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Chem 206 - GENERAL CHEMISTRY II
MIDTERM EXAMINATION

AN l{ej

INSTRUCTIONS: PLEASE READ THIS PAGE WHILE WAITING TO START YOUR EXAM.

This test includes 4 pages (both sides). Read over the whole test quickly before starting.
Write answers in the space provided; fill in MCQ answers on the scan sheet in pencil.
Calculators are permitted; cell phones and other electronic devices are not allowed.
Potentially useful information is given on back of the (removable) periodic table.

To earn full points, calculations must include units & explanatory comments.

You have 70 min to complete the test.
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PART A: MCQs - MULTIPLE-CHOICE QUESTIONS (2 marks each)

Each question has one correct answer. Put answers in pencil on scan sheet; circle here as a back-up.

(ANSWER PofUlAR TY IN RED = 9% oF CLASS WHO CHOSE ANS. ) QD PRoBLEMS FoR MANY
Questions #1 — 8 are all independent ot each other. T

#1. Which of the following phase changes is exothermic?

143/@) condensation relexSey lf\f’:s}/ due o net formaton o TMFs
A 7o sttt (more cen comse oRoger Hogethner
{4-/. d) fusion

#2. Which halogen (F», Cl,, Bry, I) should have the strongest intermolecular forces with water, and why? e
5t’La) F,, because fluorine is highly electronegative. — 7% 1ol rel€ucnt heére Sice ina MoNPOLER el el
D o b) Cl,, because chlorine is a strong oxidizing agent. <( all mbmeolw(..- SO Ah‘e&'i’\‘a’\ forcen
- 6 ¢) Br,, because bromine is liquid at room temperature. + A= A '('chf el ey
Yy7/(@d) I, because iodine is highly polarizable. \ J
#3. Which statement shows how to find the heat flow involved in warming a 15 g ice cube from -8 to 6°C? must me
(7/<@) qsys = [(2.06 J-g™"-K")(15 g)(8 K)] + [(6020 J-mol™")(15 g/18.02 g-mol™)] + [(4.18 J-g™"-K™")(15 g)(6 K)]
13/ b) Qsys = [(4.18 J-g"-K")(15 g)(14 K)] + [(6020 J-mol')(15 g/18.02 g'mol™)] ~———~,

'L C) Qsys = [(2.06 J-g"-K")(15 g)(14 K)] + [(6020 J-mol™)(15 g/18.02 g-mol )] Warming melted ice
h5d) Qoys =[(4.18 J- g K)(159)(14K)] ~ Vil e Ffn 026

#4. Which one of the following statements about thermodynamics is INCORRECT?
lo°/ Ta) Two touching objects reach thermal equilibrium when collisional heat transfer balances throughout.
%5‘!‘/-?@’ A reaction with AS°iverse > 0 should be product-favoured and proceed¢apidly;towards products.
§1.Tc) A system can exchange energy with its surroundings through heat flow and work.
23%/.T d) Spontaneous change occurs in the direction in which free energy is released.

#5. Which should have the higher osmotic pressure and why: 1 M NHsCl(aq) or 1 M NHj(aq)?
63/, @) the NH,ClI solution, because higher [solute] means water flows faster into than out of the solution
@5\ 3£ xb) the NH; solution, because higher [solute] means water flows faster into than out of the solution
134x c) the NH; solution, because strong hydrogen bond interactions pull water into the solution
13/ d) the NH,CI solution, because strong ion-dipole interactions pull water into the solution x

#6. Which one of the following statements about detergent micelles (right) is l@g@l’”

82T a) The amphiphilic molecules become suspended in water as spherical micelles.

rD ,wET b) Their hydrophilic heads are dissolved in the water via molecular-level contact.
677 c) Their hydrophobic tails are excluded from direct contact with water molecules.
§3:/.F @) An emulsion results when(olarmolecules are enveloped in the micelle cores.

#7. Which of the following is a state function?
14 a) heat et <
15 b) work7 path fuacthons
¢4/ (c) enthalpy =
20°/. d) temperature £ 900 /’
#8. Rubbing alcohol, 2-propanol (CHy),CHOH, hasa £ 0.} }éarﬁl‘\’,:;;’ess“’e LT 1
vapour pressure of 100 mm Hg at 39.5°C. © 600 /
Considering the vapour pressure data provided for 'g 500 -k /
a water (diagram at right), which substance has @ 400 -} ,/
o) stronger intermolecular forces? = lovser P\, a 300 //
7'/, @) rubbing alcohol = (5O man Hy ok Hore g 200+ — 7
%37/ (D) water §. 100 | ——
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Questions #9 — 11 are related to the solubility graph shown. 6; 30
#9. Which is the strongest intermolecular forcem = NH,CI
molecules and the[solute]particles in these solutions? S 60 .
22:). a) dipole-dipole forces ' o =
<. 3%/ b) hydrogen bonding al 1ons heag 8 0. Nacl
I, io°/- ¢) dispersion forces Has ‘Mi"'M’v‘“‘ﬁkM ) z e
..(d) ion-dipole forces — < Hacn B-bowding , 1 any cas(,= i 22
i ¥ p' JWI)? \;\j‘\!{}c ot -H:we ‘!xgéyhvﬂv- 7S 20 Vv
#10. Most solids are more soluble at higher temperatures. One ° NOTE . ALL ARE IONIC
substance shown on the graph, Li,SO,, has lower solubility < NI
at higher temperature. What must be causing this? 20 40 60 80 100
2%/, a) Its dissolving process is thermodynamically unfavourable. Temperature (°C)

