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Chemistry 271, Section 22xx Your Narpe:
Prof. Jason Kahn

University of Maryland, College Park Your SID #:
General Chemistry and Energetics

Final Exam (200 points total) Your Section # o1 time:

December 16, 2011
VIEWING: Monday, May 19, 9:30-10:30 a.m., Chem 1356-1360
You have 120 minutes for this exam.

Explanations should be concise and clear. There is extra space on the last page if you need it.

You will need a calculator for this exam. No other study aids or materials are permitted.

Generous partial credit will be given, i.e., if you don’t know, guess.

Useful Equations:

K,=[HTAV/[HA] pH = —log([H']) K, =[HA]J[HOJ/[A7]

K, =[H"[HO] pH =pK, +log [AT)/[HA] AG®=-RTInk,,
R=0.08206 L-atm/mole K k,=138x 102 J/K Ink,, = —AH°/(RT) + AS°/R
AS—q/T=0 R =8.314 J/mole K = 1.987 cal/mole K = N, £,

S = lkglnW AG = AH - TAS E=2>n;c¢

W =N n!) nin,=exp(—~(e—e)klIl N=2Xn,

Chemical standard state: | M solutes, pure liquids, 1 atm gases
Biochemical standard state: pH 7, all species in the ionic form found at pH 7

°C=°K-=273.15 P(v)dv = Cviexp(-mv¥/2kT) E = E° - 2.303(RT/nF)log,,Q
2.303RT/F = 0.0592 Volts at 25 °C & = 96500 C(oulomb)/mole
AG® =-nFE° Ink=(E/RT)+In A 1 Volt = 1 Joule/Coulomb

[A] = [A], - Kkt In[A] = In[A], - k¢ 1/[A] = 1/[A], + 2kt

Standard hydrogen electrode: 2 H(ag,1 M)+ 2¢ — H, (¢) E°=0.000V

Hono edoe: At the end of the examination time. please write out the following sentence and sign it
or talk to me about it:

“I pledge on my honor that I have not given or received any unauthorized assistance on this examination.”

(+2 pts)
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1. (24 pts) Multiple choice: Circle the single best answer for each question

(a; 4 pts) If the rate law for a process A + B — C is observed to be Rate = k[A][B]

(1) the reaction must be an elementary reaction.
(2) the reaction cannot be an elementary reaction.

the reaction might be an elementary reaction.
(4) the experiment was done wroug.

(b; 4 pts) If the rate law for a process A + B — C + D is observed to be Rate = k[A]Y/[C]
(1) the reaction must be an elementary reaction.
he reaction cannot be an elementary reaction.
(3) the reaction might be an elementary reaction.
(4) the experiment was done wrong.

(c; 4 pts) The melting temperature in DNA hybridization

(1) increases with the number of mismatches between target and probe.
@increases with the length of the complementary region.

(3) increases as the concentration of DNA decreases.

(4) None of the above.

(d; 4 pts) Cyclic reactions A =B —» C-» A
(1) are impossible.
2) can proceed in a net forward direction as drawn only if we heat the reaction to drive it.
@at equilibrium, must also proceed in reverse at the same rate for each step.
(4) None of the above.

(e; 4 pts) Nitrogen fixation describes conversion of
‘N2 to NH;.
(2) NH, to NO;~.
(3) NO; to N,. 00\\(9;
(4) NH; to NO;~

(f; 4 pts) The lead-acid battery used in cars is so targe and heavy because
(1) the weight of the battery is needed to adjust the car’s suspension.
(2) it needs to store a lot of energy to recharge the alternator while driving.

3) it needs to have 60 internal cells to provide 120 V to the distributor and the car’s electronics.
the starter motor requtres high power and therefore current to move the pistons in the engine.
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2. (48 pts) Kinetics, Rate Laws, and Arrhenius

N, (g) + O, (g) — 2NO (g)

The rate constant & for this reaction, which occurs during combustion as a precursor to NO, in smog
formation, is 318 (units) at 2000 K and 7396 (units) at 2400 K. (Derived from Gilbert 15.85.)

