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A quimica “verde”

Os 12 Principios da Quimica Verde, foram originalmente
publicados por Paul Anastas e John Warner no livro:

Green Chemistry: Theory and Practice (Oxford University
Press: New York, 1998)

Estes principios fornecem uma
orientacao para (0 15 quimicos
implementarem a quimica verde.
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Os 12 Principios da Quimica Verde

1)Prevencdo: E melhor prevenir a formacéo de subprodutos do que trata-los
posteriormente;

2)Economia de atomos: Os métodos sinteticos devem ser desenvolvidos para
maximizar a incorporacéo dos atomos dos reagentes nos produtos finais
desejados;

3)Sinteses com compostos de menor toxicidade: Sempre que possivel deve-se
substituir compostos de alta toxicidade por compostos de menor toxicidade
nas reacdes quimicas;

4)Desenvolvimento de compostos seguros: Os produtos quimicos deverao ser
desenvolvidos para cumprirem a funcao desejada, apresentando a menor
toxicidade possivel,;

5)Diminuicao de solventes e auxiliares: A utilizacdo de substancias auxiliares
(solventes, agentes de separacao, etc) devera ser evitada quando possivel, ou
utilizar auxiliares inGcuos NoO Processo;

6)Eficiéncia energética: Os métodos sintéticos deverao ser conduzidos sempre
gue possivel a pressao e temperatura ambientes, para diminuir a energia
gasta durante um processo quimico que representa um impacto econémico e
ambiental.



Os 12 Principios da Quimica Verde

7)Uso de substancias recicladas: Os produtos e subprodutos de processos
guimicos deverao ser reutilizados sempre que possivel;

8)Reducao de derivativos: A derivatizacdo desnecessaria (uso de reagentes
blogueadores, de protecdo ou desprotecdo, modificadores temporarios) devera
ser minimizada ou evitada quando possivel, pois estes passos reacionais
requerem reagentes adicionais e, conseguentemente, podem produzir
subprodutos sem proveito;

9)Catalise: A aplicacdo de catalisadores para aumentar a velocidade e o
rendimento dos processos quimicos;

10)Desenvolvimento de compostos para degradacao: produtos quimicos
deveréo ser desenvolvidos de tal maneira que, ao fim de sua funcao se degrade
em produtos indcuos, e Ndo persista no ambiente;

11)Analise em tempo real para a prevencao da poluicdao: métodos analiticos
precisam ser desenvolvidos para permitir o monitoramento do processo em
tempo real, para controlar a formacao de compostos toxicos e

12)Quimica segura para a prevencao de acidentes: as substancias usadas nos
processos quimicos deverao ser escolhidas para minimizar potenciais acidentes,
tais como explosodes e incéndios.



Quimica ambientalmente sustentavel, amigavel,
verde, limpa...

Desenvolvimento e implementacdo de processos e
produtos quimicos para reduzir ou eliminar o uso ou
geracdo de substancias nocivas a saude humana e ao

ambiente sustentavel

Reduce
Replace
Recycle

P. T. Anastas, Acc. Chem. Res. 35, 686 (2002)



Desenvolvimento sustentavel”

Supre as necessidades do presente sem comprometer a
habilidade das geracboes futuras de suprir suas

proprias necessidades.

“Do latin: “sustinere” e significa “manter
vivo”, “defender”.

Comissao Mundial sobre Meio Ambiente e Desenvolvimento —ONU (1987)
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It is an interesting irony that in the process of
measuring environmental problems the analytical
chemistry methodologies used themselves

contribute to further environmental problems

P. T. Anastas, Crit. Rev. Anal. Chem., 29(3), 167 (1999)



Métodos verdes, limpos ou sustentdveis de andlise

Green (analytical) chemistry
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Caracteristicas analiticas

v Seletividade
v' Sensibilidade
v' Precisao
v Exatiddo

v Geracdo de residuos



Avaliacdo dos métodos analiticos no contexto da Quimica Verde

4.1.
National Environmental Methods Index (NEMI)

O National Environmental Methods Index (NEMI) foi criado nos EUA. em
2002. fruto de uma iniciativa conjunta do National Water Quality Monitoring
Council e do Advisory Committee on Water designada como ‘Methods and Data
Comparability Board’ (MDCB). Desde entdao. o NEMI vem contribuindo para que
a comunidade cientifica possa avaliar e comparar o desempenho de métodos de
monitoramento ambiental. por meio do acesso a uma base de dados on-line, que
contém informacoes sobre mais de 1.000 métodos e € consultada por 6.500
pessoas por mes. em média.

