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atom, ion, isotope, element, molecule

1. A substance composed of atoms with the same atomic number; it cannot be broken down in
ordinary chemical reactions.

2.The smallest indivisible particle of matter that can have an independent existence.
3.Two or more atoms which are chemically combined to form a single species.

4. An atom that has lost or gained electrons from its outer shell and therefore has a positive or
negative charge, respectively; symbolized by a superscript plus or minus sign and sometimes a
number, e.g., H*, Na*, O% CI.

5. Atoms with the same atomic number but different numbers of neutrons; indicated by adding
the mass number to the element's name, e.g., carbon 12 or 12C.



Atom, subatomic particles

- \ www.csmate.colostate.edu
. Electron

2 parts of an atom: nucleus and electron cloud (,1cm/100m”)
Electron orbital: space of one electron
Electron shells
composed of orbitals
determine the size of the atom
4 major shells (K: 2 electrons, L: 8 electrons, M: 18 electrons, N: 32 electrons)
Number of protons=number of electrons
Atom is neutral=uncharged

Atomic number: number of protons

Atomic mass/weight = mass number: number of protons + number of neutrons



Proton
Neutron

Electron

Name

Subatomic particles

Charge Location Mass
+1 atomic nucleus 1.6726 X 10™' kg
0 atomic nucleus 1.6750 X 10” kg
-1 electron orbital 9.1095 X 10* kg

Dalton = Da = unit of mass/weight (NOT METRIC!)
1 Dalton = mass/weight of 1 Hydrogen ion (H*)

1 Dalton = mass/weight of 1/12 Carbon atom
Mass/weight of proteins, eg. 60 000Da=60kDa

Kilodalton (kDa)= 102 Dalton

Atomic mass
1Dalton
1Dalton

negligible
(1/1800Da)



lons

more or less electrons than protons
charged
types:
cation (+ charge) :15t and 2" groups tend to lose 1 or 2 electrons

eg. Na*, Mg?*

anion (- charge) : 6t and 7t" groups tend to gain 2 or 1 electrons
eg. Cl, 0%

ionic bond formation



|Isotopes

* Same number of protons but different number of neutrons =
Same atomic number but different mass number

Types: stable and unstable (radioactive=nuclear splitting, fission)

Types of radiation (particles emitted during fission):
» a: He nucleus (2 protons+ 2 neutrons)
» B:electron
» y: photon (electromagnetic)

Role in medicine and research: to trace molecules eg. radioactive iodine

Isotopes of hydrogen

Proton Neutron
2H 3H

Hydrogen Deuterium Tritium

'H

1proton 1proton 1 proton
1 neutron 2 neutrons

www.csmate.colostate.edu




Periodic table

D. I. Mendeleev

symbols of elements (element: a substance composed of atoms with the
same atomic number) carbon:C; nitrogen: N; calcium: Ca etc.

rows=periods: elements with the same major qguantum number/same major
electron shell (K, L, M, N)

coloumns=groups: elements with the same versatile/unpaired electrons

Size of elements increases from top to bottom and from right to left.

electronegativity

The different elements have a different attraction towards electrons.

Electron affinity of elements increases from bottom to top, and from left
to right.

The highest electronegativity is possessed by fluorine (F).

relative atomic mass = molar mass : gram/mole , mole:6*10%3



Atoms, subatomic particles, ions, isotopes Ill.

