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What Is a Mass Spectrometer ?

Mass spectrometer measures the ratio between mass and charge of
lons m/z

structural Information

|dentification

Quantification

Very fast

High Sensitivity (Subpicomole)

Samples: HPLC grade chemicals - Tissue, polluted waters, Blood
Mass range: from proton to protein

Resolution: M/AM 103-10° — Elemental composition

Very expansive....



What Is a Mass Spectrometer ?

Vacuum pump

e Source — lonization
MO

* Analyzer - Mass Separation
- Resolution
- Mass Range

e Detector - lon counter
-SNR, -Sensitivity

M™, M, [M-H]", [M+H]"



lonization Methods

El

Cl

FAB
MALDI
ESI
APPI
APCI
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Electron lonization (El)
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Electron lonization (El)

Advantages

« Sensitivity: Picomole

« Database: ~100,000 compounds

* Fragments: Structure + Fingerprints
« GC, Analytical chemistry

Disadvantages
 Mass range: ~1000 Da

* Fragments: Decomposition



Chemical lonization (Cl)

CH4 +e’ CH4+. + 2e-

CH," » CHz" +H
CH4'|: + CH4 —> CH5+ + CH:\g

CHs" + M— MH"



Chemical lonization (Cl)

Advantages
* Less Fragmentation
« Suitable for fragile molecules

Disadvantages

* No library

 Mass range ~700 Da
 Less Sensitive



Fast Atom Bombardment (FAB)

Liquid Secondary lon Mass Spectrometry
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Fast Atom Bombardment (FAB)

Advantages

 Mass range ~7000 Da
« Soft lonization

« Massive Cluster Impact

Disadvantages
* Less Sensitive
* Only for Polar compounds



Matrix Assisted Laser Desorption
lonization (MALDI)

Matrix + Energy + M ——— [MH]*, [M-HJ

laser

analyte/matrix spot ~ Peam

, To mass
spectrometer

matrix
ons

sample plate extraction  focussing
gna lens
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Matrix Assisted Laser Desorption
lonization (MALDI)
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HO\@\)LOH
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2,5-Dihydroxybenzoic acid

trans-3-Indoleacrylic acid

" "OH
HO
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3,4-Dihydroxycinnamic acid

CHg3(CH32)sCHa- , ,.CH2(CH2)sCH3
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9-Aminoacridine B o Tetraoctylammonium bromide



Matrix Assisted Laser Desorption
lonization (MALDI)

FAB MALDI

Matrix: liquid Solid
Energy: Atoms/ions LASER
Mass Range: 70,000 Da  300,000Da
Sensitivity: Low Femptomol

Background: yes <1000 Da



Electro Spray lonization (ESI

lonised
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Electro Spray lonization (ESI

Polar compounds in MeOH / H,O / MeCN
Sensitive: Femptomole

Multiple Charge

Mass Range: ~100,000 Da

Proteomics

Atmospheric Pressure

Interface: Direct / HPLC

Soft lonization: Biology, Proteomics, Non
covalent compounds



Atm. Pressure Chemical lonization (APCI

N Inlet— |
Nebulizing Gas—__ /Vaporlzer (Heater)

Corona

Discharge pp—— oo, —— ToMS
Needle

N, + e > N,”" + 2e

No" "+ M > M + N,



Atm. Pressure Chemical lonization (APCI

« Less polar compounds
« Sensitivity: Pos >> Neg
« Single charge
 Volatile compounds
 Mass range: ~1500 Da
« Atmospheric Pressure
 Interface: Direct / HPLC
« Soft lonization



Atm. Pressure Photo lonization (APPI

Direct APPI Dbpant/SoIVent assisted APPI

M+hv—s M+ +¢ D+hv— s D* +¢
M*+ Solvent ——=[MH]" D¥+M + Solvent—— [MH]", [M-HJ

D = Photosensitizer: toluene, Acetone



Atm. Pressure photo lonization (APPI

« Conjugated compounds
* Organometallic Complexes
« Conditions: Solvent. Flow rate, Temp, Dopant



APCI APPI

Sensitivity:  Pos >> Neg Pos ~= Neg

Mass range ~1200 Da ~2500 Da
Aliphatic: Yes Limited
Conjugated: Yes Excellent
Organometallic.: Limited Excellent
Conditions: Sensitive less sensitive

