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NMR Spectroscopy

NMR spectroscopy is a form of absorption spectrometry.
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Most absorption techniques (e.g. - Ultraviolet-Visible and Infrared) involve
the electrons... in the case of NMR, it is the nucleus of the atom which

determines the response.

An applied (magnetic) field is necessary for the absorption to occur.
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Nuclei are positively charged and spin on an axis; they create|a tiny magnetic field
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Spectral Properties, Application and Interactions of Electromagnetic Radiation
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9. Which of the following statements about the energy of an applied magnetic field is
FALSE?

A) This energy can “flip” a proton from alignment with the field to
alignment opposite the field.
B) Nuclei are “in resonance” when they absorb this energy.

C) This energy is proportional to the magnetic field strength.
D) This energy is supplied by radiation in the visible region of the
spectrum.



Which of the following statements is wrong?
a) UV absorption is attributable to electronic transitions.
b) UV spectra provide information about valence electrons.

c) IR absorption is attributable to transitions between rotational energy levels of whole

molecules. @

d) NMR spectrometers use radiofrequency electromagnetic radiation. vib/alional



9. The amount of energy available in radio frequency radiation is sufficient for
— which of the following?

a) Excite an atom

b) Vibrate an atom

c) Vibrate a molecule

d) Affect the nuclear spin of an atom

Answer: d



Nuclear Spin

* A nucleus with an odd atomic number or an odd mass number
has a nuclear spin.

* The spinning charged nucleus generates a magnetic field.  yMR active }:B‘:a
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Spin Quantum Numbers T L
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Energy levels for a nucleus with spin quantum number 1/2 ex:
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* If the number of neutrons and the number of protons are both even,
then the nucleus has NO spin. inackive  WMR & etisylo hall inkege( spin
' . C{L‘(OHS

* If the number of neutrons plus the number of protons is odd, then f:[iﬂ ;om

even  ptotons

the nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2) e g
* If the number of neutrons and the number of protons are both odd,
then the nucleus has an integer spin (i.e. 1, 2, 3)

p) <

-~



SPIN QUANTUM NUMBERS OF SOME COMMON NUCLEI
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Table. General rules for determination of nuclear spin quantum numbers
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10. Nuclei having either the number of protons or neutrons as odd have

spin.

a) Integral spin

b) Half integral spin
c) Zero spin

d) Positive spin

Answer: b
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# Behavior of spinning protons with
external magnetic field
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THE NUCLEUS IN A MAGNETIC FIELD

When nuclei are exposed to

external magnetic field of

strength B, their spins line up
‘parallel to the applied field, either
| spinaligned (orspin state) orspin
dspin B spin —) to the

8o digned ofpesed  external field.
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When an external magnetic field is applied, what happens to the
protons in a sample?
a) All protons align with the field.
b) All protons align opposite to the field.
c) Some protons align with the field and some align opposite to it.

d) All protons assume a random orientation.



Which of the following statements is FALSE about the NMR
experiment?

a) The energy required to flip the spin of a proton is in the infrared region of the
electromagnetic spectrum.

b) The energy difference between the two spin states depends on the strength of the
magnetic field.

c) When energy absorption occurs, the nuclei are said to be in resonance with the
electromagnetic radiation.

d) When a proton is aligned with the magnetic field, its energy is lower than when it is
aligned against the magnetic field.
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ot Energy of spinning nuclei
'Sa:“'“ The energy of the nucleus in these two states (orientations) is given by:
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AE and Magnet Strength

The energy difference between aligned and opposed to the external magnetic field (Bo) is generally
small and is dependent upon Bo S
Applied EM radiation (radio waves) causes the spin to flip and the nuclei are said to be in resonance

with Bo -
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Magnetic Shielding "y wwe

H Sa
all protons absorbed the same amount of energy in a given z, b

magnetic field, not much information could be obtained. (Flews Sl

L d

protons are surrounded by electrons that shield them from the
external field.

Circulating electrons create an induced magnetic field that opposes
the external magnetic field.

