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Spo@ni Bnmotnoshinmm ¢ ktrarstricnaZ separpéik H tecbhnike
Prol s poj?en?

A mTg e meg e danr®a | 4 & reoReparovat, identifikovat a kvantifikovats | o ¢ i
smis| § t(m/kp r e k u B MIYMSTspektra), kombinace v T h obdu technik

Y al t er nzaTsdb vje &zolace | § t mokjejich ¢ hr o mat o gepardci & k
ng§sl| ezhR®nkB mot n chsspektér proj e d n olt § tiok:§®e technikou
(pracn®,l asow®r olam® s | o gsmisi®l §trelbo | §teyst opo
koncentracive smisin e mubsist Tbpcoveditel n®)

A anal yzlb§ tgskhumeseny vtoku plynu (GC, prTtok uk a p i | 8&alon &sicLh
mil/min) nebo kapaliny (HPLC, asi 1 ml/min nebo m&nh),k t ejso® o br ov s
nadbytku a mu s T odstraniny p%d vstupem do v a k u d & ®pS st rvoj
soul asnostij irggt poogi t 2

Vol ba p&dm2nek

A L as nhaot kompromis p Sdptimalizaci p o d m2 sepakace a hmot n o s t
spektrometru ( n a pIC/MS u r | rbl—[tn@bo aditivaz | e p'gluij i sepagace,
aled o c higpze?t | aviorbyn 20 npt S@inizaci)

A Mobi Ff8z& vegkeadithta musdT tkompat isbhmmt2nos
spektrometrem



Vhaodhasit iomzacs: a typy analyttu pro sepanaktm tchiiley

Separal n?VhodnlT lontovl iNejlastRjg2 t
technika
GC/MS El, Cl, APCI t Dkawvw® most abi
sp2ge nepol 8r
LC/MS ESI, APCI, APPI vidDt ginai a%lad ¢
l oni zal n?2 t e
CZE/MS ESI bi opol ymery,
sl oul eniny
SFC/MS ESI, APCI, APPI sp2ge nepol 8§
pol 8rn2z | 8t ky
TLC (offline) MALDI , ardteise)rrtpri,?rrz'[z'l'ns®p29,e sep
techniky t S2d, pSelig§

arlr a

A Anal yz gdhour lyT voleny | i bovpodlenfot Sébvgimi dT1 e ¢ i
parametr v p S2 praydh ke p h fjeasck?e n o fychlost ( z § zmdms p o
10bodnd&ip 2 knej vyl eQgTOF).

A Magnetsekiomomal yzi§kombi n aw§ m®n sechnikami
pr acujzzwwakuankl (CI) T n2 zkl8e n o wychlost ( s p e caplikace 12
a n a | dioximu, PCB).






Sppe@ni plymdveé phiroynatogva®e achimotoostai t
speittometitied (GC/MS)
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Razdildrtedhanisene ibrazace spmoti , kiasidke“ Ela

Anosnl plyn v GChel®, jer mtegd@slt D¢ isnadnc
pumpami, je inertn2 a tak® se aktivnh

1/ He je ionizov§8§no urychlenimi el ekt
He + e - He™ + 2e-

a vzni kl ® ionty pBSéeomsemnihgdepfaaGlhley fi
He*+ M- M*™+ He

2/ anebo mTge doj 2t k vybuzen?2 helia

He+e - He'+e (hvDzdidZmal uj e excitovanl st

a n 8s IPedm® nignigacilha tomto mechanismuj e zal ogen D/#
He* + M- He + M* + e

rnati vapir enaokstni®htod epd dygnne tj
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Proaesoeasialat BrnGC/MS a dekapuailicee G C

ApSi rychlTch separ aoeltcetn2 kB | asto prob
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GC/APCI-MS

Corona needle assembly f‘ [

Capillary MS inlet

Bayonet lock coupling

- ;
Transfer line heat shield \ | ;
/‘“_“_.»»“ _‘ p——s ’
e — R \

Heated transfer Iiné

https://www.agilent.com/cs/library/technicaloverviews/public/5990-7544en_10%20CMS. pdf

A MDkkS8 ionizadlm®nnNt datmmgimeaitSancleg enne§y fElagr
mTge zajisti,t MS/gMS pria Ivi2vcoesti nf or ma c 2

A At mosf ®rickIl tlak na vIstupuvyzg g@C par Tvt:
(velmi rychl ® anallzy), k Qo QTORCRMS r
(petroleomika-r opnT pr Tmysl ))

APro efektivn2 | eunpi zpdRyi€PpN,0)gi t 2 make

ALze jednoduge vymhDnit ionizaln?2 sondu



GC/APCI-MS

http://www.waters.com/waters/en_US/Waters -Atmospheric -Pressure -Gas-
Chromatography -%28APGC%29/nav.htm?cid=10100362&locale=en_US



GC/APCI-MS (N, jako make:=-up)
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GC/EI-MS versuss GTIATGLI-MS
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D. X. Li a kol., Analytica Chimica Acta 891 (2015) 43-61.