Solvent: Toluene, DCM, Hexane, MeCN, MeOH



Analyzer

I RN - -

N

Analyzer: separate lons
Mass range

Resolution: The Ability of a Mass Spectrometer to separate two

masses (M1, M2) R=M/AM

M1 M2

—100%

resolution (FWHM)
=500/0.4 = 2000

relative

abundance (%) [ 20%

resolution
(10% valley definition) = 500

0.4 Da
FWHM

—10% 10% valley

| I I
499 500 501 502
m/z

FWHM = full width at half maximum



Magnetic sector
Quadrupole
TOF

Q-TOF

Analyzer




Magnetic Sector Analyzer

Optical Prism

Magnetic sector

\
\




Magnetic Sector Analyzer

MAGMNETIC
ELECTROSTATIC
SECTOR




Quadropole

quadrupole rods

TO
DETECTOR

exit slit

IONS (to detector)

ion with a
stable trajectory
(detected)

ion with an
unstable trajectory
(not detected)

source slit

Combination of DC and RF on the rods

lons moving into the Quad oscillate depending on m/z
Only one m/z can pass

A mass spectrum can be obtained by scanning the RF
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Time Of Flight (TOF
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MS Analysis

MW

Elemental composition (HRMS)
Charge state

|sotope pattern

Adducts

POS vs NEG

Fragmentation
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Enythromycin
NOAMSS 23 (1.035) Cm (23)

100+ T34.4692 3.47e4 H R M S
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 Mass Accuracy
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Elemental composition (HRMS)

"% Elemental Composition =1o]x]

File Edit View Process Help

o be s M B X

Single Mass Analysis -]
Tolerance = 20.0 PPM 7 DBE: min =-1.5, max = &0.0 j
........ Calc. Ma Formula
= 4.5 C37 HG8 M Q13 . 1
734, 4667 2.5 3.4 15 C35H69 N 013 Na 2 5.4 3z 69 1 13 1
734,4650 42 57 0.5 C32H68 N3 015 108.2 8.4 32 68 3 15
734.4763 7.1 9.7 0.5 C31 HG8 M5 014 109.1 9.3 31 [5t3] 5 14
734.4779 8.7 -11.8 1.5 C34 HaS M3 012 Na 107.1 7.4 34 a9 3 12 1
734,4592 0.0 136 9.5 C33 He4 N3 O10 106.8 7.0 31 64 310
734,4303 411 -151 45 C36 H68 N3 012 1031 3.3 BB 68 3 12
734.4568 12.4 16.9 6.5 C37 HES M3 Q10 Na 104.7 4.9 37 65 3 10 1
734.4319 -12.7  -17.3 5.5 C39 H&eg M 010 MNa 10&.0 6.2 39 a9 1 10 1
734,4551 141 19.2 55 C34 He4 N5 012 107.6 7.8 4 64 5 12
C37 HES N 013
100 734.4691
% 7354725
736.4753
U....,....,....,....,....,....,....,....,....,....,....ll....,....,....,.m;‘z
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3.41e+004
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o 7354744
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For Help, press F1 | i
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ESI

Z=3 Z2=2 z=1
0.33Da 0.50Da 1.0 Da

664.69 985,55 1848.13
6435, 985.04
1947 13
66502
936.05 1094013

f65.35

8 986.55 195014
f65.60
o 987 .06
| 194764 | |194963




Shabat153 21 (0.947) Cm (19:21)

100+
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300

Chemical Formula: CagH,705*
Exact Mass; 527.35
Molecular Weight: 527.76

320
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380

400

Chemical Formula: CygH,5042*

4210

Exact Mass: 528.36
Molecular Weight: 528.76

m/z=264.38

4338

4503 4753 4913

5274

526.3
™

440 460 480

500

520

528.4

545.4

540

546.4
e

560



Rapamycine
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Protein Analysis
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ESI

.|

Insulin Moam
noam120514_11 85 (1.678) Cm (85:89) 1: TOF MS ES+
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ESI

Horse Heart Myoglobin MNoam
noam1205614 14 108 (2.128) Cm (106:147) 1: TOF M5 ES-
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S
kol6 (0.070) Is (1.00,1.00) C18H21Br4N202
1004 616.8
G148 618.8
E'Q_
G17.8
612.8 620.8
615.8 610.8
613.8 6218
0 T T T T T T T T T T T T T l T T T T T
kol6 102 (4.488) Cm (98:104)
100+ 616.8
614.8 618.8
L
617.8 520.5
6128 615.8 619.8
613.8 616.6 62138 -
0 509.0 609.5 Eog_g 610.8 611.8.512.0 6126 613.2 | 6144 |6151 oS [B1Ta " 531?;5 51.?'1 | 6203 621.2 | 6223622.8.623.0 6236624.1 625.0 925'3 9‘
T T 1 Y T T T t T 1 T T T T 1 Y 1 1
609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626



