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Quiz 1 = 7 February 2013
Chemical Dynamics
Chem 1001M
Department of Chemistry
York University

Notes: All final answers must be in ink. All questions are to be answered.
Calculators are allowed.

Time allowed: 50 minutes; Total marks: 30

R=00821 Latmmol' K'=008315L barmol' K'=8314 ] mol'K"',

In2 ; P
tyn = ]l_ [A]=[A], -akt, [A]=[A],e™, PV =nRT, In[fJ = alkt
S )
|_.I &
L=al<t+L, k=Ae *1, ln£=~5l——].;-‘
A [A], k, 0 P
Marks
[5] 1 a. If you had a third order reaction, what would the units of the rate constant be?

-1

e, S
Answer: m i’!rﬂt

b. Does the presence of a catalyst change the stoichiometry of the overall reaction?

Answer: _’L\,Ip_f,}

¢. What is the value of E, if increasing the reaction temperature does not change the value
of the rate constant?

Anawer:__(:_j’l_

d. For the reaction A — products, is a plot of 1/ln|A] vs. time is a straight line for a
second order reaction?

|
Answer: I‘H_Q

e. For an enzyme to be most efficient as a catalyst which structure should it bind best?

(circle one)
—
a i -\-\-\\H\ ;
substrate transition state product
"-.._______-_._,.-"'"-

|



[3] 2. The rate constant of a first order reaction is 4,60 x 10™ 5" at 350 °C. If the activation energy is
104 kJ mol”', calculate the temperature at which its rate constant is 5,28 x 107 min™".

HY K



[6] 3. Data for the reaction 2NO (g) + 2H. (g) — N, (g) + 2H.O are given below,

Experiment [NOJ| (M) [H.] (M) Initial rate (M/s)
1 00 x 107 20x 107 50x 107
2 100 % 10 40= 107 100 x 107
3 140x10°  20x10°  98x 07

a, What is the rate of reaction”

rate = K TNOJ® [Ha)

b. What is the value of &7

250 wi%s" |

¢. What is the rate of the reaction when [NO] = 13.0 x 10°* M and [H,] =60 x 10° M

) 5l 0" m/s



6] 4, For a first order reaction A — products.

a. What 1s the half-life if 75% of A decomposes in 60 min?

50 M

b. What is the instantaneous reaction rate at 120 seconds if [A] = 0.100 M at 120 seconds?

0,0072% m/min

¢. How long will it take for the concentration of A to drop to a quarter of the initial
concentration?

Q)D Min



[4] 5. For the reaction N, (g) + 3H,(g) — 2NH, (g): if a some point during the reaction hydrogen is
decomposing at a rate of 0,074 M s

a. What is the rate of formation of ammonia?

(), OHA% /S

Answer;

b. What 1s the rate of decomposition of nitrogzn?

0. 0L m/s

Answer;



[6] 6. Under certain conditions the following mechanism exists:

step 1 Br, = 2Br (fast reversible)
step 2: Br+H,—=HBr+H (slow)
step 3 H + Br — HBr (fast)

a. What 1s the overall reaction?

Be +Hy = ZABr

b. What is the rate law predicted by this mechanism?

L

A RANE

Answer;
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Time allowed: 50 nunutes: Total marks: 30

R=00821 Lammol" K" =008315L bar mol" K' =834 | mol 'K,

[A'] & -b = b -dac
H=pK -+lo —, PV =nRT, K, =K _(RT s —
p p i g [HA] ] -:( } Eﬂ

Marks
[4] L. For the following questions circle the correct answer

(#) Is the solution of the salt KCJ:

acidic basic

(b) Is the solution of the salt KF:

acidic neutral
(e Is asolution of 0.1 M NaCl and 0.1 MaNH, d buffer?

yes ﬁu only during a full moon
(d} Could a solution of NaOH and H,PO_ be u buffer?

yes no

131 2. The reaction below oceurs with a AH® = -20 5 kJ mol"-
2PbS (s) + 30, (g) = 2PbO (5) + 250, ()

Whal effect will the following changes have on the position of the equilibrium? Circle the
correct answer
(a} He (g) is added, volume stays fixed:

shift left shift right (_stay the smbu;—-)* -

(b} He (g) is added, volume increases:

shift left shilt right Stay the same

(d) the temperature is increased:

@ shift right stay the same

I



191 3. A mixture of 0.364 bar H,, 0.242 bar 1, and 1.31 bar HI was placed in a 1000 L fask at
430°C. The K, value for the reaction below is 54.3. Calculate the number of moles of H.. I, and
HI present at equilibrivm.
H, (g} + 1, (g) = 2HI(g)

moles H, = 0& [)Ll ‘Jd{ moles I, = 016258 il moles HI=_O'_?£_
2



(91 4. A commonly used buffer in biochemistry is phosphate buffer. How many grams of NaHPO,

and NayPO, would you use to prepare prepare (0,500 L of a 0.100 M phosphate buffer at pH 7.60

mM? (molecular weights for H=1.01; O = 16.00: P = 30.97: Na = 22.99). The pK, of H.PO, is
T2

NaHPO, = AL' —I_O_\_ Lﬁ_ Na,PO,= __5_- Ujia_ -



|Z] 5. For the reaction below, K, is 1.2 at 375 C,
Ny (g) + 3 H, (g0 5 2NH.(g)

IF the initial concentration of N, is 0.60 M, H, s 0.76 M and NH, is 0.48 M is the system at
equilibrium? If not, in which direction will it proceed?

No , moves r"w)WC

[3] 6. Determine the pH of 4 0.50 M solution of HCN. The pK, of HCN is 9.31.

H: 2
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Quiz 3 - 28 March 2013
Chemical Dynamics
Chem 1001M
Department of Chemistry
York University

Notes: All final answers must be in ink. All questions are to be answered.
Calculators are allowed.

