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PREFACE

The Bologna Convention and integration into the European
space of higher education involves a significant amount of
independent work, which must have appropriate methodological
support.

Laboratory works on the academic discipline «Chemistry» for
students of higher education of the first (bachelor's) level according
to educational and professional programs «Mining» specialty 184
«Mining», «Automobile transporty specialty 274 «Automobile
transport», «Transport technologies (on road transport)» majors 275
«Transport Technologies (on road transport)» and «Industrial
Mechanical Engineering» majors 133 «Industrial Mechanical
Engineering» of full-time and part-time forms of study are as close
as possible to the future majors of students, cover the main sections
of the discipline «Chemistry» and are aimed at a more in-depth
assimilation of knowledge.

In the process of performing laboratory work, students must
consolidate theoretical knowledge from this section of the program,
learn to work with laboratory utensils and devices. Work in the
laboratory requires an understanding of the theoretical material with
which the experiments are connected, so the student must study the
theoretical material on the topic of the laboratory work, which is
given in the theoretical introduction to each work. Students must
know safety rules when working with devices and relevant reagents.
Without it, the practical part of the work is not allowed. Laboratory
work with appropriate design in a notebook is submitted as a report
for defense.

After completing each laboratory work, it is needed to write
answers to the control questions. You must answer the questions
succinctly, concretely, in full, and write, clearly, and accurately. The
formulas of chemical compounds and the balance of the reaction
equations should be written especially carefully.

Missed for any reason laboratory work must be completed
with the teacher according to the schedule.



MNEPEIMOBA

bomoncrka  KOHBEHINE Ta  IHTETpamis M0  €JUHOTO
€BPOTEHCHKOT0 MPOCTOPY BHUILOI OCBITH IMepeadadae 3HAaYHUR 00CsT
CaMoOCTilHOI poOOTH, SKa MOBMHHA MAaTH BiJNOBIJHE METOJUYHE
3a0e3MeyYeHHS.

JlabopaTopHi poOOTH 3 HABYAIBHOI TUCITATLIIHN «XiMisDy IS
3n100yBaviB BHUINOI OCBITH mepmoro (0akaaaBpChbKOTO) PIiBHSA 3a
OCBITHBO-TIpOQeCIHHIMU TporpaMaMu «[ ipHUIITBO» CIEIiaTbHOCTI
184 «'ipHULITBOY», «ABTOMOOIIBHUI TPAHCIOPT CIEllianbHOCTI 274
«ABTOMOOINBHUE  TpaHcmopT», «TpaHcmopTHi TexHomorii (Ha
aBTOMOOUILHOMY TpaHCHopTi)» creniansHocTi 275 «TpancnoptHi
TEXHONOTii (Ha aBTOMOOLNBHOMY TpaHcmopTi)» Ta «l'amy3eBe
MAaIInHOOYAyBaHHS» CHenianbHOCTI 133 «["amy3eBe
MalIMHOOYAyBaHHS» JIEHHOI Ta 3a04HOi (OpM  HaBYaHHS
MaKCHMaJIbHO HAONIKeHi 10 MalOYTHIX CHemiaTbHOCTE CTYIeHTIB,
OXOTUTIOIOTh OCHOBHI PO3LUTH JUCIHILTIHU «XiMish) 1 CIPSIMOBaHI Ha
01711 TTOTTTHOIeHE 32aCBOEHHS 3HAHB.

B mpomeci BukoHaHHS 1Aa0OpPaTOpHOI pPOOOTH CTYACHTH
MTOBUHHI 3aKPIIUTH TEOPETHYHI 3HAHHS 3 TAHOTO PO3JLTY TPOTpamH,
HABYMTHCS TPALIOBATH 3 JIAOOPATOPHUM IOCYIOM Ta NPHIAJaMHU.
PoGora B maboparopii BHMara€e OCMHCJICHHS TCOPETHYHOTO
Mmarepiany, 3 SKAMH TOB’s3aHI JOCITIIH, TOMY CTYISHT HOBHHEH
BUBYHTHU TEOPETHYHHI MaTepiall 3 TeMHU J1adopaTopHOi pOOOTH, KU
HAaBEJICHUI Y TEOPETUYHOMY BCTYIII 10 KOKHOI poboTu. OO0B’A3KOBI
3HaHHS CTYACHTIB 3 TpaBWJ TEXHIKHM Oe3nekn mpu podoTi 3
MpuiagaMi 1 BIAMOBIMHUMH peakTHBaMH, O€3 4YOoro He MOXHa
MOYMHATH TPAKTHYHY 4YacTHHY pobortu. JlabGopaTopHa pobota 3
BiJMOBITHUM O(OPMIICHHSIM B 30IIUTI TMOAAETHCS y BHUIISJI 3BIiTY
JUIS 3aXHCTY.

[Micas odopmieHHS KOXHOI J1labopaTtopHoi poboTu Tpeda
MMCHMOBO BIJIMOBICTM Ha KOHTPOJIbHI 3anmuTaHHs. BifmosigaTu Ha
MOCTaBJIeHI MUTaHHS Tpeba CTUCIIO, KOHKPETHO, B TIOBHOMY 00cCs3i,
MUCaTH BUPA3HO, YiTKO, akypaTHO. OCOOIMBO CTapaHHO CIiJ MHCATH
(dbopMynu XiMIYHHX CTIOJIYK Ta YPIBHIOBATH PIBHSHHS PEaKIliid.

[Iponymeny 3 Oynp-sKoi npuurHU JabopaTopHy podoTy Tpeda
BipOOJIATH 3 UEPrOBUM BHKJIa1aueM 3TiTHO rpadika.



LABORATORY 1. CHEMICAL PROPERTIES OF OXIDES
AND HYDROXIDES

Theoretical part

Compounds of elements with oxygen in which it has an
oxidation state of -2 are called oxides.

According to chemical properties, oxides are divided into non-
salt-forming and salt-forming. Oxides that do not form hydrated
compounds and salts are called non-salt forming (N2O, NO, CO,
Si0). Oxides that form salts during chemical reactions are salt
forming. According to their chemical properties, oxides are divided
into basic, acidic and amphoteric.

Oxides whose hydrates are bases are called basic. To basic
belong oxides of active metals - alkaline (Li, Na, K, Rb, Cs), alkaline
earth (Ca, Sr, Ba, Ra), magnesium, and transition metals (Mn, Cr, Ni,
Fe, Cu) in lower states of oxidation (+1, +2). Basic oxides interact
with acidic oxides and their hydrates (acids) to form salts:

K,O +N,O, — 2KNO;,
Ca0+2HNO, = Ca(NO,), +H,0.

Oxides whose hydrates are acids are called acid oxides. These
include oxides of nonmetals (CO,, N2Os, P20s, SOs, SOz, SiO;), and
oxides of transition metals in a higher degree of oxidation (+6, +7),
for example CrOs, Mn2Oy). Acidic oxides react with basic oxides and
bases forming salts:

P,O, +3Ba0 = Ba,(PO,),,
SO, +2NaOH = Na,SO, +H,0

Almost all acidic oxides, except for SiO, and some others,
dissolve in water, forming acids:

SO, +H,0 — H,S0O, - sulfuric acid.

Amphoteric oxides are oxides with weakly expressed acidic
and alkaline properties. They can react with strong acids and strong
bases (alkalis) to form salts. Such oxides include BeO, Al,Os, ZnO,
Crzos, MnOZ, Fe,0s.

Amphoteric oxides by reacting with acidic oxides and acids,
show weakly expressed bases properties, with the formation of salts:
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Al,O; +6HCI — 2AICI, +3H,0.
Showing weak acidic properties, amphoteric oxides react with
oxides of active metals and alkalis to form salts. These reactions
performed during fusion:

Zn0O + Na,O ;NaZZnO2 ,
sodium zincate
Zn0O+2KOH —» K,Zn0O, + H,0O .
potassium zincate
By direct interaction of amphoteric oxides with concentrated
alkali solutions, complex salts are formed:
Cr,0, + 2KOH +3H,0 — 2K[Cr(OH),],

Cr,0, + 6KOH +3H,0 — 2K,[Cr(OH),].

Table 1 shows the dependence of the chemical properties of
oxides (acidity and alkalinity) on the placement of chemical elements
in the periodic table.

Table 1
Nature of oxides changing

A Acidity ———

‘I( 1A A A IVA VA VIA VIIA
?Il Li,0 BeO B,0, co, N,0 OF,
i | Na0 MgO ALO, Sio, P40s0 S0, 1,0,
? K,0 Ca0 | Ga0; | GeO, | As,0; | Se0; | Br,0,
§, Rb,0 Sro IO, | Sn0, | Sb,05 | TeO, 1,0,
l Cs,0 Ba0 TLO, | PbO, | Bi,0g | PoO, | At0,

As mentioned, the products of the hydration of oxides are
bases or acids. Similarly to oxides, changes in acidic and alkalis
properties of compounds oxides in the main subgroups and periods
are observed (Fig. 1).



[l strong Base [l strong Acid
[[] weak Base Bl Middle Acid
. Amphoteric : Weak Acid

Fig. 1. Changes in the nature of oxide hydrates

Bases are compounds that dissociate into metal cations and
hydroxide anions OH" in aqueous solutions.

