51,0CK ELEMENTS
Thef' General Propertiesm

' ' 589
| Anjqeg =
123 o of the important Propertjeg of | d below

Sorm! . figuratioy S
glectronic C‘;“z;g‘; En We knoy, that at 5eBa 6s-orbitg ;. ¢t
. 1n . :
1‘1 d (56Ba-'>[Xe] £ 5714 the mcoming electron enterg the
fille :
heref"r ¢!

Anthanides are discusse

Mmpletely
5d Subshe]) and
further fill;

t has the conﬁgura‘tion[xe] 541
pitals is discontinued. Ag
-orpl

_ ) h " SSUmeq, Thyus Ce has th ‘
| ersthe 5 st X1 G0 4 5. At lutet
’ The complete Qlectronic configy,

58 1 . ration of lanthanides can be represented by a
tion: 2,8, 8, 6’ : N

eneral C,OnﬁgUI:}ll lf o 143 p dlof 0,2-14_ , Bg2 (including Lg)

pich shows tha Valence-ghe)) configuration can e represented gag

(0.2-14 5d0orl gg2. _

ium the

The valence-shell configuratj,, Shows that the additional e]e
“orbitals without altering the electrong in the outemost 6s-orbital, ‘

The filling 47-orbitals ig not regular, e.g., the additionalelectron in 64Gd doeg
t enter 4f-level but , instead, ] ’

itals in Gd are about the same

ctron enterg the‘

-OXidation state shown by all the
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rions. On the basis of general rule that empty, half-filled ang complete_ly filled
rhitals are highly stable, thus the 'formation of Ced+ I3+ (4f 0), Tb‘4+,Eu2+,
"(4f7) and Yp2+ » Lud+ (4 14) jons can.be explained. It is, ho

ain the stability of oxidation states of the cationg
ay thus be ‘assume

i Tand 4f 14
kinetic, in de

0 correlate the

wever, difficult to
other than thoge given above,

ctors such as thermodynamic

termining the stability of various oxidation states of lanthanicl_gs.
The Stability order of +2 oxidation state is Eu

La,Ce,py, and Gd) do not contain Ln® lons, bu
ity of 44 oxidation state is Ce>Th~Pr >(Nd~Dy),j

>Yb>Sm>Tm~Nd, Lnly solids

t ai'e metallic in nature. The

Scanned with CamScanner




INORGANIC GHEMISTRy l

51?:ble 12.1 Electronic configuraiigga"d Oxidation states of lanthanideg
- symbol Electronic Oxidation
AtBmIc Name configuration States
humber Lénthanum La [Xe] 4f 0541 652 +3 1
o .Cerium . Ce [Xe] 4f 1 5d1652 +3, +4
gg Praseodymium Pr [Xe] 4f3 5de 552 +3, +4
60 Neodymium Nd [Xe] 4f4 5d0 652 +2, +3
81 Promethium Pm (Xe] 4f5 5d° 652 +3
62 Samarium Sm [Xe] 476 5d° 652 +2, +3
63 Euaropium Eu [Xe] 47 5d° 6s2 +2, +3
64 Gadolinium Gd . [Xe] 477 5d1 652 +3
65 Terbium Tb [Xe] 4f95d° 652 +3, +4°
66 Dysprosium Dy [Xe] 4710 5d0 652 +3, +4
67 . Holmium Ho [Xe] 4711 5do 652 +3
68 Erbium Er [Xe] 4712 540 652 +3
69 Thulium Tm '[Xe] 4118 530 6g2, +2, 43
70 Ytterbium Yb - [Xe] 4f14 5do 652 +2, +3
71 Lutetium Lu [Xe] 4f 14 541 652 +3

3. Melting and boiling points.
- points. However, their melting an
tove from La to Lu. Both Eu and Yb form +2 ions an
weaker metallic bonding as there are
metallic bonding. As a consequence,
these two elements as compared to
abnormally greater radii for these two elements resultin
for lower melting and boiling points.

