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Lindanedetermination in vegetable samples

HomogenizationHomogenization

Can the sample be Can the sample be 
directly injected directly injected ???     ???     

Water:  90 – 96%

Fibers: 0.4 – 1.8%

Salts: 0.4 – 0.7%

Starch: 0 – 0.6%

Proteins: 0.7 – 1.2%

Fat: 0 – 1.3%

NON VOLATILE MATERIALS  
PRESENT IN SAMPLE MATRIX

Incompatible with GC!!!

(columns/injectors occlusion)
(contaminant introduction)

(artifacts formation)

Sample preparation: why?Sample preparation: why?

1,2,3,4,5,6-hexachlorocyclohexane
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UnicampUnicamp: Institute of Chemistry: Institute of Chemistry

87 teachers � 4 areas
ca. 400 under-graduation students
ca. 300 MSc/PhD students
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UnicampUnicamp: Institute of Chemistry: Institute of Chemistry
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UnicampUnicamp: GEPAM: GEPAM

4 main research areas
-Sample preparation
-Bio-analytical 
-Spectrometry
-Mechanization

4 under-graduation students
7 MSc/PhD students
2 Post-doc collaborators
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((SurfSurface ace actactive ive aagegentnt))

RR--X structureX structure
R: hydrocarbon chain (8R: hydrocarbon chain (8--18 atoms)18 atoms)

X: polar or ionic head groupX: polar or ionic head group

hydrophilic + hydrophobic groups hydrophilic + hydrophobic groups �������� dissolution in water or other solventsdissolution in water or other solvents

SURFACTANTSURFACTANT
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SURFACTANTSURFACTANT

��NonNon--ionicionic

BrijBrij 35, 35, Polyoxyethylene(23); Polyoxyethylene(23); CHCH33(CH(CH22))1111(OCH(OCH22CHCH22))2323OHOH

��AnionicAnionic

SDS, SDS, Sodium Sodium dodecildodecilsulfate; CHsulfate; CH33(CH(CH22))1111OSOOSO33
--NaNa

��CationicCationic

CTAB, CTAB, CetylCetyl trimetyltrimetyl ammonium bromide; CHammonium bromide; CH33(CH(CH22))1515NN++(CH(CH33))33BrBr

��AmphotericAmphoteric ((ZwitterionicZwitterionic ))

DAB, DAB, 44--(Dodecyldimetyl ammonium) (Dodecyldimetyl ammonium) butiratebutirate

CHCH33(CH(CH22))1111NN++(CH(CH33))22(CH(CH22))33COOCOO--
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AmphiphilicAmphiphilic molecules molecules �� self associationself associationin several solventsin several solvents

organized mediumorganized medium
(microscopically ordered(microscopically ordered

molecular aggregates)molecular aggregates)

reversed micellereversed micellenormal micellenormal micelle

bibi--layerslayers
vesiclesvesicles

micro emulsionsmicro emulsions

The aggregate The aggregate micellarmicellar formationformation

final structure: monomer, solvent, surrounding ionsfinal structure: monomer, solvent, surrounding ions
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micelles and monomers in micelles and monomers in 
dynamic equilibrium  dynamic equilibrium  

(above the CMC)(above the CMC)

monomersmonomers
(below the CMC)(below the CMC)

The The agagggrr eegate gate micellarmicellar formationformation
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MicellarMicellar medium in analytical chemistrymedium in analytical chemistry

--water water solubilizationsolubilizationof hydrophobic substancesof hydrophobic substances
--enhancing detection (enhancing detection (spectrophotometricspectrophotometricmethods)methods)
--improvement on transport and improvement on transport and nebulizationnebulization(AAS methods)(AAS methods)
--catalytic reactionscatalytic reactions
--extractionextraction
--preconcentrationpreconcentration

CPECPE
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Cloud point extraction Cloud point extraction –– CPECPE
Extraction mechanismExtraction mechanism

surfactant molecules act as organic solvent surfactant molecules act as organic solvent 

organicorganic

metalsmetals

aqueousaqueous

CPE efficiency:CPE efficiency:

1)1) formation constantformation constant
of the metallic complexes;of the metallic complexes;
2) kinetics of 2) kinetics of complexationcomplexation
reaction;reaction;
3) phase transference of3) phase transference of
metallic species or metallic species or chelatechelate
into micelle medium   into micelle medium   

BezerraBezerraet alet al., ., App. App. SpectroscSpectrosc. Review. Review40(2005)26940(2005)269
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-- hydrated nature of the hydrated nature of the 
surfactant phase surfactant phase �� distribution distribution 
coefficient (D) lower thancoefficient (D) lower than
conventional LLEconventional LLE

-- LLE: > ionic strength does notLLE: > ionic strength does not
seriously modify extraction seriously modify extraction 
efficiency; CPE: salt addition efficiency; CPE: salt addition ��
increase on phase separationincrease on phase separation

Cloud point extraction Cloud point extraction –– CPECPE
Extraction mechanismExtraction mechanism

BezerraBezerraet alet al., ., App. App. SpectroscSpectrosc. Review. Review40(2005)26940(2005)269
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SurfactantSurfactant

C6E3
C10E4
C12E5
C14E8

Triton X-114
Triton X-100

T/oC

40.5
19.7
28.9
70.5
22.0

ca. 64
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Triton XTriton X --114/ % (m/v)114/ % (m/v)

2 phases2 phases

1 phase1 phase

555.5log220)( −−= CE
o NNCC

NE = number of ethylene oxide
NC = number of alquil carbons

Gu & Sjöblom, Colloids Surf. 64(1992)39

cmc/mmolcmc/mmolLL --11

Triton XTriton X--100:  100:  0.17 0.17 –– 0.300.30
Triton XTriton X--114:  114:  0.20 0.20 –– 0.350.35

Cloud point extraction Cloud point extraction –– CPECPE
Extraction mechanismExtraction mechanism
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��Ionic surfactantsIonic surfactants

��Inorganic saltsInorganic salts

��Mineral acidsMineral acids

��PressurePressure

Cloud point extraction Cloud point extraction –– CPECPE
Temperature modificationTemperature modification
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CoCo
+ 5+ 5--BrBr --PADAPPADAP
+ SDS + Triton X+ SDS + Triton X--100100
+ + NaClNaCl
pH = 9pH = 9

Cloud point extraction Cloud point extraction –– CPECPE
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CdCd (8.0 (8.0 mLmL ))
0.32 mol/L 0.32 mol/L HClHCl , , 

(0.5 (0.5 mLmL ) ) 
complexingcomplexing

time time 
�������� 00 -- 20 min20 min

DDTP (1.5 DDTP (1.5 mLmL )) TXTX --114114
(1.5 (1.5 mLmL ))

DDTPDDTP
NaClNaCl

(0.5 (0.5 –– 5 % m/v)5 % m/v)
(200 (200 µµµµµµµµL)L)

rich phaserich phase
diluted (0.4 diluted (0.4 mLmL ) with 9:1 (v/v) ) with 9:1 (v/v) 

ethanol and  HNOethanol and  HNO33

2500 rpm (10 min)2500 rpm (10 min)

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
Coelho, Coelho, et alet al. . TalantaTalanta71(2007)35371(2007)353
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Studied variables :Studied variables :

��complexingcomplexingtimetime
��nature of nature of complexingcomplexingagentagent
��complexingcomplexingagent concentrationagent concentration
��surfactant concentrationsurfactant concentration
��volume ratio between volume ratio between CdCd and surfactantand surfactant
��electrolyte concentrationelectrolyte concentration
��ethanol volumeethanol volume

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
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rich phase: Triton Xrich phase: Triton X--114 (m/v)114 (m/v)

0.04%0.04% 0.08%0.08% 0.13%0.13% 0.44%0.44% 0.86%0.86% 0.44% 0.44% -- before before 
centrifugingcentrifuging

