CHAPTER 1
Safety in the laboratory classes

a) General [nstructions:

TThere 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
experiments 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, &ven 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. i
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 from 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: - ey

¢ Chemical glassware:
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Bunsen Meker-Bunsen
Burner Burner

Burette Holder
(Clamp)

Trap

Distillation Apparatus

flask

Clamp

Round-Bottom
Flask

Support
Stand

Crucibles

Tripod Stand

Separation
Apparatus

Vocabulary 1:

alteration
adapter

beaker

blanket
blender

bottle

bottom
burette

burner

calcine
calcining circle
ceramic

clamp (holder)
combustion spoon
condenser
conical
container

cork

crucible
crucible tongs
desiccator
dish
distillation
dropping
evolve
extinguisher
filtration

fire extinguisher
flask

fluid

fume chamber
funnel

gauze

glass rod

glass stopper
glassware
graduation
heating

ignite PALYE
insert

layer

lid

liquid

melt

mixer

mortar

neck

opening

zména

rozdvojka, nastavec, adapter, redukce

kadinka

deka, prikfyvka; plast’; povlak

kuchynisky mixer
lahev

dno

byreta

hotak

Zihat, praZit
zihaci kruh
keramicky

drzék

spalovaci lZice
chladi&
kuzelovity, konicky
nadoba, bedna, kontejner
korek

tavici kelimek
Kkledté na kelimek
suitka, exsikator
miska

destilace

kapaci

vyvijet

hasici ptistroj
filtrace

hasici piistroj
baiika, ldhev
tekutina

digestof

trychtyf, nilevka
sitka

sklenéné ty€inka
sklenéna zatka
laboratorni sklo
dilkovani, stupnice
zahiivani

zapélit, zahiivat
vioZka; vloZit, vsunout
vrstva

viko, vi¢ko
kapalina

tavit, rozpoustét
micha¢ka

treci miska

krk; hrdlo lahve
otvor
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pestle
pinchcock
pipette

pour

powder

powder funnel © ¢
reagent

round

rubber stopper
secure
separation
separatory
septum inlet
solvent

spirit burner
stopcock
straight
sublimation &

sulphur Brit., sulfur Am.

support stand
test tube
thermometer
throw out |

tip

| tongs o
ztra.nsfemng bl

volumetric
volumetric flask
volumetric cylinder
wash bottle

watch glass

tloucek

tlagka

pipeta

nalévat, lit
prasek

nasypka

&inidlo

kulaty

gumovi zétka
zajistit

déleni

délici

piivod s pfepaZkou
rozpoustédlo
lihovy kahan
kohout

pfimy
sublimace

sira

stojan
zkumavka
teplomér
vyhodit
pfcvrhnout (se); dévat spropitné; $pitka
pipety

klest&

pienéeni

sifon, lapag; past
trojnoZka
trubice

nadoba; plavidlo
odmémy
odmérn4 barika
odmérny vélec
stiicka
hodinové skligko

erazazeias |

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 commeon container in a chemical laboratory.
....... vessel hasaround . ... e itiinnnseses
s ~IsitiSed et A iianE A R
4. There are some new .. in our lab.
5. You can see fine ..... - at these ..
............................ are used to measure accurate volumes

7 There IS AW ..ioieiemsnesnsen . in this small beaker.

. are used for seeereeseeneenrensenee 11qUids into containers with

small open'mgs.
9. SUIPUPIA cisinaisssasigie.s 1510 that s,

10, Crucibles oot s ee ATE necessa:y tu hold crucibles used for
........................... and calmmng matenals at high temperatures.
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‘ CHAPTER 2
L Types of Matter

a) Classification of Matter: »

| Matter is anything that has mass and occupies space. It exists in three phases:

olid, liquid, and gas. A solid has a rigid shape and a fixed volume. A liquid has a fixed

-\Tc))lume 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 (c.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
lomogeneous (e.g.: ethanol in water) or heterogeneous ( sand in water).

3 The composition of the mixture is the same throughout in a homogeneous
mixture whereas in heterogeneous mixtures the composition varies throughout (most
n‘ccks 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: 4

} 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 onc 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.

e=—
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Molality is the number of moles of solute per kilogram of solvent and is
abbreviated cn. Meanings of the abbreviations are ¢, — molal concentration, n — molar
quantum, mg — weight of the pure solvent. The major advantage of using molality ¢x
(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 perceni.
Mass percent P,, is defined as the mass of solute m divided by the mass of the solution
m; multiplied by 100 %.

P, ="".100 %
m

s

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 x to the total number of moles of
solution ;.

