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{. (5%) For a [ree particle moving between [ and a in a one-
dimension box, Find its Hamilionian, wave function for cnergy level o
= 1 ang 2, and energy for n = 1 and 3 in the following cheices :

. . . . JE S

(2) k sin (gx/8), (B) #/8mat (o) -2 (d) — . (e
m A

S Smat

1 1 z

.2z . I 2 -k rl
F)e : —J* sl e (FY o .
{ () sin(2mefa), (g} 3 [8ma, (h) .:H) sin{ 3¢ / &7}, (F) ; v,

(j) {i—}f“i sin{ e/ @)

Z. (%) Tor a [ree particle woving in a one-cfimension box, whow that
(a) the wean valuc of x is x=a/2, (b) the mean square deviation is

—————

ag n becomes very large, this valee agrees with the c¢lassical ong

(x-x) = /112
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3. (2%) Choose the Heisenberg Uncertainty Primciple ag (a)
AE Ax2 R (B)Ap-Ax 2 hi2m(c)ip-Ax 2 hi 2{dYAE At 2 1t/ 4.

4. (€%) (A) Apply the Heisenberp lincertainty Principle to estimate
the kinetic energy of the c¢lectron in a hyvdrogen atom at a distance +
from the nucleus as

4k W h
(B)E, =——— (3} E,=— e, (¢} B, =— ..
' os2x pr ' lﬁ:'rimrri ' Bamr

(B) Calculate the equilibriua dislance r. by minimizing the toial
energy E (kinelic - potential) with Togpect to T to e egual wo (a)

r=hilnme’, (b) r =k idxme’, (&) r=K /82me’

5. (4%) The ecigenvalues for the rigid rotator are E, = HJ+10A (24
vhere =’

{a) What iz the degeneracy of each level?

(b) Prepare a plot of the encrgy levels expressed in units of & /27,

6. (6% By means of vector diagrams, find the term symbols that can
arlse [rom one p and one | electron.
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I, (%) Write electronic configurations for Co,  Fhich conliguraticn

predicts 3 paramagnetic molecula? If the term for the ground state

. ) 1 ) ) . I
3 is Z' . which configuration is correct?
3 K

8. (3%) Consider an LC electric circuit consisting of a capacitance
C in scries wilth 8 coil of geif-inductance L and zero resistance. [t

G is the charge of the capacitor, the relalion among Q, C and L

)

e C
(a) Calculate Q( i) function

]
(b) Show that the natural freguency of the circail is @ =(1/LC)

tcd [o zhe probles of the harmonic oscillator with nsses=m. force

constant -k, and displacement=x, find Lhe correspondent parameiers
analogous to the L4, and € of the electric problen?

8. ()%} Consider the particle in the one—dimensional well inside

which the potential energy is given by u{x’-c-Z where a is the
f

length of the well, ¢ is the constant and x is any poial between 0
and 4. What i the firsi-order estimate of the encrgv of this syslem

using perturbation ineory? {}iint:_lwysinzydy={r1:r]1f4}*
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t0. (5% Dotermipe the nusber of molecules in each enerpy icvel of
the following system if 10 molecules ere present at 100K

g =2 E =13x10 J.molecule”
g =1 E, =10x 107" J molecule
o= B =Tx 107 7. molecute™
g, =2 E =4x 107 S molecule ™
g = E, =1x 107" 1 mofecule”

Where g, s the degeneracy, E, is the corresponding energy level.
(Mint: k=1.38x10°2JEnolecule 1)

b, (4%) {AY Given Lhe probabiiity that the molecule haz diffused o
a region between x and x+dx as

I
1 - . .
P(I}ﬂ=ﬁ—*—'£‘xp{"—x—-}tir. Choose the mean scuare distepce of
2(::5!}}5 40t

difiusion, E={a}4ﬂfj (5}4(5*’)};: (e)2ale, (d)2D1, [3}4;{-5—;}

. = p— 1 4
[Hmt:‘l_mxge e = - -{%}h}

(B) ¥hat is the relaticnship amosg Jiffusion constunt D, average
velocity © and mean free path A4

