The work presented in this thesis includes the preparation and
characterization of choline dodecyl benzene sulfonate and phenyl trimethyl
ammonium dodecyl benzene sulfonate, which were prepared and showed
almost room temperature molten salts (ionic liquids) of 118°C and 91.9 °C
respectively, as shown in scheme (1):

Scheme (1)

Potassium dodecyl benzene sulfonate

Choline chloride + / \

+ Phenyl trimethyl ammonium iodide

Stir [THF THF | Stir
4h 4h
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dodecyl benzene sulfonate
+

kel <1y

+

Other molten salts (ionic liquids) based on mixing sodium, potassium,
ammonium dodecyl benzene sulfonate, benzoic acid and salicylic acid with
choline chloride showed a larger melting point depression than from of

initial components, as shown in scheme (2) and (3):




Scheme (2)

Dodecyl benzene sulfonate salts
+

Choline chloride or Urea

l

Solid mixing of components

N

(NaDBS/choline chloride)

NaDBS/ureg)
(1:3) ( (1:3) )
(KDBS/choline chloride) (KDBS/urea)
(1:3) (1:3)
(NH,DBS/choline chloride) (NH,DBS/urea)
(1:2) (1)

(Ammonium dodecy! benzene sulfonate /choline chloride) mixture has a
deep eutectic point of 15 °C, while the two mixtures (benzoic acid / choline
chloride) and (salicylic acid / choline chloride) gave a similar eutectic point
of 60 °C, which were correspond with the room temperature molten salt
(ionic liquids) definition, which is melt below the 100 °C. However,
(sodium dodecyl benzene sulfonate /choline chloride) mixture and
(potassium dodecyl benzene sulfonate /choline chloride) mixture afforded
higher eutectic temperature than the room temperature molten salts.

Another set of mixtures that based on mixing the same previous compounds,
but with urea instead of choline chloride. These mixtures showed with
(NaDBS,KDBS and NH4DBS) compounds lower eutectic points than with
choline chloride of 105 °C, 100 °C, and 10 °C respectively. While with
benzoic acid and salicylic acid afforded a little higher temperature of 75°C
and 77 °C respectively. Compositions of these mixtures attributed to the




formation and interaction of hydrogen bonding or the formation of complex

compounds of eutectic nature.

Scheme (3)

Carboxlyic acids

+

Choline chloride or Urea

|

Solid mixing of components

/\

(Benzoic acid/choline chloride)
(22D

(Salicylic acid /choline chloride)
(1:1)

(Benzoic acid/Urea)
(2:1)

(Salicylic acid /Urea)
(1:2)
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Chapterthree Results & Discussio

Chapter Three

Results and Discussion

3.1 Synthesis of dodecyl benzene sulfonate salts

3.1.1 Synthesis of potassium dodecyl benzene sulfonate
[KDBS]
Potassium dodecyl benzene sulfonate are preépaee (acid —base)
reaction by the neutralization (1mole:1mole) of éog benzene sulfonic

acid (98%) with (KOH) (40%) solution as outlined section (2.5.1).

The reaction might be described as state in scl@ﬁrmﬁ(.%)

7 0
5—OH S—oK*
o o
+ KOH > + H0
C12H 25 C12H 25
dodecyl benzermulfonic acid potassium dodecyl benzene sulfonate
KDBS

Scheme. (3-1): Reagents and conditions of reaction of dodecyl
benzene sulfonic acid with KOH(40%) at room temper ature.

The F.T.IR spectrum of the faint yellow KDBS aswhan figure (3-2)
which showed the appearance of the characterigsioration bands of
(S(=0Y)) at (1385, 1323) cihfor asymmetric vibration and (1192) ¢m
for symmetric vibration ; in addition the appeararmt the characteristic
absorption bands of (S-O) of the sulfonate at (1045)3>™

The appearance of the characteristic absorptiord$an the region
(3100) cnt’ due to stretching vibration of the(C-H) aromatic, the

appearance of the characteristic absorptiomd bha the region (1638)

Yy
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cm™* due to stretching vibration of téC=C) aromatic, the appearance of
the characteristic absorption bands in the regi@893) cni due to
stretching vibration of the(C-H) aliphatic. In addition to the previous
characteristic bands of the aromatic ring, ban@@®) cm' region of the
spectrum indicates the Meta disubstituted on atemang of

kpBS.”> 70

3.1.2 Synthesis of ammonium dodecyl benzene sulfonate
[NH,DBS]
Ammonium Dodecyl benzene sulfonate are prepar@ (acid —base)
reaction by the neutralization (1mole:1mole) of éogd benzene sulfonic

acid (98%) with (NHOH) (40%) solution as outlined in section (2.5.2).

The reaction might be described as state in scl@ﬁ*ﬁﬁ.(%)

1] 9
ﬁ_OH ﬁ_ 0) NH4+
o) o)
+ NH,OH > + H,0
C12H 25 C12H 25
dodecyl benzermulfonic acid ammonium dodecyl benzene sulfonate

NH,DBS

Scheme. (3-2): Reagents and conditions of reaction of dodecyl
benzene sulfonic acid with NH4,OH(50%) at room temper ature.

The F.T.IR spectrum of N/\DPBS showed a similar bands a raised for the

vibration of sulfonate group as shown be KDBS tHeads appeared as
characteristic absorption bands\w{S(=0)) at (1385, 1323) cthfor

asymmetric vibration and (1192) &m for symmetric vibration ; in

addition the appearance of the characteristic rabisoa bands of

Ye
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Vv (S-O) of the sulfonate at (1047) &> in additional bands
which might be referred to the presence of;Nioup appeared at the
region (3383) cm due to stretching vibration of the(N-H).\* 7>
the appearance of the appearance of the charséictabsorption bands in
the region (3050) cthdue to stretching vibration of ttwC-H) aromatic

; also the appearance of the characteristicorpben band in the
region (1649) crm due to stretching vibration of téC=C) aromatic; the
appearance of the characteristic absorption bamdle region (2974)
and (2926) cm due to stretching vibration of thgC-H) aliphatic.
In addition to the previous characteristic bandthefaromatic ring, band
at (881) crit region of the spectrum indicates the Meta disituted on

aromatic ring of NIzDBS.(73' 76)

3.1.3 FTIR analysis of sodium dodecyl benzene sulfonate
[NaDBS]

The FTIR analysis of the dried NaDBS was earout to evaluate the
vibrations of the variable groups that presenthis tompounds in an
attempt to be compared with these obtained foptepared KDBS and
NH;DBS.The FTIR spectrum in figure (3-1) of NaDBS sleowthat the
characteristic absorption bands\w{S(=0)) at (1383, 1329) cthfor
asymmetric vibration and (1192) &m for symmetric vibration; in
addition the appearance of the characteristic rabisoa bands of
Vv (S-0O) of the sulfonate at (1047) ™ The appearance of the
characteristic absorption bands in the region (3£80" due to stretching
vibration of thev(C-H) aromatic. The appearance of the characteristic
absorption bands in the region (2972) and (298%) due to stretching
vibration of thev(C-H) aliphatic.(73' ) Thereforethese results are in

agreements with there obtained for KDBS and,DBIS.

