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MATRICULATION EXAMINATION
DEPARTMENT OF MYANMAR EXAMINATIONS
Time Allowed: (3) Hours
WRITE YOUR ANSWERS IN THE ANSWER IN THE ANSWER BOOKLET
The symbols in this paper have their usual significance
SECTION (A)
(Answer ALL questions)
1. Write TRUE or FALSE for each of the following statements. (10 marks)
(a) Condensation polymers often have higher molecular masses than addition polymers.
(b) The formation of the product is favoured by high temperature in an endothermic
reaction.

(c) The octet rule does not apply to d-block elements.

(d) When heat is transferred to a system at constant pressure, the enthalpy of the system
decreases.

(e) The rate of a reaction depends on the enthalpy of the reaction.

(f) Light atoms vibrate at higher frequencies than heavy atoms.

(g) Volatile organic compounds lead to the formation of smog.

(h) In water molecules, hydrogens are partially positive and oxygen is partially negative.

(i) The colours of all 3d transition elements are silvery -white.

(j) A radionuclide is an atom with an unstable nucleus which has excessive energy.

2. Fill in the blanks with the correct word(s), notation(s), terms(s), unit(s), etc.,
as necessary. (10 marks)
(a) The enthalpy changes for the combustion reactions are always _____

(b) Ethanol is oxidised by atmospheric oxygen in the presence of _____.

(c) Prolonged exposure to radon gas can cause _____.

(d) If the K value is , the equilibrium lies to the left.

(e) For a gaseous reaction, the rate of a reaction may be expressed in the unit, ____.
(f) forces exist between the layers of carbon atoms in graphite.

(g) Titanium(IV) chloride is used for the manufacturing of high-density
(h) In general, the ions of transition elements have an electronic configurationof _____.
(i) Acids and bases differ greatly based on their
(j) At low temperature, additional polymers lose plasticity and elasticity and become
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in industries.

3. Choose the best answer for each question given in the following.
(a) Amino acids are connected in a chain by what type of bond?
A. Covalent B. lonic C. Metallic D. Hydrogen

(10 marks)
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(b) In nature, the most stable form of carbon is .

A. diamond B. graphene C. graphite D. coal
(c) Which of the following pairs has the same molecular geometry?
A. CH, and SF, B. NH;and SF,  C.CH, and NH;
(d) When two electrons are in the same orbital, which property must be different for
them to comply with Pauli’s exclusion principle?
A. Mass B. Spin C. Charge
(e) Which one of the following substances acts as a catalyst?
A. Carbohydrates B. Lipids C. Enzymes
(f) _____ has the highest penetrating power.
A. Alpha particle B. X-ray C. Beta particle  D. Gamma ray
(g) The number of unpaired electrons present in the Cu*ionis _____.

D. None of these

D. Energy

D. Nucleic acids

A. one B. two C. zero D. three
(h) Which element is always present in Arrhenius acid?
A. Hydrogen B. Oxygen C. Nitrogen D. None of these

(i) What is the impact of ocean acidification on marine life?

A. Enhanced coral rise B. Increased fish pollution

C. Reduced sea level rise D. Harm to shellfish and coral
does not affect the state of the equilibrium position.
A. Temperature

0]

B. Pressure C. Concentration D. Colour

SECTION (B)

(25 marks)

(a) (i) Which type of molecules can accept an electron pair from a molecule bearing a
lone pair of electrons? Give two examples of this type of molecule.

(i) What does the type of chemical bonding depend on?
(iii) Name of forces that can be found in all substances.

(b) (i) How does light affect the rate of a reaction?

(ii) When 8.0 g of sodium chloride is dissolved in 40 cm? of water, the temperature
falls to 20.5 °C from 22.0 °C. Calculate the energy absorbed by the solution when
sodium chloride dissolves. Answer with three significant figures. (c = 4.18 J g*
°C1, Na = 23, Cl = 35.5)

(iii) What are the units of the rate of reaction?

(c) (i) Inthe reaction,2 A(aq) — 4B(aq) + C(aq), the decomposition of compound A at
300 K in a solution with constant volume can be followed by monitoring the
concentration of A. Initially (at t = 0), the concentration of A is 2.00 mol dm,
and after 120 s, it is reduced to 1.76 mol dm™. Calculate the rate of the reaction.

(ii) Classify each equilibrium system as either homogeneous or heterogeneous. Give
reasons.

(A) 2Hg(l) + O,(g) = 2HgO(s) (B) 2 HF(g) = H,(g) + F,(g)

(d) (i) Give the long forms of the following recycling symbols that are mentioned on

plastic products. PETE/PET, HDPE, PP

(ii) How are the biodegradable plastics made?

(iii) What gas is produced during the combustion of PVC?

(i) What are the sources of excess nitrogen and phosphorus in the ecosystem?

(ii) Define the term “Green technology.”

(iii) How do the persistent organic pollutants harm the environment?

OR

(e) (i) Which fissile heavy atoms are used as fuels instead of fossil fuel in a nuclear
reactor?

(ii) Give the uses of caesium-137 radionuclide.

(iii) What are the advantages of using plant-based insecticidal soap?

