&
Ressonancia Magnética Nuclear - RMN

Espectroscopia

Lucas Colucci Ducati
4 de junho de 2018

ducati@iq.usp.br - Sala 321 - Bloco 3



1. Acoplamento de 'H e *C com Outros Niicleos

2. Espectros de 'H e 3C de moléculas com '°F

3. Espectros de 'H e 13C de moléculas 3P

4. Espectros de 'H e 13C de moléculas com *°N

5. DEPT - Distortioneless Enhancement by Polarization Transfer
6. Técnicas Bidimensionais - RMN 2D

7. Exercicios

8. Exercicios Integrados 1



Acoplamento de H e 3C com
Outros Nucleos



Outros Nucleos

e niicleo de °F
1

o | ==
e abundancia 100 %

e niicleo de 3'P
1

o | ==
e abundancia 100 %

e niicleo de 3'P
1

o [ =—

2
e abundancia 0,37 %



Espectros de H e BC de
moléculas com °F



Nicleo de °F
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e Acoplamentos tipicos com *H
e 'Jyr = 500 Hz

2 Jur = 40 — 60 Hz
3Jur =5 — 15 Hz
e ‘“Jp=1-5Hz

e Acoplamentos tipicos com 13¢
e 'Jcr = 150 — 300 Hz
o 2Jcg =10 — 30 Hz
e 3Jor=3—15Hz



Espectro de 'H da Flioracetona
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Espectro de 13C da Fluoracetona

[¢]
- w
2 g =
H3C CH,F P ; % 2
& :
o= 1
s
&K
2Jr=20,2 Hz
\
L R —
e
86 85 ppm
u 26.0 ppm
A k‘w:v\
205 ppm 1JCF= 184,7 Hz
— . v -

A I I e e L L B
200 180 160 140 120 100 80 60 40 20 0 ppm



Espectro de F da Fluoracetona
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Espectro de 'H da Diflioracetona

2J,r= 54 Hz
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Espectro de F da Diflioracetona

Current
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Espectros de H e BC de
moléculas 3P



Nicleo de 3P

o [ =—

2
e Acoplamentos tipicos com *H
! Jup = 1000 — 180 Hz
2 Jup =30 — —10 Hz
3Jup =30 — 10 Hz
*Jip=1—5Hz

e Acoplamentos tipicos com 13¢
o 'Jep =150 — —20 Hz
o ?Jep =30 — 10 Hz
o 3Jp=15—-3Hz
e “Jop =3 —0Hz
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Espectro de 'H da tri-tercbutilfosfina

300 MHz 'H NMR

In CDCI3
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Espectro de 3¢ da tri-

75 MHz '3C NMR
In CDCI3
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Espectro de 3¢ da tri-

35,0

75 MHz '3C NMR
In CDCI3
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Espectros de H e BC de
moléculas com °N



Nucleo de N

e Nicleo de N
e /=1
e abundincia de 99,63%
e nicleo quadrupolar
e Q=2044x10"m? (°D —» Q = 0,286 x 1073° m?)
e sinais de 'H s3o alargados
e relacio muito rapida - dificil observar acoplamento com 'H

e Nicleo de *°N
1

o | = 5

e abundancia 0,37 %

e nlcleo dipolar

e sinais de *H s3o finos

e observacio de acoplamento com *H
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Espectro de 'H da Formamida
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Espectro de RMN de 'H a 400 MHz em DMSO-d, para a formamida.
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Espectro de 3C da Formamida
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Espectro de RMN de 13C a 100 MHz em DMSO-d, para a formamida.
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Espectro de 'H da Formamida com 100 % de °N
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Espectro de RMN de 'H a 400 MHz em DMSO-d, para a formamida marcada.
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Espectro de 'H da Formamida com 100 % de °N
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Espectro de RMN de 'H a 400 MHz em DMSO-d, para a formamida marcada.
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Espectro de 'H da Formamida com 100 % de °N
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Espectro de RMN de 'H a 400 MHz em DMSO-dg para a formamida marcada.
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Espectro de 13C da Formamida com 100 % de °N
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Espectro de 5Nl da Formamida com 100 % de °N
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Espectro de RMN de '°N a 40.5 MHz em DMSO-d, para a formamida marcada.
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DEPT - Distortioneless
Enhancement by Polarization

Transfer



DEPT

e Técnica de RMN 1D

e Determinar multiplicidade de 3¢
e DEPT45

e intensidade positiva para CH, CH, e CH;
e intensidade nula para C
e (Gtil para subtrair do espectro de *C e acharmos C

