Pico base
E o pico mais intenso do espectro
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N
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ionization
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Pico do ion molecular

E pequeno ou inexistente dependendo da molécula e do
modo de ioniza¢ao

141
100 - 156

N
7] Electron \f

ionization

100 157

MH*
227

Chemical
ionization

50 -~

Relative abundance

59

255

e
180 200 220 240 260

139

83 97 111
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Formacao e ions

M+e — M*T J% UFR]
o+
N + N

ION
-+
ION

MOLECULE
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Exercicios
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Exercicios
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100 —

1 15
80 -
£ 604
g
T 40+
1 14
20 - 13
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1B M
100 —

15 15
80 H
A V 4 [J
; i Exercicios
£ 60+
N | H 1
T 40
1 14
20 13
12 |
e e
5 10 15 20 25 m/ 30

CH;7" — CH;" +H"; 16 - m/z 15

6 —m/z 14

2; m/
o; mfz 14 - m/z 12
T+ H; m/z 14 - m/z 13

CH;"™ — CH" + Hy; m/z 15— m/z 13
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Exercicios

lodometano ‘
14 +@

100 — Z M
80 —
60 —

1 127
40 —

—
o 141

4 15 128
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Exercicios

+@
100 — 142 M
' 15
= H i
60 - H——
! H 127 127
40
20 — 141
! 1I5 128
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Exercicios

Main isotopes of iodine (51l)

lodine fission-produced isotopes not discussed
Isotope Decay above (iodine-128, iodine-130, iodine-132, and
abun- half-life | mode | pro- || iodine-133) have a half lives of a couple of
dance (ty12) duct | | hours or minutes, ‘
123) | gyn 13h|ey | &7 142 M+.
100 —
124 gyn 4.176d | € 1247
i 125 gyn 50.40d | e 12575
80 127) 100% | stable
) 129 trace | 1.57x107y |p- 129x%e
o 131 gyn 8.02070d B,y | 13'Xe
n 135 syn 6.57h  B- 135y 127
40 - Standard atomic weight 126.904 47(3)!"]
y (Ar, stancara)
20 - view talk -edit 147
A e l I A
0 L} l L) L L} l L) L) L ' L L} L) l v L) L l L} L) ' ' L L L) ' ’ | L} l L}
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Exercicios

I
¢
H

127 u

100 —
15
80 — H
£ 604 H |
£ H 127 127
T 40 -
20 141
15 128 “L
0 l "
20 40 60 80 100 120 140 160 m/z
L ... m/z15
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Regra de Stevenson

Quando a fragmentacao acontece, a carga positiva tende a ficar
sobre o fragmento com menor energia de ionizag¢ao.

Energias d

Radical IE® [eV ical IE® [eV]
H’ \ 10.7
E.ma!is fécil manter a carga posiﬁ\{a @3 7.6

0

) sC'=0 5.7
Compare para a acetona 8.8
Melhor formar CH,C=0* 3 1
8.3
7.2
6.3
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Exercicios

Acetona
100 43
80 — M+®
ol 58
60 —
40 —
-4 15
20 —
e} 27
I e? |
l " l i | . | l 4 l
0 l 1 | | l | 1 1] ' '
20 40 a0 80 m/7
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Exercicios

100 — 43
2 O
80 — M@
5 58
60 — 43
40 —
= 15
20 —
1 27
| <9 |
0 ! I 4 B | v ' i 1 | | ' '
20 a0 AN 8]0 m/7
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Exercicios (o-clivagem)

rel. int. [%]

100 — 43
(0]
80 — M
WA
60 — 43
40 o)
1 - > )|+
0 | ||72|9 | H3C
210 ' 40
O+") O _‘+.
Mz
HsC CH,4 HsC CH,
M*- =58 43

“ institutodequimica 15
Universidade Federal do Rio de Janeiro




rel. int. [%]