(owdo)ia, fluy 5 7 07
sheala(mj | shoay (€212 O-u’Lu
AWerank

c ! YW 4 Udezy pE &)
Shd{,diﬂg N J-l( . Q‘L‘g "\ -“ Slﬂelldl(\j _“ %J) 5 Ca(lCI ino /_’
0\‘??0‘5’4‘:" enedy / Cequancy 6

diffeent chemical shifls



Shielded Protons -

W Mel
Cstsl B, on

Magnetic field strength must be increased for a

shielded proton to flip at the same frequency.
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Protons in a Molecule

Depending on their chemical environment, protons in
a molecule are shielded by different amounts.

i
more shielded.
[absorb at a higher field H— (|: O_\(\ : =T -y
H H ess shielde s s
absorbs at a lower field
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Compound A has greater shielding constant than compound B. Which
of them will have more chemical shift?

a) Compound B

b) Compound A

c) Both will have equal chemical shifts

d) Chemical shift has no relation with shielding constants



Péﬂzﬁ J‘ 238
* The number of signals shows how many different kinds of protons =

are present.

NMR Signals

* The location of the signals shows how shielded or deshielded the

proton is.

type.

* Signal splitting shows the number of protons on adjacent atoms.

) axid
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The NMR Spectrometer
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Which of the following is true about NMR signals?

a) The number of signals shows how many different kinds of protons are present.

b) The location of the signals shows how shielded or deshielded the proton is.
c) The intensity of the signal shows the number of protons of that type.

d) Signal splitting shows the number of protons on adjacent atoms.

e) All of the above
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The NMR Graph
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4. Which of the following statements regarding NMR spectroscopy is wrong?

a) NMR signals towards the left of the spectral chart correspond to larger chemical shifts.
b) Chemical shifts are larger when the frequencies of the radiation which induces the
nuclear transitions are higher.

¢) Chemical shifts are larger when shielding effects are greater.

d) A hydrogen signal splits into n+1 peaks by spin-spin coupling when the number of
equivalent hydrogen atoms on adjacent atom(s) is n, and no other neighbouring atoms are
involve



Tetramethylsilane

CHs z ¢ — M
H3C—|Si—CH3 C . “
CH3 ~ 50:90

hi ghly sheilded

* TMS is added to the sample.

* Sincelsilicon

is less electronegative than carbon, TMS protons are

highly shielded. Signal defined as zero.

- GRSERIBIISEER: absorb downfield (to the left) of the TMS signal.




Chemical Shift

* Measured in parts per miIIion.(ppm)

* Ratio of shift downfield from TMS (Hz) to total spectrometer
frequency (Hz).

* Same value for 60, 100, or 300 MHz machine.
* Called the @elta’scalexs).




Chemical Shift calculation

_ . 6

6=V, - Vous/ Vigmr X 108 ppm Cjwdv 0° o
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Delta Scale

shift downfield from TMS (in Hz)

chemical shift, ppm 0 = :
spectrometer frequency (in MHz) ), . 1, .../

| | | | I I I I | I |
600 Hz 480Hz 360Hz 240Hz 120Hz 0 Hz

0 9 8 7 6 - - 3 2 I 0

ppm o A T™MS

60 MHz be inshtumenl used

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

10 9 8 7 6 S - 3 2 I 0

ppm & A ™S

300 MHz #%e inshtument aseal
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cl-C-o-C-H Example: CI-CH2-O-CH3 shows 2 absorptions for H NMR and two for C NMR
H

| on a 90 MHz NMR, H resonances are at 300 Hz and 480 Hz
(the instrument is tuned so that TMS absorbs at exactly 90 MHz) calculate
the &delta for both proton and carbon.
5‘ MHZ XW/ :3%??’”

