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Como detectar os pigmentos
antraquinonicos em uma mistura?
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Analise de uma mistura de compostos em
espectrometria de massas (sem separacao cromatografica)
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Espectrometria de massas com separacao cromatografica
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Detection of Nepetalactone in the Nepeta cataria plant by thermal desorption GC/MS

Chromatogram from the analysis of 2.7 mg of a
portion of the lead stem of the plant.
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Mass spectrum generated from nepetalactone
found in the lead stem.
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Descrigcao

- Indicado para gatos;
- Alivia o stress para gatos muito ativos;

- Serve de estimulante para gatos muito quietinhos;

- E bom, faz bem, é saudavel e faz seu gato se exercitar;

http://www.sisweb.com/referenc/applnote/app—94.htr?1



GC Chromatogram of gasoline

1. Propane 18. 3-Methylpentane 35. 2,2 4-Trimethylpentane 52. 2,2-Dimethylheptane 73. 3,3, 4-Tiimetkylheptane
2. lsobutylene 19. Hexane 36. n-Heptane 53. 24-Dimethyiheptanen 74. 1-Methyl-2-ethylbenzene
3. Isobutane 20. Unknown 37. 3-Ethylcydopentane S4. Ethylcyclohexane 75. 3-Methylnonane
4. Butane 2. 3-Mathylcyclopentens 38. 2,5-Dimethylhexane $5. 2.6-Dimethyiheptanzn 76. Unknoan
5. as-2-Butene 2. 3-Nathyl-2-pentene 39, 2.4-Dimethylhexane $6. Ethylbenzens T7. ksobutyibenzene
6. 3-Methyl-1-Butens B, ds-2-Hemne 40, 3 4-Dinetd-1-hexenen ST. m-Nylene 78. sec-Butylbentene
7. lsopentane 24, 3-Nethyl-rrans-2-pentene 41, 34-Dinethyd-1-hexene 58, priykene 79. n-Decane
& 1-Pemiene 25. Methykydopentane 42, 23 A-Tiimelkylpentane 59. 4-Methyloctane 8. 1,2.3-Timelhylbenzene
9. 2-Methyl-1-Butene 26. 24-Dimethylpentane 43, Toluene 60, 2-Methyloctane 8\, Indin
10. Pentane 27. Benzene 44, 23-Dimethylhexane 61. 3-Ethylheptane 82. 1,3-Diethylbenzens
11. trans-2-Pentens 28. 5-Methyl-1-hexene 45, 2-Methylheptane 62. 3-Methyloctane £3. 1,4-Disthylbenzene
12. ds-2-Pentene 29. (ycobexane 46. 4-Methylheptane 63. o-Xylene &4. n-Butylbenzene
13. 2-Methyl-2-Buten2 30. 2-Methylhexene 47. 3 A-Dimethylhexane 64. 1-Nonene 85. 1,3-Dimethyl-S-ethylbenzene
14. 2,2-Dimethylbutane 31. 2,3-Dimethylpentane 48. 3-Ethyl-3-methylpentane 5. n-Nonane 84, 2-Methylindane
15. Cyclopentens 32. 3 Methylhexane 49. 3-Metkylheptane 65. kunpeoprylbenzens 87. 1,4-Dimethyl-2-ethylbenzene
16. 2,3-Dimethylbutane 33, 2-Mathyl-1-hexene 50, 2-Methyl-1-heptene 67. 3,3 5-Tiimethylheptane &3, 1.3-Dimethyt-d-ethylbenzene
17. 2-Methylpentans 34. 3,4-Dimethyl-trans-2-hexene 51, n-Octame 63, 2.4,5-Tiimethylheptane 9. 1,2-Dinethyt-4-ethylbenrene
69. n-Propylbenzens 90. Undecene-1
P 70. 1-Methyl-3-&hyibenzene 91. 1,2,4,5-Tetramethylbenzene
40 7 E] n s 2 %5)gg @ 7% 71 1-Mathyl-4-ethyibenzene 92. 1,2,3,5-Tetramethyloenzene
2 2 ™ 72.1,3,5-Tiimelhylbenzene 93. 1,2,3,4-Tetramethylenzene
ol 94. Naphthalene
2 5 95. 2-Methylnaphthalene
" = = 9. 1-Methylnaphthalene
«
1
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column: Petrocol DH, 100 m x 0.25 mm 1.D., 0.50 um (24160-U)



Espectrometria de massas com separacao cromatografica
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GC/MS LC/MS
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Espectrometria de massas - aplicacoes

T

Small Nandparficles Protein Viruses
molecules aggregates
I I T T >
10 10° 10° 108 Mass (Da)
Conventional MS
> Charge detection MS

>



Omics age
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Metabolomica: ¢ o estudo sistemético e abrangente dos metabdlitos em

uma amostra bioldgica, buscando compreender a interacdo complexa entre
genética, ambiente e fisiologia, e seu papel nas diferentes condicdes bioldgicas.

