Recitation Worksheet 6: Exam 2 Review

Name ke':l MyID

Instructions;

This recitation worksheet is for the exam 2 review.

You do not need to submit it to GradeScope.

The answer key has been posted with this worksheet to eLC.

The recitation session in the exam week (Feb 27 — Mar 3) is still mandatory. The attendance will be
recorded.

Chapter 17 — Spontaneity, Entropy, and Free Energy (Thermodynamics)

Pob =~

1. Which of the following processes have a AS > 07? ~ kﬂ‘m M‘GM u,‘qw‘dv

(&) CHzOH(l) — CH;OH(g) Bwo2r=
ACD B. 2Ha(g) + O2(g) — 2H,0(g) enivpy Pore 18to

danted . AS>0

. . hgber
(©) BaF,(s) —Ba**(aq) + 2F (aq) ior0 11 dauHIW L XTI
(D) 2 NaHCO4(s) — Na,COs(s) + H,0(g) + CO() g w6} Fgee *= P°
E. Mg(s) + Cly(g) — MgCly(s)

2. Which of the following pairs has the member with the greater molar entropy listed first? Select all that apply.

All systems are at 25 °C. A
A. NO(g), N2O4(g) lararfloc rrom teas Nev (P avaloy arsss entvry )
. N > ol

H2S(q), H2S(aq) ﬂm larl kNghosr e—““"‘siy Harv wopo 19O

8 CE Bl Ar(g), Ne(g) A¢ hoo & W)
D. Li(s), Pb(s)
CH3CH.CH,CH.CHy(l), CH2=CHCH=CHCHs(l) T andrg” S T entroty

3. Which of the following pairs has the process/member with the lower molar entropy listed first? Select all
apply. B S} Mquide < privay §F gaeo

0.01 mole H: liquid at -253 °C and 1 atm and 0.01 mole H» gas at 25 °C and 1%tm 1 Produeced

Aﬁo MgCly(s) — Mg#(aq) +(2%I‘(aq) at 25 °C and 1 atm and Mgs(POa)z(s) — 3Mg**(aq) + 2P0, *
1. (aq)

@ CH3CH,OCH,CHj5(l) at 25 °C and 1 atm and CH3OCHa3(l) at 25 °C and 1 atm
MgO(s) at 25 °C and 1 atm and NaCl(s) at 25 °C and 1 atm | .. dower enhspy
/]\ Ve lm'(/ W K [mo b‘/m A\ LMLQ/ WUH—'

4. A sample of water is heated at a constant pressure of one atmosphere. Initially, the sample is ice at 260 K,
and at the end the sample consists of steam at 400 K. In which of the following 5K temperature intervals
would there be the greatest increase in the entropy of the sample?

A. From 260 K to 265 K
D B. From 275 Kto 280 K
. From 360 Kto 365 K

Saeb &)"U/a ar 34'3K

D) From 370 Kto 375 K = Wa#C
rom 03 C u“a‘wd.vamr—’ Sreary)
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5. Imagine two different gases, for simplicity represented as red and blue spheres, in separate containers.
Imagine starting with one red gas atom and one blue gas atom in separate containers. Once the containers
are connected, the gases mix between the two containers in 4 possible ways as shown in the
accompanying image. If one additional blue atom is added to the mixture, how many different combinations

are possible? _ ‘ (srric i or?

P A 4 v cuwmu FH S} M('w ratd /o\ Q (/\k_ Va3
% B 6 D\( (WC(D% /'9 MW%— /mw(« L\\,,,//.ﬁ\‘g,/c \,m,//b—\gf’/

8 a2 ' '

(A

.12 (erI7as rerd (O— T\ () —a)
E. 16 HS 5. o & d Q)

2 = < X

6. Which of the following statements are false? Select all apply

The change in entropy in a system depends on the initial and final states of the system an
the path taken from one state to the other.F Gy o 4 Stk 7ot & YOO fores3 ™

A O B. The entropy of the universe is continuously increasing -7~

C. Any irreversible process results igﬁ,azlz?overall increase in entropy. T~
When a system is at equilibrium; the Teaction is spontaneous in forward direction F

E. Entropy increases with the number of microstates of the system.“r

7. Sulfur dioxide, SO, is a colorless gas or liquid with a strong, choking odor. The combustion of H>S produces
SO, releasing energy to the environment. The entropy of the system is -153.2 J/K at 25 °C.
2 HyS(g) + 3 Ox(g) — 2 SO4(g) + 2 H,0(g)