Yo
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Figure (3-1): FTIR spectrum of Sodium dodecyl lsre sulfonate [NaDBS]
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Figure (3-2): FTIR spectrum of potassium dode@&rizene sulfonate [KDBS]
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3.2 Metathesis and Characterization of ionic liquids

Two solid ionic liquids containing; chodin  [HOGH4N(CHs)4]"
cation and phenyl trimethyl ammonium ¢fGN(CHs)s]" cation, with
dodecyl benzene sulfonate [Phfd,5)SO;]” anion were synthesized via
simple direct precipitation reactions in THF at motemperature . They
were analyzed and characterized by the infraredctsgEopy.
In addition, differential scanning calorimetry (DS®@as carried out to
detect physical changes from room temperature @9035C. Table (3-1)
show melting points and suggested molecular weights the color of

their solid ionic liquids.

3.2.1 Metathesis of choline dodecyl benzene sulfonate

Choline dodecyl benzene sulfonate was pegpday reacting the
solution of potassium dodecyl benzene sulfonat@&Hhi with Choline
chloride solution in THF also; with continuous stig for (4) hours at
room temperature. The melting point ,suggested cotde weight, color

,and the percentage of yield of product were oedim table (3-1).

s—-oK* QO  cH
Tl 1] -\ 3
le) CHj3 S—=0 +/\/OH
cr \, ~CHs THF N
+ N, . > O cH \ KCI
HO™ "\ stirr 4 hour 3 CHs + ¢
CioHos CHs
. . C1oHos
KDBS Choline chloride

Scheme. (3-3): Reagents and conditions of reaction KDBS with
cholinechloridein THF, stir 4h at room temperature.
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FTIR spectrum of the pale yellow solid madkriin Figure (3-5)
showed the appearance of the characteristic al@orftands ofv
(S(=0Y)) at (1175) crit for asymmetric vibration and at (1055) Crior
symmetric vibration; in addition appearance of thbaracteristic
absorption band o¥(S-O) of the sulfonate at (1013) 3™ This
spectrum show the appearance of the characteassorption band
(sharp peak) in the region (3415.7)tdue to stretching vibration of the
v (-OH) group; in addition appearance of the characteriatisorption
band in the region (1215) ¢haue to stretching vibration of th&C-N)
also, the appearance of the characteristic absargand in the region
(1126) cnt due to stretching vibration of the(C—N).(73’72’77) The
appearance of the characteristic absorption bamdkei region (3030)
cm* due to stretching vibration of théC-H) aromatic ; the appearance
of the characteristic absorption bands in the regi®928) and (2864)
cm® due to stretching vibration of the(C-H) aliphatic; also the
appearance of the characteristic absorption bamdke regions (1412)
and (1456) cm due to thev(C-H) aliphatic; the appearance of the
characteristic absorption band in the region ()1634e to stretching
vibration of the v(C=C) aromatic. In addition to the previous
characteristic bands of the aromatic ring, band at
(880) cm' region of the spectrum indicate the Meta

disubstituted on aromatic riffg ' .

3.2.2 Synthesis of phenyl trimethyl ammonium dodecyl
benzene sulfonate

Phenyl trimethyl ammonium dodecyl benzenéosigite was prepared
by reacting a solution of potassium dodecyl benzantonate in THF

with phenyl trimethyl ammonium iodide solution inHF also; with

1A
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continuous stirring for (4) hours at room tempemthe melting point
,suggested molecular weight ,color ,and the peagentof yield of

product were outlined in table (3-1).

+

S—0O O
g K CH3 g o CH3
+H c—||\|+ THE O H c—r|\|+ +
S | stirr Ahour s | Kw
CqoH !
12M25 CH3 CH3
KDBS Ci2Hos

Scheme (3-4): Reagents and conditions of reaction KDBSwith phenyl
trimethyl ammonium iodidein THF,stir 4h at room temper ature.

FTIR spectrum of the pale violet solid madériin Figure (3-6)
showed the appearance of the characteristic al@orgtands of
Vv (S(=0)) at (1176) cri for asymmetric vibration and at (1059) tm
for symmetric vibration; in addition appearanceti& characteristic
absorption band oM(S-O) of the sulfonate at (1011) ém (7Y
This spectrum show the appearance of the charsiiteabsorption band
in the region (1251) cim due to stretching vibration of the
V(C-N) (7377.72) The appearance of the characteristic absorpaod$in
the region (3040) cth due to stretching vibration of the(C-H)
aromatic; also the appearance of the charactealsorption bands in the
regions (689) ci and (673) ci due to thev(C-H) aromatic; the
appearance of the characteristic absorption bamdke region (2955)
and (2924) and (2854) ¢hndue to stretching vibration of th&C-H)
aliphatic. (7279 Also the appearance of the characteristic absworpti
bands in the regions (1408) and (1456) ane to thev(C-H) aliphatic;
the appearance of the characteristic absorptiod athe region (1601)

cm* due to stretching vibration of thgC=C) aromatic"*"®
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3.3 The effect of cation type on the melting point of ionic
liquids

To design, syntheses and characterize new lanudds at desirable
melting point temperature, it is known that the tngl point of ionic
liquids is governed by different factors, thesetdeg are the interaction
between the anionic and cationic species in thadigvhich are affected
by ionic size, functionality, molecular mass, shapéoth the cation and
anion, hydrogen bonding, charge delocalizationitreeboth cation/ and
or anion. The symmetry of the cation is known teetfthe melting point

of ionic liquids®* ™

Table (3-1): Some physical propertiesof ionic liquids.

