8. Kombinace chromatografickych
metod s hmotnostni spektrometrii 1.
Plynova chromatografie (GC/MS) a spec. techniky

“ Doprava vzorku - plynovy chromatograf (GC)
(nejbézng)si) - kapalinovy chromatograf (LC)

(z&visi na skupenstvi, - pfimy vstup (DIP)

polarité, tep. stalosti apod.)

" Plynovy chromatograf = zastiva roli separatoru

* Hmotnostni spektrometr = zastiva roli detektoru



Technika GC/MS
[HOLMES, Morrell 1957, komeréné LKB 1967]

Analyza t€kavych vzorku
! teplotni limit kolony (max. = 300°C) !

" Zakladni casti pro plynovou chromatografii GC:
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o L 00000 | T
Injector for  Column Detector Recorder
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Klasické: FID, ECD apod.

nebo MS, UV apod.

High pressure
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and regulator



" Schematicke znazorneni analyzy vzorku metodou
GC.. sample and

mobile phase deiection
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= Typicky tvar plynoveho chromatogramu.
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. retencni Cas pro slozku A t, .... retencni Cas pro neadsorbujici
.. redukovany retencni Cas pro slozku A se latku (Casto vzduch)

(mira interakce se st. fazi pro latku A) (mrtvy retencni cas)



= GC a MS - srovnatelné naroky na mnozstvi vzorku => citlivost
pristroju pi1 velkém dynamickém rozsahu:
! optimalizace mnozstvi latek |  J 2mm & 0,5mm
GC- 102 — 510°¢g
MS - 107 g (ng/cm-3)

- MS poskytuje spektrum latek (dodate¢na informace)

- rychlost snimani spekter vs. Casova Sifka elu¢ni zony
- moznost (a také nutnost) spojeni s pocitacem

= Zakladni problém = tlakovy spad az 9 rada (103 - 10° torr)
- separatory, omezovace
- ptimé€ spojeni



= Naplnové kolony &2 mm (20 cm? atm min!)
= Splitter: ventil

= Separatory: obohaceni vystupu z GC sklo, teflon, membrana,
ystup
(podrobnéji — viz. dalsi slide) adsorbent apod_)

" Omezovace: odebirani vzorku z GC (open-split, jet-orifice, restriktor)
I umoznuji vymeénu kolony bez preruSeni vakua !
= Obohacovaci: E=c,c..[mol m?]

faktor ||]|:> kvalita separdtorii
= Vyteinost: Y = Qug/Qqc [mol] -100 E=Y/100 - Vyo/Vie
= Kapilarni kolony J0,5Smm  (5cm? atm mint)

" Primé spojeni: vyména kolony za chodu nejlépe pres restriktor
I Nutny systém vykonnych vyvév (olejova, difiizni, turbomolekularni) !

Odsavani prostoru pfed 1Z,1Z  — (6 -8 cm’ atm min'!) = diferencni
a detektoru srovnej (1 cm? atm min'') = jednoduché



Dodatek k separatorium:

Teflon: hlavné pro He : 200°C — nepropustny
250°C — znacné propustny

Adsorbent: napr. slitina Ag-Pd = vysoky priichod pro H, (stény)

Nutnost: rychly zaznam spekter — dnes prakticky viechny MS
(magneticky = laminarni magnety)

odstranén problém virivého proudu
velké D a vysoky IP (diive snimani spekter pii 20eV)
’ \{
Nosne plyny: He, H, apod.
ITonizace: El, CI

Scan mod: Full — snimani kontinualniho spektra v intervalu m/z
SIM — snimani na zvolenych hodnotach m/z —
(vhodné pro kvantitativni analyzu — zcitliveni az o 3 rady)



" Ndcrt ukazujici relativni rozlozZeni a priblizné relativni
velikosti vedeni a otvirkii pro tok plynu pres IZ
(dokumentovano takée diferencni cerpdni):
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" Schematicke znazorneni primeho spojeni GC/MS:

priruba

kapilarni
kolona



Vysledek

» TIC chromatogram reprezentujici hmotnostni spektra z
analyzy prostrednictvim GC:

FILE Jalx ACQUISITION TABLE MNAME JAC M 113719868
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!l Lze pouzit i negativne '
nabitou elektrodu zarazenou
na konec 1Z, sbirajici z |
vychazejiciho paprsku cdst |
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VS’Sledek - pokracovani

" Hmotnostni spektra (podle poradi od zacatku méreni)
ziskana pri analyze prostrednictvim GC:
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Rychlost spektralniho zaznamu

» Srovnani 2 hmotnostnich
spekter dokumentujicich
zkresleni intensity piku

nasledkem nekonstanini
tenze par vzorku:

Nejlépe volit rychlost ==
zaznamu ~ 8-10
scaniut na jeden pik

100

GC FRACTION
20usc

SCAN 2

100

200

m/z

300



Separatory
Membranove:

" Schematicky diagram membrdanoveho separadtoru (plocha
povrchu elastomerni membrany je priblizne 1 mm?):

from / [/ﬂ_ DENUDED

GC ' — =" CARRIER GAS

(silikovova,
polymerni)

membrane’ .
to MS nosic: porézni sklo nebo kov




Sep al‘{ltO l‘y - pokracovani

N ... mnozstvi plynu
f £ - k ....  konstanta (f vodivosti trubice)
Ef uzni. N _k p / M p ... parcialni tlak slozky
Watson, Biemann (1964) M .... molarni hmotnost slozky

» Schematicky diagram efuzniho molekularmho separdatoru.

° r o ta f rv r
velikost pori iy snizeni tlaku na 1 torr
~lum Zr evacualion '
K T chamber 0" ring
f
==’_ J §.5 =" = S O i e b4 5 tedrory s - DT RS | 1
st ———————— E_f 1; e D MR TR ?_ L Y NN TGN | 7 I‘_
, entrance
exit / —] flonge g porous (nebo keramika, consiriction
constriction ::ztgamb: :eource Fﬁi‘ kov apod.)

housing

" Pravidla: nutné molekularni proudéni (ne viskozni)
(zajiSténo, kdyzZ stt. volna draha molekul velka ve srovnani s velikosti

poru)



Sep arato ry - pokracovani
Vodivostni:

" Schematicky diagram promenné vodivostniho separdtoru.:

malé otviurky 0 - 100 um kruhova draha

v v
\_ __:_: it “L—/ GC—-—-—
6C——=2F77 ’"—é—vms

\'
(a) movable plate, (b) knife edges, (v) auxiliary vacuum




Sep arato ry - pokracovani

Jet-orifice: (tryskovy)

prudka expanze plynu do vakua,

Ryhag (1964) tzv. supersonicka frakcionace molekul

» Schematicky diagram tryskového separatoru.:

expanze optimalizovano na dany vzorek a nosny plyn

fo e
from AN ion EXIT az90%
GC 87 source odstraneni
] ! Nutny znatelny nosného
I l plynu

rozdil M, a

(olejové) ca 107 torr U
M, ... => Casto He

vacuum pump | jako nosny plyn !

= Pravidla: nutné difuzni proudéni (viskézni) (Grahamuv z.)
pro kazdou slozku D a f (M) => rychly pruchod =>

zabranéni rozkladnych procest o horke stény a

moznému zkresleni RT



Interface

Open - split: (oteviené napojeni) kapilarni omezovac
(restriktor)

» Schematicky diagram otevieneho napojeni:

from GC J - to MS

N _— >
4 s odvadeéci plyn :
] ]
| | ] I existuje také spojent
¥ | kapilarni kolony pres
purge Sirsi kapilaru do jiné

- do MS projde pouze definovan¢ mnozstvi latky
- dominantn¢ odchazi rozpoustédlo a jin¢ nezadouci latky



Split — splitless injektor
» Schema SSL 71 split/splitless injektoru.

Septum cap Septum
/

Split Splitless
Dt T

Graphite seal T T . :
S ; \:L_
Split Purge -
(Bottom)  (Top) Wi e Glass
_ : liner
i _.g;
4= Carrier
Lower insulating
section
Fixing nut M4 column fixing nut

| Graphite ferrule
Capillary column - i



Dnes

= Pouziti kapilarnich kolon
= - diky diferen¢nimu Cerpani vykonnymi
turbomolekularnimi pumpami

= - existyje Siroke spektrum polarity kolon s libovolnymi
parametry (délka, tloust’ka filmu stac. faze apod.)

= - nejlepe vyuzit katalogt firem v tisSténé nebo
elektronicke podobé (CD, DVD) nebo Internetu
(napt. J&W Scientific) — nasledujici prisvitky

= Nasleduje: - definice polarity
- parametry kolon
- vhodnost pro typy latek
- referenCni analyzy



J&W Scientific

.ase Specifications & Order Guides

CH H
B (5%-Phenyl)-methylpolysiloxane l 5 c|. .
® Nonpolar O—TI -"S|I
B Excellent general purpose column CH, -'n

C,H; ~'m
® Wide range of applications

® Low bleed Structure of Diphenyldimethylpolysiloxane
B High temperature limit
® Bonded and cross-linked

nepolarni
B Solvent rinsable

® Wide range of column dimensions available

B Equivalent to USP Phase G27




Test Mix:

Microbore (0.05-0.10 mm I.D.) P/N: 200-0010 085 Order Guide
Capillary (0.18-0.32 mm I.D.) P/N: 200-0310 : = = ,
Megabore (0.45-0.53 mm 1.D.) P/N: 200-0110 0,05 : 0 [ 005 F S0, "-125;0)121 T
Certain thick film or thin film configurations require different test 0.05 10 020 -6010.325/350 | 126-5013
mixtures than those listed above. Please call [&W Technical Support for 0.10 5 0.12 -60 to 325/350 | 127-500A New
specific test mix information. 0.10 10 0.10 -60 to 325350 | 127-5012
0.10 10 0.17 -60 0 325350 | 127-501E New
- = 0.10 10 0.40 -60 to 325/350 127-5013
Similar Phases: 0.10 20 0.10 -60 to 325350 | 127-5022
HP-5, Ultra-2, SPB-5, CP-Sil 8CB, RSL-200, Rtx-5, BP-5, 0.10 20 0.40 60 t0325/350 | 127-5023
CB-5, OV-5, PE-5, 007-2(MPS-5), SE-52, SE-54, XTI-5, 0.10 40 0.20 -60 to 325350 | 127-5046 New
PTE-5, HP-5MS, CC-5, RH-5ms, ZB-5 0:15 10 012 | -60t0325B350 | 12A-5012 Hewi
0.15 10 1.20 -60 to 300/320 12A-5015 New
[]B 5 [h 0.15 25 0.12 -60 to 325350 | 12A-5022 New
- Tomatograms 0.15 25 120 | -60to300320 | 12A-5025 New
0.18 0. 7
e — .
TMS Deri‘t{atives : r8. 295 0.18 10 0.40 60 t0 325350 | 121-5013 :
B Amphetan'une:s and Metabolites — Sis s T T T
TMS sz{ﬂt!vﬂs 5 A pg' 295 0.18 20 0.20 -60 to 325/350 121-5026 New
= Amphetamines — TFA Derivatives pg. 295 g S = i
m Antihistamines pg. 303 : : e 121502
a Chlorinated Pesticides pg. 190 e B B P s
s Cocaine and Metabolites — TMS Derivatives pg. 299 : 3 020 i 6080 32340 [ 12INHY e
u Fatty Acid Methyl Esters (FAMES), Bacterial pg. 257 B e
w Leaking Underground Storage Tank (LUST)  pg. 184 % 12 033 SO eI
= e ngs.245, 248 0.20 15 0.20 60t 325350 | 128-50H7 New
w Lime Oil, Distilled pg. 248 020 1215 080 i to AR I .
w Marijuana (A-THC) and Major Metabolites — 00 [ ) O S0 it s SR S
TMS Derivatives pg. 301 Q20 okl s 038 1), 2e0t0 30500 o IHRRA sl o to e ol
» Methadone and Metabolites pg. 300 DDt 0,301 [T 000 34NN 1 T IRBRGY Wi i b
w Narcotics and Adulterants pg. 300 Ol el 0:20, {0t SN AR 18R
w Orange Oil, Cold Pressed pg. 246 0:20 = QDI /iR -50 SR TIN HEIT NN | New
w Orange Essence pg. 246 020 | 50 0.1 -60 10 325/350 | 128-5051 New
m Organoachlorine Pesticides pg. 191 0.20 30 033 | 6010325350 | 128:5052
a Ouver-the-Counter Pain Killers — 0.20 50 050 | -60t0325350 | 128-5053 New
TMS Derivatives pg. 303 0,20 60 020 | -60to 325350 | 128-5067 New
m Tricyclic Antidepressants pg. 304 | B0, | 80 QReiT |40 oA [ TRt R Linaa

More DB-5 order guides on page 32
Web Site: http://www.jandw.com J&W Scientific  Technical Support: 800-552-0413




DB-130j and DB-1701

W DB-1301: (6%-Cyanopropyl-phenyl)-
methylpolysiloxane

B DB-1301: Equivalent to USP Phase G43

® DB-1701: (14%-Cyanopropyl-phenyl)-
methylpolysiloxane

® Low/midpolarity
B Bonded and cross-linked

B Solvent rinsable

Test Mix:

DB-1301

Capillary (0.18-0.32 mm LD.) P/N: 200-0003
Megabore (0.45-0.53 mm 1.D.) P/N: 200-0103
DB-1701

Capillary (0.18-0.32 mm L.D.) P/N: 200-0007
Megabore (0.45-0.53 mm 1.D.) P/N: 200-0107

Certain thick film or thin film configurations require different test
mixtures than those listed above. Please call J&W Technical Support for

specific test mix information.