AH°f (kJ/mol)  -20.6 -296.8 -241.8
A. Calculate the AS,nyv at 25 °C using the given information. Assume the temperature and pressure
is constant. A8 cusev
JIK AS.&do: -' 58'2 D’,K
3325 '3 AStuwr =7
ASsur = ~ _%ﬂo
o _ i'nH’FMM
= A = 2”’"“1’ Md’ _ 403
,A,,H;“ano‘ Hm-sﬂsgglgs_l E@,‘Z'fé:é?éw (3 x0)J-
2 [ Su1-g)+ (2x—296:2) 37 ob
[@x -2 [7:_.1-0?22 X1t 3 — L —or04120

-|-03§X'03/%7/"“‘x%
_ _ 086 xiof_T__

3 T
A&M‘—AHM i(’Mz 3r41‘66)(l0 —‘:

Q;z 5+273) ( 245

B. Is this reaction spontaneous or non-spontaneous . =(—-153" 29_'_ + 3YyTor°=—

th Spontaneous Aduniv ( K) T :j

j: II.  Non-spontaneous = 33 23-31606 + =
Afuu >0
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8. The combustion of acetylene in the presence of excess oxygen yields carbon dioxide and water:
2C2H2(g) + 502(g) — 4CO2(g) + 2H20(l) ASsys = -432.4 J/mol-K

Calculate the molar entropy change when 0.256g CO; produced.

cvolors amax o) (0) = 440l Gl
_o. 62q J/mol-K

43247
oassafs X et s
= ,o.69.q 376#""

Lardaso oty 1o LppthgTC
9. Assume that suthnce X has the enthalpy of vaporization of 5.2 kJ/mol at its normal boiling point (456 °C).
If 2 moles of X condense by releasing heat to the surroundings at 456 °C, what is the entropy change in the

surroundings? Aﬂw
JK Angqm = 'qbﬁ- AHM: ’AHM,z

ot |
SR :TQ— sa%yf%xg” e
456+27815 K
= 14266 T)g
~ 14 T

10. Which of the following processes have a positive entropy change?

A. Condensation of a liquid (ovdemsabo™ = wiqued — reud - ASKLO

®) Increasing the volume of 1.0 mol of an ideal gas at constant temperature d{Z@ﬂ O‘L&’! -
&6C0o Dissolving sugar in water $elid diersed ¢ Jarger Wl 6} V0 ﬁ‘i‘:.e, 1 - agyo
Heating 1.0 mol of an ideal gas at constant volume diqud ahrry

11. Predict whether the reactions will tend to be spontaneous at either high or low temperatures, at all
temperatures, or at no temperature o G b dolec oriined 6\de§ frea eregy Gl
9, =l AS=0 Kot g, AHL AS

A Hi(g) + (@) - 2 HI(g) AH=-220k) - ARLDO A6G- (A"; o

Sprovanmve ok all rperakure?

20
A)F: tho neos m  AR<KO k%%«sﬁb - mm’hd,duﬁ A8=0
o o oo o on desdant :“! H<0
L%AS:O :;2' AH wo Mmu 4
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3mot 2t O DS L0 T ﬁt'_)\-:rQA—é
>
B. 3 S2(g9) — 2 Sy(g) AH = +227 kJ OB potD
“the Mabnu g Sqﬁ:}gﬂe’"
odures ‘ - enrorg
Now fprmi-aneovo ot Quk ferpey imm;}—ogm Lcen e
’ Al-u,f:>0 ” A~ He terav
Phare from a piquad to g2 - A820 Al —-’f'ﬁiw
C. H20(1) — H.0(g) AH = +44 kJ AHXO  pAl= g e agare
. ) For nJ—f‘/r 4
Spordonumvo onty ok kgh €mper odvree 9::'60*;&;1“‘(""% af?i-l—‘) _ lerpecakor®
A K lewperatune He o —TAS © dapend2nt e L SO
N oo o Saged egtuse Hors Hey A, A61<O sl veod ™ Mm:;mgkrumo
fhore thage Otcurs frr goo o Ligud - AS L0 A = AH—"'?_S)
D. Ha(g) + 1/8 Ss(g) — HaS(l) AH = -247 kJ AAHLO c-)

Gontkareto tnly ot o> {erper oo
A b tewpecarose He ferry ~TOS o
posive L hoo & Emalec aregntoda to
He rgate ve i e erdalfY