GC/APCI-MS

Trends in Analytical Chemistry 132 (2020) 116053
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Atmospheric pressure chemical ibnization source as an advantageous = R
technique for gas chromatography-tandem mass spectrometry g

Yumin Niu %, Jingfu Liu °, Runhui Yang €, Jing Zhang ¢, Bing Shao *°

4 Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning, Beijing Center for Disease Prevention and Control, Beijing 100013,
China

b State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China

© College of Veterinary Medicine, China Agricultural University, Beijing 100193, China

ARTICLE INFO ABSTRACT

Article history: Atmospheric pressure chemical ionization (APCI) has been commercially implemented in gas chroma-

Available online 24 September 2020 tography mass spectrometry (GC-MS) instruments within the past decade and is becoming an important
complementary tool to traditional GC-electron impact (El) ionization-MS and liquid chromatography MS

Keywords: (LC-MS) for quantitative and nontarget screening purposes. APCl is a soft ionization technique, so more

GC-APCI-M5 molecular ions and/or protonated molecules are present than when the traditional El source is imple-

Key parameters mented, improving the sensitivity and selectivity of analytical methods. Moreover, this state-of-the-art

Current trends

Applications apparatus facilitates the identification of chemicals not contained in commercial libraries. In this re-

view, parameters inside and outside the APCI source could influence the sensitivity of the analysis are
discussed. Trends towards improvement of APCl source and combination with multidimensionality
further improve the quantitative and qualitative analysis of GC-MS. Finally, the applications of GC-APCI-
MS, especially in nontarget studies are addressed.

© 2020 Elsevier B.V. All rights reserved.
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A SIM (selected ion monitoring) T z §znam pouze vybran®ho |
analyzovat).

AVirazn® zvl am?2 10i0x| iavagtidnodugen? in
A Z§8§sadn?2 krit®ria v pS2padhD mhRSen2 S| M:

im/ z by nemRlaibtzrk®obodhnk§ m/ z nejso
jsou bNRgn® pro mnoho sl oul enin

ivybranl ion by mbDI Dbl timdlrakdlugrmn®? riem
pS2mi fragment

ivybranl ion by se nemBRD|l shodovat s i o0
32, 40, 43, 44), lonty v dTsl edku krv
355), term8Il n? degradace septa, ne-mk
149).

ANNRkdy se vyug2vsg i pro z8znam homol ogi

m/z 57, 71, 85 - typick®pron-p ar a mfizi@dypro methyle st er y mast n
m/z91,1057Tal kyl benzeny; m/ z 149, 167 pro



GC/MS - Citehéaana®zy a wailitgSiatyroduS | |

g
o
Abundance a q
R
a8 0~
4+
0\ OH
450000 2 s R’
. . ©
& t:: © 0 0 m/z =149
400000 = % 5 e
g S Q &
. 1‘_’ -
© § o =
260000 =
s 5 g 3
L]
200000 3 v s 9 5
.- ~ O >
260000 ¥ T g
. W
& O %
200000 % =
150000 =
100000 E
fa]
50000
o L2 - Ll Ld ] . Ll k ,l

©.00 7.00 8.00 9.00 10.06 w2 1'1.'06 . 1'2306 2 1'3.'06 2 1'430'0 g
Time (min)
P.Otero, J. Chromatogr. B 997 (2015) 229-235.



n o)

I~

Peak intensity x 10°
) (o8]

—_

=

GC/MS profooivani peovogEen?rgdografickelgoe o

T
s
1,7 1
I
C
|// | // I
. //I ':/ :
| |
_ 10 v
| /r A'/I : 7 |
VAR RV B
r (2 I |
1 v SR T
’ 4 N [ K|
: [ A }'/
r I~ | | “1
Vs v | 7 | s
s : /J /l’ 1L | 4\
I
| [ B " E
| I v Stor,

,1’ ]y/ L = 1P X " | _._I;
A 1 e | NI% /L /[Uruguayan Nol ~ 2
L PRt () 2 (I (N W LKL R S

L7 v I |~ // /, z
! ,} P & AL A 7 |UmguayanN02|L_’ g 0.
| rd
P ]LLi_ e Ai y | Uruguayan No3 | ﬂ
s :‘7 , P S _2\
Bmzz!zan . N
< d // ,/ ./ // D_‘ _4
L b - B ‘C'kzr:tese w7
5 10 15 20 25 30 6
Time, min 10

Chinese

Uruguayan
ol
- Ay

i | Uruguayan

| No?2

I
I
I I
I |
I

I
Urlluguaypn

Q @No.? :

V. Ka g k o,/Cene Bue. ® Chem. 12 (2014) 736-746.

puvwdo drapolpsn (ehmmaktdristioky (o€idk'g r a

10



GO MaVbSofilpvaw + cialradea8ititke fotiss‘t |
pr8cminyacimgidu@hin sl ou | er

PLS-DAgrafzn 8z or Ruj 2 c 2
kl 8§st vaoPpadfodr Tdy
jablek (SPME-GC-HR-TOF-MS

analtifRleavisd@kdnot |

promflDnn® (m/ z s <ct
retenl n2m | asem | ¢
gednD, hvDzdil|l kou ¢
viznamn®, kter ® ne

rozdnDI| en?