DEPT90

e intensidade positiva para CH

e intensidade nula para C, CH, e CH;
DEPT135

e intensidade negativa para CH,

e intensidade positiva para CH, e CHs
e intensidade nula para C
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Distribuicao da Intensidade de CH, CH, e CH; pela Largura do

Pulso
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Espectro de 'H do Acrilato de Vinila

Hy Hs
Exemplo
Hy 0. /
= He
H, o Ha
O - N9 a~ 9 c® o=
®mo Current Data Parameters
8258 g2 &2 gacs 28 33 S
NS~ ©© ©o© © ©6 © 5 XPt
R we PROCNO |

F2 - Acquisition Parameters
Date_ 20150107

Time™ 1.04
INSTRUM spect
PROBHD 5 mm T8I 1H/13
PULPROG 2630
™ 65536
SOLVENT  CDCI3
NS 4
oS [
SWH 5933544 Hz
FIDRES _ 0.090539 Hz
AQ 5.5225000 sec
RG 128
ow 84.267 usec
OE 6.50 usec
00000000 sec

TE 2982 K
T T D1
7.40 ppm 6.55 ppm 6.20 ppm ppm 00
== CHANNEL f1
SFO1 600.1723985 MHz
53 XX 2353 ot
1 15 usec
&8 36 838 " 00000000
TS T T o ¢ w

SF_ 600.1700000 MHz
wow M
sS8 0
LB OHz
68 0
‘ | PC 1.00
T

L

) o), fele) oMo
T T T T T T T T 24
7.5 7.0 65 60 5.5 50 45 4.0 35 30 25 201510 0.5 ppm




pectro de 13C do Acrilato de Vinila

(=3 'l o D
Current Data Parameters
3 s 388 R NAME ™ oxerices1 20
= NN =
8 T 88 @ PROCNO
F2 - Acquisition Parameters
Date_ 20150107
Time 1136
INSTRUM spect
PROBHD 5 mm T8I 1H/13
PULPROG 2gpg30
0] 3276
H, Hs SOLVENT ~_CDCI3
NS 163
S 36087691
H iz
Hs = O F FIDRES  1.100393 Hz
He AQ 04543820 sec
RG 203
7 e
usec
Hy o Hy TE 298.1 K
DI 200000000 sec
DI 0.03000000 sec
00 1
= CHANNEL f1
SFO1 1509294674 MHz
NUC1 13C
P1

17.00 usec
PLW1 9500000000 W

= CHANNEL f:
SFO2  600.1724007 MHz
NUC2

CPDPRG[2  waltz16
PCPD2 70.00 us
PLW2  9.00000000 W
PLW12  0.11755000 W
PLW13  0.05760000 W

2+ Processing parameters
8

sI 32,

SF 150. 9128670 Mz
vow EM
SSB 0

LB 2.00 H
GB 0

PC 1.40

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 ppm
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Espectro de DEPT135 do Acrilato de Vinila

Hy Hs DEPT135

Hy o Gurant Data Paramtars
/ / NAME

H, E - Exercicio-1 20
3 XPNO

BRocNO 1

F2 - Acquisition Parameters
H, o Hs Oate 20‘1505107

i

a
INSTRUM
EROBHO Smm a\mna

327
Sowent 2 Cocis
NS 64

4
SWH 36057.691 Hz
FIDRES  * 1.100393 Hz
AQ 04543829 sec
203
ow 13.867 usec
OE 10.00 usec
2K
CNST2 1450000000
D 00000000

sec
02 0.00344828 sec

CHANNEL f1
SFO1 1609279571 MHz
NUC1

P1 17,00 gsec

P13 2000.00 usec

PLWO 0
PLW1 _95,00000000 W
SPNAMES)CrpBcomp.4
SPOAL 0.500
SPOFFSS 0 Hz

SPW5  41.94800186 W

CHANNEL f2
SFO2 6001719194 MHz
NUC2 H
CPOPRG[2 _ waltz16

P3 8.00 usec

1600 usec
PCPD2 70.00 usec
PLW2. 900 w
PLW12  0.11755000 W

2 Processing parameters
si 6

SF 150, 9128670 M
vow EM
SSB 0

i) 1.00 He
GB 0

PC 1.40

T T T T T T T T T T T

200 180 160 140 120 100 80 60 40 20 0 ppm
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pectro de 13C e DEPT135 do Acrilato de Vinila