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 Baics Py X)00T
added to the solute into a volumetric flask to receive total volume needed for the desired
concentration (in the case of ¢). 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.
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Raising the temperature
. Likewise, increasing the pressu
cous solutes.

sublimation
substance
system

take on
vapour

of a solution will increase the solubility of most solid

re above a solution will increase the solubility of

sublimace

hmota, litka

soustava, systém {
nabyt, nabyvat; vzit na sebe co
péra, vypary, opar, mlha

Vocabulary 2:

atomic mass unit
atomic relative mass
boiling

coarse

composition
compound
condensation
crystallization
density
desublimation
dilute | a )
distillatia
distinct
electric field
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

hruby, drsny

slozeni

sloudenina

kondenzace

krystalizace

hustota

desublimace

ziedit, roziedit

destilace

jasny, nesporny, zfetelny
elektrické pole

prvek

vypafit

vypafovini, odpafovani
rovnomémé, pravidelng, ustalend
extrakce

filtrace

plout, vznaSet se

tuhnutf

skupenstvi plynné

gravita&ni pole

heterogenni

homogenni

zahmovat

spojit

skupenstvi kapalné
magnetické pole

hmotnostni zlomek, procenta
latka, hmota
i, Ldur 2

smés latek

latkové mnoZstvi, mol
molekulové relativni hmotnost
latkova (dffve molarni) koncentrace
molérni koncentrace

chemicky &ista litka

nasyceny

déleni

skupenstvi pevné

rozpustnost

rozpudténd latka

roztok

rozpouitédlo

zamichat, rozmichat

zésobni roztok



Aerosol

Aqueous solution
Compound
Consist of

Chemical substance

Detergent
Dissolved
Emulsion
Foam

Fog

Gas
Immiscible
Insoluble
Liquid
Miscible

Mix

Mixture
Particle
Saturated solution
Sediment
Shake

Smoke

Solid
Solubility
Solubility curve
Soluble
Solute
Solution
Solvent

Stir
Suspension
To form
Volatile
boiling point
centrifugate
centrifugation
centrifuge
centrifuging

aerosol

vodny roztok
sloucenina
skladat se z...
chemicka latka
detergent
rozpustény
emulze

péna

mlha

plyn
nemisitelny
nerozpustny
kapalina
misitelny

misit

smes

castice
nasyceny roztok
sediment

ttast, tiepat
koutit, kout, dym
pevna latka
rozpustnost
ktivka rozpustnosti
rozpustny
rozpousténa latka
roztok
rozpoustédlo
michat
suspenze

tvorit

tekavy

bod varu
centrifugovat
centrifugace
centrifuga
centrifugovani



constituent
crystallization
crystals
decantation
dissociate

distil

distillate
distillation
distilled water
embedded
evaporate
evaporation
filter cake

filter paper
filtering

filtrate

filtration

force

fractional distillation
homogenate
chromatogram
chromatography
identify

impure

impurity
microscope slide
porous
precipitate
reagent

residue

scales, balance
sedimentation
separate
separating funnel
settle
sublimation
vapour (brit.), vapor (am.)
water bath
weigh

slozka

krystalizace
krystaly

dekantace
disociovat
destilovat

destilat

destilace
destilovana voda
pevné do néceho vlozeny
vyparovat se
vypatfovani

filtra¢ni kolac
filtracni papir
filtrovani

filtrat

filtrace

sila

frak¢ni destilace
homogenizat
chromatogram
chromatografie
identifikovat
necisty

necistota
mikroskpické sklicko
porézni, prostupny
precipitat, sraZzenina
¢inidlo

zbytek (napt. opak filtratu pfi filtraci)

vahy

sedimentace
separovat, oddélovat
délici nalevka
usadit se, klesnout
sublimace

para

vodni lazen

vazit (urcit vahu)



Names and Symbols of Some of the More Familiar Elements

AluminumAl Chlorine  Cl Lithium  Li Rubidium Rb
Antimony Sb Chromium Cr ® Magnesium Mg Selenium  Se
Argon  Ar Cobalt Co @ Manganese Mn @ Silicon  Si
Barium Ba @ Copper  Ca ® Mercury  Hg @® Silver Ag
Beryllium Be Fluorine F Neon Ne @® Sodium Na
Bismuth Bi ® Gold Au Nickel Ni Strontium Sr
Boron B Helium  He @® Nitrogen N Sulfur S

Bromine Br Hydrogen H ® Oxyvgen  Q ® Tin Sn
Cadmium Cd lodine [ Phosphorus P ® Uranium U

Calcium Ca @ lion Fe Platinum Pt Xenon Xe
Catbon C Krypton Kr Plutonium FPu ® Zinc In
Cesium Cs ® lead Pb @ Potassium K

Names of Compounds

A compound can be identified either by its formula (¢.g., NaCl) or ifs 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.

