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PETN OR PENTHRIT

pentaerythritol tetra nitrate [C(CH;0NO,)4] is one of the most brisant and sensitive military high
explosive. For use as a b?oster exploswe;, a bu_rsting charge or a plastic demolition explosive, it is de-
ensitized by admixture with TNT (the mixture is called pentrolite) or by the addition of wax. PETN is
prepared by the nitration of pentaerythritol with strong 96% HNO; at about 50°C. =

H CH,OH 7,
| - Ca(OH), I _ HCHO, OH -
H- C-CHO + 3HCHO > HOCH, - C-CHO > -
| Aldol condensation I Crossed Cannizzaro’s Irenction
H : CH,OH
Acetaldehyde
CH,0H ' CH,0NO,
_ f 96% HNO, I
HO.CHz — C— CHzOH _— N020CH2 - C- CH20N02
: £, 50°C |
CH,OH CH,0NO,
Pentaerythritol PETN

The decomposition of PETN probably takes place in the following manner.
C(CH,0ONO,); = 4H,0 + 3CO, + 2CO + 2N,
Th_e high sensitivity of PETN allows it to be detonated by the impact of a rifle bullet.

DINITRO BENZENE (DNB)

Dinitr el i
-l benzene is prepared by the nitration of benzene with the nitrating mixture consisting of 40

3and 60 parts of H,SO, at about 100°C. A mixture of all the three isomeric dinitrobenzene is

'[’hﬂ“ HNO
IS obigj :
5 "ed, but the m-dinitrobenzene predominates in the mixture.
NO,
HNO, + H,S0,
! —
E Nitration NO,
i _ DNB
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;lso added. The gun i)owder or black powder thus optaine
|  RDX OR CYCLONITE ! ‘.

RDX or cyclonite is sym-trimethyléne trinitramine [(CH,)iN3(NO,)3]. It is one of the most powerful

explosives known at present time. It can be prepared by the following methods.
(a) Hale method- A British chemist G.C.Hale (1925) prepared RDX by destructive nitration of
hexamethylene tetramine with conc. HNOs.
(CH;)eN, or CgHoNy+ 3HNO; — C3HgOgNg + 3HCHO + NH;
| Hexamethylene tetramine RDX or Cyclonite .
(b) Ebele-Schlessler-Ross method- This method ists i ii de and a™
monium nitrate to acetic anhydride at 70°C. S iR paraformaldchy c
. :
) HCHO + 3NH4N03 + G(CH]CO)zo —_ [(CHQ).WN?(NOZ)"] or C3H606N6 + lZCH‘COOH
- RDX or cyclonite (60% yield)

The process takes place in two stages.
a
(8  6HCHO+4NH,NO;+3(CH;C0),0 — (CH,)N, + 4HNO, + 6CH,COOH + 3H:0

. 5 2)eN4 -+ 4HNO- — +
2 Hexamethylene tetramine } (CHé%I;Osh or C3H¢OgNg + NH4NO3

* The formald h S :
P ok ;g:z;;damn(\lop&um nitrate from the step (b) are further utilized alongwith
. P | | ydride and the process is thus repeated. But the yield of cyclon!

3HCHO
more am

- ot
te is @

el
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1 75 AND TOXIC CHEMICAL WEAPONS 10-1327
0s! :
B o .
me HCHO gets converted into unreactive methylene and polymethylene diacetates,

pecause ¢
; (c) achman®
oduct 10 8¢t

method: A combination process was developed by Bachmann (1949), who utilized
a second mole of RDX. This is the combination of above two methods.

e by PF 4 2NH4NO; + 4HNO; + 6(CH3C0)20 — 2C3HOgNg or 2(CH,N.NO,); + 12CHyCOOH
(CHz]éN" Cyclonite (80% yicld)
Woll‘ram method: This method was developed in Germany and involves the following steps :
LR NO,
I
N.SO;K N
HZCACHZ Hzc/\m2
3CH,0 + 3H,NSO;K — | I — | |
Potassium  SO3;K-N N -S0O;K NO;-N N - NO,
sulphamate ' \/ . \/
- - HZ CH,
isomcr of potassium RDX

methylene sulphamate

RDX is used in a mixture with TNT and aluminium, known as Torpex, for mines, depth charges
and torpedo warheads. It is also used as an ingredient for explosive for shells and bombs and it is desen:
sitized by wax or oily material. '

EDNA
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NO, NO,
Hexyl

Hexyl is generally used with other explosives as a filler for bombs, mines and warheads for lorpedoeé

LEAD AZIDE

Lead azide can be prepared by treating sodium azide (prepared from sodium amide and nitrou’s-oxidc)‘-,

with lead acetate or lead nitrate.
NaNH,+ N,O — NaN3 + H,0 ; NaNH, + H,O — NaOH + NH;

Sodium azide :

2NaNj; + Pb(CH;COO0), — Pb(N;), + 2CH;COONa
Lead azide

Lead azide has partially replaced mercury fulminate as an initiating or primary explosive for blasting
caps. Mercury fulminate is somewhat less stable than desired and needs costly raw material Hg. Lead
ically on being struck in the following manner.

azide and mercury fulminate decompose exotherm
Pb(N3), = Pb+ 3N;+ 0.6 k. cals.

Hg(ONC); — Hg + N, + 2CO + 117 k. cals.

DINOL
. Dinol is diazodinitrophenol or 4.,6-dinitrobenzenc 1.2 _diazoxide- It was f;rst ::il:;fgdcg;n%?:::ﬁ:iv:gr
liscovered by Griess (1858). It is generally used as @ primary explosive and prep

Picramic acid.
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T v vieangunig 1S physical
slag, which is distributed i}

) . . ) L T Tot weune LUl fot be
properties. It is a highly refined metallic tron, co
in wrought iron, it resists

; ) ' . ) ntaining q little
troughout the iron in fine fibrous and film forms. Due 1o the presence of slgg
corrosion.

STEEL

nd iron and has less carbon than what is
steel contains 0.25-2.5% of carbon as cementite (Fe3C) and traces of S,P,

icrcfore see that percentage of carbon in steel 1s intermediate between that in wrought iron and in cagt
iron. Sulphur and phosphorus are the objectionable impurities, which are present usually below 0.05%
depending on the method used for the manufacture of steel. Silicon usually lies between 0.15-0.35% and
Is present as iron silicide (FeSi) which is soluble in ferrite. Mn is added to steel during its manufacture
and it acts as a deoxidiser to reduce any FeO to MnS which is inert, while FeS makes steel brittle in hot
working. Generally the properties of steel are governed by the amount of carbon it contains and on the
state (i.e., free or combined) in which it is present in the steel. Some other elements such as Mn (in killed
steel), S (in rimmed steel) have modified the strength and machinability of steel. Usually carbon contents
vary from 0.2-1% in most steels, but there are steels containing carbon from 0.08-below 2% and others
containing carbon from 1-1.5%. For example, tool steel contains 0.9-1.5% carbon, structural steel con-
tains 0.2-0.6% carbon, and mild steel contains 0.2% or less carbon. Properties of alloy stei_al arelg:reatly _
changed by the presence of other metals, such as Mn, Ni, Cr, N.Io, V ‘etc. These alloys in addmon‘to
carbon, contain one or more of these metals. 'I_"he process of ten!permg also changes t}.lc phy§1ca] propdcrtlg?
of steel, because tempering also changes the physical properties of steel, as tempering adjusts the dep
sition of carbon in steel.

Steel is an alloy of carbon a present in cast iron. Normally
Mn and Si as impurities. We

MANIUTFACTIUIRE
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W
Ry . development of various new processes, such as Bessemer rocess, open hearth process,
ik with the develoy . :
' lt’nrn.u:e Process, L.D. process ete, the cementation and crucible processes are now not much in
e )
> of ¥
ron
ola " SEsssMER PROCESS
ult, W his PrOCESS Was discovered by Henry Bessemer in England (1856). In this process .low phosphorus
Pt n‘ (below 0.09%) is treated by acid Bessemer process and high phosphorus pig iron (more than
& ! ) . i i I
.h]‘l" --f,"{ is treated in basic Bessemer  process. In both the processes steel is made by first blowing cold air
N_J woueh molten pig iron at about 2 atmospheric pressure, oxidising the impurities and smultaneously_
. el - pany . *F ' 1 i ini
Mhe ...\1\“ crting pig iron to steel. The process mainly differs in the use of acid and basic refractory linings of
) 2 &
be e converters.
ttle
lag
1y )
We Charging
ast Tadle
Yo
nd
Are
10t
he
ed
s
CI'S
n-
ly
to
es
0=
in
or
Fig. 5. Bessemer converters.
n- i 1
»d furnace about 6 m high and 3 iy i diameter. [y ;
re . sar shaped e : - 1L 1S made of stee] lat
or The converter is f:hp:ilicu or “‘“gﬁ"s"}gﬂi\:‘fl? ;;.:Egg;dmg ubon the nature of impurities present ipn ll‘:
| is lined inside witl = =nt in the p1 » C.B., manganese ini il s
al and % Yineg 1088 Lpuritics Prc_scn'd Bessemer process. If impyri;; = > lining of silica brick js used |
m pig iron. If the m-fknﬂ“’“ as 5!51} or magnesia (MgO) is ueer 1;:5 are acidijc, €.8., sulphur Phosphory '
and the process 18 * L o (Ca " ~¢ 1n the converter 5 . S "
elc., a b;‘:sic lining olr::l’:cSS- The capacity of the converter i from 10.25 tonnesndfpmcess o en known
as basic Bessemet Pl on shafts or ‘wnmm“gs-' OneTOf Which is hollow ang serves o a WXge at a time, The
.« mounte rotate in any position. The converter ; 5 as a wind Pipe and
d Converter 18 7 o can blast of aj . Ter 1s also provided wi nd upon
55 which the c““‘;f:gh wiyishr:s Dot DIAESOF ol an, e introdyceq. d with a numbe, of holes a;
o the bottom thr (g iron is mixed in mixers g4 then charged jnt
: lten P ime. The converter ; : INto converter
& 'E;ecr;:;gc Soatad S first get jp, the horizop About 15.1¢ t
can
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M-1648 INDUSTRIAL CHEMiSTRy
\

converter is adjusted in vertical position. After charging a blast of cold air is admitted throy
provided at the bottom at a pressure of about 2-3 kg/cm™. The blast is F?““m}ed for about 15 Minutes
during which the impuritics are oxidised. Mn is oxidised to MnO and Si is oxidised to Si0,. Carbon “
also oxidised to CO. The resulting oxides of Mn and Si (MnO and SiO,) combine together to fory ..
of manganese silicate.

gh the hole

slag

2Mn + O, = 2MnO
Si+ 0, - Si0,
0% s —2C0

MI‘IO + Slol — MnSiO:.;
Slag

Carbon is oxidised to CO which burns with a blue flame at the mouth of the converter. When the
flame dies out, it indicates the complete oxidation of impurities.

Similarly, in basic Bessemer process, phosphorus is slagged off as calcium phosphate and is known
as Thomas slag. This slag is used as a fertilizer.

4P + 503 — 2?205 or P4O]0

6Ca0 + P40,y — 2Cay(POy),

Thomas slag

After complete oxidation of impuritics, spiegeleisen (an
alloy of iron, manganese and carbon) is added and the blast
of air continued for a short period to effect thorough mixing.
Mn and carbon act as deoxidisers in the first instance and
reduce any FeO which may be present. The excess of man-
ganese and carbon dissolve in the molten metal, the carbon
being the necessary constituent of steel and manganese makes
it harder and also increases the tensile strength. Sometimes,
a small and calculated amount of ferro-silicon or aluminium
is added to the finished product. It serves as scavenger and
reduces any CO dissolved in the metal to carbon, thereby
producing steel which is free from enclosed bubbles of the

gas called, blow holes. Aluminium also removes nitrogen IS
forming aluminium nitride. The scavenger elements get ox- \l
i ' y
idised and separate as slag. N §%

The slag is held back by a skimmer and the finished s/
steel is then transferred 1o a bucket shaped refractory lined & & %
steel shell with a hole at the bol{o(;n l\hﬁzughhwblch rn(lz;lten NS 7

" 5 o

metal is al!gvy;d 10 flow into moulds. en the ingots 1ave TI0 1 TO————
cooled sufficiently, these are rcheated and rolled to various

: in the horizontal position.
shapes and sizes. After the removal of the steel, the converter

is turned bottom up so that the slag drops into buggies and is removed for disposal.

(4) LINZ DONAWITZ OR LD PROCESS

This pmce'ss was developed in Australia in 1951 and is in use at many places throughout Asia, Europe
and other places. In India, Hindustan Steel Ltd. at Rourkela uses this process. This is a modification of
basic Bessemer process. The converter has a solid bottom and is lined inside with a basic lining of tarred
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¥ energy. (2) Continuous ﬂm‘" 0{)”"?0” fo _fh-‘-’ rolling mills. (6) As the ore i!seljr acts as the oxidising agent,
greaser amount of OUIput 1s 0 tained with the same amount of pig iron. (7) Greater variety of products
can be manufactured.

(5) OPEN HEARTH PROCESS

The open hearth process is based on the regenerative principle of heat economy proposed by William
Sizmens (1857). In this method the waste heat of the products of combustion of a gaseous fuel is utilized.

This process is also of two types, the acid hearth process and basic hearth process similar to Bessemer
orocess. In fact, both acid and basic open-hearth processes are essentially same processes, the difference

being only that of lining in the furnace. The hearth is lined inside with either silica or calcined dolomite
(€20 MgO). The choice of lining material depends upon the nature of the impurities present in pig iron
zs in case of Bessemer process.

The open hearth process consists in heating pig iron or cast iron, steel scrap and iron ore (haematite)
on the hearth of furnace by the heat produced by burning fuel in air (both preheated) or by producer gas.

The gaseous fuels are burned with controlled amount of oxygen (0 produce higk'] temperature required _for
szl making. The furnace is regenerative type with brick checker work to utilize heat of the outgeing
2ases by he;ting the incoming air by contact with checker work previously heated by the flue gases.
Iron is placed in the hearth H and producer gas is passed through generator G, which is previously
h2ated and air is passed through the generator Gy which is also heated. Thus during the first phas; of lge
“icle, producer gas and air are separately passed through previously heal-ed ge“ef:téfs %ga‘;‘] ;J;io r;
@4 Gy, while the products of combustion flow thealigh 2 Cl;:d}ie{ workaltzrglsaunbseqtenﬂy the cycle is
es - been preheated to high temperatere. _
:e'.-e,tgzaczorig;cflﬁ lz_caa;z l:rfe gpzssiigi;’;ough gl and G, and air and producer gas are being preheated
sed, ue g

. i ery few minutes the
%Gsand Gy respectively In this way cycle is repeated in an alternative manner. Every

firens: ; . are always prf:hcated.
“Clion of gases is reversed so that incoming £ases
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I
miso

as. the charge melts and the impuritics of 5. P, Si and C are

Due to the burning of the producer g

oxidised by hacmatite.
2Fc,0;+ 3S — 4Fc + 35S0, (Sulphur removed)

SFGEO] + 6P = IUFC + 3])205

Wie,Os+ 3C — 4Fe + 3CO, (Carbon removed)
PO + 3Ca0 — Casy(POs); (Phosphorus removed)
' Slag

8i0, + CaO — CaSiO4 (Silicon removed)

2Fe,0; + 3Si — dFe + 3Si0; S
3 MnO + Si0O, — MnSiO; (Manganese removed)
Fe,0; + 3Mn — 2Fc + 3MnO n 2 Slag

= e

-~"J\
k3

e et e i

T =ik
NIEEREES
e i ae e acoe:

A A R e S T S T 5
g AN

Fig. 7. Open Hearth Process,

From time to time samples are taken out from the furnace and analysed for carbon content. When
the metal is found to contain desired amount of carbon, calculated amount of ferro manganese and alu-
minium are added as in Bessemer process. Calculated amount of other metals are added if special steels
are to be prepared. The final product is removed from the furnace by tilting the hearth.

Advantages :

(1) It is better suited to all grades of pig iron containing upto 1% of phosphorus. (2) Due to the
development of high temperature almost all types of scrap steel can be used. (3) Iron ore, scrap steel and
pig iron are directly converted in to steel. (4) As the elimination of impurities can be controlled by analysis
of the drawn samples of metal and slag, various grades of steels, according to specification can be easily
produced. (5) Due to lower amount of FeO and N, this process is superior to Bessemer process and the
._ctee! formed by this method is also of better quality. (6) This process gives more uniform steel. (7) Cast
iron from lower grade ores can be converted into steel. (8) Much fuel is saved in the process as it works
on the regenerative principle of heat economy. (9) As the ore itself acts as the oxidising atgent, greater
amount of steel can be produced with same amount of pig iron. (10) There is a better control of temperature
and composition in the furnace.