T. L &pnkpeehensive Analytical Chemistry 61 (2013) 271-302.



(U)HPLC/MS



Spp@ni eysckoukiyng loakabirtavélcinran®todrafip
a hnimommostnnspekitram2tries(HPER/MS) 0 me

A 1973 p r vsnp?o j HPOGIMS (Baldwin, McLafferty), 1977 p r vkno®me rLC/NMS
A Pokud bychom ¢ h t sPdijitis EI - technicky mnohemn § [nj ¢és r o v 8 QNS

-m2 s il onl/min nos n ®lymu (pro GC/MS) mu s 2 p®d vstupem do hmot nos
anal y zo8stramit luml/min kapaliny (pro HPLC/MS)

- p S18 ml vody (1 mol) = 22.4 | plynu (1 mol plynu, z a u j Zam® r m§ Ip o2 ank abjenk
22,4 litru), tzn. 1 mlvody jepoo d p a 3.2 InpAnu

A u Il oni z adcmik p ha c u jz& at? mds f ® tlakic (EB,ABCI, APPI) semo b i fl §12
pESmyla s tiamizal n 2 lprocesu,dnesu gjes po jLEMSr ut z8hegi t ost

A Knihovny pro HPLC/MS jsou me n @ & gro GC/EI-MS a spektrasev 2 ¢ eppdle p o d m2 r
mNSeafpu pS2 s.tRoazjge Bufmspeci al i odV ash @ Bproteomick®
knihovny, me t a b o | &mihovoyk ®a b o r &nihovnyn Bro o me z erozéah | § t (erka p
skupiny zak 8§z adrdgc pest ilcipd®obddd i noskupina8z n § mi czhl ov
anal yt®T Qg sen ceuw mkBihovny MS/MS spekter (nar o z alME spekter u GC/EI-MS)

A Por ovnspektaatz 2 s krmp® d o b hG@MS sy st @ mu dopizaG atypanal y z §

A spektra je velmi | as h ot m®rpretovat manuf@ (zrk u g eir@xetr §por ® v e §
anal og typyk 18 miiditeraturou)
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Zpidodyozhzyamz 8JHRPI2CHS arfalyzy H P L

Cel kovl iontovli proud
(Total lon Current, TIC)
Asoul et intenzit vgech mRDSenlch iontT v

Chromatogram z8kl adn2ho p?2ku spektra (z
(Base Peak Chromatogram, BPC)

Az8znam intenzity( poejuizet e ki spekig dioh o)
Apodoflgd, ale nen2 ovlivRovE&n gumem nebo

Rekonstruovanl (extrahovanil) iontovl <ch
(Reconstructed/Extracted lon Chromatogram, RIC/EIC)

AzpntnnN vyvolanl z8znam intenzity jedn®
Aidentifikace koelucep 2 k T

Al dentifi kace stopovich koncentrac?2 v ¢

Chomatogram vy br an®ho iiowmitzu o €gQMr e ud Dl at dal
skenovg8§n?2 sken 1t ontu prekurzoru, sken v
neutr8li%ch. zkv8hipsagi ¥nkotMiSna)



ExXrakceakbrietnikooiankové®d pncududm/az) » TMACo

Chromatogram cel kov®ho 1 ontov®ho prou
P
2.0
2.0
- M
0.0——
5 t[mln]
Rekonstruovanl (extrahovanl) | ont
(sign8l pouze konkr ®t n2z m/ ;
Intens.
X10° EIC - 540.186
°07 EIC - 542.202
40- EIC - 556.218
f\ L
0.0- j\lblj\'\kj 1 1

\ T
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lonizacnztachmk? pro BPEQ/MS ky p

Al oni zaln?2 technika se vol?2 podle typu

AAPI techniky (ESI, APCI, APPl)-nej bRgnNj g2 Segen2 pro |\
-tyto techniky znamenaly naprost-hynp
d2ky APl je HPLC/ MS naprosto rutinn? a
viznamem pro strukturn?2 anallzu organi
Y

zej m®Ana dzky ESI zcela nov® mognost.i

Al oni zace a desorpce | MALON ean! z ae Wl asn?
nebooff-l i ne spoj en?

Akonvenl|l n2 el ek tH)o nso vpSoPairtioleBeamepcSee v(o d m®k 0
obvykl ®, ale pro specifick® apli kace mT
knihoven spekter

Av mi nul osti dal gtérmospeeem (MSky :i o WiNZ a@& eur
| i | PAB/FIB),ald.-dnes se prakticky nepoug?2vaj
pSednostem a univerz8lnosti API techniKk



Vaha maizatnotachrdka h pofarity zézmdnmmui K

AESIaAPCI( APP1 ) standard vRDtginy komer| n2c
Apol arita z8znamu iontT

-z8znam kl adwiNdgiinantsT oul eni n

-z8znam z8poislkchonow®Ta karboxyl ov® k
(poly)nydr oxysl,owmlh ¢ niosly alud gern snlyapadl eni ny

100 000 -
nepol — biopolymery,
sl oul nekoval ent n}j?
§1oooo— organokovy,
5 vysokomol elk
£ syntheti ck®
S 1000+
o
- i ontov® or1(g
2 sl oul eni|n:
100-
AbNgn®fi or|lg
sl ouleniny |(
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Elektrosprej:

KYSELINY

bazicke latky - detekce

pozitivné nabitych iontu
(MF kysela, pH aspon 2
jednotky pod pKa)

kysele latky - detekce
negativné nabitych iontu
(MF bazicka, pH aspon 2
jednotky nad pKa)

relativni koncentrace

relativni koncentrace

Odezva (ucinnost ionizace) je zavisla na pH mobilni faze. Pro techniky, ktere
vyzaduji jako prvni krok odpareni (APCI, APPI) je vyhodné&jsi, pokud je analyt
neutralni (vyssi tékavost). Pro ESI je vyhodnéjsi, aby byla latka v roztoku
ijonizovana (desorpce iontu).

