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AAFbl CO3

>KapaTbIAbICTAHY FbIAbIMAQPbLI  KbI3blKTbl, 9pPiI TapTbIMADI
NoHAEP. BYA OKYAbIK Ci3re FbIAbIM 9AEMIHIH BapLua CYAYAbIFbl
MEH >XACblPblH KYMUAAAPbIH MaLl eTyre »XaHe CI3AIH LWblHaWblI
3ePTTEeYLUIAIKKADIAETIHI3AIH aLUbIAYbIHA YKOA CIATENAI.
OKYAbIKTbIH 6acTbl MakKcaTbl «FbIAbIM He VLUIH KaXXeT
YXOoHeaAFaH BiAIMAI OMIPIMI3AIH Kau CaAaCbIHAA
KOAAAHAMbI3?» AereH TopIi3Al KYPAEAI CypaKTapfra
>Xayani3penal.

OKYABIKTbIH aAFalLUKbl BbeTTepiHeH-aK Ci3 ©3iHi3re YMPEeHLUIiKTI
O6oOAFaH Teopusa MeH TYPAI POpMYyAaAapPAbl KAMTUTbIH
KapanambiM MOTIHAEPAEH KypaAFaH 6acKa OKYAbIKTapAaH
e3relle eKeHAIriH aHfFapa Tyceci3. 9Opbip Tapay 6epiareH
TaKblPbINTapAblH asACbiH KaMTUTbIH KbI3blKTbl AEPEKTEP MeH
aKMmapaTTapAdH, >XEeKe >odHe TOMTblK VYXbIMAAQ OpPbIHAAYFA
apPHAAFaH TancblipMaAap >XWHafFblHaH Typaabl. CoOHAan-ak, ci3
TYPAI TOXKIPUBEAIK >XYMbICTAap MEH 3epTTeyAepAl >Xacayra,
TYPAI akKnapaTTap MeH AEpeKTeEpPAl I3Aen Taybin, OAapfa
capanTaMa »Kacay APKbIADbI O3IHAIK Aepbec
YXaHAAbIKTAPbIHbI3AbI ALLYyfa MaLLbIKTaHACbI3.

BepiAreH OKYAbIKTbIH 6acKaAapAdH €epeKLeAiri - OHbIH
KONTIAAIAITTHAE. AAFaLLKDbI beTTepAEH-aKkK, Ci3
MaTepmarpAaPAblH aHa TIAIHEH O6AeK, XaAblKAapPaAblK FblIAbIM
TIiAl — aFbIALWBIH TIAIHAE 6epinreHiH bamkamcbli3. OKYAbIKTbIH
opbip WebiHeH Ci3 Heri3ri TepPMUHAEPAIH ayAaPMaAaPbIH VLU
TIAAE: KA3aK, OPbIC YXOHe aFbIALLbIH TIAAEPIHAE Taba aAacbl3.
BipTiHAEM afFblALLbIH TIAIHAEM CO3AEP MEeH COUMAEMAEP CaHbl
apTbiN, OKYAbIKTbIH COHFbl >XafFblHAAFbl MaTepUaAAAPAbIH
6acbiM OOAIr afFbIALLbIH TIAIHAE 6epineTiH 6oAapbl. Bya
APKbIAbl Ci3 afblALLbIH TIAIHIBAI >XETIAAIPIN KaHa KowuMawm,



FbIAbIM SAEMIHAEr LUEeKCI3 >XaHAAbIKTAP MEH XXeTICTIKTepre
Kapan KapaM bacachbis.

OKVYAbIKTbIH KYPbIAbIMbIMEH MYKUAT TYPAE TaHbICbIHbI3.
Kasipri TaHAaFbl OKYAbIKTAP >»AAFbl3 aknapaT Ke3i B6OAbIM
TabbIAMaNTbIHAbIFbIH €CTe CaKTaHbl3.

Cizre XXI| facbipablH AJQFAbIAGPbLIH, AFHU CblIHU TYPFblAAH
OWMAQY, LLUbIFAPMALLUbIAbIK KAabIAETTI AAMbITY, KMAAAQY, TOMMEH
YXYMbIC »Kacay, CaHADbIK CayaTTbIAbIK, XoHe T.0.
KabIAeTTEpPIHI3AI AAMbITYFa OaFbITTAAFAH KeH KOAeMAEri
TancblpMaAapFa 6emrMiMAEAIN, YUPEHYre Typa KeAeA.

Erep Cizae OKYAbIKTbIH Ma3MyHbl MEH KYPbIAbIMbl OOMbIHLLA
Ke3 KeAreH CypaKTapbiHbl3 6eH YCbIiHbICTapbIiHbI3 6ap GOACa,
TOMEHAET GanAaHbIC KYpaAAapbl APKbIAbI bi3re
YXOAAQYAAPbIHbI3AbI CYPANMbI3:

via email: admin@astanakitap.kz

via telegram app: @astanakitap

KypMeTneH,

“AcTaHa-KiTan” aBTOPAbIK Y>XbIMbl
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CHAPTER 1: ELECTRONS IN
ATOMS

1.1 ELECTRON
ARRANGEMENT

How do electrons affect the properties of the atom?

You will:

.

e OPOIP SHEPreTUKaAAbIK AEHIEeMAEri SAEKTPOHAAP
CaHbIH aHbIKTan BIAY;

e MEPUOATDBIK KecTeperi anfawKbl 20 SAeMeHTTIH,
AAEKTPOHADBIK OPHAAACYbIH aHbIKTan BIAYy.

ATOMHDbIH €H >XeHIA BOALLEeri IAeKTPOH BOAbIMN TabblAaADI.
OHbIH Maccacbl 1/2000 a.M.b. (a.M.6. = MacCaHblH aTOMAbIK
OipAIri 1.66+10-27 Kr TeH) >XyblK. Bentapan atomaa NPOTOH
MEeH 3AEKTPOH caHAapbl bip-bipiHe TeH 6oAaabl. MbiCaAbl,
CYTEK NEePUOATbIK KecTeae DipiHLLI 9AeMeHT BOAFaHADBIKTAH,
OHbIH 1 MPOTOHDbI, 1 3IAEKTPOHbI 6OAAADI.

IAEKTPOHAAP aTOM AAPOCbIHAA BEATIAI Bip aHEePreTUKaAbIK
AeHremaepae (kabatTtapaa) opHaAacaabl. AAPOFa >XXAaKblH
aAFalLKbl KabaT “K” kabaTbl Aen aTanaabl. EKiHwwici - “L”,
VLLIHLLIICI - “M”, KenecCi AeHremAep ASA COAAN AATbIH SAIMDBMUI
apinTepiMeH aTaAaAbl.



Bip aTOMHbIH 3HEPreTUKAAbIK AEHIEMAEPIHIH XXAaAMbl CaHbl COA
IAEMEHTTIH MEPUOATBIK KecTeAeri Mepnoa HeMipiHe comkec
KeAEA|.

OpOip KabaT TyYPaKTbl SAEKTPOHAAR CaHblHA Me. DAEKTPOHAAR
caHblH N=2n2 dopMyAachbl apKbiAbl Tabyra 6oAaabl (BYA
Xepae, N - KabaT caHbl). BipiHLWiI KabaTTa 3AeKTPOHAAP CaHbl
2-AeH acnamabl. CoA cebenTi, aAFalLUKbl SHEPreTUKAAbIK
AEHremae 2 aNeKTPOH, KEAECI eKIHLLI AeHremae 8 aAeKTPOH
6ap eKeHAITr aHbIKTaAaAbI.

AToMHbIH "K", "L", "M", "N" kabaTTapAaFbl MAaKCUMaAADI
IAEKTPOHAQP CaHbIH TEMEHAEr ecenTeyAepMeH aHblKTayfa

6oAaAbl:

First shell (K) for n = 1 2R 2N =28
Second shell (L) forn=2  2xn*=2x2°=8e
Third shell (M) forn=3  2xn*=2x3°=18¢
Fourth shell (N) forn=4 Ixn =2%4" =32 e

[MlepUnOATbIK KeCcTe aAFall KYPACTbIPbIAFAHAAQ KOMLUIAIK
FAAbIMAQP aTOM KYPbIAbICbIHAH 6enxabap 6oAFaH. AereHMeH,
Ka3ip 6i3 IAeMeHTTiH KAaCMeTIiH, OHblH MEPUOATbBIK KecTeAae
OPHAAACYbl MEH SAEKTPOHAAPAbIH OPpHaAacybIMeH
6aMAAHbICTbIPA AaAAMDbI3.

ATOMHbIH €H CbIPTKbl KabaTbIHAAFbl SAEKTPOHAAP BAAEHTTIK
IAEKTPOHAAP A€M aTaAaAbl. Bip TonTa opHaAackaH
SAEMEHTTEPAIH BAAEHTTIK SAEKTPOHAAPDbI AQ TEH BOAAADI.
AeMeK, BAAEHTTIK 3AEKTPOHAAPbIHbIH CaHbl TOAbIFbIMEH
IAEMEHTTIH KacneTTepiH aHblKTanAbl. MbiCaAbl, 1-LUi TONTafbl
CIATIAIK Me@TaAnAaPAbIH CbIPTKbl KabaTbiHAA Bip SAEKTPOH



6onaabl. Ocbl MeTaAAAPAbIH BAapPAbIFbl YKCAaC KacueTTepre me.
OAap CaAbICTbIPMaAbl TYPAE TOMEH TbIFbISAbIKKA Me, ayaAa
OHaWM TOTbIFaAbl, CYMEH KapKbIHAbI TYPAE peakundaAacaabl.

Li Be B C N O F Me

Electron distribution of elements in 2nd period of alkali metals

Atomic Number State at room Electron
1 H gas 1)

Hydrogen

2 He Helium gas 2)

3 Li Lithium solid 2)1)
4 Be Beryllium solid 2) 2)
5 B Boron solid 2) 3)
6 C Carbon solid 2) 4)
7 M Nitrogen gas 2} 5)
8 0 Oxygen gas 2) 6)
9 F Fluorine gas 2)7)
10 Ne Neon gas 2) 8)

Keep in mind:




The distance between nucleus and shells increases with
increasing the number of shells.

Literacy

1. Write electron arrangements of elements: Na, Mg, Al, Si, P,
S, Cl, Ar, K, Ca.

2. Which ones of the elements above have similar chemical
properties?

3. Why is helium placed in a group 18 with neon but has
different electron configuration? (Use the Periodic table
on page 116)

Lab work

Kipicne:

AAABIMEH, aTOM MOAEAIH KYPACTbIPY YLUiH aTOMAA KaHLLa
MPOTOH, HEMTPOH YXXOHE IAEKTPOH Bap eKEHIH aHbIKTan aAy
KepeK. OA VLIIH MOAEAD PETIHAE KOMIPTEK SAEMEHTIH aAanbIK.
[MepPUNOATbIK KECTEAEH KOMIPTEKTIH 6 MPOTOHbI, 6 HENUTPOHDI
YKOHE 6 IAEKTPOHbI 6ap eKeHiH Kepe aAaMbl3.

Kypan->ababiKTap:

TYPAI-TYCTI TEHHUC WapuKTepi (HeMece pe3eHKe LapAapbl),
CbIMAAP.

O©TKi3y TOpTibi:

ATOM AAPOCHI MPOTOHAAQP MEH HEUTPOHAAPAAH TYPaAbI.
IAEKTPOHAAP BEATiAI SHEPreTUKAAbIK A€HFENAEPAL AAPOHDI
AMHaAbIN TYpaAbl. LLUapukTep MeH CcbiIMAaPAb! KOAAQHbIM aTOM
MOAEAIH KYPACTbIPbIHbI3. ©3 KUAAbIHbI3Fa epPiK 6epiHi3.



BakblAay cypaKTapbl:

ATOMHbIH Kan BbeALueri Tepic 3apsaATaAFaH?
[MPOTOH MeH HENTPOHAAPADLIH 3aPAATAPbIH >Xa3blHbI3.
« KeMipTeKTiH 6ip aTOMbIHAA KaHLLUA MPOTOH bap?

Structure of the carbon atom

Terminology

o light - »eHiA / nerkui;
« amu (atomic mass unit) - a.M.6. (MaccaHblH aTOMADbIK
BipAiri) / a.e.M. (aTOMHaga eAMHMLA Maccbl);



approximately - »ybIK / MPUBANU3UTEABHO;

to occupy - kKeaeM aAy / 3aHUMaTb;

outermost - cbiPTKbl / BHELLHUI;

valence electrons - BaAeHTTIK 3AeKTPOHAAP / BaAeHTHble
3AEKTPOHDbI;

electron distribution - aAnekTpPoOHAAPAbBIH OPHaAacybl /
pacrnpeaAeAeHne SIAEKTPOHOB;

electron arrangement -aAeKTPOHAAPAbIH OpHaAacybl /
pacrnpeaAeAeHne SIAEKTPOHOB.



1.2 FORMATION OF IONS.
WRITING CHEMICAL
FORMULA FOR COMPOUNDS

Why do elements "want” to be like Noble gases?

You will:

. Kenmbip aTOMAQPADIH SAEKTPOHADIK OpOUTAAI KaAam
TOAATbIHbIH DiAyY;

e MOHADBIK KOCbBIAbICTAaPAbIH XUMUSAABIK POPMYAIAAPDIH
»Xaza biAy.

OpPOBIP aTOM TYPaKTbl BOAYFa YMTbIAaAbI. Ke3 KeAreH aTOMHbIH,
TYPAKTbIAbIFbl CbIPTbIHAAFbl SAEKTPOHAQPFA BANMAAHDICTbI.
ATOMADBIK OPOUTAAI SAEKTPOHMEH TOAFAH aTOM TYPAaKTbl Aen
aTaAaAbl. TYPAKTbIAbIK KaCcMeTKe ne 6OAy VLLUIH aTOM He
IAEKTPOH XXOFAATYbI, HE SAEKTPOH KOCbIMN aAybl KEPEK.
Mbicanbl, HaTpu aToMbl (1TNa) 1 SAEKTPOHbIH XXOFaATbIMN, HEOH
aToMbIHbIH (1I0ONe) KYPbIAbICbIH MeAEHEAI. AA, erep XAOpP
aTtoMbl (17CI) 1 aAeKTPOHADbI ©3iHE KOCbIMN aACa, OA
TYPAKTbIAbIFbl 6Te XXOFapbl aproH atoMbiHa (18Ar) ykcac
BoAaAbI.

ATOM >Kan Kymae anekTpbenTapan, aFHU, NPOTOH MeH
3AEKTPOH CaHAapbl ©3apa TeH 6onaabl. COHAbBIKTaH,
aAneKTpbenmTapan aToMHbIH 3apaabl O-re TeH. Ke3 KeAreH
OacKa >XarFAanmAa aTOM 3apAATaAFaH OOAbIM CaHAAAADI.
3apsaATaAFaH aTOM MOH Aen aTaAaAbl. MOHHbIH eKi Typi 6ap:
KaTUOH >XoHe aHMOH. Erep atoMaa NpOTOH CaHbl SAEKTPOH



CaHbIHAH Kern 60ACa, OHAA aTOM OH 3aPSAATAAbIMN, KATUOH
6oAaAbl. KepiciHLLe, aTOMAA SAEKTPOHAAP CaHbl MPOTOHAAP
CaHbIHAH Kern 60OACa, aTOM TepiC 3apPAATAAbIN, aHNOH BOAAADI.
TeMeHAe KepceTiareH “X” cbi3bacblHAA @aTOMHbIH SAEKTPOH,
MPOTOH, HEMTPOH CaHAAPbI, aTOMAbIK Maccacbl MeH
3aPSAAbIHbIH YXa3blAYy TOPTIOI KOPCETIAreH.

Atom__

Neutral Atom lons
D=¢e (charged atom)

Cation (+) Anion (-)
(p>€) (p<e€)

Atomic mass number (A) Charge (q)

p-e

=
/]

Neutrons (n)
A=p+n

Protons (p) Electron ()

ByA >xepaeri “X” Al, K, Mg cnakTbl SAeMeHTTepPAIH CUMBOAbIH
KepceTeal. Mbican peTiHae 6enTapan HaTpu (Na) aTOMbIH



»Xa3blMn kepceTyre 6onaabl. Hatpumae 11 npoToH, 11 2AeKTPOH,
12 HENTPOH HBap >KoHe aTOMAbIK Maccachl 23-Ke TeH, ConKecC
CbI36aChbl COA YXaKTa KOPCETIAreH.

A= 23 0

n=12

11

¥
I

11

L=,
Il

Example 1

What are the number of neutrons and the charge of a
bromine ion?

Solution
IfA=p+n n=A-pandn=80-35=45

If g =p - e-and then g = 35 - 36 =-1



32 50

MOHADBI KOCbIAbICTapAbIH ®OPMYAAAAPbIH XXa3y

KOCbIAbIC KYPaMbIHAAFbl BAPAbIK SAEMEHTTEPAIH TOTbIFY
ADPEXKEeNepPiHiH KOCbIHAbICHI O-re TeH 60AaAbl

Example 2

CaCl2 MoAeKyAaCbIHAAFbl MOHAAP 3apPAATAPbIHbIH TOAbIK
KOCbIHAbBICbIH TabblHbI3

Solution

Ca noHbl +2 >xaHe Cl noHbl -1 3apsaakKa me.

KocbIHAbICBbIH Tancak, +2 x 1(Ca aTtoMmbl) + (-1) x 2(2Cl aTtombl)
=+2+(-2)=0



>Kayabsbi: O.

Xn+ >oHe YmM- MOHAQPbI apPKblAbl KOCbIAbIC POPMYAACHIH
»Ka3y YLWIiH “KpecT” epexkeciH KOAAAHYFa 6boAaabl. Epexke
OOWbIHLLA KAaTUOH 3apsAAbl aHMOHHbIH MHAEKCI, aA aHMOH
3apPAAbl KATUOHHbIH MHAEKCI BOADIN >a3blAaAbI.

Example 3

NaCl MeH KNO3 KoCbIAbICTapbl YLWiH POPMYAAHbIH
KYPbIAbIMbIH KEPCETIHI3:

Solution
1 I ! - - ol "i 4 ] - - —i
a. Na “L{—t Cl b. K ‘mrt HO?‘
Na,Cl, or NaCl K,(NO,), or KNO,
Exercise

BepiAreH KaTUOH/aHUOH »XYNTapbl apPKblAbl KOCbIAbIC
POPMYAACHIH KYPACTbIPbIHbI3:

a. Natland 072

d. K*land PO4™3

b. Cat2 and 572

e. Mg*2 and SO42

c. AI*3 and F1



f. Fe*3 and NOz™!

Literacy

Fill in the blanks.

« Atom is the basic building block of ..o, .

. The subatomic particles are ..................... ) e e and

O e and ..o are found in the nucleus.

« Electrons turn around the .....................

« The mass of the atom is the sum of the ................... and

« The numbers of electrons and protons are .................... in
the neutral atom. « The numbers of electrons and protons
Are e in the ionic atom.

« The charge of the protonis .....cccouvennee. but the charge of

the electronis....................

« The charge of the neutroniis .................

« The mass of .....ccccueeuee. (o] G are 1 a.m.u. but a mass
of the electron is about ...........

« The charges of cation and anion are crossed to write the
.................... of a compound.

« The formula of Atomic MasS(A) = ..

Terminology

. stable - TypakTbl / CTaBUAbHbIN;

. particle - 6beawek / yacTmua;

. electron shells - aAeKTPOH Kaybi3papbl / SAEKTPOHHbIe
ODOOAOYKU;

. to gain electrons - aneKTPOH aAy / MOAYYaTb 3AEKTPOHDbI;

. to lose electrons - aAeKTPOH XOFaATy / TepaTb
3AEKTPOHbI.



Problems: Electrons in Atoms

1. What kind of charge does a neutron have?
2. What kind of charge does an electron have?

3. How many electrons are there in the following elements?

a. O

b. Fe
c. He
d. Ar

4. How many valence electrons does each atom have?

a. Sodium
b. Fluorine
c. Chlorine
d. Chromium

5. Fill the gap: Elements in the same group have the same
NUMbbEr Of....ccceoveeeeeeee e electrons.

6. If an atom has 13 protons in the nucleus, how many
electrons will surround the nucleus?

7. If an atom has 11 protons in the nucleus, how many valence
electrons will it have in outer shell?

8. How many protons are there in the nucleus with an atomic
number 21?

9. What is the mass number of an atom with 26 protons, 30
neutrons and 26 electrons?



10. How many neutrons are there in the nucleus of an atom
with an atomic number of 20? (Use the Periodic table)

11. An ion of nitrogen has a charge of -3. How many protons
and electrons do the ion have?

12. The mineral halite is made of chlorine and sodium. Use the
Periodic table of the elements to determine what charge
each of these elements will take to form a compound.

13. The element oxygen will always take charge of -2 in
naturally occurring rocks and minerals. The chemical formula
for the compound, which makes up the mineral ruby, is
Al203. What is the charge of aluminium in this compound?



CHAPTER 2: CHEMICAL
REACTIONS

2.1 WRITING CHEMICAL
EQUATIONS

Can you write any reaction that occurs in nature?

You will:

3AEMEHT CUMBOAAAPbIHbIH, MaFblHACbIH TYCiHY;
MEePUOATbIK KECTeHI KOAAAHA DiAy;

9P TYPAI KOCbIAbICTapPAbIH MOAEKYAAAbIK MacCaAapblH
ecenTen BiAy.

ATOMADBIK YXOHEe MOAEKYAAAbIK Macca

Cizpep aToMAbI KYPAUTbIH Heri3ri 6eAllekTep npoToH (p),
HeMTPOH (N) >XoHe IAeKTPOH (e-) eKeHAIriH Bineci3aep.
ATOMHbIH Maccacbl CaAbICTbIPMaAbl aTOMAbIK Macca (Ar)
APKbIAbl 6pHEKTEAEAl. ATOMAbBLIK Macca Ar NMPOTOHAAP MeH
HENTPOHAAPAbBIH KOCbIHABICHI HOAbIM TabblAaAbl,

HArHu
Ar=p +n

XUMUAABIK SAEMEHTTEP aTOMAAPADbIH Oip TYPIHEH KYPaAaAbl.
IAEMEHTTEPAI XKa3yAa AATbIH apIiNTepi KOAAAHbIAAADI.



MbICaAbl, aATbIH - Au, cyTeK - H, oTTek - O »oaHe TeMip - Fe.
IAEMEHTTEPAIH BAPAbIFbl MEPUOATBIK KECTEAE OPHAAACAADI.

FbinbiMaa B6yriHae 118 aneMeHT Typi 6eArini 6OACa, COHbIH 92-
Ci Taburun anemMeHTTEP. FanaMAaFbl OYKIA 3aTTap OChI
IAEMEHTTEPAEH KYPaAFaH.

OpPO6ipP IAEMEHT NEePUOATbIK KECTEAEr OpPHAAACY PeTiHe Kapan
»XeKe aTOMAbIK HeMepre me. MbiCaAbl, KiTanTblH COA YXaKTafbl
KeMipTeK C aAeMeHTI CcypeTi apKblAbl, KEMIPTEKTIH aTOMADBIK,
HeMepi 6, aTOMAbIK Maccacbl 12 eKeHAINH aHblIKTan aAaMbl3
Ar(eC) =12.

OTTeKTIiH aToMAbIK Maccacbl 16. OHbl Ar(O) = 16 TypiHAE
»Xa3yra 60AaAbI.

EKI HE 0OAQH A KON SAEMEHTTEPAEH KYPAAFaAH 3aT - KOCbIAbIC
A€M aTaAaAbl. BapAblK KOCbIAbICTap dOPMYyAaAIPMEH
OpPHEKTEeAeAl. MbICaA peTIHAE MblHA KOCbIAbICTapAbl auTyfFa
6onapbl: O2 (oTTeK), H20 (cy), CO2 (KeMipTek ANOKCUAID),
CaO (kaabumm okcumai), CaCO3 (kanbumm KapboHaTbl), H2S04
(KYKIPT KblILUKbIADI).

Formula: HoO water molecule (compound)
Symbol D.f Symbol of
hydrogen atom o ”"E'.‘r’ 2 H“t])”‘
elemen
(element) subscript- shows number of
atoms

KOCbIABICTbIH Maccacbl CaAbICTblIPMaAbl aTOMAbIK MaccaMeH
HeEMece MOAEKYAAAbIK MaccaMeH (Mr)



AHbIKTaAaAbl.MOAEKYAAQADBIK MaCCaHbl aHbIKTaY YLUIH
KYPAMbIHAAFbl SAEMEHTTEPAIH aTOMABIK MacCaAapblH ecenke
aAaMbI3. MblcaAbl, XNYM KOCbIAbICbIHbIH MOAEKYAAADIK,
MaccacblH O6blAA AHbIKTAMMDbI3:

M(XY )=A(X)-n+A(Y)-m

Tarbl 6ip MbICAA PETIHAE CY MOAEKYAACbIH aAamblK. Cy
MOAEKYAACbI €Ki CyTeK aTOMbl MeH bip OTTEeK aTOMbIHaH
KYPaAfaH. AAAbIMEH, 8P 3AEMEHTTIH aTOMAbIK MacCaAapbIH
Taybin aAambl3: Ar(H) =1, Ar(O) = 16. CoHAQ, CYAbIH
MOAEKYAAAbIK MacCcacCbl MblHaFaH TEH;

Mr(H20) = Ar(H) « 2+ Ar(O) 1=12+16°1=18

Keep in mind

Some substances have two or more same atoms: O2 - oxygen
molecule has two atoms of oxygen; C60 - fullerene molecule
composed of sixty atoms of carbon.

Facts

The number of known chemical compounds is about
29.000.000.

XUMUAADBIK peaKUuUaAapAbl XXasy

XUMUAABIK ©3repictep Ke3iHAE 9PpAANbIM XXaHAa KOCbIAbICTAP
TY3iAeAl. BYA e3repicTep OopblH aAFfaHAA 3aTTap KapananmbiM
3aTTapfa AEMIH blAblpaybl HEMECce OPblH aAMaCybl MYMKIH.
MbICaAbI:



Hydrogen + Oxygen --> Water

H2 + O2 --> H20

[ron + Sulfur -->Iron () sulfide

Fe +S -->FeS

Carbon dioxide + Water --> Glucose + Oxygen

CO2 + H20 --> C6H1206 + O2



Photosynthesis reaction is essential for
life on the Earth

Water molecules



Literacy

1. Find atomic masses A r of following elements. Use the
Periodic Table.

a. Na
b. Br
c. Pb

2. Calculate molecular masses M r of following compounds.
Use the Periodic Table to find A of elements.

a. Al203 (Aluminium oxide)

b. KMnO4 (Potassium permanganate)
c. CH3COOH (Acetic acid from vinegar)
d. C6H1206 (Glucose)

3. Complete following reactions. Write chemical formula of
Mmissing compounds:

a. Al (aluminium) + (oxygen molecule) -->
Al203 (aluminium oxide)

b. (water) + SO3 (sulfur trioxide) > H2504
(sulfuric acid)

c. CaO (calcium oxide) + (carbon dioxide) > CaCO3

(calcium carbonate)

Terminology

. relative - caAbICTbIpMaAbl / OTHOCUTEAbHaS

. atomic mass- aToMAbIK Macca / aToMHasa Macca

« compound - KOCbIAbIC / coepAnHeHne

. carbon dioxide - keMipKbILLKbIA rasbl / YTAEKUCAbIV ras;
« sulfuric acid - KYKipT KbILLKbIAbI / CEPHaA KUCAOTA;



« substance - 3aT / BeLleCTBO;
« Vinegar - cipke cybl / YKCYC;
« acetic acid - cipke KbILKbIAbl / YKCYCHaa KUCAOTA.

Activity

Discussion about elements.

« Which elements are more important in our life? Why?
« Which elements do you think are less important? Why?



2.2 BALANCING CHEMICAL
EQUATIONS

Is it possible for us to produce something from
nothing?

You will:

o KO3IPDUNLUMEHTTEPAIH KOMBIAY MAKCATbIH TYCIiHY;
o XMMUAADIK PeaKLMAAAPAbIH TeHeCTIpe BiAy

MaTeMaTuKa NoHIHeH ecen WblFapfaHAd TEHAEYAEPAI XKUI
Ke3AeCTIpAIHAEP. MaTeMaTUKAAbIK TeHAEY BOMbIHLUA
TEeHAEVAIH €Ki >afbl 9pAanbIM Bip-bOipiHe TeH. Ocbl TEHAIK
XUMUA YLLIH A€ OPTaK: peakumsara KipreH atoMAap CaHbl
PeaKUMAAAH LblIKKAH aTOMAAP CaHbliHa TeH 60OAaADI.

Peakumna 60mMbIHLLAG aTOMAQPR CaHbIH €Ki >XaKTa Ad TEHEeCTIpY
VLLIH XMMMnaaa BaAaHC sAiIC KOAAAHbIAAAbL. BanaHC saiciHAE
peaKLuMara TYCKEH >XoHe peaKUMaAaH LLbIKKAH 3aTTapAblH
AAAbIHA KO3PPULIMEHT KOO apKblAbl OH MEH COA YXaKTafbil
aTOMAQP CaHbl TEHECTIPIAEAI.

XUMUAADIK peakunAaHbl TEHECTIPYAIH YXOAbIH KepceTeuiK.



In a chemical reaction, the masses and
number of atoms in reactants and
products are equal

a. PeakuunsaHbIH KYPbIAbIMbIH >Xa3blM aAy

Peakuusa KYpPbIAbIMbIHa peareHTTep (peakuymsara KaTbICyLLUbI
3aTTap) MeH eHIMAEPAIH TaHbaAapbl HEMece OAaPAbIH
dopMyAanapbl Kipeai. MbicaA peTiHAe, MeTaH ra3sbl CH4 meH
OTTeKTIH O2 TEHECTIPIAFEH XUMUAABIK TEHAEYIH >XXa3blr
Kepenik. Peakyuma HoTUXKECIHAE KOMIPKbILLKbIA ra3dbl (CO2)
MeH cy (H20) namaa 6onaabl. PearenTttepai (CH4 meH O2)
KOCY BeAriciMeH TeHAEVYAIH COA »aFblHa, oHiMaepail (CO2 MmeH
H20O) TeHAEVYAIH OH »XafFblHa »a3aMbl3.

(Hyy 0,9 0,, * H,0 o

Reactants Products



b. AToMAap caHblIH Taby

TeHAEVYAIH €Ki XXafFblHAAaFbl aTOMAAPAbIH CaHbIH >XeKe->XXeKe
KOCbIMN ecenTenmMis.

CH, + O, - CO, + H,O
&*“ﬂ-*‘ 1 Catom 1 Catom
4 H atoms 2 H atoms
2 O atoms 3 O atoms

c. ATOMAApP CaHblH KO3 PULIMEHTTEPMEH TEHECTIpY

KeMipTeKTiH aTOM CaHbl eKi XXaKTa Ad TeH. bipak, eKi »akKTa
CYTEeK NeH OTTEKTIH aTOMAAP CaHbl 8P TYPAI. bi3
KoadppuumeHTTepAai H neH O-Ti TeHeCTIpY YLWiH KOAAAHAMDbI3.
PeareHTTEep »arblHAAFbl CYTEK aTOMAQPR CaHbl OHIMAEP >XaKKa
KaparaHAa 2 ece ken. CyTeKTep CaHbIH TEHECTIPY YLWIiH cy
MOAEKYAACbl aAAbIHA 2 CaHbIH KOAMbI3. HOTUXKeCIHAE, OHIMAEP
YXaFblHAA CYAbIH MOAEKYAAChI €Ki ece apTblimn, COA >»XOHe OH
YKaKTarbl CyTEeK aTOMAAP CaHbl TEHECTI.

»

CH, + 0O, - CO, + 2H,0
1 Catom 1 Catom
4 H atoms 4 H atoms

2 O atoms 4 O atoms



Now there are 2 oxygen atoms on the left side and 4 oxygen
atoms on the right. To balance the equation, write “2” in front
of the oxygen in the reactants. Finally, check the number of
atoms on both sides. Make sure that everything is balanced.

(H, + 20, — (O, + 2H,0

“_..- 1 C atom 1 C atom
‘ ‘. £

4 H atoms 4 H atoms
4 0 atoms 4 0 atoms
Word equation Methane + Oxygen — Carbon dioxide + Water

Skeleton equation  |CH, + 0, — (O, + H,0
Balanced equation  |CH, + 20, — (O, + 2H,0

In a chemical reaction, the masses and number of atoms in
reactants and products are equal.

Burning of natural and associated gases

Keep in mind:




To balance an equation, we usually start with the most
complex compound.

Never change the formulas when you are balancing an
equation!

Literacy

Write an equation of chemical reaction in words and in
symbols for next processes:

1. Decomposition of water;
2. Rusting of iron;
3. Burning of sulfur.

Lab work N22. 9AeMeHTTepAiH MacCaAblK
KaTbIHacTapbl

Introduction:

BYA aKCMepUMEHTTe TEMIP MeH KYKIPTTIH speKeTTecCin, >XaHa
KOCBIABIC TY3YiH OOAYbIH 3€PTTENMIS.

Kypan->xababiKTap:

TEMIP MEeH KYKIPT YHTaKTapbl, CbiIHAYbIK, KbI3AbIPFbILL,
CbIHAYbIKTbl YCTaFbILLL.

©TKi3y TOpTibi:

1. Tapa3biHbl KOAAAHbIN 5 T TEMIip MeH 3 I KYKIPTTI eALUen
AaAbIM, CblHAYbIKMEeH b6ipre »aAnbl MAacCaHbl TaybIMN aAblHbI3.

2. TeMip MeH KYKIPTTIH YHTaKTapblH apaAaCTblpbliHbI3.

3. TeMip MeH KYKIPT apaAackaH KOCMaHbl KbI3AbIPbIHbIS.

4. KbI3AbIPbIN BOAFaH CbIHAYbIKTbI CyblFaHLLA KYTIHI3.



5. Ty3iAreH »xaHa KOCbIAbICTbIH CblHaYybIKMeH b6ipre MaccacblH
OALLEHI3.

BaKblAay cypaKTapbl:

1. )KypreH peakuymsa TeHAEYIH >Ka3bln TeHEeCTIPIHI3.