Molecular formula of ionic liquids | Yield | T,°C | M\WT color
(%) g/mole

[CsHsN(CHs)s]™ [Ph(Ci2H25)SOy) 40 919 | 461.00, Pale

violet

yellow

Table (3-1) show the melting points of choline doddenzene sulfonate
and phenyl trimethyl ammonium dodecyl benzene salf® which are
measured by differentiadcanningcalorimetry (DSC) as shown in Fig.
(3-8) and (3-9) respectively. As dodecyl benzenkorsate anion is
found in both ionic liquids, hence the effect ofinging the cation size
might be the major factor influencing the extend rmoélting point
observed for both ionic liquids. It is found thatewn cation size was large
the melting point becomes less than when the catvas relatively
smaller. It might also indicated that the preseatg@henyl group has
large effect on the melting point than the alipbaiHOGH,) group
attached to -N(CkJ; group in both compounds. These finding are similar

1
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to recently reported where melting point of iofigquid containing 1-
methyl-3-octylimidazolium cation is lower than ieriquid containing 1-
methyl-3-butylimidazolium catiof®***? There is analogous manner
when the ionic liquids containing 1-ethyl-3-ethyidazolium cation and
1-methyl-3-methylimidazolium cation have meltingms (14°C , 22°C)

(31,52,71)

respectively and MaN" gives a higher melting Point than

Me;N'R (R=alkyl) up to a certain chain length; thisllsstrated by the

ethyltrimethylammonium, propyltrimethylammonium, cdan

hexyltrimethylammonium as catio®

/\/\/\N+/ \N+/\
/™ 7N\
Hexyl trimethyl ammonium Ethyl trimethyl ammonium
\/\N+/
/™

Propyl trimethyl ammonium

Table (3-2): melting point, T, of ionic liquids of the general
formal R;R,RsR,N*Halide/2 znCl, ®? .

R1 R2 R3 R4 Halide iohT,/°C
Me Me Me GHs CI 53-55
Me Me Me GH- Br 45-47
Me Me Me GH12 Br 41-43

The results for the long-chain quaternary ammongations could result
from van der Waals interactions, which imikar to that recently
reported ionic liquids based on metal halidddssituted quaternary
ammonium salt mixtur8> Room temperature ionic liquids are organic

salts composed entirely of ions and unlike the comnmorganic salts,

which melt at higher temperatures. These are Igjuad ambient

1A%
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condition. For example when Nan NaCl, which melt at 80£C, is
replaced by a bulky organic cation, say, 1-butyh@hylimidazolium
cation, [BMIm], the melting point of the resulting compounds,
[BMIm]*CI, is lower to 65°C. Further, when Cls changed by a larger
anion [BR], the melting point is further decreased to°@1 thus
making it an room temperature ionic quuf(%). The yields of the
products obtained in this work were 50% and 40%cfwoline dodecyl
benzene sulfonate and phenyl trimethyl ammoniumedgdbenzene
sulfonate respectively as shown in table (3-1). Thield of synthesis
solid ionic liquid that containing phenyl trimethgmmonium cation was
lower than yield of synthesis solid ionic liquidntaining choline cation
could be related to the rather slow to react bywbat we believe are
steric reasons, and reactions were essentiallytif@iire for shorter alkyl
chain lengths, which is similar to the recently agpd results of
phosphonium ionic quuidg.s) Molten salts (ionic liquids) containing
phenyl trimethyl ammonium cation showed pale viaelor and while
that showed containing choline cation are a paow color. These
differences in colors may be attributed to doubd&d conjugation; as
conjugation of double bonds shifts the absorpticaximum to longer

wave length$’” It was reported that each additional double bonthée
conjugated pi-electron system shifts the absorptn@aximum to longer

wave Iengtﬁ?’g)

¢A
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3.4 The Thermal Analysis of lonic Liquids

One of the advantages of ionic liquid it'srthal robustness, resulting
in a large thermal operating range, which in tuenables excellent
kinetic control for reaction proceeding in thesquids. Differential
scanning calorimetry (DSC) figures (3-8) and (3sbpw the thermal
analysis for choline dodecyl benzene sulfonate phdnyl trimethyl
ammonium dodecyl benzene sulfonate respectivelg 3danning rate
used was 2C/min; the weightof the sample was 10 mg; which was

similar to that recently reported of the ionic lids that based upon the

dialkylimidazolium cationd”"%%8  Angd organo-niobate molten salts

(ionic quuids),(ss) Generally, the temperature at which solid ionguiids

melt depends upon the potential energy betweenothe These solid

ionic liquids can be considered as the differencemelting points

between that solid ionic liquids choline dodecyhbene sulfonate and

phenyl trimethyl ammonium dodecyl benzene sulfondteh were (118

°C, 91.9°C) respectively. The concomitants change in melgomt T,

will be related to the ionic lattice resulting froime formation of solid
ionic liquids sinceE= - Na€%/4nsor (1)

Where:

E= Latent heat of fusion.

Na = Avogadro number = 6.023 x 1& mole™.

e = Electron charge = 1.602 x 10°.

€= Vacuum permittivity = 8.854x10* F. nmi*.

r = separation between the two ions. 8982

1mW = 3.6 x 16J

Fig (3-13) show:

the E of choline dodecyl benzene sulfonate =— 1.2 m\WM320 kJ

1)
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Fig (3-14) show:
TheE of phenyl trimethyl ammonium dodecyl benzene sdte
=—-042mW =- 1512 kJ
The latent heat of fusion of choline dodecyl bemzemfonate was higher
than the latent heat of fusion of phenyl trimetiayhmonium dodecyl
benzene sulfonate- 4320 kJ > -1512 kJ).
So, those melting points of choline dodecyl benzii®nate and phenyl
trimethyl ammonium dodecyl benzene sulfonate wakert from the first
heating curve; and the ionic liquids were stable to 200 °C, those results
were correspond with when the crystal with the Istweelting point must
be the one with the lowest lattice enefBgGQSince, the weight of phenyl
trimethyl ammonium dodecyl benzene sulfonate W@smg and the
suggested molecular weight was 461g/mole.
That moles = weight of a sample / molecular weighta sample.
Moles = 10x 10 /461 = 2.169 x 1®Mole
- 1512 KJ /2.169 x I®Mole = - 6.970 x 10kJ/mole
From equation (1) we can determine the separatbnden the two ions
(r), therefore E - Na€%/4neor
- 6.970 x 10=- 6.023 x 1& x (1.602 x 10%?/ 4x3.14x8.854x 1€ r
r=1.992x10*m
Since, the weight of choline dodecyl benzene salferwasl0 mg and
the suggested molecular weight was 429.18 g/mole.
That moles = weight of a sample / molecular weighta sample.
Moles = 10x 10 /429.18 = 233 x 1D Mole
-4320 kJ2.33x 10° Mole = - 1.854 x 1® kJ/mole
From equation (1) we can determine the separatbnden the two ions
(r), therefore E - Na€’/4meor
-1.854 x 18=- 6.023 x 16’ x (1.602 x 10%*/ 4x3.14x8.854x 1€ r
r=7.492x10°m
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g Thermal Analysis: Result
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Figure (3-8): Thermogram of choline dodecyl bemwzsulfonate

o)



