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NON-AQUEOUS §9LVENTS

/;;t. A solvent is defined as a su.bsmn.cc \\'h.ich h

? ~ellent solvent. On account ot‘us high diclectric constant, it is capable of
g@mat binding the charged ions in electrolytes in the solid state
l ?O&j‘imo jons when they dissolve in water and the s
&&‘%~ to 100°C) and hence is liquid at ordinary temperatures. It is most ¢
'Q:(d It is neutral, odourless, non-toxic and non-poisonous, It
fd{;}c characteristics, water serves as the most usefy] solvent,

Atiempts have been made to find out some other common
e water and could also have snz'eatzle dielectric constants so
Liquid ammonia, liquid sulphur dioxide, anhydrous hy
dinitrogen tetroxide are some such solvents.

as the power of dissolving ofher substances, W.
\ reducing forees of ¢le
« Thus, salis
olutions conduet ¢l

aer
clrosttic
and other electrolytes pef
ctricity. Water has o long Tiquid
astly available and can he casily
can, therefore, he handled safely, Due to

substances which could serve
that they could h
drogen fluoride,

s good solventy
ave high ionising capacitics,
anhydrous sulphuric acid and liquid

Classification of Solvents. The various solvents are generally classified as follows :

1. Protonic and aprotic solvents. Solvents from which protons

protonic solvents. Common examples are : H,0, NH;, HF,
denved are called aprotic solvents. Examples are : CC

(e H' jons) can be derived are called
etc. Solvents from which protons cannot be ordinarily
L, CgHe, acetonitrile, etc.

1. Acid solvents, basic solvents and amphiprotic solvents. Solvents which h
give protons are called acid solvents, e.g., liquid hydrogen fluoride, sl : A :
which have strong affinity for protons are called basic solvents, . €., liquid ammonia, pyridine, hydrazine, ete,
Amphiprotic solvents are those which neither have a strong tendency to gain nor a strong tendency to lose
protons. Examples are : water, methyl alcohol, ethyl alcohol, etc.

ave astrong tendencey to
sulphuric acid and acetic acid. Solvents

3. Ionising and non—ionising solvents. Ionising solvents are those which are capable of undergoing auto
or self-ionisation, Examples are : water, ammonia, sulphur dioxide, etc. These solvents ionise as follows :

H,0 + H,0 = H;0" + OH"
NH; + NH; = NH," + NH;"

: .
SO, + SO, = SO** + SO;°
ising solvents have high dielectric
Solvents which do not ionise at all are non-ionising solvents. lonising solvents h“‘:l l]l"&‘h ¢
o s e § are non-polar.
“onstants anq are polar. Non-ionising solvents have low dielectric constants and are non-|

- : shatiing erties of a solvent
Characteristic Properties of a Solvent. Some characteristic physical and chemical properties of
whi : = .

h goven iy usefulness as a solvent are given below.

1. Meltin

g point and boiling point. The melting and boiling points of a solvent indicate the range o
nd boilin .
n

aric pressure, The melting and boiling
ver which it can exist in the liquid state under atmoSPh.L.m' p&bblm:.’l;hrz :‘:\L':ln i::\ Table 1.
various solyents alongwith their critical temperatures and critical pressures are g
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v Boiling Points and Critical Constants of Viripuy xulv‘mh 8
: ints, B0 —
Melting Poin r__.—n b, CC) Critical m,,wm%%
Soh‘(‘n e P eﬁgur : i
3000 Lty |
, 104 : 3740 -~
<yIphuric acid 0 100-0 ?
S _135 1324 Up, |
“m:;niw — ;Zz - 101 1575 Moy
Ammonis _ 5 0|
Sulphur dioxide 36,4 19:5 2302 714 }
Hydrogen fluoride 12 211 o
D;nitrogcn tetroxide - S = g
|

1 1 1 [« » (2 o4 - )
while water exists as liquid at ordinary temperature anmz

[0)%* Values L) ‘ ' e s f .
Because of the ab s under these conditions. These gases, thcrcforc,,

and sulphur dioxide exist as gase
' temperatures. L%
low ‘ pe ts of fusion and vaporisation. The heat absqrbed by one mole of a substance chanoe
t Ii;ﬁi?es?ate is called its molar heat of fusion. L1kew1se}the he'attgbsorrl%cd by one mole of Aty
0 _ . - risation. Thes S OF Wote, K5
change from liquid to vapour state 15 called its molar heat of vapo € constants for Water, —
sulphur dioxide and hydrogen TABLE 2 :
fluoride are given in Table 2.

a't ... » dff ,
act ag S0lyeny. ey,

> Ol
/4

I e e,
‘ﬂf.(?j:

Molar Heats of Fusion and Vaporisation of S, Solvents
The heats of fusion and

vaporisation indicate the nature and Solvents Molar heat of ,qui'o'n | Molar h&m
strength of forces with which the . (kJ mol1) at boiling point (i W:
molecules of the solvent are held —
together in the solid or the liquid Water ) 6-02 40-65 |
state. A high heat of vaporisation of |Ammonia 565 2334 |
a liquid indicates that the |Sulphur dioxide 7-40 2493 |
intermolecular forces in it are strong. |Hydrogen fluoride 4-58 30-28

A bette.rr idea of the intermolecular

'EI)his constant is about 90 J K~! mol- fi
etw ' indi g
whi cieﬁntg:&is gfc]:;trl c\)/alue of t}le constant indicates association of molecules. The molecules of hqmd:*

n i ' e
dcohols e B ;Lrl?dls).o ar. The common solvents like water, ammonia, hydrogen fluoride 2*

2 Molecules 14
) gether ig
oree holding molecyleg iSStronger, the LA
3. Diel Ctri eaker, Dipole Moments ang Dielectric Constants of Some Solven®
coulombic for, ll;lc Constapg, The e . ’j
an apj . b&lWeen a cati : SOchnt R e e 5 'Dielecffic Cons
on is given by th on and : | Dipole Moment
/ © eXpression [———__ | (Debye Units) Al
b Zlhf/z e (r P where , aI;d sion ” (Deby ) e
arges for car; 1 g; are ater 1-85 785 &
Tespective] s Fyand y Ons ang aniong Ammonia 22-0 (,33'5 C)
tWo jons ang ¢ thczd?ef the radij Ofthe | Sulphur digyige 1-47 174 (-200)
igh value of . ; icat‘;Clrl Constang. Hydroge, fuoride 1-61 g3-6 (0°0)
S that o Smal] Dinitrogen tetroxide A 2-42 (00




mhe  but also h
: ent but also -
[e mom as a large dielectric constant, Th; y telated. An jopisi
{ non-aqueous solvents ar . This is evide nising solvent
e descri nt from th cnt not only h
bed below. € data given in Tablye 3aS