CDET= AH - TAS®
L£oc 0"'550“'"‘3 R - ) Hen-TAS 154
Sy lower T resulds m
lat/ﬁc( - -’5(‘} -{?ﬂw'
AlScolv ""f)f

(__2&. b) lts dissolving process is enthalpically unfavourable.
5)°/. @Its dissolving process is entropically unfavourable.

#11. To which real-world phenomenon discussed in class is this graph and topic related?
437.(a))lt relates to why deposits of hard-water minerals build up in coffee-makers.
7. b) It relates to why cloudy liquids should be called suspensions, not solutions.

A 57 c) It relates to why diamond should, but doesn't, convert into graphite.
S1'/ d) It relates to why salt can be used to melt ice on roads in the winter.

Hn qases = =

e .
Questions #12 - 15 are based on the following scenario: C,H;OH() + 3 O,(g) = 2 CO,(g) + 3 Hz
You perform a bomb calorimetry experiment to study the combustion of ethanol (reaction above). The bomb
had a heat capacity of 550 J/K, and the calorimeter’s water tank contained 650 g of water. Burning 4.20 g of

ethanol resulted in a temperature increase from 18.5 to 22.3°C of Hnis T, We’f&&“dr Ha0 is@) not (‘j)
#12. During this experiment, what quantity of heat was absorbed by the bomb itself*

/. =4 3.8°C
/- a) 4600 J A,I : Vit = bomb AT
~ 20/, b) 2500 J AT =1 33K ; .
C(s7@) 2100 J =50 3 (29K
. < P~
#13. Which would be a reasor]lable first-law statement to use to find the heat released by this reaction?
5.{' Xa) 0 = qb:mb * Qwater + Jevaporation + Jrxn “Qvxn = (()l/ bomi, + Q) water m .+qu>
C I"L b) dbomb = ~(Qrxn + Abomb) I
. - bl 1
?5/‘@ Aon = '(Qbomb + QWater) OR. (,L Cxn - — g‘, \o ¥ C -
M/ )\d) Qwater = ~0bomb 1o 9, (M'f ! fimsiy = (lon metad )

#14. Can this experiment provide the enthalpy of combustion of ethanol? Why or why not? Lok code cinaeter =
i/ Xa) No (at constant pressure, heat flow is not caused solely by bonding changes)¢ F constant — velume

R 25/(b) No - at constant yolume, heat flow is not caused solely by bonding changes & Anawses £0 5o Qv # Qe
— 3y/Xc) Yesyx at constant pressure, heat flow is caused solely by bonding changes.<— Frue’ bk does iW‘FQ{)E?‘\Ij hee '
227/ d) Yes {at constant volume, heat flow is caused solely by bonding changes) <~ FALSE IF traped /misen. 4as
&

ONLY TRUE iF'P s comsSTANT
#15. If this reaction was done in a cylinder a movable piston, how would you describe the work involved?

(2 7.(a) Work done by surroundings;/the system would gain energy by being compressed by the surroundings.

6/ b) Work done by surroundings’ the system would expend energy by pushing away the surroundings.

¢/ xc) Work done by system: the gystem would gain energy by being compressed by the surroundings.

b3-[.xd) Work done by system: the system would expend energy by pushing away the surroundings.

e means Constant pressure, $eee b expavv(/ conhack
QF Anﬁ‘k%«i 4;0 .

*Hele AV\‘ ases =1, so volume witl DE CREASE .
‘L{'\ (AS {ﬁ bovv‘(’MS&eo‘\ l’j :uvﬂ’)mn!l\.\gj.s‘)
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PART B: SHORT-ANSWER QUESTIONS & CALCULATIONS

Always show full calculations with units and brief comments to clarify the science behind the math.

#16. (12 marks) Consider the reaction of nitrogen monoxide with 2 NO(g) + Cly(g) = 2 NOCl(g)

chlorine to produce NOCI (see reaction equation in data table). Thermodynamic data (at 298 K)

a) (6 marks) Calculate the Gibbs’ free energy change for this reaction [gubstance AH, s°,
at 298 K (show complete work). Is the reaction spontaneous? (kd-mol™) | (J-mol™-K™)

o _ N7} . 20 - < B —
DE°on= LHra = TAS,,, i G xn<0 F spovfaneays ® NO(@) | 9029 210.76 (% .

