliation. The EUPDC powder was dispersed in water. The mixture was then 
sonicated for 30 min before UV-Vis transmittance measurements. 

 
 

RESULTS AND DISCUSSION 
 
The X-ray single crystal diffraction of EUPDC compound revealed self-organized two-

dimensional structures in the solid state by intermolecular hydrogen bonding interactions, forming 
a three-dimensional structure with stacking of the monolayers. The luminescence studies show 
intense emission in the red region. The excitation spectrum (λem = 611nm) shows a broad band 
in region 250-350 nm and bands of the intraconfigurational transition of the europium (III). The 
emission spectrum show the characteristic transitions of the europium (III) ion, from the excited 
level 5D0→7FJ, with an intensity maximum at 611 nm.  

The EUPDC powder sample, when in the presence of water, undergoes a reversible reaction 
generating the luminescent 2D coordination polymer [Eu(PDC)(HPDC)(H2O)2]·4H2O (EUPDCW), 

proved by powder X-ray diffraction and elemental analysis. The chemical exfoliation proves the 
instability of the EUPDC sample. In aqueous solution, the low percentage of transmittance 
indicates the inefficiency of the exfoliation as a consequence of the recrystallization of the EUPDC 
compound, that is, the formation of the EUPDCW. The EUPDCW sample activated at 120ºC in 
vacuum, releases the water molecules organizing in the original conformation (EUPDC), as can 
been in Fig.1. With FT-IR, it is possible to infer that the water molecules interact by hydrogen 

bonding with the carbonyl of the structure of the EUPDC compound. The presence of the (OH) 

broad band at 3438 cm-1 and the absence of the (C=O) band in 1740 cm-1. After band activation 

process (C=O) is strong at 1746 cm-1.  

 
Figure 1. Reversible behavior of the EUPDC compound in aqueous solution. 

 
CONCLUSION 

 
A two-dimensional EUPDC was obtained. The compound showed instability (reversible) in 

aqueous solution, becoming the EUPDCW compound. EUPDC compound shows potential 

application as a luminescent sensor in solutions, with the exception of aqueous systems. It is 
believed that the obtainment of nanosheets (monolayers) from the two-dimensional MOF might 
have promising applications in several areas, especially in sensoring.  
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ABSTRACT   

 
LDHs and their partially calcined derivatives, layered double oxides (LDOs), have been 

developed for use as heterogeneous catalysts due to their high basicity.[1] Recently, further 
enhancements to their basicity can be achieved by alkali-metal doping of LDHs.[2]  

We have recently discovered that by re-dispersing LDHs in organic solvents, a new family of 
LDHs can be synthesised: aqueous miscible organic and aqueous immiscible organic LDHs 
(termed: AMO-LDHs and AIM-LDHs respectively, Figure 1a)[3,4]. These new families display an 
increase in surface area as well as an improved hydrophobicity, leading to improved 
dispersibility in non-polar solvents.  

 

 
Figure 1: (a) TEM images of solvent treated Mg3Al-CO3 LDHs (black: conventional, blue: AIM- 
and red: AMO-) used in this study; (b) basicity data obtained from CO2-TPD and (c) acidity data 
obtained from NH3-TPD (W: water, 1-H: 1-hexanol and IPA: isopropyl alcohol.). 

 
We have discovered that by dispersing conventional water-washed LDHs in organic solvents, 

the acidity and basicity of the compound were altered. The LDO prepared from an LDH 
dispersed in IPA (LDO-IPA) to an LDO derived from a conventional water washed LDH (LDO-
W) were very different. While the basicity measured using temperature programmed desorption 
(TPD) remains similar (1.97 and 1.95 mmol g-1 respectively), the acidity of LDO IPA dramatically 
decreased. LDO IPA shows an acidity of 0.16 mmol g-1 while that of LDO W is 0.58 mmol g-1. 
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ABSTRACT 

      
     The inclusion of coumarin 343 into β-cyclodextrin was studied by both experimental 
Induced Circular Dichroism (ICD) and computer simulation studies in order to understand 
the photophysical properties upon the formation of the complex. The coumarin molecule 
shows a peak in the ICD spectra at 450 nm only in the presence of β-cyclodextrin. This 
result was confirmed by calculations at the PBE1PBE level of theory for the singlet 
multiplicity and number of states equal to 15.  

 
INTRODUCTION 
 

The phenomena of host-guest association have attracted scientific interest as a basic 
concept in the fields of supramolecular chemistry, molecular biology and 
nanotechnology [1]. Cyclodextrins are macrocyclic sugar molecules composed of α-1,4-
glycosidic linkages of either 6, 7, or 8 glucose units, and are denoted as α-, β-, and γ-
cyclodextrin, respectively. β-Cyclodextrin possess a hydrophobic central cavity that 
enable it to accommodate different organic, inorganic, neutral or charged molecules 
with many applications in the field of pharmaceutical and food chemistry, catalysis, 
synthesis, and development of biosensors [2,3]. The photophysical properties of 
coumarin 343 (C343) are very sensitive to solvent polarity, different pH values and H-
bond association. This characteristic of C343 enables them to be used as a molecular 
probe for sensing micro and nano environments present in proteins [4], DNA and 
inclusion phenomena. C343 and β-cyclodextrin forms a host-guest complex where the 
former binds into to the cavity of the macromolecular host resulting in interesting 
spectroscopic effects and one of the most studied is the fluorescent enhancement of the 
guest. In this work we aim to elucidate the conformation of C343 and the mode of 
binding with β-cyclodextrin. 

 
RESULTS AND DISCUSSION 

 
The interaction between C343 and β-cyclodextrin was studied by the induction of 

chirality in the former. The reaction medium was composed of β-cyclodextrin (5 mmol L-

1) in the absence or presence of 30 μmol L-1 C343 in 50 mmol L-1 phosphate buffer, pH 

7.0, 25C.  The ICD studies were performed in a Jasco J-815 spectropolarimeter 
(Jasco, Japan) equipped with a thermostatically controlled cell holder. The spectra were 
obtained with 1 nm step resolution, response time of 1 s and scanning speed of 50 
nm/min. A 3 mL quartz cuvette with a 10 mm path length and a magnetic stirrer were 
used for the measurements in the near-UV-CD range. The baseline (buffer) was 
subtracted from all measurement. 
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 The computer simulation of the host-guest system was carried out at the 
PM6/IEFPCM level of theory. We considered the translational movement of the guest 
from 5 Å, at intervals of 0.1 Å from bellow and up the mass center of the host structure 
along with the rotational movements of the guest (center of mass) at intervals of 30 
degrees. From the obtained energies we proceed to calculate the Boltzmann distribution 
between the most stable structures. At the most relevant obtained structures we 
obtained 15 most stable singlet electronic states at the TD-DFT/PBE1/6-31G(2d,p) level 
of theory, and thus obtaining the respective electronic transitions with the oscillatorr and 
rotational strength. The most stable structure of the host-guest complex is present at 
Figure 1 at different angles of view. 

 
Figure 1. Most stable structure of the host-guest complex. 

 
The experimental absorbance and ICD of the host-guest complex are presented at 

Figure 2(a), were we can observe a maximum at 450 nm at both spectra and the 
appearance of a positive Cotton effect in the ellipticity of coumarin 343. In Figure 2(b) 
we can observe that the calculated absorbance and ICD spectra of coumarin 343 are in 
good agreement with the experimental one. 

 

         
   (a)      (b) 
 
Figure 2. (a) Experimental and (b) theoretical (PBE1PBE) UV-Vis and ICD spectra. 
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ABSTRACT 
 

A series of silica@layered double hydroxides (SiO2@Mg2Al-CO3-AMO-LDHs) have been 
synthesised by in-situ nucleation and growth of Mg2Al-CO3-LDH platelets in the presence of 
amorphous spherical silica particles (~500 nm).[1,2] We have systematically investigated a 
number of synthetic parameters in order to evaluate their effects on the composition, 
morphological and physical properties of the isolated core@shell materials. 

Syntheses carried out at moderate stirring speeds (e.g. 500 rpm) were found to promote the 
formation of vertically aligned LDH platelets with respect to the silica surface. Addition rates of 
the metal solutions slower than 0.43 mmol h−1 were found to create a thicker LDH shell 
consisting of vertically aligned LDH platelets. When the metal solutions were added rapidly 
(0.86 mmol h−1), we observed that for both slow and fast stirring speeds the synthesised 
core-shell materials had thin LDH shells and the majority of the LDH precipitated independent of 
the silica, forming unbound “free” LDH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TEM images of SiO2@Mg2Al-CO3-AMO-LDHs synthesised with metal addition rate 
0.11 mmol h

−1
 at different stirring speeds. 

 
The experiments indicate that preparing high quality core@LDH needs detailed attention to 

the synthesis conditions. We found that for core-shell SiO2@Mg2Al-CO3-AMO-LDH materials, 
the use of moderate stirring speeds and slow metal addition rates produced samples with an 
optimal honeycomb-like morphology and the highest surface area. 
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ABSTRACT  
 

CuO, Co3O4 and Fe2O3 catalysts were prepared, characterized by XRD and H2-TPR 
and investigated for the selective catalytic combustion of acetonitrile (CH3CN-SCC). 
The XRD patterns of the catalysts confirmed the CuO, Co3O4 and Fe2O3 crystalline 
structures. All catalysts showed lower temperature (~400oC) for CH3CN-SCC than 
without catalyst (~800oC). CuO and Co3O4 catalysts had lower temperature for total 
reduction and higher CH3CN conversion. CuO, Co3O4 and Fe2O3 catalysts were 
selective to N2 and N2O, N2 and NOx and, N2 and HCN, respectively.  
  
Keywords: pollution, acetonitrile, combustion, catalyst. 

 
INTRODUCTION 
 

Acetonitrile (CH3CN) mainly comes from the tail gas of industrial acrylonitrile plants in 
significant amounts, and its removal has attracted attention due to its potential hazard. 
CH3CN can be readily decomposed into the highly toxic HCN in the body once it directly 
contacts humans [1]. 

Treatment of acetonitrile gases by traditional thermal combustion at elevated 
temperatures (above 800oC) often lead to formation undesirable of large amounts of 
nitrogen oxides and the HCN amount depends on the reaction conditions [2]. On the 
other hand, selective catalytic combustion (SCC) uses much lower temperature and is 
the most efficient route and suitable to transformation of CH3CN into N2 and CO2 

[3]. In 
this study, CuO, Co3O4 and Fe2O3 catalysts were investigated for CH3CN-SCC. 
 
MATERIALS AND METHODS  
 

CuO, Co3O4 and Fe2O3 catalysts were prepared by calcination of metal nitrate at 650°C 
with the rate of 10oC/min for 2 h. These catalysts were characterized by XRD (40 KV, 15 
mA and CuKα radiation) and H2-TPR (10°C/min and 30 mL/min from mixture of 2 vol.% H2 
in Ar). The catalysts were evaluated in the CH3CN-SCC using a quartz wool-type "U" 
reactor and 8.6 mg of metal in the sample, fed with continuous flow of 50 mL/min of a 
mixture containing 2.8 vol.% CH3CN in synthetic air. The reactor was coupled in line to a 
mass spectrometer (THERMO) for gas analysis: N2 (m/z = 28), O2 (m/z = 32 and 16), NO 
(m/z = 14), N2O (m/z = 44 and 30), NH3 (m/z = 17), CH3CN (m/z = 41) and CO2 (m/z = 44). 
 
RESULTS AND DISCUSSION  
 
     The XRD patterns of the catalysts showed all characteristics peaks of CuO (PDF 41-
0254), Co3O4 (PDF 01-1152) and Fe2O3 (PDF 01-1053) crystalline structures (Fig. 1). 
TPR profiles of CuO presents one reduction peak at 343oC, corresponding to the 
reduction of CuO to Cu0 (Fig. 2). Co3O4 shows pratically one peak at 360ºC which was 
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assigned to the reduction of Co3+ to Coº. Reduction of the Fe2O3 occurs in more than 
one stage. The first peak corresponds to the reduction of Fe2O3 to Fe3O4 occurs around 
295oC. The reduction of Fe3O4 to Fe0 can be observed in the range of 330oC to 700oC, 
which can occur via FeO (Fe3O4FeOFeo). 
 

   
Fig. 1: XRD patterns. Fig. 2: H2-TPR profiles. Fig. 3 – CH3CN conversion 

 
Fig. 3 shows the CH3CN conversions on CuO, Co3O4 and Fe2O3 catalysts as a 

function of reaction temperature. It was found that the CH3CN initial conversion rises 
rapidly upon the temperature and almost kept stable at temperature range of 500–
600oC on all catalysts. The copper, cobalt and iron oxides are active sites for the 
CH3CN-SCC reaction and the comparison of the catalysts was performed with the same 
mass of metal into reactor. CuO and Co3O4 catalysts showed similar activities and were 
more actives than Fe2O3 catalyst in lower temperature. According to these results, the 
CuO and Co3O4 catalysts had lower temperature for total reduction and higher CH3CN 
conversion.  

Apart from high conversion of CH3CN, the high yield of N2 and CO2 is another 
important criterion for choosing the ideal catalyst due to the possible releasing of other 
undesirable byproducts (NH3, N2O, HCN, NO and NO2) during CH3CN combustion. 
Fe2O3 catalyst was selective to N2 and HCN. Co3O4 catalyst was selective to N2 and 
NOx. On the other hand, CH3CN was largely transformed into N2 and undesirable 
byproducts (N2O and NO+NH3 traces) above 320oC over CuO catalyst (no shown). 
These undesirable by-products and the N2 yield observed for the CuO catalyst are very 
similar to those found in the literature for the CuO supported on SBA-15 catalyst [3]. 
CuO  showed the highest N2 yield, which started from 300oC, increased progressively 
upon the reaction temperature and almost kept stable at temperature range of 400–
600oC. In addition, acetonitrile was oxidized directly to CO2 on all catalysts. 
 
CONCLUSIONS  

The XRD patterns of the catalysts confirmed the CuO, Co3O4 and Fe2O3 crystalline 
structures. All catalysts showed lower temperature (~400oC) for CH3CN-SCC than 
without catalyst (~800oC). CuO and Co3O4 catalysts had lower temperature for total 
reduction and higher CH3CN conversion. CuO, Co3O4 and Fe2O3 catalysts were 
selective to N2 and N2O, N2 and NOx and, N2 and HCN, respectively.  
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ABSTRACT 

 
In this work, Sn3O4 and its nanocomposite with reduced graphene oxide (rGO) were 
synthesized using the one step microwave hydrothermal method. Raman spectroscopy 
indicated the successful synthesis of rGO-tin oxide nanocomposite. The presence of 
abundant functional groups in the GO precursor has played a crucial role in the chemical 
composition and morphology of the nanocomposite. Due to the synergistic effect, the 
resulting nanocomposite exhibited high electronic interaction between tin oxide and rGO 
sheets, which improved the photoelectrochemical hydrogen (H2) evolution and its stability 
during electrolysis. 
 

Keywords: photoelectrocatalytic properties, Sn3O4, reduced graphene oxide; microwave 
hydrothermal method. 
 
INTRODUCTION 
 
     In order to reduce the environmental effects from the use of fossil fuels, hydrogen is 
considered as one of the most important energy sources, presenting advantages such as 
high energy density; besides being considered a clean energy fuel. [1] In this way, the 
development of efficient catalysts to produce hydrogen is one of the most promising 
challenges in recent years. [1] Among the studied photoelectrocatalysts, mixed valence tin 
oxide (Sn3O4) has emerged as one promising ecofriendly alternative, due to the co-existence 
of Sn2+ and Sn4+ ions, which leads to a desirable band structure for photocatalytic H2 
evolution from water solution. [2] However, up to date, there are only few results regarding 
Sn3O4 for H2 evolution reaction. In order to improve the photoelectrochemical applications, 
the graphene, a high surface area carbonaceous material, can increase the electron-hole 
separation and simultaneously promotes the control of composition and morphology of 
semiconductors materials. [3] In this work we report a simple one-step synthesis rGO-tin 
oxide nanocomposite for photoelectrochemical H2 evolution applications. 

 
METHODOLOGY 
 

     Pure Sn3O4 was obtained from the addition SnF2 in a water/ethanol and addition of NaOH 
solution (1.0 mol L−1) until pH = 6.0. To obtain the nanocomposite, a dispersion containing 
32 mg of graphite oxide in a water/ethanol mixture was added to the previous dispersion. 
The final solutions were transferred into a teflon autoclave and placed in the microwave-
assisted reactor (150 °C, 2h). The obtained materials were deposited on titanium plates 
surfaces and submitted under spin coating methodology with posterior calcination at 400 
°C, in order to obtain their respective films. The photoelectrochemical tests were measured 
using Na2SO4 0.5 mol L−1 (pH=6) as electrolyte support. An artificial sunlight simulator of 
300 W was employed for the photoelectrochemical tests. 
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RESULTS AND DISCUSSION 
 
     As observed in Fig. 1a, the pure Sn3O4 presented Raman bands characteristic of the 
Sn3O4 triclinic structure (indicated by *) and a broad band around 466 and 619 cm-1 ascribed 
to small portion of SnO2. In the nanocomposite it was observed the co-existence of the 
Raman modes of Sn3O4 and SnO2, and the additional presence of the D and G bands 
assigned to the defects within the hexagonal graphitic structures and phonon vibration of 
sp2 bonded carbon atoms in rGO sheets, respectively. The Sn3O4 sample presented well-
defined plate-like morphology, as shown in Figure 1b. In the nanocomposite, the morphology 
was modulated by GO precursor, which the definition of the plate-like morphology decreased 
and the rGO covered the tin oxide nanoparticles (Fig. 1c). 

 

 
Fig. 1. (a) Raman spectra of the GO, Sn3O4 and rGO-Sn3O4 nanocomposite (b) FE-SEM 
image of Sn3O4 and (c) of rGO-Sn3O4 nanocomposite. 
 

     The rGO-Sn3O4 material presented higher current density at lower potential under the 
light as observed in Fig. 2a, which can be related to the favorable reduction of H+ ions to 
H2 molecules. Additionally, the nanocomposite exhibited higher stability and higher 
current density as observed by the chronoamperometry measurement in Fig. 2b, when 
compared to the pure Sn3O4. The high activity of the nanocomposite for hydrogen 
evolution can be attributed to the synergistic effect between tin oxide nanostructures and 
the rGO sheets, which promoted photoelectrocatalytic stability and fast ion/electron 
transfer at the film surface. This work presents the development of new materials for 
photocathodic processes. 
 

 
Fig. 2. (a) CVs and (b) chronoamperometry measurement (at -1.5 V, under artificial sunlight 
simulator) of Sn3O4 and rGO-Sn3O4 nanocomposite in Na2SO4 (0.5 mol.L-1), pH = 6. 
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ABSTRACT  

 
Silane modification of layered double hydroxide (LDH) plays an important role in 

improving the compatibility with non-polar materials and increasing their water vapor 
resistance of LDH.1-3 However, the surface modified LDH via aqueous routes normally 
shows self-condensation, aggregated morphology and poor porosity, which hinder their 
applications. In this study, we applied an anhydrous synthesis method to obtain silane 
grafted LDHs without losing pristine properties. A series of silane coupling agents 
(triethoxyvinylsilane (TEVS), triethoxyoctylsilane (TEOS), and (3-glycidyloxypropyl) 
trimethoxysilane (TMGPS)) were chose to study surface modification on ZnMg2Al-CO3 
LDH in acetone medium. In situ NMR measurement proved the condensation reaction 
and the formation of a by-product (methanol or ethanol). The silane treated LDH kept 
similar structure, morphology, surface area and relatively enlarged pore volume. Solid 
state 13C NMR and 27Al NMR spectroscopy indicated that the silanes have been 
successfully grafted on the surface of ZnMg2Al-CO3 LDH. The TGA and water vapor 
uptake studies confirmed that the modified LDHs exhibited low water content and low 
water vapor capacity in relative humidity (RH70) at 20 °C. 

 
Fig. 1 Scheme of silane reactions with hydroxyl groups on LDH surface. 
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Abstract 
 

Compounds with a formula M(PO4)(H2PO4)1-x·(HO3SC2H4N(CH2PO3H)2)x/2·yH2O, 
where M = Zr or Ti, were formed by topotactic reaction of γ-zirconium or titanium 
hydrogen phosphate with 2-bis(phosphonomethyl)aminoethane-1-sulfonic acid. In the 
case of zirconium compounds, coefficient x depends on the amount of the acid used and 
on reaction time. In the case of titanium phosphonate the coefficient x does not depend 
on the amount of the acid used. Basal spacing of the prepared compound increases with 
increasing x and relative humidity. Replacement of dihydrogen phosphate with 
phosphonate anions was confirmed by infrared and 31P solid NMR spectroscopies. The 
electrical conductivity of the prepared materials and their ability to intercalate basic 
molecules was also studied. 
Key words: γ-zirconium hydrogen phosphate; topotactic reaction; solid state NMR; 
phosphonate 
 

The structure of gamma modification of zirconium or titanium  hydrogen 
phosphate (γ-ZrP, γ-TiP) consists of a rigid framework of ZrO8 octahedra joined to each 
other with tetradentate PO4 groups inside and H2PO4 groups outside these planes.[1,2] 
The interlayer H2PO4 can be replaced by anions of mono- or diphosphonic acids forming 
a layered inorganic-organic hybrids with a general formula ZrPO4(O2PRR´), where R 
and R´ can be H, OH or organic group.[3] Recently, zirconium R-amino-N,N´-
bis(alkylphosphonates) were prepared by reaction of ZrOCl2 with corresponding acid in 
the presence of HF.[4] 

In this contribution, new phosphonates were prepared by a reaction of gamma-
modification of zirconium or titanium hydrogen phosphate with 2-bis(phosphonomethyl)- 
aminoethane-1-sulfonic acid (H4TDP).  

 
 
 

H4TDP  
 
   

 In the case of γ-ZrP the topotactic reactions were done by refluxing the γ-ZrP 
host in an acetone-water solution of H4TDP; γ-ZrP delaminates under reflux[3] and 
subsequently reacts with H4TDP. The phosphonate content depends on the amount of 
the acid used (see Table 1). The basal spacing of the phosphonates prepared increases 
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with increasing x. On the other hand, γ-TiP does not delaminate under reflux; the anion 
exchange was therefore done by hydrothermal treatment. The phosphonate content is 
nearly the same in the Ti-B to Ti-D products regardless the amount of the acid used and 
also the basal spacing of all three compounds differs only slightly. 
 
Table 1. The denotation, formulas and basal spacing of the samples prepared together 
with the amount of H4TDP used for synthesis 

Sample Formula nH4TDP [mmol] Basal spacing [Å] 

γ-ZrP Zr(PO4)(H2PO4)·yH2O 0 12.26 

Zr-A  Zr(PO4)(H2PO4)0.70(H2TDP)0.15·2H2O 0.5 13.34 

Zr-B Zr(PO4)(H2PO4)0.32(H2TDP)0.34·2H2O 1.0 15.42 

Zr-C Zr(PO4)(H2PO4)0.10(H2TDP)0.45·1.5H2O 2.0 17.12 

γ-TiP Ti(PO4)(H2PO4)·2H2O 0 11.59 

Ti-A - 0.52 16.29 + 11.59 

Ti-B Ti(PO4)(H2PO4)0.20(H2TDP)0.40·1.3H2O 1.03 16.05 

Ti-C Ti(PO4)(H2PO4)0.16(H2TDP)0.42·1.5H2O 1.55 15.80 

Ti-D Ti(PO4)(H2PO4)0.18(H2TDP)0.41·1.5H2O 2.06 16.21 

 
In the IR spectra of Zr-A, Zr-B and Zr-C, bands at 504, 1406, 1458, 2860 and 

2962 cm-1 appear corresponding to rocking CH2 vibration, symmetric and asymmetric 
CH2 deformation vibrations and symmetric and asymmetric stretching C-H vibrations. 
Intensity of these bands increases with increasing number of H2TDP2- anions present in 
the compound. The intensity of the band at about 1240 cm-1, which corresponds to δ(P-
OH) vibration,[5] is significantly lower than that in the spectrum of pure γ-ZrP. 

