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Write down your information neatly in the space provided below; print your Student ID in the upper
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Please write down the unit of your answer when applicable. You will get 30% deduction for a missing unit.
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2) Location: Room for quiz session
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If you have any claims on it, you can submit the claim paper with your opinion. After writing your opinions on the
claim form, attach it to your mid-term paper with a stapler. Give them to TA.
(The claim is permitted only on the period. Keep that in mind! A solution file with answers for the examination will
be uploaded on 5/2 on the web.)
2. Final Confirmation
1) Period: May 4 (Wed) — May 6 (Fri)
2) Procedure: During this period, you can check final score of the examination on the website again.

** For further information, please visit General Chemistry website at www.gencheminkaist.pe.kr.
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1. (total 8 pts)

Which atom or ion in each pair has the smaller radius?
(a) Li, Li*

(Answer)

(b) F, F~

(Answer)

(c) O, F~

(Answer)
(d) Na*, Mg#*

(Answer)

Which atom or ion in each pair has the larger ionization energy?
(e)C, N

(Answer)

MN, O

(Answer)

@0,S

(Answer)

(h) Na, Na*

(Answer)



2. (total 9 pts)

Draw the Lewis structures for the molecules below. Be sure to show formal charges of each atom

and all lone pairs. Only one resonance structure needs to be shown.
(a) Pl;

(Answer)

(b) O3
(Answer)

(c) [CIF4]" (CI = chlorine)
(Answer)

(d) Use the VSEPR model to sketch the correct geometries of CHz™ and NH2*. Include all lone pairs.

Which molecule will have the smaller H-X—H angle (where X = C or N)? Explain your answer.

(Answer)



3. (total 6 pts)

Neutron diffractometer is used to visualize structures of hydrogens in complex compounds such as
proteins. Mass of a neutron equals to 1.675x10* g.

(a) How fast the neutron have to be accelerated to attain 1 angstrom resolution?

(Answer)

(b) How much energy (thermal energy) should be supplied to the neutron to attain the wavelength?

(Answer)

4. (total 8 pts)
A particle of mass m is placed in a three-dimensional rectangular box with edge lengths 2L, L, and L.
Inside the box the potential energy is zero, and outside it is infinite; therefore, the wave function goes

smoothly to zero at the sides of the box. Calculate the energies and give the guantum numbers of the

ground state and the first five excited states (or sets of states of equal energy) for the particle in the
box.

(Answer)



5. (total 8 pts)

Use the energy expression for the hydrogen atom.

Zetm, 2%
8h2g3n? n?
where the Rydberg constant R = 2.1799 X 1078 J.

(a) lonization energy is the energy required to remove an electron from an atom or a molecule.

E,=-

Calculate the ratio between the first and n-th ionization energies for a hydrogen atom.

(Answer)

(b) The formula for a hydrogen like ion cannot be used for many-electron atoms. One way to
approximate it is to replace Z with Z - s (Z minus s), where s is a positive dimensionless quantity called
the shielding constant. Z - s is often called the “effective nuclear charge”. Consider a He atom.
Calculate the value of s if the first ionization energy of helium is 3.94 X 108 J per atom.

(Answer)

(c) The energy needed for the following process is 1.96 X 10* kJ mol*
Li(g) > Li**(g) + 3e
If the first ionization energy of Li is 520 kJ mol?, calculate the second ionization energy of Li.

(Answer)



6. (total 12 pts)

(a) Give all values of quantum numbers (¢, m;) with n = 3 for one-electron atoms.

(Answer)

(b) Give the names of all the orbitals.

(Answer)

(c) Plot radial probability densities (r’[Rn(r)]?) on distance from the nucleus for each one-electron

orbital.

(Answer)



(d) How many radial hodes and how many angular nodes do each of the orbitals?

(Answer)

(e) Draw the shapes of all orbitals and identify them.

(Answer)

(f) Compare the energy-level diagrams for all orbitals for one-electron atom to a many-electron atom.

(Answer)



7. (total 8 pts)

(a) Use hybridization theory to label the hybridization made for each of the carbon atoms in the

molecule buta-1,2,3,-triene.

H /H
N
C=C=C=C
# "
H H

(Answer)

(b) Sketch the sigma framework and z-bonds for this structure.

(Answer)



8. (total 15 pts)

(a) Draw Lewis diagrams of 1037, 106°>~ and 104™.

(Answer)

(b) Give the steric numbers and identify the geometries using VSEPR for 1037, 106> and 104~

(Answer)

(c) Predict the relative I-O bond length order for 103, 106>~ and 104~ from bond orders.

(Answer)



(d) Give the ground-state electron configuration of the valence electrons of iodine molecules (I2). Is

iodine paramagnetic or diamagnetic?

(Answer)

(e) Give the electron configuration of the I, molecular ion and bond order. Is its bond stronger or

weaker than that in 1,?

(Answer)

9. (total 16 pts)

(a) Construct the correlation diagram for NO and label the molecular orbitals (MOs). (The correlation

diagram should include MOs from 1s orbitals), and predict which atom would contribute to gzy,-more

(In which atom the electron in o2p, orbital would spend more time)?

(Answer)

10



(b) Give the ground-state electron configurations of NO, NO*, and NO".

