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#7. (/6 marks) Consider the reaction of ntric oxide and chiorine:  2NO(g) + Chig) > 2NOCI(g)

Evaluate the proposed mechanism, Reactant Goncentaton (M) | _Reaction rte (5]
by answering parts (a)0). Run | oy, Gy RATe,

P — 1 o013 020 10:10°
STEP 1: NO(g) + Ch(g) > NOCk(g) 2 0% 020 200"
STEP2: NOC(g) + NO(g) > 2NOCIg) 8 Ot 010 5010

) (1 mark) What two crteria must be met for the proposed mechanism to be considered "consistent”
W e st odd gt il desied net ackon. egucion
| #20/mle fa fredicked using prepessd mechanism's de limiding Shep rmash
watth Fhe experimardally doserved mde law. = speaifically ke
abe = iy LvOP(CL)

b) (2marks) Use the inital rates data from the table to determine the observed rate law for this regction.

Cornete fns ©¢®: Compare. s & 1 g

g Dekx2 e x4 [Ciadx 0. = rle xe% \D oty

z i i /Y e RDOVTER)

f d - implica 15 ordder witla @he= R INoYLCh.
V:ﬂ;‘fﬁi f»":?)‘ \}“ eesgeck o Cla v %

©) (1 mark) Write the rate law for each elementary step in the proposed mechanism.
stept. ke = kR INOMG) o7
Iy £N00,JINOY Amekes includkes an inferanediecks secias

Pow L —eat i ot
&) (@ marks) For s echan i be canesiet, which stop must b rate-imiting?  Explain your choke,

using logic and deductive reasoning only (i, no algebra).
T Shep | was rde- limaihing, $he eperimental ade law would be Ist order in (NO)
2 and () seder in (0R), Hhe Sern ap He ewde Leww for shep L v Howeuer, because
fne dbosevved mie law Ts I erder in (Ne), the rale- miling ciep camner be
st step (dses ook matdd)V” Thus, by deduction, i +his m«.fm;w P
Consishent, e stcond Skp oSt be the mie~ hmidingVfoc slow) siep.

) (2 bonus marks) Derive the rate law you would expect to observe if STEP 2 i the rate-iimting step.

l LAE

overall e Nimited by raky b Sub Hhis inlo wle, egrssion
-k, > o (MOCRIINOY | e,z b b MOYIC) ENGY
- Mo, pacdiced i 19 steg, b Since \ s
@ 2 ey e PRI S | e by PO
B N 4 R I .
s, (NoCL)= R Enolic, Hhe mechanism predics &
L o sler degendence o F503

4 15 oder degendence e )

s 8) T TRty

THE END.
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#1. (16 marks) Circle the words (IN CAPITALS) that correctly complets the following statements:

2) When a spontaneous reaction accurs, the systems free energy ( INGREASES | (ECREASES)),
which cormesponds fo an overall (NGREASE / DEGREASE ) in the entropy of the universe:

b) (HIGHER)! LOWER ) temperatures make entropically driven processes more thermodynamically
) e s

|| 0 inen 2 subsncsdsoe, s ( EIERIGIECID 1 oo ) fores e dised
e o et i Soverk mecgS DU 1 proces, 0 chamicr srucures o e

ol el or s ( SMGE (QONTTGHN). 1L flup o G oy
| @) For a souton of two volati components A and B, th vapau fyessure above the souon wil 6 2"

HENRYS LW ) f the interactons between molecules.
1 STROVGER THAN ) the average interactions between A & A and B & B.

| &) The ( RATE coNsTANT / &CTr ENERGD) ‘will become smaller if the reaction is
performed ( ATA HGHER TEMPERATURE | UTHACATALYST) ).

| 9 A reacton cannot proceed faster than its (CRATEUWITING STEP / FRST STEP ), which s the step
Withthe ( SYALLEST / ARESD) activation €vergy

#2.(_/6 marks) Akl metals are often used fo emove traces of water from organic solvents, such as
diethyl sther. Bocause the reacton (shown below) i exathermic, care must be aken to make sure the solvent
does not boil over”

2Na(e) + 2H0() > ZNaOH(aa) + Holg)  AH'm =-368.4 k)

) (2 marks) How much heat (n kJ) i released via the reaction of 1.00 g of sodium metal with water?

oy i gy THEMKT = X 3 o =-8.0122 K5
2279 gmel 7 2mdNay  0wn3sOmol NG
9 S 3.0) 1V
= 0.04350m0
v Trug, 801 k5 of kead GsF)

O celeased oy s Maclion

1) (8 marks) Ifthis much heat s released into 275 g o dethyl ether nally at 25°C, wilthe solvent reach
it Boling poin? Show cakulations {0 support your answer. For delty ether €= 251 JgK, bp. = 35°C.

Viq = Cexmr 8T, wh bed Supglied by e in @ %8012 kT
. 1
+'§mz = (J%‘T\ms,\ aT oy 2‘\; ;m ,‘.‘;
preee o g o mnimize
= AT= 16 K7 Pesyective counding 7700
= aneceY /zsf)
v Jor AT=loc =29%

aid kmpraiung = 25°C 5 L
e~ 25 4 W & ¥t > iisre 3Dy
AR o deduig poord
o M Akl et il Le huakd o U oy 0T

I conefd, Deemur st it hout sneufh € 4o Lrii
Mt e Dot ad s e s Hleperisaton)
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MIDTERM TEST

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

This test paper includos 4 pages (both sides) plus a periodic table; some potentilly useful
information is given on the last page.  Check that your paper is complete before starting. You can
remove the periodic table f you wish. Answer all questions inside the space provided. Calculators.
are permitiod; coll phones and electronic dictionaries are not allowed. You have the whole ciass to
complete the fest. | suggest you read through the whole test quickly before starting. GOOD LUCK!

‘STUDENT NUMBER:

NOTE: ~0:5for each

ave mer T STl

Mark breakdoun

ragez. A% /12 77 &
Pages.  Fo/10 Fo7 to rmaxef 45
foged .1/ 8 (4 ‘por fege

Page5.  4.4/8 614 (tucky k!

Page6. 3/ 6 LS
Page 7. 2,4/ 6 (max.8) 4i/.

TotAL:  %%3/50 (max.= 52)
percenT:  CSC
EARNED foward

FINAL GRaDE:  (3-1 /20 197 of class faaled
30% o class 7807
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#3. (_/10 marks) Hydrogen cyanide (HCN) is produced

CHEM 208 Winter

industrially by the following reaction: Substance | A’ B
(kJimol) (JmolK)
2NHy(g) + 30(0) + 2CHA(g) > 2HCN(@) + BHOG) | Nr@) | 8 | 1 | |
) o | 25
a) (2marks) Is this reaction endothermic or exothermic? oh, ry T 788
‘Show a calculation to support your choice. | _CHdo) =
Use Hess’ law s HoN@ | 135 | 202
A [20139)¢ W22} ~(264) + 3¢0) WO | 24z |
"3 *3639)

10 s )— (=22~ 58] kT @epter mekos cance

-uez - (-241)

- 940, kTV 3
i 1se) <&~ exFianmmic
b) (2 marks) Calculate the standard entropy change for tis reaction (1S",x). Is the reacion entropically

e
Use Hess’ Lo © o
e = Cataeny (o) (208 3(205)+ 2(86)] T/K il e

4o+ UBH)-( 386+ 615 + 3%2]
1538 - Pﬂ;/ v
TS5 7 T/ V0, enbropically frvrund

) (3 marks) Determine whether the reaciion is spontaneous or nonspontaneous in the forward direction
21298 K Support your answer with calculations.

Spondemecus i Bem <O Crucial herethat
. 3 ifs pu dek ! either put bl
/A@"am‘\»Tas /lmfrﬂsiuoh A:(A“As'm?uagkﬂ'

4o k1 - (2% E)(o.ls KT /K)

~qyo KT = 4417 kT

-A8q k3 (3%F) | . .
<0 - spevtantous in foumad Areclion ot 298K

ot \

&) (3 marks) This reaction s performed industrially at 1000°C with a catalyst. Based on your ('S5 Pyt

Calcatons, s i hah erperature noeded or nermodynamic reasons oror ket 1easor? \. - 1255/
Soian

AH<o [&Nwhr:g'u"w cot) and AS® 50 (euteopically frvoured), so ot

o ald domporabunis ) AG'= BH-TAS® will gield a ngative My\;e/.
Tus, Hoe neactien 15

Jer e atune yE M&dﬁ
i h?kg/ Tronsfee ’Mu ot e used ,e»_m‘;vf
Shat e activabon ensgy Exmust
o Cataloph, which e

increase tte # of collisens
[O Al = L I e e Yae cabes
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#4. (I8 marks) Seawater contains many diferent dissolved sats. It freezes at 2.30°C and has a density
of approvimately 1.03 gimL. For water. K = 1.86°Clm, m.p. =0.00°C, = 1.00 gimL

9 (4 marke) What s e concencaton of st paricis (dssoled o) i seawater, xpresod i oty
W/ Sslution (seawstan) hos lowen tmp. rom pust wlen

W = <« b calealie pelationshap beboeon peint
AT, o Wm (8T) amd concantrotion W
s ATy e poiclas (tetad Liosl) n meladity
4 § =
= 2.3¢C
1.8 *¢/m 4
> . v ’}\AJ"C
= Y iF_said Msalt
Legne = (2 = pukd dois G0
¢ &y aed s O sy

b) (4 marks) For seawater, the concentration of solute particies is the approximately the same when
expressed in molality and in molarity. Why is this true? Answer this question by providing:

() (1 mark) the definition of molality (dertiy solue solvent sciuton whero appropiats).

) (1 mark) the definiton of molarty Gdenty st sovant soson wher appeoprity). NO TE * Jhsse ciaur

(i) (2 marke) 2 e Dk comment about why molaty & molarty ars essental equal for seawater.

Z

—

&

PAGE 4

coflecks Tt Ciowsl,
ot conc, oF & ovigrand
lke  Nall ﬂ(mm'k

wolalihy = moles o Sobde v/
wase of s.;r.,‘e/« i kg

wolarity = moles £ m.‘m/‘ ey ;:w:nk,,'.zk:fo

sleecty uwu.;y

> Bgtuse [T 1S So DIWTE !

Seawaten hai alimedt actly M/_wm&,,m.pwm

fer 103 glmL Vs 1:00 g/mL . 1L of peanaten
e 102 kg mmloupj ek 1L o punst water
st o:

.4,\34,\\/ wnd s Could e phvon mathermatically 4 we
i e ity of Ha scluds (et etan mass) + could
lotots the etach mas OF 134 mf o vmu,wjyuu o
ximately came an kg of pune waler
Thue I of W*A’; &2 W“""”"‘“‘*I'M}ﬁ‘mh-‘v e
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#4. (_/3marks) CONTINUED FROM PREVIOUS PAGE
©) (3 marks) Marine fish blood has the same osmolic pressure as seawater; we say they are “isotonic”.
' Assuming that molalty (rom part #4(ays answer) and molariy are the same for seawater, what is the
‘osmolic ressure of the blood ofa fish at 20.0°C?__ "= 293,154 20.0 = 29305K
NOTE: if you couid ot answer part (2, uso a concentiation of 2.0 M (which is NOT righl... fo do part (0.

i
\
\
For esmotie rn_fgww *

JITV= nR
m (A RT . o 5
VIS pncentrakim of Seleke ,:wh oo cir metarily
% =fi ;%ﬁm! 00838 Lot (m‘/ysx)
f)( ,.wu«) '
= 29.329 .
ST 2298w (35F) e

v

#5. (15 marks) Soft drinks are aqueous solutions that contain a variety of solutes, including carbon
dioxide. Explain the nature of the attractive forces that exist between the molecues of water and carbon

dioxide in the soft drink, \wmﬂd’m&“ owe gairs i st Shov gbmnoly

ol e for!!
2) (1 mark) Lowis siictures of H,0 and CO, labeled with molecilar dipoles a5 approprite. 1S
g

| polac gV B=c=qg vV o mw{.gj)

(J.,,) 5y o
= mpeleer (howd digoter camcel out O
" ol (sl s e o) 5

b) (1 mark) the name of the intermolecular force involved.

| dipdle = indueed igele inferaciions (London ‘{“V"f“"‘)

) (3 marks)  brief explanation of how the atiactve foce arises. v

The el ' ; & € wi ancm,Fle M‘MWIJE?Z:A:S’W
n wongolaneo, medecule . Foc example,

8 % :'V/;ﬂ co,, clectron density i €O, w{,‘“ o

electrostedi cally attradted to e paial ,m(gr chauge e Hoo W

dfone This will distod dhe €G's clectron ensity with a weakly

&= cegion near Hhe goint o contack with e H 7\—:(%? »«13

woleads , and @ I cegion elsewhere 1w the (O« sppesile

ond "4 e Ovtgen atona v 0 mede
g nduced fyt‘\e woud result éﬁmhfzf me Fhe O -
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#6. (6 marks) Nitrogen oxides, a mixture of NO and NO, described as NO,, are important atmospheric:
poltants. During daylight hours, the NO in the atmosphere breaks down siow to N; and O; via a first-order
reaction, with a halfIfe of approximately 3.9 h T

a) (3 marks) What i the rate constant £ for this reaction?

Vst ocher inbegreted mds laww /M[ua,a Lufnos], = At
i€ sub m [0 - rﬁ@g +aeloefor £

b7 cww&ed > Seconds
Zah ¥ @:axf{iq%%
- 0738 SR = gaxc’y
. o fgotos
9 k= oWV (28

b) (3 marks) How many hours of daylight must a sample be exposed to in order to decrease the NO,
‘concentration in a sample from 2.0x10° M to 1.25x10° M?

Vse Vim CNOY = In(NOSY, =kt peloe for
=DH = LMNM L«\fwd

[TIF duose. i inegied Uirons inpaies

EE NM wle lount
NO] e drdel!
f ; = t’llxw"k'
2k owder
;vxm‘m wg Gt
PR L
\nsxw“r"\
T o ol eachr S Fo minioniy

vnding €770

= e
o 1B k!

1s.59
= 16 kv @SF)

NN
g
.