 31P MAS NMR and 31P-31P SQ/DQ MAS NMR spectra also confirm the gradual 
replacement of dihydrogen phosphate with phosphonate anions in the samples Zr-A to 
Zr-C. 

All compounds prepared show ionic conductivity. Their conductivity decreases 
with increasing x, but compounds Zr-A and Zr-B are more conductive than parent γ-ZrP.  

All compounds are able to intercalate butylamine. The basal spacing of these 
intercalates is larger than that of the corresponding host, but they are not stable and 
decompose during washing. 
 
This work was supported by the Czech Science Foundation (grant number 17-10639S). 
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Abstract 
 
Three push-pull molecules based on aminopyridine, N-(pyridin-4-yl)pyridin-4-amine (A) 
and its derivatives 3-methyl-N-(pyridin-4-yl)pyridin-4-amine (B) and 3-nitro-N-(pyridin-4-
yl)pyridin-4-amine (C), were intercalated into zirconium 4-sulfophenylphosphonate 
(ZrSPhP). The intercalates prepared were characterized by elemental and thermo-
gravimetric analyses, powder X-ray diffraction, and IR and UV-vis spectrosopies. 
Classical molecular simulation methods were used for a description of an arrangement 
of intercalated guest molecules within a layered structure of the host.  
Key words: zirconium sulfofphenylphosphonate; intercalation; molecular modeling 
 
 
Materials having nonlinear optical properties are of great interest for optical signal 
processing.[1] Among them, an important position belongs to organic push-pull 
molecules containing donor and acceptor groups - push-pull chromophores. Optical 
properties of these chromophores can be improved by their incorporation into a rigid 
environment, e.g. in an interlayer space of a layered compound (a host). Recently, we 
have succeeded in intercalation of several push-pull molecules based on aminopyridine 
into this zirconium sulfophenylphosphonate.[2] One of them is N-(pyridin-4-yl)pyridin-4-
amine (A), see Scheme 1. We found that the second order susceptibility as a measure 
of the nonlinear optical property increases from 1.56 to 1.89 pm/V, when A is 
incorporated in ZrSPhP.[2]  

 
 
      
       A                   B                   C 
 
Scheme 1. Optically active molecules intercalated into ZrSPhP 
       

All three guests were intercalated into ZrSPhP by treatment of the host with an 
ethanolic solution of corresponding guest at room (A) or elevated temperature (B, C). As 
follows from elemental and thermogravimetric analyses, all three intercalates contain 0.5 
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guest molecule per formula unit and interlayer water (1.5 H2O per formula unit for 
ZrSPhP-A and 0.7H2O for ZrSPhP-B and ZrSPhP-C). 

The IR spectra of all three intercalates in the region from 1800 to 600 cm–1 
represent a superposition of the peaks found in the host and guest molecules. In the 
region of the pyridine ring stretching vibrations, bands corresponding to protonated 
pyridine appeared, indicating that the guest molecules are at least partially protonated in 
the intercalates. 

As follows from UV-vis spectra of ZrSPhP-A and ZrSPhP-B, the absorption 
maxima are shifted to the higher wavelength in comparison with pure guests and the 
values of these maxima are close to that obtained for A and B protonated by exposition 
of this compound to HCl vapors. The UV-vis spectrum of ZrSPhP-C is more complicated 
and values of its maxima are more similar to unprotonated C. 

 Materials Studio modelling environment was used for the molecular 
calculations.[3] The initial model of ZrSPhP was used based on the results of our 
previously performed geometry optimization which were published by Škoda et al.[4] The 
calculation shows that most of the guest molecules are positioned in parallel orientation 
but some guests can also adopt a tilted orientation with respect to the host layers. The 
water molecules present in the interlayer space are not located among the sulfo groups 
as it was in the case of parent ZrSPhP[4] but are shifted towards the middle of the 
interlayer space. The water and the guest molecules create a net of hydrogen bonds 
(see Figure 1). 

 
 
 
 
 
 
 
 
 
 

Figure 1. Side view (left) and top view (right) of the ZrSPhP-A structure 
 
This work was supported by the Czech Science Foundation (grant number 17-10639S). 

 
References 
 

1. P. N. Prasad and D. J. Williams, Introduction to Nonlinear Optical Effects in Molecules and 
Polymers, Wiley, New York, 1991.  

2. F. Bureš, D. Cvejn, K. Melánová, L. Beneš, J. Svoboda, V. Zima, O. Pytela, T. Mikysek, Z. 
Růžičková, I. V. Kityk, A. Wojciechowski and N. AlZayed, J. Mater. Chem. C, 2016, 4, 468-478.  

3. Materials Studio Modeling Environment, Release 4.3 Documentation, Accelrys Software Inc., San 
Diego, CA, 2003. 

4. J. Škoda, M. Pospíšil, P. Kovář, K. Melánová, J. Svoboda, L. Beneš and V. Zima, J. Mol. Model. 
2018, 24, 10. 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

CATALYCTIC COMBUSTION OF ACETONITRILE OVER 
COPPER-BASED CATALYSTS 

 
JÉSSICA A. P. PONCIANO, MARCELO S. BATISTA* 
 
     Chemical Engineering Departament, Federal University of São João Del Rei, Campus Alto Paraopeba, 
Minas Gerais, Brazil,  CEP 36420-000. *e-mail: marcelobatista@ufsj.edu.br 

 
ABSTRACT 
 

Cu-ZSM-5, La2CuO4 and CuO catalysts were prepared, characterized by XRD and 
H2-TPR and investigated for the selective catalytic combustion of acetonitrile (CH3CN-
SCC). The XRD patterns of the catalysts confirmed the CuO, MFI and La2CuO4 
crystalline structures. CH3CN conversion rises rapidly with temperature and copper 
species are the active sites. Cu-ZSM-5 catalyst was more active than CuO and 
La2CuO4 catalysts showing that copper species in zeolite were more actives for the 
CH3CN-SCC reaction. These results showed that the zeolite-based catalyst was quite 
advantageous for the CH3CN-SCC. 

 
Keywords: acetonitrile, combustion, catalyst, copper. 
 
INTRODUCTION 
 

Acetonitrile (CH3CN) is a gas present in the industrial exhaust plant in the production 
of acrylonitrile and has a high risk, because it can easily decompose into HCN. This 
pollutant in the gas phase is able to affect human beings and even be lethal at ppm 
levels in air. Their effective removals by either incineration or catalytic combustion thus 
become necessary in order to control the air quality of our surviving environments. 
However, the extremely high temperature (>850°C) for combustion readily leading to 
the NOx (NO, NO2) formation and the requirement of additional fuel consumption made 
this approach rather unattractive [1]. On the other hand, selective catalytic combustion 
(CH3CN-SCC) uses much lower temperature and is the most efficient route and suitable 
to transformation of gaseous acetonitrile. The literature reports some studies on the 
performed of catalysts prepared via impregnation for the acrylonitrile-SCC and rare 
works related to CH3CN-SCC [2]. In addition, the combustion of acetonitrile follows 
different routes depending on the catalyst structure [3]. In this study, Cu-ZSM-5, La2CuO4 
and CuO catalysts were investigated for CH3CN-SCC. 
 

MATERIALS AND METHODS 
 

Cu-ZSM-5 catalyst was prepared by ion-exchange methods using commercial NH4-
ZSM-5 (Si/Al=12) and, then calcined at 650°C for 2 h. CuO catalyst was prepared by 
calcination of cupric nitrate at 650°C. La2CuO4 catalyst was prepared by the Citrate 
method. Copper and lanthanum nitrates in the stoichiometric quantity were dissolved in 
water; then citric acid and ethylene glycol were added in equimolar amounts. The 
mixture was stirred and the excess water was evaporated at 80°C. The resin-like 
material was formed after dried at 110°C overnight.  The material was deagglomerated 
and calcined at 550°C for 3 h and 800°C for 5 h (heating rate 5°C min-1) in static air. 

All catalysts were characterized by X-ray diffractometry (XRD) and temperature-
programmed reduction by hydrogen (H2-TPR). Finally, the catalytic test was performed 
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using U-shaped reactor, 8.6 mg of metal in the sample and flow of 50 mL/min of a 
mixture containing 2.8 vol.% CH3CN in synthetic air. The reactor was coupled in line to 
a mass spectrometer (THERMO) for gas analysis. 
   

RESULTS AND DISCUSSION 
 

Fig. 1 shows the XRD analysis of all catalysts. Cu-ZSM-5 catalyst presented 
characteristic peaks of MFI structure (PDF 37-0359) and copper oxide (2θ = 35.5, 38.7 
and 48.7°). This indicates that during ion exchange occurred precipitation of copper 
species. CuO catalyst showed all characteristic peaks of copper oxide (PDF 41-0254). 
In its turn, La2CuO4 catalyst showed peaks of the perovskite structure (PDF 70-0449) 
and copper oxide. This shows that part of the copper is outside the perovskite structure.  

Cu-ZSM-5 presented TPR profile with two reduction peaks (Fig. 2). The peak at 
238°C was assigned to partial reduction of copper exchanged (Cu2+→Cu+) and 
reduction of CuO (observed by XRD) to Cu0. The peak at 356°C was attributed to 
successive reduction of Cu+ to Cu0. As shown in Fig. 2, the reduction of CuO catalyst 
presents one reduction peaks at 296°C (Cu2+→Cu0). La2CuO4 showed reduction peak 
at 287°C together with  a shoulder at 333°C, which was assigned to reduction of Cu2+ 
(present in CuO and La2CuO4) to Cu0; another reduction at 401°C is due to the 
reduction of Cu+ to Cu0, which was not totally reduced in the previous step. 

Fig. 3 shows the CH3CN conversions on Cu-ZSM-5, CuO and La2CuO4 catalysts as a 
function of reaction temperature. CH3CN conversion rises rapidly with temperature and 
copper species are the active sites. In this way, Cu-ZSM-5 catalyst was more active 
than CuO and La2CuO4 catalysts showing that copper species in ion-exchange position 
are more actives for the CH3CN-SCC reaction. 
 

   

Fig. 1: XRD patterns. Fig. 2: H2-TPR profiles.   Fig. 3 – CH3CN conversion 
                          

CONCLUSIONS 
 

Cu-ZSM-5, CuO and La2CuO4 catalysts were investigated for the CH3CN-SCC. 

CH3CN conversion rises rapidly with temperature and copper species are the active 

sites. Cu-ZSM-5 showed the highest acetonitrile conversion making it an excellent 

candidate to catalyse CH3CN-SCC. 
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ABSTRACT 
 

(Cu, Fe, Co)-ZSM-5 catalysts were studied for the selective catalytic combustion of 
acetonitrile (SCC-CH3CN). These catalysts prepared by ion exchange method and 
characterized by XRD and H2-TPR. The XRD patterns showed peaks of MFI structure 
and also CuO and Fe2O3. The H2-TPR profiles of the catalysts corroborated the XRD 
results. All catalysts showed that the CH3CN conversion rises rapidly with temperature. 
Cu-ZSM-5 showed the highest acetonitrile conversion and selectivity to N2 for the 
CH3CN-SCC. 

 

Keywords: acetonitrile, combustion, zeolite, ZSM-5. 
 

INTRODUCTION 
 

Acetonitrile is an organic compound predominantly emitted by biomass burning and 
industrial exhaust gases. Classified as a volatile organic compound (VOC), it is a 
hazardous chemical due to carcinogenic potential [1]. The combustion of acetonitrile 
requires high temperatures and leads to formation of nitrogenous compounds (NOx). 
On the other hand, selective catalytic combustion of acetonitrile (SCC-CH3CN) for N2 
and CO2 is an interesting alternative. 

Zhang group [2] studied the CH3CN-SCC over M/SBA-15 (M = Cu, Co, Fe, V, Mn, Pd, 
Ag, Pt) catalysts prepared via impregnation. CH3CN conversion follows a trend of Pt/ > 
Pd/ > Cu/ > Co/ > Fe/ > V/ > Ag/ > Mn/ > SBA-15. Moreover to the desired main product 
of N2, harmful byproducts (NO, NO2, N2O, NH3, and CO) were observed during this 
catalytic combustion. Pd and Pt are often used for oxidation reactions and are 
considered to be the most active catalysts for catalytic oxidation. However, CH3CN was 
mainly converted into NOx over Pd/ and Pt/SBA-15. Meantime, Cu/SBA-15 exhibited a 
nearly complete conversion of CH3CN together with N2 selectivity of 80% (>350°C). It 
was founded that the CH3CN conversions follow a decreasing order of Cu/ > Co/ > Fe/ > 
V/ > Mn/SBA-15. In this work, (Cu, Co, Fe)-ZSM-5 catalysts were prepared by ion-
exchange method using ZSM-5 zeolite, characterized by XRD and TPR, and evaluated 
for the CH3CN-SCC. 

 

MATERIALS AND METHODS 
 

(Cu, Co, Fe)-ZSM-5 catalysts were prepared by three consecutive ion-exchanges 
using ZSM-5 zeolite and aqueous solution (0.1 mol/L) of nitrates of: copper II, cobalt II 
and iron III. These catalysts were characterized by XRD (40 KV, 15 mA and CuKα 
radiation) and H2-TPR (10°C/min and 30 mL/min from mixture of 2 vol. % H2 in Ar). 

Catalytic evaluates were carried out in U‐shaped quartz reactor, fed with a continuous 
flow of 50 mL/min of a mixture containing 2.8 vol. % CH3CN in synthetic air. 
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RESULTS AND DISCUSSION  
 

The XRD patterns of the catalysts showed characteristics peaks of ZSM-5 zeolite 
(PDF 37-0359), CuO (PDF 41-0254) and Fe2O3 (PDF 01-1053) crystalline structures 
(Fig. 1). This indicates that during ion exchange occurred precipitation of copper and 
iron species. H2-TPR profiles of Fe-ZSM-5 showed three reduction peaks (Fig. 2). The 
peak at 359°C was attributed to the reduction of Fe2O3 to Fe3O4 and the peak at 770°C 
correponds to the reduction of Fe3O4 to Fe0. The peak at 486°C was assigned to partial 
reduction of iron exchanged in ZSM-5 (Fe3+ to Fe2+). In Cu-ZSM-5 the peak at 238°C 
was assigned to partial reduction of copper exchanged (Cu2+→Cu+) and reduction of 
CuO (observed by XRD) to Cu0. The peak at 356°C was attributed to successive 
reduction of Cu+ to Cu0. The absence of peaks in Co-ZSM-5 comfirmed the absence of 
cobalt oxide on the surface of the catalyst and presence of cobalt species exchanged in 
the zeolite. These results are also consistent with the XRD measurement. Most Co 
species exist in the form of Co2+ at the ion exchange sites and the further reduction of 
Co2+ into Co0 occurred above 1000°C [3]. 

 

  
  

Fig. 1: XRD patterns. Fig. 2: H2-TPR profile              Fig 3.: CH3CN conversion 
 

 
Fig. 3 shows the CH3CN conversions on (Fe, Co, Cu)-ZSM-5 catalysts as a function 

of reaction temperature. All catalysts showed that the CH3CN initial conversion rises 
rapidly upon the temperature and almost kept stable at temperature range of 500–
600oC. Cu-ZSM-5 catalyst was more active than Co-ZSM-5 and Fe-ZSM-5 catalysts, 
showing that copper species are more actives for the CH3CN-SCC reaction. Cu-ZSM-5 
showed also the highest selectivity to N2. 

  

CONCLUSIONS 
 

(Fe, Co, Cu)-ZSM-5 catalysts were investigated for the CH3CN-SCC. The XRD 
patterns showed peaks of MFI structure and also CuO and Fe2O3. All catalysts showed 
that the CH3CN conversion rises rapidly with temperature. Cu-ZSM-5 showed the 
highest acetonitrile conversion and selectivity to N2 for the CH3CN-SCC. 

 

REFERENCES 
 

[1] Zhang R, Liu N, Lei Z et al. Chemical Reviews 116, p. 3658-3721, 2016.  
[2] Zhang R, Shi D, Liu N et al. Applied Catal. B Environmental 146, p. 79-93, 2014. 
[3] Biturini N, Santos A, Batista M S. Reac Kinet Mech Cat 126, p. 341-352, 2019. 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Fe-ZSM-5

Co-ZSM-5

Cu-ZSM-5

 

 

In
te

n
s
it
y
 (

a
.u

.)

 2  (°)

100 200 300 400 500 600 700 800 900 1000

Co-ZSM-5

Fe-ZSM-5

Cu-ZSM-5
356

238

770

486
359

 

 

H
2
 c

o
n

s
u

m
p

ti
o

n
 (

a
.u

.)

Temperature (°C)
100 150 200 250 300 350 400 450 500 550 600

0

10

20

30

40

50

60

70

80

90

100

 

 

C
H

3
C

N
 C

o
n

v
e

r
s
io

n
 (

%
)

Temperature (°C)

 Cu-ZSM-5

 Fe-ZSM-5

 Co-ZSM-5



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

DECOMPOSITION OF N2O OVER (Co, Fe)-BETA CATALYSTS 
- INFLUENCE OF CO-FED GASES 

 

BRUNA CARLA S. SILVEIRA, NAYARA F. BITURINI, MARCELO S. BATISTA* 
 

Chemical Engineering Department, Federal University of São João Del Rei, Campus Alto 
Paraopeba, Minas Gerais, Brazil. *e-mail: marcelobatista@ufsj.edu.br 

 
ABSTRACT  
 

Co-BETA and Fe-BETA catalysts were prepared by ion exchange and characterized 
by XRD and H2-TPR. The influence of co-fed gases (O2, CO2, CH4, and H2O) on the 
N2O decomposition over (Co or Fe)-BETA catalysts was investigated. The results 
showed that Co2+ and Fe3+ exchanged were observed in Co-BETA and Fe-BETA 
catalysts, respectively. In addition, Fe2O3 particles were found on surface of the Fe-
BETA catalysts. Co-BETA was more actives than Fe-BETA for the direct decomposition 
of N2O. Conversion of N2O over Fe-BETA was remained stable when co-fed O2, CO2, 
and CH4, but decreases slightly with H2O. On the other hand, Co-BETA was very stable 
when co-fed O2, CO2, CH4, and especially H2O. 
 

Keywords: N2O decomposition, co-fed gases, catalyst, BETA zeolite. 
 

INTRODUCTION 
 
Nitrous oxide (N2O) is a potent greenhouse-effect gas. Recent progress in the N2O 

decomposition reaction (de-N2O) has been studied with the focus on transition‐metal 
(Cu, Fe, Co)‐modified zeolite catalysts. Efforts dedicated to Cu-ZSM-5 have shown that 
de-N2O  is inhibited by O2 or H2O co-fed [1]. On the other hand, Fe-zeolite catalysts have 
been outstanding due to their high activity and resistance in co-fed of CH4, CO, O2 and 
SO2 

[2]. Furthermore, it is also notable that Co-sites were more active than Fe-sites for 
the direct de-N2O. Therefore, the objective of this work was to study the influence of co-
fed O2, CO2, H2O and CH4 on the de-N2O over (Co or Fe)-BETA catalysts.  

 
MATERIALS AND METHODS  
 

Co-BETA and Fe-BETA catalysts were prepared by ion-exchange methods using 
NH4-BETA (TRICAT, Si/Al=12) zeolite. These catalysts were characterized by XRD (40 
KV, 15 mA and CuKα radiation) and H2-TPR (10°C/min and 30 mL/min from mixture of 
2 vol.% H2 in Ar). In the catalytic tests of de-N2O, 50 mL/min of 10 vol.% N2O in He was 
flowed continuously over 50 mg of sample. The effect of co-fed gases was studied by 
adding 10 vol.% O2, 10 vol.% CO2, 10 vol.% CH4 and 10 vol.% H2O vapor. 
 
RESULTS AND DISCUSSION  
 
Fig. 1 shows that the BEA crystalline structure (PDF 48-0074) was well preserved even 
after exchange with Fe or Co ions. Fe-BETA catalyst shows slight reductions in the peak 
intensities due to the higher X-ray absorption coefficient of Fe compounds. Fe-BETA 
shows also characteristics peaks of Fe2O3 (■) (PDF 01-1053). The absence of Co3O4 

peaks in Co-BETA diffractogram indicates the presence of Co‐exchanged species in the 
zeolite structure. 
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Fig. 1: XRD of BETA and (Co, Fe)-BETA catalysts. Fig. 2: H2-TPR profiles of (Co, Fe)-BETA catalysts. 

 

No reduction peaks was observed in TPR profiles of Co-BETA, confirming the absence 
of cobalt oxides (Fig. 2). The further reduction of Co2+ exchanged into Co0 occurred above 
1000°C. The first two peaks (347 and 537oC) of Fe-BETA were mainly assigned to 
reduction of Fe3+ exchanged to Fe2+. A slight shoulder at 690oC was attributed to the 
reduction of FeO to Fe0, confirming Fe2O3 on surface. Further reduction of Fe2+ exchanged 
into Fe0 occurred above 1000°C and causes the collapse of the zeolite structure [3]. N2O 
conversion rises very rapidly with the temperature on Co-BETA, but much more smoothly 
on Fe-BETA (Fig. 3). Co-BETA was more active than Fe-BETA. The conversion of N2O 
over Fe-BETA practically remained stable in the presence of O2, CO2, and CH4 (Fig. 4). 
The decreases slightly (~ 6%) in the presence of H2O was associated with the 
hydroxylation of the active iron sites. The N2O conversion over Co-BETA was maintained 
after the introduction of all gases (O2, CO2, CH4 and H2O). These results indicated that 
cobalt sites were more resistant to hydroxylation than the iron sites exchanged in BETA. 

 

 
 

Fig. 3: De-N2O over (Co, Fe)-BETA catalysts. Fig. 4: Effect of co-fed gases on the N2O conversion. 
 

CONCLUSIONS  
 

Co2+ and Fe3+ exchanged were observed in Co-BETA and Fe-BETA catalysts, 
respectively. In addition, Fe2O3 particles were found on Fe-BETA catalysts. Co-BETA 
was more actives than Fe-BETA for the direct de-N2O. Conversion of N2O over Fe-
BETA was stable when co-fed O2, CO2, and CH4, but decreases with H2O. However, 
Co-BETA was very stable when co-fed O2, CO2, CH4, and especially H2O. 
 
REFERENCES 

 
[1] Meng T, Ren N, Ma Z (2015) Journal of Molecular Catalysis A: Chemical 404:233-9. 
[2] Debbagh MN, Lecea CSM, Pérez-Ramírez J (2007) Applied Catalysis B: Environmental 70:335-341. 

[3] Feng XD, Hall WK (1997) Journal of Catalysis 166:368-376. 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Co-BETA

Fe-BETA

NH
4
-BETA

 

 

In
te

ns
ity

 (a
.u

.)