For H NMR 6 %15 Hz
& 300 Hz - 0 / 90 MHz x 106 =3.3 ppm
& 480 Hz'- 0 / 90 MHz x 106 =5.3 ppm

T o=

for C NMR, the absorptions are at 1290 Hz and 1910 Hz
(where TMS is at 22,6 MHz) S - 1290 Wy w/

& 1290 Hz- 0/ 22.6 MHz x 106 = §7.1 ppm 226 ¥ \0°
& 1910 Hz- 0/ 22.6 MHz x 106 =(84.5 ppm _ 571 pper




. Which of the following is the true ascending order of chemical shift?

a)Cl<C2<(C3<C4
b)C4<Cl<(C3<C(C2
c)C4<C3<Cl<C(C2
d)C4<C3<(C2<C(Cl



If we increase the shield, what will happen to the delta scale (chemical
shift)? &\w
a) Will decrease
b) Will increase
c) Won't change
d) None of the above @
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TABLE 13-2 Chemical Shifts
of the Chloromethanes

Chemical

* 1.9 ppm

—(I 57.2

) mote ( |
| deshi elded

Compoand Shift Difference
H
|
H—C—H 50.2
H
. 2.8 ppm
H
&
H—C—Cl s30
H
. 2.3 ppm
Cl Pp
- - = &:
H—C—Cl 5353
H ’

Note: Each chlorine atom added
changes the chemical shift of the
remaming methyl protons by about
2 o 3 ppm. These changes are
nearly addiive.

Location of Signals

* More electronegative atoms deshield more and

give larger shift values.

e Effect decreases with distance.

* Additional electronegative atoms cause

increase in chemical shift.

al Shift

mole chemicol shilll
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(4" deshielded 4t can iy Gy Wipw 2o CSeo

deshield ed

highs! chemicol $ifl ()
incteasc  downlield Bl

CHCI3 CH2Cl2 CHsF

s 727 530 4.26

Q8. Arrange these in decreasing chemical shift:

CH;OH, CHsF, CH.CI,, CHCl;

A) CH;OH > CH3F > CH,CI, > CHCI,
B) CHCI; > CH,CI, > CHsF > CH,OH
C) CH,CI, > CHCI; > CHsF > CH,OH

)
)
)
)

D) CHCI; > CHsF > CH.Cl, > CH;0OH

CH30H CH3Cl» CH3s3Br

3.4 3.05 2.68

Q4. Which compound will appear furthest downfield?

mos) sheildea
CH3l CHa  (CH3)4Si

2.16 0.23
TMS

Q1. Which compound has the most shielded protons?

A) CH,CI
B) CHl
C) CH,
D) CH,F




Which of the following compounds has the MOST deshielded protons?
a) CHsCl = )ﬁ"“’
b) CHsl
c) CHsBr

d) CHa @




Arrange the following compounds in order of decreasing chemical shift
for the underlined hydrogens (largest value first, smallest value last): A)
CH3CH2C|£., B) CH:OCH:zCH:s, C) ClzCHC&Cl‘h, D) CICH2CH2CHs.

a) B>C>A>D J\ﬁ""’d
b)B>C>D>A

c)C>B>A>D

dC>B>D>A @




chemicel ahil)

|’£llia(9 > secondaryd Pma<y

Typical Values

A
( Type of Proton Approximate & Type of Proton Approximate 6
H
alkane (—CH,)) <~ _~.0 09 SO | 7
g X “7 TCcH,
alkane (—CH,—) C-t_c .3 ing .
! I'I 4
alkane (—Cll—) " 1.4 @
| ¢ Ph—CH, 2.3
C
(”) R—CHO 9-10
_ e = R—COOH 10-12
—C=C—H 3 R—OH variable, about 2-5
Aromalic
R—CH,—X 3-4 OH variable, about 4-7
(X = halogen, O)
R—NH, variable, about 1.5-4
Yee € SNeee”
o €®WT  _C=C__ 5-6
(ohate H
magnckic

5i &M (mduccA)

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
Le y&o  table of chemical shifts appears in Appendix 1.
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Aromatic Protons, 07-08
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Vinyl Protons, 05-06
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Aldehyde Proton, 09-010

induced field
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Ve C-H etz
i o O-H and N-H Signals
i+ deshields 5

oton . . .
the “.,ffw e Chemical shift depends on concentration.

