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Introduction : .
Group 3 of the periodic table contains scandium | yitrjum .
r and lanthanym

speaking . actinium should also be included .| but in practice " :
There are fourteen clements that follow lanthanum and these are ‘;\ studied SCParate)

lanthanides comprises of the largest occurring group in the called _\an\hamde&- eﬁ‘
lanthanides  are placed below the main body of the perigdic ntﬁcrl?d\c . The
footnote . The full - width version of the periodic table o <”c in
lanthanides more clearly (Table 1) . 8 shows

Ly the manner of ,
€ position of the

Table 1: Modern Periodic Table
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These lanthanides are associated wi i : . :
Whether the term ‘“‘Lanthanides™ refeglt}t!oatl?;ajgrft;:r? ﬁé?c?llllc;fsg atr‘rd o El i terminology.
fourteen elements from Ce to has been debated for lone  “R: 04“'1.. a to Lu or the

“ Rare Earth Metals” are trivial names sometimes anol; i Hements” and

‘ et : s applicd to a collection of th

elements in the periodic table . Earth is an obsolete term for “oxide” . At the ti 1} \e5§
di_scovery, the oxides of thesc elements were believed to be sca.rce in eabiligar? )
minerals . This terminology is no longer appropriate , as these elements are noc;?o;\:g
rare , except promethium, with at;, of 2.6 years. To avoid any confusion , now ihe
term “lanthanoid” rather than “lanthanide” ,is used to represent these elements as the
suffix.  “-ide” 1s gencrally used to indicate anmions . Hawever | even now there is a
confusion regarding the position of La, ie., whether the group is made up of fifteen
elements, La to Lu, or fourteen elements, Ce to Lu. Lanthanides are chemically similar
to each other, to scandium as well as yttrium . Currently, the general symbol, Ln, is

used for the fourteen elements (Ce - Lu) and group III elements Sc, Y and La.

The story of the lanthanoids begins in 1787 when a young Swedish artillery officer,
Lieutenant Carl Axel Arrhenius, who was a keen amateur geologist, was exploring a
quarry ata small town called Yiterby , near Stockholm . He found a new, very dense
black mineral which he named ytterbite . Its chemical analysis carried out by Johan
Gadolin , a Finnish chemist in 1794 showed th."slt th.e* new mineral contained oxx'des_o'f
iron , beryllium, silicon ‘and a new , previously umdeqﬂtxed 'eayth‘ which he named 'ytina .
: be a mixture of the oxides of six rare earth elements . The

Yttria was later shown to > of thy - |
history of discovery and naming of the lanthanides are summarized in Table 2.
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/ Table 2: Discoy
| ’ rery & origin
gin of names of lanthanoids, including yttrium, thorium &
b

—
i

/
! scandium
Year Element Oriei
rigin of Discoverer | Nationality | C
1794 Yoo gzlmc ality | Comments
titerby mine
erium After the Baron Jons ond
aslc!'oid_Ccrcs Jakob " SiedEl :::;CO ;Iis[co:'lcrcfl
(which in tm Berzelius and sam: [lffrnby "
e al_lcr a | William Mminy I;einr)i,ch
Greek deity) | Hisinger Kl‘aproth
(German) . The
pure element Was
not isolated until
1828 Thorium After Thor , Baron Jons Swedish /1875'
the Jakob
Scandinavian Berzelius
ood of war
- - et
1839 Lanthanum From Greek Carl Gustav “Swedish
lathano = to Mosander
lie hidden
(because it lay .
concealed 1n
i the earth) . }
1843 Erbium ) Derived from [ carl Gustav " Swedish
Yitterby mine, Mosander
Sweden
1878 Terbium Derived from Carl Gustav Swedish
Yitterby mine, Mosander
Sweden
| I
Ytterbium Derived from Jean Charles French In 1907 and
Yitterby mine, de Marignac [1J928. , f}‘?eorgels)
Sweden rbain rench
and Carl Auer
Von Welsbach
(Austrian)
independently
separated
Marignac’s

ytterbium into

{ two elements ,
which are now

called ytterbium

and lutetium

| —
Paul E.Lecoq Swedish

-
After the

mineral de
samarskite , Boisbaudran
in turn after
the minerals
discoverer , @

Russian

mining official
|

V. E Samarsky |

Samarium
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1885

1885

<cn,,djum

”‘,lmium

Thulium

Gadolinium

Praseodymium

Neodymium

Lars Fredrk

After
Scandinavia Nilson
Afler the Per Teodor
Latin word Cleve

for Stockholm,
Holmia

| Swed
Swed
sh Also discovered
mdupcmh:nny by
Jacques oy
Soret and Marc
Delafontaine