 2 (°)

100 200 300 400 500 600 700 800 900 1000

Co-BETA

Fe-BETA

690

537

347

 

 

H
2 c

on
su

m
pt

io
n 

(a
.u

.)

Temperature (°C)

100 150 200 250 300 350 400 450 500 550 600

0

10

20

30

40

50

60

70

80

90

100

 

 

N
2O

 c
on

ve
rs

io
n 

(%
)

Temperature (°C)

 Co-BETA

 Fe-BETA

0 10 20 30 40 50 60 70 80 90 100 110

0

10

20

30

40

50

60

70

80

90

100

Fe-BETA

Co-BETA

 

 

 

       N
2
O + O

2
 

+ CO
2
 + H

2
O + CH

4

N
2
O + CO

2
N

2
O + H

2
ON

2
O + O

2

Time (min)

N
2O

 c
on

ve
rs

io
n 

(%
)



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

SYNTHESIS OF HALLOYSITE-LIKE NANOTUBES FROM 
CLAY MINERALS PRESENT IN IRON ORE TAILINGS 

 
MANOEL VÍTOR BOREL GONÇALVES1, ANTÔNIO VALADÃO CARDOSO2, 
FABRÍCIO VILELA PARREIRA3

 

 
1REDEMAT, Universidade Federal de Ouro Preto, Praça Tiradentes, 20, Centro, Ouro 
Preto/MG, 35400-000, Brazil. e-mail: m.vitorbg@gmail.com 
 
2Escola de Design - Universidade do Estado de Minas Gerais, Av. Antônio Carlos, 7545, 
São Luiz, Belo Horizonte/MG, 31270-010, Brazil. e-mail: antonio.cardoso@uemg.br 
 
3Centro de Tecnologia de Ferrosos/Vale S.A., Av. Dr. Marco Paulo Simon Jardim, 3580, 
Bairro Mina de Águas Claras, Nova Lima/MG, 34006-270, Brazil. e-mail: 
fabricio.parreira@vale.com 
 

ABSTRACT 
 

The major aim of this work was to evaluate a methodology of segregation of kaolinite 
present in iron ore tailings (IOT) and using it in the synthesis of halloysite nanotubes 
(HNT). The segregation of kaolinite was performed by acid leaching of the IOT. Samples 
of high purity kaolinite and halloysite were used as reference materials. Three steps were 
strictly controlled for efficacy of the synthetic procedure: (i)pre-intercalation of the clay 
mineral using dimethyl sulfoxide (DMSO); (ii)obtaining the methoxy-modified kaolinite;                  
(iii)intercalation of the methoxy kaolinite with suitable organic molecules. 
Cetyltrimethylammonium chloride (CTMACl) and cetyltrimethylammonium bromide (CTAB) 
were used when adopting the one-step method. Hexylamine (C6N) was used for the two-
step procedure. X-ray diffraction results showed that the reference sample and the product 
obtained from the IOT were composed essentially of kaolinite. The pre-intercalation 
procedures showed very promising to intervene in the kaolinite structure, where the d001 
value increased from 7.09Å to 11.40Å, with no evidence of loss of crystallinity. The results 
of Mössbauer spectroscopy of kaolin indicated the occurrence of Fe2+ and structural Fe3+ 
in kaolinite. Apparently the contamination of Fe3+ ions did not interfere in the synthetic 
process. SEM images indicated the morphological transformation of plate-like kaolinite for 
kaolinite nanotubes with halloysite-like structure. 
Keywords: iron ore tailings, kaolinite, intercalation, nanotubes 
 
INTRODUCTION 
 
     HNT is a natural clay mineral exhibiting a 1:1 layered structure of the kaolin group. 
Although kaolinite occurs naturally in the plate form, it has been shown to be susceptible to 
transformation into nanotubes by means of intercalation/deintercalation methods. The 1:1 
kaolinite layers curls to compensate the lateral misfit between the tetrahedral and 
octahedral sheets when the hydrogen bonds between the layers are sufficiently weakened. 
The layer delamination and curl procedure can be performed in one-step, where 
intercalation and swelling occur at the same time, or two-steps, where intercalation and 
swelling occur separately. 
     Thus, the objective of this study is to segregate kaolinite from the other mineral 
components present in the IOT, to use it as a raw material for the synthesis of halloysite-
like nanotubes and to compare its performance with high purity products. 

mailto:m.vitorbg@gmail.com
mailto:antonio.cardoso@uemg.br
mailto:fabricio.parreira@vale.com
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EXPERIMENTAL PROCEDURE 
 
     In order to segregate the kaolinite from the IOT, acid leaching was performed using 
hydrochloric acid solution and distilled water at 120ºC for 2h. 
     To prepare DMSO-intercalated kaolinite (kaolinite-DMSO), 10g of kaolinite (high purity 
and IOT secreted) was added into a mixture of 60mL DMSO and 10mL distilled water, 
stirred and refluxed at 150ºC for 7h. The solid in the mixture was separated by 
centrifugation and washed three times using 1,4-dioxane and isopropanol. The product 
was dried at 60ºC for 24h. 
     To prepare methoxi-modified kaolinite (kaolinite-MeOH), 5g of kaolinite-DMSO was 
added into 100mL of methanol (MeOH) and stirred for 7 days, at room temperature. The 
solid in the mixture was separated by centrifugation and used while wet for the synthesis 
process. 
     To prepare halloysite-like nanotubes in one-step route, approximately 1g of kaolinite-
MeOH wet was added into a 40ml MeOH solution of CTMACl 1M and 40ml MeOH solution 
of CTAB 1M and both stirred at 80ºC for 24 h. The solid in the mixture was separated by 
centrifugation, washed six times with ethanol and then dried at room temperature. To 
prepare halloysite-like nanotubes in two-step route, approximately 0,5g of kaolinite-MeOH 
wet was added into 15ml of C6N. The intercalation compounds where redispersed in 1,4-
dioxane (20ml) and sonicated for 10 min for the swelling. The process was repeated three 
times. 
 
RESULTS  
 
     The product obtained presented major kaolinite composition, with typical basal 
reflection of 7.09Å, equal to that measured for the high purity reference product.  Kaolinite-
DMSO presented a typical diffraction pattern with the d001 value for kaolinite-DMSO 
environment and kaolinite-DMSO reflux is 11.40Å. SEM image of the plate-like kaolinite 
particles have a typical pseudo-hexagonal morphology. SEM images of kaolinite 
intercalated with CTAB, CTMACl and C6N showed the presence of nanotubes. There was 
effective formation of the methoxy-modified kaolinite, since the intercalating molecules 
inhabited the interlayer region, resulting in the delamination and curl of the kaolinite layers 
and the formation of halloysite-like nanotubes. 

                   
Fig 1: SEM images of kaolinite obtained from IOT (A) and halloysite-like nanotubes 
synthetized using this raw material (B,C). 
 
CONCLUSIONS 
 
     The morphological transformation of kaolinite plates to nanotubes can be achieved by 
the one or two step method of intercalating the methoxy-modified kaolinite. The method of 
kaolinite segregation from the IOT proved to be efficient, providing a product with high 
purity and crystallinity. As these are two basic prerequisites for the feasibility of clay as a 
raw material for this synthesis, it can be stated that it will be possible to synthesize 
nanotubes with high added value with the kaolinite obtained from the IOT. 
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ABSTRACT 

 

Auxins are an important class of plant hormones responsible for the physiological development 
of plants[1]. The use of auxins in agriculture has been highlighted due their advantages such as the 
longer action and stability of the active agents, minimization of the effects of biotic and abiotic 
stresses, etc. The production of nanohybrid films, derived from the interaction between alginate 
biopolymer and layered double hydroxides (LDHs) intercalated with auxins, presented an 
alternative to improve the effectiveness of compounds as plant growth hormone. The goals of this 
work were: (i) synthesis of nanohybrid films of sodium alginate polymer and LDH intercalated with 
1-naphthaleneacetic acid (abbreviated Zn2Al-NAA-LDH); (ii) application of these films as a coating 
on beans seeds (Phaseolus vulgaris L.); (iii) investigation of the regulation of plant growth 
promoted by these treatments. The Zn2Al-NAA-LDH was synthetized by a coprecipitation method 
at a constant pH[2,3]. The synthesized LDH was characterized by X ray diffraction (XRD), vibrational 
spectroscopy (FTIR-ATR), thermogravimetric analysis coupled to mass spectrometry (TGA-DSC-
MS), among other techniques. The bean seeds coated with films of alginate containing Zn2Al-NAA-
LDH were evaluated in bioassays performed in greenhouse (pots filled with substrate) and 
laboratory (sand trays). The greenhouse bioassay showed that seeds coated with films were 
efficient to improve root fresh matter, whereas the laboratory bioassay indicated that seeds coated 
with films presented significant effects on bean root length. Hence the nanohybrid film improves 
the plant physiological development, to be efficient in growing plants. 

 
Keywords: layered double hydroxides, auxins, 1-naphthaleneacetic acid, nanohybrid films. 

 
INTRODUCTION 
 

Auxins, plant hormones, have functions in the regulation of physiological processes, from 
embryogenesis to the formation of new organs. The main auxins that promote plant growth are 1-
naphthaleneacetic acid (NAA), indolyl-3-acetic acid (IAA), and indolyl-3-butyric acid (IBA). 
Currently, the application of these auxins in agriculture has been highlighted, due to the 
advantages they provide, such as the longer action and stability of the active agents, minimizing 
the effects of biotic and abiotic stresses. An interesting alternative to improve the effectiveness of 
auxins as plant growth hormone, providing a physical and chemical protection of these 
compounds, it is the preparation of nanohybrid films of alginate biopolymer with Layered Double 
Hydroxides (LDHs) intercalated with auxins. 

In this sense, the goals of this work were: (i) synthesis of nanohybrid films derived from the 
interaction between sodium alginate polymer and zinc-aluminium LDH intercalated with 1-
naphthaleneacetic acid (Zn2Al-NAA-LDH); (ii) application of these films as a coating on beans 
seeds (Phaseolus vulgaris L.); (iii) investigation of the growth of these plants by bioassays. 
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EXPERIMENTAL 
 

The Zn2Al-NAA-LDH was synthetized by coprecipitation method at constant pH value (9.5 ± 
0.5). This material was characterized by a set of analytical techniques: XRD, FTIR-ATR, TGA-
DSC-MS, specific surface area and and scanning electron microscopy (SEM). Bean seeds were 
coated with different types of films, all of them produced from aqueous sodium alginate solutions 
(Table 1). The seeds were immersed in the alginate systems and then in a Ca(NO3)2 solution for 
the formation of the films on their surfaces. 
 

Table 1: Composition of films 

Film VH2O (L) Alginate (mg) [Zn2Al-CO3-LDH] (mg/L) [NAA] (mg/L) [Zn2Al-NAA-LDH] (mg/L) 

M1 0.025 500 -- -- -- 

M2 0.025 500 1.0x10
-3

 -- -- 

M3 0.025 500 -- 1.0x10
-3

 -- 

M4 0.025 500 -- -- 2.7x10
-3

 

 

RESULTS 
 

The Zn2Al-NAA-LDH presented a basal spacing of 19.2 Å, a d value reported in the literature for 
NAA intercalated in LDH [2]. ATR-FTIR spectrum presented bands related to the presence of NAA 
in the material: The band at 1750 cm-1 is attributed to axial stretching of carbonyl (C=O) and the 
band at 1550 cm-1 is assigned to the C=C bond of aromatic ring. 
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Figure 1: Values of (a) fresh root matter performed in greenhouse (pots filled with substrate) and (b) root 
length performed in laboratory (sand trays). 

 
The bioassay results presented in Fig. 1 show that the seeds coated with the M4 film (Zn2Al-

NAA-LDH) have superior performance compared to the other films for the analyzed parameters, 
i.e. moist root matter and root length. 

 
CONCLUSIONS 
 

The preparation of the nanohybrid films and the seeds coating process were effective. The 
seeds coated with films of Zn2Al-NAA-LDH (M4), presented higher values of moist root matter and 
root length, which suggests the slow release of NAA. Furthermore, a low phytotoxic effect of 
dosage was shown in the seed coated with M3 film. The results showed that nanohybrid films can 
be used as carriers of plant hormones. 
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ABSTRACT

Layered double hydroxides (LDH) with molar ratio M2+:Al3+ of 2:1, correspondent to
the minerals Motukoreaite (M+2= Mg) and Natroglaucocerinite (M+2= Zn) structures were
investigated  by  DFT calculations.  The  layer  domain  of  this  minerals  contains  three
positive  charges  ([M2+

6M3+
3(OH)18]3+)  which  are  counterbalanced  with  two  sulphate

anions  resulting  ([M2+
6M3+

3(OH)18](SO4)2)- and  these  compound  are  intercalated  with
hydrated sodium cation. Structures with different layer compositions (Mg/Al and Zn/Al)
and  intercalated  cation  (Na+ and  K+)  were  built.  The  structural,  electronic  and
thermodynamic  properties  were  investigated.  The  thermodynamic  of  the  cation
exchange  reaction  was  performed  replacing  sodium  cation  with potassium  cation,
maintainig the intercalated sulfate. LDH are traditionally studied as anion exchangers
but these compositions of LDH can also exchange cations.

Keywords: Layered Double Hydroxides, DFT, Cation Exchange Reactions, Thermodynamics.

INTRODUCTION

  Layered  double  hydroxides  (LDH)  or  hydrotalcite-like  compounds  are  natural  or
synthetic layered materials whose structure is similar to Brucite (Mg(OH)2) and are very
well  known  as  anionic exchangers.  LDHs  can  be  described  by  a  general  formula
[M2+

1−xM3+
x(OH)2][(An−)x/n·yH2O].  Motukoreaite  ((Na(H2O)6)[Mg6Al3(OH)18(SO4)2]  ·6H2O)[1],

Natroglaucocerinite ((Na(H2O)6)[Zn6Al3(OH)18(SO4)2]·6H2O)[2]  are LDHs minerals with a
M2+:M3+ 2:1.  These materials are intercalated with sulfate anions and hydrated sodium
cations. Recently cationic exchange reactions were study in this family of compounds.
The cations were exchanged without exchange the sulfate anions[3].
   Density Functional Theory (DFT) calculations are  reliable tool to provide electronic
properties and assist  the experimental  data. The aim of this work is investigate the
electronic  structure  of  Motukoreaite  and  Natroglaucocerinite  with  chemical  formulas
[Mg6Al3OH)18][Na(H2O)6(SO4)2]·6H2O  and  [Zn6Al3(OH)18][K(H2O)6(SO4)2]·6H2O  and  with
the 1H and 3R polytypes. It is also a target to evaluate thermodynamically a possible
cationic exchange.  For  the sake of  simplicity  these models  will  be called as:  M-Al-
(NaSO4) and M-Al-(KSO4), M = Mg and Zn.
  The DFT calculations  were  performed using  the  codes available  in  the  Quantum
Espresso package[4]. We used the generalized gradient approximation, GGA-PW91 for
the exchange-correlation (XC) functional,  and ultrasoft  pseudopotentials.  Kohn-Sham
one electron states were expanded in a planewave basis set with a kinetic cutoff energy
of 60 Ry(480 Ry for the density). A Monkhorst-Pack mesh of 2x2x2 k-point sampling
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was used. The structures were built  correspond to a 3x3 in 3R and 1H polytype as
reported by Costa et al.[5].

RESULTS

   The simulated structures cell parameters for both 3R and 1H polytypes show a good
agreement with the experimental data. Figure 1 show the optmized structures for LDHs.
The structures intercalated with K+ show a higher basal spacing than Na+ and the layer
composed by Zn showed a higher a and b parameters than the Mg compounds, but the
structures with Mg shows higher  c parameter for both polytypes. The electronic total
energy  shows  that  the  most  stable  polytype  is  the  3R  for  both  compositions.  The
increments of ∆G show that both polytypes could be accessed experimentally, since the
average differences between the 1H and 3R polytypes curves are 11.15, 18.22, 13.11
and 16.21 kJ mol−1 for Mg-Al-(NaSO4), Mg-Al-(KSO4), Zn-Al-(NaSO4) and Zn-Al-(KSO4)
respectively as can be seen in the Figure 1. 

Figure 1: (A) Optimized structures of 3R polytype (upper line) and 1H polytype (bottom line). (B) Gibbs
free energy increments for the LDHs. (C) Thermodynamic potentials for the cationic exchange reactions
(M-Al-(NaSO4)→M-Al-(KSO4)) at 298.15 K (kJ mol-1).

   The thermodynamic for the cationic exchange reactions indicate that the cation K+ can
be  thermodynamically  replaced  by  Na+  keeping  the  sulfate  anions.  The  Gibbs  free
energy and the enthalpy for the cation exchange reaction are shown in Figure 1. The
reaction rates of those processes play a major in the ion selectivity, however our study
takes into  account  only  thermodynamic  potentials,  the  ion  exchange  kinetics  is  not
regarded.  The  same  behaviour was  observed  for  both  polytypes.  The  electronic
analyses were  performed for the 3R stacking. The main difference in the electronic
density was observed when the layer composition change. The  hydroxide anions in
Zn/Al layer showed a basic behaviour while for Mg/Al compositions the most basic sites
are the sulfate anions. This is also explained by the difference between the Mg and Zn
calculated Bader charges.
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ABSTRACT  
 

Regarding its lamellar structure, graphite can accommodate various chemical 
species in its van der Waals gaps thanks to redox intercalation reactions. The present 
work is focused on the intercalation of potassium-gold alloys using a solid-liquid method 
in alkali-based molten alloy medium. Several graphite-potassium-gold compounds have 
been prepared, especially a pure ternary graphite intercalation compound (GIC) with a 
K1.3Au1.5C4 formula and presenting poly-layered intercalated sheets. This compound has 
been characterized regarding its structural and physical properties using several 
complementary techniques. The quantitative analysis of the 00l reflections recorded by 
X-ray diffraction allowed to determine a C-K-Au-Au-Au-K-C stacking sequence along the 
c-axis. In order to probe the valence of gold in the intercalated sheet, 197Au gold 
Mössbauer spectroscopy has been carried out and a negative valence has been 
evidenced for intercalated gold. This remarkable result can be correlated with the high 
electronegativity value of gold on the Pauling’s scale, explaining the possibility to form 
auride anion especially when associated with electropositive alkali metals.   
 
Keywords: Graphite Intercalation Compound, X-ray diffraction, gold, Mössbauer 
spectroscopy 
 

INTRODUCTION 
 

Using potassium-based molten alloys, several poly-layered graphite intercalation 
compounds were synthesized with mercury or thallium [1,2]. The corresponding 
compounds exhibit superconducting properties with enhanced critical temperature 
compared to binary KC8 GIC [3,4]. Considering the fact that gold is the neighbour of Hg 
and Tl in the periodic table, we have realized an in-depth exploration of the graphite-
potassium-gold system using the solid-liquid method in K-Au molten alloys. The impact 
of the experimental synthesis parameters has been investigated, leading to the possible 
synthesis of three potassium-gold intercalation compounds. 
 
RESULTS AND DISCUSSION 
 

Using the combination of X-ray diffraction and ion beam analysis, three  
compounds have been evidenced: K1.3Au1.5C4 with five-layered intercalated sheets, 
K1.6Au0.7C4 exhibiting three-layered intercalated sheets and metastable KAu0.7C4 with two 
K-Au intercalated planes in each intercalated sheet. The intercalation mechanisms for 
preparing such compounds have been carefully investigated in a recent work [5]. The first 
compound denoted gamma appears remarkably stable and high-quality GIC can be 
synthesized, allowing to perform in-depth investigations using various characterization 
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techniques. The structural study of this compound indicates a C-K-Au-Au-Au-K-C 
stacking sequence (Fig. 1) in agreement with the K1.3Au1.5C4 chemical formula. 

  
 

 
Fig.1. a) 00l XRD pattern b) Stacking sequence along c-axis for the gold-potassium γ-GIC [6]. 

 
Such a structure can be related to the charge transfer between the different constitutive 
elements. Potassium layers are positively charged, as in the binary KC8 compound, due to 
the low electronegativity of potassium. Then, it is possible to postulate, for the gold layers, 
a negative charge which would be stabilized by the adjacent positive potassium layers. 
Recent 197Au Mössbauer measurements have been carried out on this compound and 
actually highlight a negative oxidation state for intercalated gold, giving two-dimensional 
auride anions sheets. This is a remarkable result, supported by the proven existence of 
auride anions, especially in gold-alkali metal compounds [7,8].  
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ABSTRACT 
 
Cerium (IV) hydrogenphosphate (CeP) belongs to the class of acid phosphates of 
tetravalent metals. In particular, this material assumes the form of fibrous self-supported 
sheets [1]. It presents the property of ion-exchange towards cations. In the present work 
it is intended to study incorporation of heavy metals in layered matrix of varying 
cristallinities as an effort to obtain an efficient metal remover for contaminated aqueous 
efluents. 
CeP was synthesized according to previous work [2]. 6 mol L-1 H3PO4 aqueous solution 
was added dropwise to a 0.05 mol L-1 (NH4)2Ce(NO3)6 aqueous solution at 90oC and the 
mixture was kept at this temperature for 4h, 8h, 16h and 24h. The solids were 
characterized by XRD, SEM and BET. 
This material’s fibrous texture increased proportionally with hydrothermal treatment (HT) 
time until 16h, as visualized by SEM images (Figure 1). Also crystallinity increased, 
according to the mean crystallites sizes (from 15 to 17.6 nm),  based on x-ray diffraction 
pattern (Figure 2). The surface area measured by BET analyzer for CeP with 8 hours of 
HT was 23,075 m 2 / g. Further characterizations are underway. 
Ion-exchange with palladium, lead and cadmium has been started. 
 
 

 
 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

0 10 20 30 40 50 60

0

5000

10000

15000

20000

25000

30000

35000

0 10 20 30 40 50 60

0

5000

10000

15000

20000

25000

30000

0 10 20 30 40 50 60

0

5000

10000

15000

20000

25000

30000

35000

40000

0 10 20 30 40 50 60

0

5000

10000

15000

20000

25000

30000

35000

4 hours

In
te

ns
ity

 (c
ou

nt
s)

2 Theta (degrees)

8 hours

In
te

ns
ity

 (c
ou

nt
s)

2 Theta (degrees)

16 hours

In
te

ns
ity

 (c
ou

nt
s)

2 Theta (degrees)

24 hours

In
te

ns
ity

 (c
ou

nt
s)

2 Theta (degrees)

 
 

 
REFERENCES 
 
[1] G. Alberti, M.A. Massucci, and E. Torracca: J. Chromatography 30, 579 (1967).  
[2] H. Hayashi, K. Torii and S. Nakata: Hydrothermal Treatment and strontium ion sorption properties of 
cerium (IV) hydrogenphosphate (1996)  

 
 

 

 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

EFFECTS OF ULTRASOUND AND PVP ASSISTED 
SYNTHESIS ON THE PROPERTIES OF EUROPIUM-BASED 

NANOSIZED MOFS 

 
CLAUDIA M. S. CALADO, THATIANE V. SANTOS AND CINTYA D. A. E. S. 
BARBOSA 

 

Instituto de Química e Biotecnologia. Universidade Federal de Alagoas, Av. Lourival 
Melo Mota, S/N. Tabuleiro dos Martins, Maceió/AL. E-mail: cmsc.calado@gmail.com 

 
ABSTRACT 

 
The nano-sized MOFs (NMOFs) [Eu2(BDC)3(H2O)4] were prepared by ultrasound 

(US) assisted method without (EuNMOF) or with the presence of the stabilizing agent 
polyvinylpyrrolidone (PVP) (EuNMOF@PVP) in order to evaluate its influence on 
structural, morphological and photophysical properties. These NMOFs were 
characterized by XRD and proved to be isostructural to the microcrystalline compound 
previously reported in the literature. Based on SEM results, EuNMOFs showed to be 
flower-like, on the other hand, EuNMOF@PVP presented a nanoplate morphology with 
layer sizes varying in the range of 40–80 nm. Solid-state luminescent properties of 
these EuNMOFs were studied and exhibited similar profiles in relation to the europium 
transitions. Thus, obtaining EuNMOFs with different morphologies can lead to new or 
improved properties. 
Keywords: Ultrasound, PVP, nano-MOFs, morphology. 
 