melting and boiling
the values for other 1

Lanthanides have fairly high melting and boiling
d boiling points do not show definite trend as we
d so it results in slightly
fewer than threé electrons per atom in the
points have lower values for
anthanide elements. Also
g in weaker packing account

4. Metallic radii. The metallic radii decrease with increase in atomic number. The

metallic radii of lanthanides fall in the range 174-208
comparable with those of s-block elements particularly
174pm. This indicates fairly large size of atoms of lant
show 'very surprisingly irregular sizes. The reason is

pm which are quite

Ca having metallic radius of

hanide elements. Eu and Yb
that these elements suffer

repulsions between greater number of f-electrons. Oxidation state of +2 for these

elements is also responsible for anomalies.

5. Density. Lanthanides have low densities which range between 6.77 to 9.74g cm-S.

However, densities of lanthanides do not show definite trend with rise in atomic
number., Eu and Yb have low value of density than expected.

6. Ionization energies. Lanthanides have fairly low ionizatiyn energy values (IE
1s about 585kJ/mol and IEs is about 1150 kJ/mol) due to their fairly large size which

are quite comparable with those of alkaline"
Ca(IE1=589kJ/mol, IEy = 1145kJ/mol).
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The fBLOCK ELEMENTS

/El';;;onegativity values. Their electronegativity values fa)) - ~91

‘1.0_1_15(Allred and Rochow scale) ang are quite Comparable fange
eiectronegativity values of the s-block elements Particularly (, ';v‘lluth the
. erefol.ﬂ’

janthanide jons are expected to form ionic compounds.
a .

g. Atomic and ionic radii—La‘ntha.nide contraction.

A As we move along the lanthanide serjes from La (o Lu, th
Jecrease in atomic and ionic 1.~adii. Th.isr steady decreas: in the atomic and ion; ..
of lanthanide with ipcreage in aFomlc number is called lanthanide cont:lc radij
The decrease in size is regular in ions but not so regular in case of o ac

ere is g continuoyg
tion.

Cause of lanthanide contraction. In lanthanides the additional electron

4 f_subShen but not in the valence shell namely sixth shell. The shielding ef?ntters i
one electron in 4f-subshell by another in the same shell (i.e. mutual shieldip Z(t:”f e
of 4f-electrons) is very little (poor), being even smaller than that of d-elegctroect
because-the shape of f orbitals is very much diffused. The nuclear charge (i.e.At ;Ics);
however, increase bylone unit at each step. Thus the nuclear charge inCre.ase's at
each step, while there is no comparable increase in the mutual shielding effect of
4f-electrons. This results is that electrons in the outemost she]] experience
increasing nuclear charge from the growing nucleus. Consequently the atomic and
jonic radii go on decreasing as we move from s7La to 77Lu. |

Consequences of lanthanide Contraction ,

~ (i) Electronegativity. There is a slight increase ‘in electronegativity of
trivalent ions. _ ‘ '

(ii) Ionic radius. There is steady decrease in the ionic size.

(iii) Basic character of lanthanide oxides, LngO3 and hy&roxides,

Ln(OH)g. y :
There is a decrease in basic strength of the oxides and hydroxides of
lanthanides with increase in atomic number. Thus La(OH)3 is the most hasic while

Lu (OH); is the least basic. Due to lanthanide contraction the decrease in the size of
 Ln3+ cations increases the covalent character (i.e. decreases the ionic character)

between the. lanthanide ion '(Ln3+ ion) and the OH~ ion (according to Fanjan’s
rules), thereby reducing the basic character of the lanthanide oxides ard hydroxides.
Basicity decreases as the ionic radius decreases.

