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Introduction:
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POSITION [N PERIODIC TABLE

Their position are as follow. k4 PERIODIC TABLE

Representative Elements
jo i -hlocke ch

If we

put lanthanides
and actinides in to
the Periodic _ J
Table like transition b | Mo|Fe|Co|M|CuiniGajGe
metals, S th | Pd | ag | Cd| | sn
the table will be Ba ' ot | A bg| T en | |
way too wide. The | 0 ‘

two rows of
elements present at
the bottom of

the periodic

table are called the
4f series or
lanthanoids and 5f
or actanoids. They
are also called inner
transition elements.




Position of lanthanoids

- s-block “‘*

N—M"‘O"‘des Same chemical & physical property.
c E Fil Hitallaf
AcTinides ~J>7E7L -5' ior —

|+ |89{103 - ¥

Total= 14 element
Same no. of valency 5d* and 6s2.

W
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* The elements in which the additional electrons enters (n-2)f orbitals are called inner

transition elements. The valence shell electronic configuration of these elements can
be represented as (n — 2)f%-14(n — 1)d%'ns2.

4f inner transition metals are known as lanthanides because they come
immediately after lanthanum and 5f inner transition metals are known as actinoids
because they come immediately after actinium.



Electronic configuration of

lanthanoids
* E.C Based on aufbau principle..
La (57)
152 252 2p® 352 3p® 3d10 452 4p® 4d10 552 5p® 5d! 652
[Xe] - 54
152 252 2p® 352 3p® 3d10 452 4p® 4d10 552 5pb
The electronic configuration of Ln is
[Xe] 4f° 5d* 6s? or [Xe] 4f°
Similarly Ce- 4f%, Pr- 4f2,......... Lu-4f14 (expected)
but observed E.C is not true for all element.

The elements in which the additional
electrons enters (n-2)f orbitals are called inner
transition elements. The valence shell
electronic configuration of these elements can
be represented as (n — 2)f>%(n — 1)d%!ns2.



Electronic Configuration

Element name Symbol y4 Ln Ln3+ Radius
Ln3+/
pm

Lanthanum La 57 [Xe]6s25d! [Xe]4f0 116

Cerium Ce 58 [Xe]4f16525d! [Xe]4f! 114

Praesodymium Pr 59 [Xe]4f3652 [Xe]4f2 113

Neodymium Nd 60 [Xe]4f4652 [Xe]4f3 m

Promethium Pm 61 [Xe]4f>652 [Xe]4f+ 109

Samarium Sm 62 [Xe]4fo652 [Xe]4f> 108

Europium Eu 63 [Xe]4f765s2 [Xe]4fo 107

Gadolinium Eu 64 [Xe]4f76s525d! [Xe]4f7 105

Terbium Tb 65 [Xe] 419652 [Xe]4f8 104

Dysprosium Dy 66 [Xe] 410652 [Xe]4f° 103

Holmium Ho 67 [Xe] 4f11652 [Xe]4f10 102

Erbium Er 68 [Xe] 4f12652 [Xe]4f1 100

Thulium Tm 69 [Xe] 4f136s2 [Xe]4f12 99

Ytterbium Yb 70 [Xe] 414652 [Xe]4f13 99

Lutetium Lu 71 [Xe] 4f146s25d!  [Xe]4f4 o8

Lanthanides
Lanthanide | Chemistry | Presents | No | Problems | Since | Everyone | Goes | To | Doctor | Heyes' | Excruciatingly | Thorough | Yearly | Lectures
L3 Ce Pr Nd | Pm sm | Eu Gd | Th | Dy Ho Er Tm Yb Lu




Oxidation state

Symbol Idealized Observed M3+ M=+ M+*
La [Xe] gfosd6sz | [Xe] 4fo5d6s2 [Xe] -
Ce [Xelafisd'6s* | [Xelafisde6s* |  afi af [Xe] |
Pr [Xelqf?5d'6s2 [Xelafs 5d°6s7 4f> - 4f
Nd [Xelgqfizdies? [Xelafs 6s2 4f+ 4f*
Pm [Xelgfi5d6s2 [Xelaqfs 6s2 - -
Sm [Xelgfs5d6s> [Xelgqf®* 6s2 4f® -
Eu [Xe]4fc5d6s> [Xelaf? 652 af” =
Gd [Xelgf7sd'6s? [Xel]afi5di6s? - -
Tb [Xelqf35d6s> [Xe]qfe 6s2 - 4f7
Dy [Xelafosdies® | [Xelafe 6s2 - a3
Ho [Xelqfo5d*6s? [Xelgf= 657 - =
Er [Xel]gqfusd 6s> [Xelqgfz 6s2 - -
Tm [Xe]afesdies: | [Xelqfs 6s2 43 =
Yb [Xe]4f35d6s* ﬁ[Xel@ 652 4% =

