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Electron microscopes are used in microscopy in order to observe specimens at 
extremely high magnifications and resolutions. In fact, electron microscopes can 
magnify objects well enough that they can be used to observe atoms!
This activity is divided into two parts. For part A, you will be an electron 
microscope and illustrate the expected arrangement of atoms of a given 
sample using what you have learned about the particle nature of matter and 
properties of states of matter. Add marks that indicate movement of atoms. In part 
B, you will be filling up a table that summarizes these properties of states of matter.

Activity A:

Fill up the flowchart

CLASSIFICATION OF
MATTER

Gas

Heterogenous

Elements Liquid Solid

Mixtures

Homogenous

CompoundsPure Substances

Activity B:
HUMAN ELECTRON
MICROSCOPE

Part A:
Visualizing atoms in different states of matter

Example: Ethanol, more commonly known as ethyl 
alcohol or rubbing alcohol, is a chemical disinfectant that 
is used in hospitals and households. It is germicidal—
meaning, it is able to kill germs, and effective against 
influenza virus. It is liquid at room temperature. Given 
these details, illustrate the arrangement of atoms in a 
small sample of ethyl alcohol at room temperature in the 
space provided.

Image captured by an electron 
microscope. The individual 
spheres you see are atoms! 

Image from microscope master.

Explanation

It was stated that ethyl alcohol is liquid at room 
temperature. If the matter is liquid, its atoms are 
not too far apart like a gas and not too close like 
that of a solid. The atoms are able to move slightly 
since there are small spaces between them.

A bottle of one of the most 
common ethyl alcohols. 

A ________ has a 
rigid shape, a fixed 
volume and shape.

______________ have fixed 
constant compositions and only 

have one set of intrinsic properties. 
These can only be separated 

through chemical means.

__________ cannot 
be broken down into 

simpler substanc-
es by physical or 

chemical means. The 
smallest particle of 

this is an atom.

________ are made 
of elements in fixed 
ratio composition 

and can be broken 
down into simpler 

substances by 
chemical means.

____________ 
mixtures have visibly 

distinguishable 
parts and may exist 
in different phases. 
The properties may 
vary throughout the 

sample.

___________ 
mixtures do 

not have visibly 
distinguishable 

parts and may exist 
only in one phase. 
The properties are 
uniform throughout 

the sample.

______________ have varying 
compositions and the properties 

depend on the composition. 
These can be separated by 

physical means.

A ________ is fluid, 
has a defined volume, 
but assumes the shape 

of its container.

MATTER

A ________ is highly 
compressible, thus it 
takes on the volume 

and shape of its 
container.

3 4
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Now, imagine that you applied a small amount of ethyl 
alcohol on your hands. Notice that it instantly evaporates. In 
the given space below, illustrate the arrangement of ethanol 
atoms after it has undergone evaporation.

Halite is one of the most common minerals that is used across 
different fields.6 It is commonly known as table salt, which 
adds flavor to our favorite dishes such as adobo, kare-kare, 
and sinigang. Halite is a solid mineral comprised of sodium 
(Na) and chlorine (Cl) atoms, and its chemical composition 
is represented as NaCl (sodium chloride). Given the state of 
halite, illustrate the arrangement of atoms of a small sample 
of halite

Similar to ethanol, bleach is another common household 
item that also serves as a disinfectant. Sodium hypochlorite 
is its main active ingredient that makes it bactericidal, 
fungicidal, and virucidal— meaning, it is effective in killing 
bacteria, fungi, and viruses. Bleach is sold in grocery stores 
as a liquid and it can disinfect surfaces 10-60 minutes after 
applying it. Given the state of matter of bleach, illustrate the 
arrangement of atoms of a small sample of bleach in the 
given space below.

