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A tomegspekirometria definicidja:

1. Dinamikus i modszer

2. Csokkentett nyomdso térben gerjesztés hatdsdra
a mintabdl  keletkez6  ionokat  gyorsitd
elektrosztatikus tér hatdsdra olyan erétérbe
juttatjuk, ahol fajlagos tomegik (m/z) szerint
elkilonilnek, és ezt kovetéen egy detektorban
mérjik az ionok intenzitdsdt. Az ionintenzitds-
fajlagos tomeg kozotti figgvénykapcsolat a

A  tomegspektrum  egyedi.
(Ujjlenyomat.) -
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i Molecular i Melting ~ Boiling
PAHs Chemical weight cas Ring point point
formula number  number
(g/mol) (*C) (°C)

. Naphthalens . C,oHg 128 91-20-3 2 802 218

. Acenaphthylene . C,.Hg 152 . 208-96-83 3 2.5 280

. Acenaphthene - C.Hyp 152 . 83-32-9 . 3 93.4 279
Fluorene - CyHpe | 166 | 86-73-7 | 3 - 115 205

. Phenanthrene - CiyHyg 178 . 85-01-8 . 3 Q9.2 340
Anthracene - CiyHyg 178 120-12-7 . 3 - 215 340
Fluoranthene - CysHyp 202 206-44-0 . 4 108 - 334
Pyrene - CisHyp 207 129-00-0 . 4 151 - 404

|

Benzalalanthracens CiH,. 228 56-55-3 4 167 435
Chrysene . CeH, 228 . 218-01-9 . 4 258 448
Benzo|b]fluoranthens . N - 252 205-99-2 . 5 . 163 . 481
Benzo[k]fluoranthens . CapHya 252 207-08-9 | 5 217 480
Benzo[a]pyrene . C.pH,. 252 50-32-8 5 177 495
Dibenzo[a,h]anthracene  C..H,, | 78 53-70-3 3 27 524
Indeno[1,2.3-ed]pyrene  C..H,, . 7 193-39-5 | 6 164 536

. Benzo[g,h,i]perylene C..H,. 276 . 191-24-2 . [ 27 550
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Automata
* folyadék

* HS analizis
* SPME
 ITEX
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A tomegspekirométer egységei

2. Analizator

1. Elektromos
1. Kvadrupol

2. loncsapda
2. Kettos fokuszalasu (magneses+elekirosztatikus)
3. TOF (time of flight, repulési ido)
4. Orbitrap

3. Detektor

1. Elektronsokszorozoé

2. Fotoelektronsokszorozé

16
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lonkémiai folyamatok

1. A molekula ionizdcidja
M+e — M+ 2e

2. Hasadds és/vagy atrendezddés

>
M- m; "+ :(m,...m )
m,m,"+ (m;...m)

m;m,m;"+ <(m,...m_)

A molekulaion szimultdn, monomolekuldris fragmentdaléddsi reakcidkban vesz részt,
melyek mindig ugyanakkora valésziniséggel, ardnnyal jatszédnak le.
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Miért pont 70 eV?
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Néhany C,-C, kozotti szénatomszdmy, oxigéntartalmi szerves vegyilet
elektronitkézéses hatdskeresztmetszet (Q) gorbéje

J. N. Bull, P. W. Harland, Absolute electron impact ionization cross-sections and polarisability volumes for C2 to C4 aldehydes, C4
and C6 symmetric ethers and C3 to C6 ketones, Int J Mass Spec, 273, (1-2), 2008, p. 53-57
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Az ionizalé fesziltség hatasa a fragmetaciora

r 50 ,

I

r 404"

M = 42,08 g/mol
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6.9. abra. A propilén 70 eV-os, ill. 12 eV-0s
tomegspektruma
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Néhdny vegyiilet elsé ionizdaciés potencialja

vegyilet eV vegyilet eV vegyilet eV
nitrogén 15,58 kloroform 11,42 kén-dioxid 12,34
oxigén 12,08 1,2-diklér-etén 11,12 kén-hidrogén 10,46
viz 12,59 vinil-klorid 10 karbonil-szulfid 11,18
szén-monoxid 14,01 diklér-etilén 9,83 szén-diszulfid 10,08
szén-dioxid 13,79 triklor-etilén 9,45 tiokarbinol 9,44
nitrogén-oxid 9,25 fenol 8,5 dimetil-szulfid 8,69
nitrogén-dioxid 9,78 piridin 9,32 dimetil-diszulfdn 8,46
klér 11,48 benzol 9,25 formaldehid 10,87
jod 9,28 toluol 8,82 acetaldehid 10,21
metdn 12,98 xilol 8,45 akrolein 10,1
etilén 10,52 sztirol 8,47 aceton 6,69
acetilén 11,41 anilin 7.7 metanol 10,85
butén-1 9,58 ammonia 10,15 etanol 10,48
n-hexdn 10,17 metil-amin 9,97 hangyasav 11,05
metil-klorid 11,28 acetonitril 12,22 ecetsav 10,37

széntetraklorid 11,47 akril-nitril 10,91 He 24

* A He is ionizdlédik 70 eV mellett, csak viszonylag kis mértékben a nagy IE miatt

* 4 m/z nem zavar a spektrumban
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Analizdtor

Reagens gaz: +
CH,, NH,, propdn, PB andéd

minta (M)

CH,+e —> CH,/ " +2 ¢
CH,+ CH,F— CH," + CH,"
CHy" + CH, — C,H;" + H,

CH."+ M —> CH, +[M+H]"
CHs"+ M — [M+ CH,]" 26
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6.8. abra. A tetraetilénglikol
a) elektroniitkozéses és ) kémiai ionizacids tomegspektruma

