amirmahdiimanzadeh.com



spliae US55 J s

j.sWJQJJc\fjjb’w..s)bstéiiqjﬁjksé;ﬁw‘ojsjﬂﬁﬁ‘@‘
L s giee pa3 &0 Cute & Sl ()l Oldos g 55 0550 b couuls S

.J:ﬁ»(jsﬁiwﬁgjao‘@%g)w

\ Sl g ol 5L (651 st S0
/”‘\ - P - o
Direction of an applied -y Cﬁi\'ﬁ szj‘ w
magnetic field (Bg)
n
Spin +3 Spin — 1

Aligned Opposed



LS‘ A wla\...’.o U'“"\"ﬁj) o Ay

9 kS Cde (65l ol blian Ol [0 Sl O g5 p aS dade (59 Sl oy ol

-
+
ral—

__/_ —%2 against field
E
N +%2 with field

MNo field Applied field

Energies Alignments



?&%G’C))}bg-é‘w;;mb” \.&ow\:\.:j))o%.li

_— i o —l—-— */\"“
E 9
| | Magnetic field
+hs | direction
il j
* 3 +




r = 60 MHz

B,

amirmahdiimanzadeh.com

14,100 gauss

Absorption occurs
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Shielded and deshielded

Downfield (low field) ..... Deshielded (left on the x axis) .... Decreasing
magnetic field

Upfield (High field) ..... Shielded (right on the x axis) .... Increasing
magnetic field
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Y
B, applied B induced (opposes B)
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s (shift in Hz)

B (spectrometer frequency in MHz)

s_ 162Hz _ 270 Hz

= = =2.70 ppm
60 MHz 100 MHz
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H Molecules giving rise to one NMR absorption

H H -""HCHL""H.. peak—all protons chemically equivalent
CH, CH,
H H \CHE_ CH;
0
‘Ié
CHy” CH; (CH3),Si
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0
CHE—{HZ—DCH;.

0
EHE—{HZ—DCH;.

0
CHg—JE—DCHg

cab 53 6K 95 Js

Molecules giving rise to two NMR absorption

CH,
u u peaks—two different sets of chemically equivalent
protons
H H
CH;

CH;—O0— CH,CI

amirmahdiimanzadeh.com

19



CH; Molecules giving rise to three NMR absorption
peaks—three different sets of chemically equivalent
CHg—D—CHg—[lj—CHg protons

CH;

0
CI—I;,—J@ — CH,—O—CHj;
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FIGURE 3.18 Determination of the integral ratios for benzyl acetate (60 MHz).
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FIGURE 3.19 Anintegrated spectrum of benzyl acetate determined on a 3({-MHz FT-NMR instrument.
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Divide by the Smallest Integral Value Multiply by 2 Round Off

4.58/1.92 =239 (2.3902)=4.78 SH
1.92/192=1.0 (LOYW2)=2.0 2H
2.80/1.92=1.46 (1.46)2)=2.92 iH
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TABLE 13-3
Typical Values of Chemical Shifts

Type of Proton Approximate § Type of Proton
alkane (—CH;) (.9 "‘*-E=C-”" 1.7
i allylic ~CH,
alkane (—CH,—) 1.3 Ph—H 72
methylene aromatic -
alkane [—{le—] 1.4 'ﬁ'n—‘,}"ﬁﬁ =
methine '[l-_l}
0 R—C—H 010
|| X aldehvde
—C—CH .
methyl k::mn%: {l:l}
— 2
— C=C—H 75 E u-'.:l:.:ild OH 10-12
acetylenic
R—OH variable, about 2-5
R—CH—X 34 alcohol
(X = halogen, O} Ar—0OH varable, about 4-7
phenol
e -
C=C__ 36 R—MNH; variable, about 1.5-4
vinyl H amine

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.
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R—CH, 0.7-13
R—CH,-R 1214
R.CH 1417
| | | —
R—C=C—C-H =248
- {ﬁ} |
R-C—C—H, H—C-C—H 2.1-24
0 0
RD—&—({:—H, HD—&—(]IJ—H 2.1-25
|
N=C—C—H 2.1-3.0
@:‘::—H 23-27
R-C=C-H 1.7-27

amirmahdiimanzadeh.com

0
R—#—D—#—H
O

RD—(JIJ—H, HD—Al‘.—H

0
R—&—D—#—H

3
]
I
-3
o

20-3.0

2.0-4.0

2.7-41

3.1-4.1

ca. 3.0

35-48
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R—C=C-H 1.7-2.7

|
DEN—(IZ—]-I 4.1-43
R—5—H var 1.0 -4.00
|
R-N-H var 0.5 —4.00 =L 42-48
R-0-H Var 0.5-5.0b0
R—&=é—[—] 45-65
O-H var 4.0-7.00
H 6.5-80
I}I—H var 3.0-5.0° ?
R—C—-H 9.0-10.0
() 0
Il Il
R_ =

I‘li—[-l var 5.0-9.00 R=C-=0H 11.0-12.0

“For those hydrogens shown as —C—H, if that hydrogen is part of a methyl proup (CH;) the shift is generally at the low end of the
range given, if the hydrogen is in a methylene group (—CH;—) the shift is intermediate, and if the hydrogen is in 2 methine group
I[—!%H—]_. the shift 15 typically at the high end of the range given.

¥The chemical shift of these groups is variable, depending not only on the chemical environment in the molecule, but also on
concentration, temperature, and solvent.
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TABLE 3.5
DEPEMDEMNCE OF THE CHEMICAL SHIFT OF CH3X ON THE ELEMENT X

Compound CH3X CH:F CH;OH CHaCl CH;Br CHal CH,4 (CHs3)451
Element X F O Cl Br I H 51
Electronegativity of X 4.0 3.3 3.1 2.8 23 2.1 1.8
Chemical shift 6 4.26 3.40 3.05 2.68 2.16 0.23 0
TABLE 3.6

SUBSTITUTION EFFECTS

CHCl, CH-Cl; CH,Cl —CH>Br —CH>— CH>Br —CH>—CH-CH;Br
1.27 5.30 3.05 3.30 1.69 1.25




* sp3

Aliphatic region
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TABLE 3.7
TYPICAL RANGES FOR PROTONS WITH VARIABLE
CHEMICAL SHIFT

10.5-12.0 ppm
4.0-10
05-5.0
0.5-5.0
5.0-80

=13
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FI90ha Lsw 5 2 o5 BB O 5 s cden