The most important chemical property of alkalis is the
interaction with acids and acid oxides with the formation of salts:

Cu(OH), +2HNO, — Cu(NG,), +2H,0,
Ca(OH), +CO, =CaCO, + H,0.
Amphoteric hydroxides are products of the indirect hydration
of the amphoteric oxides. Like amphoteric oxides, they react with
acids and alkalis forming salts. By interacting with acids, they

behave like weak bases, and by interacting with alkalis, they behave
like weak acids:

Zn(OH), + 2HCI — ZnCl, + 2H,0

Zn(OH), + 2NaOH —212°€ _, Na_7n0, + 2H,0,
Zn(OH), + 2NaOH (concentrated solution) — Na,[Zn(OH),]
sodium tetrahydroxocincate



Experimental part

I. Preparation and properties of alkaline oxides

1. Extraction of copper(lIl) oxide.

Add 5-6 ml of sodium hydroxide solution to a test tube
containing 5-6 ml of copper(ll) sulfate solution. Write the
observations and the corresponding reaction equation. Then carefully
heat the tube to boiling until the color of the precipitate changes.
Write observations and reaction equations. Is it possible to obtain
oxides of alkaline and alkaline earth metals in this way?

2. Study of the properties of copper(ll) oxide and calcium
oxide.

a) Interaction with water.

Pour 3-5 ml of distilled water into two test tubes, and add 2-3
drops of phenolphthalein. Add a small amount of calcium oxide (on
the tip of the spatula) to one and copper(ll) oxide to the second.
Write the observations and the corresponding reaction equations.

b) Interaction with acids.

Install 2 test tubes in the tripod. Add a small amount of
calcium oxide to one test tube, and cuprum(ll) oxide to the second.
Pour 1-2 ml of diluted nitric acid solution into both test tubes. Write
observations and reaction equations.

I1. Extraction and properties of acid oxides

1. Production of carbon(IV) oxide.

A piece of marble is placed in a test tube, and 1-2 ml of a
concentrated solution of hydrochloric acid is poured. The test tube is
closed with a gas outlet tube and the properties of the obtained oxide
are investigated. Write down the observations and make the
corresponding reaction equation for the production of carbon(IV)
oxide.

2. Study of the properties of carbon(1V) oxide.

Install 2 test tubes in the tripod. Pour 3-5 ml of distilled water
into one, add 5-7 drops of methyl orange, and lime water into the
other. The carbon(lV) oxide obtained in the previous experiment is
bubbled into these two test tubes. Write the observations and
corresponding reaction equations.



I11. Study of the properties of amphoteric oxides

Install 3 test tubes in the tripod, into which add small amounts
of zinc oxide. Pour 3-5 ml of distilled water and 3-5 drops of
phenolphthalein into one test tube, 2-3 ml of nitric acid into the
second, and 2-3 ml of concentrated alkali solution (potassium
hydroxide) into the third. Write the observations and corresponding
reaction equations.

Summarize the results of experiments I, 11, 11l in Table 2 and
draw conclusions about the chemical nature of the investigated
oxides.

Table 2
Reactions to determine the nature of oxides
Oxide Reaction Equations with Nature of
Water Acid Alkali the Oxide
CuO
CaO
CO;
Zn0O

IV. Extraction of insoluble alkalines

Pour 1-2 ml of ferrum(lll) chloride into one test tube, and the
same amount of chromium(ll) chloride into the other. Add a diluted
solution of sodium hydroxide to both test tubes until precipitation is
formed. Write observations and reaction equations.

V. Production and properties of amphoteric hydroxides

Pour 2-3 ml of aluminum sulfate solution into a test tube and
add ammonium hydroxide solution drop by drop until a precipitate
forms. Divide the loose sediment into two test tubes. To one test tube
add an equal volume of hydrochloric acid, and the same amount of
concentrated NaOH solution to the other. Write observations and
reaction equations, and make a conclusion about the chemical nature
of aluminum hydroxide.
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Questions:

1. Write the formulas of anhydrides corresponding to the next
acids: H.SO4, HsPO4, HNO3. Write reaction equations confirming the
acidic character of these anhydrides.

2. Write the formulas of the oxides corresponding to the
indicated hydroxides: Fe(OH)s;, NaOH, Ca(OH),, Mg(OH),. Write
reaction equations confirming the basic nature of these oxides.

3. Write equations of the reactions confirming the amphoteric
character ZnO and Al(OH)s.

4. Which of the listed substances react with potassium
hydroxide: HCI, BaO, CO;, ZnSO4, P;0s, Ca(OH),;, Cr.0s, N,O.
Write the corresponding reaction equations.

5. Complete possible reaction equations:

a)Si0, + H,0 — d)SO,+H,0—
b) ZnO+K,O — e) ALLO, +H,SO, >
¢) SO, +CO, —» f) Cr(OH), + KOH —
Vocabulary/ Croauk
basic OCHOBHHI
acidic KUCJIOTHUI
amphoteric amdoTepHuii
tube npobipka
tripod Tpuno (miacTaBka)
observations CIIOCTEPEIKEHHS
distilled water JIMCTHIbOBAHA BOJIA
phenolphthalein benondranein

JIABOPATOPHA POBOTA 1. XIMIYHI BJIACTUBOCTI
OKCUIIB TA I'TIPOKCH/IB

ExcnepumeHTaNbHA YaCTHHA
I. lo0yBaHH# Ta BJAaCTHBOCTI OCHOBHHX OKCH/IB
1. HoOysanns xkynpym(Il) okcuny.
VY npobipky 3 5-6 mu pozuuny kynpym(Il) cynedary momartu
5-6 MJI po3uMHY HATpiil rizpokcuay. 3amucaTtd CIIOCTEPEKEHHS Ta
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BimmoBigHe piBHAHHS peakiii. IloTiM mpobipky oOepexHO HarpiTi
IO KUMIHHS JOTH, IOKM HE 3MIHHTBCS KOJIp ocamy. 3amucaTh
CTIIOCTEPEKEHHA Ta PIBHAHHS peakuid. Yu MOKHAa TaKUM YHHOM
NO0YyTH OKCHIY JTYKHUX Ta JY)KHO3EMEJIbHUX METaliB?

2. BuBuenns BmactuBoctedt kympyM(Il) okcmay Ta KambItiit
OKCHIY.

a) Bzaemonis 3 Bogoro.

Y nBi mpoOipkH HAIUTH MO 3-5 MIJI JAWCTHILOBAHOI BOIH,
nojatu 2-3 KparuHu GeHondraneiny, mcis 4oro B 0JHY MpoOipKy
BHOCSATH HEBEJIHKY (Ha KIHUMKY IINATeNs) KUTBbKICTh KalblLili OKCUAY,
a B gapyry — kympyMm(Il) oxcumy. 3amucatu crmocTepeXeHHS Ta
CKJIACTH BiJIOBIHI PIBHAHHS PEaKIIii.

0) B3aemopis 3 kucioramu.

Bcranosutu B mtatusi 2 npobipku. B ogHy mpobipky BHECTH
HEBEJWKY KiJIbKICTh KalbIlii okcumy, B Apyry — kynpyMm(Il) oxcumy.
B o0uaBi mpobipkm Hamutu 1o 1-2 M pO3YMHY pPO3BENEHOI
HITPaTHOT KHUCIIOTH. 3alTUCaTH CIIOCTEPEKEHHSI Ta PIBHIHHS peaKIliil.

I1. lo0yBaHHs i BJACTHBOCTi KHCJIOTHHX OKCUAIB

1. HobyBanus kapbou(1V) oxcuny.

VY mpobipKy BHOCSTH IIMaTOYOK MapMypy, HAIMBAIOTH 1-2 Ml
KOHIIGHTPOBAHOTO  PO3YMHY XJIOpUAHOI KHCIHOTH. [Ipobipky
3aKpHUBAIOTh Ta30BiJBIAHOI TPYOKOK i JOCTIIKYIOTh BIIACTUBOCTI
OTPUMAHOTO OKCHJIY. 3amicaTéd CIIOCTEPEeXKEHHST Ta CKIIACTH
BIJIMOBITHE PiBHAHHSA peakiii no0yBanHs kapooH(IV) okcuy.

2. BuBuenns BiactuBocteii kapoon(1V) okcuny.

BceranoButn y mratuBi 2 npoOipku. B ogHy Hammth 3-5 mn
JMCTUIILOBAHOI BOJIM, IOJATH 5-7 Kpaleslb MEeTUIOPaHKy, B 1HIITY —
BamHsAHOI Bojau. OTpuMaHuil y nonepenHbomy fociiai kapoou(I1V)
okcuj 6apOOTYIOTH y 1i J1Bi MPOOiIpKU. 3amicaTh CIOCTEPEKEHHS Ta
BIJIMTOBIIHI PIBHSHHS peakiiii.