(a; 6 pts) Write down the rate [aw for the reaction assuming that it is elementary. What are the units for the
rate constant?
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(b; 12 pts) Calculate the activation energy (Ea) and the pre-exponential factor (A) for the reaction.
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(c; 6 pts) Calculate the rate constant at 300 K. Given that NO js poisonous, it’s a good thing the reaction is
slow at anything close to room temperature.
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(d; 12 pts) The half-life of *'Cs, one of the main radioactive pollutants from the Fukushima and Chernoby!

disasters, is 30.2 years. From the integrated rate equation for a first-order reaction, derive an expressicn

for the half-life in terms of the rate constant, and calculate the rate constant for Cs-137 decay
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(e; 12 pts) Explain the functional form of the Maxwell-Boltzmann distribution P(v)dv = CViexp(-mv*I2kT).

In other words, where do the v’ and exp(—mv’/24T) factors come from? Explain why doubling the

temperature typically causes much more than a factor of 2 increase in the rate of elementary processes
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3. (40 nts) Electrochemistry of Life and the Biosphere

The nitrogen triangle describes the interconversions among different N,
oxidation states of nitrogen in the biosphere.

(a; 6 pts) Is conversion of N, to NH, and amines a reduction or an

oxidation? Is it asstrmilation or dissimilation?

NZ. - NHz) & a \\?D(UC—H\‘;\/\ @ N}I:},RNH? NO3_ ,NO:}_—

@)A%‘\Mi\& Hon — s s \/\'\‘\Y‘o&m Nixedon

(b; 9 pts) Nitrification refers to the oxidation of ammonia to nitrite or nitrate. Why do prokaryotes do this,
assuming that they don’t use nitrate for biomass? Why is this generally an aerobic process? What do we
call the oxygen in aerobic nitrification?
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(c; 9 pts) Denitrification is the reduction of nirrate to N,. What might the reducing agent be, generically?

What function is the nitrate serving? Is this assimilation or dissimilation?
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(d; 6 pts) Eukaryotes like us don’t affect the nitrogen triangle very much (at least insofar as our personal

metabolisms as opposed to industrial processes are concerned). Why not? R)?®
What is the oxidation number of nitrogen in an amino acid, as at the right? 7 ‘ 2
ol .y
. . HOOC— G, ——NH,
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(e; 10 pts) Why did the emergence of life on land have to wa%r all the surface iron t&% oxidized to rust?
G2 ¥
- Li{e on lond had to wout -For an  czove |ayer 4o bleck UV
- OZCMQ O NCS lfri)nfl C{CG#(»i(aem (02> v the W F(lx at mOSP}\e(‘eq
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C_\wx{fac,e was exidized To Fe,Cs 4\’ e

|

4. (40 pts) Electrochemistry and Technology

The sodium-sulfur battery has been proposed as an
energy storage component of the “smart grid.”
Sodium ions migrate through the beta alumina tube,
but anions cannot go through it. Molten Na,Ss and
molten S are immiscible liquids.

Sk Y
comarer
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“~Prolectior /
layor 7

The relevant half-reactions are e | s \ - . g /
Na* + ¢ — Na () Eda=-271V R R
5SS () + 20— S E°g =048 V -

(a; 21 pts) Write down the overall reaction for the discharge part of the cyi::ie (getting energy out of the
battery), and calculate #- What is the composition of the molten sulfur electrode as the discharge
progresses®The beta alumina tube is acting like a component of the simple beaker-based reactions we
studied. Which componentﬁ.r' How could you tell by just looking at the inside of the battery over time

whether it was charging or discharging% Finally, why must water be rigorously excluded from the
inside of the battery? !'/

2 (Na® — HNa* +e7) Eox = 71V
55+ — S5° E'red = 0 4BV
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SN - T : ity make ) -
{10 +his wut tombiae o M - Lo widde (5D
\V/ T U e @ muxture of two g mds(d
,) '-_/) N"ZSS () — bwl{wr side Wl g Q’IQ LCL. 2

A

_ \ _ o enid
@ fb—o«mmim octs ke the sth-bndge +o Q/am?)ler?-?f—p,f e |
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(b; 9 pts) Calculate E°.y, AG®, and K, for the sodium-sulfur battery, all at 300 °C, assuming that the E°_, is
the same as it is at 25 °C. (The battery actually operates at about 300 °C to keep everything molten,

which is why you are not likely to have one at home.)