2. TeMip CYAbPUAIHIH XMMUAABIK POPMYAACHIH >Xa3blHbI3.

3. Ty3IAreH >XaHa KOCbIAbICTbIH TYCl KaHAQN?

4. Peakumsa aaKTaAFaH COH CbIHAYbIKTbIH »XaArMbl Maccachl
e3repeai me?

&

Sulfur

Terminology

. thereby - aFHM / TaknM obpa3om;

. reactant - peareHT / peareHT;

. to suppose - Ty>XKblipbiIMAaY / NMPeANoOAaraThb;
. to measure - eAlley / N3MepAaTh;

« products - eHiMAEP / NPOAYKTDI;

. observation - 6akbiAay / HabAOAEHME;

« heating - Kbi3aAbIpYy / HarpeBaHue;

. to balance - TeHecTipy / cbaraHCUPOBaATD;

. powder - yHTaK / MOPOLUOK;



. equation - TeHaey / ypaBHeHMe.



2.3 TYPES OF CHEMICAL
REACTIONS

What are the chemical reactions around us?

You will:

o« XUMUAABIK peaKLUMNAaAap TYPAEPIH, anblpMaLUbIAbIKTAPbIH
OiNny;

o KYHAEAIKTI 6MIpAEri XUMUAABIK peakuMaAapAblH MOHIH
TYCIHY.

As we know, chemical reactions are changes in which new
substances are formed. Most chemical reactions can be
classifi ed as follows (4 main types): combination,
decomposition, single displacement and double
displacement reactions.

1. Combination (synthesis)

KOCbIAY peaKLMACHl KE3IHAE €Ki HE OAAH Ad Ken 3aTTap
apekeTTecin, 6ip KOCbIAbIC Manaa 6oAaAbl. MbICaAbl, KYKIPTTI
S »akcaK (OA KernTereH »>aHfblll OTbIHAAP iWiHEH
TabbiAnaabl), OA oTTekneH O2 speKeTTecin, KYKIPT AMOKCUAIH
SO2 Ty3eAl:

S+02-->502

CocCblH, KYKIPT Anokcnai SO2 ottekneH O2 KOCbIAbIM, KYKIPT
TpUMokcmpaiH SO3 Benea:



2502 + O2 --> 2503

EH COHbIHAQ, TY3IATeH KYKIPT Tpnokmnai SO3 ayaparbl CyMeH
H20O spekeTTecin, KYKIPT KbILKbIAbIH H2S04 Ty3eAl:

SO3 + H20 --> H2S504
PeakunsaHblH BYA TypiHAe BipHeLlle 3aT Bipirin, 6ip KYPAEAI
KOCbIABIC TY3€Ail, OYA peakLma TUMi KOCbIAY PEaKLIMACHI Aer

aTanapbl. KOCbIAY peakUMACbIHbIH Cbi36acbiH MblHa TYpPAE
KeATipyre 60oAaabl:

A+B —— AB

2. Decomposition reaction

Cy 60MbIHAH 3AEKTP TOrbliH 6TKI3reH Ke3ae, Cy MOAEKYAAAapbl
CYTEK NEH OTTEK MOAEKYAAAAPbIHA blAbIPANADI:

2H20 --> 2H2 +0O2

KypAeAi KOCbIAbICTAH >aw 3aTTap O6AIHIM LWbIFATbIH peakumda
TYPI amblpblAy (biAblPaY) PEaKUMNACHI A€M aTaAaAbl.

ANPbIAY peaKLUMACbIHbIH aAMbl Cbi3b6achl:

AB———A + B

3. Single displacement reaction

MeTaAnAaPAbl OKCUATEPIHEH TOTbIKCbI3AAHADBIPbIM, OOAIM aAy
OopblHBACY peaKuUMACbIHA MblCaA BOAbIM TabblAaADI.
TOTbIKCbI3AQHADBIPFbIW peTiHAe KebiHe CO MeH H2 rasaapbl



KOAAAHbIAAADBI. MbICaAbl, MArHETUT MUHEPAAbIHA CYTEK KOCbIN
KbI3ABIPY apPKbIAbl Ta3a TEMIP MEeTaAblH aAyFa BOAAAbI:

Fe304 + 4H2 --> 3Fe + 4H20

>Korapbipaa KepceTiareH peakumasa Fe304 KoCblIAbICbIHAH
CYTEK TEMIPAIH OPHbIH Bacbin, Cy MeH TeMipAi Ty3eai. Bip
3aTTblH €KiHLUI 3aTTbl bIFbICTbIPbIMN, OPHbIH OACHIM
dpeKeTTecyi opblHOACY peaKuMAachbl Aen ataraabl. OpblHOAcCy
PeaKLUMACbIHbIH CbI36AChI:

A+BC —— B+ AC

4. Double displacement reaction

In a double displacement reaction, two parts of different
compounds displace to form two new compounds. In such
reactions, two reactants give two products.

We can show double displacement reaction in this way:

AB+CD — AD+CB

MblicaAbl, KaAnn XAOPUAI KCl epiTiHAICI MEH KYMIC HUTpPAaTbI
AgNO3 epiTiHAIAEPI ©3apa apeKeTTeCKEHAE aTOMAAPbI
AaAMaChbIM, »XaHa KOCbIAbICTap - KyMic xAopuai AgCl meH
KaAnm HUTpaTbl KNO3 namnaa 60AaAbl:

KCl + AgNO3 --> KNO3 + AgCl



2Na +Cl. — 2NaCl

Combination reaction

-0 ®

CuC0:—=Cu0 +CO:

Decomposition reaction



CUSOQ
FeSOs

Fe 4 CUS[L_“CU r FeSC'q

Single displacement reaction

J0 09 99 Ue

i ) wﬁ

0uS0x NaOH CulOH):

ENaDH r EUSDd e Cu':GH}:- r NazSDc

Double displacement reaction

Literacy

Classify the following reactions:

a. Fe(s) + 2HCI(aq) --> FeCl2(aq) + H2(9)
b. Pb(NO3)2(aq) + Na2504(aq) --> 2NaNO3(aq) +



PbSO4(aq)
c. 2K(s) + Cl2(g) --> 2KCI(s)
d. Mgl2(aq) + Br(l) --> MgBr2(aq) + 12(])

Facts

Almost all biological processes such as respiration and
photosynthesis are chemical reactions.

Terminology

« to occur - 60Ay, OpbiH aAy / MPOUCXOAUTb, UMETb MEeCTO;

« electric current - aneKTp Torbl / IAEKTPUYECKUM TOK;

« combination reaction - KOCbIAY peaKkuna coepAnHeHUs;

. to cause - ceben 60AY / ABAATbCA MPUYNHOWM;

. decomposition reaction - biablpay, anblPbIAY PeaKLUUACHI
/ peakuma pa3AoXKeHunda

. singe displacement reaction - opbiHbacy peakumacol /
peakumna 3amMeLLleHns

. double displacement reaction - aaMacy peakuuacol /
peakumna obmMeHa

. fossil fuel - kazba oTbIHbI / UCKOMaeMoe TOMAUBO;

. solution - epiTiHAiI / pacTBoOpP;;

« respiration - TbiHbIC aAy / AblXaHUe;

« combustion - »xaHy / ropeHue;

. constituent - KypayLLbl /; COCTaBAAIOLLMN.

Facts

There is a tree in Africa named as Sclerocarya birrea but
commonly known as Marula. Fruits of that tree are edible by
men and animals. But once fruits fell down of a tree, they go
into alcoholic fermentation. Alcoholic fermentation is a
chemical change when glucose decomposes into carbon



dioxide gas and poisonous ethyl alcohol. Usually, animals
such monkeys, elephants, some birds eat fallen fruits and get
drunk! When animals get drunk they often fall or even cannot
stand.



2.4 CHEMICAL FORMULA
AND CALCULATIONS

Which one contains a higher percentage of sodium
metal: table salt or washing soda?

You will:

e KOCbIABICTAPAbIH NMambI3AbIK KYPaMblH Taba BiAy;
e MaMbI3AbIK YAEC BOMbIHLLA KOCbIAbIC dOPMYAACbIH Taba
OiNy.

DAeMeHTTepAiIH MaccaAbIK YAECTepPiH ecenTey

IAEMEHTTIH MacCaAblK YAeCiH (w) Taby yuwiH 6i3 aAnAbIMEH
KOCBIAbICTbIH CaAbICTbIPMaAbl MOAEKYAAAbIK MacCacblH Mr
ecenTenMia. MbicaA peTiHAE, KYKIPT AMOKCUAIH SO2 anamblK.
KVYKIPT AMOKCUAT KYPAMbIHAAGFbl SAEMEHTTEPAIH ManbI3AbIK,
VAECIH “W” eKi TYPAI XXOAMEH ecenTteyre 60AaAbl:

a. KaTtbiHac (nponopuusa) apKblAbl

SO2 MoAeKyAacbl 1 aTOM KYKIPT NeH 2 aTOM OTTEKTEH
KYPaAFaH:

Ar(S) = 32,
Ar(O) =16.

Mr(SO2) = Ar(S) + Ar(O) *2=32+16*2 =064



KyKipTTiH MaccaAblK yAecCiH wW(S) Taby vyLiH 6i3 SO2 apKbIAbl
KaTblHac Kypambl3. Mr(S02)-Hi TOO% aen anambl3 %:

M(S0)-64 s 100%
A(S)-32 is w(S)
A(S)-100% 32 -100%

wis) = M(S0,) 64

=50%

SO2 MOAEKYAACbl OTTEK MeH KYKIPTTEH FaHa KYPaAFaH, OAau
BoACa OTTEeKTIH MaccaAblK yAaeci w(O) 50%-rFa TeH (KaAFaH
50% KyKIPTTiH MacCaAblK YAECIHE TUECIAI).



50 %

S0%
sulfur

Mass percentage of elements in sulfur
dioxide (S0,)

b. PopMyAa apKbiAbl

EcenTeyaiH 6yA TacCiAiHAE XNYM XUMUAABIK GOPMYAACDI
KOAAAHbIAaAbI. COA 3aTTblH MOAEKYAAAbLIK Maccacbl Mr(XnYm)
YKOHE aAeMeHTTePAIH aToMAbIK MaccaAapbl Ar(X) neH Ar(Y)
OOACbIH. ToeMeHAe KepceTiAreH dopMyAaa 6ombliHLLA X
3AEMEHTIHIH MacCaAblK YAECIH aHbIKTan aAaMbl3:



A(X)-n
M(XY)

w(X) = . 100%

Facts

Sulfur dioxide is one of the gases that cause acid rain.

Example 1

TeMip (1) okenal (Fe203) KypaMblHAAFblI TEMIP MeH OTTEKTIH
MACCaAbIK YAECTEPIH eCcenTeHis.

Solution:

Temip (1) okcnail (Fe203) kypaMbiHAA €Ki TEMIP aTOMbl XXoHe
VLU OTTEK aTOMbl 6ap. TeMip MeH OTTEeKTiH aTOMADbIK,
MaccCaAapblH MEPUOATbIK KecTepAeH TabaMbl3.

Ar(Fe)=56 and Ar(O) = 16.

Mr(Fe203) = Ar(Fe) « 2+ Ar(O) « 3=56+*2+16 * 3 =112 + 48
=160

POpPMYAaHblI KOAAQHDbIM TEMIP MEeH OTTEKTIH MAaCCaAbIK,
VAECTEpPIH ecenTenMis:

A(Fe) -2 56 -2

(F&) 2 100252 100 - 70%
M(Fe0) 160

w(0) = 100% - 70% = 30%

w(Fe) =




Finding formula of a compound using mass
percentages of elements

W(X) >koHe w(Y) MaccaAblK YAeCTepPIi apKblAbl XnYm
KOCbIAbICbIHAAFbI “N” MeH “Mm”-Ai Taby VLIH N : M KaTbIHACbIH
Taybin aAy kepek. OA YLIWIiH TOMEeHAEr epHeKTI Herisre

AaAaMbl3:

CwX) | w(Y)
TEAM) T TA®)

13 3

OcCblpAQH WbIKKAH “N” MeH “mM”-Al HaTypaA CaHFa anHaAAbIpFaH
KOAaWMAbL. KeAeci MbliCaAFa Ha3ap ayAapaunbliK.

Example 2

XUMUAABIK POPMYyAAChl BeAriciz XxpoM okecmai CrnOm
KYPaMbIHAAFbl SAEMEHTTEPAIH MacCaAblkK yAecTepi w(Cr) =
68.4% >koHe w(O) = 31.6%-rFa TeH. OKCUATIH POPMYAACDbIH
TabblHbI3.

Solution.

Step 1: AAABIMEH, XPOM MEH OTTEKTIH aTOMAbIK MacCaAapblH
TayblMN aAaMbl3:

Ar(Cr) =52 »oaHe Ar(O) =16. “n” MeH “M” apacblHAAFbI
KaTbIHACTbl TabaMbI3 6PHEKTI KOAAAHAMbI3::



_w(r) w0 684 316

= : - : = 1.315: 1.975
A(cr)” A(0) 52 16

n:m

Step 2: KeniH, WbIKKaH eKi CaHHAaH HaTypaA CaH aAy VLUIH,
eKeyiHAe eH KiliciHe BbeaeMis. Kiwi caH 1.315. BeAareHHeH
KeWiH LWbIKKAH CaHAAPAbI HAaTYpPaA CaHAAQPFa anHaAAbIPaMbI3.

_ 1315 1975

n:m .
1.315 1.315

=1:15=2:3

BeArici3 okcunaTiH dopmyAaachl: Cr203.

Science in context

Approximate mass percentage of “Nauryz kozhe”: 42% of milk
(dairy products), 25% of water, 17% of meat, 8% of onion, 4%
of rice and 4% of millet.

Nauryz kozhe



Literacy

1. Calculate the mass percentage of oxygen w(O) in
following compounds. Use the Periodic Table to find
atomic masses of elements. Al203, K2Cr207, CaCO3,
Mg(OH)2.

2. Find chemical formula of the following compounds with
given mass percentages: ZnxQOy,

w(Zn) = 80.2% and w(O) =19.8%;

MnxCly, w(Mn) = 27.9%

Use the Periodic Table to find atomic masses Ar of
elements.

Terminology

. quantitative - caHAbIK / KOAUYECTBEHHbIN;

« Mass percentage - MaccaAbIK yAeC / MaccoBas AOAS;
. equation - TeHAeY / ypaBHeHMe;

. ratio - KaTbiHac / OTHOLUEHWE;

« dairy - cyTTi / MOAOYHbIN;

« millet - Tapbl / NweHo;

. approximate - LWaMaMeH, XybiK / MPUMEPHbIN.



Problems: Chemical reactions

1. Calculate the molar masses of following compounds:
CaO, Naz2s, SiO2, KI, OF2, NaHCO3, Li2S04 , H2CO3,
CH3COOH.

2.  How many atoms of each element are represented in
each of the following expressions?

A) 5H20

B) 3AI(OH)3
C) CaCO3

D) 1I5NH40H
E) 10C2H50H

3.  What is a word equation? Write the word equation for
the following reactions:

A) 2Na(s) + Cl2(g) --> 2NaClI(s)
B) C(s) + O2(g) --> CO2(9)

4. Write the word equations and equations with symbols
and formulas for the following reactions:

A) The metal calcium reacts with fluorine gas and forms
solid calcium fluoride, CaF2.

B) Carbon dioxide gas reacts with water to give an
aqueous solution of carbonic acid, H2CO3.

5. Balance the following chemical equations:

A) Fe + O2 --> Fe203

B) Fe + HCI > FeCI2 + H2

C) Ag20 --> Ag + O2

D) Fe203 + Al --> AlI203 + Fe



E) Ca(OH)2 + HNO3 --> Ca(NO3)2 + H20
F) KBr + CI2 --> KCI + Br2
G) MgO + H3PO4 --> Mg3(P0O4)2 + H20

6. What is the difference between combination and
decomposition reaction? Give two examples of each.

7. Complete these word equations and write
corresponding symbol equations:

A) Iron (II) oxide + Carbon -->
B) Zinc chloride + Magnesium -->
C) Copper (II) oxide + Hydrogen -->

8. What is the percentage by mass of oxygen in Fe304?

9. What is the percentage by mass of oxygen in
CaS04*2H20?

10. Oxide of manganese contains 63.22% of manganese and
36.78% of oxygen by mass. According to the given
information determine the empirical formula of the oxide?

1. Which one is double displacement reaction?

A) H2 + CI|2 --> 2HCI

B) 4P + 502 --> 2P205

C) Pb(NO3)2 + Fe --> Fe(NO3)2 + Pb
D) Al203 + 6HCI --> 2AICI3 + 3H20
E) CaSO3 --> CaO + SO2

12.  Which one is the combination reaction?

A) 2NaHCO3 --> Na2C0O3 + CO2 + H20
B) 2Ca + O2 --> 2Ca0O
C) 2NaBr + CI2 --> 2NaCl + Br2



D) KOH + HI --> Kl + H20
E) 2HgQO --> Hg + O2

13.  Which of the following reactions is decomposition
reaction?

A)C+02-->C02

B) MgCO3 --> MgO + CO2

C) H20() - H20(9)

D) Zn(s) + CuS0O4(aq) —» ZnS04(aq) + Cu(s)

E) BaCl2(ag) + Na2504(aqg) —» BaS04(s) + 2NaCl(aq)



CHAPTER 3: METALS IN OUR
LIFE

3.1 CORROSION

Why do knives and spoons not rust?

You will:

know the meaning of corrosion;

understand why some metals corrode;

understand that some metals corrode faster than others;
know the reasons for corrosion.

MNeprnoaTblK KecTeHiH 80%-Fa »XyblfblH METAAAAP KYPAVADI.
OcCblAaH MeTaAAAPAbIH SAEMAETT POAI epeKLLe eKEeHIH KepeMis.
AAaMAaP Ka3ipri 3aMaHAAa KenTereH »aHa MaTtepunaApapfFa
OHAIPreHIMeH, MeTaAAaP IAEKTPOHMKE, aBTOMOOUAD, YLLAK,



3bIMbIPaH, KYPbIAbIC YXOHE TeXHUKAAbIK KYPbIAFbIAAPbIHbIH
Heri3i 6OAbIN KaAa 6epeai.

MeTanpap TabuFaTTa Ken Ke3AECeTIH SAEMEeHTTep.
AnTocdhdepasa KespeceTiH aAIOMUHUIN, TEMIP, KaAbLIMN,
MarHuMn, HATPUN, KAAUN MEeTaAAAPbl OTTEK YXXOHEe KPEMHUNMEH
KOCa aAfaHAQ >Kep KbIPTbICbl MaccacblHblH 99%-blH KYpPanAbl.
TeHI3 >XoHe MYXUT CYAapblHAQ HATPUWN, MarHMn, KaAbLUN
CUAKTbI T.0. METaAAAP TY3 KYMIHAE KON MOALLUEPAE KE3AECEA.

MeTanpapAbIH Bbrocdepanra Aa MaHblI3bl 6Te 30p. Tipi
aF3aAapAaFbl AeMaAy, POTOCUHTES CUAKTbI OUOAOMMAABIK,
NnpouecTep MeTaAAAPAbIH HEr3IHAE >Ky3ere acaAbl.

AAAM AEHEeCIHAEr CYMeKTep MeH TICTePAl KYPanTbiH HEri3ri
SAEMEHT KaAbLMM BOACA, apAaM KaHbl VLIH TEMIP Heri3ri
SAEMEHT BOAbIN TabblAaAbl. OCIMAIKTEPAIH XAOPOPUAAEPIHAE
Ke3AeCeTiH MarHMm MeTanbl POTOCUMHTES NMpoLeciHAE eH
6aCTbl POAAI aTKapaAbl.



Corroded old large water pipes after
many years of uses

Rusty train in the cemetery of old trains
in Bolivia

Koppo3uga (TaTttaHy)

AAaM 6MIpiHE KaXXeTTI MeTaAAaPAbl OAAPAbIH KEHAEPIHEH
OAAKbITY SAICI apKbIAbl OHAIPE aAaMbl3. KeHAep AereHimi3



MeTaAAaP MeH BenMeTaAAaPAbIH OKCUA, TMAPOKCUA,
CYAbDUA, KAPOOHAT KYMIHAEr KOCbIAbICTapPbI. XXKep
KblPTbICbIHAH Ta3a METAaAA KYMIHAE TEK aATblH, MAATUHA, Keu
Ke3Ae KYMIC MeH MbICTbl KE3AECTIipe anambl3. Cebebi, bya
MeTaAAAPAbIH BDEACEHAIAIN eTe TOMEH »XoHe KopLuaraH opTa
ocepiHe eTe TypaKTbl. OAap KOCbIAbICTAP KYPaMblHa KIipMenA|,
an backa MeTanpap TaburFaTTa Tek

KOCBIABbICTAP KYMIHAE FaHa Ke3aeceal. AAaMAAP KEHAT 6HAEY
APKbIAbI TEMIP, AAIOMUHMW, MblPbILL, MapraHeLl, KopfacblH
CUAKTblI MEeTaAAAPAbI Ta3a KYMNIHAE eHAIpeAl. KeHaepaeH
MeTaAAaPAbl BAAKBITY apKbiAbl Bi3 OAAPAbIH TYPAKTbl KYMiHEH
TYPAKCbI3 KYMAEpPiHe anHaAAblpaMbl3. CoA cebenTi,
ANMHAAaAQFbl METAAAAP ©3AEPIHIH TYPAaKTbl KYMIH CakKTayfa
YMTbIAAAbL. MeTaAAap CYAbIH, OTTEKTIH, MUKPOAF3aAapAblH,
YKoHe T.0. >KaFAamAapAbIH 9CepiHEH KOCbIAbICTaPFa aHAAaAbI.
BYA npouecc Koppo3nsa HeMece TaTTaHy npoueci Aen
aTaAaAbl. TaTTaHy TEMIP MEeH OHbIH KYMMaAapblHa ToH
KYObIAbIC.

TaTTaHy nNpoueci KYHAEAIKTI eMipAeri KenTereH MeTaAA
OyMbIMAAPAbLIH OY3bIAYbIHA 9Ken CcofaAbl. Ken Ke3aepi yLLUaKk,
MOWbI3, KEMEAEP, aBTOMOOUADBAEP, KOMIPAEP, MYHaN
KyObIPAAPbl KOPPO3UA 9CEPIiHEH ICTEH LUbIFbIM, YAKEH
anaTTapfa COKTbIPaAbl. ArlaTTapAbl aAAbIH aAy MaKcaTbIHAA
KOPPRO3nsa NPOLUECiH 3epTTen, OAaH KOPFay LWapaAapbiH OiAy
MaHbI3AbI.

ByriHri TaHAQ MeTaAAaPAbl KOPPO3UAAAH KYMMAAAPMEH,
OeAceHAIpeEK MeTaAMEH, bemMeTaAAaPMEH KamTay,
OOAYAAPMEH CbIPAAY CUAKTbI KOPFay SAICTEpPI ODeAriAi.

Research time:

TepT TYPAI cTakaH biablC (50-100 MA-AIK) aAbIn, OAapPAbl MblHA
TOMEHAEr CYMbIKTAaPMeH TOATbIPbIHbI3:



1. Kybbip (KpaH) cybl

2. 3% cyTeK NepoKCUAIl epiTiHAICI (3apapcbi3paHAbIPY
KYpaAAapbl)

3. 10% HaTpU XAOPUAI EPITIHAICI

4. 10% cipKe KblILLUKbIAblI €PITIHAICI

TOATbIPbIAFAH CTakKaHAAPFa Bip-0ip wereaeH caAbin, 6ip KyHre
KOWbIN KOMbIHbI3. EpTEHIHAE LereAepAl MMHLETNEH aAbIn
LLUbIFbIM, LUEreAePAIH TATTaHY MOALLIEPIH ecy peTiMeH
OPHAAACTbIPbIHbI3. XKacaFaH 3KCNePUMEHT HOTUXXECIH
CypeTKe TYCipin, CbiHbIMMNEH BOAICIHI3.

Literacy

1. Aluminium is one of the active metals. But that metal is
widely used in a production of technics, household items
because it is resistive to corrosion. Search and explain
why aluminium is so stable.

2. The Eiffel Tower in Paris was built in 1889. It is made of
ordinary steel. That is why it rusts over time. To protect
The Eiffel Tower against corrosion, it was the painted
several times. One painting gives 60 tons of extra mass.
Initial mass of Tower was 9000 tons. But today it weighs
about 10150 tons. How many times was the Eiffel Tower
painted?

Facts




XIX F. opTacblHAQ aAIOMUHUN METaAbl 6TE CUPEK KEe3AECETIH,
6aFacbl aATbIHHAH Ad KbIMOAT MeTaAA Aen caHaAabl. CoAa
yakbITTapAbl @paHuUMaHbIH || PecnybAnMKACbIHbIH MPE3NAEHTI
HanoAeoH |l aAtoOMUHUMAEH >XAaCaAFaH bIAbICTapPAbI 631 YXoHe
aca KaAIpPAl KOHaKTapbl VLLIH KOAAQHFAH. AA, KaAFaH
KOHaAKTapfa aATbIHHAH »XACaAfFaH bIAbIC-adKTap YCbIHFaH.
AAanAa Kasipri TaHAA aAIOMUHUIN XKepP KbIPTbICbIHAG €H KOen
TapaAFaH MeTaAA BOAbIM TabblAaAbl.

Facts

On April 28, 1988, Boeing 737 had an accident in Honolulu.
During the flight, a front part of the plane was ripped away as
a result of metal corrosion. One person was ejected from the
plane.




Terminology

« COIrosion - KOppo3usa / KoppPo3us;

« to rust - TOT Bacy / p>kaBeTb;

. Ore - Ka3ba BanAbIK / PyAa;

« to smelt - 6BaAKbITY / BbIMAGBAATD;

. tweezers - nuHUeET / NMUHLET;

. steel - 6oaaT / CTaAb;

. resistive -Te3iMAIAIK / YCTOMUYMBOCTD;
. to eject - AakTbIpY / BbIGpaCbIBaTb;

. first-aid kit - pspi-AopMeKk / anTeuka;
. rare - cupek / pepAkum.



3.2 REACTIONS OF METALS

What are the reasons for metal corrosion?

You will:

« METAaAAAPAbIH ODEACEHAIAINH CaAbICTblpa DiAy;
e« METAaAAAPAbIH CYMEH, KbILLKbIAAAPMEH peaKUMAAaPbIH
>Xa3a OiAy.

BipiHLIi (CIATIAIK MeTaAAQP) TOMTbIH YXXoHe eKiHLI (CIATIAIK-
Xep MeTaAAdP) TOMTbIH KEMBiIp MeTaAAdPbl XUMUSAADIK,
>»XaFblHaH eTe 6beAceHAl 6oAbin kKeAaeail. Onap XKep
KblPTbICbIHAQ Ta3a dAEMEHT TYPIHAE Ke3Aecrnenai, cebeobi,
OAQpP ayaAad Te3 TOTbIfbIM, KOCbIAbICTapPfa OHAaM anHaAaAbl.
CIATIAIK >XKOHEe Kenbip CIATIAIK->XKep MeTanaap (KaAbuun,
CTPOHUMN, Bapmn) CyMeH OHan peakumsara TYCin, METaAA
FMMAPOKCUATEPI MEH CYTEK rasblH 6eAepil. AA, MAarHMmM MeTaAbl
TeK bICTbIK CyMeH apeKkeTTeceal. CyMeH apekeTTecy
peakumanapbl OapAbIFbiHA OPTaK TYPAE ObIAaM >Xa3blAAAbI:

Metal + Water = Metal Hydroxide + Hydrogen Gas
For example:

Sodium (Na) + Water (H20) = Sodium Hydroxide (NaOH) +
Hydrogen Gas (H2)



H
3 4
Li Be
11 12
Na Mg
19 20
K Ca
37 38
Rb Sr
55 56
Cs Ba
87 88
Fr Ra

Radium

Alkali metals (group 1) and alkaline
earth metals (group 2)




The reaction of an alkali metal with water

TeMip, Mblpblll CUAKTbI KEMBip MeTaAAdP CYMEH peakumnara
TYCMNENnAI, OAAP TEK XXOFapbl TeMNepaTypapsafFbl Cy bybiMeH
FaHa peakunaAacaabl. Peakuma HoTMXKeCiHAE METAaAA OKCUAI
MEH CyTeK rasbl Ty3iAeAil. TeMip MeH Mblpblll opTaLla
benceHAl MeTaAnAap BOAbIN TabbliAaAbL.

Metal + Water Steam = Metal Oxide + Hydrogen Gas
For example:

I[ron (Fe) + Water Steam (H20) = Iron Oxide (Fe304) +
Hydrogen Gas (H2)

OpTalwa 6beAnceHAl METAaAAAP KbILLKbIA epiTiHAIAEPIMEeH BeAMe
TeMnepaTypacbiHAA Ad pPeakUuMara Tyce anapsbl. MbiCaAbl,
TEMIPAIH CYMbITbIAFAH TY3 KbILLKbIAbI HEMECEe CYMbITbIAFAH
KYKIPT KbILLUKbIAbIMEH PEaKLUMACHI TOMEHAE KEeATIPIArMeH:

lron (Fe) + Sulfuric Acid (H2S04) = Iron Sulfate (FeS0O4) +
Hydrogen Gas (H2)

lron (Fe) + Hydrochloric acid (HCI) = Iron Chloride (FeCl2) +
Hydrogen Gas (H2)

BeAceHAIAIrT eTe TOEMEeH MeTaAAaP KeNnTereH KbllLUKbIAAIPAA
epiMenal. OAap TeK KYLTI KblILUKbIAAAPADBIH KOHLEHTPAI
epITIHAIAEPIMEH FaHa apekeTTeceAal. MbiCaA peTiHAE, MbIC MeH
KYMIC MeTaAAapPbl KOHLEHTPAI @30T KblILLUKbIAbIHAA €pPin, T3,
a30T AMOKCUAI ra3sbl MEH CYAbl BeAeA,.

Silver (Ag) + Nitric Acid (HNO3) = Silver Nitrate (AgNO3) + +
Nitrogen Dioxide (NO2) + Water (H20)

Activity:




The reactions of metals with water
KypaA->KabAbIKTap:

MeTaAAbIK HATPUW, MbIC, MarHnn, eHoAdTaAENH epPITIHAICI,
[NeTpwn TOCTaraHLWAachl, MUHLET.

O©TKi3y TOpTIibi:

1. Yw lNeTpn ToCTaraHLLUara Cy KyHo.

2. OPKANCbIHbIH YCTiHE 2-3 TaMLlbl PeHOADTAAENH
NMHAMKATOPbIH TaMbI3Yy.

3. [leTpun ToCTaraHLLUACbIHA a3 LWaMaAd HaTpUM MeTaAA
KeceriH abanAan caay.

4. OcCbl YPAICTI MbIC XXoHe MarHmm MeTaAAaPbIMEH KanMTaAay.

ECKEPTY: HaTpu MeTaAbIMeH »YMbICTbl MyFaAiM/AabopaHT
KepCeTYi Kepek.

BakblAay cypaKTapbl:

1. MeTaAnpAapPAbIH TYCTEPIH >Xa3blHbI3:

2. MeTanAapAbl CyFa CaAfaHAQ KaHAaW e3repictep
BanKanAbI?

3. MeTanpAaPAbIH CYMEH peaKLuMACcbiHAAFbl Nanaa OOAFaH
OHIMAEPAI YKa3blHbI3:

a. MarHmm + cy =
b. Hatpun + cy =

C. MbiC + cy =



4. Ocbl yLU METaAAbIH BEeACEHAIAINH CAAbICTbIPbIHbI3

OO0mE

Cross section of sodium metal

Lab work

N2 3. Reactions of metals with acids

Introduction:

KbILLKbIAAAP BEACEeHAI >XoHe opTaLlua beAceHAl MeTaAAaPMeEH
peaKuMara Kipeai, peakunaaaH TY3 >XoHe cyTeK rasbl
OoAiHeA,.

KypaA->xabablKTap:



TEeMIipP, aAFOMUHUIN, MbIC METAAAAPbI, CiPKe KblILLKbIADbI
EepPITIHAICI, CbIHaAYbIKTaP.

©TKi3y TOpTibi:
1. TeMip, aAtOMUHUIN, MbIC MEeTaAAAP TYMIPLWIKTEPIH
CbIHAybIKTapfa CaAy.
2. CblHAYbIKTbIH 9PKaMCbICbIHA CipKe KbILLKbIAbl €PITIHAICIH

Ko (Kepek BOACa KbISAbIPY).

BakblAay cypaKTapbl:

1. Kan MeTaAA KbILUKbIAMEH peaKLuusara Tycnenai?

2. Kan MeTanAbliH BEACEHAIAIT eH >XOoFapbl?

3. MeTanpapAbliH BEeACEeHAIAIK KaTapblH ©Cy peTiMeH
»Xa3blHbl3.

Facts

Aluminium will not react with water at room temperature
conditions. But if you mix aluminium with mercury and add
some water, it will react. Products of that reaction are
aluminium hydroxide and hydrogen gas. The reaction is
similar to the reaction of alkali metals and alkaline earth
metals with water.

Terminology




to tarnish - kaparo / TYCKHeTb;

to dissolve - epy / pacTBOpPATbLCS;

alkali metals - CiATiIAIK MeTaAAap / LLEeAOYHble MeTaAAbI;
alkaline earth metals - CiATIAIK >xep MeTaAnpap / LLEeAOYHO-
3eMeAbHble METAaAAbI;

diluted - cyMbIATbIAFaH / pa36aBAEHHbIN.



