16/10/2022

COURSE — MINT CHEMISTRY

Topic 3
Molecules, lons and Bonds

m Chair of General and Analytical Chemistry © Thomas Prohaska 2022

Atoms &d lons, Molecules

Symbol Serie
Legende Schwarz = Fessiof Allmetle et Gruppe
Erdalkalimetalle  Halbmetalle
OTRTIEE AT Ubergangsmetalle  Nichtmetalle 13 14 15
3 ceala ooz renhanoida Helboen 5 1osie 120m[7  1a007a 159990
o ctinoide ielgase
2| Li Be unbekannt B C N
vinum | Berytium Schraffur Bor_ | onienstort | siikstott_ | Saverstort
}EMQLS’ = durchgehend = natlrliches Element 204 246{255 226/304 125/344 1.43(398
11 22990[12 24,305 Elektrondgamiat | Dicits schraffiert = kunstliches Element 13 20082[14 2808515 3097416  3206[17
3| Na | Mg Al [ Si| P
Nawium | Wagnesim Auminiom | siicim | phosphor | Schuefel
@ [os oerin™ 17l 3 4 5 6 7 8 9 10 11 12 o™ Zrolue " 2aal210 " 2olzse 207|316
u 19  39,098|20 40,078|21 44,956 22 47,867|23 50,942(24 51,996|25 54,938(26 55845|27 58,933|28 58,693|29 6354630 65,380(31 69,723|132 72,630|33 74,922|34 78,971|35
24| K Sc Ti | V |Cr | Mn|Fe|Co| Ni|Cu|Zn
T Kalium Calcium ‘Scandium Titan Vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Germanium Arsen Selen
Q 082  0.86[1.0 155[136 2,98 154 450|163 6.11/1,66 714155 743|183 7.87(191 890/188 89119 892165 02,01 322, .73)2.¢
0. |[37 85a4e8[38 s7.620[39 88.908| 40 91224[41 92906[a2 95950[43 (97.4)[a4 10107[45 10291[a6 106.42[47 1077
5\Rb | Sr | Y Zr |[Nb |Mo | Tc | Ru | Rh | Pd | Ag
Ruticium | Swomum | verm Zirconum Niob wobodan | TeshmemEm | Runenum | Rhodum | paacum | siber | Cadmum [ incium
082 153005 283[1.22 447 133 650(16  857[216 1028|119 1150|272 1237|228 1245|122  1202]193 1049|160 " sealie 7.31)
55 1329156 1373357 13891(s8-71 |72 17849(73 18095|74 1838475 1se21(76 19023[77 1922278 19508[79 19697(80 20059[e1 20438 200,98 85
6/Cs | Ba|La || Hf | Ta| W |Re | Os | Ir | Pt | Au|Hg| T
Caesium Barium Lanthan unten Hafnium Tantal Wolfram Rhenium Osmium idium Platin Gold Quecksioer [ Thallum
079 190[089  350[11 " 6a5 15 133015 1665|236 1925|190 21022 226|22 2256|228 2145|258 1932015 13ss|1er 1185
87 (223)|88  (226)[89  (227)[90- 103 104 (267)[105 (269)[106 (270)] 100 (277)|10 (283)|111  (281)|112  (285)[113  (286)|114 (289) (288) (293)| 117
7 Fr | Ra | Ac | sehe | Rf Sg s | Mt | Ds g N Mc | Lv | Ts J
e | mmm | Rmmm | Unten | mufememm ey Fm | e | o | RATGm e Woscain | Lo | Temess | cganesson
0.7 2foss 55|11 104 2 22 2|2 [ 2]2 2|2 2[2 2 2|2 2 [z 2|2

l

[8 14012]se 1a09ife0 1aa2afe1  (14e)|62 150.36|63 15196]64 1572565 15893|66 16250[67 164.93|68 167,26|69 1689370 1730571 17497
Lanthanoide | Ce | Pr | Nd [Pm [Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

Ger Praseodym | Neodym | #OmEmTh | Samaum | Ewopum | Gadoinum | Tewum | pysprosum | - Homium Erbium Thuium | Yterbiom | Lutetiom
112 677|113 648|114 7010113 7220117 754|212  525|12  789l11 825122 855[123 878124 905125 932000 697|127 984
0 2320a[91 23104[92 23803[03  (237)[94  (2a4)[95 | (263)|06| | (2a7)[97  (2a7)[98 | (251)[09 | (252)[100  (267)[101 | (258)[102 | (259)[103 (262)

Actinoide | Th | Pa | U Np Pu (Am |Cm | Bk | Cf | Es |Fm | Md | No | Lr

Thomm | piTactatim T Plaonmm | Aencum | o | dewermm | cAomum | enstemam | Femom | mEneeevum | - AGbemm | Lafrenaum
15 1172|133 154|136 1805)138° 2045[13 19820128 1367)13 " 13s1[13 147823  15a[13 2las 213 2|13 2|13 2
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Basics of Chemical Compounds

=0 O

Like charges repel each other @ @

Opposite charges attract each other m@

1) Coulombic interraction

Basics of Chemical Compounds

2) Systems look for the state with minimum energy
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y electrlcal attraction

l
I l

ly /. Proton l

L\ Path of the
\ ' electrons
\< /




16/10/2022

From Elements to Chemical Compounds

A chemical compound is a substance made up of two or more atoms
(of a different kind) that are in a fixed ratio to each other.

o
é’b

o

The composition is indicated by a chemical formula.

