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4 Vs 1& Latlice enmgy of an jonie ctystal is definnd as the enefgy eloanen
At one mole ol gaseoys cations and one mole of gasetus anons

acianaled fram anen Oiar by an inlinile dislanco aro brought 1o thien

\ CQuilibnium distance- to form one mole of the anic cryt.l:ﬂ 1 'LG_.
Explanation -

The rermation of o mole of an lonic sohd H'B‘m from ils constitue
gascous wns ""m and D-tm may be represented at follows

-

wm * B, — A'B7,,, * Energy released
bne mole  one mple one mole

The energy relcased is called lattic ﬂﬂﬂ"ﬂ)'; o

FE'-‘DHIE! definition : . -
= fﬂ Lattic energy is the energy required to move the ions ol one mole . ||
. Oftheionic cryslal which are ot an equilibnum dislance from sach other, chlo
to an infinite distance.™ L'E’.E.
Explanation : - {/ k
The lattic energy of an ionic'cyslal is the energy renuired to convert
one mole of an ionic crystal A*B- ) into gaseous A’ and B~ ie. 2.
[ ] - - ! [ ] -
A'B )+ Encrgy absorbed > A ot B8 @ .
One mole }s '
~ The energy abscrbed is numerically equal 1o the latlice energy. F 4

Lallice energy is represented by - U. The negative sign indicales
thai the-formation 'of an ionic solid from its gaseous cations and anions
IS an exorgermic process.’ ie., in the formation of the iorig solid, ther
Is a release of energy and hence the encrgy of the syslem is lnwerpgf,
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ACC
Lo The tal coergy of formaron of 1he crystal from 15 elemenia, ' polont
compopents s ey h} the equatjon. SigmEn)
- measur
= 1
J S*I;D'I'I-'E—Ub % high va
Sa, ,*Q+S+U%D+I-E §\ high va
\
. The values of Q are aceurately known for fadny subs‘tnnr.:s Knowing } |
Mt tae other thermochenycal values, it is possible 10 enlculate thes lattice r &
Theray . 7 9. : ) *
- i..--'
: -3&[E‘mllmg s scile o clectmncgalwity v
Cn the basis of bond enargies, Pauling devised a scaje for EA st
-.Ir mrpntgﬂwuy Bond energy of a compound A - B for pure covalency I
.15 geomelric mean of the bond energies of A — A and B - B. than |
l' '. - - o :E = i
vhatis, E__, = [E; X E, ,] j | MiiE
But actual experimental value is found tobe gresterthan this expected
value. Let the dilTerence between the two ne D,
] - :. . N r."!.
r.C.. B = I-‘ " _l!:-\. Ax Eﬂa n]
D is a measure of the polarity of the bond A — B. It depends on the use
3 difference in li:e cicctroncgative charncter af A and B. k.cs
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The faclor O 08B CONVEMS A fram k1 mmin-! 1o py (8le: |
units
, Pauling gave an arbitrary value o1 electronegatvity to by o
ol i X-H =2 1. This is'used as reference stoadhrd for calc:

- elgCkonegalivitias of other elamentsy

Mullil-:en scale of electronegativi y
' &Gcnr ing to Mullixen, the electronegativily s related to o0
mentars pa.*enhal and its eleclron E"lnllf lonisation potenhial meus s
elemen!'s tenduncy to lose ils valence eleclron while clectror &
-
[
£

- ‘ . >
measures its tendancy 10 allract an extra electron .,_Ihﬁh:rer-uv-*- b
higt: values of ionisation rolential and electron affimty will als

3 khlémalue of ele:trcnegam ty, Thus
nnwfn‘;_: . ) — IP + EA
Nattice - x =
Where y = Electronegativily ; IP = fonisation potential in «v 31
ic for F EA = Electron affinity in eV. ) N
ency Mulliken's value of eleétrnnegalivi':ies are obhout 2.8 times laioe”
than Pauling’s value, Hence to make both values approximately - !
Mulliken's value is divided by 2.8. Thus, i
: g |
: [
=cted _IP+EA _ IP+EA |
2x28 58 i
The censtant 5 ——is called scale adjustment facfor This tacto. » ?
 the used when IP and EA are expressed in eV. Il they are expresscd .