3.5 ACTIVITY SERIES OF
METALS

Which sword will be harder and more stable over
time? A sword made of copper or gold? Why?

You will:

« DEenceHAl MeTaAAaPAbIH MACCUBTI METAaAAAPADI
TY3A3PbIHAH bIFbICTbIPbIMN LUbIFAPYbIH »XOHE OpblHOACy
peakunAaAapblH TYCIHY;

« METaAAAPAbIH OpblHOACY peakuUMAAAPbIH TYCIHY;

« MEeTaAAQPAbIH DEACEHAIAIK KaTapblH Kypa BiAy;

« ME@TaAA DEeACEeHAIAINIHE Kapan peakunaAapAblH XXYPY
MYMKIHLLIAITIH aHbIKTAY.

MeTaAAap 9P TYPAI BeAceHAINIKKe ne. BeAnceHAal MeTaApap
TabumrFaTTa TEeK KOCbIAbIC KYMIHAE Ke3AeCeAl, aA MACCUBTI
MeTaAAap bocC KymiHAE Ke3aece bepeai. MeTaAnAaPAbIH
OEeNCEeHAIAIK KaTapbl METAaAAAPAbIH CAaAbICTbIPMAaAbI
OeNCeHAINIK KabiAeTiHe Kapan OpPHAAACTbIPbIAFaH. MbiCaAbil,
AAIOMUHUN METaAbl MbICTbl TY3AAPbIHAH bIFbICTbIPbIN LUbIFaPa
aAaAbl. BYA aAIOMUHUMAIH MbICKAQ KapaFaHAQ DeAceHA|
EKEHAIIMH KepceTeA|:

2AIl(s) + 3CuCl2(aq) --> 2AICI3(aq) + 3Cu(s)
TeMip MeTaAbl AQ MbICTbl TY3blHAH bIFbICTbIPa aAaAbl:

Fe(s) + CuCl2(aq) --> FeCl2(aq) + Cu(s)



ArHK, TeMip MbICKa KapafaHAa 6enceHaipek. COHbIMEH KOCa,
AAIOMUHUNN TEMIPAI A€ TY3 ePITIHAICIHEH bIFbICTbIPA aAaAbl:

2Al(s) + 3FeSO4(aq)> Al2(S504)3(aq) + 3Fe(s)

Peakuma aarbiHa AeniH XXypeai. Cebebi, aAtOMUHNN TEMIP MeH
MbICKA KaparFaHAQ beAceHAl MeTanA, aoeMek, Al > Fe > Cu. Ocbl
PeTTi Ha3apFa aAbiM, bAPAbIK METAaAAAPADbIH BEACEHAIAITIH
YKa3yFa 60AaAbl, DEACEHAIAIM YXOFapbl METAAAAP COA XKAKKa,
OEeACEeHAIAITI TOMeHAEPI OH »XaKKa »a3blAaAbl. BeAceHAIAITI
YKOFapbl METAaAA BDEACEHAIAINT TOMEeH MeTaAAbl KOCbIAbIC
epITIHAIAEPIHEH bIFbICTbIPbIN LUbIFapaAbl.

Activity series of metals

Li KBa Ca Na Mg AIMn Zn Cr Fe Co Ni Sn Pb (H) Cu
Ag Hg Pt Au

benceHail benceHAInIrT opTalla
[laccuBTi

The largest meteorite in the world contains iron, nickel,
cadmium and other metals. Grootfontein, Namibia.

Facts




KopFracbiH ap3aH api 6benceHAIAIr ToMeH MeTaAaA. Con cebenTi,
OyYpPbIHFbl PUM MIMMepuacbiHAQ PUMAIKTEP KOPFaCbIHHAH
KYHAEAIKTI TYPMbIC 3aTTapblH, biAbIC-aaKTap, CYy KyObIpAapPbIH
YKacaFaH KepiHeAl. YakbIT eTe KeAe PUMAIKTEp anaTtug,
SACI3AIK, AEMEHLMA CUAKTbI 9P TYPAI aypyAapFa LUAAAbIFa
6acTanmabl. KeMiHHEH, KOPFaCblH MEeH OHbIH KOCbIAbICTapPbl YAbI
eKEeHAIr aHblKTaAnAbl. Kenbip TapuxwbiAap Pum
NMNepUACbIHbIH KYAAQYyblH OCbl KOPFacblIHMEH
6anAaHbICTbIPaAbI!




TamkazaH 1399 >blAbl TYPKICTaH KAAACbIHAA KYMbIAbIT
»XacaAfFaH. Tanka3aHHbliH AnamMeTpi 2,45 M, caAMarFbl 2
TOHHaHbI KyYpanAbl. KypaMblHa YXeTi METAAA KipeAi: TeMip,
MbIPbILL, KAAAWbl, KOPFaCblH, MbIC, KYMIC >XOHE aATbIH.

At Bl

g
N sl g A

“The Golden Man" found in
Issyk kurgan (500 BC)

Facts

AATbIH, MAATUHA CUAKTbI aCblIA METAAAAP KbILLKbIAAbIH KOn
TYPIHAE epiMenal. Bipak, XMMUKTEP OAapPAbI epITeTIH “naTLua
CYMbIKTbIFbIH” OMAaN TankaH. “lNaTwa CYMbIKTbIFbI” AEreHiMiI3
KOHLUEHTPAI @30T KblILUKbIAbI MEH KOHLIEHTPAI TY3
KbILLKbIAbIHbIH KOCMacbl. BYyA aTay MeTaApAapAblH “naTtwacbl”
AATbIHADbI €piTe aAaTbIHAbIFbI YVLUIH KOWbIAFaH. Bipak KeniH



“NaTLua CYMbIKTbIFbIHAQ” epiMenTiH backa MeTaAAAPAbIH Bap
EKEHAII aHbIKTAAAbl, OAAP - OCMUN, UPUAUN, POANIN XKOHE
PYTEHUN.

Practice work

N21. Comparison of the activity of metals

Introduction:

There are numbered solutions of copper sulfate, zinc sulfate
and magnesium sulfate. Determine what solution is in each of
the tubes by using copper, zinc and magnesium metals.

Materials;:

solutions of copper sulfate, zinc sulfate and magnesium
sulfate, zinc, copper, magnesium metals, test tubes, tweezers.

Procedure and questions:

1. Take solutions of salts and pour them into 3 test tubes.

2. By using tweezers put zinc, copper, magnesium metals
into the test tubes with salt solutions.

3. Wait for 2 minutes. Then take out metals and observe
them.

4. Write all possible reactions between salts and metals,
balance them.

5. Arrange metals in order of decreasing activity: ................ >

6. Identify copper sulfate solution without providing any
reaction.



Reflection

Reflection for the 1st quarter

The most difficult topic for me was

Rate yourself on 10-points scale

1. I can help others ............
2. | need more practice ...............
3. | need extra lessons ...............

Literacy




Write down the possible reactions and balance them:

a) Fe(s) + CuCl2(aq) -

b) Zn(s) + AgNO3(aq) -
c) Fe(s) + Pb(NO3)2(aq) -
d) Pb(s) + CuS0O4(aq) -
e) Mg(s) + SnCl2(aq) -

f) Al(s) + Cr(NO3)3(aq) -
9) Mg(s) + ZnCl2(aq) -

h) Au(s) + ANO3(aq) -

) Mn(s) + NiBr2(aq) -

Terminology

. activity series - 6eAceHAIAIK KaTapbl / paA aKTUBHOCTU;
« passive - NaccuBTi / NAaCCUBHbIW;

. displacement - opbiHbacy / 3aMeLleHue ;

« sword - KbIAbILL / Meu;

« reactivity - peakTUBTIAIK / peaKTUBHOCTb;

. ranked - peTTeAreH / pacnoAOXKeH;

. to remove - ot / YAAAUTD;

« least active - 6eACeHAIAIr ToMeH / MAAOAKTUBHbIN;

. “King’s water”-“MaTwa cymbikTbIFbl”/ “Llapckas Boaa”;
. inert - NHePTTi / MHEPTHbIN



Problems: Activity of metals

1. What are the effects of corrosion?
2.  Which metals have the highest corrosion resistance?
Study the main properties of metals.

Name useful metals that we use in our daily life.

I NN

Match the following:

l. I[ron Fe

ll. Copper Cu

. Aluminium Al
V. Mercury Hg
V. Gold Au

VI. Silver Ag

A. Airplane body, cans, foils

B. Thermometer

C. Bridges, wagon, car bodies

D. Jewelry, monetary unit, electronic microchips
E. Electrical wires, coins.

F. Jewelry, coins, antibacterial

6. Explain why active metals (sodium, potassium, calcium)
only can be found in compounds in nature? Why is calcium
metal never found in minerals on the Earth in its elemental
form, but copper is found in its free form?

7. Which one is more expensive, platinum or gold?
Explain.



8.

Which one of the following metals react more vigorously

with cold water?

9.

A) Sodium

B) Iron

C) Magnesium
D) Copper

E) Zinc

Which one of the following metals will produce iron

metal, if heated with iron oxide?

10.

11,

12.

A) Copper

B) Lead

C) Aluminium
D) Gold

E) Silver

Which one of the following equations is correct?

A) Cu(s) + FeSO4(aq) - CuS0O4(aq) + Fe(s)
B) Zn(s) + CuCl2(aq) - Cu(s) + ZnCl2(aq)
C) Pb(s) + ZnSO4(aq) - PbS0O4(aq) + Zn(s)
D) Au(s) + AICI3(aq) - AuCl3(aq) + Al(s)

E) Cu(s) + KBr(ag) - K(s) + CuBr2(aq)

Write products of the following reactions (metal+salt):

Fe + ANO3 -->
Al + ANO3 -->
Fe + CuSO4 -->
Al + CuS0O4 -->

Why do dentists not recommend to put a dental crown

made of steel near the golden crown? Explain.



13. The bottom of the ship is generally made of iron. It is
known that people attach a piece of more active metal to the
bottom. Sailors call that piece as "protector”. How do you

think why it is important to attach a piece of metal to the
bottom of the ship?



CHAPTER 4: MOLE

4.1 MOLE CONCEPT.
AVOGADRO’S NUMBER

Are there more stars in Space than grains of sand on
the Earth, or not?

You will:

e XMMUNAAAQ aTOMAAP CAHbIHbIH KOAAQHbBIAY MaHbI3blH TYCIHY;

e 33T CAAMafblH ©6ALUEY apPKblAbl OHAAFbl MOAEKYAJQAAP
CaHbIH aHbIKTam GiAy;

« MOAbAI ©6ALLEM BIPAIK PETIHAE KAapacCTbIpy.

Mole




Refined sugar

AYKEHHEH KYAMbIHAM CaTbIn aAapAa 6i3 OHbl AGHAMEH eMec,
KMAOIrpaMAan ecenTenMis. Hemece LakKnakK KaHT caTblIm
anapaa 6i3 oHbl 240 paHa KAHT Aen eMec, Bip Kopan aen
anambl3. COA CUAKTbI, XMMUAAA KOMTEreH ycak beALLeKkTep
CaHbIH aHbIKTayAd “MOABL” BIPAIri KOAAAHBIAAADLL. “MOAB” BIPAIri
XUMUNAAQ €H KON Ke3AECETIH eALLeM BipAIK BOAbIN TabbiAaabl. 1
MoAbre 6.02:1023 66ALLEeK CaHbl COMKEC KeAeAil. Bya Xepae
OOALLEK Aern aTOM, MOAEKYAQ HEMECE KaAaM CaHbIH Ad aACakK
6oAaAbl. FanbIMAAP MOAB DIPAITIH BOALLEKTEPAIH ©Te Ko
CaHbIH KbICKAPTbIM, LLAaMaAamn aAy VLUIH KOAAAHAADI.



TR -] mﬂ[ Gf I]'Dﬂ EITCIITIS

602,000,000,000,000,000,000,000 iron atoms

M ....... = 1 mol of people

602,000,000,000,000,000,000,000 people

sE s e s = '] mﬂ[ Gfapp[es

602,000,000,000,000,000,000,000 apples

Facts

There are 1.67 » 1021 H20 molecules in a drop of water.
Avogadro’s number

602 000 000 000 OO0 OO0 OO0 OO0 caHbl 6TE YAKEH CaH,
OA ABOraApoO caHbl poen ataAnaabl. OA NA Aen TaHbaAaAbI.
OCblHAAW YAKEH CaH XMMMAAA He VLUIH KepeK? >Xayan peTiHAe
OOALLEKTEPAIH OALLEMI ©Te Killi 9pi CaHbIHbIH ©Te Ken
eKeHAIrNH anTyFa 6oAaAbl. MbicaAbl, CYTEKTIH 1 aTOMbIHbIH,
CaAMafbl MblHafaH TeH;:

1 aTOMAbBIK MacCaAbIK DipAiK
(a.M.6.)=0.00000000000000000000000166



OcCblHAAWM ©Te Killi CAAMaKTbl aHblKTay AABOPaTOPUAADBIK
YXKaraanAa MYMKIH eMec.

Con cebenTi, ABorappo caHbl 6.02:1023 ecenTteyAep YLWiH eTe
YKAKCbl TYPAEHAIPY KOPDULMEHTI OOAbIN TabblAaAbl,
ecenTevyAl XXEeHIAAETEA|.

Tgram of H=6.02 1023 amu
or

19 =Na * amu =1mol of H

Let’s remember the example of the hydrogen atom again:

1 hydrogen atom is 1 amui.

6.02 - 102 of h_ydrlogen atoms is 1 gram.
1 mol

HemMece 1 MOAb cyTeEK aTOMAAPbIHbIH Maccachbl 1 rpaMm
6onapbl. OcblAan ecenTey TUIMAI 60AbIN TabblAaADI.

BYA TY>KblpbIM Backa 6apAbIK aTOMAAP TYPAEPIHE A€ OPTaK.
BipHelLue MbICaAAbl KapacTblpCak:

|. KeMipTekTiH aToOMAbIK Maccachl 12 a.M.6. HeMece 1 MOAb
KOMIpPTEK aTOMAAPbIHbIH Maccachbl 12 rpaMmm 60OAAAbI.

Il. KaanbummaiH atoMabiK Maccacbl 40 a.M.6. HeMmece 1 MOAb
KaAbLIMM aTOMAAPbIHbIH Maccacbl 40 rpaMMm 60AaAbI.

[1l. TTAQTMHAHbIH aTOMADbIK Maccacbl 195 a.M.6. HeMece 1 MOAb
NAATUHA aTOMAApPbIHbIH Maccachl 195 rpamm 60AaAbI.

Molar mass (M)



3aTTblH 1 MOAIHIH (6.02:1023) rpaMM apKbiAbl Maccachl
MOASAPABIK MacCaHbl 6epea.

1 MOAb HaTpum (Na) = 6.02-1023 Na aToMbl = 23 1
1 MOAb MblpbIWw (ZNn) = 6.02:1023 Zn aToMbl = 654 r
1 MoAb OTTek (0O2) = 6.02:1023 O2 MOAEKYAacChbl = 32 I

1 MOAb KeMIipKbILLKbIA ra3sbl (CO2) = 6.02:1023 CO2
MOAEKYAAChbl = 44 r

1 MOAb HaTpum xAopuai (NaCl) = 6.02-1023 NaCl MoAeKyAachl
=585r

1 MoAb cyTek (H+) noHbl = 6.02-1023 H+ noHbl = 1 r-Fa TeH.



TmolNaCl (granules)

Keep in mind

Avogadro’s number is also known as Avogadro’s constant,
which refers to 6.02 « 1023 particles per one mole.

Example

Calculate the molar mass of water, H20.

Solution



The formula of water, H20O, is composed of 2 hydrogen atoms
and 1 oxygen atom. By looking at the Periodic table you can
find the mass of a hydrogen atom as 1 amu, and the mass of
an oxygen atom as 16 amu.

Molar Mass of H20 = 2 « (mass of the H atom) + 1 ¢ (mass of O
atom)

Molar Mass of H20 = (2 « 1) + (1 * 16) Molar Mass of H20O =18
amu

If water molecule is 18 amu, then 1 mole of water molecule is
18 9.

Literacy

What are the molar masses of HCI, NH3, H2CO3, AI(OH)3,
CaC0O3, Mg3(P0O4)2?

Terminology

« mole - 3aT MeALLepi / KOAMYECTBO BelLLecTBa;

. Avogadro’s number - ABorapapo caHbl / UACAO ABOrapApo;
. suitable - cevikec / noaxoAALLUI;

. quantity - MeALLep / KOANYECTBO;

. unit - eAweM BipAiK / eAMHMLIA U3MEPEHUS;

« particles - 6beAwekTep / YacTULbI;

. conversion - e3repic / npesBpaLleHune.



4.2 THE MOLE CONCEPT
CALCULATIONS

The approximate population of the Earth is 7,5 billion
people. How many moles of people are there on the
Earth?

You will:

e 33T MOALUEPIHIH $OPMYAACbIH KOAAAHbIM, 38T MACCAaCbIH,
MOAIH, aTOMAQP MEH MOAEKYAAAAP CaHbIH ecenTen BiAy.

“N” pen BeAriAeHeTiH MOAb CaHbl (3aT MeALUEPI) XMMUSAHbIH
Ken ecenTepiHAE KOAAAHbIAAAbI. 3aTTblH MOAb CaHbl OHbIH
MaCCaCbIHA, KEAEMIHE, OOALLIEKTEP CaHbIHA TiKeAen
6aNAaHbICTbI.



The Milky Way is the galaxy that
contains our Solar System

Mole - mass relationship



3aTTblH MOAb CaHbl 3aTTbIH Maccacbl MEH MOASAPAbI Maccachil
APKbIAbI ecenTeAiHeAl:

Mass
Number of moles = n=
Molar mass

2|3

Units are n - mol, m - gram, M - g/mol.

Example 1

11,5 r @30T pAnokcupaiHiH (NO2) MOAb CaHblH TabbliHbI3.
Solution

AAABIMEH, @30T AMOKCUAIHIH NO2 MOAEKYAAAbIK MaccacblH
ecenTenmMis:

M(NO2) =114+ 2«16 = = 46 g/mol.

KeniH, 3aTTbIH MOAb CaHbl POPMYAa ODOMbIHLLIA €CENTEAEA.

-_1159 _ 025 mol
46 g/mol

Example 2

What is the mass of 1,5 moles of potassium hydroxide (KOH)?
Solution

M(KOH)=(1+39)+(1+16) + (1+1) = 56 g/mol



Then, the mass of KOH can be calculated by using the
formula

m=n-+M

m=15¢56 =84 gram

Mole - number of particles relationship

Erep Ae 3aT KypaMblHAAFbl aTOMAQP MEH MOAEKYAAAAP CaHbl

6enrini 6OACa, OHAQ OA 3aTTblH MOAb CaHbl KeAeCi POPMYyAa
APKbIAbl aHbIKTAAAADI:

here N - number of particles, Na - Avogadro's number

Example 3

What is the number of moles of 3.01 « 1022 atoms of helium
(He)?

Solution

By using the formula

N 3,01 - 102
=1 - MHe) =% 020

A

= (.05 mol

Example 4




What is the total number of atoms found in two moles of a
H2504 molecule?

Solution

By using the formula
n(HZSO4)=N/NA

2 = N/ (6.02%1023)

N = 1,204 « 1024 H2S04 molecules

A H2504 molecule is composed of 7 atoms (2 Hydrogen, 1
Sulfur and 4 Oxygen).

Total number of atoms:

Ntotal = 1,204 « 1024 « 7 = 8.428 « 1024 atoms

Facts

Did you know? In some countries, Mole Day has celebrated
annually on October 23 from 6:02 am to 6:02 pm. (To
commemorate Avogadro’s number 6.02 « 1023) On this day,
schools have different activities related to the mole concept
or chemistry.



QZOZ-0v0T

M

Literacy

1. How many grams are there in 0.7 mol of Fe(NO3)3?
2. How many molecules are there in 0.06 mol of KI?
3. How many grams are there in 1.806 ¢« 1022 molecules of

MgCl2

4. 0.08 mol of compound X205 has mass 11.36 g. What is
the atomic mass of element X?

Activity

OALLeYy dAICIi apKbIAblI ecenTey XYprisy

MeTaAAap OTTEKMNEH SpeKeTTecCin, METAAA OKCUATEPIH TY3eAl.
ByA aKCnepmMeHTTe MarHMm MeTaAblHblH ayaAd >XXaHYbIH

KapacTblpaMbl3.

2Mg(s) + 02(g) - 2MgO(s)

KypaA->xabAbIKTap:

Tapa3sbl, MarHMm Mg MeTaAbl, KbICKbILU, CMMPT LUaM.

OpblHAAQY TOPTIOI:



1. MarHMMAIH MaccacblH ©6ALUEN aAy.
2. MarHMnAl KbICKbILLMNEH yCTan >ary.
3. X)KaHfaH MarHMmAEeH KaAfaH YHTAKTblH MACCacCblH 6ALUeY.

BakbiAay cypaKTapbl:
1. MarHmm MeH OTTEeKTIH KaHLla rpaMbl peakumnara TyCTi?

2. MarHMmAaiH MOAb CaHblH ecenTeHis.
3. MarHmm oKCUAIHIH TyCi KaHAan?

Terminology

population - xaAblK caHbl/ HaceAeHue;
represented - kepceTeai / NPEeACTaBAATD;
related - 6amMAaHbICKaH / CBA3aHHbIN;
relationship - e3apa 6anAaHbIC / B3aUMOCBS3b.



Problems: Mole

1.

2.

Why do we need the Avogadro’s number in chemistry?

Compare 6.02 « 1023 (the Avogadro’s Number) and the

population of the Earth, which is about 7.5 billion. How many
planets (like Earth) would we need populate 6.02 « 1023
people?

3.

Astronomers estimate our universe could be the home

to 300,000,000,000,000,000,000,000 stars. How many
moles of stars are there?

4.

o.

Find the molar masses of the following compounds:

a. MgO

b. BCI3

c. N20O

d. K2CrO4

e. KHCO3

f. (NH4)2CO3
g. H3PO4

Find the masses for the following substances in grams:

a. 3.5 mol of water
b. 15 mol of butane C4H10
c. 0.9 mol of sulfuric acid H2504

Calculate how many atoms there are in each substance

below: (NA= 6.02 *1023)

a. 25 g of lithium Li
b. 55 g of marble CaCO3
c. 5.2 mol of sand SiO2



7. How many molecules are there in a full glass of water
having a volume of 150 mI? (dwater =1 g/ml)

8. 1.5 mol of compound Mg3X2 has mass 150 g. What is the
atomic mass of element X?

9. 0.04 mol of element X weighs 2.24 g. Calculate the
atomic mass of element X.

10. 1.82 g of element X contains 2.107*1022 atoms. What is
the atomic mass of element X?

1. How many atoms of nickel are there in 118 g of nickel?
12. There is 150 g of sand SiO2.

a. How many moles of oxygen are there?
b. How many molecules are there?
c. How many atoms are there?



CHAPTER 5: CALCULATIONS
IN CHEMICAL REACTIONS

5.1 CHEMICAL
CALCULATIONS:
STOICHIOMETRY, MOLAR
VOLUME.

Which gas is heavier: 1 litre of hydrogen or 1 litre of
oxygen?

You will:

. calculate the mass, mole and heat by chemical reactions;
. calculate the volume of gases by using molar volume.

Calculations for chemical reactions



Antoine Lavoisier
(1743-1794) Chemical calculation

Scientific report

XUMUAHbIH CaHAbIK, FbIAbIMbIHbIH HEri3iH CaAFaH AHTYaH
AaBya3bere AeMiHr yakbITTapAa aAXMMUKTEP 63AePI
»KacafaH TaXKipnbenepae peakTUBTEP MOALLEPIHEe
ecenTeyAep Xyprizbeai. XIX r.-paH 6acTan ctexmomMeTpus
3aHAQPbIHbIH 3€PTTEAYI, XMMUKTEP YLUIH XUMUAADBIK
peareHTTep MeH 8HIMAEPAIH MOALLIEPIH HAKTbl aHbIKTayFa
MYMKIHAIK 6epai. Kasipri 3aMaHAa CTeXMoMeTpusa 3aHAapPbI
OAPAbIK XUMUAADBIK 9KCMNEPUMEHTTEPAE KOAAAHDBIAIADI.

OTKEH TapayAapAa CiSAEP XMMUAADBIK peakUUAAAPADI
YXA3YAbl, TEHECTIPYAI YUPEHAIHI3AEP. AFHN, XUMUAADBIK
peakumasa peareHTTep MeH 6HIMAEP MOABbAEPRI apacbiHAA
OeArini 6ip KaTbiHAc 6ap. EHAI, cyTek MeH a3oTTaH
aMMUAKTbIH TY3IAY XXafAaWbIH KapacTbIPbIn KepeuniK:



N,(g) ' 3H,(g) ’ 2NH,(q)
o + B O O
1 molecule nitogen 3 molecule hydrogen 2 molecule ammonia
6.02 - 10* molecules 3:6.02-10% molecules 2-6.02-10% molecules
1 mol 3 mol 2 mol
11 31 21

N2(g) + 2H2(g9) --> 2NH3(9)

Proportions for this reaction can be written like:

nN) 1 nN) 1 nfH)_3
nH) "3  na(NH,) 2  n(NH,) 2

The first equation shows that one mole of N2 reacts with
three moles of H2 to give two moles of NH3. Thus we can say
that the proportion of N2 to NH3 is one to two and the
proportion of H2 to NH3 is three to two. Knowing these
proportions, if you have the mole number of one of these
three, you can find the mole numbers of the other two. For
example, if we had four moles of N2 reacting, the number of
moles of produced NH3 would be eight. To consume four
moles of N2 completely, you need to have twelve moles of
H2. Such calculations in which we use chemical equations
and the coefficients to calculate the amount of one
substance from a second substance are called stoichiometric
calculations.



Example 1

Calcium reacts with nitrogen to give calcium nitride.
Calculate the mole number of calcium nitride that can be
obtained from 0.6 mol of calcium.

Solution

First, lets write and balance the reaction equation:
3Ca + N2 --> Ca3N2

We have the mole number of calcium and we need to find
the mole number of calcium nitride. The equation reveals that
the proportion between Ca and Ca3 is 3to 1. Now we can
find the mole number of Ca3N2:

3 mol of Ca gives 1 mol of Ca3N2
0.6 mol of Ca gives x mol of Ca3N2

X = 0.6 *1/3 = 0.2 mol of Ca3N2

Molar Volume
STP (standard temperature and
pressure):
224 | for 1 mol of any gas



Same volumes of gases present same number of particles
Molar volume of gases

For gases at STP (O0OC and 1 atm), 1 mole of any gas occupies
22.4 L. Therefore, the number of moles of a gas can be
calculated, if the volume of a gas is known at STP.

Volume =
22.4 22.4

Number of moles =

here n-mol, V - litre, 22.4 - litre/mol.

Example 2

What is the number of moles of 112 L chlorine CI2 gas at
STP?

Solution

By using the formula of n = V/22.4, the number of moles of
Cl2 can be calculated.

n=12L/22.4 L/ mol =5 mol

Example 3




How many litres do 3 moles of oxygen gas O2 occupy at
STP?

Solution

n=V/22.4 V=22.4*n V=22.4*3=672L

Literacy

After the reaction of a certain amount of oxygen with
hydrogen, 4.5 g of water is produced. Calculate the mass of
oxygen gas.

Terminology

. stoichiometry - cTexnomMeTpuma / ctexmoMeTpusa

« molar volume - MOASAPABIK KeAeM / MOAAPHbIN 06beM

. established- KaAbinTackaH / OCHOBaAHHbIN

. attained - »xeTkeH / AOCTUTHYTbIN

« proportion - KaTbiHac / nponopuus;

. to calculate - ecenTey / BbIUNCAATD

« to occupy - keaneM any / 3aHUMaATD;

. standard temperature and pressure (STP) - KaAbINTbil
»arpan (KoK.) / HopMaAbHble YCAOBUA (H.Y.).



5.2 THE RELATIVE DENSITY
OF GASES. LAW OF
COMBINING VOLUMES

Why do helium and SF6 gases make your voice sound
different?

You will:

. calculate the relative density of gases;
« calculate molar masses by using relative density;
. use the law of combining volumes for calculations.

The relative density of gases

9P rasablH MOAAPAbIK MaccaAapbl ap TYPAI BoAaabl. MbicaAbl,
cyTekK rasbl Mr(H2) = 2 r/MoAb, oTTek Mr(0O2) = 32 /MOAb,
aMMumak Mr(NH3) =17 r/MoAb T.6.

[@a3pAaPAbIH CAAbICTbIPMAaAbI ThIFbI3AbIKTaPbI BipiHLLI ras
MOASAPAbIK MaCCaCbIHbIH €KIHLUI ra3 MOASPAbIK MaccacblHa
KaTblHAaCbIMeH ecenTeAeAl. MbicaAbl, OTTeKTIH O2 cyTekke H2
KaTbICTbl CAAbICTbIPMAaAbl TbIFbI3AbIFbI 16-Fa TeH;:

M(0,) 32 g/mol

DHz(OZ) = W) =~ 2 g/mol =16 (heavier than hydrogen)

ByAaH OTTEK ra3blHblH CYTEK rasblHaH 16 ece aybip eKeHAIrH
KepeMi3. MeTaH rasbiHbiH CH4 ayara (Mr(aya)=29 r/MOAb)
KATbICTbl CAAbICTbIPMaAbIl TbIFbI3AbIFbl OblAa eCenTeAIHEA:



D,(CH,) =

M(CH,) _ 16 g/mol

MG - 29 g/mol - 0.552  (lighter than air)
Gas Molar mass
Hydrogen (H,) 2 g/mol
Helium (He) 4 g/mol
Carbon 28 g/mol
monoxide (CO)
Nitrogen (N.) 28 @ /mol
Air 29 g/mol
Carbon dioxide 44 g/mol
(CO?)
Chlorine (Cl) 71 g /mol

Relative densities of gases

Air ballons



Water vapour from a pipe

Example 1

OTTeK ra3sblHblH FreAunre KaTbliCTbl CAAbICTbIPMAaAbI
TbIFbISAbIFbIH €CenTeH,i3.

Solution

m(,) 32 g/mol _

D.(0) = M(He) — 4 g/mol g

Example 2

BeAricis rasablH OTTEKKE KaTbICTbl CAAbICTbIPMAADI
TbiFbI3AbIFbI 1.44-Ke TeH. BeArici3 ra3zablH MOAEKYAAQADIK,
MACCaCblH aHbIKTaHbI3.

Solution



_ M(X) _ Xg/mol
Do(X) = W0 = 32 g/mol = 144 M(X)=1.44-32 =46 g/mol

Example 3

Relative density of XO gas according to neon is 1.4. What is
the atomic mass of X element in gas XO?

Solution

_M(x0) _(X+16) g/mol
~ M(Ne) ~ 20 g/mol

D, (X0) =1.4 M(X+16)=1.4 - 20 = 28 g/mol
X+16=28 X =28-16 = 12 g /mol
M (C0) = 28 g/mol (carbon monoxide)

The law of combining volumes

PpaHLuy3 XxumMuri lrem-Aroccak peakumMaAaH LUbIKKAH
ra3spapAblH KOAEMAEPIH OALLEN OTbIPbIM, OAAPAbIH BEAriAi Bip
3aHADbIAbIKKA ODaFblHATbIHbIH ALUKAH. 3aH O0OMbIHLLA: TYPAKTbI
TeMnepaTypa MeH KbICbIMAQ, PeaKuMnara KipreH rasaap
KOAEMAEPIHIH KaTbIHAChI KilliripiM B6yTiH CaHAAP KaTbIHACbIHA
TEeH.

MbICaAbI,
2C2H6 + 702 --> 4C0O2 + 6H20

KepceTiAreH peakumsaaa 2 MOAb 3TaH C2H6 rasbiMeH 7 MOAb
OTTEK ra3sbl peakuusara Tycce, 21 MOAb OTTEK ra3biIMeH KaHLUa
3TaH rasbl peakymasacapbl?

OTTeK rasblHblH MOAb CaHbl 3 ece apTCa, 3TaH ra3blHblH MOAb
CaHbl Aa 3 ece apTaAbl: 2 MOAb - 3 = 6 MOAb. AFHW, peaKuusara



6 MOAb 3TaH ra3bl TYCKEH.

Example 4

When propyne gas C3H4, burns in oxygen, carbon dioxide

and water are produced:

a) Write the balanced equation representing the reaction.
b) How many moles of O2 are required to burn 11 L of

C3H4?

c) How many moles of C3H4 must be burned to produce

1.2 mol of CO2?

d) How many grams of water are produced from 8 g of

C3H4?

Solution

a) C3H4 +402 - 3C0O2 + 2H20

b) 1mol of C3H4 --------- 4 mol of O2
1ML of C3H4 --------- X L of O2
X=11*4/1= 44 L of O2

c) 1mol of C3H4 --------- 3 mol of CO2
X mol of C3H4 --------- 1.2 mol of CO2
X=1*1.2/3=0.4 mol of CO2

d) Mole number of C3H4:

N(C3H4) = m / M(C3H4) =8g / 40 g/mol = 0.2 mol



1 mol of C3H4 --------- 2 mol of H20
0.2 mol of C3H4 --------- x mol of H20
X=0.2*2/1 = 0.4 mol of H20

Mass of water: m(H20) =n+* M(H20)=04+18=72g9

Literacy

1. Find relative density of following gases according to
hydrogen gas H2:

a. 502 b. C2H4 c. NH3 d. B2H6

2. Relative density of X4H10 gas according to air is 2. Find
atomic mass of element X.

3. There is a mystical cave near the city of Naples in Italy. It is
named as "Grotta del Cane"” that means "Dog’s cave". Dogs
suffocate in that cave while men does not. Which gas does
cause that? How is it related to the height of living things?