Hy Hs DEPT135

Hs O F Current Data Parameters

/ NAME  Exercicio-1 20
EXPNO

PROCNO 1

F2 - Acquisition Parameters

Dato_ 20150107

Time 1146

INSTRUM spect

PROBHD 5 mm 181 1H/13

PULPROG _ deptsp135

™ 32768
SOLVENT = CDCI3
NS 64

4
SWH 36057.691 Hz
FIDRES  * 1.100393 Hz
AQ 04543829 sec
203
ow 13.867 usec
OE 10.00 usec
8.2 K
CNST2 1450000000
D 00000000

sec
02 0.00344828 sec
D12 0.00002000 sec
00 1

HANNEL f1
SFO1  160.9279571 MHz
NUC1 13C

P1 17.00 usec

P13 2000.00 usec
PLWO 0

PLW1 _95,00000000 W
SPNAMES)CrpBcomp.4
SPOAL 0.500
SPOFFSS 0 Hz

SPW5  41.94800186 W

HANNEL 12
SFO2 6001719194 MHz
NUC2 H
CPOPRG[2 _ waltz16
P3 8.00 usec
1600 usec
PCPD2 70.00 usec
PLW2. 900 w
PLW12  0.11755000 W

2 Processing parameters
si 36

65!
SF 150, 9128670 M
vow EM
SSB 0

i) 1.00 He
GB 0

PC 1.40

T T T T T T

T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Técnicas Bidimensionais - RMN
2D



Técnicas Bidimensionais - RMN 2D

CorrelagGes homonucleares
o IH—1H, WF—_19 3lp_3lp ...

Correlagdes heteronucleares
o IH-13C, IH-1N H-1F, ...

Em duas dimensdes temos um mapa de contorno, ndo um espectro

e correlagdes entre os ntcleos no mapa de contorno
e correlacdes se devem aos J entre eles

e Experimentos mais comuns

e COSY - Correlacio "H—'H via acoplamento escalar
e HSQC - Correlagido IH-13C via acoplamento L Jen
e HMQC - Correlacio *H—3C via acoplamentos "Jcy, sendo n > 2

28



COSY - Correlation Spectroscopy

Hg
Hy
..
o .
.

ppm

Current Data Parame
NAME ~ COSY
EXPNO 6

PROCNO 1

F2, Acaisiton Parameters
350107
1
ST
vkoew Swvm B 113
sygpppal

2048
LBuenr *Cocs
NS 4

o 16
WH 5910108z
nonu 3
01732608 so¢
Ra
ow
E
TE
00
o1
o1
012
013
016
Mo 000016880 s0c
CHANNE
SFO1 600, H;w\mm
NUC1
PO 718 Usoc
715 use
P17 0.00 usec
PLW1 00000 W

6.0000
PLWIO 068063003 W

GRADIENT CHANNEL =
SMSQ10.100
10.00 %

000,00 usec

F1 - Acquisiton parameters
i

gror 600 1 ez
IDRES

W
FMODE

£2-Processing poram

600. 1700000 M

QsINE

0

oM

1.40

F1 - Processing paramet ers
s 1024
M2
b 600. 1700000 M
vow i NE
558 0
) 0
@ 0

29



COSY - Correlation Spectroscopy

ppm

4.5

5.5

— 6.0
— |
6.5
7.0
- L
= o L ]
7.5
T T T T T T T
75 7.0 6.5 6.0 55 5.0 4.5 ppm

Current Da
NAME
EXPNO
PROCNO

F2 - Acquisition Parameters
Date 20150107

m 1228
INSTRUM - spect
PROBHD 5 mm TBI 1H/13
PULPROG * cosyoppat
SOLVENT * COC3
NS 4

D16 000020000 sec
0,00016880 sec

CHANNEL f1 =
600.1723983 MHz

PLW1

PLWI0  0.68063003 W
RADIENT CHANNEL

GPNAM[T]  SMSQ10.100

GPZ1 10.00 %

P16 1000.00 usec

1 - Acauisiton parameters

™

SFO1 6001724 Mz

FIDRES 23141291 Hz
871 ppm

FrMODE &

F2.- Processing parameters
si

600. 1700000 M
wow QSINE

1.40
F1 - Processing parameters
s 1024
M2 @

S 600. 1700000 Mz
vow CSINE

@

0
0k
0
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HSQC - Heteronuclear Single Q um Coherence

II | |’ | ‘ I ppm

D v 100

120

. 140

160

8 7 6 5 4 3 2 1 0 ppm *
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HSQC - Heteronuclear Single Quantum Coherence

| ppm &

-100 ¢

105

H, Hs 110

Hy o
\%\H/ \%\Hh L 115
0 He E

125

F130 ¢

135

F140 &

F145
75 7.0 6.5 6.0 55 5.0 45 ppm *
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pectro de 'H da 3-Hexanona

