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28-2 AloAvTtomolnon Twv dELyLATWY yLa avaiuon



AtaAvTomoilnon Twyv OELYLATWY YL aAVaAUOoN

MeTA TNV €MLAOYN AVILTPOOWTTEVTLKOU SELYUOTOC TIPETEL VAL TTAPAOKEVAOOEL TO EpyaoTNPLOKO

Sdeilypa ywa avaiuvon

To epyaotnplako delypa ouvrBwc StalveTtal yla tnv avaAuaon.

e Eival onpavtiko va StaAuBel 0o to deiypa yati aAAwg dev yvwpilovpe av 6Aog o
avoAUTNG ExeL SLaAuBEL.

e Edv to belypa dev SlaAveTalL UTIO ATILEC CUVONKEC, TOTE UMOpEL va xpnotuornolnBet meyn pe
o&u | ocuvtnén.

* To opyavIKO UALKO prtopet va kataotpadel pe kavon (ovopaddletal emiong Enpn amotedpwon)
N vypn anotédppwon (ofeidwon He vypd avTOpaoTAPLA) YLOL TN LETATPOTI TWV AVOPYOVWV
OTOLELWV O& KATAAANAN popdn yLor avaAuon.



AlaAuon avopyovwy UALKWY LE OCEQL

* Quoieg adLaAUTEG 0€ UN-0EelOWTIKA o&ga umopel va dtaAvovtal ota ofeldwtikd ofea HNO;, Bepuo,
nukvo H,SO,, i Bepuod, mukvo HCIO,

* To vitptko 0éU mpooBaAAel ta meploootepa UETAAAL, aAAd Oxt Tov Au kat to Pt, Ta omoia
StaAvovtat oto peiyua HCI:HNO; 3:1 (vol/vol) rou ovoualetat BaotAiko vepo (aqua regia).

* loxupa ofeldwtikd SltaAutomolouv SUCKOAO UALKAL.

To Bepuo, mukvo HCIO, (mou avadEpetal apyoTeEPA YLOL OPYAVLKEG OUGLEC) eival Eva

EMIKINAYNO, Loxupo o&eldWTLKO TOU omtoiou N ofedwTIKA LoXUC auéaveTal




[MINAKAZ 28-5 O¢ea yia dtaAutomnolnon deyua
[NINAKAX 28-5 O¥ffaywx Stadvtomoinon detypdatov
Tumikn ovotaon (Y%ow/w
0% KALTIUKVOTITA) ENUELWOELS
HCI 37% Mn o&eldw ik 0&0 xpriowo yo ToAAd pétadAa, o€eidia, GovA@idia, avl pakikd Kot wo@opIKa.
1,19 g/mL H otaBepn) ovotaon Bpacpov atovg 109°C eivan 20% HCL. Ta As, Sb, Ge kat Pb oynpatifovv mmtika
YAwpiSia ov pmopel va yaBovv amod £va avoytd Soyelo.
HBr 48-65% [lapoporo pe o HCI otig 1610 teg Tou Stadd ). Zrabepn cvotaon Bpacpol oe 124°C eivou 48% HBr.
H,S0, 95-98% KaAdg Stadvng oto ompeio Bpacpot twv 338°C. [IpooPdiier pétaiia. AQudatwvel kat o§etd mvet
1,84 g/mL OPYQAVIKEG EVDOELS.
H;PO, 85% To Beppd 0&0 St avBekTiKd oeidia adidAvTa o€ AAAa o&éa. I'iveTan avudpo avw Twv 150°C.
1,70 g/mL Agudatwveta o€ Tupo@wo@opik6 0&y (H,P0;—0—PO;H,) oe >200°C ko audatwveTat mepatépw
0€ PETAPWoPOoPtKo 0§V ([HPO;],) oe >300°C.
HF 50% Xpnowomoteitat Kupiwgs yia t StdAvon Twv TUPLTIK®V, Kavovtag TN Tiko To SiF,. To mpoidv auto kat
1,16 g/mL nmepiooeiax HF amopakpivovtar pe mpoadrikn H,S0, 1 HCIO, ko Oéppavon. H otabepr) cotaon
Bpacpov atovg 112°C eivan 38% HEF. Xpnowomoteitan o doyeia Teflon, apyvpov 1 mAativas.
E€aupetikd emPAafés katd mv eman 1) v eomvon. Ta @Boplotya dAata twv As, B, Ge, Se, Ta, Nb, Ti
ko Te etvan mnTikd. Ta LaFs, CaF; kou YF; kaBwlavouv. Ta F- amopakpivovta Sta mpoabrikng H3BO;
Ko @Tavovtag péxpt Enpov mapovaia H,S0,.
HCIO, 60-72% To Yruypd ko apaid o€v Sev ivan 0Eedw Tk, AAAG TO Bgp PO, TTLKVO 0&D Elvan eEPETIKA Lo LPO,
1,54-1,67 g/mL EKPNKTIKO 0EESWTIKO, I1aiTEPA X PO LHO Vit 0py Vi) VAN TIOL €yt 1OM o€ed wOel peptk g pe Oeppod
HNO,. H otaBepn oVotaon Bpacpol atoug 203°C eiven 72%. [pwv and T xpnon HCIO,, e§atpi-
lovpe To Setypa oxedov péxpt ENpov apketéc @opéc pe Oeppd HNO; wote va Katastpagel 060
T0 SUVATOV TTEPLOGOTEPO 0PYAVIKO VALKO.




[Tedn UKPOKUUATWVY

/ N
= [opa avakoL@Long
= Tieong
([ = ) /
H| =] A
Teflon
o — (L O-8aktVAlo¢
Aoyel amd Teflon 4\_\
HE TTOHA
k_=—)
Mn petaAAikéd

L [T efwTtepikd cOpa
s

H nédn nmpaypatonoleitatl ebkoAa os ofida (oppaylopévo doxelo) pe emevduon

arno Teflon, mou Bepuaivetol o poUpPVo ULKPOKUUATWVY



ALOAUON aVOPYaVWVY UALKWYV LE OUVTNEN

EIKONA 28-8 Avtopatotmounpévn GUGKELT, 1|
OTO LA THKEL TPLA SELY HATA TAVTOXPOV X UUE KO-
otnpegmpomaviov. Taywvevmpa Pt/Au ept-
oTpé@OoVTaL eV elvat kekAtpéva. [Evyeviki
npoc@opd Claisse, Kepméx].

Ouoiec rou Sev dtalvovtal og o0&V pmopouv cuvnBwc va StaAuBouv oe pon Beppov,

avopyavou tryuatocg (Mivakog 28-6).



[MINAKAZ 28-6 Poec yia dtalutormoinon Twv Oy aTwVY

[NINAKAY 28-6  Po£¢ yiat SLaAutomoinen Twv Setypdtov

Pon XwvevTiplo Xpnoeig

Na,COs; Pt l'am Stddvon mupttikwv cAdTwv (Gpytios, Bpdyot, pETaAAQ, Yuodid), avBekTuicd oeidia,
ASLEAVTA YWOEOPIKA Kot OEUKA.

Li;B407 1} Pt, ypapit, Bopukd dAata (pova Toug 1) o€ pelypata) xpnotpuomoovvtat Y ™ StdAvon apytiomupt-

LiBO; M Kpdpa Au-Pt, TIKWV KL avBp aKkikmv aAGTwv Kot Sety pdtwv pe vImA£ES UYKEVTPWOELS Baoikwv

Na,B,0, Kpdpa Au-Rh-Pt oteldiwv. To B,07” ovopdZetar teTpaBopuxd kat To BO; kakeitan petafoptico.

NaOHn KOH Au, Ag Atocdverta muprtikd dhata kaito SiC. Epgavidetar appiopog otav to H,0 séaeipetan amd
™ pon. Eivau mpotipdtepo va mpoaotiBetar to Setypa o mpotnypévn porj. Ot avaAutikég
Suvatdmreg meplopilovrar amod Ti§ mpoopigels ota NaOH kat KOH.