Pokud se optimalni pH pro separaci lisi od optima pro detekci, je mozna

pokolonova uprava pH. , , _
Asn2mek pSevzat zCyp&kKNEQKBY, ¢



100 -

Ofn -

100 1

% 1

Viiw pHiw protecméecioéranm@dée ® z e

ESI spektra B,-microglobulinu (11860.4 Da)

T+

pH 6.0
8+ 6+
llllllll k L l L 1 L L L T l'
800 1200 1600 2000
10+
11+
o pH 2.4
12+
8+
13+ l 7+
S 1 I G G
800 1200 1600 2000 mlz

pH 6.0: nedenaturujici podminky,
protein ve “sbaleném” stavu, méné
mist pro protonizaci

pH 2.4: denaturujici podminky,
protein v “rozbaleném” stavu, vice
aktivnich center pro protonizaci,
vyssi protonizace v nizkém pH

DOI: 10.1039/B417724J

As n2 mek

pSevzat zCyp & kkBEGHBY,

d



Vaha MasytdiSu syt ® mu

A Vol ba ionizace dl e povparhTyt oakn anhoybtiul n(2v ifz
optimalizace prz ghlpld ydThaiesm mie .
-ESIT0. 1 ag 1 ml/ min

nanoESlI - nl/min R |<

A geometrie i ont ov®hocovidir wRej e
kvalitu spekter, obecni
ur|litTm Yhlem zvyguje oduo
kontaminaci matric?2, sol emi
poug?t vygg? prTtoky

A hmot nosrnanl2yz8tory

MSvs.MS"-st rukturn2 anallza, rozl i gen?
MS skeny (QgQ)-pr o zjednodugen? spekter, kv
rozligovac2 schopnostdlae spo@adawsk T um

Arychl ost mmatnmamsut n 2 cpho dsl pee kptoeurg i t ® pt2 ekcTh |
-HPLC-p2ky v S8dech des2tek s, vRtgina
-UHPLC-j ednot ky wy s @ld 5 edlae n o(»1® spekter/syTOR, | o
QQqTOF, QgQ, IT, LIT)



HPLC paaamatm ént)owivijini @15 opeltra v F

HPLC podm2mniyumosat dobr cau zsS8apaseakt i nk |
ovl i vRovat ti2amicaadii vost dewvéabda] kI0Omgy

teplota separace-ne m8 v Il | v

pr Tt ok mo-mielmB2 pfS&82mo vIiv na kvalitu s
sug2c2mlhgajpd yndh pS2padnhD poug2t dnl il

sl ogreonb?i | n2zF8akn?2 viiv nmug¥adobB8e spe!
analyt a aditiva, snadnose zml ggvatdpaSovat, umognov:
nesm2? poskytovat i ntenzivn?2 1i1onty )poz:

T zmNDna sl ogevn®?t gvi nfoauseov! i vnNDn2 ioni za
sign8l u (prot o nut ekrvmazn tlsidteynsihagitadiy® m a n

1T obsah a sl omgehe ddjizati vag k ¥Ypl n®mu p
naopak pro podporu ionizace (tvorbaa d u kvt ES I napS. vib

typ sorbentu-kval itn2 kolona nesm2 ovlivRova

parametry k o |

ony (d®l ka, g2 S&wali vRljkopouszse
mobil n2 f §z

e a t 2znmlpgruTjgdoskqydhsug2 c2 ch a



Vaiba boapoust@deppoolHPLCIAPIEMS p r ¢

Avgdhyej vygg2 ma@redoluigd tDadted i ,aditiv kKv Tl
kvantitativn2 anallzy je potSeba valido
Aredestilovanou vodu neskladovat (nej m®
smRsi s organickIim rozpougtRdIl em)
AodvzdugnnhDnz2, filtrace

Amobil n2 f8ze mus? umogRovat =zmlpiajaedp a
umogRuje ionizaci analytu, neposkytuje
zdroj

AESI-sp2ge pol 8rnhNj g2podppougthNDdkai kkt en §
- voda, metanol, acetonitril, etanol

AAPCI,APPI-mus2 podporovat pSenos,ppot&nn?2v
- voda, metanol, acetonitril, 2-propanol, aceton, chloroform, toluen, hexan



Kaompattolitéta HPLC sywterniu® A teshniAdi

RP-HPLC( syst ®my s obr § ESS GAPOAPF)E z e mi )

T nejbnNgnnNj g2, polodnvyk| molvioldmd fmgzédanol ne
2-propanol, atd. (aditiva HCOOH, CH;COOH, NH; ( p S?pa dnlD amonn® p
nejl epg? odezva obvykle pSi vysok® Kkiod0% e

(nemus? platiobunkiverzagl allé zvedne i PO Z:
T pSi vysok®m ag 100% obsahu vodyz nzlvg ugpBha 2ph
(nigg?2 citlivost)

T 100% acetonitril pSi APCI vygaduje | astDnD
uhl 2ku na elektrodi), obecnD j e | epg? 10