Busca no Scopus (metabolome; 17/05/2023):

27,131 document results

Subject area A

[ | Biochemistry, Genetics (14,533) >
and Molecular Biology

[ | Medicine (8,586) >

[ ] Agricultural and (5,981) >
Biological Sciences

[ | Chemistry (4,884) >

[ |immunology and (3,021) >
Microbiology

Wishart, D. S., Feunang, Y. D, Guo, A. C, Lo, E. J,, Marcu, A, Grant, J. R, Sajed, T,
Johnson, D,, Li, C., Sayeeda, Z., Assempour, N., lynkkaran, |., Liu, Y., Maclejewski,
A., Gale, N., Wilson, A., Chin, L, Cummings, R., Le, D., Pon, A., Knox, C., Wilson,
M., 2018. DrugBank 5.0: A major update to the DrugBank database for 2018.
Nucleic Acids Research 46, D1074-D1082. 3697 citacdes
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Banco de dados com
espectrometria de massas

1. NIST/EPA/NIH Mass Spectral Library (NIST 20): Contém espectros de massas e
informacdes estruturais para milhares de compostos organicos, contém espectros de
referéncia para GC/MS (por ionizacdo de elétrons) e LC-MS/MS (por espectrometria de
massa em tandem), bem como indices de retencdo de fase gasosa para GC.
https://chemdata.nist.gov/

2. Wiley Registry of Mass Spectral Data: E a maior colecdo de espectros de massa de alta
qualidade, incluindo Wiley Registry, KnowltAll Spectral Library, NIST e outras importantes
colecOes de banco de dados espectrais para MS. Essas bibliotecas podem ajudar a analises
nao direcionadas ou direcionadas. https://sciencesolutions.wiley.com/mass-spectral-
databases/

3. Spectral Database for Organic Compounds (SDBS): E uma base de dados que contém
espectros de RMN (*H e 13C), IV, Raman, ESR e outras informacdes espectroscopicas para
uma ampla variedade de compostos organicos (34600 compostos).
https://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre index.cgi

4. MassBank: E um banco de dados publico que armazena espectros de massas adquiridos
de uma variedade de técnicas, incluindo EI-MS. Contém dados de espectrometria de
massas de compostos organicos e inorganicos. https://massbank.eu/MassBank/



https://chemdata.nist.gov/
https://sciencesolutions.wiley.com/mass-spectral-databases/
https://sciencesolutions.wiley.com/mass-spectral-databases/
https://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi
https://massbank.eu/MassBank/

Banco de dados com
espectrometria
de massas

BGNPS

https://gnps.ucsd.edu/ProteoSAFe/static/gnps-splash.isp

s MassBank

https://massbank.eu/MassBank/

1) chemical data, 2) clinical data, and

3) molecular biology/biochemistry data.

The database contains 220,945 metabolite entries including both
water-soluble and lipid soluble metabolites. Additionally, 8,610
protein sequences (enzymes and transporters) are linked to these
metabolite entries.

The Human Metabolome Database

y gLl : =Y S
SeerT olecular standard
m

https://metlin.scripps.edu/landing page.php?pgcontent=mainPage
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https://gnps.ucsd.edu/ProteoSAFe/static/gnps-splash.jsp
https://massbank.eu/MassBank/
https://metlin.scripps.edu/landing_page.php?pgcontent=mainPage

stll MassBank

https://massbank.eu/MassBank/

Instrument Type top 10

etc. - 4.0%

Cl
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B

ESI-QTOF : 0.0%
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@ GC-EI-TOF - 1.0%
® CI-B - 0.0%

@ ESI-QTOF : 0.0%

@ etc.  4.0%
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https://massbank.eu/MassBank/

Espectro de massas do metano

Formula: CH,

Low resolution: 16 Da (electron impact)

Molecular weight in high resolution mass
spectrometry:
16.04246 (average)

12.0107+ 4 (1.00794)

Q-ToF: quadrupole-time of flight (alta resolugao)