Na,0, Zr,Ni loxvpr) Bdom ko toxvpd ofeldwTikd, KaAd yia Tupttikd mov dev Stadvovtat oto Na,COs.
Xpnowo ya kpdpata otdrpov kat xpwpiov. Emeldn mpooBaAAet apyd ta xmveutipa, pua
koA Stadikactia mepriapfaver mv kKdAvym Tov 6w TEPLKOL £vOG Xxwveutnpiov Nipe
mypévo Na,CO;, Poén kat poabnkm Na,0,. To umepodeidio mketon o€ yapmAdtepn
Beppoxpacia amd To avOpaKiKo AAKS, TO 000 TTPOCTATEVEL TO Y WVEVTHPLO ATIO TO TN YU

K;S,0, [lopogddvn, Si0;, Au, Pt | To tupoBeuko kdAo (K;S,0;) mapaokevaletan pe 0éppavon tov KHSO, £wg 6Tov @iyet
0A0 TO vePO Kat OTAPATOEL 0 A@PLopo§. EvaAdakTikd, To vmepBeuid dAag Tov KaAiov
(K;S,0g) amoovvrtifetan ot K,S,0; kata ™ 0€ppavon. KaAo yia avBektucd ogeidi,
OXLTTUPLTIKCL.

B;0; Pt Xpriowo ya o§etdia ko tupttikd aAata. To factko TAEoVEKTN UG TOV Elva OTLT pon
UTTOPEL Vo aropakpuvOel evTeAws wg TN Tiko Popukd pebvAto ([CH;0]5B) pe Sidpopeg
katepyaoies pe HCl og peBavon.

Li,B407 + Li,SO4 Pt Mapdaderypa oyupol pelypatog yia StdAvon avOeKTIKMV TIUPLITIK®V CAGTWV Kat 0EE8iwy

(2:1, B&pog/Bapog)

o€ 10-20 min otoug 1000°C. Eva ypappdpto porig Staivet 0,1 g etypatos. To atepeo-
mompévo Ty pa Stedvetan evkoAa og 20 mL Bgppov HCI 1,2 M.




ALOOTIOON OPYOVLKWY OUCLWV

H dldomaon Tou opyavikoU UALKOU Talvopeital:

Q¢ §npn anotédppwon
* MpoodLoPLOUOC AAOYOVWYV OTOUC YaLAVOPAKEC
Kol LETAAAWV o€ dUTLKA VAN
Qc vypn anotédppwon
e 0,25 g tou {wikoU LoTtoU urtoBaiAovtal o TEYPN
yla tpocSLopLlopo HETAAAWY
* TomoBetnon tou deilypatog os doxeio Teflon
xwpntkotntac 60 mL, to omoio meptexet 1,5 mL
vPnAnc kaBapotntac HNO3 70% kat 1,5 mL
vPnAnc kaBapotntac H2S04 96% kal
BepuaivovTAc TO G€ olKLaKd doUpvo e poomtton i vy v i

ETAVAPPON|§

’ . EIKONA 28-9 ZuoKeuT| HKpOKUPATOV Yt TNV TEYT) 0pYavIKOV VALKGOV e vypn) artoTé@pwon). [SPEX SamplePrep LLC).
UKpokupatwy 700-W yia 1 min.




ArtotedpwTtnc uPnAnc riteonc
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cuvm’yuévng Y8atoéAovutpo pe
TOPLES 5 vol% HzOz
Astypa Oeppolevyos
yio tédm '

U

Ogppavtipag

O anotedppwtnc vPnAncg ieong tng Ekovog 28-
10 XpNOLLOTIOLEL WHLKO BEPUAVTIKO OTOLXELD
HEoa og odppaylopevo Balapo yia tnv nePn oe
Beppokpaciec £wg kot 270°C uTto mieon €wg 140
bar

Y1to uPnAn mtieon ta o€a Beppaivovtal oe
v nAn Beppuokpaoia xwpic fpacuo.

Ye unAn Bepuokpaoia, to HNO3 ofeldwvel
opyavikn UAn xwpic BonBsia amo H,SO,

To untepoteidlo Tou udpoyovou avayel Ta

EIKONA 28-10 AvtokAewotovymAngmieong emrpémer v méym éwg 270°C ywpis H,S0, o€ avouktd So-
xela péoa oo avtokAeoto. [Aedopéva amd B. Maichin, M. Zischka, and G. Knapp, “Pressurized Wet Di-
gestion in Open Vessels,” Anal. Bioanal. Chem. 2003, 376, 715].

o&eldla Tou alwTou TIoU TIoPAYOVTaL KOTA
NV EYPN TN OPYAVIKAS UANG
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Yypn anoteppwon pe Bepuavon HNO5-HCIO, utto kaBeto Yukthpa

M eupewe epappolopevn, aAla emikivduvn, dtadwkaoia

/Xsikog

/OTU']
* Mpwrtov, 10 beiypa Bepuaivetal Bpadewg pe HNO; pexpL Bpacpov
ZTopo Xwpig HCIO,

To urtepxAwWPLKO 0§V £XEL MPOKAAECEL TTOAAEC EKPNEELC.

* O Bpaouog ouveyiletal oxedov HEXPL ENpoL yLa va
Kataotpadel To UALKO.
* AxkolouBei mpooBnkn ppeokouv HNO; kat emavaindn tng
g€ATULONC OPKETEC POPEC.
EIKONA 28-11 Tlbpa e avappo yavypr,  © APOU To Seiypa kpuwoel oe Beppokpacio dwpatiou,

anoté@pwon oe @LéAn Erlenmeyer. H ot emi- npootiBetatl HCIO, kat emavaAappavetal n OEpuavon

TpEMEL 6TOV aTpd va Stuyel. To kuptd 0TO- , , . , .
1o ayyiler 10 e60Tepd TG ouidng. [Aedopé-  © 10 HNO3 Ba mpemel va eivat mapov Kotd tn SLapKeLa tng

va amo D. D. Siemer and H. G. Brinkley, “Erlen- KOLTEpVOLO(OL(; HLE HC|O4
meyer Flask-Reflux Cap for Acid Sample De-

composition,” Anal. Chem. 1981, 53, 750].
11



28-3 TEXVIKEC TIPOETOLHAOLOC OELYUATWV



EXVLKEG TIDOETOLUAOLOC OELYLATWVY

Mpoctolpacia Tov deiypatoc sivol n ospd Twv otadlwyv ToU AIoToUVTOL VLo TOV
LLETAOXNMOATIONO EVOC OELYUATOC ETOL WOTE VO KATAOTEL KATAAANAO YLl alvAAuon

H mpoetolpacio tou deiypatoc punopet va mepltAapPavet
* Tn StaAutomoinon tou delypatoc
* Tnv ekxUALON TOU avaAUTn armo €va TTOAUTTAOKO XNULKO TtepLBAaAAov
* Tn cupnUkvwon apotol avaAutn oe emninedo nov pmopel va mpoodloploBet
* Tn XNULKA LETATPOTIA TOU AVOAUTN OE aviXVEVOLUN popdn
* Tnv amopdkpuvon n tnv KaAvdn twv napepmodioswv.



Yypn eKYUALON

Kata tnv ekxOALon, o avaAutng dtaAutomoleital oe SLaAUTn, 0 omoiog Hev SlaAuTtomolel anapaitnta

oAOKANpo to Selypa kat dev amoouvBETeL Tov 1610 Tov avaAuTn

Eva pelypa xwpatoc, akeTovne Kat e€aviou tomoBeteital oe oBida pe emevbuon armod tepAov (Ewkovec 28-7 ko
2812) kol Beppaivetal pe pkpokupato otoug 150°C.
H Bepuokpacia autn eivat 50°-100°C upnAotepn amo ta onpeia (E0ewe Twv SLAAVTWV O€ atpoodalpLKh

Tiieon.
Ta putodappaka dStaAvovtol, aAAA TO XWHO TIOPOLUEVEL

BITTTITy

EIKONA 28-12 ®00pvog pikpokupdtwy 1ox0og

1,8 kW ywa eicxVdion pe Stoadvm 1) médm pe 080

¢wg kat 40 Serypdtwv ot Soxeia Twv 75 mL

mov meptéyovtan o€ mepifAnpa Kevlar, avOe- £
KTtkO oL ekprigets. Aikpopa Soxela oxedid-

