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CHM.5.5.01.001.07 Perform interconversion between units of temperature and heat
1 Textbook + example problem 1 + practice problems

x 1000 X 4.184

cal ‘
+ 1000 + 4,184

v

b
v
-—

Cal

-~

Ql: The energy content of a single serving of bread is 70.0 Cal.

What is the energy content in calories?

70 cal 7x102 cal 0.07 cal E 7x10" cal

Q2: Many nutrition experts say that an average person needs 2,000 Cal per day from his or her diet.
How many joules is this?

a 8.4x105) 0.478 x 105 8.4x10 J 2,092 x 10°

Q3: Which of the following statements is true about the ol Syl 3 A (3l Lah dayana 4000 il (4]
two figures in the table below?

O The energy in X is greater than in Y Y Sl 8 X Jal O ,

O The energy in Y is greater than in X X Al ,8Y J0WO

O The energy in X is 355 Cal 355 Cal gls X A all O 150 cal 5.0x10%)

, 2 ! X

OThe energy in Y is 3.6 x 10° J 3.6x10°) GlidY Jald O



CHM.5.5.01.001.08 Describe the relationship between the specific heat capacity of a substance and the resistance to change in temperature
Textbook+ table 2 + example problem 2 + practice
problems

89,10

Note: The lower the specific heat of a substance, the faster it heats or cools.

Q1: Arrange the following metals in the table according to the increase in their temperature,
knowing that their masses are equal and the time of exposure to heat is constant?

Metal Gold | Aluminu | Iron | Silve
m r
Specific heat | 0.897 0.129 0.449 | 0.235
* @Gold < Iron < Silver < Aluminum * |ron < Gold < Silver < Aluminum
*  Aluminum < Silver < Iron < Gold * Gold < Iron < Aluminum < Silver

Q2: which one of these units not representing the unit of specific heat?

* J/g.0C * J/g. K * cal/g.°C * g/leC

q=CxmxAT

Q3: Analloy has a specific heat of 1.25 cal/g-°C at 25 °C. When it is dropped into warm water, the alloy absorbs 750 cal of heat.
If the final temperature of the alloy is 75 °C, what is its mass?

2.4g 12 g 24 g 36 g
Qa: A 4.0-gram piece of copper is heated and fashioned into a bracelet. The amount of energy transferred by heat to the copper
is 6,000 J.

If the specific heat of copper is 0.40 J/g°C, what is the change in the copper's temperature? a\‘m i"—e?i/'

24,000°C a 3,750°C V4 l

9,600°C 37.5C

Q5 hatis the energy required to raise the temperature of 250 grams of oxygen by 40°C?
The specific heat of oxygen is 0.918 (J/g-°C).

a 9,180 J i 10,000 J

192.78 J 36.72 J




Q6: Calculate the final temperature of a mixture of 100 g of water at 90°C and 600 g of water at 20°C.
Given: c = 4.184 J/g-°C

55T G 0| 20°
30°C o ( 10.5°¢

Q7: The amount of heat required to raise the temperature of one gram of any substance by one degree Celsius (1°C) is

calorie o thermal energy

temperature specific heat

Qs:

A hot 1 kg piece of copper is allowed to cool to 100°C. If the copper gave off 231 kJ of energy, what was the initial temperature of the copper?
Given: The specific heat of copper is 0.385 J/g-°C.

700°C iy O | 420°C
350°C O | 500°C
Q9: How much heat must be removed from 6 kg of water to cool it from 20 to 10°C?

Given: ¢ e, = 4.186J/g-°C

251.16.J O | 502,320 J

251,160 J W O | 502.32J

Q10: Two pieces of aluminum and iron were left to sit in ely gl i 3 enll b saally il e lialel K6
the Sun at the same fime and for the same length of i L3)ls 5,0 005 A1 (0) wasll dakad A€ Lo odia)ll 3ad)
time. What is the mass of the piece of iron (g) whose ?,,_.s.hrl dakad Bl dap B0l) Jlake
temperature increases by the same amount as the

piece of aluminum?

) i ol
Iron Aluminium Substance
........... 47.09 Mass &)
0.449 0.897 Legll )l
Specific Heat J/(g. °C)
30.0°C 30.0°C AT

* 93.9 * 39.5 * 115.13 * 50.23



12,13

(Bomb i & Coffee-cup i )]
Textbook+ fiqure 5&6

CHM.5.5.01.002.06 Describe the two types of

Coffee-cup calorimeter

‘Bomb calorimeter

Both two devices measure * the amount of heat (q) that has been absorbed or evolved
* And the specific heat (c) of substances.

The pressure within a Coffee-cup calorimeter is constant ,

The pressure within a bomb calorimeter often changes during a reaction,

CHM.5.5.01.004.04 Compare and contrast potential energy diagrams of exothermic and endothermic reactions in terms of general shape, enthalpy of Textbook+ fiqures 8 ,9

reactants and products, activation energy of forward and backward reactions, and enthalpy of reaction and its sign

Endothermic reaction exothermic reaction

Heat from
; Heat to the
surrounding reactant surrounding

product

enthalpy
enthalpy

AHpm =+ AHpn =~

product

reactant

‘ A+B — AB + heat ‘

‘ A+B+heat — AB ‘

‘A+B — AB A ‘

| AtB — AB  am.=t

‘ Heating the surrounding |

‘ cooling the surrounding ‘

1:
Q °®  For an exothermic reaction,

there is no relation between Hieactants and Hproducts

Hreactants < Hpmﬂucts

a Hreactants > Hpror,\ur,:ts v Hieactants = Hpror,lucts

1) Which of the following equations causes you to feel cold and shivering when
you get out of a hot bath?