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
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Linear equationLinear equation
rr
Linear range (Linear range (µµµµµµµµg/L)g/L)
Limit of detection (Limit of detection (µµµµµµµµg/L)g/L)
Limit of quantification (Limit of quantification ( µµµµµµµµg/L)g/L)
Precision (100 Precision (100 µµµµµµµµg/L)g/L)
CFCF

0.9970.997

4% (n=11)4% (n=11)

0.90.9
2.92.9

1919

3 3 -- 400400

Y = 0.0026 + 0.0018XY = 0.0026 + 0.0018X

Analytical performanceAnalytical performance

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
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CdCd determination (determination (µµg/gg/g) in tobacco samples ) in tobacco samples 
by FAAS and ETAAS (n=4)by FAAS and ETAAS (n=4)

SampleSample
11
22
33
44

FAASFAAS
0.546 0.546 ±±±±±±±± 0.0500.050
0.4370.437±±±±±±±± 0.0360.036
0.353 0.353 ±±±±±±±± 0.0220.022
0.229 0.229 ±±±±±±±± 0.0220.022

ETAAS ETAAS 
0.479 0.479 ±±±±±±±± 0.0380.038
0.4370.437±±±±±±±± 0.0130.013
0.364 0.364 ±±±±±±±± 0.0190.019
0.250 0.250 ±±±±±±±± 0.0250.025

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
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SampleSample

Mineral waterMineral water

CdCd added (added (µµµµµµµµg Lg L--11)) CdCd found (found (µµµµµµµµg Lg L--11)) RecoveryRecoveryaa (%)(%)

00
1010
2020

------bb

10.7 10.7 ±±±±±±±± 1.81.8
20.7 20.7 ±±±±±±±± 4.84.8

--
107107
104104

Lake waterLake water
00
1010
2020

------bb

11.4 11.4 ±±±±±±±± 1.01.0
22.0 22.0 ±±±±±±±± 1.81.8

--
9696
101101

Physiological serumPhysiological serum
00
1010
2020

------bb

10.5 10.5 ±±±±±±±± 1.51.5
18.6 18.6 ±±±±±±±± 0.20.2

--
105105
9393

Tobacco 1Tobacco 1
00
44

10.9 10.9 ±±±±±±±±1.01.0
15.3 15.3 ±±±±±±±± 1.41.4

--
103103

Tobacco 2Tobacco 2
00
44

8.7 8.7 ±±±±±±±±0.70.7
13.4 13.4 ±±±±±±±± 1.61.6

Tobacco 3Tobacco 3
00
44

7.1 7.1 ±±±±±±±±0.50.5
11.5 11.5 ±±±±±±±± 0.50.5

Tobacco 4Tobacco 4
00
44

4.3 4.3 ±±±±±±±±0.40.4
8.6 8.6 ±±±±±±±± 0.60.6

--
106106

--
104104

--
103103

Cloud point extraction Cloud point extraction –– CPE: CPE: CdCd
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PAHsPAHs –– river waterriver water
CC1212EE44, 40 , 40 ooCC, HPLC, HPLC--F (fluorescence)F (fluorescence)

Fungicides (Fungicides (captancaptan, , captafolcaptafol)) –– river waterriver water
Triton XTriton X --114, 40 114, 40 ooCC, HPLC, HPLC--EC (electrochemical detector)EC (electrochemical detector)

FulvicFulvic acidacid –– river waterriver water
Triton XTriton X --100, 90 100, 90 ooCC, HPLC, HPLC--UV (ionic pair)UV (ionic pair)

PhenolPhenol–– aqueous solutionaqueous solution
PONPEPONPE--10, 70 10, 70 ooCC, GC, GC--FID FID 

QuinaQuina& & HinzeHinze, , Ind. Eng. Chem. Res. Ind. Eng. Chem. Res. 38(1999)415038(1999)4150

Cloud point extraction Cloud point extraction –– CPE: OrganicsCPE: Organics
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aa = before phases             = before phases             
separationseparation

b b = aqueous phase after = aqueous phase after 
separation separation 

cc = surfactant phase after = surfactant phase after 
separationseparation

1.1. serum albumin, serum albumin, catalasecatalase, , ovalbuminovalbumin, , concanavalinconcanavalinA, A, myoglobinmyoglobinand and cytochromecytochromec; c; 

2.2. human erythrocyte human erythrocyte acetylcholinacetylcholin--esterase; esterase; 3.3. bacteriorhodopsinbacteriorhodopsin

Cloud point extraction Cloud point extraction –– CPE: ProteinsCPE: Proteins
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{ }2
0)/1)((exp RRK pbtp +−−= φφ

ΦΦtt = top fraction volume = top fraction volume 
ΦΦbb = bottom fraction volume= bottom fraction volume
RRpp = protein hydrodynamic radius= protein hydrodynamic radius
RR00 = transversal section radius of the cylindrical micelle (or= transversal section radius of the cylindrical micelle (or
spherical) spherical) 

NikasNikaset alet al., ., MacromoleculesMacromolecules25(1992)479725(1992)4797

{ }3
0)/1)((exp RRK pbtp +−−= φφ

Cloud point extraction Cloud point extraction –– CPE: ProteinsCPE: Proteins
Extraction mechanismsExtraction mechanisms
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TaniTani et alet al., ., Anal. Anal. SciSci. 14. 14(1998)875(1998)875

RpRp = 19 = 19 ÅÅ
CytochromeCytochrome CC
RpRp = 22 = 22 ÅÅ
Soybean inhibitorSoybean inhibitor
RpRp = 29 = 29 ÅÅ
OvalbuminOvalbumin
RpRp = 36 = 36 ÅÅ
BSABSA
RpRp = 52 = 52 ÅÅ
CatalaseCatalase
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▼▼
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Cloud point extraction Cloud point extraction –– CPE: ProteinsCPE: Proteins
Extraction mechanismsExtraction mechanisms

C10E4
R0 = 21 Å
Φt-Φb = 10%
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BacteriorodopsinBacteriorodopsin, hemoglobin , hemoglobin in serumin serum
Triton XTriton X --114, 0.15 mol/L 114, 0.15 mol/L NaClNaCl (pH 7.4), 30 (pH 7.4), 30 ooCC

CytochromeCytochrome bb55, , cytochromecytochromecc11, Fe, Fe--S proteinsS proteins
in bacteriain bacteria
Triton XTriton X --114, 0.05114, 0.05--0.15 mol/L 0.15 mol/L NaClNaCl (pH 7.5), 30 (pH 7.5), 30 ooCC

PyruvatePyruvate oxidaseoxidasein in Escherichia ColiEscherichia Coli
Triton XTriton X --114, 0.15 mol/L 114, 0.15 mol/L NaClNaCl, (pH 6.0), 30 , (pH 6.0), 30 ooCC

TyrosinaseTyrosinasein mushroomin mushroom
Triton XTriton X --114 (pH 7.3), 37 114 (pH 7.3), 37 ooCC

TaniTani et alet al., ., J. J. CromatogrCromatogr. A. A 780(1997)229780(1997)229

Cloud point extraction Cloud point extraction –– CPE: ProteinsCPE: Proteins
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� Rich phase: surfactant removed using acetone

� Protein quantification: Bradford method

NaCl(s), 8 mL Triton X-114 
(in KH2PO4/NaOH buffer) + milk

centrifugation

1780 g, 10 min
Optimized conditions:

• 1% (w/v) Triton X-114;

•50 µL – sample volume

•6% (w/v) NaCl, 

•pH = 7.0

Cloud point extraction Cloud point extraction –– CPECPE
Proteins in milkProteins in milk