(e)

(15 marks)
(a) (i) Why are the divalent ions of Co,+, Ni,+, Cu,+ and Zn,+ poor reducing agents?
(ii) What is meant by ferromagnetic? Give three examples of ferromagnetic substances.
(iif) Name the transition metal catalyst that is used for the Contact process.
(b) (i) Which spectroscopy is used to identify the functional groups of organic compounds?
(ii) How do you tell if a compound is an aldehyde or a ketone by using Fehling’s
test?
(iii) Sketch the structure of 2, 4-DNP.
(c) (i) Describe the acid-base properties of water in the Brgnsted-Lowry framework.
(ii) Calculate the concentration of hydroxide ions which are runoff from a coal mine
with a hydrogen ion concentration of 1.2 x 10 mol dm. Is this solution acidic,
basic, or neutral?
OR
(c) (i) What are the conjugate acids for the bases, NH,-, NH,, and CH,COO-?
(ii) Calculate the pH of a buffer solution containing 0.10 mol of methanoic acid (pK,
=3.8) and 0.01 mol of sodium methanoate per dm?.
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6. Answer All questions. (15 marks)

(a) (i) What type of alcohol can be used to prepare propanone? Explain with the
relevant equation. Describe the uses of acetone.
(i) Give the structures of the following compounds.
(A) 3,3-dimethylbutanal  (B) 4-hydroxy-2,2-dimethylbutanoic acid
OR
What carboxylic acids and alcohols would you use to make the following esters?
(A) butyl methanoate (B) propyl propanoate
(ii) The boiling point of ether is much lower than alcohol of similar molecular mass.
Why?
(b) (i) Why can transition metal compounds form coloured ions in an aqueous solution?
(i) What are the metallic properties of the transition elements?
(iii) Which element in the 3d transition series has the highest possible oxidation
state?

How would you control the temperature to obtain more HCl in the given

equilibrium?

2Cl,(g) + 2 H,0(g) = 4 HCl(g) + O, (g) AH=(+)

(ii) Hydrogen sulphide gas decomposes to form hydrogen and diatomic sulphur
gaseous molecules, S,, at 1405 K. The equilibrium constant for the reaction is
2.270 x 107, If the concentrations of S, and H,S are 0.054 mol dm= and 0.184
mol dm=, how much of the concentration of hydrogen gas would be produced?

7. Answer All questions. (15 marks)

(a) (i) Predict the shape of the H,0 molecule in terms of Lewis structure, and VSEPR
model. What will be the bond angle of H-O-H?
(ii) Why does graphite have a hexagonal structure?

(a) (i)

(c) (i)

OR
(a) (i) The molecule of XF, has a dipole moment. Is “X” a boron or phosphorus? Give
a reason.
(i) What are the requirements for the formation of hydrogen bonds between covalent
molecules?

(b) (i) Usingthe bond enthalpy values, calculate the enthalpy change for the combustion
of methane shown by the equation,
CH,(g) +20,(g) — CO, (g) + 2H,0(l)
(E (C-H) = 410 kJmol™, E (0=0) = 496 kJmol™, E (C=0) = 805 kJmol,
E (O-H) = 456kJmol™)
(ii) State Hess’s law.
(c) (i) What is the repeating unit of terylene?
(i) How do you identify the amide functional group on the IR spectrum?
(iii) Primary amines are more soluble in water than secondary and tertiary amines.
Why?
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SECTION (A)
1. Each 1 mark x 10 (10 marks)
(a) FALSE (b) TRUE (c) TRUE (d) FALSE (e) FALSE (f) TRUE (g) TRUE (h) TRUE
(i) FALSE (j) TRUE
2. Each 1 mark x 10 (10 marks)
(a) negative/minus/AH = - (b) bacteria (acetobacter) (c) lung cancer
(d) small/smaller than 1/less than 1/< 1/« 1
(e) dm? s/cm?® s*/mol s*/atm s}/mmHg s (f) Weak van der Waals
(g) polyethene/polyethylene (h) (n-1) d ¥ (i) strengths (j) brittle

3. Each 1 mark x 10 (10 marks)

(@A (b)C  (9C (dB (9C (D (@c (WA ()D (b
SECTION (B)

4, Each 5 marks x5 (25 marks)

(a) (i) Electron-deficient molecules can accept an electron pair from a molecule bearing

a lone pair electron. e.g. BeCl,, BF,, AlCL,

(i) Types of chemical bonding depends on the types of elements (metals or
nonmetals).
(iii) London dispersion forces can be found in all substances.

(b) (i) The brighter the light, the faster is the reaction. If the intensity of light (visible
or ultraviolet) is greater, the more reactant molecules gain the required energy
(activation energy) and the faster the reaction speed. (or)

H,(g) + CL(g) — 2HCl(g) slow
H,(g) + Cl,(g) —1Y— 2HCI(g)
(i) Volume of H,0 =40 cm*=40 g

AT=T,-T,=20.5°C~22.0°C=-15°C

c=4.18Jg'eC?

q=mcAT =40 g x 4.18 J g* x °C* x (- 1.5°C) = - 250.8 J

Since T, < T, the energy is absorbed. The reaction is endothermic and AH is

positive. (or) AH = +250.8 J =+ 251 J

2A(aq) — 4B(aq) + C(aq)

At t =0, [A]lg = 2.00 mol dm™, At t = 120, [A], = 1.76 mol dm™

fast

() ()

A[A] = [A]; - [Al, = (1.76 - 2.00) mol dm™ = - 0.24 mol dm"
rate = -i . A_k?l =- i x| U--’“I'E‘G’;dm"‘ |=10x 10 mol dm- s
(i) (A) Heterogeneous because the reactants and products of chemical equilibrium
are present in more than one phase.
(B) Homogeneous because the reactants and products of chemical equilibrium
are all in a single phase.
PETE/PET = polyethene/polyethylene terephthalate
HDPE = high density polyethylene/polyethene
PP = polypropylene/polypropene

(i) Biodegradable plastics are made from monomers derived directly from plant
materials, polylactic (PLA).

(iii) Corrosive hydrogen chloride gas/HCl gas is produced during the combustion of
PVC.

(e) (i) From fertilizer runoff and from sewage cause excessive growth of algae.

