' I
. .
G o
. v,

.
'-.

® p- Disubstituted benzene w:th non identical subsliiuents

For these compounds H, and Hy are chemlcally equivalent as both of them ' X
are ortho w.r.t X and meta w.r.t Y. Thus the § value is the same for both H, and
H,,. The same is true for Hy and Hg, . However )- Hp and H, , are magnetically -
non equivalent as they couple with Hg and Hy, with unequal coupling constants.
Similarly Hy and Hg, are also magnetically non equiva lent for their coupling Hy
with H, and H, , with different coupling constants. This type of system is referred S
to as AA/BB/ system. Usually these aromatic protons appear as doublet due to
ortho coupling with a J value of 7-9 Hz (para coupling is usually not seen). J Values of the aromatic
protons depend on the nature of the substltuents X and Y

8.3.1 4—Bromoacetanllldel

'NHCOCH,

Hy H,
HB' HB
Br.
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Spectroscopic Analysis of Organic Comp buncs E LLL .

m 'H-NMR Spectrum :

hl ll - A

115 100 105 100 95 90 85 &0 75 70 65 60 55 50 45 40 35.30 25 20 15 10 05 ppm

Figure-8,3

Deshielding by carbonyl causes downfield shift from the
: normal value of § 0.9 ppm for methyl protons. Appearance
2.05 Smglef (@H) =~ as a singlet is attributed to the absence of any coupling part-
ner.
: Doublet (2H) | Mesomeric electron release by —NHCOMe may cause
744 75 I—I;(:) H, and H,. | slight shielding. The signal appears as a doublet due to or-
g tho coupling with Hy and Hy.
e Doublet (2H) ' The signal appears as a doublet due to ortho coupling with
s (75Hz) | HeandHp. 'H,and Hy. -
30 ' . The signal appears as a singlet due to absence of any cou-
Broad singl _ ; y
-10.05 roaa;;)n glet —~NH pling partner. Nuclear quadruple broadening by nitrogen
| g may be responsible for the appearance of broad singlet.
m IR Spectrum : | - |
100

520

% Transmittance
8

232

820

0 g g

il LR - T ——— - - -
= o I
Wave Number (cm™)

Figure-8.4
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Chemistry in Laboratory

C —Br stretching

520
820, 832 C—H def. (p-disubstitution)
1540 * N—H bending (amide II)
1590,1600 | Aromatic C=C stretching |

Nitrogen lone pair is partly involved in resonance with the

1680 e ‘Sﬂi’i‘s’ﬁé‘é“éﬁé’a‘sﬁ‘;"ﬂi‘é%ﬁﬁé‘n‘;f‘i‘éi‘fﬁ;"é‘iﬁ;‘iﬂi:
mal value of amide.

2920 C-H stretching of —CHj

3100 Aromatic C—H strétching -

3300 N—H stretching

832 4—Methgl acetanilide

. a ;
NHCOCH;
HA’ HA L
Hy” Y “Hg
%HB
m 'H-NMR Spectrum : :
! |
' y | T "
10 y 8 é LB 1 T T T
pM 2 0
Figure-8.5
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. ' = | Deshielding by carbonyl causes downfield shift from the nor-
. 210 Singlet (3H) | —CH;, (a) |mal value of § 0.9 ppm for methyl protons. Appearance as a
' - | singlet is attributed to the absence of any coupling partner.
Deshielding by phenyl nucleus causes downfield shift from
. ' the normal value of § 0.9 ppm for methyl protons. Appear-
2. s PP 1. prc PP
= Singlet OF) CHa () ance as a singlet i$ attributed to the absence of any coupling
partner.
g Hyperconjugative electron release by -Me may cause slight
: blet : YP Jug y Y &
7.08 Dm; ﬁ_lfﬂ) Hg and Hy. | shielding. The signal appears as a doublet due to ortho cou-
( - ) I.i.n . ) '
pling with H, and H,,..
Doublet (2H) The signal appears as a doublet due to ortho coupli ith
754 L (2 ) , pp ou o ortho coupling wi
(82Hz) | FamdHa g o dH,.
. The signal appear singlet due to ab f -
Broad singlet e signal appears as a singlet due sence of any cou
9.81 (1H) & —NH | pling parther. Nuclear quadruple broadening by nitrogen
may be responsible for the appearance of broad singlet.

- mR Spectrum :

100

% Transmittance
'8

. 820

C—H def.

(p-disubstitution)

' : 1500 ,
Wave Number (cm™)

Fluure-ﬂ'.ﬁ

' 1
1000

1543

N —H bending (amide II)

1561, 1603

Aromatic C=C stretching |
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116 s Chemistry in Laboratory
I‘H-NMRSpeclrum: T |

1

T T —t T T L TT T T L T L't AT e T T T T T ria ) .l
105 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05

120 115 110

]

_ / . ppm

- Figure-8.9

-

806 Doublet (2H)

_ Deshielding is caused by the magnetic anisotropy of
(9 Hz) Hjand Hy. | the carbonyl function. The signal appears as a dou-
blet due to ortho coupling with Hp and Hg.
Deshieldirig is caused by the magnetic anisotropy of
835 Dou(‘t;lle‘;z)(?ﬁ) Hy and Hy the nitro group to a greater extent than that of the car-

bonyl function. The signal appears as a doublet due
| to ortho coupling with H, and H A

; _ | Magnetic anisotropy of the C=0 unit causes high
10.14 Singlet (1H) —CHO .

downfield shift. The signal appears as a singlet due to
absence of any coupling partner. . '

® IR Spectrum :

100

1610

96 Transmittance
8

§{2950 . —
{ 2850
1710
1350

I~ .

Wave Number (em?)

Figure-8.10
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Spectroscopic Analysis of Organic Compounds § 171

C-H def. (p-disubstitution)
: Symmetric and asymmetric
1501040 stretching respectively of —NO,,
1610 Aromatic C=C stretching
: - 3 Mesomeric electron withdrawal by nitro group

1710 : O smtcmg incréases carbonyl stretching frequency.
2730, 2850 C—H stretching of —CHO
2950 Aromatic C—H stretching

835 4-Nitroaniline

NH,
Hy- H,
HB" HB
' NO,
m 'H-NMR Spectrum :
3 T é T -} T é T g T L T |3 T T T T T
_ n _ 2 1 0

Figure-8.11

; - Nuler quru dening by nitrogen may beres on-
6.71 Singlet (2H) —~NH, sible for the appearance of broad singlet. The signal appr:aars
, as a singlet due to absence of any coupling partner.

