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Safety in the laboratory classes

a) General Instructions:

There are some general instructions in safety precautions in the laboratory work.
Most accidents could be prevented if proper precautions are taken. The attention, honest
and careful work is required from students. They should therefore perform only those
cxperin"xean that are selected for them by teacher. Such experiments are safe and the
students do not have to worry. Nevertheless even a very simple error can produce
dangerous conditions for the work. Sometimes, dven a slight change of concentration of
one reagent is sufficient to change the safe conditions of a chemical reaction (and to
cause an explosion). The reaction then might occur in a different way, perhaps at a

highly accelerated rate. Therefore students are asked not to deviate from the procedure
in the manual.

b) Accidents:

The most common accidents occur when students try to insert tubing, a
thermometer, or a glass rod into a hole in a rubber stopper. Other frequent sources of
danger are volatile organic liquids that might ignite if students bring open flame close to
them. We should know what to do if somebody spills a caustic reagent on oneself or if
some chemicals gof into one’s eye. The chemical substance in the eye has to be handled
with water fromi the nearest sink, at least 10 minutes, and we call the doctor
immediately. We should also know what to do if the fire breaks out in the lab, which
means to use an extinguisher or sand, blanket, or anything appropriate at the time. Every
student must always know where water, shower, first-aid kit, fire extinguishers and
other things are so that he / she will not have to look for them long if they are needed
quickly- - iy

c) Chemical glassware:
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Vocabulary 1:

alteration
adapter
beaker
blanket
blender

bottle
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burner

calcine
calcining circle
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Exercise 1.

a) Complete the sentences with the help of the table bellow (All words necessary to

complete the table can be found in the vocabulary of this chapter — some of
them, however, must be changed in the appropriate way.):

is a common container in a chemical laboratory.

4. There are some new
5. You can see fine
6

7. There is a new

small openings.
9. Sulphur in
10. Crucible
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l Types of Matter

a) Classification of Matter: .
| Matter is anything that has mass and occupies space. It exists in three phases:
solid, liquid, and gas. A solid has a rigid shape and a fixed volume. A liguid has a fixed
olume but is not rigid in shape; it takes on the shape of the container. A gas has neither
a fixed volume nor a rigid shape; it takes on both the volume and the shape of the
container.

Matter can be classified into two categories - pure substances and mixtures. Pure
substances (e.g.: water) have a fixed composition (they cannot be divided into simpler
parts by physical methods) and a unique set of properties; they are either elements or
compounds. Mixtures are composed of two or more substances; they can be either
Homogeneous (e.g.: ethanol in water) or heterogeneous (sand in water).

The composition of the mixture is the same throughout in a homogeneous
mixture whereas in heterogeneous mixtures the composition varies throughout (most
rpcks fall into this category). An element is a type of matter that cannot be broken down

into two or more pure substances. A compound is a pure substance that contains more
than one element.
|

matter
mixtures pure substances
heterogeneous homogeneous elements compounds
| (coarse) (solution) H,, 0, H,0
|sand + water ethanol + water

b) Separation Methods:

] Many different methods can be used to separate the components of a mixture
from one another. A couple of methods that are usually carried out in the laboratory are
filtration and distillation. The filtration is used to separate a heterogeneous solid-liquid
mixture. The mixture is passed through a barrier with fine pores such as filter paper.
The distillation is used to resolve a homogeneous solid-liquid, or liquid-liquid, mixture.
The more volatile liquid vaporizes, leaving the residue of the solid, or the less volatile
liquid, in the distilling flask. Almost pure liquid is obtained by condensing the vapour.

)] Solutions and Their Properties:

Another name for a homogeneous mixture is a solution. A solution is made up of
solvent, the substance present in largest amount, and one or more solutes. Most
commonly, the solvent is a liquid, while solutes may be solids, liquids, or gases.

} Nearly every chemical reaction takes place in homogeneous solutions.
Therefore, it is important to understand the properties of solutions before we can begin
to understand those reactions. The most distinct characteristic of a solution is its

concentration (a measure of the relative amounts of solute and solvent in a solution).

We know various units of concentration like mass percent, mole fraction, molarity, and
molality.

