|dentification of selected
cations and anions



EXxercise goal:

= pipetting Iin practise

s identification of selected cations and
anions in solutions



Chemical analysis - a set of activities leading to
the determination of the chemical, qualitative and
guantitative composition of the test substance.

Qualitative analysis - which determines the chemical elements
and compounds consists of the substance; involves the
subsequent separation of ion groups using group reagents and
detection of individual ions of a given group after the separation
of interfering ions

quantitative analysis - deals with determining the quantitative
composition of the substance, i.e. the content of individual
components.




Cation analysis

Cations are divided into 5 groups. This division is based on the
reactions that cations of a given group give with group reagents.

Group I: Ag * (silver (1)), Hg, ?* (mercury (I)), Pb? * (lead (II)).

Group II:

Due to the chemical nature of the
respective sulphides, group II cations are divided into two
subgroups:

Group IIA: Cu?* (copper(II)), Hg2* (mercury(II)), Pb2*
(lead(II)) in diluted solutions, Cd?* (cadium(II)) i Bi3* (bizmuth(III)).

Group IIB: Sn?* (tin (II)), Sn4* (tin(IV)), Sb3*
(antimony(III)), Sb>* (antimony(V)), As3* (arsenic(III)) i As>*
(arsenic(V)).



Group III: Group III cations were divided into two subgroups.

Group IIIA: Cr3* (chrome(III)), Al 3* (aluminium), Fe2*
(iron(II)) i Fe3* (iron(III)).

Group IIIB: Mn2* (manganese(II)), Zn2* (zinc), Co%*
(cobalt(II)) i Ni2* (nickel(II)).



Group IV: Ca2* (calcium), Sr2* (strontium) i Ba2* (barium).

Group V : Mg?* (magnesium), K * (potassium), NH, *
(@ammonium ion) i Na* (sodium).



[on detection Na*

Measure 1 cm3 0,5 mmol/dm?3 of sodium ion into the tube. In this
solution, immerse the previously roasted in the flame of the burner
platinum wire embedded in a glass rod. Wetted with sodium ion
solution, put wire into flame. The flame turns an intense yellow color.

The intensity of the flame color depends on the ion concentration
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Tested Sample

HCI
white precipitate lack precipitate Group II-V
Group |: Ag', Hg:"", Pb*™"
H:S (HCI)
precipitate black, brown or yellow lack precipitate (group lll-V )
Group 1A :{‘u H% Ph {d BL
Group IIB - Sn™ .SbY, Sk, As’T, As™
Tested Sample
(NHs):COy ammonium buffer Haug, + NH4CD)
white precipitate e lack precipitate R
TEStEd samnle grﬂup"l.lll' Ca® , Sr° , Ba graup I NH; .K ', Na

precipitate I:}rnwn green nrwhlte lack precipitate group [IIB-W
Group llA: Cr'", A, Fe*', Fe’
(NH4)25 ammonium buffer Haagy + NHACI)

precipitate pmk white or black

. lack precipitate group V-
group lIB : Mn*", Zn*", Co™", Ni*’ precip Jroup



Anion analysIs

In order to facilitate the analysis of anions and standardize analytical

procedures, the most common anions were divided into seven
analytical groups from I - VII. The division is based on the
precipitation of barium and silver salts of individual anions and
testing their solubility in water and nitric acid (V)

Ag* white or yellow, insoluble in 2M HNO; Cl-, Br ,F,CN-, SCN-, CIO-, [Fe(CN)¢*,
Ba2*- easily soluble in water, no precipitate [Fe(CN)g3

Ag* - white, soluble in 2M HNO; , slightly soluble in water S2-, CH;CO0-, NO, -, HCOO-
Ba2*- precipitate

Ag* - colorless, soluble inHNO; , insoluble in water S05% , CO5% , C,0,% , HPO,%
Ba2+ - white soluble soluble in HNO;, soluble in wather

Ag* - yellow, light yellow soluble in HNO;, insoluble in water S,0, %, CrO4%, Cr,0,%2, PO,3 , AsO; 3-
Ba2* - white precipitates soluble in HNO;, hardly soluble in water

Ag* and barium salts do not precipitate NO;5 -, CIO3 -, CIO* -, MnO,"
Ag* - do not precipitate S0,% , F

Ba2* - white precipitates, insoluble in water

Ag+ - precipitate yellow precipitates, soluble in HNO; SiO5% , WO,2-

Ba2* - white precipitates, soluble in HNO5. Gelatinous precipitates of silicic or
tungsten acids are formed

In the following it belongs perform characteristic reactions that will

uniquely identify the anion within the group.



