CHM.5.5.01.001.07 Perform interconversion between units of temperature and heat

Textbook + example problem 2 + practice problems

How much energy in joules is supplied by a
breakfast containing 170 Cal?

$170 Caly 525 M) Ay g Koy A1 (1) Jgd Ban gs ARGD )ska L

170 J

711 J

711 x10%J

1.7x10%J

0101010

I Which of the following statements is true about the

two figures in the table below?

Falial Jgaadl 3 CulKAIl lay Lad dssaas 400 oLl (o

150 Cal

The energy in X is greater than in Y

The energy in Y is 3.6 x 10° J

The energy in X is 355 Cal

The energy in Y is greater than in X

-~

5.0 x10°J

Y Aleie psEX 8 astal
3.6 x 10° J (gld Y 3 asl
355 Cal (gla X 3 aslkl

X &lea 5sTY s




Which of the following contains the highest TCB}@FHGM@MN&@&;@M@T
nutritional Calories?

Learning Outcomes Covered i

o CHM.5.501.001

10 Cal

9600 |

B T

n

| P -

B6.S5 kK

B




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

A 355 g sample of unknown substance was heated
from 22.4 °C to 43.6 °C the substance piece absorbs
6.75 kJ of energy.

Using the table below, which is the substance?

Substance | duaal a gaialYl 2l
Gold Silver Aluminum Iron
Specific heat 0.129 0.235 0.897 0.449
d.
Iron ual)
b. ! :
: Aluminum syl ;
.
Silver Ll
d.
Gold wadl




When a 360 g piece of hot alloy is placed in 425 g

of cold water in a calorimeter, the temperature of the
alloy decreases by 2()5°C, while the temperature of the
water increases by 18.7 °C.

What is the specific heat of the alloy?

Specific heat of water= 4.184 (J/g.°C)

0.129 J/(g-°C)

0.235 J/(g.°C)

0.380 J/(g.°C)

0.450 J/(g.°C)

______________________________________________________________________________________________________________________




lime. what Is (he mass of the piece ol on (9) whose
temperature increases by the same amount as the
piece of aluminum?
sl - apsiall B0l
Iron Aluminium Substance
........... 47.0 9 Mass aksl
0.445 0.897 dae gill 5lpall
Specific Heat Jj(g. "C)
30.0°C 30.0°C AT
P )
i 60 Lt i K s A A a




Equal masses of of the four metals given in the table slial (Jgand) 3 Bajlall T 1 AN e Ao glate

below were left to sit in the Sun at the same time and for Sl a5t Le Ldsie i) Bl adily ZaBgll i B
the same length of time. What is the order of the four e AN I (BY e Lehsha daya 53l

metals according to its temperature increase from

smallest increase to largest?

Py L] Py T b 3l  Saecgiaall Metal un
Calcium Strontium Lead Magnesium
0.647 0.301 0.129 1.023 J f{ 9.7C ) Specific Heat 3z ill 51al

Learning Outcomes Covered

o CHM.5.5.01.008

a.
The lowesl is calcium, then magnesium, then pord ol W8 alia )l &8 apropinall 23 asudiSH ga Y
lead, then strontium

b.
The lowest is calcium, then strontium, then caliall &5 o gseainall A5 0g2l3 Fdl W5 e sadIST) g BV
magnesium, then lead

[ =
The lowest is magnesium, then calcium, then PP US| e PPRTL e O | e PV L | [P S P POR S | Y JE
strontium, then lead

- .

‘The lowest is lead, then strontium, then magnesium, poanallSl 3 o guesiaall o8 agadifiudl &8 aleasll g 8V




If 250 g of ethanol at 75.0°C loses 4655 J of heat, 5ilall e &€ 75.0°C )l dpa Jaliy e 250

what is the final temperature of ethanol? e A0l 5yliadl dnya Lad . 4655 J
(Specific Heat of ethanol = 2.44 J/ (g. °C) (2.44 J/ (9. °C) & Il de il

Learning Outcomes Covered

o CHM.5.5.01.008

82.6°C
i
g 67.4°C :
59.5°
d.




CHM.5.5.01.002.06 Describe the two types of calorimeter (Bomb calorimeter & Coffee-cup calorimeter)
Textbook+ fiqure 5&6 12,13

In the figure below, which letter represents where the sample fadiadl dd s o5 o) SIS Jiay dll G jald) La calisl JEIN 3
is placed?

Bomb Calorimeter
Shil ymaus




Which of the following statemenis is incomect

according to the foam—cup calorimeter?

Learning Outcomes Covered

o (HM.5.501.002

a.
All reactions carried out In it occur al constan! pressure
b.
Used lo determine the specific heat of unknown metal
e
E The data to be collected is the specific heat
d.

