Chemistry 1B, Exam III Name K U
April 12, 2007 —J

Professor R.]J. Saykally TA

1. (15

2. (20)

3. (20)

4.  (15)

5. (15)

6. (15)'

TOTAL EXAM SCORE (100)

Rules:

* Work all problems to 2 significant figures

* No lecture notes or books permitted

* No word processing calculators

* Time: 90 minutes

» Show all work to get partial credit

* Periodic Table, Tables of Physical Constants, and Conversion Factors included
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Standard acceleration of terrestrial gravity
Avogadro’s number ‘
Bohr radius .
Boltzmann'’s constant
Electron charge
Faraday constant
Masses of fundamental particles:
Electron
Proton
Neutron
Ratio of proton mass to electron mass
Permittivity of vacuum
Planck’s constant
Speed of light in a vacuum
Universal gas constant

g = 9.80665 m s~2 (exactly)
Np = 6.022137 x 102 :
ap = 0.52917725 A=5.2917725 X 10~ m
kg = 1.38066 x 1072 J K™! :

e= 16021773 x 107¥C .

% = 96,485.31 C mol™!

me = 9.109390 x 10~ kg
m, = 1.672623 X 10™%" kg
m, = 1.674929 x 10~* kg
my/m, = 1836.15270
€ = 8.8541878 X 10~12C? J~! m~!
h=6.626076 X 1077 s
¢ = 2.99792458 X 10® m s~} (exactly)
R=8.31451 J mol™! K™}
= 0.0820578 L atm mol~! K™!

Values are taken from *‘Quantities, Units and Symbols in Physical Chemistry,”’ International Union of Pure and Applied Chemistry, Blackwell Scientific

Publications, 1988.

Atomic mass unit

Calorie

Electron volt
Foot

Galion (U.S.)
Liter-atmosphere
Metric ton
Pound

1u = 1.660540 X 10~% kg
1u= 1492419 x 1071°J = 931.4943 MeV (energy equivalent
from E = mc?) .

- 1cal = 4.184 ] (exactly)

1eV = 16021773 X 1071% J = 96.48531 kJ mol ™!
1ft = 12 in = 0.3048 m (exactly)

1 gallon = 4 quarts = 3.78541 L (exactly)

1L atm = 101.325 J (exactly)

1 metric ton = 1000 kg (exactly)
11b = 16 0z = 0.45359237 kg (exacty)
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1. @3 points each)
a)  Using the quantum well model for the hydrogen atom, i.e. treating the atom as an electron in a one-
dimensional box of length 150. pm, predict the wavelength of radiation emitted when the electron falls

from the level with n = 3 to that with n = 2.

E oot AE ... = Hht _ 80t -5kt
JSY o H‘Zr{\fl 3l 34\.'(]’1- ,gm'p— Bmf?'
= Sk
‘_”’_f\ 2(R.1x107 k) Usome iyt
N s S, 3YM 0T

b)  What part of the spectrum is this in? U \

¢) Calculate the zero-point energy of the atom. —2 i = 1

——
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d) ~ Sketch the probability for finding the electron in the box state n = 3.
n=5 ) 1 rzoc*'eS
4y

X

50 K50

e) In principle, both sin 0 and cos 0, with 6 = ELE are solutions to the Schrodger equation. Why is

the cos 0 solution not used?
Tl bo*""“d“'ﬁ condibivns  require that "\"Lo):b/'
e 13 o pobakilty of Finding e parkicle gy g
Qd%* L dhe box.  Since  cosl0)= A, 4y pact o5 the

colukitn eaust b€ dhoownput
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2. (5 points each)  The sun emits radiant energy of 3.9 x 10°° J-S™; about 10% of this comes from
the CNO fusion chain.

ke 0%
a)  Calculate themass loss from the CNO chain.

g U0l Se(DnCAl
AE = D t

AEson= -3 O\X\D’%S AESW\(CNQ): (.Ot‘)(a«ES’un)

mMm\ & 3] 8y
20 55T = (3.0 x0° g‘) Ay Aens ~U.3%0 kS

b)  Write out the CNO chain mechanism, showing that it gives the correct overall stoichiometry for
the fusion reaction.

T W= ONr
BN —> P+ Bty
LR N 4(H)— "He
W PO r
P65 N B
DNCH O “He
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¢) Explain why the even-Z elements are more abundant than odd-Z elements for the representative
elements.

This 15 dut +¢ Fhe poinncy mathed of l}ormm\o)
the drmiats Eemg oA~ pochicle fosion remc,-¥.on,gl lf’aci?nj
v vl -2 URments
Seconpl, Fae evinC elements are more  shable. Thaje

plemects with ch avmbkes pf auelfoas  cesuldin an unpe\,,{:d

prvirﬂ'\ -

d) How were the transition metals formed?
The drmasifizn  medels —Fo(‘\o“w\f'ﬂ ireny have
b adodngccnic nweldon Eineﬂﬂ“ﬂ eoecqy and wee only Foeoned
when  stais  [Rcomg  Supéenovas s C"V'”"“j +ho bi\c] bomj_

Betore To M 4cansdicn netals mowid  bo fermed
b’\v)SWWL@ Fosiana Fest & ool S%Sé@m?n+ﬁ S4aes |
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3. (5Spointseach) One form of silicon has density of 2.33 g-cm ™ and crystallizes in a simple cubic
lattice with a unit cell edge of 543 pm and a band gap of 1.21 eV.

a)  What is the mass of each unit cell?
iy Jr 2

V= (SN0 e ) = LEOIA10 e

A= 7. 332 Y
VAT R e 5

b) How many silicon atoms does one unit cell contain?