LIQUID AMMONIA

Liquid ammonia is ONe of the most extensi :
4ifs water-like properties have made it a hitel?lswely studied non-aqueou
ey ] : ghly useful solvent s solvents. It i .
pes of orgamic and inorganic reactions. nt and a reaction medium f; S a protonic solvent
o Caﬂ'y'mg out se
veral

Liquid ammonia shows a strikin i
qr, Jss strongly associated thr%) ;egiefglbéance with water in its solvent acti

ofliquid ammonia are lowgr :ﬁgen bonding in liquid ammOni::m('j Ammonia molecules are

lecule. It has a pyramidal Stru??m thos; of water. Another simila'rityo:;;:luer:ﬂy, the freezing

. i ) ewiChmk . . Waerlsthe 1 .

similar to the autoionisati akes it polar. A third similarity is autoi polarity

oionisation of water. Both liquid ammonialr;iniln?\:ktmty}:s i

ater show comparable

howeve
nd boiling points
of the ammonia mo
of liquid ammonia,
aufojonisation, represented as below :

Hzo — H*+OH"
H* + Hzo = H30+

0 = MO + OfF

Hydronium Hydroxyl
ion ion
K,= [H;0"][OH] = 1-0x10714 at 25°C

NH; = H +NHy

NH; = N T NHy"

Liquid Ammonium Amide

ammonia jon ion

Kb: +
H INH,"] [NH;™] = 1-9x10-33 at—50°C -
oweve
Values of g f;;geKe ;tent of autoionisation of liquid
w
b)-
Ammo .
n
Ohig (221.%(:?“’ therefore, conduct electricity only to 2 I€€ g XL
feCFeased abil; ) is much smaller than that of water (78°5) - The lowerl fhe]ecmc (.:Ol.ls an e. 2 poor golvent
ionie sub1 ity of liquid ammonia to dissolve jonic compouﬂds- Liqm.d . 1 50C) com ared to that ©
stances. However, low it : fammonia 0-254 centipo1s€ at =33 ) p 12 10
) iscosity 0 JL T obilities and thereby compensat .
. ater and Jiquid

Waey (
0-95 :
§ 9 .
0 centipoise at 25°C) is expected to promqte gr

Me ext
ent th
Moni gre ¢ effect of the comparatively 1oW dielectric €0
given in Table 4.
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V] 278 . a1 Properties of Water and Ammonia
] ,?r'y—___ S PhyS'
,s“ T Water m
///_T// 0°C =77-7°¢
Boiling pﬂ"f"t 1-0 g mI~! (4°C) 068 g -1 330
Freeli"g pOl 78'5 (25oc) 22.0 3 55 C)
nsity 8 (9o N 9°C)
II;ieelectric constant bt em™) 6-0x10 225 0) Ix10-11 (- 3'5°C)
specific conductance (o 0-959 (25°C) 0-254 (~33.5oc)
yiscosity (centipoise) 1-85 1-47
Dipole moment (Debye]) el 109 101-2
Trouton constant (J K~ mo \
| Trot
monia

ical Reactions in Liquid Am ‘ . '
Chemical Re- d above, liquid ammonia has water—like properties and hence the reactiong
As mentioned a J

in aqueous soluti .
amn?onia are of the following types.

1. Precipitation Reactions. Precipitation reactions normally involve doub]e decomposition
! et .- many reactjo,
are not normally possible in water have been reported to occur in liquid ammonia. Some of these Teati

solubilities of various substances in liquid ammonia and water are different and hence

are discussed below.
a. Consider the precipitation of silver chloride in aqueous medium.
KCl + AgNO; —— AgCN + KNO;

In liquid ammonia, the direction of the reaction is reversed.

liq. NH;

Agll + KNO; —— kel + AgNo,

Similarly, a white precipitate of BaCl, is produced when solutions of silver chloride and barium nitrate n

liquid ammonia are brought together.

b. Todides anq bromides get precip;
RETSN reci .
In liquid dmmonia are mixed to%getlll)er. o gl

, .
1NO3), + aNp,| — ZnL | + 2NH4NO,

€ Ammonjyp, sulohid. :
' : phid iau .
solutiong of Nifrates of the nfetl:lsl.lqmd “mmonia js Capable of precipitating many metal sulphides fro g
(NH),3 + liq. NH
2A8N03 \*—) Agzs & 2N}I4NO3
(NH4)ZS + Cu(‘NO hq NI{:;
B — s | 4 2NH,NO
2, Acig-. . . »S + Cd 0y), lig. Ny,
"ECHONS i g, SZZTOHS Liquig 4 ? Cas | + 2NH,NO;, g
0Nl giving appt . O liquig amlna' There is an interesting comparison between 15,
4 10ns ang (o i OMia solutigp Hydrochloric acid gas dissolves'

s can also occur in liquid ammonia solutions. Chemical reactions that take plac, i elPh& |
on

Which

M g

;
S Whigy

s
i




yvEITY
0[}5 g0k 4
1 4
o akes place n the case of water 270 e
R o fl:d\' ‘ . """"““‘-"-1.,1"
HOHE) 1RO = 1HO' +
y _

(he process of neutralisation of g st
a strong

c “,l”““”r , )
QH- ions to lom practically un-ionised 11 acid by a strong
; o

( . H d5¢ | ’
20, the anion of e 15¢ mvolves the

! i

o 5,0 A e

S g | 7'111””'5" uncllllllgcd, FFor mstance, the neutralisati
& ot nted alisation of acid ¢
e e ft'p!w.n ed as ation of hydrochloric 4 'lkild and the cation
. 14 acid with potassi
o Her + 0 — HL0" + I potassium

KOH —— O + K'

O+ ( ——
14:0 )H » 21,0 (Neutralisation)

1y thine "”"ﬂ;;’ll l'hc, u:scf«ﬂ liquid ammonia solution. The process of
: NH, ions tolorm un-ioni - -ess of neutralisation |
k nised NH;. For instance, the ncutm]::n:"'lNtmn involves

alisation of ammoni
¢ mnium

p ¥ !--\'H; an
o ‘{:_ ,:‘) { - ’
P assium amide may be represented as
! i ol .+
NH,Cl — NH; + CI

v is
P e
parg

s with P
KNH, — NH; + K*

__» 2NH; (Neutralisation)

; =
NH; + NH;
opously. the role of N’H4'Cl in liquid a'mmonia solution is the same as that of HCI in aqueous sol i
iy, the T e of KNH, 0 liquid ammonia solution is the same as that of KOH in aqueous s()lu{io: 1}1}1}(:;1.
il - ” ) ¢ 4 S L 1 . . s ‘ l.v
g 1 2y be regarded as @ strong acid and KNH, as a strong base In liquid ammonia solution. They a:e
nd ammono bascs, respectively. Some typical reactions of ammono acids and

ol 25 4mmono acids a
given helow.

