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Resumo

OGLIARI, Aline de Oliveira. Sintese e caracterizacdo de tensoativos para uso
odontologico. 2016. 95f. Tese (Doutorado em Odontologia, area de concentracéo
de Materiais Odontologicos) — Programa de Pés-Graduagdo em Odontologia,
Faculdade de Odontologia, Universidade Federal de Pelotas, Pelotas, 2016.

O objetivo deste estudo foi sintetizar e caracterizar diferentes classes de tensoativos
ndo-idnicos e avaliar a influéncia nas propriedades e caracteristicas de materiais de
moldagem experimentais a base de polivinilsiloxanos (VPS). Os tensoativos
sintetizados e avaliados podem ser utilizados, ainda, para modificagdo de outros
materiais odontolégicos. Esta tese foi dividida em dois estudos, apresentados em dois
artigos originais. No primeiro estudo, foi realizada a sintese de fluortensoativos com
diferentes balancos hidrofilico-lipofilico (HLB) e avaliado o efeito no VPS, enquanto no
segundo foi realizada avaliacdo do desempenho de diferentes tensoativos comerciais
nao-iénicos do tipo fluorcabono (F), siloxano (S) e hidrocarboneto (H) em uso isolado
ou combinado (mais de um tensoativo) adicionados ao VPS. No primeiro estudo, seis
fluortensoativos foram sintetizados utilizando polietilenoglicéis com diferentes massas
molares (variando de 200 a 1.000.000 g/mol) na porcdo polar. Os tensoativos
sintetizados foram caracterizados e adicionados em concentracdo de 3% em massa
no VPS. No segundo estudo, oito grupos de tensoativos comerciais foram adicionados
no VPS, de forma simples ou combinada, em diferentes concentracdes: 1%, 3% e 5%
em massa. Foram realizadas diferentes metodologias para andalise dos tensoativos e
dos materiais de moldagem, incluindo espectroscopia no infravermelho, ressonancia
magnética nuclear de 'H e 1°F, tensdo superficial, angulo de contato, viscosidade,
capacidade de copia, resisténcia mecanica a tracao e resisténcia elastica. Os dados
guantitativos foram analisados por Analise de Variancia e teste post hoc de Tukey
(P<0,05). No primeiro estudo, a sintese dos tensoativos foi confirmada por
espectroscopia no infravermelho e ressonédncia magnética nuclear. Os
fluortensoativos, no geral, apresentaram baixa tensdo superficial e reduziram a
resisténcia a tracdo do VPS quando comparados ao grupo controle (sem tensoativo),
porém propiciaram excelente capacidade de coépia ao VPS. Foram encontrados
diferentes padrbes de molhabilidade e obtidos reduzidos angulos de contato com a
agua nos grupos FS 200 e FS 400 (fluortensoativos sintetizados com polietilenoglicol
de massa molar 200 e 400, respectivamente). A viscosidade foi reduzida com a adi¢cédo
de FS 400 e FS 500; no entanto, foi verificado aumento no tempo de inducdo do
material. No segundo estudo, a menor tensao superficial foi encontrada no grupo que
combinou os trés tensoativos (F+S+H). Em geral, os grupos que combinaram
tensoativos apresentaram menores angulos de contato e menor viscosidade. O tempo
de indug&o aumentou com o aumento da concentragdo de tensoativo e nem todos 0s
grupos obtiveram resultados satisfatérios na analise de capacidade de copia. Os VPS
modificados com tensoativos na forma isolada, em geral, apresentaram maior
resisténcia a tracdo. Em conclusdo, a adicdo de FS 200 e FS 400 melhorou
significativamente a molhabilidade do VPS, reduzindo a viscosidade sem alterar o
tempo de trabalho significativamente; no entanto, reduziu a resisténcia a tragdo. No
segundo estudo ficou evidente que a correta selecdo do tipo de tensoativo e sua



concentragédo podem melhorar significativamente a molhabilidade dos VPS com pouca
interferéncia em suas propriedades mecanicas.

Palavras-Chave: sintese organica; angulo de contato; tensoativos; silicone por
adicao; elastbmero; hidrofilia.



Abstract

OGLIARI, Aline de Oliveira. Synthesis and characterization of surfactants for
dental use. 2016. 95p. Thesis (PhD in Dentistry, Dental Materials Area) — Graduate
Program in Dentistry, Federal University of Pelotas, Pelotas, Brazil, 2016.

The aim of this study was to synthesize and characterize different classes of non-ionic
surfactants and evaluate their influence on properties and characteristics of
experimental impression materials based on vinylpolysiloxanes (VPS). This thesis was
divided in two studies, presented as two original articles. In the first study, we
synthesized fluorosurfactants with different hydrophilic-lipophilic balances (HLB) and
evaluated the effect on the VPS, whereas in the second study we evaluated of the
performance of different fluorocabon (F), siloxane (s), and hydrocarbon (H) commercial
non-ionic surfactants used alone (one surfactant) or in combination (more than one
surfactant) added to the VPS. In the first study, six fluorosurfactants were synthesized
using polyethylene glycols of different molar mass (varying from 200 to 1,000,000
g/mol) in the polar portion. The surfactants were characterized and added at a 3 wt%
concentration to the VPS. In the second study, eight groups of commercial surfactants
were added alone or in combination to the VPS at different concentrations: 1 wt%, 3
wit%, or 5 wt%. Different methods were used to analyze the surfactants and impression
materials, including infrared spectroscopy, *H and '°F nuclear magnetic resonance,
surface tension, contact angle, viscosity, detail reproduction tensile strength, and
elastic strength. Quantitative data were analyzed using Analysis of Variance and
Tukey’s post hoc test (P<0.05). In the first study, the synthesis was confirmed by
infrared spectroscopy and nuclear magnetic resonance. The fluorosurfactants, in
general, showed low surface tension and reduced the VPS tensile strength when
compared to the control group (without surfactant), but yielded excellent copy capacity
to the VPS. Different wettability patterns were found and low contact angles were
obtained for FS 200 and FS 400 groups (fluorosurfactants synthesized using
polyethylene glycol with 200 and 400 molar masses, respectively). The viscosity also
decreased with the addition of FS 400 and FS 500; however, an increase in the
induction time of the material was observed. In the second study, lower surface tension
was found in the group that combined the three surfactants (F+S+H). Overall, the
groups that combined surfactants had lower contact angle and lower viscosity. The
induction time increased with increased surfactant concentration and satisfactory
results on the analysis of copy capacity were not observed for all groups. The VPS
modified with surfactants alone, in general, had higher tensile strength. In conclusion,
the addition of FS 200 and FS 400 significantly improved wettability of the VPS,
reducing viscosity without changing the working time significantly; however, the
surfactants reduced the tensile strength. In the second study, it was evident that the
correct selection of the surfactant type and its concentration may significantly improve
the VPS wettability without major interference on the mechanical properties.

Key-words: organic synthesis; contact angle; surfactant; polyvinylsiloxane; elastomer;
hydrophilicity.
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1 Introducéo

Elastdmeros do tipo silicone polimerizado por reacdo de adicdo sdo muito
utilizados para a realizacdo de moldagens na Odontologia. Estes materiais séo
constituidos de polimeros polivinilsiloxanos (VPS) reticulaveis em temperatura
ambiente por meio de sistema de catalise a base de um complexo platinico. Os VPS
sdo capazes de copiar tecidos moles e duros, areas retentivas e interdentais,
permitindo ainda a obtencdo de mais de um modelo de gesso a partir do mesmo
molde. Dessa forma, sao materiais com grande versatilidade na Odontologia, sendo

utilizados em diversos procedimentos clinicos e laboratoriais.

De forma geral, os silicones de adicdo atendem satisfatoriamente as
propriedades de estabilidade dimensional, resisténcia ao rasgamento e
biocompatibilidade. No entanto, sua capacidade de cépia, uma das principais
exigéncias para materiais de moldagem (HOSSEINPOUR; BERG, 2009), ainda é
deficiente em situacdes criticas de umidade, como em moldagens de término cervical
especialmente em areas intrassulculares. Isso se deve a diferenca entre 0 ambiente
oral polar e o material de moldagem altamente hidréfobo (apolar), ocasionando
incompatibilidade de polaridade que pode afetar a molhabilidade e o escoamento do

silicone na superficie a ser moldada.

A elevada hidrofobia dos silicones de adicdo, advinda das suas ligacbes
polissiloxanas apolares (RUPP et al., 2005), além de reduzir a precisdo da impressao,
pode também gerar falhas de moldagem em decorréncia do aprisionamento de ar
(KESS; COMBE; SPARKS, 2000). Bolhas podem ser formadas tanto no momento da
moldagem quanto no vazamento do gesso no molde (MICHALAKIS et al., 2007). Estas
limitacdes, em ultima instancia, podem resultar falhas em procedimentos clinicos de
confeccdo de restauractes e proteses (MONDON; ZIEGLER, 2003, RAGAIN et al.,
2000), acarretando em maiores custos de tratamentos.

Para conferir carater mais hidréfilo aos silicones, alguns fabricantes adicionam
agentes tensoativos nao-iénicos na formulagcédo dos VPS (KESS; COMBE; SPARKS,
2000, MANDIKOS, 1998, RUBEL, 2007). A escolha por tensoativos nao-iénicos se da
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em funcdo destes ndo se complexarem com o catalisador platinico da reacéao,
diferentemente dos tensoativos anidnicos e catidnicos. Diversos tipos e concentracbes
de tensoativos ndo-idbnicos podem ser utilizados com o intuito de atribuir hidrofilia ao
material. Sua acdo se da na superficie do silicone, alterando sua polaridade e
melhorando o molhamento pela agua (YUNFEI et al., 2012). As estruturas quimicas
dos tensoativos invariavelmente apresentam um segmento polar etdéxi que fica
orientado para a area superficial do material, enquanto o outro segmento, apolar, fica
orientado para o interior hidr6fobo. Na extremidade voltada para a porcao hidréfoba,
0s segmentos hidréfobos mais utilizados sdo os fluorcarbonos, hidrocarbonetos e
siloxanos. Os tensoativos fluorados sdo conhecidos por terem mais eficiéncia na
reducdo da tensdo superficial da agua, seguidos pelos siloxanos, enquanto 0s
hidrocarbonetos sao os menos eficientes (SALAGER, 2002). Além disso, tensoativos
fluorados sdo mais estaveis e aptos a condi¢cdes adversas devido a estabilidade da
ligacdo de carbono-flior (HU; ZHANG; WANG, 2010).

Essas fortes interacdes exibidas pelas cadeias de fluorcarbonos, aliada as
fracas interacdes de van der Waals, aumenta drasticamente a tendéncia dessas
moléculas ambifilicas em se autoalinharem a agua, apresentando forte atracdo
superficial guando comparadas aos hidrocarbonetos (GRANIER, 2009). Além disso,
existem evidéncias de que os fluorcarbonos podem reduzir pela metade a tenséo
superficial da agua quando comparados a tensoativos de segmento hidrofébico
hidrocarboneto (KISSA, 1994, YOSHIMURA; OHNO; ESUMI, 2006). Adicionalmente,
a elevada eletronegatividade dos fluorcarbonos favorece a reducao da polaridade, o
gue ndo os torna tdo suscetiveis as forcas de dispersdo de London quanto os

hidrocarbonetos.