(6) ELECTRIC FURNACE METHOD

; .In this process, lhc'slcel 1s obtained by heating the materials to very high temperature without intro-
u;mg thc? undesirable impurities. Thus steel obtained by this method is free from S , P and gas bubbles
il;lancgglams onlydsomc sl?lld non-metallic impurities, called sonims. This process is thus much superior
ssemer and open hearth processes. The heating is done in an ili i

. ; arc furnace to facilitate rapid steel
production. In fact, furnaces are of two types : ° i

(a) Arc furnace. (b) Induction furnace.

charIn the case of are, th.e arc can bf’ between two electrodes of carbon or between carbon and molten
ge. In case of induction, charge is heated by induction currents.
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29 CASE HARDENING OF STEEL: CARBURISING

:|:Em|;: :ﬁmmmm:;-hluh reguine a coembimsn of smeghness and dectilfoy and nil e s
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. olymers are giant molecules I
Iﬂ”rgamcr Fnaiynly by covalent bonds, S(:»m((::o:;qu posed of atoms other than carbon. These atoms 47€
the ommon examples of inorganic polymers 2re

o 102
Ei.ﬁ“d Ill 0 o
ines, P=N —}; Polyphosph I I
phUSPhaZI I|{ phosphates, Ir"'()-ll"-f) . Polymeric sulphur nitride,
n
R
|

pol
R OR  OR /,
i R R
AL polcarborate ?I—C(BKOHIO)C_?I > Silicones, %i—()—%i#{) and a majority of silicate
_ ] R R/, b ) ]
il
eneral properties of Inorganic Polymers
. With a few exceptions (such as sulphur), inorganic polymers do not burn. They only soften or melt
yhigh temperatures.

». Inorganic polymers which have cross-linked structures with a high density of covalent bonds are
soerally stiffer and harder than the organic polymers.

3. The chain segments between cross links in polymers having cross-linked structures, are usually
gort and stiff. Consequently, these structures are not flexible enough to permit intercalation of solvent
wecules. As a result there are very few inorganic polymers which swell reversibly imbibing solvent

mlecules.

4 Most of the inorganic polymers are built up of highly polar repeat units. These polymers would,
berefore, dissolve only in polar solvents. Most of these polymers, however, react with the solvents.
There are thus only a few inorganic polymers which actually dissolve in appropriate solvents.

. Inorganic polymers are generally much less ductile than the organic polymers. Thus, while
rzanic polymers such as polyethylene can extend by about 20 per cent or more before fracture, inorganic

wmers break even when extended by about 10 per cent.

6. Inorganic polymers can usually be obtained in pure crysta}line as
aﬂr;gls'h Organic polymers, on the other hand, have structures which are par

Tphous.

I Inorganic polymers, in general, are stronger, harder and more brittle than the organic polymers.

The glass transition temperature is defined as tk}e temperature
lecules increases 0 such an extent that the chain segments of
e their lattice positions. At this temperature, the chain
infinitesimally small strain 1S applied to the polymer.

The ; d the degree of cross-linking. Tt
i ¢ 8lass transiti s upon the chain length and the degr g
" i depig?nal;;otation round the chain links. Below the glass transition

& BT frozen’ on the lattice sites. The polymer in this

lass. Above the glass transition temperature,

well as in pure amorphous
tly crystalline and partly

“’Gi:;;s:hTr.ansiﬁon Temperature, Tg.
e py ¢ internal energy of polymer mo
engns? molec'ules are just ready to leav
art moving past one another even if an

en ; T
ky r ds upon the barrier restricting in
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PRINCIPLEY -

the sSe liqui

ements of he molecules of a liquid. At

tempe the polyme i ‘bit diffusi tion as do ¢ s wriate fhishe

Peratures SUfﬁciem]yYhi Lbegm to exhibit diffusional me(:u " the molten state. In this state there ig
gher than T, the polymer is pres e of polyphosphate‘

exchange of

@] i
- O — ‘ —
> /O\l'.!./o;'i”/O —0_ o9 P25
ol I o o P
= (0] 57 o O
o r molten 056 # o N fo
£ o state P =
XN o710 (@)
O=P P (@)
0”6 0”6
p—O bonds at some places and the

& :
s can be seen, the above exchange reaction involves preaking of P~} ;
sufficient mobility

formation of
; new P—O bonds at other places. This gives
polymer in the molten state. ’ .

The cross-linked inorgani ; .1 their glass tran

ganic polymers show a wide range in their &
temperature range, they change from rigid solids to leathery solids, from leathery S
and finally to highly viscous liquids.
r is fairly sharp. T

The glass transition temperature of a linear polyme
lve the exchange O

chain segments from one site to another does not invo b
are he

of cross linked i i ins i i olymer 1d together by weak van der
inorganic polymers. The chains in a linear 1;11 meourlt P Bl ; Therefore, the energy

Waals forces which are overcome b

: y the supply of even a sm )
required for the movement of chains in such polymers is small. Consequently, the glass transition temperature
of a linear polymer is lower than that of a cross-linked polymer in which the movement of chain segments

requires the breaking of bonds.

IMPORTANT INORGANIC POLYMERS
important amongst which are :

o the chain segments of the

sition temperatures. In this
olids to rubbery solids

his is because the movement of
f bonds as happens 1n the case

There is a very wide variety of inorganic polymers,

I Phosphorus-based Polymers II. Sulphur-based Polymers
IIl. Boron-based Polymers IV Silicon-based Polymers and
V. Coordination Polymers
The various types of polymers mentioned above have been described below in some details. T
before this, it is important to mention that the type and the extent of association between the atoms in ¢
hose in the other polymer. Therefore, the lines between the atom:

polymer may be totally different from t
the structures of polymers signify only the association between the atoms and not the exact bond type

the bond orders.
1. PHOSPHORUS-BASED POLYMERS

based polymers can be divided into two categories, viz., the chain polymers anc

The phosphorus-
ding upon the type of linkage involved between their atoms.

network polymers, depen

A. Phosphorus-Based Chain Polymers
These include polyphosphazines, polyphosphoryl halides, vitreo
P i ] us <
polymetaphosphates, plasticised and flexible polyphosphates and pOIYPhOSphI;?-;ZI:g?sEhawS‘ cryst

R
. l
1. Polyphosphazines. These polymers have th —
e general structure [}l){ N where R usually
n

for C1, OCH; and OC,Hs. The polymers with R as Cl are known as polyphosphonitrilic chlorid
ic chlorides an
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NI
o ocHs 3 ,
I-Ih g a: i scussed below

i Gal’

" Cl
hosphonitrilic chlorides, i___N
I

exhibit high elasticity and can pe stretched several-fold with almost complete recovery.

et . they undergo c{egr:ssaggn u:lger normal atmospheric conditions more rapidly than do the organic
ilﬂ“'eﬂ3 Hence these PO ym not tind much commercia] yse,
S.

phoniffilic chlorides can be prepared as follows :

are, i 171NES.
respectively, known as polydimethoxy and polydicthoxyphosphaZin©®

IyP - These polymers constitute what is known as inorganic
po

h

Hbe
nj Polyphos

Cl
b iNHCl 2l l
nPCls + nNHy H II’=N Cl + (PCLN); + (PCLN)s + (4n—1)HCI

Cl n—7 Cyc!ic Cyclic
trimer tetramer

The above reaction yields a mixture of cyclic trimers and tetramers along with a series of linear

e The linear polymerisation is terminated by H and Cl atoms.
Ul

The cyclic trimer OF tetramer when heated in vacuum at 250° C, changes into a chain polymer :

Cl
I
n(PCIoN)4 el Cl4~ P=N —}-Cl + P, + 2N, + 3Cl,
Cyclic tetramer (|:1
4n—4

Chain polymer

The resulting chain polymer is somewhat cross-linked and hence has limited solubility in inorganic
alvents. Polyphosphonitrilic chloride is at least as good an elastomer as vulcanised rubber.

The freshly prepared polyphosphonitrilic chlorides are soluble in chloroform but insoluble in petroleum
dher. When the solutions are allowed to stand, the polymers get cross-linked and slowly gel.

When samples of highly elastic inorganic rubber are stored in absence of air, there is no change in
teir elastic properties. However, storage in air makes the material brittle. This is due to the action of
Wler present in air in forming oxygen bridges between the chains so that there is reduction in average
ingth of chain segments at lattice sites, as shown below.

CIII t|;| (I:| (i)l (|:| (I>I
'“-P=N—FI’=N—F|==N—H -m-t?= —T=N—T=N—H
Cl Cl Cl H.0 Cl Cl
_— 0 +  2HCI
(13! (|3| c|;| Cl | (I:I
Cl Cl Cl cl cl Cl

l &
The
Clatomg of the polymerising units of chain polymers —N -} can be replaced by other substituents
1 /n

Ueh , ¢
@Hs, etc. These substituted polyphosphazines are generally chain polymers. But,
o
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Cl
Wwhen
= ) v« as shown below :
N -} reacts with ammonia it produces cross-linked polymers, 43 s

A
AN T A
NN ity
Ci Cl P - B cl + 2NH,4CI
(l:| (i)l ?I + 3NH3 (i.;l I (i';| =
TP =N—p=N—P=N-~- """"'T=N'—F|’=N—-T:N
Cl (I:I c':| c ¢ Cl
OCH3 (I)Csz .
POlydimethﬂx)’ and polydiethoxyphosphazines, EI’=N ’ II) =N + Polydimethoxy and
(I)CH:; " OC-Hs/,

polydiethoxyphosphazines can be prepared by reacting phosphonitrilic chloridekwith sodium methoxide
and sodium ethoxide, respectively, when the chlorine atoms get replaced by the alkoxy groups.
lourless, transparent film-forming thermoplasts,

Polydimethoxy and polydiethoxyphosphazines are co : _
They are, however, unstable and when heated above 100°C, they slowly get converted into cyclic
[P(OR),N]; and [P(OR),N], polymers where R is CH3 or CoHs.

OCH,CF; : .
The polymer, =N , Viz., polydi(triﬂuoroethoxy) phosphazine, can be transformed into

(!)CHZCF_} A .
bres. This polymer is crystalline upto its melting point, i.e.,

inflexible films and can also be spun into fi g ==
240°C. Tt is soluble in acetone, tetrahydrofuran, ethyl acetate, dimethyl ether, ete. It does not burn in air

but starts decomposing at 150°C.
Polydiaryloxyphosphazines are more stable than the polydialkoxy phosphazines. Thus,

CeHs
ﬂ>=N can be spun into fibres from melts at 225°C. The Young’s

polyphenylphenoxyphosphazine
(5C6H5 .

modulus of the fibre is similar in magnitude to that of nylon.
All the polyphosphazines have a much lower electrical conductivity than the analogous carbon-based

unsaturated polymers suggesting that pi bonds are not as delocalised in polyphosphazines as are the

double bonds in carbon-based unsaturated polymers.
X-ray analysis of polyphosphazines depicts patterns which are typical of semicrystalline polymers.
The chain repeat distance in these polymers is 4:9 A which is hardly affected by the type or the size of

the substituents present on P atoms.
Polyphosphoryl Chlorides. These polymers have the general formula c ¢ ¢ C
P,0,,,1Cl,+2 and have the general structure as shown. IID ,O\‘_L ,O\L ,O\L_
Preparation. Polyphosphoryl chlorides are prepared by reacti I I I I
phosphorus oxychloride with phosphorus pentoxide. y reacting O o o0 O
(r2)POCL; +(-1)P,05 —  3P,0,, ,Cl,us

The nature of the product depends upon the C1/P ratio. The . )
thity L! * Ol m = 3 S a

Cl
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A | chlorides are str :
W ojyphﬂsr)h%r]ydua to lhcirlimc:u‘é;‘iﬂf acidic being simitar i
with moisty arin properties to acid chlondes.

? g Of H
fum iture, They ;
b Y net s ool ¥ ,
i* 00" pood chlorinating agents
19"5'[1 (reolls Polyp]:lospha‘cs (Phosphate (lay
: TS . ¥ §8C _ .
yi ph? S, t}?ec li{%t.;]orl_l pOJthosplmlc ilni(!nqqf'ﬂ)- In vitteous ) o.. O _/;, ,,,,,
Ui)@h"ges on cations like Na~, K*, etc., as shown, are neutralised by ‘“ /‘I' )/‘“
f . . ¢ ” -
fm:chﬂsou godium polyphosphate can be readily obtai R _)J Tr O
' : : aine .
yitr hosphate anions in these ned by heating Nagh, (37 or NayPOs ). ()e.
a polyp d P : polymers have | a0y or Ma PO yith Pof)%
1h thousan atoms 18 a part of a bran 'I”'”H :.‘.lri'ug!lt chains, But, on an averags one P
anching unit “ICTchy Ii’f[llitl;{ A Cross “I'Ik' between
solved in

ut 0 i .
;lt"“oins- hese Cross links, however, disappear withi
i ina neutral aqueous salt solution. ithin 12 hours when the polymer s dis

L metaph .

C”stall'fg: ;0;3] 100 ylzza::.p"lr?mt::é 1523‘3‘;1"“’ crystalline poly-metaphosphates of alkali metals have
p }"nm;yrophosph ate or its potassium 21;1 ilﬁ)gﬁin !Is;ynthcﬂi-s;cd by the s:cicct'isc‘c;;iltlz:r.::at‘i:;rn :?t-“dif;udium
fpolymetaphosphatcs, designated as N (y varying the experimental conditions of condensation,
e me general formula (NaPOs) but diffe ar KJPOgL, Nater K)POy- 111 and Nalor ¥ W5 Y,
’ > ifferent propertics, are isolated. The various metaphosphates,

. X
jarine Vemionally written as monomers, are actus S
" con , are actually polymeric with the general formula (NaPO2),

Ve :
Maddre“ | Sa:'i:s.nesgcl'?gl?;?y I;?)llifglf;ti;ﬁho?pl?utes NaPO5-Il and NaPO,-111 are known 25 Maddrell’s
water and in saline solutions at room temperature. However,

g e salts @
] res and in ience of § . :
atclﬁVf_’tEd 'terr?sp?;a:(l)lution thes::hfngms;n% of salts of alkali metal ions (other than Na® jons) and
um 10 2 aphosphates dissolve at a higher rate. Also NaPOs11 dissolves
Maddrells’ salts

o™ - 5
dily than NaPO;-11T under the conditions mentioned above. The potassium

pore red . i

(10571 JKPO;- 11 behave in a similar manner.

The X-TaY studies on Maddaellg salt, NaPOj5-11, reveal that the polymer consists of long ~P-O-P—
ected PO, groups. However, the pattern repeats iself after every three units

(hains made up of interconn

pd the chains do not spiral.
Kuroll’s Salts. The polymetaphosphate_s Na(or K)PO5-1V are known as Kuroll’s salts. These are
gmewhat MOTE soluble than the corresponding Maddrell’s salts in pur¢ water. 1f a Kuroll’s salt is kept
tals swell and become

nice-cold distilled water for a few days oOr in hot water for a few hours, its crys
qmmy. Eventually they dissolve completely to give a highly viscous solution. The dissolution of
odium Kuroll’s salt is greatly nce of salts having cations other than Na~ ions.

speeded up by the prese
The potassium Kuroll’s salt behaves in a similar manner.

Properties and Structures of Crystalline Polymetaphqs;}hates:
Kuoll’s and Maddrell’s salts in solutions of simple salts containing cations othe ‘
e Pﬂllymetaphosphate which is being dissolved, is an exchange process between cations
be cations of polymetaphosphates.

The dissolution of long chain polym

The process of dissolution of

r than those appearing 11
of the salt and

eric metaphosphates in the presence of salts is due 10 the
f the salt in place of cations present in the crystal latuce of

mroduction of cation i i

- s of different sizes © _ '
ftfﬁcultly soluble metaphosphates SO that the long chains of these polymers ar€ now loosely hel;{i at'lh'mr
fice positions and can be effectively removed from these positions 10 the aqueous mec}xum. bo;l;‘ er,
E:ah containing the same cation as the one contained in the polg merc me}aﬂl Oigaafo:}gc?:(:rs Ewi'drnet.tt:e
{se such ¢ e . hange of cations © e 1

ch ‘loosening’ of long - BELRIFE s o or in a case where no salt 1s added for

enti ; .
“Mlical cations of the polymer- Therefore, 10 such a casé

’SS{) . :

Tl‘:ng the polymer, the latter s insoluble . _

¢ chain ph ibi -a] bifringence and anisotropic

ks n phosphates exhibit opticd ' :
0 ® Properties increase with inc in the chain jength of the polymeT

im
efs are extremely high (250000 0

h 1h§?y studies on rubidium Kuroll’s salt reveal
nd consisting

l .
rection of fibrous cleavage 2

nductivity and both

electrical €O !
lar masses of chain

The mo

several million). . | |
that its structure consists of -P hPf g:lzghs m;%
of interconnected PO, groups- Each um
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. chains of -P_Q_p_ units, as shown. ;
solids is 1. These polyacids OH QN &)H

e R MM et b 1154 CHEMI

a Portion of . . : : ion$s around the screw axis ¢ :
Tt s e st P e v ol o
Unit cell. The p_q di tc il W tw‘Dh in are 1162+ 0:03 A and (B OO g P-O-pp
chains are 99.5° stances within the chains M the
and 129°, respectively. . luti
.W.hen potassium Kuroll’s salt is dissolved in sodium ch]o}‘ldetﬁg ;;zg’il?a%zgslmly s i re
brecipitated by the addition of alcohol to the solution. BY WAITIG hard surf: - -\yat?r Mixpy
rubber-like solid is produced. The material bounces when dropped on atoatrhessl’:frgce‘ If this materiai‘ -
: emain in a container for some time, it flows out and oot f this mce OFthe.comainer N
the form of a flexibje mass called plasticised polyphosphate. L b e 10 h haSS 10 moist ajr reSUIm ‘ *
In the formation of powder crust due to the hydrolysis of the plasticised polyphosp ate.0 ts f
of long straight \\g /O\E’O\(‘ifo

Polyphosphoric Acids. The polyphosphoric acids consist
| | f

fter a few days and assume the shape of the COntaing,

The H0/P,05 molar ratio of these amorphous
like because of hydrogen bonding in the chaing

When put in sealed containers start flowing slowly a
The amorphous polyacids are tough and not rubber-
They are highly hygroscopic and hydrolyse rapidly.

