Chemistry 4A, Exam II Name
October 4, 1999
Professor R.J. Saykally TA
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Rules:

* Work all problems to 2 significant figures

* No lecture notes or books itted

* No word processing calculators

* Time: 50 minutes

* Show all work to get partial credit

* Periodic Table, Tables of Physical Constants, Conversion Factors, Activity Coefficients 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

& = 9.80665 m s™2 (exactly)

No = 6.022137 x 102

T ag = 052917725 A=5.2917725 X 10~ m
kp = 1.38066 x 1078 ] K-!

e = 16021773 x 10~ C

F = 96,485.31 C mol~!

m. = 9.109390 x 1073 kg
my = 1.672623 X 10~ kg
my = 1674929 x 10~ kg
my/m, = 1836.15270
€ = 8.8541878 x 10~12C2 j~! ;!
h=6.626076 X 10734 5
€ = 299792458 x 105 m 5! (exactly)
R =831451J 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.

Standard atmosphere
Atomic mass unit

Calorie

Electron volt
Foot

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

1 atm = 1.01325 X 10°Pa = 1.01325 X 10%kg m~"! s~2 (exactly)

1 u = 1.660540 x 10~% kg

lu = 1492419 X 107'°J = 931.4943 MeV (energy equivalent
from E = mc?)

I cal = 4.184 7 (exactly)

1 eV = 1.6021773 x 107" J = 96.48531 kJ mol~!

1ft=12in =0.3048 m (exactly)

1 gallon = 4 quarts = 3.78541 L (exactly)

1L atm = 101.325J (exactly)

1 metric ton = 1000 kg (exactly)

11b = 16 oz = 0.45359237 kg (exactly)
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8 Activity ~ onthe Ac

Over the rany
activity coeff:

Table 8-1 {. Asionic

Activity coefficients for aqueous solutions at 25° C The activ
. approach
on

. As the ch

size from unit

fon (a,pm) 0.001 0005 0.01 0.05 0.1 with & ch
Charge = +1 the activil

or
H 900 0967 0933 0914 086 0.83 ;‘: "(:la”
(CHs),CHCO;3, (C;H,),N* 800 0966 0931 0912 085 0.8 3. beceofn .
(0,N),C;H,0~, (C;H,);NH*, CH,0C,H,CO; 700 0965 0930 0909 0845 081 '
Li*, C¢HyCO; , HOC4H,CO;, CIC,H,CO;, CH,CH,CO;,
CH,=CHCH,CO;, (CH,),CHCH,CO;, (CH,CH,),N*, (C;H,),NH; 600 0965 0929 0907 0835 0.80

