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11.7 App
'(A) Applications and uses of elements.

(i? Lanthanides are used in metallot/;ermib reactions due to their extraordinary reducin
property. Lanthanido-thermic processes can yield sufficiently pure Nb, Zr, Fe, Co Nig
Mn,Y, U, B and Si. These metals are also used as de-oxidizing agents particul ’l in h,
manufacture of Cu and its alloys. A
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(v In textiles and leather industries. Ceric salts are used for dying in textile
industries and as tenning agents i leather industries. Ce(NOjy), is used as a mordant for
dizarin dves. Chlorides and acetates of lanthanides make the fabrics water-proof and

acid resistant.
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and for painting the screens of cathode-12y tubes. |
({x) Catalytic applications. Certain compounds of lanthanides are employed for the
hydrogenation, dehydrogenation and oxidation o.f various organic compounds, Cen'un;
phosphate is used as a catalyst in petroleum cracking. ;

(x) Electronic applications. Ferrimagnetic garnets of the type 3Ln203. 5Fe20; arg
employed in microwave devices. |

(xi) Neodyn'ﬁum oxide dissolved in selenium oxychloride is one of the most powerfy
liquid lasers known so far. . :

(xii) Cerium salts are used in analysis, dyeing cotton, lead accumulators, medicines et

(xiii) Gadolinium sulphate heptahydrate haS:been used to produce very low temperatupe.

Nuclear applications. ' Lanthanide elements and -their compounds find Many
important nuclear uses, e.g; in nuclear fuel control, shielding and fluxing devices. Prl47 i
used in the production of atomic battery.

ACTINIDES : | | R |
12.8 Introduction ’

The elements in which the additional electron enters 5f-orbitals of (n-2)th main
shell are called 5f-block elements, actinides or actinones.

Thus ' strictly according to this definition of actinides only thirteen elements from
90Th (579 6d2 7s2) to 109No (5f 14 6d° 7s2) should be the-members of actinide series,

However, all the fifteen elements from ggAc (5f 0641 7s2) to 103Lw (5f 1%_* 6d1 7s2) are
considered as the members of actinide series, since all these fifteen elements have similar
physical and chemical properties. The name actinide is derived from actinium the very
first member of the series. Only the first four elements of this series namely ac’t}niiml,
thorium, protoactinium and uranium c')ccurv in nature, the other ‘elements are made
artificially by nuclear bombardment. All the actinides are toxic to human. The actinide
elements constitute the second inner transition series. Actinide elements lie in the Ttk
period (incomplete period with n=7) and IIIB group (Group 3) of the periodic table.

|
|
|

3

12.9 Position of Actinides in the Periodic Table : _ |

The existence of the lanthanide series helped the discoverers to predict that
another series of elements resulting from the addition of electrons to an (n-2) f- shell
(i.e., 5f-shell) should occur somewhere in the heavy elements region. Prior to the
discovery of transuranium elements, the natui'ally cccurring heaviest known elements
namely goTh , 91Pa and goU were placed below 7oHf ; 73Ta and 74W in IVB, VB and VIB
groups of the periodic table, because these elements showed +4, +5-and +6 oxidation
states and resembled Hf, Ta and W respectively in many of their properties.

_d
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Table 12,3 Propar -

S — - T Tonicvagy
| Atomie Electronic Oxidation (Pm) M

Element | Symbol [ yomber | Configuration | states "

| :\t'itil\iuih e Y T I1tnl b/ ‘: ”".l. ,'/”:f ::' ) :(l”l;*\-:\
Thorium T iy I1tn h/,.‘,”d.l' ,l”.'.' :’ (5 10K 9
Pyotactinium I vl “f“' h/, ‘,M, ,,M.'.' ; "I ,l") G !()‘) [l
Uranium t D [1tn] “/,' (il ,/",',' ,'"f 'lj’(i 7 4 93
Noptunium Np N IRnl f'/"' ‘f"” r/“")' :3,4, M0, 101 09
Plutonium "o R [Kn] Q/',”‘"'“ /fi:; ',;’/l'b'”.',] l(()() 90
Americinm Am 0h [Rn] b/ ,/ (30 '{n: 3,4,5,6 99 9
Curium ('m 06 [Rn| 67 GV 7a* | 3,4 08 88
Borkelium 1k 07 (Rn] 6P GAO 6% | 3,4 96 i
Calitornium Cf OH [Rn] 6/ 10Gdo 6% | 2,3 95 ¢
Finstoiniun DY 09 [Rn| by 1 Gdo 7w | 2,3 . :
Formium ('m 100 [Rn| b/ T2 GdoTs? | 2,0 - .
Mendelovium Md 101 [Rn] b/ 1 Gdo 762 | 2,3 - L
Nobelium No 102 | IRn| B/ M Gdo Tu? | 2,0 ,. i
Lawrencium Ly 103 [Rn] b/ M Gd! 72 | 3 - 4

