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»loday, science means a valid method of explaining the observed reality. The well-founded
disciplines of modern science are in a way related to Buddhism since Buddhist philosophy also
searches and establishes truth through rational analysis, similar to that of science.”

H.H. The Dalai Lama, 2002

Science meets Dharma: Introduction

How does Science work? Exdaqragas sy Ay su
1. Model of reality /observation 9 sEEgsaagsad R agaasasss i
b
2. Hyp ' (to explain observation) 1 &rk*zi‘gl“%'&' (sasRogswiadasisis))
3. Control experiment [
) " sgaksRseiesrsss
4. Results |
'
5. New model of reality N %’;5"
It is important to document so other people | EeEHsengg e g agnanassy
can follow and repeat the experiment! nazsdqadng 5\'@ aada3 i Ngase gi"‘i?i'é 5
~

gsfNy

hbw, rev. October 2012, Jan 2013



TIBET INSTITUTE RIKON APPLIED CHEMISTRY page 3

1 Whatis Chemistry gxagx&s<q)

Definition

Chemistry is the study of matter with its properties and transformation of materials (chemical
reactions).

All known matter — gas, liquid and solid — is composed of chemical elements or of compounds
made from those elements.

All living processes are controlled by chemical reactions.

Chemistry is sometimes called ,the central science” because it connects physics with other
natural sciences such as astronomy, geology and biology.

2 Historical Abstract

Early chemical abilities:

Ancient civilizations were able to make pottery and glazes, to ferment beer and wine, to prepare
pigments for cosmetics and painting, to extract metals from ores, to extract chemicals from
plants for medicine and perfume. But also cheese making, dying cloth, tanning leather,
rendering fat into soap, making glass, and making alloys like bronze.

Alchemy - precursor of modern Chemistry

Alchemists discovered pure metals such as gold, silver, copper, iron, lead, mercury and
developed separation and purification methods. They searched for the Philosopher's Stone
which was believed to transform cheap metals into gold by mere touch. The separation
processes were not understood as such, but seen as a transformation.

Questions:
< how can chemistry be defined?

< Compare the definition of Chemistry with the definition of Physics '

3. Properties of Matter

Ancient elements system - earth, water, air and fire

Early Buddhism differentiated physical things into four elements, which are sensed in terms of
solidity or inertia (earth), cohesion (water), expansion or vibration (air) and heat or energy
content (fire).

The Buddha's teaching on the four elements is to be understood as the base of all observation
of real sensations. A derivative group of the four are color, smell, taste, and nutriment.

! Physics is a branch of science concerned with the properties of matter and energy and the relationships between them. It
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Can the western scientific view seen as an analogy to this?

A The states of aggregation — a physical view

A solid state
A liquid state

A gaseous state

Properties of a substance (matter)
We examine different substances

systematically: How do they react? What do

and a 4" state: plasma (electrically charged gas)

8 kv gy &) (FaqyAa))

sf“ﬁ!&ﬁ<&i§&&'%~'§§e\'\" NETAA LR

(l

Q'!N "< &&&E é& "m&:’ ‘QASAN
S

we observe? 3 3‘5 R AEL T g
A%
Salt &, | Alcohol Tron
o (Sodium Chloride) alas | N
Properties 858 W 48|
Color/ smell
State of matter (solid, hquid,
gaseous)

(yoanN AR nEns A

SECELY

Flammability
R RV R RS B

Conductor of heat and
electricity
§<~J<§:~ g SRR RAE]

Boiling pomt
Ao gy

synoptic (english and Tibetan) texts adapted by Heinz Winzeler (original Adrian Wirth, translation Lhundup Dorjee)
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4. Types of Mixtures

A A mixture is a combination of pure substances.
A Each substance remains in its original pure form. But each of it is not always easy to see
distinctly once the mixture is made.

Main component Solid Liquid gas
Side component
Solid Mixture, alloys Suspension e.g. sand | Aerosol, moke, dust,
in water, gel

Liquid e.g. dough, soil, emulsion Aerosol fog, mist,
vapor, cloud

gas foam, e.g. whipped suspension Gas mixture

cream

4.1 Homogeneous mixtures

Individual components are not visible in the mixture, the matter is uniform
a) solid homogeneous mixtures

examples:
A brass is a yellow metal containing copper and zinc
A bronze is an alloy of copper and up to one third of tin
A stainless steel is an alloy containing iron and chromium

b) Liquid homogeneous mixtures

examples:
A Homogenized millk is a mixture of water, fat and proteins.
A sea water is water containing salt,
A sugar water, syrup, filtered apple juice