R s s
5+| |5+ |5+
H

Free (dilute solution) Hydrogen bonded (concentrated solution)
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— Circulating « electrons

fw N Secondary magnetic field

: ¢ generated by circulating «

; ' glectrons deshields aromatic
= protons
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-~ —1.0 ppm
/ Shielded
—_— —_— H
CH; CH. CH,
H
CH, CH,
—2.0 ppm Ring current
. {18 = electrons)
Ring current (& = electrons) o J
Inner hydrogens — —1.8 ppm
QOuter hydrogens — 8.9 ppm
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Equivalent protons
behave as a group

Two neighbors give a triplet One neighbor gives a doublet
(n+1=3)(area=1) (n+1=2)(area="2)
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One neighbor gives a doublet Six equivalent neighbors give a septet

(n+1=2)(area=6) (m+1=T)(area=1)
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Chermical shift of proton A

in X-type molecules —se——ee—ge-
(deshielded—proton B has spin
aligned with applied field)

Chemical shift of proton A
e in Y=-type molecules
(shiglded—proton B has spin
oppased to applied field)

- o

Chemical shift of proton A if proton
E were absent
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Met spin:

| I l | =CHzOrs

‘H'f *‘t Possible spin arrangements - 3.20 1.83

it it —

+z t+3 —3 -2 _
z z 2 2 ‘ =Spli'l—£.

of the methyl protons

o Nl mr — —
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Possible spin arrangements
'I' 1 of the methyl protons

Met =pin: 41 ) —1
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Singlet 1

Doublet 1 1

Triplet 1 2 1
Quartet 1 3 3 1
Quintet 1 4 & 4 ]
Sextet 1 5 10 10 5 1

septet 1 6 15 20 15 6 1
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Coupling constant
measurad in H=

NS st (J)

o o
il —ll]—

Cheaemical shift is
centesr of group

i
2.4

Chemical shilt difference
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[60 MHz
J = 7.5 Hz
UU\JL e
= 183 Hz
N 110 Hz
J = 7.5 Hz
J = 7.5 Hz
-— 100 MHz
=< 305 Hz
= 183 Hz
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aelto7
eeltos

cis6to 12
trans 4 to 8

cis 2to 5
frans 1 to 3
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Leaning or skewing

Multiplet skewing (“leaning”) is another effect that can sometimes be usad to link interacting mul-
tiplets. There is a tendency for the outermost lines of a multiplet to have nonequivalent heights. For in-
stance, in a triplet, line 3 may be slightly taller than line 1, causing the multiplet to “lean.” When this
happens, the taller peak 1s usually in the direction of the proton or group of protons causing the split-
ting. This second group of protons leans toward the first one in the same fashion. If arrows are drawn
on both multiplets in the directions of their respective skewing, these arrows will point at each other.
See Figures 3.25 and 3.26 for examples.

Multiplet
skewing
172 3 1 2

~CH-CHj,~
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(a)

DEN —GHE—CHE—GHE

(b)

(ppm)
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la OHSIT

CHEMICAL SHIFTS
R—CH, 0.7-1.3 ppm

R—CH,—R  1.2-1.4 ppm

R,CH 1.4-1.7 ppm

COUPLING BEHAVIOR
—CH-CH-  J=T7-8Hz

Methyl groups are often recognizable as a tall singlet, doublet,
or triplet even when overlapping other CH absorptions.

In long chains, all of the methylene (CH,) absorptions may be
overlapped in an unresolvable group.

Note that methine hydrogens (CH) have a larger chemical
shift than those in methylene or methyl groups.

In hydrocarbon chains, adjacent hydrogens will generally
couple, with the spin—spin splitting following the n+1 Rule.
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a b
CH+(CH-);CH5

a
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CHEMICAL SHIFTS
C=C—H 4.5-6.5 ppm

C=C-C-H  1626ppm

COUPLING BEHAVIOR

H-C=C-H  %um=11-18Hz
3] .= 6-15 Hz

—C=C-H J=0-3Hz

—C=C-C-H %=0-3Hz

Hydrogens attached to a double bond (vinyl hydrogens)
are deshielded by the anisotropy of the adjacent double
bond.

Hydrogens attached to a carbon adjacent to a double
bond (allyic hydrogens) are also deshielded by the
anisotropy of the double bond, but because the double
bond 15 more distant, the effect 1s smaller.

The splitting patterns of wvinyl protons may be
complicated by the fact that they may not be equivalent
even when located on the same carbon of the double
bond (Section 5.6).

When allylic hydrogens are present in an alkene, they
may show long-range allylic coupling (Section 3.7) to
hydrogens on the far double-bond carbon as well as
the usual splitting due to the hydrogen on the adjacent
{nearest) carbon.
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CHEMICAL SHIFTS
COUPLING BEHAVIOR
3 omie = 110 Hz

eta=2-3 Hz
*Joara= 0-1 Hz

H

CH—

H

6.5-8.0 ppm

2.3-2.7 ppm

Hydrogens attached to an aromatic (benzenoid) ring
have a large chemical shift, usually near 7.0 ppm.
They are deshielded by the large anisotropic field
generated by the electrons in the ring’s T system.

Benzylic hydrogens are also deshielded by the
anisotropic field of the ring, but they are more distant
from the ring, and the effect is smaller.

Splitting patterns for the protons on a benzene ring
are discussed in Section 5.10. It is often possible to
determine the positions of the substituents on the
ring from these splitting patterns and the magnitudes
of the coupling constants.
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CHEMICAL SHIFTS
C=C—H 1.7-2.7 ppm

C=C—-CH—- 1.6-2.6 ppm

COUPLING BEHAVIOR
H-C=C-C—-H *%J=2-3Hz

The terminal or acetylenic hydrogen has a chemical shift
near 1.9 ppm due to anisotropic shielding by the adjacent
7 bonds.

Protons on a carbon next to the triple bond are also
affected by the & system.

“Allylic coupling” is often observed in alkynes, but is
relatively small.
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CHEMICAL SHIFTS

—CH—-1 2.0-4.0 ppm
—CH—Br 2.7-4.1 ppm
—CH—Cl 3.1-4.1 ppm
—CH—F 42— 4.8 ppm

COUPLING BEHAVIOR

—CH-F 2] =50 Hz
—CH—CF— 3] =20Hz

The chemical shift of a hydrogen atom attached to the same
carbon as a halide atom will increase (move further downfield).