(iv) Atomic and ionic .radii of post-lanthanide elements. The elements

following lanthanides are called post—lahthanide elements. Nom;ally in tbe same
' ber increases. This fact is

sub-group, the covalent radii increases as the atomic num st and
evident when we compare the covalent radii values of the elements of the first an
~second transition series. o

‘ If we compare the covalent radii values of t.h
transition serias with those of the third transition serl,f‘;f 2

e elements of the S" ‘
find that the
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592 - —— |
e he covalent radii values from 5;Sc to 39Y to 57La disappe‘ars\Y 5
f elements: Zr-Hf, Nb-Ta....., Ag-Au Cd-Hg p After
’ 0Sse

increase in t :
lanthanides and the pairs O :
s. If the fourtech »Ianthanldes had not been intervened bet 8§
Weg

n

value .
almost Sam"i’{f’ the value of covalent radius, for example, of Hf should hg
hat of 40Zr gince:Zr and Hf both are in the same sub- Ve begy
Zr lies immediately above Hf, ‘ group Ty

The occurrence of Janthanide contraction cancels the expected Tcriass
covalent radius value from Zr to Hf. This situation is also ‘with -sthey se In the
clements in the second and third series of transition elements. Since the Pairs o
elements of second and third transition series, occurring after lant}?au:s
(e.g. Zr-Hf, Nb-Ta etc pairs) have almost similar size (which is due to lant?:;?’

e

contraction), they are much’close to on€ another in properties than-do the pa;
elements of first and second transition serles, ,. ITS of

Table. 12.2 Atomic (covalent) radii (in A") of the elements cad;
' and following Lanthanides = Preceding

Transition VIE : oo
ransition| 117 IVB | VB | VIB | VIIB VIII IB ?B
- 215¢ Ty \% Cr | Mn [Fe Co Ni| C

¥ e
First . 1.32 [1.22 | 1.18 | 1.17 [1.17 1.16 1.15| 1.17 1235

1.44
Zr |Nb | Mo | Tc |Ru Rh Pd| A
Second | 7"e, 145 | 134 ] 180 | 127 |1.25 125 1.28] 1.34 -ffs

_ o Hf | To [ W | Re [Os .Ir.
| La  Ce-Lu s . Ir Pt| A
/ Third [° 165-156 [ 1.44 | 1.34 | 1.30'| 1.28 (1.26 1.27 1.30 1.{;14 1H4g9

( Group 4) and

st

1.69 14 Lanthanides

(v) High density of post-lanthanide elements. Because of lanthanide"
contraction the atomic sizes of the post-lanthanide elements become very smalle
Consequently the packing of atoms in their, metallic crystals become so muc};
compact that their densities are very high. Thus, while the densities of the eléme t

of second transition series are only slightly higher than those of first tran 'tTls
series, the densities of the elements of third transition series are almost douls;;emtr;

those of elements of second transition series.

E(ng OccurrenBce of Y with heavy lanthanides. The crystal radii of Y3+ and‘
t\xto c:;iizg L:zi(fe; :2}19?}? ant E.r3+' - 9'9§A°)- This similarity in ionic size of these
o iis invariabllje oce ! € equaht.y E1L (IS charge (= +3 in both the ions) accounts
n the crystal Stru:tl'rence OfY.Wlth heavier lanthanides. The marked similarities
ompounds and the corl‘xl'z’ Cl;e.mlcal properties and solubility between yttrium
 Separata‘yEhHiim Bom Hie hobrion T of the heavier lanthanides make it difficult
at yttrium. th egirdid B ea\_uex: lanthanides. It is hecause of these similarities
garded for all practical purposes as member of lanthanide series.

ii) E° value. T '
here is a small but smooth increase in standard electrode

H

]
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gial yalues, 13’ for the '—)”7;%\ 54
L pot€ % (R T 1 T

I > M(V’

y from -2.52 V for lanthanyyy, oy
- ~ ‘2

rﬂngm 5V for lutetium.