1. gaseous homogeneous mixtures

examples:
A air is an (invisible) mixture of nitrogen (78%) and oxygen (21 %). plus 0.9 % Argon, 0.04
% CO2
A Halogen bulbs contain a mixture of iodine and argon
A Exhaust gas of an engine or heating oven contains nitrogen, CO2, and water vapour
A Brass, salt water, diluted alcohol, soda water under pressure, explosive gas

4.2 Heterogeneous Mixtures

individual substances are visible in the mixture. Suspensions with particles less than 0.5 ym is
a colloid, otherwise it is heterogeneous.
Suspension (visible particles) — colloid (microscopic droplets) - solution

A Examples: Gravel and sand, sand in water, oil in water/water in oil, foam, smoke in air
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4.3 Separation of mixtures

Mixtures can be separated into two or more substances by mechanical or physical means.
Heterogeneous substances are always mixtures. Homogeneous mixtures are not easy to detect
as such.

A Pure or chemical substance
is a form of matter that has constant chemical composition and characteristic properties. It
cannot be separated into components by physical separation methods, i.e. without breaking
chemical bonds. They can be solids, liquids or gases.

e.g. table salt, sugar, ice, acetone, carbon dioxide, ..

— distinguish in above terms: coffee, steam, salad sauce, methane gas, tea, sugar,

Pure Substances %5 'i'% "ENTRA
Different meanings of “pure” or Purity 3REAGEgagds
Everyday life 3«'%&'53 'FUZR| |Dharma 32 ENER| | Science B3 RAER

Pure substance in Chemistry means: l“"?g*'&&‘iq&:'gﬁ'ﬁ<'g'ga'g'$'§&1

Source: Sybille Menet, translated by Tenzin Choekyi, Jangchub Choeling Nunnery
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5. Obtaining pure Substances: Separation of Mixtures

Isolating and purification of pure substances are very important processes in chemistry.

Basic Techniques tor Separating Mixtures

q@ g gqdcad gad a 8a'gg ag AN Q|

. wr 2 DD e
v q // 011 layu %&3 &i' Q1
i water laver g&'&&m

Fig. 1: Filtration Q&' 3|

=
thermometer
FEFAEVEN
: 5‘“"13"1“’%'3*"3" -
QRNH|

/

cold wame.r n
beat gAY ,
E55
b
sistillat 0
AN

Fig.3: Distillation AEN'AYR'ATAN'E, |

hbw, rev. October 2012, Jan 2013
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6. Chemical Elements

6.1 Elements and compounds

Elements and compounds

Model:

GEEE CHISEE WD £

Using chemical methods, a pure substance can FINSTEVIINENQ g* JNNANRFT
still be further dissected. The smallest particles ERIICEIRRI IV NRAAIRIFNG

D D Ty Ler oo . -
that can’t be further dissected are called atoms SRRAYAR AW «Q'y S’q H&'=x
(simplification!). A substance made out of the '::' {5y graRdarsa £5§ Rqa3a A iy

)
same kind of atoms is called an element. VRN ENFNER
$ = X v’h' ~ Ry ® :-‘ N AE 4
In science, is water considered an element? FIAN LG RINENT FANY N[N
= &3 ém:vma‘s 251

= water electrolysis

6.2 The discovery of elements

An element is a chemical substance that is made up of a particular kind of atoms and hence
cannot be broken down or transformed by a chemical reaction into a different element.

~1670 dicovery of phosphorus - the chemical element with symbol P (this happened upon a
trial to transfer urine to gold). It took 200 years until P is industrially used e.g. for matches.

1770 Carl Scheele discovered 8 further elements: chlorine Cl, fluorine F, manganese Mn,
barium Ba, molybdenum Mb, tungsten (wolfram) W, nitrogen N, oxygen O and many useful
compounds, such as ammonia, glycerol, tannic acid, chlorine as bleaching agent, etc.

He demonstrated the role of oxygen in the rusting of metals or in respiration and explained
combustion (before a ,phlogiston theory“ postulated that materials released a substance called

phlogiston when burned).

1789 Antoine Lavoisier discovered that sulfur S is an element, which before was assumed to be
a compound. Thorough weighing with all experiments he found, that although matter can
change its state in a chemical reaction, the total mass of matter remains constant despite

chemical change. Lavoisier formulated

A the law of conservation of mass.

Lavoisier investigated the composition of water and air:
A water is a compound of two elements (oxygen and hydrogen)
A air was a mixture of gases (primarily nitrogen and oxygen).

page 8
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6.3 Atoms, elements, ions, isotopes

Atoms
— T Nucleus:
" © protons (positively charged particle) and neutrons
e.g. hydrogen H 1 proton + 1 neutron

\ helium He 2 protons +2 neutrons
“
k “\Shell:

electron (negatively charged)
| e.g. hydrogen H1 electron

Helium He 2 electrons

Helium atom Diameter of an atom ~ 1 Angstrém (A) =10 m
diameter of a nucleus ~1 fm (femtometer) = 10"° m

(a grain of dust of 10 ym in a ball of 1 m diameter)

Materia consists of atoms, the mass is concentrated on extremely small points

— As a matter of fact this is an other case of emptiness and interdependence !

