” | Concordia University CHEM 206 Fall 2005

Dr. C. Rogers, Section 51 — MIDTERM TEST

v GENERAL CHEMISTRY li

g .
‘ 12/ MIDTERM TEST

s oD

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

This test paper includes 4 pages (both sides) plus a periodic table; some potentially useful
information is given on back of the periodic table. Check that your paper is complete before starting.
You can remove the periodic table if you wish. Answer all questions inside the space provided.
Calculators are pemnitted; cell phones and electronic dictionaries are not allowed. You have 75 min
to complete the test. | suggest you scan the whole test quickly before starting & do the ‘easy’ stuff 1%.
GOOD LUCK! Suggestion: spend 1 min /mark = 25 min left to finish uncertain problems & check.

LAST NAME: ‘%ma/v{fg.f;r\j? pehavnd  FIRST NAME:

STUDENT NUMBER:
Mark breakdown: : 3 0w
fuewqes  fuate 3
Page 2. H( 4 62l 7 N OTE - 5
Page 3. 4yp /6 61°L- W tweans 0.5mark
Page 4. o/l StT
Page 5. g.8/11 TOYU
| Page 6. 51/8 6%
5 Page 7. 82/9 HEL
TOTAL: 22.5 /50 (max. = 51)
PERCENT: (51 %
EARNED toward
FINAL 6RADE: '3:1 /20



PAGE 2

CHEM 206 Fall 2005 Section 51 MIDTERM TEST D #: qu,mif pchopng

#1. (_/6 marks) Circle the words (IN CAPITALS) that correctly complete the following statements.

a)

b)

d)

[You do not need to explain your choices.]

If a reaction that produces a gaseous product occurs in an open container, the expansion of the
system causes the system to i GAIN /(LOSE>) energy in the form of work. Work is an example of
N 8 .

a ( STATEFUNCTION \B \ost Enary by Pyu&htﬁj back
e Jvr\rcuﬂdt'n?lé“ (wodk = 'Pb\f)

(CLONDON DISPERSION FORCES Y DIPOLE-DIPOLE INTERACTIONS ) are intermolecular forces caused
by transient ( EXCITATION /CPOLARIZATION)) of the electron clouds in neighbouring molecules.

Imagine an elementary step that involves fwo molecules of the same compound. This process is a
( UNIMOLECULAR f@MOLECULAR )) reaction, and it will display { FIRST ORDER / SECOND ORDER» )

T

The normal boiling point of a substance is the temperature at which the substance’'s vapour
pressure ( EXCEEDS ) the atmospheric pressure. For this reason, people fiving high in
the mountains must cook their foods fora LONGEE%: SHORTER ) period of time than people living

at sea level. .. e« xﬁacg_?hm'tc Ly sinee "}ei""f“eréd'u re is lowtr
pressure, [, need
lese € fn.Fmi“ Hv reach
(g{,. Se LoWeEr iﬂ-fn
A catalyst ( DECREASES @ ) the rate constant of a reaction by decreasing the
magnitude of the reaction's ( GIBB'S FREE ENERGY CHANGE 1 ACTIVATION ENERGYD) .

}9\ = fo SvET 7. Sinatker Ea =P j-ak%bt k.

Vo =7
To be spontaneous, a reaction that involves breaking a stronger covalent bond and forming a
weaker covalent bond must be accompanied by a significant { (INCREASE_)I DECREASE ) in the
randomness of the system. B , ; T o
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# 2. (__I 6 marks) The hot water heaters in homes are often powered by burning natural gas. The
combustion of methane (the principle component of natural gas), is described by the foliowing equation:

CH4(g) + 20:(g) = COx(g) + 2H0() AH® =-890.3 kJ
[Note: potentially useful data is available on the formula page.]

a) (3 marks) A typical shower uses 9.5 L of water per minute. Imagine you spend 8.5 minutes in the
shower. What quantity of heat (in kd) is required to warm the volume of water you use, if the water
starts at 25°C and is heated in the hot water heater to 49°C?