k.cals, the following scale is used. :
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¢ 1o eovalent character
te LM loy Ko

inni
Transitian from thal « LAmpound 1,

fram 1ne plioye dispusEnn it € flesrery
i k] oo ek lerad | LT ]
ver 10D% govatent nor 100% lome. WNED nare 1% & G p pecrest® " i
siectronegaliviies between 1Wo covalently bnund atofs, e cavalun: punng the
il T o . ; : in oan lonic -
yand precenl in il deuslops 0 partial 10Nt characloer a 1 i 1,;::*:”-‘" . 0.
< prew ; , rlinl 1)
compuund, therg may pa ion polarisalion causing a pa tnl covaton) ——
) - 1E
characler  Thus there Is @ transition beiween joric and covalent , | . A;
._:.l_';ﬂ C 25
harac .
char IL?ﬂrﬁ. ) o | lnn|r ﬂtom
1 LT ' r
Fajan’s Rules : e ' Thus the
e magnitude of the polansing power yneic melt

]
. Fhe vanous factors that affectir

C {13 caton and the palatizability of the anion are sugyeslec by Fajans charpctlef
fhese are called Fajan's rules f
/ ii. The mel’
1.  Sireofcation’ raspacthiy
‘rﬁﬁ'ﬁ;ﬂ; is small, it will have grealer polarising power »n anion greater
- {tha
2. _ Sizeof anion : . “'““l l.
JF1Rhe anion is large, in vill have greater tendency lo get polarised CaCl,
by cations. When an anion is emall, the valency eleclrons are nearer 1o thai Cal
the nu:_;lei.rs and herce the lendency lo get polarised by the cation will i, The me
be less. Bul when an anion is large, it is polarised easily. chiorid
3. Chargeonlons: : than b
As-the-Tenic charge on calion increases the polarising capacity less i
also increases.’ .
: :):]J'TQ b. Decr
Explanation with examples : The
i. Letus consider Ag* shd K*. Whose ipnic radii are 1.13A and 1.33 _
e b ' HF

e —— < —

A rospectively Eliecapse of 5malief size Ag" will have grealer

_polarising power. — PhbF
if. Letus consider Na' and AI™. Since AI** has got more ionic charge. Be!
il wall have greater polarising power. ' ¥ ) it more
-~ ""-I. ‘
. L]
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piyshals
parcitai 1onic characler tiom cleciro negativity
b -
We have seenthal d covalent Linind i 5t up by shaiirg 3 1ecuns |

o Mulliken's Scolp
alid]

petwern atoms 1 the electran pair 15 shated equaly tae L
pan - polar Hhe electron por is shared unequally the -rl-.-u- | e
o cxample, the covalent bupds in 4 R ”' '
the case of hydrogen fluonde the [.-1',1;'11.;':? Et:‘f-,;lrr‘;:l:1::4.'-”11r1w:|-L- I ’ ""'
uncgualy shared, Fluorine has a greater allraction for L'1",;!'.':';_U.' . ;I .IJ.-.,'.I.-
electroncgativity than hydroyeny  Su lhe shaied pair of ol ;...Iflmj, in
nearer 1o fluonine atom than hydrogan  This makes the coviten Lo
polar in nature. This is r::]ll_ed lhe pariial ienic characler

a few element
5. S
calculation of percent ionic nature from clectronegalivity :

cironegalivity can b used to calculate the percantags ol ionk

clrons between
If two aloms .4 and B are inked by ¢

* can be rightly

characle a polar covalent bond
polar covalénl bongd A — B, the amount of ionic ¢
depends-on lhendiflierence of electronegalivity vatues of A and B
differnce of eleclrbgegativily value is X, = X, lhe greater the valle o

X, — X, greater is o, percenlage of ionic characler in A — «—8 bond
of iomuc atoni /A (X,) s assumed 10 be greatas

~Harocter In fhae aonc
Il 1he

i In which the
iken scale will

O Here the cleclroneqahv
R LY than that of B(X,). Paulpg has estimated the percenlage of ionit
[ ! =
aracter in various polaor valent bonds frem X, - X walues an’| hat
ed polarising a8 . P x " %o .
. derived the following I::Dn-::,us"clns.