[Xelgfes5di6s=

[Xelaf5di6s=




* lanthanoids (Ln)

Chemical reactivity of Lanthanids Ln + 3H, 2LnH,
lanthanoid Hydrogen Lanthanoid hydride
2Ln + 30, - 2Ln,0,
lanthanoid Oxygen Lanthanoid Oxide

* The oxide Ln,0; react with water to form insoluble
hydroxides.
Ln,O; + 3H,0 - 2Ln(OH),
Ln,O; + 3CO, = Ln,(CO3);

¢ 2ln + 3H,0 2 2Ln(OH); + 3H,
lanthanoid water Halide

LnN Lan, Ln(OH), + H,

* They liberate hydrogen from dilute acids.

A
2ln  + 6HX >  2LnX; + 3H,1



Lanthanide hydrides

Preparation: Heat at 300-350°C, Ln + H, []LnH, 'L.

Properties of LnH,

* black, reactive, highly conducting, fluorite structure ‘.

» Most thermodynamically stable of all binary metal hydrides

o

« Formulated as Ln3+(H-),(e-) with e- delocalized in a metallic conduction band . _“ﬂ

 Further H can often be accommodated in interstitial sites, frequently k Ln 0 H

non- stoichiometric. & interstitial
* e.g. LuHx where x = 1.83-2.23 & 2.78-3.00
 High pressure on (H2 + LnH3)

* Reduced conductivity: salt-like Ln3+(H-)3 except for Eu and Yb (the most
stable Lnll)



* Silvery white soft metals, tarnish in air rapidly

* Hardness increases with increasing atomic
number, samarium being steel hard.

* Good conductor of heat and electricity.

* Promethium - Radioactive

O Being eated, THese elerments Compine airectly With RON-Metals, and form |
carbides with carbon, nitrides with nitrogen, sulphides with sulphur, and halidg
with halogens.

¢ 2773K
Ln  + 2C = 2LnC,
lanthanoid carbon Carbide
§ A
2Ln  + N, . 2LnN
lanthanoid Nitrogen Nitride
A
2lLn  + 3S =) 2Ln,S,
janthaneid———Sulphus Sulphide,
properties



LaC2 reacts with water to form ethyne, C2H2 and a mixture of complex

hydrocarbons.

LaC2 is a metallic conductor, in contrast to CaC2 which is an insulator.

The crystal structure of LaC2 shows that it contains C2 units with a C-C bond length of
130.3 pm, which is longer than the C-C bond length in calcium carbide,119.2 pm,

which is close to that of ethyne.

The structure of LaC2 can be described as La3+C?,(e-) where the electron enters the
conduction band and antibonding orbitals on the C2 anion, increasing the bond

length.



LANTHANIDE CONTRACTION:

As the atomic number increases each succeeding
element , contains one more electron in the 4f orbital and one
proton in the nucleus. The 4f electrons are ineffective in
screening the outer electrons from the nucleus causing imperfect
shielding . As a result there is a gradual increase in the nucleus
attraction for the outer electrons consequently gradual
decrease in size occur. This is called Lanthanide contraction.

Lan- Cerium Prazeo- MNeo- Prome- Sama- Europ- Gadolin Ter- Dyspro- Hol- Erbium Thulium Ytter- Lute-
thanum dymiumdymium thium  rium ium ium bium  sium  mium bium  tium

*lLanthanides 57 58 53 60 61 52 63 B4 65 66 67 B8 B9 TO 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu




*The shielding effect of 4f is very smaller than d orbital as 4f
Orbital is much diffuse in nature.

| | 1 1 ! 1 ' | ' L ! ! 1 ! L

la Ce rNd Pm Sm EuGd T Dy Ho & Tm Yb Lu
AS A RESULT IONIC RADII DECREASE




Consequences

~LAmong Lanthanides — — —

1. Basicity of ions- decreases from La 3* to Lu3* so their oxides and hydroxides are
less basic

2. As the atomic size decreases across the series the elements following

lanthanides show change in their physical properties.
a) The ionisation potential increases
b) Metallic nature decreases
c) Electropositivity decreases
d) Electronegativity Increseases
e) Tendency to form complexes increases



Il Post Lanthanides —

i) Occurrence of elements as pairs— Due to similar size of 4d and 5d in a group,
they have similar physical and chemical properties, they occur together in
nature and their separation becomes very difficult.

