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1. The water molecule 
Water is a very strange substance. It has 
unusual properties because of the structure 
of its molecule. In the same time it is the 
most common substance on our planet. 
Without water, life would not be possible. 
Our bodies are about 70% water! Water is 
liquid only over a very narrow temperature 
range - between 0° Celsius and 100° C. If 
the Earth was a little closer to the sun, most 
of the water would turn to water vapor. If it 
was just a little further away, most of it 
would be frozen. 

 
 
 
 
 
 
 
 
 
 

 
You know already what a water molecule  
looks like: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

But the electrons are not spread evenly 

around the molecule. They spend more time 

closer to the oxygen atom. Since electrons 

have a negative charge, the oxygen atom has 

a slight negative charge. And the hydrogen 

atoms have a slight positive charge. This is 

called a dipole. Water molecules have a 

dipole. Remember: The overall charge of 
the molecule is zero (same amount of 

electrons and protons, the positive and 
negative charge cancel each other out!).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

• The oxygen atom and the two 
hydrogen atoms are strongly held 
together by sharing electrons. 

V ß º Û - º h ÝÅ - l Ý ¾ ü 
Vß-mÛ-Mã-µμÅ-»-¤±m-Tm-ŸÛG-»Ûmü hï-mÛ-¼P-GÛ-ºhÝÅ-lÝ¾-HÛ-
VGÅ-h‚ÛzÅ-¤Û-ºi-z-»ôh-q-¾-zdïm-HÛ-»ôhü hï-»P-Vß-mÛ-
ÅºÛ-Gô-¾ºÛ-ÇeïP-GÛ-Mã-µμÅ-fÞm-¤ôP-Tm-ŸÛG-»Ûmü Vß-¤ïh-mü 
ÆôG-»ôP-¤Û-ÆÛhü P-±ôºÛ-G¸ÞGÅ-qôºÛ-mP-GÛ-zM-V- 70 ®¤-
Vß-»Ûmü ±-±h- 0° Celsius    hP-  100° C.z¼-hÝ-»Ûm-
Ç+zÅ-Vß-GÁï¼-G¸ÞGÅ-ˆÛ-Pô-zô¼-GmÅ-ˆÛ-»ôhü G¾-ÆÛh-Gô-¾-
ZÛ-¤-hP-Zï-¼Þ-xÛm-q-mü Vß-¤P-Vï-z-½ÀPÅ-G¸ÞGÅ-ÅÞ-ºHã¼-
HÛÅ-»ôhü »P-G¾-ÆÛh-Gô-¾-ZÛ-¤-hP-fG-¼ÛP-hÝ-xÛm-q-mü 
hï-hG-ºEGÅ-q¼-ºHã¼-HÛÅ-»ôhü  
P-±ôÅ-VßºÛ-ºhÝÅ-lÝ¾-WÛ-¿e¼-»ôh-¤ïh-ÁïÅ-ˆÛ-»ôhü  
 
                
 

• ÆôG-º²Ûm-½ÀâP-GÛ-lÝ¾-ym-GTÛG-hP-»P-½ÀâP-GÛ-
lÝ¾-ym-GZÛÅ-¤ô-lÝ¾-¤Z¤-uôh-‚ïh-q¼-zdïm-h¤-
qô¼-¤Z¤-hÝ-GmÅ-fÞz-ˆÛ-»ôhü 

»Ûm-m-»Pü ¤ô-lÝ¾-n¤Å-ºhÝÅ-lÝ¾-HÛ-G»Å-G»ôm-hÝ-
Ç‰ô¤Å-qô¼-Ez-¤ïhü hï-hG-ÆôG-º²Ûm-½ÀâP-GÛ-lÝ¾-ym-hP-Zï-
z-»ôhü ¤ô-lÝ¾-n¤Å-¤ôºÛ-JÀôG-DÞ¼-»ôh-q¼-zdïmü ÆôG-
º²Ûm-½ÀâP-GÛ-lÝ¾-ym-n¤Å-ˆP-¤ô-JÀôG-VßP-PÞ-ŸÛG-hP-¿km-q-
hPü »P-½ÀâP-n¤Å-¾-wôºÛ-JÀôG-DÞ¼-VßP-PÞ-ŸÛG-»ôhü hï-¾ 
dipole ¸ï¼-HÛ-»ôhü VßºÛ-ºhÝÅ-lÝ¾-hG-¾- dipole  »ôhü  
im - q¼ - ‚ ï h - hG ô Å ü ºh ÝÅ - l Ý ¾ - H Û - E ô m - Ç k ô ¤Å -
J À ô G - D Þ ¼ - m Û - > À h - G ô¼ - » Û m ü (w ô - l Ý ¾ - h P - ¤ ô -
l Ý ¾ - ¤ P - Z ÝP -GT Û G - q -» ô h ü w ô - J À ô G - h P - ¤ ô -
J À ô G - w m - ± ß m - ¤ ï h - q¼ - z ¸ ô - G Û Å -» ô h ü) 
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2. Water molecules are attracted to each other  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This attractive force between oxygen and 