ﬂ'}'m’l hasks arc
mono Acids. Ammono a
swing reactions show their behaviour to be similar to t

ion, This has already been discussed above.

ive metals. Acids give outh
ts in liquid ammonia react wi

. Reactions of AT cid is a substance which in liquid ammonia furnishes NHy ion.
Tie f hat of aqua acids.
aqueous solutions.

ydrogen with metals in
Is to give hydrogen-

{ Neutralisal
th alkali and other meta

] keplacement of pro
{fewiee, the solutions of ammoni

1ons by react
um sal

lig NH3 (e 4 NHg + 12H

Na + NH;
lig NH3 - o NOs) + INH; + H

Co + 2NHNOs

his is analogous to the reaction :
+ Hz

Co + HyS04 __—» (oS04 |
Ammonium salts decolourise blue solutions of alkali metals in liquid ammonia. |
k i hich ar¢ incapable of d(l)\?laltlr;ﬁ
e 1 rotons to N
rotolysis in liquid ammonia, 1€ e owing © seions:
ids in liquid 3 onia, Ilustrated bY the

3/’/ I . L
ololysis, Centain compounds li
Jowin

”"4{’.'}3 oY
Mu:;! water, can readily undergo p
( py . ’
ionia, Hence organic amides act as a¢

HN(CONH, + NH3
H4C(CONHy + NH;

Sl o LNSONI, + N
%, sulphamic acid behaves as @ diba

Sy + 2NHg

HN(SO,JOH + 2NH3 — 0



: is is because NH
ution. This 1 2 gro
ueOllS SOl & up Cann

.id in ad

i a substance which in liquid ammonj,

;. > a4
ast™ )O‘ + H30+

< m\mub

i acts i+ o
00 T

o )
”L‘““\‘r‘

o 10 water:
proter ases- Ammond b nd nitrides (=N) behave as bases in [j,,: "she
o mmon® B e (= NH) a quid gy, SNy
 eacions O A NI T Mgy 2
. qmdes _
i ,,L:‘qui““l-\"m NH F oy NH2 a’a§
o L oy ( J— - 3
gown K1V ~NHy t NH; NH,
‘ NH," + NH3
_NH N T ’ y
_NH* + NH
_N + NH; = .dz o
L1 o5 the amide, imide and nitri
pove reactions, the NHz 100 18 released, ’ de all behay, a
Since in all the d oy 0
hases. : bases in water, behave as weak bases in [iqi:
dered as strong S i T 1S€S 1n [i
t are CONS! d to NHj ion in liquid ammonia. Tud Mgy,

veral species tha 4 O are levelle

ng bases §

i
Se

Extremely S0 uchas Han

H—+NH3 — NH2+H2

o~ + NH; —> NH, + OH
d lithium and sodium amides have very low solubility, potassjym .-

ually employed as an ammono base. Thus, salts of metalsm Amie
and nitrides by the addition of a solution of KNH,, In lgui

Since alkaline earth amides and It
(KNH,), which is much more soluble:, is us
ammonia are precipitated as amides, imides

liq. NH3
AgNO; + KNH, ——  KNO; + AgNH, ¥

liq. NH3
Pbl, + KNH, —— KI+IH+Pb(NH)J,

. liq. NH
Bil, + KNH, ——> KI + 2HI + BiN{

3 Am i . o e
fuiquess F{’;‘e"gm"fl“;iﬁcc%pgﬁln&ﬂ}at dl}SlS(()ilVCS goth in acids and bases is said to be amphoteric in characte
: , 2 SlRvialE inium hydroxides are amphoteri Nk R _ -
amphoteic behaviour. This is illustrated by the following reaclz)ti (c))rtlzrfc. In liquid ammonia, zinc amide shows

H,0
ZnOH), + 2HCI ——  ZnCl, + 2H,0

Zn(NH,), + lig. NH
h + NHCL —— znCl, + ANH,

Zn(OH), + 2 Hy0
SHCH Sovs Na,Zn0, + 2H,0

Zn(N-Hz)z + 2NaNH liq. NH3
2 T NaZn(NH), +2NH;
quid ammonjig ic <
ia ' :
2 iong j or OH" jong increéizessm:illar to hydrolysis in aqueous medium Just a1t
: n utoioniza: i : \ .
atign o i ac:.olomlalon of H,0, in ue fo interaction of cations or anions of a sl
10n of cationg o ar’liOHamrfnonolYSIS, the concentration of either N4
- s : i :
ot a salt with NH; or NH, ions furnished %

and ammonolysis of SnCl, :




SnCl,

)S“-h i
ANITy 4Ny, .

= -‘N“'. FAN

L i
B ST ANU, > Sn(NI1y), |

SnCly + 8Nl

— U

— .\l’\(N“ﬁ‘ | NI

. Weak hase LR (Y
m,onolvsi‘\‘- the atom or 1on from (he ¢

an N group. For example, in excess of |j

afof 21V E

AHE
f\’“\‘“.\ .

OMmpoung derp;

' |
quid ammgy;, lk & ammonojyer s
s the mong|y; yh,"\ N repl
SIS of T4

aceq
Cly o oM o

) ‘ Kes nlace
lig NHy . liq. N1, » . Place iy steps
~HC el Y TCN), lig. Niy,
' L halides wh | : > TN
. N ¢ halides whic AW o | 2).
of org ‘f““d“ “'“l“ !"?l‘ ““d‘-_l 20 slow ammonolysis “ |
e OF primary, secondary anc lertiary amines are formeg. - At the boiling point of liquig
\ i - quic
RX +2NHy — RNH, + Nix
RX + RNH; + NH; — R,NH + NH,X
RX + RoNH + NH; — RN + NIH X

where X=Cl Bror L.

ammoni,

Alkali metal hydrides and oxides also undergo ammonolysis to give
NaH + NH; — NaNH, + H,
Na,O + 2NI‘I3 — 2NaNHz + H,0

amides.

5, Ammonation and formation of Ammoniates. Ammonation is a type of solvation reaction in which [ id
smmonia is used as a solvent and in which one or more ammonia molecules are attached to a solutcts l?:és
(a cation, an anion or a neutral molecule) by a chemical bond. The products of solvation are called s;)[;valc;
and in the case of ammonation they are known as ammoniates. Solvation in water is called hydration and the
products are known as hydrates.