rVD\uW\e of Hao = TS L G s Thaas5 ok
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b) (3 marks) If we assume the heat released by burning methane gas is transferred with 100% efficiency
to the water, what volume of methane gas (at 25°C, 1.0 atm) will provide the amount of heat calculated
in part {a)? [If you could not do part (a), use 13000 kJ...which is not right..to try (b).1
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7 »
NOTE = Thds s met a Raowll'slaw caleulation, but a [Ja.r’n‘al profsue caleadahon,
# 3. (__J 11 marks) The Henry's law coristant for nitrogen in blood serum is about 8x10° mol-L™"-mmHg™. SGM;—“ &
et

a) (3 marks) If a scuba diver is breathing compressed air at a depth where the total pressure is 2.5 atm, doag lowt

what is the N, concentration in the diver's blood? Assume that the air is 78% Ny by volume. wgt‘ﬁf

Py, = o\'}gﬂgl.g odm) T (95 ok since (P o A N oof gas s

\)( a n = Voalume

homa PV= nhRT.

= ChmpArison c,:'rswf%tcle
Pry = 6,38 X latue = 0 F0aly

c=k?F H/ wia law-
& qxuy*;ZIﬁif €ﬂ§ﬁ%>63@uﬁéﬁg
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(3 marks) If the diver returns to the surface iakly. what will happén to the dissolved N, in his P

lood, and why? Briefly explain the physical and/or chemical phenomena involved, not_the biology. I ¢
Because a gas's solubuldy ts_pwportional do e paatial prestuns
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c) (5 marksﬁ if the reledse of neﬁ?dden gas from the blood is a first g?dréﬂnygl%ecess wﬂh)a half-life of 9a

minutes, how long will it take for 40% of the dissolved nitrogen to leave the diver's blood?

‘Note: in reality, this process is much more complicated than what | am suggesting here.... .
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! # 4. (_ /11 marks) The carbon intha atmrgs'ﬁ%ere (i.e., CO,) is thermodynamically less stable than the

j carbon trapped in limestone (i.e., CaCO;). In this problem, you will calculate thermodynamic quantities

* that will allow you to confirm or refute the validity of this statement.

Substance AH% s%
a) (1 mark) Carbon dioxide reacts with lime, CaO(s), to (kJ/mol) (J/mol-K)
produce CaCOs(s). Write the balanced _equation for this CO.(g) -393.51 213.74
prcess: ' pReB0.25 o0 63500 | 39.75
= : CalOs, - :
| [ COij + CaO¢sy —2 38 CaCOys) | -1206.92 | 929
€ ack, FRBS -5 o ot
| (hdln‘ed - T cit’c:a.‘n‘rmﬁ | Aecianed
b) (3 marks) Calculate the standard enthalpy change for this reaction (AH"x,). What effect Would this  P1a<C
reaction have on the entropy of its surroundings
/M= Zalsl% goducls — 2 DR renchanks ¥

= (_q o) )(A206 2 K met )] ~ (o) (3851 ET-mel~") € (Tmel ) (43507 £ mol )]
=~ 120692 k3 — (= 1018 OkT) W NOTE! mole unils cance| out !

5 Al = 13832 [TW enates haep & decimal fptaces 25 SF

rejiqyd! fo T Sucrowndings .o AtSorder of sWroundings T
- o&omeieales @“y[}f * Suunadpings

c) (3 marks) Calculate the standard entropy change for this reaction (AS°x). Would the system become
more organized or less organized when this reaction occurs?

‘ A S = [ﬂmoﬂ( EE mci“f!{")] ’((lmc'i)(.ﬁ."}s S-haml"]K"j + (st Y203, 3¢ T-mol” K'f)] W
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At - 1L0. 6 T-K- W eEmpdasmiepntmoeviGlplaceinn 56

; w4
T ; o By e 2. wntrop of systemr ha¥ &tcreased
1.5] The sign f bin V5 negat igeas g\,{s“re{l e i e L pize ) ol
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poe h;?4— ;\bw chly have 1 (. moe OE&\-&‘_ V(l
d) (4 marks) Calculate the standard Gibbs free energy change for this reaction at 298K. Does this

confirm or refute the original statement that CO: is thermodynamically unstable with respect to
7
CaC0,;? Why? - s Choangert P'}""“) -0.2.5
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# 5. (_/ 8 marks) Maple syrup is prepared by heating the sap from the maple tree to evaporate off much of

the water. Heating is continued until the syrup's boiling point is about @ higher than the original sap.
For this problem, we will approximate the syrup as being composed only of water and sugar (C12H24012)-

