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Useful Information

Planck’s constant = 6.626 x 107* Js

Speed of light c=2998 x 10*m s

Constant for the Bohr energy levels Ry =2.178 x 1078 J (Rydberg’s constant)
1nm=10"m

1eV=1602x10"17

Mass of electron me=9.109 x 10~ kg

There are 18 questions. In each question, only ONE of the proposed answers is
right. Circle the letter corresponding to the right answer.



* The 3s orbital is described by the following wave function:

L[—‘S)l_?,éj) +3é:0
Y300 =C(4—4p+gp2jexp(p/3) G j)Z_- ﬁj +9=0

e J1 _36= 45
Where C is a constant, and p = r/ a, , r being the radial spherical polar coordinate; aq
is the Bohr radius. Find the location of the nodes. fl__ g8 {15
AR

a. There are two radial nodes, one at the nucleus, and one at » = 3qy,. _
There are two radial nodes at » = 0.608 A and r =4.15 A. f”; q + ‘M'E :_f]\'.gb

c. There are three radial nodes in the 3s orbital, at » = ay, 2a, and 3q. e %

d. There are two radial nodes at = 1.15 A and = 7.85 A_

e. None of the above. ' {45 = w'e 3. 964,

J - 0.608 A
e Which of the following statements is true? f”: ‘:l...g B = b7 ‘:IL 3 5a,
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. The 4p orbital has three nodes overall. 4 -1-l = _& W/ aait W AS A
. The 4d orbital has two radial nodes and two angular nodes. -2 -l = 1 h.ad.«ﬂl

. The 4s orbital has three radial nodes and four nodes overall. 4 -0 =2 nadwal /2 overadl !

. The 4f orbital has zero radial node and two angular nodes. N, Howe QM.tha,‘,

The 5f orbital has one radial node and three angular nodes. 5_3-1 = ;s nadeat / 3 W*j“ﬁafv
f. a)andc)

a) and e)

* How many electrons can have m,= +1/2, in the ground state electronic conﬁguiation
of 54Cr? T ¢ | 5

9 electrons s sty @ Trﬁ r i

13 electrons _I__\\?) = Li + ’_. o
12 electrons > &

&
¢ = |
. 14 electrons

9 electrons or 15 electrons = ‘6’ ]Il N N U[ J[ 1/]

e Which of the following statements is false? Han 0"‘% 5'
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/ a. In the Lewis structure of CO,, all atoms have a formal charge of zero.
/f). In the Lewis structure of the sulfate ion with four single bonds, Sulfur has a
formal charge of +2.
¢. Inthe Lewis structure of XeO; with two double bonds and one single bond, Xe
.. has a formal charge of +1.
¥ ‘ In the best Lewis structure of PCl,, Phosphorus has a formal charge of zero, and
each chlorine atom has a formal charge of(-1)

e. The best Lewis structure of the azide ion N3, has two double bonds. o
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¢ Which of the following formulas does not correspond to the accompanying physical
significance?

Wavelength of a photon emitted as an electron in the H-atom relaxes from

a
/ quantum energy level », to quantum energy level n;: A =——

R{—‘z]

am—
/ b.” Wavelength of @ electron scattered from a bloc of nickel at a speed v,:

h ;
A = ——, where m is the mass of the electron.
my

e

\/ ¢.  Minimum uncertainty on velocity Av when position (x) is measured with
h

drmAx’

uncertainty Ax :

X Quantization of angular momentum in the Bohr model: mvr = nzi , Where
r

n=0,12,3,.. m ot e ey

e. None of the above.
Ner

e An electron in an Li*" ion relaxes from a certain energy level to the ground state, and
emits a photon of wavelength 10.345 nm. In what level was the electron originally?

Ryz* = \

a. Level 3 Efﬂ.’ AE = ’2 E m" 0 Tn:_’-
b. Level 4 e he . »
¢. Level5 o £
é Level 6 2 ( o _4"’2*’:'20,44?;/0?

Level 7 he e b
f. Level 8 C"’ A= el | " . B ?‘PHE 2. 1FEx /0_’8 @

RKa2 (-:; = ,“—1) . 10345210
2

¢ What is the maximum number of electrons in the same atom, that can possess - _O,jii—
simultaneously the following quantum numbers? All propositions are correct but one. = ‘YL = ?
Choose the incorrect match.