nd absorption gpe
oul‘ a «Ctr‘n' e 4
9, v l“hc ¢rivalent lanthanide (1,3, '1 he 1anthanide metals are silvery white bt
sorﬂelo Colour of the ions depen g . )iong yre coloured in the solid and in aguegs
olutio™ g containing x electry n the number of unraired electrons beesuge the
v 34’ catlon- nS ln 4 ' h s ; . )
ntaining (14-x) electrong ; th f-level have the same colour ag the [ p%e
: : e n ) P s

ps €U s : edqf. e.g., Pro* and Tm?* ions havine

catlod (14_2) ie., 12 electrong in the f~orbital, e.g., m”* 1ons haJm;,'

reen 4/"‘"'})“3] respectively have the zame eolgur
ly grev Cat o
pameé y'[‘hc colour of lanthanide jong

esult 1t is possible to absorh
psd m. The results in transition

18 due {, the presence of partly filled f-orbitals.
ertain wayelength from the visible region of the
spe . nsition. The colour one Seg)-rm‘ one 4f-orbital to anof:her 4/_‘ orbital know
25 [ 1120 d transmission of | 518 the result of absorption of light of certain

.avelengfhs ARG s OTight of other wavelengths. .

o i h'df’mg empL, halffilled o completely filled 4f-orbitals (i.e. 4f 9, 4f 7
od 4f 14 configuration) are colourless, e.g a3+ (4 0), Gd** (4 7) and Lu"- 4 1)

ns are colourless. | | v

Since the colour is due to the absorption of light by the cations 51 the o, 0
region of the spectrum, it seems that the hande in the absorption «pectrs are due o
the tranSition Of't}-'m “]'@‘C“'“‘nf‘? from fne ]f-"/’(':] to the Otherj within the 4/ -level. |
due 10 - transition. The ,;"hf"”r'.r)tion spectra of the Ln”* ion: show very shoop
nelike bands in the ultraviolet, visible or near infrared regions. The nands of L-
(15 are so sharp that thcy are very useful for characterising the lanthanides and !
their quantitative estimations.

10, Magnetic Properties. Magnetism is a property associat~d with unpairec
dectrons. All lanthanide ions (Ln?* ions) with the exception of La® . Lu’~ rb’~ &«
(¢t are paramagnetic because they contain unpaired electrons in the 4f oro:al
Their magnetic moment do not obey the simple “spin only” formula texcept fc- 47 7.

4fTand 4f Mcases) for the magnetic moment.

Ju spinonly = Jn( n + 2) where n is equal to the number of unpaired electrons.

In case of lanthanides, the magnetic effect arising from the orbital motion of
the electron as well as that arising from the electrons spinning on its axis,
“niributes to the total magnetic moment. Therefore, magnetic moments of
“th_anides are calculated by taking into consideration spin as well as orbital 4
“Miributions and a more complex formula. o

W=4S(S+ 1)+ L(L + 1) |
8 the orbital quantum number, L and spin quantum number, Sis used‘
N 38netic moment values of lanthanides vary depending upon tae atomic

,umber. Lu3+ . . : 0 2 P 41 moment

ey 18 diamagnetic (due to /) and the value of magnetic momc
eg : T v s 10 1.47

7 Baining maximum value at neodymium. It then suddenly drops 10 147

hich involye

Scanned with CamScanner



REVANASWRLIE AR VAN "”"?-'Wllh'[}{\i‘

594 ——""‘7 ; ;

@ . ; s e — L3

for samarium. It increases again ummnt! maximum value for dysprosium "y f

y : . it aain falls toucing zoro at lutetium which is di i
Imium. Thereafter, 1t again falls e ¢ ich is diama :

o inita /o1 bitals. Bhotje ¢

because it contains 14 electrons
12.3 Chemical properties of lanthanides
In general, the lanthanides hc‘huvf'. ag active metaly, Their electrode potent;
values are comparable to those of alkaline carth meta's. All the metals a(‘t; aial
: N o g «
%a

strong reducing agents.
(i) Action with acids. All Janthanides are attacked by acids with the uhpmuqn t
e "

hydrogen.
(i) Action with water. The standard electrode potential values, E° indicate thas

these metals should react vigorously with water. In fact they do liberate hydroge
slowly from cold water and rapidly from hot water. 4
(iii) Action with air. They are easily tarnished in moist air. If ignited in ajr they

burn to give 3+ and +4 oxides like Lng O3 or CeOg.
(iv) Action with nitrogen. They react with nitrogen to form metal nitrides of the

general formula MN. -
(v) Action with halogen. They combine directly with halogens to give trihalides MX;,
y react with hydrogen especially at elevateq

