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How to study

1] Elementary particles such as electrons and nucleus have

magnetic feature.
a) True
b) False

2] What do you expect to observe in the 1H NMR spectrum
of chloroethane CH3CH2CI?

a) A doublet and a quartet
b) Two doublets.

c) A triplet and a quartet
d) A doublet and a triplet.

3] Which of the following compounds contains one or more
protons that could undergo exchange with D20

a) CH30H
b) (CH3)3N
c) (CH3)20
d) CH3Br



4] J-Coupling is between adjacent peaks.

a)Distance
b)Distance ratio
c) two-fold ratio
d)All of these

* Predict the simple chemical structure of the molecular formula that
matches the following spectrum ?

 Draw the HNMR spectrum of a given structure.
* Specify splitting patterns for a given structure.

* Explain why !!!1!

* How to distinguish between two compounds !!
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Introduction , H-NMR

Explain in brief the difference between classic and modern methods for analysis
What is the difference between Precision and accuracy?

What is Spectroscopy?

What is the difference between Spectrum and spectrometer?

What is EMR?

Which part does the UV radiation affect in chemical structure?

Which part does the IR radiation use to investigate? Zu.\.u‘ﬂ Le_..\éj 2\.4‘3“‘ ‘_A‘ &\9@)5\

Ui h O e e



Distinguished Singlet C-H of aldehydes around 9
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Distinguished triplet and quartet peaks
CHs3CH:z system
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Propanoic acid
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Ortho, meta and para disubstituted benzene
(Distinguished para system)

 The only aromatic that shows singlet; benzene and the
para symmetrical one

H H H H
H H H H
Singlet peak A=A (any substituent)

Singlet peak
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* Mono-substituted benzene shows multiplet
(overlapped over each other appears upon
expansion appears in aromatic region)

CH3(a)
Hb Hb Ha
H¢ He
Hg
Hy,-Hg
_/MLv
‘ 7.70 7.65 7.60 7.56 7.50 7.45 7.40
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e By inspection; one can distinguish between

A A A
B
B
ortho- meta- para-

1.2 1,3- 1.4-
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Para distinguished

case

The distinctive pattern is the pair
doublets, can be widely spaced or closed
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The distinctive pattern is the pair of doublets, can be widely spaced or closed
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HSP—-46-258 ppm
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The distinctive pattern is the pair of doublets, can be widely spaced or closed

p-Toluidine
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1/ 1 |

11 10 S

pPpm

NMR 13



The distinctive pattern is the pair of doublets, can be widely spaced or closed

o Sonz| | COHz SOH2
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The distinctive pattern is the pair of doublets, can be widely spaced or closec

CyoHpp0

CH,CH;

H1C
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Match the correct structure
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HO
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Distinguished Singlet methyl (CH3)
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CHs
(benzyl)

CH3
(acetyl)
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CH30
H3C (Ester)

HSP-00—-108 ppm



Distinguished doublet/septet system

(Isopropyl group)
Cl H <€—3.68 ppm septet CH;
Doublet
H,C CH,~€—1.55 ppm doublet
CH
Septet

PPM




Doublet

Exchanges with D,0  Multiplet (7 peaks)

Molecular Formula: C3HgO

/




Distinguished singlet with 9H integration
(tertiary butyl group) around 1-2 ppm

CH,
CH3- C - CH,CI
CH; s
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2 H 9H
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1] Predict how many hydrogen types (signals) in each of the following compounds

B I N




2] How many H-NMR signals would you expect to find in each of the following
compounds? OH

H
a) b) ]
O

H OCH; H CFs

NMR 27



3] Which compound shows three signals (all singlets) in 1H NMR spectrum

NMR 28



4] How would you use the H-NMR to distinguish between each of the following pairs of
compounds? (Just tell how many peaks does each compound show)

Cl OH
O



5] How many signals are predicted for the '"H NMR of the following compound?

M
CH,CH,CHNHCCH,

b

A4 B)5 (6 D)7 E)S8

What is the multiplicity of the methylene hydrogens indicated in the proton NMR of the
following compound?

Orevepen)

A. singlet
B. doublet
C. triplet
D. quartet
E. pentet



6] The 1H NMR of the given compound has four signals with the following multiplicities

Doublet Doublet

-
n.-
-

CHz* Singlet

Doublet of Triplet




7] Determine the most likely structure of a compound, with the molecular formula
C,H,,,which gave a 1H NMR spectrum consisting of:

 adoubletat 1.25 ppm

e aseptetat 2.90 ppm and
 amultipletat 7.25 ppm

doublet and septet together ???? What does it mean (isopropyl group)

7.25 ppm means aromatic area



8] Propose the structure of a compound that exhibits the following H-NMR
data.