Results & Discussio

Thermal Analysis Result
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Figure (3-9): Thermogram of phenyl trimethyl ammmon dodecyl benzene sulfonate [23]
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3.5 Preparations of molten salts (ionic liquids) by mixing the
solid components

3.5.1 Preparations of molten salts based upon choline chloride

Molten salts (ionic liquids) can be prepared rhixing their solid
components and heating to elevated temperatureflundi achieved. The
composition of the molten mixture were taken froth rBole % to 80
mole % based on add choline chloride to DBS s&ls®dium, potassium,
ammonium, benzoic and salicylic acid. Those megugave five molten
salts showing variable melting points. Some of ¢h@®lten salts may be
classified as room temperature molten salt (ioiggitls) as they showed
melting point below 100C, while the others gave melting points above
100°C. This method is known to prepare the moltersg@iic liquids)

as also being used by present worke&r®®

3.5.1.1 Preparation of NaDBS /choline chloride mixtures

The phase behavigoreparation of NaDBS/choline chloride mixture
having the mole composition as shown in table (3FBe phase diagram
iIs presented in Fig. (3-10). It is obvious that @edition of choline
chloride had a significant affect on the meltingmpof pure NaDBS. The
depression of the 308 melting points of NaDBS was gradually
decreased with added choline chloride until thee@i¢ point of the
mixture was reached at 185 The composition at this point was 75 mole
% of choline chloride: 25 mole % NaDBS. Futher &ddi of choline
chloride therefore showed an increase in the ngefiimint of the mixture
until the temperature of 302 was reached, which represents the melting
point of pure choline chloride salt. As seen, tlegpréssion in melting

point increased relatively latter until the moled¥choline chloride was

oy
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33%. After that a gradual decreasing of meltinghpeias recorded until
the melting point of the eutectic point was reachédrthermore, this
behavior was similar to the fast increase in mgltpoint when the

mole % of choline chloride was increased.

Table (3-3): Compositions and melting points of NaDBS/choline
chloride mixtures.

Na DBS Choline chloride Moles of the components Melting
(mole %) (mole %) Na DBS : choline chloride point C
80 20 0.004:0.001 205
75 25 0.003:0.001 195
66 33 0.002:0.001 165
50 50 0.001:0.001 150
33 66 0.001:0.002 140
25 75 0.001:0.003 135
20 80 0.001:0.004 177
330
300 -
250
O 200
I—E 150 -
100 -
50
D I I I l l I I I I

0 10 20 30 40 50 60 70 80 90 100
mole % choline chloride

Fig (3- 10): Phase diagram of the melting points of NaDBS /choline
chloride mixtures as a function of composition.
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3.5.1.2 Preparation of KDBS/ choline chloride mixtures

The phase behavigpreparation of KDBS / choline chloride mixture
having the mole composition as shown in table (3Fthe phase diagram
Is presented in Fig. (3-11). It is clear that tddidon of choline chloride
had a significant affect on the melting point ofrgguKDBS. The
depression of the 277C melting point of pure KDBS was gradually
decreased with added choline chloride until theeetid point of the
mixture was reached at 15 The composition at this point was 75
mole% of choline chloride 25 mole% KDBS. The Further added choline
chloride therefore showed an increase in the ngefiimint of the mixture
until the temperature of 302 was reached, which represents the melting
point of pure choline chloride salt .As seen, tlegpréssion in melting
point increased relatively latter until the moled¥choline chloride was
33%, where a gradual decreasing of melting poirg reaorded until the
melting point of the eutectic point was reachedrth@rmore, this
behavior was similar to the fast increase in mglpoint when mole % of
choline chloride was increased.

Table (3-4): Compositions and melting points of KDBS/choline
chloride mixtures.

K DBS Choline chloride Moles of the components Melting
(mole %) (mole %) K DBS :choline chloride point °C
80 20 0.004:0.001 183
75 25 0.003:0.001 170
66 33 0.002:0.001 155
50 50 0.001:0.001 140
33 66 0.001:0.002 130
25 75 0.001:0.003 125
20 80 0.001:0.004 150
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Fig (3- 11): Phase diagram of the melting points of K DBS/
choline chloride mixtures asa function of composition.

3.5.1.3 Preparation of NH,DBS /choline chloride mixtures

The phase behaviopreparation of NH;DBS /choline chloride
mixture having the mole composition as shown inetgB-5). The phase
diagram is presented in Fig. (3-12). It is cleatttihe addition of choline
chloride had a significant affect on the meltingnp@f pure NHDBS, as
it was increased from the ‘&, which representing the melting point of
pure NHDBS to 35°C, at which the composition was 20 mole% of
choline chloride and 80 mole% NBIBS. After this point the melting
points were gradually decrease until it reachecetitectic point at I,
at which the composition was 66 mole% of cholitdodde and 33
mole% NHDBS. Above the mole fraction of 66 mole % cholirdocide
the melting point increase gradually again untieiiched 302C, which

representing the melting point of pure choline ddle.

o1
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Table (3-5): Compositions and melting points of NH,DBS /choline
chloride mixtures.

NH4; DBS Choline chloride Moles of the components Melting
(mole %) (mole %) NH,4 DBS :choline chloride point°C
80 20 0.004:0.001 35
75 25 0.003:0.001 30
66 33 0.002:0.001 25
50 50 0.001:0.001 20
33 66 0.001:0.002 15
25 75 0.001:0.003 25
20 80 0.001:0.004 40
45
40 -
35 -
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O 20/
£ ]
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_10 |
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" Fig. (3-12): Phase diagram of the melting points of (NH,DBS /choline
chloride) mixturesasa function of composition.
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3.5.1.4 Preparation of Benzoic acid/choline chloride
mixtures

The phase behavigreparation of benzoic acid /choline chloride
mixture having the mole composition as shown inetgB-6). The phase
diagram is presented in Fig. (3-13). It is cleatttihe addition of choline
chloride had a significant affect on the meltingnpof pure benzoic acid.
As it was decreased from the 122, which representing the melting
point of pure benzoic acid to the 12€ where that mole composition
20mole % of choline chloride and 80 mole % benzmda. Then the
melting points sharply decrease until it reached &utectic point at
60 °C, at which the composition was 33 mole % of cholihloride and
66 mole% benzoic acid. Above a mole fraction omd& % choline
chloride the melting point increase gradually agaitil it reached 302C
representing the melting pointof pure choline chloride.

Table (3-6): Compositions and melting points of benzoic acid/choline
chloride mixtures.