Atoms - Molecules
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Atoms - Molecules

 Atoms are the smallest unit of a
chemical element

00

mMONTANUN\VERS\TAT LEOBEN

Atoms - Molecules

* Atoms are the smallest unit of a
chemical element

mMON TANUNIVERSITAT LEOBEN

Molecules are made up of two or
more atoms

VNS

/O\
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Molecules

a specific electrically neutral group of bonded atoms
charged molecules are molecular ions

the smallest particle of a compound that possesses the chemical properties of that
compound

can be solid, liquid or gaseous at room temperature.

cohesion (bonding) is a consequence of coulombic interactions

Molecules of chemical elements

Certin elements exist as 2-atom (diatomic) molecules:

H, N, O, Cl,

Some elements form larger molecules: Sg
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Molecules of chemical elements

Certin elements exist as 2-atom (diatomic) molecules:

H, N, O, Cl,

Some elements form larger molecules: Sg

Some elements form 3-dimensional structures (crystals) as solids, but they are
pure elements and the smallest self-contained building block remains the atom:

: ¢ \e\\»«/
e.g. Carbon (C) GQ\?‘O
m
Molecules of Compounds
VN -
/O=O\ \\s/ \/S /\,p /O\ @_6_) H— r\|l_H
N 7 \ H H [C=0I H
Oxygen (O2) Sulphur (Ss) Phosphqrus (P4) Water (H,O) Carbon monoxide (CO) Ammonia (NHz)
T ® lil |I| (white) ‘ \\
H—C—H » - Os_H . i
l “ Ng (-
H % @ ‘ h
Methane (CHa) H——OH
HO——H
H——OH
H——OH
CH,OH
CHj3
Hs;C Glucose (CgH1206)
m
12
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Metals

Metals also form 3-dimensional structures (crystals) as solids, but they are the
pure element and the smallest self-contained building block remains the atom:

e.g. lron (Fe) Copper (Cu) Gold (Au)

Chemical Bonding in Molecules (Overview)

NaCl, Mg(NOs), lonic bond

Forces of attraction between anions and cations

H,0, CH,, SiO,, H,,C  Covalent bond

Attractive forces of nuclei and electrons: Atoms
share a pair of electrons

Metal bond
Fe, Mg' Cu Forces of attraction between metal ions and free
electrons in a metal lattice

Coordinative bond
[CU(NH3)4]2+,‘ A|(OH)4- Attraction of the nucleus of the central atom to the lone
pairs of electrons of the ligands:

Lone pairs of electrons from ligands bind into the d-orbitals
of transition elements.
(they form complexes)
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The Chemical Bond

e Compounds with ionic bonds are solid at normal temperatures and pressures. (e.g.
Sodium chloride and silver sulphate)

e Substances with covalent bonds are:

a) molecular solids, liquids or gases (glucose, water and ammonia)
b) solids composed of extended structures of connected atoms
(diamond, boron nitride, quarz)

The Chemical Bond

e Metals are solids (except Hg: liquid)

e Complexes are molecules that are stable in solution or in the gaseous
phase (uncharged molecule) or form salt-like compounds (solid) as
molecular ions in combination with a cation or anion.

2+ | ) o =
H3N\ /NH3 . & 4 :
Cu “w i
VRN /C/ \c\
HaN NH3 \o/ \\o, ; ;
+ Ni(CO)s Ks[Fe(CN)s]

Cu(NHs)42 .
coppell'JEetraBrZ\[‘mmine tetracarbonylnickel Potassium

complex hexacyanoferrate(lll)




FROM ATOMS TO IONS

Periode

1 Legende 18
Ordnungszahl ~ Symbol O Serie B LU
schwarz = nicht radioaktv O Alkalim etalle OMetalle o
Name " = radioakth O Erdakaimetalle O Halbm etalle 2
Nasserstoft ergangsmetalle ONichimetalle 13 14 15 16 17
i ) L Serie bol O Lanthanoide logene
| . schwarz - Feststoff O Actinoide DEdelgase 5 B|6 c|7 8 ols F[10 Ne
vonen . " el [t [ cesman [ Smror [ [
fguraton o=ces durchgohond - natirichos Elomont |55, B0 [Wer ' |wme [me |
Elekironegativitit lau = Flissigkei »n 2 N an MEd
13 A (14 Si (15 P|16 s|17 clf18 Ar
Gruppe 26,982 28,086 30974 2,065 %453 39,948
% [FEE R | EES
4 5 6 7 8 9 10 11 12 1 18 0
Sc |22 Ti|23 vi(24a Cr|{25 Mn|26 Fe(27 co|28 Ni (29 Cu |30 Zn |31 Ga|32 Ge |33 As |34 Se |35 Br |36 Kr
FE e YRS PES @ VB R Pl e e TS e
. . p Te |53 1|54 Xe
» What happens when you remove an electron from a lithium atom? -
| o o o P i | | [ | i i i
o Hg |81 TI|82 Pb Bi Po At Rn
H K 1 1 1 siber | Thalum Bl Bismut m stat Radon
« A single positively charged Li-atom (Li*) is formed. = |=x [ |sw (s |65 |@
|wx o1 |a«z 0,9 102 w2 5 | 22 17| 132 19 | 142 22| 182 22 |am 22|81 4| o2 9 | 103 104 18 | 105 19 3 n 198
Fr Ra Rf Db Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
| | bl oadl] ol el ] iaAlhid ol sl basilbic banatbagt st st oo sttt el
7| @) 2603 unten (261) (262) (263) (262 (288) 66) (269) (27; (277) (287) (289) (288) (289) (293 (294)
57 La|58 Ce|59 Pr|60 Nd Pm |62 Sm |63 Eu|64 Gd|65 Th|66 Dy|67 Ho |68 Er |69 Tm|70 Yb|71 Lu
B o 1 iy | B | | o | ooy
Lanthanoide |13891 140,12 140,91 14428 146,90 150,% 151,96 167,56 15893 162,50 164,93 167,26 16893 173,05 17497
Ac Th Pa u Np Pu Am cm Bk cf Es Fm Md No Lr
et e b |ttt bt s b st sy oMbl e il sl il sl
Actinoide | (227 23204 23, 231,08 (244,10) (243,10) (247,10) (247,100 (251,10 (254,10) (257,10 (8 (259) (260)
| eptatt] [ cetot [ oot [ nsacut iasegt ol (il el it St sell

lons

What happens when you remove an electron from a Li atom?