Similar Phases to DB-1301:
Rix-1301, PE-1301, HP-1301

Similar Phases to DB-1701:
SPB-1701, CP-Sil 19CB, Rtx-1701, BP-10, CB-1701,
OV-1701, PE-1701, 007-1701, ZB-1701, RH-1701

-ase Specifications & Order Guides

I

Structure of
Cyanopropylphenylmethylpolysiloxane

0B-1701 Chromatograms

Anticonvulsants, Drugs pg. 304
Chlorinated Pesticides pg. 185
Dicarboxylic Acids, Dimethyl Esters pg. 263
Fentanyls pg. 299
Haloacetic Acid Methy! Esters pg. 242
Organochlorine Pesticides pg. 193
Organophosphorous Pesticides pg- 198
Phenoxy Acid Herbicides pg. 200
TMS Sugars pg. 264
Triazine Herbicides pg. 208
4 4 ' & r
stredné polarni

Technical Support: 800-552-0413  J&W Scientific ~ Web Site: http:/www.jandw.com



DB-WAX

B Polyethylene glycol (PEG)

B Close equivalent to USP Phase G16
® High polarity

® 20°C lower temperature limit

® Column-to-column répea'tabi!ity

B Bonded and cross-linked

M Solvent rinsable

Test Mix:

Microbore (0.5-0.10 mm [.D.) P/N: 200-0070
Capillary (0.18-0.32 mm L.D.) P/N: 200-0370
Megabore (0.45-0.53 mm I.D.) P/N: 200-0070

Certain thick film or thin film configurations require different test
mixtures than those listed above. Please call J&W Technical Support

for specific test mix information.

Similar Phases:

HP-20M, SUPELCOWAX 10, CP-WAX 52CB, SUPEROX
II, CB-WAX, Stabilwax, BP-20, PE-CW, CC-WAX,
007-CW, Carbowax, HP-Innowax, Rtx-WAX, PE-WAX,
RH-WAX, ZB-WAX

-

Structure of Polyethylene Glycol

Technical Support: 800-552-0413

J&W Scientific

Alcohols—NIOSH Methods 1400-1403
Aldehydes and Ketones

Aromatics— NIOSH Methods 1501 and 2005

Bergamot Oil

Clary Sage Oil

Ethylene Oxide

Esters— NIOSH Method 1450

Fame Standard

Fatty Acid Methyl Esters (FAMEs)
Formaldehyde

Fragrance Reference Standard
Geranium Oil

Glyeols

Hualogenated Hydrocarbons

Ketones— NIOSH Methods 1300-1301
Lavender Oil

Menhaden Fish Oil (FAMEs)

NIOSH Method 1450, Esters

NIOSH Methods 1300-1301, Ketones
NIOSH Methods 1400-1403, Alcohols
NIOSH Methods 1501 and 2005, Aromatics
Peppermint Oil

Phenols

Rose Oil

Rosemary Oil

Scotch Whisky

Spearmint Oil, Western
Vermouth, Dry

White Wine

Ylang Ylang Oil

polarni

.ase Specifications & Order Guides

pg.311
pg.280
pg.312
pa.255
pg.263
pg. 291
pg.312
pg.260
pg.259
pg.276
pg.254
pg.255
pg. 281
pg.289
pg.313
pg.253
pg.261
pg.312
pg.313
pg.311
pg.312
pg.251
pg. 283
pg.255
pg-255
pg. 245
pg-251
pg.244
ps.-244
p8-255

Web Site: http://www.jandw.com



. Methods — EPA

Many possible calumn and instrument combinations can be used to obtain successful EPA analyses, Listed below are just a
few of the calumns J&W would recommend for these analyses. To tallor your analytical system to your particular needs,
call I&W Technical Support at 800-552-0413 for the best possible column recormmendation,

EPA Drinking Water Test Me_th__ods

.

s ! 2 3 ....‘ gty -r—{'ﬁ"-ﬁ;{ r-ﬂg ke 23 e R - i G

501.3 | Measurement of Trihalomethanes in Drinking Water DB-624 30 m % 0.45mm L.D., 2.55 pym 124-1334
with GC/MS and SIM DB-624 75 m x 0.45 mm 1.D., 2.55 um 124-1374