Time allowed: 50 minutes; Total marks: 30

R =0.0821Lammol' K'=0.08315 L bar mol' K'=8.314 ] mol' K" k=1.38-66 JK''N =6.022x 10*

[A7] q.. -b £4/b* - 4ac
H=pK +log — AG=AH-TAS, §= kilnW, AS= & x=———
P P i 08 [HA] ¥ H T . 2a

AH" 1 AS [A7]

AG = AG" +RT InQ,,, InK =-———+——, AG" = -RT InK_, pH = pK_ +log

W ™ R T R [HA]
Marks
[2] 1. For the following reactions and their corresponding AH” and AS" values, circle the correct
statement about the reaction,
(a) Na(g) + 3F,(g) 5 2NF,(g) AH"=-264.2 k] mol’ AS®=-277.8 ] mol 'K
spontaneous at all temperatures spontancous only at high temperatures
@nanus only at low l::mperatureg never spontaneous

(b)  Clgr)+0,(g) 5 COMg) AH°=-3935kImol’  AS°=3.1Jmol'K"

spontaneous at all temperatures spontaneous only at high temperatures

spontaneous only at low temperatures never spontaneous

[2] 2. For each reaction, indicate the whether sign of AS is positive, negative or not possible to
determine from the information given. Briefly justify your answers (use less than 12 words).

(@) H,0 (1) = H,0 (5) ﬁeﬂu’m{, L\deck 10 sohd

(b) 2NO () + 0, (&) = 2N.0 (@) (\m\u\’l\:e, %ewer mO\ES\q Jté{'
- as on r’qa



[3] 3. Will a precipitate of BaSO, form i 200 mL of 0.0040 M of BaCl, is added to a 600 mL of a
solution of 0.008 M K,SO,? The K,, of BaS0, is 1.Ix10". Support your answer with a
caleulation.

4] 4. What is the solubility of MgF, (K, = 3.70 x 10*) in the presence of a 1.00 mM solution of
NaF?

2.7 xlU'g =4 + Ux\0 s £\ XD s



171 5. For a titration of 25 mL of 0.100 M NH, (K,=1.8x107) with a solution of 0.100 M HCI.

(a) What is the pH at the half equivalent point?

426

(b) What is the pH at the equivalent point?

5%



6. Use the data below to determine AH®, AS®, AG” and K, for the following reaction at 25 °C.
2MgO(s) 5 2Mg(s) + Os(g)

AH", (kJ mol') S (J mol”! K

MgO(s) -60.18 26.78
Mg(s) 0.000 32.7
0,(g) 0.000 205.0

AH"= ‘1203‘[5 K‘_T/mli}l AS = 2|b8t.\ “j:/mﬂk
soe 59T Kjmal e LT xp0™

i

4



[4] 7. What is the standard molar entropy (AS",,) for the melting of hydrazine (N,H,) at its normal
freezing point of 2.0 °C? The enthalpy of fusion (AH",,) for hydrazine is 12.66 k] mol ',

AS%, = I‘{ cf? Ol JJ" Kvﬂﬂl




YORK UNIVERSITY NAME (in ink):
SC/CHEM 1001 3.0 Section N W2013

STUDENT NUMBER:

th

Quiz No. 1 - February 5 50 minutes 30 Marks

NOTE: ALL FINALS ANSWERS MUST BE WRITTEN IN MK
Calculators are permitted: sharing calculators is not permitted
All cell phanes must be turned off and out of reach,
They cannot be used as clocks or calculators.

Equations and Data

R =8.314472 J.K".mol™ = 0.08205 Latm.K".mol" ; 1 atm = 1.013 x 105 Pa = 760 torr (mmHg)
Ink=InA-(Ea/RT); [Al=[Alg-akt; In[Al=In[Aly-akt; 1/[A],= 1/[A], + akt
Kp=Kc(RT)™; 0°C=273K; x=(-bx(b*4ac))/2a

Question. [Marks]

1. Three different sets of data of [A] versus time are given in the following table for the reaction A —»
products,

I 1] 1]

Time Conc, Time Conc, Time Conc.
(s) [mol/L] (s) [mol/L] (s) [mol/L]
0 1.000 0 1.00 0 1.00
B0 0.662 60 0.712 &0 0.238
120 0.495 120 0.424 120 0.135
180 0395 180 0.136 180 0.094

[3] a) Which of these sets of data corresponds to a zero-order, first-order, and second-order reaction?
I - 2 nd Orcler
T —~ Zeno brder
‘m'_' —P 2 ﬂ,{l ﬂfdﬁ{



{use this space for Question 1a)

[1] b) What is the value of the rate constant k of the zero-order reaction?

g xlo" m)s

[2] c) What is the rate of reaction at t=120s for reactions | and 117

I) 11)
Pale = Z2.0% X0 M/ Rale = 4.8 (07> M/s

[2] d) What is the concentration of [A] remaining after 4 min for reactions Il and 1117

1) [A] - om T) CAl =7.2%0 M



2. [4] What are the units of the constant rate k for a reaction of order p? Rate = k [A]", (p=0,1,2,3,4...).
Use M {mol/L) for concentration and s for time.

v H‘F‘a -

L

3. [6] For the reaction:
PCls(g) + Cla(g) = PCls(g) at 70.5°C, Kp=1.05

If one starts with 1.80 atm pressure of PCls(g), 1.72 atm pressure of Cly(g), and no PCls(g), what is the
partial pressure of PCls(g) at equilibrium?

