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RESUMO

Nanoparticulas metalicas conquistaram significativo interesse cientifico devido as suas
propriedades fisico-quimicas, como a alta condutividade e atividade catalitica, aprimoramento das
propriedades Opticas e atividade biocida contra micro-organismos patogénicos. Em especial as
nanoparticulas de prata, apresentam potencial atividade contra bactérias, fungos e virus. No
presente estudo, o objetivo foi sintetizar e caracterizar nanoparticulas de prata preparadas pelo
método alcodlico. O método consiste na reducdo quimica da prata utilizando etanol com a adigdo
de polivinilpirrolidona (PVP), sem e com a presenca de acido glicolico (GA), nas proporgdes 1:1;
1:5¢e1:10 (AgNO3/PVP:GA). O sistema reacional foi mantido sob refluxo e sob agitagao constante
por 4 h a 80°C. As amostras foram caracterizadas quanto as suas propriedades opticas, estruturais,
morfologicas e estimativa de tamanho. A confirmacdo da formacao das nanoparticulas de prata foi
realizada utilizando a técnica de espectroscopia na regido do UV-Vis. Observou-se a formagdo da
banda plasmonica caracteristica das AgNPs em torno de 420nm sem e com a presenga do acido
glicdlico, confirmando a formagao de AgNPs. A identificacdao dos grupos funcionais presentes nas
amostras foi avaliada pela técnica de espectroscopia vibracional de absor¢do na regido do
infravermelho (FTIR). As amostras de AgNPs por serem constituidas majoritariamente de etanol
apresentaram os modos vibracionais caracteristicos deste. As nanoparticulas apresentaram cargas
positivas e valores de potencial zeta de 16,8 + 0,485 mV; 12,7 mV; 3,37 mV e 3,04 mV, para
AgNPs e AgNPs-GA (1:1; 1:5 e 1:10), respectivamente. A microscopia eletronica de transmissao
(MET) e o espalhamento dindmico de luz (DLS) indicaram que os materiais apresentaram
dimensdes nanométricas, formato quase esférico com diametro médio de 8,70nm, 7,7 nm, 8,6 nm
e 11,5nm (MET); 10,1 &+ 2,50nm, 140 £+ 59,7nm, 188 + 83,2nm e 247 + 68,1nm (DLS), para as
sinteses realizadas sem e com a presenca de acido glicolico (1:1; 1:5 e 1:10), respectivamente. Nos
resultados obtidos por SAED, as AgNPs apresentaram estrutura cristalina cubica de face centrada
(CFC) caracteristica da Ag em que os resultados corroboram com os dados de difragao JCPDS 04-
0783. Conclui-se que a sintese das AgNPs apenas na presenca de PVP, resultou em suspensdes
coloidais alcodlicas, de coloragdo amarela, consideradas estaveis. A medida que se adicionou o GA
nas proporgoes citadas, foi observada possivel reducdo da estabilidade coloidal, mudanca de
viscosidade e alargamento das bandas plasmonicas. Foi observado dimensdes maiores e formatos
diferentes de AgNPs a medida que se aumentou a concentragao de GA.

Palavras-chave: nanotecnologia, prata, acido glicélico, reducao quimica.



ABSTRACT

Metal nanoparticles have gained significant scientific interest due to their physicochemical
properties, such as high conductivity and catalytic activity, improved optical properties and
biocidal activity against pathogenic microorganisms. In particular, silver nanoparticles have
potential activity against bacteria, fungi and viruses. In the present study, the objective was to
synthesize and characterize silver nanoparticles prepared by the alcoholic method. The method
consists of the chemical reduction of silver using ethanol with the addition of polyvinylpyrrolidone
(PVP), without and with the presence of glycolic acid (GA), in proportions 1:1; 1:5 and 1:10
(AgNO3/PVP:GA). The reaction system was kept under reflux and under constant stirring for 4 h
at 80°C. The samples were characterized regarding their optical, structural, morphological
properties and size estimation. Confirmation of the formation of silver nanoparticles was performed
using the spectroscopy technique in the UV-Vis region. The formation of the characteristic
plasmonic band of AgNPs was observed around 420nm without and with the presence of glycolic
acid, thus confirming the formation of AgNPs. The identification of the functional groups present
in the samples was evaluated by the technique of vibrational absorption spectroscopy in the infrared
region (FTIR). The AgNPs samples, for being constituted mostly of ethanol, showed the
characteristic vibrational modes of this. The nanoparticles showed positive charges and zeta
potential values of 16.8 + 0.485mV; 12.7mV; 3.37mV and 3.04mV, for AgNPs and AgNPs-GA
(1:1; 1:5 and 1:10), respectively. Transmission electron microscopy (TEM) and dynamic light
scattering (DLS) indicated that the materials presented nanometric dimensions, almost spherical
shape with an average diameter of 8.70nm, 7.7nm, 8.6nm and 11.5nm (MET); 10.1 £ 2.50nm, 140
+ 59.7nm, 188 + 83.2nm and 247 + 68.1nm (DLS), for syntheses performed without and with the
presence of glycolic acid (1:1; 1:5 and 1:10), respectively. In the results obtained by SAED, the
AgNPs presented a face-centered cubic crystal structure (CFC) characteristic of Ag, in which the
results corroborate the crystallographic record JCPDS 04-0783. It is concluded that the synthesis
of AgNPs only in the presence of PVP resulted in stable alcoholic colloidal suspensions. As GA
was added in the aforementioned proportions, a decrease in colloidal stability and consequent
aggregation of the particles was observed. Larger dimensions and different shapes of silver
nanoparticles were observed as the GA concentration in the reactions increased. In the results
obtained by SAED, the AgNPs showed a face-centered cubic crystal structure (CFC) characteristic
of Ag, in which the results corroborate the diffraction data JCPDS 04-0783. It was concluded that
the synthesis of AgNPs only in the presence of PVP resulted in alcoholic colloidal suspensions,
yellow in color, considered stable. As GA was added in the aforementioned proportions, a possible
reduction in colloidal stability, change in viscosity and widening of plamonic bands was observed.
Larger dimensions and different shapes of AgNPs were observed as the concentration of GA
increased.

Keywords: nanotechnology, silver, glycolic acid, chemical reduction.



1 INTRODUCAO

A nanotecnologia ¢ considerada revoluciondria, cientifica e tecnologicamente, baseada em
uma organizacdo sistematica para a produ¢do ou manipulagdo de materiais (FERREIRA; DO;
RANGEL, 2018). Diversos produtos que utilizam propriedades nanotecnoldgicas e em escala
nanométrica sdo desenvolvidos, dentre eles componentes eletronicos (KUMAR et al., 2020),

equipamentos esportivos, tintas sem risco para a saude e tecidos resistentes a manchas

(JURAIRATTANAPOM et al., 2017).

Nanoparticulas metdlicas sdo um dos nanomateriais mais utilizados pois exibem
importantes propriedades fisico-quimicas (IRAVANI et al., 2014), estabilidade quimica
(FERREIRA; DO; RANGEL, 2018) e atividade microbiologicas (JURAIRATTANAPOM et al.,
2017). Destaca-se a alta condutividade e atividade catalitica, aprimoramento das propriedades
opticas e mecanicas, e biocida contra micro-organismos patogénicos (GUERRERO et al., 2019).
A incorporagdo de nanoparticulas metalicas de prata, em uma matriz polimérica, promove a
formacao de nanocompositos e, portanto, uma combinagao das propriedades desses componentes
(polimero e nanoparticulas), produz um material mais eficaz em todos estes aspectos (GORUP et

al., 2017).

As propriedades bactericidas das nanoparticulas de prata (AgNPs) atacam a parede celular
de bactérias e formam espécies reativas de oxigénio no interior das células. Promovem maior
superficie de contato com a parede celular bacteriana (BEDLOVICOVA; SALAYOVA, 2018), e
proporcionam menores efeitos colaterais quando comparadas as dimensdes ndo nanométricas da
prata, pois requerem apenas uma pequena quantidade de sua concentracdo para alcangar o efeito

bactericida (HUH; KWON, 2011).