Photon

1 8
A [ ] - -
- PIeof YNokeur's FIeviodic Table w o H{ @) )@ )] -
1.00724 400eE0z
21 1+ 2 Symbol Atomic 13 14 15 18 17 - - R .
Hpiroges | 1A 4 number Legend MA WA VA VIA  VIA | W : .
Lis | Bea A ] Ak Metals Oivesices (IB5 [ C6 [N7 | 08 | F9 |Neto Ground Absorption Excited
6941 | BD12182 | Ejecronegativity | 1007+ /i‘i‘i‘i‘:ﬁmasr [ Alkaline Earth Metals  [] Monmetals 1081 | 120107 (140067 | 150004 12008403 | 201707 state Of phOtOﬂ state
1.0 1+(15 2+ T—Jz1 1+ = | OO Transition Metals [ Halogenes 20 3+[25 4+400 3+3 35 2l0 4| - -
Lithium | Berlium ot Ppdogen e [ metais [ Moble Gases Bosa | Crbos | Wtroges | Orpges | Fosrine | Hesn
Natf |Mgi2 tame Oaaton [ Lartharides ard actrides Al sita | P1s | 516 [ Clt7 [Ar8
22 cagree | 24.3060 88153 PA0ES5 085 | 453 | 30m48
08 1+(12 2¢| 3 4 5 o 7 8 9 10 i 12 115 3418 4+[21 5|18 4dsf30 1-[- -
Sedium | Wagnesium | IB VB VB VIB VB ——Vil— 1B B [ umivum |l Giicon | Phosphorss | Sufer | Coise | Argon ~_K shell
K19 [Cu20| Se21 | Tiza | V23 [ Cr24 |Mn25|Fe26 | Co27 | Ni28 |Cu29|Zn30 | Ga31|Ge32|As33 | Se34 |Br3s |Kr36 @ )
mme | s ([ o | | e e e (R (Rl =) N e ey | axn K shell
D8 1+[10 2+[13 3+(15 4+[18 518 |15 Fi[1e 3T|1e F[1e 2+|10 TT|ie 2+|18 3+|18 4+po 24 4sl2s 1-[- -
Pe(;sium+ DJcium+ Scasdium | Titanium Vanaﬁn+ — Hagui' | ot m+ hppu‘+ m(+ G‘um+ (imnill: | | e | By Hyd“)gen H)
Rb37 | Sr38 | ¥39 | Zr40 |[Nb 41 [Mo42| Ted3 RuM Rhas |Pd46|Aga7|Cd4as|In49 | $n50 | Sb5t | Tes2 | 153 |Xes54 L shell /’
854672 | 762 |eac0ses| 01224 |ooooes | oeod | oEo0E2 | 10MO7 10642 | 1078882 | 112411 | 114818 | 18710 | 121760 | 12780 [126.00447 | 131203
08 1+[10 2+(|13 3+|14 4+|16 5+|18 B+|18 T+[22 3: 22 3+|22 2+¢|18 1+[17 24|17 3|12 ;:1.9 ?;2.1 4:25 1-[- - L shell Q C) Q
Wubidios | Smondum | Vewium | Tirconiem | iosum | Moly Technsiium | Rudberiens | Bhodem | Paladem | Siber | Cadmiom | lndium T | dntimony | TeSurium [ lodine | ensa
Cs55 (Bas6|La57| Hf72[Ta73 | W74 [Re75[Os76 | Ir77 [Pt78 [Au79 [Hgso| Tis1 |[Pbs2| Bis3 [Posaf Atss |Rnse Ltthzum (Li) Carbon (C) Nltrogen N)
