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TOTAL =
Chemistry 20BH, Winter 2018 1) /30
1 February 2018
5 questions + 1 small extra credit problem, 8 pages. 2) 20
Answer on these sheets only. Additional space on last page.
If you need extra sheets, please ask your TA. 3) /20
Note: Only these papers can be used; no other notes are allowed. 4) /15
Please answer each question concisely. Show your calculations. 5) 15
You may (and in some cases, must) draw explanatory diagrams.
Label all axes and features on graphs and diagrams. EC) /5

You may not use a calculator, computer, watch, smart device, or electronics of any sort.
Irrelevant and/or incorrect material will result in loss of points.

Table of constants and conversions

Speed of light: ¢ =3 x 108 m/s

Faraday constant = 96500 coul/mole

Electron charge magnitude: e = 1.6 x 10° C

Plank's constant: A= 1.1 x 103 J-s

Gas constant: R = 0.08206 L-atm/mol-K = 8.314 J/mol-K = 1.987 cal/mol-K
Boltzmann constant: kg = 1.4 x 10 J/K

Electron rest mass: m = 9.1 x 10! kg

Proton rest mass: M = 1.7 x 1027 kg

1 mole = 6.02 x 10?

Energy Conversion Tnble
1 eV [ eml [ kealmol | kimol | K [ J [ Hz
= [ [8065.73 p3.0609 p6.4g69  [116049 [1.60210x 107418 04 x 10+14
[cmT i23981x10° 1 poo28591l  PoO119627 (142879 [1986 30 x 10 997 93 x 1010
fcalmol[0 0433634 [349.757 P j18w00  [503228 [695x1020  [LO48 54x10°13
[i/mol jp01036410  [83.593 jp 239001 h (120274 [Le6x10="  p350607x 1012
K [0.000086170 5 0.695028 poo1ss717  poos 31435]1 1330542 105 P.os3 612 10°10
T 624181 x10-18[503445x10+2 1 44x10+0  [602x10+ [7.243 54210221 1.509 30 x 10+
Hz [1.13558x100 333565210 p53702x 10 4799 30x 101 J6.62561x 102 1
AG® = -nFE° = -2.303 RT logi0Keq P\ {0 J-J
pri= - 0%y

pH = pKa — logio ([HAJ[AT])

You will find a periodic table for your reference on the next page.
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Periodic Table of the Elements
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Question 1 (30 points): ; 0

a) Draw the gas phase potential energy level diagram for HCI (i.e., energy vs. sqparation for
isolated molecules and upon dissociation, separated atoms). (10 points) Aae

) B
wad
/ = [t —om '

Pdwrrﬁﬂ 0
‘EW"S\{ S &ranﬂlbl’l :
to infinite separation 7(§|’
H and O
Systom's PE=0

b) Show the bond (dissociation) energy on your diagram. (5 points)
Estimate its value with a factor of 50%. (3 points)

\ ihdia@ted wl Eg; l@fwj‘ﬂ/‘ 9}%’5 wﬂwm ofF hond diss ou%\f/
whaidh 1S evergdy weqm'ﬁ’.d 4o (hange stake Bom loomdimj (e quilibyym)

+o comflerly  Sepaatl .. d(‘SﬂCfdfe,d.T?Pim‘ dictowm(c, ngriiveta
bond emugy (Sl

c) Show the bond length on your diagram. (5 points)
Estimate its value with a factor of 50%. (3 points)

\ (ndiceted  WTtW RB . equiliiom lynd mgth cor
e Prfwﬂﬁal well ouus. T\”’l‘cal &a‘a{nmigly\o o

/" d) For the separated atoms (i.e., for the dissociated molecule), on your plot, show whether the
iénized and reduced forms (cations and anions, respectively) of the atoms are more or less stable

than the neutral atoms. (4 points, 1 for each)
You are not being asked the magnitudes, only the signs of the energy changes.

Imstab@ 7 Y~ H* Cpwton) slighely (o sable?
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3
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Question 2 (20 points): ’%

a) When iron rusts, it reacts with the oxygen in air (in contact with water) to make Fe20s.
Write the balanced reaction. (12 points)

T -
e +0, = fe,05

Polame O: =, @ M0 = Fe,0; HO+ 0,7 Fe,0s 0+ 204=Fe 05+ W0
(EZ?’ZM Balwe H. g pqg <H,0¢ on 2 FE0,+ 24,0 R+t =F,03+3H 0
SAution-.2) cups

- - Fe,—t O < V] Heckuonts : FQ*GOH - l~e'}_oj,'* 5‘”104’ be-

b) Assign the oxidation states of each element in the reactants and the products. (8 points)

brste ® © 3

4”:0, + 30 Wzl’e
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Question 3 (20 points):

I was looking for simple reaction of HCIO4 where it served as an oxidizing agent, and I found
that it:

1) Explosively reacts with bismuth (but not related elements — weird, but not really useful
here) and

2) Is used in dissolving (graphitic) carbon rods used for nuclear reactor fuel.

In the latter case, the trace metals, impurities, fuel and nuclear products (like Pb, Hg, Zn, Se, As,
Cu, Co, Ag, Sb, Mo, Cr, Cd, Sr, and Fe).

a) What kind of spectroscopy might you use to identify and to quantify these elements once the
rods are dissolved and what energy levels are involved? (10 points)
[Note that it is ok if your answer was not discussed in class.]
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b) What are the carbon-containing reaction products when the carbon in the rods is reacted with
perchloric acid? (5 points)
P =

g cu co, ? 4
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o elect ¢) Rank these acids from weakest to strongest: H20, HCI, HCIO,, NH; (5 points)
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Question 4 (15 points):
a) When liquid water freezes, is heat given off? (10 points)
Explain your logic
||l watel”
Whan a\fcluid,\ CHH%/ Eivetle eﬁm@ﬁgap wiolecule s
deacasey sun et Ay eventually lose Wost haugdavona |
moVﬁww‘i',(Mamc,Wﬂ(c ok So\(df', &/M(/lﬂ A PVUQSS
Weat s glven off, (That is, tmal ewegy &
—angtered fo He  Swndun Muﬂs‘)

b) When dry ice, COx(s), sublimes, is heat given off? (5 points)
Explain your logic

(d
When ;\ow suldiwmes, emeigy pot wio e syseem
dets ot ovease vrS mfoatut bot  lotaks Sty
ntwrmolewlon Bnes  between (0, wolew&s catirs
Sut et gy directly e e gas phake,
s Wad 1S not gueu ofl ot vatner ptaken (7).
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Question S (15 points):

a) From the density of water and the periodic table, estimate (to within 30%) the molarity of
pure water. (10 points)

Show briefly how you reached this value. ,1”7%0)%‘ OP% m\; k{,}oaq) H. (,00% A
n

Y
w1 0:(6.00 25
D@Agﬁy oFwater: ~ | dfml H.0 8.0L 2
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b) What is the approximate density of gas in 1 atm N at room temperature (to within 50%)?

(5 points)
Show briefly how you reached this value.
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Extra credit #1 (S points):
Describe in two to three sentefices one of the seminars in science, engineering, or medicine that

you attended this quarter and one concept from our class that was included in it.
Name the speaker, their institution, and the department and seminar program, if you remember
them; otherwise, describe them as best you can and we will figure it out with you later.
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Continuation of problem # Samfle M
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