\/&1. n=2,4=1,my=-1; ms=—1/2. 1 electron.
x@ n=4.30electrons. No!l 39
yc. n=3;{=2; my=+1. 2 electrons.
d. n=35;¢=3. 14 electrons
e. n=44=2me=-3; my=-1/2. zer@(ectron ™My ot bt -3 J‘i’ <
f. b)ande) V)
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*  Which of the following plots of R (r) versus the radial coordinate , does not represent
the right orbital label?
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Which of the following closed shell electronic configurations does not correspond to
the accompanying element in the ground state?

. 47Ag: [Kr] 5s' 44"

s2Pb: [Xe] 65° 4f'4 54'° 6p?

V. ¢sTb: [Xe] 6524f° 2 |
x @) 7sRe: [Xellos af' 565 No 6S° -
/€ nlu: [Xe] 65 4f'* 54!

S

® The number of unpaired electrons in each of the following atoms (or ions) in the
ground state is indicated. Which one is wrong?

o 50T Hielentrons \/ As* 2s* ';LF; L s s s ra.h‘w(, .
0@ O7:0electron —5 2s*9¢* .'L? \N No! me
c

. Gd: 8 electrons

vd. Os:4electrons NMAVTTETR 4 MM ek
~ €. Mo: 6electrons |/ filke Co
«“f. Hg: 0 electron L



*  Which of the following molecular forms (A central atom, B atom bonded to A, E lone
pair) corresponds to the correct molecular shape according to VSEPR?

a. AB4E: Regular tetrahedron % (m.pgu.ﬂﬂb

AB3E;: T-shaped

C. AB:sE: Trigonal bipyramidal X S Quont H"WW

d. ABE4: V-shaped X _{ymefn

e. AB4E,: Tetrahedral X A«quwu, TMM‘M/

Which of the following statements is true?

x @ AnNal crystal is a good electrical conductor.

®b. Molten Nal would not be a good conducting liquid.

V@ The inter-ionic distance in MgO is 0.398 nm. The lattice energy (energy of
interaction between a pair of oppositely charged ions) is —14.5 eV (C=2.31 x
107" Jenm).

K d. The calculated dipole moment of KI in the gas phase is 14.85 Debye. The
measured dipole moment is 10.82 Debye. The % ionic character in K1 is thus
62.9%. l\fo b 32.9 = (0. X.;z/w.gg) x 160

K e The energy of an Nal aggregate i e/q;él to that of the separate atoms.

Jtos Heom |

* According to VSEPR theory, the shape of PCI* is e 29, es

Tetrahedral . CQ- %
b. See-saw | 5
. Square planar Fot s Ty el %
d. Square pyramidal e P w¥
e. Trigonal pyramidal . Cl:

e  Which one is a correct Lewis structure for ozone, 03? :
O—O=O X : 3214
o o o O_J, 67‘ /'iLF_
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In the experiment of Dawissen-and-Germes, which of the following statements is

false?

The Ag atoms possess angular momentum only due to spin.
The beam of Ag atoms splits exactly into two, because an s orbital can
accommodate a maximum of two electrons.
The contribution to the orbital angular momentum of the atom comes only from
one electron in an s orbital.
The beam of Ag atoms splits exactly into two, because an electron has half-
integer spin, and hence 2s + 1 = 2 orientations.

The net orbital angular momentum of the atom is zero.

e The best Lewis structure for the compound POCls, has 5 single bonds, 1

double bonds and 11 lone pairs.

2

w

W~ B O

)

a. 4
b9
O
gt
can

>

“

O — — 00 —

b

O =

2

b

59

I

O f\%’—’%ﬁ”
:q"o

In the derivation of the Bohr Theory, the total energy of the electron is given by the

relation:
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Calculate the wavelength of the lowest energy transition in the Paschen series of the
hydrogen atom.

Mo
a. 121.6 nm
b. 656.7 nm Pas
Szo.snm h
1,876 nm “
e. 4,054 nm | b 4
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