Benzoic acid | Choline chloride Moles of the components Melting
(mole %) (mole %) | benzoic acid :choline chloridg point°C
80 20 0.004:0.001 120
75 25 0.003:0.001 100
66 33 0.002:0.001 60
50 50 0.001:0.001 65
33 66 0.001:0.002 85
25 75 0.001:0.003 95
20 80 0.001:0.004 105
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Fig. (3-13): phase diagram of the melting points of benzoic acid /
choline chloride mixtures asa function of composition.

3.5.1.5 Preparation of Salicylic acid /choline chloride
mixtures

The phase behavigireparation of salicylic acid / choline chloride
mixture having the mole composition as shown inetgB-7). The phase
diagram is presented in Fig. (3-14). It is cleattihe addition of choline
chloride had a significant affect on the meltingnpaf pure salicylic
acid. The depression of the 18D melting point of pure salicylic acid
was gradually decreased with added choline chlouild the eutectic
point of the mixture was reached at’60The composition at this point
was 50 mole% of choline chlorides0 mole% salicylic acid. The further
added choline chloride therefore showed an increatiege melting point
of the mixture until the temperature of 382 was reached, which
represents the melting point of pure choline cdersalt. As seen, the

depression in melting point increased relativetielauntil the mole % of
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choline chloride was 20%, where a gradual decrgasinmelting point
was recorded until the melting point of the euteg@int was reached.
Furthermore, this behavior was similar to the fastrease in melting

point when mole % of choline chloride was increased

Table (3-7): Compositions and melting points of salicylic acid/choline
chloride mixtures.

Salicylic Choline Moles of the components Melting point®C
acid (mole chloride salicylic acid :choline chloride
%) (mole %)
80 20 0.004:0.001 110
75 25 0.003:0.001 82
66 33 0.002:0.001 65
50 50 0.001:0.001 60
33 66 0.001:0.002 70
25 75 0.001:0.003 95
20 80 0.001:0.004 122
350
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Fig. (3-14): Phase diagram of the melting points of salicylic acid /
choline chloride mixtures as a function of composition.
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3.5.1.6 Discussion

Table (3-9) illustrated the eutectic points andanoatio of NaDBS /
choline chloride mixture and KDBS /choline chloridrixture and
NH4DBS /choline chloride mixture. It is apparent ttta eutectic points
of NaDBS / choline chloride mixture and KDBS / &the chloride
mixture were formed at molar ratio3 but that eutectic point of NjDBS
/choline chloride mixture was formed at molar rati@. Theseresults
suggest a complex between the components or bgdgfiithe NaDBS,
KDBS and NHDBS between neighboring chloride ions. Howevers¢he
findings are similar to the eutectics recently mgd for carboxylic
acids-choline chloride syste(tgﬁ’), choline chloride-urea syste(ﬁ%),
metal halid-Quatanary ammonium salts syst%apﬁ,sand organo-niobate

molten salts (ionic quuid3555)'

Table (3-8): Compositions and eutectic points of (component A
/choline chloride) mixtures.

Component | Melting Eutectic | Molar ratio of Component A :choline

A point C° point C° chloride
NaDBS 300 135 1:3
KDBS 277 125 1:3
NH,DBS -5 15 1:2
Benzoic acid 22 60 2:1
Salicylic 160 60 1.1

acid

As seen Table (3-9) the eutectic points of NaDBB&oline chloride
mixture and KDBS /choline chloride mixture and NHBS / choline
chloride mixture were 13%C and 125°C and 15°C respectively, where
are the pure constituents (choline chloride=3D2and NaDBS =300C
and KDBS =277C and NHDBS =-5°C ). There were general trend that

1)
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eutectic points of NaDBS / choline chloride mixtamed KDBS /choline
chloride mixture and NEHDBS /choline chloride mixture were governed
by the cations size of ( NH<K'<Na'). The ionic size of ammonium
cation is bigger than that of potassium. And thiooasize of sodium is
the smallest one (Nf= 1.48 A, K'= 1.33 A, Na'= 0.95 A). This
observation is similar to behavior of the sodiumodde and potassium
chloride and ammonium chloride as high temperatooéen salts (ionic
liquids), which have melting points of (80C , 770°C, 338°C )
respectivel)f?’l’m) Also decrease the lattice energy of a crystal for
compounds which are predominantly ionic as wellirmgeased ionic
charges will result decrease melting pointef$|ysten{83’84) As may
be noticed, the addition of silver nitrate (AgN®@0.1M) to mixtures of
NaDBS/choline chloride and KDBS /choline chloride nda
NH,DBS/choline chloride, remain unreactive for sevesaleks in the
liquid. That result conclude that chloride ion wesmplexed by the

sulfonate (NaDBS and KDBS and NPBS), that analogous manner to

the choline chloride - carboxylic acids sys%% and urea - choline

chloride system>

Figure (3-13) and Figure (3-14) were Showed thesehdiagrams for
mixtures of benzoic acid /choline chloride and sdic acid / choline
chloride respectively as a function of compositishjch is similar to the
eutectics recently reported for carboxylic acidslcte chloride system

(83), choline chloride-urea systeﬁ?), metal halid-Quatanary ammonium

salts systeméso), and organo-niobate molten salts (ionic quuﬁ@).
Table (3-9) is apparent that the eutectic poinbehzoic acid / choline
chloride was 66C. This point was formed at a composition of 33 erfl
choline chloride suggesting2al complex between the benzoic acid and

choline chloride or bridging of the acid betweenghboring chloride
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ions. Also the eutectic point of salicylic acid étihe chloride was 6€C.
But this point was formed at a composition of 50len% choline
chloride suggesting &:1 complex between salicylic acid with choline
chloride, which is similar to the eutectic recgmported for the choline

chloride-carboxylic acids systeﬁ?) and choline chloride-urea systé??‘?