R-0-H.20-R

Alcohol V
\mod(aa&ﬂ
wond

* Hydrogen bonding in concentrated solutions deshield
the protons, so signal is around 03.5 for N-H and 04.5

for O-H. R
O-H & 45
* Proton exchanges between the molecules broaden
the peak. ¢ oS o

exclnange can happen
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0) H,0
I
R-COH

rboxylic acid R-OH
et it alchohols ™S
Q R-NH,
R-IéH
aldehydes
12 10 8 6 4 2 0

Chemical Shift (8) ppm
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Carboxylic Acid Proton, 610+
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Number of Signhals

Equivalent hydrogens have the same chemical shift.
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400 300 200 100 0

600 500
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: : \a3
Intensity of Signals ‘,fag y

* The area under each peak is proportional to the
number of protons.

* Shown by integral trace.
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How Many Hydrogens?

When the molecular formula is known, each integral rise can be
assigned to a particular number of hydrogens.
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[1] equivalent protons dodl sphit each other  CHs -CHz  — singlef

The N + 1 Rule

If a signal is split by Nequivalent protons; it is split into
N + 1 peaks. pumba of peaks - N 41

Relative Peak Intensities of Symmetric Multiplets
Number of Equivalent Number of Peaks Area Ratios
Protons Causing Splitting (multiplicity) (Pascal’s triangle)
0 1 (singlet) |
L 1 2(doublet) 11
AU 2 3 (triplet) 1 2 1
- C”{E,”E 3 4 (quartet) 1 3 3 1
WL gnketing 4 5 (quintet) 1 4 6 41
prokons 5 6 (sextet) | 5 10 10 51
241 =3 lifeh) 7 (septet) | 6 15 20 15 6 1




If we have 3 equivalent protons causing splitting, what is the number
of peaks? 202 4 ..’/\'f"d
a) Singlet
b) Doublet
c) Triplet
d) Quartet a‘



The possible number of peaks in the *H NMR spectrum of the following
structure is: Cl2CH-CH:CI

A\
Z ; ; C|| "l' ‘orolon cnu.'ronmcn‘

d) 4 Cl l»: @



What is the number of peaks on Hg? (Structure: CHs-CHO; Hs is the
aldehydic proton and the three CHs protons are Ha.) =

| O
a) Singlet ‘ a 0 3_\’ \ _ L1
b) Doublet

c) Triplet “a’ e C a \"\ b

{

d) Quartet \ @
@



Range of Magnetic Coupling

who con actually sgit  whom el
* Equivalent protons do not split each other. i, -c#, _, singet

* Protons bonded to the same carbon will split each other only

if they are not equivalent!2 potoss onthe same carbon
dort spit each othet i thed aie equanleA/';
(crception : sketeo chemical non equivalence) a,

* Protons on adjacent carbons normally will couple.

@' C = C‘@- imta/ac?.
~— 1\’ _» magnetically .
* Protons separated by four or more bonds will not couple.

Abonds &~ C".C 2 banc(s = couple
H H sigma (sing\¢ loond )




Splitting for Ethyl Groups

EZafoﬁach:\'l' o
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CHy—CHy ;rildr
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Coupling cocstant in Wiz

No Coupled
Hydrogens

One Coupled
Hydrogen

Jb: Ja aﬁl’“"" ""lf Two Coupled
- 1 Hydrogens

Three Coupled
Hydrogens

Coupling Constants

* Distance between the peaks of multiplet

* Measured in Hz

* Not dependent on strength of the external field

*[Multiplets|with the same coupling constants may come from

adjacent groups of protons that split each other.

C—C—C—H
(I: A Singlet

H 1 aa\ljam’-//
C—C—C—H I+ l:z

C Spl;l—lri:-)j A Doublet

Hd Ja

A A Triplet

o
L4

-

oA Quartet



Isopropyl Groups

Splitting for

OHz

50Hz

3y B r!Q__ g

: b
: CH3\ ”

S Celull
aleer
pon aqmuo{arvL T
14 '
1+1=72 douUcl

: /,
CH‘; );"“ ¢

CH—C—

¢ Ledl

K+\ 7 sepksl—

CH;

i’ s

equivelant

Hﬂ
SRS

C -[e-C

CO>adb-

mical ol

sepl?al—

(I)HZ SI()HZ I
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Spin-Spin Splitting

* Nonequivalent protons on adjacent carbons have magnetic
fields that may align with or oppose the external field.