(ii) Green technology is an environmentally friendly technology that builds products
and systems to conserve natural resources and the environment.

(iii) Persistent organic pollutants are chemically stable, remain intact in the
environment for long periods and are lipophilic in nature. Therefore, they
accumulate in the fatty tissue of living organisms and reside for a longer period
of time finally affecting humans and wildlife.

OR
(e) (i) The fissile heavy atoms are #2U, 25U, 2*Pu.
(ii) Caesium-137is used as a tracer in medical radiation therapy devices for treating
cancer, and in industrial gauges that detect the flow of liquid through pipes.
(iii) The advantages of using plant-based insecticidal soap in that they leave no
nasty residue, are non-toxic to animals and birds, and do not harm beneficial
insects.
5. Each 5 marks x 3

(a) (i)

(15 marks)
The divalent ions of Co*, Ni**, Cu* and Zn* are poor reducing agents because
of their greater nuclear attraction force.
(i) Substances that are attracted very strongly by the applied magnetic field.
e.g. iron, cobalt, and nickel
(iii) Vanadium is used for the Contact process
(b) (i) Infrared spectroscopy/IR spectroscopy is used to identify the functional groups
of organic compounds.
(ii) Fehling’s solution is an alkaline solution containing copper(ll) ions. When the
clear blue Fehling’s solution is warmed with an aldehyde, the reddish-brown
precipitate is formed. However, a ketone does not give precipitate with Fehling’s

solution.
(iii) NO> - Nm,
N
\
H
O,N
(c) (i) v conjugate pair v
H,O0(l) + HO(l} === H,0"(aq)+ OH" {aq)
acid 1 base 2 acid 2 base 1
L'l’ll_ill‘__’i”l.‘ pau
(or)

The acid-base conjugate pairs are (1) H,0 (acid) and OH- (base) and (2) H,0+
(acid) and H,0 (base).
(i) [H*]=1.2x 10* mol dm? [H][OH] = 1.0 x 10

[OH] = LOx10™ _ % =8.33 x 10 mol dm?
[H'] 2

pH = - log[H*] = - log (1.2 x 10*) = 3.921
The solution is acidic.

OR
(c) (i) The corresponding conjugate acids are NH,, NH}, and CH,COOH.
(i) HCOONa(agq) — Na*(ag) + HCOO(aq)
HCOOH(aq) = H*(ag) + HCOO(aq)

[HCOOH] = 0.10 mol dm
[HCOONa] = [HCOO] = 0.01 mol dm=

_[H][HCOO] N - 41 —log LHCOO ]
K, = [HCOOH] log K, = -log [H'] l°g[HCOOH]
PK, :pH-log[gLﬁ’(‘)} PH = pK, + log %:3.8—1:2.8
6. Each 5 marks x 3 (15 marks)

(a) (i)

Secondary alcohol can be used to prepare propanone.

M CH;COCH,

! propanone

CH;CHOHCH; + + H0

2-propanol

[0]

. Acetone is used as an effective solvent in many (nail polish removers, plastic
cements), (resins and varnishes).

(i) (A CH; o (B) g
Il Il
CH,CCH,C—H OH-CH Z-CHZ-(f—C—OH
|
CH; CHs
OR
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(B)

H,SO
CH3CH,COOH +  CyH,0H =——= CH;CH,COOC3H;+ H,0
propanoic acid propanol ' propyl propanoate

propanoic acid and propanol

(ii) The boiling point of ether is much lower than alcohol of similar molecular mass
because of no intermolecular hydrogen bonding between ether molecules.

(b) (i) The transition metal compounds can form coloured ions in an aqueous solution
due to the presence of incomplete d orbitals or the presence of unpaired electrons
and absorb visible lights.

(i) The metallic properties of the transition elements are: malleability, ductility,
metallic lustre and high tensile strength.
(i) The highest possible oxidation state of 3d transition series is Manganese (Mn).

(c) (i) 2ClL(g) +2H,0(g) = 4HCl(g) + 0,(g) AH = (+)

The forward reaction is an endothermic (heat absorbing) reaction and the reverse
reaction is an exothermic (heat evolving) reaction. According to Le Chatelier’s
principle, increasing the temperature favours the endothermic reaction. The
equilibrium shifts from left to right, and more concentration of HCl will be formed
and the temperature will have to be increased.

(ii) [H,S]=0.184 mol dm™, [S,] =0.054 mol dm, K =2.270 x 10°

Mg = Mg + S
= LIS, i = Ka X OST
eq [HZS]2 2 [Sz]
-3 2
[Hz]z = w =0.1423 x 10?
0.054
[H,] =40.1423 x 1072 =0.0377 mol dm?
7. Each 5 marks x 3 (15 marks)
(a) (i) . o
H—O—H H/‘__>H
° <109.5
bent/V-shaped

OR

It consists of 4 electron pairs around the central atom O. The geometry of
electron pairs is tetrahedral. There are two lone pairs on the oxygen atom.
Because of electron pair repulsion between these lone pairs and bonding pair,
the shape of the molecule is bent structure or V shape. The bond angle of H-O-H
is less than 109.5°.

Graphite has a layer and planar structure formed by joining each carbon atom
to the other three carbon atoms by covalent bonds. Each layer is formed with
hexagonal rings of carbon atoms.

OR

(ii)

(a) (i) S
G D

BF, is a trigonal planar structure (symmetrical arrangement) which has no dipole
moment.

PF, is a pyramidal structure because of the lone pair on the central atom. It has
a dipole moment. Therefore, X is a phosphorus.

(1) the first molecule has hydrogen attached to a high electronegativity atom
(F, 0 or N) and (2) the second molecule possesses a lone pair of electrons on a
small highly electronegative atom (F, O, or N).