Jovtan ylx va avtéxouv o Beppokpaocieg péxpt

260°-300°C kot méoelg £wg ko 30-100 bar: O

Bpuppatifopevor Siokot EKTOVMOVOLY TNV Tiig-

om eav auT vmepPei v icpioun T, Otatpol

efagpwvovtal og anaywyd. H Bepuokpacia

péoa ot kaBe Soxeio mapakolovdeital pe at- |
afnTipeg LTIEPUBPOL Kat XproLpHOTIOLETAL YLoL ‘
™ pBuon ™G LoXV0G TWV PIKPOKVPATWY. L_
[© Mapaxmpnon ané CEM Corp., Matthews, NC]. )

14



EKYUALON UTTEPKPLOLLOU PEVOTOU

To 610éeiblo Tou avBpaka arroteAEl KOLVO UTTEPKPIOLLLO PEUCTO
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EIKONA 28-13 (a) Zuvokeun ekyvAtong umepkpiopov peuotov. (B) Aoyeio y v ekyVALon otklaki s okovng otovg 50°C pe 20 mol% pebavoin/80 mol%
CO, o€ 24,0 MPa (240 bar). (y) Agproxpwpatoypa@nua Stodbpatog Tov ekyvAiopatos og CH,Cl, xpnowomowwvrtag otiAn 30 m X 0,25 mm SupatvuAog gsOt-
neBLA0g o501 0EaViov (TTayog vueviov 1-um) pe Beppokpacia mov Kupaivetal amd 40° £wg 280°C kat aviyVELT LOVTIOPOU @AOYQS. [Asdopéva amd T. S.
Reighard and S. V. Olesik, “Comparison of Supercritical Fluids and Enhanced-Fluidity Liquids for the Extraction of Phenolic Pollutants from House Dust,” Anal. Chem.
1996,68,3612].



EkYUALON LYPOU-LYPOU
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H Ewkova 28-14 delyvel yudAlval oKeUN yLoL T cUVEXT EKXUALGN UYPOU-UYyPOU EVOC N TTTNTLKOU avoAuTn.
(a)O SLaAUTNG EKXUALONG EXEL LEYOAUTEPN TIUKVOTNTO OO TO UYPO OV eKYUALETOL

(B)AlaAUTNC e€atpiletal amo tn GLAAn KoL CUMITUKVWVETOL 0To Soxelo eKXYUALONG 16



MKpOEKYUALON OLAOTIOPAG UYPOU-UYPOU

EIKONA 28-15 MwkpogkyVAwon Siaomopag ==
UYpOV-VYPOU.
ZVpLyya mov
TEPLEXEL SLAAVTY T
EKYUALONG KL 4
SLAV TN
Sluomopag

DUYOKEVTPLKOG

OWANVAG IOV

TEPLEXEL LEATIKO |
|

Suddvpa
TOV aVaAUTN

\ |
/
\

Tayxela éyyvon
TOUu VYpOU YL
Snuovpyia )
ya)\axulbpatog duyorévtpnon T
WO R Yl SLaxwplopo
QVARELEN pe tou SladdTy <
mepLdnivnon EXXOALONG
(vortex) amod To vepod

—_ > —_ >
Mwkpd otayovidio | AvaAdng
ToL SLaAvT StoaAdvpévog
EKYVALOTG

Sieomapuéva

z -5 O€ TIUKVO |
o010 VSaTiko Selypa |/ EKYVALOMG

A@aipeon
APKETWV

pL ko

£€yxvom otov
XPWHATOYPAPO
—>



EKYUALON LYPOU-UYPOU OE OTEPED UTIOOTPW A

[poaBnxn
[MpooOrikn opyavikoy SlaAvt
Selypatog, yla v ekyUALoT TOV
OTWw¢ oVp«a avaAUTN Qo TV
mAdopa 1 TPOGPOPNUEVY
avaPUKTIKA véatkn @don
Yymang l Agtote l
KaBapdtntag :
N Statdépwv 5 min ya m
Slaomopa
TOU SLaAVT

OTO OTEPED

ZuAdoyn
exyvAlopatog
O€ 0pYQVIKO
StoxAv

(o) (B) )

EIKONA 28-16 ExyUAwom vypov-vuypoV o€
OTEPED VTTOCTPW AL



EkYUALON OTEPENC GAONG

H ekxUALon otepedg ¢Aaong XPNOLUOTIOLEL ILKPO OYKO HLOGC XpWHATOYPAPLKAC OTATIKAC dAoNG 1 EVOG
LOPLOKA ATTOTUTIWHEVOU TtoAUHEPOUC3] (MAaiiolo 26-2) yla TNV Amopovwon avoAuTwy aro To delypa Kal

armAomnoinon tng avaAuong

(a). Kata tnv edpappoyn deiypatog 10-mL olpwv, Ta N TTOAKA CUCTATIKA TtPookoAAwvTaL oTnv C,g -MUPLTIAL EVW

TOL TIOALKAL CLCTATIKA SLEPYOVTOL OO TN OTHAN

(B). Ztn ouvéxewa n otAn ekmAévetoal pe 4 mL puButotikol StaAvpatocg Bopikwv 25 mM, pH 8, yla tnv

QTIOMAKPUVON TWV TIOALKWY OUCLWV

(v). Ot Atyotepo ToAKES ouoieg ekmAgvovtal e 4 mL 40 % K.o0. peBavoAn/60% k.o. vepo kat 4 mL 20% k.o.

aKeTOVN/80% K.O.

(6) TéMog, Ta otepoeldn Aappavovtal arnod tn otnAn pe Suo ekAhovoelg pe 0,5 mL 73% pebavoin/27% vepo
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UTTLKOL oTAdLOL YLaL TNV EKXUALON OTEPEAC HAONC

ETiBuuntog avaivtng
1. MeOH .\  og AcBOevi|g loyvpdtepog Axoun o
2.H,0 AN SLaAv ¢ SLaAv NG LoXLPOG SLaAvTNG

o T T
g o BH H H

N A o g
Efiooppommon E‘P(}PHOYT'I 'EK}\OUO',Y] ao0evag ’ ‘ExAovon Tou
GTAANG AKATEPYUGTOU KATAKPATOVHEVWY OUOLWV emBupuntov
Selypatog aQVOALTH
(o) (B) (v) (3) ()

EIKONA 28-18 ExyUAwom otepeds @aong.



KaBaplopoc delypatoc

JUuvOeta Selypata pmopet va eivat Suokolo va avaAuBouv. H ekxUALon otepeadc daong kaBapilel to

deiypa, artAomolwvtag TNV availuon.

Xpwpatoypadnipata tov pappdakov Naproxen

OTOV 0PO TOU QLATOC

* Xwpic kaBaplopo, oL mpwteiveg Tou opou KPUPBOULV TO CAKA TOU

Naproxen.

* H ekxUAon otepedg daonc adoatpel To peyaAUTEPO HEPOC TNC MPWTEIVNC.

EIKONA 28-19 HPLC tov Naproxen atov 0pd
TOV aipatog xwpis kabapiopod (avw yphonua)
1 petd amd kabapiopd tov Setypatog (katw
Ypaenua) pe ekyOAion otepeds @dong o€ Cq-
muprtia. [AsSopéva amd R. E. Majors and A. D.
Broske, “New Directionsin Solid-Phase Extraction
Particle Design,” Am Lab., February 2002, p. 22].
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ExyUALONC otepedc daonc: mAakidOlo 96 dpeatiwy

Mo ToAAaTAd Selypata iy
EPEVVNTLKN €pyacia xpnolpomotlouvtoal

rAakidla 96 dppeatiwv.

* To oupBatiko mAakidlo mavw
de€La €xel ppeatia TUTOU
oupLlyyoc, KaBgva amo ta onoia
TEPLEXEL 5 €we 60 mg pntivnc.