B. Phosphorus-Based Network Polymers
eric orthophosphates of boron, aluminiypy, and

These include polymeric phosphorus pentoxide, polym
iron, sulphur-phosphorus polymers, ultraphosphate glasses, borophosphate glasses, etc.
Polymeric Phosphorus Pentoxide. Polymeric phosphorus pe_ntoxid§ €X1sts In thl‘f‘-e crystalline forms,
two of which are sheet polymers and the third is a glassy material having a three-dlmen_smnal network
structure. All the three forms contain P-O-P linkages. One sheet f:orm consists of le-lrge rings containing
ten P and ten O atoms each while the other sheet form consists of rings containing six P and six O atopg

each.
In all the three forms of polyphosphorus pentoxide, each P atom is tetrahedrally surrounded by four

oxygen atoms, three oxygens being shared with adjacent PO, tetrahedra.

Polymeric Boron Orthophosphate, (BPOy),. The crystal structure of boron polyphosphate is similar
to that of silica. The P-O distance is 1-55 A and B-O distance is 1-44 A. A simplified picture of the

structure (in two dimensions) is as shown.

Ty
- V-
@)

(@)

However, the P-O and B-O distances
reported above are shorter than the I |-
corresponding normal sigma bonds. Since a %O—H—O—$—0~Iﬁ’—0—?—0m 0O 0
number of covalent structures of type I and 0 0 0 0 . O-'lE".* -_IL_O
ionic structures of type II are possible, the v I v I | Qs
actual structure appears to be a resonance =B=0=pPr=0r=B—0—P—Dre o 0
hybrid of the covalent structure I and the ionic cl) cl) (|3 é) b
structure II. Ionic structure II explains the ! { { {

(1)

shortening of the P-O bond due to fractional )
pi bond and a slight shortening of the B-O bond due to partial ionic bond.

Because of its rigid three-dimensional network structure resembling that of (SiO,),, boron polyphosphaté

is unusually stable.

Polymeric aluminium orthophosphate, (AIPO D Pol . o s < cirnilar 0

: s i n Polymeric aluminium orthophosphate is simiiart

Siiae lepa e l?omn- orthophosphate. Like Si0,, the polymeric aluminium I;‘105 I131ate also exists If
several crystalline modifications. phosp
' ll:_::allzrmeglicfa“silyer phosp:llaéel; (Ag5POy),. Polymeric sijver phosphate is a yellow crystalline substan®
< vl‘; : cilgm hgaslstfwu;rg:lt? eA ydour O atoms (Ag-O distance is 2-34 A). In addition to these O atom
each Ag a €r Ag atoms as its neighbours (Ag-Ag distance is 3-00 A compared to U
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in silver metal). As in (BPO,),

- P __O
288 in this case. there appears to be a fractional pi bond character 11

%04 unltS 1
Jiﬂjs o Pcl'i‘: o0t ﬁ:‘ SU;E;T ?)::i,aLF;?r(Pi;l?d)SEISHZO]"**' In this polymer, P atoms are tetrahedrally SuUOl']lfI;\c::eri
W Fpl."'ﬂq and Fe ato rerconnected P te); urrounded by O atoms, PO, units and H,O molecules. th
]:ﬂ‘“ﬂ'. nds of nte v held t rahedra and Fe octahedra extending throughout the crystal Wi
i ‘comnl;;\ml ponds apparenty ogether by hydrogen bonds between H,0 molecules.
,r:'i“dwi B posphorus Polymers. The liquid sulphur at 160-250°C, when rapidly cooled, gets uansfomed
i suIPhtlélastOme“C form SS“- F{h_ls lf;Orm contains long chains of S atoms. The S atom chains tem}mate
highr)qdicﬂls’ viz., S=S,=5. It 18 known from ESR that there are, on an average, 10° S atoms 11 the
~ 20 C
(! . s
t.j;ai""' Jastic properties of S, can be changed by the addition of a small percentage of P- The Young s
K e cases rap}dly with increasing P content. It appears that P vulcanises elastic Sy, 1n about the
* . s vulcanises natural rubber, ie., through cross-linking. The incorporation of ten or higher
M e WO ‘of P increases the cross-linking of S, to such an extent that the resulting material loses
.T_ﬁntag?c propﬂfties almost completely.

10 posphate Glasses. These are amorphous polyphosphates in which the molar ratio of phosphate
Ultrﬂtlgll cation is greater than unity. They can be considered to be derived from P,Os polymer by

mii’“/m-e nofa portion of P*Q—f_’ bonds by metal cations and hydroxy groups or from linear metaphosphates
v tloby successive substitution of pairs of M* ions by an oxygen cross link.

: Th ; Jliraphosphate glasses resemble the glassy organic plastics in processability.
ongst the alkali metal ultraphosphates, sodium ultraphosphate is prepared by heating 2 mixture of

[:'(])4 and H3PO4 or 2 mixture of NaH,PO4 and NH4H,POy, the molar ratio depending upon the cross
A :d nsity of the polymer required. Thus, when NaH,PO,; and NH4H,PO4 are heated together,
:mii w'“;densation occurs to form linear polyphosphate,
oy
| P99

NP0y + 2iNHgHPO, —XS00Cs O—Il’—O—Yl’-—O—f( + 2nNH3 + 3nH0
ONat OH HO _/n

Further heating of (NaH,P309), formed 0 0 0 cl? C“) Cﬁ
o still higher temperatures produces Cross I I Il N R T S
igks by removing H,O molecules from “”“":""0"‘?"‘0'“‘?"“ h O+ F\‘ = F\)
wdroxy groups of different polyphosphate O Na" OH OH —2H,0 O Na
dains to vield sodium ultraphosphate, as Lt ’ O Na* 0 Q
; y p ’ ?Na ?H ?H s \ \
shown

' crere P—Q—P—0—P~~ e P—O—P—0—P~~

Simple alkali metal ultraphosphates are | él) g !\3 !3 )

mpidly attacked and dissolved by water. The _ _ _ "
e of attack increases as we move from lithium to sodium and from sodium to potassium ultraphosphate.

e ultraphosphate of alkaline earth metal cations are much more resistant to hydrolysis. The durability o

.“I“ﬂphosl;hatgs increasel;awith cross link density. The more tightly bound the network, the more resistan

Sthe ultraphosphate to hydrolytic attack. The durability of ultraphosphates 15 also strongly pH-dep;ndem

Uower pH, the rate of attack decreases as n increases while at higher pH, the reverse is true

tm‘irgghosphates of lithium and sodium have higher Young’s modulus than the ultraphosphates of bulkie
s,

The surface of an ultraphosphate glass in normal atmosphere gets covered with a very thin layer «

y daps ;
bsorbeg water and partially hydrolysed glass at an equilibrium concentration that depends upon tl
i MNormat,. P = 3 . whe farmulae of polymers to denote pply.merisingj L‘I_I}'ltsl. E&ut,1r in |
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- ) o 3 : old glass is brought ;
humidity. This layer makes the surface non-misting, that is, when a cold g S e ";] ey
Ayer

. 3 e form a unj :
humid atmosphere, the water vapours which condense on the glas?a:;)rleg ot (o vi':i?nm:hl i
Instead of discrete droplets (as happens in the case of ordinary g Tough p,

produced by melting together Hyp

ultraphosphate glass remains un-impaired.
emperatyre f(‘:;

Borophe . The borophosphate glasses are readily pr _
boric oxidl:ehansg :;;;;;lr?:fgsquggt?eos o?alkgli meft;al carbonates or oxides. The optimum ¢
polycondensation is around 700°C.

Borophosphate glasses fall in three distinct categories : - ’ |

I. Those in which there is stoichiometric excess of alkali over phosphoric oxide. In th1s' categg
glasses, practically all the boron atoms are present as trigonal BO;3 groups. The fractiop oF fonre

coordinated boron atoms is less than 0-1. . ) -

2. Those in which there is excess of phosphoric oxide over alkali. In this _class, if there is Jegg than
10 mole percentage of boric oxide, practically all the boron atoms are four-coordinated. As the Proportigy
of boric oxide goes above 10 mole per cent, the fraction of four-coordinated boron atoms decreages

rapidly and becomes one third at 33 mole per cent of B,03.

3. Those in which alkali and { } {
phosphoric oxide are present in (!3 0 o]
equivalent_ proportions (in n_mles). mo_.p—o-_.[l::__o___}!;__o“
The fraction of four-coordinated I I |
boron atoms decreases steadily with 0O 0 c|) ? ?
increase in the content of B,03, this l Il ! ~~0—P—0—B—0—P—Q--

. : ~~0—P—0—P—Q 0 I I I
being about one-third at low 5 &\ ' 0 0 0
concentration of B,05 and almost zero @ B—O—P—0 | I |
at about 47 mole per cent of B,0;. P4 (l__', "“O—T_O'_T“O"T‘O“

The structure of borophosphate %0_75,_0—77;_0 0 0 0

0’5 9% oo

glasses with boron atoms occupying
three coordination sites and four

Borophosphate glass with three-
coordinated boron atoms.

Borophosphate glass with four-
coordinated boron atoms,

coordination sites are as shown.
For acidic borophosphate glasses, i.e., when there is excess of P,0s over alkali, the glass transition

temperature of any chosen composition increases with continued condensation and removal of OH
groups in the same way as it does with simple ultraphosphate glasses. Also there is a direct relationship
between cross link density in the polymer and the glass transition temperature between 0-10 mole

percentage of boric oxide.
The simple alkali borophosphates with composition around 80 mole per cent P,Os and 5 mole per cent
B,03 dissolve fairly easily in water. The solubility, however, decreases with increase in the fraction of
four-coordinated boron atoms. Borophosphate glasses containing both alkali and alkaline earth metal
' traphosphate glasses of similar compositions. The
addition of 5 mole per cent B,O; to an ultraphosphate polymer with composition : Li,O 10 mole %,
Na;O 10 mole % and BaO 5 mole %, increases the durability of the resulting polymer towards running
water. A number of multicomponent borophosphate glasses have been prepared which are as durable as
ordinary silica glass at similar temperatures. For instance, the rate of dissolution in running water of
borophosphate glass with composition : P;0s 55 mole %, B,0; 5 mole %, MgO 9 mole %, Ca0 9 mole %,
Li;0 7 mole % and Na,O 15 mole %, is as low as 5x10™ mole per year at 20°C. This rate is the same as
that of a reasonably durable silica glass. However, the rate of attack by water on borophosphate glasses
increases with increase in temperature much more rapidly than on silica glass.

As hgppens in the case of ultraphospl?ate glasses, the water vapours on borophosphate glasses
condense in the form Of_ a thin layer and not in the form of minute water droplets. The visibility through
borophosphate glasses is thus not impaired. This is the reason why these glasses are ideal for the

manufacture of spectacles and other lenses,
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bhrr?h‘h,‘wa M. § Y jjcations of Phusphorus-Bas
To, ;}her -’“’ﬂavcd in food processing 5 Yme
gy AP Lith proteins, Mdustry” S Loy T,
Rey lhe' g pates ¥ = Their e © 1008 chaiy, 1o 1017
3 he;. N r!l"’p The short chain vitreous phq € in thig ; N Vitreous sodi R
Pe,, H 2 tassium Kuroll” Sphate ustry is based phosphate polymers '
TQQIBPQ ~ The pota® roll’s salt js ¢ ers g ased on the interaction of
rﬁ Pq’ 3 The Sﬂdium Maddrengs Salt ; mDIOyed in th re ustd for deﬂ L (4]
: 0p 4, The borophosphate glasses ;:— used ag 5 Polis & Manufaetype m’:’:culation of proteins.
.ts- Cat > > Ved for ma; "8 agent iy dem::ubages to prevent water loss
; ll)n eg(’l‘_y I SUL u acturing optic |‘ Surgery, .
of £ Of rge number of sulphur-baseq PHUR-BASED W lenses,
e i Ur, | ]‘:5 net\\’Ork pol)_rmcrs. The most inl::ol)mlers are noy kPOLYMERS
e less i pitride- The important network Portant linear apo: NOWNn, These ; _
Prq th uﬂphul' Polyme chain pol Include linear chai
n Dopy. 20 $ IS Compy; ymers are . chain polymers as
8 It W Prise of polyme ;
den. g o chal : ric sulphur
CCrgg ! ¥ cogenide glass phur and polymeric
A5y 4 eric Sulphur es. All of these are discussed
| tis prcpar_ed by heating rhombic gy %
3 " The cyclic Sg structure of thombic 5111:;1(88) 10 165-180°C anq ¢
afil. . . ur i r
e Fj: (il S8 unit to produce “S—(8)14-S- radicy) whi;’}f;‘egls Up to produce .Sjss’;lti(é‘?nly cooling the melt in ice
N L urther combines with Sy wnit ang aone oo
(') 525 g unit and so on, as illustrated
) ‘$—(S)¢—S: + g, JL85-1s0°C
?HO”“‘ ’ $—~(8)14—S§:
o $=(8)14—=8 + s "
l ’ S)"n—'S' and
— , ()22, etc., . : 22 so on
T“*Om (S)e Sha (S)2 . ¢., are actually zigzag chains of 6, 1422 t
0 The final product 1s washed with carbon disulphide t’ » 22, etc., of sulphur atoms, respectively.)
§ The pure polymeric sulphur has a glass transition t° remove the tracoes of Sg rhombic sulphur.
vith foy. ulphur chains undergo dissociation and re-association ?‘?Eﬁﬁmr; of 75°C. Above this temperature, the
\toms, Bl 4 G , vn Sclow :
_ —>  ~§—§—5—8§—
transitiop e
S—S~~
1 of OH > # if-Peun
ationship , :stlt)emlf fratl;lresb}?elov;; tll'le melting point Of sulphur, viz., 11‘{0(3, the polymeric sulphur is unstable and
.10 ‘mole éﬂfh ack to rnombic sulphur, Sg. The transition from polymeric sulphur to rhombic sulphur is facilitated
s}ygwse (g;s;xtlﬁe tc;f Sg_tl_n the polymer. The removal of Sg by washing the polymer with carbon disulphide
e transition.
: t . Sy
alc-";fo;egf Polymeric Sulphur Nitride, (SN),
i metal Polymeric sulphur nitride was first prepared in 1910 by Burt by passing vapours of 4N, over silver
1. The guze or silica wool at 100-300° C. In 1973, Labes and coworkers ‘synthesmed crystalline polymeric
m;le %, .s"]f’h}lr nitride in the form of bundles of fibres and found that the material possesses metallic conductivity
unning nadirection parallel to the length of the fibre. o .
rabless o Pure (SN)), can be prepared by passing SN, vapour over silver Wil atl Zdz ?rac. IFE }:Se t%;f‘;ﬂinéeﬁ
ater o Pmed is condensed to solid state by passin through  liquid niOREN T perature. The S2N;
nole % M0 an ice-cooled trap from which it is slowly a!lm;ed ts?l\garm . H
ame & g this process of slow warming, gets Polymensef? ( t:f;ked parallel to one another. The polymer
es ; 5 . €s S 2
gl Shnwl'}mymenc sulphur nitride RSty O‘f laye?lpf 1Ir't is soft and malleable. The polymer 15 slowly
it ks metallic conductivity and metallic e 1?1]1- months. It decomposes in vacuum at 140" C to give
255 -0 Moisture when exposed to it for SEVEl s Nk
= ul' an . 5 3 o
rovs d nitrogen. : ty planar chains of S-N g/ _d
. the The stru omprises of nearly P rtion N+—S N—13
of bo cture of the pOIymer comp 1-6 A) The gtructure of apo

of approximately the same len

n
of
te Polymer is as shown.
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is i range of 1200-3700 § ¢y \
The electrical conductivity of the polymer (SN)E-IS ;2 [hI(: hasgbecn found recently '.hala I:h "Cregee, ¥
50-200 times when the tcmperawfe'g; iO“i‘;’,f,irt% the first example of a non-metallic supercon‘ihzj Olym;
becomes a superconductor at 0-26 K. The po Ctor,

Chalcogenide Glasses of amorphous cross-linked polymers formed by com

nts such as antimony, ars&nicp%?;‘ds of
b

The chalcogenide glasses are a family he polyvalent eleme
chalcogens (S, Se, Te) with one or more of the p While the best known two-component Muty
germanium, indium, phosphorus, tin anc}t.thgllrl:;r:;ent chalcogenide systems like Si—P-T:ha;?Og'eniﬂe, p

| i many multic 3 €, Si-Spo
(%:jls?—lsse (QIS—ESSEE}S ;rlz;risir(ge—Si—)"}c. The chalcogenide glass (AsyPb3Sg)n Occurs as such ip Nature, ‘ﬂ‘l?or
, ed by the fusion of the elements under conditigng Selecteg i g
& i i

Chalcogenide polymers are generally prepar nts.
for minimising oxidation and loss of volatilisation of the comPone
e glasses consist of | { be‘gf

The X-ray studies reveal that chalcogenid As
short chains of chalcogen atoms linked together "OY POlWale}‘:t o g /As\
linking sites. Thus, the Y, 3 /S . .

iy As_  As \ it

atoms which serve as branching and cross-lin . nected
parent network of As, Sb, P chalcogenides, 1s a mple-f:ron toms
assembly of As, Sb or P atoms linked through S, Se or e atoms.