(b) (i) H

(i)

— o(®

H—C—H(» + O

20=0(g) 0=C=0(g) + 2

H

AH for bond broken = 4E(C-H) + 2(E(0=0))
=4 x (+410 kJ mol) + 2 (+496 kJ mol™) = + 2632 kJ
AH for bond formed = - 2E(C=0) + -2(2E(O-H))
(- 2 % 805 kJ mol) + (-4 x 465 kJ mol™) = -3470 kJ
AH_ = enthalpy change for bond broken + enthalpy change for bond formed

=2632 + (- 3470) = - 838 kJ mol*
(ii) Hess’s Law: The enthalpy change for a chemical reaction is the same, whenever

the route is taken from reactants to products.
(i) Repeating unit of terylene

(0] (0]

—&—-—(‘{—O—:‘—O—

o

(ii) In amide, medium and weak peaks at about 3300 - 3500 cm* would be observed
for the NH, group. A strong and sharp peak at about 1650 - 1750 cm™ would be
observed for the C=0 group.

(iii) Primary amines are more soluble in water than secondary and tertiary amines
because more hydrogen bonds are formed in primary amines.
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(a) (i) (A) methanoic acid and butanol G@a@q&éo@mo(ﬁ q}o:méwcwoe&w’g@c@ée(ﬁc@ eg]%c\)é(ﬂooof)u Grade 12 6207603
< < < C. Q9 N < < o Q
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20§:03056(ga8003 (13p5[gE:320:(gE Chapter 1 Chemical Bonding and Intermolecular
Forces :Déo%:m@ SECTION1.1¢ 1.5 3 GC\QC\)D@: G@a?gqe:no Ge:g%z.?(f: sae@qo::noc&]é
§8dloncS
aa(rgoof;qpxsa@t): bond @5601‘?33@5 molecular structures and shapes eog(rglo']
QQ0¢ < c 9 < Q < Q ’] <
0ECEORS OO e@o@co:ooa:[g: [2evleval Teplovatiovatich lan GllealoN
38m2003(gjqe00e027 Lewis structure ee000:03€ unshared paired electrons co303
C_CMme < N Qc Q Q ¢ Q. < NP <
@@oc@c::raogm molecule §|, element 0>C:0 octet rule 090300@9@: @aq@@@mﬂw@n
(H, @027 2 electrons & share co&dlendn)
Valence Shell Electron Pair Repulsion (VSEPR) theory
VSEPR 383%813361 shape (7% a%@%:(‘ésaogcrg - molecule 51 Lewis’s structure 0'% a@o]u
Central atom o% o%:sﬁ%o{) electron pair 03 eqcrgrfxﬂu Electron pair ¢, geometry rr°e gpegcﬂn
NP < <. ..< < < < <
6§20580:3250¢ 4 Molecular Shapes (7% aqa‘?e?:c@o@eozglc?o@mﬂwgu

Table Geometry of Electron Pairs and Molecular Shapes of Different Types of Molecules

Number of
bonding pairs
Type and lone pairs Geometry ?f Molecular shape Example
electron pairs
around the
central atom
180°
AX, 2,0 Linear X —A_X BeCl,, CO,
linear
X
e 120°(’|
triangular planar
AX 3,0 - A BF
3 ’ 3
(trigonal planar) X/ N X
triangular planar
.A.
/
AXE 21 triangular planar | X \_> X e
2 ’ (trigonal planar) <126 2
bent/V-shaped
X
| .
‘1 109.5
AX, 4,0 tetrahedral X\\\\\y““‘\ o | erece
X
tetrahedral
)
vA
\\\\u\\ \
X
AXE 3,1 tetrahedral /"'/‘ . X NH,
X <1095
trigonal pyramidal
..A‘.
X X
AXE, 2,2 tetrahedral —1 H.O
<109.5 2
bent/V-shaped

Note: Symbol E represents the number of lone pairs of electrons.

Chapter 2 Energy Changes in Chemical Reactions ¢o-
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Is this reaction exothermic or endothermic? 2H,(g) + 0,(g) — 2H,0 (1)
Given: energy required to break 1 mol of 0=0 bonds = 496 kJ
energy required to break 1 mol of H-H bonds = 436 kJ
energy required to form 1 mol of O-H bonds = 465 kJ
< < SN < c,.o¢ . . Q oc
oooo@l@c:qu?a @Re[goczcoﬁgaoma?cswa thermochemical equation gz ce&C
Q§ c3325clonuSi Thermochemical equation gps
(i) C(graphite) + 0,(g) — CO,(g)
(ii) CHA(g) +20,(g) — CO,(g) +2H,0(l)

Al = - 394 kJ mol™
Al = - 891 kJ mol™
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(iii) C,H.OH(I) + 30,(g) — 2CO,(g) + 3H,0(1) AHY =~ 1367 kJ mol
(iv) 2C(graphite) + 3H,(g) + 120,(g) — C,H,OH(l) AHY{'= - 235 kJ mol*
(v) Na(s) + C(graphite) + ¥2H,(g) + 3/20,(g) — NaHCO,(s) AH;=- 951 kJ mol*
[3Sogp(ogpS:qp: enthalpy 03§8:03 0305§05603E:0008Ee08 calorimeter o3 3203:(g)G:
AT 00§8:03 03€:09088&dlonudit Beondso q = meAT 28¢|[gE:03 320:(q|g) (Enthalpy
Change) o8 a30850588¢ (§800n0SH 50806Ge308 [HasaSedlonadi
Enthalpy cycle a?eécp qgaccxgdgwgq(ﬁqo@o enthalpy change of formation %. enthalpy
change of combustion o%@ogcﬁ%qoﬁggaeogﬁmé: e@oﬁec@nﬂcf:ooa:(‘éce?sa&ﬂwosu
nggg’)oa(rgql(rgspgao physical states gz @ge@séz@@éza@éqﬁweﬁmqo:% units eog(r%mp_%:
@%m@gﬁeq:ooa:%é% ecx;rqcf:ooo:q@o @&ﬂoocf:u
Qoeo- Calculate the standard enthalpy change of the decomposition of calcium carbonate;
CaCo,(s) — CaO(s) + CO,(g) using the data given below.
AH{[CaO(s)] = - 636 kJ mol* AHPICO,(g)] = - 394 kJ mol*
..3[|}’ [CaCO,(s)] = - 1207 kJ mol-*