L Tt - A AR 3 M b -y
b Ty NI it ibab ot o

_r Doublet (2H) Mesomeric electron release by ~amino function causes some

(9 Hz) H, and Hy.. sh.ieldin.g. The signal appears as a doublet due to ortho cou-
pling with Hy and Hy. '

Doublet (2H) Deshielding is caused by the magnetic anisotro of the |
7.92 (9 Hz) Hp and Hy. | nitro group. The signal appears as a doublet dug 5t(o ortho
. coupling with H, and H,,..
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178 g Chemistry in Laboratory

®m IR Spectrum:

1320

"o T Taoo U we ) 1000 ' )

Wmmbu (eni?)
Figure-8.12

820 C-H def. (p-disubstitution)

1320,1480 . | Symmetric and asymmetric stretching respectively of — —NO,.

1600 Aromatic C=C stretchmg
1630 N—H bending
3100 Aromatic C—H stre'tching ,

3360, 3480 Sym.metnc and asymmetric N—H stretching respectwely of — NHZ

83.6 Methyl-4- hgdroxgbenzoate

COOCH;

m 'H-NMR Spectrum :

' PPM
Figure-8.13
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Spectroscopic Analysis of Organic Compounds i 1719

Lol s e s i THATCR

_ N ERE Deshielding by —COO unit causes downfield shift from the
285 Singlet 3H) | —OCH; | normal value of & 0.9 ppm for methyl protons. Appearance as
: ' a singlet is attributed to the absence of any coupling partner.
Doublet Mesomeric electron release by ~-OH function causes some
ot NES - Hz§2H) Hg and Hy, | shielding. The signal appears as a doublet due to ortho cou-
- z Pling With HA aﬂd HA"
Doublet (2H) Deshielding is caused by the magnetic anisotropy of C=0 of

777 (9 Hz) H, and Hy, | the methoxycarbonyl group The signal appears as a doublet

due to ortho coupling with Hg and Hp. .

968 | Singlet (1H) —oH | Thesignal appears as a singlet due to absence of any coupling
. | partner.. .

‘m R Spectrum :

100
/W rf
g
£ 50+ -g ! ﬁ
- j,
=
o
2
: ! b -
s 3! 2§
om. B ™5 © 200 1500 1000 " 500
' " Wave Number (em™) _

Figure-8.14

850 C-H def. (p-disubstitution)

1235 - C-O stretching
1588, 1606 Aromatic C=C stretching . .
COsuacting | Meseerc decor e by "OF group
2924 . C—H stretching of, — CH,
3030 Aromatic C—H stretching
3300 O—H stretching
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180 % Chemistry in Laboratory

8.3.1 Ethyl-4-amino benzoate

COOCH,CH,
H, H,
Hy Hg
NH,
® 'H-NMR Spectrum :
! . L |
T T T T T T T T T T T T
8 6 5 4 2 1 0
PPM
‘Figure-8.15
13 Trlg'“;_tlgm -CH, These protons are coupled by adjacent methylene protons.
43 Qua(;t;;:z()Z H -CH, These protons are coupled by adjacenf methyl protons. :
' Nuclear quadruple broadening by nitrogen may.
- . be responsible -for the .appearance of broad singlet.
5. ; i P PP &
e Singlet (2H) NHa Appearance as a singlet is attributed to the absence of any
coupling partner. ) .
" | Mesomeric electron release by -amino function causes
6.47 Dmélg)lf{tz()ZH) Hpand Hy. |some shielding. The signal appears as a doublet due to |
ortho coupling with H, and H,..
Doublet (2H) Deshielding is caused by the magnetic anisotropy of C=0
7.63 (9 Hz) HpandHy | of the ethoxycarbonyl group. The signal appears as a

doublet due to ortho coupling with Hg and Hy.

~
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Spectroscopic Analysis of Organic Compounds !

m. IR Spectrum :

100
i :
§ 4
E '\ 3
" L . )
] "
2
gl g 1%
- e P N R L e e R N S 380
Wave Numﬁa_r (em™) :
" Figure-8.16

846  C—H def. (p-disubstitution)

1081 | O—CH, stretching
1280 C—O stretching of ester
1600 " Aromatic C=C stretching
1634 N—H bending

: _ Mesomeric electton release by amino group de-
1700 .~ C=Ostretching creases the stretching frequency of ester carbonyl
from its normal value -

2950, C—H stretchingof —CH,CH,
3045 Aromatic C-H stretching

3330, 3422 Symme.tric and asymmetric N —H
stretching respectively of — NH,..

8.38 4-Methyl phenacyl bromide

CH,
Hy H,
Hy Hp

- COCH,Br
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182 # Chemistry in Laboratory
®m 'H-NMR Spectrum :

70 .65 60 55 S50 45 40 35 30 25 20 15 10  ppm

3 . S L Appearance as a singlet is attributed to
Al singlat =CH, the absence of any coupling partner.

. : Deshieldi.ng is caused by carbonyl and Br.
4.43 singlet —CH, Appearance as a singlet is attributed to
' ‘the absence of any coupling partner.

728 .|Doublet(82Hz)|  HjandHy ﬁﬁéﬁ’;ﬁfﬁfﬁfﬁsﬁziﬁ"ﬁ? duesto oz

Deshielding is caused by magnetic anisot-

~ Doublet : ropy of the carbonyl function. The signal
788 (8.2 Hz) Ep B iy appears as a doublet due to ortho cou-
B : : pling with H, and Hy.
B IR Spectrum : ‘
100
© K
g R
504 W .
S
. g
4000 ' 3000 ' 2000 © 1500 1000 500
Wave number (om™)
Flgure-8.18
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Spectroscopic Analysis of Organic Compounds I 183

C—Br stretching

figk

825 C—H def. (p-disubstitution)
1600 Aromatic C=C stretching _

B T Inductive electron withdrawal by bromine increases the
1693 C=0 stretching stretching frequency of conjugated tarbonyl from its
' ' normal value
2975 (sp®) C-H stretching,
3050 * Aromatic C-H stretching

839 4_-Nitrocinnamic acid

Hy Hc
H '\ COOH
O,N £, o
- 3 HE .
m "H-NMR Spectrum :
l ]
T T | | T T § '| T T T
12 10 8 6 4 2 0
PPM .
Figure-8.19

6.56

The signal appears as doublet due to coupling with HB.

D .
. OUb.IEt (1H), Hp The trans coupling constant is very high.
Mesomeric electron withdrawal by the ~COOH group
759. Doublet (1H) He ¢auses high downfield shift. The signal appears as doublet

due to coupling with HA. The trans coupling constant is
very high.
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gnal ppes s a | doublet due to ,o_rthb .coupling
508 (9 Hz) HyandHy | ot H, and Hp. _
blet (21 Deshielding is caused by the magnetic anisotropy of the
8.37 Doug I?Itz( ) Hg and Hy | nitro group. The signal appears as a doublet due to ortho
( ) coupling with Hy and H,.. - ;. :
Strong hydrogen’ bonding causes high downfield shift.
12.05 Singlet (1H) —COOH | The signal appears as a singlet due to absence of any cou- |
pling partner. ' .