— Which type of atom / element is this?

lons

Some elements and molecules can collect or release electrons to another element or molecule.
Then these particles become negatively or positively charged. Charged atoms or molecules are
called an ion

e.g. H — 1 electron = H"
o*

O + 2 electrons
Isotopes

There exist variants of certain atoms with different atomic weights, while they have the same
atomic number.
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6.4 The Periodic Table of Chemical Elements

Notation of chemical elements
In 1828 Berzelius, a Swedish chemist compiled a table of relative atomic weights.

He developed the Notation of chemical elements, a system in which the elements were given
simple written labels—such as O for oxygen, or Fe (Latin ferrum) for iron.

)

The most important Symbols are: ¥ R FXE EF TP S

H K Zn
C Ca Sn
N Cl F
Na Ag Cu
0] Au Fe
S Hg

The proportion of an element in a compound is noted in subscript numbers.

Formulas show information about the molecules g’ &'aqq‘am\-‘fw QY V2PN *::\-'ga'f'm;zq'

N e

or compounds: Which elements are involved, how ‘gm%’;ﬁé\ Xy RINENTR 'q&q'fv AR
a < 3

many atoms of each element and how the atoms maNENRRA zauz NFA0 ALY UT FI'T

) 3 3

are bonded with each other. aggI ARG 33 I3

Example of formulas: SRR BRI £1

Water: H,O o) |

/N 2
H H

‘v

Salt: NaCl
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RAVHE T 585 (F S59:) guw
quN IO R g UIN] ERNENTC
Periodic Table &'ﬁq'q&u'aﬁ'gq'qs'a? 53 ﬁ'g’q'g 51

Mendelejew (St. Petersburg, 1860) classified the elements according to their

* atomic weight and

* chemical properties.
He observed a certain periodicity, repeating properties in every 8™ position.
Assembling in periods of 7 and groups he presented the periodic system of elements
a) atoms are arranged by increasing weight of atoms in horizontal arrays

b) common properties are grouped vertically.

Periodic Table of Elements

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

" Atomic #

Symbd

NS s Solid

4B . : Liquid
Seyin [H]Gas

i Unknown

| | Nonmetals |

For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.

Design and Interface Copyright © 1997 Michael Dayah (michael@dayah.com). http://www.ptable.com/

G e pe g o je o je e get - ge o gt e ge o gno jn
La tCe :tPr iNd 3Pm 2Sm ZEu 2Gd #Tb 3Dy 3zHo zEr =Tm %Yb Lu 3
Lanthanum 2 Cerium 2 Paseodymim ? Neodymium 2 Promethium 2 Samarum 2 Europum 2 Gadolinum 2 Terbium 2 Dysprosium 2 Holmium 2 Erbium 2 Thulium 2 Ytebivm 2 Lutefum 2
138.90547 140.116 140.90785 144242 (145) 150.38 151,984 157.25 158.92535 162.500 18493032 167.259 168.33421 172,054 174.9868

m’!g 89 '90 “91 92 u93 '94 “95 39 u97 '98 “99 100 ‘101 5102 “103
Ac #Th zPa zU :Np ZPu Am :Cm 2Bk zCf zEs ZFm :Md :No s=Lr =
Actinium 3 Thorum 10 Protsctinium § Uranium 2 Neptunium 3 Putonium % Americum 3 Curum § Berkelum 2 Caifomium 3 Ensteinium § Femium 3 Mendsevim 3 Nobsium 2 Lawrencum 3
(221 232.03808 231.03588 228028351 (@0 (244) (243 @ (4 (281) (252 (20 (258 (259) (@2

All elements up to Uranium No 92 are anaturally occuring. Those beyond are artificially
composed.

Atomic number

Atomic number stands for the number of protons in an element atom, e.g. Hdrogen (H): 1
proton, Helium (He) 2 protons, Beryllium (Be) contains 3 protons, iron (Fe) with 26 protoons etc

QUESTIONS: Which atomic number has nitrogen N?
How many of the elements are metals, nobel gases, non-metals?