INTRODUCTION 
 

The structural architecture of europium-based nano-sized metal-organic framework 
(EuNMOFs) associated with its inherent photoluminescent properties make it promising 
for applications in several fields.[1] In recent years, alternative approaches have been 
developed aiming to milder conditions than traditional methods and intending to improve 
modulation at the nanoscale. In this work, we present an easy ultrasonic assisted 
method to the synthesis of EuNMOFs ([Eu2(BDC)3(H2O)4], BDC = 1,4-
benzenedicarboxylic) with and without the presence of polyvinylpyrrolidone (PVP) as a 
passive agent. 

 
EXPERIMENTAL 

 
Synthesis of EuNMOF and EuNMOF@PVP 

An aqueous solution of disodium terephthalate (Na2BDC) was slowly dropped into a 
solution of Eu(NO3)3.5H2O. Right after, the mixture was submitted to ultrasonic energy. 
The experimental procedure to the synthesis of EuNMOF@PVP was very similar, with 
the only difference of addition of PVP to the solution of Eu(NO3)3.5H2O. The resulting 
products in both cases were centrifuged, washed with absolute ethanol three times and 
dried under high vacuum. All solutions were prepared with ultrapure water. 

 
RESULTS AND DISCUSSION 
 

The materials here presented were characterized by XRD, FTIR, TGA, SEM and 
photoluminescence spectroscopy. According to the obtained diffractograms, both 
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EuNMOFs presented alike profiles, as well as luminescent properties and were 
assumed to be isoreticular to the micro-compound reported in the literature.[2] 

Conforming to SEM results, EuNMOFs showed a flower-like morphology; on the other 
hand, EuNMOF@PVP presented a nanoplate shape, with sizes varying in the range of 
40–80 nm. 
 
Figure 1 – a) XRD pattern of EuNMOFs, micro-compound and simulated. b) Excitation spectra monitoring 
the emission at 614 nm and c) emission spectra with excitation at 315 nm of EuNMOFs and micro-
compound.  d) SEM of i-ii) EuNMOF and iii) EuNMOF@PVP. 
  

(a)                                          (b)                                            (c) 
 
 
 
 
 
 

 
 
 
   (d)  
          (i)                                     (ii)                                     (iii)  

 
 
 
 
 
 
 
 
 

The effect of ultrasound on chemical reactions can be explained by the mechanism of 
acoustic cavitation, thence its use can accelerate nucleation and produce nanocrystals.[¹] 
Associated with PVP, here applied as capping agent, this methodology allows a controlled 
growth of the nanostructure as much as in relation to the morphology. 
 
CONCLUSION 
 

The nano-sized MOFs [Eu2(BDC)3(H2O)4] were successfully synthesized by the 
ultrasonic method, with and without the presence of PVP, presenting one of its 
dimensions in the nanoscale. These materials were assumed to be isostructural to the 
micro-sized compound and presented different morphologies. Due to their size and 
properties, these results suggest that both materials may be promising for several 
applications. 
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ABSTRACT 

 
The development of hybrid compounds based on MOFs and other functional materials 

has been sought in order to obtain new properties and/or their tunability. Here, a new 
luminescent hybrid nanomaterial-based in carbon dots (C-Dots) encapsulated in europium 
metal-organic frameworks (C-Dots/EuMOFs) was synthesized by the ultrasonic method at 
room temperature and characterized according to structural, morphological and luminescent 
aspects. Chitosan gel was used as a precursor of C-Dots through hydrothermal synthesis. 
The C-Dots exhibited emission dependent on the excitation wavelength (with a maximum in 
green emission), a size below 10 nm and characteristic absorption peaks in 205 and 280 
nm related to π-π* and n-π * transitions of the C=C bonds and amine groups on the surface, 
respectively. The nanohybrid (C-Dots/EuMOFs) presented to be isostructural to the 
microcrystalline phase [Eu2(BDC)3(H2O)4] reported in the literature. SEM results showed 
that the morphology of the nanohybrid is plate-like. The fluorescence of C-Dots/EuMOFs 
exhibited dual emission, with well-defined emission wavelengths centered at 440 nm and 
615 nm (when excited at 370 nm) attributed to characteristic peaks of C-Dots and Eu-MOFs, 
respectively. Thus, synthesizing luminescent materials with dual emission can be promising 
in fields like sensing, especially as ratiometric probes. 
 
Keywords: Nanohybrids, carbon dots, EuMOFs, dual emission 
 
INTRODUCTION 
 

Considered as emerging materials, metal-organic frameworks (MOFs) has attracted 
attention in various scientific and technological sectors due to their excellent structural and 
physicochemical properties. [1] In this sense, the development of hybrid materials based on 
MOFs and other functional materials, [2] as carbon dots (C-Dots) can lead to new and/or 
tunable properties. The C-Dots display high optical properties, easy preparation, low toxicity, 
and biocompatibility. Here, a new luminescent nanohybrid based in C-Dots encapsulated in 
[Eu2(BDC)3(H2O)4] were synthesized by the ultrasonic method at room temperature, with the 
addition of polyvinylpyrrolidone (PVP) as a stabilizing agent and characterized by XRD, 
FTIR, TGA, SEM techniques and photoluminescence spectroscopy. 

 
RESULTS AND DISCUSSION 
 

A simple and facile ultrasound-assisted synthesis of a new nanohybrid based carbon dots 
and europium MOFs was performed. The XRD pattern of the C-Dots/EuMOFs is well 
consistent with microcrystalline phase [Eu2(BDC)3(H2O)4] reported in the literature, [3] 

showing that the encapsulation of C-Dots did not altered the structural properties (fig. 1a). 
SEM results showed that the morphology of the nanohybrid is plate-like (fig. 1b). The C-
Dots exhibited excitation-dependent emission wavelength, a size below 10 nm and 

https://www.sciencedirect.com/topics/chemistry/amine
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characteristic absorption peaks in 205 and 280 nm related to π-π* and n-π * transitions of 
the C˭C bonds and amine groups on the surface, respectively (fig. 1c). The excitation and 
emission spectrum showed that there is a relationship between the excitation wavelength 
and the emission of the CDs/EuMOFs (fig. 1d). When excited at 370 nm it is possible to see 
characteristic peaks of both C-Dots and Eu-MOFs. On the other hand, by exciting at 280 nm 
it is possible to see mostly the characteristic emissions of the europium transitions (fig. 1e). 
 
Figure 1: (a) XRD simulated and C-Dots/EuMOFs, (b) SEM of C-Dots/EuMOFs (c) UV-Vis 
and emission dos C-Dots (excited at 290 – 410), (d) excitation spectra of C-Dots/EuMOF 
and (e) emission spectra of the C-Dots/EuMOFs and C-Dots.  
 

 
 
 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
CONCLUSION 
 

The nanohybrid C-Dots/EuMOFs was successfully synthesized. This nanomaterial 
showed the plate-like morphology, maintained its structure after encapsulation of the carbon 
dots. Furthermore, exhibited an emission profile with characteristic peaks of both C-Dots 
and Eu-MOFs. These results showed that the nanohybrid C-Dots/EuMOFs can be assumed 
as promising ratiometric probes. 
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ABSTRACT  

 
The leafcutter ants, Atta spp. are severe pests that cause loss of billions of dollars on the forest 

plantations annually. Currently, the use of granulated baits and the thermal fogs application are 
options to control these pests. In this sense, new technologies are welcome to expand the control 
options. Therefore, the goals of this work were:  (i) synthesize and characterize organic-inorganic 
hybrid materials derived of interaction between alginate beads and kaolinite clay incorporated 
with agrochemicals (e.g. sodium tetraborate, Beauveria bassiana spores, and chlorpyrifos); (ii) 
evaluate by bioassays the forage activity in the field and the toxicity of the bait in laboratory for 
leafcutter ants, after the application of granulated baits. The beads of alginate were characterized 
by a set of techniques: X ray diffraction (XRD), vibrational spectroscopy (ATR-FTIR), and 
thermogravimetric analysis coupled to mass spectrometry (TGA-DTA), etc. In the bioassays, a 
completely randomized design treatments was used, and the means compared by the Tukey test, 
at 5% probability. The characterization techniques provided information about the prepared 
materials, evidencing the presence of the precursors in the alginate beads. The bioassays allowed 
the toxicity and efficiency of the baits in activity to be verified. The most efficient baits for the 
control of these insects were the ones that presented in their composition the active chlorpyrifos 
insecticidal principle. Based on the results, we can conclude that the synthesis of the alginate 
beads containing the agrochemicals originated products with formicide potential, being them 
efficient as management technique. 

 
Keywords: kaolinite clay, sodium alginate, agrochemicals, chemical control. 

 
1. INTRODUCTION 

 
In Brazil, there are two thousand different species of ants. Leafcutter ants of the genre Atta 

and Acromyrmex are severe pests that cause the loss of billions of dollars on the plantations 
annually, especially seedlings. 

Currently, research has been directed towards the search for insecticides less aggressive to 
the environment, which may allow a better sustainability of fauna and flora. In this sense, new 
technologies that present the use of environmentally friendly materials have been developed. 
Hybrid organic-inorganic materials are a special class of materials prepared by the appropriate 
combination of organic and inorganic components. The synergistic effect between the parts gives 
rise to materials with unique properties, distinct from their isolated components. These materials 
represent not only a creative alternative to the search for new ecofriendly materials, but also allow 
innovative industrial applications. [1] 
 
2. EXPERIMENTAL 
 

The synthesis of the alginate beads was performed by adapting of the complex coacervation    
method described by Zhang et al. (2014). [2] The bioassays in the laboratory were performed 
according to the methodology adapted from Bueno et al. (1997). [3] The bioassays in the field were 
performed according to the methodology proposed by Mariconi (1970). [4]  
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3. RESULTS AND DISCUSION 
 

The diffractograms of the synthetized beats are presented in Figure 1 (I). The presence of 

diffraction peaks, indicated by the Miller indices (hkl), are related to Kaolinite clay. 

 

  
 
 

 

Figure 1 (I): XRD of the beats: (a) control with borate (T2); (b) 2.5 g borate and B. bassiana (T6); (c) 5 g 

borate and B. bassiana (T7) and (d) borate and chlorpyrifos (T8). (II): Percentage of live ants during the 
evaluation days. Treatments - T0: Witness, T2: control with borate, T6: 2.5 g borate and B. bassiana; T7: 
5 g borate and B. bassiana, T8: Borate and chlorpyrifos and T9: Mirex®. 

 
The results of laboratory bioassay presented in Figure 1 (II) showed a significant interaction 

between treatments versus days evaluated after the application of the baits. The T8 bait 
presented superiority over the commercial Mirex® bait (T9) (Tukey test at 0.05), causing the death 
of 100% of the insects in 24 h of evaluation. In the field, the averages of ant flux did not diverge 
among themselves that shows the toxic potential of these baits in the chemical control of these 
insects. 

 
4. CONCLUSIONS 

 
The synthesis of the alginate baits containing the agrochemicals were efficient, giving rise to 

products with potential formicide action. The characterization techniques used (XRD, ATR-FTIR 
and ATG-DTA) allowed the identification of chemical and physical characteristics of the 
synthesized baits. Based on the results obtained by statistical analyzes and experiments, the bait 
T8 presented the best chemical control of cutter ants of the genre Atta, with chlorpyrifos 
insecticide as active principle, causing a faster mortality compared to Mirex®. 
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ABSTRACT 
The gas barrier film based on nanoplatelet-filled polymer composite (NFPC) have attracted wide 
consideration for a variety of applications s[1,2]. However, how to reduce the free volume and 
interfacial penetration of NFPC film still faces challenges[3,4]. Here, a three-component “brick–
mortar–sand” structure film, where layered double hydroxide (LDH) nanoplatelet is used as brick, 
O2 as sand and polymer as mortar, is constructed with a lower oxygen transmission rate (OTR) 
of ~ 1.62 cm3 m–2 day–1 atm–1. It is worth mentioning that the oxygen vacancies (Vo) on LDH 
layers serving as traps adsorb the O2, accompanied by the formation of a three-component 
structure. Therefore, in this way, not only the barrier property of O2 is improved, but also greatly 
simplifies the preparation process of the three-component film. Furthermore, the film has 
phosphorescence emission characteristics due to the introduction of carbon dots (CDs). The 
establishment of an indirect relationship between OTR and phosphorescence intensity enables 
simple spectral or even naked-eye detection of OTR.  

 

keywords: layered double hydroxide, gas barrier, oxygen vacancies, carbon dots 
 

 
 

Scheme 1. Schematic representation for the fabrication of (Zn-CDs-LDHs/PVA)n multilayer film by 
spin coating and its gas barrier performance. 
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ABSTRACT 

As a major measure of control of leishmaniasis, the World Health Organization 
(WHO) advocates the use of antimonials, despite its significant limitations [1]. In this 
context, as an alternative to antimony loading, the preparation of nanostructured binary 
systems is predicted through the use of Layered double hydroxides (LDHs). For this, the 
precursors Mg, Al LDH and meglumine antimoniate (MA) were synthesized. The 
products were prepared by ion-exchange solution. Both the precursors and the products 
were analyzed by characterization techniques. Qualitative protocols were used to 
investigate the antimony speciation [2]. After the confirmation of the synthesis of the 
precursors, the thermogravimetry technique (Figure 1) showed that only the MA-LDH 3 
product presented a new thermal profile, and the result of the scanning electron 
microscopy allied to the energy dispersive spectroscopy (Figure 2) revealed that the 
antimony is evenly distributed throughout the surface of the sample. Complementing 
this information, quantitatively, there is about 12% of antimony in the product and it has 
maintained its valence Sb (V). The result of the chemical oxygen demand and Fourier 
transform infrared spectroscopy indicated that the product is inorganic, added to nuclear 
magnetic resonance spectra (Figure 3) that were determinant to confirm the 
replacement of meglumine by LDH in the antimony carrier. Finally, the technique of X-
ray powder diffraction (Figure 4) ratified the obtaining of a binary system of adsorvato 
type. In conclusion, this system may represent a new approach to targeted and 
promising leishmaniasis delivery.
Keywords: Antimony; Meglumine antimoniate; Layered double hydroxide.

Figure 1. Thermal analysis curves. (a): precursors, (b): products obtained.

                      Figure 2. Result from EDS in MA-LDH 3: elemental mapping of antimony.  
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Figure 3. Partial 1H NMR of NMG (a), MA (b) and first (c), second (d) and third (e) washes of the product MA- 

LDH 3, showing complete elimination of products of depolymerization of MA or NMG.

Figure 4. Diffractograms: (a) of the product MA- LDH 3 (•) planes coinciding with the (KSb(OH)6), and (b) 

physical mixture.
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ABSTRACT

In this work, a new analytical method was developed for the determination of Cr (VI) in
aqueous solution  using  dispersive  solid  phase  extraction  (DSPE)  and  flame atomic
absorption  spectrometry  (FAAS).  In  this  method,  Zn-Al  layered  double  hydroxide
intercalated  with  L-Aspartic  (ZnAl-ASP-LDH)  was  used  as  adsorbent  material.  The
parameters that influence the adsorption of Cr (VI) onto LDH in solution, such as the
initial pH value, the contact time and the interfering ions were studied and optimized.
After  extraction  of  Cr  (VI)  from solution  (pH = 5.5,  10  min)  by ZnAl-ASP-LDH,  the
material was dissolved in H2SO4 and analyzed by FAAS. Thus, the maximum recovery
of  the  analyte,  decrease  of  the  matrix  effect  and  increase  of  the  sensitivity  of  the
analysis are assured. The method presented a linear range of 10 to 700 μg·L -1 and
correlation  coefficient  r2 =  0.999.  The  limits  of  detection  (LOD)  and  limits  of
quantification (LOQ) were 3.13 μg·L-1 and 10.43 μg·L-1, respectively. The accuracy of
the  method  was  verified  using  certified  water  sample  containing  Cr  (VI)  [Cr  (VI)
-QC1453] and by recovery studies of the analyte in drinking H2O samples.

Keywords: speciation; chromium (VI), layered double hydroxides, L-aspartic acid

1. INTRODUCTION

Cr (VI) is an element widely used in industry and is known in nature as oxyanions
(CrO4

2- and Cr2O7
2-),  however is an extremely carcinogenic agent.  The World Health

Organization (WHO) establishes a limit of 50 µg.L-1 Cr (VI) in drinking water [1].
Recent  studies  have  demonstrated  the  potential  of  Layered  Double  Hydroxides

(LDHs) as adsorbents for analytes of interest using the DSPE method [2].
The use of LDH intercalated with amino acids is an interesting strategy for speciation

and preconcentration of Cr (VI), since at a certain pH, the amino group from amino acid
molecule can be protonated and interacting electrostatically with the oxyanions of Cr
(VI). The possibility of dissolution of the LDH in acid medium, after extraction of the
analyte, eliminates the elution step. Thus, there is a simplification of the process and
ensuring maximum recovery of the analyte [3].

2. EXPERIMETAL

ZnAl-ASP-LDH was synthesized by co-precipitation method at constant pH. It was
characterized by X-ray diffraction (XRD), Raman spectroscopy and scanning electron
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microscopy (SEM). The LDH was applied in Cr (VI) adsorption, evaluating maximum
adsorption capacity, interfering ions and better pH value for speciation. Developing a
new method for  selective Cr  (VI)  separation.  The analyte  of  interest  was quantified
flame atomic absorption spectrometry (FAAS). 

3. RESULTS AND DISCUSSION

The diffractogram for ZnAl-ASP-LDH is presented in Figure 1 (a). The basal spacing
found for this material was 12.4 Å. The Figure 1(b) shows the results of effect of pH
on the adsorption of Cr (III) and Cr (VI) using ZnAl-ASP-LDH as adsorbent. In the pH
=  5.5  there  was  simultaneous  the  highest  adsorption  of  Cr  (VI)  and  the  lower
adsorption to Cr (III). Thus, the pH value of 5.5  was chosen for the development of
the method.
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Figure 1. a) Diffractogram of ZnAl-ASP-LDH. b) Effect of pH on the adsorption of Cr (III) and Cr (VI) using 
ZnAl-ASP-LDH as adsorbent.

4. CONCLUSION

ZnAl-ASP-LDH showed good selectivity for  Cr  (VI)  adsorption in  the presence of
interfering  ions,  including  Cr  (III)  at  pH =  5.5.  ZnAl-ASP-LDH showed  a  maximum
adsorption of Cr (VI) of 80.39 mg·g-1 (Langmuir isotherm model). The LOD for Cr (VI)
determination was 3.13 µg·L-1.
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ABSTRACT  
 

Conventional boron (B) fertilizers (e.g. H3BO3) can be easily leached due to its high 
solubility. A higher retention of B in the soil can be achieved using slow release sources 
such as layered double hydroxides (LDHs). The objectives of this study was i) to evaluate 
the release and leaching of B by two fertilizer sources in a column study without plants; ii) 
to evaluate the soil availability of the same two sources of B fertilizer for consecutive 
cultivations. For the leaching study two B fertilizers (Mg2Al-B-LDH and H3BO3) were 
applied in soil columns and incubated for 1; 5; 10; 15; 20; 25 and 30 days before leaching. 
Sunflower plants were cultivated for two seasons in greenhouse under two sources of B 
(Mg2Al-B-LDH and H3BO3) and six rates of B fertilizer in a factorial 2 x 6. Plants received a 
single application of B at the first cultivation. The amount of B leached was lower for 
Mg2Al-B-LDH than H3BO3. There were no significant differences for sunflower 
aboveground biomass and total B accumulation for the two B sources and rates in the first 
cultivation. In the second cultivation, sunflower aboveground biomass and tissue B content 
increased quadratically and linearly for H3BO3 and Mg2Al-B-LDH, respectively with the 
increase of B rate. The fast release of H3BO3 in the soil resulted in plant toxicity symptoms 
in the high rates, while the slow release of Mg2Al-B-LDH promoted a steady release of B to 
the plants during first and second cultivations.  
 
Keywords: slow-release, layered double hydroxide, micronutrient. 
 
INTRODUCTION 
 

Conventional boron (B) fertilizers (e.g. H3BO3) are very soluble and can be easily 
leached into the soil profile. B leaching is common in regions with high rainfall and sandy 
soils. A higher retention of B in the root zone can be achieved by using slow-release 
sources, such as layered double hydroxides (LDHs) [1]. The use of LDH may effectively 
reduce B leaching and increase the availability of B to plants. The objectives of this study 
was i) to evaluate the release and leaching of B by two fertilizer sources in a column study 
without plants; ii) to evaluate the soil availability of the same two sources of B fertilizer for 
consecutive cultivations. 
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MATERIALS AND METHODS 

 
Formulation, chemical and structural characterization of borate intercalated in layered 

double hydroxides of magnesium and aluminum (Mg2Al-B-LDH) fertilizer were previously 
reported by Castro et al. [1]. 

The leaching test in soils columns was performed according to the method described by 
Abat et al. [2] using Mg2Al-B-LDH and H3BO3 as sources. The leached of B was analyzed in 
different contact times (1; 5; 10; 15; 20; 25 and 30 days) between sources and soil. 

Two sources of B (Mg2Al-B -LDH and H3BO3) and six rates of total B (0.0, 0.5, 1.0, 2.0, 
3.0 and 5.0 mg dm-3) was applied on 2 dm3 pots filled with soil in a factorial design (2 x 6). 
Pots received a single application of B, and sunflower was cultivated for two consecutive 
seasons in a greenhouse. The experiment was conducted in a randomized block design 
with four replications. 
 
RESULTS AND DISCUSSION 
 

Overall, there was a lower B load in the leachate for Mg2Al-B-LDH treatment compared 
to H3BO3 in the column leaching experiment. At first leaching collection, the total B leached 
from H3BO3 and Mg2Al-B-LDH was equivalent to 39 % and 5 %, respectively of the total B 
applied. At the fifth leaching procedure at 20 days after fertilizer application, 100% of the B 
from the H3BO3 and 72 % Mg2Al-B-LDH were leached. 

There were no significant differences for sunflower aboveground biomass and total B 
accumulation for the two B sources and rates in the first cultivation. When analyzing the 
effect of doses on the contents, the model that best fit the two sources was the quadratic 
one. In the second cultivation, sunflower aboveground biomass and tissue B content 
increased quadratically and linearly for H3BO3 and Mg2Al-B-LDH, respectively with the 
increase of B rate. The fast release of H3BO3 in the soil resulted in plant toxicity symptoms 
in the high rates, while for Mg2Al-B-LDH the release was more sustainable, allowing a 
linear growth and accumulation of B by the plants. Similar results were found by Benício et 
al. [3], using LDH as the source of phosphorus (P). In this work, the LDH-P increased the 
productivity of corn plants, weight and P content in the aerial part of the plants. 
 