Formation of typical ammoniates is shown below :

SO; + 2NH; —> S03.2NH; 1 :2 adduct
SiF, + 2NH; —— SiF42NH; 1 : 2 adduct
BF; + NH; —— BF3.NH3 1 : 1 adduct

6. Complex Formation Reactions. Several complex formation reactions in liquid ammott}l’d aﬁmm
are similar to reactions occurring in aqueous systems. The following reactions are given (or '

Aqueous System :

H-,O
Zn(NO3), + 2NaOH ——> Zn(OH) *+ 2NaNO;

Insoluble

H50
Zn(OH), + 2NaOH —— Nap[Zn(OH)4]

Soluble hydroxo complex

Liguid Ammoniq System :
i 1), + 2KNO3
i N, Zo(NEh
Insoluble

n(N Hy)4)

amide compleX

Zn(NO,), + 2KNH,

Zn(NHy), + 2KNH, M5, Kol2
Soluble



> . "ll . e
. man} Ll. nide © Ling - N” )71
: '\'ma sofuble & lig. NI KlAg( o
g !

o complex
L gmmonia forming, s .
liquid ammont & soluble i

—

h‘uluhlc amid

nide snlulion in |
Wl
Uk 1

o _-\ﬂ[:; n ‘ " -
At fig. NH3, AINHR)3 3KC
g, + KNI = pgoluble

N g [AINHA]
.\l(l\‘lls)s t KNI Soluble amide complex
s g an exeellent medium for reduction reaction.
Liquid ammonta serves as an L'd  monia giving blue col reactions jnyg
I olve In liquid & E oured ”“]Ulimw My

{ les diss ‘ : Y Yl Te T ] ! ' |
im ity supply clectrons for reduction processes. Sodium meyj, | ey
= M g

. jons.
5 on React? .
{s R(’dﬂ(:n R inS‘anCC‘ ﬂlkﬂl

; they can 1¢d

iq. NH
ol + Na lig N3, Cu + Nal
. Oxidising action of various oxidising agents IS weaker in liquid ammonjy ,
ion Reactions- : d ammonia does not act as an oxidising agent, Simihriy“
¢

8. Oxidatio! - in liqui . |
X aql(l)w}ﬁ lsgl‘l?:gnmsf'ﬂonia acts as a very weak oxidising agent. KMnO, is reduced by a solution of potassiyy
KMnQOg m 11

in liquid ammonia to K,MnO4 and finally t0 MnO.

K + NH3 __y KNH, + 121,
6KMnOy4 * 6KNH, — 6K2Mn04 + 4NHj3 + N,

K,MnO; + 4K+ 3NH; — MnO + 3KNH, + 3KOH

0. Solubility of Substances in Liquid Ammonia. AS expected from its very low dielectric constant, liguid
ammonia is a poor solvent for ionic substances. Amongst the inorganic compounds, nitrates, thiocyanates,
perchlorates and most of the cyanides are soluble in liquid ammonia. Oxides, hydroxides, carbonatss,
phosphates, sulphates and most of the sulphides are insoluble. Most of the iodides are soluble and bromides
are less sol_uble. Fluorides and chlorides (except Be2* and Na* chlorides) are practically insoluble. Mostof
the ammonium salts such as NHNO3, NH,SCN, CH3;COONH, are soluble in liquid ammonia. Most of the metl
amides, except those of alkali metals, are insoluble.

A i '
mongst the organic compounds, halogen compounds, alcohols, ketones, esters, Sump

and 1ts derivatives are sol b : . .
and alkynes are sightly sgldg'l :romatlc hydrocarbons are sparingly soluble. Alkanes are ins

Amongst the elements : .y '
Alkali metals and alkal »metals like Mg, Al Zn, Ca, La, Ce, Mn, etc., have low solubilities in liquid w“‘};’;&i

in : ,
phosphorus, iodine are e earth metals are highly soluble in liquid ammonia. The non-metals like S!

_ Solutions of Alkal?(;\]:btle al.ld they react with the solvent.
rang features of liquig anfmz:)lzi]an Liquid Ammonia. The ability to dissolve the alkali metals is 01 Ogolur.
as a solvent. The alkali metal solutions in liquid ammonia ar¢ [ue in ¢

le ethers, phenol
oluble. Alkenes

_y ich is simi
(i) its condyyeq 1S Similar to
and

1V|ty Which liﬂ'

that of pure liquid ammonia.

is in the ra .. .
(iv) its Paramagne; nge of conductivities of electrolytes dissolved 1n
which ingorc M ic.,the _ | ficld
Tho . cales the pre S¢ Solutlons w . . into the
The alka); metal solutioy, Presence of 4 large nt?nfngeglai*ed in a magnetic field are attracted 11
! of unpaired electrons.

fo .
rm alkali metal cations and ammoniated electrons:

fiquid 2™

$ dissociate to
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[N OUEO PP ation and « :
x’ll.ﬂo : qociﬂnon ]ntO‘ ) ‘ ammoniated clectron ace .
£ me dis$ jilute solutions. As the concentration of (he « ~eounts for the clectrolvyi sl
g d ¢ solution is jne cetrolytic conductivity of (h

¢

ity
e of conductivity. reased, M

e oo and ¢ -species ,
alkali metals in liquid ammoniy species associate
(¢

’ re
pe L:ofliln , decreas )
rﬁdnﬂd dilut® solutions of
\'{ " 2.*
1 sition-
d'.\,'l’ﬂ

- Fe,0
[e(NH3)] - —== NH, +102H, 4 (v 1)y
i 1 . § .‘_. Il
__eation of metal increases, the bl 3
he comentra ! ,' Al
- lht"‘lm"aher‘ On evaporating the alkali mctal—annnoniqr st)lll "‘tl?
A e ' ' a soluti
.’,«‘Wﬁyt\,lue colour of dilute metal-ammonia solutions is
T!le 1moniated electron.
m:lla: M+ N A‘N]{}

ges to bronze ]
e :I(;(n;e and finally the colour
» (€ alkali metal can be recovered

0 f(
S

M(NH;),

Ammoniated cation

e (NH,);

Ammoniated electron

e + YNH:;

f Liquid Ammonia as a Solvent

jution of alkali meltals in ]iquid.ammonia without chemical reaction is the greatest advantage of
vent. The dissolved alkali metals can be recovered from the soluntizc‘)%let?y

Ad\‘aﬂmgw 0
{. Diss0

uSing'liquid ammonia as a SO

aporatio™ .
2. The alkali metal solutions liquid ammonia are strong reducing agents, even stronger than hydrogen
3. Ammonium salts_dissolve'd in liquid ammonia find application in preparative chemistry. Th
Iphides, halides, sulphates and alcoholates. ; stry. They can be

wed 10 precipitate SU

4. The tendency for solvolysis is less in liquid ammonia than in water.
d Ammonia as a Solvent

1. Low temperature or high pressure is necessary while working with liquid ammonia. This is because
the liquid range for liquid ammonia is from — 33-5°C to = 77"7°C.
7. Liquid ammonia is hygroscopic in nature. Hence, all the react
3. The use of liquid ammonia as a solvent and as a reaction medium requires specia

an offensive odour.