A muciativa ‘Methods and Data Comparability Board’ (MDCB) congrega
especialistas de todos os niveis de governo. representantes da industria e de

organizacoes privadas nos EUA. Gracas a um esfor¢o de cooperacdo do Green

WWW.Nnemi.gov




MEMI pictogram

TRI= Inventario de liberacéo toxica

_——— PBT Hazardous ~—
A chen?_ictae[dused - t.h? mtethod = A chemical used in the methodis
: ' ?5 persis en. ' listed on the TRI or on one of
b'ﬂac;ﬂmuﬂ”e'ha”g;i’f'CT{PE.‘T"" the RCRA’s D, F, P or U
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pH during the analysis is less Waste amount generated
than 2 or greater than 12 is greater than 50 g
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Figura- a) Pictograma representativo do perfil verde segundo a National
Environmental Methods Index (NEMI); b) . Pictograma de ‘perfil verde’
complementar de de la Guardia & Armenta (2001) ao pictograma do NEMI



Flow analysis strategies to greener analytical chemistry.

An overview

Fabio R. P. Rocha,* Joaquim A. Nobrega and Orlando Fatibello Filho

Departamento de Quimica, Centro de Ciéncias Exatas e de Tecnologia, Universidade Federal
de Sao Carlos, Rodovia Washington Luiz, km 235, P.O. Box 676, 13560-970, Sao Carlos, SP,
Brazil. E-mail: frprocha@cena.usp.br

Fig.1 Flow-injection manifolds: (a) single line; (b) confluent streams; (c)
merging zones and (d) intermittent stream. R = reagent; C, C,, C; = carrier
streams; S = sample; B = reactor; D = detector; W = waste vessel.
Arrows indicate the points of sample or reagent introduction and the flow
direction.

Green Chemistry, 2001, 3, 216-220 217



Métodos limpos de andlise

® Ndo ha a produgdo de residuos

@ Emprego de reagentes ndo toxicos
® Minimizagdo da quantidade de residuos

@ Reciclagem/reutilizagdo dos residuos

® Tratamento dos residuos

F. R. P. Rocha, J. A. Nobrega, O. Fatibello-Filho, Green Chem., 3,216 (2001)



Trends in Analytical Chemistry, Vol. 45, 2013 Trends

Greening sample preparation in
Inorganic analysis

Diogo L. Rocha, Alex D. Batista, Fabio R.P. Rocha, George L. Donati,
Joaquim A. Nobrega

Sample preparation aims to convert analytes to a more suitably detectable form, to separate them from the sample matrix or to
concentrate species for trace analysis. Classical procedures often yield large amounts of toxic waste, but environment-friendly
alternatives can be implemented without impairing the analytical performance. Green methods are also safer, and reduce costs
and risks of sample contamination. This overview focuses on application of these strategies to inorganic analysis.

© 2013 Elsevier Ltd. All rights reserved.



Table 1. Greener approaches for sample decompaosition

Approach Principle Advantages Drawbacks Hlustrative application Green feature
Microwave with Regeneration of nitric Greater safety, low Relatively high RCC Plant materials and Lower acid
diluted acids acid promaoted by sample contamination, hinders application of biclogical fluids consumption

oxygen and as a result of  lower blank values and  some analytical
the temperature gradient less acidic digests techniques and
in the microwave- determination of some
assisted heated closed analytes
viessel
Vapor-phase Interaction of the sample  Low sample Limited to volatile acids;  Sediments and

decomposition

Microdigestions

Combustion

Photo-catalytic UV
decomposition

with acid vapaors in
closed systems

Decomposition in
micro-flasks with small

amounts of sample and
acid

Elimination of organic
matter at high
temperatures and
analyte transfer to an
absorbing solution
Generation of highly-
oxidizing free radicals
under UV irradiation

contamination,
purification of the
acids by distillation,
lower blank values
Safety, low sample
contamination

Low RCC: low blank
values: low acidic

digests

Safer procedures;
avoid using comosive
reagents; low energy
Cconsumption

different decomposition
efficiencies in different

vessels

Sample representativity
affected by small
amount of sample; time-
consuming procedures
due to mild
experimental conditions;
small volume of the
digest limits application
for some detection
techniques

Unsuitable for non-
flammable samples

Maore time-consuming;
limited application for
samples with high

ofganic matter content

biclogical materials

Biological materials
and airborne
particulate

Petroleum coke and
coal

Waters, plant extracts
and biological fluids

Use of less
toxic reagents




Ex¥ragdo liquido-liquido

Aw) ~— Aorg

+ Exaustivo

+ Exposi¢cdo do analista
4+ Solventes organicos
+ Geragdo de efluentes




Extragdo em ponto nuvem
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Extragdo em ponto nuvem