I11. BuBueHHs BiacTHBOCTel aM(OTepHUX OKCH/IIB

BceranoButn y mratuBi 3 mpoOipkd, B SKi BHECTH HEBEIHKI
KUIBKOCTI TUMHK OKcuay. B omHy mpoOipky Hamuta 3-5 wMn
JMCTUIILOBaHOT BOAM 1 3-5 Kkpanenb QeHondraneiny, B 1pyry — 2-3
MJI HITPATHOT KHCJIOTH, B TPETIO — 2-3 MJI KOHIIEHTPOBAHOT'O PO3YHHY
nyry (Kajiil rigpokcumy). 3amucaTtd CIIOCTEPEKEHHS Ta BiJNOBigHI
PIBHSIHHS peakxiliii.
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Pesympratu mocmiais L, 11, Il 3BecTn y Tabmmimro 2 i 3pobutu
BHCHOBKH TIPO XIMIYHHH XapaKTep JOCIiHKECHIX OKCHIIIB.

Tabmums 2
Peakiiii [yist BCTaHOBJICHHS XapaKTePy OKCHUJIIB
Oxkcupg PiBHSHHS peakiii 3 BucHoBok npo

BOJIOKD | KHUCJIOTOIO JIyTOM XapakTep OKCUAY
CuO
CaOo
CO;
Zn0

V. lo0yBaHHs HEPO3YHHHUX OCHOB
B omny mpobipky nHamuta 1-2 mu depym(Ill) xmopuny, a y
iy — crineku & xpoMm(Il) xmopumy. B oOuasi mpobipku momatu
PO3BEICHOTO PO3YMHY HATpPil TiIPOKCHAY JO YTBOPEHHS OCaiB.
3anucary COCTEPEKECHHS Ta PiBHSHHS PEaKIii.

V. loGyBaHHs Ta BJJacTHBOCTI aM(OTepPHUX TiApOKCHIIiB

B mpobipky Hanmutu 2-3 MJI pO3UMHY alOMiHii cynbdary i
KpalUIMHAMHU JTOJaBaTH PO3YMH aMOHIH TiIPOKCHAY 10 YTBOPEHHS
ocany. Ilyxkmit ocam posmimuté Ha nBi mpoOipku. o omHiel
MpoOipKu J1oJaTh piBHUI 00°€M XJIOPHIHOT KUCIIOTH, a JI0 JAPYroi —
CTUTBKM 3K  KoHHeHTpoBaHoro po3unHy NaOH. 3anmcartu
CIIOCTEPSKCHHSI Ta PIBHSIHHS pPEaKIii, 3poOMTH BHCHOBOK IIPO
XIMIYHAN XapaKTep altOMiHIl T1IPOKCHITY.

KoHTposbHi 3anuTaHHA

1. Hamumcatm ¢dopMmynn aHTigpuaiB, WO BiJNOBITAIOTH
BkazanuMm kuciotam: HxSOs, HsPO.s, HNOs;. Hamwmcatu piBHSHHS
peaxiii, mo MmaTBepIKYIOTh KUCIIOTHHN XapaKTep [UX aHTiIpH/IiB.

2. Hammcatu ¢opMynu OKCHIB, IO BiATIOBITAIOTh BKa3aHUM
rizpoxcumam: Fe(OH)s;, NaOH, Ca(OH);, Mg(OH),. Hamwmcatu
PIBHSIHHSL PEaKIliid, M0 MiNTBEPPKYIOTh OCHOBHHMH XapakTep IHX
T1IPOKCHUIIB.

3. Hanwmite piBHAHHA peakmid, IO MiATBEPIKYIOTh
amporepruii xapakrep ZNO ta AI(OH)s.
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4. SIxi 3 mepeniueHWX PEUYOBHH pearyioTh 3 TiIPOKCHIOM
KaJIo; HC', BaO, COz, ZnSO4, ons,Ca(OH)z, Crzos, NzO. Cknactu
BiJIMIOBI/THI PIBHSIHHS PEAKITii.

5. 3aKiHYMTH MOKJIMBI PIBHSHHS PEaKIiid:

a)Si0, + H,0 — r SO, +H,0—
6) Zn0O+K,0 —> n) AlLO, +H,SO, —»
8) SO, +CO, — e) Cr(OH), + KOH —

LABORATORY 2. ACIDS. REACTIONS OF OBTAINING
AND TRANSFORMING SALTS

Theoretical part

Acids are substances that dissociate into hydrogen cations and
anions of acid residues in aqueous solutions.

Acids are divided into oxygen-free (H-S, HCI, HBr, HF, HI)
and oxygen-containing (H2SOs, H2SO4, HNOs, H3PO.) acids.

The number of hydrogen ions, which are formed as a result of
dissociation in an aqueous solution from one acid molecule,
determines the alkalinity of the acid. By alkalinity, acids are divided
into monoalkalinic (HCI, HBr, HF, HI, HNO3), dialkalinic (H2SOs4,
H>S0s), and trialkalinic (HsPQ.,).

The names of acids consist of the name of the element
characteristic of the acid residue (Table 3).

Acids react with bases to form salt and water. Such a reaction
is called a neutralization reaction:

Cu(OH), +2HCI = CuCl, +2H,0

Table 3
Systematic names of acids and acid residues
Acid Systematic name Acid Acid residue
formula residue name
formula
HCI Hydrochloric acid Cr Chloride
HBr Bromic acid Br Bromide
HF Hydrofluoric acid F Fluoride
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Table 3 extension

HNO3 Nitric acid NOs Nitrate

HNO; Nitric acid NOy Nitrite

H,CO3 Carbonic acid COs* Carbonate

H,SO, Sulfuric acid SO~ Sulfate

H.SO;3 Sulfitic acid SOs* Sulphite

H>S Sulfide acid s* Sulfide

H.,SiO3 Silicic acid SiOs* Silicate

HsPO, Orthophosphate PO/ Orthophosphate
acid

Salts are complex substances that dissociate into basic cations
and anions of acidic residues in aqueous solutions. Salts are divided
into medium, acidic and basic.

Medium salts are products of complete mutual neutralization
of an acid and a base:

2KOH +H,S0, =K,SO, +2H,0.
potassium sulfate

Acidic salts are products of partial neutralization of polybasic
acids with bases:

KOH +H,SO, = KHSO, + H,0
potassium hydrogen sulfate
When alkalis are added, acidic salts turn into medium ones:
KHSO, + KOH =K,SO, + H,0.
Acidic salts are formed when acid is added to a medium salt:
CuSO, +H,SO, — Cu(HSQ,), .
copper(1l) hydrogen sulfate
Basic salts are products of the partial neutralization of
polyacid bases by acids:
AI(OH), + 2HCI = AIOHCI,, +2H,0.
aluminum hydroxide chloride
Basic salts are formed by the interaction of an alkali with an
excess of medium salt:
2CuS0O, +2NaOH — (CuOH), SO, + Na,SO, .

copper(ll) hydroxide sulfate
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When acid is added, sparingly soluble basic salts are
transformed into soluble medium salts:

AIOHCI, + HCI = AICI; + H .0,
and when alkali is added - to the corresponding insoluble base:
AIOHCI, + NaOH = AI(OH), { +H,0.

When acidic and basic salts are mixed, occurs their mutual
neutralization:
Fe(HSO,), + (FeOH),SO, =3FeSO, +2H,0.
iron(I1) hydrogen iron(ll) hydroxide
sulfate sulfate
Experimental

I. Production of medium salts

1. Pour 1-2 ml of sodium hydroxide solution into a test tube,
add 2 drops of phenolphthalein, then add hydrochloric acid drop by
drop. Explain the change in color of the solution. Write the
appropriate reaction equation.

2. Pour 1-2 ml of sodium orthophosphate solution into the test
tube and add the same amount of calcium chloride solution until a
precipitate forms. Write the observations and the reaction equation.

I1. Production and properties of acidic salts

1. To the contents of the test tube from the previous
experiment (1.2), add orthophosphate acid drop by drop until the
precipitate dissolves. Write down the observations and equations for
the reaction of the conversion of a medium salt into an acidic one.
How many acid salts can be obtained? Write down their formulas
and names.

2. Pour Y tube of lime water Ca(OH), solution) and pass
carbon dioxide from Kipp's apparats until a precipitate forms. Write
the observations and the reaction equation.

Continue passing carbon dioxide until the precipitate
dissolves. Write the observations and the reaction equation.

Add lime water to the resulting solution. Write the
observations and the reaction equation.
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I11. Production and properties of basic salts

1. Pour 1-2 ml of copper (11) sulfate solution into a test tube,
add 1-2 drops of diluted sodium hydroxide solution. Note the color
of the resulting precipitate of the basic salt, write the reaction
equation.

2. Divide the contents of the test tube into three parts. Add an
excess of alkali to one test tube. Observe the change in the color of
the sediment. Write the reaction equation for the transformation of
the basic salt into the corresponding hydroxide.

Add sulfuric acid solution to the contents of the second test
tube. Observe the change in the color of the sediment. Write the
reaction equation for the conversion of a basic salt into a medium.

Bring the contents of the test tubes with sediments of basic salt
and hydroxide to a boil. Where and why does the color change?
Write the equation of the corresponding reaction.

Questions:

1. Make the formulas of the following substances: sodium
orthophosphate, barium hydrogen sulfate, iron (I1) hydroxide sulfide,
potassium acetate, aluminum dihydrogen orthophosphate, aluminum
dihydrogen sulfite, potassium silicate, calcium nitrite, chromium (1)
sulfate.

