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PREFACE

EcTecTBeHHble HayKM 3aHUMATEAbHbl, YBAEKATEAbHbl MU
MOAE3Hbl. AdHHbIA YYebHMK MOMOXXEeT BaM OCO3HaTb BCHO
KpacoTy nMNpeAMeTa WU packpoeT B BaC HAaCToALMX
nccaepoBaTenen. TAaBHOM LIEABKO 3TOro y4yebHMKa ABASETCA
OTBETUTb Ha CaMbIX BaXXHbl Bonpoc: “YTo Takoe Hayka M
KaKOBO ee NMpUuMeHeHmne B XXN3HN?”

Y>Ke C nepBbiX CTPaHUL, Bbl ybeAUTECb B TOM, YTO AAHHbIV
YyYeBbHUK CUABHO OTAMYAETCH OT OBbIYHbIX TEKCTOB C TeopUuen
n dopMynamMn. Kadxkpaa TAaBa  COAePXXUT B cebe
3aHUMATEAbHYIO UHPOPMALMIO MO TOM WAU UHOM TeMme,
MHTepecHble &aKTbl, 3aAaHUA KaK AAS WHAMBUAYAAbHOMN
PaboTbl, TaK U AAS PaboTbl B KOMaHAe. Bbl Takyke HayuuTech
CaMOCTOATEAbHO MPOBOAUTDL 3KCNEPUMEHTHI n
MCCAEAOBAHUA, UCKaTb U HaxXxoAUTb MHDOPMALMIO, AEAATb
COBCTBEHHbIE OTKPbITUA.

Ewle oAHO OTAMYUYME AQHHOMo y4dyebHuKa OT APYIrUx - ero
MOAUNA3bIYHOCTb. Bbl 3aMeTUTe, UTO y>XXe C MepBbiX CTPaHWL,
MOMUMO MPWBbLIYHOIO BaM £A3blka 4YaCTb MaTepuana byaeT
npenoaAHecCeHa Ha  MEeXAYHAapOAHOM  A3blKe  Hayku -
AHMAMNCKOM 4a3blKe. Ha Ka>kAOM pa3BopoTe y4debHuKa Bbl
HaMAETEe MepeBOAbl KAKOUEBbBIX TEPMUHOB HAa Tpex A3blKax:
Ka3aXCKOM, PYCCKOM n AHMANNCKOM. [NocTeneHHo,
KOAMYECTBO CAOB U MPEAAOXKEHUWM Ha aHIAMMCKOM $A3blKe
YBEAUUMBAETCHA, WU K KOHLY Yy4debHuka OOAbLUMHCTBO
MaTepunana byaeT y>Ke Ha aHIAMMNCKOM $A3blke. Tak, BMecTe C
YYEOHMKOM Bbl HE MPOCTO YAYYLLUUTE CBOWM AHIAMMUCKUMN, HO
TaKXXe OTKpoeTe AAA ceba Ob6eckparmHuM MUP  HAYKW,
OTKPbITUN N AOCTUXKEHUN.



TWaTeAbHO O3HAKOMbTECb CO CTPYKTYpPOM  y4YebHUKa.
[TOMHUTE: Yy4YebHMK B COBPEMEHHOM Mupe OOoAblLue He
ABAAETCA E€AMHCTBEHHbIM WCTOYHUKOM UHDOoOpPpMauun. Bam
MNPEeACTOUT MPUBbBIKHYTb K LUMPOKOMY CMEeKTPpY 3aAaHUN,
HaLeAeHHbIX Ha pasBuUTMe HaBbIKOB 21-ro Beka: KpuTnyeckoe
MbILUAEHWE, MOUCK pPeLUeHNN, aHAaAU3 U CUHTE3 MHpopPMaLUK,
TBOPYECKOE MbILUAEHME, BOOOpaXkeHme, paboTa B KOMaHAE,
LMdpoBas IPAMOTHOCTb U AP.

EcAan y Bac BO3HUKHYT BOMPOCHI, MPEAAOXKEHNA U NAEN MO
COAEPXKAHUIO U CTPYKTYpPE YyY4ebHMKA, MPOCUM MPUCBIAATb UX
AOOBIM YAOOHBIM BaM cnocobom:

via email: admin@astanakitap.kz

via telegram app: @astanakitap

C yBaXXeHUuem,

ABTOPCKUNN KOAAEKTMB “AcTaHa-KiTan”
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CHAPTER 1: ELECTROLYTIC
DISSOCIATION

1.1 ELECTROLYTES AND
NONELECTROLYTES

How does a human body conduct an electric current?

You will:

e 06 IAEKTPOAUTAX U HESAEKTPOAUTAX;

® O 3aBUCUMOCTW IAEKTPOMPOBOAMMOCTU OT TUMa XUMUYECKOW CBA3WU;
e TEOPUIO SIAEKTPOAUTUYECKOW AMCCOLMAaLNM;

e MEexXaHM3M 3AEKTPOAUTUYECKON AMCcoLMaL N,

SAEKTPOMPOBOAHOCTb PAaCTBOPAa 3aBUCUT OT KOAMYECTBA
MOHOB B PAacTBOPEHHOM BellecTBe. YeM BOAbLLIE MOHOB
COAEP>KUT PaCTBOP, TEM BblLLIE €ro 3AEKTPOMNPOBOAHOCTb.
BellecTBa, KOTOpPble 06pa3yoT MOHbI MPU PacTBOPEeHUU B
BOAE, Ha3bIBAOTCHA IAEKTPOAUTAMU. PacTBOPbI 3IAEKTPOAUTOB
MPOBOASAT SAEKTPUUYECKUIN TOK 38 CYET MOHOB.
HesAeKTPOAUTbI He 06pPa3yoT MOHOB B PacTBOPE, MO3TOMY
OHU He NPOBOAAT IAEKTPUYECKUNIN TOK.



Sucrose solution

g

Hydrochloric acid solution

Kak paboTtaeT aBTOMO6UAbHasA 6aTapesa?

ABTOMOBOUAbHAA BaTapes - 3TO YCTPOMNCTBO, MCMOAb3yEMOE
AAS OCBELLIEHUNSA, aKCECCYapoOB N APYTUX SAEKTPUNYECKNX
cncteM. OCHOBHbIMU KOMMOHEHTAMM aBTOMOOUABHOM
BaTapeun aBAdaTCA cepHaa Kncaota (H2504) n cBmHUOBadA
(Pb) nanacTmHka. CepHasa KUCAOTaA ABAAETCA CUAbHOM
KUCAOTOM N XOPOLLNM MPOBOAHNKOM 3AEKTPUYECTBA.



Car battery

B 1897 roay CBaHTe AppeHnyc npeACTaBUA CBOKO TEOPUIO
IAEKTPOAUTUYECKON AMCCOoUMALNUN, KOTOpAA OOBACHMAA
CBOMCTBA SAEKTPOAUTOB.

[MocTyAaTbl Teopumn AppeHunyca:

1. MOAEKYABbI SAEKTPOAUTOB (KUCAOT, OCHOBAHMN N COAEN)
AVNCCOLIMNPYIOT B MPOTUBOMOAOXHO 3apsAXXEHHbIE NMOHDbI:



= + -
NaCI(S) 2 N3 - Cl o)

ANO, ) @ R + NOS,
KOH ) & K ¥ OH

2. DANEKTPOAUTHI (PAaCTBOPLI M PACNAaBbl COAEN) MPOBOAAT
IANEKTPUNYECKUNM TOK N3-3a 0OPa30BaAHHbIX MOHOB. DTO
MEXaHN3M IAEKTPOAUTUYECKON AUCCOLIMALIMN.



Cr

HCO,

Proteins
HPO >
Organic acids
SO

Human blood plasma ion
composition

Keep in mind:

IAEKTPOAUTMYECKAS AMCCOoLUMaLMS - pacnap CoepAMHEHNS Ha
MOHbI B BOAE.

IAEKTPOAUTDI MPOBOAAT SAEKTPUYECKMM TOK B BOAHDIX
PAcTBOpPax n3-3a 06pa3oBaHHbIX MOHOB.

HesAeKTPOAUTbI HE MPOBOAAT SAEKTPUYECKNM TOK M3-33
OTCYTCTBUSA MOHOB.



Literacy

1. Why do table salt solutions conduct electricity well, while
sugar solutions do not?

2. What is the difference between tap water and distilled
water? Which of these two solutions conducts electricity?
Why?

3. Which of the followings are electrolytes?

Solutions Electrolyte /
Nonelectrolyte

Vinegar

Hydrogen

Tap water

Sodium
chloride

Alcohol

Sulfuric
acid




Demonstration

N2 1. DAeKTPOAUTUYECKAA ANCCOLIMALUA UOHHDbIX U
KOBAA@HTHbIX COeAMHEeHUM

O6opyaoOBaHMe U peaKTUBDI:

AQBOopaTOPHbIN cTakaH 250 MA (4 wT), AaMMnodKka 6B,
CTAaAbHOWM IAEKTPOA (2), KOOKOANABUYMNKN (2), NCTOUYHUK
nnTaHna (12 B), pacTBOP YKCYCHOM KUCAOTbI (YKCyCa),
PAcCTBOP CyAbdaTa MeAUn, PAaCTBOP caxapa,
AVNCTUAANPOBAHHAA BOAA.

BbinoAHeHUe onbiTa:

1. HanenTte AMCTUAANPOBAHHYIO BOAY, PACTBOPbI CyAbdaTa
MeAM, YKCYCa M caxapa B YeTbIpe Pa3HbiXx AabOpPaTOPHbIX
CTakKaHa o6beMamm 250 MA.

2. CobepuTe Uenb, KaK MoKa3aHO Ha PUCYHKe.
3. [loMecTuTe SIAEKTPOAbI B AUCTUAAUNPOBAHHYIO BOAY.

4. MNepeKkAtounTe BAOK NMTaHMA Ha 6 B. ObpaTute BHMMaHMe,
FOPUT AU AAMIMOYKA UAM HET. 3anmumTe cBoe HabAtoaeHMe.

5. MNoBTopwUTE OMbIT C PacTBOPaMn CyAbdaTa MeAU, YKCYCHOWM
KWUCAOTbI, caxapa.

Hanunwnte cBoOn HabAOAEHUA HUMXKE B TabAMLe
nPoBOANMOCTW.



Distilled Cuso, Acetic acid Sugar
water solution solution solution

BULB (on/
off)

Wear disposable

gloves. Avoid skin -
contact. Wash hands |
after use.

Terminology

e solute - epireH 3at / pacTBOpeHHOEe BeLLeCTBO;

e solution - epiTiHAI / pacTBOP;

e solvent - epiTKil / pacTBOPUTEAD;

e conductivity - eTKi3riLTIK / NPOBOAUMOCTb;

e electric current - TOK KyLWi / 3AEKTPUYECKUIN TOK;
e Vinegar - cipke cybl / YKCYC;

e Observation - 6akbiAay / HabAOAEHME;

¢ electrolyte - anekTpOAUT;

e dissociation - aAnccoumauma.

Facts

Arrhenius is a Swedish chemist. In 1903 he won the Nobel
Prize for his work with solutions. He explained why some



solutions conduct electricity. In this theory,
Arrhenius concluded the ‘molecule’ breaks apart into a
positive fragment and a negative fragment, called ions. He

also explained weak and strong electrolytes according to the
ratio of the ions in solutions.



1.2 DISSOCIATION OF ACIDS,
BASES, AND SALTS.

What would happen if we replace citric acid in a
lemon with a base or salt?

You will:

e peaKUunM SIAEKTPOAUTUYECKON ANCCOLIMALMN KUCAOT,
OCHOBAHUMM N COAEW;
e KUCAOTHOCTb M OCHOBHOCTb PacTBOPOB.

Kuncaotbli

KncaoTbl 06pa3ytoT moHbl H30+ (ynpolleHHo H+) B BoAe.
Avccoumaumnsa asoTHOM KUCAOTbI MOKa3aHa HUXKe:

HNO, + H.0 2 H,0"+ NO,
YNpoLweHHOe ypaBHEHME:

HNO, 2 H* + NO



Avccoumaums MHOMOOCHOBHbBLIX KUCAOT (KUCAOT, COAEPXKALLMX
H6oAee OAHOIO aTOMa BOAOPOAA) MPOUCXOAUT CTYMEHYaTO.
Hanpumep, aAnccoumnaumsa CEPHOM KMCAOTbI MPOUCXOAUT B 2

H,50, @ H" + H50,

2
HSO, 2 H* + S0,
H S0, 2 2H" + 50,2

OBLLUMM AAA BCEX KUCAOT ABAAETCH HaAMUMe B MX pacTBoOpax
KaTWMOHa BOAOPOAA, UTO U 0ByCAaBAMBaET obLLMe CBOMCTBA
KUCAOT. COrAACHO 3AEKTPOAUTUYECKON AMCCoLMaLmK,
KUCAOTbI 3TO BeLLUeCcTBa, KOTopble ob6pa3ytoT H+ B BOAHOM
pacTBope.



H,0" - Hydronium ion

Sodium chloride Acetic acid
solution solution
OcHoBaHuA

PacTBopeHune (amccouymaymsa) OCHOBAHMN NMPUBOAUT K
06pPa30BaAHUNIO TMAPOKCUA-MOHOB. YpaBHEHNA AMCcoLMaLmni
NaOH n Ca(OH)2 noka3aHbl HMXKE:

NaOH 2 Na* + OH";
Ca(OH), @2 CaOH* + OH;  CaOH* &2 Ca** + OH
(a(OH), 2 Ca?* + 20H

AMMMak NH3 He nmMmeet rmpapokcma - noHa (OH-) B cBoen
cTpykType. OAHAKO, OH MPUHMMAET MOH H+ (MPOTOH) U3 BOADI



n obpasyeT MoH OH-, Kak MOKa3aHO HWXKeE:

NH, + HO 2 NH' + OH

Ammonia Ammonium ion  Hydroxide ion

Kak Mbl BUAUM, MOAeKYAa H20 MoXKeT MpUHUMaTb U OTAABaTb
MOH BOAOPOAA. B cOOTBETCTBUM C 3TUM CBOMCTBOM, MOXHO
CKasaTb, YTO Boaa H20O MoOyKeT paccMaTpMBaTbCA U KaK
KUCAOTA, N KaK OCHOBaHMe:

HO+HO @ H,0"+ OH
YNpoLleHHOoe ypaBHEHME:
HO & H' +O0H

Mpwn Anccoumaumm BoAbl 06pa3yeTcs OAMHAKOBOE
KOAMYECTBO MOHOB H+ 1 OH-, MoaTOMY BOAQ HE MPOABASAET
HW KNCAbIX, HWN OCHOBHbIX CBOMNCTB. OHa NokKa3bIlBaeT
HENTPAABHYIO CPeAY.

Coamn
CoAum ANCCOUNMNPYIKOT Ha MOHbI, KaK NMOKa3aHO HUMXKe:
Ca(NO,) @ Ca> + 2NO,  NaHSO,@ Na* + H" + SO 2
MgOHCl @ Mg + OH + I



CpeaHSaa COAb MpeACTaBASET COBOM TUM COAU, KOTOPbIN
ANCCOLMMPYET Ha KaTMOHbI U aHUOHbI B BOAHOM pacTBOpE.

Laboratory work

N21. OnpeaeAneHne pH KUCAOTHO-LLIEAOYHDbIX
pacTBOpPOB

PH KNCAOT M OCHOBaAHWUIN OMPEAEASAIOT, PAaCTBOPSAS HeEOOAbLLOE
KOAMYECTBO BeLleCTBa B AMCTUAANPOBAHHOM BOAE U
AODABAAA HECKOABKO KamneAb PacTBOPa YHMBEPCAABHOIO
MHAMKaTOPa (MAU MCMOAb3YSA MHAUKATOPHYO ByMmary).
[TOAYYEHHbIN UBET CPpaBHMBAKOT CO LLUKaAOM pH.

O60pyAOBaHME N peaKTUBDI:

YHUBEPCaAbHbI MHAMKATOP (ByMara MAM pacTBoOp),
KUCAOTHbIe pacTBopbl (Ykcyc CH3COOH, condHaa KMCAOTa
HCI), ocHoBHble pacTBoOpbl (rnapoKema HaTpua NaOH,
aMMmak NH3), AMCTUAAMPOBAHHAA BOAQ, MPOBUPKMN.

BbinoAHeHUe onbiTa:

1. AobaBbTe HECKOABKO KaMneAb PAacTBOPOB KUCAOTbI U
ocHoBaHUA (OTAEAbHO) B MPOOUPKMN.

2. AobaBbTe B NPOOUPKM Mo 2-3 KanAm YHUBEPCAAbHOIO
MHAMKaATOPA.

3. 3anoAHunTe Tabaunuy. CpaBHUTE LBETa CO LLUKAAOW pH Ha
cTp.19.



be3ornacHocTb: AMMUAYHbIV Fra3 MMEET PE3KMU 3arax.
HaseHbTe OYKU AN 3aLLUNTBI TAG3. [10ArOTOBBTE TAOAULLY ANS
BaLLINX PE3YABTATOB.

PacTeopbl LIBeTa ¢ YH1BEPCaNbHBIM MHAMKATOPOM pH

Pacteop NaOH

PBCTBDD dMMWaKda

Pacteop HCl

YKCyC

Keep in mind

IAEKTPOAUTUMYECKAA ANCCOLMALINA ABAFETCA 0bpaTUMbIM
MNPOLECCOM AAA CAADbIX SAEKTPOAUTOB. [1O3TOMY, MOXKHO
3anncaTb 3HaK “©” BMeCcToO 3Haka “—”.

Facts

Citrus fruits have a sour taste because they contain acids

Keep in mind

CaMble BaXKHble KUCAOTDI



Dopmyna | Ha3skbigaHwe

HCl ConAaHasa KMCnoTa

HNO, A30THas KICNOTa

H,S CepoBopopoaHas
KWCNOTa

H,S0, CepHas Kucnota

H,PO, DocopHas KNCNoTa

CH,COOH | YkCycHas KMCnoTa

Keep in mind

OcHoOBaHMA - BeLecTBa, KOTopble o6pa3yoT OH-
(r’MAPOKCUMA) MOHbI B BOAHOM pacTBoOpe.

Ha3BaHMe «aMMOHMMN» COCTAaBAEHO aHAAOTMYHbIM 06PA30M B
COOTBETCTBUM C «KTUAPOKCOHUNY.

Literacy

1. Why do some substances dissociate into ions in water?

2. Which of the following compounds produce a metal cation
and hydroxide anion?

a) calcium hydroxide (Ca(OH)2)
b) hydrochloric acid (HCI)

c) magnesium bromide (MgBr2)



3. Write the dissociation processes of the following
compounds:

a) sodium chloride (NaCl)
b) sulfuric acid (H2504)
c) potassium hydroxide (KOH)

d) acetic acid (CH3COOH)

Terminology

e to donate - 6epy / oTAaBaTb;

e to accept - Kabbinpay / NPUHUMATD;

e dissolution - epy / pacTBopeHue;

e universal indicator - amMb6eban nHAMKaTopbl /
YHUBEPCAAbHbIN MHAUNKATOP;

e pH scale - pH kepceTkill / WwkKaAa pH;

e agueous - CYAbl / BOAHbBIW;

e polyprotic - ken Herisai / MHOrOOCHOBHOW;

e hydronium ion - OKCOHUN MOHbI / MOH OKCOHUS;

e neutral medium - 6enTapan opTa / HENTPAAbHAA CpPeAa;

e reversible - KanTbiMAbI / 06paTUMBIN.



1.3 THE DEGREE OF
DISSOCIATION. STRONG AND
WEAK ELECTROLYTES

Why some acids are more corrosive than others?

You will:

e O CTEeMeHun Anccoumaumnm;
¢ O CUABbHbIX AU CAABbIX SAEKTPOAUTAX;
e PACCYeT CTerneHn AnccoLmaLmm CoepAmHEeHUN.

CTeneHb AMccoumaumm ABAAETCA MEPOM CUAbI SIAEKTPOAUTA,
0bo3HavaeTca rpedeckom bykBom aanbda a. OHa
onpeAeAsaeTcs Kak OTHOLLIEeHNEe KOAMYeCcTBa MOHU3UPOBAHHbIX
MOAEKYA K UNCAY MOAEKYA, PACTBOPEHHbIX B BOAE,
Bblpa)kaeTcs B NPOLeHTax:

N
o = —— - 100 %
Ntot

N| - UHACAO MOAEKYA, ANCCOLMNMNPOBAHHDbLIX Ha NOHDbI;

Ntot - 0bLLee YMCAO MOAEKYA.

B 3aBMCMMOCTU OT CTEMEeHUN AUCCOLMALMUN, SAEKTPOAUTDI
ObIBaOT CUAbHbIE, CpeAHEN CUABI U CAabble.



CrnbHbIE 3NeKTponuTbI Cnabbie
3NEeKTpPONMUTbI cpepHen cunbl 3NEKTPONuThbI
o> 30 % 3% <o <30 % o<3%
HNO, - 91 % H,PO, - 26 % CH,COOH (ykcycHaa

HCl - 92 % HNO, - 6.5 % kucnota) - 1.3 %
NaCl - 84 % NH, H,0 (NH,) - 1.3
KOH - 84 % "

NaOH - 84 % H,C0, - 0.17 %

H,5 - 0.07 %

Lemon conducts electricity because it

contains some ions




PacTBOpPbI C XOpPOLUEN SIAEKTPOMPOBOAHOCTbI M3BECTHbI KaK
CUABbHbIE SAEKTPOAUTbI. PACTBOPbI XAOPUAA HATPUA, COAAHOM
KNCAOTbI U TUAPOKCUAAS KAAUSA ABAAIOTCA NMPMMepamm
CUABHbIX SAEKTPOAUTOB. PacTBOpPbI C HU3KOM MPOBOAMMOCTbIO
Ha3bIBAtOTCA CAADObIMUN IAEKTPOAUTAMU. YKCYC,
BOAOMPOBOAHASA BOAA U AUMOHHbBIN COK SIBASIKOTCA MpUMepamm
CAQDObIX IAEKTPOAUTOB.

Tap water is a poor conduc-
tor of electricity
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Solid Liquid Solution

Complete dissociation of solid electrolyte in a liquid.

Literacy

1. Lemon contains citric acid. Is it a strong or weak
electrolyte?

2. Dissociation degree of a compound A is 70 %. Is it a strong
or weak electrolyte?

3. 200 molecules were placed in the solution. Determine the
degree of dissociation if dissociated 40 molecules.

4. Determine strong electrolytes from the followings, and
write their dissociation reactions: H2S, H2S04, HNO2, NH3 x

H20.

Activity




YHuBepcaAbHbit pH MHAUKATOP CBOUMU PYKaMU

COK KPacHOM KanyCTbl COAEPXUT HAaTYpPaAbHbIN pH
MHAMKATOP, KOTOPbIN MeHAEeT LBEeT B 3aBUCUMOCTU OT
KMUCAOTHOCTU pPacTBOpaA.

O6opyaoOBaHMe U peaKTUBDI:

e KPACHOKOYaHHAasa KanycTa
e KMNALLAA BOAA

e OUABTPOBaAbHaA byMara

* CTEKASHHbIE KOHTEeMHepbI

e PACTBOP aMMMaKa

e pacTBop nuweson coabl (NaHCO3)

e AMMOHHDbIN COK

e pPacTBOpP YKCycHOon KNCAOTbl (CH3COOH)

BbinoOAHeHUe onbiTa:

1. Pa3pe)kbTe KanycTy Ha MeAKMNEe KYCOUKMU.

2. [MToMecTnTe KanycTy B OOAbLLON CTEKAAHHbIN KOHTENHEP U
AODOABbTE KUMALLYIO BOAY.

3. MopokaAMTE OKOAO 10 MUHYVYT.

4. OTOUABTPYNTE PACTBOP U MOAYYUTE TOAYOOBATO-3EAEHYIO
KUAKOCTDb.

5. B Ka>XAbI CTEKAAHHbBINM KOHTEMHEP HaAenTe okoAo 50-100
MA MHAMKATOPA KPaCcHOM KanycThbil.

6. AobBaBAAMTE roTOBble PACTBOPbI K BalleMy MHAUKATOPY AO
Tex nop, NokKa LBeT He ByAeT U3MEHEeH.

*NIcrioAb3yUTE OTACABHbBIE KOHTEUHEPbI ANS KaXKAOMO
pPacTBOPA.



Red cabbage

Facts

Acids which are used in daily life are mainly weak.



Daily

O\

Cuisine Medicine
Cuisine Medicine
Acetic acid | Acetylsalicylic acid
(vinegar) (aspirin)
Citric acid Boric acid
Malic acid Ascorbic acid
(vitamin C)

Keep in mind

CUAbHbIE 3AEKTPOAUTbI - XOPOoLUME MPOBOAHUKU
3AEKTpUYecTBa.



CAabble 3AeKTPOAUTbI = MAOXME MPOBOAHUKN SIAEKTPUYECTBA.

Solving problems

1. What mass of iron (llI) oxide is produced when 8 g of iron
metal reacts completely with oxygen gas?

2. What volume of hydrogen gas is produced when 14 g of
zinc metal reacts with sulfuric acid solution?

3. If 62 g of phosphorus are burnt, what mass of P205 is
produced?

4. If 24 g of carbon are burnt, what mass of CO2 is produced?

5. Calculate the mole number of zinc sulfate formed when 250
ml of 0.2 M sulfuric acid is added to zinc carbonate.

6. Calculate the volume of CO2 gas which is produced by
burning 5 L of methane CH4 in excess oxygen.

CH4 + 202 —- CO2 + 2H20

Terminology

e degree - papedke / cTeneHsb;

e citric acid - AUMOH KbILLUKbIAbI / AMMOHHAas KUCAOTA;

e malic acid - aAMa KbILLKbIAbI / S6A0UYHAA KUCAOTA;

o tap water - Kyb6bIp cybl / BOAOMPOBOAHAA BOAS;

e determine - aHbIKTay / ONpPeAeAaTb;

e red cabbage - KbI3bIA opaMdkanblpak / KpaCHOKOYaHHas
KanycTa.



1.4 IONIC DOUBLE
DISPLACEMENT REACTIONS

Why do gas bubbles form when you mix baking soda
with vinegar?

You will:

e KAK 3aMnumcCbIiBaTb pPeakLUM B MOAEKYASAPHbIX M MOHHbIX
dopmax;
e MOYEMY MPOUCXOAAT PeaKUMMN MOHHOIO CMeLLeHUs.

1. NMogaBAeHUe ocapaKa

Koraa B3aMMOAEWCTBYIOT BOAHbIE PACTBOPbI ABYX
BOAOPACTBOPUMbIX COEAUHEHUIN, TO MPOUCXOAUT peaKLma
Me>XXAY MOHAaMU 3TUX PACTBOPOB. ECAM OAMH 13 MPOAYKTOB
HepaCTBOPUM, TO TBEPAOE BELLECTBO OCaXKAaeTca U3
PaCTBOPA. DTOT TBEPAbIN MPOAYKT Ha3blBalOT OCAAKOM.

Bo3bMeM peakuunto Mexxay HuTpaTtoM ceuHua (1) Pb(NO3)2 n
noAmMAoM Kanmsa Kl. NpoaAyKTaMm 3aTOU peakumnm 9BAAOTCA
KNO3 n Pbl2. CornacHO TabAnue pacTBOPUMOCTU, HUTPAT
KaAnA pacTBOPUM B BOAE, HO noana ceuHua () - HeT. BoT
MmoyeMy, Ha AHEe pacTBOpa 06pa3yeTCcs XXeATbIM OCaAOK
noanpa cemHua ().



Pb(NO,), ., + 2Kl ., = 2KNO,_ + Pbl

2aq) T AN 2(s)

Tenepb PacCMOTPUM, KaKMe MOHbI YYacTBYIOT B 06pasoBaHUM
ocapKa. YTobbl HAMTU 3TO, CHaYaAa Pa3AEAUM BCe
PACTBOPUMbIE COAU Ha NOHDI:

2+ - + - + -
Pb? ) + ZNO 7 + 2K ) +2F ) = 2K + 2NO 7 + PbI,



3aTeM, Mbl COKpaLLlaeM OAMHAKOBbIE MOHbI, MPUCYTCTBYOLLME
Mo 06e CTOPOHbI YPaBHEHUS:

PbZ + 2NB,” + 2K™ +2I" = 2K + 2NO, + Pblz(s)

CokpalleHHoe MOHHOe YpaBHEeHME:

Pb2* + 21" = Pbl,,,

Takoe coKpaleHHOEe MOHHOE YpaBHEHME TOBOPUT HAaM, YTO
MoHbl Pb2+ 1 |- He MOryT opAHOBPEMEHHO HAaXOAUTbLCA B
pacTBope.



Formation of Cu(OH), precipitate

2. BbipoeAeHMe rasa

K pacTBopy KapboHaTa HaTpua A0OBABAAIOT PAaCcTBOP CEPHOMN
KUCAOTbI:



Na CO, . +H.50

3(aq) 27 7 4(aq)

- Na,S0,,, + H,C0,

H2CO3 aBAseTCca HeyCTOMUYMBOM KUCAOTOM, OHA ObICTPO
pa3AaraeTca Ha CO2 n H20:

Na,C0, ., + H,50,,,— Na,s0, .+ CO, +HO,

[MTOAHOE MOHHOE YpaBHEeHMNEe peakLun:

2 2- + 2 2-
2Na*_ , + €0~ +2H"  +SO> = 2Na  +50.% ,+CO, +HO,

CokpaTnM OAMHAKOBbIE NOHDbI:

+ 2- + 2- + 2-
2N, + (07 *+ 2R + 58,7 = 2NE, + 58,5 + (0, + H O,

CokpalleHHoe MOHHOe YpaBHEeHMe:

2- -
(O3 g * 2 e ™ 0y * H,0



Gas evolution
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Baking soda and vinegar

3. O6pasoBaHUue BOAbI AU CAABOIro sAEKTPOAUTA

CMeLllaeM MApPOKCUA HAaTPUSA C COAAHOUM KMCAOTOM:



NaOH(aq) + HCI(aq) — NaCI(aq) + H.0

[MOAHOE MOHHOE YPpaBHeHMe peaKLuu:

Na*,_ +OH . +H"

(aq) (aq) (aq)

CokpaTnM OAMHAKOBbIE NOHDbI:

Na" + OH  + H o + € > N + &) + H,0

CokpalleHHOe MOHHOe YpaBHEHME:

OH g * H'g ™ H,0,

Practice work

N21. Peakuum MOHHOIro obMeHa

O60pyAOBaHUE N peaKTUBDI:

™M pacTBOpbl XAopuaa »enesza (1) FeCl3, rmapokcmnaa
HaTpua NaOH, conaHom kncaoTbl HCI, kapboHaTa HaTpusa
Na2CO3, npobupku.

BbinoAHeHUe onbiTa:



1. CMewaTb pacTBOpbl XAopuMAa >keAesa (1) n rmapokcnaa
HaTpPUS.

2. CMeLllaTb pacTBoOpbl KapboHaTa HaTpusa Na2CO3 n congHomn
KncAaoTbl HCI.

3. CMeLwaTb pacTBOpbl rmapokecmaa HaTtpmnsa NaOH mn conaHom
KncAaoTbl HCI.

4. 3anuwnTe cBOU HabAtoaAeHUA. HanmnwmTe coKpalleHHoe
MOHHOE YpPaBHEHUNE AAA KAa>KAOW peaKLunm, onmcaHHOM BblLLe.

Keep in mind

CokpalleHHoe MOHHOe YypaBHEHME - 3TO YPaBHEHMe, KoTopoe
Bblpa>kaeT CYLLUHOCTb MPOTeKaoLWMX peakLum.

Keep in mind

Ocap0K NMOKasaH MHAEKCOM «(S)» B peakKUuMsax, YTo o3HadaeT
«TBEPAbIV», 3 BblIAEAEHME ra3a NoKas3aHo KaK «(g)», uTo
O3HAYaeT «rasoobpa3HbIN®.

Terminology

e double displacement - aanMacy peakuuachbl / peakuus
obMeHa;

e neutralization - 6enTapanTaHy / HeMTpPaAM3aLUS;

e precipitate - TyH6a / 0CaAOK;

e soluble - epuTiH / pacTBOPUMDBIN;



insoluble - epiMenTiH / HEPACTBOPUMBDIN;

net ionic equation - KbICKapPTbIAFaH MOHABIK TeHALY /
COKpaLleHHOe MOHHOEe YPpaBHEHME,

reactant - peareHT / peareHT;

solubility table - epiriwTik kKecTeci / TabAanLa
PACTBOPUMOCTMW.



1.5 CHEMICAL PROPERTIES
OF ACIDS, BASES, SALTS IN
TERMS OF THE
ELECTROLYTIC
DISSOCIATION THEORY

Why sodium hydroxide NaOH is so effective as a
drain cleaner?

You will:

e XMMUNYECKMEe CBONCTBA KUCAOT, OCHOBAHMN 1 COAEN B
COOTBETCTBUU C IAEKTPOAUTUYECKON AUMccoumaumnem
Yyepe3aKCNepuMeHT,;

e KaK 3aMnmcbiBaTb XMMUYECKME YPaBHEHUA, KOTOPbIE
MOKAa3bIBAOT XMMMYECKMNE CBOMNCTBA KMCAOT, OCHOBAaHUMN,
COAEN B MOAEKYASAPHbIX M MOHHbIX POpMax.

XnMuUyeckKkme CBONCTBa KUCAOT

a. KNCAOTbI pearmpytoT ¢ aKTUBHbIMU METAaAAAMU C
0b6pa30BaHNEM COAU M TA3000pPaA3HOIro BOAOPOAA:

Acid + Active Metal — Salt + Hydrogen



Hanpumep:
2HCIl(aq) + Zn(s) — ZnCl2(aq) + H2(g)

2H+(aq) + 2CIl- (aq) + Zn(s) — Zn2+ (aq) + 2Cl- (aq) + H2(9)
2H+ (aq) + Zn(s) — Zn2+ (aq) + H2(9)

b. KNCAOTbI pearmpytoT ¢ OCHOBHbIMU OKCUAAMU C
06pa3oBaHNEM COAU U BOADI:

Acid + Basic Oxide — Salt + Water

K npumepy:
H2S504(aq) + MgO(s) — MgS0O4(aq) + H20()

2H+(ag)+ SO2-4(aq) + MgO(s) —» Mg2+(aq) + SO2-4(aq) +
H20(()

2H+(aq) + MgO(s) — Mg2+(aq) + H20()

c. KncAoTbl pearmpyroT ¢ OCHOBaHUAMU, 06pa3ya COAU U
BOAY. DTa peaKkumna HasblBaeTCca peakumenm HemTpaAm3saumnm:

Acid + Base — Salt + Water
Hanpumep:
NaOH(aq) + HCl(ag) — NaCl(aqg) + H20()

Na+(aq) + OH-(aqg) + H+(aq) + Cl- (ag) — Na+(aq) + Cl-
(ag)+ H20()

H+(aqg) + OH-(aqg) — H20()



d. KUCAOTbI pearmpyroT ¢ kKapboHaTaMn MEeTAaAAOB C
0b6pa3oBaHNEM COAU, YTAEKUNCAOIO rasa 1 BOADI:

Acid + Carbonate — Salt + Carbon dioxide + Water
Hanpumep:
2HCIl(aqg) + Na2CO3(aq) — 2NacCl(aqg) + CO2(g) + H20()

2H+(aq) + 2Cl-(aqg) + 2Na+(aq) + CO2-3(aqg) — 2Na+(aq) +
2Cl-(aq) + CO2(g) + H20()

2H+(aq) + CO2-3(aq) — CO2(g) + H20()
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Formation of CO, gas in soda
drinks

XnUMmnyeckKkme CBOMCTBa OCHOBaHUHU

OCHOBaHUA pearnpyroT ¢ KUCAOTHbIMU OKCUAAMU 0Bpasys
COAU U BOAY:

Base + Acidic Oxide — Salt + Water
Ca(OH)2(aqg) + CO2(g) — CaC0O3(s) + H20WD

Ca2+ (aq) + 20H- (aqg) + CO2(g) — CaCO3(s) + H20W)
XnMmnyeckme CBOMCTBA COAEM

PacTBOpPbI COAEN pearnpytoT C HEKOTOPbIMU MeTaAAaMMU.
[MpoAYKTaMUM 3TUX peaKUunM ABASKOTCSH COAb N 3aMeELLIEHHbIN
METAaAA.

Salt of 1st Metal + 2nd Metal — Salt of 2nd Metal + 1st Metal
Pob(NO3)2(aq) + Zn(s) — Zn(NO3)2(aq) + Pb(s)

Pb2+(aq) + 2NO-3(aq) + Zn(s) — Zn2+(aq) + 2NO-3(aq) +
Pb(s)

Pb2+(aq) + Zn(s) — Zn2+(aq) + Pb(s)



Result of the reaction between Zn
with lead (I) nitrate

Activity




CKOAbKO peaKLun Bbl MOXKETe HarnucaTb B TeyeHue 5
MUHYT?

YTob6bl UrpaTb B 3Ty UTPY, BaM HEOOBXOAMMO CcHOPMUNPOBaATb 2
NAN 3 Tpynnbl.

1. BcTaHbTe APYr 3a APYrOM B OAHY AVHUIO.

2. [NepBble YYACTHUKWM MULLYT Ha AOCKe nMpuMepbl U3 AQHHOM
TEMbI.

3. 3aTeM OH/OHa OTNPaBASEeTCH B KOHeL, rpynnbl.
4. CAeAYOLLMNKM yYaLLMMNCA 3anmcbiBaeT CBOW NpuMep.

5. Y Bac ecTtb TOAbKO 5 MUHYT. BaAAbl HAUUCAAKOTCHA MOCAE
MNPOBEPKUN peaKLMn.

6. 33 KaXXKAbIM NPaBUAbHbIV MpuMep +1 BaaA. [NobexkpaeT
rpynmna ¢ MakKCMMaAbHbIM KOANYECTBOM OAAAOB.

Facts

Fizzy drinks contain carbonic acid. It is unstable compound.
The bubbles of carbon dioxide are formed in the drink due to
this acid.

Literacy

1. Finish and balance the following equations:

a) HCl + K2CO3 —



b) KOH + H2S504 —
c) Mg + HBr —

2. ldentify which of the following reactions produce salt and
release gas. Write the products and the net ionic equations.

a) Fe + H2504 —
b) Cu + HC| —

c) Al + H3PO4 —

Terminology

e to displace - opbiHH6acy / 3aMeHUTb;

e fizzy drink - rasabl cyAnap / rasmpoBKU;
e bubbles - kenipLuikTep / Ny3bipw;

e to release - 6oAIN WbIFapy / BbIAGAATD.



1.6 HYDROLYSIS OF SALTS

Does pH of soil affects the colour of flowers?

You will:

e KaK 3KCMepMMEHTAAbHO OMPEACAATb CPeAY COAEBbIX
PaCTBOPOB;

e KaK MPeACKasblBaTb PEaKLMOHHYIO CPeAY COAEBbIX
PACTBOPOB;

e KaK 3anu1cbiBaTb MOAEKYAAPHbIE M MOHHbIE YPaBHEHUSA
FMAPOAM3A COAWN.

[Mpou pacTBOPEHUN COAU B BOAE, OHA AUCCOLIMMPYET Ha KaTUOH
M aHUOH. HekoTopble N3 3TUX MOHOB MOTYT PearmpoBaTb C
BOAOW N USMEHATb CpeAy BOAbL. [MAPOAU3 COAEN - 3TO
XMMMYECKOEe B3aMMOAENCTBME MOHOB COAUM C MOHAMUM BOADI,
npuBoAdLLiee K 06pa3oBaHUIO CAABOro aneKTPoAUTa. He Bce
MOHbI MOABEPratoTCA peakunm rmaApPoOAnN3a.

- KaTnoHbl cUAbHbIX ocHoBaHuUM (Li+, Na+, K+, Ca2+, Ba2+) n
AHWNOHbI CUABbHBIX KUCAOT (S042-,Cl-, Br-, I-, NO3-) He
pearnpyroT ¢ BoAOM (PacTBOP ABAAETCA HEMTPAAbHbBIM).

- KaTUOHbI, MOAyYEeHHbIe OT cAabbix ocHOoBaHMM (NH4+, Cu2+,
Fe2+), pearmpytoT ¢ BOAOM C 06pa3soBaHMEM MOHA
FMMAPOKCOHUSA, H30O+ (pacTBOP ABASAETCH KUCAbIM).

- AHMOHDI, MOAYYEHHbIe N3 CAabbixX KncAoT (F-, CH3COO-,
C0O32-, CN-), pearvpytoT C BOAOM C 0bpa3oBaHMEM
FMMAPOKCUA-NoHa, OH- (pacTBOpP ABASETCHA OCHOBHbIM).



Tenepb AaAUM KAaccndumkaymto pactBopaM NaCl, K2CO3 un
NHA4Cl| kak KWCAOTHbIN, OCHOBHOM UAU HenTPaAbHbIN. NaCl,
XAOPUA HATPUA B BOAE ANCCOLMNMPYET:

NaCl + H20 <~ Na+ + Cl- + H20 pH~=~7

Na+ npeacTaBAsdeT cOO0M KaTUOH CUAbHOIO OCHOBaHUA
(NaOH) mn Cl- aBagroTca aHMOHaMM CUAbHOW KUCAOTbI (HCI).
TaknMm obpa3oM, oba MOHA He TMAPOANIYIOTCSA. [ToaToOMy
PACTBOP XAOPMAQ HATPUSA ABAAETCH HEMTPAABHbIM.

K2CO3, pacTBop KapboHaTa KaAUSA, COAEPXXMUT MOHbI KaAUSA U
KapboHaTa. K+ noAy4yeH n3 cMAbHOro ocHosaHmsa (KOH) um
CO32- noAy4yaloT U3 canabom kncaotbl (H2CO3). Takum
0b6pa30M, TOAbKO KapboHaTHble noHbl (CO32-)
B3aMMOAENCTBYIOT C BOAOW 06pa3ysa MMAPOKCUA-UNOHDI:

K2CO3 + H20 <& KHCO3 + KOH 2K+ + CO32- + H20 « 2K+ +
HCO32- + OH-

CO32- + H20 <& HCO3- + OH- pH > 7

O6pa3yrLwmnca rMAPOKCUA - MOH NMOKA3bIBAET, YTO PACTBOP
KapboHaTa KaAna aBAAETCA OCHOBHbIM. OH MeHSAeT uUBeT
AAKMYCOBOWM ByMarm Ha CUHUN.

NHA4CI, pacTBOp XAOPMAQ aMMOHUA, COAEPXKUT NOHDbI
aMMOHUA N xAopuAaa. Nockoabky Cl- mpeacTaBAgeT cobon
aHMOH cnAbHOM KNCAOTbI (HCI) OH He noaBepraeTca peakumm
rmaApoAmnsa. NH4+ aBageTcs KaTUMOHOM cAaboro ocHoBaHMA
(NH40OH). NoaTtoMy OH rMaApPOAnN3yeTcs, 06pa30BbiBad MOH
FMMAPOKCOHUS:

NH4Cl + H20O < NH40H + HCI

NH4+ + Cl- + H20 <> NH4OH + H+ + CI-  pH<7



Ob6pasyrwmmncsa moH rmpapokcoHma (H30+) noka3bIiBaeT, 4TO
PACTBOP XAOPUNAA AaMMOHUSA ABAAETCA KUCAbIM U OKpPAaLLUMNBaEeT
AAKMYCOBYIO byMary B KpPacHbIM LBET.

The pH value of some substances



Handmade soap
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Soap gives basic medium

Laboratory work

N22. M’mApOAnN3 conen

O6o0pyAOBaHME N PEaKTUBDI.



AQBOpPATOPHbIE CTaKaHbl, MAAOYKa AAA NepeMeLLnBaHnNg,
VHUBEPCAaAbHbIN MHAMKATOP, IM pacTBOpPbI XAOPUAA HATPUS,
KapboHaTa HaTpus, cyAbdaTa aMMoHUA, HUTpaTa ceuHua (1),
docdaTa HaTpUA.

BbinoAHeHUe onbiTa:

1. HanenTe BOAHbIE PACTBOPbLI KaXXAOM COAU B pPa3Hble
AABOpPaATOPHbIE CTaKaHbI.

2. 3aTeM nNpoBepbTe, NPOU3OLLUEA AU TUAPOANS B KAXKAOM
PacTBOPE MCMNOAb3YSA YHUBEPCAAbHbIN MHAUKATOP.

5e30rnacHoOCTb. PacTBOPbI COCAVNHEHMV CBUHLIA SBASKOTCH
TOKCUYHBIMU.

HabAloaeHUe 1 Bonpochol:
1. Kakmne CoOAn He TMAPOAMNIYIOTCA? [Moyemy?

2. Kakune n3 rmpApoAnM30BaAHHbIX COAEN ABAAKOTCH KUCAOTHBIMMU,
LLIeAOYHbIMWN?

3. HanuwmTe Bce peakuum rmapoAmn3a AAG AAHHbBIX COAEW.

* I
ae L
CO00'9Z2560° 1



Keep in mind

Examples of molecular equations of salt hydrolysis
1. CuSO4 + 2HOH < Cu(HS04)2 + Cu(OH)2
Cu(HSO4)2 + 2HOH < Cu(OH)2 + 2H2504

2. K2S + HOH < KHS + KOH

KHS + HOH < KOH + H2S

3. Pb(NO3)2 + H20 < PbOHNO3 + HNO3

4. Al2S3 + 6HOH — 2AI(OH)3 + 3H2S

Facts

The flowers of a hydrangea bush are blue when grown in acid
soil and pink when the soil pH is alkaline.
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Flowers of hydrangea

Literacy

1. What does hydrolysis of salts mean?

2. Write hydrolysis reactions for solutions of the following
salts: FeCl3, K2CO3, Na2S.

3. Predict whether the solutions of the following salts are
acidic, basic or neutral:

a. CuCl2
b. NaNO3

c. LICN



Terminology

e hydrolysis - rmApPOAn3;

e pH value - pH kepceTkilw / 3HayeHMe pH;

e medium - opTa / cpeaa;

e s0il - TONbIPbIK / MO4YBa;

e hydronium - rMAPOKCOHUN;

e to derive - any / MOAYUUTD;

e undergo - >Kypy / NponTu;

e to reduce - a3anTy / YMeHbLLUUNTD;

e hydrangea - ropTeH3ua ryAi / LBeTOK ropTeH3us.



Problems: Electrolytic
dissociation

1. Decide whether the following statements are true (T) or
false (F).

a. The solute in a solution is always a solid. ............
b. The precipitation is the formation of gas.............
c. Water is an example of a weak electrolyte.............
d. Solutions are homogeneous mixtures.............

e. An accumulator is a device in which sulfuric acid is used as
an electrolyte. ...........

2. Classify each of the following substances as a strong
electrolyte, weak electrolyte or nonelectrolyte:

a. Acetic acid solution b. Sugar solution
c. Ammonia solution d. Sodium chloride solution
e. Alcohol solution f. Hydrochloric acid solution

g. Sodium hydroxide solution

3. In three different beakers, solutions of table salt, sugar, and
acetic acid are given. How can you identify them without
tasting?



4. Write the dissociation processes of the following
compounds:

a. potassium chloride, KCI
b. nitric acid, HNO3
c. lithium hydroxide, LIOH

d. acetic acid CH3COOH

5. 300 molecules were placed in the solution. Determine the
degree of dissociation if dissociated 75 molecules.

6. Calculate concentration of ions in 0.01 molar solution of
barium hydroxide, if a=85%.

7. Characterize each of the following compounds

Compound Acid, Electrolyte Products of
Base or | (strong, weak, | dissociation
Salt non-)
Caso, strong
KOH Base




NaCl Na*, CI
H.SO,
H CO,

HF
CH._.O

& 1276
(glucose)

NH,

C,H.OH
(alcohol)

8. Predict whether the solutions of the following salts are
acidic, basic, or neutral. Write all possible reactions.

a. KF b. NH4l c. Cu(NO3)2 d.NH4Br e.KIf. Na3PO4

9. Calculate the molar concentration of Al3+ and SO42- in the
solution, if the molar concentration of aluminum sulfate is
0.001 mol/L and degree of dissociation is 80 %.

10. In two different test tubes there are two solids, sodium
chloride and silver chloride. How can you identify them?

11. We have 6 test tubes with magnesium chloride. Add to
each test tube following solutions.



1. NaOH

2. K2504

3. Na2CO3
4.Zn(NO3)2
5. K3PO4
6.Na2504

Write the chemical and net ionic equations for the possible
reactions.



CHAPTER 2: QUALITATIVE
ANALYSIS OF INORGANIC
COMPOUNDS

2.1 QUALITATIVE REACTIONS
FOR CATIONS

How can we use a flame to identify the presence of
metal in a compound?

You will:

* KaK OMpeAeAsiTb MOHbl METAAAOB MO UBETY MAAMEHMW;
* KaK MPOBECTU KQUYeCTBEHHbIM aHAAN3 AASA ONPEeAEAEHUNSA
MoHoB »eAae3a (II), >xeaesza (I n meam (1)

The analysis of cations



Tested | Reagent Result
Cation

Ag’ Cl, S0,> | White precipitate,white precipitate

G OH- Blue precipitate
5+ Black precipitate

Mg OH- White precipitate

Fez OH- Green precipitate

Fe* OH Reddish-brown precipitate

in® OH White precipitate (soluble in excess OH)
5% White precipitate

Pb> 52 Black precipitate

NH,’ OH Formation of ammonia gas with

sharp odour

Ba™ |S0,*, CO,” | White precipitate, white precipitate

Al3* OH- White precipitate (soluble in excess OH)

Laboratory work

N23. OnpeaeneHUe KaTUOHOB METAAAOB MO LBeTY
NAAMeHU

Pa3sAMYHbIe MOHbl METAAAOB AAQOT Pa3Hble LIBETA Mpwu
NAAMEeHHOM TecTe. [1oaToMY, MAAMEHHbIN aHAAU3 NOAE3EH npu
onpeAeAeHUN MEeTaAANYECKUX NOHOB. B 9TOM aKCnepnMeHTe
Mbl 6yAeM Ha6/\I-O,A,aTb XapaKTepHble uBeTa Pa3AnN4YHbIX MOHOB
METAaAAOB.