83938885 8 82885838 g2z Nes
TSI EEB o 8 00523388 L Loy S5 ] Curent Data Parameters
i i o~ e d d NAME 3-hexanone
ENIEENEERNER NN IR NN ceee S3Z Name ;
) PROCNO 1
! F2 - Acquisition Parameters
Date_ 20150526
Time 1.
INSTRUM _ spect
PROBHD_5 mm 18I 1H/13
PULPROG
SOLVENT ~ CDCi3
N: 4
DS 0
S\ 5630.631 Hz
FIDRES 0.085917 Hz
AQ 8195968 sec
RG 5
ow 88.800 usec
DE 50
TE 298.1 K
D1 100000000 sec
00 1
T T T T T r T T T T T T T T T CHANNEL f1
FO1 1724173 MH;
244 242 240 238 ppm 164 162 160 1.58 ppm 1.05 1.00 095 ppm ﬁu% 600, (;: 3 Mz
P 725 usec
PLW1  9,00000000 W
F2- Pmcessmlg arameters
si 13%072
SF 600.1700105 MHz
Wow EM
[¢] SSB 0
LB 0.10 Hz
GB
PC 1.00
o[
8 7 6 5 4 3 2 1 0 ppm
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Espectro de *C da 3-Hexanona

o o o <@
T < w© ~o®
b 38 RN
o]
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters
3-hexanone

PROCNO 1

F2 - Acquisition Parameters
Date_ 20150526
Time

INSTRUM spect
PROBHD 5 mm TBI 1H/13
PULPROG 1z

SOLVENT cDCI13
NS 64

0

36057.691 Hz

1.100393 Hz
0454382

9 sec

SFO1  150.9294674 MHz
NUC1 13C

P 17.00 usec
PLW1  95.00000000 W

HANNEL f2

Si 600.1724007 M}
NuC2

CPDPRG[2  waltz16
PCPD2 70.00 usec
PLW2  9.00000000 W
PLW12  0.11755000 W
PLW13  0.05760000 W

F2 - Processing parameters

s 55856

150. 9128670 M
EM

vow
SSB 0

L8 3.00 H
GB 0

PC 1.40
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Espectro de DEPT135 da 3-Hexanona

Current Data Parameters
NAME xanone

EXPN 4
PROCNO 1
F2 - Acquisition Parameters
Date_ " 20150526

ime

INSTRUM _spect
PROBHD 5 mm TBI 1H/13
PULPROG _ deptspi35

™
o SOLVENT ~CDCi3

NS 81

4

57 6
FIDRES 1100393 Hz
A 543829
R 03
ow 13,867 usec

SPOFFSS 0 Hz
SPW5 4194800186 W

CHANNEL 2
SFO2  600.1719134 MHz
NUC2 H
CPOPRG2 _ waltz16
3 800 usec

P4 16.00 usec
PCPD2 70.00 usec

PLW2  9.00000000 W

PLWI2  0.11755000 W

£2 - Procsssing paramsters
SF 150. 9128670 Mz
vow EM
ss8 0

8 2.00 K
G o

FC 1.40

35



Espectro de *C e DEPT135 da 3-Hexanona




COSY da 3-Hexanona

Gt Dot Parameters
“Thexanone. 1
H

FROCNO 1
2, Acauston eaaatrs
Duta " 20150601
J"L LN
it
PPM P88 5 mmtor it
i

LPROG ~_ cosygppeal

0.6 igwsm oo

swH 94 He

Bores  *Sreor e

0.8 4  oxisszmsec
.8 ke 101

ow 98,600 usec

N oE 650 usec
] 2081

L1.0 000000300 sec

.0 B 280t

o1 o 0kooumniec

D12 000002000 soc

o D13 000000400 soc

D16 000020000 soc

F1.2 N 000019720 sec

CHANNEL 11
SFO1 600.1722615 MHz
uct i)

Nue:
1.4 ® 728 isoc
B uso

By 00Dt

Pl 0000 W

" ° w B e

GPz1 1000 %
P16 1000.00 usec

18 1y wsrgpanes

SFO1 600.1723 MHz
FIDRES 19808571 Hz

2.0 Fhooe

£2- Processgg ooametors

F2.2 fow 0
3
== -] Log
B
g
26 & o 1700083 e
. o
g

2.8

24 22 2.0 1.8 1.6 14 1.2 1.0 0.8 ppm
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Exercicios



Ex1: Espectro de 'H do C3H;gS,

300 MHz 'H NMR

InCDCI3
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Ex1: Espectro de 'H do C3H;gS,

300 MHz 'H NMR

In CDCI3

2,0 1,9 1,8 1,7 1,6 1,5 1,4 1,3 1,2
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Ex1: Espectro de 'H do C3H;gS,