0.8b odm



4. A potential energy diagram for the reaction A+B —» C+D is given below:

100
80+

pi 8O-

A+B
(kdy T kel

+
20 4 C+D

Progress of the reaction

[1] a) Does the graph represent an endothermic or exothermic reaction? E){ D'\'\\@I{ 18kl {;
[1] b) What is the potential energy (PE) of the reactants A+B? )—] () k's-

[1] €) Determine the heat of reaction, AH, for this reaction. — ZO Y\T

[1] d) What is the energy of the activated complex (transition state) for this reaction? iBD K—T
[1] f} Determine the activation energy (Ea) for this reaction, (30 KT

[1] e} If a catalyst reduces the Ea to 50 kJ, what is the new PE for the products C+D7? ZD \"\'S



5. [6] The reaction Bry + 2NO — 2NOBr has the rate law: Rate of reaction= K[NOJ“[Br]. Two two-step
mechanisms were proposed for this reaction. Which mechanism is more likely to occur? Why?

Mechanism | Mechanism I
Brz = 2Br (fast, reversible) Bro + NO = NOBr; (fast, reversible)
2Br + 2NO —» 2NOEBr (slow) NOBr; + NO —» 2NOBr (slow)

Both medhpaisms e -p\uu_.ﬁ;\b\e

(11\,, 6 ot hiKely o QU



YORK UNIVERSITY NAME (in ink):
SC/CHEM 1001 3.0 Section N W2013

STUDENT NUMBER:

Quiz No, 2 — March 5" 50 minutes 30 Marks

NOTE: ALL FINALS ANSWERS MUST BE WRITTEN

IN INK
Calculators are permitted: sharing calculators is not
permitted
All cell phones must be turned off and out of reach. They cannot be used as clocks or
calculators,

Table | - Acid/Base lonization Constants at 25°C Table Il - Solubllity Product Constants at

Acid Formula Ka: Kaz Compound Farmula K

Acetic acid CHCO,H 1.8x10°" Nickel (1) hydroxide Mi{OH]; 2.0x10"

Ascorbic acid H2CsHsOy 7.9x10° | 1.6x107 Calcium carbonate CaCOj 2.8x10"

Carbonic acid HyC04 45x107 | 4.7x10™ Copper (Il) hydroxide Cu(DH); 1.6x10 "

Farmic acid HCO,H 1.8x10" Iron (111} hydroxide Fe{OH), 4.0%10™"
| Hydrocyanic acid | HCN 6.2x10 " Lead(ll} iodide Phl, 7.1x107 |

Hydrofluoric acid HF 7.2x10" Stlver bromide AgBr 5.0x10 "

Nitrous acid HNO, 4.5x10" silver chloride AgCl 1.8x10™
 Base Formula I, Tin {Il) hydroxide Sn{aH); 1.4x10*

Caffeing CaHysNaD; 4.1x10"

ibdpine: CighON | 8:9x10° HA+H0 > Hi0' + A pH=pKa+log{[AJ/[HA])

Diethylamine (CoHs ) NH 6.9x10

Hydroxylamine NH,OH 9.1x1n_': B4H,0—>BH'+OH  pOH=pKb+log([BH"}/(B])

Pyridine CoHsM 1.5x10

[H:0'L.[OH] = 107" = Kw

Ka. Kb = Kw
Table Ill — pH indicators

|_|; dicator ok pH range for | Corresponding
color changing | color change

m-cresol purple 1.5 1.2-28 Red to yellow
Methyl orange 34 31-44 Red to orange

| Methyl red 4.9 4.4-6.2 Red to vellow
Bromathymol blue 7.1 62-76 Yellow to blue
m-cresol purple 8.3 7.6-9.2 Yellow to purple
Thymolphalein 10.0 9.4-106 Colorless to blue
Alizarin yellow R 11.2 10.0-12.0 Yellow to violet




W2013 SC/CHEM 1001 3.0 Section N
Cuiz No. 2 Page 2 of 5

Question. [Marks]

1. Calculate the pH (to two decimal places) of the following aqueous solutions:

2] a) 4.70x10" M pyridine.

q.42

[2] b) 2.4x10" M of potassium cyanide.

1129

[2] c) 3.5x10" M of sodium chloride.

1. 00



W2013 5C/CHEM 1001 3.0 Section M
Cuiz No. 2 Page 3 of 5

[4] d) A solution with final concentrations of 8.80x10™" M of hydrocyanic acid and 5.30x10™
M of sodium cyanide.

.99

(4] 2. Avolume of 250 mL of a 2.00x10™" M solution of Nal is added to 150 mL of 1.00 x 10"
M solution of Pb{NO4);. Will a precipitate form? Explain.

\|f(> Gag 7 Kap



W2013 5C/CHEM 1001 3.0 Section N

Quiz No. 2 Pagedof 5

(4] 3. a) Explain (in a few sentences) what an indicator is and what it is used for,

Indicator 15 a4 WeaK acid that changes it S
Colour depending on pH. The aad and e onwgae
boce. have dificrent  (olours: TH1S used 1o pronvtor
the pH of agqueous SolufionS (_e_c). N Hirathons)

[6] b} What indicator (from Table Ill) should be used for the titration (determination of the
end point) of 25mL of 0.25 M codeine with 0.50 M of HCI? Why?

Methyl red



W2013 SC/CHEM 1001 3.0 Section N

Qluiz No, 2 Page 5 of 5

6] 4. What are the concentrations of H,C03, HCO3', CO5*, and H30" in a 5.0x107 M aqueous
solution of carbonic acid?

[M30"] = [MC03] =1.5 x)p™'M
[HZCD?J ~ 5,0 MOMZ :
(€03*] = 4.7 x1p”" M
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YORK UNIVERSITY NAME (in ink):

SC/CHEM 1001 3.0 Section N W2013
STUDENT NUMBER:

Quiz No. 3 — March 26" 50 minutes 30 Marks

NOTE: ALL FINALS ANSWERS MUST BE WRITTEN IN INK

Calculators are permitted: sharing calculators is not permitted. All cell phones must be turned
off and out of reach. They cannot be used as clocks or calculators.

