Chemistry 4A, Exam | Name
September 10, 1999
Professor R.J. Saykally TA
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TOTAL EXAM SCORE (100) _ 55 :

Rules:

= Work all problems to 2 significant figures

= No lecture notes or books itted

* Mo word processing calculators

* Time: 50 minutes

* Show all work to get partial credit

* Perindic Table, Tables of Physical Constants, Conversion Factors included



“(saunfiy JUraIUBIS XIS 4O WNWIXeW) senjeA 4| £86L 8Y) 818 813 UMOYS SISSBLU DILOLY (910N

HOdoh 3 o] foyeg UngG wnppewy L umpgin Wi WYL
7 | o | P g@ S3) | 1)) | A | WY | Wiy | 5@ g% N |Bd | YL [ seuesopunoy
(z92) €01 ](652) 201 |(08) L0 |{L52) OS (252) 66](152) ‘86 :& ,E {142) 96|(cve) S6wpR) - s.sw £6]£0'862 26| ¥0° am S ¥0262 06 |
wngey | wnpenA |l wnion | wnisodsdg 4 I g uidp
n7|qA |wl| 53 | o |Aqg | qL |pD| N3 |wg |wy| PN | 3d | 8 f swesopmonue
L6vL) LLIv0ELL OL|£6BO1 59| 4% /91 B0 |e6vaL /8{0520t 98 88_ 5251 ¥9]96'151 £9]0v05s 291 (Cvi) 19| vz vy 09]160vE 6521001 85
wnusuysiy wumssey Eizoiwz .S”uanaom WHUYEH | whipiopeugng | - WUy wnipey WwhjouBly
@) | ) | @ | Gu | ) | e WA SH | SN | 0S| By | iy | oy ey |
! (w2) 2u|(ez2) 1 l(z2) oiiiese) 604 |(eoz) 804 | (@9e) £01 |(eee) 901 |(z92) S011(192) YOI |02z 68[c0 9z 88 am a
uopey Uity eey winieyy Ainiew o] wnuneld whipy WNRUSO ey uaisBuny, wnjejuey wouey | wiveguey winyeg
] ! !
uy ig qd | IL [BH [Ny |)}d | 11 [SO |9 | M |BL | JH | e]|ed mu
(ze2) 98 96902 £8161'208 8| 2002 18165002 08| 6961 6160964 82|Ze26L LL]0206L 9217981 GLISBERL b/ |S608L £L16v'BLL C4|16'8E1 LG[EELEL 9G] 162E1 G5
uousy uj, wpiy WRUPED oM wnipelieq wnipoyy ey | v 1§ A WNIROIN w7 WA wopuoAs wnipany
X ug | uj |pg | By pd|yd | nY S |ON|AN|4Z | A | 1S |qY
0€'I€k ¥5 avgLL 05|e8vil 6| 1wall 8p{ie:20b Ly |ovo0L 9v] 16201 Sp|L0'l0k b |(86) EYIv6G6 2P[16726 Lb|czle Ov|i688 6E|29/8 BE|ibS8 IE
uoydAay wnijes 10ddog (2 yeqod uay oIy wnipausp wniuey| UROS wnoey wnisseiog
N eg uz n)|IN|0J 34 |UAN| 1D A | U 9SS €] )
08€8 9 269 5 1659 08]S5e9 '62/04'8 8Z|e68s [glsess 92|vevs GB|966'1s pe|ve0s €206y 22|96ty 12[80'0r 0Z]0L6E 61
uobly ! mow.bo:
.— adojos; ajqels isow RE
8.%<$ 8—8<& sosef ajqoN D paiedaud pued sasm_ﬂ ,
Vi e
QZ S|ejouiuoN - Alesmeu yorig Qm
mw.cw,m_.oxop spiojeleWy . ‘JoquiAs I'.naowmu“w
m%vzm sIeia - mmmE\q 4!58_5:
Jiwoyy Jiwoyy
SjuawWa|j ayj jo ajqe] ipoiiadd
Yol B d _

______

_________._____ m.______________ N________._

_____

vmo;o=_




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 a2 vacuum
Universal gas constant

g = 9.80665 m s™2 (exactly)
N, = 6.022137 x 10
ag = 0.52917725 A=5.2917725 X 10~ '
kg = 1.38066 X 1072 J K~!
e = 1.6021773 x 10719 C
¥ = 96,485.31 C mol ™!

m. = 9.109390 X 1073' kg
m, = 1.672623 x 107" kg
my = 1.674929 x 10™%" kg
my/m, = 1836.15270
€ = 8.8541878 x 10712 C2 J~! !
h=6.626076 X 107 ] s
€ =2.99792458 x 108 m s™! (exactly)
R = 831451 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.

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™

1u = 1.660540 x 10™%" kg

1u= 1492419 X 1071°] = 931 4943 MeV (energy equivalent
from E = mc?)

I cal = 4.184 J (exactly)

1eV = 1.6021773 x 10719 = 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)

572 (exactly)

11b = 16 oz = 0.45359237 kg (exactly)




Chemistry 4A F'99, Exam | Name

1. (10+10 points)
A) Calculate the solubility of Ag,CrO, (Ksp= 1.9 x 10°12, MW = 331.7) in water at 25° C in units of

grams/liter.
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B) How many grams of Ag,CrQ, will dissolve in a solution that is 0.1 M in K;CrO,?
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2.

A)

B)

C)

)

{Sﬂmints each) Estimate (1 significant figure) the pH of the following solutions: (for H,CO;,
pk, = 6.37, pK; = 10.32),

Baking Soda (NaHCO3) - {efaf  Jigreriorfion ~ Mol 4400
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Water in a limestone {CaCOy) quarty
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The best buffer you can make from baking soda and baking powder (Na,C0,)

Heds™ 4 (Ch
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How many significant figures are there in pK; given above for carbonic acid?
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3. {10 poinis each)} Phosphoric acid ionizes in three stages in agueous solution:
H;PO (ag) + H,0(4) + HED'F{E'?} + H& 11“?1
X

PO, (ag) + HyO(4) « H,0%ag) + HPO- (ag)
PO+ Fy g e

HPO,* (ag) + H,O(£) « H 10*(ag) + PD.:‘"{aﬂ
Ka=

For titration of 100 ml of a 0.10 M solution of phosphoric acid with 0.100 M NaOH, calculate the pH
at the following volumes of base added (converge answers to 10%): State and check all
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B} 100ml
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C) 250ml
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{5+5 points) Write the chm balance and pl'u:lsphau mass balance equations for case B in
Problem 3. e 3 g : i
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5. (10 points) A large piece of dry ice is put into a beaker of water. The
the associated partial pressure of CO, (Henry's Law constant Kegp = 1.

Ky (HyCO4)=4.3x1077
CO,) = 4.8 x1071
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H drops to 4.00. Calculate
x 10% atm).
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