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USING THE MASS SPeECTRO METER

ch\‘xoodc\\;e dec?j takes P\ace whenh an
unstable nucleus breaks cdow® INto a hoe
skable nucleus emitﬁ(\j a\F\\cx (oc—he\mm
(\udeus} == ( /% - high ener e(eobroﬁ\sx
) N 39,
and 3am“\q <\[ — eleck® omc:? nebic. i“odia&ioﬂ%
in the Pr ocess -

qukch{:‘x\le/ o\ec?j s antaheous anal 1=

fot affeckssl by tenp. QFPFeSSW‘G«—ﬂ\C/
Lime takeh for half of the radioactive-
cample 4o decay (£ i) Is conseart for
a \vcxﬂc‘nc,ula( ISekopR -

4
Eq. C zle ST20

Which means everj 520 Y= Ahe amountc
of b in the Scunple = hedved.

14 . G{
C s mocle in the upper cbmcs\:herc: an
e rebdo of M ko BT s the same D
\‘wi«g plares arnel  antmals and air

Onee. dead the "C is fixed and wil

decay ancl the o of Yo 4 PC

will ol allowing us o determine the

Q3eoF oha= l(v‘mj wmrial-




[image: image2.jpg]6
. 81
Okher \SO&QPQS e:‘j Rb and 875(_ <an be
used Lo dJdake reck Samples .
¥ Rlo decc:tjs o PISr and the ratio of
IR & YSI in @ fock sample will help

determine. the age of (ocks. Al\ Sk
leacd= & the same resule -
The carch iz 4.5 billion CLP.SXI()q\ yes

old -

bﬂxq heaks -
—

The rako of testosteone e?Tl'b:StOS‘&(Of\e
s normqnj abouk  Hil (et (oc\Fmoﬁ—sOme,
FeoP\e P@cbur‘a&j hS}\ , Some nctbLLFCLU\\_] low)

Mo,ss sFedcfbm;g;j can cdekteck both these
substenees . (T o is higher than G|
alarm  bkells starc ﬁf\jlhﬁ}

More Senstbive mass sPeckromebjj detects
BT o PC rabos. In Sypchetic
tesosterene the =tios are clm:js
Mfferent =o 1B 1= Yow Foss\‘b\e ‘o
distinguish  bekween  nestureal =
Sﬁn-b\\ddc/ testoestEone .




[image: image3.jpg]IONISATION ENERGIES

WHAT ‘FIRST IONISATION ENERGY’ MEANS

lonisation energy gives an idea of\
how much energy is needed to i

FIRST IONISATION ENERGY

take electrons away from atoms
/ so that they form positive ions

The first ionisation energy is defined as the energy needed to
remove one mole of electrons from one mole of gaseous atoms
to form one mole of ions with a single positive charge. S

General equation  X(g) — X*(g) +e-

|
i !
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Energy \
values are ;
measured !
per mole. /

ion has a single
l positive charge

N e

eg. Mg g) — MgHg) + e* AH =+738kJmol-
/Atoms are L AH is positive, showing \
gaseswhenthe | ( One electron is this is an endothermic
| measurements | l{ removed from .| change - energy is 1
\are made. // k each atom, so the { taken in. J |
|
|
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FIRST IONISATION ENERGIES AND ELECTRON SHELLS

« First ionisation energies give evidence for the idea that
electrons are arranged in shells.

« Electrons are held by the positive charge on the nucleus
so electrons in shells closer to the nucleus are held more
strongly than those in shells further away.

FIRST IONISATION ENERGIES FOR GROUP 2

Element Electron - First ionisation
it configuration = energy
G /) mor!

900

500

/e It takes less energy to remove

an electron from atoms further

down a group because:

— The outer electron shell is
further away from the
nucleus.

— There is more shielding
because there are more inner
electrons shelis.

— The increase in positive charge
on the nucleus has less effect

than the increased shielding.
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REMOVING MORE ELECTRONS

The energy needed to remove more - successive — electrons
from the same atom gives more evidence that electrons are
arranged in shells in the atom. For example, magnesium has
an electron configuration of 2,8,2.