(Answer)

(c) Give the bond orders of chemical species in (b).

(Answer)

(d) Rank the bond energies and bond lengths of chemical species in (b).

(Answer)

(e) Predict whether the chemical species in (b) are paramagnetic or diamagnetic.

(Answer)

11



10. (total 10 pts) Discuss the nature of the bonding in sulfur dioxide (SO>).

(a) Draw the possible_Lewis resonance diagrams for this molecule.

(Answer)

(b) Use the VSEPR theory to determine the steric number, the hybridization of the central sulfur atom,

and the geometry of the molecule.

(Answer)

(c) Draw a correlation diagram to show how the use of resonance structures can be avoided by

introducing a delocalized = MO. Consider only the © bondings.

(Answer)

(d) What bond order does the MO model predict for the S-O bonds in the sulfur dioxide molecule?

(Answer)

12



Physical Constants
Avogadro’s number
Bohr radius
Boltzmann's constant
Electron charge
Faraday constant

Masses of fundamental particles:

Electron

Proton

Neutron
Permittivity of vacuum
Planck's constant

Ratio of proton mass to electron mass

Speed of light in a vacuum

Standard acceleration of terrestrial gravity

Universal gas constant

Ny = 6.02214179 x 10”7 mol ™'

ap = 052917720859 A = 5.2917720859 = 10 ""m
ky = 1.3806504 > 10 ¥ JK '

e = 1.602176487 < 10 " C

F = 96,485.3399 C mol "'

m, = 9.10938215 % 10 ¥ kg
m, = 1672621637 = 10 “' kg
m, = 1.674927211 x 10 ¥ kg
€ = B.854187817 x 1072 C 2 'm!
I = 6.62606896 * 10 * Js
mylm, = 1836.15267247
¢ = 299792458 x 10°m s ' (exactly)
g = 9.80665 m s (exactly)
R =8.314472 Jmol "K'
= 0.0820574 L atm mol "K'

"

Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion Factors
Angstrém 1
Atomic mass unit

Calorie
Electron volt

Foot

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

Rydberg

Standard atmosphere

Torr

A=10"m
1u = 1.660538782 < 10 " kg

1u = 1492417830 x 10 ') = 931.494028 MeV (energy equivalent from £ = mc®)

1 cal = 4.184 ] (exactly)
1eV = 1602177 x 107"

= 96.485335 kJ mol
1ft = 12in = 0.3048 m (exactly)
1 gallon = 4 quarts = 3.785412 L (exactly)
1L=10"m * = 10% cm’ (exactly)
1Latm = 101,325 J (exactly)
1t = 1000 kg (exactly)
11b = 16 0z 0.4539237 kg (exactly)
1Ry = 2.17987197 x 10 "®J

= 1312.7136 kJ mol

= 13.60562193 eV
1 atm = 1.01325 % 10° Pa

= 1.01325 < 10° kgm ' s 7 (exactly)

1torr = 133.3224 Pa

13
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Claim Form for General Chemistry Examination

Class:

If you have any claims on the marked paper, please write down them on this form and submir this with your paper in

, Professor Name:

, Name

Page (

the assigned place. (And this form should be attached on the top of the marked paper with a stapler.) Please, copy this
sheet if you need more before use.

By Student By TA
Accepted? Yes) or No(®)
Question # Claims Yes: [ No: O
Pts (+/-) Reasons
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<The Answers>

Problem points Problem points TOTAL pts

1 1x8/8 6 2+1+2+2+3+2/

12
2 2+2+2+3/9 7 4+4/8
3 3+3/6 8 3+3+3+3+3/15
4 2+3+3/8 0 4+3+3+3+3/16

/100

5 3+3+2/8 10 2+3+3+2/10

98] Ajte] ETAY unit o] A AR f§o] BF kS w —1pt

1. (total 8 pts) 1 pt per each

(a) Cation is smaller than its parent atom (Z-1) negative charges are attracted more strongly by the Z
protons, Li* is smaller than Li.

(b) Atom and anion. F is smaller than F~.

(c) Isoelectronic, each with 8 valence electrons O nucleus has 8 protons, F nucleus has 9. F~ has the

smaller radius.

(d) Mg?* is smaller than Na*

(e) Nitrogen, the smaller atom, has the higher effective nuclear charge and hence the higher ionization

energy.

(f) Nitrogen has the larger ionization energy. Oxygen's paired p electrons bring them additional

repulsions, leaving the oxygen atom more loosely bound and therefore easier to ionize than nitrogen.

(g) Oxygen is situated just above sulfur. It is smaller and more difficult to ionize.

(h) Na* enjoys the special stability of a neon configuration. The Na* is far harder to ionize than sodium

atom.



2. (total 9 pts)

(@) (2 pts) Pl3 ) (b) (2 pts) O3
I
0 +1 -1
0.. .0 ..
: I—l—l : :O—=0—-20:.:

0
. F
P

(c) (2 pts) [CIF4]* 0

0' .o . .
-0

(d) (3 pts) 2 pts for structures, 1 pt for explanation
CHs" is perfectly trigonal planar. Each H-C—H bond angle is 120°. There are only bond-pair-bond-
pair repulsions.