Worked in the open atmosphere

£ 1 WA —!J" FEET Ty lej._-l ,-_.IJL'“_l'l _;'.

gy Aty il T

e 2 M Aa gl 5lall soadl it




Why is there a law-friction stirrer in bomb calorimeter T gall B AN jaiss B SNSEAY) anddie Ol jae an g 100

shown down? Talisf

To ensure uniform temperature

]
]
¥
1
i
1
1
1
]
1
i
|l

Ignition terminals

Stirrer — Thermometer
To ensure high friction creation \_) 1]

Insulation

Sealed reaction
chamber contaming
substance and oxygen
(the bomib)

To ensure the bomb is isolated from the surrounding

Bomb Calorimeter

To ensure the initiation of the 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 reactants and products, activation energy of forward and backward reactions, and enthalpy of reaction and its sign

The Heat-Pack Reaction

Heat
| surreundings
--BFe(s) 4 305(g) <--+eeverrerremaniniinniiaiiiiaaa.
= Reactants
+ AH=—-1625k)
’ _________________________ v 0 ) R SR
Product
Exothermic Reaction
AH<O0

Textbook+ fiqures 8 ,9

The Cold-Pack Process

Heat from
surraundngs

----------- NH;*(aq) + NOs (ag) -----------2---------

Products

e HENOEY -~~~ -v= v mrmmramamnseremsamsmnanmnnns

Reactant

—— Enthalpy ——

Endothermic Process

AH >0

Which of the following is true regarding the figure

below?

4Fe(s) + 30;(g) --

Reactants

e 2Fe203“) SRRESER
Product

— Enthalpy ——

The sign of enthalpy change is positive

This reaction is used in the Cold—Pack

The reaction is endothermic

This reaction is used in the Heat—Pack

Polial UK, 3lats L prpmna 3 Las (6

= =

—

—~—4Fe(s) + 305(g) ——--------- - e
alelazl) algll

gl s

R R S R e 2Fe:03(5) ------------------

L

danse ball sfaall 3 aaall 5L

5L Balasll A Jelall s padnd

5‘:1)-'.\.13 _}41-.& Jelall

AL 5aLeN 3 Jelil 1o padsnd




[Which of the following is correct about the reaction with | Sus JSEl il 4 - € caddaall 35 Jeda) Jsa b 4llll e gl
the equation: 4 -+ € ,shown in the diagram below?

1 __AH>0 | AH >0 1
(. Hyroaucts = Hreactants | H_ o < H youn -
| L. Heat flows from the system to the surroundings | Badl A Al Sa JAES 5 ad m

5;-’4‘1--
)

=
&8 = AH
i g
l';l i
e --------
A. lonly E_IF N
B.1 and Il only &2 151 .B
C. Il and lil only &l s .C
D. |1 and lii only el LI O 5
L Which of the following is correct about the reaction with Rl i gall 4 — € 1Aldaadl 53 G Jsa Baa AN (e 5
the equation: 4 — € ,shown in the diagram below? Talday
I AH > 0
"' Hpr‘odlcct: < Hrrnttnrlts ﬂ'H > O 'I
lll. | Heat flows from the surroundings to the system Hep < Hogown Al
AR A Tl Coe JEIS 31 A i
j S R
2
- AH
=
—y
‘9. |
l__ . -
A. lonly hié | A
B. | and Ill only LEE sl .B
C. Il and lii only BEM s .C
D.1 and Il only LENy1 .D




Which of the following represents the cold pack process? EEESIEEE L R LE S R R R TR R !;f

a3k G3tes
INSTANT
GOLD PAGK
e M 7 . -_.?

NH4M sy

-—-1-— Inner bag of water
shadl s pdsla S

o T EE e e

SINGLE USE DNL‘f

NH,NO,,, — NH;

+iaq) + NO3

(g

b. !
i NHyNOs(,) + 27 k] — NHy . + NO3 . ;

NH,NO;,,, + 27 k] — NH; . + NO;,

3(aq) T 27 K]

H{nq)

NH,NO;,,, — NH;

taq) + NO

A, =27k

3{nqg)




In the endothermic reaction shown below, ealzal E.a}ﬂjl Sl el el ~9’_;,
What is the heat flows direction? Paghall il slaal L

pasizelll Slliwgsl Slishy par )bl puSa)isn (o ks
a mixture of barrium hydroxide and ammonium thiocy

crystals
b zg!
a wet board
Learning Outcomes Covered
o CHM.5.5.01.004
a.i :
i From the beaker 1o the wet board and water slally (ks ol ﬁgﬂ 5 E
i i
b.
From the mixture to the universe U S
c‘ T
From the wet board and water to the beaker Rl elally adagll mplll s
d.

From the system to the sumoundings Ladl AL e




Textbook + figure 10

0,1

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

Which of the following statements is not correct according to the
diagram shown below?