[Note: potentially useful data is available on the formula page.] L&(A JU{rwﬁA—n l
a) (2 marks) What is the(molallconcentration of sugar in maple syrup? = :
AT, = K, m whee wm (s The solide concentration i W’&L’m;
1
2 = ﬁ)pr V(

Ky, ) Becaunse SuHar s a fm;ajécuiar 50&&@ S
UOTC ke o He van'F H»aFF factor 4 ?
5“5’Z°C/m/ Con centration ﬁ'f- Sugax ;Ls 7"4060*!'

m = ?.G?fm‘x

42-E)
T———
[if you could not answer part (a), use a molal concentration of 5.0 m as a starting point for part (b).]

b) (6 marks) What mass of sugar is present in a 35 g portion of maple syrup? [Hint: what is the
mass % compositi syrup?]

[QS&

- mass Sugar _xtoo%

? Livk Hhis fo motaldly o
nass Sut%dr + mass Hz0

a_ (Enaw = 340 meley guj&r‘/ﬁ“

e Ui S eieis
[ kﬂ solveat HVC,; e
S

T[,uus) can Collewlads mass ﬂ’g Su,?a,( + add ot e maas Hw0 te ﬁ.ma(
Midq o SIMFpij ket callodate MM sugar

Sianer b
3 Mass Susas lﬂ’”f%_ﬁﬂi.

; ZPMMCunUlz W a'e
= 3460.3(7 3/m
(767 mol )@m 219 g o) ,

i

= 2970 % g . e
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# 6. (__/9 marks) The reaction coordinate diagram below represents a proposed three-step mechanism
for the reaction: 2NO(g) + 2Hz(g) = Nx(g) + 2H,O(g) .

STEP 1: 2NO > N.O; 80+
STEP 2: N;O; + H, > N.O + HO T
STEP3: N,O + H, > N» + H,0 Sl
TNOF 2H2 Y N & liho@f 40::
a) (1 mark) Using the diagram, estimate r 2 b
AH,,,, for the overall reaction, and label GERE
this quantity on the diagram. (gfmod T
\ BHp= AWprod - mme«(.}mj °T Reactants ki{}"“ X
= (20-0) kT/m , N0+ ——— et
= =i \LS/.WQ Hhai's should T el

wot be ged ol . i e
b) (2 marks) According to the diagram, msmpw (sl ) progress

is rate-limiting? Estimate the activation energy
of the rate-limiting step, and label thi tity on the diagram. AT y
c:l foke - \(Mi'\'fﬂ.o} Sit{p = Meb CD\/smae, o ohow the \w"%ﬁ’{' actuyziien enes ‘(’H .

e AHT — AHrepckants
= (*o —0) T /mef
= SO L:\-/ Md'e b)(
c) (2 marks) Assuming the activation energy calculated in part (b) is correct, can you calculate the rate
constant for the overall process at 298 K? Why or why not? [if you could not do (b), use E, = 45
kJ/mol for part (c).]

9 R=he B TX G s T R G T | but g AW
zﬁe'% f;we cannet caleulals the nake constonl

Lk he *2 and we mausH
new Cé[i{e Gfe-
d) (2 marks) What rate law is predicted for the reaction if it proceeds via this mechanism? Wp{g :
lote law for overndl mcedﬂfﬁm Law o e b gy A (RLS)
(exprersed i A€y of recctzivcts *i“/~pmﬂlucﬁ)
Ip RL§ = 5“}6? @?/ ,‘H‘\M’\%&Q = }-’.ICNOZZ ﬁ%ﬁ,{)]}.ﬂ, gtalﬁ ® i'S a_ Bfm_dfem,[av’
0.5 \m T-l- ‘U §E€ in\/D‘U‘,;’LQ UMLg NO
( endm-);“:édel_ ? J 8 :

e) (2marks) If the reaction is experimentally observed to be first order in H,, would you describe the
kinetics to be consistent?pv‘rth the proposed mechanism? Why or why not?

9 I¢ raf(a.ﬁ-xp{, gz = J: Hz]"}/ than The rede— JZMMLUM A’@f) Wtk

eed Fo inutlee ¥ Own WW apcharnter Lhsies mx%

NO im The LS o Mt would el o P/WW WW
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%) i'nqacwwﬁe))

maed do ke Lo pee & Haod toulel qive the Dvi;\si fa~ -

e e i A !

g Dot @ miged e fae BLS (if 50, cun DH gigram
L )@«A}ﬁ we  wruld