Q. Fang, M. Du, C.W. Huie, Anal. | &%= .
Chem. 73 (2001) 3502 Ty A

Fonte: Prof. Fabio R.P. ?fwﬁ«g
Rocha- CENA-USP e



Quim. Nova, Vol. 35, No. 8, 1600-1605, 2012

EKTRA(;EDIPRE-CDNEENTRAQED DE IONS COBRE NO PONTO NUVEM EXPLORANDO A FORMACAO DE
COMPLEXOS COM DMIT [4,5-DIMERCAPTO-1,3-DITIOL-2-TIONATO]

Bruna Fabrin Somera. Fernanda Midori de Oliveira. Wagner José Barreto e Sonia Regina Giancoli Barreto
Departamento de Quimica, Universidade Estadual de Londrina, Rod. Celso Garcia Cid, PR 445 km 380, Campus Universitdrio,
86051-990 Londrina - PR, Brasil

César Ricardo Teixeira Tarley®

Departamento de Quimica, Universidade Estadual de Londrina, Rod. Celso Garcia Cid, PR 445 km 380, Campus Universitdrio,
86051-990 Londrina — PR / Instituto Nacional de Ciéncia e Tecnologia de Bioanalitica. Universidade Estadual de Campinas, CP
6154, 13083-970 Campinas — SP, Brasil.

Recebido em 24/1/12; aceito em 17/4/12; publicado na web em 20/7/2012




Extracéo com fluido supercritico

Figure 4.1
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rable 4.1 Critical point (7, and P.) and critical density
for selected compounds.
Substance T, /K P jatm plgmi™!
CHF, 2993 46.9 0.528
CH,4 190.5 41.4 0.162
C,H, 2823 50.5 0.215
C>Hs 305.2 48.2 0.203
CO, 304.1 72.8 0.469
H-O 647.1 218.3 0.348
CH,CH,OH 513.9 60.6 0.276
Xe 289.7 58 1.110




Microextracao em fase solida
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1. Reducao ou eliminacgéao de reagentes

Reduce
Replace
Recycle




Determinacao de cloreto com reducéo dos residuos

Hg(SCN), + 2 ClI- -HgCl, + 2 SCN-
SCN- + Fe3* * [FeSCN]%* (A=480 nm)

Available online at www.sciencedirect.com

S Talanta

Talanta 65 (2005) 965=970

www.elsevier.com/locate/talanta

Flow injection spectrophotometric method for chloride determination
in natural waters using Hg(SCN), immobilized in epoxy resin

Claudineia R. Silva®, Heberth J. Vieira®, Larissa S. Canaes?,
Joaquim A. Nobrega®, Orlando Fatibello-Filho®*
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Fig. Diagrama esquematico do sistema em fluxo. (a) C= agua; S= amostra ou
padroes de cloreto; SPR = reator em fase solida com Hg(SCN), imobilizado;
B= bobina reacional, D= detector (A= 480 nm), W= residuos

Consumo de apenas 120 pg Hge W ([Hg]) < 2 ug/L) CONAMA
357/2005) ou < 10 pg/L CONAMA 430/2011 (efluentes)

W (Mesmo assim os residuos foram tratados com tioacetoamida)



Tabela-Alguns trabalhos publicados pelo LABBES empregando RFS
com diferentes reagentes imobilizados para a determinacao de produtos
farmacéuticos

Analito Reagente Produto Detectado A/ nm

acido ascorbico Cus(POy,), Cu(l)-batocuproina 480

aspartame ZNn3(PO,)- Zn(VA-BO3)3 540
N-acetilcisteina ZNn3(PO,)- Zn(VA-BO3);3 540
acido ascorbico Fe(OH); ferroina 510

adrenalina |3 adrenocromo 488

adrenalina MnO, adrenocromo 488

L-dopa MnO, dopacromo 520

Isoproterenol MnQO, Isoproterocromo 492




Determinacao de fenois totais

Quantidades para
100 determinagoes

Amostra
500 mL
2 mL H,S0,/L 5 g Na,SO,
pH = 4,0 50 mL CHCI,
H;PO,/NaOH
60 mg 4-AAP
Destilagdo 240 mg K;[Fe(CN).]
12 mL NH,OH 0,5 M

10 mL tampdo
K,HPO,/KH,PO,

50 mL NH,OH
* 100 g K,HPO,
* 70 g KH,PO,

* 6 g 4-aminoantipirina
e 24 g K;[Fe(CN),]
«2,5-5L CHC,
* 500 g NaSO,

~ 60 L residuo

** A.D. Eaton, L.S. Clesceri, A.E. Greenberg, Standard Methods for the Examination of
Water and Wastewater, 202 ed., American Public Health Association, Washington, 1998.



