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Explain the information that can be acquired from vibrational and

electronic spectroscopies.
[4 marks]

A photon with an energy of 5.94 x 107 Jis absorbed by HBr.

I Identify the spectral region for this absorption.
[4 marks]

i. Sketch an energy level for this transition.

[4 marks)

iii. Calculate the force constant (in Nm'1) if the mass of bromine
atom is 6.0 x 107° kg and mass of hydrogen atom is

1.7 x 107" kg.
[4 marks]

llustrate the possible modes of vibration for acetylene and

cyclohexane.

[4 marks]
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The absorbance of a 0.01 M colorant solution in ethanol is 0.6989

in a 2-cm cell of the wavelength 500 nm. Calculate:

i. Percentage transmittance

[3 marks]

il Molar absorption coefficient
[4 marks]

Draw any TWO (2) molecules that can show ™ — T* transition
each.

[6 marks]
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FIGURE Q2 shows the FTIR spectrum of unknown sample with a

molecular formula of C,HgN.
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FIGURE Q2: FTIR spectrum.

I Calculate the index of hydrogen deficiency for this

unknown sample.

[2 marks]

. Predict the molecular structure of this unknown sample

based on the index of hydrogen deficiency in part (c)(i) and

FTIR spectrum in FIGURE Q2. Rationalize the predicted
molecular structure.

[5 marks]
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Propose a simple spectroscopic method to differentiate the

isomeric dienes of 2,4-hexadiene and 2,5-hexadiene.
[6 marks]

Predict the maximum wavelengths for each of the following
compounds in FIGURE Q3 using the Woodward-Fieser's Rules
and justify if those compounds can be distinguished using a

UV-visible spectroscopy.

0 0
Compound A Compound B

FIGURE Q3: Compound A and Compound B.
[7 marks]

A compound with the molecular formula of C;H,0, exhibits in its

proton NMR spectrum with peaks as shown in TABLE Q3.

TABLE Q3: Proton NMR peaks.

Chemical shift (ppm) Area Multiplicity
9.78 1.00 Singlet
7.75 2.02 Doublet
6.90 2.01 Doublet
3.77 3.17 Singlet

i. Predict the types of hydrogen based on the values of

chemical shifts given in TABLE Q3.
[4 marks]

ii. Propose the molecular structure of this compound.
[4 marks]
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Given the magnetogyric ratio for °F is 2.5181 x 10° T s’

determine the relative number of '°F nuclei at higher over lower

magnetic states at 25°C in the magnetic field of 2.4 T,
[4 marks]

FIGURE Q4b shows the carbon-13 NMR spectrum for a

compound with the molecular formula of C.H,,0. This compound

also exhibits the following peaks in its proton NMR spectrum:

o Atriplet at 0.9 ppm, integral = 3
e Ahextetat 1.7 ppm, integral = 2
e Asinglet at 2.1 ppm, integral = 3
e Atriplet at 2.4 ppm, integral = 2
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FIGURE Q4b: Carbon-13 NMR spectrum.

Propose the molecular structure of this compound with

justification.

[8 marks]
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C. FIGURE Q4c shows the mass spectrum of cyclohexanone.
Predict the structures of molecular ions corresponding to each

fragmented ion peak in this mass spectrum.
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FIGURE Q4c: Mass spectrum of cyclohexanone.
[8 marks]
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A chemist decided to analyse an unknown compound. The chemist
obtained the following spectra for this unknown compound: FTIR
spectrum in FIGURE Q5.1, proton NMR spectrum in FIGURE Q5.2,
carbon-13 NMR spectrum in FIGURE Q5.3 and mass spectrum in
FIGURE Q5.4.

Absorbance / %%
O

'mww ['*““”‘r‘m .Y

50

i T T T T T T T
4080 J000 2500 2000 1500 1000 500
Wavenumbers / cun™!

FIGURE Q5.1: FTIR spectrum of unknown compound.
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FIGURE Q5.2: Proton NMR spectrum of unknown compound.
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FIGURE Q5.3: Carbon-13 NMR spectrum of unknown compound.
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FIGURE Q5.4: Mass spectrum of unknown compound.
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Predict ALL the functional groups in FTIR spectrum

(FIGURE Q5.1).
[3 marks]

Interpret the proton NMR spectrum (FIGURE Q5.2) with

justification.
[8 marks]

Interpret the carbon-13 NMR spectrum (FIGURE Q5.3) with

justification.
[3 marks]

Interpret the mass spectrum (FIGURE Q5.4) with justification and
propose the molecular structure of this unknown compound.
[6 marks]

