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Exam I (100 points) 

Your Name: 

Your SID#: 

Your Section # or time: 

March 1, 2017 

You have 53 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: 

Ka= [H+][A-]/[HA] pH = - log([H+]) 

R = 0.08206 L·atm/mole K kB= 1.38 x 10-23 J/K 

R = 8.314 J/mole K = 1.987 cal/mole K = NAkB 

0 c = °K - 273.15 P(v)dv = Cv2exp( - mv2!2kT) 

Mass of H: l .008 g/mole 

Integrated rate laws for 0, l, 2 order: 

[A] = [A]0 - kt ln[A] = ln[A]0 - kt 

t112 = [A]of (2k) t112 = ln2/k 

N = R,. · f p · ne · ft · f i · Jc · L PV = nRT 

(P- nb)(P+an 2/V2
) = nRT 

1nKeq = - Ml 0 /(RT) + AS'0 /R 

ln k = ln ~ - E/(RT) 

- b ± .Jb2 
- 4ac 

x =-----
2a 

E = mc2 

1/[A] = l/[A] 0 + kt 

t112 = l/(k[A] 0) 

Honor Pledge: 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." 
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1. Chemical Equilibrium and Gas Laws (40 pts) ~~V'~ - S~ 

The equilibrium constant for the endothermic reaction Hi(g) + Ii(s) ~ 2 HI(g) is Kc =~ at 25 °C. l.,,.a,,,,-

(a; 8 pts) Write down the reac tion quotient Q exp_ressio..[1 in t~PE ,Jf partiaf'2 res~ures , an~ calculate the { c'i f) lb- 1. 

valueofKPa t2 5°C. 2.- tb//f'(f~~ l_f\c~ ~'1 ::.O,Y15] 
~t (c11C . Ip ·:c \ G\ ~w E-, ;1-~cj/ . 
\ ,,---1 d -= ~J ® ·,.,,c1.,..i.(FJ; _ 

))-- p \11- Qi 6"1 "'~ :,.,. ~ r r ,. /-i 
{tlW') u~) l:\Yl . . l • ) r ) 

V-r ~ \(c:. L ftTJ =- L. 3 f y:f crll l D,og }J)~ L:~+~ /w-el LL· 2f,3, f{)l 

. . @ ~ OC(j-

-= 3. 3 5"" ·1 to -
3 C °'+'ti ) [ + .5 ':.f-rt~ J't 3, '1 ,5. ~ 1 (.,t.,p-A ~ J 

. @ q;' ,,,r,v . . .,--{...ll CM:f W,,,,-~ ...,..'J. )ly , 0.3'15 
(b; 12 pts) Gaseous H2 1s added to e~~s ohd 1odme 111 a 5 L containe r, and the eqmhbnum partial pressure 

at 25 °C of H2 is found to be P Hl = 0 .92 atm. Calculate the number of moles and the mass of H2 that are 

present at equilibri um . What is the equilibrium partial pressure of HI? What is the ratio of (the average 

kinetic energy per molecu le of the HI molecules )/(the average kinetic energy per molecule ~f the H2 / 

molecules)? . ,+ / f c,./cr~ fl'):.. 
f h -::. o.r, 2 ,d-"h ·'.1 -$ . ,z·, ~ (ff; pv::J1b7 r1ei? ;1~ -Prrr · 

~L ;~ -- fY - {g.<12,c.l-~ )( '.>L.) (:: I~ f--0. I"~ (e. f-1~lP 
VI 1),-- · )( ) l 00l11\4'J 5 )._ ,, .. :' ( v. o g, lDb L:· e-f.,,. ( ~-el.2 \l i ~i I(. 

o, li8 .,..J.,. ~ 2 < 0 I(, :') I ..A. (/t ,_ ~ 0..3 9-1 J, /1 /..@ rl~" 
{t I i:r ~ 11 ' ~ .l - CJ-;?!"'' i [J) \J,>f'Y r 10 

b?JtM-d-~~~rG 

Score for the page __ t-/ _U;_ · 
I 



Chemistry 271 Exam l 22xx. 3/1/2017 3/7 

(c; 12 pts) Excess solid 12 is added to a separate 5 L container initiall y filled with 3.80 atm of H2 , with the 

vessel maintained at constant volume and 25 °C. How do you know in advance that the final total 

pressure in the container will be more than 3.80 atm? Set up but do not solve the quadratic equation that 

would give you the final partial pressure of HI. 

