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Group IVB (Group 14),
Carbon, Silicon, Germanium,
Tin and Lead

This group includes carbon, silicon, germanium, tin and lead. C
ingredient of all living organism, and carbon compounds play crucial
animal kingdom. The carbon dioxide and moisture of our atmosph
plants through the agency of their green pigment, chlorophyll and in t
into carbohydrates (C6H,0Os)x(starch and cellulose). Carbohydrates
the vegetable and animal kingdom and transformed into CO, and
back into the cycle. Carbon is found in nature as CO,, as metal carb
of primeval living organism (eg. petroleum). Silicon is the second commonest element of (he

earth’s crust after oxygen and occurs in hature in abundant quantities as various silicate
minerals and also as silica. The per cent abundances are : C(0.08%) Si(27.7%) .
Ge(~ 10-'1%) ; Sn(~ 10-6%) : Pb(~ 10-5%)

18.1. COMPARATIVE STUDY OF THE GROUP 1VB
18.1.1. General Considerations :

f

arbon is an essentiy|
roles in vegetable and
ere are worked up by
he presence of sunlight
are then consumeq by
water. Thus CO, is fegd
onates, as decay product

(GROUP 14) ELEMENTS

ilic the preceding noble gases
(Table 18.1).

The four ionisation potentials (Table 18.1
in group I1IB (group 13), the fall of ionisatio
This appears to be a consequence of the enh
of the inner shells. No compound is know
attaining a noble £as or a pseudo-noble gas ¢

) taken together are exorbitantly high. Just as
N potentials along the group is not prominerit.
anced deformation of non-noble gas structures

n in this group with a + 4 cation. Instead of
onfiguration through an M# cation the elements

* IUPAC recommendmion
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GROUP IVB (Group 14) : CARBON, SILICON, GERMANIUM, TIN AND *

ponds: which trend decreases sharply to silicon and to other members of the group. Carbon
forms multiple bonds of the type : ’ -

N A ~ :
.~ C=C -/C=0.\C=S,—CEN,etc

Table 18.1 : Electronic Configurations and Some Properties of Group IVB (Group 14)

Elements

— .

Element Atomic Electronic lonisation Potential "~ Electro-

"—____Number Configuration eV/atom (kJ/mole) negativity

C 6 [He]2s522p? 11.25, 24.38, 47.87, 64.48 2.50

- (1086, 2353,4618, 6221)

Si ' 14 [Ne]3s23p? 8.15, 16.34, 33.46, 45.13 1.74
(786, 1576, 3228, 4354)

Ge 32 [Ar]3d!04s24p2 7.88, 15.93, 34.23, 45.7 2.02
(760, 1537, 3302, 4409)

Sn 50 [Kr]4d105525p? 7.33, 14.63, 30.6, 39.6 1.72
(708, 1411, 2952, 3821)

Pb 82 [Xe]4f1454!1”06526;)2 7.41,15.03, 32.0, 42.3 1.55

(715, 1450, 3087, 4081)

The electronegativities (Table 18.1) expectedly fall from carbon to lead although not
quite regularly. On the whole the electronegativities are low and hence there is not much
tendency to form tetranegative anions. If it is at all possible to form a tetranegative anion
it should be with carbon. Negative carbon anions are known in Be,C(i.e. C+), in sodium
alkyls, NaCH3(Na+ and CH3") and alkali metal carbides NayCa(Na* and C,>- ions). The
elctronegativity difference between carbon (2.50) and fluorine (4.0) is not sufficient enough
to induce ionic character in the fluorocarbons. As we descend the group the electronegativity
difference with halogens increases and ionic character may appear in compounds such as
SnF, though not in PbCly or SnCl, (Chapter 5). However SnF, is now regarded as polymeric

covalent (Part I). In essence Fajan’s rules hold good.
In general in any group metallic character should increase with increasing atomic number.

Unfortunately the charge (+ 4) on the hypothetical cation with the group oxidation state is
50 very high that even with lead covalence persists. However when the two outer quantum
shell s electrons are relatively inert, which effect again increases down the group, we obtain -
distinct metal character in the heavier elements : Sn(IT) and Pb(Il). With germanium still not
enough basic character appears. Standard potentials of tin and lead are close, — 0.136 and
~0.126 volt respectively (Table 18.2), although not in the expected. order. The order however
shows, in conformity with experiments, that tin is a better reducing agent than lead.

-

g
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Table 18.2 : Some More Properties of Group IVB (Group 14) Elements
] ' *
Element . Atomic lonic (M%) M.P. BO'P : Density — [o, 00
Radius Radius (°C) (°C) (g/ml) M2, %
(A) (pm) (A) (pm) il
C 077D e 3500 4800  3.52%, 225+  _
si 117017 03939 1420 3280 2.49 _
Ge - 1.22(122) 0.53 (53) 959 2700 | 5.36 -
Sn 1.40 (140) 0.71 (71) 232 2360 5.77 - 0.136
Pb 1.54 (154) 0.84 (84) 327 1755 11.34 - 0.126

In contrast to carbon, silicon and the other members of the group have dormant d-orbita]g
and hence these later elements can accommodate more than eight electrons around them,
Whereas in carbon we have a maximum of coordination number four (section 16.2.1) in the
others we have six. Carbon-carbon single bond is far stronger than silicon—silicon of

germanium—germanium single bonds.
Indeed element-element single bond energies vary in the order :

cC—C > Si—Si > Ge—Ge >  Sn—Sn

kcal/mole 83 50-59.7 45.4-50 25-34.6
kJ/mole 347 210-250 190-210 105-145

The strength of carbon-carbon single bonds and carbon-carbon multiple bonds helps
carbon to form compounds with long chains of identical atoms. The property of forming
compounds with chains of identical atoms is called catenation. Catenation in carbon
lc]c):j'npounl;i; may give rise to long straight chain compounds with C-C links (eg : saturated

ydrocarbons called alkanes CiHzu42), C = C links (e :
. ks g . alkenes, =C i
(t;:kynes, CaHz,-5) as also ring compounds (eg : benzene). T % Cablan), € = C links
0 i ~ . . ’
in the order C > Si > Ge ~ Sn > Pb, It is Interesting to note that although a number of

silicon hydrides analogous to
saturated paraffin hydrocarb '
“ge ' O
reports of silicon analogues of olefines (alkenes;/ o (el Mo ar ds o

carbon =
With compounds these bonds have to span Jop eerjbonds Compared to the catenated
weaker N atomic number sjze of the eleme ngt . (I:Stance and hence the weakness
reases and h
Accord; ence catenation gets
g to Fa'a
n 4+ 4(1v) Jans’ rules the tend
le an €ncy to comp]
c e pPlexati
OMpoung st In lead, C#+ oe i should be the highest in carbon
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GROUP 1VB (Group 14) : CARBON, SILICON, GERMANIUM:

’ , entS
jnd henee they are clz:pable of forming more than four bonds. ThUS with latznzfnncly to
gdduct formation, szc as SnCly. bpy, is a common feature. On the W ole the
- plex formation ecrezfses down the group. ;

[n the + 2(11) state, Fajans’ rules predict enhanced tendency to form ionS
qtomic number. The standard potentials of the M*/M2+ couples are for i, +
o Pbi * 1.8 volt. The \_!alues indicate that lead(TV) must be a far stronger 0X :
V) and conver_sely tm(?l) must be a superior reducing agent than lead(Il). This is 11
complete aCCOFd_ with exp'enmental results. The +2(II) state is the common oxidation staté
il lead and tin but .Wlth t_he other elements + 4(IV) is the common -oxidation state.
Rcmember that the. varied oxidation states in this group are due to an inert pair effect.