* This magnetic coupling causes the proton to absorb slightly
downfield when the external field is reinforced and slightly
upfield when the external field is opposed.

* All possibilities exist, so signal is split.




13. Which of the following organic compound with molecular formula C3H C;2 exhibits
only one signal in the [H NMR spectrum?

a) 2, 2-dichloropropane

b) 1, 2-dichloropropane

c) 1, 3-dichloropropane

d) 1, 1-dichloropropane

Cl Hc Cl (i]
I |
H;C-C-CH 8 -CoC~C—
(a) ° | . b °© H
Cl H. Hy H,
¢ Hb Cl



14. The 1y NMR spectrum of CH30CHCICH2Cl will exhibit H
a) A three proton doublet. One proton singlet and a two proton doublet Cl

b) A three proton singlet. One proton singlet and a two proton doublet CH;0-C-C-Cl
c) A three proton singlet. One proton triplet and a two proton doublet '
d) A three proton triplet. One proton triplet and a two proton triplet H H

View Answer

Answer: ¢



21. Hz, CH4, C2He and CeHg exhibit which PMR spectra?

a) Singlet

b) Doublet

c) Triplet

d) Quintet

Answer: a

View Answer

Explanation:

All structures have only one type of hydrogen. So, all give single peak.

H
H H H
I
(| —H

)
(I'—H o

H-H X
H H

I—’“—I

H H



1,1,2-Tribromoethane

Nonequivalent protons on adjacent carbons.

o (ppm)

Hz
1800 1500 1200
l l I
Br Br :
Br—C—C—)| |+
.
_H Hb Jyl=o 14
. | " A
LT iz jolv H 2 14122 doebieh
ml 25\ =7 "(.’p\a"
| | | I | | | | l | | | ! l | | | | | | | ! I | 1 l
6.0 5.5 5.0 4.5 4.0 3.3




Doublet: 1 Adjacent Proton

‘chemical shift of HP

Hll
Opposes

f@ U«O f igu

H® reinforces
field

Aou/n Q‘e u ﬂ ”




Triplet: 2 Adjacent Protons

Br Br

C—C—/HY
chemical /L/ / /
shift of H (H>

1
l
l
|
¥
/

‘ //
/’
/
J/
> 4

or

spins of H® protons: f T ¢ ﬁ ¢ ¢<-/‘/

HP protons ﬂ HP protons
reinforce field oppose field
_JUU



Coupling Constants

 Distance between the peaks of multiplet

* Measured in Hz

* Not dependent on strength of the external field

*/Multiplets|with the same coupling constants may come from
adjacent groups of protons that split each other.




pe )i J Fw Cum

V | f Coupl:'nj P @ 2 ssls
s.?l):ws«/.l dliues 1or = = bhJd protons i
Coupling Constants 3£ splitking
CIH:"CRSI Approx. J H Approx. J )2'%' ‘f"“”yd’f; La"/J
o 5@\'&\%@ — ? — (l: —  (free rotation) 7 Hz* @ 8 Hz
- H -
H H (ortho)
on cquivalent =
o
Cou,o ing oHz j D e e 2 "’:‘_"\ szt
¢ [N e
s‘n\ Hine ” 2 Hz bantes - Axial
H e Chall CO(m - equatotial
' e =C\ (trans) 15 Hz Griiéti) -
I—(ans > C)S >3€mi04‘ H - —_— Sth@ n
g SG Ne” he > meta
5?'-”-1133 Tl H C olths
N 4 ™ TN
C=C (geminal) 2 Hz C=C H 6Hz 3Hz ZHz
7 N — 4 s
H H —
(allylic) N
“The value of 7Hz in an alkyl group is averaged for rapid rotation about the ™ J'E—' (

carbon—carbon bond. If rotation is hindered by a ring or bulky groups, other

splitting constants may be observed. | %ﬁﬁmb&ojfal eu"k i \(
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non equivalent

