
SMD Chemistry 2  1 

Adrian Wirth, translated by Lhundup Dorjee and Tsering Dhondup Dalu Mundgod, April 2005 

Metals  

1. Atomic structure 
Most elements arranged in the periodic table 
are metals. The zig-zag line separates them 
from the non metals. Even though four-fifth 
of all the elements are metals, they don’t 
make up more than one quarter of all the 
materials found on earth! Some metals are 
very rare.  
 
Metals have certain properties in common 
(see also page 2 of the first chemistry block, 
where we examined properties).  
 
• They are usually shiny (the dull looking 

coat of iron is actually iron oxide).  
• They conduct heat and electricity 
• They are usually malleable 
• Some react in the presence of oxygen, 

some don’t (noble metals and base 
metals) 

 
 
 
 

 
¿ UGÅ -¼ Û GÅ ü 
1] l Ý ¾ - y m - H Û - h ‚ Û zÅ -G¸ ÞGÅ ü 
lÝ¾-ym-¿UÛh-¼Û¤-¼ïºÞ-¤ÛG-mP-OÛGÅ-qºÛ-D¤Å-µμÅ-¤P-Vï-z-
¿UGÅ-¼ÛGÅ-»Ûmü fÛG-ˆG-ˆôG-ºhÛÅ-hï-±ô-hP-¿UGÅ-¼ÛGÅ-
¤Ûm-qºÛ-D¤Å-µμÅ-h‚ï-º‚ïh-‚ïh-ˆÛ-»ôhü D¤Å-µμÅ-»ôPÅ-mÅ-
¿S-V-zŸÛ-¿UGÅ-¼ÛGÅ-»Ûm-»P-hï-±ôÅ-ÅºÛ-Gô-¾ºÛ-ÇeïP-GÛ-
hPôÅ-qô-zŸÛ-V-GTÛG-¾Å-¤P-z-z¸ô-GÛ-¤ïhü ¿UGÅ-¼ÛGÅ-D-
ÁÅ-mÛ-È-TP-h;ôm-qô-»Ûmü  
¿UGÅ-¼ÛGÅ-n¤Å-¾-ºi-¤±ßPÅ-ˆÛ-Eh-VôÅ-D-ÁÅ-»ôhü (P-
±ôÅ-zdG-hrh-‚Å-¸Ûm-qºÛ-Eh-VôÅ-n¤Å-µμÅ-¢ô¼-±m-¼ÛG-Çkï-
±m-hP-qôºÛ-ÁôG-¾ô- 2 q-¾-G¸ÛGÅü) 
• hÝÅ-Mãm-hï-±ô-ºôh-hP-¿kmü(¿UGÅ-¾-z®º-»ôh-qºÛ-Mã-

¤±m-HÛ-¿UGÅ-ˆÛ-xÛ-qGÅ-mG-¾ôP-hÝ-ºHã¼-HÛ-»ôh) 
• hï-±ôÅ-iôh-hP-JÀôG-ºEãh-fÞzü 
• Mãm-hÝ-hï-±ô-Ç‰Û-¤ô-»ôhü 
• D-ÁÅ-ÆôG-º²Ûm-½ÀâP-»ôh-q¼-zdïm-ºHã¼-HÛ-»ôh-q-hP-D-

ÁÅ-¤ïh-(¿UGÅ-¼ÛGÅ-¤Ûm-q-hP-GŸÛ-¯ºÛ-¿UGÅ-n¤Åü) 
 

These properties are explainable when we look at the bonds between metal atoms:  
¿UGÅ-ˆÛ-lÝ¾-ym-hz¼-HÛ-ºƒï¾-¤fÞh-¾-z¿eÅ-mÅ-P-±ôÅ-Eh-VôÅ-hï-±ô-ºIï¾-zXôh- ‚ïh-fÞzü 
 
 
 
 
 
 
 
 
 
 
 