Limitations of Liqui

ions are to be carried out in sealed tubes.
| technique as it has

ANHYDROUS HYDROGEN FLUORIDE

water-like solvents since it is liquid at te.nilperatqres
°C) is very high as compared to the boiling points

below 19-4°C

Hydrogen fluoride is one of the most of other non-

tpto - 89-4°C. Its boiling point (+19-3
2‘;00}15 solvents. Its dipole moment (1-90 D) TABLE 5

" dielectric constant (836 at 0°C) are also gome Characteristic Physical Properties of Anhydrous
?linl: Clpse to those of water. Because of its Hydrogen Fluoride
exg dielectric constant, it serves as an i

cellent ionising solvent. Property alue
Solv:(:vl\]'ever, its use as a non-aqueous Freezing point '?3202
i as Peen quite limited because it 1s Boiling point 0:99 g
and iy CUS, its specific conductance is low Density £3:6 (0°C)
Withoyg ?:a c(:'lssol\{e only a few substances . Diclectric constant 190D

Th Ing with them. Dipole moment 0-256 ceniipoise(lsolc) 5C)

anhydrzlfharameﬁmc physical properties Of Viscosity s {4105 o € (
Table 5 s hydrogen fluoride are given in specific condes
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i1 reqction involves the prcuipil:niimn of Aplshy,
y ApBFa ¥ J,NOGY

I"pt.

rtant prccipilmio
Ll 2

Another impo

4, The high Hpccilic conductance of anhydrous hydrogen fluorid
uuloiunimlim : * Miggey,
v ." - J §
I = D1 Hr,
(Acidy  (Base)
ion would behave as an acid and any substance y;
) strong acids such as HNO; and ]]2g(; E’r“’
j St 414

15¢ Reaction

2, Acid-Di b
[egree ol 118

relatively large ¢

eld 1 lgl"'
hase, Accordingly, ever
release F~ions.

ubstance which can yi
would behave as
fluoride since they

[INO, + HF —> HpNOs* + F~

Thus, any $
yield HIor [~ ion
as bases in hydrogen

Basc Acid
H,804 + HF — H3SO4" + F-
Dase Acid
. Perchloric acid, which behaves as the stronges acid in aqueous i
in anhydrous hydrogen fluoride. Thus, BRI BRI oo
HCIOy + HF —> H,ClO4st + F~

exhibits an amphoteric charatz

Base

HCIO; + HF — ClOg~ + (HyF)!
Only a few substances suc/l:md'
solutions, function as acids in anha;dr?)ig’h/;’flfg;;fnb}f‘;ijs?igcs%“’ 'Which behave as Lewis acids in aques
SHFs + 2HF —> SbF;  HF
il:‘; +2HF — BF, + (H;F)
i2i4 t 4HF — SnF? + 2(H,F)*
fanes £

3. Protonation of

protonated When di Ol‘ganic COm
p pounds. Organic co al
mpounds such as benzen¢, ethanol,

ved in HE. Thyg

CeHs + HF
—> C¢H+* =
(f) CHOH + yF __, sH7* + F
(”) (CH3)3CCH QHSOH2+ + F-
3+ HF —; (cH
(CH3)3CCH4+ 3)3CC}‘I4+ + F-
—> (CHC* + CH
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i e i | V\;;)Y;?our}dimentmneq above, give conducting solutions ir
§F e JaHOCEOONS ZVE coloured solutiong M HF and the;, solubilitje

i Gt IR

i f/}ﬁ/ ot i 1S

; wptors stch as BPy and SbFs . The Protonate
Tl il wP
g‘/jﬁ}fﬁg HJ: i §hF i d

8 can be j
SF L

; Ncreased further
Species can b

€ Isolated as crygtyine
5‘:‘%@5’%’-‘ [', g} of Addition Componnds. Metallic fluorides form addition €ompounds with pf Exampleg
# Ly ;';",»qp, WHFPHE, ete.
5 3?; W27
2
ﬂ/

ANHYDROUS SULPHUR]|C ACID

jstic phiysical properties of anhydroyg sulphuric aciqg are given in Table ¢,
4 e AT ISHC P _—

»mg&v,.;.‘ﬁ"' o of gﬁbyd;(mg HQSO(; IN &I’)Olﬂ Z5

1 '9‘)‘»’0

Ay

; TABLE 6
o han it of wter. Thescloe, sofutes e |
15:‘ ey 114D ‘iff!’i/n. sulphuric acid and are also Some Uj:;;;tder;s‘:lcsl’:myﬁnca!l ir(')gemes of
s WY by Ly Tous Sulphuric A
f :’»ﬁ’ff very df};,« from Hy804.
ﬁ;ﬁn:ﬁgﬁ/;";ﬂ’ﬁ‘ 24 ‘ . , .\\
[ s of Anhydros Sulphuric Acid | Propecies Values
W L tisn. Anfiydrous sulphuric Freezing poin¢ 10-4°C
1, Astrionivat $07; and HSO; o - Boiling poin 300°C
) ,;t(;}f,r.f‘?ﬁw g Hels . Density
gl 0, = W0, + HS0;

1-84 mt! (25°C)
Dielectric constant 110
fes producing HSO- iscosi ipoi 24-54 (207
e i Chernical spccms’produaqg HS%; Viscosity (centipoise) (20°C)
ﬁﬂ; - ; dw,e; and any chemical species prod-
’ 6t a’/& Y o
;l‘,ﬂs Wi

, fom acts 2 70 aeid i anhydrous H,S0,
o S0, fom &3 55 &)
e B9

; i SO
ions. Som ical acid-base reactions of anhydrous H, 4
id-Pave Reactions. Some typica
1 A64-B

KHS0, 243 23 2 base tn anhiydrous sulphuric acid.
[gj WL A Gy

are given below :

KHSO4 = K'+ HSO;
() Speries that are basic in wiater are also basic in H,SO, .
- O + H;804 —> 2HSO4_ + H;0"
NHy + HS0; —> NH;* + HSO;
i ic acid.
() Weter behaves 2 a base in anhydrous sulphuric ac
H0 + H80, — HSO; + Hy0*

%, bases. Thus,
Jes from H,SO, and act as | :
f ir ily accept a proton : g
(4) Species contzining lone pa qf e{ec]til'oqs eas s water and bebave hvd
s (e We, ee). which act as acids in quid NHs, are neutral in and be .
b 52%4, )
HN( CONHZ + H80;, —> HSO4 + [HN(CO)NE I3

in anhydrous
i e as bases 1n
( ids or even as strong acids in water behav
) Acids vihich behave s weak ac
E50,, ¢h behay