ETHJD=%_A, -(b}D=%EA, {c};:-{;.s,, ()= cd.
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12, (2% For each statement in the following, select the correct
[ormula from the lists below:

(A3 The number of ways ol grouping N distinguizhable objects into T
groups such that N; are in groug 1

(B) The nusker of ways ol putting N distinsuishable objects [nto g
locations wilh no restrictlions

W WEDL o 8 b
x ,»" - P
PIRTY {g- mwr i AN =]
N (g-1), HN

1Ef

I, Mono-choice questions (38 %6)

1. Potassium metal covstaliizes in the bodv-centered cubic structure. The number af
nearest-neighbor atoms for each potassium atam in the solid 12

{24 B 6 ()3 {410 {e) 12

T, 1 the radius of 2 metal mcm 5 2.0 A and its erystal structure s cubic cln@n-pat:kl:ﬂ
{fagecentered cubie lattice}, what is the volume, in cubic centimeters, of one unit
ceil?
fa) B.OOX 10~ (b 160X 10~ () 226 X 1073 () 3.20% 19—
fe] 1.1 ¥ JO~%

3. For which of the following ienic crystalline solids does the cation —anion bond have
the largest amount of covalent charactar?

(e Cds (o) NaBr {c} 58 (d) BaO (e} LiF

4. In an experiment to study the reaction A + 2B — C + 2D, the initial rate,
=d{A)diatt =0, wasfoundtobe 2.6 ¥ 102 A8 -5 Whansthewlu:nf—d{ﬂ]m’r
at!={in -5

(a) 26X 1072 (b} 52X 10735 (¢) 13X 1070 (@) 10X 19-0
(e) 6.5x ip=> '

3, Thereaction A(g) + 2B(g) — Cig} + D(g} isan elemenmry process. In an EXPHT-
iment, the initial partial pressures of A asd B are P, = 0.60 atm gad Fg =030 atm.
When P = (.20 atm, the rats of the reaction, relative to the initial rate, js

@y M fF DI 4
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b.

For the reaction betwean chlorine and nitrc oxide,
Cllg) + 2M0E] — INOCKR)

it is found that doubling the concentration of both reactants increases the rate by a
factor of 8. If ouly the concentration of £1. is doubled, the rate increasess by a fectorof
Z. The orcer of this reaction with respect <o NGO i

(210 W1 (€2 (d)3 (o4

The Fﬂﬂam‘ng Informarion fs for Use in Questions 7-%

7.

2.

9.

18

i2

13.

11.

In an “indine—clock” t.up:nmc:nt, the ume, !, it takes {or the blue color of the

starch —iodine complex to appear is 2 measure {}f the initial rale of formation of I .
The rata of the reaction

30+ 5,00 — 17 + 1s0F
wis studied using the indine-clock technique, and the following data wers obtained:

Rur Nuwber FIfs (M ) (500 1L (M) i)

1 0,880 3.0an0 440
P 0.0800 00800 |
3 0, 1600 €. 0200 4315
4 0.0400 D040 38.0)

The order of this reagtion with respect to 5,0F Is
{ab Q0 (b & (o) 1 Ady 2 (e} 3
The overall arder of this reaction 15
fa) 0 (b)§ {e) L (d}2 (2} 3

If'a run is made with [[], = 0.130 Af and [5,07 ], = 00400 M, vou would expect o
scc the Blue color appear in approximately

fay 295 (by) 335 (cr44: id) 663 (e) 83 s

. For a hypothetical reaction &4 + 2B == 3C + D, F[C)idt is equal to

(a) —d{Alid (0 —dBY (o) S3d[A)de  (d) —1FIBYd (&) +d[Al/de

An ianic crystalling solid, MX,, has a cubic unit cell. Which of the fallownng arange-
ments of the ions 1 consisteat with the stoickiomerry of the compoungd?

fa) M iong ar lhe cotners, X~ oos at the face centers.

by MM igns at the corners, X7 1ons at the body centera.

fc1 X~ ions at the cornees, M lons at the face ceaters.

fedh ™ ans at the commers, M ions at the body canters,

(a3 %™ ilons at the corners and the body centers, X~ ions at the face centers.