Molarity, the number of moles of solute per liter of solution, has the units moles
/ L which can be abbreviated M or c. Meanings of the abbreviations are ¢ — molar
concentration, n — molar quantum, ¥ — volume of the solution. This is the most
commonly used measure of concentration.

c=—

14

Molality is the number of moles of solute per kilogram of solvent and is
abbreviated ¢,,. Meanings of the abbreviations are ¢, — molal concentration, n — molar
quantum, mg — weight of the pure solvent. The major advantage of using molality ¢
(instead of molarity M) as a measure of concentration is that molality is temperature
independent because it, unlike molarity, includes no volume term.

n

Another temperature independent measure of concentration is mass percent.
Mass percent Py, is defined as the mass of solute m divided by the mass of the solution
mg multiplied by 100 %.

P, ="".100 %

ms

The last measure of concentration we will discuss is called mole fraction. Mole
fraction x is the ratio of the number of moles of solute 7 to the total number of moles of
solution 7.

There are two common ways to prepare a liquid solution. The first is to weigh
out a known mass of solute and mix it with the amount of solvent just needed to achieve
the desired concentration. The solvent can be weighed (in the case of ¢m , Pu , X) or
added to the solute into a volumetric flask to receive total volume needed for the desired
concentration (in the case of c). The other method involves the dilution of a
concentrated stock solution with more solvent to achieve a solution with a lower
concentration than the original solution.

What factors affect the solubility of solutes in different solvents? A rule was
observed that similar dissolves similar. Non-polar solvents dissolve non-polar solutes
better than polar solvents and polar solvents dissolve polar solutes better than non-polar
solvents.

95 .
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Vocabulary 2:

atomic mass unit
atomic relative mass
boiling

coarse
composition
compour
condensation
crystallization
density
desublimation
dilute 2 )
distillatiqn
distinct

electric fleld
elément

~evaporate

evaporation

evenly

extraction

filtration

float

freezing

gaseous state
gravitational field
heterogenous 1
homogeneous, homogenous
involve

link

liquid state
magnetic field
mass percent
matter

melting

mixture

mol

molecular relative mass
molarity

mole fraction ~
pure substance
saturated
separation

solid state
solubility

solute

solution

solvent

stir (pt., pp. stirred)
stock solution

atomova hmotnostni jednotka
atomova relativni hmotnost
var
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ziedit, rozfedit

destilace
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Names of Compounds

A compound can be identified either by its formula (e.g., NaCl) or its name (sodium chloride). In this
section, you will leam the rules used to name ionic and simple molecular compounds. To start with, it
will be helpful to show how individual ions within ionic compounds are named.

Tons

Monatomic cations take the name of the metal from which they are derived. Examples include

Na' sodium K’ potassium

There is one complication: Certain metals, notably those in the transition series, form more than one type
of cation. An example is iron, which forms both Fé*" and Fe**. To distinguish between these cations, the
charge must be indicated in the name. This is done by putting the charge as a Roman numeral in
parentheses after the name of the metal:

Fe*" iron(Il) Fe** iron(1Il)

(An older system used the suffixes -ic for the ion of higher charge and -ous for the ion of lower charge.
These were added to the stem of the Latin name of the metal, so that the Fe' ion was referred to as ferric
and the Fe*" ion as ferrous.)

Monatomic anions are named by adding the suffix -ide to the stem of the name of the nonmetal
from which they are derived.

H  hydride

N*  nitride 0%  oxide F  fluoride
s*  sulfide Cl”  chloride
Se*  selenide Br bromide
Te*  telluride I iodide

Polyatomic fons are given special names:

NH," ammonium
OH hydroxide

NOj nitrate

CIO5™ chlorate ClO4~ perchlorate

CN” cyanide

CH;CO0™ acetate

MnO,~ permanganate

cos” carbonate HCOs* hydrogen carbonate

PO phosphate  HPO,* hydrogen phosphate H;PO,~ dihydrogen phosphate
SO sulfate

Cro#” chromate Cr07 dichromate

Certain nonmetals in Groups 15-17 of the periodic: table form -more -than-one -polyatemic ion
containing oxygen (oxoanions). The names of several such oxoanions are-shown:in below. From the
entries in the table, you should be able to deduce the following rules.