Comparison of El and <1 mass spectra lllustrating the greater

degree of fragmentation In the former and the greater abundance _
of quasimolecular lons In the latter. M =194,23 g/mol




Pole Length = 50-250mm

Insulating Rings with
ro= 2-20mm Electrical Connections

y axis Accurately Machined Rod (d = 5-15mm)




U+VCcos(wt)

Conditions
U=1000V
V=6000V

w =1500Hz

Quadrupole voltages

- U+Veos(wt)

LC|GCs CHROMacademy
powered by Cravvord, .Enzlza‘l'\t‘\‘[[.
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Conditions
U=1000v
V=6000V

w =1500Hz

8000
NN NN
\ & I\ [\ \
soor| [ || \ N VA
| / \ I [\ 141
L T T T
ey o [\ [ ) )
o | | | Vi
Vg 17 1| \ / L
\ | | |
-4000 ',/ v“u \‘, \M\ \/
| | \ \/ \/
v VvV UV
-8000
0005 001 0015 002 t(us)

4000}

Int (V) O

-4000}

Conditions

Conditions
U=1000v
V=6000V

@ =1500Hz

0.005

0.01

0.015 0.02 t (us)

{ - U+Vcos(wt)

8000
4000
Intv) g
-4000
-8000

0 0005 001 0016 002 t(us)

LCIGC CHROMacademy

30



Conditions

U=1000v

V=6000V
w=1500Hz

1] _.-'I / r"ll B N I \ \ VL (I)

- j‘zﬂ[U +V cos(ar )]
N 277

o

LC|GCs CHROMacademy
powered by Cravvord, .Enzlza‘l'\t‘\‘[[.
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Analizator
Kvadrupél

LCIGCs CHROMacatemy
powered by Cravwfo ::.i::,'\_':-"_\'y'.
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Analizator: kvadrupél

- [:1'2 - _1’21U+ VDDS(&H)]

au | stable region | . 7,2
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When changing L as a linear
function of V', we obtain a straight
line (called scan line)

I >
1 ﬁJI _ A_VA_,—-‘;‘! //
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QOFFSET: Intercept with the U-axis \
T Mz \
" Gain: Slope ofthe scan line 1‘
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Analizator: kvadrupél

Masses m1, m2, and m3 are allowed to pass across the quadrupole,
masses m2 and m3 are not resolved

Increasing mass gain

[ Quadrupole Gain ] [ Quadrupole Offset ]

LCIGC “Hﬂmaﬂaﬂﬂﬂw

i

N 35
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Analizator: kvadrupél

Masses m1, m2, and m3 are allowed to pass across the quadrupole

U

Increasing mass gain

[ Quadrupole Gain ] [ Quadrupole Offset ]

LC|GCs CHROMacademy
pewered by Cravvfordscientific
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Analizator: kvadrupél

Only masses mz, and m3 are allowed to pass across the quadrupele

u

A .

_i_ |

Increasing mass gain

[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e

Ga




Analizator: kvadrupél

Only masses mz, and m3 are allowed to pass across the quadrupole

u

A -
e

Increasing mass gain

[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e

Ga




Analizator: kvadrupél

If the gain is increased too much in such a way that the scan line
misses the apex of any region, no ions of any m/z value will be
U transmitted

Increasing mass gain

[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e



Analizator: kvadrupél

Masses m1, m2, and m3 are allowed to pass across the quadrupole

U
ms
I’\\
Int
| /\/\1 miz
Increasing offset
[ Quadrupole Gain ] [ Quadrupole Offset ]

Of i [

Offset

LC|GCs CHROMacademy
pewered by Cravvfordscientific
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Analizator: kvadrupél

Only masses m2 and m3 are allowed to pass across the quadrupole

u
"y
m3
.-ﬁ"- /\
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Int
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Increasing offset
[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e

Offset

LC|GCs CHROMacademy
pewered by Cravvfordscientific
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Analizator: kvadrupél

Only mass m3 is allowed to pass across the quadrupeole

u

v
Int
f\ miz
Increasing offset
[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e

Offset

LC|GCs CHROMacademy
pewered by Cravvfordscientific

42



Analizator: kvadrupél

If the gain is increased too much in such a way that the scan line
misses the apex of any region, no lons of any m/z value will be
U transmitted

Increasing offset

[ Quadrupole Gain ] [ Quadrupole Offset ]

Of e

Offset




Analizator: kvadrupél

|

lon Bridge

U # 0, only certain ions

(m1, mz and m3 in this

case) pass across the
ma qxiadrupole

Vv

U =0, ions of all
masses pass
across the
quadrupole
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Analizator felbontoképessége

Felbontdképesség:

S
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+
Co* N CHNTCHF 13CO" CHO™  C,Hs

2.1. 4bra. Példa ionok fotografikus detektalasara: az M=28 és 29 tomegszamu ionok vonalai

)

2.4. 4bra. Regisztralt tomegspektrum:
a kriptongdz tomegspektruma

80 82 84

..' 3.3. tabldazat
A metan karakterisztikus tomegspektruma mérési adatok alapjan
Csucs- Tomegszam, M
magas-
sag 1 | 2 12 13 14 15 16 17
Mérg
57 mm) 17,0 0,8 6,2 19,7 39,1 206,6 240,0 2,6
Rclatlv* tvr, |
ives ‘ 7/ 0,34 2,6 8,2 16,3 86,1 100,0 1!
1 -
80 82 84 86 M
2.5. 4bra. Vonalspektrum: a kriptongaz
@ vonalspektruma 46



