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Question 4

pH VERSUS VOLUME TITRANT ADDED
14

12 | /l-f/ﬂ | B
10 i

R

0.0 200 400 600 80.0 100,
Volume 0.100 M NaOH Added (mL)

w Equivalence occurs at 40.0 ml titrant added. So half equivalence at 20.0 ml of

titrant.

w At half equivalence, [HA]=[A -]. Below half equivalence, more acid species present.
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Question 8

144

Copyright © The McGraw-Hill Companies. Inc. Permission required 1or repeoduction or display.
Titration of 40.00 mL of 0.1000 M H2SO3 with 0.1000 M NaOH

20 40 60 80
Volume of NaOH added (mL)
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Kinetic Temperature

The expression for gas pressure developed from Kinetic theory relates pressure and volume
to the average molecular kinetic energy. Comparison with the ideal gas law leads to an
expression for temperature sometimes referred to as the kinetic temperature.

PV =nRT {——) PV=§N %mvz

This leads to the expression

2 N1 R 2111 5
T =——|—mv° |=——| —mvy
NN ) aK|

where N is the number of molecules, n the number of moles, R the gas constant, and k the
Boltzmann constant. The more familiar form expresses the average molecular kinetic

energy:

1l 31 5
KE =|— =—kT Show
e o

avg

Question 19

Reactions can be 'driven by enthalpy' (where a very exothermic reaction
(negative AH) overcomes a decrease in entropy) or 'driven by entropy' where an
endothermic reaction occurs because of a highly positive AS. Example 1: The
formation of NaCI{S} from its elements is spontaneous and releases a great deal of

heat.

Gibbs Free Energy - SoftSchools

www.softschools.com/notes/ap_chemistry/gibbs_free_energy/

Question 26
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Zero order

15t order 2nd order 3rd order
! 1
< - 1 %
g — (A] (A]
S S
[ —= f — [ = [—
(b) Plots from integrated rate equations:

Zero order T 1st order T 2nd order T 3rd order
2 =2 L 2
T T & e

Cong., —= Cong. —» {Cnnc.jz — {Eml:-]a -

Question 25

w Larger ionic radius -->smaller lattice energy -->lower boiling point
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1999 Multiple Choice

201Av 2 6n 1 Q i A 10:05

Question 4

The principal reason ionic compounds are stable is the attraction between ions of
opposite charge. This attraction draws the ions together, releasing energy and causing
the ions to form a solid array, or lattice, such as that shown in Figure 8.3. A measure of
how much stabilization results from arranging oppositely charged ions in an ionic solid
is given by the lattice energy, which is the energy required to completely separate one
mole of a solid ionic compound into its gaseous ions.

To envision this process for NaCl, imagine that the structure in Figure 8.3
expands from within, so that the distances between the ions increase until the
ions are very far apart. This process requires 788 k] /mol, which is the value of the

lattice energy:
NaCl(s) — Na'(g) + CI'(g)  AHge = +788KkJ/mol [8.3]

Lattice Energy of an lonic Compound

Gaseous wns coalesce.
Heat is emitted

-+ NaCl(s) ‘ AH® = lattice energy

Na‘(g) + ClI(g

Question 9 -12

w Buffer
3 Weak Acid + Its Congregate Base

3 Weak Base + Its Congregate Acid

Question 13 -16
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A macromolecule is a very large molecule, such as
protein, commonly created by polymerization of
smaller subunits (monomers). They are typically
composed of thousands of atoms or more.

Question 23

cool gas falls ——»

heat source

Question 27
w A visible -light spectrophotometer  can determine the concentration of a
solution
Solution
Wavelength Detector
Selector
Wehite Light /\ [
= —
Inici dent Transmitted
Light Light

The difference between the incident and transmitted light
indicates the absorbance

Chemistry Page 6



Spectrophotometer

readout
0.21
lens slit
light prism or detector
source grating

Question 30
Page 3 .
A Special Redox:
Disproportionation
» Definition:

A disproportionation reaction is a redox reaction in
which one species is simultaneously oxidised and

reduced.

Cl, +20H ——>CIO™ +CIl~ +H,O

0 1 -1
\%%::_ ________,/ //’

—

« Chlorine is simultaﬁé})_u_s_,_l_v reduced from oxidation
state of 0 in Cl, to -1 in ClI-, and oxidised from oxidation

state of 0 in Cl, to +1 in CIO-.

Question 31
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o moles of solute
mole fraction, X =

males of solution

males of solute

malarity, M =
Y, liters of solution
. males of salute
molality, m =
kg of solvent
Question 32
sp>  sp® sp® sp® sp® sp® sp sp

CH,
sp>
sp®  sp  sp°
CH,=—=C==CH,
Question 35
F=N, O,

=6.02310% (mot ™ =1 s02 =107 (T

=0A4E 5 Cmoal ™t |
Question 38
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Acid/Base Venn Diagram

Lewis .
= T \A‘\:B
' /Brgnsted-Lowry
| [ T \H<— g\
./ Arrhenius
\ [ oas "|
\ Heiom/
\\‘r - ////’

All Brgnsted-Lowry acids are Arrhenius acids.
Not all Arrhenius acids are Brgnsted-Lowry acids.

etc...

Question 39

w The normal melting point of a solid is defined as the temperature at
which the solid and liquid are in equilibrium at a total pressure of 1

atmosphere.

Question 43

w When excess ammonia is added to a solution of Cu(NO3)2, the  color of

blue will be darker .