Ruthenium Complex

ESI

Ala Aharonov

students27 (0.070) Is (1.00,1.00) RuC20H16MN4CI 1: TOF MS ES+
100+ 449.0 RUCZOH 16N4C| 245e12
451.0
448.0
[ JCE
447.0
446.0 450.0
2430 452.0 453.0
' 4450
U 1 1 I 1 1 1 1 1 I 1 1 I 1
students27 83 (3.665) Cm (81:87) 1: TOF M5 ES+
100+ 443.0 4 90eh
451.0
448.0
BQ_
447.0 4500
445.0 4520 453.0
443.0
445.0 4453 4478 4488 | 4492 450.2 4532 4540 4545 456.1
0 4435 444.0 | 4453 . Sl oo | s | s | 4514 ] 4524 | | 7, 45404558 7 4565 45754581
| | I | | | 1 | 1 1 | 1 1
443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458
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(0.070)1s {1.00,0.10) C30H34FNPPd 1: TOF M3 ES+
564.1459 2.53e12
100+
h66.1456 C H NFPd
563.1467 30" "34
2
BE3.1471
h62.1454
BG5.1487 557 1436
569.1500
560.1469 570.1532
U | | I | . | | I | | | | | | I | I | | | | |
1: TOF MS ES+
100- 564.1451 1 Bdeb
h66.1454
563.1470
= 568.1487
h62.1455
565.1506 5671530
569.1559
560.1470
U | | L L " Ll 1 P | ralal L1 L | Ll L IE:::":!-JEI':!E{__-E?I;'EQBS 5?34-4-59 5?54248 5??381Bml|'2
| | | | | | | | | I | | | | | o
559 560 561 562 f63 564 565 566 567 568 569 570 571 672 573 574 575 576 577



Single Mass Analysis

Tolerance = 2.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

1027 formula(e) evaluated with 4 results within limits (up to 10 closest results for each mass)
Elements Used:

C:2540 H:3040 MN: 05 005 F. 05 P:0-2 102Pd:0-1

564.1451

i 563.1450 566.1458

i 062.1445 5651503 568.1502

567.1523

569.1547
| 5562421  557.4435 559.2389 2601470 561.1515 564.6274 | 565.6761| 566.6993| 567 6591 | 570.1567 570-5895

s T VU TS NMUYEIN M e A Bl S AR M Gtaet it ML S MNP VA PN

556.0 557.0 538.0 2590 560.0 561.0 562.0 563.0 964.0 563.0 566.0 567.0 568.0 569.0 570.0 571.0

Minimum: -1.5

Maximum: 10.0 2.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula

560.1470 560.1469 0.1 0.2 14.5 116.5 0.6 C30 H34 N F P 102Pd
560.1475 -0.5 -0.9 11.5 118.1 2.1 C26 H31 N3 0 F3 102Pd
560.1464 0.6 1.1 15.5 117.6 1.6 C29 H30 N3 F2 102Pd
560.1480 -1.0 -1.8 10.5 118.1 2.1 C27 H35 N O F2 P 102Pd



Uranyl complex Yoni Engel
patulsky17 64 (2.822) Cm (64) 1: TOF MS ES+
B 677.3 1.4825
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100~ 9453
o\o_
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oLz 9443 9447 9455 945.6 \?48'3
T T 1 1
944 945 946 947 948

100+ 967.3
[MNa]*
‘O\Q,
968.3
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0 T T T T |I
patulsky17 64 (2.822) Cm (64)
100 9673
‘a.e_
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LCMS

Liquid Chromatography - Mass Spectrometry
HPLC
UPLC

MS

UV Detector | ==> | MS Detector

{r 0

Column

|

Autosampler

'

i lhuw 'J‘.:,;uhﬁ‘ N S R

Lk
4
Pump

I

Solvents

e e -
y¥¥ssessaazeasyd

I A u”
g b e e,




TTBO0S64-L
~

AU

3: Diode Array
437 Range: 2.308
E 458
uv
1.0
5.0e-1
E 5.025238
0.0 SIS N LA L L LA L LN LN L L B L L LN BN NN LI BLNLL LI NLELELALE BLELEL AL LU BN AL BLELELEL NLULELELE NLRLELELE NULELELE B NLILALELE B N B B L
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
1: TOF MS ES-
439 TIC
NEG
=2
0.44.0.54 989 12.85
LA A I LA NN DAL N BN UL BLELELAL N ELE LELELLE NUSLELELE B DL B BN LR
-0.00 1.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00
1: TOF M5 ES+
439 TIC
1007 1.48e5
3Q_
8.758.82
14021414
0.54
0

0.

LB I e o B )

00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00



LCMS

1: TOF MS ES-
1007 439 L 234 (4.394) Cm (233:238-(219:228+219:230)x5.000)
00- 269 1 32565
S NEG
462
o~ EE_
270.1
N e, 012656 2689 2711 2121 21445755 2778 579
420 440 460 480 | S S B S N EO B B B B E
1: TOF MS ES+
1004 439 e 232 (4.360) Cm (231:232-(215:227+215:229)x5.000)
. 7 o0- 271.1 7.38e3
2 -
427
2721
_ 2674 2693 2731 275520 282 6
0+ 150 440 4IG[i”|I”4II8I0”TImE 0 1 1 1 T 1 1 1 1 1.1 1 T T 1 T 1 m/z
: : 268 270 272 274 276 278 280 282

266



100+

%

9.25

9.69

11.14

—

12.65

13.56

1473

LCMS

19.81

22.