3

Part B: 
Classifying characteristics of states of matter

Now that you have visualized the arrangement of atoms of the common household items 
above, you will now classify the characteristics of these items depending on their states of 
matter. Fill the table below accordingly and use the first column as an example

State of matter 
(solid, liquid, or gas)

Distance 
between
particles 
(very close,

close, or far apart)

Shape 
(defined, shape of

container, or no 
shape at all)

Volume 
(fixed or not fixed)

Movement of 
particles

(slowest, slow, or 
fast)

Forces of 
attraction
between 

particles (strong,
weak, or extremely 

weak)

Properties of 
Matter

Ethyl Alcohol 
at Room 

Temperature

Ethyl 
Alcohol After 
Evaportation

Halite or 
Table Salt

Bleach

This is what mineral halite or 
table salt looks like before 
it is grinded into granules. 
Image adapted from Le 
Comptoir Geologique.

A bottle of one of 
the most common 
household bleaches. 
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Activity C:

HOT THEN COLD? 
COLD THEN HOT?

Fill in the blanks. Identify the object or food, the physical change that occurred 
(evaporation, condensation, melting, or freezing) and the temperature change 
that made this happen. The first example has been done for you.

The ice cream is melting 
because its surroundings 
went from cold to hot. 

The water in the soup is going 
through  because 
the fire of the stove raised its 
temperature to its boiling point.

The water vapor inside 
the bottle is going through                   
____________ because 
the surroundings went from 

 to .

To cook the meat buns or siopao, the water 
is going through ___________ and thus 
becomes  because its 
temperature is raised to its boiling point. The ice candies are going 

through  b e c a u s e 
the surrounding temperature 
went from          to              .

The butter is  because 
its surroundings went from 
_____ to ____.

The meat is going through            
because its surroundings went from  
to .

The surrounding water vapor is going through 
 because the temperature of 

the water in the glass is _____ while the 
surroundings is _____.

7 8



Activity D:
LABEL MY SUBATOMIC 
PARTICLES!

Are you familiar with the element Helium? Helium gas is typically used to inflate 
colorful balloons that children love. For this activity, your task is to label the
subatomic particles of the Helium atom and describe them using your own 
words based on your understanding.

Great job in the previous activity! For the next exercise, your task is to answer 
the crossword puzzle. This will help you recall the terminologies and names 
that we have encountered in this lesson. Good luck!

1. We,_______ electrons, are 
used to predict the chemical
properties of atoms, 
particularly whether they will
participate in the chemical 
bond formations during
reactions or not.

3. I am the one who discovered 
protons in 1919 using my
gold foil experiment. What is 
my last name?

6. I am a negatively-charged 
subatomic particle of an atom

7. I am a neutrally-charged 
subatomic particle of an atom

8. I am a positively-charged 
subatomic particle of an atom

2. I am the smallest particle of an element that retains the property of such element

4. I am the dense and positively-charged center of every atom

5. I am the one who discovered neutrons in 1932. What is my last name?

7. I am consisted of protons and neutrons collectivity. Clue: I am not nucleus

9. I am the one who discovered electrons in 1897. What is my last name?

GUESS WHO AM I?

DOWN

ACROSS

1

2

3

4

5

6

7

8

9

Description

Description

Description

Helium Atom

9 10

Activity E:

Crossword puzzle created using https://puzzlemaker.
discoveryeducation.com/criss-cross/



TRANSFORMATIONS OF 
THE ATOMIC MODELS!

That was awesome! For the last exercise, your task is to draw each corresponding 
atomic model being described in the timeline inside the circle. I hope you enjoy 
this activity!

Now that you have already learned about atomic symbol, atomic number, mass 
number, and isotopes, let’s check our comprehension by completing the table 
below. I have answered the first line as a guide! I hope you enjoy this activity!

Note: All the given atoms are neutral atoms! You may use the periodic table as needed!

What do you call elements that have the same number of protons, but have 
different number of neutrons, thereby having different mass numbers too?