@ Cu(NO3)2 + 4NH3 = [Cu(NH3)4]](NO3)2
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w Adding Ammonia To Copper Il Nitrate.
w (left) Solution of blue Cu(NO3)2*6H20 (complex ion is Cu(H20)6 +2).

w (right) Addition of NH3(aq) forms deep blue complex ion
[Cu(NH3)4(H20)2]2+.

Question 53

W(g) + X(g) = Y(g) + Z(g)

Gases W and X react in a closed, rigid vessel to
form gases Y and Z according to the equation
above. The initial pressure of W(g) 1s 1.20 atm
and that of X(g) 1s 1.60 atm. No Y(g) or Z(g)
is initially present. The experiment is carried out
at constant temperature. What is the partial pres-
sure of Z(g) when the partial pressure of W(g)
has decreased to 1.0 atm?
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Question 54
Keq

Only a temperature change can affect the
value of Keq.

Changes in concentrations, pressure or surface
area have NO effect on Keq.

— These changes correspond to increase in number of
reacting molecules per liter.

— Increased once and then equilibrium is re-established.
— So ratios of products to reactants do not change.

Question 56
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Lead(ll) iodide <

Chemical Compound

Lead(ll) iodide or lead iodide is a salt with the formula Pbl 2. At room
temperature, it is a bright yellow odorless crystalline solid, that becomes
orange and red when heated. It was formerly called plumbous iodide.
Wikipedia

Formula: Pbl,

Molar mass: 461.01 g/mol

Density: 6.16 g/cm?

Boiling point: 872 °C

Appearance: bright yellow powder

Question 57

w The standard reduction potential is an intrinsic property. It will not

change by the coefficient .

Question 63
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Zeroth Order First Order Second Order

Differential
A[A] _ A[A] _ A[A] _ 2
Rate =— =" =k Rate =— =" =k[A Rate =— =" = k[A
rate law Nt At [A] g [A]
Concentration
vs. time
Time Time Time
Integrated [A] = [Alpe ™ 11,
rate law [A] = [Alo- kt or TR T
1n[A] = 1n[A], - kt
Straight-line plot ‘
to determine rate - - -
constant S 2 2
% % Slope = —k %
?d § E Slope = k
J £ =
Time Time Time
Relative rate [A],M  Rate, M/s [AlLM  Rate, M/s [Al,M  Rate, M/s
vs. concentration 1 1 1 1 1 1
2 1 2 2 2 4
3 1 3 3 3 9
Half-life . (Al . 0693 . 1
2 2k 12 k 12 k[A]o
Units of k,
rate constant M/s /s M-ts!

Question 54

What is the molar solubility in water of Ag,CrO, ?
(The K, for Ag,CrO, is 8 x 107'%)

\C sz [Q_J-\-}ZC(-, 0.11-]
8 x 'O—‘rf(?‘vjt (‘H): u""ﬁ'?-x e LUl

e

~ Zx A >1O7

(/"' . '.i';
'L‘\ X = - \s 210"
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Question 70
=

H PO,

r—- COAIMII

2H3Po4+3| | ,+3H,0

docdoprag BOBaTh C
PA3ATYHBIMIT

docdopryIO TEATITH 110
BBEITIAICHITIO 3 CHICTBHI C
pacTBOPOM HI

H,PO,+3AgNO,=Ag,PO, | +3HNO,
Jl

Question 72

Crucible

originally used for metal,
glass, and pigment
production, a crucible is a
container that can
withstand temperatures
high enough to melt or
otherwise alter its
contents

Question 74

w SO2 is a polar molecule, so it will deviate from ideal behavior.
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1999 Free Response

Sunday, April 2, 2017  9:19 PM

Question 1 (c)

Using K, to Calculate pH

Knowing the value of K, and the initial concentration of a weak acid, we can calculate
the concentration of H"(aq) in a solution of the acid. Let’s calculate the pH at 25 °C of
a 0.30 M solution of acetic acid (CH;COOH), the weak acid responsible for the charac-

teristic odor and acidity of vinegar.
1. Our first step is to write the ionization equilibrium:
CH;COOH(ag) = H'(aq) + CH;CO0 (aq) [16.28]

Notice that the hydrogen that ionizes is the one attached to an oxygen atom.

2. The second step is to write the equilibrium-constant expression and the value for
the equilibrium constant. Taking K, = 1.8 X 107" from Table 16.2, we write

~ [H"][CH,CO0™]
¢~ [CH;COOH]

= 18X 107° [16.29]

3. The third step is to express the concentrations involved in the equilibrium reac-
tion. This can be done with a little accounting, as described in Sample Exercise
16.10. Because we want to find the equilibrium value for [H'], let’s call this quan-
tity x. The concentration of acetic acid before any of it ionizes is 0.30 M. The chem-
ical equation tells us that for each molecule of CH;COOH that ionizes, one H(aq)
and one CH;COO™(aq) are formed. Consequently, if x moles per liter of H™(aq)
form at equilibrium, x moles per liter of CH;COO™ (aq) must also form and x
moles per liter of CH;COOH must be ionized:
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CH,;COOH(ag) — H'(ag) + CH,COO (aq)

Initial 0.30 0 0
concentration (M)

Change in —-x +x +x
concentration (M)

Equilibrium 1030 — x) x X

concentration (M)

4. The fourth step is to substitute the equilibrium concentrations into the equilibrium-
constant expression and solve for x:

[HT][CH,COO™] _ (x)(x)
[CH;COOH] 0.30 — x

K, = = 1.8 X 107° [16.30]