O6opyaoOBaHMe U peaKTUBDI:

COAUM HAaTPUSA, KAaAUSA, AUTUA, KaAbLNG, Bapua, Mean n
CTPOHUMSA, YacoBoe cTekAO, 100 MA AabopaTopPHble CTaKaHbl,
ropeAkKa, AabopaTopHaa AepeBAHHAA MAaAOUKA.

BbinoAHeHUe onbiTa:

1. MoarotoBbTe 1 M pPacTBOPbI COAEN.
2. 3aXKrmTe ropeAky.

3. BHecTn B NAaMa AepeBAHHYIO MAaAOUYKY, CMOYEHHYVYIO B
pacTBOPE COAU HaTpUS.

4. MNpoHabApAaNTe 3a LBETOM NMAAMEHU U Pe3yAbTaT
3anuwmnTe B TabAnLy.

5. MoBTOpUTE OMbIT C PACTBOPAMU APYTUX COAEWN.

6. [MpoBeaAnTe aHAaAM3 MO LIBETY NMAAMEHUN AAS HEN3BECTHOIO
obpa3ua 1 nonpobymTe onNpeAeAnTb MOH METAaAAa B €ro
cocTaBe.

be3ornacHoCTb: HaAeHbTe 3aLLNTHBIE OYKN U OAHOPA30BbIE
MepyaTKu.

SAFETY: Wear eye protection.




HabAloaeHne u BOnpochl:

1. Kakvre aneMeHTbl AQOT OAMHAKOBbIN LIBET MAaGMeHU?

2. MO>XHO AU NCMOABb30OBAaTb OMbIT OKPALUMBAHUA MAAMEHU
AAS OMPEeAEAeHUSA Pa3HbIX METAAAOB B OAHOM obpa3Lue?
ObbacHuTe.

Metallic Li* Na* K* | Ca** | Ba** | Sr** | Cu*
ion

Flame
colour

Laboratory work

N24. KayecTBeHHbIXM aHAaAU3 KaTUOHOB Fe2+, Fe3+,
Cu2+

MAPOKCUADBI METAAAOB UMEIOT Pa3HYI PacTBOPUMOCTD B
BOAE. HampuMep, pacTBOPUMbIE COAU MEePEXOAHbBIX METAAAOB
C LLIeAOYHbIMU PACTBOPAMU AAOT OKPALLEHHbIe OCaAKM.
PasAnyme B LUBeTax M’MAPOKCUAOB METAAAOB MOXKET BbITb
MCMOAb30BaHO B aHAaAUTUYECKON XUMUU AAGA OMPeAeAeHUsd
HEeMU3BEeCTHbIX METAAAOB.

O6opyaoOBaHMe U peaKTUBDI:

MNPOBUPKU, MUMETKUN, CTONKA AAA MPOBUPOK, TM pacTBOpbI
xAopuaa xenesa (I, cyabdaTa >xkenesa (), xnopuapa /
cyAbdaTa Meau (1), rmapokeua Kaamsa / HaTpu4.



BbinoAHeHUe onbiTa:

1. NMoMecTnTe 3 NPOBUPKM B LUTATUB AAA MPOBUPOK.

2. HanenTe B npobunpkm okono 10 MA pacTBOPOB XAOPMAA
xenesa (I, cyabdaTa >xeaesa (I1), pacTBOpPOB XAOPMAQ MepaU
/ cynbdaTa meam (1) (oTAeAbHO).

3. 3aTeM, pobaBbTe 7-10 KaneAb LWeAoYM MNP MOMOLLM
MUMETKM B KAa>KAYHO MPOBUPKY.

4. 3annwunTe cBOU HabAatoaeHMa (LBET ocaaka) B TabAamLy.

HabAloaeHue n Bonpochl:

Fe3~ Fe?r Cu?

Base solution

1. HanuwmnTe KpaTKMe MOHHbIe YpaBHEeHUA.

2. MpeanOXKUTE APpyrre cnocobbl onpeaAeAeHUs
COeAVHEHUMMEAU U YKeAes3a.

be30rnacHoCTb: HaaeHbTE 3aLNTHbBIE OYKN U OAHOPA30BbIE
nepyaTkm

Keep in mind

Each ion reacts in its characteristic way.



Keep in mind

Fe(OH)2 - green
Fe(OH)3 - reddish brown

Cu(OH)2 - blue

Science in context

OTOobparkeHne penepBepKOB TaKXKe ABAAETCA XMMMNYECKOM
peakumnen. PasAnyHble LBeTa denepBepPKOB NPON3BOAATCS
MUNPOTEXHUYECKNMUM «3BE3AAMU». «3BE3AbI» COACPXKAT MATb
OCHOBHbIX MHIPEeANEHTOB:

e KPACHbIN - MOH Sr2+,

e OpaH>XeBbln - MOH Ca2+,
* XXEeATbI - MOH Na+,

e 3eAeHbIV - MOH Ba2+,

e CUHUWM - MOH Cu22+.

Fireworks

Literacy




1. Complete the reactions, write net ionic equations:
a. H2S04 + BaCl2 —
b. FeCl3 + AgNO3 —
c. CuSO4 + NaOH —

2. Which of the following compounds will react with iron (1)
chloride? Write molecular and net ionic equations.

a) Cu(NO3)2 b) NaOH c) Na2504 d) HCI

3. Suggest molecular equation for the following net
equations:

a. Ba2+ + CO32- - BaCO3 b. H+ + OH- —» H20

Terminology

e qualitative - canaabiK / KayeCTBEHHbIN;

e several - 6ipHewe / HECKOABKO;

e flame - »aAblH / NAaMs;

e analysis - Tanpaay / aHaAU3;

e precipitate - TyH6a / 0CapO0K;

e wood stick - aFall KeciHAi / AepeBaHHaa NaAouKa.



2.2 QUALITATIVE REACTIONS
FOR ANIONS

How can you prove a sample of mineral water
contains certain anions?

You will:

¢ KaK NnpoBoOoANTb KadeCTBEeHHbIe peaKunn AANA HEKOTOPbIX
dHMNOHOB.

The analysis of anions

Tested Anion | Reagent Result

cr Ag’, Pb? White precipitate, white
precipitate

Br Ag’ Greyish-yellow precipitate

I Ag’ Yellow precipitate

SO,” Ba% White precipitate

PO,* Ag’ Yellow precipitate

5 Cu®, Pb¥, Ag" | Black precipitate

Cd* Yellow precipitate

C0,” H* Formation of carbon dioxide
that turns limewater milky

OH Indicator Colour change




Kak Bbl MOFAM MOHATb U3 NPEAbIAYLLEro YPOKa, YTOObI
OMNpPeAeAnUTb MOH, HEOOXOAMMO HANTU KAaYeCTBEHHYHO
peaKLMo Ha 3TOT MOH. HanboaAee pacnpocTpaHeHHOM
peakuMen Ha ornpeaeneHmne ABAAETCA ocaXKaeHme. TecTbl AASA
OOAbLUMHCTBA PAaCnpPOCTPAHEHHbIX AHMOHOB MPUBEAEHDbI B
Tabauue. Hanpumep, HUTPAT cepebpa obpa3yeT beAbiv
OCAAOK C XAOPUA-NOHOM.

AgNO3(aqg) + NaCl(ag) — AgCl(s) + NaNO3(aq)

KpoMe Toro, HUTpaT cepebpa MCMOAb3YETCA AAA
ornpeaeneHna 6pPpoOMUA- U NOANA-NOHOB. Bce BpomMuabl
06pa3yoT KpeMoBbin ocapok (AgBr), B TO BpeMsa Kak Bce
MOAUADBI AQKOT XeATbI ocapok (Agl) ¢ HUTpaToM cepebpa:

AgNO3(aq) + KBr(aqg) — AgBr(s) + KNO3(aq)
2AgNO3(aq) + Cal2(aqg) — 2Agl(s) + Ca(NO3)2(aq)
B AOMOAHEHUU K peaKLMaM BblilLe, HUTPAT cepebpa ModXKeT

ObITb MCNOAbL30BaH AASA OnpeAeAeHna docdaT-MoHOB. OHU
06pPa3yIoT XEATbIN OCAAOK:

3AgNO3(aq) + Na3P0O4(aq) — Ag3P0O4(s) + 3NaNO3(aq)

NOoHbl Ba2+ NCNOAb3YHOTCA AASA OCa>KAEHUNA CYAbPAT-MOHOB.
OHun 06pa3ytoT 6eAbln 0capoK cyAbdaTa bapuma (BaSO4):

Ba(NO3)2(aqg) + K2504(aq) — BaS04(s) + 2KNO3(aq)

OAHAKO, eCTb APYIron BapMaHT onpeAeAeHnsa NMOHOB -

3TO BblAEAEHMeE ra3a. Hanpumep, AoobaBAeHME COAAHOM
KUCAOTbI K KapOOHATHbIM COEAMHEHUAM MPUBOAUT K
06pPa30BaAHUNIO YTAEKUCAOIO ra3a, KOToOpbIM 3aTeEM NPOBEPSAOT
MNPV MOMOLLMN N3BECTKOBOW BOADI:



K2CO3(aq) + H2504(aq) — K2504(aq) + H20(l) + CO2(9)

CO2(g) + Ca(OH)2(ag) — CaCO3(s) + H20()

< D

ﬁ"’f saturated solution

W
—— ~ solid salt

Chlorine test in blood Determination of sulfate-ion

Keep in mind:

HeT Takmnx ABYyX aHMOHOB, KOTOPbIE BEAYT cebs 0OAMHAKOBO BO
BCEX XMMNYECKUNX pPpeaKUNAX.

Facts

Barium sulfate BaS0O4 is one of the components of “Lego”
constructors.



LEGO toys

Literacy

1. Given three solutions: Na2CO3, Kl, Na25S04. Which cations
and anions should be used to indicate them.

2. Write the total and the net ionic equations for the following
compounds. Water solutions of:

a. copper (I sulfate and sodium hydroxide
b. sodium carbonate and calcium chloride
c. zinc hydroxide and nitric acid

3. You suspect a sample of tap water contains sulfate and
iodide anions. How can you identify them?

Activity

Kak caeAaTb “30A0TOUN AOXKAD”?



Peakumna NoAnAa KaAms M HATPATA CBUHLA AQET XXEATbIN
ocanoK. OBbpa3oBaHHbIM MOAUA CBMHLA BOAee pacTBOPUM B
ropsayem BoAe. 9TO CBOMCTBO MOXET ObITb MCMOAb30OBAHO AAS
onpeaeAeHnsa noHos Pb2+ un |- noHoB. Mbl npoBeaeM
3KCMNEPUMEHT MOA Ha3BaAHMEM «30A0TON AOXKADY.

[TOMHUTE, YTO COCAMHEHMS CBUHLA SBASIFOTCS TOKCUYHBIMU U
HeobX0AMMO 3HaTb COOTBETCTBYIOLLME MPaBUAG
6e30rnacHocCTH.

BbinoOAHeHUe onbiTa:

1. MoaroToBbTE BOAHDBIV pacTBOp noamnaa kaama (1 Ha 150 MA
BOADbI).

2. Bo BTOpOM cTakaHe noAroToBbTE FrOpAYMM pacTBOP
HMUTpPaTa ceBuHUa (1) (1 r Ha 150 MA BoAbI).

3. AobaBunTb 7-10 KaneAb ropa4yero pacTBopa HUTpPAaTa CBMHLLA
(D) K noamay kaamsa. ObpasyeTcs >XeATbIM OCaAAOK.
PasMelwlanTe pacTBOP M OCAAOK pacTBopuTcs. Nocae
OXAQXKAEHUSA PACTBOPA PAaCTBOPEHHbIN noama cemHua (1)
nepeKpucTarAm3yeTcs 06pasys 30A0TUCTO-XKEATbIE
KPUCTAAADIL.

be3ornacHocTh: HaaeHbTE OAHOPA30BkIE NepYaTKu. Visberante
KOHTAKTa C KOXKen. PaCcTBOPbI COEAMHEHUM CBUHLIA SIBASTFOTCS
TOKCUYHBIMU. MounTe pyKm rnocAe aKCrnepmmMeHTa.




Laboratory work

N2e5. Qualitative analysis of inorganic compounds
Carbonate test for calcium cation

Materials:

Ca(OH)2, Na2CO3 solutions, test tubes.

Procedure:

1. Pour 6-8 drops of the limewater Ca(OH)2 solution in a test
tube.

2. Add 1-2 drops of sodium carbonate Na2CO3 solution. Look
for a white precipitate.

3. Write chemical reactions.

Test for ammonium cation
Materials:

NaOH, (NH4)2S04 solutions, test tubes.

Procedure:

1. Pour 5-6 drops of the ammonium sulfate (NH4)2504
solution in a test tube.



2. Add 1-2 drops of sodium hydroxide NaOH solution. You may
notice the smell of ammonia gas. Test the ammonia gas with
wet litmus indicator paper.

3.Record the results.

Terminology

e to suspect - cesikTeHy / NOAO3PEBaTH;

e to behave - icTey / BecTu ceba (nosBepeHUe);

e constructor - KypacTbIpFbILll / KOHCTPYKTOP;

e recrystallization - KanTa KpUcTanpaaHAbBIPY /
nepekKpmucTasAn3sayms.



2.3 QUALITATIVE ANALYSIS
OF UNKNOWN SALT
SOLUTION

If you find unlabeled mineral, how would you identify
it?

You will:

¢ KaK NMAaHNPOBATb N NMPOBOANTb IKCINepmnMeHT Ha
onpeaeneHne KatTmoHoB 1 aHMOHOB

NHOrpAQ HEOBXOAMMO PAaCcnoO3HAaTb BeLecTBa B Npobupkax 6es
3TUKETOK. B Takmnx cAyyaax Mbl MOXXEM UCMOAb30BaTb Pa3Hble
Crocobbl MPOBEPOK AAA OMNPEAEAEHUNA COCTaBa BeLLeCTBa.
3TM cNocobbl OCHOBAHbI Ha PeaKLUMAX, KOTOPbIe YKa3bIBatoT
Ha KOHKPETHbIN MOH. BbibpaHHaaA peakumnsa AOAXKHA paboTaTb
TOABKO AASI OMPEAEAEHHOro MOHAa. DTOT TUM aHaAM3a
Ha3blBaeTCHA KayeCTBEHHbIM aHAAU3OM.

dDopMUpOBaHME OCapKa N OBpa3OBaHMe rasa ABAAIOTCS
HEKOTOPbIMU U3 BAPUAHTOB aHaAM3a HEU3BECTHOIO
XUMMYECKOro BeLLeCcTBa.

Kak Mbl y>Xe roBOPUAU, €CTb MHOIO CMoCcOHBoOB onpeaeAeHnd
HEeM3BEeCTHOIro MOHA, HO Mbl MOKaXeM AULLb HEKOTOPbIE
MPOCTbIE MPUMEPbI, KOTOPbIE Bbl CMOXEeTe UCMOAb30BaTb. B
KauecTBe CTpaTernm ornpeaseAeHUs MOHOB CYLLIECTBYIOT ABe
CXeMbl.



Chemical analysis conducted by a
girlin lab

Keep in mind

Bbl MO>XXeTe onpeAeAnTb AOOON KaTUOH UAU
AdHNOH, NCIMNOAb3Y4A KadeCTBEeHHbIe peaKUunin.

Science in context

KayecTBeHHbIN aHAaAM3 UCMOAb3YEeTCH B aHaAM3e KayecTBa
MULLEBBIX MPOAYKTOB, B MeAULIMHE, B OMpeAeAeHU COCTaBa
MOYBbI, B aHAaAM3E YNCTOTbl BOAbI U T. A.

Water purity analysis

Practice work




N22. OnpepAeAUTb XMMUYECKNN COCTaB HEU3BECTHOTIO
COeAUHEeHNSs

O6opyaoBaHMe U peaKTUBDI:

AABOPaATOPHbIMN cTakaH 250 MA; ACTUAANPOBAHHAA BOAQ,
HEN3BECTHOE BELLEeCTBO, MPOBUPKN, LUTAaTUB AAA MPOBUPOK,
nnneTKa.

BbinoOAHeHUe onbiTa:

1. Bo3bMuTe vy yumnteanqa obpaseL, Hem3BeCTHbIX(-0ro)
BeLwlecTB(-a).

2. [NloMecTunTe ero B ctakaH n poobaBbTe BoAy. PazmMmeluanTe.
3. PazpeAnTe pacTBOp Ha ABe 4YacTu.

4. [NepBasd 4acTb pacTBoOpa BYAET NMCMOAb30BATbCA AAA
onpeAeAeHNs HEN3BECTHOro aHMOHa (MCMNOAb3YUTE CXEMY
AAS QHMOHHOIMO TecTa).

5. BTopasa yacTb pacTBoOpa ByAET MCMOAb30BaHA AAS
3KCMNEPUMMEHTOB Ha KaAaTMOH (MCMNOAb3YMNTE CXEMY AAS
KaTUOHHOIo TecTa).

6. 3anNUmMTe CBOUN HADAKOAEHUSA N CAEAANTE BbIBOA.

be3zornacHocTb.: HekoTopble HEU3BECTHbIE BELLIE€CTBa MOy T
ObITb TOKCUYHBIMU UAU EAKMMU. HaneHbTe OAHOPA30BbIE
rnepyYaTkun. M13beraite KOHTaKTa C KOXKeu. BbiMouTe pyKu
[TOCAE 3KCNEPUMEHTA.



Adding Ag” salts
A N .
No precipitate Give precipitate
NO, 81,00, 8,
G 505 PO

White precipitate
c, €0z, S0
Adding acid(H")
YN
Formation gas No gas
0 cl, 50,7
Adding Ba*
v N
No precipitate White precipitate
a 50,2

I'- yellow
PO, - yellow
Br - pale yellow
OH - brown

S*- black

-

Colorful precipitate

}

Adding Ba*
VAN
No precipitate Give precipitate
¥ PO,*

Scheme for qualitative analysis of anions

/—

Adding base (OH)
4

Ny
No
Li*, K,

Give precipitate
Ny
Colorful precipitate
Cu?- blue
Fe?*- green
Fe¥*- reddish-brown

./
White precipitate
Ca, Mg?, In*, Al>*
Adding excess
amount of base (OH)

Insoluble
Ca%, Mg*

Dissolved
n*, AP

L

precipitate
Na*, Ba, NH;—‘
Flame test Il of ]
Li*- carmine red  >Mell of ammonia

K*- violet NH;[NHS)

Na*- yellow
Ba?- green

Scheme for qualitative analysis of cations

Terminology

e unlabeled - aTbl 6eAricis / 6e3 3TUKeTOK,;
e qualitative - canaAblK / KaueCcTBEeHHbIN;

e identifi cation - cenkecTeHaipy /

MACHTUDUKALUS;




o confirm - pacTay / NOATBEPAUTD;
e certain - MyYMKIiH / onpeaeAeHHbIN.

Literacy

1. What analysis types are used in medicine?
2. How can we identify calcium chloride (CaCl2) in a solution?

3. How can you identify the composition of tap water in your
home?



2.4 CHEMICAL
CALCULATIONS ON LIMITING
REAGENT PROBLEMS

Assume you have 5 letters to send, but you have only
3 stamps. How many messages can you post?

You will:

e solve problems with limiting/excess of reactants.

Although you have three letters, the number of stamps
determines the number of letters that you can send. In this
case, we have limited number of stamps and an excess
number of letters. That is why the answer is one letter.

a
Ll ﬂ""w’ﬂ i
r 4? I « #
) 2 3
-
/ -
kf oy I| 4
y e
7 putfe, o
Y Gl M

Letter stamps

Keep in mind




The mole number of a substance can be found through mass,
volume or number of particles.

Example 1

AAS MOAYYEHUA XAOPOBOAOPOAA 4 MOAA ra3006Pa3HOro
BOAOPOAA PEarnmpyroT ¢ 2 MOAAMU ra3o006pas3HoOro XAopa.

a. BbluncAnTe KOAMYECTBO NPOUN3BEAEHHOM KUCAOTbI (B
MOASAX).

6. PaccumTamTe KOAMYECTBO OCTaBLUerocsa peareHTa (B
MOASX).

Solution:

a. Hg) + i@ —  2HCU(g)
icxopHoe: 4 mond 2 mons —
13meHeHKe: -2 mongd -2 mons +4 Monga
KoHeyHoe: 2 mong — 4 mons

(136bITOK) (HepocTaTok)

b. B aToM peakuymm BOAOPOA HAXOAUTCSA B N3b6biTKe. B

peaKLMM UCMOABb3YIOTCA ABA MOAS BOAOPOAAQ, M OCTAOTCH
ABa MOAZ.

L7 - "
G O O O o
.0, %% +"e

o O o

o L7
a@ c‘ H, (excess)

<



Example 2

KapbopyHa, SiC ncnoablyertcsa B KadecTBe abpasmBa. OH
obpazyeTca nyTeM B3anmoaencteua SiO2 1 yraepoaa B
COOTBETCTBUM C peaKLmeun:

SiO2(s) + 3C(s) — SiC(s) + 2CO(9)

Kakaa macca SiC obpasyetcamns 6r SiO2umoer C?

Solution.
Mbl AOAXKHbBI HAWNTU, KAKOM peareHT HaXOAUTCA B HEAOCTATKE.
Step 1. BaAaHCUPOBKA YpPaBHEHUA 3TOUN pPeaKLUUNn:
SiO2(s) + 3C(s) — SiC(s) + 2C0O(9)
Step 2. KoAM4YeCTBO MOAEN peareHToB:
6 r SiO2 n(Si02) = m/Mr = 0.1 MOAS
M6rCn=(6r)/(02 r/MoAb) = 0.5 MOA4A
Step 3.
PaspeAnM YUMCAa MOAEN peareHTOB Ha X KO3IPPULUMEHTDI:
(n(Si02))/1 =(0,1 MoAb)/1 = 0.1 MOAb
(n(C))/3 = (0,5 MoAb)/3 = 0.167 MOAb

Step 4.



Ternepb HaM HY>XHO CPaBHUTb 3TU ABa YNCAQ, U, KaK Bbl
BNANTE, AMNOKCUNA KPEMHUA ABAAETCA peareHToM B
HEeAOCTaTO4YHOM KOANYEeCTBe.

sio,, + 3¢, - Si¢, + 200

WcxonHoe: 0.7 mond 0.5 monsg

WN3meHeHwe: -0.1 mona  -0.3 |'a-"|DﬂFI| +0.1 mons

KoHeyHoe: - 0.2 mons 0.1 mons
(HepocTatok) (M30BLITOK)

Step 5.
Macca 0.1 Mmoaga SiC:

M(SIiC) = n(SiC) - Mr(SiC) = 0.1 MoAb'40 I/MOAb =4 T

Keep in mind

YucAO MOAeNn BellecTBa MOXXeT ObIiTb HAaMAEHO Mo Macce,
06beMY UAN KOAMYECTBY 4YacTuu,.

Mole formulas:
m "4

an 224

n
N

n=—
NA



Science in context

YacTo Mbl BCTpeyaeMcs C 3apa4aMmM Ha HEAOCTATOK B
MOBCEeAHEBHOW YXM3HW. HanpuMep, 4yTobbl NpUrotoBunTb 20
6aypCcakoB, BaM HEOOXOAMMO:

500 r nweHunybl + 100 MA MOAOKa + 50 1 caxapa + 200 MA
PACTUTEABHOIO MAacCAa.

CKOABbKO BaypcakoB Bbl MOXXeTe NMPUroToBuUTb, €CAU Y BacC
ecTb 800 r nweHunubl, 150 MA MOAOKa, 40 1 caxapa 1 500 MA
PACTUTEABHOIO MacAa®?

. W
Frying of bauyrsags

Literacy

1. The mixture of 2 moles of H2 and 2 moles of O2 gases
react to produce water. Which reactant is in excess and
which one is limiting? What is the mass of produced water?

2. Given: N2(g) + 3H2(g) — 2NH3(9).



20 L of N2 and 15 L of H2 gases react. Which gas is in excess?
What is the mass of excess gas?

3. Equal masses of sodium and chlorine gas react in a closed
container to give 0.1 mol of sodium chloride. Which element
is in excess? Calculate the mass of the element which
remains.

Terminology

e limiting - >keTicnenTiH, LeKTeyAi / HeAOCTaTOK;
e excess - apTblK / U3BbITOK;

e stamp - Mapka / Mapka;

e initial - 6bacTankbl / HAYaAbHbIN;

e to remain - esrepmey / ocTtaBaTbCH;

e carborundum - KapbopyHA / KapOOPYHA,;

e behind - apTbiHaH / c3aaMW.



Problems: Qualitative analysis
of inorganic compounds

1. Consider the following reaction:
Fe(s) + 2HCIl(aq) — FeCl2(aq) + H2(g)

a. When 2.2 moles of Fe reacts with 4.5 moles of HCI, how
many moles of H2 are formed?

b. What is the limiting reactant?

c. For the reactant in excess, how many moles are left at the
end of the reaction?

2. Consider the following reaction:
CuCl2(aq) + 2KOH(aqg) — Cu(OH)2(s) + 2KCl(aq)

a. 0.56 moles of CuCl2 reacts with 0.64 moles of KOH. What
is the mole number of produced KCI?

b. Which one is the limiting reactant?

c. For the reactant in excess, how many moles are left at the
end of the reaction?

3. Given the following reaction (the reaction is not balanced):

CH4(g) + O2(g) — CO2(g) + H20()



a) If you start with 12.8 g of CH4 and 64 g of O2, determine
the limiting reagent;

b) determine the number of moles of carbon dioxide
produced;

c) determine the mass of produced water;

d) determine the mass left of excess reagent.

4. Which element is in excess when 7.2 grams of Ca is ignited
in 9.6 grams of pure oxygen? What mass is in excess? What
mass of CaO is formed?

5. How many grams of Li2S are formed when 14.7 grams of
lithium is heated with 22.4 grams of sulfur?

6. Write the balanced net ionic equation for the reaction
occurred between

a) Pb2+ and SO42-;
b) Pb2+ and ClI-.

Suggest molecular equations.

7. Write the balanced net ionic equation for the reaction
occurred between

a) Ag+ and Cl-;



b) Ag+ and Br-.

Suggest molecular equations.

8. Write a balanced molecular and net ionic equations
between silver nitrate AgNO3 and sodium phosphate
Na3PO4 solutions.

9. Answer the question below for each of these pairs of
solutions.

I. NaCl and AgNO3 solutions
II. Nal and AgNO3 solutions

IIl. MgCl2 and NaOH solutions
V. BaCl2 and H2504 solutions
V. NaCl and Kl solutions

a. Write the equations for the reactions that take place
between the given pairs. If you think that the pairs do not
give a reaction, give your reasoning.

b. Write the net ionic equations for the reactions you wrote in
question a.

10. Given two ionic solutions: sulfate and chloride of sodium.
What is the scheme for identifying of each salt? Draw an
identification scheme.



11. In three different test tubes, there are the solutions of
potassium chloride, potassium iodide and potassium sulfide
solutions. How can you identify them by using only one
reagent?

12. In which of the following does a reaction not occur? (Use
the solubility table)

A) MgCl2(aqg) + NaOH(aq) —
B) BaCl2(aq) + H2S504(aq) —
C) Kl(aq) + AgNO3(aq) —

D) NaCl(ag) + AgNO3(aqg) —

E) LINO3(aq) + NH4Cl(aq) —

13. How would you test a sample for presence of calcium
ions?

14. How would you test a sample for presence of phosphate
and chloride ions?



CHAPTER 3: THE RATE OF
CHEMICAL REACTION

3.1 THE RATE OF REACTIONS.
FACTORS AFFECTING THE
RATE OF REACTION

Why some types of milk sour in a week and some of
them do not sour for a month?

You will:

e OnpeAeAeHne CKOPOCTU XMMNYECKUX peaKLnW;
e PAKTOPDbI, KOTOPbIE MOIYT BAUATb Ha CKOPOCTb peaKLuunn.

CKOpOCTb XMMMUUYECKOMN peaKLunmn

Bbl 3HaeTe 13 Kypca PU3NKM YTO CKOPOCTb OOBbEKTA
(HanpuMep, aBTOMODOUASA) - BbIParkaeTCAa M3MEHEeHMEM
paccTtoaHna (Ad) B onpeaeAeHHbIN nepuroa BpeMmeHn (At).
T.e. «ckopocTb» = Ad/At. CKOpOCTb peakumm MOXKHO
ONpPeAeAnTb KakK N3MeHeHme KoAmdecTBa (KOHUEeHTpauuns,
Macca, 06beM, MOAb) AX B OMPEAEAEHHbIN Mepuroa BpeMeHm
(CeKyHAQ, MUHYTa, Yac N T. A.) At. Ian
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daKTopbl, BAUSIOLLME HA CKOPOCTb peaKuum

YT06bl MOHATDL, KakMe daKToOPbl BAUAKOT Ha CKOPOCTb
peaKkLUnK, y4eHble N3YUYUAU MHOXKECTBO peaKLuum 1
OBHAPY>XUAU, YTO CYLLeCTBYET MATb OCHOBHbIX PaKTOPOB,
BAUAIOLLMX Ha CKOPOCTb peaKLuu:

e MAOLLaAb MOBEPXHOCTU AKODBOIo TBEPAOIro peareHTa

CKOPOCTb peakLunm BO3pPacCTaeT, KOrAa Mbl YBEANUYMBAEM
MAOLLAAb MOBEPXHOCTU TBEPAOTO TEAa.

e KOHUEHTpauuna peareHTa

CKOPOCTb peakLunm BO3pPacCTaeT, KOrAa Mbl YBEANUYMBAEM
KOHLIeHTPpaUuIo peareHTa B pacTBope.

e TeMnepaTypa, MNPU KOTOPOMN MPOUCXOAUT PeaKLUS

CKOPOCTb peakLnm BO3pPacCTaeT, KOrAa Mbl YyBEANUYMBAEM
TeMnepaTypy pPeakLMOHHOM CMecCw.

e /ICMOAb30OBaHMe KaTaAM3aTopa

CKOPOCTb peaKkLnn BO3pacTaeT, KOrAa B peakLumto
AODABASAOT KAaTaAM3aATOP



e CBeT TakXXe MOXXeT BAUATb Ha HEKOTOPbIE peakumnm

Powder has got greater surface area
than normal solid substance

Demonstration

N22. CKopoCcTb XMMUYECKOMN peaKLuun. “UhloaHble yacbl”

O6o0pyAOBaHUE U peaKTUBDI:

KpaxXxMaA, aueTaT HaTPUS, MOAUA KaAUS, TUOCYAbDAT HATpUA,
30% pacTBOP YKCYCHOWM KUCAOTbI, 20% pacTBOP NepeKncu
BOAOPOAQ, ABA AAaBOPATOPHbIX cTakaHa Mo 100 MA, MaAoO4YKa
ANAA NMepeMeLlmBaHms, aHAAUTUYECKMNE BECDI.



O6opyaoOBaHue N peaKTUBDI.

PacTtBOp A

1. PactBOpUnTE OKOAO O,1 I KpaxMaAa B 80 MA ropsaven BoAbI,
MCMNOAb3YyAa AABOpPaTOPHbIM cTakaH Ha 100 MA.

2. AobaBbTe 0,41 r aueTaTa HaTpua, 5 r noamaa kaamsa n 0,94
r TMocyAbdaTa HaTpua. lNepemeLluanTe pacTBOpP U
MOAOXKAMTE, MOKA OH HE OCTbIHET.

3. AobaBbTe BOAbI B CTaKaH Tak, YTOObl o6LWmMm obbem
pacTBopa cTaA 100 MA.

PacTtBop b

1. B AaBbopaTopHbIn cTakaH HanenTe 50 MA pacTBopa
NepeKkncm BoAOPOAA.

2. AobaBbTe 30 MA YKCYCHOW KUCAOTbI. HanenTe BoAy B
CTakaH A0BoOASA obLwmm ob6bem pactBopa A0 100 MA.
CMewanTe no 20 MA pacTBopa A 1 pacTtBopa b. PaszmewanTe
MOAYYEHHbIV PACcTBOP. Yepes3 HEKOTOpOE BpeMS Bbl YBUAUTE,
YTO PACTBOP BHE3AMHO OKPACUTCA B TEMHO-CUHUIW LIBET.

[TPUMEYAHWE: Bpemsi mossBAEHUS CUHEro LUBETa MOXKET ObITh
U3MEHEHO rMyTeEM U3MEHEHNS KOAMYECTBA TUOCYAbDATA B
pacrBope A.

Laboratory work

N26.1. CKOpOCTb XMMMNYECKOMN peaKLunn - BAUSHUE
TeMnepaTypbl.



Koraa CoAdHasi KUCAOTaA pearmpyeT ¢ LMHKOM, 06pasyoTcs
ra3006pasHbIf BOAOPOA U XAOPUA LMHKA. N3MeHada
TeMnepaTypy PacTBOPOB, Mbl MOXXEM U3MEHUTb BpeMmsq,
HeobXxoAMMOEe AASA 3aBepLUEHUSA peaKkLuu.

O6o0pyaOBaHUEe U peaKTUBDI:

1M pacTBOP COAAHOM KUCAOTbI, LLMHKOBbIE FPAaHYAbI, FOPEAKa,
Kybunkm Abaa (MAM CHer), ABa TepMOMeETPa, ABA
AQBOPATOPHbIX CTaKaHa.

BbinOAHeHMe onbiTa:

1. lMoaAroToBbTE ABA PACTBOPA KUCAOTbI: XOAOAHBIN N TOPAYNN
(MCNOABL3YNTE KYOUKU Abaa (MAU CHETN) U TOPEAKY)

2. 3annLLmMTe MaKCUMaAbHYIO M MUHUMaAbHYIO TeMnepaTypbl.

3. 3aNoOAHUTE CTakaH Ha ¥4 ero o6bemMa XOAOAHbIM PAaCTBOPOM
COAAAHOWM KNCAOTbI. CAEAaNTE TO >Xe caMoe C ropadumMm
PACTBOPOM.

4. BpocbTe rpaHyAy LMHKa B AabopaTopHble CTaKaHbl.

5. HanunwnTe, 4TO NPONCXOAUT.

HabAlopoeHne 1 Bonpochl:
- [ae ObICTpee NPon30LLAA peakumna?
- 3anUunTe XMMMYeCcKoe ypaBHEHNE AAA OTOM peaKLuw.

- NoyeMy noBbILLEeHMEe TeMNepaTypPbl, Kak NMPaBuAO,
yBEeAUYMBAET CKOPOCTb peakumm?



Keep in mind

KaTaAn3aTop - BELLECTBO, KOTOPOe YBEAUUYMBAET CKOPOCTb
XUMUNYECKOW peaKL MM, HO CaM B peaKkLUIo He BCTYMaerT.

Catalysts are used in car. Cross
sections of a car catalyst

Literacy

Imagine two types of a potato: whole and sliced. Which of
these potatoes will fry faster? And why?

Sliced potatoes



Terminology

e rate of reaction - peakuma >XbIAAAMADBIFbI / CKOPOCTb
peakuuu;

e to rate - eAlley, Garanay / OLEeHUBATD;

e collision - cOKTbIFbICY / CTOAKHOBEHWE;

o suffi cient - »XeTKIiAIKTI / AOCTaTOUHbIN;

e surface area - 6eTTiK ayAaH / MAOLLAAb MOBEPXHOCTU;

e catalyst - epLliTKi / KaTaAnU3aTOP;

e infl uence - acepi / BAUAHME.



3.2 TEMPERATURE AND
CONCENTRATION EFFECTS

Why some plants and insects live in summer and
“die” in winter?

You will:

* BANAHUMNE TeEMMepaTypbl Ha CKOPOCTb peaKumnn C TOYKAN
3PEHNSA KMHETUYECKOW TEOPpUU;
* BANUAHMNE KOHUEHTPaunM Ha CKOPOCTb peaKunn.

TeMnepaTypa

N3MeHaa TeMnepaTypy, MOXXHO BAUATb HA CKOPOCTb
peakunn. M1 Kak Bbl 3HaeTe, CKOPOCTb peakuMmn BO3PaACTAET,
KOrAa Mbl YBEAUYMBAEM TeMMepaTypy peakumnm. Hacto
YKa3bIBaeTCH, YTO NoBblLLeHMe TeMnepaTypbl Ha 10°C
YABAMBaET CKOPOCTb peakuuun.



Temperature. More collisions and particles collide with more energy

XMUM4yecKme peakLmm BO3HMKAKOT, KOFAQ MOAEKYADI
0ObeAMHAKTCA C AOCTATOYHOM KMHETUYECKOW aHEeprmemn.
[oBblLLEHME TEMMEPATYPbl YBEANUMBAET CPEAHIOIO
KUHETUYECKYIO SHEPI MO MOAEKYA. 3aAaBaeMasd aHeprmsa He
TOAbKO YBEAUYMBAET YNCAO CTOAKHOBEHUWN, HO TaK>XKe HY>XHA
AAS TOrO YTOObI Pa3pbiBaTb CTapble CBA3M Y PEareHToB 1 AAA
00Opa30BaHUNA HOBbIX CBA3EN B MPOAYKTE peaKLuunn.

APYrmMm CAOBaMM, 3TO O3HAYAET, UTO byaeT BbOoAbLUE
CTOAKHOBEHUM B CEKYHAY, M CTOAKHOBEHUSA ByAYT
aHeprmyHee. MoAeKyAbl HAYMHAOT ABUIATbCA ObICTPEe, KOrAa
peakuMOHHAA CMeCb HarpeBaeTcHa. YMCAO MOAEKYA, KOTOpPbIe
CTAaAKMBAKOTCA C AOCTAaTOYHOM KUHETUYECKOM IHEPIrmnem AN
peakummn, byaeT yBeAndmBaTbca. [1o3TOMY 06LLaa CKOPOCTb
peakumm byaeT BO3pacTaTb.

KoHLUeHTpauunsa peareHToB

CKOPOCTb peakLuum NpamMo nponopLmoHaAbHa
KOHLIeHTPAaLUMnN peareHTOB: YeM BblLLe KOHLeHTpaumsa
peareHToB, TeM BbICTpee NPONUCXOAUT peakuma. Mo Mepe
yBeAUYEHMAa KOHLUEHTPAaALUMM YaCcTULbl PpeareHToB HauyMHatoT
CTAaAKMBATbCA Yallle, MO3TOMY BEPOATHOCTb YCNELIHOro
CTOAKHOBEHUSA TakyKe Bo3pacTaeT. [1o Mepe CHUMKeHUS
KOHLIeHTPaLUMM peareHTOB CKOPOCTb peaKLMM YMEeHbLLAeTCS.



PeakLUun, KOTOPbIe MPOU3BOAAT rasbl, MOAE3HbI MNpu
N3YYEHUN BAUAHUSA KOHLIEHTPALMM PpacTBOPaA Ha CKOPOCTb
peakuuu.

low concentration higher concentration
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Concentration. When particles are closer together they have a
greater chance of reacting

Arefrigerator keeps food at a certain
temperature, and slows down the rate of
the reactions that cause spoilage.

Laboratory work

N2 6.2. CKOpOCTb XMUMUUYECKOMN peaKLuumn - BAUSHune
KOHLUEHTpaLUnU U NMOBEPXHOCTU pearnpyroimx
BeLwlecTB



O6opyaoOBaHue N peaKTUBDI.

KOHLIEHTPUPOBAaHHbIN N pa3baBAeHHbIN pacTBopbl HCI,
MOPOLLUOK MeAa, TBePAbI MeA, ABe MPOBUPKMN.

BbinoAHeHUe onbiTa:

1. Bo3bMuUTe HEOOABLLIOW KYCOK MEAa, pas3pAennTe ero Ha ABe
PaBHblEe HaCTHN, NSMEeAbYNTE OANH N3 KYCKOB MEAa B
MOPOLUOK.

2. Hanente 5 MA pactBopa HCIl (KOHL.) B NepBYyrO NPOOUPKY U
5 MA pacTtBopa HCI (pa3sbaBAeHHOro) BO BTOPYHO.

3. [MoMecTnTe MeA B Npobupku ¢ pacteopamm HCI.

4. 3annwmTe HaA4YaAO 1N BPEMA OKOHYAHUNA Ka>XKAOM peaKkLunmn.

HabAloaeHMe 1 BOMpocChl:

- Hannwmte XMMmnueckyro peakLumo Mexxay MEAOM U
KUCAOTOWN, €CAUN XMmyeckasa popmyaa Mmena CaCO3.

- B Kakowm 13 Npobunpok peakums 3aHMMaAa MeHblLLUe
BpeMeHn? Noyemy?

Facts

When the temperature drops, most fish stop normal activities
and their whole system slows down.



Keep in mind

Collision theory in the rate of reaction

Collision theory says that chemical reactions occur by the
collisions between atoms and molecules, so the more
collisions the faster the rate of the chemical reactions. It
follows that if the molecules collide more often that this will
increase the rate of reaction. The higher the temperature the
more kinetic energy molecules and atoms have. The more
kinetic energy the molecules have the faster they move and
the more collision will occur increasing the rate of the
reaction.

Terminology

e to disappear - >xoFaAy / UCUE3HYTb;

e concentration - KOHUEHTPaUUSA / KOHLEHTpauus;
e to increase - ecy / NoBbILLAT;

e to collide - cokTbIFbICY / CTAAKMBATbLCH;

e marble - MapMap / MpaMop;

e dilute - cyMbITbIAFaH / pa3baBAEHHbIN;

e Wipe into - yHTakTay / cTepeTb B MOPOLLUOK.



3.5 PRESSURE EFFECTS.
CATALYSTS AND INHIBITORS

What is the difference between boiling point of water
on mountains and boiling point of water
underground? Why?

You will:

e BAUAHME AABAEHUA Ha CKOPOCTb peakuunu;
e PasHULA MEXXAY KAaTAaAU3ATOPOM U peareHToM;
e BAUAHME MHIMBUTOPOB Ha CKOPOCTb peaKLun.

AaBAeHue

B peakuuax ¢ yyacTMeM rasoB Npu YBEAUYEHUN AABAEHUSA
YBEAUYMBAETCHA CKOPOCTb peakuumn. NprimHa B TOM, YTO Mpu
BbICOKOM A@BAEHUU a3 COXUMaETCH, UTO MPUBOAUT K
YBEAUYEHUIO ero KoOHUeHTpauun. A 3TO, B CBOKO O4YEepeAb,
MPUBOAUT K YBEAUNYEHUIO YaCTOTbl CTOAKHOBEHUN.



Effect of Pressure

- -

Cleaning carwith high-pressure
water

KaTaAusaTopbl U UHFTM6UTOPDI

KaTaAm3aTop NpeACTaBASEeT cCOBbOoM BeLLecTBO, KOTOpoe
yBEAUYMBAET CKOPOCTb peakLun, a cCaM B rnpoLecce He
pacxoayeTca. KaTaAn3aTop MeHdeT nyTb peakumn, yMeHbLuad
SHEepPru akTUBaLUN.

KaTaAm3aTopbl 06AaAQOT CACAYIOLLMMUM CBOMCTBAMMU:
1. lMocAe peakumm OHM OCTAKOTCA HEM3MEHHbIMMW.

2. [NoHMXKaeTCH aHeprusa akTmBauum peakumm, Ea.



3. He penaloT HeocCcyLLEeCTBUMbIE peaKUMnM OCYLLECTBMMbIMM.

A catalyst opens a new pathway during the course of a

reaction
Industrial process Catalyst
Ammonia manufacture (Haber process) Iron
Sulfuric acid manufacture (Contact process) Vanadium (V)

oxide

Margarine production (hydrogenation of fats) Nickel

Nitric acid manufacture (oxidation of ammonia) | Platinum-
Rhodium

Conversion of methanol to hydrocarbons Zeolite ZSM-5

List of catalysts used in industry

NHOrAa MEAAEHHble peaKLuMn MOryT ObiTb MOAE3HbIMU.
BelLlecTBO, KOTOPOE 3aMeAAdeT peaKkLmto, Ha3blBaeTCcH
MHIMBUTOPOM. MTHIMBUTOPBbI AENCTBYIOT MPOTUBOMOAOXKHO
KaTaAM3aTOpPaM N YBEAUYUYMBAIOT SHEPIUO aKTMBaALUN.
NHrMbmTopamMm TaK Xe ABAAIOTCA KOHCEePBaHTbI, KOTOPbIE
MPUCYTCTBYIOT B MULLEBbLIX MPOAYKTaX M MPeAOTBPALLAOT UX
nopuy. CyLLEeCTBYIOT Pa3sANYHbIE BUABI XUMNYECKUX
KOHCEPBAHTOB, KOTOPbIE OObIYHO NCMOAb3YKOTCA B MNMULLEBbIX
NpoAYyKTax. OHM MOIryT KaK MOAABAATb aKTUBHOCTb
baKTepun, Tak n yomeaTb MX. NpmnMepbl 3TUX BELLECTB:



6eH30aTbl (beH30aT HaTPUSA), HUTPUTbI (HUTPUT HATPUSA),
CYAbOUTbI (AMOKCUA CEPbI) N COPOMHOBAA KMCAOTA.

Facts

Pollutants also can act as catalyst, for example, CFC. The
depletion of the ozone layer increases by chlorofl uorocarbon
(CFC), which have been widely used in refrigeration and air
conditioners.

Facts

Enzymes are organic catalysts that speed up reactions in
living cells.

“LOCK and KEY™ model
E¥NTHESIS

i

SO

Keep in mind

DHeprusa akTmBaumm - 3Ta MMHMMAaAbHasA aHeprma
HeobxoAMMaa AAS Pa3pbiBa CTAPOM CBA3U N AASA
06pa30BaHNA HOBOWM CBA3U B NMPOAYKTE peakLun.
JHeprua akTMBaumm ob6o3HavaeTca Kak Ea



Facts

A catalytic converter works by filtering exhaust gases
produced by a car. It coated with precious metals such as
platinum, palladium and rhodium that act as a filtering agents
for harmful gases.

Catalysts in daily life

Practice work

N23. BAUSHME KaTaAU3aToOpa Ha CKOPOCTb
Pa3AOXKEHUA NMepoKCnAa BOAOPOAA.

Koraa okcuna Mapradua (1IV) MnO2 A06aBAAOT K NepeKkncu
BOAOPOAQ, MPOUCXOAUT BbICTPAA IK30TEpMMYecKaa peakuma.
B pe3syAbTaTe peakumnm obpas3yroTca BOAQ, KWCAOPOA U TEMAO.
Pa3AoykeHne nepeKkncm BoOAOPOAA MOXKET NMPOXOAUTb 1 be3
KaTaAn3aTopa, HO noTpedbyeTca BOAbLLE BPEMEHU AAA
3aBepLUeHnsa peaKunmn.

O60pyaOBaHUE U peaKTUBDI:

oKecua MapraHua (1V), pacTBop nNepekncm BOAOPOAI,
AQBOPATOPHDbIV CTAaKaH.



BbiInOAHeHMe onbiTa:

1. HanenTe B cTakaH 50 MA nepeKkncm BOAOPOAA.

2. AobaBbTe HeboAbLLUOE KOAMYecTBO MNO2 ¢ NoMOoLLbtO
AabopaTopHoOro wnateAsa (AOXKKN).

3. 3anumnTe CBOM HAabAOAEHUS.

Terminology

e pressure - KbiICbIM / AGBAEHUE;

e catalyst - kaTaAnmnsaTop;

e inhibitor - Texeriw / UHIrIMBUTOP;

e activation energy - akTUBTEHY 3Heprusacol / aHeprma
aKTUBaALUU;

e frequency - >XMiAik / 4YacToTa;

e to spoilage - 6y3bIAy / MOPTUTBLCS;

e exhaust - WbIFbIC ra3spap / BbIXAOMHbIE ras3bl;

e depletion - 6y3biAy / MOPTUTD.



Problems: The rate of
chemical reaction

1. Which of the following has a higher rate of reaction?

1 | piece of chalk + 100 ml hydrochloric acid

2 | powdered chalk + 100 ml hydrochloric acid

a.

Affecting factor: ..

1 | 10 g lump of iron metal + 200 ml
hydrochloric acid (diluted)

2 | 10 g powdered iron metal + 200 ml
hydrochloric acid (concentrated)

b.

Affecting faCtor: ...

1 | 5 g lump of iron metal + 200 ml hydrochloric
acid at 25°C

2 | 5glump of iron metal + 200 ml hydrochloric
acid 80°C

C.

Affecting faCtor: ...

1 | 10 g lump of calcium carbonate + 100 m
hydrochloric acid

2 | 10 g lump of calcium carbonate + 100 ml
hydrochloric acid + 40 ml water

d.

Affecting faCtor: ...,



2. Place the following reactions according to their rates:
|. Photosynthesis

ll. Rusting of iron

lIl. Sparking of a match

IV. Digestion of food

V. Spoiling of fruit

3. Which of the criteria below must be supplied in order to
result in a reaction?

|. Activation energy
ll. Collision with a proper geometry

1. Catalyst

4. CaCO3(s) + heat — CaO(s) + CO2(g)

What should be done to complete the given reaction in a
shorter time?

[. The volume of the container should be increased.
ll. The temperature should be increased.

[1l. CaCO3 must be granulated.



5. A2(g) + B2(9) + heat - 2AB(9)

Which of the following does not increase the rate of the
reaction?

A) Addition of catalyst

B) Increasing the volume of the container
C) Addition of A2

D) Addition of B2

E) Increasing temperature

6. Which of the following statement does not apply to
catalysts?

A) They may change the reaction mechanism.

B) They do not affect the heat of the reaction.
C) They always decrease the rate of the reaction.
D) They change the activation energy.

E) They remain unchanged after the reaction



Bce yyebHukn KaszaxctaHa Ha OKULYK.KZ

*KHura npegocTaBrneHa UCKIoYMTenbHO B 06pasoBaTerbHbIX LEnsx
cornacHo Mpukasa MuHucTtpa obpasoBaHua 1 Hayku Pecnybnuku KasaxcTtan ot 17 masa 2019 roga Ne 217



CHAPTER 4: CHEMICAL
EQUILIBRIUM

4.1 CHEMICAL EQUILIBRIUM

Why do we sweat when we are hot?