This deshielding effect is due to the electronegativity of the
attached halogen atom. The extent of the shift is increased as
the electronegativity of the attached atom increases, with the
largest shift found in compounds containing fluorine.

Compounds containing fluorine will show spin—spin splitting
due to coupling between the fluorine and the hydrogens on
either the same or the adjacent carbon atom. '°F has a spin of
1. The other halogens (I, CI, Br) do not show any coupling.
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CHEMICAL SHIFTS
C—OH 0.5-5.0 ppm

CH-0-H 32-38ppm

COUPLING BEHAVIOR

CH—-OH No coupling
(usually), or
3]=5Hz

la SN

The chemical shift of the —OH hydrogen is highly variable, its
position depending on concentration, solvent, and temperature.
The peak may be broadened at its base by the same set of factors.

Protons on the ¢ carbon are deshielded by the electronegative
oxygen atom and are shifted downfield in the spectrum.

Because of the rapid chemical exchange of the —OH proton in
many solutions, coupling is not usually observed between the
—OH proton and those hydrogens attached to the & carbon.
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CHEMICAL SHIFTS

R—O—CH— 3.2-3.8 ppm The hydrogens on the carbons attached to the oxygen are
deshielded due to the electronegativity of the oxygen.
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CHEMICAL SHIFTS

R—N—H 0.5-4.0 ppm Hydrogens attached to a nitrogen have a variable chemical
shift depending on the temperature, acidity, amount of
hydrogen bonding, and solvent.

—CH—N—- 2220 ppm The arhydrogen is slightly deshielded due to the

electronegativity of the attached nitrogen.
O_N_H 3.0-5.0 ppm This hydrogen is deshielded due to the anisotropy of the

ring and the resonance that removes electron density
from nitrogen and changes its hybridization.

COUPLING BEHAVIOR

—N—H IJ=50Hz Direct coupling between a nitrogen and an attached
hydrogen 1s not usually observed but is quite large when
it occurs. More commonly, this coupling is obscured
by quadrupole broadening by nitrogen or by proton
exchange. See Sections 6.4 and 6.5.

—N—-CH 2J=0Hz This coupling 1s usually not observed.
C—N-H J=0Hz Due to chemical exchange, this coupling is usually not
Il-I observed.
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CHEMICAL SHIFTS

—CH-C=N 21-30ppm  The &« hydrogens are shghtly deshielded by the cyano
group.
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CHEMICAL SHIFTS

R—CHO 9.0-10.0 ppm
R—-CH-CH=0  2.1-2.4 ppm
COUPLING BEHAVIOR

—CH-CHO 3= 1-3Hz

The aldehyde hydrogen 15 shifted far downfield due to
the anisotropy of the carbonyl group (C=0).

Hydrogens on the carbon adjacent to the C= O group are
also deshielded due to the carbonyl group, but they are
more distant, and the effect 1s smaller.

Coupling occurs between the aldehyde hydrogen and
hydrogens on the adjacent carbon, but *J is small.
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Iy

CHEMICAL SHIFTS

R—CH-C=0 2.1-2.4 ppm The orhydrogens in ketones are deshielded by the anisotropy

Ili of the adjacent C=0 group.
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CHEMICAL SHIFTS
[
xﬁD The « hydrogens in esters are deshielded by the
—CH—C anisotropy of the adjacent (C=0) group.
"0O—CH—

Hydrogens on the carbon attached to the single-bonded
oxygen are deshielded due to the electronegativity of

2.1-2.5 ppm 3548 ppm  OXygen.
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CHEMICAL SHIFTS

R—COOH 11.0-12.0 ppm This hydrogen is deshielded by the attached oxvgen, and
it 15 highly acidic. This (usually broad) signal 1s a very
characteristic peak for carboxylic acids.

—CH—COOH 2.1-2.5 ppm Hydrogens adjacent to the carbonyl group are shightly
deshielded.
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R—COOH + D0 =R—-C0O0OD + DOH exchange in D0

R—COOH + NaOD = R—CO0O Na*t + DOH
insoluble soluble
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CHEMICAL SHIFTS
R(CO)-N—H 5.0-9.0 ppm

—CH-CONH—  2.1-2.5 ppm

R(CO)-N—CH  2.2-2.9 ppm

COUPLING BEHAVIOR

—N—H L7 =50 Hz

—N—CH— “J=0Hz

—ITI— CH- 3 =0-7THz
H

la s

Hydrogens attached to an amide nitrogen are variable
in chemical shift, the value being dependent on the
temperature, concentration, and solvent.

The ¢ hydrogens in amides absorb in the same range as
other acyl (next to C=0) hydrogens. They are slightly
deshielded by the carbonyl group.

Hydrogens on the carbon next to the nitrogen of an amide
are slightly deshielded by the electronegativity of the
attached nitrogen.

In cases in which this coupling is seen (rare), it is quite
large, typically 30 Hz or more. In most cases, either the
quadrupole moment of the nitrogen atom or chemical
exchange decouples this interaction.

Usually not seen for the same reasons stated above.

Exchange of the amide NH is slower than in amines, and
splitting of the adjacent CH is observed even if the NH
is broadened.
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—CH—-NGQ, 41-44ppm  Deshielded by the nitro group.

Ao sl &7 (6l 950587 s 4 romen 5 el (68 0iiS 0 S °3Jfé‘§iﬁfﬁ';.
L ghs Ml ab g 0 sla 059 5 (S90S ] alin)

w‘:- 05! dj.e B 45 .,Lw\.: T w )L: d)}f*’ LS‘)‘-’ cjf...: o}; 4§ v..;‘M'
JﬁﬁYb‘)Q‘Lgy&ajfg‘

amirmahdiimanzadeh.com 113



a b c d a
CH,CH,CH,CH,—NO,

i
| i
| J# W ‘
JhaL - l 4 ull\ _,,_.JJX‘IA]L_,..,_.-'JLM. o
197 196 200 | 290
s e ey T 00

amirmahdiimanzadeh.com

114



amirmahdiimanzadeh.com 115



- . R . “ e s - . . - - . . /*.
Blsr oln 5 A4S Oyl 5 Jdd Sl Y w8l 5s lmy S 385 Sl (o b O sl Sl 4 0
3 ghn yatein 3y 50 (pl dslie 5 035 ez LB o s p5Y
ST 253 0 e L 3 s g 0ol S5l 4 a5 L O 55 0 2 3IaS 4y dny @

ST jatiia 1 055 5 15l

W 051 4T glasd bl 4 b e gl (S e3linl Al gte o gl )0
\,dwbu»wwu&(@J?ybwujwwfbgu&‘éu,uu-
J.\.a.:‘ u\.:l.: (| B o g_w&)&a- u\s;‘ L;AK chj.fw Coond U"‘ "LSLS“’JJ" Qs

amirmahdiimanzadeh.com 116



1,

4,

What are the allowed nuclear spin states for the following atoms?