Todas essas excelentes caracteristicas nos levam a crer que fluorcarbonos
poderiam ser adicionados a VPS com o objetivo de melhorar a hidrofilia do material e
consequentemente gerar resultados mais satisfatorios de moldagem, nas mais
diferentes ocasides clinicas. Para desenvolver um VPS com melhores propriedades é
necessario, primeiramente, realizar estudos (screening) com diferentes tipos,
concentracbes e combinagdes de tensoativos para entender o comportamento do
material frente a condigbes adversas. Para isso, é necessario avaliar a influéncia do
balanco hidrofilico-lipofilico das diferentes classes de tensoativos nao-ibnicos; o

possivel efeito sinérgico quando adicionado mais de um tipo de tensoativo ao VPS,
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isto €, aumento da eficiéncia hidrofilica; a relagdo da concentracdo desses tensoativos
nas principais propriedades do VPS, como resisténcia ao rasgamento, capacidade de
copia, viscosidade e angulo de contato. Todas essas avaliacdes podem ajudar a
responder algumas questdes a respeito de quao hidrofilico é o VPS modificado,

perfazendo assim algumas das metas deste trabalho.



2 Projeto de pesquisa

2.1 Introducéao

Elastdmeros do tipo silicone por adicdo sdo muito utilizados para a realizacao
de moldagens na Odontologia. Estes materiais sdo constituidos de polimeros
polivinilsiloxanos (VPS) reticulaveis em temperatura ambiente por um sistema de
catalise a base de um complexo platinico. Os VPS séo capazes de copiar tecidos
moles e duros, areas retentivas e interdentais, permitindo ainda constru¢do de mais
de um modelo de gesso a partir de um mesmo molde. Dessa forma, sdo materiais

com grande versatilidade Odontologia, utilizados em diversos procedimentos clinicos.

De forma geral, os silicones de adicdo atendem satisfatoriamente as
propriedades de estabilidade dimensional, resisténcia ao rasgamento e
biocompatibilidade. No entanto, a capacidade de cdpia, uma das principais exigéncias
para materiais de moldagem (HOSSEINPOUR; BERG, 2009), ainda é deficiente em
situacdes criticas de umidade, como em moldagens de término cervical especialmente
em areas subgengivais. I1sso se deve a diferenca entre o ambiente oral polar e o
material de moldagem altamente hidrofobo (apolar) ocasionando certa
incompatibilidade de polaridade, que pode afetar a molhabilidade e o escoamento do

silicone na superficie a ser moldada.

A elevada hidrofobia dos silicones de adicdo, advinda das suas ligacbes
polissiloxanas apolares (RUPP et al., 2005), além de reduzir a precisao da impressao,
pode também gerar falhas de moldagem em decorréncia do aprisionamento de ar
(KESS; COMBE; SPARKS, 2000). Dessa forma, bolhas podem ser formadas tanto no
momento da moldagem quanto no vazamento do gesso no molde (MICHALAKIS et
al., 2007). Estas limitacbes, em Uultima instancia, podem resultar em falhas em
procedimentos clinicos de confec¢cdo de restauracbes e proteses (MONDON;
ZIEGLER, 2003; RAGAIN et al., 2000).

Para conferir carater mais hidrofilo aos silicones, os fabricantes adicionam
agentes tensoativos nao-idnicos na formulagéo dos VPS (KESS; COMBE; SPARKS,
2000; MANDIKOS, 1998; RUBEL, 2007). A escolha por tensoativos nao-iénicos se da
em funcdo destes ndo se complexarem com o catalisador platinico da reacéao,

diferentemente dos tensoativos anidnicos e cationicos. Diversos tipos e concentragcdes
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de tensoativos ndo-idnicos sao utilizados com o intuito de atribuir hidrofilia ao material.
Os tensoativos agem na superficie do silicone, alterando sua polaridade e melhorando
o molhamento pela &agua (YUNFEI et al.,, 2012). Suas estruturas quimicas
invariavelmente apresentam um segmento polar etdxi que fica orientado para a area
superficial do material, e outro apolar orientado para o interior hidréfobo. Na
extremidade voltada para a porcéo hidrofoba, os segmentos hidrofobos mais utilizados
s&o os hidrocarbonetos, siloxanos e fluorcarbonos. Os tensoativos fluorados séo os
mais eficazes na reducado da tensado superficial da agua, seguidos pelos siloxanos e
tendo os hidrocarbonetos como os menos eficientes (SALAGER, 2002). Além disso,
sd0 mais estaveis e aptos a condi¢cdes adversas, devido a estabilidade da ligacdo de
carbono-fluor (HU; ZHANG; WANG, 2010).

O presente estudo tem o objetivo de testar a hipotese que a correta selecéo do
tensoativo ndo-idnico pode conferir ao VPS hidrofilia suficiente para a obtencao de um
reduzido angulo de contato com a agua e, ainda, ser potencializada através da

combinacao de diferentes tensoativos.

2.2 Objetivo
2.2.1 Objetivo Geral

O objetivo do presente estudo é sintetizar e caracterizar diferentes classes de
tensoativos ndo-ibnicos e avaliar sua influéncia em propriedades e caracteristicas de

materiais de moldagem experimentais baseados em VPS.

2.2.2 Objetivos Especificos
e Sintetizar diferentes fluortensoativos;
e Avaliar o desempenho de diferentes classes de tensoativos;

e Investigar a sinergia entre tensoativos.

2.3 Metodologia

2.3.1 Sintese de diferentes fluortensoativos
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2.3.1.1 Reagentes

Serao sintetizados aproximadamente 10 tensoativos fluorados. Para isso sera
necesséria a utilizacdo de diversos polietilenoglicois (PEG) com diferentes massas
molares, conforme apresentado na Figura 1. Para conferir a frac&o apolar fluorada do

tensoativo, sera utilizado o acido perfluoroctandico (APFO) como reagente (Figura 2).

g ok

PEG 200 PEG 400 PEG 1,500
HO H HO H HO H
(@] @] (@]
45 90 136
PEG 2,000 PEG 4,000 PEG 6,000
HO H HO H HO H
o} 0 0
2,270 13,635 22,727
PEG 100,000 PEG 600,000 PEG 100,000,000

FIGURA 1. Estrutura molecular dos polietilenoglicois (PEG).

OH

F F F F F F F

FIGURA 2. Estrutura molecular do &cido perfluoroctandico (APFO).

2.3.1.2 Sintese
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Para a obtencédo dos tensoativos fluorados, a rota sintética selecionada sera

uma convencional esterificacdo de Fischer. Com o objetivo de ilustracdo, seguem

abaixo dois exemplos do método.

Tensoativo Fluoro-PEG400: Em um baldo de 10mL acoplado a um aparato Dean-
Stark, ser& adicionado 0,969 (2 mols equiv.) de PEG400. Sob agitacéo, o baldo
serd aquecido a 130°C por 30min. Na sequéncia, sera adicionado 0,015g de acido
p-tolueno sulfénico e 0,5g de acido perfluoro-octandico. A reagdo sera mantida

nesta temperatura sob agitacdo por 48h.

Tensoativo Fluoro-PEGME5000: Em um baldo de 25mL acoplado a um aparato
Dean-Stark sera adicionado 7,2g de PEGME5000 (1,2 mols equiv.). Sob agitacéo,
a reacao sera mantida a 130°C por 30min. Na sequéncia sera adicionado 0,015¢g
de &cido p-tolueno sulfénico e 0,59 de &cido perfluoroctandico. A reacao sera
mantida nesta temperatura sob agitagao por 48h.

2.3.1.3 Purificacéo

A purificacdo dos tensoativos fluorados sera realizada por meio de filtragéo e

ponto de fusdo utilizando dois possiveis métodos. Com o objetivo de ilustracao,

seguem abaixo dois exemplos dos métodos.

Tensoativo Fluoro-PEG400: O produto seré filtrado em coluna de alumina basica
compactada em uma pipeta de Pasteur. Para remover o excesso de PEG400, sera
investigado o ponto de solidificacdo do éster, considerando o ponto de fuséo ja
conhecido do PEG400 entre 4 e 8°C. A estrutura molecular do produto purificado
sera confirmada por FTIR e RMN H*. A pureza do isolado sera avaliada por

cromatografia gasosa.

Tensoativo Fluoro-PEGMES5000: O produto sera filtrado a quente em coluna de
alumina basica compactada em uma pipeta de Pasteur. Na sequéncia nova
filtracdo sera realizada a frio em coluna de celite compactada em uma pipeta de
Pasteur. A estrutura molecular do produto purificado sera confirmada por FTIR e
RMN H*. A pureza do isolado sera avaliada por cromatografia gasosa.

2.3.1.4 Formulacédo do VPS experimental
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Para avaliar o desempenho dos tensoativos sintetizados, sera formulada uma
base experimental de VPS de acordo com a Tabela 1. As analises fisico-mecéanicas
do material de moldagem seréo realizadas utilizando esta mesma composi¢do. Como

controle, sera utilizado VPS sem a presenca de tensoativo.

Tabela 1. Composicdo do VPS experimental

Pasta base Pasta catalisadora
Polivinilsiloxano Polivinilsiloxano
Quartzo Quartzo
Didxido de silicio Di6xido de silicio
Polimetil hidrogénio siloxanos Complexo platinico
Tensoativo*

*A composi¢cdo da pasta base pode variar conforme concentracdo do tensoativo utilizada.

2.3.1.5 Caracterizacao
2.3.1.5.1 Espectroscopia no infravermelho

Os produtos obtidos serdo caracterizados por meio de espectrofotdmetro no
infravermelho por Transformada de Fourier (Prestige21, Shimadzu, Toéquio, Jap&o)
equipado com dispositivo de refletancia total atenuada (ATR). As amostras dos
reagentes e dos fluortensoativos sintetizados seréo individualmente analisadas em
uma faixa espectral entre 700 e 4000cm™. Os espectros dos produtos serdo
comparados nas frequéncias correspondentes aos grupos carboxilicos e alcoois,
ambos na faixa de 3200cm. O desaparecimento dos picos nestas frequéncias sera

um indicio do sucesso na obtencéo dos ésteres.

2.3.1.5.2 Ressonancia magnética nuclear

Os espectros de RMN serdo obtidos em um espectrébmetro (Varian, Inova
300MHz, Palo Alto, CA, EUA) operando a 75MHz para RMN*3C e 300MHz para RMN
H*. Seréo utilizados tubos de vidro com 5mm de didmetro e cloroformio deuterado

como solvente a temperatura ambiente, na concentracao de 1% em massa.
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2.3.1.5.3 Angulo de contato

Os angulos de contato serdo mensurados por meio de um tensiometro (Theta

Lite TL101, Biolin Scientific Inc., Finlandia) em dois tempos (t) distintos:

e t0s: 0espécime de VPS experimental sera depositado no porta-amostra e o angulo

de contato serd mensurado apds processo de automistura.

e tlh: o0 espécime de VPS experimental sera depositado no porta amostra apos
processo de automistura, e o angulo de contato mensurado apés tempo de presa

final.