DB-624 30m x 0.53 mm L.D., 3.0 pym 125-1334

DB-624** 75 m x 0.53 mm I.D., 3.0 pm 125-1374

DB-VRX** 30 m x 0.45 mm |.D., 2.55 ym 124-1534

DB-VRX** 75 m x 0.45mm |.D., 2.55pum 124-1574

DB-502.2 105m x 0.53mm I.D., 3.0 ym 125-14A4

502.2t| Volatile Halogenated Organic Compounds in Water by DB-624 30 mx 0.45mm [.D., 2.55 um 124-1334
Purge and Trap Gas Chromatography DB-624 75 m x 0.45 mm |.D., 2.55 um 124-1374

DB-624 30 m x 0.53 mm |.D., 3.0 pm 125-1334

DB-624** 75 m x 0.53 mm I.D., 3.0 pm 125-1374

DB-VRX** 30 m x 0.45mm I.D., 2.55 ym 124-1534

DB-VRX** 75 m x 0.45 mm 1.D., 2.55 ym 124-1574

DB-502.2 105 m x 0.53 mm I.D,, 3.0 pm 125-14A4

503.1 | Volatile Aromatics and Unsaturated Organic Compounds DB-624 30 mx 0.53mm I.D., 3.0 pm 125-1334
in Water by Purge and Trap Gas Chromatography DB-VRX** 30 m x 0.45 mm I.D., 2.55 ym 124-1534

504 1,2-Dibromoethane (EDB) and DX-3* 30 m x 0.32 mm I.D., 0.25 ym 123-6332
1,2-Dibromo-3-chloropropane (DBCP) in Water DB-1* 30 m x 0.32mm |.D., 0.25um 123-1032

by Microextraction and Gas Chromatography by ECD DB-624** 30 mx 0.53mm L.D., 3.0 pm 125-1334
DB-VRX** 30 m x 0.45 mm 1.D., 2.55 ym 124-1534

505 Analysis of Organohalide Pesticides and Aroclors DB-1* 30 mx 0.32mm I.D.,, 1.0 pm 123-1033
in Drinking Water by Microextraction and DX-3* 30 m x 0.32 mm |.D., 0.25pm 123-6332

Gas Chromatography - DB-17 30 m x 0.32 mm 1.D., 0.50 pm 123-1733

507 Determination of Nitrogen and Phosphorus Containing DB-5* 30 m x 0.25mm I.D., 0.25um 122-5032
Pesticides in Water by Gas Chromatography with DB-5ms** 30 m x 0.25 mm [.D., 0.25pym 122-5532

a Nitragen — Phosphorus Detector (NPD) DB-1701* 30 mx 0.25 mm 1.D., 0.25 pm 122-0732

508 Determination of Chlorinated Pesticides in Water DB-XLB 30 mx 0.25 mm [.D., 0.25pm 122-1232
by Gas €Chromatography with an Electron Capture DB-5% 30m x 0.25mm I.D., 0.25pm 122-5032
Detector (ECD) DB-5ms** 30 m x 0.25mm I.D., 0.25pum 122-5532
DB-608** 30 m x 0.32mm |.D., 0.50 ym 123-1730

DB-1701* 30 mx 0.25mm [.D., 0.25 ym 122-0732




and Gas Chromatography with Electron Capture Detector

513 2,3,7,8-Tetrachlorodibenzo-p-dioxin DB-5 40 mx0.18 mm I D ., 0.18pum 121-5042
DB-Dioxin** 60 m x 0.25mm I.D., 0.15pm 122-2461

DB-Dioxin** 60 m x 0.32mm 1.D., 0.19 pm 123-2461

DB-5ms 60 m x 0.25 mm 1.D., 0.10 ym 122-5561

DB-5ms 60 m x 0.32mm |.D., 0.10pm 123-5561

515, Determination of Chlorinated Acids in Water Using DB-1* 30 m x 0.32mm L.D., 0.25pum 123-1032
515.2 | Liquid-Solid Extraction and Gas Chromatography DB-5* 30 mx 0.32 mm [.D., 0.25 pm 123-5032
with an Electron Capture Detector DB-5ms** 30 m x 0.32mm I.D., 0.25pm 123-5532
DB-1701* 30 m x 0.32 mm I.D., 0.25pm 123-0732

524.21| Measurement of Purgeable Organic Compounds in Water DB-624* 30mx 0.25mm I.D., 1.40 ym 122-1334
by Purge and Trap Capillary Column GT/MS DB-624* 30 mx 0.53mm I.D., 3.0 pm 125-1334