16.43 18.23

M

e

a7

1: TOF M3 ES-
TIC
8.36ed

‘ 26.51

000

UL N
15.00

2000

o500

3000

3500

Time



Tasters Choice
noam120514 3

100+

7.78.7.90 854,

LCMS

Moam

1: TOF MS AP+

APCI o

12.73

noam120514 9

100+

UL LI LR AL B IS I NS IR I
5.00 10.00 11.00 12.00 13.00

1: TOF MS APFI+
8.06 BFI

APPI 2224

noam120514 6

100+

57 _Bas

UL LI LRI AL B IS I NLSUR A IR I
5.00 10.00 11.00 12.00 13.00

1: TOF MS ES+
8.23 TiC

2.74eh
ESI

12.75

L LI LI UL BRI LU L N BRI I
5.00 10.00 11.00 12.00 13.00

T Time

NESCAFE ) |

Tasters

Water extract
In MeCN



APPI

(0.051) Is (1.00.1.00) CAOHSS TOF MS APPI+
536.4382 6.37e12
100+
O 9-cis-pB-carotene C,oH,
" 537.4416
538.4450
0 I 1 I 1 I I 1 I I I I 1 I I I 1 1
258 (8.699) Cm (256:266-1:187x2.000) TOF MS APPI+
536.4389 4.94e5
100+
537.4426
=
538.4403
5344223 5304575  540.4650
. X 5354290 . I > 541.4954 542.5899 248.388] 5494053
T L

533 534 535 536 537 538 539 G640 641 542 543

5d4

545

546

A7 548 549



APPI

DM1033-1
295 (14.860) Cm (295:311-55:91x2.000) TOF MS APPI+
100- 1013.3 12365
OCH,C—=CH
N
1014.3
~
5
OCH,C—=CH
35_:_
1015.3
10514
s
1/22 W] 243.0 1052 4
22”2452 345 0 9353 1053.4
I.‘JIB|12“1I J T ‘4?91 5181 5545 76137733 9133\‘ l l_l lLL/'HE?q- 1226.5 131?"-‘1—
0 ""I""I""I""I'J'"I'"'I'T"I""I'"'I""I""I""I""I""I""I""I"" T ""|""|""|'"'|""|""|""|""|""|'"'|""|""|""|""|""|""|""|""|"" m/z
100 200 300 400 500 600 700 800 300 100[] 1100 1200 1300 1400 1500 1600 1700 1800 1900



APPI

of 2-41
(0.034) Is (1.00,1.00) C34H2TBO5SI2N3 TOF MS APPl+
5353747 £ 14a12
100+
] 536.3765
F3 6343771 /
; \ LB37.3782
|:|' | | |
[ I I [ I I I [ I I [ I
90 (1.547) Cm (§7-90) TOF MS APl
535.3740 { 0ded
100-
] 636.3773
# mmﬂ [ 537.3782
] o 3453165
. | 630.7803 ”

632 64 636 63

od) 642 644 bdb




APPI

C3ZH47PtP2FGMNa TOF MS APPI+
100+ 8253 3.19¢12
] [M_H+Na]+ 8243
22 8273
3 C..H, PtP,F
] 329.3 32148 26
-7t
C32H48PtP2F5 TOF MS APPI+ Q Q
100- 7843 3.19e12
. 783.3
4 IM-FI* )
5] 786.3 O D
] 788.3
r-r----—r———v"rr—rr—rr
TOF M5 APPI+
£ 00- 784.3 8253 4 2504
: 783.3
e 8273
11070 4353
- 2423 9791 E‘IES 5533?813 859.3 1052.6
I:|f:"'|""’-i|""|'|"'| - 'F"" m/z

T I LI
200 400 E[]EI a00 1[][][]



APPI

TOF MS APPI+
100+ 671.3 1.18eb
Pt Complex
£85.3
1985.0
194.0 5g6.3
196.0
F37.3
198.0
7803
1920 6703
| I | | |
192 193 194 195 196 197 198 199 765.3
= FE9.2 9503
£52.2
528.2 ~
5971 781.3 952 3 950 2
596.1.]598.1 '
Eﬁ‘?-“ 764.3..
5202 961.3
§14.2
515.\1\ 5401 5 2003 7501 8072
d 647.3 1002 957.3 9523
502.4 0.2 723.3 : 863.2
3751 e 460.0 BE1.2.||865.2 7033
. 3781 ' ,eBE?Elm| 956.3 # '
= ||||-|| T .'T.., L L m-"Z
360 400 450 500 R0 00 G50 700 750 800 850 900 950 1000