The first two electrons
removed are from the third

Qeli (n=3).
==
)

J

JONISATION ENERGIES OF MAGNESIUM

AH = +738k) mol~!
Second ionisation energy Mg*+(g) — Mg2+(g) +e~ AH =+1451 kj mol™!
Mg2+(g) — Mg3+(g) + e~ AH =+7733 k) mol™

First ionisation energy Mg(g) — Mg*(g) + e~

Ljhird ionisatiotb energy

MUST REMEMBER

« Each successive ionisation energy is bigger than the last
because there are fewer electrons (less negative charge) but -
the positive charge on the nucleus i is the same, so the ‘pull’
on each electron is greater.

« Electrons from shells closer to the nucleus need much
more energy to be removed because they are less shielded
by inner electrons from the charge on the nucleus.:

It takes much more
energy (5 times as much
here!) to remove the third
electron because it is in
&the second shell (n=2).

(
|
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SUCCESSIVE IONISATION ENERGY GRAPHS

Suvcassive ionisation energy graphs show the energy needed to take all the electrons from a
single type of atom.

SUCCESSIVE IONISATION ENERGIES OF MAGNESIUM

First shell needs the most energy to
remove electrons - they are closest

two electrons in the firs

shell {nearest the

w

o

§
2 to the nucleus and not shielded. 0.
850 - \oo '
S r p PR s SR
S 45 | / ‘
< : ~— Second shell [© (mg) ©
2 40 b RS ¢’
5 = N * S
B L. . large jump in energy as the third electron o o
235 is removed from the second shell Third (outermost) shell needs the 0
=1 A T -
30, 7 _Fine first two electrons are removed from least energy to remove electrons - °
~ the third shelt (furthest away from the nucleus)
they are furthest from the nucleus
2561 2 3 4 5 6 7 8 9 10 11 12

Number of electrons removed

and are shielded by the inner
\electron shells.

WORKED EXAMPLE & ;; f
Look at this graph of successive ionisation Sas e
=]
energies for an atom. 3 42 il
3
(a) Identify the atom. 53, /
. ) [ 520
(b) Explain why the first and second ionisation g2 T 73 45 6 7 B 9 101

energies are so different. Number of electrons removed

(a) The atom has 11 electrons. From the graph, the configuration is 1,8,2. The atom is sodium.

(b) The first ionisation energy is for an electron being removed from the third shell. The second
ionisation is much higher because the electron is removed from second shell. The second
shell electrons are closer to the nucleus and are less well shielded.

—

—
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You can think of an atom as a very bizarre house (like an inverted pyramid!) - with the
nucleus living on the ground floor, and then various rooms (orbitals) on the higher floors
occupied by the electrons. On the first floor there is only 1 room (the 1s orbital); on the
second floor there are 4 rooms (the 2s, 2px, 2py and 2p, orbitals); on the third floor there
are 9 rooms (one 3s orbital, three 3p orbitals and five 3d orbitals); and so on. But the
rooms aren't very big . . . Each orbital can only hold 2 electrons.

A convenient way of showing the orbitals that the electrons live in is to draw "electrons-in-

boxes".

"Electrons-in-boxes”

d as boxes with the electrons in them shown as arrows. Often

Orbitals can be represente
t the electrons are in some way

an up-arrow and a down-arrow are used to show tha
different.

A 1s orbital holding 2 electrons would be drawn as shown on the right, but it
can be written even more quickly as 1s2 This is read as "one s two" - not
as "one s squared”.

t

You mustn't confuse the two numbers in this notation:

. pumber of elecrons inofb izl
2

energy levsl ’
T~ type of orbdal

The order of filling orbitals

Electrons fill low energy orbitals (closer to the nucleus) before they fill higher energy ones.
Where there is a choice between orbitals of equal energy, they fill the orbitals singly as far
as possible.

The diagram (not to scale) summarises the energies of the orbitals up to the 4p level.





