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CHEM 345

General data and fundamental constants

Quantity Symbol Value Power of ten Units
Speed of light c 2.997 925 58* 10 ms~!
Elementary charge € 1.602 176 10719 C
Faraday’s constant F=N,e 9.648 53 10* C mol™
Boltzmann's constant k 1.380 65 1072 JE™
Gas constant R=N,k 8.314 47 J K~ mol!
8.314 47 1072 dm? bar K~! mol™!
8.205 74 107 dm® atm K~' mol™
6.236 37 10 dm’® Torr K~! mol™!
Planck’s constant h 6.626 08 107 Is
fi=hi2n 1.054 57 103 Is
Avogadro’s constant N, 6.022 14 10 mol™’
Atomic mass constant iy, L.660 54 1077 kg
Mass
electron m, 9.109 38 107! kg
proton m, 1.672 62 107 kg
neutron m, 1.674 93 1072 kg
Vacuum permittivity £y= 1/, 8.854 19 1072 e !
41te, 1.112 65 1071° 'Cm!
Vacuum permeability Iy 41 1077 1s2C I m (=T2T ' m%)
Magneton
Bohr Hy=chi2m, 9.274 01 1024 JT-!
nuclear = fﬁa’lmr 5.050 78 107 JT!
gvalue £ 2.002 32
Bohr radius ay= 4nehim, e 5.29177 1071 m
Fine-structure constant a=petc/2h 7.297 35 103
o 1.370 36 10°
Second radiation constant ¢, =helk 1.438 78 1072 mK
Stefan-Boltzmann constant o=k 151 5.670 51 107# wWm K
Rydberg constant R=m,e" /8 ce] 1.097 37 10° cm™!
Standard acceleration of free fall g 9.806 65* ms?
Gravitational constant G 6.673 107! N m’ kg™

*Exact value

QUESTION ONE (30 MARKS)

(@) 1) Write notes on fundamental vibration of nonlinear molecule using suitable examples.

(3 marks)

ii) Explain why aniline absorbs at 280 nm (eémax 8600), however in acidic solution, the main

absorption band is seen at 203 nm.

(2 marks)

iii) The position of absorption of acetone shift in different solvent 279 nm (hexane), 272 nm

(ethanol), and 264.5 nm (water). Explain.

(3 marks)

(b) i) The carbonyl stretching vibration of trans-2-hexenal appears at 1669 cm™ (5.99 pm).

Determine the force constant of the C=0 bond.

ii) Explain why the carbonyl stretching frequency is always strong.
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c) i) Identify and explain three important criteria for selecting suitable ATR crystals. (lgmarks)

i) Summarize the advantages and disadvantages to KBr disc and Nujol mull sample
preparations. (4 marks)
iii) Determine the normal modes of vibration of the following molecules; (1%marks)
I. prop-2-ynenitrile

I1. Propanone

I11. Methylbenzene

iv) For H3CI, the rotational constant Bo=10.44 cm™ and B;3=10.13 cm™ for the v = 0 and 1
vibrational levels, respectively, and the separation of these vibrational levels, 0, is 2886.04 cm™.
Calculate the wavenumbers of the first two members of each of the O and S branches in the Raman
vibration—rotation spectrum. (3 marks)
d) i) The first line in rotational spectrum of carbon monoxide has a frequency of 3.8424 cm™
Calculate the rotational constant and hence the C-O band length in carbon monoxide. Avogadro
number is 6.022x 102 mole. (2 marks)
ii) Ferrous iron catalyses the oxidation of luminol (see below) by hydrogen peroxide. The intensity
of the chemiluminescence which follows increases linearly with the concentration of Fe (1) as it
rises from 1071°M to 108 M. To measure a solution of unknown content in Fe (I1), 2 mL of the
solution was extracted and then introduced to 1 mL of water, followed by the addition of 2 mL of
hydrogen peroxide and finally 1 mL of an alkali solution of luminol. The luminescence signal is
emitted and integrated over a period of 10 seconds giving a value of 16.1 (arbitrary units). In a
second attempt, 2 mL of the unknown Fe (II) solution is again extracted and on this occasion it
was added to 1 mL of a solution 515x10°M in Fe (1) and the same quantities of hydrogen peroxide
and luminol were introduced as before. The signal, integrated over 10 seconds, was measured as

29.6.Calculate the molar concentration of Fe (1) in the original solution. (2 marks)
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iii) Atawavelength number of 33400cm™* a sample, contained in a cell 6.45x 10~3m long, absorbs
76.4% of the incident radiation. The sample is in the liquid phase in solution with a concentration
of 1.76x 10~* mol dm™. Determine the value of the molar absorption coefficient with units of
mol™* dm3 cm™. (2 marks)

iv) Explain why homonuclear diatomic molecules are IR-inactive and Raman active. (1%marks)