APPI

BB_ReS05
71 (2.406) Cm (71:83) + TOF MS APPI+
100- 527.1 [M-Cl] 3.05e5
525 1., [ ]+
M
5281
164.1
U II T Il IF-I'-IIEI#.IEI Iill:llﬁllgl Iql-d-ld-llgl I T IL Ij:.-'lt I :?.Ig-;alq-ld-.lnl Iilalglﬁl LI IQIE:EIEI I I-1IDE?.I-1I I}I-Ild-l?l-Il LI I LI I T I-‘!d-lgld-lal -IIE:QIS;EI}EIEIDI1I T |1|8|5-|]I-.]-‘-i-]IEIEIEI-‘I m"lz
200 400 600 800 1000 1200 1400 1600 1800
®)
O”'““ l l -‘\\\Cl
‘Re
100- 562.0298 _ / ‘ \
o_J g
- 560.0278
564.0297
563.0327 566.0479 568 0529
561.0200
] 565.0230
o, s=e.080¢ | T ‘ | SET?'FS..ﬂ ‘ 559.?5?4 E?n_naau 5714323
I

| | | * | | I | | | | | | |
559 560 561 562 563 h64 565 hBE 567 bG8 569 570 57 572



APPI

O, || Wl
e

100- 562.0208 / \ \
- 560.0278
564.0297
563.0327 SRE.04T70 568.0529
561.0208
| 565.0330 567.0511 569.0574 5700680 5714323
g1523.0809 | — N I A | 7 z
| | | I | I | | | | | | |
559 560 561 G2 563 564 565 566 567 563 569 570 571 572
| Mass | calc.mass  |mpa |PPm [ DBE | Formula |ier |iFemiorm) | ¢ | v [ n| o|wmal| a| 185e | 187Re |
[562.0298 562.0305 0.7 -L2 1.5 Ci8 Hi6 N2 05 O 187Re 3120 0.3 18 16 2 5 1 1|
562.0292 0.6 L1 120 Cis HIZ N5 04 O 187Re 3156 2.0 & 1@ 5 4 1 i
562.0294 0.4 07 17.0 C23 H16 N4 09 cl2 323.2 116 23 16 4 9 2
562.0295 0.3 0.5 115 C15 H14 N6 04 Cl 185Re 3145 2.9 15 14 & 4 1
562.0297 0.1 0.2 185 C24 H15 N5 06 Na Cl2 323.0 113 24 15 5 6 1 2
562.0298 0.0 0.0 7.5 C17 H19 06 Na Cl 185Re 3143 2.7 17 19 6§ 1 1



(17.829) Cm (352:362-(127:179+92:168)x5.000) TOF MS APPI+
100~ 13297263 8.87e4

13407317

- 13417254

13427388

1338.7173.
1343 7463
736.4478 gpp 9633 1223.6409 1431 7762
5583629 = :

01541255 3927582 535 3345, 661.3319 868.3744 1125 5692.. 14920285 18407881 I
- Mz

N RN RN RS AR
100 200 300 400 500 600 700 a00 800 1000 1100 1200 1300 1400 1500 1600 1700



APPI

Shay411 Shay Potash
ROZEN162 54 (4.948) Cm (54:60) TOF MS APPL+
100 4139 2.60e5
F Se F
411.9
= > [ 100 413.9008
= 411.9016
) 409.9033 415.9010
407.9065 | | ‘412-?0**9 L £16-9042
0 T T T T T T T T T T T T
334.0
%935.5
I 2 ef 100 413.9005
409.9)415.9 968.6
- 411.9013
" 4099021 4159023 416.9059
950.6 407.9058 | ‘412.?053 | | -
0 ! 1 ! T 1 1 | p— 1 ] 1 ! miz
408 410 #2 M4 416 418
335.0 970 6
aorofree B0 oe g
P N N “\ll 4633 = 4\5T'g P22 a3 7422 805 ?015 8645 908.5 L ?fggsg_g }
0 400 &0 600 70 80 %0 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 "



100+

%

o

APCI

TOF MS AP+
196.1 3.84e5
197.1
1981
170.1
219209 305315 454.481 652666 L0 890.915  M55.MM91 o0 14361524 s 1763178 198.3 9141 2061  238.1.2415 256.1 2070 3102 2°F  33aq 2 35gq P41 a9 393.5.306 2308 1
T T T U T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 v
10 20 30 40 80 70 80 90 100 110 120 130 140 150 160 170 180 130 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400



Shay265
rosen126 213 (3.695) Cm (213)