Tl S gl ke a8 0D ot 1

Enthalpy

Phase Changes for Water

AH,,, = +40.7 k)

AH g = —40.7 kJ

fusion have the same numerical values but with opposite
signs

- H;O(g,
AHyy
.
-‘g :ﬂ_ AH«JHd
;00
AHy
AHops
H;m&)
A. The AH values of the molar enthalpy of vaporization and the Ay g )l AH o 8 A
__Mmolar enthalpy of fusion are positive i
B.  The AH values of the molar enthalpy of condensation and | sasdll &dsall i j sl Alll Adgdl § ) Ll A o 0555 B
molar enthalpy of solidification are negative A
C. The molar enthalpy of solidification and the molar enthalpy of Al s gl Ay )l Aol g ol €
]y el gl ) )

Tl S ) 0 ) g4

D. The molar enthalpy of condensation and the molar enthalpy of

) sy g o e

vaporization have the same numerical values with same sign




Which of the following statement is correct according to the
diagram shown below?

Solial JS& o 1alals) davaua A @i lal g

o~ SR

AH,p
23
E :,L -&H(ond
B

. H00
AHgy,
alealid
H.0()

o A ol mlill jlguall aie UL A B2 A

A. The system energy decreases as ice melts and then
evaporates

as exothermic process

B. The system energy increases as water vapor condenses saaald b plall iy iS5 aie AU A8k & B
and then solidifies
C. The vaporization of water and melting of ice are considered Al ek clde w8 jpaj sl AS alle ol €

D. The condensation and solidification of water are

considered as exothermic process

31l 5 saand sy lal) BSS illes Lts D




Using the figure below, how much heat in (kJ) is required to =58 2a0U) (kd) saag Sl 408 L colial

evaporate 156.1 g of water at 100°C? 100°C 8 a0 s el o
(The molar mass of water is 18.02 g/mol) (18.02 g/mol (gluss clall 4

Learning Outcomes Covered

o CHM.5.5.01.003

353

.
236

. 185

d.

347




. . : . ushh Textbook+ table 3 + example problem 4 + practice
b CHM.5.5.01.006.07 Define enthalpy (heat) of combustion, AHcomb, while determining on what basis it is defined pmhigmsp P 20and 22
Using the equation below, how much heat AHeomp dlinl e AHemp L3l Bl 40 Lo oolial dlsla
What mass of propane (G,H) in unit (g) is bumed fo e i () Bags (G ol S e )
G i is released by burning 154 g of CH, methane? ¢CH, ot
release 9985.5 ki of heat? tifad i 99855 K ol '
o (Molar mass of methane is 16.04 g/mol) (16.04 g/mol o (fiall idsdl 4L1)
CiHg g+ 50y —  3C0, +4H,0
Mg+ 0y — 300z + 410y CHy(g) + 20,(g) — CO(g) + 2H,0() + 891 kJ
The enthalpy (heat) of combustion of propane -2219 kd/mol & A}f_,‘;m,_ iyl gl ila)
) ! ' Learning Outcomes Covered
Aoy = =2219 kljmol (44.097 g/mol Syl &dsal 2SI, - "
Learning Outcomes Covered b
o CHM55.01.006
a
450 x 10° kJ
a.!
198.0
e s e e . et i i M i b.
b. 5.20 x 10° kJ
1544
C
b 6.70 x 10° kJ
110.3

___________________________________________________________________________________________________________




.] N
‘What is AHcomn represents? J— i ‘

[ 1 mﬂl + (\h T e e AH = AHcomn ]

[ element or compound [_nny mole number ]

Which of the following equations represents a molar combustion equation?

a. 2NOg + Oy — ZINOz

- 280z + Ozigy — 2505
C - (_‘GHIEUE{&: + 002 — 6COyy + ﬁHzU{m

= sztgl + Uztgi —) ZHIU{HJ

What is the complete thermochemical equation for the combustion of methane CHs

if you know that AHcom, =891 kJ/mol?
- CIL{;g} + 202 — CD];H + 2H:20, + 891 kJ
& ('_1H'“E: + lnzu_u + 891 kJ e f"ﬂz.;m + Z]-I;nm

e (—"0;(” + I.Hgn.[n — FH.“E; + ID;{N + 891 kJ

. COxyg + 2H:0q) + 891 kJ — CHyg + 202




CHM.5.5.02.002.01 Calculate, using Hess's law, the AH of a reaction

Texthook+ example problem 5 + practice problems

2425,26,27

Using thermochemical equations, 111 and [l below,

What is the AH® value for the following reaction?

o alasd “I_'l I A I :l..'_)Lp.Jl i:i.lll.:]-:LSI..i iy abea]