2. Write the formulas of all possible salts (medium, acidic,
basic), which are formed during the interaction of: a) aluminum
hydroxide and sulfuric acid; b) barium hydroxide and orthophosphate
acid. Name these salts.

3. Make equations for the reactions between acids and bases,
as a result of which the following salts are formed: potassium nitrate,
barium hydrogen sulfate, lithium dihydrogen orthophosphate, sodium
sulfide, chromium(lll) nitrate.

4. Make equations of reactions, with the help of which the
following transformations can be carried out:

Fe,(S0O,); —» Fe(HSO,), — Fe,(SO,), —» FeOHSO, —
— (Fe(OH),),SO, —» Fe(OH), — Fe,(SO,),.
Name the formed salts.
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5. What salt is formed by the interaction of 1 mol of barium
hydroxide and 1 mol of orthophosphate acid. Write the appropriate
reaction equation.

6. What salt is formed by the interaction of 1 mol of calcium
hydroxide and 2 mol of orthophosphate acid. Write the appropriate
reaction equation.

Vocabulary/ Caosauk

dissociation nucoLianis
neutralization HeHTpasizaris
medium salts cepeHi comi
acidic salts KHCIII cOJTi
basic salts OCHOBHI COJIi
precipitate ocaj

Kipp's apparat amapart Kimma
lime water BaIlHsAHA BOJA

JIABOPATOPHA POBOTA 2. KUCJIOTH. PEAKVI_[IT
OLEPXXAHHSA TA ITEPETBOPEHHS COJIEU

ExcnepuMeHTAIbHA YACTHHA
I. OnepxxanHs cepeaHix coJiei

1. B npoGipky Hamutu 1-2 MJ pO3YMHY HATpidl TiAPOKCHY,
momaty 2 kparwt  ¢eHondTaneiHy, MOTIM I0aBaTH KpaIuIsIMH
XJIOpUAHy Kucioty. [loscHuTH 3MiHY 3a0apBieHHS pPO3YMHY.
Hanucatu BinoBiiHE piBHSIHHS PEAKIIii.

2. Hanurtu B npobipky 1-2 M po3unHy HaTpiii oprodocdary i
JO/IaTH CTIIBKM 5K PO3YMHY KAJIBIIH XJIOpUIY 0 YTBOPEHHS OCasy.
3anucary CIIOCTEpPEeKEHHs Ta PIBHSIHHS PEaKIIii.

I1. Onep:xanHHs Ta BJACTUBOCTI KHCJIMX COJIei

1. Jlo Bwmicty mpoOipku 3 monepeanporo mpocuigy (1.2)
J0JaBaT KparjiiHaMu opTodochaTHy KUCIOTY A0 PO3YMHEHHS
ocajy. 3ammcath  CIIOCTEPEKCHHS Ta  DIBHSHHS  peakiii
MEPETBOPEHHSI CepeaHbol coii B KHUcTy. CKUIBKM KHCIHX COJEH
MO>KHa ozepxartu? 3anucaTy iX GOpMyiIH Ta Ha3BH.
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2. Hanmutu 4 mpobipku BamHsiHOI Boau (po3umH Ca(OH)») i
MPOITyCKaTH BYTJTICKHCIINH ra3 3 anmapara Kinma 1o yTBOpeHHs ocamy.
3anucaty CIOCTEpeXEeHHs Ta PiBHSHHS PEeaKIii.

[IpomoBxyBaTu MpOMyCKaTH BYTIACKUCINHA a3 0 POZYHHEHHS
ocafy. 3arrcaTH CIIOCTEPEKEHHS Ta PIBHIHHS PEaKilii.

Jlo yTBOpEHOTO pO3YHMHY IOJHTH BAaIHSHOI BOJIH. 3arMCaTH
CTIIOCTEPEIKEHHS Ta PIBHAHHS PEaKIIii.

I11. Oxep:xanHs Ta BJACTHBOCTI OCHOBHMX COJIei

1. B mpobipky mamutu 1-2 miu po3unny kynpym(Il) cymedary,
nogatu 1-2 kparuti po30aBIEHOTO PO3YMHY HATPId TiAPOKCUAY.
BigMiTUTH KOJip ONEP:KAaHOTO OCaay OCHOBHOI COJIi, HANUCaTH
PIBHSIHHS peaKilii.

2. BmicT mpoOipku posminutu Ha Tpu dacTuHHU. Jlo ojHiel
npoOipKu ogath HaIMUIOK Jiyry. CrocTepiraTé 3MiHy KOJBOPY
ocany. Hamucaru piBHSHHS peakiii mepeTBOPeHHS OCHOBHOI COJIi B
BiJIMTOBIAHUH T1IPOKCH].

Ho Bmicty npyroi mpoOipKu AoAaTH PO3YMH CyIb(paTHOL
kucnotu. Crioctepiraté 3MiHy KOJIBOpYy ocaay. Hammcatu piBHSIHHA
peaxiiii mepeTBOpeHH OCHOBHOI COJIi B CEPETHIO.

Bwmict mpoOipok 3 ocamamMu OCHOBHOI cCOJi i TiAPOKCHAY
JnoBecTH 10 kumiHHA. Jle 1 YoMy 3MIHIOEThCS 3a0apBiicHHS?
Hamucatu piBHSHHS BiIITOBITHOT peaxiii.

Koutpoabhi 3aBnanus

1. Cxnanite popMynu Takux peyOBUH: HATpild oprodocdar,
Oapii rigporeHcynbdar, ¢epym(ll) rigpoxcum cympdim, Kamii
areraT, aloMiHil murigporeHoprodocdar, amroMiHIA JUTIIPOKCHUIT
cynbdir, kanii cumikar, kanelii HiTput, XpoM(I1l) cynedart.

2. Cknanite (opMynH BCiX MOXJIMBHX COJeH (CepeiHix,
KHCJIMX, OCHOBHHX), SIKi YTBOPIOIOThCS MPU B3a€EMOJII: a) altOMiHi
ripokcuay Ta CcyiabpartHOi KucioTw; O) Oapidl TiApOKCcHIY Ta
oprodocdaTHoi kucinotu. Hazearu i couti.

3. CxmagiTh piBHSHHA peakUiil MK KUCIOTaMH 1 OCHOBaMH, B
pe3ybTaTi SKUX YTBOPIOIOTbCS Taki coili: Kaliii Hitpar, Oapiit
rizporencynbgdar, nitiii auringporeHoprodocdar, Harpiil cymbdin,
xpom(III) Hitpar.
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4. CxymamiTe PIBHSHHS PEakIliid, 3a JOIIOMOTOI0 SKHUX MOXHa
3MIUCHUTH TaKi IEPETBOPCHHS:

Fe,(SO,), — Fe(HSO,), —» Fe,(SO,), » FeOHSO, —
— (Fe(OH),), SO, — Fe(OH), — Fe,(SO,),.

5. Sxa cinp yTBOproeThCcsl Tpu B3aemonii 1 monp Oapiid
rizpokcuny Ta 1 w™Mome optodocdarHoi kuciaotH. HamwmcaTtu
BIJIITOBITHE PIBHSHHS PEaKIIii.

6. flka cinb yTBOPIOETHCSA TPH B3a€MOJIi 1 MONb KalbIlii
rizpokcuny Ta 2 Momb optodocdaTHoi KucaoTH. HammcaTtu
BIJIITOBITHE PIBHSHHS PEaKITii.

LABORATORY 3. RESEARCH OF REACTIONS IN
ELECTROLYTE SOLUTIONS
Theoretical part

Electrolytes are substances, solutions or melts of which
conduct an electric current due to dissociation into ions (Table 4).

Electrolytic dissociation is the disintegration of structural units
of a substance into ions under the action of a solvent.

Substances that almost completely dissociate into ions in
solutions are called strong electrolytes.

Electrolytes that partially dissociate or are insoluble are called
weak electrolytes.

Table 4

List of Electrolytes
STRONG: WEAK:
1. Water-soluble salts; 1. Salts sparingly soluble in
2. Acids: HNOsz, HCIQ,, | water;
HCI, HBr, HJ, H,SO4 2. Most organic  acids
(according to the 1st degree | (CH;COOH),
of dissociation); 3. H,CO3, H,SiOs3, H,S, HCN,
3. Hydroxides of alkali and | H2SOs3;
alkaline earth metals: 4. NH,OH and slightly water-
LiOH, NaOH Ca(OH),, | soluble  metal  hydroxides:
Ba(OH)2 Cu(OH),, Fe(OH)s, AI(OH)s,
(according to the 1% degree of Mg(OH)z, Pb(OH)2, Cr(OH)s
dissociation)
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The quantitative characteristic of electrolytic dissociation is
the degree of dissociation (), which is equal to the ratio of the
number of dissociated molecules (Nbis) to the total number of
electrolyte molecules (Ntoral) in the solution:

N
o = _"DIs

N TOTAL

The process of dissociation of polybasic acids and polyacid
bases occurs in stages. For example, the dissociation of sulphitic acid
occurs as follows:

| degree H,SO,2H" + HSO;;
Il degree HSO, 2 H* +SOZ.

