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Name: Lab Instructor- zhou, Levine, Voloshchuk
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There are 200 points on thie exam.

Calculators will be inspected and a card with chemistry information
will be considered as evidence of cheating.

Before you begin the exam, write your name on this page and on the
answer bookKlet. Answer questions 1-11 on the question sheet. Do
questions 12-37 in the exam booklet.

You have 133 minutes. This is a long exam so do not spend too much
time on any one gquestion.

This exam has 10 pages. Make sure voy have all of then.
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Information

i Wy @ R e = mEp

R = 0.08206 L-atm/mol-K = $.314 J/(mol-R)
Ansver guastions 1-11 on these szhsets.
1. (8 pts.) True or false? (four anevers are required.)

a) An atom of one chemical element can never be
transformed to an atom of a different elemant.

b) Two atoms that have different atomic numbers mst
be atoms of differaent slements.

¢) Two atome that have different wass numbers must
be atoms of different elements,

d) Nuclear fission reactions produce nuclel with lower
atomic numbers than the micleus undergoing fission.

2.(3 pte.) Name this compound

Cit,- ?H—CHR— ?H—C@-WB

ff
3. {3 pts.) Tha functional group =C-NH= ococours in
a) esters
b) fats

¢) carbohydrates
d) protaeins
a) amines

4. (3 pts.) A gene is
a) a protain molecule
b} a DNA molecula

c} in some cases a protein and in some casez a DNA
molacule
d} a carbohydrate polymer
5. (3 pts.) In a certain molecula a certain atom uges sp3d hybrid
orbitals. How many sp’d hybrid orbitals are there on

that atom?
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6. {3 pts.) In an unsaturated B&so4tdq) solution, is tha ion
product (Ba2*]1(80,27] less than, egual to, or greater
than K.p?
7. (12 pts.) Answer the following gquestions for this molecule

H (E‘}f* :@:
' Emingers
}f-fy‘*}i"EQEJTCL::(}‘f{

a) Give the value of the bond angle labeled a,

b) How many = (pi) bonds are there in this wolacule?

¢} How many ¢ (slgma) bonds are there in this
molecule?

d) Give ths hybridization at the carbon atom that is
bonded to the oxygan atom.

e) Give the hybridization at the nitrogen atom.
£) Give tha value of the bond angle lahelad h.

8. (3 pts.) A solution is prepared by adding HCl and HC H40, to
water, In tha egquilibrium constant
('] [CpH,0,7)
[HC H,0,]

Xa

a) The [H¥] in the numerator includes only the BH* that
came from the ionization of the HC,H,O,.
b) The [H*] in the numerator includes both the Bt that
comes from the ionlzatiom of the HCyH,0, and from
the ionization of the HCl.
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9. (3 pts.) Which one of the following gives a buffer solution?
a) 50 mL of 0.1 M HCl(ag) mixed with 80 mL of 0.1 N NaCH(aq).

b) 80 mlL of 0.1 N HCl(aq) mived with S0 o5, of 0.1 M NaCH (aq) .

¢) 30 mL of D.1 M HC,H40, (ag) wixed with 50 ol of 0.1 M NaOH{agq) .

e) B0 mL of 0.1 M HCo H40, (2q) mixed with 50 mL of 0.1 M NaoH(ag).
£) None of thse abova.

10. (3 pts.) The gas reaction N;(g) + 3H,(q) ** 28M,(g) has
o

lp = 0.80 at 600 K and has Kb = 0,15 at 650 K.
Which statement is true?

11. {3 pts.)

a)
b}
e)

d)

This reaction has AH® > 0 and is exothermic.
This reaction has AH®* > 0 and is endothermic.
This reaction has AH®* < 0 and is exethermic.

This reaction has AH®" < 0 and is endothermic.

When the reaction N,(g) + 3H,(g) ~ 3N, (g) is at
squilibrium,

&}

b)

<)

d)

The number of moles of Hﬁ present plus the numbey

of moles of H, presant equal the number of
molas of NH, present.