AH/

= Route |
- Route 11

+ C (graphite) + + O.(g)

By using Hess’s law, Route | = Route II
AH{[CaCO,(s)] + AH['= AH{[CaO(s)] + AH[CO,(g)]
(-1207) + AH!= (- 636) + (- 394)
AH!'= + 177 kJ mol*

Chemical Bond 0>6303(g058 9360705 chemical bond 0365(gdedld c3zb03gdialad
bond energy :Jféeo?og bond enthalpy C\Qe &3l SlonoSi we(ﬁmmeoop E @é(ﬂoocfuu Bond
breaking 3908(73 E cns?@:or% plus % 905@@: bond making 330305 minus E? Gu%@cﬂoaosu
Chemical bond 0269320305 6205005 (§o5e02005(3E:4, (§Sedl(gé: 083903(5 Bx80d
energy oeacmq?é@: mrgmoao%;qéoarf) @5@@303 oaﬂeﬁ,moimoau c;moqjcaq;aooo e
cogoq_]cf:ooo:@(ﬂn

Chapter 3 Chemical Kinetics: Rates of Reaction ¢2c0) chemical reaction mo%el)?o
reactant ;e product 32(goe(go:0303 e8] eg:e0:03 c(got:adefaocd [§Sso§ode(got:ade
c0pSe§0lorudi edapdgpze(godiadeegal 324]§4,50050503053i0503036 € s§:580006§ a0
Jleui Dynamite eClodap(gEs senzaengp: ¢5a3:(gE: 23eg:0003(gEx caqpaddEempadon:
qPs o%cﬁo)o:éq@f::eogwo ogg%ﬂféf::mea} §8m3m3900$@o:»é3308 3933:33:9903@@383:
@mao‘?’ eoqu?o@o%cﬂoodiu oao&@ﬁ%s‘?é oa(r‘ia%éooé goeo(ggo&ﬂo:?(f: ec\gqés%za{pm‘ﬁ
ogrygooozsoc\i%(ﬂwéu
goeo- When the following reaction of zinc and dilute hydrochloric acid takes place, 30 g

of zinc has been used up after 2 min. Calculate the rate of the reaction in terms of
the mol per second.
(Zn = 65.38)

Zn(s) + 2 HCl(aq) — ZnCl,(aq) + H,(g)

mol of Zn =30 g x 1 mol _ 0.46 mol
65.38¢g

reaction time (in seconds) t=2 x60=120s

rate = mol oijn used _ 0.46 mol _ 0.004 mol ™
time 120 s
The rate of reaction is 0.004 mol s™.

ﬁ@(})’)é&?q”_ R reaction rate (73 orgmqmc)g(c;moe rate G‘l units GOQUYD Mmass per time,

volume per time, concentration per time s3(§:a24]:jz (§5&Elonudi Rate of reaction o3
204pgpSed eud(gepeo reactant 033e[aaE 324]§4,0305(3: concentration eogpgpSiogozond
(603 minus sign §, co3(gqoocdi product o3 326(38qE 324]65,0305(8: concentration gp:
2022(g5d plus sign §, c65(gor003 Bqeo(gddlonudi Calculation 9o sa0R:a0(gé minus
sign 03 cop92gE:03055/05§ c33a56(030Es 8§ g23c0pSqClecdi

Chapter 4, Chemical Equilibrium 205(gjgje(g 03 eapconag)€- aqppspuan oaduabogniendd(y|
@é: (one-way process) @ac)oéqp:@é@@: Gaq_ommemp @@éa’ac?%ooo%@[@& (reversible
reaction) 03 (g6(030loruSn 38e205(g[§E:eaz¢o forward § reverse reaction eogdloles(Ge
(oS sdae, .§$ 2603 093032203323l gle[g equilibrium) ogeqoogé’lcﬂmugn 3533]@@99
forward reaction §, reverse reaction cogu 600§ (3€:6§0> 0ppSodesiengs, 0055
(§6go:e5c8 dynamic equilibrium o 2005¢05esladlGlonudi

Reactions cogg), physical states cogazg 0600:09p5:gj6(g4E 02820:0305:00705g/6(g
homogeneous § heterogeneous equilibria 60303 2305¢05e65(goro5aeudi 30]8I 832023,
Lﬂoé(g%m@o&cﬁ@é:eogm gﬂe@e’aeoT w(ﬁeepcﬁgqu(r% 9%@%‘;51393 Le Chatelier’s
Principle u22 sscgq%:?aaé:oéd]wogn

Concentration effect, Pressure effect or Temperature effect m@gqé:?m% o:)c;@.gsscg(rg
609a00a02260030100051 2005eqpaBe0098320305 Queogps eaooyEagiqpiss egade
Qéo‘é(‘fé [Slawlebpl Q:G@QQ%CYJOSG@SI%; @5&0)&5"