The equilibrium constant of a weak electrolyte, K, is called the
dissociation constant Kpis. It, like the degree of dissociation, is a
guantitative measure of the electrolyte's ability to dissociate in
solution. For a solution of sulfitic acid, which dissociates according
to the first degree, the dissociation constant has the following
expression:

+ p—
Koo, < HAIHSOST s
[H2S0;]
and for the Il degree:
+ _
KD|S.2 = —[H ][803 ] K> =48 107
[HSO; ]

The smaller the Kpis value, the weaker the electrolyte.
Exchange reactions in electrolyte solutions occur in the direction of
the formation of weak electrolytes, the release of gas and the
formation of sediment.
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Experimental part

I. Reactions with the formation of sparingly soluble
compounds

Pour salt solutions into two test tubes: in the first - 5-6 drops
of sodium sulfate, and in the second - 5-6 drops of aluminum sulfate.

Add barium chloride solution drop by drop to both test tubes
until a precipitate is formed. Write observations and reaction
equations in ionic-molecular form.

I1. Reactions with the formation of gaseous compounds

Pour crystalline calcium carbonate into one test tube and add
5-6 drops of hydrochloric acid. Pour 5-6 drops of sodium carbonate
solution into the second test tube and add the same amount of acetic
acid solution. Note the gassing in both test tubes.

Write the equation in ionic-molecular form.

I11. Determination of the flow direction of ion exchange
reactions involving electrolytes

a) Pour 5-6 drops of ammonium chloride solution into a test
tube and add 4-5 drops of 1 N. sodium hydroxide solution. Mix,
determine by the smell which weak electrolyte was formed.

b) Put a few crystals of sodium acetate in the test tube and add
5-6 drops of 1 n. hydrochloric acid solution. Mix, identify the
resulting compound by smell.

Write the reaction equations in ionic-molecular form.

Questions:

1. What substances are called electrolytes. According to which
principle are they divided into strong and weak?

2. What are the quantitative characteristics of the electrolytic
dissociation process?

3. Write the expression of the dissociation constant of sulfuric
acid according to the 1%t and 2",

3. Write the expression of the dissociation constant of sulfuric
acid according to the 1%t and 2™ degree of dissociation.

4. Write the ionic-molecular reaction equation between zinc
hydroxide and hydrochloric acid.

5. Write the ionic-molecular reaction equation for the reaction
between zinc hydroxide and potassium hydroxide.
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Vocabulary/ Crosuuk

electrolyte €JIEKTPOIIIT

electrolytic dissociation eJIEKTPOIITHYHA TUCOIAIlis
solvent PO3YMHHHUK

strong electrolytes CWJIBHUU SJICKTPOJIT

weak electrolytes CITaOKHi eEKTPOITIT
solution PO3YHH

dissociation constant KOHCTAHTA JIUCOINaIli]
sediment ocaj

JIABOPATOPHA POBOTA 3. IOCJIJKEHHS PEAKIIIN B
PO3UMHAX EJIEKTPOJIITIB
ExcnepuMeHTaIbHA YACTHHA

I. Peakuii 3 yTBOpeHHSI MAJIOPO3YMHHHUX CIIOJTYK

B nBi mpoOipku HamWTH pPO3UMHH coieli: B mepmyy — 5-6
Kpamenb HaTpid cynbdary, a B Apyry — 5-6 Kpamenb altoMiHii
cynbdary.

B o0unsi mpobipku gogatv Mo Kpamisix po3uuHy Oapiit
XJOpUAY 10 OnepXKaHHA ocaly. 3alucaTH CIIOCTEPEKECHHS Ta
HaITUCATH PIBHSAHHS Peakiliii B HOHHO-MOJEKYISAPHIA HopMi.

II. Peakuii 3 yTBOpeHHsIM ra3onoaioHux cnojayk

B omHy nmnpoOipky HacumaTH KpPHUCTAJIIYHOTO  KaJIbIid
kapOoHaTy 1 Jomatu 5-6 Kpameiab XJIOpUAHOI KUcIoTH. B nmpyry
MpoOipKy HAMUTH 5-6 Kparenb po3uuHy HATpiii kKapOoHATy 1 JojaTH
CTUTBKH K PO3YMHY alleTaTHOI KMCIOTH. BiAMITUTH BUIIJICHHS Ta3y B
000X Mpobipkax.

Hamucatu piBHSHHS B HOHHO-MOJIEKYJISIPHIN (hopMi.

I11. BudHavyeHHsI HAPSIMY NPOTiKaHHA HOHHOOOMiHHMX
peakiiii 3 y4acTIo eJIEKTPOJIITIB

a) B mpobipky Hamumiite 5-6 Kpamenb pPO3YMHY aMOHiH
xJopuny i gopaiite 4-5 kpamenb | H. pO3YMHY HATpid TiAPOKCUAY.
[epemimaiite, BH3HAUYTE 3a 3amMaxoM, SIKHMA CIAOKUH EJIEKTPOJIT
YTBOPHUBCSL.

0) BHecitb B mpoOipKy JeKilbka KpHCTalliB HaTpiil anerary i
nomaiite 5-6 kxpamens | H. PO3UMHY XJIOPUAHOI KHCJIOTH.
[lepemimaiiTe, BU3HAYTE 32 3al1aXOM YTBOPEHY CIIOJIYKY.
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3anuiriTe pIBHAHHS peakliid B HOHHO-MOJIEKYISPHi Gopmi.

KounTpoanbhi 3aB1anHs

1. SIki pEeyOBMHM HA3WBAIOTHCSA EJICKTPOJIITAMH, 33 SKUM
MPUHIIKAIIOM iX HOIUISIOTh Ha CHJIBHI 1 c1a0Ki?

2. SIki € KiTBbKiCHI XapaKTePUCTHKH MPOIECY eNEKTPONITUIHOT
JUCOLTIAIii?

3. Hammcatm BWpa3 KOHCTAaHTH aAWcomiamii cymnbdaTrHOI
kucnotu 3a [ 1 Il ctynenem mucomiartii.

4. HarmucaTy HOHHO-MOJICKYJISIPHE PIBHSIHHS PEaKIlii MiXK IIUHK
TIAPOKCHUIIOM Ta XJIOPUIHOKO KUCIIOTOIO.

5. Hammucatu HOHHO-MONEKYISIpHE PiBHSAHHS PEaKIlii B3aeMOil
LIUHK T1IPOKCHIY 3 KaJIill TiAPOKCHIOM.

LABORATORY 4. HYDROGEN INDEX OF
SOLUTIONS (pH). INFLUENCE OF pH ON CORROSION OF
METALS

Theoretical part
Water is a weak electrolyte. The dissociation equation for
water is:

H.O 2H" + OH.

The product of the concentrations of hydrogen and hydroxide
ions is called the ionic product of water ( KHZO) and at 22°C is equal

to:
Ky,o =[H"]-[OH "]= 10" (mol/l).

Solutions in which the concentrations of hydrogen and
hydroxide ions are the same are called neutral (Fig. 2).

Solutions in which the concentration of [H*] exceeds the
concentration of [OH] are called acidic.

Solutions are alkaline, where the concentration of [H*]-ions
is less than [OH].
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H20 & H' +OH™
Acid [H7] > [OH] [ (HY] = [OH'], Base [H*] < [OH]
N\ \[H =107/ v 4 4

NN L
N
4 0 1 2 3 4 5 6/7\8 9 10 11 12 13 14 15

= Neutral >
<

Increasing [H*] reaction Increasing [OH]

Fig. 2. Change of pH-Index

The acidity of the solution is expressed through the
concentration of H* ions. For convenience, instead of the
concentration of hydrogen ions, a hydrogen ions indicator (pH) is
used.

The hydrogen pH indicator is the negative decimal
logarithm of the concentration of hydrogen ions:

pH =—Ig[H"],and pOH =—Ig[OH 7],
pH + pOH =14,

For neutral solutions, the hydrogen pH indicator is 7, for
acidic solutions, pH < 7, and for alkaline solutions, pH > 7.
Universal indicators are used to experimentally determine the pH of
solutions (Fig. 3).

S!omach Stomach  Ammonia

EI9  Topjets  Solton Beach D’“

Mik Water Blood

Soda
Battery Lemon Tomato  Coffee

E@( Q-m

|

l

el

- ‘;_ -
LIRS )

ACIdIC Neutral Alkaline

Fig. 3. pH scale for a universal indicator
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To calculate the pH of solutions the next formulas are used:
1. In solutions of strong monobasic acids, pH is determined by

the formula: pH =-19C,, (acid).
2. In solutions of weak monobasic acids:

PpH = %pK—%lg C, (acid)

where pK is an indicator of the acid dissociation constant.
3. For solutions of strong monoacidic bases:

pH =14- pOH =14 +1gC,, (bases) .
4. For solutions of weak monoacidic bases:

1
pH :14—E(pK—IgCM).

The value of the pH of the environment affects the course of
production processes, the breakdown of chemical pollutants in
wastewater, the rate of corrosion of metal structures, soil fertility,
and the state of human health.

Corrosion is a process of destruction of metals that occurs
spontaneously and is the result of chemical or electrochemical
interaction of metals with the environment.

During electrochemical corrosion, two processes occur
simultaneously on the metal surface:
anodic - metal oxidation

Me® —ne = Me"
and cathodic - reduction of hydrogen ions (acidic environment):
2H" +2e=H,
or oxygen molecules dissolved in water (neutral medium):
0O, +2H,0+4e =40H".

lons or molecules that are reduced at the cathode are called
depolarizers. In atmospheric corrosion (corrosion in moist air at
room temperature), the depolarizer is oxygen.