Ions
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 Fe* 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 afler the name of the metal:

Fe* iron(Il) Fe*’ iron(III)

(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 femic
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
§*  sulfide ClI™  chloride
Se®  selenide Br  bromide
Te*  telluride I iodide

Polyatomic ions are given special names:

+

NH, ammonium
OH hydroxide

NO; nitrate

ClOs” chiorate ClOg perchiorate

CN cyanide

CH;COQ~ acetate

MnO,~ permanganate

Cos> carbonate  HCO;™ hydrogen carbonate

PO phosphate HPO» hydrogen phosphate H;PO, dihydrogen phosphate
S0& sulfate

Crof chromate Cra07" dichromate

Certain nonmetals in Groups 15-17 of the periodic: table - form -mose -than-ene -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 -ite 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 sypo- (fewest oxygen atoms) are used as well.

Oxoanions of Nitrogen, Sulfur and Chlorine

Nitrogen Suffur Chlorine

ClO4 perchlorate
NO;~  nitmte SO,* sulfate CfO; chlorate
NO,” nitrite S0;" sulfite cfo, chlosite

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 fons appear in the formula.

Example: CaS calcium sulfide
AI(NO3)y;  aluminum nitrate
FeCl, iron(IT) chioride

Binary Molecular Compounds

When a metal combines with a nonmetal, the product is-crdinarily- an-iomic: 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 product is most-ofien a:binary molecular-compound. There
is no simple way to deduce the formulas of such compounds. These is; 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 clement 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 c

- the suffix -ide



To illustrate these rules, consider the names of the several oxides of nitrogen:

Example: N;0s5 dinitrogen pentaoxide N;0,4 dinitrogen tetraoxide
NO; nitrogen dioxide N,0; dinitrogen trioxide
NO nitrogen oxide N,O dinitrogen oxide

Greek Prefixes Used in Nomenclature

Number | Prefix Number | Prefix | Number |Prefix
% di 5 penta 8 octo
3 tri 6 hexa 9 nona
4 tetra 7 hepta 10 deca
Example: S0, sulfurdioxide PCl; phosphorus trichloride
SO;  sulfur trioxide Cly07 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 chloride, HCI; in water solution it exists as aqueous
H' and Cl” 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

HCI(g) hydrogen chioride H'(aq),Cl(ag)  hydrochloric acid
HBr(g)hydrogen bromide H'(ag), Br(aq)  hydrobromic acid
Hg) hydrogendodide H'(aq), T (aq) hydriodic acid

Most acids confain oxygen in addition to hydrogen atoms. Such species are referred fo as oxoacids. Two
oxoacids that you are likely to encounter in the general chemistry laboratory are:
HNO; nitric acid H,SO; 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 -ite is replaced by the suffix -ous. The
prefixes per- and Iypo- found in the name of the anion are retained in the name of the acid.

Example: ClOy perchlorate ion HCIO, perchloric acid
ClO;  chlorate ion HCIOs chloric acid
CIO; chloriteion HCIO, chlorous acid

CIO™ hypochlorite ion HCIO hypochlorous acid



Nomenclature of Organic Compounds

General rules

Nomenclature of Alkanes

Straight-Chain Alkanes Alkyl Groups
English Czech English Czech
name name name name
methane methan CH4 methyl methyl CH;3-
ethane ethan CH;CHj ethyl ethyl CH;- CH»-
propane propan CH;CH,CH3; propyl propyl CH;-CH,-CH;-
butane butan CH3(CH2)>CH3 isopropyl isopropyl  (CH3),CH-
pentane pentan CH3(CH2);CH3  butyl butyl CH;-CH,-CH,- CH,-
hexane hexan CH3(CH;)4CHj;
heptane heptan CHj3(CH;)sCHj;
octane oktan CH3(CH;)6CHj3

With alkanes containing a branched chain, such as

H

1 é 3
H3C—(|3—CH3
CHa

2-methylpropane

the name is more complex. A branched-chain alkane such as 2-methylpropane can be
considered to be derived from a straight-chain alkane by replacing one or more

hydrogen atoms by alkyl groups. The name consists of two parts:

e a suffix that identifies the parent straight-chain alkane. To find the suffix count
the number of carbon atoms in the longest continuous chain. For a three-carbon
chain, the suffix is propane; for a four-carbon chain it is butane, and so on.