Analizator felbontoképessége

116 3 Isotopic Composition and Accurate Mass
92.1 92.061 92.0626
= [~ 0.0045 u
S
E -
[ 92.0581
0.09u 0.009 u
- - r - . - ! 3 : . k"‘*""&"" s b T T L"“"“ miz
R = 1000 R =10.000 R =20.000

Fig. 3.22 The m/z 92 peak from a mixture of xylene and toluene at different resolving power.
At R = 10,000 some separation of the lower mass ion can already be presumed from a slight
asymmetry of the peak. R = 20,600 is needed to fully separate BCCgH,". m/z 92.0581, from C;Hg"".
m/z 92.0626. The m/z scale is the same for all of the signals

Jirgen H. Gross, Mass Spectrometry, A Textbook, Third Edition

ISBN 978-3-319-54397-0 ISBN 978-3-319-54398-7 (eBook), DOI 10.1007/978-3-319-54398-7, Library of Congress Control Number: 2017943051,

Springer International Publishing AG 2004, 2011, 2017

R =

Am

m
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Felbontdoképesség:

R < 10%

* kis felbontoképességi
tomegspektrométer

* analitikai célo analizdtor

1O

[ ]

[ ]

R > 10%

nagy felbontéképességi
tomegspektrométer

szerkezetvizsgadlati célg
analizdator
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Pontos tomeg = elemosszetétel

szerkezeti informacio !

* C,oH4 N0, 422,322991 amu
* C,oH4xN,O, 422,346800 amu
* C,,H,,N.O, 422,336906 amu
 C,,H,NO, 422,290631 amu
* C,oH,,0, 422,318464 amu

49



Detektor

Elekironsokszorozo
a dinédak

(b)

channeltron

e

signal out
(x 10°)

<))
/\m ) -RZkV
— Y/

ions in

‘ E+2kv

- signal out

* A dinéddk Cd bevonattal vannak elldtva, kicsi az elektronok kilépési
munkdja.

* 16 db dinéda (az dbrdn csak 8) 2'¢ db elektront eredményez, tehdt 1 db
kiitott elektron 2'¢ db szekunder elektront produkail.

* Egy adott m/z ion jelintenzitdsdt a becsapdédé fragmens ionok daltal
kiGtott primer elektronok mennyisége szabja meg. (Ez azonban
figgvénye a fragmens ion szdmszerlen nem ismert tulajdonsdgdnak.)

[ T %0

http://www.chm.bris.ac.uk /ms/detectors.xhtml



Vakuumrendszerek

Analitikai készulékek: kétfokozaty

[ J
1. fokozat:
° [ ] Figure 1: Pfeiffer Duo Foreline Pump

1. Oil mist filter, 2. Fill cap, 3. Oil level line, 4. Drain plug

elévdkuum-rotdcids szivattyu
(102kPa - 0.1-1 kPa-ig)

turbomolekuldris szivattyu
(0.1-1 kPa-rél 10-°-10"7 kPa-ig)

https: / /community.agilent.com /knowledge /gcms-portal /w/gcms-knowledgebase /13553 /foreline-pump- 51

\ HJﬁ oil-change-for-gc-msd-systems
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Kétfokozatu vakuumrendszer

TT 0
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labor < légkdri nyomgs




Olajrotacios (csUszélapatos) szivaityo

El8vdkuumot hoz létre, 10! - 10! Pa

* Excentrikusan csapdgyazott forgorész

* Forgds kézben névekvé (itt dramlik be
a gdz), majd csokkend térfogatot
zdrnak be a lapdtok

* Centrifugdlis eré szoritja a lapdatokat
a falhoz

* Térfogat kiszoritdsos elv

* Oladjozas




Olajrotdacios (csuszélapatos) szivattyo

(approx 025 m

Exhaust outlet

et s wer e m oo

Exhaust valve

\:\ VRO
—V\

77 W
Il [
. %
7 / Z
b ; ,4,//' Blade
Stator ,,,,

\‘%

Spring (When Applicable)

§—a"~—;\
\\ T \\\\.\\\\\
AN

\\\

\}.\\

S
3

S
A

-
;-

Yr—

Rotor Pump oil and

oil reservoir

N
TR W

&z

\x\\\\\\\\\

Figure 1 | Cross-sectional view of a rotary vane pump? (Figure courtesy of Nigel S. Harris M. Sc, C. Phys.,

author “Modern Vacuum Practice”, 3rd Revised Edition, Kurt J. Lesker Company, 2007)

O ng! =

55



Olajrotacios (csUszélapatos) szivattys

2. Isolation

;/‘////% \ 3. Compression

1. Induction //////

WA

K3
2 M

m https:/ /blogmech.com /vacuum-pump /
= B "



Turbomolekularis szivatty¢

* Nagyvdkuumot hoz létre, 103 - 10 Pa
* 50.000-90.000 ford./min, el8vakuumra van sziksége
* ,kipofozds”

{} | Rstor

Stator

Vient

rodor
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Turbomolekularis szivatty Ok

Q.Q

Detector Analyzer Tube

Interface

Vacuum S\
Measurement I 1 lon Source
lon Gauge : -
Turbomolecular Pump
External View Internal View
OFT 59
R [ SHIMADZU



Filament

Mueder

Lianige

Reference
Tk

Fiveser

Pirani-cso

mikro-TCD

Vivbgaz
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lonizacios vakuumeéro