DB-624* 75 m x 0.53mm 1.D., 3.0 pm 125-1374

DB-5* 30m x 0.32mm I.D., 1.0 pm 123-5033

DB-5ms** 30 mx 0.25mm I.D., 1.0 pm 122-5533

DB-VRX** 30 m x 0.45 mm [.D., 2.55 ym 124-1534

DB-VRX** 75 m x 0.45mm |.D., 2.55 ym 124-1574

525 Determination of Organic Compounds DB-XLB 30 mx 0.25mm I.D., 0.25pum 122-1232
in Drinking Water by Liguid-Solid Extraction DB-5* 30'm x 0.32 mm 1.D., 0.25 pm 123-5032

and Capillary Column GC/MS DB-5ms** 30 mx 0.25mm I.D., 1.0 pm 122-5533
DB-5.625** 30 mx 0.32 mm I.D., 0.25 um 123-5631

548.1 | Determination of Endothall in Drinking Water DB-5% 30 m x 0.25 mm'l.D., 0.25 pm 122-5032
by lon Exchange Extraction, Acidic Methanol, DB-5* 30 m x 0.32 mm |.D., 0.25 uym 123-5032
Methylation Gas Chromatography/Mass Spectrometry DB-5ms** 30 m x0.25 mm I.D., 0.25 pm 122-5532
DB-5ms** 30 mx 0.32 mm |.D., 0.25 ym 123-5532

DB-VRX** 30 m x 0.45mm |.D., 2.55 ym 124-1534

551 Chlorination Disinfection By-products and Chlorinated DB-1* 30 mx0.32mm I.D., 1.0 pym 123-1033
solvents in Drinking Water by a Liquid-Liquid DB-210* 30 m x 0.32mm I.D., 0.50 pm 123-0233
Extraction Procedure DB-5ms** 30 mx 0.25mm |.D., 1.0 pm 122-5533

552, Determination of Haloacetic Acids and Dalapon in DB-1701* 30 m x 0.32 mm |.D., 0,25 pm 123-0732
552.1 | Drinking Water by lon Exchange Liquid-Solid Extraction DB-210* 30 m x 0.32 mm |.D., 0.50 um 123-0233

* Specified in EPA Method

** This columm ls highly recommended by J&W for this EPA Method

+ The choice of colunn for this purge and trap method may depend on your gample concentrator to GC interface. If you are uncertain about a column
chaice or if you want to upgrade your system, talk to our Technical Support experta at 800-552-0413, toll free.

Web Site: http://www.jandw.com

J&W Scientific

Technical Support: 800-552-0413




.vironmontal — Pesticides & Herbicides

Organochlorine Pesticides
Column: DB-608 Injector: Megaboro Direct, 260°C 1, Trifluralin

30 m x 0.53 mm '.D., 0.83 pm Detector: EGD| 326"C 2., Chbfmb
JAW P/N: 125-1730 Nitrogen makeup gas at 30 mL/min 3, Propachior
Carrior: Hellum at 35 cm/sac, 4. Hexachlorobenzene (HCB)

measured at 140°C 6. w-BHC
Ovan: 140°C for 2 min 8 8. yBHC

140-240°C at 10%min 45 80 12 7. B-BHC

o 240°C for 5 min 3 8. Chlorothalon
240-265°C al 5°/min i 14 9. Heptachior
265°C far 10 min
18 20
2 18
7 24
18 27
17 25
23 26
4 21
28
28
30
!
: | | .
11 &
15 22
A A LJ d M
ot
I; 32min = : - - 'dl
coo1




8
Organochlorine Pesticides 1o uraln 12;. Heptachior epovide
2. Chloroneb 15. y-Chiordans
Column: DB-5 3. Propachlor 16. o,0-DDE
30 m x 0.53 mm L.D., 1.5 pm 4 4. Hexachlorobenzene (HCB) 17. o-Chlordane
J&W P/N: 125-5032 5. o-BHC 18. Endosutlfan |
Carrier: Helium at 35 cm/sec, measured at 140°C 6, yBHC 19. p,p-DDE
Oven: 140°C for 2 min 7. B-BHC 20. Dieldrin
140-240°C at 10°/min 8. Chlorathalonil 21. o,p-DDD
240°C for 5 min 5 8. Heptachior 22. Chlorobenzilate
240-265°C at 5°/min 10. §-BHC 23. Endrin :
265°C for 10 min 11. Alachlor 24, op-DDT
Injector: Megabore Direct, 250°C 12. Aldrin 25. p,p-DDD -
Detector: ECD, 325°C 13. DCPA 26. Endosuifan |l
Nitrogen makeup gas at 27. p,p-DDT i
30 mL/min 28. Endrin aldshyde ;
10 14 29. Endosulian sulfate 3
30. Dibutyl chiorendste 3
2021 31. Methoxychior .
12,13 32, Hexabromobenzene (HBB) E
; 3
9 26 s
25
15
el
16 22
7 18 28
23 27,29
1 19
a4 2
I ] *
I | [ 1
"
P e —— 26min e |
coo2

Technical Support: 800-552:0413  J&W Sclentific ~ Web Site; httpi//www.jandw.com




Ceho se vyvarovat?
Krvaceni kolony:

- depolymerizace organickych polymert ze stacionarni faze
- zvySovani pozadi a interference s komponentami o nizké ¢
- nelinearni narust s teplotou (! nepferacovat povolenou teplotu !)