Le Chatelier’s Principle 093 orﬁﬁ(\;ﬁc%:eog(fﬁ 33:535@[@3:33 o5 Q0e>- ammonia §<§
methanol production gp:03 33§e0q§ glef§aecs s cvd(geo:000:0003 32620:805 8§ §0:00pS
coc3dlonadi

Homogeneous $ Heterogeneous equation qp:saogo% equilibrium constant K, oo

§iqpiod

GER2008 G@%@mcﬁqoieogu Chemical equilibrium ma%@s\l gjc@cﬁ% G0 K, CPJ molar concen-
tration 325(G¢ K, & gaseous equilibrium 320305 K 02o(gé em@eo,ooooqe@@o@
:D(‘Bagéspomqp BoopS: elggc: ogo%qp%ooyc;oo%&lmcﬁn
Chapter (5) Acid-Base Reactions (§6JloooSi Acids and bases theories (3) 03 03&(gagozen
@&ﬂw(ﬁu Arrhenius Theory ooé H*ions §<f: OH-ions qpm% we@ég acid-base 0%338(3303
C N c Q00 Q < C . N . ~ . . . .
2005905000:6(030&: 8§ 83325 Clon0Sn Strong acid §, weak acid §, dissociation equation
o) @.§m$g’) Gq:ooa:e@%@mo%qgn@&ﬂmcﬁu Brgnsted and Lowry Theory 396188(&]8
L L
proton 2360705 Hr ion c0:&Ee1 0058§E¢03 326(ga¢) 38goudgEadooze(ngd: 8§R o33
CloouSi Bronsted and Lowry Theory o3 @2¢(gg) The concept of conjugated acid-base
. < < Q c_Q < C ¢ Q C . .
pairs )3copd:  poedgpigE 38105 EicuEicno5q§adclonudi  Lewis acid-base theory
. Q c O C Q Q Q. . . Co0CQC C oc
¢2607 acid-base 328920503 ee5c8ayt Bewr05 ions cCl§) & pair coa558Eel oode0:&Ee
3§ 38g2052005¢05e0s000:0lorH
eqeedcdo)[§103(5¢: 8¢ PH c6S(gqI0den eq(§ir3a(gSes The ionic product of water
constant (K) o305005(gEx pH and pOH relationship && pH scale 6303 gE:co:goesS(geozcon:
8z s00Sedee:giqpio 9§mEgo c(gsdonodaend 9gro093/05ea3c0pS: ssodecmpbeoqd
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e.g. Calculate the pH of an aqueous solution containing 7.3 g HCl per dm?®.
(H=1, Cl=355)
Answer: molar mass of HCl = 1+ 35.5= 36.5 g mol™*
mol of HCl = — /38 _=02mol,  [HCl] = 9-2mol _ 5 1o dm-3
36.5 g mol-! 1dm3
HCl(ag) — H*(aq) + Cl-(aq)