Substances that accelerate the corrosion of metals are called
corrosion activators. These include, for example, chloride ions,
oxygen dissolved in water, hydrogen cations.
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In order to prevent corrosion or eliminate corrosion of metals,
the following protection methods are most often used: isolation of
metals from the environment, change of the corrosive environment,
and electrochemical methods of metal protection.

Experimental part

I. Determination of the pH value of electrolyte solutions

a) Pour 5-6 drops of 0.1n. HC/ into one test tube solution of
CH3COOH, and in the second 5-6 drops of 0.1n. HCI and add 1-2
drops of a universal indicator to them or apply a few drops of a
solution of CH3COOH and HC1 to a strip of universal indicator
paper with a glass stick. Determine the pH of the investigated
solutions Make a conclusion regarding the strength of acetic acid.
Compare the pH values on the universal indicator paper with the
calculated pH values of 0.1 n CH;COOH and 0.1 n HC1.

b) Similarly, determine pH 0.1n NH4OH solution and 0.1 n
NaOH. Compare these values with the calculated values. Make a
conclusion about the strength of ammonium hydroxide.

Il. Study of the influence of impurities in metal on the
intensity of its corrosion

Pour 3-4 ml of sulfuric acid solution into the test tube and add
a piece of zinc to the solution. Determine the rate of gas release on
the zinc surface. Add 6-8 drops of copper(ll) sulfate solution to the
test tube. Why did the rate of gas release change?

I11. Effect of inhibitors on zinc corrosion

Dip a piece of zinc in two test tubes with 3-4 ml of
hydrochloric acid. When the hydrogen release becomes violent, add
urotropin (or formalin) to one of the test tubes. Write and explain
observations.

Questions:
1. What is the ion product of water and what is it equal to at
298K in pure water?
2. What are the hydrogen and hydroxyl indices and why are
they equal at 298K in pure water?
3. Determine the pH and pOH of a solution in which 0.04 g of
sodium hydroxide is dissolved in 100 ml of solvent.
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4. Determine the pH and pOH of a 0.01 M hydrochloric acid
solution.

5. The concentration of A" ions in a solution of hydrochloric
acid is equal to 1 - 102 mol/I. Determine the pH of this solution.

6. What metals will corrode in an alkaline environment: 1)
Mg; 2) Zn; 3) Cu; 4) Al; 5) Sn. Write the corresponding reaction
equations.

Vocabulary/ Crosuuk

hydrogen index BOJIHEBHM OKAa3HUK
ionic product of water HOHHUI TOOYTOK BOIH
corrosion KOpO3isi

depolarizers JICTIOJISIPU3ATOPH
corrosion activators AKTHBATOPHU KOPO3ii
prevent 3amo0IirTH

JIABOPATOPHA POBOTA 4. BOJHEBUM ITOKA3HUK
PO3YMHIB (pH). BIUTUB pH HA KOPO3IIO METAJIIB
ExcnepumeHTaIbHA YaCTHHA

I. Busnauenns BeJuyunu pH po3unHiB eJIeKTPOJIITIB

a) B omay mpoOipky Hamumiite 5-6 kpamens 0,1H. po3dywmHy
CH3COOH, a B apyry 5-6 kpanens 0,11. HCI 1 nonaiite 1o Hux 1-2
Kparli  yHiBepcaJbHOTO  iHIuMKaTopa abo  Ha  MOJOCKY
VHIBEpCAJIbHOTO  iHAMKATOPHOTO  Mamepy HaHECITh  CKISIHOIO
MaJIMYKOIO JIeKUIbKa Kparnenb po3unny CH3COOH i HCI. Bu3naurte
pH nocmimxyBaHNX pPO34MHIB. 3p0o0iTh BHUCHOBOK BiJTHOCHO CHIIH
arieraTHol kucnotu. [lopiBHsiiTe 3HaueHHs pH 3a yHiBepcaJbHUM
1HAMKAaTOPHUM IIallepOM 3 PO3PaxyHKOBMMH 3HaueHHAMHU pH 0,1H.
CH3COOH i 0,11. HCI.

0) Ananoriuno BusHaure pH 0,1H. po3unny NHsOH Ta 0,1H.
NaOH. IlopiBHsiiTe mi 3HA4YEHHS 3 PO3PAXyHKOBUMH. 3pOOiTh
BHUCHOBOK IIPO CHITY aMOHIH TiipOKCH Y.

I1. JocainkeHHs BIUIUBY JOMIIlIOK B MeTaJli HA
IHTeHCHBHICTB HOr0 KOpo3ii

Hamutu B npo6Gipky 3-4 M po3unHy Cyiab(paTHOi KHUCIOTH i
BHECTH B pO3YMH NIMAaTOYOK IIMHKY. BiJ3HAYUTH UIBHIKICTbH
BUJIJIEHHA ra3y Ha MHOBepxHiI UMHKY. [lo0aBuTH B mpoObipky 6-8
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kpanenb po3unHy KynpyMm(Il) cymedary. YoMy mBHIKICTH
BH[IIJICHHA Ta3y 3MiHWIACh?
I11. dist inridiTopiB Ha KOPO3i0 HMHKY
B 181 npoOipku 3 3-4 M1 XJIOPUIHOT KHCIOTH 3aHYPIOEMO TI0
IMaTOYKy IMHKY. Kooy BHIUICHHS BOIHIO CTAa€ OypXJIUBUM B OJHY
3 TpobipoK HomaeMo yporpomiH (abo Qopmaiin). 3amucaTa Ta
MOSICHUTH CIIOCTEPEKECHHSI.

KouTtposbhi 3aB1anHs

1. o Take foHHMI NOOYTOK BOIM i YOMY BiH JOPIBHIOE MPH
298K B yucTii Bomi?

2. Illo Take BOAHEBHWH 1 TIAPOKCHIBHUM TOKA3HUKH 1 YOMY
BOHH J0piBHIOWOTH pH 298K B umcTiit Boai?

3. Bu3HauuTH BOJNHEBUH Ta TiIPOKCUIBHHNA TOKa3HUKH
po3uuny, B 100 M sikoro pozunHeHo 0,04 T HATPil TIIPOKCUTY.

4. Busnauutn pH ta pOH 0,01 M po3uuHy XJIOpHIHOI
KHCJIOTH.

5. Konuenrpauis HoHie H' B PO3YUHI XJIOPHIHOI KUCJIOTH
nopisaioe 1 - 102 mons/n. BusHauutu pH 1p0ro po3duHy.

6. SIxi metanu OyayTh KOPOIYBAaTH y JYKHOMY CEPEIOBHII:
1) Mg; 2) Zn; 3) Cu; 4) Al; 5) Sn. Hanucatu BiAnoOBiAHI PiBHSHHS
peaxiii.

LABORATORY 5. RESEARCH OF HYDROLYSIS OF SALTS

Theoretical part
Salt hydrolysis is an exchange reaction of salt ions with water
molecules, as a result of which a weak electrolyte is formed and the
pH of the medium changes.
Only those salts are hydrolyzed, the composition of which
includes the remainder of a weak electrolyte, for example, NH.CI:

NH; +HOH = NH,OH + H ",
NH,CI + HOH = NH ,OH + HCI .

As a result of the hydrolysis of this salt, a weak base NH:.OH
and a strong acid HC1 are formed, the pH of this solution will be
acidic (pH < 7).
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Salts, which include multi-charged residues of weak
electrolytes, are hydrolyzed in stages, for example, K>2COs:

I degree: CO.™ + HOH 2 HCO, +OH -
K,CO,; + HOH 2 KHCO, + KOH ; pH>17.

As a rule, spontaneous hydrolysis occurs only in the 1% degree.
To shift the ionic equilibrium and enhance the hydrolysis of this salt,
it is necessary to add a strong acid to neutralize the alkaline reaction
of the solution.

1l degree: HCO, + HOH <"+ CO, + H,0+OH "

KHCO, + HOH «™*— CO, + H,0+0OH"

The products of complete hydrolysis of this salt will be a weak
carbonic acid (CO; + H>0) and a strong base KOH.

If a salt is formed by a weak acid and a weak base, then the
hydrolysis of such a salt occurs simultaneously for the cation and for
the anion, for example CH;COONHL:

CH,COO™ + HOH 2 CH,COOH +0OH ",
NH, + HOH 2 NH,OH +H ",
CH,COONH , + HOH 2 CH,COOH + NH ,OH .
The reaction of such a salt is almost neutral.