(Swiss)

—

From the
I.atin Thule,

an ancient
name for

Per Teodor
Cleve

Swedish

Paul E . Lecoq

Scandinavia
In the honour
of Johan
Gadolin , a
Finnish
chemist

Jean Charles
de Marignac

Swiss of
French origin

fle Boisbaudran
Independently
1solated the
element from
Mosander’s yttria
In 1886

¢ the salts and

From Greek
prasios =
green , In
reference to
the colour of

didymos =
twin , because
the earth

didymia was
separated into
two salts ; Pr

Austrian

Carl Avuer
Von Welsbach

Austrian

Not i?olated n

and Nd

From Greek
neo = new
and didymos
= twin ,
because the
earth didymia
was separated
into two salts;

Carl Auer
Von Welsbach

relatively pure
form until 1925

Pr and Nd

Paul E . Lecoq

French

1886

Dysprosiumn

From Greek
dys = bad

and prositos
= aproachable,
, dysprositos
means hard to
get because of
the ditficulty
involved in its
detection and
1solation

de
Boisbaudran

Eugene

French

/ Europium

, After Europe

Demarcay
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-'l Lutetium After Lutetia , | Independently | French and

1907 Latin name by Georges Austrian
for the place | Urban and
where Paris Carl Auver
was founded Von Welsbach

1947 Promethium After Charles Aunerican
Prometheus , DuBois
in greck Coryell

‘| mythology , Lawrence E.

who brought Glendenin and
fire to Jacab A .

- mankind in Marinsky
reference to
hamessing of
the energy of
the nuclear ¢
fission and ’
warning
against its
dangers

On the basis of their separablility , the lanthanoids were conveni'ently divided into the
“cerium group minerals” or “light earths” (including light lanthgnmd . elements , from La
to Euro) and the “yttrium group minerals” or ‘“heavy earths” (including heavy'lanthanmd
elements from Gd to Lu, along with Y). Yttrium is lighter than other “yttrlum. group
minerals” , but is still grouped with them, as it has a comparable ionic radius and
occurs in nature associated with the ores of heavier lanthanoids. This wunit shall deal
with the general chemistry of lanthanoids, including the implementation of the conceptual
approach . The unit also provides the background essential to understand the problems of

their recovery and separation , along with their applications.

Position of Lanthanoids in the Periodic Table
The lanthanoids have atomic numbers between those of barium (Z = 56) and hafnium

(Z = 72), and hence must be placed between these two elements . Ba is an alkaline
earth metal belonging to group 2, below Sr. Hf is present is group 4, below Zr, thus
leaving only one place between them , which lies exactly below Y (Z= 39, group 3).

Since all the lanthanoids resemble each other in many aspects , therefore it become
necessary to accommodate all of them together at one place . This problem is solved by
placing the first element i.e. La below Y and the remaining elements separately in the

lower part of the periodic table (Table 1).

Terrestrial Abundance and Distribution
The lanthanoid elements are not particularly rare. Apart from the unstable ¥’ Pm

(half life 2.6 years) of which traces occurs in uranium ores , all the lanthanoids are
actually more abundant than iodine . Cerium is the twenty - sixth most abundant of all
elements , being half as abundant as Cl and more abundant than lead. Even Tm . the
rarest after Pm, is more abundant than lodine , and Lu is more abundant than gold . The
abundance of these elements and the number of naturally occurring isoto})es vary
regularly , ix)/zﬁ:?)rdance with Harkin's wule (Table 3) . i

J
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Abundance of the lanthanoides in the earth’s crust by mass and number of

3
il is010PS

Tromic Element Abundance Relative Naturally
aumber (ppm) in abundance occurring
earth’s crust isotopes
Ce 66 26 . 4
Pr 9.1 ] 37 1
Nd 40 27 7
Pm 0 0
Sm 7.0 40 7
[63 Eu 2.1 49 2
[ 64 Gd 6.1 41 7
65 Tb 1.2 56 1
66 Dy 4.5 42 7
67 Ho 1.4 55 1
68 Er 3.5 43 6 _
69 Tm 0.5 61 1 ~
70 Yb 3.1 44 7
71 Lu 0.8 59 2

According to this rule, the elements with even atomic numbers are more abundant and
have more stable isotopes , than those with odd atomic numbers . The graphical

representation of their abundance is given in fig 1.