This expression leads to a quadratic equation in x, which we can solve by using
either an equation-solving calculator or the quadratic formula. We can simplify
the problem, however, by noting that the value of K, is quite small. As a result, we
anticipate that the equilibrium lies far to the left and that x is much smaller than
the initial concentration of acetic acid. Thus, we assume that x is negligible relative
to 0.30, so that 0.30 — x is essentially equal to 0.30. We can (and should!) check the
validity of this assumption when we finish the problem. By using this assumption,
Equation 16.30 becomes

x2
K,=—"——=18X10"
0.30

Solving for x, we have

x* = (0.30)(1.8 X 107°) =54 X 1076
x=V54X10°%=23x10"
[H]=x=23X10°M
pH = —log(2.3 X 107%) = 2.64
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Now we check the validity of our simplifying assumption that 0.30 — x = 0.30.
The value of x we determined is so small that, for this number of significant figures, the
assumption is entirely valid. We are thus satisfied that the assumption was a reasonable
one to make. Because x represents the moles per liter of acetic acid that ionize, we see
that, in this particular case, less than 1% of the acetic acid molecules ionize:

o 0.0023 M
Percent ionization of CH;COOH = —————— X 100% = 0.77%
0.30 M
As a general rule, if x is more than about 5% of the initial concentration value, it is better
to use the quadratic formula. You should always check the validity of any simplifying
assumptions after you have finished solving a problem.

We have also made one other assumption, namely that all of the H* in the solution
comes from ionization of CH;COOH. Are we justified in neglecting the autoionization
of H,0? The answer is yes—the additional [H"] due to water, which would be on the
order of 1077 M, is negligible compared to the [H'] from the acid (which in this case
is on the order of 10~ M). In extremely precise work, or in cases involving very dilute
solutions of acids, we would need to consider the autoionization of water more fully.

Question 1 (e)

14 T T T T T T

1z |—titration of

25.00 mL 0.100 M
HA

12
25%

11 = L)
o tCE

10
5 l / - -
equivalence point

pH > 7.00

eqiol

\ 2 equivalence point

1 pH = pK
| i ™ a
0 | | | | | | | | |
I} 5 10 15 an 25 30 i 40 15 an
mL 0.100 M NaOH added
Neutralization reaction:

[HA] decreases
[A "] increases

Solution Calculate new Use K, [HA],
containing =—— HA+OH — A” +H,O —»  valuesof —» and[A7]to
weak acid Add [HA] and [A7] calculate [H™]

strong
base

A > 4
N =

Stoichiometry Equilibrium
calculation calculation

A Figure 17.10 Procedure for calculating pH when a weak acid is partially neutralized by a
strong base.
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Question 2 (b)
Z-1P /1 1
Eehv—F B = m%Z "1 (___)
8hieh 12 22
or (dividing both sides by h to convert Eto 1):
4
m 3
f=v -Sh‘f* ( )(z 1)? = (2.48 - 10" Hz)(Z - 1)°
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A = Wavelength
R = Rydberg constant
1 o1 1 _
N R(Z - B)" | — — — | Z= Atomic number
oo [ = Transition
n = Integer :n; < ny

The positive charge holding the electron is greater for He", which has a 2+ nucleus,

than for H with its 1+ nucleus. The stronger attraction means that it requires more energyl pt
for the electron to move to higher energy levels. Therefore, transitions from high energy
states to lower states will be more energetic for He" than for H.

Note: Other arguments accepted, such as, “E is proportional to Z 2. Since Z= 2 for He"
and Z=1 for H, all energy levels in He * are raised (by a factor of 4).” Other accepted
answers must refer to the increased charge on the He" nucleus, and NOT the mass.

Question 3 (b)
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Reaction Orders: The Exponents in the Rate Law

The rate law for most reactions has the form
Rate = k|[reactant 1]|™[reactant 2]". .. [14.8]

The exponents m and n are called reaction orders. For example, consider again the
rate law for the reaction of NH," with NO, :

Rate = k[NH," ][NO, ]

Because the exponent of [NH, ] is 1, the rate is first order in NH,". The rate is also
first order in NO, . (The exponent 1 is not shown in rate laws.) The overall reaction
order is the sum of the orders with respect to each reactant represented in the rate
law. Thus, for the NH," — NO,  reaction, the rate law has an overall reaction order of
1 + 1 = 2, and the reaction is second order overall.

The exponents in a rate law indicate how the rate is affected by each reactant con-
centration. Because the rate at which NH," reacts with NO,™ depends on [NH,"] raised
to the first power, the rate doubles when [NH, | doubles, triples when [NH,"] triples,
and so forth. Doubling or tripling [NO, | likewise doubles or triples the rate. If a rate
law is second order with respect to a reactant, [ A]%, then doubling the concentration of
that substance causes the reaction rate to quadruple because [2]* = 4, whereas tripling
the concentration causes the rate to increase ninefold: [3]> =

The following are some additional examples of experimentally determined
rate laws:

2N;05(g) —> 4NO,(g) + O,(g) Rate = k[N,0s] [14.9]
H,(g) + L(g) — 2HI(g) Rate = k[H,][L;] [14.10]
CHCl,(g) + Cly(g) —> CCly(g) + HCI(g) Rate = k[CHCL][CL,]"? [1411]

Although the exponents in a rate law are sometimes the same as the coefficients in the
balanced equation, this is not necessarily the case, as Equations 14.9 and 14.11 show. For
any reaction, the rate law must be determined experimentally. In most rate laws, reac-
tion orders are 0, 1, or 2. However, we also occasionally encounter rate laws in which
the reaction order is fractional (as is the case with Equation 14.11) or even negative.