- END OF PAPER -
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APPENDIX A
CONVERSION FACTORS
Length: Sl unit: meter (m) Pressure: Sl unit: Pascal (Pa)
1 km = 0.62137 mi 1 Pa = 1N m?
1 mi = 5280 ft = 1 kgm's?
= 1.6093 km 1 atm = 101325 Pa
1m = 1.0936 yd = 760 torr
= 10%m = 760 mmHg
=10° nm = 14,70 |b in™
1in. = 2.54 cm (or psi)
1cm =0.39370 in 1 bar =10°Pa
=102 m = 750 torr
1A = 10" m = 750 mmHg
Mass: Sl unit: kilogram (kg) Volume: Sl unit: cubic meter (m?®)
1kg = 2.2046 Ib 1L = 103 m?
11b = 45359 g = 1dm?
= 16 oz = 10% cm?
1amu = 1.66054 x 10-%* = 1.0567 qt
g
1 gal = 4 gt
= 3.7854 L
1cm?® = 1mL
1in3 = 16.39 cm?3

Temperature: Sl unit: Kelvin (K)
0K = -273.15°C

Energy: Sl unit: Joule (J)

1J

= 1kg m?s

11
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°F

°C

-459.67 °F
Z(°C)+32

5
“(°F-32
o )

1J

1 cal

1eV

0.23901 cal
1C x 1V

4184 J
1.602 x 10719y
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APPENDIX B
PHYSICAL CONSTANTS
1 amu = 1.661 x 10'24g
Atomic mass unit
19 = 6.022 x 10?3 amu
Avogadro’'s number N = 6.022 x 1023/ mol
Boltzmann's constant | k = 1.381 x 103 J/IK
Electron charge e = 1.602x10"'°C
Faraday’s constant F=Ne = 9.649 x 10* C/mol
R = 8.314 J/mol-K
Gas constant
= 0.08206 L-atm/mol-K
Me = 5.486 x 10 amu
Mass of electron
= 9.110x 1028 g
mn = 1.009 amu
Mass of neutron
= 1.675x 102 g
mp = 1.007 amu
Mass of proton
= 1673x10%g
Pi T = 3.142
Planck’s constant h = 6.626 x 1034 J-s
Speed of light c = 2.998 x 108 m/s
Ru = 1.097 x 10’ m™*
Rydberg constant
hcRuy = 2179x 1078

13
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APPENDIX C

ATOMIC MASSES OF THE ELEMENTS.

Atomic Atomic Atomic Atomic

_ Number Mass

Eiement

Element Symbol

i M"“'*"‘"-.*.'Iff°

* Atomic mass of the longest-lived isotope.

14
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APPENDIX D

IR CORRELATION CHART

Functional Type of Characteristic Intensity
Group vibration absorption band
(cm™)
Alcohol
O-H Stretch, H- | 3200 - 3600 Strong, broad
bonded
O-H Stretch, non | 3500-3700 Strong, sharp
H-bonded

C-O0 Stretch 1050 - 1150 Strong

Alkane

C-H Stretch 2850 - 3000 Strong

C-H Bending 1350-1480 variable

Alkene

=C-H Stretch 3010-3100 Medium

=C-H Bending | 675-1000 Strong

C=C Stretch 1620-1680 variable

Alkyl Halide

C-F Stretch 1000-1400 Strong

C-Cl Stretch 600 - 800 Strong

C-Br Stretch 500 - 600 Strong

C-l Stretch 500 Strong

Alkyne

=C-H Stretch 3300 Strong, sharp

-C=C- Stretch 2100 - 2260 Variable, not present in
symmetrical alkynes

Amine

N-H Stretch 3300-3500 Medium (primary amines have
two bands; secondary have
one band, often very weak)

C-N Stretch 1080 - 1360 Medium-weak

N-H Bending 1600 Medium

Aromatic

C-H Stretch 3000-3100 Medium

C=C Stretch 1400-1600 Strong-weak, multiple bands

C-H bending 1000-700 strong

Carbonyl

C=0 Stretch 1670-1820 Strong

Ether

C-0 Stretch 1000-1300 Strong

Nitrile

C-N Stretch 2210-2260 medium

Nitro

N-O Stretch 1515-1560 & 1345 | Strong, two bands

15
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APPENDIX E

IR Absorption Frequencies of Functional Groups containing a Carbonyl

(C=0)
Functional Group | Type of vibration | Characteristic Intensity
absorption band
(em™)
Carbonyl
C=0 Stretch 1670-1820 Strong
Acid
C=0 Stretch 1700-1725 Strong
O-H Stretch 2500-3300 Strong, broad
C-0 Stretch 1210-1320 Strong
Aldehyde
C=0 Stretch 1710-1720 Strong
=C-H Stretch 2820-2850 & Medium, two
2720-2750 peaks
Amide
C=0 Stretch 1640-1690 Strong
N-H Stretch 3100-3500
N-H Bending 1550-1640 Strong
Anhydride
C=0 Stretch 1800-1830 & Two bands
1740-1775
Ester
C=0 Stretch 1735-1750 Strong
C-O Stretch 1000-1300 Two bands or
more
ketone
Acylic Stretch 1705-1725 Strong
Cyclic Stretch 3-membered — Strong
1850
4-membered —
1780
5-membered —
1745
6-membered —
1715
7-membered —
1705
ab-unsaturated Stretch 1665-1685 Strong
Aryl ketone Stretch 1680-1700 Strong