12. Using values for the standard enthalpies of formation (AH:°) and standard molar entropy (AS°) shown,
calculate the thermodynamic values for the complete combustion of ethanol:

de, neadden lo dpontoreso

abo X AL Lowd FeNYCrodIree

C2HsOH(g) + 3 O2(g) — 2 CO2(g) + 3 H20(g)

Compound | AHf’ (kJ/mol) | AS° (J/mol K)

C2HsOH(g) -234 283
CO2(9) -394 214
H>0(g) -242 189
O2(9) 0 205

A. The standard enthalpy change (AH®)

AH = EMHE rdusts = 2 nHf e

~ 1240 < [ (ax-2aud+ (8%~ 242)3- LOx -2 ) + (3% 00
- (-16mD-(-284)
= -1280 FI/ans
B. The standard entropy change (AS®)
Jimol-K = S Eondute = S Creatonts
s =?C:&xm?)  (3aisay - (1230 + (3 208)]

qq5 - 893
= 9%
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Ab < AH —raAs
93—
C. Calculate AG® at 298 K Al = - 12'809’;)( 16607 - (2‘7 )X ,z)
6!
@ yio*  [mo = _1.303906 % x10° T
m~=ﬂ

3
- |l-3xl0 |28
N g

D. Isthis reaction spontaneous or non-spontaneous at 298K under standard conditions?

Spontaneous
I II.  Non-spontaneous

13. Methanol(CH3OH) is used a rocket fuel. Using only the signs of AH° and AS®, predict the signs and

temperature dependence for the combustion of methanol (sbuch YL AR TN AN YpoHer N
~A—— 3 | . AH(O
CH3OH(l) + 3/2 Oz(g) — CO2(g) + 2 H0(g) q. @
|-6 a9 - goo ad7o
A. AS° 70 (Insert> 0 or < 0) AH° <0 (Insert >0or<0)

B. Isthe sign of AG® for this reaction temperature dependent?

. i. The sign of AG® for this reaction is temperature dependent because AS° > 0 and AH° <0
h @ The sign of AG® for this reaction is not temperature dependent because AS° >0 and AH° <0
The sign of AG® for this reaction is temperature dependent because AS° <0 and AH®° >0

iv. The sign of AG® for this reaction is not temperature dependent because AS° <0 and AH° >0
Tip: < He &rmaw-ho o TEADIN D> Jompe ralbuts doperdont—-
14. Areactionw ith alow enthalpy of reaction value i s not spontaneous at low temperature but L""f‘_

becomes spontaneous at high temperature. What are the signs for AH° and AS°®, respectively? R A % Ny

A+, - bo te
- M= AH-TAS
O (E; L () M e

+, +
g Insufficient data is provided to answer this question

15. Given the following data, determine the molar free energy of combustion of propane gas (CsHs)

AG (C3Hs, 9) -23.5 kJ/mol
AG (CO2, g) -394.4 kJ/mol
AG (H20, g) -105.6 kJ/mol

15324 wimol  C3He+ 802 —> 3C0; +4HR0

Qa6 = 2nGprduto — S, Grweasans
[(3x-3ra)+(4 X —106-6 1" E(,lx 23-6 )+ (5x0)]
= -|88a €T/
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16.Calculate AG°w, using the following information.
NO(g) + O(g) — NOx(g) AG°xy =?

2 0ug)— 3 0ug) SO T 2B~ ssggpry AUl 45T 66T
0x(g) —>20(g) 20Q) = Y  AGn=+463.4 kIEFUP —4634 FT_

NO(g) + Os(g) — NO2(g) + O2(9) AG°x=-199.5kJ XL -399.0 KJ
N00) + 205(g) = AN, L5) + 205 (9)
-636:0 KM anog)+ 200) —> IND(g)  Abivins = 18520 B

. . _ 47600,
B2 NoCa) + 0D = NG  AETnT 6360 )4

17.Indicate which of the following has the highest entropy at 298 K.