Septum: ftalaty apod. zvysuji pozadi a interferuji s komponentami o nizké ¢

Problémy: mala tékavost => kontaminace vnitinich prostortt MS (IZ, iont. opt.)
(t<150°C)

—> neoptimalni fokusace
— clektrické preruseni nebo vyboj

P analyze: aplikace vétsi koncentrace analytu
odecet pozadi od vzorku (dnes zajistovano automaticky pfi métent)

Vyuziti: vnitini standard pro kalibraci MS
(znamé hmoty — 207, 281, 355 apod., 149 atd.)



Kondiciovani kolony: t =0 20 - 25°C vy&si nez pii béznych analyzach
Rozpou‘s'tédloz Casto prostorovy naboj - zamezeni ventilem

- méieni aZ po odchodu rozp.

trpi také filament (! na agresivni latky — azidy apod. !)

MS a FID

Preferentni pouziti FID - nezkresluje
MS - TIC — poloha signalu ve spektru nemusi dat spolehlivou
representacit slozeni vzorku (diskriminace)

Pif’l'c"'iny: - pouziti efizniho (difuz.) separatoru - sloZky o niZ§i M meén¢ zastoupeny
- elektronovy nasobi€ — citlivy k rozdéleni m/z v TIC (hmoty se méni od

slozky ke slozce)
- kazda slozka ma jiny srazkovy ¢ pro rtizné ionizaCni média a podminky

nejlépe kombinovat oboji



DalSsi poznatky

-pro koncentrované vzorky vyuzit rad€ji split nez separator (protoze napi.)

-pozgf na mozne¢ reakce latek s povrchem separatoru nebo interface
(silanizace, teflon)
a na tepelny rozklad o stény (teplota pece)

Derivatizace: analyza malo tékavych latek a zamezeni fragmentace

Léky: analyza metabolitih — mnohdy komplikované
y



Derivatizace

" Princip: pievedeni analyzované latky na tékavéjsi
slouCeninu
- Cinidla: - Sllyly (! nékdy ale vysledny produkt neposkytne
dobrou strukturni informaci !)
trimetylsilyl (TMS) g
tercialni butyldimetylsilyl (BDMS) f
. Vv
ROH > R-OS1(CH;),Bu!
pak

- acetyl, triflouracetyl, metylestery apod.

ROH + (CH,CO),0 —— R — OCOCH, + CH,CO,H

ROH + (CF,C0),0 —— R — OCOCF, + CF,CO,H

ROH + CH,N, » R—OCH; + N,



- jina ¢imidla
vznik O-mQWZOXin’Zﬁ (! Stabilni molekuldarni ionty a strukturné

o duleZité fragmentacni ionty !)

z aldehydii a ketonii

>:0 + NH,OCH; — >=NHOCH3

vznik tekavych cyklickych borondtu
z vicindlnich a 1,3-diolu apod.
’XH X
R +R'B(OH); —= R, B-R’
YH Y
R’ =Bu, Bu, Ph; X,Y=0,N



Faktory pro volbu derivatu:

Musi byt dosazena u¢inna GC separace

Skupina derivatu ma mit maly hmotnostni prirtstek
Skupina derivatu musi dat vyznamne vysokohmotnostni
ionty

N¢ekdy 1ze vysokohmotnostni skupinu vyuzit na odliSeni
analytu od interferujicich pikt z krvaceni kolony



Nékteré obecne pouzivane derivaty pro GC/MS a jejich

odpovidajici hmotnostni prirustky

Typical substrate Derivative Mass increment
(amu)
Alcohols —OCH, 14
Phenols — OSi(CH,), 72
Enols — OSi(CH,),Bu 114
Thiols —OCOCH, 42
Amines — OCOCF, 96
Acids —OCH, 14
— OSi(CH,;), 72
Aldchydes
=NOCH, 29
Ketones
e
!
Jiy 8
/c—(!:—c\ BuB — 66
L Bu'B — 66
S PhB — 86
NH,, OH — CH(CH,), 40
N | 1/