y

n

La Ce Pz Nd Pm Sm Eu Gd I'b Dv Ho Er Tm Yb Lu

2

—

f=)

lo gahumiancej

Fig. 1: Abundance of Lanthanoids in Earth’s crust

The non - existence of promethium in nature may be explained by Mattauch’s rule. This
states that if each of the two elements with consecutive atomic numbers have an isotope
60) has

of the same atomic mass, one of the isotopes will be unstable. Since Nd (Z =
144 . 145, 146, 148, 150 and 152 and

stable isotopes with mass numbers 142 , 143,
149, 150, 152 and

Sm (Z = 62) has the isotopes with mass numbers 144 147 148

154,
is to have a stable isotope , it must have a mass number outside the range 142 - 150

The isotopes of Pm which have been identified so far are radioactive .
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there are not many stable mass numbers avallable for promethmm (Z=61) .If Pm
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Table 4: Jmport

Minerals

azite Sand- Mixture of ortho-

1) Mon
() carths, (Ce)PO1

phosphates of Ce-

(i1) Bastnaesite-cerium earth fluoro-

carbonate.(Ce FCOs

(iii) Cerite-A lx}ldratéd silicate of the

composition,
(Ce); M H3SisOn(M-Ca,Fe)

4 minerals ,

Monazite is Sparse

is conccntmtcd
other als such

as the only
in the Mount
f lanthanonds.

ant Minerals of Lanthanoids

only two,

Brazil Malaysia ,
source of
ain Pass,

Composition

Zl) Cerium group minerals
50-70% Ce—cnnhs(i.c.
elements of at. no. 57 to
62 calculated as oxides)
1-4% ¥ -carths (i.e.
elements of at. 110:-\63 to
71 calculated as oxides) .

5-10% ThO

1-2% SiOs

22-30% P,05
Traces of U
65-70% Ce-earths ,

lanthanoids . However ,
California has since then

Apart from the U.S.A. it

ain lanthanoids (Table 4) . The symbols ¢
m grotp and yttrium group , rcf;hc\ctinI i L 8
_nn.mcly. monazite and lmsmzmi(y.' Out of
ly distributed in various rocks buli (Lh . :
by wcmhgring into sand or beaches lLu:O' \nS
as cassiterite (SnOy) . Their rich ‘dcr::‘»:‘.'luy-
the U.S.A and Australia. In l‘:\@'ltS

ure ()f

a vast deposit of
become the
is also found in

Location of significant
deposits

Occurs in the sand beaches of
Travancore(India)

Brazil
South Africa

U.S.A.
Sweden, California, New Maxico

< 1% Y-carths
Traces of thorium
51-72% Ce-carths
7.6% Y-earths
Traces of Th, U, Zr

Sweden
Caucausus

(2)Yttrium group muietals

i) Gadolinite or Yitterbite- A ytterium-
arth , iron and beryllium silicate,
‘e, Be); (Y2) Si2 O1o

35-48% Y-earths
(Calculated as oxides)
2-17% Ce-earths
Upto 11.6% BeO
Traces of ThO,

Sweden, Norway

USA(Texas and Colorado)

) Xenotime —An orthophosphate of Y-
th(analogous to Monozite), (Y), PO,

54-65% Y-earths
~0.1% Ce-earths .
Upto 3% ThO,, upto
3.5%U303 2-3% Z[Oz

Norway
Brazil

) Euxenite- Mixture:0f titanates,
hates and tentalates of’ Y-earths,
(Nb, Tﬂ) T106 XH;,O

13-35% Y-earths
(Calculated as Oxides)
2-8% Ce-earths
(Calculated as Oxides)
20-23% T10,, 25-35%
(Nb, Tﬂ)gOs

Australia, Idaho(U.S.A.)
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chlorides. The solution is then treated
stoichiometric amounts, BaSO, precipitates
This scheme is summarized in fig.2 (b). The
lanthanoid  chlorides can be used
techniques.

with g solution of BaCl, ang L.n2 (S0
. A

out, along with radioactive 22ty
remaining solution
the individua) com

in
Ra ag Raso,
Containing Ln and

Ponents by Specia]

to separate

:

L.crushing
2. gr‘lnding
3. hot froth flotatian

Afliners)
Lrecang

~—

1. e.H,S0, /200°C
2. extract with
cold H20

Insoluble
— Residues
{radioactive 27Rg)

i, e

Solution or
Sulfates of
La, Ln, Th

partial
heutralisation
with NH,OH

Solution of
(La,Ln),(50,),

Na, 2504

Solution of ligr;t Ln
Sulfates of pptas
heavy Ln (La,Ln)z(SO4)3Nast4.xH20

T

Basic Tho,
ppt

| Monazite T Xenotime I
Alineral l l.crushing ¢

Lressin 2, gn'nding
4 3, hot froth flotation
. s 1. 140°C / 55% NaQOH
Lgestion 2. extract POg8- with H,0

Slurry of imp ureihydro us
oxides of La, Ln, Th

! Crude N
b S— topH 35
ThO, ppt ’ beiling HCl to p

[ Impure Solution

of (La,Ln)Cl,

1. BaZt(ag)
2.504%aq)

\1
Ba

i 50y ppt carries down
lution of Uy pp .
[ ?L(; Ln)Cl, radioactive RaSOy

it

e \-\\

' OH
Fig. 2: Cracking of Monazite / xenotime by (a)conc. H; SO 4, (b) Nal
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. and : X O obtain 4
1535(?2::; echniqyeg discussedth?ati:rg ht lanlhﬂnO’ldS,which are then separated oy via
ure fy) wed g given in fig 3 N the unjt A schematic Tepresentation of g

Baslnaeslte

AMinersy LDhreagn
Dissolutipn ofcfa:g in I0% Hey
Oridicing Rosst (e 2(#7)

light
(La,Ln)Z(SO4)3 Little Th or heavier
+ Lnare presentin
CeO, solid bastnsesite

Fig 3: Cracking of Bastnaesite

Electroni C Structure

. iodic table,
The electronjc Structure  of the members of group 3, in thehmogfsrtn mi:t?ers of the
indicates that the elements usually listed in this family are the

four d—type transition series .

Sc, Z=2] 15?257 2p° 352 3p°® 3d! 452
Or, [Ar] 3d' 4s?

g2
Y, Z=39 1s” 257 2p° 3s? 3p° 3d'* 4¢% 4p° 4d" Ss
’ Or, [Kr] 4d' 557
2 6 1 2
1s% 2s% 2p° 3s? 3p°® 3d'° 4% 4p° 4d' 5s° 5p° 5d' 6s
<1l 2
Or, [Xe]5d 6s o
| 0,2 1s
1s% 25 2p 35l 3p2 3d" 4s
Or, [Rn]6d 7s

La, Z=57

Ac, Z=289

3d and
ded to the 3

> lectrons are ad fter
dineg scandium and yttrium, the de transition series . However ,ame
In elements suCC.eel ° giving the first and the secon the 5d and thus
ctively , ¢

4d levels respe

. low that of . : the 5d
nergy of the 4f level falls }Je rbitals before entering into
lanthanum tlged ?j to the inner , well - shielded 4f o
electrons are adde
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deposits of Janthanides
contributes only 3%
garth

Ato prf:scnt' . China is estimated to have the world’s Jargest
(43%) and is now the largest producer of these elements . India
towards the production of [anthanoids. Promethium i not available from  rare
ores. It occurs only in traces in uranium ores where it is formed by spontancous figsion
of **U . It was first isolated as Wpm by exchange methods from products of nuclear

fission reaction .,

from Minerals
important minerals ,

Extraction of Lanthanoids
The distribution of the lanthanoids in the two commercially
ontain metals such as

monazite and bastnaesite , is quite similar . Both these minerals ¢
ThQ, and 3%

Ce. La, Nd and Pr. However, monazite typically contains 5 = 10%
absent in bastnaesite . The complex composition makes
Jengthy . Moreover , though

yitrium earths , which are almost
the chemical treatment of monazite very extensive and
ctive , it is contaminated  with daughter elements such as
during the processing of

thorium is only weakly radioa
andling

228 : .
Ra which are more active an

monazite .
cracking the minerals , recovering the lanthanoids (along wfith
horium if present and separating the Janthanoids . The concentration
of the mineral usually begins with gravity separation on wilfley table. Since _thege
minerals are heavy, their sand gets caught up on the riffles and the gangue matem'll is
tic separation.