value of  Pcrcentage Aonil.': Mature of A— B bond

y a cation is " | X=X Character \-, : |
: | 1.7 .  50%" \ 50% covalent 50% ioric
> electronic )
le of anion < 1.7 < 50% i pPredominantly covalent
izability. ' Written as A - B},
=17 > 50% predominantly ionic
".r';u'riuen as A-B. '\ o
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Coleulatn * PR :
¢ the L'!L,..Tiulllfua[p;,w value ol crilanne on Molliken's scals )

v : b cai lonie €l
Given thal (It = 13 eV / alem and (EA), (= AeV | atom L

L3 F"*

e Tavd GE

e BLODMS

-Sﬂ!u"on | '.1 piws
(IP)., + (EA), 19 + 4 - | s o
ey = —t =73 03 S examblo #
506 56 56 1 ast ol Lyt
1_]:|L-'.‘.I1i-!1‘|' chane
i . I[’.'."-L";i-"-‘r.l_"._jr]‘!u'

pearer 10 fhus

ﬁ !ﬂlsadv:mtagas of Mulliken's scale : potar 10 natur

calculatior
dpclio

=1. LClectron affinity values are accuralely known for only a faw plemernis. }

2.  The values of IP and EA refer 1o the Lhansfer of electrons belween \r
ihe alomic orbilals. We do not know whether these can be rightly , characiein
s polat covall

applied to the electrons is a bond.
dependd or

3.  The values of IP and EA vary wilh the nature of shell in which the differnce ©

cuncerned_n[u;tmnsﬂg situa}g:.j‘. So values on Mulliken scale will X, =%, 8r

also vary accordingly.” r__ L.i)) eht ™ ] Here \he ¢

. . ; — 1 o € 1= = : han that

Polarising Power ~ ' l:_,._ P LY | B < b} tt:;mm

i} [The ability of 2 cation 1o polarize & nearby anion is called polarising Jetived :1
powar of polarising abilty, | & 6L | |

' val

. Polarizatility 3
'«5& ET'.‘E tendency of an anipn to gel polarised or distorled t::y a calionis | .
- called Its polarizahili!ﬂ Y : : R 1
Thus in ion polaris&Tion, the role of calion is to distort the electronic
L

cloud of the anion because of the its polorising power. The 1ole of anion
is to get distorted by the cation becausa of its natute of polarizability.

. Effects of ion polarization . _
" \_ i Due to ion polarisation, some covalent character is Introduced in

£ an othervise ionic bond.
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8) KSCN is acetone convens [NT'CHYs 16 [NPSCN) .
Steveture
1) They are cither cyelic of linear,
Uhe 1eiier congicte of » planar six-membotred ring. '
(G L
s - |
C
C‘\P/ PR '\p,}rl\p,m /
S| RO o I~ S (e 7%
N\p{/N N:,:.}D N 4
7 ‘ /' \ N\ 245
@ cr cl cr ¢l 48
B 3 . . o g . . 3 PR o 2 s ‘ f
The band angles are consistent with sp2 hybridization of nitrogen and sp hybnd\zau.or;ig
phosphorous. Resonance :structures can be drawn analogue to those for benzene indicatis
aromaticity in the ring. " .

A\

Untike in benzene, n-bonding here involves d-p m-bonds. The drn-pn bonding in phosphonit{j‘
systems is explained based on two concepts. | 32
Craig and Paddock model: The d,, orbital on each phosphorous overlaps with the p, orb:tqg
nitrogen adjacent to it. As a result of the gerade symmetry of the d-orbital an inevitable mismatch

the sign of the wave function occurs in the trimer. This node decreases the stability of the deloqag
molecular orbital. " e

"Dewar model: Both the d,; and d,, orbitals participate in the n-bonding. They hybridize themselve
form d, and d} directed towards the adjacent nitrogen atoms. This allows delocalized, th:ec-‘ggé,t_x}é
bonds to be formed about each N atom. This scheme results in delocalization over selected s
atoms segment of the ring but nodes are present on each P atom since the d, and d, orfiltag
mutually orthogonal. . : L NIE

: : ' . . . '. 3
The structures of tetrameric forms are more flexible than those of the trimers. The rings are plar

[NPF;]s and [NPCl,]s. But chain and boat forms have been identified for [NPCl,)4 and for{_NE%
2) The structure of the tetramer has also been determined by the X-ray method. Gl
c o ’
. :
= N——P—=N “5\
N[ |
N == P ——N :
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replacement of BH, group by isoelectronic CH group.
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8 " ‘ _ Tatraantan of
Squinfraite Croennats Rhexfizonats tetrahyelroquinone

C'n rtmrancs

8 v’HAf"Hr.uu‘& nre mixed hydrides of carbon and boron having both C and B atoms in an e\cctron”
deficient framewark, There are two main types, o

-~

1) Claso carboranes CyBy H, (n =5~ 12) &

2) Nido carboranes with open cage structure derived formally from one of either oﬁ
several boranes and containing 1 to 4 C atoms in the skeleton. =
In addition, there are a number of carboranes with an additional hetero atom such as phosphorous’ and
a fairly numerons family of metallocarboranes some of which are similar to ferrocene. “*

Nomenclarure: (i) The position of C-atoms is first indicated; (i) the type of carborane (cioso d

nido), (iii) the name of borane from which formally derived and finally the number of hydmgg:

moms For example: The three isomers of C;B)oH; are (a) 1,2-dicarba-closododecaborane (12} (
.7-dicarba-closododecaborane (12), and (c) 1, 12-dicarba-closododecaborane (12). 5

Similarly, CBsHe can be named as monocarba nldohexaborane 9.

