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Struktura

vymezeni tématu - pro¢ stla¢ené tekutiny v analytice ?
1) superkritick& fluidni chromatografie (SFC)

2) superkriticka fluidni extrakce (SFE)

3) extrakce org. rozpoustédly za zvySenych teplot a tlakd

PFE - Pressurized Fluid Extraction
PLE — Pressurized Liquid Extraction
PSE - Pressurized Solvent Extraction
ASE - Accelerated Solvent Extraction

4) extrakce stla¢enou horkou (subkritickou) vodou

PHWE - Pressurized Hot Water Extraction
SubWE - Subcritical Water Extraction
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-CQC: Tc~31°C R~7.8 MPa

— Usporacasu v porovnani s kapalinovou extrakci

— SetrrejSi k Zivotnimu prosedi - még (nebo Zadnd) org. rozp.

1) Superkriticka fluidni chromatografie
(SFC)

* Stavba p Fistroje pro SFC
* Pfiprava kolon pro SFC (mikro HPLC)
* Priklady SFC separaci

* Neanalytické aplikace - systémy s iontovymi kapalin ~ ami

* Mobilni faze (CO ,) v nadkritickém stavu: p >8 MPa, t>31 T
¢ (HPLC) Vysokotlaka pumpa, davkovani pomoci ventilu
* (GC) Plamenov & ioniza éni detektor (FID)

* (HPLC, GC) Kolony - néapl fiové (@320 pm — 4,6 mm)
kapilarni ( @50 pm - 100 pm), délka 10m

¢ (-) Restriktor pro omezeni toku mobilni faze

SFC zafizeni (Varian 3700)




Detail vnit tku SFC zaftizeni

Priprava kapil arnich n apltiovych kolon pro SFC (HPLC)

Pozadavky na kolony:

* Napln sorbent o zrnitosti 3 nebo 5 pm, délka kolony do 1m
¢ Pramér kolony do 320 pm => F = 4pl/min(lig.), F = 10ml/m in(g)
¢ Pracovni tlak do 40 MPa => néroky na uzav feni konc G kolon

» VVysoka U €innost vyrobenych kolon

Aparatura k pin éni kapil arnich n apliovych kolon

1 - CO; cylinder
2 - HPLC pump
3 — manometer

4 - on/off valve,

5 - stainless steel
filling reservoir,

6 - fused silica
capillary,

7 — restrictor

Priklady SFC separac |
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SFC separace pe ceté Rudolfa Il (material v celi vosk). Kolona 320 um x
150 mm, 5 um Biospher C18, t=80C, FID 150C, progra m 8-35 MPa

Priklady SFC separac |
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SFC separace polydimethylsiloxanu. Kolona 320 pmx 1 50 mm, 5 pm
Biospher C18, t=80C, FID 150<C, program 8-35 MPa

lontové kapaliny (ionic liquids, IL)
?
= organické soli, které jsou za pokojové teploty kapalné

= kapaliny slozené vyhradné z iontd, neobsahuji ¢astice
(molekuly) bez elektrického naboje

vlastnosti IL se vyrazné lisi od béznych molekularnich
rozpoustédel (voda, organicka rozpoustédla)

pocet ,moznych* iontovych kapalin = ~10%2
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Superkriticka fluidni chromatografie

udaje o distribuci latek mezi superkriticky CO,
a iontovou kapalinu

- ,padatelsky“ vyznam solute

- aplikace IL+CO, solute

open tubular

capillary
column

micropacked

siloxane polymer (PDMS, M,, ~ 4.8x105) IL




Relative partition coefficients in [omim][BF,]-scCO, system
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2) SFE - superkriticka fluidni extrakce (CO,)

tuhé vzorky

vodné vzorky

solvatacni schopnost CO, je velmi zavisla na tlaku (hustoté)

? chrom. analyza - dekomprese - ztraty analytl - zachyt ?

Zakladni technika zachytu do kapaliny
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SFE (pfijemnych) kapalnych vzorkd ?

Analyza vin




Direct Continuous Supercritical Fluid Extractionaablovel Method
of Wine Analysis: Comparison with Conventional Iredit
Extraction and Implications for Wine Variety Idditation

Pavel Karasek, Josef Planeta, Elena Waxe Ostra, Milena MikeSova,
Jan Golias, Michal Roth, and‘Vejrosta

‘ Journal of Chromatography 2003 1002 13-23.
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‘ Multivariate Statistics ‘

of the wine varieties represented by >=4 wine samples

‘ [cluster analysls- used to select the 4 samples/variety if n{ore

discriminant analysis elimination of redundant (= linearly
dependent) component peak areas
from the input data matrix

canonical correlation analysicomputation of discriminant
functions, i.e., the latent factors
differentiating among the wine samples

==)| Info: http://www.statsoft.com/textbook/stathome.h#ml

Computation tool: KyPlot spreadsheet SW, Koichi Yokhio
http://www.qualest.co.jp/Download/KyPlot/kyplot_ &,
http://www.kyenslab.com/en

