Proton NMR Spectroscopy
|




Introduction to *H NMR
nuclear magnetic resonance (NMR) Is a spectroscopy
technique which is on the absorption of EMR from the

radiofrequency region 4 to 900 MHz by nuclei of the atom.

Two types:

IH-NMR ( proton nuclear magnetic resonance)

Gives information about the number and type of (H-
atoms) in the molecule

e.g. CH,CH,OH contain 3 types of (H-atoms) and they
are adjacent to each other and their ratio 3:2:1
I3C-NMR



Introduction to 1H NMR

proton nuclear magnetic resonance spectroscopy is one of

the most powerful tools for elucidating the number of

hydrogen or proton in the compound.

mass number (M) is the total number of protons and neutrons)
Atomic number is the number of electrons and gives
Information about the reactivity of atom

Spin Quantum number (1):

It is the spin which created in atoms or molecules due to

continuous movement of electrons and neutrons.




Which nuclei have a “spin”?

e |f mass # and atomic # are both even, | = 0 and the
nucleus has no spin.

e.g. Carbon-12, Oxygen-16

 For each nucleus with a spin, the # of allowed spin
states can be quantized:

 For a nucleus with I, there are 21 + 1 allowed spin
states.

IH, 3C, °F, 3P all have | = 1/2
AE = vy(h/2w)Bo



Spin states split in the presence of B,

-

T __.—— -1/2 antiparallel

~

S~ +1/2 parallel

no field applied field
Bo




When a nucleus aligned with a magnetic
field, B,, absorbs radiation frequency (Rf), it
can change spin orientation to a higher
energy spin state. By relaxing back to the

parallel (+1/2) spin state, the nucleus is said
to be In resonance. Hence,

NMR

B,



Presence of Magnetic Field
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* Nuclel aligned with the magnetic field are lower
In energy than those aligned against the field

* The nuclei aligned with the magnetic field can
be flipped to align against it if the right amount
of energy is added (DE)

* The amount of energy required depends on the
strength of the external magnetic field
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Typical 1H NMR Scale Is
0-10 ppm

< Deshield Shield >
< Downfield Upfield >

- - -r 1T 1t 1t ]
10 o 5 7 £ o < ! z 1

Ppm and taw?

What is the shielding and deshielding?
Shielded proton is

Deshielded proton is



What Does an NMR Spectrum

Tell You?
# of chemically unique H’s 1n the molecule
# of signals

The types of H’s that are present e.g.
aromatic, vinyl, aldehyde ...
chemical shift

The number of each chemically unique H
Integration

The H’s proximity to eachother
spin-spin splitting




Information from *H-NMR spectra:

1. Number of signals: How many different types of
hydrogens in the molecule.

2. Position of signals (chemical shift): What types of
hydrogens.

3. Relative areas under signals (integration): How
many hydrogens of each type.

4. Splitting pattern: How many neighboring
hydrogens.



1. Number of signals: How many different types of hydrogens
In the molecule.

Magnetically equivalent hydrogens resonate at the same applied
field.

Magnetically equivalent hydrogens are also chemically equivalent.
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number of signals?

_

one

Q

one

CHs

two



GHs
H3C_(|:_CH3
Br

one

CH3CH2CH2'BY

three

CH3CH2-Br

two

CH3CHCH3
Cl

two



CH3CHCH,CH3 Cl-CH,CH,CH,-Cl
Br

four two

CHa
CH,CI

three



2. Position of signals (chemical shift): what types of
hydrogens.

primary 0.9 ppm

secondary 1.3 Note: combinations may

tertiary 15 greatly influence chemical
shifts. For example, the

aromatic  6-8.5 benzyl hydrogens in benzyl

allyl 1.7 chloride are shifted to lower
benzyl 2.2-3 field by the chlorine and
chlorides 3-4 H-C-Cl resonate at 4.5 ppm.

bromides 2.5-4 H-C-Br

lodides 2-4  H-C-I

alcohols 3.4-4 H-C-O

alcohols 1-5.5 H-O- (variable)



reference compound = tetramethylsilane (CH,),Si @ 0.0 ppm

remember: magnetic field -

< chemical shift

convention: let most upfield signal = a, next most upfield =
b, etc.