NH2* has a lone pair in the “trigonal planar’ geometry: a bent structure. A lone pair exerts more
repulsion on a bond-pair than just another bond-pair. That means the H’s are pushed closer together

forming a slightly smaller H—-N-H bond angle.

H
PN N
H H H___H
120° <120°
3. (total 6 pts)
(@) (3 pts)
h 6626X107) s
Ve mA T 1675x 102 kgx10-0m m/s

(b) (3 pts)

1 1
E= Emv2 =3 X 1.675 X 10727 kg X (3956 m/s)? = 1.310 x 10729



4. (total 8 pts) 2 pts, correct equation; 3 pts, correct quantum numbers, 3 pts, energies

e n n-
Eu.u.u - i I:__:__E:
R M Sml_‘IEL) L L
2 ) 2 2, o 2
= (1rae141)=2 E -1 _14;4-1-1]=1—“k—,
S mL " Y4 8mIT - S mL" 4 8mlI”
Re [- 17 & R vo21 A
=—[G/d+fl+1|=——— E _=E._ =—[1/4+4+1|=== _
ogmrtt I ) 4 8mlI* e R T -] 4 8mI?
R 24 A R 2g A°
E =E_ _=E_ _=——|6|]=2"—1— E_=E__= |9rd+d+1)]="
#1 o I SmL'[ ] 4 8mlI* - Y i 'l- ) 4 8mlI*

The (111} state is the ground state; the otherz are excited states. Note the double
degeneracy of two of the excited states and the triple degeneracy of a third.

5. (total 8 pts)

(a) (3 pts)
The n-th ionization energy (IE) for H (Z=1) can be calculated using

1 1 R
IE, =R\ ——'=—
" {nz nfz} n?

because n¢ goes to infinity.

Therefore, the ratio is given by

IE, 1
IE, n?
(b) (3 pts)

The n-th ionization energy for He can be calculated by using

E, ZR{(Z—S)Z _(Z—s)z}: R(Z -s)?

n n,’ n

The experimental first IE is used to determine s as follows.

_R(z —s)’

IE, I (2.1799x10*J)(2-5)* =3.94 x 108 ]

Finally, s = 0.656.

(c) (2 pts) _ |
The overall process is a sum of the following three processes:

Li(g) > Li*(g) + e IE1; Li*(g) » Li**(g) + e IEz; Li**(g) > Li**(g) +e IEs
Therefore, IE = IE1+IE2+IE3 = 1.96 X 10* kJ mol?, which gives
IE; = IE—1E; —IE3=1.96 X 10* kJ mol*— 520 kJ mol* — IEs.

IE3 can be calculated from the formula in (a) when Z = 3.



2
IE, =(2.1799x107" J)i’—2 =1.96191x10""J

or IE,=(1.96191x10""J)x
1mol

6.022x10%

=1.1815x10*kJmol™

Therefore, IE; = 1.96 X 10* kJ mol*— 520 kJ mol* — IE; = 7.3 X 10% kJ mol*

6. (total 12 pts)

(@ (2py
n 3
£ 0 |1 2
m; 0 |-1,0,+1 |-2,-1,0,+1, +2

(b) (2 pt) 3s, 3p, 3d

(©) (2 pts) SttEtE 2B 1pt, 25 J2[B 2pts

5| v 2
- h=3¢=0
L
N
L 1 1 1
o 5 10 15 20 25
i | .
h=3¢=1
L
L
o~ /\ |
] 5 10 15 20 25
5| ¥ 2
n=23£€=2
L
s
L 1 1 L 1
o 5 10 15 20 15
(d) (2 pts)

3s: 2 radial and 0 angular ~ 3p: 1 radial and 1 angular

(e) (3 pts) 1 pt, s and p orbitals; 2 pts, d orbitals

- I
«
fa 5
z
£ | z
- _
= ¢ Ty —
Ty
X . V.
| Px Y * | e
[

Z z z
| ¥ z
i ‘ ' j E i
[ x ¥ :
| da o Vi d, d,

3d: 0 radial and 2 angular



() (2 pts)
(left) one-electron atom (contribution of n for energy level)
(right) many-electron atom (contribution of n and € for energy level)

n Encrgy (rydbergs)
.
E=0
[ 131 18] - 34
]
T 2p 9 || — 3s
7131
__Ziff ———2p
T4 | —2s
1 —
1 [151 8= _Ziff — s

7. (total 8 pts)

(a) (4 pts) 1 pt for each carbon

H\ sp? SP e st/ H

*
H H
(b) (4 pts)

1 pt, sigma bonding; 1 pt, two outer & bondings; 2 pts, a center = bonding perpendicular to the
other two © bondings

When the carbon atoms are named as C1, C2, C3, and C4 from left to right,
the © bonding of C2-C3 must be perpendicular to those of C1-C2 and C3-C4.



8. (total 15 pts)

(a) (3 pts)
IO,y =
0 log 108"
,@\! -t i (3: - B
O =1 =gt ©.. W 5‘}91 S
) ‘P‘_jn: g S5 -1 s
R ?_ /8 :a/” i
e & 1o
(b) (3 pts)

I03: SN = 4, structure is pyramidal; IOé_: SN = 6, structure is octahedral;
[0y : SN = 4, structure is tetrahedral.