Zr/Hf, Nb/Ta, Mo/W

ii)Densities — 5d elements have very high densities as down the group there is

large increase in mass but no increase in volume.

1l Occurrence of Yttrium along with heavier lanthanides —

yttrium has similar charge and size to Ho** & Er3+ hence it occurs with and
separation is difficult.

3 e S & 7 8 9 10 n 2

mes ive veE vie v ving ving ving e ns
e =2 3 2 S 246 7 2’_ v ] ” :
Sc Ti A4 Cr Mn Fe Co Ni Cu Zn
3 a> 8e e~y o b ~—~—~+ad ss mes =a 33 -~ b~ e 5
P = 1 2993 28=3 P = >246=2 ;8- 24892 28w Taeaw i s
39 &0 FA) ~2 a3 =5 L5 Lo AT _ j.
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
WYSreaT T Corvsam N eg i oLy DT Techrmacasmm R o et EmcaearTy Paltadw CadorarTy
ey -t et -~ IS BT B~ P~ B~ P~ P
72 73 T& s J& 7 78 e B0
Hf Ta Re Os Ir Pt Au Hg
Mo Trsesis Tungies g o e s s o
rewmxr o 2D =y PR 3 = - 3 PR 2 = _%- ] TH® XD %D s 2B = JoawxXw ER B = -5 B
WL s Ws W07 j ot 8 109 o " : n
v Rf Db Sg Bh Hs Mt Ds R Cn
Pt PO Srry Shodertarrn N Cecerr=tnsrn
789X wW-T

i
i
$
:
§
|
|

orer TED oy m =
z Is®T XD IS5W 0T %l R R o SE = 2 ] JIsw>o T 3w XO-XOT T 1



e The element which follow the lanthanoids in the
third transition series are known as post
lanthanoids.

e The ionic radii of the element which follow

lanthanium(Hf, Ta, W, etc) are similar to that of

the element of previous period.

e There is normal increase in size Sc to Y to La.
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Variation of properties

210 -
Metallic radii
. : : 190
* Decreases with increase inatomic
numbers (174-208 pm). 170 4+

« Comparable with those of S-block :
= LN3+ radiuspm

Hadius (pm)
$

elements. —— meatalic radius/pm

* Fairly large size. 130 4

» Eu and Yb show very surprisingly irregular R M
sizes because of repulsion between greater VA
number of f- electrons. e

La Ce Pr N PmSm Eu Gd T Dy Ho Er Tm Yb Lu



Density

* Low densities (6.77 — 9.74 g/CC).

 Don’t show definite trends with rise in atomic
number.

* Eu and Yb have low values of density than

expected.
Electronegativity values

« Range 1.0 — 1.15 (Allred and Rochow scale).

« Comparable with E.N. values of S-block elements.

* S0, Ln compounds are expected to form ionic
compounds.

lonization Enthalpies

Fairly low |. E

First ionization enthalpy is around 600
kJ mol!, the second about 1200 kJ
mol! comparable  with those of
calcium.

Due to low I. E, lanthanides have high
electropositive character



Magneticbehaviour
% La¥3 and Lu+3 do not contain any unpaired electrons, so they do not show
paramagnetism. All other tri positive ions of lanthanides are paramagnetic.

%* the 4f electrons are deep inside the ion and are well shielded from the
quenching effect of the environment. The 4f-orbitals are well shielded from the
surroundings by the overlying 5s and Sp- orbitals . As a result, the electric field of
the ligands surrounding the ion does not restrict the orbital motion of the
electron. So, in this case the observed paramagnetism is due to both factors — the

electron spin and orbital motion.

Paramagnetism.
Magnetic properties have spin & orbit contributions (contrast "spin-only” of transition metals).