Certas preparagdes de sinteses com nanoparticulas de prata incluem adi¢do de outras
substancias. Os alfa-hidroxiacidos (AHA’s) sdo exemplos destas substancias, que sao reconhecidos
como adjuvante em diversas terapias topicas cutaneas, incluindo acne, fotodano actinico, melasma,
disturbios de hiperpigmentacao, rosacea e outros (CASTILLO; KERI, 2018; GUERRERO et al.,
2019).



A utilizag¢do do 4cido glicolico na redugdo de ions Ag" para obtengdo de nanoparticulas de
prata, apresentou consideravel atividade antimicrobiana contra cepas gram-positivas e também
gram-negativas. As propriedades antimicrobianas de nanoparticulas de prata com acido glicdlico
(AgNPs-Gli) podem ser usadas de forma eficaz para o combate de patdgenos resistentes a
antibidticos sem provocar toxicidade celular (KUMAR et al., 2020). J4 as propriedades fisico-
quimicas e a influéncia deste na formacdo e estabilidade coloidal, necessitam ser melhor

elucidadas. A representacao da formula estrutural do acido glicolico pode ser observada na Figura
1.

Figura 1: Representagdo esquematica da formula estrutural do acido glicélico

o Atomo de “C”

t Atomo de “H”

. Atomo de “0”

O uso do alfa-hidroxidcido acido glicolico na sintese de nanoparticulas de prata, e seus
efeitos na morfologia e tamanho das particulas, ¢ pouco explorado e isso motivou este projeto de
pesquisa. Neste trabalho o acido glicolico foi empregado como agente redutor. Tendo em vista a
necessidade de compreender os processos de formagao e estabiliza¢do coloidal de nanoparticulas
de prata, esse trabalho propds investigar a influéncia da presenga de acido glicolico na sintese

destas nanoparticulas.



2
2.1

OBJETIVOS
Objetivo Geral

Sintetizar e caracterizar nanoparticulas de prata obtidas via reagdes em meio alcoolico sem

e com a presenca do acido glicdlico em diferentes concentragoes.

2.2

Objetivos Especificos

Sintetizar nanoparticulas de prata (AgNPs) através de um método que consiste na reducao
dos ions Ag" na solugdo de AgNOs, utilizando o etanol como solvente e agente redutor para
a formacdo das nanoparticulas de prata, o acido glicdlico como agente redutor e a

polivinilpirrolidona como agente estabilizante;

Caracterizar as AgNPs obtidas por espectroscopia eletronica de absor¢do na regido do

ultravioleta-visivel (UV-Vis);

Caracterizar as AgNPs obtidas por espectroscopia vibracional de absor¢dao na regido do

infravermelho (FTIR);
Determinar o tamanho e morfologia por microscopia eletronica de transmissdao (MET);
Caracterizar os compostos formados por difragdao de elétrons de area selecionada (SAED);

Determinar o didmetro hidrodinamico das AgNPs por espalhamento dindmico de luz (DLS)

e medir o potencial zeta (PZ).



3 METODOLOGIA

3.1 Sintese de Nanoparticulas de Prata

A sintese das AgNPs foi realizada utilizando o método adaptado de redugdo alcodlica como
proposto por Lee € Oh (2015). O método consiste na redugdo dos ions Ag" na solugdo de nitrato
de prata (AgNOs) em que o etanol atua como solvente e como agente redutor para a formagao das
particulas de prata e a polivinilpirrolidona (PVP) foi utilizada como agente estabilizante. O acido

glicolico (GA) atua como agente redutor nas sinteses de nanoparticulas de prata.

O sal de AgNOs (4.5 mmol, 99.9%, Sigma-Aldrich, Brasil) e o polimero PVP (4.5 mmol
(mamero de mols referente a unidade monomérica do PVP), Mw 10,000, (CsHoNO),, 99%, Vetec
Quimica) foram preparados separadamente com a dissolugdo dos respectivos precursores em 50
mL de etanol anidro. Para avaliar a influéncia do GA (C>H403, 57%, fornecedor, Brasil) no
processo sintético, o GA foi adicionado imediatamente ao meio reacional nas seguintes proporgoes
1:1; 1:5e 1:10 (AgNO3/PVP:GA) por meio da adigdo de 0,4; 2 e 4 mL, respectivamente. O sistema

foi mantido em refluxo e agitacdo magnética constante por 4 h a 80°C para todas as reagoes.

3.2 Caracterizacoes

As propriedades Opticas, estruturais, estabilidade quimica e morfoldgicas das AgNPs
foram caracterizadas pelas seguintes técnicas: espectroscopia eletronica de absor¢cdo na
regido do ultravioleta e visivel (UV-Vis), espectroscopia vibracional de absor¢do na regiao
do infravermelho (FTIR), espalhamento dindmico de luz (DLS), microscopia eletrénica de

transmissao (MET), potencial zeta e difracao de elétrons de area selecionada (SAED).

3.2.1 Espectroscopia eletronica de absor¢ao na Regiio do Ultravioleta e Visivel

Os espectros eletronicos de absor¢@o na regido do ultravioleta e visivel das amostras foram
obtidos a partir de solugdo alcodlica em um espectrofotometro Ultravioleta/Visivel modelo

SpectraMax Paradigm Multi-Mode Detection Platform. O experimento tipico varreu a regido de



comprimento de onda de 300 nm a 800 nm, utilizando-se cubetas de quartzo de 1,0 cm de

comprimento ¢ 1,0 cm de caminho 6tico. Foi utilizado o etanol anidro como solugao branco.

3.2.2 Espectroscopia Vibracional de Absorc¢iao na Regido do Infravermelho

Os materiais foram analisados por espectroscopia vibracional de absor¢do na regido do
infravermelho, utilizando o Espectrometro FT-IR — Frontier™ optica da marca Perkin Elmer.com
faixa espectral de 4000 a 700 cm™!, resolugdo de 4 cm™ e 128 varreduras. A técnica utilizada foi

por Reflexdo Total Atenuada (ATR).

3.2.3 Microscopia Eletronica de Transmissao

Para a obten¢ao de informagdes sobre o tamanho e a forma das nanoparticulas foi utilizada
a técnica de microscopia eletronica de transmissdo. As amostras foram dispersas em meio
alcodlico. Uma aliquota da amostra foi depositada na tela (grid) de cobre recoberto com filme de
carbono de 400 mesh. Apds a secagem as amostras foram analisadas no Microscopio Eletronico de
Transmissao (MET), JEM-2100, Jeol, equipado com EDS, Thermo scientific, operando em 200
kV. Padrdes de difragdao de elétrons de area selecionada (SAED), mostrando a cristalinidade das
nanoparticulas e a distancia entre os planos cristalinos, também foram obtidos junto as imagens de

MET.

3.2.4 Espalhamento Dinamico de Luz (DLS) e Potencial Zeta

O experimento foi realizado utilizando o equipamento Zetasizer Nano ZS. O solvente
utilizado para esta caracterizagao foi o etanol com viscosidade 1,2 cpa e indice de refragao de 1,36.
A constante dielétrica foi de 27. Os experimentos DLS foram realizados em temperatura ambiente
(25°C) e tomando uma média aritmética de 3 corridas (Zetasizer Nanoseries da Malvern
Instruments) e um angulo fixo de 173° equipado com laser de 50 mW em 533 nm e um

correlacionador automatico digital.



A carga superficial das AgNPs foi determinada por medidas de potencial zeta com o mesmo
equipamento das analises de DLS. O experimento foi realizado em temperatura ambiente de 25 °C

e em trés repeticdes separadas.

4 RESULTADOS E DISCUSSAO

O parametro macroscopico utilizado como referéncia para a verificagdo de ocorréncia da
formacao de nanoparticulas de prata, foi a visualizacdo de mudanca de colora¢do na solucdo. A
Figura 2 mostra que os coloides de prata obtidos sem a adicao de acido glicolico, apresentaram
coloragdao amarela na amostra, o que ¢ caracteristica da prata coloidal. A coloragdo apresentada
pelas particulas ¢ resultado da absor¢do da radiagdo eletromagnética em ressonancia com o0s
plasmons de superficie (RAZA et al.,2016) e se da em um comprimento de onda em torno de 420

nm para particulas com formato esférico (HE et al., 2014).