Ha00 +40.7K) — H:0y @ Hi0g —» H:0 AH  =-40.7KJ *
H:0 —» H:0gp AH =6.01KJ *

Q2:

H200) — H20) +6.01KJ *



Q3:

Q4:

Q5:

Based on the figure below, which of the following
statements is true?

flaga 4000 Gl o (0D Bl o 0y

v

—— AM (ki¥mol)

A. The formation of AlCl; began at 0.0°C

(»un- Ak, Chig

I —

0.0°C 2c AlCl, Kasly a

B. The final temperature of the reactants
was -704°C.

Colelitall 18,1l 5 ) il 4 p il g
-104°C

C. The final temperature of the products
was -704°C

T04C p A A ey i€ ¢

D.) The formation of AICl, releases energy.

4l ) ) AICH; %5 g @

In the below figure.
Which of the following is true?

st &

Shaiaia 404 \:;"J'L‘nl.' Jl

A. The reaction is endothermic

s ) ad yala old

B. The sign of AH is positive

iapmAHe L B

C. the product (A) has a lower energy than the reactant (C).

Clpd il u AL

E)) the product (C) has a lower energy than the reactant (A).

A Jgall 880 g 81 € 2 a8

Which of the following is correct about the reaction with

the equation: A - C ,shown in the diagram below?

2l JeA, w2l 4 — € i) 3 JoliSl Jyn e LD 0 4

I, AH >0

AH >0 A

Il. Hpmduﬂ: < Hnnctunts

Hyp < Hegowo Al

il Heat flows from the system to the surroundings

L) ) AR G RS 5 ) Il

I ------------- C---ennd--
A. lonly Hii | A
B.1 and ll only Li 1y .8
(O 11 and Ill only s )
D.1 and Il only Lk |j| 51 .D




CHIM.5.5.01.003.05 Perform phase-change calculations using enthalpy of fusion, vaporization, condensation and solidification

Textbook + figure 10

1)
2)

3)

4)

Molar heat of vaporization AH,:

The heat required to vaporize one mole of liquid.
Molar heat of fusion AHj,:

The heat required for the fusion of one mole of a solid.
Molar heat of freezing AHqjiq:

Heat resulting from the conversion of one mole of a substance
from the liquid state to the solid state.
Molar heat of condensation AH,,,q: Heat resulting from the
conversion of one mole of a substance from the gaseous state to the

e H O

4

AH,p = +40.7k]

PN - A

Sl e

AH{LE _—

liquid state.

AHg9= —6.01K]
-------------- £ A—

Q1l:
diagram shown below?

Which of the following statements is not correct according to the

Sl JSB o 1) Ao p8 L0 @i el

AHl-nlld
H06

A. The AH values of the molar enthalpy of vaporization and the
molar enthalpy of fusion are positive

gl 5 adly el Al 5 a0 AH a8 00S A
el

B. The AH values of the molar enthalpy of condensation and
|_molar enthalpy of solidification are negative

aaadll A pall § ) jadly illll A5l 5 ) 2l AH ad 0555 B
'

C. The molar enthalpy of solidification and the molar enthalpy of
fusion have the same numerical values but with opposite
signs

ol s 0y ) 8 s Ll e €
gl o] S (g el gl 3 1ol )

7N

.\The molar enthalpy of condensation and the molar enthalpy of
aporization have the same numerical values with same sign

Tl g S g 0 i Tl 5 50
L A Ay el g 1 a0 sl

Q2: Select the CORRECT thermochemical equation for the vaporization of ethanol

a CoHsOH(l) — CHsOH(g)  AHyqp = 38.56 kJ

CZHQOH(Q) — C2H5DH(|.) AH\J‘dp=38'56 kJ

Q3: The heat required to melt one mole of a solid substance is the

CzHBOH — CzHDOH AHV =38.56 kJ

ap

C;H50H(g) — CoH50H(L)  AH,zp, = -38.56 kJ

molar enthalpy of solidification

molar enthalpy of condensation

molar enthalpy of fusion

molar enthalpy of vaporization




Q4: Select the CORRECT thermochemical equation for the solidification of methanol.

a CH3OH(l) — CHz0H(s) AHg|iq = -3.16 kJ CH30H(s) — CH30H(l) AHsq|iq =-3.16 kJ

CH30H(s) — CH30H(l) AHsqiq=3-16 kJ CH30H(l) — CH30H(s) AHsgiq =316 kJ

Q5: Select the CORRECT diagram that represents the enthalpy change in a vaporization process.

H.O(gas) H, O (liquid) H, O (liquid)

5 e 2 = H,0(gs

> = = =

g AH>0 & AH<0 = AH>0 z AH<0

£ £ £ 2

& @ & &

H, O (liquic) H, O (solid) H,O(solid) H, O (liquid)
Textbook+ table 3 + example problem 4 + practice

6 CHM.5.5.01.006.07 Define enthalpy (heat) of combustion, AHcomb, while determining on what basis it is defined problsmsp P

Molar heat of combustion AH omp: The change in enthalpy upon complete combustion of one mole of a
substance.

The enthalpy of combustion always negative (exothermic)

The reactants should contain one mole of reactant and any amount of oxygen.
1A +x0, ———» product(s)

Example : Hzig; + 1/202(,;; —> HZolgl

CH4{g} + 202(3} — COZ{g} +2H20{E}

Q1: [dentify the thermochemical equation that correctly represents the combustion reaction.