Experimental part

I. Determination of the reaction of the medium in salt
solutions

Pour 1/3 of distilled water into four test tubes. Add 5-6 drops
of sodium acetate to the first test tube, 5-6 drops of sodium carbonate
to the second, the same amount of ferrum(lIl) chloride to the third,
and the same amount of potassium chloride to the fourth. With the
help of universal indicator paper, we determine the pH of salt
solutions. Write down the hydrolysis equation of the salts that were
hydrolyzed. Which of the salts was not hydrolyzed? What salts are
hydrolyzed step by step?
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I1. Factors that increase the degree of hydrolysis of salts

a) Add 5-6 drops of sodium hydroxide to a test tube with a
solution of ferrum(l1l) chloride (from Experiment 1), and add 5-6
drops of hydrochloric acid to a test tube with sodium carbonate.
Write down the observations and ion-molecular equations for the
complete hydrolysis of these salts.

b) Pour 1/3 of distilled water into a test tube, add 5-6 drops of
ferrum(I11) chloride and the same amount of sodium carbonate. Note
the formation of sediment and the release of gas. Write down the
ionic-molecular equation for the joint hydrolysis of these salts.

c) Pour 1/3 of distilled water into a test tube, add a few
crystals of sodium acetate and 1-2 drops of phenolphthalein. Note the
color of the solution. Heat the tube with the salt solution to boiling
and note the change in the color of the indicator. Write down the ion-
molecular equation for the hydrolysis of this salt. How did
temperature affect the degree of salt hydrolysis?

Questions:

1. What factors affect the degree of salt hydrolysis?

2. Which of the salts give an acidic reaction as a result of
hydrolysis: CHsCOONHas, Na.SOs, AICI3, Cu(NO3),?

3. Which of the indicated salts give an alkaline reaction as a
result of hydrolysis: CH;COONa, NasPO4, Alx(SO4)s, FeCl,, NaCl?
Why?

4. Determine the pH of the solution as a result of the
hydrolysis of a 0.1M solution of CH;COONa.

5. Why should the solution be acidified when preparing an
aqueous solution of zinc sulfate to avoid turbidity?

JIABOPATOPHA POBOTA 5. JOCJIJDKEHHSA I'TAPOJII3Y
COJIEN
ExcnepuMeHTaIbHA YACTHHA

I. BusHayeHHs peakuii cepelOBHINA B PO3YHHAX coJel
B 4otupu npobipku HanmBaemo 1/3 mpoOipku IUCTHILOBAHOT
Bonu. B mepmry npoOipky momaemo 5-6 kxpamenb HaTpiil auerary, B
apyry — 5-6 kpanens HaTpii KapOOHAT, B TPETIO — CTUIBKH X
depym(Ill) xmopuay, a B 4eTBepTy — CTUIBKH K Kauliil xyopumy. 3a
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JOTIOMOTOI0  YVHIBEPCATBHOTO 1HAWKATOPHOTO IIariepy BH3HAYAEMO
pH po3unHiB coneil. 3amucyemMo pPIBHSHHS TiApOJi3y CcoleH, fKi
rizpomizyBanuchk. fka 3 cojeil He TigpomizyBanack? ki comi
T1IPOMi3YIOThCS CTYHiHYAcTO?

I1. ®akTopu, siKi NOCHWIIOITH CTYNHb iAoy cosei

a) B mpo0ipky 3 po3zunaom dhepym(Ill) xmopuny (3 mocmixy 1)
nofatu 5-6 Kpamenb HaTpid TiAPOKCHUAY, a B MpoOIpKy 3 HATpii
KapOOHATOM — JOJATH 5-6 Kpamenb XJIOPHIHOI KHUCJIOTH. 3alrcaTH
CIIOCTEPS)KCHHS Ta  HOHHO-MOJICKYJIAPHI ~ PIBHSHHS  IIOBHOTO
TiApOMi3y IMX COMNEH.

0) B npoGipky HamuTi 1/3 AMCTUIROBAaHOI BOIU, A0AATH 5-6
kpanens (epym(lll) xmopumy Ta cTimbKu XK HaTpiii kapOoHary.
BinMmiTuTH yTBOpEHHS OcCaly Ta BHIUICHHS Ta3y. 3amucaTH HOHHO-
MOJIEKYJISIPHE PIBHSIHHS CIIJIBHOTO T1IPOIi3y IUX COJIEH.

B) B mpobipky Hamutu 1/3 nucTHIIROBaHOI BOAM, JOAATH
JeKiTbKa KPUCTAJiB HATpil anerary Ta 1-2 kparum ¢enondraneiny.
BigmituTu 3abapBiieHHS po3uuHy. Harpité mpoOipky 3 po3uyuHOM
CONIi IO KUIMIHHS Ta BIAMITUTH 3MiHY 3a0apBIeHHS IHIUKATOpA.
3anmcati HOHHO-MOIIGKYISIPHE PIBHSHHS TiIpoii3y miei comi. Sk
BIUIMHYJIa TEMIIepaTypa Ha CTYIIiHb TiAPOi3y comi?

KouTtposabhi 3aB1anHs
1. SIki ¢axTOpH BIUIMBAIOTH HA CTYIIiHB TiAPOII3y COMi?
2. SIki 3 conei B pe3ynbTaTi TiIPOJi3y AaI0Th KACITY PEaKIliio:
CH3COONH4, Nazsos, A|C|3, CU(NOs)z?
3. Ski 3 BKa3aHHX COJICH B pe3yibTaTi TiAPOi3y Jal0Th JIYKHY
peaKHiIOZ CH3COONa, NaszPOy, A|2(SO4)3, FeC|2, NaCl? qOMy?
4. BuzHaunté pH po3unHy B pe3yibTari Tiapomizy 0,1M
po3unny CH3;COONa.
5. YoMy nipu pUTOTYBaHHI BOJAHOTO PO3YMHY IIUHK CyNbdary
JUIsl YHUKHEHHS! YTBOPEHHS KaJlaMyTi pO3UdH Tpeda MiAKUCIUTH?
Vocabulary/ CioBauk

hydrolysis riipoi3

indicator paper IHIMKATOPHUIT Namiperp
ion-molecular equation HOHHO-MOJICKYJISIPHE PiBHSHHS
turbidity TIOMYTHIHHSI
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LABORATORY 6. CONDITIONS AND FEATURES OF
REDOX REACTIONS

Theoretical part

Reactions that are accompanied by a change in the oxidation
degree of chemical elements are called redox reactions.

The degree of oxidation is the conditional charge on an atom
in a molecule or crystal, calculated on the assumption that all shared
electron pairs are completely shifted towards the more
electronegative element.

In general, the value and sign of the degree of oxidation of
atoms are determined by comparing the electronegativity of the
elements that make up the compound. The most electronegative atom
has a negative oxidation state, and an atom with a lower
electronegativity has a positive oxidation state. Since the
electronegativities of the atoms of simple substances are the same,
their degrees of oxidation are equal to zero (N2, Hz, Cly, F2). The sum
of the oxidation states of all atoms in the molecule must be zero.
Thus, the degrees of carbon oxidation in the above compounds are

_ _ -2 -1 0 +2
equal to: CH,, C;H,, CH,OH, CH,COH, HCOH, CO,

+3 +4
H,C.0,, CO,.

The electron balance method is used to make redox reactions
(OR). In redox reactions, the number of electrons lost by the
reducing agent is equal to the number of electrons added by the
oxidizing agent.

Let's consider the basic rules for the composition of redox
reactions using the example of the interaction of potassium
permanganate with potassium nitrite in an acidic environment. At the
same time, the following sequence should be followed. First,
reactants are written in molecular form and the oxidation states of
elements that can change oxidation states under certain conditions
are determined, for example:

+7 +3
KMnO, +KNO, +H,SO, =...
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Then they determine which compound in the reaction is the
oxidizing agent and which is the reducing agent. Oxidizers include
substances that have the ability to add electrons.

In the example given, KMnQO4 contains Manganese with an
oxidation state of +7, and therefore it can only be an oxidizing agent.
Reducing agents include substances capable of donating electrons.
The KNO, compound, in which Nitrogen has an intermediate
oxidation state of +3, can be both a reducing agent and an oxidizing
agent. So, in the given reaction, KMnO, is an oxidizing agent, and
KNO: is a reducing agent. KNO; can be oxidized only to KNOs, and
KMnQ; in an acidic environment is reduced to MnSO4:

+7 +3 +2 +5
KMnO,+KNO, +H,SO, =MnSO, + KNGO, + H,0.
After that, the number of electrons given by the reducing agent
KNO; and the number of electrons added by the oxidizing agent
KMnO; are determined. To do this, make up equations in which the
number of electrons attached or given is defined as the difference
between the degrees of oxidation of the oxidant and the reductant

before and after the reaction:
+7 +2

Mn+5e = Mn 2

+3 _ +5
N-2e=N |°
Therefore, the reduction of Manganese corresponds to the
+7 +2
addition of five electrons Mn — Mn, and the oxidation of Nitrogen
+3 +5
corresponds to the return of two electrons N — N . For the balance

of electrons (attached and given 10(_9), it is necessary that the
+7 +3
reduction of two Mn in the reaction consumes five N , that is, the

coefficients in the reaction equation near the oxidizer and the reducer
will be equal to two and five:

2KMnO, +5KNO, + H,S0O, — 2MnSQ, +5KNO, + H,0.
After that, the coefficients for other substances participating in
the reaction are placed. Moreover, coefficients are first found for all
cations (except H™), and then for anions. To equalize the number of
potassium ions in the left and right sides of the equation for this
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reaction, one K>SO4 molecule is needed, and to bind all manganese
and potassium cations, three H.SO4 molecules should be taken:
2KMnO, +5KNO, +3H,50, — 2MnSO, +5KNO, + K,SO, + H,0.