(vi) Action with hydrogen. The .
hydrides having compositiop

temperature and form non-stoichiometric
MHjy and MH3. | |
(vii) Formation of complexes. Although the lanthanide ions have a high charg,
(+3), yet the size of their ions is very large (yielding small charge to size ratio). Asg
consequence they have’ poor tendency to form Complexes. They form complexes

mainly with chelating agents such 'as B-diketones, EDTA, B-hydroxyquinoline,

N

oxalic acid, ethylenediamine, etc.
(viii) Reaction with anions. Nearly all known anions form the compounds with

Ln3* cation. These compounds are stable in solid as well as in solution state,
Compounds of Ln3+ cation with the anions such as OH-, CO%" ,S0%",C,0%" ,NOjete
decompose on heating, give first basic salts and finally oxides. Hydrated salts that
contain thermally stable anions ‘such as F”,Cl",Br',POi_ etc also give similar

products on heating because of hydrolysis.
Compounds of Ln3*  cation
» NO3,CHj3 CO0~,BO3™ are generally soluble in water while those with F-,0H

with  the anions Cl-,Br "

,0%,0,037,C0%, P03~ are generally insoluble in water.

12.4 Occurrenée of Lanthahides

Each ‘lanthanide mineral contains all lanthanides although some in trac
only, excepting Pm which is an’ unstable radioactive elements. The importent
minerals of lanthanides are as follows: o ¥ e - '

g
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.te sand which containg i,

4
b e/ 22

azl ; ey
- 1 rd B Om; N whel]
T (i) Mlﬂnthanldes(l.e., s7La  to li(!EU)‘ ;hnmnl.ly 'u\(! Mixture of o} SN L4
fi‘:light Lides 50-70%, heavy ]am}mm-deS i § approximate Phogsphates of

Mpositi b 1
n) 1_g0 on s light

%0y, TiOg ete, * 'hOy 5-10¢,

1“3-.'(;4(}(1 to 11

Ox 22-30%, traces of Uraniyp,

B th
.;t ; lﬂ“t 1’2% , PoUs
8% ime which contains predom; -

_ Ing v
¢ is analogous to Monazite ang h ly the mixture of Phosph

aS the approximg ates of h
te co Py Qavv
1% Mposit . ‘
°, ThOg 3% , U,04 3.5%, Zr‘(")‘; ;Séﬁen\ry
i

straction of Lanthanides from

: _ . Nazi i
1¢.5 L thanides are mainly extracteq azite minera]

antnan ; from monag; -
or thorium and the lanthanides aye _nonazite minerq) yyp;

wor:;‘:ts of the following three steps.
con

) o .
ﬂleiiljl:li des 54-65%, light lanthanideg ~0
jan™

i ntration of the mineral. The co;i

0 Cowith gravity separation on Wilfley tableg. Si
beg:;r than quartz, the ;nongzitc? sand get riffl '
head and other gangue matgrlall s washed off. The eavy mé‘:lter'elS anfl i iz
sa:ﬁazi te sand and-other material sands is dried ang then passedl'fhrWh,ch e

m r. The monazite, being much less magnetic

or.
sefa:;ireby separated from the rest.
ge s U .

Cracking of the mineral . The‘finely_ powdered and concentrated monazite

(i) L g " - .
o oral i digested with concentrated H,S0 4 until a paste of lanthanide sulnliates

containing phosphoric acid (formed by the reaction of P05 with Hy0), and excess of

