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1. (20 points) Xenon tetrafluoride (XeF4) reacts with water to give atomic xenon
(Xe), molecular oxygen (02) and HF. How much XeF4 is needed to give 24.2g of HF?
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2. (45 points) The two elements X and Y form a diatomic molecule XY with equilibrium
bond length 2.37A. The ionization energies of X and Y are 403 k] /mole and 1251

k] /mole, respectively; their electron affinities are 46.9 k]/mole and 349.0 k]/mole.
Suppose the % ionic character of the XY molecule is 72%, i.e., 0.72e of charge is
transferred from one atom to the other when they form the diatomic bond XY.

(a) (15 pts) Which atom ends up negatively charged in the diatomic? Why?
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(b) (20 pts) From Coulomb’s law and the above information, calculate the bond
energy of XY, assuming that a full unit of charge (e) is transferred to create atomic
ions and an ionic bond.
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(c) (10 pts) Using the u = QR (here Q is the actual [i.e., fractional] amount of charge

separated, and R is the distance between separated charge), calculate the dipole
moment of the XY molecule.
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3. (20 points) In class and in homework problems, we have been using the simple

Zeffmodel

eff - E in the same shell

for each electron in a many-electron atom with nuclear charge Ze.
To estimate ionization energies for different atomic species, we used this Zeff
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in the classical potential energy expression V =—

Z2
But now we know that E, =—R ———,—, n=1,2,3, ..., gives the exact allowed

energies of an electron in the nth state of a single-electron atom with atomic number
. e Rydberg constant (R=13.6ev).] So now we can use the above model
for Zefrin the exactexpression for En to estimate binding energies of electrons in the

ground state of a s -electron atom with atomic number Z.
More explicitly, estimate in this way the,jonization energies of He and Lj, relative to

that Of H é % = | f‘ v-st

(e o are v tlha /S-—"’ <h =/l n:/)
/—/e:/)ﬂwl"“"‘ 4

1>Z":c2 vo?

L
cff :
= z
hes TE,_ =)-R éff,/: (3> R
2

| cf £
 Thes ze - [-R ZE[ 207 R
) 2




|

4. (15 points) When Li*™ is excited to its n=3 state, what are the emission
frequencies observed as the ion radiates light to return to its n=2 and n=1 states?
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PERIODIC TABLE (or, at least, the first 54 elements of it...)

Hydogen | 2 13 4 15 B
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NAvogadro= 6.02 x 1023 /mole

1 ev=1.602x1071?Joule (J)
1kj =103]

1 Debye (D) =3.336x1030Cm
e=1.602x1019¢C
1A=10"10m

€, =8854x10 1221 m1

h=6.63x103%]s
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E = hv, for energy carried by light of frequency v

V= %1-2— is the potential energy of two charges interacting at a distance r
e, r
/Q = / g /é eV



Chem 20A-1

1st MIDTERM, October 23, 2012

NAME
DISCUSSION SECTION
Problem Points possible Points scored
1 20
2(a) 15
2(b) 20
2(c) 10
3 20
4 15
100

BE SURE TO SHOW ALL YOUR WORK, LE., MAKE CLEAR THE REASONING
BEHIND YOUR SOLUTION TO EACH PROBLEM.

BE CAREFUL TO WRITE UNITS FOR EVERY QUANTITY WITH DIMENSIONS,
WITHOUT EXCEPTION.

A PERIODIC TABLE, A LIST OF FUNDAMENTAL CONSTANTS, AND SOME POSSIBLY
USEFUL EQUATIONS, ARE PROVIDED ON THE LAST PAGE OF THE EXAM.