18.1.2. Chemical Behaviour. The chemical behaviour may be examined under the
AIV) and + 2(II) states. ' ,

A Tetravalent State. Hydrides : All the elements form volatile covalent hydrides. The
¢ of formation decreases down the group. Due to the strong tendency to catenation (being
the result of very strong carbon-carbon bonds) carbon forms a vast array of chain and ring
compounds including the alkanes (C,Hy,42), alkenes (olefines) (C,Han), alkynes (acetylenes)
(C,,Hzn-z) and many aromatic compounds. Silicon forms a few saturated hydrides (Si,Han+2)
called silanes. ‘Acid hydrolysis of magnesium silicide Mg,Si gives a mixture of SiHy, Si;He,
SisHs, SisHio which are then separated and purified by fractional distillation. SiCly, SiyClg

eact with LiAIHq, NaH or LiH in ether at low temperature to yield silanes :
SiCly + LiAlH; — SiH4 + LiCl + AICl;
. SiyClg + 6NaH — Si;Hg + 6NaCl
rms only a few polynuclear hydrides GeH,, Ge,Hg, Ge3Hg whereas tin and
lead form only SnHj and PbH,. The thermal stability of these hydrides decreases down the
group. The reducing properties increase down the group. The ease of syntheses also falls off
down the group. Thus SnHy and PbHy are difficult to prepare and are obtained by the action
of LIAIH, on the tetrahalides : .
. SnCl, + LiAlHy — SnHy + LiAlICl

Electrolysis of SnCl, or PbCl, with the respective metal as cathode also produces the hydride.

Orides and Oxoacids : Carbon dioxide is an acidic oxide reacting with alkali to form
normal carbonates and hydrogencarbonates. Silicic acid (freshly precipitated from metal
silicates) is highly condensed. It is amphoteric, reacting with bases to form silicates, and with
icids like HF to form SiFs or HpSiFs. The other dioxides GeO,, Sn0, and PbO; have
diminished acidic character. GeO; is not as strongly acidic as SiO», and SnO, and PbO, are
still amphoteric. ' '

Carbon dioxide is a discrete covalent compound, O = C = 0. Two spx hybridised orbitals
of carbon (with one unpaired electron on each) overlap with p, orbitals of two oxygens. The
Py ombital of carbon then overlaps with the py orbital of one oxygen (both having one
Wnpaired electron) to give a’ #-bond. Similar overlap along z-axis gives another carbon-
Oygen 7-bond. Thus CO, is made up of twe O- and two m-bonds.

b Ch, 1—13

with increasing
0.5 volt and
idant than

Germanium fo
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. T T —T—— hybridises to T T LSREL
C  257p. 2p,2p. 2(sp,) 2(sp,) 2Py 2p,
M T T & 5 ™ T T
O 75 2p,2p, 20, 25 2px 2py 2p;

An M. O. description of the molecule is given in Chapter 5.

As we come to silicon the available p orbitals, being 3p, are of larger size and a T-type
overlap with oxygen 2p orbitals of smaller size becomes less effective.

Multiple bonding over a longer internuclear distance is weak compared to multipje
bonding over a shorter internuclear distance. Moreover electronegativity difference between
silicon and oxygen is much larger than the difference between carbon and oxygen and hence
the bonds in silica have considerable ionic character. All these lead to a three dimensiong]
infinite structure in SiO, and silicates. Thus CO; is a gas and SiO, is a high-melting soliq
However it should be noted that there is no difficulty in getting a good overlap of a silicon
3d orbital with a 3p orbital of a halogen or an sp3 hybrid orbital of H,O molecule.

It may be mentioned here that SiO, exists in two crystalline forms with characteristic
range of stability.

Quartz Cristobalite
(< 870°C) (> 1470°C)
Basically both the forms have SiO4 tetrahedra linked up with' bridging oxygen (as in the
silicates) but the details of tetrahedral arrangement varies. Each of these has an o-form and
a B-form—the two forms varying by a slight rotation of the tetrahedra with respect to each
other without a change in the overal arrangement of the tetrahedra.

Halides : The tetrahalides are all covalent and tetrahedral (sp3 hybridisation). Carbon
tetrafluoride is very stable and unreactive. Siiicon and the other halides are readily hydrolysed
The trend towards hydrolysis decreases down the group. GeCly and GeBry are less readily
hydrolysed than the silicon halides. In order that hydrolysis can occur there must first be
a nucleophilic (nucleus seeking a lone pair) attack by H,O on the parent element of the
halide (18-1). Since carbon does not have any d-orbital in its outer quantum shell (n =2) for
attack by a nucleophile (H,0) its halides do not suffer any hydrolysis. CCls, CFy are also

"'-.‘\
< H
’ ’
'l " PERS
d ’ M
i ¢ ’ \
H “Q-+—H"
iol O H
‘\ ’ J ]
*" = ’
P T g /!
e’ [] N K4 ¢
* Cl=Si—+Cl -
. 177 9015 L heat
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’
‘

- > Si0, + 4HCI
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(18-I)

oo : ) . o upto ?
coordinatively saturated but this is not the case with SiCly, GeCly which ‘fﬁ:oﬁ i SiCls
‘coordination number six. Moreover because of electronegativity difference sill

g
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GROUP IVB (Group 14) : CARBON, SILICON, GERMANIUM, TIN AND LEAD =

g more §+ charge than carbon in CCl,. This also facilitates nuclﬁOPhi]ic iack by H;c:i "
other elements possess vacant d-orbitals to which the aqua molecule can get attacic

od hence they suffer hydrolysis. Because of the availability of d-orbitals halo complexes
ith coordination number six, such as (NH,)1[PbClg], H,[SiF] etc. are also possible. )

W Lead retrabromide and lead tetraiodide are not known probably because the highly oxidising

ad V) cannot survive in tl.le presence of the highly reducing bromide and iodide ions.
compare the standard potentials :

Pb* + 2e = Pb2* : E° = + 1.8 volt
I + 2¢ = 2I- 5 E° = + 0.54 volt

Complexes : Carbon complexes are little known. Nyholm has prepared complexes with
&Phenylcnebisdimethylarsane (diars) (18-II) by the reaction :

As(CH3),
CCly + 2 diars — [C(diars)y] Cl, - @[ _ diars.
| As(CHa),

(18-1I)

Metathesis of the chloride salt with other anions (X-) produced other salts : [C(diars);]1X4.
All these were found tG be true tetra-univalent electrolytes.