Lopes et al., Anal. Chim. Acta590(2007)166
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Cloud point extraction Cloud point extraction –– CPECPE
Proteins in milkProteins in milk

Poor phasePoor phase

Rich phaseRich phase
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0.050.0525262252622525025250ααααααααs2s2--CaseinCasein

0.30.324081240812400024000ββββββββ--CaseinCasein

0.30.323676236762360023600ααααααααs1s1--CaseinCasein

0.40.421085210852100021000γγγγγγγγ11--CaseinCasein

0.60.619107191071900019000κκκκκκκκ--CaseinCasein

0.050.0514207142071420014200αααααααα-- LactalbuminLactalbuminRichRich

0.60.619107191071900019000κκκκκκκκ--CaseinCasein

0.20.218388183881836018360ββββββββ--LactoglobulinLactoglobulin

0.050.0514207142071420014200αααααααα-- LactalbuminLactalbumin

0.50.511855118551180011800γγγγγγγγ22 --Casein Casein 

0.80.811592115921150011500γγγγγγγγ33 --CaseinCaseinPoorPoor

MALDIMALDI --MSMSLiteratureLiterature

Deviation Deviation 
(%)(%)

MM (MM ( DaDa))ProteinProteinPhasePhase

Cloud point extraction Cloud point extraction –– CPECPE
Proteins in milkProteins in milk
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C. C. BordierBordier , , J. Biol. Chem., J. Biol. Chem., 236(1981)1604236(1981)1604

K. K. SelberSelberet alet al..,, Process Process BiochemBiochem.., 39(2004)889, 39(2004)889

T. T. MinuthMinuth et alet al., ., BiotechnolBiotechnol. . BioengBioeng.., 55(1997)339, 55(1997)339

G. L. McIntire, G. L. McIntire, Critical Reviews in Anal. ChemCritical Reviews in Anal. Chem., 21(1990)257 ., 21(1990)257 

M. A. M. A. BezerraBezerra et alet al..,, ApplAppl. . SpectroscSpectrosc. Reviews. Reviews, 40(2005)269, 40(2005)269

Cloud point extraction Cloud point extraction –– CPECPE
Some referencesSome references
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CPECPE

biocompatiblebiocompatible
systemsystemgood alternativegood alternative

for extracting metals for extracting metals 
and bioand bio--moleculesmolecules

safe, fast and low cost proceduresafe, fast and low cost procedure

good CF good CF 

Cloud point extraction Cloud point extraction –– CPECPE
ConclusionsConclusions
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-- Sound:Sound:propagation of mechanical waves propagation of mechanical waves 
through successive compression and expansion through successive compression and expansion 
cycles in the medium cycles in the medium 

-- Ultrasound:Ultrasound:sound presenting frequency higher sound presenting frequency higher 
than 16 kHzthan 16 kHz

–– SonochemistrySonochemistry:: study of ultrasonic waves study of ultrasonic waves 
influence on chemical systemsinfluence on chemical systems
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SONOCHEMISTRYSONOCHEMISTRY
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CAVITATIONCAVITATION
Process of formation, growth and collapse Process of formation, growth and collapse 

of micro bubbles in liquids of micro bubbles in liquids 

…a way to concentrates the ultrasound energy …a way to concentrates the ultrasound energy 
to a chemically useful formto a chemically useful form
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adapted: www.scs.uiuc.edu/~suslick/britannica.html

CAVITATIONCAVITATION

T: 5000KT: 5000K
P: 2000 P: 2000 atmatm

H2O ���� H    + OH
)))))) ..
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Cavitation effect and micro-jet effect:
fusion of Mo particles after sonication

without ultrasound with 30 min ultrasound

CAVITATIONCAVITATION
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20 kHz20 kHz
50 W cm50 W cm--22

m.pm.p. 419.5 . 419.5 ooCC

Cavitation effect and micro-jet effect:
fusion of Zn particles after sonication

CAVITATIONCAVITATION
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CAVITATIONCAVITATION

Cavitation effect and micro-jet effect:
morphology and particle sizes changes� nickel oxide 
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Factors affectingFactors affecting
•• Dissolved gasDissolved gas

•• Irradiation frequencyIrradiation frequency

•• TemperatureTemperature

•• Viscosity and surface tensionViscosity and surface tension

•• External pressureExternal pressure

•• Presence of particles in solutionPresence of particles in solution

CAVITATIONCAVITATION
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••Organic synthesisOrganic synthesis
••Polymers degradationPolymers degradation
••PolymerizationPolymerization
••SonoluminescenceSonoluminescence
••SonolysisSonolysis(free(free--radicals formation)radicals formation)
••SonogelsSonogelsformationformation
••Catalysts preparationCatalysts preparation
••Sample preparationSample preparation

CAVITATION CAVITATION -- SonochemistrySonochemistry
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CAVITATION CAVITATION -- SonochemistrySonochemistry

detection

50 – 500 mg Sonication
5 – 20 min

Centrifugation (5 min)

maceration
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Commercial available instrumentCommercial available instrumentss
ultrasonic probesultrasonic probes

CAVITATION CAVITATION -- SonochemistrySonochemistry

box for sound
contention

130 W, 20 kHz
150 µL – 150 mL

500 and 700 W (20 kHz)
250 µL – 1 L
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Commercial available instrumentCommercial available instrumentss
ultrasonic bathsultrasonic baths

CAVITATION CAVITATION -- SonochemistrySonochemistry

30 – 80 W
1 – 25 L

500 W
350 mL
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Energy distribution Energy distribution 
ultrasonic bathsultrasonic baths

CAVITATION CAVITATION -- SonochemistrySonochemistry
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•• HH22OO22 methodmethod

��HH22OO22 formationformation
HH22O  O  →→→→→→→→ HH . . + + . . OHOH

HO HO . . +  +  . . OH OH →→→→→→→→ HH22OO22

�� TironTiron oxidationoxidation byby HH22OO2                  2                  

+      H+      H
22OO22

Co (II)Co (II)
+   2H+   2H

22OO

OO--

SOSO33
--

OHOH

--OO33 SS

22

OO--

SOSO33
--

OO

--OO33 SS

22

H2O2

5 5 mLmL HH22OO

US

5 min

Nascentes Nascentes etet alal., ., J. Braz. J. Braz. ChemChem. . SocSoc., 12(2001)57., 12(2001)57

CAVITATION CAVITATION -- SonochemistrySonochemistry
Energy distribution Energy distribution –– ultrasonic bathsultrasonic baths

λλλλ = 426 nm
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Point 5 Point 5 →→→→→→→→ highest highest HH22OO2 2 concentration concentration 
Others: < LODOthers: < LOD

CAVITATION CAVITATION -- SonochemistrySonochemistry
Energy distribution Energy distribution –– ultrasonic bathsultrasonic baths
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sonicationsonication

0.3 g 0.3 g samplesample

15 15 mLmL
extractingextracting
solutionsolution

++

Ca, Fe, Mg, Ca, Fe, Mg, 
MnMn and Znand Zn

determinationdetermination
by FAASby FAASAmostraAmostra

88

filtrationfiltration

CAVITATION CAVITATION -- SonochemistrySonochemistry
Sample preparationSample preparation

Nascentes Nascentes etet alal., ., MicrochemMicrochem. J. J. 69(2001)37. 69(2001)37
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Lettuce
Cabbage
Cavalinha
Spinacha

Apple leavesb

Ca
1.69±0.06
0.88±0.05
2.64±0.07

---
---

Mg
0.280±0.009
0.180±0.008
0.200±0.005

---
---

Mn
177±7
31±1
80±1
---
---

Zn
119±5
26±1
36±1
---
---

Lettuce
Cabbage
Cavalinha
Spinacha

Apple leavesb

Ca
1.68±0.03
0.89±0.04
2.68±0.02
1.10±0.05c

1.60±0.14

Mg
0.280±0.012
0.180±0.010
0.190±0.008
0.850±0.022
0.250±0.007

Mn
166±2
32±1
75±3
72±3
53±1

Zn
112±2
26±1
33±1
74±4
11±1

Ultrasound extraction (µg g-1)