Available online at www.sciencedirect.com

B Talanta

Talanta 62 (2004) 463467

www.elsevier.com/locate/talanta

An improved flow system for phenols determination exploiting
multicommutation and long pathlength spectrophotometry

Karina Omuro Lupetti?, Fabio R.P. Rocha b* Orlando Fatibello-Filho?

2 Departamento de Quimica, Universidade Federal de Sdo Carlos, PO Box 676, 13560-97() Sdo Carlos-SF, Brazil
b Instituto de Quimica, Universidade de Sdo Paulo, PO Box 26077, 05513-970 Sdo Paulo-SP. Brazil

Received 23 September 2002; received in revised form 6 January 2003; accepted 18 August 2003

* 4-aminoantipirina
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Determinacao de fenois totais

Fonte: Prof. Fabio R.P.
Rocha- CENA-USP




Determinacéo de fendis totais

0,6 |
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Caracteristicas analiticas

Limite de detecgdo (ug L-1)

método batelada
proposto FIA** sem extragdo™
i i | | i | | i | | i
0 10 20 30 40 50 60 70 80 90 100
batelada

com extracao™
(cloroformio)

* Standard Methods for the Examination of Water and
Wastewater, 192 ed., 1995.

** Anal. Chim. Acta, 261 (1992) 253.



Table 3
Consumption of reagents and sample per determination

cedures for determination of phenols

in different pro-

Proposed Literature
method —
Flow injection Batch method
[14]° [10]
4-AAP (mg) 0.10 0.80 20
K3[Fe(CN)g] (mg) 0.12 2.4 80
CHCl5 (ml) — — 25-50
Sample (ml) 0.66 0.40 500

2 Flow-injection system with continuous reagent addition.



| @rnrk A digital image-based method employing a spot-
test for quantification of ethanol in drinks¥

Cite this: Anal Methods, 2015, 7, 4138

Luzia Pires dos Santos Benedetti,® Vagner Bezerra dos Santos,*® Tiago Almeida Silva,®
Edemar Benedetti Filho,” Valdomiro Lacerda Martins® and Orlando Fatibello-Filho®

)
ST |
Ny B oY g
- ! cr ﬂ 2- CI' : | F . - 2_ +
“7‘*@7’ ‘ S Cr:07% (aq) + 8Hag " + 3CH:CH,OH ;) —
i H‘t

decomposition 2Cf{aq}3+ + 3CH3CHO{3q} + ?HEO{”

Spot test Digital image capture \

xEH,

Drink sample

7 min

0 i 2 in

Digital image treatment
The captured images were analyzed using the freely available
software Image]. In this software, a defined number of pixels
from the digital image was selected (42 x 36), and these pixels
were decomposed using the RGB approach, i.e., values of mean
and mode referent to the color channels red (R), green (G), and

blue (B) partially absorbed by the solution and further reflected
to the detector, and then imported to Excel® software.




2. Substituicao de reagentes e/ou material

Reduce
Replace
Recycle




Método mais limpo para cloreto com substituicdo do reagente

Available online at www.sciencedirect.com
-

“=.” ScienceDirect Talanta

Talanta 72 (2007) 663-667

www.elsevier.com/locate/talanta

An improved flow system for chloride determination in natural waters
exploiting solid-phase reactor and long pathlength spectrophotometry

Viviane G. Bonifacio, Luiz C. Figueiredo-Filho, Luiz H. Marcolino Jr.,
Orlando Fatibello-Filho *

Departamento de Quimica, Centro de Ciéncias Exatas e de Tecnologia, Universidade Federal de Sdo Carlos, Sdo Carlos, SP, Brazil

Received 30 August 2006; received in revised form 22 November 2006; accepted 22 November 2006
Available online 22 December 2006

Concentracao de cloreto em aguas naturais variou de 14,9 a 43,2 mg/L



Acido cloroanilico + 2Ag* ____ Ag,Ch+2H*

o}

HO i Cl

Cr

Fig. 1. Flow diagram of the system for determination of chloride ion in nat-
ural water: P, peristaltic pump; C, water carrier (2.0mlmin~"); S, sample
(2.0mlmin~1); V; and V>, three-way solenoid valves; R, solid phase reactor
with immobilized silver chloranilate; B, reaction coil (50cm); LP, long path-
length flow cell (100 cm optical path); D, spectrophotometer USB2000 (Ocean
Optics); W, waste. Dashed lines represent the flow paths when the valves are
switched on.

P

2C1 (aq) + AgrCh(s)
= 2AgCI(s) + Ch*~(aq) A= 530nm

where Ch?~ represents the chloranilate anion.