(a) “N (b) “*C (c) O (d) “F

. Calculate the chemical shift in parts per million (&) for a proton that has resonance 128 Hz

downfield from TMS on a spectrometer that operates at 60 MHz.

A proton has resonance 90 Hz downfield from TMS when the field strength i1s 1.41 Tesla
(14,100 Gauss) and the oscillator frequency is 60 MHz.

(a) What will be its shift in Hertz if the field strength is increased to 2.82 Tesla and the oscilla-
tor frequency to 120 MHz?
(b) What will be its chemical shift in parts per million (&)7

Acetonitrile (CH3iCN) has resonance at 1.97 ppm, whereas methyl chloride (CHi:Cl) has
resonance at 3.05 ppm, even though the dipole moment of acetonitrile is 3.92 D and that of
methyl chloride is only 1.83 D. The larger dipole moment for the cyano group suggests that the
electronegativity of this group is greater than that of the chlorine atom. Explain why the methyl
hydrogens on acetonitrile are actually more shielded than those in methyl chloride, in contrast

with the results expected on the basis of electronegativity. (Hint: What kind of spatial pattern
would you expect for the magnetic anisotropy of the cyano group, CN7)
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Questionl,2,3-answers

]' {ﬂ} _] » {]:- +l (h} _%1 -I_IE {E} _% _%9 _%1 +%:- -I_%: -I_% {d) _11: -I_%
2. 128 Hz/60 MHz = 2.13 ppm
3. (a) 180 Hz (b) 1.50 ppm
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Question4-answer

93 e sl 0559 45 5l o BT (gl 658 a0 295 958T S Sl 51 L haul e S
s 55,0 OT Gl IS5 5 (0555587 S bishen Al b 20 sl

See Figures 3.22 and 3.23. The methyl protons are in a shielding region. Acetonitrile shows
similar anisotropic behavior to acetylene.
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ol g 553 Sl s

FIGURE 3.22 Diamagnetic anisotropy in acetylene.
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*5. The position of the OH resonance of phenol varies with concentration in solution, as the
following table shows. On the other hand, the hydroxyl proton of erthe-hydroxyacetophenone
appears at 12.05 ppm and does not show any great shift upon dilution. Explain.

OH Concentration 12.05 ppm
— w/v in CCl, & (ppm) OH

Phenol 100% 745 —
205 6.75 -
10% 6.45 CH;
3% 3495
245 4.88 o-Hydroxyacetophenone
1% 4.37
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Question5-answer

Sl e sl &‘JJJchbwdﬁ)aﬁwbﬁgv_ﬁ?dﬂ):\jj‘
SHPWRKINEY g?c»;j Gdy d B g Dsdae 5 My AS 18 L Wl g (6 i S5g s

O 5033 Kn st e ol @ 35l 13 e 6 508 S50 o ($an sla
sl urta O I 5l

S5 phn S5 IS g0 0953 S5a00en Sla gy 00 53 gl (S g 5den S 5 3550 55 Ll @
LSJ“’}J"‘ .>L>u‘ 4"}"”" htb‘jm‘ .3}5- U"‘j .b)‘u\.; C;.EJ.G a ulﬂ_u L.S';SJJM LQ\A JA}» ty U"‘

089, 3z y.dwm; ol 348 1y 0559 4§c.>.>; J -

5 Sr55 g8
L dol SLS 5, S
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#6. The chemical shifts of the methyl groups of three related molecules, pinane, ¢-pinenes, and
F-pinene, follow.

1.17 CH; 1.23 CHs
ppm 0.99 ppm
ppm
1.01 ppm | 0.85 ppm 0.72 ppm
Pinane e -Pinene #-Pinene

Build models of these three compounds and then explain why the two circled methyl groups
hawve such small chemical shifts.

#7. In benzaldehyde, two of the ring protons have resonance at 7.87 ppm, and the other three have
resonance in the range from 7.5 to 7.6 ppm. Explain.

#8. Make a three-dimensional drawing illustrating the magnetic anisotropy in 15,16-dihydro-135,
1 6-dimethylpyrene, and explain why the methyl groups are observed at —4.2 ppm in the 'H

MNMR spectrum.

15,16-Dihydro-15,16-dimethylpyrene
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(=)
: H—(=C—H
FIGURE 3.23 Anisotropy caused by the presence
of m electrons in some common multiple-bond systems. (—)
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FIGURE 3.2%4 Theeffects of anisotropy in some actual molecules,
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=0

*10

*11

*12
*13

. Work out the spin arrangements and splitting patterns for the following spin system:

Cl— —Br

| Hg

AII]E
|

1T

. Explain the patterns and intensities of the isopropyl group in isopropyl iodide.

CH;__
CH—I
CH:”

. What spectrum would you expect for the following molecule?

Cl H (I

L[]
UL
Cl Cl CI

. What arrangement of protons would give two triplets of equal area?