Wet digestion (µg g-1)Samples

aNIST 1570a: 1.53±0.05; 0.9; 79±2; 82±8 µg g-1 for Ca, Mg, Mn and Zn
bNIST 1515: 1.51±0.02; 0.270±0.012; 54±2; 12.5±0.4 µg g-1 for Ca, Mg, Mn and Zn
cno statistical differences at 99.5% confidence level

CAVITATION CAVITATION -- SonochemistrySonochemistry
Sample preparationSample preparation
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ChematChematet alet al., ., UltrasonicsUltrasonicsSonochemSonochem. 11(2004)5. 11(2004)5--88

CAVITATION CAVITATION -- SonochemistrySonochemistry
Sample preparationSample preparation

cavitation bubbles
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CAVITATION CAVITATION -- SonochemistrySonochemistry

Sample preparationSample preparation

Efficiency of simultaneous MW-US irradiation on the digestion time

(1) Microwave
(2) Classical
(3) Microwave + US

40
50
24

50
70
35

Heating system Digestion time of 
sunflower oil (min)

Digestion time of 
sesame oil (min)

Comparative Kjeldahl nitrogen determination in food and agricultural products
between MW and classical standards methods   

Food products

Cow’s milk
Rice
Corn
Flour
Beef
Corned beef
Chick pea
Powdered milk

Classical Kjeldahl
%N             t (min)
0.5                 180
1.04               180
1.12               180
1.57               180
2.67               180
3.69               180
3.20               180
4.75               180

MW Kjeldahl
%N             t (min)
0.48               30
1.18               30
1.09               30
1.72               30
2.81               30
3.61               30
3.35               30
4.82               30

MW-US Kjeldahl
%N             t (min)
0.45               10
1.1                 10
1.19               10
1.62               10
2.91               10
3.53               10
3.55               10
4.63               10

ChematChematet alet al., ., UltrasonicsUltrasonicsSonochemSonochem. 11(2004)5. 11(2004)5--88
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Ultrasound Ultrasound –– USUS
ConclusionsConclusions

USUS

Extraction success Extraction success �� interactions between interactions between analyteanalyte--sample sample 

Low sample throughput

Low costs 

Simple and robust
Multi-elemental (?) 

Reduced residual acidity 

Metrological trustable (?)  
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�� Advantages:Advantages:
�� No cost and abundant substance No cost and abundant substance 
�� Changes in its polarity by changing T Changes in its polarity by changing T 
�� Clean extraction methodsClean extraction methods

�� Limitations:Limitations:
�� Low significance as extracting agent when not assisted by auxiliLow significance as extracting agent when not assisted by auxiliary ary 

energiesenergies

�� Alternative extraction when assisted by:Alternative extraction when assisted by:
�� High temperature High temperature –– high pressurehigh pressure
�� Microwave radiationMicrowave radiation
�� Ultrasound Ultrasound 

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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�� High dielectric constant compound necessary for producing High dielectric constant compound necessary for producing 
heating when MW is used (presence of water!!)heating when MW is used (presence of water!!)

�� >>>T >>>T �� < viscosity. MW penetrates into sample destroying< viscosity. MW penetrates into sample destroying
macrostructure of the matrixmacrostructure of the matrix

�� T and T and PP produce a decrease on polarity with increases on produce a decrease on polarity with increases on analytesanalytes
solubility. Process completely different to conventional solubility. Process completely different to conventional 
extraction extraction �� solvent diffusion through the sample and solvent diffusion through the sample and analytesanalytes
are removed from matrix by are removed from matrix by solubilizationsolubilization

Microwave assisted water extractionMicrowave assisted water extraction--MAWE MAWE 
waterwater��������microwaves interactionmicrowaves interaction
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�� Polarity modified by temperaturePolarity modified by temperature

�� P and room temperature:P and room temperature:
�� Dielectric constant (80) Dielectric constant (80) –– extremely polar solvent, favoring the extremely polar solvent, favoring the 

solubility of high polarity compoundssolubility of high polarity compounds

�� High T and high P (water in liquid phase)High T and high P (water in liquid phase)
�� Lower dielectric constant, favoring the solubility of compounds Lower dielectric constant, favoring the solubility of compounds 

presenting low polaritypresenting low polarity
��Example: water (at 250Example: water (at 250ooC)/C)/εε = 27 = 27 
��ethanol/ethanol/εε=24; methanol/=24; methanol/εε=33 (at room T)=33 (at room T)

�� Water at high T contributes to the nonWater at high T contributes to the non--polar compounds solubility polar compounds solubility 
increases: increases: benzo(e)pyrenebenzo(e)pyrenesolubility increases 25 million times solubility increases 25 million times 
(water (water �� from rfrom room T to 350oom T to 350ooC)C)

�� Extraction varying from ionic Extraction varying from ionic analytesanalytesto nonto non--polar compounds polar compounds 

Microwave assisted water extractionMicrowave assisted water extraction--MAWE MAWE 
water propertieswater properties
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Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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Carbendazim
[C9H9N3O2]

Diethofencarb
[C14H21NO4]

Bupirimate
[C13H24N4O3S]

Napropamide
[C17H21NO2]

Azoxystrobine
[C22H17N3O5]

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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�� Extraction:Extraction:
�� FMAE FMAE 

��SPME SPME –– direct direct analytesanalytestransference to the PDMS/DVB fiber transference to the PDMS/DVB fiber 
viavia pure waterpure water

Matrix processing and centrifugation are avoidedMatrix processing and centrifugation are avoided

�� Quantification: HPLC Quantification: HPLC 

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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�� Samples:Samples:
�� synthetic (contamination by adding the synthetic (contamination by adding the analytesanalytes))

�� realreal

�� Optimization:Optimization:
�� SPME SPME –– through literature and manufacturer informationthrough literature and manufacturer information

�� FMAE FMAE –– time of fiber exposition (at a fixed power)time of fiber exposition (at a fixed power)

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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�� PowerPower
�� TT
�� analytesanalytes
degradationdegradation

Extraction efficiency Extraction efficiency 
Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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Matrix effect:Matrix effect:
•• lower recoverieslower recoveries
Extraction efficiency:Extraction efficiency:
•• FMAE FMAE ��

RecoveriesRecoveries

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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ResultsResults

 

Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE
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Microwave assisted water extractionMicrowave assisted water extraction--MAWE MAWE 
ConclusionsConclusions

MAWEMAWE

No organic solvent for extraction

εε similar to organic solvents

Non-polar compounds extraction

(almost) no matrix modification 

�Water
low cost, 
abundant, 
high purity material

Speciation studies??Speciation studies??
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Recommended literatureRecommended literature
Microwave assisted water extractionMicrowave assisted water extraction--MAWEMAWE

Morales-Muñoz et al., Anal. Chim. Acta557(2006)278
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CPE CPE 
��CdCd
��ProteinsProteins

MIPMIP
��������CatecholCatechol

MiscellaneousMiscellaneous
��������MetalloproteinsMetalloproteins

from trace elements to 

from trace elements to metalloproteins

metalloproteins

Marco A. Z. Arruda

US/MAWE US/MAWE 
��InorganicInorganic
��OrganicOrganic
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BiomimeticBiomimetic ReceptorsReceptors
MMolecularly olecularly IImprinted mprinted PPolymersolymers ((MIPMIP ))

Synthetic polymers presenting 
selectivity to a target molecule 

Science tries to imitate those natural recognition sitesScience tries to imitate those natural recognition sites

Antigen/Antigen/AntibodyAntibody

Enzyme/Enzyme/SubstrateSubstrate

Drug/Drug/ReceptorReceptor



Marco A. Z. Arruda

MIPsMIPs: Application to the Analytical : Application to the Analytical 
Chemistry Chemistry 

Samples

Drugs, Enzymes,

Hormones, Proteins,

Amino acids, Sugars,

Agro-toxics, etc.