100 —

Exercicios

43

80 m/z 16



Exercicios

butanona
43
O
Of
43
29
15 27 57
| |1 111 |

80

m/z

17



Exercicios

/O+‘.> /Ot
4) O('1 CHS. + |“\/
Ol 15u m/z 57
Olq /O+
\L, )| CoHs'

m/z 43

/O+ -
43
(;U\/ i | i
£ 60— \/é\
g 43
/O+- E’ yoon M
4 72
+ 20 - 29
/lb/ C2H5 d 15 27 57
0 | I | Ll I

. - 43 u m/z 29 R R RN
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Exercicios

43
a b
o) 3 j
AY s oy
H1C -CO
m/z 43 28 u m/z 15
15
27
29 |
i | | l =1 o |
| I L] L] L) l )
20 40 m/z

C3H7+ —— 03H5+
- Hy
m/z 43 m/z 41
-H,
CaH3™
m/z 39

43

39
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Exercicios — Complete a tabela

Number of nitrogens Examples M™ at m/z
methane, CH,
acetone, C;HqO
chloroform, CHCl;
[60]fullerene, Cgg
ammonia, NH3

acetonitrile, C,

pyridine, CsHs

ethylphosphoric triamide, HMPTA, CcH;sN3;OP

“ institutodequimica 20
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Exercicios — Complete a tabela

Number of nitrogens Examples M™ at m/z
0 methane, CH, 16
0 acetone, C;HqO 58
0 chloroform, CHCl; 118
0 [60]fullerene, Cgg 720
1 ammonia, NH3 17
1 acetonitrile, C, 41
1 pyridine, CsHs 79
1 101
2 60
2 80
3 69
3 ethylphosphoric triamide, HMPTA, CcH;sN3;OP 179
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propanol

100 -

—l

80 —

60 —

40 -

20 -

15

ad

31

29
i

Exercicios
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40

80
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Exercicios
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100 — Ell

i
gso_
;fi 40
205 43 42
I 1 1
20 40
+ - -+
4OV - ﬂ» HO= ~

CHj*
m/z 15

institutodequimica 24

Universidade Federal do Rio de Janeiro




rel. int. [%]

Exercicios

etilisopropileter

100 - 89
' M+.
80 —
104
J 43 62
60 — 61
0= 47
20 — i = 5
0 dl ] ..‘. I ! ‘ | l|| ‘l .|n | e 1
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rel. int. [%]

Exercicios

100 — 89
| + 61
. m+® 75
. 104
] 43 62 S
89
60 — 61
- 89
#0= 47
20 - \ = o
0 dl ] ..‘1 | 1” 2 | l|| ‘l .|| || 103. [
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100 —

rel. int. [%]
(2] @
o [=]
1 |

N
o
|

N
o
|

Exercicios

0

Q

A
20

43 62
&
47
25 14
||' [§|§J|I|I| ol |.' '
40 60
m/z (33 + 14n) Accurate mass [u]®
47 46.9950
61 61.0106
75 75.0263
89 89.0419
103 103.0576
117 117.0732
131 131.0889
145 145.1045
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rel. int. [%)]

Exercicios

1-bromooctano

100 — 43 o7
) 135 437
80 — 71
60 —
4 27
40 =
I +
20 - 83 M .
i ‘ | 107 109 142151 192 194
0 1 1 OO Y O (SR T DS | Ll
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rel. int. [%)]

Exercicios

1-bromooctano

)\

100 — 43 o7
y 135 137
80 — 71 57 91, 93
b \MBT
60 — 43 71
4 27
40 —
I +
20 — 83 M ®
: ‘ | 107 109 149151 192 194
0 1 O O RO R RO L | Ll
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100

80 —

60 —

4 27
40 —

rel. int. %)

20 —

0 -
20

Q

43 57

Exercicios |,

71 57 91,93

\/}}j\/\}lﬁ" 7
43 71 \ 7 )