CeH,, [2.356 (6H, singlet) 7.09 (4H, singlet).
CH;

H1C

C:H,,0 [1.096 (6H, doublet) 2.12(3H, singlet) 2.58 (1H, septet}

O, [CHs
cQ
H1C CH;

 C,HgO, [1.21 6 (6H, doublet) 2.59 (1H, septet) 11.38 (1H, singlet)].
Gt
CH;CHCOOH



9] A compound with the molecular formula (C,,H,;Cl) gave the following 1H NMR
spectrum:
singlet, 1.6 ppm
singlet, 3.1 ppm
multiplet, 7.2 ppm (5H)
The most likely structure for the compound is:

-

I I1 I11
Cl

Cl

IV \Y

NMR 34



10] Choose the letter corresponding to the appropriate molecule that matches the spectrum.

O OH

)I\o/ e /I\
A B C
OH

me Y < e \)\/ o

PPM
NMR 35




11] Using both given spectrum and molecular formula to identify the unknown compound

|

C10H140

9H

U 1H |
A —
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12] Using both given spectrum and molecular formula to identify the unknown compound?

C.H0, ???

CHs:CH2COO0H 3

q
br
2H
1H
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13] Using both given spectrum and molecular formula to identify the unknown
compound?

CsH1002 ??27?7?

3H O

3H
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14] Using both given spectrum and molecular formula to identify the unknown

compound?

A] C3H:Cl 22?2
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B] CzH-Cl 222
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15] Using both given spectrum and molecular formula to identify the unknown compound?

(C.H,,0,) ????

O 3H
1]
CH_,CH,CH,CH ,COH
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16] Predict the simple chemical structure of the molecular formula (C,H;0,) that matches
the following spectrum

C,H,0,???

O

PN

HsC”~ “NOCH,CHj

3H 3H

2H

NMR 42




17] Predict the simple chemical structure of the molecular formula that matches the
following spectrum ?

(C.H,,0,) 2??

O t t
H2C_< CH;
H3C' O_CH2 3H M
) q
2H IH
JJJJ Jdl ML

NMR 43



18] Predict the simple chemical structure of the molecular formula that matches the
following spectrum?

(C,oH,,0) 2?22

CH2CH3 t

H1C

| d d
il : i
I

NMR 44



19] Correlate each signal to its hydrogen. Explain briefly

HSP—-46-258 ppl"r'l

NMR
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20] Correlate each signal to its hydrogen. Explain briefly

p-Toluidine

f - J’L - Jk INH,

CH,

11 10 9 8

~J
]
n
[
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Ppm
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1,993 =
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2.000 =
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21] Explain complex splitting in the following aromatic compounds.

OHz

.Ill

S0Hz |

IR

OHe SOz |

—+ | 'HNMR ~ ++++

|
| 3
i L L
| H H Q
zf | 'S
U L 10N CH;
_JUL 8 He BH;;.‘L |
.,.,._..\.H_,_,_|_ \ f"/h/ +.H_.+H..+ ‘ Hh H?
—————t 8.16 8.00 3 7.38 —-|——
o J
10 9 g 7 0 5 4 3
0 (ppm)
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22] Predict the simple chemical structure of the molecular formula that matches the
following spectrum ?

C H O ??? Shift Area
( 7°°6 2) (Ppm)
d 9.81 1.00 s
S g 7.79 190 d
6.95 196 d
O=CH
OH
br
N L N i

> = = = = T - = = é = =5 I 5 = = = 6



23] Predict the simple chemical structure of the molecular formula that matches the
following spectrum ?

C,H,Cl, ???

Cl

\
9H_CH2C|
Cl

NMR 49



24] Predict the simple chemical structure of the molecular formula that matches the
following spectrum ?

C,H,Cl,??? CHy
2% m—cé
c|

| | | | : l
6 S 4 3 2 1

1H PPM 3H

INIVIR U




25] Predict the simple chemical structure of the molecular formula that matches the
following spectrum ?

C,H,,0, ??? OCH,CHs

Q

o=

e
] f
N f—

1o ! | 5 | ) | 0
PPM
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26] Correlate each signal to its hydrogen. Explain briefly

Ha

Ha

f / Br

| | | oloo

L bmad =) b
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27] In the following spectra; Correlate each signal to its hydrogen. Explain briefly

300 MHz 'H NMR in CDCl, b | |2
Source: Aldrich Spectra Viewer/Reich
0 a
A "
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