You will:

e 006 06pPaTUMbIX N HEODBPATUMbIX PeaKunax;

e YTO paBHOBECUE - 3TO AMHAMUNYECKUNIN MPOLECC;

e O XMMNYECKOM PaBHOBECUWN C TOUKM 3PEeHUA
KWHETNYECKOW TEOPUMN.

B cTeXMOMeTPpUM XMMUUYECKUX peaKLnM npeanoAaraeTcs, 4to

peakLumMsa MAET AO TeX MNop, MOKa OAMH U3 peareHToB He byaeT
MCMOABb30BaH AO KOHLLA. OAHAKO MHOIMMe peakLUMM He AOXOAAT
AO KOHLIa, a8 YCTaHAaBAMBAETCHA paBHOBecHe.

dPusnyeckoe paBHoBecue

Boaa ncnapsaeTcsa npu temnepaTtype Bbille 0°C. Onuwem
ncrnapeHmne BoAbl B 3aKPbITOM KOHTeEnHepe. Npun ncnapeHmm
YXNAKOM BOAbI O6pasyeTca BOAAHOM Map. MOAEKYAbI
BOASIHOIO Mapa He MOryT MOKMHYTb KOHTENHep. TaknMm
00pa30M, OHM HAYMHAKOT CTAAKUBATBCSA APYI C APYIOM U C
MOBEPXHOCTbIO BOAbI, @ 3aTEM BO3BPALLIAKOTCA B XXUAKYHO
cpeapy. [MoaToMy ncnapeHme n KOHAEHCaUna SBAAKOTCA
0BbpaTUMbIMUM MNPOLLECCaMM B 3aKPbITOM KOHTeMHepe. B



06pPaTUMbIX MpPoLEeccax NCMOAb3YIOT 3HaAK «<». B
HeobpPaTUMbIX MPOLLECCAaX MCMOAb3YIOT «—».

H20(() «~H20(9)

CKOpPOCTb UCNapeHUs BOAbI BblLLie, YeM CKOPOCTb
06pa3oBaHUA XXNAKOM Boabl. OAHAKO Yepes HekoTopoe
BpEeM4a CKOPOCTb MCMNapeHns BOAbl M CKOPOCTb KOHAEHCaL MU
BOAbI CTAHOBATCA paBHbIMU. Toraa yCTaHaBAMBaETCA
paBHOBecMKe.

[Mpn paBHOBECUN KOAMYECTBO BOASHOMO Mapa M1 >XUAKOM
BOAbI OCTalOTCA MOCTOSAHHbBIM, HO UCMapeHne 1 obpa3soBaHMe
SKUAKOM BOAbI MPOUCXOAAT HEMPEPbIBHO B
MUKPOCKOMMYECKOM MacLuTabe. [NosToMy Mbl FOBOPUM, YTO
paBHOBEeCUE ABASIeTCA AMHAMUYECKUM MPOLLEeCCOM.



Evaporation of water in open and
closed container

25°C
At a temperature of 60 °C, the amount of

vapor produced is much greater than the
amount of liquid at equilibrium.

Examples of dynamic equilibrium

[ToABOAS UTOT, MPUBEAEM HEKOTOPbLIE
XapPaKTEPUCTUKN COCTOAHUA XMMNYECKOIO PaBHOBECUS:
1. NMpamasa n obpaTHaa peakumm NPONCXOAAT
HenpepbIBHO, paBHOBECUE ABAAETCA AMHAMUNYECKUM.



2. MOX>XHO MpeAnOAOXNTb, YTO HET HUKAKMNX BUAMNMDbIX
MPU3HAKOB M3MEHEHUS.

3. B yCTaHOBAEHMN PAaBHOBECUSA YUYaCTBYIOT U NpaMas,
n obpaTHaa peakuun.

4. Ero MOX>XHO AOCTUUYb B 3aKPbITOM CUCTEME.

5. KOHUEeHTpauunmn peareHToB 1 NMPOAYKTOB

OCTatOTCHA NOCTOAHHbIMW,

Laboratory work

N27. NMpocTble o6paTUMble peaKunu

O6opyAOBaHUE U peaKTUBDI.

1M pacTBoOpbl HUTPAaTa XeAesa () n TmoymaHaTa KaAmsa
(KSCN), 0,1 M pacTtBOpbl HUTpPaTa cepebpa n rmpapodocdaTta
HaTpuna (Na2HPO4), nAaCTUHa AAS KAanNneAbHOIro aHaAM3a, TPpu
NPOBOUPKUN, AADOPATOPHbDbIE CTaKaHbl, FOPAYas BOAA, ACA.

BbiInOAHEeHMe onbliTa:

JKcnepuMeHT A

1. HanenTe 25 MA AUCTUAANPOBAHHOM BOAbI B AADOPATOPHbIN
CTakaH n pobaBbTe No opHom karnAe TM Fe(NO3)3 n 1M KSCN.
[NepeMeLuanTe.

2. NobaBbTe HECKOABKO KaneAb MOAYYEHHOro pacTBopa K
MNATU AYHKAM MAACTUHbI AAS KarNeAbHOIro aHaAM3a.
NCNOAb3YyMTE OAHY AYHKY AASl CTAHAAPTHOro uBeta. C HUM
Bbl byAeTe CPpaBHUBATb APpyrme npoobobl.

3. AobaBbTe oAHY KanAk 1M pactBopa Fe(NO3)3 Bo BTOpYIO
AYHKY, nepemMeLuanTe.



4. NobaBbTe 0AHY KanAko 1M pactBopa KSCN B 3-10 AYHKY,
nepeMeLlanTe.

5. AobaBbTe oaAHY KanaAo 0,1 M AgNO3 B 4-10 AYHKY U
nepemeLuanTe.

6. AobaBbTe oaHY KanAto 0,1 M Na2HPO4 B 5-10 AYHKY 1
nepemeLuanmTe.

7. 3annwmnTe CBOU HabAOAEHUA.
KcnepuMeHT b

1. HanenTe B 3 Npobupkn 4-5 MA pacTBOpPa XKXEAe30
TUoLMaHaTa M3 aKCnepmMeHTa A.

2. 1-a npobupka byaeT AAAG CTaHAaPTHOro useta. C HMM Bbil
ByAeTe CpaBHMBATb APYrve MNpobUpKU.

3. HarpewnTe BTOpPYIO NPOBUMPKY B ropsaden Boae. He kmnatmre
pacTBOpP.

4. OxXxAnapnTe 3-Tblo NPOBUPKY AEAAHOM BOAOMW.
5. 3anunwmnTte cBOU HabAOAEHUS.

[MoumeyaHme: Balue HabaroseHne byaeT 0O6bsICHEHO B
CAeAYIoLLEN TAaBe. Bbl y3HaeTe, KaK MOXXHO CABUHYTh
paBHoBecuHe.

Keep in mind

Koraa ABe NMPOTUBOMOAOXHbIE XMMMYECKNE peaKLmnn
MPOOUNCXOAAT C OAMHaAKOBOW CKOPOCTbIO, CNCTEMa HAaXOANTCHA B



COCTOAHUN AMHAMMNYECKOro paBHoBecusd. KoHUeHTpaunm
peareHToB N NMPOAYKTOB HE M3MEHAKOTCA CO BpeMeHeEM

Facts

Equilibrium in human body (homeostasis)

Did you know that many different characteristics of human
body remain in balance? For example, body temperature and
blood sugar level. These features remain very nearly constant
despite a change of environment, level of activity or diet.
Arterial blood pressure, blood oxygen content, the volume of
body water, etc among these controlled systems. That's why
homeostasis is so essential for regular human activity.

Proper work of homeostatic

mechanism is essential for human
health

Terminology

e reversible - kKanTbiIMAbI / 06pPaTUMbIN;
e dynamic process - AMHaMUKaAbIK YPAIC / AMHaAMUUYECKN
npouecc;



equilibrium - Tene-TeHAIK / paBHOBecuHeE;

continuously - y3iAicci3 / HenpepbIBHO;

condensation - KOHAeHcauusa / KOHAeHcauns;
simultaneously - 6ip yakbiTTa / OAHOBPEMEHHO;
spontaneously - asgk acTblHaH / CNOHTAHHO;

forward - anFa Kapaw / Bnepea;

to exhibit - koto / BbICTaBAATD;

homeostasis - romeocTas;

adjusted - KaAMblHa KeATiIpiAreH / oTperyAMpoBaHHbIN;
spot plate - TaMWbIAbIK TaKkTavwa,/ TodeyHasa NAacTUHA.



4.2 FACTORS AFFECTING
EQUILIBRIUM

Which factor has the biggest influence on chemical
reaction?

You will:

e O CMeLWEeHNN XMMNYECKOro paBHOBeCUA No npuHumny Ae
LllaTeAbe;

e KaK daKTOPbl BAUAKOT HA CKOPOCTb XMMUYECKUX peaKkumm
N CMeLLeHne XMMNYEeCKOro paBHoOBeECUS.

As you could notice from Laboratory work N27, from the
previous lesson, chemical equilibrium can be shifted. In the
lab you were changing a concentration of reactants and
products, changing a temperature of a system. In this lesson,
you will understand how these changes affect the chemical
equilibrium. You will learn Le Chatelier’s principle, which
explains the effect of a change in conditions on a chemical
equilibrium.

BAngHue nasMmeHeHus KOHUEeHTpaunu
B AQHHOWM peakuumu,
2502(g) + O2(g) 2503(9)

€CAU HeKoTopoe KoamdecTtBo SO2 nam O2 pobaBageTca
K PaBHOBECHOWM CMecCKn, paBHOBecKe byaeT HapyLUEeHO.



[MockoAbKy pAoBaBAeHne SO2 nam O2 yBeAnymBaeT
KOHUEHTpPAaUMIO peareHToB, paBHOBecKne ByAeT CMeLLEHO B
MPaBY CTOPOHY, YTOObI YMEHbLLUNTb KOHLIEHTRAaLU MO
peareHTOoB.

OAHAKO, eCAUN K cucteMe A0baBAAETCS HEKOTOpOE
KOAMYECTBO NMPOoAYKTa, SO3, KOHUEHTpPaUMSA MPOAYKTA
yBeAndmBaeTcs. [103TOMY peakums CMeLLaeTCsa B CTOPOHY
peareHToB, YUTOObl YMEHbLUNTb KOAUYECTBO MPOAYKTOB U
YCTAaHOBUTb HOBOE PaBHOBECHOE COCTOSAHUE.

BAnsHUe nsMeHeHns AaBA€HUSA

N3MeHeHne AGBAEHUA U3MEeHAET KOHLUEHTPAaUMIO ra30BbIX
peareHToB U ra3oBblX MPOAYKTOB. Koraa AaBAEHME CUCTEMDI
YBEANUYMBAETCSH, peakumMsa CMEeLLaeTCcs B CTOPOHY C MEHbLLIUM
OOLLMM KOAMYECTBOM ra3oB. Koraa AaBAEHME CUCTEMDI
YMEHbLLAETCA, PeaKLmMa CMeLLaeTcsa B CTOPOHY, rae obLee
KOAMYECTBO rasa 6oabLue. PaccMoTpmM adPeKT yBEeANYEHUS
AABAEHUNA AAS CAAYHOLLIEN peaKUUN:

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

Koraa AaBAeHME CUCTEMbI YBEANYMBAETCS,

paBHOBECUE CABUMAETCA B CTOPOHY aMMmaka NH3,
MOCKOAbKY O0LLee KOAMYECTBO ra30B MeHbLUE C MpaBoOun
CTOPOHbI. HO eCAU AaBAEHME CUCTEMbI YMEHbLLIAETCH,
paBHOBECUE CABUIraeTcsa B CTOPOHY a30Ta N2 n BOAOPOAA
H2.

PaBHOBECHbIE peaKLuuMKn, Mpum KOTOPbIX obLimne

YMCAQ KOIPDPULIMEHTOB ra3oB B peareHTax U NpoAYyKTax
PaBHbI, HE 3aBUCAT OT N3MEHEHNSA AaBAeHUA. Hanpumep,
N3MEHEeHMNe AABAEHNSA HE BAUAET Ha CAeAYHOLLME peaKLUnn:

H2(g) + Cl2(g) & 2HCI(9)
N2(9) + O2(9) & 2NO(9)



N3MeHeHne AABAEHUSA OKa3bIBaeT NMPOTUBOMOAOYXKHOE
BAUSIHME Ha U3MeHeHWe obbeMa. Koraa obbeM rasa
yBEANUYMBAETCH, AABAEHME ra3a yMeHbluaeTca. Koraa obbem
ra3a yMeHbLLaeTCcs,

AABAEHMeE rasa yBeAnymBaeTca. [10aTOMy naMeHeHne
AABAEHUSA NPU MOCTOAHHOM TeMMNepaType BAUSAET Ha
PAaBHOBECHYIO peakLumnto o6paTHO NPOonopLMOHAABHO
N3MEeHeHUo obbeMa.

N3MeHeHneM AaBAEHUSA M 06BbeMa XXUAKOCTEN MOYXKHO
npeHebpeyb.

BAMSIHUe TeMnepaTypbl

MpouMmep, Korpaa NpamMas peakumsa aBAdeTcs
SHAOTEPMUNYECKON, a 0bpaTHAA peakumsa aBASeTCA
3K30TEepPMMYECKOMW:

N204(g) + 58 kd & 2NO2(g9)

EcAM M3MeHnTb TeMNepaTypy CUCTEMDI, PaBHOBeECKE

ObyAeT cMeLlaTbCca TaknM 0bpa3oM, YTOObl YMEHbLUNTb

3P PeKT naMeHeHunda, cornacHo npuHuymny Ae LLlateabe. EcAm
TeMrnepaTypa CUCTEMbI MOBbILLAETCH, paBHOBeCKe byaeT
CMeLlaTbCa B NPAaBY CTOPOHY, YTOObl YMEHbLUUTb
TemMnepaTypy. ECAM peakumMoHHaa cMeCb OXAaXKAIETCH,
paBHOBecUe byAeT CMeLLaTbCa B AEBYHO CTOPOHY AASA
MOBbILLEHMNA TeMnepaTypbl.
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e The effect of temperature.

NO, gas has reddish-brown colour while
The equilibrium shifted to left side N0, is yellow.

Demonstration

N23. Dehydration copper sulfate.

Materials:

copper sulfate pentahydrate, evaporating dish, dropper,
distilled water, burner

Procedure:

1. Place 10 g of CuSO4x5H20 into the evaporating dish.
2. Heat the salt gently.

3. Observe the color changing of salt.

4. Add 5-6 drops of distilled water to the salt powder.

5. Write down your observations.

Literacy




1. For the following reactions, predict the direction of the
reaction if the pressure is increased:

S(s) + 3F2(g) © SF6(9)
Cl2(9) +12(9) & 2ICI(9)

2. What will happen, if we increase concentration of products
in reactions above?

3. In which direction will an equilibrium be shifted, if we
decrease temperature for the reactions below:

N2(g) + 3H2(9) & 2NH3(g) + 92.2kJ

H20() & H20(g9)

Facts

Le Chatelier’s principle

If a chemical reaction is at equilibrium and experiences a
change in pressure, temperature, or concentration of
products or reactants, the equilibrium shifts in the opposite
direction to offset the change. Le Chatelier’s principle is
widely used in chemical industry. One example of this
principle use is the Haber process. By use of the Haber
process, about 500 million tons of fertilizer is produced every
year. This fertilizer has a great impact on the food production
for half of the world’s population.



Facts

When water is frozen into ice, it becomes more spacious. Ice
crystals occupy more volume. Ice floats on water.

(lasseswith ice cubes

Terminology

e shift - aybicy / cABwUr;

e Le Chatelier’s principle - Ae LLaTeAbe npuHumni /
npunHunn Ae LLaTeAbe;

e to increase - ecy / yBeAMYMBaTb, MOBbILLATD;

e to decrease - keMy / yMeHbLLAaTb, MOHUXKATb;

e disturb - 6y3bIAy / HapyLLaTb;

e to consider - KapacTblpy / paccMaTpmBaTb;

e conversely - kepiciHLwe / HaobopoT;

e infl uenced - ocbIHbIH acepiMeH / MoA BAUAHUEM.



Bce yyebHukn KaszaxctaHa Ha OKULYK.KZ
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Problems: Chemical
equilibrium

1. Why do reversible reactions occur?

2. Give examples of dynamic equilibrium from daily life.
3. Define Le Chatelier’s principle.

4. Which factors can affect an equilibrium system?

5. Which features are essential for the system to establish
equilibrium?

6. Classify the following processes as reversible and
irreversible:

a) Explosion
b) Formation of ammonia gas from H2 and N2
c) Burning

d) The decay of leaves



e) N2(g) + O2(g) <« 2NO(9)

f) Evaporation-condensation of water.

7. Give examples of the following transformations.
e solid « gas

e gas « liquid

e solid < liquid

® gas + gas < gas

8. Find whether the following reactions can reach equilibrium
or not:

a. N204(g) — 2NO2(9) ...........
b. 2Al(s) + 6HCI(aq) — 2AICI3(aq) + 3H2(9) ............

c. 2NH3(g) — N2(g) + 3H2(9) ............

9. The following reaction at equilibrium is given (T = 250C)
CO(9) + H20(g) « CO2(9) + H2(9).

Try to predict how the system will respond to the following
changes:

e Addition of CO gas;

e Addition of H2 gas;



e Removal of H20 gas;

e Removal of CO2 gas.

10. For the following reaction:
2NH3(g) < 3H2(g) + N2(9)

try to predict how the system will respond to the following
changes:

e |[ncreasing volume;
e Decreasing volume;

e |[ncreasing pressure.

11. Consider the reaction:
CaCO3(s) « CO2(g) + Cal(s)

To which side will shift the reaction to reestablish equilibrium,
if the following changes are applied:

e Increasing pressure;
e Decreasing volume;

e Increasing volume.

12. Consider the reaction:

2NH3(g) « 3H2(9) + N2(9) - Q kcal



Try to predict how the system will respond to the following
changes:

e |[ncreasing temperature;

e Decreasing temperature



CHAPTER 5: OXIDATION-
REDUCTION REACTIONS

5.1 OXIDATION STATES.
OXIDATION AND REDUCTION
PROCESSES

Antioxidants are substances that inhibit
oxidation process. Why are they so important in the
food industry?

You will:

e know what an oxidation state is;

e know how to find oxidation states;

e understand that oxidation and reduction processes are
interrelated.

CteneHb OKUCAEHUSA

CTteneHb oKNCAeHUA (OKUCAUTEABHOE YNCAO) SIAEMEHTA
MOKa3blBaeT CNOCOOHOCTb aTOMOB K OTAQYEe UAU MPUEMY
SAEKTPOHOB AAS CTAaOUAU3ALMUN UX MOCAEAHENO
SAEKTPOHHOIo YPOBHSA.

ATOMbI AU MOAEKYABbI MPOCTbIX BELLIECTB MMEKOT CTeMNeHb
okncAaeHnsa (MAM 3apaa) paBHbin O. Hanpumep Al, Mg, Fe, H2,



P, 02, N2, CI2.

BblYMCAEHME CTENEHUN OKUCAEHUS DAEMEHTa B
coeAMHeHUU

Oxidation states of some common ions

+1 +d +3 . -2
H | mg2 | Al | F | 02
Na* | (3 ar

K* Ba? Br
Ag* | In™

Hg"

NH,"

Example 1

HanTn cTeneHb OKMCAEHUSA YIAepOoAa B KapboHaTe KaAnd
K2COa3.

Solution

CTeneHn OKUCAEHUA KaAUa U KUCAOPOAA PaBHbl +1 U -2,
COOTBeTCTBEHHO (AaHO B TabAuLe). KpoMe Toro, Mbl AOAXKHbI
yyeCTb KOAMYECTBO Ka>AOro aToMa B coepnHeHnn. CyMMma
3aPAA0B B COEAVHEHUN AOAXKHA BblTb paBHa HYAD. B
pe3yAbTaTe,

2-(K) +1-(C) + 3-(0) = 0.

2-(K+1) + 1-(Cx) + 3-(0-2)= 0.



2:(+1) + x +[3-(-2)] =0

X =+4

Example 2

HamTu cTeneHb OKUCAEHUA Cepbl B TMAPOCYAbDAT-NOHE
HSO4-:

Solution

B 3TOM CAy4Yae cyMMa cTerneHem OKUCAeHUS aTOMOB He paBHa
HYAID, TaK KaK MrMAPOCYAbdAT-MOH OTPULLIATEABHO 3aPA>KEH.
TakuM 06pa3oM, cyMMa byaeT paBHa -1.

1-(H) + 1-(S) + 4-(O) = -1

1-(+D) + 1-(x) + 4-(-2) = -1

1+ x + (-8) = -1
x=-1-1+8
X = +6.

Mpoueccbl OKUCAEHUA U BOCCTAaHOBAEHMUSA

TepMMH OKUCAEHME MepBOHAYaAbHO ObIA MCNOABb30OBaH AAA
0b603Ha4yeHns peakunin, B KOTOPbIX SAEMEHT pearnpyeT C
KNCAOPOAOM.

K npnmepy,



2Cu + O2 — 2CuO - oKncAeHne meam

B BbILLENPUBEAEHHOM peaKLUMNM KaXKAbIM aTOM MeAn TepaeT
AB3A 2AEKTPOHa ¢ obpasoBaHmneM noHa Cu+2 . 3ToT npouecc
Ha3blBAETCA OKUCAEHUEM.

Cu — Cu+2 + 2e-

B TO >Xe BpeMa Ka>KAbl1 aTOM KUCAOPOAA MOAyYaeT ABA
IAEKTPOHAa AAA 0Bbpa3oBaHMA MoHa O-2. CoOTBETCTBEHHO,
MOAEKYAA KUCAOPOAQ MPUNODBPETAET YeTblpe IAEKTPOHA. DTOT
NpoLecc Ha3blBaAaeTCH BOCCTAHOBAEHUEM.

02 + 4e- —» 20-2

B 3aKAOYEHUUN, OKUCAEHME - 3TO MNPOLLEeCC, NMPM KOTOPOM aTOM
TepsaeT SAEKTPOHbI, 3 BOCCTAHOBAEHME - 3TO NpoLuecc, npmu
KOTOPOM aTOM MOAYYAET IAEKTPOHbI. [1poLuecCbl OKUCAEHNA U
BOCCTAQHOBAEHUSA MPOUCXOAAT opaAHOBPeMeHHO. OaHa peakuma
HEe MOXXEeT NMPOon30nNTU Be3 APYron.

Literacy

1. What are the oxidation states of sulfur in sulfuric acid
H2S04, hydrogen sulfi de H2S and calcium sulfi de CaS?

2. Find the oxidation states of nitrogen in the following
compounds: nitric acid HNO3, ammonia NH3 and nitrogen
dioxide NO2.

3. Sulfur and oxygen react to form sulfur dioxide SO2.

S(s) + O2(g) — SO2(9)



Which of the elements above undergoes oxidation and which
reduction?

Keep in mind

The sum of the oxidation numbers of atoms in a compound
should be equal to zero.

Keep in mind

Oxidation is a process in which an atom loses electrons.

Reduction is a process in which an atom gains electrons.

Lose Electrons —- Oxidation
Gain Electrons —- Reduction

Science in context

[Mpouecc OKUCAEHUSA PA3PYLLUNTEABHO BO3AENCTBYET Ha
MeTaAAbl. Hanpumep, p>kaBuYmMHa NpeACTaBAAET cOboun
NpoLUecCc OKUCAEHUSA, KOrAa XXeAe30 UAU CTaAb MEAAEHHO
NOABEPraroTCa KOPPO3MM BO BAAXKHOM BO3AyXe. P>xaBUmnHa



OCAADASET CTPYKTYPbl KYy30BOB aBTOMOOUAEN, KOpabAaen n
MOCTOB.

Terminology

e oxidation state - TOTbIFy AspeXkeci / cTeneHb OKUCAEHUS;
e oxidation - TOTbIFY / OKUCAEHUE;

e reduction - TOTbIKCbI3AAHADBIPY / BOCCTAHOBAEHUE;

e to damage - 3UsAH KeATipy / HaHOCUTb YLLepP®;

e to corrode - »en Koto / pa3bepaTh;

e to undergo - aAyLuap 60AY / noaBepraTbecA.



5.2 OXIDATION-REDUCTION
REACTIONS

Is there any substance that can oxidize and reduce at
the same time?

You will:

e know what oxidationreduction reactions are;
e know what oxidizing and reducing agents are.

KakK Mbl Y3HAAU 13 NPEeAbIAYLLNX YPOKOB, MHOTMe
XUMUYECKME peaKLMM CBA3aHbl C NepeMeLleHneM
SAEKTPOHOB OT OAHOIMO aTOMa K APYroMy. Takme peakumm
Ha3bIBAOTCA OKUCAUTEABHO-BOCCTAHOBUTEAbHbIMU
peakUMaIMUN UAUN PEAOKC peakunaMun. AAa npmumepa
PACCMOTPUM:

2Cu(s) + 02(g9) — 2CuO(s)

Kak Bbl 3HaeTe, OKUCAEHME N BOCCTAHOBAEHME MPOUNCXOAAT
OAHOBPEMEHHO. B AGHHOM peaKLumnm MeAb OKUCASETCA. YTo
ObIAO BOCCTAHOBAEHO BO BPeM4A peaKLunmM YKa3aHHOWM BbiLLe?
EcAM Bbl MOCMOTPUTE Ha 3apPHAAbl BELLECTB B peakuumun, Bbl
3aMeTUTEe, YTO NPOU3OLLUAO HECKOABKO U3MEHEHUMN:

- 3apsA Mean BO BpeMs peakumm MmeHaeTca oT O A0 +2.

- 3apsA KMCAOPOAA BO BpeMda peakumm MeHgaeTcsa oT O Ao -2.



ATOM MeAU NMOTEPAA CBOU SAEKTPOHbI, 3 MOAEKYAA
KMCAOPOAA UX NMPUobpeAna.

Hanpumep
Zn(s) + Pb(NO3)2(aq) — Zn(NO3)2(aq) + Pb(s)

[Mpouecc nepeHoca 3AEKTPOHOB Aerye NoHATb B MOHHOM
dopme:

LIMHK TepgaeT ABa 3AEKTPOHAa, a CBMHEL, X npuobpeTaer.

reduction

In + Pb* —» In*" + Pb
|— oxidation J

Formation of lead (Pb) on zinc
(Zn) plate

BoccTaHoOBUTEAU

AaBanTe PacCMOTPUM CACAYIOLLYIO peaKLUIo:

Mg + 2 O2 —- MgO



Burning of magnesium

Bo BpeMsa peakuum aTOM MarHma TepseT SAeKTPOHbI, @ aTOM
KUCAOPOAA NMpUuobpeTaeT SAEKTPOHbI. BellecTBo, KoTopoe
OTAAET SAEKTPOHbI, Ha3bIBAeTCHA BOCCTAHOBUTEAEM, MOTOMY
YTO OHO BOCCTaHaBAMBAET ppyroe BellecTBo. C pApyrom
CTOPOHbI, BELLeCTBO, KOTOPOE MOAYYaEeT SAEKTPOHbI,
Ha3bIBAETCHA OKUCAUTEAEM, MOTOMY YTO OHO OKUCALAET APyroe
BeLLeCTBO.

Mg 050,

> -~

mg” 5
Mg 050,

< -

Oxidized Reduced

{reducing agant} (oxidizing agent)



B aTOM npuMepe MarHmm Mg aBAAEeTCA BOCCTAaHOBUTEAEM,
TaK KaK OH OTAQET 3AEKTPOHbI KUCAOPOAY, a KUcAopoa O -
OKUCAUTEAEM, TaK KaK OH MPUHUMAET SAEKTPOHbI OT MarHus.

MTHuneHune

OKUCAEHUNE NAN XMMUNYECKOE PA3AOXKEHUE ML Ha3blBAtOT
rHMeHmeM. lNpouecc rHNeHna AaeT HeI'IpVIFITHbII7I 3arnax u
BKYC. ANSA NpepAOoTBpPaALLEHNA OKNCAEHUS MNLLIEBDBIX
MPOOAYKTOB AFOAU lA',O6aB/\9IPOT BelLleCTBa, Ha3blBaeMble
dHTNOKCNAAHTAMW.

Expired moldy bread Homemade antioxidant fruits

Keep in mind

Reducing agent (reducer) - an element or a compound that
loses electrons.

Oxidizing agent (oxidizer) - an element or a compound that
gains electrons.



Activity

OKUCAUTEABHO-BOCCTAHOBUTEAbHbIE peaKLuum
O6o0pyaOBaHUE U peaKTUBDI:

pacTBopbl 1 M cyabdaTa >xeae3za (1), T M rmppokcnaa HaTpusa
n 3% nepekncu sBopopoaa H202, AabopaTopHbIe CTaKaHbl.

BbinoAHeHUe onbiTa:

1. HanenTe B cTtakaH 10 MA T M pacTBOpa pacTBopa CyAbdaTa
»xenesa ().

2. AobaBbTe 5 MA 1 M pacTBOpa rAPOKCMAAQ HATPUSA B
pacTBop cyAbdaTa >kenesza (I1). Bbl yBuanTE 06pas3oBaHme
MYTHO-3€AeHOro OCaAKa.

3. AobaBbTe 8-10 kKaneAb 3% pacTBOpa NepeKncm BOAOPOAA K
ocaaKy. ObpasyeTca KpacHOBaTO-bypbi OCaAOK.

be30rnacHoCcTb: HaaeHbTe 3aLUynTy AAS TAa3. COBAroAaUTE
OCTOPOXKXHOCTb MU PaboTe C rMnepeKkmCchbro BOAOPOAA.

3aKAOYeHue:

3aKOHUYNTE YPaBHEHUSA peaKkUn N pacCcTaBbTe
KO PUNLMNEHTDI

FeSO4(aq) + NaOH(aq) — ...

Fe(OH)2(s) + O2(g) + H20() —

Literacy




1. How did people prevent food spoiling in ancient times?

2. In the following example, sodium and chlorine react to
form sodium chloride, NaCl.

2Na(s) + Cl2(g) — 2NaCl(s)
Which one is oxidizer and which one is reducer?
3. How many electrons do transfer in the following reaction?

2C0O(g) + O2(9) — 2C0O02(9)

Terminology

e to involve - KaTbICTbIPy / BKAIOYATb B ceb4;

e to transfer - aybICTbIpy, ayAapy / NepPeHOCUTD;

e to take place - opbIH aAy / MPOUCXOAUTD;

e to prevent - 6oaabipMay / NPeAOTBPATUTD;

e moldy bread - kerepreH HaH / 3anNAeCcHeBeAblN XAeD;
e spoiling - 6ByAiHY / nopya (NPoAYKTa).



5.3 BALANCING REDOX
REACTIONS

Photosynthesis is a redox reaction and is the most
important process that produces oxygen. Which
other methods can you think of?

PHOTOSYNTHESIS

L sSLIgar
CHH+HD-&

Photosynthesis is an example of
aredox reaction

You will:

e balance redox reactions using the oxidation-number
method.

YpaBHUBaAHME OKNCAUTEABHO - BOCCTAHOBUTEAbHbIX peaKLunm
AHAAOIMMYHO YPaBHUBAHUIO APYITMX TUMOB peakunn. CHadvaAa,
YPaABHANTE KOAMYECTBO aTOMOB; 3aTeEM, YpaBHANTE
KOANYECTBO 3AEKTPOHOB. OAHAKO, 3TU NPOCTbIe MPaBUAA
4aCTO TPYAHO MPUMEHATb B OKUCAUTEABHO-



BOCCTAaHOBUTEAbHbIX peakumax. TakuM obpasom,
MCMOAb3YIOTCA Pa3Hble MEeTOAbI AAS YPABHMBAHUA.

YpaBHUBAHUA OKUCAUTEAbHO-BOCCTAaHOBUTEAbHbIX
peaKLMn MeTOAOM SAEKTPOHHOro 6aAaHca

B XxnMMmnyeckomn peakumnm oKMCAEHUNE N BOCCTAaHOBAEHME
BCEraa NponcxoaaT BMecTe. [1oaToMy, obLyee KOAMYECTBO
INEKTPOHOB, OTAAHHbIX N MOAYYEHHDbIX, AOAXXHO ObITb
OANMHAKOBbIM.

B 3TOM MeToAe peakLUs paspeAdeTca Ha ABe MOAYypeaKkLmn,
OKUCAUTEABHYIO U BOCCTAaHOBUTEAbHYIO. Kaxkaada MOAOBUHA
peakuunn ypaBHEeHa OTAEAbHO, TaK, YTOBbl MOAYUYMAOCH
OAMHAKOBOE YMCAO IAEKTPOHOB B Ka>XAOM MOAYYPaBHEHUN.
3aTeM ABe MOAYPeaKLUMM CYMMUPYIOTCH, YTOBbI MOAYYUTDb
cbanaHCUPOBAHHOE MOAHOE YypaBHeHMe.

AaBanTe ypaBHSEM CAeAYHOLLIEE YPABHEHME:
Fe+2(aq) + Cl2(g) — Fe+3(aq) + Cl-(aq)
1. OKNCAUTEABHAs MOAYpPEaAKUUNS:
Fe+2 —» Fe+3 + e-
BOCCTAaHOBUTEAbHAsA MOAYpPEaKLMS:
Cl2 + 2e- — 2ClI-

2. Obume KoAmnYyecTBa MOAYHYEHHDBIX N OTAAHHbIX SAEKTPOOHOB
AOAXHbI ObITb paBHbIMU. OKUCAUTEABHYIO MOAYpPEAKLUNIO
HeobXxoAMMO YMHOXXWUTb Ha 2, YTOOBbI YPaBHATb SAEKTPOHDbI.

2Fe+2 — 2Fe+3 + 2e-



Koraa cyMMUPYIOTCA ABE MOAYpPeaKLUMuM, MoAydaeTca obLas
peakuug.

OkucneHune : 2Fe+2 — 2Fe+3 + 2e-

BoccTtaHoBreHne  ClI2 + 2e- — 2CI-

[TlonHoe : 2Fe+2 + Cl2 — 2Fe+3 + 2ClI-

Facts

Preparation of gymyz is based on redox reactions

" Kazakhdishes and qymyz

Example 1

YPaBHANTE CACAVIOLLYIO peaKLUnto, MNCMOAb3YA METOA
MNOAYpeaKLUnn:

Al(s) + ClI2(g) — AICI3(s)



Solution

CHa4aAa, yKa3sblBaeTCs CTeneHb OKUCAEHUA AN KAXKAOIO
dTOMa B peareHTax n rnpoAyKTaxX, 4yTOObI HaMTK obLLee
KOANYECTBO MNepeHOCNMbIX IAEKTPOOHOB.

[MToAypeakumnm:
Al - Al3+ + 3e- (oKncAeHune)
2e- + Cl2 — 2CIl- (BoccTaHOBAEHME)

KoHeuHoe ypaBHeHMe MoAyYaeTCa CYMMUPOBAHNEM ABYX
MOAYPEaKLUM CACAYHIOLLIMM 0H6Pa30oM;

Al — Al3+ + 3e-/2

2e-+Cl2 - 2CI-/ 3

2Al + 3ClI2 — 2Al13++ 6CI-

TaknM ob6pa3om, cbanaHCUPOBAHHOE YPaBHEHME:!

2Al(s) + 3Cl2(g) — 2AICI3(s)

Example 2

YPaBHANTE CACAYIOLLYIO PeaKLMIO UCMOAb3YHa METOA,
SAEKTPOHHOIro 6aAaHca:

KMnO4(aqg) + HCl(ag) — MnCl2(aq) + Cl2(g) + KCl(aq) +
H20)

Solution



+7 -1 7 0
KMnO, + HCl = Mndl, + Cl, + KCl + H,0

CHayvaAa, ypaBHEHMe AOAXKHO BbITb Pa3AEAeHO Ha ABa
MOAYYPaBHEHU4, MOKa3blBalOLLME aTOMbl, KOTOPbIE MEHAIT
CBOW CTeneHU OKUCAEHUSA.

Mn7+ + 5e- — Mn2+ (BOCCTaHOBAEHMe)
2Cl- — CI20 +2e- (okucaeHue)

YTO06bl COaNnaHCUMPOBATb pPeaKkLmto, HeOBXOAUMO NPUBECTM
obe NoAypeakLunmn K HamMeHbLLeMy obLleMy KpaTHoMmy 10, T.e.
YMHOXXWTb Ha 2 1 5:

Mn7+ + 5e-— Mn2+ / 2

2Cl- - Cl2+2e-/5

2Mn7+ + 10CI- — 2Mn2+ + 5CI2 (overal skeleton reaction)
KoaddrumeHTbl MepeBOASATCA B MOAHYIO PeaKLMIO:

2KMnO4(aq) + 16HCI(aq) — 2MnCl2(aq) + 5CI2(g) + 2KCI(aa)
+ 8H20(!)

Literacy

1. What is the unknown substance in the following balanced
redox reaction?

4Ca + 1OHNO3 — 4Ca(NO3)2 + X + 5H20



2.Balance the following equations by using the oxidation
number method:

S(s) + HNO3(conc) — SO2(g) + NO2(g) + H20((D)
Cu(s) + HNO3((dil) — Cu(NO3)2(aq) + NO(g) + H20()

3. Which of the following change(s) is/are redox reaction(s)?
(Each arrow is a reaction)

Ca3P2 - PH3 — P205 —» H3PO4

Terminology

e photosynthesis - doTocuHTE3 / POTOCUHTES;
e oxidation-number method - aAeKTPOHAbIK BAaAaHC TOCIAI
/ MeTOA 3AEKTPOHHOIro 6aAaHCa;



Problems: Oxidation-
Reduction Reactions

1. Determine which element is oxidized and which element is
reduced in each reaction. Identify the oxidizing agent and the
reducing agent:

e 2Ca(s) + 0O2(g) — 2Ca0(s)
e 2Na(s) + S(s) — Na25(s)
e 2K(s) + Br2(l) — 2KBr(s)

2. Find the oxidation number of each atom in following ions:

e nitrate NO3-
e ammonium NH4+
e CO32-

3. Calculate the oxidation number of manganese in each of
the following compounds:

e MN203
KMnO4
MnSO4
Mn207
K2MnO4

4. Use the changes in oxidation numbers to determine which
elements are oxidized and which are reduced in these
reactions:

e C(s) + HNO3(conc) — CO2(g) + NO2(g) + H20()
e Cu(s) + HNO3(conc) — Cu(NO3)2(aq) + NO2(g) + H20(D)
e H2S(g) + O2(g) — SO2(g) + H20()



5. Determine the oxidation number of the elements in each of
the following compounds:

e H2SO3
e F2

e ZN(OH)2
e KNO2

e KH

e Fe203

6. What are oxidation states of nitrogen in the following
compounds respectively?

HNO2, NH4CI, NO

7. What are oxidation states of sulfur respectively in the given
compounds?

Na2S, Na2504, Na25203

8. What is the sum of all coefficients in the following
balanced redox reaction?

_ FeS2+_ 02— _ Fe203+__ SO2

9. What is the substance X in the following balanced redox
reaction?

4Ca + 10HNO3 — 4Ca(NO3)2 +..X + 5H20



10. In which of the following schemes there is no change in
oxidation state?

A) H2S — SO2 B) H2S503 — H2504 C) PH3 — P205 D) N20O3
— HNO2 E) CrO3 — H2CrO4

11. In which compound sulfur has oxidation state -2?

A) Na2S B) Na2S03 C) Na2504 D) Na25204 E) Na25203

12. What is the change in oxidation state of sulfur in the
following redox reaction?

H2S(9) + 8HNO3(conc) —» H2504(aq) + 8NO2(g) + 4H20()
A) S2+ — S4+

B) SO — S4+

C) S2- —» 5S4+

D) S2- — S8+

E) S2- —» S6+

13. Balance the following reactions using oxidation-number
method:

A) FeCl3(aq) + Kl(aqg) — FeCl2(aq) + 12(s) + KCl(aq)

B) Cu2S(s) + O2(g) — CuO(s) + SO2(s)



C) KMnO4(aq) + FeSO4(aq) + H2504(aq) — Fe2(504)3(aq)
+ MnSO4(aq) + K2504(aq) + H20()

D) FeS(s) + O2(g) — Fe203(s) + SO2(9)



CHAPTER 6: METALS AND
METAL ALLOYS

6.1 GENERAL PROPERTIES
OF METALS

Melting points of iron, tungsten, and mercury are
1538°C, 3422°C, and -39°C respectively. Why metals
have different melting points?

You will:

e explain what the metallic bond and metallic lattice are;
e describe physical and chemical properties of metals.

MeTaAnAnYecKada CBA3b

ATOMbl METAAAOB MUMEIOT MAaAOe KOAMYECTBO BAaAEHTHbIX
3AEKTPOHOB. MeTaAAbl C 6OAbLLUEN BEPOATHOCTbIO MOTEPAOT
3AEKTPOHbI AA AOCTUXKEHUA BOoAee CTabUABbHOIO
PACMOAOXKEHUNA SIAEKTPOHOB. MNpU KOMHaTHOM TeMnepaType
METaAAbI, 38 UCKAIOUYEHMEM PTYTU, HAXOAATCHA B TBEPAOM
COCTOSAHUMN.

BaAeHTHble 3AeKTPOHbl aTOMOB MEeTaAAa MOIYT AErkKo
nepeMeLLaTbCca MeXKAYy 06pa30BaHHbIMU MOHAMU. DTU
3AEKTPOHbI, KOTOPble MOIryT CBOHBOAHO NMepemMeLLaTbcs
MeXXAY aTOMaMu, 06Pa3yoT «3IAEKTPOHHbIV ra3». 3To



ABAEHME Ha3blBaeTCA METAaAAUYECKOWM CBA3bD. DTN CBOHBOAHO
ABMXKYLLIMECH SAEKTPOHbI B SAEKTPOHHOM rase AeAaloT
MEeTAAAbl XOPOLUMMU MPOBOAHMKAMU TEMAA U SAEKTPUNYECTBA.
[TOCKOABKY CBOOOAHO ABWMDKYLLMECA SAEKTPOHbI MOTYT
nepemMeLlaTbCsa Mo CTPYKTYPE, OHM CMOCOOCTBYIOT
MOABAEHUIO SIAEKTPUNYECKOro Toka. [ToMMMO 3TOro, MEeTaAAbI
ABAAKOTCA ODAECTALLMMU, MOTYT OblITb BbITAHYTbI B MPOBOAA U
MOryT ObITb A€rKO BbIKOBAHbl B GOPMY.

MPOYHOCTb MEeTaAANYECKOW CBA3M BO3PacTaeT C
onpeAeAeHHbIMU BAAEHTHBIMU IAEKTPOHaMU, KOTOPbIe MOTYT
BHOCUTb BKAAA B 3AEKTPOHHbIN ras.

Sodium Magnesium Aluminum

The metallic bonding in aluminum is the strohgest, and the weakest in Na. Sodium,
magnesium and aluminum melt at 98°C, 650°C and 660°C respectively.
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ball-bearings shaped and drawn into wires

MeTaAAMYecKas peLueTKa



Okono 80% aneMeHTOB lNepropnyeckom TabAnLbl
NPEeACTABAAT cCOOOM MeTaAAbl. Bce oHM HaxoaAaTCH B
TBEPAOM COCTOAHUN, HO OTAMYAKOTCA TeMMnepaTypamm
MAABAEHUSA, TBEPAOCTbIO N KOBKOCTbIO. BCce 3T cBOMUCTBA
3aBUCAT OT CTPYKTYPbl METAAANYECKOM pEeLLEeTKMN UAUN OT
TOro, Kak OHU COeAUNHAITCA.

CyLLlecTBYyeT TPU OCHOBHbIX TUMa PeLLeTOK NAU
KPUCTAAAUYECKUX CTPYKTYP:

e OO6bEMHOLUEHTpUpPOBaHHasA kybundeckasa (OUK),
e rpaHeueHTpunpoBaHHaga kybudyeckaa (MyK)
e N rekcaroHaAbHas NAOTHoynakoBaHHaga (I'T1Y).

O6beMHOLIEHTPUPOBAHHAA Kybmuyeckasa - 3To Kyb ¢ aToMaMu
Ha Kpasax ocn Kyba n aTOMOM B LIEHTPE KaXKAOro Kyba.
HekoTopble MeTaAAbl uMetoT OLUK pelueTky, Takme kKak Pb, K,
Na, Li, W, V, Ba n 1. A.

cubic bedy-centered (bce)

[PaHeUeHTPMPOBaAHHAA KybmnyecKkasa - 3To Kyb6 ¢ atToMaMm

B Ka>XAOM M3 YIAOB KyHa 1 OAHMM @aTOMOM B LIEHTPE Ka>KAOM
rpaHun. HekoTtopble MeTaAAbl uMetoT [ LUK pelueTky, Takme Kak
Ni, Ag, Au, Pd, Pt, Cuun 1. A.

cubic face-centered (fec)

B rekcaroHaAbHOM I'I/\OTHOyI'IaKOBaHHOVI, ATOMbI
PaCrnoAO>XeHbl Mo KpadM U B LUeEHTPeE reKcaroHaAbHOW



MPW3Mbl, @ TPU aTOMa - NocepeAnHe Npun3amMbl. HekoTopble
MeTaAAbl UMetoT pelueTky [TTY, Takmne kak Mg, Cr, Os, Zn, Be,
Canrt A.

hexagonal (hep)

XnMmnyeckmue cBOMCTBa METaAaAAOB

B OCHOBHOM, MeTaAAbl UMEIOT HEBOAbLLIOE KOAUYECTBO
BAAEHTHbIX 3AEKTPOHOB. [T03TOMY BO BPeMSA XUMUYECKUX
peaKkLUMM OHM YacTo BbICTYMNAKT B Ka4yecTBe
BOCCTAHOBUTEAEN U MEPEeAAOT SIAEKTPOHbI APYIUM
peareHTaM, YTobbl MOAYYUTb 3aMNOAHEHHYIO BHELLIHIOK
0BOAOUKY. Yallle Bcero, METaAAbl MOABEPIratoTCHA OKUCAEHUIO.

Na — Na+ + e-
Mg — Mg2+ + 2e-

1. B3anMmopencTBme ¢ KUCAOPOAOM:

Magnesium +oxygen — magnesium oxide

2Mg(s) + O2(g) — 2MgO(s)
2. AKTVBHbI€ METAaAAbl B3AUMOAENCTBYIOT C BOAOW:
Sodium + water — sodium hydroxide + hydrogen

2Na(s) + 2H20() — 2NaOH(aq) + H2(9)

3. B3anmMoaAencTBme ¢ KUCAOTOW:

Zinc + sulfuric acid — zinc sulfate + hydrogen



Zn(s) + H2S504(dil.) —» ZnS0O4(aq) + H2(9)

Demonstration

N24. 3D MoAeAn KPUCTAAANYECKUX peLlueToK
MEeTaAAOB

O6o0pyAOBaHUE U peaKTUBDI:

nepunoamnyeckaa Tabamya, obpasubl METAAAOB, MOAEAU
KPUCTAAANYECKUX PEeLUeTOK METAaAAOB.

BbinoAHeHMe onbITa:
1. I3yumnTe KPUCTaAaAANYECKUNE PELLETKM

2. CpaBHUTE N cAEAanNTe BbIBOADI

Science in context

Tungsten W has the highest melting point, 3422°C. Tungsten
and its alloys are used extensively for filaments for electric
lamps, electron and television tubes, and for metal
evaporation work.



Literacy

1. Where are chromium and zinc used?
2. Write main physical properties of metals.
3. What type of metals are used in headphones?

4. Determine the types of crystal lattices for following metals:
Au, Fe, Ca, Cr.

5. What is the difference between metals and nonmetals?
6. Predict which metal has following properties:

e X element is a ductile and excellent conductor of
electricity. It has red-orange metallic luster and is used
for wire production.

Terminology

e electron sea - 3AeKTPOH rasbl / 3AeKTPOHHbIN ras;

e crystal lattice - KpUcTaAAbIK TOP / KPUCTAaAAUUYECKAS
peLUeTKa;

e Wire - cbiM / NPOBOA,



ductile - niAiMAi / MAQCTUYHDBIN;

malleable - co3biAbIMAbI, NIAIMAT / TAFYUYNINA, KOBKUM;
filaments - »>xinTep / HUTK;

body-centered cubic - kKeneMAi OpTaAblKTaHFaH KyO6TbIK /
0O6beMHOLEHTPUPOBAHHAA Kybunyeckas;

face-centered cubic - BYMipAi opTaAbiKTaHFaH Kyb6TbIK /
rpaHeUeHTPUPOBaHHAaa Kybunyeckas;

hexagonal - rekcoroHaAbai / rekcaroHaAbHas.



6.2 METAL ALLOYS

Steel is one of the world's most important
engineering and construction material. Why does
stainless steel not corrode?

You will:

» know what are alloys and what are their benefits;
e compare properties of iron alloys: steel and cast iron;
e learn about the production of metals in Kazakhstan.

CnAaBbl

YncTble METAaAAbI MMEIOT Pa3Hble NOAe3Hble CBOWCTBA, Takme
KaK XOPOLLAs 3AEKTPOMPOBOAHOCTb, BbICOKAas MPOYHOCTb,
TBEPAOCTb U KOPPO3NOHHAsA CTOMKOCTb. OAHAKO HEe BCE OHU
MACAABHO MOAXOAAT AAA MPOMbBILLAEHHOIO NCMOAb3OBaHMA.
[Mo3TOMY OB6bIYHO MEeTaAAbl CMELLUMBAOT C APYTUMU
MeTaAAaMU. DTN CMECU METAAAOB HA3bIBAOTCHA CMAABaMMW.
Co3paHMe CMAABOB ABASIETCA OAHUM M3 HanboAnee
PacrnpPoCcTPaHeHHbIX CNOCOHbOB M3MEeHEeHNa CBOWCTB
MeTaAAOB. LleAbto MOAYyYEeHUA CMAABOB ABAAETCHA TO, YTO OHM
0BAAAAOT APYTMMU, HEPEAKO BOoAee MOAE3HbIMU
CBOMNCTBaMU, YeM COCTaBAAOLLME UX YNCTble METAAAbI.