15


http://goldbook.iupac.org/E02063.html
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Espectro de massas ; *]
do metano oo
(baixaresolucdo)  : «f
+ 20

o
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——— | M (ion molecular
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[CH,I* + H-
H +./_) m/z = 15
\—» [CH,*" + 2 H-

m/z = 16
(Molecular ion, M%) mlz = 14

O pico em 17 refere-se
a contribuicao dos isétopos ?H e 3C.
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%
<0.5 M+2 Molecular ion
1.1 M+1 Molecular ion
100.0 M Molecular ion;
and base peak
85.0 M -H Fragment
9.2 M -2H Fragment
3.0 M - 3H Fragment
1.0 M - 4H Fragment
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http://web.chem.ucla.edu/~harding/IGOC/M/m_to_z.html
http://web.chem.ucla.edu/~harding/IGOC/R/relative_abundance.html
http://web.chem.ucla.edu/~harding/IGOC/M/M+2.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/M/M+1.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/B/base_peak.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/R/relative_abundance.html
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Mask=200
http://web.chem.ucla.edu/~harding/IGOC/M/M.html

Espectro de massas do hexano
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Uso de ions moleculares M+1, M+2 e etc
(resultantes de abundancias isotdpicas naturais)

M contributors

M+1 contributors

M+2 contributors

MNatural MNatural Natural
Isotope Isotope Isotope
Abundance Abundance Abundance

'H 00 9855%, H 0.015% H ppm
L2 OR.893 13 1107 4 ppm
4 00.634 SN 0.366

160) 009,759 0 0.037 20 0.204
I5F 100.0

328 95.0 33 0.76 g 422
30 75.77 e 2423
"“Br 50.69 B 49 31

12?[

100.0




Element M+ M+1 M+2

hydrogen ;H' |100 ;H* |0.016

MaSS Spectrum Of carbon 6C12 100 6C13 1.08

. nitrogen |[-N** [100|;N*> |0.38
propyl bromide oxygen |sO%® |100/;0% |0.04 |0 |0.20
(brometo de propila)  |sulfur 165 100165 [0.78 [16S™ |4.40
chlorine |,,CI*® 100 CI®*’ |32.5

100
80
CH_;_CHZ_CHQ_BY
[P]
§ 60 M
g . 122 (C;H,[’Br) L M + 2
S 124 (C3H;*'Br)
20
O l! II " Ill 1 I ll l i I 111 i 111 Ill i il : I '
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

mlz

Devido a abundancia natural do bromo ser de aproximadamente 1:1 (’°Br:8!Br), a presenca de
M+2 caracteriza a presenca de bromo.

Pelo mesmo principio, a presenca de enxofre [32S (95.02%), 33S (0.75%), 34S (4.21%), and 36S

(0.02%)] pode ser diagnosticada. o



100

abundance
N o0
S S

n
o

(\®]
o

0

Element M+ M+1 M+2
hydrogen |;H* 100 |;H* |0.016
Mass Spectrum carbon |(C [100|,C*® |1.08
with Chlorine nitrogen [;N** [100[,N* |0.38
: : oxygen |gO' 100|s0% |0.04 |O*® |0.20
(lsopropyl chlorlde) sulfur :S3% 1100 |,6S%* |0.78 :S°2 14.40
.
bromine |3sBr’® |100 2sBrét 198.0
Cl
|
H;C—CH—CH;
M*
78 (C3H,Cl)
/ M + 2
|‘ |I | _80/(C3H;'Cl)
..llll L salls 1 -nl
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
mlz

O ion molecular m/z 78 é acompanhada pelo ion M+2 m/z 80 indicativa da presenca de 3/Cl.

A proporcao (vide Tabela) de ~3:1 constitui-se numa diagnose para a presenca de cloro.
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Espectro de massas do cloreto de etila
M(64)

100— CH,CH,35Cl
@ CH,CH,CI
£ 804 M.W. = 64.5
o
= 35C]:37()
2 60— ~3:1
4 b
=
= CH,CH,*’Cl
T 40
i M'I" =
49 A1+2 M+2=66
20—
51

B | | J
10 15 20 25 30 35 40 45 650 B5 60 €5 70

mie
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Relative abundance

Espectro de massas do dibromometano
(Uso da abundancia isotopica de 7°Br+31Br)

100~| 93

Br—CH,—Br o M+2

. M.W. = 173.8

80

MAT2 0y

41—

oL -

I I 1
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mie
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H2 H2 H2
Br—C —Br Br—C —Br Br—C —Br
81
H, 79
Br—C —Br
172 174 176
intensidades 1 2 I