CONCLUSIONS 
 

The Mg2Al-B-LDH promoted a slower release of B to the soil solution, thus reduced 
initial leaching of B compared to H3BO3. The slower release of B by Mg2Al-B-LDH can 
increase the retention of B in the soil consequently increasing the likelihood of B uptake by 
plants. The results of the second cultivation showed a linear growth and accumulation of B 
by plants when using Mg2Al-B-LDH, indicating a more gradual release of B in the soil 
solution. 
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ABSTRACT 
 

The production of sustained release fertilizers is a current alternative for the slower 
delivery of nutrients to plants, and also to reduce leaching losses to the environment. The 
production of microspheres of layered double hydroxides (LDHs) and sodium alginate is a 
viable option to obtain new fertilizers with delayed release of nutrients. The objectives of 
this study were to evaluate the “in vitro” release and boron (B) leaching from soil 
incubation of two sources of B, H3BO3 and microspheres produced in combination of LDH 
and sodium alginate. Synthesis microspheres of sodium alginate and LDH intercalated 
with B (LDH-B-ALG) was performed by the complex coacervation method. The study of 
the “in vitro” release and leaching of B in soil columns was performed by comparing the 
effect of two sources (H3BO3 and LDH-B-ALG) at different solution pH (5.5 and 7.5) and 
contact time. After 1 hour of contact between source and solution, H3BO3 released 100 % 
of the B present in its structure and LDH-B-ALG released on average 9 %, for both 
solution pHs. In the leaching study, the release of B by LDH-B-ALG was lower than H3BO3 
in all contact times between source and soil in soil pH 6.5 and 7.5. Within 20 days of 
incubation, 100 % of B from H3BO3 and 50 % of B from LDH-B-ALG was leached. The low 
solubility and leaching potential of LDH-B-ALG used as source of B represents advantage 
in the use of in comparison to H3BO3. 
 
Keywords: microspheres, LDH matrix, leaching, micronutrient. 
 
INTRODUCTION 
 

Synchronized supply of nutrients with plant growth may increase fertilizer use efficiency 
by plants and reduces leaching losses to the environment. The production of microspheres 
of layered double hydroxides (LDHs) and sodium alginate is a viable option to obtain new 
fertilizers with delayed release of nutrients [1]. The combination of LHDs with the sodium 
alginate polymer, forming microspheres, can increase the efficiency of the product 
obtained. The objectives of this study were to evaluate the “in vitro” release and boron (B) 
leaching from soil incubation of two sources of B, H3BO3 and microspheres produced in 
combination of LDH and sodium alginate. 
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MATERIALS AND METHODS 
 

Synthesis microspheres of sodium alginate and LDH intercalated with B (LDH-B-ALG) 
was performed by the complex coacervation method [2]. The “in vitro” release study was 
performed in a 5.5 and 6.5 pH solutions and progressive contact times between source 
and solution (0; 1; 2; 4; 6 and 12 hours). The B leaching study in soil columns was 
conducted according to the method described by Abat et al [3], the release of B was 
analyzed in 6.5 and 7.5 soil pH incubated during 1; 5; 10; 15; 20; 25 and 30 days. The 
released of B from LDH-B-ALG was compared to a soluble source, H3BO3. 
 
RESULTS AND DISCUSSION 
 

The release of B in solution at time 0, immediately after contact between source and 
solution at pH 5.5 was 4.1 % from B for H3BO3 and 0.7 % for LDH-B-ALG. After one hour 
of contact the H3BO3 was completely solubilized releasing 100 % of B in solution, while the 
release of B from LDH-B-ALG was 10 %, and 91 % after 12 hours of contact. There was 
no difference in B release at pH 7.5 and 5.5. Benicio et al. [4] reported a lower release of 
phosphorus by LDH because of the lamellar compounds compared to super triple 
superphosphate source. 

The levels of B leached for LDH-B-ALG were lower than H3BO3 both soil pHs. Within 
one day of incubation, the release of B by H3BO3 was 37 %, and for LDH-B-ALG was 2 %. 
Within twenty days of incubation all B from H3BO3 was release to the soil solution and 
recovery in the leachate. After thirty days of incubation, 74 % of the total B from LDH-B-
ALG was recovered. There was an effect of pH on B release. B leaching from both 
sources was lower at pH 7.5 than pH 6.5. These results suggest a higher formation of 
borate anions at alkaline pH, which resulted in a higher affinity with the solid phase of the 
soil. 
 
CONCLUSIONS 
 

The results of B “in vitro” release and leaching by the sources suggest for LDH-B-ALG, 
a slow and continued release characteristics. Future research using the LDH-B-ALG 
microspheres as B source of nutrients to plants is needed. 
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ABSTRACT  
 

Rational design layered double hydroxides (LDHs) with 3D hierarchical hollow structures due 
to high complexity in shell architecture and composition have attracted tremendous interest for 
catalytic oxidation. Herein, we reported a facile two step method to fabricate a 3D hierarchical 
NiCo2O4/NiO nanocage using zeolitic imidazolate framework-67 (ZIF-67) as both a precursor 
and a self-sacrificing template, which contains in situ transformation of ZIF-67 into Co-NiLDH 
yolk-shelled structures following calcination. CoNi-yh-T (varied reaction time and calcination 
temperature) nanocages were investigated systematically by BET, XPS, H2-TPR, NH3-TPD and 
studied for toluene oxidation. The CoNi-6h-350 sample possessed much higher activity with 90% 
toluene conversion (T90) at 229°C at a high space velocity (SV = 60 000 ml g-1 h-1) than other 
catalysts (T90 >240ºC). Abundant surface high valence Co ions due to the novel hierarchical 
nanostructures played key role for catalytic activities, together with adsorbed oxygen species 
and abundant medium-strength surface acid sites. 

Keywords: layered double hydroxides; self-templating synthesis; catalytic oxidation; 
 

RESULTS 
 
A series of hollow structured catalysts with high surface area and small size have been 

successfully fabricated on layered double hydroxide @zeolitic-imidazolate-framework-67 
(LDH@ZIF-67) precursors. In order to accurate control of the balance between the rates of ZIF-
67 template etching and CoNi-LDH formation, we take reaction time into consideration to attain 
perfect hollow dodecahedral structured precursors. The reaction time and calcination 
temperature will influence the textural and catalytic properties (Fig 1a). Among the samples, the 
CoNi-6h-350 sample exhibits best toluene oxidation performance. The CoNi-6h-350 in Fig1b, 
shows 3D hierarchical architectures, with uniformly distributed nanosheets of several hundreds 
of nanometers width interconnecting with each other to form a free-standing irregular mesh 
configuration. 
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Fig.1 scheme of synthetic route, a) toluene conversion as a function of temperature, toluene 
=200 ppm, space velocity =60000 ml g-1 h-1, b) SEM image of CoNi-6h-350. 

 

X-ray photoelectron spectroscopy (XPS) shown in Table 1 indicate that a higher Co species 
concentration in catalysts surface, which is beneficial for more active site exposed [1]. It can be 
explained that much high valence Co3+ existed in CoNi-6h-350 catalyst, induce more surface 
oxygen vacancies, therefore Oads/Olatt ratio higher than other samples. Following the Mars-van 
Krevelen mechanism, surface oxygen vacancies plays an important role in toluene reactions, since 
the oxygen vacancies on catalyst surface may accelerate the adsorption and dissociation of 
oxygen molecules, resulting in the formation of highly active electrophilic oxygen molecules to 
attack nucleophilic toluene, which can totally increase catalyst activity. 

 
Table 1 Physical characterization, catalytic activities, and surface elemental compositions of the 

samples 

 
Citations and References 
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sample BET 
surface 
area 
(m2g−1) 

Total 
pore 
volume 
(cm3g−1) 

T90(ºC
) 

Ni/Co Oads/Ola

tt 
Co3+/Co2

+ 
Ni3+/Ni2+ 

EDX XPS 

CoNi-1h-400 85.5 0.66 >300 2.1 1.1 1.04 0.61 2.28  
CoNi-10h-
400 

126.3 0.95 259 2.7 2.1 0.90 0.67 2.09 

CoNi-6h-400 98.4 0.67 240 2.0 1.8 1.01 0.82 2.28 
CoNi-6h-350 141.6 0.91 229 2.5 1.9 1.32 1.05 2.25 
CoNi-6h-500 64.9 0.30 244 2.8 1.6 1,30 0.56 2.20 
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ABSTRACT 
 

Reduced graphene oxide (RGO) was obtained by reducing graphene oxide (GO) 
using a thermal route. In this study, the thermal reduction of GO was evaluated to obtain 
RGO samples using a conventional muffle furnace, available in any laboratory. The 
proposed method is simple and has scalability. Two different drying temperatures for 
GO (60 and 150 °C), two different reduction temperatures (500 and 600 °C) and 
methods, named standard and instantaneous, were used. The evaluation of the 
samples by infrared spectroscopy indicated different reduction degree of the samples. 
GO precursor dried at 150 °C followed by the reduction at 600 °C exhibited the best 
degree of reduction, and scanning electron microscopy images revealed the formation 
of sheets of RGO with an average size of 120 m. 

 
Keywords: reduced graphene oxide; thermal reduction; characterization. 
 

INTRODUCTION 
 

Graphene and graphene-based nanocomposites have received considerable 
attention from different areas, due to its unique properties. Typically, graphene is 
obtained by the reduction of graphene oxide, and the number of stacked sheets defines 
the material as graphene or RGO[1]. Among the different routes to obtain graphene, the 
thermal reduction is simpler and does not require toxic reagents[2]. Besides, it can be 
used for a large quantity of material. In general, the process uses a tubular furnace 
inserting the sample into the preheated furnace at the reduction temperature for a short 
time (as 30 s)[3] or by starting at room temperature and heating with a specific rate (as 
5 °C/min)[2,4]. Studies in literature usually analyze different reduction temperatures, but 
do not compare these two different methods of heating. Thus, in this work, we present 
the evaluation of a different way to obtain RGO by thermal reduction using a 
conventional muffle furnace. Different conditions of drying and calcination temperature 
were applied to obtain the best condition to produce RGO by thermal treatment. The 
infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) were used to 
evaluate the reduction process and the morphology of the samples synthesized.  
 
METHODOLOGY 
 

Graphene oxide was obtained from Graflake 9950 (kindly provided by Nacional de 
Grafite) using the modified Hummers method[5]. The different reduction conditions 
tested are summarized in Table 1. The samples were named as RGO-TdMt where Td is 
the drying temperature, M is the reduction method (S: standard; I: instantaneous) and t 
the time (in seconds) that the sample stayed in the reduction temperature into the 
furnace (Jung, model LF 00613). Samples were characterized by Fourier transform 
infrared spectroscopy (FTIR) using the spectrometer Spectrum One (Perkin Elmer), with 
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an accessory of attenuated total reflectance, 4 cm-1 resolution; and by scanning electron 
microscopy (SEM), using a Jeol JSM-6701F (20 kV), without metal coating. 

 
Table 1 - Reduction conditions of GO. 

RGO Td (3 h) Reduction method 
Furnace 

temperature 
Time 

RGO-60S60 60 °C Standard (30°C/min) 600 °C 60 s 

RGO-50S60 150 °C Standard (30°C/min) 600 °C 60 s 

RGO-60I10 60 °C Instantaneous 600 °C 10 s 

RGO-150I10 150 °C Instantaneous 600 °C 10 s 

RGO-150S600* 150 °C Standard (30°C/min) 500 °C 600 s 

RGO-150I60 150 °C Instantaneous 600 °C 60 s 
(*) Reduction temperature of 500 °C 
 
RESULTS AND DISCUSSION 
 

Results of infrared spectroscopy of GO showed characteristics bands corresponding 
to C=O, C-OH, and C-O-C of oxygen-containing groups introduced in the graphite 
structure[6]. The spectra of RGOs 60S60, 150S60, 150I10, 150S600* and 150I60 
exhibited a decrease in the intensity of these bands, which suggests GO reduction. 
However, sample RGO-60I10 did not show any degree of reduction. Samples 150S60 
and 150S600* exhibited a higher degree of reduction. Comparing RGO-60S60 with 
RGO-150S60 and RGO-60I10 with RGO-150I10, we concluded that the higher drying 
temperature favored a greater degree of reduction, which agrees with the literature[7]. 
The presence of water could delay the heating process, having a negative role in the 
thermal exfoliation and reduction process[7]. Comparing RGO 150S60 to RGO 150I10, 
the standard method favored a higher degree of reduction, showing that some 
oxygenated groups take more time to be reduced. SEM images of RGO-150S60 
showed a lamellar morphology and sheets with an average size of 120 m. RGO-60I10 
that had a lower degree of reduction presented a morphology more similar to the GO 
precursor. 
 
CONCLUSIONS 

 
Drying GO at 150 °C followed by the standard method of reduction at 600 °C in the 

muffle furnace favored the highest degree of reduction (samples RGO-150S60 and 
RGO-150S600*). The proposed method is simple and does not need a special furnace.  
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ABSTRACT  

 
This work aims the synthesis and characterization of a Layered Double Hydroxide (LDH) 
intercalated with N-acetyl-L-cysteine (NAC), an antioxidant species, as well as the 
investigation of in vitro release of the organic guest through two different methods 
(dynamic and static), in a simulated extracellular matrix fluid. LDH hybrid material was 
prepared by the coprecipitation method (abbreviated Zn2Al-NAC) and characterized by X-
ray diffraction (XRD), mass coupled thermal analyses (TG-MS), Fourier transform infrared 
(FT-IR) and Raman (FT-Raman) spectroscopies, scanning electron microscopy (SEM), 
and 13C and 27Al solid state NMR spectroscopy. XRD pattern of Zn2Al-NAC showed basal 
spacing related to (003) plane of 16.3 Å, corresponding to a bilayer arrangement between 
the layers. Hybrid sample has flat-shaped particles and 27.4 wt% of NAC. TG-MS data 
indicated the Zn2Al-NAC dehydroxylation at about 330oC and the begin of CO2, NO2 and 
SO2 release at 660oC. NAC thermal stability is enhanced when in LDH confined structure. 
Spectroscopic data indicated the deprotonation of the carboxylic (COO- stretching modes 
at 1566 and 1392 cm-1) and the thiol groups (absence of S-H stretching band), and along 
with 13C NMR results, attested the chemical integrity of NAC after intercalation. 27Al NMR 
spectrum showed an asymmetric peak assigned to more than one Al octahedral site. In 
vitro tests using Zn2Al-NAC tablets suggested a modified (prolonged) guest release: 20-35 
% after 96 h considering both used methods. The cations lixiviation was minimum (0.2% of 
zinc; aluminum was not detected). Zn2Al-NAC hybrid material presents potential for 
application in the medicinal and agronomic fields.  
 
Keywords: Layered Double Hydroxides, N-acetyl-L-cysteine, antioxidant. 
 
 
INTRODUCTION 
 

LDHs comprises an extensive class of natural and synthetic 
materials, which structures and properties are often compared 
to those of the hydrotalcite mineral [1]. NAC is a L-cysteine 
derived amino acid (Figure 1) applied as mucolytic agent, in the 
treatment of paracetamol intoxication and in the control of the 
formation of bacterial biofilms caused by the bacterium Xylella 
fastiodiosa [2]. However, NAC presents a very low bioavailability 
(from 4 to 10%). The aim of this work is to investigate the 
intercalation and delivery of the antioxidant NAC into the LDH 
with zinc-aluminum composition (Zn2Al-NAC). 

 
 

Figure 1 – Molecular 
structure of NAC. 
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EXPERIMENTAL  
 

Zn2Al-NAC were synthesized by the coprecipitation method and characterized by 
structural, spectroscopic, thermal, textural and elemental chemical analysis. The release of 
the intercalated NAC was assessed by in vitro experiments in simulated biological 
medium, applying both the dynamic and static methods. 
 
RESULTS AND DISCUSSION  
 

X-ray diffraction patterns presented d003 basal spacing of 16.3 Å, suggesting a bilayer 
arrangement of the antioxidant species between the layers. Imagens from scanning 
electron microscopy showed the presence of flat particles with low degree of aggregation. 

Zn2Al-NAC IR spectrum presented bands at 1566 (as COO-) and 1392 cm -1 (s COO-); 

Raman spectrum showed bands at 2932 ( CH), 1642 ( C=O of amide group), 1429 (δ 

CH2), 1399 (s COO-), 683 ( CS) and 124 cm-1 (δ O-Zn-O). S-H stretching band is absent 
in the vibrational spectra. The differences (Δ) between the position of the bands related to 
the antisymmetrical and symmetrical stretching of the carboxylate group, Δ(COO-), 
observed for Zn2Al-NAC and for isolated sodium NAC salt at pH 11.0 were equal to 182 
and 174 cm-1, respectively, which can indicate a coordination of carboxylate group to the 
matrix layers as a bidentate ligand. However, a smaller value of Δ(CO2

-) for the salt in 
comparison with the intercalated NAC does not always confirm a bidentate coordination. 
As it is observed for the Cu2(OH)3CH3COO mineral, acetate Δ(CO2

-) increases after 
intercalation but crystal X-ray analysis showed a monodentate coordination. This behavior 
has been explained due to the hydrogen bonding between the neighboring hydroxyl and 
the free oxygen of the coordinated carboxylate [3]. 

The results of vibrational spectroscopy and 13C-NMR attested the structural integrity of 
the NAC after intercalation and suggest that the deprotonation of the carboxylic and thiol 
groups occurred. The layers presented distinct sites of hexacoordinate aluminum, 
according to the 27Al-NMR spectrum. 

The set of characterization techniques indicates the partial substitution of hydroxide ions 
coordinated to the layers metal cations for the oxygen of NAC carboxylate group. From 
thermal and elemental analysis, it was proposed the following formula: 
[Zn2.04Al(OH)5.72(C5H7NO3S)0.18] (C5H7NO3S)0.50

.1.6H2O. In vitro assay suggested a 
modified (prolonged) NAC release, since 35% of the antioxidant was released along 96 h 
applying the dynamic method, in contrast with 20% of release in the static approach. 
Raman stratigraphic analyzes of the tablets after the release test showed that ion 
exchange occurred only in its external regions after 96 h, evidenced by the appearance of 
a band at 973 cm -1 assigned to stretching of HPO4

2- anions. 
 

CONCLUSION 
 
Zn2Al-NAC material presented potential for application in the medicinal and agronomic 

fields, once the antioxidant intercalation occurred in a satisfactory amount, and the 
application of LDH as a host propitiated a NAC modified release profile (prolonged). 
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ABSTRACT 

     Heterogeneous catalysis based on clays such as Montmorillonite (Mt) has received
considerable  attention  due  to  their  environmental  compatibility,  low  cost,  selectivity,
thermal stability and recyclability. The Mt is classified as a 2:1 mineral clay and many
important properties of the Mt arise from their surface chemistry especially when this
material is submitted to an acid activation process with inorganic acids (HCl, H2SO4 and
H3PO4)[1]..  The acid activation preferentially occurs on the edge surfaces, in this sense
ab initio calculations were performed in order to determinate the most probable models
for (010) and (110) surfaces. After, the acid-activated Mt surfaces were simulated and
the reactivity of the surfaces was estimated. The calculations indicated that the acid
character of the acid-activated Mt mainly comes from the H sites present in silanol and
aluminol groups. The microstructural evolution of the Mt during the acid activation was
investigated by 29Si and 27Al NMR simulations and these calculations could assist in the
correct assignment of the silicon and aluminum chemical environments. The catalytic
activity of the acid activated Mt was evaluated by means of esterification reaction and
the reaction barriers were obtained for both surfaces. The dependence between the
Gibbs free energy variation with the temperature can also be computed.

     Keywords: Cationic Clay, Montmorillonite, Acid Activation, Biodiesel, Catalysis 

INTRODUCTION

     Acid activation is a chemical treatment, typically used on clay minerals such as
kaolinite, halloysite, and montmorillonite (Mt) in order to obtain materials with enhanced
surface properties toward environmental, technological and industrial applications [2]. The
resulting compounds present high surface area, pore volume and density of Lewis and
Brönsted sites. Acid-activated Mt has proved to be effective catalysts in the methyl or
ethyl esterification of free fatty acids (FFA) to obtain Biodiesel, a biodegradable and
environment friendly fuel  from effective renewable sources [1].  Crystallographic planes
that contribute predominantly to Mt edge surfaces are (010) and (110) and they are the
catalytically active plans in these applications. In the present work, a comprehensive
DFT study  on the  edge  surfaces  of  the  acid-activated Mt  is  introduced  in  order  to
evaluate the reaction mechanism of the solid acid-catalyzed esterification of acetic acid.
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     The quantum mechanical calculations were performed using the codes available in
Quantum ESPRESSO (QE) package[3]. Electronic structure calculations were based on
density functional theory (DFT) implemented with periodic boundary conditions using
plane wave functions as basis set. The electronic correlation and exchange terms were
employed using GGA-PBE. 

RESULTS

     The acid-activated Mt surfaces were simulated, and the reactivity of the surface sites
was checked by means of NH3 adsorption. The results confirm the greater acidity of the
sites  from the  (110)  surface  compared  to  (010)  surface  sites.  The  PDOS analysis
showed that the acid character of the edge surfaces manly arises from the H sites in Si-
OH and Al-OH groups. By means of NMR simulation of 27Al and 29Si it was possible to
characterize both the AlIV and AlV sites on the edge surfaces in accordance with the
propositions made in literature[2]. Based on the adsorption energies, we can infer that
the esterification mechanism begins with the adsorption of acetic acid. The adsorption
energy of acetic acid was the most negative, thus it is favored over the methanol.

Table  1:  Adsorption  energies  of  the  reactants  of  the  esterification  reaction.  The  figure
corresponds to the structure and charge density difference of the acid acetic adsorption. 

(010) (110)

Reactants ΔE / kcal
mol-1

ΔE / kcal
mol-1

Methanol -17.97 -17.10

Acetic acid -23.31 -25.38

                         
The  figures  above  show  the  reaction  paths  (simulated  using  CI-NEB  method)
calculated  for  the  esterification  reaction  from the  adsorbed  reactants  on  both  edge
surfaces. It was found that the reaction proceeds through a concerted mechanism with
a single transition state (TS) and without the formation of a intermediate. It is expected
that  more  extensive  acid  treatments  can be better  for  catalysis  applications.  These
calculations are being made.
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ABSTRACT

     An important aspect in the layered double hydroxides (LDH) synthesis is the nature
of the cations in the formula M+2

1-xM+3
x(OH)2(A-n)x/n.yH2O. Since the preparation of a new

compound is based on the partial isomorphic substitution of the metal M+2 by M+3, the
difference  between  the  atomic  radius  cannot  be  very  large [1].  It  is  known  from the
literature that a family of LDH is structurally related to the Gibbsite (Al(OH)3). In Gibbsite
structure, the layers are formed by octahedral aluminum sites coordinated by hydroxide
anions at  the  vertices,  occupying two-thirds of  the  octahedral  sites.  The alternance
between occupied site and vacancy creates a small deformation of the octahedra. As a
result,  the  vacancy is  slightly  wider  compared to  the  occupied site.  The  octahedral
vacancies of the gibbsite layer have the diameter comparable to small cations such as
Li+, without large deformations, once the atomic radius of Li1+ and Al3+ are close. In this
case, the generated charge is counterbalanced by anions and water molecules in the
interlayer space[2]. The treatment of gibbsite with lithium chloride (LiCl) and water (H 2O)
allows the formation of LDH with an  unusual  molecular formula [LiAl2(OH)6] Cl.pH2O.
This  ab  initio study  discusses the  thermodynamics  and  the  structural  modifications
derived  from  anion  exchange  on  LiAlCl.  The  Cl− ion  in  the  LDH  precursor  was
exchanged for a series of anions, F−,  Br−,  OH−,  I− and NO3

−.  The Gibbs energy, the
enthalpy and the charge density difference were also evaluated. 