Com a adicdo de 4cido glicolico e o aumento da concentracdo deste nas amostras, a
coloracdo amarela caracteristica da suspensao contendo apenas nanoparticulas de prata puras, passa
para vermelho com a adicdo de 0,4 mL de GA, preto com a adigdo de 2,0 mL de GA e,
posteriormente, se mantém preto com a adicao de 4,0 mL de GA. Kumar et al., (2020) mostra
resultados semelhantes em suas sinteses. De acordo com as coloragdes obtidas, € observado que os

fons Ag” foram reduzidos a Ag® em meio alcoolico.

Figura 2: Dispersoes coloidais de prata. (A): AgNPs, (B): AgNps com 0,4 mL de GA (1:1); (C) AgNPs com 2,0 mL
de GA (1:5); (D) AgNPs com 4,0 mL de GA (1:10).
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He et al. 2014 realizaram sinteses de nanoparticulas de prata variando-se o solvente
utilizado e foi possivel obter solugdes de coloragdes distintas (dependente do solvente) que
apresentaram morfologias e tamanhos diferentes. Segundo Lok et al. (2007), uma solucdo de

nanoparticulas de prata totalmente livre de aglomerados deve ter uma coloragdo amarela mais clara.

Para a confirmagao da formagao dos coloides de prata, a técnica de espectrofotometria de
absor¢do na regiao do ultravioleta-visivel foi utilizada por ser sensivel a formacao das mesmas. Foi
possivel notar a presenca de bandas de absor¢des das amostras analisadas nas regides entre 395 e
420 nm, caracteristicas de nanoparticulas de prata conforme reportado na literatura (LOK ef al.,

2007; RAZA et al., 2016).

De acordo com a Teoria de Mie, apenas uma banda de superficie simétrica ¢ esperada no
espectro de absorc¢ao de nanoparticulas esféricas, enquanto duas ou mais bandas SPR sao esperadas
para nanoparticulas anisotropicas, dependendo das formas especificas das particulas. Além disso,
a forma simétrica da banda de ressonancia de plasmons pode indicar forma e distribuicao nitidas
de tamanho das particulas (IDER et al., 2017, AMENDOLA; BAKR; STELACCI, 2010). Os

resultados encontrados corroboram com os descritos nesta literatura.

Os espectros da Figura 3 exibem um pico de absorcdo intenso na faixa de 400 nm em fungao
dos plasmons de superficie. A Figura mostra uma banda de ressonancia de plasmons de superficie
simétrica (SPR) com absor¢do maxima em torno de 420 nm para a amostra de nanopariculas de
prata puras, caracteristica de AgNPs esféricas. Para as amostras em que foram adicionadas o acido
glicdlico nas diferentes proporgdes (1:1; 1:5 e 1:10), os picos de absor¢ao visualizados foram em

torno de (395 nm; 415 nm e 420 nm), respectivamente.

As dispersdes coloidais das AgNPs sintetizadas exibiram forte absor¢ao de radiacao entre
os comprimentos de onda de 395 a 420 nm devido as transi¢des s-p (banda de condugao) e d-s
(interbanda) dos elétrons, respectivamente. As transi¢des s-p dependem da forma e tamanho da
particula. Esta ¢ uma propriedade tnica das nanoparticulas que se deve ao fato de que os elétrons
s-p (condugdo) sdo amplamente livres para se mover pela particula e, portanto, suas energias sao
sensiveis a forma e ao tamanho da caixa que os contém (YESHCHENKO et al., 2012; BARMAN
etal.,2015).



Os resultados encontrados apontam que com o aumento da concentragao de acido glicolico
na sintese, os picos de absor¢ao se mostraram alargados no espectro. De acordo com a literatura, a
concentracdo de particulas de prata estd relacionada a intensidades das bandas de absorcao, e
quanto menor o comprimento de onda, menor o tamanho da nanoparticula (AGNIHOTRI;

MUKHERJI; MUKHERII, 2014).

Figura 3: Espectro eletronico de absor¢do na regido do ultravioleta e visivel (UV-Vis) das AgNPs.
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De acordo com espectros apresentados na Figura 3, ¢ possivel verificar que as bandas
observadas para os produtos das reagdes utilizando acido glicolico, demonstraram-se assimétricas,
com bandas de absorcao largas no espectro destas amostras. De acordo com Choi ef al. (2008), a
presenca de bandas largas (presenca de ombro) no espectro de absor¢cao do UV-Vis indicam uma

ampla distribuicdo de tamanhos ou possivel diferen¢a nos formatos das nanoparticulas.
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Nos resultados encontrados podemos observar que a medida que foi adicionado uma

concentracdao maior de GA, as presencas dos alargamentos observadas no UV-Vis e a mudanca de

coloragdo das amostras foram mais evidenciadas. Desta forma, o aparecimento dos ombros no

espectro pode indicar possivel diferenca na distribui¢do de tamanho ou no formato das

nanoparticulas obtidas com GA em diferentes concentragdes. E de acordo com as mudangas nas

coloracdes das sinteses obtidas a medida que se aumentou a concentracdo de GA, Lok et al. (2007),

afirma que solu¢des de AgNPs totalmente livre de aglomerados, deve ter uma coloracdo amarela

mais clara. Esta coloracdo somente foi observada nas AgNPs puras. O possivel aglomerado foi

observado nas AgNPs-Gli na caracterizagao por MET.

Para a identificagdo dos grupos funcionais das amostras (Figura 4), foi realizada a

espectroscopia de absor¢do na regido do infravermelho (FTIR) por reflectancia total atenuada

(ATR).

Figura 4: Espectros de infravermelho de nanoparticulas de prata (AgNPs), nanoparticulas de prata

Transmitancia (%)
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Na Figura 4 tém-se os resultados de FTIR para os sinais caracteristicos dos precursores
organicos etanol, acido glicélico e PVP. Para o precursor etanol observa-se estiramento da ligagdo
—OH em torno de 3400 cm™. Em 2970 e 2885 cm™! tem-se o estiramento da ligagio CH com
hibridizacdo do tipo sp>. Em 1440 cm™! tem-se a deformacdo do grupamento metileno (-CHz-). A
regido de estiramento do grupamento C—O de 4lcool ocorre entre 1200-1000 cm™'. Bandas fortes
nesta regido indicam presenca da ligacdo C—O de alcool primario. Nesta Figura observa-se a
presenca desta banda na regido em torno de 1050 cm™! indicando a presenca de 4lcool primario

(SONG et al., 2014).

Para o precursor PVP observa-se a banda de absorcio localizada em torno de 1644 cm™

que ¢ atribuida a vibracao de estiramento da ligacdo C=0 no grupo pirrolidona. Além disso, os
estiramentos do grupamento CH com hibridizacdo sp> podem ser atribuidos a sinais sobrepostos:
estiramento do grupamento CH; (cadeia: 2980 cm’!, anel: 2950 cm™') e CH ternario (2850 cm™).
A banda em 1425 cm™! também corresponde aos modos de deformagio CH do grupamento CHa.

1

Além disso, a banda de absor¢do em 1280 cm™' esta relacionada a vibracdo de flexdo C-N da

estrutura da pirrolidona (SAFO, 2019).

As amostras de AgNPs por serem constituidas majoritariamente de alcool apresentam os
modos vibracionais caracteristicas do etanol. Nestas amostras observam-se bandas fortes em torno
de 2900 cm™! caracteristica do estiramento C-H. A presenga de uma banda forte na regido em torno
de 1050 cm™ ¢ caracteristica de estiramento C-O de alcool primario do etanol. A banda de absor¢io
em 1280 cm™' estd relacionada a vibragio de flexdo C-N da estrutura da pirrolidona é observada
em ambas as amostras analisadas. Este resultado sugere que ocorreu uma interacdo entre as
moléculas de PVP e a superficie das nanoparticulas de prata, formando o complexo de coordenagao

Ag/PVP (SONG et al., 2014; SAFO, 2019).