Taking into account the oxidation-reducing properties of the above-mentioned anions, we
divide them into four groups.

- Anions with reducing properties. These include : chloride anion (CI-), iodine anion (I°),
sulfide anion (S%), sulfate anion (S05?7), oxalate anion (C,0,%") i thiosulphate anion
(S,052).

- Anions with oxidizing properties. The anion with strong oxidizing properties is nitrate
anion(NO5").

- Anions with both oxidizing and reducing properties. Nitrite anion belongs to this
group(NO,").

- Anions that do not show reducing or oxidizing properties in dilute aqueous solutions.
We include anions: carbonate anion (CO52- ), phosphate anion (PO,3-), sulfate anion
(S0,%°) , silicate anion (SiO5%).



SOIUDBITGYAIA

Onl R R R NR [ TR R

- R R R | NR [ NR | NR TR TR

cl R R R R R R R R R

81 R R R R R R R R -

I R R R R R R -

S R R R | && [ TR R NR
S0.# R R R R | NR [ NR NR
0,2 R R R R | TR | NR R R R R
NO,- R R R R R R R R R
NO.- R R R R R R R R R
PO,* R R R | NR | NR | NR NS VR -
co. 2 R R R NR | NR | NR NR &

Sio,* R R R NR | NR | NR NR NR -
_M 07 | g R R R R R

R R R R TR NR

ocian R R R R R R




Task 1

The aim of the task is to detect Ca?* (calcium) ions
Execution
a. Test with C:042 (oxalate)ions

Add abcout 0.5 cmiof 0.2 mol/dm® ammonium oxalate (NHsC:z0:) to
0.5 cm® of Ca®*' solution.

Reaction:

ca?*  + Cz2048 =) Cacz04

The resulting CaC:0: precipitate is white, crystalline. If you
add =several drops of ammonia to a test tube, in which the
reaction has occurred, the amount of precipitate 1s greater.
Calcium oxalate 1is soluble in mineral (inorganic) acids, and
insocluble in acetic acid.

b. Test with 8042 (sulphate)ions

2dd several drops of concentrated H:S0: (sulphuric acid)to 0.5
cm®of Caffsolution.

Reaction:

ca®* + S0s2 = Casos
Reaction with sulphurfic acid results in the precipitation of
white CaS0s; (copper sulphate).




Task 2

The aim of the task is to detect NH:y* (ammonium) ijions
Execution
Add akout 0.5 cm® of 2mol/dm®NaCHto 0.5 cm® of NHs™ solution,

and heat the contents of the test tube over a burner.
Reaction:

NHg* + 2N=0H = +NHz + 2ZNat + HzD
Obhserve the change of litmus paper

colour and the

characteristic odour of escaping ammonia at the mouth of the test
tube.




Task 3

The aim of the task is to detect Cu?* (copper) ions
Execution

Take two test tubes, pour into =ach 0.5 cm®of cu?®* solution,
and then add 0.5 cmocf 2 mol/dm®NaCH. After the precipitation of
Cu(OH)z, heat one test tube over a burner, and add 0.5 cm®of
concentrated NH: "Hz0 to the other test tube.

Reactions:

cuft  + 2 o =lcu(oH):
cu(0OH):gel=dCuo  +  Hz0
Cu (OH) 2 + ANHz=> [Cu(NHz):]2F + Z20H




Task 4

The aim of the task is to detect Fe?* (iron) ions
Execution
A Test with potassium thiocyanate

Add 0.5 cm® of 1 mol/dm® KSCN (potassium thiocyanate) to 0.5
cm® of Fe®' solution.

Eeaction:

Feit + 3 8CN = Fe=(SCHN):
Observe the change of solution colour. Fe?t ions do not give
this reaction.

b. Test with sodium hydroxide
Add 0.5 cm® of Z2Zmol/dm® NaOH to 0.5 cm® of Fe® solution.
Eeaction:

Fe?* + 3 OH = Fe(0H):z

Observe the formation of red-brown Fe(CH): precipitate, which
iz insoluble in an excess of the resagent.