• Metal-ions, positively charged, with a 
full outer shell (noble gas configuration) 

• “Electron gas”, free moving negatively 
charged electrons  

• ¿UGÅ-ˆÛ-HïÅ-lÝ¾ü wôºÛ-JÀôG-DÞ¼ü ºDô¼-¾¤-¤fº-¤-
GP-zü (z¸P-½ÀâP-GÛ-VGÅ-h ‚ÛzÅü) 

• ¤ô-lÝ¾-HÛ-½ÀâPü ¼P-hzP-GÛ-G»ô-¤GÝ¾-‚ïh-qºÛ-¤ô-JÀôG-
GÛ-JÀôG-DÞ¼ü) 

 
The positive metal ions are bond together with electron “glue”. 
wôºÛ-HïÅ-lÝ¾-n¤Å-¤ô-JÀôG-ŸÛG-hP-¤Z¤-hÝ-ºƒï¾-¤fÞh-‚ïh-ˆÛ-»ôhü  (º‚¼-¯Ûü) 
 
 
• Characteristics of the electron shell  

of metal atoms:  
 
 
 
 

• ¿UGÅ-¼ÛGÅ-lÝ¾-ym-HÛ-¤ô-JÀôG-ºDô¼-¾¤-Eh-VôÅü 
 

• ¿UGÅ-¼ÛGÅ-lÝ¾-ym-n¤Å-z¸P-½ÀâP-GÛ-¤ô-JÀôG-VGÅ-h‚ÛzÅ-
¾-WÛ-¿e¼-ÇÀïzÅ-Å¤ü 
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• How do metal atoms reach a noble  
gas electron configuration? 

 
 
 
 
 
 
• Malleability 
 
 
 
 
 
 
 
• Conductivity: 
 
 
 
 
 
 

2. Noble metals and base metals 
Some metals react in the presence of oxygen 
(and water) and build metal oxides. They are 
called base metals. Others are less reactive; 
they remain in their metal form. They are 
called noble metals.  
 
 

z¸P - ¿ U GÅ - h P -GŸ Û - ¯º Û - ¿ U GÅ ü 
¿UGÅ-¼ÛGÅ-D-ÁÅ-ÆôG-º²Ûm-½ÀâP-(hP-Vßü)»ôh-m-n¤-q-
ºHã¼-z-hP-¿UGÅ--z®º-ºDô¼ü hï-±ô-¾-GŸÛ-¯ºÛ-¿UGÅ-¼ÛGÅ-
¸ï¼ü ¿UGÅ-¼ÛGÅ-GŸm-n¤Å-n¤-q-ºHã¼-h;º-z-»ôhü hï-
±ô-¿UGÅ-¼P-GÛ-Pô-zô¼-GmÅ-ˆÛ-»ôhü hï-±ô-¾-z¸P-¿UGÅ-¸ï¼ü 

Let’s examine some of the pure metals we 
know: 
 
Copper (Cu), Iron (Fe), Aluminum (Al), 

Silver (Ag), Zinc (Zn), Gold (Au), 

Magnesium (Mg) 

 
 
1. Experiment: We put the metals into an 

acidic solution (acidic means vinegar, 

lemon juice, Cola...): An acidic solution 

has free H+ (Hydrogen nucleus, or 

Proton).  

 

 
P-±ôÅ-¤Eïm-dôGÅ-»ôh-qºÛ-¿Ëh-¤ïh-¿UGÅ-D-ÁÅ-¾-zdG-hrh-
GmP-¼ôGÅü 
¸PÅü ¿UGÅü È-»Pü hPÞ¾ü bÛ-±ü GÅï¼ü h;¼-
G»ºü 
 