LT
(AL ey

¢ A Jolall AH® dud L

* =
! 20F; 4 —* Oz + 2F3g AH = —49.9 kJ
i 2CIF,, + 03, — CL0,, + OF;,, AH = +205.6 kj
T 1 3 . )
ClFyg) + Oyg) = 5 L0 + 5 0By, AH =+266.7 k] |
Learning Outcomes Covered
o CHM.5502.002
+422 kJ
£394 kJ
: 139 kJ




| How much is AH of the following reaction?
COlg'., T 2“:;33 "3 CHBO}'L“
Use the thermochemical equations (a, b and c) shown below

T A Joliill AH Aadt La
CO.:S'] + ZHZKS% -y (:H:;OH,;N
slidi dauda gall ¢ 5 b @ 4 ad) Aniaadt)) Calaal) aadi

CO, +?1F02.g_: = €0y AH = — 284 k]

Hliga + %021.;1 - H; 0y, AH = — 286 K]

¢.  CH3OHg +2 0y — €Oy + 2H,0 AH = — 727 K]
-1297 ki
#1051 kJ
-129 kI

+157 kJ




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

Texthook + figure 15+ table 5

218,29

‘ What is AHr represents? | standard heat of formation

[ element + element — 1 mol compound AH = AHr ]

[ any mole numher] [_any mole number }

Standard Heats of Formation

~ g NO(a)
AHF(NO,)

------- 0.0 -+~ Ny(g), Oxfg), Sis)
3
E
=
-3
4

AHT(505)

Table 5 Standard Enthalpies
of Formation

Compound ‘Formatiun Equation | AHj(kJ/mol)

H25(g) Halg) + S{s) — Ha5g) -
HF{g) THag) + 3F2ig) — HFfg) ~273
S0g) Sis) + 30(a) — SOs(g) ~396

SF¢lg) S{s) + 3F Ag) — SF¢la) ~1220




i 3 ; I TR TR S TN IR SO O s I
Which of e enihalpy changes in the folowing Sl il 2 gl g il Which of the enthalpy changes in the following Bl Jigh L0 cllelall 3 gl gind) A i
reactions does nol represent a standard heal of PO, Ad S m L reactions represents a standard heat of formation Y(AH) &=
formation AH, 7 (AH) 2
Learning Outcomes Covered
CHM 550200
Learning Qutcomes Covered
E : o CHM.5.5.02.006
E 7 Hf!gi +) Fll,gl - HF[EI ﬂ'Hf = =3k E _________________________________________________________________________________________________________________
1 i a.! :
o R S AN A AN S AN A NSNS EEEASESEEES AR RN 4 5 E NE[QJ + OJf‘!J = e NO_"'I!!I . & H = +_3,3‘:!_ kJ E
3 b -
St ) Oyg) 0y A, = -390 k] i
CO{QJ T i) Og{g' — Coltg] A H=-283kJ
1 C
Mg+ 02Ny Mlh=-381K 28 + 303 ——» 2503 , AH =792kl
d d.
S t3hyg Sy H=-120 2Fe,0yy — dFey + 30, , AH=1625 Kl




sl AR (kfmol)
Substance
NO,,, 33.2
HZO_J, -285.8
HNO; ., -207.4
NO,,, 913

2 5 : A il AN Al L.
What is the  Af. . value for the following reaction? .

Learning Outcomes Covered

o 0 o0 O

.: =137 kJ
=506 kd
+136 ki

+ 368 kJ




- |CHMSSOL00B04 rdicth hangeinth entropy o a ystem, 1] ystem (Accordingoaset ol

Terthooks practiceproblems 35, Band3

Which of the data in the following table is correct?

Siasmaa Jul Jsaal J

Gl gl B sl B | (bl el 3 il i) A
The sign of the enthalpy change The change in enthalpy Process Number
positive Siase exothermic  &lall 53l C HsOH(s) — CoHsOHID 1
positive Linse - endothermic  §lall 1als - NH3(1) — NHs(s) 2
negative il | endothermic  §lsllials CH3OH(I) — CH;OH(g) 3
negative Al exothermic 5l 5251k . HzQ{g) — H,O(D 4

Learning Outcomes Covered

o CHM.5.5.01.003

In which of the following cases does the random

motion (entropy) of the particles of the substance

increases?