Keywords: LDH, Ab initio calculation, anion exchange, NMR.

Introduction

     Layered double hydroxides (LDHs) have attracted considerable interest due to their
potential  applications  as  selective  adsorbents,  hosts  for  drugs  and  biomolecules,
precursors for ceramics and polymer nanocomposite [3]. The family of LDHs Li-Al-X is the
only set of LDHs to contain 1+ and 3+ cations. In this case the  Li+ cations occupy the
octahedral vacancies within Al(OH)3  layers, resulting in a positively charged layer. The
interlayer  anion  ensures the  charge  balance.  In  the  hydrated  structures  the  water
molecules form hydrogen bonds with the anion and layer hydroxyls. The understanding
of the influence of different interlayer anions in the LDH structure have great importance
to help  on theoretical  planning for  technological  applications,  since the intercalation
behavior is important in many processes[4].
     All the calculations were performed using the Quantum ESPRESSO (QE) package [3].
Electronic  structure  calculations  were  based  on  density  functional  theory  (DFT)
implemented with periodic boundary conditions using plane wave functions as basis set.
The  electronic  correlation  and  exchange  terms  were  employed  using  GGA-PBE.
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Interaction  of  valence electrons with  nuclei  and core  electrons were  treated by  the
projector augmented-wave (PAW) method [5].  

RESULTS AND DISCUSSION

     The objects of the study were both the dehydrated and hydrated
structure of the layered double hydroxide Li-Al-X. We chose Li-Al-Cl as
a  precursor  because  ab  initio calculations  have  shown  a  good
reproducibility on the geometric parameters with a margin of error less
than 3%. The Cl- anions share a single set site and have hydrogen
bonds with the OH groups in the adjacent layers and with interlayer
water  molecules  on  the  dehydrated  and  hydrated  structures
respectively. 

     We investigated the possibility of the 27Al and 7Li nuclei having
different NMR parameters in function of lithium arrangement in the
layer and the chloride in the interlayer for the Li-Al-X (X= Cl-, Br-, F-,
I-,  OH-,  NO3

-).  27Al  and  7Li  NMR  spectra  were  simulated  in  a
magnetic field of 7.04T. The references used were ɑ-Al(OH)3 for the
27Al NMR and LiCl for the  7Li one.  On  27Al NMR, the dehydrated
structures have shown chemical shifts ranging between -4.05ppm
and -8.27ppm while  7Li  NMR shows values between -5.02 and -
5.84ppm.  The  same  behavior  was  observed  on  the  hydrated

structures. While the 7Li NMR showed chemical shifts between -5.32 and -5.83ppm, the
values  for  27Al  NMR  was  ranging  between  -4.55ppm  and  -6.28ppm.  This  result  is
interesting because while  the substitution  of  the interlayer  anion and the  degree of
hydration affect significantly the 27Al spectra it does not happen to the 7Li spectra. 

     The figures above show the 27Al and 7Li simulated NMR for Li-Al-Cl and Li-Al-NO.
The other  monovalent  anions spectra were also  calculated,  as well  as their  charge
density  difference.  The  free  Gibbs  energies related  to  thermodynamic  study  of
exchange reactions were also calculated. The same calculations for the divalent anions
SO4

-2 and CO3
-2 are being made.

Support:  This work has been supported by CAPES,  CNPq, FAPEMIG, Brazilian agencies and the
enterprise Petrobras S/A (CENPES). We also acknowledge the CENAPAD-SP computational center.

Citations and References
1. L. Crepaldi, et al., Química Nova;v.21, 300 – 311, (1997)
2. V. P. Isupov, et al., Journal of Structural Chemistry; v.39, 362 – 366, (1998)
3. X. J. Hou, et al., Applied Surface Science, 416, 411-423 (2017)
4. D. G. Costa, et al, Applied Clay Science, v.56, 16-22 (2012)
5. P. Giannozzi, S. Baroni, N., et al., J. Phys. Condens. Matter., 21, 395502, (2009).

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil.



 

20th	International	Symposium	on	Intercalation	Compounds,	June	2-6th,	2019,	Campinas,	Brazil.	

Development of Novel Functionalized Synthetic Saponite 
Clays containing Ln(III) Ions 

 
S. MARCHESI1, F. CARNIATO1, M. BOTTA1, L. MARCHESE1, C. BISIO1 

 
1Dipartimento di Scienze e Innovazione Tecnologica, Università degli Studi del Piemonte 

Orientale “Amedeo Avogadro”, viale Teresa Michel 11, 15121-Alessandria, Italy.  
chiara.bisio@uniupo.it 

 
ABSTRACT 
 

Synthetic layered clays of the family of smectites called saponites have stimulated particular 
interest over the past few decades due to their interesting properties, such as high thermal stability 
and excellent chemical versatility [1]. The introduction of f-block elements, as ions or complexes, 
in the clay framework may lead to the development of novel lamellar materials with interesting 
features such as electronic, magnetic, optical and catalytic properties. 

 
Afterwards, we modified the hydrothermal synthetic method of saponites to introduce both Gd3+ 

and Eu3+ as ions directly into the inorganic framework, thus conferring both paramagnetic and 
luminescent properties to the final material (GdEuSAP, Figure 1). Samples containing only Gd3+ 
or Eu3+ ions have been prepared as references (GdSAP and EuSAP). The solids were submitted 
to a Na+-exchange procedure to ensure a chemical uniformity of the exchange sites. The Ln3+ 
loading in samples resulted to be 0.02 mmol/g. 29Al solid-state NMR showed that lanthanides tend 
to be incorporated more in the tetrahedral sites of the framework. The presence of lanthanides 
did not alter the general crystalline structure of saponite, as observed by XRD analyses, while 
SEM and TEM microscopies indicated the presence of different levels of spatial organization of 
lamellae, with a size of few ten nanometers. The luminescence spectrum of samples showed the 
characteristic peaks of the Eu3+, with the presence of a Gd3+→Eu3+ energy transfer process. The 
average hydration of the Eu3+ (q), estimated through the radiative lifetimes (τ) in H2O and D2O, 
was found to be 4. The intrinsic quantum efficiency of Eu3+ (Φ Eu

Eu) was establish to be 3.25% and 
4.29% for Eu-SAP and Na-GdEuSAP, respectively, with high photostability under continuous 
irradiation. 1/T1 1H-NMRD profiles of the aqueous suspensions showed the typical shape of slowly 
tumbling systems, with a broad hump at high magnetic fields and a maximum value of relaxivity 
(r1) centered at 30-40 MHz, at 310 K. The r1 is influenced by water diffusion phenomena through 
the interlayer, as suggested by the increase of r1 with temperature. The suspensions were treated 
with EDTA ligand and no release of Gd3+ ions in solution was observed in presence of high EDTA 
concentrations, demonstrating a high stability of the materials. 

 

 
Figure 1. Luminescence and relaxometric properties of GdEuSAP sample. 
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ABSTRACT  
  

The goal of this work was the synthesis and characterization of nanocomposites 
bentonite/titanium dioxide doped with niobium oxide obtained via hydrolytic sol-gel 
methodology. The materials were several characterized by X-ray powder diffraction, 
ultraviolet/visible absorption spectroscopy, specific surface area analysis and cation 
exchange capacity. The presence of titanium dioxide on the bentonite surface could be 
verified after the calcination at 400 and 700ºC due the presence of the typical anatase 
phase. Is important remark that niobium oxide associated with clay mineral and TiO2 
semiconductor constitute a photocatalyst candidate to application under solar light because 
the absortion present a very broadner band confirming that clay mineral and niobium oxide 
could affect the band gap from semiconductor (TiO2).  

Keywords: clay minerals; semiconductor; niobium; photodegradation. 
  

Introduction 
  
Conventional treatments are not effective for the removal of most of the contaminants 

from urban wastewater, so it’s necessary to search for new materials that can oxidize these 
substances of interest. [1,2]. Among the different types of clays, the bentonite group, which 
consists in crystalline and lamellar particles, described as very thin, irregularly shaped or 
blades, disposed in a typical TOT (2:1) arrangement, constituted by two tetrahedral silica 
layers alternated by an octahedral Al, Fe and Mg hydroxyl layers [3]. 

A variety of semiconductors have been tested in photo assist techniques, among them, 
TiO2 has been the most widely used because of its unique properties such as high chemical 
stability, non-toxicity, biocompatibility and strong reduction power[4]. Niobium based 
materials have received greater attention in the field of heterogeneous catalysis, being 
studied as catalyst and catalyst support in important chemical reactions[5]. 

Thus, the goal of this work was to evaluate the synthesis and characterization of 
nanocomposites using bentonite, titanium dioxide doped with niobium oxide, using the sol-
gel methodology to better recover the clay mineral surface. The influence of temperature 
annealing to photocatalyst was also evaluated. All the heterogenenous photocatalysts 
obtained will be further employed to treatment of emerging organic pollutants in aqueous 
medium. 

 
Experimental 

 
The synthesis of nanocomposites was based on the work of Barbosa, et al[6]. For this, 

was kept under constant mechanical stirring for 24 hours, initially 40 g of bentonite in 800 
mL of isopropanol, after an hour was added 4 mL of acetic acid, 8 mL of titanium 
isopropoxide (IV) and ammonium niobite (V) oxalate (5%/mol relate to titanium dioxide 
content). The suspension was then centrifuged, and oven dried at 80 ºC for 24 hours. The 
synthesis of the nanocomposites denominated bentonite-niobium was carried out in the 
same way, but without the addition of titanium isopropoxide (IV). The obtained materials 
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were shared in four fractions, one not receiving heat treatment while the other three fractions 
were calcined at 400, 700 and 1000 ºC for 24 hours in a muffle, with air atmosphere, where 
the annealing temperatures adopted for the heating treatment were based on the allotropic 
changes of the titanium for anatase rutile and brookite, respectively. 

  
Results and Discussion 

  
The X-ray powder diffraction shown that the materials maintain their crystallinities up to 

700 ºC, indicating the characteristic peaks close to the natural bentonite, was evidenced that 
the basal spacings were smaller until there was no more crystallinity in the materials. Effect 
explained due the water elimination after calcination from the cation presents on bentonite 
interlayer spaces. In materials calcined at 1000 ºC, was possible observe peaks of niobium 
oxide, titanium niobium oxide, and anatase and brookite phases of titanium dioxide between 
22 and 39 2θ degrees, which is very close to that found in the literature[6,7,8] confirming the 
presence of semiconductors. 

Ultraviolet/visible spectroscopy shown also the presence of more broadner bands in the 
solids containing titanium dioxide and niobium oxide; confirming that the wavelength range 
with maximum absorption increase using the clay minerals as support, this point suggest 
that photocatalysts could be efficient also using sun light due the displacement of the 
semiconductor band with maximum centered at 325 nm to the visible region [9]. 

Cation exchange capacity and specific surface area, shown that the materials with 
bentonite present higher values (near to 1300 m2/g for materials prepared only with niobium 
oxide versus 700 m2/g for materials with titanium dioxide and niobium oxide heated at 400º 
C), the clay is already positively charged, expandable and presents smaller particle size and 
could result in a good arrangement of dioxide recover on the surface. Thermal analysis, on 
DSC curves, confirms also that anatase was obtained at 600 ºC due the presence of 
exothermic peak at 600 ºC on the samples containing titanium dioxide [10,11]. 

  
Conclusion 

  
Sol-gel methodology was efficiently applied to prepare heterogeneous photocatalysts, the 

efficient recovery of the bentonite surfaces was proven by various techniques that confirms 
also the interaction between bentonite with the titanium dioxide and niobium oxides, as well 
as the change in the absorption range, displaced to the visible region, which makes the 
materials prepared herein promising photocatalyst under solar light excitation and also the 
higher specific superficial area values maintained including after annealing to 700ºC induces 
the higher capability to generate hydroxyls radical under aqueous solution. 
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ABSTRACT  

 
The goal of the present work was the synthesis and characterization of microspheres 
using natural materials (kaolin with higher kaolinite content) and polymeric compounds 
(chitosan and polyvinyl alcohol - PVAL) that is a promising alternative to increase the 
absorption capacity of chemical compounds in water. The materials were prepared by 
inversion (acidic to basic medium) using a peristaltic pump to obtain spheres with regular 
size distribution in short interval times. Swelling tests were performed on the 
microspheres. All the solids were characterized by the techniques X-ray powder 
diffraction (XRD), infrared absorption spectroscopy (FTIR), cation exchange capacity 
(CEC) and scanning electronic microscopy analysis. Results obtained through the XRD 
proved the addition of the polymers in the kaolin resulting in a typical conventional 
composite due to the presence of the diffraction halo characteristic of the amorphous 
polymers and characteristic peaks profile of kaolin with very lower intensity. FTIR shown 
all the typical vibrations of the chitosan and confirm the effective interaction of PVAL and 
chitosan resulting in a polymeric blend, some typical kaolinite stretching are also 
observed at 3620, 3690 cm-1.This bands are not displaced compared to original kaolin 
FTIR confirming that only surface interaction are obtained in this composites.  

  
Keywords: Adsorbents, kaolin, microspheres, biodegradable polymers. 

  
Introduction 

 
Adsorption is a very simple, clean and fast process commonly employed for the 

removal of metals, dyes, drugs and other toxic residues present in lower or higher 
concentrations in gas or liquid phase. On the nature different type of clays are responsible 
for control the mobility of metals and other anthropogenic wastes present in soils or water. 
In this context, adsorbents based on clay minerals present an efficient removal for cationic 
charged species. Different techniques could be employed to develop and accelerates the 
process of microspheres synthesis [1], as is the case of peristaltic pump dripping, in addition 
to standardizing the samples, aid in the large-scale preparation.  

Chitosan is an excellent biosorbent for the removal of metal ions because it 
possesses a unique combination of properties (such as biodegradability, bioactivity, 
biocompatibility and non-toxicity) and is the richest and cheapest biopolymer in nature [2]

. In 
this context PVAL is a biodegradable synthetic polymer that is especially noteworthy 
because of its transparency, strength and biocompatibility [3]. 
  Kaolin is a mineral rich in kaolinite that is an aluminosilicate with a dioctahedral 
structure, composed of structurally asymmetric layers of type TO or 1: 1. Thus, the structure 
of kaolin is basically composed of a simple tetrahedral sheet of silica bonded to a single 
octahedral sheet of alumina with exposed oxygen on one side of the layer, and hydroxyls 
on the other. [4]. 

Thus, the goal of this works was the combination of the properties of inorganic 
materials (natural kaolin rich in kaolinite and humic substances) and biopolymers 
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(chitosan and PVAL) that could be a very efficient strategy to development materials with 
new properties. 

 
Experimental 

For the preparation of the kaolin-chitosan (KQ) and kaolinite-chitosan-PVAL 
(KQPVAL) microspheres, the chitosan powder was first solubilized in a 5% (v/v) aqueous 
acetic acid solution, remaining under stirring for 24 hours, for the formation of KQPVAL 
microspheres, 25 mL of the PVAL solution was added to 25 mL of 2% (w/v) chitosan 
solution, remaining under constant stirring and heating at 60 ºC after this process 7 g of 
kaolin was deposited in the solution with constant mechanical stirring for 24 hours. The 
solution thus obtained was mechanically dripped onto an 8% (w/v) sodium hydroxide 
solution under vigorous magnetic stirring, yielding the microspheres by phase inversion. 
The microspheres were washed with distilled water to pH 7.5. In the final step, the wet 
microspheres were taken to the vacuum oven at 30 ºC. 

 
Results and Discussion 

  
XRPD confirmed the addition of the polymers in kaolin due to the presence of the 

diffraction halo characteristic of the amorphous polymers. Scanning electron micrographs show 
that the texture of solids KQ shown the typical tactoids on the polymer surfaces is similar to that 
from original kaolin structures. Is possible observe some kaolin aggregates. However for solid 
KQPVAL the surface are completely distinct more smoothly confirming that PVAL induces the 
better interaction between kaolin and chitosan. The presence of PVAL produces the better 
adhesion of the surface of clay crystals. This aggregation effect evidenced by increasing on 
rugosity of surface is always higher for the materials containing only kaolin and chitosan, in which 

more spongy particles are observed. FTIR show that the bands at 1648 cm-1 were attributed 
to the C=O stretching of amide originating from chitosan. The bands located between 
2900 and 2950 cm-1 are related to C-H, and may be related to PVAL, and an overlap may 
occur between the bands of elements present between chitosan and PVAL. In the 
swelling test, it was possible to observe the maximum rate of 40 minutes for KQ, with 
maximum percentage of 220%. In the KQPVAL composite the maximum percentage of 
swelling was 322% in 20 minutes. This difference can be explained by the contact time 
between chitosan and PVAL in solution, contributing to the homogeneity between 
polymers and clay. 
 
Conclusion 
 

The present study demonstrates that the preparation method used was promising 
for the production of microspheres with interesting properties. XRD results indicate the 
formation of an amorphous composites evidencing the good distribution of clay in 
polymeric matrix, from the technological viewpoint the method was interesting, since the 
ability of the hybrid to absorb molecules could be favoured by the decrease of the degree 
of crystallinity of its structure. Swelling tests showed that the microspheres have high 
capacity to absorb water.  
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ABSTRACT

DFT calculations were performed to gain insight of the interactions behind the benzophenone
adsolubilization  into  Zn3Al-LDH (Layered Double  Hydroxide)  intercalated with  dodecylsulfate
(DDS). Structurally, a modification of the DDS tilt angle is observed after dehydration, leading to
a significant basal reduction. The charge density plots showed that the water molecules close to
the anion heads tend to distribute the charge dipoles on the inorganic layer. Regarding the
benzophenone adsolubilization, the interactions between guest molecule/hybrid host could be
determined as well as the main geometric modications of the organic molecule. In terms of the
electronic structure, after the benzophenone adsolubilization, a reduction of the energy band
gap was observed along with an indirect-to-direct gap transition.

INTRODUCTION & THEORETICAL METHODOLOGY

Intercalation chemistry is a very promising research field due to the possibility of tuning several
properties,  such as the chemical  and thermal stability as well  as the control  of  the release of
different intercalated species.1 LDHs are vastly studied in the literature as the inorganic hosts for
various  intercalation  processes,  especially  because  of  its  anion  exchange  properties.  Many
intercalated  anions  are  reported  in  the  literature,  among  them  are  the  anionic  organic  linear
surfactants such as DDS, dodecylbenzosulfonate (DBS), just to cite some examples.

One of the main purposes of surfactant intercalation in LDHs is to enable the adsolubilization of
organic  neutral  molecules.  For  instance,  Cursino  et  al. reported  the  adsolubilization  of
benzophenone in ZnxAl-DDS.2 The results showed that the synthesized materials presented good
UV radiation absorption as well as the indication of dermal toxicity reduction.

In spite of  this promising feature by the benzophenone adsolubilization,  very little  is known
about the structural  arrangement and the electronic properties of  the confined molecule in the
interlayer region. In this work, our main objective is to study the characteristic interactions between
the  organic  molecule  and  the  aliphatic  chains  of  DDS  in  the  interlayer  region  of  LDHs.
Furthermore, we also aim to elucidate the possible modifications of several electronic structure
properties, such as the energy gaps, induced by the adsolubilization process.

All calculations were performed using the codes available in the Quantum Espresso package,
which implements the DFT under periodic boundary conditions. The periodic structure of DDS-
intercalated Zn3Al-LDH, here simplied as Zn3Al-DDS, was modelled using the brucite structure
data,  having  a  fraction  of  divalent  cations  replaced  for  Al3+ cations.  The  3R1 polytype  was
generated by the stacking vector (a/2, a√3/6, c/3).

RESULTS AND DISCUSSION

The unit cell parameters a and b were very similar for both optimized structures (hydrated and
dehydrated models), indicating that no bond and angle distortions of the layer octahedra occur
after dehydration. A good agreement between the simulated and the experimental values of a and
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b was also  achieved,  the relative  deviation  being of  approximately  3%.  On the other  hand,  a
notable contraction (of approximately 18%) was observed for the basal spacing after dehydration.
This behavior is expected, though, in the case of Zn2Al-DDS, such decrease was not observed3,
suggesting that this basal reduction is specific to the Zn3Al compounds.

Regarding the influence of the water molecules on the charge redistribution, the charge density
difference plots (Fig. 1) show that there is a greater concentration of dipole-like interactions in the
dehydrated structure than in the hydrated one.

Figure 1: Charge density difference plots of (A) hydrated Zn3Al-DDS and (B) dehydrated Zn3Al-DDS.

Fig. 2 shows the most stable conformation of benzophenone interacting with the DDS chains.
The mean distance between benzophenone and the DDS anion is about 3 Å. Benzophenone also
suffers a torsion between the aromatic rings of about -10º, adopting almost a planar configuration
after adsolubilization, while the optimized dihedral value in the solid state is of 32º.

Figure 2: Snapshot of the benzophenone adsolubilization in hydrated Zn3Al-DDS.

The band structures showed that a significant  decrease of the energy gap occurs after the
benzophenone adsolubilization,  indicating  that  this  process  is  able  to  tune the energy  gap of
surfactant-intercalated LDHs. Moreover, the gap transition also changes from an indirect gap to a
direct gap when the benzophenone molecule is adsolubilized. 
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ABSTRACT  
 

Herein we present a comparative investigation on the structural aspects of LDH-glyphosate 
materials prepared by two different routes, aiming the design of slow-release glyphosate 
formulations. We have compared a direct and an indirect preparation route, and the materials were 
characterized by FTIR, powder XRD and multinuclear solid-state NMR. The XRD patterns 
confirmed that the glyphosate molecules are intercalated in a tilted, near vertical orientation 
respective to the LDH lamella. FTIR spectra of the LDH-glyphosate materials show that the bands 
attributed to the carboxylate and phosphonate moieties of the glyphosate molecules were shifted to 
lower wavenumbers, and the 13C CPMAS spectra of the LDH-glyphosate materials show that the 
peaks were split into two sets and shifted to higher frequencies when compared to pristine 
glyphosate, thus confirming that the glyphosate immobilization was successful. 