Silicon is tetrahedrally coordinated in’ the vast majority of its compounds, namely SiO,,
silicates, silanes, silicones etc. Only a limited few examples of six coordinate complexes of
silicon, germanium, tin and lead are known :

~ [Si(acac)s]*, [SiCly (N(CH3)s),]; [SnCly bpyl;
[M(C,04)5]> (M = Si, Ge, Sn, Pb) ; [Silopy,]ly;
[GeClg)?~ ; trans [GeClsL;,] (L = tertiary amine)

Availability of d-orbitals with silicon, tin, lead doubtless facilitates the formation of the
thove six-coordinate complexes. Carbon halides are clearly incapable of forming such six-
“ordinate complexes.

B. Bivalent State : Carbon monoxide is an electron deficient molecule and hence functions
S excellent 1-acid (electron acceptor) in metal carbonyls. More on metal carbonyls
in Chapter 24, Germanium(Il) oxide is acidic and is a stronger acid than Sn(OH)s.
lﬂ$n(0H)2 is amphoteric reacting with acids to form salts and with alkalies to give
s M;Sn0,. But lead hydroxide is more basic than is acidic (K4 ~ 8 x 10-12 and
l" I'x 10~13), Bivalent tin and lead expectedly give rise to cationic properties. Tin(I) is
Wong reducing agent though lead(II) is not.

lone pajpr jg left on the metal ions in their + 2(II) state. While it is possible to prepare
b Xes of these metal ions with donor ligands (eg : SnCl, reacts with donor solvents L
CSnClz,L) it is also possible to use SnCl; or SnCl3~ as donors to other metal jons. Thus
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100 :
: s to the forma
: . of platinum group metal salts with SnCl; lead tion of Con,
the interaction © s salts of large cationg, Th Pl

ich have been isolated a .
anions of Ru(ID, Rh(I), Pt(I) which have ' | n,
N mulated 3s [RUCI(SNCly) 2=, [RhyCly(SnClygJ+~and eisfrans PHCl(SnClyyp. o

-+ 2CI-
[PICl4)% + 28nCly- —— [PlCIz(SnClg)ZJ +

as Cl-. Neutral co
anion is considered to be of the same donor strength Mplexe, I

F3  SXa(NMe)] (X = CI, B, ), [PUCI(SnCl) (PhsP)) ke 2150 Bech Syt
lone pair left on tin(II) also generates interesting stereochemrc‘a ;ﬂ ;Clri "Clz-ZHz()Orﬁ'
H,0 is loosely bound as it s lost at 80°C. Sn(II) has thus two COOF m"‘;: »Onc €00ty
H;O and the lone pair occupying the fourth point of the tetrahedrort. IS pyramida| strqu:
is often called as y-tetrahedral (y here indicating that a lone pair takes up 4 coordipy,
site of the metal ion). SnCls~ is also y-tetrahedral. Similar y-tetrahedral behavioyr for Ge”fr

and Pb(II) has not yet been exposed.
18.2. ELEMENTARY FORMS OF THE GROUP 1VB (GROUP 14) ELEMENTS

Carbon exhibits two major allotropic forms (diamond and fgraphite). These forp, .
manifestations of attaining a stable noble gas configuration even in the elementary sty anf
this can be achieved in two ways. _

18.2.1. Diamond : Hybridisation of carbon 2s orbital and the three 2p orbitals gives f,
equivalent spY)rbitals each of which contains one unpaired electron. If all the carbong
assumed to haVe this hybridisation then overlap of these hybrid orbitals of neighbourir

™nT7T - T T T 1
252p2p2p 0 0 2(sp?) 2(sp?) 2(sp) 2(sp?)

carbon atoms will lead to a non-ending tetrahedral structure (Fig. 18.1a). This is what obtair
in diamond. Diamond thus has covalent bonds but these bonds do not end to produce discret
‘molecules’, instead three-dimensional ‘giant’ ‘molecules’ are formed. Diamond is therefor
an extremely hard and high-melting substance. The C—C bonds (length 1.54A) (154 pm)at

extraordinarily stable, the non-volatility (sublimes at 3500°C) reflecting the difficulty

breaking these bonds. Diamond scratches all other metals. Tips of cutting tools are often
with diamond.

C

.18.2.2. Graphite : An alternative hybridisation of the 25 and two 2p orbitals gives e
equivalent sp? hybrid orbitals at 120° to each other on the same plane. The third 2p orbid

is perpendicular to the plane of the sp? orbitals. If a]] carbons are assumed to have I

N1 . T 1 11

ER TR hybridises to 2(sp2) 2(sz) 2(31)2);

hybridisation, and if each carbon overlaps with thre
non-ending two dimensional hexagonal
each carbon of Cq hexagonal unit then
orbital. This is equivalent to a resonat
More than one such layer is possibl

€ neighbouring carbon atoms We ]ra\'t‘
planar structure (Fig. 18.1b). The third 2p Orb'ml:r
overlaps with each other to form a m-type mOICCUI
ng alternate double bond on the valence bond md
€, and these layers have a weak van der Waals i
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of the plan
cils are 1€

N AND LEAD

ar layers 10

mudc

petween them. This structure prevails in graphite. The ability ally
rcC

fo or one another makes graphite a good lubricant. Our ‘lead’ pen
ov

slip

(b) 1'415A

Fig. 18.1.: Models of (a) diamond and (b) graphite

of graphite and their layers of graphite rub off as we write. Graphite too has a high-melting
point (~ 3500°C) since the bonds within the polymeric layer is quite tough. Bcczilu'sc
r-electrons are mobile (not being restricted between two atoms) graphite can conduct electricity
but diamond cannot. Graphite is found in nature in mines in several countries. Ceylon
graphite is purest. Siberian and Bohemian varieties are used in pencils. Artificial graphite is
manufactured by heating (~ 2500°C) electrically a mixture of sand and anthracite or coke for
about thirty hours. The presence of sand presumably catalyses the conversion to graphite.
Graphite finds extensive use in dry batteries and as electrodes. Graphite can be changed to
diamond by the application of high pressure and high temperature (~'3000°C) in presence
of a catalyst, such as Cr, Fe or Pt metal. An inspection of the densities of graphite and carbon
(Table 18.2) shows that pressure must be applied to enhance the conversion of graphite to
diamond. C-C bond length in graphite is 1.41A (141 pm) and inter-layer spacing is 3.35A
(335 pm).

