Chemistry 1B, Spring 2015

April 13, 2015
(30 min., closed book)

Mame: ﬁﬁg - 50

SIx ] Secchon:

Write vour name and that of your 51 on all 10 pages of the exaim. There is one additional sheet
for scratch paper. Equations, constunts, data and a pertodic table are on this page. Please ask
your (351 for additional seratch paper.

For credit:
Show your work for calculations. Round to the appropriate number of significant figures and
don’t forget units!

Write your answers in the boxes — amythimg outside of the boxes will not be graded.
Please keop vour responses succinet.

You may use a non-graphing scientific caleulator. Both pen and pencil are acceptable.
DO NOT OPEN THIS EXAM UNTIL TOLD TO DO 50,

COOD LTUCK!
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Section 1: Oxidation of Iron

Steel wool (solid iron) 15 oxidized in a closed buret with oxygen (0;) in air. The expected rate
law for this reaction is:

Rate = k [0.)"

x 1% the reaction order for oxygen.

0, concentration during the oxidation of
iron
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11 a. Based on the available information, what is the value of X7 Explain your reasoning,
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(Section 1, cont.)

1} b, Calculate the half-life of the reaction to two decimal places.
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Eea:l.imlz 2: Potential Enersy Surfaces
The polential energy surface for the reaction of IIX 4 Dr— XD + H- is shown below. (X153
halogen and 13 is deuterium, “H)
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The energies (kl/maol) appear as circled numbers on the contours. The reaction path is labeled
with the dashed line,

17 a. On the diapram, label the location of the activated complex using the following
symbaol: +

b. To the best of your ability, approximate the activation energy (E,) for this reaction:

E,= A0 -25 'g:d]..m"h
A1l Wmel TO K me | =22 Ed|mo)
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(Section 2, cout.)

2} To the best of yvour ability, approximate the bond length of DX to the second decimal
place:

Hond length=_"—C- 0TS nm

3} Draw molecular structures of D-X, H-X and the transition state below.

Reactants Activated Complex Products

H- % o’ %D H ¥-D
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Section 3: Encymes
Alkaline phosphatase (Alase) is an enzyme for the following reaction with p-
nitrophenviphosphate as the subsirate:
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The Lincweaver-Burk plot for this reaction 1s the followmng:

Lineweaver-Burk Plot of APase Enzyme
Study
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{Sechon 3, cont.)

27 Calenlate K.
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3) A phosphate mhibitor 15 competitive.

a) Sketch the expected plot for this inhibilor on the previous Lmeweaver-Burk plot
bl Describe bow a compellive mhibibion allfects Vo, and B
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Section 4: Clock Reaction
The following reaction was studied vsing the iodine clock reaction set-up:

M0 +21 +2H — Iy + 2HO

The following data was ohtamed at room temperature. Except for Mlask #4, all experiments were
conducted at 25.07C.

| Flask | [Hz0]; (M) | [T]; (M) Initial rate of I
: _ _ formation (M/s) l
I - | 0.012 0.015 - 1.71x 10° |
2 ] 0.02 0.015 ) 291 x 107
3 0.02 — Toooe IL16x 10%
4 {1.00°C) 0.012 ~ [oms 337x 107

Iy a Caleulate the reaction orders for 11:0; and T. Round reaction orders to whole numbers.
Assuming that the reaction order for H™ is zero, write out the rate law.

diyar- Je Cho [T

Flast. V=
Rate ___[Eﬁzﬁ;:l. *
Rate, (H>0,1,
11 wo® 6.013 WX
1.51'1‘:&1&“’: ( .02 )
NE ‘!_n (0,58 8)
[y (0.6)
x = .09 . /4
Flaskt. 2.3
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(Section 4, cont.)
13 b, Caleulate the reaction rate constant, k, at 25, [‘.I“{“
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2} Calculate the activation energy (E,, kl/mol) for this reaction.
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3 Mow would youw expect the rate of the reaction to change as the temperature was
mncreased? Explain your reasoning.
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Section 5: Short Answer and Problem
Please keep responscs within the box. You may use figures fo illustrate your reasoning.
17 Approximate whether the steric factor (p) for the following reaction is greater than, equal
to, or less than 1. (Circle one in the box.) Explam your reasoning.
C:Hs + Hy = C:Hy

@ Equalto 1 Greater than |
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2} For the following mechanism:
a. [dentify the intermediatc{s).
b. Derive an cxpression for the rate law for the overall reaction using steady-state
approximation. ks is significantly smaller than k; and k ;.

AMed -+ 4

Wy, 4 Mol 1 —— Ol 17 NULS

cHez I Mety 2]
Intermediate(s): Mo - :5" Rate = jﬂ_ -—-—'T:'ﬁ'_
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