. Predict the appearance of the NMR. spectrum of propyl bromide.
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Question9-answer

Summary of the '"H NMR Spectrum

Chemical Shift (&

Signal ppm) Multiplicity Integration Proton Type
1 3.3-4.0 Coublet 2H CH3 [next to Br)
2 5.0 - 6.0 Triplet 1H CH (next to 2 CI)

The spectrum will be similar to that in Figure 3.23, with some differences in chemical shifts.
Spin arrangements: Hy will be identical to the pattern in Figure 3.32 (triplet); Hg will see one
adjacent proton and will appear as a doublet (+3 and —3).

amirmahdiimanzadeh.com 128



Question9-help

1 [ ] 1 1 [ | 1 I
1000 800 £00 400 200 0 CPS
st 00 300 26 GEPS)
250 200 150 100 ED 0
4 ! tegral = 2 p
50 40 30 20 10 D

H
ol
L
¥
s
Integral = :
|
1
I
I
1 =
!
b I W =,
1 | | N | L1 | Ll
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FIGURE 3.25 The '"HNMR spectrum of 1,1,2-trichloroethane (60 MHz).
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Questionl10-answer

INTENSITY —>

Image adapted from https:/fsdbs.db.aist.go.jp

1H NMR spectrum

] ) ! 2 X CH5 protons a (6)
spectra adaptations Dr Phil Brown 2021 of 2-IDdefﬂpﬂﬂE split by 147
CH proton _
low resolution spectrum (6) into a (proton ratio)
(proton ratio} 1.47 ppm 1:1 l:lDublet\
(1)
3.80 ppm
AN | | | | | CH proton higth
4.0 3.0 2.0 1.0 0.0 splitby 2 x resolution .00
CH, protons spectrum T
a 147 into a M
CH3 p, 3.80 1:6:15:20:15:6:1 S
14 proton shift ppm \CH — 59F’<
/ a147 (1)
c3 H ? I CHE nlg_su.
H-1 NMR chemical shift ppm
' I ' I ! I ' I ' 1 ' | ' I ! | I I
10 = = 7 = o <} 5 < 1 8]
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Questionl0-answer

The 1sopropyl group will appear as a septet for the @-H (methine). From Pascal’s tnangle, the
intensities are 1:6:15:20:15:6:1. The CH; groups will be a doublet.
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Questionll-answer

Downfield doublet, area = 2, for the protons on carbon 1 and carbon 3; upfield triplet, area =1,
for the proton on carbon 2.
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Questionl2-answer

X—CH,—CH,—Y, where X #Y.




Questionl3-answer

Upfield triplet for the C-3 protons, area = 3; intermediate sextet for the C-2 protons, area = 2;
and downfield triplet for the C-1 protons, area =2

11 10 = = i [ 5 =} = = 1 ]
HSFP—0O0—1524 ppm
TH NMEB 89.56 MHz
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*14. The following compound, with the formula C4HgO;, is an ester. Give its structure and assign
the chemical shift values.

- L L - L L
1000 200 B0 400 200 0 Chis
S0 400 200 200 100 0 CP5
250 IEIIII'Z.:' 150 10 ] 0
100 HHZ ED E0 40 ] 20 o
0 a0 30 20 egra 10 0
yige Integral =-3
Ategrab=2
"
| |
| |
| |
[ |
F=FH *‘ = — - w m
| 11 1 | 11 11 | HEEEEEERNLIN] | 111 ] #! | 10111
L L1 1 L1 L1 L L L L L L1 L L 1 L L1 L1 L1 a1 "
B0 70 6.0 5.0 4.0 2.0 1.0 0PPM
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Question 14 - answer

Ethyl acetate(141-78-6) TH NMR

0 Product Name Ethyl acetate CAS 141-78-6
Molecular Formula C4H802 Molecular Weight 88.11
InChl INChl=15/C4H802/c1-3-6-4{2)5/h3H2,1-2H3
f::r’/\\

INChiKey XEKOWRVHYACXOJ-UHFFFAOYSA-N
Smiles  C{OCC)=0)C

Request For Quotation
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*15. The following compound is a monosubstituted aromatic hydrocarbon with the formula CoH, 5.
Give its structure and assign the chemical shift values.

L 1 1 'l 1 L
T 8o 800 400 200 0 CPS
400 00 200 100 0 CPS
X 200 150 Jod 50 A
& E A 20 0
A0 30 20 10 0
| =5 tegral==6
e
|9
|
CgHis |
—
1 1k
114
!Ji
. -r-*rF% )
|| | | | | 1 | | | | B |
' T T T L1 1 1 L 1 T
T.0 8.0 B.0 40 3.0 2.0 1.0 O FPM
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Question 15 - answer

Cumene(98-82-8) TH NMR

Froduct Name Cumene

Molecular Formula C9H12
InChl INChI=15/C9H12/c1-8(2)9-6-4-3-5-7-9/h3-6H,1-2H3

INChiKey RWGFKTVRMDUZSP-UHFFFAOYSA-N
Smiles  C1(C(C)C)=CC=CC=C1

Request For Quotation

amirmahdiimanzadeh.com

CAS 98-82-8
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*16. The following compound is a carboxylic acid that contains a bromine atom: C,H,0O,Br. The

peak at 10.97 ppm was moved onto the chart (which runs only from 0 to 8 ppm) for clanty.
What is the structure of the compound?

[] | 1 [] | 1
800 £00 400 200 0 CPS
! 400 300 200 100 o GRS,
| -lm: L1 L1l i L1 1
! 200 150 100 5 o
F_l'ﬂ': T 11 1 M !
BD B0 40 20 i
1 1 ] 1 I_; - f
47 20 20 1 0
-] i |
¥
IR
i
1
i
|
| |
|
ﬂ
integrat=
L
1
1
1
r l :
| i |
ﬁ' | HI 1 || |
l ELLT L1 11 1 1
N N TN T N T T T T N T T T N N T T T N N T T T N N T T N N N T T N N T N T N N T T T N T T T N T T T N N T T T N N T T T N N T T T N N T T T T N T T T N |
B0 T.0 &0 G 4.0 30 2.0 1.0 0 PFI
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OH

Questionl6-answer

2-Bromobutyric acid(80-58-0) °C NMR

Product Name 2-Bromobutyric acid CAS 80-58-0

Molecular Formula C4H7BrO2 Molecular Weight 167
InChl INChI=15/C4H7Bro2/c1-2-3(2)4{6)7/h3H,2H2 1H3,(H,b,7)

InChiKey YAQLSKVCTLCIE-UHFFFAQYSA-N
Smiles  C(O)=0)C(Br)CC

Request For Quotation
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*17. The following compounds are 1somenc esters derived from acetic acid, each with formula
C:H,;0,. Each of the spectra has been expanded so that yvou will be able see the splitting
patterns. With the first spectrum (17a) as an example, you can use the integral curve traced
on the spectrum to calculate the number of hydrogen atoms represented in each multiplet
(pp. 121-123). Alternatively, you can avoid the laborious task of counting squares or using a
ruler to measure the height of each integral! It is far easier to determine the integral values by
using the integral numbers listed just below the peaks. These numbers are the integrated values
of the area under the peaks. They are proportional to the actual number of protons, within
experimental error. The process: Divide each of the integral values by the smallest integral value
to get the values shown in the second column (1.76/1.76 = 1.0; 2.64/1.76 = 1.5; 1.7T7/1.76 = 1.01;
2.539/1.76 = 1.47). The values shown in the third column are obtained by multiplying by 2 and
rounding off the resulting values. If everything works out, you should find that the total number
of protons should equal the number of protons in the formula, in this case 10 protons.