Molecular Weight Determination

Compounds with nominal mass 28
Isotope Clusters

M M+1 M+2
CO 100%  1.12 0.2
N> 100%  0.76 0.00

CH, 100% 2.23 0.01



Resolucdo em espectrometria de massas
Determinacéo precisa de formulas moleculares

Uma substancia que possui MM = 60 (massa nominal) poderia ser:

C,HO | CHN, | CH,0, | CHN,0




Determinacao de massas moleculares e
resolucao em espectrometria de massas

* Resoluc¢ao capaz de distinguir ions com massas diferentes

R=_"M
Am
C,H,0 C,H,N, C,H,0, CH,N,O
Massas exatas: 60,05754 60,06884 60,02112 60,03242
0,0113 0,0113

* Resolucao necessaria para distinguir estas espécies:
considerar os ions com a menor diferenga de massas,

Am =60,03242 - 60,02112 = 0,0113

R = 00 =5310
0,0113

25



100
= —— | M (ion molecular
Espectro de massas ; * e pico base)
do metano LIS
(baixa resolugao) : «
< 20
0.0 Hrerrrree e ! --------- e e
11 12 13 14 15 16 17 18
m/z Relative  Assignment
abundance
%
[CHJ]* + H-
+'/_) 18 <0.5 M+2 Molecular ion
e H m/z = 15
CH, —2 5 HCH 17 1.1 M+1 Molecular ion
H
\_} . 16 100.0 M Molecular ion;
mlz = 16 [CHI™ + 2H: base peak
(Molecular ion, M) Sl s Y 15 85.0 M-H Fragment
14 9.2 M -2H Fragment
13 3.0 M - 3H Fragment
O pico em 17 refere-se 1 10 M- 4H Fragment

a contribuicao dos isétopos ?H e 3C.
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http://web.chem.ucla.edu/~harding/IGOC/M/m_to_z.html
http://web.chem.ucla.edu/~harding/IGOC/R/relative_abundance.html
http://web.chem.ucla.edu/~harding/IGOC/M/M+2.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/M/M+1.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/M/molecular_ion.html
http://web.chem.ucla.edu/~harding/IGOC/B/base_peak.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/M/M.html
http://web.chem.ucla.edu/~harding/IGOC/F/fragmentation.html
http://web.chem.ucla.edu/~harding/IGOC/R/relative_abundance.html
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Mask=200
http://web.chem.ucla.edu/~harding/IGOC/M/M.html

100
_— ——— | M (ion molecular
Espectro de massas ; ™ e pico base)
do metano g 60
(baixaresolucdo)  : «f
2 20
0.0 Frrrrreres e ! --------- ENSRSNSS ENNNN E— e

CH, —&— | (CHy* | ', cHs P el . opr SHL o
mass 16 mass 15 mass 14 mass 13 mass 12
[ |
molecular ion fragments
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http://web.chem.ucla.edu/~harding/IGOC/R/relative_abundance.html
http://webbook.nist.gov/cgi/cbook.cgi?ID=C74828&Mask=200
http://web.chem.ucla.edu/~harding/IGOC/M/M.html

Espectro de massas da amonia
(baixa resolucao)

Armrnonia

MASS SPECTRUM
100

80 -

60 -

Rel. Intensity

40 -

207

0.0 LI B B B B B [ B N B B B B B B
13 14

17 13 19

m/z 16

L. m/z 17
Cation par ,
lon molecular

Cation radicalar impar

Contrario ao que se observa com (regra do Nitrogénio)

0 caso do metano.
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Espectro de massas de compostos nitrogenados

-

A regra do nitrogénio

Um composto que contém um numero impar
de atomos de N tem um ion molecular impar.