Learning Qutcomes Covered

o CHM.5.5.02.008

1, 2 together

d.
3, 4 together

Slapusal (g2 iY) d5lplall 2S00

2CO) + Osg) ——» 2C0yq) 1
HClgy ——» HClag 2
NaCl(sy —— Na’(aq) + Cl (aq) 3
28055 —— 280y * Ogyg) 4




10

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 reaction is spontaneous or nonspontaneous

Textbook+ table 6 + example problem 7 + practice
problems

AH = -27.6 kJ  AS = -55. 2 J/K , T= 535K
Which of the data in the following table is comect? Fimmoa 00 Jerall Asadl Sl o .5'-
dclenll 48080
AG ida) Process ;
Process spontaneity
A +1.93 kJ nonspontaneous Sk e
B -1.93 kJ spontaneous  Aglb
c +75.1 kJ nonspontaneous islt =
Learning Outcomes Covered
CHB 2,009
a.i !
: A :
b.
B
c.
C
d.
D

38,39,40,41




o)l aslbd] il Calculating free energy change

What is the 4G .., value of the following process? 400 Llal AG il
DSopstem Z1950/K  + Aoy = 145K] and T=293k? (04" - 105)/K 5 AH, =145k s T=203k

a +87.9 k] O
b. -5.7% 10* kJ )
= ~-4.25x 10* kJ O
d #1525 k] o
Copper (Il) sulfide reacts with oxygen under standard daald gyl b 3 CpaaSYI za () peladl) 2y Jeliy
conditions lo form copper (ll)sulfate as shown in the Lolial Alaledl) o LS (1) palaidll SliayS oSl
equation below. Which of the following is correct? frna Al L

CUS[S] i EOJ[QJ _— CUSO_H_S}

AH%= —718.3kJ , AS®, = —368.0J/K

(R8G5 e / A00E) duleal)
P _ AG? (kJ)
rocess (Spontaneous / Non—-Spontaneous)
Nonspontaneous aslib e +727.5 A
Spontaneous islak -609.0 B
Nonspontaneous agslil e +571.8 C
Spontaneous sk =571.8 D




1

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 93,94,95,97
CHM.5.4.02.003.04 Explain the effect of changing temperature on an equilibrium system
L Figurt 12 The adcdtion or remaoval of a reactant of peoduct shifts the equilibrium in the direction
that relieves the stress. Note the unequal armows, which indicate the dvection af the sheft
Describe how the reaction would shilf f you odded M, If you removed CH,
CO{g) + 3H,(g) v CH,{g) + H,0lg)
Equilibrium shifts to the right. Equilibrium shifts to the left
© ~ COlg) + 3H,{g) = CH.(g) + H,0(g) (3] ‘.--*':_'_CGEQ_T;-«# 3H,{g) #- CH,(g) + H,0(g)
COFQ] Add a reactant ' react;
(2] CO(g) + 3H,(g) —= CH.{g) +|;Hﬁm;g_i#-.h © (09 + 3H,(g) = CH,(g) + H,0(g) ~—

(H,0()

Exothermic Reaction

Equilibrium shifts to the left. (o, "™
© COlg) + 3H,(g) = CH,lg) + H;Crl'gfl_-:-.heat

Equilibrium shifts to the right.  |ouer the ey
€ CO(g) + 3H,lg) —= CH.lg) + H,0(g) +(heat )

Endothermic Reaction

Equilibrium shifts to the right.

€ heat + N,0.(g) = 2NO,(g)
T
~(heat ) Raise the tempera

Equilibrium shifts to the left,
O (heat) + N,0,(g) - 2NO,(g)

o Ihe Yempesature,




All the following changes cause the equilibrium to shift — Jeliall 3 Ll dga ) GV 2l cad 3060 Silpuaal] aoas

to the left in the reaction below except ...cocevveee e e slsal

NoOy(g) = 2NOs(g) AH' = 57.2K]

Increasing the pressure Lzl il

Lowering the system temperature A Bl | ais

Reducing the concentration of NO, NO, 85 Ji&

Reducing the concentration of N0, N2Oy 385 Ji
All of the following changes cause the equilibrium to Jelall ‘_43 Dl dga I SV~ L) s AN S|JEEALF RVES
shift to the left in the reaction below except . hae. alial

CO(g) + 3H2(g) = CHa(g) + H,0(g) AH" = —206.5k]

Raising the system temperature AUl 5ls 2y &3 ) o
Adding a desiccant to the reaction vessel el gley A Caina Jale d8L) O
Decreasing the concentration of CO CO €5 Juls o
Decreasing the pressure Laall Qs O




The reaction in the equation below is endothermic. Bl ale sl dlilead o el

Which of the following is comect?
.