_Fruits and vegetables employed as the PER, PPO, urease sources

. . N Sweet potato
Avocado Zucchini Artichoke Banana (lIpomoea batatas
(Persea americana) (Cucurbita pepo) | (Cynarascolymus (Musa L.Lam.)
L.) paradisiaca)
/ g "
, .
Potato Eggplant Cararoot _
(Solanum (Solanum (Dioscorea Coconut (Alocasia
melongena) bulbifera) macrorhiza)

tuberosum)

Jack fruit _

(Artocarpus integrifol
L)

=

N Manioc
(Manihot utilissima)

Turnip
(Brassica
campestre ssp.)

Peach

(Prunus persica)

Radish
(Raphanus sativus]
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An important part of the Green Chemistry philosophy is the need to develop and adopt green analytical
techniques and procedures. These include the reduction of reagent and solvent usage, the minimization
of solid, liquid and gaseous materials produced by analytical processes, the replacement of reagents and
solvents of high occupational or environmental toxicity with much more innocuous materials, and the
reduction of energy use in analytical processes. One aspect that has received little attention in this
context is the use of unrefined natural reagents derived from plant and animal tissues or microbial cells.
Crude plant extracts may contain chemical compounds that enable their use as indicators in acid—base
or redox titrations, or as chromogenic or fluorogenic agents. Enzymes extracted from plants may be
used directly in soluble form, or incorporated in biosensors or solid phase reactors, for analytical
measurements, or as a means of removing interferences or performing speciation studies. The use of
natural reagents in conjunction with a flow injection system can confer a number of advantages. The
enhanced kinetic control that flow analysis offers may assist in avoiding undesirable side reactions that
would otherwise occur using unpurified reagents. The lifetime of natural reagents may be prolonged
when used in a flow analysis system because their exposure to light or air can be controlled. Any
changes in response that do occur may be readily corrected by regular standard checking and
recalibration. This article reviews the use of natural reagents with an emphasis on flow-based analytical
systems, and makes the case for further research in this latent area of green analytical chemistry.

K. Grudpan et al.; Anal. Methods,2, 1651 (2010).
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BIOSSENSOR AMPEROMETRICO PARA A DETERMINACAO DE FENOIS USANDO UM EXTRATO BRUTO DE
INHAME (Alocasia macrorhiza)
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Crude extracis of various vegetables and fruits such as eggplant (Solanum melongena), potato (Sela-
num fuberosum), manioc (Manihot utilissima), yam (Alocasie macrorhiza), apple (Pirus malus), dwarf
banana (Musa acuminata), apple-Navored banana{Musa parasidiaca), most common variety of ba-
nana-"hanana-prata” (Musa parasidiaca), pear (Pirus communis) and peach (Prunus persica) are stud-
ied as a biocatalytic material for the aerobic oxidation of phenolic substrates. Of those, yam (Alocasia
macrorhiza) crude extract is found to be the best source of pelyphenol oxidase [E.C.1.10.3.1], due
their stability and/or activity (w/mg). Thus, an amperometric biosensor is constructed by the immo-
bilization of yam crude extiract with glutaraldehyde and bovine serum albumin onto an oxygen elec-
trode. The proposed bioamperometric sensor provides a limear resgnnu for ]!;'rngllln], catechol,
phenol and p-cresol in the concentration ranges of 2.5x10°— 8.0x10°M; 1.0x10°— 8.5x10"*M; 1.0x
10°— 9.0x10° M and 1.0x10*—1.0x10"*M respectively; with response time of 1-4 min. and a useful

lifetime of at least two weeks. Application of this biosensor for the determination of phenols in local
industries waste waters is presented.

Keywords: enzyme electrode; phenolic substrates; catechol; pyrogallol; yam crude extract.

C. A. Signori; O. Fatibello-Filho, Quimica Nova, 17(1), 38-42 (1994)



UTILIZACAO DO EXTRATO BRUTO DE
FRUTOS DE Solanum nigrum L NO ENSINO
DE QUIMICA
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RESUMO: A= antocianinas, pigmentos da classe dos flavonoides, 530 os
principais substancias cromogénicas encontrados nas flores vermelhas,
azuis & purpuras. Uma das principais caracteristicas das antocianinas,
com aproveitamento didatico & a sua mudanca de coloracdo em funcdo
do pH do meio. Este trabalho se insere em um projeto mais amplo, que
visa propor experimentos simples e de baixo custo para ensing,
utilizando-se de vegetais facilmente encontrados no Brasil. Os corantes
utilizados se prestam ao ensino desde conceitos basicos de equilibrio
guimico para estudantes de ensino meédio, de indicadores em titulacgo
para cursos de quimica geral e até da Lei de Lambert-Beer e de
Espectros de Absorcdo, para cursos de instrumentacdo. A espécie
utilizada foi Solanum nigrum L (maria-preta), cujo extrato bruto foi
utilizado como agente cromoforo. Usando o extrato bruto como
indicador em titulacdes acido-base, observaram-se erro relativos da
ordem de 0,11-1,0%, quando comparado com os resultados
potenciometricos. & mudanca de cor observada foi de vermelho para
amarelo, entre pH 4 & 10. Espectros de absorcdo na regido do UV e do
wisivel foram obtidos em diferentes pH, para determinacdo dos
comprimentos de onda dos maximos de absorcdo, bem como para
demonstracdo da mudanca da forma destes espectros em funcdo da
acidez do meio.