Task &

The aim of the task is to detect Ag* (silwver) ions
Execution
a. Test with Cl1- {(chlorine) ions

Take two test tubes, pour into e=ach 0.5 cm® of Ag' soclution,
and then several drops of concentrated Eﬂ&_{hydrochloric acid) .
One test tube expose to sunlight and after some time obssrve
photochemical reaction occurring in the test tube. Carefully heat
the other test tubs and ckbserve the precipitats. Cool the test
tube, then add drop by drop 2 mol/dm® NH:; H:0 until the formation
of soluble silver diamine chloride ([Zg(NHz):z]Cl),and next add
drop by drop concentrated HNO:; until the reappearance of AgCl
precipitate.

Ag't ilons, occurring in neutral or acid sclutions, react with
Cl” ions forming white, cheese-likeprecipitate of silver chloride

[chl], which decomposes when exposed to light and darkens dus to
the precipitation of colloidal silver.

rgt + Cl= AgCl
21gCl = 2,Rg + tCl:z




BgCl precipitate is insoluble in both cold and hot pure water

but im the presence of ammonium dions 1t forms soluble,
colourless, complex ion[Ag (NHsz)z]*.
21BgCt]l = Z2JRAg + tCl:
‘AgCl  + Z2NHa'H:0 = [Ag(NH:):z]Cl + 2Hz0

The additicn of nitric acid causes the reprecipitation of

AgCl.




b. Test with Cr042- (chromate) ions

Add 0.5 ocmPef 0.1 mol/dm® R:tr0: to 0.5 cm® of Agh
solution.After the precipitation of Ag:Cr0Os,add several drops of
concentrated nitric acid to the test tube. Okserve the course of
reaction.

22gT + Cr0sf = 2 JRAgzCros

Potassium chromate (K:Cr0s) causes the precipitation ofred-brown
silver chromate (AgzCr0:)from the solutionscontaining BAg' ions.
This reactionhas found practical application in the guantitative
determination of silver in Jjewellery because the intensity of
colour of formed Ag:CrOsidepends on the amount of silver in the
alloy, from which jewsllery has besn made.

-




Task 6

The aim of the task is to detect Pb?* (lead) ions
Execution
a. Test with C1- {(chlorine) ions

Add several drops of concentrated HCZ1 to 0.5
Fbi*solution.

Reaction:
it + 2 Cl= PkCl:

The precipitate of lsad chloride (II) is formed. Add 2 cm® of
distilled water to the test tube and heat until the precipitate
ig dissolwved. Rfter cooling, observe the formed crystals.

¢l ieons, added to the solutions containing Pb?Y ions, cause
the precipitation of white, crystalline lead chleoride (II), which
quickly settle on the test tube bottom.

This precipitate dissclves after heating in the test tubs,
and after coocling it reprecipitates in the form of needle-like
crystals.

Test with heating silwver and lead chlorides is important

because it 1s used to easily distinguish AgCl from PbClz (AgCl is
insoluble in hot water).

b. Test with chromate
Bdd 0.5 cmPof 0.1 mol/dm® KzCrO: to 0.5 cm® of Pb?" solution.
Lfter a few minutes, sxamine the formed precipitate.
PRt + Cr0s = | PbCros
Potassium chromates (KzCrosand FKzCrz07), added to the scolutions
containingPk?* i1ons, causes the precipitation of vyellow lead

chromates (II).




Task 7
The aim of the task is to detect Ba?* (barium)ions
Execution
a. Test with 5042 (sulphate)ions
Add 0.5 cmPof 0.1 mol/dm® HzS0s to 0.5 cm® of Ba?t solution.
Reaction:

Ba®t + 504 = |BaS0:

Sulphuric acid (VI) causes the precipitation of white BaSOg,
which is insocluble in water.
b. Test with C03;2- (carbonate)ions

Add 0.5 cmiof 0.Z2mol/dm® NazC0s: to0l.5 cm® of Ba?® solution.
After the precipitation of BaC0i3, add 1 cm®f concentrated
CHzCOCH.