C b a tms



toluene

HSP-00-541 b alalgy



3- chemical shifts

Ol

O | »

H3C. __CHg

7 ~N

H3C  CHg

CH, a

CHs




a

CHs
H3C_(I:_CH3
a Br @

a b c

CH3CH2CH2'BF

a b
CH3CH2-BF

a b a
CH3C|:HCH3
Cl



b d c a b a b

CH3CHCH>CH3 Cl-CH,CH,CH,-Cl
Br
a
CHj
CH,CI
b



3. Integration (relative areas under each signal): how
many hydrogens of each type.

a b c
CH,CH,CH,Br a 3H a:b:c=3:2:2
b 2H
c 2H
a b a
CH,CHCH, a ©6H a:b=6:1

Cl b 1H



Integration

S

a 12H

O |

a 6H

a 6H
b 4H




a
CHs

|
H3C_(|:_CH3
a pr ¢4
a 9H

a b c
CH3CH2CH2-B|‘

a 3H
b 2H
c 2H

a b
CH3CH2-Br

a 3H
b 2H

a b a
CH3(|3HCH3
Cl



b dc a b a b

CH3CHCHCH3 Cl-CH,CH,CH,-Cl
Br
a 3H a 2H
b 3H b 4H
c 2H a
d 1H CHj
CH,CI
b
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measure the height of each ““step” in the integration and then

Integration

24 mm : 16 mm: 32 mm

a:b:c

2H : 4H

calculate the lowest whole number ratio:
15:1.0:20-> 3H
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If the formula is known ( CgHOF ), add up all of the “steps” and divide by
the number of hydrogens = (24 + 16 + 32 mm) / 9H = 8.0 mm / Hydrogen.
a=24mm/80mm/H-> 3H:;:b=16 mm/8.0 mm/H = 2H;

c =32 mm/8.0 mm/H - 4H.



4. Splitting pattern: how many neighboring hydrogens.

In general, n-equivalent neighboring hydrogens will split a
'H signal into an ( n + 1) Pascal pattern.

“neighboring” — no more than three bonds away

n n+1 Pascal pattern:

0 1 1 singlet
1 2 1 1 doublet
2 3 1 2 1 triplet
3 4 1 3 3 1 quartet
4 5 1 4 6 4 1 quintet



note: n must be equivalent neighboring hydrogens to

give rise to a Pascal splitting pattern. If the neighbors

are not equivalent, then you will see a complex pattern
(aka complex multiplet).

note: the alcohol hydrogen —OH usually does not split
neighboring hydrogen signals nor is it split. Normally
a singlet of integration 1 between 1 —5.5 ppm
(variable).



splitting pattern?

Sk

a 12 H singlet

O |+

a 6 H singlet

CH3

a 6 H singlet
b 4 H singlet



a
¢Hs
H3C_(I:_CH3
a pr @
a 9H singlet

a b c
CH3CH2CH2'BI‘

a 3 H triplet
b 2H complex
c 2 H triplet

a b
CH3CH2-Br

a 3H triplet
b 2 H quartet

a b a
CH3CI:HCH3
Cl

a 6 H doublet
b 1H septet



b d c a b a b

CH3CHCH,CH3 Cl-CH,CH,CH,-Cl
Br
a 3 H triplet a 2H q_uintet
b 3 H doublet b 4H triplet
c 2 H complex
d 1H complex
a
CH3 a b C
CHCI CH3CH,-OH
b
\\ _ a 3 H triplet
¢ a 3H singlet b 2H quartet
b 2H singlet ¢ 1H singlet

c 4H ~singlet



Information from *H-nmr spectra:

1. Number of signals: How many different types of
hydrogens in the molecule.

2. Position of signals (chemical shift): What types of
hydrogens.

3. Relative areas under signals (integration): How
many hydrogens of each type.

4. Splitting pattern: How many neighboring
hydrogens.



cyclohexane

O }a singlet 12H

10 =) o I & =) 4

HPM-00-097 alalgy



2,3-dimethyl-2-butene
HsC  CHg _
c=C_ a singlet 12H
HeC  CHa
' I ' I o ' I ' I ' I
10 = o 7 = = <