Equations

AG=AH - TAS AG=AG" + RT InQ
AG® = -RT InK,, AG = ~nFE.
K -
]n_2=.ﬂ£._1__i M:.ﬂ[l].fa_‘s‘“
K, Bl T “ R \T R
RT RT
Bt = By ~ ﬁ!ﬂg Bt ® E[ni{w
Banstaic and 6 on F

0.00°C =273.15K

1.000 bar = 1.000= 10" Pa = 1.0 atm
R=83141mol ' K'=0.08206 L atm mol ' K''
N, = 6.022x 10" mol ™’

Ky =1.00%10"" a1 25° C

1v=1J1C"!

F=96485] V' mol™! = 96485 C mol™!



W2013 SC/CHEM 1001 3.0 Section N
Cuiz No.3

[6] 1, Write "T” if the statement is true and “F" if the statement is false.

S® ™m0 a0 Do

— =

A spontaneous reaction is one that must have a negative value of AH.

A spontaneous process will occur only if some external action is continually applied.

AG is positive for a spontaneous reaction.

If a process is spontaneous, the reverse process is nonspontaneous.
A zero AG means the system is at equilibrium.

E°cell is the standard cell potential.

When Ecell = 0, the reaction is spontaneous.

A cathode is where reduction occurs.

The anode is on the left in a cell diagram.

Half cells in a cell diagram are separated by a single vertical line.

An anode is where reduction occurs.

A cell diagram is a symbolic way to show cell components.

[4] 2. Consider the reaction for decomposition of carbon tetrachloride gas:

CCls(g) = C (s, graphite) + 2 Cla(g)  AH= 95.7 kl/mol; AS= 142.2 J/{mol.K)

Page2 0of 5

PP RRR e

Determine at what temperature the reaction becomes spontaneous assuming that both AH and

AS are independent of the temperature.

K13 K
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[6] 3. The overall reaction for the corrosion (rusting) of iron by oxygen is:
A4Fe(s) + 30;(g) = 2Fe;04(s) (25C")

Using the following data, calculate AG® and the equilibrium constant for this reaction.

Substance AHC {kj.mn!'l} AS® {J.K'l.mol'l}
Fe;0s(s) -826 90

Fe(s) 0 27

02(g) 0 205

AG = =149 x10° T/mol

601
&

7N
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4. Consider the reaction: 2 Cr(s) + 3 Cu”'(aq) = 2 ¢r**(aq) + 3 Cu(s) and the following table:

Half Reaction E® (volts)
(et +3e->cr -0.74
(2)Cr + e- > Cr2+ -0.41
(3)Cr,0," +14H' +6e- > 2Cr + 7 H20 1.33
(4)Cu’ +e- > Cu 0.52
(5) Cu™ + 2 e- > Cu 0.34
(6) Cu™ +e- = cu’ 0.16

a. [2] Draw the cell diagram of the voltaic cell.

Cres | Cra;ﬁ | Cuzt.@ 1 Cu e

b. [3] Predict the numerical value of the standard cell potential (E°) of the reaction.

1.98 V

c. [3] What is the AG® for this reaction?

NG = ~625.22 KJ/mol
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[6] 5. The decomposition of the poisonous gas phosgene is represented by the equation
COCly(g) «» CO(g) + Cly(g). Values of K, for this reaction are K, = 6.7 x 10 at 99.8°C and Ky =
4.44 x 107 at 395°C. At what temperature is COCl; 15% dissociated when the total gas pressure
is maintained at 1.00 atm?

47 K
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Q.1.a) Consider following reaction that occurs at 300K
2NO(g) + Cla(g) ——* 2NOCl{g)

Following data for the initial concentrations was obtained for the reaction;

Experiment [NO] [Cls] Initial Rate (molL"'s™)
1 0.010 0.010 ' 1.2x 107
2 0.010 0.020 23x10"
3 0.020 0.020 9.6 x 10™

i} write the rate law of this reaction?

-
Rede = K CNoT™ [al]
ii) What is the order of reaction with respect to NO and with respect to CI,?
Order for NO 15 2
Ordey fof Cly 151

iii) What is the overall order of this reaction?

-

iv) What is the value of rate constant k at 300K for this reaction?

L 3R e

m{ﬂl S

v) What will be rate of reaction when [NO] = 0.030 molL"' and [Cl] = 0.040 molL"

=
4,2 yo mol
L5

[0.5]

1]

[0.5]

121

2]



b) An experiment is done to determine the rate of the following reaction:

2A|{s} + 'ﬁHClqu —> BHH.BJ + EA]C]}[M}

The following duta are collected:

TiME{s) Plﬂg ’Emﬁﬁﬁ}
0.0 270230
304 220K
[ 60.0 270,170

i) Calculate the rate of formation of Hj in mol/min.

2]
0,03 wmol
W
ii) Calculate the rate of consumption of Al in g/sec 12]

-3
3,0 x 10 g/sm



Q.2.a) In the past cyclopropane, CsHg, was used in a mixture with oxygen as an anesthetic.
(This practice has almost ceased today, because the compound is very flammable.) When
cyclopropane is heated, it is converted to propene in a first order process:

/\ —/

The rate constant k is 2.41 x 10" at 300°C. At 400°C, k=1.16 x 10%",

Ha

i) What is the activation energy for this reaction? 12]

P KT /ol

ii) What will be the rate constant at 450°C for this reaction? 12]

2,34 X100y .

iii) If the initial concentration of cyclopropane is 0.050 molL"', how much time (in hours)
must laps for its concentration to drop to 0.010 molL'? 2]

| %6 ¥i0®



b) Consider the following potential energy diagram for a reversible reaction:

Progress of the reaction

i) Calculate the activation energy for the forward reaction. [1]

15 KT

ii) Calculate AH for the forward reaction. 1]

- 10 KT

iii) Calculate the activation energy for the reverse reaction. 1]

25 K3

iv) On the diagram above, sketch a curve that could result when a catalyst is added.
1]



Q.3.a) Radioactive radon-222 gas (***Rn) from natural sources can seep into the basement of a
home. The half-life of ***Rn is 3.8 days. If a basement has 4 x 10" atoms of **Rn per liter of
air, and the radon gas is trapped in the basement, how many atoms of 222Rn will remain after one
month (30 days)? 13]

(7 x|0 afom

b) Consider the following reaction mechanism:

Step 1 7
Step 2 H, + Cl - HCI + H
Step 3 H + Cl; —» HCI + Cl
Step 4 Cl + Cl - Cl
Overall Hs + Cl, — 2HCI
i) Write the equation for Step 1. 1]

(. =»ZE

if) Define the term “reaction intermediate™ and identify the reaction intermediate(s) in the
above reaction mechanism. [2]

USuew unstable species P wduced b y Some
elementary eachons and conSumed by oturs.