 
INTRODUCTION  

 
Glyphosate is a post-emergent, systemic, non-selective and wide-spectrum world-wide used 

herbicide. When applied, a portion of it is absorbed by the plants and another significant portion 
goes to the soil. Once in the soil surface, glyphosate may suffer several chemical and physical 
processes, such as degradation, leaching, complexation and percolation. Once complexed with 
metal cations or metal oxides in the soil, glyphosate becomes inactive, unless physical processes 
change the equilibrium and mobilize the complexes, rendering active glyphosate species, that may 
reach the underwater deposits[1]. Thus, the continuous usage of glyphosate may cause several 
environment damages, and alternative formulations are needed. In this work, we have investigated 
the interaction of the glyphosate (glyP) with LDH, aiming to get new slow release systems. In LDH 
the brucite-like structure is partially occupied by trivalent cations, that is, the magnesium cations 
are substituted for e.g. aluminum cations, affording a liquid positive charge to the LDH lamella. 
Thus, anionic species may intercalate inside the lamella, for instance, glyphosate anionic species 
(figure 1c). Clearly, besides intercalation, glyP anions may also adsorb onto the LDH external 
surface. We have compared two preparations, one direct and another indirect. In the direct route 
glyP is added together with all other reagents, according to Meng et al.[2]. In the indirect route, an 
ordinary carbonate-LDH compound was calcined for 4h at 450ºC, and was subsequently stirred 
with an appropriate quantity of glyP in deionized water at 80ºC for 24h, following 
Constantino&Pinnavaia[3]. The two preparations were performed at pH=9, were the major anionic 
glyphosate species is glyP[2-4]. In either case, the LDH-glyP products were isolated, washed, dried 
and characterized by XRD (Rigaku Ultima IV diffractometer), FTIR (Bruker Vertex 70), and solid-
state NMR (27Al spectra: Bruker Avance II 400NB, 4mm probe rotating at 8KHz in the magic angle; 
13C CPMAS spectra: Bruker Avance III 400WB, 4 mm probe rotating a 10 KHz in the magic angle). 
The interlamellar spacing of 0.69 nm (003 peak) was measured for the materials obtained by both 
routes, indicating that glyP anions are intercalated in an tilted, near vertical orientation respective 
to the LDH lamella. The higher crystallinity of the material obtained by the indirect route was 
evidenced by the narrower and more intense peak (003), when compared to the same peak in the 
diffractogram of the product obtained by the direct route. Figure 1 shows the diffractograms of the 
compounds obtained by direct and indirect routes, as well as the proposed intercalation mode for 
the glyphosate anions [2].  
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Figure 1: XRD profiles of the materials obtained by (a) direct and (b) indirect routes. Scheme (c) shows the intercalation 

mode proposed for the LDH-glyP materials prepared at pH 9. 

The LDH-glyP interaction was confirmed by the FTIR spectra that show shifts of the bands 
attributed to the carboxylate and phosphonate groups of the glyphosate molecules. In the 
spectrum of pristine glyphosate the following bands were observed:at 1730-1712 and 1421 cm-1 
(ᶹas COO- and ᶹs COO-), and at 1174 and 1094 cm-1 (ᶹas P-O and ᶹs P-O), whereas in the LDH-
GlyP spectra those bands were shifted to 1620 and 1370 cm-1, and to 1100 and 980 cm-1 
respectively. The 27Al MAS spectra measured for the materials obtained from the direct and 
indirect routes showed only an intense and narrow signal in the octahedral Al range, close to 7 
ppm. In both cases the symmetry of the signal indicated isotropic charge distribution around the 
Al core[5]. The 13C CPMAS spectra of the pristine glyphosate and LDH-GlyP compounds are 
depicted in Figure 2. Two sets of peaks are observed for the LDH-GlyP spectra, and the 13C 
chemical shifts of glyphosate (Figure 2-A) were shifted to higher frequencies for LDH-GlyP 
compounds, which indicates interaction of the glyphosate anions with the LDH. The broadened 
signal at 180 ppm was attributed to the C1 of the intercalated glyphosate, whereas the narrower 
signal at 170 ppm was attributed to the C1 of the adsorbed glyphosate. The narrower peak 
shows symmetry similar to the pristine glyphosate signal, suggesting that the interaction 
between the carboxylate group of the glyphosate with the LDH external surface causes the 
observed shift[6].  The results also suggest that the intercalated LDH-GlyP material was obtained 
in higher yield by the direct route (Figure 2-B), when compared with the indirect route (Figure 2-
C). 
 

 
Figure 2: 

13
C CPMAS NMR spectra obtained for (A) pristine glyphosate; (B) LDH-GlyP prepared by the direct route; and 

(C) LDH-GlyP obtained by the indirect route. 

Thus, it can be concluded from XRD, FTIR and 13C CPMAS NMR data that, in the experimental 
conditions employed in this work, the direct route favors the intercalation of glyphosate, although 
the product showed a lower degree of crystallinity when compared to that obtained by the indirect 
route. 
                
Citations and References 
 

[1] Giesy, J. P.; Dobson, S.; Solomon, K. R. Rev. Environ. Contam. Toxicol. 2000, 167, 35 – 120. 
[2] Meng, J., et al. Chinese Sci. Bull. 2005, 50, 745 – 751. 
[3] Constantino, V. R. L., Pinnavaia, T. J. Inorg. Chem. 1995, 34, 883 – 892. 
[4] Peixoto, M. M., et al. J. Phys. Chem. A. 2015, 119, 5241 – 5249. 
[5] Sideris, P. J., et al. Chem. Mater. 2012, 24, 2449 – 2461. 
[6] Christensen, M. A., Schaefer, J. Biochemistry. 1993, 32, 2868 – 2873.  



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

Natural diterpene copalic acid incorporation and release 
studies in natural and organophilic sepiolite fibrous clay  
  
SANTOS, E. S., ALVES, V.L., HELENO, V. C. G., DE FARIA, E.H.  

 

Núcleo de Pesquisas em Ciências Exatas e Tecnológicas, Universidade de Franca (UNIFRAN), 
Av. Dr. Armando Salles Oliveira, 201, CEP 14.404-600, Franca, SP, Brasil. 
eliene.silverio@gmail.com e/ou emerson.faria@unifran.edu.br 

 
ABSTRACT  

Sepiolite functionalization studies were carried out followed by the characterization of all 
inorganic materials. Kinetic and equilibrium studies were performed with the natural 
diterpene providing important information on equilibrium time, equilibrium concentration 
and other experimental conditions for the best adsorption condition and yield the hybrid 
material containing the active compound copalic acid. The solid was obtained after 
magnetic stirring at 25ºC for two hours with natural or organophilic (containing amine 
groups) sepiolite. The experiment with concentration of 1000 mg/L provided by the 
equilibrium, showed the better adsorption capacity. The solids were carefully 
characterized by X-ray powder diffraction, infrared absorption spectroscopy and thermal 
analysis. After the incorporation of the active compound copalic acid, the release in buffer 
pH=7.4 study was analysed by UV-Vis spectroscopy that showed the copalic acid release 
data. It was possible to define that equilibrium of active specie release was reached after 
48 hours using organophilic sepiolite. 
Keywords: copalic acid, fibrous clay mineral, adsorption, drug delivery. 
  
Introduction 

The diterpenes or diterpenoids as they are also called, are a large and structurally 
diverse class of natural products, with skeletons of 20 carbons. [1] Diterpenes have a 
broad spectrum of important biological activities, such as antiparasitic, anti-inflammatory, 
cytotoxic, anticancer, among others. Copalic acid has a lipid-like skeleton, first described 
by Nakano and Djerassi in 1961. [2] 

Hybrid materials represent a class of materials that have been widely used in 
adsorption processes. The multifunctionality of these materials enables a range of 
applications within the adsorption area allowing the removal of complex species such as 
toxic metals, drugs, organochlorine pesticides, among numerous other compounds. 
Besides this range of applications within the adsorption area, there are countless 
followings such as catalysis, sensors, controlled release of drugs, composites, 
nanocomposites, polymer loads, among others. [3] The objective of this work is to analyse 
the adsorption of active diterpenes in sepiolite (natural and organophilic), that is a fibrous 
clay mineral, and also verify the drug release profile of the adsorbed natural product on 
fibrous clay mineral. 

 
Experimental 

Based on the work Moreira et al. 2016[3] the functionalization of sepiolite with the 
3-aminopropyltriethoxysilane was made using the method with excess of the alkoxide in 
presence of dried sepiolite, under inert argon atmosphere. The resulting material was 
centrifuged and washed once with toluene, after which the material was subjected to the 
Soxhlet system to be washed with ethanol and then with water. The purified sepiolite was 
named Sep, while the functionalized was named Sep-APTES. Adsorption (kinetic and 
equilibrium) study, a solution with concentration of 30 mg.L-1 of the copalic acid was 
initially prepared. Next, test tubes containing 50 mg of Sep and Sep-APTES were added 
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in each test tube for kinetic evaluation. Then 5 ml of the solution of the copalic acid was 
added to each test tube, which were taken into the batch reactor with temperature control 
and at the end of each desired time, the supernatant was separated from the solid 
adsorbents by centrifugation, and then analysed by UV-Vis spectrophotometry. The 
copalic acid release study was made using the dialysing membrane, 50 mg of each solid 
containing copalic acid (Sep and Sep-APTES), thus the material was weighed and 
adhered to the membrane along with 2 ml of pH 7.4 phosphate buffer solution. The 
membrane was then placed in a beaker and taken to the reactor under magnetic stirring, 
and at the interval times aliquots with 3mL were removed and analysed by UV-Vis 
spectroscopy; is important remark that during each aliquot removal, 3 mL of buffer 
phosphate solution was added to the release medium. 
 
Results and Discussion 

X-ray powder diffraction shows the typical sepiolite diffraction pattern. The solids 
after copalic acid incorporation did not show any displacement, remarking the typical 
characteristic of fibrous clays that maintain the zeolitic cavities bonded by apical oxygen, 
resulting in a non-swollen clay mineral type. The infrared absorption spectroscopy 
evidenced the changes after sepiolite functionalization with the alkoxides and after 
copalic acid incorporation. The typical bands of the amine groups and carboxylic acids 
from diterpenes were observed at 1567-1411 and 1000-500 cm-1. The kinetic study 
established that the equilibrium was reached at about two hours using the concentration 
of 1000 mg.L-1. After the incorporation of the copalic acid the release in buffer pH=7.4 
showed the typical profile of drug release for sample containing amine groups 
(maintenance of concentration release against intervals time analysed). However the 
purified sepiolite (Sep-Ac.Cop) presented a higher release rate reaching 30.78% in 48h. 
Natural sepiolite release the copalic acid in very short time intervals, thus the active 
substance do not reach the equilibrium of drug release. Some peaks with increase and 
decrease of concentration were observed confirming that only sepiolite could not 
guarantee the effective interaction with copalic acid. Functionalized sepiolite presented a 
lower percentage of release, presenting only 8.8% in 48h. However, it presented a certain 
equilibrium in the release, providing greater efficiency in the control of the release. Over 
time, the copalic acid concentration reaches the plateau and maintain constant until 10 
days. 

 
Conclusion 

Sepiolite was functionalized by 3-aminopropyltriethoxysilane and TG, FTIR and 
XRPD confirm the attachment of amine groups on fibrous clay. The experiments also 
confirm that the active diterpene was also incorporated. The typical adsorption 
experiment, kinetic and equilibrium studies shown that the time required to reach the 
equilibrium for Sep and Sep-APTES was 2 h. The optimal concentration employed 1000 
mg/L (based on equilibrium study) evidenced the copalic acid incorporation into Sep and 
Sep-APTES 18,10 mg/g and 58,76 mg/g. The controlled release study established that 
the material Sep-APTES presented higher efficiency on copalic acid release. 

 
Citations and References 
 [1] Garcia, P.A.; Oliveira, A.B.; Batista, R. Occurrence, biological activities and synthesis of kaurane 
diterpenes and their glycosides. Molecules, 2007; 12, 455-483. 
[2] Nakano, T.; Djerassi, C. Terpenoids.XLVI.Copalic acid. J. Org. Chem., 1961; 26(1), 167-173. 
[3] Moreira, M.A.; Ciuffi, K.J.; Rives, V.; Vicente, M.A.; Trujillano, R.; Gil, A.; Korili, S.A.; Faria, E.H. Effect of 
chemical modification of palygorskite and sepiolite by 3-aminopropyltriethoxisilane on adsorption of cationic 
and anionic dyes. 2016. 



Electronic properties of some zirconium aminophosphonates
investigated by DFT calculations

BRUNA NÁDIA N. SILVA1, SÉRGIO R. TAVARES1, ALEXANDRE A. LEITÃO1

1Departamento de Química – ICE, Universidade Federal de Juiz de Fora,  CEP 36036-330
Juiz de Fora - MG -Brasil.  Email:  brunaneves@ice.ufjf.br;  sergiorodriguestavares@ice.ufjf.br,
alexandre.leitao@ufjf.edu.br 

ABSTRACT

The  a-ZrP  is  a  layered  material  well  known  in  the  literature  and  recently  new
structures are being proposed by modifications of its synthesis for different applications.
To  better  understand  these  new  systems,  the  goal  of  this  work  is  to  conduct  a
theoretical  study  of  the  structural  and  electronic  properties  of  some  zirconium
aminophosphonates  by  DFT  calculations.  The  geometry  optimizations  and  the
simulated XRD patterns show a good agreement compared to the experimental data.
The 31P NMR simulation presented two distinct sites for each material.  We also noticed
from the projected density of states (PDOS) that the animo group is more acidic than all
the other oxygen atoms. In addition, these amino groups present certain differences
regarding the Bader charges of the nitrogen atoms. For the next steps, we will simulate
the IR spectra and propose the exfoliation of all these materials.

INTRODUCTION AND COMPUTATIONAL METHODOLOGY

The  a-ZrP  is  a  stable  layered  compound  with  several  applications  in  biological
systems and controlled release of species from the interlayer region [1,2]. Furthermore,
modifications  in  its  synthesis  have  recently  been  reported  and  may  lead  to  other
zirconium aminophosphonates with significant properties such as proton conductors, ion
exchanges, heterogeneous catalysis, among others[3,4]. Hence, a theoretical study of the
acidity and the distribution of charges in different sites will assist the understanding of
the reactivity of these compounds. 

The  goal  of  this  work  is  to  study  some  zirconium  aminophosphonates  by  DFT
calculations. We simulated layered models of zirconium aminophosphonates wich were
experimentally  characterized  by published  reports  (Taddei  et.al., 2016):
ZrH[F3(O3PCH2NH2)]  (ZAMPAF),  Zr2H2[(C2O4)3(O3 PCH2NH2)2]  .  2H2O  (ZAMPAOX),
Zr(O3PCH2CH2NH3)2Cl2 (ZAEPACl). We used the  QUANTUM ESPRESSO package [6]  to
optimize the geometry of all the models and to simulate the XRD, 31P NMR, PDOS and
the Bader charges.

RESULTS AND DISCUSSION

For all the simulated layered materials, a good agreement with the experimental unit
cell parameters was achieved, with the relative errors being lower than 3%. Figure 1
shows the geometry-optimized structures. The simulated XRD patterns (Figure 2) also
demonstrate that the simulated and experimental basal spacing peaks overlap in all
cases, except for ZAMPAF. Figure 3 depicts the 31P chemical shifts and the simulated
the NMR spectra for all materials. ZAMPAF presented positive chemical shifts because
the greatest  shielding occour  for  the neighbours Zr-F in  the ZrO2F4 and the ZrO4F2

coordination. ZAMPAOX gives two very different signals because the coordination of
zirconium leads to a structural distortion in the aminophosphonates located between the
oxalate groups. On the other hand, we can observe an alignment of the phosphorous in
the ZAEPACl material when the chemical shifts are very close.
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ZAMPAF ZAMPAOX ZAEPACl

Figure 1 : Simulated models of  Zirconioum Aminophosphonates

Figure 2: XRD of Zirconioum Aminophosphonates.

  

ZAMPAF ZAMPAOX ZAEPACl

Figure 3: Simulated 31P NMR of  Zirconioum Aminophosphonates.

We could notice from the PDOS analysis that the animo group has a higher acidity
than all oxygen atoms present in the layers. Bader charges confirme that the nitrogen
atoms correspond to different chemical  environments (ZAMPAF: -1.72, ZAMPAOX: -
1.64, ZAEPACl: -1.24) and this feature occurs according to the interaction types in the
amino groups between the layers. The next steps of this work are the simulation of the
IR spectra  and the energy  gap  analysis  by their  band structures.  The study of  the
single-layer models (exfoliation) is also one of our goals in the future. 
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ABSTRACT 
Layered double hydroxides (LDH) with similar composition to the mineral Na-Shigaite 
([A(H2O)6]Mn6Al3(OH)18[SO4]2·6H2O; A= Na or K) were synthesized by co-precipitation with 
increasing pH and characterized with several instrumental techniques. The cation 
exchange reactions were performed in the presence of alkaline metal sulphates, using 
different instrumental techniques to show that the cations were completely exchanged 
without the removal of the intercalated sulphate anions. The synthesis was investigated 
considering the time and temperature of the hydrothermal treatment. The layered particles, 
when dispersed in water, have several characteristics of good Pickering emulsifiers as 
colloidal scale size, viscosity of aqueous dispersions and the possibility of exchange 
cations and anions in order to modulate particle hydrophobicity. We investigated the role of 
these particles in the stabilization of emulsions containing water and liquid paraffin, the 
interfacial properties and wettability of the particles associated to oil/water formulation 
constituents and their influence on the stability and type of emulsion formed using 
macroscopic analysis and confocal fluorescence microscopy. 
 
Key words: Layered double hydroxides, particle size, emulsions of Pickering. 
 
INTRODUTION 
In recent years, solid particles have been used as emulsifiers and layered double 
hydroxides (LDH) as an example of highly effective solids to stabilize emulsions [1]. The 
LDH uses can be related to the versatile properties in terms of chemical composition, 
basicity, high charge density and surface area, possibility of controlling its characteristics 
of hydrophilicity/hydrophobicity and layered morphology [2]. These compounds are 
represented by the general formula [M+2

1-xM+3
x(OH)2]x+(A-n)x/n∙yH2O, where M2+ can be (Mg 

2+, Ni 2+, Co2+, Zn 2+ or Cu2+) and M3+ can be (Al3+, Cr3+ or Fe3+), with "A" being the anion of 
the interlayer with charge (-n). The density of the intercalated species can be easily 
controlled, since they are proportional to the M3+ in the layer [3,4]. 
In the present study, LDH with the composition of Shigaite were synthesized by co-
precipitation by increasing the pH. Solutions of MnSO4, Al2(SO4)3, and A2SO4 (A+ = Na or 
K) in 100 mL of Mili-Q water, with Mn, Al and alkaline molar ratios of 6:3:1, were slowly 
added to a solution of 1 mol L−1 AOH (A+ = Na or K) in an automatic glass titration reactor 
operating at 90 °C, under N2 flow [5]. After the precipitation, the materials were maintained 
at 90 °C for 120 h, centrifuged at 4500 rpm, washed several times with purified water 
(MilliQ system), and kept under dispersion at 5 °C. The effect of the LDH particles as 
stabilizers of mixtures of mineral oil (paraffin) (density = 0.874 g∙cm-3 at 25 ºC) and purified 
water (density = 0.997 g∙cm-3) were investigated. It was evaluated the mass fractions (φ) 
of 0.8, 0.7, 0.5, 0.3, 0.2 and 0.1 of liquid paraffin in water and the LDH concentrations of 
0.005 to 1.0% (m/m), dispersed previously in the aqueous phase. These mixtures were 
submitted to ultrasonic probe for 1 min and kept in environment with constant temperature 
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of 22°C. Thus, a macroscopic study of the emulsions was conducted by obtaining 
photographs as a function of time. The phase separation of mixtures promptly occurs, 
approximately 10 min after shaking, the tubes showed completely separated phases. The 
photos of the emulsion tubes in the presence of particles are shown in Figure 1. 
 

Figure 1: Photographs of the emulsions containing liquid paraffin (φ =0.5) and water 
phases as a function of K-Shigaite concentration and time (A). X-ray diffraction patterns 
(B) and Fourier transform infrared spectra (FTIR) (C) of K-Shigaite and Na-Shigaite. 
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ABSTRACT 
 
 The development of porous materials has been one of the goals of nanotechnology. 
There is an increasingly real need to understand the mechanisms that generate self-
structured materials specifically those that originate from templates of colloidal particles 
such as polymers, silica, titania and silicon. The importance of these templates is to 
produce devices with industrial applications such as solar cells, desalinators, batteries and 
photonic crystals. One of the main difficulties encountered in the application of colloidal 
particles is to produce them in large scale with uniform size and deposit them on flat 
surfaces so that they can cover homogeneously a substrate forming crystallographic 
domains at micrometric scale. The focus of this work is to show how polymerization of 
styrene monomer (Figure 1A) and the formation of porous titania by bonding with SO4-ions 
originally present on its surface (Figure 1C) occurs. Latex beads were synthesized without 
the presence of the N2 gas which resulted in an increase of surface charge with a strong 
tendency to aggregate. The generation of self-structured materials occurred by controlled 
evaporation of solvent as reported in the literature[1]. Titania precursor solution was used 
so that the mesometric pore architecture (<10 nm) was maintained even after heat 
treatment at 600oC for 1 hour[2]. These features become feasible to use latex beads as 
original material to generate meso-macroporous oxide materials in a fast and inexpensive 
route. 
 Keywords: nanotechnology, polymer particles, porous films; surface characterization 
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 Figure 01 – Steps for the formation of meso-macroporous titania: A ) – polymerization 
of styrene; B ) – self assembly of latex beads; C ) – titania incorporation; D ) – generation 
of meso-macroporous titania after remotion of latex beads by heat treatment. 
 
RESULTS AND DISCUSSION 
 
 The results show that the polymerization of styrene resulted in latex beads with size 
distribution at the range of 400 – 500 nm (Figures 1A and 1B). The presence of SO4

- ions 
induces the attachment of TiO4

- molecules along latex beads surfaces (Figure 1C). This 
attachment extends along the whole self assembly structure replicating the inverse porous 
architecture after heat treatment at slow heating rate (Figure 1D). 
 
CONCLUSION 
 
 The preparation of meso-macroporous titania can be obtained using latex beads 
synthesized without N2 gas. This synthesis route allows to produce latex beads in a fast 
and inexpensive way which can be interesting for an industrial generation of functional 
devices based on titania oxide. However, some features must be improved to apply latex 
beads without N2 gas at industrial scale like: control of speed rotation; concentration of 
chemical reagents; long time for heat treatment; adherence to the substrate. 
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Nowadays, biomedical efforts try to join therapeutic and diagnostic activities using one unified 
material. These materials are able to deliver the drugs to the target site effectively. Inorganic 
compounds such as layered double hydroxides (LDH) are being extensively studied to 
develop carriers for drugs and bioactive molecules due to their biocompatibility. In order to 
achieve carriers of controlled size and high degree of dispersion in physiological media, a 
deep investigation on synthetic parameters such as reagents concentration, pH value, 
temperature etc. is needed. 

 

 

 

 

 

 
Figure 1 : (A) Profile analysis of the XRD pattern of CIP1ZnAl sample: experimental X-ray diffraction (black dots), 

calculated (red line), Bragg reflections (ticks), and difference profiles (bottom). (B) Schematic representation of the 
interlayer arrangement of CIP for CIP1ZnAl: (a) One-dimension electron density distribution along the c-stacking 

direction; (b) contoured Patterson map; the electron density scale is given on the right in arbitrary units. 

The aim of this study is to explore the intercalation of ciprofloxacin (CIP), a BCS class IV into 
MgAl / ZnAl LDH structures and to assess to their main properties by PXRD, 13C MAS NMR, 
TGA, TEM and SEM techniques. The intercalation of CIP into LDH has already been reported 
in the literature but results are inconsistent and contradictory [1-2]. Our results show a 
competition between the complexation reaction of CIP towards Al3+ and the formation of M1-

xAlx(OH)2 hydroxide layers. Depending on the amount of CIP with respect to Al3+, we observed 
two different structures, one with only CIP for CIP/Al = 0.5 and the other intercalated both with 
CIP and (CIP)3Al complex for CIP/Al=1.  
 