1.76 1.0 2H
2.64 1.5 3H
1.77 1.01 2H
2.50 1.47 3H
10 protons

Often, one can inspect the spectrum and visually approximate the relative numbers of protons,
thus avoiding the mathematical approach shown in the table. Using this eyeball approach. you
can determine that the second spectrum (17b) yields a ratio of 1:3:6 = 10 H.

What are the structures of the two esters?
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'H NMR
300 MHz

CsH g0, |

Il
|, | HJJ
JJ'“— .'Hlk&_‘_)j’ULL-— _ﬂ‘l I‘Hﬂ_._
1.76 I 264 I .78 | 2.50
| 1 1 1 1 q!ﬂ 1 1 1 1 | 1 3:5 1 | 3|lu | 1 ﬁ 1 1 | 1 1 1|EI 1 1 1 | ]lj 1 1 ]!D 1 1 1 1 |
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IH NMR 1 CsH,00,
300 MHz i
|

| II
.
I" Ii |!:; I|_ !|

— i Il '1 (Lo
| 1] 1)
._'___."'rlrr _.""H. A IIl..-"I = = ! Il'--..lli'uq__ _

5105 500 4.05 400

o
(.56

all —

j
. _.__Jll\u . _,__,_J: Il‘*-h .
2.55 522

—mi

30 45 40 i5 3.0

(b)
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Question 17 —part - a

Propyl acetate(109-60-4) TH NMR

FProduct Name Propyl acetate CAS 109-60-4
o
)l\ Molecular Formula C5H1002 Molecular Weight 102.13
InChl INChl=1S/CoH1002/c1-3-4-7-5(2)6/h3-4H2,1-2H3
0 N ) '

INChiKey YKYONYBAUNKHLG-UHFFFAOYSA-N
Smiles  C(OCCC)(=0)C

Request For Quotation
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Question 17 — part-b

Isopropyl acetate (108-21-4) TH NMR

O FProduct Mame |sopropyl acetate CAS 106-21-4
Molecular Formula CSH1002 Molecular Weight 102.13
InChl INChI=15/CoH1002/c1-4(2)7-2(3)6/h4H, 1-3H3

INChiKey JMMWKPVZQRWMSS-UHFFFAOYSA-N
Smiles  C(OC(C)C)(=0)C

Request For Quotation
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*18. The compound that gives the following NMR spectrum has the formula C;H;Br,. Draw the

'H NMR
300 MHz

structure.

CgHE,H I
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Questionl8-answer

1,3-Dibromopropane

Br/\\/\Bf

1,3-Dibromopropane structure

CAS No.
Chemical Mame:

Synonyms

CBNumber:

Molecular Formula:

Molecular Weight:
MDL Number:
MOL File:

MSDS File:

Last updated:

109-64-8
1,3-Dibromopropane

1,3-Dibrompropan;1,3-dibromo-propan;1,3-Propylenebromide; 1,3-
propanedibromide;NSC 62663, TX85750000;CH2BrCH2CH2Br;1.3-
DibroMopro; -Dibromopropane;,-Dibromopropane

CBo184427

C3HEBr2 Lewis structure

201.8%8
MFCD00000255
109-64-8.mol
sDSs

2025-04-10 20:44:46

Request For Quotation
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*19. Draw the structure of an ether with formula CsH;,0; that fits the following NMR spectrum:

'H NMR
300 MHz
CsH,,0, | |
4 -
v,
- I |
|
. _ - _._u”"-—_.- _ L H."li"u__ b . S j
| 409 | 197
I Idjl ! I.i.I.IIII ! Eil_‘ ! 3|-:]I I ! IEI_‘I ! pall] i\ IE ! II-:] ! 05 ! -:]I.I:I
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Questionl19-answer

2,2-Dimethoxypropane(77-76-3) TH NMR

Product Name 2,2-Dimethoxypropane CAS 77-76-9
Molecular Formula CH5H1202 Molecular Weight 104.15
\“D o ,/ InChl INChl=1S/C5H1202/c1-5(2,6-3)7-4/h1-4H3

InChiKey HEWZVZIVELJPQZ-UHFFFAOYSA-N
Smiles  CC(OC)OC)C

Request For Quotation
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#20. Following are the NMR spectra of three 1someric esters with the formula C;H,,0,, all derived
from propanoic acid. Provide a structure for each.

| r'
o 1]
R
| N I| .
VL ARAAVIN ~
LY ML ML L Wl
- — .
—l JT 7 I
_,-J'-I'.h_,_ e L l.,:’w':u-’ ___________ J_.lj.!,L S ,."J'-'g__.,_,__Jr I'mu____
1.97 | 1.92 [.04 | 280 | 5.8B5
(a)
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C7H40;

IHNMR.
300 MHz

I‘J__,-'—"

- |
— _ ___J
S -I-'L-'.'J- — .-"' .'H"-_.. —- .J_'l'\-"'l-_
108 | 8.60 | | 297 |
| | | | | | | ] ] | | | | | | | ] ] | | | | | | ] | | ] ] | | | ] ] | | ] | | | | ] | ] ] | | | | | | | ] ] | | | | | | | ] | ] ]
410 15 0 5 0 15 1.0

(b)
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1
H NMR C7H 40, i
300 MHz
| | |
H |
|
r'-.-
_ '; - =K
i 7{ ’/ )
M L..l - H
M — _JriL_h_m___ﬂ_ N }lL_u’!l'jd..m_J’ L L N
1.33 1.30 131 135 187 194
1 I LI 1 |¢!I:|| 1 LI I LI 1 |3!5| 1 LI I LI 1 |3!I:|| LI 1 I LI 1 |!!5| LI 1 I LI 1 |!!|:|| LI 1 I 1 T 1 |l!5| LI 1 I 1 1 1 |l!l:|| LI 1 I 1 T 1 ||:||5