Para ambos os tempos uma gota de 3pL de dgua destilada sera dispensada na
superficie do VPS. Assim que o software (OneAttension, Biolin Scientific Inc) detectar
a deposicdo da gota, a mensuracdo dos angulos direito e esquerdo sera feita em
tempo real durante 60s. Esse processo sera repetido por trés vezes (n=3) para cada

VPS experimental.

2.3.1.5.4 Tensao superficial

A tensdo de superficie de cada surfactante serd analisada utilizando o
tensiometro por meio do método de gota pendente invertida. A gravacao de video sera
acionada e uma gota sera dispensada através da agulha. Tanto o volume da gota
guanto a tensao superficial serdo mensurados em tempo real, através do software que
automaticamente detectara a curva em torno da gota e calculara a média e desvio

padrao atraves de funcdes estatisticas.

2.3.2 Desempenho de diferentes classes de tensoativos
2.3.2.1 Formulagéo do VPS experimental

Para a investigacdo do desempenho das diferentes classes de tensoativos,
sera formulada uma base experimental de VPS, conforme a Tabela 1. Essa mesma
composicdo serd utilizada para as analises fisico-mecéanicas. Nessa composicao
serdo entdo adicionados diferentes tipos de tensoativos, bem como em diferentes
concentracfes. Serdo utilizados trés tipos de surfactantes comerciais néo-idnicos:

hidrocarboneto (Triton X100, Vetec, Duque de Caxias, RJ, Brasil), siloxano (Silwet
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L77, Momentive, Columbos, OH, EUA) e fluorcarbonos (Hydroflu, Yller, Pelotas, RS,
Brasil), conforme apresentados na Figura 3. Estes surfactantes serdo adicionados a
formulacdo de VPS experimentais em trés diferentes concentragdes 0,5%, 1% e 3%.
Como controle, sera utilizado VPS sem a presenca de tensoativo.

9.5

Hidrocarboneto

Fluorcarbonos

FIGURA 3. Estruturas moleculares representativas das classe de surfactantes ndo-idnicos. X indica a
possibilidade das liga¢des do tipo éter, éster, C-C, amida e uretana dentre outras, enquanto Y indica

a possibilidade de ligagdes OH, metil éter e acetoxi, dentre outras.

2.3.2.2 Angulo de contato

Os angulos de contato serdo mensurados conforme meétodo descrito

anteriormente no item 2.3.1.5.3.

2.3.2.3 Tensao superficial

A tenséo de superficie de cada surfactante sera analisada conforme método

descrito anteriormente no item 2.3.1.5.4.

2.3.2.4 Resisténcia mecanica ao rasgamento
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O teste de resisténcia mecanica ao rasgamento sera conduzido de acordo com
a norma ASTM D624 (2001), conforme descricao tipo C. Este método € utilizado para
mensurar a resisténcia ao rasgamento de materiais elastoméricos a partir de ruptura
inicial que se propaga em um local de alta concentragéo de tenséo, provocando um
corte localizado. Para a confeccdo das amostras (n=5) sera utilizada uma matriz
acrilica que sera preenchida com o VPS experimental ap0s processo de automistura.
A superficie sera planificada com uma lamina de vidro e, ap6s 5min, os corpos-de-
prova serdo removidos da matriz e submetidos imediatamente ao teste de resisténcia
ao rasgamento em maquina de ensaios mecanicos (DL500; EMIC, S&do José dos
Pinhais, PR, Brasil). A amostra serda apreendida por duas pincas, que se
movimentardo em sentidos opostos a velocidade de 0,5mm/min, até a ruptura. Os

valores de resisténcia ao rasgamento serdo calculados em N/cm.

2.3.2.5 Reproducéo de detalhes

O teste de reproducédo de detalhes sera realizado de acordo com a norma ISO
4823 (2000). Este método sera utilizado para determinar a reproducéo de detalhes
dos materiais elastoméricos do tipo 3 (pasta leve), por meio da avaliacdo da
interseccdo da linha horizontal com a vertical do bloco de teste. Para a confeccdo das
amostras (n=3) sera utilizada uma matriz metalica que apresenta trés linhas
horizontais medindo 20um, 50um e 75um de largura e duas linhas verticais que cortam
suas extremidades. As duas pastas do VPS experimental serdo misturadas e
depositadas sobre um molde em forma de anel, e este encaixado no bloco de teste
umedecido. Apos 5min, o molde sera retirado do bloco de teste para analise. O molde
sera observado com auxilio de lupa estereoscopica, sob aumento de 40x para
avaliacdo da impresséo. Sera considerada satisfatoria a impressédo que reproduzir as

intersecc¢des da linha de 20um continuamente.

2.3.2.6 Recuperacao elastica

O teste de recuperacgédo elastica sera realizado de acordo com a norma ISO
4823 (2000). Este método € utilizado para determinar a recuperacao eléstica de

materiais elastoméricos, calculada de acordo com a seguinte equacao:
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k=100- [100 (*:2)],

ho
onde:

k representa a constante de recuperacédo elastica, h, a altura do modelo dividido, h,
leitura do indicador em t + 55s (imediatamente antes da amostra ser deformada) e h,
leitura do indicador em t + 180s (115s depois da for¢a de deformacéo ter sido removida
da amostra). Para a confeccédo das amostras (n=5) sera utilizada uma matriz cilindrica
medindo 2cm x 1,25cm, que sera preenchida com o VPS experimental que, apés a

polimerizacdo, sera removido para o teste.

2.3.3 Sinergia entre tensoativos
2.3.3.1 Formulacédo do VPS experimental

Para a investigacdo da sinergia entre tensoativos, também sera formulada uma
base experimental de VPS, conforme a Tabela 1 do item 2.3.1.4. Essa mesma
composicdo sera utilizada para as analises fisico-mecéanicas. Nessa composicao
serdo adicionados diferentes tipos de tensoativos, em concentracfes que seréo

definidas com o decorrer do projeto, combinados da seguinte forma:
e Hidrocarboneto + siloxano

¢ Hidrocarboneto + fluorcarbono

e Fluorcarbono + siloxano.

Como controle sera utilizado VPS sem a presenca de tensoativo.

2.3.3.2 Angulo de contato

Os angulos de contato serdo mensurados conforme método descrito

anteriormente no item 2.3.1.5.3.

2.3.3.3 Tensao superficial

A tensdo de superficie de cada surfactante sera analisada conforme método
descrito anteriormente no item 2.3.1.5.4.
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2.3.3.4 Resisténcia mecéanica ao rasgamento

O teste de resisténcia mecanica ao rasgamento sera conduzido conforme

método descrito anteriormente no item 2.3.2.4.

2.3.3.5 Reproducéo de detalhes

O teste de reproducdo de detalhes sera realizado conforme método descrito

anteriormente no item 2.3.2.5.

2.3.3.6 Recuperacao elastica

O teste de recuperacdo elastica sera realizado de acordo com o método

descrito anteriormente no item 2.3.2.6.

2.3.4 Anélise estatistica

Os dados quantitativos serdo analisados utilizando testes paramétricos caso a
homoscedasticidade seja atingida. Dados qualitativos serdo analisados de forma
descritiva. O nivel de significancia de 5% sera considerado em todas as analises.
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Item Quantidade Preco unitéario Total, R$
PEG200 1L 797,50 797,50
PEG400 1Kg 42,60 42,60
PEG1500 1Kg 41,50 41,50
PEG2000 1Kg 355,00 355,00
PEG4000 1Kg 49,10 49,10
PEG6000 1Kg 67,80 67,80
PEG100.000 2509 575,00 575,00
PEG600.000 2509 517,00 517,00
PEG1.000.000 2509 629,00 629,00
APFO 25¢g 736,00 736,00
PTSA 5009 345,10 345,10
PEGMES5000 2509 254,00 254,00
Baldo 10mL 12un 9,00 108,00
Baldo 25mL 12un 9,00 108,00
Dean-Stark 2un 95,00 190,00
Coluna cromatogréfica 2un 100,00 100,00
Alumina basica 1Kg 446,60 446,60
Pipeta de Pasteur 100un 13,00 13,00
Micropipeta graduada lun 597,98 597,98
Ponteiras de 0,5ul a 10ul 1pct 28,96 28,96
Polivinilsiloxano 1Kg 400,00 400,00
Quartzo 1Kg 140,00 140,00
Dioxido de silicone 1Kg 300,00 300,00
Polimetil hidrogénio siloxano 1Kg 400,00 400,00
Complexo platinico 100g 1.500,00 1.500,00
Hidrocarboneto 1L 40,00 40,00
Siloxano 1Kg 600,00 600,00
Fluorcarbono 1L 1.200,00 1.200,00
Espatula 3un 7,22 21,66
Material para acondicionamento - - 200,00
Material de escritorio - - 50,00
Material descartével - - 150,00
Impressao grafica 500un 1,00 500,00
Diéria e passagem para congresso - - 4.000,00

TOTAL: R$ 15.503,80
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3 Relatoério do trabalho de campo

Os objetivos especificos propostos no projeto foram todos realizados. As
diferencas entre o projeto de pesquisa apresentado no item 2 e os artigos a seguir
apresentados no item 4 se referem a inclusédo e exclusdo de algumas metodologias.
Além disso, os dois ultimos artigos propostos no projeto foram unificados para

possibilitar uma discussdo mais aprofundada acerca dos dados encontrados.
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Abstract

Objectives: This study evaluated the use of nonionic surfactants to render
vinylpolysiloxane (VPS) impression materials hydrophilic. Other material properties
were analyzed.

Methods: Fluorocarbon (F), hydrocarbon (H), and siloxane (S) surfactants were
tested and the surface tension of the surfactants diluted in water was analyzed. F, H
and/or S, alone or in combination, were added at 1 wt%, 3 wt%, or 5 wt% to both base
and catalyst pastes of an experimental VPS impression material. In the control group
no surfactant was added. Water contact angles formed with the non-polymerized (t=0)
and polymerized VPS (t=60min) were evaluated. The other properties tested were
tensile strength, detail reproduction, and viscosity. Data were analyzed statistically
(p<0.05).

Results: All surfactants alone or in combination reduced the water surface tension
between 42% (H) and 86% (F+S+H). At t=0, all surfactants reduced dramatically the
water contact angles compared with the control VPS, particularly when used in
combination. At t=60, the S+H group had no synergistic effect and did not reduce the
contact angle as efficiently as the other groups did. The surfactants decreased
viscosity, delayed the induction time, and generally reduced the mechanical strength
of the VPS. When the surfactants were used alone, the detail reproduction was
satisfactory, whereas F+S 3% and 5%, all H+S or F+S+H combinations apparently did
not polymerize.