e a prefix that identifies the branching alkyl group and indicates by a number the
carbon atom where branching occurs. In 2-methylpropane, referred to above, the

methyl group is located at the second carbon from the end of the chain:

Hs

3
_CHS
H3

C
1 7
H4C —llz

10
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! 3
Hf';; 9 34 3t 2 éH pentane
3 WCH 3
3 2- CH5 methylbutane 2,2-

dimethylpropane

Notice that
e if the same alkyl group is at two branches, the prefix di- is used (2,2-
dimethylpropane). If there were three methyl branches, we would write
trimethyl, and so on.
e the number in the name is made as small as possible. Thus, we refer to 2-

methylbutane, numbering the chain from the left, rather than from the right.

branched chain — rozvétveny fetézec

straight chain — pfimy (rovny) fetézec

Nomenclature of Alkenes

The systematic names of alkenes are derived from those of the corresponding
alkanes with the same number of carbon atoms per molecule. There are two

modifications.

e the ending —ane is replaced by —ene

F—U =

ethane ethene

e where necessary, a number is used to designate the double-bonded carbon; the

number is made as small as possible.

1 a3
HoC 2.2 4 1 3
e, H3C “Eff’\éH

11
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but-1-ene but-2-ene

1 3 1 a

HoC- 2 4 HiC._ 2 4
Y\0H3 3 %CHS
CH4 CH4
2-methylbut-1-ene 2-methylbut-2-ene

You may be surprised to learn that there are actually two different 2-butenes,

differing from each other in molecular geometry.

Hz2 3n H2 13 SH
— 3
H4C CH, 1
HAC H
cis-but-2-ene trans-but-2-ene

double-bonded carbon — uhlik se dvéma vazbami

12


file:///D:/Monika/Škola/Bakalářka/Hotové/databáze%20výslovností/double.wav
file:///D:/Monika/Škola/Bakalářka/Hotové/databáze%20výslovností/bond.wav
file:///D:/Monika/Škola/Bakalářka/Hotové/databáze%20výslovností/carbon.wav

Nomenclature of Alkynes

The IUPAC names of alkynes are derived from those of the corresponding

alkenes by replacing the suffix —ene with —yne.

e iU

ethyne propyne

but-1-yne but-2-yne

Derivatives of Benzene

Monosubstituted benzenes are ordinarily named as derivatives of benzene.

ON BN HO F8-

chlorbenzene  nitrobenzene  aminobenzene hydroxybenzene methylbenzene

(aniline) (phenol) (toluene)

The last three compounds listed are always referred to by their common names, shown

in red.

common — bézny (trivialni)

referred — uvadény

13
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Functional Groups

Many organic molecules can be considered to be derived from hydrocarbons by
substituting a functional group for a hydrogen atom. The functional group can be

a nonmetal atom or small group of atoms that is bonded to carbon.

Common Functional Groups
Czech name Class Example Name
halogeny halides C,H;ClI choloroethane
alkoholy alcohols C,H;OH ethanol
ethery ethers CH;-O-CH; dimethyl ether
o I
aldehydy aldehydes F ethanal
et
ketony ketones H) propanone
He U
karboxylové kyseliny | carboxylic acids LB ethanoic acid
e O—UH
estery esters H) methyl methanoate
aminy amines CH;NH, aminomethane
m«'\g N
amidy amides ethanamide

Carboxylic Acids

The systematic names of these compounds are obtained by adding the suffix —oic to the
stem of the name of the corresponding alkanes. In practice, these names are seldom
used for the first two members of the series, which are commonly referred to as formic

acid and acetic acid.

14



s
methanoic acid ethanoic acid

(formic acid) (acetic acid)

A wide variety of carboxylic acids occur in nature, giving a sour or tart taste to foods.

Some naturally Occurring Organic Acids
Name Source

FEC

L

acetic acid vinegar
W

citric acid aH citrus fruits

w1 OH
C
=

malic acid apples, grape juice

oxalic acid HOOC-COOH tomatoes, spinach

15



Self-tests

Write the name

Write the correct names of these compounds:

H!': "-\-\_\_\_\_\_H_'_,--____,-F_'-ﬂ"‘-\-\_\_\_c H3

Hat WEH!

HaC WC Ha

HaC o
EW

NH 5

malic acid

but-2-ene

pentane

pent-1, 3-diene

butanoic acid

aminobenzene
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Draw the formula
Draw the right formulas of these compounds

ethanoic acid

ethanal

nitrobenzene

propyne

trans-but-2-ene

pent-2,3-diene
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propanone

3-methylbutan-2-ol
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hexane

2-methylbut-2-ene

hept-1,3-diyne

phenol

aminomethane

but-2-ene-1-ol
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