& IR Spectrum :
100

% Transmittance

& L. g
: 8
ﬁ.
4000 3000 ' 2000 1500 1000 500
' Wave Number (om™) .

" Figure-8.20

C-H def. (p-disubstitution)

836
961 C—H def. (trans olefin) .
1209 C~O stretching
Symmetric and asymmet-
162,150 ric stretching of —NO,
1597, 1605 Aromatic C=C stretching
1625 Olefinic C+=C stretching
| - . Hydrogen bonding and _éonjugation with olefinic seg-
Tl C=Ostretching ment lowers the carbony] stretching frequency.
N o | Strong hydrogen bonding is responsible for lowering of
: 2500 O~=Hstrétching, O~—H stretching frequency and broadening of the band
3077 ' - : 7

Aromatic C—H stretching
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SPGCfFOS_COpic Analysis of Organ‘ic Compoun

M o-Disubstituted benzene with non-identical substituents

For these compounds H,, Hy, He and Hy, are chemically as well as magnetically non-equivalent.

Ortho, meta and para coupling are possible for HA and HD whereas ortho and meta coupling are
possible for Hg and Hc. So the splitting pattern of aromatic protons are highly complex and
canniot be recognized unless subjected to hyperfine splitting. Theoretically doublet of doublet of
doublet is the predicted splitting pattern for the aromatic protons. However in most of the cases
they appear as complex multiplets.

8310 Salicylaldehyde

OH
Hy CHO
 Hg Hp
He

m 'H-NMR Spectrum :

78 77 76 75 74 73 72 71 10 69 68

—

L T T T T T A L) T . T T

7130 125 12.0 115 11.0 105100 95 90 85 80 75 7.0 65 60 55 50 X5 40 35 30 25 20 15 10 05
: - ppm

_ Figure-8.21
- Chemistry In Laboratory (H)-14
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186 E Chemistry in Laboratory

6.96-7.03

Complex mul-
‘tiplet (2H)

H, and He

Mesomeric eleq&qn release by ~OH function méy cause
some shielding. The signal for H, appears as a doublet

due to strong ortho coupling with Hg. The signal for H¢
should appear as a triplet or doublet of doublet due to
coupling with Hg and Hp. However the signals are close
enough not to find out the discrete splitting pattern.

748755

Complex mul-
tiplet (2H)

HB and HD

Mesomeric electron withdrawal by aldehydic carbonyl
causes deshielding. Deshielding of Hy, is also attributed
to magnetic anisotropy of the carbonyl function. The
signal for Hp, appears as a-doublet due to strong ortho
coupling with Hc. The signal for Hy should appear as
a triplet or doublet of doublet due to coupling with H,
and H¢. However the signals are close enough not to.
find out the discrete splitting pattern.

9.87

Singlet (1H)

Magnetlc amsotropy of the C=0 unit causes hlgh down-

‘| field shift. The signal appears as a singlet due to absence |

of any coupling partner.

11.1

Singlet (1H)

~OH

Magnetic anisotropy of the C=0 unit and strong intra-
molecular hydrogen bonding cause very high downfield

shift. The signal appears as a singlet due to absence of
any coupling partner.

B IR Spectrum :

100

95 Transmittance
8

S r~

28 3 ‘

|
&
ﬂ.
g
4000 ' 000 0 2000 C 100 0000 550
" Wave number (cm) -
Figure-8.22
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767 C—H def. (o—disubstituon} R R
1279 C—Ostretching
1596 . | Aromatic C=C stretching |
; - Strong intramolecular hydrogen bonding decreases the car-
3 L stretching bonyl stretching frequency
© 2762,2847 | C—H stretching of — CHO :
3060 Aromatic C—H stretching. |
3190 O—Hstretchi .g- | Strong intramolecular hydrogen bonding decreases the

83n 2—Hgdroxgatetophenone

—OH stretching frequency and broadens the signal

Hy

Hg

B 'H-NMR Spectrum :

OH
COCH,
Hp
B

78 7 16 75

TR E

74 73 72 71 170 69 68 67

i ane

“1‘ ,]i ] rJ i

1413

w3
4

12 11 10

7 6 5 i 3 i loon

i

Figure-8.23
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188 i Chemistry in Laboratory

Siiialat Deshielding by carbony! causes downfield shift from the normal
25 (3{5_1) —COCHj | value of 6 0.9 ppm for methyl protons. Appearance as a singlet
is attributed to the absence of any coupling partner.

Mesomeric electron release by —OH function may cause some

Complex shielding. The signal for H,, should appear as a doublet due to
6.81-6.93 multiplet | H, and He | ortho coupling with Hy and the signal for H¢ should appear
(2H) as a triplet due to ortho coupling with Hy and Hp. Here meta

coupling is too weak to be seen.

Mesomeric electron withdrawal by ketonic carbonyl causes

7.41 Triplet H. deshielding. The signal appears as a triplet due to ortho
' (1H) ? coupling with H, and H¢. Meta coupling with H, is too weak
to be seen.
Doublet Deshielding is caused by strong magnetic anisotropy of the |
7.67 aEaaiblat: H carbonyl function. The signal appears as a doublet of doublet
: B due to strong ortho coupling with Hc and weak meta coupling
| H. with Hp.

Singlet Magnetic anisotropy of the C=0 unit and strong intramolecular |
12.4 (1g —OH | hydrogen bonding cause very high downfield shift. The signal
k) appears as a singlet due to absence of any coupling partner.

100

% Transmittance

&
gV

40 3000 2000 1500 1000 50
Wave number (cm®)

Flgure-8,24

1245
770

C—H def, (o-disubstitution)
1245 C=0 stretching
1582, 1617 , Aromatic C=C stretching _
- Strong intramolecular hydrogen bonding
1640 Con0Oshretching decreases the carbonyl stretching frequency
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3061

Aromatic C=H sl-retcg

Strong intramolecular hydrogen bonding

3130 O—H stretching. decreases the —OH stretching frequency
' ' and broadens the signal
8312 2-Methoxybenzaldehyde
| e OCH,4
= CHO
Hy Hp
. ‘ # i HC 3
m 'H-NMR Spectrum :
LA A
T T T - T T T T
i0 f[i . — tlt 2., 0
Figure-8.25

u w Inductive electron withdrawal by methoxyl oxyvgen
3.93 . - causes deshielding to lower the & value than the normal
5 S;l:lglet (3h) s value of 0.9 ppm for methyl protons, The signal appears
: ‘ as'a singlet dueto absence of any coupling partner.
' Complex mul- Mesomeric - electron release by —OCH, function may
6.99-7.03 , . } 3 !
s tiplet (2H) R S cause some shielding,
_ : Mesomeric electron withdrawal by aldehydic carbonyl
7.55 Triplet (1H) Hp causes deshielding. The signal appears as a triplet due to
ortho coupling with Hy and He, -~
; Deshielding is caused by strong magnetic nnisntrd[;;n:f”
783 Complex mul- H the carbonyl function. The signal appears as a complex
i tiplet (1H) D multiplet due to ortho, meta and para couplin gwith H.,
Hpy and H,, respectively.

sew—.
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190 i 'Chemistry in Laboratory

1 G A
| ‘
g

; Magnetic anisdtropy of the C=0 unit causes high down-
10.48 Singlet (1H) —CHO | field shift. The signal appears as a singlet due to absence
of any coupling partner.