@992u22ﬂ0~a%w:2¢3w
~N FE°® = - Z?Q6500Cy/4wj[223 Tij}

AGT =
@ :—Lf,:}O F{O‘;g/w& =-4 %0 kj/mﬂ(o,
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(c; 10 pts) Energy storage in a smarter grid would allow for “load shifting,” for example from mid-afternoon

to nighttime. What does this mean and why is it a good idea?
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5. (20 pts) SSA

The gas phase decomposition of NO,Cl to give 2 NO, + Cl, was proposed to occur as follows:

NO,Cl = NO, + Cl  forward rate coastant k;, backward 4,

NO,Cl + Cl - NO; + Cl,  rate constant k;

(a; 16 pts) Apply the SSA to the reactive chlorine atoms to show that the rate of appearance of Cl, should be

dlc,]  kk[NOLCI
dt Kk ,[NO,|+k,[NO,CI]

b laclal T g
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6.

{28 pts) Industrial electrochemistry

The Chloralkali process is the source of most chlorine
gas and other oxidized forms of chlorine used for

bleach etc. It 1s also a major player in Neal

Stephenson’s early science fiction novel Zodiac.

The electrolysis process occurs under aqueous

basic conditions.

Relevant half reactions are;

Cl{g)+2e —2CI7

0,(g) +2H,0+4 ¢ — 4 HO™

Na®+ 1 e~ Na ()

2H,0+2¢ — H, (g)+2 HO

Eled=+136V
E%eq=+040V
E®ed=-271V
E°eq=-083V

Ligllow
I

Catljpde
T H2

’ \_LDn
I NaOH

(_

Conc.
NaOH
—

lon - exchange

membrane

(a; 9 pts) Calculate E°

reactions.
2CIT+2 HyO - Ha(g)+2 HO + Cla(g)
2 H,0 — 2 H,(g) + 02 (g)
2 CI"+2Na™— 2 Na (s) + Cla(g)

6% (CG) B (Hu0) = (- 1.36)+(-083v) = =218 v/
ox reA T

oy for each of the following

-~

0
Gcelt -

11

e -0
iz el 2 n;( = ~0. 40V
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By = Q8
et = ~1.23v

?
2

Hityo » 4¢™—> 2 H, +

Wz"? 0, +W’ Me™
Ypo™

o?“’),o - )/H2,+0L

E}oca( = goox(Ct‘) + rz’:%( (Lh*) = —[34V ==2}|\,/ = mlﬂ”‘o?\/

~

(b; 6 pts) Calculate E,, for 2 CI"+ 2 H,O — H, (g) + 2 HO + Cl, (g) atl4 M NaCl, QH IO 0 1 atm each gas.
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\
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(c; 13 pts) Explain why it is not surprising that solid Na is not produced from the electrolysis of brine, but it
is surprising that we actually get any chlorine gas! What must be true of the electrochemistry occurring
at the titanium anode? Where have we seen a very similar situation before? Give the balanced total

veaction for the chloralkali cell.
~The wduction 1o give Selid Na 16 Mg lfxl% vmfo\defab\e —
&W'\b&m% o \;O\‘l‘:@&dé o the cel] wiil weduee water bc{@m It wi ]
@ redaee Not — Hhad's wlm\ﬁ NaCl &ieohﬂgw + ?Ne Na ()
WAST QeeiA i}n melten QO\Q'M T a@méous 50 ucHo .
oIS %m\”?vi%fsz%ﬁ Cly 8&9 'S Tﬂ?dwced - becowe aC(;ordiWa;
@ b Hhe Toen veduss, woder sxidad ion 4 ?FM £, would
be fovored WSkad

- Thee must be a Tw%e Mofenﬁ%i at the T; clectrode fror

Woder edaction sy - o pxitized at a lower o Haﬁ\e

@ Han B0 DN% 1S wl/w;\ we uk ?\aﬁvmm
Wire in %@\ @leoﬁv?Mm%Q o make O instead a@ Cly l_]
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Prof. Jason Kahn 67
University of Maryland, College Park Your SID #:

General Chemistry and Energetics

Final Exam (200 points total) Your Section # or time:

December 16,2011
VIEWING: Monday, May 19, 9:30-10:30 a.m., Chem 1356-1360
You have 120 minutes for this exam.

