
Chemistry 13-l 

Pr of. Ja son Kahn 

l-niwrsit~ of :\1aryland, College Park 

General Ch emistry and Energetics 

Exam I ( 100 points) 

Your Name: 

Your SID#: 

Your Section # or time: 

March 10, 2017 

You haYe 53 minutes for this exam. 

L,pla nations shoul d be concise and clear. There is extra spa ce on the last page if you need it. 

You will need a calc ulator for thi s 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= fH+JIA-]/[HAl pH= - log(fH +]) 

R = 0.08206 L·atm/mole K k8 = 1.38 x 10-23 J/K 

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

°C = °K - 273. 15 P(v )dv = Cv2exp(-mv2!2kT) 

f = ( C + Vr) fo 
C + Vs 

d ;· ·· - /'1.,Jd, = f1.r1 
d.r. ,, · · 

Integrated rate laws for 0, I, 2 order: 

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

t112 = [ AJ0/(2k) t112 = ln2/k 

(V- nh) (P+an 2/V 2
) = nRT 

lnKeq = -Af-1°/(RT) + M 0 R 

ln k = (-E ) RT) + In A 

-b ± ../b2 
- 4ac 

x =--- - -
2a 

I /[A] = 1/[A lo+ kt 

t112 = l/(klA] 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 unautho rized assistance on this examinati on:· 
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1. States of Matter (22 pts) 
(a; 12 pts) Sk ting curve for a typica~ce as it convert s from solid to liquid to gas at constant 

pressur . Physicall , what is happening ineY the flat parts? 

/j\ ~ -:-_?" /, \ sf -UC [',,~ T l"'"r ~ / P ( ~,K..) .( ~ 
!~A +I {v- P7f:1:; ... 'Jr_ 

~ rk-p ?5 (])~ 1~ 

(b; 10 pts) Sketch a P/T phase diagram for a generic pure substance. The Phase Rule says that F = C - P + 2, 
where F = degrees of freedom, C = #of components , and P =#of phases. Explain what the Rule means 
in reference to the liquid-gas coexiste,nce curve on your phase diagram . 

. ~( <; 'l f ftAl6'; c{6Li,o t" ( c,'?-<.,( tzl 

-

T --

4("it fr- C,u.,J/4--e<_ ¼"._""} 

~ F :o. I - 2 + 2 .:: l . 14.,.,_ 

;--.) ~ ~d. t; ~/ 
,w.e,.n :?' /l,.J WC. ~ c,,{.,;-« 

t; tl-R-r P/ T f.,-+.~ mkr- V )1 

bvvf-~ fk o/4rt Ct/t 

yJ- 6(1 pr~r_,,H'<J 6 fl,.. 
~ysh . ) 

( )w..i.-lD.,4} c,, e r:a }(.,,a 

Score for the page. _ ___ _ 
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2. Ideal and Non-ideal Gases (31 pts) 
(a; 8 pts) Why do real gases act more and more like the ideal gas (i) as temperature increases and (ii) as 

density decreases ;nsw er (i) and (ii) individually)? @ 
Ct') Ph I J) ~ ~ ~.-< ("f ~ ~ fl,.,r , {:.,,-c_ 

sr--< !of fi1,,,-,_ i\,--~ v~,~ J; 'jj ,/1...er ~- fl._ 

~A"'4-<,<. '/ /,'\[v-~ -bvav ~o.HJ . 4v,.,< (vr 

¢ C-r~ ? 1h \P{ U..~ l ~ ~~r~ ~~,H ,J /{1/ 

~p.vl-.A:. ,/[~'t] @ 
u·, ~) /l-J .4- r,~ { h(v) { J ~ ~"' ~ 1w: u f&cl«M.. 

cR.u.,,,./J.14 . fil-1 fv h,.w<. ~ h:,..,v-~ c; ~ 0<-trhJ'--

0.:tt~vt ~1 - - @ 
(b ; 10 pts) What is Dalton's law of partial pressures? How does it follo w from the assumptio ns made in 

deriving the ideal gas equation? Propose an experiment to test Dalton 's law. 