No Coupled
Hydrogens

One Coupled
Hydrogen

Two Coupled
Hydrogens

Three Coupled

Hydrogens

C H
N f
/ A Singlet
C C
J
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. Complex Splitting
S?(w b @\ Cis HC 7& Hb

C
H
‘Ol’a«!’u oN \C:C non c’c{uin/alé’/)"
\Hb
7[/4/33

* Signals may be split by adjacent protons, different from each other,
with different coupling constants.

e Example: H? of styrene which is split by an adjacent H trans to it (J =

17 Hz) and an adjacent Hcis to it (J = 11 Hz). coupling constants ace
- = dflaed’, signals spli ol
different stages .

—> Vst splithing — secand spliing



Splitting Tree

8565
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5 6.6 shift of H

chemical shift of H?
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Spectrum for Styrene

(l)Hz
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Stereochemical Noneguivalence

* Usually, two protons on the same C are equivalent and do not
split each other.

* |If the replacement of each of the protons of a -CH, group
with an imaginary “Z” gives stereoisomers, then the protons
are non-equivalent and will split each other.




Some Nonequivalent

Protons
he # He X
S gtil 99 a C H a
Lyl i H\c:C/H . x| PH
ey split coch HO - H
othes p
dable bond T 0
H——Cl

aH__Hb Clm'(aj
Cl Ho # W




Which of the following structures have three types of proton? \
_ ,
a) CH2=CHBr —3
b) CHsCH:

c) CHsCOOCH:s
d) None of the following

T H | H O H
\ / l J ( i \
= W-C—C-w U-C- C-0-C-H
N / ( '
@ ° v



How many signals does the unsaturated ketone
(CH3)2CHCH2C(O)CH=CH:z have in *H NMR and **C NMR spectra? @

H
HE@HOO?

a) Five *H signals and six *3C signals

b) Six *H signals and six *3C signals

c) Six *H signals and seven *3C signals O<
d) Five *H signals and seven 3C signals H- t l-l



How many signals does the aldehyde (CH3)3CCH2CHO have in 1TH NMR and 13C NMR
spectra? ,

a) five 1H signals and six 13C signals
b) three 1H signals and four 13C signals

c) five 1H signals and four 13C signals

d) three 1H signals and six 13C signals




10) Which hydrogen in the following compound shows the largest chemical shift in its 'H NMR

,
spectrum? most  deshielded

1)a 2)b 3)c 4)d @

11) The number of *H NMR signal in the following compounds is

H CH3@
Ho  H, e gt
Yl =
/~ N\.,o CH HO
H@ CH3 U2

1)4and4 2)2and4 3)2and4 4)4and?2 @

12) Which hydrogen has the smallest 6 value in the following compound ?
mos} s%&iuez

Hz O

H3C/ch)J\CH3
q a

1)a 2)b 3)c 4)d @

13) Which of the following indicates the multiplicities of different hydrogens of butanone in
'"H NMR spectrum? N +\

O 3.4 2+1=2

49 . _CH baple
H3C1 : Sl °

W
1 2 3 4

1) C;-singlet , C;-doublet , Cy-triplet

2) C;-singlet , Cs-triplet , Ci-quartet

3) Cy-singlet, Ci-quartet , Cy-triplet @
4) C,-triplet , Ci-doublet , C.-triplet



Time Dependence

Sl'a"d oc
(afio‘ Cmngc

* Molecules are tumbling relative to the magnetic field, so NMR'is
an averaged spectrum of all the orientations.

Sin\glei'
* Axial and equatorial on cyclohexanefinterconvert so
rapidly that they give a single signal.

transfers for OH and NH may occur so quickly that the
proton is not split by adjacent protons in the molecule.
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N=HProton s/ peac

* Moderate rate of exchange.

* Peak may be broad. 85 ol o s
bosd P L
peak
‘ T
0 : 7

¢ | S SE S VAN .-{ 4
H,;N—C—0—CH,— CH, |

. — e Ge— ———

A VO S AR XV ——t e+
————— — e ee———— o —t— T 1.1

i 9 8 7 (8 5 4 3 2 I
& (ppm)



|dentifying the O-H
or N-H Peak

* Chemical shift will depend on concentration and solvent.