Magnetic moments of Ln*" ions are generally well-described from the coupling of spin and
orbital angular momenta - Russell-Saunders Coupling Scheme.
Spin orbit coupling constants are typically large (ca. 1000 cm™).
Ligand field effects are very small (ca. 100 cm™).
= only ground J-state is populated.
= spin-orbit coupling >> ligand field splittings.
= magnetism is essentially independent of environment.

o O 0

O

(8]



Magnetic moment of a J-state is expressed by the Landé formula:

peg U p, g =0+%C ‘;R,’fg‘”)

Ln’ * Magnetic Moments compared with Theory

Landé formula fits well with observed magnetic moments for all but Sm" and Eu'".
Moments of Sm" and Eu" are altered from the Landé expression by temperature-dependent

population of low-lying excited J-state(s).

Uses of Ln™ Maqnetlc Moments?

NMR Shift Reagents - paramagnetism of lanthanide ions is utilized to spread resonances in 'H
NMR of organic molecules that coordinate to lanthanides.




Magnetism & Spectra

—

Ln Ground  No. of Observed
Ln _configuration  State ~ unpaired e- Colour | g, (J(I+1)) e g
La 4 'So 0 colourless O 0
Ce _4r “Fan 1 ~colourless 254 $23-25
Pr A “Ha 2 ~ green 3.58 - 34-36
Nd i laz 3 lilac 362 ' 35-36
Pm 4r 7l 4 ~ pink 268 -
Sm AP ~"Hap 5 ~ yellow 085 - 14-17
Eu Af "Fg 6 ~ pale pink 0 33-35
Gd Af' “Sim 7 colourless 7.94 79-80
Tb 4" 'Fs B pale pink 9.72 95-98
Dy 4" "His 2 yellow 10.65 104 -106
Ho 4f" "Iy 4 yellow 10.6 104 -10.7
Er Af" “lism 3 rose-pink 9.58 94-96
Tm 4f'< “He 2 pale green 7.56 71-76
¥h Af' “Fro 1 colourless 4.54 43-49
Lu A" 'Sy 0 colourless 0 0

« For Sm3+at room temperature, the first excited state and for Eu3+, the first excited state and even the second
and third excited states are populated.

* In each of these ions, the J value is higher than that of the ground state and pis expected to be greater than that
of only the ground state.



1%
10} /I*’\ * The lanthanoid ions other then the f° type
1 1

S o / (La3* and Ce3*) and the f14 type (Yb%* and Lu3*)
.§ o s are all paramagnetic. The paramagnetism rises
g : " to the maximum in neodymium.
f;_ : R < \\\ : = La3+ is diamagnetic (due to f0).
a 4 \

3 \ ] N = Max value at Nd.

2 / \\

. 1 s N = Sudden drop to 1.47 forSm.

A ' o A A L A A -

Ls Co P Nd Pm Sm Eu Gd Tb Dy Mo & Tm Yo Ly = [ncreases again reaching max value
forDy and Ho.

Figure paramagnetic moments of Ln'' lanthanide ions at 300K. Spin-only
values are shown as a broken line. and the spin plus orbital motion as solid lines.

» Touching zero at Lu (f14 electron).



Coloured ions

* Many of the lanthanoid ions are coloured in
both solid and in solution due to f — f <+ The absorption spectra of the compounds of trivalent

transition since they have partially filled f — Ln ions show sharp line like bands (fainter color
othitals. corpparative to TMs) in the U.V, visible or near infrared
regions.
* Absorption bands are narrow, probably
because of the excitation within f level. * The bands are so sharp that they are very useful for
e La3* and Lu3*ions do not show any colour characterizing the lanthanides and for their quantitative
estimations.

due to vacant and fully filled f- orbitals.

Approximate colors of lanthanide ions in aqueous solution
Oxidation state 57 58 59 60 | 61 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 7]

4.9
—

Sm” Lo Tm” R
ms:n" Eu'' Gd» b Dy Ho' Ll Tm® Yb'' Lu"

o

+3 La'' | Ce' Pr'' KL
+4 Ce* Pr'' )}




Lanthanides have poor tendency to form complexes

Although the lanthanide ions have high charge (+3), yet the size of their ions is very large (charge/size =

small).

So, they have poor tendency to form complexes.

They form complexes mainly with chelating agents (beta-diketone, EDTA, 2,2’-bipyridyl, and beta-hydroxy

quinoline.