Observa-se as bandas do acido glicolico nas amostras obtidas. Os modos vibracionais
caracteristicos do 4cido glicélico estdo localizados em 3260 cm™! caracteristico da vibragio OH,
1730 cm™! caracteristico da vibragdo C=0 da carbonila, 1230 cm™ caracteristico da vibragio C-O

que ¢ indicativo da presenca do grupo CH2OH (VERMA et al., 2018).
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Os deslocamentos dos sinais que ocorrem em torno de 1730 cm™! foram encontrados para a
faixa de vibragdes de estiramento da carbonila, indicando o envolvimento dos grupos C=0O do
polimero na coordenagdo com o metal. O tipo de coordenagdo entre o ion metalico e o grupo
carboxilato foi determinado a partir da diferenca de frequéncias entre as vibragdes de alongamento
assimétricas e simétricas do grupo COO (TITKOV et al., 2019). Estes deslocamentos de sinais
encontrados na regido da carbonila podem confirmar a presenca dos ombros ou alargamentos

evidenciados no UV-Vis.

A Tabela 1 resume a correlag@o entre os modos vibracionais e suas respectivas bandas de

absorc¢do obtidas nos espectros mostrados na Figura 4.

Tabela 1: Correlagdo de niimero de ondas (cm™') com os modos vibracionais das amostras de AgNPs e seus precursores
organicos.

Modos Amostras/numero de ondas (cm™)
vibracionais AgNPs 1:1 1:5 1:10 etanol PVP GA
Vass(OH) - - - - 3400 - 3260
Vass(CH-sp?) 2950 2950 2950 2950 2970 2950-2980 -
Vsim(CH-sp?) - - - - 2855 - -

3 (CH-sp®) - - - - 1440 1425 -
Vass(C-O) 1050 1050-1230 1050-1230 1050-1230  1100-1200 1644 1230
Vass(C=0) - 1730 1730 1730 - - 1730
Vass(C-N) - - - - - 1280 -

Vass(H-C ter) - - - - - 2850 -

O potencial zeta ({) € um pardmetro importante para avaliar a estabilidade de nanoparticulas
de prata em suspensdes aquosas, pois € uma medida da magnitude da repulsdo ou da atragdo
eletrostatica ou das cargas entre particulas indicando o estado eletronico da superficie das mesmas.
Particulas que possuem um grande potencial zeta negativo ou positivo podem repelir uma a outra,

e assim, apresentar a estabilidade da suspensao coloidal (SINGH et al., 2018).

Valores de  inferiores a -30 mV ou superior a +30 mV estao relacionados a alta estabilidade
devido a maior repulsdo eletrostatica entre as particulas, sendo assim, menor a probabilidade de
agregacao, floculagdo ou sedimentagdo. Estes valores se referem a carga da bicamada elétrica que

recobre a particula (PRATHNA et al., 2011).
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Regides proximas a zero indicam condigdes instdveis em suspensdes aquosas. Estas
caracteristicas, tornam a formulacdo susceptivel a agregacdo enquanto estiver no estado de
dispersao coloidal (SILVA, 2017; QUADROS, 2018). Quanto mais proximo de zero o {, maior a
velocidade de formacao de agregados. Essa diminui¢do deve promover a agregacao das particulas

(SANTOS, 2020).

As nanoparticulas sintetizadas nesse trabalho, as quais possuem o etanol anidro como
solvente das sinteses, apresentaram cargas positivas para o { com valores, +16,8 mV para as AgNPs
e +12,7 mV, 43,37 mV e +3,04 mV, para AgNPs-Gli (1:1; 1:5 e 1:10) respectivamente. A
estabilidade das nanoparticulas em suspensdes aquosas pode ser avaliada estimando sua propensao
para agregar ou interagir com a midia circundante (SINGH et al., 2018). Os resultados encontrados,
portanto, podem talvez sugerir estabilidade coloidal, visto que as mesmas foram preparadas na

presenca de PVP usado como agente estabilizante, e na presenga de etanol, utilizado como solvente.

O valor de { positivo ¢ um indicativo que ha uma coordenac¢dao do atomo de Ag com os
atomos de oxigénio presente na molécula de PVP (SANTOS, 2020). Estes valores explicam o fato
das nanoparticulas permanecerem estaveis por meses, devido a presenca de cargas elétricas nas
superficies das particulas para impedir a aglomeracao (repulsdo eletrostatica), o que garante a sua

estabilizagdo. Os valores para o potencial zeta das AgNPS obtidas, estdo listados na Tabela 2.

Tabela 2: Valores do potencial zeta das AgNPs e AgNPs-Gli.

Amostra Potencial Zeta ({) / (mV)
AgNPs +16,8
AgNPs-Gli (1:1) +12,7
AgNPs-Gli (1:5) +3,37
AgNPs-Gli (1:10) +3,04

Para se obter informagdes sobre o tamanho e a forma das nanoparticulas foi utilizada a
técnica de microscopia eletronica de transmissao, onde, um feixe de elétrons atravessa a amostra
sofrendo diversos tipos de espalhamento que dependem das caracteristicas do material. Imagens
de campo claro sao formadas por elétrons que sofrem pouco desvio, enquanto as de campo escuro

sao formadas por elétrons difratados pelos planos cristalinos do material.
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A técnica de espalhamento dinamico de luz (DLS) permite determinar o didmetro
hidrodindmico (DH) das particulas em suspensdo pelo espalhamento de luz decorrido do
movimento Browniano das particulas. Quando uma particula é dispersa em um meio liquido,
forma-se uma camada de solvatacdo em sua superficie (MUDALIGE et al., 2018). O DH inclui
essa camada de solvatacdo, o que faz com que esse dado possa ser superestimado quando
comparado, por exemplo, com técnicas de microscopia que medem o didmetro das particulas secas

(AGNIHOTRI et al., 2014).

No DLS, os valores obtidos do DH foram de 10,1 + 2,50nm para as AgNPSs e 140 +
59,7nm; 188 + 83,2nm e 247 + 68,1nm, para as AgNPs-Gli (1:1; 1:5 e 1:10), conforme apresentados
nas Figuras 5 e 6. Estes resultados sugerem que a adicdo do GA em suas diferentes concentracoes,
puderam colaborar para a agregacdo das NPs de acordo com as imagens obtidas na MET,
aumentando também a dimensao destas a medida que se adicionou GA nas reagdes. A formagao
dos ombros no espectro na regido de carbonila sugerem a mesma agregacao. Estes aglomerados
podem também estar relacionados com as coloragdes diferentes das amostras a medida que se
adicionou GA. A amostra contendo AgNPs puras foi a inica em que se obteve a coloragdo amarela,

indicando uma solucgao totalmente livre de aglomerados.

As Figuras 5 e 6 mostram ainda as micrografias obtidas por microscopia eletronica de
transmissao, além dos histogramas de distribuicdo de didmetro hidrodinamico obtidos pela técnica
de DLS das amostras de AgNPs puras e das nanoparticulas sintetizadas na presenca de GA (1:1;
1:5 e 1:10), respectivamente. Os materiais apresentam dimensdes nanométricas, com diametro
médio de 8,70nm para as AgNPs e 7,71nm; 8,65nm e 11,5nm para AgNPs-Gli (1:1; 1:5 e 1:10),

respectivamente, na microscopia eletronica de transmissao.
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Figura 5: Microscopia eletronica de transmissao (MET) de AgNPs e de AgNPs-Gli (1:1); Histograma de AgNPs e de
AgNPs-Gli (1:1); Espalhamento dindmico de luz (DLS) de AgNPs de AgNPs-Gli (1:1).
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Figura 6: Microscopia eletronica de transmissdo (MET) de AgNPs-Gli (1:5) e AgNPs-Gli (1:10); Histograma de
AgNPs-Gli (1:5) e AgNPs-Gli (1:10); Espalhamento dindmico de luz (DLS) de AgNPs-Gli (1:5) e AgNPs-Gli (1:10).
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As sintese das AgNPs na presenca de PVP e com a adi¢do de GA resulta em suspensdes

coloidais aquosas possivelmente estaveis, de nanoparticulas de prata, com estreitas distribui¢des
de tamanho (Figuras 5 e 6).