16
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APPENDIX F
EMPIRICAL RULES: WOODWARD FIESER RULES FOR DIENE

Homoannular Heteroannular
(cisoid) (transoid)
A (nm) A(nm)
Parent (BASE VALUES) 253 214
INCREMENTS FOR: 30 30
Double-bond-extending
conjugation
Alkyl group or ring residue 5 5
Exocyclic double bond 5 5
-Polar groupings:
-OCOCH3
-OR
-Cl, Br
-NR2 60 60

Typical absorptions for chromophores

Class Amax (nm) Class Amax (nm)
R-OH 180 R-NO2 271
R-O-R 180 R-CHO 190, 290
R-NH2 190 R2CO 180,280
R-SH 210 RCOOH 205
R2C=CR2 175 RCOOR’ 205
R2C=CR2 170 RCONH2 210
R-C=N 160

R-N=N-R 340
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APPENDIX G

EMPIRICAL RULES: WOODWARD FIESER RULES FOR ENONES

A (nm)
BASE VALUES
Six-membered ring or acylic parent 215
enone
Five-membered ring parent enone 202
Acylic dienone 245
INCREMENTS FOR:
Double-bond-extending conjugation 30
Alkyl group or ring residue
a 10
B 12
y and higher 18
Polar groupings:
-OH
a 35
B 30
Y 50
-OCOCH3 q, B, v 6
-OCH3
a 35
B 30
" 17
d 31
-Cl
a 15
B 12
-Br
a 25
B 30
Exocyclic double bond 5
Homocyclic diene component 39

EMPIRICAL RULES: WOODWARD FIESER RULES FOR ALDEHYDES, ACIDS

AND ESTERS
Base value (nm)
With a or B alkyl groups 208
With a, B or B, B dialkyl groups 217
With a, B, B alkyl groups 225
For an exocyclic a, 8 double bond Add 5
For an endocyclic a, B double bond Add 5

in a five-membered or seven-
membered ring

18
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APPENDIX H

NMR: CHEMICAL SHIFTS FOR SELECTED TYPES OF PROTONS ( 'H)

' Type of Hydrogen

Chemical Shift Range
in ppm

Type of Hydrogen

Chemical Shift Range
in ppm

R-CHa 0.7-1.3 (I? 11.0-12.0
R—C—OH
R-CHz-R 1.2-1.4 (;? T‘ 3.5-48
n—c—o—?—H
H
RaCH 14-17 EHD 50-9,0s
R—c—r'«—H
H
| T 1.6-26 H—T—H 0.5 - 4.0°
F!—C=C°-—Cl:—-- H H
_ H
%!} k]! 2.1 -2.4 i 22-29
A—C—-C—H g
iji H
275 2.1-2.5 3.0-50n
A—O—C—G—H T—H
& H
'; 2.1-3.0 Il* 4.1-43
N!C-—?—H NQ,—C—H
L Fl-f
f'lf 23-27 5* 20-390
OF
H H
| Fl' 4565 H—S—AR 1.0 -4.0°
| R—_C=C—H -
TN 6.5-8.0 T 4 3.0
E A—S—0—C—H
hored .
TR—C=C—H 1.7-27 i Fi! 42-48
F—C—H
)
H 32-38 T 3.1-41
H—Ohc::—H CI—?——H
H B
R—O—H 0.5 - 5.04 rli 27-41
Br—C—H
B
7\ 4.0 -12.0° H 2.0-40
O—H !—jL.—H
— H
‘i',-" 9.0 -10.0
R—C—H
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APPENDIX |

NMR: CHEMICAL SHIFTS FOR SELECTED TYPES OF CARBONS ('3C)

Type of Carbon Chel(n;;;ll )Shift Type of Carbon Chen(;)i;:;)Shlft
R\
R—CHjy 0-35 = 80 - 150
R
T ———
. [ .
- 1555 \ 110 =170
T o
R—CH 25-55 ! 165 — 175
R
) 2
T . C —
A 30-40 A~ Con 175 - 185
R
] 0
—ex 10~ 65 I 190 — 200
(X: Cl, Bror N)
f
il e R~ ~R 200 - 220
R—C== 70 — 80
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