A typical As-S polymer network is as shown :
Compared to A4 g’ \;l\

These polymers resemble organic polymers.
inorganic polymers such as ultraphosphate'and porophosphgte IS 8
glasses, these polymers have lower softening points, higher refractive | | ?

indices and lower tensile strengths.
Chalcogenide glasses are fairly stable to acids but are attacked by concentrated alkalies. Most of the q

polymers begin to oxidise in air at about 3000° C. But some of these polymers can be distilled i
vacuum without showing any sign of decomposition — a property most unlikely of polymers. Thig
happens because of the dissociation of polymeric network into small fragments in vapour phase ip
vacuum which recombine spontaneously when the vapours condense. The glass transition temperatures
of As and Ge chalcogenides increase linearly with As or Ge content of the glass. In the range of 5-15
mole % As and 3-8 mole % Ge, the chalcogenide glasses show distinct rubbery properties although over
a small range of temperature. In this respect the chalcogenide polymers differ markedly from the oxide
glasses (e.g., borate, phosphate and silica glasses) which do not exhibit rubber-like properties in any

/
7]
\UJ
e
N

s d \S/A N5 S/As‘“‘ ,lgaf“
s/

temperature range.
Chalcogenide glasses are deeply coloured. However, most of them are good infrared transmitting

materials and have been used for the fabrication of IR windows for army and civil optical devices.

Switching Phenomenon in Chalcogenide Glasses. The chalcogenide glasses undergo reversible

change from low conductivity to high conductivity state under applied voltage. This phenomenon is
known as ‘switching.’ It can occur in two forms, viz., threshold switching and memory switching.

In threshold switching, the chalcogenide glass maintains a high resistance until a certain threshold
voltage gradient (i.e., 194 volts/cm) is reached. At this voltage gradient the chalcogenide glass changes
suddenly into a low resistance state which has about a thousand-fold greater conductivity than the state
prior toltl?e application of thresholq voltage. The chalcogenide glass continues to remain in this high
conductivity state as long as a certain minimum current (called ‘holding current’) is maintained. If the
current falls below the holding current value, the chalcogenide glass returns to the high resistance stae

once again.
’ iI:n?lifs: ;1(22232" S“’Aitt‘t:ll:_iﬂgts the chalcogenide glass exhibits a high resistance until a threshold voltag®
gr - us stage, the chalcogenide glass suddenly changes into a high conductivity St
g : er, return 10
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lectroluminiscent displays, ete.

these the most

rpﬂ‘
“ ,J QO 11 CS

™~
)" -
F rn:\-carl'f"'““‘:” :
' ﬂ;cac are mainly hl“"“rpl“"l_\'lhcrs in which meta
i :Joes such as -O-P a4 or para ¢ . . .
o atem bridge P para carboranes are linked through & vari
h":‘: 5l > 1< » .
when acetylene = added to decacarborane, BygHj, it fi
g diamete” of about 4:0 A in which the two carbon lt orms a closed icosahedral @
'; : ’?_.1 -~ - - 'ln ‘. = A
\\j Jortho (or 1.2) dicarbaclosododecacarborane atoms are adjacent to each other.
o )
BIQHIO + CsHy — C.I
Decaborane T 2BioH 12
Ortho dicarbocloso
dodecacarborane

o

ety of

IUICCU‘C CgBme_
This product is

1ron the ortho product is heated to 475°C, i .
“1'1,&:11&3 carborane in whiclt1 thv;:t 1“4-3 S‘Li;lt undergoes an intramolecular rearrangement to give the
above 630° G, the material isomeri L ‘ar on atoms are separated by one boron atom. On further
S ises to para carborane in which the carbon atoms lic at opposite

ara carboranes are shown in Fig 1.

Ll-&_; 1 g 3b
age. The skeletal structures of ortho, meta and p
H H

~
B-—-—-"—"'/

-8
AWA

Para

H
Ortho Meta
o, meta and para dicarbaclo

Fig. 1. The skeletal structures of orth
s attached to C atoms can be easily repla

sododecacarboranes.
ced by Li atoms -

In these compounds, the H atom
C-BjoHiz * 2L — C,BjoHiol2 * H,
cercee CB1oH10C
tarbzhe dilithium salts of ortho, meta and pard 2COCl2 / . .
L ranes then easily react with halogen-contamlqg OC\ cO + 4LiCl
" st COCl,, POCI3, etc-, 10 81V cychie e
;. p"l}'Ca‘l‘bOranes. 2 BmeCzUz
Tt . CB1oH10G
BH. Lo products in the reaction of Ortho cbo  OPCl + 4uiCl
Mhyme 1oLi; with halogen compounds are cyche 2POCl3 \
IS, as shown. CB1oH10C
The Jith; . rise to linear polycarboranes which
ithium derivati J para carboranes give IS¢ '
vatives of metd and P "
ve repeat units. In other words, these polycarboraneb are only low

tver :
%olar g do not contain more than fi
a5s polymers.
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The lithium derivatives ul‘mc.ln..'md pa
of reasonable chain lengths containing 20~

nLizCaB ot 10 n(CH3)28n( ‘13

The most interesting polycarborancs =

ra carl

polysiloxane bridges. If mcla Li,CyBjollio 18

CISi(CHy)>C(ByoH;oCSi(CH;),Cl, as shown below : ‘
|, —> CISi(CH,), C(

LiCB,,H,,CLi + 2(CH,),SiC

(meta)
I

IV (meta) + CH3

Compounds IV and V then condense

long chain polycarborane :
H3

o
HCI‘—'i—C(BmHm}C-— i—Cl
CHj H3
v
H; IH_,,
e i—O—I i—C(B1oH10)C—
CH3 CH3
Lon

A similar polymer is obtained if dilithium
para carborane is taken in place of dilithium
meta carborane.

The reactions of compound V (meta or
para) with (CH3),SiCl, as also with
CISi(CH;),Si(CH3),Cl produce long chain
polymers VII and VIII having structures similar
to that of VI, as shown.

All polycarboranes containing Si—O-Si
linkages are partially crystalline elastomers
whose glass transition temperatures decrease
with increasing number of Si atoms in the
linking groups. To make these elastomers
useful as rubbers, a small quantity of 1-venyl
2-methyldichloro 1,2 dicarbaclosododeca-
carborane is added to the condensation

reaction. The resulting elastomer is cross-
linked with peroxide initiators. The properties
of the cross-linked material as rubber can be
further improved by compounding it with finely
divided silica fillers. The final product is stable
upto 260°C. However, its oxidative decomposi-
tion begins at about 300° C. This puts a

limitation to their use at high temperatures.

30 repeat units.

at 140°C in the presence of ferric ¢

t with (('['I,?Sl](llp to pive crystalline polymery
orancs react wi VYL

~
CSn(CH3)2H ¢ 2nLiCl
the carborancs arc bound by
“’:l’])z“;l('lz, It P“Jduacg

b

> +CBjoHi
those in
made to

e with

u,,,ul,,)(:sucu,}zc:l v 2LICI
(meta)

v
jvative:

ive the der
The product 1V is then reacted with methanol to give the methoxy O
OH — CHJOSi(CH_}}ZC(H“}I[l(})c. 1 3)2 3

V (meta)

hloride (catalyst) to yield the

Hs IH3
+ nCH;O-—-;i'—'C(HmlI][))C—J’I—OLlh
CH3 "Hi
\"
Condensation
\L—HCHg,CI
H3 Hj Hj Hj
i—0—S$i—C(BoH0)C—5i—O0— i
Hj CH3 CHj CHj
g chain polymer
VI
nCH30Si(CH3)2C(B1oH 10)CSi(CH3)20CH3  + n(CH3);SiClp
| v I
Condensation
-nCH3Cl
Hj H3 ng EHB H,
() — i—'C(BI(}Hlﬂ)C— i_o_—li-—o'—li—C(Bloﬂm)c—l'
CHJ CH3 CH3 CH3 CH3

vl

nCH308i(CH3),C(B 1oH0)CSi(CH3),0CH3 + nCISi(CH3)2SiCH3)Cl
1

L \'
Condensation
-nCH;Cl
CH4 CH3 IHg 3
C(B10H}0)C—Si—0—Si—S8i—0—S8i—C(BgH10)C
H3C_'|i_"CH3 CH3 CH3 CH3 (!:H_?, H3C"—‘ i-—CH_r,
? 3
|
VIII HyC—Si—CHy
H3C—8i—CH;j
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Ppﬁ ic poron Nitride . e
e meric boron nitride, (BN S |
F'”thc pﬂlzctwork polymer. I €Xists in g forms, ;
. na » Le, as a layer polymer and as & three-

Pl polymer: This form resembleg ;

a6 a variety of methods. A COlT;g;nac?:? P by
41 % itrogen at 600" C followed by il
ner® s an amorphous powder. s

as :

invflliirt dlscov?red by Balmain in 1842. [t can be

atment ofi]s heating of boric acid with urea in an
the product with ammonia at 950° C. The

ato :

g ric &ioitac_}tcsg in layers, There is, however, an
s are 5% 1 i r th nitride and graphite. In boron nitride, the
sneelﬁmp osed whereas m graphl_te, t_he atoms in one g at the atoms in each successive layer are directly
Eupsﬂin he next layer, as shown in Fig, 2. yer lie opposite to the centres of the B abafed

manne

%

Graphi
phite Boron nitride.

Fig. 2. Layer structures of graphite and boron nitride.

The crystgllographlc unit cell constants of boron nitride are very similar to those of graphite, the
3N distance in (BN)y being 145 A compared to C-C distance of 1-42 A in graphite. The interlayer
gparation in (BN), is 3-3 A compared to 3-5 A in graphite.

There is, however, a dis1_;inct difference between the two polymers. Unlike graphite, the polymeric
boron nitride is an electrical insulator. This is because the nitrogen atom in one layer of (BN),, is always
wjacent to a boron atom SO that the lone pair of electrons on each N atom in a layer is bound to the
dectron-deficient B atom of the adjacent layer. In other words, the electrons in boron nitride are highly
localised making the polymer non-conducting.

Boron nitride is soft like graphite and can be easily machined. The articles fabricated from this
wlymer, either by sintering or by machining, can be safely exposed to atmosphere upto a temperature of
ibout 800°C. The melting point of polymeric boron nitride (under an atmosphere of nitrogen) is about

000° C,
Three-Dimensional Network Polymer: If the layer form of polymeric (BN), is heated at
of a catalyst, 1t gets converted into a three-

1300-2000° i in the presence
i 0°C under extremely high PrEEiet - : ¢ with diamond and is comparable with the

mensional network polymeric form. This form is isomorphi ! -
et in hardness. It 1I; t{g:-efore used as a substitute for diamond in jewellery as also for the fabrication

'eutting tools. Tt shows signs of surface oxidation in air around 200°C.

YMERS

IV. SILICON-BASED POL . _ '

Silicon-based polymers constitute the most important class of inorganic polymers. These include
gElIl(’p"l}’Silmcanes, commonly known as silicones.

g
osilicone ' s ;

s or Or ganopolysﬂoxalle ; = 16. However, since these polymers
toggg Son0Silicon polymers have been described briefly 10 Chapter cribe them in some more

: i des
" illtute an important class of inorganic polymers, 1t would be pertinent 10
§ . .
dlongwith other inorganic polymer:
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The chemical constitution of organosilicones

large while x varies from 0 to 4. On one extreme O

polymer and on the other extreme is tetraorgano-
silane (x=4) which is an organometallic compound
and is monomeric, e.g., (CH3);Si. In between x=0
and x=4 are the polymeric silicones which can be
categorised both as organic as well as inorganic
polymers. These polymers resemble inorganic
polymers in having a high percentage of ionic
character of Si—O bonds and they resemble organic
polymers in having organic groups on silicon
atoms.

Organosilicon polymers contain chains or
network of alternating silicon and oxygen atoms
in their structures, that is, they have polysiloxane
structure exhibited by some natural silicon minerals
such as barysilite, rhodonite, benitoite, as shown.

But, whereas the polysiloxane structures in
natural silicon minerals are cross-linked through
metaloxy groups, the polysiloxane structures of
the corresponding siloxanes contain non-bridging
alkyl (e.g., CHs) groups on silicon atoms. There
is thus no cross linking. The polymeric molecules
in silicones are held together by weak van der
Waals forces with the result that the silicones are
either liquids of varying viscosity or gums or
solids containing polymeric molecules which are

generally soluble in organic media.

f these silico

can be reprcscntcd as (R‘-Siol—_rﬂ)n where M is v - -‘

nes is silica (x=0) which is an norgap;
¢

| |
Pb Fl‘b
0 9
..._Pb—O——éi—-O-—Sli"'o_'pb“"
6 o iH“ §Ha
;I::b lLb CHs— |i_0__' I“"CH3
’ CHy  CH,

Barysilite mineral Hexamethy| disiloxane

| |

hEin I\irln l\ldn
¢ 1.1
1 . ,
e §j—O—Si—O—Si—O~~
?' |O (IJ CHa (I:Ha H3
? | I e Si—O0—§i—O0—S§{—O
Mn Mn Mn | [ l
; ' ' CH3 CH3 CH3
Rhodonite mineral Polydimethyl siloxane
™ /
T Ti
-
\O\S_/O\Si o
i
O/l I o HaC~_ ‘/0\ _CHy
w AP Om s s
el Ng; e b A | A
2 ~N Si
J"', e Hac CH3

Benitoite mineral Hexamethylcyclotrisiloxane

The physical properties and the usefulness of organopolysiloxanes (silicones) are determined by the
kind and the number of organic groups present on each silicon atom as well as by the manner in which the
silane units are hooked together. For example, whereas CH; groups on silicon promote fluidity, low viscosity,
low melting point and high liquid compressibility, the phenyl groups on silicon induce the contrasting
properties in the silicones. The number of organic groups on silicon establishes the functionality of
individual siloxane building units and thereby controls the linearity or complexity of polysiloxanes.

Preparation of Silicones.
The preparation of organosili-
cones by the condensation of
silanols has already been
described in Chapter 16. The
condensation of dihydroxy
silanes (which are obtained by
the hydrolysis of dichloro-
silanes) yields linear polymers.
Chain branching in silicones is

tri and/or tetrafunctional silanols
with other silanols in the
catalytic presence of H' ions, as

shown,

CHgy \¢/
introduced by condensation of (a+b+c+d)(CHy);SiCl, + sjg, ) H0 HO{éi—0>9—sail
@ | Nl
CHa /_fl;\
|

3R3SIOH + R,Si(OH), + RSI(OH),

R R R
Mrions, &0 dio0dio—bi-n
LSk w
g
OH
HyC—Si—CHq
CHa
(1) H,0 —-el;i
CHs

HaC—Si—CHs
\'_,./
OH
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ﬂ‘nﬁaﬁ Ll mcthod' for preparing straight ch
£ aen® < by heating them alone or with g
ox s in a thermodynamic equilit
f“‘b' r(,cc:%f‘r mixcd siloancs depending up
. ‘“plf'o(; of cyclopolysiloxanes.