hydrogen atom is called hydrogen bond. It 

is weaker than the covalent bonds. 

 

It is the attractive forces between the water 

molecules which make it a liquid at normal 

temperatures! Most compounds with 

molecules similar to water, like methane 

(CH4) or carbon dioxide (CO2), are gases. 

Without the attractive forces between its 

molecules, water would be a gas and there 

would be no life on earth! 

 

 

 

 

 

 

 

 

 

 

 

3. Why can water dissolve so many  
 
We take the example of sodium chloride 

(salt). It is an ionic compound and made up 

by Na+ - and Cl–-ions. The water molecules  

 

 

 

Ice   ºEGÅ-qü 
 
 
 
 
 

Water    Vßü 
 
 
 
 
  

 
 
 
 
 

 
 
 
 
 
 

Steam (water vapor) 
½ÀPÅ-ºHã¼-Vßü 
 
 
 
 

V ß º Û - º h ÝÅ - l Ý ¾ - n ¤Å - w m - ± ß m - º f ï m -¼ ï Å -» ô h ü 

ÆôG-º²Ûm-½ÀâP-hP-»P-½ÀâP-GÛ-lÝ¾-ym-n¤Å-ˆÛ-z¼-¾-ºfïm-
ÁÝGÅ-»ôh-q-hï-¾-»P-½ÀâP-GÛ-ºƒï¾-¤fÞh-¸ï¼ü hï-¤Z¤-
uôh-mÝÅ-Tm-HÛ-ºƒï¾-¤fÞh-¾Å-Ÿïm-q-»ôhü 
 
VßºÛ-ºhÝÅ-lÝ¾-n¤Å-ˆÛ-z¼-¾-ºfïm-ÁÝGÅ-hï-»ôh-q-¾-zdïm-
mÅ-hï-hG-uÛ¼-zbP-GÛ-±-±h-¾-GÁï¼-G¸ÞGÅ-ˆÛ-Pô-zô¼-
GmÅ-ˆÛ-»ôhü VßºÛ-ºhÝÅ-lÝ¾-hP-ºi-zºÛ-ºhÝÅ-lÝ¾-GŸm-
w¾-Vï-zü hqï¼-mü m-½ÀPÅ-»P-m-¤Û-fïm-( CH4

 )hP-
hÝG-½ÀâP- ( CO2

 )ÅôGÅ-mÛ-½ÀâP-G¸ÞGÅ-ÅÞ-»ôhü G¾-
ÆÛh-ºhÝÅ-lÝ¾-z¼-¾-ºfïm-ÁÝGÅ-¤ïh-mü Vß-n¤Å-»ôPÅ-
µμôGÅ-½ÀPÅ-q¼-ºHã¼-z-hPü ÅºÛ-Gô-¾ºÛ-ÇeïP-ÆôG-GmÅ-
¤Û-fÞzü  

V ß -» Û Å - M ã -µμÅ - h Ý - ¤ - Ÿ Û G - zŸ Ý - f Þz - qº Û - M ã - ¤±m -
T Û - » Û m - m¤ ü 
P-±ôÅ-¾m-±ÎÐ-hqï-¼Þ-¾ïm-HÛ-»Ûmü hï-mÛ-zÞ¾-µμÅ-ˆÛ-HïÅ-lÝ¾-
Õ(Na+ )hP-±ÎÐ-½ÀPÅ-ˆÛ-HïÅ-lÝ¾-( Cl–-)HÛÅ-Iâz-qºÛ-HïÅ-
lÝ¾-HÛ-ÇkïzÅ-µμÅ- 

substances? 
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are attracted to the two ions and surround 

them completely. That’s why the salt seems 

to disappear when dissolved in water. Each 

sodium and chloride ion is separated from 

the others. They are between the water 

molecules. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

4. Investigations about water  

4.1. Solubility of solids (group work station no 1)  

Questions:     
 
1. Fill in the table: 
 
 Hot water   Vß-±-qôü  Cold water   Vß-iP-¤ôü  
Temperature in ° Celsius 
±-±hü ° Celsius 

  

Amount of dissolved salt in grams 
¾m-±ÎÐ-G-¼¤-WÛ-®¤-zŸÝ¼-»ôh-¤ïhü 

  

 
2. What does this result suggest?   2] Iâz-ºƒÅ-ºhÛ-G-¼Û-zÇeôm-HÛ-ºhÝG-G¤ü  

 

 

 

 
3. What would happen if you cooled down 

the hot saturated salt solution to the 
temperature of the cold one? 