2. Oxidation states. Most of Lthe actinides exhibil, +3 oxidation state, +3 oxi(Eti(;t
state becomes more and more stable as the atomic number increases in the actinig
lsm'ios. Since in the first hall of the aclinide series (i.e. lower actinides), the energy
required for the conversion b/=Gd is small, they show more higher oxidation states
such as +4, +5, and +7. Correspondingly, since in the second half of the actinide
series (i.e., higher actinides), the encrgy required for the conversion 5f-6d is

somewhat high, the higher actinides show lower oxidation states such as +2,

It is found that most stable oxidation states of the elements upto uranium is
the one involving all the valency electrons. Neptunium forms +7 oxdation state
using all the valency electrons but this is oxidizing and the most stable state is #.
f;h;)tlom"um axlsn shmy;q oxidation state upto +7 &nd americium upto +6 but the mosté

i e Dot e s o s L
han curium and americium i} - ¢ 1s strongly oxidizing but is more ,Sta.
fm e l;l | merictum 1n +4 state to £ 7 configuration, Similarly nobelium* |
;fe Igl'\efeny ii ztjhee;:o:i :;‘ll)fiz.due i configuration. Oxidation states of actinid?

3. There in no regular trend in the melting andboiling points of actinides.

4, Reducing power. All the actinides have relatively high go vali®|
(about 2 volts). Therefore, they are strong reducing agents A
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l}\ﬂ v

1 ll(,\\-(\\'t’i" wsecutive’ elelcl(:(l:xtllzct;on 1808 e Highe J'un‘.lp S in_contraction
o the €01 Yassir sl S compared to- lanthanides, The greater
i on 15 due to the lesser shielding of 5f-electons which are therefore pulled
‘mm.:mlu.’b' by the nucleus. Th.e a,c tinide contraction, as usual, leads to a d,ecrease
5‘:;:1,,1si;ity of the elements with increasing atomic number.
colour and anOl'P'tion spectra of actinide ions. Most of the tripostive and
Jtive cations (An3* and An** cations) are coloured and the colour depends
;mpt? pumber of 5f electrons. The colour exhibited by actinide cations is due to f-f
ui\‘ﬂ.itt il(fn& Electrons change their positions from one f orbital to another f orbital. It
P d that An3+ and An#* cations having 5/ 9, 5f L and 5f 7 configuration

yuld be note
;@mlourless while those having 52, 573, 5f4, 55 and 5f 6 configuration are colourd.
" It can be seen, by comparing the colours of Ln3+ and An3+ cations, *hat the

wivofions which have the same number of fv-electroné '.(4f and 5f electrons) have
Tah[\ comparable colours. The pairs-e.g. (i) Nd3+ (4/3-reddish) and U3+ (5f3-red)
ul(i)Gd3* (4f7 - colourless) and Cm3+ (51" - colourless) illustrate this point.

¥4 and Pa4+ (571) ions are colourless. o

The absorption spectra of actinide ions, in aqueous
% narrow bands in the visible, near-ultraviolet and near-infrared re

&spectrum ,

N . . ' s
e bands seen in case of actinide .ions arise from electronic ‘transmonl
' ' eneral,

gy el . d,ing
ey :nergy states within the 5f-electron .su.bsh-ell. It has see:tf:;?imes it
ky,. Ption bands seen in case of actinide ions are about, N |

i

" Seen » .
"0 in case of lanthanide ions. .

solution and in crystals,
gions of

B~ trangfer phenomena occur more frequently a 'd th‘u b»n§1§ ar

Scanned with CamScanner



— N I ¥

, . ; W
e of lower energy involved in transitiong » S}J
M\t
0

606 g becatt o :

intense in the “C“mdb g with the ligand orbitals increases the il"lte W
e -+ orbitath s,
the overlap or Of~9F ol q
absorption bands: rl‘riPQSitive (e.g. U+, Np?* etc) and tetry

operties g o

7. Magnetic P opt-‘-‘ni b ,ations are paramagnetlcfhke t}?,e .trlpOSltlve lanfo%

(e.g Patt, Uit ote) ﬂ(‘“m 45+ ete. Pud+ apd Am** actinide cationg sh ty,
S ) et ‘ . ;

1 gm3+ and Eud+ cations 1n lanthanide Serieq oy, J

« S B ’
cations like Ce™™ » oted for
e ions are smaller than the theoreticg) .

of;

analogous pehaviour a id

. actl -

The magnetic m:;meelzo the fact that 5f electrons of actinides are legg effectl-ct%

values. This 18 u crystal field which results in quenching i
O

om the
shielded (screened) from th hi

contribution: oo
i inl
8. Complex formation: A'cfg e
“because of higher nuclear chars
described below.