NP-HPLC( syst ®my s norm8l n2mi f 8zemi)

vhDt ginou gpatnhD kompati bi APCPAPPI) ESI |, |l ep
I Pougit2 nepol 8rn2 mobiln2 f 8ze urhleixtaln,o
proton-d onormé hpougt Ndl a, (Mmd-pBapdm®ho(lve 10
nen2 ¢g8dnl signgl)

snaha vyhnout se hal ogen gOhah{CICCt)o zkpwTulgit Nz
kont ami nac. a zhorgen?2 stability sign8lu

g
bt s
00O

HILIC( chr omat ografie hydrofiln2ch interakc?2)

I smhNs acetonitrilu nebo metmnn2dPloH,Cavivy)ody, |
I kompatibiln?2 wsoEBR poAPElI povahy analyt T



Kearmptiaitita rhobilnich fazi prooHPLC/MS2 c |
AHPLCsy st ®onlyr § c ein ® min§ If 182z rekfiLiC,

-bezv omlo@b | If 8 Zbez proton-d o n o r nr2ohzop o u grmaldall AT s o Ipiott ?
z e ] m®rSanizaci elektrosprejem

Aaditiva v mo b ifl 8nz2i

- obsah a povaha aditivje k r i tparamietf pros p r § viamipaai analytu

-UESIEky s enlo®ifl 8nzd o dpro®nN S eknl2a chrad i §i boh dz i mk®i fl &n:
promNSezng2p onabi i balhnTa kyselin) (vizv T gies)| o u| ehedma y roztoku
l oni zovan®

-pSedmag®kadv ivcoinej nilggracantvasdld {(LEMS)
-vhodmp® MS: kys. mr av emehbo?o0 ct oanfniak (0.05 7 1%), octan nebo
mr av e ralmom @5 i 10 mmol/l), TFA (0.05 - 0.2%) m®nWh o d(n\&l r aon ®
lonizace)

-nevhodim8MS: anor gaikysdily® f osf os &l n&§ k alhydokid,
anor gapuiryd n@p &s f § detengdnty, atd. o b e cIn8Xsky z k Dk av o st 2
-jion-p 8r adPIECT konveménPKawmg(tdeltar aal k goli,a mb h olgselny®
mu s B 1 hahrazeny t Nk a v Ngnaloygym(di- a trialkylamonium acet ey f | uo
k ar b o xkydeloywa®a1li5 mmol/l)




Pasipng pniz®ans signguwovHBLUCMS s | ¢
APCI Signal After 600 Injections of Salt Solution

Abundance

350000 1 APCI Signal Relative to UV Signal
300000 1 )
=
250000 1 S 50
Eh
200000 1 \ = 4012
- . A
150000 1 ﬁ E 30-3 ,: .
' Injection #1 = 20+ .
100000 J z s .
J L Injection #300 £ 101«
50000 = 0
0 Injection #600 0 100 200 300 400 500 600
05 1 15 2 25  min Injection #

e |[nitial instability in the signal is probably due to changing electric fields as
salt deposits in the source.

https://www.agilent.com/cs/library/eseminars/public/
Making%20LC%20Methods%20MS%20Friendly.pdf

Agilent Technologies




Viiv aditiivw moblbini fas gzaapotppoehilodetve n

Relative response

14 15 1718 20 22 24 27 28 31
Compound number

Figure 1: A comparison of the relative responses shown by a selection of compounds studied
in the methanol-based eluents. () TFA, (B ) formic acid and (] ) ammonium formate.

D. Temesi & B. Law, LC GC International 12, 175 (1999)



Vi kancentraece @ditiitinvank 3 Sidedwa v u

Test ovac? I§tky

SR tt
B/ HOgSSOgH

100
100 — ~
- DHAA . A 2 Octan amomwnl
S : :
5 80 - dlhexylammonlunﬁcet§t8o .CB;
N A
S 60 - 2.5 mM S 60- '
0 . & .
= <)
- 40 -
E =
s <
T o0 A * £ 20
Y - | —3
‘.
0"".1""1""1""1 oO————— 71— 7
0.0 2.5 5.0 7.5 10.0 0 5 10 15 20
Concentration of DHAA [mmol/[] Concentration of ammonium acetate

[mmol/I]

Poklesna20-30 % odezvy pSi nejni gg2 chromato



Aduktyy s kakicantly proMStidentifikSdi TAVFS |

pS2dav*ek, NNAdo roztoku

analytu podpoS2 ioni?z
(komplexace uvni t S kruhu)
NS N

o/C\o o/C\o

/ \ / \

o} O |:> O (Catt ©

\ | \ |
—C\ C— —C\ C—

| Jo—o0” \ | ~o—o0” \
N\ J
triacetone triperoxid (TATP) Marrakesh , 30.4.201171 z d e v a st o v a nArgakaaGafé r

po vibuchu bomby obsahuj2c2 T

Intens.
xior | AJ t=11.3
3
H PLC/ESI +'MS 100 [M1+NH4]+ ﬂ
240 ”
Mobiln2 f§8ze: ,CAANKM{ & ?| % I\l
91 |
(70:30, v/v) 1] 0, R
50 150 250 miz f I'.|
iy A ) A 3
04 TJ'%|M';.,U{'1W“|LF\UJI1 Jr"llhm\ Jnmlrh thx"” \{LJMUWNUI IJ‘I‘\'II’'r“l4‘ﬂIJ\r;\\1uf'(lw"||“l“'_‘l J\m U.IM!I