300 MHz 'H NMR

In CDCI3

2,711
2,690
2,739

3,15 3,10 3,05 3,00 2,95 2,90 2,85 2,80 2,75 2,70 2,65 2,60
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Ex1: Espectro de *C do C3HgS,

75 MHz 3C NMR

InCDCI3

100 90 80 70 60 50 40 30 20 10 0
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Ex2: Espectro de 'H do C,H(S

300 MHz '"H NMR
In CDCI3
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Ex2: Espectro de 'H do C,H;,S

300 MHz 'H NMR
In CDCI3

0,98
0,967

1,272
1,299 1,245

 — —_— A _

1,35 1,30 1,25 1,20 1,15 1,10 1,05 1,00 0,95 0,90
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Ex2: Espectro de 'H do C,H(S

300 MHz 'H NMR
In CDCI3

2,4 2,3 2,2 21 2,0 1,9 1,8 1,7
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Ex2: Espectro de *C do C,H (S

75 MHz *C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex3: Espectro de 'H do C3HgS

300 MHz 'H NMR
InCDCI3
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Ex3: Espectro de 'H do C3HgS

300 MHz 'H NMR
In CDCI3

1,326

1,593 1574

1,65 1,60 1,65 1,50 1,45 1,40 1,35 1,30 1,25
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Ex3: Espectro de 'H do C3HgS

300 MHz 'H NMR
InCDCI3

3,25 3,20 3,15 3,10 3,05 3,00 2,95
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Ex3: Espectro de *C do C3HgS

75 MHz '*C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex4: Espectro de 'H do C,H3F3S

300 MHz 'H NMR
In CDCI3
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Ex4: Espectro de *C do C,H;

3,14

300 MHz 'H NMR
InCDCI3

14
3,051

3,020

3,25

3,00 2,75 2,50 2,25

2,00

1,817

1,784

1,75
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Ex4: Espectro de 3¢ do C,H;3F3S

75 MHz *C NMR
In CDCI3

| | . J\

125 100 75 50 25 0
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Ex4: Espectro de *C do C,H;

75 MHz 3C NMR

In CDCI3
27,643
27,175
28,111
26,723
e ~— ~~— A
28,5 28,0 27,5 27,0 26,5 26,0
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Ex4: Espectro de *C do C,H;

_ 75 MHz '3C NMR

In CDCI3
127,060 123,427
130,693 119,794
145 140 135 130 125 120 115 110
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Ex5: Espectro de 'H do C;H,CIS

300 MHz 'H NMR
InCDCI3
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Ex5: Espectro de 'H do C;H,CIS

300 MHz '"H NMR

In CDCI3
1,375
2,049
2,070
2,027
49 1,347
2,092
2,005
2,2 2,1 2,0 1,9 1,8 1,7 16 1,5 14 1,3
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Ex5: Espectro de 'H do C;H,CIS

300 MHz 'H NMR

In CDCI3

3,684

3,664

3,7 3,6 3,5 3.4 3,3 3,2 3.1 3,0 2,9 2,8 2,7
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Ex5: Espectro de 3¢ do C;H,CIS

75 MHz 3C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex6: Espectro de 'H do C,Hs0S

300 MHz 'H NMR

In CDCI3

. ) L

7 6 5 4 3 2 1 0
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Ex6: Espectro de 'H do C,H¢OS

300 MHz 'H NMR

In CDCI3
2,691
2,119
1,483
23
2,n
700 i
2,670 1485
2,75 2,50 2,25 2,00 1,75 1,50
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Ex6: Espectro de 'H do C,Hs0S

300 MHz 'H NMR

In CDCI3

3,171

3,152

38 375 370 365 360 355 350 345 340 335 330 325 320 3,15 3,10
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Ex6: Espectro de 3¢ do C,H¢OS

75 MHz 3C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex7: Espectro de 'H do C,H,0S,

300 MHz *H NMR
In CDCI3
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Ex7: Espectro de 'H do C,H,0S,

300 MHz 'H NMR

In CDCI3
3,607
2,690
3|628 2717
3,494
1,623
2| 2,669
2,6
2 1 1
,596
12
L
3,75 3,50 3,25 3,00 2,75 2,50 2,25 2,00 1,75
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Ex7: Espectro de 'H do C,H,0S,

300 MHz 'H NMR

In CDCI3
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Ex7: Espectro de *C do C,H{,0S,

