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Solution Properties, Kinetics
Notes:

* This exam consists & questions on 6 page@ncluding this cover page). Please check to make sure that you have a
complete copy of the exam.

* Pleasedo not simply give me answers. Give me well-supported answers. Numerical answers that are not backed by
supporting calculations will receive minimal credit.

* Please write clearly; if | can't read your answer, | can't give you credit for your answer.

* Please note that different questions are worth different numbers of points. Plan your time accordingly.

* Remember to include units and significant figures where appropriate.

* No books or notes are to be used on this exam.

* Please do NOT share calculators; if you need a calculator but do not have one, please let me know!

* |f you feel that you would be better able to ansargrquestion if you had additional information, please do not hesitate to
ask for it 1 will happily provide any information that | feel will help you answer the question without compromising the
efficacy and fairness of the test.

Question Possible Score
1 15
2 10
3 15
4 15
5 15
TOTAL 70
percent:

The Quadratic Equation

-b iJ b2 - 4ac

X =
2a

Some equations youmight use:
S=kyxP Arrhenius equation: k = AeE¥RT
Pa = Pa® x Xa
AT, =i Ky xm Integrated rate laws: zero-order [A]: = -kt + [A] o
AT =1 K¢ xm first-order In [A]; =kt + In [A],

second-order 1/[A]; =kt + 1/[A],
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1. For the reaction given below, answer thiofwing questions:
5 Br(aq) + BI‘Og'(aq) + 6 H"-(aq) — 3 Brz(aq) + 3 WO(D

(a) Based on thstoichiometry of the equation what are the relative rates of disappearance and
appearance[X]/ At) of the reactants and products, respectively?

Lol ) | |- AR AR el
5 ak |=| — At | =13 ak 3 ak

Ak (OAE

(b) In words describe how the rate of formation o$ Brrelated to the rate of disappearance tf H

He rale of Lovmakpn of Br, s lg}_f’ Ho
vode o disappearance of Y,

c) If the rate of appearance of Bs 6.33 x 16* M/sec, what is the rate of disappearancBr@iz?

onL ‘-ww‘roL ‘w'.l, N\Je, .

rode = 2.1 x/o'b’M/%C
?asi}—;& L/C rool&5 A,Q"F\h{&(
| as Alwaas 00051"]\'\""
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2. Consider theompoundgertiary-butanol andhormalbutanol (also called 1-butanol). Lewis
structures are shown below. You should expect that the boiling pdettiafy-butanol is lower than
that ofnormatbutanol (the explanation would be similar to that you gave for question 2(c) above).

What you night not expect is that theolubilities of these two compounds in water is vastly
different. Theertiary-butanol is miscible with water while tm®rmalbutanol ismmiscible.

1w
N { u
H—C— G 7o H-G—C—C-C-o-H
H C H H H H
W71 H
H

'(:ef‘ ‘H(M‘n - \b\b\'anoﬂ | Vlormai ~ \>w\’0uao£
(C"IH?OH> | @quOHB

Consider what you know about solubility and intermolecular forces ancegleagde a
thoughtful explanation for the different behaviors of these two compounds with water.
*** SEE LAST PAGES FOR OTHER STUDENT ANSWERS ***

Normel  potanal il  pet divrohe o dser terkiory -bodavel,
becovre br  bondr omd 170 strvelre  males 14 very
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153. For the chemical reaction given below:
2 HgCl(ag) + GO (aq) -~ 2Cl(aq) + 2 CQ(g) + HgCl,(s)

The following initial rates of reactions were determined for the reactant concentrations given:

Experiment# [HgCl,] [C,0,] Initial rate (M/sec)

1 0.100 0.20 3.1x10°
2 0.100 0.40 1.2x10*
3 0.050 0.40 6.2x 10°

(@) Find the order of the reaction with respect to HgCl

com pare oxpts 3 42, b doubling € [Hydz),
leads 1o a Jou.‘g/é&ko £ role, ren ordur = L

(b) Find the order of the reaction with respect tO£.

COMPOTL chﬁ |42. R A'of_{ihb e ):C,LO.;"J

leads ¢ a Z‘*&{){/i‘:‘ft""af’*m‘bw: 73
rxn or

(c) Write the rate law for this reaction.
| 2
cade = Kk [Hgaaj [C.0+]

(d) Calculate the value for the rate constant based on the data for experiraedtgtbvide the
proper units.

3,1;(/0’{/‘1'3"

- - -3 -2 -
CO:IODM)'[O.Z&M)L 2.7Sx/0 M S

(e) In another experiment, experiment 4, it was found at t=Q¥@&y0,*]/At = -5.34x 10> M/sec.
What isA[HgCI,]/At under those conditions?

Fice Haat ! AEZ%J:— 1.063 x/o'lM/S&Q
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4. (a) Consider four beakers, one contains pure water, and the otberatier 0.In solutions of
MgCly, glucose, antlaCl. Rank these four solutions in order from lowest boiling point to highest
boiling point.

wcoSe_
woder 7‘) Nex (A My Ue
Lowestb.p. Highestb.p.

(b)The Henry’s law constant gk for helium is 3.7 104 M/atm. Calculate thmolarity of Heg) in
water when the pressure of helium above the water i$02686

L _ Z,'S(p‘}'rrv‘
= g - Yorvr <
Sz ¥'P P Hotr

= (g';x/o'qM/q}%‘)éo’SIo%n}- f) = 0.3)0 afm

(is'— l: lfxm“’mj

(c)A solution is prepared by mixing 0.500l propylene glycol (HgO2) with 8.50mol HoO. The
normal vapor pressure of pure water at 25 °C is 8r8 Assuming ideal solution behavior, what
is the vapor pressure of water above the propylene glycol/water solution? (Propylene glycol is a
non-volatile non-electrolyte.)
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1s2.  On a winter day when the temperature is 23 °F (-5 °C), three identicaltidstpaf 1.00 kg of ice
are treated with potential de-icing agents. The first patch is sprinkled with rodd&@ly,(the
second patch with automotive antifreeze (ethylene glycoJOEHCH,OH, a non-electrolyte), and
the third with a product billed as “the ultimate driveway icebreaker” (the label indicates that it is
CacCl). If 100.0 grams of each de-icing agent is used, which (if any) of the test patches will
completely melt? Be sure to justify your answer with equations or written explanations as
appropriate. The freezing point constant for wat&y #1.86 °C/m.

[0D. ogx\lqul( wmold Nad 1.21) wod Nalk

5¢8. W/gM\Ci

LD,0 fa( ol E& = 1.6l med EG
éZ@JsEQ

(60.0 4 Call, __‘:ukC»Ui,_ = 0.90 | wod Cald
,'!O.‘?gaC«CLL

Mnee = 1 o Lo NaCL {=2 How man
QV%QLLS
™ = I. [ pro t ° = 1. P
e 6l melad €G : Ve ok
m = 0.90] mddd G L, L= 3 malee
NS

A Tp (vacy = (20086 % Y1.70m) = 6,4 C * (s
07, () (1)(1.86°%n)(1-611m) = 3.OC°(“$1’2¢~\;2
D Ta gy (DT mp90110m) = 5-0C7 L
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¥** OTHER ANSWERS TO QUESTION 2 ***
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Ove. Common rule of g.g\ub‘\\mt 1S oy s dissolwve
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