Graphite can slow down fast neutrons and hence it is used as a moderator in nuclear
reactors (Chapter 12.21.3).

18.2.3. Amorphous carbon : Besides diamond and graphite there are several other
forms of carbon collectively called as amorphous carbon, such as charcoal, soot, lampblack.
These are really inferior, microcrystalline varieties of graphite. The amorphous forms contain
z:l:’hfe'w unit cells of the graphite structure. The physical properties of these varieties depend
ofab:;ibs.urface areas. The finely divided form.s contain vast surface areas and are capable
i “::i:arge amounts of solutes from s.olutlon as also gase.s. When vegetable substances
Thg il c ;ugar are heate.d to ~ 300°C in the. al?sence of air a F)lack ri:siduc is obtained.
bioryiye capacc;:coal. An animal source under similar treatment.gives animal charcoal. The
ni y of charcoal can be increased by treatment with steam or with

xlures . - .
for long periods at high temperatures. This treatment increases the porosit

air-steam
y and also

h
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FeMoves h)'(lrncmlmns. Thus treated, charcoal is called m'tlv'('v ¢'Im"r(."uu’1, A,L:Irv: :hurcunl s

used in adsorption of gases and colouring matter  ad decolourising sugar syrup, Iy alsq
.o as a catalyst. .

" :‘:Lrli:;auhlark ?’\ another finely divided form of carbon. It is usually (Tbtzuncd ‘hy h'cuting

hydrocarbons in an atmosphere of insufficient oxygen. It finds use as a pigment, in printep

ink and as a filler for rubber materials.

18.2.4. Fullerenes (Buckyballs) : In the two allotropes, diamond and graphite, ther are
a non-ending (non-finite) number of carbon atoms arranged tetrahedrally and hcxag(mally
respectively. Recently a strange type of allotrope with finite number of carbon atomg with
closed caged structure has been identified. Carbon atom clusters with 28, 32, 50, 60, 70, g4
and 90 atoms have been confirmed, the Cg cluster being the most dominant.

The structures of these clusters have been determined to be near-spherical, being ¢fqg,
to a football, It was not possible to make a closed-cage structure model of Cgq cluster With
hexagons alone. Ultimately it was possible to have a closed structure with 20 hexagons gpg
12 pentagons. On top of this model there could be seen 60 vertices representing the ¢,
carbon atoms. These clusters being a strange new form of carbon have been named after the
American architect, Buckminster Fuller, who has invented the geodesic dome. These clugter
are fondly called “fullerene” or “buckyball” for short.

The discovery of the fullerenes was made by a group of physicists in 1985 at Rijc
University in Houston under the leadership of Richard Smalley. This group was studying the
formation and structures of atomic clusters and large molecules. They developed a vacuuy
chamber inside which there was a hollowed out steel block. Different elements were placed
in the hollow block and heated with intense laser beam. This vapourised the element which
was immediately driven by inert helium jet into another chamber. The vapour was allowed
to cool and to form atom clusters. These clusters were transferred to a mass spectrometer for
identification of the mass. In the case of carbon the mass spectrometer registered signals for
several carbon clusters of which Cgy was the most abundant.

The original attempt by Smalley and coworkers; produced only a microscopic amount of
Ceo cluster. Later studies (1989) by Huffman at Arizona and Kratschmer at Munich gave &
better yield, the technique being to pass electric arc between two graphite electrodes in 2
helium environment. '

Back home at the Indian Institute of Science, Bangalore scientists have identified Co
-and Cy clusters by burning benzene and leading the resulting soot by argon jet into waler
cooled copper vessel to collect the fullerenes formed. The soot thus obtained can be dissolved

in benzene and the Cgg and Cyq clusters separated chromatographically, the ratio of the W0
clusters being 5 and | respectively.

oC
Thermal decomposition of naphthalene in an inert atmosphere of argon around 1000
also gives these Cqy and Cy clusters.
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quueture of Ceo cluster could not be explained by conve -

: : i ons ;.

ke strueture ultimately emerged from sewing together of 20 hexagon ; }

f‘\ ‘i:—-

\"N‘\:\“\s' : ues “ '
avstl structure studies of the Cgg fullerene by X-ray and electron diffraction techniq

o) confirmed the closed-cage structure,
)

pery O
§ carbon. Bvery carbon pentagon is connected to five carbon hexagons. Such
k.ng,\t\\l\.\‘ an
hsd 10 six hexagons giving a flat structure.

Graphite has a flat two-dimensional layer structure with each carbon making as many as
are 7 a-bonds with three neighbouring carbon atoms while the third p; orbital of each
arbon (camying one electron) makes m-overlap with all the p, orbitals of the carbon atoms
act the flat carbon layers (t M.O's). Because of the presence of both Cg-hexagonal and
(\Fi\-nmg\mal framework, the fullerenes are not flat two-dimensional but three dimensional
- charscter. Because of the three-dimensional nature the o-bonds are under strain and the
«honds are less delocalised than in graphite. Because of these inherent strains in the bonds
ome fullerenes are less stable than others (Cop cluster is quite stable).

mbered hexagon ring is surrounded alternately by hexagons and pentagons
fusion of

d hexagons force the sturcture to curve. Note that in graphite each hexagon 1S

Eventually fusion of 60 carbons (Cgp) gives a dome-like structure curving around itself
pa foothall (soceer ball)-like shape. '3C NMR studies indicate all 60 carbon atoms are
xuivalent. Although all the atoms are equivalent all the carbon-carbon bonds are not. X-ray
wadies on Co have revealed that C-C bond length at the fusion of two 6-membered rings
B shorter (1.355A ; 135 pm) than C-C bond length at the fusion of 5- and 6-membered rings
(1467A ; 146.7 pm). A greater degree of m-bonding is present at the fusion of the
Smembered rings.

Cy cluster has the shape of a rugby ball (somewhat prolate structure) while Cya9 has the
e of a dumb-bell, two Cgp units being linked through four carbon-carbon bonds.

Airstable fullerenes are yellow-brown to black-brown and soft like graphite. They are
Sher than graphite : d-graphite, 2.25 g/em? ; d-Ceq fullerene, 1.65 g/lem? ; Fullerenes are
Bsaluble in water and only moderately soluble in benzene, cyclohexane, toluene, carbon
*chloride and carbon disulphide. Dilute solutions of Cgp in organic solvents are purple to
Rviolet due to —snr* transition (CeoHOMO — Ceo LUMO). When heated above 1500°C
“"b&nce of air fullerenes are converted exothermically to flat two-dimensional graphite.
H"'_WS behave as semiconductors since the m-electron system is limited (not infinite like

) because of a finite molecular size. '

Since fullerenes possess extended m-system a number of reactions have been conducted

Treatment of Ceo and Cyg with Zn and conc. HCI gives Cgp H3g and C79H3¢/CogH;g.

