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Topic 12 - Atomic structure
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Method 1

The frequencies of the lines in the Lyman series are shown below. All the transitions involve
the electron falling from the excited levels with n 2 1 to the n = 1 energy level. The difference
between the frequencies in successive lines is given in the third column.

2 24.66 4.57
3 29.23 1.60
4 30.83 0.74
5 31.57 0.40
6 31.97 0.24
7 32.21 0.16
8 32.37

Aswe are interested in the frequency of the line at which convergence occurs (Av = 0), we have
plotted a graph of v against Av (Figure 2.23).
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Figure 2.23 A graph showing the frequency of the line emitted against the difference
in frequency between successive lines in the Lyman series of the hydrogen atom.
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Patterns in ionisation energies

Additional evidence for electron configuration in atoms comes from looking at
patterns of successive ionization energies. For aluminium, the first ionization energy
corresponds to the following process:

Allg) = Al*(g) + e~
The second ionization energy corresponds’t; the chajge: A
Al*(g) > Al*(g) + e
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The graph in Figure 2.25 shows two key points.

1 There is an increase in successive ionization energies. The first ionization energy
involves the separation of an electron from a singly charged ion and the second the
separation of an electron from a doubly charged ion. The process becomes more
difficult as there is increasing attraction between the higher charged positive ions
and the oppositely charged electron.

2 There are jumps when electrons are removed from levels closer to the nucleus. The
first three ionization energies involve the removal of electrons from the third level.
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A graph of some successive ionization energies of aluminium is shown in Figure
2.26.
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(a) Explain why there is a large increase between the ninth and tenth ionization
energies.

(b) Explain why the increase between the sixth and seventh values is greater than
the increase between the fifth and sixth values.
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Trends across periods
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lonization energy generally increases
e from left to right across a period,
ianiSabian g 150 as the nuclear charge increases. As

the electrons are removed from the
same main energy level, there is an
increase in the force of electrostatic
attraction between the nucleus and
outer electrons.

¢
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Further evidence for the existence of sub-shells comes from a study of first
fonization energies.

(2) In Period 2 there is a decrease in first ionization energies between Be and B, P
andin Period 3 there is a decrease between Mg and Al. Explain this decrease in
ionization energies between Group 2 and Group 13 elements.

(b} In Period 2 there is a decrease in first ionization energies between Nand O,
and in Period 3 a decrease between Pand S. Explain the decrease in ionization

energies between Group 15 and Group 16 elements. 5
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33 The first four ionization energies for a particular element are 738, 1450, 7730, and 10550 k) mol-!
respectively. Deduce the group number of the element.
Al B 2 c 3 D 4

34 Successive ionization energies for an unknown element are given in the table below.

Third ionization
energy/ kl mol-!

Second ionization
energy/ kl mol!

First ionization Fourth ionization

energy/kJ mol-!

energy / k) mol-!

590 1145 2912 6491
Identify the element.
A K B Ca CIS] D a

35 The successive ionization energies (in kj mol!) for carbon are tabulated below.

1086 2352 4619 6220

37820 47280

(a) Explain why there is a large increase between the fourth and fifth values.
(b) Explain why there is an increase between the second and third values.

36 Sketch a graph to show the expected patter for the first seven ionization energies of fluorine.

1 What is the electron configuration of the Cr2* ion?

A [Ar 345! B [Ar] 345! C  [Ar] 3d%s! D [Ar]3d4s°
2 Whatis the relative atomic mass of an element with the following mass spectrum?

% abundance

mass/charge
A 24 B 25 C 2 D 27
3 Which s correct for the following regions of the electromagnetic spectrum?
Ultraviolet (UV) Infrared (IR)
A | high energy short wavelength low energy Tow frequency
B | highenergy low frequency low energy long wavelength
C | high frequency short wavelength high energy long wavelength
D | high frequency long wavelength low frequency low energy
4 Anion has the electron configuration 1522522p®3s23p3d°. Which ion could it be?
A N2+ B Cu* C Cu» D Co**
9 In the emission spectrum of hydrogen, which electronic transition would produce a line in the
visible region of the electromagnetic spectrum?
A n=2-n=1 B n=3-n=2 C n=2-n=3 D n=ew—n=1
10 How many electrons does the ion }3P*- contain?
A 12 B 15 C 16 D 18

11 Asample of iron has the following isotopic composition by mass.

Isotope

Relative abundance / %

Calculate the relative atomic mass of iron based on this data, giving your answer to two decimal

places. V)]
(Total 2 marks)

12 The electron configuration of chromium can be expressed as [ArJ4s¥3d".
(a) Explain what the square brackets around argon, [Ar], represent. (1)
(b) State the values of xand y. (1)

(¢) Annotate the diagram below showing the 4s and 3d orbitals for a chromium atom using an
arrow, 1 and } to represent a spinning electron.