O indice de dispersividade (ID) ¢ uma medida da heterogeneidade de uma amostra com
base no tamanho. E definido como a razio entre o desvio padrdo (o) da distribui¢do do didmetro
das particulas pelo diametro médio das particulas. (CLAYTON et al., 2016). Sendo assim, o valor
de ID determina como ¢ a distribui¢@o de particulas em uma amostra. A dispersividade pode ocorrer
devido a alta distribuicao de tamanho em uma amostra ou aglomeragao / agrega¢dao da amostra. O

ID pode ser obtido de instrumentos que usam espalhamento dindmico de luz (EDL) ou determinado

a partir de micrografias eletronicas (MUDALIGE et al., 2018).

As organizagdes internacionais de padronizagdes (ISOs) estabeleceram que os valores de

ID < 0,05 sdo mais comuns as amostras monodispersas, enquanto valores > 0,7 sdo comuns a uma
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ampla distribuicdo de tamanho de particulas (polidispersas) (ISO 22.412: 2017). Os resultados

encontrados de ID se aproximam de amostras monodispersas.

Na Tabela 3 esta listada a média do diametro, Dmet, 0 desvio padrdo, omer € os indices de

dispersividade, obtidos por MET e didametro hidrodindmico obtido pelo DLS.

Tabela 3: Valores estatisticos encontrados pelas técnicas de MET e DLS.

Amostra N° de Contagem Dwmer (nm) omer(nm) ID  DHpis (nm) opis(nm) ID
AgNPs 250 8,70 1,70 0,03 10,1 2,50 0,06
AgNPs-Gli (1:1) 250 7,71 1,63 0,04 140 59,7 0,18
AgNPs-Gli (1:5) 250 8,65 1,87 0,04 188 83,2 0,19
AgNPs-Gli (1:10) 250 11,5 2,98 0,06 247 68,1 0,07

Agnihotri et al. 2014, discutiram que o tamanho da particula influencia em suas atividades
e em suas funcdes. Raza ef al. 2016, obtiveram amostras de AgNPs que apresentaram forma
esférica (15-50 nm) e forma triangular (cerca de 150 nm). Neste trabalho, as nanoparticulas
sintetizadas sem e com a presenca de GA em suas diferentes concentragdes, apresentaram diametro
médio inferior a 15 nm como mostrado na Tabela 3, caracteristico de nanoparticulas esféricas
conforme descreve a literatura. fons de prata livres sdo responsaveis pelo crescimento das particulas
e pela formagdo de novos nucleos. Eles ficam envolvidos por uma capa polimérica preservando as
nanoparticulas de prata por longos periodos de armazenamento sem coalescer ou precipitar

(AGNIHOTRI, et al. 2014; RAZA, et al. 2016).

Os resultados de MET apos a adicao do acido glicolico em suas diferentes concentragdes,
demonstraram o inicio de possivel agregacdo das nanoparticulas, aumentando também a dimensao
destas e o formato das mesmas, a medida que a concentracdo do acido glicélico foi sendo
aumentada. Na Figura 6 ¢ visualizado formatos triangulares na amostra 1:10, caracteristico da

formagdo de ombros vista no UV-Vis.

A Figura 7 mostra que as amostras apresentaram anéis de difragdes que sdo caracteristicos
de amostras policristalinas. Os resultados das distancias entre os planos cristalinos (d-spacing)
foram correspondentes aos planos (111), (200), (220) e (311) caracteristico para o elemento Ag

como mostrado nas bases de dados de difragao JCPDS 04-0783 Figura (6A).
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Desta forma, as AgNPs obtidas sem e com a adi¢do do GA (6B, 6C, 6D) apresentaram
estrutura cristalina cubica de face centrada (CFC), conforme resultados obtidos pela técnica de

difracdo de elétrons de area selecionada (SAED). A adigdo de GA ndo alterou estrutura e

cristalinidade das AgNPs.

Figura 7: Dados de difragdo JCPDS 0407-83 do elemento Ag (A). Difragdo de elétrons de area selecionada (SAED)
das AgNPs (B). SAED das AgNPs-Gli (1:1) (C). SAED das AgNPs-Gli (1:5) (D). SAED das AgNPs-Gli (1:10) (E).
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A Tabela 04 apresenta os valores de d-spacing calculados para as amostras obtidas neste
estudo.

19



Tabela 4: Valores de d-spacing calculados para as nanoparticulas de prata sem e com acido glicolico

d-spacing

Amostra 1/D ou 1/2r (nm™) Ur (nm”!) r (nm) A) hkl
8 4,198 0,2382 2,382 111

4,737 0,2111 2,111 200

AgNPs 14 6,819 0,1467 1,467 220
16 8,111 0,1233 1,233 311

9 4,257 0,2349 2,349 111

AgNPs-Gli 10 4,971 0,2011 2,011 200
(1:1) 14 6,931 0,1442 1,442 220

17 8,250 0,1212 1,212 311

9 4,252 0,2351 2,351 111

AgNPs-Gli 10 4,968 0,2012 2,012 200
(1:5) 14 6,942 0,1440 1,440 220

16 8,202 0,1219 1,219 311

8 4,239 0,2359 2,3590 111

AgNPs-Gli 10 4,911 0,2036 2,0362 200
(1:10) 14 7,046 0,1419 1,4192 220
17 8,276 0,1208 1,2083 311

Mehtab et al., 2018 demonstra para os planos (111), (200), (220) e (311), os seguintes
valores de d-spacing: 2,35; 2,04; 1,45 ¢ 1,23, respectivamente. Ja Dhand et al., 2016 apresenta os
seguintes resultados para os mesmos planos: 2,35; 2,03; 1,44 e 1,23, respectivamente. Desta forma
conclui-se que a metodologia utilizada resultou em particulas sem mistura de fases cristalinas, € 0s

resultados apresentados na Tabela 04 estdo em concordancia com os referidos autores.
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5 CONSIDERACOES FINAIS

Através da reducao quimica do AgNOs utilizando etanol como agente redutor e solvente,
PVP como estabilizante e GA como agente redutor, foi possivel obter a formagao de AgNPs com
diferentes concentragdes de GA. O diametro médio obtido foi de 9,0 nm, para as sinteses sem ¢
com a presenca de GA. A morfologia das particulas em todas as sinteses foi predominantemente
esférica. As AgNPs-Gli obtidas na concentragdo 1:10, também apresentaram particulas em

formatos triangulares

No DLS foram obtidos valores de 10,1 + 2,50 nm; 140 £+ 59,7nm; 188 + 83,2nm e 247 +
68,Inm, para as sinteses realizadas sem e com a presen¢a de acido glicolico (1:1; 1:5 e 1:10),
respectivamente. A adicdo do GA em suas diferentes concentragdes, aumentaram a tendéncia a
agregacao das NPs, aumentando também a dimensao destas a medida que a concentracdo do GA
foi sendo aumentada. Na espectroscopia da regido do UV-Vis observou-se a formagao da banda de
plasmons de superficie simétrica em torno de 420nm, confirmando a formagdo de AgNPs.

Observou-se a formagao de ombros nos espectros das reagdes contendo GA.

As cargas positivas e os valores de potencial zeta encontrados estdo na regido de
instabilidade coloidal para amostras aquosas. Nestas sinteses, o solvente usado foi etanol anidro,
sugerindo que as amostras talvez ndo estejam em instabilidade coloidal. Os compostos foram
caracterizados por difragao de elétrons de area selecionada e apresentaram anéis de difragdes que
sdo caracteristicos de amostras policristalinas. Em todas as sinteses, as AgNPs obtidas

apresentaram estrutura cristalina ctbica de face centrada.

As amostras apresentaram os modos vibracionais caracteristicos do etanol, através da
técnica da espectroscopia vibracional de absor¢do na regido do infravermelho. A banda
caracteristica da estrutura da pirrolidona e de GA foram observadas. Os resultados demonstram
que ocorreu interacdo entre as moléculas de PVP e a superficie das AgNPs, formando o complexo

de coordenagdao Ag/PVP.