A. 0.5 g of HON : . . deperde 1T
C | B 1molofHON — Bnvwepg (o oV GHomVE proposy -
2 kg of HCN Aot OF aretel A He cusstor
. 2 mol of HCN

E. All of the above have the same entropy at 298 K

18. The dissolution of ammonium nitrate in water is a spontaneous endothermic process. It is spontaneous

because the system undergoes . C-i?\ 52
A. Adecrease in enthalpy Ab= AH-Y \
(b @ An increase in entropy R N (5 MV wHR He
s frere, % o 1NTEEX

>. An increase in enthal
py dfd\ob")dm WC§

D. Adecrease in entropy + + N0z,
E. Anincrease in free energy NHZ'ND& () — Ny 1) AJ>O~O

' \ o AaH?0
Find AG°x» for the reaction below ‘He Habon P adshesreC

N2O(g) + 3/2 02(g) — 2 NO2(g)  AG°mn =7

19. Using the following information

2 Na(g) + O2(g) — 2 N,O(g) AG®n = +208.4 kJimolip 1 divides#) 2
N2(g) + 2 02(g) — 2 NOx(g) AG®nn = +102.6 kJ/mol
° s o ‘ r2 a,fﬁ"
“16 kJimol Npoeg) — D5t + LG A ?;’2’ s o]
%) + %OELD — 2NO, () Al vins

N; O (9D *%Och > 2 N () Abtne = FE D]
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C Y bt proen, - 10 L thes prllcm Y meed o
tho v v ¥y d;;\d-ﬂd @Cio, Mp,o«ll-d'eam pohens A Corur
ey o & e T a(»z»k O} iowitig HelkaE 16 g o uzd.

20. What is the standard entropy change when 10.0 g of methane reacts with 10.0 g of oxygen?

CHa(g) + 2 O2(g) — CO2(g) + 2 H0()

Substance | S° (J/mol - K)
CHa (9) 186.2
0O2(9) 205.0
H20 (1) 70.0
CO2(9) 213.6
D 02CTNAT HE g reaka®

JIK aced e
el iy L WY R
16069 Cy  [awdt Clly - Nemesl C2

Pf'-"”h
009 0g. ¢ 171 (ol 03 x 44:01 g P2 4.553 L0
32004 gat o |9l (og

pepcseri® Bt = S 8produss — 25,8 esekats =
© ) 7‘: CCIx 218667 + Cox a.6>]-CCIX 186D+ (22X 20502]
= - 2426 T

() Stordavd endOps  Oraggoo Hrat- ollu ok 1003 1% e od

: Ll OF x —-242.6T]c = =329 T/«
. . 19 0% %x 0o P2 . . 2l )
21.From the data given in the following table, eterrﬁme A:S° for the;ezacnon below. All data below are at 298K

NHs(g) + HCI(g) — NH4CI(s)

Compound | AsH°, kJ/mol AsG°®, kJ/mol
NHs (9) -46.11 -16.48
HCI (g) -92.31 -95.30
NH.CI(s) | -3144 2029
Al AH -TAS
-2%9 J/mol-K AS= AH-/A&'_
.T’
) ® Qadonts
@ A,rH; 2’""\? ~ j -EC%;\'{T&"> +CIX—0IQ'3)):‘
-3i44 -
[Gx-3 14 960 I
2 5 — 2@4‘”57%41’“‘;
Y e szli’#;ﬁ7 —[Clx~)6vu8) 4 (1%-9539]
] . _q)1 &4

@ A8 —1F60 _C‘fbl), _0r288ixf‘90°3_=—.2<253'
T m—ﬂ-)‘ '*;5 e =1L
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22. At 298 K, for the reaction
2 PCls(g) + O2(g) — 2 POCIs(l)

AH° = -620.2 kJ/mol and the standard molar entropies, in J/mol-K are PCl3(g) = 311.8, O2(g) = 205.1, and
POCI3(l) =222 .4.

A. Determine A;G° at 298 K in kJ/mol

AG7 = AH ""TA‘S

- ‘ kd/mol . 7
0o Jumt A0 s S

CC 2x224) J-Cxavs
Ayt (- 4202 15 x0T Ny=fask X 3EAL)

_ 5067938 T/rd = — 50 6-8 1Tk

B. Is this reaction spontaneous in the forward or the reverse direction when the reactants and products are in
their standard states?

i. The reaction is spontaneous in the forward direction because A:G° has a positive value

[}

. The reaction is spontaneous in the forward direction because A:G° has a negative value
[} iii. The reaction is spontaneous in the reverse direction because A;G° has a negative value
iv. The reaction is spontaneous in the reverse direction because A.G° has a positive value