Table 14.3 Elementary Reactions and Their Rate Laws

Molecularity Elementary Reaction Rate Law
Unimolecular A — products Rate = k[A]
Bimolecular A + A — products Rate = k[A}E
Bimolecular A + B — products Rate = k[A][B]
Termolecular A+ A+ A— products Rate = k[A]’
Termolecular A+ A+ B — products Rate = k[A]z[B]
Termolecular A + B + C — products Rate = k[A][B][C]

Question 3 (d)
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Mechanisms with a Slow Initial Step

We can most easily see the relationship between the slow step in a mechanism and
the rate law for the overall reaction by considering an example in which the first step
in a multistep mechanism is the rate-determining step. Consider the reaction of NO,
and CO to produce NO and CO, (Equation 14.23). Below 225 °C, it is found experi-
mentally that the rate law for this reaction is second order in NO, and zero order in
CO: Rate = k[NO, ] Can we propose a reaction mechanism consistent with this rate
law? Consider the two-step mechanism:*

Step1: NO,(g) + NO,(g) —— NO,(g) + NO(g) (slow)
Step2: NOs(g) + CO(g) —=> NO,(g) + CO,(g) (fast)

Overall: NO,(g) + CO(g) —— NO(g) + CO,(g)

Step 2 is much faster than step 1; that is, k; >> k, telling us that the intermediate
NO;(g) is slowly produced in step 1 and immediately consumed in step 2.

Because step 1 is slow and step 2 is fast, step 1 is the rate-determining step. Thus,
the rate of the overall reaction depends on the rate of step 1, and the rate law of the

overall reaction equals the rate law of step 1. Step 1 is a bimolecular process that has the
rate law

Rate = k,[NO, ]

Thus, the rate law predicted by this mechanism agrees with the one observed experi-
mentally. The reactant CO is absent from the rate law because it reacts in a step that
follows the rate-determining step.

A scientist would not, at this point, say that we have “proved” that this mecha-
nism is correct. All we can say is that the rate law predicted by the mechanism is
consistent with experiment. We can often envision a different sequence of steps that
leads to the same rate law. If, however, the predicted rate law of the proposed mecha-
nism disagrees with experiment, we know for certain that the mechanism cannot be
correct.

Question 5 (d)

| (expt.— theor.) | % 100
theor.

Question 6 (b)
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(b) (i)The reaction rate depends on the reaction kinetics, which is determined by the value of the activation
energy, E,.. If the activation energy is large, a reaction that is thermodynamically spontaneous may
proceed very slowly (if at all). 1pt

One point eamned for linking the rate of the reaction to the activation energy, which may be
explained verbally or shown on a reaction profile diagram

(ii) The catalyst has no effect on the value of AG®.
1pt

The catalyst reduces the value of E,,, increasing the rate of reaction, but has no effecton  the values of
AH® and AS°, so it cannot affect the thermodynamics of the reaction.
1 pt

One point eamed for indicating no change in the value of AG®

One point earned for indicating (verbally, or with a reaction-profile diagram) that the
catalyst affects the activation energy

Question 7 (b)

Expected and Observed Values of the van’t Hoff
Factor for 0.05 m Solutions of Several Electrolytes

Electrolyte i (expected) i (observed)
NaCl 2.0 1.9
MgCl, 3.0 2.1
MgS0, 2.0 1.3
FelCl, 4.0 34
HCl 2.0 1.9
Glucose® 1.0 1.0

*A nonelectrolyte shown for comparison.
Question 7 (c)

The lowering of vapor pressure of water is directly proportional to
the concentration of solute particles in solution. C;H;OH is the
only nonelectrolyte, so it will have the fewest solute particles in
solution.
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Question 7 (d)

These salts have a neutral cation and a basic anion. For example, NaF dissociates

into Na* and F~ ions. The Na* ion has no acidic or basic properties, but the fluoride
ion is a conjugate base of a weak acid and therefore is a basic anion. NaF a salt of
the NaOH, a strong base, and HF, a weak acid.

hydrolysis and acid-base properties of salts (15.10)
www.mhhe.com/physsci/chemistry/chang?/ssg/chap15_10sg.html

Question 8 (b)
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(ii) CF4 has a tetrahedral geometry, so the bond dipoles cancel, leading to a nonpolar molecule.

With five pairs of electrons around the central S atom, SF4 exhibits a trigonal bipyramidal

electronic geometry, with the lone pair of electrons. In this configuration, the bond dipoles
do not cancel, and the molecule is polar.

F F
| | .
r/C‘\ s S
F F |
F
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2008 Multiple Choice
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Question 10

The entropy of a perfect crystal at absolute zero is exactly equal to zero. At absolute

zero (zero kelvin), the system must be in a state with the minimum possible energy,
and the above statement of the third law holds true provided that the perfect crystal
has only one minimum energy state.

Third law of thermodynamics - Wikipedia
https://en.wikipedia.org/wiki/ Third_law_of_thermodynamics

Fark 1r Todowing componds in grder of incraasing

Lattice energy is defined as the energy required to lattice smacgy: LF, KBy, Nacl
separate a mole of an ionic solid into gaseous ions. :
Lattice energy cannot be measured empirically, but it I REERIE : I

can be calculated using electrostatics or estimated
using the Born-Haber cycle.

www.youtube.com

Lattice Energy - Boundless
https://www.boundless.com/chemistry/textbooks/...of.../lattice-energy-336-1485/

Question 11

w Quantity typically determined by measuring the rate of a reaction at two or more different

temperatures: Activation Energy

w The activation energy can also be found algebraically by substituting two rate constants (k1, k2)

and the two corresponding reaction temperatures (T1, T2) into the Arrhenius Equation
RT;, T k

= 172 1

T, -T2l K,

w Arrhenius Equation

(6)
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activation energy
rate constant

\ EN

RT -+——— kelvin temperature

/ b\‘\he gas consant

frequency factor
ar mathermnatical
pre-exponential factor guantty, e

Question 49

w Most Phosphates are insoluble

Many phosphates are not soluble in water at standard temperature and pressure.
The sodium, potassium, rubidium, caesium, and ammonium phosphates are all
water-soluble. Most other phosphates are only slightly soluble or are insoluble in
water.