 

 

• How do the water molecules 
arrange themselves around the 
positive and the negative ions? 

• VßºÛ-ºhÝÅ-lÝ¾-n¤Å-wô-dGÅ-hP-¤ô-dGÅ-ˆÛ-
HïÅ-lÝ¾-hG-GÛ-G»Å-G»ôm-¾-WÛ-¿e¼-OÛGÅ-
ˆÛÅ-»ôh-h¤ü 

ŸÛG-»Ûmü ºfïm-ÁÝGÅ-hP-¿km-qºÛ-VßºÛ-ºhÝÅ-lÝ¾-hG-GÛ-
HïÅ-lÝ¾-hï-GZÛÅ-V-±P-¤fº-zÇ+ô¼-HÛÅ-»ôhü hï-¾-zdïm-
mÅ-¾m-±ÎÐ-VßºÛ-mP-hÝ-zŸÝ-»ÛÅ-»ôh-q¼-ÁïÅü zÞ¾-µμÅ-hP-
±ÎÐ-½ÀPÅ-ˆÛ-HïÅ-lÝ¾-»ôPÅ-µμôGÅ-D-ºHïÅ-q-hP-hï-±ôºÛ-z¼-
¾-VßºÛ-ºhÝÅ-lÝ¾-n¤Å-»ôhü 

V ß º Û - Ç + ô¼ -¾ - Ÿ Û z - ¤ W â G ü 

¤FïGÅ-G¸ÞGÅ-ˆÛ-zŸÝ-zºÛ-¼P-zŸÛmü ¼Þ-DGü 1 

1] z¼-ÇeôP-Ç+ôP-¼ôGÅü 

3] ÅÛ¤-¢ô¼-‚Å-qºÛ-±ÎÐºÛ-zŸÝm-DÞ-ºhÛ-±-±h-iP-¤ô-ŸÛG-bà-
iP-hÝ-zTßG-q-m-TÛ-‚ïh-h¤ü 

iÛ-z-DGü     
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4.2. Solutions and reactions (group work station no 2) 

Questions: 
 
1. What particles do you find in either  

solution?  
 

 

 
2. What happens when you pour the two  

solutions together? 
 

 
 
3. What could be the cause for that?  

What substance could have been built? 
 

 

 

 
4. What is one main function of water in  

our bodies? 
 

 

 

 

4.3. Solubility of gases (group work station no 3) 

Questions: 
 
1. Is the cold or the warm drink fizzier? 
 

 
2. What does the result suggest?  
 

 

3. What happens when you cool the warm  
drink down again? 

 

zŸÝm-DÞ-hP-µμÅ-ºHã¼ü (¼Þ-DGü 2)    iÛ-z-DGü 

1] ŸÝm-DÞ-GZÛÅ-mP-V-lÝ¾-GP-hP-GP-½‰ïh-h¤ü 

2] G¾-ÆÛh-ŸÝm-DÞ-GZÛÅ-qô-hï-zÆïÅ-q-m-TÛ-‚ïh-h¤ü 

3] hïºÛ-Mã-Aïm-TÛ-»Ûm-m¤ü µμÅ-GP-hP-GP-ºIâz-z¤ü 

4] P-±ôºÛ-¾ÞÅ-ˆÛ-mP-VßºÛ-¾Å-ºGm-G®ô-zô-GP-»Ûm-
m¤ü 

½ À P Å -G¸ ÞGÅ -ˆ Û - zŸ Ý - z º Û -¼P - zŸ Û m ü   (¼ Þ - DG ü 3 )  iÛ-z-DGü 
1] zbàP-»G-¼ÛGÅ-iP-z-hP-±-z-GZÛÅ-¾Å-GP-¾-±Û¼-O-»ôh-h¤ü 

2] Iâz-ºƒÅ-ºhÛ-Mã-¤±m-GP-»Ûm-m¤ü 

3] zbàP-»G-iôh-¿km-ŸÛG-iP-hÝ-zTßG-m-TÛ-‚ïh-h¤ 
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4. In small lakes or ponds during very sunny  

and warm weather you can observe fish  
being at the surface. Why is that?   