0.2 mol dm= 0.2 mol dm-®
pH = - log [H] = - log 0.2 = 0.699
oBegood acid eqiqpSi base eqSqpSa3ei[§n3¢ ionisation sae(030l:03 eapouoepd
s3dlon basicity of an acid §, acidity of a base 2060200062203 §E:c0:00E[GEER Baad
SlonoSin Acid @L(Y;)CR](% @L({g[::)éw%%:cw K, §<§ acid @5:'393: 90(63805?3' 32002:0) base
QN < N c.0o¢ N N < Q 0O N < < < <
@lcrgcgjc @Log@c:me?zeoa K, 300503009|00qP3s) oo(qgoe@o@eo:oomqe@ @o(ﬂoooan
m:s:;qjl::z;m: (5) t,ﬁl:@&or:) strong acid and strong base, strong acid and weak base,
weak acid and strong base §c°: weak acid and weak base o%s‘laoyeog espg&@ §[§5°@§)o§3’35|
pH 088: voppSqodaec(ngoEianaCiecgal s00:5040424, 2207:36(0308:200500 ¢[gad0o05
(3 cosaooioowu
Buffer G(ﬂ%qaa%oaam weak acid .§§ qé:eﬁaoo:eq]%q 2
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802:6QPERO &ocewoeqoq@mqlzsam: @od]oown ogeqpq@qp:eﬁ QC0GIVP
dilution O?(S@ézl acid offgeu?o% base 33§ézcc500600§[§5:@§ pH G@’.}E:C\\)ﬁd‘% m%_mo:%é
codloooSi Buffer solution sa¢j:a2002 () g€ GE:03@N pH range 036l cuS(geozconzclonudi
q5:§<§oogw(y§swa cxgo%;uo%gqp:o%coé: @éo"ggoscgqéooo:wédmcﬁn
Chapter 6 ceo2p Transition Elements 60303 eapaooeo(gdcloncdi
IUPAC definition 32¢) d-orbitals or subshells qp:ogf: é @@é@éoéwo:@& eﬁqleoao
Q_< < < .Q < CO O¢C < Q i < _c Py
@oocssmooe RQOUPOD BI0OGIICVPFQPIMN @azmm@ooceﬂog (transition elements) v
20056058Eclonadn Transition elements eo303 s-block §& p-block (0302038 cop.§q8:
d-block elements 00052 ealaddlonudi sacppdmgeconiagé transition elements g3
Series 9 §ooa:oogfaa§(73 0006 Series (Y% Gc\;)coooga:@o@é(ﬂmu%u 0coe Series (,,Sc-
< e < N oMme_¢ < < < <
10£n) 03¢ transition elements 00 & Alo&dlonaSi og@uoc (00) 932030 zaoomem[gdioe:g§2
.§(ﬁ33:;of°3§: cagmoooo:eoc\%(ﬂm(ﬁu
Chapter 7 Chemistry and Green Environment ¢> cogr0050&:0q8aeed] 2005eepade-
mgoeﬁcmocgi sqoq.}é G@oq@o%gé:ﬁo%o% chgcx)oeé 399:%:@55010)&5" sje@acf: w?:ssa%):
o carbon, nitrogen, phosphorus §<f: sulphurco@s\l_ biogeochemical cycles me% osgﬁozcopé
ooo:(‘é Q%mﬁ(ﬂoo(ﬁu q&: cycles q_p:s;eoT human activities 8086\1" oarrgesprf)g%qp:zaeoT
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882008z qEa§es03 005009 E(gdeclend caonlgoadadndgraoéor capoyéecays, TR’s
ov%(r% Ga03PgO 33§1§3:C\>é(‘§c\%3a&ﬂmcﬁn aac%qoog?p} g%oéogé:eog@%o} heavy metals
~ C. O Q < Q < < c_C < Q9 _¢ Q
s, wc:o?qu@osnﬂc:eogooo C\R&)D‘;C’a@ﬁ 0QY§30066:5C omo§:chaeoT 00RMYER07
cwqagaa%ooo:q@o@é&mogm
Eégé:@oemoeocﬁogé:qp:?é o&o@:q&msoTw(ﬁcqocﬁgo%(ﬁmé: heavy metals
(arsenic, cadmium, lead, and mercury)sé o320g|[3SedIC:qpian 2005eqpa3&Een’ cud(g
6020022010081 cfgsa[gé @:xo%c@ozoocf)@f::que@oé wwooocﬁo%chf:saeoi‘xcﬁsqocﬁ
G§ﬁq|9:(¥% cag:e§:eo:oooz(ﬂo>05u Q%Sooe@&@o ec\;moocf)ﬂ@: Ge:g%:‘?éccpa{]éa%:qp:
c@a?gooo:coc\%(ﬂmugn 88@9:(\)@009:3;@? ﬁcoooé@mé:o@a?g@&mé aa@cf)qﬁ%éw@f
ma%:qﬁ[:@é&oocﬁu wmoooo%o§:q§39@oT m@o:wcﬁeq’;é%éemﬁ 3325(\7@6@303
0205(03E:q2(§03 POPs § VOCs 0303c0pS: a3 go:c0pdoonzqulecdianéeonSeoongoengpssé
20226036, OQJ%zeaeq:@émmoooo%o%:qéaaeoi‘ qé:o‘ésﬁ :D(ﬁeep(r%gqpm% 008@08
§a:wéooo:qeo§u
< < ¢ < < TRy N < < < c_C
20ID0KE O OOI0§EOYCHP3Y ogmeoTcooGa)o radiation (eoooc;epc@g) §C OPROOY0§:
oq_]gﬁ radioactive isotopes 80861323?:08(:» radioactive wastes and radioactivity, radioactive
pollutants and pollution gpzo0pS a203000050§:Eaeedl 2005eqpadee(3pé(gdeodieon
q@:eoeq:@owweogn% o%é’ﬁo:coéooa:co)cx%dlmcﬁu §||[mc3:ooo:<g§:395§§: §||[mc3:uo:>:
N < < e Q Q N < N c_C C 00 ¢ Q N
mm@m@pzsse@oc:i eqsogoog))@ogg:qpse@ag [SeEeGiealel Hoallelecloloal BoHepleRIobE
N < < Q C 9 < Q c <
ccgcooocoﬂ@: COIR§38C @e@@m@eoq«; @p)cco;(qgooo:@(ﬂu
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:raa.%: (9) oneonp  Organic Compounds and Macromolecules @é(ﬂoo(f)u 8339.§:?9
organic compounds Qog@o%o’} ethers, aldehydes, ketones, carboxylic acids, esters, amines
§ amides coq), 36p5c0:046 (nomenclature) §, preparations, properties and uses 0303
6203pge 609a033§ 000260 (§8Clonudi Ethanol ¢ a26(g|g) organic reactions 3e0:09:320905
< < cN_Q < < < .9 . .
summary o3 co5(geozooa:clorudi 6325056 [3eClE: 02893)E:8a20305 organic reactions
. ~Q QC(QQ o o < "I Q o ¢ I ’] N PN Q < .
qp:0y @@s@esq,wooecgoﬂg@ocg 02000R§30l0001 ooee.ge@aqapogc Reaction
< < < eN_C N < < < < < < <
FPOPOD G6I6IICE:P§IPP c:moos?ooam@l@cz GQ9oI0RC m@m@@q@@ @ocﬂmwu
N _C < < < c.Q < (o} (o} < < o N _O (o}
[Sezelel) @occﬂc: 002030300 USES o?e@s?cglcmg: GEPGORLREY D m(qg:)c;@aq
$&qepS(§ecloncds
< < . N . Q . NN ~
mmmm@: organic compounds cogs), functional groups cogoy chemical test g, g@'):o@)
reactions qp:o% @mo:qp@(f:eo%@so:ooo:(ﬂm&u @@wo:sw%@qéqp:@ e:u:ﬂogoec\;(q(}
c[gsdonoSeoq$ Functional groups gp: chemical test equations gp:sé cop.§3/050303
qEzc08ago 6202200058 a3clonudi
Organic compounds gp:eN functional groups Goga3 2005¢0560:&Eea00 spectroscopic
method- ec\;coafésaog(y% oooeé:go electromagnetic radiation and electromagnetic spectrum
Q Q0o < ’] < . P ~ [
07 GOPOODA§ 0028 s@a@oo o051 Electromagnetic radiation €, wavelength, frequency o3¢,
energy QO(;)OSOSQI"S(’% oSﬁ@:coécocfﬁ(ﬂmoSu
Organic compounds GC@G\L functional groups 03 spectroscopic techniques 39e§|l:e§|l:$_
oc < N N Q < N
ﬁpcgseczﬂoown 3330000 Infrared spectroscopy o3 ec\;c\nq@o@o@: IR spectroscopy ),
principle Molecules .§ IR radiation o?L) interaction @éeoT@é: molecules o IR radiation s‘l
§8:32EaB0805(3: molecular vibration (gdedleo(gE: 020p5S0303 capaoopodannigeps [godl
o051 [gSedlonoo} vibrational frequency oo bond strength § masses sedlgopS(8:
e[goézadegloradi 9Suaadndos frequency oo molecule §2§03 3050p5: 336105 groups
eogeoT ﬁmé@: @éeoTo}saogcy% frequency oo%fé:o%:ﬁqé functional groups eogcr% e
886038 loncSi
Molecules Gcgei IR active $ IR inactive or%:oé Molecules qp:‘zﬁ dipole moment changes
=1} ﬁmé@:— dipole moment changes §°1<39:>39 IR active dipole moment changes e%’lécgjé
IR inactive @édlcxﬁn R0ed N, molecule b5 dipole moment changes egqlor:xracro)rrg IR
inactive @5010003" CO molecule ooco2p dipole moment changes ﬁc}s:;og(f; IR active
§8doncS
Propanone ¢, IR spectrum 03 capauo03a2s| C-H § C=0 functional groups 03¢}, absorption
band eo303 2980 cm™ §, 1700 cm™ 0360 eo3 §&Edlonudi
IR spectrum ¢o303 6aoeuoePeD W9e65(goon:0} characteristic absorption band §,
band intensity o‘% Table ?3@30@02003:(;]0)05” 8@033:(7% 3333@[3 6%5033?00900 o&eo0o
IR spectrum Q|9:§§ o%o%a@éeo;qéooo:eéa@c&]é functional groups, wavenumber, and
band intensity o%o% m(@é:moéa‘%ﬁmo%&ﬂmnﬁn