Phosphate - Wikipedia
https://en.wikipedia.org/wiki/Phosphate

Question 54

In chemistry, an ideal solution or ideal mixture is a solution with thermodynamic
properties analogous to those of a mixture of ideal gases. ... The vapor pressure of
the solution obeys Raoult's law, and the activity coefficient of each component
(which measures deviation from ideality) is equal to one.

|deal solution - Wikipedia
https://en.wikipedia.org/wiki/|deal_solution

w Raoult's law
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Vapour Pressure

Raoult's Law

The common mathematical statement for
this behavior is known as Raoult's Law:

Pscnln = Xs.cdw&nt Psm.rent
P Is the observed vapor pressure of the

solution
X, IS the mole fraction

P.,.. IS the vapor pressure of the pure
solvent.

a
E
Le.
-? ?...‘..
n'.‘”.
ikl IR =
+ ", A 0
'''''' .'1'-,:‘1 s
++++++ &:’q
Xp = Mole Fraction X, =
- A
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npg = Ag =1

Vapour Pressure Diagram for Ideal Solution

Question 66

Factors that affect the rate of a chemical reaction
include which of the following?

I. Frequency of collisions of reactant particles
I1. Kinetic energy of collisions of reactant
particles |
II1. Orientation of reactant particles during
collisions

(A) II only

(B) T'and IT only

(C) Iand Il only
(D) II and IIT onl
(E) I, II, and III

w Collision Theory

Frequency Factor:
Number of Collisions per
second
Determined by the

concentration of the
reactants.

[Temperature has a smaller influence.)
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Collision Theory

NMumber of
Rate of _ -
Reaction — Collisions & b4
per second
Frequency
Factor

Energy Factor

Fraction of collisions with
enough energy to react.

Determined by
the Temperature

Collision Theory

Fraction of

collisions
Rate of _ Mumber of

. = Collisions with b4
HESIon per second enough

enerqgy to
react

!

Energy
Factor
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Probability Factor

Fraction of collisions with
proper orientation

Determined by the shape of
the molecules

Collision Theory

Fraction of Fraction of
Number of collisions collisions
Rate of Lo i
. = Collisions ¥ with % ith the
Reaction per second enough proper
energy to orientation
react T
Probability
Factor

Question 70

Naturally produced amino acids typically contain
all of the following elements EXCEPT

(A) nitrogen
(B) chlorine
(C) oxygen
(D) hydrogen
(E) carbon
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The key elements of an amino acid are carbon, hydrogen,
oxygen, and nitrogen, although other elements are found

in the side chains of certain amino acids.

Amino acid - Wikipedia

https://en.wikipedia.org/wiki/Amino_acid

Chemistry Page 32
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Question 10

w Highest ionization energy: He

The first ionization energy varies in a predictable way
across the periodic table. The ionization energy
decreases from top to bottom in groups, and
increases from left to right across a period. Thus,

helium has the largest first ionization energy, while

francium has one of the lowest. 3323333
sclentifictutor.org

lonization Energy

https://www.angelo.edu/faculty/kboudrea/periodic/trends_ionization_energy.htm
You visited this page.

Question 11

w Ni2+ is light green
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Question 15

w Lewis acid -base reaction and coordination complex
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Metal-Ligand Bond

* This bond is formed between a Lewis acid

and a Lewis base.
» The ligands (Lewis bases) have nonbonding

electrons.

» The metal (Lewis acid) has empty orbitals.

H

Ag—(aq) + 2:l+—H(aq) —_—

H

The Lewis Acid-Base Concept:Coordination Compounds. In a Lewis
acid-base neutralization, the base donates a pair of electrons forming
a coordinate covalent bond which joins the two species together into

the reaction product.

The Lewis Acid Base Concept: Coordination Chemistry
https://www.wou.edu/las/physci/ch412/ligand.htm

Question 28
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CHSCHQ —1—O— CHQCHs

ether group

(General Formula: General Formula:

O v
r-c-or ROR

Question 34

w Hydrogen bonding in N2H4
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Question 40

w Beta plus decay vs. Beta minus decay

Beta-minus Decay

Carbon-14 Nitrogen-14
i ‘“é B_ ‘1 ; Antineutrino Electron
& protons 7 protons
a neutrons 7 neutrons

Beta-plus Decay

Carbon-10 Boron-10
-y B+ .
& protorns > protons
4 neutrors 2 neutrons
Question 71

When a solution is formed by adding some
methanol, CH,;0H , to water, processes that are
endothermic include which of the following?

[. Methanol molecules move water molecules
apart as the methanol goes into solution.
II. Water molecules move methanol molecules
apart as the methanol goes into solution,
UL Intermolecular attractions form between
molecules of water and methanol as the
methanol goes into solution.
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Question 1 (a)
w HOI is a weaker acid than HOCI

(iii) Hypoiodous acid has the formula HOI. Predict whether HOI is a stronger acid or a weaker acid than
the acid that you identified in part (a)(i). Justify your prediction in terms of chemical bonding.