Atomic SymbolAtomic Number

Mass Number

REMINDER

no. of protons + no. of 
neutrons

no. of protons 

With Thomson’s discovery, it 
was introduced that electrons 
were embedded on a sphere 
with positive charge. This 
model is also known as “Plum 
Pudding Model”

It was introduced by Bohr that 
electrons followed circular 
orbits that have fixed locations 
from the nucleus. This atomic 
model is called the “Planetary 
Model”

Rutherford proved the 
existence of positively charged 
nucleus wherein the mass of 
the atom was concentrated. 
It is known as the “Nuclear 
Model of Atom”

In the current “Quantum 
Mechanical Model”, the 
electrons are located in the 
electron cloud around the 
nucleus.

1904
1911

19261913

Activity G:
COMPLETE ME!

Atomic 
Symbol

C 6 6 6 12

13

10

14

15

17

18

40

6

19

8

18

20

20

8

6

5

7

8

17

19

B

N

O

O

Cl

No. of 
Protons

No. of 
Electrons

No. of 
Neutrons

Mass
Number

11 12

Activity F:



Activity H:
TABLE TIMELINE
TUNE-UP

Fill in the blanks with the correct word to complete the idea. Afterward, order 
each event by filling in the blanks on the right with the numbers 1-4. The first 
blank has been filled in for you as an example. (When filling names, put the first 
and last name.)

a.)

b.)

c.)

d.)

 John Newlands  proposed the law of 

________________, based on the observation  

that every eighth element could be observed 

to have similar properties when arranged by 

________________.

By analyzing the X-ray frequencies, 

_________________ found that the elements can 

be arranged according to ________________ and 

NOT ________________ as previously thought. 

This led to the ______________ law, stating that 

similar properties recur periodically when arranged  

according to increasing _____________.

_________________ from Germany and 

_________________ from Russia both arranged 

elements by increasing ________________ and 

grouped them according to similar properties.

_________________ noticed that elements can 

be grouped in sets of 3 according to their similar 

properties, such as copper, silver, and gold.

PERIODICAL CROSSWORD

Fill out the spaces in the crossword puzzle using the clues provided below. The 
first item has been filled out as an example.

1 2

3

4

6

7 8 9 10

11

12 13

14

5

Down: 
1. Group 18, also called ___________ gases, 

have   the lowest chemical reactivity.
2. Elements in the periodic table are arranged 

according to ______________, the number 
of protons in the nucleus. 

3. The family of group 2, alkali ______________ 
metals, are elements with a filled s-orbital. 

4. Family name of the inner transition elements 
found in period 6.

8. Identifies the principal families of elements 
9. Groups 3-12 are collectively referred to as 

_____________ elements, elements with 
partially filled d-orbitals. 

13. _______________ transition elements are 
elements whose valence electrons are in the 
f-orbital.

Across:
5. _____________ metals are the leftmost 

family in the periodic table and are usually the 
least electronegative.

6. The elements in groups 1, 2, and 13-18 are 
called __________________ elements.

7. Elements were initially thought to be 
arranged according to increasing atomic 
____________.

10. _______________ is the family usually found 
to have the most electronegative elements, 
such as Fluorine.

11. Family name of the inner transition elements 
found in period 7.

12. An element displaying properties of metals 
and nonmetals, such as Arsenic.

14. Rows of elements with the same highest 
electron energy level. 

Crossword made using Crossword Labs

13 14
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Activity J:

SCATTERED ELEMENTS,
ORDERLY ELEMENTS

Draw a line in the boxes going in the direction in which the characteristics of 
atoms increase as you go along the table.   increases as you go along the periodic 
table of elements. Draw both a horizontal and vertical line showing the increase 
of each property along that axis.  Afterwards, answer the questions that follow.

Horizontal Lines

Vertical Lines

Electronegativity

M
e

ta
llic C

h
a

ra
cte

r

Atomic radius is the total distance of the space between the atom’s 
nucleus and its outermost orbital. Arrange the following elements 
in order of DECREASING atomic radii.

Use red for electronegativity, blue for metallic character, green for 
atomic radius, yellow for ionization energy and black for electron 
affinity. Alternatively, label the lines drawn instead.

Image from Phillip Harris

1

!

Arrange the given elements according to the conditions given. The first two ele-
ments for item 1 have been given, as an example.