QUESTION TWO (20 MARKS)

a) i) Discuss the various types of electronic transitions and explain the effect of the polarity of the
solvent on the each type of transition. (6 marks)
ii) Using the given data, calculate the v=0, 1, and 2 vibrational term values and compare the v=1-

0 and 2-1 separations for each molecule.

l. 15, for which we=4401.2 cm?, ye=121.3cm™, ye=0.8 cm™ (ngarks)

1. 79g,, For which ve=325.32 em™, ye=1.08cm, ye=-0.002 cm'® (2;marks)
iii) Two adjacent lines in the rotational absorption spectrum of *N'H are at 98.036 and 130.714
CmL. Calculate the equilibrium bond length of HF, Ro, and the rotational quantum numbers of the
lower states of the two transitions. (4 marks)
b) i) Deduce all the types of electron transitions which are allowed for which the lower state is 3,

in H2 and . (2 marks)

ii) Explain how you can account for the fact that the two sets of high-resolution NMR triplets of

SF4 merge into one peak upon heating. (3 marks)
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QUESTION THREE (20 MARKYS)

a) i) Describe general regions of the fundamental vibrational spectrum with some characteristic
group frequencies. (5 marks)
ii) 1. From the value for Bo of 1.923 604+0.000 027 cm, obtained from the rotational Raman

spectrum of NN, calculate the bond length ro. (2 marks)
I1. Explain why it differs from ro for 14Na. (% Mark)
1. Explain if there will be an intensity alternation in the spectrum of *N®N. (% Mark)
IV. Explain whether *N*°N will show a rotational infrared spectrum. (% Mark)

iii) 1. The first rotational line of >C 80 is observed at 3.84235cm™and that of *C 60 at
3.67337cm™. Calculate the atomic weight of 3C 60, assuming the mass of %0 to be 15.9949. (2
marks)

I1. Treating each molecule as a rigid rotor, calculate the frequency of the 1-0, 3-2 and 5-4 rotational
transitions of 2C!%0 (B=57.64GHz), 'H*Cl (B=313.0GHz) and %'AI'F (B=16.56GHz) and
indicate the region of the spectrum in which they appear. (3 marks)

b) i) Use the separation of the R(2) and P(3) lines of *H*CI figure 10.2 to obtain an estimate of
the bond length. Given that m (*H) =1.01u and m (*CI) =34.97u. Explain why it would not be

beneficial to use the separation of lines with larger J-values. 3 % marks)

Page 50f 8



CHEM 345

) R()

z R 0 hy M

E. R(“i |

0 ((

; n Pl6)

/ |

| R(S) P(8)

Ri10) P(10)
Mﬂl 1 ,__f_l_JJL .. J L
[ T T ‘ I ! I ' ) i iose b \
300 3000 2000 R0 00 viem %00

Figure 10.2: Rotational fine structure of the v=1-0 infrared spectrum of HCI

ii) Explain how nuclear quadrupole can be used for studying the nature of chemical bond.
(3 marks)
QUESTION FOUR (20 MARKS)
(@) i) Discuss the theory of microwave spectroscopy. (3 marks)
ii) Describe the common instrumentation features amongst near infrared, the fundamental infrared
and far infrared and state their differences. (4 marks)
iii) Explain why in Raman spectra the stoke’s lines are far more intense than the antistoke’s lines
which are sometimes too weak to be observed. (2 marks
iv) I. Explain why spectra of solutions in the ultraviolet and visible regions tend to consist of a few
broad peaks whereas the same solutions measured using infrared show many sharp peaks.
(2 marks)
I1. Explain why the ultraviolet spectrum of benzene vapour contains many sharp bands whereas
the same spectrum of benzene solution in alcohol lacks fine detail and consists only of broad peaks.
(2 marks)
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(b) i) Explain the mechanism of hyperfine interaction in the ESR spectra of organic radicals.

(3 marks)
ii) Explain why nuclei such as *2C, *O which do not possess nuclear spin do not show NMR
spectra. (1 mark)

iii) Consider the following reaction;

N,F, = 2NF,. Suggest an ESR experiment to obtain the various thermodynamic quantities.
(3 marks)

Table F.2 A selection of derived units

Physical quantity Derived unit* Name of derived unit
Force lkgms™ newton, N
Pressure lkgm™s? pascal, Pa
INm?
Energy lkgm?s? joule, |
INm
1Pam’
Power 1 kg m? s watt, W
1)s!

* Equivalent definitions in terms of derived units are given following the definition in terms of base umnits.