Complex formation tendency and stability increases with increasing atomic number.

This fact is utilized in the separation of lanthanides.

R O O o)
g NN P (e
L R, R, —N| N= HOTHN OJ\OH



Chemistry of all lanthanides is almost identical
* They all have similar outer electronic configuration and display mainly +3 oxidation state in their compounds.

 Their similarity is much closer than that of ordinary transition elements because lanthanides differ mainly in the

number of 4f electrons.

* 4f electrons are buried deep in the atom:s.

* Due to L. C. there is very small difference in the size of all the 15 trivalent lanthanide ions.

Important uses of Lanthanides
+ Ce glass cuts off heat and UV light and so used in glare- reducing spectacles.

« Ce-Mg alloys are used in flashlight powders.

* Nd oxide dissolved in selenium oxychloride is one of the most powerful liquid lasers known so far.
» Ce salts are used in analysis, dyeing, lead accumulators, medicines and as catalyst.

* Ln elements and their compounds are being used in nuclear control, shielding and fluxing devices.

 Since lanthanides improve the workability of steel when heated, so alloys of lanthanides with Fe are well-
known.

+ Gd2(504)3.7H20 has been used to produce very low temperature.



SEPARATION OF LANTHANIDES:

Except promethium, they occur together in earth’s crust in various forms and
very difficult to separate from each other because all the lanthanides have the
same size and charge (of +3 unit). The chemical properties of these elements
which depend on the size and charge are, therefore, almost identical. Hence,
their isolation from one another is quite difficult. However, the following
methods have been used to separate them from one another.



> This is the most rapid and most effective method for the isolation of individual lanthanide elements
from the mixture. An aqueous solution of the mixture of lanthanide ions (Ln3+aq) is introduced into
a column containing a synthetic cation exchange resin such as DOWAX-50 .The resin is the
sulphonated polystyrene containing-SO3H as the functional group. As the solution of mixture moves
through the column, Ln3+aq ions replace H+ ions of the resin and get themselves fixed on it:

Ln3+aq + 3H(resin) — Ln(resin)3 + 3H+aq

QOQOQ

SO,H SO,H SO,H SO,H

sulphonated polystyrene



> The bonding of the lanthanide ion to the resin depends on its size, i. e, the smaller the size of the
lanthanide ion, the more firmly it is bound to the resin and vice versa. Since lanthanide ions are
hydrated, therefore size of the hydrated ions should be considered for binding purpose.
Hydration of the ions depends upon size i. e, smaller the size of the ion greater will be the
hydration. Therefore in case of lanthanide ions, the smallest lanthanide ion, namely will be the
most heavily hydrated. Thus it will have the maximum size and therefore the least firmly bound
to the resin while reverse will be the case with La+3 which will be the most firmly bound to the
resin

> A solution containing several lanthanide ions is dropped slowly down a column of synthetic
ion exchange resin so that the lanthanide ions are bound less firmly to the resin in the order La+3
to Lu+3. They are then eluted from the column by using a solution containing citric acid and
ammonium citrate. For the ammonium ions elute the metal ions from the resin as:
3NH,* +Ln (resin) —» 3NH, resin + Ln*3



The metal ions then form a complex with the citrate ions.

LN ]

-
+ £

Ln*3 + citrate ions — Ln citrate
complex

Since Lu+3 is the least firmly bound to resin therefore on elution,
Lu citrate complex is obtained first from the bottom of the
column while La citrate complex emerges last of all from the
bottom of the column. Complexing agents such as EDTA, amino
carboxylic acids and hydroxy carboxylic acids have also been
found to be convenient elutants.

_'."Iilll




Solvent extraction method: Separation of Lanthanides




This method is based on the difference in partition co-effecients of
lanthanide salts between water and organic solvents. The solvents
employed in this method of extraction of the lanthanides are
usually tri n-butyl phosphate (TBP) and di (2-ethylhexy)
phosphoricacid. Foreg. Gd(NO3)3 can be separated from La

(NOB) ; by continuous extraction with water from a solution of

these salts in TBP .

/ijf%; P00

Decreases in ionic
radius willincreases
complexation.



Some CONTRASTS between Lanthanides & Pre-Transition & Transition Metals

Pre-Transition Metals

Lanthanides

Transition Metals

Essentially Monovalent - show Group
(n+) oxidation state

Periodic trends dominated by (effective

nuclear) charge at noble gas config (i.e.

on group valence).