Ge Si Na NaS Cs Cs

Ionization Energy is the energy required to remove an electron 
from a gaseous atom completely. Arrange the following elements 
in order of INCREASING Ionization Energy.

2

S Ir Hf Te Fr

Electron Affinity is the energy change that occurs when an electron 
is added to a gaseous atom. Arrange the following elements in 
order of DECREASING Electron Affinity.

3

Ru Fr Ga Cl Zr

Metallic Character is the ease of an atom to lose an electron. 
Arrange the following elements in order of DECREASING Metallic 
Character.

4

Re O Zn Ba Co

Electronegativity measures the strength of attraction between an 
atom and the electrons in a chemical bond. Arrange the following 
elements in order of INCREASING Electronegativity.

5

Sn Ag V As K

15 16



Activity K: REACTIVITY

CHEMICAL REACTION OF 
METALS WITH ACIDS
Usually when metals react with acids it creates a salt and hydrogen gas.

The formula goes:

Here solid magnesium metal reacts with hydrochloric acid to make magnesium 
chloride and hydrogen gas. The magnesium forms a salt with the chlorine present in 

hydrochloric acid while the hydrogen turns to hydrogen gas.

Here solid sodium metal reacts with sulphuric acid to make sodium sulfate and 
hydrogen gas. The sodium metal combines with the sulfate present in the sulfuric 

acid whereas the hydrogen turns to gas. (Note that sulfate, H
2
SO

4
 has a charge of 2-).

Not all metals are equal in reactivity. Some metals could be not so reactive with other 
substances like platinum whereas other metals react violently with the presence of 
water like potassium. Below is a table showing the reactivity trend of each metal. 

metal + acid —> salt + hydrogen gas

Mg
(s)

 + 2HCl
(aq)

 —> MgCl
2(aq)

 + H
2(g)

Ex.

2Na
(s)

 + H
2
SO

4(aq)
 —> Na

2
SO

4(aq)
 + H

2(g)

Ex.

Part I. 

Part II. 

Identify the metal more reactive with the acid HCl

Underline the correct product from the following metal acid reactions.

Na
(s)

 + HCl
(aq)

 —>   

Ca
(s)

 +  HNO
3(aq)

—>  

Zn
(s)

 + H
2
SO

4(aq)
 —>

CaCl
2(aq) 

+ H
2(g)Reactivity of Metals

Element

Potassium K 1

2Ca

Zn

Pb

Ag

Na 1

2

4

Mg

Fe

H

Au

Li 1

3

Transition Metal

Transition Metal

Transition Metal

Transition Metal

Transition Metal

Transition Metal

4

Non-metal

Al

Sn

Cu

Pt

Sodium

Lithium

Magnesium

Aluminum

Zinc

Iron

Tin

Lead

[Hydrogen]

Copper

Silver

Gold

Platinum

Calcium

Symbol Group No. Most Reactive

Decreasing
chemical
reactivity

Least Reactive

1

1

2

3

Ans.

Ans.

Ans.

Ans.

Cu Znor

2
Na Mgor

3
Na Kor

4
Fe Alor

a.)

a.)

a.)

b.)

b.)

b.)

c.)

c.)

c.)

2NaCl
(aq) 

+ H
2
O

(l)

Ca(NO
3
)
2(aq) 

+
 
H

2(g)

ZnSO
4(aq) 

+
 
H

2(g)

2NaCl
(aq) 

+
 
H

2(g)

Ca(NO
3
)
2(aq) 

+
 
O

2(g)

Al
2
(SO

4
)
3(aq) 

+
 
H

2(g)

Ca
(s)

 +  HNO
3(aq)

Zn(NO
3
)
2(aq) 

+
 
H

2
O

(l)

17 18



2K
(s) 

+H
2
SO

4(aq)
 —>

Al
(s)

 + H
2
SO

4(aq)
 —>  

K
2
SO

4(aq)
 + H

2(g)

4

5

a.)

a.)

b.)

b.)

c.)

c.)