~ r--oJJlR ~- fi,,r .{)<4r : 

= ~m ~;tj~~ ~t~ 
yV\. (IL,/ l£ ~ ~,rl'",'\t r 4 { {.,w-j. r rt1 J "'-11 

1L-,,,,.. ~ 11,... & ,,,,.._.(_ c;{/pi,) 

-~ , <;~ ,Jt ~ ' 

~ ~'et W"\ ~ J~ . 

v11 ,~xo - 4v ~ f ,-effi,,,rt 

Score for the page ___ _ 



- ~-, 

Chemistry 134, Exam 1. 3/10/2017 4/7 

( c; 13 pts) A typical scuba tank holds what was 2200 liters of air at atmospheric pressure, compressed to 200 
atm in the tank . Calculate the number of moles of air in the tank and the volume of the tank, assuming 
20 °C and ideal gas behavior. What would the pressure in the tank become upon warming it to 40 °C? 
Approximating air as pure nitrogen N2 (28 g/mole; don ' t use this in real diving !), calculate the mass of 
the gas in a full tank. 

2 Zoo L@ (l\1m 
,,-.---

P, V l ~ Pi, Vi. u f-~ ) 
pct--Va. +"l"\ 

p -\-&-k 

(?' pl. @ ~,v, ~1- vh. w J-~J v .---. - ----.... -
'{\ ~ ----- I\ )'1,.. '\'vl._ 

1'\Xl 1,, 

~ )o't, . (3 \ 3, 1(" \( J 
@9 ~4-4~ 

-. 2o<J .Jm . I IO b8 = 2 l 3, (, ~ +"" - -- { Z"~' I) ~) 
I 

,,,-

Score for the page _ _ __ _ 
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3. Kinetics Reaction Orders {25 pts) 

Consider a reaction A -+ B tha t follows first -order kinetics. The integrated rate law is [A] = [A]0e-kt_ 

(a; 4 pts) Is this rate law consistent with the reaction being an elementary process? Circle Gar No.@ 

Does this observed rate law require that the reaction is elementary? Circle Yes oG) @ 
(b; 6 pts) Based on the integrated rate law and the definition of the half life , derive the expression for the 

half-life t112 of the reaction as a function off A lo and k. 

I Vl l V-,, )-=--:A t,IL 

@ 
l V1 2 £ '(1... = -A 

(c; 15 pts) Consider a time course for this first order reaction sketched at the left below. At the right, create 

the corresponding linear form graph for the same time cour se. Determine the half-life and the rate 

constant from~ or both graphs: give numerical answers fork and t112• 
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~v1(U,u') ~ S,01~ 

\"' (8u\ ~ l{.38 2. 
l vi l¼.i\ = Jes8, 
l111 (w):: Lq~b 

r r--
I 
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[ t 'h.., is ... ,,,.,_ 

~) 
l +L ~ ~(,.J ~.,,;fr) 

Score for the page ____ _ 
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4. Activation Energy and Kinetics {22 pts) 
(Adapted from Oxtoby). The rate constant of the elementary reaction below is k = 1.94 x 10-4 at 30 °C. The 

activation energy Ea is 161 kJ/mol. 

(a; 3 pts) Write down the rate law for this assumed-elementary reaction. 

{Wj._-=-- &{\~-<,-1 :: J/z [fl>Yl-1-J[NL-<,/j @ 
-,.. 1 , cl, f ---------=: -1-2. 

(b; 3 pts) What are the units of the rate constant k (and the frequency factor A)? @) 
-~ -\ J'( -~..) 13 

l~ a-riv - )l t1 1"'- vt,. SeG ~ ~ S = ~ 

Note: none of the three parts below require answers to the others. 

(c; 4 pts) Calculate the frequency factor A. 

L / (~r-sJ 

~ - A. e- r,_ /fl.-1 . 
- _ ltl<Po{J_/..t) /(p~ ~1-e. • 30?. ,~ IC) 

l, e, L( "w,-~ ::: A-e 

(d; 6 pts) Calculate the rate constant k at 50 °C. 

(1 \ - ( I b\000 /J)JIL( . 3 23, 1(" J 
Jz_ "'\_'_' c/.J-)(\a2 ~ j e \ 1 o 11 ~ ((( 1 ~,_ 

1 s - l 

<§ 

Score for the page _ _ __ _ 
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" (e; 6 pts) Calculate the initial rate of reaction at 30 °C for 0 .. 5 M BH4- (aq) + 0.75 M NH/ (aq). 

\, 1L( )\O _Lf yll\-\S-\ • {)_31"~ ~ 1-

(/p:;b -::::. i.n5x /()-s jNl-lrl 

(:j-~ 5 J 

Page Score 

2 /22 

3 /18 

4 / 13 

5 /25 

6 /16 

7 /6 

Total /100 

Score for the page. _ _ _ _ _ 


