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3. 
a) Calculate the number of electrons in the following species: 
 
i) F-  
 
 
 
 
ii) Ca2+  
 
 
 
 
 
 
iii) Fe3+  
 
 
 
 
 
b) Write down the electronic configuration of the following species: 
 
i) Al  
 
 
 
 
 
ii) Cr  
 
 
 
 
iii) Cl- 

 
 
 
  

9+1 = 10

20 — 2 = 18 

26 — 3 = 23

[Ne] 3s2 3p1

1s2 2s2 2p6 3s2 3p1

Or

[Ar] 3d5 4s1

1s2 2s2 2p6 3s2 3p6 3d5 4s1

Or

[Ne] 3s2 3p6

[Ar]

Or
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c) How many angular nodes are there in the following orbital? (White denotes positive values 
and gray negative values) 
 
Given that the orbital has no radial nodes, determine the identity of the orbital. 

 
 
  

# angular nodes = 3
l = 3
# radial nodes = 0
(according to the question)

n — l — 1 = 0
n — 3 — 1 = 0
n = 4

orbital = 4f
No need to specify the orientation!
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4. The radial part of 4d orbital in hydrogen is  
 

𝑅ସௗ(𝑟) =
1

96ඥ5 𝑎଴
ଷ

(6 − 𝜌)𝜌ଶ𝑒ିఘ
ଶ    (𝜌 =

𝑟
2𝑎଴

) 

 
a) Roughly sketch the radial part of the hydrogen 4d orbital. 
 
 
 
 
 
 
 
 
 
b) Roughly sketch 4π𝑟ଶ[𝑅ସௗ(𝑟)]ଶ 
 
 
 
 
 
 
 
 
 
c) Find the radial nodes of the 4d orbital 
 
 
 
 
 
 
 
 
d) What is the probability of finding the electron at distance between 𝑎଴ and 1.0001𝑎଴ from the 
nucleus? 
  

See Next Page



4(a)



4(b)



4(d)

Probability of finding an e between (r, r+dr) 
= 4πr2|R(r)|2dr

P(a0, a0+1.0001a0) = 
4πa0

2|R(a0)|2(0.0001a0) = 3.1*10-8

Since the two points are close enough 
there is no need to do the integration.

4(c)

ρ — 6 = 0, so (r/2a0) = 6; hence r = 12a0
Note that r = 0 is NOT a radial node. 
Although the function becomes zero but its 
sign does not change.
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5. 

a) Suppose that for an ion with only one electron, the transition from an n = 8 state to an n = 4 
state will lead to emission of a photon with a wavelength 216 nm.   Based on that, determine the 
identity of the ion. 

 

 

 

 

 

 

 

b) Suppose we shine light of a certain frequency on a Li2+ ion whose electron is in its n=2 energy 
state, and we observe that the electron absorbs a photon and is ejected from the ion with a kinetic 
energy of 3.0 eV (i.e., the electron not only moved infinitely away from the nucleus but also got 
an extra 3.0 eV of kinetic energy). Calculate the frequency of the photon. 
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