AR A

Scanned by CamScanner




INORGANIC CHEMISTRY r
104

ith fluorine slowly over a period of two weeks and throug, b

Fullerenes react W t

h " » ) I
_ ) e Nen. . ines r o, Ct outwards from the bucke ba 1
intermediates to give (CFeo. All the fluorines ., Y ball. g N

double bonds are gone and all the carbons are now sp’ hybridised. Each carbon g COngy,
0 three neighbouring carbon and one fluorine. Since the n-bonds of fullerene are 4, i’m}d

&

the fullerene fluoride has no aromatic character.
In the vapour phase (~ 400°C) alkali metals react to give fulleride anions :
Cgo + MM —— (M*)y (Co™)
wine-red

Osmium tetraoxide (OsOy), a good oxidant,.can add across the double bond of ful]crenc
On reacting OsO; with Cg and 4-t-butylpyridine, a complex of the type : |

Fig. 18.2 : The complex Cg, (0s0y) (4-1-

butylpyridine),

Possibiliti . :
1b1lities of fullerene getting coordinated to 5 metal either through the five membx®
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GROUP IVB (Group 14) : CARBON, SILICON, GERMANIUM, TIN AND LEAD l

Table 18.3 : Crystal Structures of Group IVB (Group 14) Elements

_———" Carbon Silicon o Tin Lead

Sructure Germanium
Type _ ) ‘
piamond Yes Yes Yes Yes (<13°C) No
Graphite Yes No No No No
Metallic No - No ' No Yes (>13°C) 3 Yes

T —
83, INTERCALATION* COMPOUNDS OF GRAPHITE

Graphite has a non-ending hexagonal structure with planar three-coordinate sp? carbon.
n between the successive layers there are open interlayer spacings of 3.35A (335 pm). A
wriety of compounds have now been authenticated where a second element such as halogens,
jkalies has been inserted inside the inter-layer spacing.

Intercalation of graphite leads to two situations :

I Intercalation destroys the mt-bonding in the graphite layer resulting in loss of conductivity
4. : CFy, CsBr etc.

2. Intercalation maintains the m-bonding, thus retaining the electrical conductivity eg.
CgRb, CgCS.

l. At 400-500°C graphite reacts with fluorine to give a monoflouride CF,
(x~ 0.68-0.99), the colour of the product changing with changing fluorine content : black
(x~07); grey (x ~ 0.8) ; silvery (x ~ 0.9) and transparent white (x ~ 0.99). At higher
emperature (~ 600°C) a mixture of CF4, CoFg and CsF), is obtained. Other halogens behave
different@y. Liquid chlorine gives CgCl while bromine gives CgBr, C;;Br, Cj¢Br and CoBr.
lodine alone does not seem to intercalate, although CgICl and Cs6ICl have been prepared.
~ In(CP) all the C = C double bonds of graphite are broken and one additional fluorine
Ils&;[;dfut?h each carbon (Fig. P F F F F F ¢

- e carbons are now
g’]hybridised (tetrahedral) :
C‘FCb:ond length, 1.47A ;
: HC! length, 1.4A. One
vy lﬁl:as its fluorine pointil_lg
oy tht‘».ne.xt carbon has its
ey ayﬁf‘.’;ntmg below‘. IT}}e
- ey Pacing varies in ;
b3 afnples from 5.8A to F F LF F
lagey and is thus considerably F

L] !
b, Ation means insertion or an element in interlayer spacing.

R iy,

.~
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SlStanC
, Braphite, indicating that the graphite laye, \ C Y
clectrons to bromine and chlorine, The layer character of CgBr has been ¢ bl'd%’-‘-
X-ray crystallography. lshede
2. Potassium as also R}

and Cs vapour react with graphite at 300°C
Heating at 300°C under reduc

0 giy
ed pressure gives several products : MCy (bronze , "
(steel blue), MC1 (dark blue) ; MCyq and MCy (black).
been prepared by (1) the react

1
4
metals and (2) by electrolysin

ed) .
Some of these compouns
ion of graphite with liquid ammonia soJ,

g fused alkalies with graphite electrodes,
but not Na) the carbon atoms of one I3

. |
tions of the alkj

e Carbon @ alkali meta]

Fig. 18.4 : Alkali metal graphites MC (M = K, Rb, Cs)

of interspace between graphite layers,
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GROUP IVB (Group 14) : CARBON, SILICON, GERMANIUM:
CuCla MnCly, 71Cls

\ wide army of metal halides (FeCly, MoCls, CuBry, AlBry NiCla,
" The structures

yalso form intercalation compounds with graphite. Cg g9 FeCly is an examP =
ore 1Ot fui, understood yel. :
184 BINAR\' CARBIDES

Binary carbides have some superficial resemblance with the binary hydrides in regard (0
assification :.1- salt-like 'Cﬂrbldcs . I1. covalent carbides and III. metallic Of interstitial
des. As with the hydrides, this classification of carbides based on the type of bonding
not be ideal but will certainly serve our purpose. :

ele

carb

may
Three gcneml methods of syntheses are : (1) combination of the elements at or above

1500°C 3 (2) reaction of metal oxide with carbon at elevated temperature ; (3) reaction of
scetylene or methane with metals or solutions of metal salts.

18.4.1. Salt-like Carbides. These carbides are ionic and expectedly formed by strong
lectropositive elements of groups IA, TIA and IIIA (groups 1, 2 and 3).

These carbides can be clasified as (a) methanides and (b) acetylides. Methanides contain
c+ anion and the acetylides C,%~ i.e. “C = C- anion. Salt-like carbides possess ionic crystal
aice. They are easily decomposed by water or dilute acids liberating CH, or C2Ha. Carbides

of beryllium (Be,C) and aluminium (Al,Cs) are colourless and crystalline with ionic crystal

structures. These compounds contain the tetranegative C*~ ions and are easily hydrolysed in

water giving CHa. :
B82C + 4H20 —> 2BC(OH)2 + CHy4 AlCs + 12H,0 — 4AI1(OH); + 3CH4

Due to this hydrolysis behaviour these carbides are also called methanides. Their synthesis

involves combination of the elements at ~ 1500°C.
des have two carbon atoms inside the anion which is
es formed mainly by elements of

e extent by the lanthanides and by

The commonly called acetyli
dinegative. The acetylides are 2 large group of carbid

groups 1A, TTIA and TIA (groups 1, 2 and 3) and to som
thorjum and uranium. Some examples are :

' . Na,Ca, K,C; etc Cu,Cs, Ag,Co

12) : BeGCy MgC,, CaCy, ZnC,

LaC,, ThC;, UCy, ALCs

arbide, is obtained by heating a mixture
e : CaO + 3C — CaCy + CO. Calcium

time to time (Chapter 16). It finds use
de—a nitrogenous fertiliser :

