
Chem 4A Exam 3

TOTAL POINTS

84 / 100

QUESTION 1

1 1.1 5 / 5

- 5 pts incorrect: a

- 5 pts incorrect: b

- 5 pts incorrect: c

✓ - 0 pts correct: d

- 5 pts incorrect

QUESTION 2

2 1.2 5 / 5

- 5 pts incorrect: A

- 5 pts incorrect: B

✓ - 0 pts correct: C

- 5 pts incorrect: D

QUESTION 3

3 1.3 5 / 5

✓ - 0 pts Correct (answer C)

- 5 pts Incorrect

QUESTION 4

4 1.4 5 / 5

✓ - 0 pts Correct (answer C)

- 5 pts Incorrect

QUESTION 5

5 1.5 5 / 5

✓ - 0 pts Correct (answer B)

- 5 pts Incorrect

QUESTION 6

6 2 6 / 9

- 3 pts delta U is supposed to be negative

- 3 pts w is supposed to be negative

✓ - 3 pts delta H is supposed to be negative

- 0 pts correct

QUESTION 7

7 3.a 3 / 6

✓ + 2 pts True

+ 4 pts Correct Explanation. Includes ideal gas law

with p equal to the partial pressure of the gas solved

for pressure, showing the expression for pressure

includes n/V, which equals concentration

+ 2 pts Explanation correct without explicitly

showing that partial pressure is equal to an

expression for concentration

✓ + 1 pts On the right track but no mention of ideal

gas law or concentration expression

+ 0 pts Wrong True/False

QUESTION 8

8 3.b 6 / 6

✓ + 2 pts False

✓ + 4 pts Correct explanation. Delta H of formation is

only zero for elements in the reference state

+ 0 pts Wrong True/False

QUESTION 9

9 3.c 0 / 6

+ 2 pts False

+ 4 pts Correct Explanation. Delta H is heat of

reaction at constant pressure, can't guarantee sign of

heat with varied pressures

✓ + 0 pts Wrong True/False

+ 2 pts Discussed mechanism of determining delta

H without discussing change in pressure

QUESTION 10

10 4 8 / 8

✓ + 4 pts Correct Mass of Oxygen

✓ + 2 pts Correct Moles

✓ + 2 pts Correct Manipulation of Ideal Gas Law



+ 0 pts Completely Incorrect

- 1 pts Wrong Temperature Used

- 0.5 pts Wrong Significant Figures

- 1.5 pts Wrong Pressure Used

- 1 pts Calculation Error

+ 0 pts Click here to replace this description.

QUESTION 11

11 5.a 5 / 5

✓ + 2 pts Recognize constant pressure is higher

✓ + 3 pts Give physical explanation in details

+ 1 pts Just give the values of two heat capacities

+ 0 pts Incorrect Answer

QUESTION 12

12 5.b 5 / 5

✓ + 2 pts Recognize diatomic gas is higher

✓ + 3 pts Give physical explanation in details

+ 0 pts Incorrect Answer

QUESTION 13

13 6.a 6 / 6

✓ + 6 pts Correct

+ 3 pts Correct heat of reaction, but not for 1 mol

octane

+ 0 pts Incorrect

QUESTION 14

14 6.b 2 / 6

+ 6 pts Correct

✓ + 2 pts Correct equation, incorrect answer

+ 0 pts Incorrect

QUESTION 15

15 7 8 / 8

✓ + 8 pts Correct

+ 2 pts Kinetic Energy = 1/2* M * V^2 with

calculations

+ 2 pts Equipartition Energy = 3/2 RT with

calculations

+ 2 pts Correct units (kg/mol for molecular weight, R

= 8.3145, V = 10 m/s, T = 300 K)

+ 2 pts Algebra+ the final(correct) answer

+ 0 pts blank/incorrect

+ 6 pts Per molecule vs per mol

QUESTION 16

16 8 10 / 10

+ 0 pts No answer

✓ + 2 pts Correct moles for 10%

✓ + 2 pts Correct moles for 50%

✓ + 2 pts Correct conversion to mass for 10%

✓ + 2 pts Correct conversion to mass for 50%

✓ + 2 pts Correct units (kg or N)

+ 1 pts Partially attempted
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�hemistry 4A, Fall 2019 

Potentially useful equations: 