Explanations should be concise and clear. There is extra space on the last page if you need it.

You will need a calculator for this exam. No other study aids or materials are permitted.

Generous partial credit will be given, i.e., if you don’t know, guess.

Useful Equations:

K. = [H'][AT)/[HA] pH = —log([H"]) K,=[HA][HOJ/[A7]
K,=[H"HOT] pH =pK, +log [AT]/[HA] AG°®° =-RTInK,,
R=008206 L-atm/mole K k&, =138x 102 J/K [nK,, = —AH°/(RT) + AS°/R
AS—-q/T=0 R =8.314 J/mole K = 1.987 cal/mole K = N, k,

S = kglnW AG = AH - TAS E=2n;¢

W= N1 n!) nin, =exp[—(e~e)/k1T] N=2Zn,

Chemical standard state: 1 M solutes, pure liquids, 1 atm gases
Biochemical standard state: pH 7, all species in the ionic form found at pH 7

°C=°K-273.15 P(v)dv = CVexp(-mv*/2kT)  E =E° —2303(RT/nfF)log,,Q
_ 2303RT/F = 0.0592 Volts at 25 °C F = 96500 C(oulomb)/mole

AG® = -nFE°,, In k= (~E/RT) +In A 1 Volt = 1 Joule/Coulomb

[A] = [A], - kt In[A] = In[A], — &t 1/[A] = 1/[A], + 2kt

Standard hydrogen electrode: 2 H'(ag, 1 M)+2¢ — H, (g) E°=0.000V

Honor Pledge: At the end of the examination time, please write out the following sentence and sign it,
or talk to ine about it:

“[ pledge on my honor that [ have not given or received any unauthorized assistance on this examination.”

(+2 pts)
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1. (24 pts) Multiple choice: Circle the single best answer for each question

(a; 4 pts) It the rate law for a process A + B — C is observed to be Rate = k[A][B]

(1) the reaction must be an elementary reaction.

(2) the reaction cannot be an elementary reaction. L{
}/7[5 M ¥

he reaction might be an elementary reaction.
(4) the experiment was done wrong. "o /q,,//n,(
| . 2 G
(b; 4 pts) If the rate law for a process A + B — C+ D is observed to be Rate = k[A]"/[C]
(1) the reaction must be an elementary reaction.
@he reaction cannot be an elementary reaction.
(3) the reaction might be an elementary reaction.

(4) the experiment was done wrong.

(c; 4 pts) Cyclic reactions A = B —C — A
(1) are impossible.
(2) can proceed in a net forward direction as drawn only if we heat the reaction to drive it.
t equilibrium, must also proceed in reverse at the same rate for each step.
(4) None of the above.

(d; 4 pts) The melting temperature in DNA hybridization

(1) increases with the number of mismatches between target and probe.
increases with the length of the complementary region.

(3) increases as the concentration of DNA decreases.

(4) None of the above.

(e; 4 pts) The lead-acid battery used in cars is so large and heavy because
(1) the weight of the battery is needed to adjust the car’s suspension.
(2) it needs to store a lot of energy to recharge the alternator while driving.
(3) it needs to have 60 internal cells to provide 120 V to the distributor and the car’s electronics.
@the starter motor requires high power and therefore current to move the pistons in the engine.

(f; 4 pts) Nitrogen fixation describes conversion of
(D N, to NH,.
(2) NH, to NO;™.
(3) NO; to N,.
(4) NH, to NO4 .

Score for the page
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2. (48 pts) Kinetics, Rate Laws, and Arrhenijus

N, (g) + O, (g) — 2NO (g)

The rate constant & for this reaction, which occurs during combustion as a precursor to NO, in smog
formation, is 318 (units) at 2000 K and 7396 (units) at 2400 K. (Derived from Gilbert 15.85.)