Chromatography 

(as stationary phase),

Capillary electrophoresis,

SPE, SPME 

Techniques
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MIP MIP –– Synthesis Synthesis 

Medium (solvent, water); Template (IM); Functional monomer (FM);Medium (solvent, water); Template (IM); Functional monomer (FM);
CrossCross--linker (CL); Initiator (I)linker (CL); Initiator (I)

TT

CL+ICL+I

TT

CL+ICL+I

TT
TT

ethanol/acetic acidethanol/acetic acid
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Imprinted molecule Imprinted molecule –– IMIM

--has specific groups to promote the bond to the FMhas specific groups to promote the bond to the FM
--no presence of no presence of polymerizablepolymerizablegroups (insertion to the polymeric net)groups (insertion to the polymeric net)
--no groups that increase or decrease the polymerization reactionno groups that increase or decrease the polymerization reaction
(ex. (ex. tyoltyol groups)groups)
--stability (T stability (T caca. 60. 60ooC)  C)  

MIP MIP –– ReagentsReagents
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Functional monomer Functional monomer –– FMFM

-- Complementarities between FM and IM. Complementarities between FM and IM. 
-- if FM is proton donor (acidic character) if FM is proton donor (acidic character) �� IM must be proton acceptorIM must be proton acceptor
(basic character) and (basic character) and vicevice--versaversa
-- Commonly used: Commonly used: methacrylicmethacrylicacid (for basic IM) and 4acid (for basic IM) and 4--vinylpyridinevinylpyridine
(for acidic IM)(for acidic IM)
-- Concentration: interaction between FM and IM is based on equiliConcentration: interaction between FM and IM is based on equilibriumbrium
processes. >> [FM] than [IM] processes. >> [FM] than [IM] -- caca. 4:1 [FM]:[IM] . 4:1 [FM]:[IM] ��
formation of a great number of specific recognizing sitesformation of a great number of specific recognizing sites
-- Possibility of combining different FM Possibility of combining different FM �� polymerization cocktail polymerization cocktail 

MIP MIP –– ReagentsReagents
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FMFM

MIP MIP –– ReagentsReagents
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CrossCross--linker linker –– CLCL

--Function: Function: 
*morphology control of the polymeric matrix*morphology control of the polymeric matrix
*stabilizes the bond sites*stabilizes the bond sites
*promote mechanical stability to the polymer*promote mechanical stability to the polymer
--necessary at higher proportions in the MIP synthesis necessary at higher proportions in the MIP synthesis �� to access theto access the
porous of the polymer, guarantying mechanical stabilityporous of the polymer, guarantying mechanical stability
--Ethylene glycol Ethylene glycol dimethacrylatedimethacrylate�� commonly usedcommonly used

MIP MIP –– ReagentsReagents
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CrossCross--linkerlinker

MIP MIP –– ReagentsReagents
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SolventSolvent

--Function: Function: 
* reagents * reagents solubilizationsolubilizationin the synthesisin the synthesis
*contribute to best porous formation*contribute to best porous formation
*contribute to macro*contribute to macro--porous formation in the polymer porous formation in the polymer ��

large surface arealarge surface area
--does not interfere in the complex FMdoes not interfere in the complex FM--IM formation (probability to formIM formation (probability to form
low selective sites and in less quantities)low selective sites and in less quantities)
--majority of the interactions between FMmajority of the interactions between FM--IM is due to the electrostaticIM is due to the electrostatic
forces and hydrogen bounds forces and hydrogen bounds �� solvents should present non polar solvents should present non polar 
characteristics and have lower dielectric constant (characteristics and have lower dielectric constant (e.ge.g. chloroform . chloroform 
and toluene)and toluene)
--solubility problems: uses solubility problems: uses acetonitrileacetonitrile. MIP presenting lower selectivity. MIP presenting lower selectivity
can be formedcan be formed

MIP MIP –– ReagentsReagents
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Initiator Initiator -- II

-- Function: Function: creates free radicals for polymerization creates free radicals for polymerization 
-- external stimulus: T, UV radiationexternal stimulus: T, UV radiation
-- check its influence on others reagents (T increase without its check its influence on others reagents (T increase without its 
degradation?, etc.)degradation?, etc.)
-- commonly used: 2,2’commonly used: 2,2’-- azobisisobutyronitrileazobisisobutyronitrile

CautionCaution: : 
-- synthesis processed at 60synthesis processed at 60ooC as maximum T (C as maximum T (aazobisisobutyronitrilezobisisobutyronitrile))
-- it must be carried out in an oxygenit must be carried out in an oxygen--free atmosphere free atmosphere 

MIP MIP –– ReagentsReagents
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MIP MIP –– Synthesis: Reagents Synthesis: Reagents 

AzobisisobutyronitrileAzobisisobutyronitrileInitiatorInitiator

Ethylene glycol Ethylene glycol dimethacrylatedimethacrylate
(EGDA).(EGDA).

CrossCross--linkerlinker

MethacrylicMethacrylicacid (MA) used for acid (MA) used for 
basic moleculesbasic molecules

4 4 vinylpyridinevinylpyridine (4VP) used for (4VP) used for 
acidic moleculesacidic molecules

Functional monomerFunctional monomer

Chloroform/Chloroform/acetronitrileacetronitrileMediumMedium
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OnOn--line molecularly imprinted solidline molecularly imprinted solid--phase extraction forphase extraction for
the selective the selective spectrophotometricspectrophotometricdetermination of determination of catecholcatechol

antisepticantiseptic

CatecholCatechol

antifungalantifungal

antioxidantantioxidant

vasvaseeconstrictorconstrictor damage indamage in
renal tubesrenal tubes

decreasedecreasedd liverliver
functionfunction

Mn(VIIMn(VII ) ) �������� Mn(IIMn(II ))

MIPMIP

se
le

ct
iv

ity
se

le
ct

iv
ity

MIP MIP –– Applications Applications 

FigueiredoFigueiredoet alet al., ., MicrochemMicrochem. J.. J. 85(2007)29085(2007)290



Marco A. Z. Arruda

TarleyTarleyet alet al., ., TalantaTalanta69(2006)25969(2006)259

MIP MIP –– characterizationcharacterization
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R: KMnOR: KMnO44 0.010% (m/v)0.010% (m/v)
E: HNOE: HNO33 1 mol/L1 mol/L
WS1: washing solution (0.01 mol/L HNOWS1: washing solution (0.01 mol/L HNO33 + 2 % v/v ACN)+ 2 % v/v ACN)
WS2: washing solutionWS2: washing solution(ACN 50% v/v)(ACN 50% v/v)
MP+CMP+C1818: 70 mg (70% polymer + 30% C: 70 mg (70% polymer + 30% C1818))
MIP: 70 mgMIP: 70 mg
C: coil 20 cmC: coil 20 cm

 WS1 

 S 

 
  WS2 

 V1 

 V2 

 P 

 V3  V6 

 W 

 W 

 V5 

 V4 

 MIP 
 V7 

 W 

 C 
 528 nm  R 

 E 

 x 

 MP + C18 

MIP MIP –– ApplicationsApplications
Flow systemFlow system
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Catechol