* To mAakiblo mElution® emavw
apLOTEPA £XEL DPEATLA OHOLA UE
TUETTEC Pasteur pe pkpo OyKo, omoTte
ylo tnv €kAovon apkouv 25-50 pL
StaAuTn.

pElution Plate® Makidio 96-@peatiov ,-

Pytivn
N e
ATooTdTnG yia to 10 60 mg

pntivn pntivn
Awdtagn mAakiSiov ekxVOALoNG

pElution Plate

[MakiSo cuAdoyrig

E@apuoyn Kevm’)/ ’

EIKONA 28-21 TAakidio 96-@peatiwv kou pElution Plate® 96-@peatinv yu ekyVAion otepeds @aong.
[AeSopéva amd Waters Corporation, Milford, MA].
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EkYUALON 0EpLWV OTEPENC GAONG

O pntivec LovtoavtaAAayng pnopouv va decpevoouv Bacika

ofwa agpla

* Lo TOV MPOCOLOPLOUO TWV AVOPAKIKWY TIOU alteEAEUBEPWVOVTAL UE TN
nopdn CO, amo tnv evwon (Zr0O),CO3(0OH), - xH,0, n omoia xpnolpomnoLeitot
OTNV €NAVENEEEPYACLO TWV TTUPNVIKWY KOUOLUWVY, YVWOTH TTooOTNTA
KOVLOTIOLNLEVOU OTEPEOU TOTIOOETETAL OTOV SOKIMAOTIKO CWARVA TNG

* AkohouBel ekdiwén pe N, kat mayidevon tou CO, amo vypn pntivn aviovto

avtoAAOyNnGC.

CO, + H,0 — H,CO,

2 tvn"OH™ +H_CO
pntvn > 3

N tvn™) CO*>” + 2HO
(prmvnz) 5 N

* Ta avBpakikd ekAovovtal ano tn pntivn pe NaNO; 1 M ka

npoodLopifovtal OYKOUETPLKA HE OEV

Zupyya San |

BeAdva

lovtoavtaAAakTik
pntivn og B&Aapo

1 mL \1’/

/

AOKIPOOTIKOG —
owWANVag

»
MAaoTikog —

cwAnvag : ;

Agtypa /U

EIKONA 28-22 Zvokevn yla tnv mayidgvon
Baoucwv 1) 05 vwV agpiwv HE LOVTOAVTAAAQYT.
[AeSopéva amd D. D. Siemer, “lon Exchange Resins

for Trapping Gases: Carbonate Determination,”
Anal. Chem. 1987,59,2439].




H texvikn QUEChERS s

[ Opoyevomonpévo }

Selypa
H texvik) QUEChERS (ripodépetal “ké-chers”) adopad dtadikaoia Excy0Auom pe
MPOKATEPYAOLAG TOU SELYLATOG KO OTTOTEAEL AKPWVULO TwV AE§EWwV - axeTovitpiAto
« NaCl + MgS0,4
¢ QH'Ck ¢ Effective « pLOULOTIKO
 Easy o Rugged HpOO’GT?KI] E0WTEPLKOV TIPOTVUTIOV
- Y duyoxévtpnon
* Cheap * Safe
Ymepkelpevo
StéAvpa CH3CN
(1) ekyVALON TWV AVAAUTWV Kot LETA (2) KaBapLopdC Tou Selypotog Kabapiouog pe
yla TV adaipecn cUCTATIKWY OO TO EKXUALOLLOL TIPLV TN « MgS04 |
) * AVIOVTOQVTOAAGKTN
Xpwpatoypadia « GAAOVG poPNTEG
QUECHERS ekyuAitel putodappaka kot AAAEC avemBUUNTEC Y ®duyoxevrpnon

OPYOAVLKEC OUCLEC oo dpouTta, Aaxavika, GuTA, YwHa Kol WApota [

I 14 14 14 14 XpwuaToypa‘plm’]
e Mrmopel va eKXUALOEL AVTLBLOTLKA OTTO TO KPEQLC

avaAvon

24



H texvikn QUECHhERS

TuAua aeploxpwportoypadnuatoc-dacpatoc palwv (xpovou mtnong) 2000
eVOC putodapAKOU TIoU eKXUALETAL ATTO CUMTIANPWHLO SLATPOdNC
le tnVv texvikn QUEChERS L

Carfentrazone ethyl
m/z 312 ekxUALoPEVOU LOVTOG

1000

Metproelg
EKXVALOHEVOL
1évtog

|
1188 1194

MapoAo rou to delypa €xel "kaBaplotel”, e€akoAouBel va ival Eva
HEly O TIOAAWY CUCTATIKWV

N\

daopa AWV TV OVTWY

ZuvoAtk6s aplBpds vtwy (10°)

2tNAAN: 30 m x 0,25 mm Restek Rxi-5Sil MS (maxoc 0,25 pum)
* To KUpLO PACHO OVTLOTOLYEL OTOV GUVOALKO apLOO LOVTWV L - . B
* To €vBeTo avTtlOoTOLXEL OTO OV e m/z 312. Xpovos (5

T Pdopa pepovwpévou tovtog (m/z 312)

25



apaywyoroLnon

H mapaywyomnoinon sival o
Stadkaoia Kota TNV omnola o
avVAAUTNC TPOTIOTIOLELTOL XNULKWG
YLOL VO KATOLOTEL EVKOAOTEPN N
aviyveuvon n o dSLoxwpPLoPOC ToU

NO2

R1
=0 + HzNNH@NOZ
R;

AASEHON 1 2,4-Awrtpogaivuiudpadivn
KETOVN

NO2

R1
)= NNH @ NO2
R

2,4-Awitpo@aivuAvdpalovn
Amax = 360 nm

26



24-4 T1poeTOLMOOLO TOU OELYUATOC



[TpoeToLpOOLA TOU OELYHATOC

H npoetoilpacia tov deiypoartog sival n Stadikaoia PLeETATPOMAC TOU 0€ popdr KATAAANAN yLa
avaAuon.

Autni n dtadwkaoia Ba propovoe va replAapBavet:
EkxUAwon tou avaAutn ano eva moAUumAoko Selypa

*  [IpooUYKEVTPWON TOU avaAutn armo rmoAu apoato deiyua yia AnYn LEyaAUTEPNG CUYKEVTPWONC
JToU €lval UETPHOLUN

Amouakpuvaon n kaAuyn ntopeUnodiocswv

 [Mapaywyornoinon tou avaAutn o€ pLa 1o BoALkr 1} o eUKOAX aviXVEUGLUN LopdN

 Metatponn og pa ¢aon cupfati HE TO PNXAvVNUO avaAuong



MLKpoeKYUALON OTEPEAC DAONC

Me tn MKPOEKXVALON OTEPEAC Paong ekxUAL{ovTOL EVWOELC o uypad, ToV

agpa, N akopa Kal armo AAoTn, XwpLig tn xprion onotoudnmote StaAltn KiAwBpoC

1 1 [ ] 1 ’ r ™mg¢ O'I’JplYY(lg
Mta ivat oUVTNYUEVNC-TIUPLTLOC ETILKAAULUEVN LE UUEVLO OTATLKAC dAoNG
riaxouc 10 €wg 100 pm, mapopoLag UE EKELVEC TTOU XPNOLUOTIOLOUVTAL OTNV
asploxpwpatoypadia. Ztnv Ewkova 24-25 daivetal n iva cuvdedepévn pe

' ' h : ' BeAdva Siatpnong tov

HETAAALKN) cwAnvwon nou avtikadlota 1o EpBoAo pag ocuvnOLopevng NN D YIRS
LLKpOooUpLyYOLC.
Movo éva kKAdopa Tou avaAutn ekxuAiletol amno to deiypa otnv iva. Eav ST IR NS . I

dev 600&l emapkc XpoOvoc, TOTE N CUYKEVTPWON TOU avaAuTn otnv va gival

rBavo va mokiAAeL armo deiypa og Selypa, omoTe amtalteLTal Lo

TMOAUTIAOKN HEBOSOC KVNTIKAC BaBovounong mfx‘fm?émg
emlotpwon

O B€ATLoTOC XPOVOC IOV aTalLTElTalL yia e€Looppomnon TG Lvag Ye Tov S;;‘;;"(’;fmg

avaAutn tpoodloplleTal TTELPOMATIKA. EIKONA 24:25 Zopiyya yua pucposiorbiion

oTeEPEAs @aong. H ovptyya xpnopomoteitat
yw va tpummogL to Sta@paypa. H va cuveny-
Hévng mupLtiag cVpeTAL péoa o‘rrbéa?\l')B&vn
BeAdva petd ™ oUAAOYT| TOL SElYPATOS.