16/10/2022
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IONS

1 Legende 18
1 ! Ordnungszahl ~ Symbol O B LU
1 ““”mm schwarz = nicht radioakiv 0 Alkalim etalle OMetalle o
1 5§ " radioakii O Erdakalm etalle Halbm etalle 3
1 Name 0 Ubs talle O Nic -
21 2 Nwasserstof ergangsmetalle O Nichm etalle 13 14 15 16 17
jicht —F1.0079 L Serie bol O Lanthanoide
3 Lifa Bell Coionen. i . schwarz = Feststoff 0O Actinoide DEdelgase 5 B|6 c(7 NE ol F|10 Ne
P i bt igurati rot= Gas durchgehend = nailriches Element |15, o | el el | e [t
" “ aas blau = Fliissigkeit schraffiert = kiinstliches Element " -
a e Elekironegativitat gl R EZSR £ 17 cl e
1 Na 13 A (14 Si (15 Chbr cl|18 Ar
i proei Pl bl [l
3| 229% Gruppe 2,982 28,086 031 36 453 53 39,948
= S 5, -
4 5 6 7 8 9 10 11 12 15 18 2/8/7 30
o 19 K 22 Ti|23 V|24 Cr|2s Mn|26 Fe[27 Co|28 Ni[20 Cu|30 2Zn|31 Ga(32 Ge|33 3,0
3 Kalum Tian Vanadum | aivom Mangan Bsen Cobak Nekel Kupter Znk Galum Germanium | Arse n
§ 4|0 aser  [sose  [sume  [sesm ! 58933 y e |53 o1 726 e 4
LI 7V TR - R N - S e |-~ |- R 1< | T S | O 1y
. . 50 Sn|51 Sb |52 Te |53 1|54  Xe
» What happens if you add an electron to a chlorine atom? | |
| R et b i S e b el P P P
lg|81 TI{82 Pb Bi Po At Rn
H H -\ 1 . m 1 smut. m stat Radon
« A single negatively charged Cl-atom (CI) is formed. |=x [ |sm (s |65 |&
Fr Ra Rf Db Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
| | bl oadl] ol el ] iaAlhid ol sl basilbic banatbagt st st oo sttt el
7| @) 2603 unten (261) (262) (263) (262 (265). (266) (269) (12 (@m (287) 39) 38) 39) (293 (294)
S| =i 0 || S| || S || S || | || S || || S| Gt || || G| || R0k
57 La|58 Ce|59 Pr|60 Nd Pm|62 Sm|63 Eu(64 Gd|65 Th |66 Dy |67
Lanthan Cer Fraseodym | Neodym Fromethum | Samarum Europum Gadoinum | Terbum. Dysprosim | Holmur
Lanthanoide |13891 140,12 140,91 14428 146,90 150,% 151,96 15,5 158,93 162,50 16493
S By | | BRI B |Es |EEh | |
B || e | Bk i P2 R e [BE e
Ac Th Pa u Np Pu Am cm Bk cf
scrim | menm s ill g (ol sty bt bt ot
Actinoide | (227 23204 23104 238,03 231,08 (244,10) (243,10) (247,10) (247,100 (251,10 (254,10)
(o =yl s Rl ) | e sz | Ers | || || el

mMONTANUN\\/ERS\TAT LEOBEN

mMON TANUNIVERSITAT

Formation of lons

Formation of cations
Release of electrons

Na*

LEOBEN

7
é

Formation of anions
Acceptance of electrons

10e”
-

Why are cations smaller and anions larger than their atoms?

10
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IONS

Ion = positively or negatively charged particle

IONS
Ion = positively or negatively charged particle
Atom = (Atomic) ion
Atomic ions: Li*, Na*, Ca%*; F, CI, S*

11
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IONS

Ion = positively or negatively charged particle

Atom = (Atomic) ion
Group of atoms = Molecular ion

Atomic ions: Lit, Na*, Ca%*; F, CI, S*
Molecular ions: NH4*; H;0*; OH; NO57; SO4%

Positively charged ions are referred to as CATIONS

Negatively charged ions are referred to as ANIONS

Basics of Chemical Compounds

-0 O
) (o)

Opposite charges attract each other m@

What happens when a cation and an anion "come together"?

Coulombic interraction

Like charges repel each other

12
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lons and lonic Compounds

Ionic compounds (salts):

Consist of positively and negatively charged ions that attract each

other electrostatically.

The ratio of the ions results from the fact that
the same number of positive and negative
charges are given in the smallest integer ratio.

The ionic crystal is overall UNCHARGED

mMONTANUN\\/ERSITAT LEOBEN

Salts form 3 dimensional
CRYSTALS

© 2006 Wiley-VCH, Weinheim
Atkins / Chemie - einfach alles
ISRAI- 2_877_2187a.@ Ahh.r_n2

lons and lonic Compounds

Ionic compounds (salts):

Consist of positively and negatively charged ions that attract each

other electrostatically.

The ratio of the ions results from the fact that
the same number of positive and negative
charges are given in the smallest integer ratio.