Which elements are liquid and which ones in gaseous state ?

hbw, rev. October 2012, Jan 2013
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Please fill in the number of electrons. One electron cloud can hold only two electrons. In order to reach the
. Asard: e a
noble gas state. atoms can share electrons with other atoms and form molecules. i Q'Y PEN'ARHK R

351 ﬂ"iw'ﬁa\'qsq'ﬁ'ﬂ"iwﬂ@u'i ‘aR &' A RARF KA EN 5 N SRR

iaa'zgq'ﬂ&'ﬂ"im'qa&'aga'g’ﬁ'g 5] '“'{“'i"‘"’f‘”

PERIODIC TABLE OF THE ELEMENTS
1 il m Y v i vi vm
H , He
Hydrogen Helium
Li Be Cc N o F Ne
Lithium Beryllium Carbon Nitrogen Oxygen Fluorine Neon
Na Mg Al Si P s ci Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Aion,

WD 0Lg

6.5 Abundance of elements on
earth and in the universe
Ten most common elements in the Milky Way Galaxy
estimated spectroscopi::allym

The Earth is composed mostly of Z 54 | Element

Mass fraction in parts per million [

iron 321 %
oxygen 30.1 % 1 Hydrogen 739,000|71 » mass of Oxygen (red bar)
silicon 151 % 2 Helium 240,000| 23 x mass of Oxygen (red bar)
magnesium 13.9 % !
8  Oxygen 10,400 | I
sulfur 29 % =
nickel 18 % G |Carbon 4600
calcium 1.5 % 10 |Neon 1,340
- o
aluminium 1.4 % 26 |Iron 1,090
The remaining 1.2% consist of trace 7 | Nitrogen 960
amounts of other elements. 14 |Silicon 650
The core region is believed to be TRIT - 580
primarily composed of iron (88.8%), Sgnesium
16 | Sulfur 440

98 % of material space consist of H and He
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6.6 Isotopes, radioacitivity

Isotopes (from Greek isos = equal and topos = place) are variants of chemical
elements with a given number of protons (atomic number) but different number of
neutrons. Different isotopes of a single element occupy the same position on the
periodic table. Each isotope of a given element has a different mass number.

Hydrogen for example exists in three isotopes of the element hydrogen H:
hydrogen-1 (99.98 %), hydrogen-2 (deuterium) and hydrogen-3 (tritium).
Water formed of H-2 (D or deuterium, D,0O) instead of H is called heavy water.

Carbon-12, carbon-13 and carbon-14 have the same atomic number 6, which
means that every carbon atom has 6 protons, but the number of neutrons of
these isotopes are 6, 7 and 8 respectively.

Oxygen exists in isotopes O-16 and O-18, nitrogen as N-14 and 15.
Uranium: naturally occurring isotopes are U-238 (99.3 %) and U-235 (0.7%)

Many isotopes are not stable, they decay into lighter elements. Such elements
exhibit radioactivity (continuous disintegration).

Radioacivity is exhibited by several naturally occurring elements, including
radium and uranium. Some isotopes of lighter elements, such as carbon-14 are
used in radioactive dating. Radioactivity may also be induced, or created
artificially, by bombarding the nuclei of normally stable elements in a particle
accelerator. Radioacitve decay shows three types of rays: alpha, beta, and
gamma rays.

Alpha rays are nuclei of ordinary helium atoms. Alpha decay reduces the atomic
weight, or mass number.

For example, decay of uranium-238 is followed by loss of alpha particles. This
produces radioactive thorium. The alpha decay reduces the atomic number of
the nucleus by 2 and the mass number by 4

Beta rays are high-speed electrons. In beta decay a neutron within the nucleus
changes to a proton. The electron is immediately ejected from the nucleus, and
the net result is an increase of 1 in the atomic number of the nucleus but no
change in the mass number. The thorium-234 produced above experiences two
successive beta decays.

Gamma rays have very great penetrating power and are not affected at all by a
magnetic field. They move at the speed of light and have a very short
wavelength (or high frequency); thus they are a type of electromagnetic radiation
accompanies alpha or beta decay and affects neither the atomic number nor the
mass number of the nucleus.
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7 Chemical bonds

Most atoms can join with other atoms through chemical bonds to form molecules. Chemical
reactions can change molecules to form new bounds and molecules.

e.g. H+H = H, C+0,=C0O,

7.1 Covalent bonds 3 &x'g’ﬁ't&'eq@-qg a’
Atoms feel more comfortable when their outer sxgg&#ﬁ:a -u&'gm'&vg:-m;-:vi«;3-:‘;-
shell (Orbit) is full. . 5 BAafxamsEsnrsR naLysad A
The state with a full outer shell is called noble aaxg < 'lw 5§ amis) amgmgs
gas configuration. A e
Noble gases are very stable elements and they Y SRR "jz\ SESReL AR gv
don’t react with other elements. In other words, [ENENTAHIIRANT NG| JUR] AVIFEN
atoms share electrons in order to achieve a Faaspa §RRR gy qzqusiaaags ¥
stable electron structure. Jagreanys Ay

A covalent bond is formed when two atoms share pairs of electrons. If the atoms share more
than two electrons, double and triple bonds are formed H-O-H, 0O=C=0, N=N, O0O=N-O

By sharing their electrons, both atoms achieve a highly stable electron configuration
corresponding to that of a noble gas. For example, in methane (CH,), carbon shares an
electron pair with each hydrogen atom; the total number of electrons shared by carbon is eight.
This corresponds to the number of electrons in the outer shell of neon; each hydrogen atom
shares two electrons with the carbon atom. This corresponds to the configuration of helium He.