Some important alloys

Alloy Typical compaosition Particular properties
brass copper ~70% harder than pure copper,
zinc ~30% “gold” coloured
bronze copper ~90% harder than pure copper
tin ~10%
cast iron iron ~97% harder than iron
carbon ~2-4%
steel iron ~98 harder and stronger than
carbon ~0.1-2% iron
stainless iron ~70% harder than pure iron;
steel chromium ~20% does not rust
nickel ~10%

Bronze vintage teapot

CTaAb U UyTryH

CTaAb NpeACTaBAAET CObOM CMNAAB XXeAae3a C YIAepOoAOM
(MeHee 2%). CBOMCTBA CTAaAM 3aBUCAT OT KOAMYECTBA
yraepoaa. ObblYHO OHA KOBKAdA, MPOoYHaa U NAacTMYHasA. Ecam
CTaAb OXAAXKAQETCA ObICTPO, TO CTAHOBUTCSH XXecTKon. Ho
KOrA3d OHa OXAAXXAQETCHA MEAAEHHO, TO CTAHOBUTCA MATKOMW.
Hep>kaBeroLlaa cCTaAb OTAMYAETCA OT OObIYHOM CTaAU
KOAMYECTBOM MPUCYTCTBYOLLEro Xxpoma. CTaAb ABASETCH
HanboAaee LUMPOKO NCMOAb3YEMbIM METAAANYECKUM
MaTepunaAoM B Mmpe. CTaAb BbINYyCKAETCA B CaMbIX Pa3HbIX
dopMax, MMeeT OTHOCUTEAbHO HEAOPOroe NPOnN3BOACTBO U
obAapQeT HEBEPOATHOM NPOYHOCTbIO. OCHOBHbIE
NPUMEHEHNA CTaAM - 3TO €€ UCMOAb30OBaHMeE B



CTPOUTEABCTBE, TPAHCMOPTUPOBKE, YNAKOBKE, SHEPreTmnke u
MPON3BOACTBE OOOPYAOBAHUA.

YyryH COCTOUT U3 XKeAe3aq, Yraepoaa (2-4%) n Apyrmx
aneMeHTOB (S, Mn, P). 3To oaAVH 13 NepBbIX MPOAYKTOB
YepHOM MeTaAAyprumn. YyryH obrapaeT OTAUYHOM
CTOMKOCTbIO K KOPPO3UnUN. TBEPAOCTb MOCTOSIHHA BO BPEMEHU
N COXPAaHAETCA AO OTHOCUTEABHO BbICOKUX TEMMepaTYP.
YyryH npMMeHAaeTCsa KaK KOHCTPYKLUMOHHbIM MaTepUaA, a
TaK>XKe AAS N3FOTOBAEHUA AEKOPATUBHbBIX n3aeAnn. OH
OTHOCUTEABbHO HEAOPOT, CTOEK U AEMrKO BbIAMBAETCA B
Pa3AnYHbIE GOPMBbI.

Decorative cast iron fence

MeTaAAyprua B KazaxcTaHe

YUeHble CYMTALOT, UTO BCE IAEMEHTbI NEPUNOANYECKON
TabAMLbI KOTOPblE MOXHO BCTPETUTb B NMPUNPOAE, HAXOAATCH
B HaLLeW CcTpaHe. HanpuMep, kKasaxcTaHCKasa 4acTb



AATANCKNX FOP COAEPXKUT OKOAO 900 MOAMMETAAANYECKUX
PYAHbIX MeCcTopoXXaeHn. B YXKe3kasraHckom obAacTu ecTb
MeTaAAMYECKME PYAblI MEAU, CBMHLLA, LIMHKA, HUKEAS,
KOBGaAbTa, aAFOMUHUSA, MapraHLua M MHOMMX ARYTMX METAAAOB.
[OpHbIN XpebeT KapaTay COAEPXKUT BOAbLLIOE KOANYECTBO
OTAOXKEHUW CBUHLA, LUMHKA, BAHAAUA U >keAe3a. B KasaxcTaHe
TaK>Xe NMPOnN3BOAATCA AOPOrme MeTanAbl (30AO0TO, cepebpo u
NAATUHA) N peakne MeTanAbl (YpaH, MOAMDAEH, PEHUN U T.AL).

Steel production in Temirtau

BAUSIHUE MeTAaAAYPIrumM Ha OKPYIKAIOLLLYIO CpeAyY

[OPHOAODOBbIBaOLLME 3aBOAbI ABAAKOTCA OAHUM U3
KPYMHENLLNX MOoTpebuTenen npmpoAHbIX PECYPCOB U
3arpasHnTeAen okpy>karoLlenm cpepbl. OTXoAbl
FOPHOAOOBIBAOLLIEN M METAAAYPINYECKOM
MNPOMBbILLUAEHHOCTEN 3aHMMAIOT OFPOMHbIE YYAaCTKU U
ABASAOTCH MCTOYHMKOM 3KOAOMMYECKOro pnUcKa mn3-3a
nonaaAaHua BpeAHbIX BELECTB B aTMocdepy, MOUBY U BOAY. B
CBA3U C 3TUM, NMPODOBAEMbI OXPaHbl OKPY>XXAtoLLEN CpeAbl U
6e30MacHOro NPoXXMBaHUA B 30HE AENCTBMSA 3aBOAOB



NPMobpeAn MHOTOrPaHHbIV XapaKTep, 3aTparmBaoLLmnin
MHTEPECHI COTEH ThbICAY AIOAEN, MPON3BOACTBA M MPUPOADLI B
LIEAOM.

Demonstration

N25. MeTaAAbl U CNAaBbl

PaccMoTpuTe 1 cpaBHUTE 0b6pa3Lbl METAAAOB M NX CMAABOB.

Facts

The Palace of Peace and Reconciliation in Astana city is
designed to withstand expansion and contraction due to
temperature variations of over 80°C, from -40 to over 40°C -
leading to an expansion of the building of up to 30 cm.

Exterior of the Palace of Peace and
Reconciliation building



Literacy

1. Write names for alloys of copper.
2. Why are pure copper, gold, and aluminum often alloyed?

3. Where can we find stainless steel materials in our daily life?

Terminology

e durability - TesiMaiAIK / NPOYHOCTb;

e hardness - 6epikTiK / TBEepPAOCTb;

e tensile strength - 6epikTik wWeri / npeaeA NPOYHOCTY;

e stainless steel - ToT 6acnanTbiH 60AaT / Hep>KaBetoLLlad

CTaAb;
o ferrous metallurgy - Kapa MeTaaAyprma / yepHada
MeTaAAYPIrusg;
e non-ferrous metallurgy - TycTi MeTaAnAyprusa / LBeTHada
MeTaAAYPIrusg;

e environmental effect - akoAnormaabik acep /
3KOAOrNYECKNN 3P PEKT;
e alloy - KyMMa, KopbiTna / CMAaB.



6.3 PRODUCTION OF METALS

Iron metal is known from ancient times. How has
humankind produced first iron products?

You will:

e know about the process of metal production.

MeTaAAbl HACTOABKO OBLLEepacrnpPOCTPaHEHHbIe, UTO Mbil
MOXEM OLLUMBOYHO CUYUTATb, UTO BCE METAaAAbl HAXOAATCA B
npupoAe B CBOBOAHOM BUAEL. Ha caMoM AeAe MoAyyeHue
MEeTaAAOB - O4YeHb CAOXKHbIM NpoLiecc.

[TOAyYEeHME MEeTAAAd BKAKOYAET NpoLeccbl 06paboTKu
MEeTAaAANYECKOWM PYAbl AO KOHEUYHOM CTaAUU T.e. AASA
MOAYYEHUSA NMPOAYKTOB, MCMOAb3YEMbIX B MPOMbILLUAEHHbIX
LeAax. Ho mHoraa npouecc MoAy4YeHUs HEKOTOPbIX METAAAOB
AEroK, MOCKOAbKY 3TV Me@TAaAAbl HAXOAATCA B MPUPOAE B
CBOHOAHOM BUAE. HanpuMep, 30A0TO, cepebpo, NMAATUHA U
APYyrve Tak Ha3blBaeMble€ MHEPTHbIE MEeTaAAbl. Ha 3Tu
METAAAblI HE BAUAET COASAHAA KMCAOTE, MO3TOMY UX MOXXHO
MCMOAb30BaTb B PA3ANYHbIX KOMMEPYECKMX LEeAaX C
HEBOAbLLON AOMOAHUTEABHON 0O6PABOTKOMN.

OAHAKO, BO MHOIMMX CAyYaex, MeTaAAbl B MPUPoAE
BCTPEYAOTCA B COCTAaBe OKCUAOB U CYAbDUAOB, MOITOMY
HEeoBbXOAUMO UX MOAYUUTb U3 HUX. [TPUMEHSAIOT pa3Hble
Crocobbl 1 MeToAblI O6PABOTKU AAS MOAYHEHUA YNCTbIX
METaAAOB.
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Chemical composition of the Earth’s
crust

MeTaAAyprusa

MeTaAAypPrms 3aHMMAeTCa MPOU3BOACTBOM METAAAOB U3 PYA.
MeTaAAYPrms - 3TO OTPACAb HAYKU N TEXHUKU, CBA3AHHASA CO
CBOMCTBAMM METAAAOB, MX MPON3BOACTBOM U OUYMCTKOMN.
MeTaAAYPIrna AEAUTCA HA YEPHYIO U LBETHYIO METAaAAYPIruUn.
UepHasa MeTaAAyprusa - 3TO METAAAYPIrna >ene3a 1 ero
CNAABOB. YepHaa MeTaAAyprua B KazaxcTaHe NpeACTaBAEHAa
MEeTaAAYPrMyeCcKuMmM KoMbmHaTaMm B TemunpTay, AKTobe,
CokonoB-Capblbae n AncakoBCKe.

LiBeTHaa MeTaAAypPrmsa BKAKOUYAET B cebsa npouecchl U CrAaBbl
Ha OCHOBE APYIrMX MeTaAAOB. OCHOBHYIO YaCTb METAAAYPI UM
KasaxcTaHa 3aHUMaEeT UBeTHasaA MeTaAAyprmnsa. Ee 3aBoabl
HaXOAATCA B ropoaax ©ckemeH, Pnaaep, LLUbIMKEHT,
[MaBAOAQP, BaAxalwu n >XKe3ka3raH.

MponsBoOACTBO METAaAAOB

CyLLlecTBYeT HECKOAbKO 3TarnoB B NMPOU3BOACTBE METAaAAa U3
ero pyaApbi.



Pyrometallurgy

Reduction of metals at high temperature.

Reducing agents: C, CO, H,
FeQ + II) >Fe If20
Metallothermic
Metallur
Drocess gy Electrometallurgy
Reduction of metals by aclive melals

Reduction of metals electrically.
Active metals are produced from
the mells, other melals from their

solutions

10 + 2Mg --> 2MgO + Ti

Hydrometallurgy

Reduction of metals from their salt solutions
(W0 + H,S0,~> (uSO,+ H,0
CuSQ, + Fe = FeS0,+ Cu

The structure of Modern Metallurgy

MoaAroToBKa pyAbl

Mpwn NnpeaBapUTEAbHOM 06PaboTKe pyAbl MCKOMbIA MUHEPAA
OTAEASETCA OT OTXOAOB - OObIYHO TAMHUCTbIX U CUAUKATHbIX
MUHepanoB. OAUH O4YEeHb MOAE3HbIN CNocob NpoBeAeHUA
TAKOro pasaAeAeHna HasbiBaeTca pAaoTaumen. B pApyrom
PUM3NYECKOM MpoLEecce OTAEAEHUSA UCMOAB3YOTCA MAarHUTHbIE
CBOWMCTBA HEKOTOPbIX MUHEPAAOB. MeTaAAbl, KOTOPblE
npuTtarmeBaroTca K MmarHmTam (Fe, Co, Ni), Ha3bIBaroTCH
deppoOMarHMTHbIMMN.

MponsBOACTBO METAAAOB

[MTOCKOABKY ME@TaAAbl B COEAUHEHUAX BCEraa MMetoT
MOAOXKUTEAbHbIE CTEMEeHU OKUCAEHUSA, MOAYYEeHMe
3AEeMEeHTapPHOro CBOHBOAHONO MEeTaAAa BCEraa ABASETCS
MpPOLEeCCOM BOCCTaHOBAEHMA. YeM BbliLlLe aKTUBHOCTb



MEeTaAAa, TEM CAOYXKHEE BbIAGAATb ero us pyabl. ECTb
HeoObXOAMMOCTb B MPEeABAPUTEAbHbBIX ACNCTBUAX AASA
npeBpaLleHnsa PYAbl B XUMUYECKOe COCTOAHMe, boaee
MoAXOASLLIee AAS BOCCTAaHOBAEHUS.

B HacTosLlee BpeMs OCHOBHbIE MEeTaAAYyPIrmyecKme npoLeccehl
MPOBOAATCA MPU BbICOKUX TEMNEPATYPax C NMOMOLLbIO
MpoLeAYPbl, U3BECTHOM KaK NMUPOMETAAAYPTIUS.
BoccTaHOBAEHUE MOXKET OblTb BbIMOAHEHO AMOO XUMUYECKMW,
ANDO IAEKTPUYECKUM MyTEM.

Literacy

1. Which deposits of metals are placed near your city?

2. Metal production is important for the economy but has
some bad environmental effects. Do you think it is worth to
open a factory near your house?

3. How many grams of magnesium are produced from
reduction of its oxide by 80 g of carbon?

MgO(s) + C(s) [heating]— Mg(s) + CO(g)

4. lron metal can be produced from its ore by heating it to
high temperatures with carbon.

Fe203(s) + C(s) [heating]— Fe(s) + CO2(g9)

If there are 10% of impurities, how many grams of iron oxide
Fe203 are required to produce 56 kg of iron metal?



Activity

YUYeHUKN BPOCaOT APYT APYTY MSAY. YUEHUKU, MOAYUMBLUMNE
MAY, AOAXKHbI OBBACHUTb CTaAUM MPOU3BOACTBA METAAAA.

METALLURGY

Keep in mind

The higher activity of the metal, the harder is to extract it
from the ore.

Flotation - a process for separating the different minerals in a
mass of powdered ore based on their tendency to sink in, or
float on, a given liquid.

Facts

Non-ferrous metallurgy factories produce a large amount of
waste. About 100 tons of ore are processed to produce 1ton
of copper



Terminology

e impurities - Kocnanap / npumecwu;

e Ore deposit - pyAaAbIK KEH OPHbl / MECTOPOXKAEHUE PYADI;
e treatment - eHaey / 06paboTKa;

o purification - TazapTy / oUMCTKa;

e waste - KaAAbIKTap / OTXOAbI;

e preliminary - aAnAblH ana / NpeABapUTEAbHbIN;

o fl otation - dAoTauma / daoTaums.



6.4 SOLVING EXERCISES
WITH IMPURITIES

Sometimes the efficiency of obtaining metals can
drop to 1%. For example, from 1 ton of ore, only 10 kg
of metal is produced. Where does other 99% go?

You will:

e solve problems with impurities.

Exercise 1

CKOABbKO aAIOMUHUA MOXXHO MOAYUYUTb MPUN SAEKTPOAMN3E 34
KI pacrnAaBAeHHOro 6okcuTa Al203 ecAmM MaccoBast AOAA
npuMecenm B UICXOAHOM peareHTe coctaBasdeT 40%.

Solution
Step 1. 3anuncaTb peakUunto N ypaBHATL ee€:

AlLO — Al +0

27 3{maolten) [electrolysis] (s) el 2{a)

2A1.0 - Al + 30,

2 7 3{malten) [electrolysis]

Step 2. PaccumTaTb YMCAO MOAEN UCXOAHOIO BeLllecTBa. AaHa
Macca bokcuTa Al203, koTopbin copepP>XXUT 40% npuMmecen.
3TO 03HA4YaeT, uYTo ecTb 60% umncrtoro Al203:



m(total ) -w(Al,0,) 34-60%
100 100

m(Al,0,)= = 20.44kg

m[’AfZ&3)=m(‘4fZa3}— 20.4kg e

M(Al,0,) 102g [ mol

Step 3. HanTmn KOAMYECTBO MOAEN AAIOMUHUSA B peaKkummn
MCMOAb3YA KOIPPULIMEHTDI:

2A1203(molten) — 4Al(s) + 302(s)
ecAm 2 Mmonb Al203 paeT ----- 4 monb Al
Toraa 0.2 kmonb Al203 paeT ----- 0.4 kmonb Al
Nn(Al) = 0.4 KMOAb
Step 4. HanTn Maccy aAtOMUHUSA:

mMm(AD = n(AD-M(AI) = 0.4 KkMOAb - 27 r/MoAb = 10.8 Kr

Exercise 2

PaccumnTaTb Maccy KOpyHAQ, coaep>kawlero 30% npumecen,
HEeoOBbXOAMMOIro AASA MOAYYeHUa 37,8 1 aAFOMUHUA.

Solution
Step 1. 3anucaTb peakunto N ypaBHATL ee€:

AlLO 0

2 7 3{maolten) [Electrnl'ysis]ﬁ I||EU{s] * 2{a)

2A1.0 - Al + 30,

2 7 3{malten) [electrolysis]



Step 2. PaccunTtaTb UNCAO MOAEN NCXOAHOIO BELLECTBA.
AaHa Macca aAtOMUHUNA. YNCAO MOAEN aAIOMUHUSA:
n(AD = m(Al) / Ar(Al) = 37.8 kr / 27 r/MOAb = 1.4 KMOAb

Step 3. HanTn KOAMYECTBO MOAEN OKCUMAA AAIOMUHUA B
peaKLUMM NCNOAb3YSA KO3IPDPULMEHTDI:

2A1203(molten) — 4Al(s) + 302(s)
CocTaBuUM nNponopLumto:
ecAn 2 Monb Al203 paeT 4 Moab Al
Toraa X KMoAb Al203 paeT 1.4 kMoAb Al
X = N(AI203) = (2 -1.4) / 4 = 0.7 KMOAb
Step 4. PaccunTaTb MacCcy OKCUMAA aAKOMUHUA:

M(AI203) = n(AI203) - Mr(AI203) = 0.7 KkMOAb - 102 /MoAb =
71.4 kr

71.4 Kr - 3TO Macca YNCTOro OKCMAA aAFOMUHUA.

Aanee NoCAeAHMM LLIaromM byaeT HaxXOXXAEHME MAaccChl
KOPYHAQ, KOTOPbIN COAePXUT 70% Al203 (Tak KakK AQHO, 4YTO
30% COCTaBASAOT NpUMecKH).

Step 5. PaccumTtaTb Maccy KOpPYyHAQ:
70% Al203 B T00% KOpyHAQ
71.4 kr Al203 B X KI KOPYHAQ

X = m(KopyHAa) = (71.4 - 100) / 70 =102 kr



Literacy

1. How many liters of carbon dioxide (at STP) can be
obtained from 119 grams of limestone containing 16% of
impurities?

CaCO3(s) — CaO(s) + CO2(9)

2. Calculate the volume of gas (at STP) produced by
treatment of 10 g of marble containing 5% of impurities with
hydrochloric acid.

HCl(aq) + CaCO3(s) — CaCl2(aq) + CO2(g) + H20()

3. Saltanat has a gold necklace with 585 gold content.
Calculate the mass of pure gold in the jewelry if the mass of
the necklace is 3 grams.

4. Azamat brought to the laboratory 2 kg of ore containing
iron (Il) carbonate FeCO3. To fi nd the mass percentage of
the salt, Azamat suggested treating 100 g of ore with excess
hydrochloric acid. He collected released gas into a balloon.
Volume at STP was about 9 liters. Calculate the mass
percentage of the salt. Find the mass of iron carbonate in 2
kg of ore.

Facts




Jewelry golden products are not made of pure gold. The
indicator of the quality of a gold product is gold content. For
example, if gold content is equal to 585 that says that for
1000 parts of the alloy there are 585 parts of gold, the
remaining 415 - additives: copper, silver, palladium, zinc,
nickel and even platinum, which is in the alloy of white gold.
The function of such additives is to make the alloy strong and
durable and also to control the colour range of product.

Gold ring proof

Terminology

e to suggest - ycbIHY / NpeaAaraTb;

e additives - KocbiHAbIAAP / AODABKU;

e corundum - KOPYHA / KOPYHA,;

e rock-forming mineral - XbIHbIC TY3YyLUi MUHEpaApap /
MOPOAO0ODOPA3YIOLLIMA MUHEPAA.



Problems: Metals and metal
alloys

1. What are the most abundant elements in the Earth’s crust?

2. Why active metals like sodium and potassium are not
found in elemental form in nature?

3. Gold and silver are known as the most expensive metals
from ancient times. Why are they so precious?

4. Metals are malleable and ductile. Give examples from the
daily life of the benefits of this qualities.

5. Why is pure aluminum not used in airplane body
production?

6. Research gold-copper alloys and find the different names
of these alloys.



7. Try to find meaning of words such as ounce, carat.

8. Research which noble metal is more expensive than the
others?

9. Explain the thermite process and write the equation for
this reaction.

10. Which regions of Kazakhstan have factories of both
ferrous and non-ferrous metallurgy?

11. Silver is the best conductor of electricity among metals.
However, copper is used in production of wires. Why?

12. Consider the reaction:
Mg(s) + HCI(aq) — MgCl2(aq) + H2(9)

How many grams of magnesium sample that is 40% pure are
needed to fill a 44,8 L balloon with hydrogen gas at STP?

13. When 30.93 g of ore containing iron (ll) carbonate reacts
with an excess amount of hydrochloric acid, 4.48 liters of
carbon dioxide were released. Determine the mass
percentage of impurities in the ore.



14. A sample of silver oxide is found to contain 20%
impurities. Calculate the volume of oxygen at STP that is
released from the decomposition of 29 g of this sample.

15. A sample of iron ore contains 75% Fe304 by mass.
Calculate the volume of hydrogen that is needed to reduce
all the iron from 23.2 g of this ore at STP.

(Clue: Remember that at high temperatures hydrogen reacts
with many metal oxides to give pure metal and water vapor.)

16. After heating 400 g of sodium nitrate, 33.6 liters of
oxygen were obtained. What is the mass percentage of
impurities in the saltpeter?

NaNO3(s) — NaNO2(s) + O2(g9)

17. Calculate the percentage yield of copper in the following
reaction where 230 g of copper oxide CuO produces 160 g of
copper.

CuO+C—->Cu+CO

18. Calculate the percentage yield of iron metal in the
following reaction where 720 kg of hematite Fe203 produces
490 kg of pure iron.

Fe203 + 3C — 2Fe + 3CO



19. Calculate the percent yield of copper oxide in the
following reaction where 10 g copper sulfide CuS produces
5.9 g of copper oxide.

2CuS + 302 — 2Cu0O + 2502



CHAPTER 7: 1, 2,13 GROUP
ELEMENTS AND THEIR
COMPOUNDS

/7.1 ALKALI METALS AND
THEIR COMPOUNDS.

What unites table salt, soap, and soda?

You will:

e know which metals are called alkali metals;

e know properties of alkali metals according to their
atomic structure;

e know that oxides and hydroxides of alkali metals are
bases.

IAEMeHTbI 1-0m rpynnbl, 3@ UCKAKOYEHMEM
BOAOPOAQ, HA3bIBAOTCH LLEAOYHBIMM METAaAAAMWN.

Sodium
(D)} a
' Sodium

a—" & s E!.!l??iﬁ!i
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Atormic mass: X2.989
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Pure sodlum



Apyrmne anemMeHTbl rpynnbl: AuTUnM (Li), HaTpun (Na),

kanmnm (K), pyomnamnm (Rb), uesunm (Cs) n dpaHumm (Fr)
NPOABAAKOT Me@TaAANYECKME CBONCTBA. IAEKTPOHHAA
KOHPUrypaumna NnoOCAEAHEro cAos nsl; YTO O3HAYAET, YTO OHU
MMEIOT OAMH BAAEHTHbINA SAEKTPOH U 0Opa3yroT MOHbI C
3apPaA0OM +1.

Bce LweAoUYHble METAaAAbl ABASAKOTCA MATKUMU U MOTYT

OblTb Pa3pe3aHbl HOXXOM. AKTUBHOCTb METAAAOB BO3pacTaeT
CBEpPXY BHM3, 3HAYUT npepnoAaraeTca, 4yto dpaHumm (Fr)
OyAET CaMblM aKTUBHbIM ME@TAaAAOM B MEPNOANYECKON
Tabanue. OAHAKO, HA CaAMOM AeAe, aneMeHT ue3unm (Cs)
ABASAETCSH CaMbIM aKTUBHbIM ME@TAaAAOM, TaK KakK ppaHUnn -
O4YeHb PEAKUN N PAAMNOAK TUBHbIN SAEMeHT. B cBa3un ¢ Tem,
YTO LLIEAOYHbIE METAAAbI ABAAIOTCA HanboAee aKTUBHbIMU
MeTaAAaMU, UX HEAb3A HANTU B CBOOOAHOM YNCTOM BUAE, a
TOABKO B BUAE cCoepAnHeHMN. KpoMe 3TOro, YnCTble LEAOYHbIe
METAAAbI HY>XHO XPaHUTb B KEPOCUHE, TaK KaK OHUN AErkKo
TYCKHEIOT.
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XMMMyeckme CBOMNCTBA LLIEAOYHbIX METAaAAOB

CoepAVMHEHNA HEKOTOPbIX METAAAOB MOXKHO
OMPEeAEANTb UCMOAb3YH TECT Ha NAaM4. XapaKTepHble UBeTa
nAaMeHU NMpmBeAEeHbI B Ta6/\mue.

Flame tests of alkali metals

Metal Flame colour
Lithium red
Sodium yellow
Potassium lilac
Rubidium red-violet
Cesium blue

Flame tests of alkall metals: LI, Na, K




LLleAOYHblIe MeTaAAbl HE pearmpyroT C OCHOBaHUAMM,
HO pPearvpytoT C KUCAOTaMU.

OKcuAbI LLLEAOYHbBIX METAAAOB MMEIKOT OCHOBHbIE CBOUCTBA,
N BOAHbIE PACTBOPbl NX OKCNAOB o6|oa3y+0T OCHOBaHWH4.

1. BsanMmoaencTBme ¢ KUCAOPOAOM

LLIeAOUYHble MeTaAAbl MOTYT 06Pa30BbIBATb OKCUADI,
MepPOKCUAbI AU CYNMEPOKCUADBI MYyTEM B3aUMOAENCTBUSA C
KNCAOPOAOM B BO3AyXe. B pe3syabTaTe peakumm ¢ M3BbITKOM
KNCAOPOAA AUTUM 0Bpa3yeT okcua Li20O, HaTpum obpasyeT
nepokecua Na202, a Kaann, pyonamm n uesmm obpasyroT
cynepokcunabl, Takme Kak KO2, Rb0O2, CsO2:
4Li(s) + O2(g) — 2Li20(s)
2Na(s) + O2(g) — Na202(s)
K(s) + O2(g) — KO2(9)

2. BlanmMoaencteme ¢ XAOPOM:

Bce weAouYHble MeTaAAbl B3aMOAENCTBYIOT C raAOreHamMu
0b6pa3ysa ranoreHmnAbl (COAM LLEAOYHbIX METAAAOB):

2Na(s) + Cl2(g) — 2NaCl(s)
3.B3ammMopencTBme ¢ cepomn:
2Na(s) + S(s) — Na25(s)

4. B3anMoAencTBmMeE C BOAOWU:



2Na(s) + 2H20() — 2NaOH(aq) + H2(9)

OCHOBHbIe OKCUADI U TMAPOKCUADI

OKCUADI U TUAPOKCUADI LLLEAOYHbBIX METAaAAOB pPearmpyroT C
KUCAOTaMU N 06pas3yoT COAU:

Na20(s) + 2HCI(s) — 2NaCl(s) + H20(s)
2KOH(aq) + H2504(aq) — K2504(aq) + 2H20()

CoeANHEHNS LLEeAOYHbIX METAAAOB

Ha3BaHWA N MPUMEHEHUA HEKOTOPbIX COEANHEHUIN LLI@AOYHbIX
METaAAOB.

Formula| Common Name Uses

Li_CO_ |Lithium carbonate |Ceramics, glasses

NaOH |Caustic soda Soap, paper, textile, dye

NaCl |[Table salt Nutrition, soap, glass, pottery
NaHCO, |Baking soda Baking powder, neutralization of

HCl in stomach
KOH |Potassium Soap
hydroxide
K,CO, |Potash Production of glass and soap
Demonstration

N26. Peakuusa HaTpus ¢ BOAOM

O6o0pyaAOBaHUE U peaKTUBDI:



MEeTAaAANYECKUNN HATPUN, PeHOAPTAAENH, BOAS,
AQBOPATOPHbIMN cTakaH Ha 250 MA.

BbiInOAHeHUe onbiTa:

1. HanenTe B AabopaTopHbiM cTakaH 100 MA Boabl U po0DaBbTe
3-4 KanAun MHAMKATOPA.

2. [NoMecTunTe Kycodek HaTpMsa Maccom 2-3 1 B BOAY.
3. HabAaopanTe 3a M3MEeHeHMeM LBeTa.
4. CaenanTe 3aKAoYeHme

[MpoumeyaHme: Hatpur - aKTUBHbBIM METAAA. BO3MOXKEH B3PbIB.
be3ornacHoCcTh: HaaeBaniTe 3aLL{NTHbBIE OYKMU.

Reactlon of potasslum with water

Literacy

1. Alkali metals can not be found in elemental form in nature.
Why?

2. Why is it diffi cult to take second outermost electron from
an alkali metal?



3. How many grams of hydrogen gas H2 are produced when
0.7 g of lithium react with water ?

Keep in mind

Sodium comes from the word “soda” and potassium comes
from the word “potash”.

Keep in mind

Alkali metals tarnish in air.

Alkali metals can be easily cut with ) -
a knife Burning of lithium

Facts

The name "alkali” comes from the Arabic word "algaly”
meaning basic.

Terminology




alkali metals - CiATiIAIK MeTaAAap / LLEeAOYHbIe MeTaAAbI;
nutrition - TaFraM / nuTaHue;

pottery - kepamMuka / KepaMuKa;

Chile saltpeter - Ynuam ceanTpachbl / YMAUNCKaa CEAUTPA;
fertilizer - TbiIHaNTKbIW / yaAOBpEHME;

potash - moTaw / noTaLw;

to tarnish - kapato / TYyCKHeTb;

gunpowder - oK-pA8pi / Nopox



7.2 ALKALINE EARTH
METALS AND THEIR
COMPOUNDS

What connects alkaline earth metals and colours
of fireworks?

You will:

e know which metals are called alkaline earth metals;

e compare properties of 1st and 2nd groups;

e know basic properties and uses of calcium oxide and
calcium hydroxide.

MeTaAAbl 2-0M rpynnbl HA3bIBatOTCHA LLEAOYHO-3EMEAbHbIMU
MeTaAAaMU. IDTa rpynna BKAOYAET B ceba bepuaamm (Be),
MarHum (Mg), kaabumm (Ca), ctpoHumm (Sr), 6apum (Ba) um
pasann (Ra). Y4yeHble NCMOAb30OBAAU CAOBO «3E€MEAbHbIN» AASA
OKCUAOB METAAAOB 2-0OM rpynmnbl.

LLleAOUHO-3eMeAbHble MeTaAAbl UMEIKOT ABa BAAEHTHbIX
3AEKTPOHA Ha S-opbUTaAn. [No3TOMy, NPU XUMUYECKUX
PeaKUUAX, TePAA 3TU SIAEKTPOHbI, METAAAbI 2 FPynnbl
MOAYYalOT 3apsa +2. LLleAoUHO-3eMeAbHble MeTaAAbI
ABAAKOTCH XOPOLUMMU MPOBOAHUKAMU TernAa. OHU KOBKME U
MAACTUYHbIE. TaK KaK 3AeMeHTbl 2 rpynnbl ABAAIOTCA
OTHOCUTEAbHO aKTUBHbIMW METAAAaAMU, B MPUPOAE OHU
BCTPEYalOTCA B BUAE COEANHEHUN.



@ 20Protons L 20Neutrons @ 20Electrons

Atom structure of calcium The limestone hill in Pamukkale

CoepAMHEHNSA LLIEAOYHO-3EMEABHbIX METAaAAOB MOTyT ObITb
OnpeAeAeHbl C MOMOLLBbIO MAaAMeHW. XapaKTepHble UBeTa
nAaMeHU NMpmBeAEeHbI B Ta6/\mue.

Flame tests of alkaline earth metals

Metal Flame
colour

Calcium | orange red

Strontium red

Barium pale green Flame tests of alkallne earth metals:

Ca, Sr, Ba.

XnMnyeckue CBOMCTBA LLIEAOYHO-3E€MEAbHbIX
MeTaAAOB

LLleAOUYHO-3eMeAbHble MEeTAaAAbl ABAAIOTCSH BTOPbIMU
Hanbonee aKTUBHbIMMU ME@TAaAAAMM MOCAE LLIEAOYHbIX
MeTaAAOB. AKTMBHOCTb METAAAOB BO3pacTaeT oT Be K Ba.
IAeMeHTbl Ca, Sr 1 Ba Aerko pearmpytot ¢ BOAOW, TOFTAQ KakK
peakumna Be n Mg ¢ BOAOM 3aTPYAHUTEABHA.

1. B3anmMmoapencTBme ¢ BOAOU



Ca, Sr n Ba B3aMMOAENCTBYIOT C BOAOW, KaK U LLIEeAOYHblE
MEeTaAAbIl, MPY KOMHATHOW TeMnepaType, obpasya
FMMAPOKCUADBI METAAAOB U ra30006pa3HbIN BOAOPOA:

Ba(s) + 2H20(l) — Ba(OH)2(aq) + H2(9)

MeTaAANYECKNN MarHnm pearmpyet MeAAeHHO AaXKe C
ropsyem BOAOW:

Mg(s) + 2H20(l) — Mg(OH)2(aa) + H2(9)
2. BzanMoaencTBme ¢ raAoreHaMmu.

Bce weAo4YHO-3eMeAbHble METaAAbl HAMNPAMYHO BCTYNatoT B
peakumm C raAoreHamMm, obpasys raAoreHnAbl METAAAOB:

Mg(s) + Cl2(g) — MgCl2(s)
3. BzanmoaencTBme ¢ KUCAOPOAOM.

LLleAOUHO-3eMeAbHble MeTaAAbl 06Pa3YyIOT OKCUADI
B3aUMOAENCTBYSA C KUCAOPOAOM:

2Ca(s) + O2(g) — 2Ca0(s)

3TN OKCUADI pearmpyeT ¢ BOAOW, 06pa3ya OCHOBAHUSA, KpoMe
BeO.

CoeAUHEHUS LWEeAOYHO-3eMeAbHbIX METAaAAOB

CoeANHEHUS LLEAOYHO-3EMEAbHbIX METAAAOB ABASAIOTCA
MOHHbIMU. OHM UMEKOT BbICOKME TeMMepaTypbl MAAGBAEHUS U
KMMEeHUNA N ABAAKOTCH TEPMUYECKM YCTOMUMBLIMU. OKCUA U
MMAPOKCUA KaAbLUUSA MPOABAAKOT OCHOBHble CBOMCTBA. OHU
B3aMMOAENCTBYIOT C KUCAOTaMU o6pa3y;| COAN.



CaO(s) + 2HCI(aqg) — CaCl2(aq) + H20(D
Ca(OH)2(aq) + H2504(aq) — CaS04(s) + H20(D

HPUM eHeHue coedUHeHUU wenoYyHo-seMe/ibHbIX Memasinios

Formula Common name Uses
Mg(OH), MarnesnansHoe B mefuuMHe Kak aHTauwnn,
MONOKO
Ca50,-2H,0 | Tunc B cTponTtenscree
Ca0 HeraweHaa w3sectb | B NpoM3BOACTBE LIEMEHTA U NKTbE
CaC, Kapbua B ceapke
CaCO, W3BecTHAK B ctponTenscTee
BaSO, baput B peHTreHoBCKOM doTorpadmy
Sr(NO,), Hutpar cTpoHums B (hellepeepkax (AaeT KpacHbIi
LBET)
Facts

Magnesium burns with a brilliant white light and is widely
used in making flares and fireworks.

Magnesium powder as a flashlight in
photography



Facts

The magnesium metal is the center of the structure of
chlorophyll.

Science in context

Mg(OH)2, MarHesmm NCnNoOAb3yeTCH KaK XXeAYAOUYHbIN
aHTaAUNA.

|I . 1to Antacid
|’ Ll gl d

Mg(OH),, milk of magnesia is used
as a stomach antacid.

Literacy

1. State physical properties of alkaline earth metals.

2. Write electron confi guration of strontium.



3. Write a balanced chemical equation for the reaction of
calcium with water.

Terminology

o flare - >xapKbIAAAK / BCMbILLKA;
e antacid - aHTauua / aHTauuA;

e gypsum - FaHbIL / TUMC;

e barite - bapuT / BapwuT;

o welding - pAsHekepAaey / cBapkKa;
e limestone - akTac / M3BECTHHK;
e hill - waTkaA / xoAM.

Laboratory work

N28. Peakuum oKkcMaa KaAbLmUA C KWCAOTaMM U BOAOM

O6o0pyaOBaHUE U peaKTUBDI:

oKCcuA KaAabuma, 1M asoTHaa kncaota HNO3,
AVNCTUAANPOBAHHAA BOAA, AADOPATOPHbIM CTakKaH Ha 250 MA
(2), AakMycoBas bymara.

BbinoAHeHUe onbiTa:

|. B3anMoaAencTBme ¢ KUCAOTOM

1. B AabopaTopHbI cTakaH HanenTe 100 MA pa3zbaBAEHHOM
a30THOW KNCAOTbI.

2. [MToMecTunTe B CTakKaH 5-7 I okcmaa Kaabuma. CMellanTe ux.
3. OKCUA KaAbLIMSA pacTBOPSAETCH B @a30THOW KUCAOTE.



4. CapenanTe BbIBOADI
5. O6paTnTe BHMMAHME Ha CBOU HabAOAEHWS.

[l. B3anMmoaencTeme ¢ BOAOMU

1. B AabopaTopHbin cTakaH HanenTe 100 MA
ANCTUAANPOBAHHOMBOADI.

2. [ToMecTunTe B CTakaH 5-7 I okcmaa KaAbLuSA.

3. OKCuA KaAabLMSA pacTBoOpAeTCSa B Boae 0bpa3ys
n3BecTkoBYO Boay Ca(OH)2, koTopasa ABAAETCA CUAbHbIM
OCHOBAaHMEM.

4. NobaBbTe MHAMKATOP 1 HabAopAaMTE 38 USMEHEeHMEM
LBeTa.

5. O6bpaTnTe BHMMaAHME Ha CBOU HabAOAEHWS.

bezornacHocTh: HaaeHbTe 3aLynTHbIe o4kn. CobAroAanTE
OCTOPOXKXHOCTb rpu paboTe ¢ KMcAoTou. MouiTe pyKu rnocae
OorbITa.



7.3 ALUMINUM AND ITS
COMPOUNDS

Why aluminum dishes became unpopular?

You will:

e know properties of aluminum according to its atomic
structure;

e know amphoteric properties of aluminum and its
compounds.

BrnepBble aAlOMUHUN ObIA BbIAEAEH U3 MUHEPAABHOIO KBACLLa
B 1827 roay HeMeUKMM XxMMmMKoM @. BeaepoM. HazBaHue
AAIOMUHUA MPOUCXOAUT OT CAOBA «alumen», MoO-AaTUHCKM
PABHOCUAbHOE KBACLaM, YTO O3HAYaeT «roOpPbKU» BKYC.

AAIOMUHUN 9BASETCA TPETbUM Hambonee
PACNPOCTPAHEHHBIM SAEMEHTOM 3€MHOM KOPbl MOCAE
KUCAOPOAA N KPEMHUA. DTO O3HAYAET, UTO AAIOMUHUN
ABAAETCSH CaMbIM PACMPOCTPAHEHHbIM ME@TAaAAOM. AAIOMUHUN
HEe MOXXeT HAaXOAUTbCA B CBOOOAHOM COCTOAHUN B MPUPOAE,
TaK KakK OH obAapaeT BOABLLMM CPOACTBOM K KMCAOPOAY.

AAOMUHNIA MOAYYAIOT SAEKTPOAN3OM PACMAABAEHHOIO
oKcnaa antoMnHMA Al203, KOTOPbIN MOAYYaOT U3
MUHEPAAbHOIo BOKCKUTa. ITOT Npouecc ObiA BNepBble
pa3paboTaH YapAb3oM MapTMHOM XOAAOM B 1886 roay, Koraa
OH YUYUNACA B KOAAepAKe OBepAnHA. DTOT METOA NOAYyYEHUSA



AAIOMUNHUNA MTPUMEHAETCA N B HACTOodALLee BPpeMA, CHNTAETCH
ANerkmM M aKOHOMUMNYHDbIM.

XnMuyeckme CBOMCTBa aAlOMUHUSA

AAIOMUHUN MPOABAAET aMPOTEepHOE CBONCTBO, MO3TOMY OH
MOXKEeT pearmpoBaTb KaK C KUCAOTaMU, TaK U C OCHOBAHUAMMN.
Tak>ke OH B3aMOAENCTBYET C HEKOTOPbIMU HEMETAaAAAMU U
BOCCTAaHABAMBAET HEKOTOPbIE OKCUADBI METAaAAOB.

1. BsanMmoaencTBme ¢ HeMeTaAAaMU:
2AI(s) + 3Br2(l) — 2AIBr3(s) + heat

2. Kak aMpOTepHbI METAAA, AAFOMUHNIA B3aMMOAENCTBYET C
pa3baBAEHHbIMU KUCAOTAMU:

2Al(s) + 6HCI(aqg) — 2AICI3(aq) + 3H2(9)

Tak>ke, aAFOMUHUN B3aUMOAENCTBYET C CUAbHbBIMU
OCHOBaHMAMU N 0bpPa3yeT BOAOPOA:

2Al(s) + 2NaOH(aq) + 2H20() — 2NaAlO2(aq) + 3H2(9)
2Al(s) + 2NaOH(aq) + 3H20() — 2Na[AI(OH)4]1(aq) + 3H2(9)
3. TepMUTHaa peakuusa

AAIOMUHUIN MMeeT BOAbLLOE CPOACTBO K KUCAOPOAY U
MCMOAb3YETCH AAA U3BACUEHUA HEKOTOPbIX METAAAOB U3 UX
OKCUAOB:

Fe203(s) + 2AIl(s) — Al203(s) + 2Fe(s)

Bo BpeMa peakumm TemnepaTypa NOAHMMAETCA NPUMEPHO
AO 2000°C, n NOAyYaeTCcsa pacnAaBAEHHOE XXeAe30.



13-3a MAACTUYHOCTU U KOBKOCTU aAOMUHUN UMeeT LLUNPOKOoe
NnprMeHeHMne. MOXXHO Aerko M3roToBUTb M3 HEro NPOBOAOKY,
MAACTUHY, AUCTbl AAS YMAKOBKW MULLIEBbIX MPOAYKTOB.
[MTOCKOABKY OH OTAUYHbIV MPOBOAHUK SAEKTPUYECTBa, a
TakKXXe Aerye n AeLLUeBAEe MeAU, ero UCMOAb3YIOT B
BbICOKOBOAbBTHbIX AUHUSIX.

Paviodar Electrolysis plant

Thermite reaction

Literacy

1. Give two characteristic properties of aluminium that make
it very useful for construction.

2. Why does aluminum not corrode like iron?

3. How many liters of H2 gas can be obtained from the
reaction of 5,4 g Al and 7,3 g diluted HCI| at STP.



Facts

Aluminium was for a long time an expensive metal. D. I.
Mendeleev had received a precious gift on one of the
anniversaries - the balance made of pure aluminium.

Demonstration

N27. Aluminum alloys

Use aluminum alloy samples in your laboratory. Write main
physical properties of aluminum alloys.

Science in context

Corundum, an aluminium oxide (Al203), a hard compound
that is naturally transparent. However, some corundum may
naturally mix with chrome and acquire red crystalline
structures. These crystals are the precious stones we know as
rubies. When corundum is mixed with the element cobalt
precious stone sapphire is formed.



D
s..

Ring with diamonds and large
sapphire Ruby gemstone

Laboratory work

N29. PeakumMm aAlOMUHUA C KUCAOTOU U OCHOBAHUSAMM

MeTaAANYEeCKNMN aAtOMUHUN (U erO COeAMHEHUNSA) pearmpyeT
KaK C KNCAOTaMU, TaK N C OCHOBAHMAMU. ITO MPOUCXOAMNT,
MOTOMY UYTO aAIOMUHUN ABASAETCA aMPOTEPHbIM METAAAOM.

O6opyaoOBaHue N peaKTUBDI.

aAtoOMUHMEBaa oAbra, 1 M consgHasa kucaota HCI, 1M
rmapokena Hatpma NaOH, ACTUAANPOBAHHAA BOAQ,
AABOPATOPHbIE CTaKaHbI.

BbinoAHeHUe onbiTa:

l.

1. HanenTe B AabopaTopHbIN cTakaH 50 MA COASSHOM KUCAOTDI
N HarpemTe ero A0 KUNneHus.

2. OCTOPOXKHO nepeHecnTe AabopaTOPHbIN CTaKaH C
KNCAOTOM Ha AABOPaTOPHbIN CTOA.

3. AobaBbTe ABa KYCOYKa aAtOMUHUA.

4. ECAM aAFOMUHUN MOAHOCTbIO PACTBOPUACH B KUCAOTE,
AODaBbTE eLle ABa Kyco4Kka. AoBaBAANTE aAIOMUHUN AO
OKOHYaHMSA 06pa30BaHMSA NY3blIPbKOB.



5. OTOUABTPYNTE COAEPIKUMOE AabOPATOPHOIro CTakaHa AAA
YAAAEHUSA N3ObITKA aAIOMUHUSA U NepeHecuTe PUAbTPAT Ha
BbINAapPUBATEAbHYIO YaLLKY.

6. OCTOPOXXHO HarpenTe dUAbTpaT. OKYHUTE B HEro
CTEKAAHHYIO MAAOUKY U AEPXKUTE ero A0 OCTbIBaHUA.
OCTaHOBUTE Harpes, KOrAa Ha CTEKASHHOM NaAoYuKe
0bpa3yTCa MEeAKNE KPUCTAAADI.

7. HanenTe pacTBOP B KPUCTAAAUZALMOHHYIO MOCYAY.
MoAnMULLNTE NOCYAY M OCTaBbTe €ro KPUCTAAAM30BATbCA AO
CAEAYIOLLEro ypoka.

8. 3anuwmnTe cBOM HabAoAEHUS.

.

1. B AabopaTopHbIN cTakaH HaAnenTe 50 MA
KOHLIEHTPUPOBAHHOIO MMAPOKCNAA HATPUS.

2. AobaBbTe aAIOMUHUN.

3. HabAaopanTe peakuuto.

4. 3anMumTe CBOWU Pe3yAbTaThbl.

[MoumeyaHme: AAFOMUHNUN MOXKET aKTUBHO BCTYNaThb B
PEeaKLMNKO C OCHOBAHUNEM. MAPOKCUA HATPUS MMEET
PA3APAXKALOLLMNM 3ar1aX.

bezornacHocTb: HaAeHbTE 3aLLNTHbIE OYKU. ByAbTE
OCTOPOXKHbI C KUCAOTOU K OCHOBaHneM. OAeBanTe
OAHOPA30BbIE MepYaTKU. M36erarite KOHTAKTa C KOXKEM.
BbiMouiTe PYKU MMOCAE SKCMIEPUMEHTA.

3aKAOYeHue:

1. 3aNOAHUTE TabAULY CBOMMU HADAIOAEHUAMU O peakLmax.
2. HannwmnTte dopMyAbl U HAa3BAHUSA MPOAYKTOB, MOAYYEHHbIX
BO BPEMSA 3KCMNepUMeHTa.

Base, NaOH Products Acid, HCI Products

Aluminium




Terminology

affinity - ykcacTblK / CXOACTBO;

bauxite - 6oKCcUT / BOKCUT;

transparent - avHekTen / NpPo3payHbIN;
irritant - TiTipKeHAIPriLl / pa3apaX}XUTeAb.



7.4 SOLVING EXPERIMENTAL
PROBLEMS RELATED TO
METALS

How dangerous is to conduct experiments with 1st,
2nd, and 13th group metals in the laboratory?

You will:

e plan and conduct experiments with 1st, 2nd, and 13th
group metals.

Practice work

N24. Solving experimental problems related to
metals.

Experiment 1. Decomposition of baking soda
Materials:

baking soda, crucible, crucible tongs, balance, spatula, iron
ring, stand, burner

Procedure:

1. Take crucible and weigh it on balance. Record this mass in
the Data Table.



2. Go to your lab station and put into crucible some of the
baking soda by use of spatula.

3. Use the balance to weigh the crucible with the baking
soda. Record this mass in the Data Table.

4. Adjust iron ring on a stand. Put your crucible on iron ring
securely, just above the burner.

5. Light the burner and heat the baking soda for 8-10
minutes, while you are waiting, write reaction and calculate
masses of products.

6. After you have been heating the crucible, turn off the
burner and let the crucible cool for 5-6 minutes.

7. Then weigh your crucible and calculate the mass of
product. Use crucible tong to hold crucible.

Data Table:
Mass of crucible )= g
Mass of crucible with baking soda M= . g
Mass of baking soda | | B g
Mass of crucible with product )= g
Mass of product M= . g

BAKING S0DA

Questions:



1. What is the chemical formula for baking soda?

2. Write the balanced chemical equation for the reaction that
took place in the crucible.

3. Use stoichiometry and your balanced equation to calculate
the mass of product you should obtain in the crucible. Show
your calculations.

4. Use the original mass of baking soda to determine the
mass of water produced in this reaction. Show your
calculations. What happens with to water?

5. Use the original mass of baking soda to determine the
mass of CO2 produced in this reaction. Show your
calculations

6. Compare the masses that you have: mass you have
calculated and mass you get by balances.

Crucible tongs

Experiment 2. PeakunoHHas cnocobHOCTb MeTaAAOB
roynnol 1, 2, 13



O6opyaoOBaHue N peaKTUBDI.

KaAbLWW, aAOMUHUN, KYCOYKMN METAAAUYECKOro AnTua, 1M
PACTBOP CEPHOWM KUCAOTbI, BOAA, MPOBUPKN.