* nagyvdkuumot méri

* jonizdcids elven mér

Collector

Filament

Glass-to-metal
leadthroughs

Glass body

Grid

\

LI

Connection to system

vo: El
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permanens
magnes

gyorsitoé

repell ” ‘
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rendszerbol szarmazo informacio
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- rendszerbol szarmazo informacio

1. kromatogram (TIC, teljes ionaram kromatogram)

{%1,000,000)
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704
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T D
T )
| W__; SoCood :l
— I ——
H\ | T
| s ‘ 000 |
| A | | |
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- rendszerbol szarmazo informacio

1. kromatogram (TIC, teljes ionaram kromatogram)
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- rendszerbol szarmazo informacio

1. kromatogram (TIC, teljes ionaram kromatogram)

{%1,000,000)
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30
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- rendszerbol szarmazo informacio

1. kromaiogram (TIC, teljes ionaram kromatogram)

{x1,000,000)
ELL Y
70
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50]
10
304
204
o A
004
——
07 100 125 150 1.5 200 225 250 27 300
75+
]
2. to k E
. fomegspekirum
. ]
(abszolUt, karakterisztikus) Ry o e s s maary nas me
% Yo %
100 a1, 100 a1, 100 a
50 50 50
ola P luy 1m 218 omom asnaw s gmso  mee |1 a0 P Iy 1m 218 omom awmaw s gm0 mee | olan Pl soum  omas am anap e
100 200 300 400 500 600 100 200 300 400 500 600 100 200 300 400 500 600
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kromatogram

{x100,000,000)
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kromatogram

Detector
Response
m/z
43
.-""f /
|
19 | ;
I |
acetone taluene octa

Time
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Karakterisztikus tomegspekirum

* m/z intenzitasok bazisionra vannak normalva

* Ujjlenyomat”

toluol (M= 92 g/mol)

(x1,000)

5.0+

0.0 37 45 51 53 62, 1 77 85 ; 93
B T T e Y R |

Bazision: 91 m/z

Molekulaion: 92 m/z
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Minoségi elemzés

o 7

* Mindségi informdcid
* retencios id6

* karakterisztikus tomegspektrum

* irodalmi adatbdzisokkal valé 6sszehasonlitds: NIST, Wiley adatbdzisok,
350.000-400.000 MS spektrum

* spektrumfejtés

Target:
(x100) Base Peak: 57/ 1,000
10.05 g
7.5 &7
5.0
259 %
12 ” & 2 55 ﬂ
0.0 3! | | 2 N 1 1] 10 24 .

325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 85 80 85 90
1: 87 : Morpholine $$ plsoxazine, tetrahydro- $$ BASF 238 $$ Diethylene Imidoxide $$ Diethylene oximide $$ Diethylenimide oxide $3 Tetrahydro-p-oxazine $$ Tetrahydro-1,4-oxazine $3$ Tetrahydro-2H-1,4-oxazine $$ 1-Oxa-4-azacyclohexane $$ 2H-1,4-Oxazine, tetrahydro- $$ 4H-1

' . 29/
- 10,0190 . Base Peak: 29/ 1,000

S K\NH
| T

1 o)
5.0 7

2.5 42
0 o133 40 ! 45 S2 I | &1 68 I0 13 17 8 | 89
oGt | T T T 5 o

325 350 375 400 425 450 475 500 525 550 575 600 625 650 675  70.0 725 150 715 800 825 8.0 85 90

CASH: 110-91-8 Mol wit. 87 Serialtt: 860
Crmpd Morpholine $3 p-lsoxazine, tetrahydio- $$ BASF 238 $$ Diethylene Imidoxide $3 Diethylene oximide $$ Diethylenimide oxide $$ T etrahydio-p-oxazine $$ Tetrahydio-1,4-oxazine $$ Tetrahydio-2H-1,4-oxazine $$ 1-0xa-4-azacyclohexane $3 2H-1.4-0xazine, tetrahydro- $4

Formula: ~ C4HINO Ret.Index: 0
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Mennyiségi elemzés

CsuUcs alatti terulet

{x1,000,000)
TiC
6.0

50

1/IPA
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20
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—— T T T T T T T T T
075 100 125 150 175 200



méréstechnika (Selected lon Monitoring)

szelektiv ionkovetés

D D

D DD D .
p-terfenil-D14
aOaGads
(x1,000)
{20200 (2.97) D DD DD D
124400 (1,00} O
] PN
“ O :
20; , AN
] fluorantén
i \Tl 10 122126 i SN, S
1-07 0 0 140 160 170 180
0'0"I""\""\""\""I""I'"I""I""\""\""I""\""\""
1575 16.00 1625 16.50 16.75 17.00 1725 17.50 17.75 1800 1825 1850 1875
%
100 244
754 202
50-]
25
o NN N N N R U
215.0 2175 2200 2225 2250 2215 230.0 2325 2350 2375 240.0 2425 2450

——T 7 T [ T T T
202.5 205.0 2075 2100 2125



y

és meréstechnika

Méréskor bedllitandé: Tomegtartomany (pl. 30-250 m/z vagy 91 m/z)

Spektrumfelvételi id6 (0,1-1 sec)

mod: teljes tomegskalat pasztaz (szkennel) végig,
eredménye : tomegspekirum

kromatogram generalas: minéségi, mennyiségi analizis

mod: Szelektiv ionkovetés (Selected lon Vionitoring),
egy vagy tobb kivalasztott fragmens mérése,

kisebb  a_ kimutatasi hatar a scan felvételhez
mennyiségi analizis

képest:
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rendszerbol szarmazo informacio