Significance: Nonionic surfactants were able to render the VPS hydrophilic, both
before and after polymerization. Increased hydrophilicity was observed when
surfactants were combined. The reduced mechanical strength of the modified VPS

needs attention.
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Introduction

A surfactant is defined as a material that can greatly reduce the surface tension
of water when used at very low concentrations. The surfactants have an inherent
amphiphilic character due to the polarity difference between the head and tail of the
molecules. In the head, a water-soluble section confers a polar character, whereas in
the tail there is a non-polar end, i.e. a water insoluble moiety [1]. Due to these
characteristics, surfactants are amongst the most versatile chemicals and are used in
a diverse range of products, including pharmaceuticals, detergents, and bio medical
technologies.

In dentistry, surfactants are seldom used in dental materials. The academic
research on this topic, in dentistry, is also very scarce. Some companies (e.g. 3M
ESPE, Dentsply, Kettenbach) have paid attention to the surfactants technology, with
some patents deposited [2-4]. It is known that some manufacturers add non-ionic
surfactants to confer a more hydrophilic profile to vinylpolysiloxane (VPS), for example
[5-7]. The choice for using nonionic surfactants lays in the fact that they do not complex
with the platinum catalyst during VPS polymerization, unlike anionic and cationic
surfactants. The surfactants act in the silicone surface by changing its polarity and
improving wettability by water [8].

VPS impression materials have good properties such as dimensional stability,
tear resistance [9], and biocompatibility. However, the detail reproduction, one of the
main requirements for impression materials [10], is still deficient under critical moisture
conditions, such as in the impression of abutment cervical lines in subgingival areas.
This is as effect of the incompatibility polarity caused by the difference between the

polar oral environment and the nonpolar, highly hydrophobic impression material. This
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incompatibility might affect the wetting and flow of the VPS over the dental and
periodontal surfaces.

The high hydrophobicity of the VPS, derived from its nonpolar polysiloxane links
[11], might also generate impression failures due to air entrappment [5]. Air bubbles
can be formed either during impression or fabrication of stone models [12]. These
limitations may ultimately result in failures in the restorative treatments [13,14]. When
added to VPS, the non-ionic surfactants exhibit an ethoxy polar segment that is
oriented to the surface, while the nonpolar segment is oriented to the hydrophobic
interior. The most commonly used hydrophobic segments are hydrocarbons,
siloxanes, and fluorocarbons. It is known that fluorinated surfactants are the most
effective in reducing the surface tension of water, followed by siloxanes and
hydrocarbons [15]. Fluorosurfactants also are more stable and able to withstand
adverse conditions due to the stability of the C—F bond [16]. In order to render dental
VPS hydrophilic, it is necessary to investigate the impact of different nonionic
surfactants classes and hydrophobic-hydrophilic balance of the surfactant.

The aim of the study was to evaluate which of the nonionic surfactant types
(fluorocarbon, hydrocarbon, or siloxane) is the most suitable to be added, individually
or in combination, to an experimental dental VPS impression material to render it

hydrophilic without significantly affecting its other properties.
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Materials and methods
Surfactants added to the VPS

The experimental VPS impression material without surfactants (light-bodied
consistency) was produced by the company Yller (Yller Biomaterials, Pelotas, RS,
Brazil). The basic composition of the VPS is described in Table 1. Three different types
of nonionic surfactants were added to the VPS: fluorocarbon (F), hydrocarbon (H),
and/or siloxane (S) surfactants, all supplied by Yller. The surfactants were added at
mass fractions of 1%, 3%, or 5% to both paste and catalyst pastes. In a first series, the
addition of each surfactant was evaluated separately. In a second series, the
combination of more than one type of surfactant was tested. The surfactants were
added to the pastes, mixed for 60 s at 3500 rpm using a centrifugal mixer (SpeedMixer
DAC150; FlackTek, Landrum, SC, USA) and packed into cartridges. For all tests, the

base and catalyst pastes were mixed using dispensing guns and automix syringes.

Surface tension of the surfactants

Surface tension of each surfactant was measured using a tensiometer (Theta
Lite TL101; Biolin Scientific Inc., Finland) by the inverted pendant drop method. The
surfactant was dissolved in deionized water (1:10 ratio) and automatically sucked into
a syringe of the equipment. Recording started when the volume of the droplet was 4
pL. The surface tension was measured in real time for 10 s using 12 frames/s. The
software automatically detected the curve formed around the drop and the means and

standard deviations were calculated. The resulting data were analyzed comparatively.

Evaluation of the modified VPS
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Water contact angles formed in the surface of the VPS were measured with the
tensiometer using the sessile drop method, in two different times: immediately after
mixing the base and catalyst pastes of the VPS (t=0, non-polymerized material) and 1
h after (t=60, polymerized, crosslinked material). The mixed VPS was placed onto the
sampler and a 4 pL drop of deionized water was dropped on the VPS surface. The
contact angle formed between the water droplet and the VPS was monitored in real
time for 60 s using 2 frames/s. Data were analyzed qualitatively.

The viscosity of VPS was analyzed using a parallel plate rheometer (R/S-CPS+;
Brookfield Inc., Middleboro, MA, USA) equipped with a temperature controller. A 0.5
mL volume of each VPS material was dispensed onto the lower plate and the upper
plate, with 25 mm in diameter, was positioned with a 0.05 mm gap between plates.
Viscosity (Pa.s) was measured for 600 s using 75 counts, 100 s constant shear rate,
and 23°C temperature. Data were analyzed qualitatively.

Detail reproduction test was carried according to ISO 4823:2000 standard using
a metallic mold with three horizontal lines (widths 50 pm, 20 ym, and 75 pm) and two
vertical lines (width 75 ym) intersecting the horizontal lines. An impression of the mold
was carried and the intersection of the 20 ym horizontal line with the vertical lines was
evaluated. After polymerization, the specimens (n=3) were removed and stored at
room temperature (23°C) for 24 h. The specimens were observed using a
stereomicroscope with 40x magnification. Continuous reproduction of the intersection
with the 20 um line (positive copy) was considered satisfactory detail reproduction.

Specimens for tensile strength and elastic strain analyses were obtained using
a rectangular mold (50 mm x 16 mm x 1.5 mm) with a central constriction (8 mm),
which formed hourglass-shaped specimens. The mold was filled with the experimental

VPS and covered with a polyester strip and glass slide. The specimens (n=10 per
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group) were stored at room temperature for 24 h then tested in a mechanical testing
machine (DL500; EMIC, S&o José dos Pinhais, PR, Brazil). For the test, two claws
seized the ends of samples and moved them in opposite directions at a crosshead
speed of 0.5 mm/min until failure. Data were analyzed using One-Way Analysis of

Variance and Tukey’s post hoc test (a=0.05).
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Results

Figure 1 shows the results for surface tension for the surfactants, used alone or
in combination, dissolved in water. In all cases the surfactants reduced the surface
tension as compared to water alone. The H surfactant presented the highest surface
tension and the drop volume was 7.19 pL. The group that combined all types of
surfactants (F+S+H) was the most efficient in reducing the surface tension,
consequently leading to the formation of the smallest water drop volume (1.74 pL). The
other groups presented intermediate results.

The contact angle presented different patterns of wettability, as shown in
Figures 2 to 5 (Figs. 2, 3: surfactants added alone; Figs. 4, 5: surfactants added in
combination). All groups had the contact angles drastically reduced 10 s after the initial
of analysis (Fig. 2). The lowest contact angle at t=0 in groups with surfactants added
alone was found for F 5% (~15°). The contact angle of many groups with surfactant
added was reduced to zero after the first 25 s (Fig. 3), with F3%, F5% and S5% groups
had faster reduction, reaching zero in the first 10 s. The synergy between surfactants
at t=0 (Fig. 4) indicates excellent results in rendering the VPS hydrophilic, with the
exception of S+H groups and F+H 1%. In the analysis at t=60 (Fig. 5), it was observed
that the S+H group had no synergistic effect and did not reduce the contact angle as
efficiently as the other groups did. F+H 1% and F+S 1% presented an initial resistance
to reduce the contact angle but reached final contact angles of zero. In all cases, the
control VPS kept a high water contact angle (90°) for all analysis and times.

Results for viscosity are shown in Figures 6 (surfactants used alone) and Figure
7 (surfactants used in combination). The viscosity decreased and the induction time
was delayed with increasing surfactant concentration. The S groups had the most

appreciable reduction in viscosity. The induction times of H groups and F 1% were less
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affected as compared with the other materials. The modified VPS, irrespective of
surfactant type or concentration, had higher polymerization time as compared to the
control VPS. In some cases, no detectable change in viscosity was observed during
the 10 min analysis, suggesting no appreciable crosslinking.

All VPS materials modified with surfactants used alone, irrespective of their
concentration, reproduced continuously the 20 um line, presenting satisfactory detail
reproduction. The same did not happen for some combinations and concentrations of
surfactants: F+S 3% and 5%, all H+S or F+S+H combinations did not copy the 20um
line since these materials apparently did not complete polymerization and crosslinking
in the time frame of the test (up to 10 min).

Table 2 shows the results of the mechanical tensile strength test. The VPS with
F surfactant showed no significant differences between three different concentrations
analyzed. When surfactants were added at 1 wt%, groups with surfactants alone were
statistically similar and showed greater tensile strength than surfactants combined. The
F+S+H presented the poorest results in all concentrations. For concentrations of 3%

and 5%, the groups F and H were similar.
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Discussion

Surface tension is a physical phenomenon characterized by an elastic tendency
of the fluid surface in acquiring the smallest area possible. This phenomenon occurs
because while the molecules located inside the liquid are attracted equally in all
directions, the molecules located at the surface suffer only side and internal attraction
forces. This behavior can be easily observed when a water droplet is dispensed and
while in free fall it assumes a perfectly spherical shape. Likewise, when deposited onto
a nonpolar surface, the attractive forces between the water molecules are stronger
than the attraction forces with the substrate, thus generating difficulty for the drop to
spread on the surface.

For water to spontaneously spread over a solid surface it is necessary that the
surface tension is less than the surface energy of the solid. Water has a surface tension
of about 72 mN/m. Substrates such as silica-based glasses, with surface energy close
to 78 mN/m, are easily wet by water, while polydimethylsiloxanes, with surface
energies between 19 and 22 mN/m [17,18], are highly water repellent. The dynamic
liquid—solid interfacial behavior has direct implications on the use of VPS impression
materials in dentistry.