T
0 4 8 Time[min] 12 16 20



Vilv iaditiv endbilrticih fazi machinothostai egektrh &

Listotu aditiv je potSeba experiment§

MS intensity MS intensity o
x10° : x10° | : :
spectrum of ammonium acetate 3 spectrum of ammonium bicarbonate
34 (EMD Millipore) (Vendor A)
2- 27

U_F E e w o ms ] 0 m e sem e w mounm |
0 200 400 600 800 1000 1200 1400 1600 1800 m/z 0 200 400 60O 800 1000 1200 1400 1600 1800 m/z
IC intensity
<108
E_MWM’WW\
4 Ammonium bicarbonate 10 mM (competitor S), pH 6 adjusted with glacial acetic acid (EMD Millipore)
3_
2_
. Ammonium acetate 10 mM (EMD Millipore), pH 4.5 adjusted with glacial acetic acid (EMD Millipore)
0_

0.5 1.0 1.5 2.0 2.5 Time [min]

Contaminants Brochure - EMD Millipore



N&sedke gbkziti ngvbodgychtaditivn e v h

N [ZM+MNa}
o e 467
’, Wz i ?’t N-N
t . RIS > I3 I

(@]
+
N +MNal’
r\\'// [Mz‘tﬁa]
ool [M+H)
223
5
Il ®
TEA
I H..Egi..;l..“
W 200 3 4 5
m/z

. . Figure 2. ESI mass spectrum of 2-{8-decenyl)-5-methyl-1,3,4-
Nevhodn§ 8§ adi ti va mo h oxadiazole (ca. 100 ug/mL in methanol). k :

T v pS2padhD pougi tvihrahDk@vimdl patf PA2 i o
tl alen2 Jionizace, sn2zgenz2 c2tivost.i

vel mi Il ntenzivn?2 1 onty na pozad?2 (iInt e
tvorbaadulst T Dmi tigp aimPStow)imelH ek tbTt pS2tom
mNs2Yc|Tasto tedy nutn® kompletnhD vyl ist
pS2padnh i kvadrup-| a kolizn2 celu (:
TOF 1 | CR , Or bit ' &Rdders akof, Rapﬂi @)nlnmlin.ﬁlags §p&trom. 14, 1227 123 (2000)



Negd8udicsigrealy v smothasénicly spyktrdrimo

Anel i stoty, sign8ly pozad2, matriln2 io
Al e nutn® poug2vat co nejlistg? r-oypggag
| i stoty, nigg2? obsah neg8douc2ch kovT

Avyvarovat se kontaminaci zmRk| ovadly z

pi pet), kr®mMT na ruce, atd.

AbNDgn® kont amiftaadt8t yy M$ 1 i kony, pol ymer

Shrnuj2c?2 |1 8nek:
Interferences and contaminants encountered in modern mass spectrometry

B. O. Keller, a kol., Analytica Chimica Acta 627 (2008) 717 81.
(v pS-2ekcelb ®abor se seznamy i1iontT, kter®



HPLC-Chip-MS

Loading |HPLC-[Ihié
pump Waste
Injector Enrichment
column
Nanoflow
LC pump
C18 Online
Nanocolumn MS/MS

7 *; ™ kg

Nano LC column

Enrichment column,
capillaries, fittings, frits

HV ESI contact

=
Nanospray emitter, emitter
assembly and fittings

HPLC-Chip in chip holder
for use with the HPLC-Chip interface

M. Ghitun, E. Bonneil, L. C1 t{ @& L Gauthier and P. Thibault, Advantages of
using Intelligent Sample Loading with the HPLC-Chip for automated sample

enrichment, 2019.



HPLC-Chiip-MS

https://www.selectscience.net/selectscience-tv/videos/agilent-hplc-chip+ms-a-breakthrough-microfluidics-based-technology/?videolD=164






Spp@ni kapifarnikz@npveé el&ktraofcrézyza- n o
hrmoonbgtnd sptkirédmeisip (E4EMMS)o me t

A 1987prvn2 spojen2 CZE/ MS (Smith)

A alternatvak HPLCpr o separaci iontovlich | 8tek
AtechnickyopbotygnRAPHBE/ MS, nel ze povago\
probl ®&my s citlivost? a robustnost? s\
Aslogitnjg2 Segen? wki&jd&mapRtew,arakly 2se
neovl i vkRoval a

Anekompatibilita pougitlchipnonfggns St |

kontaminace)

i vhodn8 n8&8hrada konven|n2ch netDkaw8k
za t Dkaaalyyjn@p SmMMAOt an amonnl

i prTtok v CZE je d8n el ektroosmot iptkl
(nutn8 optimalizace)

u
Avel mi n2? zkv@® tpyrnainoksk y



Z&|kdniatybwn fpojdnyCZF/ESEMS0 | e n -

1/CZEIMSs pS2davnim tokem ((SheatmBlavi @)Y ek 4 ma lei
Anejrozg2SenhNj g2, nejrobustnhj g?

Aprobl ®my s ci t | ievliousBtezl ek vzTviTi g enna2Sre dply nT2t o k
kombinovat i s klasickIm ESI

2/CZEIMSs vodi vi m k ap a(lliquidrunstipnd jne rea rh a ¢

~

e 0)
Am®nnN rozg2Sen®, obl2ben® u |ipovIich t

e

3/CZEIMSbez pS2davn®ho t ok U Sheathtessd ot @Y f laa 2 a
As p oj e-inés nanoESI

AnejcitlivnRjg2, ale nejm®nN robustn?