Group IA (group 1)
Group IIA and IIB (groups 2 and
Group IIIA and IIIB (groups 3 and 13) :

Calcium acetylide, commonly known as calcium ¢
of Ca0 and coke to ~ 2250°C in an electric fumac
acetylide collects at the bottom and is tapped off from

in the preparation of acetylene and calcium cyanami
' . CaCy + N; » CaN.CN + C

CaC2 + ?.HCI - CaC]z + Csz ’ ‘
The carbides of the lanthanides (lanthanoids), MGC,, have been-obtained by heating M,0;
with carbon in an electric furmace in an inert atmosphere. They are mainly acetylides and
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hydrolyse 1o give acetylene and other h
Prepared by passing acetylene through s
copper(l) and silver(l) are used for the
of dialkyl zinc and dialkyl magnesium
with water and produce acetylene :

ydrocarbons. The acetylides of Cu, A
olutions of the metal salts. Ammoniac
synthesis of Cu,C; and Ag,C, while p
are used for ZnC; and MgC,.

g, Zn, Mg are
al solutiong of
ctrol solulions
The compounds Ieacy

MgC; + 2H,0 — Mg(OH), + C;H,

All acetylides have ionic sodium chloride structure. Positions of sodium and ¢
NaCl are taken up by Ca2* and C,2 ions of calcium carbide.

In CaC; the C—C distance is 1. 19A
the C—C distance is 1.24 — ].28A (124-12

18.4.2. Covalent Carbides, Dependin
divided into two classes, The first class con
by hydrogen and the elements of
CH., CO,, CS,, CCly etc. The second c]

h]Orinc in

(119 pm) whereas in the trivalent metal acetylides
8 pm). Note the C = C distance is 1.2A (120 pm),

g on volatility these covalent carbides can be sub-
sists of small discrete molecules, fo

SiOz+2C-—)Si+2C0;Si+C-—>SiC
It is quite resistant 1o chemical reactions. However it can be decomposed by chlorine or
alkali in presence of oxygen :

N sometj . .
dependent on the size of the metg] s be fitted into oIS of spitable
ormul|

dictate the fi a of . at?ms) and Naturally the radius ratio rules
PIer 6 it can be inferreq that carpop, Such "Tferstllial carbides. From our discussion in
holes (Nacy Structures metal radii ragiog should be ~ 0.4 6 0.7 for octahedral

e Cn'ucal radius ratj Ctures of Several interstitial carbides show
lent radijyg of carbon as 0.77A (77 pm) it

st be from 1.3A (130 pm) to 1.9 (190
€tals like Cr, Mn, Fe Co, Ni have their

). Investigations on th
0is ~(
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her hand Tio HE WU Nb, have (e radii larger than 1,3A (130 pm) and hence form '
imcmitial carbides : TiC, HIC, w,C, NbC ete. The octahedral holes (interstices) of the
]

mnsilio“ metal M in MC type carbides (eg. TIC, NLC ete.) are occupied by the small carbon
stoms, leading to an NaCl type structure,

Such compounds have conductivity,

metallic lustre like metallic alloys and the forces
petween the metal atoms are very much [ike those in the me

qtoms results in an increase in volume (~ 9%)
Many of these carbides have ve

tal itself, The insertion of carbon

.

ry high melting points :

Carbides TiC ZrC TaC NbC MoC
MP. (°C) 3150 3500 3800 3500 2065

These are very hard, their hardness being in between those of diamond and topaz.
Interstitial carbides are formed by heating the metal or its oxide with carbon.
TiO + 2C > TiC + CO
MoO,; + 4C — MoC + 3CO
Some carbides have been prepared by heating the metal in CHy4 :

Mo + CHy = MoC + 2H,

ation of very stable interstitial carbides, carbon reduction of metal
oxides is not preferred for extraction of titanium, zirconium, tungsten etc.

TaC and WC are used in making high-speed cuttin
abrasive material.

Because of the form

g tools. SiC is used as a refractory and

Interstitial Carbides as Catalysts : Some interstitial catbides namely WC and Mo,C, are

very effective as catalysts—as much effective as platinum group metals and additionally far
less costly. ‘ '

L. They are very useful as catalysts in Fischer-Tropsch process of converting water gas
(CO + Hy) to gasolene (B. P. 90° — 200°C » CeHia to CyHy4 hydrocarbons). Water gas and
hydrogen mixture (in the ratio : CO : H, = 1 : 2) is first passed over an iron oxide catalyst
loremove H,S and any other sulphur compounds. The purified mixture is then passed over |
heated cobalt oxide catalyst (at ~ 200°C). The resulting product is condensed and unconverted
8ases and crude gasolene is fractionated and gasolene (CgH,4 to CiiHay) is separa_ted from
heavier Diesel fraction (B.P > 300°C ; C)3 to Cig hydrocarbons) the reactions presumably
e

nCoO + 2"H2 - C,,Hz,, + nH20
nCoO + (2n + DH; - C,,Hz,,_,.g e HH_')_O

Itis Supposed that the cobalt catalyst is partially converted to cobalt carbide. Replacement

traditional cobalt catalyst by the interstitial carbides WC/Mo,C provides good
“nversion,

of
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2. WC/Mo,C are also useful catalysts in cracking of petroleum to lighy hydrog
ar

3. They are also useful in forcing isomerisation of straight-chain hydrocarbons to b "

. . . ra
chain products, thus giving high-octane fuel. "hey

The carbides, WC and Mo,C, ard the nitrides W2N and Mo,N which latter 4, "
catalysts in the conversion of N, + 3H, to NHj, are called Magic Catalysts. .

18.5. SILICATES

18.5.1. General Considerations. Silicates are the most abundant componepg of t
earth’s crust. Silicon and oxygen together make up almost 75% by weight of the earti,
crust. The unique feature of all silicate minerals is the tetrahedral coordination of silicon |,
oxygen. The difference in electronegativities of silicon (1.8) and oxygen (3.5) is 1.7 ang this
large difference suggests considerable ionic character of the bond. Silicon-oxygen bong Mmug;
be considered therefore to have both ionic and covalent characters. The following yy,
extreme structures (18-III and 18-IV) must be considered to contribute to the real strucyp .