13200645 | 137327 |128.94780| 17840 | 100470 | im38e | 16207 | 10023 | 1eo2q7 | 106084 |ioeceser| 200S0 |2Ma3e3| 2072 |oossendn| soscenilononeri | Z20iTE
07 1+|oe 2¢|11 3|13 atfis sef17 e+|1e 7|22 ar|22 aifez aras a|ie H|is i1z (e |20 2fr |- - .M shell
Casium Barium | Lintkanum | Hafsom | Testzem | Tungsten | Rhesium | Osmiwm Iridium | Platinum Gold Hercury | Thalbem Lead Bismuth | Polenium | Astatine Radon
Fr87 | Rass | Ac89 |Rf104|Db 105( $g 106|Bh 107|Hs 108 Mt 109| Ds 110 | Rg 111 [Uub 12| Ut 113 {Uug t14{Uup 115{Uuh 116] Uus 117 |Uuo 18 M shell <. '
TR0I0T | 260064 | oopore| 26011 | 221 | 283z | 262i2 | 284 | eEd37E| 280 72 7 84 280 28 202 - 204 -
07 t+foe 24|14 3 - |- |- - |- - |- -] - - - - - -] -
francum | Radium | Actinium iun|  Dsbeium | Seaborgium | Bebrium | Hassiem | Meimerium i ium| Beeshium | Ununtrium . i ium | Ununoctum Sodfum (Na) Magnesium (Mg) PhOS{)hO?’us (P}
Ce58 | Pr59 |Nd 60| Pm 61] Sm 62| Eu63 |Gd 64| Th 65| Dy 66| Ho 67| Er68 [Tm 69| ¥b70] LuTi Elements whose outer shells
Lanthanides § | 1016 [14000785| 144242 [ 1440127 | 15036 | 15164 | 15725 |15R.90535 162500 |16480000| 167.250 (16REG4D1(17303806| 174067 are not filled are chemically reactive
11 3|11 3|11 3+ 3|12 3+|iz s3+[12 34|12 a+[12 3+|1z 3+|12 3+(12 310 34|12 3+
Ceriom iun| Nesdymium | Premedhium | Samarium | Euregium | Gadoliviems | Terbium | Dysprosium | Helmium | Erbem | Thulium | Yeerbium | Lutetium
Thoo|Pagot| U92 (Np93|Pu94|Am 95(Cm 96| Bk 97| Cfo8 | Es99 [Fm 100]Md 101|No 102{ Lr 103
Actinides 7 | 2320881 [23100688| 23300801 | 2370420 | 2440642 | 2430614 | 247 | 2470703 | 2510706 | 26200 | 2570851 | 25801 | 2521009 2601053
13 4+[15 5+[14 e+[13 5|12 4+f13 3+[13 32|13 3+[13 3|13 -z - |13 - |13 - &
Thoriem | Protactinium| Urasium | Heptunium | Plutenium | Americem | Curium | Berkelium | (aifemium | Einsteink Fermiem . Hobelium | Lawrenciem K shell
Helium (He)
Atomic masses are measured relative to the carbon isotope "2C (IUPAC - 2007). © Ivan Nosls - 2008 [//*\\ P
L shell @ @ @
. \\r
Oxygen (0)  Fluorine (F) Neon (Ne)}
vy () @ (@
Sulfur (S) Chlorine (Cl) Argon (A)