2C,Hg + 70, — 4C0O, + 6H,0  AH=1,560 kJ CsHglo) + 50,(g) — 3C0,(g) + 4H,0() AH=-2,220kJ

Fe(s) + Oy(gJ — Fe;O3(s) AH=3,926 kJ 2CgH4g + 250, — 16CO, + 18H,0 + 5,471 kJ

Q2: which one of these equations doesn't represent a combustion equation?

(*) 2NOy + 02y ——» 2NOzy * SOy + Y2029 — SOz

* Cy + /202 —> CO2 * Sgg + 802 —> 8502y



Q3: Which of the following represents the correct diagram for a combustion reaction?

-~ -

E £ 2 £
2 2 - 5 g
2 AH>0 3 AH>0 g AH<0 2 AH>0
5 5 s g
. i}
7 CHM.5.5.02.002.01 Calculate, using Hess's law, the AH of a reaction Textbook+ example problem 5 + practice problems

Q1: Which of the following statements must be considered when applying Hess's Law?
I: The enthalpy change is proportional to the quantities of reactants and products.
IIl: If a reaction is reversed, then the sign of the enthalpy change value must also be reversed.
IIl: Changing the physical state of any reactant or product will involve an enthalpy change.

Il and I land Il I, 11, and Il only |
Q2: Using standard enthalpies of formation what is the AH.p, $ofind) ) gin! Jolitl AR, Lo o) 05 ) s Uisita
for the combustion of methane?
CHag + 202 - €02 + 2H20y)
AH’ f{COZ] =-394 k)
A f (H20) =-286 k)
AH f (CH4) =75k
A -605k
B. -640k
(c) -s91k
D. 1041k
Q3: How much is AH of the following reaction? €00 Jelicll AH dad L
€Oy + ZHyy — CH30H, €O, + ZHz(,, — CH30Hy,
Use the thermochemical equations (a, b and c) shown below slial Aol gali ¢ g b vl At adl Alash) el sadied
a €Oy +30z0 — COyg AH = — 284 k]
Hyg) + %Ozm = H0¢) AH = — 286 k]
CH3OH, + 3 0yy) = €Oy + 2H30y AH = —727 K]
+157 K
-1297 kI

+1051 kJ



Textbook + figure 15 + table 5

CHM.5.5.02.006.01 Define standard enthalpy of formation of a compound, AHf, while determining on what basis it is defined

Q1: What is meant by the standard heat of formation AH%f?
The change in enthalpy that accompanies the formation of one mole of a compound from its elements in their
standard state.

Q2: what are the Conditions for the heat of formation equation?

1) The product should be only one substance.

2) The product should be one mole.
3) The reactants should be elements in the standard state (1atm pressure and 25°C)

binary molecule elements

Al ,C, Na, Fe...etc.

H,, N, ,0;,, F, ,Cl,, Bry) , Is)

The standard heat of formation is calculated experimentally by assuming that the elements in their

standard state have a AH%f = 0.0kJ

Q1:
Which of the following represents the standard enthalpy of ) (o A ol Al (11955 ) 2 o ks
formation for the compound formed in the following reaction? AR
Nz + 2054, — 2NOy, AH = + 66.4 k]
b. 2C0( + 03¢ — 2C0;, AH = — 568 k]
éHEiEI +éF2<ga - HF, AH = — 273 K]
A S05.,, + Hy0, — Hy504, AH = - 814 K]
Q2:
DAL ) o gl A (13551 o

Which of the following represents the standard enthalpy of

formation for the compound formed in the following reaction? A

1

a. CO(B’ + 502{5; - COZIsl

1
H?-t;: - g 502(51 - H,0,

¢.  CH30H,, +3 0, — COyy + 2H,0,

d. CO() + 2H;,;, — CH3;0H),



9 CHM.5.5.02.008.04 Predict the change in the entropy of a system, [AS]_System (According to a set of rules) Texthook+ practice problems

Ql:  In which of the following changes the sign of the change in AS is negative?
* CiwoHsis) —» CiuoHsqy * NaClsy — Na'‘ag) + Clg)

B 2CO@ + 02 —> 2CO2g) * 2NO2 —» N2 + 2029

Q2: Which of these statements increases the entropy of the system?

I - When the system size increases.
II - When the energy increases.
III - When the number of particles or their freedom of movement increases.

IV - change matter from liquid to solid.

* TandII * 1,1 and IIT * I and IV *1,HandIV

Q3: Consider the chemical reaction represented in the equation below:

4NH4(g) + 50,(g) = 4NO(g) + 6H,0(qg)

Identify the option that best describes the entropy of the system.

system

‘ Spmdutzs >S5 reactants AS system =8 S reactants = 5 products A S <0

Q4: |dentify the statement(s) below that correspond(s) with a negative entropy change.

» Statement |: The disorder decreases during the process.
» Statement ll: The entropy decreases during the process.
« Statement lll: During the process:

Sfiﬂal > 3

initial

Il'and IlI only Il land Il only |

Q5: Consider the chemical reactions below. Identify the process for which:

AS < 0

system

CaCoO ,(s) = CaO(s) + CO,(g) 2NO,(g) = N,0,(g)

NaCl(s) + H,O0(l) - NaCl(aq) H,0(s) = H,0(g)



CHM.5.5.02.009.04 Calculate free energy change, AG, when AH, AS , and temperature (in Kelvin or Celsius) are given while determining whether Textbook+ table 6 + example problem 7 + practice
reaction is spontaneous or nonspontaneous problems

A(;System = AHSystem - TASSystem

If (AG negative) the reaction is spontaneous
If (AG positive) the reaction is not spontaneous

Ql: If you know that AS=322J\K and AH=145KJ for a reaction, the minimum temperature in
Kelvin that makes the reaction spontaneous is?