Nidocarboranes: The small mdocarborane is usually prepared by the reaction of borane (B.§
BsHo, BsHyy, ete.) with acetylene under mild condijtions. The same reaction is drastic condmon )
yield the closocarboranes. For example: BsH,; and acetylene at 250 °C in the gas phase gwe&
nidocarborane, 2 3-CZB4H3 and at 450 °C gives the closocarboranes, 1,5-C;B5H;, | 6-C784H6 and*
C,B:H;.

The nidocarborane 2 3-C284H3 is converted mto closocarboranes CyB3H;s, CyB4Hs and CIB)S‘%

-pvrolysis or UV radiation. : , =
. . ~_VA . -\~

Structure: The structures of some mdocarboranes are shown below. The H-bridges are sho n
curved lines and termmal C-H and B- H bonds are omltted The introduction of successive C-ag

BeHip - _ CBsHg . ~C2B4Hg

PEYY PSP NS T W Y SU T EE WP PP L PR RO L S Y




. ¥ cxtending
. _ delocalization
All these compounds are electron deficient with multicentered bond and

. ; 55 3
over the entire framework. B, ion

he c;{)rresp(mdmi:’,‘ They cnne

r ‘ ™ .1 il . 'g;\{?!ﬂt?h“(}ﬁeﬂ with t ) “
Closocarboranes: Members of Crfluati, series are | H.atom bonded to sach C and B
= nd have the same closed polvhedral stractore with one 1> :

< os *

7 pe prepared by rescting borapes ahd meetyiene st high tertperatires.

BHoe + CaHs A0 s 1,58 My, 1,6CyfHy, 2,4-C83H; ;
0. + CyHy ~—tleiedichoge o § .60, Hy, 1,6.CsBaHe, 2,4-CiBsHy | %
2 ’ » , % : \a At v the partia |
The closocarboranes C:BgH,, CiBsHy CiBiHw and CiRBsHy, are !j..cct prepared by the pa
L degradation of 1,2-CyBuH,; with & gtrong base. _
é‘vC;B;}H; has a triponal bipyramidal structure, C3ByH, an octahedral structure and C;B5H; a pentagonal
ipyvramidal structure, ’
The best known closocarborane is C;B1oH); which is prepared by the reaction of B:‘an with CyH; in
prezence of B Lewis base such as acetonitrile, :
E::f-?%mHn %+ 2L == BypH:la miip Wheh L CH SN > C;3BigHyy +2MeCN + H4
Phosphorous Cage Compounds
The simplest example is Py. This is a tetrahedron of P atoms. Such a structure requires a bond angle
f 60%. But the minimum bond angle available using only s and p orbitals is 90°. The smaller bond
ngle in P is accomplished either through involvement of d orbitals in bonding or through bent
onds. In any event, the molecule is destabilized and quite reactive. It reacts readily with oxygen to
orm 2 mixture of oxides. '
‘::'(*02_’ pdo(» pdolo "
éaczion of PCl; with methylamine produces a cage phosphorous imide, iscelectronic and
ostructural with P,Qg. ‘
Cls + 18CH;NH; — P((NCHy)s + 12CH;NH,ClI
¢ structures of the cage compounds are given below:
= P4Os P4010 'P4(NCHy)g
P e PN
. _ H3C\ CHy -
~ / / /o \ CHy /.
i P \p/ HaC \p/ CH4
5 : /y 7 R
g _ "‘ 0]
lar phasphorous eage compounds with sulphur alsa h P e
P, RS, con . P 5Q have _bcen known. Few of them are PySa,
;'}iave stru g ' | | |
(8] c H
:; _ tures similar to the phosphorous oxide cage compounds. -
&&W.unm . -'. .‘l-,,, 1% 4 s iy e e e+ T ]
4 vy T . {

— -
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PaSa a-Py5a P-4S4 PaSh

*“iﬁ/ornn Cage Compounds

‘Besides B;H, several boranes possessing tl
‘Lxample:  Pentaborane[11],  BsHn, Pentaborane[9], BsHoj
Hexaborane[12], BeHys ' '

e general formulae BoHys and B,H..e¢ are kno\@
Hexaborane[10), BgH,y an

BDiborane ' N
[t is prepared by the reduction of BCly with LiAlHa.