Kinetic energy: KE= mv212 
Gravitational potential energy: £

8 
= mgh 

Midterm3 

Result of the kinetic theory of gases: PV = _!_ Nmv2

3 
1 

Mean free path of gas molecules: A = r;:; 2 v2nv:rd 

Maxwell-Boltzmann distribution: f(v) = 41ZV2 _!!_ exp _ _!_ Mv-[ ]3/2 [ ? ] 
2trR.T 2 RT 

Van der Waals equation: [ P + a(; J ](V - nb) � nRT ; "Compressibility Factor": z � :; 

Work in reversible isothermal processes: w = -nRT In V00 = -nRT In-8_
v; P00 

Potentially useful constants: 

g = 9.8 m/s2
; 1 atm ~101325 Pa ~760 mm Hg; 1 bar = 105 Pa 

R = 8.314 J mol- 1 K-1

ks = 1.381 x 10·23 m2 kg s·2 K 1

T (0 °C) =273.15 K 

1 cal = 4.18 J 
Density ofliquids: p(H2O) = 1.00 g/mL; p(Hg) = 13.6 g/mL
Relative atomic mass: H=l C=12, =14, 0=16, Cl =35.5 

A = 6.02x 1023

Full score of this exam is 100 points. 
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Chemistry 4A, Fall 2019 

Question 1. Multiple choices (5 pts each question; only one correct answer for each question) 
1. The typical air temperature in a hot air balloon is ~100 °C (212 °F). The mass density of this air shouldthus be ( ) of the ambient air at ~25 °C ( 77 °F). 

(}
'l-

, £-�-�-, J;.,, �,,, 1,2( '£) A. 25% ½ �- B. 36% 
D
, � P, --P- C. 50% 1/r . 80% 

l-. � /,<I ✓ (. i �v; I '-? "I, 1/,j,. ; .t:-. 
J. I l']� 2. Given that the root-mean-square velocity of 2 is ~500 mis at room temperature, the root-mean-square velocity ofH2 at room temperature can be es�: ( ) A. 134 m/s �500m/s V. ,rile' . 70m/s D. 7000m/s

v;_J: \) .Z- ,v._ � {(tq ·CZ'<J l/4.1 , 'v 3. The electrolysis of water provides a way to generate H2. At room temperature, to produce 1000 L of H2this way would approximately consume this amount of water: ( ) A.1 � 1., .. ..,B. l0mL .1 L D. l 0Lr//-,,. "' {l "' �-: ��2-<ty �tfu .., I ..,1 -j ((.,"'ol H1 0 · !f:t , 1J(_j4. In the van der Waals equation (Page 1 ), the factor a is introduced to correct for: ( ) A. the volume occupied by the molecules themselvesB. effects due to the distribution of velocity for the different molecules@effects of (attractive) forces between molecules
D. momentum changes when molecules collideE. statistical variations resulting from the crooked paths traveled by molecules

5. When the same amount of heat q is separately transferred to two copper blocks A and B, the two blocksincreased in temperature by 1 0  °C and 2 0  °C, respectively. In a different experiment, the copper blocks Aand B are put into contact with each other and the same amount of heat q is transferred to this combinedsystem. We thus expect the temperature change for the system to be: ( )A. 4 °C B. .7 °C i C. 15 °C D. 3 0  °C 
(o,t1 r 1 tl gG

( O /1l. {11) ,, 

2 : I IC ,, 

ff) //1 A 'l 7)µ::'.1 f 
If-:. (If� l- 7,,fl : cz;:,, )5 tJ'f Lf/-:- �'

Question 2. (9 pts) An ideal gas system went through adiabatic (q = 0) expansion at 1 atrn external pressure. In this process, what is the sign for each of the below 3 items? Write "+", "0", or"-" for each item. 

w -

A J,-,,b.,.. ·• ,,,, �u i � V

.L1 (./; i ,t'

LJV� w

tJIJz_O

wL r) 

v -;, Jv-ti.1-;, iJ/j r' :: _.t,111 -
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ID# 

For the below questions, for full credit, please show your work and respond below each question. Work in 
the margins will not be graded. 