2KCl
(aq) 

+
 
H

2(g)

Na
2
(SO

4
)
(aq) 

+
 
3H

2(g)

K
2
O

(aq) 
+

 
H

2(g)

Al(NO
3
)
3(aq) 

+
 
3H

2(g)

Al
2
(SO

4
)
3(aq) 

+ 3H
2(g)

Part III. 
Distribute the metals on the type of reaction it will undergo when 
mixed with Hydrochloric acid.

Na

Violent Reaction

Acid rain is a phenomenon wherein harmful gases such as nitrogen monoxide 
(NO) have been released to the atmosphere that later forms nitrous acid (HNO

2
) 

that falls in rain. What are the effects of this acid rain on construction made of 
metal? How can these effects create damage?

Some people use metal cups for drinking water. Usually the cups would be 
made of iron or steel. Predict what may happen if the cups were to be made of 
sodium metal.

Normal Reaction No Reaction

K Fe Zn Cu Au Pt Mg Al

Part IV. 
 Situation analysis- Answer the pertinent questions.

19 20



ANSWER KEY
ACTIVITY A: CLASSIFICATION OF MATTER

A solid has a rigid 
shape, a fixed 

volume and shape.

Pure substances have fixed 
constant compositions and only 
have one set of intrinsic proper-
ties. These can only be separat-

ed through chemical means.

Elements cannot be 
broken down into 
simpler substanc-
es by physical or 

chemical means. The 
smallest particle of 

this is an atom.

Compounds are 
made of elements 

in fixed ratio 
composition and can 
be broken down into 
simpler substances 
by chemical means.

Heterogenous 
mixtures have visibly 

distinguishable 
parts and may exist 
in different phases. 
The properties may 
vary throughout the 

sample.

Homogenous 
mixtures do 

not have visibly 
distinguishable 

parts and may exist 
only in one phase. 
The properties are 
uniform throughout 

the sample.

1. The ice  cream is melting because its surroundings went from cold to hot.
2. The water vapor inside the bottle is going through condensation because the 

surroundings went from hot to cold.
3. To cook the meat buns or siopao, the water is going through evaporation and thus 

becomes steam/water vapor because its temperature is raised to its boiling point.
4. The ice candies are freezing because the surrounding temperature went from hot to 

cold.
5. The water in the soup is going through evaporation because the fire of the stove raised 

its temperature to its boiling point.
6. The butter is melting because its surroundings went from cold to hot.
7. The meat is freezing because its surroundings went from hot to cold.
8. The surrounding water vapor is going through condensation because the temperature 

of the water in the glass is cold while the surroundings is hot.

Mixtures have varying 
compositions and the properties 

depend on the composition. 
These can be separated by 

physical means.

A iiquid is fluid, has a 
defined volume, but 

assumes the shape of 
its container.

MATTER

A gas is highly 
compressible, thus it 
takes on the volume 

and shape of its 
container.

1. 2.

Figures modified from IGCSE Physics.9

3.

ACTIVITY B: HUMAN ELECTRON MICROSCOPE

ACTIVITY C: HOT THEN COLD? COLD THEN HOT?

Part A

Part B

Properties Ethyl alcohol at 
room tempt.

Ethyl 
alcohol after 
evaporation

Halide or table 
salt

Bleach

State of matter Liquid Gas Solid Liquid

Distance 
between 
particles

Close Far apart Very close Close

Shape Shape of 
container

No shape Defined Shape of 
container

Volume Fixed Not fixed Fixed Fixed

Movement of 
particles

Slow Fast Slowest Slow

Forces of 
attraction

Weak Extremely weak Strong Weak

21 22



ACTIVITY D: LABEL MY SUBATOMIC PARTICLES

ACTIVITY E: GUESS WHO AM I?

ACTIVITY F: TRANSFORMATIONS OF THE ATOMIC MODELS!

Description

Proton

Neutron

Electron

1904 1911 1913 1926

Description

Description

It is positively charged. 
It is found inside the 

nucleus of the atom. 
(Answers may vary.)