Similar Properties for a given group
(differentiated by size).

widespread on earth.

No Ligand Field Effects.

Always 'hard’ (O, Hal, N donors)
(preferably -vely charged)

"lonic’ or 'Covalent' Organometallics
No Ligand Effects.

Poor Coordination Properties

(C.N. determined by size).

Flexibility in Geometry.

No Magnetism from the metal ions
- noble gas configurations of ions

'lonic' compound formulations = large
HOMO-LUMO gaps
= UV CT spectra

Essentially Monovalent (+3).
+2/+4 for certain configs

Lanthanide Contraction of Ln"".
Similar Properties

(differentiated by size).
common mineralogy

Insignificant Ligand Field Effects.

Always 'hard’ (O, X, N donors)
(preferably -vely charged)
'lonic’ Organometallics.
Paucity of Ligand Effects.
High Coordination Numbers
(C.N. determined by size).

Flexibility in Geometry.

Free lon-like Magnetism
ground state magnetism

Weak, Narrow Optical Specitra.

Forbidden, unfacilitated transitions.

Show Variable Valence

(extensive redox chemistry)

control by environment - ligands, pH etc. ..
Size changes of M less marked.

Substantial Gradation in Properties.

diverse mineralogy

Substantial Ligand Field Effects.

Later (increasingly from Fe-Cu)/heavier
metals may show a 'soft' side.

'‘Covalent’ Organometallics.

n-Acceptor Ligands - Extensive Chemistry.
Extensive Coordination

C.N. = 6 is typical maximum

(but many exceptions).

Fixed (by Ligand Field effects)
Geometries.

Orbital Magnetism '"Quenched’ by Ligand
Fields.

excited J-states populated.

Stronger, Broader Optical Spectra.
Forbidden transitions. Vibronically-
assisted.




* 7 period and actinide series.

Electron enter in 5f orbital.

Many physical and chemical property are
similar to actinium(actinoids).

Second inner transition element.

Outermost and penultimate shell remain the
same.

General E.C 5f110 601 752

First 4 member occur in nature.
Others are made artificially.

All are toxic to humans.

89 90 91 92 93 9 95
Ac ([Th | Pa| U [ Np | Pu | Am
actiolum thorium | protactinum |  wranium neplunum | pldonium | amencum
[22n 232038 06(2) | 231,085 88(2) | 238.028 91(3) (237 [244) [243]
96 97 98 99 100 101 102 103
Cm | Bk | Cf | Es|Fm | Md| No | Lr
curium berkelium ginsleinium fermum | mendelevium | nobelum | lawréncium
(247) [47] 251 (252) [257) [256] [259) (262
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Electronic configuration

* Ac(89)-
1522522p%3523pb3d1094524p64d105525p04f145d106526
p®6d17s2.

* [Rn]- 86

¢ 15%25%22p®3523p®3d1%4524p®4d105525p04f145d106526
oS

* Ac electronic configuration is

* [Rn] 6d'7s2 or [Rn] 5f° 6d* 7s?

* 6d and 7s electron is same only 5f electron

change by increasing order. Th(90)- [Rn] 5f%,........
54,



Z | Name Symbol | Electronic configuration| )\etallic| Ionic E*(V) | Color of

outside the [Xe] core radius | radius | M®/M| Ln*

An An* (pm) | M (pm)

89 | Actinium Ac 6d!7s? 5£0 - 112 -2.6 | Colourless
Q0 Thorium Tc 6d2732 5fl 179 ) = =
91| Protactinium | Pa 5f26d17s2 52 163 104 -1.95 | Colourless
92 | Uranium U 5f36d17s2  5f° 156 103 -1.80 | Red Brown
93 | Neptunium Np 5f'6d!7s2  sf 155 101 -1.86 | Purplish
94 | Plutonium Pu 5£67s2 5f2 155 100 -2.03 | Blue Violet
95 | Americium Am 51752 56 159 98 _238 Pink
i Curium Cm 5f'6d'7s>  5f 173 97 - | Pale Yellow
97 | Berkelium Bk 52752 5% 174 96 - -
99 | Californium | cCf 5£10742 5£° 170 95 - -
98 | Einstenium Es 5fllg2 5§10 186 +2 : > -
100| Fermium Fm 5fll7g2 5fil 186 +2 = z .
101] Mendelevium | Md 5fl3742 5§12 - z = -
102} Nobelium No 5fld7g2 5f13 : - ) -
103| Lawrencium Lt sfldedl7s?  s5fl4 2 i ) i




As there is not much difference between 5f and 6d, it becomes difficult to know whether the electron
has entered 5f or 6d. This makes predicting electronic configuration difficult.