HPM-00-430 alalgy



benzene

@} a singlet 6H

10 =)

HPM-00-11%




o-xylene Hy C@ CH,
a " qa
b
a singlet 6H
b singlet 4H
— 71 1 T T 1T T 1 ' T
10 e & K £ o 4

HPM-00-025 alalgg



tert-butyl bromide

CHg a singlet 9H

H3C_IC_CH3
Br
I | I | I | T | T | T
10 2] o Y o o

HPM-00-143 alalgy



ethyl bromide

a b

a triplet 3H
b quartet 2H

Al

11 10 =) 8 7

HSP-00-7E2




1-bromopropane

a b c
C:F13(:l_12(:}_i2'E3r

a triplet 3H
b complex 2H
c triplet 3H

HSP-00-134



Isopropyl chloride

a b a
CH,CHCH,
Cl

a doublet 6H
b septet 1H

I
10 =)

HPM-03-1-1




2-bromobutane
b d c¢c a

CH,CHCH,CH,
Br

a triplet 3H
b doublet 3H
c complex 2H
d complex 1H

rF 1 1 ' ]
11 10 =) 8 7

HSP-02-075%




o-methylbenzyl chloride

a
CH3 b

¢ a singlet 3H
b singlet 2H
c ~ singlet 4H

11 10 = 8 7 & =)

HSP-01-217 alalgy



ethanol

a ¢ b
CH3CH2'OH
a triplet 3H

b singlet 1H
Cc quartet 2H

HSP-01-876 alalgy




ethylbenzene

C

b a
a triplet 3H

b quartet 2H
c ~singlet 5H

11 10 = o

HSP-00-0ES




p-diethylbenzene

a b C b a
CH3CH2@CH2CH3
a triplet 6H

b quartet 4H

c singlet 4H

HEP-01-473 ppr‘n




m-diethylbenzene

11 10 = 5 7

HSP-01-361




o-diethylbenzen

€

11 10 =) 8

HSP-01-372




2-bromo-2-methylbutane

b
CH,

b CH;CCH,CH; a
Br ¢

a triplet 3H
b singlet 6H
Cc quartet 2H b & c overlap

HSP-03-035%




di-r+propylether

a b ¢ ¢

a triplet 6H
b complex 4H
c triplet 4H

b

a

CH3CH2CH2'O'CH2CH2CH3

|

HSP-00-4E%




1-propanol

a b d ¢

triplet 3H
complex 2H
singlet 1H
triplet 2H

o O T DO

L DL L
11 10 = 5 I

HSP-03-23%



C11H16

a 9H = 3CHys, no neighbors
¢ 5H = monosubstituted benzene

b 2H, no neighbors

C b a
¢Hs

@CHZ-CIZ—CH?,
CHs

neopentylbenzene

HSP-0E- 062 alalgy



C,HgBr,

a = 6H, two CH; with no neighbors
(CHB)ZC_

b = CH,, no neighbors & shifted
downfield due to Br

T

oH

HPM-00-554 alalgy

H3C—(I:—(|:H2 2H
Br Br
T 1 ' T ' T T T T T |
10 g 5 7 3 5 4 3 1




C,H,O

C = monosubst. benzene

5H b=CH,
H2C/OH C= OH
@ +
1H
II 5 N
I ! I I I I I I I I
11 10 9 7 & o 4 3 z 1

HSP-03-E52




C,HyBr
a doublet 1.04 ppm 6H

b complex 1.95 ppm 1H
c doublet 3.33 ppm 2H

a = two equivalent CH,’s with one neighboring H (b?)

¢ = CH, with one neighbor H (also b)

a
CH, a O6H doublet
CH,CHCH,Br b 1H complex
a b c c 2H doublet



CyoH1:Cl

a singlet 1.57 ppm 6H

b singlet 3.07 ppm 2H
c singlet 7.27 ppm 5H

a = two-equilalent CH,’s with no neighbors
¢ = monosubstituted benzene ring

b=CH,
a singlet 6H

[\ b b sndet 2
@CHZ-CI:—CH3 ¢ Sihge

Cl



Chemical Equivalence
How many signals in tH NMR spectrum?