The ionic crystal is overall UNCHARGED

Na*/CI- 1:1 NaCl
CaZ/ClI- 1:2 CaCl,

K*/ 3042' 2:1 K2304

mMON TANUNIVERSITAT LEOBEN

Salts form 3 dimensional
CRYSTALS

© 2006 Wiley-VCH, Weinheim

Atkins / Chemie - einfach alles
ICRAI- 2_.E77.21870.@ Akh r.n»

13
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Some common anions and cations

eP\R\*\\\
\

Positive ions (cations)

Negative ions (anions)

Ammonium (NH4*)
Potassium (K*)
Copper(I) (Cu*)
Sodium (Na*)
Silver (Ag*)
Hydrogen (HY)

Barium (Ba?*)
Lead(II) (Pb*")
Calcium (Ca?)
Chromium(II) (Cr?*)
Cobalt(II) (Co**)
Iron(II) (Fe?*)
Copper(II) (Cu?*)
Magnesium(II) (Mg?*)
Manganese(II) (Mn?*)

Acetate (CzHgOz‘)

Bromide (Br)

Chloride (CI)

Chlorate (C105°)

Cyanide (CN")

Fluoride (F-)

Hydride (H")

Hydrogen carbonate (HCO;")
or bicarbonate

Hydrogen sulphate (HSO4*)
Hydroxide (OH-)

Todide (I))

Nitrate (NOs°)

Perchlorate (C104)
Permanganate (MnO,’)

Mercury(Il) (Hg?*) Carbonate (CO;?)
Zinc (Zn?*) Chromate (CrO4?*)
Tin(II) (Snz*) Oxide (0?)
Peroxide (0,%)
Aluminium (A+) Sulphate (SO.>)
Iron(III) (Fe3*) Sulphide (S*)
Chromium(III) (Cr3*) Sulphite (SO;%)
Phosphate (PO,*-)
m
Chemical Nomenclature
If a type of ion occurs more than once, their number is indicated with Greek
numerals:
1 =mono; 2 = di; 3 =tri; 4 = tetra; 5 = penta; 6 = hexa; 7 = hepta; 8 = octa; 9 = nona;
10 = deca; 11 = undeca; 12 = dodeca
m

14
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Chemical Nomenclature - Cations

Systematic names for cations:

For metal ions, the charge of the cation is given in Roman
numerals in brackets.

*e.g. Cu?* - Cu(ll)-ion,
Fe3* - Fe(lll)-ion

Observaton: which elements (rather) form atomic cations?

1 18
1 11,0080 2 14,0026
Symbol Serie
1| H Legende schwarz = Feststoff ‘Alkalimetalle Metalle Gruppe He
P blau = Flissigkeit Erdalkalimetalle Halbmetalle P
2 Ordnungszahl  Atomgenicht =G Ubergangsmetalle  Nichimetalle 13 14 15 16 17 o
3 6,94[4  9,0122| o, t‘\ A ‘d "ki t 'Aa:“hag"‘de E:‘?Dene B 10816 12011[7  14007(8  15999[0  18,998[10 20,180
2| Li | Be unbekannt B | C N (0] F | Ne
Lithium Borylium Schraffur Bor Kohlenstoff | Stickstoff | Sauerstoft Fiuor Neon
MLW 1,85) rot =kg/m* durchgehend = natdrliches Element 204 246|255 226/304 125/344 143|398 1.70|— 0.90|
11 22.990[12  24,305] Elektrondgativtat  Dichte schwarz = kg / dm® schraffiert = kiinstliches Element 13 26982[14 28085[15 30974[16 320817 354518 39,943
3| Na | Mg Al [ Si| P | S |Cl|Ar
O ot Bl 5| 3 4 5 6 7 8 9 10 11 12 ™o ™ Daal B So]oss ™ Sor| 6™ s 1o T
u 19  39,098|20 40,078|21 44,956 22 47,867(23 50,942|24 51,996(25 54,938(26 55845(27 58,933(28 58,693(29 63,546(30 65380[31 60,723|32 72,630|33 74,922(34 78,971|35 79,904|36 83,798
Q4 K | Ca | Sc Ti | V [Cr |Mn|Fe |[Co| Ni [Cu|Zn |Ga|Ge | As | Se | Br | Kr
P Kalium Ccalcium ‘Scandium Titan, vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Zink Gallum Germanium Arsen Selen Brom Krypton
m 082 0.86[1.0 155136 2,98 154 450|163 6.11[1,66 7.14]155 7.43]1.83 7.87]1,91 890|188 89119 892|165 7.14/1.81 5,90/2,01 5.32|2,18 573|255 482|296 312|— 3.75]
& 37 8546838 87,620{39 88,906 40 91,224(41 92,906(42 95,950(43 (97.4)|44 101,07(45 10291(46 106,42|47 107,87|48 1124149 114,82|50 118,71|51 121,76(52 127,60(53 126,90|54 131,29
5\Rb | Sr | Y Zr |[Nb |[Mo | Tc ([Ru|Rh |Pd |Ag [Cd | In |[Sn |Sb | Te | | | Xe
55 13201/56 137,33[57 138,91[58-71 72 1784973 180,95(74 18384[75 18621|76 1902377 1922278 195,08(70 196.97[80 20059(81 204,38[82 2072083 20898[84 20098[s5  (210)[s6  (222)
6/Cs |Ba|La |see | Hf | Ta | W |Re [Os | Ir | Pt |Au|Hg | Tl [ Pb | Bi | Po | At | Rn
Caesium Barium Lanthan unten Halnium Tantal Wolfram Rhenium Osmium Iridium Platin Gold Quecksilber Thallium Blei ;= FTonmm. T “Radon
87 (223)|88  (226)[89  (227)[90- 103 104 (267)[105 (269)[106 (270)[107 (272)[208 (273)[100 (z77)[10 (28y)[1m1  (28[112  (285)[113 (286)[114 (289)[115 (288)[116 (203)[117 (204)[118  (204)]
7l Fr [ Ra | Ac |see | Rf | Db | Sg | Bh | Hs | Mt | Ds g n|{Nh| Fl |Mc|Lv |T g
e T e unten |rufemodun | Bumm | sabogom | Eemm Mo | wEmemn | oaeedium | RoSGEGm | copemeim | Nfonam | Fiewvim | Moscovum | Liamerum | femwess | Oganssson
0,7 2]0,89 55|11 10,1) 2 212 22 212 s 1 2z 212 2 212 2 2 i i i 212 i il