Q1
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MS rendszerbol szarmazo informacio

- e -
Q1 Q2 Q3
lon Source MS Fillter Q1 CID MS Filter Q3

ﬁ!&kmz D_fﬂi:ftfjﬂﬂ O mi Sl —
“ﬁ%ﬁfﬁm: E‘ﬂi\n[ﬂ DE\“JUU ;J
Turbomolecular
ﬁ ¥ Fump Detector
ﬂ@%rb
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Utkozési cella

L

Q2

Collision gas Collision Cell

v *e . ‘@
; , “ & b &
Y e
N -
» - J :’ L \
& " W ¢
. e 2V
el

Percursor ion = Collision-induced Dissociation =# Product ions == MS2
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- MS rendszerbol szarmazo informacio

_-—iJ:iJE._...-.[)

Q1

Q2

Q3

Analysis Mode

Q1

Collision Cell

Q3

Q3 Scan

Transmission mode

Scan

Q3 SIM

Transmission mode

SIM
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MS rendszerbol szarmazo informacio

_-—iJ:iJi—[)

Q1

Q2

Q3
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- MS rendszerbol szarmazo informacio

1. Precursor ion scan mode

FAME
McLafferty
= o 2 H\O ++
\"'_’J}b‘\.ﬁo E— \” +
Wo _CHy CH, Hzc,;,ffl\n AHa
m/z=74 =
(A— @
NN =00
— O =00
Q1 Q2 @
Scanning Only m3 ions pass through
79
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- MS rendszerbol szarmazo informacio

2. Nevutral loss

Scanning

Maintain a constant difference in mass

m/z

Scanning

80
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(x10,000,

000)

1.75—5
1.50—5
1,25%
1,nn—f
0,75—2

050

0254 _

2. Neutral loss

Transformer oil sample

h *
I&-‘ Mt‘“ 4 iy ‘M‘MW uuwmlm

Aroclor-spiked
transformer oil sample|

(x100,000)

Gl

— - e R
L==] o = o
RTINS R N IR N A B

S
@
]

_wwwmw

| sl L
it A Nt =g AP AAT  A ctl  A  titd 1 ﬁ-»’r"

W n'[_,“”' I |J"|L

il vk-' V UH]rl\'I.ar.\J Y

!

il '\l iy ! '.i\, I

Transformer oil sample

Aroclor-spiked
transformer oil sgmple

.
in L
W L, "'H' rl-’-.w.l ! b e ‘..'\\‘-'\..,-\m/“-w\l._,\

Application
ETERY T

10.0 125 15.0

17_5

No. 58
@ SHIMADZU
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- MS rendszerbol szarmazo informacio

3. Product ion scan

m/z

 A——
Q1 Q2 Q3

Only M ions pass through Scanning

82
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[ 4

- MS rendszerbol szarmazo informacio

.\
51-2TMS \é/ P ~ s >
en (ﬁ\l I /

s

GemfikiozilTMS Tikios an_ D|k|:;‘\

Vajda Viktéria Mdatydsi Judit

83



- MS rendszerbol szarmazo informacio

\/

3. Product ion .:an . 5 SS
\@; ﬁb iy
7 & % E
QL c. o

Vajda Viktéria Matydsi Judit
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- MS rendszerbol szarmazo informacio

\. s

roduct ion scan

209
6 \115\\ 175 ‘233t

2

200

281 314346

520550 59

-
1002 7 N 0
73
751 280
50
251 115
135165
0. 61‘ | T ?l : 23A7w A ‘0 341 86‘4154454 “:11 5. 5‘
100 200 \ 300' 400 500 600
.0
1008— \{/ Tode
75 757
201
50 50
25 25
122
545579

H \ b1 250 307 41 AO

29
o 61\‘\\‘\“]:“ ol
100 600

300

754

50+

254

o
p4_4se 512 877
00 500 600
571
600
N

- 429
(¢]
327\ 94?1 T 47

T
600
O\/
277 367
352“ H N
5 1308 h 415
300 400

Cl_ /

400 500 600
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MS rendszerbol szarmazo informacio

%
1000— "
267 10 K3
[ J 75
[ ] 50
504
25
9 209 25 160
o 016 \‘115\\ I 17‘51‘ ‘. 233 2 55 407441477 521 574 11\7 2T42?23
1007— 100 200 300 400 500 600 oLl L 1451 Q54— R18..325358. 404, 456512 5IT )
100 200 300 400 500 600
75
50 220
2
100% 5 s
73 o164l 116145 204 La 291 4420 490 525 559589
5] 280 Bl R4 T8 374 420 490 R25 R305A9 %
100 200 300 40099 500 600 10 271
10 197
50 75
75 169 193
25 116 504 109 18
50
135165 | pa7
61 67
0. ‘ \‘ T ? | : 1 i ‘09241 6‘4154454 “:11 5. 5‘ 25 67 137 278
100 200 300 400 500 600 25 L }
13[7165 o ﬁ]n“L‘Ah ‘\‘\ 2§1“1 41375 430 4g1513 671
o A | 281314346392 432463 520550 59 100 200 300 400 500 600
100 200 300 400 500 600
100% 93
754
100F— 100% 555 100 so] P
73 21454
345
75 75 75 25 147 |21 m WS g
g8 ad NI [—
63 117 { Ll 287, 337 Beod0L | 47
50 50 504 o T T T 1
73 100 200 300 400 500 600
25 122 254 5| 80 25] 277 367
T Al b o L L Tl
ot all L il P17250 307341 404 461 545579 E 1 8 UL O - 271 BT . 595 51 20 | | 308 I 415 475 53 ses
100 200 300 400 500 600 100 200 300 400 500 600 100 200 360 200 500 600
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MS rendszerbol szarmazo informacio