According to a study by Hrncir and Rosina [19], human blood has a surface
tension of 52 mN/m at 37°C. Kawai et. al [20] showed that human saliva normally has
a surface tension of approximately 49 mN/m. Although having lower surface tension
than water itself, blood and saliva still have higher surface energy than VPS, leading
to a difficult interaction between the oral tissues with VPS. When considering the
preparation of stone models, the difficulty of interaction between materials is even
more pronounced since the aqueous dispersion of calcium sulfate in water has a

surface tension of approximately 111 mN/m [21].
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Surfactants, when dissolved in water, form aggregates known as micelles, in
which the hydrophobic tail lines in the center of the aggregate and the hydrophilic head
of the surfactant stays in contact with the liquid on the outside. This mechanism
reduced the cohesive forces of water, leading to reduced surface tension. As can be
observed in Figure 1, the surface tension of water was drastically reduced upon mixture
with all surfactants. Even the less efficient surfactant in reducing water surface tension
(H) showed a reduction of as least 42%. When using surfactants alone, it was possible
to obtain surface tension below 17 mN/m (F), i.e., a value lower than the surface energy
of the VPS. In an endeavor to seek synergistic effect of the different surfactants, binary
and ternary compositions were formulated, with only the ternary component
demonstrating synergistic effects. The combination of the three surfactants caused a
significant synergistic effect in reducing the surface tension of water to 9.54 mN/m.

Having in mind the ability of the surfactants in reducing the water surface
tension, understanding the contact angle data observed in this study is easier. As
shown in Figure 2 (analysis of the non-polymerized VPS), the control group showed a
water contact angle of approximately 90° during the 60 s observation. The addition of
surfactants, regardless of their type or concentration, significantly reduced the contact
angles. It is clearly observed that the H surfactant type was less efficient than the S or
F types, which generated contact angles below 30°. The same pattern of behavior can
be observed in Figure 3 (analysis of the polymerized VPS). However in this case, it
was possible to observe 0° contact angles, probably due the ability of the surfactant
molecules to align themselves with the hydrophobic tail into the material and the
hydrophilic head to the surface. A hydrophilic character before polymerization is

necessary for the wetting of the material with the moist oral surfaces; hydrophilicity
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after polymerization is important to allow proper wetting of the gypsum material when
obtaining stone models.

When the surfactants were combined (Figs. 4 and 5) a synergistic effect in
reducing the contact angles was observed. Overall, when the combinations had
fluorocarbon surfactants, contact angles near 0° were observed for both polymerized
and non-polymerized VPS. This can be explained by their greater capacity of the
fluorosurfactants in reducing the surface tension of water and self-aligning with the
hydrophobic part, leaving the hydrophilic domains at and silicone surface.

Due to the complexity of the combined actions of different surfactants, it is
difficult to explain the mechanism by which this synergistic effect occurs. However, the
observed data are consistent with other studies in the literature [22,23]. As shown in
the control group on Figure 6, the polymerization of VPS has an induction period in the
first seconds after mixing; although hydrosilation reactions are occurring, it is still not
possible to observe an increase in the VPS viscosity. Afterwards, the viscosity starts
to increase at an accelerated rate. It was possible to verify that all surfactants used,
regardless of their concentration or used alone or in combination, delayed the viscosity
development. For many groups, this delay led to incomplete polymerization, interfering
with the study of the detail reproduction. It is hypothesized that the presence of
surfactants, which invariably presents —OH groups in their structure, has led to a delay
in the crosslinking by poisoning or inhibiting the platinum catalyst, in turn affecting the
overall properties of the final product. These competing agents or impurities can bind
to the platinum catalyst avoiding it to coordinate with the alkene C=C groups, thereby
inhibiting effective crosslinking.

As shown in Table 1, the addition of surfactants significantly reduced the

mechanical strength of the VPS. The presence of —OH groups in the surfactant chain
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makes, during the addition reaction, the hydrogens of the crosslinker to be released as
H2 gas, incorporating a large number of bubbles in the material [24]. These bubbles,
together with the delay in the polymerization, are primarily responsible for the drastic
reduction in the tensile strength. Regardless of the class of surfactants used, there is
a presence of residual —OH groups, alcohols, or water incorporated into the material
due to its hygroscopic behavior. Additionally, it should be considered that the
surfactants used could have acted as a plasticers because they are unreactive from
the viewpoint of crosslinking. In order to solve this problem and keep the gain
hydrophilicity, surfactants with blocked ethoxylated groups without the presence of —
OH should be pursued; The ideal surfactant would be absolutely anhydrous and have

reactive functional groups for the crosslinking process.
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Conclusions

The addition of up to 5 wt% of nonionic fluorocarbon, siloxane, and/or
hydrocarbon surfactants was able to render a vinylpolysiloxane experimental
impression material hydrophilic, both before and after polymerization. Increased
hydrophilicity was observed when the three surfactants were used in combination. The

reduced mechanical strength of the modified materials, however, still needs attention.
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Table 1. Composition of the experimental vinylpolysiloxane impression material

tested*

Base paste

Catalyst paste

Vinylpolysiloxane
Quartz
Silicon dioxide
Polymethyl hydrogen siloxane

Surfactant**

Vinylpolysiloxane
Quartz
Silicon dioxide
Platinum complex

Surfactant**

*The material was produced by Yller Biomaterials (Pelotas, RS, Brazil).

**The synthesized surfactants were added to both base and catalyst pastes at 1 wt%, 3 wt%, or 5 wt%.

No surfactant was added to VPS control material.
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impression materials (n=10)
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Means (standard deviations) for tensile strength (MPa) of the VPS

VPS tested

Surfactant concentration

1 wt%

3 wt%

S5 wt%

F

H

S

F+S

F+H

S+H

F+S+H

1.10 (0.12) Aa
1.16 (0.14) A2
0.95 (0.15) A2
0.48 (0.06) Ac
0.84 (0.12) ABb
0.87 (0.12) Ab

0.17 (0.03) Bd

1.05 (0.25) A@b
1.25 (0.20) A2
0.61 (0.06) B<
0.33 (0.05) Bd
0.89 (0.08) Ab
0.62 (0.15) B¢

0.22 (0.03) Ae

1.06 (0.14) Aa
0.92 (0.18) Bab
0.48 (0.12) Cd
0.30 (0.03) Be
0.74 (0.10) Bb°
0.62 (0.13) B¢

0.22 (0.04) Af

Distinct lowercase letters in the same column indicate significant differences between the VPS

materials; distinct uppercase letters in a same row indicate significant differences between the

surfactant concentrations (P<0.05). The reference value for the control group was 1.41 (0.19) MPa

according previous study not yet published.
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Figure 1 — Surface tension of the fluorosurfactants (alone or in combination) dissolved

in water: F (fluorocarbon), H (hydrocarbon), (S) siloxane.
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Figure 2 — Results for water contact angle formed with the VPS impression materials
immediately after mixing the base and catalyst pastes at t=0 (non-polymerized VPS):

F (fluorocarbon), H (hydrocarbon) and S (siloxane). Surfactants used alone are shown.
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Figure 3 — Results for water contact angle formed with the VPS impression materials
at t=60: F (fluorocarbon), H (hydrocarbon) and S (siloxane). Surfactants used alone

are shown.
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Figure 4 — Results for water contact angle formed with the VPS impression materials
immediately after mixing the base and catalyst pastes at t=0 (non-polymerized VPS):
F (fluorocarbon), H (hydrocarbon) and S (siloxane). Surfactants used in combination

are shown.
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Figure 5 — Results for water contact angle formed with the VPS impression materials
at t=60: F (fluorocarbon), H (hydrocarbon) and S (siloxane). Surfactants used in

combination are shown.
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Abstract

Objectives: The aim of this study was to synthesize and characterize fluorosurfactants
and evaluate their impact on properties and characteristics of vinylpolysiloxane (VPS)
experimental impression materials.

Methods: Six fluorosurfactants were synthesized using polyethylene glycols of molar
masses varying from 200 to 1,000,000 g/mol. The synthesis was followed by Fourier-
transform infrared spectroscopy and confirmed by *H and °F NMR. Surface tension of
the surfactants diluted in water was analyzed. The surfactants were added at 3 wt% to
the base and catalyst pastes of a light body VPS material. In the control group no
surfactant was added. The VPS properties evaluated were tensile strength, elastic
strain, detail reproduction, water contact angle, and viscosity. Data were analyzed
statistically (p<0.05).

Results: The fluorosurfactants reduced dramatically the surface tension of water,
except for FS 600,000 and FS 1,000,000. The control group presented the highest
tensile strength. All groups showed good detail reproduction. FS 200 and FS 400
rendered the VPS hydrophilic, reducing the water contact angle up to 85% compared
to the control material. FS 400 e FS 500 reduced the viscosity and increased the VPS
induction time.

Significance: The addition of FS 200 and FS 400 improved significantly the wettability,
reduced the viscosity without changing the working time or elastic strain, but
significantly reduced the tensile strength of the VPS. Fluorosurfactants may be used

to tune the properties of VPS impression materials.
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Introduction

Surfactants are amphiphilic organic compounds, i.e. substances that exhibit a
double affinity and can be defined as molecules containing both hydrophobic (tails)
and hydrophilic groups (heads) [1,2]. On one hand, this characteristic allows these
molecules to have strong affinity to water since it yields lower surface tension between
two liquids or between a liquid and a solid. On the other hand, these molecules may
also have strong affinity to hydrophobic compounds, which is the case in most dental
materials. The double affinity character of the surfactants is perfect to allow formation
of a close contact between hydrophobic dental materials and the moist oral structures
[3].

The use of surfactants is poorly explored in dentistry. There are many dental
materials that could benefit from this technology, including dental adhesives [4,5],
resin-based cements, periodontal cements, bleaching agents, and impression
materials. Impression materials based on vinylpolysiloxane (VPS), for instance, are
widely used in dentistry [3]. However, for some specific situations, such as impression
in subgingival areas, the use of VPS is challenging [6]. The clinical accuracy of dental
impressions depends on the flowing and wetting properties of VPS [7], which
sometimes does not have proper wettability, dimensional stability, and working time.

To overcome limitations of VPS, a few manufacturers developed technologies
and started adding nonionic surfactants to their VPS formulations [8-10]. Nonionic
surfactants are the most suitable for use in VPS because they do not complex with the
platinum catalyst present in the material. Some patents have reported the use of
hydrocarbon, siloxanes, or fluorocarbon surfactants to render hydrophilicity to VPS [11-
14]. Nevertheless, in unpublished pilot studies conducted by our group, it was noticed

that only one of the commercial VPS impression materials analyzed showed a water
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contact angle of 20°, whilst all the other VPS materials had contact angles greater than
60°. This finding indicates a need for studies to improve the wetting properties of dental
VPS impression materials.

Among the nonionic surfactants, the fluorosurfactants class is more efficient in
reducing the surface tension [15] and improving the surface wettability [2].
Fluorosurfactants are amphiphilic molecules with fluorocarbon chains as the
hydrophobic segment. The strong hydrophobic interactions and low van der Waals
interactions exhibited by fluorinated chains dramatically increase the tendency of
fluorinated amphiphiles to self-assemble in water and collect at interfaces, displaying
stronger surface activity compared to hydrocarbon surfactants [16]. Fluorosurfactants
can lower the surface tension of water down to a value half of what is attainable by
using hydrocarbon surfactants [17,18]. This ability is derived from the lipophobic nature
of fluorocarbons. The electronegativity of fluorine reduces the polarizability of the
surfactants’ fluorinated molecular surface, making them not as susceptible to London
dispersion forces as hydrocarbon surfactants are. Fluorine has a large size atom and
is the more electronegative element in periodic table [15]; the C—F bond is also the
most stable single bond in organic chemistry [19,20]. For this reason, one
disadvantage of fluorosurfactants in industrial use is their persistence in the
environment. Nonetheless, due to its numerous advantages of fluorosurfactants used
as additives in various materials, many new products with improved properties and
biocompatibility appeared in recent years [21-25].