Elements with filled
Elements whose outer shells  gyter shells are

are not filled are chemically reactive  chemically inert



Electronegativity (Allred-Rochow)
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Electronegativity

Figure 3. The electronegativity trend in the periodic
table. The electronegativity of the rare gases is usually
not considered, so they are “greved’ out

1. A chemical property which describes ing

the tendency of an atom or a functional group to attract electrons
(or electron density) towards itself .

the tendency to form negative ions.

2. An atom's electronegativity is affected by:

« atomic number and the
« distance that its valence electrons reside from the charged nucleus.

The higher the associated electronegativity number, the more an element or

compound attracts electrons towards it.



Molecules

2 or more atoms bound to each other through covalent bond(s)
central atom
stabile compound

shape determined by electronpairs and the electron attraction by atomic nuclei
eg. Linear (H-H, O-C-0O), V-saped (H-O-H)

polarity determined by the electronegativity of atomic nuclei
apolar (eg. H-H) or polar (eg. H-CI) molecules



1.

Chemical bonds in organic chemistry

Primary bonds:
a) Covalent bond:
Electrons are shared by the bound atoms (bonding electrons)
Strong
Inside molecules=intramolecular
Types:
* Single (H-H, C-C, H-O-H), Double (C=0, C=C), Triple (C=C, N=N)
* Non polarized, polarized

Disulfide-bond/Disulfide-bridge: -S-S- (inside molecules, between molecules)

b) lonic bond: between ions (eg. between Na*and ClI)

. Secondary/Non-covalent bonds:

electrons are not shared by the bound atoms

Weaker than covalent bonds

Between molecules =intermolecular

Types:
* Van der Waals=London forces (between apolar molecules)
* Dipole-dipole bonds (between polar molecules)
* Hydrogen bond



Chloride
ions (CI-) <~

Sodium ions “
(Nat)

Chemical bonds




Chemical bonds

Hydrogen atoms (H) @%@
®)
H

Electrons attracted by Methane
each others’ protons

(w)
Covalently bonded
hydrogen molecule (H3) @ @
(®




Chemical bonds

Single covalent bond

H i
H3C SH = H—C~
|
H
Methane H
Double bond Triple bond
| I SO
0::0=0=0 Ne2eN=N=N

Oxygen gas Nitrogen gas



Hydrogen bond

* is a secondary bond

 between a H atom covalently attached to an
electronnegative atom (atom with a high affinity for
electrons) eg O, N, F and an electonegative atom of
another molecule or another part of the same
molecule

» weaker than covalent bonds

between water molecules, inside protein molecules

-

0

g, d"*’f«@

pd

Figure 2-3. The hydrogen bond in water. http://www.flatworldknowledge.com/



Chemical bonds

o N
’OH _ﬂ.-"’ b ——--H e
H H H H’O H H
hydrogen  hydrogen hydrogen  hydrogen
bond bond bond bond
donor acceptor acceptor donor
hydrogen
bond
acceptor
hydrogen . H : P
bond PN
acceptor AT
and/or donor
hydrogen

prozac bond
acceptor



Functional groups / chemical groups
in organic chemistry

A complex of covalently joined atoms (minimum 2 atoms are coupled to each other).
The group is covalently linked to the carbon backbone (skeleton) of a molecule.

The group is responsible for
* the chemical properties of the molecule (eg. solubility, polarity, charge,
acidic/basic feature...)
» eg. Soluble in water and polar solvents: hydrophilic
» Soluble in apolar solvents: hydrophobic (lipophilic)

* the chemical interactions (bond forming capability) of the molecule.



Functional groups in organic chemistry

Functional Class of

group

Hydroxyl
~OH

Carbonyl
~CHO

Carbonyl
‘co

/
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Charge
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Molecules

carbohydrates

Carbohydrates
eg. glucose

Carbohydrates
eg. fructose

Citric
acid=citrate
Aminoacids

aminoacids

Nucleotides
Nucleic acids
Phospholipids

Aminoacids
eg. cysteine

Bonds

ester

ester
peptide

peptide
Ester
Phospho-

anhydride
(macroerg)

disulfide



Biogenic elements

elements present in living
systems

appr. 25

types:
primary

secondary

tertiary =trace



1. Il bring forth acid”

%-xyg@ﬁ)lazlm Greek "0&U yelvopal" (oxy geinomai), which means "I bring forth acid", as it was believed to be an essential component of

3¢ids| form water”
arboI rom the Fref1ch "charb ae,", which in turn came from Latin "carbo", which means "charcoal"” and is related to "carbon-", which

eamd 1L NALIVE-SO

aydrHEHﬁrom French hydrogéne[28] and Latin hydro- and -genes, derived from the Greek, "06wp yeivopal" (hydor geinomai), meaning "l
ettt bearer -
itrogén From French "nitrogéne",[38] derived from Greek "vitpov yeivopal" (nitron geinomai), meaning "l form/beget native-soda
teBQt-as
8alciyi@|=||@iWLatin "calx", which means "lime". Calcium was known as early as the first century when the Ancient Romans prepared lime
gs cajfaa&xide.
PhosEhorus From Greek ¢pi¢ + -popo¢ (phos + -phoros), which means "light bearer", because "white phosphorus" emits a faint glow upon
]aQSo 2305 M@g‘ﬁﬁﬁbaorus" was the ancient name for "Venus", or Hesperus, the (Morning Star).[18]
:Eﬂ_t?viqﬂetom the English "potash", which means "pot-ash"” (Potassium compound prepared from an alkali extracted in a pot from the
of burnt wood or tree | aveIs). The S\tmtrol K is from Latin name, Kalium, from Arabic ") " dal gally), which means "calcined ashes".
12, stong metal, Rofy metal® > >r <5 .
ulfur Almosttertainly from Arabic ") "T_sasufra), rellow , the bright color of the naturally occurring form.