ABCl + 3LIAIH, — 28520 o 31,ic) + 3AICH +2B2H,
RBE, + 6NaH Polyethers  6NaBF, + BaHe
ABF, + 3NaBH, —Q2HsR0 , 3NaBF, + 2BHe
2NaBH, + H,SO; — Na;SO, + 2H; + BiHg

Propertics
& H:

V| _HOH _ B(OH)3 + Hy.

: Higher boranes

oot .
S—HC | B,HsCI
W C2 _ gci, + HCl
MeOH
" LIOR

B(OMe)s + Hy

82H6 . . . " . ° " «*
B(OR)3 + LiBH4 . . . ’ ’ . -1

LiR BRa ¥ LiBH4 . ) ; . . . K '—-
Et . " <

25, Et,S . BH,
| BBt _ pgoHsBr

_ LA |
—?‘M‘L" BH2(NH3)," + BHg™ BaN3Hg

Bx "l" AL

o

?‘_H'_‘LQ[_'-‘—"L 5 : e | ‘ | 'l o3
In diborane there are not enough electrons to permit the formation of conventional 2 electrol
2e—2C) between all adjacent pairs of atoms. B,H; requires 14 valency electrons for sever

vhereas ‘it has only 12 such electrons. Electron diffraction studies have.shown that 'BiHE{':Z

tructure as

2
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slectrons. Although the

consiste of a bonding MO containing two :
not serve to stabilize the

woh bridping bond thus
additional pair of electrons, this would

enbonding orbital can accepl 8n
wiecile bevond that achieved by un'
he second B ~ H - B bridge may like
his seeounts for total 12 electrons and provide the existence of the dimer.

s onder to account for structure and bonding of higher boranes, in addition to 2e-2C B-H and e~
~ § . H - B groups, one has to consider 20-3C B — B — B group and 2e-3C closed 8 ~ B ~ B

oup.

-
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wise be considered as above and t© have a configuration Ws -

etrabaranc

is formed by the slow decomposition of BaHs.

#‘h — ByHy * Hy

raborane has, in sddition 1o the bridging B-H bonds,

a direct B-B bond.
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Hexaborane 108"

. ) , : - P
“THt s prepared by the decomposition of BsHy, in the presence of weak Lewis bases such as cfmy

eihpr,

BaH,, A2 a BeHio + 2B;Hs

@ - &

is stable at room temperature. In this compound, B atoms are found to form a pentagon'a!fipﬁ
with one H atom bonded to each B by a 2-electron terminal bond. In addition, there are four:B
§ B bridge bonds in this structure. " a

Decaborane[14N~" : .
# : w system at 100 ° °C i fa cataly
it is prepared by heating B;H in a flow system at 100 C to 150 °C in the presence of a cat {y\'
as dimethyl ether. BsHg is formed as the precursor. ’
28.H, + SByHe — 2ByHi + 10H, | . o e
8,,H,. behaves as a strong monoprotic acid and can be titrated with bases such as amine,-Th%.i%

_salt NaB,oH,; is formed in the reaction with NaH in diethyl ether. Reaction with CHngBY‘{%
yields Grignard tvpe compound, ByoHisMgl. . %

Compounds with Metal-Metal Bonds |

i} The term M-M bond is exclusively used for the bond between the homo or

covalent compounds. ’ : ' C s
he shorfigf,s

ii) Tb‘c existence of M-M bond in & bompouﬂd can be, in general, inferred from (a) ¢ "thp.gé
distance, and (b) the lower paramagnetic susceptibility value than the calculated valus far

metal jon.
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- sl The bond it msde wpofa o bond, two  bonds and 2 & Besevd
27 he formtion of quadruple bond is explnined as follows:

The z-axis is taken as the line joining the

ptom iz bonded to four Cl atoms almost 0
arrzy. The Re-Cl bonds can be considerad to be ppproximately

dsp’ hybrids utilizing the & ; ; orbital The o 3 and p.
-y <

Re atoms Esch He
a square planar

otbitals lic along the bond axis and one orbital directed m ihe
with the similay

opposite direction. The former can averlap
orbital on the second Re atom to form a & hond winle the
second hybrid orbital forms an approximately non-bonding

I 3.35 A° orbital.