1004

1249
184.0

156.0 o219

=)
I

100 200

APCI

Shay Potash

TOF MS AP+

3438 4559 6.04e4
C14H18MNO45Br2 \\ //
100 4559303 Br Br
457.9284
-2 4539323 \ /
454 9354 455'?33“" 4589313 :‘;59-92?4
0 T T I| T T T I| T T
457 9
0 asas rosen126 213 (3.695) Cm (213)
s 100 455.9311 O O
453.9354 457.9291
=
4549376 455'?393 458.9368 4599289
0o ] ||' L |""'I|"" e miz C H
454 456 458 460 8 17
6101
458 9 503.1512 4
323.3 L~
459 9
S 554.1
4120 8635
WY Vi TN o e TR T o S |
300 400 s00 0 700 80 %00 1000 1100 1200 1300 1400 1500 1600 700 1800 1900 me



100+

%
]

299.3

APCI

Methyl Stearate

O

TOF MS AP+

/\/\/\/\/\/\/\/\)%/

2.37eb

100- 299.2950
32_
300.2984
0 30'1.|3EI'15 302 3044
149.0 3002 ! ! ! ! !
100- 299 2954
32_
1910 300.2990
3 3013008 3017725 5054559 3037383
2533 0 . . . . | ¢ miz
- 1522 — N I3E 299 300 301 302 303 304
191 2 265.3%
3273 7187
T ' R L L N '|""|'"'|""|""|""|""|"|" me L
100 125 15[] 1?5 2[][] 225 250 2?5 3[]0 325 35[] 375 4[][] 425 450 475 600 525 &R0 575 600 B25 ESU ETS TU[] 725



FAB

File:TIZ Ident:43_47 SMO(I, 137 PRD(I3,%,13,0.00%,0.0,0.00%, F, F) SPEC(Heights, Centroid) Acq:22-DEC-1996 13:19:05 +8:10 C>

AutoSpecEQ FAB+ Magnet BpI:12496896 TIC:2178514432 Flags:NORM

100% 2867.8 _1.1E5

957 F1.1E5
] Ala.Lys.Pro.Thr.Tyr.Phe.Phe.Gly o

907 Arg C 1.0E5
5 NH,NH, G .

64 Phe.Val.ASp.Glu.His.Leu.Cys.Gly.Ser.HisLeu.Val.Glu-Ala.Leu Tyr Leu.Val. Cys.Gly 2. 784

80 S \S F 9. 2E4
] | \ C

753 NH 5 NH NH, S NH, |[8-6E4
] |2 | |2 2 2 |

703 Gly.Ile.Val.Glu.Glu.Cys.Cys.Ala.Ser.Val.Cys.Ser.Leu.Tyr.Glu.Leu.Glu.Asp.Tyr.Cys.Asp F8.0E4

651 5 5 F7.5E4

60 . F6.9E4
r Insulin :

557 F 6.3E4

Co54H377Ne5O07556

5733.49

403 . - 4.6E4

357 - 4.0E4

30 F3.4E4

- 1912.3 - 2. 9E4

20 F 2. 3E4
4 956.5 g

15 F1.7E4

1273.0 :
10 N I U | S — gl F1.1E4
1000 1500 2000 2500 3d00 3500 4000 4500 5000 5500 6000 m/z




FAB

File:T14 Ident:43_48 AcqQ:22-DEC-1996 13:19:05 +8:20 Cal:CAL_FAB7UU0CONT
AutoSpecEQ FAB+ Magnet BpI:15313920 TIC:2719393536
1002 _1.3E5
803 1. 085
603 7. 564
40 [ 5.0E4
20 [ 2.5E4
0] _Lo.oE0
5722 5724 5726 5728 5730 5732 5734 5736 5738 5740 = 5742 5744 5746 m/z
12,13,14C:254 1,2H:378 14,15N:65 16,17,180:75 32,33,34,36S:6
Separation:1000 Min Frac Abun:1.00 Num Charges:1 Resolution:1000
Nominal Mass:5728 Monoisotopic Mass:5730.609 Average Mass:5734.500 Peak Maximum Mass:5734.08
100 5734.1 _4.8E1
80 3. 9E1
60 F 2. 951
40 F1.9E1
20 F 9. 680
ol . i 0. 080
5722 ' 5724 5726 5728 5730 = 5732 5734 5736 5738 5740 = 5742 = 5744 = 5746 Mass
12,13,14C:254 1,2H:378 14,15N:65 16,17,180:75 32,33,34,36S:6
Separation:1000 Min Frac Abun:1.00 Num Charges:1 Resolution:1000
Nominal Mass:5728 Monoisotopic Mass:5730.609 Average Mass:5734.500 Peak Maximum Mass:5734.08
1002 5733.6._ X
90 2/ 1
80 5732.6 5738.6 1
70. 1
60. 3
503 5741.6 3
40 3
30 3
20 30.6 3
10. s 3
0 | -
5722 = 5724 5726 5728 5730 5732 5734 5736 5738 5740 = 5742 = 5744 = 5746 Mass