In most covalent bonds, each atom contributes one electron to the shared pair (H-H)

Examples %

Chlorine Cl,: This element is a gas composed of two chlorine atoms. Both atoms share one
pair of electrons (one electron cIoud)
Qm £ :na&*w & =0~1&mo=n LR !a‘

N

Jl
(L])
N
aa
5
Jl
234
cIom
2
a2
)V
N
= |
(o2
g

Oxygen gas molecule O,: Two pairs of electrons are shared. This bond is called double bond.
EE'StN'a'mSN'&aﬁ'gg'é3':1'5' Jad g ad g8 aEs)

Nitrogen gas molecule N,: Three pairs of electrons are shared. This therefore is called a triple
bond.

N zarz . Nz Q= 2ar v At e ma
&Sm&m&\g&!&a g BINE JAY & iﬂ Q& K'] /)'3%]

2 original Adrian Wirth, translation Lhundup Dorjee, adapted by Heinz Winzeler (please check the Tibetan translation)
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7.2 The lonic Bond

The ionic bond results from the attraction of oppositely charged ions.

Metals (e.g. sodium Na) lose their outer electrons easily, while the atoms of non-metals (e.g.
chlorine Cl), tend to take up electrons. In an ionic crystal like sodium chloride (NaCl), no

molecules exist: Sodium chloride is composed of Na* and CI- ions. Each lon is attracted to
neighboring ions of the opposite charge. Together they form a crystal.

wagxad g
Tonic compounds guagxrag g

s & a N
. EN'AIR'QAQ'FT '&&'N'&’ME 5N I‘".E:(KQ
Some atoms tend to gain or lose electrons to S & oSS
. . . . ~4 4 'Yl"‘ \ \'
achieve a full outer Orbit. The result is either a §R5] qavyRvaRsRagyAgvaay
.. . o
positive or negative charged atom. We call QIANFIINYQ RIRT 33 ENNIAEF’
. o . . v
them ions. Positive and negative lons are Q= A5 SURRERS sy EaE ess
strongly attracted to each other N S SN I
AANEEY Y 5&-4:1&:%\.‘;:' N
Example:
Sodium Na has two full Orbits (shells) and one Rady T3RaaFRasnmaniwsRIdaEz
single electron in the outer shell. This is a very asrardizandaessdsl 25 nEs AR AR
unstable electron arrangement. When the - 'é:&f‘a e
. . . s 'xJ
sodium atom loses its outer electron, it becomes = e
3 EEES

a positive lon:

Because the sodium chloride compound NaCl is made out of ions, it is called an ionic
compound. TZRFFRN Y ANENRQ g&im ESEEEEREE TR R 3§ ANEN AxEx

7.3 Metallic and Hydrogen Bonds

In metals all atoms are identical. Bonds therefore are not ionic. They form a lattice in which
electrons behave like a free gas moving within the matrix (framework) of metal atoms.

This explains the good conductivity of heat and electricity.

3 source: http://www.infoplease.com/ce6/sci/A0857263.html - ixzz1bLIYnkdj
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8 Chemical reactions

8.1 Chemical change

Nuclear and chemical reactions: Which elementary parts of an atom are involved in a nuclear
and a chemical reaction respectively?

. . . ENagRag’ AN TENNRFINT YD
Chemical reactions are transformations: N ) 4 SINASRNIFE
The involved substances are transformed into AmR3 maNyINay FRAFINRENEINT

new substances which have other properties. ZAXFIINAQ Rg=ay A53 EnRwday 7
The molecules dgcompose anq the parts4 O X CTRPRRRA S
are reassembled in a new configuration. @ < N N

AAN'T] q gg-:\&' N:’%& '“"J\'R'

8.2 Experiments:

a) Mixture of iron and sulphur - mixing and separation LR gm&x:g%&s&w
see video: - chemical reaction SELANT

Observation and conclusion?

b) Steel wool on a balance REASES| RN FANARYTRYL]
- observation? Make a sketch: Ja¥as §RaaEy ’

- explanations?  ajarzgs:

WR'HR| CISEERETY

c) Remember the candle experiment? :‘gﬂ'ﬁ\':m@é:’mgm&'&'ﬂ&%m S :“’i’“ &=
We already know that it is not the solid or liquid P P A
which is burning, but the gas of the wax. sxudafy RadPasaad gw 5“‘1“

What exactly is happening in this burning process? NNy 'ﬁ%'&‘ﬁv qrEnay s
I\

N
X
. . |
Write down all observations and make a sketch! ua-am-gz .&;m\,.\m& ¥ W“‘N

4 Source: Adrian Wirth, translation Lhundup Dorjee, adapted by HW

)Il?
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8.3 Chemical Equations °

During a chemical reaction atoms are not created or destroyed. i.e. the number of atoms of
each element must be the same in the reactants as in the products. The equation of elements is
balanced. Balanced symbol and formula equations show how many molecules of reactants and
products are formed.

The physical state of substances is indicated by symbols (s) for solid, (l) for liquid and (g) for
gaseous state. Substances dissolved in water are indicated with (aq) for aqueous solutions.

Examples of chemical reactions are
e carbon burning in oxygen (O in air) to form carbon dioxide
* decomposition of calcium carbonate to calcium oxide and carbon dioxide on heating
* silver nitrate solution and sodium chloride solution into silver chloride and sodium nitrate.

The balanced equations of these reactions are the following:

carbon () + oxygen () —>  carbon dioxide ()

calcium carbonate (s) —>  calcium oxide (s) + carbon dioxide (g)

silver nitrate (aq) *+ sodium chloride (s) = —> silver chloride (s) + sodium nitrate (aq)

® ¢.f. Susan Lakin and John Patefield: Essential Science for GCSE, Nelson (1998), topic 21, p.112-113
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8.4 Hazard symbols

&

carcinogens - see page 3)

(Explosive) (Flammable) (Oxidising)
s o)
(Health hazards including (Acutely toxic) (Corrosive)

(Moderate hazard — see page 3)

(Gas under pressure)

(Hazardous to the
aquatic environment)

Fig. 8.1 Globally Harmonized System (GHS) of classification and labeling

Examples of products:

Explosive: nitroglycerine, dynamite, black powder

Flammable: lamp oil, gasoline, solvents, aerosol can, butane gas
Oxidizer: hydrogen peroxide, bleaching agent

Health hazard: gasoline/benzine, methanol, some etheric oils, lack

Acutely toxic: rat poison, arsenic

Corrosive: baking oven cleaner, strong cleaning agents, softening agent

Moderate hazard: dishwasher tabs, javelle, cleaning material

Gas under pressure: Propane-/ butane gas bottles, CO2-cylinders for soda water

Environmental hazard: mold remover, motor oils, swimmingpool chemicals, insecticide
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9 The origin of chemical elements

9.1 The Formation of elementary particles

The most widely accepted theory in cosmology is currently the Big Bang Theory,
which was based on Einstein's General Theory of Relativity (E = mc?). According
to this, the universe was once concentrated in a small nucleus of extremely high
temperature and infinite density.

During the big bang only hydrogen, helium, and trace amounts of lithium and
beryllium were formed (out of initially generated protons, neutrons and
electrons).

9.2 The formation of further chemical elements

When stars no longer can fuse hydrogen to helium because the hydrogen fuel is
exhausted, they expand into a red giant.

Three helium atoms fuse into a carbon atom, four heliums fuse into oxygen. If the
core is compressed, heavier elements are formed, when the star collapses into a
white dwarf. This goes up to iron (Fe), which is the most dense atoms.

Heavier chemical elements that fill the periodic table are thought to have been
produced by various cosmic processes after the appearance of stars. In their
depths in the thermonuclear fusion reactions gradually formed nitrogen, oxygen,
carbon and heavier elements. But how elements beyond iron emerge, still
remain a speculation...

Planetary nebulae are containing material enriched with heavy elements.
Fig. 9.1 Cat’s eye nebula

The Cat’s Eye Nebula was discovered in
1786. This picture was taken by the high-
resolution Hubble telescope. In the center of
the Cat's Eye there is a bright and hot star,
which is10°000 x brighter than our sun.
Around 1000 years ago this star lost its
outer envelope, producing the nebula.

The distance from earth is 3000 light-years.

Hydrogen is the most abundant element. It
looses huge amount of material with solar
wind, emitting also traces of other elements
in space.

Video clip “Journey in space” authored by A. Zartha: Assembled pictures taken
from the Hubble telescope (see further pictures under http://www.hubblesite.org)
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10 Carbon

Carbon, symbol C, from latin: carbo = ,coal”
Atomic number 6: How many electrons and protons?

There are three naturally occurring isotopes 12, 13, 14: how many neurons?