?}e &,, and d,, orbitals of each Re atom will overlap to form d-d = bonds. This rezults in fwa
3?{@&, onc in the xz plane and one in the yz plane. A fourth (8) bond is formed by the sidewise
verlap of the remaining ¢ orbitals, the d,,. Overlap can only occur if the Cl atoms are eclipsed. it the
“etoms are stageered, the two d,, orbitals will likewise be staggered resulting in zero overiap.

?{!H) is & d° species. The Re-Cl bonds may be considered to be dative bonds from CI” ions 1o Re
ns. The {formation of one o bond, two =« bonds and one & bond causes the pairing ol the four

£ in the quadruple an the complex is diamagnetic.

fetal Atom Clusters

hese contsin three or more metal atoms (like or alike) arranged in a polygonal or palyhedron arvay

m] delocalization of EW"E“‘“P‘W Fex(CO) and Mny(CO)ua

¥
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rinuclear clusters

&% ) ‘ .
gfgh“‘ kngwn example of clugier containing thres metal gtoms ape the daerivatives of rhenbum
ilide where rhenium atom {s bonded to other two Re atoms directly by M-M bond and Indirectly by
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The resuiting Tour-membered ring is not square-planar. There are alternative single and triple Mjok§
Boads gy evidenced by bond length measurements. F
Oretabedeal clustens !‘
Ctasters of i molybdenum, niobium or tantalum atoms have been known. They are of two kindg

i
10 the tirst, an octahedron of six Mo(ll) atoms is coordinated by six chloride ions one on gach ?a?
the eotahedron. This is found in MoCly; (formulated as [MogCli]ClL). The micro anvironment &

esch Mo atom s approximately & square antiprism with four chlorid
helow The Mofil) atom can use its four electrons to form four bo
and receive dative bonds from four chloride ions.

T

e iona above and four Mo w
nds with the adjacent M%%

“:\§

The sccond class also contains an octahedron of metal atoms but coordinated by twelve chm‘f‘fﬁ

siong the edges. Niobium and Tantalum form these clusters. Here the bonding situi}ticnj_!s ?d:_a
more complicated. The metal“aloms are surrounded by a very distorted square prism of {,:.g

s1oms snd four chioride ions.

Meral-only clusters

,;uég

T
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There iz & small group of jong that do nol fall neatly into any classification. They are ex&mg;;%
Bi,>. Ges ™, Ges, Sng', Pbs, Pby'™ and Sb,>". They exist as regular polyhedra, bul %&;
obvious relation belween their geometries and electronic structures. :;gf«;:*,,
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Clathrates -

A compound in which a molecule is trapped in a cag
If an aqueous solution of hydroquinone is cooled un
gas (X = ‘Ar, Kr, or Xe), a crystalline solid of appro
These solids are p-hydroquinone cinthrates with nob

OG-

g called clathrat

jattices i
e of crystal latti | mmospheres

.ssure of severa %
der a pressure 8 o CHA(OFH1 0
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~ clathrates are of some importance since they provide a stable, solid source of th;a i bl mases A
~especially the radioactive forms. They have also been used to effect separation of t\? J

since there is a certain selectivity exhibited by the clathrates. I : : :
> . . . ) . ) . . 4 1 \ ¢ le
" Helium and neon fail to form clathrates presumably due to smaller size of the atom which enabl

escape from quinol lattice.

In the quinol lattice all the OH groups are tie
“interlocating of all hydroquinone molecules
which has a diameter of 7.6 A.

as in figure. The
ork. the void of

d tbgefhér through hydrogen bonding
forms an infinite three dimensional w

©
S 1o . G
G
X

" An ammoniacal solution of nickel cyanide produces palé colour clathrate whenghéken vigorously

rith benzﬁ_n‘e. This is benzene ammine nickel clathrate Ni(CN)s(NH;3)X(CeHe).

“Compounds of the formula 6X.46H,0 where X =-Ar, Kr, Xe, Cl2, CH4, etc. are the other e%amp‘es

f clathrates. The basic building block for this type “of structure is a dodecahedron formed from 20
rs by hydrogen bonds. Half of the

-molecules of H,0. Each water molecule is bonded to three othe
oxygen atoms have their fourth coordination position 6ccupied by a hydrogen atom that can
;derogen bond to adjacent polyhedron and the other half have a lone pair at the fourth po'siﬁon which
can accept a h)‘/drogen bond from an adjacent polyhedron. When these dodecahedra pack together 10 -
form larger units relatively large voids are formed in the structure and it is in these spaces that the

host molecules reside.