Table F.3 Common 51 prefixes

Prefix vy z a f p n i} m G d
Mame  yocto  zepto  atto femto  pico nane  micro  milli  centi  dedi
Facor 107 107 w0 w® w"? 1wt 1wt w?  w? ot
Prefix da h k M G T P E Z Y
Mame  deca hecto  kilo mega giga tera peta exa Zeta yotta
Factor 10 10° 1P 10f 107 1012 10% 1048 103! 10%4
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INTERNATIONAL ATOMIC MASSES*

Atomic
Name Symbaol Number
Actinium Ac B0
Aluminium Al 13
Americium Am 95
Antimony Sl 51
Argon Ar 18
Arsenic As 33
Astatine At 8%
Barium Ba 56
Berkelium Bk a7
Beryllium Be 4
Bismuth Bi 83
Bohrinum Bh 107
Boron B &
Bromine Br 35
Cadmium Cd 48
Calcium Ca 20
Californium Cf 98
Carbon C &
Cerinm Ce ]
Cesinm Cs 5
Chlorine | 17
Chromium Cr .o
Cobalt Co 7
Copernicum Cn 112
Copper Cu 29
Curium Cm 96
Drarmstadtinm Ds 110
Crubnium Db 105
Drysprosium Dy 6
Einsteinium Es o
Erbrinm Er =11
Europium Eu &3
Fermium Fm 100
Flerovinm Fl 114
Fluorine F Q9
Francium Fr 87
Gadolinium Gd =1
Gallium Gza 31
Germanium Ge 32
Gold Au Fil
Hafmium Hf 2
Hassiam Hs 108
Helinm He 2
Holminm Ho &7
Hydrogen H 1
Indinm In 49
lodine 1 53
Iridinm It 77
Iron Fe 26
Krypton Kr 36
Lanthamum La 57
Lawrencium Lr 103
Lead Ph B2
Lithinm Li 3
Livermarinm Lv 116
Lustet inm Lu 71
Magnesinm Mg 12
Manganese Mn 25
Meitnerium Mt 109

Atomic
Atomic Mass MName Symbol Number Atomic Mass
227 Mendelevium Md 10 [253]
26 9815385(7) Mercury Hg B0 200594
121.760(1) MNeodymium Nd &0 1442427
30.048(1) MNeon Me 10 2017975
74.921505(6) Neptunium Np 93 [237]
[210] Nickel Mi 28 86934 (4]
137.327(7) Niobium Nb 41 T
[247] Mitrogen N 7 14.007
LOI21831(5) HNobelizm Mo 1oz [259]
208 98040(1) Crsmium Os 78 190.23(3)
Oxygen o 8 15.599
EJ?lI Palladiem Pd 48 106.42(1)
20004 Phosphorus P 15 30973761 998(5)
112.414{4) Flatinum Bt 7a 195.084(9)
ADO7B Plutoninm Pua a4 [244]
[251] Polonium Po 24 [209]
12.011 Poaassium E 19 39.0083(1)
01161 Praseodymium Pr 59 40LSTEE(T)
132 9054519605) Promethium Pm &l [145])
1 an Protactinium Pa L] Z3L03SERE)
51.9061(6) Badium Ra a8 [226)
5H.033104(4) Radon En 85 [227)
1285] Rhenium Re 75 1852071
63.54603) Rhodinm Fh 45 102 90SSNE)
[247] Hoentgenium Ry 1 [221]
[281) Fubidium Bh 37 G AETE(T)
162.50001) Putherfordinm Bf 104 2671
[252] Samarim Sm 62 150_36(T)
167.259(3) Scandium e 1 44 955008{5)
151.964(1) Seaborgium Sg 106 [269]
[257] Seleninm Se 34 TEOTI(E)
18.998405163(6) Silver Ag 47 107.8682(2)
23] Sodium Ma 1 22 DR9TERIE(T)
157.2503) Strontium Sr 38 TSR
7263048) Tantzlum Ta e 180,94 7RA(T)
I7EAND) Tellurium Te 52 127.603)
[270) Terbium Th &5 158.92535(2)
A 002602 Thallium Tl &1 204 38
164 93033(2) Thorium Th 90 232.0377(4)
1008 Thulium Tm &9 168 93422(7)
114 818{1) Tin sn 0 18 710(7)
126.90447(3) Titanium Ti 22 47BETIL)
192 217(3) Tungsten w 74 183.84(1)
55.845(2) Ununoctinom Uy 118 [294)
138.90547(T) Ununtrinm Ut 113 [285]
[262) Uranium u ] 238.02881(%)
20721} Vanadinm v 23 S0.9415(1)
604 Xenon Xe 54 131.203(8)
[293] Ttterhinm Tk 0 1730450107
174 9668(1) Titrium ¥ 30 B8 905842
24,305 Lnc Zn 30 65.38(2)
[278]
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