Os resultados sugerem que a adicdo de GA durante a sintese pode possivelmente reduzir a
estabilidade coloidal das suspensdes de AgNPs neste sistema, conforme observado pela tendéncia

a agregacdo, ao aumento do tamanho das particulas e ao alargamento das bandas plasmonicas.
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Artigo 1

Influence of glycolic acid in synthesis of silver nanoparticles by alcohol method

Lorena Lisita Inacio Teodoro?, Luciana Rebelo Guilhermea*

Metal nanoparticles have gained significant scientific interest due to their physicochemical properties, such as high conductivity and
catalytic activity, improved optical properties and biocidal activity against pathogenic microorganisms. In particular, silver nanoparticles
have potential activity against bacteria, fungi and viruses. In the present study, the objective was to synthesize and characterize silver
nanoparticles prepared by the alcoholic method. The method consists of the chemical reduction of silver in an ethanolic medium with
the addition of polyvinylpyrrolidone (PVP), with and without the presence of glycolic acid. The reaction system was kept under reflux
and under constant stirring for 4 h at 80°C. The samples were characterized regarding their optical, structural, morphological properties
and size estimation. Confirmation of the formation of silver nanoparticles was performed using the spectroscopy technique in the UV-
Vis region. The formation of the characteristic plasmonic band of AQNPs was observed around 420 nm without and with the presence
of glycolic acid, thus confirming the formation of AgNPs. The identification of the functional groups present in the samples was
evaluated by the technique of vibrational absorption spectroscopy in the infrared region (FTIR). The AgNPs samples, for being
constituted mostly of ethanol, showed the vibrational modes characteristic of ethanol. The nanoparticles showed positive charges and
zeta potential values of 16.8 + 0.485 mV; 12.7 mV; 3.37 mV and 3.04 mV, for AgNPs and AgNPs-Gly (0.4 mL; 2.0 mL and 4.0 mL,
respectively, considered as partially stable. Transmission electron microscopy (TEM) and dynamic light scattering (DLS) indicated that
the materials presented nanometric dimensions, spherical shape with a mean diameter of 8.70 nm, 7.71 nm, 8.65 nm and 11.5 nm
(MET); 10.1 £2, 50 nm, 140 £ 59.7 nm, 188 + 83.2 and 247 + 68.1 nm (DLS) for the syntheses performed without and with the presence
of glycolic acid (0.4 mL; 2.0 mL and 4, 0 mL, respectively. In the results obtained by SAED, the AgNPs presented a face-centered
cubic (CFC) crystal structure characteristic of Ag, in which the results are in agreement with the crystallographic sheet JCPDS 04-
0783. It is concluded that the synthesis of AgNPs in the presence of PVP and with the addition of glycolic acid resulted in stable
alcoholic colloidal suspensions of spherical silver nanoparticles with narrow size distributions. Larger dimensions of nanoparticles were

observed as the concentration of glycolic acid in the reaction was increased.

Introduction

Nanotechnology is considered a scientific and technological revolution based on a systematic organization for the manufacture
or manipulation of materials - 3. Various products using nanotechnology and nanometer-scale properties are produced, including
electronic components %6, sports equipment, paints without health risk, stain resistant fabrics 11,

Metal nanoparticles are one of the most used nanomaterials because they exhibit important physicochemical properties. Among
them, high conductivity and catalytic activity, improvement of optical and mechanical properties, and biocidal activity against
pathogenic microorganisms stand out 16:17,

Among the metallic nanoparticles that have received a lot of attention are silver nanoparticles (AgNPs), as they have different
physicochemical characteristics, including high thermal and electrical conductivity 32, chemical stability 12, catalytic activity and
antibacterial effect 6. Its bactericidal properties attack the cell wall of bacteria and form reactive oxygen species inside bacterial
cells. They promote even greater contact surface with the bacterial cell wall & 19, in addition to providing fewer side effects when
compared to the no nanometric dimensions of silver, as they require only a small amount of its concentration to achieve a
bactericidal effect 1.

23



Some synthesis preparations with silver nanoparticles include addition of other substances. Alpha-hydroxy acids (AHA's) are
examples of these substances, which are recognized as an adjuvant in several topical therapies, including acne, actinic
photodamage, melasma, hyperpigmentation disorders, rosacea, and others 26. 25,

The use of glycolic acid in the reduction of Ag* ions to obtain silver nanoparticles and its concomitant functionalization (AgNPs-
Gly) showed considerable antimicrobial activity against gram-positive and gram-negative strains. The antimicrobial properties of
AgNPs-Gly can be used effectively to fight antibiotic-resistant pathogens without causing any cellular toxicity 2, 12. The use of silver
nanoparticles offers an opportunity to solve a global problem of antibiotic resistance in bacteria. The use of alpha-hydroxy acids
in the synthesis of silver nanoparticles, and their effects on the morphology and size of the particles, is little explored and this
motivated this research project. In this work, glycolic acid was used as a stabilizing agent, since the effects of this acid in obtaining
silver nanoparticles are still poorly explored in the scientific literature. Considering the need to understand these nanoparticles in
terms of their physicochemical properties, such as size, morphology, among others, this work proposed to investigate the
influence of the presence of glycolic acid on the synthesis of silver nanoparticles.

Experimental

Synthesis of silver nanoparticles

The synthesis of AgNPs was performed using the alcohol reduction method as proposed by Lee and Oh (2015)22. The method
consists in the reduction of Ag* ions in the silver nitrate solution (AgNO3) in which ethanol acts as a solvent and as a reducing
agent for the formation of silver particles and polyvinylpyrrolidone (PVP) was used as a stabilizing agent. Glycolic acid (GA) acts as
a stabilizing agent in the synthesis of silver nanoparticles.

The AgNOs salt (AgNOs, 99.9%, Sigma-Aldrich, Brazil, 4.5 mmol) and the PVP polymer (PVP, Mw 10,000, (C¢H9oNO),, 99% Sigma-
Aldrich, Brazil, 4.5 mmol (number of moles referring to the PVP monomer unit)) were prepared separately by dissolving the
respective precursors in 50 mL of anhydrous ethanol. To evaluate the influence of GA (C;H403, 57%, supplier, Brazil) in the
synthetic process and in the formation of silver particles, (0, 0.4 mL, 2 mL and 4 mL of GA) were added with AgNO3 and PVP
solutions and the system was kept at reflux and constant stirring for 4 h at 80°C for all reactions.

Characterization of silver nanoparticles

The optical, structural, chemical and morphological properties of AgNPs were characterized by the following techniques: UV-vis
spectroscopy (UV-vis), vibrational absorption spectroscopy in the infrared region (FTIR), dynamic light scattering (DLS), microscopy
high-resolution electronics (HRTEM), zeta potential and selected area electron diffraction (SAED).

Spectroscopy in the Ultraviolet/Visible Region: the absorption spectra in the ultraviolet-visible region of the samples were
obtained from an alcoholic solution in an Ultraviolet/Visible spectrophotometer model SpectraMax Paradigm Multi-Mode
Detection Platform. The typical experiment scanned the wavelength region from 300 nm to 800 nm, using quartz cuvettes 1.0 cm
long and 1.0 cm in optical path. Anhydrous ethanol was used as a white solution.

Vibrational Absorption Spectroscopy in the Infrared Region: The materials were analyzed by vibrational absorption spectroscopy
in the infrared region, using the FT-IR Spectrometer — Optical Frontier™, from Perkin Elmer. The technique used was Attenuated
Total Reflection (ATR).

Transmission Electron Microscopy: to acquire information about the size and shape of the nanoparticles, the transmission electron
microscopy technique was used. The samples were dispersed in an alcoholic medium. An aliquot of the sample was deposited on
a 400 mesh carbon coated copper grid. After drying, the samples were analyzed in a Transmission Electron Microscope (TEM),
JEM-2100, Jeol, equipped with EDS, Thermo scientific, operating at 200 kV.
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Dynamic Light Scattering (DLS) and Zeta Potential: the experiment was performed using the Zetasizer Nano ZS equipment. The
solvent used for this characterization was ethanol with a viscosity of 1.2 cpa and a refractive index of 1.36. The dielectric constant
was 27. The DLS experiments were performed at room temperature (25°C) and taking an arithmetic mean of 3 runs (Zetasizer
Nanoseries from Malvern Instruments) and a fixed angle of 173° equipped with a 50 mW 533 nm laser. and an automatic digital
correlator. The surface charge of AgNPs was determined by zeta potential measurements with the same equipment. The
experiment was carried out at an ambient temperature of 252C and in three separate replications.