The aim of this study was first to synthesize and characterize a new series of
fluorosurfactants with different molar masses and hydrophile-lipophile balance (HLB)
values. The second purpose of the study was to identify which of the synthesized

fluorosurfactants would be able to yield greater wettability to an experimental VPS
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impression material without significantly affecting its properties. The hypothesis tested

was the use of fluorosurfactants would successfully improve the wettability of VPS.
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Materials and methods
Synthesis of the fluorosurfactants

Different polyethylene glycol (PEG) molecules of varied molecular mass
(Sigma-Aldrich, St. Louis, MO, USA) were used in the synthesis to compose the polar
portion of the fluorosurfactants. For the apolar fraction, perfluorooctanoic acid (PFOA,
Sigma-Aldrich) was used. Six different types of surfactants were synthetized, by
Fischer esterification, transforming a carboxylic acid and an alcohol to an ester using
1 wt% p-toluenesulfonic acid (Vetec, Duque de Caxias, RJ, Brazil) as catalyst. The
synthesis scheme is shown in Figure 1. The reagents and manufacturers are detailed
in Table 1. The different fluorosurfactants were labelled as FS followed by the
respective number of PEG used in the synthesis (e.g. FS 200 - fluorosurfactant
synthesized with PEG 200).

PEG and PFOA were mixed at a 1:1 molar ratio in a 50 mL round bottom vessel
connected to a reflux condenser, and kept under constant stirring at 600 rpm and
110°C temperature, for 24 h. The products’ conversion was followed by thin layer
chromatography and Fourier-transform infrared spectroscopy (Prestige 21
spectrometer; Shimadzu, Tokyo, Japan) equipped with an attenuated total reflectance
device. The solvent was eliminated in a rotary evaporator connected to a vacuum cold
trap (Marconi Ltda., Piracicaba, SP, Brazil) and the product was purified in a vertical
glass column with alumina. Representative molecular structures of the
fluorosurfactants synthesized are shown in Figure 1.

The obtained products were characterized by 'H and '°F nuclear magnetic
resonance (NMR) spectroscopies (Varian-VXR 300 MHz; Agilent Technologies, Palo
Alto, CA, USA), using deuterated chloroform as solvent and trifluoroacetic acid as an

internal standard. The HLB of each nonionic surfactant synthesized was calculated
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according to the Griffin's formula: HLB = [20 x MWH/(MWH + MWL) = wt% hydrophile
/ 5], where MWH is the molar weight of the hydrophile and MWL is the molar weight of
the hydrophobe.

Surface tension of each surfactant was measured using a tensiometer (Theta
Lite TL101,; Biolin Scientific Inc., Finland) by the inverted pendant drop method. The
surfactant was dissolved in deionized water (1:10 ratio) and automatically sucked into
a syringe of the equipment. Recording started when the volume of the droplet was 4
pL. The surface tension was measured in real time for 10 s using 12 frames/s. The
software automatically detected the curve formed around the drop and the means and

standard deviations were calculated. The resulting data were analyzed comparatively.

Fluorosurfactants added to VPS impression material

The experimental VPS without surfactants used in this study (light-bodied
consistency) was produced by the company Yller (Yller Biomaterials, Pelotas, RS,
Brazil). The basic composition is described in Table 2. The surfactants were added to
both base and catalyst pastes of the VPS material at a 3 wt% concentration. The
materials were mixed for 60 s at 3500 rpm using a centrifugal mixer (SpeedMixer
DAC150; FlackTek, Landrum, SC, USA) and packed into cartridges. For all tests, the
base and catalyst pastes were mixed using dispensing guns and automix syringes.

Specimens for tensile strength and elastic strain analyses were obtained using
a rectangular mold (50 mm x 16 mm x 1.5 mm) with a central constriction (8 mm),
which formed hourglass-shaped specimens. The mold was filled with the experimental
VPS and covered with a polyester strip and glass slide. The specimens (n=10 per
group) were stored at room temperature for 24 h then tested in a mechanical testing

machine (DL500; EMIC, S&o José dos Pinhais, PR, Brazil). For the test, two claws
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seized the ends of samples and moved them in opposite directions at a crosshead
speed of 0.5 mm/min until failure. Data were analyzed using One-Way Analysis of
Variance and Tukey’s post hoc test (a=0.05).

Detail reproduction test was carried according to ISO 4823:2000 standard using
a metallic mold with three horizontal lines (widths 50 um, 20 ym, and 75 pm) and two
vertical lines (width 75 ym) intersecting the horizontal lines. An impression of the mold
was carried and the intersection of the 20 ym horizontal line with the vertical lines was
evaluated. After polymerization, the specimens (n=3) were removed and stored at
room temperature (23°C) for 24 h. The specimens were observed using a
stereomicroscope with 40x magnification. Continuous reproduction of the intersection
with the 20 um line (positive copy) was considered satisfactory detail reproduction.

Contact angles formed with water were measured with the tensiometer using
the sessile drop method. The mixed VPS was placed onto the sampler and a 4 pL drop
of deionized water was dropped on the VPS surface. The contact angle formed
between the water droplet and the VPS was monitored in real time for 60 s using 2
frames/s. Data were analyzed qualitatively.

The viscosity of VPS was analyzed using a parallel plate rheometer (R/S-CPS+;
Brookfield Inc., Middleboro, MA, USA) equipped with a temperature controller. A 0.5
mL volume of each VPS material was dispensed onto the lower plate and the upper
plate, with 25 mm in diameter, was positioned with a 0.05 mm gap between plates.
Viscosity (Pa.s) was measured for 300 s using 75 counts, 100 s constant shear rate,

and 23°C temperature. Data were analyzed qualitatively.
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Results
Synthesis of the fluorosurfactants

After 24 h, end of the synthesis was detected in the FTIR taking into account
the disappearance of the perfluorooctanoic acid carbonyl peak at ~1754 cm™ and
appearance of peaks in the 1780 cm* region due to the formation of carbonyl ester. In
Figure 2, representative FTIR spectra of these peaks are shown. The syntheses were
confirmed by 1°F and 'H NMR spectroscopies, as shown in Figure 3.

The reactions produced fluorosurfactants of different molar masses and
different HLB values, resulting in molecules with characteristics of unique wettability.
Results of the HLB calculations are displayed in Table 1. The HLB value increases up
to 306% with increased PEG molar masses, but no increase in HLB occurs from PEG
100,000 until PEG 1,000,000. As regards the surface tension analysis (Figure 4), Most
fluorosurfactants reduced dramatically the water surface tension. FS 600,000 and FS
1,000,000 had higher values of surface tension than the other surfactants. Deionized
water alone had a surface tension well above the values for all surfactants diluted in

water.

Properties of the VPS impression materials

Table 3 shows the results of the tensile strength and elastic strain tests carried
out with the VPS impression materials. The control VPS (no surfactant) presented
significantly higher tensile strength than all modified VPS materials. Reduced elastic
strain as compared to the control VPS was observed only for VPS modified with FS
1,000,000. All VPS materials tested reproduced continuously the intersection with the
20 um line, presenting satisfactory detail reproduction. Results for the water contact

angle formed with the impression materials indicate different patterns of wettability
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(Figure 5). The groups FS 1,000,000, FS 600,000, and Control showed higher contact
angles, around 90°. In contrast, groups FS 200 and FS 400 had very low contact
angles, around 15°. The water contact angles were reduced up to 84.75% in the
modified VPS as compared with the Control material. The groups FS 200, FS 400, and
FS 500 showed lower maximum viscosity (near to 60 Pa.s) than the Control material
(Figure 6), but only FS 400 and FS 500 increased the VPS induction time. The other

groups presented viscosities and induction times similar to the Control group.
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Discussion

Direct Fischer esterification was the method used for the synthesis of the
fluorosurfactants this study [26]. For the viability of the reaction (Figure 1), a carboxylic
acid group, an alcohol, and an acid catalyst are necessary. The reaction is initiated by
the protonation of carbonyl in the carboxylic acid, making it more electrophilic. In this
state, the oxygen of the alcohol function promotes a nucleophilic attack on the carbon
of the protonated carbonyl, creating a tetrahedron intermediate. With the instability of
this intermediate, the alcohol oxygen is deprotonated and the hydrogen abandoning
facilitates departure of the —OH group of the tetrahedron intermediate, allowing
elimination of an H20 molecule. The carbonyl is then finally deprotonated, resulting in
the desired ester product and H3O by-product. For the quantitative success of the
reaction, continuous removal of HsO by-products is desirable since the reaction
mechanism is reversible and the ester can be hydrolyzed by an acidic medium.

PFOA was selected as carboxylic acid, with an 8-carbon structure protected by
15 fluorine atoms. The apolar character of this segment becomes hydrophobic; a
lipophobic effect is also possible due to the fluorocarbons that are less susceptible to
London dispersion forces than hydrocarbons. As alcohol for the reaction and formation
of the polar portion of the surfactant, polymers derived from ethylene oxide (PEGS)
were selected, with different molar masses, containing —OH groups at both ends. The
use of different PEGs lead to different HLB value, which was the main objective of this
study. This design allowed the obtaining of fluorosurfactants with large amplitude of
HLB values, ranging between 6.5 and 19.9.

Use of the surfactants synthesized in this study promoted a dramatic reduction
in the surface tension of water. The surfactants reduce the cohesive forces between

water molecules, thereby reducing the surface tension of the liquid. This effect was
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more evident for surfactants synthesized using PEG with molar masses up to 100,000
g/mol. For FS 600,000 and FS 1,000,000, it is hypothesized that the high molecular
weight may have limited the reduction in water surface tension by two factors: 1) due
to the high molar mass, there is a difficulty in complete dissolution of the products in
water; 2) the high molar mass leads to increased viscosity of the fluid, consequently
influencing the surface tension.

One of the desirable characteristics of a VPS is to present high compatibility
with moist oral tissues during intraoral application. The VPS without surfactant (control)
had a contact angle formed with water of approximately 90°. When FS 200 and FS 400
were added, water contact angles around 20° were observed, indicating the
surfactants increased to a large extent the hydrophilicity of the VPS. FS 500, with a
similar molar mass to FS 400, was not able to render the same effect to the VPS. This
finding is likely a result of the methylation of the hydrophilic end in the ethoxy chain.
Similarly, the surfactants with high molar masses showed little effectiveness in
reducing the contact angles, most likely due to the difficulty of solubility of these
compounds in the silicon substrate and a greater difficulty for the alignment of the
hydrophilic portion on the surface of the material.