Question 3. (6 pts per question) Analysis: Are the following statements true or false? For each statement, first
state unequivocally whether the statement is true or false (2 pts). Afterward, for statements you answer 'true", 
discuss the mechanisms. For statements you answer "false", either discuss the mechanisms or give one 
specific counter-example to disprove the statement. (4 pts for the explanation)

(a) At a given fixed temperature, the partial pressure of a gas species effectively defines its concentration.
/

r
'
tAe, p'< t-1-oAf lp_.- 6,1- f'"'r��/ p,,--(J._Jv. J�J -f�,.f- fi.L fEfr�"er{ {A-<��

--;;:;- j �1 Jpq'
t,,-fJ (J eiv- {Al � i,b h_ T)/,t. frc.l ~o>i 

fi>,.JZJ ��,e_ 1-ht

(b) The standard enthalpy of formation is O for any pure element.

false,, .J¾,J�-J vift fr/ or ..c.,,,_....., 6 !), lj )..e ,,e) ctJ () -fur -1-4-c 
.....;..--

0 F .,,... .{? I e � ,e.,, r c.,,... ex < .,.._,., rtl; () -,, rt,. 01 J
r(ffrf I\(� Or �.J y .rf-,,bl.t JI-�./--,< , r· 

fJ Pu � e,vrh 17n1 bc..l- r'.h J.J--1/_,. ),�J (i,..1"'� -t/f,, c/· �,_,,.__,, ;o .. , ,j 'l 0
J-- --z--e,r---,ofh-ec.�.fe

j <<- r(_f.(r�(,(_, yh,-r� / c,v/4o" {J J_r4 p'-t e.
( c) If the calculated W for a given reaction is <O, we predict the reaction to be exothermic under any

experimental conditions. 
fYv1."J /ft{ y,'vL-- r<,,, on·J trtlf11.fLJ �e '"� //1 � c 0vrlljk ,-., c.:71J'·+.o'">.J
----

(VJr., { r,, .... J,-1! K)6ft( .5v"'-i,.(_ r"'t'q vho"l +
0 bJGYb t,,4f_ r� �,.+ r-</£4Ji9j 

OF c,,,A_J .,, ) 7' Ci r'1t-1 CA 0 I} c)p.J.�rV'--. i°i.,() / f',.e_ OvtiJ..J r--,,.p/.R or- b�uk-<,

,-.__ + ( e rt� u V'-. vv¼ &� c r,,�/\ .,J ,,- '...( c., Li.,., '1< 1 r e ,Y J4v, "I C ,-vA, t'""\ J 
Question 4. (8 pts) A t� of compressed air of a fixed volume of 22.4 L operated at 0 ·c. The tank pressure
was 100 atm and 50 atm before and after operation, respectively. Calculate the � of oxygen (02) released,
assuming that the mole :fraction of 02 in the compressed air to be 20%.

plf�n 1

oV --, p� rl\ 
: O. 1* 

"i:, 1B' 

rv'
o-ui�-;. 

c/ -----
(( t 

, 0.1 ° r� I/ °L 
f"\. r .,,. __.---;:--� 

'\ 
ol -:;,

{J 
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Question 5. (10 pts) When considering the heat capacity of ideal gases:
(a) (5 pts) We showed in our lectures that the heat capacity of 1 mol of monatomic gas at constant pressure to be

different from its heat capacity at constant volume. Which one is higher? Why?
fre ... J- ,, .,c:A-�1 ) Ci ). � ". � er ,t ��" �/- C<Y1.J-ht'- ,t- vol-��
6�c-""-J,l e;.f Co'1.f�"f-' jvrl S.0'7..c pk ,.f-�c .,.JJ,e) '-i.f.61- r'f exye/'JJ✓)
\o7' f «i,t, j �J ex,�,,;-,, c.,.,J do,::,-[;,v,o,-� c-��J p r C �rv-h-1J- v.,( vol\. ,e � 1/
,:G �R .. r y.f)LJ erJ r�u.·:!J v 1..f',,... ,e�j-1,f�-

(b) (5 pts) For the heat capacity of 1 mol of ideal gases at constant volume: is the expected value higher, lower, or
the same for a diatomic gas (e.g., N2) vs. a monatomic gas? Why? . :) fo � t, , ) 
f �e VctJ- <>fvc-.·-h- .fv� rJ-�,f-g v ,9��-'- 1 1 .e Zf<ck '7 --e .... 