o

~

/

Simbolo: N
Massa atobmica: 14,0067 Da

29


https://www.google.com/search?sxsrf=APwXEdd1cOq1RBaDeynsv4iWm2YDdzWNdQ:1684343827005&q=nitrog%C3%AAnio+s%C3%ADmbolo&stick=H4sIAAAAAAAAAOPgE-LSz9U3MDItNslJ0VLNTrbST85Izc0sLimqhLCSE3PiU3NSc1PzSqyKK3OT8nMWsYrkZZYU5acfXpWXma9QfHgtSDQfAGlZ-h9MAAAA&sa=X&ved=2ahUKEwiuxvPb7fz-AhUcq5UCHdwMBugQ6BMoAHoECG4QAg
https://www.google.com/search?sxsrf=APwXEdd1cOq1RBaDeynsv4iWm2YDdzWNdQ:1684343827005&q=nitrog%C3%AAnio+massa+at%C3%B4mica&stick=H4sIAAAAAAAAAOPgE-LSz9U3MDItNslJ0dLKTrbST85Izc0sLimqhLCSE3PiU3NSc1PzSqwSS_KBAgq5icXFi1il8jJLivLTD6_Ky8wHCyUqJJYc3gLSAQBl2xUoVwAAAA&sa=X&ved=2ahUKEwiuxvPb7fz-AhUcq5UCHdwMBugQ6BMoAHoECEoQAg

Regra do nitrogénio:

100 -
{ metano
80
60

40

20

0.0 e R e TR IR RRTRRIRRNY R IR RE

T H
+
+.7) a2
H|H H™ | "H
H H
m/z 16 m/z 15
fon molecular cation

(cation radicalar) m/z 15 (impar)

MM 16 (par)

O carbono é tetravalente

Metano versus amonia

100

— A - NH3+
1 amonia
. 13 14 15 n]:'?z 17 18 19
H.
+
N —L> N+
Y ~
H H
m/z 17 m/z 16

lon molecular
(cation radicalar)
MM 17 (impar)

cation m/z 16 (par)

O nitrogénio é trivalente 30
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Regra do nitrogénio

lons moleculares

Number of  Examples M™ at m/z
Nitrogens

0 methane, CH4 16

0 acetone, C;HqO 58

0 chloroform, CHCl; 118

0 [60]fullerene, Cq 720

1 ammonia, NH; ETa

1 acetonitrile, C,H3sN 41 T
1 pyridine, CsHsN 79

1 N-ethyl-N-methyl-propanamine, C¢H;sN _101

2 urea, CH4;N,O 60 o3
2 pyridazine, C4H4N, 80

3 triazole, C,H;Nj; 69 o
3 hexamethylphosphoric triamide, HMPTA, C¢H;sN;OP 179
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Regra do Nitrogénio para determinacao da formula molecular

e Hidrocarbonetos como metano (CH,) e hexano (C,H,,), bem como os
compostos que contém somente atomos de C, H e O, sempre possuem 0s
ions moleculares com valor pares.

e Um ion molecular impar indica a presenca de numero de atomos de
nitrogénio impares.

0
W>j \H/\ MPPP N

O (1-methyl-4-phenyl-4-
N propionoxypiperidine) 3-methylfentanyl
| C5HpNO, C3HaoN-O

CHs molecular weight = 247 molecular weight = 350

1N 2N
Medicamento analgésico opioide Um dos opioides mais potentes (entre 400
desenvolvido na década de 1940. e 6000 vezes mais potente que a morfina)

A regra do nitrogénio é uma ferramenta auxiliar e complementar a outras técnicas de

analise estrutural, como a espectroscopia no IV e a RMN de 1H e 13C .



Duvidas em observar o ion molecular?

Espectro de Massas do 2,2-Dimetil-propano

100 — =
:J —ay
=
& CH,
E |
- LT B 1
£ - H,C—C—CH
e 41 )
= - 2] CH,
]
=
[ -
[ ]
o
72 M*
0 I l ARIT 1l L
T T T I T T | I | [
0 20 40 i =0 104D 120
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Espectro de massas do 2,2,4-trimetilpentano (MM 114 Da)

Relative Abundance

100
57 +
i CHy
80 - CHSCCH,CHCH = chHc
6o {~ Cfs-Cliy CH,
MW=114  [cH,=CHCH,]*
40 - \ CHCHg 3
[CH3CH,]* \Aa3 | ——lch
20 | 29 e s M (114)
0 1 Il| l‘ W1, : L ‘ | \
sl AR S’ Re i SR ) S Ry i Rl M Rl Yk eR Rl Bod PR LR RASLN ALY RAECH ALY RIS
10 20 30 40 50 60 ; 70 80 90 100 110 120
m/z

Alcanos ramificados possuem M- de intensidade reduzida
OuU nao sao observados
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Como ocorre a ionizacao por EI?