T\’\E\f do not apper 0 oreroM  veadon O
Overall voe |ow.

Cl & H ot ‘vier mediates .



Q.4) Ozone (O5) naturally decomposes to oxygen (O,) by the following reaction:

204(g)

30(g)
The experimentally observed rate law for this reaction is as follows:
Rate = k[O3][0;]"

Show that the following proposed mechanism is consistent with the experimentally observed rate

law. k 4]
Os(g) — Oa(g) + O(g) Fast
&
ka
Os(g) + O(g) —* 20:(g) Slow



[A]e=-akt + [A], In[A], = In[A], - akt
1/[A] = L[A], + akt tin = [Aly/2k
12 = 0.693/k iz = k[A],

k = Ag Rt

[ Ea 1
In k= In A-(Ea/RT) b e Pl
1

T

PV =nRT, In(P,../P,) = akt

R =8.314).mol'K™' = 0.8206 L.atm.mol'K "'
Na = 6.022 x 10%mol" 0.00°C =273.15K
k=1.38066 x 107K

1 atm = 1.013 x 10°pa = 760 torr (mmHg)

Molar mass (g/mol)
C=12.01

N = 14.01

Al =2698
H=1.008

0= 16.00
Cl=13545
Rn=222.02

T3

)
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Q.1.a) Phosphorus pentachloride decomposes at higher temperature.

PCls(g) —_— PCly(g) + Clag)

An equilibrium mixture at some temperature consists of 3.120 g of PCls, 3.845 g of PCly, and 1,787
gof Clzina 1.00 L fMask. If you add 1.418 g of Cls, how will the equilibrium be affected? What

will the concentrations of PCls, PCl; and Cl; be when equilibrium is reestablished?

LPCle] & 0.0198 M
sl ® 0.0 ™
(el ~ 0,030 ™

b) Heating a metal carbonate leads to decomposition.

BaCOs(s)

BaO(s) + COs(g)
Predict the effect on equilibrium of each change listed below.
DaddBaCO;  NO Change

iNadd O, Syt i&f{

fi)add BaO N0 ::';"ﬂuvx_c)t

iv) raise the temperature %h hH T'lqh't

v) increase the volume of the flask containing the reaction. ‘_:)1/“ {"l" V lg\\,—t
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().2.a) Calcium hydroxide (slaked lime) is a major component of mortar, plaster. and cement, and
solutions of Ca(OH); are used in industry as a cheap, strong base. What is its solubility in 0.10 M
Ca(NO;3),? Ksp of Ca(OH); in pure water = 6.5 x 10¢ [4]

40 X100 M

b) Write the formula for the conjugate base of each of the following substances. [

pHCL 17

if) H>S0, Hso;
i) HCHO, CJ401*
v)HE T

WNH; N Hz*

vi) HyPO, HLPOH,

L

Lad



().3.a) For the equilibrium :

Al(OH)(s) ==== Al" (aq) + 30H" (aq) K= 1.3x 107
I

What is the minimum pH at which AI(OH)s(s) will precipitate from a solution that is 0.075M in
ALY [3]

34

b) A common laboratory method for preparing a precipitate is to mix solutions containing the
component ions. Does a precipitate form when 0,100 L of 0.30 M Ca(NOs), is mixed with 0,200 L
of 0.060 M NaF? Ksp for CaFy =32 x 107" [4]

Ves



Q.4.a.) Sodium acetate (CH;COONa) is used in photographic development and textile dyeing,
What'is thepH of 925 M EELOONA] K. (CH;COOH) = 1.8 x 10°  [4]

}.0%

b) A particular vinegar is found to contain 5.7% acetic acid, CH;COOH. by mass. What mass of
this vinegar should be diluted with water to produce 0.750 L of a solution with pH = 4,527 [4]

¢) Which of the following are Arrhenius bases? [1]

.,

) HaAsO, @@ iif) HCIO @
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Q.1) A hydrogen atom in the organic base pyridine, CsHsN, can be substituted by various atoms or
groups to give XCsHayN, where X is an atom such as Cl or a group such as CH;. The table give K,
values for the conjugate acids of a variety of substizuted pynidines,

T -
M +
S Mo
(aal + HCllaq) ——— | (ag) + ClI (ag)
.
X X
substituted pyridine conjugate acid
Atom or Group X K, of Conjugate Acid
NOs 5.9x 107
Cl 1.5x 107
H 6.8x 107"
CH; 1.0 x 107

a} Suppose each conjugate acid is dissolved in sufficient water to give a 0.050M solution. Which
solution would have the highest pH? The lowest pH"” (2]

NO 2 lowesr PH
(Ha 2t 13\1&‘){ QJH

b) Identify Lewis acid and Lewis base from the following raactinn&: 2]
Lewis Auds p
i) H® + NH; — NH;* . e+ JLEN'EHb{l%EC:L-
3

i) OH + H" — H.0 ¥ =

H OM
1i1) BFs + O(CH3): — FB3;O(CHa)a

BF O (CH3)s
iv)  B(OH); + OH — [B(OH)4) E( . )

] UH L) OH =



¢) A chemist prepared a buffer solution by dissolving 2.00 g each of benzoic acid, CgHsCOOH, and
sodium benzoate, NaC HsCOO, in 7300 mL of water.