At echnicky n8roln®, | ast® probl ®&my



CZE/MY¥ S pralavpyszakeanvkapaliny t o k

Separaéni [

kapilara
e
ESI zdroj
napéeti =

Pridavna 4 4 Zmlzuijici
kapalina plyn

Aseparaln2 CZE kapil 8ra je vyvedena afg
s vodi vou kap&8ifodm¥inw&8dNnou koaxi 8§l n2 vnhj

Ana gpil ku kap|I§Q|y'>k\/teuzvdvoﬁjEm4ot mia®KR o
CZEaz8§rowvamRpot Sebn® pro funkci elektrosp

Apbr Tt ok CZE S&§8dov Mimresr T kg k dddppatiny b 8 ® ly h ¥i
z Se dddalytuca. 1011 0 0 k(rs8n2 gen?2 citlivosti)

ApS2davng§skppadldiav&kem el ektrolytu je nut
-dosagen? mini m8l n2ho gmnftG k/umipnr)o st abi
-vodi v®mu spoj en?

- 601 80% voda/metanol (2-propanol,n e pou g2 v-a b z A @hbd ty2i np odkory
kapi |l 8ry) s obsaheMmlig% eokrtgradkysyotko@momaiw y k |
popSmMAaO®t an amondi3d] /i it dko nejni gg?2 |




CZE/NM S voslivyvndabalivyin spojeram a | r

Zdroj vysokeho

napeti X
Separacéni
kapilara Z —

’
Zmlzujici
plyn

ACZ E k a pekdn § vea@ p delelektrospreje, ale ¥%4s t 2n §dlay b elpktrolytem
(kapal nT,kamf =t eeK)ogeno napRt8&ppejBamd® pr
z8roveR pro ukonlen2 elektrick®ho obvod

Aanalyt difunduje / proud?2 pSes mal ou m

Akl 2| opvS® sjre® t aven? mezery mezi g1€iRd&r YOmn
mezera Y rozgi Sovg&n2 z-n Y ztr8ta ¥l inn



CZERWS NS pridavnéhe tSkéu damaliny® h o

R . -

V) ()
B A,;’J r S
. e, ==
C . — o =
D : j;: H : :—"

A Umo ¢ Rwelmien 2 @kr Ky (07 1000 nl/min)

APS2m® sOZBgnammBSI(speci 8§l n2 Yywwyawadgeqpi ldloy
konce5130 Om (n8§chyln® k ucp8vgn?2)
Yvodisw®j en2 pSes (A) pokovenou gpil ket
gpi |l ku nebonapBdtlca @izlr&iSev, (D) dRl en2 t
(E, F) spojen2 pSes kovovimi kulo8v . alH)G)M
emiter

Az nwyejsou zS¥Ney§yygg? cattbrhalyylonsetj n(iaggg 2
robustnost G.Bonvin a kol. J. Chromatogr. A 1267 (2012) 17i 31






Spp@eni eemkdvrstveé chkomatagsafieva®marnvstro

Do o Do Do Do D>

To

spelittomettigd (TLC/MS)

1969prvn2 spojen2 TLC/MS (Kaiser), odpa
plynu
TLCse vyug2vs§ pro svou jednoduchost, ¢
derivatizace atd.
off-inespoj-€é8t ky jsou nejdS2ve separovsny
obsahuj?2c?2 molekuly Mfalytu mhDSeny pol
| a s e technik® - MALDI, SALDI —
ambientn?2 | oniDEQIDART techniky ..’TT"TT‘

, ~ O
extrakcer oz pou gamdd legdrein o s taser. DESIsoveny @ " 5
do MS (LESA,e | uTLCAMMS) T ESI R :0 o .:, ‘:\/‘f analyte fons
a‘ I t e r iz @ t-!_ ISSOph?C? ! \?IZDIQCI Skvrny solvent front .‘t::::\'.‘, ; ..:. ...:tf';eutral
(segkr lysn S, egtekeiz gnalytu | "~f::i¢554-.>)-\\_:_ ‘;.:; anaytes
do kapaliny a n 8§ s | eadma® ppeoc?2 // ' 6 \
MS i pr ac @a®riziko kontaminace /’ !O \

S t a C | (b @ § |2 n 2 ! | start of separation

supporting sheet TLC plate



TLC/MS

TLC-MALDI-MS

LESA™
(Liquid Extraction Surface Analysis)

TLC MALDI Adapter,
p Bruker Daltonics

. TLC-DESI-MS
TriVersa®

NanoMate, Advion

Anal. Bioanal Chem
391 (2008) 1627

Elution-based TLC-MS

- Plate Express Rapid Commun. Mass Spetrom
b '\C/l:nlqnat:rface Advi:n 2011, 25, 2275 - 2282

https://theanalyticalscientist.com/techniques-tools/state-of-the-art-tic-ms



TLC/MAILIDII-MS

79067 8126
|
Addition of Measure- l l
i Matrix ment RPN N AP
= o 740.6
o
s 8 7626, 766.6
_768.6_T788.6
J ‘h “790.6
TLC Separation  Mounting the TLC Plate on a special Simple MALDI-TOF MS
of Phospholipid MALDI Adapter Target and Introducing Characterization of all
Sample into the MALDI-TOF Device obtained Fractions