10.1 Different forms of elementary carbon
Carbon exists naturally in 3 forms which have extremely different physical
properties:

Black carbon: “coal’, appears naturally as a sedimentary rock, which is
easily burning (anthracite coal). Other forms are charcoal,
bituminous caol

Graphite: black, soft (pencil), good electrical conductor.

Diamond:. highly transparent extremely hard; Diamond conducts no
electricity (isolator), but has high conducitivy of heat.

Smm
1/4"

Fig. 10.1 Diamond and anthracite coal (same chemical element C!)

Nanotubes and fullerenes:

modern working materials which find applications in
nanotechnology and -structures, microelectronics, energy
storage, biotechnology (biosensors), catalytic chemistry

Fig. 10.2 Nanotube (Model)
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10.2 Tetrahedron form and chiral molecules (mirror symmetry)

* The outer shell has four electrons available to form covalent chemical
bonds. Carbon therefore is a very special element because it plays a
dominant role in the chemistry of life.

Due to the tetrahedron form with 4 electrons
in the L-shell carbon is forming more
compounds than any other element (almost
ten million). Carbon compounds can be
asymmetric and form mirror conformation L-
or R-forms of molecules (chirality).

0 0 Two molecules (S)-
HsC X CHs  Alanine and (R)-Alanine
®NHs @NH;  inionic form.

10.3 Applications of carbon nanostructures in Li-lon batteries
(case study: problems with Li-Batteies as a reason for the grounding of Boeing 787 “Dreamliner”)

* Working principle of a battery: 2 Redox-reactions, separated by an
electrolyte

* The role of an electrolyte: barrier for electrons (isolator) but conductivity for

ions
The motion of Li-ions upon discharging and charging
Stable electrolytes
with required
ionic conductivity O
Compatible
interface
membranes for
separations
v v
f ‘gg ﬁ Oxygen
gas
& &F
::__‘;f: U'c - ((

Nanoporous
carbons
Solid electrolyte to for transport
stabilize the interface and conductivity

Catalysts for making

and breaking Li-O
and N0 hnnde
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EXY ‘ag g A

11 The Water molecule

Water is an extraordinary substance. It has

o o o - o = o
. X' ‘q - ‘--. :1 U 1 ~w ::v :—‘c F 3 .-:1-
unusual properties because of the structure FHJATURBHI[GNRE]  JHRLAAYNENT
of its molecule. FoNvsIanagydgyRa Ay Jwgd’
At the same time it is the most common . e e . . . -

.~ i Vbl (e . b 4" T XIrxre red . At i
substance on our planet. SARITRETIANIARHANAA] §HIS
Without water, life would not be possible. Fardiz &8s :"-{3"5’“\' NAzc A ass Jo I
Our bodies consist of about 70% of water! R R
Water is liquid only over a narrow range of A& FES 0° Celsius 57 100° CIRTHS
téeererature — between 0 and 100 deg. S8 ETAR :,3:,,\..;.:, FiEx :,5&5‘3 i marfsEa

elsius. N
If our earth would be a little closer to the sun AR R RIS’ GRS TN I
Most of the watgr wogld turn into vapour. ' Raraler wrmar R Ha SarssamRe g B
If it would be a little bit further away, most of it = A
would be frozen. JRTRENAIRAD RS
s ENFR R NEQE I ATRNTANA ALy
You know already what a water molecule R DL At el Mt el

looks like: &

CRETEY SRF EE TR B ST £
= N &)

EEER R L RS TPt ST eSS

> o -

Zxmasg man N Ay

" L)
B A Y
* Fig. 11.1: The watermolecule is a dipole

The oxygen atom and the two hydrogen atoms NHHAR] SR ATgNNRYNAAY NUNNALY’
are strongly held together by sharing electrons. FusdzgaRs  IsodeRaacf Ay
But the electrons are not spread evenly around v < L o ¢ »
the molecule: Hydrogen atoms have a slightly TR  NEVENWAIFNRRNGIRAGS] 99
positive anq oxygen atom_s a slightly negative '52515-'~"5"5,"4":‘5-'!&*"":"Tl‘f"'ifa'& IR IR
charge, This is called a dipole. Water molecules e e L
have a dipole. §R! RLFLENWARAFGAPRFIFJAMRS §¥

>

(Remember: The overall charge
of the molecule is zero (same amount of electrons SR -
and protons, the positive and negative charge 5%"‘*'3 ﬁ'ﬁ'T“T qi“'ﬁ""ﬁ'gﬁ"& q|’

are cancelling out each other. ) i’“\'ﬁ.*"ﬁ 'Zﬁ'"T*"ﬁ &l ( ;.5,‘.%:.{.
s’wu:'in'qi’q'wﬂﬂ F g A se s
g o 'ug E& A A qads)

dipole =X T E5! FARINANIIX gipole X

Electrolysis of water
- Experiment and observations

hbw, rev. October 2012, Jan 2013
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12 Nitrogen

Case study: The nitrogen cycle — indispensable for our life and food production.