(c) (3 pts)
104~ (a bond order of 1(2/3)), 105~ (1(3/4)), 106> (1(1/6))
Bond length order: 1047< 103~ < 106>

(d) (3 pts) 2 pts, e configuration; 1 pt, diamagnetic
(0rg5s) (s (0 esps ) (Tuspsuspy ) (Tespmhssy )5 iodine is diamagnetic.

(e) (3 pts) 2 pts, e configuration; 1 pt, bond order
{orgg,}z {G’;js}z{ﬂ"gjpzjztﬂ'"jprﬂujpr }4{1r_§5p11r§5p,}3 ; the bond is stronger; bond
order is 3/2 versus 1.

9. (total 16 pts)

(a) (4 pts) 3 pts, correlation diagram; 1 pt, notation (no g nor u 1)
Correlation diagram for NO is shown below .(The MO labeling system in textbook for heteronuclear
diatomic molecule, ignore the (u, g) notation part)

2
Wy
P — :
{"E,Pek. "‘"'"lP
Tee
W — Gjac,
— )5
T2
i —: %
Yo =l
T



Oxygen atom would contribute to 62,, more, because the energy of o2, is closer to the energy of p orbitals of
oxygen atom

(b) (3 pts) ) )
NO: (015)2( 01832(028)2(028 )Z(HZp)4(02pZ)2(n2p )l
NO*: (018)2( 015*)2(025)2(028*)2(7T2p)4(02p2)2

NO" : (615)%( 615")%(625)2(02s )2 (12p) (0 2p2) (T 2p *)?

(c) (3 pts)

NO : (6-1)/2 = 2.5
NO* : (6-0)/2 = 3
NO": (6-2)/2 =2

(d) (3 pts)
Bond energy : NO* > NO > NO
Bond length : NO* < NO < NO

() (3 pts)

NO has an unpaired electron, therefore it is paramagnetic.
NO™ has no unpaired electrons, therefore it is diamagnetic.
NO" has two unpaired electrons, therefore it is paramagnetic.

10. (total 10 pts)
(@) (2pts) 2= Lf == ©Of
2 saf

07 N T T e

(b) (3 pts)

'VSEPR theory assigns to the central S. The O atoms occupy two of the three sites, and
the lone pair the third. The molecular ion is tnerefore . The hybridization at the nitrogen

atom is .

A —
4 e \
// z \
, \
, \
— \
\
pr 2])\ 2p; \\ \
- \ ‘] / A
86 \ T s P ———
\
8 \ (s ‘ 2pA, 2pb
S8} \ r
¥ /
\ /
\ ’
A ’
\ ’
O
LF

Two of the three sp? hybrid orbitals form the o bonds to the oxygen atoms, and the
third accommodates the lone pair.  The unhybridized 2p, atomic orbital on the S” atom is oriented
perpendicular to the plane of the molecule. It overlaps with the 2p, atomic orbitals of the two oxygens
to form a 7 system.. See text Figure 16.42. Two electrons occupy the bonding 7 orbital in this system
and two electrons occupy the nonbonding (7"®) orbital. The antibonding (7*) orbital remains empty.



(d) (2 pts)

) - Two electrons occupy the bonding orbital in this system
and two electrons 'occupy the nonbonding (7"°) orbital. The antibonding (7*) orbital remains empty.
Adding the o -MQ’s to the bonding contributed by the 7 system gives an overall bond order of 3,

which amounts to| 2 | for each bond.
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1. (12 pts) One mole of liquid water is allowed to equilibrate with its vapor inside a one-liter vessel.
The vapor pressure at 20 °C is then found to be 17.5 torr.

(a) How many moles of water exist in the vapor state? Assume ideal behavior.

(Answer)

(b) Suppose that the volume of the vessel is doubled to 2 L. What is the new vapor pressure?

(Answer)

(c) How many moles of water vapor are present in the larger container?

(Answer)

(d) Water’s vapor pressure falls from 17.5 torr at 20 °C to 9.2 torr at 10 °C. If equilibrium is first

established at 20 °C in a volume of 1 L, then approximately how many mL of water will condense

when the temperature is lowered to 10 °C? Assume that liquid water has a density of 1 g/mL.

(Answer)



(e) The vapor pressure of water/sucrose solution (C,,H,,0,,, table sugar) is found to be 16.1 torr at
20 °C, lower by 1.4 torr compared with pure water. The solution, presumed to be ideal, contains 500

g of water. Compute the molality.

(Answer)

2. (7 pts)

(a) Using the ideal gas law, calculate the pressure exerted by 50.0 g carbon dioxide in a 1.00 L

vessel at 25 °C.

(Answer)

(b) Using the van der Waals equation, calculate the pressure under the above condition. For CO», a
= 3.592 atm L2 molZ and b = 0.04267 L mol™.
(Answer)

(c) Do attractive or repulsive forces dominate in CO2?

(Answer)



3. (10 pts) In this problem, we will consider following intermolecular interaction:

@ lon-lon interaction, @ lon-Dipole interaction, 3 Dipole-Dipole interaction, 3@ Dipole-Induced

dipole interaction, & London force.