Concomitants

Waste

MP-COOH

Waste

MIP-NH2

1 mol/L

HNO3

KMnO4

528 nm

MIP MIP –– ApplicationsApplications
Flow systemFlow system

COOH

Methacrylic acid

OHOH

catechol

N

4 - vinylpyridine
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Catechol

Concomitants

Waste

MP-COOH

Waste

MIP-NH2

1 mol/L

HNO3

KMnO4

528 nm

MIP MIP –– ApplicationsApplications
Flow systemFlow system

COOH

Methacrylic acid

OHOH

catechol

N

4 - vinylpyridine
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ACN 2 % + 

0.01 mol/L HNO3

Waste

Catechol

Concomitants

Waste

MP-COOH

Waste

MIP-NH2

1 mol/L

HNO3

KMnO4

528 nm

MIP MIP –– ApplicationsApplications
Flow systemFlow system

COOH

Methacrylic acid

OHOH

catechol

N

4 - vinylpyridine
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ACN 2 % + 

0.01 mol/L HNO3

Waste

Catechol

Concomitants

Waste

MP-COOH

Waste

MIP-NH2

1 mol/L

HNO3

KMnO4

528 nm

A

T+−  → 2Catechol
4 MnMnO

MIP MIP –– ApplicationsApplications
Flow systemFlow system

COOH

Methacrylic acid

OHOH

catechol

N

4 - vinylpyridine
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ACN 2 % + 

0.01 mol/L HNO3

Waste

Catechol

Concomitants

Waste

MP-COOH

Waste

MIP-NH2

1 mol/L

HNO3

KMnO4

A

T

528 nm

+−  → 2Catechol
4 MnMnO

MIP MIP –– ApplicationsApplications
Flow systemFlow system

COOH

Methacrylic acid

OHOH

catechol

N

4 - vinylpyridine
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Concomitant evaluationConcomitant evaluation

1:1 1:5 1:8 1:10 
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Linear range: 3.00 Linear range: 3.00 –– 100 100 µµµµµµµµmmol/Lol/L
(r > 0.999; n=7)(r > 0.999; n=7)

Precision: 3% RSD (n=10)Precision: 3% RSD (n=10)
LOQ: 2.7 LOQ: 2.7 µµµµµµµµmol/Lmol/L
LOD: 0.8 LOD: 0.8 µµµµµµµµmol/Lmol/L

Figures of meritFigures of merit
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ResultsResults

11LOQ = 2.7 LOQ = 2.7 µµmol Lmol L --11 y y 22LOQ = 4.2 LOQ = 4.2 µµmol Lmol L --11

20.0 20.0 ±± 0.60.6989819.6 19.6 ±± 0.20.22020

10.3 10.3 ±± 0.80.895959.5 9.5 ±± 0.40.41010

< LOQ< LOQ--< LOQ< LOQ00

Tap waterTap water

27.4 27.4 ±± 0.20.210910929.5 29.5 ±± 0.40.42020

17.0 17.0 ±± 0.10.111211218.9 18.9 ±± 0.20.21010

7.4 7.4 ±± 0.20.2--7.7 7.7 ±± 0.50.500

Mate teaMate tea

24.0 24.0 ±± 0.30.310210223.2 23.2 ±± 0.40.42020

12.0 12.0 ±± 0.10.1909011.9 11.9 ±± 0.20.21010

< LOQ< LOQ--2.8 2.8 ±± 0.40.400

BB

21.3 21.3 ±± 0.20.210310320.6 20.6 ±± 0.60.62020

10.4 10.4 ±± 0.50.510510510.5 10.5 ±± 0.50.51010

< LOQ< LOQ22--< LOQ< LOQ1100

AA

GuaranGuaranáá

HPLCHPLCFIFI --MISPE MISPE 
recovery/%recovery/%FIFI --MISPEMISPEAddition Addition 

((µµmol Lmol L --11))
SampleSample
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MM IPIP
Use of nonUse of non--selectiveselective
spectrophotometricspectrophotometric

reactionsreactions

Alternative for separatingAlternative for separating
those compounds presentingthose compounds presenting

similar structuresimilar structure

Good analytical performanceGood analytical performance

Molecularly imprinted polymers Molecularly imprinted polymers –– MIPMIP
ConclusionsConclusions
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CPE CPE 
��CdCd
��ProteinsProteins

MIPMIP
��������CatecholCatechol

MiscellaneousMiscellaneous
��������MetalloproteinsMetalloproteins

from trace elements to 

from trace elements to metalloproteins

metalloproteins

Marco A. Z. Arruda

US/MAWE US/MAWE 
��InorganicInorganic
��OrganicOrganic



IonomeIonome:: Metal (free) contained in a cellMetal (free) contained in a cell

MetalloproteomeMetalloproteome:: Set of Set of complexedcomplexedmetals with proteins in a cellmetals with proteins in a cell

METALLOME: METALLOME: Set of metals or metalloids inside a cell Set of metals or metalloids inside a cell 
or tissue or tissue –– ionomeionomeand and metalloproteomemetalloproteome

Marco A. Z. Arruda

Some definitionsSome definitions

METALLOMICS: METALLOMICS: Study (Study (qualiquali and quantitative) of the and quantitative) of the 
metallomemetallome

HARAGUCHI, 2002HARAGUCHI, 2002
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Proteins containing iron are classified into two categories. TheProteins containing iron are classified into two categories. Thefirst is first is haemehaeme, , 
where this metal is where this metal is chelatedchelatedby by porphyrinporphyrin (a water(a water--insoluble insoluble ligandligand). This class ). This class 
is constituted by is constituted by haemoglobinhaemoglobin,, myoglobinmyoglobin andand cythochromescythochromes.. The second is The second is 
formed by nonformed by non--haemehaemeiron. The principal examples are iron. The principal examples are transferrintransferrin, , ferritinferritin ,,
ovotrasferrinovotrasferrin,, caseincasein,, hemosiderinhemosiderinand and albuminalbumin..

IronIron

This metal is found in a variety of enzymes such as This metal is found in a variety of enzymes such as pyruvatepyruvatecarboxylasecarboxylaseand and 
oxalacetateoxalacetatedecarboxylasedecarboxylase. It can be found in proteins such as . It can be found in proteins such as glutamine glutamine 
synthetasesynthetase,, ββ--globulinglobulin andandalbuminalbumin. . 

ManganeseManganese

Zinc is a constituent in more than 200 enzymes and proteins. TheZinc is a constituent in more than 200 enzymes and proteins. Theprincipal principal 
examples are examples are insulininsulin and and carboxypeptidasecarboxypeptidaseAA..

ZincZinc

Around 95% of total Lead in human blood is bound to erythrocytesAround 95% of total Lead in human blood is bound to erythrocytes. In most . In most 
erythrocytes, the lead is bound within the cell in erythrocytes, the lead is bound within the cell in haemoglobinhaemoglobin. In . In extracellularextracellular
fluids lead is bound to fluids lead is bound to albuminalbumin and some high molecular weight proteins and some high molecular weight proteins 
((globulinsglobulins).).

LeadLead

CeruloplasminCeruloplasmin(human serum protein), (human serum protein), ascorbateascorbateoxidaseoxidase(plants and bacteria), (plants and bacteria), 
plastocyaninplastocyanin (higher plants and (higher plants and cyanobacteriacyanobacteria), ), superoxidesuperoxide dismutasedismutase,,
tyrosinasetyrosinase,, cytocromecytocromeoxidaseoxidaseandandhemocupreinhemocuprein(animals).(animals).