%

10
7 %
267 10 K3
[ J 75
roduct ion scan "
[ ] 50
50]
25
9 209 25 160
o 016 \‘115\\117‘51“.23% 2 55 407441477 521 574 11\7 2T42?23
1007— 100 200 300 400 500 600 oLl L 1451 Q54— R18..325358. 404, 456512 5IT )
100 200 300 400 500 600
75
50 220
2
100% 5 s
73 o164l 116145 204 La 291 4420 490 525 559589
751 280 Ol AR SRR BT SR T4 420 190 525,530589 %
100 200 300 40099 500 600 10 271
10 197
TP I-2TMS "
-
aracetamo . R
25 116 504 109 18
50
135165 | 237 \
61 . 67
0. ‘ \‘ L ? | : 1 i ‘OQ'%A’I 6‘4154454 “51 5. 5‘ 25 67 137 278
100 200 300 400 500 600 25 L }
13[7165 o ﬁ]n“L‘Ah ‘\‘\ 2§1“1 41375 430 4g1513 671
o | L1 281314346392 432463 520550 59 100 200 300 400 500 600
100 200 300 400 500 600
1002 3
75]
% % 73
10 10 il 50
g
200 10 = T2,
345
75 75 75 25 147 |21 m WS g
201 1 t T
63 117 H L1287, 327 Beo40lL | 475503 535563504
50 50 504 o T T T 1
73 100 200 300 400 500 600
25 122 254 5| 80 25] 277 367
! e il P ||
ot all L il P17250 307341 404 461 545579 I ok S W Tt 1 N ' s NPT A V- S L 61 103 | | 308 I 415 475 map _ ses
100 200 300 400 500 600 100 200 300 400 500 600 100 200 360 200 500 600
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MS rendszerbol szarmazo informacio

3. Product ion scan

1002 N
: (206 ) o
1 73
75 280
50-
251 116 L
. 135165 gl
07‘6;“‘\M\Mhﬂ u“ 2%7‘ 309341 386415445478 517 585 - \ 206
100 200 300 400 500 600

Paracetamol-2TMS

M=295,53 g/mol

88
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Abszoluat intenzitas [-]

- MS rendszerbol szarmazo informacio

3. Product ion scan

1,200
e=f==206,00>73,10
1,000 —
==280,00>206,10
0,800 | _
0,600
0,400 %
1007 206
0,200 51 P 280
0,000 - 50-
10 13 16 19 22 25 28 31 34 37 40 ]
1 116
Fesziiltség [V] 257
] 135165 237
oL 6‘1 : “\ \u‘ \\‘ L “‘\ U L b | ‘Oq‘?é‘l‘]‘ ?‘86‘4154‘45‘47‘8 "-_)1‘7 _ "_)‘8"_)‘ :
100 200 300 400 500 600
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3. Product ion scan

MS rendszerbol szarmazo informacio

10,000)
o

1,200 -
e=f==206,00>73,10 ”
1,000 - 3 AN A Mt P prg M i gy 10V
‘j. #--280,00>206,10 ¥ s I gt AN et 15V
20,800 | - 40V
£ - 35V
- 15
'E 0,600 i} 30V
S
g 0,400 :u 25V
o
< 0,200 o 20V
- R
0,000 - -
10 13 16 19 22 25 28 31 34 37 40 B ™ T L Y Y v R R T R R I R
Feszlltség [V]
Compound Name Ret. Index lon1 lon2 lon3
Type m/z CE Ratio Type m/z CE Ratio Type m/z CE Ratio
Aszpirin 2 TMS 0 T 267,00>73,10 20 100,00 | Ref.1 |209,00>91,00 15 13,40 Ref.2 [267,00>149,10, 10 11,84
Ibuprofen TMS 0 T 160,00>117,10| 20 100,00 | Ref.1 [160,00>145,10f 15 40,01 Ref.2 |117,00>115,00 15 33,13
Paracetamol 2 TMS o T 206,00>73,10 20 100,00 | Ref.1 [280,00>206,10; 15 85,98 Ref.2 |206,00>91,10 15 61,88
Lidokain TMS| 0 T 86,00>58,10 10 100,00 | Ref.1 [235,00>220,20{ 10 60,73 Ref.2 |235,00>73,20 20 45,54
Koffein 0 T 194,00>55,00 20 100,00 | Ref.1 [194,00>109,00f 10 79,31 Ref.2 | 194,00>66,00 40 64,37
Lidokain 0 T 120,00>113,00{ 20 100,00 | Ref.1 | 120,00>89,00 20 98,98 Ref.2 | 120,00>69,00 25 95,92
Gemfibrozil TMS 0 T 201,00>83,20 10 100,00 | Ref.1 |201,00>55,10 25 84,40 Ref.2 |201,00>73,10 25 26,31
Indol-3-propionsav TMS 0 T 202,00>73,10 20 100,00 | Ref.1 |333,00>73,20 30 24,12 Ref.2 [333,00>202,20, 15 12,33
Triklozan TMS| 0 T 200,00>169,90| 30 100,00 | Ref.1 |200,00>185,00f 20 82,75 Ref.2 |347,00>185,00 30 19,80
Karbamazepin TMS 0 T 193,00>165,10| 25 100,00 | Ref.1 [193,00>191,10] 30 96,21 Ref.2 [193,00>167,10 15 65,98
Diklofenak TMS 0 T 214,00>179,00| 25 100,00 | Ref.1 [214,00>151,00f 25 78,89 Ref.2 |214,00>177,00f 40 71,75
Pentoxifillin 0 T 221,00>73,00 20 100,00 | Ref.1 [221,00>176,00f 20 57,78 Ref.2 |221,00>95,00 20 U9 56