Results and discussion

Synthesis of silver nanoparticles

The macroscopic parameter used as a reference to verify the occurrence of the formation of silver nanoparticles is the visualization

in its different concentrations.

of the yellow color in the solution. The Figure 01 shows the silver colloids obtained without and with the addition of glycolic acid
B [n]

Figure 01: Colloidal silver dispersions. A: Silver nanoparticles. B: silver nanoparticles with glycolic acid (1:1); C: silver nanoparticles with glycolic acid (1:5)
D: silver nanoparticles with glycolic acid (1:10)

The characteristic yellow color observed in colloidal silver is a result of the absorption of electromagnetic radiation in resonance
with surface plasmons 37-35, This absorption occurs at a wavelength around 420 nm for spherically shaped particles. With the
increase in silver particles, the characteristic yellow color of the suspension changes to orange and, later, to violet until reaching
the characteristic color of silver on a macroscopic scale.

Ultraviolet-Visible spectroscopy

To confirm the formation of silver colloids, the UV-Vis absorption spectrophotometry technique has been used because it is
sensitive to their formation. Silver nanoparticles exhibit an intense absorption peak as a function of surface plasmons. Figure 02
shows the UV-Vis spectra of silver colloids in the range 300 nm - 800 nm.
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Figure 02: Electronic absorption spectrum in the ultraviolet and visible (UV-Vis) region of AgNPs.

Figure 02 shows a symmetric surface plasmon resonance (SPR) band with maximum absorption at 420 nm characteristic of
spherical AgNPs. This result shows that Ag+ ions were reduced to Ag0 in ethanolic medium. According to Mie Theory, only one
symmetrical surface band is expected in the absorption spectrum of spherical nanoparticles, while two or more SPR bands are
expected for anisotropic nanoparticles, depending on the specific shapes of the particles. In addition, the symmetrical shape of
the plasmon resonance band may indicate sharp particle shape and size distribution 24, 29,

The results found corroborate those described in this literature. The solution of the synthesized AgNPs exhibited strong absorption
of radiation between the wavelengths from 410 to 450 nm due to the s-p (conduction band) and d-s (interband) transitions of
electrons, respectively. The s-p transitions depend on the shape and size of the particle. This is a unique property of nanoparticles
which is due to the fact that the s-p (conduction) electrons are largely free to move through the particle and therefore their
energies are sensitive to the shape and size of the box that contains them 38 21,

Through absorption spectroscopy in the ultraviolet and visible region, it was possible to notice the presence of absorption bands
of the analyzed samples in the characteristic regions of silver nanoparticles, as reported in the literature 37, 40, The concentration

of silver particles is related to the intensities of the absorption bands, and the shorter the wavelength, the smaller the size of the
nanoparticle 33 31,

Vibrational Absorption Spectroscopy in the Infrared Region

Infrared region absorption spectroscopy (FTIR) is a qualitative analysis technique that is widely used for the identification of
compounds for the identification of functional groups. Figure 03 shows the FTIR spectra of organic precursors and AgNPs.
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Figure 03: Infrared spectra of silver nanoparticles (AgNPs), silver nanoparticles with glycolic acid (AgNPs-Gly) and its precursors

Infrared shows the movement of chemical bonds in molecules, shows deformation, stretching, as well as rotation of bonds. As
atoms move, they bend and deform. When this happens at the same time with all components of the sample, it can be more
difficult to visualize the overlaps.

Figure 03 shows characteristic bands for the organic precursors ethanol and PVP. In the ethanol precursor, stretching of the —-OH
bond is observed around 3400 cm-1. At 2970 and 2885 cm1, the CH bond is stretched with sp3 hybridization. At 1440 cm-1 there
is a deformation of the methylene group (-CH2-). The stretch region of the C—O alcohol group occurs between 1200—1000 cm1.
Strong bands in this region indicate the presence of the primary alcohol C-0 bond. This Figure shows the presence of this
band in the region around 1050 cm™ 24, 15,

In the PVP precursor, the absorption band located around 1644 cmis observed, which is attributed to the stretching vibration of
the C=0 bond in the pyrrolidone group. Furthermore, the stretches of the CH group with sp3 hybridization can be attributed to
overlapping signals: CH2 group stretch (chain: 2980 cm-1, ring: 2950 cm1) and ternary CH (2850 cm-?). The band at 1425 cmalso
corresponds to the CH deformation modes of the CH2 cluster. Furthermore, the absorption band at 1280 cm! is related to the C-
N bending vibration of the pyrrolidone structure é.

The AgNPs samples, for being constituted mostly of alcohol, present the vibrational modes characteristic of ethanol. In these
samples, strong bands around 2900 cm™ are observed, characteristic of the C-H stretch. The presence of a strong band in the
region around 1050 cmis characteristic of C-O stretching of primary alcohol from ethanol. The absorption band at 1280 cm-tis
related to the C-N bending vibration of the pyrrolidone structure and is observed in both analyzed samples. This result suggests
that an interaction occurred between the PVP molecules and the surface of the silver nanoparticles, forming the Ag/PVP
coordination complex 31 8,

Glycolic acid bands are observed in the samples obtained. The characteristic vibrational modes of glycolic acid are located at 3260
cm- characteristic of the OH vibration, 1730 cm- characteristic of the C=0 vibration of the carbonyl, 1230 cm-! characteristic of
the C-O vibration which is indicative of the presence of the CH20H group (VERMA et al., 2018). Table 01 summarizes the
correlation between the vibrational modes and their respective absorption bands obtained in the spectra shown in Figure 03.

Table 01: Correlation of the wavenumber (cm) with the vibrational modes of samples of AgNPs and their organic precursors.
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Wavenumber / (cm™) Vibrational modes

Ethanol
U 3400 Asymmetric stretching of O-H
Asymmetric stretching of C-H
U 2970 .
(sp?)
Asymmetric stretching of H-C
U 2855 .
(sp?)
U 1440 Deformation of H-C (sp®)
U 1100-1200 Asymmetric stretching of C-O
PVP
Asymmetric stretching of C-H
U 2980 .
(sp?)
Asymmetric stretching of C-H
U 2950 R
(sp®)
Asymmetric stretching of H-C
U 2850
ternario
U 1644 Asymmetric stretching C=0
L 1425 Deformation of H-C (sp®)
U 1280 Asymmetric stretching of C-N
AgNPs
Asymmetric stretching of H-C of
U 2950
PVP
U 1050 Asymmetric stretching of C-O
Glycolic acid
U 3260 Vibration OH
U 1730 Vibration C=0 of carbonyl
U 1230 Vibration C-O

Zeta-potential measurement

The zeta potential () is an important parameter to evaluate the stability of silver nanoparticles in aqueous suspensions, as it is a
measure of the magnitude of repulsion or electrostatic attraction or charges between particles indicating the electronic state of
the surface of the same. Particles that have a large negative or positive zeta potential can repel each other, and thus, exhibit the
stability of the colloidal suspension 23

C values lower than -30 mV or higher than +30 mV are related to high stability, while regions close to zero indicate unstable
conditions 22, These characteristics make the formulation susceptible to aggregation while in the colloidal dispersion state 33. The
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closer the T to zero, the greater the speed of aggregate formation. This decrease should promote the aggregation of particles 16
32

The nanoparticles synthesized in this work presented positive charges for L with values, +16.8 £ 0.485; 12.7 mV, 3.37 mV and 3.04
mV, for AgNPs and AgNPs-Gly (0, 0.4 mL, 2 mL and 4 mL) respectively, considered as partially stable. The stability of nanoparticles

in the environment can therefore be assessed by estimating their propensity to aggregate or interact with the surrounding media
34

The positive  value is an indication that there is a coordination of the Ag atom with the oxygen atoms present in the PVP molecule
16, These values explain the fact that nanoparticles remain stable for months, due to the presence of electrical charges on the
surfaces of the particles to prevent agglomeration (electrostatic repulsion), which guarantees their stabilization. The values for
the zeta potential of AgNPS are listed in Table 02.

