Chemistry 4A, Fall 2017 Name, Section #
ID #_<303520I

Midterm 3

Potentially useful equations:
Gravitational potential energy: E; = mgh; Kinetic energy: KE = mv?/2

Density of gas: p= %; Result of kinetic theory of gases: PV = %val

1
Mean free path of gas molecules: A =———
d . -\/En,.mi :

M 7" 1 MV
Maxwell-Boltzmann distribution: f(v) =4m’| ——| exp ——
27RT 2 RT

Van der Waals equation: {P - a(-ﬁ-} :1(1/ —nb) = nRT ; “Compressibility Factor™ z = %
n
e s V. P
Work in reversible isothermal processes: w=-nRT In—==-nRT In—
l o
. . . 3 5
Molecular heat capacity of ideal monoatomic gases: C, , = ER o = ER

Permutation of »n different items: n! = n(n—1)(n-2)...1

A 1

Combination: choosing L items from N items: “C, = ..
(N-L)L!

Number of microstates for an ideal gas: Q =gV "U*"*"

Potentially useful constants:

g=9.8 m/s%; 1 atm ~101325 Pa ~760 mm Hg; 1 bar = 10° Pa

R=28314Jmol ' K'=0.08206 L atm mol™' K™'; 1 mol gas occupies 22.4 L at 0 °C
kp=1.381x 10" m’kgs” K

T(0°C)=273.15K; 1 cal =4.18]

Density of liquids: p(Hg) = 13.6 g/mL; p(H20) = 1.00 g/mL

Relative atomic mass: H=1, C=12, N=14, 0=16, Cl =35.5

Na=6.02x10%

Full score of this exam is 100 points.
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Part I. Multiple choices (5 points each question; only one correct answer. Please circle correct answer)

1. Recall that the maximal range of lift for a suction pump at 1 atm is 10.3 m for water. The maximal range

of lift at 1 atm for pumping petroleum (p = 0.80 i )
A 103 m B.824m C.129m D. 760 mm

2. In the van der Waals equation (Page 1), the factor a is introduced to correct for: ( )

/‘\.’ the volume occupied by the molecules themselves
/B’. the effects of the kinetic energy of the molecules
._the momentum changes when molecules collide
/the effects of forces of attraction between molecules
/E./ statistical variations resulting from the crooked paths traveled by molecules

-

3. Which of the statements below is true for a CO; fire extinguisher? ( )
. _The gas temperature drops when operated in vacuum EGY"‘ 3 O =0
B. The gas temperature increases when operated in vacuum &):O
- C.__The gas temperature drops when operated at 1 atm
~ The gas temperature increases when operated at | atm
'/E./ May be used for putting out fire of magnesium

4. For below unbalanced reactions, which reaction has AU = AH? (

)
~_A_N20(g) 8Os (2) —§NO:(g) £20: (g) + | Ny hir (i
12H22011(S) #02(g) —CO2(g) HH20(1) A U A H 5

C(s) §B (s) = CSa(g) +2

/@soz(g) +02(g) B50s(g) — |
. For an ideal gas system, which of the below is NOT a state function? ( )
/A./ Internal energy U
~B. Heabyg
C
. Enthalpy H

b " Temperature T
. Entropy S o~
A AT=0 = AU=0) so =) -
6. At 1 atm, an ideal gas system is expanded in volume through an isothermal process. We conclude: ( )

A _The system absorbed heat from the surroundings. & V S O 4 ] CCJ<O

" The system released heat to the surroundings.

/ There is no heat exchange between the system and the surroundings. SO }g > O
: }./No conclusion can be drawn about the heat exchange between the system and the’surroundings.

/

7. For 6 gas molecules in the two-chamber system discussed in class. What is the statistical probability for all
molecules being in the left chamber? ( )

A.0 B. 1/720 C. 1/36 D. 1/64

\ (

-
-—

XY A
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Part II. Questions. Short answers are fine as long as to the point. sl Yo i'{ -

For full credit please show your work and respond bellow each question. Work in the margins will not be graded E\P \-

DS

(Vo

T

Question 1. (6 points per question) Analysis: Are the following statements true or false? For each statement,

m\hcgml)ra I

first state unequivocally whether the statement is true or false (2 points). Afterwards, for statements you =
answer “true”, discuss the mechanisms. For statements you answer “false”, either discuss the mechanisms. or :\‘f >
give one specific counter-example to disprove the statement. (4 points for the explanation) | -3 -
- 2
(a) The velocity distribution of N at a given temperature may be indistinguishable from that of O at a > é =
different temperature. = 3 %
T e e stwbﬂm rrefachs MondTnbnare g g8 5
&U«h{\nd'uﬂ (2] Ul o ; maller velol'y mr&mdr -
The vetosly ‘3T, s Hhas A SO B

=
wla Yo m ' mﬁl VmPL\‘CJm
M Wrgz p mhs 0= }a-‘"ﬂ- da‘(twﬂ'} &“(K(OLM T 'ﬂy df\fr\[/"a‘t
7 Sl ¥ ned c) Srrine B‘*L LT pf’ro s hiywer” Aah ’r( Niﬁ’&tj" Mo‘l (a,,.‘g,aC\'
M,NJ)\— \hasF \pe one (108 . bl . (A L Il \mﬂd nheeqnd. 7“5% +L&KU§JJ,I¢M
wnwiemypel o e wdvla\ orose. e Vory JM, eI ol ynass. “ﬂ*""a"*‘;‘j" —wcrff_‘ﬁJ. ;:z
(b) For an ideal gas that does not go through any chemical reactions, AH = 0 for all isothe processestt Ty :el w:f U
51"(: oh Wi