PALAVRAS-CHAVYE: Corantes naturais, Antocianinas, Ensino de
quirmica.

Eclética Quimica (2000)



Orlando Fatibello-Filho, Licia Daniela Wolf, Ménica Helena M.T. Assumpcao e Oldair D. Leite

Neste artigo é proposto um experimento simples realizado com material de facil aquisicdo para ilustrar as
reacoes de hidrélise de citions e anions. Sao empregadas algumas solugdes salinas, sendo a mudanga de pH
dessas solugdes visualizada com um indicador universal de pH extraido do repolho roxo. O experimento permite
assimilar os conceitos efou contetidos envolvidos nas reacbes de hidrélise de sais acidos, basicos e/ou neutros,
bem como calcular o pH final dessas solugdes salinas e relaciona-lo @ mudanga de cor do(s) indicador(es) de pH.

P hidrélise, sais 4cidos, sais bisicos, sais neutros, célculo de pH o
i

@ VO

pH 1 3 5 7 =] 11 12 13

b) = =
@ DD OH © &

NaNO, NH_ CI NaAc NaHCO,

a)

Figura 2: a) Escala padrao de pH: solucdes de referéncia de 4cido e base nos valores
de pH variando de 1 a 13 contendo extrato de repolho roxo como indicador universal de
pH. b) Agua e solugdes de cloreto de potassio, nitrato de sédio, cloreto de aménio,
acetato de sodio e hidrogenocarbonato de sédio de concentragao 0.5 mol/L contendo
extrato de repolho roxo como indicador de pH.

QUIMICA NOVA NA ESCOLA Experimentos ilustrativos da hidrolise de sais
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Determination of the chemical oxygen demand (COD) using
a copper electrode: a clean alternative method

Claudineia R. Silva « Cleone D. C. Conceicdo -

Viviane G. Bonifacio - Orlando Fatibello Filho -

Marcos F. S. Teixeira

Cu"O(y) + OH 4 — CuOOHJ, + ¢~

ads)

Cu"OOHy,, + Organic .4y — Cu' Oy

+ Organic,;q) + H20

(

Table 1 Comparison of COD values (mg 17') obtained by the
proposed method with those by standard method [1]

Samples COD values (mg ™ E; (%)
Standard method® Proposed method®

A 13,010+25 12,893+18 —8.9

B 16,032+20 15,006+12 —6.4

C 19,209+23 17,800+£20 =73

D 1,740+10 1,410+£5 -19

E, relative error = proposed method vs. conventional method
“Mean of three determinations + SD
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UTILIZACAO DE ELETRODOS SOLIDOS DE AMALGAMA PARA A DETERMINACAO ANALITICA DE
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UTILIZATION OF THE SOLID AMALGAM ELECTRODES IN THE ANALYTICAL DETERMINATION OF ORGANIC AND
INORGANIC COMPOUNDS. This review reports the use of solid amalgam electrodes in the electroanalytical determination of
organic and inorganic compounds. The different types of amalgam electrodes are presented, and attention is paid to solid amalgam
electrode, and here is presented details about the pre-treatment for activation and renovation and also possible modifications in its
surface. The wide potential range, higher signal-to-noise ratio, mechanical stability enabling their application in flowing systems, and
principally their resistance toward passivation. indicate that the solid amalgam electrodes are environmentally friendly alternatives
to mercury electrodes. without loss in the sensitivity and reproducibility in voltammetric responses.

Keywords: solid amalgam electrodes: mercury: environmentally friendly sensor.
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Determination of Atrazine in Natural Water Samples by
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Abstract

A new method using differential pulse adsorptive stripping voltammetry for the determination of atrazine (ATZ) in
natural water samples using a bismuth film electrode (BiFE) is proposed. The calibration curve was lincar in the
alrazine concentration range from 6.7=1077 to 20=x10 " molL"', with a limit of detection (LOD) of 1.4x
107" molL". The proposed electrode was applied for atrazine determination with satisfactory results compared with
a high-performance liquid chromatography method (HPLC).