Denitrif .
Bacteria

Nitrogen-fixing
bacteria living in . _
legume root nodules Nitrates(NO, )

Decom osers
(aerobic and anaerobic
bacteria and fungi)

Nltrlfymg
Ammonification Nitrification bacteria

Ammonium
o) @»m

Nitrogen-fixing

—ail e o Nitrifying bacteria

Fig. 11.1: Nitrogen cycle between atmosphere and soil

Plants need nitrogen for the synthesis of amioacids and proteins. Although air is composed of
4/5th of nitrogen (N2), plants cannot use atmospheric nitrogen; they must use a combined or

fixed form of the element such as nitrates.

Intensive agriculture uses large amounts of industrial nitrogen in the form of ammonia or

nitrates (c.f. chapter 9.2)

After photosynthesis, nitrogen fixation (or uptake) is the second most important process for

the growth and development of plants.

hbw, rev. October 2012, Jan 2013
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Rhizobium is a soil bacterium which has the ability to fix atmospheric nitrogen and transform it
into ammonia (NH3) or ammonium (NH4+). This is a very energy intensive process.

N, +8H"+8e” — 2 NH; + H,

Symbiosis between plant roots and bacteria
On the roots of leguminous plants like peas, beans, lentils and soy, the bacteria reside in

nodules. The plant roots are producing amino acids and sugars and make part of it available for

the nodule bacteria. This mutual profiting is called symbiosis.

) w
SLLLITTTL

Fig. 11.2: Nodules (habitat of nodule bacteria) Fig. 11.3: Peas as representative

on lotus trefoil roots of leguminoses

Explaining the biochemical process:

The rhizobia are chemically attracted and attached to root hairs. The plant then releases
flavanoids, which induce the expression of nod genes within the bacteria. The expression of
these genes results in the production of enzymes called nod factors that initiate root hair curling.
During this process, the rhizobia are curled up with the root hair. The rhizobia penetrate the root
hair cells with an infection thread that grows through the root hair into the main root. This
causes the infected cells to divide and form a nodule. The rhizobia can now begin nitrogen

fixation.



TIBET INSTITUTE RIKON APPLIED CHEMISTRY page 25

12 Phhotosynthesis

Photosynthesis is a process used by plants and other organisms to capture the sun's energy
* Water is split into hydrogen and oxygen.
* Hydrogen is then combined with carbon dioxide

e Carbon dioxide is absorbed from air or water.

Basic Photosynthesis

b

{ / ‘/"i

Fig. 12.1 Schematic view of photosyntheic circles

In this process oxygen is released and glucose is synthesised.

photosynthesis
6 CO, + 6 H),O ======== (C4zH,0¢ + 6 O,

respiration

Imagine that a 100 years old beech tree holds some
200'000 leaves. They have a total surface of some 1200
m?l (Compare this area with a football pitch 100 x 70 m.
How many trees does this correspond?)

These 200'000 leaves contain 180 g chlorophyll in 10"
chloroplasts (Microscope)

On a sunny day such a tree can produce more than
9'000 litres of Oxygen and more than 10 kg of
carbohydrates

Calculate: 22,4 litres of oxygen O, are 18 grammes =

hbw, rev. October 2012, Jan 2013
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how many kg of oxygen?

The range of light within the spectrum of electromagnetic radiation

Strahlungsintensitat / W/m2um

2500 7

N
o
o
o

1500 1

1000 -

500 4

idealer Schwarzer Kérper
(Temperatur 5900 K)
extraterrestrische Sonnenstrahlung
(Luftmasse AMO)

terrestrische Sonnenstrahlung
(Luftmasse AM1,5)

250 500 750 1000 1250 1500 1750 2000 2250
Wellenlange / nm

Fig. 121.3 Spectrum of sun light — intensity versus wave length

a) Wave-Particle duality
Light exhibits properties of both waves and particles. In common with all types of
electromagnetic radiation, visible light is emitted and absorbed in tiny "packets" called photons.
The study of light is known as optics.
Light shows its wave characteristics in the refraction of light.
Light shows its particle nature e.g. in the photovoltaic effect

b) The speed of light and wavelength

The speed of light (fundamental natural constant) is about 300'000 km/s in vacuum.

Fig. 12.2 Beach tree in summer time

Visible light has a wave length in the range of 380... 740 nm (between non visible ultra violet

and infra red).

c) Electromagnetic Spectrum EMS

< Increasing Frequency (v)
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Relation between frequency f (Hz) and wavelength | (m): c=f.l

hbw, rev. October 2012, Jan 2013
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