The number of moles of N, present plus three times
the number of moles of H, pressnt must equal twa
times the number of mclea of Nd, present.

The number of moles of NH, present does not change
with time.

Both (a) and (c) are trus.
Both (b) and (c]}] are true.
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Answer questione 12-37 in the exam booklet. ghow all work.
12. (8 pts.) For the mechanism
€l + 04 = ClO0 + O,
Clo + 0 = Cl + 0O,
a} Write the overall reaction

b) Classify pach of the following three species as a
reactant, product, intarmediate, catalyst, or
innocent bystandexr:

cl, 0y, €10

13. (6 ptm.) Thnhga- rsaction
H,(g) + 3H,(qg) : 2¥H, (g) has K, = 0.80 at 600 K.
A mixture of these three gasesz at EQUILIBRIUM has
a partial presaura of NH, of 0.65 atn and a partial
pressure of N, of 1.44 atm. Pind the partial

pressure of Hy in this equilibrium mixture.

14. (6 pts.) Thea reaction a + 2B - producta‘is second order with
respect to A and is second order with respect to B.
In a solution with [A] = 0.30 ¥ and (B) = 0.10 M
at 25°C, tha rate of this reaction is 2.0 x 1074 M/s.

Find the rats constant for this reaction at 2s=cC.

15. {4 pts.) For thea reaction B + C wlprodunti, one finds that
tripling the initial concantration of B while
keeping the initial C concentration constant
multiplies the rate by 9. What is the order with

respect to B?
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16. (4 pta.) A galvanic cell at 25°C is made from a half-cell
conslating of a plece of Cu dipping into Cuso, (aq)
and a half-cell consisting of a piece of Ag dipping
inta AgNO, (aq), with a salt bridge. _
a) Write the palanced, spontansous net jenic reaction
for this cell. See data below.
b} Find E* for this call. _
Por Agt(aq) + e~ ~ Ag, E* = 0.80 V.
For cu?*(aq) + 22~ - Cu, E* = 0.3¢ V.

17. (7 pte.) Given these AG*y values at 600 X, find KF at 600 X for
the reaction 2NO, (9) —» N,0,(g)}. Mote that the
temperature is pot 25°C. For NO,(9) , ﬁf-"r = 56.2 kJ/mol
and for N;0,(g), AG', = 96.6 kI/mol at 600 K.

18, (7 pts.) Nr. Vincent Adams (the friendly man in charge of the
stockroom) dissolves 0,60 moles of the acid BX {(vhers
X stands for some unknown group of atoms) in water and
dilutes the solution to 1.00 liter. He hands a 25 aL
sample of this solution in a aealed test tube to Mary
Smith, a student in Chem 2 P2. Mary Smith uses a pH
meter to find that the pH of her molution is 1.00,
a) Find [H*] in Ms. Smith’s solution.

b) Pind as acouratelv as poasible the ionization
constant K, of the acid HX. Begin by vriting tha
equation for the ionization of HX.
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21,
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{9 pts.]) ¥Write nuclear reactions for each of these processes:

(9 pts.)

(6 ptsa.)

(4 pts.)

(3 pte.)

238

) 52

U emits an alpha particle (a *He nucleus)

b) 1c emite a positron (the antiparticle of an

electron)

¢} 231

soTh emits a beta particle (an electron)

Complete and balance these reactions in the ansver

booklat

Cebiq + 03 -~
7
cn,cuzmzé-on + CH,0H -

CH4NH., (aq) + H,0 :

A sampla of a radiocactive isotopa X is obaerved to
have an activity of 400 disintegratione per minute
at 10100 AM on July 6, 1999. Twenty-four hours
later {at 10:00 AM on July 7, 1959), tha activity
of this sample has fallan to 50 diaintegrations par
ainute. Find the half-life of isotepe X without
using the formula In(Wy/Ns) = -kt. Use gnly the
definition of half-life. You must give your
reasoning.