beu..... j:p,1- '<. _;1,:;,.J,Rf t, �i- r.A-�-1'-Q-"ti I J
ey

r-{e...1 0-f ,r=,�tJ o�

l,v�,-v� ff'r rtl...e. ei,"' 1"fu"4-+i'.., ,fv_vr,(r-,/ �
,(

!A-(, l?fi... 4 1 t7.,.,P,j,,- 1.:, -
t

'1� 

tfrt,/\_J{" '?"'� rJ�y�(; 
0

f ��JJ -f-� � .J- C0'"\,.._/1L+J Iv ,IL pt'�+.,,

Question 6. (12 pts) Octane (C8H18) is a major component of gasoline, and its combustion can be written as:
I ..... �( Ol,�I( 

2 C8H 18 (l) + 25 O2(g)� 16 COi(g) + 18 H2O(l)
( ,1, J � (a) (6 pts) Given �1H 0 [C

8
H

18
(1)] = -250kJ/mol,�1H 0 [H

2
O(l)] =-286kJ/mol ,

� 1H0 [COi (g)] = -394 kJ/mol, what is the expected heat ofreaction for burning 1 mol octane at 1 atrn?

Aff = 14�{ ivrf)J r J'!)p��[{tJic3B-1J,f r1t��(f 1VJ

::: /'I!-- ,1 fJ &<H 'k.-1) .f t" ,..._., (- Jr l.i /cv.,_ ,,} - l----., I (-2- " � V.:. f ... /:::�::.,v., "-f
1 � pr - 1, -- 1 t--:r -r i 01 n -:. -c;i.{ 16 r r '; , ~ • 

� - 2,. c; � 

(b) (6 pts) Now consider 1 mol octane burnt in a sealed bomb calorimeter at 300 K. How does the reaction
heat in this case compare to that in (a) in terms of percentage?

J- C 
Lf ; !JU /\ rv ;: L1 V ,r _61'1 fr- JL) J r,L1" (2 ,; ,..._,J 01 ? .,I cJ,z,

,r µ 
A - ,,.t,f.<r--r ILJ"' / 

(.;-...1J-.,.,tvol,,,....•, i,- ., 

_ ,('-{1P {cJ f- J. J N'f(,_,� {c • 3 OD�- f 4' '( {) }!:f,,.- -:, .,.. (-f.J-1 f- )
61--1 ::.- (.7vOJ 
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Questions 7 & 8 are brought to us by the good people at PG&E. Power shutdowns were unfortunate carried 
out due to the concerns of high wind and low humidity conditions. So: 

Question 7. (8 pts) Wind power can be modeled as the kinetic energy (KE; equation on Page 1) due to the 
directional motion of the air (MW: 29 g/mol). For a reasonably strong wind of speed v of 10 mis (22.4 mph), 
how does this energy compare to the microscopic kinetic energy of its gas molecules due to thermal motion at 
300 K, in terms of percentage? '2- / l( r :J; 

//A A t _ l . 0,.0�{ . ((<>ny,) -: . � �,.,, 
F e- � 'Z- /V' V - >-z: 

lh,.,/ J 

i 1£/ l.;¼,I
'>,� o T � ½ ·f, Ur/ - 1->i) ft:- -:..

1L.e�l .e// er-7/: 1/2_ , ....... 

- o,Cluo gJ 10 e (, J
f:· -<-"'v t.,,t,,J.,, ,.,r 11\,,-! I

f,, l/. �u .,,
--11;;j JC, 1

/ 

iJ o. rJ 'J 1 °2 k /1-,t, p fl r5 .,,

r/� ' r--... 6 f .:rh 1r,. 

Question 8. (IO pts) Air humidity is typically reported as the relative humidity (RH), defined as the partial 
pressure of H20 (g) in the air divided by the vapor pressure of H20 at the same temperature. At 300 K, the 
vapor pressure of H20 is 0.0349 atm (3540 Pa). For a room of 100 m3 (105 L) volume, what is the total 
weight of H20 in the air for low (10%) and moderate (50%) RH, respectively? 

�J.J;=� 
PL-<P-

p - R r1 . e V•� ·-f-1'} 0 -

0 '14 f dtt�
- (,./0· 0-01</tfc-t'"'� ,O,J 

PH'} O , 'L 
r o ·,:.v J<f '1 u-f-,___ , ( cJ 

-:: ( lftf �\ '{1-1, : 
� I rv -;- � €J 
Y\ 1/ � c),OJ'J.O fl{r(f---./ -;U , .!!.J:::H, -; 

I iH1- V 
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