V. The direction of spontaneity cannot be determined od
e rrtaneeus 101 7R
AGLO - '
qarecs

Chapter 11 — Solutions
Solate 2 molar mass= 324 §lwd Soluerk
23.15.2 g of methanol (CH3OH) is added to 19.2 L of ethanol. What is the molality of the methanol in the
ethanol? (Note: assume the density of the ethanol is 0.987 g/ml)

bolagity = aws) oy Qe

kﬁq.&blmi’
00290 o¥ m
2:50 )(10‘2' = |5.23’CH30H X
32,0)_.5/(%0"‘
S e
19.2 ) etborsl X ‘MX%LX’_
% 1000

= 0:0260341y ~ 06-0260 = &r 2.50 X102 an

24. A sample of mineral water contains 5.24 x 102 g of NaCl in 2.88 L. If the density of the water is 1.00 g/ml,
how many ppm of NaCl is this equal to?

ppm = g F L

kg 6} 9l

18- ppm

¥ = 1819 44y

283) ¥ oomys y 1003 y (D)~ 18- 2ppm
2 lme 10905

8
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olas s = 1?0-162 }mxSl

itz doluant- otaL Uolirpe GHoltn
25. A solution of glucose (CsH1206) is made by adding 4.88 g of glucose with H2O to yield a total volume of 533
ml. What is the resulting molarity of the glucose in this solution?

Mslonty = ol SHHW

y L 63 oo™ 5
0-050% nop X A G R0
v .08 xID-% = hmg 150-16g G %
532 axt Wb X 1L

1000

M - -

26. What is the freezing point and boiling point of an aqueous solution of LiCl that contains 2.58 g of LiCl and
10.0 ml of water (assume density of H.O is 1 g/ml)? K¢ (H20) = 1.86 °C/m and Ky (H20) = 0.512°C/m. 5 =9,

ATz = T (st _Toiwe) Kpmmgen ¥ “
Freezing point| — 22-6 c _1'36 x &:09634) 1§ X 2= —2’2;6::;361
- — - ~ -9
T
- . /
m Licl - 297 qz-aq/%ua\ _ 6.0 ?53L,Hl§/mr
Tp 4o lves
pombipx 1y X 1B oousms STEY RO
ﬁ 1000,8/ = _22,6'6 +0'00
LW’
|V
Boiling point 10623 °C Aﬁ,:ﬁowba.)—ﬁwmy = kp™Licl 2
= 0,5|2°§’x6,0?634‘“§’?"
]
- 62324133
~ 6.238C

wpon) = Aty + T (DLt .
T Cminsen = 6-‘2’3 + 100-00°C = 106-23C

=

27. A 555 g sample of an aqueous solution contains 92.1 g of glucose. The vapor pressure of pure water at
20.0 °Cis 17.5 mm Hg. What is the vapor pressure of the water in the glucose solution at 20.0 °C?

':].Z mmHg RMW dau) e{Zo-‘: X PED 1“20= 262_093 2%
X ’YL/ 25.302288 + 0-S 1L 2123
Ha0: Ho0
- o 82
M Tiyo + "% = 09 30419
W0 ° I P % . P.
- Mass G g o ° MH0 " Fib0
2 Mass Of Mquecse Jolucon |
Mass ﬂ‘ﬁoz 5659- 4219 ° 46299 4 0452 % -5y
16299/ H,0 X lavet W0 _ 95,3023 83 - 1715832
1%-0lg'tR0 12 ety
N ¢gH1204 o0
og X\ CGeM206  _ 5 52128
Q2r\%/c6ua [<€0O- | eﬁ/CCH\QOé 9
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vologarags = S544 9l oo sy = 180 169 l-msl
28. A sports drink contains 1.22 g of NaCl and 23.5 g Glucose (CsH1206) in 250 ml of the drink. What are the
mole fractions of the NaCl and glucose in the sports drink? (Note: assume that the density of the sports
drink is identical to pure water). {-O §/m L

MasS § dhnnk= 280k X 110 J - 2609

A. Mole fraction of NaCl 0.0016 o Ma (s Sy &IMA?@
© 260

l
l'GXlO'g 225.29 a - LI,QQ+23,5‘)9=
X na = Tnaat _ 0-0208%6 _./YL j L22gNact X ot WAL
N ,06+ 0-0208%F6 + 01304 396 +12-503606 Nad * 5. 4k Nadl
Twat + M gy,06 7 Mpo g . L 020876 g
= 0-00164 %899 ~ 0-00 H-m_og
. ﬂc(wp%g@ww%
B. Mole fraction of Glucose | ©- D10 18016562
- 0-1304396 it 140
K op - LCEH1206 0-1304 396 . H0 X V™ol 2=
= fes = 22528 ¢ :
e n"‘w"n%%””io 0-0208F6 + 0130436 +12-503606 ”'qu = 3604 (g0l g &0
= 00102034 =12-50

29. An aqueous solution of NaCl is 4.43% by mass. 15.7ml of this solution is added to 185 ml of H>O. What is
the mass % of NaCl in this new solution?