Mystical cave



Terminology

. relative density - caAbICTbIPMaAbI TbIFbI3AbIK /
OTHOCUTEAbHAA MAOTHOCTD;

« combining volumes - keAeMAiK KaTblHac / 06bEéMHble
OTHOLLEHUS;

. according - KaTbICTbl / B COOTBETCTBUU;

. ratio - kaTbliHaC / COOTHOLLUEHUE;

. to remain - cakTaAy / ocTaBaTbCH



Problems: Calculations in
chemical reactions

1. How many liters are there in 0.5 mol of gas at S.T.P
conditions?

2. Calculate the volume 454.4 g of SO2 gas at S.T.P
conditions.

3.  What is the mass of oxygen in 112 L of NO2 gas at ST.P
conditions?

4. How many moles are there in 2.709*1021 molecules of
gas?

5.  What is the relative density of argon Ar gas according to
ammonia NH3?

6. Calculate the relative density of N2O gas according to
hydrogen H2.

7.  The relative density of gas XH4 according to helium is 4.
Determine the atomic mass of element X?

8. How many moles of CO2 and water can be produced
from the decomposition 0.7 mol of soda?

2NaHCO3 --> Na2CO3 + CO2 + H20

9. How many moles of aluminum sulfide AlI2S3 can be
produced from the reaction of 0.12 mol aluminum with an
excess amount of sulfur? How many moles of sulfur do react
with aluminum?



2AI(s) + 35(s) — Al253(s)

10. How many litres of oxygen gas at S.T.P can be produced
from the decomposition of 28.8 g of water?

2H20 --> 2H2 + O2

11.  Calculate the mass of oxygen that can be obtained from
decomposition 54 g of mercury (lI) oxide HgO?

2HgO --> 2Hg + O2

12. How many litres of oxygen at S.T.P would be produced,
if 245 g of KCIO3 is completely decomposed?

2KCIO3 --> 2KCIl + 302



CHAPTER 6:
THERMOCHEMISTRY

6.1 COMBUSTION OF FUELS
AND ENERGY FORMATION

What is a combustion reaction? Why is it important?

You will:

. understand that energy is produced in a combustion
reaction;

« understand the carbon monoxide, carbon dioxide as the
final products of combustion;

. understand the causes of the greenhouse effect.

DHeprusa >XoHe >XbIAY

>KaHFbILL 3aT MeH OTTEKTIH apacblHAAFbl XUMUAADBIK PeaKuUng
YXKaHY npoueci Aen ataAaAbl. XKaHYAbl KEMAE epTeHYy Aen Te
aTamabl. OTbIH (BeH3UH, MyHaNn, KeMip, AU3eAb OTbIHbI)
YXaHFaHAA >XbIAY MEH >XapblK 6oAiHeAl. Bi3 KYHAEAIKTI eMipae
YXaHY NPOLECiH >XWi ke3aecTipeMis. Cebebi, TpaHCMOPTThI
XKYPrisyre, YUAI XbIAbITYFa, aC AaUblHAQYFA SHEPIrns OcChbil
YXaHY npoueciHAE BOAIHeA . DHEePruaHblH HEri3ri kesaepiHe
KeMip, aFall, Taburu ras, MyHam, T1.6. 3aTTap



-
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Coal mining in Ekibastuz

Combustion products

The most common example of combustion process is a
bonfire. Combustion products have many negative effects on
our health. If fuel reacts with an excess amount of oxygen
carbon dioxide gas and water are produced:

CH4(g) + 202(g) --> CO2(g) + 2H20(9)

However, if fuel reacts with the limited (small) amount of
oxygen mixture of carbon dioxide (CO2), carbon monoxide
(CO) and carbon (C) will be produced:

Petrol + O2(g) --> CO2(g) + CO(g) + C(s) +H20



Blue flame of methane gas burning

Toxic gases pollute our atmosphere

Causes of the greenhouse effect

Greenhouse gases (CH4, CO2) keep the Earth temperature at
the constant degree. But when the amount of greenhouse
gases increases, the Earth’s temperature also increases. The
main causes of the greenhouse effect are:

1. Burning of fossil fuels like coal, petrol, natural gas.
2. Methane gas released from bogs and nitrous oxides
produced from factories.

Activity

Work in groups. Discuss about which type of fuel is:



a. the most efficient

b. the cheapest

c. ecologicaly clean

d. found in your region

Activity

JKaHFbiW OTbIHAQPADIH TUIMAIAITI
Kipicne

KeMip, cnnpT, YPOTPOMNUH CUAKTbI OTbIH TYPAEPI XXaHFaHAQ 9P
TYPAI MeALLepAe aHeprmna beneai. Ocbl ToxXipnbeae 6i3 cnupT
NeH YPOTPOMUHHIH HEePreTUKAAbIK TUIMAIAITIH
CaAbICTbIPaMbI3, AFHM OTbIHHbIH KANCbICbl K6OIpeK aHeprma
OOAETIHIH 3epTTENMIS.

KypaA->XabAbIKTap:

KaTTbl OTbIH (YpOoTponuH), 2 ctakaH (100 MA), 3TUA CAUNPTTI
KbI3AbIPFbILL, 2 YLITaraH.

OpbIHAAQAY TOpPTIbI:



1. EKi cTakaHra 100 MA Cy KYMbIM, OAAPAbI YWTaraHfa
OPHAAACTbIPbIHbI3.

2. KaTTbl OTbIH ME&H CNUPTTI XafbIn yLUTaraH acTbIHA
OPHAAACTbIPbIHbI3.

3. Kan cTakaHAaFbl Cy Te3ipeK KaMHAWTbIHbIH aHbIKTaHbI3.

BakbiAnay cypaKTapbl:
1. XKaAbIHAAPADBIH TYCTEPI KaHAQN?
2. ’KaHfaH OTbIHAQPAbBIH KaUCbICbl TUIMAIPEK?

3. KYHAEAIKTI eMIpAE >XaHFbILL OTbIHAAPFA MbICAAAAP
KEATIPIHI3.

Literacy

By using given table, choose the combustible and non-
combustible substances:



Combustible

Material / non-
combustible

Paper
Charcoal
Iron nails

Glass

Kerosene oil

Rubber

Plastic

Terminology

. fuel - oTbIH / TONAUBO;

« combustible - »aHFbiL / ropoyniL;
. ash - kyne / caxka;

. cause - ceben / NPUYNHa;

« greenhouse effect - >xbiAbDKamn

« 3pdekTi / NapHUKOBbBIN 3P PEKT;

« heat - »bIAy / TenAo;

. to heat - KbI3abIpYy / HarpesBaTb;

« burning - >aHy, epTeHy / ropeHue;
. bonfire - oT / KOCTEP;

. to emit - WbiFapaabl / UCNYCKAIOT;
« SOuUrce - KamHap ke3i / UCTOYHWUK;

. wood - afaw / AepeBo;

. petrol - >xaHapMaw / 6eH3UH;

. petroleum - MyHaw / HedTb;

. charcoal - keMip / ApeBeCHbIN YIrOAb;
. bog - 6aTtnak / 6oA0TO.



6.2 EXOTHERMIC AND
ENDOTHERMIC REACTIONS

Which types of fuels are less dangerous?

You will:

« know why combustion is exothermic and some reactions
are endothermic;

. evaluate the capacities of fuels and its effects on the
environment.

DK30TEePMUSABIK dXXOHE 3HAOTEePMUAADIK peaKLUUaAap

XUMUNAADBIK peaKUMAaAapPAbIH SHEPreTUKAAbIK ©3repiciHe
comKec BapAbIK peakLUMNAAAP IK3OTEPMUAADIK >XKoHEe
SHAOTEPMUAABIK AEM eKire 6eAiHeAl. DK30TEePMUAADIK
peakumsa Ke3iHAE SHEePrmnsa CblpTKa O6AIHeAl, AFHM KopLUaFaH
OpTaHblH TeMnepaTypacbl apTaabl. DHAOTEPMUAABIK peakuma
Ke3IHAE 2Hepruna CiHipiAeAl, AFHU pekuma eHIMAEPAIH, Kenae
KOpLLafFaH OpTaHblH TeMnepaTypacbl ToeMeHAeNAlL >KaHy
peaKUMAChbl 9K30TEPMUAADBIK peaKLumnara MbiCaA BOAbIN
TabbiAnaabl, cebebi arall OTbIH XXaHFaHAA CbIPTKa aHeprmsa
YXbIAY MEH >XapblK PeTiHAE BOAiIHeA:

Wood + O2(g) --> CO2(g) + H20(g) + heat

AAIOMUHUN MEH TEMIP OKCUAI apacCbliHAAFbl TEPMUTTI
peakumns:

Aluminium + iron oxide --> iron + aluminium oxide + heat



2AI(s) + Fe203(s) --> AI203(s) + 2Fe(l) + 841 kJ

The thermite mixture explosion

Peakumsa HoTuxXKeciHAE 841 KAXK aHeprmna 6eaiHeal. OcblHAAM
OpacaH Kemn 3HEePrusaHbliH aCcepiHeH peakunaAaH LWbIKKAH
TeMip BaAKblFaH TYpAEOOAaADL.

AN, KanbUMM KapboHaTblHbiH CaCO3 biablpaybil
SHAOTEPMUAADBIK PeaKLMAHbIH MbICAAbI:

CaCO3(s) --> CaO(s) + CO2(g) - 169,5 kJ

Kenbip Ty3aapabliH (MbiCaAbl, aMMOHUN HUTPaTbl NH4ANO3)
CYAQ €pYi XXbIAY CIHIPIAY apKblAbl >XypeaAl (SHAPOTEPMUSAADIK,
peakumns).



Tourist breakfast cooking on a bonfire in Firework is also an example of
the mountain forest exothermic reaction

Decomposition of apples in autumn

Fuel efficiency

Nowadays people use many types of fossil fuels. Fossil fuels
are very important because they produce energy when
burned. Common fossil fuels are coal, oil and natural gas.
Coal and oil have been used from ancient times. Today
people produce new products (fuels) from fossil fuels:
ethanol, gasoline, kerosene, coke, etc.

When we burn coal and oils, they leave ashes and black
gases. Natural gases and ethanol are more efficient, they
burn cleaner and in most cases are still the cheapest.



Ne Fuel Heat of combustion, kj/g Price, approx (2017)

1 Natural gas 54 29 tg/m?

2 Coal 27 120 tg/kg

3 Wood 15 15000 tg/m?

4 Ethanol 298 350 tg/L

5 Diesel 45 128 tg/L

6 Gasoline 47 146tg/L

7 Hydrogen 142 184tg/kg
Literacy

The table shows the efficiency and prices of some fuels.
Choose the most suitable fuel which will give more energy
than others and be cheapier.

Facts

1 g of uranium fuel can produce much more energy than 1
000 000 g of coal!

Muclear energy factory

Lab work




N2 4. XUMUAADBIK peaKuudaAapAarbl SHepPreTukKaAblik,
e3repicrtep

XUMUAABIK peakuUAaAAap HOTUXKECIHAE, SHEPTUSA CbIPTKA
OOAIHYI He iLLKe CiHIPIAYI MYMKIH. 9K30TEPMUAADIK peaKkumsa
HOTUXKECIHAE TeMMnepaTypa ecce, SHAOTEPMUAABIK
peakunaAapAa TeMnepaTypa TOMEHAENAL.

KypaA->xabAblKTap:

HaTpun rimapokecmai NaOH MeH Ty3 KbilKbiAbl HCI TM
epITIHAIAEPI, AMUMOH KblLLKbIAbI CE6H80O7 20% epiTiHAICI,
HaTPUM BUKapPOOHATbIl, TEPMOMETP, CTaKaHAAP,
APAaAACTbIPFbILL.

Reactions Temperature | Temperature | Change in
before mixing | after mixing | temperature

1] NaOH + Hcl
2 | CH,0, + NaHCO,

OpblHAAQAY TOPTIbI:

1. CTakaHfa 10 MA HaTPUM TMAPOKCUAIH KYMblIn, 6acTankbl
TeMnepaTypacblH eAlley. YCTiHe 10 MA Ty3 KblLUKbIAbI
EPITIHAICIH Ky OTbIPbIN apaAacTbipy. TepMoOMeTpMeH
COHFbI TEMMEpPAaTYPACbIH B6ALLEY.

2. CtakaHfa 20 MA AMMOH KbILLUKbIAbI €PITIHAICIH KYHO,
HacTankbl TeMNepaTypacbiH OALLeY.



3. AMMOH KbILUKbIAbI YCTiHE 12 I HaTpun bKapboHaThbl
YHTaFbIH CaAblM,apaAacTblpy. Peakumna TemnepaTypacblH
OALLey.

BakblAay cypaKTapbl:

1. XKypreH X MMm1SAAbIK peakunaAapAbl 9K30TEPMUAADIK
YKOHESHAOTEPMUAADIK PeaKLUMNAAAPFA XKIKTEHI3.

2. HaTpun rmpApOKCUAI MeH TY3 KbILUKbIAblI apaCblHAAFbI
peakunsa KaHAAW peaKumna TypiHe >aTaabl?

3. HaTpui rmAPOKCUAI MEH TY3 KblLUKbIAblI apaCblHAAFbI
peaKLUMAHbI YXa3blHbl3.

OO XA

Terminology

« exothermic - 3K30TepPMUAABIK / 3K30TEPMUYECKUNN;
« endothermic - aHAOTEPMUSAADBIK / SHAOTEPMUYECKUN;
. to release - 6oAiIn WbIFapy / BbIAGAATD;

. to absorb - ciHipy / noraoLaThb;

« molten - 6aAKbITbIAFaH / pacnAaBAEHHbIN;

. dissolution - epy / pacTBOpEHwUe;

« coke - KOKC / KOKC;

. effi cient - TMIMAI / 3dPeKTUBHBIN;

« cheapest - eH ap3aH / caMbIl AeLLEBbIN;

« alcohol - cnupT / cnuprT;

. solid fuel - “kypFaK »aHFbiL” / “cyxoe roproyee”;

« kerosene - KepocUuH / KepocCuH;

. gasoline - »xaHapMal / 6eH3UH.



6.3 THERMOCHEMICAL
REACTIONS

Does energy change in every chemical reaction?

You will:

. understand the energy conservation in a chemical
reaction;
. explain changes of energy in the reaction.

DHeprusaHblH CaKTaAy 3aHbl

AFaLUTbIH XXaHYbl KE3IHAE XUMUAABIK SHEPIMA >KaPblK >XOHEe
XXbIAYFa alHaAQAbl. BYA aK30TepMUAABIK peaKLuMa MbICAAbI.
TepMoAMHAMUMKAHbIH BipiHLLI 3aHbl OOMbIHLLIA: 2HEPrma
YXOKTaH namaa 60AManmAbl HE YXOFAaAManAbl, OA TeK Bip
TYPAEH EKIHLI Typre ayblCaAbl.

XNUMUAADBIK peaKLUMAAAP peareHT NeH WbIKKaH 6HIMAEPAIH
SHEepPreTMKaAbIK e3repicTepiHe Tikenerm 6anmAaHbICTblI.
DHEePruaHbiH CaKTAAY 3aHblHa OAMAAHDICTbI, YXYMNEHIH >XaAmbl
SHEPruacbl esrepMenAi. MbiCaAbl, CyTEK NeH OTTEKTEH Cy
TY3IAEPAE SHEPIUSA, XKbIAY XKOHE >KapPblK apPKbIAbl, OOAIHEA
(OKAAMbl aHEPrmnsa esrepmMenal):



Oxygen

— Water

2H,+0,=2H,0

Hydrogen +

e

Thermochemical reactions

Chemical reactions often produce changes in energy.
Chemical energy is transforned to heat energy in any
exothermic and endothermic reaction, such as the burning of
propane gas:

C3H8(g) + 502 --> 3C0O2(g) + 4H20(9) + heat

Chemical energy can also change to light energy. For
example, fireworks reactions:

2Mg(s) + 02(g) --> 2MgO(s) + heat + light



Bengal lights of burning magnesium

Kenbip XMMUAADBIK peaKuUAAaPAA XUMUAADBIK SHEPIUA SAEKTP
SHEePrmsacbliHa Aa aMHAAYbl MYMKIH. KYHAEAIKTI KOAAAHbIM
XXYPreH akkyMyAaTopAap (raAbBaHMKAABIK SAEMEHTTEpP)
XUMUAABIK SHEPTUAHDbI SAEKTP SHEPrnacbiHa aHAAAbIPAADI:

Zn(s) + Cu2+(aq) -->Zn2+(aq) + Cu(s)



Modern electric grid lines



The Sun is the main source of energy for
our Solar System

MOAEKYAAAbIK-KUHETUKAABIK TEOPUAFa COMKEC,
MOAEKYAAAAPbIHbIH KWHETUKAAbIK SHEPTIUACHI XXOFapbil
3aTTbIH XXbIAY LUbIFAPY KabiAeTi ae XoFapbl 6oAaabl. KaTThbl
HeMece CyYMbIK 3aTTbl KbI3BAbIPFaHAQ, KEOAEMIHIH YAFAObIHAH
OHbIH KMHETUKAAbIK 9HEPIrUACbIHbIH, ©CKEHIH BanKanMbI3.

KaTTbl, CYMbIK 3aTTblH KUHETUKAAbIK SHEPIrUACbBIH YXOFapPAaTY,
OAAPAbIH ras KymiHe aybiCyblHa ceben 60AaAbl.
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Literacy

D Indicate the following reactions as endothermic or
exothermic reactions:



C5H12(l) + 802(g) —» 5C0O2(g) + 6H20(g) + 3523 kJ
H2(g) + Cl2(g) - 2HCI(g) + 185 kJ

2C02(g) + heat - 2C0O(g) + 0O2(9)

N20(g) + H2(g) - N2(g) + H20(9) + heat
2A1203(s) + energy - 4Al(s) + 302(9)

2) The reaction below, which is known as a thermite
reaction, is highly exothermic:

2AI(s) + Fe203(s) — 2Fe(l) + Al203(s) + 841 kJ

If 54 gram of aluminium reacts with iron oxide to give
841 kJ energy. How much heat is produced when 16.2 gram of
Al reacts with excess Fe203?

3) To produce 30.4 g of CS2, how much heat must be
gained by the reaction? (When 76 g of CS2 produced, 89 kJ
energy is absorbed)

C(s) + 25(s) + 89 kd - CS2(D)

Activity

H

Group discussion about “Fuel for the future”.

Terminology

. conservation - cakTaAy / coxpaHeHwue;

. to destroy - 6y3bIAY / paspyLUeHune;

. to transfer - TacbiIManpay / MepeBoO3nUTD;
. formation - Ty3iAy / dopMupoBaHme;

« place - opblH / MecCTO;

. to place - Koo / cTaBUTB;

. fireworks - yLUKbIH / derepBepk;



. kinetic energy - KMHETUKaAbIK aHeprmna / KNHeTnyeckasa
3Hepruns;

. to gain - aAy / NnoAyyaTh;

« ordinary - KapananbiM / 0OBblUHbIN.



Problems: Thermochemistry

1. Explain the terms “exothermic” and “endothermic”.

2.  Why do we feel warmer when it snows in winter?
Explain.

3. Classify the following processes as exothermic or
endothermic:

a. When NH4NO3 dissolves, the solution becomes cold;
b. The burning of paper;

c. When concentrated H2504 is added to water, the
solution gets warmer;

d. Photosynthesis.

4. For the reaction equation below:
S(s) + O2(g) --> SO2(g) + 296 kJ

What kind of reaction is the oxidation of sulfur in terms
of heat exchange?

5. Which of the following reactions are exothermic or
endothermic:

a. 2502(g) + 02(g) -->2503(g) + 198 kJ
b.N2(g) + 3H2(g) --> 2NH3(g) + 92 kJ

c. 2C02(g) --> 2CO(g) + 02(9) - 566 kJ

d. 2NO(g) + O2(g) --> 2NO2(g) + 112 kJ

e. CaO(s) + H20() --> Ca(OH)2(l) + 65.2 kJ

6. What do you think?

« How is the Sun’s energy given off?



« Why leaves turn yellow in autumn?
« Why is it hot in summer and cold in winter?

7. Give examples of exothermic reactions in daily life.

8.  Which of the following reactions are exothermic and
which ones are endothermic?

. cooling of volcanic lava
. melting of ice

. lighting process

« corrosion of iron metal.

9. What types of food can give you more energy?

10. What types of energy does the world use nowadays?



CHAPTER 7: HYDROGEN AND
OXYGEN

/1 HYDROGEN

Is it possible to use hydrogen as a fuel in our country?

You will:

. prepare and study properties of hydrogen gas.

H

Hydrogen
1.008

Hydrogen in the Periodic table Hydrogen gas containers

CyTeK H2 KaAbINTbl >XarAaanaa TYCCI3, MICCI3 api ADMCI3 ras.
CyTeK 6bacKa raspapMeH CaAbICTbIPFAHAA €H >XeHIA ras, cebebi
OHbIH TbIFbI3AbIFbl 6Te ToMeH, d = 0.0899 /A.

CyTek 6enceHAl METAaAAAPMEH KOCbIAbIM, METaA TMAPUATEPIH
Ty3eAl (MbICaAbl, KAAMMMEH KOCbIAbIM, KAAUN TnapmaiH KH



Ty3eai). OA benmMeTanAaPMEH KOBAAEHTTI KOCbIABICTApP TY3€EAI.
Mbican peTiHae HF, HCI, H20 KOCbIAbICTapbIH KEATipyre
6oAaabl. CyTEKTIH AEKTPTEPICTIr MeTaApAapPAaH XXOFaphbl,
bipakK benMMeTanpAaPAAH TOMEH.

Occurrence

CyTek TaburaTTa eKi aTOMAblI MOAEKYAa H2 TypiHAE >KoHe
KOCbIABIC KYMIHAE Ke3AeceAl. Boc KyniHAE CYyTeK eAeyCi3
MOALLEPAE FaHa XXaHapTay raspapbliHAA Ke3aeceal. CyTek
ra3bl >XeHiA BOAFaHABIKTAH YXKep aTMocdepacbliHaH FapbILLKa
LUbIFbIM KeTe aAnapbl. CyTeKTiH Macca 6ombiHLLa >XKep
KblpTbICbIHAAFbI MeALepi 0.15%.

CyTeKTiH eH MaHbI3Abl KOCbIAbICBI cy (H20). OA coHpan-aK
KOMIpCYTeKTEep, MyHaW, KOMIp >KoHe Tabufn ra3 CUaKTbl
OPraHMKAAbIK 3aTTapAblH KypamMaac 6eairi. CoHbIMeH KOCa,
Ca3, M’MAPATTAP CUAKTbI KOCbIABbICTAP KYPaMblHAA Aa Bap.

_—

Hydrogen is everywhere Gla._::S-waater

Chemical properties



Hydrogen is used to produce ammonia in industry. Nitrogen
and hydrogen are reacted under high pressure and
temperature to produce ammonia, according to the reaction
below:

N2(g) + 3H2(9) --> 2NH3(9)

H2 gas is a good reducer. Because of this property, it is widely
used in the production of metals from their oxides. For
example, metallic iron, copper are produced from their oxides
in this way.

FeO(s) + H2(g) --> Fe(s) + H20()
CuO(s) + + H2(g) --> Cu(s) + H20()

Since the reaction of hydrogen with oxygen is an exothermic
process:

2H2(g) + O2(9) --> 2H20(9)

Hydrogen may be an alternative energy source in the future.

Facts

Hydrogen is the most abundant element in the universe. The
Sun and all stars mostly consist of hydrogen.



Practice work

N2 2. CyTeKTiH XUMUAADbIK KacneTTepi )KOoHe OHbIH
AAbIHYbI

OcCbl NPaKTUKAADBIK XXYMbICTa METaAAAPAbIH KblLLUKbIAMEH
DPEKETTECIM CYTeEK rasbl 66/\iHy peaKUNACbIH KapaCTblpPaMbl3.

Kypan->abablKTap:

TY3 KbILLKbIAbI HC| >xoHe KYKIPT KbILLKbIABIH2SO4 epiTiHAIAEPI,
MarHMn (He MbIPbILL) MeTaAAAPbl, CbIHAYbIKTAP.

| HYCKa



1. CblHayblKKa 1/3 MeALLepAe KYKIPT KbILLKbIAbIH KYMbIM,
YCTIHE MarHMM KeceriH CaAblHbI3. ©3repicTi »a3bin
aAblIHbI3.

2. CyTeKTIH KacneTTepi TypaAbl auTbIHbI3.

Il HyCcKa
1. CblHaybIKKa 1/3 MeALLepAEe TY3 KbILLKbIAbIH KYMbIM, YCTiHE
MblPbILL KeCeriH CaAblHbI3. ©3repiCTi »Xa3blM aAblHbI3.

2. MbipbILU NeH TY3 KbILLKbIAblI apacblHAAFbl PeaKLMAaHbI
>a3blHbI3.

Keep in mind

Hydrogen has 3 isotopes -protium (11H), deuterium (12D) and
tritium (13T). The most abundant isotope of hydrogen,
protium, 1 TH constitutes 99.985% of naturally occurring
hydrogen. Deuterium, 12H (12D), which is stable constitutes
0.015%. Tritium,13H (13T), which is radioactive, is found in
trace amount in nature.

Y ¥
'3‘/ >
Deuterium [ritium

Terminology




hydrogen - cyTek / BOAOPOA,;

diffusion - auddysmna / anddysums;

negligible - eneyci3 / He3HaUYNTEAbHbIN;

isotope - nsorton / nsoTon;

occurrence - TapaAybl / pacnpocTpaHeHue;
ammonia - aMMMaK / aMMMaK;

alternative - 6anaMaAbl / aAbTePHATUBHbIN;
universe - aAeM, FanaM / KOCMOC;

reducer - TOTbIKCbI3AAHAbBIPFbILL / BOCCTAHOBUTEAD.



7.2 OXYGEN AND ITS
PROPERTIES

You will:

. prepare and study properties of oxygen gas.

What would happen, if oxygen gas was not soluble in
water?

OTTeK KaAbIMTbl XXafAanAa eKiaTOMAbBI, TYCCI3, NICCi3, ADMCI3,
ayaAaH ayblp ras. OHbIH KanHay TeMnepaTtypacbl -183°C, aa
6anKy TeMnepaTypacbl -218.3°C. OTTeK cyaa ©Te a3 epUA
(0,03 /100 1 cypa). OTTEK aAeMeHT KyniHae dKep
KbIPTbICbIHAQ €H Ken TapaAfaH. TaburaTTa 60C >KoHe
KOCBIABIC KYWIHAE A€ Ke3aeceal. [a3 KyYMIHAErN OTTeK ayaHblH
KeAeMi bonbliHLLIA 21%-blH, Maccacbl 6bombiHLLAa 33%-blIH
Kypanabl. XKep KblIpTbICbl MEH MYXUTTAaPAbIH OapAbIK
MaccacblHblH 50%-bl KOCbIAbIC KYPaMbIHAAFbl OTTEKKE
TUECIAI.

OTTekK rasblH 1774 >biAbl [NpecTAM awkaH. OTTeK AATbIH
TiAIHEH "Oxygenium” - "KbILLKbIA TyAbIpYLUbI" AereH
MaFblHaHbl Binpipeail. OTTeK NepunoAaTbiK KecTeaeri 16 (6)
TOMNTbIH AAFALLUKbl SAEMEHTI YXOHEe OHbIH SAEKTPOHAbIK
KoHpUrypaumacol 1s22s22p4. OTTeK 63 TonLlacbiHAA 6Te
6enceHAl benMMeTaAA.

OTTeK >XKep KblPpTbICbIHAQ TAaOUFU >KbIHbICTAPAbIH HETI3Ti
KypaMAaac 6ealleri 60AbiN TabbIAATbIH METAAA YKoHe
6eMMeTaAA OKCUATEPIH Ty3eAi. OAEMAEr eH Ken TapaAFaH
KOCBIABIC - CY KYPaMblHbIH 88.9%-bl OTTEKTEH TYPaAbI.



Oxygen ballons A man doing breathing exercises

Preparation of oxygen

1. Heating of metal oxides with low activity such as Ag20 and
HgO:

2HgO(s) --> 2Hg() + O2(9)
2Ag20(s) > 4Ag(s) + O2(9)
2. Electrolysis of water:

2H20() --> 2H2(9) + 02(9)



Cathnde

H:0

Chemical properties of oxygen

Oxygen combines with all elements (except the noble gases,
some halogens and some unreactive metals) to form oxides
(oxygen is strong oxidizing agent):

1. Reactions with metals:
4Li(s) + O2(g) --> 2Li20(s)
2Mg(s) + 0O2(g) --> 2MgO(s)
2. In general, all nonmetals react with oxygen gas:
S(s) + O2(9) --> SO2(9)
N2(g) + O2(g) --> 2NO(g) (at high temperature)

3. Oxygen gives combustion reactions with organic
compounds:

CH4(g)+ 202(g) --> CO2(g) + 2H20(g)



Combustion reaction

Ozone

Ozone (O3) is a light blue coloured gas with a sharp,
pleasant odour. It may be liquefied at -1120C and may be
solidified at -1930C. Ozone is slightly soluble in water. Ozone
can be prepared by passing pure oxygen gas through an
electrical discharge.

The electrical energy breaks the bonds in some O2 molecules
to give oxygen atoms, which react with other O2 molecules
to form O3:

O2(g) « 20
02(g9) + O*~ 03(9)

O30H XKep aTtMocdepacbiHbIH XXOFapfbl KabaTblHAA
Kesaeceail. O30H rasbliHblH MaHbI3AbIAbIFbI ©6Te XXOfaphbil,
cebebi OA Tepi ICIK TYAbIPATbIH YABTPAKYATIH COYAEAepPiH
YKepre eTKizbenai. O30H MOAEKYAACbI 3HEPrmna CiHipreH
Ke3Ae, OTTEK MOAEKYAAQCHI MEH OTTEK aTOMbIHA bIAbIPANADI:

03(g) + energy <« O* + O2(9)
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UV protection by e i I
the ozone layer = £

UV protection by the ozone layer

Facts

Oxygen is present in water molecules, and water is essential
for all life forms. Oxygen is present in many organic
compounds. Most living organisms use oxygen for
respiration. Oxygen makes up % of the atoms in living
organisms.

Red Blood Cell with Oxygen

Practice work

N2 3. OTTeKTIiH KacueTTepi )KoHe OHbIH aAbIHYbI



BYA NMPaKTUKAAbIK XYMbICTa 6i3 OTTEK rasblHblH 3€pTXaHAAA
aAbIHY MPOLECiIH KapacTblpaMbl3.

KypaA->xabablKTap:

cyTeK rnepokcunai epitiHaici (20%), mapraHeu (IV) okcunal
yHTarbl (MnO2), cTakaH, CipiHKe.

| HYCKa

1. LLbIHbI biabICKa 20 MA CyTeK NMepoKCUAI epiTIHAICIH
KyMbliM, yCTiHe abanaan 1 r-aam MnO2 yHTaFblH CaAblIHbI3.
KaHaawm e3repic 6amkKaAblHbI3?

2. BOAIHIN YXaTKaH OTTeK ra3sblH LLAAa XXaHfaH CipiHKe
LLUbIPMbICbl APKbIAbl TEKCEPIHI3.

Il HYCKa

1. OTTeKTIH Heri3ri KacnmeTtTepiH anTblHbI3.
2. TeMeHAEe KOPCEeTIAreH peakumnaAapAbl agKTaHbl3:

*S+02 -
cC+02 -
e/n+02 -




OO0OX=E

Terminology

« Ooxygen - oTTeri / KUCAOPOA,;

. discover - xaHaAbIK alLUKaH / OTKPbIA (HayKa);

. slightly - aspan / HeMHoro;

. essential - Ka>keTTi / HEOBXOAUMDIW;

« respiration - TbiHbIC aAy / AbiXxaHue;

. to breath - poeM any / AbllLaTb;

. oxidizing agent - TOTbIKTbIPFbILL / OKUCAUTEAD;
« rocks - Tay >XbIHbICTapbl / TOpHbIe MOPOADI.

Reflection

Reflection for the 2nd quarter

The most diffi cult topic for mMe was ...,
The easiest tOPIC fOr ME WaAS ...,
Rate yourself on 10-points scale

1. I can help others ..........
2. | need more practice ...............
3. | need extra lessons ...............



Problems: Hydrogen and
Oxygen

1. What is oxygen?
2. The chemical symbol of oxygen:
3. Oxygen forming the molecule O3 is called: ........

4. Approximately how much of the human body mass
consists of oxygen?

5.  What is the location of oxygen on the Periodic table?

6. What is the percentage of O2 gas by volume in the
Earth’'s atmosphere?

7. Calculate the mass percentage of oxygen in sulfuric acid
H2S0O4.

8. Which compound contains the highest percentage of
oxygen?

A) H3PO4
B) CaSO4
C) NaHPO4
D) CO2

E) H2504

9. How many oxygen moles are present in 2.0 grams of
oxygen gas?

10. Determine the number of moles of oxygen atoms in
each of the following?



a. 3 mol of H20,
b. 2.3 mol of Na202
c. 5 mol of H3PO4

1.  What is the product of a typical metal, like calcium,
reacting with O2?

12. |. Ozone is an allotrope of oxygen.
Il. Oxygen is lighter than air.
l1l. Oxygen was discovered in 1774.
V. Oxygen has three main isotopes.

Which one(s) of the above statements is/are correct for
oxygen?

A) | only

B) I and Il

O Illland IV

D) I, Il and IV
BE) L IL Il and IV

13.  Which one of the following statements is not correct for
oxygen?

A) Oxygen forms ozone.

B) Oxygen is used in metallurgy.

C) Oxygen is used in diving.

D) Oxygen is needed for combustion.
E) Oxygen is a flammable gas.

14.  Write the common names of compounds that are
natural sources of hydrogen:



15.

Which statement is related to a property of hydrogen

molecule?

16.