1,504 » 18 formed. The peTstle = Centrjfuggd and then treated with cold water when |
slica being inS-01Uble prec1p1tat.es out. .The solution is neutralized with a mixture of
Janthanide oxides When thorlunl., , z1rc0nipm and titanium precipitate out as
: pymphosphates. Sodium sulphate is afided to the clear mother liquor so that light
lanthanides (La to Sm) may precipitate out as double salts while the heavy
lanthanides (Gd to Lu) still remain in solution. S :
Hot' sodium hydroxide is added to precipitate double sulphates of light
' Janthanides to form a mixture of hydrated oxides. This is washed (till free from '
Na,SO, ) and dried in air at 100°C where by cerium is completely oxidized to CeO,
while other lanthanides change into their oxides. At this stage, the approximate
composition of residual solids is CeOz(SO%);' NdyO3 (20%), LagOg (17%),Pry04

(8%),8m403.(5%). This mixture is treated with dilute HNO3 when all the lanthanide
oxides (except CeO,) get dissolved and filtered. The crude CeOj is dissolved in 85%
HN03 and cerium is precipitatea from it as the red basic nitfate, Ce(OH) (NOg)3. 2H0 by
the addition ‘of exceés of dilute Hy SO'4. The solution obtained after removing cerium

8 basic cerium nitrate contains the nitrates of La, Pr , Nd and Sm. The individual

‘anthanides are separated from this solution by suitable methods.

The solution containing the su‘lphatesv of heavy _lanthariides can also be vsed .
| sep?irate the individual components by different meth~ds discussed below:
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Flow Sheet. Extraction of 1anthanides from Monazite 4

INORGANTG I

Powdered and concentrated monazite sang and
pigest with conc. H,S0,
Pasty mass of sulphates of lanthani des
cold water
ppt. of silica, SiOz Solution ,
mi
1 of lanthanide oxi e Xture
/ ,
ppt. containing pyropho’shates ‘ | Solution .
" of Th, Zrand Ti . o l NasS0,
L ’ hates Solution containing heay
: taining double sulp : ,
pr 1t1 icirllaithanides (La to Sm) lanthanides (Gd to Ly)
of light - o . . Separation by Suitab],
Hot NaOH ation by ¢

Hydroxides of light lanthanides
Dry in air’ at 100°C

Mixture lof‘oxides (LagOg = 17% , CeOg = 5(3%,

4
4

Individual components

of heavy lanthanides

7

', Dil.H,SO, |
ppt;‘.l;CeO2 - Solution coﬁtaining nitrates
(i) 85% HNO; of La, Pr, Nd and Sm .

(ii) Dil. HySO,.

ppt. of basic ceric nitrate, -
Ce(OH)XNOg)3. 3H,0

Filtered . , _ ' .

/

ppt. of basic

ceric m'tr_ate La, Pr, Nd and Sm

Individual components
are separated.

Solution containing nitrates of
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™ :on of Lant
{ p Sepﬂratlon anlde'e‘]em‘ents |

1. U}y chemists 10 the past, by sting classical methodg
P pjoal production ¢ Lanthanideg o, remAin as very
0" 1ional crystallization, Ty, mercial scale,

-aC . S pro
R rious salts. The g; Cedure dependg f vl o
() ity of va4 < Simple Salts of lanthid. on. slight differen, ;

€ nitrat
’ : Such es
o522 ), 3Mn(NO3 )2'24H20’LH(N03)%-2N1-1 ?\?o 2Ln(NOy), |
Jure. Since the SO]Ubﬂity of theSe Sin; 4 3.4H2O
OS?Z lanthamdes can be Separated fro
the

; 5 u,
llization & number of times ag followg . D8 the fractiong]

& he mixed solution of lanthaniqq o

Were noy
. Onl

it would deposit one-half of the g;

: dissolved salts as cry i
ooling e | ved salts as crystals. Similarly, the Jiqy
fom the first crys'_calhzathn 1s also €Vaporated further so that one-half of the disSo(Ilv:; |
alt may be obtained as crystals. ; i . . ) .