 
1] zdG-hrhü P-±ôÅ-¿UGÅ-¼ÛGÅ-n¤Å-Bå¼-µμÅ-ˆÛ-ŸÝm-
DÞ-mP-hÝ-ºWôG-hGôÅü (±ßºÞ-hPü ¾Û¤-zÞºÛ-DÞ-zü Dô-¾-ºi-
zºÛ-Bå¼-µμÅü) Bå¼-µμÅ-ˆÛ-ŸÝm-DÞ-¾-¼P-hzP-Tm-HÛ-»P-½ÀâP-
GÛ-HïÅ-lÝ¾-(H+)»ôhü (»P-½ÀâP-GÛ-¿eï-lÝ¾ü »P-mü wô-
lÝ¾ü) 
 

• Ç‰Û-¤ôºÛ-¼P-zŸÛmü 
 

• JÀôG-hP-iôh-ÅôGÅ-ºEãh-fÞz-qºÛ-¼P-zŸÛmü 
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Observation: 
 
 
 
 
 
 
 
Make a reactivity series: 
 
 
 
 
 
2. Experiment: We heat the metals with a flame. 
 
 
Observation: 
 
 
 
 
 
 
 
 
 
 
3. Experiment: We soak a piece of iron 

wool in an acidic solution. Then we put 
it in a graduated glass which stands up 
side down in a beaker full of water. 

 
 

 
 
 
 
 
 

Sketch:  
 
 
 
 
 
 
 
 
 
 
 
 
 
Explanation:  
 
 

Before the reaction After the reaction 

3] zdG-hrhü P-±ôÅ-z¾-¿UGÅ-ˆÛ-hÝ¤-zÞ-ŸÛG-Bå¼-µμÅ-ˆÛ-
ŸÝm-DÞ-mP-¾-Ç~P-hGôÅü hï-mÅ-P-±ôÅ-hï-¼Û¤-¿km-HÛ-Áï¾-Çoôh-
mP-ºWôG-q-hPü Áï¾-Çoôh-hï-VßºÛ-ºGP-zºÛ-Áï¾-Çoôh-GŸm-ŸÛG-
GÛ-mP-¤Gô-dÛP-ÇÀôG-hGôÅü 

hqï-¼ÛÅü 

µμÅ-ˆÛ-ºHã¼-¿kôG-¤-º‚ãP-ÇSôm-¾ü µμÅ-ˆÛ-ºHã¼-¿kôG-º‚ãP-zºÛ-XïÅ-¾ü 
ºIï¾-zÁhü 

2] zdG-hrhü P-±ôÅ-¿UGÅ-n¤Å-¤ï-¾-zÆïGü 
 
ŸÛz-dôGÅü 
 

ŸÛz-dôGÅü 
 

¿kôG-ºHã¼-¼P-zŸÛm-HÛ-zÇe¼-¼Û¤-ŸÛG-z¸ôÅü 
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3. Corrosion of Iron and steel 
 
Steel and iron is made useless by the 
formation of iron oxide, rust.  
 
Experiment: We put freshly polished iron 
nails into test tubes with 5 different 
conditions. After one day we examine the 
amount of rusting. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Questions:  
• In which conditions is the most brown  

rust formed?  
• What must therefore be present to 

form rust?  
• What could the chemical  

formulae for rust be?  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

3] ¿ UGÅ - hP - h Ï ÐPÅ -¿ U GÅ -ˆ Û - z ®º - i ï G ü 
hÏÐPÅ-¿UGÅ-hP-¿UGÅ-n¤Å-G»º-iïG-ºDô¼-z¼-zdïm-zïh-¤ïh-
VGÅ-ˆÛ-»ôhü z®º ü 
 
zdG-hrhü P-±ôÅ-ºxÛh-zl¼-‚Å-qºÛ-¿UGÅ-G¸ï¼-D-ÁÅ-Áï¾-
Çoôh-GmÅ-ÇePÅ-¤Û-ºi-z-¿kºÛ-mP-ºWôG-q-hPü ZÛm-GTÛG-GÛ-
XïÅ-¾-z®º-WÛ-®¤-ºDô¼-»ôh-¤ïh-zdG-ŸÛz-‚-hGôÅü 