*Energia< 70 eV:

Numero de ions produzidos €

pequeno
*Energia > 70 eV:

Alta fragmentacao

informacgao
obtida

.
y
// p

baixa

alta

ionizagao _L_. fragmentagao

(pouco informativa) 70 eV
Energias de ionizagao (em eV)
H,CO CH,CHO (CH,),CO HCOOH CH,COOH
10.88 10.20 9.66 11.51 10.82
HCONH, CH,CONH, | HCONHMe | HCONMe,
10.32 9.96 10.05 9.68




Espectros de massas de uma [3-lactama a duas energias
eletrénicas diferentes: maior fragmentacao a 70 eV

Intensity
(arbitrary units)

Intensity
(arbitrary units)

\
=y . @
2000 - v —N
000 } G N CH,
1000
75 192
. 135 220 949
Lk |l L . _LT
50 100 150 200 m/z 250
400 220
300 -
200 192 249
100 103
7 42 75 | 135
50 100 150 200 m/z 250

lon molecular
m/z 249 Da
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lonizagao quimica

Método mais suave com menor fragmentagao

lonizacao produzida por uma reagcao quimica provocada por um gas
lonizado.

Gas reagente, p.ex. CH,
CH,* + CH, > CH:* + CH;*

CH:* é um &cido de Brgnsted muito forte em fase gasosa: leva aionizagéo
suave com formacéo de MH* e fragmentos eventuais

[M + CHg" = MH* + CHJ

Outros gases: isobutano, C,H;,, NH;

C/Hyp+te > CH" +H* +2e
NH;*™ + NH; — NH,* + NH,*
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Reacoes de producao de ions em EM

Impacto de elétrons

Electrospray

Remocéao de elétrons

—_— e'
M - M

Protonacao

M + H* - [MH]*

Captura de elétrons

+ e-
M - M-

Cationizacao

M + Na* - [MNaJ*

Desprotonacao

— H*
M H > M-
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Comparacao entre lonizacao eletronica e ionizacao quimica

lon Trap Electron lonization Mass Spectrum of

Methyl Octanoate

108 "
o [
n .
n-CH, -C-0-CH,
n| @ m/z 158
5 n /
ol | @ W 1y
O Tw T 1w
LA L L T G L L L L B By B By
@ 60 9 16 120 149 160 100 209 220

Methane Chemical lonization Mass Spectrum of

Methyl Octanoate

108y, 159  m/z 159 (M+H)+
(M-H)*
N
125
Mgy N I .
s T Lo 187 4e
ML N L L B LAY T A Wy
@ s 30 100 120 14 168 10 0 22

lonizagao eletrdénica

ionizacdo quimica

Pavia, p. 120
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100 q

Espectro de massas da cafeina por ionizacao
eletronica e por ionizacao quimica

ionizacao eletrbnica
v\

Solvent
/ o
\N&H
|
{"*? ﬁ
194
M*] Radical Molecular lon
/ of Caffeine
CaHyoN.O,"
Mase = 164
Fragment lons 194
JM 136 185
"0 w0 20 280 300

195 jonizagao quimica

195

[M+H]*

En)

Protonated Molecule
of Ceﬂ’elng
CyHy4N,O,
Mass =165
/ Solvent
|I llllllllllllllllllllll mz
100 00 250 300
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Se o ion molecular for pouco visivel
no modo de ionizagao eletronica:

1) Abaixar o potencial de ionizacao;
2) Obter o espectro por ionizacao quimica;

3) Obter o espectro no modo electrospray



Regras comuns de fragmentacao em espectrometria de massas

1) Quebra de ligacOes o resultando em cations mais estaveis

+ .
+ e
A S S
R—C]+ > R—C|+ > R—Cl+ > H—Cl+
R H H H
a tertiary a secondary a primary methyl cation
carbocation carbocation carbocation

Eiesng vy
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Espectro de massas do hexano

H& uma complementariedade entre
as fragmentacoes:

CH;CH,CH,CH;CH,CH, Para gerar o cation em m/z 57 é
S eliminado o radical etila (29
}f;: unidades) e a geracao do cation etila

(m/z 29) é eliminado o radical butil

[CH,CH,CH,CH,CHLCH, )+ .
s ' (57 unidades).