® IR Spectrum :

100 T—
z ‘ (\ ”
sy ;
Ro
S %
Esn g
£
; 2
o - o r~
ﬁu 2 =
0 % | T R L v v v ™ X T oy T
4000 3000 2000 ; 1500 - 1000 ¢ 500
Wave number (cm™) )

Figure-8.26

760 C—H def. (o-disubstitution)
1247 C—0O stretching
1601 Aromatic C==C stretching

When C=0 and —OCH, are on opposite sides, C=0
. | stretching frequency is lowered. When C=O and
1666, 1689 C=O0 stretching —OCH; are on the same side, C==0 stretching frequency
. ' israised asthecarbon-oxygendoublebond undergoesless
charge separation to minimize dipole-dipole repulsion.

2761,2846 | C—H stretching of —CHO

2946 C—H stretching of —CH,
2010 Aromatic C—H stretching.

8.3.13 2-Methoxyacetophenone

OCH;,
H A COCH3

Hy Hp
HC :
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® 'H-NMR Spectrum :

-

T
3

Sinolet o Deséldin by caryl cause downfield shift from the normal
261 u;gle —COCH, | value of & 0.9 ppm for methy] protons. Appearance as a singlet is
GH) attributed to the absence of any coupling partner.
Inductive electron withdrawal by methoxyl oxygen causes
383 Singlet | OCH, |-deshielding to lower the & value than the normal value of 0.9 ppm
| (3H) 3 | for methyl protons. The signal appears as a singlet due to absence
of any. coupling partner. '
Complex | . Mesomeric electron release by —OCH; function may cause some
6.97-7.00 | multiplet |H, and H| shielding. The signal appears as a complex multiplet due to ortho
(2H) ‘and meta coupling, |
) T _— Mesomeric electron withdrawal by aldehydic carbonyl causes
7.50 I;P y Hg | deshielding. The signal appears as a triplet due to ortho coupling
(1H) with H, and H.
Complex Deshielding is.caused by strong magnetic anisotropy of the car-
7.73 multiplet Hp bonyl function. The signal appears as a complex multiplet due to
(1H) ortho, meta and para coupling with H., Hg and H,, respectively.

u IR Spectrum ; 1

M/\

760 —=—————

® ]
a9 ]
Wave number (cmt)
Flgure-8.28
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192 E Chemistry in Laboratory

760 B C —H ‘ (o-d:sustition)
1236 C-0 stretching
1593 Aromatic C=C stretching :
A et R T
2970 C—H stretching of —CH,
3075 Aromatic C—H stretching.

8.3.14 Salicylamide

" CONH, .

® 'H-NMR Spectrum :

14 13 12 1 10

W H

‘Figure-8.29

: Mesomeric electron release by —OH function may cause
6.86 - Triplet (1H) H¢ some shielding. The signal appears as triplet due to
ortho coupling with Hg and Hy,. -

Mesomeric electron release by —OH function may cause
7.00 Doublet (1H) H, some shielding. The signal appears as a doublet due to
ortho coupling with Hy,

Scanned with CamScanner



7.50-7.60

Complex mul-

tiplet (2H)

Hgand Hp, .

7 h 17 7 s

_eeric ee withdrawal and magnetic anisot-
ropy of amide carbonyl cause deshielding. The signal

appear's as a complex multiplet due to ortho coupling
of Hy with H,, and H¢ and meta coupling with Hp,. Hp,
experiences ortho coupling with Hc and meta coupling
with H. Signals are too closely spaced to identify the
splitting pattern clearly. '

84

Broad singlet
(2H)

' —CONH,

The signal appears as a singlet due to abserice of any
coupling partner.

122

. Singlet (1H)

Magnetic anisotropy of the C=0 unit and strong intra-
molecular hydrogen bonding cause very high downfield
shift. The signal appears-as a singlet due to absence of
any coupling partner.

L2 _IH Spectrum :

100

% Transmittance
3

“1590

1674
1620
1250

750

750

1 3400
3200

.30,00..

rrle fphat A pn P Vs
e e R

C—H def. {o-disubstitution)

s
1500
Wave number (cm)

Figure-8.30

1250 C—O stretching
1590, 1620 Aromatic C==C stretching
1674 C=0 stretching Intramolecular hydrogen bonding decreases the
: ‘ carbonyl stretching frequency.
3061 - - - Aromatic C=H stretching
s oa0 | Symericand oyt
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194 i Chemistry in Laboratory

For these compounds H, , Hp, He and Hp, are chemically as well as magnetically non-equivalent.
Ortho and meta coupling are possible for H A and He, Ortho and para coupling are possible for
Hg. Meta and para coupling are possible for Hp. So the splitting pattern of aromatic protons are
highly complex and cannot be recognized unless subjected to hyperfine splitting. Theoretically
doublet of doublet of doublet and doublet of doublet of doublet are the predicted splitting pattern
for H, and Hcrespectively. Hy and Hp, are expected to appear as a doublet of doublet (neglecting
the para coupling). However, in most of the cases they appear as complex multiplets.

8315 3-Nitrobenzaldehyde

CHO
HA . HD
Hg “NO,
_ Hc
o 'H-NMR Spectrum : ‘
5
! - r L I T ' n e T T
10 8 . _ y
, PPm ¢ ¢ b

Figura-a.31

Feast'deshiéln’:ied among the aromatic protons as it
790 Triplet (1H) H, | away from both the aldehyde and nitro functions,

Appearance as a triplet is ascribed to strong ortho cou-
‘pling with H, and H..
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' 8.27

Doublet of
doublet (1H)

A D

Deshielding is caused by strong magnetic anisotropy of
the carbony! function. The signal appears as a doublet of
doublet due to strong ortho coupling with H and weak

meta coupling with He.

842

Complex mul-
tiplet (1H)

Deshielding is caused by strong magnetic anisotropy of
the nitro function. Probably this effect is stronger than
that caused by the carbonyl group.The signal appears as.
a complex multiplet due to ortho coupling with Hy and
meta coupling with H, and Hp, respectively..