Keywords: Bismuth film eclectrode (BiFE), Environmental samples, Differential pulse adsorptive stripping
voltammetry (DPAASV), Atrazine determination
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Fig. 1. Scheme of the disposable minisensor fabrication. Step 1: Print the layouts of the devices upon a polyester paper. Step 2: The design is transferred to the copper board
at 120°C for 2405, using a thermal press. Step 3: The copper board with the layouts printed is washed with a concentrated FeCly-4H,0 solution to remove all the uncovered
copper. Step 4: The board is cut out with the appropriate tools to obtain the electrodes and these are cleaned with acetone. Step 5: To define the electrode geometry, nail
varnish is used as insulator and the ex situ bismuth film is electro-deposited. Step 6: The proposed minisensor is used for analytical applications.
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Inexpensive and disposable copper mini-sensor
modified with bismuth for lead and cadmium
determination using square-wave anodic stripping
voltammetry
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Luiz Carlos S. Figueiredo-Filho,® Bruno C. Janegitz,® Orlando Fatibelilo-Filho,*®
Luiz Humberto Marcolino-Junior® and Craig E. Banks*<

The fabrication and evaluation of a disposable copper mini-sensor ex situ modified bismuth film for the
sensing of lead(n) and cadmium(i) via square-wave anodic stripping voltammetry (SVWASVY) is presented.
The sensor was ex situ modified with a bismuth film via electro-deposition through applying a potential
of —0.18 V vs. Ag/AgCl (3.0 mol L™ KCI) for 200 seconds in a 0.02 mol L™ Bi(NOz)z, 0.15 mol L™’
sodium citrate in 1.5 mol L=' HCl solution. Under the optimal experimental conditions, the voltammetric
response was linearly dependent on the analyte concentrations over the range from 1.3 = 107%t0 1.3 x
10=% mol L= and from 9.9 x 10=" to 1.2 x 10~% mal L= with a limit of detection of 8.3 x 10~" mol L=’
and 5.3 x 10~ mol L~ for Pk(u) and Cd(u), respectively. The determination of both toxic metallic species
was carried out in natural waters using the sensor obtaining results which are in close agreement with
www.rsc.org/methods those obtained using Flame Atomic Absorption Spectrometry at a 95% confidence level.
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Fig.3 The PGO004(A), 1: GPS, 2: touchscreen, 3: panel with an optional
keyboard, keys, and command bottoms, 4: flow module, and 5: solar
boards. The internal view of the PG004 (B), 1: 12V batteries, 2: actuator
of the flow system, 3: galvanostat board, 4: potentiostat board, 5:
thermostated control, 6: fan, 7. USB hub, 8: CPU, and 9: micro-
controlled board to control the batteries. The Wi-Fi and Bluetooth
board is inserted in the CPU. Flow module, with 1. EFC, 2: SVs, 3:
solutions compartment, and 4: uPs.
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Fig. 2. Thermostated EFC design. PTFE tube with 0.8 mm i.d. coupled to the EFC used for inlet flow (1), TEC-Peltier (2), temperature sensor (3) and the blank Tygon™ tube or
an external CE with 3.0 mm i.d used as the outlet flow (4) (A). Inside view from the bottom up of the EFC with details of the O-rings used 1o seal the base of the EFC (1) and
the SPE (2) (B). Tygon® tube or an external CE (1), an external RE (Ag/AgCl (3.0 mol L™ KC1)) (2), a TEC-Peltier with a heat dissipation system compased of an aluminum
block and a fan (3), a pair of magnets (4) coupled to 3 motor axis (5) for mechanical agitation {C).
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determination of acetylcysteine in pharmaceutical formulations
using bromine as reagent
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Fig. 1. Schematic diagram of flow injection system for acetyleysteine determination. (PP) penistaltic pump; (C) detonized water; (C)0.22 mol/l sodium bromide
solution; (Cz2) 0.24 mol/l hydrochlone acid solution; (C;) 1.25 = 1072 mol/l bromate solution; (Cy4) 5% (wiv) ascorbic acid solution; (1) injector-commutator,
(L) sample volume (250 pl); (5) reference or sample solutions; (R ), (Rz2) and (R3) 140, 60 and 60 cm helicoidal coils length, respectively; (D) detector and
(W) waste.
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FIGURA 6.16. Figura descritiva do PG004 (A), com 1: GPS, 2: painel frontal, 3
modulo de fluxo, 4: placas solares. Detalhes internos do PG004 (B), com 1:
baterias de 12 V com 1,3 A h™', 2: interface do médulo em fluxo, 3: placa do
galvanostato, 4: placa do potenciostato, 5: placa microcontroladora de controle
térmico, 6: cooler, 7: placa Wi-Fi® e Bluetooth®, 8: USB HUB, 9: CPU. Médulo
em fluxo, com 1: EFC2, 2: Vs, 3: compartimento das solucdes, 4: uPs.
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An important part of the Green Chemistry philosophy is the need to develop and adopt green analytical
techniques and procedures. These include the reduction of reagent and solvent usage, the minimization
of solid, liquid and gaseous materials produced by analytical processes, the replacement of reagents and
solvents of high occupational or environmental toxicity with much more innocuous materials, and the
reduction of energy use in analytical processes. One aspect that has received little attention in this
context is the use of unrefined natural reagents derived from plant and animal tissues or microbial cells.
Crude plant extracts may contain chemical compounds that enable their use as indicators in acid—base
or redox titrations, or as chromogenic or fluorogenic agents. Enzymes extracted from plants may be
used directly in soluble form, or incorporated in biosensors or solid phase reactors, for analytical
measurements, or as a means of removing interferences or performing speciation studies. The use of
natural reagents in conjunction with a flow injection system can confer a number of advantages. The
enhanced kinetic control that flow analysis offers may assist in avoiding undesirable side reactions that
would otherwise occur using unpurified reagents. The lifetime of natural reagents may be prolonged
when used in a flow analysis system because their exposure to light or air can be controlled. Any
changes in response that do occur may be readily corrected by regular standard checking and
recalibration. This article reviews the use of natural reagents with an emphasis on flow-based analytical
systems, and makes the case for further research in this latent area of green analytical chemistry.