(a; 6 pts) Write down the rate law for the reaction assuming that it is elementary. What are the units for the

ratecohi/kant?_ B 0_("[_”2’] _ X_[ﬂj - \ 0’«["’7} A/zl [ij[ﬁz,j O\f/é e/ppﬂ
ST T we T r /47 g he e GRe
Lu\{b Cre M/‘fltsﬁl . d\-j."i? yeAl §
(b; 12 pts) Calculate the activation energy (Ea) and the ple—expoﬁentlal factor (A) for the reaction.
/Q- Ke ~Ea kT, T\ = Lowic _l:__-# — B! N 5
SRR Ttk TG o)

-~ A/"7
A (& - oo/ 3wl
_..»-—\\ - - l v B @,.m“?'i-");_

ol 3[%000 B o
émf“(3"”3[5’3!"5(‘"3’“*0") 338 dled  ANSWEL

(c; 6 pts) Calculate the rate constant at 400 K. Given that NO is poisonous, it’s a good thing the reaction is

slow at anything close to room temperature.

—~ 300 (& 314 » €00}

O Jz 504 %0 = 4930070 M7 g™ @
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(d; 12 pts) The half-life of ®Sr, one of the main radioactive pollutants from the Fukushima and Chernobyl
disasters, ts 28.8 years. From the integrated rate equation for a first-order reaction, derive an expression

for the half-life in terms of the rate constant, and calculate the rate constant for Sr-90 decay.

@ [%J ;[,4]0@—1<‘é /gr Z\Z
@ A€ 'é;"é‘/z) [a)=[4], /Z ‘2.

0643 , ~

o = .0d4] <
DA gt e 755 yeus 5

3 ° or
AN - 0.€43 -0
m(p)e hen S =T340 5!

—{al P 258 - 365,25 x L1 %3600 sec

AN
0 tn = g 7 T

(e; 12 pts) Explain the functional form of the Maxweli-Boltzmann distribution P(v)dv = Cviexp(—mv’/2kT).
In other words, where do the v’ and exp(-mv*/2kT) factors come from? Explain why doubling the

temperature typically causes much mor@actor of 2 increase in the rate of elementary processes.
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3. (40 pts) Electrochemistry of Life and the Biosphere

The nitrogen triangle describes the interconversions among different N,
oxidation states of nitrogen in the biosphere.

(a; 6 pts) Is conversion of N, to NH; and amines a reduction or an
oxidatton? Is it assimilation or dissimilation?
Ny, >N f’f/;, PERY /‘M%@ NH;, RNH;  NO3™ . NOy”
r
2 ) f\{ﬂw.mxh\m — G Ty '/V?m/- 7#)(’4/4)4«\—

(b; 9 pts) Denitrification is the reduction of nitrate to N,. What might the reducing agent be, generically?

What function is the nitrate serving? Is this assimilation or dissimilation?
A}C’g —> UZ. @
redveny oyt O W,a? ogayre Cacban — (), ok
Mo w0, T an 4"J|’2—y _ f(te ?((»/WM o&//fm'\ tt’/oc?/»w
e
My A dclinllepun

(c; 9 pts) Nitrification refers to the oxidation of ammonia to nitrite or nitrate. Why do prokaryotes do this,

assuming that they don’t use nitrate for biomass? Why is this generally an aerobic process? What do we
call the oxygen in aerobic nitrification?

(o< w‘ﬁ* ’ﬁnwl,ifz W%WI@M A”f? 2o~
Fevels ~ Ky = Lo =X,
W@%u b ke an Wbr tt 3 betfor

~ 1 0, 7 te Symtnt eghon mhr@

(d; 6 pts) Eukaryotes us don’t affect the nitrogen triangle very much (at least insofar as our personal

metabolisims as opposed to industrial processes are concerned). Why not? Fﬂ o 5

T |Arl 2 42
HOOC—C,——NH;,
[pa— |

What is the oxidation number of nitrogen in an amino acid, as at the right?
— Ao {f’ O)C‘Iloffzo o WM Vltlz/\?ow -3 | :
. \__'J_ H -
@ ﬂf,wv%t ch{wgdiﬁm — 1ty W an ' 4
Comne  ar  Stuller fl= L

9~
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(e; 10 pts) Why did the emergence of life on land have to wait for all the Eurface iron to be oxidized to mugt?