* 375K * 382K * 415K * 451K

Q2: If you know that the value of AS = -22J\K and the value of AH = -74.5KJ for a reaction,
which of the following is true?
* The reaction Always spontaneous
* The reaction Always not spontaneous
* The reaction spontaneous at high temperature
he reaction spontaneous at low temperature

Q3: The following reaction CsHizg) + 802 —» SCO2g + 6H20g + 3535.6 kJ is
‘Always spontaneous
* Always not spontaneous
* Spontaneous at high temperature
* Spontaneous at low temperature

Qs For a process, the enthalpy change of a | ) a) sl st 550 ole dlaa] dnilly
system is 1.25 x 10° ] and the entropy LB )y 125%10°) g ol
change is 300.0 J/K. Calculate the free 300.0 J/K»
energy change of the system at 290 K. 290K sie 2Uaill jall Wk 5 sl
A 8.7 X 10°)
(8) 3.8x 10°)
C. 1.2x10°)
D. 1.2x10*)
Q5: PR
Fora process, AH ysen = 145Kl and 08,50 = S2JJK 3 A = 15K e At
1S gpn= 321K, 380K 85 06, Ml
What s the value of A6y, at 3827 |
@16=+1
B. 4G =-22KI
C AG=+2TTK

D.AG=-277K




QG' Copper (Il) sulfide reacts with oxygen under standard ld Gigyla Jha Sy aa (1) Qalasl) 25,8 Jeli,
conditions to form copper (ll)sulfate as shown in the colal Akl L3 LS (1) Sulah) ool € yaSal

equation below. Which of the following is comrect? fmina b Lea
CuSs + 20, —» CuSOyy

AH = —718.3kJ  , AS%, = —368.0J/K

(RSG5 e / 3560 Adead
Process (Spontaneous / Non—Spontaneous) AGE (kJ)
Nonspontaneous agah e 71275 A
Spontaneous sk -609.0
Nonspontaneous it e +571.8 C
Spontaneous st -571.8 D

CHM.5.4.02.003.02 Explain the effect of changing the concentration (Adding reactants or removing products or adding products) on an equilibrium
" system Textbook+ fiqure 12, 14

CHM.5.4.02.003.04 Explain the effect of changing temperature on an equilibrium system

* Increasing of reactants concentration prefer the forward reaction (vice versa)

* Increasing of products concentration prefer the reverse reaction (vice versa).

Q1: Which of the following statements_is true for the following equilibrium reaction if the concentrations
of NHs(, decrease?

Ny + 3Ha <—= 2NHs
a) The concentration of N, increases. C) The reverse reaction preferred over of forward
rection.

b) The concentration of H, decreases. d) The value of the equilibrium constant K.,

decreases.

Q2: Which of the following statements is true for the following equilibrium reaction when some of HCl has been
added to the reaction?

4HC|(g) + Oz(g) 4:’ 2H20(|) + 2C|2(g)

a) The concentration of O, increases.  C) The forward reaction preferred over of reverse rection.

b) The amount of H,0 decreases. d) The value of the equilibrium constant K, increases.

Q3: Select the CORRECT answers.

Consider the equilibrium: (L‘(:(HEO)E:,_Z'“(-a(|) +4Cl™(aq) = CoCl,2 (ag) + 6H,0()

The aqueous solution of O.')(HED)E,Z+ is pink, and that of CoCL,2™ is blue.

What changes would occur when more water is added?
CoCl,*(aq) Co(H,0),7'(aq)

The solution turns purple. The equilibrium remains the same.

The solution turns blue. The equilibrium shifts to the left. 7

The solution turns pink. 7 ’ The equilibrium shifts to the right.



Q4: What changes would occur to the equilibrium and equilibrium constant (Heq) if we double the concentration of the products?

The equilibrium shifts left, and K,q doubles. The equilibrium shifts right, and K. doubles.

The equilibrium shifts right, and Kgq halves. The equilibrium shifts left, and Kqq remains the

Same.

* Increasing temperature, the reaction shifts away from the heat side .

_
A+B «—C+ D+ heat (exothermic reaction)
_—
A+B+heat — C+ D (endothermic reaction)

* Decreasing temperature, the reaction shifts toward the heat side .

—p
A+B «— C+ D+ heat (exothermic reaction)

e
A+B+heat &—— C+ D (endothermic reaction)

Ql: Select the CORRECT answer.
Consider the equilibrium below:
Co(H,0)s""(aq) + 4Cl™(ag) = CoCl,” (aq) + 6H,0(1)

A Co (HEO)é2+ solution has a pink color.
A CoCl,* solution has a blue color.

When we freeze the equilibrium mixture, the solution's color turns pink.

Which option about the enthalpy of the forward reaction is CORRECT? Co(H,0),”(ag)  CoCl*(aq)
AH=0 a AH > 0 o
AH <O We cannot tell the sign of AH.

Q2: ) sider the exothermic reaction: 250,(g) + 0,(g) = 2504(qg)

Which change would shift the equilibrium to produce more SO3?

decrease pressure remove oxygen gas

decrease temperature v increase temperature




Q3: In this equilibrium: Clyg) + SO, < SO,Cly) + heat
Determine the true statement when the reaction heated?

* The value of Keq increases * The equilibrium will shift to the right.
* The concentration of SO, decreases The equilibrium will shift to the left.

Q4: In this equilibrium: Ny + 3Hy > 2NH;3,  AH =-92KJ
Which of these statements not true when the reaction cold?

The value of Keq decreases. * The concentration of NHj; increases.

* The equilibrium will shift to the right. * The concentration of H, decreases.

12 CHM.5.4.02.003.03 Explain the effect of changing the volume and pressure on an equilibrium system

Textbook+ fiqure 13

1) Only the gaseous state(g) is affected by pressure or volume changes.
2) Remember that increasing the volume means decreasing the pressure (and vice versa).

3) Increasing pressure (increases concentration) (decreasing volume):

The equilibrium is likely from the side of the most gaseous moles to the side of the least gaseous moles.

(And vice versa).
QL yyich equilibrium reaction would NOT be affected by changes in pressure?

2H,0(g) = 2H,(g) + 0,(q) 250,(g) + 0,(g) » 25054(q)

N,(g) + 3H,(g) =2NH;(g) 2HI(g) = H,(g) + L,(g)

Q2: Which of the following equilibrium reactions shift to the left when the volume of reaction

container increase?

N,04(g) = 2NO,(g)
a) only1 )y 2,3

b) 1,2,3 @ only 3

PCls(g) = PCly(g) + Ch(g)

E COg *+ 3= CHyy + 2H,0)

Q3: depending on the following equilibrium reaction and the picture.

CO(g) + 3H»(g) = CHy(g) + H20(g)

If the piston is lowered What of these is happened?

@The concentration of CH, increases
* The reaction shifted to reactant
* The concentration of H, increases
* The value of Keq decreases




13 |CHM.5.4.02.006.01 Calculate the value of equilibrium constant given the concentration data ata specific equilibrium position Textbook+ example problem 4 + practice problems

Ql: Consider the equilibrium concentrations: CO(g) + Cl,(g) = COCl,(g)
[CO]eq =0.012M

[Clyleq = 0.054M
[COClyleq = 0.14M

The value of the equilibrium constant (K,g) is equal to
* 216 * 323 * 16.4 * 0.56

Q2: Select the CORRECT answer.

Consider the equilibrium constant:

_[B,lic,]
T AP
To which equation does this equilibrium expression apply?
A, = 2B +2C B, +Cy = 2A 2B+2C=A; azA:\BZ+C2

Q3: If you know that the Keq for the reaction 2NO;) == Ny + Oy at a temperature of

2000 °C is 100, it is found at equilibrium that the concentration of N, and O, Respectively was
4mol/L of and 0.3mol/L of .Calculate the [NO] in the vessel at equilibrium?

* 0.11 * 0.12 * 145 * 0.86
Q4:
The reaction 250, + Oyg = 2505, reaches s J duay 280y + Oyg = 2503 Lol
equilibrium, If the equilibrium concentrations are: b O] e SISO (Y

[SO] = 0.0170 mol /L
[0:]= 0.0230 mol / L
Keq is 4.32

[0,] = 0.0230 mol /L SO, - 0.0170 mol /L
432 Jolil) i) Keg o) call

What is the equilibrium concentration of SO, in mol / L fmol /L susy S5 J 1 S5 L

* 0.00536 * 0.0342 *0.124 * 0.016



CHM.5.4.02.008.01 Calculate the molar solubility (concentration) of a sparingly soluble ionic compound using the solubility product constant, Ksp

problems

Textbook+ examples problem 5,6

+ practice

Q1l:

Q2:

Q3:

Q4:

The compound lead(ll) iodate (Pb(103),) is slightly soluble in water at 298 K.

The dissolution reaction of lead(ll) iodate is:

Pb(103), = Pb?* + 21057 K., =2.6x 107"

Calculate the ion concentrations present in the saturated solution at 298 K.

[Pb%*] =2.6 x 10713 mol/L _ [Pb?*]=8.04 x 107> mol/L

[10:71=5.2 x 10713 mol/L " [1057] = 4.02 x 1072 mol/L
3 3

[Pb2*] = 4.02 x 107> mol/L ~ [Pb¥*]=6.38 x 107> mol/L

[1057]=8.04 x 107 mol/L v ~ [10571=1.28 x 107> mol/L

The dissolution equilibrium of barium bromate (Ba(Br0z),) at 298 K is:

Ba(Br0s),(s) = Ba*(aq) + 2Br0s™(aq) Kp=2.43 x 107*
Calculate the solubility of barium bromate at 298 K.

O s=2.43x10"* mol/L () $=6.08x 1072 mol/L

$=2.02 x 107> mol/L ﬂ $=3.93 x 1072 mol/L

Consider the following dissolution reaction:
Ca5(PO,)5(0H)(s) = 5Ca®*(aq) + 3P0, ~(aq) + OH™(aq) K, =6.8x 107
The concentration of hydroxide ions (OH™) is 2.72 x 107 M.

In this case, the calcium ion (Ca%*) concentration will be| 1.36 x 1074M v v |

Consider the following equilibrium at 298 K: PbF,(s) = Pb%*(aq) + 2F (aq)

At equilibrium, the concentrations of the ions are:
[Pb2*] =2.17 x 1073 mol/L
[F]1=4.35x 1072 mol/L

The solubility product constant is: | Ksp = 4.11 x 1078 v




15 CHM.5.4.02.008.04 [dentify whether a precipitate will form or not (by calculation and using relation between Ksp and Qsp) Textbook+ example problem 7 + practice problems

Q1: Wwhich statement is NOT TRUE when Qs < Kgp?

More of the ionic compound can dissolve. ﬁ The solution is saturated and at equilibrium. v

A solid precipitate doesn't form in the solution. The reaction favors the forward process.

Q2: Will a precipitate of Mg(OH), form when 250ml of 0.20M MgCl, are mixed with 750ml 0.0025M NaOH?