-<}:~ Q , w,j{.,.; 'O 111, ~ 2~ ~ i-tT.-~ /~~- .f-v Jz__._ G (9-Xf't,.viJ.. riKJ•"' "--~ ,~v ~ . ·12,.. ~? ,... ""'1... ..... 

~ µs,.r) kf Tl- U "'ff ft, l, · 
k 2.. + J: 1-~ 2.J-1'I. 

-~so iv~ (x_5.J 0 

c-~J +7.x 

1.x 

ILr "' 3. :;,; "1 / 7 ~ 

@ , 
~ iW ?.':: ~ ,,,.{>,-_, +.1·,rA p .,,_ 3. H ~ ; c,..m..,{' '-' ;i '?"-OS~ i ,1 p,, ¼ .3; I "ti,.) 

(d; 3 pts) How would the partial ~ ures change if more excess solid 12 were added to either container? 

'J:. t ~Cl-- i'wf-~ - f IA ft &'v \;,h C1.J, .d11wf-3/r.,(./,- ti'\ ./-Le. 
(e; 5 pts) If the volume of either container is increased at constant temperature, which way will the 

equilibrium shift? If the tempera ture is increased, will the equilibrium constant increase or decrease? 

- ·r-f Vt C<k ~ T,/ P .J, ~ llef-.,,s~ ~r1
, ~ rH- -h> ~ ~~M­

@, -ti:, jhc~ tu. frt.ffv<N. 

/ 2--0 Score for the page ___ _ _ 
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2. Chemical Kinetics (48 pts) 
The Zeldovich mechani sm describes the oxidation of N2 gas by 0 2 in internal combustion engines , which is 
a source of smog. Here is the overall reaction: 

N2 (g) + 0 2 (g) "7 2 NO (g) 
d[NO] I 

for which the observed rate law is -- = k[0 2]1 2 [N2 ] 
dt 

(a; 6 pts) How do you know from just glancing at the rate law that the reaction is not element ary? What are 
the unit s of the k in the rate law? 

We will evaluate a simplified version of the proposed mechanism. First , we assume that O atoms are 
produced by collisions between molecular 0 2 and collision gas M, at the high temperature of the combustion 
chamber (-2000 K), according to the reaction below, so that O atoms are maintained at a constant pseudo­
equilibrium concent ration: 

Ka 
0/g) + M ~ O(g) + O(g) + M 

(b; 5 pts) Solve for [O] as a function of [0 2] and K0 . Not a trick question. 

I< =-[of'[.., J 
0 

[ov J [_ nA J [o] = J Ko Co;] 

~ 
Here are the two steps for N2 oxidation. The nitrogen atom N is treated as a steady state intermediate. 

Step 1 
Step 2 

0 (g) + N 2 (g) "7 NO (g) + N (g) 

N (g) + 0 2 (g) "7 NO (g) + 0 (g) 

Slow , rate constant k 1 

Fast , rate constant k2 

(c; 6 pts) W1it e down the differential rate law for the formation of NO as a function of [0 ], (0 2], [N], [N2], 

and k' s . 

@~ ~~~f 
~ rr:,..:h I euv-

Score for the page __ -+/_1 _+_ 
I 
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(d; 11 pts) Write down the differential rate law for [N]. Solve for the steady state [N] as a function of [N2], 

[O], [0 2], and k's. Explain why the second step must to be fast for us to apply the SSA . 

- ~ 0 ~ff~ tH. SS-1) ·fi..t '""" k,.,-Wt:e(~ub ~ ~--c e-

r:tzfj ®' pc,fi-.~ 1~ k su,,,J _r7d /?-. ½-sJc,. 
+~ . -~ @ 

ol COfJ C 
(e; 13 pts) Substitute your answers for (b) and (/) into your answer for ($; to give the rate law for NO as a 

function of [N2], [0 2], K0 , and k's. Hint: at the beginning of the problem I told you what it should look 

like. Explain why your answer does not (or should not) include the rate constant k2 or the 

concentrations of [N] and [O]. 



\f'Ju L\ t c'l '! * 3 '1 5 f l C 
10 

fu Y 7.,0 DO I.C: 

, 3 1 3 t< (0 ·.o h I SDO :C 
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(f; 7 pts) Independent question: The activat ion energy for the rate limiting step (k 1) is 314 kJ/mole, and the 

pre-exponentia l factor A= 4.03 x 1010 (with approp riate units) . What is the rate constant k1 at 2000 K? 