ﬂ \

;’ e
V7 A

Z »: g > *

M'. —
83 149
107 109 151 192 194 UFR]J
I L P F ] l T 1T 1 l T 'I—ll I T L TR l
40 60 80 100 120 140 160 180 200 mlz 220

29 57

$)) 03

H11B - C4HgBr. - C3H7Br-
+
Br
CzH5+ C4H9+ C5H11+ D
m/z 29 m/z 43 m/z 57 m/z 71 m/z 135,137
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Exercicios

rel. int. [%]
100 55 ] 56
O O
a b D
D
80 -
42
60
M+
40 - N 102
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20 - 8§
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rel. int. [%]

100 - ) 55 o T b 56 o ExerCiCios ,é'

D D | 4 P
D D 7
80 1
\ 0“1
)

44
42
60 .
[M-181""
b [M-15]" m* UFR]
40 1 83\t 1 , 102
98 72 [M'18] ’
69 84
20 4 70 3
.|I || . || ‘I S | | ik || I||I ‘ .||.m‘||l. ||| h :
40 60 80 100 m/z 40 60
O+ . O+
M*- =98 43 U M/Z 55
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rel. int. [%)]

Acido decanodico

®

Exercicios

100 — ;\
80 —
60 —
41
Y 57
40 — 129
d 29 @
20 — 87 M
. I 45 | I 101 19 143 172
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Exercicios

Acido decanodico

®

100 —
J /%\ 129 73 60 ©
80 — OH
60 —
41 45
Y 57
40 — 129
. 29 0
20 87 M
. I 45 | I 101 19 143 172
0 1., |1 | .I [ | .| 11 | 1 | - ulL‘. 1] l- Lll |. 1 l |-
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rel. int. [%)]

Exercicios
100 — @ _H>

A 129 73 60 O

60
41 45

57
40
29
20 -
45
=
20 40 60 80 100 120 140

Acido decandico

+. H R?
O\/j
RV SNo
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Exercicios

1 00— il
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Exercicios

1 00— d
3
£
= Cl
D e
50

126

39
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Exercicios

Cl

rel.int. |%]|

50 C

12¢ benzylic
—>

45 .
) . - CZHS
oo L O

20 30 40 50 40 70 20 Q0 100 110 120 130 140 +
MW 128 C7H7C I [mainib) Bereylc hioride miz M - 120
+

+
+

kd mol”! 987 kd mol' 992 kJ mol!
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Exercicios

+
e a5
a
AN
+ M™
[C6H5] 134
m/z 77
I Y 1 1 1
140 160 180 e 200
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Q

CH31+-

[C3H8]™ m/z 92

100 —

0 e

1 27

39

CH;,

51

|

65

Exercicios

77

91

92

20
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rel. int. [%)]
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Exercicios
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55 41
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Exercicios
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rel. int. [%]

100 —

80 —
60 -
40 —
. 29
20 -
0

40 60 80

M+
142

' l v Ll Ll l v Ll Ll ]

100 120 140z 160
43 99

[M-Pr]*

[M-CH,J*

[M-Pent]*
71

717

[M-CH,J*
113
| 127

71 T T r T

1 1
120 140 ;160

42



Q

Exercicios

Table 6.11 Commonly observed neutral losses from molecular ions

[M-X]* Radicals [M-XY]" Molecules

—1 H -2 H,

~15 CH;’ —4 2 x H,

~16 NH,, O° H,

—17 OH’

—19 F

—29 H

—31 oHya, (N2)

—33 H,C=0, NO

-35 CH;0H, H,S, (0O,)

—43 H,S

—45 HCI

—57 C;Hg, H,C=C=0

~79 CO,

—91 C,HsOH, NO,

—127 CH;COOH
institutodequimica
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Exercicios McLafferty rearrangement

+. +
H _‘ H _‘
B Y McL B~

- -
A
B-bond
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rel. int. [%]