4s 3 (1)
(Total 3 marks)

13 (a) Explain why the relative atomic mass of cobalt is greater than the relative atomic mass of
nickel, even though the atomic number of nickel is greater than the atomic number of cobalt.(1)
(b) Deduce the numbers of protons and electrons in the ion Co?*. ()
(c) Deduce the electron configuration for the ion Co?*. (1)
(Total 3 marks)
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Selectividad - extra content - Quantum numbers

Every orbital is defined by four quantum numbers
(based on where its last electron is placed):

| 7 = Principal quantum number |

Determines the energy of the electron in the atom
Takes positive values that match the period it is in

VALUES=1,2,3, ..

| [/ = Secondary quantum number

Determines the shape of the orbital (s, p, d...)

VALUES=0,1,2,3, ..

s orbital p orbital d orbital f orbital

0 1 2 3

| m = Magnetic quantum number

Determines the orientation of the orbital (where the last
electron is placed)

VALUES = from —/to +/, including O

e.g. pis 1l It has 3 axes, sooneis -1, another O, the last is 1
s P 4

N NI T

| s = Spin quantum number |

Tells us which way the electron is spinning (is it paired or not)

VALUES = +1/2 if paired
-1/2 if unpaired

November 19, 2014
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e.g. Nitrogen. 7 electrons, so
1s? 25% 2p3
0 0 10 1
1s? 2s? 2p3
Quantum numbers:
n = 2 (as last electron is in 2p)

| = 1 (as last electron is in p orbital)
m = 1 (as it in the last orbital)

s = -1/2 (as it is an unpaired electron)

We write thisas (2,1,1,-1/2)

Sometimes (with 4s and 3d), the last electron entered into an
atom (the differentiating electron) will not always be on the
outside shell, as it may be placed on inside shells to be more

stable.
0
e.g. Fe has 26 electrons. [Ar] 3d° 4s? T\L
P

2
Outer electron is 4s2, /4S

so (4,0,0, +1/2)

BUT, the differentating electron is 3d®,

— T[T

so (3, 2,-2,+1/2)

u -
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1

Responda a las siguientes cuestiones justificando la respuesta.
) ;En qué grupo y en qué periodo se encuentra el elemento cuya configuracién electrénica
termina en4f' 5d% 6572,

1
b) ;Es posible el siguiente conjunto de niimeros cunticos (1,1.0.;)

©) ;La configuracién electrénica 1s’2s*2p*3s’ pertenece a un dtomo en su estado
fundamental?.
QUIMICA. 2014, JUNIO. EJERCICIO 2. OPCION A

2

Para los siguientes elementos Na, P, S y Cl, diga razonadamente cuil es:
a) El de menor energia de ionizacién.

b) El de mayor afinidad eleﬂrbnlta

¢) El de mayor radio atémico.

QUIMICA. 2013. JUNIO. EJERCICIO 2. OPCION A

3

Dados los elementos Ca, S y Br:

a) Escriba sus configuraciones electrénicas.

b) Justifique a partir de la configuracion electrénica de su iltima capa cuiles de estos iones se
formardn y cuiles no: Ca ™S, Br*"

©) Explique qué especie tendri mayor radio S 0 S ™. ;Y en el caso de Cay Ca™*?

QUIMICA. 2013. RESERVA 1. EJERCICIO 3. OPCION B

4

Un éitomo A tiene 35 electrones, 35 protones y 45 neutrones y otro fitomo B posee 20 electrones,
20 protones y 20 neutrones.

a) Indique el niimero atémico y el nimero misico de ca
b) Justifique cusl de los dos fitomos es mis electronegativo.

©) Indique, razonadamente, cuil es el ion mis estable de cada uno de ellos y escriba la
configuracién electrénica de ambos iones.