1

R ilihf-‘ief de Scﬂ'ption of various types of silicones
r

1023 [N
_ain silicones
1_01' trisilancs
num between
on the nature

Involves the opening up of appropriate cyclhic
in the catalytic presence of an acid or a base.
the reactants and the products which consist
of the reactants. This process is known S

s P, T is given below,
AP Liquid Polysiloxanes. These -
| Flu;flbgtim? of cyclopolysiloxanes wit}r:r: cll?;?l:)nolm mass straight chain polymers which are obtained
* auill Xane .
pecd” CHa » as shown below :
[0
0—Si—CHs
N
H3C‘/-Si/ C|J GHs  CH, . GHy  /GHs GHs
aHC | gicHa ¥ HC=Si—0—8i—ch, s po—&i—ol si—o}-si—CHs
i cH (I: ' T | l
HaC—SI— : Ha  Ch CH; “CHg /12CHg
CH3

These polysiloxanes can also be prepared by the hydrolysis of dichlorosilanes, as already discussed
chapter 16 ; ;
i . Liquid polysiloxanes are used as insulators in electrical appliances. They are also used as
-Us t!; since they do not become viscous even at very low temperatures. Because of their adequate
]ubbfllc_‘";; and high boiling points, they are used in vacuum pumps and high temperature oil baths.
td 11

y High Polymer Organosiloxanes or Polysiloxane

"H
Hj 3
cums: polysiloxane gums which are high molar mass " {?1—0 _KOHS 1o 11._0}»1(
4n

osiloxanes can be prepared by equilibration of cyclic 1}{ | < Catalyst

. H3

. anes in the absence of monofunctional groups. The _ Siealali B
Sﬂm;ting straight chain polymers are end-blocked by the Cyclic tetramer polymer
resu

ctalyst, as shown. | |
The above reaction i supposed to take place through the following steps :

Initial step :

CH CHs
" KoH, HO éiio Si—ok*
(|3H3 4 CHy /3 CHs
Condensation : -
CH CHs ?H3 [ 3 e
g [ . —— HO—+4-Si—O0—+Si—O K
L oKkt + 4s—ot+ = I
Liy Jy G s 4 ’
3 3

i }
Si—0
{(IJHa 4
CHs
'Si_o}
Hs (|3H3 4

iHa H3
oKkt
¢ i—0 Si—0 K
?Ha L skt gy BETY lH
HO—-5i—0—-5i—C SHy i CHa
(l'JH 15 cl:H:’ ease in temperature and is related to the
. T

- 2. c
. increases With 1f \itid 10
The isation reaction 10 It is also relate
re ro(; ti}?{;?igg:gﬂf:ﬁ on of the cyclic tzn-ma:?:morc easily equilibrate
ic hex
" T taken for equilibration. Thus, cyclic L

the ring strain in the cyclic
d than cyclic tetramer.
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—— ‘i o t of temperature and varies inye,,
- ed is independen X o = Sel
The average molar mass of the polymer obtaine s of hydroxy end-blocked gums can be mcmaﬁed
The molar ma he polymer under vacuum, Cal"'}‘m

with the concentration of the catalyst. heating t
z eating

further by azeotropic removal of water with tolU:Sn:t}c]’; gzcrage molar mass. ;

such as amine salts or some metal salts also ncre s. They are also used in textile ﬁnishing. ‘

; . ifoam
Polysiloxane gums are used as lubricants and as anti

bers involves two steps, viz., C”'"P"’""dfng s

3. Silicone Rubber or Elastomers. Preparation of silicon =
and cross linking. ) re) of p olysiloxane gum, a filfe
Compounding. 1t consists of milling (or mixing under high prgsiﬁ-ed physical proper‘(ies.’ A tyr o
a cross-linking agent together with certain additives to obtain f'le um, 20-50 parts of SiO, as f"i'lllcal
formulation comprises of 100 parts of benzene-soluble Polyslloxants Ef a Aditives. - er,
6 parts of benzoyl peroxide as vulcanising agent and suitable amou :
e cross-linking and curing processes which connect polymer

Cross Linking. This step involves th : .
: roperties.
molecules with one another so that it becomes an elastomer of desired prop : .
icone rubber should be a linear polymer of high mola,
creases with increase in the size of the gum polymer,

The polysiloxane gum required for making sil
hich, in itself, is soft and weak. Silica, whichis ygeq

mass since the tensile strength of the elastomer in
Fillers are added to reinforce the polysiloxane gum w

as a filler, is in a very fine state 0 l
of subdivision. It is prepared Il > 2Ph—C—0
by the action of HCI on Ph—C—0

Na;Si0; or by the hydrolysis
of SiCly. Benzoylperoxide
Cross lil_]l_cing is achieved o CH; CH;
by the addition of several ("’ 4 é é ’
reagents, the most common of Ph—C—0O  + i—O —> —Si—0 i—O + PhCOOH
Hy /n éH; éH; n-1

which are benzoyl peroxide,
2,4-dichlorobenzoylperoxide or
ﬁil

tertiary butyl perbenzoate. 13 Hy
—0—8i—0

The vulcanising temperature
ranges between 120° and 130° i i H I j
C when the cross-linking agent I 2 I 4 i A Ph—C—0O "H, Hy /n-1
is benzoyl peroxide. The —$i—O0—$i—01 + i—0 TPRCOOH > ¢y H
mechanism of cross linking éH; JJHg n-1 Hy /m-1 I 3 3
S5i—0 i—0
H»> Hy /m-1

step is as shown.

Cross  linking or
vulcanisation can be affected even at room temperature if the process is carried out in the presence of

catalysts such as organotin or organ o lead compounds, as shown below :

H3
0 ii——o H
H3 n
Hj R' Hs
3 HO+Si—0 + R—§; . Catalyst - i
I‘ Ho+ R=i—O0rR  —=s  R—Si—04-$i—o0t-n
H; /n R éHS 4
CH;
O+Si—0+H
H3 n

Silicone rubbers are extremely useful materials op acco ir hi
x unt of th At . sratu
performance, reluctance towards oxidation, chemical stability, watef ‘rzgﬁl};;ge;?\izfi?glgé‘l;ﬁ:“t;,mptmm
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A | ¢ POLYMERS
R N N AN . .

hQ v '?\r prﬂ qicon Resins. hlllcnnu resing o
4 fs iun" in ’qihwn:j: clastomery, 1, © <N rip, st 1025 71
s 197 6i-0- bonds. In g pegip @ Stretep ot ® gy . 25 1
: pﬂl" ot ()hcnding and ;lt "f—mn" Such rnl.]"." e :mlmncrr“' nd hyye A Mmuch hi : o
. Jpﬂuff Ihmugh A g rLlchmg of h atipp is i b W Molecylys -It“' higher cres link densit

r ey is a]k)" group. As the R /8i Fatic Ondg. . . Ehly e ficted g, ]LII.llm ol through rotation
¥ Jess soluble and less fusible, Properie resi (.1_ '€ TESponse to stress occurs

o I ire intermediate bClW(:cn s Sto 1€ regin., < Vo | ’“'c"-‘: l-m.: a function of 12/5i ratio
# grﬂes"‘h R/Si ratio cqual to 100, - °f fluig Silice1AVe R /g ratic f; i) become progressively
Pfﬂ':ture wi ; SHiCongg and thoge c;{plcl:vcicn 100 and 16 and their
l ceted of 4 highly cross-linked

y

aration of silicone regir. . .
g Forgt}'lcelr,,’rcgﬁHs(CH3)SiC12 z?r;cfs‘:rllgt ];1 :(r]nx:urc ""Chlnmq
' A2 rolyga -_t'lilncs.\;u- A8 CTL Qe
: [fbﬂssji.e-- Si-OH grquplS ) condense to fo ::i - Ng hydrg yi?c%..('! LSiCl,, (CHy,SiCly, CsSic,,
Fr”upring closure mvarlatily OCCUTs becayse ;:xf)Xane linkages, 7, lhri(:,du“m’ about 90 per cent of
.if”ﬂefsila“m groups con ense m0f3.8|0w] " Wilm(': ﬂLXIbﬂny ufSi~()? ‘:3\“‘:[ random conden
@il? ' can NOW occur since the MCreasing visooor oSN difficuity pa 2. The remaining
|l size of the polymer, the 'Maining hyq SCOsity renger molecg auau.sc Lo fruittul oo
nscd with one another. y
1l

¥ I I moty :
roxy groupg get fixed in th afion 3

silanol
sation,
10 per
ecular
low. Also, with the
¢ network too far apart to get

W
: rﬂndeﬂer hydrolysis the product js shaken i,

ﬁrganic layer is then washed thoroughly tor an organic soly
th ;y jrolytic reaction.
4

€move the |- ;

it silanol groups (i.e. ) Si-OH) left unc

. These groups contribute towardg v
ig:m ines the usefulness of a resip.

ent and the organic layer is separated.
Ons 1n order to check the reversibility of
ondensed ip the fi

. nished resin im i i :
SCosity of the prog part typical properties to the

nstance, the vigcog:

: uct which is an im ortant property that
_Forl cosity of resi portant property

Final curing of the resin involves further rc?action of the residual silanol groups. The ultimate condensation
f these silanol groups occurs after the resin is applied. This process can be hastened by heating the
wsin in the presence of a suitable catalyst. The most common catalysts are metal salts of organic acids
qch as naphthalates of cobalt, zinc, lead and tin.

The nature of the substituents on Si alters the characteristics of the resin. For example, while CH;
ive flexibility, C,Hs, C3H3, etc., groups make the resin softer, increase its solub}:hty mdosrfa;:c
sg;ﬁfﬂstsgand increase i;s water-repellence. The phenyl groups increase resistance towards heat an !

C . . . . . . h

0 ﬁ_
, 'CI“" Condensation O:C{—CH 2(I:HCH2_0
-.._?E—OH + O:C—'OCHZCHC Hy— -H,0 | 4
Il

J)H |
n
Silane polymer 0}

e L
or Resin

i functional
i cellulosic or other
sed i pOlyeSt;lTé ?a(':lfry;: of the condensing polymers
{ Thesilicon resins can be copolyg;;leﬁc M P et upon
§ o The ies of these cop
: properties 0O

i tals, for
. for coatings on me
Mtk degree of condensation. ectrical insulators They ar
Uses. Silicon resins are us ed as egking pans, €tc- are discussed below-
"ation purposes and for coating €0

: ilicones o i eanian
ries of silic0 ected Si~O-Si bon

b horter than ttg_e:nxdl:}or D amal double bond
arac

: e
teristic proP
Properties of Silicones. Some charac

. 0-Si
1 ull Thermal stability. The S!
4

A .« indicate
led from their radii. This ind

TSI
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GRINCIPLES OF INORGANIC CHEMiSTRy . © ¥

-
. 1026 hy polysil 1.
. .2 w ! I
character in Si—O bond due to which it becomesscsllsliiosg)?%e. This is the reason why polysiloxanes 4, fi;‘

thermally stable and do not decompose even upto ' P i i y

a t ey i 4

2. Chemical stability. Highly polar character of Si-O botrilgl:ntf:) t:ft :(3:11& Zii'crglf-‘;';‘g;‘“‘f Vg‘;;g;y 7
s olaing 1s 4 oryliels 1RO deIySI:OXmE:enr?:afil:)srfepSimilarly, some electron-deficient salts mj :Jq‘shs‘
bases and concentrated acids may cause depoly ' attacks silicones resulting in chlorinatiop £y

cause the cleavage of Si-O as well as the Si-C sans. LIRS Chlcn—merc chemically inert. Common chemica|

i olysiloxanes a
of alkyl groups. Except for the above reactli)glzitg vgater 2t room temperature, H,0,, NH,OH, etc., haye
: ttack by oxygen. However, mino, gy

reagents such as dilute acids and bases, meta v e 5 8
little effect on polysiloxanes. Polysiloxanes are quite resistafiv = = . :
oxidation does gcc{zr above 200° C. At higher tcmpcramfe_s’lg’:‘iﬁgﬁgrbﬁﬁgn;? fl? r;mfg(l:ewral_l? cl)?n?:hegn?:;i ‘:T-,r-‘hl.
i i atoms 1o y1€ Toc= : ’ "l
polysiloxanes get cross linked through oxygen och angg in viscosity with change in temperature. The -‘;t,\

resins, being already cross linked, show much le polysiloxanes.

presence of aromatic groups on Si atom increases the oxidative stability of the

3. Chemical reactivity. Siloxane bond . 1{ H20 R "
can be cleaved by Grignard reagents, alkyl —0 nRMgXo  R—S$i—OMgX ——> nR'—Si—0n (v
lithium as also by lithium aluminium hydride, IL W
n

as shown. |
n i ”R'L . R -

The siloxanes may undergo hydrolysis LiAlHy / HaO ;_
and alcoholysis at elevated temperatures in n R'—ii—OLi 2 ! (

the presence of strong acids and bases to R
give silanols and alkoxysilanes. Ingeneral, .. & o 0100 + AlLO;
the greater the extent of substitution on Si [

atom, the greater is the ease of hydrolysis R
in the presence of acids and the greater is the di

4. Properties dependent on molecular structure. Many of the observed physical properties of
polysiloxanes such as compressibility, small temperature coefficient of viscosity and surface properties
have been attributed largely to almost regularly coiled structure (helical structure) of polysiloxanes and
weak intermolecular forces. The molecules have pronounced kinked and coiled structures at low
temperatures. With increase in temperature, the kinked structure opens out which results in a greater
interaction and entanglement of polymer molecules. This results in an increase in viscosity which partly
compensates the normal decrease in viscosity caused by greater thermal motion of molecules due to
increase in temperature. The net result of these two opposite factors is that the viscosity of polysiloxanes
does not change appreciably with change in temperature.

The ability of polysiloxanes to coil, in contrast to analogous linear organic polymers or other types of
polymers possessing relatively rigid structures, may be attributed to larger size of silicon atom compared
to that of carbon atom. The coiling may also be facilitated by flexibility in the magnitude of Si—O-Si bond
angle which can have values varying from 104" to 180° in different polysiloxanes.

_ Polysiloxanes are water-repellent. When glass is coated with polysiloxanes, the oxygen atoms of poly-
siloxanes adhere to the glass surface while the R groups on Si are directed outwards, i.e., towards the air.

S. Other properties. Polysiloxanes are electrical insulators. They are transparent to visible light
but absorb considerable amount of ultraviolet light, especially of shorter wave lengths.

V. COORDINATION POLYMERS

. Tl:e qe‘t’?lopnﬁﬁt of colordinati.on polymers as useful materials is still at a very primitive stage. The
characterisation of these polymers is quite troublesome because of solubili i inder
determination of the degree of polymerisation. ubility problems which also hin

) Any macr omolecular species which contains coordinate covalent bonds between the metal and the
Higands: is tevtsed px a coordmatmn‘p olymer. The coordination polymers are considered as inorganic
polymers although a large number of ligands employed are of organic origin. If the metal to ligand distances
are less than the sum of the radii of metal cation and ligand anions, it is t ak. ng ¢
a coordinate covalent bond in the polymer. ¢ en as a proof of the presence 0

L
e

fficulty of hydrolysis in the presence of bases,
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) ivi i tals
Elements have been broadly divided into melar < - : hric} Ve hiy

. satio lay bright metall;.
chemical properties. Metals have generally low ioni le and display llic bugy,

it ble and ements know
electrical and thermal conductivities. They are mﬂl!*l?: speripth: fthe 110 Zl il mcthnda.t
particularly when freshly cut. They have high tens! Rt »ccurrence and g ods
about 70 are metals. In the present chapter, We shall s
the extraction of metals from their ores.

METALLURqG
~ METALS AND —

the basis of their physic
ause of which they ha::l g

t
pre 5 EUL
llSed f[\r

Occurrence of Metals ; _ The earth’s cruce :
in the combined state S erust js

: : stl :
Metals occur in nature sometimes free but mostly o found in sea water.

are als
igge > 3 g soluble salts of metals ' |
biggest source of metals. Some n and which resist the attack of water gy, -

Noble metals which have little or no affinity for OxygeThus, metals such as silver, gold and platip

: ; i e. :
chemical reagents, occur in the free, ie. the ngtlv'e stat_t' < such as clay an d:sand. Someinse b
occur in nature in native state along with alluvial impurtti€ o pso

pure metals are also found. These are called nuggets.
reduction potentials) of noble metals are always posj;,

a tendency to accept electrons and get reduced 1, the
in metallic, i.e., native state.

{

The standard electrode potentials (i.e.,
which means that the ions of such metals have
corresponding metals. That is why these metals occur

The standard electrode potentials of active metals, on the other hand, are m:guu'vc which means thy
these metals have a tendency to get oxidised to their ions. In o_lhcr words, the ions of su.ch metals e
reluctant to get reduced to the metallic state. That is why the active metals occur in nature in the form of
their compounds, 7.e., in the combined state. These compounds are known as minerals.

The minerals from which metals can be conveniently and economically extracted are referred to =
ores.

Active metals occur in the form of the following categories of ores :

Sulphide ores. Metals such as iron, mercury, copper, etc., occur as their sulphides, e.g.. iron pyri
(FeS), galena (PbS), cinnabar (Hg$), copper pyrites (CuFeS,), zinc blende (ZnS), etc.

Oxide ores. Metals such as iron, alumini

- um, manganese, tin, zi c their oxides, ¢&
haematite (Fey03), bauxite (ALO;. g » ZINng, etc., occur as

2H,0), pyrolusite (MnO,), cassiterite (SnO,), zincite (Zn0), et-

Carbonate ores. The im ortan .
_ . t car ium, i zinc and e )
magnesite (MgCO;), dolomz'tl?e (CaCogl,jI(\J/;l ale ores are of magnesium, iron, copper, zinc and o

i ; . : uCO:h
cerussite (PbCO,), calamine (ZnCO3), etc. eC0;), siderite (FeCO3), malachite [C u(OH) L ut

Halide ores. Chiog .
. . ride ores are . s ndiu
potassium and magnes the most commop among the halide ores. The chlorides ",

et

g
eds on the surface of the earth and in sea water- ("

2 v

orn silver (AgCl) are common exa mples of chlorid?

328

0 ium are found ip
(I\CI.MgCI:.(SH:O), rock salt (NaCl) a;?llthb
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P romides and iodides of potassi i
potassium and magnesium are present in small amounts in
sea water. The fluoride

ores include fluorspar (CaF3) and cryolite (AIF,.3NaF)
e A

Sulphate ores. Many ¢ .

Many sulphide ores get .
ommon sulphate ores ; converted into sulphates by at io ovidat
5 are barytes (BaSOy), anglesite (PbSOs), epsomite ?ltg;%lgn%;xg;a“oné dThe

’ 4-TH,0), anhydrite

(CaSOa), etc.

Metallurgy
The process of ext '
P f ex, racting metals from their ores is called metallurgy. The metallurgical process

would necessarily depend
metal. It is not Posiible I:gozhtz:i nature of the ore which is to be worked out for the extraction of the
extraction of each metal involves j d'o'l:jl a universal scheme for the extraction of all metals since the
vy st stcH as copper ironn ;w ue;l proc.edures depending upon its nature and properties. However,
‘Roasting and Smelting’ Prooe:sses ,’m-lnc, ead, tin, etc., are extracted from their ores by the conventional
©c. are-obtained by the clcctrol' - The acm‘fe metal's such as alkali metals, magnesium, calcium, aluminium,

etals such as gold and si ysis of their chlorides, oxides or hydroxides in fused state and the noble
m gold and silver are obtained by the amalgamation or the cyanide process.