(c)
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Question 20-part-a

Isobutyl propionate(540-42-1) TH NMR

Product Name Isobutyl propionate CAS 540-42-1
Molecular Formula C7TH1402 Molecular Weight 130.18
InChl INChI=18/CTH1402/c1-4-7(8)9-5-6(2)3/N6H,4-5H2, 1-3H3

INChiKey FZXRXKLUIMKDEL-UHFFFAQYSA-N
Smiles  C(OCC(CIC)=0)CC

Request For Quotation
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Question20-part-b

Pub@hem tert-Butyl propionate (Compound)

1.1 2D Structure ®@ 4

q Structure Search [~ Get Image t Download Coordinates

ra
La

Chemical Structure
Depiction

X

» PubChem
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Question20-part-c

Butyl propionate(590-01-2) THNMR

Product Name Butyl propionate CAS 580-01-2
i Molecular Formula C7H1402 Molecular Weight 130.16
\)I\uM InChl INChI=15/C7TH1402/c1-3-5-6-9-7(8)4-2/n3-6H2 1-2H3

INChiKey BTMVHUNTONAYDX-UHFFFAQYSA-N
Smiles  C(OCCCC)=0)CC

Request For Quotation
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#21. The two isomeric compounds with the formula CsHsClO; have NMR spectra shown in
Problem 21a and 21b. The downfield protons appearing in the NMR. spectra at about 12.1 and
11.5 ppm, respectively, are shown as insets. Draw the structures of the 1somers.

— C,H;CIO;
L S
[ 0.95 | f
12.5 T e
o A
N ) e
0.95 2.97
| | | |
' o ' s ' 45 T ' s RS ' 7 ' e T
(a)
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C;H:CIO,

I [

| 0.87 |

IIIIIIIIIIIIIIIIIIIIIIIIIII r.l!
120 IS 110 |

I L}
e e — e e PP \""‘-— — S e U i K A
1.97 1.97
| I | |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
i5 50 45 410 i5 im 15 1 15

(b)
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Cl

Question 21 part-a-answer

OH

2-Chloropropionic acid(598-78-7) THNMR

Product Name 2-Chloropropionic acid

Molecular Formula C3HSCIOZ
InChl INChI=15/C3H5CI02/c1-2(4)3(5)6/h2H,1H3,(H,5,6)

INChiKey GAWAYYRQGQZKCR-UHFFFAQYSA-N
Smiles  C(O)=0)C(CIC

Request For Quotation

amirmahdiimanzadeh.com
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Molecular Weight 108.52
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Question 21 part-b-answer

3-Chloropropionic acid(107-94-8) TH NMR

FProduct Name 3-Chloropropionic acid CAS 107-94-8

Molecular Formula C3HSCIO2 Molecular Weight 108.52
InChi INChI=1S/C3H5CIO2/c4-2-1-3(5)6/h1-2H2,(H,5,6)
Cl OH

INChiKey QEYMMOKECZBKAC-UHFFFADYSA-N
Smiles  C{O){=0)CCCl

Request For Quotation
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#22. The two isomeric compounds with the formula CgH;4 have NMR spectra shown in Problem
22a and 22b. Make no attempt to interpret the aromatic proton area between 7.1 and 7.3 ppm
except to determine the number of protons attached to the aromatic ring. Draw the structures of
the isomers.

CioHyq
|,r )
y
Il
____fJ 'Ill |
I |
It
L _.I iy - l--_'_,..—-— | o
R e - ,.-i'_'_'_
5.10 e
1 I |
rrtrr | rrrrJrrrrJ[r1rrr1r 1 T11 __"_.r"; .-i _4( _._,_I
15 10 I !rl |
"i' L] il i
Js.'“"-x _________.'al!l'll:!xq_.t___-f! N
L o215 304 294
rrr|prrrrrrrrgprrrrgrrrrrrrrrrrrrr|rrrrr|rrrrJyrrrr|yrrrrJrrrrr[rrrrr[1rrr1r1r[1r1rr1r[r1rrrJ1rrriI
4.0 15 io 15 0 1.5 10 05

(a)
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CipHy4

| Y _

5.10

MM T T T T T T T [T T T T [T T T T [T1
15 1.0

. - | |
j 1 i
i il i
o o — "& _ _.-_..---..J'r:‘%I"u.._-m!“rlhu--.___-.-.Ji' M
. 2.14 . 206 | 206 | 298
LN B I N L L I N B L L N L L L AL L O L AL B N N B B B N L B L

4.0 i35 ia 25 24 13 L0

(b)
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Q22 —parta

Pub @hem Sec-Butylbenzene (Compound)

1.1 2D Structure @

Q Structure Search [~ Get Image i Download Coordinates

ra
LJ

Chemical Structure
Depiction

b PubChem
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Q22 —parthb

Butylbenzene(104-51-8) TH NMR

Product Mame Butylbenzene CAS 104-31-8
Molecular Formula C10H14 Molecular Weight 134.22
InChl INChl=15/C10R14/c1-2-3-7-10-8-5-4-6-9-10/h4-6,8-5H,2-3, TH2,1H3

InChikKey OCKPCBLVNKHEMX-UHFFFACY SA-N
Smiles  C1{CCCC)=CC=CC=C1

Request For Quotation
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#23. The compound with the formula CgH; ;N has the NMR spectra shown. The infrared spectrum
shows a doublet at about 3350 cm™. Make no attempt to interpret the aromatic proton area
between 7.1 and 7.3 ppm except to determine the number of protons attached to the aromatic
ring. Draw the structure of the compound.

‘ CgHy N
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e — T e ---—'II IK_‘_‘—JI g = a-"lll -H"""-\— T
204 202 o206
T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
4.0 15 ia 25 20 L5 110
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Question 23

2-PhenylethylaMine(64-04-0) TH NMR

Froduct Mame Z2-Phenylethylaline CAS b64-04-0
Molecular Formula CeH11N IMolecular Weight 121.18
InChl InChl=13/C8H11N/Cc9-7-6-8-4-2-1-3-23-8/h1-5H,6-7 ,9H2

WH
: InChikey BHHGXPLMPWCGHP-UHFFFAOY SA-N

smiles  C1(CCN)=CC=CC=CA1

Request For Quotation
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24. The NMR spectra are shown for two isomeric compounds with formula C,,H,,0. Their in-
frared spectra show strong bands near 1715 cm™. Make no attempt to interpret the aromatic

proton area between 7.1 and 7.4 ppm except to determine the number of protons attached to the
aromatic ring. Draw the structure of the compounds.