Reactions:

Ba*t 4+ (C0:* = JBaC0a
BaCOs + 2 CH:COOH = Ba(CH:COO)z + COz + Hz0

Carbonate 1ons, added to the sclutions containing Ea®fions,
cause the precipitation of white barium carbonate (II), which is
easily scluble 1in acetic acid. If the precipitate 1s not
dissoclved, you can add 1 cm®cf CH3;COOH more.




Task 8

The aim of the task is to detect Cl- (chloride)ions
Execution
a. Test with Ag* (silver)ions

Bdd drop by drop about 0.5 cmof 0.1 mol/dm® AgNOs to 0.5 cm®
of ©C1° soclution. Dissolve the resulting precipitate adding 2
mol/dm?® NHzH:O0 drop by drop.Then add several drops of concentrated
HNO:in order to cause the reprecipitation of AgCl.

Reactions:

agt + cl=lagcl
AgCl + 2NHz-HzO = [Ag (NHz)z]Cl +
[Ag(NHs)z]Cl  + 2 HsO" + 2Nos~ =lagcl  +

b. Test with potassium premanganate

Bdd 0.5 cmfof 0.1 mol/dm® FEMnOiand several drops of
concentrated Hz80s to 0.5 cm® of C1° solution.

Reaction:

1001 4+ 2ZMn0Os~ +  1éH™= G5C1: + 2MnZt  BH:O

Potassium permanganate, as strong oxidant, 1s reduced in acid
environment (the scolution becomes discoloured), while €17, as weak
reducer, escapes in the form of gas with a characteristic odour.




Task 9
The aim of the task is to detect C0O32- ions
Execution

a. Test with strong acid
Add drop by drop 2 mol/dm? H:S0s4 to0.5 cm® of CO0:#” solution.
Observe the course of reaction.

COsz*™+ 2 Hi0™= HzC0z + 2ZHz0 = 3Hz0 + TCDZ

b. Test with BaZ* ions
Add 0.5 emfof 0.1 mel/dm® Bacl: to 0.5 cm® of C03z% solution.
Reaction:

Ba*t + C0O3f = [BaCO:

White precipitate of barium carbonate is soluble in acetic,
nitric and hydrochloric acids, and insclubkle in sulphuric acid.




Task 10

The aim of the task is to detect P0Os* ions
Execution

Add 5 drops of concentrated HNC:and 0.5 cm® of (NHs):zMoOQs tol.5
cm® of P0s* solution. Heat the test tube over a burner.

Reaction:

WNazHPO: + 12 (NHz)zMoQs + 23 HNOa=
(NHa) aP (Mo30ig) e + 21 NHaNOz + 2 NaNOz: + 12 HzO




Task 11
The aim of the task is to detect 5042 ions
Execution
a. Test with Fb2* (lead) ions
add 0.5 cmPof 2 mol/dm®Ph (CH:COO0):z to0.5 cm® of 8044 sclution.
Reaction:

20:2~ +  Pb¥t=lpbzos

The resulting white precipitate of FbhSOs1is insoluble 1in
inorganic acids, except concentrated sulphuric acid (VI), and it
igs also insoluble in concentrated NaCcH and ECH.

b. Test with Ba2* (barium)ions
Add 0.5 cmfof 1 mol/dm’barium chloride (BaClz) to0.5 cm® of S0:%
solution. Reaction:

5042 + Baf*=lrasos

The resulting white precipitate of BaS0: is inscluble in HCL
and HNOzevent after heating, while it is scluble in concentrated
Hz504.




Task 12
The aim of the task is to detect C:042- ions
Execution
a. Test with CacCl;
Add drop by drop 0.5 cmPocf 1 mol/dm?® CaCl: to0.5 cmPof Cz04%°
solution.
Eeaction:

Cast 4+ 048 =  } CaCz04

Calcium chloride causes the precipitation of white

crystalline precipitate, which is solubkle in mineral acids, and
insoluble in acetic acid.
b. Test with potassium premanganate

Add 0.5 cmof 0.1 mol/dm® EMnO: and 0.5 cmof concentrated HzS0:
to 0.5 cm® of Cz204* solution.

Eeaction:

2Mn0a2” 4+ 520420 + 16HY=  10C0: + 2Mn3t  B8H:O

Potassium permanganate becomes discoloured in acid solution
containing oxalate ions (Cz2047). Characteristic bubbles of COz are
formed during this reaction.