Table Some Characteristic Infrared Absorption Bands and their Intensitie

Classes of compounds Bond Wavenumber (cm™) | Band intensity
Icohols, eth t

a1cono’s, Eners, esters, c-0 1050-1410 strong

carboxylic acids

alkenes, aromatic compounds c=C 1620-1680 medium, weak
Zzle?:i:iz:;lsi; aalfizf;ydes, C=0 1650-1750 strong, sharp
alkynes Cc=C 2100-2260 medium, weak
carboxylic acids 0O-H 2500-3300 strong, very broad
aldehydes C-H 2720-2820 medium, weak
alkanes, alkenes C-H 2850-3090 strong

alcohols 0-H 3200-3600 strong

amines, amides N-H 3300-3500 weak, mediun

R0©232:(g¢ ethanol, ethanoic acid, ethanamine 03¢, infrared spectra coga3 copaoo
©0583q€ 3400 cm, 2950 cm™ 03¢0 OH §, CH stretching vibration 03 eog &€dlorudi 3200
cm™ @5 acid OH stretching, 2950 cm™ ¢ CH stretching, 1700 cm™ 2 C=0 stretching o%cr%
ec&xﬁ?o@&ﬂm(ﬁn Ethanamine 6\1 IR spectrum ¢ 3400 cm™ @2 NH stretching, 2900 cm™
©5 CH stretching or%(r?) chgﬁm@o@fxﬂmu&l OH, C=0 (YSQ?? bond polarity @&\\2]5 absorption
band ‘\1 intensity mé: eﬂo:@o@écﬂmosn Hydrogen bond @5@6@39@36 bond polarity
qp:@: absorption band E‘L intensity mé: @{Smamogn Peak mmé: broad @z?)?s@%cﬂoocﬁu

Macromolecules 26053 natural and synthetic polymers eogs\l examples cogos.:) 33§
9$2[g8Cloo0S Monomers gp: cJlE:oS(G: polymerisation (§SeclovadaBoopd: cuS{geozooo:
CloouSi Polymerisation process ¢ addition polymerisation process 03 23§ §2:c0pSqe2
(g6JloocSi Addition polymers co3d), Qabooggp:sé mad:08eecgadcopds B§conzqen
@o%cﬂoaof)u Condensation polymerisation ¢> monomers cogon aakﬁl:eoeo:) functional groups

S NoSBe . $(Bs0d33] : Q c..QQ . ¢ Soo0S
$0q]|: Ol oc@, polymerisation @o@].,q)saa repeated linkage 0pcopd: wgﬁo.co@q@a@@o 000N
39353:05(3?@ Q@Soag’%qpm%coé: 903333:33%’151@9 @56]0)05u

Plastics and environment ¢oc023 om(f)oméaaoél:@[@&e@oé [§§>eonoo§ @mq’oqpﬂ
qé:o%or% eoﬂg(‘qeo(ﬁg:@c}gcﬁ recycling plastics .$ degradable plastics 0930/% a?ooc\géa‘?:@@:
000050066(030€ 0050§207Ep82082003 eayRye(gqE:aepdspSicodigpiod B§oon:d

¥ FEOYCROREQOP CCQRIC(YC RCORR SO QPR 8| e
0%395010)(,6" Recycling symbols qp:or? .§ozc\)é:ﬁ§§(\$<ﬂmu§u

Chapter 03&:¢2 os000:03 review questions gpsi exercises gp:a problems gpzo3copS:
6206203PgPEaY2002:8 c335dlor0di
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ec\;ozléooo:fé c\%(ﬂoo(.ﬁu oof)émcﬁeo:c\%ooomem;) (L)googrrgo}ssé] c\%sgﬁo:)e(?spcog?o
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