N204(g) = 2NOx(g) AH' =57.2K) T i L o
Sl s e

Learning Outcomes Covered

=]

CHM.5.4.02.006
CHM.5.4.02.010
o CHM.5.4.02.021

o CHM.5502.006

(=]

L
1 Ll
a -
0 - 1=. ) % L]
E 2’.!1-'" ,H-wl ._l-hl—.-'-h_,:,.l-‘-u.al Sy Ay L2 :
: Placing reaclion vessel in a boiling-waler bath the color 2 appears :
L ] Ll
L] Ll
L] Ll
L 1
e T o
b.
2 o J‘""‘E‘ﬂl _l': e il ey e
Placing reaclion vessel in e the color 2 appaars
c
Sl g Y ol il plan 4 G2l sloy gy de
Placing reaclion vessel in a boiling-water bath the equilibrium shifts lo the left
d.

ol dga ) U 200 8 JelED ey gy e

Placing reaction vessel in ice the equilibrium shiits lo the rght




1l

CHM.5.402.003.03 Explain the effect of changing the volume and pressure on an equilibrium system Textbooks figure 3

%

™

What will be the result if the volume of the f A Jelill sle g aaa (Julif dadi e

'S
reaction vessel is decreased for the reaction?

Hag + l2g) = 2HI)

The concentration of the product increaes S S Sy O
The equilibrium shifts to the right Spadll g G A1 Aa O
The equilibrium does not change SRV el Y o
The equilibrium shifts to the left Sl g ) 5 aad O

When lowering the piston in the figure below, what Gaaas 13la olual (i P Jasd I aSall baas v

happens to the next equilibrium reaction? ‘.‘v_ltdh oyl Jelal
4
|
k(: * &
‘ L
CO(g) *3Hyg) =  CHyg)+ HO (g

A —The equilibrium shifts to the left Dlaadl gt GIEY) aimge ~D0 — A

B — Increases the concentration of H, Hy 5:S5 e uyp B

C —The equilibrium shifts to the right Caadl a8 IEY) mmge ~l — C

D — Decreases the concentration of CH, CHy »<g - D




Regarding the equilibrium systems given in the table below. calitl Jgsadl 8 malll i) dalasly gl Lo

Which of the following Is comect? :

T:I_'ua ",l'llfl.n.a__;

Hax(g) + Cly(g) = 2ZHCl(g) I
250,(g) + Ou(g) = 2504(g) 2
Nyy(g) = ZNOa(g) 3

2NGHL(g) + 2Ny (g) = 3Ny(g) + 4H,0(g) [ g

Learning Outcomes Covered

o CHMS54.02.027

a.
Decreasing the volume of the reaction vessal cpadl 1 S Ral Ciad Sl cloy e (LiEs
shifts the equilibrium 1 to the right
b.
Decreasing the volume of the reaction vessel el 12 S5 Al e ol oloy s
shifts the equilibrivm 2 to the left
e
: Increasing the volume of the reaction vessel
] Ceall M3 S Aal] s ol slag aaa )
H shifts the equilibrium 3 to the right
d.

Increasing the volume of the reaction vessel

Ll 4 Y Al s Je D olog aam 5ok
shifts the equilibrium 4 to the left el e e




13 |CHMS.402.006.01 Calulate the value of equlibrium constant given the concentration daa at aspecific equlibrium positon Texthookt example prablem & + practice problems
The reaction below reaches equilibrium at a certain lemperalure s Bl Aoyt e 1Y Alla 0 sl o lEl Jea
INBCly ;= NbClyg + NbClg,
. Kaq = 6.90 =107, If the equilibrium concentrations are: A U S s K = 6.90 <107

NbCI; = 0.450 mol/L, NbCIs = 0.0380 mol/L

What is the equilibrium concentration of NbCI,? TNBCI, 1 8T S5 b

Learning Outcomes Covered

__________________________________________________________________________________________________________________________

: 1.98 mol/L ;
2.75 molL
1.69 mol/L

5.65 mol/L
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CHM.5.4.02.008.01 Calculate the molar solubility (concentration) ofa sparingly soluble ionic compound using the solubility product constant,

Ksp

Texthooks examples problem 5,6+ practice problems

101, 102,103, 104

If the K, of calcium hydroxide Ca(OH); is 5.32 x 107 S5kl Ca(OH); psandlS 20Ky yag! Kgp A

at 208 K. What is the solubility of calcium hydroxide in . s
b y oy pgaedl€) 30Sgp0n 2003 L+ 298 K e 5.32

mol/L?

Ca(OH}g{s: =t Caz+tg] +* ?'OHHIB:

Learning Outcomes Covered

...........................................................................................................

1.10 x 1072
b.

1.60 x 107

2.80 x 1077
d.

3.30 x 107®
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CHM.3.4.02.008.04 Identify whether a preciptate will frm or not by calculation and using refation between Ksp and (sp)

Texthookt example problem 7 + practce problems

105,106, 107

When 62.6 mL of aqueous solution 0.0322M CaCl, and
31.3 mL of agueous solution 0.0145M NaOH are mixed.

Which of the following is correct?

K., = 5.0 = 10 for Ca({OH), compound

Learning Outcomes Covered

o CHM54.02.010

d.
Q.. = 5.01 = 107and no precipitate is formed
b. !
i @, = 1.03 = 10~ and a precipitate Is formed
.
Q.. = 4.55 = 107° and a precipitate is formed
d.