HOI is a weaker acid than HOCI because the

l()) —HI; iﬁo;%g H,[c.)hle 1ls ﬁzﬁz ttrl:)ar; ﬂ::ifi)—H One point is earned for predicting that HOI is a
2 - 1he ‘ower e‘ectronegativity weaker acid than HOCI and stating that iodine has a

(electron-drawing ability) of I compared with G :
that of Cl results in an electron density that is lower electronegativity than chlorine and EITHER

higher (hence a bond that is stronger) between
the H and O atoms in HOI compared with the
electron density between the H and O atoms

in HOCL. OR

a5 e stating that this decreases the stability of the
The conjugate base OCI™ is more stable than OI” OI ion in solution.

because Cl, being more electronegative, is
better able to accommodate the negative charge.

e stating that this results in a stronger O—H
bond in HOI

w Inductive Effects
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Atoms or groups of atoms in a molecule other than those to which H is bonded can induce a change in the distribution
of electrons within the molecule. This is called an inductive effect, and, much like the coordination of water to a metal
ion, it can have a major effect on the acidity or basicity of the molecule. For example, the hypohalous acids (general
formula HOX, with X representing a halogen) all have a hydrogen atom bonded to an oxygen atom. In agueous
solution, they all produce the following equilibrium:

HOXg) = H,, + OX (aq) (16.8.3)

The acidities of these acids vary by about three orders of magnitude, however, due to the difference in
electronegativity of the halogen atoms:

HOX Electronegativity of X pKa
HOC| 3.0 7.40
HOBr 2.8 8.55
HOI 2.5 10.5

As the electronegativity of X increases, the distribution of electron density within the molecule changes: the electrons
are drawn more strongly toward the halogen atom and, in turn, away from the H in the O-H bond, thus weakening the
0O—H bond and allowing dissociation of hydrogen as H™.

The acidity of oxoacids, with the general formula HOX0, (with n = 0-3), depends strongly on the number of
terminal oxygen atoms attached to the central atom X. As shown in Figure 16.8.1, the K, values of the oxoacids of
chlorine increase by a factor of about 10* to 10® with each oxygen as successive oxygen atoms are added. The
increase in acid strength with increasing number of terminal oxygen atoms is due to both an inductive effect and
increased stabilization of the conjugate base.

Because oxygen is the second most electronegative element, adding terminal oxygen atoms causes electrons to be
drawn away from the O-H bond, making it weaker and thereby increasing the strength of the acid. The colors in
Figure 16.8.1 show how the electrostatic potential, a measure of the strength of the interaction of a point charge at
any place on the surface of the molecule, changes as the number of terminal oxygen atoms increases. In Figure
16.8.1 and Figure 16.8.2, blue corresponds to low electron densities, while red corresponds to high electron densities.
The oxygen atom in the O-H unit becomes steadily less red from HCIO to HCIO, (also written as HOCI(, while
the H atom becomes steadily bluer, indicating that the electron density on the O-H unit decreases as the number of
terminal oxygen atoms increases. The decrease in electron density in the O—H bond weakens it, making it easier to
lose hydrogen as H™ ions, thereby increasing the strength of the acid.
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X1

HOCI (pK, = 7.40) HOCIO (pK, = 1.96)

6 ee

HOCIO, (pK, = HOCIO; (pK, = —7.3 to —8)

electron
poor

electron
rich

Question 2 (e)
w Percent error is always positive

Error = Experimental Value - Accepted Value
— Can be positive or negative

PercentError = ‘error‘/ accepted value * 100%

— or
(experimental value) - (known value)
% error =
known value
— Always positive

Question 3 (e)
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Step 1 Cl, & 2Cl fast equilibrium
Step 2 CH, + C1 - CH; + HCI slow
Step 3 CH; + Cl, - CH)Cl + Cl fast
Step4 CH5Cl + C1 - CH,Cl, + H fast
Step 5 H + C1 —» HCI fast

The order of the reaction with respect to Cl, is %

[c1®
[Cl,]
Substituting into the rate law for step 2 (the slowest
step in the mechanism):

rate = k[CH,] [CI] = k[CH.](K'? [CL,]"?)
= (k)(K"?)[CH,] [CL,]'2

Forstep 1, K = = [C]] = K2 [Cl1,]"?

Because the exponent of Cl, in the rate law is 1/2, the
order of the reaction with respect to Cl, is 1/2.

One point is earned for the correct
answer with appropriate justification.

w Mechanisms with a Fast Initial Step
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Let’s consider an alternative mechanism that does not involve a termolecular step:

Step 1: NO(g) + Br(g) :‘__u. NOBr,(g) (fast)
Step2: NOBr,(g) + NO(g) —— 2 NOBr(g) (slow) [14.27]

In this mechanism, step 1 involves two processes: a forward reaction and its reverse.
Because step 2 is the rate-determining step, the rate law for that step governs the
rate of the overall reaction:

Rate = k,[NOBr;][NO] [14.28]

Note that NOBr;, is an intermediate generated in the forward reaction of step 1. Inter-
mediates are usually unstable and have a low, unknown concentration. Thus, the rate
law of Equation 14.28 depends on the unknown concentration of an intermediate,
which isn’t desirable. We want instead to express the rate law for a reaction in terms of
the reactants, or the products if necessary, of the reaction.