iÛ-zü 
• GmÅ-ÇePÅ-GP-hÝ-z®º-M-Ç¨äG-Tm-¤P-ÁôÅ-VGÅ-ˆÛ-»ôh-h¤ü 
• z®º-VGÅ-ºDô¼-‚ïh-q-¾-G-¼Û-±P-hGôÅ-Å¤ü 
• z®º-G»º-»Û-µμÅ-ˆÛ-¢ô¼-fzÅ-G-¼Û-»Ûm-m¤ü 
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4. Minerals and Ores 
Some metals like Gold (Au) can be found 

pure in nature (or native??). Most of the 

metals however are combined with other 

elements and form rocks or minerals. Pyrite 

(Iron sulfide) is one example, malachite (Cu 

mineral) another. Rocks or minerals, which 

contain metal compounds, are called ores. 

They form mostly ionic compounds (salts). 

 
 
 
Experiment: Again we burn Magnesium 
(Mg) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Observation:  
 
 
 
 
 
 
Explanation and formulae: 
 
 
 
 
 
 
 
 
• That’s the reason why in places of metal 

production, there is often also a power 
plant, which delivers the required 
energy. If we make the most of the 
metals we obtain from the ores, we can 
keep energy use down. This not only 
helps to conserve our limited resources, 
but also decreases pollution! 

 
• Reactive metals are hard to extract from 

their ores (Mg, Al, Na). Unreactive 
metals leave their ore more easily (Cu, 
Ag).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Mã-¤±m-hï-¾-zdïm-mÅ-¿UGÅ-z¸ô-zCæm-‚ïh-»Þ¾-hÝ-JÀôG-DP-
ŸÛG-»ôh-ŸÛPü hïÅ-mÝÅ-ÁÝGÅ-GP-hGôÅ-¤Dô-vôh-‚ïh-ˆÛ-»ôhü 
G¾-ÆÛh-P-±ôÅ-¿UGÅ-lô-mÅ-fôz-qºÛ-¿UGÅ-V-±P-z¸ô-fÞz-mü 
P-±ôÅ-mÝÅ-ÁÝGÅ-zïh-uôh-‚ïh-»G-hï-ZÝP-hÝ-zbP-fÞzü ºhÛÅ-
P-±ôºÛ-¤fº-±h-»ôh-qºÛ-fôm-DÞPÅ-n¤Å-Z¼-±GÅ-‚ïh-»G-
¾-¼ôGÅ-q-‚ïh-q-¤-¸h-z®ôG-OÛz-»P-ZÝP-hÝ-zbP-GÛ-»ôhü 

 

4] Gb ï¼ -µμÅ - hP - ¿ U GÅ - l ô ü  
¿UGÅ-¼ÛGÅ-D-ÁÅü hqï¼-mü GÅï¼-ÅôGÅ-¿Ëh-¤ïh-q¼-¼P-
º‚ãP-Dô¼-»ÞG-mP-hÝ-½‰ïh-ˆÛ-»ôhü »Ûm-m-»Pü ¿UGÅ-¼ÛGÅ-w¾-
¤ô-Vï-z-D¤Å-µμÅ-GŸm-hP-¤Z¤-¿kïz-‚ãP-z¼-zdïm-lô-hP-Gbï¼-
µμÅ-VGÅ-ˆÛ-»ôhü ¤Þ-¸ÛºÛ-µμÅ-lôü(Pyrite)¤Þ-¸ÛºÛ-
¿UGÅü(Iron Sulfide) mÛ-hqï-¤±ôm-ŸÛG-»Ûmü lô-
Ç¨mü(Malachite)¸PÅ-ˆÛ-Gbï¼-µμÅü(Cu mineral)mÛ-
hqï-¤±ôm-GŸm-ŸÛG-»Ûmü ¿UGÅ-ˆÛ-ÇkïzÅ-µμÅ-»ôh-qºÛ-lô-hP-
Gbï¼-µμÅ-n¤Å-¾-¿ U GÅ - l ô -¸ï¼ü hï-±ôÅ-w¾-Vï-z-HïÅ-lÝ¾-HÛ-
ÇkïzÅ-µμÅ-Oæz-ˆÛ-»ôhü (¾m-±ÎÐü) 
 
