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Objetivos

Este projeto busca elucidar algumas perguntas
que cercam a transicéo cristal-vidro por meio da
investigacdo de detalhes estruturais em ZIFs,
utilizando de técnicas em RMN do estado sélido
e de andlises termodinamicas via técnicas em
calorimetria de varredura diferencial (DSC).
Abordando a possibilidade de transicao vitrea
em ZIFs, como: ZIF-4, ZIF-7, ZIF-8, ZIF-8-mImb,
ZIF-8-Phlm e mistura do ZIF-8 com o ZIF-8-
Phim. As perguntas s&o motivadas em entender
mais claramente as rela¢des entre as estruturas
cristalinas e amorfas desses ZIFs em meio ao
mecanismo de transformacdo e mudanca de
fase, se existe alguma possibilidade de
reversibilidade e qual a natureza da extenséo
dos defeitos ao longo da estrutura.

Métodos e Procedimentos

Os espectros de RMN de estado sdlido foram
adquiridos em um Espectrometro BRUKER
Avance Neo operando em 14.1 T (600MHz para
1H) equipado com sondas de ressonancia de
2.5mm. Os espectros de 'H foram medidos
usando uma excitacdo por pulso simples de /2
com duragcdo de 3.1 ys. Os espectros de 13C
foram medidos utilizando-se a técnica de
polarizagdo cruzada, com tempos de contato de
2.0 ms. Todos os experimentos foram realizados
com rotacao em torno do angulo méagico (MAS)
a 30 KHz. Os desvios quimicos foram calibrados
usando a a-glicina como padrdo secundario (*H
- 6NH3 = 8,5 ppm e 13C - 6(;0 = 176,5 ppm

respectivamente, relativos a TMS). Procedeu-se
o processamento de dados por transformada de
Fourier em RMN do estado sélido [, ajustes de
fases das componentes reais e imaginarias dos
espectros e minimizacao dos sinais ruidosos por
softwares em programas apropriados como o
TopSpin e ssNake 2,

Resultados

Comparam-se os espectros de H para o ZIF-4
e suas atribuicbes das linhas principais (ver
Fig.1). Essas atribuicbes estéo relacionadas a
parte organica dos ZIFs por meio de seus
deslocamentos quimicos. A obtencdo dos
deslocamentos quimicos encontra-se em parte
na literatura de um modo mais aprofundado
através de Levitt 1, Ginther B, Macomber [ e
Slichter Bl. Podendo ainda ser encontrado em
programas de calculos quimicos como
ChemDraw ou em sites como o ChermicalBook
e o National Library of Medicine, simulando a
localizagdo dos is6topos nas moléculas
organicas.
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Microwave and agitation
—— Microwave and no agitation
—— Solvothermal

ZIF-4 Spectra
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Figura 1: Espectros de *H em RMN do estado sdlido
para diferentes tipos de sinteses quimicas
submetidas ao ZIF-4

O alargamento das linhas espectrais na Fig.1
nas trés rotas sugerem uma combinacdo de
alguns fatores que refletem no grau de
cristalinidade da estrutura, como por exemplo;
adesado de agua a estrutura, presenca residual
de solventes 6 71 disposicdo geométrica dos
ligantes organicos e angulos de ligacéo @, tais
fatores carregam informagBes sobre a
desordem da estrutura. Com a Fig.2 relacionam-
se as diferentes rotas de sinteses com o0s
espectros de 13C da mistura de 2-metilimidazol e
2-fenilimidazol atribuindo aos deslocamentos
quimicos as bolas coloridas para os nucleos de
carbono.

Microwave and agitation ZIF-8 and ZIF-8-Phim
—— Microwave and no agitation

—— Solvothermal L
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Figura 2: Espectros de *C em RMN do estado sélido

para diferentes tipos de sinteses quimicas
submetidas aos ZIF-8/ZIF-8-Phim

Avalia-se através da Fig.2 a inexisténcia de
relevantes contrates entre o0s espectros
provocados pelas diferentes sinteses e a
prevaléncia dos deslocamentos quimicos
devidos aos carbonos do 2-metilimidazol frente
ao 2-fenilimidazol, porque ndo € mais possivel
diferenciar mais do que dois tipos de ambientes
guimicos para o carbono.