8.65

Triplet (1H)

Deshielding is caused by strong magnetic anisbtropy of
the nitro and carbonyl functions. The signal appears as a
triplet due to weak meta coupling with H, and Hc..

9.80

Singlet (1H)

Magnetic dnisotropy of the C=0 unit causes high down-
field shift. The signal appears as a singlet due to absence
of any coupling partner,

®m IR Spectrum :

100
F nﬂw g
g
.g
- E 50+
] S
£ )
* v
=]
. ) 5 & 8
4000 ' 3000 2000 1500 - 1000 500

Wave number (cm™}

Figure-8.32

: Symmetric¢ and asymmec
1360, 1530 stretching of —NO,
1610 Aromatic C=C stretching _
: - ‘ Conjugation with the phenyl ring decreases the
1719 i— carbonyl stretching fréquency.
2760, 2864 C~—H stretching of —CHO,
3070 Aromatic C—H stretching
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8.3.16 Methyl-3-hydroxybenzoate

COOCH,
Hy Hp
Hj OH

; H
® "H-NMR Spectrum :
A J“I
10 ] T PPM 4 2 0
Figure-8.33

: eslg case by -C unit. Apce asa |
259 Singlet 3H) COOCH, singlet is ascribed to absence of any coupling partner.
. : “The signal appears as a triplet due to strong ortho cou-
7.16 Triplet (1H) | Hg pling with H,, and H,. o : _
736 Complex mul- H, The signal appears as a complex uiultiplét'due to ortho
' tiplet (1H) | - coupling with HB and meta coupling with H A and Hp,
] Complex mul- Deshielding is caused by strong magnetic anisotropy of
74735 | tiplet 2y | HaandHp |0 carbonyl function, | -
9.45 Broad singlet OH - | The signal appears as a singlet due to absence of any
(1H) coupling partner.

& IR Spectrum : 1o

)

g
A
¢ 8

7 = .
2 8 ﬁi :
4000 ' 3000 : 2000 %0 100
Wave number (cm™)
Flgura-a.34
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.'1:_ P td e j ! _.~' |~‘|-1\l|| " st ; - i
108 © O—CH, stretching
122 @ - C(0)~O stretching
1538, 1600 ' Aromatic C=C stretching -
| s Conjugation with the phenyl ring decreases the
169% ' QD stretehing, carbonyl stretching frequency.
2956 " C—H stretching of —CHj.
3064 . |  Aromatic C—H stretching
3380 —OH stretching

83.11 Eihgl—B—aminobenzoate

COOCH,CH,
Hy Hp
Hg NH, .
. S H,
m 'H-NMR Spectrum :
T T T T T T I I 1 1 I T T T T
g 7 ‘6 4 2 1 0
PPM

: : | Appearance as a triplet is ascribed to coupling with
10 Friplet (O] =CHy adjacent methylene protons

_ . ‘ Deshielding is caused by —COO function. The signal |
. 430 Quartet (2H) —CH, appears as a quartet is ascribed to coupling with adjacent
' methyl protons '

Broad dik gl n Tl}e signal appears as a singlet due to absefnce of any cou-
5.28 (2H) —NH, | pling partner. Nuclear quadruple broadening by nitrogen

may be responsible for the appearance of broad singlet.
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g D TR
Sehemical

6.85 Complcx

H. The signal appears as a complex multiplet due to ortho
multiplet (1H) € coupling with Hy, and meta coupling with H, and Hj,.
- ; The signal appears as a triplet due to ortho coupling with
7.22 Triplet (1H) Hpy H, and H,.

Deshielding is caused by strong magnetic anisotropy of
7.34 Triplet (1H) Hp the carbonyl function. The signal appears as a triplet due
to weak meta coupling with H, and He..

1 Deshielding is caused by strong magnetic anisotropy
ComP - of the carbonyl function.The signal appears as complex
750 ml(litll_ﬁlet Hy multiplet due to strong ortho coupling with Hy and weak

meta coupling with-H¢ and Hp,

" % Transmittance
wr
=}
i

1628
1604

4000 T 3000 C T 2000 1500 1000 500
Wave number (¢m™)

Figure-8.36

1102 O~ CH, stretching

1240 ~ C(O)~O stretching
1588, 1604 Aromatic C=C stretching
1628 N==H stretching
i o : Conjugation with the phenyl ring decréases
1708 C==0 stretching the carbonyl stretching frequency. -
2980 C—H stretching of — CH,CH,,
3060 Aromatic C—H stretching
3374, 3461 Symmetric and asymmetric —NH,
stretching,
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8318 3-Aminobenzoic acid | e

COOH
Hy Hp
Hy “NH,
Hc

m 'H-NMR Spectrum :

PRI TIREEE sy S
' i g 8 6
' : PPM - iy 2 g

=

Figure-8.37

e The signal appears as a singlet due to absence of any
Broad singlet _ coupling partner. Nuclear quadruple broadening by ni-
. 528 _ —NH, e P g by
(2H) trogen may be responsible for the appearance of broad
- | singlet, "

- 698 Complex mul- He The signal appears as a complex multiplet due to ortho

' tiplet (1H) coupling with Hy and meta coupling with H, and Hp,

: : The signal appe triplet due to ortho couplin
7.32 gnal appears as a trip piing

xipler (lfD. Hp with H, and He..
_ . Deshielding is caused by strong magnetic anisotropy of
7.50 Triplet (1H) -Hp the carbonyl function: The signal appears as a triplet due
' to weak meta coupling with H, and Hc.
Deshielding is caused by strong magnetic anisotropy of
7 61 Complex mul- H the carbonyl function. The signal appears as complex
i tiplet (1H) o multiplet ‘due to strong ortho coupling with Hy and
weak meta coupling with H. and Hp, .
Broad si ' e Strong hydrogen bonding causes high downfield shift.
12.74. : foa 1 RgEL COOH The signal appears as a singlet due to absence of any
' (1H) coupling partner
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m IR Spectirum :

100

9 Transmittance

3\ |8
g
4000 o 2000 Tme . mw | sw
© Wave number (cm)
Figure-8.38
1221 C(O)—O stretching
1536, 1622 Aromatic C=C stretching
Conjugation with phenyl ring and strong
1660 C=0 stretching | hydrogen bonding decreases the carbonyl
: stretching frequenicy.
' % "y Strong hydrogen bonding decreases the -OH
20 0 Hstretcl'ung. stretching frequency and broadens the peak.
2996 " Aromatic C—H stretching |
Symmetric and asymmétric —~NH,
AR B stretching.

8.3.19 3-Methylacetanilide

NHCOCH,
Hp
CH,
Hc
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Figure-8.39 .