 zdG - hrh ü P-±ôÅ-»P-zB¼-h;¼-G»º-(Mg)¤ï¼-
zÆïGü 
dôGÅ-ŸÛzü 
 
 
 
 

ºIï¾-zÁh-hP-¢ô¼-fzÅ-n¤Åü 
 

• ºHã¼-¿kôG-Tm-HÛ-¿UGÅ-n¤Å-hï-±ôºÛ-¿UGÅ-lôü(Mg, 

Al, Na)mÅ-ºfïm-¢ô¼-‚ïh-»G-DG-qô-»ôhü ºHã¼-
¿kôG-Ÿï-iG-¤ïh-qºÛ-¿UGÅ-n¤Å-hï-±ôºÛ-¿UGÅ-lô-mÅ-ºfïm-
¢ô¼-‚ïh-ÇÀü(Cu, Ag) 
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5. Alloys 
 
Mixtures between metallic elements are 
called alloys. Pure metals often have a 
combination of properties which are not so 
useful. With mixing different metallic 
elements together, the properties of the new 
material, the alloy, can be suitable for 
special tasks.  
In human history, the first alloy that totally 
changed people’s lives was a mixture of 
copper and tin, called bronze. It was not 
brittle and could be sharpened. So it 
provided very good tools and weapons. 
Historians call this period of humankind the 
“bronze age”. Soon after, the discovery of 
iron made an even bigger difference. It’s 
even harder and sharper than bronze. The 
period in time when iron was discovered is 
called the “iron age”. Nowadays, iron is still 
the most widely used metal in the world.  
 
Brass is an alloy made from copper and 
zinc. It is used for making house wares such 
as candle sticks or for statues. 
Steel is an alloy that contains mostly iron 
with a little carbon. Stainless steel contains 
20% of chromium and 10% of nickel and 
doesn’t rust.  
Aluminum alloys are widely used when 
lightness is needed. Pure Aluminum is 
neither very hard nor very strong. Adding 
4% of copper and 1% of magnesium 
(Duralumin) makes it suitable for aircraft 
bodies. The production of aluminum uses a 
lot of energy, so we should use it 
responsibly (compare page 180 of the 
chemistry book).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