A) Hydrogen is coloured gas

B) The relative molecular mass of hydrogen is 1
C) Hydrogen is the heaviest gas

D) Hydrogen exists in a diatomic form

E) Table salt contains hydrogen

Which of the following is/are true for hydrogen?

|. Cavendish discovered hydrogen
ll. Hydrogen soluble in water
lIl. Hydrogen is found in air

A) |

B) | and Il
C) land Il
D) Il and Il
B) I, Il and Il



CHAPTER 8: PERIODIC TABLE
OF CHEMICAL ELEMENTS

8.1 STRUCTURE OF PERIODIC
TABLE

You will:

. describe the structure of the PT by use of terms as group
and period;

« know that PT has got some important numbers as atomic
number, a number of group and period;

« know that position of an element in the PT can show the
number of valence electrons.

Have you ever thought why the Periodic Table (PT) is
so important to all humankind?
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Hame ymbel

3aMaHayu NepuoATbIK KecTeae bi3re 6eArini 6apAbIK
SAEMEHTTEP XXOHEe OAAPAbIH XUMUAADBIK MeH PU3UKAABIK,
KacuneTTepi A€ KePCEeTIAreH.

IAEMEHTTEPAIH aTOMAbIK HOMIPAEPIHIH 6cyiHe BAaMAAHbICTbI
OPHAAACYbIHAQ SAEMEHTTEPAIH KacMeTTepiHiH MepUOATHI
TYPAE 63repyi >aTbIp.

[MepUOATbIK KecTere aAeMeHTTepPAIH TaHballaAapbl, aTOMAbIK
HOMIPAEPI MEeH CaAbICTbIPMaAbl aTOMAbIK MacCaAapbl
»a3blAapbl. COHbIMEH KaTap, KECTEAEH SAEMEHTTEPAIH
XUMUAADBIK XXoHe PU3UKAADLIK KacneTTepiH Ae (KanHay
TemMnepaTypachbl, baAKy TeMnepaTypachl, TOTbIFY ADpPeXXeAepi)
Ke3AecCTipe aAaMbI3.

[epPUOATBIK KECTEAETT KOAASHEH YXOAAAP MepuoA Aen
aTaAaAbl. YXaAnbl, NePUOATbIK KecTe 6oMbiHLa 7 nepuroa 6ap,



opbip Nepunoa CIATIAIK MeTanpapPAAH BAaCcTaAbIN, MHEPTTI
raspAapMeH asgkTaAaAbl. bipak Ta, KecTeaeri aAfallKbl
OPHAAACKAH 9AEMEHT CyTeK bemMeTanAap KaTapblHa >aTaAbl.

Each vertical column in the Periodic table is called a group.
Since the chemical and physical properties of the elements in
a group are similar, they are sometimes also called a family.
There are eighteen groups in the Periodic table.

Electron arrangement of atoms shows the exact position of
the element in the PT.

« The number of electrons in the outer shell is the number
of a groups;

« The number of electron shells shows the period. For
example, sodium (Na) has got 3 electron shells and
located in the 3rd period;

« The number of electrons in the outershell is also known as
valence electrons;

Facts

Dmitri Ivanovich Mendeleev (1834-1907) is considered as a
father of Periodic table.
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The monument to D. I.
Mendeleev in the garden.
Russia, Saint-Petersburg

Keep in mind

Atomic number is the number of an element in the PT. The
vertical columns are called groups. The horizontal rows are

called periods



GROUPS

I Il V Vi Vil Vi
H He
1 2
Li Be N O F Ne
S 21 2,82 2,5 2.6 2.7 2.8
o
o Na Mg P S G Ar
2,81 2,82 2,85 2,86 2,87 2,88
K Ca As
2,8,81 | 2882 2,885

The relationship between electron arrangement and location of
the atom in PT

D.l.Mendeleev was a Russian chemist who wrote more than
400 articles in chemistry, physics, pedagogy, agriculture, etc.
The most valuable discovery was in 1869 when he published
the periodic law and invented the Periodic Table of elements.

Science in context

Nuclear scientists use the Periodic table to discover new
chemical elements.
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Nihonium-113, Moscovium-115,
Tennessine-115 and Oganesson-118 -
new chemical elements in the Periodic
table

Literacy

1.

Guess the elements

The most abundant metal in the Earth’s crust. It is light
and used in airplane construction, food packaging, car
industry.

An excellent conductor of electricity. Used in electrical
wires and the main component of the bronze alloy. Main
ores are located in Zhezkazgan region.

Purple-black solid. Found in seafood. Used as a
disinfectant and as a component of table salt.

Find elements which are named after:

Scientists
Planets
Geographical places



Terminology

« group - Ton / rpynna;

. period - mepuoga / nepuoa;

. relative - caAbICTbIpMaAbl / OTHOCUTEAbHbIN;

. relationship - 6anAaHbIC / B3aUMOCBS3b;

« horizontal row - kenaeHeH KaTap / rOpU30OHTAAbHbIN PAA;

. vertical column - Tik 6arFaHa / BepTUKaAAbHbIN CTOADEL;

. melting point - 6aAky TeMnepaTypachbl / TeMnepaTypa
MAQBAEHUS;

. boiling point - karHay TeMnepaTypacbl / TOUYKa KUMEeHUS;

 transition metals - aybicnaAbl MeTaApap / MepexoaHble
METAaAAbI;

. consider - caHaAy / cumMTaTbCH.



8.2 ELECTRON
CONFIGURATION

You will:

write the electron configuration for elements;

predict the properties of elements just by the use of PT;
know which atoms are the most stable and group names;
know shapes of s- and p-orbitals.

Why are 18 group elements called “Noble gases”?
Electron configuration

Bi3 MepnoATbIK KECTeAE SIAEMEHTTEP aTOMAbIK HOMIPAEPIHIH
oecyi bombIHLLA OpHaAacaTblHbIH BiAeMi3. BenTapan
3AEMEHTTIH aTOMAbIK HOMIPIi, OHbIH CblIPTbIHAAF b
AAEKTPOHAAP CaHblHA TeH. BapAbIK 3AEKTPOHAAP aTOMHbIH
AEHIremAepi MeH AeHremeAepiHAe OpHAAACaAbl.
IAEKTPOHAAPAbI BEATIAI Bip peTneH epexxere comkec
OPHAAACTbIPY IAEKTPOHADLIK KOHOUIYpaLMsa Aern aTaAaAbl.
IAEMEHTTEPAIH PUBUKAABIK >XOHE XUMUAADBIK KacneTTepiH
OAAPAbIH SAEKTPOHABIKKOHPUIYpaLunaAapbIMeH TYCiHAIpYyre
OOAAADbI. DAEMEHTTEPAIH KeMbip KacneTTepi BAAEHTTIK
SAEKTPOHAAPMEH A€ TYCIHAIPIAGAI.

IAEKTPOHADBIK KOHOUTYPaALUUSA - SAEKTPOHAAP OPHAaAACKaH
opbuTanbAaPAbIH KapananmbiM KaTapbl. DAEKTPOHAQP
OPHAAACATbIH XXAaAMbl OPObUTAaAbAAP CaHbl TepTey: s-,p-,d-,f-
opbuTanbaap. OpPO6IP opbUTaAbAa SIAEKTPOH CaHbl AQ 9P TYPAI
6oAaAbl. MbiCaAbl, S-OpbUTanbaa 2, p-opbutanbaa 6, d-
opbuTtanbaa 10, f-opbuTtanbasa 14 sneKTPOHHAH BOAaADI.



Bce y4yebHukn KaszaxctaHa Ha OKULYK.KZ

1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d10, 4p6, 552, 4d10, 5p6,
6s2, 4f14, 5d10, 6p6, 7s2, 5f14, 6d10, 7p6 ....

The electron configurations for first 10 elements are shown in
the table below.

The electron configuration of first 10 elements

Keep in mind

*KHura npegocTaBneHa NCKNioUnTensHO B obpa3oBaTenbHbIX LEensx
cornacHo Mpukasa MuHucTpa obpasoBaHua 1 Haykm Pecnybnuku Kasaxctad ot 17 masa 2019 roga Ne 217



Here is the order of filling electrons in shells:

s-orbital | | 2e
p-orbital | | 6e
d-orbital | | 10e
f-orbital | |14e

Science in context

Alkali metals and halogens are the most active metals and
nonmetals respectively. That is why they are not found in
elemental form in nature.

Science in context

lodine and its compounds are primarily used in medicine,
photography and dyes.

Medical iodine and swabs



13 14 15 16 17

12

Earth Metals
Carbon Group
Halogens
Noble Gases

Transition Elements

Nitrogen Group
Oxygen Group

Alkali Metals
| Alkaline Earth Metals |~

b i
8
o
~
~

d-block p-block

Inner

Transition Elements
f-block

Families and the s, p, d, f blocks in the Periodic table

Group 1 (I): Alkali Metals (ns1)

This group contains the elements hydrogen (H), lithium (Li),
sodium (Na), potassium (K), rubidium (Rb), cesium (Cs), and
francium (Fr). Although hydrogen is a nonmetal, it is placed in
this group because of its electron configuration, 1s1. Alkali
metals are chemically the most active metals.

Group 17 (VII): Halogens (ns2np5)

This group contains the elements fl uorine (F), chlorine (CI),
bromine (Br), iodine (1) and astatine (At). These elements
occur naturally in a diatomic structure (F2, Cl2, Br2, 12, At2).
Fluorine and chlorine are gases, bromine is a liquid and iodine
is a solid. Astatine is a radioactive and solid element.
Halogens are the most active nonmetals.



Group 18 (VIII): Noble Gases (ns2np6)

Since they do not tend to react chemically, the elements of
this group are called noble gases, or inert gases. All noble
gases are colourless, odourless and water-insoluble. Their
electron configurations end with ns2np6, except helium,
which ends with ns2. They are the most stable elements in
nature. Therefore, all other elements try to make their electron
configurations similar to noble gases: either by gaining or
losing electrons. This is known as the octet rule.

Shape of s- and p- orbitals

s-orbital has a shape of a "sphere” or a "ball". And there is a
nucleus in a center of the orbital.

p-orbital is composed of two parts. There is a nucleus
between them. It looks like a "dumbbel” or "infinity sign”

P d

~
il

Shapes of s-, p- and d- orbitals

Literacy

1. The most stable elements are noble gases. Why?

2. Write electron confi gurations of: 1INa; 16S; 20Ca; 26Fe;
35Br

3. Define the element with electron configurations:



o 1522522p63s523p64s23d104p5
o 1522522p63523p64523d7
o 1522522p63523p64523d104p6551

Terminology

. electron configuration - aneKTpPOHAbIK KOHDUrypauusa /
IAEKTPOHHAasaA KoOHUrypaums;

. radioactive - papMoakTUBTI / PaAMOAKTUBHbBIN;

. tendency - KabineT / cTpeMAeHune;

« unique - 6iperen / yHUKaAbHbIN;

« Ooctet rule - okTeT epexkeci / NpaBUAO OKTETa;

. dumbbel - raHTeAb / raHTeAb



8.3 TRENDS IN PERIODIC
TABLE

You will:

« know how are properties of elements changes among
groups and periods;

. predict properties of an element by the place in the
Periodic Table.

Is it possible to predict properties of an element just
by looking at the Periodic Table?

Metallic and nonmetallic properties

Metallic and nonmetallic properties are related to the number
of valence electrons and the radius of an atom. Within a
period, as the metallic properties decrease from left to right,
the nonmetallic properties increase. Within a group, as the
metallic properties increase, the nonmetallic

properties decrease from top to bottom.



Metallic
activity
Increases

Nonmetallic
@ activity
increases

The most active nonmetal

kY
F

Fr

The most active metal
The metallic and nonmetallic properties in the Periodic table.

Tt radioactive isotopes used in
Germanium as a semiconductor medical tests

Electronegativity

MoOAeKyAa KYPaMblHAAFbI 6ip aTOMHbIH 6acka aTOMHaH
IAEKTPOHAbI ©63iHe TapTbIM aAy KabiAeTi SIAeKTPTEPICTIK Aer
aTaAaAbl. DAEKTPTEPICTIK CAAbICTbIPMAAbI LLIAMa
OOAFAHADBIKTAH, ©ALLEM BipAiri 6oAManabl. [MOAUHITIH,
SAEKTPTEPICTIK KecTeciHe CoMKec, eH BeAnceHAl MeTaAA -
dpaHumm 0.7, an eH 6enceHAl benmMeTanA - dTop 4.0 60AbIN
TabblAaADI.



medium

increase

The Periodic table of elements with electronegativity values (by Pauling)

Atomic radius

IAEMEHT aTOMbl chepa Topi3AEeC A€M KAapaCTbiPblAaAbI.
IAEMEHTTIH aTOMAbIK PAANYCbI CbIPTKbl SAEKTPOHAIPAbDIH
ILUKI SAPOFA AENIHT apaKaLllbIKTbIFbIMEH aHbIKTaAaAbI.

increase
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The atomic radii of elements in the

Periodic table

Y



Keep in mind

« Francium would be expected to have the strongest
metallic properties.

« Fluorine the element with the strongest nonmetallic
properties

. Electronegativity increases from left to right and
decreases from top to bottom in the Periodic table.

Example

Describe properties of two elements X and Y with atomic
numbers 11 and 17 respectively.

Solution

There is 1 electron in outer shell of element X, so it has got 1
valence electron, and group number will be |. The element Y
has 7 electrons in the outershell, there are 7 valence electrons
and the group number is 17 (VII), respectively. Both of them
are located in 3rd period because they have 3 shells.

The element Y is located in a top right corner of the PT.
Therefore the electronegativity will be greater compared to
the element X. The atomic radius of element X will be much
greater than that of the element Y. Because in located on the
left corner of the PT.

The element X is active metal because located in left side of
the PT, while the element Y will show opposite properties
(active nonmetal).



Bce y4yebHukn KaszaxctaHa Ha OKULYK.KZ

E--:_. o = ,
configuration 1522522p63s23p°
lenice ]
electrons
' 17
3
3.0

radius

: 'EZ_'..'[ : Active nonmetal
nonmetal
cal

Comparing a metal and a nonmetal atoms

Facts

D. Mendeleev predicted properties of several metals (Ge, Sc,
Ga, Tc) even before they were discovered. For example:



Properties | Eka- Germanium
silicium Es | Ge

Molar mass | 72 g/mole | 72.6 g/mole

Density 5.5 g/cm? 5.35 g/cm?

Oxide EsO, GeO,

Melting high 947

point, °C

Colour dark grey grey
Literacy

1. According to the Periodic trends in metallic properties,
which element have the greater atomic radius?

2. Sort the elements in order of increasing metallic
properties: Ca,Mg, Sr, Be, Ba

3. Why is the electronegativity value of most noble gases
zero?

4. A nonmetal has a smaller ionic radius compared with a
metal of the same period. Do you agree? Why?

Terminology

. to predict - 6oAXay / NpeACKasbiBaTb;

. electronegativity - anekTpTEpPICTIK /
ANEKTPOOTPULATEABHOCTb;

. Pauling's scale - MoAUHT wKaAacbl / WKaAa MOAUHra;

. value - wama / 3HaueHue;



to assume - eanecTeTy / NPEeACTaBASATD;
sphere - wap / cdepa;

several - 6ipHeLwle / HECKOABKO;

located - opHaAackKaH / PaCMOAOXEHHbIN;
therefore - COHAbBIKTaH / MO3TOMY;
increase - ecy / yBeAnyeHue.



8.4 ELEMENTS: METALS AND
NONMETALS

You will:

. know physical and chemical properties of metal,
nonmetal and amphoteric elements.

Have you ever heard that metals have a memory?

Bi3 aneMeHTTepAI MeTanpAap MeH BbemMeTanAapFa XIKTereHae
MEePUOATbIK KECTeAe MeTaAAaPAbIH Kern ekeHAIrNH (80%-pan)
6ankammbl3. 1-13 ToNTapblHbIH 9AeMeHTTepI (CyTeK neH
6opAaH BacKaAapbl) MeTanpaap BOAbIN TabblAaabl. MbiHA ceri3
anemMeHT H, C, N, O, P, S, Se, F, CI, Br >xoHe | 6benMeTanra, 18
TOM 2AEMEeHTTEpPI MHePTTI raspapfra >Xataabl. COHbIMEH KOCa,
B, Si, Ge, As, Sb, Te, Po >»xoHe At aneMeHTTepi MeTaAAOUATAP
TOb6bIHA; SN, Pb, Bi »)xoHe Be aneMeHTTepi MeTanpaap TOObIHA
>XaTaAbl.

BapAbIiK MeTanpap 6eAMe >KaFaambiHAQ KaTTbl (TEK cbiHan Hg
KaHa CYMbIK KYMAE), 9Pi KYMICTEN XKbIATbIP SAEMEHTTEP. AA,
benmMeTanpapbonca KaTTbl (KYKIPT S-capbl, Moa 12-Kapa
KYAFIH), cyMblK (6pOM Br2-KbI3bIA-KOHbIP) YXOHe ra3 Topi3Al
(N2-Tycci3, O2-Tycci3, F2-awbik capbl, Cl2- »kacbIA-capbl)
Kynae 6oAapbl.



White phosphorus

Some elements have properties of metals and nonmetals
more at the same time. Such elements are called metalloids.

Comparison of physical properties

Main properties Metals Nonmetals Metalloids
Colours metallic shiny, grey dull colours metallic shiny
colour (Au-golden,
Cu-red)
Physical states solid (except Hg) solid, liquid and | solid
gaseous
Conductivity good conductor poor conductor | semiconductor
of heat and (except graphite)
electricity
Hard or brittle? malleable and ductile brittle when brittle
solid




Comparison of chemical properties

Metals Nonmetals

Have a tendency to donate electrons Have a tendency to receive electrons

Displace hydrogen gas from dilute acids: | Don't displace hydrogen gas from
zinc (Zn) + hydrochloric acid (HCl) — zinc | dilute acids
chloride (ZnCl,) + hydrogen (H,)

React with oxygen to produce basic React with oxygen to produce acidic
oxides: oxides:

sodium (Na) + oxygen (0,) — sodium carbon (C) + oxygen (0,) — carbon
oxide (Na,0) dioxide (CO,)

React with hydrogen to produce React with hydrogen to produce
hydrides: covalent compounds:

calcium (Ca) + hydrogen (H,) — calcium | carbon (C) + hydrogen (H,) —
hydride (CaH,) methane (CH,)

Science in context

Noble gases are used in light lamps. Neon produces a reddish
orange colour. Argon and helium are combined to produce
dim blue light.

Argon and helium infinity shaped lamp

Facts

There are only two elements (mercury and bromine) in the
Periodic table that are liquid at room temperature.



Mercury pouring from a pipette

Activity

Physical and chemical properties of metals,
nonmetals and amphoteric elements

Materials:

helium balloon He, sulfur S, iodine |12 crystals, carbon C coal,
red phosphorus P, sodium Na or potassium K metals,
magnesium Mg, zinc Zn, copper Cu plate, iron Fe nail,
aluminium Al foil, chlorine CI2 gas, bromine Br2 solution and
hydrochloric acid HCI solution.

Procedure:
1. Write main physical properties of metals and nonmetals
in the table.
2. Add 1-2 lumps of each metal to acid.

3. Write reactions of metals with hydrochloric acid HCI.

Conclusion:



Physical properties of elements

Colour Melting point | Boiling point Density

He colourless

C

Mg

Al 25195

P

S yellow

Cl

K

Fe 1536 °C

Cu

n 7.14 g/cm?

Chemical properties of metals and nonmetals

A <
Zn P
4 HCl =t Em T 0: ==
Fe i
Mg g | |
Facts

Is nitinol an alloy with memory?



Nitinol is typically composed of approximately 55% of Ni and
45% of Ti. Nitinol is a titaniumnickel wire that exhibits
superelasticity. It can be out of shape and will spring back to
its original shape. Nitinol is deformed at a low temperature,
and heated to recover its original shape.

Braided nitinol self-expanding stent
shaped into a knot

Terminology

. to occupy space - KeneM aAy / 3aHMMaTb MPOCTPAHCTBO;
o lustre - >XbIATbIpaK / BAecCK;

« metalloid - MeTaAAOUA / METAAAOUA;

o dull - KYHriPT / TYCKAbIN;

« conductivity - eTKi3riwTiKk / MPpOBOAUMOCTb;

. brittle - MOPT, CbIHFbILL / XPYNKUM;

. malleable - KakTayfFa Te3iMAi / KOBKUI;

. ductile - co3zbIAMaAbl / TAry4umn.



Problems: Periodic table of
chemical elements

1. Mendeleev left some places empty in his periodic table
when he was arranging the elements according to increasing
atomic weight. Why did he do so? Explain.

2. How many elements are there in first four periods
respectively?

3. Which elements have similar chemical properties to
chlorine CI?

4. Which elements are found in the gaseous state in the
form of monoatomic structure at room temperature?

5. Determine the group and period numbers of:

a. Hydrogen, of which the electron configuration is 1s1
b. Helium, of which the electron configuration is 1s2

6. Determine the place of aluminium Al element in the
Periodic Table, if its electron configuration is 1s2 2s2 2p6 3s2
3pl.

7. Write down the electron configurations of the following
elements: B, P, Zn and Ga.

8. Determine the places of the elements Sc, Fe, Ni and Cu
in the Periodic Table.

9. What is the number of electrons of an element which is
located in the 3rd period and group 4 of the Periodic Table?



10. What is the number of electrons of an element which is
located in 4th period and group 14 of the Periodic Table?

1. A X3+ ion has 10 electrons. What are the group and
period numbers of the X atom in the Periodic Table?

12.  An Y3+ ion has 28 electrons. What are the group and
period numbers of the Y atom in the Periodic Table?

13.  An Z2-ion has 18 electrons. What are the group and
period numbers of the Z atom in the Periodic Table?

14. The atomic mass number of X is 70, and the number of
neutrons of X is 39. What are the group and period numbers
of element X in the Periodic Table?

15. For a neutral Br atom:

a. Find the number of neutrons and protons in the
nucleus.

b. How many s electrons does it have in total?

c. How many electrons does it have in 4p orbitals?
d. Which type of orbital has the more electron than
other?

16. The ions 21X3+ and Y2- have the same electron
configuration. Find the place of Y in the Periodic Table.

17. Find the numbers of valence electrons for the elements
magnesium (12Mg), oxygen (80), silicon (14Si) and zinc
(30Zn).

18. Among the 4th period elements, which of them have 4
valence electrons?



CHAPTER 9: CHEMICAL
BONDS

9.1 COMPLETING OUTER
SHELLS OF AN ATOM.
“ELECTRON DOT
REPRESENTATION” METHOD

You will:

. understand how the completion of the outer shell of an
atom gives stability;
. explain how to complete outer shell of an atom.

How do atoms join to form compounds?

The noble gases (He, Ne, Ar, Kr, Xe, Rn) which form group 18
in the Periodic table are the most stable elements.
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LN T From lights to ballons we use noble
gases

EKi HE 0OAQH KOen aTOMAAP ©3apa 9CepPAEeCKEeHAE apaAapbliHAA
XUMUAABIK BAMAAGHDbICTaP TY3iAiM, >)XaHa KOCbIAbICTAP Mamaa
6onaabl. [1eprOATbIK KeCTeHIiH 18-1wi ToObblIHAQ OPHAAACKAH
nHepTTI rasaap (He, Ne, Ar, Kr, Xe, Rn) eTe TypaKThbil
IAEeMeHTTep 6oAbIN Tabbinaabl. Cebebi, onapAblH €H CbIPTKbl
opbuTacbiHAA 8 IAEKTPOHHAH 6ap. NNepUnoATbIK KecTeAeri
6acKa IAEMeHTTEP KOHPUTYPaLMACHl MHEPTTI ra3papfa
YKCan, TYPaKTbl OOAYyFa «YMTbIAAAbI». ATOMAQPADBIH, MHEPTTI
ra3AadpP CUAKTbIl, BAAEHTTIK SAEKTPOHAAP CaHbIHbIH 8-re
«YMTbIAYbI» OKTET epexeci Aen aTaAaabl. OCbl epexke MeTaAA
>XoHe benMeTanA aneMeHTTepi (HAaTPUN, MarHmnm, KeMipTek,
a30T, OTTEK >XXOHe raAoreHAEep) YLiH OpblHAAAAADLL. MHepTTI
raspap MYAAEM XMMUAABIK ODAMAAHbICKA KipMenAi pece
6oAaAbl. ATOMAAP apacbliHAAFbl XMMUAABIK ODaMAaHbIC
IAEKTPOH 6epy apKbIAbl HE SIAEKTPOHAAPAbI OpTaKTacy
aPKbIAbl XXacaAaabl. OCbiAAH XUMUAABIK BAMAAHDbICTbIH €Ki
TYPIH aXXblPaTaMbI3:KOBAAEHTTI YXXOoHE MOHADbIK.

Before studying chemical bonds we need to become familiar
with their representation. Chemical bonds may be



represented in several ways. We are going to study electron
dot representation and line representation. Let’s examine
these 2 types using the example of the hydrogen H2 and
chlorine CI2 molecules.

|. Electron dot representation

In this representation, valence electrons are shown as dots
around the symbol of the element. When we look at the
electron orbitals of the hydrogen atom, we see that it has
one valence electron. The electron dot representation of
hydrogen atom is -H though it can also be shown by H- or -
H.

When 2 hydrogen atoms combine, H2 molecule forms:
He + eH ——> HgH H-=H

Chlorine atom has 7 valence electrons, and two chlorine
atoms combined together and form CI2 molecule:

Cle + o(] —> 'CI:C| Cl—Cl
He + oCl2 —> HECI H—Cl
hunding/ lone
electron pair electron pair

Il. Line representation

The bond structure can also be represented by lines. Aline

€,

shows each electron pair. In other words, two electrons “:



are shown by a line “=”. So the line representation of the
chlorine molecule Cl2 is

laa]

1 18
- 2 13 14 15 16 17 He:
Li |-Be- Bl N -O- F Ne
‘Na -Mg- Al- | -Si-| -P-| -8 |:CI- :Ar:
‘K |-Ca- Ga-|-Ge: | -As- | -Se-| :Br- | :Kr:
‘Rb | -Sr- In- |-Sn- | -Sb-|-Te- | :1- | Xe:
-Cs |-Ba- TI- | -Pb-| Bi- | -Po- | :At- | ‘Rn:
‘Fr |-Ra-

Valence electrons of main groups of elements
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Atomic mass: 18.998 Atomic mass: 20.179

Electron configuration: 2.7 Electron configuration: 2. 8

Literacy

1. Which elements have full outershells of electrons in their
atoms?

2. What is the maximum number of electrons in the outer
shell of an atom?

3. How many electrons are in the outershell of the Ca, He,
N, S, K, | atoms?

Terminology

. to complete - TOATbIPY / 3aNOAHATD;



outershell - cbipTKbl KabaT / BHELHAS 0OOOAOUKA;
representation - 6enHeney, kepceTy / npeACTaBAEHUE;
to attract - e3iHe TapTy / NnpUTArMBaThb;

to form - nanaa 60oAy / dopMUpPOBaTD;

tendency - KabineT / cTpeMAeHue;

valence - BaAeHTTiK / BaA@HTHbIN;

chemical bond - xuMUAAbIK BanAaHbIC / XUMUYECKas
CBSA3b;

lone electron pair - 6anAaHbICMaFraH 3AEKTPOH Xybbl /
HecBA3e0bpPa3yLLME IAEKTPOHHbIE Napbl;

bonding electron pair - 6aMAaHbICKaH 3AEKTPOH >XYybbl /
CBA3e0bpa3yoLMe IAEKTPOHHbIE Mapbil.



9.2 IONIC BOND

You will:

. understand how atoms or ions gain/lose of electrons;

. draw the dot and cross diagrams of ionic compounds;

. understand the mechanism of formation of ionic bond
and predict the properties of ionic compounds.

Why are ionic compounds crystalline?
Gain or lose of electrons

NOHADBIK BaMAaHbIC METAAA aTOMAAPbI MEH BerMeTaAA
aTOMAAPbI apacCblHAA SAEKTPOH aAMACy apKblAbl TY3IAEAL.
IAEKTPOH 6epreH aTtoM OH, SAEKTPOH KabbIApAaFaH aTOM
Tepic 3apaATanaabl. MOHABIK 6BaMAaHbIC TY3EeTiH aTOMA3PAbIH
SAEKTPTEPICTIK amblpMaLLbIAbIFbl 1.9-pAaH >XOFapbl OOAYbI
KepekK. MoHAbBIK 6BaAaHbICKA MbICAA PETIHAE HATPUM MEH XAOP
apacbiHAAFbl OAaMAAHbBICTbIH TY3IAYIH KapacTblpanblK. HaTpun
MEH XAOPAbIH SAEKTPTEPICTIK LaMaAapbl cankeciHwe 0.9 beH
3.0-ke TeH. byA WaManap HaTPUMAIH SAEKTPOH bepyre, aa
XAOPAbIH 9AEKTPOH aAyFa KabIAETTI eKEHAINH KepCceTeAi.
HaTpwum aToMbl XAOPFa 1 SAEKTPOH 6epin, ekeyi bIHFanAblI
YKaFAaWFa KeAIin, OKTETTIK epeXkeHi OpbIHAANADI:

.Na:2)8)1) Na* 2) 8)
:2)8)7) 4(2) 8) 8)

HoTumxxeciHae Na+ KaTuoHbl MeH Cl- aHMOHbI TY3IiAEA.
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Formation of anions and cations

Why does salt melt ice?

Salt will not melt frozen water, but if the ice starts melting in
any way, added salt will lower the freezing point, and the
water will not be able to refreeze. At this point, the salt water
will also help melt the remaining ice which will then typically
evaporate.

Table salt main sources of salt in Kazakhstan



Drawing dot and cross diagrams for ionic bonding.

The dot and cross diagram for CaO. The electronic
configurations of calcium and oxygen:

© ¢

lonic compound CaO is made of a metal and a nonmetal:

2

Dot and cross diagram for NacCl:

S0

lonic crystalline networks




ATOMAQPbI HE MOHAQPDBI BEATIAI Bip peTneH KanTaAaHbII
OPHAAAQCKAH KaTTbl 3aTTap KPUCTAaAAAP A€M aTaAaAbl. HaTpumn
XAOPUAI MOAEKYAACbIHAG 9P HATPWUM aTOMbl XAOPAbIH 6
MOHbIMEH B6ipAEN KaLUbIKTbIKTA KOPLUIAEC OPHAAACAADI.
CownkeciHLwe, XAOPAbIH 9P aTOMbl AQ HATPUNAIH 6 MOHbIMEH
KepLuinec. KpUCTaAAbl 3aTTapAa MOHAAP apacblHAAFbI
KALUbIKTbIK TYPAKTbl 60AaAbl, BYA MOHADBIK KOCbIAbICTAP
KKPUCTAAAbI» A€M aTaAaAbl.

Literacy

1. Which of the following(s) is/are ionic crystalline solids?

Hg metal, water H20O, sodium iodide Nal, carbon dioxide
gas CO2.

2. Which of the following elements lose electrons when
react with each other: potassium and iodine, sulfur and
sodium, magnesium and oxygen, fluorine and lithium?

Facts

The Dead Sea is also called salt sea. It contains about 30-35
kinds of minerals like potassium, magnesium, sodium,
bromine, iodine, chlorine, etc. The high mineral and salt
content of the waters make it impossible for fish or plants to
live. Sea is so dense with salt that can easily float on the
water without much effort.



Happy man relaxing in a water of the
Dead Sea

Terminology

« ionic bond - MoHAbIK BaAaHbIC / MOHHAA CBA3b;

. to transfer - aybICTbIpy / MepeBoOAUTD;

. melting - 6aAky / NAaBAeHME;

. freezing - KaTy / 3aMOPOXKMBAHUE;

« dot and cross - HYKTe MeH KpecT / ToUKa 1 KPEecCT;

. crystalline network - kpuctaaablik Top /
KPUCTAAAMYECKAs pPeLUeTKa;

. neighbor - kepLui / cocea.



9.5 COVALENT BOND

How do chemical bonds form between nonmetal
atoms?

You will:

. understand the mechanism of formation of polar and
nonpolar covalent bond based on the concept of
electronegativity and valency;

. draw the dot and cross diagrams of covalent bonds.

ATOMAQP MEH MOHAAP TOoMTap BOMbIHLLAG ©3apa XUMUAADBIK,
BanAaQHbICTapP KypanAabl. TeMip MeTaAblHbIH KATTbl, CYAbIH
CYMbIK, CYTEKTIH ra3 Topi3ai 60AYyAapPbIHbIH 6acTbl cebenTepi
He? AAMa3 MMHEPAAbIHbIH €H KaTTbl, 6aAaybIi3AbIH €H XXYMCaK
OOAYAAPbIHbIH KaHAaW cebenTepi 6ap?

XUMUAABIK ODAaNAAHbICTbIH TEPEHIPEK TYCIHY YLUIH OTTEK MeH
KYKIPTTIH KOCbIAbICTapPbIH CaAbICTblpanbliK. OA YLUIH, OTTEK
MeH KYKIPT aAeMeHTTepI Bip Tonwaaa OpHaAAACKaHbIH ecKepy
KepeK. TONTbIK KaCUEeTTepPiH ecKkepe OTblpbIn, OAAPAbIH
cyTeKkneH KocblAbICTapbl (H2S MmeH H20) ykcac KacuneTTep
KepceTeTiHIH 60oAXKanMbI3. Bipak, KyKipTcyTek H2S yAbl ras
KyniHae, cy H20 60ACa CyMblK KYMIHAEL, ©MIpre eH KaXkeT
KOCbIAbICTapAbIH 6ipi. OCbl KOCbIABICTAPAbIH 9P TYPAI KacuneT
KepCeTYAEPiHIH cebebi oAnapAblH XMMUAADBIK
OAaNMAQHbBICYAAPbIMEH TYCIHAIPIAGAI.