Ul

on ‘ o*
s,' Li“*
1
/ \O‘ o | 02-/ \> 0™
(18-11I) (18-1V)

A silicate, say Mg,SiOy, can then be viewed as a salt made up of Mg?* and covalent SiOs"
or as a complex oxide made up of Mg2*, Si** and O%- ions. It then follows that isomorphous
replacement of cations by other cations of comparable size and charge will be a common
feature of silicate composition and structure. The metal ions are so arranged in the silicate
crystal lattice that they have their preferred coordination numbers and stereochemistry. The
metal jons are surrounded by requisite number of silicate oxygens in suitable positions
Within some wide limits metal ions of comparable size and coordination number, which
are interchangeable are : Mg?* (coordination number 6, ionic radius 0.65A, 65 pm) ;
Fe2* (6, 0.8A, 80 pm) ; Na*(6, 0.95A, 95 pm) ; Ca2* (6, 0.99A, 99 pm) etc. Furthermore the
AP+ ; 0% radius (0.52A, 52 pm ; 1.4A, 140 pm) ratio (0.36) is close to the critical value
for transition from coordination number 6 to 4 (Chapter 6) and hence Al3+ can even replact
Si#* (0.39A, 39 pm) in addition to replacing other cations in octahedral sites. For every
aluminium so introducd into the silicate tetrahedra a corresponding substitution of Ca?* for
‘Na*, AP* for Mg2* etc. must occur in order to maintain electroneutrality.

Tetrahedral SiO44- units may be linked together by sharing corners but not edges or

faces. Thus dj i i infini .
2, us discrete SiO44- units as also infinite chains, rings, sheets and thref:-Cﬁrmnslonal
mework structures are possible. | |
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(§.5.2. Classification and Structure of Silicates. Some possible closed sillcon-os.)gei
spings in silicates.are shown in Fig. 18.5. These include () isolated tetrahedra l-t;e
(aﬂhosilicates. Mg2Si0y), (b)_ tetrahedra sharing one oxygen atom Si,07% (thort?fel? )
5¢;Si107)v (c) tetrahedra sharing two oxygen atoms to form a three-membered (S1) r?ng. :
cture Si;Og‘" (benitoite, BaTiSi30g) and (d) tetrahedra sharing two oxygen atoms forming
;six-membemd (Si) ring Si¢Q15'2~ (beryl, Be3Al,SigOs). Note that the silicon-oxygen links
of Fig. 18.5 are not wholly covalent. They possess substantial ionic character. It is necessary
to point out that these strqctures are not the only possible ones for silicates. For example,

(a) (b)

Fig. 18.5. : Some possible cldsed silicon-oxygen groupings in silicates :
- (a) Si04* (b) Si075 (c) Siz096- (d) Sig05!2-

anopen chain linear polymeric structure is possible if the SiO4*- tetrahedra share two oxygen

aloms (18-V). This structure is found in pyroxenes (enstatite MgSiO3, diopside Ca(Mg)(Si05),
spodumene LiAl (SiO;),. The second compound is an example of isomorphous replacement

] e

(18-V)

of two A .

‘econ: divalent Cations, and the third illustrates re

Sio Compound by mono-
ip)S When-SiQ,

Amphibole

! placement of two divalent ions in the
and trivalent cations. A linear net structure is attained in

* tetrahedra share alternately two and three oxygen atoms (18-VI) :

Broups (tremolite Ca;Mgs(Sis0y,),(OH),) belong to this class (18-
Calionicbemg associated with the ss (18-VI), the hydroxy

: cations in the crystal. Isomo
Si()‘L lmetal 10ns such as Fe for Mg, "phous replacement of the

Na and Al for two M ¥
h . g, and also of Al
¢dra is very common in this series. for Si in the
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Fire bricks can withstand high temperature and a

are made by fir : -
e Come y firing clay W“h. strongly fired temperature-resistant clay at ~ 1457°C p.,. .
p SpOﬂd o A1203.25|07 - softeni e = > , AT Kty
& bricks with high U2 50 tening point is ~ 1700 C. Higher Al;O; comern ge- %
igher softening temperature. X DX iy
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mv wrads L
-

e
s

-
Al

Ceramics, In
temperature general, are thermally stable inorganic solids which are n ,
treatment of suitable raw materials (such as metzl siliczizs aad ner
- R
by mixing SLONEWare clay (with low ; )
. o - -.-"I

alu'mmosxllcates). Stonewares ceramics are made
ox.nde content) with silica/quartz and kaolin with flux (calcite oOr feldspar) znd iy ¢
mixture at ~ 1100-1300°C. Useful household construction products thus obtained ~; ,é:. P
bathtubs, commodes etc. Porcelains are translucent (i.e partly transparcni) while -,f,.i,
are opaque. The raw materials for the making of porcelain are kaolin, quariz znd ::-,
(as flux). Firing of 50% kaolin, 25% quartz and 25% feldspar at ~ 1400-1500°C 2= i
in. while firing of 25% kaolin. 45% quartz and 30% feldspar & i
htly coloured porcelain dishes are made of soft porcelain beczuse Ce
decorations can withstan -

d the comparatively Jower firing tempaaio:
While concluding this section it 1Is pointed out that the guality ;
llers and fluxes used, their proportions 20 oErElITE ks

d finally the firing emp=r==x
arious earthenwares, bric I

~ 1200-1300°C ziver

porcela
soft porcelain. Brig
paints used in their

c .1
of the @# metETiz
TR,

PR

nature of the fi
-ares and porcelain 2rtciss.

all the difference in v
18.6. COMPOUNDS OF THE GROUP IVB (GROUP 14) ELEMENTS
ur tetrahalides of carbon, silicon. germaniud and tin &%
2 polymenc £i%-

18.6.1. Halides. All the fo
known. With Jead only the tetrac
coordinate structure with four bridging equat
(cf : Chapter 5. part ). All others are covalent 2s rev
conducting behaviour. There aré 2 few interesting points O

halides are highly resistant [0 hydrolysis. this being due o0 the

for nucleophilic artack by H20 (18.1.2), ) CBr, and CLs decomposs belov
SilL., GeBrs do not. This 1s presmnzb]y due to larger hzloge:

nds SiCL

hloride is known. SpF, appears 0 ave
orial fluorines and twO non-bridging

ealed by their volatility and Do&
f comparison : (1) The czro@
non-availability of a dortad

zxiz] finormes

€ ui CCS‘Z;-: —_-——

points whereas SiBrs,
around a small carbon atomn. (3) Contrary [0 usual behaviour of coval
has a lower B.P. than CCls. '
CCls SiCl. GeCls SnCl: poll:
B.P. (°C) . 76.4 57.6 83 114.1 105 }
B.P(°C) B.P(°C) |
CF; - 128 SiFs — 86
CClg 76.4 SiCls 57.6
CBry 190 SiBrs 153
GeF; - 37 SnFs subl. 704
GeCly 83 SnCls 114.1
SnBrs 293
Snl; 340
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GROUP IVB (Group 14) : CARBON, SILICON, GERMANIUM, 'IN

his anomaly has been explained on the assumption of multiple honﬁdmg :)u]v«;(,:::l :111;:;1

T d-orbital and filled p-()rbllul of chlo '
18.6) s0 that there is an effective decrease f"
the intermolecular van der W:ulls'.forccs in

x Silicon halides compared, to that 10 curl')on
halides. For the other halides boiling points
are normal. Syntheses of the important halides

Cl

/e

Cl appear in subsequent sections.

e , 18.6.2. Freons. Mixed chloride fluorides
Fig. 18.6. : Bonding in SiCly showing 2 AR
werlap of & vacant silicon d orbital (d) of carbon are today valuable refrigerants.

with a filled chlorine p-orbital (py). -Engineers were searching a refrigerant chemical

which will be non-toxic, odourless, volatile, non-inflammable, non-corrosive and of course
less expensive. Midgley, an American engineer, noted that elements on the right hand side
of the Periodic Table were the only ones that formed sufficiently volatile compounds.
Inflammablity of the compounds also showed a decreasing trend from left to right of the
Table, and toxicity increased in a group from top to bottom. A combination of all these ideas
led to the discovery of a series of mixed chloride fluorides of carbon, which has the right
properties as refrigerant chemicals. These chloride fluorides are called freons. These are

conveniently made by passing CCl4 over CoF5 at 150—200°C when a mixture of CCI4F,
(ClyFy, CCIF; and CFy is obtained.