75 MHz 3C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex8: Espectro de 'H do C,H;;NO,

300 MHz 'H NMR

In D20

5,0 4,5 4,0 3,5 3,0 2,5 2,0 1,5 1,0 0,5 0,0
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Ex8: Espectro de 'H do C,H;;NO,

300 MHz 'H NMR

In D20

1,208 1,187

126 125 124 123 122 121 120 1,19 1,18 1,17 116 1,15 1,14 113
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Ex8: Espectro de 'H do C,H;;NO,

300 MHz 'H NMR
In D20

2,85 2,80 2,75 2,70 2,65 2,60 2,55
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Ex8: Espectro de 'H do C,H;;NO,

300 MHz 'H NMR

In D20

3,522 3,499

3,68 3485 3462

3,85 3,80 3,75 3,70 3,65 3,60 3,55 3,50 3,45
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Ex8: Espectro de *C do C,H;;NO,

75 MHz 3C NMR
In D20

90 80 70 60 50 40 30 20 10 0
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Ex9: Espectro de 'H do C3HoN,

300 MHz 'H NMR

In CDCI3

| JML

7 [3 5 4 3 2 1 0
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Ex9: Espectro de 'H do C3HoN,

300 MHz 'H NMR

In CDCI3

2,762

2,739

3,00 2,75 2,50 2,25 2,00 1,75 1,50
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Ex9: Espectro de 3¢ do C3H (N,

75 MHz 13C NMR

In CDCI3

80 70 60 50 40 30 20 10 0
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Ex10: Espectro de 'H do C;HgBrF

300 MHz 'H NMR
In CDCI3

78



Ex10: Espectro de 'H do C;HgBrF

300 MHz 'H NMR

In CDCI3

2,255 2168
2276 2,235 2,190 2149
2,2 " 1
2,204 22208 /ta
2,35 2,30 2,25 2,20 2,15 2,10
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Ex10: Espectro de 'H do C;HgBrF

300 MHz 'H NMR
In CDCI3

3,511

3,488

4,644 4,487

4,7 4,6 4,5 4.4 4,3 4,2 4,1 4,0 3,9 3,8 3,7 3,6 3,5 3,4
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Ex10: Espectro de 3¢ do C;HgBrF

75 MHz 3C NMR

In CDCI3

80 70 60 50 40 30 20 10 0

81



Ex10: Espectro de 3¢ do C;HgBrF

75 MHz 3C NMR
InCDCI3

33,349

28,837
33,64
28,772

35 34 33 32 31 30 29 28 27 26
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Ex10: Espectro de 3¢ do C;HgBrF

75 MHz '3C NMR
InCDCI3

82,500

80,300

90 85 80 75 70
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Ex11: Espectro de 'H do C,H,CIBr

300 MHz 'H NMR
InCDCI3
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Ex11: Espectro de 'H do C,H,CIBr

300 MHz 'H NMR

In CDCI3

3,801 7R 3,57

3,602

3,79

400 39 39 38 38 3875 370 365 360 355 350 345 340 335

85



Ex11: Espectro de 13C do C,H,CIBr

75 MHz *C NMR

In CDCI3

T =

80 70 60 50 40 30 20 10 0
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Ex12: Espectro de 'H do CsH 3N

300 MHz 'H NMR
InCDCI3
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Ex12: Espectro de 'H do CsH 3N

300 MHz 'H NMR
In CDCI3

1,25 1,20 1,15 1,10 1,05 1,00 0,95 0,90
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Ex12: Espectro de 'H do CsH 3N

300 MHz 'H NMR

In CDCI3

2,651 2,626

2,806 2,603

2827|2785 £o7¢

2,95 2,90 2,85 2,80 2,75 2,70 2,65 2,60 2,65

2,50
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Ex12: Espectro de *C do C;H 3N

75 MHz '3C NMR
InCDCI3

80 70 60 50 40 30 20 10 0
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Ex13: Espectro de 'H do C3;H¢CINO

300 MHz 'H NMR
In CDCI3 & DMSO-d6

91



Ex13: Espectro de 'H do C3;H¢CINO

300 MHz 'H NMR
In CDCI3 & DMSO-d6

3,760 2,587

3,738

21608
P p.565

4,00 3,75 3,50 3,25 3,00 2,75 2,50 2,25
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Ex13: Espectro de 3¢ do C;HgCINO

75 MHz 3C NMR

In CDCI3 & DMSO-d6

175 150 125 100 75 50 25 0

93



Ex14: Espectro de 'H do C;H;N

300 MHz 'H NMR

InCDCI3

A L
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Ex14: Espectro de 'H do C;H;N

300 MHz 'H NMR

In CDCI3

3,315 3,297

33 337 33 335 334 333 332 331 330 329 328 327 326 325
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Ex14: Espectro de 'H do C;H;N