B C1oH; 20
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S e ] | :I-F
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LI L B B B B B L B J [ l
75 70
e e _ PR - N . _I R R I L e
2,12 1.00 2.03
T T T T I T T T Id!l:ll T T T I T T T IEA.IEI T T T I T T T IEA.IDI T T T I T T T I:!jl T T T I T T T I:!ul T T T I T T T I]Ijl T T T I T T T I]!l:ll T T T I T
(a)
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CypHj20
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Question 24-part a

1-PHENYL-2-BUTANONE(1007-32-5) TH NMR

Product Name 1-PHENYL-2-BUTANONE CAS 1007-32-5

Molecular Formula C10H120 Molecular Weight 148.2
InChl INChl=1S/C10H120/c1-2-10(11)8-9-6-4-3-5-7-9/h3-TH,2,8H2 1H3

INChiKey GKDLTXYXODKDEA-UHFFFAOYSA-N
Smiles  C(C1=CC=CC=C1)C(=0)CC

Request For Quotation
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Question 24-part b

Benzylacetone(2550-26-7) TH NMR

Product Name Benzylacetone CAS 2530-26-7
Molecular Formula C10H120 Molecular Weight 1482
InChl INChI=1S/C10H120/c1-9(11)7-8-10-5-3-2-4-6-10/h2-6H,7-8H2,1H3

InChikey AKGGYBADQZYZPD-UHFFFAOYSA-N
Smiles  CC(=0)CCC1=CC=CC=C1

Request For Quotation
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25. The NMR spectra are shown in parts a, b, ¢, and d for four isomeric compounds with formula
CygH 205, Their infrared spectra show strong bands near 1735 em™. Make no attempt to inter-
pret the aromatic proton area between 7.0 and 7.5 ppm except to determine the number of pro-
tons attached to the aromatic ring. Draw the structures of the compounds.

C1gH120;
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CioH20;
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CgH;20;
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CipH 20,

— —
e !

486 e 2 g

] | ] I L L | ] I ] | ] ] I | ] | ] I ] | ] | I | ] | ] I ] | | ] I ] ] | ] I | ] | ] I LI
15 70 fL5 & 55
— Y
| i
R b
| 3.02 | | 208 |
| ] I | ] | ] I ] | ] | I | ] | ] I ] | L L I ] | ] | | | ] | | | | | ] | | | | ] | | | ] | ] I | ] | ] I ] | | | | | 1 | ] I ] | | ] I ] | ] | | | L L ] I ] | ] | |
50 4.5 4.0 35 in 25 2.0 1.5

(d)

amirmahdiimanzadeh.com 173



Question 25 — part a - answer

Ethyl phenylacetate(101-97-3) 13C NMR

Product Name Ethyl phenylacetate CAS 101-97-3

Molecular Formula C10H1202 Molecular Weight 164.2
InChl INChl=15/C10H1202/c1-2-12-10{11)6-9-6-4-3-3-7-9/h3-7TH,2,8H2 1H3

INChikey DULCUDSUACXJJC-UHFFFAQYSA-N
Smies  C1(CC(OCC)=0)=CC=CC=C1

Request For Quotation
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Question 25 — part b - answer

PI.Ih@hEIﬂ Methyl 3-phenylpropionate (Compound)
Q Structure Search [~ Get Image t Download Coordinates

Chemical Structure T
Depiction
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Question 25 — part c - answer

Puh@hem 2-Phenylethyl Acetate (Compound)

1.1 2D Structure @ =z

Q Structure Search [~ Get Image i Download Coordinates

Chemical Structure r -
Depiction
o) /R o
F PubChem
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Question 25 — part d - answer

Pl.lh@ hem 1-Phenylethyl Acetate (Compound)

1.1 2D Structure @

Q Structure Search [~ Get Image i Download Coordinates

Chemical S5tructure
Depiction

h

4]

P PubChem
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26. Along with the following NMR spectrum, this compound, with formula C:H,,0,. shows bands
at 3450 cm™ (broad) and 1713 cm™ (strong) in the infrared spectrum. Draw its structure.

CsHpOs
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—
- 9 _ A
- R S I . - _ A o -.._-'Il._.___.J.. .
I 1.15 I I 3.10 502
| | | Tgl# 1 LI | LI | | LI | LI T LI LI |
5.0 45 4.0 35 30 25 0 1.5
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Question 26

3-Hydroxy-3-methyl-2-butanone(115-22-0) THNMR

O Product Name 3-Hydroxy-3-methyl-2-butanone CAS 115-22-0
Molecular Formula C5H1002 Molecular Weight 102.13
InCh INChI=15/CoH1002/c1-4(6)5(2,3)7/MTH,1-3H3
HO InChikey BNDRWEVUODOUDW-UHFFFACY SA-N

Smiles  CC{=0)C(0)(C)C

Request For Quotation
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27. The NMR spectrum for an ester with formula CsHgO; is shown below. The infrared spectrum
shows medium-intensity bands at 3270 and 2118 cm™. Draw the structure of the compound.

C,H,0,
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Question 27/

Ethyl propiolate(623-47-2) TH NMR

Product Name Ethyl propiolate

Molecular Formula CHH602
InChl INChl=15/C5H602/c1-3-5(6)7-4-2/h1H, 4H2 2H3

INChiKey FIMVJYQGSRWVMQV-UHFFFAOYSA-N
Smiles  C(OCC)=0)CAC

Request For Quotation

amirmahdiimanzadeh.com

CAS 623-47-2
Molecular Weight 96.1
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28. The NMR spectrum is shown for a compound with formula C;H;204. The infrared spectrum has
strong absorption at 1740 cm™ and has several strong bands in the range 1333 to 1035 cm™.
Draw the structure of this compound.

C7H,204
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Question 28

Diethyl malonate(105-53-3) THNMR

Froduct Mame Diethyl malonate CAS 105-23-3
i Molecular Formula C7H1204 Molecular Weight 160.17
f"“‘-\.;.J\)L.;f“x InChl INChI=15/CTH1204/c1-3-10-6(8)5-7(9)11-4-2/h3-0H2 1-2H3

INChiKey 1YXGSMUGOJNHAZ-UHFFFAQYSA-N
Smies  C(OCC)(=0)CC(OCC)=0

Request For Quotation
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