Q.42 | 0OF folutrow _
A7~ x T TRA owa

0-34F % 10D-0geRuTh Al fass niach
15 3mL o wx 5.7k = 0- 692273

Nac AN
L-u3l fAnal v K ‘
. p-6955'qwacly ImE 5 4qs519 NAC) | 00
200 Fmk 1-008 Q00+ 7 g <oluson:
- . ° + ~ e B(p
z 0.344 /.ﬂ - mpow’d Qbe(qf) -—-?’f—icaq') 1))

30. A 778 g sample of aqueous solution contains 133.0 g of RbBr. The vapor pressure of pure water at 20.0 °C
is 17.5 mm Hg. What is the vapor pressure of the water in the RbBr solution at 20.0 °C?

r = XP”
T L e
% —
H0:= M w0
’mbo—t-(ix”’\.%&ﬂ

487 s HlboN . L: Q00 FmL
1 /\W‘ ! ! 100 O~ colupon = [BSmL 15 Fm -

s ek folusiom

= &4 59 H0
N0 = Mass 6 HHO = MAIs . Lolwkrim — Ay 5 Rbbr = TG~ 13309 = ¢4 g+
4453 Ea pall. 35’?'%L'3? P&O’ o.qsf_}olésxm—smmng

ls.ola ho . p q’q?t}q
: .09 Rbgr x larsl Rbér =0.%0L'2. = -3
Mesr : 13 3 m . Ié'?’mm‘_}g
7(ulo= 35-81842%F _0.9520168

35-§I&4?>7-4{o.egoq gS?l)xu. )
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31. An aqueous solution of an unknown solute is made by adding 43.8 g of the solute to 325 g of water. This
solution lowers the freezing point of the water by 0.935 °C. What is the molecular mass of the unknown
solute? K (H20) = 1.86 °C/m. —r I<1c mi

- X 5l s}&oh...w x 1
26% gimol  Tg Giokusion) =Tp Caoluart) = — K % =i

sl 6} ol <[ T2 ottion) <Tg Coatuart) ] 1 by F St
EE X1

oX“‘S
= [-0-935°C -0 x 3259 B = = o] §337F36€ sl

- |86°C[|m
sy oo @) 4393 2 = 26%8- 09307

ol 6} wuds 0. 1623F3K™T ~ 143g[™D

32. A sample of drinking water is found to contain 5.83 x 10”"" moles of mercury in a 75 ml sample. How many
PPo  parts per billion of mercury is this? (Assume density of the solution is equal to pure water).

Moleaudar Mass ©

PPb = 19 6y doto
016 ppb kg 6}-SoWo TV

H3 x 10
588K %/ m% - 0. |§642524
Fom B, X% x 18  .op.16
10003~

33. A sample of homemade whiskey from a cheap backyard still has a mole fraction of ethanol of 0.35. What
would be the mole fraction of the ethanol and water in the vapor of this sample at 40 °C? (At 40 °C the
vapor pressure of H20 is 55 mm Hg and ethanol: 135 mm Hg).

\)SM% Loousts daw Ao Aaterice the povhol presiveo
A. XETOH 0-9+ 0 Cethosl L HO in e Sapor i
Bort= Kgrou X Poron= 083 X 136 = 4 - 26ty

fpo= Ko * Pryo=(1-035)% 5> = 3536y

Usicg Ooukn's Law 63 puticd presSUred

Aeron ® N gioH = i"”"/
8 yuo| D43 M emH+\ip0 Fgrott+ Ao
- 4325 -0 56127
y¥25+3+25
X[—&Q: %HQO = izo/,
Mgmn+T\o Fgrort+Fyo
3535 . 0.4 30722
28+ 33%25
o = |-0-5F=0-43

W.Cm;ola 7(110 |- 7‘9“7“

11
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34. The concentration of ethanol (C2HeO) in some wines is as highnas 13% by mass. At what temperature will
this 3.2 m ethanol solution freeze? L "ﬁo) = \-8€°C [rm )
- Kp KX

- yons)— TpColent
&5Tp = Theswbom) = 1 °C_ x32m X1

-6-0 °C P o
T{wad"s‘oc = -l gém\,

T} ctson) = - 5-932°C
~ -60°C

35. An experiment was performed to determine the molar mass of an unknown solid. A solution of 2.016 g of
the unknown solid dissolved in 50.00 g of the nonpolar solvent benzene was prepared, and the freezing
point of the resulting solution was determined to be 4.35 °C. What is the molar mass of the unknown solid?
The freezing point of pure benzene is 5.50 °C and Kr(benzene) = 5.12 °C/m.