What is the pH of this buffer? Assume that the solution volume is 750.0 mL [3]

K, (CxHsCOOH) = 6.3 x 107

d) Which buffer component, and how much (in grams), would the chemist need to add to the 750.0
mL of buffer solution to change its pH to 4.007? [3]

.'U.7t§



().2.4) You have three solutions labeled A, B and C. You know only that each contains a different
cation Na*, NH,", or H', Each has an anion that does not contribute to the solution pH (e.g., CI7),
You also have two other solutions, Y and Z, each containing a different anion, CI" or OH', with a
cation that does not influence solution pH (e.g.. K™ If equal amounts of B and Y are mixed, the
results is an acidic solution, Mixing A and Z gives 1 neutral solution, whereas B an Z givé 2 basic

solution. Identify the five unknown solutions, (3]
Y Z
A neutral
B acidic basic
¢

HC\
N4 Ol
NaoCl
KC\
KOH

m{ﬁmﬁ}

b From the following bases, select the one with the smallest K, and the one with the largest
Ky, and give reasons of your choices, [2]
(i NH; (it} HHC-—@NHE
Cl
(iii) CH3CH;CHaNH- {iv) N=telin g2

D Smallest K. Nihoayen lore par Spread 0w ove
%ngg ’ ng }aﬁ?"a&'ﬁmﬁj (eg(gnwm!abte'%uaccept’

Proton

o Lid) \ﬂl\"C]ESt Ky Hydwearbon charo [eing lowest
. ﬁlCCJrT‘Dnﬁqaiwﬁ {IC{’U_C.{,LLLj 6:_- donor



(02.3.a) Calculate the ratio of conjugate base to conjugate acid for a hypothetical buffer that was
made by dissolving a hypothetical base (pKy 3.95) and the salt of its conjugate acid. The pH of this
hypothetical buffer solution was found to be 10,05, 3]

_L:i
HA

b) Will the solution be a good buffer? Explain with reasoning. [2]

Yes H'Q__ 15 bedween O,1 and (0.

¢) Label each component of the titration curve of a polyprotic acid with NaOH shown below:  [3]

Walume of NaDk Addad  ——

o 1% half neutvalization o Ficst eguvalence point
l_hmmfﬂij o Sﬂmﬂdﬁqw&@_rﬁ
tf}j_hul;ﬁ_mmm_mﬂn{g)%wd equuvqg_ﬂca Fl’}t

5




(2.4.a) Predict the sign of the entropy change for each of the following reactions: [3]
i) 2C0(g) + Oalg) — 2COa(g) —Ve

i) Ma(s) + Clitg) — MeClis) ~ —WE _ .

iii) Ta(s) — 1x(g) +HV e

iv) 2CsHa(g) + TOx(g) — 4C0s(g) + 6H:0(g) 4N E

v) CHy(g) + 204(g) — COxg) + 2H:0(0 -V E

vi) AlCla(g) — 2AICH(g) #'tVE,

b) Consider the oxidation of iron metal:
4Fe(s) + 30a(g) — 2Fel0x(s)
By determining the :Iaign of ASyu, show whether the reaction is spontaneous at 25°C,

AH"; (Fea0;) = -824.2 kl/mol [4]

AS. 1S tive , Hhe cadkion 1S SPOMIANEOKS .

Totod



Standard Molar Entropies for Seme Commen Substances at 25°C

Substance Formula 5 [JHK-mol)] | Substance Formula 5 [JHK - mol)]
Crasey R I Ligquids
Ayl LM XS Sewbie acid CHAC0H 1ah
Ammania NI 1425 Liharal CHO 0 6l
Carbon dinside Tl i - Wlethanol CHen 137
Carbun mongsade L 197 1 Water 1502 (B
Fthylene CaHy 215 Solids
Hyilropen Ha 1WLA Calcium carbwonat Cadel, ar9
Muthane LHy 18a2 Calcivm ol Cat Kl
Nitrogen N 1415 RIRTOTH ¢ 24
Mitrosen diosicds MY i Laraphin ( A7
FAmireogen tetrosade M0, AR Jrim Fi o
Lixvpen L 2005 18 Tron HIEr avsacle Feath; a7
| 3
H He
A 1.008 4.003
|3 : ik bl T 8 oo
| H'-'J Part of the modern PERIODIC TABLE B ¢ N O F Ne
i :3?99:}: - showing atomic (proton) numbers AND '“;i';” “:f” “:f” ITD 15:?” zc:_?:a
Ny MH! the elements’s relative atomic mass Al SiiP S CF Ar
122 g9lz4 31| 26 98 28 019 30 57 32 07 35 45 30.95
P faaaslwle wle owo o o2l owo s
| K |Ca | Se|Ti|V [Cr|Mn|Fe|[Co Ni |Cu Zn|Ga Ge As Se Br Kr
39.10M0 08 44 96|47 90|50 94152 00|54 94|55 85158 93 ’:ﬂ'h'rl.aﬁs 68, §@|[9 7272 61,74 92 78.96 70.90 83 80
s a a2 e as [ s s sz 83 s
| Rb|Sr| Y |Zr [Nb Mo | Te|Ru [Rh Pd |Ag Cd {In Sn:Sb Te 1 Xe
|85.47187 62188 91191.22(92.91/95 94| (99) [101.1/102.9106 41107.9112 41114 8 11871121 8:127.6 1269 131.3
sslse | st lmfoa o fvs v [ w e g0 s 82l 83 a4 85 s
Cs|Ba|La|Hf [Ta| W [Re|Os | Ir Pt |Au Hg| TI Ph Bi Po At Rn
132.91137.31138 9]178 5181 0/183 8186 2|190 2(102 2 195 1|197.0 2006 204 4 207 2208 0 (200} 1210) (222}
87 | 38 | 89 thi: Lop number is the atomic or proton number,
Fr|la| Ace the hottom number is the relative atomic mass,
|{2231 06 0l 207 o {which used to be called the *atomic weight")
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[15] 1. Consider the equation for the decomposition of SO,CI,. Time (s) | [SO,CL,] (M)
SO,Cly(g) = SO.(g) + Cly(g) 0 0.1000
The concentration of SO,Cl, was monitored at a fixed temperature 100 0.0844
as a function of time during the decomposition reaction and the 200 00712
data are tabulated on the right. 300 0.0600
(a) Is this reaction a zero-order, lirst-order or second-order reaction? 400 0.0507
500 0.0427
600 0.0361
First -ovder 700 0.0304
800 0.0257
900 0.0217
1 _ o 1000 0.0183
(b) What is the value of the constant & of the reaction? 1100 00154
1200 0.0130