300 MHz 'H NMR

In CDCI3
5,182 5,058
sfi7 5,124 5,053 5,023
5,118 019
186
4
5170 5113 5,048 so1s

5,225 5,200 5,175 5,150 5,125 5,100 5,075 5,050 5,025 5,000
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Ex14: Espectro de 'H do C;H;N

300 MHz 'H NMR

In CDCI3
5977 5053 sot0
6,011 5936
5,994
595
5972
5,902
6,050 6,025 6,000 5,975 5,950 5,925 5,900 5,875
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Ex14: Espectro de *C do C;H,;N

75 MHz 3C NMR
In CDCI3

150 125 100 75 50 25 0
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Ex15: Espectro de 'H do C,;H¢O,

300 MHz '"H NMR

In CDCI3

99



Ex15: Espectro de 'H do C,;H¢O,

300 MHz 'H NMR

In CDCI3
1,929 :906
1949 | 1.900

2,15 2,10 2,05 2,00 1,95 1,90 1,85 1,80 1,75 1,70 1,65
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Ex15: Espectro de 'H do C,;H¢O,

300 MHz 'H NMR
InCDCI3

5,881

5,830
5875 5,823
seh7 5,870 shoe 5819
5,950 5,925 5,900 5,875 5,850 5,825 5,800 5,775
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Ex15: Espectro de 'H do C,;H¢O,

300 MHz 'H NMR

In CDCI3
7,115 7,063
7,085
7,138
7,109 el 2040
7,160
7,200 7,175 7,150 7,125 7,100 7,075 7,050 7,025 7,000
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Ex15: Espectro de 3¢ do C;HgO,

75 MHz 3C NMR
In CDCI3

175 150 125 100 75 50 25 0
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Ex16: Espectro de 'H do Ce¢H5CIO

300 MHz 'H NMR
In CDCI3
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Ex16: Espectro de 'H do Ce¢H5CIO

300 MHz 'H NMR
In CDCI3
7,013
o1s

7,273
268

7,29
6,985

7,35 7,30 7,25 7,20 7,15 7,10 7,05 7,00 6,95 6,90 6,85 6,80 6,75
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Ex16: Espectro de 3¢ do CeHsCIO

75 MHz '3C NMR
InCDCI3
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Ex17: Espectro de 'H do Ce¢H5CIO

300 MHz 'H NMR
InCDCI3
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Ex17: Espectro de 'H do Ce¢H5CIO

300 MHz 'H NMR

In CDCI3
6,848
68654 6840
—_— \\* —_—
6,875 6,850 6,825 6,800 6,775 6,750

6,703

6,701 6,692
69:

6,700

6,675
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Ex17: Espectro de 'H do Ce¢H5CIO

300 MHz 'H NMR

InCDCI3

714

7,116

7,170

7,20 7,15 7,10 7,05 7,00 6,95 6,90
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Ex17: Espectro de 3¢ do CeHsCIO

75 MHz 3C NMR

In CDCI3

150 125 100 75 50 25 0
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Ex18: Espectro de 'H do CeH;5CIO,

300 MHz 'H NMR

In CDCI3 & DMSO-d6

111



Ex18: Espectro de 'H do CeH;5CIO,

300 MHz '"H NMR
In CDCI3 & DMSO-d6

7,008 980

7,0 6,9 6,8 6,7 6,6 6,5 6,4 6,3 6,2
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Ex18: Espectro de 'H do CeH;5CIO,

300 MHz 'H NMR
In CDCI3 & DMSO-d6

9,694 9,184
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Ex18: Espectro de 3¢ do CeH;5CIO,

75 MHz 3C NMR
In CDCI3 & DMSO-d6

175 150 125 100 75 50 25 0
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Ex19: Espectro de 'H do CeHsBrS

300 MHz 'H NMR

InCDCI3
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Ex19: Espectro de 'H do CeHsBrS

300 MHz 'H NMR
In CDCI3

7,303

7,5 7.4 7,3 7,2 71 7,0 6,9
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Ex19: Espectro de 3¢ do CeHsBrS

75 MHz C NMR

In CDCI3

-+

150 125 100 75 50 25 0
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Ex20: Espectro de 'H do CeH;5CIS,

300 MHz 'H NMR
InCDCI3
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Ex20: Espectro de 'H do CeH;5CIS,

300 MHz 'H NMR

In CDCI3

7,160
781207
7,188
6,954

6,926
6,41
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Ex20: Espectro de 3¢ do CeH;5CIS,