5] zÆ ïÅ - ¿ U GÅ ü 
¿UGÅ-ˆÛ-D¤Å-µμÅ-hz¼-zÆïÅ-¢ô¼-º‚ãP-z-¾-zÆïÅ-¿UGÅ-¸ï¼ü 
¿Ëh-¤ïh-¿UGÅ-¾-»ôh-qºÛ-Eh-VôÅ-¤P-qô-ŸÛG-zïh-¤ïh-»Ûmü 
¿UGÅ-¼ÛGÅ-D¤Å-µμÅ-¤Û-ºi-n¤Å-zÆïÅ-¢ô¼-º‚ãP-z-¾-zdïm-mÅ-
Eh-VôÅ-GÅ¼-¿km-HÛ-zÆïÅ-¿UGÅ-Oæz-q-hPü hïºÛ-Eh-VôÅ-n¤Å-
h¤ÛGÅ-zÅ¾-HÛ-¾Å-;-¾-¼m-qô-»ôhü  
¤ÛºÛ-M¾-¼zÅ-¾ô-MãÅ-mP-¾-ºIô-z-¤ÛºÛ-º±ô-z-¾-ºHã¼-z-ÁÝGÅ-Vï-
zCæm-qºÛ-zÆïÅ-¿UGÅ-fôG-¤¼-hï-mÛü ¸PÅ-hP-GÁº-h;¼-HÛ-
ºiïÅ-¤-ŸÛG-»Ûmü hï-¾-¾Û-¸ï¼ü hï-Fô¾-zô-¤ïh-q-hP-hï-¾-nô-ºhôm-
hGôÅü hï-ºi-ÅôP-®Pü hïºÛ-»P-hG-qºÛ-»ô-VÅ-hP-¾G-V-z¸ôÅ-
fÞzü M¾-¼zÅ-¬-z-n¤Å-ˆÛ-¤ÛºÛ-hÝÅ-¼zÅ-ºhÛ-¾-(¾ Û - ¤ º Û -
h ÝÅ -¼zÅ -)ŸïÅ-zXôh-ˆÛ-»ôhü hï-mÅ-¿UGÅ-GÅ¼-½‰ïh-º‚ãP-z-
¾-zdïm-ÇS¼-¾Å-¿ËG-qºÛ-Eh-q¼-Vïm-qô-z¸ôÅü hï-¾Û-¾Å-
¤FïGÅ-q-hP-nô-z-»ôhü hÝÅ-»Þm-hï-¾-¿ U GÅ -ˆ Û - h ÝÅ -¼zÅ -
ŸïÅ-¸ï¼ü hÝÅ-hïP-ÅïP-»P-¿UGÅ-mÛ-º²¤-JÀÛP-mP-È-TP-zïh-uôh-
‚ïh-qºÛ-¿UGÅ-¼ÛGÅ-ŸÛG-»Ûmü  
¼G -mÛ-¸PÅ-hP-bÛ-±-GZÛÅ-ˆÛ-Oæz-qºÛ-zÆïÅ-¿UGÅ-ŸÛG-»Ûmü 
¼G-mÛ-»P-¾-ºWôG-VÅ-hP-Ç+Ý-z½‰m-ÅôGÅ-mP-VÅ-ÅÞ-zïh-uôh-‚ïh-
ˆÛ-»ôhü  
hPÅ -¿ U GÅ -mÛ-¿UGÅ-hP-mG-µμÅ-ˆÛ-V-ZÝP-ZÝP-ºiïÅ-qºÛ-zÆïÅ-
¿UGÅ-ŸÛG-»Ûmü z®º-ºDô¼-¤Û-fÞz-qºÛ-hPÅ-¿UGÅ-¾-;ô-¿UGÅ-
zM-V- 20 hP- GÁº-±ï-zM-V- 10 »ôh-q¼-zdïm-z®º-
G»º-ºDô¼-¤Û-fÞzü  
È -»P -G Û - -zÆïÅ-¿UGÅ-n¤Å-mÛ-¤Dô-VÅ-»P-qô-hGôÅ-±ï-zïh-
uôh-‚ïh-ˆÛ-»ôhü ¿Ëïh-¤ïh-È-»P-mÛ-¤FïGÅ-qô--¤ïh-q-hP-mÝÅ-Tm-
»P-¤Ûmü hï-¾-¸PÅ-zM-V- 4 hP-h;¼-G»º-zM-V- 1 
Gmôm-q-m-Gm¤-IâºÛ-V-ÁÅ-z¸ô-»G-¾-¼m-qô-»ôhü È-»P-z¸ô-
zCæm-‚ïh-»G-¾-mÝÅ-ÁÝGÅ-¤P-qô-zïh-uôh-‚ïh-hGôÅ-ˆÛ-»ôh-q¼-
zdïm-P-±ôÅ-ºGm-ºDÞ¼-HÛ-¾ôPÅ-ÅÞ-uôh-hGôÅü (µμÅ-ºHã¼-±m-
¼ÛG->ÀôG-hïz-ˆÛ-ÁôG-IPÅ- 180 hP-¤±ßPÅ-zÇkÝ¼-‚ïh-hGôÅü) 
 