FAB

File:T2 Ident:30_38-16_17 Win 1000PPM Acq: 5-JUL-2007 11:12:04 +6:31 Cal:CAL_FABNEG_2100_20_3
AutoSpecEQ FAB- Magnet BpM:79 BpI:585956 TIC:6852646 Flags:HALL
File Text:Cyanocobalamine

1200 1220 1240 1760 1280 1300 1320 1340 1360 1380 1400 n/z

1003 1328.4 ~4.3E5
1 Cyanocobalamin - B,
904 ey F 3.9E5
ol Cg3HggCON,,0,,P =1355 S
30_5 5_3.555
75_§ 5_3.2155
70 [M'H] 5. 085

] o e :
651 \/( F2.8E5
] 1354.4 ;
60 NH; 2. 6E5
55_2 5_2.4}35
50_5 /" 5_2.2155
45 1985
5 Dl 5
403 L 1.785
353 1269.3 5-1'535
30_f 5_1.335
253 5_1.1}35
2o_f §_8.6E4
153 o 6. 54
] HO ;
103 I ety S L 4.3E4
5] e | ‘ ‘ ' Liad 2. 254
05“||u. 2 ||||||I|[u ” IIJIIIQ - I||,l|lr 1||l|[|||" . |H|h] . '.'Il|. ll‘ .,1ll| lis l..xl[l“lllll.. . |I|J “II ; IIJ ! Il,nl““‘hju . ‘||| T [1111 A T oo F 0.0E0




Didod-di-tet-sex-T
rosenidd 7 (0.291) Cm (4:46)

100+

700

750

7705
7715
8584
7724
789.4
B850 4
860.4
790.4

800 850

944.6

945.6

946.6

947.6

900 950 1000

1040.7

1050

1100

1150

MALDI

12229

1223.9

1224.9

12258

1226.9

1227.8

1200 1250

Shay potash

TOF MS LD+
869

R4 =C45Hy5

Ro=C14H2g

rosen1dd (0.103) s (1.00,0.10) CYEH11856

100- 12228 12238
] 1224 .8
e 12258
1226.8 1227 8 1229.8
] 7 P e
U T r r I 1 3

rosenidd 7 (0.231) Cm (4:46)

100+ 12229 q093g
] re
.
I e P 717
1220 1225 1230
13868
h . /
"9300 0 1350 1400 1450 1500 = 1550 1600 1650 1700 e 1s00 | dms0




MALDI

100+

2000

24592

L-2460.2

24982 24612

24621

24181
™

2250 2500

2750

100- 24591794
] 2461.1860
J 24581760
*SE_
24621895
&
2463.1926
] o
~24651990
l:]||||||||||||I|I||||
100- 24591770
1 24581763 2461.1860
*SE_
24621411
o
2463.1360
o
] 2463.9863
o
D T T |I|I||| ||I|I|“|I|I| T mlrz
2455 2460 2465

C1e8H162016Na




Cucurbit[B]uril hydrate (Fluka 94544)
noam 281113 2 597 (20.085) Cm (596:599-605-612x5 000)

1004

4104330
a.?_
4100
4550
3890
367.1
2390
1329 21301 553 9 305.0
1710
0 1049 ‘ | || I ol
T T 1 T 1 T
100 200 300 400

MALDI

TOF MS LD+
8853 1.67e4
Ho
8713 C
s | 10193 T N x L N q
537.2 ' N /& (I-:i )\ N ™
H-C H,C~ O 2 0 % CH»
7032 \ : \ pHg /
osaiiiars
8283 O;/\N r}] o) ') [}] N%O
ez H2C CH:2 Wn-CHz /
357 3 " H2C N™~"N /CHQ
5 5362 . N N/‘\TN N &
721.2 9013 25 % “"--.C/ «
7 /7357285.3 Ha @]
i hl 1l ﬂ h|,;l hlu‘ . by ll/ﬂLD“ 11853 1219412721 0 4 1550.6.1567.5 1680.0 17316 1801018490 12922 19040
500 500 700 800 900 1000 100 1200 1300 1400 1500 1600 700 1800 1900



MALDI

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =2

Monoisotopic Mass, Odd and Even Electron lons

231 formula{e) evaluated with 22 results within limits {(up to 10 closest results for each mass)
Elements Used:

C:30-40 H:30-40 N:20-30 0O:5-20 Na:0-1

Cucurbit{6]uril hydrate (Fluka 94544) NOAM 281113 2 26 (0.882) Cm (25:70)
TOF MS LD+
100- 1019.2834
. 1020 2842
- 1021 2932
ol 1010718 10171725 10182401 10203122 | 1022,2004 1023|3149 10243236 10256897  1026-3676 102815231028 9603
1016.0 1017I] 10180 10190 1D2|]0 1021.0 1022I] 10230 1024I] 1I]250 1026.0 10270 10280 1029.0
Minimum: -1.5
Masximum: 10.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
1019.2834 1019.2839 -0.5 -0.5 29.0 70.0 2.2 35 H37 N23 015
1019.2839 -0.5 -0.5 34.5 70.0 2.2 C34 H31 N30 010
1019.2829 0.5 0.5 31.0 69.8 2.0 C34 H34 N27 011 Na
1019 2829 0.5 0.5 255 69 9 2.1 C35 HAD N?0 D1A  Na
1019.2842 -0.8 -0.8 30.5 70.2 2.4 (36 H36 N24 012 Na
1019. 2826 U.s 0.3 29.5 6Y.9 2.1 C33 H3i5 NZe 014
1019. 2815 1.9 1.9 31.5 70.1 2.2 C32 H32 N30 010 Na
1019.2853 -1.9 -1.9 34.0 70.9 3.0 C36 H3I3 N27 011
1019.2853 -1.9 -1.9 28.5 70.7 2.8 C37 H3I9 N20 016
1019. 2815 1.9 1.9 26.0 70.4 2.5 33 H38 N23 015 Na




MALDI

NOAM_240713_2 132 (6.642) Cm (131:132-7:31x5.000) TOF MS LD+ i i
3300 10063 NOAM 240713 2 132 (6.642) Cm (131:132-7-31x5.000)
100 3300 1 1.00e3
3212.0 3256.1 -
3344.1 34772 32120 3256.1
3168.0 3389.2 3520.3 35643
31239 nia02 33011 33441
= —CHy-CH,-O
3079.9 3608.4 n 39130
PEG
30353
3257.0
37405
299138
37856
290338
3696.5
# 38296 o
28507 | 29478 ' &
28157
38727
3916.8 3200 1 33431
3961.8 3955.0 33461
3962.8 3302.1
3302
32581
3214.0
39778 J 1
0 AXsaan "Uuu L“Jﬂ'mhuu M L"I'ihl'mh*' wHL“ IR /2
2800 2900 3000 3100 3200 3300 3400 3500 3600 3700 3800 3900 4000 40 ——T—r = Mz

3250 3300 3350



MYC-IND Microcystis of Cyano Bacteria
CARMELI130B 66 (2.227) Cm (50:84-25:11)

100+

1892.8

1890

1903.9

1903.8

1900

1936.9
19208
19359
19218
1919.8
19379
1905.8 1938.9
1922 9
1906.9
19238
1907.8 1935.9
19089 1919.8 19248 ;
19258
LIL.Jm il i .U.Ll.l il Al y..f.‘.itlu.,nlll.h‘ L
1910 1920 1930 1940

MALDI

1952.8

19518

1950

1953.8

1954.9

TOF MS LD+
1.15%e3

Cyanobacteria

1968.8
1967 8
1984.8
1969.8 1983.8
1985.9
1970.8
1986.8
19718 1983.8

1981.8 18879
. l.l. M miz
1970 1980 1990



MYC-IND Microcystis of Cyano Bacteria
CARMELI130B 66 (2.227) Cm (25:85-91:117)

MALDI

TOF MS LD+
100+ 1308.5 8.51e4
1292.5
1309.5
1293.
5 13105
12045 13315 134:,:485
13325 :
1311.5 13635 13795
1204 5 1333.5 1380.5
1330811 s s |[13505 (12655 | 13815
1258 5 12745 129p.5 .
|H l 13825
0 m Ly h\ L L L m |.|\ | [, il R i I
A BB BB L B B L B o L o L o e o B e B R L R
CARMELI130C 80 (2.686) Cm (9:84-95:126) TOF MS LD-
100+ 1268.4 1 56e4
1269.4
okl 12704
1290 4 3074
1308 4 1339.4
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Tandem Mass Spectrometry

1l b T

Energy

)
Source — Analyzer 1 —+ Analyzer 2 — Detector

« Gentle ionization do not produce a significant amount of fragment ion
« Fragments are Important for identification and structure study.
« Tandem MS Induce fragmentation by collision with gas molecules (Argon)



MS/MS
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MS/MS
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MRM
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MRM

MRM of “Toxin”
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MRM

Mice blood serum + toxin MRM
1. MRM of 2 Channels ES+
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Summary

lonization Method
MS/ HRMS
|sotope pattern
Adducts
Fragmentation
MRM

Conditions solvent, additives, temp, flow, potential etc’.