75 MHz 3C NMR

In CDCI3

140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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Ex21: Espectro de 'H do Ce¢H5CIFN

300 MHz '"H NMR

In CDCI3
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Ex21: Espectro de 'H do Ce¢H5CIFN

300 MHz 'H NMR

InCDCI3

8871 6,675

6,930 6,dasp 5855

6,495
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Ex21: Espectro de *C do C¢HsCIFN

75 MHz 3C NMR
In CDCI3

150 125 100 75 50 25 0
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Ex21: Espectro de *C do C¢HsCIFN

75 MHz 3C NMR

InCDCI3

116,367

114,297
114,216

153,145‘4939‘
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Exercicios Integrados




Atribua os Sinais do Espectro de 'H do CeH 1,0,

300 MHz 'H NMR
InCDA3

13 12 1" 10 9 8 7 6 5 4 3 2
125



Atribua os is do Espectro de 3¢ do CeH1,0,

75 MHz '*C NMR
InCDA3

29,564

47,824

179,297 0632
77.421
77,00]‘!75,554

175 150 125 100 75 50 25 o]
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Atribua os Sinais Mais Intensos do Espectro de Massas do

CeH1,0,. Mostre o Mecanismo de Fragmentacao

100
80
60

40

Rel. Intensity

20

0.0 — |1‘|'| l!l‘ M!I

0.0 20 40 60 80 100 120
mfz
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Atribua as Bandas Mais Intensas do Espectro de Infravermelho
do C6H1202

0.8

0.6

0.4

Relative Transmittance

0.2F

3000 2000 1000
Wavenumber (cm-1)
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Atribua os Sinais do

300 MHz 'H NMR
InCDA3

Ml R

300 Mz 'H NMR

it
|
i &
|
R o
25 | 1
17 | | |
11— I
Ui
{
|| | |
| l
e | | \
K
T T T T T 1
205 280 2475 2400 25 238

Espectro de 'H do C,Hg0

s

MEHNR

[ IE T T T
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Atribua os Sinais do Espectro de 3¢ do C,;Hg0

75 MHz '*C NMR
InCDA3

41,031

0,000

204,916

200 175 150 125 100 75 50 25 0
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Atribua os Sinais Mais Intensos do Espectro de Massas do

C,4HgO. Mostre o Mecanismo de Fragmentacao

1001
80
60—_

40

Rel. Intensity

20-

OO . . i . .|I| lllilll :l!JI . 1l
0.0 15 30 45 60 75

m/z
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Atribua as Bandas Mais Intensas do Espectro de Infravermelho

do C4H80

MicRONS. NICOLET 208X FT-R
25 26 27 28 29 3 as P s s o 8 9 w0 " 2w s 15 16 7w n2

o
I
| |

o 20
4000 a0 G600 300 G200 3000 2600 2600 2400 2200 2000 100 400 1200 1000 a0 &0 w0

1800
WAVENUMBERS
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Atribua os is do Espectro de 'H do C,;H¢O,

300 MHz 'H NMR
InCDA3

5,849

5,843
6,140 8 5814

6435 6,082

6,175

6,116

o
®
«
o
@
o

6,45 6,40 6,35

6,20 6,15 6,10 6,C

65 60 55 50 45 40 35 30 25 20 15 10 05 00
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Atribua os Sinais do Espectro de 3¢ do C,;HgO,

75 MHz '*C NMR

InCDA3
12828
180,5%
1,59
66,58

0,000

N J
Al Sudiad e T ad
150 125 100 75 50 25 0
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Atribua os Sinais Mais Intensos do Espectro de Massas do

C4H¢O,. Mostre o Mecanismo de Fragmentacao

100
80-

60

Rel. Intensity

40

20-

0.0 —— T | Ll il
0.0 20 40 60 80 100
m/z
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Atribua as Bandas Mais Intensas do Espectro de Infravermelho

do C4H602

TRANSMITTANCE

0.2r

Wavenumber (cm-1)
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Atribua os Espectro de 'H do CoHg0O,

137



Atribua os Sinais do Espectro de 3¢ do CoH30,

75 MHz '*C NMR
In CDA3 & DMSOd6

s Al )N e

175

170

165

160 155 150 145 140 135 130 125 120

15

10
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Atribua os Sinais Mais Intensos do Espectro de Massas do

CyHgO,. Mostre o Mecanismo de Fragmentacao

100
80-
60-

40

Rel. Intensity

20—_

] . — L d;. Lt il VJ.' fl '| i |'
0.0 T T T

0.0 40 80 120 160
m/z
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Atribua as Bandas Mais Intensas do Espectro de Infravermelho

do CgHgOz

e ‘W
]
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