l

[8 14012]se 1a09ife0 1aa2afe1  (14e)|62 150.36|63 15196]64 1572565 15893|66 16250[67 164.93|68 167,26|69 1689370 1730571 17497
Lanthanoide | Ce | Pr | Nd [Pm [Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

Praseodym | Neodym | #OmEmTh | Samaum | Ewopum | Gadoinum | Tewum | pysprosum | - Homium Erbium Thuium | Yterbiom | Lutetiom
112 677|113 648|114 7010113 7220117 754|212  525|12  789l11 825122 855[123 878124 905125 932000 697|127 984
0 2320a[91 23104[92 23803[03  (237)[94  (2a4)[95 | (263)|06| | (2a7)[97  (2a7)[98 | (251)[09 | (252)[100  (267)[101 | (258)[102 | (259)[103 (262)

Actinoide | Th | Pa | U | Np | Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

Thomm | piTactatim T Plaonmm | Aencum | - Temmm ereom | céMormum | EfStemmm | - FEmum | wEneeevmm | fG5ewm | Lafrencum
15 1172|133 154|136 1805)138° 2045[13 19820128 1367)13 " 13s1[13 147823  15a[13 2las 213 2|13 2|13 2

15
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Chemical Nomenclature - Anions

Latin root + suffix -ide

Fluoride
Chloride
Bromide
lodide

Fluorine F-
Chlorine Cl
Bromine Br-

lodine

Carbon C,%; C3%; C*(z.B.: CaC,) - Carbide
Silicon Si%+ - Silicide

Nitrogen N3 - Nitride
Phosphor p3- - Phosphide

Sulphur S= - Sulphide
Oxygen 0% - Oxide

Observaton: which elements (rather) form atomic anions?

1 18
1 11,0080 2 14,0026
Symbol Serie
1| H Legende schwarz = Feststoff ‘Alkalimetalle Metalle Gruppe He
P, blau = Flssigkelt Erdalkalimetalle Halbmetalle et
Ordnungszahl  Atomgewicht =G Ubergangsmetalle  Nichtmetalle 13 14 15 16 17 |- "ous
3 6,94[4  9,0122| o, t‘\ A ‘d 1'k‘ t I/Ra:vlhage\de E:\?GE“@ B 10,81]6 12,0117 14,0078 15,999|9  18,998(10  20,180|
2| Li | Be unbekannt B C N (0] F | Ne
Lithium Borylium Schraffur Bor Kohlenstoff | Stickstoff | Sauerstoft Fiuor Neon
P,u,ﬂ'Lﬂ 1,85) rot =kg/m* durchgehend = natdrliches Element 204  246/255 2,26{3,04 125[344 143(398 1.70|— 0.90|
11 22.990[12  24,305] Elektrondgativtat  Dichte schwarz = kg / dm® schraffiert = kiinstliches Element 13 2698214 2808515 3097416 320617 3545[18 39,943
3| Na | Mg Al | Si | P S | Cl | Ar
P P A 4 5 6 7 8 9 10 11 12 oo oo o B el S S r ] 16™ s 21 [0 s
u 19 39,008|20 40,078(21 44,956 22 47,867(23 50,942|24 51,996(25 54,938(26 55845(27 58,933(28 58,693(29 63,546(30 65380[31 60,723|32 72,630|33 74,922(34 78,971|35 79,904|36 83,798
Q4 K | Ca | Sc Ti | V [Cr|(Mn|Fe |Co| Ni [Cu|Zn |Ga|Ge | As | Se | Br | Kr
P Kalium Ccalcium ‘Scandium Titan, vanadium Chrom Mangan Eisen Cobalt Nickel Kupfer Zink Gallum Germanium Arsen Selen Brom Krypton
m 0,82 0.86/1.0 155136 2,98 1,54 450|163 6.11[1,66 7.14]155 7.43]1.83 7.87]1,91 8,90)188 891/19 892|165 7.14/1.81 5,90/2,01 5.32|2,18 573|255 482|296 312|— 3.75]
0. |[37 85a4e8[38 s7.620[39 88.908| 40 9122441 92906[42 95950[43 (97.4)a4 1010745 10291[46 1064247 107,87(a8 11241[a9 11482[50 11871|51 121.76[52 127,60[53 126,90(54 131,29|
5\Rb | Sr | Y Zr |[Nb |[Mo | Tc ([Ru|Rh |Pd |Ag [Cd | In |[Sn |Sb | Te | | | Xe
55 13201/56 137,33[57 138,91[58-71 72 1784973 180,95(74 18384[75 18621|76 1902377 1922278 195,08(70 196.97[80 20059(81 204,38[82 2072083 20898[84 20098[s5  (210)[s6  (222)
6/Cs |Ba|La |see | Hf | Ta | W |Re [Os | Ir | Pt |Au|Hg | Tl [ Pb | Bi | Po | At | Rn
Caesium Barium Lanthan unten Halnium Tantal Wolfram Rhenium Osmium Iridium Platin Gold Quecksilber Thallium Blei ;= FTonmm. T “Radon
87 (223)|88  (226)[89  (227)[90- 103 104 (267)[105 (269)[106 (270)[107 (272)[208 (273)[100 (z77)[10 (28y)[1m1  (28[112  (285)[113 (286)[114 (289)[115 (288)[116 (203)[117 (204)[118  (204)]
7l Fr [ Ra | Ac |see | Rf | Db | Sg | Bh | Hs | Mt | Ds g n|Nh| Fl | M Lv | T g
P o foo unten |rufeorum | STEweR | sEmmeTgum | Eewm s | v | DaeEtum | RéSTEtm | copemcum | Rifomom | Fisewem | Moscoviom | Liemmorum | Temmess | Oganesson
0,7 20,89 55|11 10,1) 2 212 22 212 s 1 2z 212 2 212 2 2 i i i 2 i il

