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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 tlakt

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

4) superkritickd voda vs. kiemenné povrchy — vyuziti
v analytickych separa¢nich metodach
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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%5




lonic liquids — cations K\j
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History of lonic Liquids

» 1980s: Chloroaluminate lonic Liquids
1st generation AL
\—/ (Al
J.S. Wilkes, J.A. Levisky, R.A. Wilson and C.L. Hussey, Inorg. Chem. 21 (1982) 1263-1264.
» 1990s: Air- and moisture-stable lonic Liquids
2nd generation \N/\N.J
\—/ [BF"
J.S. Wilkes and M.J. Zaworotko, J. Chem. Soc. Chem. Commun (1992) 965-966.
« 2000s: First examples of ,Task Specific lonic Liquids”

3rd generation s
9 P
\—/ [PFJ”

A.E. Visser, R.P. Swatloski, W.M. Reichert, R. Mayton, S. Sheff, A. Wierzbicki, J.H. Davis, Jr.
and R.D. Rogers, Chem. Commun. (2001) 135-136.

Poget glankt o iontovych kapalinach (IL) a jejich kombinaci se

superkritickjm CO2 (IL+scCO ) podie Web of Science.

B L+scCO7]
mL

Superkriticka fluidni chromatografie

udaje o distribuci latek mezi superkriticky CO,
a iontovou kapalinu

- ,padatelsky“ vyznam solute

- aplikace IL+CO,

solute

[hmim][T,N]

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

open tubular

capillary
column

micropacked

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

restriktor
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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 ¥ax& 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)




X
‘ 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

i
Rooibos - zeleny’ Honeybush

honeybushQyclopia intermedif - jizni Afrika
rooibos Aspalathus linearis - jizni Afrika
¢aj (Camelia sinensjs -Cina

yerba matélex paraguayensj)s - jizni Amerika
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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) Antioxidanty z hroznovych slupek: off-line PFERE

i) R, De3glc: R = R? = OH Svatovavfinecké
Cy3glc: Rt = OMe, R2= OH Alibernet
Ry Pt3glc: R = OMe, R2=H
0—glucose Pn3glc: R = R2 = OMe (rozemleté
. Mv3glc: Fi] =OH,R?=H lyofilizované
Q slupky)

/

HO

PFE:
MeOH, EtOH, 40-120C, 15 MPa
antioxidanty z extrakt( zha3eji radikaly pfidané do systému

¢asovy vyvoj EPR signalu
~ antioxida¢ni aktivita extraktu

fom N
oS s M= 1 \SO vy
~ ob S
) Ty o
2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) or ABTS 2,2-diphenyl-1-picrylhydrazyl

4) Extrakce stla¢enou horkou (subkritickou)
vodou

Motivace:
Voda je nejen ,nejzelengjSim*, ale také ,nejladiteIn&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
superkriticka voda rozpousti SiO, — geochemie, povrchy

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

Lenvironmentalni sanace*

extrakce rostlinnych materialt a surovin

analyticka chemie — pfiprava vzorku

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

Motivation

water = the “greenest” and the most “tuneable” solvent

| [25%,0.MPa[500%C.30MPa]
Density p/kgm® [ 9970 | 15 ]
[Solubility parameter 8/ Q-cm®)” | 479 | 590 ]

Internal pressure Py, / MPa [ 160 [ 32 |
llon product Ky, / (mol-dm®? [ 1x10™ [ 157007 |
Relative permitivity &

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

relative wealth of analytical applications of PHWE
X

relative lack of solubility data




Apparatus and Procedure

AYAVAVAVAVAY.

\
Operé‘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,

140T 160
A

180T  200C 210C
t,=216T

40C 60C

PAHSs-in-PHW solubilities: Brno data
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Activity coefficients of PAHs in PHW
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predictive correlation of aqueous solubilities of PAHs

PAHSs in PHW: calculated vs. experimental solubilities
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PAHSs in PHW: “environmental” prediction
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Organic Light Emitting iode displays

Smartphones, tablets, etc. ... OLED displays

Increasing production = increasing rate of disposal
Environment ?? ... Aqueous solubilities

Q.0 Q. O OO
SV Y5 %@53

1,4-bis(diphenylamino)benzene  tetra-Atphenylbenzidine

o008

4,4'-bis(A-carbazolyl)-1,1'-biphenyl

1,3,5-tris(diphenylamino)benzene

9,10-bis(phenylethynyl)anthracene

Aqueous solubilities of hole transport materials

P =5-7 MPa

H

anthracene
triphenylamine
1,4-bis(diphenylamino)benzene
tetra-N-phenylbenzidine
4,4-bis(N-carbazolyl)-1,1-bipheny!
1,3,5-tris(diphenylamino)benzene
9,10-bis(phenylethynyl)anthracene

qsx+me0 D

Solubility at 25 °C:

< 2x101 g / 1 kg H,0

10
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? obecnéjsi korelace vodnych rozpustnosti ? — skupinovy model y;
Q0 O O;Q Co0 O
PRGOS r o0 L0
O 0
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Swe

Skupinové prrispévky k log(aktivitniho koeficientu)

2 . . . Raoult-law ideality

CH(arom)
C(arom)
CH,(ring)
N(pyridine)
S(ring)
O(ring)
NH(pyrrole)
Cc=0
CH(aliph)
N(t-amine)

O+44D>>EI W OO\

hydrophilic

-2
300 350 400 450 500
T/K

Rozpustnosti: diamantoidy vs. PAHs

adamantane
naphthalene
diamantane
anthracene
phenanthrene

Aktivitni koeficienty: diamantoidy vs. PAHs
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phenanthrene
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300

5) Superkriticka voda vs. kiemenné povrchy

Sio,

Quartz Fused silica

Both quartz and fused silica soluble in very hot water

4
Water as silica surface treatment agent for separation devices

Vodnd rozpusthost taveného kifemene vs. Ta P

11



Vicedéelovy
extraktor/reaktor pro
aplikace superkritické
vody (do 500 °C a 75
MPa)

T.=374°C
P. = 22.1 MPa

Live steam

gaseous phase

Temperature

Kénické kapildry

Tcm 1cm 1Tcm Tcm..

| | W }

104x1cm
64 cm 58cm 53cm 51cm

100 um 119 um 128 uym 140 pm

48 cm 47 cm 45cm
170 um 185 um 195 um

Kénické kapildry

340°C
) — 360°C
90 mg/min
240 9 380°C
— 400°C
210 420°C
E
2180 J1oou
]
@
£
3 150
2
5 P
£120 // !
I S -
9 p
=
60

0 10 20 30 40 50 60 70 80 90 100
capillary length [cm]

Kénické kapildry - k Eemu jsou dobré ?

Karel Slais (1995) - teorie - vyuZiti kénickych kapildr mbze
vést k vy&Simu rozlideni amfolytd v kapildrni
isoelektrické fokusaci (CIEF)

400°C

190 90 mg/min

— 260 mg/min
360 mg/min

— 500 mg/min

o 3
3 3

Internal diameter [ um ]
3
&

110

0 10 20 30 40 S0 6 70 8 9 100
capillary length [cm]

Kénické kapildry - jak funguji v CIEF ?

kénicka kapildra
> crtunt O e csanens D atsantars
k v | A
o] P 0. dadanti
0 cnpsarens T
o e -

obvykld vdlcovd kapildra

vt | A 0.chysantems by chysanthn

0. parsdsiaca

B 0. paradsiaca B, 0. danticols

o R4 L . solani-
0.sotnt w R
/ pI37

0. afnbachia pI27

D. danticola

T T 3 il 7 3 3 timin) 0

Rozligeni nékolika druhli bakterii Dickeya s blizkymi isoelektrickymi body
v kapildrni isoelektrické fokusaci v gradientu pH 2.0-4.0 s pouzitim
bézné vdlcové (vlevo) a kénické (vpravo) kapildry.

Columns - troubles in surface treatment - an example
— untreated fused silica capillary

N (100 ym i.d.)
PP
==) fused silica capillary after etching
F with 2-chloro-1,1,2-trifluoroethyl
cl methyl ether (33 % of capillary
3 volume filled with the liquid ether,

capillary sealed, 320 °C, 12 hours)
followed by etching with
saturated methanolic solution of
ammonium hydrogen difluoride (25
°C, 24 hours)

==) fused silica capillary after etching
with 2-chloro-1,1,2-trifluoroethyl
methyl ether (60 % of capillary
volume filled with the liquid ether,
capillary sealed, 350 °C, 12 hours);
black coloration comes from the
carbon soot produced by
decomposition of the ether

12



Monolithic silica (capillary) columns

Skill AND good luck Skill and BAD luck

REALLY BAD R . )
luck 400 °C, 32 MPa, semi-dynamic mode, 20 replacements of
T T SCW inside the capillary
Si0, Monolith Modification w? Separation of Nucleic Acid
(for HILIC) oto Bases and their Derivatives
2
=
E
>
& 1
?0
HZC*N:CHJ
Comparison of isocratic elution on bare silica monolithic
H,C o) (A) and sulfoalkylbetaine monolithic (B) capillary

I
CHy| O
< NH,|
—0—§i-0— —o-si—o—
? o}
!

Si0, Monolith Si0, Monolith

columns. Mobile phase: 95% (v/v) ACN/50 mM
ammonium formate, pH = 4.5, flow rate 0.5 pl/min;
detection: UV 210 nm; sample: foluene (f, marker),
thymine (1), uracil (2), 2-deoxyuridine (3), 5-
methyluridine (4), adenosine (5), uridine (6), cytosine
(7), 2-deoxycytidine (8), cytidine (9), 2-deoxyadenosine
(10), adenine (11), and adenosine (12).

Dékuji za pozornost
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