 

 
 

4.4. Boiling of water (group work station no 4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What do you see inside the water during the heating? 
 

 
What could be the causes for your observations? 
 

 

 

 
 

5. Detergents 
 
Remember the results of the experiment where we 
mixed water, kerosene, oil and ethanol together?  
What is miscible with water and what not? 
 

 

Let’s have a look at involved molecules: 

 Temperatur 
 
 
[° Celsius] 

Time [min] 

4] ±-iôh-Tm-HÛ-hÝÅ-ÅÞ-ºEÛ¾-VßºÛ-mP-Z-n¤Å-VßºÛ-PôÅ-ˆÛ-D-
ÇeïP-hÝ-¤fôP-fÞzü hïºÛ-Mã-¤±m-GP-»Ûm-m¤ü 

V ß - z; ô¾ - »G ü (¼ Þ - DG ü 4) 

±-±hü  

hÝÅ-±ôhü  

Vß-z;ô¾-Ç+zÅ-hïºÛ-mP-P-±ôÅ-GP-¤fôP-P¤ü 

¤fôP-VôÅ-hïºÛ-Mã-Aïm-GP-»Ûm-m¤ü  

F âÅ -µμÅ ü 
P-±ôÅ-Vß-hPü Å-ÇoÝ¤ü z¸º-ÇoÝ¤ü VP-¼G-ÅôGÅ-zÆïÅ-¢ô¼-
‚Å-qÅ-zdG-hrh-hï-im-q¼-‚ïhü 
Vß-mP-hÝ-GP-zŸÝ-ºiïÅ-fÞz-z¤ü GP-¤Û-fÞzü 

¤Z¤-zŸÝGÅ-ºhÝÅ-lÝ¾-n¤Å-¾-G¸ÛGÅ-hGôÅü 
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Water and ethanol water and kerosene 
 
When water is used for washing, it dissolves 
dirt. But some dirt, like oil and grease, 
doesn’t dissolve in water. Detergents help to 
dissolve oily substances in water. Detergent 
molecules have two parts, a head and a tail. 
The tail is hydrophobic (“water hating”) and 
the head is hydrophilic (“water loving”). 
Therefore the head of the molecule is 
attracted to water and the tail to oil (see 
picture). 

 
 
 
 
 
 
 
 
 

 
 
 
Picture of a model 
 
 
 
 

  
 

 
 
 
 
 

 
 
Description: 
 
 

 

 

Vß-hP-VP-¼Gü Vß-hP-Å-ÇoÝ¤ü 

Vß-FâÅ-zïh-uôh-GmP-Ç+zÅü hïÅ-z®ôG-q-n¤Å-zŸÝ-z¼-‚ïh-
ˆÛÅ-»ôhü z®ôG-q-ºGº-ÁÅü hqï¼-mü ÇoÝ¤-hP-ÇoÝ¤-ŸG-
ÅôGÅ-mÛ-hïºÛ-mP-zŸÝ-GÛ-¤ïhü FâÅ-µμÅ-ˆÛ-ÇoÝ¤-¼ÛGÅ-n¤Å-
VßºÛ-mP-hÝ-zŸÝ-z¼-‚ïh-ˆÛÅ-»ôhü FâÅ-µμÅ-¾-V-ÁÅ-GZÛÅ-
»ôh-hïü ¤Gô-hP-¤WâG-¤-»Ûmü ¤WâG-¤-mÛ-Vß-¾-¤Û-hGº-Çeïü 
hydrophobic ŸïÅ-¸ï¼ü ¤Gô-mÛ-Vß-¾-hGº-Çeïü 
hydrophilic ŸïÅ-¸ï¼ü hï-ºi-ÅôP-®Pü ºhÝÅ-lÝ¾-ºhÛºÛ-
¤Gô-hï-Vß-¾-ºyh-q-hP-¤WâG-¤-hï-ÇoÝ¤-hP-ºyh-ˆÛÅ-»ôhü 
ºi-hq¼-¾-G¸ÛGÅ-¼ôGÅü 

ºi - hq¼ - H Û - h q ï -
G¸ ÞGÅ -Ÿ Û G ü 

ºIï¾-zÁhü 