Statistické zpracovani (diskrimityai analyza) chromatogram

Ve srovnani s postupentgs extrakci tuhym sorbentem (SPE-SFE-GC)
poskytuje pima SFE vin (DCSFE-GC) mnohem lepsi rozliSeniiddr
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Dalsi analytické aplikace gtimé kontinualni SFE (DCSFE)
vodnych vzorki:

epivo - aldehydy, ketony, mastné kyseliny, estery; PAH, PCB
(DCSFE-GC)

epifrodni insekticidy pyrethriny (Chrysanthemum cinerariaefoliym
(DCSFE-HPLC)

slykopen (tetraterpengervené barvivo rajskych jabék aj.)
(DCSFE-HPLC)




‘ Méreni mezifazové distribuce analyt systému HO - scCQ ‘

CO,~Water Partition Coefficients (333 K,
20 MPa) vs. Octanol-Water Partition
Coefficients at Ambient Conditions

Partition Coefficient ( K = y/x) of Salicylic
Acid as a Functionof T and P
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Red symbols = ortho-substituted phenols
Blue symbol = 2 dissociable protons

3) Kapalinova extrakce za zvySenych teplot
[T > T, sV a tlaka [P > P, oV (T)]

org. rozpoudtdla / sngsi: PFE, PLE, PSE, ASE

Instrumentace PFE - automatizované extraktory:

Vyhody PFE proti (nizkotlaké) extrakci podle Soxhle  ta:

a) vyssi rozpustnost analytli v désledku jejich vyssi tékavosti

b) analytu z matrice vzor

bstup hmoty, slabsi inte

c)
d)

) a b) vede k rychlejsi e
bst extrakéniho rozpou§
dyZz mnohem méné ne

ganickych rozpoustédel
iho prostiedi

e)

f) lepSi kontrola sloZeni v pfipadé pouziti smésnych
rozpoustédel - na rozdil od Soxhletovy extrakce PFE
nezahrnuje fazovy prechod rozpoustédla (rovnovéha
kapalina-para) a z néj plynouci zmény slozeni

Vyuziti PFE - ,nutrng* vyznamné latky v rostlinach

1) chmel (Sistice, chmelové pelety)

a-horké kyseliny, humulony B-haiké kyseliny, lupulony isohumulony

R = -CH(CH,),, -CH,CH(CH,),, -CH(CH,)CH,CH,

Rooibos

2) ,éajové" rostliny ~Eerveny
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3) Steviosid

Stevia rebaudiana

cca 30& sladsi nez sacharosa

Hc” “coor,

steviosid:
R, = A-Glc
R, = f-Glc-5-Glc

steviol:
R,=R,=H

4) Extrakce stlacenou horkou (subkritickou)
vodou

Motivace:
Voda je nejen ,nejzelengjsim*, ale také ,nejladiteln&jSim*
rozpoustédlem.

,Obvyklé* podminky (25 C, 0.1MPa):
NaCl dobfe rozpustny, benzen prakticky nerozpustny

LSuperkritické* podminky (>374 C, >22.1 MPa):
NaCl ~ nerozpustny, benzen ~ plné misitelny

Vyuziti vody za vysokych teplot a tlaku:

a) Superkriticka voda (t > 374 T, P > 22 MPa)

supercritical water oxidation, SCWO

b) Subkriticka voda (100 € < t <374 T, P > Ps(t))

Lenvironmentalni sanace*

extrakce rostlinnych materialt a surovin

analytickd chemie — pfiprava vzorku

biopolymery — rozpousténi celul6zy, hydrolyza proteinu
konverze (zplynovani) biomasy — energie (CO+H,)

Motivation

water = the “greenest” and the most “tuneable” solvent
-
[Propety [ ‘“ambient’ [ ‘supercritical” |
| [25%.0.1MPa[500C.30MPa|
Density p/kgm® [ 9970 | 115 ]
[Solubility parameter 8/ -cm®)*” | 479 |

Internal pressure Py, / MPa | 160 [ 32 |

lon product K, / (mol-dm®)?
Relative permittivity & [ 784 —1— 168 |

PHWE : 100C < t<374C, P> P_, (t)

relative wealth of analytical applications of PHWE
X

relative lack of solubility data

Apparatus and Procedure

e

\
Operz‘{‘ting pressure is determine
jointly by the fused-silica restrictor
and by, the operating flow rate of
the pump

Peak areas of the PAH and the internal standard together with
volumetric dilution factors make it possible to obtain the solubility
(equilibrium mole fraction) of the PAH in pressurized hot water, x,
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PAHSs-in-PHW solubilities: Brno data OO Activity coefficients of PAHs in PHW Q—@—@
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Property value (relative to 25 C)
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predictive correlation of aqueous solubilities of PAHs

PAHSs in PHW: calculated vs. experimental solubilities
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Rozpustnosti: diamantoidy vs. PAHs

Aktivitni koeficienty: diamantoidy vs. PAHs
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Dékuiji za pozornost
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