XUMUAABIK ODANAAGHbIC TY3IAFEH Ke3ae aHeprmnsa beAiHeAal, an
COA XUMUSAADBIK BAMAAHbBICTbI Y3y YLUIH COHLUAaMa aHeprms
YXYMCaY Ka>KeT.XMMUAAbIK OANAQHbICTbIH TY3iAYiH XXaKCbl
TYCIHY VLIH SAEKTPTEPICTIK YFbIMbIH MEHMEPY KEPEK.



Owygen and hydrogen gas ballons

Hydrogen sulfide H,5 emits from Waterfall
volcanoes

Formation of covalent bonds

We know that the electronegativity difference between
atoms must be greater than 1.9 to form an ionic bond. But if
the electronegativity values of the atoms are similar, the
tendency of the atoms to take or give electrons will also be
same. The transfer of electrons is not possible between such
atoms, so the atoms must share electrons to gain a stable
octet. The bond that is formed as a result of electron sharing
is called a covalent bond. Covalent bonds are formed
between two nonmetals.



Let’s examine the formation of an oxygen molecule from two
oxygen atoms:

] &)
GO OO
o

(&] DD

To be stable, the oxygen atom needs two more electrons and
so it forms a double bond with another oxygen atom.

For example, the nitrogen atom needs to gain three electrons
to reach stability and so it forms a triple bond with another
nitrogen atom:

Covalent bonds can be classified into 2 groups: polar and
nonpolar.

Nonpolar covalent bonds

These are bonds that are formed between two nonmetal
atoms with the same electronegativity values. For example,
the bonds in H2 (H - H), N2 molecule (N=N), CI2 molecule
(CI-Cl) and O2 molecule (O = O) are all nonpolar covalent
bonds.
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The molecule of chlorine gas Nitrogen gas ballons

Polar covalent bonds

These are bonds that are formed between two nonmetal
atoms with different electronegativity values. For example,
let’s examine the covalent bond between the H and ClI

atoms:

Literacy

Fill in the blanks:

a) lonic bond is formed between a metal and a nonmetal by
............. electrons.

b) Covalent bond is formed between nonmetals by .................
electrons.

c) Covalent bond is classified as ................... and ..o, .

A) e, bond is formed between same nonmetals.



©) et bond is formed between different
nonmetals.

Terminology

. to attract - e3iHe TapTy / NnpUTArneaTb;
« difference - anbipMaLUbIAbIK / pa3HULA;
« similar - ykcac / noxoxxum;

. sharing - 6eaicy / peneHue;

. covalent - koBaAeHTTi / KOBaAeHTHas:;
« polar - NOAAPAbI / MOASPHAS;

« nonpolar - noAapcbI3 / HeNOAApPHas;

. value - eALLeM / BeAUUMHA.



9.4 THE RELATIONSHIP
BETWEEN TYPES OF
CHEMICAL BONDS AND
PROPERTIES OF
SUBSTANCES

Why is diamond mineral very hard?

You will:

« understand that the structure of substances affects their
properties.

Differences between nonmetal compounds. Carbon
and silicon

Carbon and silicon are in the same column in Periodic table.
They both have 4 valence electrons but there is a difference
in the properties of their oxides. Carbon and silicon have
oxides: CO2 and SiO2 respectively. Carbon dioxide CO2 is a
gas which exists as single molecules which are linked to each
other by weak intermolecular forces. Silicon dioxide SiO2 is a
very hard, high-melting solid. It is a network solid in which
silicon is connected to 4 of its oxygen atoms to make a
repeating pattern of silicon and oxygen atoms.



In molecular covalent compounds, intermolecular forces are
very weak in comparison with ionic bonds. For this reason,
most covalent substances with a low molecular mass are
gaseous at room temperature. Others, with higher molecular
masses, may be liquids or solids, though with relatively low
melting and boiling point. In some covalent substances
(network solids) atoms are bonded together in a way that
forms a network structure.

Quartz s a mineral composed of Si0, Network solid structure of Si0,
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Facts

Diamond or graphite?

Both diamond and graphite are forms of carbon and have
network covalent bonding. However, they are arranged
differently. Graphite forms in thin layers. Imagine a stack of
thin paper. Every time you press down on a pencil, a few
layers rub off onto the surface you are writing on and stay
there. Diamonds, on the other hand, form in much stronger
and complex forms, which are almost impossible to break.
This makes it one of the strongest substances on the Earth.
Diamond is used to cutting other hard materials such as glass
because of its hardness.



Diamond (Graphite pencils

Activity

KoBaAeHTTi, MOHABIK XXoHe MeTaAAbIK
6aMAaHbICTapAbIH KYPbIAbIMADBIK MOAEAbAEpPi

Kipicne:

MeTaAAblK BAaMAAHbBICTbIH KYLUI MOHADBIK MEeH KOBAAEHTTI
OanAaHbICTapFa KaparaHAA MbIKTbl OOAbIM KEAEAI. OP TYPAI
pe3eHKe LWapAapAbl KOAAAHA OTbIPbIM, XUMUSAADIK
OAaNAAHbBICTbIH 9P TYPRIH KYPAaCTblpyFa 60AaAbI.

KypaA->xabAbIKTap:
pe3eHKe WapAap, banAaHbICTbIPYLLbI CbIMAAP.
>KyMbIC TapTIibi:

ATOMAAPAbIH €Ki TYPiH KOAAGHA OTbIPbIM, MOHADBIK YXoHe
KOBAAEHTTI BaMAaHbICTbl KOCbIAbICTAaPAbIH KYPbIAbICbIH
KYPacTbIpanblIK;

1. Hatpunm xaopunai NaCl, kaanm 6pomumai KBr, KaAbLnM
okcumai CaO.

2. KeMipTek amokecmai CO2, metaH CH4, cy H20, amMmmak
NH3, pochdumH PH3, kKyKipT anokcunai SO2, KyKipT



Tpuokcumai SO3 >xoHe dochop neHTaxAopuai PCIS.

KoBaneHTTi 6anAaHbIC 6ip He BipHele 6benMeTanAap
aTOMAAPbI apacblHAA TY3IAEA.

Literacy

Draw the dot-cross structures of H2S, HBr, BH3, PF3
molecules.

Terminology

. diamond - aAMa3 / aAMas;

. graphite - rpaduT / rpaduT;

. brittle - cbIHFbIW / XpPYyNKUW;

. to exist - kesaecy / cyLecTBOBaTh;

. intramolecular - MOAeKyAa iWiAiK /
BHYTPUMOAEKYAAPHbIN;

« thin layer - >xyka KabaT / TOHKUN CAOMN;

« impossible - MyMKiH eMec / HEBO3MOXKHO;

« rubber balls - peseHke WapAap / pe3rHOBbIE LLAPUKW.



Problems: Chemical bonds

1. Draw the dot-cross structures of H20, HF, BCI3, NF3
molecules.

2. For the HCIl molecule, show its

a) electron dot representation
b) electron numbers of each atom

3. Show the formation of ionic bonds between the
following pairs:

« 1INa and 9F
« 20Ca and 80

4. What kind of chemical bonds do the following
compounds contain?

« H20
« KCI
- Na3PO4

5. Place in order of increasing electronegativity: P, H, O, S,
Na, Mg.

6. Explain the bond formation in Cl2 and O2 using electron
dot representation (17Cl, 80).

7. Draw the electron dot structures of the following
elements:

a) 5B
b) 12Mg



c) 15P
d) 19K

8. Which of the following compounds contain ionic bond?
H20, Na20, KCI, CaBr2, P205.
9.  Which of the below molecules is/are polar?

l. H20O
Il. NH3
. CH4

a) | only

b) Il only

c) land Il
d) Il and IlI
e) l, Il and Il

10. Which one of the following molecules has an ionic
bond?

a) HCI
b) BrCl
c) PCI3
d) MgF2
e) CF4

1. Which one of the following molecules has a nonpolar
covalent bond?

a) NaCl
b) MgCl2
c) AICI3
d) ClI2

e) HCI



12.

Fill in the gaps:

a) An ionic bond is formed between metal and
nonmetal................ electrons.

b) The covalent bond is formed between nonmetals by
................. electrons.

c) The covalent bond is classified as .......cccoeue..... and

A) o, bond is formed between same
nonmetals.

() J TP bond is formed between different
nonmetals



CHAPTER 10: SOLUTIONS
10.1 SOLUTIONS. SOLUBILITY

Why is sea water salty? Why is sugar more soluble in
water than salt?

You will:

. classify the substances according to the degree of
solubility;

. learn about solutions and their importance;

. determine the composition of salt solutions by using
evaporation method;

« know and determine saturated solutions.

Solutions

A solution is a mixture where all components are mixed.
Solutions are important for life and many processes. The
components of a solution are the solvent and the solute. For
example, when we dissolve a teaspoon of sugar in a glass of
water, the sugar is the solute, and the water is the solvent. In
tap water, the solvent is water, and the salts (NaCl,
Ca(HCO3)2) are solutes.



Dyes agueous solution

Solubility

Erep 6i3 6ip KacblkK ac TY3blH LbIHbl Cyfa CaAbIN epiTCeK, Ty3
Te3 epin KeTKeHiH bankamMmbl3. Erep A€ COA CyFa TY3Abl Tafbl
KOocCa bepeTiH BoAcakK, 6ipa3 yakblTTaH KENiH apbl Kapan
TY3AbIH €pyi TOKTaFaHblH bankammbl3. EpiMen KaAFaH Ty3
bIAbIC TYDOIHAE LereAil. Erep epiTiHAIAE XETKIAIKTI MOALLEPAES
3aT epice, oHAAM epiTIHAI KaHbIKKAH Aern aTaAaAbl. Erep ae
epiTIHAIAE apbl Kapawn 3aT epuTiH OOACA, OHAAW ePITIHAI
KaHbIKMaraH Aen aTaAaAbl.

EpiriluTik — 3aTTbIH OEAriAi Bip epiTKILLTE epy KabiAeTi.
EpiriluTik kebiHece, epiTKiwTiH 100 rpaMMbIiHAA KaHbIKKaH
epPITIHAI TY3IAreHLLEe epUTiH 3aTTblH Macca bipAirimeH
aHblKTaAaAbl. OHbl Kenage epirilTiK KOadDPULmeHTi Aen Te
aTanAbl. 3aTTapAbIH CyAaFbl epirilTIri 8p TYPAIL. MbicaAbl,
20°C temnepaTtypacbiHAa NaCl epiriwTiri 100 r cyra
LLHaKKaHAQ 36 I »XoHe KaHTTbIH epiriwTiri 100 cyaa 204 .



The solubility of table salt (NaCl) is The solubility of sugar is 204 g/100 g of
36 /100 g of water at 20°C water at 20°C

The solubilities of ionic salts have a wide range. For example,
silver perchlorate AgClO4 has a solubility of 55.7 g per 100 g
of water, only 0.00018 g of silver chloride AgCl can dissolve
in 100 g of water. If the maximum amount of solute dissolved
in 100 g of water is less than 0.1 g, this solute is said to be
insoluble. The solute that has a solubility range from 0.1 g to 1

g is called slightly soluble. If the amount of solute is more
than 1 g, then it is soluble.

Solutions of copper (Il) sulfate with
different concentrations

Facts




Some mineral salts have been carried to the oceans and seas
by rivers for many centuries. These salts are soluble in water
and produce ions such as Cl-, Na+, SO42-, Mg2+, Ca2+.
These dissolved ions make sea salt.

Sea water

Lab work

N2 5. 3aTTapAblH CyAa epiriwTiri
EpiTiIHAIAEP epiTKILL MeH epUTIH 3aTTaH KypaAaabl. Ocbl

3KCMepUMeHTTEe 6i3 dp TYPAI 3aTTAPAbIH ePIrilLUTIKTEpPIH
CblHaM Kepemis.

KypaA >xababiKTap:

MbIC cyAbdaTbl CuSO4 « 5H20, kaHT, 6op CaCO3, konbanap,
CY, apaAaCTbIPFbILL.

XKyprisy TopTibi:
1. BepiAareH 3aTTapAblH apKancbiHaH 50 r-HaH aAbin (MbIC

cyAnbdaTbl CuS0O4 «5H20, KaHT, 6op CaCO3), spKancbiH
Xeke->keke 100 r cyfFa caAbin epiTin Kepy.



2. Op 3aTTaH KaHLUa rpaMHaH epireHAIriH ecenTey.
3. bepinreH 3aTTapAbl epIrilTIFIHE Kapaw >XaKCbl €PUTIH,
opTaLLla epUTIH, a3 ePUTIH 3aTTapra XIiKTey.

BaKbiAayAap MeH cypakTap:

1. Kait 3aTTblH, cyaa epiriTiri )xoFapbl?
2. Cyna 6opapblH, KaHLwa rpambl epuai?

=,
? _# Salt and water

Copper (ll) sulfate solution

© 0=

Terminology

« solution - epiTiHAI / pacTBOpP;

. solubility - epiriluTik / pacTBOPUMOCTb;

« soluble - epiriw / pacTBOpPMMOE;

. slightly soluble - a3 epiriw / MaAOpacTBOPUMOE;
. insoluble - epiMenTiH / HepacTBOPUMOE;

. solvent - epiTKill / pacTBOPUTEAD;

« solute - epiriw 3aT / pacTBOpPEHHOE BELLeCTBO;
« spoonful - TOAbI KacblK / MOAHAs AOXKKaA;

. saturated - KaHbIKKaH / HaCbILLEHHbIN;

. unsaturated - KaHblknarFaH / HeHaCbILLEHHbIN;



. wide range - keH KkeneMAe / LLUMPOKUIN AMAnas3oH.



10.2 SOLUBILITY OF
SUBSTANCES. FACTORS
AFFECTING SOLUBILITY

Why are salts more soluble at higher temperatures?

You will:

« grow salt crystals and mark the correct shape of crystals;

« know about supersaturated solutions and determine
energy changes in crystallization;

« know and explain the effect of temperature on solubility.

Growing salt crystals

Growing salt crystals is very interesting. If you decide to grow
the crystals, you will need some materials:

1. Compound (may be salts, organic acids, other
substances). You can buy them in pharmacy, in
gardening store, in chemical stores, etc.

Room temperature conditions.

. Desire and patience. Crystals do not grow in one day.
Let’s consider growing copper sulfate crystals. Copper
sulfate is blue coloured salt. You can buy this salt in any
gardening store. We need about 300 g of salt for
experiment and a glass beaker. Put our copper sulfate
into the beaker, and pour hot water. And dissolve the salt,
prepare a supersaturated solution. Then filter the solution
with filter paper or with a napkin. Put beaker with the
solution in a cooler place. The next day, you will see little

NN



crystals at the bottom of the beaker. Take the large
crystals from the bottom. After that, filter the solution
again. Hang up the selected crystal on a thread. Then put
your crystal into the beaker. Filter the solution once or
twice a week. And good luck!

Solutions of copper compounds may be toxic - wash
your hands thoroughly.

Crystals of copper sulfate

Supersaturated solutions

KypaMblHAG epYi KEPEK MOBALLIEPAEH KOM 3aT epireH epiTiHAI
aca KaHbIKKaH Aen aTaAaAbl. MblcaAbl, TeMnepaTypackl 90°C
Maccacbl 100 r cyaa 161 r HaTpun aueTaTbl (CH3COONa) epu
anapabl. Erep ocbl epiTiHAIHI akblpbiHAAMN 20°C TeMnepaTypara
AEWNIH CybITCa, epireH Ty3 KeAeMi cakTaAaabl. Herisi 20°C
TeMnepaTypasa HAaTPpUKM aueTaTbiHbIH epiriwTiri 100 r cyra
123 . COHADBIKTAH AQ, CYbITbIAFAH €PITIHAIAE YXXan epiTiHAIre
KapaFaHAQ epireH 3aT MeALLepi aca Ken 60oAblImn, byA



YXAaFAAMAQ epiTiHAI TYPaKCbl3 boAaabl. Erepae TypaKkebi3
epeTiHAINe TY3 KPUCTAaAAQPbl KOCbIACA, AaPTbIK TY3 MOALLEPI
(61 r-123r =38T1) 6ipAEH KPUCTAAAAHDIM KETEA|.

When a small seed crystal of sodium acetate is added to this supersaturated solution,
the excess salt quickly crystallizes

When a small seed crystal of sodium acetate is added to this
supersaturated solution, the excess salt quickly crystallizes.

Honey is an example of a supersaturated Heating of solutions
solution

Factors affecting solubility

KoCbIAbICTapAbIH epIrilwTiri TeK KaHa epUTIiH 3aT neH
epIrilTiH MeALLepiHe ToyeAAl eMec. TeMnepaTypa MeH
KbICbIM Ad epIrilUTIKKE acep eTeal. ApaAacTblpy Ad
ePIriWTIKTI apTTblIPaTbIH CUAKTbl KOPIHYI MYMKIH, 6ipaK Ta



OHbIH acepi XOK. OA TeK KaHa epiTYAI XXbIAAAMAATAADI.
EpiriluTik TeMnepaTypaMeH bipre e3srepeai. KatTbl
3aTTApPAbIH epirilTIri kebiHece TeMnepaTypa apTKaH canbiH
Kebeneai. MbiCaAbl, KAHT CYbIK LLaMFa KapaFaHAQ, bICTbIK,
LanAa Kebipek epuAi.

This table shows the effect of temperature on the solubility
of sugar:

Temperature, °C 0 10 20 25 30 40 45 50

Solubility of sugar, g/100g

179 | 190 | 204 | 2711 | 219 | 238 | 248 | 260
of water

But gases, unlike solids, are more soluble in liquids at lower
temperatures. As pressure increases, the solubilities of solids
and liquids do not change much, but the solubilities of gases
increase.

of salt in 100 g water

m B0

Temperature {“C)

The solubilities of most solids
increase as temperature increases



Terminology

. affecting factors - acep eTywi dakTopAap / BAUOLLME
daKTOopPbI;

. to grow crystals - KpucTaAA ecipy /BbipalumBaTb
KPWUCTAAADI;

. to decide - wewimM KabbiApay /peLuaThb;

« pharmacy - aAspixaHa / anTeka;

. gardening store - 6ay-6aKLlUa AYKEHi/ MarasmH AAA
CaAOBOACTBA;

. to desire - Kanay / »eAaTb;

. patience - cabblip / TepneHue;

. to select - TaHpay / BbIGpaTh;

« hang up - iAin Koo / moBecuTb;

« supersaturated - aca KaHbIKKaH / nepeHacbILLeHHbIN;

« cooling - cybITy / OXAaXAEHMUE;

« to remain - KanabIpy / OCTaBaTbCS;

. seed crystal - KPUCTAAA ©CiHAICI / ceMa KPUCTAAAA;

. to depend - 6aAaHbICTbl BOAY/ 3aBUCETD;

. to rise - ecy / noBbILLATD;

. stirring - apaAacTbipy / nepemMeLLmrBaHue;

« thread - >in / HUTb.



10.3 CALCULATIONS OF
SOLUBILITY AND MASS
PERCENTAGE OF
SUBSTANCES

How can we calculate the mass of salt in a solution?

You will:

. calculate solubility of substances in 100 g of water by
using evapouration method;
. calculate mass percentage of salts in solution.

Obtaining soluble substances

CyAa epireH 3aTTapAbl CyAbl BYAQHADBIPY apKblAbl OOAIM
aAy OHEPKICINTe KEHIHEH KOAAAHbBIAATbBIH dAIC.

o AAABIMEH, 250 MA cTakaHfa 100 MA AUCTUABAEHIEH CY
KYMbIM, YCTiHE 35 I HaTpUM XAOPUAIH CaAbIHbI3.

« Ty3AbI TE3IPEK epiTy YLWIH CYAbl apPaAaCTbIPbIHbI3.

« Ty3 TOAbIK epin BOAFAH COH, KbI3AbIPFbILLMEH ePIiTIHAIHI
KaM-HaTbIM, CyAbl TOAbIFbIMEH BYAGHAbBIPbIHbI3. TY3AbIH
KanTa KpUC-TaAAQHY NpoLueciH 6akblAaHbI3 (TY3AbIH
Maccachbl 35 r 60AybI Kepek).



. o 6

Colourful salt solutions Water bath: heating of solution

Example 1

KaAn MoaAnAIHIH epiriwTiri TeMnepatypacbkl 10°C Maccachl
100 r cyaa 136 1. Ocbl TeMnepaTypaaa 200 r KaAUM MOAUNAIH
epiTy VLUIH KaHLLa Cy Ka)keT 60oAaabI?

Solution

ByA ecenTi KapananmbiM MNPOMNOpPLMSA apPKblAbI LLUbIFAPYFa
6oAaAbI:

Erep 136 r KI 100 r cyaa epice,
200 r Kl X I cyAa epuAl
X =200+100/136 =147 r

200 r KaAUN MOAUNAIH TOABIFBIMEH €pITY VLUIH TeMnepaTypachl
10°C 60AaTbiH 147 I Cy Ka>keT 6oAaAblI.

Percent concentration

EpiTIHAI KYPaMbIHAAQFbI 3aTTapPAbIH MOALLIEPIH KepceTeTiH
LLaMaAapAblH Bipi MaccaAnblk yAeC BDOAbIM TabblAaAbI.
MaccCaAbIK YAEC epPITIHAI KYPaMbIHAAQFbl epireH 3aT MOALLEPIH
KepceTeAl. MacCcaAblK YAECTI ecenTey VLWIiH epireH 3aT



MacCcCacCblH >XaAMbl epiTiHAI MaccacbiHa 6eAain, 100%-fa
KebenTeMmis.

mass of solute
Mass percentage = : + 100%
mass of solution

For example, let us prepare a solution by adding 20 g of table
salt, NaCl, to 80 g of water. In this solution the mass of solute
(table salt) is 20 g and the mass of solution (table salt and
water) is 100 g (20 + 80 =1009). The mass percent is,

w (salt) :ﬁgﬁg' 100% = 20%

Example 2

How many grams of glucose (C6H1206) must be dissolved in
water to prepare 400 g of 15% solution by mass?

Solution

The mass percentage and the mass of the required solution
are known. The mass of solute can be found by the following
equation:

' Mass percent = N3SSOIUTE) . 400,
mass(solution)

mass (glucose) ; 400-15%
. mass (glucose) = = 60
q00g 0% (glucose) = — 550 g

15% =

Practice work




N2 4. The effect of temperature on the solubility of
solid substances

Mostly of solid substances are more soluble in hot water than
in cold water. This experiment shows solubility of substances
at different temperatures.

Materials:

potassium chloride KCI, distilled water, heating bath or burner,
thermometer, stirring rod.

Procedure;

1. Prepare a beaker with 100 g of cold water (5-1000C).

2. Dissolve 45-50 g of potassium chloride in it. Observe the
dissolution process.

3. Heat the beaker and stir the solution.

4. Check the temperature at which the salt will totally
dissolve.

Observation and questions:

1. Compare approximately amount of dissolved salt with the
solubility table.

2. How many grams of potassium chloride wil be dissolved
in 1L of water at 500C? (d(water)=1g/ml)

3. Why are salts more soluble in hot water, than in cold
water?



The solubility table of KCl

temperature , °C mass, g
0 29
10 32
20 36
30 40
40 42.5
50 45
60 47.5
70 50
80 52
90 54
100 56
Literacy

1. A solution is prepared by mixing 350 g of water and 50 g
of sugar. What is the percent concentration of sugar by
mass in the solution?

2. How many grams of CuS0O4 must be dissolved in water to
prepare 600 g of 25% solution by mass?

3. How many grams of potassium iodide can be dissolved in
400 g of water at 10°C? (The solubility of Kl at 10°C is
given in the example 1)

Terminology

« Mass percentage - MaccaAblK YAeC / MaccoBas AOAS;

. parameters - napameTpAep (Macca, KeneM) / napamMeTpbl;
. widely - KeHiHeH / WnpoKo;

. to stir - apanacTbipy / nepemMelLaTb;

« Wire gauze - cbiM TopLLa / NPOBOAOYHbIE CETKW;



recrystallization - kaTa KpuUcTanaaHy /
nepeKpucTarAn3auns;

proportion - KaTbliHac / Nponopuus;

to multiply - kebenTty / yMHOXaTb.
solubility - epiriwiTik /pacTBOPUMOCTb.



10.4 MOLAR
CONCENTRATION

What is the molarity of solution?

You will:

. calculate molar concentration (molarity) in a solution;
« prepare solutions with given mass percentage and molar
concentration.

Molar concentration (Molarity)

MOAAPABIK - ePITIHAI KOKOAbIFbIH aHbIKTayAd KOAAAHbIAATbIH
OALLEM BOAbIN TabblAaabl. MOASPADBIK ©ALLEMI ePITIHAI
KOAEMIH ecenTeyae Kemn KOAAAHbIAAAbL. MOAAPAbIK, CM
EPITITIHAIHIH 9P AUTPIHAE KaHLLa MOAb 3aT Dap eKeHAIriH
KepceTeAl.

Molarity =

mole number  _mol c =N
volume of solution | Mooy

MOAAPADBIKTbIH, 6ALLEM BipAiIri MOAb/A HeMece M (MOAAPAbBIK,
AEr OKblAaAbl) 6BoAaabl. Mbicaabl, T AUTP epiTiHAIAE 1 MOAB
HAaTPUM FMAPOKCUAI BOACA, OHAA OA TM epiTiHAI Aer, an 3
MOAb HAaTPUN TMAPOKCUAI BOACa, 3M epiTiHAT Aen
KOPCETIAEA.

Example




BaAKall KeAIHEH aAblHFAH CY CblIHAMACbIHbIH 1 AUTPIHAE 5.2 T
HaTpum xAnopuai NaCl 6ap ekeHi aHblKTaAAbl. AAbIHFAH Cy
CbIHAMACbIHbIH MOASPAbIK KOHLIEHTPALMACHIH TabblHbI3.

— o 3 i
Rl 5 .
| S s
) oy

The lake Balkhash, Kazakhstan

Solution

First, we must calculate the mole number of NaCl (solute).

The molar mass of sodium chloride is Mr (NaCl) = 23 + 35.5 =
58.5 g/mol.

Thus, the mole number of sodium chloride becomes
n=m/M = 5.2/58.5 = 0.089 mol

Now, the molarity of solution can be calculated:
CM=n/V=0.089/1=0.089~0.09M

The molar concentration of sodium chloride is approx.0.09 M.

Literacy

A 29.8 g sample of potassium chloride KCl is dissolved in
enough water to obtain 100 ml of solution. What is the molar
concentration of the resulting solution?



Preparation of solutions

1. Take some amount of a salt.

2. Then, weigh it and record the mass of this salt.

3. Then, place the salt into a flask.

4. Dissolve this salt in some amount of water and weigh the
solution on a balance.

5. Record the result in the data table.

A concentrated fruit juice solution Dilution process by adding water

A dulite fruit juice solution

Practice work




N2 5. Preparation of solutions with given a mass
percentage and molar concentration

Materials:

iron (II1) chloride FeCl3, sodium chloride NaCl, distilled water,
conical flask (250 ml), scales.

Variant |

1. Put 50 g of iron (lllI) chloride FeCl3 into a flask.
2. Add 150 g of disstilled water.

3. Weigh the resulting solution.

4. Calculate mass percentage of obtained solution.

Variant Il

1. Put 40 g of sodium chloride NaCl into a flask.

2. Add 160 ml of distilled water.

3. Weigh the resulting solution.

4. Calculate mass percentage of obtained solution.

Reflection

Reflection for the 3rd quarter

The most difficult topic for Me Was ...,



The easiest tOPIC FOr ME WAS ...
Rate yourself on 10-point scale

1. I can help others ............
2. | need more practice ...............
3. | need extra lessons ...............

Terminology

« molar concentration - MOASIDAbIK KOHUeHTpaumna /
MOASPHAA KOHLUEeHTpauuns;

« Mass percentage - MaccaAblK yAeC / MaccoBasi AOAS;

« molarity - MOAAPAbIK / MOASAPHOCTD;

. volumetric - keneMpik / ob6beMHas;

« scale - Tapasbl / Bechb!;

. nNecessary - KaXkeTTi / HeobXoANMOE;

. stoichiometry - ctexuomMeTpusa / ctexmomMeTpus;

« shortened - KbiCKapTbIAbIM / COKpPaLLEHHbIN;

« sample - yAri / HaBecka;

. distilled water - AuCTUAbAEHTEH CY / AUCTUAAUPOBAHHAA
BOAQ.



Problems: Solutions

1.

Decide whether the following statements are true (T) or

false (F):

2.

a) The solute in a solution is always solid.

b) Solutions are the homogeneous mixtures.

c) Main components of the solution are solvent and
solute.

d) Water is universal solvent.

e) Chalk CaCO3 is soluble in water.

f) Most of the salts are soluble in water.

Complete the statements below. The missing words can

be found in the word list below. There may be more words in
the list than necessary.

Word list

solubility molarity solvent and solute unsaturated

solution temperature solvent

3.

a) Main components of a solution are ......................

P) AN oo is when there is too little solute in the
solvent.

(o)) I IS @ measure of how much solute can
dissolve in a solvent at a given temperature.

A) e, Is a substance that dissolves another
substance.

e) The unit of oo, is mol/L.

f) Is the main affecting factor of solubility.

For each of the following solutions, identify the solvent

and the solute:



a) Water and salt
b) 100 ml of alcohol and 30 ml of water
c) 30 g of sugar and 100 ml of hot water.

4. When there is ice on the roads in winter, salt is added to
the ice. Explain why it is done.

5. In three different beakers, there are solutions of table
salt, table sugar, and acetic acid. How can you identify them
without tasting?

6. Explain how temperature affects the solubility of carbon
dioxide gas in soft drinks.

7. Explain why chemical compounds tend to dissolve more
quickly a in hot solvent than in cold solvent.

8. How can you make a supersaturated solution from a
saturated solution?

0. How can you make an unsaturated solution from a
saturated solution?

10. The solubility of table salt, NaCl is 37g/100g in water at
200C. How many grams of table salt can be dissolved in 350
g of water at the same temperature?

1.  In two different test tubes, there are two solids, sodium
bicarbonate (baking soda) and sugar. How can you identify
them?

12.  The solubility of KCl is 40g/100g of water at 300C. A
solution is prepared by dissolving 65 g of KCl in 200 g of
water at 300C.

Is the prepared solution saturated?



If not, how many grams of KC| must be added to make
the solution saturated?

13.  The solubility of sugar is 204 g /100 g of water at 200C.
How many grams of sugar can be dissolved in 75 g of water
at the same temperature?

a)/5g
b) 200 g
c) 153 g
d)45g
e)88¢g

14.  Which one of the following substances is not a solution?

a) sweet water
b) salt water

c) honey

d) water vapour
e) human blood

15.  Which one of the following statements is wrong for
solutions?

a) They are impure substances

b) They are homogeneous mixtures

c) They have 2 components, solvent and solute

d) In salt water, salt is the solute

e) The solubility of substances is not affected by
temperature.

16.  Which of the given dissolve(s) in water?

. Wood
[l. Sugar
[1l. Alcohol



a) Only |
b) Only Il
c) land Il
a) I, I

e) Only Il

17. Which one of the following is more soluble in water?

a) ethyl alcohol
b) carbon dioxide
c)oil

d) table salt

e) sugar



CHAPTER 11: INORGANIC
COMPOUNDS

11.1 Oxides

How is acid rain formed?

You will:

« know and understand classification and properties of
oxides.

Classifications of oxides.

Compounds of oxygen with other elements are called oxides.
So, there are only 2 kinds of atoms in oxides. CO2, NO, CaO,
H20 and Fe203 are some examples of oxides.

Oxides are widely spread in nature. Water is an oxide of
hydrogen. Silicon dioxide, SiO2, is the main component of
sand. Carbon dioxide, CO2, is expelled by humans, animals
and plants during respiration. Sulfur dioxide SO2 and
nitrogen oxides (NO, NO2) are dangerous gases that pollute
our atmosphere.



Mo life wit out water Sand is the most abundant substance

[0, extinguishes fire

Oxides can be classified into four different groups: basic,
acidic, amphoteric and neutral.

Oxides

Acidic Basic Amphoteric Neutral

Basic oxides



Most of the metal oxides are basic oxides. MgO, Na20 and
Li2O are some examples of them. They react with water to
produce bases:

Basic oxide + Water -~ Base
Na20(s) + H20(l) --> 2NaOH(aq)
CaO(s) + H20(I) --> Ca(OH)2(aa)
CaO(s) + H20(l) --> CaS0O4(aq) + H2504(aq)
Basic oxides react with acidic oxides to produce salts:
Li20(s) + CO2(g) > Li2CO3(s)
Acidic oxides

Acidic oxides react with water to form acids. Most of acidic
oxides are oxides of nonmetals. SO2, P205, NO2 are
examples of acidic oxides. They react with water in that way:

K

Air pollution from vehicle exhaust pipe
on road (NO,, CO,) Match burning (SO,, P,0,)

Acidic oxide + Water —» Acid

SO2(g) + H20() --> H2S03(aq)

P205(s) + 3H20() --> 2H3P0O4(aq)



Acidic oxides react with bases to produce salts and water:
CO2(g) + 2KOH(aq) --> K2C0O3(aq) + H20()
Acidic oxides react with basic oxides to produce salts:

SO3(g) + MgO(s) --> MgS04(s)
Amphoteric oxides

Al, Zn, Sn, Pb, Cr, Be are amphoteric metals. The following
oxides of these metals are also amphoteric: Al203, ZnO, SnO,
PbO, Cr203, BeO. They react with both acids and bases to
produce salts and water:

Al203(s) + 6HCI(aq) --> 2AICI3(aq) + 3H20()
Zn0O(s) + 2NaOH(aqg) --> Na2Zn0O2(aq) + H20()
Neutral oxides
Neutral oxides NO, N20O, CO are compounds which show

neither basic nor acidic properties. They do not react with
acids and bases.

Facts

Dinitrogen oxide is a colourless, nonflammable gas, with a
pleasant, slightly sweet odour, taste. N2O is used in surgery
and dentistry for its anesthetic effects.