Vajda Viktoria Mdatyasi Judit




- MS rendszerbol szarmazo informacio

206

4. MRM @
(Multiple Reaction Monitoring)
73 i
i
i
N -
3/ "N o
/ 0
I
~ //k </ m/z
J° 20V © /
, W == 90 ,©
——
Q1 Q2 Q3
/h\ 206 206 MRM (selective reaction monitoring) 73

Vajda Viktéria Matydsi Judit ©5H|MADZU
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4. MRM
(Multiple Reaction Monitoring)

(x1,000,000)
mc

MS rendszerbol szarmazo informacio

(

2254

2.00

1.754

1.50-

1.257

1.00

0.75

0.50-

0.25-

Aszpirin 2 TMS
Paracetamol2 TMS

ibuprofen TH S

Lidokain TM S

SRR AN R NN
1300 1325 1350 1375 1400 1425 1600 1625 1650 1675 1700 1725

10,000)
67.00>73.00 (1.00}

Gemfibrozil TMS

T =T
50 1775

17

Indol-3-propionsav T §

TTyT T T e e
1800 1825 1850 1875 1900 1925

1:160.00=117.00 (1.00}

1.26.00=58.00 (1.0
2:280.00=206.00 (1.00}

2:194.00>55.00 (1.
3:201.00=83.00 (1.

1:202.00>73.00 (1.00}
4

0}
00) 2:200.00>185.0§ (3.44)
00}

1:193.00>191.00

(1.0
2:214.00=179.00 (1.4

0
3)

193.00-56.00 (1.00)

T
185

T T
225 235
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- MS rendszerbol szarmazo informacio

Analysis Mode Q1 Collision Cell Q3
Q3 Scan Transmission mode Scan
Q3 SIM Transmission mode SIM

Analysis Mode Q1 Collision Cell Q3
Precursor lon Scan | Scan SIM
Product lon Scan SIM cIiD Scan
Neutral Loss Scan Scan Scan
MRM SIM SIM

93
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Permanens gazok elemzése
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Permanens gazok elemzése

Glmiiuy Rt
13 65
12 a0
117 55
10 0]
09 a5
[TE and
07 15
06 a0
05 257
04 203
03] 15
02 204
01 05
a0 i . L . . — e — —t— ; ; ; ; ; : ; -
150 175 200 295 250 27 100 125 625 [ &5 700 75 75 s £00 &5 &5 875
Data Acquisition Parameters .. Data Acquisition Parameters -e E.l
' GC | & WS [ Descrption [l Gc| & MS | Description |
Inj. Port : SPL1 Inj. Heat Port : INJ1 GCMS-QP2010
Column Oven Temp. : 350 T lon Source Temp. : 200 T
Injection Temp. : 2200 T Interface Temp. : 200 ‘T Detector Vokags : Relative to the Tuning Result (@ Absolute
iiecton Mode Solvert Cut Tme: 0 min 11 kv
Sampling Time : 1.00 mir
Camier Gas : He  Prim. Press. : 500-300 Program SE v] Nicro Sean Width - 0 N Thresheld : E
Flow Control Mode : Linear Velocity Use MS Program : Set... GC Program Time : 5.00 min
Pressure - 302 kPa - Ra_te Final T:;;perature H(‘.:;JII‘HG li Group#! - Event##1
Total Flow : 174 mL/min 1| s0.00 100.0 470 Start Time | End Time | Aca. Event scan |S|d cm ch2 Ch3 Chd
Column Flow - 443 mLsmin 2| o.00 0.00 (min} (min) Mode | Timeisec)| Speed | t|n miz miz miz miz
Linear Velocity 761 cm/ssc 2l nnn . nnn i 1 1.50 3.50 SIM 0.10 28.00 32.00 40.00 0.00
Total Program Time : 500 min z 4.00 5.50 SN 0.10 16.00 0.00 0.00 0.00
Purge Flow : 1.0 mL/min Column 3 525 9.00 SIM 0.10 44.00 0.00 0.00 0.00
Split Ratio : 250 Mame Carboxen 1010 Thickness :  0.00um 4 o.00 o.oo Scan 0.o0 ojoq
Length : 300m Diameter . 0.32 mm [ Set... ]

Nyerges Gyula, Matyasi Judit
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Policiklusos aromas vegyuletek (PAH-ok)
meghatarozasa

2800 (Z2A)

1240.00 (1.00)

benz(a)antracén

nz{a)pirén
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Transzformatorolaj

(x10,000,000)

1.2
1.1%
TE
o.9é
o.sé
o.7é
o.eé
o.5é
0.35
o.zé

0.1

0.0
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Transzformatorolaj

DBDS (dibenzil-diszulfid) tartalom meghatarozasa

1.2

0.4

1.1%
1.0%
0.95
o.sé
07
o.eé

0.5

0.3
0.2

0.1

(x10,000,000)
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T
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T
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T
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e
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T
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Transzformatorolaj

7 £51,000.000)

glc
»2181.00 {1.00)