B
CHCO0H + H,80, —> HSO; + CH;COOH; _

HNO; + 2H,80, —> 2HSO] + NO;* + Hs S
$rong acids like perchloric acid behave as weak aci

HOO, + 1,80, — H;S0; + CIO;

‘f, ]’ﬂﬁj Va_"'/
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p DINITROG _
a NON-protonic non-aquegys Sol
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died extensively as |
Table 7. |
TABLE 7 ‘_

Ul
yas been St

e By \.\(‘Jul y .
N e given in

QAT

\‘!'lht.\" .\'&‘l\'v.‘nl \
- 1his solvent can be

. hemisiny M this N“\ Lm‘ (b | e
Mok o s , autoionisation Some Characteristic Physical Properti of
i - Liquid Dinitrogen tetroxide

l:'u‘,"l’;.n

A -";‘ Neum O the DX
| A &= D Properties m 4
:tq" —— 3 "

\khough there 18 o pp_\'sical e\'idcn_c y t?r Freczing p.oint o
e E‘g‘w ;‘P“ of autolonization OCCUITINg n Boiling point 21-1°C |
\.0), it has been found that lhc.elecmcal Density 1493 g m-! (0°()
comductance of N=Qy increases on adding a donor | pielectric constant 5.4
or 2 polar solvent 1o . This may perhaps be due Viscosity 0-527 centipoise (0°C)
1o mereased stabilisation of cations and anions Specific conductance 1-3x10°13 ohm=em-l(pe()
(NO™ and NO; ) of N;Oy as a result of the ion-
dipoke mieraction of these ions with the molecules
of the added donor or polar solvent.

Ths, &\;:ng that N;O, undergoes autoionisation as mentioned above, it can be said that any chemici
species which gives It s ki s p R
ecies Which gives the cation NO* in this solvent will behave as an acid and any chemical species whi

gives the anion NO- in this solv B '
iy 3 l‘n this solvent will behave as a base. Thus, NOCI behaves as an acid in N0, &5
¢ from ﬂ\c follo\\ mg rﬁL\L‘liOll : ’

N N0,
INOCl == 2No* + 2CF

4] .
S With 7 e -t INN,Q : _ clin
SIS apparen fro ":; :;;gefr(l) It reacts with Sn, is parallel to the behaviour of H

owl .
A0+ g, Mo Wing reaction :

2“‘0‘ + ;n “E 2“30" o 2cl_
\‘\:\\-\ chlz 2




SVS
£0U? + - E— Ry
r .;.'4"30' [EaNH; ] [NO] releases NO3 anion in N,0 287 EoE,
47, o e JJ'INO 3] wnfh zinc metal in N0y is simi i
y (00T o evident from the following reactions :
; -, a8 .
f{j}/_‘y@cﬂ’ IN,Oy = 2NO* + INO-
3 (auloionis;nion)

|
5 s 7n +2NO" === Zn** +2NO

a2+ INO3 =— [EtNHﬂ;[Zn(NOz]z‘ + 2NO

_— i

= [ENH3L,[Zn(NO3), 12 +2ng
+

—— 2NH, + 2NH; (autoionisation)

—— 2NH; +H, + Zn2?*

;- = Nay[Zn(NH,),]

Zn- + 4 2
mNaNHz —— Nay[Zn(NH),] + H,

ik apvolysis of metal oxides in NxOy 1s similar to their solvolysis in liquid ammonia, as shown

.

e 2N,0; = 2NO"+2NOj (autoionisation)
Ca0 + N0t == Ca¥* + N0
ca2 + INO; ——= Ca(NG3),
Ca0 + 2,0, == CaNO;); + NyOs

ANH, = 2NH; + 2NH, (autoionization)

Na,O + 2NH ;= WNH + KO~ 2Na*

2N3.+ i ZNHE <~ 2N8NH2

NayO + 4NH; =— INaNH, + 2NH; + H0

In fact, solvolysis of the halides of metals in NoO4 provides an excellent method for preparing anhydrous

o2l pitrates which are otherwise extremely difficult to prepare. Thus,
N,0; = 2NO" + 2NO3

N
75X, + INOF == INOX + Zn”"

n** + 2NOj —= Zn(NOs); ok
herefore, it does not participate 10

Tl?e NOX produced in the reaction decomposes to NO and X, and, t
reverse equilibrium reaction. The overall reaction is, thus,
2N,04 + ZnX; — 2NO + X, t Zn(NO3),
(anhydrous)
Several meta| carbonyls are also solvolysed in @ similar manner. Thus,

N,04 = NO* + NO3

( CcO
M(CO)S‘FNO++ N03— ﬁ MII(CO) S(NOB) + MII(CO) 4NO +

OOMr-Mn(CO); + N0y == Mn(CO)NO3 + Mn(COMNO + €O
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b+ 3NO3 ¢
3N = 3NO oL HEMI%
{

g 280
g v larly, Y + SCO + i
Gimilarly F(CO)s +3NOy % Fe(NO3)3 3e
— 3NO

3N()" 3 <~
Fe(COX + 3N;04 = Fe(NOy); + 5CO + 3NO
rm solvated species of the type shown below :

2N’704 % ZNOF + 2NO3'_

- 4 NOy — [Ca(NO3)2N204] + 2NO
_— [CZI(NO})Q.N204] + 2NO

es formed as above are found to be nitrog, -
d 2F€(NO3)3.3N204 are aCtually [N0+]2[Sos((;381m nilral
3)5]2‘ ane

¢

also known {o fo

N,Oy i8

., the solvated speci
SC(NO3)3.2N204 an

| respectively.

h cannot

he reacti
ained better by assumin

com

[No+]3[Fe(NOJ)4]E [

are certain e

be explained on_the basis of the autoionisat;
on of N,O4 with BF; yields [N02]+[0ng)ng?:f Mo,
i ang

N

actions whic
g the following autoionisation of

above. For instance, 1
NOBF;]-, which can be expl
N,Os \-—'_=-_> NO; + NO;
entioning here that neither the two proposed ionisations of N,Oy nor th
€ partig]

reactions occurring in liquid NoO4 are essentially an experimental re;f
d the various partial equations described as abo’szlr:ly
0

liquid dinitrogen tetroxide.