Based on the balance of hydrogen atoms, the number of water
molecules is determined:

2KMnO, +5KNO, +3H,50, = 2MnS0, +5KNO, + K,S0, +3H,0.

The number of oxygen atoms in redox reactions is not
equalized, and the balance of oxygen is used to check the found
coefficients.

Experimental part

I. Potassium permanganate as an oxidant in various
environments (solutions of Na;SOs3;, FeSO4, KNO; can be used as a
reducing agent). Pour 2-3 ml of diluted KMnO; solution into three
test tubes.

a) add 1 ml of H,SO4 solution and Na,SOs solution drop by
drop to the solution in the first test tube until discoloration. Write the
equation of the reaction and select the coefficients by the electronic
balance method, if it is known that in an acidic environment the
MnOy ion turns into the Mn?* ion, and the SOz* ion into the SO4*
ion;

b) add 1 ml of distilled water and Na,SO; solution drop by
drop to the second portion of KMnO, solution until a brown
MnO(OH)2 precipitate appears. Choose the coefficients in the
equation of this reaction;

KMnO, + Na,SO, + H,0 — MnO(OH), ¥ +KOH + Na,SO,.

c) add 1 ml of NaOH solution and Na,SOs solution drop by
drop to the last portion of KMnQO, solution until the solution turns
green.

Write and balance the equation of the reaction if the MnOy4 ion
changes to the MnO,* ion and the SOs* ion to the SO4* ion in an
alkaline medium:

KMnO, + Na,SO, + KOH — K,MnQ, +...

I1. Hydrogen peroxide as an oxidant
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Add 1 ml of H,SO. solution and dropwise H.O,solution to 2
ml of KI solution. Record observations. Add and equalize the
reaction equation:

H,0, +KI +H,S0, - I, +K,SO, +...

I11. Hydrogen peroxide as a reducing agent

To 2-3 ml of KMnO, solution, add 1 ml of KMnO4 and
dropwise H>O; solution until discoloration. Complete the equation:

H,0, + KMnO, + H,SO, - MnSO, +0O, +...

IV. Reduction of potassium dichromate with potassium iodide

To 2-3 ml of K,Cr,0; solution, add 1 ml of H,SO,4 solution
and Kl solution dropwise until the color of the solution changes.

Record the observations and balance the reaction equation:

K,Cr,0, +KI + H,SO, —Cr,(S0,), + 1, + K,SO, + H,0O.
Determine which substance is an oxidizing agent and which is a
reducing agent.

Questions:

1. To equalize with the help of an electronic balance redox
reaction, which is used to determine humus in the soil.

C+K,Cr,0O, +H,SO, -»CO, +Cr,(SO,), + H,0.

Which substance is an oxidizing agent, and which is a
reducing agent?

2. Based on the degree of oxidation of Nitrogen, Sulfur and
Manganese in the compounds NHs, HNO,, HNOs;, HS, H,SOs,
H,S0s, MnO;, KMnQO4, determine which of them can be only
reducing agents and only oxidizing agents that exhibit both oxidizing
and reducing properties.

3. Write the equation of the redox reactions that takes place
according to the scheme:

KMnO, + H,PO, +H,SO, - MnSO, + H,PO, + K,SO, + H,0.

4. Reactions are expressed by schemes:

P+HIO, +H,0 —» H,PO, +HI,

H,S+Cl,+H,0—> H,SO, + HCI.

Make electronic equations. Arrange the coefficients in the
reaction equations. For each reaction, determine which substance is
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the oxidizing agent, which is the reducing agent, which substance is
oxidized, which is reduced.
Vocabulary/ Caosaunk

oxidation degree CTYMiHb OKHCHCHHSI
electronegativity €JIEKTPOHETATHBHICTE
electron balance method METOJI EJIEKTPOHHOrO OalaHCy
oxidizing agent OKHCHHUK

reducing agents BiTHOBHHUK

discoloration 3HeOapBICHHS

JIABOPATOPHA POBOTA 6. YMOBU ITPOBEJIEHHA TA
OCOBJIMBOCTI OKUCHO-BIJITHOBHUX PEAKIIIA
ExcnepuMeHTaIbHA YACTHHA

I. KaJjiii nepMaHranar sik OKHCHUK B Pi3HHX cepeJoBHIIAX
(sIK BITHOBHHUK MOKHa 3acTocyBaTh po3unHu Na;SOs, FeSO4, KNO>).
B tpu ipo6ipku Hamuth 2-3 M po3seaeroro pozunay KMnOa.

a) 10 po34MHYy B Tepmid mpodipii gogatu 1 Ma po3dumHy
H,SO4 1 o kparuax po3unn Na,SOsz nmo 3HeOapBieHHs. Hanwumrith
PIBHSIHHS peakiii i miaoepiTh KoedillieHTH METOIOM EIeKTPOHHOTO
OamaHCy, SKIIO BifioMoO, IO B KHUCIOMY cepemoBumli WoH MnOys
epexouTh B ifon Mn®*, a iion SOs* B iion SO,

0) mo npyroi mopiii po3umny KMnOs nomatu 1 M
JTUCTHIILOBAHOT BOAH 1 10 Kparisix po3unH NaxSOz 1o nosiBu Oyporo
ocaxy MNO(OH),. ITin0epiTh koedillieHTH B piBHAHHI JaHOT peaKIIil:

KMnO, + Na,SO, + H,0 — MnO(OH), { +KOH + Na,SO,.

B) B ocTaHHIO mopiito po3unay KMnO4 nogatu 1 Mi po3uuHy
NaOH i mo xpammsx po3unH NaSO: 10 TMOsSBH 3€IeHOTO
3a0apBIIEHHS PO3YHHY.

Hamumnite Ta ypiBHSHTE piBHSHHS peakilii, SKIIO B Iy>KHOMY
cepenoBumi ioH MnO, mepexonuTs B HOH MnO4*, a iion SOs* B
o 2.
fion SO4~:

KMnO, + Na,SO, + KOH — K,MnO, +...

I1. Tinporen mepoxkcu sik OKMCHUK
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Ho 2 mia pozuuny K/ momatu 1 mn po3umny H2SOs 1 mo
Kpamsix po3unHy H>(O.. 3ammcatu croctepekeHHs. JommcaTtn i
YPIBHSITH PiBHSHHS PEaKIIii:

H,0, +KI +H,S0, — I, +K,SO, +...
1. T'inporeH nmepokcua sik BiTHOBHUK

Ho 2-3 mn pozunny KMnO. momatu 1 mn H,SOs4 ta mo

Kparisix po3unH H>O; 1o 3HeOapBiIeHHS. 3aKIHYUTH PIBHSIHHS:
H,0, + KMnO, + H,SO, - MnSO, +0O, +...
1V. BignoBieHHs Kajdiil AuXpoMary Kajii oauaom

o 2-3 mi po3unny K>Cr20O7 nonarots 1 Mt pozurnay HSOs Ta
0 Kparuisx po3urH K/ 10 3MiHU 3a0apBICHHS PO3UUHY.

3anucaty CIOCTEpPeKECHHS Ta YPIBHATH PiBHSHHS PeaKLii:

K,Cr,O, +KI +H,SO, —Cr,(S0,), + 1, + K,SO, + H,0O.

BuznaunTn sika Pp€UOBHUHA € OKUCHUKOM, a dKa — BiI[HOBHI/IKOM.

KouTtpoanbhi 3aB1anHs

1. YpiBHATH 32 TOIOMOTOO0 eleKkTpoHHOro Oamancy OBP, ska
3aCTOCOBYEThCS  JUIA ~ BHU3HA4YeHHS  TyMycy y  IPYHTI
C+K,.Cr,0, +H,S0, - CO, +Cr,(S0O,), + H,0O.

SIka pedyoBHHA € OKHCHUKOM, a SIKa BiZITHOBHUKOM?

2. Buxopnsum 31 crynenst okucHenHsi Hitporeny, Cynbdypy i
Masnrany B crioirykax NHz, HNO,, HNO3, H»S, H.SO3, H.SO4, MNOo,
KMnO, Bu3Haute, siki 3 HUX MOXYTh OYTH TiIBKH BIJIHOBHUKaMH i
TUTIBKH OKHCHHKAMH, SKi BHSBIISAIOTH SIK OKHCHI, TaK 1 BiJHOBHI
BIIACTHBOCTI.

3. Ckianite pIBHSHHS OKHCHO-BIJIHOBHOI peakifii, II0
MIPOXOJIUTH 33 CXEMOIO:

KMnO, + H,PO, +H,SO, - MnSO, + H,PO, +K,SO, + H,0.

4. Peak1iii BUpakatOThCsI CXeMaMHU:

P+HIO, +H,0 - H,PO, +HI,
H,S+Cl,+H,0 - H,SO, + HCI.

CknaziTe eNeKTpoHHI piBHSAHHA. Po3craBuTH KoedilieHTH B
piBHSHHAX peakmiid. [l KOXKHOT peakiii BU3HAUTE, SKa PEYOBUHA €
OKHCHHUKOM, sIKa — BiJIHOBHUKOM, SIKa PEYOBUHA OKHCHIOETHCS, KA
BI1JIHOBJIFOETHCS.
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