MLKpoeKYUALON OTEPEAC DAONC

AswypatoAnyio pe pkpoekxUALoN otepedc daonC
Kall Ekpodnon Tou avaAutn armno tnv
ETUKAAU LEVN LvaL oTOV agploxpwpatoypado

2 TN ULKPOEKXVALON otepedc paonc, yia dSidbaoitko
cUOoTNUA IOV amoTeAEiTal Ao TNV tva Kal To
deiypa, n pala tov avaAutn (m, pg) mou
armoppodatal aro TNV EMLKAAVUMEVN Lva gival

KoV,
K Vi+V,

Lol TTOOOTLKNA AVAAUGCH, OTTALTELTOL KOTOLOKEU N

VPOULAC BaBuovopunong He ekXVALOELC
NMPOTUTIWV SLOAUUATWV.

AstypoatoAnPio Expo@non
¥ A — Emavagépete
Emavagépete Ty . ™mv va kat
) ) (v ko amoctpeTe 1 PUTIMOTE ATMOCVPETE
Tpummote To Std@paypa ™ BeAdva To SLappayua ™ Bedva
ToL SelypaTog pe TOU XPWHATOYPA&QOL
petaAikn Beddva HE TN HETAAAKT) BeAdOva
> o > —> —

aue

ExB¢éote tnVv (va oo Stddvpa v
OTOV UTIEPKEIUEVO XWPO
Yl otaBepd xpbvo uTd avadevon

ExBéote Vv Bepun iva oto @épov aéplo
yw otabepd xpovo (n omAn eivat kpva)

EIKONA 24-26 AstypatoAnyia pe pkpoeky Ao oTtepeds @aons Kat ekpd@nom Tov avaATn amd v
EMKOAVPEEVT (VX OTOV AEPLOXPWHATOYPAQO. [[TAnpo@opieg amd Tov KATAAOYO TTPOIOVTWV XpWHATOYPA-
¢lag Supelco, Bellefonte, PA].



AEPLOXPWHATOYPAPN LA TITNTLKWY EVWOEWYV TOU KAPE

Mpaypotonoln®nke HKPOoeKXUALON
otepedc daonc, yto 40 min, Twv
OUOTOTIKWY TOU UTIEPKELUEVOU XWPOU
TIAVW Ao 2 g PPUYUEVWV KOKKWV Kade
otoucg 60°C.

Ot avaAuTec ekpodpnBnkav amo tnv iva
yla 5 min otouc 260°C kat
TipoyotornoLOnke pn SLOUOLPACHEVN
gyxuon

H Beppokpaocia tng otAAnc ntav 40°C
KOTAL TNV €KpOPNOoN Kal LETA auéavotov
katd 4°C/min yia T Xpwpatoypadlia.

Irjua @aopatog pélag OAKGOV LOVTROY —3

Xpbvog (min)
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H exyuAwon pe podntikn pafdo avadeuvonc

Mua payvntikn papdoc avadsuonc meptBAANETOL OO AETTTO YUAALVO XLITWVLO KOl ELVOL ETILKOAUUUEVN E
oTpwHA podpnTikov, Tt.X. ToAu(Sdipuebulooidoéaviou) (Omwe N pn OALKA oTtatiki ¢aon otnv
aeploxpwpatoypadia) raxouc 0,5 €wg 1 mm.

H papBdoc avadesuonc tonoBeteitol og uOATIKO LYPO Selypa, OTIWCE XUUOC dpoUTwVY, Kpaoi, olupa r MAACUA
atpatoc, kot avadevetal (yia va e€aodaAilotel kaAn petadopa palog) yia 0,5-4 h wote va amoppodpnBouv
oL udpodofol avaAuTec.

AvoAUTeg pe 50 ewg 250 dpopeg xapnAotepn Ky ekxuAilovtal pe tn pafdo avadeuvong. Meta tnv ekxUALon,
To otayovidla vepol armopakpUVoVTaL e armoppodnTKO Xaptl, evoexouevwe N paPdoc EemAcveTal pe
HEPKA ML vepoU, Kal oTn oUVEXELQ ToTtoBeTETaL O BEPULKO owARvVa Kpodnonc.

H ekpodnon npaypatomnoleitatl cuvnbwc pe B€ppavon tou cwAnva octoug 250°C yla 5 min og pon
dEpovTtoc aegpiov.

Mtntikol avaAlteg cuAAEyovtal pe Puxpn mayideuon kal otn cuvexela dtaxwpilovtol pe
asploxpwpartoypadia.



Ekdlwen kat mayidevon

Tpomno¢ Aettovpyiag

1.

To He w¢ agplo ekdiwénc dloxetevetal pEow BeAovag amod avoeldwTto

XaAuBa oto deiypa koo ou £xeL tomoBetnBet oto dLaAidlo delypartoc.

To e€epyxopevo armno to pLaAidlo agplo kabaplopou SLEpxetal amno
ocwAnva mpoopodnong.

To a€pLo pEeL, HECW TOU owAnva tpoopodnonc, armo To AKPO A £wC
TO AKpo B otnv Ewkova 24-28.

Adov ekdlwyxBel 6Aoc o avaAutng armod to delypa HEca oToV

ocwAnva mpoopodnong, N PO Tou aEpiov avTloTpEDETAL YL va
TLAEL aTto 1o B oto A.

2Tn oUVEXELa, N €€060¢ A Tou cwARva Mpoopodnong
ouvOEeTal e Tn BUpa TOU gyXuTHPA TOU
asploxpwpatoypadou, mou AeLtoupyel pe pUn SLoLUOLpacEVN
gyxuon, Kat n rtayida Beppuaivetatl otoug ~200°C

Metd tnv ARpn ekpodnon amno tnv nayida, n otnAn
Xpwpatoypadiag Beppaivetal yia va EEKLVACEL O SLOXWPLOUOC

ZwAnvag
TPOaPOPNONG 5 |

r

I

ZIAlavoTonUévog
vaAofauBakag

Aéplo xabBaplopov
B

|

v
Fo

KA{Bavog

loxvpotaro
TPOCPOPNTLKO

- loyvpotepo

TPOCPOPTTIKO

Métplo
TPOCPOPTTIKO

Ovpa €yxvong

daAidio
delypatog

EIKONA 24-28 Zvokeun kaBapiopov kot ma-
Yidgvong yw mv ekYVALOT TITNTIK®MV OUCLDV
aTo VYPO 1) OTEPED LUE POT) (LEP LOV.



OepLLLKN EKpODPNON

 HOeppikn ekpodnon sival pa HEBodoc yLa TNV ameAevBEPWON MTNTIKWV EVWOEWV ATIO
oteped deiyparta.

 To 6eiypa, peta tn {uylon, tomobeteital og YaAUBSWVO 1} YyUAAWVO CwWARVO KOL KpATELTAL OTN
B€on tou pe valoBapBaka. To deiypa kabBapiletal pe pepov agplo yia adaipeon tou O,, TO
ortolo amoBAaAAetolL otov agpa, Kal OV ELOEPYXETAL 0TN OTNAN XpwHoToypadlac.

0O owAnvac ekpodnong otn CUVEXELD CUVOEETAL UE TN OTAAN XpwHatoypadiac Kot Beppaivetal
yLoL TNV ameAeuBEpwon MTNTIKWY OUCLWY, OL OTIOLEC CUYKEVTPpWVOVTAL UE Puxpomayidevon otnv
apxn TNS otAANC. H otrAn Beppaivetal ypryopa yla va EEKLVAOEL N Xpwpatoypodia.



[TupoAuon

*  JTNV MupOAucn, pn rTtnTika Selypata, Omwc ta EAACTLIKA 1 T TTOAUEPN, OepuaivovTal o€
Beppokpaciec tov mpokaAoUv BepuLkn anoouvBeon.