1. When a nonmetal forms two oxoanions, the suffix -ate is-used for the-anion with-the: larger-number
of oxygen atoms. The suffix -ife is used for the anion containing fewer oxygen atoms.

2. When a nonmetal forms more than two oxoanions, the prefixes per- (largest-number of oxygen
atoms) and hypo- (fewest oxygen atoms) are used as well.

Oxoanions of Nitrogen, Sulfur and Chlorine

Nitrogen Suffur Chlorine

ClO4~ perchlorate
NO;™ nitrate S0,* sulfate Cfos™ chlorate
NO, nitrite 505> sulfite cfo;” chlorite

CfO™  hypochlorite
Tonic Compounds

The name of an ionic compound consists of two words: The first word-names the cation and the-second
names the anion. This is, of course, the same order in which the tons appear in the-formula.

Example: CaS calcium sulfide
AI(NOs);  aluminum nitrate
FeCl, iron(IT) chloride

Binary Molecular Compounds

When a metal combines with a nonmetal, the product is-ordinarily- an.iogic: compound.. As-you have
just seen, the formulas and names of these compounds can be deduced in a straightforward way. When
two nonmetals combine with each other; the produet is most ofien a:binary molecular-compound. There
is no simple way to deduce the formulas of such-compounds. There s, however, a systematic: way of
naming molecular compounds that differs considerably from that used with ionic compounds.

The systematic name of a binary molecular compound, which contains two different nonmetals,
consists of two words.

1. The first word gives the name of the element that appears first in the formula; a Greek prefix (see
below) is used to show the number of atoms of that element in the formula.

2. The second word consists of

- the appropriate Greek prefix designating the number of atoms of the second element

- the stem of the name of the second element .

- the suffix -ide
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Example: NzOs dinitrogen pentaoxide N0 dinitrogen tetraoxide
NO, nitrogen dioxide N,O; dinitrogen trioxide
NO nitrogen oxide N;O dinitrogen oxide

Greek Prefixes Used in Nomenclature

[ Number | Prefix [ Number | Prefix | Number |Profix |
[ di 5 penta | 8 octo
3 tri 6 hexa | 9 nona
4 tetra 8 hepta 10 deca
Example: SO, sulfur dioxide PCl;  phosphorus trichloride
SO;  sulfur trioxide C1,07 dichlorine heptaoxide

Many of the best-known binary compounds of the nonmetals have acquired common names. These
are widely and, in some cases, exclusively used.

Example: H,O water PH;  phosphine
H,0, hydrogen peroxide AsH; arsine
NH; ammonia NO  nitric oxide
N;H, hydrazine N;O  nitrous oxide
C,H; acetylene CH; methane
Acids

A few binary molecular compounds containing H atoms ionize in water to form H' ions. These
are called acids. One such compound is hydrogen chloside, HCI; in water solution it exists as aqueous

H' and CI” ions. The water solution of hydrogen chloride is given a special name; it is referred to as
hydrochloric acid. A similar situation applies with HBr and HI:

Pure Substance Water Solution

HClI(g) hydrogen chioride H'(aq), Cl (aq)  hydrochloric acid
HBr(g) hydrogen bromide H'(aq), Bri(ag) - hydrobromic acid
HKg) hydrogendodide H'(ag), I'(aq)  hydriodic acid

Most acids contain oxygen in addition to hydrogen atoms. Such species are referred to as oxoacids. Two
oxoacids that you are likely to encounter in the general chemistry laboratory are:
HNO; nitric acid H,S0; sulfuric acid

The names of oxoacids are simply related to those of the corresponding oxoanions, The -ate suffix of

the anion is replaced by -ic in the acid. Similarly, the suffix -ie is replaced by the suffix -ous. The
prefixes per- and Aypo- found in the name of the anion are retained in the name of the acid.

Example: ClOy perchlorate ion HCIO, perchloric acid
ClO5” chlorate ion HCIO; chloric acid
CIO;” chloriteion HCIO, chlorous acid

CIO™  hypochlorite ion HCIO hypochlorous acid