0 L0

\ O

O __ O L]
z O I
O



Number of Equivalent Protons

O e ‘ @
% ‘W‘



Homotopic H’s

— Homotopic Hydrogens

« Hydrogens are chemically equivalent or
homotopic If replacing each one in turn by the
same group would lead to an identical compound

(@) H CH, (b) H CH,Cl Cl CH,
X / > / \ /
C=( Replace H with CI C=C il C=C
/ \ / % / b
(@) H CH,; ) H CH- H CH-

3-Chloro-2-methylpropene  1-Chloro-2-methylpropene



Enantiotopic H’s

* If replacement of each of two
hydrogens by some group leads to
enantiomers, those hydrogens are
enantiotopic

Br Br Br
: replacement : :
H\C‘AH P‘ 5 HLC‘AQ Q\C‘H
| of each H | |
by some
CH3 group Q CH3 CH3

Enantiomers



Diastercotopic H’s

* If replacement of each of two hydrogens
by some group leads to diastereomers, the
hydrogens are diastereotopic

— Diastereotopic hydrogens have different
chemical shifts and will give different signals

7 “\ Q Cl\ /
C—C replacement " C—C i C—C
b by Q 7 N / e
H H H H
#

Diastereomers



Vinyl Protons

He CH,Br Z CH,Br
AN C= C/ mentally C= C/
A A replace He SN \
HP H HP H

diastereotopic diastereomers

H? CH,Br H? CH,Br
N, /7 N g
C=C mentally S C=—C

replace H =

R k-
H° H Z H

N




CH;Br

Since methyl bromide contains only a single type
of hydrogen atom, we see only a single peak at 2.7 ppm.

This is slightly deshielded due to the presence of the Br.

Mo integral since integration gives the relative numhber
of each type and we have only one type.

‘TS




i
CH,CCH,

Acetone only contains a single type of hydrogen atom, so
we only see a single peak at about 2.2 ppm.

This is very slightly deshielded due to the proximity of the
carbonyl group.

No integral since integration gives the relative number of
H of each type and we only have one type.

TS




Since t-butyl bromide contains only a single type
of hydrogen atom, we see only a single peak at 1.6 ppm.

Since the Br atom is further away from the H atoms than
methyl hromide, there is less deshielding than in methyl bromide.

Mo integral since integration gives the relative numhber
of each type, and we have only one type.

10




0
CH,COCH,

Methyl ethanoate has 2 types of hydrogen atoms, so
we see two peaks in the spectrum at about 2.1 and

3.7 ppm.

The peak at 3.7 ppm is due to the -OCH; group since
the electronegative -0- deshields the methyl group.

The integrations are 1:1 since there are 3H of each type.

Integral




less shielded more shielded
lower field (downfield) higher field (upfield)

increasing magnetic field strength (B)) ———>




: T
;gg Hs;C—C—C—O0—CHj TMS
= |
CH,
10 9 8 7 6 5 4 0 ppm
Chemical shift ()

©2004 Thomson - Brooks/Cole



The & Scale

shift downfield from TMS (in Hz)
spectrometer frequency (in MHz)

chemical shift, ppm 0 =

I I | I | | I I | I I
600Hz 480Hz 360Hz 240 Hz 120 Hz O Hz

0o 9 8 7 6 5 4 3 2 1 0

ppm o I TMS

60 MHz

I I I | | | | | | | |
3000 Hz 2400 Hz 1800 Hz 1200Hz 600 Hz 0 Hz

10 9 8 7 6 5 - 3 % 1 0

ppm 6 I TMS

300 MHz




Tetramethylsilane (TMS)

Arbitrarily assigned a chemical shi
of 6 0.00

T
CH1SiCH 4
|
CHa
TMS



Chemical Shift Ranges, ppm

~COOH
511-512
- X—c—H
X —C— 0
] @: S | i m
—¢ . H H X=0,hal s
| | | | | | | | | |
o 9 & 7 6 5 4 3 2 1