There
proposed as
[N03]+[F3BO

It is worthwhile m
equations written for various chemical
Nevertheless, the two proposed auto-ionisations an

explain satisfactorily the chemistry of reactions occurring in

LIQUID SULPHUR DIOXIDE
Liquid sulphur dioxide is also a non-protonic solvent as it does not yield a proton (H") on ionisation. I

is widely used for carrying out a number of chemical reactions.
TABLE 8

Some Characteristic
Physical Properties of Liquid Sulphur Dioxide

Under normal temperature and pressure,
sulphur dioxide is a gas but it can be readily

liquefied. It has a wide liquid range (= 10-°C
101— 75t'51°C) and hence can serve as a good
solvent. Its use as a non-aqueous sol i :
EFTIE ) vent 1S s
:):}pﬁlﬁ increasing due to its low cost and ease RIOREIEe i
i ' : - .
(17-4 :tn d-hzn(%' Iots dielectric constant is small Freezing point — 75-5°C
salvent for 0°C) which makes it a good Boiling point —10-1°C
solvent for (iovalent compounds but a poor i 1-46 g mI! (- 10°0)
electrovalent compounds, Dielectric constant 17-4 (- 20°C)
The characteristi Dipole moment 1-61 Debye
.. st i . . Y 0
liquid sulphur dioxidelcaf hY§lcal _PTOPertles of Viscosity 0-428 centipoise 10 C°)C)
€ given 1n Table 8. Specific conductance 4x1078 ohm™ em™ € 10

Autoionisation, B
. » By analogy wi ..
as under : gy with water and liquid ammonia, autoionisation of sulphur dioxide takes P e

S
02 + SO2 ‘ﬁ SOZ++ Sog_
hile
(NH) D

The thiony]
ylion (SO2+);
) is analogous to the hydronium jon (H,0") and i fo i
nm ;0%) and ammonium *' © 4,4 bd

su]phite ion (S 2
03¢
AMMonia systems recre s FONOS 10 I i
ystems, respectively, ydroxyl ion (OH-) and amide ion (NH3)of the aque°



< patances in Liquid Sulphur Dioxide. Amop
. o
(=)

N
Y Ot ~ " N \ atae )
4 ;.J“h‘h&p e st sotuble. Metal sulphates, sulphides, oxides g dl

LY o ~;~ A L . . N v STy y Q¢ ) I i
o S .‘quu“““m' thallum and mereuric salts are soluble Liquid ydroxides are

NS S substances such as 1Br, PBr;, CCl, Sicl, SnClSulphur Qoids
) v oy 1 , 4 .
X .‘\\\-. wt’ Jut dld.\‘dh

\ (8
\q‘\\-h

compounds, benzene and alkenes dissolve in jt
m it

N mg‘a“ic
d chlorides also dissolve in liquid sulphur digyig
Xi

e \\‘1 ﬂ‘\\ ~
+ and At

T L eely. Pvrids 3
AN e Y- Fyndine, quinoline, ethers,

at e. Alk :
st R - Dioxi i ; anes are ins
WETin Liquid Sulphur Dioxide. Chemical reactions that occur in liquid sulph oluble.
sulphur dioxide ar
e of the

>

aa OF

SN . Yantralicail .

R\ 3 pase Reactions or Neutralisation Reactions. Comparing the autoionisa;
nisati

Act . % e - : . .
o fhat of WateT, it can be seen that thionyl ion (SOQ+) S analogous fo hydr _On of liquid sulphur
ontum ion (H;0*

30" and

il A= 3e A S droxvl 1 =

R 807 It OET o lydrony)ton OFF ). Hence,all compounds contning or makingave

S fiquid sulphur dioxide will act as bases in this medium. Similarly, all co Iﬁ’:f m:;km%1 available
) ounds which make

:’ i{\“s il TR e s W .
0% LR fans it liquid sulphur dioxide will act as typical acids in liquid sulphur dioxid
ioxide.

N
gt

gl qeid-base of neutralisation reactions in liquid sulphur dioxide are given below

Reaction benwee thionyl chloride and cesium sulphite :

SOCk, + €805 2 20sCl + 250,

Acid Base Salt Solvent
Reaction between thionyl thiocynate and potassium sulphite.

lig. SO,

SO(SCN): + K803 —— 2K(SCN) + 280,
Acid Base Salt Solvent

2 Sohnbﬁc Reactions. Only a limited number of salts undergo solvolysis in liquid sulphur dioxide. Some
«mmon reactions are given below.

Ammonium acetate is solvolysed in liquid sulphur dioxide.
2CH;COONH; + 250, —— (NHy»S0; + (CH;CO0),50
(CH;C00),80 —> SO, + (CH;COX0

Binary halides such as PCls, UCls, WClg undergo solvolysis in liquid sulphur dioxide.

PCl; + SO, —> POCl + SOCh
UCl, + 250, — UOLCl, + 250Ch

. WClg + SO, — WOCl * SOCl,
o ;i"gnaﬁorl of solvates, i.e., the addition compounds with the solvent, is also known- Typical solvates
al4S0,, RbLASO,, KBr4SO,, Cal 480y, Balz4502 Stl,450,, AlC1250 €tc

i 3. Prec‘ Shadt o
tioxige duelF tation Reactions. A large number of precipitation reactions C
0 specific solubility relationships. Some of these reactions are g

20H,C00Ag +80Ch 2% 2AgCIY + SO(CH;C00)
Thionyl acetate

an be carried out in liquid sulphur

iven below.
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Hq.S()z e - Z[J";
b LSOy — PhsOy 4

lig. 392 INaCld -+ Ally

bl

i

AlCl + 3Na
wumber of complex formation reactions OF liief o0«
Suf

actions. A large ! T e
of iodine in liquid sulphur diogide i freatfy ."K.,' ™ e
A

= ion Re
mation | i~
solubility

8 ( N N ki ¢ |hC
Sor instance, . . . _ 4
qreported. FOTITEE 0 s is due to the formation of the corrigy b
hJ\c'mnfnrlwtmium or rubidium iodide. This is dt plex Ki Ay mwl, m’!"“",‘
Jddl[lol‘l Q p - |i‘l- SOZ K]
KI + I > 3

iq. SO
RbI + I l(i_i) Rbl;

Similarly, the increase in the solubility of cadmium iodide and mercuric iodide in liquiid < b
Simialiy, . 5 oy,
attributed to the formation of complexes. ”

lig. SO;

Hegl, + 2KI y Ka[Hgly)
Some other examples of complex formation are as follows :
AICl; reacts with SO?' ions to form a precipitate of Al(SOj3); which redissolves in exess of § ;f e
forming the complex ion [AI(SO3);]*~ . |
2AICl +3505" === Al(SOs; 4 + 6CI-

AL(SOs); + 3802 == 2[Al(SO3);]*
Soluble complex ion

lig. SO,
_

Similarly, SbCl; + 3KCl Ks[SbClg]

liq. SO,
e

SbCls + KCI K[SbClg]

liq.
SbCls + NoCl 2%, Noysbey]

S'Amphoteric Behavi

eha i j
OFAIC with NaOR an:l:l: vaﬂ."us salts show amphoteric behaviour in liquid sulphur dioxide, The %
*Ulphie n liquig Sulphur dioxi(;n : Ilum can be compared with the reaction of AICl; with tetramethyl ammo==
¢ In aqueous solution, the reaction takes place as follows.