What is it at 500 K? L' I~ \,,l r d_J l 5 I~ .T _ 

F 'cJ ,· ()_::,. (' IA _ !7c.. iM $'\.~ 0-\ ~-?\. YOOO J 
/c,...Sf>u .l.._'r:.c.v,i,-. 5 {V't.j L/1 ~ VI v-r Jl"T fi,L,C,Vi y / 1 

- ft.o.( r..T 
_ _;,_::: A-e , 

1 
_ Jt'1D()t) -r /,.-d./ s.;1'{ :s 1..-e ~ -If (( l\ 

@ Z .fa-_;;; ~(_ \f,o:;~w'' li--v½-i)L e / 
-,a,~u 

rC -.\ /""'7'1,. ·1L OA . ..., io o ' -=. J'SU t1.,/i.s-) @1-i ·v er!"" , ~ wv:; ) _A".:::.,~ L ( < 0 .5> ,q C., C... J 

fw 'T=- .Wotl; ~ ~ e 
.., -~ ---rs> 

['¾ ;')~we c6,. 1+ _0r,v~ tw ~ ~4 ~ c.,hi,,.qf~,,-e,. 

~~i e.dt,LJ CAa.v-c/4 fu vt; !v,-Z.. o 'l<l~) 
3. LeChatelier's principle (12 p{/; 
Here is a picture like the ones we looked at in class, generated using Matlab, for the reaction 2 A -:;c B . 

40 
Partial Pressures of A and B 

- P(A) 
o.i.'.lO· ----- - · -· P(B) 
Ci:" Rxn: 2 A<·> B ---· ·--· --- -- ---- Total P 

t c ---";:_ ___ --:- . ---------------- " 
0 ' r----------lr---- ---- - - -

0 s 10 1s· 20 2s 30 35 40 45 so 

Rates of Forward and Back Reaction s Converge 
O.S \ ···- .. ·1c . --- . . --.... r \ - Rate cl form ing B 

0.4' \ I ·\ I "' - --- Rate of formin g A 
\\ i' li ,, ,8 0.3 •· ,, f \, .. _____ .. _:::::~.400. .. ____ ___ _ 

f;! "-. ' I 
0.2 ~ ....... ___ .__ ' i 

-------, ' . 
o.: ,.,.--------------·-·-·-i-.. -:.-::::::·...:.- ---=-----'--------=~~:-:::.r-- --- J . 

0 5 10 15 20 25 30 35 40 45 50 

10 

(j 8 •· 

.J 6 · 
g 
0 
= 
~ 2 · 

0 
0 5 

....... .. , .. , ·ti··· " ''" 

Expand 

l 
10 

_______________ ... ~ea .c~ion Cluotient Cl Approac_h"s K 

Add A AddB Re-Compress 

15 20 25 
Time 

30 3:5 

- a 
kf = 0.04 
kt = ,().01 
Value ol Keq, === 4 
A.ilt to~ ,s 
B ;;it t0 =6 
O&lia A ;;;3 
delta 8., 3 
Compres s.Joo R.,tio; 0 .33333 

40 45 50 

Score for the page __ ~/~·~y~_ 
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°'/7 
a: 12 pts) At time 18, we add more "A" to the reaction mixture - note that the P(A) line in the top panel 

pops up. Explain (i) why the "Rate of forming B" line in the middle panel increases apidl ' (ii) why it 
subseq uentl y decays, and (iii) why the line for "Rate of Forming B" changes (up and down) so much 
more markedly than the line for "Rate of Forming A" throughout the middle panel . Finally, (iv) explain 
why the value of Q decreases upon compression at 33 min. 

L l ) v.k ~ euW A1 ,}u 

~~ 
U 1, j lls- ,4-c1 17ff,~ cat/f,~ P B_) /2-,,, ,rz-0 

ft 6 2-rA-~ 6 c&,. ~ C ~ 1z..._ ~ v t 4 1211 

i'vtc.~)~ 
~ Z14-, /!J a ~-£ ~ ~ ~ ~ 2,14-is 

Page Score 

2 /20 

3 /20 

4 / 17 

5 /24 

6 /7 

7 / 12 

Total /100 

Score for the page __ -f-/_t_2-_ 