TABLE 13-3 Typical Values of Chemical Shifts

Type of Proton

Approximate 6

Type of Proton

Approximate &

alkane (—CH,) 0.9

alkane (—CH,—) 1.3

alkane (—ClH—) 1.4
O

—C—CH, 2.1

—E=C—H 25

R—CH,—X 3-4

(X = halogen, O)

C=C 3-6
P N

Pl

e
CH,

e
Ph—H
Ph—CH,
R—CHO
R—COOH
R—OH
Ar—OH

R—NH,

1.7

T
2.3
9-10
10-12
variable, about 2-5
variable, about 4 -7

variable, about 1.5-4

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The
numbers given here assume that alkyl groups are the only other substituents present. A more complete

table of chemical shifts appears in Appendix 1.



Diamagnetic Anisotropy
Shielding and Deshielding

circulation

of electrons
/\ /\
<

\ induced field
reinforces the
H  external field

/ (deshielding)

B, induced magnetic field



Deshielding in Alkenes

o

Iflll \\\

\

B \-/B induced\/

/

induced field
reinforces the
external field

(deshielding)



Shielding in Alkynes

B d shields

induce

the proton

b indu% R A induced

b



NMR spectrum of dimethoxymethane without integral (top) and with integral (bottom)

(Figs. 13.2 and 13.3)

5

:

‘Hz:

hi

414
T

475

E

'sh ft

265

or

100

hemicalrs
Ar
T

23

emical

0,

a_[.:,%*" S
i3 I T
L I8 0 O 7
1 ] 1

—C

S

844

853

T

Ho 158
nm N T[] YFH -
-] WER,, R y
P I
= 1 -
Q

proton

Pt

=1
2%

absor,

= OCH

“absorption=zof—}:

SNANN P; NEEH & ]
e EEL N WE
oS lanli oo

[l 1 3 N
HO M H

'nl
R @ FEAA PR N
To @RI sall
HS A o
4v -

ELL

{162 1% 60 B 1

TITTTTT

i

500

I
1

U

0 6, ppm

. H, > 8

B

0 Hz =

increasing magnetic field Hy —>

|-
Ho 'l }
HO iy ﬂ_u.,
= fle) bt
o1 Tk
- - o
A b
i e
Al
Il
jun
Ho B
HO CYT
n[Ql] i

£ AT O

T

[ W3

TIILT

300

-
F3o% MAT:

JTITE

400

s T
Tl

i

gt

il

T 1T

500

.06, ppm

H, > 8



ratio of areas under peaks, 2:3

[ |
Integration | ¢
' TMS
7 1 1 1 1 1
| - ¢ 3 o 0
FIGURE 8.29
Br
500 400 300 200 100 0 Hz
CH3 CH3 T i T T 17 A G T T I -x
H H ( jn :
CHs { l
100.m
:‘3 s ™S
L
| o
g0 - 1.0 6.0 5.0 4.0 3.0 2.0 1.0 0 ppm
FIGURE 8.30

nn



Methyl butyl ether (MTBE)




Toluene at Higher Field

il a e et |8 i [ R s B

0
Splitting patterns ifraromatic groups can be

confusing
A monosubstituted aromatic ring can appear as an
apparent singlet or a complex pattern of
peaks



Integral Trace

b

P

—C—cj—c—cui| |

|

OH




Spin-Spin Splitting

Bonded to the same carbon: two bonds between protons

H H
1\C/z spin-spin splitting 1s normally observed
7N\ (if nonequivalent)

Bonded to adjacent carbons: three bonds between protons

H H
& spin-spin splitting is normally observed

1
| -
C—C (this is the most common case)