“Lif&a\ led hed b Wit L an 0P {&;ﬁ/‘ f» bk kv’

,\Orhwv Conty. )4\”»\ 4’(&)7‘)’5”\ 0L i fL,_ (47,, /-a/\/ﬂﬂ/_(/(/
So e vepdl an onych evwwé(

MOLMM W 1%%&%,0% LAl Féomﬁ-«(
S uny o¥odiad f Fe O

4. (40 pts) Electrochemistry and Technology

The sodium-sulfur battery has been proposed as an
energy storage component of the “smart grid.”
Sodium ions migrate through the beta alumina tube, il
but anions cannot go through it. Molten Na,S; and g | [piacharge ey
molten S are immiscible liquids. - S

o Sulfur sleclrode \
f e

R £y
\

B !
8ol Y

commrer Y
§

-M-'*“Frotnctlon]-“l

Wil e Charge Tayor 7
et ¢

The relevant half-reactions are
Na® + ¢ — Na () Eed =271V
5S()+2e— sz_ ECeg=-048V

(a; 21 pts) Write down the overall reaction for the discharge part of the cycle (getting energy out of the
battery), and calculate n. What is the composition of the molten sulfur electrode as the discharge
progresses? The beta alumina tube is acting like a component of the simple beaker-based reactions we
studied. Which component? How could you tell by just looking at the inside of the battery over time
whether it was charging or discharging? Finally, why must water be rigorously excluded from the

inside of the battery? /]z c w‘r(/( onGas fv n~lec

) L Na .,F—) UQJFLfe“ ‘K:ox:' +Z‘7“|\/,?Jﬁ Ne, 55‘(_’,@) — Sulfr
55+ 0 > S¢ K ord = ONPY sty il be a ﬂ:/!'hﬁw

L—%O:Z‘Z.;\/@?;Z; 3@{{
¢

h

@Zz Na{e) +55(8) = 2N + S
@p»a(umﬁ% achr e e salf brdlge 4o crplt ho et
= Over e fle rif(j% /UQ(LJ il 0(//‘4[ end He /IM/%{L.
) (L fr ddiuvale wdll #3eRarny cliscterge

— Welr wadd read uiile wils T NQ(/), €Seee
&) o+ 19°C ! 4? %}(

-
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(b; 9 pts) Calculate E°e, AG®, and K, for the sodium-sulfur battery, all at 250 °C, assuming that the E® ,; is

the same as jtis at 25 °C. (The battery actually operates at about 250 °C to keep everything molten,
which is why you are not likely to have one at home.)

@ Ea(,e,n = 97] "" 04% = JR>3 \/

5 Mol > NFEwy = ~ (90300 Gm)(2:23 Jc) 2-430390 Yol

: _ AGE/RY 243050 /% 31dx 523 K 4o
- = ~ = %4 9- 10 * O

D ke = ¢ ) ’

(c; 10 pts) Energy storage in a smarter grid would allow for “load shifting,” for example from mid-afternoon
to nighttime. What does this mean and why is it a good idea?

- Lpad SW\%H W%T means that Fewer can be ? wduced ot one time @jQ
@ &0\/6/ anch wsed ob angther time &SZ c{m,d;.

- T4 allews ?ovoe( wm”w@e,g Yo Uge The «Jmemeng or most
3 ‘emlf'v“owmdnjfoxl'\ﬁ- -FMV\d "Zr goureds s»? Fé@er Wke Jiwelenr
or Lw\dm olectne 4o meet TDQOLK Ademand | ynstead @%

Y\de‘wxﬁ ‘o %O ‘i’o legc, b@w‘t%m Souvces Lﬁ}@g @C&‘gcpe(ﬁ

Pl@w\'fg
@,/} Qo mwéf %mm-?le ﬁi 890& Vs bad power
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5. (20 pts) SSA (L} ¢
The gas phase decomposition of NO,Cl to give 2 NO, + Cl, was proposed to occur as follows:

NO,Cl = NO, + C1  forward rate constant k;, backward k_,

NO,Cl +Cl = NO, + Cl,  rate constant k;