'I'he s:gnal appears as a- smglet due to absence of any

(1H)

2.04 Singlet (3H) " | NHCOCH, coupling partner.
_ e i The signal appears as a singlet due to absence of any
234 Singlet (3H) Coe-CHy coupling partner.
' 6.97 -(_Jpr'nplex mul- i He The signal appears as a complex rhultiplet due to ortho
' tiplet (1H) coupling with Hy and meta couplirg with H, and Hp,
T The signal appears as a triplet due to ortho coupling
731 Triplet (1H) HB with H, and H.
: 3 The signal appears as.complex multiplet due to strong
742 chn{:;l fa%"d Hy ortho coupling with Hg and weak meta coupling with
e Hc and Hp,
i ' - The signal appears as a triple’t due to weak meta cou-
7.54 - :
Triplet (IH) Hp pling with H, and H..
‘ The signal appears as a singlet due to absence of any
102 Broad singlet | NH coupling partner. Nuclear quadruple broadening by ni-

trogen may be responsible for the appearance of broad
singlet.
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® IR Spectrum : | |

100
g |
c
5 7 f
£ -
350-
£
-5
,§
-]
2 &
g
V0 I i ; e i
4000 3000 2000 - ' 1500 1000 ‘ 500

Wave number (cm™)

Figure-8.40 -_

1546 N —H bending (amide II)
1610 - Aromatic C=C stretching

‘| Nitrogen lone pair is partly involved in
_ resonance with -the phenyl ring. So its
1670 C=0 stretching conjugation with the carbonyl group |-
' diminishes increasing the carbonyl stretching
from the normal value of amide.

2924 C —H stretching of —CHj
3088 Aromatic C—H stretching
3290 N—Hstretching

8.3.20 3-Nitroanisole
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m 'H-NMR Spectrum :

R BRET TET LIREN S T AT TS PR
: : PPM
Figure-8.41

3.85 -Singlet (3H) | OCH; |Thesignalappearsasasingletduetoabsenceofany coupling partner.

.|Complex mul-| H |The signél appears as a complex multiplet due to ortho coupling
- tiplet (1H) A |with Hg and meta coupling with He and Hp.

7.45 Triplet (1H) Hp  |Thesignalappearsasa triplet due toortho coupling with H, and He.
' Deshielding is caused by strong magnetic anisotropy of the nitro

7.56 Triplet (1H) Hp  |function. The signal appears as a triplet due to weak meta coupling
: with H, and He..

o = Deshielding is caused by strong magnetic aniso.tropy of the nitro
Cct)?f;l tean};)ul - He  |function. The signal appears as complex multiplet due to strong
P P ortho coupling with Hy and weak meta coupling with H, and Hp,.

7.33

.7.89

® IR Spectrum :
100

&
[l
1607

. % Transmittance .

. v ! 5
L S
5 I~
0 i i ﬂ .a r - e r T .
4000 3000 © 2000 ' 1500 _ 1000 500
Wave number (cm™)
Figure-8.42
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\ .}ll |||l| ]-i

167, 1267 | Cc-0 stretchmg '

1362, 1524 Symmetric and asymmetric stretching of —NO,
1607 ' Aromatic C=C stretching
2943 ' C—H stretching of —CH,
3015 | Aromatic C—H stretching

Y m-Disubstituted benzene with identical substituents

8.3.1 l.Dinitr'obe'nzene

m 'H-NMR Spectrum :

PPM
Figure-8.43

; .| The signal appears as a triplet due to ortho couplmg
7.86 Triplet (1H) ~ Hp Withitho By,
Deshielding is caused by strong magnetic anisotropy |
8.43 Doublet of H of the nitro function, The signal appears as a doublet of
' doublet (2H) A doublet due to strong ortho couplmg with Hg and weak
meta coupling with Hp,.

Deshielding is caused by strong magnenc émlsotrqpy of
8.76 Triplet (1H) "Hp two nitro functions. The signal appears as triplet due to
weak meta coupling w1th two Ha.
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W IR Spectrim: o ' ; o _

% Transmittance

Wave number (cm™)

" Figure-8.44

S SIamen

Syriimetric and asymmetric stretchin of —~NO, |

1346, 1544
© 1616 i ~ Aromatic C=C stretching
3100 3 . Aromatic C—H stretching

1 ) _Benzene ring with more than two substituents

) A:
8.3.22 Vanillin-

~ m "H-NMR Spectrim :

115 110105100 95 50 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 ppm

2]}

Figure-8.45
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39 Singlet (3H) OCH The signal appears as a singlet due to absence of any coupling
? partner. : o
6.7 Singlet (1H) OH The signal appears as a singlet due to absence of any coupling
partner. g
7.00 Doublet (1H) H, | Thesignalappearsasadoublet due to ortho coupling with Hy.
Deshielding is caused by magnetic anisotropy of the carbonyl
Complex function. Hy experiences ortho coupling with H, and meta
7.38-7.40 multiplet | Hy and Hc. |-coupling with He. Hc experiences meta coupling with Hg.
(2H) Proximity of the signals prevents observation of the splitting
' pattern clearly. _ ; _
Magnetic anisotropy of the C==0 unit causes high downfield
9.80 Singlet (1H)- CHO shift. The signal appears as a singlet due to absence of any
coupling partner. '

= IR Spectrum :

100 _ — r = _
col. !
mgcg )
as
&8
g
k=
£ 50-
S
=
®
o
wy
= _
§ .
ol = 4
> 8
= b g ;
04— 4 — . ; T T T
4000 3000 2000 1500 1000 500
. Wave number {cm™) -

Figure-8.46

1150 CO stretching
1520, 1600 Aromatic C=C stretching
1700 C=0 stretching
2725, 2810 C —H stretching of_ —CHO
2930 C—H stretching of —CHj -
3010 Aromatic C—H stretching
3550 O—H stretching
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8.323 5-Methyl-2-nitroanisole

m 'H-NMR Spectrﬁm i

OCH, -

Hy NO,

H, He

Hp

L |
AL 2 A A T D R

arorton!