BbinoAHeHUe onbiTa:

|. BsaamumoapencTteme MeTaAAOB C KUCAOTOM

1. Pa3aenTe B Tpu npobumpkm no 30 MA pacTBoOpa
pa3baBAEHHOM CEPHOM KUCAOTDI.

2. B oAHY NpobunpKy onycTnTe HEOOABLLOM KYCOYEeK KaAbLMA.
3. B Apyryto - onyctmte HEOBOABLLOW KYyCOYEK aAIOMUHUA.

4. B TpeTbto - ONyCcTUTE HEOOABLLION KYyCOUYEK AUTUS.

5. CpaBHUTE aKTUBHOCTb TPEX METAAAOB.

6. 3anvwunTe CBOU HaAabAIOAEHUSA.

Bonpochil:

1. Kakom M3 MeTaAAOB BoAee aKTUBHbIN?

2. 3anUmnTe XMMUYEeCcKne ypaBHEHNA AASG 3TUX peaKLUn.

Il. BsammoapaencTBue METAaAAOB C BOAOU
1. 3anoAHUTE NPOBUPKY Ha Vs BOAOW.

2. AobaBbTe Kyco4yeK KaAbLUA B MPOOUPKY.



3. MpoBepbTe pH pacTBOpa A0OABAAA 2-3 KaNAM MHAMKATOPA
deHoADTaAeNHA.

4. MNoBTopuUTe Warm 1-3, NCNOAb3Yys aAFOMUHUN N AUTUN.
5. CpaBHUTE aKTUMBHOCTb 3TUX METAAAOB.
Bonpochil:

3anuLumnTe XMMMYeckme ypaBHEHUSA AASG STUX PeaKLUW.

] f}
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Laboratory instruments: stand,
clamps and an iron ring

Aluminum ignots

Terminology

e conduct experiment - Toxipnbe eTKi3y / NPOBOAUTDL
3KCMEePUMEHT,;



crucible - oTbakbipalwl / TUreAb;

crucible tongs - oTbakblpallTbl YCTaFbilW / TUreAbHble
LMnybl;

spatula - kaAakLla / WwnaTeAb;

iron ring - TeMip caknHa / KOAbLO;

stand - Typfbl /LLUTATUB.



Problems: 1, 2, 13 group
elements and their
compounds

1. Why are alkali metals located in 1st group in the periodic
table?

2. What are the common physical and chemical features of
alkali metals ?

3. Discuss the general characteristics and gradation in
properties of alkaline earth metals.

4. Compare the alkali metals and alkaline earth metals with
respect to (i) basicity of oxides and (ii) solubility of
hydroxides.

5. Compare the solubility and thermal stability of the
following compounds of the alkali metals with those of the
alkaline earth metals. (a) Nitrates (b) Carbonates (c) Sulfates.

6. The hydroxides and carbonates of sodium and potassium
are easily soluble in water while the corresponding salts of



magnesium and calcium are sparingly soluble in water.
Explain.

7. Explain the significance of sodium, potassium, magnesium
and calcium in biological fluids.

8. What are the important aluminum ores?

9. Where do we use aluminum in our daily life?

10. Write the common names of ores that are natural sources
of alkali metals.

1. Fill in the blanks with the appropriate alkali metal.

a. The characteristic colour of .................... IS yellow, ...cccceeenen.
is red colourand .................. lilac colour in the flame test.

@ T is the most reactive metal.



Coovreeeeeeeeens is radioactive element.

12. Find the alkaline earth metal that has given the properties.
a. All its electrons are found in s orbitals.

b. It is radioactive.

c. Its properties are similar to those of aluminum.

d. It is found in chlorophyll.

e. It is very inert to water.

f. Its compounds are widely used in building.

13. What are the common oxidation numbers of alkali,
alkaline earth and earth metals?

14. How many liters of H2 gas can be obtained from the
reaction of 30 g Al and excess of diluted HCI at STP.

15. How many grams of hydrogen gas H2 are produced when
17 g of lithium react with water ?



OCHAPTER 8: 16 ,17 GROUP
ELEMENTS AND THEIR
COMPOUNDS

8.1 HALOGENS

Why halogens exist in a diatomic form?

You will:

e write electron configuration for halogens;

e identify types of chemical bonds, and crystal lattices of
halogens;

e understand how the main properties of halogens change
in a group;

e know main chemical reactions of chlorine.

The elements of group 17 produce salts with metals, so
they are called halogens, from a Greek word halos - genes,
meaning “salt-former”. This group contains fluorine (F),
chlorine (CD), bromine (Br), iodine (I) and astatine (At).
Astatine is a radioactive element.

The electron configuration of halogens is ns2np5 and it
means that they have 7 valence electrons. Since their atomic
numbers are less than that of the following noble gases by
one, they have -1 oxidation state in their stable compounds.
Fluorine has only -1 oxidation state in all compounds.

Fluorine is the most electronegative element of the
periodic table. Within this group the electronegativity



decreases from fluorine to iodine. Halogens are elements
with the highest electronegativity in each period, so
halogens are the most active nonmetals of each period.

Chlorine

lodine Fluoride mineral stone

All halogens are:
e nonmetals, do not conduct electricity;
e poisonous and smelly;
e diatomic molecules: F2 - pale yellow colour gas, CI2 -
greenyellow colour gas, Br2 - reddish-brown colour liquid, 12
- black colour solid.

Halogens are found as diatomic molecules, such as F2,
Cl2, Br2 and 12. In the diatomic structure of the molecules,
each atom shares its single electron that's why the bond
between them is nonpolar covalent. The intermolecular
attraction between halogen atoms, is one of the factors
which affect the state of halogens. For example, in iodine, the
intermolecular forces are strong enough to hold the iodine
molecules in one place. These type of solids are classified as
molecular solids. Other halogens in their solid state (at very
low temperatures), are also classified as molecular solids.



Acids of halogens

Acids - compounds of halogens with hydrogen, turn blue
litmus paper into red and their agueous solutions conduct
electricity. There are also halogen oxoacids, represented as
HX, HXO, HX0O2, HX0O3, HXO4 (X denotes halogens).

Chemical properties of chlorine

Chlorine is a very reactive gas. Its most common reactions
will be considered.
1. Chlorine is a very reactive gas and can react with metals to
form the corresponding chlorides:

2Na(s) + Cl2(g) — 2NaCl(s)

Zn(s) + Cl2(g) — ZnCl2(s)
2.Chlorine has an affi nity for hydrogen so it easily reacts with
free hydrogen:

H2(g) + Cl2(g) — 2HCI(9)
3.Chlorine can displace any of the halogens (except F2) from
their salts and acid solutions:
Cl2(g) + 2NaBr(aqg) — 2NaCl(aq) + Br2(l)
Cl2(g) + 2HI(aqg) — 2HCI(aq) + 12(s)

Uses

The silver halides, especially silver bromide, are very
sensitive to light. When they are exposed to sunlight, they
reduce to give metallic silver. As a result of this property, they
are used to produce photographic fi Ims.

Chlorine is used in the manufacture of dyes, explosives,
bleaching powder and artifi cial rubber. For its toxic effect,
chlorine is also used in the production of insecticides like
DDT. Polyvinyl chloride (PVC) is a chlorine-containing plastic
used in the production of pipes.
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Teflon pan PVC plastic materials

Keep in mind

Hydrochloric acid HCI is an aqueous solution of hydrogen
chloride.

Facts

dTOPUA-NOHBbI F- 04eHb BaXkHbl AAS 3A0POBbS 3yHOB, HO ero
N3BbITOYHOE KOAMYECTBO BbI3bIBaAeT NOYEPHEHME U
pa3pyLueHmne 3yH60oB..

13
P w)

Toothpaste on the toothbrush




Science in context

B NpOMbILLAEHHOCTU, HanboAee BaXkKHbl MoAUMep PTopPa
N3BECTEH KaK TePAOH, noanTeTpadTopaTnaeH (CF2 - CF2)n.
TedAOH NCNOAB3YETCA AAA N3OAALINKN SAEKTPUYECKOTrO TOKa3,
AAS MPON3BOACTBA TEPMOCTOMKMX NMAACTMAcCC

N AHTUMPUIAPHbIX CKOBOPOAOK. DTOP Tak>Ke BXOAUT B
cocTaB dpeoHa (CCI2F2), KOTOpbIN LLUNPOKO UCMOAb3YETCA B
XOAOAUABHUKAX. AO HEAQBHEIO BPeEMEHU

Takne xanopdptopyraepoabl (XDY) NCNOAb30OBAAK B
KauyecCTBe PacTBOPUTEAA B CNpeax M3-3a UX HU3KOM TOYUKU
nAaBAeHUA. OAHAKO, MCMNOAb30BaHMe XPY-5 B
MPOMBbILLUAEHHOCTU CTAaAO OrPaHUNYEHHbIM, TaK KakK

OHU MNPUHOCAT BPeA O30HOBOMY CAOIO.

Literacy

1. Which elements are found in group 17th?
2. What are the physical properties of halogens?
3. Where are fl uorine compounds used?

4. Which halogen containing compounds do you use
commonly?

5. After the reaction of 7.2 g of H2 with Br2 HBr is produced.
How many grams of Br2 are needed?

6. Zinc reacts with hydroiodic acid to produce zinc iodide
and hydrogen gas. Find mass of zinc metal that is needed to
produce 6.72 L of hydrogen gas at STP?



Terminology

e electronegativity - anekpTepicTik /
AAEKTPOOTPUUATEABHOCTD;

e to insulate - oklwayAay / U30OAMPOBATD;

e sensitive - ce3riw / YyBCTBUTEAbHbI;

e to restrict - WekTey Koo / OrpaHnNynTb;

o refrigerator - TOHa3bITKbILL / XOAOAUABHUK;

e insecticide - UHCEKTULMA / MHCEKTULNA.,



8.2 HYDROCHLORIC ACID

How corrosive properties of hydrochloric acid are
used in oil drilling?

You will:

e investigate chemical properties of hydrochloric acid;
e know uses of hydrochloric acid.

Hydrogen chloride

Hydrogen chloride is a gas with an irritating odour. It is
formed by the reaction of chlorine with hydrogen:

H2(g) + Cl2(g) — 2HCI(9)

It does not conduct electricity in its liquid and gaseous
phases, only in aqueous solutions.

A 40 % HCI solution can be prepared with a density of 1.19
a/ml. The concentrated HCI used in the laboratories is 36 %.
It is a colourless acid with a sharp odour. It fumes in moist air
and hydrogen chloride, gas is evolved.

Chemical properties

1. It reacts with bases to give neutralization reactions:

HCl(aq) + KOH(aq) — KCl(aq) + H20(l)



2. It reacts with AgNO3, and a white precipitate is formed:
HCl(ag) + AgNO3(aq) — AgCl(s) + HNO3(aq)

3. HCl reacts with active metals to produce the chloride salts
and H2 gas.

2HCI(aq) + Mg(aa) — MgCl2(aq) + H2(9)

4. It reacts with oxidizing agents such as KMnO4 to produce
Cl2(9):

16HCI(aq) + 2KMnO4(aq) — 2KCl(aq) + 2MnCl2(aq) + 5CI2(9)
+ 8H20()



HCl acid is found in our stomach
for digestion Hydrochloric acid solution

Highly Corrosive
Chemicals

HCl acid is highly corrosive

Hydrogen chloride

Keep in mind

Hydrogen chloride is a colourless gas with an irritating smell.
It is highly soluble in water. An aqueous solution of HCl is
called hydrochloric acid.

Science in context




[@3006pa3HbIN XAOPOBOAOPOA B OCHOBHOM UCMOAb3yeTCH
NpPU MPON3BOACTBE PACTBOPOB COAAHON KUCAOTbI HCI n
NOAUBUHUNAXAOPUAA NBX. OH TakXXe NCMOAb3YETCH B
MPOUN3BOACTBE KPAaCUTEAEN, PEe3UHbI 1 B MeAULMNHE.

The rolls of PVC

Laboratory work

N210. XuMmyeckme cCBONCTBa COAAHOM KUCAOTDI

O60opyaOBaHUE U peaKTUBDI:

consHasa kmncaota HCI, kapboHaT kaabumna CaCO3, okcua,
Mean (I1), KoHnYeckasa KoAba, AabopaTopHble cCTakaHbl Ha 250
MA 1 Ha 100 MA, WnaTteAb, AABOPATOPHbIV LUTATUB
(TPEHOXKHUK), FOpPEeAKa.

BbinoAHeHUe onbiTa:

1. B 250 MA AabopaTopHbIN cTakaH HanenTe 50 MA pacTBoOpa
KNUCAOTDI.

2. AobaBbTe HEOOAbLUYIO MOPLIMKO KAaPOOHATHOM COAMN.
KapboHaT pearmpyeTt ¢ KUCAOTOM 06pa3ysa YIAEKUCAbIV ra3
CO2.



1. HanenTe 30 MA COAAHOWM KUCAOTbI B AaOOpPaTOPHbIN CTaKaH
Ha 100 MA. TlWAaTeAbHO HarpemTe Ha CAaABOM OrHe A0
KUMNeHus.

2. ByabTe OCTOPOXXHbI NpU paboTe C ropadem KUCAOTOMW.
AobaBaanTe okcma meaun (1) ncnoAb3ysa LNaTeAb.
AobBaBAANTE BeLLEeCTBO nepemMeLLmnBas CMeCb OKOAO MUHYTDI.

3. NpoaoA>KanMTe akKKypaTHO HarpeBaTb CMeChb B TedeHume 1-2
MUHYT, YTOOblI 06ecrnedymnTb 3aBepLUeHne peakumm. Kncaora
pearmpyet ¢ okcnaoM meam (I1) CuO, obpa3ya pacTBOp
MepAHOro xAopumaa CuCl2 3eaeHOro uBeTa.

bezoriacHocTh: HaaeHbTe 3aLNTHbIE OYKU. ByAbTE
OCTOPOXKHbI C KUCAOTOU. HaAeHbTE OAHOPA30BkLIE MNEPYATKMU.

3aKAKOYeHue:

3anmuwunTe CBOU HabAtoaAeHUA. HannwmnTe BCe XMMnyeckme
peakKunn.

Literacy

1. What are the physical properties of HCI| acid?

2. Write the reactions of hydrochloric acid with iron and
Mg(OH)2.

3. What is the number of moles of Cl2 required to produce
146 g HCI?

4. A 30 g sample of iron reacts with 200 g of 14.6% HCI
solution by mass, in order to produce iron (IlI) chloride and
hydrogen gas. What is the percentage of iron in the sample?

Terminology



gently - akbIpblH / OCTOPOXHO;

to fume - TyTey / AbIMUTD;

MoOist - bIAFAAADBI / BAAXKHDIN;
manufacture - eHAipic / MPOU3BOACTBO.



8.3 SULFUR

Is it true that sulfur is the main component of
earwax?

You will:

know main properties of 16th group elements;

know allotropic forms of sulfur;
know chemical properties of sulfur.

The members of 16th group are oxygen (O), sulfur (S),
selenium (Se), tellurium (Te) and polonium (Po). Group 16 is
also known as the oxygen group, oxygen family, or
chalcogens. Chalcogen means “ore former”.
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Selenium was one of the first
semiconductors used in the production of
photovoltaic cells

Matural sulfur



52

Te

128

Po

Group 16™ is known as the oxygen
group, oxygen family, or chalcogens.

They show nonmetallic properties. Nonmetallic character is
the strongest in oxygen and sulfur, weaker in selenium and
tellurium, while polonium is distinctly metallic. The elements
of group 16th have 6 electrons in their valence shell. Their
electron configurations end with ns2np4. They try to gain 2
electrons or share electrons to complete the number of
electrons in the valence shell. Selenium and tellurium are
semiconductors used in the electronics industry. Polonium is
a radioactive element formed by the decay of radium.

Sulfur has been known for its medicinal value and its
germicidal effect since prehistoric times. However, its



chemical nature remained unknown until 1787 when
A.Lavoisier recognized it is an element. Sulfur is a yellow
solid in crystal or powder form. Sulfur is a nonmetal and a
poor conductor of heat and electricity. There are three
common allotropes of sulfur: rhombic, monoclinic and plastic
sulfur.

Rhombic sulfur is a crystal. It is stable below 96°C. The
crystals are bright yellow in colour and octahedral in shape,
which is why it is called “rhombic”. They are made up of S8
molecules. Its density is 2.07 g/cm3. It is odourless,
colourless and solid at room temperature.

Monoclinic sulfur is another crystalline allotrope of sulfur. It is
a stable allotrope at temperatures between 96°C and 119°C.
The crystals are long, thin and needle-shaped. At room
temperature it reverts to rhombic sulfur. Its density is 1.96
g/cm3. It is dissolved in CS2 but can not be dissolved in
water.

Plastic sulfur is obtained by heating sulfur to its boiling point.
It is insoluble in carbon sulfi de. When it is poured into cold
water, it gives dark-brown strings of plastic sulfur. In nature,
sulfur exists both in free form and in compounds.

Sulfur miners extracting sulfur inside
the crater, Indonesia.

Chemical properties of sulfur



The sulfur has -2, +4, +6 oxidation states in its compounds. It
reacts violently with the metals in the s-block of the Periodic
table. It may form compounds with all metals and nonmetals
except Au, Pt and noble gases.

1. Reaction with metals
It reacts with active metals at room temperature:

2Na(s) + S(s) — Na2S(s)
It reacts with other metals when heated:

Zn(s) + S(s) [heating] — ZnS(s)
2. It also reacts with nonmetals:
H2(g9) + S(s) — H25(9)
S(s) + O2(g) — SO2(9)

Sulfur is used in the vulcanization process of rubber. It is also
used in dyes, paper and medicine. Some compounds of sulfur
are used as fertilizers. The manufacture of sulfuric acid
(H2S504) accounts for 80% of sulfur use.

The car tire Burning match



Keep in mind

Allotropes are different forms of the same element.

Rhombic sulfur and monoclinic
sulfur contains 5, units

Literacy

1. How many elements are there in 16th group?
2. How many allotropic forms are there for sulfur?

3. How many electrons are there on outer shell of sulfur
atom?

4. What is the percentage by mass of oxygen in H2504?

5. How many liters of oxygen (at STP) are required for
complete burning 25.6 g of sulfur?

Demonstration




N28. AAAOTpPONMbI cepbl

O60opyaOBaHUE U peaKTUBDbI:

KPUCTAaAAMYECKas cepa, Npobupka, AepyKaTeAb NPobUpKH,
FOPEeAKa, XOAOAHAA BOAA, AaBOpPaTOPHbIN cTakaH Ha 250 MA.

BbinoAHeHUe onbiTa:

1. HanenTe B AaBOpaTOpPHbIN CTakaH NpuMepHo 250 MA
XOAOAHOW BOADI.

2. 3anoAHuUTe V4 NpobUpPKM cepomn.
3. MeAAEHHO HarpenTe cepy. Npounsonaer:

e PACMNAABAEHUE AO YXEATOU XUAKOCTU (OTAEAbHbIE aTOMbI
S8)

e KpacCHas >XMAKOCTb (KOPOTKME Lernm atomMoB S8)

* TEMHbIN KPACHOBATO - KOPUYHEBBLIN NYCTOW CUPON

e TEMHAaA TeKy4das >XUAKOCTb

4. HanenTe ropsdyto cepy B CTakaH C BOAOMN.

Terminology

ore - KeH / pyAa;

e rubber - peseHke / pe3unHa;

e runny - akna / TeKy4yumwm;

e lip - weT / kKpaw;

e needle-shaped - MHe Tapi3zaec / UTAOOBPA3HbIN;
e to revert - KanTy / BO3BpPaLLATbCH;



e germicidal - 6akTepUuMnATI / BaKTepULMAHBIN.



8.4 COMPOUNDS OF SULFUR

Why silver jewellery tarnishes?

You will:

e know oxides of sulfur;
e know effects of acid rain;
e know properties of hydrogen sulfide.

Oxides of sulfur

Sulfur dioxide (S02) is a toxic, colourless gas with a sharp,

bad odour.
¢ o 4

sulfur dioxde molecule @

Sulfur trioxide molecule

It is formed by the combustion reaction of sulfur:
S(s) + O2(g) — SO2(9)
It is an acidic oxide, so it reacts with basic substances and
dissolve in water:
S0O2(g) + CaO(s) —» CaS03(s)
SO2(g) + H20(() — H2503(aq) (sulfurous acid)
Sulfur trioxide (S0O3) is a very active and volatile substance. It
is formed by the reaction of SO2 with excess oxygen:
2502(g) + O2(g9) — 2503(9)
It reacts with basic compounds and dissolve in water:



S0O3(g) + 2NaOH(aqg) — Na2S04(aqg) + H20()

S0O3(g) + H20(l) —» H2S04(aq) (sulfuric acid)
Both sulfur dioxide and sulfur trioxide play major roles in
producing acid rain.

Acid rain

Regular rain is slightly acidic. It absorbs some carbon dioxide
from the air. However, acid rain is more acidic because of
certain pollutants in the air.

It results when sulfur dioxide (S0O2) and nitrogen oxides
(NOX) are emitted into the atmosphere and transported by
wind and air currents. . Rainwater is naturally weakly acidic,
with a pH of 5.4. pH of acid rain gets between 2.4 and 5.0.
Acid rain can have terrible effects on what it falls on: trees,
lakes, buildings and farmland.

The primary sources of SO2 and NOX in the atmosphere are:
- Burning of fossil fuels to generate electricity.

- Vehicles and heavy equipment.

- Manufacturing, oil refi neries and other industries.



Factories generating toxic air pollution Forming of acld raln
and acid rain

Volcanic crater lake and toxic sulfur
fume

Hydrogen sulfi de (H2S)

It is very poisonous, corrosive, flammable and colourless gas.
It smells like rotten eggs.
In laboratories it is formed by the reaction of iron sulfi de
(FeS) with acids:
FeS(s) + 2HCI(aq) — FeCl2(aq) + H25(g)

Qualitative reactions:
1.By adding Pb(NO3)2 :

H2S(g) + Pb(NO3)2(aq) — PbS(s) + 2HNO3(aq)



2. H2S in air causes the formation of a black sulfi de layer on
silver metal:
2Ag(s) + H2S(g) + O2(g) — Ag2S(s) + H20()

H,5 smells Uke rotten egg. Hydrogen sulfide molecule

Science in context

Anokcup cepbl SO2 NCNOAb3yeTCA AN OTOEAUBAHUA U B
KayecTBe Ae3NHPULMPYIOLLIEro CPEeACTBA.

Facts




[Mpwn BAbIXaHUN ANMOKCUA cepbl SO2 BAUSET Ha 3A0POBbE
yenoBeKa. OH pasAparkaeT HOC, TOPAO U AbIXaTEAbHbIE MY TH,
BbI3bIBas KalleAb, XpPUMbl N OAbILLKY. A Tak>Xe Bbl3bIBaeT
aCTMY U XPOHUNYECKNN DPOHXUT.

Owides of sulfur are toxic

Literacy

1. How some compounds of sulfur affect human health?
2. Explain how acid rain affects the environment.

3. What are main sources of sulfur oxides and nitrogen oxides
in the air?

4. How many grams of sulfur trioxide should be dissolved in
water to produce 9.8 g of sulfuric acid?

Facts

CepoBopopoA H2S aBAAeTCA BbICOKOTOKCUYHbIM. B opraHmn3m
YeAOBeKa MOCTYMaeT yepes AblXaTeAbHble NyTU. HM3kune
KOHLEHTPAaLUMMN CepOBOAOPOAA B BO3AYXE MOTYT BbI3blBATb



FOAOBHbIE BOAU, MAOXYIO MAaMATb, YCTAAOCTb U MPOBAEMbI C
KOOPAMHALMEN ABUXKEHUS.

Terminology

e acid rain - KbILLKbIA YXaHObIP / KUCAOTHbIN AOXKAD;

e environment - KopLUaFaH opTa / OKpy>KaloLLlaa cpeAa;

e sharp - eTKip / pe3kui;

e volatile - yLWIKbILL / AeTYUYUI;

e POISONOUS - YAbI / AA0BUTbIN;

o flammable - Te3 aHFbI / AerKOBOCMNAAMEHSAOLWMNCS;

e layer - kabaT / cAoW;

e cough - >keTeA / KalleAb;

e wheez - KbIpbIA / Xpwm;

e chronic bronchitis -cosbiAMaAbl BPOHXUT / XPOHUYECKUNI
OPOHXUT;

e heavy equipment - aybIp TeEXHWKa /3eMAePONHO-
TPAHCMNOPTHbIE MALLUUHDbI.



8.5 SULFURIC ACID AND
SULFATES

How can we use harmful acid as a fertilizer?

You will:

e investigate physical and chemical properties of sulfuric
acid and its salts.

Sulfuric acid, H2S04

Sulfuric acid is a colourless, nonvolatile and hydroscopic
liquid. Its melting point is 10.4°C and boiling point is 340°C.
In laboratories, a 98% sulfuric acid solution is used. The
density of that solution is 1.84 g/ml, and it is 18 M. Sulfuric
acid is one of the most important chemical compounds
known. It is a strong acid.



H,50, (oil of vitroil) H,50, is toxic substance

Structural formula of HZSEI A

Chemical properties
1. It reacts with metals and produces H2 gas:
Zn(s) + H2504(aqg) — ZnS0O4(aq) + H2(9)
2. It may react with inert metals too:
Cu(s) + 2H2504(conc) — CuSO4(aq) + SO2(g) + 2H20()
3. It reacts with bases, basic oxides and amphoteric oxides:
H2S04(aq) + 2NaOH(aq) — Na2504(aq) + 2H20(D)

4. Sulfuric acid reacts with some salts to produce other acids
and insoluble sulfate salts form:

H2S04(aq) + BaCl2(ag) — BaS04(s)+ 2HCI(aq)



5. Concentrated sulfuric acid is capable of removing
hydrogen and oxygen as water from organic compounds:

C12H22011(s) + H2504(conc) — 12C(s) + H2S504(aq) +
1MTH20()

Reaction between sucrose and
concentrated sulphuric acid.

Preparation (Contact process)

This method was developed by Knietsch in Germany. In
principal, it involves the catalytic combination of SO2 and O2
in the form of SO3, which is then dissolved to form sulfuric
acid (H2504):

0 H50

z 4

2 H,0
S+0,—>50, —50, —>HS 0 ——>H50,

2 2 3

oleum

e S e e e e
Sulfuric acid plant

Sulfates



Important sulfates salts:

Na2504-10H20 - Glauber salt,

MgS04-7H20 - Epsom salt,

CaS04-2H20 - gypsum,

BaSO4- barite,

KAI(504)2-12H20 - potassium alum,
CuS0O4-5H20 - copper (I) sulfate pentahydrate,
FeS04-7H20 - iron () sulfate heptahydrate.

Keep in mind

Sulfuric acid is one of the most important chemical. It is a
strong, corrosive acid.

Science in context

CepHasa KMCAOTaA NCMOAb3YETCA B MPOU3BOACTBE KpacuTeAewn,
OyMarm, MblAa N MOKOLLMNX CPEACTB, CYAbPATOB, KaK
YyAODpPEHME, B KAaYeCTBE IAEKTPOAUTA B CBUHLOBbIX
aKKyMyAaTopax n baTtapesax. OHa NCMOAb3YETCHA B KadyecTBe
AETNAPATUPYIOLLIErO areHTa npu HUTPOBAHMMN COEANHEHUN,
N3 KOTOPbIX MOAYYAlOT B3PbIBYATbIE BELLECTBaA. Tak>ke,
CepHas KNCAOTA UCMOAb3YETCHA B MPOUN3BOACTBE KPACOK.
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Paints and pigments Detergent with washing powder

Practice work

N25. XuMmnuyeckme cBomMcTeBa CepPHOM KUCAOTbI U
cynbdaToB

O6o0opyaOBaHUE U peaKTUBDbI:

PACTBOPbI CEPHOM KUCAOTbI H2S504, cyabdaTt meam (1),
cynbdaT >xeaeza (), cyaAbdaT aAtOMUHUSA, TUAPOKCUA
HaTPWSA, HATPAT Bapua, NPOBUPKMN.

| BapuaHT

1. B Kakon npobumpKe HaxoAnTca CyAbdaT Mean, CyAbdaT
»xenesza (I1), cyabdaT aAloMUHUA?

2. HannwnTte peakymm Mexxay: - CuSO4 n NaOH; FeSO4 un
NaOH; Al2(504)3 n NaOH

Il BApUaHT

1. B kakon npobupke HaxoAMTCA CepPHAsa KUCAOTA, CyAbdaT
xenesa (I1), cyabdaT aAtoMUHUNA?

2. HannwmnTte peakumm Mexxay:



- H2S504 n Ba(N0O3)2
- FeSO4 n NaOH
- Al2(S504)3 n Ba(NO3)2

be3ornacHocTbh. PacTBOpPbI coeAmHeHu 6apms TOKCUYHbI -
TLLATEABHO BbIMOUTE PYKU B KOHLIE YPOKaA.

Dy

BaS0, precipitate

Activity

O6e3BOXXMBaHME OpraHNYeCKUX coepAUHeHUn

O60pyAOBaHUE U PeaKTUBDI:
FPaHYAUPOBAHHbIN caxap, KOHLUEHTPUPOBAHHbIN PAacTBOP

H2S04, AabopaToOpHbIV CTaKaH, MAaAOYKa AAA
nepemMeLLnBaHnS.

BbiInOAHeHMe onbiTa:



1. B AabopaTopHbIN cTakaH NoAOXKnTe 50 r caxapHOro necka.

2. [loMecTunTe NaAoUKy AAA NepemMeLllmMBaHUA B LIEHTP caxapa.
AobaBbTe 50 MA KOHUEHTPUPOBAHHOWM CEPHOM KUCAOTbI K
HeMy 1 nepemellanTe. LUBeT cMecn namMeHmnTca ¢ 6eAoro Ha
YXEATbIN, 3aTEM Ha YepPHbIN. 3aTeM CMeCb HAYHET BbIAMBATbLCH
N3 CTaKaHa.

Ge3ornnacHocTb: CepHasi KUCAOTA SIBASIETCS OYEHb CUAbHOU
KUCAOTOU U CYLLIECTBEHHO Pa3beAaET KOXXY. HasaeHbTe
MnepyYaTKu M 3aLLNTHbIE OYKM.

Literacy

1. Write main properties of sulfuric acid
2. Where is sulfuric acid used?
3. How is sulfuric acid prepared in a chemical plant?

4. How many grams of sulfuric acid should be dissolved in
150 g of water to prepare 30% solution?

5. How many grams of MgS0O4 can be produced from 7.2 g of
magnesium react with concentrated sulfuric acid?

Ma(s) + H2504(aq) — MgS04(aq) + H2(aa)

Terminology




capable - kabineTTi /cnocobeH;

thoroughly - MyK1aT / TLATEAbHO;

fertilizer - TbiIHaNTKbIW / yaAOBpEHME;

stir - apaAacTbipy / nepemMeLunBaThb;

expand - yAFato / paclUMpaATbCS;

hydroscopic - Cy>KyTKbILL / BOAOMOTAOLLAOLLMN.



8.6 SOLVING PROBLEMS:
PERCENT YIELD

How can we reach effi ciency and yield to 100% in
production of sulfuric acid or any other production?

You will:

e understand the meaning of percent yield;

e solve problems related with percent yield.

The percent yield (n) is used to relate the amount of product
that is actually obtained (the practical amount) to the
theoretical amount.

_— Actual Yield
% Yield = —————x100%
Theoretical Yield
n (practical V (practical m (practical
v ARG . VDGR, .. S0 WD
n (theoretical) V (theoretical) m (theoretical)

In the following problems, assume that the yield is 100

% unless stated otherwise.

Silver chloride, AgCl, is a white crystalline solid that is used

to make photographic film.

Consider the following reaction yielding silver chloride:
AgNO3(aq) + NaCl(aqg) — AgCl(s) + NaNO3(aq)



Silver chloride

According to this equation, when one mole of silver

nitrate reacts with one mole of sodium chloride, one mole of
silver chloride is produced. Theoretically this is correct, but if
you

perform this experiment in the laboratory and calculate the
mole number of silver chloride produced, you will find it
smaller than one mole. The reason for this might be that the
portions of the reactants do not react or that not all of the
product is recovered. In some other reactions, materials may
stick to glassware, or an amount of a volatile product may
evaporate.

Keep in mind

MpnumHbl MeHee 100% BbIXOAa peakunm NpucyTcTBme
npuMecen AU NOoTeEPU UAM MOrPELLHOCTU B MPOBUMPKaX.

Literacy

1. A sample of magnesium carbonate is heated and the mass
of magnesium oxide produced found to be 80 g. Calculate
the mass of decomposed magnesium carbonate if the yield
of the reaction is 80%.



2. What is the percent yield if 121.5 g of silver is produced
when 13.5 g of aluminum is reacted with excess silver nitrate
solution. The unbalanced reaction equation is:

Al(s) + AgNO3(aq) —AI(NO3)3(ag)+Ag(s)

3. For the balanced equation shown below, if the reaction of
0.112 grams of H2 produces 0.745 grams of H20O, what is the
percent yield?

Fe304(s) + 4H2(g) — 3Fe(s) + 4H20(I)

Example 1

When heated, the carbonates of many metals decompose to
give oxides of the metals and carbon dioxide gas. Calculate
the volume of carbon dioxide gas (at STP) produced from
the decomposition of 25 g of calcium carbonate. The yield of
the reaction is 75 %.

Solution

We know that calcium carbonate decomposes to give
calcium oxide and carbon dioxide:

CaCO3(s) — CaO(s) + CO2(9)
Step 1.

Here, we need to calculate the practical volume of CO2. First,
we need to calculate the theoretical volume:

Mr(CaCO3) =40 +12 + 3 -16 =100 g/mol



n(CaCO03)=m/Mr=25g /100 g/mol = 0.25 mol
Step 2.

According to chemical equation above, proportion between
CO2 and CaCO3is1to 1. Then:

n(CO2) = n(CaCO3) = 0.25 moal
V(CO2)=n-Vm=0.25mol -22.4 L/mol =56 L
Step 3.

5.6 L is the theoretical volume, of CO2

V (practicalj
V (theoretical)

Yield =

Vpractical = yield - Vtheoretical = 5.6 L - (75% / 100%) = 4.2 L

Example 2

Oxygen gas can be obtained from the decomposition of
potassium chlorate, KCIO3. In a laboratory experiment, the
decomposition of 2.45 g of potassium chlorate produces
0.48 g of oxygen. Calculate the percent yield of this reaction.

Solution

The balanced equation for this reaction is

2KCIO3(s) — 2KCI(s) + 302(9)



In order to fi nd the percent yield of the reaction, we need to
have both the practical and theoretical amounts of oxygen. It
is stated that the mass of produced oxygen is 0.48 g. This is
the practical mass.

Step 1.
Let us calculate the theoretical mass of oxygen:
Mr(KCIO3) =39 + 35,5+ 3 - 16 = 122.5 g/mol

N(KCIO3)=n/Mr=2.45g/122.5 g/mol = 0.02 mol

2 mol of KE103 -------------- 3 mol of 0,
0.02 mol of KClO, ---------- x mol of 0,

X=(3-.0.02) / 2 =0.03 mol of O,

M(O2)=n - Mr = 0.03 mol - 32 g/mol = 0.96 g (the theoretical
mass of oxygen)

m (practical 0.48
Yield = (P , ) X100% = g
m (theoretical) 0.96 g

X100% = 50 %

Terminology

e percent yield - eHiM LWbIFbIMbI /BbIXOA MPOAYKTaA
peakunu;

e volatile - yWwKbILW / AeTYYUN;

e merely - Tek / TOAbKO.



Problems: 16, 17 group
elements and their
compounds

1. What is the formula of the compound that contains 23.35%
K, 47.90% Br and 28.75% O?

2. When 16.8 g of Fe and the excess amount of F2 react to
form FeF3, how many grams of the compound is formed?

3. How many grams of Cl2 is needed to form 27.5 g of PCI3?
2P(s) + 3Cl2(g) — 2PCI3()

4. How many liters of H2 is produced by the reaction of 39.2
g of iron and sufficient HCI?

Fe(s) + 2HCI(aqg) — FeCl2(aq) + H2(9)

5. How many liters of fluorine is needed to produce 4.48
liters of O27

2F2(9) + 2H20(l) — 4HF(9) + O2(9)

6. How many grams of HF is produced at the end of the
reaction of 2.45 g of XeF6 with excess water?

XeF6(s) + 3H20() — XeO3(l) + 6HF(9)



7. How many grams of Cl2 is produced if 164.25 g of HCI
react with MnO2?

MnO2(s) + 4HCIl(aq) — Cl2(g) + MnCl2(aq) + 2H20()

8. Sulfuric acid H2504 can be made from sulfur dioxide SO2,
oxygen, and water in high temperature. Suppose you mix
22.4 g of sulfur dioxide with an excess of water and obtain 30
g of sulfuric acid. Calculate the percent yield of sulfuric acid
in this reaction.

2502(9) + 2H20() + O2(9) — 2H2504(aq)

9. In an experiment, 150 g of magnesium reacted with excess
sulfuric acid forming magnesium sulfate.

Mg(s) + H2504(aq) — MgS04(aq) + H2(g9)

At the completion of the reaction, 711 g of magnesium sulfate
was produced. Calculate the theoretical yield and the percent
yield.

10. For the balanced equation shown below, if the reaction of
107.88 grams of white phosphorus produces an 81.3 % yield,
how many grams of P4S7 would be produced?

P4(s) + 75(s) — P4S7(s)

11. For the balanced equation shown below, if the reaction of
112 grams of PH3 produced 300 grams of H3PO4, what is the
percent yield?

PH3(g) + 202(g) —» H3PO4(s)



12. Astatine, the fifth halogen, is little studied because its
isotopes are radioactive and short-lived. From your
knowledge of the physical and chemical properties of the
halogens, predict the physical and chemical properties of the
element. Include:

e the colour of the element

e its state at room temperature

e the stability of hydrogen astatide

e its strength as an oxidizing agent

e the nature of the bonding present in its silver salt

e the colour of AgAt.

Element

Colour

Melting and
boiling points
Stability of
hydrides
Colour of silver
salt

Oxidizing ability

white cream

b

ream

Br pale yellow

getting darker 1
increasing 4
decreasing 1
decreases 1

13. Why is oxygen a gas but sulfur a solid?
14. Write balanced equations for the following:
e NaCl is heated with sulphuric acid in the presence of MnO2.

e Chlorine gas is passed into a solution of Nal in water.



Bce yyebHukn KaszaxctaHa Ha OKULYK.KZ
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CHAPTER 9: ELEMENTS AND
COMPOUNDS OF 14 AND 15
GROUPS

9.1 NITROGEN

Why nitrogen while being an essential element for all
living organisms is called “azot” meaning "dead"?

You will:

e |learn properties of nitrogen;
e |learn nitrogen cycle.

This element has two names. One of them, “azot”, meaning
“dead” in Greek, was given by A.Lavoisier. The other,
“nitrogen”, means “nitrate former”. The atomic number of
nitrogen is 7. Its electron configuration is 1s22s22p3.

Nitrogen has 5 valence electrons. Thus, the element shows
oxidation states, such as, -3, +1, +2, +3, +4 and +5. Sometimes
it takes three more electrons and sometimes it loses its
valence electrons to gain a noble gas electron configuration.

Nitrogen in elemental form (N2) hardly reacts because of
strong triple covalent bonds between the N atoms.

:N=N: + 707.7 kJ — 2N



As shown above the bonds between nitrogen atoms (:N = N:)
are very strong. Therefore, nitrogen gas does not react with
acids, bases, water or halogens at STP.

Nitrogen is a colourless, odourless and tasteless gas that
exists as free diatomic molecules in the atmosphere. Nitrogen
is an essential element of living organisms.
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Liquid nitrogen

DNA molecules contain nitrogen
in their structure

Chemical properties of nitrogen

Under proper conditions, nitrogen gas undergoes the

following reactions.

1. At high temperatures (2500°C) or in a high electrical

current, nitrogen reacts with oxygen to produce NO gas.
N2(g) + O2(9) — 2NO(9)

The produced NO gas reacts with O2 to give other oxides.



2NO(g) + O2(g9) — 2NO2(9)
These reactions may be caused by lightning in the
atmosphere. 2. At 300 atm pressure and 500°C temperature,
nitrogen gas reacts with H2 in the presence of AlI203 or Fe
catalysts (Haber method). Ammonia is obtained as a
product.

N2(9) + 3H2(g) — 2NH3(9)
3. At high temperatures, it reacts with metals to produce
ionic nitride (N3-) compounds. These compounds are often
white crystals. The heat is needed to start the reaction.

6Li(s) + N2(g) — 2Li3N(s)
Nitrogen is an essential element for all living organisms.
There is a plenty of nitrogen in the atmosphere but it is inert
and it is difficult to get it into the soil. So, some plants have
nitrogenfixing bacteria which lives in roots and "fix" gaseous
nitrogen. The balance of processes which put nitrogen into
the air and processes which remove nitrogen from the air is
called the nitrogen cycle.

NITROGEN
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Azotobacter has beneficial effects on
crop growth




Nitrogen oxides

NO gas produced during the ignition of car motors, has very
harmful effects. When NO gas is inhaled, it forms NO2 gas by
combining with O2 in the lungs. The NO2 gas formed
attaches to water molecules in the lungs and causes the
formation of nitric acid HNO3.

NO, very toxic poisonous gas

Laboratory work

Ne11. 3D MOAeKyAsIpHaa MOAEAb a30Ta

NcnoAb3ysa KOMAAEKT 3D MOAEKYASAPHOWM MOAEAUN, YUYEHUKU
CMOrYT MOHATb CTPYKTYPY U CBOMCTBA a30Ta.

00 L
o A

Nitrogen molecule

Literacy

1. How can you explain that nitrogen has got so
many different oxidation states?



2. Why is nitrogen is an inert element?

3. If the percentage of nitrogen gas in the air is 78% by
volume and 75% by mass, what will be the average molecular
weight of air?

4. How plants get nitrogen from the atmosphere?

Terminology

e nitrogen cycle - a30T arHaAbIMbl / @30THbIN LIMKA;
e ignition - »xaHy / 3aXKuraHue;

e inhale - »xyTy / BAbIXaTb;

e inert - MHePTTI / UHEPTHbIN.



9.2 AMMONIA

How can ammonia be responsible for both killing
millions of people and saving millions of people’s
lives?

You will:

e explain molecular and structural formula of ammonia

e explain preparation methods, properties and uses of
ammonia

e prepare ammonia in laboratory

e describe industrial preparation process of ammonia.

Properties of ammonia

Ammonia is a colourless gas with a characteristic sharp smell.
The density of ammonia is less than air. Its boiling point and
freezing point are -33.4°C and -77.8°C (at 1 atm)

respectively. The chemical formula for ammonia is NH3 and
chemical bonds in molecule are covalent. Bonds are made up
by sharing three electrons of nitrogen with three atoms of
hydrogen. The solubility of ammonia is high: 700 L of
ammonia may be dissolved in 1L of water at 20°C. Ammonia
is the most important base in the gaseous phase.



4

o
Ammonia has sharp, unpleasant

Ammonia is weak base smell

Preparation of ammonia
l. In the Laboratory

Small amounts of ammonia can be prepared in the laboratory
by heating a solution of an ammonium salt with a strong
base, such as NaOH or Ca(OH)2:

NH4Cl(ag) + NaOH(aqg) — NaCl(aqg) + H20() + NH3(9)

Ammonia gas, formed in the reaction, turns wet litmus paper
to a blue.

Il. In Industry

In industry, ammonia is obtained directly by the Haber
process:

Reaction undergoes at 200 atm and 4500C, AlI203 or Fe is
used as catalysts (Shown in picture).



N,(g) + 3H,(g) --> 2NH,(q)

The unreacted

— -
P M., and H
M gas —= : !
i = = =T
re— 8
Mixture of ‘}

—e | N.andH,
200 atm

H,gas MH, gas is cocled

to liguefy the gas

Reactor I
Liquid
Haber process L

This method is widely used to produce nitrogen fertilizers, so
it has a great impact on the food production for half of the
world's population. However, ammonia produced by use of
this method, also, found its application as a base for
production of explosives.

Chemical properties

1. Reactions of ammonia with acids give ammonia salts
with durable crystal structures:

NH3(g) + HCI(g) — NH4CI(s)
2NH3(g) + H2S04(aqg) — (NH4)2S04(aq)
2. It reacts with pure oxygen:
ANH3(g) + 302(g) — 2N2(g) + 6H20()
3. Ammonia is a good reducing agent:

2NH3(g) + 3CuO(s) — 2Cu(s) + N2(g) + 3H20()



Laboratory work

N212. 3D MOAeKYASApHas MOAEeAb aMMMaKa

YUeHUKN, NCNMOoAb3ya Habop 3D MOAEKYASAPHbIX MOAEAEN,
CMOrYT MOHATb CTPYKTYPY M CBONCTBA aMMMaKa.

O6o0opyaOBaHUE U peaKTUBDI:

MOAEKYAAPHbIE MOAEAU

A

Structure of ammonia molecule

Practice work

N26. NoAyuyeHUe aMMmnaka n ero XxmumMmyeckume
CBOMCTBA.

O6o0pyaAOBaHUE U peaKTUBDI:

xAopunp aMmMmoHna NH4CI, HntpaT ammoHna NH4NO3,
rmapokecma Kanoumna Ca(OH)2, rmapokena Hatpuma NaOH,
NPOBUPKU, TOPEAKA, ACP>KaTeAb MPOBUNPKK, AGKMYyCOBad
byMmara.



BbinoAHeHUe onbiTa:

| BapunaHT:

1. Bbl byaeTe NCNOAb30BaTb XAOPUA aMMOHUA U TMAPOKCUA,
KaAbUMA AASA MOAYYEHUA aMMMaAKa.

2. [MpoBepbTe ra3 ¢ MNOMOLLbIO BAAXXHOM AAKMYCOBOW ByMarwu.
3. HannwunTte peakuunto B3ammoaemnctema NH4ACI n Ca(OH)2.
Il BApUaHT:

1. Bbl byaeTe NMcnoAb30BaTb aMMmMadHyto ceAnTpy NHANO3 um
FMAPOKCUA HATPUA AAS MOAYYEHNA aMMMaKa.

2. MpoBepbTe ras ¢ NMOMOLLIbKO BAAGXXHOM AAKMYCOBOW ByMarw.

3. HanunwunTte peakyumto B3anmoaenctesma NHANO3 n NaOH.

Facts

ATMocdepa KOnmnTtepa coctomnT m3 89,8% Boaopoaa, 10,2%
reAns M MaAblX KOAMYECTB MeTaHa M aMMuMakKa.

Science in context




B peakumnax azoTHOM KMCAOTbl C HEKOTOPbIMU
OPraHNYeCcKMMM COeANHEHUAMNM ODBPA3YOTCA B3PbIBYATbIE
BeLLlecTBa, TaKMe Kak HUTPOTAULIEPUH N TPUHUTPOTOAYOA
(THT). AMMMaK 1 aMMOHUMHbIE COAUN NCMOAb3YIOTCA B
KayecTBe yAODBpeHus.

CoeanHeHMe a3oTa rimapasnH (N2H4), npmnMmeHaeTca B
MNPON3BOACTBE PAKETHOMO TOMAMBA U MOYEBUHbI. AMMUMaK
TAK>Xe UCMOAb3YeTCH B NMPOU3BOACTBE pe3unHbl, bymMmaru,
TEKCTUASA, KPAaCUTEAA, MEAKAMEHTOB M B3PbIBYaTbIX
BeLLecTB.
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Ammonia is used in medicine

Literacy

1. Write main physical properties of ammonia.

2. Write the reaction of nitric acid with ammonia and name
the product.

3. Calculate the mass percentages of nitrogen in the
following compounds: NH3, NH4CI.

4.13.6 g of compound XH3 has volume 896 L at STP
conditions. What is the atomic mass of element X?



5. How many liters of ammonia can be obtained if 33.6 g of
nitrogen reacts with the excess amount of hydrogen?

Terminology

e impact - acep /BAUAHME;

e responsible - »xayanTbl /OTBETCTBEHHbIW;

e sharp - eTKip /pe3kui;

e undergo - >ypy /NpoxXoAnTb;

e population - xaAblK /HaceAeHMe;

e application - KOAAa@HbIC afcbl /MPUMEHEeHMne;
e durable - MbIKTbI /MPOYHbIN.



9.3 NITRIC ACID

Why nitrogen gas is not used as a fertilizer?

You will:

« know molecular and structural formulas of nitric acid;

o explain the formation of chemical bonds in the molecule
of nitric acid;

e write preparation reactions of nitric acid;

e learn chemical properties of nitric acid.

The chemical formula for nitric acid is HNOZ3. It is a toxic
substance.

Physical properties
Nitric acid is a colourless, fuming liquid, whose density is 1.35

g/mL. The melting point of nitric acid is -42°C and the
boiling point is 82.6°C.



=

P — Se————

 NITRIC
| ACID DIL.
L HNO,

e —

Structure of HN{}3

Abottle of nitric acid

Preparation

Nitric acid was originally prepared by heating a mixture of
potassium nitrate and concentrated sulfuric acid:

KNO3(aq) + H2S504(aq) —» KHSO4(aq) + HNO3(aq)

Nitric acid is commercially produced by the Ostwald process,
which is an industrial preparation of nitric acid starting from
the catalytic oxidation of ammonia to nitric oxide:

ANH3(g) + 502(g) — 4NO(g) + 6H20(])
2NO(g) + 02(9) — 2NO2(9)

4ANO2(g) + 2H20() + O2(g9) — 4HNO3(aq)

Chemical properties

1. It reacts with metallic oxides:



CuO(s) + 2HNO3(aq) — Cu(NO3)2(aq) + H20()
2. Nitric acid reacts with bases and salts:
KOH(ag) + HNO3(agq) — KNO3(aq) + H20()
3. The reaction of the acid with salt:

Na2CO3(aq) + 2HNO3(aqg) — 2NaNO3(aq) + CO2(g) +
H20(()

Chemical structure of nitric acid

Nitrogen atom can have maximum of 4 bonds. It is because
of electron structure of nitrogen. Its electron configuration is
1s22s22p3. There are no 2d orbitals. So there are only four
orbitals: one s-orbital and three p-orbitals. Therefore,
nitrogen has maximum of four bonds. Three ordinary
covalent bonds formed by sharing of three unpaired
electrons of nitrogen and one is formed by donor-acceptor
mechanism. So we have single bond between nitrogen N and
O-H group, double bond between N and one oxygen atom O
and there remains only one single bond for nitrogen and its
between N and another atom oxygen O. But that oxygen
atom is differ from first oxygen atom. It has negative charge
and also nitrogen with four bonds of course will be positively
charged.