Exercicios McLafferty rearrangement

+ +
g _‘ g _‘
B v MeL B~
[ — }\ * H
N
~p ~p R]
B-bond mass labels at R=H [M-17]+
structure are for OR
aca oy ' R=Me  [M31]*
R=Et  [M-45]+
\Jj/
1 _— 1/lL ( —> 1/”\ C9H19. o
- R
"COOR
100 — @ m/z 45
(0]
- A 129 73 60 m/z 87 m/z 59
80 — OH Et m/z 101 m/z 88 miz 73
60 — » 45
7 57
40 — 129
J 29
20 — 8 M-
i 45 | | | 101 115 143 172
0_ I lll IIL' Ll 'llll L !All! ' Ll : L l I' L Ll l Ll 'I Ll I
45

20 40 60 80 100 120 140 160 .z 180



Exercicios

UFR
Find the absorbance and transmittance of a 0.002 40 M s ]

molar absorptivity of 313 M~ ' cm ™' in a cell with a

Ache a absorbancia e a transmitancia para uma soluga
uma célula de caminho ético de 2cm
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Exercicios

17-A. (a) What value of absorbance corresponds to 45.0% T?

(b) If a 0.010 O M solution exhibits 45.0% T at some wavelength, S
what will be the percent transmittance for a 0. 0 M solution of UFR]J
the same substance?

17-B. (a) A 3.96 X 10~* M solutief’of ¢on exhibited an

(b) The absorb ' pound A in the
same solvent an s n. Find the concentration

of A
(c)Ac mpound A in the same solvent was
diluted fr ume of 2.00 mL to a final volume of 25.00 mL
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Exercicios

institutodequimica
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17-1. Fill in the blanks.
(a) If you double the frequency of electromagnetic radiation, you

the energy.
(b) If you double the wavelength, you ______the energy.
(c¢) If you double the wavenumber, you the energy.

17-2. (a) How much energy (in kilojoules) is
photons of red light with A = 650 nm?

(b) How many kilojoules
violet light with A = 400

ied by one mole of

cm_l), and

tense emission called the sodium D line, which is
blet, with wavelengths (measured in vacuum) of
nd 589.755 37 nm. The index of refraction of air at a
wavelength near 589 nm 1s 1.000 292 6. Calculate the frequency,
wavelength, and wavenumber of each component of the D line,
measured in air.
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Exercicios
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17-1. Fill in the blanks.
(a) If you double the frequency of electromagnetic radiation, you

the energy.
(b) If you double the wavelength, you ______the energy.
(c¢) If you double the wavenumber, you the energy.

17-2. (a) How much energy (in kilojoules) is
photons of red light with A = 650 nm?

(b) How many kilojoules
violet light with A = 400

ied by one mole of

cm_l), and

tense emission called the sodium D line, which is
blet, with wavelengths (measured in vacuum) of
nd 589.755 37 nm. The index of refraction of air at a
wavelength near 589 nm 1s 1.000 292 6. Calculate the frequency,
wavelength, and wavenumber of each component of the D line,
measured in air.
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Exercicios

17-11. The absorbance of a 2.31 X 10~> M solution of a compound
1s 0.822 at a wavelength of 266 nm 1n a 1.00-cmgeell. Calculate the

molar absorptivity at 266 nm.

solution of
at 562 nm?

17-12. What color would you expe
Fe(ferrozine); , which has a vi

“ institutodequimica 50
Universidade Federal do Rio de Janeiro




Exercicios

17-16. A compound with molecular mass 292.16 g/mol was dissolved e
in a 5-mL volumetric flask. A 1.00-mL aliquot waS,withdrawn, placed UFR
in a 10-mL volumetric flask, and diluted to_the mark. The absorbance

at 340 nm was 0.427 in a 1.000-cm eavet. The molar absorptivity at

340 nm is €340 = 6 130 M~ ' cod™.

(a) Calculate the concentration of compound in the Cuvet.
(b) What was the concentration®©f compound in the 5-mL flask?

(¢) How many milligrams of compound were used to make the 5-mL
solution?
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