* The ground state electronic configuration of actinium, [Rn]6d17s2 is identical to that of lanthanum and
certainly the two elements possess alike chemical properties.

» The difference in energy between 5f and 6d orbitals in the starting of the actinide series is less than
that between the 4f and 5d orbitals for the lanthanides.

« Thus, both 5f and 6d orbitals are comprised in accommodating successive electrons.

» Therefore the filling of 5f orbitals in actinides is not quite so regular as the filling of 4f orbitals in case
of the lanthanides.

» By the time plutonium and following members of the series are reached, the 5f orbitals seem evidently

to be of lower energy than the 6d orbitals, and therefore the electrons preferably fill the former.

Actinides show higher oxidation states than Lanthanides



Oxidation state » Up to Uranium, stable oxidation states of the

Name Oxidation states elements is the one involving all the valency
Actinium +3 . ﬁ]gﬁﬁ?uum forms the +7 state using all the
Thorium +3, +4 valency electrons but this is oxidizing and the most
Protactinium | +3,+4,+5 ctable state is
Uranium +3, +4, +5, +6
Neptunium +3,+4,+5, +6, +7 +5.

Plutonium +3,+4, +5, +6, +7

Rerastcican 12 43 4. 35, 46 * Plutonium also shows states up to +7 and Americium up

g to
Curium +3,+4
Berkelium +3, +4 +6 but the most stable state drops to Pu (+4) and Am
Californium | +2,+3 (+3).
Einstenium | +2,+3 « Berkelium in +4 state is strongly oxidizing but is more
i , +2,+3 stable than curium and americium in +4 state due to f7
Mendelevium| +2, +3 .
Nobelium +2, 43 configuration.
Lawrencium | +3 « Similarly, nobelium is markedly stable in +2 state due to

its f14 configuration.



Actinide contraction

» The contraction is caused due to imperfect shielding of one 5f electron by another in the same shell.

« As we move along the actinide series, the nuclear charge and the number of 5f electrons increase one unit by each

step.

 Due to imperfect shielding (shape of f orbitals are very much diffused) the effective nuclear charge increases which

causes contraction in the size of electron cloud.

* In actinides contraction there are bigger jumps in contraction between the consecutive elements as compared to

lanthanides.

* Lesser shielding of 5f electrons compared to 4f electrons.



» lonic Radii of ions show a clear "Actinide Contraction”
4+ Actinide 3+ or 4+ ions with similar radii to their Lanthanide counterparts show similarities
in properties that depend upon ionic radius

115" P™
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M. Pand B. P- There is no regular trend in these values.
Density increases from left to right.

Magnetic properties: Smaller than the theoretically predicted values due to quenching of orbital

contraction.

Reducing power (E° values): All of them have relatively high E° values (about 2 volts).

Reactivity: Very reactive metals. The reactions of metals with oxygen, halogens and acids resemble those

with lanthanides.

Colored ions: Color depends upon the number of 5felectrons. Color is exhibited due to f-f transition.



Actinides have greater tendency to form complexes than lanthanides C D

« Small and highly charged M4+ ions exhibit greater tendency towards EJ—_——__-}

complex formation, e.g. Pu4+ forms very strong anion complexes.

* Most actinide halides form adducts with alkali metal halides. ThCl4 forms
the complexes MThCI5, M2ThClé6, M3ThCI7.

* With pyridine, ThCl4 as well as ThBr4 form monopyridine complexes.

+ Also form complexes with acetylacetone, oxine (8-hydroxyquinoline),

EDTA, such as tetrakiss-(acetylacetonato)thorium, Th(acac)4 etc.

VO, forms rather unstable complex with EDTA as compared to
lanthanides.




v" All the actinides are not stable with respect to the radioactive disintegration, although the half-lives of the richest

isotopes of thorium and uraniumare so long that for numerous purposes their radioactivity can be neglected.

v" Like lanthanides, actinidesare as well electropositive and reactive metals.
v" They react by water, oxygen, hydrogen, halogens and acids. Their hydrides are non-stoichiometric having ideal

formulae MH2 and MH3.

v" The metals as well react with most of the non-metals particularly whenever heated.