Table 2: Values of the zeta potential of AgNPs and AgNPs-Gly.

Sample Zeta-potential () / (mV)

AgNPs +16.8
AgNPs-Gly (0.4mL) +12.7
AgNPs-Gly (2 mL) +3.37
AgNPs-Gly (4 mL) +3.04

Dynamic Light Scattering

Dynamic light scattering can be used in the routine of particle characterization, as well as in the study of the nature of the
interactions of molecules and particles in liquid dispersions. This technique is based on the fact that the intensity of scattered light
from a scattering of particles at a given scattering angle is the result of the interference of scattered light from different particles
in the medium upon reaching the detector 20.27,

The DLS technique allows the determination of the hydrodynamic diameter (DH) of the suspended particles by the light scattering
caused by the Brownian motion of the particles. When a particle is dispersed in a liquid medium, a solvation layer forms on its
surface. DH includes this solvation layer, which means that this data can be overestimated when compared, for example, with
microscopy techniques that measure the diameter of dry particles 33.

Transmission Electron Microscopy

In transmission electron microscopy, bright field images are formed by electrons that undergo little deflection, while dark field
images are formed by electrons diffracted by the crystalline planes of the material 37.

Figure 04 shows the transmission electron microscopy micrographs and the histograms obtained by the DLS technique of pure
silver nanoparticles and nanoparticles synthesized in the presence of glycolic acid (0.4 mL), respectively. Figure 04 indicates that
the materials have nanometric dimensions, with an average diameter of 8.70 nm for AgNPs and 7.71 nm (AgNPs-Gly 0.4 mL),
respectively, in transmission electron microscopy. For DLS, the values obtained were 10.1 + 2.50 nm and 140 + 59.7 nm, for
samples without and with the addition of 0.4 mL of glycolic acid.
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Figure 04: Transmission electron microscopy (TEM) of AgNPs and AgNPs-Gly (0.4 mL); Histogram of AgNPs and AgNPs-Gly (0.4 mL); Dynamic light scattering (DLS) of
AgNPs and Dynamic light scattering (DLS) of AgNPs-Gly (0.4 mL).

Figure 05 shows the transmission electron microscopy micrographs and the histograms obtained by the DLS technique, with a

mean diameter of 8.65 nm (AgNPs-Gly 2.0 mL) and 11.5 nm (AgNPs-Gly, 4.0 mL), respectively. For the DLS, the values obtained
were 188 + 83.2 nm and 247 + 68.1 nm, for the respective samples.

The synthesis of AgNPs in the presence of PVP and with the addition of glycolic acid results in stable aqueous colloidal suspensions
of silver nanoparticles, with narrow size distributions (Figures 04 and 05). These results suggest that the addition of such reagents
during the time of synthesis may be an alternative to stabilize colloidal suspensions of monodispersed silver nanoparticles.
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Figure 05: Transmission electron microscopy (TEM) of AgNPs-Gly (2.0 mL) and AgNPs-Gly (4.0 mL); Histogram of AgNPs-Gly (2.0 ml) and AgNPs-Gly (4.0 ml); Dynamic
Light Scattering (DLS) of AgNPs-Gly (2.0 mL) and Dynamic Light Scattering (DLS) of AgNPs-Gly (4.0 mL).

Table 03 lists the mean diameter, DMET, standard deviation and §MET , obtained by MET and hydrodynamic diameter obtained
by DLS.
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Table 03: Statistical values found by the MET and DLS techniques.

Sample Counts Der Bwer DHoLs Bous
(nm) (nm) (nm) (nm)
AgNPs 250 8,70 1,70 10,1 2,50
AgNPs-
Gly (0,4 250 7,71 1,63 140 59,7
mL)
AgNPs-
Gly (2,0 250 8,65 1,87 188 83,2
mL)
AgNPs-
Gly (4,0 250 11,5 2,98 247 68,1
mL)

Agnihotri et al. (2014)33, discussed that particle size influences its activities and functions. Raza et al. (2016)37, obtained samples
of AgNPs that had a spherical shape (15-50nm) and a triangular shape (about 150nm). Free silver ions are responsible for the
growth of particles and the formation of new nuclei. They are surrounded by a polymeric layer, preserving the silver nanoparticles
for long periods of storage without coalescing or precipitating.

Selected area electron diffraction

Figure 06 shows that the samples presented diffraction rings that are characteristic of polycrystalline samples. The results of the
distances between the crystalline planes (d-spacing) corresponded to the characteristic (111), (200), (220) and (311) planes for
the element Ag as shown in the crystallographic sheet JCPDS 04-0783 Figure (06A) . Thus, the AgNPs obtained without and with
the addition of glycolic acid (06B, 06C, 06D) showed a face-centered cubic crystal structure (CFC), according to the results obtained
by the selected area electron diffraction (SAED) technique.
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Figure 06: JCPDS 0407-83 crystallographic sheet of the Ag element (A). Selected area electron diffraction (SAED) of silver nanoparticles (B). Selected Area Electron
Diffraction (SAED) of silver nanoparticles synthesized with 0.4 mL glycolic acid (C). Selected Area Electron Diffraction (SAED) of silver nanoparticles synthesized with
2.0 mL glycolic acid (D). Selected Area Electron Diffraction (SAED) of silver nanoparticles synthesized with 4.0 mL glycolic acid (E).

Mehtab et al., (2018)*2 demonstrates for planes (111), (200), (220) and (311), the following d-spacing values: 2.35; 2.04; 1.45 and
1.23, respectively. Dhand et al., (2016)*¢ presents the following results for the same plans: 2.35; 2.03; 1.44 and 1.23, respectively.
Thus, it is concluded that the methodology used resulted in particles without mixing of crystalline phases, and the results
presented in Table 04 are in agreement with those authors.
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Conclusions

The chemical reduction of AgNO3 was performed using ethanol as a reducing agent and as a solvent for the formation of silver
nanoparticles. Glycolic acid and polyvinylpyrrolidone were used as stabilizing agents for the reactions.

Transmission electron microscopy and dynamic light scattering indicated that the materials presented nanometric dimensions,
spherical shape with an average diameter of 8.70 nm; 7.71 nm; 8.65 nm and 11.5 nm (MET), for the syntheses without and with
the presence of glycolic acid (0.4 mL; 2.0 mL and 4.0 mL), respectively. For the DLS, values of 10.1 + 2.50 nm were found; 140 +
59.7 nm; 188 + 83.2 nm and 247 + 68.1 nm, for the syntheses performed without and with the presence of glycolic acid (0.4 mL;
2.0 mL and 4.0 mL), respectively. In the spectroscopy of the UV-Vis region, the formation of a symmetrical surface plasmon band
around 420 nm was observed in all samples, confirming the formation of AgNPs. The symmetrical shape of the plasmon resonance
band indicates sharp particle shape and size distribution.

The AgNPs samples showed the characteristic vibrational modes of ethanol, when analyzed by the vibrational absorption
spectroscopy technique in the infrared region. The characteristic band of the pyrrolidone structure and the characteristic bands
of glycolic acid were also observed in the samples. These results suggest that there was an interaction between the PVP molecules
and the surface of the silver nanoparticles, forming the Ag/PVP coordination complex.

The nanoparticles showed positive charges and zeta potential values of 16.8 + 0.485 mV; 12.7 mV; 3.37 mV and 3.04 mV, for
AgNPs and AgNPs-Gly (0.4; 2.0 and 4.0 mL), respectively, considered as partially stable. In the SAED technique, the samples showed
diffraction rings characteristic of polycrystalline samples. The results of the distances between the crystalline planes (d-spacing)
corresponded to the characteristic planes for the Ag element. The samples showed a face-centered cubic crystal structure.

The results found demonstrate that the addition of glycolic acid during the synthesis can become an efficient way to stabilize
colloidal suspensions of silver nanoparticles. They also demonstrated that the higher the concentration of glycolic acid added in
the synthesis, the greater the size of the silver nanoparticles.
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