Laboratory work

N213. XMMmnyecKkme CBOMCTBA a30THOMU KUCAOTDI

O60pyaOBaHUEe U peaKTUBDI:



a30THaa KncAaota HNO3 (koHU,.), okcma Meaun (1) CuO,
MeAHada MOHeTa, KOHMYeCcKme KOADbI, MMHLUETHDI.

BbiInOAHeHMe onbiTa:

1. B 250 MA AabopaToOpHbIN CTakaH HanenTe 30 MA a30THOM
KNCAOTDI.

2. AobaBbTe HebOAbLUYIO Mopumto okcmaa meam (1) B
AABOPATOPHbIN cTakaH. OKCUA B3aMMOAENCTBYET C KUCAOTOM
obpa3ya 3eAeHOBAaTO-TrOAYOOM COAEBOM PACTBOP.

1. B 250 MA AabopaToOpHbIN CTakaH HaAUTb 30 MA KOHL.
a30THOM KNCAOTHI.

2. AobaBbTe 1 MEAHYIO MOHETY B CTakKaH. MoHeTa
B3aMMOAENCTBYET C KOHLL. a30THOM KUCAOTOM 0bpa3ys
OopaH>keBO-KopUnYHeBbIM ras NO?2.

bezoriacHocTbh: ByAbTE OCTOPOXKHbI, HE BAbIXauTe rapbl NO2.
KOHLEHTPUPOBAHHAaS @30THAss KMCAOTA OYEHb TOKCUYHA.
MCrionb3yriTe 0OAHOPA30BbIE NMepyYaTKU. M3berarite KOHTaKTa
C KOXKeU. BbimouTe pyKu rnocAe 3KCrNepuMeHTa.

3aKAOYeHue:

3anMunTe cBoU HabAlAeHUA. HannwmnTe Bce XxmMMuyeckme
peakuuu.

Keep in mind




The density of concentrated nitric acid (68.4% solution) is
1.41 g/mL and its boiling point is 121°C.

Literacy

1. Write the physical properties of the nitric acid.
2. Write reactions for the production of nitric acid.

3. What is a chemical formula of ammonium nitrate, calcium
nitrate?

4. How many grams of nitric acid should be dissolved in 400
g of water to prepare 22% solution?

5. How many grams of nitric acid can be obtained from 161 g
of NO2 from the following sequence of transformation?

ANO2(g) + 2H20() + O2(g) — 4HNO3(aq)

Science in context

A30THasa KncAaota HNO3 aBAseTca TpeTben MO BaX>XHOCTU
MPOMbILUAEHHOW KMCAOTOM (MOCAE CepHOM U oCcHOpHOM
KNCAOT). OHa UCMOAb3YeTCHA B MPOU3BOACTBE YAODBPEHUN,
B3pPbIBYATbIX BELLECTB, KPACOK, MEAMKAMEHTOB, HEMAOHOBbIX
N MOANYPETAHOBbLIX MAACTUKOB.



1 B
acid production on

Shooting explosives in a stone
quarry

Terminology

e nitric acid - a30T KbILKbIAblI /a30THaa KUCAOTA;

e fuming - TyTiHAEreH /AbIMALLNM;

e industrial - eHepkacinTiK /MPOMbILLUAEHHbIE;

e explosives - »apbIAFbILL 3aTTap,/ B3pbIBYaTble BELLECTBa;
e nylon - HEMAOH / HEMAOH;

e COin - MOHeTa / MOHEeTa;

e seguence - >XYMeAiAik /mocAepA0BaTEeAbHOCTD.



9.4 SPECIFIC PROPERTIES
OF NITRIC ACID AND
NITRATES

Why hydrogen gas is not produced when nitric a acid
reacts with metals?

You will:

e know how metals react with nitric acid;
e know products of thermal decomposition of nitrates.

Nitric acid reacts with most metals but the products depend
on the concentration of the acid and the nature of the metal.
Dilute nitric acid behaves as a typical acid in its reaction with
most metals. However, reactions with some metals give
products as metal nitrates and nitrogen oxides. Let's consider
reactions of copper with dilute nitric acid:

Cu(s) + HNO3(dil) —» Cu(NO3)2(aq) + NO(g) + H20()



Reaction of nitric acid with copper Nitric acid solution

As you can see, products are not usual for the reaction of the
diluted acid with metal. Now let's balance the reaction by
using the change in oxidation state method.

First, the oxidation number of each atom in the reactants and
products is indicated to fi nd the total number of transferred
electrons.

The half reactions are:
Cu — Cu2+ + 2e- (oxidation)
3e- + N5+ — N2+ (reduction)

The final equation is obtained by summing up the two
halfreactions, as follows:

C(u— ¥ +2e | 3

3e -+ N¥—= N* | 2

3Cu + 2N>* = 3Cu* + 2N*



So, the balanced equation should be:
3Cu(s) + BHNO3(dil) — 3Cu(NO3)2(aq) + 2NO(g) + 4H20()

When very dilute nitric acid reacts with zinc, products will be
metal nitrate and ammonium nitrate:

47n(s) + IOHNO3(very dil.) - 4Zn(NO3)2(aq) +
NH4NO3(aq) + 3H20()

When concentrated nitric acid is used nitrogen dioxide, metal
nitrate and water are produced:

Ag(s) + 2HNO3(conc) — AgNO3(aq) + NO2(g) + H20(D
Cu(s) + 4HNO3(conc) — Cu(NO3)2(aq) + 2NO2(g) + 2H20(D

As you can see, nitric has got special chemical properties
those depends on the concentration of acid.

Oxidizing properties of nitric acid

Carbon is oxidized to carbon dioxide on heating, as for sulfur,
it is oxidized to sulfuric acid:

C(s) + HNO3(aq) — CO2(g) + 4NO2(g) + 2H20()

Nitrates

The salts of nitric acid are called nitrates. The nitrates of
alkali metals like sodium, potassium, and ammonium have the
common name saltpeter. For example, NH4NO3 is
ammonium saltpeter, and NaNO3 is sodium saltpeter.

All nitrates are solid crystal compounds, which are
highly soluble in water. Like nitric acid, the nitrates are also
decomposed with the emitting of oxygen on heating.



Depending on the chemical activity of the metal, which is in
the structure of the salt, the decomposition of nitrates occurs
differently. The properties of the nitrates vary according to
the position of the metal in the reactivity series. This is
summarized in the table below.

he
¢ 2KNO,—=2KNO# O,

MNa Nitrates of these metals are decomposed to nitrite

and oxygen by heating. %

=

Li =

Ca heat %.
Mg 2Mg(NO,),—=2Mg0 +4NO+0, 3
;2 Nitrates of these metals are decomposed to the oxide %
pp  of the metal, nitrogen dioxide and oxygen by heating. i
Cu ]
S

heat ™

Hg 2AINO,—2Ag+2NO,+0, E
=

A Mitrates of these metals are decomposed to the
g metal, nitrogen dioxide and oxygen, because the
oxides of these metals are unstable in heat.

Decompaosition reactlons of nitrates



KNO, used in food industry
(conservation) Silver nitrate used in medicine

Cannon gunpowder (NaNO,)

Science in context

Gold and platinum are not dissolved by HNO3. However, they
can be dissolved in a mixture of concentrated HNO3+HCI in
the ratio of 1:3. The mixture is consequently called "Aqua
regia” (King water).



*King water"

Literacy

1. Write reaction of silver with conc. nitric acid.
2. Write decomposition reaction of copper nitrate.
3. Where are ammonium and potassium nitrates used?

4. Find the mass percentage of nitrogen in NHANO3, AgNO3.

Terminology

e behave - kepceTeai / BecTu cebq;
e depend - BaAaHbICTbl / 3aBUCETD;
e indicate - aHbIKTay / onpeAeAsaTb;
e emit - WbIFapy / BblAGAATD.



9.5 PHOSPHORUS AND ITS
COMPOUNDS

Have you ever seen green lights from a cemetery at
night?

You will:

e know properties of phosphorus and phosphoric acid;
e compare allotropes of phosphorus;
e know some deposits of phosphorus in Kazakhstan.

Phosphorus

The atomic number of phosphorus is 15. So, electron
configuration is 1s22s22p63s23p3 and common oxidation
states are -3, +3 and +5.

Phosphorus is a highly reactive nonmetal, so it can not be
found in nature in elemental form. Mainly found in a mineral
called apatite.

Phosphorus is solid with three allotropes: white, red and
black phosphorus. White and red ones are the more
important and common forms.



Dark blue apatite gemstone

White phosphorus

White P is highly flammable

b2

Burning of red phosphorus

Differences between two phosphorus allotropes

White phosphorus Red phosphorus
whitish-yellow waxy solid red powder
stored under water stored dry

poisonous, unstable

not poisonous

illuminates at night

no illumination

garlic smell

no smell

Reactions of phosphorus:

2P(s) + 302(g) — 2P203(s)

2P(s) + 502(g) — 2P205(s)

P(s) + 3Na(s) — Na3P(s)




2P(s) + 3CI2(g) — 2PCI3(9)

3P(s) + 5HNO3(aq) + 2H20() — 3H3PO4(aqg)+ SNO(g9)

Phosphoric acid H3PO4

Phosphoric acid is a colourless solid. It is one of the most
industrially consumed acids in the world. It is mainly used in
the production of fertilizers.

It reacts with bases and basic oxides as acid:
2H3P0O4(aq) + 3Ca0(s) — Ca3(P0O4)2(s) + 3H20()

H3PO4(aq) + 3NaOH(aqg) — Na3P0O4(aq) + 3H20(D)

Deposits of phosphorus in Kazakhstan

As it was mentioned before, phosphorus can found in nature
only in forms of minerals. Our country also has some
phosphorus deposits. In Zhambyl region, there is Karatau
basin where "Zhanatas concentrating mill” works and Shilisai
deposit in Aktobe region. On the basis of these deposits,
there are factories located in Taraz, Shymkent and Aktobe.

Facts

Phosphoric acid is used as an acidifying agent to give colas
their tangy flavor.
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Facts

B pe3yAbTaTe cBOEM CNOCOOHOCTUM CBETUTbCA B TEMHOTE,
3AEMeHT ObIA HasBaH «dochop», UTO NO-rpeyYeckm o3HadaeT
«PAaCnpPoOCTPaAHNTEADb CBETA».

Activity

KayecTBeHHbIM aHaAU3 pocdaT-UoHa

O6opyaoOBaHuEe N peaKTUBDI:

pacTBopbl r<mapodocdaTa HaTpua Na2HPO4, xnopunaa
Kanbuma CaCl2 n HuTpaTa cepebpa AgNO3, NpobunpKu.

BbiInOAHEeHMe onbiTa:

1. MoarotoBbTe BOoAHbIE pacTBopbl Na2HPO4, AgNO3 n CaCl2
B PA3HbIX AADOPATOPHbIX CTaKaHax.

2. N\obaBbTe 5 KaneAb pacTBopa HUTpaTa cepebpa B pacTBOP
Na2HPO4.

3. AobaBbTe 5 KaneAb pPacTBOPa XAOPUAA KAaAbLIMSA B PacTBOP
Na2HPO4.

3aKAKOYeHue:

1. HannwunTe peakunm, NMPpOnNCXOAALLINE MEXAY PAaCTBOPaAMMN.



2. KakoB uBeT docdaTa cepebpa?

Science in context

dochop aBAGETCA BaXKHOM COCTABAAOLLEN XXUBbIX
opraHn3amMoB. KocTun 1 3ybbl COAEP>KAT BbICOKUM MPOLEHT
docdaTa Kaabumsa, Ca3(PO4)2. MHormne 6eAkmn, ocCobeHHO Te,
YTO HAXOAATCA B CEMEHAX, AMLAaX, HEPBHbIX TKAHAX U KAETKaX
MO3ra, TakXKe coaep>kaT pochop.
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Spine of human skeleton

Science in context

Red phosphorus is used on match boxes where the match is
struck




Literacy

1. What are the group and period numbers of phosphorus in
the periodic table?

2. How many allotropes of phosphorus are there?
3. Write the formula of apatite mineral.

4. What are the oxidation states of phosphorus in the given
compounds respectively: Ca3P2, Ca3(P04)2, Ca3(P03)2?

5.How many liters of oxygen at STP is required for complete
burning 31 g of phosphorus?

6.What is the empirical formula of phosphorus oxide that
contains 43.66% by mass of phosphorus?

Terminology

e light-spreader - »apblIK LUblFapFbill / HECYLLWN CBET;

e apatite - anaTnT / anatuT;

e phosphoric acid - docdop KbiLLKbIAbI / docdopHas
KNCAOTA3;

e nerve tissues - xyMKe yAnacbl / HepBHble TKaHMU;

e illuminate - »xapkbipay / ocBeLlaTb;

e tangy - eTKip / ocTpbIN;

e garlic smell - capbIiMcak MicTi / YeCHOYHbIN 3anax.



9.6 FERTILIZERS

How Chile became one of the high-income countries
in South America by the 19th century?

You will:

e know the classification of fertilizers;

e know production of phosphorus fertilizers in Kazakhstan;

e understand the effects of nitrogen, phosphorus fertilizers
to the environment.

Recent studies have shown that more than 70 elements make
up plants. Most of these elements are found in trace
amounts, whereas carbon, oxygen, hydrogen, nitrogen,
phosphorus, sulfur, magnesium, potassium and calcium are
the most abundant and significant ones. Plants can obtain
the elements, except nitrogen, phosphorus and potassium
(NPK), from air or soil. However, these three elements, NPK,
should be applied to plants externally to get a higher yield.
To enrich the soil by means of NPK, fertilizers are used.

Tractor fertilizes crops corn in spring

The most important chemicals for plant grows are:



e Carbon, hydrogen and oxygen - available from air and
water;

e Nitrogen, phosphorus, potassium - the three
macronutrients and the three elements that plants can take
from fertilizers;

e Sulfur, calcium, and magnesium - secondary nutrients;

e Boron, cobalt, copper, iron, manganese, molybdenum and
zinc - micronutrients.

( Fertilizers )

s v ~~a
According to According to According to
Inorganic, Nitrogen, Solid, liquid
organic phosphorus,
potassium

Nitrogen fertilizers

Nitrogen fertilizer is a compound that stimulates the growth
of plants. The nitrogen is required for normal chloroplast
formation in plants, which is responsible for the process of
photosynthesis. Plants that lack nitrogen will turn yellow and
finally perish. Important N fertilizers: (NH4)2S504,
(NH4)2CO3, NH4H2PO4, KNO3, NH4NO3, urea.

Phosphorus fertilizers

Synthetic phosphorus fertilizer is made by chemically
processing rock phosphate from the ground. Phosphorus is
responsible for photosynthesis, cell division, and the plant's



ability to use sugars and starches. Many phosphorus
fertilizers are produced in Taraz and Shymkent. Chemicals for
phosphorus fertilizers come from Karatau, the richest deposit
of phosphorus. Important P fertilizers: (NH4)2HPOA4,
Ca3(P04)2-CaC0O3, Ca(H2P0O4)2, etc.

Phosphorus compounds and phosphorus fertilizers have
been studied by the academician Bekturov and his students.

Potassium fertilizers

Inorganic salts used as a source of potassium for plants.
Potassium chloride, sulfate and carbonate often combined
with other compounds containing potassium in a form
accessible to plants. Potassium responsible for the quality of
products: there is an increase in the sugar content of the
whole plant when potassium fertilizers are used. Important K
fertilizers: KNO3, KCI, K2504-MgS0O4.

Karatau mountains

Keep in mind

Natural or chemical substances put on the land to make
crops grow better are called fertilizers. Fertilizers make up an



important branch of agricultural chemistry. Due to the
increasing demand for fertilizers, the production of NPK and
NPK compounds has increased dramatically.

Sawdust fertilizer in the white
plastic bags

Science in context

Abiken Bekturov
(1901 - 1985)

AOKTOP TEXHUYECKUX HAYyK, Mpodeccop n akapeMmmk AH
(AkapemMmm Hayk) Kasaxckom CCP. Ero Hay4Hble paboTbl
MOCBALLEHbl XMMNYECKOW MPOMbILUAEHHOCTU GOCPHOPHbIX



YAOBPEHUM N YTUAM3ALUUU POCPHOPHbIX coner. OH OCHOBAA
OCHOBHbI€ 3HAHUNA O MOATOTOBKE POCPHOPHBbIX YAODPEHUN B
KapaTay.

Literacy

1. Write the names of the fertilizers that contain phosphorus.
2. Write the names of the fertilizers that contain nitrogen.

3. Prove that use of fertilizers is required for normal plant
grows.

4. What fertilizers are more commonly used? Organic or
Inorganic?

5. Where can we buy fertilizers?

Demonstration

N28. MnHepaAbHble yAOBpeHund

NcnoAb3ysa ob6pasLbl YAOBPEHMIM BaLLEN AabopaTopuu,
KAACCUDULMPYNTE nX: Ha a3oTHble N, dochopHblie P,
KaAmesble K.



N fertilizers | P fertilizers | K fertilizers

Colourful of fertilizer in
wooden box

Terminology

e high-income - yAKeH Kipic / BbICOKUN AOXOA;
e fertilizer - TbiIHAMTKbILW / YyAOBpPEHME;

e thrive - ryapeHy / npouBeTaTh;

e enrich - banbiTy / oborallaThb;

e external - cbIpTKbl / BHELLUHWI;

e recent - >XakblHAQ, XXYbipAa / HEeAABHUWM;

e recycling - karTa eHaey / NnepepaboTKa;

e Crop - eHiM / ypoyxamn.



9.7 SILICON AND ITS
COMPOUNDS

How did Silicon Valley get its name?

You will:

e know properties of silicon and its compounds;
e know uses of silicon.

The electron configuration of silicon ends with 3s23p2. So it
has -4, +2 and +4 oxidation states. Silicon is metalloid. Silicon
is the most important element in the world of minerals.

Silicon is the 2nd most abundant element in the Earth’s crust
(27.6% by mass). Silicon is a metal-like solid with greyish-blue
colour. It is a quite hard and brittle substance. Silicon is not
found in elemental form in nature. It is found in compounds
such as silica (S5i02) and silicates, which form 95% of the
rocks in the earth. Also, it can be found in granite, sand, clay,
etc. Silicon is a component of many different compounds
that are used for civil engineering, production of concrete,
cement, ceramics, pottery. Silicone rubber can used in
bathrooms and around windows, pipes and roofs as a
waterproof sealant.

Compounds of silicon

Silicon dioxide (Si02) is a very hard substance. It is used to
make laboratory glassware, various lenses, ultraviolet
lightpassing glass, fluorescent lamps, and light-sensitive



electrical measurement instruments. Coloured amorphous
SiO2 is used to make jewellery. It is found in quartz mineral.

Camera lens Quartz mineral

Chemical properties of silicon

1. Silicon reacts with nonmetals (carbon, oxygen, sulfur and
nitrogen) at high temperatures:

Si(s) + C(s) — SiC(s)
Si(s) + 0O2(g) — Si02(s)
2. Silicon does not react with acids, except HF:
Si(s) + 4HF(g) — SiF4(g) + 2H2(9)

3. Silicon reacts with strong base solutions by forming
silicates and releasing hydrogen gas H2:

Si(s) + 2KOH(aq) + H20(l) — K2Si03(aq) + 2H2(9)



Chemical properties of silicon compounds:
1. Silicic acid, H2Si03

H2SiO3 is a very weak acid and insoluble in water. It is
immediately decomposed into SiO2 and H20 when heated:

H2Si03(s) — H20(l) + SiO2(s)

2. Silicon dioxide forms silicates by reacting with metal
oxides, hydroxides, carbonates and sulfates at high
temperatures.

MgO(s) + Si02(s) — MgSiO3(s)

2NaOH(aq) + Si02 — Na2SiO3(aq) + H20()

Science in context

IAEMEHTAPHbIN KPEMHUN UCMOAB3YETCH MPU NMOAYYEHNU
CUAUKOHOBBIX MOAUMEPOB. NTOCKOABKY KPEMHUN ABASAETCS
MNOAYMPOBOAHUKOM, OH NCMOAb3YETCH AASA MOATOTOBKM
SAEKTPOHHbIX YCTPOUCTB, TAKMX KaK KOMMbOTEPHbIE YKMbl U
TPAH3UCTOPbI. YNCTbIN KPEMHMN UCMOABL3YETCHA B COAHEUYHbIX
baTapeax.
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Electronic circuit Solar cells



Facts

Kapbua KpemMHma SiC aBASeTCSa 4pe3BblYalHO TBEPADbIM
BeLlecTBOM. OH MCMOAb3YeTCA B NMPOU3BOACTBE OYEHb
TBEPAOUN KEPAMUKMW.

Silicon carbide crystals

Facts

NyAneHenpobuBaeMoe CTEKAO COCTOUT U3 ABYX AUCTOB
CTEKAA C NPO3PayYHbIM MOAUMEPOM MEXKAY HUMU,
chopMMPOBaAHHbIX BMEeCcTe Noa AEVMCTBMEM TernAa u
AaBAeHUA. [pn CUABHOM yaAQpe OHO byaeT TpecKaTbca bes
Pa3pyLLUEeHNSA. DTOT MPOLLECC NPeACTaBASAET U3 cebs
MHOIOCAOMHOE AAMUHUPOBAHNE CTEKAOMAACTUKOBbLIX CAOEB.

Bulletproof glass



Literacy

1. How many electrons and protons are there in silicon atom?
2. What are common oxidation states of silicon?

3. What is the empirical formula of silicon oxide that contains
46.67% by mass of silicon?

4. Where are silicon compounds used?

5. When 10 g mixture of silicon and carbon is dissolved in
KOH amount of hydrogen produced was 11.2 L at STP. What is
the percentage by mass of silicon in the mixture?

Demonstration

N210. KpuctaAAndyeckume peLleTKUu CTPYKTYpbl
COeAMHEHUN KpeMHUA U aAMa3a

CTPYKTYPbI KOUCTAAANYECKUNX PELLETOK ABYOKUCU KPEMHUSA U
KapbopyHAQ aHAAOIMMYHbI CTPYKTYPE aAMa3a. B pesyabTaTe
yero, X HEKOTOPble CBOMCTBA CXOAHblI CO CBOMCTBaMM
aAMasa, HanpuMep, Takne Kak TBepPAOCTb. [TocTponTe n
cpaBHUTe 3D MOAEAN AMOKCUMAQ KPEMHUSA, aAMa3a U
KapbopyHAa.
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Sllicon has atomic Crystal lattice of 30 model of a crystal  Crystal lattice of
crystalline structure sllicon dioxide lattice of dlamond silicon carblde

Terminology

e silica - kKpeMHe3eM,;

e semiconductor - >xapTblAal ©TKIi3riLl / MOAYNPOBOAHWK;

e sealant - okluayAaFbILlL / repMeTUK,;

e crystal lattice - kpucTanabIK TOP / KPUCTaAaAANYECKad
peLleTKa;

e bulletproof - ok eTnenTiH / NyAeHenpobrBaeMblIi;

e transparent - MeAAip / Npo3paydHbIi;

e solar cell - KyH cayAenik baTapesa / coAHeuHble baTapes;

e glassware - LblHbl bIAbIC / CTEKAAHHAA NMOCYAQ.



9.8 SILICATES. SILICATE
INDUSTRY ¢

What is cement made of?

You will:

e know qualitative analysis for silicate ion;
e know silicate industry in Kazakhstan.

Silicates

Silicon forms various types of anions with oxygen. Salts
containing these anions are called silicates. The main
structure of a silicate ion is a regular tetrahedral, as in SiO44-
ion. The other silicate anions contain more than one SiO44-
tetrahedral ions which are joined together by a bridge of
oxygen atoms. Silicates are classifi ed according to bonding
variations of these regular tetrahedral:

Si0,* §i,0.¢ Si,0,

Schematic representation of the arrangement of atoms in the
silicate ions



Clay

Clays occur naturally as alumina silicate, H4AI2SiO9. They are
found as a plastic paste or can be converted to a paste by
grinding or mixing with water. They can easily be shaped
when they are wet. But, if they are dried in a furnace, they
have a very hard structure. Clays are used in the manufacture
of cement, ceramics, rubber and paint.

Glass

The main compounds of glass are sodium silicate (Na2SiO3)
and calcium silicate (CaSiO3), which are prepared according
to the following reactions at high temperature (1500°C):

Na2CO3(aq) + SiO2(s) — Na2SiO3(aq) + CO2(g9)
CaCO3(s) + SiO2(s) — CaSiO3(s) + CO2(9)

Glass is a supercooled liquid which forms a noncrystalline
solid. It is hard, brittle, amorphous and is usually transparent.
The formula of ordinary glass is

Na20-Ca0-6SiO2

Major glass manufacturers are placed in Aktobe, Almaty and
Taraz. The glass can have many different colours. It can have
a transition or rare earth metal ions added. This table shows
some of the typical chemical elements that are used to
colour glass:



Girl

sculptsi

.-

n clay pot

Typical colours of glasses

Ceramics (Astana. National Museum)

The Fe?* | Cu™ | a* NiZ* AUt | Mt | oo™ BT Fe-S
element
Colour of | green | blue | pale | brown | red- | purple | blue | pink | orange
glass green violet
Cement

The most commonly used cement in the world is Portland
cement. Portland cement is essentially powdered calcium
aluminosilicate, which sets to a hard mass when treated with
water. It is made by pulverizing a mixture of limestone
(CaC03) and clay (an aluminosilicate). Today, there are many
cement manufacturers in Kazakhstan. They are placed in
Semey, Karaganda, Almaty, Taraz, Shymkent and Oskemen.

Silicones

o g B

Cement mix



They are organic compounds which have some of the
properties of both hydrocarbons and siliconoxygen
compounds. Some of them have very good resistance to
thermal decomposition and chemicals.

Silicones are used in greases, sealing compounds, enamels,
varnishes, resins and synthetic rubber.

Gun with silicon

Science in context

AcbecT, pa3sHOBUAHOCTb BOAOKHUCTOIO CUAMKATHOIO
MUHEpPaAa, LUMPOKO UCMOAb3YeTCH U3-3a ero
HEeBOCMAAMEHAEMOCTU, TMBKOCTU, MeXaHNYeCKOMN NMPOYHOCTH
N MHEPTHOCTU K XUMUYECKOMY BO3AENCTBUIO.

Ashestos roofs

Facts




CUAUKO3-BOAE3Hb AEIMKUX, BbI3BaHHAA BAbIXaHMEM
KPOLUEYHbIX KYCOYKOB KPpeMHe3eMa, MUHEePaAa, KOTOPbIN
ABASETCH YAaCTblO Mecka 1 ropPHOM MOPOAbI.

Silicate dust

Literacy

1. Where cement factories located in Kazakhstan?
2. What is the mass percentage of silicon in the Earth’s crust?
3. What are chemical formulas of silica and clay?

4. What is the sum of all coefficients in the following
reaction?

SiC(s) + NaOH(aq) + O2(g) — Na2SiO3(aq) + H20() +
Na2CO3(aq)

5. Which reagents are required for the following
transformations?

Si02 — Si — Na2Si03 — H2Si03 — CaSiO3



Terminology

e silicates - cuamkaTTap / CUAMKATDI;
 fibrous - TaAWbIKTbl / BOAOKHUCTbIN;

e flexibility - keMaiAiK / TMBKOCTD ;

e clay - 6aALLbIK / TAUHA;

e grinding - eHAgY / LULANDOBKAE;

e pulverizing - cenkiwl / pacnblIAUTEAbHbIN;
e grease - »XakkblLLl / cMa3Ka.



Problems: Elements and
compounds of 14 and 15
groups

1. What is the oxidation state of nitrogen in each of the
following compounds?

NaNO2, KNO2, N204, NH3, NH20OH

2. Which of the nitrogen oxides is used in medicine as an
anestetic?

3. Write the reactions with nitrogen dioxide and water? How
does the oxidation state of nitrogen change? Write the
oxidizing and reducing agents in this reaction?

4. Write the production reactions of nitric acid in industry.

5. Find mole number of nitric acid which reacts with 10 grams
of iron (lll) oxide.

6. How many moles of NO2 are produced by the reaction at
high temperature of 1.5 mol of O2 with sufficient amount of
N27?



7. How many grams of Ca(NO3)2 can be prepared by
treatment of 12.0 g CaO with 102 g HNO3? How many grams
of excess reactant remains after the reaction?

8. Nitric acid reacts with iron (lI) hydroxide to produce iron
(ID) nitrate and water.

a. Write a balanced chemical equation for the reaction.
b. Determine the mole number of 50 g of nitric acid.

c. How many moles of iron (Il) nitrate will produce in a
reaction with 50 g of HNO3?

d. What is the mass of produced iron (Il) nitrate?

e. How many moles of iron (Il) hydroxide is needed to react
with this quantity of nitric acid?

f. How many grams of iron (Il) hydroxide will be used?

9. Write the electron configurations of the following
elements: Si, N.

10. Find the following pairs of elements in the periodic table.
Name them. Then compare them in terms of group number
and number of valence electrons. Identify each element as a
metal, nonmetal or metalloid. List uses of the elements.

e C and Pb



e Siand P

e Ga and N

11. Name the following silicon compounds:

SiH4, H2Si03, Si02, Mg2Si, Na2SiO3, CaSiO3

12. Calculate the number of molecules in 15.7 mol of silicon
dioxide.

13. Silicon reacts with chlorine to produce silicon
tetrachloride.

a. Balance the equation: Si(s)+ Cl2(g) —SiCl4(g).

b. If you begin with 3.2 g of silicon and 5.4 g of chlorine,
which one is the limiting reactant?

c. How many grams of silicon tetrachloride can be produced
from the amount of limiting reactant available?

d. Calculate the mass of excess reactant that remains after
the reaction.

14. What is the percent by mass of sodium silicate in a water
solution containing 0.497 g Na2SiO3 in 58.3 g of the
solution?



15. Write three applications of silicon in industry. [dentify
some devices, containing silicon found in your home.

16. How many grams of H2SiF6 could be obtained by
dissolving 50 g of pure sand (silicon dioxide) dissolves in
enough amount of dilute HF?

SiO2(s) + 6HF(g) — H2SiF6(s) + 2H20()

17. Why silicon can have maximum of four bonds and
phosphorus has five bonds? Explain.



CHAPTER 10: MACRO- AND
MICROELEMENTS IN HUMAN
BODY AND ENVIRONMENT

10.1 THE CHEMICAL
COMPOSITION OF THE
HUMAN BODY. MACRO AND
MICRONUTRIENTS

How many chemical elements does human body
contain?

You will:

e name the elements which present in human body and
explain their functions;

e study a typical diet of residents in Kazakhstan and make
up a balanced diet.

Chemical composition of human body

Six chemical elements make almost 99% of the human
body. They are oxygen, carbon, hydrogen, nitrogen, calcium
and phosphorus. About 0.85% belong to other five
elements:potassium, sulfur, sodium, chlorine and magnesium.
The remaining elements present in trace amounts.



Micronutrients are chemicals needed in small amounts,
generally less than 0.005% of body mass. Because of very
small amounts, they are usually measured in mg or ug per
day. These substances help the body to produce enzymes,
hormones and other substances essential for health.
Micronutrients include the vitamins and many trace minerals
such as Fe, Cu, Zn, |, Se, Mn, Mo, Cr, Co, B.

Macronutrients are those needed in relatively large
amounts. They are used to provide energy in the body and
build its structure. They include macromolecules like
carbohydrates, lipids and proteins as well as some minerals
needed in large amounts such as Na, Mg, K, Ca, P, S, and CI.

—

— L N

Mass percentages of elements in a
human body

1. Oxygen (O) - 65%. Oxygen is not only the component of
water, but it is also the main block of almost all organic
compounds in our body such as carbohydrates, proteins, fats,
and others.

2. Carbon (C) - 18%. Carbon is the main element for all living
things because there is no any organic compound without



carbon element. We can say that organic compounds are
carbon compounds.

3. Hydrogen (H) - 10%. Hydrogen is also found in water and
all organic compounds.

4. Nitrogen (N) - 3%. Nitrogen is found in all proteins and
nucleic acids that make up DNA.

5. Calcium (Ca) - 1.5%. Calcium is one of the main building
blocks for our bones and teeth.

6. Phosphorus (P) - 1%. Phosphorus is another building block
of our bones and teeth. It is also found in ATP molecule,
which is the source of energy in a body.

7. Potassium (K) - 0.3%. Potassium plays the main role in
carrying of nerve impulses and in keeping blood pressure.

Iron deficiency is one of the most prevalent micronutrient
deficiency in the world. Because iron is an essential part of
red blood cells. A lack of iron leads to a serious condition
known as anemia.

Facts

lodine is needed for the synthesis of the hormone thyroxine,
which regulates the metabolic rate. It is present in most types
of seafood and in some vegetables. A lack of iodine causes a
swelling of the thyroid gland in the neck known as goiter.
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Facts

BceMnpHaa opraHmlayma 3apaBooxpaHeHnsa BO3
onpeAeAnAa Noa, BUTaMMH A N COEAMHEHNSA XKeAe3a KakK
HanboAee Ba>KHble MUKPOIAEMEHTbI C TOYKU 3PpeHUA
AODOAABHOIo 3A0P0BbA.

Sources of vitamin A

Activity

You need to research typical diet of residents of
Kazakhstan.



Your aim is to fi nd out what people eat during a day and
analyze their menu. Work in groups. You can do it in several
ways. We recommend using three-day diary method or
questionnaire.

I. Three-Day Diary

1. Agree with some students of your school that they will
keep a diary of what they eat during three days.

2. Notify them to write honestly, even if they eat not healthy
food, so your research will be done on real data.

3. More students involved in writing a diary, more accurate
your assessment will be.

4. After students fi nished with diaries, try to make an
"average" breakfast, lunch and dinner out of your data.

5. Calculate the amount of energy gained by eating the
"average" breakfast, lunch and dinner. Also, calculate the
mass of fats gained during the "average" diet. You can use
tables with energy, fats data in meals provided by health
organizations. Also you can use calorifi ¢ value on the
wrapper of any food product and beverages.

6. Analyze whether the "average” diet fulfi Is the amount of
macro- and micronutrients needed per a day. Compare your
results with data of health organizations.

Il. Questionnaire

1. Prepare questions for your interviews. Think about
qguestions that will help you to understand what interviewee
eats during his/her day.



2. You can conduct your interviews at food courts, fast food
outlets, cafes, etc.

3. Use steps 2 to 6 from Three-Day Diary.

Note: Do not forget that you will interview people with
different age groups. So, try to divide your data into different
age groups - teenegers and adults. Compare results to data
of health organizations for same age groups.

Questions:

1. Is an average daily diet of students from your school
healthy?

2. Does the diet supply body with a recommended value of
macro and micronutrients?

3. Can you suggest your healthy daily diet for students of
your school/people that you interviewed? Use data tables
provided by health organizations.

Literacy

1. What are the main elements found in the human body?

2. Calculate the mass in grams of C, H, O, Ca, Na, S
elements in the body of a 50 kg person.

3. What are micronutrients? Give their names.

4. Which foods contain carbohydrates?



Science in context

«3aBTPAK Cbellb CaM, 0bea PasAeAU C APYIOM, @ VXXKUH OTAaM
Bpary». (Kntamckaga nocAoBuLA)

Terminology

e nutrients - KOpekTik 3aTTap / NUTaTeAbHble BELLEeCTBa;
e essential - kaXxeTTi / HEOBXOAUMDBIN, CYLLECTBEHHbIN;

e trace - a3 / Mano;

e swelling - icik / onyxoAb;

e prevalent - ken TapaAfaH / pacnpocTpaHeHHbIN;

e diet - TaMakTaHy pexxuMi/ pexxuM NUTaHUS;

e average - opTalla/ ycpeAHEeHHbIN.



10.2 IMPORTANT NUTRITION
IN YOUR FOOD

How does E338 (phosphoric acid) lead to the removal
of calcium ions from human body?

You will:

e know the importance of calcium and iron for human
body;

e determine calcium in the human bones;

e determine carbon and iron in food.

Importance of calcium

Calcium is one of the most important minerals in the human
body. It takes about 1-1.5% of the human body. Calcium helps
your body by building strong bones and teeth, clotting
blood, sending and receiving nerve signals, muscle
contraction, releasing hormones and keeping a normal
heartbeat. Dairy products are the best source of calcium.

Importance of iron

Iron is a mineral found in every cell of the body. One of the
main roles of iron is to help our red blood cells transport
oxygen to all parts of the body. Iron helps in the conversion
of blood sugar to energy. The best sources of iron are dried
beans, dried fruits, eggs, liver, seafood, greens (all kinds).



Sparkling white teeth

Laboratory work

N214. OnpeaAeAeHne KaAbLUUSA B KOCTHAX

O6o0pyaOBaHUE U peaKTUBDI:

KOCTU >XNBOTHOIo (KYPUHOTro), conadHaa kncaota HCI,
AQBOPATOPHBbIN CTakaH 1 A, BOAQ, PAcTBOP KapboHaTa
HaTpus, NMNeTKa

BbinoAHeHUe onbiTa:

1. HaAanTb 300 MA 10% pacTBOpa COAAHOM KUCAOTbI B
AABOPATOPHDbIN CTAaKaH.



2. lMoMecTnUTe KycouyeK KYPUHOM KOCTU B CTaKaH U
pacTBoOpUTE ero.

3. OTOUABTPYNTE PACTBOP B KOHUYECKYIO KOABY.

4. NobaBbTe 5-6 KaneAb KapboHaTa HaTpuUsa B PUABTPAT.
3anuLmTe CBOM HAbAOAEHUS.

3aKAOYeHue:
1. HanmwuTe BCe XxmMmnyeckme peakKunn.

2. KakoB LUBEeT NMOAYYEHHOIO OCapKa?

Old bone

Laboratory work

N215.1. The determination of carbon in food products.

Materials:

lime water Ca(OH)2, copper (II) oxide, sugar, wood shavings,
test tubes, test tube rack, spatula, burner.

Procedure:

1. Place a test tube in the test tube rack and fi Il 1/3 of it with
lime water.

2. Place another two test tubes in the test tube rack and
number them as 1 and 2.



3. Put a half spatula of copper (II) oxide into each numbered
test tube.

4. Then put

e A half spatula of sugar in the test tube 1

e A half spatula of wood shavings in the test tube 2

5. Then put another a half spatula of copper (IlI) oxide on top
of the organic material in the each numbered test tube.

6. Heat the test tube 1 with a small hot fl ame for about 3
minutes.

7. Observe the lime water and observe the cooler part of the
test tube 1 for any drops of moisture. Record your
observations in the table.

8. Stop heating and repeat the procedure for the material in
test tube 2 with fresh lime water.

Conclusion:

1. Note your observations in the table.

2. Which other elements can be found in organic
compounds? Give examples.

3. Write the reactions that take place in the lime water.

Organic material Drops of moisture Lime-water

SUGAE | eeeeeeecccesmesnnnninies | sesreseaeeeenrseeeeasraneeenans

Wobd shavings | oo | siimasanisssa

SAFETY: Wear protective glasses.

Carban is an essential element in
organic molecules



Laboratory work

N215.2. OnpeAaAeAeHune XeAe3a B NPOAYKTAX NMUTaHUA

O6opyaoOBaHue N peaKTUBDI.

KYKYpPY3a, CoAnaHasa kKncAaoTa HCI, TnoumaHaTt kaama KSCN
(A NH4SCN), TureAb, AabopaTopHble CTaKaHbl, MPOBUPKMN,
ropeAka, nuneTka.

BbinoOAHeHMe onbiTa:
1. NMoaAroTOBbTE COAEBbIE PACTBOPLI.
2. BaBecbTe OKOAO 3 I KYKYPY3bl M MOMECTUTE B TUTAE.

3. HarpewnTte TuUreAb ropsaydem ropeAKon A0 Tex nop, noka
obpaseLl KyKypy3bl He npeBpaTnTcsa B 30AY (5-15 MuH).

4. Yb6epuTte ropeAKy n pAamTte 30Ae OXAAAUTbCSA. [locae
OXADKAEHUNA NepeMecTUTE ee B MAAEHbKNI CTaKaH.

5. AobaBbTe HEMHOIO COAAHOM KUCAOTbI U OCTOPOXXHO
nepemMmewwanTte. AobaBbTe 10 MA AUCTUAANPOBAHHOWM BOAbI U
nepeMeLuanTe.

6. AobaBbTe 3-4 KanAu pacTtBopa TmoumaHaTa Kaama KSCN.

3aKAKOYeHue:

3anuumTe CBOM HabAOAEHUSA.



Terminology

e dairy - cyTTi eHiMAEP / MOAOYHDBIN;

e clotting - / cBepTbiBaHuMe;

e wood shavings - aFall KMKbiIMAapbl / ApeBecHas
CTPY>KK3;

e spatula - wnaTeasb.



10.3 HEAVY METALS

How do heavy metals denature proteins?

You will:

e |learn toxicity of heavy metals using lead and mercury as
an example;
e know what the sources of heavy metals are.

Lead toxicity

Lead comes from the Latin word “plumbus”, which means
heavy. It is highly toxic and cumulative poison. It can affect
every organ system because heavy metals are deposited
easily in the body. Even small amounts of lead can cause
serious health problems. Children are especially vulnerable to
lead poisoning.

Lead poisoning occurs when a lead is ingested. Inhaling dust
that contains lead can also cause it.



"Contains Lead" warning sign

Leaded gasoline gives toxic effects

Mercury toxicity

Mercury is a naturally occurring element that is found in air,
water, and soil. It has three forms: elemental mercury,
inorganic mercury salts, and organic mercury compounds.
Any form is poisonous. It has toxic effects on the nervous,
digestive and immune systems, skin, lungs, kidneys, and eyes.
Mercury has a very low excretion rate.

Mercury is toxic, so is now only used with great care. Mercury
easily forms alloys, called amalgams, with other metals such
as gold, silver, and tin.



- _» S

- - - f-
e —

Shiny mercury metal drops

Harmful Chemicals
Keep out

"Hazardous to environment” symbol

Science in context

BoAblLLada 4acTb CBMHLLA UCMOAb3YETCHA B CBUHLOBO-
KUCAOTHbIX BaTapeax. KpoMe Toro, oH MCMNoAb3yeTcs B
MPUNOoAX, KAPTUHAX, TPYDaX, KepaMuke, KPOBEAbHbIX
MaTepUaAaxX M HEKOTOPbIX KOCMETUYECKUX CPeACTBaX.

Old battery leak

Science in context

PTyTb COAEPXKNTCA BO MHOIMMX MPOAYKTaX, BKAtOUaaA baTapewn,
N3MepuUTEeAbHble MPMOOPLbI, TEPMOMETPbI, bapoMeTphl,
3AEKTPUUECKME BbIKAKOYATEAU, AAMIbl, 3yOHbI€ HANMOAHUTEAWN,
MNPOAYKTbI OCBETAEHUA KOXU 1 dapMaLeBTUYECKmne
npenapaThbil.



Fluorescent light tubes contains
mercury

Facts

PTyTb 9BASIeTCA eAMHCTBEHHbIM METAaAAOM, KOTOPbIM
HaXOAUTCA B YXMAKOM COCTOAHUU MPU KOMHATHOWM
TeMnepaType.

A

Broken glass thermometer with
mercury

Facts

Despite the fact of being toxic, lead is beneficial element
because of highly industry-friendly properties, like excellent
malleability and corrosion resistance.

Keep in mind




Ta>KeAbIMU MEeTaAAaAMU ABASIOTCH METaAAbl C MAOTHOCTbBIO
6onee 5 r/ cM3.

Alloy of metal with mercury is called amalgam.

Activity

Effects of some heavy metals on protein denaturation

At almost every meal, we look forward especially to the
proteins: ham and eggs for breakfast, hamburgers for lunch,
steak or chicken for dinner. We drink milk mostly for the sake
of its proteins. Even many our desserts are protein products.
Crack an egg, separate white from yolk by letting white fl ow
into a cup while retaining yolk in the eggshell. Beat white
with a fork.

Shake 5 ml beaten egg white with 5 ml water. Add 5 ml lead
(1D nitrate. The Pb(NO3)2 causes the albumin to coagulate
out in white flecks.

O F;* i

Half of broken egg



Activity

3arpsisHeHue TAXXKeAbiIMU MeTaAAaMM

ObcyanTe CAepAYOLLME TEMDI:

1. 3arpa3HeHne TI>XeAbIMU MeTaAAaMU ABASETCA MPobBAEeMOor
He TOAbKO PAaMOHOB C MHTEHCUBHOW MPOMbILUAEHHOCTbHO,
aBTOMODOUAAMU N AOPOTaMMW.

2. MeTaAAbl PTYTb 1 CBUHEL, CAEAYET U3bIMAaTb U3 MPOAYKTOB.
3. C>kuraHme yraga HeobxoAMMo 3aMeHnTb BoAee YNCTbIMU
MCTOYHUKAMU TOMAMBA AAA MPOU3BOACTBA SHEPTrUn.

Literacy

1. Which metals are called heavy metals?
2. Which toxic elements do you know?
3. How to avoid uses of toxic metals?

Terminology

e denature - poeHaTypauuna / AeHaTypauums;

e cumulative - KYMYAATUBTI / HaKaNAMBaOLWUNCS;
e deposited - >xnMHaAy / HaKanmAMBaIOLLMINCS;

e vulnerable - ocaA / ya3Bumble;

e excretion - akckpeLuua / BbIBepeHUe;

e withdrawn - aAbiHbIN TacTaAFaH/ UCKAKOYATD;

e yolk - capybl3 / >XeATOK.



Problems: Macro- and
microelements in human body
and environment

1. What are heavy metals? How they affect human health?

2. Define role of calcium and its compounds like calcium
carbonate, calcium phosphate,calcium sulphate in body.

3. Is cow's milk a good source of calcium for the human
body?

4. What is the elemental composition of main nutrients such
as carbohydrates, fats, and proteins?

5. Why is the mass percentage of oxygen the highest in a
human body?

6. Avocado contains mostly ......cceveveeeee. nutrient.

7. Much of our bodies' dry weight is ......cccceveenee. nutrient.



8. Which nutrient is the main energy source in a body?

9. What is the main function of hemoglobin?

10. Why do we need oxygen for respiration?

11. Deficiency of iron in the blood can lead to ...................

12. Dairy products are the main source for .......cccu......
element.

13. Carbohydrates are also known as .......cccceeuee..

14.

a) Look at the wrapper of any chocolate and compare its
composition and calorific value for 100 g of product with
cucumber.

b) Which of the main nutrients are in a major amount in
chocolate and cucumber?

c) It is known that human needs for about 1000 mg of
calcium per day. Calculate how many cucumbers with the



mass of 150 g you need to eat in a day if you do not have
another food.

d) Is it enough amount of cucumbers that you need to eat in
a previous question for the iron source? A daily dose of iron
is about 12 mg.

15. Calculate how many grams of chocolate you need to eat
for energy if you do not have any other food. A human needs
about 2500 kcal every day (kilocalories).

16. Calculate how many milliliters of milk with two percent fat
you need to drink for energy if you do not have any other
food.



CHAPTER 11: INTRODUCTION
TO ORGANIC CHEMISTRY

1.1 INTRODUCTION TO
ORGANIC CHEMISTRY.
CLASSIFICATION OF
ORGANIC COMPOUNDS

Why do we call that branch of chemistry as
“organic”?

You will:

e |earn what organic chemistry is;

e know why carbon can make so many different
compounds;

e know the classification of organic compounds.

Introduction

Everybody might know “C” as the symbol of carbon.
However, it is not only a symbol but a special key for about
30.000.000 known compounds! Organic chemistry, carbon
chemistry, is a huge branch of the chemistry science and
actually, it can be said that we live in an Organic Chemistry
Age in the 21st century. What does make carbon so unique?
Let's consider electron configuration of carbon in ground
state:



6C -1522s22p2

L=1572s"2p"
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Atomic mass: 12.011
Sucrose CH,.0, (sugar) molecule Electron configuration: 2, 4

Carbon atom structure

Sometimes organic chemistry is called chemistry of
carbon. Why? Carbon atoms can easily bond with other
carbon atoms to form long chains or rings. So, carbon itself
can make many different compounds. Therefore, we can say
that organic chemistry is a branch of chemistry which studies
compounds of carbon.

The substances studied in organic chemistry are called
organic compounds and they are vital for all living things on
this planet. Petroleum, natural gas and coal are the main
sources of organic compounds.



Motor oll

Medical drugs Soccer ball polymer

These sources are formed by the decay of living

organisms over time. Organic chemistry is the chemistry of
paints, plastics, drugs, dyes, paper, ink, gasoline and rubbers.
Most of the medicines that we use are also organic. Almost
all our food and many food additives are organic and all
polymers we use in our life like polyethylene, polypropylene,
Teflon, polystyrene etc. are organic.

Clothes made up of organic compounds
It can be said that organic chemistry is related to every part

of our lives and understanding properties organic
compounds have led to a complete change in our lives.



Organic Inorganic

1. There are about 1. A smaller number of
30.000.000 known organic | compounds. There are about
compounds. 500.000 compounds.

2. Compounds include a few | 2. Compounds may include any
elements: C, O, H, N, S, P of about 100 different elements.
and the halogens.

3. Compounds have covalent | 3. Compounds have ionic bonds

bonds and may be large and small ratios of elements.
molecules with long chains

and cycles.

4. Generally in liquid or 4. Most of them exist in the
gaseous form. solid state. They have high

melting and boiling points.

5. Have spedcific colours and | 5. Generally colourless and
odours. odourless.

Functional groups

In organic chemistry, functional groups are specifi ¢ groups
of atoms that are responsible for the characteristic chemical
reactions of the whole molecule.