{q

des have a greater tendency to form o
d small size of their atoms. Complexes o e’:q

4+ jons exhibit greatest tendency to
<Y by,

actinides are 1A
: 1 and highly charged AN’ .
'y S:;?;lei formation €8 Pu* forms very strong anion complexes,
N .1 valides form adducts with alkali metal hal;
s Most actinide “halides , alideg, y
(ii) example ThClg, forms the complexes MThCl;, MoThClg and Myl
metal. ' Jau

where M is the alkall
Gii) With pyridine, ThCly as well as ThBr,4 form monopyridine complexeg,
(iv) They form cdmplexee with acetylacetone, oxine, EDTA, such as tetr;

(acetyl acetonoate) thorium, Th(acac), and U0, (CgHgNO)y. CoH,ON.

v) U03* forms rather unstable complexes with EDTA as comparef:

lanthanides.

(vi)  The degree of complex formation in case of actinides decreases in ‘heu

An**> AnOZ2* > An* > AnO3
‘The complexing power of different singl
follows the order:
Singly-charged anions: F~ >NOj3 > Cl~

Doubly-charged anions: CO3™ > C,0% > 804'

y charged and double charged an

9. Reacti.gity, Actinide metals are very redctive. When actinides combine’
oxygen, oxides are formed, ThO; , UOp , PaOz , NpO , AmOs Cm0y ete. W
gf;:s on actinides, hydrides are formed, e.g. ThH, , PaHy , UH; , Pully, 7 "
Chlorides, bromides and fodides are formed when the actinide metel is acte ?nli

Cly, specti i '
lp , Brg and I respectively. Actinides are attacked by acids with the Jiberation’
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equal to 92. Since1940 eleve No and j93Lr have been identified and SYntheg;,

g5Cf , goEs , mOFm ’ 101Md ¥ 10 cally occurring elements by nuclear reactiong

by the transformatiop of nat?” s greater than that of uranium (Z=92) are Callg,
elements with atomic numbers ce they occur immediately following uranium ; in gy,
transuranium elements b runium) and 94 (plutoaium) were first dlscovered

e
periodic table. Elem:fe :::, ;nb fmbafdmg uranium —238 with neutrons:
1940. They were pro .
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239 ’
2329U __— “g3Np+ 1e
. 241 241 0
2395 N 239Pu+ Je i ‘ePu — sAm Y e
93 :\P

BEY 4 gr. —

—239 target is struck with accelerate‘1

Curium -242 is forn‘16d when 2 plutomum

alpha particles:
. - 242
29py + gHe — gCm * On

~’I‘h«e atoms of highest atomic number have been prepared by bOmbardment Using

12 14
. . n N
comparatively massive particles such as B,¢“Cand 7
' ., 245 10 254 ,
280m + §2C—— 3No +6 i ; PRCf+3B —— flw+ln

12.13 Separation of Actinide Elements

Transuranium elements, produced as a result of nuclear reactions, ar
isolated from the target mate}'ials and irradiated nuclear f"uels oy the following
methods.

1. Precipitation method. Tri - and tetrapositive actinides can be precipi.ated as
fluorides or phosphates from acidic solution. Actinides in higher ox1dat10n states do
not give a precipitate or form complexes. This method is particularly useful for the
separation of actinide elements of U- Am group. When the quantity of the actinide

ion is insufficient to precipitate by itself, coprecipitation with a carrier like LiF; o
BiPO, is adopted. The LiF 3 coprempltanop method has been vsed for the separatios

of Np and Pu ( obtained by neutron irradiation of uranium) from uranium and othe’

fission  products. The BiPO,-coprecipitation method has been discovered b

Thomson and Seaborg and is used for the large scale production of Pu from uraniu®
and fission production (FP’s), .
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( Pu?* is carried by BiPOy better than Pu?*)

- D.issolve in HNOj and oxidise Pu%+ to Puf+
with KMnO, , KyCr,y0; or NaBiO,
J | s TR

PuOZ Bi**, FP's

POS”

I —

Precipitaté Filtrate: py6+
BiPQ, carrying Fp’s ) )

2. Solvent Extraction Method. This method depends on the extractability of th

various oxidation states of actinide elements. This technique finds e:‘rceon ve
application in the recovery of U and Pu from used-up nuclear fuels. The D e SSl\fe
based on the distribution of a metal between the aqueous solution and an or anisc
solvent. Thus with methyl isobutyl ketone (hexone) Np4+., Np5*+ , Pub* and U 6g+ o

extracted while Pu3+ is not extracted. Diethyl ether and tri-n-butyl phosphate (TBP? |
are other solvents which are used as extractants. Because of the high viscosity and
density, TBP is used as 20% solution in kerosene. The méthod is preferexiially

applied to nitrate systems, because other ions like SO3™, T10; , F~ etc. are strongly
complexing and tend to retain the metal in aqueous solution. Hexone and diethyl
th?r require a high concentration of ’NO§ ions in the aqueous phase and it is .
hieved by adding’ AI(N O3)3 which has a high salt-out action. TBP is res:stant to

nitric acej B e _
bltgc 2cid oxidation and acts by itself as a salt agent-Solvent extraction of Pu and U
Y hexone and TBP is shown in flow sheets 2 and 3 respectively.
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