and metal halid-Quatanary ammonium salts sysfg?)ns The benzoic
acid/choline chloride mixture and salicylic aciddthe chloride mixture
and NHDBS /choline chloride mixture have eutectic poiatsrespond
with the definition of room temperature molten sathich melt below
100 °C. Therefore, this can be considered as room teatyrer molten
salt, which is similar to recently reported of aalic acids-choline

chloride systen@a %) And organo-niobate molten salts(ionic

quuids).(55) The formation of the molten salts and the depo@ssin
melting points is the result of hydrogen bondingween benzoic acid
and salicylic acid with chloride anion, which idleeted in the recently
reported in the carboxylic acid-chloine chloridestsayn(.85’83) Also, the
difference in the molar ratio between the benzaid/acholine chloride
mixture and salicylic acid /choline chloride mixtuas outlined in table
(3-9). This difference is likely attributed to tpeesence of the hydroxyl
group as a functional group of salicylic acid besio carboxylic group.
These is analogous manner recently reportedhé carboxylic acid-
chloine chloride syster@?’sg’) The addition of sodium hydroxide (40%)
to mixtures of (benzoic acid/choline chloride) gsdlicylic acid /choline
chloride), remain unreactive for several weekshia liquid. That result
conclude that chloride ion was complexed by the@ased acid (benzoic
acid and salicylic acid). If the acid did dissoeiathen the choline salt
and HCI would be formed and it is highly unlikelyat the carboxylate
salt of the choline cation would be liquid at anmbieemperature. That is
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analogous manner to the choline chloride-carboxadids syster(ﬁe’), and

urea - choline chloride systeﬁ?). There are general trend that molten
salts that obtained from choline chloride with dodeéboenzene sulfonate
salts and choline chloride with carboxylic acidsreveolids in the room
temperature. That can be caused by the preseram®mftic ring, which

IS manner analogous to that recently reported mo$ialts based on
choline chloride with different compounds that harematic ring.(85)
Optimizing fluidity is of key important to the dgsi of molten salts. It is
shown that the fluid properties of these eutedailgents are linked to the
size of the mobile species and the availabilityhofes of appropriate
dimensions to allow mobility. These eutectic migiare easy to prepare
in pure state. All these systems, which were oedim table (3-9), were
constant and with three phases present, the phkstelis us that there is

no Degree of freedom at the eutectic point accgrtiinphase rule since:

Gibb's phase rule: F=1+C-P% 87
F = The number of degrees of freedom.
C = Number of components.
P = Number of phases.
F=1+2-3=0
Molten salts that containing sulfonate are havetfarown color and
while carboxylic acids were colorless. These ddferes in colors may be
attributed to double bond conjugation; as conjuyabf double bonds
shifts the absorption maximum to longer wave |e98ﬂ)| It is reported

that each additional double bond in the conjugaiedlectron system

shifts the absorption maximum to longer wave Ierﬁ%’fh
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3.5.2 Preparation of Molten salts based upon Urea

Molten salts (ionic liquids) can be pregghiby mixing their solid
components and heating to elevated temperatureflundi achieved. The
composition of the molten mixture were taken froth rBole % to 80
mole % based on add urea to DBS salts of sodiuntaspmm,
ammonium, benzoic and salicylic acid. These mixdigave five molten
salts showing variable melting points. Some of ¢h@®lten salts may be
classified as room temperature molten salt as gasléng point below
100°C. While the others gave melting points above 4D0This method
iIs known to prepare the molten salts as also besgd by present

55,80,83,88
workers.( 80,83,88)

3.5.2.1 Preparation of Na DBS /urea mixtures

The phase behavigoreparation of NaDBS/urea mixture having the
mole composition as shown in table (3-9). The phdsegram is
presented in Fig. (3-15). It is obvious that tligliaon of urea had a
significant affect on the melting point of pure NB®. The depression of
the 300°C melting points of pure NaDBS was gradually desegawith
added urea until the eutectic point of the mixtwaes reached at 105.
The composition at this point was 75 mole % of urez5 mole %
NaDBS. The further added urea therefore showednarease in the
melting point of the mixture until it reached 140 The composition was
80 mole % urea and 20 mole % NaDBS. Increasingatihded urea
therefore showed an decrease in the melting pdititeomixture until it

reached 13%, which represents the melting point of pure usa.
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Table (3-9): Compositions and melting points of NaDBS/urea

mixtur es.
NaDBS Urea Moles of the components Melting
(mole %) (mole %) NaDBS :urea point°C
80 20 0.004:0.001 187
75 25 0.003:0.001 170
66 33 0.002:0.001 155
50 50 0.001:0.001 120
33 66 0.001:0.002 110
25 75 0.001:0.003 105
20 80 0.001:0.004 140
350
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Fig. (3-15): Phase diagram of the melting points of NaDBS /urea
mixtur es as a function of composition.

3.5.2.2 Preparation of KDBS /urea mixtures

The phase behaviopreparation of KDBS / urea mixture having the
mole composition as shown in table (3-10). The phdsagram is
presented in Fig. (3-16). It is obvious that #dsition of urea had a
significant affect on the melting point of pure KBBThe depression of
the 277°C melting point of pure KDBS was gradually decrehséth

added urea until the eutectic point of the mixtwes reached at 16C.

N
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The composition at this point was 75 mole % of oielchloride: 25
mole % KDBS. The further added urea therefore slloare increase in
the melting point of the mixture until the temperat of 138C, which

represents the melting point of pure urea salt.

Table (3-10): Compositions and melting points of KDBS /urea

mixtur es.

KDBS Urea Moles of the components Melting
(mole %) | (mole %) KDBS : urea point°C
80 20 0.004:0.001 180
75 25 0.003:0.001 160
66 33 0.002:0.001 145
50 50 0.001:0.001 115
33 66 0.001:0.002 105
25 75 0.001:0.003 100
20 80 0.001:0.004 130
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Fig. (3-16): Phase diagram of the melting points of KDBS /urea
mixtures as a function of composition.
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3.5.2.3 Preparation of NH;DBS /urea mixtures

The phase behavigoreparation of NEDBS /urea mixture having
the mole composition as shown in table (3-11). phase diagram is
presented in Fig. (3-17). It is obvious that theliadn of urea had a
significant affect on the melting point of pure NMBS. As it was
increased from the -8C, which representing the melting point of the
pure NHDBS to 30°C, at which the composition was 20 mole % urea
and 80 mole % NKDBS. After this point the melting points decrease
until it reached the eutectic point at’@) at which the composition was
50 mole % of urea and 50 mole % NIMBS. Above the mole fraction of
50 mole % urea the melting point increase agaiil itmeached 133°C,
which representing the melting point of pureausalt. As seen, the
depression in melting point increased relativetielauntil the mole % of
urea was 20 %, where a gradual decreasing of ggdemt was recorded
until the melting point of the eutectic point wasached. Furthermore,
this behavior was similar to the fast increase @ltimg point when mole

% of urea was increased.

Table (3-11): Compositions and melting points of NH,DBS /urea

mixtur es.

NH,DBS Urea Moles of the components Melting
(mole %) (mole %) NH.DBS :urea point°C
80 20 0.004:0.001 30
75 25 0.003:0.001 25
66 33 0.002:0.001 20
50 50 0.001:0.001 10
33 66 0.001:0.002 25
25 75 0.001:0.003 45
20 80 0.001:0.004 50

TA
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Fig. (3-17): Phase diagram of the melting points of NH,DBS/ urea
mixtures as a function of composition.