4

éﬂicon Polymers .
SJ” icon tetrachloride is fully hydrolyzed giving SiO; which has a-stable three dimensional structure.
iCl+4H,0 — Si(OH) — Si0+2H;0 = - '-

Mhena - y eye . ' ' . N «t e -
2 Ikyl substituted chlorosilicon is subjected to hydrolysis, it gives silicones

% ci - R
- l\Cl + 2H,0 - HO—S{—OH
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O Uxyeen anhydronsi VO 7 mckn vanadaie ion
o {«)

i N The structure of [V( )4]}"|V:()7)4"and]\(()-‘]: ons
The metaanadaic rons de not involve the discrete VO, = ions. The anhydrous metavanadate such as

NH VO, contams mbmne chains of corner linked VO, tetrahedra (Fig. 8¢).
The eriln prroand meta vanadates are all based on tetrahedral YOy units in which the coordination
wiraber of ¥ renains 4.
Furthier ectdification of the sanadate solution. after the neutralisation, produces [V, O™
gasivre of [L 00 [0 s made up of ten edge sharing VO, vctahedra v which \ujm;adnutn\ SURYCS

The s |
conrdmaies aumber 0f 618 stecture 15 shown in Frg. 9.
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When the termbutyl smmoniom saft of [HyV Ol
tx refuved in peetonitrile. the anion [HC CONVLO ] s
obtnined in small guantite in which CHLON s enspended
in the basket-like structure of [ V053" fon

4 ! N
fiv b The gtrovture af [V 000 made o
curier sharig of YO werabeden

Fusing Nb; Oy and Ta O with excess of alkals hvdroxide followed by dissolution i water pre
solutions of their isopoelyanions. The isopolyanion MO ) (M - Nb and Ta) predominantty «
salution tpto pH 11, These poiyanions have edye sharing distorted MO, octahedra as the structurs b
unit and have the same structure as [Mo,Oal® and [WOi- vlready discossed. Balow pli
protonation of this anion starts giving [HM,Gya] " [HaMOg )" and [H MO (M= Nb and
the pi iy lowered to less than 10, the hydrous oxides VaOq vHLO and NbyOg vH, O start preciprtan

1, HE:cropnlv Anions and Heteropoly -'\cids; The first heteropolyamon, [PMD;3(..).1{,';':'\ WS
by 1J. Berrelius. This anion is now used for the. quantitative cstimation of POJ s solubiom
then, a large number of helcrupolv'mmn.x of Mo wid W have been prepared with o iarge
heteraatoms of both metals.and non-métals. The salts of hetrapolyanions are thermally morc st
the corresponding salts of isopolyanions. The beteropoly anions are extensively used as eats

petrochemical industry. as precipilants for dyes with which they form lakes and as flame retards

heteroatoms in heteropolyanions are situated inside the “cavities™ formed by MO, votahedra 2
Wi and are bonded to O} atoms of MO, units o%'cumicminu MU, cetahedra,
”Ll" opolyanions car [n nrepared b\ aciditving the sotutivis o stmple monvmeric anions.
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of heteropolyanions has either full tetrahedeal (1) bsymimerry (Kegwin struciure) (Fg. {0 o b