CopperCopper

TransferrinTransferrin (plasma protein). Transports Cr(III) throughout the body in the (plasma protein). Transports Cr(III) throughout the body in the 
blood cellsblood cells

ChromiumChromium

Glutathione Glutathione peroxidaseperoxidase. An enzyme that catalyzes the reduction of peroxides . An enzyme that catalyzes the reduction of peroxides 
and protects the cells from oxidative damage    and protects the cells from oxidative damage    

SeleniumSelenium

Enzymes/ProteinsEnzymes/ProteinsElementElement

EExamples of xamples of metalloenzymesmetalloenzymes(and (and metalloproteinsmetalloproteins))
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I)I) How the element (metal or metalloid) isHow the element (metal or metalloid) is
distributed in cellular compartments of a distributed in cellular compartments of a 

cell cell 

II) Its coordination environment; in whichII) Its coordination environment; in which
biomoleculebiomoleculeis is complexedcomplexedor what is theor what is the
bioligandbioligandinvolved in its involved in its complexationcomplexation

III) Individual concentrations of the metallic speciesIII) Individual concentrations of the metallic species

DECIPHERING  METALLOMICS…DECIPHERING  METALLOMICS…



Marco A. Z. Arruda

Classification on the Classification on the metallomicmetallomic informationinformation

Qualitative Qualitative metallomicsmetallomics:: individual species identificationindividual species identification

Quantitative Quantitative metallomicsmetallomics:: concentration determination ofconcentration determination of
the speciesthe species

Comparative Comparative metallomicsmetallomics:: monitoring of monitoring of metallomemetallome
alterations related to an organism, under influence of alterations related to an organism, under influence of 
external stimulus.external stimulus.
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Strategies on Strategies on metalloproteomicsmetalloproteomicsstudies studies 

SeparationSeparation
selectivity
component

CharacterizationCharacterization
(proteins)(proteins)

structural component

MALDIMALDI --QTOFQTOF--MSMS

ElectrosprayElectrospray--MSMS

1D1D--2D 2D 
ElectrophoresisElectrophoresis

ElectroElectro
chromatographychromatography

LCLC 22

(SEC+RP)(SEC+RP)

ICPICP--MS; XRF; AAS;...MS; XRF; AAS;...

Identification/quantificationIdentification/quantification
(metals, metalloids)(metals, metalloids)

sensitivity component

LCLC --MSMS--MSMS

SurfactantsSurfactants

BioBio--informaticsinformatics
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Strategies on Strategies on metalloproteomicsmetalloproteomicsstudies studies 

Should the sample preparation be the same one Should the sample preparation be the same one 
employed to proteomics studies?employed to proteomics studies?

To be or not to be…it is the questionTo be or not to be…it is the question??

Magalhães & Arruda, Magalhães & Arruda, TalantaTalanta71(2007)195871(2007)1958

Evaluation of Evaluation of metalloproteinmetalloproteinextraction procedures in extraction procedures in 
phytotherapicphytotherapicmedicinesmedicines

AesculusAesculushippocastanumhippocastanumI. I. –– Horse ChestnutHorse Chestnut
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shaken (water)

shaken

shaken

centrifugation

centrifugation

25oC

dialysis (42h) centrifugation 25oC

25oC

dialysis centrifugation 25oC

centrifugation 25oC

centrifugation 25oC

shaken (buffer) centrifugation 25oC

(water)

centrifugation 25oC(buffer)

(water)

(water)

(water)

11

22

33

44

55

66

77

88

as in procedure 9 � 40oC
as in procedure 8 � 40oC

99 centrifugation 25oC(buffer)

1010

1111

Protein extractionProtein extraction
proceduresprocedures
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shaken (water)

shaken

shaken

centrifugation

centrifugation

25oC

dialysis (42h) centrifugation 25oC

25oC

dialysis centrifugation 25oC

centrifugation 25oC

centrifugation 25oC

shaken (buffer) centrifugation 25oC

(water)

centrifugation 25oC(buffer)

(water)

(water)

(water)

11

22

33

44

55

66

77

88

as in procedure 9 � 40oC
as in procedure 8 � 40oC

99 centrifugation 25oC(buffer)

1010

1111

1.811.81±±0.060.06

1.511.51±±0.060.06

1.221.22±±0.040.04

3.033.03±±0.080.08

3.63.6±±0.20.2

1.741.74±±0.080.08

2.512.51±±0.040.04

3.383.38±±0.090.09

5.55.5±±0.10.1

4.84.8±±0.20.2

3.83.8±±0.20.2

mmg/gg/g
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Mapping the metalsMapping the metals…… (qualitative (qualitative metalloproteomicsmetalloproteomics))

shaken (water) centrifugation 25oC

shaken (buffer) centrifugation 25oC

1

2

centrifugation 25oC(water)8

9 centrifugation 25oC(buffer)

1.811.81±±0.060.06

1.511.51±±0.060.06

3.383.38±±0.090.09

5.55.5±±0.10.1
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(1)
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(3)

(4)

1

2 8

9



Marco A. Z. Arruda

1.1 1.1 ±±0.40.438 38 ±±331.3 1.3 ±±0.10.1< LOD< LOD99

< LOD< LOD23 23 ±±99< LOD< LOD0.74 0.74 ±±1188

12 12 ±±2237 37 ±±771.5 1.5 ±±0.40.411.4 11.4 ±±0.80.855

15 15 ±±1140 40 ±±774.00 4.00 ±±0.020.026.4 6.4 ±±0.30.344

1.9 1.9 ±±0.20.238 38 ±±221.6 1.6 ±±0.70.79.8 9.8 ±±0.70.722

2.7 2.7 ±±0.40.435 35 ±±664.98 4.98 ±±0.050.0512.512.5±±0.50.511

MnMn ((µµµµµµµµg gg g--11))Fe (Fe (µµµµµµµµg gg g--11))Cr (Cr ( µµµµµµµµg gg g--11))Ca (Ca (µµµµµµµµg gg g--11))ProcedureProcedure

LOD: 0.05 LOD: 0.05 µµg gg g--11 Ca; 0.054 Ca; 0.054 µµg gg g--1 1 Cr; 0.99 Cr; 0.99 µµg gg g--1 1 Fe; 0.06 Fe; 0.06 µµg gg g--1 1 MnMn

centrifugation 25oC(water)

centrifugation 25oC(buffer)

4

5

3.033.03±±0.080.08

3.63.6±±0.20.2

9 centrifugation 25oC(buffer) 5.55.5±±0.10.1

Determining the metalsDetermining the metals…… (quantitative (quantitative metalloproteomicsmetalloproteomics))
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Comparative Comparative metallomicsmetallomics

Transgenic organisms: changes in the proteome!!Transgenic organisms: changes in the proteome!!

Hypothesis: also Hypothesis: also metallomemetallomechanges??changes??

54.50 54.50 kDakDa
pIpI: 6.83: 6.83

transgenic non-transgenic

transgenic non-transgenic

27.03 27.03 kDakDa
pIpI: 4.37: 4.37

SussuliniSussulinietet alal., ., J. Anal. At. J. Anal. At. SpectromSpectrom, , 2007, 2007, DOIDOI : 10.1039/: 10.1039/b706684hb706684h
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Transgenic soybean [Transgenic soybean [GlycineGlycinemaxmax(L.) (L.) MerrilMerril ]: ]: Roundup ReadyRoundup Ready

NonNon--selective herbicide:selective herbicide:

nonnon--transgenic plants aretransgenic plants are

also exterminated also exterminated 

Soybean genetic modification:Soybean genetic modification:

based onbased on inserting the CP4 inserting the CP4 

EPSPS gene EPSPS gene from from 

AgrobacteriumAgrobacterium sp.sp. strain CP4 strain CP4 

that provides CP4 EPSPS that provides CP4 EPSPS (EC (EC 

2.5.1.19)2.5.1.19) protein (tolerant to protein (tolerant to 

glyphosateglyphosate))

Action of Action of glyphosateglyphosate:: inhibits the inhibits the 

EPSP EPSP synthasesynthase enzyme, which enzyme, which 

participates on aromatic amino acids participates on aromatic amino acids 

synthesis in plantssynthesis in plants

Comparative Comparative metallomicsmetallomics
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transgenictransgenic nonnon--transgenictransgenic