 Eva Quylopévo Selypa 10-100 pg tortoBeteital oe doxeio kal Beppuaivetatl otoug 600-800°C, evw
eva pevpa agpiov anarlayuevo amno O, petadEPEL TA TTTNTLKA TTPOLOVTA GTN OTAAN

xpwpatoypadiog ywa Ppuyxpomayidevon kol oTn CUVEXELA SLAXWPLOUO

e  Ta mTNTIKA tpoilovTa armocuVOEoNC elval XOPAKTNPLOTLKA TOU SElypaTog



AkoAouBoUv evaAAaktikeg dradaveleg kepaAaiov

(Oepatoroyia kedpaAaiov aAAd and ayyAkec StaAEEeic)



UNIVERSITY
of CRETE

Microextraction techniques in sample preparation:
From “fundamentals” to real-word applications

Professor Elia Psillakis
School of Environmental Engineering,

Technical University of Crete, Greece
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The multistep endeavor of analysis

Sample Greatest impact
Collection
]
Sample
Storage
}
Sample
Preparation
§
Analyte
Highest attention Determination

Determination is the final link at the end of a chain of operations
that begins with sample preparation.

Error sources, uncertainty

38



Sample Preparation description

“Sample Prep is simple and there is no theory to it...”

Chromatographic separation Sample Prep in research
and detection in research

UNIVERSITY

of CRETE

39



TECHNOLOGY: EXPLOITING A PHENOMENON
FOR USEFUL PURPOSES

Adapted from Brian Arthur “The Nature of Technology”

Understand, control and exploit (the complexity of) our microextraction systems
: Interplay between microextraction and the environment

.4 “Blue skies” researgoh
(X



Chemist vs. Engineer

Taking a molecule from point A to point B

Chemist O e
A B

Engineer ‘ e o
A B

41



Chemist vs. Engineer when it comes to microextraction

Chemist

Simple, fast, green and selective methods for collecting and concentrating compounds
prior to chromatographic analysis

Absorption step Adsorption step

| | |

el < llowed by a d i
. ——

O: , E or g*lg Followe Yy a esoprtlon step
C | ™) < ¢ ¢
Liquid bulk Solid/liquid bulk Liquid bulk  Solid bulk
Engineer

e Water interfaces with hydrophobic media (organic droplets, solid hydrophobic
polymers, hydrophobic assembled structures, or even gas bubbles)
* Interphase mass transfer

42



Understanding interfaces and interphase mass transfer

Understanding the character of the near-interface zones and the mechanisms involved for interphase
mass transfer is fundamental for understanding how target analytes interact with interfaces.

Debate 1.
Solutes can sense surface features within nm of the interface. Beyond this limited zone, interfaces are

thought to be effectively invisible to solutes.

Proposed structures of the interface between liquid water and air

Debate 2.
Preferential adsorption of OH™ at the interface was found to predominate even at neutral pH. Water/air

interface (on the air side) is neutral for bulk pH ~3 (rather than at pH=7)

v 43
oNvessty  Papadopoulou et al., Anal. Chim. Acta, 691, 2011, 56

of CR



Real progress in sample preparation is slow

Fundamentals of extraction are much less developed and understood compared to
physico-chemically simpler such as chromatography and mass spectrometry.

This situation creates an impression that rational design and optimization of
extraction systems is not possible.

The development of sample prep procedures is considered to be ‘art’, not ‘science’.

44
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Classification of extraction methods

Flow Through

(Sample) in Cartridge

Extraction Phase or
Fluid Sample or (Extraction Phase)

<

SPE, HSE, SFE, in-tube SPME

oL

Ve
A

TECHNICAL

UNIVERSITY
of CRETE

Batch

Extraction Phase

Sample

LLE, Soxhlet, SPME, LPME

Steady State
A
S
o |3
Q O
=
A

Membrane extraction



Classification of extraction techniques

Extraction techniques

I
I I I

Flow-through equilibrium Batch equilibrium Steady-state exhaustive
and pre-equilibrium and pre-equilibrium and non-exhaustive
1 I I i I 1
Exhaustive Non-exhaustive Exhaustive Non-exhaustive Membrane
— Purge and trap I\ In-tube SPME | — LLE — Headspace
—  Sorbent trap - Soxhlet - LLME
— SPE — Sorbents — SPME
— SFE — MAE
— PFE

5 X
Zomy
kil
TECHNICAL

UNIVERSITY
of CRETE



Sample preparation based on Microextraction

i

Extracting phase (V,)

Aqueous sample (V)
| -

Liquid Liquid Extraction Microextraction

V./V, volume ratio greatly reduced
(eg. 1 pL solvent/10 mL aqueous sample)

Strong analytical tools:

* Sensitive

* Solventless

* Fast

* Low cost

*  Minimize sample size

* Energy saving 47




Exhaustive (LLE, SPE)

Before After
Sample Extracting phase Sample Extracting phase Sample Extracting phase
Absorption Adsorption

Non-Exhaustive or Equilibrium (SPME, SBSE, LPME)
Before After

Sample Extracting phase Sample Extracting phase Sample Extracting phase

Absorption Adsorption

TECHNICAL
UNIVERSITY
of CRETE



Extraction time profiles for equilibrium-based methods

Kinetic regime Near equilibrium

Extracted amount of analyte

Time

49



Classification of extraction methods

Flow Through

(Sample) in Cartridge

Extraction Phase or
Fluid Sample or (Extraction Phase)

<

SPE, HSE, SFE, in-tube SPME

oL

Ve
A

TECHNICAL

UNIVERSITY
of CRETE

Batch

Extraction Phase

Sample

LLE, Soxhlet, SPME, LPME

Steady State
A
S
o |3
Q O
=
A

Membrane extraction



Flow Through

—
)
w
©
=
o
c
h%.g
OEU
=
3 E |8
.:Sw
o =
= -
Qo | @
Dale
S E|E
x & |»
wvu
E
e

<

Solid Phase Extraction (SPE)
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(D O ©, O, ®

Conditioning Equilibration Sample Washing Elution
(methanol) (water) loading (10% methanol) (methanol)
%

T
C— L Co— C— P
_ _ —_— _
i i % : ]
luf u uf uj uf
oo :* e
@ Cardiotonic steroid compounds 0 ¥k Interferences

https://www.youtube.com/watch?v=c2P1g-a3DIE
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WHAT HAPPENS ONTHE SURFACE OF THE
SOLID PHASE?

Sample matrix Wash solvent Elution solvent

H V’ \
O A A Al A
L Ao o o
m) =
A J
Si Si A \ Si
A. A. ‘
o O
Y Y x l

Retention Rinsing Elution

Y y



INTERACTIONS ON NON-POLAR PHASES

Examples:

» BETX from groundwater (M752)

» TCAs from biological fluids (M325)
» Xanthines from beverages (M204)

NH
\/\/\/\/ 505
Silica base
Bonded functional
Van der Waals forces group (C8)

54



CLASSES OF SILICA-BASED SPE BONDED PHASES

NON-POLAR PHASES
C18  Octadecyl

C2 Ethyl

CH Cyclohexyl

PH Phenyl

INTERACTIONS ON NON-POLAR PHASES

e P g

Examples:

« BETX from groundwater (M752)
« TCAs from biological fluids
(M325)
« Xanthines from beverages
(M204)
NH,

NNV 2

Silica base

Bonded functional

Van der Waals forces group (C8)

Increasing polarity

POLAR PHASES

CN Cyanopropy!