Lab work

N2 6. OKcunaTep KacueTTepi

Introduction

OKCcuATEpP CYMEH apeKeTTecCin, Heri3 HeMece KbILLKbIA TY3eAl.
BYA aKCMEepPUMMEHTTE HEeri3AIK OKCUATEPAIH Kenbip
KaCcueTTepiH KepceTeMis.

KypaA->xabAbIKTap:

Kanbumm okcmai CaO, cy, cCTakaHAAP, apaAaCTbIPFbILL, AQKMYC
Karasbl MHAMKATOPbI.

OpblHAAQAY TOpPTIbI:

1. 250 MA cTakaHfa 100 MA cy KYMbIHbI3. AaKMyC
MHAMWKATOPbIH CyFa 6aTblPbIHbI3.

2. Cy yCTiHe 3-4 1 kKaAbumm okcumaid CaO caabin,
ApPaAaCTbIPbIHbI3.

3. Manpa 60oAFaH epiTiHAIHI AAKMYC MHAMKATOPMEH
TeKcepiHi3.

BakbiAay cypaKTapbl.

1. OKCUATIH CYMEH peaKLUACbIH >Xa3blHbl3.



2. PeakumnapaH KeniHri AAKMyc MHAMKATOPbIHbIH TYCI
KaHaan? He cebenTi?

©0

Terminology

. oxides - okcuaTep / OKCUADI;

« spread - TapaAFaH / pacripeAeAeHHbIN;

« sand - KYM / Necok;

« pollution - AacTaHy / 3arpasHeHuve;

. basic - Heri3aik / OCHOBHOW;

« acidic - KbILLKbIAABIK / KUCAOTHbIW;

. amphoteric - ekipaAbl, aMmdoTepAi / aMPOTEPHbIN;
« bases - Herizaep (CiATiAep) / ocHOBaHUA (LLEeAOUYN);
o acids - KbILLKbIAAAD / KUCAOTbI;

« neither - ewkamcobl / HU OAVH U3 HUX.



11.2 ACIDS

What are the benefits of acids?

You will:

« know and understand classification and properties of
acids.

Classification of acids

Acids are one of the most important classes of compounds in
chemistry. They are so common that we face them every day.
The sourness of lemonade, fizzy drinks and specific taste of
vinegar all come from acids. Car batteries use sulfuric acid,
and many cleaning materials contain hydrochloric acid. We
eat lemons containing citric acid and drink coke containing
carbonic and phosphoric acids.

Acids have a sour taste. Most acids are soluble in water. At
normal conditions, many acids are liquid (HNO3, H2504),
while some of them are solid (H2Si03 , H3PO4 ). Some
volatile acids (HCI, HNO3) have a characteristic odour.

Acids are corrosive substances. Sulfuric acid, nitric acid and
hydrochloric acid (H2504, HNO3, HCI) are the most
dangerous. They can corrode paper, wood, organic tissue.

Acids are often shown as HA, where H is hydrogen and A is
the anion. So they are composed of H+ cations and A-anions.

Acids can be classified according to strength: strong and
weak.



Strong

. Hso,
. Ha

According to the number of H+ ions, acids are classified as
monoprotic, diprotic and triprotic.

All fruits contain acids

Chemical properties of acids



KbILUKbIAAAR XUMUAADBIK BeAceHAl 3aTTap OOAFAHADBIKTAH,
HacKa KOCbIAbICTAaPMeEH apeKkeTTeceail. KenTereH KblLUKbIAAAP
CYAQa epin, MOHAAPFa blAblpanAbl. KblLUKbIAAAPADBIH,
epITIHAIAEPIHAETN OCbl MOHAQP 9CEPIHEH KbILLUKbIAAAH SAEKTP
TOrbl YXaKCbl 6TEAI:
HNO3 -« H+(aq) + NO3-(aq)
H2S04 - 2H+(aq) + SO42-(aq)

KbILLKbIAAAP MHAMKATOP TYCIH KbI3bIA TYCKE ©3repTeAl
(AAKMYC NeH METUAOPAHXX KblI3bIAFa BOAAaAbI, aA
deHoAPTaAenH TycCi3 6oaaabl). KblLLKbIA HerizbeH
gpekeTTecin, Ty3 6eH cy Ty3eAi. Bya peakuua 6enTapanTtaHy
PeaKLUMACHI AeM aTaAaAbl.

Acid + Base [] Salt + Water

HCl(aqg) +NaOH(aq) --> NaCl(aq) + H20()

KbILUKbIAAAP CYTEKTEH BEACEHAIAIM XXOFapbl METAaAAAPMEH
opeKeTTecin, TY3A3aP MEeH CyTeK ra3biH OOAIN WbiFapaAbl:

Zn(s) + H2S504(aq) --> ZnS04(aq) + H2(g9)
2HCI + 2Li(s) --> 2LiCl(aq) + H2(9)
KbILWKbIAAQPAbBIH HEr3AIK OKCUATEPMEH pPeaKLUUACHI:
CaO(s) + H2S04(aq) --> CaS04(aq) + H20()

2HCI(aqg) + MgO(s) --> MgCl2(aqg) + H20()

Literacy

1. Tell three characteristic property of acids.



2. Explain the effect of acids on methyl orange and litmus
paper.

3. Metals react with acids to give hydrogen gas and salts.
Write the equations for the reactions of iron and lithium
with sulfuric acid.

4. Which one of the fruits is the most acidic?

5. Carry out the following transformations:

« C - CO2 - H2CO3 ~ K2CO3

« S - 502 - S03 - H2504 - MgS0O4

Facts

Gastric juice is a digestive fluid, formed in the stomach. It is
composed of hydrochloric acid (HCI) potassium chloride
(KCD), sodium chloride (NaCl) and different bacteria and
enzymes.

Science in context

Acids which are used in daily life:

- H2S0O4 - in car batteries;

- H2SiO3 - silicone glue;

- H3PO4 - against plant diseases, fungicide;
- CH3COOH (vinegar) - food preparation.



Sulfuric acid is one of the most
important industrial chemical

Silicone glue

Lab work

N2 7. Properties of acids

Acids change the colours of indicators. They are corrosive.
They react with metals, bases and some of the salts.

Materials:

M sulfuric acid (H2S04) solution, methylorange indicator,
piece of chalk (CaCO3), aluminium (Al) pieces.

Procedure:

1. Pour 20 ml of sulfuric acid solution into the beaker. Add a
few drops of indicator. Observe colour change of
solution.

2. Add 2-3 pieces of aluminium metal to the sulfuric acid
solution.



3. Repeat procedure with adding 5 g of chalk into solution
of sulfuric acid. Write your observations.

Observation & questions:

1. Write reactions of chalk and aluminium with sulfuric acid.
2. What is the colour of indicator before and after reaction?

e

Terminology

« benefit - mamaa / Bbiroaa;

« acid - KbILLUKbIA / KUCAOTA;

e SOUr = KbILLUKbIA / KUCAbIN;

. fizzy drink - rasabl cycbiH / ra30BbIf HAaNUTOK;

. specifi c taste - e3iHe TeH A8M / cneymndUYecKnii BKYC;
. vinegar - cipke cybl / YKCYC;

e COrrosive - Kymaipriw / pasbepatoLLmi;

. irritant - TiTipkeHAipPriw / pa3sapa>knuTeAb;

. silicon glue - CUANKOHADI KEAIM / CUAMKOHOBbBIN KAEW;
. fungicide - dyHrMUMA / GYHIMLUMA;

. neutralisation - 6enTapanTaHy / HeMTpaAM3aLm4.



11.3 Bases

Why does soap feel slippery?

You will:

« know and understand classification and properties of
bases.

Classification of bases

Bases are substances known as the “opposite” of acids.

Like acids, bases must be used carefully, especially the strong
ones, because they are corrosive and can damage skin and
destroy the texture of substances.

Bases have a bitter taste. They give a slippery feeling.
Bases consist of metal cations and hydroxide anions, OH-.

Cleaning materials generally contain bases. Ammonia NH3
solutions are used widely as household cleaners and
detergents. Sodium hydroxide NaOH and potassium
hydroxide KOH are used in the production of soap. In
medicine, some bases are used to prepare antacid tablets.

Water soluble bases are called alkalis and they give OH-ions
when they are dissolved in water. Most alkalis are in a solid
state.



(Cleaning materials

Bases can be classified according to strength as strong and

weak.

NaOH Fe(OH),
KOH Cu(OH),
LiOH Mg(OH),
Ba(OH), NH,*H,0
Ca(0H), Ni(OH),

Chemical properties of bases

The chemical properties of bases change according to their
water solubilities. Alkalis are soluble in water, so they change
the colour of indicators (litmus paper to blue, methylorange
to yellow, phenolphthalein to pink).



The bases most common reactions of are with acids. Bases
react with acids to give salts and water (neutralisation
reaction).

Base + Acid --> Salt + Water

NaOH(aq) + HCI (ag) --> NaCl(aqg) + H20()
NH3(g) + HNO3(aq) --> NH4NO3(aq)

Water insoluble bases decompose by heating to give metal
oxides and water:

Fe(OH)2(s) --> FeO(s) + H20(l)

Bases react with acidic oxides to give salts or salts and
water:

NaOH(aqg) + CO2(g) --> NaHCO3(aq)

2NaOH(aq) + CO2(g) --> Na2CO3(aq) + H20()

Literacy

1. What are the differences between alkalis and other
bases?

2. Write the equations for the ionisation of NaOH, Ba(OH)2
and Ca(OH)2.

3. How do bases affect litmus paper and phenolphthalein
indicators?

4. Calculate the mass of salt that can be obtained from the
reaction of 80g of sodium hydroxide with an excess
amount of nitric acid.

5. A base contains 29.17% metal, 66.67% oxygen and 4.16%
hydrogen by mass. Find this metal.

6. Why do soluble bases (alkalis) change the colour of
indicators while insoluble ones do not? Explain.



Facts

Swimming pool pH is generally kept at a level that is slightly
basic, from 7.2 to 7.8. This range of pH is more natural to the
human body and helps to keep the pool water clean through
chlorination.

Science in context

Uses some bases

- Sodium hydroxide NaOH is used widely in industry, for
example in the production of many chemicals, silk, soap,
paper, textiles, dyes and detergents.

- Potassium hydroxide KOH is used in industry to produce
soft soap and fertilisers.

- Magnesium hydroxide Mg(OH)2 is used in a production of
antacid tablets.

While calcium hydroxide Ca(OH)2 (white powder) is used in
the production of cement.

Ammonia is used for production of
fertilizers. Man is fertilizing a soil

Lab work

N2 8. HerisaepaAiH KacueTTepi



KypaA->xabablKTap:

HaTpun rimapokcmal NaOH 1M epiTiHAICI, TY3 KblLLUKbIAbIHbIH
HCI M epiTiHAICI, dEeHOAPTAAENH MHAMKATOPbIHbIH €PITIHAICI,
CTaKaH.

OpblHAAQAY TOPTIbI:

1. CTakaHfa HaTPUN TMAPOKCUAIHIH 30-40 MA epiTiHAICIH
KYMbIHbI3. YCTIHE MHAUKATOP epPITIHAICIH TaMbI3blHbI3. TyC
e3repiciHe Ha3ap ayAapblHbI3.

2. AAFaLKbl epiTiHAL YCTiHe 30-40 MA HCI KbILLKbIA
epPITIHAICIH KOCbIHbI3. TYC ©3repiciHe Ha3ap ayAapbliHbI3.
3. Toxkipmbe >KYMbICbIH TY3 KbILLKbIAbI €piTiHAICIMEH 6acTan,
MHAMKATOPMEH HErI3AI KOCbIN KanTaAaHbl3. Tyc

e3repicrtepiHe Ha3ap ayAapblHbI3.

BakbiAnay cypaKTapbl:
1. NaOH neH HCI apacbiHAaFbI peakumna TEHALYIH >KXa3blHbl3.
2. EpiTiHAIAEPAIH TYC 63repicTepiH TYCIHAIPIHIS.

3. ANaKMYyC KaFa3blHbIH TYCi OCbl ePITIHAIAEPAE KaAaMn
e3repeai?
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Terminology




bases - Herizaep / OCHOBaHWUS;

slippery - TanFaHak / CKOAb3KUM;

opposite - KapaMa-Kapchbl / NMPOTUBOMOAOXKHbIN;
bitter taste - aLlubl AM / FOPbKUN BKYC;
detergent - »xyfbil YHTaK / MotoLLee CPeACTBO;
soap - cabblH / MbIAO;

antacid tablets - »oFapbl KbILLKbIAAbIKKa Kapcbl A8pi /
TabAETKM OT MOBbILLEHHOW KUCAOTHOCTMU;

alkalis - CiATI / WweAoub;

silk - »xibek / WeAK;

cement - LUeMeHT / UeMeHT;

dye - 6049y / Kpacka;

fertilizer - TbiIHAaNTKbIW / yAOBpPEHME;

litmus - AaKMyC / AaKMYC;

hydroxide - rmapokcua / rmMAPOKCUA.



11.4 SALTS

Why can't we drink sea water?

You will:

« know and apply the preparation methods of salts;
« know and understand classification and properties of
salts.

Salts and preparation methods

Ty3Aap KPUCTaAAbl KaTTbl 3aTTap. OAap MOHABIK KOCbIAbICTAP
OOADbIM TabblAaAbl XXoHE DaAKYy, KarvHAy TeMnepaTypanapbl A3
»XOFapbl 60AaAabl. TY3AaPAbIH TYCTEPI 9PTYPAI BoAaAb,
MbICaAbl, HATPUN KapboHaTbl-aK, MbIC (1) XAOPUAI->KACbIA,
kKobanbT (II) xAopunai-KyATiH, KopFacbiH (II) noamai-capbl,
cbiHan (II) cyabduai-kapa TyCTi, T.6.

Colourful salts Worker at salt extraction



Silver nitrate AgNO, is used as an
antiseptic
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White alum stone KAL(SO,), - 12H,0is
used in a paper industry

1. KbILLKbIAABIK OKCUA (HE KbILLUKbIA) MEeH Heri3AiK OKCUATIH
(He Heri3) apekeTTecyiHeH Ty3 (He Ty3 6eH cy) TY3iAeAl:

CaO(s) +S02(g) --> CaS0O3(s)
Ca(OH)2(aqg) + H2S04(aq) --> CaS0O4(aq) + 2H20()

2. Herisaik oKCuATEp KblILLKbIAMEH SpeKeTTecin, Ty3 6eH cy
TY3EAI:

BaO(s) + 2HCIl(aq)-- > BaCl2(aq) + H20()

3. KbILLUKbIAABIK OKCUATEP HErisAePMEH pPeaKUMAAAChIN TY3
6eH cy Ty3eAl:

CO2(9) + KOH(aq) --> K2CO3(aq) + H20(D)



4. BenceHAl MeTaAAAP MeH BEeACEHAIAIrN opTalla MeTaAAap
KbILUKbIAAGPMEH peaKunara TYCKEHAE, TY3AAP MEH CcyTekK
rasbl OOAIHEA:

Fe(s) + H2504(aq) --> FeSO4(aq) + H2(9)
Classification of salts

When salts are dissolved in water, they can show neutral,
acidic or basic properties.

o Neutral

- Acidic

e Basic

Neutral salts.

These are formed by the reactions of strong acids and strong
bases. Aqueous solutions of neutral salts do not show acidic
or basic properties.

Strong acids Strong bases Neutral salts + water
HCl MaOH NaCl + H_?_D
H,S0, Ca(OH), (aso, + H,0
HBr KOH KBr + HEEJ

Acidic salts.



Acidic salts are formed by the reaction of strong acids with
weak bases. They have acidic properties. Some salts that
contain H+ in their structure, like NaHSOA4, are also acidic
because when they ionise in water, they give H+ ions to the
media.

Strong acids Weak bases Acidic salts + water
HCl Fe(OH), FeCl, + H,0
H,S0, NaOH NaHSO, + H,0
HBr Mg(OH), MgBr, + H.0
Basic salts.

Basic salts are produced from the reactions of weak acids
with strong bases. They have basic properties. Salts that
produce OH-ions in water, such as MgOHCI, are also basic.

Weak acids Strong bases Basic salts + water
H,50, NaOH Na,S0, + H,0
H,CO, Ca(OH), (aC0,+ H,0

HCl Mg(OH), MgOHCI + H.0

Chemical properties of salts

1. Iron metal can displace copper metal from its salt solution,
SO one more active metal can displace another one from its
salt:

Fe(s) + CuSO4(aq) --> FeS04(aq) + Cu(s)

2. A water-soluble salt can react with another water-soluble
salt, at least one of the products should be insoluble in water:



AgNO3(aq) + KCl(aqg) --> AgClI(s) + KNO3(aq)
3. Salts react with acids to give weak acids:
Na2CO3(aq) + 2HNO3(aq) -> 2NaNO3(aq) + H2CO3(aq)
4. Acidic salts react with bases to give insoluble bases:

FeBr2(aqg) + 2NaOH(aq) --> Fe(OH)2(s) + 2NaBr(aq)

Literacy

. Which salt is used for baking cookies?

. What types of salts do you use at home?

. Calculate the mass of salt that is produced from the
reaction of 96 g of magnesium with an excess
hydrochloric acid.

4. Classify the following salts as either acidic, basic or
neutral: NaCl, Na2503, BaOHCI, MgS04, NH4Br, Na2CO3
and LiHSOA4.

5. Write chemical equations to show how the products can

be obtained from the reactants:

NN o

a. Sodium chloride - Sodium nitrate
b. Aluminium nitrate - Aluminium hydroxide.

Terminology

. violet - KyATiH / dUnoAeTOBbIN;

« insoluble bases - epiMenTiH Herisaep / HepacTBOPUMbIe
OCHOBAHUS;

« soluble salts - epuTiH Ty3Aap / PaCTBOPUMbIE COAU;

« strong acid - KyWTi KbILLKbIA / CUAbHAA KUCAOTA;

. weak base - aAci3 Heri3 / cAnaboe oCHOBaHUE;

. preparation - aAy / NnoAyyeHue;

. different colour - TYpAi TycCTi / pa3Hble LUBeTa;



« to extraction - 6eAin aAy / U3BAeYeHME;
« iONize - NOHAAHY / MOHM3aLMA.



11.5 GENETIC RELATIONSHIP
BETWEEN INORGANIC
COMPOUNDS

What is the relation between salts, acids and bases?

You will:

. classify inorganic compounds by its composition and
properties;

. explore in practice the genetic relationship between
inorganic compounds.

From our last topics, you have learned about chemical
properties of oxides, acids, bases and salts. Oxides can be
produced if metals or nonmetals react with oxygen. Acids can
be produced when acidic oxides react with water. Water
reacts with basic oxides to produce bases. And salts can be
produced from reactions of acids with bases, acidic oxides
with bases, basic oxides with acids, etc. The genetic
relationship between inorganic compounds is given below:

For example, genetic series of potassium K metal:

K K,0 KOH K,SO,

2K(s) + O2(g) --> 2K20(s)

K20O(s) + H20(l) --> 2KOH(aq)



2KOH(aqg) + H2S03(aq) --> K2503(aq) + 2H20()

Genetic series of sulfur S nonmetal:

S SO, H,SO,

S(s) + O2(g) --> S02(9)
SO2(g) + H20() > H2503(aq)

H2S503(aq) + 2KOH(aq) --> K2503(aq) + H20()
Inarganic
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Classification of inorganic compounds

Literacy

1. What are the main types of inorganic compounds? Give
two examples for each type.
2. Write balanced equations for the following chemical
schemes:
o Mg - MgO - Mg(OH)2 - MgClI2
o C > CO2 - H2CO3 - Na2CO3



o Li - Li2O - LiOH - LiNO3
3. Classify the following salts as acidic, basic or neutral:
o NaBr, K2504, KHCO3, Mg(NO3)2, FeS, FeCO3,
ZnS0O3, MgOHBr, Ca(HCO3)2, KI, Al2(S04)3.
4. Classify the following oxides: K20, CaO, NO2, P205, H20,
S02, ZnO, Si02, SO3, N20O, TiO2.
5. Write the equations for the reactions of the following
oxides with water: SO2, N20O5, K20, CaO.
6. Explain the formation of acidic, basic and neutral salts.
Give two examples of each.

Facts

Acid rain

Acid rain is the rain or any other form of precipitation that is
usually acidic. It has harmful effects on plants, aguatic animals
and buildings. Acid rain is mostly caused by human emissions
of sulfur and nitrogen oxides which react in the atmosphere
to produce acids.

Science in context

[laBAOAAP KaAacCblHAA "l1aBAOAAP KAaYyCTUMK 3aybiThl”
OpHaAacKaH. byA 3aybiTTa ac Ty3biHaH NaCl HaTpun
rnapokcmaid NaOH, HaTpu runoxAopuTiH NaClO, Ty3
KblLLKbIAbIH HC| >xaHe xAop ra3sbiH Cl2 eHaipeail. NaOH cy



KyOblpAapblH Ta3zanayaad, aA NaClO arapTyLbl KYPaA peTiHAE
KOAAQHDBIAAADI.

Lab work

N2 9. Ty3aapAblH KacueTTepi XKoHe OAapAblIH aAblHYbI

Cyaa epiriwl Ty3aap HeMece Ty3 6eH Heri3 KOCbIAbIT
APaAACTbIPbIACA, €PIMENTIH 3aTTap Namaa 6OAYbl MYMKIH.

Kypan->xababiKTap:

™ HaTpum kapboHaTbl Na2CO3 MeH 1M KaAbLUMN TMAPOKCUAI
Ca(OH)2 epiTiHAIAEPI, KOHYCTbl KOADaAap, PUABTP KarFasbl.

OpblHAAAY TapTIbi:

1. 30 MA HaTPUM KapboHaTbl ePITIHAICIH KOADAFa KYMblHbI3.

2. YcTiHe 30 MA KaAbLUU TUAPOKCUAT ePITIHAICIH KYMbIM
apPaAACTbIPbIHbI3.

3. Ty3inreH TyHOaHbl PUABTP KaFa3bIMeH CY3iHi3.

4. Cy3ri PUAbTPAI 66AeK aAabin, TYyHOaHbl KENTIPiN MacCacblH
OALLEHI3.

BakblAayAap MeH cypaKTap:

1. Ocbl ©3repicTiH peakunsa TeEHALYIH >XXa3blHbI3.

2. KaAnbunm KapboHaTbIHbIH TYCi KaHAQN?

3. Peakumsa HOTUMXKECIHAE KaHLLUa rpaMM KaAbLUUIM KapboHaTbI
TY3iAYi KepeK? Toxipnbe HaTUXKeCiHAE aAblHFaH TyHOa
MACCaCblH TEOPUAADBIK LLbIFbIMMEH CaAbICTbIPbIHbI3.

Terminology




genetic relationship - reHeTnkaAblK 6aAaHbIC /
reHeTM4ecKasl CBA3b;

genetic series - reHeTUKAAbIK KaTap / reHeTUYECKUN PaA;
factory - 3aybIT / 3aBOA;

classifi cation - >xikTeAy /kanaccudukaums;

inorganic compounds - 6eMopPraHNKaAblK KOCbIAbICTapP /
HeopraHn4yeckmne cCoepAnHeHus.



Problems: Inorganic
compounds

1.

What are the main types of inorganic compounds? Give

two examples for each.

2.

3.

Give 3 common properties of bases.

What are the differences between strong and weak

acids? Give three examples of each group.

4.

o.

Match the following compounds:

Acid, Base, Oxide, Salt
1. H2S04

2. H20

3. H3PO4

4. NaOH

5. CaCO3

6. K20

7. LiOH

8. KH2PO4

Complete and balance the reactions below:

a) NaOH(aq) + HNO3(aq) -->
b) Ca(OH)2(aq) + H2S04(aq) -->

What is a neutralisation reaction? Give two examples of

such reaction.

/.

8.

Write differences between acids and bases.

Write products of the reactions of the following oxides:



10.

11,

Na20 + SO2
Na20 + P205
CaO + SO2
CaO + P205

For the solution of a strong acid

[. It has a sour taste
[l. [t contains more OH- ions than H+ ions
l1l. When it reacts with Ca, H2 is produced.

Which of the above is (are) always correct?

a) | only

b) Il only

c) land Il
d) Il and IlI
e) |, Il and Il

Which of these reactions do occur to produce salt(s)?

. CO2(g) + H20() -
ll. CaO(s) + HCI(aq) -
1. MgO(s) + H20() -

a) land Il
b) Il only

c) Iland Il
ad) I, Il and Il
e) | only

Two of the reactions of element X is given below. Which

element can be X?

X + H2504(aq) - XS04(aq) + H2(9)
XO + H2(g) - X+ H20()



a)s
b) Fe
c) Na
d) Al
e) Li

12.  Which option gives the correct classification of these
oxides?

l. Na20O II. NO IIl. Al203

a) Basic Acidic Amphoteric
b) Acidic Basic Basic

c) Amphoteric Basic Neutral
d) Neutral Acidic Basic

e) Basic Neutral Amphoteric

13. Complete and balance the reactions below:

a) Na2CO3(aq) + HBr(aq) -->
b) CuSO4(aq) + Al(s) -->

14. Write preparation reactions of CuS0O4, KCI, Na2CO3
salts.

15. Suggest the usage of following salts in daily life:

sodium bicarbonate NaHCO3
Copper sulfate CuS0O4 * 5H20
Potassium permanganate KMnO4
Sodium chloride NaCl
Ammonium nitrate NH4NO3



CHAPTER 12: Carbon and its
compounds

12.1 CARBON

Why is graphite not as hard as diamond?

You will:

« know forms and minerals, ores of carbon in nature;
« know the difference between forms of carbon;
« how carbon is used in the nanocarbon materials.

General properties

Carbon is one of the most well-known elements in the world.
Carbon, the lightest member of the group number 14 (1V), is
a nonmetal. In the group, atomic radius and metallic
properties increase from top to bottom.

Carbon has an atomic number of 6 and its electron
arrangement is 2) 4). It means that carbon has got 4 valence
electrons and able to make four bonds with other elements.
Carbon has three natural isotopes. Their abundances are
given below:

12C : 98.9%, 13C : 1.1% and 14C : trace amounts. 12C and 13C
are stable isotopes of carbon whereas the 14C isotope is
radioactive.



6
C

Carbon
12.0107

Carbon is essential for living
Carbon element organisms

There is a big number of carbon compounds. Carbon is the
basic element of living organisms. In our daily life, it is found
as petroleum and its products. For that reason, carbon
chemistry has become a special branch of chemistry called
organic chemistry. However, in this chapter, we will study
only the inorganic compounds of carbon.

Carbon has two allotropes of major importance in daily life.
They are graphite and diamond.
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Structure of diamond Structure of graphite



DIAMOND GRAPHITE

- the hardest substance in nature - soft

- nonconductor - good conductor

- used as an abrasive - used as a lubricant

- transparent - dark grey, black
Graphite

The different types of bonds between the atoms of carbon
cause the differences in physical properties of these two
allotropes. Graphite is a soft, dark grey or black solid with a
shiny metalic colour. It is an excellent conductor of electricity,
so it is used as electrodes in dry cells. In pencils, a graphite
and clay mixture is used. Graphite crystals have a layered
structure formed by hexagonal carbon cycles. These layers
slide over each other easily because they are bonded to each
other with weak bonds shown in a figure above. Because of
this, graphite conducts heat and electricity. In comparison to
diamond, carbon has lower melting and boiling points.

Diamond

Diamond is formed naturally by the transformation of
graphite exposed to high underground pressure over millions
of years. Pure diamond is a transparent solid.

Each carbon atom in the structure of diamond is bonded
with strong bonds to 4 neighbour carbon atoms in the shape
of a tetrahedron. For these reasons, diamond is the hardest



natural mineral and has a high melting point ( 35000C) and
boiling point (48500C). It does not conduct electricity and
tends to change into graphite which is more stable.

Artificial diamond is obtained by changing the crystalline
structure of graphite under high pressure and temperature.
Such a diamond does not have any value as jewellery.
Because of its hardness, it is used to cut hard materials in the
industry. In addition to these allotropes, carbon is found
naturally in the forms of coal, coke, charcoal and soot, but
they are not in crystalline forms. They are amorphous solids
with wide surfaces.

There are also two more allotropic forms of carbon. They are
amorphous carbon and fullerene, which molecule is look like
a soccer-ball.

Facts

Carborundum (SiC) is a compound of silicon and carbon
which is nearly as hard as diamond.

Activity

1. TopT HAHOKOMIPTEK MaTepunarpAapbl bap: PyAAepeHAEp,
KOMIpTEeK HaHOKYOblIpLLaAapbl, rpadeHAEpP, HAHOAAMA3AAP.
Ocbl aTaAfaH >»XaHa MaTepmnarpap TYPaAbl MOAIMETTEPMEH
TaHbICbIM, OYAAPAbIH KOAAAHbBIAYbI XXaNAbl ©3apa on BOAICIHI3.



>KaHa HaHOKeMIpTeK MaTepmaAAapPbl XXanAbl UHTEPHETTEH
HeMece MYFaAIMHIH KeMeriMeH I3AeCTIPIHI3.

2. Search what is diamond and graphite molecule look like.
Try to make its model using paper.

Literacy

Study how is the age of archaeological artefacts being
determined. Which method is often used to fi nd the age?

Terminology

« carbon - keMipTeK / YrAepoA,;

. transparent - MeAAip / Npo3payHbIi;

« nanocarbon - HaHoOKeMipTeK / HaHOYIAEPOA,
« Organic - opraHukKaAablK / opraHmyeckas;

. diamond - aAnMa3 / aAMas;

. graphite - rpaduT / rpaduT;

. to comparison - caAbICTbIpy / CpaBHeHue;

. underground - >xepacTbl / MOA3EMHbIW;

« charcoal - aFaw KeMipi / ApeBeCHbIN YIOAb;
. artifacts - keHe 6ybiMaap / apTedaKThl.



12.2 PHYSICAL AND
CHEMICAL PROPERTIES OF
CARBON

What is the difference between active carbon and
graphite?

You will:

. know physical and chemical properties of carbon.
Physical properties

KeMipTek KpUCcTaAAabl TOPAbI KYPbIAbIMFa ne. KeMipTek
aTOMAQPbI apacbiHAA KYLUTI KOBAAEHTI banAaHbICTap 6ap.
Ocbl MbIKTbl 6arAaHbICTap acepiHeH KeMipTek 14 (IV) TonTa
YXOFapbl ODAaAKY >XKoHe KanHay TeMnepaTtypaAapbiHa ne. OHbIH
OAAKY >XKoHe KamHay TeMnepaTypaAapbl, comkeciHwe, 35270C
>xaHe 40270C, aA TbiFbi3AblFbl 2.3 /cM3-re TeH.



MNatural wood charcoal

Metal carbides are the hardest and
most brittle of the drill bit materials

Chemical properties

KeMipTek - 6erMMeTanA SIAEeMEHT. ATOMAbIK HeMepi 6. TOTbIFy
Adperkenepi -4 neH +4 apaAbliFblHAA >XXAaTaAbl.

1. MpadunT Te3 »KaHaAbl, aA aAMA3AblH YXaHYbl 6Te KMblH. ToMeH
TeMnepaTypaAa >XaHy npoueci HOTUXKECIHAE KeMipTekK
ANOKCUAT BOAIHEA:

C(s) + 02(g) --> CO2(9)
2C(s) + O2(9) --> 2CO(9)

2. KeMipTek »ofapbl TeMnepaTypaAafbl SAEMEHTTEPMEH,
OAAPAbIH OKCUATEPIMEH SpPEeKeTTECIM, KAapPOUATEP TY3eA:

2C(s) + Ca(s) --> CaC2(s)

3C(s) + Si02(s) --> SiC(s) +2C0O(9)



3. Carbon reacts with water steam at very high temperature
to give “water gas” (a mixture of CO and H2 gases):

C(s) + H20(g) + heat --> CO(g) + H2(9)
4. Reduction of metals at about 6000C:
2PbO(s) + C(s) --> 2Pb(s) + CO2(9)
5. Oxidation reaction:

C(s) + 4HNO3(aq) --> CO2(g) + 4NO2(9) + 2H20()

Literacy

1. Complete the following equations and balance them:

a. C + O2(excess) —
b. C + O2(limited) -
c.C+Al -

d.C + FeO -
e.ZnO+C -

f. Fe304+ C -

2.  What is the mass of a1 L mixture of CO - CO Facts 2 at
STP if the volume percentage of CO is 30%?

3. Write the common compounds of carbon.

4. What is the oxidation state of carbon in each of the
following compounds?

CO, Al4C3, CO2, CS2, H2CO3, NaHCOa3.

5. 24 g of carbon is reacted with sand SiO2. How many
litres of CO gas can be obtained?



Facts

Diamond is used in jewellery and in cutting systems to cut
hard substances such as steel.

Science in context

Active carbon is used in gas masks to absorb pollutants and
poisonous gases in the air. It can absorb substances in liquid
or gas solutions. Other uses of active carbons a distillation of
water, bleaching of sugar solutions, and in ventilation
systems to control the odour of the medium. In daily life,
active carbon is also used in printers and photocopy
machines as a toner.

Photocopy machine

Practice work

N2 6. Chemical and physical properties of carbon

Materials:

active carbon (10 tablets), water, 2 beakers (250 ml), dyes,
batteries 9 V, crocodile clips wires, carbon graphite rods.

Variant |



1. Write reactions of carbon with oxygen, chlorine and
calcium.

2. Take graphite rod. Connect it to the battery by using
crocodile clips wires. Graphite conduct electricity. Why?

Variant Il

1. Write reactions of carbon with water, fl uorine and sodium.

2. Take 2 beakers. Pour 100 ml of water into the beakers.
Dissolve some dye in the fi rst beaker. Then mix active carbon
with dye solution. After 10 minute dye solution will loses its
colour. Why?