washed off and dried . The magnetic impurities removed by magne
which is technically

the ore being used
from each other. The chemical

trated Hz2SOa solution . The
(504)3 . Naz SO4 o

lubility of the

d hence require careful h

Processing  includes
thorium) . removing t

are

The concentrated mineral is then subjeclcd to chemical treatment ,
known as “opening up” or “cracking”™ . These (reatments depend on

the extent to which the metals are to be separated
is done either by NaOH or concen
cking is the difference in solubilities of Ln2
avy Janthanoids and also the low sO

and
treatment of monazite
principle underlying the cra
x H,O for the light and the he

hydrous oxide of thorium.
_ The finely powdered and concentrated ore

at 200° C for several hours . The reaction is exothermic and
e is leached with cold water. Th, La and the lanthanoids
behind the insoluble residues  which mainly ~contain

ial neutralization

hates of Th , La and Ln, on partl
lution is then treated with

monazite by conc. S0,

(i) Cracking of
93% H2S04

is treated with
the resulting viscous past

dissolve as _sulphates , leaving
228Ra . The solution of sulp

radioactive
with NHsOH, precipitates out ThO,. The remaining SO
Na,SO, . to salt out La and the light lanthanoids as sulphate , leaving the heavy
arized in fig.2 (a). The solution containing
individual

This schemeis summ
then be used to separate the

lanthanoids ~ can
ion exchange and solvent

lanthanoids in solution .
such as valency change,

the sulphates of heavy
components by various methods,
extraction , discussed later in the unit.

azite by NaOH - The finely powdered
olution at 140°C, followed by extrac
which is treated with

behind a solution of

and concentrated ore is
tion with water. A slurry
boiling aq. HCI until the
impure lanthanoid

(ii) Cracking of mon
treated with 65% NaOH s
of impure hydrous oxides is obtained ,
pH is 3.5. Crude ThO2 separates out leaving

Scanned with CamScanner




F:‘—{‘
Tt
o ]

¥

\

~ from Cesg (472 5d0 6s2) to Yhyg (4f 14'5d0 6s2) should be the membe

E -BLOCK ELEMENT
12 .TH / Lanthanides S

The elements in which the additi(;mﬂl electron (ﬂlsowcgllled different' 1
electron) enters (n-2)f orbitals are callpi) f —bl'ock ‘ilé”’aﬁts- blnce. (n-2)f Orbitﬂlg 'lyg
comparatively deep within the kernell (. €ing inner to the penultimate She“), Qlf:
elements are also called inner transmOI? elements. These (n-2)f orbita]s - S
either 4f-orbitals or 5f-orbitals. Depending On‘whether the- additiong) elect, d
enters 4f or 5f-orbitals, f-block elements have been classified int, two bloc(]l
namely; (i) 4f-block elements and (i) 5/~block elements. The 4f-block elemeng, )
also called Ist inner-transition series elements, lanthanides, lanthanone:re
rare earths. The 5f-block elements are also called 2nd inner-transitjop, serior
elements, actinides or actinones. The valence-shell electronic &

' : configuratjy,, of
f-block elements can be represented as:(n.—2)f 02-14 (n-1)d0.1.2. ns%(n=6 or 7

12.1 Lanthanides

The fifteen elements from~ lanthanum to lutetium (At. no 57 to 71) are calleq
lanthanides. Strictly speaking, the first membe‘r Las7 (configuration 6s2 541 410) ang
the last member Luy; (4f14 5d! 6s2) have no partially filled 4 f orbital
state yet they are considered to belong to lanthanide series because

properties are very closely similar to the other thirteen elements of t
strictly according to this definition of lanthanides only th;

1n their grpund
their chemicy
he series, Thug
rteen elemeng

rs of lanthan;g,
series. In fact the name lanthanides has been derived from lanthanum which is the

prototype of lanthanides. '

122 Position of Lanthanides in the Periodic table. All the ffis;
lanthanides have atomic numbers between those of Ba (Z=56) and hafnium (Z=79)
and, therefore, must be placed between these two elements as was also proved by
Mosely. Ba has exactly the same outer electronic configuration as Ca and Sr and
resembles them' very closely. In a similar way hafnium is similar to zirconium
(Z=40). Therefore Ba must be placed below Sr (Group ITAi.e., Group 2) and Hf below

Zr (Group IVB i.e. Group 4), thus leaving only one place between them, which lies
exactly below Y(Z=39, Group IIIB i.e., Group 3) ' |

Since all the fifteen lanthanides resemble one another in many respects,
these must be placed in the same group. These elements: also resemble Y3y . It

therefore, become necessary to accommodate all the fifteen lanthanides together &

.one place. This has been done by placing the first element 57La below 39Y and.

remaining fourteen elements (i.e., 53Ce to 71Lu) have been placed separately in the
lower part of the periodic table. | -
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