(S

CL,CHCO;, CL,CCO;, (CH,CH,),NH*, (C;H,)NH; 500 0964 0928 0904 083 0.79
Na™, CdCI", CIO;, 105, HCO3, H,PO;, HSO;, H,AsO;,
Co(NH;)4(NO,)3, CH,CO;, CICH,CO;, (CH,),N*, Find the activi
(CH,CH,),NH;, H,NCH,CO; 450 0964 0928 0902 082  0.775
"H;NCH,CO,H, (CH,),NH", CH,CH,NH} 400 0964 0927 0901 0815 0.77 SOLUTION
OH™,F~, SCN~, OCN™, HS", CIO;, ClO;, BrO;, 10;, MnO;,
HCO;, Hycitrate™, CH,NH;, (CH,),NH; 350 0964 0926 0900 081 076
K*, CI7, Br’,17,CN", NO;, NO; 300 0964 0925 0899 0.805 0.755
Rb*, Cs*, NH, TI*, Ag* 250 0964 0924 0898 080 075
Charge = *2
In Table 8-1,
Mg?*, Be** 800  0.872 0755 069 052 045 v = 0.660 wh
CH,(CH,CH,CO3),, (CH,CH,CH,CO5), 700 0872 0755 0.685 0.50  0.425
Ca®", Cu’, Zn™*, Sn**, Mn®*, Fe?*, Ni*, Co®*, C4H,(CO3),,
H,C(CH,CO3),, (CH,CH,CO53), 600 0.870 0.749 0.675 0.485 0.405
Sr’*, Ba’, Cd**, Hg**, §%7, 5,07, W02, H,C(CO3),, (CH,CO5),, How to Int
(CHOHCO;), 500 0.868 0.744 0.67 0465 0.38
Pb’*, COJ™, SO}, MoO}~, Co(NH,)sCI**, Fe(CN);NO?, C,0%", If you need to
Hcitrate?~ 450 0867 0.742 0.665 0455 0.37 ues in Table ¢
Hg", SO, S,037, 5,027, S,0%7, Se0%”, CrO2™, HPO2™ 400 0.867 0.740 0.660 0445 0.355 spreadsheet, it
interpolation,
Charge = =3 straight line. |
AP*, Fe**, Cr**, 8™, Y**, In**, lanthanides® 900  0.738 054 0445 0245 0.8 y = 0.83 wher
citrate®~ 500 0728 051 0405 0.18  0.115
PO;”, Fe(CN);™, Cr(NH,)3*, Co(NH,)3*, Co(NH,),H,0%* 400 0725 0505 0395 0.16  0.095 ; :;2: lg(
Charge = *+4
Th**, Zr**, Ce**, Sn** 1100 0588 035 0255 010  0.065
Fe(CN)#~ 500 057 031 020 0048 0.021

a. Lanthanides are elements 57-71 in the periodic table.
Source: I. Kielland, J. Am. Chem. Soc. 1937, 59, 1675.
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1. (5+5+5+5 points)

A} Compare the magnitude of the individual intermolecular forces operating in gaseous H,O or gaseous
NO, (hoth polar molecules with the same van der Waals “a" constant),
Lo ‘ Larger (NO, or H;0)
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B) List the following substances in order of increasing normal boiling points Ty, and explain vour
reasoning: NO, NH,, Ne, RbCI. # PO T Py
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Chemistry 4A F'99, Exam 11 Name

C) Write down the most accurate equation of state for a real gas.
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D} Sketch a graph of the compressibility versus P for a gas with a large van der Waals “a™ constant at

low T.
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2. (54545410 points)
A} Sketch the phase diagram for a “normal” system (e.g. CCly), labeling all important features.
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Bl ﬁhmlj: the phase diagram for water, labeling all important features (you may show only one solid
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C) Contrast the H-boding expected for methanol {CH5OH) with that for water, using Lewis structures.
What type of structures do you expect to find in I;rquid methanol 7
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D) Caleulate the density change that occurs when gaseous water liquifies at STP.
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3. (5+5+10+10 points)

A} Describe the structure of the cubic form of ice (ice L), and calculate the number of water molecules in
the unit cell. T

B) Sketch the structure of a single layer of close- spheres, indicating the number of nearest
neighbors. What is the packing fraction of a close-packed lattice?
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C) At 20°C, the vapor pressure of toluene is ¢.0289 atm and the vapor pressure of benzene is 0.0987
am. Equal chemical amounts (equal numbers of moles) of toluene and benzene are mixed and form

an ideal solution. Compute the mole fruction of benzene in the vapor in equilibrium with this

solution.
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D) The structure of aluminum is face-centered cubic and its density is 2.70 g/em®. Calculate the nearest

neighbor distance (d).
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4. (5+5+5+10 points) Consider the following equilibrium:

2+ - =218
Fbﬂ{“ 3 Pb.:gq:. + Stﬂ: [':jp..;.!- ®x 10

A} Sketch the structure of the Pb** solvated by water.
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Chemistry 4A F'99, Exam [I Name
B) Determine the activity coefficients for Pb** and §* in 0,10 M KNO; solution.
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C)} Calculate [Pb?*] for a saturated solution of PbS in 0.10 KNO, s-ulumn and mmpm with the result
for pure water. It
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D} Explain the reason for the increased [Pb*] in the KNO, solution.
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