Terminology

. active carbon - 6eAceHAIpiAreH KeMip / aKTUBUPOBAHHbIV
YIOAb;

. lattice - Top / peweTka;

. “water-gas” - "cuHTes ras” / "BoaaHoOM ras”;

. to drill - 6ypFbinay / 6ypuUTh;

. ventilation - »xeAnpaeTy / BEHTUAAUUS;



« photocopy machine - keLwipy annapaTtbl /
KOMMPOBAaAbHbIN annapar;

. resistance - KapcbIAbIK / CONPOTUBAEHMUE;

. cutting - kecy / peska.



12.3 OXIDES OF CARBON

Carbon monoxide and carbon dioxide are made up of
the same atoms but why is one very toxic while the
other one is not?

You will:

« know how carbon oxides form;
. prepare carbon dioxide and study its properties;
« know the carbon cycle.

KeMipTeKTIiH eKi OKCUAI Bap: KOMIPTEK MOHOKCUAI XXOHE
KOMIPTEK AMOKCUAL.

Carbon monoxide, CO

KeMipTek MOHOKCKAI (MiC ra3bl) aTMochdepapa eTe a3
MOALLEPAE KE3AECETIH, TYCCI3, MICCI3, YAbl, ayaAaH COA >XEHIA
ras. CO cyaa eTe a3 epuAi.

KenikTepaeH O66AIHETIH, OTbIHHbIH »XaHYblHAH LUbIFaTbIH
KOMIPTEK MOHOKCUAI ayapAafFbl KOHLUEHTPAaUMNACBIHbIH
KeberiHe cebenkep 6oAaAbl..



«
AL

Combustion fumes of car exhaust
pipe

Carbon dioxide, CO2

KeMipTek AMOKCUAIHIH (KOMIPKbILLKbIA ra3bl) ayaAafbl
MeALlepi keneM bonbiHWaA 0.04%-Ti Kypanabl. OA TycCcCi3,
Mniccis, ayapaH 1.5 ece ayblp ra3. CO2 rasbl CyAd >XAaKCbl EPUAL.
-78°C-Ta KaTTbl KyMre amHaAblin, "Kypfak My3" Ty3eaA.

C0, molecule Dry ice in water

Preparation

1. CO2 is produced when limestone is heated to make
quicklime:

CaCO3(s) --> Ca0(s) + CO2(9)

2. Reactions of carbonate salts with acids:



CaCO3(s) + 2HCI(aq) --> CaCl2(aqg) + H20(H+ CO2(9)
3. In a coal fire, the main reaction is:
C(s) + O2(g) --> CO2(9)

But at high temperature and limited amount of oxygen, the
burning product is carbon monoxide:

2C(s) + O2(g) --> 2C0O(9)
Chemical properties

1. Carbon dioxide is an acidic oxide. When it is dissolved in
water, it forms carbonic acid, which is unstable:

CO2(g) + H20(l) « H2CO3(aq)
2. It reacts with basic oxides and bases:
CO2(s) + CaO(s) --> CaCO3(s)
CO2(g) + 2NaOH(aq) --> Na2CO3(aq) + H20()

We can detect the existence of carbon dioxide with
limewater, Ca(OH)2. When carbon dioxide is passed into a
solution of limewater, colourless limewater solution gives a
milky white precipitate of calcium carbonate:

CO2(g) + Ca(OH)2(aq) --> CaCO3(s) + H20()
Carbon cycle

Carbon dioxide is a vital part of the carbon cycle. The carbon
cycle shows how carbon is moved from place to place
around the earth. Look at the cycle below.



Photosynthesis

P

Plant /
respiration i \

o
Combustion

Animal
respiration

Carbon cycle

Facts

Carbon monoxide is a poisonous gas, causing death in
atmospheric concentrations as low as 0.5%. If carbon
monoxide is inhaled, it combines in the lungs with the
haemoglobin and changes it into carboxyhaemoglobin that
cannot carry oxygen. If excess CO is inhaled, it may cause
death. In cases of CO poisoning, medical experts advise that
the patient should is removed to fresh air as quickly as
possible.



Carbon monoxide is extremely
poisonous

Practice work

N2 7. Preparation and properties of carbon dioxide
gas

Materials:

calcium carbonate (or chalk), sodium bicarbonate NaHCO3,
hydrochloric acid, acetic acid (vinegar), test tubes, calcium
hydroxide solution (limewater).

Variant |

1. By using calcium carbonate (chalk) and hydrochloric acid,
you will produce CO2 gas.

2. Write reactions of CO2 with water and with lime water
Ca(OH)2.

Variant Il

1. By using sodium bicarbonate NaHCO3 and acetic acid
(vinegar), you will produce CO2 gas.



2. Calculate the relative density of CO2 by air. How many
times is CO2 heavier than air?

Literacy

1. How to detect CO2 in laboratory?

2. Do electric cars produce carbon monoxide?

3. Write all reactions for each step of given schema:

1.C - CO2 - CaCO3 - CO2

4. There are 24 grams of carbon in the structure of 88
grams of unknown carbon oxide. What is the simplest
formula of this compound?

5.1f 2.8 g of CO and O2 are mixed and reacted to give CO2.
How many grams of CO2 can be produced?

Terminology

. trace amount - eTe a3 / MaAnoe KOAUYECTBO;

. exhaust - nanpaaAaHbIAFaH ra3 / BbIXAOMHbIE rasbl;
« POISONOUS - YAbl / AAOBUTbIE;

. fume - TYTiH / AbIM;

« pipe - KybbIp / TPY6a;

« chimney - Myp>ka / AbIMOBas Tpyba;

. to inhale - >xyTy / BAbIXaTb;

. vital - eMipAiK MaHbI3Abl / YXKU3HEHHO BaX<HO;

. to advise - keHec 6epy / coBeTOBaTb;

. dry ice - KYpFaK My3 / CyxXon AeA;

« limestone - ekTac / N3BeCTHSK;

« quicklime - ceHaipiAMereH ek / HerawieHaa U3BeCTb;
. to detect - aHbikTay / 0BHapPy>XMBaTb;



« limewater - ceHAipiAreH aK / ralieHas U3BecCTb.



Problems: Carbon

1. Fill in the gaps for the carbon:

a) Allotropes of carbon are , , and

b) Oxidation states of carbon :
c) All allotropes are found in state at 250C.

2. Compare the properties of diamond and graphite.

3.  Why does graphite conduct electricity whereas diamond
doesn’t? Explain.

4. Write electron configuration of carbon.

5. Where can be carbon found in nature?

6. Write the common compounds of carbon.
7. CO or CO2? Identify them:

a) CaCO3 --> CaO + ...

b) C + O2(limit) --> ......

c) Used in photosynthesis process ..............

d) Toxic gas: ...........

€) e reacts with water to give carbonic acid
f) Good reducing agent

g) Chemical formula of "dry ice"........

8. Which events in daily life cause the formation of CO27?

9. Which one of the following is not carbon allotrope?



10.

11,

a) Graphite

b) Diamond

c) Ozone

d) Carbon nanotubes
e) Fullerene

Which one(s) of the following is/are correct?

|. Carbon is a nonmetal.
[l. Diamond is very soft mineral.
[1l. CO is toxic gas.

a) | only

b) Il only

c) land i
d) I and Il
e) |, Il and Il

What is the correct way to show the configuration of

valence electrons of carbon?

12.

13.

a) 2s22p2
b) 2522p3
c) 3523p2
d) 2s22p4
e) 2522p1

What is the colour of carbon element (coke)?

a) Red
b) Black
c) White
d) Green
e) Blue

Which one of the following is incorrect?



14.

a) Diamond is more expensive than graphite
b) Carbon is used as a fuel

c) Printers use carbon compounds

d) Carbon burns in oxygen

e) Carbonic acid is very strong acid

Which of the following names is/are incorrect?

. CO(g) - Carbon monoxide
Il. CO2(g) - Carbon dioxide
[Il. CO2(s) - Dry ice

a) land Il

b) Il and IV
o) I, Iand Il
d) I, Il and IV

e) None of them



CHAPTER 13: WATER IS A
BASIS OF LIFE

13.1 UNIQUE PROPERTIES OF
WATER

Why is only 10% of an iceberg above the surface of
the water?

You will:

. know that boiling point can show the purity of water;
. know unique properties of water and importance for the
life.

Cy - TaburaTTa KeH TapaAFaH €H MaHbI3Abl OKCUATEPAIH Oipi.
Cy - >Kep »KaFpamblHAQ VLU arperaTTblK KYWAE: KaTTbl
(COATYCTIK >XOHE OHTYCTIK MOAKOCTAPAQ, MY3AbIKTApPAA),
CYMbIK, ra3 KyniHae (aTMmocdepaparbl Cy Bybl) Ke3paeceTiH
YXAAFbl3 KOCbIAbIC.

About 75% of the Earth’s surface is covered with water in
which many other compounds (such as salt) are dissolved.

Water is essential for all living organisms. It makes up 60% of
trees, 70% of the body of an elephant, 95% of a tomato and
about 99% of a jellyfish.

Our own body contains more water than any other
substance: about 60-70% of our body is made up of water.



Water is needed to dissolve chemicals in our cells and to
carry chemicals around our body. Water takes part almost in
all metabolic reactions, and our blood is about 90% water.



covalent
; br.:hnd
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Hydrogen bridge bonding

Representations of the water molecule,
charges, bonds

Properties of water



Taza cy TYCCi3, MICCi3, ADMCI3 CYMbIKTbIK. CYyAbIH KanHay
TeMnepaTtypacbl 100°C >koHe KaTy TeMnepaTypacbl 0°C-ka
TeH (1 aTM. KbICbIMAA). BUIKTIKKe >XOFapAam 6epreH cambiH
CYAbIH KaHay TeMnepaTypacbl ToeMeHAenAl (TeMeH
KbICbIMAQ), aA KepicCiHLUe, TeHI3 AeHremiHeH TeMeH Tyce
6epreH cambliH KanHay TeMrnepaTypacbl apTaabl (OKOFapbl
KbICbIMAQ).

CyAblH KanHay TeMrnepaTypacbliHa CYAbIH Ta3aAblfbl Ad 9Cep
eTepl. Cyaa epireH Ty3, KAHT CUAKTbI 3aTTap CYAblH KanHay
TeMnepaTypacblH >XOfapAaTaAbl. MbICaA peTiHAE, Ta3a cy
100°C TeMnepaTypasa KanmHaca, Ty3Aabl cy 102°C
TeMnepaTtypasa KaHaMADI.

The density of water is the highest at 40C: 1 g/cm3. So its
density decreases and volume increases when it freezes.
Water is the only substance whose density is lower when it
freezes. This property of water makes life possible in seas
and lakes in winter.

The water molecule is made up of two atoms of hydrogen
and one atom of oxygen. Oxygen is more electronegative
than hydrogen so that oxygen attracts electrons of hydrogen
atoms. This causes a charge imbalance in water molecules
and makes them polar.

Therefore, water can dissolve polar substances. Due to its
high dissolving capacity, it is often called the universal
solvent.

Due to their polarity, water molecules attract each other.
Positively charged hydrogen of one molecule of water bonds
with the negatively charged oxygen of another molecule of
water. This attraction is an example of hydrogen bond.
Hydrogen bond is one of the reasons for a relatively high
boiling point of water. If there were no hydrogen bond the



water would be in a gaseous state and there would be no
life!

Facts

Nearly 97% of the world’s water is salty or otherwise
undrinkable. Another 2% is locked in ice caps and glaciers.
That leaves just 1% for all of humanity’s needs - all its
agricultural, residential, manufacturing, community, and
personal needs.

Facts

By decreasing temperature of frozen water, there will be
some miraculous changes. After you reach a temperature of
-1200C water becomes super viscous!

And when you reach -1350C water turns to the glassy solid
with noncrystallic structure! The Earth's mantle contains for
about 10 times more water than all oceans!

Activity

Determination of boiling point of water



Materials:

distilled water, porcelain chips, round-bottom fl ask (250 ml),
thermometer, double bored rubber cork, glass tube, stands
and clamps.

Procedure:

1. Pour 150 ml of water into the fl ask.
2. Add 2-3 small pieces of chips.

3. Close the fl ask with a rubber cork and clamp it with the
stand.

4. Insert a thermometer into one bore and glass tube into
another. Note: Keep the bulb of the thermometer 4-5 cm
above the surface of the water.



5. Heat the water till the temperature becomes constant, and
the water remains boiling. Note the constant temperature
(boiling point).

Observation:

1. When water boils, there is a change in state.

2. Boiling point of water: . Discuss and
explain.

&

Activity

Work in groups.

The specifi ¢ heat capacity of water is the amount of heat
needed to raise the temperature of 1 g of water by the 1
degree Celsius (10C). Heat capacity of water is almost 10
times higher than capacity of iron! This fact makes life on the
Earth possible. How do you think why? Why there are great
temperature changes in a desert regions? Why there are
great temperature changes on the Mars planet? (There on
Mars can be +200C in the daytime and -1000C in the night).

Literacy

1. Where does tap water come from?
2. What is mass percentage of oxygen in water molecule?



3. There are about 1.4 « 1018 L of water on the Earth. 97% of
all water is salty and only 3% is fresh. Calculate the
volume of fresh water.

4. How many grams of sugar should be dissolved in 200 g

of water to prepare 20% sugar solution?

. How many atoms in 36 gram of water?

0.9 g of compound X contains 3.01 * 1022 molecules.

What is the molecular mass of compound X.

o Ul

Terminology

. unique - 6iperen / YHUKAAbHbIN;

« purity - TasaAblK / 4UNCTOTa;

. to float - >xy3y / nAaBaTb;

. to boil - kanHay / kuneTb;

. to freeze - KaTy / 3aMep3aTb;

. to rise - keTepiny / pacTu;

. to depend - Tayeaai 6oay/ 3aBuCeETb;

« Miraculous - TaHFaXambin / YyAECHbIW;
e SUPEerviscous - aca TYTKbIp / CynepBaA3KUN;
. attraction - TapTbIAY / NPpUTSAXKeHUe;

. residential - TYpPFbIH / >XUAOW;

« community - yMbIiM / COOBLLECTBO;

« porcelain - dapdop / dapodop.



13.2 WATER CYCLE

How is water purified in nature?

You will:

« know the water cycle;
. know how water is polluted and why it is dangerous;
« know water purification methods.

Facts

Approximately 520,000 cubic kilometers of water
evapourates within a year from the Earth's surface.

Ocean water

The Water Cycle

Water on the Earth is always changing. Its repeating changes
make a cycle. This process involves water from oceans, rivers,
plants and even you.



The water cycle explains how water evaporates from the
surface of the earth, rises into the atmosphere, cools and
turns into rain or snow in clouds, and falls again to the surface
as precipitation.

The water cycle involves the exchange of energy, which leads
to temperature changes. For instance, when water
evaporates, it takes up energy from its surroundings and cools
the environment. When it condenses, it releases energy and
warms the environment. These heat exchanges influence
climate.

1. Water evaporates from oceans, lakes and rivers.

2. Formed water vapour condenses in the upper regions of
the atmosphere.

3. Vapour further condenses into larger drops which fall as
rain, SNOw.

4. These rain or snow water slowly passes through the soil
back to rivers, lakes and oceans.



THE WATER CYCLE

Water pollution

Water pollution can be defined in many ways. Usually, it
means one or more substances in water cause problems for
normal use of it. Pollution of water can affect the health of all
the plants, animals, and humans.

There are many different types of water pollution sources.
Examples are sewage, wastewater, agriculture, radioactive
waste, oil pollution, plastics, etc.

As you can understand water pollution is always caused by
damage done to an ocean, river, lake, or another water
source.



Luckily, the damages from water pollutions are often
reversible but not all of them.

Illustration of water and air pollution

Water purification

Water purification is a process of removing impurities from
raw water to make it pure enough for human uses. Many
pollutants are dangerous, and they need to be removed.



CyAbl Ta3aAay HOTUMDKECIHAE KYPaMblHAAFbl BaKTepuaaap,
BUPYCTAp XXoHEe XUMUAAbIK AACTafbilLTap (MbIC, KOpPFacCbIH
CUAKTbI YAbl Me@TaAAaP) XXoublAaabl. CYAbIH MICi MEH ADMI

YKaKcapblr, MBAAIPAIr apTaAbl.

Storage
tank

AL(SO))
azdde-:djl

Water
intake

Flow of wastewater from plant

CyAbl TazaAay MblHa caTbIAAPAbIH TYPaAbI:

1. TYHAbBIPFbILW BaKTapbIHAA CY3riAeH ©TKIi3Y.



LS ON

. AAFOMUHUIN CYyAbPATbIH KOCY apPKbIAbl €PIMENTIH

KaAAbIKTapAbl TYHBaFa TycCipy.

. EpIMEeNTIH KaAAbIKTapAbl KYM CY3riCi apKbIAbl CY3Y.

EpireH opraHmkaAblK 3aTTapAbl ayapafbl OTTEri apKblAbl
TOTbIKTbIPbIN 66AIN aAy (aeration).

5. O30HAQY HE XAOPAAY apKblAbl BaKTepUAAapPAAH Ta3apTy.
0.

Cyabl pe3epByapAapAa cakTay (storage tank).

Activity

Intermolecular forces and surface tension

In any liquid substance, molecules will be attracted to each
other due to the presence of intermolecular forces. These
forces are known as surface tension. Surface tension makes
molecules of liquid behave like an elastic sheet.

Materials:

pure water, pipette, coin (10 tenges), vegetable oil.

Procedure;

1.
2.

3.

4.

Fill a pipette with water.

Hold pipette about 3 cm above the coin and add drops of
water to the surface of the coin.

Record the number of drops of water (repeat steps 2-4
more times and record your results).

Repeat the experiment for vegetable oil.

Observation & questions:

1.
2.

Which liquid has stronger molecular forces?
Why can some insects walk on the surface of water?



Terminology

. purification - TazapTy / o4MUCTKA ;

« instance - MbicaA / npumep;

. influence - acep / BAUAHME;

« sewage - afFblH CyAap / CTOYHbIE BOADI;

. wastewater - Kip cyAap / CTOUYHbIe BOADI;

. damage - 3ananA (3uaH) / Bpea ;

. chlorination - xAopAay / XxAOpUpOBaHUe;

. aeration - »xeapeTy / aspauus;

. water intake - cy any / 3a60op BoOAbI;

. storage tank - cy cakTamTbIH

. KOMMa / pe3epByap AAG XPaHEeHUSs;

. surface tension - 6eTTiK KepiAy / MOBEPXHOCTHOE
HaTS>XeHue;

« to condense - cyMbIK Typre amHaAy / KOHAEHCUPOBATbLCS;

. settling - TyHY / oTCTauBaHue;

. involve - eHrisy / BKAKOYATD.



13.3 HARDNESS OF WATER

Why do distilled and filtered water taste more sweet
than tap water?

You will:

« know that water can be hard;
. learn the ways of softening hard water.



Mineral drink. Some people prefer a - 3
taste of hard water drinks Scale in old pipe after years of using

Scum in the old copper kettle

Cy KypaMblHAA »XoFapbl MeALLepae Ca2+ MeH Mg2+
MOHAAPbIHbIH, BOAYbI CYAbIH KEPMEKTIMH TyAblipaabl. KepMek
CYAQ, OCbl KATMOHAQPMEH KaTap, kebiHece Cl-, SO4 2- »aHe
HCO3 - aHnoHAapbl Aa Ke3aeceal. Cy KypaMbliHAG ©Te a3
MeAnLllepae Ca2+ MmeH Mg2+ noHaAapbl BOACa, OHAAWM CY
YKYMCaK OOAbIN CaHaAAAbL.



TabuFun cynapAbiH Ken BeAIri KepMeKTi 60oAbIN KeAeai. KepMek
CYAbl YUAIH LLUAPYaLUbIAbIFbIHAQ, OHEPKICIMTE KOAAQHY
KenTereH npobaemManapra akeneai. Con npobAaeMaHbl aAAbIH
aAY YLUIH CyAbl KOAAQHYADBIH aAAbIHAQ KEPMEKTIK bepeTiH
MOHAQPAQH AapbIAYbIMbI3 KepeK. byA npouecc "cyabl
XYMcapTy" Aen aTaAaAbl.

KepMeKTIKTIH ap TypiHe BAMAAHBICTbl CyAbl ">XyMcapTyAbIH'

TOCIAAEPI A€ 9P TYPAI Bonaabl. CyAblH KEPMEKTIr TYPaKThbl
>KOHEe YyaKbITLLA AeM eKire 6eAiHeA|.

Types of water

Type Ternporary hardness Permanent hardness
(Carbonate hardness) (Non-carbonate hardness)

Anions HCO, Ckand SO~

Softening | a) boiling addition of washing soda

methods | b) addition of base

Chemical | a) Ca*  + 2HCO; ., = (as0,,,, + Na,C0,. ., =

reaction | - ac0,, + €0, + H,0,~ | CaC0,, + Na,50

+
3s) 2{g) Z d(aq)

b) Ca(HCO,),,, + CA(OH)

- 2(aC0,,, + 2H,0,

—
Z{aq)

Softening of hard water

Temporary hard water contains dissolved Ca(HCO3)2,
Mg(HCO3)2 salts and can be softened by boiling for a few
minutes. When hard water is heated, Ca2+ ions precipitate as
CaCOa3s.

Ca2+(aq) + 2HCO3-(aq) --> CaCO3(s) + CO2(g) + H20()



The other method is to add a base solution.

Ca(HCO3)2(aq) + Ca(OH)2(aq) --> 2CaC0O3(s) + 2H20()

Permanently hard water contains dissolved CaCl2, CaS0O4,
MgCl2, MgS04 salts and cannot be softened by boiling.
Permanent hardness can be removed by adding washing
soda, Na2COa3. In this method, Ca2+ and Mg2+ ions are

precipitated as their carbonates.

CaS04(aq) + Na2C0O3(aq) --> CaCO3(s) + Na2504(aq)

Pros and cons of hard water

Disadvantages of hard water

Advantages of hard water

Difficult to form lather with soap

Some people prefer the taste

scum forms in a reaction which wastes
50ap

Calcium in the water is good
for children’s teeth and bones

This wastes energy when you boil your
kettle

Scale (a hard crust) forms inside kettles.

Helps to reduce heart disease

Hot water pipes «fur up» on the inside.
The scale formed can block up pipes
completely

Hard water does not dissolve

some heavy metals like lead

and as a result of this it does
not lead to lead poisoning

Literacy

1. Give definitions of soft and hard water?
2. What are the advantages and disadvantages of hard

water?

Facts




Sometimes people confuse hard water with heavy water.
Heavy water is composed of deuterium atoms that are
actually hydrogen isotopes. The chemical formula of that
type of water is 2H20 or D20. Heavy water has the same
chemical properties with ordinary water. People can drink
that water. But today it is known that if 25% of water is
replaced by heavy water it causes sterility and 50% of D20
causes death in rats.

Lab work

N2 10. Determination of hard and soft water

Materials;:

distilled water, tap water, carbonated mineral drink, liquid
soap, 3 test tubes with corks.

Procedure;

1. Pour 10 ml of distilled water into the first test tube, 10 ml
of tap water into the second test tube, 10 ml of
carbonated drink into the third test tube.

2. Add one drop of liquid soap to each of the test tubes.
Shake test tubes.

Observation & questions:

1. Which one of the test tubes forms a large amount of
lather? Why?

2. Arrange test tubes in order of increasing hardness of
water. Explain why.



®0

Reflection

Reflection for the 4th quarter

The most difficult topiC fOr ME Was ...
The easiest tOPIC fOr ME WaAS ...
Rate yourself on 10-points scale

1. | can help others ............
2. | need more practice ...............
3. | need extra lessons ...............

Terminology

« hardness - kepMeKTiK / >XeCTKOCTb;

. softening - >xymMcapTy / cMaryeHue;

. temporary - yakbiTLla / BpeMeHHbIN;

. permanent - TypakKTbl / MOCTOAHHbIN;

. lather of soap - cabblH Kebiri / MbiIAbHaga NeHa;

. to confuse - waTacTbipy / NyTaTbCSH;

. ordinary - KapananbiM / 0BblUHbIN;

« Pros and cons - apTbIKLLUbIAbIKTaPbl MeH KeMLLiAiKTepi /
MAKOCbl 1 MUHYCbL.



Problems: Water

1. Which two elements make up water?
2. At what temperature does water boil?
At what temperature does water freeze?

What is the water in the solid state is called?

SN

: How much of the water on the Earth is available to
drink?

6. How much of our body is made up of water?

7. What falls to the ground when clouds become too
heavy?

8. How many molecules are there in a 0.05 mol sample of
water?

9. What mass of water vapour occupies a volume of 112 L
at STP?

10. Find the density of ice with a mass of 59.4 g and a

1.  What is the percentage by mass of solution made by
dissolving 50 g of salt in 300 g of water?

12.  How many litres of hydrogen gas can be produced from
7.2 g of calcium according to the equation?

Ca(s) + 2H20() --> Ca(OH)2(aq) + H2(9)



13. Find the mass of water required to produce 68.6g of
phosphoric acid.

P205(s) + 3H20(l) --> 2H3P0O4(aq)

14. Calculate the mass of hydrogen gas which reacted with
oxygen to produce 6.02 *1022 molecules of H20.

H2(g) + O2(9) --> H20()

15. Find the mass percentages of water in the following
compounds:

a) Na2CO3 « 10H20
b) CuS0O4 « 5H20
c) Na2504 « 7H20
d) Al203 « 10H20



ANSWERS

Chemical reactions

D

2)

8)
9)
10)
1)
12)

13)

M(CaO) =56 g/mol
M(Na2S) =78 g/mol
M(SiO2) = 60 g/mol
M(KD =166 g/mol
M(OF2) = 54 g/mol
M(NaHCO3) = 84 g/mol
M(Li2S04) = 110 g/mol
M(H2CO3) = 62 g/mol
M(CH3COOH) = 60 g/mol

a. 15 atoms

b. 21 atoms

c. 5 atoms

d. 105 atoms 90 atoms

27.59%
55.81%
MnO2
D

B

B

Activity of Metals



5 IC

Il E
A
IV B
VD
VI F
8) A
9) C
10) B

Mole

4) a.40 g/mol
b. 117.5 g/mol
c. 44 g/mol
d. 194 g/mol
e. 100 g/mol
f. 96 g/mol
g. 98 g/mol

5 a.63g
b. 870 g
c. 88.2

6) a.215*1024
b. 3.31"1023
c. 3.13*1024

7) 5.02*1024
8) 14 g/mol

9) 56 g/mol



10) 52 g/mol
1) 12.04*1023

12) a.5 moles
b. 1.505*1024
c. 4.515*1024

Calculations in Chemical Reations

D MN2L
2) 71 mol
3 7799

4) 4.5*10-5 mol

5) 235

6) 22

7)  AX) =12 g/mol

8) n(CO2)=0.35mol
n(H20) = 0.35 mol

9) n(A2S53) = 0.06 mol
Nn(S) = 0.18 mol

10) 1792 L
1) 39849

12) 672L

Thermochemistry



3) a.endothermic
b. exothermic
c. exothermic
d. endothermic

Hydrogen and Oxygen

7) 653%

8 D

9) 0.0625 mol

12) D

13) E

15) D

16) E

Periodic table of the chemical elements

9) 14 electrons
1) 3rd period and group 3
13) 4th period and group 2

16) 3rd period and group 16
Chemical bonds

5 O>S>P>H>Mg>Na

9) C



10) D

m D

Solutions

10) 12959

12) itis not saturated 15 g
13) C

17) A

Inorganic compounds

4) 1B 2D 3H 4A 5C 6F 7E 8G

5) NaNO3(aq) + H20(l) CaS0O4(aq) + 2H20()
9) C

10) B

12) E

13) 2NaBr(aq) + CO2(g) + H20()
Al2(S04)3(aq) + Cu(s)

Carbon

1) a. graphite, diamond, fullerene, amorphous carbon
9 C

10) D

1M A



12) B
13) E

14) E
Water

8) 3.01"1022
9) 90g

10) 0.98 g/ml
1) 14.3%

12) 4.032 L
13) 0.2 9

15) a.62.9%
b. 36%
C.47%
d. 63.8%



GLOSSARY

A

acid - any of a class of chemical compounds whose aqueous
solutions turn blue litmus paper red, react with and dissolve
certain metals to form salts, and react with bases to form
salts. activity series - a series of elements that have similar
properties

affecting factors - a fact or situation that influences the result
of something alkali metal - any of the elements of group 1in
the periodic table alkaline earth metal - the heaviest
members of group 2 in the periodic table

amphoteric - having both acidic and basic characteristics.

anion - an ion that is negatively charged. atom - the
individual structure which constitutes the basic unit of any
chemical element.

atomic mass unit - a unit of mass used to express relative
atomic masses Avogadro’s number - the number of atoms or
molecules in one mole of a substance

B

base - a compound that reacts with a protonic acid to give
water (and a salt).

boiling - the transition of a substance from the liquid to the
gaseous phase

C



cation - a positively charged atom or group of atoms
chemical bond - the strong attractive force that holds
together atoms in molecules and crystalline salts.

chemical reaction - a change in which a substance (or
substances) is changed into one or more new substances
combination reaction - a chemical reaction in which two
reactions combine to form a single product.

combustion - the burning of gas, liquid, or solid, in which the
fuel is oxidized, evolving heat and often light.

compound - a substance whose molecules consist of unlike
atoms and whose constituents cannot be separated by
physical means.

corrosion - oxidation of a metal in the presence of air and
moisture.

covalent bond - a bond in which each atom of a bound pair
contributes one electron to form a pair of electrons crystal -
a three-dimensional solid formed by regular repetition of the
packing of atoms, ions, or molecules

D

decomposition - the breakdown of a complex compound into
two or more simple compounds. detergent - an organic
compound or compounds composed of molecules containing
both hydrophilic (polar) and hydrophobic (nonpolar)
portions.

dilution - the process of reducing the concentration of a
solute in solution

displacement - a chemical reaction in which an atom or
molecule displaces and sets free an element of a compound



dissolution - dissolving of a material

distilled water - water that has been freed of dissolved or
suspended solids and organisms by distillation.

double displacement reaction - a chemical reaction between
compounds in which the elements in the reactants
recombine to form two different compounds

dry ice - carbon dioxide in the solid form
E

electron - a negatively charged subatomic particle of an
atom or ion that is outside of the nucleus. electron
configuration - a distribution of the electrons of an atom over
orbitals.

electron dot representation - a structural formula in which
electrons are represented by dots; two dots between atoms
represent a covalent bond.

electronegativity - ability of an atom or group of atoms to
attract electrons to itself

endothermic reaction - to a chemical reaction which absorbs
heat

energy - the capacity for vigorous activity

energy level - definitely fixed energy that a molecule, atom,
electron, or nucleus can have exothermic reaction - a
reaction that produces heat and give it to the surroundings

F



fertilizer - a natural or chemical substance that is spread on
the land or given to plants

G

greenhouse effect - an increase in the amount of carbon
dioxide and other gases in the atmosphere

H

hard water - water that contains certain salts, such as those
of calcium or magnesium

heat - the degree of hotness; temperature
I

inorganic compound - a compound that does not contain
hydrocarbon groups

intermolecular - existing or occurring between molecules.
ion - an electrically charged atom or group of atoms

ionic bond - a type of chemical bonding in which one or
more electrons are transferred completely from one atom to
another

isotope - different forms of a single element that have the
same number of protons but have different numbers of
neutrons

K

"king's water” - a mixture of concentrated nitric acid and
concentrated hydrochloric acid in the ratio 1:3 respectively



M

mass - a measure of the amount of matter in an object,
usually measured in grams or kilograms metallic bond - the
bonding in metals

metalloid - an element that has both metallic and nonmetallic
properties, arsenic, silicon, or boron

molar concentration (molarity) - the number of moles of
solute dissolved in 1 litre of solution molar volume - the
volume occupied by one mole of a gas, liquid, or solid.

mole -an amount of substance that contains as many items
such as ions, molecules, etc., as the number of atoms in
exactly 12 grams of carbon.

N

Nanochemistry - the study of the synthesis and analysis of
materials in the nanoscale range

neutralisation - the process of making a solution neutral by
adding a base to an acid solution neutron - an atomic particle
found in the nuclei of atoms that is similar to a proton in
mass but has no electric charge.

noble gas - all the elements of the periodic group 18
@)

observation - the act of observing something or someone
ore - rock or soil from which metal can be obtained

oxidation - a chemical reaction in which a compound loses
electrons, that is in which the positive valence is increased



oxide - binary chemical compound in which oxygen is
combined with a metal or nonmetal.

»)

petroleum - an oily, thick, flammable, usually dark-coloured
liquid;

poisonous - harmful; destructive;

product - a substance obtained from another substance
through a chemical change;

proton - a positively charged elementary particle of an atom.
R

reagent - a substance that, because of the reactions it
causes, is used in analysis and synthesis;

recrystallization - to crystallize again;

relative atomic mass - the average weight of an atom of an
element;

rust - a reddish-brown substance that forms on the surface of
iron.

S

salt - an ionic compound made up of a cation and an anion

saturated solution - a solution in which no more solute will
dissolve

solubility - a quality a substance has of being able to dissolve
in another substance



solute - any dissolved substance in a solution

solution - any liquid mixture of two or more substances that
is homogeneous

solvent - any liquid that dissolves another solute and forms a
homogeneous solution

standard temperature and pressure (STP) - the temperature
of Ooc and pressure of 1 atmosphere

stoichiometry - the calculation of the quantities of reactants
and products involved in a chemical reaction

substance - all forms of matter that have the same chemical
and physical properties supersaturated solution - one that
contains a higher than-saturation concentration of solute

T

tarnish - to dull the luster of (a metallic surface), especially
by oxidation

temporary hardness - hardness of water due to the presence
of magnesium and calcium hydrocarbonates

thermochemistry - the branch of chemistry dealing with the
relationship between chemical action and heat.

\'

valence electrons - an electron of an atom, located in the
outermost shell of the atom.

W



water cycle - the process by which water is transpired and
evapourated from the land and water water pollution - the
addition of harmful chemicals to natural water.
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