Besides rendering increased hydrophilicity, the surfactant should not interfere
with the mechanical properties of the VPS. Irrespective of the molar mass, all
fluorosurfactants led to significant reductions in tensile strength. The main reason for
that behavior is interference of the surfactant in the silicone crosslinking reaction.
During addition polymerization of the VPS, the —OH groups of the surfactant chain
cause the hydrogen atoms of the crosslinker to be released as Hz gas, incorporating a
large number of air bubbles in the material [27]. These bubbles are the main

responsible for the reduction in tensile strength. In addition, it needs to be considered
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that purification of fluorosurfactants is technically complex. The possible presence of
intermediate species and other impurities may also potentially interfere in the
polymerization process.

Another point that may help to elucidate the strength reduction is that due to the
high hygroscopic nature of surfactants, it is possible that the presence of H20, even in
small concentrations, may contribute to the release of hydrogen during crosslinking.
The crosslinking kinetics was evaluated indirectly by analyzing the evolution of
viscosity after mixing the base and catalyst pastes. As can be seen in Figure 6, the
control group showed an induction period (i.e., no detectable crosslinking) of
approximately 75 s; after this point, fast viscosity evolution was observed. After
approximately 180 s, it is observed an apparent viscosity reduction of the material,
which in fact reflects the mechanical fragmentation of the material due to the
continuous shear stress imposed by the rheometer. When comparing the induction
periods, groups FS 400 and FS 500 showed induction periods longer than 100 s. This
delay in crosslinking may be a result of contamination or inhibition of the platinum
catalyst by other reagents, affecting the overall properties of the final product. These
competing agents or impurities can bind to the platinum catalyst avoiding its
coordination with the alkene C=C groups, thereby inhibiting effective crosslinking.

Fluorosurfactants with lower molar masses HLB values below 10 promoted
effective wetting effect of water on the surface of VPS. Even in the first seconds after
the contact of water with the silicone contact angles less than 20° could be observed.
This condition, from a clinical point of view, is highly desirable because even in moist
conditions the material could be capable of flowing on the surface and establishing
intimate contact with the oral structures. However, a major challenge still remains: to

render a low water contact angle without compromising the mechanical properties of
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VPS. In order to achieve this goal, we suggest further studies focusing on the
development of techniques for separation and purification of fluorosurfactants to obtain

these with high purity and, if possible, with complete absence of free —OH groups.
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Conclusions

Fluorosurfactants of varied hydrophile-lipophile balance (HLB) values,
successfully obtained by Fischer esterification, were able to dramatically alter the
hydrophilicity of dental vinylpolysiloxane impression materials (surfactants with HLB
below 10 were the most efficient).Thus, the hypothesis tested in this study was
accepted. However, as the addition of the fluorosurfactants also interfered with the
mechanical properties of the elastomer material, there is still a challenge to obtain
fluorosurfactants that may simultaneously increase the hydrophilicity without affecting

the mechanical properties of elastomers.
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Table 1. Reagents used in the synthesis and results for HLB calculation of the

synthesized fluorosurfactants

Reagent Average molar Linear formula Supplier HLB

mass (g/mol)

PEG 200 200 H(OCH2CH2)nOH Sigma-Aldrich 6.5
PEG 400 400 H(OCH2CH2)nOH Sigma-Aldrich 9.8
PEG methyl eter 500 CH3(OCH2CH2)nOH Sigma-Aldrich  10.9
PEG 100,000 100,000 H(OCH2CH2)nOH Sigma-Aldrich  19.9
PEG 600,000 600,000 H(OCH2CH2)nOH Sigma-Aldrich  19.9
PEG 1,000,000 1,000,000 H(OCH2CH2)nOH Sigma-Aldrich  19.9
Perfluorooctanoic acid 414.17 CF3(CF2)6COOH  Sigma-Aldrich -

p-toluenesulfonic acid 190.22 C7Hs80sS.H20 Vetec -

PEG: polyethylene glycol. HLB: hydrophile-lipophile balance calculated for the synthesized surfactants.

Table 2. Composition of the experimental vinylpolysiloxane impression material

tested*
Base paste Catalyst paste
Vinylpolysiloxane Vinylpolysiloxane
Quartz Quartz
Silicon dioxide Silicon dioxide
Polymethyl hydrogen siloxane Platinum complex
Surfactant** Surfactant**

*The material was produced by Yller Biomaterials (Pelotas, RS, Brazil).
**The synthesized surfactants were added to both base and catalyst pastes at 3 wt%. No surfactant

was added to VPS control material.
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Table 3. Means (standard deviations) for tensile strength and elastic strain of the VPS

impression materials (n=10)

VPS tested Tensile strength, MPa Elastic strain, mm
FS 200 0.86 (0.17)B¢ 23.1 (4.6)7
FS 400 0.86 (0.13)8¢ 21.8 (4.2
FS 500 0.68 (0.13)¢ 19.0 (4.8)"®
FS 100,000 0.75 (0.25)B¢ 19.2 (4.8)"®
FS 600,000 0.95 (0.15)8 20.9 (3.1)"®
FS 1,000,000 0.74 (0.13)B¢ 15.2 (3.2)B
Control 1.41 (0.19)A 23.1(3.9)*

Distinct letters in the same column indicate significant differences between the materials (P<0.05).
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Figure 1 — Synthesis scheme of the fluorosurfactants by Fischer esterification (pTSA:

p-toluenesulfonic acid).



74

0.35

—— PFOA
—— FS 200

0.30 A

0.25 A

0.20 A

0.15 4

Abs (a.u.)

0.10 A

0.05 A

0. 00 T T T T
1700 1720 1740 1760 1780 1800

Wavenumber (cm™)

Figure 2 — Representative FTIR spectrum of the synthesized fluorosurfactant FS 200
(red line). Disappearance of the perfluorooctanoic acid carbonyl peak at ~1754 cm?
(black line) and appearance of the a peak at ~1785 cm™ due to the formation of

carbonyl ester indicated the end of the synthesis reaction.



-120 -120 -118

128 " F F F F F F F
-128 -120 -120 -85,19

-850
800
=750

=ro0

T T T T T T T T
o -10 -20 -30 -40 -50 -60 70 80 90  -100  -110 <120 -130 140 150 -160 -170  -180
1 {ppm}

4.30 3.52 3.52 3.52 354
F WA\ NP Ve e N e
A SRRV NVAN 3.63 3.52 3.52 3.52 3.7 54
|| L\U 1
4 13 12 1'1 10 9 8 4 3 ; 1 ] 1

6
1 {ppm)

r1200

1100

1000

700

600

F500

F300

F200

rioo

100

75
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spectra of the synthesized fluorosurfactant FS 200.
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Figure 4 — Surface tension of the synthesized fluorosurfactants dissolved in deionized

water.
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Figure 6 — Viscosity curves during mixture of the base and catalyst pastes of the VPS

impression material.



Conclusao

O presente estudo mostrou que € possivel promover diferentes niveis de
hidrofilia ao silicone por adigéo por meio da incorporagéo de tensoativos n&o-idnicos
do tipo fluorcarbono, siloxano e/ou hidrocarboneto. Os resultados encontrados foram
muito satisfatérios e de extrema relevancia, uma vez que o objetivo principal foi
atingido, ou seja, foi possivel atribuir carater hidrofilico a um material extremamente
hidrofobico por natureza, tanto com a adicdo dos tensoativos sintetizados neste
estudo quanto com os diferentes tensoativos comerciais. Aléem disso, foi possivel
estabelecer uma nova linha de pesquisa, uma vez que esses tipos de tensoativos
podem ser introduzidos em uma ampla gama de materiais odontoldgicos com o intuito
de melhorar a hidrofilia e as propriedades dos materiais, como por exemplo: adesivos

dentais, cimentos resinosos, cimentos periodontais e clareadores dentais.
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possivel estabelecer uma nova linha de pesquisa, uma
vez que esses tipos de tensoativos podem ser
introduzidos em uma ampla gama de materiais
odontoldgicos (adesivos dentais, cimento resinoso,
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Federal de Pelotas, Doutor em Odontologia, Area de
concentracao Dentistica.

Dr. Gregori Franco Boeira, Universidade Federal de
Pelotas, Doutor em Odontologia, Area de concentracédo
Dentistica (suplente).
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Prof. Drd. Noéli Boscato, Universidade Estadual de
Campinas, Doutora em Clinica Odontol6gica, Area de
concentracao Prétese Dental (suplente).

Orientador

Prof. Dr. Rafael Ratto, de Moraes, Universidade Estadual
de Campinas, Doutor em Materiais Dentarios.

Co-orientador

Prof. Dr. Fabricio Aulo Ogliari, Universidade Federal de
Pelotas, Doutor em Odontologia, Area de concentracédo
Dentistica.

Informacédo de contato

Aline de Oliveira Ogliari, Rua Gongalves Chaves, 457 —
Laboratério CDC-Bio. CEP 96015560, Pelotas, RS,
Brasil.




Apéndice B — Nota da Tese

Sintese e caracterizacao de tensoativos para uso odontolégico

Synthesis and characterization of surfactants for dentistry use

A presente tese de doutorado desenvolveu tensoativos fluorados por meio de
sintese, por esterificacdo de Fischer, apresentando diferentes balancos lipofilico-
hidrofilico e avaliou a utilizacdo de diferentes tensoativos ndo-ibnicos comerciais
dos tipos fluorcarbono, siloxano e hidrocarboneto adicionados em silicones por
adicdo. Foi realizado um screening acerca das propriedades desses tensoativos e
a interacao deles quando adicionados ao material de moldagem. Foi possivel obter
resultados muito satisfatérios e de extrema relevancia, uma vez que o objetivo
principal foi atingido, ou seja, foi possivel atribuir carater hidrofilico a um material
extremamente hidrofébico por natureza, tanto com a adicdo dos tensoativos
sintetizados quanto com os diferentes tensoativos comerciais. Além disso, foi
possivel estabelecer uma nova linha de pesquisa, uma vez que esses tipos de
tensoativos podem ser introduzidos em uma ampla gama de materiais odontologicos
(adesivos dentais, cimento resinoso, cimentos periodontais, clareadores dentais,

dentre outros) para promover maior hidrofilia e melhora das propriedades.

Campo da pesquisa: Materiais Odontoldgicos.

Candidato: Aline de Oliveira Ogliari, Cirurgid-dentista pela Universidade Federal
de Pelotas (2010), Mestre em Odontologia — area de concentracdo Dentistica pela
Universidade Federal de Pelotas (2012).

Data da defesa e horario: 29/07/2016 as 14:00 horas.

Local: Auditério do Programa de Pds-graduacdo em Odontologia da Universidade
Federal de Pelotas. 5° andar da Faculdade de Odontologia de Pelotas. Rua
Goncalves Chaves, 457.
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Membros da banca: Prof. Dr. Cesar Henrique Zanchi, Prof. Dr. Fabricio Mezzomo
Collares, Prof2. Dr2, Patricia dos Santos Jardim, Prof. Dr. Rodrigo Varella de
Carvalho, Dr. Gregori Franco (suplente) e Prof. Dr2. Noéli Boscato (suplente).