. Forwhich of the fallowing ervstals would you expest the assumption of anion- anion
contact to be wahdy

{a} CsBr  (by MaF () RO () Mol e} S0

Whch of the foilowing statements abput metallic elements 15 FALSE?

(3] These elements form gons laresr i size than the neatral atoms.
{b} These elements have relatively bow onizabion energies.

it] Thrse clements have few outer shell clectrons.

(d} These elements have relatively low slectronepativities.

(e) These giements have relatively togh densities,

BRI A RE SR
B 2[0F 3 § mE b o REES (BEE ) e

. LY

L

Ry f ey

- 1. i

aiwr ST



@ U OB B OAX OB @ B

 nbmmsmttttsemsax on T2 emtERmiASER
: _—— e Y # it i H
o LA

14. Of the five AH values needed (o caiculate a lattice cnergy nsing the Bormn—Haber
cycle, 1he one that :5 mest difficolt wo m2ayure is
fa} The hear of sublimation of the metal,
{&} The heat af formaticn of gaseous. 210ILs af the noometal.
fet The icnization cnergy of the metal.
{d} The elestron affinity of the nonmetal.
te) The standard heat of [nrrnation of the crystal,

E3. Which of the fellowing statements is TRLIE?
{a} Endathermic renctions have higher sotivaton encrgles than exothertnic reac-
ti0ns.
) The rate law for 2 reacton depends oa the concentrations af ab] rcactanis that
appedl in ihe stoichi0etns equation.
{c) The tate of a catalyzed reacion is independent of the concentration of the
catalyal.
¢d) The specific rate eonstant fora rection is independent af the concentrations af
the Teacling species. '
fe) In all reaction mechanisms, thers i3 a siogle rate-datermining $tep.

L6, The firsi-crder rate constant for the decomposition of M, in CCY, sctution 8
£I% [0 ~*at 45 *Cand 2.1 ¥ 1077 at 33 °C. What is the value of the activation
energy Bor this reaction in kilojoules per male?t
() 46 (B} LXK () 252107 (d) 25X 100 {g) 11X 1

17. Far the reaction A4 + 1B — 2C, e rate law for formation of C 15
(a3) rate = x[Ai[BY {o) mte= R[AJB] (g) rate = (CTHA BT
{dy rate = K[A2H] el i mpossible to state from the data piven

18. The rate law foc the dimerization o NG, s —F[NO,fdt = k[NO]R
Which af the following changes will change the vajus of the spesific rate cao-
stanil, &7 :
2} Doubling the total pressurt of the systam.

(b} Boubling the volume of the container in which the reaction (s pocurang,
() Adding mare O o the regction misture.
[dy Adiding moce NOQ; t0 the reaction rmixturs,

{2} Running the reacuoq io £, sulution rather tham in the gas phase,

19. Eqrz reacuon (o which the activauun encrgies of the farward and reverse directions
are equal i vaiue,
fa) the stoichiomelry is the mechanism by A =01 (&) A5 =0
(d) tneorder 30 e) thers i3 no catalyst
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For the foliowing reaction:

Kq kl
A S 4 = Product

where A is reactant; X 15 intermediate and k. k; are the first
order ratc constants for the above reaction. Attimet=0,
[A] = [A]e and [X] = 0. Prove the following two
gquations that at time =1t

(1) [A]={Ale™ (5%)
@) [X] = 3 @) Al (71%)