PPM
Figure-8.47

I g e | Tle'signal appears as a singlet due to absence of ny c—
234 Singlet (3H) C-—;I-Is pling partner, ° o
. _ ' The signal appears as a singlet due to absence of any cou-
3.84 Smglet (3H) OQ{3 " | pling partner, P
: Doubletof | . v | Ha undergoes meta coupling with Hy and H, undergoes
sy doublet (2H) Hy snd Hy ortho coupling with Hz and meta coupling with H,,.
' _ Deshielding is caused by magnetic anisotropy of the nitro
812 Doublet (1H) He function. The signal appears as a doublet due to strong
: -ortho coupling with Hj, ' ' roa

N IR Spbctrum &

% Transmittance

i

3
A/ =4
§
3 g
4000 - 3000 ' 000 - o o
Wave number (cm)
Figure-8.48
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MROARSIOHMENTE
1120 o) 3 sl:rtcing
1270 Ar—O stretching
1350, 1520 Symmetric and asymmetric stretching of —~NO,
1610 Aromatic C=C stretching
2924 C—H stretching of —CHj
| 3090 Aromatic C—H stretching

8.3.24 3-Ethoxy-4-hydroxybenzaldehyde

~ CHO
HA HB
H OCH,CH;
OH '
@ 'H-NMR Spectrum : -
10 ' 8 A 6 4 ' 2 ' 0
PPM :

Figure-8.49

132 Triplet (3H) ~CH, '::e signal appears as a tﬁplet due to coupling with adja-
nt methylene protons. _
4.11 Quartet (2H) ~CH, :28 signal appears as a quartet duelto coupling with
jacent methyl protons. _
' Complex mul- Hy, experiences meta coupling with H,. H¢. experiences
720724 . ﬁpf';t (H) | HpandHc |ortho coupling with H,. Proximity of the signals pre-
vents clear identification of the splitting pattern. - .
Deshielding is caused by magnetic anisotropy of the
738 Doublet of H, carbonyl function. The signal appears as a doublet of
doublet(1H) doublet due to strong ortho coupling with H. and weak

meta coupling with Hy,
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3 gnehc am‘stmpy of the C=0 unit causes high down-
9.61 Singlet (1H) | - CHO field shift. The signal appears as a singlet due to absence
_ ' ' of any coupling partner.
983 | Broad singlet _OH The signal appears as a singlet due to absence of any
(1H) | coupling partner.

‘| IR Spectrum.:
100

% Transmittance
i

1604

1690 —=====

&
e,

| 170

2000 1500 1000 500

. Wave number (cm™)

Figure-8.50

C-O stretching

1170
1580, 1604 : Aromatic C=C stretchix{g
1690 C=0 stretching
2738, 2830 C—H stretching of —CHO
2930 C—H stretching of —CH,CH,
2980 Aromatic C—H stretching
3360 O-H stretching
8.3.25 2-Hydroxy-3-nitrobenzaldehyde
. o ‘ " CHO
H OH
Hy NO,
Hc '
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B 'H-NMR Spectrum - -

LA

PPM
Figure-8.51

7.46 Triplet (1H) _ The signal appears as a triplet due to ortho coupling with H, and H_..
Doublet . Magnetic anisotropy of the C=0 unit causes high downfield
8.01 of doublet H, shift. The signal appears as doublet of doublet due to ortho cou-
(1H) ' pling with Hy and meta coupling with Hc. '
Doublet Magnefic anisotropy of the nitro function causes high downfield
837 of doablas H shift. The effect is stronger than that of the carbonyl group. The
‘ & signal appears as doublet of doublet due to ortho coupling with
WH Hp and meta coupling with H A
Sinelet *| Magnetic anisotrgpy of the C=O unitcauses high downfield
10.26 Ilg-l) ' —CHO | shift. The signal appeats as a singlet due to absence of any cou-
( pling partner. s
Singlet ' Magnetic anisotropy of.the C=O0 unit and strong intramolecular
14.89 (II%I) ‘| —OH | hydrogen bonding cause very high downfield shift. The signal
appears as a singlet due to absence of any coupling partner.
B IR Spectrum :
100
. |
g &
E
£ e
]E 50 - a *
® § ‘
¥
s\ & "8
: e ‘
4000 3000 000 1500 1000 500
~ Wave number (cm)

Figure-8.52
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Singlet (3H)

o | Symmetric and asymmetric

1380, 1518 " stretching of ~NO,
1590 Aromatic C=C stretching
. Conjugation with phenyl group and strong intra-
1666 C=0 stretching molecular hydrogen bonding with —OH func-

_ : tion decreases the carbonyl stretching frequency.

2740, 2864 C—H stretching of —CHO '

2930 Aromatic C—H stretching
Strong intramolecular hydrogen bonding with
3100 O—H stretching ~CHO and —NO, groups drastically lowers the
_ ) , = .—OH stretching frequency
8.3.26 23-Dimethylbenzonitrile
Hy _CH,
Hy” CH,
. _ Hc :
m 'H-NMR Spectrum :
T . -
N Y D T
PPM ;
‘Flgure-8.53

g N e btk il

The signal appears as singlet due to absence

partner.
Slightly more deshielded than C;—CH, as a result of electron |
241 Singlet (3H) | C,~CH, [ withdrawal by —CN group. The signal appears as singlet due to

absence of any coupling partner.
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6.98 Tripl ok (iH) Hy The sxgnal appears as a triplet due to ortho coupling w1th HA

and He.
7.45 Doublet of | H The signal appears as a doublet of doublet due to ortho coupling
' doublet (1H) & with Hg and meta coupling with He.
753 Doublet of H The signal appears as doublet of doublet due to ortho couphng
' doublet (1IH)] ¢ . | with Hy and meta coupling with H,.

| IR Spectrum :

100(

T0~——

11600

¢ Transmittance

2960
e

8
0 | O e T S - SO el I 1 1 P T G S S L S = i
3000 2000 . 1000
Wave number (cm™)
Figure-8.54
1590 1600 Aromatic C=C stretching

2250 CN stretching . |

2900 C—H stretching of —CH,

3040 Aromatic C—H stretching

O

.'J?I-

o Monosuhstltuted henzene derwatwe”

8.3.21 trans - Cinnamic acid

i 7,
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m 'H- HMR Spat:tmm
\ I
13.0 125 115.011.511.010.5 100 95 90 85 S?QY?S ?0 55 5.0 55 50 45 40 35 30 25 ZD 15 10 05 ppm
LT

* Figure-8.55

e [ The signal appears as doublet due to coupling
645 Moublet (K HA. with HB. The trans coupling constant is very high.
742 M ultiplet (3H) Two meta and one | The signal appears as a-multlplet due to ortho and
i para ring protons ‘| meta coupling.
T Two orthoring | The signal appears as a multiplét due to ortho and
> MumPIEt (ZH) protons meta coupling.
. Mesometic electron withdrawal by the —COOH
. s group causes high downfield shift. The signal ap-
782 Doublet (1H) Hp pears as doublet due to coupling with H,. The
: | trans coupling constant is very high.
Brond sl : Strong hydrogen bonding causes high downfield
11.5 roalsmg € COOH shift. The signal appears as a singlet due to ab-
(15) ‘ sence of any couplmg partner.