. Tr:= kgmi sl 6ol %
° v
B0 dowio® | T Golen) “Tp ol = ~KE 2 g e

2
1-9o %10
1 6 dolule Eq: Choluion) =T Cooluare) ] % F o Cluact

— KF X1
. .00q ken1ere X1
= [ (435)-(5-60C)] x 50-009 To%-? = 0.0112804
st

rassy olts @) | 2:0169 < 1%0. gl
o 6 Gtz 0-012304™E = )79 -s1é62d Wgﬂl.go x10* g |ans1

36. The osmotic pressure of a solution of 20.00 g NaOH dissolved in a total volume of 500.0 mL was compared
to the osmotic pressure of a solution of 14.61 g of NaCl dissolved in a total volume of 250.0 mL. Is the
osmotic pressure of the NaOH solution higher, lower, or the same as the osmotic pressure of the NaCl

Molar mass

solution? - — MATG =K
A. Higher ofre«ssu%/ ©m a/_\l—) Q:o.o%wé,l:\%
C B. Lower L
@ The same
. oot = 20-00g Nadu x [ ms)NEoH 2 -4 390%F
¥ wole [c\uﬂ:usu NosH 54 50 Aot x0v032°6 L-abm XC_25 +238)¥ e
A e %60 0L XQ_");Z e
e are 160
W"NMH TNag= 14-61g Nock X =51 Nedd 2 = 4.890%F
k act d s bt 238)x2°4
desane © o Cane - 5BugNed  5.08206L A (25 Y -
oo e Sdan 96 0.0mL X IL SR
W*MW -
37. Consider the following pairs of liquids. Which paf'r?argmiscible? H u w‘:%
LOFmby H HH W
«— O S SR
Vie-He ContapX (1) Benzene, CsHe, and hexane, CeHi4 k“‘?"f' ¢ c ?"C‘f’“
&) wikgo A oolue (2 Water and methanol, CH3OH HH oW Hy
Qrkoo " 3. Water and hexane w H
. . ( SN H
@A) 1,2 only / /O\H H/C"« o
B. 2only Ly H _
A C. 1only " 7 O\H LOE iy Loe, 0-0, a w:’s'&
D.1,2,3 H K w A oH H-berd -
E. 2,3 only we,0-0, o
H-bed H-C-C-C—C—-C-C—H
T T T 12
HH 4 U H H



Recitation Worksheet 6: Exam 2 Review

38. The vapor pressure of a solution containing a nonvolatile solute is directly proportional to the

A. Molality of the solvent. Laoutd Law P“ pow = X roluent X P?cﬁumt
D B. Osmotic pressure of the solute.
. Molarity of the solvent. P siurion, ol X soluent

Mole fraction of solvent.
E. Mole fraction of solute.

39. What are the ideal Van't Hoff factors for these compounds?

ron- Leckdyle -
-+
Ba(OH). CeH120s KsPO4 HNO3 N0z O) =H C“,)-f N?q )
3 i 4 2
40. Which of the following concentration measures will change in value as the temperature of a solution
changes?
A. Mass percent W@{a = el 5} dlwo
0O B. Mole fraction Liters s}&wm
C. Molality ' wit fenporatore
@ Molarity $ ootave g
E. All of these

Smoawest to M"n“{’
41. Rank the following compounds according to increasing solubility in water.