Keywords: Layered double hydroxide, fluoroquinolone, complexation. 
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ABSTRACT 
 

The objective of the present research was to investigate the degradation of DCMU [3-
(3,4-dichlorophenyl)-1,1-dimethylurea] using two different oxidants, hydrogen peroxide 
(H2O2) and sodium hypochlorite (NaClO) over Mg/Fe layered double hydroxides (LDHs). 
Adsorbents and products adsorption were characterized by infrared spectroscopy, 
scanning electron microscopy (SEM-EDS), and the evaluation of herbicide removal in 
aqueous solution was analyzed by UV-Vis spectrophotometry. The calcined LDH 
combined with hydrogen peroxide showed good ability to remove DCMU, reaching the 
equilibrium within 4 h, degradation capacity and removal ability of 347 mg g-1 and 85%, 
respectively. 
 
Keywords: organic pollutants, remediation, anionic clays. 
 
INTRODUCTION 
 

For decades, the contamination of soil and water by herbicides has aroused general 
concern, since it affects drinking water quality and impacts on crop safety. DCMU is a 
phenyl urea herbicide widely used for pre and early post-emergent control of perennial 
broadleaf and grassy weeds [1]. Since its commercialization, several studies have been 
worldwide reported evidencing high toxicity and environment persistent [2]. 

Advanced oxidation processes (AOPs) using layered double hydroxides (LDHs) as 
heterogeneous catalyst might be an affordable approach for water decontamination due 
to efficiency to remove residuals of agrochemicals in waters [3]. LDHs exhibit favourable 
characteristics for the adsorption of recalcitrant organic pollutants such as large surface 
areas, good thermal stabilities and regeneration efficiencies [4]. 
 
MATERIALS AND METHODS 
 
Preparation and characterization of Mg/Fe-LDH and adsorption experiments 

Magnesium iron layered double hydroxide (ratio 3:1) was prepared via co-precipitation 
method [4] and calcined LDH samples were prepared at 500 ⁰C for 4 h. The LDHs were 
characterized by infrared spectroscopy and scanning electron microscopy (SEM-EDS). 

 
Kinetic removal of DCMU 

The removal studies were performed using 100 mL of DCMU solution (40 mg L-1) and 
10 mg of LDH at 65 ⁰C in the presence of hydrogen peroxide (H2O2, 0.1 mol L-1) or sodium 
hypochlorite (NaClO, 0.02 mol L-1). The adsorption kinetic data was analysed by UV-Vis 
spectroscopy at a maximum absorption wavelength from 215 to 245 nm. 
 



 

20th International Symposium on Intercalation Compounds, June 2-6th, 2019, Campinas, Brazil. 

RESULTS AND CONCLUSION 
 

The Mg/Fe LDH calcined showed much better ability to remove the herbicide 
compared to Mg/Fe LDH, independently of the employed conditions. The influence of the 
oxidants on the degradation of DCMU are compiled on Table 1. The calcined LDH 
combined with sodium hypochlorite showed good ability to remove DCMU at 65ºC and 
near-neutral pH, reaching the equilibrium removal capacity close to 347 mg g-1 and 
removal efficiency higher than 85% within 24 h. On the other hand, when combined with 
hydrogen peroxide, the same LDH showed much better ability to remove DCMU from 
solution, reaching removal capacity close to 85% within 4 h. 

 
Table1. Herbicide removal. Kinetic parameters data at 65ºC and near-neutral pH. 

 
The obtained results give us insights on the structure-property relationship of these 

materials for removal of environmental contaminants. Details of the synthesis, 
characterization and removal kinetic studies will be presented. 
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Time (h) 

Removal capacity (%) 

Mg/Fe-LDH Mg/Fe-LDH calcined 

NaClO H2O2 NaClO H2O2 

4 34.7 60.2 50.5 84.9 

24 40.6 65.4 86.1 89.2 
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ABSTRACT  
 

Materials with efficient upconversion emission have been of a great interest in order 
to explore new photoluminescent compounds for optical devices. Dion-Jacobson 
layered niobium perovskites are taking in account as host matrices for ions that present 
upconversion emission. The main objective of this work was prepared an upconversion 
material based on KCa2Nb3O10 codoped with Er3+ and Yb3+ cations. Herein, this 
material was successfully synthesized via ceramic method from their respective oxides 
and carbonates. The crystallinity and phase purity of isolated niobate was attested by 
the X ray diffraction (XRD) analysis. Raman spectra of the doped layered material 
showed a low phonon energy loss by absorption at frequencies lower than 1000 cm-1. 
Scanning electron microscopy (SEM) images showed morphological modifications 
promoted by the isomorphic substitution of Ca2+ ions by the rare earth ions. The Yb/Er-
codoped niobate was evaluated with respect of the influence of molar concentration of 
the doping ions on the upconversion luminescence response. The obtained material is a 
green emitter when excited at 980 nm. The energy absorbed by the Yb3+ ion is 
transferred to the Er3+ site in a mechanism known as energy transfer upconversion. The 
upcoming effect is the non-radiative relaxation in the Er3+ ion to mainly the 2H11/2 and 
4S3/2 states followed to a radiative relaxation to the fundamental state by emission of 
green light. The Yb3+:Er3+ molar ratio was considered to interpreted the energy transfer 
mechanism and the emission process. 

 
Keywords: Upconversion, Layered Perovskite, Energy Transfer, Photoluminescence. 

 
INTRODUCTION 
 

Optical materials that work as high energy converter or energy storage, especially at the 
near infrared (NIR) region, have been widely studied due to the applicability in biological 
and technological areas.[1] Upconversion emission is a special case, in this sense, since 
materials with this property are passive to absorb photons in the NIR region and emit in 
the UV/Vis region in a multiphotonic non-linear anti-Stokes process.[2] 

Trivalent lanthanides such as Er3+, Tm3+, Ho3+ and Nd3+ are good examples of ions that 
could be used in infrared emission or anti-Stokes upconversion by itself or sensitized by 
other ions as Yb3+.[3] Layered perovskites are potential host matrices for these infrared 
sensitive ions. Dion-Jacobson calcium-niobium layered perovskite KCa2Nb3O10 is a great 
example. Ca2+ is a good ion to be exchanged for rare earths because of the close ionic 
radii value in several coordination sites, and the chemical similarity between them.[4] 

Therefore, this work aims to synthesize an upconversion material based on the layered 
niobium perovskite KCa2Nb3O10 codoped with Yb3+ and Er3+ and evaluate the influence of 
the dopant ions concentration in the luminescence properties. 
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EXPERIMENTAL  
 

The synthesis of the Yb/Er-codoped layered niobium perovskite was performed 
according to the literature.[4] Metal oxides or carbonates were mixed using acetone in a 
crucible for 20 min. Once homogenized, the solid mixture was heated at 1473 K for 5 h in 
a Pt-crucible. The obtained product was then washed with deionized water and dried 
under reduced pressure.  

 
RESULTS AND DISCUSION 
 

XRD patterns of the layered materials were assigned to the anhydrous KCaNb3O10. No 
evidence of phase segregation was observed. According to SEM images, undoped and 
codoped matrices showed microscopic structural modifications in the crystal organisation 
such as different patterns for crystal agglomeration. Raman spectra of doped layered 
materials showed absorption at frequencies lower than 1000 cm-1, which stands for a low 
phonon matrix, ideal for luminescent systems involving rare earth ions. Raman spectra 
showed bands at 1000 - 700 cm-1 assigned to high-distorted [NbO6] octahedra, 600 - 400 
cm-1 attributed to low-distorted [NbO6], 400 - 200 cm-1 associated to [NbO6] bending, and 
at 200 - 50 cm-1 range assigned to the phonon assisted vibrations.[5] 

With respect to the luminescent property of the doped KCaNb3O10, all synthesized 
materials presented a well-defined and intense green emission when excited with a diode 
980 nm laser. The emission spectra of doped KCaNb3O10 samples showed also a very low 
intensity red emission despite of Yb:Er molar ratio variation. Er3+ doped materials usually 
show two colours region of emission: a green emission, which is attributed to 2H11/2→4I13/2 
and 4S3/2→4I13/2 relaxations and a red emission assigned to 4F9/2→4I13/2 radiative 
relaxation.[3] The relative intensity between these bands depends on the Er3+ concentration 
and, in a case of codoped systems, of Yb3+ ions amount.  

The proposed mechanism for energy transfer from Yb3+ ions to Er3+ sites follows the 
model already reported in the literature:[6] the exciting radiation in the NIR region is 
resonant with the 2F7/2→2F5/2 (Yb3+) energy level transition and with the 4I13/2→4I11/2 (Er3+) 
transition (a two photon-assisted process is assumed). The energy absorbed by the Yb3+ 
ion is transferred to the Er3+ site in a mechanism called energy transfer upconversion, in 
which metastable superexcited state is populated. The upcoming effect is the non-radiative 
relaxation in the Er3+ ion to mainly the 2H11/2 and 4S3/2 states followed to a radiative 
relaxation to the fundamental state by emission of green light. 

 
CONCLUSION 
 

Ceramic method was effective to the preparation of Yb/Er-codoped KCaNb3O10 matrix 
with phase purity. The material luminescence can be characterized as an attractive green 
emitter when excited in the NIR region, with perspective of applications in bioimaging or 
technological devices such as lighting emitting diodes (LED) and optical sensors. 
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ABSTRACT 

Layered Double Hydroxides (LDH) are very versatile materials which properties are 
interesting to diversified scientific and technological fields. Modifying the LDH chemical 
composition, it is possible achieve a range of materials with distinct properties and 
potential applications. In this work, well crystalized LDH constituted by M2+/M3+ (M2+= Mg2+ 
or Zn2+ and M3+= Al3+ or Ga3+) intercalated with carbonate anion were synthesized and 
characterized by a set of physicochemical techniques. Results indicated that zinc-gallium 
sample presents superior crystallinity, higher particle size and the lower thermal stability 
compared to the other materials.   

Keywords: Layered Double Hydroxides, gallium, thermal analysis. 

INTRODUCTION 

LDH are very versatile brucite-like materials which properties are interesting to 
diversified scientific and technological fields such as environmental remediation, catalysis, 
energy storage, polymer nanocomposites and medicine. Modifications in the layer metal 
cations (as well the cations molar ratio) and the interlayer guest species, allow to achieved 
a range of materials with distinct properties.[1,2] The knowledge of such properties can 
guide the LDH application. Materials with magnesium-aluminium chemical composition are 
intensely investigated. In this work, LDH constituted by M2+/M3+ (M2+= Mg2+ or Zn2+ and 
M3+= Al3+ or Ga3+) intercalated with carbonate anion were synthesized aiming to 
investigate the differences in their structural, textural, thermal and spectroscopic 
properties. 

EXPERIMENTAL  

LDH materials were synthesized by co-precipitation method, without any thermal 
treatment and denominated as M2+

RM3+-CO3, where M2+ is Mg2+ or Zn2+, M3+ is Al3+ or 
Ga3+, and R is 2 (M2+/M3+ molar ratio). Materials were characterized by powder X ray 
diffraction (XRD), scanning electron microscopy (SEM), attenuated total reflectance 
Fourier transform infrared (ATR-FTIR) and Fourier transform Raman (FT-Raman) 
spectroscopies, elemental chemical analysis, and mass coupled thermal analysis. 
Crystallite sizes (L) were calculated by Scherrer equation. 

RESULTS AND DISCUSSION 

XRD patterns of synthesized materials (Fig. 1a) presented profiles typical of LDH 
intercalated with carbonate anions with rhombohedral symmetry. LDH basal spacing (d00l) 
values were not sensitive to the trivalent cation but were lower to zinc LDH due to a minor 
electrostatic repulsion between layers compared to the magnesium analogous matrices.[2] 
Peaks attributed to (110) plane and related to the distance between cations in the layer 
were shifted to low angles in Ga3+ and Zn2+ materials, indicating the incorporation of these 
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cations into the layer. This tendency agrees with the ionic radii of metal cations (Zn2+ > 
Mg2+ > Ga3+ > Al3+). Gallium and zinc incorporation improved the materials crystallinity 
(Fig. 1b). In addition, parameters calculated from Scherer equation indicated that these 
cations favor the increase of crystallite size in both c and ab directions. Materials 
presented M2+/M3+ molar ratio very close to the nominal ratio. SEM micrographs (Fig. 1c) 
revealed remarkable differences in LDH morphologies and particles sizes according to 
cation composition. Magnesium-LDH presented morphology like desert rose stone, 
whereas zinc-LDH showed flakes platelets without a defined morphological organization. 
Furthermore, gallium-LDH samples exhibited largest platelets, in agreement with XRD 
data. LDH thermal behavior is mainly related to M2+ cation and slightly dependent of 
M3+(Fig. 1d). Indeed, Mg2Al-CO3 showed be the most stable phase for which 
dehydroxylation occurs at higher temperatures. The observation may be related to Gibbs 
free energy of respectively hydroxide-oxide transition. 

Figure 1. XRD patterns (a); FWHM and crystallite parameters calculated from Scherrer equation 
(b); SEM micrographs at x20k magnification; and TGA-DTG curves (d) of indicated samples. 

CONCLUSION 

Well crystallized LDH materials were isolated in the used experimental conditions. 
Comparing the samples, Zn2Ga-CO3 presents the highest crystallinity and largest 
crystallites size while Mg2Al-CO3 shows major thermal stability. This work opens 
perspective to preparation of gallium based catalysts. 
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ABSTRACT 
 

The performance of a catalyst is a relevant factor in biodiesel production because it can 
affect the efficiency of the process. This work provides a study of the synthesis of 
heterogeneous catalysts for the biodiesel production derived from thermal treatments performed 
on hydrocalumite-type compounds intercalated with chloride or nitrate anions. The aims of this 
work were: (i) synthesis and characterization of the hydrocalumite-type compounds intercalated 
with NO3

- or Cl- anions; (ii) application of thermal treatments in these materials at different 
temperatures (500°C, 600°C, 700°C, 750°C); and (iii) evaluation of the performance of these 
materials as catalysts in transesterification reactions with soybean oil and methanol. The 
materials were characterized by X-ray diffraction (XRD), vibrational spectroscopy (FTIR-ATR), 
thermogravimetric analysis coupled to mass spectrometry (TGA-DSC-MS), specific surface 
area, temperature-programmed desorption of carbon dioxide (TPD-CO2), etc. The results of 
transesterification reactions showed that the materials thermally treated from hydrocalumite 
intercalated with chloride presented high catalytic activity for biodiesel conversion, and 
particularly if  treated at 700°C. 

 
Keywords: hydrocalumite, biodiesel, transesterification, heterogeneous catalyst. 

 
1. INTRODUCTION 
 

The technology of biodiesel production has been the subject of studies in several countries[1]. 
These studies aim to reduce the dependence and environmental impact of the use of fossil 
fuels. Biodiesel is a biodegradable fuel produced by means of transesterification reaction, from 
renewable sources such as vegetable oils or animal fats. In this reaction, the use of catalysts is 
highly recommended[1]. Ca-Al layered double hydroxide (LDH) intercalated with chloride anions, 
known as a hydrocalumite-type compound (Ca2Al-Cl-LDH), and its thermal derivatives , are 
interesting materials to be evaluated as catalysts in transesterification reactions[2]. When 
thermally treated, Ca2Al-Cl-LDH decomposes into oxides and/or oxyhydroxides of calcium and 
aluminium which exhibit basic properties. The aims of this work were: (i) synthesize and 
characterize compounds of the hydrocalumite-type intercalated with NO3

- or Cl- anions, named 
as Ca2Al_Cl and Ca2Al_NO3; (ii) calcine or activate these materials at different temperatures 
(500-750°C); and (iii) evaluate the thermal treated materials as catalysts in transesterification 
reactions using soybean oil and methanol. 

 
2. EXPERIMENTAL 
 

The synthesis of Ca2Al_Cl and Ca2Al_NO3 were performed by the coprecipitation method at 
a constant pH value[3]. These materials were calcined in tubular furnace in O2 atmosphere with 
flow of 150 cm3·min-1 at different temperatures (500°C, 600°C, 700°C and 750°C). Different 
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techniques of analysis were used to characterize the produced materials such as  XRD, FTIR-
ATR, TGA-DSC-MS, TPD-CO2, and specific surface area mesuarement. 

The transesterification reactions were performed using commercial soybean oil (Liza®) and 
3% of catalyst (thermally treated materials) in mass relative to the mass of the oil. The 
methanol:oil molar ratio was 14:1, and the reaction  occurred for 4 h at reflux temperature. The 
concentrations of the methyl esters were determined by nuclear magnetic resonance of 
hydrogen (1H NMR). 
 

3. RESULTS 
 

The diffractograms of the Ca2Al_Cl and Ca2Al_NO3 show characteristics profile of 
hydrocalumite-type compounds[3]. After the thermal treatment, the lamellar structures were 
decomposed giving rise to new phases attributed mainly to the presence of oxides of the 
mayenita-type (Ca12Al14O33) and of calcium (CaO).  

The results of TPD-CO2 for calcined materials showed an intense CO2 desorption in high 
temperatures, indicating the presence of strong basic sites in all these materials. Moreover, the 
samples obtained from Ca2Al_NO3 showed  two different types of basic sites, whereas for those 
from Ca2Al_Cl only one type was observed. There was no direct relation between the 
temperature of thermal treatment and CO2 desorption. The results of the transesterification 
reactions for the conversion of soybean oil to methyl esters as a function of time, using the 
calcined materials are presented in Figure 1. 
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Figure 1: Conversion of soybean oil to methyl esters as a function of time using (a) Ca2Al_Cl 
and (b) Ca2Al_NO3 thermally treated at the indicated temperatures. 
 

The materials derived  from Ca2Al_Cl showed the higher conversion percentages in a shorter 
time than the nitrate analogous systems, especially if  treated at 700°C (Figure 1). The 
differences of composition and basicity may justify the better performance of the materials 

derived from Ca2Al_Cl as catalysts in the transesterification reactions. The results obtained for 
the materials synthesized in this work present a superior catalytic performance when compared 
to other catalysts commonly reported in the literature as CaO for example[4]. 
 

4. CONCLUSIONS 
 

The synthesis of the hydrocalumite-type compounds intercalated with chloride and nitrate 
anions were efficient. The thermal treatments applied in Ca2Al_Cl and Ca2Al_NO3 produce 
Ca12Al14O33 and CaO. TPD-CO2 results showed the presence of two  basic sites for Ca2Al_NO3 
and only one type for Ca2Al_Cl. The Ca2Al_Cl thermally treated at 700°C presented the best 
rate of conversion among the studied materials. 
 
REFERENCES 
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[3] L. Vieille et al., Chem. Mater., vol. 15, no. 23, pp. 4361–4368, 2003. 
[4] M. Kouzu and J.-S. Hidaka, Fuel, vol. 93, pp. 1–12, 2012. 
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ABSTRACT 

 
A new terbium (III) based infinite coordination polymer was obtained (Tb-M) by microwave-

assisted synthesis in water, using 3,5-pyrazoledicarboxylate and malonate linkers. The Tb-M 

sample consists of spherical particles with sizes ranging between 2,0 – 3,0 μm. The compound 
shows bright green luminescence under 280 nm excitation due to the antenna-effect between 
linkers and Tb3+ ion. Tb-M was then combined with carboxymethyl cellulose in water to produce 
a composite gel, which was then dried on a Petri dish to form a flexible transparent membrane. 
The membrane still shows the characteristic bright green emission of under 280 nm excitation 
and has great potential for light-emitting applications. 

Keywords: coordination polymer, metal-organic framework, luminescence, membrane. 

 
INTRODUCTION 

 
The infinite coordination polymers (ICPs) are compounds similar to metal-organic 

frameworks (MOFs). They are synthesized using metal ions combined with bridging polydentate 
organic ligands. The key difference between these classes of compounds is that MOFs usually 
display high crystallinity and ICPs are low crystallinity compounds. ICPs can also show a higher 
array of different particle morphologies (spherical, rods, fibers, coin-shapes).[1] Both types of 
coordination polymers can display similar properties, like permanent porosity, high surface 
areas and high thermal stability. When synthesized using lanthanide (III) ions like europium or 
terbium, these compounds can show luminescence due to antenna-effect. This phenomenon 
consists of absorption of radiation by the organic part of the polymer (mainly chromophore 
molecules) and transfer to the lanthanide ion. This energy transfer causes population of the 
lanthanide emissive levels, leading to f-f forbidden transitions observable as photon emission.[2] 

Since coordination polymers are usually obtained in the form of crystals or powders, the 
potential applications are hampered by the particle size. In order to enhance applicability of 
these compounds, they are commonly synthesized as thin films or composites. In this work, a 
composite made of a luminescent terbium (III) based ICP[3] and carboxymethyl cellulose was 
produced. Carboxymethyl cellulose is an edible cellulose derivative, which forms emulsions and 
gels in water. When dried, it forms flexible transparent membranes.[4] The luminescent 
composite membrane obtained in this work shows great potential for light-emitting applications. 

 
EXPERIMENTAL 

 
For the synthesis of the terbium based ICPs, terbium (III) chloride hexahydrate, 3,5-

pyrazoledicarboxylic and malonic acids were dissolved in water, with pH adjusted to 4.0 using 
sodium hydroxide. The mixture was heated to 150 ºC using microwave-assisted synthesis, 
yielding a white powder (Tb-M compound), which was then centrifuged and washed with 
water/ethanol. 

For the membrane preparation, 500 mg of sodium carboxymethyl cellulose and 10 mg of Tb-
M were mixed in water under vigorous stirring for 1h. The mixture was then transferred to a Petri 
dish and dried for 4 days under 60 ºC. The resulting membrane is easily detached from the 
glass. 
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RESULTS AND DISCUSSION 
 
Characterization of Tb-M. Tb-M compound presents itself as spherical particles with sizes 

between 2,0 – 3,0 μm, as can be seen in Fig. 1. Powder XRD data shows that the compound 
has low crystallinity, characteristic of similar ICPs. FT-IR presents shifting of carboxylate bands 
from the ligands from 1701 cm-1 to 1361 (symmetric stretching) and 1583 cm-1 (antisymmetric 
stretching), indicating that the ligands had coordinated to Tb3+ ion. Thermogravimetric analysis 
shows that the compound is stable up to 450 ºC. The empirical formula of Tb-M is believed to 

be [Tb3(C3O4)(C5N2O4)(H2O)4]. 

 
Fig.1. Tb-M compound observed by scanning electronic microscopy. 
 
Luminescence studies. The excitation spectrum (λem = 624 nm) shows a broad band, with a 

maximum at 280 nm. Terbium (III) intraconfigurational transition bands also appear. The broad 
band is assigned to ligand transitions, evidencing the antenna-effect, since characteristic Tb3+ 
emission bands can be observed when excitation is fixed at 280 nm. The green emission is very 
intense and observable by naked eye. 

Composite membrane. The membrane obtained by mixing Tb-M with carboxymethyl 
cellulose can be observed in Fig. 2. It retains luminescence properties from the powder, 
indicating that Tb-M has not decomposed during the process. The scanning electronic 
microscopy confirms that Tb-M spheres are still present and dispersed in the cellulose matrix. 

 
Fig. 2. Tb-M + carboxymethyl cellulose membrane under: artificial light (left); under 254 nm 

lamp (center); scanning electronic microscopy (right).  

 
CONCLUSION AND PERSPECTIVES 

 
A composite membrane of Tb-M and carboxymethyl cellulose was obtained, with 

carboxymethyl cellulose serving as a supportive substrate for Tb-M microspherical particles. 

The composite combines properties from both precursors, like transparency and luminescence. 
Different proportions of the coordination polymer and cellulose are in study in order to further 
improve these properties. The membrane shows great potential for light-emitting applications. 
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