-5
L. T XD~ %
(c) What is the average rate of the reaction at t =100 s?

-4
1. 44 X0 " M/s
(d) What is the instantaneous rate of the reaction at t =1100 s7

2,62 0> M/s

(e) What is the concentration of SO,CI, remaining after 25 min?

7.80 x10© M



|71 2. From the following initial-rate data, (a) write the rate law and (b) calculate the rate constant
(with units) for the reaction: 2 H,(g) + 2 NO(g) — N,(g) + 2 H,0(g).

[H,] (M) [NO] (M) Initial Rate (M s™)
0.0010 0.0020 12 x 107
0.0010 0.0030 1.8 x 10™
0.0020 0.0020 4.8 x 107

Rae = K [H1* INOT

k=exi0t Mg

rate law: rate constant:

3



[8] 3. A mixture of SO,, SO,, and O, gases is maintained in a 10.0 L flask at a temperature that
K. = 100 for the reaction 2 8O5(g) + Os(g) —= 2 50,(g).

(a) If the number of moles of 50, and SO, in the flask are equal, how many moles of O, are
present at equilibrium?

0.1 molesS

(b) If the number of moles of SO, in the flask is twice the number of moles of SO,, how many
moles of O, are present at equilibrium?

0.4 moles



[4] 4 (a) Aldrich, a leading chemical supplier in the world, sells various buffers used in the
pharmaceutical and chemical industry to standardize pH meters in order to adjust the pH of mobile
phases used in HPLC. A chemist decided to prepare a carbonate buffer pH 10.00. What mass of
Na,CO, must the chemist add to 1.5 L of 0,20 M NaHCO, to make the buffer?

K, (HCO;)=4.7 x 10°"

15

o

[6] (b) Muscles may ache after strenuous exercise because lactic acid is formed faster than it is
metabolized to CO, and H,O. What is the pH of the fluid in muscle when the lactic acid
concentration reaches 1.0 x 107 mol L. K, (lactic acid) = 84 x 10™

.23



5. A 40.0 mL sample of 0.100 mol L' HNO, (K, = 7.2 x 10™) is titrated with 0.200 mol L' KOH.
Calculate:
[2] (a) the volume required to reach the equivalence point

20.0 mL

[3] (b) the pH after adding 5.00 mL of KOH

2.6l

5] (¢) the pH at one-half the equivalence point.

B



6] 6 (a) Milk of magnesia, commonly used as a remedy for stomach upset due to acidity, is an
aqueous suspension of magnesium hydroxide, Mg(OH), (K., = 1.8 x 10""). What is the pH of
milk of magnesia?

10. 53

[2] (b) How will addition of sodium acetate to an acetic acid solution affect the pH? Circle the correct
answer,
i) It will lower the pH.
ii) The pH will not change.
iii) The solution becomes hotler,
iv) The pH cannot be measured.

() It will raise the pH. Y

[2] (¢) The Henderson-Hasselbach equation, used to calculate the pH of simple conjugate-pair buffer
systems, would be expressed for an ammonia/ammonium chloride buffer, for which K h{NHJ is

1.8 x 107, as: (circle the correct answer)
i) pH = 4.74 + log(INH_J/[NH,"])
i) pH = 4.74 + log(INH,"[/INH, )
(iii) pH = 925 + log(INH_JINH, )
iv) pH = 9.25 + log(INH,"J/[NH_])
v) pH = 14.00 - log(1.8 x 107




[10] 7. Answer the following questions based on the reaction below:
Co (s) + Fe™ (aq) & Co™ (aq) + Fe (s)

(a) Write the half-reaction that takes place at the anode;

2t
CO EE) “__} CO (qu‘) t 26

(b) Write the hall-reaction that takes place at the cathode:

24 -
Fe ) t2e, = /k (©)

(c) What is the value of E”_;?

= LY

(d) If [Fe*] = 0.68 M and [Co™] = 0.15 M, would the reaction proceed spontancously? Support your
answer with a calculation.

xn  not S;,porttanED usS



[10] 8. (a) Below is an unbalanced redox equation:
Fe'™ + NH,OH' 5 Fe™ + N,O

Write the balanced reaction in acid solution below:

INH,OHY + R = N0 +Fe + pH™ + 10

(b) Below is an unbalanced redox equation:
Fe(OH), + OCI' 5 FeO,” + CI

Write the balanced reaction in basic solution below:

I Fe (OH), + 3007 + 4o~ = 30—*“2&0:}
SH

{c) Silver ions react with elemental iron at standard conditions.
2Ag" (aq) + Fe (s) = Fe™ (aq) + 2Ag (s)
(1) Circle the oxidizing agent in this reaction:

Fe (s) H,O Fe™ (aq) Ag (s)

(i) Which species is at the cathode in this reaction (circle your answer):
Ag" (aq) Fe (s) H,0 Fe™ (aq) Ag (s)

(iii) Write the cell diagram (line diagram) for an electrochemical cell based on this reaction.