. CHs-CHz-CH,—CH; LOF g
Il CHy-CH-O-CH-CH; LOF&O0

RETEL . CHs—CHz CHCH,OH LOF, 0-0, &
(+) 4 >
B NooH AR\ = AH&M‘—“ +4 kﬂdfw
42. Which of the following favors the solublity of an ionic sojid in a liquid solvent? ( Argduto = - f“‘“”“"')
A. AIarge'm'éTé’m%u"g%‘o'fthe SolvalSnEHErgy of the-long P2 Naea + 0H™(9) @
B. A small magnitude of the lattice energy of the solute
D) Y f
C. Alarge polarity of the solven less e,dpl'te'i""(/ Lot +4gt
(D) Al of the above — ko R )3
E. None of the above ‘ s ao Tt
Va) fd‘lf folvet— AHJO\G‘
= - 45RPY

43. What partial pressure of oxygen gas is required in order for 0.00316 g of the gas to dissolve in 16.8 mL of
pure water? The Henry's law constant for oxygen gas is 1.3 x 1073 M-atm™.

dorotty = 100g [aml Henrfs da CO_Z - ku X fo,
heB2 0 Jam wsroy - kn X P

Lo}éowa‘vﬂ
m,),gé]—c(ob«b‘m-" 6-003169 +Qé'2?m|,)( l';.:ﬂb ) = lé.zosléa

. x lanl - 16.80816 mL
Vol ve & blubinz 16 30316 To0q

0-00 3169 Dz X L w102

32.009 02 _ 13xl0 M xfo 13
16- 30316 mL » Lo abme . poy= 4-S204m



Recitation Worksheet 6: Exam 2 Review

44. The molar mass of a solid as determined by freezing point depression is 10% higher than the true molar

mass. Which of the following experimental errors could not account for this discrepancy? ) ~ NBlSC
< . ! - . " smelk - T n
. Not all the solid was dissolved. o} ot all sddd o dissolnd .+ OTF 10 e
C ,B/ More than the recorded amount of solvent was pipetted into the solution. Jin "'"”u"”éf :r?ﬁdé
The solid dissociated slightly into two particles when it dissolved. £ @ 74 . A‘F(;’P' '_,. redd

- Some solid was left on the weighing paper ATF v dndlle .0 P ir agoc oma ds
/Ef Before the solution was prepared, the container was rinsed with solvent and not dried.
$ 3§ ooty <G owts b ST

. i _ kr X ma&c} ol (D XV
AT_F 'K,LXO'YI.XZ f als €} folute X ancds§)sol vest
(Gleret) (k>

L e waSS .
~eacrangizg 0 e St kg x mass & bolds X1

,L’Imo&r(ma/sbﬂ—somﬁ'-' T4 ATE X amais o ol

45. Consider pure water separated from an aqueous sugar solution by a semipermeable membrane, which
allows water to pass freely but not sugar. After some time has passed, the concentration of sugar solution;

A. Will have increased OSmo o ¢ He flows &) Collnt from Tgion. 5} higlar
A Will have decreased Al corians obiery do A ey~ 0 Lwsor Laparr”
C. Will not have changed WrAg asiun . e

D. Might have increased or decreased depending on other factors
E. Will be the same on both sides of the membrane

M= MRT1 ‘5‘{—‘&’{’“0‘@& oumotod-+  dalair ~ed
46. Which of the following solutions would have the highest osmotic pressure?fl:z(,,qa A -

A. 0.15 M NaCl, sodium chloride 0.16ams] X 2= 040 M1 N T
B 0.15 M CaCly, calcium chloride p-1§ welX 8= 455! okt
C. 0.2 M CH3OH, methanol ©.2 sl x 4 = .2 a1

D. 0.2 M CeH120, glucose O +2 amol x4 = 02 ™l
E. 0.2M CroHpOxr, sucrose 02 wsl kd= 0:2 abl

47.When 22.5 g of an unknown compound is added to 250.0 g water, the freezing point is —0.930°C. If the
empirical formula of this unknown compound is CH-O, what is the molecular formula? K:(H20) = 1.86 °C/m.

Tp= kgmi .
o _Kp X Bl Geoldd K g
CgH12 0% T Giion) =T Cooenrd = K8 B g G e ©
msl §F ol =Ef'F (folud o) = 1aCaolwzrt:)] X 5 % <!
—EE X1
o o l
- (-0.980°C~0'C) X 2503 xgﬁ
~1-36°C_ x4
oav
0-125 ™o
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Uik es 6 mole culat fermaltaz G BULDD 22:58 - |%0- gl
ol 6} oo . | 267

= ws)
Mass S eimpin &b farmala = (1x12:00) +(2XV .00) +16-00 = 30 033l
(or NAIS i}ml(w-!a’r{«r"“h—
Mole (daw frmiat=

ool frrmala X el AL I TTEE 28—
>e o o€ mﬁd}appmﬂ‘ﬁmﬂ‘“
- (eip0 ) x 180917 (o) x 5934
20- 08 9 p»=l
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