Dalsi chromatografické metody

! syntéza vlastnosti GCa LC ! _
SFC - jesté vetsi tlakovy spad (kapilarni omezovace — Pt kapilara 2-10 um) 200 - 450°C

zamezeni
podchlazovani
PFi expanzi

- suprekritické fluidum = mobilni faze p — kapalina n — plyn

TLC - [Kaiser 1969] ! problém = obtiznd T desorpce nebo rozklad !
- OFF line - seskrabani sorbentu se skvrnou a analyza jako pevny vzorek

- seSkrabani sorbentu se skvrnou a extrakce — pak GC
- ON line - ohiev skvrny plaminkem a GC (Kaiser)

Head space - staticka extrakce plynem
- rovnovaha plynu s kapalinou (uzaviena nadoba)
- zavedeni nekolika ul parni faze - ! na rozmyti pikl (kvantum latky) =>
zatrazeni predkolony

Flash - velmi rychla GC

- t nartst az 100°C/s => aplikace modifikované pece
=> kolona upravena — plot technologie (max. 6m)
=> detektor — nova technologie (rychla odezva)
(Light Scattering detector apod.)
- stejné priutoky jako u klasicke GC, ale plyn predehfivan
- déleni dano rychlym t reZimem => velmi zké piky (napt. PCB — 255s)



= pr. analyza PCB (Delor 103)

=] Fil= Edit ¥iew Process ‘Window Help - ||5I ﬂ

=] |2 [e8] |+ | a0 a8 | 2] [ @] A =] &) |2 [recoer] « | 52
Sample ID: PCB 10ng/ul....pchb7s.goc,50_673.mdhb,220,270,splitless Acquired on 06-Jun-1997 at 13:01:34
F . BIG-f Scan El+
1 181e8
7442 R

L T T T L L L T L L L T T T L L L T L T L L L T T L L T T L L L T T L L L L T T T L T T T L L L T T L L T L T L T L T T T rt
| | ] | | | | | | | | | | | ]
5.000 &.000 7.000 2.000 9.000 10.000 11.000
¥ Spectrum - [PCB6-6] S [=] E3
L] File Edit “iew Process ‘'wWindow Help -7 x|
~ b —— aer
EiIEEImE M EC N E ERE R R E
PCEE-G 371 (7.143) Scan El+
186
100 1.58e5
256
. 25g
%_
] 150
260
1 ?4?5 S -
_ 152 185 1 234 H 500 530 554
a 205 T 355366 401 420430 475 - 510 -, 553560 622 854870
i IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIm
50 75 100 125 180 4175 200 235 250 275 200 325 360 375 400 425 450 475 500 535 6550 575 GO0 625 6A0




Ildentifikace v knihovneé spekter NIST

Sample ID: PCB 10ng/ul.... Acguired 13:01:34 at 13:01:34 -
Hit Compound Mame for REW
1 1,1-BIFHENTYL, 2,34 TRICHLORD- g
2 1,1-BIFHENYL, 2,2' 5-TRICHLORD- 033 OG5
c] 1,1-BIFHENYL, 2,2 4 TRICHLORD- 520 a1
4 1,1-BIPHENYL, 2,24 TRICHLORD- 212 ozo
5 1,1-BIPHENTYL, 2,36 - TRICHLORO- a7y 918
] 1,1-BIFHENYL, 2,4.4-TRICHLORD- 7O 013
u 1,1-BIFHENYL, 2,4,6-TRICHLORD- a7a an7
g 1,1-BIPHENYL, 2,4,5-TRICHLORD- g4z =]l
] 1,1-BIPHENYL, 2,2 2-TRICHLORD- 830 805
10 1,1-BIFHENYL, 2,4 5-TRICHLORD- 219 206
11 1,1-BIFHENYL, 2,2 5-TRICHLORD- 226 203
12 1,1-BIPHENYL, 2,44-TRICHLORD- 206 a7
13 1,1-BIPHENTYL, TRICHLORO- a0 B0
14 1,1-DICHLORD-1-51L4-2,3-BENZ0-4,5- THIOPHEHOCYCLOPENTADIEME 219 257
15 1,1-BIPHENYL, 2,2' - TRICHLORD- B3 i -
1 2
i I ] 3 =10 x|
Sample ID: PCB 10ngiul.... Acquired on 06-Jun-1997 at 13:01:34 Compound Name: 1,1'-BIPHENYL, |
Reverse fit factor [REV]: 982 Synmommn:
FPCBE-G 271 (7.148) Molecular Weight: 256
1.52eb

186

CI

F:agz MIST 25042 1,1-BIFHENYL, 2' 2,4 TRICHLORO- Cl @
Hit 1 Cl

126 2568 258

S0 100 150 200 240 =00 =50 <00 <50 SO0 S50 00 (atal] Ejalul