General Observations (comparisons with Lanthanides)
» Electronic Configurations of Actinides are not always easy to confirm.

+ Atomic spectra of heavy elements are very difficult to interpret in terms of configuration.
Competition between 5f'7s” and 5f" '6d7s’ configurations is of interest.

+ For early actinides promotion 5f 2 6d occurs to provide more bonding electrons. Much
easier than corresponding 4f 2 5d promotion in lanthanides.

+ Second half of actinide series resemble lanthanides more closely.

» Sf orbitals have greater extension wrt 7s and 7p than do 4f relative to 6s and 6p orbitals, e.qg.
ESR evidence for covalent bonding contribution in UF3, but not in NdF5.

» of / 6d / 7s /| 7Tp orbitals are of comparable energies over a range of atomic numbers,
especially U-Am.



Electronic Spectra
+ Narrow bands (compared to transition metal spectra).
+ Relatively uninfluenced by ligand field effects.

+ Intensities are ca. 10 x those of lanthanide bands.
4+ Complex to interpret.

Magnetic Properties
4+ Hard to interpret.

+ Spin-orbit coupling is large & Russell-Saunders (L.S) Coupling scheme doesn't work.
4+ Ligand field effects are expected where 5f orbitals are involved in bonding.

» The magnetic properties of actinide ions are more complex than those of the
lanthanide ions.

 5f electrons are closer to the surface of the atom and is simply affected by the
chemical environment; however not to the similar extent as do the d electrons.

* The less sharply stated distinctions between the 5f and 6d electrons as compared

by 4f and 5d electrons.



Similarities

Both the series show a +3 oxidation state.

In both the series the f-orbitals are filled

gradually.

lonic radius of the elements in both the series

decreases with the increase in atomic number.

The electronegativity of all the elements in
both the series is low and are said to be

highly reactive.

The nitrates, per chlorates and sulphates of

all the elements are soluble while the
hydroxides, fluorides and carbonates are
insoluble.

Lanthanides Actinides

1) Binding energics of 41 1) Binding energies of 5f electrons are
clectrons are higher. lower.

) | Maximum oxidation satate ) | Due to lower binding energies they
exhibited by lanthanides 15 +4 show higher oxidation states such
e.g. Ce* as +4, +5 and +6. Uranium

exhibits +6 oxidation state in UF,
and UO,CL

m) |4felectrons have greater m) |Sfelectrons have poor shielding
shielding effect. effect.

v) |Most of therr ions are iv) |Most of their ions are coloured U™
colourless. (red), U*" (green) and UO *~

(vellow)

v) | They are paramagnetic but v) | They are also paramagnetic but
magnetic properties can be their magnetic properties are very
casily explamned. difficult to interpret.

vi) | They do not form complexes |vi) | They have much greater tendency
casily. to form complexes.

vil) | Except promethum, they are | vi) | All of them are radioactive.
non-radioactive.

vii) | Their compounds arc less vii) | Therr compounds are more bask.
bask.

iX) | They do not form oxocations. | ixX) | They form oxocations such as

UO,*, UO~, NpO~, PuO,".




Magnetism & Spectra

Ln" Ground  No. of | Observed
= _configuration ~ State  unpairede- CooiE | 9\ ((I+T))  Mefillia
La 4f 'So 0 ~colourless 0 0
Ce A “Fsn 1 ~colourless ~ 2.54 23-25
Pr 4 “Ha 2 ~ green 358 34-36
Nd 4F “lon 3 lilac 362 1 35-36
Pm 47 le 4  pink 268 -
sm 4 Hea 5 “yellow 085 14-17
Eu 4f° 'Fo 6 pale pink 0 33-35
Gd 4 %S, T _colourless  7.94 79-80
Tb 4f° 'Fe 6 pale pink 9.72 95-98
Dy 4f "Hisn 5 vellow 10.65 104 - 106
Ho 4f" “la 4 yellow 10.6 104-107
Er 4f" “lyzn 3 rose-pink 9.58 94-96
m 4f' *He 2 palegreen  7.56 71-76
YD 4f" “Fie 1 colourless  4.54 43-49
Lu 4" 'So 0 colourless O 0