QUlMICA 2013. RESERVA 2. EJERCICIO 2. OPCION A

uno de ellos.

5

Dado los elementos Cl, K y Ar, ordene razonadamente:
2) Los clementos de menor a mayor radio.

b) Los elementos de menor a mayor potencial ionizacién.

¢) Los iones que se obtienen del Cly K por orden creciente de su radio iénico.
QUIMICA. 2013. RESERVA 3. EJERCICIO 2. OPCION A

6

Los elementos X, Y, Z tienen las siguientes configuraciones:
X:1s72s72p"; Y:1s?2s72p 5 Z: 157257 2p° 357,

Indique razonadamente:

) El grupo y periodo en el que se encuentran.

b) El que tiene mayor energia de fonizacién.

©) Los nimeros cuiinticos de los electrones desapareados.

QUIMICA. 2013. RESERVA 4. EJERCICIO 2. OPCION A

7

La configuracién electrénica 1s*2s*2p*3s3p* corresponde a un ién A ™. Justifique:

a) El niimero atémico y el periodo al que pertenece el itomo A.

b) El niimero de electrones de valencia que posee A.

©) £Qué tipo de enlace formar el clemento A con un elemento X cuya configuracién electrénica
es 1572s"2p" ? Razone cuil serii la formula del compuesto formado por X y A.

QUIMICA. 2013. SEPTIEMBRE. EJERCICIO 2. OPCION B

8

Indique razonadamente la veracidad o falsedad de las siguientes afirmaciones:
) Un electrén situado en un orbital 2p podria representarse por los siguientes niimeros

cudinticos | 2,1, D,% .

b) Un elemento quimico que presenta propiedades quimicas semejantes al carbono tiene de
configuracién electrénica de su capa de valencia ns*np®.

©) Si un elemento quimico que pertenece al grupo 2 pierde dos electrones adquiere una
configuracién electronica en su capa de valencia correspondiente al grupo 18.

QUIMICA. 2012. JUNIO. EJERCICIO 3. OPCION B

9

Escriba la al estado de:
a) El gas noble del tercer periodo.

b) El elemento del cuarto periodo con mayor radio atémico.
©) El elemento del grupo 15 con mayor electronegatividad.
QUIMICA. 2012. RESERVA 1. EJERCICIO 2. OPCION B

10

Indique razonadamente:
a) Como evoluciona Ia primera energia de fonizacién de los elementos de un mismo periodo al
aumentar el nimero atémico.

b) Si el radio del ion cloruro serd mayor o menor que el radio atémico del cloro.

©) Qué tienen en comiin el Na* y ¢l 0.

QUIMICA. 2012. RESERVA 2. EJERCICIO 2. OPCION A

11

2) Deduzea la geometria de las moléculas BCI, y H,S aplicando la teoria de Repulsién de
Pares de Electrones de la Capa de Valencia.

b) Explique si las moléculas anteriores son polares.

©) Indique Ia hibridacién que posee el itomo central.

QUIMICA. 2014. JUNIO. EJERCICIO 3. OPCION B

12

Dadas las siguientes sustancias: Cu,Ca0O
) Cuil conduce la electricidad en estado liquido pero es aislante en estado sélido.
b) Cuil es un sélido que sublima ficilmente.

©) Cuiil es un sélido que no es frigil y se puede estirar en hilos o iminas.
QUIMICA. 2013. JUNIO. EJERCICIO 2. OPCION B

1,, indique razonadamente:

13

Para las moléculas BCI, y NH,:

a) Justifique el nimero de pares de electrones sin compartir de cada dtomo central.

b) Justifique la geometria de cada molécula segin la teoria de Repulsion de Pares de Electrones
de la Capa de Valencia.

¢) Indique la hibridacion del itomo central.

QUIMICA. 2013. RESERVA 1. EJERCICIO 2. OPCION A

14

En los siguientes compuestos: SiF, y BeCl,.
a) Justifique la geometria de estas moléculas mediante la teoria de Repulsion de Pares de
Electrones de la Capa de Valencia.

b) ;Qué orbitales hibridos presenta el itomo central de cada uno de los compuestos?

©) Razone si son moléculas polares.

QUIMICA. 2013. RESERVA 2. EJERCICIO 3. OPCION B
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