Orientador: Prof. Dr. Rafael Ratto de Moraes

Co-orientador: Prof. Dr. Fabricio Aulo Ogliari

Informacéao de contato: Aline de Oliveira Ogliari, alineoliveiraogliari@gmail.com,
Rua Gongalves Chaves, 457- Laboratorio CDC-Bio — 1° andar.



Apéndice C — Sumula do curriculo do candidato

Sumula do curriculo

Aline de Oliveira Ogliari nasceu em 25 de outubro de 1982, em Rio grande — RS. No
ano de 2005 ingressou na Faculdade de Odontologia da Universidade Federal de
Pelotas, atuou como aluna de iniciacao cientifica sob orientacdo do professor Rafael
Ratto de Moraes, tendo sido graduada cirurgia-dentista em 2010. No ano de 2011,
ingressou no Mestrado do Programa de PoOs-graduacdo em Odontologia da
Universidade Federal de Pelotas, area de concentracdo Dentistica, sob orientacdo do
professor mencionado acima. No mestrado foi bolsista da CAPES e desenvolveu
trabalhos cientificos na area de materiais dentarios. Durante o periodo de mestrado
também realizou MBA em Gestdo Empresarial na Fundagdo Getulio Vargas.
Atualmente, além de aluna de doutorado do Programa de Pés-Graduacdo em
Odontologia da Universidade Federal de Pelotas, na area de concentracdo de
Materiais Odontolégicos é também sdcia-proprietaria da industria de materiais

odontoldgicos Yller Biomateriais SA.

Publicacdes:

Artigos cientificos:

1. MEINCKE, D. K.; OGLIARI, A. O.; OGLIARI, F. A. Influence of different fillers on the
properties of an experimental vinyl polysiloxane. Brazilian oral research, v. 30, p. €26,
2016.

2. PIVA, E.; AZEVEDO, E. C.; OLIVEIRA-OGLIARI, ALINE; PILOWNIC, K. J.; PINTO,
M. B.; CAMACHO, G. B.; PETZHOLD, C. L.; OGLIARI, F. A. Evaluation of
experimental phosphate and sulfur-based primer bonding to metal casting alloys.

International Journal of Adhesion and Adhesives, v. X, p. x-X, 2015.

3. SPAZZIN, A.O.; GUARDA, G.; OLIVEIRA-OGLIARI, ALINE; LEAL, F. B.; CORRER
SOBRINHO, L.; Moraes, R. R. Strengthening of porcelain provided by resin cements
and flowable composites. Operative Dentistry, v. 12, p. 40-46, 2015.
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4. DARVIZEH, A.; LUZI, A.; ABEDI-AMIM, A.; OLIVEIRA-OGLIARI, ALINE; OGLIARI,
F. A.; FEITOSA, VICTOR P.; PASCUAL, A.; SAURO, S. In-situ nano-silica deposition
and air-abrasion with Bioglass 45S5 or aluminium oxide: Effects on methacrylate
bonding to yttria-tetragonal zirconia polycrystal. International Journal of Adhesion and
Adhesives, v. 62, p. 32-39, 2015.

5. OLIVEIRA-OGLIARI, ALINE; COLLARES, FABRICIO M.; FEITOSA, VICTOR P.;
SAURO, SALVATORE; OGLIARI, FABRICIO A.; MORAES, RAFAEL R. Methacrylate
bonding to zirconia by in situ silica nanoparticle surface deposition. Dental Materials,
v. 31, p. 68-76, 2015.

6. KAIZER, MARINA R.; OLIVEIRA-OGLIARI, ALINE; CENCI, MS; OPDAM, N.;
MORAES, R.R. Do nanofill or submicron composites show improved smoothness and

gloss? A systematic review of in vitro studies. Dental Materials, v. xx, p. xx, 2014.

7. FEITOSA, V.P.; SAURO, S.; OGLIARI, F. A.; OLIVEIRA-OGLIARI, ALINE;
YOSHIHARA, K.; ZANCHI, C.H.; CORRER SOBRINHO, L.; SINHORETI, M.A.C,;
CORRER, A.B.; WATSON, T. F; MEERBEEK, B. V. Impact of hydrophilicity and length
of spacer chains on the bonding of functional monomers. Dental Materials, v. X, p. X-X,
2014.

8. FEITOSA, V. P.; OGLIARI, F. A.; VAN MEERBEEK, B.; WATSON, T. F;
YOSHIHARA, K.; OGLIARI, A. O.; SINHORETI, M. A.; CORRER, A. B.; CAMA, G,
SAURO, S. Can the Hydrophilicity of Functional Monomers Affect Chemical
Interaction? Journal of Dental Research (Online), v. 93, p. 201-206, 2014.

9. FARIA-E-SILVA A.L.; ARAUJO JE; ROCHA GP; OLIVEIRA, A. S.; MORAES RR.
Solvent content and dentin bond strengths using water-wet, ethanol-wet, and
deproteinization bonding techniques. Acta Odontologica Scandinavica (Trykt utg.), v.
71, p. 710-715, 2013.

10. GONCALVES, A. P. R.; OGLIARI, A. O.; JARDIM, P. S.; MORAES, R. R. Chemical
cleaning agents and bonding to glass-fiber posts. Brazilian Oral Research (Impress),
v. 27, p. 70-72, 2013.

11. OLIVEIRA-OGLIARI, ALINE: VASCONCELOS, CS: BRUSCHI, RC:
GONCALVES, A. P. R.; OGLIARI, F. A.; MORAES, R. R. Thermal silicatization: A new
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approach for bonding to zirconia ceramics. International Journal of Adhesion and
Adhesives, p. 164-167, 2013.

12. OLIVEIRA, A. S.; OLIVEIRA, ALINE S.; SPAZZIN, ALOISIO O.; NAVES, LUCAS
Z.; MORAES, RAFAEL R. Influence of silane and solvated bonding agents on the bond
strength to glass-fibre posts. Australian Endodontic Journal, v. 39, p. 122-125, 2013.

13. FARIA-E-SILVA A.L.; MENDONCA AA.; GARCEZ R.M.; OLIVEIRA, A. S,
MOREIRA A.G.; MORAES, R. R. Adhesion strategy and early bond strengths of glass-
fiber posts luted into root canals. Brazilian Oral Research (Impresso), v. 26, p. 1-3,
2012.

14. MORAES RR; GUIMARAES GZ; OLIVEIRA, A. S.; FAOT F; CAVA SS. Impact of
acidic monomer type and concentration on the adhesive performance of dental zirconia

primers. International Journal of Adhesion and Adhesives, v. 39, p. 1-5, 2012.

15. REGINATO, CASSIA F.; OLIVEIRA, ALINE S.; KAIZER, MARINA R.; JARDIM,
PATRICIA S.; MORAES, RAFAEL R. Polymerization efficiency through translucent
and opaque fiber posts and bonding to root dentin. Journal of Prosthodontic Research,
v.1,p.1-2,2012.

16. OLIVEIRA, A. S.; RAMALHO, E.S.; OGLIARI, F. A.; MORAES, R.R. Bonding self-
adhesive resin cements to glass fibre posts: to silanate or not silanate? International
Endodontic Journal (Print), v. 44, p. 759-763, 2011.

Patentes:

1. OLIVEIRA, A. S.; OGLIARI, F. A.; PIVA, E.; MORAES, R.R. COMPOSICOES E
METODOS PARA ADESAO A ZIRCONIA. 2012, Brasil.
Patente: Privilégio de Inovacdo. Numero do registro: BR1020120183196, data de

dep6sito: 24/07/2012, titulo: "COMPOSICOES E METODOS PARA ADESAO A
ZIRCONIA”, Instituicdo de registro:INPI - Instituto Nacional da Propriedade Industrial.

Produtos Tecnoldgicos:

1. OGLIARI, F. A.; OGLIARI, A. O. GLOSSY - Registro ANVISA: 81009350021 -
Sistema de polimento. 2016.
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2. OGLIARI, F. A,; OGLIARI, A. O. YBOND Mono - Registro ANVISA: 81009350006 -
Adesivo Odontolégico convencional de 2 passos. 2015.

3. OGLIARI, F. A.; OGLIARI, A. O. YBOND Universal - Registro ANVISA:
81009350001 - Adesivo Odontolégico Universal. 2015.

4. OGLIARI, F. A.; OGLIARI, A. O. YPROV BISACRYL - Registro ANVISA:
81009350009 - Resina hisacrilica. 2015.

5. OGLIARI, F. A.; OGLIARI, A. O. SYLANO - Registro ANVISA: 81009350004 -
Silano. 2015.

6. OGLIARI, F. A.; OGLIARI, A. O. YSTICKER ORTHO - Registro ANVISA:
81009350008 - Cimento ortoddntico. 2015.

7. OGLIARI, F. A.; OGLIARI, A. O. YCEM SA - Registro ANVISA: 81009350005 -
Cimento odontoldgico autoadesivo. 2015.

8. OGLIARI, F. A.; OGLIARI, A. O. YCEM VENEER - Registro ANVISA: 81009350003
- Cimento odontolégico para Veneer. 2015.

9. OGLIARI, F. A.; OGLIARI, A. O. YZAP - Registro ANVISA: 81009350007 - Agente
de unido. 2015.

10. OGLIARI, F. A.; OGLIARI, A. O. YFLOW SA - Registro ANVISA: 81009350010 -
Resina composta flow fotopolimerizavel. 2015.

11. OGLIARI, F. A.; OGLIARI, A. O. YSEAL - Registro ANVISA: 81009350011 -
Selante. 2015.

12. OGLIARI, F. A.; OGLIARI, A. O. ALLURE - Registro ANVISA: 81009350012 -
ALLURE é uma familia de resinas compostas fotopolimerizaveis, que se divide em 8
diferentes produtos. 2015.
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13. OGLIARI, F. A.; OGLIARI, A. O. REFLEX - Registro ANVISA:81009350013 -
REFLEX € uma familia de silicones de condensacdo que se divide em 3 diferentes
produtos. 2015.

14. OGLIARI, F. A.; Ogliari, A. O. YSEAL SA - Registro ANVISA: 81009350016 -
Selante autoadesivo. 2015.

15. OGLIARI, F. A.; Ogliari, A. O. YFLOW - Registro ANVISA: 81009350015 - Resina
composta flow. 2015.

16. OGLIARI, F. A.; Ogliari, A. O. YPROTECT - Registro ANVISA: 81009350017 -
Protetor de mucosa. 2015.

17. OGLIARI, F. A.; Ogliari, A. O. YCEM 4ALL - Registro ANVISA: 81009350014 -
Cimento resinoso dual. 2015.

18. OGLIARI, F. A.; Ogliari, A. O. PROVYZONE - Registro ANVISA: 81009350018 -
Cimento de 6xido de zinco sem eugenol. 2015.

19. OGLIARI, F. A.; OGLIARI, A. O. SCAN - Registro ANVISA: 81009350002 - SCAN
€ uma familia de silicone de adicéo, que se divide em 13 diferentes produtos. 2015.