It is negatively-charged. It is 
not found inside the nucleus 
of the atom. (Answers may 
vary.)

DOWN
1. Valence
3. Rutherford
6. Electron
7. Neutron
8. Proton

ACROSS
2. Atom
4. Nucleus
5. Chadwick
7. Nucleon
9. Thomson

It is neutrally charged. It is 
found inside the nucleus 
of the atom. (Answers may 
vary.)

What do you call elements that have the same number of protons, but have different 
number of neutrons, thereby having different mass numbers too?

Answer: Isotopes

ACTIVITY G: COMPLETE ME!

Atomic symbol No. of protons No. of 
electrons

No. of 
neutrons

Mass number

C 6 6 6 12

C 6 6 7 13

B 5 5 5 10

B 5 5 6 11

N 7 7 7 14

N 7 7 8 15

O 8 8 8 16

O 8 8 9 17

O 8 8 10 18

Cl 17 17 18 35

Cl 17 17 20 37

K 19 19 20 39

K 19 19 21 40

ACTIVITY H: TABLE TIMELINE TUNE-UP

2

4

John Newlands  proposed the law of octaves, 

based on the observation  that every eighth element 

could be observed to have similar properties when 

arranged by atomic mass.

By analyzing the X-ray frequencies, Henry Moseley 

found that the elements can be arranged according 

to atomic number and NOT atomic mass as 

previously thought. This led to the periodic law, 

stating that similar properties recur periodically 

when arranged  according to increasing atomic 

mass.

a.)

b.)

23 24



ACTIVITY I: PERIODICAL CROSSWORD

ACTIVITY J: SCATTERED ELEMENTS, ORDERLY ELEMENTS

1

Part I.

Part III.

Part IV.

Part II.

3c.)

d.)

DOWN
1. Noble
2. Number
3. Earth
4. Lanthanides
8. Group
9. Transition
13. Inner

1. Cs, Na, Ge, Si, S
2. Fr, Hf, Ir, Te, S
3. Cl, Ga, Ru, Zr, Fr
4. Ba, Re, Co, Zn, O
5. K, V, Ag, Sn, As

ACROSS
5. Alkali
6. Representative
7. Weight
10. Halogens
11. Actinides
12. Semimetal
14. Period

1. Zn
2. Na
3. K
4. Al

1. (b) 2NaCl
(aq)

 + H
2
O

(l)

2. (b) Ca(NO
3
)
2(aq)

 + H
2(g)

3. (b) ZnSO
4(aq) 

+ H
2(g)

4. (a) K
2
SO

4(aq)
 + H

2(g)

5. (a) Al
2
(SO

4
)
3(aq)

 + 3H
2(g)

Violent Reaction

Na
K

Mg

1. As seen from the previous samples the reaction of acid and metals can corrode the 
metal. The corrosion of the metal therefore destroys the structures of housing and 
buildings that can lead to instability of infrastructure.

2. Sodium is a very reactive metal compared to iron. It is not suitable to be used as 
everyday normal objects like a cup because of its instability and high reactivity. 
Adding water in a solid sodium cup will create a chemical reaction between the 
water and sodium.

Fe
Al
Zn

Cu
Pt
Au

Normal Reaction No Reaction

Lothar Meyer from Germany and Dmitri Mendeleev 

from Russia both arranged elements by increasing 

atomic mass and grouped them according to 

similar properties.

Johann Dobereiner noticed that elements can 

be grouped in sets of 3 according to their similar 

properties, such as copper, silver, and gold.

Electronegativity

E
le

ct
ro

n
e

g
a

ti
vi

ty

Ionization Energy

Io
n

iz
a

ti
o

n
 E

n
e

rg
y

Electron Affinity

E
le

ct
ro

n
 A

ffi
n

it
y

Metallic Character

M
e

ta
lli

c 
C

h
a

ra
ct

e
r

Atomic Radius

A
to

m
ic

 R
a

d
iu

s

ACTIVITY K: REACTIVITY - REACTION OF METALS WITH ACIDS
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