Various Steps Involved in Metallurgical Processes. The various steps essentially involved in the

extraction of pure metals from their respective ores are as follows.

1. Concentration of the Ore

. IMH%I:S ores art_:’oﬁcn found mixed with rocky material, e.g., quartz, felspar, mica and other
§1 ica es.r ese impurities are known as gangue. Before the ore is subjected to metallurgical process, it
is necessary to remove these unwanted impurities mechanically. This operation is known as concentration

of the ore. The common methods of concentration are as follows :
a. Hand picking. Quite often, the ore is separated from the main stock in a sufficient degree of

purity by simply picking it by hand and then eliminating the adhering rocky material by breaking with

hammer.
b. Gravity separation. The ore can be concentrated by taking advantage of the differences in the

specific gravities of metallic ore and the earthy impurities. The ore, after grinding, is washed with a
running stream of water. The heavy ore settles down rapidly while the lighter earthy material (gangue) is
washed away. The two common techniques of gravity separation are described below.
Hydraulic Classifier. Finely powdered ore is dropped into a conical reservoir, called hydraulic
werful stream of water is introduced from the bottom of the reservoir. The
r and the heavier ore particles accumulate at the apex of

classifier, from the top. A po
ucing the velocity of water and thus prevents the

gangue, being lighter, is carried away by wate
the cone. The conical shape of the reservoir helps in red
carried away along with the stream of water.

able having a slanting floor on which long wooden strips
is suspended in a stream of water and delivered at
heavier ore particles are obstructed

ore particles from being

Wilfley Table. Wilfley table is a wooden t
called cleats or riffles are fixed. The powdered ore

the upper end of the table which is then given a bumping motion. The
by the cleats while the lighter impuritics pass over and are carried away by the stream of water. The ore

particles which collect behind in the cleats move to one side as a result of the motion of the table and

are collected.

¢. Magnetic separation.
from the non-magnetic impuri
leather belt moving over two T¢
at one end. At the other end, t
falls nearer to the roller while the non-

on. Ferromagnetic ores, as of iron, that are affected by a magnet, are separated
tics by means of magnetic separators. A magnetic separator consists of a
Jlers, one of which is magnetic. The powdered ore is dropped on the belt
he magnetic portion of the ore is attracted by the magnetic roller and

magnetic impurities fall farther off.
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d. Electrostatic separation. This method is based on the fact that the Particle Mig,
conductors of electricity become electrically charged as sc:loonlfis they are brought intq ans Which ar, M
and are consequently repelled by the electrode carrylfllg the ﬁkf} charge. Lead sulphide ect‘fostat? gr’“d
ores which occur together in nature are separated by ftlns tec nflque. The mixed ore, afte: o Su? l
upon a roller in a thin layer and Subje}?tcd to the in Ee'nceho an electrostatic field. agn"din P
being a good conductor, gets charged immediately and is thrown away from the roller g sulphi&;s iy

repulsion. The zinc sulphide ore which is a poor conductor is not charged and hence drops o Clogy
the roller. o elhnc?llly f:’“al
e. Froth flotation. This process is based on the principle QfP?‘_eferential Wetting of g1 N
Metallic sulphides, for instance, are wetted by certain oils, like pine oil, but not by wate, % by h'qu%
The finely divided ore is put in water FOAM OF ‘
to which a small quantity of oil (e.g., pine SULPHIDE ORE

oil) has been added. The water is agitatqd
violently with air (Fig. 1) when froth 15
formed at the air—water interface. The ore
which is preferentially wetted by the oil
rises to the surface along with the foam
while the stony matter (gangue) wh?ch i
preferentially wetted by water remains 1n
the water below the foam, as shown on
the right of the figure. The foam separates
out and, in due course, settles down as

shown on the left of the figure. This Fig. 1. Froth flotation process
process is known as froth flotation :
process.

f. Leaching. This is a chemical method for the concentration of ores. In this method, the
ore is treated with some suitable reagent which may dissolve the ore but not the impurities, Te
are filtered off and the ore is recovered from the solution by suitable chemical methods. F
during the extraction of aluminium from bauxite (Al,03.2H,0) ore, the finely divided ore is t

IMpuriy
[ Exampl

i y : reated m'ﬂ;
hot sodium hydroxide solution. Alumina present in the ore dissolves forming soluble sodium metaalumingy

but impurities are left behind as such and are filtered off.

2. Calcination

Calcination is a process in which the ore is heated in a limited supply of air at a tempeuw
insufficient to melt it. During calcination, organic matter, volatile impurities and moisture presentini
ore are expelled and the remaining mass becomes porous. Calcination is also done to remove water i
hydrated oxide ores or carbon dioxide from a carbonate ore. For example, when limestone i el
carbon dioxide is given off and limestone is said to be calcined. When bauxite is calcined, ¥¥*
removed and anhydrous alumina is left behind. Similarly, iron ores on calcination give anhydros ¥
oxide. The various chemical changes are represented below :

CaCO3 — Ca0 + C02
AL0;2H,0 — ALO, +2H,0

2F8203.3H20 —> 2Fe;04 +3H,0 :

Calcination is generally done in

omvfﬁ
- : a reverberat : rs the ore
easily workable in subsequent stages. ory furnace (Fig. 2). It rende

3. Roasting ¥
Roasting i . 10 00 d
oasting 1s a wider term used to denote the process in which the ores (usually Sulphide
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ith the addition o_f other-materlials, are subjected to the action of heat in the presence of air, at
well below their melting points, in order to bring about their oxidation.

2ZnS+30, — 27n0 + 250,
2PbS+30, —— 2PbO+2S0,
2CUZS + 302 —_— 20.120 + 2S02

eor W
PCralUrcs

gometimes, during roasting, oxidation of sulphides takes place only upto sulphates. For example,
ZnS+20, —— ZnSO,
PbS + 20, — PbSO;,

puring rqasting g the n'on—voia_tile impurities like sulphur, arsenic, phosphorus, etc., are removed in
(e form of their volatile oxides which escape as gases through the chimney.

S+0, —> S0, 1T
4As + 302 —_— 2A8203 T
P4 + 502 —_— 2P205 T

Roasting is carried out either in a reverberatory furnace or in a blast furnace. In a reverberatory
furnace (Fig. 2), the chargc is placed on the hearth and heated by the flames deflected from its roof.
The reverberatory furnace is used in roasting the ores of copper, tin, lead, etc.

Blast furnage is a long vertical furnace (Fig. 3), made of steel plates, lined inside with fire—clay bricks.
It is provit!cd with an arrangement for blowing in air near the base, as shown in the figure. It is also
provided with a hole for removing the slag and a tapping hole for taking out the metal.

]

l Charging pipe
|_Exit for

Charge Waste gases

o
73 b o
q o rate s
=~ HOT GASES ;| \\
] \\'«-
] -\\ \ }\.
; (&\\Sﬁ 323 Air blast main
/ \ \ + 4
- e ||
”/////’Efﬁ{eﬁﬁ A Slag
S, Slag e Molte
/////W T hole  [EEE5S E i m:mln
Tapping
hole
Fig. 2. A reverberatory furnace. Fig. 3. Ablast furnace.

4. Smelting. Reduction of Metal Oxides by Carbon

A large number of metal oxides obtained during roasting can be reduced to metals by heating witt
carbon at elevated temperatures (> 1000°C). This process is called smelting.

The roasted ore is mixed with a suitable quantity of carbon (coal or coke) and heated to a higt
temperature above the melting point of the metal. Carbon and carbon monoxide (produced by the

-
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ey (114
F 1 Sy, My Vo
: : 1. For example, M. | ’ u
i bustion of carbon) reduce the oxide to the free meta M“ﬁ, W Mcf“:-“, red
incomplete com i HIE 2Fe +3CO p
F:Oi +3C0 —>  2Fe +3CO; o
T;b(-) +C EEEE Pb +CO
_ itional substance, called the flux, is added to the gre It ¢
During reduction, an a‘d - duct known as slag. thi“cs .
impurities to form easily fusible pro " t Vit
Impurities + flux —> fusabh: produc
(Present in the ore) o be easily skimmed
Slag is not soluble in molten metal. Being lighter, it can be y e off from, the Surf;
g
the molten metal. : ) o
: ities present in the ore. For example, if y,
hoice of flux depends upon the impuri : : . € org .
acidig?;:ur?tlies such as SiO,, P,Os, then basic fluxes like lime (CaO), magnesite (MgCO;), h(;z:l:“‘“@
a ;
(Fe;03), etc., are used. . —— 1 u'lph‘d_e
§io, + Ca0 — CaSiO, jally ©
Acidic impurity ~ Basic flux (Slag) oP the oxide
On the other hand, if the ore contains basic impurities such as CaO, FeO, MgC03, then i and
fluxes like sand and borax are used. idig
FeO +  Si0, —> FeSiO;
Basic impurity  Acidic flux (Slag) 5 THiS 1
Smelting is generally carried out in a g .
reverberatory furnace (Fig. 2) or a blast furnace IS WASTE Gasgs Elect
(Fig. 3) in a controlled supply of air. (_-:5;5 CONDENSER 2 metals su(c;'l
g . H n
In the case of metals which are volatile in : Sl?fﬁ;c;mm
nature (for example, zinc), smelting cannot be done ‘zé e electr
in an open furnace. In such cases, reduction of == 2§ cathode.
the oxide ore is carried out in fire-clay retorts. \-b- Y | Oth
The vertical retort, which is now in common use, _‘ SPELTER m ot
is shown in Fig. 4. Heating is done by producer o AL aluminin
. < | T W
. @ -"“\-E‘:' g
L . - T} iml
It is to be noted that reduction with carbon S -Ei"."ﬁlsj :“;
is plracncal only if the required temperature is :duj :-i".."r:-'. E
achieved conveniently which may not pe ) = ‘:.‘.‘ ‘E‘E g i
always. Q -,;D‘.I-_-_- T dlone,
| e of e
Reduction by controlleq heating in air, In ::E‘.".IE'.':, URNT GASES i
the case of less active heavy metals whose oxides '.':s“'ﬂ.‘i‘i - The
are unstable towards heat, only roasting in ajr is a"-- |
enough for the separation of (e metal T Mol
For example, roasting of the sulphide ore of PRODUCER ole
mereury (cinnabar) gives RS
its oxide.

the metg] rather thap

SIDU
HgS + 0, — Hg + SO, s

Fig. 4. A vertical retort furnace for the

zinc

E .
smelll

ore.

&131(
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CONDIENSIN(E (.'HAMHIER

ORE CONDENSING CHAMBER

[ (CINNABAR)
(] o | ™

(L SRt -
)RR |, T
|
)S‘J \§ ' )S p ‘u‘:(, \S u\.v s \\\

f !

MERCURY MERCURY

Fig. 5. Idrian furnace for th i
- € extraction of mercu
Sulphide ores of sey o
rh 3 parﬁall])y g te.{:‘a(ixrindvf:etzz:Is _?‘lﬁc;l;eaere’bf C}Lll, Sb, may I?e first roasted in a limited supply of air
& @; and the oxides formed react to give the metals. Fl:)r: iflgt::liséed + o e i whenni o

Roasting Roasting in

y
.; Cu,S CusS + C
To— u,0
In limited 2%,_2/ absence of air Cn¥80

supply of air
This process is known as self reduction.

f .:' Electmmetallqrgy. The carbon reduction methods are not applicable for the chemically active
/ metals such as alkali metals, alkaline earth metals, aluminium, etc. The oxides of these metals are very

stable and have to be heated very strongly with carbon in order to reduce them to metals. But at high
with carbon to form carbides. Hence, these metals are extracted by

temperatures, these metals combine
droxides or chlorides in fused state. The metal is liberated at the

i the electrolysis of their oxides, hy

cathode.
Other Methods for Reduction of Oxides of Metals. If the temperature required for the reduction
of the oxide by carbon is not easily attainable, then reduction is carried out by another metal such as

aluminium. This is called Goldschmidt thermite process. Examples are :
CI'ZOJ + 2Al — A1203 + 2Cr
3Mn304 + 8Al — 4A1203 + 9Mn

In a few cases, as for example, in the case of Ag,O, reduction is carried out by thermal decompositi_on
alone. Such cases have been dealt with below on the basis of the Elingham diagram. The thermodynamics

of carbon reduction process and the electrolytic process have also been discussed with the help of this

diagram,

Thermodynamics of the Oxidation of Metals to Metal Oxides. The Ellingham Diagram -
Consider a general oxidation reaction of a metal M in which 2x/y moles of the metal react with one

mole of oxygen to form the oxide M, 0,
(@dy)M + 0; —> 2y M0,

solid ~ gas Aol
ation reaction would be feasible and the oxide formed would be

Db mamicylly, -Lie OXIdG of the oxidation reaction is negative. Free energy change of a

stable if the free energy change A
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¢

' ' vell known e HEMIST
peaction is given by [.l.LA;I _ TAS where ~ F 200 M
thermodynamic relation AG - \1d AS is the §
AH is the enthalpy c!::'lllllli;i'né the reaction. 52
. TV Clllll\ e {[L‘Cull\ v i i 0 :'
tlliltinupl:\mucn Lhcing a gas, has hlghlt-f c:tzguﬁg % |
[N L\ = O - ! e c
than the metal and the mcla! Ohldl:. t lcf:'mll the B 200
be a decrease in entropy 1o g{ﬁlt.':-gwords AS 8§ ]
. o othe !
reactants 1o tITc pt Odll‘:t' hto&uld be negative. & —400 — _~+TC+0;-Co, Fe-¥FeO
By thevaidationmsar ol - Id become more & g
Obviously, the term TAS wou AG would E ‘_____,__,.——--"
¢ negative and thereby AG ~600 = "ic;,03
and more nega o with increase & Ceftb—"1
become less and less negative Wi b, B _,/{ 50
in temperature. 1f the temperature 18 Very tigt, 2 _eo0l .
in temperature ne d even positive in Z -800 2
7 may become zero and ¢ o L] *
wibing cl0 dation reaction would no & ) N’& 0\
which case the oxidg ACMCR. . ,
longer remain feasible. The \’ﬂflﬂuun-gft‘i&o(g <-1000 %M’M‘g’o : i \
with increase in temperature for lhﬁ: oxida o o "
of some common metals to their oxides (using - Cat & : ;
) * oxveen in each case) 1s -1200 = : i 1440
one mole of oxygen In each o o . i
in Fig. 6. This figure 1s kno - :
represented in Fig. 6. This figure 1 8
the Ellingham diagram. Similar diagrams can 336 500 710 10001107 1500 0
be drawn for the conversion of metals to metal ' ' TEI\_APERATURE, 0 il
sulphides or metal halides using one mo&e of Fig. 6. Ellingham thagram lShowmlg th't:lchange in free energy 4.
. i ture for metal-metal oxide react; ;
he halogen, as the case may be with tempera ' ons, bage
il prour gt 5 _ mole of oxygen in each case, don o
Consider the relation,
AG =AH-TAS

Differentiating with respect to T (assuming that AH does not vary with change in temperature], W
get
d(AG)/dT = — AS
Thus, for a reaction with negative AS, the slope of the line obt
positive while the slope of a similar line for a reaction with
reaction of metals with oxygen to give metal oxides, AS is

plotting AG vs T, will be positive. Since for a reaction such as C (s) + 02 (g) —> CO;, (g), ASis 2610,
the slope of the line will be zero and the plot of AGvs T

will be parallel to the temperature axis, T
slope of the line for the reaction 2C (5) + 0, (g) —> 2CO (), for which AS is obviously positive, has
to be negative, as actually observed.

ained by plotting AG vs T i be
positive AS will be negative, Since for i,

negative, the slope of the lines obtained by

The Ellingham diagram for the oxidation of metals to meta] oxides, represented in Fig. 6, has?
number of significant features -

I. All the AG vs T lines slope upward since AG becomes less and less negative with increasé
temperature,

ange in ent
changes the slopes of AGg opy when the metals underg

VS T lines,
Change appreciably at 356° ThUS, the

and Ca. » 1107° and 1440°C

; ‘< considersd!
o fusion or vaporisation. This Cogsbﬁines
slqpes of Hg — HgO, Mg - MgO and ca“ faHg. Mg
Which are, respectively, the boiling points ©

oS
s T
State would be reached when the gGO‘fSthc o.\'l@

v
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335
s gram, all oxides should d . Tar e
¢ temperatures are sufficiently high at which AG be@;‘;‘:‘“l;glsf to give the metal and oxygen provided
ot easily attainable. The Hg — H positive. Such temperatures are :

which are easily attainable. Th des, thereft
reason why Hg and Ag are obtained by thermal dech;})g:ii?
4. Quite frequently,

sed to reduce Crz0; to Cr. Any metal would :
! g]]ingham diagram. This has been reduce the oxide

£}

, €ross the AG = 0 line at temperatures

mpose e.asily to give the metals. This is the
on of their oxides.

Consider the following reactions taking place at a particular tempﬁl'ature '

BC+0, — 230r,05; AG = —xKJ (1)
4/3 Al + 0O, iy B3 AIZOJ; AG =y Q)

gham diagram that the AG vs T line for Al Al,O i

— Al,O3 system lies below the
system so that |y | >|x|. Subtracting Eq. 1 from Eq. 2, we get
Y3AI-43Ct  — 23 AL0;-2/3Cr0;; AG= —y— (K .03
A3AI+23Cr0;  — 43Cr+23AL0; ; AG= (x—y)KI (8

- Since |y [> | x , hence (x—y)is negative, that is, AG accompanying reaction (4) is negative. Reaction
(4) is, therefore, thermodynamically feasible, i.e., Al would reduce Cr,0; to Cr.