With the aid of some assumptions, we can express the concentration of the inter-
mediate NOBr, in terms of the concentrations of the starting reactants NO and Br,. We
first assume that NOBr, is unstable and does not accumulate to any significant extent
in the reaction mixture. Once formed, NOBr, can be consumed either by reacting with
NO to form NOBr or by falling back apart into NO and Br,. The first of these possibili-
ties is step 2 of our alternative mechanism, a slow process. The second is the reverse of
step 1, a unimolecular process:

NOBr,(g) — NO(g) + Bry(g)

Because step 2 is slow, we assume that most of the NOBr;, falls apart according to this
reaction. Thus, we have both the forward and reverse reactions of step 1 occurring
much faster than step 2. Because they occur rapidly relative to step 2, the forward and
reverse reactions of step 1 establish an equilibrium. As in any other dynamic equilib-
rium, the rate of the forward reaction equals that of the reverse reaction:

KNO][By] = k_,[NOBz,]

Rate of forward reaction Bate of reverse reaction
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Solving for [ NOBr, |, we have

[NOBy] = - [NOT[Bx)

Substituting this relationship into Equation 14.28, we have

Rate = kzkk_l [NO][Br,][NO] = k[NOJ*[Br,]

where the experimental rate constant k equals k;k, /k_,. This expression is consistent
with the experimental rate law (Equation 14.25). Thus, our alternative mechanism

(Equation 14.27), which involves two steps but only unimolecular and bimolecu-
lar processes, is far more probable than the single-step termolecular mechanism of

Equation 14.26.

In general, whenever a fast step precedes a slow one, we can solve for the concentra-
tion of an intermediate by assuming that an equilibrium is established in the fast step.

Question 5 (d)

The total bond energy of the reactants is larger.
Reaction Y is endothermic (AH 5z =+41kJ mol™ > 0), so

there is a net input of energy as the reaction occurs. Thus, the total
energy required to break the bonds in the reactants must be greater
than the total energy released when the bonds are formed in the

products.

One point is earned for the
correct answer with appropriate
explanation.

Question 5 (e)

w Thermodynamic data for an overall reaction have no bearing on how slowly or rapidly the reaction

occurs

Question 6 (c)

(c¢) In the H,S molecule, the H-S—H bond angle is close to 90°. On the basis of this information, which
atomic orbitals of the S atom are involved in bonding with the H atoms?

The atomic orbitals involved in bonding with the H atoms
in H,S are p (specifically, 3p) orbitals. The three p orbitals are
mutually perpendicular (i.e., at 90°) to one another.

One point is earned for
the correct answer.
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Py ra p}r Z P z

The three p orbitals are aligned along perpendicular axes
Question 6 (d)

(ii) Compare the strength of the dipole-dipole forces in liquid H,S to the strength of the dipole-dipole
forces in liquid H,O. Explain.

The strength of the dipole-dipole forces in liquid H,S is
weaker than that of the dipole-dipole forces in liquid
H,0. The net dipole moment of the H,S molecule is less One point is earned for the correct answer
than that of the H,O molecule. This results from the lesser with a correct explanation.

_polarity of the H—S bond compared with that of the H-O
bond (S is less electronegative than O).

w Electronegativity and dipole -dipole force

Permanent Di

e These occur when a two atoms sharing a
covalent bond have substantially different
electronegativity.

e HCl has a permanent dipole as Cl has a
much higher electronegativity than H.

e Molecules with a permanent dipole are
described as polar molecules.
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Question 1 (c)

Of C,HsNH,(aq) and C,HsNH;*(ag), which is present in the solution at the higher concentration at
equilibrium? Justify your answer.

C,HsNH, is present in the solution at the higher concentration at
equilibrium. Ethylamine is a weak base, and thus it has a small One point is earned for the

K, value. Therefore only partial dissociation of C,H;NH, occurs in | correct answer with justificatio
water, and [C,HsNH,"] is thus less than [C,H;NH,].

P

Question 5 (c)

Given that AHjy, for the reaction is —92.2 kJ mol~!, which is larger, the total bond dissociation energy
of the reactants or the total bond dissociation energy of the products? Explain.

AH 3. =X (bond energy of the reactants) — X (bond energy of the products)

Based on the equation above, for AHS,; to be negative, the total bond o
One point is earned

for the correct answer
with the correct equation
OR and explanation.

energy of the products must be larger than the total bond energy of
the reactants.

More energy is released as product bonds are formed than is absorbed as
reactant bonds are broken.

ENERGY

bhonds
bhonis maile
broken exothermic__products
endothermic overall

heat taken in
(abzorhed)

reactants

ENDOTHERMIC

course of reaction (e} doe b
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ENERGY

:m'“lﬁ ' honds
woken made
endothermic exothermic
reactants ~ overall
heat grven out
to surroundings
| products

EXOTHERMIC

course of reaction

If we consider the reaction between hydrogen (H,) and oxygen (O,) to form water
(H,0), we see that the products have less energy than the reactants:

| -
1367 kl/mol 1852 kJ/mol

We know this because we can look up the bond energies of the different bonds
thatare breaking and forming, and add them up to find the total energy of both

sides of the reaction:

H-H = 436 kJ/mol 0=0 = 495 ki/mol
x2 molecules of H, x1 molecules of O, 1367 kJ/mol

872 kJ/mol total energy 495 kJ/mol total energy

H-0 = 463 kJ/mol
x2 bonds per molecule of H,0 X 2molecules formedin —
the reaction

1852 ki/mol

926 ki/mol energy per molecule
formed

Because the formation of the products releases more energy (1852 kJ/mol) than the
energy required to break the bonds of the reactants (1367 kJ/mol), this reaction is

exothermic.

Question 5 (e)
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(i) Explain why there is a temperature above 298 K at which the algebraic sign of the value of AG° changes.

AG® = AH® — TAS°®
As the temperature increases |TAS°| will at some point
exceed |[AH°|. Because both AH° and AS® are One point is earned for the correct explanation.

negative, the sign of AG° will then change from
negative to positive.
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Question 1 (c)

(c) A 50.0 mL sample of distilled water is added to the solution described in part (b), which is in a beaker with
some solid AgBr at the bottom. The solution is stirred and equilibrium is reestablished. Some solid AgBr
remains in the beaker. Is the value of [Ag*] greater than, less than, or equal to the value you calculated in
part (b) ? Justify your answer.