3.5.2.4 Preparation of Benzoic acid/urea mixtures

The phase behavigereparation of benzoic acid / urea mixture having
the mole composition as shown in table (3-12). pPhase diagram is
presented in Fig. (3-18). It is obvious that theliadn of urea had a
significant effect on the melting point of pure ket acid. As it was
decreased sharply from the 122 which representing the melting point
of the benzoic acid until it reached the eutectinpat 75°C, at which
the composition was 33 mole % of urea and 66 ®olef benzoic acid.
Above the mole fraction of 33 mole % urea the meltpoint increase
until 85°C, at which the composition at this point was 66lar of
urea and 33 mole % of benzoic acid. Above’85the melting point
increase gradually until it reached 133, which representing the melting

point of pure urea.
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Table (3-12): Compositions and melting points of benzoic acid/urea

mixtures.
Benzoic acid Urea Moles of the components Melting
(mole %) (mole %) benzoic acid : urea point°C
80 20 0.004:0.001 90
75 25 0.003:0.001 83
66 33 0.002:0.001 75
50 50 0.001:0.001 80
33 66 0.001:0.002 85
25 75 0.001:0.003 105
20 80 0.001:0.004 118
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Fig. (3-18): Phase diagram of the melting points of benzoic acid /
urea mixtures asa function of composition.
3.5.25 Preparation of salicylic acid /urea mixtures
The phase behavior preparation of salicylic acid /urea mixture
having the mole composition as shown in table (B-IBe phase diagram
Is presented in Fig. (3-19). It is obvious that du&lition of urea had a

significant effect on the melting point of pure isgic acid. The
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depression of the 168C melting point of pure salicylic acid was
gradually decreased with added urea until an aatpotnt of the mixture
was reached at 7€, at which the composition was 66 mole % of
urea: 33 mole % salicylic acid. The further added uteaefore showed
an increase in the melting point of the mixtureiluthie temperature of

133 °C, which represents the melting point of pure urea.

Table (3-13): Compositions and melting points of salicylic acid /urea

mixtures.
Salicylic acid Urea Moles of the components Melting
(mole %) (mole %) salicylic acid :urea point°C
80 20 0.004:0.001 120
75 25 0.003:0.001 100
66 33 0.002:0.001 90
50 50 0.001:0.001 83
33 66 0.001:0.002 77
25 75 0.001:0.003 105
20 80 0.001:0.004 125
180
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'Fig (3-19): Phase diagram of the melting points of salicylic acid / urea
mixtures as a function of composition.
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3.5.2.6 Discussion

Table (3-14) illustrated the eutectic pointsdamolar ratio of
NaDBS / urea mixture and KDBS /urea mixture and,DBIS /urea
mixture. It is apparent that the eutectic pointdNalDBS / urea mixture
and KDBS /urea mixture were formed at molar rati® but that eutectic
point of NH,DBS /urea mixture was formed at molar ratid. These
results suggest a complex between the componteluwever, these

findings are similar to the eutectics recently mgd for carboxylic

acids-choline chloride syste(ﬁ’oi), choline chloride-urea systé?ﬁ) , metal

halid-Quatanary ammonium salts systé???sand Organo-niobate molten

salts (ionic liquids§>

Table (3-14): compositions and eutectic points of component A
/urea mixtures.

Component | Méelting point | Eutectic point Molar ratio of
(0] (o]
A C C Component A .urea

NaDBS 300 105 1.3
KDBS 277 100 1.3
NH,DBS -5 10 11
Benzoic acid 22 75 2:1
Salicylic acid 160 77 1.1

As seen Table (3-14) the eutectic points of NaDBB8e& mixture and
KDBS / urea mixture and NJ®BS / urea mixture were 10& and 100
°C and 10°C respectively, where are the pure constituentsagt33C
and NaDBS =300°C and KDBS =277°C and NHDBS =-5°C ).
There were general trend that eutectic points dDB& / urea mixture
and KDBS / urea and NjPBS / urea mixture were governed by the
cations size of ( NiH < K’< Na'). The ionic size of ammonium cation is
bigger that of potassium. And sodium is the smates (NH'= 1.48 A

, K'=1.33 A, Na'= 0.95 A). This observation is similar to behavior of

the sodium chloride and potassium chloride and aniam chloride as

\Al
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high temperature molten salts, which have meltiomts of (801°C |,
770°C, 338°C) respectively(.31’84) Also decrease the lattice energy of a
crystal for compounds which are predominantly icasovell as increased
ionic charges will result decrease mgltpoint of the systerﬁe”%
Figure (3-18) and Figure (3-19) were Showed thasphdiagrams for
mixtures of benzoic acid / urea and salicylic dcigtea respectively as a
function of composition, which is similar to thetectic recently reported

for carboxylic acids-choline chloride systé?‘“?’?, choline chloride-urea
systen(lss), metal halid-Quatanary ammonium salts systé???sand

organo - niobate molten salts (ionic quuicfgﬁ). Table (3-14) is apparent
that the eutectic point of benzoic acid / urea W&s°C this point was
formed at a composition of 66 mole % benzoic arid 33 mole % urea
suggesting @ : 1 complex between the benzoic acid and urea ; hscat
eutectic point of salicylic acid / urea was®Crbut this point was formed
at a composition of 33 mole % salicylic acid a6 mole % urea
suggesting d : 2 complex between salicylic acid with urea, which is
similar to the eutectic recently reported for thkolme chloride-

carboxylic acids syster(ﬁ?’) choline chloride-urea systeﬁ?.) and metal

halid-Quatanary ammonium salts systgﬂ)B The benzoic acid/urea
mixture and salicylic acid /urea mixture and JIBS /urea mixture have
eutectic points correspond with the definition @dm temperature molten
salt, which melt below 10TC. Therefore, this can be considered as room
temperature molten salt, which is reflected in ¢égently reported of
carboxylic acids-choline chloride systef%%?e’) The formation of the
molten salts and the depression in melting poiststhe result of
hydrogen bonding between benzoic acid and salicticd with urea

molecule, which is reflected in the recently repdrin the carboxylic
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acid-chloine chloride systef%s.’sg’) Also, the difference in the molar ratio
between the benzoic acid/urea mixture and saliadid / urea mixture as
outlined in table (3-14). This different is likegttributed to the presence
of the hydroxyl group as a functional group ofigdic acid beside to
carboxylic group and the carbonyl group of the ufideese is analogous
manner recently reported in the carboxyliddabloine chloride