Transgenic soybean: Transgenic soybean: 408±27408±27
NonNon--transgenic soybean: transgenic soybean: 397±26 397±26 

matchmatch: : caca. 70% (n=3) and . 70% (n=3) and caca. 40%. 40%

Comparative Comparative metallomicsmetallomics
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SeparationSeparation
Selectivity
component

CharacterizationCharacterization
(proteins)(proteins)

Structural component

MALDIMALDI --QTOFQTOF--MSMS

2D2D
electrophoresiselectrophoresis

SRSR--XRF and AASXRF and AAS

Identification/quantificationIdentification/quantification
(metals, metalloids)(metals, metalloids)

Sensitivity component

BioBio--informaticsinformatics

Comparative Comparative metallomicsmetallomics-- StrategyStrategy
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1: 1: ββ--conglycininconglycininββ--chain precursorchain precursor
2: 2: GlycininGlycinin G2 G2 
3: Soybean agglutinin3: Soybean agglutinin
4: Seed maturation protein PM 254: Seed maturation protein PM 25
5: not identified5: not identified
6: not identified6: not identified
7: 7: GlycininGlycinin chain A2B1a precursorchain A2B1a precursor
8: 8: GlycininGlycinin G4 (precursor)G4 (precursor)
�������� MALDIMALDI --QTOF MSQTOF MS

1

transgenictransgenic

Comparative Comparative metallomicsmetallomics
Selectivity and Structural componentsSelectivity and Structural components
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LALA --ICPICP--MSMS

BinetBinet et alet al., ., Anal. Anal. BiochemBiochem. 318(2003)30. 318(2003)30
Escherichia coliEscherichia coli((CdCd/Zn) /Zn) �� >> [>> [metalloproteinsmetalloproteins]]

under stress conditionsunder stress conditions

Comparative Comparative metallomicsmetallomics
Sensitivity componentSensitivity component

Extracted from Extracted from AgilentAgilent CDCD
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gel decompositiongel decomposition

SussuliniSussuliniet alet al., ., Anal. Anal. BiochemBiochem. . 361(2007)146  361(2007)146  

minimini--vialsvials1-3 mg

Comparative Comparative metallomicsmetallomics
Sensitivity componentSensitivity component
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support system

mini-vials

adaptation
to the MW 

vessel

Sussulini et al., Anal. Biochem. 361(2007)146  

Comparative Comparative metallomicsmetallomics
Sensitivity componentSensitivity component
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500W - 1 min13a step

0W - 2 min12a step

800W - 30 s11a step

0W - 2 min10a step

800W - 30 s9a step

0W - 2 min8a step

800W - 30 s7a step

0W - 2 min6a step

500W - 1 min5a step

0W - 2 min4a step

500W - 30 s3a step

0W - 1 min2a step

300W - 1 min1a step

Time: 16 min (2x)Time: 16 min (2x)
Reagents: 200 Reagents: 200 µµL HNOL HNO33 + 150 + 150 µµL HL H22OO22

Mass: 1 Mass: 1 –– 2.5 mg2.5 mg
residual C : residual C : << 1%1%

Comparative Comparative metallomicsmetallomics
Sensitivity componentSensitivity component
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SpotSpot

11
22
33
44
55
66
77
88

TSTS

Fe(+)Fe(+)
NDND

Ca(+), Cu(+)Ca(+), Cu(+)
CaCa

Ca(+), Cu(+), Fe(+), Zn(+)Ca(+), Cu(+), Fe(+), Zn(+)
Ca, FeCa, Fe

CaCa
NDND

NN--TSTS

FeFe
Ca, FeCa, Fe
Ca, CuCa, Cu

NDND
Ca, Cu, Fe, ZnCa, Cu, Fe, Zn

Ca(+), Fe(+), Ca(+), Fe(+), MnMn , Ni, Ni
Ca(+), FeCa(+), Fe

FeFe

Comparative Comparative metallomicsmetallomics
Sensitivity component Sensitivity component –– SRSR--XRFXRF



Marco A. Z. Arruda

< LOQ< LOQNDNDNDND8

< LOQ< LOQNDND< LOQ< LOQ7

869 ± 93663 ± 79NDND15 ± 23.5 ± 0.26

447 ± 54691 ± 78< LQ1.6 ± 0.13.6 ± 0.517 ± 25

NDNDNDND< LOQ< LOQ4

NDND2.8 ± 0.21.5 ± 0.22.2 ± 0.42.6 ± 0.23

348 ± 49212 ± 31NDND< LOQ< LOQ2

< LOQ< LOQdNDNDNDNDc1

N-TSTSN-TSTSN-TSTSSpot

Feb (µg g-1)Cub (µg g-1)Caa (mg g-1)

a: FAAS; b: ETAAS; c: not determined; d: limit of quantificationa: FAAS; b: ETAAS; c: not determined; d: limit of quantification

Proteins of spots 1,2,7,8 Proteins of spots 1,2,7,8 �� do not present metal in their structures;do not present metal in their structures;
Spot 2: Fe(II) micronutrient Spot 2: Fe(II) micronutrient �� better nutrient preservation??better nutrient preservation??
Protein of spot 3 Protein of spot 3 �� involved in the metallic ions coordination from a bond site witinvolved in the metallic ions coordination from a bond site withh
carbohydrate [Ca(II), carbohydrate [Ca(II), Mn(IIMn(II ) and others transition metallic ions]) and others transition metallic ions]

Comparative Comparative metallomicsmetallomics
Sensitivity component Sensitivity component –– AASAAS
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ConclusionsConclusions

Extraction procedureExtraction procedure
Extraction mediumExtraction medium

Decisive to preserve metalsDecisive to preserve metals
in the protein structurein the protein structureDifferent results in terms of Different results in terms of 

protein and/or metal extractionprotein and/or metal extraction

Must be carefully chosen:Must be carefully chosen:
proteomics and/or proteomics and/or metalloproteomicsmetalloproteomics
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in-deep view SampleSample
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Special thanks…Special thanks…
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…and even more…and even more
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Trends in Sample PreparationTrends in Sample Preparation

Günter Knapp:Günter Knapp: PrefacePreface
Pedro V. Oliveira:Pedro V. Oliveira: Micro sampling for solid and slurries analytical methodsMicro sampling for solid and slurries analytical methods
JoaquimJoaquim NóbregaNóbrega:: MicrowaveMicrowave--assisted procedure for sample preparation: new assisted procedure for sample preparation: new 
developmentsdevelopments
ÉricoÉrico Flores:Flores: Trends in sample preparation using combustion techniquesTrends in sample preparation using combustion techniques
Patricia Patricia SmichowskiSmichowski:: Sample preparation of atmospheric aerosols for elemental Sample preparation of atmospheric aerosols for elemental 
analysis and fractionation studiesanalysis and fractionation studies
Fabio Fabio AugustoAugusto:: Extraction and preExtraction and pre--concentration techniques for chromatographic concentration techniques for chromatographic 
analysisanalysis
José M. José M. PingarrónPingarrón:: Strategies in sample preparation for applications in analyticalStrategies in sample preparation for applications in analytical
electrochemistry electrochemistry 
Elias A. G. Elias A. G. ZagattoZagatto:: InIn --line sample preparation in flow analysisline sample preparation in flow analysis
Miguel Miguel ValcárcelValcárcel:: The role of vanguardThe role of vanguard--rearguard strategies in sample preparation rearguard strategies in sample preparation 
in routine analytical laboratoriesin routine analytical laboratories
Marco A. Z. Marco A. Z. ArrudaArruda :: Strategies for sample preparation focusing Strategies for sample preparation focusing biomoleculesbiomolecules
determination/characterizationdetermination/characterization
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