l

[8 14012]se 1a09ife0 1aa2afe1  (14e)|62 150.36|63 15196]64 1572565 15893|66 16250[67 164.93|68 167,26|69 1689370 1730571 17497
Lanthanoide | Ce | Pr | Nd [Pm [Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

Praseodym | Neodym | #OmEmTh | Samaum | Ewopum | Gadoinum | Tewum | pysprosum | - Homium Erbium Thuium | Yterbiom | Lutetiom
112 677|113 648|114 7010113 7220117 754|212  525|12  789l11 825122 855[123 878124 905125 932000 697|127 984
0 2320a[91 23104[92 23803[03  (237)[94  (2a4)[95 | (263)|06| | (2a7)[97  (2a7)[98 | (251)[09 | (252)[100  (267)[101 | (258)[102 | (259)[103 (262)

Actinoide | Th | Pa | U | Np | Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

Thomm | piTactatim T Plaonmm | Aencum | - Temmm ereom | céMormum | EfStemmm | - FEmum | wEneeevmm | fG5ewm | Lafrencum
15 1172|133 154|136 1805)138° 2045[13 19820128 1367)13 " 13s1[13 147823  15a[13 2las 213 2|13 2|13 2
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Chemical Nomenclature — Molecular anions

Systematic names for molecular anions with oxygen :

Maximum number of oxygens: latin root + suffix -ate

Carbon CO5% - Carbonate
Nitrogen NO;s - Nitrate
Phosphorus PO,% - Phosphate
Sulphur SO,%> - Sulphate

Chemical Nomenclature — Molecular anions

Systematic names for molecular anions with oxygen :

Maximum number of oxygens: latin root + suffix -ate

One oxygen atom fewer: latin root + suffix -ite

Carbon CO5% - Carbonate

Nitrogen NOs - Nitrate
NO, - Nitrite

Phosphorus PO,*> - Phosphate

Sulphur SO,%> - Sulphate
SO;% - Sulphite

17
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Chemical Nomenclature — Molecular anions

Molecular anions of halogens with oxygen:

Perhalogenate: Perchlorate, Perbromate, Periodate Clo, BrO, 10,
Halogenate: Chlorate, Bromate, lodate ClOy BrO; 105
Halogenite: Chlorite, Bromite, lodite Clo,” BrOy 10y
Hypohalogenite: Hypochlorite, Hypobromite, Hypoiodite Clo- BrO" 10
Halogenide: Chloride, Bromide, lodide c- Br I
m

Chemical Nomenclature — Molecular anions

Oxoanions with hydrogen :

Sulfate, SO, ==) Hydrogensulphate, HSO,
Phosphate, PO,*>- == Hydrogenphosphate, HPO,*
Dihydrogenphosphate, H,PO,

Oxide, 0% ==) Hyroxide, OH"

18
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Hydrate

CUZSO4 X SHZO = CU2SO4 + 5H20

/| )

Blue copper(ll) sulphate pentahydrate
loses water above 150 °C and becomes
a white powder

When water is added, the colour reappears

Lattice Enthalpy

The lattice enthalpy AH e is @ measure of the strength of the ionic bond in an
ionic solid.

Lattice enthalpy is released when distant positive and negative ions, which are in the
gaseous state, combine to form a crystal:

M+(g) + X—(g) = MX(S) AHola'ct'ice <0 *

» When an ionic bond is broken down into a gas composed of ions, the supply of this energy is
required

» The stronger the bond in the solid, the greater the amount of energy required to break the bond
and form the gas

* Here, we follow the definition from Mortimer
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Lattice Enthalpy
A strong bond in solids:

» leads to high lattice enthalpies

» causes high melting and boiling points

- AHolattice
Salt Lattice enthalpy ~ Melting point  Boiling point
kJ/mol °C °C
NaCl 780 801 1413
LiF 1039 842 1676
MgCl, 2502 708 1412
MgO 3925 2800 3600
Al2O3 13000 2015 2980

Interactions Between lons

The strength of the interaction between ions

» decreases with the size of the ions
» increases with the value of the charge

lonic radius of

. = DAHO.uice Lattice
N F | monovalent alkali thaloy in kJ
ame ormufa metal cations X*in €Nthalpy in
per mol
pm

Lithium fluoride LiF 74 1039

Natrium fluoride NaF 102 920

Kalium fluoride KF 138 816

Rubidium fluoride RbF 149 780

Caesium fluoride CsF 170 749

20
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Melting Points of Alkali Metal Halides

8o
General trend: ?
with increasing size of the P
ions = lower melting Ry ‘ Melting point / °C 645
points ‘ % }

Lalttice enthalpy/[kJ/mol]
-1019 |-766 -703 |-655 |-623 | |

7S,

Example:

falling melting points of
the alkali metal chlorides: 1
from 801 °C for NaCl to ‘
645 °C for CsCl. |
<
i

LiCl | NaC1| KCI |RbCI | GCl

Interactions Between lons

Compounds do not always follow trends.