12
Ksp Mg(OH), = 5.6x10

( a precipitate will form and Qsp = 1.76 x 107

Q3: When mixing 100ml of 0.020M Pb(NOs), with 100ml of 0.01M NaCl, a precipitate of PbCl, is predicted.
Which of these statement is true ? ( given that Ksp for PbCl, 1.7x107)

( a precipitate will form and Qsp = 2.5 x 107 )

Q4:  |f an equal volumes of the solutions .0322 M CaCl, and 055 CaCly Jylaa (a dugludia pgaa 23 313
0.0145 M NaOH are mixed, a precipilale of Ca(OH), J st 0.0145 M 5555 NaOH Jyhsay 0.0322 M

is predicted. Which of the following is true? | L
p 9 ?:,n...a .rlL Lag éi CH(OH)« Ol O

Solubility Product Constants at 298 K for the  Ca(OH); (Sl 298 K 2 141'4\;! Juala b
compound Ca(OH), (Ksp = 5.0 x 10") (Ksp =5.0 x 107

@sp = 8.5 x 107 and a precipitate will not form>) (»wu osuYe@Qsp =8.5 @

Qsp = 2.6 x 10™ and a precipitate will form Gady gy Q8P = 2.6 X 107

Qsp = 4.9 x 107 and a precipitate will form ) OsSy Q8P = 4.9 x 1077

Qsp = 2.5x 10" and a precipitate will not form ey s Yy Q8p = 2.5 x 107



16 CHM.5.4.01.020.01 Calculate the average reaction rate using the rate of consumption of reactants or the rate of production of products Textbook+ example problem 1 + practice prablems

A [reactant]
At

Q1: Nitrogen dioxide forms from dinitrogen tetroxide. The concentration of nitrogen dioxide

Average reaction rate = -

increased to 0.06 Min 30 seconds.
What is the average reaction rate of nitrogen dioxide formation?

* 0.002 M/s * -0.002 M/s * -500 M/s * -500 M/s

Q2: |t takes 25 seconds for half of a reactant (called A) to be consumed.
- [A]4 is the concentration of reactant A at the start of the reaction.

- [A], is the concentration of reactant A after 25 seconds.

The expression for the reaction rate will be:

R YE [A]2 [Al2
50 50 " 50

Q3: Consider the reaction: A— B
The concentration of A at 20 seconds is 0.54M and at 40 seconds is 0.30M.
What is the average rate of reaction over this time interval?

—0.012M/s a 0.012M/s

0.006 M/s —0.006M/s

Q4: The concentration of a reactant dropped from 1M to 0.6 Min 15 seconds.
What is the reaction rate of this reaction in M/min?

—0.00044M/min a 1.6M/min

0.00044 M/min —1.6 M/min




18 CHM.5.4.01.006.01 Use the method of initial rates to determine the order of a reaction with respect to each reactant

Textbook

Q1:  Select the CORRECT answers from the drop-down menus.

The rate law of the one-step chemical reaction A — B is expressed as: rate = K[A]™

For a first-order reaction, the exponent mis equal tou and the unit of the specific rate constantis| s « v|.

Doubling the concentration of the reactant A| doubles ./ w [the reaction rate.

Q2: The reaction 3X + B —» D occurs at a temperature of 30 °C and its rate law is R=k[X]? ,
When the concentration of X is doubled, the rate will

* Increase 2 times * Increases 8 times * Increases 4 times * stay as it was

Q3: The following reaction occurs in one step: 2X + 3Y —» X,Y3.
Which of these equations represent the reaction rate law?

* R=k[X]2[Y]3 * R=k[X]%[Y] * R=k[X,Y3] * R=k[X]2

Q4: consider the multi-step reaction between nitrogen monoxide (NO) and hydrogen (H))
INO(g) + 2H.(g) — N.(g) + 2H.O(g)
If INOJ doubles, the rate quadruples; if [H.| doubles, the rate doubles.
. The reaction is described as

* Second order in NO, first order in H, * fourth order in NO, Second order in H,

* Second order in NO, Second order in H, * first order in NO, first order in H,

Q4: In the following reaction: 2X + 3Y —» X,Y; it was found that doubling the concentration of X the rate of

Reaction quadruple, doubling the concentration of Y the rate of reaction doesn't change.
Which of these equations represent the reaction rate law?

* R=k[X] * R=K[Y] * R=k[X]?[Y] * R=k[X]?

Q5: Determine the overall reaction order for the following reactions?

Reaction Rate Law Equation Overall Reaction Order
reaction 1 rate = A{A][B] | second \/I
reaction 2 rate = A[A]?[B] | third v |
reaction 3 rate = K[A]?[B]? | fourth v |




Text book + practice problems

19 CHM.5.4.01.006.01 Use the method of initial rates to determine the order of a reaction with respect to each reactant

Q1: Select the CORRECT answer.

2NO(g) + 0,(g) — 2NO;(g)-

[NO] [0,]
Experiment Initial Rate (mol/(L-s
P (mol/L) (mol/L) (el
Trial 1 0.15 0.15 1.03
Trial 2 0.15 0.3 2.06
Trial 3 0.3 0.3 8.24
The rate law: rate = k[NO]Z[Oi]. A The rate law: rate = !([NO][Oz]z.

The rate law: rate = K[NOJ,[05]. The reaction is zero order in O,.

Q2: Consider the chemical reaction: A+B —C+D
Quadrupling the concentration of the reactant A increased the rate by a factor of 16.

What is the order of the reaction for reactant A?

Q3: Consider the following second order reaction: CH3CHO(g) — CH,(g) + CO(g)

Which of the following is the CORRECT rate law equation for the above reaction?

rate = 2k[CH5CHO] rate = K{CH3CHOJ?

rate = K{CH3CHO]

Q4: The following table expresses the experimental results to measure the rate of the

following reaction: X + B—C -
Reaction .
_ - Rato (1\'4 ) | BIM [ [XI M | experiment
The reaction rate law is :
0.03 0.2 0.2 1
* R=k[X]? * R=k[X]%[B] 0.12 0.2 0.4 2
0.12 0.4 0.4 3

* R=k[B]? * R=k[X]?[B]?