The Doublet in tH NMR

C

(), H,
| C

H, Is coupled to Hp
Hp is parallel or anti-parallel to B

.. Hgsplits into a 1:1doublet peak



H, Iin 1,1,2-Tribromoethane

chemical shift of HP

/

r r r r
Br IiP Br IiP
dD opposes
H? reinforces
field




The Triplet in tH NMR

(b Hy
_(|:_ | _Hb

Hj is coupled to Hp and Hy,

Hp can both be parallel, anti-paralle
or one parallel and one anti-paralle

. Hysplitsinto a 1:2:1triplet peak



H,in 1,1,2-Tribromoethane

Br Br

I
Br—C—C—/Hb
chemical
shift of H2 Hb

fy

spins of HP protons: f f fl:r ‘L #
S ﬂ 0

Hb protons Hb protons

reinforce field oppose field




1,1,2-Tribromoethane

1800 1500 1200
| I I
Br Br
\ /
Br—C—C—HP
L ks
// H H
‘Al, y
1 | | | | | | 1 1 | | | | | | 1 | | | | 1 | | | | | |
6.0 52 5.0 4.5 4.0 3.5

d (ppm)




/\

N\

The Quartet in *HMR

N
1]

C (|:_H
d) H

proton splits into n+1
quartet 1:3:3:1

i

deshielded

Chemical Shift

shielded



1,1-Dichloroethane

CH,CHCI,

1.1-dichloroethane contains two types of hydrogen atoms,
s0 we see two sets of peaks, a doublet at 2.1 ppm and a
guartet at 5.9 ppm.




Ethyl benzene




CH,CH,OCH,

| =
2
5 .
5
TMS
10 9 8 1 6 5 4 3 0 ppm
Chemical shift (6)

©2004 Thomson - Brooks/Cole




Equivalent Protons do not

Couple
H H H
7 % /
Cl—C—H Cl—C—C—Cl
\ / \
H H H
Three C—H protons are Four C-H protons are
chemically equivalent; chemically equivalent;

no splitting occurs. no splitting occurs.
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Pascal’s Triangle

TABLE 13.4 Some Common Spin Multiplicities

Number of equivalent Type of multiplet Ratio of
adjacent protons observed intensities

0 Singlet 1

1 Doublet 152

2 Triplet 2

3 Quartet 12331

4 Quintet 1:4:6:4:1

6 Septet 1:6:15:20:165:6:1
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Methyl Isopropyl Ketone

------- o som]| L e o ol

126 1.18 .




(a)

CH3_ CH2_ CH2_ N02

(b)

(c)

(c)

(b)

1-Nitropropane

(a)

TMS




Differentiate using ‘H NMR

(a) CH;CH = CHCH,CH,
(b) CH,CH,0CH,CH,
0
(c) CH3(‘3|OCHZCH3
0
(d) HZCZC(CH?,)(HJCH3
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CH,
/ \
HzC - CHCHzCH3
CH,OCH,CH,CH,
1
CH.CH,CCH,
1

CH,CH=CHCCH,



Coupling Constants (J values)

Approx. J Approx. J
| H ———
C—C (free rotation) 7 Hz® 8 Hz
| H
H H (ortho)
N rs
c=c_ (cis) 10 Hz H
H H
2 Hz
H y .
C=C (trans) 15 Hz
S e (meta)
H
g
N o H AN v C N
/C —C “ (geminal) 2 Hz /C —C . H 6Hz
H H
(allylic)

4The value of 7Hz in an alkyl group is averaged for rapid rotation about the
carbon—carbon bond. If rotation is hindered by a ring or bulky groups, other
splitting constants may be observed.



Para Nitrotoluene

o

50Hz

10




Bromoethane

_CHQBI' _CH{;
Bapplied # Bapplied
Bproton 2 : 2 > Bproton | - > < |
l — e l | |
| — | | ? |
Lo s | | |
L — e | l |
- — _ | l |
: S : J = Coupling constant : l :
[ I | | =TT H% | |
I I | |
|

.—M_/MM
| |
3.42 6 1.68 6

Quartet due to coupling with — CH, Triplet due to coupling with — CH,Br
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para-Methoxypropiophenone

T
B J

. i

|
& | CcHy0 C — CH,CH, |
§ — | |
= II ﬂ I JJ L

= B,
10 9 8 7 6 5 4 3 2 1 0 ppm

Chemical shift (8)



Styrene

| ome osomz|

OHz  SOHz

OHz  SOHz -

UL

6.76 6.66

526 5.18

10. .




H., splitting In Styrene

“Tree” Diagram

H H c 0 6.6
chemical shift of H?