Now subtracting Eq. 2 from Eq. 1, we get
4/3 Cr+ 2/3 AL Oy

We see from the Ellin

\ AG vs T line for Cr — CryO4

or

e R Y S —r—m.

— 23Cr,0; +43Al; AG=(y-x)kI

Since y — x and hence AG for the above reaction is positive, it would not occur, i.e., Cr would not

reduce Al;O3 to Al. However, Mg — MgO line lies below the Al — Al,O5 line in Ellingham diagram. Hence,
Mg would reduce Al,O; to Al.

5. As can be seen from the Ellingham diagram, the AG vs T graph for the oxidation of carbon is
typical in itself. Two reactions are possible for the reaction of carbon with oxygen :

C+0, — CO,
2C+0, — 2CO

In the first reaction, there is practically no change in entropy because the volume of CO, produced is
the same as the volume of O, used. As a result, the AG vs T graph for C —— CO, reaction is practically
horizontal, as shown. The second reaction is accompanied by an increase in entropy because one volume
of 0, produces two volumes of CO. Since AS is positive, hence AG (= AH — AS) goes on becoming more
and more negative with increase in temperature. As a result, the AG vs T graph for the second reaction
slopes downward, as shown. The two graphs cross at about 710°C. Below _thls temperatulre, carb'on

reduces metal oxides to metals which lie above the horizontal line in Ellingham dlagrarq, carbon 1t:;e:lt.~ being
oxidised to CO,. Above 710°C, reduction of oxides results in the formation of CO. Since the AG line for
C—> CO slopes downwards, it would eventually cross all other metal-metal oxide graphs and would lie
below all of them. This implies that, in principle, carbon can be used for reducing any r_netal-m.ude- to metal
provided a sufficiently high temperature is made available f(?r the purpose. But, sometimes 1t is difficult tclo
attain such high temperaturcs and, therefore, other techniques are used for the reduction of the meta
oxides.

It can thus be concluded from the above discussion that HgO and Ag,0 can be reduced to their
respective metals simply by heating since the temperatures at which AG for the oxidation reactions
Hg —> HgO and Ag — Ag,O becomes positive aqd hence AG for decomposition reactions
HgO Hg and Ag;0 —> 2Ag becomes negative are easily attained. The process in which the metal is

obtained simply by heating the oxide ore to an easily attainable temperature is called pyrometallurgical
process.

e Y
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e ) ~ay 2y
‘des is difficult since the tem & %qu _ M ﬂplc‘
; ox1des @ .. not easil te, N o
peating thelr 0% 7 citive, are not easily ayy; e $
ides l"'Lcnn:,g,ﬁnr;,craturcs at which C —¢q ?ab\e, ?‘
t with coke to 1€ iron is obtained from itg o . e inln of
xide lin¢. Thus he C—CO line |3 Mde o by
- at which 1 €s bqoweb,
th )
Ellingham U5 7~ at 1€ remperature at which C can re RY:
heating it ¥  difficult as the temPe ) uce i RS
Fe- tine (B8 .1 Ci8 extret ely t‘_ not shown in the diag - 2 {8 bflﬂ
. o of IOy WA = gjQ, line BT : an be af : Vs
The reducthit 1 200°C (the ¢ metal oxides with C can fected are diffig,, \f‘[halrf
very high. V& aroul 3 th reduct on 0 " In this technique, the pl’OCC§S of rcducti% Lt iﬂgl Ild
W pperatures e |‘ wl clt‘t'"“'l}'m-“n)ll ich AG is sufficiently negative so as aj e d"pecf
If lh; ‘:lmh‘*"“‘“ is carmes :I‘“‘ process for W 111“‘ process, therefore, becomes feasib)e The the A8 3
achicve. ! c‘ anled with the clectit jecidedly negative Uy
anide gots COUP Jod provess d¢¢ - (from external cell) gs
verall AG for the COUPE srocess) + AU (from & proc 4
o AG ~ AG (reduction | £ D 240°
j . qjon Process) - (nF Eexterna ' ,Dehav
- AG (reduc  the two electrodes of the electrolytic cell), i3
lifference 3pplicd across the of g
(Ecanernat 19 the ;wmn.ﬂ dific <o that the reduction process becomes feasible, the facy ‘&'le 7
o order that AG (overall) 18 mﬁfl;:'ncnativc. j.¢., nFEext should be greater than AG (reqy;
O aait) = #P ] SO el TRET rocess)/nF. !
[AG (reoduchiot :-d“*: i1d be gtr‘c'ncr than AG (reduction P ) janth
s , Shou = . . !
erocess), Thus, Eex § 1 Why do we almost invariably convert metal sulphide;... . F
s 1 > 'S n : j 5 = s Lyl a
A guestion may arise in rtl;“-kr \‘;If:‘}: carbon ? Why can t we directly redl_xce metal sulphideg ik
metal axides before wdutcmgll m;s o compound CS analogous to CO for which AG vs T graphs Shone -
2 s 1s that there . 3 ; . a
e m{iﬂ “:c»r -:mc sulphide ores are first converted into the oxides and then reduced by carhy, 7
-(:-_,““J-:":“l'c-? 1 herelore, - . .
' ing metals from their oxides. This:
Hvdroeen is of limited use as a reducing agent for extracting £ hvd Ha 4 O ];hh
hecsuse of two reasons. Firstly, the AG vs T line for the oxidation of hydrogen (2H; + 0, — iy,
beczuse 01 WO rcasoils. 5 ) . : .
runs parallel 10 most of the metal-metal oxide lines so that only a very few.metals, bavmg me-
metal ovide lines above the hydrogen line, can be reduced by hydrogen. Thz? increase in temperav;:
w11l not be of any use because at elevated temperatures hydrogen reacts with many metals formi; -
hydnides.
The thermodynamic treatment discussed above has two limitations as well. These are :
) . , _. Th
I. The treatment 1 based on the assumption that the reactants and products are in a SRk & dr
equilibrium which 1s ofien not true.
2 ’ alu : dis . . ) . "
i ties ﬁ?&rw‘mcm only predicts the feasibility of the reaction. It gives no information about e ;f
: : 1
Specialised Techni 7 ‘ .
Spe : chniques for the Extraction of Metals 0
Some specialised techniques ¢ t
o ; s are also em love . . i cog, 108 (
techniques include amalgamation hydromclallll:r rycd fl‘or the extraction of metals in speciile Cmf t‘ump N r
: » S 3 2 1 2 ~ H 08 I’
& Amalgamation, This procece : &% solvent extraction and ion-exchange chromae™ . i
crushed auriferoys ® Process is used for the CXtracti finet ;

- 4 ‘ve. The
, on of gold which ocours native: "%
amalgam. The metal i« O contact wi \ !". N rming
i ¢ metal is then recoyered B distling lh\::th nlu.rcury which takes up the metal for

b. Hydrometallyrgy, > dmalgam,
chemical reagents, Thi‘f;y - ‘“)"dromclallurgy involyes

quartz is brought iy

uimb]ﬂ

. br° . . . ] . ofs : -
agents. For example, o 15 followeq by the recove Nging the metal in solution by the action i itﬂ“}"—l |

through i, Cr are sugp

r silver op
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complex from which the meta is precipitated by adding zinc turni - & B
urnings,
4Ag + i
. g+ 8NaCN + O, (air) + 2H,0 —» 4Na[Ag(CN),] + 4NaOH
AgCl +2NaCN —» Na[Ag(CN),] + NaCl
2Na[Ag(CN),] + Zn ——» Nay[Zn(CN),] + 2Ag L

with a given volume of the extractine liau;

X : Ing liquid

instalments than if the : 4 :
whole of it is used in a single operation. The efficiency of the process largely

depends upon the partition coeffici i

extracting liquid. cient which tells how many times the solute is more soluble in the
The solvent extraction

rocess). In this process, a

added. Molten lead and mol

l;;gfltt?lsts_. is successfully employed in the desilverization of lead by zinc (Parke’s
o erl(;;:s lead is me_lted -by_ heating to about 800°C. Molten zinc is then
Inc behave as two immiscible liquids in contact with each other and silver

ves as a sol ich i ks !
Eggg Oe:taSO 0°SC0.UtSeilv\r£lctl}],;S rfnore soluble in zinc than in lead, the partition coefficient being of the order
is separated. By repeat’ing rti :r;;ci?:s;sﬁ li'eadtly f_rom the heavier lead layer into the lighter zinc layer which
. . ree or four times, : - :
the zinc layer from which it can be recovered by diStilli;:z?ﬂcil;:SSt the entire amount of silver passes into
- . : o —w
d. Ton exchange Chromatography. This technique is effectively employed for the separation of

lanthanoids. This has been discussed in details in Chapter 25.

5, Refining or Purification
After various metallurgical operations, the metal first obtained is usually impure. The impurities

largely consist of
(V) Pthtir metals produced by the simultaneous reduction of their respective oxides originally present
in the ore.

(i) unreduced oxides and sulphides of the metals and
(iii) substances such as residual slag, flux, etc.
The impure metal is, therefore, subjected to certain purifying processes which depend upon the metal
under treatment and the nature of the impurities to be removed. The usual refining processes are :
a. Liquation process. This process is employed when the impurity is less fusible than the metal itself.
The impure metal is placed on the sloping hearth of a furnace and gently heated. The metal melts and

drains away leaving behind the infusible material on the hearth.
b. Distillation process. This process is employed for purification of volatile metals like mercury, zinc
impure metal is heated in a retort and its vapours are condensed in a receiver. While the

and cadmium. The vapo
pure metal distils over, the non-volatile impurities are left behind in the retort.

ocesses are employed for refining when impurities consisting of
a molten state

¢. Oxidation processes. Oxidation pr .
other metals get oxidized more readily than the metal itself. The impure metal is exposed in
to the oxidizing influence of air in a suitable furnace. The oxides of other metals which are formed are
removed from the surface by skimming. Sometimes, the oxide of the metal itself is added which provides
the oxygen to the impurities. Thus, copper oxide is added to impure molten copper to provide oxygen
required for the oxidation of impurities. |

d Thermal decomposition of suitable compounds. In this method, the impure metal is conve.rted

ly to yield the pure metal. Two examples are given

nto some volatile compound which decomposes easi
elow. - |
(/) Mond Process. Impure nickel is treated with CO at 50°C when Ni(CO)4 gas 1s produced which

‘hen heated to 250°C in a closed vessel decomposes to give CO and pure nickel. CO is recycled to react
kel. This process is known as Mond process.

ith more of the impure nic

Ak
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. Itrapurification of 7, Ny
Process. This method is used for ultrap T
i7) V! :el-de-Boer Process.
(i7) Van Arke

1
l[y

]
nt Uflha
mum! 2 lh:

' Ctri
. ts on the tungSttEn f a
i al which deposi %
iner when M1 decomposes to give the met
closed container

. ith further qUanti_ty of the Impyr,
' ' el ent W titaniy '
i ¢ iodine liberated is recycled W bar of pure titaniym o, Zireg
i o Thttfgindtrilllled out leaving behind the hollo
tungsten filament is

case may be. fined electrolytically, The Impyre Mety) ;
- tals are re . . alin g,
. large number of me : : cathode is g thin pJa¢ ¢
¥ Elect—m'reﬁm:eg tli ::Irx%de of an electrolytlc. cell Whllet;}éeeleCIIOIYte. On pasl.;in ge tOf t
form! o EIOCI';S&S nnlgf a suitable salt of the metal is Ted ai d on the cathode. The Soluble i;t‘lecuic
metal. A solutio A 8 de and is eposite ;: s Urig;
tal dissolves from the ano 1s called the gy, 3
Ezrirrf:]c:‘sg;telt?c;:iﬁﬁeathe insoluble matter settles down at the bottom and de myq

. IS carried oyt In an jnert atmosphere
to prevent oxidatjop of the meta].

3. Explain the terms : Minera], Ore, Gangue, Flyx and Slag, G;
4. Write short notes on :

(1) Dressing of the ore
(3) Hydrometallurgy
5. What js meant b

(2) Electrometallurgy
4) Electroreﬁning (5) Zone refinin
Yy the term concentration of the ore ? E

6. Describe the varioys methods employed for the refj
7. Differentiate between - '

(1) minera] and ore

Ning of Crude mety)

(i) Calcination apq roasting
(i) gangue and flx
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Nucleic acid

Introduction

A most remarkable property of living cells is their ability to produce exact replicas of
themselves. This is due to the cells containing fact that all the instructions needed for making
the complete organism of which they are a part. Nucleic acids are the molecules within a cell
that are responsible for these amazing capabilities. The first isolation of nucleic acid we now
refer to as DNA was accomplished by Swiss physiologist Johann Friedrich Miescher circa
1870 while studying the nuclei of white blood cells. In the 1920's nucleic acids were found to
be major components of chromosomes, small gene-carrying bodies in the nuclei of complex
cells. Elemental analysis of nucleic acids showed the presence of phosphorus, in addition to
the usual C, H, N & O. We now know that nucleic acids are found throughout a cell, not just

in the nucleus, the name nucleic acid is still used for such materials.

Central dogma: The central dogma of molecular biology. Defined as “The genetic
information encoded in the DNA is first transcribed into the mRNA, which is then translated

into the protein”.

Transcription Translation @ Folding
— —

Amino acid

chain Protein

A nucleic acid (NA)is a polymer in which the monomer units are nucleotides. There are two
Types of Nucleic Acids: DNA: Deoxyribonucleic Acid: Found within cell nucleus for storing
and transfering of genetic information that are passed from one cell to other during cell
division RNA: Ribonucleic Acid: Occurs in all parts of cell serving the primary function is to

synthesize the proteins needed for cell functions.
Components Of nucleic acids

Nitrogenous bases: PURINES and PYRIMIDINES




Sugars used are:

Deoxyribose

Base present

Purines: Fused 6 & 5 membered hetero CN-ring system, usually unsaturated. Two common

purines in biological systems are adenine and guanine, both used in DNA and RNA, as well

as in energy carriers (ATP & GTP).

O

NH3
7 N N
N\ N \ NHZ \
e | I

9/ A ™~ NH3 e
4 N N N N
f\dcnipc ) Guanine (2 amino 6 oxy purine)
(6 amino purine)

Purine

Structure of purine bases

Pyrimidines: 6 membered CN-ring, usually unsaturated. Three common Pyrimidines found
in biological systems are cytosine(C) , uracil (U)and thymine(T): two (C & T) present in
DNA, and two (C & U) used in RNA.

G
po— ol L
_-.___._:-__-'.:"H-HH : s - HH"# W

N. r 1
l ﬂ | ]
PRu ST PR, o : ﬁf“hﬂﬁ

S
|

PMynweding

Liragd £2.4, deimy Pl [ 2 4 o Sacthsd

Loylnsame (-0 A-aimmnn
[erinadhing i I rindline)

[ TIFmICIrRE

Structure of pyrimidine bases




Nucleoside and nucleotide structure

Nucleosides : are structure consisting of a Nitrogenous base plus sugar is termed

a nucleoside.

Nucleotides: are structure consisting of a Nitrogenous base plus sugar plus phosphate is

termed a Nucleotides.

Purine Pyrimidine

Nucleotide
A

o}
2y NH, H\N/ICHS
Nucleoside H7< | N o"l\n H
—A— /L
NZ H

|
H  Thymine

Nitrogenous )
Phosphate base B e NH,
group e NZ S H

L L L ’ | IOKN/H (L\N’ | Ly,
) I I Il S / | L Cytosine
= ) — PR ) — v — H H
O-P-O— 0-P-0—0-P-0——CH, <: -

B
|

O @] = & w8
: : Guanine SN H
ri- di- mono- J\ |
HO OH ribose o H

H deoxyribose T
H

Sugar
L=}

The nucleic acids are made up of polymers of four different nucleotide residues each.
RNA uses AMP, CMP, GMP, and UMP
DNA use the deoxy forms: dAMP, dCMP, dGMP, and dTMP

The two nucleic polymers differ by both the 2‘functional group (-OH or -H) and the use of

either uridine or thymine as the fourth base.

Though only four different nucleotide bases can occur in a nucleic acid, each nucleic acid
contains millions of bases bonded to it. The order in which these nucleotide bases appear in
the nucleic acid is the coding for the information carried in the molecule. In other words, the
nucleotide bases serve as a sort of genetic alphabet on which the structure of each protein in

our bodies is encoded.
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Primary Nucleic Acid Structure Polynucleotide

In polynucleotide, nucleotides are joined to one another by covalent bonds between the
phosphate of one and the sugar of another. These linkages are called phosphodiester linkages.
This nucleic acids found in the cell have primary structures that arise from the end-to-end
polymerization of single nucleotide units. The links between each nucleotide are formed by
esterification reactions between the sugar's C3’ hydroxyl group and the - phosphate of an
incoming nucleoside triphosphate (NTP) to form a phosphoester linkage.

bonds

OH)
Y OH end

Figure: Polynucleotide chain bound by phosphodiester bond

Deoxyribonucleic acid

Deoxyribonucleic acid (DNA) is a nucleic acid containing the genetic instructions used in the
development and functioning of all known living organisms. DNA is made and resides in the
nucleus of living cells. DNA gets its name from the sugar molecule contained in its
backbone(deoxyribose); however, it gets its significance from its unique structure. Four
different nucleotide bases occur in DNA: adenine (A), cytosine (C), guanine (G), and

thymine (T).DNA consists of two long polymers of simple units called nucleotides, with




backbones made of sugars and phosphate groups joined by ester bonds. These two strands run
in opposite directions to each other and are, therefore, anti-parallel. Attached to each sugar is

one of four types of molecules called nucleobases (informally, bases).
DNA structure

The DNA Double Helix : The 1962 Nobel Prize in Physiology or Medicine was awarded to
Crick, Watson and Wilkins for the discovery of the molecular structure of DNA — the double

helix.