l&.M#HMl%langEﬁ@sEl!aQE@@ﬂI«%hey\% lQm(Jm compounds such as caustic soda, soda ash, and baking soda. The symbol Na is

Irq_mMngn Latin noun natrium, derived from Greek "vitpov" (nitron), "natural soda, a kind of salt" + Latin -ium.[

gnesi Erom:thejAnge reeka"Mayviowa" (Magnesia) (district in Thessaly), where discovered.
e RN B S 6)

e after the Greek, "i ¢" (iodes), which means "violet", because of the color of the gas. This word was adapted as the

lodine |
]Eén |H@rvﬁ tis the source of the English iodine

Iron meaning "holy metal" or "strong metal" which in its turn may derive from the Etruscan, aisar, meaning "the god(s)", because the
earliest iron to be worked was obtained from meteorites, and meteorites fall from the sky.[31]The symbol Fe is from Latin ferrum, meaning
"iron".

Chlorine From Greek "yAwpo6c¢" (chlords), which means "yellowish green" or "greenish yellow", because of the color of the gas.

Selenium From Greek, "oeArivn" (selene), which means "Moon", and also moon-goddess Selene

Silicon From Latin "silex" or "silicis", which means "flint", a kind of stone.

Aluminium Latin alumen, which means "alum" (literally "bitter salt").



Elements of human body
primary, secondary, tertiary (trace)

Oxygen (65%)
Carbon (18%)
Hydrogen (10%)
Nitrogen (3%)
Calcium (1.5%)
Phosphorus (1.0%)
Kalium/Potassium (0.35%)
Sulfur (0.25%)
Natrium/Sodium (0.15%)

. Magnesium (0.05%)

. Copper, Zinc, Selenium, Molybdenum, Fluorine, Chlorine, lodine, Manganese, Cobalt, Iron
(0.70%)

. Lithium, Strontium, Aluminum, Silicon, Lead, Vanadium, Arsenic, Bromine (<0,5%)

O o0 N UL kR WDNPRE

N
= O

=
N

Essential trace elements:
-are elements present in small quantities in living cells,
organisms but vital for cells



Elements of human body

oxygen: 2 valence electrons, electronnegative

* in water

* in CO,

* in all organic molecules, in many functional groups

* in H-bond formation

e oxygenates H into water during ATP (energy) synthesis
= oxidant

carbon: 4 valence electrons

* formation of carbon backbone=skeleton of organic molecules (central atom)
formation of complex and diverse molecules
formation of single, double, triple bonds
formation of linear, and ring-like backbones

* in many functional groups

* inCO,

* is oxidized during breadown processes (eg. glucose breakdown)

hydrogen: 1 valence electron

* in water

* in all organic molecules, in many functional groups
* in H-bond formation

* isreduced into water during ATP (energy) synthesis



Elements of human body

nitrogen: 3 valence electrons, electronnegative

* in aminoacids and proteins

* in nucleotides and nucleic acids (purine, pyrimidine bases)
* (in afew lipids, carbohydrates)

* inamino group

* in H-bond formation

calcium:

* bones, teeth (rigidity)
* blood coagulation

* muscle contraction

phosphorous:

* bones, teeth (rigidity)

* in nucleotide, nucleic acids

* in phosphate functional group



Elements of human body

natrium=sodium and kalium=potassium:
* membrane potential, action potential

sulfur:
* in thiol functional group
* in aminoacids, proteins

magnesium:
* in enzyme function
* in muscle cell and nervous system function

iodine:
* in thyroid gland hormone (thyroxine)

iron:
* in haemoglobin (O, gas transport in blood)