Q.. = 7.50 = 107" and no precipitate is formed

0.0322 MCaCl, Al el e 62.6 ML Lla e
0.0145 M NaOH Ll dgladl 5 31.3 mL

Ca(OH); wSullK,, - 5.0 x 10°8

oy 585 Yy Qu = 5.01 x 107

ol 35Sy Q= 4.55 x 107

ety 9% Yy O, = 7.50 = 1070

-




If an equal volumes of the solutions 0.0322 M CaCl; and

0.0145 M NaOH are mixed, a precipilate of Ca(OH);

is predicted. Which of the following is true?

Solubility Product Constants at 298 K for the
compound Ca(OH), (Ksp = 5.0 x 107%)

Learning Outcomes Covered

a.:
;Osp - 8.5 = 107" and a precipitate will not form
b.
Qsp - 2.6 x 107° and a precipitate will form
c.
Qsp - 4.9 x 107° and a precipitale will form
d

Qsp = 2.5 x 107 and a precipilate will not form

0385 CaCly Jelas s Lglodia aspa ]

o a3s2 0.0145 M 35 NaOH Jslaas 0.

34 Ca(OH), Sall 298 K aic 4031 )
(Ksp = 5.0 x 107%)

ity L_,}S-._i:j Qsp =26 I.D_ﬁ

ey (35S @sp = 4.9 x )10

ey 55 Yy Qsp = 2.5 1071
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CHM.5.401.020.01 Calculate the average reaction rate using the rate of consumption of reactants or the rate of production of products | Textbook+ example problem 1 + practce problems

LU'sing the data in the corresponding table. What is the average reaction rate

E:\:pressed in moles of H: consumed per liter per second'?

- - F
a. 1.25 x 10 mal(1..5) Experimmental Data for Hy = Cly — ZHCI

ictal o0

Lag CLOZ0 0050 (O
400 . 620 0. 040

-5 > 107 myal/(L..5)

c. 2.5 = 107® mmol/(L.s)

d. 7.5 = 10 molANL.5)

Using the data in the corresponding table. What is the average reaction rate

expressed in moles of Cl: consumed per liter per second?

. 2.8 % 107 mvol/A(L.s) Experimental Data for Hy + Cly — ZHCI
i
. 1.25 = 10 moel/(L..s) i Aty
.00 O30 0050 0000
400 20 0. 040

co TS X 10 melf(liis)

1O muol/AL..x)

th

cl.

U'sing the data in the corresponding table. If the average reaction rate expressed as

maoles of HIC1 produced is 0.005 mol/Al..s). what is the concentration of ICl after 4 s7

a. L2585 =107 M Experimental Bata for Hy + Cly — ZHCH
b. 1.25 M s

.00 C.o30 0.050 (Rl ]
pg & 00 0020 0.040

o002 N




11 CHM3401.022.04 Interpret exothermic and endothermic reactions using the allsion theory Textbook +figwres3 4,5, 6

51,92 53

Energy of Reaction Eokioy af Reackion

‘ 0 “} Activated complex “ _’

—_— Activation

CO(g) + NO(g) energy

Activated

complex
Qo

CO(g) + NO,(g)

E"-' Reactants T = | Products
E eactants ? « Activation

Energy o ] ‘ 5 _,' energy Energy

released 0 + @ ) absorbed

by reacti NG b e

“‘T‘ L CO,(g) + NO(g) CO,(g) + NO(g) ‘”‘T B

Products e T e e e K el e e T
Reactants
s Reaction progress =—)- T
e Reacti r —_—

8) What is the relationship between activation energy and reaction rate?
a. The lower the activation energy, the lower the reaction rate
b. The higher the activation energy, the faster the reaction rate
¢. The higher the activation energy, the slower the reaction rate
d. There is no relationship between them
9 Which of the following does not describe the rate of a chemical reaction?
#. The speed at which the reaction occurs
b. The amount of products produced in a certain period of time
¢. The change in the concentration of one of the reactants per unit time

d. Change in concentration of a product per unit time



11) Based on the corresponding ficure, which of the following choices represents the

correct syvmbaols on the drawing™

=l

Emergy @f Reactiom

iy —

choice 1 = 3 4
A activation energsy prodoacts activated complex reactants
. Activation mergy reactants activated complex prodoacts
. activated complex produces activation energy reactants
ok activarted complex resctants activation cnergy produucts

12y What happens during the short-terim presence of the activated complex?