Important families of organic compounds

Family Structural Name General formula
formula (functional groups)

Alkane CH,-CH, ethane R-H
CH,
Alkene CH,=CH, ethylene RCH=CH,
CH,
Alkyne H(=CH acetylene RC=CH
(EHE
Arene CH, | benzene Ar-H
Alcohol CH,-CH,-OH | ethyl alcohol R-OH
C,H.OH
Aldehyde | CH,-CHO acetaldehyde R-CHO
CH,CHO
Carboxylic | CH,-COOH | acetic acid R-COOH
acid
CH,COOH
Amine CH,-NH, methylamine R-NH,
CH.NH,

Literacy

1. What are the differences between organic and inorganic
compounds?



2. Give five examples of organic and inorganic substances
you use at home.

3. What are the most common elements found in organic
compounds?

4. An organic compound was found to contain 10% hydrogen
and 90% carbon by mass. Find its empirical formula.

5. An organic compound with a molar mass of 88 g/mol
contains 55% C, 36% O and 9% H by mass. Find its molecular
formula.

Demonstration

N211. Molecular models of compounds

Molecular models

Use the following information to create your lab report in the
classwork section of your notebook. Include the following
sections.



Element | Symbol | Colour Bonds to Get Stable
State
Hydrogen H white 1
Oxygen 0 red 2
Nitrogen N blue 3
Carbon C black 4
Procedure:

Build the following molecules using the ball-andstick models
and predict the formula for the molecule and draw a
structure of the molecule.

Name of Atoms in molecule Predicted | Sketch of
molecule formula Molecule

Methane 4 hydrogen 1 carbon

Ethane 6 hydrogen 2 carbon

Ethene 4 hydrogen 2 carbon

Acetylene 2 hydrogen 2 carbon

Ethyl alcohol | 6 hydrogen 2 carbon

1 oxygen
Acetic acid | 4 hydrogen 2 carbon
2 oxygen
Aminoacetic | 5 hydrogen 2 carbon
acid 2 oxygen 1 nitrogen
(glycine)

Terminology




vital - eMipAiK MaHbI3AbI / YXKU3HEHHO Ba)HO;
petroleum - MyHan / HedTb;

gasoline - xaHapMaw / 6eH3UH;

polymers - moAnMepAep / NOAUMEPSI;

food additives - TaMakK KOCbIHAbIAAPbLI / MULLEeBble
AODABKMU;

functional group - dyHKLMOHaAAbI Tom /
dYHKLMOHAABbHAA rpynna;

ball and stick models - wap-TaskLLaAbl MoOAAAED /
LLIAPO-CTEeP>KHEBbIE MOAEAMN.



11.2 HOMOLOGOUS SERIES
OF ORGANIC COMPOUNDS.
NOMENCLATURE OF
ORGANIC COMPOUNDS

Why CH4 is called “methane” but not “monane”,
while C5H12 is called as “pentane” (mono - 1, penta -
5)?

You will:

e know what a homologous series is;
e give names for organic compounds.

Homologous series

There are first four members of alkanes and alcohols in a
table. There is a (-CH2-) difference between members of
consecutive alkanes. For example, between C3H6 and C4H10
the atoms increase by 1C and 2H (-CH2-). A series of
compounds in which the members are built up in this way is
called a homologous series. The alkanes are a homologous
series. Compounds that form a homologous series show
similar properties.



Alkanes, alkyl groups and alcohols naming

Name | Molecular | Name |Molecular| Name | Molecular
Formula Formula Formula
Methane (H, Methyl CH,- Methyl |  CH,-OH
(Me) alcohol
Ethane CH,_  |[Ethyl (Bt)| CH- | Ethyl | CH.-OH
alcohol
Propane CH, Propyl CH.- Propyl | CH,-OH
(Pr) alcohol
Butane CH,, Butyl ;e Butyl C,H,-OH
(Bu) alcohol

Methanol molecule

Keep in mind

Ethanol molecule




maono
di
fri
tetra
penta
hexa
hepta
octa

00 =] O LR e L P =

Latin humbers

Nomenclature

IUPAC developed a standard naming of organic compounds.
According to the IUPAC system, there is only one name for a
compound. If one hydrogen is removed from an alkane, an
alkyl group is formed. The general formula for an alkyl group
is CnH2n+1. Instead of the -ane suffix in alkanes, “-yl” is used
for naming alkyl groups. They can also be shown by "R". R
represents “radical”.

[nHEnw'E Ir:nH

alkana alky

n+1

Methane Methyl

To name the alkanes according to the IUPAC the following
rules can be used.

Rule 1.



Determine the chain with the longest continuous number of
carbon atoms. This gives the starting name (often called the
parent name) of the alkane.

EHE—[HE—EH—EHE—CHE—[HE
CH,

There are six carbon atoms in the longest chain in the
example. So the parent name of the compound is hexane.

Rule 2.

Number the carbon atoms in the longest chain, starting from
the end closest to the branching.

] 2 £ 5 &
CHE—EHZ,—C|H —'CHE—[HZ—CH3
CH,

3-methylhexane

Rule 3.

If there is more than one identical a substituent the number
of a substituent is indicated by using prefixes -di, -tri, -tetra
and so on. Some important substituents other than alkyl
groups are the halogens like fluoro (-F), chloro (-Cl), bromo
(-Br), iodo (-1) and

hydroxyl (-OH), nitro (-NO2) and amino (-NH2) groups.

ik
CH.—CH G —CH.—CH,—CH,
CH

3
3,3-dimethylhexane



Rule 4.

When two or more different substituents are bonded to the
carbon chain, they are ordered alphabetically.
Br
EHH—EHE—[I:H—EHE—EHE—J:HEL
CH,

3-bromo-4-methylhexane

In cases, when carbon chain contains the double or triple
bond, the carbon atoms are numbered starting from the end
nearest to the double bond. A number indicates the location
of the double bond before the parent name of the alkene.

4 3 2 1
tHj—ﬁH—c H=CH,
CH,

3-methyl-1-butene

When the hydroxyl group is attached to the carbon chain you
need to change the name of the alkane corresponding to this
chain by replacing the final -e and adding the suffix - ol.

CH,—CH,—~CH—OH
propanol-1

Literacy

1. Write four homologues of methyl alcohol (CH3-OH).
2. Write down the IUPAC naming of the following
compounds:



d cH, CH
| 3
'CHrflﬂ—fHa CHJ—CHE—E—CHI—{HZ—(HE‘ CH—C—CH,—CH,
[Hi (ﬁ5 I:Hj
CH, CH,

| =
CH;—CH—CH —CH,

3. Draw the structural formulas of the following compounds:
a- 2,3-dimethylpentane

b- 3,4-dimethyl-4-ethylheptane

c- 2,4-dimethyl-4-ethylheptane

Demonstration

N212. Molecular models of alkanes and alcohol
molecules

Mnkecutér models

Use the following information to create your lab report in the

classwork section of your notebook. Include the following
sections.



Element | Symbol Colour Bonds to Get
Stable
Hydrogen H white 1
Oxygen 0 red 2
Nitrogen N blue 3
Carbon C black 4
Procedure:

Build the following molecules using the ball-andstick models
and predict the formulas for the molecules and draw their
structures.

Name of Atoms in Predicted Sketch of
molecule molecule formula Molecule
Methane 4 hydrogen
1 carbon
Ethane 6 hydrogen
2 carbon
Propane 8 hydrogen
3 carbon
Methyl 4 hydrogen
alcohol 1 carbon 1
oxygen
Ethyl alcohol | 6 hydrogen
2 carbon 1
oxygen
Propyl 8 hydrogen
alcohol 3 carbon 1
oxygen




Terminology

e homologous series - FOMOAOTTbIK KaTap /
FOMOAOTIMYECKUWN PAA,;

e consecutive - ke3ekTi / NnocAepAOBaTEAbHbIN;

e biofuel - 61MOOTbIH / BUOTONAUBO;

e identical substituent - >xeke opbIHH6acyLLbl / UAEHTUYHbBIW
3aMeCTUTEAD;

e attached - yCbiHbIAFaH / MpUAaraemMbiu;

e corresponding - camkec KeAeTiH / COOTBETCTBYIOLLMN,



11.3 ISOMERISM

Are left- and right-hand gloves superimposable?

You will:

e know what an isomerism is;
e write isomers for alkanes.

An understanding of how elements are connected in organic
compounds can be gained from the structural theory of
organic compounds. This theory is a result of the
independent studies of Butlerov, Kekule and Couper between
1857-1861. Briefly, the theory explains that:

1. All atoms form a certain number of bonds in organic
compounds. The valency concept can explain this. E.g.
carbon has a valency of four, (it is tetravalent);

oxygen has a valency of two (divalent): - O -

hydrogen and halogens have a valency of one, and they are
monovalent: H-, X-

2. A carbon atom can form single, double or triple bonds
with other carbon atoms.

N o
N ¢ C=C — (=
P4

single double triple



3. Two compounds with the same molecular formula can
be different in the connection of their elements. Properties of
organic compounds are not only related to the number and
type of elements found in them but also with the order of
bonding of the elements to each other. These compounds are
called as isomers.

P 'Y
H—'lif—-{]—llﬁ—H H—lli—l%—{]—H
H H H. H
dimethyl ether ethyl alcohol
CHO CHO

oV e

n-pentane structure Isopentane or methylbutane

Isomerism of alkanes



Isomers are different compounds that have the same
molecular formula. The atoms are just arranged in a different
order. The fi rst three members of the alkanes (methane,
ethane, and propane) do not have isomers. However, butane
has isomers and they are shown below. The fi rst compound
(1 has the longest chain of four carbons and is called n-
butane (normal butane) but the second compound (2) has
the longest chain of three carbons. But both compounds
have the same molecular formula C4H10.

CHy=CH—CH—CH,  CH,~CH—CH,

n-butane CH3
2-methylpropane
(isobutane)

The first isomer, n-butane has an unbranched four-carbon
chain, but the second isomer isobutane has a methyl group
on the second carbon atom. In this case, there are two
different possible structures for C4H10. These two
compounds have the same molecular weight and number of
atoms but different chemical and physical properties. It is
called structural isomerism. In general, as the number of “C”
atoms increases, the number of isomers increases, too.

Facts




Aleksandr Butlerov(1828 - 1886)

Russian chemist who helped to advance the theory of
structure in chemistry. In 1861 Butlerov stated his concept of
chemical structure: that the chemical nature of a molecule is
defined not only by the number or type of atoms but also by
their distribution. He predicted and showed the existence of
isomers (molecules composed of the same atoms but in a
different way), including the two butanes and three
pentanes.

Facts

The number of possible isomers increases with increasing
number of carbons in the molecule. For example, for C30H62
and C40H82, the number of possible isomers are 4 111 846
763 and 62 491178 805 831 respectively.

Literacy

1. What is isomerism? Give the structural formulas of two
compounds that are isomers.



2. Hexane, CoH14, has fi ve isomers. Write the structural
formulas and the IUPAC names of these isomers.

3. Write isomers of the C2H402 compound.

4. How many isomers have the compound with the formula
C6H4Br2?

5. Ethers and alcohols are isomeric. How many alcohol and
ether isomers can you fi nd for the molecular formula
C3H80O?

Terminology

e isomerism - USOMepPAeHY / n3oMepunsauuns;

e isomers - nsomMepAaep / n3soMepsl;

e structural theory - KYpbIAbIC TeOPUACHI / CTPYKTYPHaA
Teopus;

e valency concept - BaAeHTTIAIK KaFuaachl / KoHuenuma
BAAEHTHOCTMU;

e to foresaw - 6oAXKalM BiAY / NPeABUALTD;

e existence - 6ap 60AY / cyLLeCcTBOBaHMUE;

e branched - TapMakTaAFaH / pa3BeTBAEHHbIW;

e superimposable - KnbICTbIpbIAFaH / COBMeELLeHHbIN.



11.4 CHEMICAL
CALCULATIONS:
DETERMINING MOLECULAR
AND EMPIRICAL FORMULAS
OF ORGANIC COMPOUNDS

Carbonic acid H2CO3 is an inorganic compound. Is
there any organic compound with the same empirical
formula?

You will:

e determine empirical and molecular formulas of
compounds by using mass percentages;

e determine molecular formulas of gases by using relative
density.

Example 1

Analysis of a gas gave: C-85.7% and H-14.3%. If the molecular
mass of this gas is 42 g/mol, what are the empirical formula
and the molecular formula?

Solution

Step 1
Determine the mass of each element in a 100 g sample:
C=8579,H=14.3g9g



Step 2

Find mole numbers of elements:

n(C) = m/M= (85.7 9)/(12 g/mol)= 714 mol
n(H) =m/M= (14.3 9)/(1 g9/mol)=14.3 mol

Step 3

Find mole ratio by dividing to the smallest number:
N(C):n(H) =714 :14.3 = (714/714) : (14.3/714) =1: 2;
The empirical formula: C1H2.

Step 4
Determine the molecular formula:

. Molar Mass 42 g/mol
Factor = — = _ 2
Empirical Formula Mass (12 + 2) g/mol

The molecular formula is (C1H2)3 = C3H6 (propene)

Example 2

0.3 grams of an organic compound contains C, H and O
atoms. If the masses of C and H are 0.12 g and 0.02 g
respectively, what is the empirical formula of this compound?

Solution

Step 1

Find the mass of oxygen in the organic compound. We know
that

M(C) + mM(H) + mM(O)=0.3g012g+0.02g+m(O)=0.3g
m(O) =0.16 g

Step 2
Now we fi nd mole numbers of each atom:



for C: 012 g /12 g/mol = 0.01 mol
for H: 0.02 g /1 g/mol = 0.02 mol
for O: 016 g / 16 g/mol = 0.01 mol

Step 3
The mole ratio of elements in the compound is 0.01: 0.02 :
001=1:2:1.

So the empirical formula is C1IH20O1.

Example 3

The relative density of X4H10 according to helium is
14.5. Determine the atomic mass of element X?

Solution

Step 1

Calculate the molecular mass by using relative density:
. oM M(X) " .

D, (alkane) =145 = —! = : Mr(X) =4-145 = 58 g/mol
wlal2e) = 145 M)~ 4 g Y

Step 2

Find atomic mass of unknown element:
58 g/mol = Mr(X4H10) =x * 4 +1+10 4x + 10 = 58
4x =48 x =12

Chemical formula of compound is C4H10.

Literacy




1. A compound contains 12% carbon, 16% oxygen and 72%
chlorine and weighs 198 g. What is the empirical formula of
this compound?

2. An organic compound was found to contain 10% hydrogen
and 90% carbon by mass. Find its empirical formula.

3. The empirical formula of an organic compound is CH2O.
Find its molecular formula if its molar mass is 180 g/mol.

4. An organic compound with the molar mass of 88 g/mol
contains 55% C, 36% O and 9% H by mass. Find its molecular
formula.

5. An organic compound contains 1.5 g hydrogen and 9 g
carbon by mass. Find its molecular formula if its molar mass
is 210 g/mol.

6. The relative density of gas X2 according to methane CH4
is 1.75. Determine the atomic mass of X.

7. Unknown gas X has relative density 1.517 according to air.
What will be relative density of gas X according to helium?

Terminology

e empirical formula -aMnupumkaabik dopMyaa /
aMnunpuyeckasa GoOpPMyAa;

e relative density - caAbICTbipMaAbl TbIFbI3AbIK /
OTHOCUTEAbHAA MAOTHOCTDb;

e ratio - KaTblHac / COOTHOLUEHUE;



Problems: Introduction to
Organic Chemistry

1. Using data in the following table, plot a graph of the
number of carbon atoms contained in the straight chain
alkane (x-axis) against the boiling point of the alkane (y-
axis). Draw a curve to join up the points.

Alkane Number of Boiling point, °C
carbon atoms
methane 1 -161
ethane 2 -89
propane 3 -42
n-butane 4 0.5
n-pentane |5 +36
n-hexane 6 +69
n-heptane |7 +98
n-octane 8 ?
n-nonane 9 +151
n-decane 10 +174

e Which alkane with the most number of carbon atoms is a
gas at room temperature?
e Estimate the boiling point of n-octane.

2. Name the compounds:



CH,CH.CH.CHCH,CH,  CH.CHCH,CHCH,

CH, CH,  CH,
CH
CH, [
| CH,
CH,C CH, CH,
CH, CH, CH,
CH,CH,CH,CHCH CHCH,
P
CH,

3. Write the structural formulas for the following compounds:

3-methylpentane
4-ethyl-2-methylheptane
2,2,5-trimethyloctane
2,3,4-trimethylheptane

4. There are two methyls, one ethyl and one propyl group
attached to a carbon atom. What is the IUPAC name of this
compound?

5. Draw the three-dimensional structure of ethane (C2H6).

6. Draw the structures of the three isomers of pentane C5H12.
It may help to make models of the isomers. If you do not



have a molecular modelling kit, use straws to represent
bonds and plasticine balls of different colours to represent
atoms of hydrogen and carbon.

7. The hydrocarbon anthracene has the composition 94.38%
C and 5.62% H by mass. What is its empirical formula?

8. Caffeine is a compound with the composition 49.5% C,
52% H, 28.8% N and 16.6% O by mass. What is the empirical
formula for caffeine?

9. The molecular weight of saccharin is 183 g/mol and the
compound is 45.9% carbon, 2.73% hydrogen, 26.23% oxygen,
17.5% sulfur and 7.65% nitrogen by mass. What is the
molecular formula of saccharin?

10. One of the most powerful poisons, strychnine, has a
weight of 334 g/mol and the composition 75.45% C, 6.59% H,
8.38% N; the remainder is oxygen. Calculate the empirical
and molecular formulas of strychnine, arranging the atomic
symbols in alphabetical order.



Bce yyebHukn KaszaxctaHa Ha OKULYK.KZ

*KHura npegocTaBrneHa UCKIoYMTenbHO B 06pasoBaTerbHbIX LEnsx
cornacHo Mpukasa MuHucTtpa obpasoBaHua 1 Hayku Pecnybnuku KasaxcTtan ot 17 masa 2019 roga Ne 217



CHAPTER 12:
HYDROCARBONS. FUELS

12.1 ALKANES

The Earth has natural resources like oil and natural
gas. Do other planets and the Moon have those
natural resources?

You will:

o describe chemical properties of alkanes and write their
chemical reactions;

e explain the importance of chlorination reactions for
production of solvents;

o explain harmful effects of chloroalkanes.

Alkanes

Alkanes are very common organic compounds. The general
formula of the alkanes is CnH2n+2, where n is an integer
number. The first four members (methane, ethane, propane,
and butane) of them are gases. Alkanes with 5-17 carbons
areliquids, and the rest are solids. Alkanes are named by
using suffix “-ane”.

Alkanes are relatively unreactive saturated hydrocarbons.
They are also known as paraffin which means "inert". In our



daily lives, we meet alkanes in almost every place, for
example, gasoline, candle wax and natural gas.

Methane (CH4)

Methane, the first member of the alkanes. It is the main
component of natural gas.

Methane is a colourless and odourless gas. It is highly
flammable, and in the proper mixture percentages mixed
within the air, it is highly explosive. A 10-15% mixture of
methane in air may cause an explosion. Explosions in mines
are known as "firedamp explosions".

Paraffin Is used In candles Methane Is flammable gas Methane molecule

Chemical properties

1. Alkanes produce CO2 and H20 when they are burnt. This
reaction is called combustion reaction:

CH4(g) + 202(g) — CO2(g) + 2H20)
2. They decompose at high temperatures:

2CH4(g) — C2H2(g) + 3H2(9)



3. Alkanes react with chlorine to produce chloroalkanes (at
light):

CH4(9) + Cl2(g) — CH3CI(g) + HCI(9)
CH3ClI(g) + Cl2(g) — CH2CI2(l) + HCI(9)
CH2CI2(l) + Cl2(g) — CHCI3() + HCI(9)

CHCI3() + Cl2(g) — CCl4) + HCI(g)

Halogenalkanes are formed by replacing the hydrogen atom
of a hydrocarbon by a halogen (F, Cl, Br or I) and have the
general formula R-X where X = a halogen. Halogenoalkanes
are insoluble in water.

Chloroalkanes (CH3CIl, CH2CI2, CCl4) were widely used as
solvents and refrigerants. CCl4 is the most important
compound of carbon and halogens.

Trichloromethane (or chloroform, CHCI3) is non-flammable
and was used as an anesthetic before it was found to cause
liver damage. Tetrachloromethane (or carbon tetrachloride,
CCl4) also has anesthetic properties, but it is even more
toxic. Some haloalkanes have negative effects on the
environment such as ozone depletion. The most widely
known family within this group are the chlorofluorocarbons
(CFCs). CFCs have damaging effects on the ozone layer.

M e

Aerosol sprays contaln CF(s



Science in context

MPUPOAHbBIN ra3 ABAAETCSH MOAE3HbIM TOMAUBOM.

Natural gas tank Natural gas burns In the kitchen

Facts

foAy60oM LBeT HenTyHa B 3HAYUTEAbHOMN CTeNneHn aBAFeTCA
PEe3YAbTATOM MOIAOLLIEHNA KPAaCHOIo CBETa METaHOM,
HaxoAdLLlerocs B ero atMmocadepe.

Facts




MeTaH Tak>Xe M3BecTeH KakK BOAOTHbIN ra3, ob6pa3oBaHHbIN
PA3AOXKEHMEM PACTEHUN B OTCYTCTBME KUCAOPOAA.

a Lush green marshes

Science in context

MeTaH Tak>Xe UCMNOAb3YEeTCH B KaQ4eCTBE Cblpbs Ha
HerTeXl/IMl/ILIeCKMX 3aBOAAX AAA CO3AaHNA MHOXEeCTBa
PA3AUYHbIX COEAUHEHUIN, TAKMUX KaK NMAacTMacca.

Demonstration

N213. Fuels

Use coal, oil, natural gas samples in your laboratory. Classify
the fuels.

Literacy

1. What is the general formula of alkanes?

2. What is ozone layer?



3. Write the molecular and structural formula of the alkane
that containing 4 carbon atoms.

4. 0.25 mole of an alkane weighs 35.5 g. Find its molecular
formula.

5. Complete the equations and name the products:

e CH4(g) + Br2(H
e Propane + oxygen

6. When 4.8 g of an alkane is burned completely, 13.2 g of
carbon dioxide and 10.8 g of water are produced. What is the
molecular formula of the alkane?

Terminology

o alkanes - ankaHAap / aAKaHbl;

e saturated - KaHbIKKaH / HaCbILLEHHbIN;

o paraffi ns - napaduHaep / napaduHb;

o firedamp explosion - »XapbIAFbILLTbIH XapblAybl / B3PbIB
B3PbIBYATOro BELLECTBa;

o refrigerants - caAKbIHAATKbILLTAP / XAaAAreHTb;

o feedstock - bacTankbl MaTepuaA / MCXOAHbBIN MaTEPUAA;

e marsh gas - 6aTnak rasbl / 60AOTHbIN ras.



12.2 ALKENES

Why do plastic bags pose a threat to marine life?

How to determine unsaturated hydrocarbons?

You will:

e understand why organic compounds can be unsaturated;

e study chemical reactions of alkenes;

e explain structures of polymers and mechanism of the
polymerization reaction;

e explain and study how plastics affect the environment.

Alkenes are unsaturated hydrocarbons whose structure
contains a double bond. A double bond is formed because
the carbon atoms don’t bond to enough hydrogen atoms to
complete their octet. For this reason, they are described as
unsaturated.

The general formula is CnH2n and the first member of this
homologous series is C2H4. The systematic IUPAC name of
this compound is ethene, though it is commonly known as is
ethylene.



H ;
Ethylene molecule Olefins plant

The first four members of alkenes

Name Molecular Formula | Structural Formula
Ethene (Ethylene) CH, CH =CH,
Propene CH, CH=CH-CH,
(Propylene)
1-Butene CH, CH,=CH-CH_-CH,
1-Pentene CH,, CH,=CH(CH,),CH,

Chemical properties
Addition reactions

Addition reactions are characteristic of unsaturated
compounds. In addition reactions, an unsaturated bond
(—C=C-) is completely or partially saturated by addition of a
molecule across the multiple bonds.

S i addition & i—
=+ XY —= ¢

o [ ™ ‘ elimination | |
m bond o bond X "’v)

20 bonds



1. Ni, Pt or Pd metals are used as catalysts in addition
reactions of hydrogen to alkenes. Addition of H2 to alkenes,
which are unsaturated hydrocarbons, produces alkanes.

Hx& j,rH Mi catalyst Il-l I-ll
e=c_ * HH T L
H H H H

ethene i

2. Addition of Br2 to alkenes is a useful reaction which shows
us if a hydrocarbon is saturated or unsaturated.

CH,=CH, + Br,—> CH,-CH, ' |

] _
Br}_ Br}_ -

._“‘ -

3. Hydration is the addition of water to an alkene:

H,2  H H,SO, i
C=C_ + H-OH——— H-C-C-H

W Oy ]
H OH

athena athanol

Oxidation of ethylene

Alkenes undergo oxidation reactions in which the carbons in
the double bond are oxidized. This reaction can be used to
confi rm whether or not a compound is an alkene. When an
alkene is treated with cold, alkaline KMnO4 solution, the
violet colour of KMnO4 solution disappears and turns brown.



To distinguish between alkanes and alkenes, KMnO,,
an oxidizing agent in a basic solution is used.

Polymerization

A polymer is a long, repeating chain of atoms, formed
through the linkage of many identical molecules called
monomers. The reaction by which polymers are formed is
called polymerization.

heat cat.

N CH,=CH, ———— (-CH,-CH,)_

ethylene polyethylens
{monomer) {monomer)

HDPE (high-density polyethylene) and LDPE(low-density
polyethylene) are common types of polyethylene prepared
under different reaction conditions and having different
physical properties. HDPE is opaque and rigid and used in
milk containers and water jugs. LDPE is less opaque and
more flexible and used in plastic bags and electrical
insulation.

PETE HDPE PVC

. [DYEYEYA

LDPE PS OTHER

Plastic recycling symbols




Science in context

AAKEHbl UCMOAB3YIOT AAS UCKYCCTBEHHOIO CO3peBaHndA
MAOAOB.

Facts

AAKeHbl TakKXXe N3BeCTHbl KaK OAedUHbI, MOTOMY YTO OHU
pearvmpyroT C XAOPOM C 06pa3oBaHMEM MACAAHOM XXUAKOCTW.

Literacy

1. Write general formulas of alkenes.

2. 3 mole of an alkene weighs 84 g. Find its molecular
formula.

3. Write the equations for the reactions between propene
with hydrogen and bromine.

4. Find the molecular formula of the alkene that contains
85.7% carbon by mass.



5. What is polymer widely used in packaging?

Science in context

80% NPOAYKTOB OpPraHM4YeCcKom XMMnUmM CBA3aHbl C
noAMMepPHON xuMmen. OAHUM U3 MNPOCTENLLMX NMOANMEPOB
ABASAETCS MOAUITUAEH, KOTOPbIN N3FOTOBAEH M3 MHOXXECTBA
MOAEKYA 3TUAEHA. MeLKn AN MyCcopa, 00epTKU AASA
COHABUMYEN, TEPAOH, aBTOMODOUADBbHbIE LLUMHbI, AGKU N KPACKW -
BCE 3TO NPUMEpPbl MOAMMEPOB, KOTOPbIE Mbl UCMOAb3YEM B
HaLlen MoBCEAHEBHOW YXU3HMW.

Activity

Work in groups. You will need to make a research about
polyethylene. Summarize your ideas in the presentation. Talk
about utilization methods for polyethylene.

Demonstration

N214. Chemical properties of ethylene.



Materials:

ethyl alcohol, Al203, dry sand, potassium permanganate
solution, test tubes, burner.

Procedure:

1. Take a test tube and fill it with standard sand up to about 3
cm height.

2. Pour ethanol on the sand so that it is completely wet in
ethanol.

3. Place 3 spatulas of aluminium oxide in the middle of the
test tube.

4. Ignite the burner and heat the front of the test tube then
heat the aluminium oxide to a red-glow.

5. After about 30-second slip the tip of the delivery tube to
the mouth of the inverted test tube in the water in the
crystallizing dish.

6. When the inverted test tube is full of evolved gas. Slip the
tip of the delivery tube to the mouth of the second inverted
test tube.

7. Close the test tubes with rubber stopper under water, then
place them in the test tube rack.

8. Remove the tip of the delivery tube from the water
andextinguish the burner.

9. Take one of the test tubes containing collected gas and
put a few drops of potassium permanganate solution in the
test tube.



10. Shake the test tube vigorously

11. Ignite the burner. Hold the second test tube containing
collected gas upside down so that the mouth of the test tube
at the flame of the burner, then remove the stopper.

Ethanol
Sulfuric acd
Sand

Potassium
permanganate

Terminology

e alkenes - aAnkeHAEP / aAKeHb!;

e unsaturated - KaHbiKnaraH / HeHaCbILLEHHbIW;

e oxidation - TOTbIFY / OKUCAEHME;

e disappears - oFaAaabl / MCUe3aeT;

e monomer - MOHOMep / MOHOMep;

e polymerization - noAMepAeHy / NOAUMepPU3aLUS;

e olefins - onedunHAEpP / onedUHDbI;

e to pose a threat - Kayin TeHAiIPY / NpPeACTaBAATb Yrpoasy.



12.3 ALKYNES

Why are cylinders with different gases painted in
different colours? For example, cylinders with
acetylene are painted in maroon colour.

You will:

e study chemical properties of alkynes;
o study properties and preparation method of acetylene.

Unsaturated hydrocarbons that contain carbon-carbon triple
bond “—C=C-" are called alkynes. The general formula of
alkynes is CnH2n-2 where n is an integer number starting
from 2. At room temperature, the fi rst three members of the
series (ethyne, propyne, and butyne) are gases, the others
are liquids.

Acetylene
Acetylene (ethyne) is the fi rst member of the alkyne series

and one of the major chemicals used in industry. Pure
acetylene is a colourless gas that has a slight odour. It is



soluble in water and highly soluble in acetone. In industry, it
is mixed with PH3 and H2S which cause it to smell very

bad. It boils at -83°C and can be liquefi ed at 1°C. When it

is liguefi ed, it becomes extremely explosive, so it is dissolved
In acetone.

storage tanks for welding

Preparation of Acetylene

The preparation of acetylene from calcium carbide is the
most important preparation method. When quicklime and
coke react with each other at high temperature, calcium
carbide is formed. The reaction of calcium carbide with water
produces acetylene:

CaO + 3C —» CaC2 + CO

CaC2 + 2H20 — CH=CH + Ca(OH)2



Liquefied acetylene Is highly
explosive

Preparatlon of acetylene from calclum carblde

Chemical properties

Alkynes are unsaturated compounds like alkenes and
therefore their chemical properties are similar to those of
alkenes.

1. Combustion reaction
Alkynes produce CO2 and H20O when they are burnt in
oxygen. Acetylene gas explodes at about 15 atm pressure.

Because of this, it is stored under low pressure (less than 10
atm). Acetylene burns with a bright fl ame:

2C2H2(g) + 502(g) — 4C0O2(g) + 2H20()

Explosion of acetylene gas



2. Addition of hydrogen.

Two hydrogen molecules are added to one triple bond
(—C=C-) using a nickel, platinum or palladium catalyst:

H

Ni catalyst H\-.H H,.--'H | |
H—C=C~H+H—W—3 £=C # R=—— ==
H

ethyne athena ethane

3. A mixture of mercury (lI) sulfate, HgSO4, and sulfuric acid
enables water to add to alkynes.
OH CH

Hg504/H" H‘\-.\h - I,
H—(=C(—H+H—O0H—— (=(_ &= (=0

H H H

ethyne vinyl alcohol acetaldehyde

4. Qualitative reactions

Potassium permanganate (KMnO4) and bromine (Br2) water
are used to test for alkynes. Acetylene turns them to
colourless:

CH=CH + Br, - Br-CH=CH-Br + Br, — Br,-HC-CH-Br,

Keep in mind

ALIETUAEH ABASETCH I'IDOCTel7ILIJI/IM YAEHOM HeHacCblWeHHbIX
YIAeBOAOPOAOB, Ha3blBaeMblX aAKUHaAMMN AN alLeTUAeHaMW.
OH - HanboAee BaXKHbIN U3 BCEX MCXOAHDbIX MaTepPMnaAOB,
NMPEMMeHAEeMbIX AANA OPIraHN4YEeCKOIro CMHTEe3a.



Demonstration

N215. Fuel types

Use fuel samples in your laboratory. Classify the fuel types

Facts

MoOAeKyAbl aueTAeHa ObHapy>keHbl B aTMocdepe KonuTtepa.

Science in context

ALEeTUAEH NUCMOAb3YyeTCA AAA CBapku BMecTe ¢ O2. Tak npwu
3300°C aABa MeTaAAa MOryT ObiTb MPMBAPEHbI APYT K APYTY.




Literacy

1. Why is acetylene used for welding of metals?

2. Write reactions of acetylene with chlorine gas.

3. When 0.2 moles of an alkyne is burnt, 8.96 L of CO2 gas is
produced at STP. What is the molecular formula of this
alkyne?

4. A 30 L of a mixture of C2H2 and C2H4 is saturated with 50
L of H2. What is the mole percentage of acetylene in the
mixture?

5. When 5 grams of impure CaC2 is added to water, 1.12 L of
acetylene is produced at STP. What is the percentage purity
of the CaC2 sample?

Terminology

e alkynes - aAKUHAEP / aAKUHBI;

e acetylene - aueTuAeH / aLeTUAEH;

e ripening - nicy / co3speBaHwue;

e Maroon - KOt KbI3blA / TEMHO-60PAOBbIV;
e welding - posHekepAaey / cBapkKa.



12.4 AROMATIC
HYDROCARBONS

What does asphalt smell like? What compounds
cause “new car smell”?

You will:

o describe properties and uses of benzene;
e know preparation method of benzene.

Benzene and compounds having similar chemical properties
to benzene are called aromatic compounds. The name
“aromatic” is used because of the characteristic and pleasant
odours of these compounds. Aromatic hydrocarbons are also
known as arenes.

Although aromatic hydrocarbons are unsaturated, they have
very different chemical properties to alkenes and alkynes. For
example, benzene doesn’t undergo an addition reaction with
bromine despite having a double bond.

The structure of benzene

Benzene is the oldest known organic compound, firstly
discovered by Michael Faraday in 1825. Later, Eilhardt
Mitscherlich heated benzoic acid with limestone and



synthesized benzene. He also found that benzene had the
molecular formula C6H6:

C6H5COOH(s) + CaO(s) — CeHo6(l) + CaCO3(s)

The structure of benzene was proposed by the German
chemist August Kekulé only in 1865. According to the
structure, Kekulé proposed, the benzene molecule had a
regular hexagonal shape. The six carbon atoms are located at
the corners and each bonded to two neighbors with one
single and one double bond. The single and double bonds
swap with each other around the ring. One hydrogen atom is
bonded to each carbon atom.

However, Kekulé's description is not enough to understand
the structure of benzene. If the structure proposed by Kekulé
was exact, the bond lengths of the C = C and C - C bonds
would be different. But researchers show that the benzene
ring is a hexagon with equal internal angles of 120°.
Accordingly, there has to be another explanation of the
benzene ring.

\ﬁ:ﬁ"f
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Friedrich August Kekule
(1829-1896),
(ierman organic chemist



Benzene is a colourless, poisonous liquid with a specific
odour. It dissolves in organic solvents such as ether, alcohol.
Benzene is a good solvent for nonpolar substances, it is used
to dissolve fats, resins, rubber, iodine, and sulfur. Its carbon
content is high, therefore, when burned, it gives a sooty
flame.

Benzene burns with a sooty flame Benzene Is toxic substance

Preparation of benzene

Coal tar is the main natural source of benzene and other
aromatic hydrocarbons. Coal tar is the main natural source of
benzene and other aromatic hydrocarbons. Acetylene is
trimerized under high pressures and temperatures:[]11[]

500-800 €

3C,H,—=C H,

pressure

aratylane benzena

Jooudobbggobugobbggobogbbdgobyugooogg

Uses of benzene and its derivatives

Two benzene rings are fused together to form naphthalene
(C10H8). It has a sharp, aromatic odour and is used to
protect clothes from moths and to dispel the bad odours in
bathrooms.[I ][]



mininInInInInininin Naphthalene structure
O00ooobooodoboobboodbobooon

Anthracene (C14H10) is formed by fusing three benzene rings
together. It is a colourless, crystalline compound used in the
production of paints.

Facts

NccAaepOBaHMSA MOKa3aAU, UTO OEH30A ABAAETCA
KaHLUeporeHoM (Bbi3blBatoLWMM paK). Ero AAUTEAbHOE
BO3AENCTBME MOXKET BAUATb Ha PaboTy KOCTHOIoO MO3ra m
KpoBu. KpaTKOBpPEMEHHOE BO3AENCTBME BbICOKMX YPOBHEN
6EeH30Aa MOXKET BbI3BaTb COHAUBOCTb, FTOAOBOKPY>KEHME,
NOTEPH CO3HAHUA U CMEPTh.

Keep in mind

BeH30A - 6becuBeTHaA, AErKOBOCMAAMEHSAKOLLAACSA XXUAKOCTb
CO CAAAKUMM 3anaxoM. OH BbICTPO NCMAPAETCA Ha BO3AYXE.
BeH30A 0bpa3yeTcsa M3 NPUPOAHbBIX MPOLLECCOB, TAKMX KaK
N3BEPIKEHME BYAKAHOB M A€CHbIe NMoXXapbl, HO BOAbLLASA
YaCTb BbIPAabOTKN BEH30AA ABASETCH PE3YABTATOM
YeAOBEYECKOM AEATEAbHOCTU. BEH30A Tak ke ABAGEeTCS



NPUPOAHON YAaCTbO HEOYUNLLIEHHOW HePTU, OEeH3nHa U
CUrapeTHOro AbiMa.

Facts

Bce coAHLUE3aLLMNTHbIe KpeMa MMetoT B coCTaBe BeH30AbHbIe
KOAbLa. COAHLIE3ALLNTHbIN KPEeM MOrAoLLaeT YAbTpaduoaeT
N, TAKUM 0B6pa3oM, Ha BpeM4a 3alLMLLaeT KOXY OT ero
BpeAHbIX adpPpeKToB. ABa COAHLIE3ALUMTHbBIX KpeMa, KOTopble
MPUMEHSAOTCA C 3TOM LEeAbIo, MPEACTAaBAAT cobon napa-
AMUHOBEH30MHYIO KUCAOTY.

NH, gﬂ%ﬂéﬁi&
o
0
~OH

Science in context

BeH30A MCNOAb3YyeTCA B MPOM3BOACTBE NMAACTMACC, MOKOLLMX
CPeACTB, NMeCTnunAoOB N APYIr'MX XMMNHECKNX BELLIECTB.



Polystyrene plastics . Farmer spraylhg pestidde

Literacy

1. How many double bonds in benzene molecule?

2. What is benzene? Who discovered its stable structure?

3. Where is used benzene derivatives?

4. What volume of oxygen is needed to burn 56 liters of
benzene at STP?

5. Find the mass of benzene that is obtained from the
acetylene that takes up a volume of 13.44 L at STP. The yield
of the reaction is 80%.

Terminology

e aromatic hydrocarbons - apoMaTTbl KeMipcyTekTep /
apoMaTUnyYecKne YrAeBOAOPOADI;

e benzene - 6eH30A / BEH30A;

e arenes - apeHAep / apeHbl;

e suUNscreen - KYHHEeH KOPFanTbIH KpeM / COAHLEe3aLUMTHbIN
KpeM.



12.5 HYDROCARBON FUELS.
OIL INDUSTRY

Which research octane number (RON) is the best for
gasoline: 92, 95, 98 or 102?

You will:

e know that carbon-containing compounds used as fuels;

e investigate the alternative types of fuels;

e name the depositions of coal, oil and natural gas in
Kazakhstan;

e name the crude oil fraction products and their uses.

At all stages of the historical development humanity has used
energy. Ancient people used wood fuel as a source of energy
for cooking and heating housing. Until the middle of XIX
century, 90% of energy was obtained from wood. With the
development of society and technological progress fuel
wood is replaced by fossil fuels as a coal, oil, and gas.

An industry which is engaged in the production of gas, oil,
and coal is named as fossil fuel industry. Fuel industry is one
of the main sectors of power engineering. High level of
economic development shows that the more energy is
produced in the country. The national economy of
Kazakhstan is provided mainly by its own source of energy.
Coal widely used as a cheap source of energy. The energy
released during combustion of hydrocarbons, used in the
form of heat, or converted to other forms of energy



(electrical, mechanical). But natural sources of hydrocarbons
should not be considered as an inexhaustible wealth.
According to preliminary calculations, if their production and
consumption will continue intensively, the natural gas
reserves will suffi ce for about 50, and oil reserves at 40-50
years. It's important to economize on the use of natural
sources of fuel and attract alternative energy: the energy of
atoms, water, wind, solar, etc.

Q}' o
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Wind turblnes Nuclear power station

Fuel industry and environment

With the development of the fuel industry problems
appeared related to production and use of natural resources.
One problem is growing demand for fuel. At the same time
harmful gases and solid residues (ash and soot), which are
formed during the combustion of the fuel consumed by
motor vehicles, heating power stations, and waste of various
industries are emitted into the atmosphere. Sulfur and
nitrogen-containing compounds that make up these
emissions are converted into the corresponding oxides and
also pollute the environment.

Natural resources of hydrocarbons

The primary source of hydrocarbons here on Earth is through
fossil fuels - coal, oil, and natural gas. These are extracted
from the ground in quantities of millions of tons per day and
are the primary energy source for today’'s civilization. 85% of



all electricity worldwide is generated by the burning of
hydrocarbons, and hydrocarbon fuel is used to propel
practically every mobile machine: cars, trucks, trains, planes,
and ships.

Natural Gas

Kazakhstan is important to world energy markets because it
has signifi cant oil and natural gas reserves. Most of
Kazakhstannatural gas reserves are located in the west of
Kazakhstan, with roughly 25 percent of proven reserves
situated in Karachaganak fi eld. There are other fi elds like
Zhanazhol, Kyzyloyskoe, Zhetibay, Kalamkas etc.

In fact, natural gas is really a mixture of gases that formed
from the fossil remains of ancient plants and animals buried
deep in the earth. The main ingredient in natural gas is
methane.

Karachaganak

Oil industry

Kazakhstan has the largest oil (petroleum) and gas reserves
in the Caspian Sea basin and is producing 1.5 million barrels
of oil a day today. Kazakhstan contains signifi cant quantities
of gas and oil in particular. Kazakhstan sits near the northeast
portion of the Caspian Sea and claims most of the Sea's
biggest known oil fi elds. Oil has been produced in Atyrau,
Mangystau, Aktobe and Kyzylorda regions.



Crude oil is a mixture of alkanes and aromatic hydrocarbons
which have carbon atom numbers ranging from 1to 40. In
different regions of the world, the composition of oil is
different.

Refining

Crude oil in its natural form can only be used as a fuel, and
not in any other areas. Because it consists of many different
substances with different densities, petroleum can be
separated into its components by fractional distillation.

2]
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Coal is the natural source of hydrocarbons which formed in
the earth’'s crust as a result of decomposition of plant
residues.

In our country, there are Ekibastuz, Karagandy, Turgay,
Nizhneiliysky coal basins and many smaller deposits. At
present in Kazakhstan coal is used as the primary source of
fuel. There are two reasons for it: first, our country has large
reserves of coal and the second, it is possible to obtain low-
cost open-pit.

St
Coalloading

Facts

[Mo MoATBEP>KAEHHDBbIM 3anacaM HedpTm Ka3axcTaH HaXxoAnTCsA
Ha 9-oM MecTe B Mmpe (2011 r.)

[10 MOATBEPXXAEHHBIM 3arnacaM yraa KalzaxcTaH HaXOAUTCSA Ha
8-0M MecTe B Mumpe.

Demonstration

N216. Oil and oil products



Use petroleum products samples in your laboratory. Classify
the petroleum products

Literacy

1. Where in Kazakhstan do produce oil?

2. What is oil?

3. What are products from oil refi ning process?

4. What are the advantages of natural gas?

5. Where is coal found in Kazakhstan? Which fossil fuel is
more important? Oil, natural gas or coal?

Terminology

e inexhaustible - TaycbiIAManTbIH / Hencyepnaembii;

e gasoline - 6eH3UH / 6eH3UH;

¢ Research Octane Number (RON) - 3epTTey saicimMeH
OKTaH CaHbIHbIH eALlleHyi (A) / ABTOMOBUAbHOE
N3MepeHmMe OKTAaHOBOIO YMCAA MO MICCAeAOBATEABCKOMY
MeToay (AN);

e residues - KaAAbIKTap / OCTaTKMU;

e corresponding - comkec KeAeTiH / COOTBETCTBYIOLLUN;

e proven reserves - 3epTTeAreH KopAap / pa3BepaHHble
3anachbl;

e refining - eHaey / NepepaboTKa

e coal basins - keMip KeH opblHAAPbI / YIOAbHbIE
6accenHobl.



Problems: Hydrocarbons.
Fuels

Alkanes

1. Calculate the molar mass of the alkane that has 10
hydrogen atoms.

2. How many single bonds are there in propane and pentane
molecules?

3. 0.34 mol of an alkane weighs 19.72 g. Find its molecular
formula.

4. An alkane contains 83.33% carbon by mass. Find the
molecular formula of this compound.

5. When 35.2 g of an unknown alkane is burned in an excess
amount of oxygen 53.76

L of carbon dioxide is formed. What is the molecular formula
of alkane?

Alkenes

1. Which following compound reacts with bromine solution?
ethane, ethylene, methane.

2. 8.4 g of an alkene occupies 4.48 L at STP conditions. What
is the formula of alkane?

3. What amount of hydrogen in liters should be used to
saturate 19.6 g of ethylene at STP?



4. 20 g mixture of methane and butene can react with 6.72 L
of hydrogen gas at STP. What is the mass of methane in the
mixture?

5. What's the difference between polyethylene PE and
polypropylene PP used in furniture?

Alkynes

1. Write equations for the following reactions:

e acetylene + Cl2(g)(excess) —

e 2-butyne + H2(g) (excess) —

e 2-butyne + HCI(g) (excess) —

2. Draw the structural formulas of C2H2, C3H4, C4H6.

3. How would you carry out the following transformations?
CaC2 —» C2H2 —» C2H4 — CO2

4. 10% of the molecular weight of an alkyne is hydrogen.
What is the molecular formula of the alkyne?

5. A 2.7 g sample of alkyne can be saturated with 2.24 L of
hydrogen at STP. What is the molecular formula and name of
the alkyne?

Aromatic hydrocarbons

1. Write the combustion reactions for the following
compounds:

e Benzene



e Toluene
e Naphthalene
e Anthracene

2. Draw the structural formulae and give the names of all the
possible isomers of the aromatic C8H10 compounds.

3. Find the volume of hydrogen (at STP) necessary to
saturate 226.2 grams of benzene.

4. Find the mass of benzene that is obtained from the
acetylene that takes up a volume of 17.248 L at STP.

5. Which compounds are aromatic?

Hydrocarbon fuels. Oil and gas

1. Ray’s bus is, like most buses, powered by a petrol engine.
These buses contribute to environmental pollution. Some
cities have trolleybuses: they are powered by an electric
engine. The voltage needed for such an electric engine is
provided by overhead lines (like electric trains). The
electricity is supplied by a power station using fossil fuels.
Supporters for the use of trolley buses in a city say that these
buses don’t contribute to environmental pollution. Are these
supporters right? Explain your answer (PISA question)

2. What are fossil fuels? What kinds of fossil fuels are used in
Kazakhstan today?

3. When 0.5 g of benzene (C6H6) is burnt in a bomb
calorimeter, the temperature of the calorimeter rises from



25°C to 55°C. If the molar heat of combustion of benzene is
263.6 J/g, find the heat capacity of the calorimeter?

4. When 26.27 kg of diesel is burnt in a bomb calorimeter, the
temperature of the calorimeter rises from 30°C to 550°C. If
the heat of combustion of diesel is 42.7 MJ/kg, find the heat
capacity of the calorimeter?



CHAPTER 13: OXYGEN AND
NITROGEN CONTAINING
ORGANIC COMPOUNDS

13.1 ALCOHOLS

Why do we use ethyl alcohol as a disinfectant before
injections? Why are not other chemicals?

You will:

know classification and properties of alcohols;

know preparation methods of methyl and ethyl alcohols;
understand infl uences of methanol, ethanol on the
human body;

know physical properties and uses of glycol and glycerine.

Alcohols are compounds whose molecules have a hydroxyl
group (-OH) bonded to a saturated carbon atom. Alcohols
can be described as alkyl derivatives of water where one
hydrogen in the water molecule has been replaced by an alkyl

(R-) group.

R-H H-OH R-OH

alkane water alcohol

The carbon atom having the -OH group can be bonded to
another carbon atom by a single bond. The carbon chain of



the alcohol can be saturated or unsaturated. In this lesson, we
will learn only saturated alcohols. The general molecular
formula of saturated alcohols is CnH2n+1OH or CnH2n+20.
Alcohols can be classifi ed as monohydric and polyhydric
according to the number of -OH groups in the structure.

Methyl Alcohol (Methanol)

Methyl alcohol is colourless, fl ammable and has a
characteristic odour. Its taste is similar to ethanol but it is very
toxic. Ingestion of even small quantities of methyl alcohol can
cause blindness, large quantities cause death.

As methyl alcohol has a low freezing point (-97°C), it has
been used as antifreeze in radiators. Methanol can be
converted into formaldehyde which is the initial material for
industrial products such as plastics, paints, and solvents.

In some countrles, methyl alcohol Is

Methyl alcohol is very toxic substance used as fuel

Ethyl Alcohol (Ethanol)

Physical Properties



Pure ethyl alcohol is colourless toxic liquid and has a
characteristic smell. It is miscible with water in all proportions.

Ethanol is an important organic solvent. It is used in the
preparation of tincture of iodine, brilliant green, paints,
perfumes and cosmetics. Ethyl alcohol is the starting
substance for most organic compounds.

A solution of 70-85% of ethyl alcohol is commonly used as a
disinfectant. It kills organisms by denaturing their proteins
and dissolving their liquids. It is effective against most
bacteria, fungi and many viruses.