Conclusoes

Com o andamento deste projeto de iniciacdo
cientifica, pudemos caracterizar alguns dos
principais fatores que modificam os ambientes
guimicos dos ZIFs provocados por diferentes
vias de sinteses. Desse modo, selecionamos as
amostras menos afetadas pelas rotas sintéticas
para as posteriores analises via DSC e assim
investigar com mais profundidade a natureza
estrutural desses compostos.
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Objectives

This project seeks to elucidate some questions
surrounding the crystal-glass transition through
the investigation of structural details in ZIFs,
using solid state NMR techniques and
thermodynamic  analyzes via differential
scanning calorimetry (DSC) techniques.
Addressing the possibility of glass transition in
ZIFs, such as: ZIF-4, ZIF-7, ZIF-8, ZIF-8-mImb,
ZIF-8-Phlm and mixture of ZIF-8 with ZIF-8-
Phim. The questions are motivated to
understand more clearly the relationships
between the crystaline and amorphous
structures of these ZIFs through the mechanism
of transformation and phase change, whether
there is any possibility of reversibility and the
nature of the extension of the defects throughout
the structure.

Materials and Methods

Solid state NMR spectra were acquired on a
BRUKER Avance Neo Spectrometer operating
at 14.1 T (600MHz for *H) equipped with 2.5 mm
resonance probes. 'H spectra were measured
using a single 11/2 pulse excitation of 3.1 ps
duration. The 13C spectra were measured using
the crossed polarization technique, with contact
times of 2.0 ms. All experiments were performed
with rotation around the magic angle (MAS) at 30
KHz. Chemical shifts were calibrated using a-
glycine as secondary standard (*H - dnnz = 8.5
ppm and 3C - dco = 176.5 ppm respectively,

relative to TMS). Data processing was carried
out using Fourier transform in solid state NMR [,
phase adjustments of the real and imaginary
components of the spectra and minimization of
noisy signals using software in appropriate
programs such as TopSpin and ssNake .

Results

The 'H spectra for ZIF-4 and their main line
assignments are compared (see Pic. 1). These
assignments are related to the organic part of the
ZIFs through their chemical shifts. Obtaining
chemical shifts is partly found in the literature in
more depth through Levitt [, Ginther B,
Macomber 1 and Slichter . It can also be found
in chemical calculation programs such as
ChemDraw or on websites such as
ChermicalBook and the National Library of
Medicine, simulating the location of isotopes in
organic molecules.

Microwave and agitation
—— Microwave and no agitation

—— Solvothermal
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Picture 1: Solid state 'H NMR spectra for different
types of chemical syntheses subjected to ZIF-4

The broadening of the spectral lines in Pic.1 in
the three routes suggests a combination of some
factors that reflect the degree of crystallinity of
the structure, such as; adhesion of water to the
structure, residual presence of solvents 6 7],
geometric arrangement of organic ligands and
bond angles 8], such factors carry information
about the disorder of the structure. With Pic.2,
the different synthetic routes are related to the
13C spectra of the mixture of 2-methylimidazole
and 2-phenylimidazole, attributing the colored
balls to the carbon nuclei to the chemical shifts.

Microwave and agitation ZIF-8 and ZIF-8-Phim

—— Microwave and no agitation
—— Solvothermal @
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Picture 2: Solid state 13C NMR spectra for different
types of chemical syntheses subjected to ZIF-8/ZIF-
8-Phim

N

It is assessed through Pic.2 the lack of relevant
contrasts between the spectra caused by the
different syntheses and the prevalence of
chemical shifts due to the carbons of 2-
methylimidazole compared to 2-
phenylimidazole, because it is no longer
possible to differentiate more than two types of
chemical environments for carbon.

Conclusions

As this scientific initiation project progressed, we
were able to characterize some of the main
factors that modify the chemical environments of
ZIFs caused by different synthetic pathways. In
this way, we selected the samples least affected
by synthetic routes for subsequent analyzes via

DSC and thus investigate the structural nature of
these compounds in more depth.
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