* To verify that a particular peak is due to/O-H or N-H, shake
the sample with D,0

4

. v H
d»_adl’é(“ * Deuterium will exchange with the O-H or N-H protons.
NM

* On a second NMR spectrum the peak will be absent, or
much less intense.



Combined 13C and 1H Spectra

200 180 160 140 120 100 30 60 40 20 0

13 aldehyde carbon
C NMR
51 8()_/) *C NMR
L spectrum

'H NMR
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P e

aldehyde proton f

- IINMR
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Differences in 13C Technique

* Resonance frequency is ~ one-fourth, 15.1 MHz instead of
60 MHz.

———————

* Peak areas are not proportional to number of carbons.

e Carbon atoms with more hydrogens absorb more strongly.




Spin-Spin Splitting

* It is unlikely that a 3C would be adjacent to another 13C, so
splitting by carbon is negligible. C 3 splitking Qe o C
CRY\="

e —
999

* 13C will magnetically couple with attached protons and

adjacent protons. (V. carbon I Causs e o Wi
sPlidring,
* These complex splitting patterns are difficult to interpret.




Proton Spin Decoupling

* To simplify the spectrum, protons are continuously irradiated
with “noise,” so they are rapidly flipping.

* The carbon nuclei see an average of all the possible proton
spin states.

* Thus, each different kind of carbon gives a single, unsplit
peak.




Off-Resonance Decoupling

* 13C nuclei are split only by the protons attached
irectly to them.

*The N + 1 rule applies: a carbon with N number
of protons gives a signal with N + 1 peaks.




Interpreting 133C NMR

* The number of different signals indicates the number of
different kinds of carbon.

* The location (chemical shift) indicates the type of functional
group.

* The peak area indicates the numbers of carbons (if integrated).

* The splitting pattern of off-resonance decoupled spectrum
indicates the number of protons attached to the carbon.




13C Chemical Shifts

are measured in ppm (6) from the carbons of TMS

13C Chemical shifts are most affected by:

e hybridization state of carbon
e electronegativity of groups attached to carbon



Examples (chemical shifts in ppm from TMS)

HBC\/\/CHB
23

138

sp? hybridized carbon is more
shielded than sp?

61

H3CWO
202

sp? hybridized carbon is more
shielded than sp?

H3C\/\/CH3
23
61

an electronegative atom deshields the
carbon to which it is attached




Type of carbon

RCH,
R,CH,
R,CH

R,C

Chemical shift (5) || Type of carbon

ppm

0-35
15-40
25-50

30-40

RC=CR
R,C=CR,

»

Chemical shift (5)
Ppm

65-90
100-150

110-175




Type of carbon

RCH,Br
RCH,CI

RCH,NH,
RCH,OH
RCH,OR

Chemical shift (3) || Type of carbon

ppm

20-40
25-50
35-50
50-65
50-65

Chemical shift (d)
ppm

160-185

190-220




e 3C Chemical Shifts
= Just as in TH NMR spectroscopy, chemical shifts in 12C NMR

depend on the electron density around the carbon nucleus
¢ Decreased electron density causes the signal to move downfield (desheilding)
¢ Increased electron density causes the signal to move upfield (sheilding)

3¢ NMR Approximate Chemical Shift Ranges .
=-C=Cl, B:
|

| -
- N
| ~

) |
' | 3510
: :

—(l-ClR -1'-()H -‘i-'
0 = - :
—O=NT ~CEN -':-n
9 1o ~

""“"UR ”\y CH

7] Q \ /
" " C=¢ ~CE(C- - CH,
-C=R.H = 0OH 7’ \
l 1 4 Y | | I 1 | 1 T ] |
220 200 180 160 140 120 100 80 60 40 20

& (ppm)

-=> Because of the wide range of chemical shifts, it is rare to have two
13C peaks coincidentally overlap

= A group of 3 peaks at 8 77 comes from the common NMR solvent
deuteriochloroform and can be ignored




Two 13C NMR Spectra

13C NMR
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Hydrogen and Carbon Chemical
Shifts

—-COOH
011-612
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