(a) We can say that potential energy (Ep) of above interactions is proportional to -r" where r is

distance between molecules. Specify the value of n for each interaction.

ex) n = 9 for lon-lon interaction (Not correct)

(Answer)

(b) Specify the most predominant intermolecular interaction for Ne, CaF,, CHa4, He, PH3, H2S, KCI

(7 species).

(Answer)

(c) Predict the order of increasing normal boiling point for Ne, CaF., CH4, He, PHs, H2S, KCI (7

species).

(Answer)



4. (8 pts) Nitric acid is one of the well-known oxidant, and can react with many metals. Here is the
reaction of nitric acid with arsenic oxide without any stoichiometry.
As>03 + HNO3; —» H3AsO4 + N,O3

(a) Balance the stoichiometry of the total reaction.

(Answer)

(b) N2O3 goes through further reaction with oxygen to make NO,. Write down the reaction of N,Og3

with oxygen in the air with the correct stoichiometry.

(Answer)

(c) A scientist has unknown amount of As,O3. The scientist titrated As,O3; with excess amount of
HNOs. After this reaction finished, all the product of titration is oxidized by the oxygen in the air.

Finally, the scientist could obtain 0.2 g of NO». Calculate the amount of As,O3; the scientist has at

first in gram unit.

(Answer)



5. (9 pts)

(a) The vapor pressure of solid acetylene at -84.0 °C is 760 Torr. Does the triple-point temperature

lie above or below -84.0 °C? Explain.

(Answer)

(b) Suppose a sample of solid acetylene is held under an external pressure of 0.80 atm and heated

from 10 to 300 K. What phase change(s), if any, will occur?

(Answer)

(c) At 20 °C, the vapor pressure of toluene is 0.0289 atm and the vapor pressure of benzene is
0.0987 atm. Equal numbers of moles of toluene and benzene are mixed and form an ideal solution.

Compute the mole fraction of benzene in the vapor in equilibrium with this solution.

(Answer)



6. (12 pts) One mole of an ideal monatomic gas initially at 300 K and a pressure of 15.0 atm
expands to a final pressure of 1.00 atm. The expansion can occur via any one of four different paths:
(a) isothermal and reversible, (b) isothermal and irreversible, (c) adiabatic and reversible. In
irreversible processes, the expansion occurs against an external pressure of 1.00 atm. For each

case, calculate the values of g, w, AU, and AH.

(a) isothermal and reversible

(Answer)

(b) isothermal and irreversible

(Answer)

(c) adiabatic and reversible

(Answer)



7. (8 pts)
(a) Calculate change in the entropy for the free expansion of an ideal gas into vacuum from V; to V»

using Boltzmann'’s statistical definition of entropy.

(Answer)

(b) Show that the entropy of mixing in the system below is A,ixS = 2RIn2.

(Answer)

(c) When both sides are filled with N2 of 1 mole at each, calculate the entropy of mixing. Does the

result equal to the answer in (b)? Justify your answer.

(Answer)



8. (8 pts) The protein lysozyme unfolds at a transition temperature of 75.5 °C, and the standard
enthalpy of transition is 509 kJ mol™. The difference in the constant-pressure heat capacities on
unfolding is 6.28 kJ K™ mol™ and can be assumed to be independent of temperature.

(a) Calculate the entropy of unfolding of lysozyme at the transition temperature.

(Answer)

(b) Calculate the entropy of unfolding of lysozyme at 25.0 °C.

(Answer)



9. (10 pts) Ethanol’'s enthalpy of vaporization is 38.7 kJ mol? at its normal boiling point, 78 °C.

Calculate g, w, AU, ASsys, and AG when 1.00 mol ethanol is vaporized reversibly at 78 °C and 1 atm.

Assume that the vapor is an ideal gas and neglect the volume of liquid ethanol relative to that of its

vapor.

(Answer)

10



10. (10 pts) Photosynthesis can be represented by
6CO: (g) + 6 H20(l) > CsH1206 (S) + 602 (g)
Explain how the equilibrium would be affected by the following changes using the following equation.
AG = RT In (Q/K)

(a) the partial pressure of CO; is increased.

(Answer)

(b) O is removed from the mixture.

(Answer)

(c) CeH1206 is removed from the mixture.

(Answer)

(d) more water is added.

(Answer)

(e) more sunlight shines on the plants.

(Answer)

11



11. (6 pts)

The equilibrium constant K for the synthesis of ammonia is 6.8 x 10° at 298 K and the heat of

formation of ammonia AH{°(NH3(g)) = -46.11 kJ mol™.

N»(g) + 3 H,(g) 2 NH;(g)

At which temperature will the equilibrium constant be equal to 1?