20 CHM.5.4.01.005.06 Write the unit of specific rate constant (k) for different orders of reaction Texthook

Derivation of the unit of specific rate constant (k)

k= (|./I'I‘IO|)T'1 .51 where T = total order (n+m)

Q1: cConsider the following zero-order reaction:

What is the unit of the specific rate constant?

mol/(L-s) S L/(mol-s)

Q2: The unit of specific rate constant (k) for a reaction is M3.L3.S, the total order of the reaction is:

Q3: The reaction 3X + B— D occurs at a temperature of 30 °C, and its rate law is R=k[X]3 ,
The unit for the specific rate constant k is :

* L/mol.s * mol/L.s * LZ/moIZ.s * moIZ/LZ.s

Q4: A reaction with first order ,the unit of the specific rate constant is:

* L/mol.s * mol/L.s * g1 * moIZ/Lz.s



Select the CORRECT answer.
Identify the state of the substance when it is at the stage marked in red on the heating curve graph.

o 100 / ----------
Z‘- 0t R
& |
Heat added
liquid state o () gaseous state
solid state ) both liquid and gas
The energy that is stored in a substance because of its composition is called
kinetic energy a chemical potential energy v
elastic potential energy (0)  gravitational potential energy

A 15 g piece of cadmium metal (Cd) absorbs 134 J of heat, raising its temperature from 24°C to 62.7°C.

What is the specific heat () of cadmium?

0.231 J/g-°C o () 0.142 J/g-°C

0.103 J/g-°C () 0.372 J/g-°C

Which of the process below is spontaneous?

. ice melting at a temperature below 0°C

[ water freezing at a temperature above 0°C

ice melting at room temperature

() water freezing at room temperature

Study the graph below. Which statement is TRUE about the chemical reaction that it
represents?

ree Energy



What does the second law of thermodynamics state?

The amount of energy in the universe does not change.

Entropy in the universe decreases with time.

Energy in the universe is neither created, nor destroyed.

Entropy in the universe increases with time.

The activation energy of the reverse
reaction is

40 kJ/mol

potential energy

‘-20 kJ/mol



Drag and drop the correct option to
complete the sentence.
Study the energy diagram.

The forward reaction is

endothermic and AH=+50 kJ\/ ]

endothermic and AH=
+225kJ

exothermic and AH=

50 kJ

exothermic and AH =

Anar .1

PE
(kJ)

225kJ

3
50 kJ

progress of the reaction

Select the CORRECT answer from the drop-down menu.

The graph represents the change in the product's concentration over time.

The instantaneous rate at 20 seconds =| 0.83 mol/(L-s) « v

v

Concentration of Product (mol/L)

4
504

404

304

204

104

10

20

30

40

50
Time (s)

60



Which option describes the instantaneous rate?

changes in the [reactant] over time ﬂ changes in the [product] at a specific time

increase in the [product] over time (O decrease in the [reactant] over time

Which reaction will not reach a dynamic equilibrium state?

N(g) +20,(g) = 2N0,(q) O S0,Cly(g) = SO,(g) + Cly(g)

H,0(g) + C(s) = Ha(g) + CO(g) H 2CHz0H(g) + 305(g) — 4H,0(l) + 2C05(g)

Select the CORRECT answer.
Which of the following statements apply to reversible reactions?
I: The reaction does not go to completion.
Il: The reaction is indicated with a double equilibrium arrow (=).
lll: The reaction occurs in both the forward and reverse directions.

IV: The reaction stops when one or all reactants are used up.

statements I and IV ﬂ statements |, Il, and IlI

statements Il and Il () statements I, lll, and IV



Which equilibrium constant refers to a reaction mixture containing almost equal amounts of products and reactants at equilibrium?

Koq=15x107" ﬂ Koq=9.9x 107" i

Koq =8.6x 10° O HKog=1x107?

The decomposition reaction of 0.3M sulfuryl chloride gas (SO,Cl,) was performed at 100 °C:
S0,Cly(g) = S03(g) + Cly(g)  (Keq =0.078)
The experiment was repeated, starting with 0.9M of SO,Cl, gas.

The value of the equilibrium constant in the second equilibrium will be | Koq =0.078 o v |

Select the CORRECT answer. reactants = products
The graph shows the variation of the coneentrations in a reaction mixture with time.

H
Which statement about the equilibrium represented in the graph is TRUE? E
‘I'Im:

At equilibrium, [products] > [reactants]. __ Atequilibrium, the constant Kgq = 1.
H At equilibrium, the constant Kyq < 1. Y ) Atequilibrium, [reactants] = [products].
Consider the equilibrium: 2NO(g) + 0,(g) = 2N0O,(g) K,q=2.25 x 102
Which statement about the equilibrium is TRUE?

The equilibrium constant is very low. (O The equilibrium favors the reactants.

The reaction mixture contains more reactants. u The equilibrium favors the products. Ve




Which physical states would exclude a substance from the equilibrium constant expression?
- gaseous state (g)

- liquid state (1)

- solid state (s)

- aqueous solution (aq)

gaseous state (g) and aqueous solution (aq) O liquid state (l) and aqueous solution (aq)

H solid state (s) and liquid state (1) 4 (O gaseous state (g) and liquid state (1)

When you heat solid sodium bicarbonate in closed vessels, the following equilibrium will be established:
2NaHCO3(s) = Na,COs3(s) + CO,(g) + H,0(q)

Which equilibrium constant expression for this reaction is CORRECT?