Ethanol taken into the body via alcoholic drinks causes

harmful effects.

Purell hand sanitizer (ethanol)

g

Ethanol structure Methanol structure

Preparation of ethyl alcohol

1. By Fermentation



Most ethanol is prepared by the fermentation of plants
containing sugar. In the fermentation process, glucose and
fructose in a presence of yeast are converted into alcohol and
carbon dioxide.

CH.O fermentation ZCEHSDH & 2[[]2

6 1276
glucose ethyl alcohol

2. By hydration from ethene

Ethyl alcohol for industrial purposes is produced by hydrating
ethene using a catalyst. This process costs less than
fermentation.

GH, +H,0 ——> CH.OH

pressure

ethylene ethyl alcohol

Chemical properties of ethyl alcohol
1. Combustion reaction

Burning of ethyl alcohol reaction given as follow:
C2H50H() + 302(g) — 2C0O2(g) + 3H20(9) + 1374 kJ

Ethanol can burn very well, therefore, it can be used in
internal combustion engines and in the laboratory for burners.



Burning of methanol and ethanal
(Borax test)

2. Dehydration

When monohydric alcohol is heated in the presence of an acid
catalyst at high temperature, water and alkene are produced.

Ethylene glycol

Ethylene glycol C2H4(OH)2, is a colourless, odourless, syrupy
liquid. It is completely miscible with water. Since it has a low
freezing point it is used as antifreeze in automobiles. A high
boiling point (197°C) and heat of vaporization also make it
useful for this purpose. It is also used in hydraulic brake fl uid
in cars and as a paint, oil, ink and resin solvent.

CHz*ﬁHz
|

OH OH
Pouring antifreeze to the 0°C Etylene glycol structure

Glycerine (propane triol)



Glycerine C3H5(OH)3 is the simplest trihydric alcohol, also
known as glycerol. The IUPAC name of glycerineis 1, 2, 3-
propanetriol. Glycerine is used as a moisturizing substance in
tobacco, shaving and toilet soaps, cosmetics and lotions, and
in the manufacture of plastics, cellophane, water colours,
printing-press ink, ointment, antifreeze and dynamite.

(%Hz—?H“CIHz
OH OH OH

Propane triol structure

‘1{
Glycerine molecular structure Glycerine as medical
7
- -
Toilet soaps Yellow thin polythene plastic bag

Keep in mind

Nowadays hundreds of alcohols are known. However, when
the word alcohol is used, many people connect it only with



ethyl alcohol.

Activity

Look at the picture below and tell where ethyl alcohol is used.
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Activity

Name the following alcohols according to the IUPAC rules:
a) CH3-OH

b) CH3-CH2-OH
c) CH3-CH2-CH2-CH2-OH.



Activity

PaboTanTe B rpynnax n caAeAanmTe HEOOAbLLIYIO NMpe3eHTauuto,
OCHOBbIBASAACb HA PUCYHOK HUXKE:
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Harmful effects of alcohol on the human body

Literacy

1. Which chemical elements are present in alcohol?



2. What are some physical and chemical properties of methyl
alcohol?

3. What are some harmful effects of alcohol?

4. How many liters of CO2 gas is produced by the combustion
of 0.5 moles of ethyl alcohol with suffi cient amount of
oxygen gas”?

5. When 4 kg sample of glucose is fermented, 1.84 kg of
ethanol is obtained. What was the mass of pure glucose in the
sample?

6. Write dehydration reaction for ethyl alcohol.

Terminology

e alcohols - cnupTTep / cnnpTbl;

e injection - nHe caAy / nMHbekuns;

e ingestion - >xyTy / NporaaTbiBaHue;

e blindness - COKbIPAbIK / CAENOTa;

e antifreeze - aHTUPPUS3;

e miscible - apanacaTbiH / cMeLLnBatOLLMNCS;
e tincture - paMblHAAAFaH TYHOa / HACTOMKA;
e perfumes - aTipAep / AYXU;

o fermentation - awy / depmeHTaLMA.



13.2 CARBOXYLIC ACIDS

Why vinegar is healthy for washing fruits and
vegetables?

You will:

e know the composition of carboxylic acids;
e know chemical properties of acetic acid and its uses.

Composition of carboxylic acids

The group that is formed by the combination of a carbonyl
and hydroxyl - OH group is called the carboxyl group -COOH.
Compounds that contain the carboxyl group are called
carboxylic acids. Most organic acids found in fruits and
vegetables are carboxylic acids. Carboxylic acids can be
represented by R-COOH. The R- group can be aliphatic or
aromatic.

carbonyl hydroxyl

kY

%

e

carboxyl ' .

Carboxyl group Is a comblnation of Ball and stick llustration of acetic acld
carbonyl and hydroxyl groups malecule



Acetic acid and its properties

Acetic acid CH3COOH is an important carboxylic acid. It has
the characteristic sharp odour and taste of vinegar. Vinegar is
4-8% aqueous solution of acetic acid. Actually, the name
acetic acid comes from “acetum” meaning vinegar in Latin.
Another name for CH3COOH is an ethanoic acid. Pure acetic
acid is a colourless, crystalline compound that melts at 16.7°C
and it boils at 118°C. Acetic acid shows all the general
properties of carboxylic acids. It reacts with metals to
produce hydrogen gas and acetate salts. CH3COOH also can
be neutralized by the reaction of it with bases and basic
salts.

Apple vinegar and fresh apﬁ{e

Chemical properties of acetic acid
1. Reaction with active metals

The reaction of acetic acid with active metals produces
hydrogen gas and salt.

2CH3COOH(aq) + Mg(s) — (CH3COO)2Mg(aq) + H2(9)

The salts of acetic acid are called acetates (CH3COO-).



2. Reaction with basic oxides

As an inorganic acid acetic acid reacts with basic oxides to
form salt (potassium acetate) and water:

2CH3COOH(aq) + K20(s) — 2CH3COOK((aq) + H20(l)

3. Reaction with bases

It reacts with bases to produce salt (sodium acetate) and
water:

2CH3COOH(aqg) + NaOH(ag) — CH3COONa(aq) + H20(()
4. Reaction with carbonates

Ethanoic acid reacts with carbonates to produce salt, carbon
dioxide, and water:

2CH3CO0OH(aq) + CaCO3(s) — (CH3COO)2Ca(aq) +
CO2(g)+ H20()

Acetic acld reacts with egg shell (CaC0,)
to produce (O,



USES of ACETIC ACID

b ¥

(In medicine ?)
 Antibacteralagent
| Antiungulagent

In daily life -ﬂ\J [Inindustry E

Laboratory work

N216. Properties of acetic acid

Materials:

1M acetic acid solution, 1 M sodium carbonate solution, 1M
sodium hydroxide solution, Mg ribbons, beakers, test tube,
pipettes.

Procedure:
1. Pour 30 ml of acetic solution into the beaker.

2. Add a few drops of methyl orange (or litmus) indicator to a
solution of CH3COOH.



3. Using a pipette add drop by drop solution of sodium
carbonate to acetic acid solution. Observe changes.

4. Repeat the experiment by adding of sodium hydroxide
solution.

5. Pour 2-4 ml of acetic acid solution into the beaker.

6. Add a small piece of magnesium ribbon to the solution of
acetic acid. Observe changes. Try to confi rm the identity of
the gas given off.

Safety: Wear eye protection.

Observation & questions:

1. Write chemical equations for the reactions conducted in a
lab work.

2. Explain colour changes, gas formations, metal dissolution.

Facts

N3-3a CBOEro pes3Koro 3anaxa, YKCyCHasa KMCAOTa MOXKeT
6blTb MCMOAb3OBaHa BMEeCTO aMMMaKa AAA NMPeAoTBpaLLeHus
OBMOPOKOB UAU AASA MPUBEAEHUA YEAOBEKaA B CO3HaHMe.



Literacy

1. Look at the picture of ball and stick illustration of acetic
acid above. Explain and show atoms of carbon, hydrogen and
oxygen.

2. Find mass percentages of all elements in butyric acid
C3H7COOH.

3. How many milliliters of water and 70% solution of acetic
acid are needed to get 1400 ml of 4% vinegar? Assume that
the density of all solutions is equal to 1 g/ml.

4. What is the mass of calcium acetate produced from
reaction of 8 g Ca with excess amount of acetic acid?

Terminology

e acetic acid - cipke KbILLUKbIAbl / YKCYCHaA KUCAOTA;
e Vinegar - cipke cybl / YKCVYC;

e preservation - KOHcepBiAeYy / KOHCEPBUPOBAHUE;
e antifungal - 3eHre Kapchbl / NPOTUBOTPUOKOBbIW;

e to prevent - aAabIH aAy / MPeAOTBPaTUTD;

e fainting - Tany / 06MOpPoOK,;

e consciousness - ec / co3HaHue;

e pipette - TaMwybIp / NuNeTKa.



13.3 ESTERS AND FATS

As you know bears hibernate during the winter. How
bears can survive whole winter without food?

You will:

e explain features of esters and fats;
e |learn functions of fats.

Esters

Esters are derivatives of carboxylic acids formed by replacing
the hydroxyl (the -OH) group by an alkoxy (the -OR) group.
They can be defined as alkyl salts of carboxylic acids and are
represented by the general formula RCOOR’.

Esters are among the most widespread of all naturally
occurring compounds. Many simple esters are pleasant-
smelling liquids

that are responsible for the fragrant odours of fruits and
flowers. They are obtained from natural sources such as
plants, flowers, and fruits and are what give them their
pleasant smells. So, for example, the smells of mint and
thyme are due to esters in their structures.

Natural fruit aromas are mixtures of certain organic
compounds and esters. Synthetic aromas prepared in
laboratories are simple mixtures of these same esters and
organic compounds. They are used in perfumes, foods, and
drinks to give taste and pleasant smells. Ethyl acetate, for
example, is a colourless liquid with an apple flavor; it is



known as apple ester and is used in perfumery as a fruit
essence. Propyl acetate has the smell of pears, isopentyl
acetate that of bananas and ethyl butyrate smells of
pineapples. All are colourless liquids. Higher molar mass
esters are odourless.

Nomenclature of esters

The nomenclature of esters is similar to the nomenclature of
the carboxylic acid salts. The alkyl group bonded to the
oxygen atom is named first, then the -ic acid ending of the
corresponding carboxylic acid is changed to -oate.

7 7 0
H-GGO-CHs  CHs-CG-0-CHs  GHs-C-0-CHs
methyl formate methyl acetate ethyl propicnate

Some members of esters



Name Structure Odour
lsobutyl | HCOOCH,CH(CH,),
formate
Raspberry
Ethyl CH,COO0CH,
acetate
Apple
Propyl CH,COOCH, /
acefate b
Pear t -
Ethyl C,H,COOCH,
butyrate m
L
Pineapple —
Isopentyl | CH,COOCH,,
acetate
Banana 3
Pentyl C,H.COOCH,
butyrate

Apricot -




Isoamyl acetate glves pears thelr
Sunflower oll In bottle pleasant smell

The smell of plneapple Is due to butyl
butanoate InIts structure

The reaction between an acid and a base is called
neutralization and the products are salt and water. The
parallel reaction between a carboxylic acid and an alcohol is
called esterifi cation and the products are an ester and water.

O O

[ s
R-C-OH + HO-R' = R-C-OR' + H:0

carboxylic acid alcohol ester water

Fats

Fats are esters of fatty acids and glycerine. They are also
known as triglycerides. Fatty acids are long, straight-chained
carboxylic acids and glycerine is a trialcohol. Fats are formed



by replacing the hydrogen atoms in the hydroxyl groups of
glycerine with acyl groups of fatty acids.

2 9

HO-C-R CH2-0-C-R
CHz-OH 0 | 0
Cle-OH + HO-C-R — C(CH»-0-G-R + 3H:0
CH-OH 0 0
glycerine HO-C-R CH2-0-C-R
(glycerol) ]

fatty acid glyceride (fat)

Corn, a Important source of oll

Healthy fats

If the connecting fatty acids to glycerine are, all the same, the
glyceride known as simple, if the acids are different, it is

known as a complex.



0 0

CHz -0 = C = GizHaa CHz2-0 - C - Gi7Has
| 0

CHz-0 - C - Ci7Hss CH:z-

| 0 0

CHa =0 = €= GrzHas CH2-0 - € = €l

riglyceride 1-stearo-2-palmito-3-cleo glyceride
{simple ghyceride) {comiplex glyceride)

Classification of fats
Vegetable fats:

These are largely stored in the seeds of vegetables. Olive,
corn, cotton, sunflower, soybean, sesame, peanut, hazelnut,
dates, almonds and coconuts are the main sources of
vegetable oils.

Animal fats:

Sheep, cow, and fish are the main source of animal fats. Suet
and fish oil are the most common animal fats. They may be
either solid or liquid, the same as vegetable fats. If the fatty
acids that form the fats and oils are unsaturated, the fats
tend to be liquids. Liquid oils are unsaturated, numbers of
double bonds in the fatty acids decreases the freezing point
of the fat or oil.

Literacy

1. Write the molecular formula of the esters produced by the
acids and alcohols given below:



e ethyl alcohol and acetic acid
e ethyl alcohol and formic acid
e methyl alcohol and acetic acid

2. How to prepare an ester in the lab using alcohols and
carboxylic acids?

3. Why are oil and water immiscible?

4. What are the natural sources of oils?

5. What are the factors affecting the physical states of fats?
6. What are the differences between wax, fat, butter and
olive oil?

Facts

Xupbl UrpatoT BaXKHYKO POAb B NMMTaHMK. HaxoAACh
eCTeCTBEHHbIM 06pPa30M B MPOAYKTAX MUTAHUS; XXUPbI U
MacCAa ABAAKOTCA KOHLUEHTPUMPOBAHHOM POPMON SHEPTUMN AAA
opraHnama. NNoMMMO XpaHEHNSA SHEPIUMN B OPraHM3MeE, XXUpPbI
MCMOABb3YIOTCA AAA U3OAALIMKM TKAHEN TEAA N MOMOratoT
TPAHCMOPTUPOBATbL XNUPOPACTBOPUMbIE BUTAMUHbI MO BCEN
KpOBW.

Terminology

e esters - kypaeAi adbupAaep / CAOXKHbIE 3DUPbI;

o fats - MalAap / >Kupobil;

e to hybernate - aHAaPAbIH KbICKbl YMKbIFa KeTyi / BnaaaTb
B 3VMMHIOIO CMAYKY;

e widespread - keH TapaAFaH / LLUMPOKO PacrpoOCTPaHeEH;

e pleasant smell - >xaFbIMAbI MiC / NMPUATHbBIN 3anax;

e fragrant - apomMaTTbl / apOMaTHbIN;

e raspberry - TaHKypan / MaAUHa;



o esterifi cation - adpupaeHy / aTepmudbmnkaumns;
e fatty acids - Mal KbILLUKbIAAAPDBI / YXUPHbIE KUCAOTbI.



13.4 AMINOACIDS. PROTEINS

Why do diabetics use insulin?

You will:

e explain formation of peptide bonds;
e investigate denaturation reaction of proteins;
e explain biological role and functions of proteins.

Aminoacids

Amino acids contain both amino (-NH2) and carboxyl (-
COOH) groups in their structure. Aminoacids are the basic
building blocks of proteins, which are the basis of living
organisms. There are over 700 naturally occurring amino
acids. The amino group in amino acids obtained from the
proteins of plants and animals is in the position with respect
to the carboxyl group.

Because of the existence of both (the -NH2) and (the -
COOH) groups, aminoacids display amphoteric properties
(i.e., have both acidic and basic properties). The first member
of aminoacid is glycine (aminoethanoic acid).

Peptide formation and proteins

Proteins are the largest and most complicated molecules that
exist in the cells of living organisms. Proteins are polymers
that are formed by many hundreds or even thousands of
amino acid units. These units are bonded together by a
peptide linkage.



Peptides are amides formed by the reaction of amino groups
with the carboxyl groups of amino acids. According to the
number of amino acid units they are made up from, they are
known as dipeptides, tripeptides or polypeptides.

! A LR
HIN—E-E@I;EI +::_’_E[w—cl-mH — HEN-[li- E-N-E—{DH + H,0
R.’ EH RF I:EI:EIL.E RH
a-amina acid a-amino ackd T

dipeptide molecule

13 bE

If the number of amino acids forming peptide bonds is “n”,
(n-1) molecules of water are produced in the peptide
formation.

HHO HHO HHO HHOHHOHHDO

| I | | - | | | I 11 1 11 1

H—N—[I-C—OH +H-N g-c-0H+H-N-cl-c-oH +...|—=(n-1H,0 + N—g—c—N-g-c-N-g-c
R R R R R” R

o-amino acid o-aming acid a-amino acid polypertide
- JE— —

————

n moleculas

If the number of amino acids forming polypeptide bonds is
more than 12.000, the polypeptides are called proteins.
Although proteins contain only 20 kinds of amino acids, they
can be arranged in many different sequences. Consequently, a
small number of amino acids may form many different types
of proteins.Proteins are used for repairing degenerated tissue
in living organisms.



Functions of proteins

Classification

Function

Enzymatic Selective acceleration of
proteins chemical reactions
Defensive Protection against
proteins disease

Storage Storage of aminoacids
proteins

Transport Transport of substances
proteins

Hormonal Coordination of an
proteins organism’s activities
Receptor Response of cell to
proteins chemical stimuli
Contractile Movement

and motor

proteins

Structural Support

proteins




Foods high in proteins

Keep in mind




Amino acids are linked by peptide bonds. These bonds are
formed by a dehydration synthesis reaction between the
carboxyl group of the first amino acid and the amino group of
the second amino acid.

D0

sl = =
An amino acid molecule contains both the amino and
carboxyl group.

|

NH,OH
amino Carboxyl
group 9roup

Facts

BbicOkne TeMnepaTypbl UAU Pa3ANYHbIE XUMUYECKNE
00pPabOTKMN AEHATYPUPYIOT BEAOK, UTO MPUBOAUT K NnoTepe
ero ¢opMbl U, CAeAOBATEAbHO, K NOTEpe ero
PYHKLMOHAABHOM CMOCOOHOCTMW.

Hormal protein Dana bured profain

Laboratory work




N222. Denaturation of protein

Materials:

burner, ring stand, stirring rod, 4 raw eggs, 4 test tubes, 95%
ethanol, 1% Pb(NO3)2 solution, lemon juice, sodium chloride
NaCl

Procedure:

1. Place 100 mL of water in a 250 mL beaker, place on a ring
stand and heat to boiling.

2. Label 4 test tubes #1-4.

3. Separate 2 eggs, placing the egg white in a test tube until
half fi lled.

bR

4. Place test tube #1 in the boiling water and allow to “cook
till egg turns white.

5. Add lemon juice to test tube #2 and stir.
6. Add 95% ethanol to test tube #3 and stir.
7. Add 1% Pb(NO3)2 solution to test tube #4.

8. Record observations on the table below.



Data table:

Test Added Observation
tube

1 Heat

Lemon juice

2
3 95% ethanol
4 1% Pb(NO,), solution

Conclusion and questions:

1. What common result occurred in all experimental tubes?
Why?

2. Why are heat and alcohol used to disinfect medical
equipment?

Literacy

1. Explain why amino acids are generally amphoteric
compounds.

2. Explain how peptide bonds are formed.

3. What is the difference between an amino acid and a
protein?

4. What is the molecular weight of the dipeptide obtained
from an amino acid of which 0.1 mole has a mass of 75 grams?
5. How many water molecules are formed when 100 amino
acid molecules are bonded together by peptide bonds?

6. What is the importance of proteins in daily life?



Terminology

e amino acid - aMUHKbILWKbIAbl / @MUHOKUCAOTa;
e protein - HapybI3 / BeAOK;

e peptide - nenTnA;

o cell - >xacylla / KAeTKa;

e denaturation - poeHaTypayns;

e storage - cakTay OpHbl / MEeCcToO XpPaHeHUS;

e enzyme - PepMeHT;

e receptor - peuenTop;

e helix - cnnpaAnb.



13.5 SOAP AND SYNTHETIC
DETERGENTS

Why frequent use of soap can lead to negative
effects?

You will:

e know preparation of soap and its uses;
e explain the effects of synthetic detergents on the
environment.

Hydrolysis of glycerides (fats) in a basic medium produces
glycerol (glycerine) and a mixture of salts of long-chained
carboxylic acids (fatty acids).

0 0
CHEO= R NaOH Na‘0-C-R

0 ot CH=-OH 0
(H:-0-C-R + NaOH ——> (HsO0H Na'0-C-R

0 CH=-OH 0
(H:-0-C-R NaOH Na'0-C-R

glyceside (fat) ghycerine sodium salts of fatty adds

Fats, when heated with a solution of NaOH or KOH are
hydrolyzed. After the hydrolysis, glycerine and long chained
carboxylic acids salts are left, this mixture is soap and the
process is called saponification. Soaps are basic salts which
are formed by weak fatty acids and strong bases. For this
reason, soap solutions show basic properties. Saponification
is the reverse process of esterification. When NaOH is used in



the saponification process, a solid soap is produced but
when KOH is used, a molten soft soap is produced.

Handmade soaps

HHHHHHHHUHHHHHHHH,/

R e (O S Nt T O I & "
H—C—(——C—C—(—C—C _ﬁ_‘l:_cl —ﬁ—cl—c—cl —C- Na

BEEREEN %

HHHHHHHGHHHHHHHHH
CarHisCOONa  Sodium stearate

S R
H——C—C —C—(—C—(—C —{—(—C—C(—(—

| ] [Nl [0 ST
HHHHHHHHHHHIHIH

Ci7H=s{00K  Potassium stearate

Water soluble stains on the surface of clothes can easily be
cleaned using water. If our hands get covered in salt, for
example, it is enough to wash them with plenty of water.
However, water isn’t so effective at getting rid of oily stains.
Most dirt particles (on the surface of clothes, on the skin etc.)
become surrounded by a layer of oil or fat. Water molecules
alone are unable to get rid of this type of dirt because they



cannot penetrate the oily layer. Soap must be used to
disperse this type of dirt.

Soap has been used by humankind for some 2,000 years.
Historical records describe its manufacture in the first
century and document a soap factory in Pompeii. Prior to
this time, clothes were cleaned by rubbing them on rocks in
the water, or by forming soapy lathers from the roots, bark,
and leaves of certain plants. These plants produced natural
materials called saponins, which act in much the same way as
modern-day soaps. Soaps, however, have their
disadvantages, foremost among the fact that they form
water-insoluble salts when used in water containing Ca2+,
Mg2+, or Fe3+ ions (hard water):

C17H35COONa + Ca2+ — [C17/H35CO0]2Ca + 2Na+

This water-insoluble calcium, magnesium, and iron salts of
fatty acids create problems, including rings around the
bathtub, films that spoil the luster of hair, and grayness and
roughness that build upon textiles after repeated washings.

Synthetic detergents

Detergents are artifi cial soaps. Their structure is similar to
soaps; any molecule having nonpolar and polar sections
similar to those in soap molecules may disperse oily stains on
clothes, hence detergents too have a hydrophobic and
hydrophilic end. Detergents in which the hydrophilic group is
an anion are called anionic detergents. The most common of
these are the alkyl benzene sulfanates (ABS) and alkyl
sulfates.

Synthetic detergents are more active cleaners than soaps.
They don’t form precipitates with Ca2+ and Mg2+ ions in



hard water and are therefore more effective cleaners in hard
water than soaps.

Liquid detergent Washing powder

Keep in mind

MbIAa MPEACTABASAOT M3 cebs COAU KapOBOHOBbBIX KUCAOT,
KOTOPble MMEIOT B CBOEM COCTaBe MHOIO aTOMOB YIAEPOAQ,
COeAUNHEHHbIX B AAUHHYIO YIA€BOAOPOAHYIO Lienb.

Facts

MotoLme cpeACTBa He pasAaratoTca Ha boAee NpocTble
BelLlecTBa MUKPOOPraHMamMaMu. NoaTomy, nNpu NonapraH1m B
peKu, 03epa 1 rPyHTOBbIE BOAbI, MOKOLLIME CPEACTBA
BbI3blBAeT 3KOAOIMYECKYIO MPODBAEMY.



Activity

You can visit local water sources and observe if the river /
lake / tank / pond are unpolluted / slightly polluted /
moderately polluted or severely polluted by looking at water
or by checking pH of water. Document the name of the river
and the nearby urban or industrial site from where the
pollution is generated. Inform about this to Pollution Control
Board’s offi ce set up by Government to measure pollution
levels. Ensure that appropriate action is taken. You can write
to the press also. Do not dump waste into a household or
industrial drain which can enter directly into any water body,
like, river, pond, stream or lake. Use compost instead of
chemical fertilizers in gardens. Avoid using pesticides like
DDT, malathion etc.

Literacy

1. Explain how to make soaps.

2. What colour does soap solution change to when adding
indicator? Why does soap have a pH above 77

3. Why is detergent more effective in hard water than soaps?
4. What is the advantages of soap over detergents?



5. Which brand of soap and detergents do you use in daily
life?

Terminology

e soap - cabblH / MbIAO;

e detergent - >yFbILl 3aTTap / MOKOLLEe CPEACTBO;

e saponifi cation - cabblHAAHY / OMbIAEHUE;

e hydrophobic -rnapodo6Tbl (“cyaaH KOpKaTbiH”) /
rMMAPOPOOHDLIN;

e hydrophilic - ruapoduaai (“cyabl Xakcbl kKepeTiH”) /
FMMAPOPUADBHDBIN.



13.6 CARBOHYDRATES

Honey is generally composed of carbohydrates. Why
does honey not spoil for centuries?

You will:

 know classification of carbohydrates;
 know biological role of carbohydrates and their functions.

Glucose

Glucose C6H1206 is a well-known monosaccharide. It is the
energy source of living organisms, stored in liver and muscles,
found in grape and honey. Glucose is white crystalline, soluble
in water, and the sweet substance.



Olucose, one of the most important
members of monosaccharides, is found

in grapes

Honey is an important source of glucose

Sucrose (sugar)

Sucrose CI12H22011 is formed by linking of one molecule of
glucose to a fructose molecule. It occurs widely in plants and
is particularly abundant in sugar cane and sugar beet from
which it is extracted and refined for use as table sugar.

Sugar is produced from sugar beets

Starch



Starch (C6H1005)n is the most important polysaccharide and
is formed by combining glucose molecules with a glycosidic
linkage. Corn, potatoes, rice and the roots of plants and seeds
are the main sources of starch. Starch is an essential
nutritional resource.

i Round bundles of dry grass in the field
Potato starch Starch is an essential food for humans.
Bread is composed of 50-75% starch

Cellulose

Cellulose (C6H1005)n is the most abundant organic
substance innature. The walls of plant cells are made of
cellulose. The main cellulose sources in nature are wood,
grass, hay, cotton, linen, and hemp.

] . » -

EEllUlﬁSE is the main component of wood Cotton balls on the plant
and its derivatives. 60-70% of wood is
cellulose.

Literacy




1. What products are formed when glucose is completely
burnt?

2. Which materials in your house contain carbohydrates?
Research.

3. What is the primary product of the photosynthesis
process?

4. What are the most important polysaccharides in nature?
5. A sugar contains 42.1% C, 6.433% H and 51.462% O by mass.
What is the molecular formula of this compound?

6. Write the names and formulae of all isomers of the sugar
with the general formula C6H1206.

Terminology

e carbohydrate - keMipcy / yraesoa;

e monosaccharide - MOHOCaxapua / MOHOCaxXapUuA,;

e glucose - rAloKo3a / rAOKO33;

e SUCrose - caxapo3sa / caxaposa;

e sugar beets - KaHT KbI3bIALLACbI / CaXapHasa CBEKAQ;
e starch - kpaxMaA / KpaxMaA;

o cellulose - LueAAOAO3a / LeAAOAO3A.



Problems: Oxygen and
nitrogen containing organic
compounds

ALCOHOLS

1. Draw structures for the following compounds:

2-pentanol
3-methyl-2-butanol
2-chloroethanol
isopropyl alcohol
2,2-dimethyl pentanol

2. Write down the possible isomers of the alcohols that have
the molecular formula, C5H1OH.

3. Which alcohol and how many grams are produced by the
hydration of 9.6 g of 2-butene?

4. How many liters of hydrogen gas at STP react with carbon
monoxide to obtain 1.6 g of methyl alcohol?

5. When a 12 g sample of alcohol is reacted with metallic
sodium, 2.24 L of hydrogen at STP are liberated. What is the
molecular weight of the alcohol?

CARBOXYLIC ACIDS. ESTERS

1. Write equations for the reactions of formic acid with the
following reagents:



* NaOH, CH30OH, Na
2. A compound X has all of the properties below.

e |tis aliquid at 25°C.
e [t mixes completely with water.
e [t reacts with agueous sodium hydroxide.

What could X be?
A. acetic acid B. ethyl alcohol C. ethane D. ethyl acetate

3. Which compound is a product of the hydrolysis of
CH3COOC3H7 by boiling agueous sodium hydroxide?

A. CH30OH B.C3H70OH C.C3H/COOH D.C3H7COO-Na+

4. Fats and grease that build up on pans used in cooking are
esters. Pans which are dirty from fats or grease may be
cleaned by

heating them with a reagent that will react with the ester
group. What may be used to clean such pans by this
reaction?

1 vinegar - agueous ethanoic acid, CH3COOH

2 alcohol - ethanol, C2H50H

3 baking powder - sodium hydrogencarbonate, NaHCO3
A.1,2,3 B.1,2 C.2,3 D.3only

5. The ester CH3CH2CH2COOCHS3 is responsible for the
aroma of apples. When this ester is hydrolysed by acid in the
stomach, what is the empirical formula of the organic acid
produced?



A.C4H802 B.C2H40 C.C2H402 D.C3H/702

CARBOHYDRATES

1. Starch is a

A. simple sugar B. monosaccharide C. cellulose D.
polymer

2. Glucose ia a (an)

A. polysaccharide B.amino acid C. part of cellulose D.
5-carbon sugar

3. Which of the following might be called “animal starch?”
A. glucose B. plant starch C. glycogen D. cellulose

4. Carbohydrates are produced in the green leaves of plants
by the process of

A. photosynthesis B. metabolism C. hydrolysis
D.respiration

5. Which one of the following does not contain cellulose?

A. cell wall of plant cell B.wood C. cotton D. stone

LIPIDS. AMINOACIDS

1. How do saturated and unsaturated fatty acids differ in
molecular structure?

2. Explain why amino acids are generally amphoteric
compounds.



ANSWERS

Chapter 1

NDa)F

b) F

T

AT

e)T

2) a) weak

b) nonelectrolyte

c) weak

d) strong

e) nonelectrolyte

f) strong

g) strong

3) conductivity of electricity
5) 25%

8) Ca2+ + CO32- —» CaCO3(white)

9) 3Ag+ + PO43- -Ag-3P0O4(yellow)



Ag+ + Cl- - AgCl (white)

10) 2HCI + Pb2+ — PbCI2 +2H+

2H+ + 2CI- + Pb2+ — PbCI2 +2H+
Pb2+ + 2Cl- — PbCI2

11) a) Ba2+, NO3-, K+, PO43-

b) 3Ba(NO3)2 + 2K3P0O4 — Ba3(P04)2(s) + 6KNO3
c) 3Ba2+ + 2P043- — Ba3(P0O4)2(s)
12) a) basic,

b) acidic,

c) acidic,

d) acidic,

e) neutral,

f) basic

13) n(AI2(504)3) = 0.00125 mol
n(AlI3+) = 0.0025 mol

n(S0O42-) = 0.00375 mol

14) solubility in water

15) add AgNQO3 solution

16) 1) gives p-pt,

2) no reaction,



3) gives p-pt,

4) no reaction,

5) gives p-pt,

©6) no reaction
Chapter 2

D a) 2.2 mol H2,

b) Fe

c) 0.1 mol HCI

2) a) 0.64 mol KCI,
b) KOH,

c) 0.24 mol CuCl2

3) CH4 + 202 — CO2 + H20
a) CH4,

b) 0.8 mol CO2,

c) 1.6 mol H20,
d)12.8 g O2

4) 2Ca + 02 — 2Ca0
m(Ca0)=33.6 g,

m(Ca)=8 g (excess)



5) 2Li + S — Li2S, m(Li2S)=32.2 g

6) a) Pb(NO3)2 + H2SO4 — PbSO4(s) + 2HNO3
7) @) AgNO3 + HCl — AgCI(s) + HNO3
10) Adding Ba2+ salts

12) E

Chapter 3

Da)2-,b)2,¢c)2,d)1

2) 1, V, 1L IV,

3) 11, 1

4 11

5B

6) C

Chapter 4

6) a) irrev.,,

b) rev,,

C) irrev,,

d) irrev,,

e) rever.,

f) rever.



8) a) ves, b) no, ¢) yes
9) to right, to left, to left, to right
10) to right, to left, to left

12) to left, to right

Chapter 5

1 Ca - reduc.agent - oxidized
O2 - oxid.agent - reduced
3)+3,+7,+2, +7, +6

4) C - oxidized, HNO3 - reduced
7) -2, +6, +2

8) 25

9) N20

10) D, E

1) A

12) E

13) a) 2FeCl3 + 2KI — 2FeCl2 + 12 + 2KCI
b) Cu2S + 202 — 2CuO + SO2

c) 2KMnO4 + 10FeS0O4 + 8H2504 — 5Fe2(S04)3 + 2MnS04
+ K2504 + 8H20

d) 4FeS + 702 — 2Fe203 + 4502



Chapter 6

9) Fe203 + 2Al — AI203 + 2Fe
12) 120 g

13) 75%

14) 112 L

15) 6.72 L H2

16) 63.75%

Chapter 7

11) @) Na, Li, K, b) Cs, ¢) Fr
12) a) Be, b) Ra, ¢) Be, d) Mg,
e) Mg, f) Ca

14) 37.33 L H2

15) 2.43 g H2
Chapter 8

1) KBrO3

2) 33.9 g FeF3
3)21.3 g ClI2
4)15.68 L H2

5)896 L F2



6) 1.2 g HF
7) 79.875 g CI2

8) 87.46% H2S04

9) 750 g MgS04, 94.8%

10) 246 g P4S7

11) 92.9% H3PO4

14) NaCl + H2S04 — HCI + NaHSO4

Cl2 + 2Nal — 2NaCl + 12

Chapter 9

3) 2NO2 + H20O — HNO2 + HNO3

5) n(HNO3)=0.375 mol

6) N(NO2)= 3 mol

7) mM(Ca(NO3)2)=35 g, 75 g HNOJ3 excess
8) b) 0.794 mlI HNO3,

c) 0.397 mol Fe(NO3)2,

d) 71.43 g Fe(NO3)2

e) 0.397 mol Fe(OH)2,

f) 35.73 g Fe(OH)2

12) N(5102)=9.45x1024 molecules



13) b) CI2 gas,

c) 6.465 g SiCl4

d) 2.135 g Si (excess)
14) w(Na2Si03)=0.85%

16) 120 g H2SiF6

Chapter 11

2) 3-methylhexane
2,4-dimethylheptane
2,2-dimethylpropane
4,6-dimethyl,5-ethyl-octane
4) 3,3-dimethylhexane

7) C14H10

8) C4H5N20

9) C7H5NO3S

10) C21H22N202 (C10OHTINO)
Chapter 12

Alkanes

1) 58

2)10, 16



3) C4H10

4) C5H12

5) C3H8

Alkenes

1 ethylene

2) C3H6

3)15.68 L H2

4) 3.2 g CH4

Alkynes

1 product - C2H2CI2

product - C4H10

product - C4H8CI2

3) CaC2 + 2H20 — Ca(OH)2 + C2H2
C2H2 + H2 —» C2H4

C2H4 + 302 — CO2 + 2H20

4) C3H4

5) C4H6

Aromatic hydrocarbons

1) 2C6H6 + 1502 — 12C0O2 + 6H20

C7/H8 + 902 — 7CO2 + 4H20



CIOH8 + 1202 — 10CO2 + 4H20
2C14H10 + 3302 — 28C0O2 + 10H20
3)194.88 L H2

4) 20 g C6H6

Hydrocarbon fuels. Oil and gas

3) c=1.74 ( J/(g*K))

c=2.05 ( J/(g*K))

Chapter 13
Alcohols

3) 12.7 g butanol
4) 224 L H2

5) Mr=60 g/mol
Carboxylic acids
2) A

3)D

4) D

5 A
Carbohydrates

1D



2)C
3)C
4) A
5D
Lipids. Aminoacids

4) 89 water molecules



GLOSSARY

A

Acid rain - rain that contains a high concentration of
pollutants, chiefly sulfur dioxide and nitrogen oxide, released
into the atmosphere by

the burning of fossil fuels such as coal or oil.

Acids - any of a class of chemical compounds whose
agueous solutions turn blue litmus paper red, react with and
dissolve certain metals to form salts and react with bases to
form salts.

Activation energy - the energy, in excess of the ground state,
which must be added to an atomic or molecular system to
allow a particular process to take place.

Alkali metals - elements of group 1in the Periodic table.

Alkaline earth metals - the heaviest members of group 2 in
the Periodic table: lithium, sodium, potassium, rubidium,
cesium, and francium.

Alkalis - any of various bases, the hydroxides of the alkali
metals and of ammonium that neutralize acids to form salts
and turn red litmus paper blue.

Ammonium - the univalent ion, NH4+, or group, which plays
the part of the metal in the salt formed when ammonia reacts
with an acid.

Anion - an ion that is negatively charged.



Antacid - any substance that counteracts or neutralizes
acidity.

Apatite - a common mineral, calcium fluorophosphate,
Ca5FP3012, occurring in individual crystals and masses and
varying in colour, formerly used in the manufacture of
phosphate fertilizers.

B

Bases - compounds that react with a protonic acid to give
water (and salt).

Biofuel - a gaseous, liquid, or solid substance of biological
origin that is used as a fuel.

C

Carbohydrate - any of a class of organic compounds that are
polyhydroxy aldehydes or polyhydroxy ketones, or change to
such substances on simple chemical transformations, as
hydrolysis, oxidation, or reduction, and that form the
supporting tissues of plants and are essential food for
animals and people.

Cast iron - an alloy of iron, carbon, and other elements, cast
as a soft and strong, or as a hard and brittle, iron, depending
on the mixture and methods of molding.

Catalyst - a substance that alters the velocity of a chemical
reaction and may be recovered essentially unaltered in form
and amount at the end of the reaction.

Cation - a positively charged atom or group of atom.

Cement - any of various calcined mixtures of clay and
limestone, usually mixed with water and sand, gravel, etc,, to



form concrete that is used as a building material.

Chemical equilibrium - a condition in which a chemical
reaction is occurring at equal rates in its forward and reverse
directions so that the concentrations of the reacting
substances do not change with time. Also known as
equilibrium.

Chlorophyll - the green colouring matter of leaves and
plants, essential to the production of carbohydrates by
photosynthesis, and occurring in a bluish-black form,
C55H72MgN405 (chlorophyll a) and a dark-green form,
C55H70MgN406 (chlorophyll b).

Collision - the meeting of particles or of bodies in which each
exerts a force upon the other, causing the exchange of
energy or momentum.

Concentration - in solutions, the mass, volume, or number of
moles of solute present in pro portion to the amount of
solvent or total solution.

Condensation - transformation from a gas to a liquid.

Corrosion - oxidation of a metal in the presence of air and
moisture.

Crystal lattice - the regular array of points about which the
atoms, ions, or molecules are composing a crystal are
centered.

D

Dehydration - removal of water from anysubstance.

Denaturation - to treat (a protein or the like) by chemical or
physical means to alter its original state.



Detergents - an organic compound or compounds composed
of molecules containing both hydrophilic (polar) and
hydrophobic (nonpolar) portions.

Dissociation - separation of a molecule into two or more
fragments (atoms, ions, radicals) by collision with a second
body or by the absorption of electromagnetic radiation.

Dissolution - dissolving of a material.

Double displacement reaction - a chemical reaction between
compounds in which the elements in the reactants
recombine to form two different compounds.

E

Electrolyte - a chemical compound, which when molten or
dissolved in certain solvents, usually water, will conduct an
electric current.

Electronegativity - about an atom or group of atoms that has
a relatively great tendency to attract electrons to itself.

Empirical formula - a chemical formula that indicates the
composition of a compound regarding the relative numbers
and kinds of atoms in the simplest ratio.

Enzymes - any of various proteins, as pepsin, originating
from living cells and capable of producing certain chemical
changes in organic substances by catalytic action, like
indigestion.

Esterification - a chemical reaction whereby esters are
formed.

Explosion - a chemical reaction or change of state which is
effected in an exceedingly short space of time with the



generation of high temperature and a large quantity of gas.

Explosive - an explosive agent or substance, as dynamite.

F

Fats - any of several white or yellowish greasy substances,
forming the chief part of adipose tissue of animals and also
occurring in plants, that when pure are colourless, odourless,
and tasteless and are either solid or liquid esters of glycerol
with fatty acids.

Fermentation - a change brought about by a ferment, as
yeast enzymes, which convert grape sugar into ethyl alcohol.

Fertilizer - a natural or chemical substance that is spread on
the land or given to plants.

Flame test - a test for detecting the presence of certain
metals in compounds by the colouration they give to a flame.
Sodium, for example, turns a flame yellow.

Flotation - a process for separating the different minerals in a
mass of powdered ore based on their tendency to sink in, or
float on, a given liquid.

Functional groups - an atom or group of atoms, acting as a
unit, that has replaced a hydrogen atom in a hydrocarbon
molecule and whose presence imparts characteristic
properties to this molecule; frequently represented as R-.
Also known as functionality.

G

Gunpowder - an explosive mixture, as of potassium nitrate,
sulfur, and charcoal, used in shells and cartridges, in
fireworks, for blasting, etc.



Gypsum - a very common mineral, hydrated calcium sulfate,
CaS04 -2H20, occurring in crystals and masses, soft enough
to be scratched by the fingernail: used to make plaster of
Paris, as an ornamental material, as a fertilizer, etc.

H

Haber process - a process for synthesizing ammonia from
gaseous nitrogen and hydrogen under high pressure and
temperature in the presence of a catalyst.

Halogen - any of the elements of the halogen family,
consisting of fluorine, chlorine, bromine, iodine, and astatine.

Heavy metal - any metal with a specific gravity of 5.0 or
greater, especially one that is toxic to organisms, like lead,
mercury, copper, and cadmium.

Homeostasis - the tendency of a system, especially the
physiological system of higher animals, to maintain internal
stability, owing to the coordinated response of its parts to
any situation or stimulus that would tend to disturb its
normal condition or function.

Hydrolysis - in aqueous solutions of electrolytes, the
reactions of cations with water to produce a weak base or of
anions to produce a weak acid.

Hydronium ion - H30+ an oxonium ion consisting of a proton
combined with a molecule of water; found in pure water and
all agueous solutions.

Hydrophilic - having an affinity for, attracting, adsorbing, or
absorbing water.

Hydrophobic - lacking an affinity for, repelling, or failing to
adsorb or absorb water.



Inhibitor - a substance that decreases the rate of or stops
completely a chemical reaction.

Isomer - one of two or more chemical substances having the
same elementary percentage composition and molecular
weight but differing in structure, and therefore in properties;
there are many ways in which such structural differences
OCCuUr.

K

King water - a fuming, highly corrosive, volatile liquid with a
suffocating odour made by mixing 1 part concentrated nitric
acid and three parts concentrated hydrochloric acid; reacts
with all metals, including silver and gold.

L

Le Chatelier's principle - a law that states that if a system in
physical or chemical equilibrium is subjected to a change in
temperature, pressure or concentration, then the system will
automatically alter itself so as to reduce the effects of the
change. It can be shown that this law must be true if energy
is neither created nor destroyed.

Limestone - a sedimentary rock consisting predominantly of
calcium carbonate.

Limiting reagent - in a chemical reaction, the reagent that
controls the quantity of product which can be formed.

M



Manufacture - the making of goods or wares by manual labor
or by machinery, especially on a large scale.

Medium - an intervening substance, as air, through which a
force acts or an effect is produced.

Metal - any of a class of elementary substances, as gold,
silver, or copper, all of which are crystalline when solid and
many of which are characterized by opacity, ductility,
conductivity, and a unigue luster when freshly fractured.

Metal alloy - a substance composed of two or more metals,
or of a metal or metals with a nonmetal, intimately mixed, as
by fusion or electrodeposition.

Metallic bond - the type of chemical bond that is present in
all metals, and may be thought of as resulting from a sea of
valence electrons which are free to move throughout the
metal lattice.

Metallurgy - the technique or science of working or heating
metals to give them certain desired shapes or properties.

Mineral - any of a class of substances occurring in nature,
usually comprising inorganic substances.

N

Natural gas - a combustible mixture of gaseous
hydrocarbons that accumulates in porous sedimentary rocks,
especially those yielding petroleum, consisting usually of
over 80 % methane together with minor amounts of ethane,
propane, butane, nitrogen, and, sometimes, helium: used as a
fuel and to make carbon black, acetylene, and synthesis gas.

Neutralization - the process of making a solution neutral by
adding a base to an acid solution.



Nitrogen cycle - the natural circulation of nitrogen by living
organisms.

Nutrients - any substances that plants or animals need to live
and grow.

O

Olefin - CnH2n, a family of unsaturated, chemically active
hydrocarbons with one carboncarbon double bond; includes
ethylene and propylene.

Ores (deposits) - rock or soil from which metal can be
obtained.

Organic chemistry - the study of the structure, preparation,
properties, and reactions of carbon compounds.

Oxidation - a chemical reaction in which a compound loses
electrons that is in which the positive valence is increased.

Oxidation state - the number of electrons to be added (or
subtracted) from an atom in a combined state to convert it to
elemental form; also known as oxidation number.

Oxidizing agent (oxidizer) - a compound that gives up
oxygen easily, removes hydrogen from another compound, or
attracts negative electrons; also known as an oxidant.

P

Paraffin - one of the higher members of the alkane series,
solid at ordinary temperatures, having a boiling point above
300°C, which largely constitutes the commercial form of this
substance.



Peptide bond - a bond in which the carboxyl group of one
amino acid is condensed with the amino group of another to
form a -CO-NH linkage. Also known as peptide linkage.

Petroleum - an oily, thick, flammable, usually dark-coloured
liquid.

pH scale - the symbol for the logarithm of the reciprocal of
hydrogen ion concentration in gram atoms per liter.

Photosynthesis - the complex process by which carbon
dioxide, water, and certain inorganic salts are converted into
carbohydrates by green plants, algae, and certain bacteria,
using energy from the sun and chlorophyll.

Polymer - a substance made of giant molecules formed by
the union of simple molecules (monomers); for example
polymerization of ethylene forms a polyethylene chain or
condensation of phenol and formaldehyde (with a
production of water) forms phenolformaldehyde resins.

Polymerization - the bonding of two or more monomers to
produce a polymer.

Potash - K2CO3, white, water-soluble, deliquescent powder,
melting at 891°C; insoluble in alcohol; used in brewing,
ceramics, explosives, fertilizers, and as a chemical
intermediate.

Precipitate - a substance precipitated from a solution.

Pressure - the exertion of force upon a surface by an object,
fluid, etc., in contact with it.

Protein - the plant or animal tissue rich in such molecules,
considered as a food source supplying essential amino acids
to the body.



Purification - to make pure; free from anything that debases,
pollutes, adulterates, or contaminates.

Q

Qualitative analysis - the analysis of a gas, liquid, or solid
sample or a mixture to identify the elements, radicals, or
compounds composing the sample.

R

Rate of reaction - a measurement based on the mass of
reactant consumed in a chemical reaction during a given
period.

Reactant - a substance that reacts with another one to
produce a new set of substances (products).

Recrystallization - repeated crystallization of material from
fresh solvent to obtain an increasingly pure product.

Redox system - a chemical system in which reduction and
oxidation (redox) reactions occur.

Reducing agent (reducer) - 1. a material that adds hydrogen
to an element or compound; 2. a material that adds an
electron to an element or compound, that is, decreases the
positiveness of its valence.

Reduction - 1. reaction of hydrogen with another substance;
2. chemical reaction in which an element gains an electron
(has a decrease in positive valence).

Refrigerant - a liquid capable of vaporizing at a low
temperature, like ammonia, used in mechanical refrigeration.



Reversible chemical reaction - a chemical reaction that can
be made to proceed in either direction by suitable variations
in the temperature, volume, pressure, or quantities of
reactants or products.

S

Saltpeter - KNO3, flammable, water-soluble, white crystals
with saline taste; melts at 3370C; used in pyrotechnics,
explosives, and matches, as a fertilizer, and as an analytical
reagent. Also known as niter.

Salt - the reaction product when a metal displaces the
hydrogen of an acid.

Saponification - the process of converting chemicals into
soap; involves the alkaline hydrolysis of a fat or oil or the
neutralization of a fatty acid.

Semiconductor - a substance, as silicon or germanium, with
electrical conductivity intermediate between that of an
insulator and a conductor: a basic component of various
kinds of electronic circuit element (semiconductor device)
used in communications, control, and detection technology
and computers.

Soap - a substance used for washing and cleansing
purposes, usually made by treating a fat with an alkali, as
sodium or potassium hydroxide, and consisting chiefly of the
sodium or potassium salts of the acids contained in the fat.

Solubility - the ability of a substance to form a solution with
another substance.

Solution - any liquid mixture of two or more substances that
iIs homogeneous.



Solvent - any liquid that dissolves another solute and forms a
homogeneous solution.

Spoiling - to damage severely or harm (something),
especially concerning its excellence, value, usefulness, etc.
can occur when certain materials such as tung oil are stored
in bulk, resulting from the generation of heat, which cannot
be readily dissipated; often heat is generated by microbial
action.

Stainless steel - alloy steel containing 12 % or more
chromium, to be resistant to rust and attack from various
chemicals.

T

Temperature - a measure of the warmth or coldness of an
object or substance with reference to some standard value.
The temperature of two systems is the same when the
systems are in thermal equilibrium.

U

Universal Indicator - a chemical solution made from a
mixture of substances that produce many different colour
changes according to different pH levels.

\'

Vinegar - a sour liquid consisting of dilute and impure acetic
acid, obtained by acetous fermentation from wine, cider,
beer, ale, or the like: used as a condiment, preservative, etc.
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