Figure: The structure of Watson and crick model of double helical structure of the Right
handed or B-form of DNA

The important features of Watson — Crick Model or double helix model of DNA are as

follows:

1. The DNA molecule consists of two polynucleotide chains or strands that spirally twisted

around each other and coiled around a common axis to form a right-handed double-helix.

2. The two strands are antiparallel i.e. they ran in opposite directions so that the 3’ end of one

chain facing the 5" end of the other.

3. The sugar-phosphate backbones remain on the outside, while the core of the helix contains

the purine and pyrimidine bases.




4. The two strands are held together by hydrogen bonds between the purine and pyrimidine

bases of the opposite strands.

5. Adenine (A) always pairs with thymine (T) by two hydrogen bonds and guanine (G)
always pairs with cytosine (C) by three hydrogen bonds. This complimentarily is known as
the base pairing rule. Thus, the two stands are complementary to one another.

6. The base sequence along a polynucleotide chain is variable and a specific sequence of

bases carries the genetic information.

7. The base compositions of DNA obey Chargaff s rules (E.E. Chargaff, 1950) according to
which A=T and G=C; as a corollary ) purines (A+G) = 2 pyrimidines (C+T); also (A+C) =
(G+T). It also states that ratio of (A+T) and (G+C) is constant for a species (range 0.4 to 1.9)

8. The diameter of DNA is 20nm or 20 A. Adjacent bases are separated 0.34 nm or by 3.4 A
along the axis. The length of a complete turn of helix is 3.4 nm or 34 A i.e. there are 10bp per
turn. (B- DNA-Watson rick DNA)

9. The DNA helix has a shallow groove called minor groove (-1,2nm) and a deep groove
called major groove (- 2.2nm) across.

1. The amount of DNA per nucleus is constant in all the somatic cells of a given species.

2. The total amount of DNA in a haploid genome is a characteristic of each organism and is

known as C-value.

3. Only a small fraction of DNA is functional in eukaryotes.

4. DNA is the chemical basis of heredity and is organized into genes or cistrons.

5. DNA replicates to form DNAs and transcribes to form RNAs.
6. DNA replication occurs in the S-phase of cell cycle.

7. DNA replication is semi conservative in which two daughter DNA molecules formed; each

receives one of parental strand and one new strand.




8. One strand of DNA directs the synthesis called template strand, or antisense or non-coding
strand. The other strand is called coding or non template of sense strand which has the same

sequence as the RNA transcript except for T in place of U.
9. DNA has many repeated base sequences, some of which ire mobile.

10. DNA can easily undergo denaturation (melting) and renaturation with any change in pH,
temperature and salt concentration. DNA with a high G+ G content are more resistant to

thermal melting than A + T rich molecules.
11. DNA can be synthesized in vitro (in the laboratory).

12. DNA can be measured by the unit picogram (Ipg= 10 g)
Ribonucleic acid

Ribonucleic acid (RNA) functions in converting genetic information from genes into the
amino acid sequences of proteins. Like DNA, RNA is a long polymer consisting of
nucleotides.
RNA is a single-stranded helix.

1. The strand has a 5’end (with a phosphate group) and a 3’end (with a hydroxyl group).

It is composed of ribonucleotides.

2
3. The ribonucleotides are linked together by 3’ — 5’ phosphodiester bonds.
4

. The nitrogenous bases that compose the ribonucleotides include adenine, cytosine,

uracil, and guanine.

The three universal types of RNA include transfer RNA (tRNA), messenger RNA (MRNA),
and ribosomal RNA (rRNA). Messenger RNA acts to carry genetic sequence information
between DNA and ribosomes, directing protein synthesis. Ribosomal RNAis a major
component of the ribosome, and catalyzes peptide bond formation. Transfer RNA serves as
the carrier molecule for amino acids to be used in protein synthesis, and is responsible for
decoding the mRNA. In addition, many other classes of RNA are now known. RNA
functions to transfer genetic instructions from the nucleus to the cytoplasm, where the

information is decoded
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Messenger RNA (mRNA) Ribosomal RNA (rRNA) Transfer RNA (tRNA)

There are three types of RNA which cooperate to complete the central dogma

Messenger RNA (MRNA)
a transcript copy of a gene which encodes a specific polypeptide.

» Accounts for about 5% of the total RNA in the cell.

» Most heterogeneous of the 3 types of RNA in terms of both base sequence and size.

> It carries the genetic code copied from the DNA during transcription in the form of
triplets of nucleotides called codons.
As part of post-transcriptional processing in eukaryotes, the 5’ end of mRNA is
capped with a guanosine triphosphate nucleotide, which helps in mRNA recognition
during translation or protein synthesis.
Similarly, the 3° end of an mRNA has a poly A tail or multiple adenylate residues
added to it, which prevent enzymatic degradation of mRNA. Both 5’ and 3’ end of an
MRNA imparts stability to the mRNA.

Function

MRNA transcribes the genetic code from DNA into a form that can be read and used
to make proteins. mMRNA carries genetic information from the nucleus to the

cytoplasm of a cell.

Transfer RNA (tRNA)

carries the polypeptide subunits (amino acids) to the organelle responsible for synthesis

(ribosome)

> tRNA is the smallest of the 3 types of RNA having about 75-95 nucleotides.




> tRNASs are an essential component of translation, where their main function is the

transfer of amino acids during protein synthesis. Therefore they are called transfer
RNA:s.

Each of the 20 amino acids has a specific tRNA that binds with it and transfers it to
the growing polypeptide chain. tRNAs also act as adapters in the translation of the
genetic sequence of mMRNA into proteins. Therefore they are also called adapter

molecules.

Structure of tRNA

tRNAs have a clover leaf structure which is stabilized by strong hydrogen bonds between the

nucleotides. Apart from the usual 4 bases, they normally contain some unusual bases mostly

formed by methylation of the usual bases, for example, methyl guanine and methylcytosine.

Three structural loops are formed via hydrogen bonding.

The 3’ end serves as the amino acid attachment site.

The center loop encompasses the anticodon.

The anticodon is a three-base nucleotide sequence that binds to the mRNA codon.
This interaction between codon and anticodon specifies the next amino acid to be

added during protein synthesis.

Function

Transfer RNA brings or transfers amino acids to the ribosome that correspond to each three-

nucleotide codon of rRNA. The amino acids then can be joined together and processed to

make polypeptides and proteins.

Ribosomal RNA (rRNA)

a primary component of the ribosome and is responsible for its catalytic activity

» Found in the ribosomes and account for 80% of the total RNA present in the cell.

> Ribosomes consist of two major components: the small ribosomal subunits, which

read the RNA, and the large subunits, which join amino acids to form a polypeptide
chain. Each subunit comprises one or more ribosomal RNA (rRNA) molecules and a
variety of ribosomal proteins (r-protein or rProtein).

Different rRNAs present in the ribosomes include small rRNAs and large rRNAs,

which denote their presence in the small and large subunits of the ribosome.




» rRNAs combine with proteins in the cytoplasm to form ribosomes, which act as the

site of protein synthesis and has the enzymes needed for the process.

» These complex structures travel along the mRNA molecule during translation and

facilitate the assembly of amino acids to form a polypeptide chain. They bind to

tRNAs and other molecules that are crucial for protein synthesis.

Function

» rRNA directs the translation of mMRNA into proteins.
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Vitamins

Introduction

Vitamins are organic compounds that are needed in small quantities to sustain life. Most
vitamins need to come from food. A vitamin is one of a group of organic substances that is
present in minute amounts in natural foodstuffs. Vitamins are essential to normal
metabolism. If we do not take enough of any kind of vitamin, certain medical conditions

can result.

A vitamin is both:

e an organic compound, which means it contains carbon

« an essential nutrient that body cannot produce enough of and which it needs to get
from food

Each organism has different vitamin requirements. For example, humans need to consume
vitamin C, or ascorbic acid, but dogs do not. Dogs can produce, or synthesize, enough
vitamin C for their own needs, but humans cannot.

There are currently 13 recognized vitamins.
Different vitamins have different roles, and they are needed in different quantities.

Vitamins are either water-soluble or fat-soluble.
Fat-soluble vitamins are easier for the body to store than water-soluble.
Vitamins always contain carbon, so they are described as “organic.”

Food is the best source of vitamins, but some people may be advised by a physician to
use supplements.

Types of vitamin base on solubility
» Fat-soluble vitamins

> water-soluble Vitamins.
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Fat-soluble vitamins

Fat-soluble vitamins are stored in the fatty tissues of the body and the liver. Vitamins A, D,
E, and K are fat-soluble. These are easier to store than water-soluble vitamins, and they can
stay in the body as reserves for days, and sometimes months. Fat-soluble vitamins are
absorbed through the intestinal tract with the help of fats, or lipids.

Vitamin A

Chemical names: Retinol, retinal, and four carotenoids, including beta carotene.lt is fat
soluble.

Deficiency may cause night-blindness and keratomalacia, an eye disorder that results in a dry
cornea.

Good sources include: Liver, cod liver oil, carrots, broccoli, sweet potato, butter, kale,

spinach, pumpkin, collard greens, some cheeses, egg, apricot, cantaloupe melon, and milk

Vitamin D
Chemical names: Ergocalciferol, cholecalciferol.lIt is fat soluble.

Deficiency may cause rickets and osteomalacia, or softening of the bones.
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Good sources: Exposure to ultraviolet B (UVB) through sunlight or other sources causes

vitamin D to be produced in the skin. Also found in fatty fish, eggs, beef liver, and

mushrooms.

Vitamin E

Chemical names: Tocopherols, tocotrienols

Deficiency is uncommon, but it may cause hemolytic anemia in newborns. This is a condition
where blood cells are destroyed and removed from the blood too early.

Good sources include: Kiwi fruit, almonds, avocado, eggs, milk, nuts, leafy green
vegetables, unheated vegetable oils, wheat germ, and whole-grains.

Vitamin K

Chemical names: Phylloquinone, menaquinones

Deficiency may cause bleeding diathesis, an unusual susceptibility to bleeding.

Good sources include: leafy green vegetables, avocado, kiwi fruit. Parsley contains a lot of

vitamin K.




Table : Fat soluble vitamins resources and deficiency diseases

Vitamin A

(Retinol)

Leafy vegetables,
carrot, tomato,
pumpkin, papaya,
mango, meat, fish,
egg, liver, milk,
cod liver oil, shark
liver oil.

Eye, skin diseases

Night blindness,
xerophthalmia,
cornea failure,
scaly skin.

Vitamin ‘D’
(Calciferol)

Liver, egg, butter,

| cod liver oil, shark
liver oil, (morning
* sun rays).

Improper formation
of bones, knocknees,
swollen wrists,
delayed dentition, .
weak bones.

Vitamin ‘E’
(Tocoferol)

Fruits, vegetabies,

| ‘sprouts, meat, egg, -

sunflower oil.

Feitility disorders

Sterility in males,
abortion in females.

Vitamin 'K’
(Phylloguinone)

Green leafy

vegetables, milk.

Blood clotting

Delay in blood
clotting, over
bleeding.

Water-soluble vitamins

Water-soluble vitamins do not stay in the body for long. The body cannot store them, and

they are soon excreted in urine. Because of this, water-soluble vitamins need to be replaced

more often than fat-soluble ones. Vitamin C and all the B vitamins are water soluble

Types

. Vitamin A, or Retinol

. Vitamin B1, or Thiamin

. Vitamin B2, or Riboflavin

. Vitamin B3, or Niacin
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. Vitamin B5, or Pantothenic Acid

. Vitamin B6, or Pyridoxine

. Vitamin B7, or Biotin

. Vitamin B9, or Folic Acid (Folate)
. Vitamin B12, or Cobalamin

10. Vitamin C or ascorbic acid

Vitamin B;

Chemical name: thiamine.

Deficiency may cause beriberi and Wernicke-Korsakoff syndrome.

Good sources include: yeast, pork, cereal grains, sunflower seeds, brown rice, whole-grain
rye, asparagus, kale, cauliflower, potatoes, oranges, liver, and eggs.

Vitamin B2

Chemical name: Riboflavin

Deficiency may cause ariboflavinosis

Good sources include: asparagus, bananas, persimmons, okra, chard, cottage cheese, milk,
yogurt, meat, eggs, fish, and green beans

Vitamin B3

Chemical names: Niacin, niacinamide

Deficiency may cause pellagra, with symptoms of diarrhea, dermatitis, and mental

disturbance.
Good sources include: liver, heart, kidney, chicken, beef, fish (tuna, salmon), milk, eggs,
avocados, dates, tomatoes, leafy vegetables, broccoli, carrots, sweet potatoes, asparagus, nuts,

whole-grains, legumes, mushrooms, and brewer’s yeast.
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Vitamin B5

Chemical name: Pantothenic acid

Deficiency may cause paresthesia, or “pins and needles.”

Good sources include: meats, whole-grains (milling may remove it), broccoli, avocados,
royal jelly, and fish ovaries.

Vitamin B6

Chemical names: Pyridoxine, pyridoxamine, pyridoxal

Deficiency may cause anemia, peripheral neuropathy, or damage to parts of the nervous
system other than the brain and spinal cord.

Good sources include: meats, bananas, whole-grains, vegetables, and nuts. When milk is
dried, it loses about half of its B6. Freezing and canning can also reduce content.
Vitamin B7

Chemical name: Biotin

Deficiency may cause dermatitis or enteritis, or inflammation of the intestine.

Good sources include: egg yolk, liver, some vegetables.

Vitamin B9

Chemical names: Folic acid, folinic acid

Deficiency during pregnancy is linked to birth defects. Pregnant women are encouraged to
supplement folic acid for the entire year before becoming pregnant.

Good sources include: leafy vegetables, legumes, liver, baker’s yeast, some fortified grain
products, and sunflower seeds. Several fruits have moderate amounts, as does beer.

Vitamin B12

Chemical names: Cyanocobalamin, hydroxocobalamin, methylcobalamin

Deficiency may cause megaloblastic anemia, a condition where bone marrow produces

unusually large, abnormal, immature red blood cells.
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Good sources include: fish, shellfish, meat, poultry, eggs, milk and dairy products, some

fortified cereals and soy products, as well as fortified nutritional yeast.

Vitamin C

Chemical name: Ascorbic acid

Deficiency may cause megaloblastic anemia.

Good sources include: fruit and vegetables. The Kakadu plum and the camu camu fruit have

the highest vitamin C contents of all foods. Liver also has high levels. Cooking destroys

vitamin C.

Water soluble vitamins: coenzyme form, function and deﬁciency diseases

Vitamin B,
(Thiamine)

Coenzyme form
Thiamine pyrophos-
phate (TPP)

Function
Aldehyde group
transfer

Diseases/disorders

Beriberi, Wernicke-
Korsakoff’s syndrome

Vitamin B,
- (Riboflavin)

FRIN and FAD

Hydroge n group
transfer

Seborrhe ic dermatitis, glossi-
tis and cheilitis/cheilosis

| Vitamin B,
(Pyridoxine)

Pyridoxal phosphate
(PLP)

Amino group
transfer

Epileptiform comulsions in
infanis, glossitis and indirect
pellagra

| Vitamin B,
| (Niacim)

NAD*/NADP*

Hydrogen

group transfer

Pellagra: Dermatitis,
dementia and diaxrrhoea

. Vitamin B,
(Folic acid)

Tetrahydrofolic
acid (THF)

Transfer of one
carbon fragment

Megaloblastic anaemia and
neural tube defects

 Vitamin B,
(Biotin)

Biotin hound to
carboxylases

Transfer of carhoxyl
growp

Not well established

Vitamin B, ,
(Cobalamin)

Methylcobalamin and
5'.deoxyadenosyl-
cobalamin

Methyl g roup and
H-atom transfer

Pernicious anaemia:
megaloh lastic anaemia with
rneurclogical disoxdexs

. Vitamin B,
- (Pantothe nic acid)

Coenzyme A

Acyl group transfer

Notwell established

Vitamin C
(Ascorbhic acid)
(L-ascorbic acid)

Acts as coenzyme in

hydroxylation of proline

and lysine residues of
collagen.

Maturation of

collagen (collagen
synthesis)

Scurvy
Required for synthesis of
osteocalcin, a Ca-hinding

protein inbones and teeth.




Dietary sources
The 2015-2020 U.S. Dietary Guidelines focus on the overall diet as the best way to get
enough nutrients for good health. Vitamins should come firstly from a balanced and varied

diet with plenty of fruit and vegetables. However, in some cases, fortified foods and

supplements may be appropriate.A health professional may recommend vitamin supplements

for people with certain conditions, during pregnancy, or for those on a restricted diet.Those
taking supplements should take care not to exceed the stated maximum dose, as health
problems can result. Some medications can interact with vitamin supplements, too, so it is

important to talk to a healthcare provider before using supplements.
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