CCly + 4CoF3 — CF, + 4CoF; + 2Cl,
2CCly + 2CoF3 — 2CCIF + 2CoF, + Cl,

These can be separated by making use of the difference in their-volatility. CCI,F, has also
been obtained by the action of HF on CCl, in the '

SbCl

CCly + HFF ———— CCl3F + HClI

CCLF + HF —%5 | ceLR, + Hl
Presence of SbCls. CHCIF, is also considered as a freon and is obtained by the reaction of
CHCly and HF i ¢

he presence of Sb(Cls as a catalyst :

CHCly + 2HF —>%5 , CHCIF, + 2HC

SC_lZFz is the most com

d 'd;“‘ refrigerants. Th
Y and the

Uable, / are.od

monly used frezon. These freons-possess all the properties expected
ey have low boiling points, low viscosity, low surface tension, high
ourless, non-iniflammable, non-toxic, chemically inert and thermally

REt:all that carbon has no 4-

“Blration There is no scope
ey the polaj / of C

orbitals; and that in tetravalent state it has attained noble gas
for further reaction. Since fluorine js the most electronegative
-F bonds js suich that We may conceive carbon to have undergone
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118 INORGANIC CHEMISTRY

: . 1ot o+
some slight oxidation (C

reagents like H20, Oz etc. osition givi
The freons escaping into the atmosphere undergo decomp. giving pa”icularly

atoms which damage the ozone layer in the upper atmosphere :
Cl + O; —» CI-O + O
Clo—>Cl +0

ClO+0—-Cl +0;
cts the earth from harmful ultraviolet radiy;,

F5-). All these ~vrla - the inertness of freong chy
(

The ozone layer serves as a shield and prote
| 18.6.3. Teflon : This is polytetrafluoro ethylene, (C2F4)y. This is obtained by the pyry
of the freon CHCIF, at 250°C to give first the monomer Q2F4 which is then polymey,
2CHCIF, —29°C__y CF, = CF, + 2HCI
(B.P. - 76°C)
in contact with an aqueous solution of a peroxodisulphéte or oil-soluble péroxides un
moderate pressure and low temperature.

n(CF, = CF,) - [CF,—CF,],

This is a white solid with good electrical insulting properties and exceptional resistan
chemical attack. It is insoluble in any solvent.

The polymer comprises a straight backbone of carbon atoms symmeirically stifroun

by fluorine atoms : ' |
) |
F FF F F FE F
N7 N/ N\ / N/
C C - C e
BT NANIAN
Cl C
SN AN NG SN
F FF FF |[FF F
h s now extensively used in electrical insulatio'}n, high-temperature industrid P
on-stick cooking utensils, razor blades, chemical equipments etc

Sl 1l
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Dicyandiamide is the starting material for the syntheses of a series of formidable dige
(N, N) donors : Mlate

1. NH,—C—NHCN s NH;—C—NH—C—NH,
Il 4 usually heated Il I
NH with NHal NH NH
(biguanide)
H,0
2. NH,—C—NHCN = e NH,—C—NH—C—NH,
I hydrolysis Il I
NH NH O
(guanylurea)
3. NH,—C—NHCN alcohol (ROH) . NH,—C—NH—C—OR
I - in presence of Il l
NH copper (II) acetate 'NH NH
: (1-amidino-O-alkylurea)
4. NH,—C—NHCN acid hydrolysi " NH,—C—NH—C—NH,
I heat I Il
NH O (@)
(biuret)

Dicyandiamide, on heating in NH; gives melamine, a cyclic trimer (H;NCN);3 ( 18-VII):

HaN \]‘L/NYNHZ
\/

NHz

(18-VID)

It is also made from urea at 300°C and at 100 atm pressure :
6NH,CONH; — (H,NCN); + 6NH;3 + 3CO;

Melamine is used in plastics.

18.6.10. Silicones : These are some polymeric organosilicon compounds
silicon and silicon-oxygen bonds. Complete hydrolysis ‘of silicon tetrachloride leads (0
polymeric SiO,. But alky! substiuted chlorosilanes respond differently to hydrolysis. For

with carbon-

R

R
H,0 I Ho RN
S 2 Nsi—0

R/Si\sm / i} R/ 3

OH
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mple dialkyl dichlorosilanes do not give dialkyl silicon oxide but polymeric compounds
.8 ] .

od slcones (18-VIID :

¢

T
2 W WA VAN
R R R 0 R

(18-VIII) \

Trialkyl monochlorosilanes R3SiCl produce hexaalkyl disiloxaﬁes (18\-IX) :
R | R | R . R
| TN
N AT A
N AN NN NN

R/ Ra =& R o R R Yo . R
| | (18-IX)

Hydrolysis of alkyl trichlorosilanes, RSiCl;, gives a complex cross-linked polymer
(18-X). The degree of cross linking and the nature of 0/ 0/
the products depends not only on the substituents but
tlso on the condition of hydrolysis. Polymers of varying ‘ l

molecular weights can be obtained by changing the / ' Si\\o/ Si\\

reaction conditions. The intermediate, alkyl/aryl

_ 0

hlorosilanes, necessary for the manufacture of the = J/ /0 R

tbove silicones have been obtanied by a variety of Si Si

Methods | / \\O/ \\
(I) Reaction of SiCl, with suitable Grignard g 0 0 R

Teagents : ' (18-X)

SiCly + CH;Mgl — SiCH;Cl; (also Si(CHs),Cly and Si(CH;);Cl) + MgClI

() Reaction of silicon and alkyl halides with zinc or aluminium which functions as
Ogen acceptors :

SiCly + 3CH;Cl + 2A1 — SiCH;Cl; + (CH;),AICI + AICI,
(3) Reaction of methyl chloride with copper-activated silicon at 300°C :
CH3CI + SI(CU) - SI(CH})nClH (n =1 and 2)

Scanned by CamScanner