Example:
» Lithium chloride: small, highly charged ion with an unusually low melting point

» Oxides of aluminum and magnesium:
Solid with the smaller cation (Al,05) has the lower melting point, 2015 °C < 2800 °C

The more highly-charged, small cation polarizes the neighbouring anion
- bond becomes more covalent in character,
E=) melting point of the solid is therefore lowered
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SALTS in AQUEOUS SOLUTIONS

* Salts dissolve in water with the formation of ions
NaCl = Na  +CI
NaCl = Na  +CI
CaCl, = :Ca* +2CI

K,SO, = 2K’ +SO Bomomp s

® O O ;0% ¢cF

» 9 ©o S o’ N
Q Q Qo:;, 0(2 :
» O O 3
o0 U
) A hydration shell forms
P i
m
SALTS in AQUEOUS SOLUTIONS
* Salts dissolve in water with the formation of ions
NaCl = Na  +CI
NaCl = Na  +CI
CaCl, = :Ca* +2CI -
K,80, = 2K +SO> e e
= Some salts dissolve well (e.g.: NaCl — 358 g/L),
some salts dissolve little (e.g.: AgCl —1.88 mg/L)
Rule of thumb: If less than 0.01 mol of the salt dissolves in 1 litre of
water, it is referred to as a SLIGHTLY SOLUBLE salt. (c =102 mol/L)
m
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Metal Bond

* In the metal crystal: cations are fixed at the lattice positions while the
electrons are free to move.

* These freely moving electrons hold the cations together

Js@d@dJ J free moving electron
J J J J J metal atom
J J J J 3 residual atom

Metal Bond

* In the metal crystal: cations are fixed at the lattice positions while the
electrons are free to move.

* These freely moving electrons hold the cations together
* Metal atoms have relatively low ionization energies
* Donate electrons eﬁa_sily

Atomium: an iron crystal Copper nugget
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Metal Bond

[_e_g'¢7'i"9€"7 (LK)

wichtige legierungen :

Bronge
CCulSn)

o~

Tembaf
(Cu»sn)

th)NTANUN\v’ERS\TAT LEOBEN

X Bs

sseise Stah!
I(*fceus/ g'n ?};, >2% c'j (pe 22%C)
fer/. Neusiiber Ly chel
apissgieer peaiReS  REBTASte

Gelbgold Graugold Rotgold Gringold WeiBgold

L

-FEEE.

Ratgeber Goldlegierungen

Properties of Metals

* Electric conductivity (moveable electrons)

Fig.: Electrical conductivity of metals: When a voltage is
applied, the freely movable electrons migrate to the positive
pole. The negative pole supplies electrons.

Metal lattice
L] Electrons

Residual metal atom

mHON TANUNIVERSITAT LEOBEN
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Properties of Metals

* Electric conductivity (moveable electrons)
* Metallic shine (excitation of the electrons in the band)

Fig.: Electrical conductivity of metals: When a voltage is
applied, the freely movable electrons migrate to the positive

Metal lattice
*  Electrons

Residual metal atom

Properties of Metals

* When light shines on a metal, an electron within the band is promoted to a
higher energy level.

* Since there are many energy levels, almost any amount of energy can be
used.

* When falling back to a lower level, a light quantum (photon) is released
=> metalic shine of metals

> )
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Properties of Metals

* Electric conductivity (moveable electrons)
* Metallic shine (excitation of the electrons in the band)
* Good thermal conductivity (rapid mobility of the electrons)

Fig.: Electrical conductivity of metals: When a voltage is
applied, the freely movable electrons migrate to the positive
pole. The negative pole supplies electrons.

Metal lattice
*  Electrons

Residual metal atom

Properties of Metals

* Electric conductivity (moveable electrons)

* Metallic shine (excitation of the electrons in the band)

* Good thermal conductivity (rapid mobility of the electrons)
* Ductility (mobility of the cations)

Fig.: Electrical conductivity of metals: When a voltage is
applied, the freely movable electrons migrate to the positive
pole. The negative pole supplies electrons.

Metal lattice Metal lattice
Ll Electrons
o Residual metal atom

Residual metal atom
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The Chemical Bond

Magnesiumoxid

lonic bond
Forces of attraction between anions and cations NaCl
Kaliumdichromat Nn.kel[][)cxid
(a)
Schwefel
Brom Saccharose
(b)
Magnesium
‘Gold Kupfe
(c)
mMONTANUNIVERSITAT LEOBEN
The Chemical Bond
Magnesiumoxid
lonic bond
Forces of attraction between anions and cations NaCl
Kaliumdichromat  Nickel(Iloxid
(a)
Schwefel
Brom Saccharose
(b)
Magnesium
; Fe
Metal bond

free moving electron
electrostatic forces of attraction
i metal atom
between metal ions and free
S Kuphr electrons in a metal lattice
© residual atom

mMONTANUNIVERSITAT LEOBEN
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The Chemical Bond

Magnesiumoxid

lonic bond

Forces of attraction between anions and cations

Kaliumdichromat  Nickel(Ioxid

o binding
Schwofe electron pair

Covalent bond \ N
Atoms share a pair of electrons

Brom Saccharose
(b)

Magnesium

Metal bond J 3 3 J 9
electrostatic forces of attraction | ' ' ' | ’ '
between metal ions and free

electrons in a metal lattice ' ' ' ' '

mMONTANUN\\/ERSITAT LEOBEN

NaCl

H,O

Fe

free moving electron

metal atom

residual atom

The Electron Bond Pair

A covalent bond consists of a pair of electrons shared
between two atoms.