. bonds are formmed betw een

b. bonds are Formed between

c. bomds are brolken between reactamts,

d. bonds are brolien hetween

remctaamts.

reactants.,

ez taEm Es .,

and bonds

and bonds

and bonds

Aand bomds

are broken between produoucts
are formed between prodoacts
are broken between produces

are formed between products

E3) If the reaction A — B is exothermic. What is the relationship betwvween the activation

energy of the forward reaction”? And the activation energy for the endothermic

reversible reaction A <« BEB7

n. activation energy for thhe exothermic forvwward
endothermic reverse reaction

bh. activatfon energy for the exotrthermmic
cndothermic reverse reaction

c. sactivation encregy for the exothermic forward reaction = actis

endothermic reverse rreaction

. there is mo relationship between them

forward reacrion =< activ

reactiomn = activ

afion energy for thre

ation energy for the

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

Determining reaction order

Method of initial rates: a method ¢

order of NO

order of H,

o

the reaction:
ZNO(S) + ZHZ(g) =y NZ{g) +2H,0

reaction order

2)

has the rate law:

Rate =k INB].I_{__H J if [NO] doubled

if [H,] doubled

if [NO] and [H,]
doubled

Textbook

67

2+1=23

4 times

2 times

4 x 2 = 8§ times

One-step Reaction: A — B

[ The reaction: aA + bB — products




When: When the reaction between A and B occurs in one step and with

m=a,n=b? only one activated complex.
Does the reaction: aA + bB — products No, because one-step
|
always occur in one step? reactions are not common.

What is the rate law for the reaction 2NOyg) + Oz(g — 2NO:2g that is first order
fin O: and third order in terms of reaction order?

a. Rate = k [NOJ*[O:]

b. Rate = k [NOJ[O:]

¢c. Rate = k [NOJ]*[O2]?

d. Rate = k [NO][O;]

What is the reaction order of the reaction between A and B, if you know its rate

aw? Rate = k[A)?|B)?

1. 1




CHM.5.4.01.006.01 Use the method ofinital rate to determing the order of areaction with respect to each reactant Text book + practice problems b7, 66

The reaction: 2NOqg) + Ozg) — 2ZNOx(g has a rate law: Rate = k [NO|*[O:].
oes the reaction occur in one step?
1. no, because the coefficients in the equation = orders in the rate law

b. no, because the coefficients in the equation # the orders in the rate law

[

. ves, because the coefficients in the equation = the orders in the rate law

l. ves, because the coeflicients in the equation # the orders in the rate law

Assume that a general chemical reaction has a rate law of Rate = [A]*[B]" and the
‘ate of the reaction under known conditions is 4.5 x 10™* mol/(L.min) if the
oncentrations of A and B are doubled and all other reaction conditions remain

onstant. How will the reaction rate change?
a. the reaction speed increases by a factor of 4 to become 1.8 x 107 mol/(L..min)
b. the reaction speed increases by a factor of 8 to become 3.6 x 107 mol/(L.min)

% H . . o i -
. the reaction speed increases by a factor of 16 to become 7.2 x 107 mol/(L.min)

l. the reaction speed increases by a factor of 32 to become 1.44 x 107" mol/(L.min)




27) If the rate law for the reaction with data in the table below is:

Rate = k [CHaN;CH:], What is the value of the specific velocity constant k?

a.2.08 x 1074 s7! Initial [CH3:N2CH3] (mol/L) | Initial rate mol/(L.s)
b. 4.16 x 1074 57! 0.012 2.5x10°°
c. 4.34 x 1078 57! 0.024 5.0 x 107°°

d. 8.68 x 10°°% s

Use the results in the table below to determine the reaction rate law.

2NO¢ + 2H 2 — N2 + 2H20)
Trial Initial [NO] Imitial [H:] Initial rate
(mol/L) (mol/1.) mol/(L.s)
1 5.0x 103 2.5x<10° 3.0 x 107
2 1.5 % 10~ 2.5 % 1072 9.0 < 10—
3 1.5% 1071 1.0 < 10 3.6 <10~

a. Rate = k [NO}3[H:)?
. Rate kL [INOJ'[H:)°

c. Rate = k [\-{}iﬁillﬂ']'l

d. Rate =k [NO][H:z]




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

b5

quantity
unit
symbol meaning Rate = [reactant]”""
Rate reaction rate mol/(L.s) -
k specific rate constant different units For a zero-order reactant, changing which the rate does not depend
its concentration does not affect the HEaTE on the concentration of this
[A] reactant concentration mol/L or M | rate of the reaction, ) & reactant. )
reaction order 1 2 3 4
&2 M st M35t M5!
k unit
s L/(mol.s) L*/(mol*.s) L3/(mol’.s)
rate unit mol/(L.s)
specific rate constant k
Unique for each | | has different units | does not change changes with
reaction of measurement | | with concentration temperature

Rate = [A]?[B]?

. b. L*/(mol*.s)

Ir. LY/ (mol’.s) d. L./(mol.s)

What is the unit of the specific rate constant k for a reaction that has the rate law:




