Chemistry2000Spring2002Midterm Examination

Name:

Student number:

Aidsallowed: Calculator No printed materials(e.g. periodictables,calculatormanuals)areal-
lowed.

Formulasand data aregivenonpage’.

Instructions. Answerall questionsn thespacegprovided. If yourunoutof spacdor aparticular
guestion,you canusethe backsof the pagesbut make sureto clearly labelany continued
work.

Graphsshouldbedravn onthegraphpaperattacheandclearlylabeledwith thecorrespond-
ing questionnumber A hand-dravn graphshouldoccuyy at leasthalf the sheetof graph
paper You canusea graphingcalculatorinsteadof hand-dravn graphs,but you shouldin
thesecasegprovide a clearlylabeledandreasonablaccuratesketchof thegraph.Notethat,
becausef the scale,calculatorgraphsaresometimes little misleadingso you usesucha
tool atyour own risk.

Clarity may be consideredn evaluatingyour answers.If you areasked a directquestion,
giveadirectanswer If you useadvancedeaturef your calculatorto carryoutanontrivial
computatione.g.to solve a quadraticequation) sayso. If you determinedsomethingrom
agraph,referto thegraphin explainingyour answer
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DO NOT OPEN THIS PAPER UNTIL INSTRUCTED TO DO SO.



1. For the reaction(CHzN) ) — C2Hg(g) + No(g), the following initial rate datahave been
obtained:

Experiment [CH3NNCHgg] (mol/L) rate(molL~1s™)
1 2.4x 1072 6.0x 10°°
2 8.0x 103 20x10°

(a) Determinetheratelaw andrateconstant[4 marks]

(b) Undertheconditionsof experimentl, roughlyhow longwouldit taketo make 10-#mol/L
of ethang(CzHg(g))? [2 marks]

Hint: This questioncanbe answeredrery simply from the basicdefinitionof rate.



2. In assignmeng, we analyzedcertainaspect®f the decompositiorof benzylpenicillin(bp)
undertheassumptiorthatthekineticswerefirst order Thefollowing datawereobtainedat

180°C:

t (min) 221 5.16 13.26 22.84 40.52 60.41
% bpremaining 95 83 65 44 23 10

Arethesadataconsistentvith afirst-orderreactionf so,whatis therateconstant710 marks]



3. Fluorinatedorganiccompoundsre currentlyreplacingchlorofluorocarbonsasrefrigerants
andanaestheticsLittle is known of their atmospherichemistryand,in particular of their
reactvity toward commonstratospherispeciessuchashydroxideradicals. Considerthe

elementaryeaction
OHg) + CRCHO0CHRyg) — products

for which the preexponentialfactoris 1.2 x 101°L mol-1s~! andthe activation enegy is
17.5kJ/mol.

(a) Calculatetherateconstanat —30°C, atypical stratospheritemperature[2 marks]

(b) Write down a mass-actiorequationfor the rate of changeof the concentratiorof hy-
droxideradicals.[2 marks]

(c) Shaw thatif theinitial concentrationsf thetwo reactant@reequal,yourrateequation
reducedo a simplecasestudiedin class.[2 marks]

(d) Supposehat,initially, [OH] = [CR3CH,OCHFg)| = 0.0405mol/L. How long would
it take for 90% of the hydroxideradicalsto beusedup at —30°C? [4 marks]



4. At 250°C, the equilibrium constantfor the reactionPCl g, = PChg) + Clyg) is 1.05. A
mixtureof 0.177atmPCk, 0.223atmPCk and0.111atmCl; is preparedin whichdirection
will thereactionproceed?4 marks]

5. Calculatethe pH of a 1.3 x 10~*mol/L aqueoussolutionof potassiurrhydroxideat 10°C.
Reportyour answerto two decimalplaces[4 marks]



6. Molecularbromineexistsin equilibriumwith bromineatomsin the gasphase:
Brz(g) = ZBr(g).

When1.05mol of Br; is placedin 0.980L flaskat1600°C, 1.20%o0f the brominemolecules
dissociateCalculatethe equilibriumconstantor thisreaction.[10 marks]



7. Oxalic acid (Co04H>) is a diprotic acid whosetwo protonshave Ky's of 6.5 x 102 and
6.1x 1072, respectrely. A 0.043mol/L solutionof oxalic acidin waterat 25°C is prepared.
Whatis the pH? Reportyour answerto two decimalplaces[10 marks]

Useful information

For afirst-orderreactionIn[R] = In[R], — kt. ¢ = 1mol/L
. 1 1 3_
For asecond-ordereaction,— = —— +kt 1m® = 1000L
(Rl [Rlg

To corvert degrees Celsius to Kelvin, add
k = koo Ea/(RT) 273.15.

R=18.314472JK mol1
T (°C) Kw

P° = latm= 101325Pa 10 |[29x10° 15
25 | 1.0x10°1