K. Grudpan et al.; Anal. Methods,2, 1651 (2010).
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Greening sample preparation in
Inorganic analysis

Diogo L. Rocha, Alex D. Batista, Fabio R.P. Rocha, George L. Donati,
Joaquim A. Nobrega

Sample preparation aims to convert analytes to a more suitably detectable form, to separate them from the sample matrix or to
concentrate species for trace analysis. Classical procedures often yield large amounts of toxic waste, but environment-friendly
alternatives can be implemented without impairing the analytical performance. Green methods are also safer, and reduce costs
and risks of sample contamination. This overview focuses on application of these strategies to inorganic analysis.

© 2013 Elsevier Ltd. All rights reserved.
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UTILIZATION OF THE SOLID AMALGAM ELECTRODES IN THE ANALYTICAL DETERMINATION OF ORGANIC AND
INORGANIC COMPOUNDS. This review reports the use of solid amalgam electrodes in the electroanalytical determination of
organic and inorganic compounds. The different types of amalgam electrodes are presented, and attention is paid to solid amalgam
electrode, and here is presented details about the pre-treatment for activation and renovation and also possible modifications in its
surface. The wide potential range, higher signal-to=noise ratio, mechanical stability enabling their application in flowing systems, and
principally their resistance toward passivation, indicate that the solid amalgam electrodes are environmentally friendly alternatives
to mercury electrodes, without loss in the sensitivity and reproducibility in voltammetric responses.
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Fig. 3. Reaction steps of the catalytic oxidation of isoproterenol by PPO of avocado crude extract immobilized on the CPS.

Fig. 1. Schematic diagram of the flow injection system used for
the spectrophotometric determination of isoproterenol. The
central bar of the manual injector—commutator (I) shows the

P injection position after commutation. P, peristaltic pump; S,

T D sample or reference solutions; L, sample loop (375 ul); C,

- R carrier solution (0.1 mol 1~ phosphate buffer solution at flow

vV - = | rate of 2.1 ml min —'); R, enzymatic reactor (3.0 mm i.d. and

W 30 mm long); D, spectrophotometric detector at 492 nm and
W, waste, at 25 °C.
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Economia de atomos

Barry M. Trost (1991) = Quanto dos reagentes empregados termina
incorporado nos produtos? Assim, a reacado quimica ideal € aquela em que
todos os atomos dos reagentes sao incorporados no(s) produto(s), nao
gerando assim residuos

massa do produto
p x 100

WEA =

E massas reagentes

B. M. Trost, Science, 254, 1471 (1991)



3.1 The E Factor
3.1.1 History and Development

As the chemical industry started to witness increased environmental pressures in the
early 1990s, Roger Sheldon proposed the environmental (E) factor as a metric for
quantifying the amount of waste produced in a chemical process. With waste

Tﬂhlf: 3.1 E fﬂﬂl(:ll' estimates Industry sector Annual production (tonnes) E Factor

for different chemical - - —

industries based on Sheldon’s Oil refining 10-10 <0.1

original findings [1] Bulk chemicals 10°-10° 1-5
Fine chemistry 10°-10* 5-50
Pharmaceuticals 10'-10° 25-100

Fator E = kg do sub-produtos/kg do produto
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