20H Diol
NH2  Aminopropyl
Sl Silica

INTERACTIONS ON POLAR PHASES

oUW

+ Anti-inflammatories from

C § N E“r/]l%nag;:eutical preparations

ungicides from citrus fruit (M2)
« Lipid classes from serum (M289)

Dipolar attraction or hydrogen bonding

B. Bojko, Sample Prep Course 2017
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Classification of extraction methods

Flow Through

(Sample) in Cartridge

Extraction Phase or
Fluid Sample or (Extraction Phase)

<

SPE, HSE, SFE, in-tube SPME

oL

Ve
A

TECHNICAL

UNIVERSITY
of CRETE

Batch

Extraction Phase

Sample

LLE, Soxhlet, SPME, LPME

Steady State
A
S
o |3
Q O
=
A

Membrane extraction



Stir Bar Sorptive Extration (SBSE
Batch P (SBSE)

PDMS or EG-Silicone Coating Glass
Magnetic Core

Extraction Phase

Sample
P *Glass jacket length: 10- 20 mm

*Extraction phase thickness: 0.3-1.0 mm
*For PDMS extraction phase: mainly Van-der-Waals forces
*Many other extraction phases are also developed
LLE, Soxhlet, SPME, LPME *Recoveries: mainly exhaustive but microextraction
is also common

E. Boyaci, Sample Prep Course 2017
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Extraction of analytes with SBSE

1. Conditioning of the extraction phase

*Thermal conditioning (usually under inert atmosphere)

*Solvent conditioning
*Combination of thermal and solvent conditioning

rd & dom

Thermal conditioner Thermal conditioner Solvent conditioning
-vacuum oven -from Gerstel common solvents
MeOH/ACN/DCM

E. Biyaci, Sample Prep Course 2017



Extraction of analytes with SBSE

2. Extraction modes

*Direct immersion (Dl)extraction: polar and semi-volatiles
*Head space extraction (HS): volatiles
* Combination of DI and HS: wide range of coverage

1. Rinsing of stir bar
2. Drying of stir bar
3. Solvent or thermal desorption

DI HS HS and DI
extraction extraction extraction

E. Boyaci, Sample Prep Course 2017



Desorption of extracted analytes from SBSE (back extraction)

Thermal desorption on GC Solvent desorption for GC/LC
Analytes which are: Analytes which are:

* Thermally stable

* GC amenable * Thermally labile
To GC equipped with

o Thermal desorption unit ¢ LC amenable
Extraction Rinsing

2 — with water

Extraction  Rinsing Solvent
e with water desorption

— to LCor GC

E. Boyaci, Sample Prep Course 2017



GC injection process

Thermal Desorption Basics SBSE desorbed in the TDU
\ )

Analytes are trapped in the cryotrap (CIS)

SBSE Cryotrap is heat up

Analytes are introduced into the column

% Compounds

To GC column CIS trappin,
/ PP g/ CISRUN

Time

E. Boyaci, Sample Prep Course 2017

Picture from GERSTEL website



Classification of extraction methods

Flow Through

(Sample) in Cartridge

Extraction Phase or
Fluid Sample or (Extraction Phase)

<

SPE, HSE, SFE, in-tube SPME

oL

Ve
A

TECHNICAL

UNIVERSITY
of CRETE

Batch

Extraction Phase

Sample

LLE, Soxhlet, SPME, LPME

Steady State
A
S
o |3
Q O
=
A

Membrane extraction



Defining microextraction

Simple, fast, green and selective sample preparation methods
Small amount of extracting phase compared to the sample

Solid Phase Microextraction Single Drop Microextraction
Extracting phase is a solid

Extracting phase is a liquid ; ;
(coated fiber) H (water immiscible solvent) % %’
| |
i
= cC 5 ch
)

Immersion Headspace Immersion Headspace

63
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Stir Bar Sorptive Extraction (SBSE)

PDMS or EG-Silicone Coating Glass
Magnetic Core

|GERSTEL

Arphels
| | SPME
TF-SPME

. - - l‘- . .
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of CRETE




Liquid-phase microextraction or Liquid-Liquid Microextraction

Directly suspended droplet microextraction
[ = Water bath ool ; o
Y ------- e Organic solvent

Aqueous solution
“; Stirring bar

Magnetic stirrer

) Snd =l
C
© gation -

R g - &

Droplet collection
Analysis )

TECHNICAL
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Liquid-Liquid microextraction methods (all rely on dispersion)

[ ADVANCES IN DLLME TECHHIQUE ]

ULTRASOUND-ASSISTED DLLME

VORTEX-ASSISTED DLLME

SURFACTANT-ASSISTED DLLME

— J

NEW EXTRACTION SOLVENTS

I

_[

EXTRACTION SOLVENT

LIGHTER THANWATER
SPECIAL HOME-MADE
EXTRACTION DEVICES

11

DLLME BASED ON THE SOLIDIFICATION
OF A FLOATING ORGANIC DROP

_{

IONIC LIQUID

)

COLD-INDUCED AGGREGATION
MICROEXTRACTION (CIAME)

INSITU SOLVENT-FORMATION
MICROEXTRACTION (ISFME)

DISPERSIVE LIQUID PHASE MICROEXTRACTION

TOTALLY ORGANIC SOLVENT-FREE
EMULSIFICATION MICROEXTRACTION (TEME)

I

IONI@ LIQUID-LINKED DUAL MAGNETIC

TEMPERATURE-CONTROLLED IONIC LIQUID ]
MICROEXTRACTION (IL-DMME) ]

_[

SOLVENTS

COACERVATES AND SUPRAMOLECULAR ]

AIR-ASSISTED DLLME

MICROWAVE-ASSISTED DLLME

SOLVENT DEMULSIFICATION DLLME

AUTOMATED DLLME

I

TECHNICAL

-/ —J 2

UNIVERSITY
of CRETE

L Koctirowd et al [ Micrachemical Journal 102 (2012) 11-17

A) Conventional DLLME

U

U Centrifugation U

Sample Adding of DS Cloudy Sedimented ES Withdrawing
with ES solution
B) DLLME-SFO
U Certrdugation 6 Cooling 6
Sample Adding of DS Cloudy Floated ES Sclidified organic  Wahdrawing
with ES solution drop
C) LDS-SD-DLLME
Sample Adding of DS Clou_d)‘ Adding of Separated Wihdrawing
with ES solution lsifier phases
D) MSA-LPME
& ﬁ &5 = S % %
derg of Stirting Fioated ES Adding of ‘Wehdrawing
pure water
E) usaeme
b
! Ullrasonication u (D Centrifugation
Sample Audng of Cloudy Floated ES Adding of Withdrawing
sohution pure water

JLLME

ES/Ds

Centrif

Sample

JSAEME

Sedimented ES

Sample

JASEME

Sedimented ES

ES/S

Centri

Saple

JSAE-SFODME

Centri

Sample

/ALLME

Centrifugation Fleated BS

ES
% Vortex mixing

Sedimented ES

Centrifugation iz

Sample

UA-DLLME

Centri

Saple

UA-IL-DLLME

Sedimented ES

Centri

Sample

Sedimented ES

6/' drawing



Our tools
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@Equilibrium

Kinetic regime

linear regime

Extracted amount of analyte

Time
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Immersion sampling-Two-phase system (looks ugly but it’s not)

Octanol-water: K,

o
o =) . e
e © o Fiber-water: K, Ky—XlB_p G
: [X]a Cs
Extracting phase
Air-water: K, or H
—_\
XA — XB
PV / [X]G
- - S [X]L
x A high @6.9%
n_g medium
Nernst distribution law , | .
(distribution between phases A and B) . T BN
/ low medium high

TECHNICAL S
UNIVERSITY
of CRETE
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Immersion sampling-Two-phase system (looks ugly but it’s not)

Kineti i Near equilibrium
inetic regime q N o KeS VeVS CO

KeSVe + VS

Extracted amount of analyte

—> linear regime N

For :V_ HOK .V
or Vi KesVe For : K, VWV,

tso tys Time l
\4

n = KeSVeCO n = VSCO
K.s (On-site sampling) (Exhaustive sampling)
<——> o
- Extracting phase
S Ve
| Sample

k J Vs Co




Headspace sampling-Three phase system (looks ugly but it’s not)

Kinetic regime Near equilibrium
g e K, KpVeVsCo

KehKhsve + KhSVh + Vg

* The equation states that, the amount of analyte
extracted is independent of the location of the
> extracting phase in the system.