F&@ ) FE‘, 2+Lﬂcp “ Aﬂ t(uﬂﬂ [Aﬂfa}

9



(8] 9. (a) For the reaction below, calculate AG" at 25 °C and 1000 °C. Assume AH” and AS® are
independent of temperature.

NH; (g) + HCl (g) 5 NH,CI (s)

AH" (kJ mol™) S (J mol' K™
NH, (g) 459 192.8
HCI (g) -023 187.0
NHCI(s) -3144 94.6

Answer for 25 °C, _GI l ! 2 EI/MU\ Answer for 1000 °C, l 86 . q H/MD‘

(b) At what temperature, if any, does AG” become zero?

wiwse_lol 8 K

10



[12]  10. For the reaction:
CO (g) + 3 H, (g) 5 CH, (g} + H;O (g)
K, is 2.15 x10"" at 200 °C and 4.56 x10" at 260 °C.

{a) What is the value of AH" for this reaction?
-7215.2 K /mol

(b) For a plot of InK, versus I/T for this reaction, what is the value of the slope?

75.9 x10° K

(c) Using the data in the table below and your calculation in part (a), determine AH®, for CH, (g).

AH® (kI mol™")

CO (g) 1105
H,0 (g) 2418
H, (g) 0.0

~%%: | K3/l

11



CHEM 1001 3.0 Chemical Dynamics Winter 2013

Equations
k, (E“) I 1

nf—=]|=—"||———
ko= 4 o-BuIRT k, R T, T,
[A] = [A], - akt [A] = [A], exp(- aki)
[Al" = [A]y" + ake pHuyuree = pK, + log (JAT)[HA]
AG=AH - TAS AG=AG" + RT InQ
AG” = -RT InkK,, AG = -zFE, i

R T R

i, -2 (1), A

In By Y2 (L L
Kb B W T

g
Et-‘ﬂ"f =Et't'.lr.|' - ln Q
zF

E:L'ﬂ =E]ﬂ K
zF

e
Constants and Conversion Factors

0.00°C=273.15K

1.000 bar = 1.000 X 10° Pa= 1.0 atm

R=8.314 Jmol' K™ =0.08206 L atm mol" K’

N,y =6.022 X 10 mol”

K, =1.00X 10" at 25 °C

V=111

F=96485 1 V' mol”' = 96485 C mol”
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Half-Reaction o

V)

Increasing stirengih as n.xidif:ing agent

Falg) ¥ 2p —— 2 (ug)

U.{m + 2H fag) + 26— Oyig) + HYD

Ca'' farg) + ¢ = Co’ gl

Haslag) 4 IH ag) + 26— 2H.O

PHOs) + 4H ' (ag) + Sﬂj'mw § 2 =k PHSOLr) ¢ IHA0
Ce'fag) + ¢ — Ce' (ay

Mnﬁ.tm_n + 8H (ag) 4 So ~—> Mn" (ug) + 4H.0
A"y + 3¢ — Auy

Clalg) + 2 —— 201 1ag)

CriOf tag) + 14H (og) + b0 — 20" (ug) + THO
MOy + AH (ag) + 26— Mo (ag) + 2H.0
Quig) + 4H lag) + do” — 210

Brad/) 4 2o~k 2Hr {arg)

NO teg) + 4H (ag) + 3o — NOG) + 2H,0
IF!F"{WJ + 2e" = Hpi ' (ay)

H;,a Ceaggh o 2 —— 2HpI!)

.ﬁ.g Aetef) + —rAgIrI

Fe'"lag) + ¢ — e’ fag)

Ouled + 20 (ag) + 2e — HyOhylag)

MG, (ag) + 2H,O + 3¢ — Mn(s(s) -+ SOH (o)
Ts) + 20" — 20 "(uy)

“zfﬁ] + IH0 + de” — d0H "(ag)

Qi) -+ 207 —= Culw

hm’.l{nl S ——IAWJ 4O (arey)

503 tag) + dH (ag) + 207 — S50g) « IH-0
‘u"{frr,f}l o = Cu’ (og)

Sn''(ag) + 200 — 8§07 (g

M ) + e —= H;lxl

PH" (ag) + 20— Phis)

Sn''lag) + 20— Snisy

NiT"ag) + 20— Niis)

Co™'fag) + 26— Cols)

PhSOus) + 26— Phix) + Sﬂi Loief b

CO ' ag) + 26— Clls)

Fe*“(ag) + 26~ — Feis)

Cr' (ag) + 3¢~ — Cris)

202 (ug) + 26— Zn(v)

L0 + e —— Halg) + 20H Tag)

M () + 26— Mits)

Al (ag) + 3¢ — Allw)

Be''(agh 4+ 20 — Bay)

Mgl*lmﬁl + e —— Mg(s)

No(ag) + ¢ — Nuis)

Ca® ' lag) + 26~ — Calw)

S (og) + 2o — Silx)

Ba “luy) + 20— Ba(s)
K g o+ o —— Kb
Li' () + ¢ — Lifs)

+2.87
+2.07
+ .82
+1.77
i)
4+ 1.4l
+1.51
+ 150}
-1.36
+1.32
1,23
I |23
+ 1A
FAL LG
140,02
+(LH5
FOLRI
+0.77
+[L.GK
#1).5%
1=4,53
ikl
Ak 34
+01,22
“{).20)
+{),15
+ih13
(1K)
=13
~(1.14
—{1.25
—1), 28
-3
(140
~11.44
—{.74
{175
—{)L,R3
-1.18
=1 .45
—1.85
—2.37
o |
—-2.87
-2 80
= 3,‘]’“
-2.93
-3.05

Increasing strenath as reducing agemt
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