& Visualization

| epen2 TLC desti |l ky na MALDI desti |
dentickl postup jako pSi hmot hxwyt ni
suvnl syst®m pro 2D anal Tl zu

pS2padhN DART nebo DESI anallzy odpa

https://link.springer.com/referenceworkentry/10.1007%2F978-94-007-7864-1 62-1



TLC/LESA-ESI-MS

https://www.youtube.com/watch?v=ERayC xg_d8



AHRIEMI“ITOGMS TL C/ MS

HPLC pump
delivers the solvent

ectrometer
the sample

Pressure controlled
piston is lowered

TLC/HPTLC plate with substance zones

https://www.sigmaaldrich.com/technical = -documents/articles/analytix -reporter/50 -years -of-tlc -ms.html



AHRIENI“ITOEMS TL C/ MS

plate
e\%ress

Advion

https://advion.com/products/expression-2/plate-express/



TUCGe vhoelnawio eehard&ei tipdrsl@ucsnép a |

- S
Glycerol Example:

A Different positions of fatty acyl chains o
A Regioisomers (R'R?R! vs. R?RIRY/R!R!R?) Glycerophospholipids
\A Enantiomers (R'R!R? vs. R?RR?) )

ﬂ\li phatic chains (hydro phobic part h

A Acyl (-OCO-R) / \

A Alkyl (-O-CH,-R, ether) Polar head groups (hydro philic part)

A Alkenyl (-OCH=CHi R, plasmalogen) | A H - phosphatidic acid (PA)

A Chain length A" CH,CH,N(CH,);* - choline (PC)

A Linear vs. branched A CH,CH(COy)NH;* - ethanolamine (PE)

A Saturated vs. mono/polyunsaturated | A CH,CH(CO,)-NH* - serin (PS)

A cis- vs. trans- double bonds @ CH,CH(OH)CH,OH  glycerol (PG) )
Q\ Positions of double bonds




Semprace taict leidd pSohnutg dIRiCpd.] RPALEC
Separace | ip@HdeEevTch t S2d




TUCGanglasidy  Svenseniidhiin (1963)

adult brain infantile amaurotic

newborn _ . :
brain  (total, grey and white matter ) idiocy (Tay-Sachs brain)
foetal \\ ' ““\ __— luvenile amaurotic
brain TRt Niw T oW TSV |d|ocy (Spielmeyer -Vogt)
-

» o~

V1

A 2 R ‘."'—__gM’]
OTT W - e vD1la
- . -v. ntv . QgD1b

. T1

L. Svennerholm, Chromatographic separation of human brain gangliosides, J. Neurochem. 10 (1963) 613



HILIC/ESI-MS exgakitu gaadkibsida g an g

| i i |
| 19 gangliosides subclasses
| )
- + sulfatides , PG, PI, LPI, PS
‘F" H?X—H@XNAC-H?X— Hex—Cer (|n aqueous phase)
| NeuAc, NeuAc
wll = <
.% ‘| T" ‘5 H?X—HexNAc—Hel:x— Hex—Cer
:‘E‘: || | O  NeuAc NeuAc
= f
SERC | H?X_ Hex—Cer |’ || HeX—HeXNAc—HeI:x— Hex— Cer
| NeuAc :F) | || NeIuAc L
|‘|‘ I ‘5 || ‘| NeluAc
! "‘E O o | o l
Eﬁ o X > = < —
'P‘ < 20 7 & S AF
BN & PEE S ,5 3°
\ / . :5 /
B ‘v‘ \ED\E‘ZMM _// \\w// <K/\f ~ \ N}E R
O o0 a0 500 7000 a0 00 ~ Time [min]

A Conditions : column Ascentis Si (1501 2.1, 3 em), negative-ion ESI, m/z 501 2000,
gradient of acetonitrile, 10 mM agqueous ammonium acetate and acetic acid
R. H 8hak €hem. 89 (2017) 12425



HILIC/ESI-MS exgakiu gaadlidsidi g a n g
| \

|
| ——
| Sphingoid base,
E i i OH e.g., sphingosine = 18:1 (CN:DB) |
| /\)\/\/\/\/\/\/\/\
916.4709 | 36:2 C84H144N4039 -1.1 . NH
|
9174788 | 36:1 C84H146N4039 03 @ O&\/\/\/\/\/\/\/\/\CH
3
924 4866 | 37:1 C85H148N4039 2.7 f _ _
| N-linked fatty acid = N-acyl (e.g., FA 18:0)
930.4866 | 38:2 C86H148N4039 2.1 | @
|
38- I 0. \ . .-
St Rt CEOHI-ONA039 o1 M Fatty acid composition d18:1/16:0 (36:1)
9445022 | 40:2 C88H152N4039 69 |
9455101 | 40-1 C88H154N4039 32 | = \ .
9 € 20 9 |4 °_ A
1Va ! O Q) o AE O K
SRS Y2 PR] B 39 =
[N \ SR Fop P2 g
— | QO /o / \
N U\ N AL N NS
O o0 Ee0 500 00 o0 00 Time [min]

A Conditions : column Ascentis Si (1501 2.1, 3 em), negative-ion ESI, m/z 501 2000,

gradient of acetonitrile, 10 mM aqueous ammonium acetate and acetic acid
R. H S$hak €hem. 89 (2017) 12425
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RP-UHPLC/MS: anall a>5001 i pi dT v
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