OCHOBbI MaccC-CNeKTpPOMeETPUn

CBEPXBbICOKOIo pas3peLleHunst u

ee NpMMEHeHWe anga aHanmaa
'YMUHOBBIX BELLIECTB



Macc-cnekTpoMeTpus MOHHO-
LIMKMOTPOHHOIO pe3oHaHca C
npeobpasoBaHnem dypwe (MLP)

FT ICR, FTMS, ICR MS



FT ICR Mass Spectrometer

9.4 Tesla Super magnet at Alan Marshall Laboratory, Florida University



YnbTpaBbICOKOE pa3peLlueHune

RVMRGMR vs. RSHRGHR {MW = 904 Da)
Monoi _
anoisotopic Mass u..l « (S,H, vs. N,O)

1 <0.000452 + 0.000005 Da >
453 454 455 | -0 =3,300,000

2+ Charge Statz |

Isolated by SMIFT | 11 n(e) = 0.00054 Da

100 500 700 ﬂ/ IMM

906.488 ' 491 . 906.494
06.488 206.491 I'I"III:DE]

Smallest resaolved mass difference
between two molecules (<0.0005 Da)

(From Alan Marshall NHMFL)
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[1BnxeHue MoHa B MarHUTHOM rore.

F=q(E+ vXxB)

V<—I %@ rv

m -

) = qB/m —IMKJOTPOHHAA 4aCTOTA



JloByuwika NeHHuHra (A4yenka ULP).
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NMpunHunn padotbl ULP MC.

Detection
plates
Induced
current
Excitation — Amplifier \M\ T
plates i m/z
A ,, Translant Mass spectrum
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Excitation at
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Processing Information in FTMS

Fourier
Transform

Transient

(time domain)

(Pade

>

Frequency spectrum
(frequency domain)

— | Mass spectrum

Transform,

Intensity

linear regression...)

1.26 10°

1.2610° 1.26 10° 1.2610° 1.2710°

Frequency, Hz

Mass scale
calibration

m/z =qB/(2nf ) + ...

568 569 570

571 572 573
m/z

from Roman Zubarev



IBuXXeHne MoHa B INIEKTPOMArHUTHOM norne.
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.--___.-"__-HH
\ | [
'I"I"I"I"I"I"I"I"I"I"I"I"I"I"I"I"I"I'}) }

g .'I
__________________ |

(‘“‘Reduced’” eyclotron frequency)




FapmoHusauusa nonga B ULIP avenke

a. Open cell

b. Compensated cell

J Am Soc Mass Spectrom. Author manuscript; available in PMC 2009 April 1.
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OuHamunyeckasa rapmoHmsauua nona B ULP savenke

FTICR cell with dynamic harmonization of the electric field in the whole volume by
shaping of excitation and detection electrode assembly.
lvan A. Boldinand Eugene N. Nikolaev



[TpumeHenne VLIP MC
Onsi aHanusa ryMmHoBbIX
BELLIECTB



Macc-cnektpomeTp LTQ FT (Thermo)

JInHelHasa
N cTOUHUK N o N
KBaApVYIIOJbHAS
noHoB (ESI) by
MOHHAs JIOBYIIIKA
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ULP macc-cnekTp pe4YHbiX pynbLBOKUCIOT

FA 1-1_neg FT#1 RT:107.73 AV:1 NL:8.55E3
T: FTMS - p ESI Full ms [200.00-1000.00]

505.06
1007 491.06

7 519.06
95+

3000-5000 nukoB 53306

i 479.06

i 465.14

1 547.06
B 421.23

70— 451.13

] 561.06
657 439.13

] 409.11
- 397.11

- 381.12

- 573.05
- 367.10 577.05

Relative Abundance
o
T

357 589.04
1 355.10
- 351.11

] 341.09 601.04

] 607.06

i 325.09

- 311.11

B 269.10 28308
1, zig'ianMuMA W \“ W

250 300 350 400 450 500 550




JlnHenHoe [ImopaHTOBO ypaBHEHME:
12.0000 n(C) + 1.0078 n(H) + 15.9950 n(O)+ 14.0030 n(N) = M

SRDOM-ACN-120ppm-3200V-av200_FT_400k_... 25.07.2008 2:05:38 File recalibrated by RecalOffline

SRDOM-ACN-120ppm-3200V-av200_FT_400k_Recal #1 RT: 71.98 AV: 1 NL: 8.13E3
T: FTMS - p ESI Full ms [ 300.00-900.00]

427.05182
R=374558
C17H15013
0.01071 ppm
8000—
N 427.08820
7000~ R=366958
: Cls Mo Oz 427.12460
6000 ) :
. 0.00932 ppm R=372875
>\5000{ C19H23 O 11
.~§ . 0.04210 ppm 427.16098
g 4000 427.11679 R=373741
3000 Readooss sl Reafene C20 Har O1o
3 e Hir O R=332767 427.10342 427.13980  0.02207 ppm
2000 20 F1 211 C21H15 010 R=336435 R=398822
E _0034332p7prg4141 0.08851 ppm C22H19 09 C23H23 03
] : 427.08047 -0.07443 ppm -
1000 B e087765 27 080T pp 0.09446 ppm
0:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\
427.02 427.04 427.06 427.08 427.10 427.12 427.14 427.16

m/z



[1na peweHnsa 3agadn Heobxoanmo
NpuUBrie4YeHne creuunanbHbIX anropuTMOB
pacyeTa, UCMOSb3YILWKNUX AONOSTHUTENBHYIO
MHdOpMaLUIO.