(a; 16 pts) Apply the SSA to the reactive chlorine atoms to show that the rate of appearance of Cl, should be

afely] _ kk[Noclf
cdr k. [No [+ & [NOCH
. D) _ <a
o? —LD/*'/A\*W : —“HJ“—‘%- @
o R [Nu ) %) . Dho, ﬂoﬂ = P‘? b, e = o~
| KR, ENCJC/&TB = t?q--lit\}()ﬂ + %ZEMOQCFD Leid - {’\\\ » h
- i ., T30, ¢ J _'_ g‘ N _: *7
e = R [NCT + Fe2 INDLCH Q//& S
3 ¥ N P el
© LC - 2 \ N \
i—‘—ll - \? Lma\/[j(LCij % LNU (/] ' v {3 Qor GV
ot e s ‘_/ b -\ENO):I & %QD\\Gsz mndication +hat
\~\4 't comes J{'mm

Somewhere,

(b; 4 pts) Under what conditiowuld you observe a rate that 151 first or(y/ith respect to NO,Cl ?
L
17 fPe‘, N0, ) >> {hw [NO2CI]  we have—

AlCi) k&, ENch\jf (+) for a% vndlicads on
Ak B ’/% W as +o uwvé( rote 1S
\LL U\JJ C,/g znd tmfg@w
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6. (28 pts) Industrial electrochemistry

The Chloralkali process is the source of most chlorine é Anode
gas and other oxidized forms of chlorine used for al I
bleach etc. It is also a major player in Neal 2 1\| e
Stephenson’s early science fiction novel Zodiac. Conc. | , :
The electrolysis process occurs under aqueous NaCl '.,W.‘_.M.W S v
basic conditions. - o L B
L
Relevant half reactions are: ; ” m_% + A
; 0% g Na p
Clg)+2e —2CT1 E%eq=+136V } “‘”’%
{ Dil g .
0,(g) +2H,0+4 e —4HO  E°eu=+040V Nacl | B T
) Ti !
Na* + | " — Na (s) Eeq=-2.71V < } —
2H,0+2e¢ - H,(g) +2HO  E%4=-083V | lon - exchange
\_ _ mernbrane J
(a; 9 pts) Calculate E°,, for each of the following
reactions. C . .
2C +2H,0 - Hy (9) + 2HO + Ch(g)  E'aan = Eor (07) 1 Erea (H2O) = -1:36V - 052V = —QjaV
2CP+2 N 2 Na(s) HCh(g)  ®eey v E%(0) + Eled (Ma¥) = =36V — 2 TIV = =467y
2H,0—2H,(g)+ 0,(g) Een = Ei\.‘: ig_{_) A B (H-ZO) s~ 04OV - O8IV = —].23\

b; 6 pts) Calculate E_,, for2 CI" + 2 H,O — H, (g) + 2 HO™ + Cl,(g) at 3 M Na(l, I\f b.‘i\atm each gas.
P RN\

Ecn = Eten — ‘63 o )
= ~2)9 - 0.US92 loc [H[&EOH"]Q[OIQ] - W
A rRol |
(0.2am)([57* MY Rutm)
[>m) "

- -24- 00286 leg

=~ 194/
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(c; 13 pts) Explain why it is not surprising that solid Na is not produced from the electrolysis of brine, but it

is surprising that we actually get any chlorine gas! What must be true of the electrochemistry occurring

at the titanium anode? Where have we seen a very similar situation before? Give the balanced total

reaction for the chloralkali cell.

kzn-e V-ep&w{ﬂm 1\9&\,1_ el d Ne. 3 LOA; o b Sl —
B”’”‘f(g«”gz P (}574 boHe e WV pedia wakes %‘W

3 /
O \PJT WAl redicce Net = bl w e’("/'{/’(?/u /

G~ Na (L) et sucer tn poth. Soth 1A Qi elicfrn
— TF R SW)M?A% LA Ll Gos 7 ot becu, W,?

Gy Bl Blan velisy umker onlatom b Gue 8y wmtl.

be forred inslecd

Toare st be & leme overpelnhid o te T} clocunt,

Lor e c?;m%gﬂm;/ <o CL7 3 oz af a loge vl trse

@ 'H/W\ I’(LO E(VAA: 1?1/(»?&.41444 ///“A
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