Mloeli=cwlor fom, M*
Lmfe = BiG)

o |29 8 2

CH,CH,CH.,.CH,CH,~ CH,CH,CH,CH, CH,CH,CH,™ CH,CH,"

mfz: 71 57 43 29
Relative
abundance (%) 10 100 {hase peak) 75 40

& Thamaor - Broaks. Coly

100
80— 43 57
60—

40—

Relative abundance (%)

20
‘ 71 — M* = 86
i |

10 20 40 B0 80 100 120 140
43

& Thomson - Enoaks Cale



Espectro de massas do 2-metilpentano

100
43
M + 43 CH;
80 ~ : c
; b 4
o CH; — CH —f CH, J( CH,— CH,
s 00 b 2-methylpentane
2
2 40 c T Mr15
® 71
M — 29
20 57 M +
] I
0 =2 = — Al i 1 T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
mlz

Uma ramificacdo altera de forma significativa a intensidade dos ions
formados por causa da maior estabilidade dos mesmos
(Regra de Stevenson)
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Tabelas do
Silverstein

Appendix B Common Fragment Ions

All fragments listed bear + 1 charges. To be used in conjunc-
tion with Appendix C. Not all members of homologous and
isomeric series are given. The list is meant to be suggestive

(1972), Table A-7 of McLafferty’s (1993) interpretative bool
and the high-resolution ion data of McLafferty (1982) are rec
ommended as supplements. Structural inferences are listed i

rather than exhaustive. Appendix IT of Hamming and Foster parentheses.
m/z lons® (Structural Inference)
14  CH, 0
15 CH, |
16 fo) 59 (CH,),COH, CH,OC,H;, C—OCH, (RCO,CH.
17 OH
18 H,O,NH, NH,C=0 + H, CH,0CHCH,, CH,CHCH,OH
19 F, H,O |
26 C=N, C,H, CH,
27 GH, C,H,CHOH
28 GH,, CO, N, (air), CH=NH
29 CH;, CHO o
30 CH,NH, (RCH,NH,), NO 7
31  CH,OH (RCH,0OH), OCH, 60 CHC ~~ +H CHONO
32 0, (air) OH
33 SH, CH,F
34 HS

35 Cl(Clat37)

36 HCI(H ¥Cl at 38)

39 GH,

40 CH,C=N, Ar(air)

41 CH; CH,C=N + Hg C,H,NH

42  CH,, GH,0

43 CH, CH,C=0, CH,C=0G, (G = R, Ar, NH,,
OR, OH), C,H\N

H

I
44 CH,C=0 + H (Aldehydes, McLafferty
rearrangement), CH,CHNH,, CO,, NHLLC=0
(RC=Q0NH,), (CH,),N

"
45 CHOH, CH,CH,0H, CH,0CH, (RCH,OCH;),

l
C—OH, CH;CH—O + H (CH,CHOHR)

46  NO,

47 CH,SH (RCH,SH), CH,$
48  CHS+H

49 CH,CI (CH, ¥Cl at 51)
51  CHF,, CH,

53 CH,

54  CH,CH,C=N

55  CH, CH,=CHC=0

56  CH,
57 CH, GH,C=0
P
s¢  CH—C( +H CHCHNH,
CH,

(CH,),NCH,, C,H,NHCH,, C,1.$

[
61 CH,C—O0 + 2H, CH,CH,SH, CH,SCH,

65  C.JH,
66 @ =CH, H,S, (RSSR)
67  CH,

68 CH,CH,CH,C=N
69 CsH,, CF,, CH;,CH=CHC=0,
CH,=C(CH,)C=0
70 CsHy,
il C,H,,, C;H,C=0
/o
CGHC ~ +H GH,CHNH,,
72 CH,

(CH,),N=C=0,
C,H.NHCHCH, and isomers
73 Homologs of 59, (CH,),Si

|
74  CH,—C—OCH, + H

o

I Il
75 C—OGH; + 2H, GH,CO + 2H, CH,SCH;,
(CH;),CSH, (CH,0),CH, (CH,),SiOH
76 CH, (CHX, CH,XY)
77 CH, (C.HsX)
78  CH,+H 45
79 C.Hs + 2H, Br (¥Br at 81)



Tabelas do
Silverstein
(Fragmentos
Neutros perdidos)

Appendix C Common Fragments Lost

This list is suggestive rather than comprehensive. It should be

used in conjunction with Appendix B. Table 5-19 of Hamming as neutral species.
and Foster (1972) and Table A-5 of McLafferty (1993) are

recommended as supplements. All of these fragments are lost

Molecular lon Minus

Fragment Lost (Inference Structure)

15

17
18
19
20
26

2
f==

29
30
31
n
13
34
35
36
37
38
39
40
41

4?2

43

44
45
46
47
48
49
51
52
53
54
55

H-
2H-
CH;-

O (ArNO,, amine oxides, sulfoxides); *NH; (carboxamides, sulfonamides)