12



Physical Constants
Avogadro’s number
Bobhr radius
Boltzmann's constant
Electron charge
Faraday constant

Masses of fundamental particles:

Electron

Proton

Neutron
Permittivity of vacuum
Planck’s constant

Ratio of proton mass to electron mass

Speed of light in a vacuum

Standard acceleration of terrestrial gravity

Universal gas constant

Na = 6.02214179 x 10* mol '

ap = 0.52917720859 A = 5.2917720859 % 10 ""'m
ks = 1.3806504 x 10 ¥ JK

e = 1.602176487 % 10" C

F = 96,485.3399 C mol '

m, = 9.10938215 x 10 ¥ kg
1.672621637 = 10 7" kg
m, = 1.674927211 x 10 ¥ kg
€ = 8.854187817 x 1072 C %) 'm '
I = 6.62606896 x 10 s
my/m, = 1836.15267247
¢ = 2.99792458 x 10°m s ' (exactly)
g = 9.80665 m s (exactly)
R =8.314472 ) mol "K'

= 0.0820574 L atm mol 'K '

m;,

Values are taken from the 2006 CODATA recommended values,
as listed by the National Institute of Standards and Technology.

Conversion Factors
Angstrom 1
Atomic mass unit

Calorie
Electron volt

Foot

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

Rydberg

Standard atmosphere

Torr

A=10"m
1u = 1.660538782 x 10 “" kg

1u = 1.492417830 x 10 ' J = 931.494028 MeV (energy equivalent from £ = mc’)

1 cal = 4.184 ) (exactly)
1eV = 1602177 x 10 ")

= 96.485335 kJ mol
1ft=12in = 0.3048 m (exactly)
1 gallon = 4 quarts = 3.785412 L (exactly)
1L=10"m ?* = 10° cm’ (exactly)
1Latm = 101.325 J (exactly)
1t = 1000 kg (exactly)
11b = 16 0z 0.4539237 kg (exactly)
1Ry = 2.17987197 x 10 '#}J

= 1312.7136 kJ mol

= 13.60569193 eV
1 atm = 1.01325 % 10° Pa

= 101325 % 10°kg m ' s 7 (exactly)

1torr = 133.3224 Pa

13
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Editor: Aditya Mardhan {ad van@netiing com) ACTIMIUM THORIUM  [PROTACTINIUM]  URANIUM | NEFTUNIUM | PLUTONIUM [ AMERICIUM CURILM BERKELIUM |CALIFORNIUM(EINSTEINIUM| FERMIUM | MENDELEVIUM| NOBELIUM JLAWRENCIUM

14




Claim Form for General Chemistry Examination

Class:

, Professor Name:

, Name:

Page( [/ )

If you have any claims on the marked paper, please write down them on this form and submit this with your paper in
the assigned place. (And this form should be attached on the top of the marked paper with a stapler.) Please, copy
this sheet if you need more before use.

By Student By TA
Accepted? Yes(V) or No(v)
Question # Claims Yes: (O No: I
Pts (+/-) Reasons

15



<The Answers>

Problem points Problem points TOTAL pts
1 2+2+2+3+3/12 / 3+3+2/8
2 2+3+2/7 8 2+6/8
3 3+3+4/10 9 2x5/10
4 3+2+3/8 10 2x5/10 /100
5 2+2+5/9 11 2+4/6
5) 4+4+4/12

Missing units in the answer: -1 pt, “-1 pt” means “minus 1 point”

1. (total 12 pts)

(a) (2 pts)
P=17.5torrX
V=1L
T=20°C =293 K
R =0.082 atm L mol~* K1

PV

S -4
n= — 9.57X10"*mol

1 atm
760 torr

= 0.023 atm

(b) (2 pts)
The same as in a 1L container: 17.5 torr
The vapor pressure depends only on temperature.

(c) (2 pts)
Since the volume doubles, so must the number of moles.

9.57X10™* molesX2=1.91X 10 3mol

(d) (3 pts)
P=9.2torr X 2™ -0.012 atm
760 torr
V=1L
T=10°C =283 K
n= BV 0012X1 5 5% 10-% mol

RT ~ 0.082X283
9.57X10™* mol-=5.2X10"*mol =4.4X10~*mol

The difference, 4.4 X 10~* mol, condensate

4.4X10"*mol X 228 x 11—“: =7.9X10~3 mL

mol

(€) (3 pts)
1 mol _

n;=500g H,0 X 2= 27.8 mol H,0




Xy, = - X;(n;+ny)=ny

nq+n,
_ n(1-Xq)
Ny =T
1
P,= X;P,°
P 16.1 torr
X,=—% = =0.92

P10 ~ 17.5torr
_ ni(1-Xy) _ (27.8)(1-0.92)
2 X, 0.92

= 2.417 mol

2.417mol sucrose

molallty= W =4.83 moI/kg

2. (total 7 pts)

"The. prohIcm prmr]des a compansuu between thc ideal-gas pressure and the van der Waals prcssurc
of a typical gas under l‘.}l‘dlllﬂ.[’}’ conditions. The data for this -mmplc of CD; are’

| n=50.0 g/440 g mol™ = 1136 mol ' T=20815K V=100L
(a) (2 pts)

Sc—hre t.hf: ideal-gas equation for P u.nd suhstltut.e

(1 136 mul)[{l 08206 L atm mol 1K~ 1}(29& 15 K}

t
00 L —

..P

(b) (3 pts)

b) The van der Waals equation includes terms (a and b) that depend on the identity of the gas. For
CO,, a= 3.502 atm L?mol~? and b = v‘.] M2ﬂ7 L mol~1.85, Sa]ve the van der Waals Bquntmn for P
and substttute : . :

. p_ _mRT w2 (1136 mol]{u 08206 L atm mc:-l"K"]{EEI'B 15 K} ;1 n?,
V=nb b “V? 7 100 L= (1136 mol)(0.04267 L mal ) vz
(1.136)? mol?