%f Fﬂ 1.4 feooe DU Bony du perdnton ST },m&dhﬁj:
AH g (}J{JP\I\ =D+ Q@ D wohionfivan uo-n,em( Pmc.ss 2D, Tea

OfCO 'S { O* ;
AU O ld./\r &‘ = aws GC'S @ 5},][ Prf@J H‘ﬂu{f oD AA da-t!?\
areca@w\-}atmm\(

hocto ve 0as 2N forexpumsed 7O i e"“‘&' by ot P C

- S Jr" IS ago
(c) The standard enthalpy of formation is 0 for any pure"i;ement Sl W 3

T Le o0y Bz 5(P0=) + Pt O

o eurent Br 4w t*\*"“‘l"}"" borrabn e O « Thitn heagete
‘ﬁf‘h"‘(/ V ;PS-"“"“’—— (awrv( ’Tkeuf-e/\-'r- at la’VIA O/Cpugmwmrlblbdv?_s'(_s
(R

o - fe
DU share don S forn olBume ab lahn (@22FC S By, (&> s THe-

Bokn P9 cosc ) T WO3 _ hamiatre ¥ 7 atem! q-«.\{x_s sty o

05 Jslessghae A’H wh
e_Lmr\f Br. Wos hmw} behpeen Bry . THe, wccd ave & ohau\.uw, uraé -ﬂ'”"“‘“

(d) Numbl;r of microstates, Q, is an extensive function that depends 11nearly on system size, e "z Y. <t so AHs D
]ﬁﬂ LHZ ,\f\t\b’uﬂcn%s A

5o Mh\moﬁ U \J \\l M hastie bt D.(U \J! N>..3
@J(B Jler/f” (rerWrn 5ze Xhan ﬂ(?U)wOMW?MQ(& Qﬂ—(\f\
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Question 2. (8 Points) A glass vessel weighted 40 g when pumped to vacuum, 40.14 g when filled with N at
I atm, and 40.30 g when filled with an unknown gas X at 1 atm. What is the molecular weight of gas X?

40. 14 ’L{O Wy

rtmﬁ"*”l
NV\J,_X/ \ ’M(" __MM'{:_ = My - o
= .P MMNZ MMK’PX
= 2\, %( f—&ﬁ—# - twm_m
My, >( [0\« |4

MM,\' = GO = baj/r\«fo

Question 3. (8 Points) Given that the internal energy of a monoatomic ideal gas system is U = 3/2 nRT,
calculate the root-mean-square (RMS) velocity of N2 molecules in this room (assume 7 = 300 K). Explain
why the actual diffusion speeds of molecules are much slower than this value.

U-kE f-hRT" I 2
7 0 .
== . ] LT e - ek =
\\{F? r Nm = [ M
e | §m‘l 3. 83145 - 3°° K
ﬁ)\rﬁl Npens = 253 "—"g%

= Slbqb S20 m/s

"V‘S,tlz

N j-.rtﬂco’\
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Question 4. (10 Points) Octane (CsHs) is a major component of gasoline. Its combustion can be written as:
2CH(1)+250,(g)——16 CO,(g) + 18 H,0O(1)

(a) (6 points) At 0 °C, what yolume of air is needed to burn 1 mol octane? Assume that the partial pressure of
O: in the air is 0.20 atm. Keep two significant figures for the final result.

9¢; =Xop Py
| ol Ocken € ks SRR R N PO(;D g
ZMV- CGHI% ij F;,PC'M

RET a5 008206 (0713) gl - Vo

’(5{4 (4 points) Given A /H"[C H 4(1)]=-250kJ/mol,A H"[H, O(1)] = 286 kJ/mol ,
A H[CO,(g)] = -394 kJ/mol, calculate A H" of the reaction.

\

e 2y

= B AM w&ﬂ)@m (wz5] ) - %Co\ ’2(&5 o ]-
5. 286+ (be 3 -G = -10,%5¢

AHM

Question 5. (15 Points) Storage and transport of energy is a challenge of modern society. What is the amount
of water that is needed to store 2.0<10° J energy in the following ways? You may refer to formulas and values

on the first page. Give answers in kg.

(a) (5 points) Store the energy as gravitational potential energy by elevating x kg of water to a height of 10 m.

(w| => W= e = Wk 4,8 1Om = 2.0MCF

X%1= S0um )

-\ zorotia |
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(b) (5 points) Store the energy by heating up x kg of water from room temperature (25 "C) to 50 "C.

= mEAGL

9= 208105 = xu3 4??— (.67 o) (F0C-25°0)

X T P M

(c) (5 points) Store the energy by splitting x kg of water into H, and O: at 1 atm.
A H"(H,0)=-286 kJ/mol.

H, 40, — H,0 J&"[H"(ﬂf,é}: 2645,

AHJ Ho-s DY St pocea O =
AH ’Aﬁf(l‘h + 2@é> bbT/ml L ) 7.0 ¥
- w \ka'

AA:{ Y = 01258 {glz e Ho },(
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