)
K Chg) 0 223.08 )
AH = [lw‘(&-?l ma.ﬂv{lw' (2029 1) + el (O):} P NOCl(g) | 51.71 2618 (x 2

7 = lo3.42 ks - 180,58 LF
*T‘HG ‘US’V‘/C/GW}‘({ bwh”oj fu\lmtmlo’q "‘“Wc?htclp SFOK‘]”OLJV\'Q‘V'hj

it

places - |

X ‘/‘/ wate{a wfl
AS(,‘H = LR mal (9359[.—%6 o) - K)] (l W‘(?lo 16 mor. k> + | mol (223 0% m“‘ K)] s 'aF'O‘. (
Z = 5236 Jg - L4460 T/ {W

= —(21.0 ‘XT/K covbriloutens cuagi_u_s'&- s‘)om{-aaeiJ-\j

NG, = - kT — (QA3K)(=1200 T/ﬂ(vﬂg;)

l = =36 kg F 36,069 kT

. = - 410 KTV(?br Hhe mn as wriHen (e <3/ eno)- r)(r\)
—o.5 umis

—0.5 s€ V( bec ‘Z‘/o fe. “H/\erm‘)o{ .\amluv\ f‘avour:z,i ove( el
'b) (4 marks) Based on 1 the data and your answer to part a), circle the words that descnbe th|s reactlon

e Which is more stable? pure reactants or l/ £ DGO

Lf e Does the system...? (release heat> 1~ or absorb heat O bLHYC o
¢ Does the bonding become...? weaker or Cs;ron@er)u/ 2 DH <o

e Does the surroundings become...? (more disordered ),/ or more organized . OH' <O

¢) (2 marks) Do you expect this reaction to yield more products or less products at a higher temperature?
r‘ Explain your choice in a few words (no calculations, please).

The reackion is QL\"TDOlLalLuV\*fa\mMu{ (Asfxw < O) Seowke elkpfd"
LESS §RoducT P h:f)hzriwpudrwes

2 Ago - AHO’Té__éj .v
ﬂ I e
We. 30} q':{,‘lg feym Iy o sihoe (workd («3w4\8)' ’rvvmm] (‘Lhd’) |
‘T/Z,O(g’f(;j“x ond becowi) « lcvuﬂf' [mS\-}wt number of W ﬂuf T,

more negahue
=

|12
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#17. (10 marks) Imagine you make some automotive antifreeze by adding some liquid ethylene glycol
(HOCH,CH,0OH, mp -13°C, bp 197°C, d 1.113 g/mL) to 5.0 kg of water in your car’s cooling system.

a) (6 marks) If the freezing point of the water-glycol mixture is -15.0°C, what @ of HOCH,CH,OH must
f have been added? See data sheet for physical properties of water.
@

or. v
HOCH1C\’|7,0H is & molecular _\‘{,{Wﬁ Haot v NCN"ELECTKDI,YT'E, So

Mm = m Aes stlute \X
\<oy soluent

L=

(5.0 Aeqgrees (HLO) |
oy %&;‘E( W Kf' = 1.8 “C. Ko mol ' Zlhowy Solvent's mp. s «ffectec
Pr;\_/j_’__ﬂ* -

bv peestnce of solute
w)5.0° = (i)(ﬂ(\,ﬁ/t»kﬁwr') 3 F

: m = .05 mol glyecl v\/
> S o s

N N l Ci‘\h\ﬂ@i’\f—
A} . —~ aal : : (/ ( t ,}
o For 5.0 ke oF waler, His means meed % 356% _> o, 32 mel glyeo|
Hie

o eha leme
° Mogs of Xi-‘tqu—o\

N

n X MM o
(.32 )(62.6L8 9/mol )
z 250249V

=Hm = 2.5 k‘j ety lene ‘Z{\‘jw‘ (@ Jimited lyj 5.0kq sF)
0.5 R SE eivors

i\

)

@VOTE t IMFs are relevant o Why solute dissolues but veT % why nlvent bo T
b) (4 miarks) Car antifreeze also plays an important role as “coolant” for dissipatifig engine heat. Luckily,
"“solutions have higher boiling points than water, so water-glycol mixtures resist overheating even better
than pure water. Explain, in detail, the molecular-level cause of “elevation of the boiling point”. \)(

® hp, = +a,w\pe,m,+um of Which seluent’s vapour presfure i Same ou

E—

pr————— ]

naX: Yoo ' external pressure  (“ormally” | ohm)

e Solute partices mterfere with Q\/a,{)gga'ﬁc’m+ but ot with (/o—v\.zl,@um/sdm
50—?0“472 pa/rvl{dcj‘ decvease -Hie vc\pamw\’_@r&j\mra o e 3‘§(vﬁ&44‘ff
Howz BY L@iatwé\/me Mol (:,u'am ,l_d_,‘?.f V(A&%Tg%(@bviﬁ'\'o el
C_ cuce not all molecules ok the lipdid Sucrace o Y
?\;‘Wﬁlf)('““;i Lo volahie solvent, the rode o Ve vapsvation of sclvent
30ln = !

solv solv

]
]
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