)

c)  Sketch the energy d diagram of ilhcon labeling the Fermi level.

\,rmc vkt ) bmes

%—valemd Eoed

M

d) What is the longest wavelength that can excite an electron in a crystal of pure cubic silicon?

\(’(\:\\6&\’ Wav&\@na‘\—\.\: \GW’93+ E(\,e,(aj GKC"‘}@*“'}C’Y-] - bmr‘dgmp

| 0ZSx0 M

k= he . (Ll\séxlo “ev.3)(3m0° -—«)
E .21 eV

pc 1025 em
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4. (5 points each)
a)  Sketch the band structure diagram expected for rutile (Ti0O,), labeling the Fermi level.

\ ‘; _conduchon betyoh

E/X R Ferrn\ LQVLQ\

——
e

;\\-;vm\enc{, boa ot

b)  Calculate the number of cations, anions, and formula units per unit cell for rutile, given the unit
cell.

OTi
e O

#T - Jeoraics <Jg- F \c2etec © ’LT»
ﬁ'(): L\"(‘D\WS* -\i + 7 Cf’,(\)\'e’(: L‘ O

—

7 cativos fcal
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¢)  What are the coordination numbers of the ions in rutile?
Coha O b

Af)ii}ﬁ: ’_5

5. (3 points each)  Order the following atoms according to increase in the stated property.

a) Electron affinity: Cl, I, P, Be

smallest largest

Be LPAT 4\

b)  First ionization energy: Na, Mg, Al, Ar

smallest largest

Na & AL LML Ac

¢) Atomic radius: K, F*, Rb, Co”*, Br

smallest largest

Co™ 4 B LK< BmC RY
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d) Explain why gold is so unreactive.
) Due e Loothoade Chatrmcton , € €xperiénce
o hﬂ\ﬂ oSSR v e e\ e chacge ard ace reld very
)rit\)‘r\f\“\ﬂ
'L\ Ty condwins Compi-&'\—eg -C{I'IMA £s pad 59} (0\004 Sp>
ce\nhive de the other 2lements |

f)  Explain why gold is so much denser than silver.

N < oo aeen o 0sipl s
D2asid= Taume. The mass pr a¥? 2 = omvein

highes . Bowdvio, the iadecatpanic disteace, acd 4hys velume  ob
ol s alacly deadica\ due % Hhe Lantrande Contaachion, dhws
he APF\S{J\:% oF ﬂy‘td 15 th i’\’»\f}h-(,r Hﬁ"—q +hm_], e S}‘V&(ﬁ

6. (5410 points)
a)  Describe the differences between diamagnetism, paramagnetism, ferromagnetism, and
antiferromagnetism.

D3ﬂm("5na‘ric, oforns  hove N0 SeicmUNpPdice Clechrns oo
s exhibit nb oc iitle magaebic peopecties they ae werkly
rﬁpe’\iﬁd b&p\ mhbnﬁ,ﬁu 41@104‘ Pm(“ﬁ mﬂd(\&]lﬂ(_ mm‘e&ais‘ Contmin 01%9013
with Sein “ﬂpcnir-éo‘ elgckeons. Tl—»-e,& e mﬁg)nﬂ-thHg oetive and
move- Tete magaetic Fields . Fe(‘ﬂ:\mb\&neﬂq moeialS  gxhibt
+he prvﬁtr"}ﬁ $hat n-é;«ahb%:‘fj o pns? Sp‘fv’\S* Lorcglate with e
Aoethec in p Wrm{lﬁl 'fﬂO\ﬂﬂé‘f(*/ +hus -’«’mﬁj“mj a pbemaneant ﬂ‘-ﬁgﬂ-e}
ﬂ;\-q,r O men'd(\e,f)t_ Q‘Qld N O\H'Jh‘ﬂd’ Aﬂ:h £ (Y‘.V!S(‘.ﬂ‘!‘j‘(\ ) W%—?(ALS |
exiibd odems whave neighkec ! Wins ace andi-pacelle

wﬁ\'/ adk R4 idié(f?{fif\ﬂ no.\/:-!-nwj mca.“:-)(‘.e‘}‘)( p(ﬁ(Jér‘fy‘

ned

Chncel i'tr’t\fj eachather
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b)  Asilicon solar cell (band gap = 1.21 eV) with area A = 10 cm™ experiences an insolation of 1000
watt-hours-cm™ per day, generating a voltage of 2.50 volts and a current of 3.0 amps. Calculate the
efficiency of the solar cell.

b= v T = 2SOV EORS TEW

{000 '\N“h(‘ \D"ml P ’5600~T X (D‘o'ﬁ . | he - L“j\!\l
cm‘-b&mj T wort) -k~ ZHkives T 2400

= Qwﬂr"\ﬂ_@:

Avonilabie

ceoe, 0 15W .
E’Q“n'«]f(\(«j” "—Hbﬁw x 100 1s = 1 \_3'”