Hanpumep, CH2-cepun B HedpTHn

Crude Qil

14.0157 Da

w

b

2.0157 Da

il

il

M. A4
458

450 452 454 456
w

*

*

*

340 360 380 400 420 440 460 480 500 520
miz

Figure 2. Mass scale-expanded segmenis of the full range
petroleum mass spectrum of Figure 1. Species are present at every
nominal mass, with obvious periodicities at every 2 (top) or 14

(hottom) nominal mass units.

i
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OOGHapy)XeHue CTPYKTYPHbIX OJTIOKOB —
CTaTUCTUKA pPa3HOCTEU Macce

CuunTatotcs Pa3HOCTUN MacCC MexXay BCEMU
NMNMKaMn B MacCcC-ClnekTpe

CH, = CH, + H,, C,H, = CH, + CH,, ...

| K15,99 27.99 /CSO 61 42.011 44.02

rel. Intensity, %
N W2 e dJ g g

N

o 2 4 6 3 10 12 14 15 18 n 2 24 % 3% 30 2 M 3% 38 40 42 44 4% 48
mjz

=
—

Macc-cnekTp pasHocTen rnocrie dunbTpaunm



' padhnyeckmne metoabl
Busyanusauua ULP paHHbIX:
Aanarpamma KeHapuka,
Aanarpamma BaH KpeBeneHa

PAP



Mass Defect (Da)

0.02

0.01 -

-0.01

-0.02

-0.03

-0.04

K" Atomic

1, G 14y Mass Defects
\ | /‘5N (All Different)

A

12
C
= 160

Mass Defect =
~ Atom Mass — Nearest Integer

- Every C_H,N,O,S; mass 31P//

: / n“o“s
is unique! 325 34

01 234 5678 91011 12131415161718 19202122 232425 2627 2829 303132 3334
Mass (Dalton)

(From Alan Marshall NHMFL)



NIOMNAK macc gedekTt (CH2) = 14.01565 - 14 = 0.01565

NedeKkT macchbl = TOYHAsi - HOMUHaNbHasA
IUPAC
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Onarpamma KeHgpuka (wkana Kengpuka CH, =14)

HedekT macc KeHgpuka (CH2) =14.-14 = 0.
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HomunanbHas macca Kenapuka
(From Alan Marshall NHMFL)



Macca Kenapuka = MK,

MK(CH,) = 14,

MK(O) = HIOI1AK*14/14.0155 = 15.977,
JIMK = HMK - MK,

JTMK(O) = 16 - 15.977 = 0.023.



Atomic ratio of HIC

-
h

0.5

0.0

(A) methylation, demethylation, or alkyl chain elongation; (B)

IOuarpamma BaH KpeBerneHa
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0.5
Atomic ratio of Q/C

1.0

hydrogenation or dehydrogenation; (C) hydration or condensation; and
(D) oxidation or reduction.

Analytical Chemistry, Vol. 75, No. 20, October 15, 2003



Atomic ratio of HIC

Regional plots of elemental compositions from some major
biomolecular components on the van Krevelen diagram.

2.5 5
lipid
2 4 protein cellulose
@ &
1.5 1 condensed _ lignin ‘/
hydrocarbon e,
; SHEE
1 Ef N
. ISl
R
0.5 -
u | 1 1
0.0 0.5 Atomic ratioof Q/C 1.0 1.5

Analytical Chemistry, Vol. 75, No. 20, October 15, 2003



3-D van Krevelen

McDonalds branch DOM

Rio Megro DOM

miz 0.1 02 03 04 0.5 0.6 or
oG

Kim S, Kaplan LA, Benner R, Hatcher PG (2004) Mar Chem 92:225



'pach - 3TO COBOKYNHOCTbL HEMYCTOrO
MHO>XeCTBa BepLUMH N MHOXeCTBa nap
BepLUUH




3D Graph

Connectivy pattern
14 for three major building
blocks of NOM: H2, CH2, C2H20

Anton Grigoryev




Linear lon Trap — Orbitrap Hybrid MS

APl lon source Linear lon Trap C-Trap
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Kingdom trap




Cnacnbo 3a BHUMmaHue!