[ NaHCO ,]? g = [Na,CO,]
¢4~ [co,][H,0][Na,CO,] =% [ NaHCO 4)?

K

_ [co,][H,0][Na,CO]
o [ NaHCO ,]?

Keq=1C0,][H,0]

Bromine (Br,) is a liquid at room temperature. Bromine evaporates at high temperatures until it reaches
equilibrium.
Bra(l) = Bra(g)

Which statement about the reaction is TRUE?

() The equilibrium constant K is equal to [Bryljiquig- () The equilibrium constant omits [Brylgas.

ﬂ The equilibrium constant K is equal to [Brg]gas. 7 ’ () The equilibrium is a homogeneous equilibrium.

Which equation is an example of a heterogeneous equilibrium?

ﬂ c(9) +25(0) = C5,(0) v ’ O 250,(9) + 0,(g) = 2505(g)

30,(g) = 203(9g) O 2H,0(g) = 2H;(g) + 05(g)



Which equation is an example of a homogeneous equilibrium?

ﬂ HSC,H,0H(aq) = H*(aq) + SC,H,0H(aq) v O CyHs0H(l) = C,Hs0H(g)

H,0(l) + SO3(g) = H,S04(aq) O H0(g) = H0(1)

In which of the following cases would the equilibrium be disturbed?
case |: reactant is added

case ll: reactant is removed

case lll: product is added

case IV: product is removed

E cases I, II, 11, and IV v () casesllland IV

(O cases landll (O cases land Il

How would the equilibrium constant (Keq) change when we remove some of the products?

H stays the same i (0 drops to zero

() decreases () increases

Consider the reversible reaction: Ny(g) + 3H»(g) = 2NH3(g)

When would this reaction reach equilibrium?

when the concentration of NHz increases _when the concentrations of Ny, Hy, and NHz are
equal
when the concentrations of N, and H, decrease when the concentrations of N,, H,, and NHz remain

constant

v/




Select the CORRECT answer. 1
Consider the following equilibrium: N20,4(g) = 2N0y(g) ¢ (
E NO,
The graph shows reactant and product concentrations until chemical equilibrium is g sl N.O
reached. 8 —
c
Q
(&}
How would the graph look at the new equilibrium if we remove half of the reactants? g .
Time
1 1 Ne
s NO s
c ) o
S S
© s
E 051 E 05
8 8
& N0, 5
o o
N,0,
0 - 0 .
Time Time
NO
s % - i
§ §
2 2 NO,
g 051 N0, LR |
O, v
&) &)
0 > 0 -
Time Time
Which of the following statements apply to the removal of reactants?
I: The equilibrium shifts in the direction that forms more reactants.
ll: The rate of the reverse reaction increases.
[ll: The equilibrium shifts to the left to restore balance.
IV: The rate of the forward reaction increases.
statements |, lll, and IV () statements | and Il

H statements |, Il, and Il v () statements |l and IV




Consider the following equilibrium:
Ag,Cr0,(s) = 2Ag*(ag) + Cr0,°(aq)

Which solubility product constant expression is CORRECT for this reaction?

_[Ag*17[Cr0 7]

Ksp = 2[Ag*][CrO,27] p
SP7 [Ag,Cr0,]

H Kp = [Ag"1°[Cr0,27] V| O HKp=lagiicro,”]

Consider the solubility product constant expression: K, = [V3*12[co52 713

Which balanced dissolution equation is represented by the K, expression above?

H V,(C0O3)s(s) — 2V3*(aq) + 3C05%"(aq) N O V,(COz)s(s) — V3*(aq) + CO5°(aq)

V,(CO3)s(s) — 2V?*(aq) + 3C05>"(aq) V3(CO3),(s) — 3V3*(aq) + 2C05>~(aq)

Select the CORRECT answer.
Consider a slightly soluble ionic compound with the general formula A;Bs.

Which option represents the Ky in terms of the solubility "s"?

Kop= 25 Kp = 108s°

Kyp=275° u Kyp = 10857 Z




Study the table below:

lonic Compound Ksp
barium sulfate (BaS0,) 1.1 x 10710
lead(ll) sulfide (PbS) 2.5 % 10727
barium fluoride (BaF5) 10x10°°
mercury(ll) sulfide (HgS) 1.6 x 10722

Which option ranks the salts from the LEAST soluble to the MOST soluble in water?

PbS - HgS - BaSO, - BaF, () BaF;-BaS0, - HgS - PbS

HgS - PbS - BaS0O,, - BaF, o () BaF,-BaS0, - PbS - HgS

Consider the following solubility equilibrium:
Ag,Cr0,(s) = 2Ag*(aq) + Cr0,2~(aq) Ksp=1.1x 10712

Which option describes what happens when K,CrO, is added to a solution containing Ag,Cr0,?

decreases the solubility of K,CrO, () favors the dissolution of Ag,CrO, precipitate

shifts the equilibrium to the right H decreases the solubility of Ag,CrO, v

Which statement about the ion product of a slightly soluble compound is TRUE?

OB (s, uses ion concentration that can vary in solution. . ’ O Qgpis calculated at equilibrium.

Qsp is a constant value. O Qspisalways equal to K.



Consider the following equilibrium:
CaS0,(s) = Ca®*(aq) + SO,% (aq)

Which substances can decrease the solubility of CaS0,?

either Ca(NOz), or CaSO, (O either CaS0O, or Na,S0,

either Ca(NO3); or H,S0+ H either Ca(NQ3z), or Na,S0,