HO-
H,O (alcohols, aldehydes, ketones)
F-
HF
CH=CH, -CH=N
CH,=CH-, HC=N (aromatic nitrites, nitrogen heterocycles)
CH,=CH,, CO, (quinones) (HCN + H)
CH,CH,", (ethyl ketones, ArCH,CH,CH;), -CHO
NH,CH,, CH,0 (ArOCH,), NO (ArNQ,), G,H;
-OCH,(methyl esters), - CH,OH, CH;NH,
CH,OH, S
HS- (thiols), (CH; and H,0)
H,S (thiols)
Cl-
HCl, 2H,0
H,Cl (or HCI + H)
CH,, OGN, F,
C,H;, HC,N
CH,C=CH
CH,=CHCH,"
H?
C

/
CH,—CHCH,, CH,=C=0, 1,7 —CH,, NCO, NCNH,

C,;H,* (propyl ketones, ArCH, —C;H;), CH_,,(“I-(melhy] ketones, CH,
groups), CH,—CH—O0-, (CH, and CH,=CH,), HCNO
CH,=CHOH, CO, (esters, anhydrides), N;O, CONH,, NHCH,CH,
CH,CHOH, CH,CH,O- (ethyl esters), CO,H, CH,CH,NH,

(H:O and CH,=CH,), CH;CH,OH, -NO, (ArNO,)

CH.S-

CH,SH, SO (sulfoxides), O

-CH,ClI

-CHF,

C,H, GN;

C,H;

CH,=CH—CH=CH,

CH,—CHCHCH,

o]
I

CG. where G = various functional
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Felative Intensity

Espectro de massas do dodecano

100 —

0
-’
I

")
-
I

I
L]
|

M
o
I

MS-MW-2010

N&o correspondem
a perda de CH,!!!

/

14 unidades

<

C12H26

MW: 170.3

23

=0

=

100

M,/ z

123

120

173

a7



Felative Intensity

Espectro de massas do docosano

100 —

£
-
I

@
o
I

I
i
|

MS—HW-&005

=0

100

Docosane
C22H46

MW: 310.6

\

0

1320 L0000 220 A00

m/ z




Felative Intensity

Espectro de massas do docosano

100 —

£
-
I

@
o
I

I
i
|

MS—HW-&005

=0

100

Ha um padrao regular de diminuicao
nas intensidades dos ions
fragmentarios gerados em um
hidrocarboneto linear de cadeia longa

Docosane
C22H46

MW: 310.6

\

A

1320 L0000 220 A00

m/ z
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Localizacdo da ramificacao em hidrocarbonetos isoméricos ramificados

Risbaines Irvlermi y

b - 5?
43
63 g5
= 141 (M-29
- | a9 (M-29)
o - | it I' ||I - 1."1.3 . |
il - L 5?
43
69
85
9 127 (M-43)
29113
1|. - : II ok |1 ; l

=
1063 15 Fpi] L¥E

H'3Cﬁ\)7</\—|

3-metilundecano

Isémeros ramificados do dodecano
MM 170.33 (ndo detectado)

C.H, (M-28)

+
H15C?\)70 _I ) _L" H1ﬁl:T\)+

m/z 141

Fragmentacao alfa:
gerando céation secundarios

—L‘ H13Ca\)+

m/z 127
4-metilundecano

Fator importante: estabilizac&o de cations por efeitos +| e hiperconjugacao.
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Fragmentacoes o sao favorecidas por fatores que estabilizam os cations

resultantes

hidrocarbonetos

R;‘ai;m
-
"

Cations mais substituidos
estabilizados por efeitos indutivos,
hiperconjugativos; conjugados a
insaturacodes;

As fragmentacgao de radicais
alquilicos maiores sao favorecidas.

51



	Slide 1
	Slide 2
	Slide 3
	Slide 4: Espectrometria de massas com separação cromatográfica
	Slide 5
	Slide 6
	Slide 7: Espectrometria de massas com separação cromatográfica
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Mass Spectrum of propyl bromide (brometo de propila)
	Slide 20: Mass Spectrum  with Chlorine (isopropyl chloride)
	Slide 21
	Slide 22
	Slide 23: Molecular Weight Determination Compounds with nominal mass 28 Isotope Clusters 
	Slide 24: Resolução em  espectrometria de massas  Determinação precisa de fórmulas moleculares
	Slide 25: Determinação de massas moleculares e  resolução em  espectrometria de massas 
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: Regra do nitrogênio
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42: Regras comuns de fragmentação em espectrometria de massas
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51