The crystals and mother liquors obtained from the second set of operations are’
separate,d from each oi';her, and the other liquor from ‘the first crystallization is
mbined With the crystals from the second evaporation of the original mother liquor. The
darting solution thus get separated, at this stage into three fractions: - '

The three fractions are then submitted to crystallization as before and the
resulting liquors are combined with crystal from adjacent solution . The four fractions
ohich thus result, on being processed in the same way as before, give rise to five
tactions . Each series of operations, therefore, gives one more fraction. |

As a result of the repetition of the above process, the components which are less
' hile those which are soluble pass to

1 the desired degree of separation
mixture of

|soluble continuously. pass on to thé crop of cry'stais, wh
i ' ' t1
the final mother liquor. The process 15 cgntlnue , until the |
has been achieved. The systematic fractional crystglhzgtmn of any given
lanthanides results in the separation into:
(@) The Jeast soluble compor.ents that acc
farystals,
) The more soluble components tha.t
9 The intermediate components, diStr’ | T
e-I}d mother liquor, in the order of solubility’ It has already pointed out tha
v Fracti , ipitation method- from Lagyto Lu71- .
- c flO}:lal prempli:afl1 s ments decreases 110 hose ofhezY,
€r of the hydroxides of 1an o &

anide elé pasic thal ;,
- are more as . Afasiie,
ydroﬁd 1 id Jements (Las7 ]?1063) L mixbare of the lan_td Y
es of light lanthanide e ¢ the solution containing I , _
s)

th&nides (Gd64 - Lu71)_ When pH. “ |
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clements is gradually increased by :lddi'ng NH;, amine or .u]'kuli ete, t.he hydroxxde's of |
. heavy lanthanides being less basic get preferentially prccn.pxtuted. whxlg those bof lighy
[ lanthanides which are more basic are left behind in the solutlo,n..‘ From a ngen sub-groyy,
individual lanthanides are then separated by the furthc'r fract‘wnal prf:'zl{)xtlaj;wx:x of the |
" hydroxides, Singe the basicity differences in the hy.dmxu.lcs of lzxnph-anl ; et;?;mts are |
small, complete separation of the adjacent members in a given sub-group y 8 methgg
of fractional precipitation cannot be made. | :
te by selective oxidation or reduction. As a]FOady
9 and +4 oxidation states in addition to 43

the lanthanides. The properties of L2+

(iii) Change of oxidation sta
mentioned, some of the lanthanides show +

" oxidation state which is the common state for all ] AL
and Ln* ions are different from those of the Ln3+ ions. A change in oxidation state

results in a remarkable change in properties. Selective oxidation or reduction, therefore,
provides a very effective method of separating specific lanthanides.
Examples: (i) Suppose we have to separate Ce from a mixture containing Ce3* and other
tripositive lanthanide cations. This mixture is treated with some strong oxidizing agent
such as bromate in neutral medium or chloriné or KMnO, in alkaline medium. By this
"treatment only Ce3+ jon is oxidized to Ce* ion while other lanthanide ions remain as
Ln3+ions. Since Ce#* ion is smaller than Ce3+ ion, Cet* ion is less basic and less soluble,
Ce?* ion can thus be precipitated as Ce(OH)‘i by the addition of a small amount of an
- alkali Jeaving all other Ln3+ ions in solution. By this method it has been ‘possible to have

99% pure Ce from a mixture containing only 40% Ce. |

(ii) Eud* can almost quantitatively be sep_afated from a solution containing Eu3+ and
other Ln3+ ions by reducing it to Eu2+ by means of Zn-amalgam and then precipitating it
as EuSO, which is insoluble in water and hence can be separated, while the sulphates of

all the trivalent lanthanides are sohiblé in water.

2.. ‘Modern Methods. Following are the modern methods which are now ﬁsed for
separating individual lanthanides. | |

@ Ion-exchange method. This is the most rapid and effective method for the
separation and purification of the lanthanides. This method is based on the following

principles. ‘ |
(i) Lanthanide ions on contact with synthetic resins containing__‘ COOH group or- SO3H

group undergo proton exchange.

Ln’* + 3H -resin —— Ln(resin) + 3H*

(i) T"15 bonding of the lanthanide ion to the resin depends on its sizé, i.e., the smaller the
sizeof 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 o |
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