In the system below, Hb is split by two

different sets of hydrogens : Ha and Hc

— Theortically Hb could be split into a triplet of quartets
(12 peaks) but this complexity is rarely seen in
aliphatic systems

(b)
(a) (b) (c)

CH;CH,CH,Z
_— i —
_— o83 -~ S e —
— anl -~ e — — —
- - -~ =~ - —
e - ~ S
- - ~ - PO
—_— ~ S e
- \ -
I I
I I
I I
J ab }I{ J ab T' J ab
Pd AN PARN /
. | ~ e | ™~ e
N s \ P “ Ve
% / | \ / | N o
N / . v N v
N\ ¢ | N ¢ | N %
| | I | | I | |
I I I I I I I |
I I I I I I I |
I I I I I I
‘ I I ‘ I I ‘ I I
Ibe Ty ke—Jp =1, — =1, Ty =,



Why go to a higher field strength?

00.50
00.75
T T 60 MHz
300 240 180 120 60 0 Hz
I | 100 MHz
300 240 180 120 60 0 Hz
i 300 MHz
300 240 180 120 60 0 Hz



§0.50 (t, 2H, J=10)
§0.75 (t, 2H, J=10)

| ‘ | ‘ I ‘ ‘ 60 MHz
300 240 180 120 0 Hz
| | ‘ | ‘ ‘ ‘ 100 MHz
300 240 180 120 0 Hz
‘ | ‘ | ‘ ‘ T ‘ ‘ 300 MHz
300 240 180 120 0 Hz



C-13 NMR Spectroscopy



C-13 chemical shifts

aromatic C

alkanes

ppm downfield
from TMS

One signal for each chemically unique carbon



Methyl Propanoate
C-13 proton decoupled

% TIMS
4 O
z |
= CH3;CH,COCH4
d 9 2 1
»MWWWW o
200 180 160 140 120 100 80 60 40 20 0 ppm

Chemical shift (5)
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Ethyl Acrylate; C-13 prediction
]
Hzc — CH_C_O_ CHz_ CH3

o P

~1306 ~1800 ~606 ~150
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Ethyl Acrylate; C-13 NMR

| | | | | | | | | | | | | | | | | | |
200 150 160 140 120 100 5l 0 400 20
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Coupling In C-13 NMR

the doublet in C-13 NMR

. $

A\ methine group

Bo C is coupledto H
H is parallel or anti-parallel to B

.~. Csplitsinto a 1:1doublet peak




N\

the triplet in C-13 NMR

[
I|_|a

T T \ T l l —C—Hy

methy lene group

C is coupled to Hy and Hy,

Ha & Hp can both be parallel, anti-paralle
or one parallel and one anti-parallel

.. Csplitsintoa1:2:1triplet peak




/\

|

the quartet in C-13 NMR

|
11

deshielded

|

Y

T
11

e

shielded

methy| group

carbon splits into n+1

quartet 1:3:3:1
n = # attached H's



Butanone - Coupled and Decoupled

13C NMR

0
CH;— C— CH,— CH;

2-butanone

TMS

240 220

140 120 100
6 (ppm)




1,2,2-Trichloropropane
IH and 13C NMR Spectra

200 180 160 140 120 100 80 0

| | | | | | | | | | |
13¢ TMS
\ N\
\Cl Cl
'H | |

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
6 (ppm)




Coupled C-13 NMR Spectrum

13c NMR
L 3 |\
CHf—Sl CH;
Cl CI

CH3

oA,
| | | | | | | | |
200 180 160 140 120 100 80 60 40 20

6 (ppm)



Intensity ————

200 180 160 140 120 100 80 60 40 20 0 ppm
Chemical shift (6)
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Chemical shift (8)
By
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H T™MS
MWMW;\‘W‘M——#{ ~ AN Ao Pt MO PN i
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Chemical shift (8)
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Broadband
decoupled DEPT-90 DEPT-135

e 4 N e e £
Y Y Y

C, CH, CH,, CH; CH CH,, CH are positive
CH, is negative

C Subtract DEPT-135 from broadband decoupled
CH DEPT-90

CH, Negative DEPT-135

CH; Subtract DEPT-90 from positive DEPT-135
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Chemical shift (8)
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