Disinfection (decontamination)

Disinfection is a process that is designed to kill actively growing
and vegetative microbial microorganisms to prevent infection.

Disinfectants - chemical substances that destroy (kill) all
microorganisms and their spore forms, also preventing the
reproduction of microorganisms. Aseptic conditions can be
achieved with disinfectants.

There are two synonymous terms that should be distinguished:
antiseptics and aseptics.



Disinfection (decontamination)

= Antiseptics are the destruction of microbes on
tissues with antiseptics substances

= Aseptics are all proceedings preventing infection
with pathogenic microorganisms.

Physical and chemical methods are used in aseptics.
Aseptic conditions are an environment devoid of any
pathogenic life forms.



Disinfection (decontamination)

= Antiseptic preparations includes substances used to disinfect

tissues and prevent infections on the surface of the skin and mucous
membranes.

= Antiseptics is any chemical compound (or element, e.g. fluorine,

ozone, chlorine) that destroys microorganisms and prevents their
reproduction.

s disinfectants these are substances used to disinfect rooms, objects
pnstruments, sanitary equipment, furniture, walls, floors), or
ragments of the natural environment (e.g. soil, watercourses)



Trace elements believed
to be essential for bacteria,
plants or animals

Bulk biological
elements

Possibly essential trace
elements for some species




Calcium (Ca)

Calcium is an essential component of bone and cartilage

Calcium is essential for the normal clotting of blood, by
stimulating the release of thromboplastin from the blood platelets

Calcium is an activator for several key enzymes, including
pancreatic lipase, acid phosphatase, cholinesterase and succinic
dehydrogenase

Calcium stimulates muscle contraction (ie. promotes muscle tone
and normal heart beat)

Calcium, in conjunction with lipids, plays a key role in the
regulation of the permeability of cell membranes

Calcium occurs in the form of calcium phosphate in bones
The ionic form of Ca?* is present in extracellular fluids



Manganese

Potassium permanganate KMnO, belongs to the group of
ence of

0.5-4% solutions. They are used
fordecontaminating wounds and burns.

oxidizing antiseptics. Under the influence of organic compounds,
e.g. proteins, it is reduced and releases oxygen that destroys
bacteria, fungi and protozoa. It dissolves easily in water.
Depending on the concentration, aqueous solutions are pink or
dark purple.

It works astringent, anti-inflammatory, anti-inflammatory,
bactericidal, bacteriostatic,fungicidal, fungistatic, antiviral and
antiprotozoal.

Concentrated solutions are coloring and corrosive on the skin.
Under the influence of body secretions and enzymes, it
gradually turns into manganese dioxide MnO,

Potassium permanganate neutralizesvenoms invertebrates and
vertebrates.

In antiseptics are used




lodine

Iodine It is very hard soluble in water, easily soluble in
alcohols and acetone.

Easily soluble in agueous potassium iodide solution

iodine has antiseptic properties is used to disinfect intact skin. It
has bactericidal, fungicidal and virucidal effect, irritates tissues,
causes surface necrosis (necrosis) of smeared tissue.

Iodine is used in the form of a 3-10% solution in 70% or 95% ethyl
alcohol. Todine reacts with the amino groups of proteins,
inhibiting their activity. It also releases oxygen from agueous
solutions, which complements the sanitizing effect.

= Jo disinfect the skin - wash with iodine or Lugol's solution. Do
not apply undiluted directIY to wounds and burns. Undiluted, it is
SLkJ_itab|e for disinfecting only around wounds, burns and intact
skin.




lodine

s lodine is an essential constituent of the
thyroid hormones

s Ilodine does not accumulate in the body,
tRerSfore it must be constantly supplied with
the diet

s Jodine deficiency causes hypothyroidism,
which has serious metabolic consequences
leading to a slowing of vital functions and all
cellular changes.




Factors affecting the effectiveness of
biocidal preparations

= contact time of the preparation with microorganisms (++4+)
= concentration of the preparation(++)

s temperature (++)

= water hardness and environmental pH(+/-)

= number of microorganisms(--)

= protein load (large amount of organic substance in the
environment: food residues, feces)(--)

= the presence of surfactants.(++)

Of the factors outlined above, the duration and concentration of
the preparation are undoubtedly the most important