The value of [Ag*] after addition of distilled water is equal o
to the value in part (b). The concentration of ions in solution One point is earned for the correct

in equilibrium with a solid does not depend on the volume of answer with justification.
the solution.

Question 1 (e)

(e) A student mixes 10.0 mL of 1.5 x 104 M AgNO; with 2.0 mL of 5.0 x 10~ M NaBr and stirs the resulting
mixture. What will the student observe? Justify your answer with calculations.

_ (100 mL)(1.5 X 107 M) One point is earned for calculation

+ e -4
[Ag"] 12.0 mL =13x10" M of concentration of ions.
-4 17 & 5
(Br ] = (20mL)(50x10 M) — 83x10°5 M One point is eam?d for calculation
120 mL of Q and conclusion based on

0 =[Ag"][Br]=(13x10*M)83%x10°M) =1.1%x10"8 comparison between Q and K, .

One point is earned for indicating the

1.1x107% > 50x10™3, . a precipitate will form. precipitation of AgBr.
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17.6 | Precipitation and Separation
of Ions

Equilibrium can be achieved starting with the substances on either side of a chemical
equation. For example, the equilibrium that exists between BaSQ,(s), Ba® " (ag), and
SO,* " (aq) (Equation 17.15), can be achieved either by starting with BaSO,(s) or by
starting with solutions containing Ba** and SO,* . If we mix, say, a BaCl, aqueous
solution with a Na,SO, aqueous solution, BaSO, might precipitate out. How can we
predict whether a precipitate will form under various conditions?

Recall that we used the reaction quotient Q in Section 15.6 to determine the direc-
tion in which a reaction must proceed to reach equilibrium. The form of Q is the same
as the equilibrium-constant expression for a reaction, but instead of only equilibrium
concentrations, you can use whatever concentrations are being considered. The direc-
tion in which a reaction proceeds to reach equilibrium depends on the relationship
between Q and K for the reaction. If Q < K, the product concentrations are too low
and reactant concentrations are too high relative to the equilibrium concentrations, and
so the reaction will proceed to the right (toward products) to achieve equilibrium. If
Q > K, product concentrations are too high and reactant concentrations are too low,
and so the reaction will proceed to the left to achieve equilibrium. If Q = K, the reac-
tion is at equilibrium.

For solubility-product equilibria, the relationship between Q and K, is exactly like
that for other equilibria. For K, reactions, products are always the soluble ions, and the
reactant is always the solid.

Therefore, for solubility equilibria,

» If Q = K,;, the system is at equilibrium, which means the solution is saturated;

this is the highest concentration the solution can have without precipitating.

» If Q < K,;, the reaction will proceed to the right, towards the soluble ions; no
precipitate will form.

« IfQ > K, thereaction will proceed to the left, towards the solid; precipitate will form.

For the case of the barium sulfate solution, then we would calculate Q = [Ba®*][SO,* "],
and compare this quantity to the K, for barium sulfate.

SAMPLE - -
EXERCISE 17.16 Predicting Whether a Precipitate Forms

Does a precipitate form when 0.10 L of 8.0 X 107> M Pb(NO,), is added to 0.40 L of 5.0 X 107° M Na,S0,?
SOLUTION

Analyze The problem asks us to determine whether a precipitate forms when two salt solutions are combined.

Plan We should determine the concentrations of all ions just after PbSO, and NaNO,. Like all sodium salts NaNO; is soluble, but PbSO,
the solutions are mixed and compare the value of Q with K, for any has a K, of 6.3 X 1077 (Appendix D) and will precipitate if the Pb*"
potentially insoluble product. The possible metathesis products are and SO~ concentrations are high enough for Q to exceed K.

Solve When the two solutions are mixed,

the volume is 0.10 L + 0.40L = 0.50 L.
Tha aembhas afmnlas afDRZT fn N IAT AF /8.0 X 107 mol \
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SAMPLE - -
EXERCISE 17.16 Predicting Whether a Precipitate Forms

Does a precipitate form when 0.10 L of 8.0 X 107> M Pb(NO,), is added to 0.40 L of 5.0 X 107> M Na,SO,?

SOLUTION

Analyze The problem asks us to determine whether a precipitate forms when two salt solutions are combined.

Plan We should determine the concentrations of all ions just after PbSO, and NaNO;. Like all sodium salts NaNO; is soluble, but PbSO,
the solutions are mixed and compare the value of Q with K, for any has a K, of 6.3 X 1077 (Appendix D) and will precipitate if the Pb**
potentially insoluble product. The possible metathesis products are and SO,"~ concentrations are high enough for Q to exceed K.

Solve When the two solutions are mixed,
the volume is 0.10L + 0.40 L = 0.50 L. .
The number of moles of Pb** in 0.10 L of (0.10 L)(_&O____X 10 mol) = 8.0 X 10~ mol

8.0 X 10 M Pb(NO,), is L
The concentration of Pb*~ in the 0.50-L 8.0 X 10" mol s
mixture is therefore [Po*] = == = 16X 10°M

The number of moles of SO, in 0.40 L of 5.0 X 1073 mol N
5.0 X 107 M Na,S0, is (040L)| =] = 2.0 X 10 mol

Therefore 2.0 X 10 mol
50,271 = =% _ 4o x 10° M
0.50L
and Q = [PB**][SO2"] = (1.6 X 107)(4.0 X 107%) = 6.4 X 107

Because Q > K, PbSO; precipitates.

Question 5 (f)
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