= 29 2 i!.tl'l'l. - (3 592 al.m Lﬂm 1-2} (W) 20.2 at.m 4. ﬁ-li .EI.t]II = )

(c) (2 pts)

The van der ‘Waals P is less than the ideal-gas P. The effect of the b ‘term in the van der Waals
equation was to increase P from 27.8 to 20.2 atm; the effect of a was to decrease P. by 4.64 atm. The
‘@ term in this case is more mﬂuentxa.l than the b t.erm T]:mt is, |a,ttract1ve forees dnmmntcl




3. (total 10 pts)
(a) (3 pts) lon-ion, ion-dipole 1 pt; dipole-dipole, dipole-induced dipole 1 pt; London 1 pt

n =1 for lon-lon interaction, n = 2 for lon-Dipole interaction, n = 3 for Dipole-Dipole interaction,
n = 6 for Dipole-Induced dipole interaction, n = 6 for London force

(b) (3 pts) He, Ne, CHa4: 1 pt; PHs, H2S: 1 pt; KCI, CaFs: 1 pt

He, Ne, CH4: London force
PHs, H2S: Dipole-Dipole interaction
KCI, CaF2: lon-lon interaction

(c) (4pts) He<Ne<CHs1lpt; PH3<H>S1pt; KCl<CaF:1pt;, entirelpt
He < Ne < CH4 < PH3 < H2S < KCl < CaF:

4. (total 8 pts)

(@) (3 pts)
As,03 + 2 HNO3 + 2H,0O —» 2 H3AsO4 + N>O3

(b) (2 pts)
N2O3 goes through further reaction with oxygen to make NO,. Write down the reaction of N.O3 with
oxygen in the air.

2N,03 + O, —» 4NO,

(c) (3 pts)

A scientist has unknown amount of As,O3. The scientist titrated As,O3 with excess amount of HNOs.
After this reaction finished, all the product of titration is oxidized by the oxygen in the air. Finally, the
scientist could obtain 0.2(g) of NO». Calculate the amount of As,O3 the scientist has at first in gram
unit.

Amount of NO, = 1;;232 = 4.348x 10~3(mol)

Ratio between As,0z and N,O3z=1:1
Ratio between N.Oz and NO, =1:2

Therefore, the amount of As,O3 = %x4.348>< 10~3(mol) = 0.43(g)




5. (total 9 pts)

(a) (2 pts) o |
a) The temperature of the triple point of acetylene —84.0°C. For a pure substance,

T’s at which liquid and gas are in equlhbrlum equal or exceed T’s at whlch llquld and solid are in
equilibrium. * '

(b) (2 pts) _
b) Note that 0.8 atm is less than 760 torr, which is the vapor pressure of solid acetylene at —84°C.
If solid acetylene is heated at P = 0.8 atm, it-therefore passes directly into the vaporous (gaseous)

state without ever existing as a liquid. It at some temperétture below —84.0°C.

(c) (5 pts) Partial P, 2 pts; final mole fraction, 3 pts
Write Raoult’s law for both the benzene and toluene

Pbenz ‘:"Xbenzplgenz ) and Ptol XtDIPt?Jl

Since equal numbers of moles of benzene and toluene were mixed, Xbenz = Xt.,l = (0.500. Use these .

mole fractions and the vapor pressures of the pure substances to compute the partial pressure of
each substance above t.he mixture ' o

1
i

Poenz = 0.500 (0. []987 atm) 0.04935 atm
Pml = 0.500(0.0289. atm) 0. 01445 atm

The numbcr of moles of a particular gas in an ideal gaseous mlxture is dlrectly proportional to its
pa.rtml pressure. Assume ideality. Then

V. 14

‘, ' n-bénz = Pbenz-R—'T. L ‘and | ﬂto] Ptol RT
The mole fraction of benzene in the vapor is = . .
Koy =Pt PoealVIRT) B

Nbenz + Ntol }:‘Jenz(V/RT) + -ptol(V/RT) Hmnz + Ptol
0.04935 atm .- ' :

= {0.04935 + 0.01445) atm ]




6. (total 12 pts)
(a) (4 pts) for each, 1 pt
(a) When an ideal gas undergoes an isothermal process, AU =0and AH =0.

w=—nRT In }{1 = — (1 mol) (8.3]4 JK! mo]'l) GO0 K) In 292M _ 95 10°)

) 1.00 atm

g=AU —w=-w=675x10]

(b) (4 pts) for each, 1 pt

(b) When an ideal gas undergoes an isothermal process, AU =0and AH =0.
w=—Py (V2= V)
V| and V; can be determined using the ideal gas law:

nRT (1 mol) (0.08206 L atm K~! mol~') (300 K)

V= =1.641L
P 15.0 atm
1 mol) (0.08206 L atm K~ ! mol~1} (300 K
V2=”RT=( ) ( ) ( ) 2621
P, 1.00 atm
Therefore,
w = — (1.00 atm) (24.62 L — 1.641L) ( 1013 J) =-233x10%J
1L atm
and

g=AU —w=—-w=233x10]

(c) (4 pts) for each, 1 pt
(¢) g = O for an adiabatic process.
To determine AU and AH, T, needs to be calculated.