Al H,0
Ch +3Naoyg 1120 | Al(OH); + 3NaCl

Gelatinous ppt.

AlOH); +Naoyy 120 Na[Al(OH),]
4

Fr
om the soluble complex, Al(0) Soluble complex
» Al(OH); cap be feprecipitated by the addition of HCI.

Na[Al(OR)
4+ HC
> NaCl + H,0 + Al(OH); 4
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i soluble complexc AL(SO4), can be Feprecipitay
the ®
l“:”‘"

ed by adding the

] ) ]- 3 ‘l ;. ()‘ ' . ,) C

waviour of GaClyis similar to (hag of AICI, |
ﬂ)‘: bl

ox Reactions. Liquid sulphur dioxie does not 1
{ i ' or |

6 Nf“h as o medium for redox reactions, For instanc
y o / ! i f 1

Al f.;lphi'“ in liquid sulphur dioxide reduces

Ve any strong oxiic
T ISING o redye; .
¢, liquig sulp INg properties.

hur dioxig
; -ty © cannot redyee i
odine 1o iodide. "Thys educe iodine.

}!’(.‘aﬂdl J b

' lig. S0
l + 2K,80, 30 KiS04 + 21 + 50,

K1is oxidised to free iodine by ShCls in liquid sulphyr dioxide.

U 1 " ‘SO

OKI + 3SbCls 2722 5 SHCly + 2K, (b,
MOLTEN SALTS AS NON-AQUEOQUS SOLVENTS
The molten salts which act ag non-aqueous solvents can be divided

into two Categories, viz,,
| High Temperature Molten Salts

2. Room Temperature Molten Salts

I. High Temperature Molten Salts. This category contains melts of com-pounfls conta?ning .mai"ly ionic
ks, e 2, alkali halides. The coordination number of the jons drops from 6 in solids to 4 in their melts, Thfj
ez range Jattice symmetry is destroyed in the molten state of such salts but 'th.e sho.n range §y;Tmeuyda::$1
B fons il] exiss, Jonic compounds can be dissolved ip such melts giving nsfehto higt yF(C):Zxampl eg
whtions, The cryoscopic technique can be applied to determine the nun}ber of ions of t ebso ufei.onS o m
emumber of fons of K i molten sodium chloride is 2 and of BaF, is 3. But the number o
ol

‘ is common with the
4 NaCl comes out 1o be 1 by the cryoscopic method because the Nat ion of solute is co
10 0f molten Nag| solvent,

Another type of molten
&2y

autoionisation
salts are melts of covalently bonded compounds although some
ocaur in gy compoun

ds also. The example is the autoionisation of molten HgX;:

—— HgX'+ HegXjy™
S 3 HeX* behaves as an acid and any substance
s, any Substance which increases the concentration of HgX

are :
M. _ _Other examples
Mreases the Concentration of HgX; behaves as a base

id)
CIO,), acts as an &cl
\ : 2 HgX" + 2ClOg (e base)
He(CIoy), + Hgk, —> e (KX acts s aba
KX + HgX, — K"+ HgX3 (neutra]isation)

Hg(ClOy), + 2KX —> K+ +2C104 + HegX2
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hl luminates such gg [R a2 CHE’W&T.
. some chloroa . Q
ture Molten Salts. Some ¢ = ]Al(jl; U
3 Room Temperdt a serj

. f « l niC com Ounds. B t .
hc U\‘Cd as S()IVL‘HLH lOI mdl‘ly (0] p I
L:;“] .

mperature and

\.:x]z' JECNT ‘onis I ¢ . ) "
; » » = nl‘l\' ll IS IE [s O ‘,e
. !l \\!hi!llin.l[t- d
CalilN .i d

( = 2 + 2HC Cts, “hy drol;lslQJ
AICL, + H,0 [AICI,O] 2HCI Ody \
! 4 p-

. : 2ei =
[AICI0] + [TiCl]"™ —> [TiOCL] Al
/ ’ '.n of the oxidised product can be quantitatively removeg
However, the oxyge

| | phOS
. of the salt in the chloroaluminate melt, N im{
the solution © §é

[TOCL- + COCl, — TiCI;~ + CO, 1
her salt which is liquid at room temperature is obtained by reacting Et;NH*C-
Another sa

With Cygy
* L= __EuNH*cl-
FNI'C + CuCl — EGNH' [CuCl]” _BoNirar (EtzNH)z[CUCh]L
CuCl

: - btained by the above reaction is due to the prege .
The low melting point of the product o yt 3 NCe of 3

of saltsi'uch as ELNH*[CuCL, T, (EtzNH+)2[CuCl3]2 , In the product. This solvent can be easily IEdUCel;?nrg

can also be easily oxidised.

CuCly + e — Cu + 201
CUCE —> CUC12 + e

Therefore, the species which are even mildly oxidising or mildly reducin
Moreover, all reactions to be studied in this solvent have to be

Utility of Molten Salts as Solvents

£ cannot be studijeq in this solvent
carried out in the absence of air.

I The highly reacting solutes which cannot be studied in reactive solvents can be studied in molten s
For example, the halogens which cannot be studied in water can be conveniently studied in molten halides

2. Molten halides are used for the production of halogens.
Na(CJ (molten) Electrolysis
s

3. Molten sa)ys are used in metg]) 1 ST fure
c _ Urgy to remove silica g g] tate at the tempera
"equired for exragrion of e tnet] gy as slag which is in molten s

CO (flux) + i, (impurity) —_ CaSiO; (slag)

i am [ten
Hg d dissolve any ount of the corresponding alkali metal. However, 1m0
dissolved ip v olve the corre

| . meta
alid Sponding meta] tq 4 Smaller extent. It is assumed that the
Ides loseg electrong gq that the gg]

d Hg
i ing. That is why Cd an
HgClz and O aci, ution becomes reducing

Hg

: I metal hajj
lides of 75 ¢4 2 die. ides can

+ HgC12 —_ Hg2C12

e - +Cdel, Cd,Cl, ch mor
than : L > PIovide a me iy i ! et e
:;:t;s kil ol SOlm.lum In which the concentration of anionic 11gar_1ds Carcll from aque”
b i 3 ions, For CXample, Crc|3- » TiCI2™ cannot be isolate . olter
Meta| chloridcs 45 S0lyeng i 6

late] 6 . using 1
medium, €Y hydrolyse But, these Species can be easily prepared by
ClCl_'; + 3CI‘

R [Tiqﬁ]z-