225
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1_75—5
1_50—5
1.25—?
1_00—2

nm:%

050

LR e o e e S ey s
130 135 140 145

L B e e L e e e
105 110 115 120 125

Inten.(x1,000)
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2.0—5
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] 65
1.0

51 7 121
1‘} - 27 ||| 'll.' - |“. - |! 105. - ||I|
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Klorbenzolok m

kPa

5.947
10.989
11.981
13.347
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19.793
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o =y
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Klorbenzolok merese felszin alatti vizekbol

0y

r./\w ) W
. i
15 10.0 12.5 15.0 11.5 20.0 22.5 25.0 21.5

minta

standard
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Klorbenzolok merese felszin alatti vizekbol

2 )uV(xI ,000)

3.0

2.5

2450 2475 2500 2525 2550 2575 2600 2625 2650 2675 27.00 2725 2750 2775 2800 12825 2850 2875 iR

uV(x1,000)

2.5

2.0

1.5

1.

0.5

0.0

-0.5

150 155 160 165 170 175 180 185 190 195 200 205 20 215 220 225 230 235min
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Klorbenzolok mérése felszin alath vizekbol

uV(x1,000)
1

\
il UWL

MJWM

Pole Length = 50-250mm

Insulating Rings with
Electrical Connections

50 75 10,0 125 150 175 20.0 75 25.0 1)?.(5)c 3.0 min
6.0
standard
Detektalds  Detektdlds m/z
kezdete vége (min) 404
(min) w0l
Klérbenzol 5,3 7,25 112
1 ,3-dik|6rbenzo| 1 0,3 11 ,65 1 46 20 i Accurately Machined Rod (d = 5-15mm)
1,4-diklérbenzol 11,7 12,9 146 1-0’\,,/
1,2-diklérbenzol 13 14,08 146 LH'AT_FJLLFJ\T_H“‘
1,3,5-triklérbenzol 14,1 15,15 182 007
1-brém-4-klérbenzol 1 5,75 17 192 (n‘oo)‘ 75 "100 "125 "150 175 200 25 o 275 300
1,2,4-triklérbenzol 17,25 18,25 180
1,2,3-triklérbenzol 19,25 20,5 180 *
],2,3,5 és 504
1,2,4,5-tetraklérbenzol 20075 22 2O
1,2,3,4-tetraklérbenzol 24 25,25 216
Pentaklérbenzol 26,25 27,25 250 30
Hexaklérbenzol 30 31,2 284 ol
il
0.0+
TR T MEBoId Bence, Wty sridit
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Xilolok

125 ]
100
0.7
050
025
T T T T T T T T T T T T T T T T T T T T T T T
1050 10./5 100 1n25 1150 1n
T - W B T —
B ' Similarity Search Results =
| Report View CompoundInfo Process Help
Hitz| Simila| Regi Compound Name Formula Library
N
2 97 i ] o-Xylene 38 Benzene, 1,2-dimethyl- 8 o-Dim 106 C2H10 NISTOSs.LIB
3 86 | J Benzene, 1,3-dimethyl $8 m-Xylene 58 m-Di 106 C2H10 NISTOSs.LIB
4 96 _“ p-Xylene $8 Benzene, 1,4-dimethyl- 8 p-Dim 106 C2H10 NISTOSs.LIB
5 = D p-Xylene 88 Benzene, 1, 4-dimethyl- $5 p-Dim 106 CBH10 NISTOSs.LIB
] 95 D o-Xylene $8 Benzene, 1,2-dimethyl- $5 o-Dim 106 CBH10 NISTOSs.LIB
7 95 D o-Xylene $8 Benzene, 1,2-dimethyl- $5 o-Dim 106 CBH10 NISTOSs.LIB
8 94 D p-Xylene $8 Benzene, 1,4-dimethyl- $S p-Dim 106 CBH10 NISTOSs.LIB
Target:
(x10,000) Base Peak: 91/ 10,000
1.0 e
108
0.5+
39 51 7 | .
0. L i ; u T— 128 18 181 174 193 QU7 ; a7 260 218, T 8 aa:
50.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 Z75.0 300.0 325.0 350.0
1:106 : pplene $$ Benzene, 1 4-dimethyl- $3 p-Dimethylbenzene $$ pplal $5 1.4-Dimethylbenzene $5 1.4-+plene $35 p-Methpitoluene $4 paraplene $$ Chiomar $3 Scintillar 35 UN 1307 $35 4-Methpltoluene $5 1.4-Dimethyl benzene $$
(10,000} Base Peak: 91/10,000
= 1.0 o
" L
0.5+
2 5.|1 ?IT
0. L t + L L L T T T T T T T T T T
50.0 75.0 100.0 125.0 150.0 175.0 200.0 2250 2500 275.0 300.0 325.0 350.0
CASH: 106-42-3 Molwit 106 Serialth 2335
Crpd Mame:  palene $% Benzene, 1.4-dimethyl- $3 p-Dimethylbenzene $% p+4plol $% 1.4-Dimethylbenzene $% 1.4-xulene $$ p-Methyltoluene $3 paras<ylene $% Chromar $$ Scintillar $% UN 1307 $3 4-Methwltoluene $% 1.4-Dimethyl benzene $%
Formula: CEBH10 Clazs Flag: Mo Class Flags.
RetIndex: 07

[0]/=]

105



0 T T I T T T T T T T T T T R — T T T
1050 10./5 100 1n25 1150 1n

CHs3

L.,
CHj

106



30000

275

250
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075
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25 50 75 100 125 15.0 175 200 25 250 275 300 325
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