VY (3-1)/3

1. 3 k

T,=T (%) = (300 K) (15037‘“"‘) =101.6K
1 U atm

with

Now the rest of the quantities can be calculated:

3
AU =CyAT =2 (1mol) (8.3 14 JK-! mol_l) (101.6 K — 300 K) = —2.47 x 10° ]
w=AU —q=AU=-247x10°]

AH =CpAT = g (1 mol) (8.314 JK™! mol_l) (101.6K —300K) = —4.12 x 10°J



7. (total 8 pts)
(a) (3 pts)
Number of states available per molecule = cV
Number of states available for N-molecules system = Q = (cV)N
Entropy by definition = S = kBIn Q
AS = NokB In (cV2) - NokB In (cV?) = NokB In (V2/ V1)=nR In (V2/ V1)
(b) (3 pts)
AmixS - AS(Brz) + AS(Nz) == ananZ/Vl + nZRanZ/V11
and n=2mol, n1=n.=1mol, V. = 2L, V1 =1L.
Therefore, ApixS = 2RIn2
(c) (2 pts)
Since the molecules at both sides are identical, the mixing process does not change the state of the

system. Therefore, AS = 0 in this case. This is called the Gibb’s paradox.

8. (total 8 pts)

(@) (2 pts)
AH
AS = —™=
TIII
509,000 Jmal "
B 485K
— 1460 TJK" mal

(b) (6 pts) heating 2 pts; cooling 2 pts; total sum 2 pts
the transition at 25.0°C occurs in three steps:

(i) heating of the folded protein from 25.0°C to the transition temperature,

3485 K
298 K
(ii) unfolding at the transition temperature, See problem 8(a).

lded
ASheating = Cz]:(:n “1

(i) cooling of the unfolded protein to 25.0°C.

298 K
3485K

_ ~unfolded
AScooling - Cp,m In

(iv) Entire process

348.5 K 298 K
lded - - lded
AS = ASheating + ASL‘rans + AScooling = szign ° In 298 K + 1’460]K tmol™t + Cg’nnfo ’ In 3485 K
298 K
_ -1 -1 unfolded folded
= 1,460 JK "tmol ™" + [Cprloe! — ]S In

298 K
= 1,460 JK"'mol™! + 6,280 JK 'mol™1In

_ -1 -1
3485 K 477 JK~"mol

9. (total 10 pts) for each, 2 pts



C2HsO(l) &> C2HeO(g) at 351.1 K
At constant pressure, q = AH = 38.7 kJ when 1.00 mol of ethanol is vaporized.
As = Trev _ 387K _ 110 K1

T 351.1K
AG = AH — TAS = 38.7 kJ — (351.15 K)(0.110 k) K~*) = 0 kJ
AU = AH — A(PV) = AH — P(V, — V)
V>: the volume of one more of vaporous ethanol at 351.1 K, Vi the volume of one mole of liquid
ethanol at 351.1 K.

nRT  (1.00 mol)(0.08206 L atm mol~*K~1)(351.15 K)
) = = =2881L

P 1.00 atm
Because V; is negligible, P(V, —V;) = (1.00 atm)(28.8L) = 2.92 kJ
~ AU = 38.7k] —2.92K] =358k
By expanding against a constant pressure, the system performs +2.92 kJ of pressure-volume work
on its surroundings. The work done by the surroundings on the system is the negative of the work
done by the system on the surroundings: w = —2.92 kJ.

10. (total 10 pts)

Q =[02]%/[CO]8, since H,0 and CsH1.056 are liquid and solid.

(a) (2 pts) The increase in the partial pressure of CO; results in Q < K and thus AG < 0. Therefore,
the forward reaction is spontaneous or the equilibrium shifts from left to right.

(b) (2 pts) The decrease in the partial pressure of O, results in Q < K and thus AG < 0. Therefore, the
forward reaction is spontaneous or the equilibrium shifts from left to right.

(c) (2 pts) The change in [CsH12056] does not affect Q and thus the equilibrium.

(d) (2 pts) The change in [H2O] does not affect Q and thus the equilibrium.

(orefe] B0 = XA siE A

CO; is more soluble in water, thus the CO; pressure decreases. Then, the equilibrium shifts
from right to left.)
(e) (2 pts) More sunlight may enhance the concentration of activated CO., giving rise to Q < K and

thus AG < 0. Therefore, the forward reaction is spontaneous or the equilibrium shifts from left to right.

11. (total 6 pts) AH 2 pts; Final equation 4 pts
AH.° = 2AH{°(NHj,, g) = 2(—46.11 kJ-mol 1)
= —92.22 k]-mol ' or —92.22 X 10° J-mol !

K; at 298 K = 6.8 x 10°
KeatxK=1

BB feop Ah’l"{ 1 1 } 9222 X 10 J-mol X{ 1 1 }
n —Inky, = — T S a
‘ % E \'E & 8.3145 J-K "mol ! 298 K X

X =466 K
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