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Fluency in Visualisation
• Metavisualisation

• See the unseen, linking macroscopic / microscopic to
symbolic and molecular [1] [2].

• Representational competence.

• Concept development.
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Describe this image in terms of 
ligand field theory

Use this image to describe 
Le Chatelier’s principle

[3]
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From macroscopic to symbolic and molecular:
Electronic transition and the Beer Lambert Law.
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https://www.youtube.com/w
atch?v=VYw2csIBngY

𝐼 = 𝐼0𝑒
−𝜀𝑐𝑙

𝑙𝑜𝑔
𝐼

𝐼0
= −휀𝑐𝑙

𝐴 = log
𝐼0
𝐼
= 휀𝑐𝑙

[7] [8]

[0.001 mol dm-3]

https://www.youtube.com/watch?v=VYw2csIBngY


From macroscopic to symbolic and molecular. 
Gas solubility and Henry’s Law.
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Temperature oC

CO2 partial pressure versus 
temperature: 

(0.2 x 10-3 dissolved CO2 mole fraction).

𝑝𝐶𝑂2 = 𝑏𝐶𝑂2𝐾𝐶𝑂2

[6]
[9]

Pressure
increase

𝑛2 > 𝑛1
𝑝2 > 𝑝1

𝑉 𝑎𝑛𝑑 𝑇 𝑎𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡



Thought experiments.
• Heisenberg’s x ray microscope.

• Maxwell’s demon.
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gamma ray

uncertainty

electron

elastically
scattered
gamma ray

𝛿𝑞



What is this image showing?
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Effusion
• Explain what each of the 

mathematical symbols represent 
with respect to the image shown.

• Is the mean free path of heated Cs 
atoms > 0.5 mm?

• Calculate the vapour pressure 
from the mass loss.

• How long would it take for 1 g of 
Cs to effuse out of the oven under 
the same conditions?
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𝑍𝑊𝐴0 =
𝑝𝐴0𝑁𝐴

2𝜋𝑀𝑅𝑇 1/2

𝑍𝑊 =
∆𝑚

𝐴0𝑚∆𝑡
𝑚 = 𝑀/𝑁𝐴

1 𝑃𝑎 = 1 𝑁 𝑚−2 = 1 𝐽𝑚−1
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Solution:
1.

2𝜋𝑅𝑇

𝑀

1/2
𝑚𝑙𝑜𝑠𝑠

𝑡𝐴0
= 𝑝

2 × 𝜋 × 8.314 𝑚𝑜𝑙−1𝐾−1 × 500 𝐾

0.132906 𝑘𝑔

1/2

×
0.385 × 10−6𝑘𝑔

𝜋 × 0.250 × 10−3 2 𝑚2 × 100 𝑠

𝑝 = 8.7 𝑘𝑃𝑎

2.

2𝜋𝑅𝑇

𝑀

1/2𝑚𝑙𝑜𝑠𝑠

𝑝𝐴0
= 𝑡

2 × 𝜋 × 8.314 × 500

0.132906

1/2
1 × 10−6

8.7 × 6.25 × 10−8

= 260 𝑠𝑒𝑐𝑜𝑛𝑑𝑠

𝑍𝑊 =
∆𝑚

𝐴0𝑚∆𝑡

𝑍𝑊𝐴0 =
𝑝𝐴0𝑁𝐴

2𝜋𝑀𝑅𝑇 1/2

∆𝑚

𝐴0𝑚∆𝑡
=

𝑝𝐴0𝑁𝐴
2𝜋𝑀𝑅𝑇 1/2

2𝜋𝑀𝑅𝑇 1/2
∆𝑚

𝑚∆𝑡
= 𝑝𝐴0𝑁𝐴

𝑚 =
𝑀

𝑁𝐴
, 2𝜋𝑀𝑅𝑇 1/2

∆𝑚

𝑀/𝑁𝐴∆𝑡
= 𝑝𝐴0𝑁𝐴

𝑀1/2 2𝜋𝑅𝑇 1/2
∆𝑚

𝑀∆𝑡𝐴0
= 𝑝

2𝜋𝑅𝑇

𝑀

1/2
𝑚𝑙𝑜𝑠𝑠

𝑡𝐴0
= 𝑝
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