Extracted amount of analyte

—> linear regime

tso tys Time
n * Forvolatiles, K ~ 1, V,, can be neglected only when
n it is close to zero (two-phase system).
Keh : . .
. ! Extracting phase » Semi-volatiles have very low K,; therefore,
Veh Khs Vh NO

A Khs ——+ Headspace
v Ve

nS

| Sample
\ J Vi G




Effect of Extraction Parameters on Distribution Constants

Polarity of Sample Matrix and Coating Material

AH (1 1
 Temperature (increase of distribution constants) K& =Ko exp [ R (? - 70)]

Benzene

T T T T T 1
4 3 2 - 0 1 2
log (%NaCl)

[
1524
o
1

Salting (theory examined in LLE but not in eg. SPME)

o
(o]
L

Log peak area

o
D
|

54
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Challenges even when working at equilibrium

Vortex-Assisted Liquid Liquid Microextraction (VALLME) 3
e e ~
=) =)
- o -
N N N
Step 1: Step 2: Step 3:
Octanol microdrop Vortex agitation/ Fine Centrifugation/
on top of the sample droplets Microdrop collection
Analysis of: Octylphenol, Nonylphenol and Bisphenol-A (Top cited article, Talanta)
Perfluorooctane sulfonate (PFOS)
;ﬂ;’f A rapid tool for K,,, determination )

UNIVERSITY Yiantzi et al., Talanta 80 (2010) 2017; Papadopoulou et al., Analytica Chimica Acta 691 (2011) 56; I.P. Roman et al., J. Chromatogr. A, 1330 (2014) 1

of CRETE



VALLME: Octylphenol, Nonylphenol and Bisphenol-A

4.5
4 -
____—-é””.‘*——..,’—". ———————————————————————
3.5 1 /' ———————————————
LA S s =it
- // /// ‘\*/
/s
/
/1
- i,
),
7
4 7y
/ —&-BPA

~m-NP

*/ -®-0OP

Peak Area (x106)

o - N
© O = O N O (%)
1
Ny,

Agitation Time (min)

50 plL octanol; 20 mL aqueous working standards 10 pg/L
vortex agitator set at 2650 rpm; 2 min centrifugation at 3500 rpm

e EeAL E. Yiantzi et al,, Talanta, 2009, 80, 2057

UNIVERSITY
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@Pre-Equilibrium

Kinetic regime Near equilibrium WHEN THE
- GOING GET'S

TOUGH, THE
TOUGH GET
GOING

Extracted amount of analyte

—> linear regime

t5o tys Time




Immersion sampling (two-phase systems)
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Immersion sampling: The two-film theory

Liquid Film Aqueous Film

Turbulent transfer
(FAST)

Turbulent tra
(FAST)

Extracting phase Water sa

TEAL Molecular transfer (SLOW)

UNIVERSITY
of CRETE
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Vortex-Assisted Liquid Liquid Microextraction (VALLME)

\
STEP 1: | STEP 2: Lol
Vortex agitation Centrifugation g
—p — — | . ’ '. »
‘ L =
Addition of a water- Drop breakup/ Phase separation/ Analysis
immiscible solvent Emulsion formation Solvent Drop Collection

Fig. 1. Schematic representation of the VALLME procedure: In STEP 1 the extracting solvent is dispersed in the aqueous sample vortex agitation; drop breakup takes place and an

emulsion is formed. In STEP 2, phase separation of the resulting emulsion is accelerated by centrifugation. The extracting solvent is then collected and used for chromatographic
analysis.

Analysis of: Octylphenol, Nonylphenol and Bisphenol-A (Top cited article, Talanta)
Perfluorooctane sulfonate (PFOS)

A rapid tool for K, determination

UNIVERS Yiantzi et al., Talanta 80 (2010) 2017; Papadopoulou et al., Analytica Chimica Acta 691 (2011) 56; I.P. Roman et al., J. Chromatogr. A, 1330 (2014) 1
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Acoustic Cavitation

When ultrasound (16kHz-100MHZz) is applied to a liquid, cavitation takes place

Acoustic cavitation (Hot spot theory)
1. Nucleation

2. Bubble growth

3. Implosive collapse

(i) Bubble (5000 K, 300 atm)
Volatiles, hydrophobics

Pyrolysis

(i) Interface (Radial gradient)
Semivolatile, hydrophobics
Pyrolysis & radicals

(iii) Liquid Phase (298 K, 1 atm)
Non-volatiles, hydrophilics
Radical reactions

E /|
en
TECHNICAL

UNIVERSITY L.H. Thompson and L.K. Doraiswamy, Ind. Eng. Chem. Res. 1999, 38, 1215 / E. Manousaki et al., Water Res, 2004, 38, 3751



Step 1: Drop break up/emulsion formation

&
90°°
\.\\ 6§%
(iii) Leatiiennr. . Bt < [ oannins - ooty o ] e gt
O 53 i :
- o " & v y
Oms 1.00 ms 200 ms 3.00ms 400 ms
OOOOOOOO PRSETAER g P R  caiet *-"3 i
satellite drops atellite drops j J«; .3' d N Oo*
daughter daughter SOme NS 0.0 me TINNEN J-00 me TS 5.00 ma S 900 ma N
drops drops 12 12 12 1 2 1 2
mm mm mm mm mm

Fig. 2. (i) Schematic presentation of the process of drop breakage of mother drops of less-viscous and more viscous drops (oils)(taken from Ref. [34]); (ii) breakage of a viscous drop
(octanol) in turbulent flow into several fragments of different sizes (octanol/water system; turbulent energy dissipation rate per unit mass = 3.7 m? s~3; picture taken from Ref. [27])
and (ii) breakage of a liquid drop (dodecane) in a turbulent flow into three fragments of different sizes (dodecane/water system; turbulent energy dissipation rate per unit
mass = 8.5 m? s~ picture taken from Ref [27]). For (ii) and (iii) the physical properties of the dodecane/water and octanol/water systems are: interfacial tension 0.053 and
0.0085 N m™ ' respectively, density 750 and 819 kg m ™ respectively, viscosity 1.5 10~* and 6.5 10”2 Pa s respectively.

TECHNICAL
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Step 2: Emulsion destabilization

(a)

—>» temperature
—>» ionic strength
2
© > volume fraction
g N
.g{ —>» solubility

—>» component chemistry

- emulsifier(s) concentration

—_—
(Flocculation
Possible)

> additives

Fig. 3. Schematic representation of various phase separation mechanisms taking place
during creaming. Adapted from Ref. [26].

TECHNICAL
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Headspace sampling (three-phase systems)

83



Headspace sampling

(A) High capacity (B) Low capacity
KhsVh>> K KhsVh < K

84
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Headspace SPME (HSSPME) Dynamics

|
1.

Amount of Analyte

HSSPME is a multi-stage process that involves
mass transfer in three phases (sample, gas and fiber)
and across two interfaces (sample/gas and gas/fiber)

Pre-Equilibrium

Equilibrium

Extraction Time

85



Vac-HSSPME: The theory

ﬂ Chemical balance around the water body
dC

| V, === KA (C,~C,)

I A = interfacial contact area

C. and C; = concentrations in the liquid phase and at the water/air interface

K, = overall mass transfer coefficient (K,=k - L)

/
/
== ) Turbulent transfer
I B ;7 | L L _ e
(N / Molecular transfer A Gas Film
/ Interface
’ Molecular transfer V¥ Liquid Film
ii |
) I~ _ ‘Q Turbulent transfer
ol 86
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HS-SPME-Interfacial area

Chemical balance around the water body

dC
> =—K,A (C.—-C,
sdt L (s /)

A = interfacial contact area

C. and C; = concentrations in the liquid phase and at the water/air interface

K, = overall mass transfer coefficient (K,=k - L)

(9) ﬂ. —— -

'm—U
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Temperature and low pressure Headspace SPME Dynamics

Methamphetamine extracted (ng)

0 - ! } } !
0 20 40 60 80 100

Time (min)

Figure 2.21 Effect of temperature increase on the extraction time profile for
methamphetamine. Key: (¢) 22°C, (a) 40°C, (m) 60°C and (@) 73°C.

Elevated sampling temperature lowers the fibre/sample partition coefficients.
This decreases the amount extracted at equilibrium

f il
-0 88
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Comparison of SBSE to solid phase microextraction fiber and
thin film microextraction membrane

Thin film Coated
stir
8 SPME
N5 fibre Magnetic
stirrer
TFME SPME Twister
Thickness Volume of extraction phase Surface area
(um) (mL) (cm?)
Fiber 100 0.00063 0.1
Twister 500 0.025 1
Thin film 127 0.0724 12
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Thin film
1500
: 1200
| =|
n
:-
8 800}
-
E
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Bxtraction time/ min

» SPME fiber

s}
2 - | i Acanaphthens
E ~3— Fluorane
i =y —8— Anthracene
§ 10} —a— Fluoranthene
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" ggwae 85—
0 80 100 150 200 i
Extraction time! min Less sensitivity
(A) 80 1
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o o | Thin film
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|
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b Long equilibrium time
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