which can be derived from Kegoin q“h e Wy ettt t e

ociahedry nf"kw‘*m structire h\' G The s ‘n"m‘m“{:’Slf'ut:l(!l"«..‘ v more has a Fully tetrahedeal s
; itcontains valy one three-lold uxis ut symmerery sgainst four thyee-fold axes of symmetiv u
0 BCS,HI'! structure, This ““somerie * eau :
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Prepacat S e . T
{ wher m'?: A A0oen of Transuranic Elements, 1t was found by Seaborg at the University of California that
Y it n mum 1S bombarded with neutrons ot a certain critical velocity, one neutron is captured per atom
: LR H . . . . -
~ M giving vise 1o an element of'a higher mass number.
23R, 219,. -
ON U «+ ".,n ————— —> ';,gU + yrays
‘ths new isotope of uranivm s much moie radioactive than the natural uranium. It cMits a beta
patticle and gives a pew element ol atomic number 93 which does not oceur in nature. This clement wag
named neptunium (Np). o i .
. 239, 239
U —— TENp + fe
_ Neptunium is also radioactive and emits a beta particle giving another new element of atomic number
94, known as phutonium (Pu). '
ERTOIN 239, . (
) Plutosium (half-life period abow 24000 years) is much more stable than 237U (half-life period 23
munutes) and FNp (haltlite period 26 duysi. However, it undergoes a further beta-ray change. 1n this
way, by appropriaie nuclesr reactions.. elements of-atomi¢ numbers 95 (americium). 96 (curium), 47
{berkelium), 98 (californium). 99 {einsteinium), 100 (fermium), 101 (mendeleviumy), 102 (nobelium), 103
{lawrenciwm), 104 {kurchatovium) and 103 (hahniun) have been prepared artificially. Three more elements
of atomic numbers 106, 107 and 108 are also reported to have been discovered. The transuranic elements
with atomic numbers beyond 100 are now named according to the IUPAC convention, as already described
i-Chapter 2 g _
VOO Values of Nuclear Reactions. The complete equation for a nuclear reaction should include the
energy change of the reaction as well. This is osually denoted by . Thus. the complete equation for
Rutherferd’s transmutalion reaction deseribed carliershould be - '
’ By 7 Ay ° LT T
; :!{‘1 o 33-"!“: R g(:} n lH v é_-;
{15 called the nucloar rode tion Citergy . '
$ - . e . 3 ’ < .
The value of ¢ may be posiiive when the reaction 15 sad to be exoergic or negative when the
reaction is said 1o bi eadoergic SR ‘ :
The vl of £ for the abey aoing ond G egloglied e e wnses o e e
R .‘. "3, (A} Y] it L1 Yoo
T oo o TG SIRL BT 2 DAY e
S5 Rltin f orDdets Aisees of eeno s -
| SERO069 - 1003 = 00T n py g
2 - il reachion, evidently, invoives incrvase of mass by U001 2 aumu. An equivalent anownit ot CHCTEY 3%
5 therefore, ubsorbed in this case, Hence, the Q value, by convention, is negative, - :
Rt -Sihee Famu = 9313 MeV ol energy
;’

R Ry C @ = = 00012 amux 93103 MeViama= - |1 1§ MeV
-  The-reaction is, evidently, endoergic. E '
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Mlaase of the reaveants

The reaction sy Hently involves o CoNe o mass and hence
| U = 700023 5 mu « 903 aev g o
The (2 vallues Tor most of the muclear reactions are within 10 MeV, Burin the reaction

\J . b4 o
S Iy 2 e

the value is quite high, as shown below

Sum ol the masses of reactants = 7.0160] + FOO7ER = R:0238 4 w0

= 2200260 = 3-00320 HANINTE
HE023 = 001864 A,

5

Mass of the product
AN = Mass of the product - Masses ot the reactanis = N-pes0

. . e 4 . o sHive
and henee the energy 1 released ihe (oaalue is, therefore, prosHi

There s a decrease of mass
Thus,
O=001864 a.mu.x 9315 MoVl iy = 1736 MeV .
M - - » L 2® . £t < 1 "' .;e:.
Nuclear Coulombic Barrier, W hen a positively charged pariicls such s an alpha particle appro d'}:‘[‘ -
= . . . . > 3 ng
a aucleus, it is repelied by the nucleus. Fhe repulsive force between the nucleus and thr_l approachmg
positively charged particle js called the nuclear coulombic barrier. The energy of repulsion ¥ is eiven
by ' | (7
. Vo= (ZeyZeysld = 7,724 : )
P4 142
where 7 is atomic number, ¢ is the unit of protonic charge = 4-84 16 % ¢ ¢ i and d is the distance between

the nucieus and the pasitively charged particle.

Example 16, Consider aq alpha particle just in contact with n -;‘.,y Bucizes, Caleulate the cealembic
repulsion energy (ie, the height of the eoulombic barrier betwoen b partiele) assuming that the
distaace between.them js equal to the suw of their radi. ) -~ -

Us is given by » - R. i
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Solution ; According w Eq. 1. radius r.of g nnele
st = pA |y 4l cm :
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vaclombic barrier, 4 = . -
1-602% 10717 % 10% ¢y Mey
an alpha particle would reguire a Kinetie cnergy of at least 242 Mel 1o
- : 238 L i it ‘
a cantact with the >U nucleys. (£ s Kinetie ergy is less thap this
coulombic harrier ang would be repulsed before comine i
X b

The above result shows that
approach close enough to make
vilue, it would not be able 1o overcome the

contact with 23U nueleus.
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