Electron

©

Attraction e T

/, .\ Nucleus
T e @ Repulsion ®/
(b) (a)
Valenzstrich-Formel / Levas-Formel
2 binding electrons
H.‘ + L H > H H =1 atomic bond
1 electron 2 binding electrons
IMhvONTANUNIVERSITAT LEOBEN =1 atomic bond
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Covalent Bond

* When two hydrogen atoms come together:
* The atomic orbitals overlap and the electron density between the nuclei becomes

denser
* This increased negative charge density attracts the two positively charged nuclei

* The same applies to the shared electrons in this electron cloud: both electrons have
opposite spins (Pauli principle)

H -|-§ == H W o

©00 ©

The Principle of the “Valence Electrons”

umpal
Legende S = Fosan Aol el

V- Fssgken.  Eroakaimetale  Habmetale
— T

unterstrichen = radioakiiv
unbekannt

icht affur

Tot = kg / m durchgehend = nattriiches Element

schwarz = kg / dm® schraffiert = Kinstiiches Element

3
o ; ) 0 X w n.zzAu vzmu tsnsau (074)44 101.0115 mmu 1ouzt1 m1l7u nz,cl !l ul:usz mwss uisou
el oy
EETER .mm Bosam :z o[ el ,mns i mli, i m,.n“ S.".,., Tosln e Tl m.nu Tooualss infes
11 ns unten 1.: 13,! n.cszu nxsu n.on zzju 225‘:;1 Mzs‘ uuu nss l: '15
Cn
— . 2" ol bl 2l A .‘"m'“w 4 i} " 5 B 5 5

Lanthanoide

Actinoide
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Multiple Bonds

9
i
O

B ©,
0=0 G :
\ - / 9 50 Jg g,ao ) 20
% o°
Q° °°
© -]
P80 9 o P 9 0,
°° °°

Chemical Formulas

There are different ways to describe the composition or
structure of chemical compoundshreiben:

e The empirical formula (= ratio formula)

e The molecular formula (= chemical formula)

e The structural formula
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Molecular Formulas

A molecular formula shows the actual number of
atoms in a molecule.

are molecular formulas of

Water:
Methane:
Carbondioxide:
Ammonia:
Ethanol:
Glucose:

H,O
CH4
CO,
NH,
CHsO
CeH120¢

!

HO

CH,OH

Structural Formula

A structural formula is used to represent atoms in molecules and illustrates
the structure of the molecules

Condel::i?mﬁ:;uctural Lewis Structure Valen'c::zritﬁ:;:tural Wi?g;iig?h Skeletal Formula
; n* 'r
| Methane (CH4) | CHa H:C:H H_?_H H/?”’H Does not exist
H H H
HHH Ty HH
|Propane (C3Hs) | CH3CH2CH3 H:C:C:C:H H—(F—?—?—H H’C\C/CC"H ~_"
HHH H H H Hl "«,H H
Ho el H D H o O
ic aci - O |7 w7
Acetic acid CH3COOH H:C:C H—C—C Hois
(C2H402) s 0: [N { \
H H O—H | 4 O—H OH
H .o, H\— H\
| Water (H20) | H20 O Cl)\ (l) Does not exist
H H H
m
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Chemical Nomenclature

Generally:
Names are formed as if the compound were made up of
ions

Advantage: Simplicity ©

Disadvantage: one does not know whether compound really
consists of ions or not ®

Examples: Sulphur dioxide (SO,) — covalent bond
Calcium oxide (CaO) - ionic bond

Examples of Nomenclature for Simple Compounds
(Nomenclature in Organic Chemistry: Chemistry 2 VU)
1. In the case of binary compounds, the metal name is given first (NH4+ means ammonium), then the
designation of the (non-metal) anion.

2. In the case of binary covalent compounds, the element with the positive oxidation number is named first
(electropositive component).

3. The suffix nonmetal atom or ion of binary compounds with a negative oxidation number ends in -ide.

4. The ending -ide is also used for anions such as B. CN- = cyanide; OH- = hydroxide; O,* = -peroxide; NHy =
-amide or N3~ = -azide.

5. If a cation (metal) exists in different oxidation states, the oxidation number is placed after the cation
designation as a Roman numeral. The alkaline-(I) and alkaline earth metals(ll) as well as B(lll), Al(lll), Zn(ll) and
Cd(Il) have only one oxidation number.

6. If several elements of one type occur in covalent compounds, their number is indicated with Greek numerals:

1 =mono; 2 = di; 3 = tri; 4 = tetra; 5 = penta; 6 = hexa; 7 = hepta; 8 = octa; 9 = nona; 10 = deca; 11 = undeca;
12 = dodeca

m
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Examples of Nomenclature for Simple Compounds
(Nomenclature in Organic Chemistry: Chemistry 2 VU)

CO,
SO,
N,O
ALLS,
IFs

Dangerous

@ chemicals

Dihydrogen monoxide

* Dihydrogen monoxide poses the following dangers, among others:

* As aso-called 'hydroxy acid', it is a main component of acid rain

* It contributes to soil erosion

* It contributes to the greenhouse effect

* It accelerates corrosion and the failure of electrical systems and devices
* Excessive intake can lead to unpleasant consequences

* Prolonged contact with DHMO in the solid state causes severe tissue damage
¢ Inhalation, even in small amounts, can be fatal

* Its gaseous state can cause severe burns

* It was detected in the tumours of end-stage cancer patients

¢ For addicts, withdrawal leads to certain death within 168 hours

* Despite these grave dangers, the government and corporations still maintain widespread use.
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