= IR Spectrum :

100

2000

1500 1000 500

. Wave number (cm)

Figure-8.56 -
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[ §
i'f\ W o 5 }
(45 I

ey s il AR A RIS
970 - C-H def. (trans olefin)
1220 C—Ostretching
1590 | Aromatic C=C stretching
1620 | Olefinic C=C stretching
60 | cmOsmmuting | Py v oo i -
' Strong hydrogen bonding is responsible for lowering
2900 O—H stretching. of O—H -stretching frequency and broade_ning of the
' : band . ‘ :
3050 Aromatic C—H stretching ; J

Some ali'phatit:’-communds .

8.328 Mesityl oxide

i % b
H,C CH,
~
CH, O

m 'H-NMR Spectrum :

PPM

o
&—
(R
——
, ©

Figure-8.57
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Doublet -

. alears as a doublet due to allylic cou-

e o

m [R Spectrum : '

(3H) pling with H,,.
N Doublet The signal appears as a doublet due to allylic cou-
i (3H) CHy () plingwithH,.

Singlet - The signal appears as singlet due to absence of

1o o' (3H) CHy(®) any coupling partner. 3
- The signal should appear as a multiplet due to al-
6.09 Broad singlet i lylic coupling with CH;(d) and CH,(e). However,
) (1H) A | these long-range couplings are so weak that the

actual splitting pattern is not seen.

100

!

ﬁTransmittance
3

N Y

I,
0 . 0 \ L] ] § - LN - 113 L]
4000 - 3000 7600 1504 1000 500
Wave numbef (cnr) '
Figure-8.58

Symmetric and asymimetric

Fort), 3450 CMe, Stretching
1620 C=C stretching
" . Conjugation with C=C slightly lowers the car-
1690 C=Cstretching bony] stretching frequency
2900 C(sp®) — H stretching
3000 =C~H stretching
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8.3.29 Diethyl fumarate

H,

, ' COOCH,CH,
H,CH,cooc”

HA
@ 'H-NMR Spectrum :
] 1 T 1 T T 3[ 1 2| T i ] - U
7 6 * “PPM :

121

Triplet (6H)

Figure-8.59 -

The sxgnal appears as tnplet due to coupling wuth
adjacent methylene protons.

4.06

Quartet (4H)

The signal appears as quartet due to cqupling
with adjacent methyl protons.

6.31

Singlet (2H)

The signal appears as a singlet as two H, are
Hy homotopic and,so chemically and magnehcally
equivalent.

® IR Spectrum :

100

% Transmittance
wn
(=]

v |

000 . y 1500 1000
Wave number (cm)
Figure-8.60
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| 2

985

L b .'.I.‘- |

‘ —H_de. (trans olefin)

Ja 1 AP il

1220 C— O stretching
1650 C=C stretching
1725 C=0O stretching
2910 C(sp®)—H stretching
2990 C=C—H stretching

8.3.30 Pent-l-yn-3-ol

m "H-NMR Spectrum :

T

OH

&

. [ T T T
3 2
PPM '

Figure-8.61

'
-
(=]

0.89 Triplet (3H) —CH The signal appears as triplet due to coupling with adjacent
: . ? | methylene protons.

- . ; The signal appears as quintet due to coupling with ad-
/165 anrtet _ jacent methyl and methine protons. Coupling constants
e Q (4H) .CHZ with methyl and methine protons are almost the same
which make the doublet of quartet coalesce into a quintet.
3.61° Doublet Acetylenic | The signal appears as a doublet due to long range cou-

(1H) proton | pling with methine proton. The coupling constant is low.
. Doublet of The signal appears as a doublet of triplet (dt) due to cou-
454. triplet cHoH | Pling with adjacent methyl protons (with high coupling
(1H) constant) and long-range coupling with methine proton

(with low coupling constant).

.-5.19 Broad singlet OH The signal appears as a singlet due to absence of any cou-

. (1H) pling partner. '

Chemistry In Laboratory (H)-16
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® IR Spectrum : E

100
=1
-
~
3
=
. '
& s04
=
&
'——
ES 3
=
& | jo o
VR E : —
3 +——— — T R ved ; 500
4000 ' 30'00 ' 2000 1500 1000

Wave number (v, cm™)

"Figure-8.62

629 ' C(sp)—H def.
1100 C—O stretching
2110 C(sp) — C(sp) stretching
2950 C(sp®)-H stretching
3300 C(sp) —H stretching
3400 O-H stretching

Question for viva-voce

)

1. Why the aldehydic C—H stretching abéorptiqn appears as a doublet and at a lower wave

number than an alkenyl C—=H?

Hint : Interaction between n orbital on carbonyl oxygen and o of *C—H decreases the force constant of
aldehydic C—H. Appearance as a doublet is ascribed to interaction between fundamental C—H
stretching and overtone of C—H bending. -

2. Why hydrogen bonded O=H appears as broad band?

Hint : Due to thermal motion of molecules strengths of all the hydrogen bonds in a molecular assembly
are not identical. So hydrogen bonding diminishes the force constants in such a way that a large
number of O—H bonds with closely spaced force constants are created. '
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3.

Hint :

4.

How can you distinguish between 4-methyl benzamide and 4-amino acetophenone by IR
spectroscopy? . . ' M

By the presence and absence of the characteristic amide bands. Compansen of carbonyl'stretching
frequency is not safe due to lowering of force constant of C=O0 in 4-amino acetophenone through

mesomeric electron reledse by the amino group.

Two C=0 stretching absorptions are observed in methyl-z-chloro benzoate.. Explain.

Hint : In rotamer B =0 bond acquires less single bond character to minimise dipole-dipole repulsion

: Hint

Hint

~Hint :

Hint :

Hint :

- 10.

Hmt

with C—Cl. So force constant of C=0 becomes greater for B than for A which is responsible for
the I’ugher carbonyl stretching d1sp1ayed by B than by A.

s,

2-Hyd:oxy-3-mtro acetophenone dlsplays two carbonyl sh-etchmg frequenmes at 1692 and 1658
cm-1. Explain.

“The hydroxyl function may separately be engaged in intramolecular hydrogen bonding with —
NO, and C=0. Therefore signals for nonbonded C=0 (1692 ¢m™1) and bonded C=0 (1658 cm'l)

 are observed.
. How many PMR signals do, ybu expect for the followmg compounds?

(i) R-2-bromobutane (i) Propene (111) p—dmhlorobenzene
@5 )4 ()1 o
What type of protons undergo DZO exchange?
Labile protons like —OH, : COOI-L SH —CONH—, active methylene and methine etc.
Which nuclei are NMR achve? :
Nuclei with spin quantum number greater than zero are NMR active.
Which compoufnd.‘is used as interh?al standard during D,0 exchange"

Sodium salt of 3-(tr1methyl sﬂyl) propanesulfonic acid as TMS is insoluble in water or in D,0.

Between enantiotopic and dlastereotopm pmtons which can be dlshngulshed by PMR spec-
troscopy? e T )

Dlastereotopm protons as PMR is an achiral probe.
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