A certain reaction has AG® =~ -88 kJ/mol at 25°C and
has AS* = 18 J/(mol X) at 25°C. Find AR® for this

reaction at 25°C.
A student carries out a reaction in which Mn2* is
oxidized to Mni*. The student used a 0.60 N

MnCl, (ag) solution, What is the normality of this
solution in this reaction?
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26.

27.

28,

{7 pts.)

(6 pte.)

(4 pts.)
(4 pts.)

{8 pta.)

{3 pta.}
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A saturated solution of CaF, in water containe

0.0080 g of CaF, in 500 ml of solution at 3seC.
Find K, for CaF, in water at 25¢C.

The half-life of 23%pu is 2.4 x 10% yeare. A

sanple of radiocactive waste contains 5%.5 g of

23%pu. How long will it take for only 2.48 g

of 23%y, o remain?

Formunlas: ktk = 0.693 and 1n(N./N,} = =kt

Draw all isomers with tha formula [Co(H,0) ,c1,).
rine (H') in 0.010 X Ba(OH},(aq).

Conaider the [Mn({H,0),]3*,
a) Draw the crystal-field energy level diagram

for the 3d orbitals and show the placement of

4 electrons assuming this ie a weak-field
complex ion.

b) Repeat a) assuming this is a ptrong-fialq

complex ion.

Consider the octahedral complex ion MLy, where M
is & transition metal and'L is a ligand. I¢ this
is a strong-figld coemplex ion, what is the maximum
possible number of mmpaired elactrons in ML?

Drav an anergy-level diagram with electreons to
Jjustify your answer.

Hint: Consider all possible numbers of 4 electrens.
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.

3.

3.

3b.

(2 pts.)

{3 pta.)

(6 pt=s.)

(8§ ptsa.)

{9 pts.)
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[CoFg)I” is a weak-field ion, and
(Co(c¥) ;)% is a strong-field ion. Which ion
absorbs higher-frequency vieible light?

a) [CoFg}d- b) [Co(cw}g]d"

REMINDER: Answers to 30 and 31 (and all other

questions after 11) go in the exanm
booklet.

Glve the formula of
potassium dinquatetrachlorocobnltatn{II).

Oraw mtructural formulas for all compounds with
the formula c5n12. You puat include the H atoms.

Draw gtructural formulas for three different
compounds with the formula CaHgO. 5how the H atoma.

Draw a structural formula or a condensed ltrhutnral
formula far

a) An aldehyde with two carbon atoms.

b) An ether with three carbon atoms,

¢) An amine with two carbon atoms.

Your answers must ngh contain He ltfer R,

(7 pts.)

35 I.

Do one of the following problems. Do npt 4o both.
You are not allowed to use the Henderson-Hasselbalch
equation.

A student mixes 30.0 muL of 0.20 X NH, (aq) with
70.0 nL of 0.30 M NH,Cl{aq). Pind (H*] in the
final solution. Ky, = 1.8 x 107> for NH,(aq).

(If you do 35 I, do not do problem 35 IX.)
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(continued)

as II. A student adds a certain number of molas of NH, to
100 i, of a 0.40 X NE,Cl{ag) solution and finde
that resulting solution has [H') = 8,3 x 10719 y,
How many moles of NH, were added? (Assume tha
final solution voluma ie still 100 mL.
Kp = 1.8 x 10"% for NH,.
(If you do 35 II, do pnot do 35 I.)

36. {7 pts.) Find (K] in 0.20 ¥ NaC,H,0, given that
-5
37. (8 pta.) Balance this reaction in acidig =melution.
You must use the method of half-reactions.
MaXs sure you get the number of elesctrons
correct in each half-reaction or you will
not get credit for that half-reaction.

2- 3+ -

Extra credit (put ansvers in tha axam bhooklet)

EC1l (1 point) Give the first name of the lecturer in
this course.

EC2 (1 point} Give the last name of the lecturer in
this course, (Spelling counts).

BC3 (2 points) A reaction has tha machanism

A+B~C+0D
daC+ K+ M

Find the overall reaction for thim mechanism,
Hint: Think about the intermediate.