(8

system. >.83) Recently reported in the carboxylic acid - chéochloride

system(.85’83) And choline chloride-urea syste(ﬁf?). The addition of
sodium hydroxide (40%) to mixtures of benzoic acidea and salicylic
acid / urea, remain unreactive for several weekberiquid. That results
conclude that the urea molecule is complexed bya$sociated acid
(benzoic acid and salicylic acid); that analogowmner to the choline

chloride-carboxylic acids systé???, and urea - choline chloride system

reported previousfiglg). There are general trend that molten salts that
obtained from urea with dodecyl benzene sulfonatts and urea with
carboxylic acids were solids in the room temperatilihat can be caused
by the presence of aromatic ring caused this, wischimilar to that

recently reported molten salts based on cholinerd with different
compounds that have aromatic rir‘isé). All these systems, which were

outlined in table (3-14), were constant and witfteéhphases present, the
phase rule tells us that there is a single Degréeedom at the eutectic

point according to phase rule since:

Gibb's phase rule: F=1+C-P% 8"
F = the number of degrees of freedom.
C = number of components.
P = number of phases.
F=1+2-3=0
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Molten salts (ionic liquids) that containing suléda is having faint

brown color and while carboxylic acids were colege

3.6 Conclusion

Preparation of the molten salts (ionic ldg)iinvolved two methods,
the first was metathesis of potassium dodecyl bhemzilfonate with
choline chloride and phenyl trimethyl ammonium ahelin THF, which
produced choline dodecyl benzene sulfonate and yhemethyl
ammonium dodecyl benzene sulfonate, and the efffecation size was
reflected on their melting point as they showed i8and 91.9°C
respectively. The second method was the solid mixah components
with heating as included choline chloride was mixeath three dodecyl
benzene sulfonate of sodium, potassium and ammowinem the effect
of cations change in dodecyl benzene sulfonate ¥eened to follow the
order sodium, potassium, ammonium in decreasingrtbéing point as
the mixtures as the mixtures were found to have °C35125°C, 15°C
respectively. Choline chloride was mixed with sdlcacid and benzoic
acid to elucidate the effect by possible hydrogendoformation in the
mixture on the melting point when they showed alameutectic point of
60 °C .for comparison, urea was also mixed with the esgrevious
compounds and found to showed a melting points0&f°C, 100°C, 10
°C, 75°C, and 77C respectively. The melting point/composition oé th
10 previous ionic liquid mixtures were drawn to etetine their nature
and the eutectic points .While the two molten s@tisic liquids) were
identified by infrared measurements and differéntiscanning
calorimetric determination indicated their meltipgints and found to be

stable up to 20€C.
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Chapterthree Results & Discussio

3.7 Suggestions for Future work

The following suggestions can be postulébeghsure completion of

the study in this work:

1. Investigating the hydrogen bonding formationhweither choline
chloride or sulfonate salts by solid formatiohionic liquids with
other salts containing hydroxide or oxygen .
2. Extensive chemical identification of the produstich as (NMR, CHN,
X-ray).
3.Testing the resulted molten salts (ionic liquibg)IR, DSC, T.G).

4.Determination of the physical properties of theoR temperature

molten salts (lonic liquids) such as ( Densityiscosity, and

Conductivity).

v
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Experimental part

Chapter two

Experimental

2.1 Chemicals

The chemicals used in this work were listed in table (2-1).

Table (2-1): Specification of supplied chemicals.

Substance source Purity
(%)
Absolute ethanal Fluka 99.9
Ammonium hydroxide BDH 98
Acetonitrile BDH 99
Benzoic acid BDH 99
Choline chloride MERCH 99
Dodecyl benzene sulfonic The general company for vegetable 98
acid oils products. Irag
Phenyl trimethyl BDH 99
ammonium iodide
Potassium hydroxide BDH 99
Salicylic acid Fluka 99
Sodium hydroxide Fluka 98
Sodium Dodecyl benzene The general company for vegetable 98
sulfonate oils products. Irag
Tetrahydrofurn BDH 99
Urea BDH 99

v¢
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2.2 Instrumental
1. Differential Scanning Calorimetry measurements

The thermal analysis Figures (3-8) and (3-9) were recorded by
SHIMADZU DSC-60 differential scanning calorimatry (DSC), Japan,
2004, with heat rate of 2 °C /min from room temperature , The weight of
the sample was 10 mg. and the analysis was performed by ministry of

sciences and technology. Iraq

2. FTIR measurements

The infrared spectra were recorded on a SHIMADZU 8300 Fourier
Transform Infrared Spectrophotometer (F.T.IR), Japan, using the (KBr)
disk in the wave number range (4000-400) cm™, was performed by Al-
Nahrain University. Also another infrared spectra were recorded on a
SHIMADZU 8400 Fourier Transform Infrared Spectrophotometer
( FTIR) was performed by central organization of standardization and

quality control.

3. Melting points measur ements
Melting points of prepared compounds and the mixtures of molten
salts were recorded using hot stage Gallen Kamp (England) type M.F.B.
600.01.

2.3 Chemical Analysis:

1. Titration: the concentration of dodecyl benzene sulfonic acid was

determined by titrating of dodecyl benzene sulfonic acid with NaOH

(1%) in presence of phenolphthalein as indicator, the concentration of
acid was (98%).

Yo
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2.4 Heating Technique

The following technique can be used for solid mixing of components
to preparation of molten salts (ionic liquids) :
1. Hot plate. 2. Stand. 3. Clamp. 4. Thermometer 5. Beaker with oil
6. Beaker with mixture. 7. Glassrod.

Fig. (2-1): Heating technique for solid mixing of components.

v1
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2.5 Synthesis of Dodecyl benzene sulfonate salts
2.5.1 Synthesis of Potassium dodecyl benzene sulfonate
[KDBS]

Potassium Dodecyl benzene sulfonate [KDBS] are prepared by the
neutralization (1mole:1mole) of dodecyl benzene sulfonic acid (98%)
with potassium hydroxide (KOH) (40%) solution. Litmus paper was used
to indicate the acid / base reaction. At pH=7 the reaction was completely
taking place. To collect the solid residue vacuum filtration was used. The
product was left in vacuum oven for (6 h) at 70 °C to ensure evaporate the
moisture and the product were crushed and stored in a desicator to
provide a dry storage conditions. Melting point= 277 °C, yield= 95%,

The product have faint yellow color.

7
%— oK™
O
CioHzs
potassium dodecyl benzene sulfonate
[KDBS]

2.5.2 Synthesis of Ammonium dodecyl benzene sulfonate
[NH,DBS]

Ammonium Dodecyl benzene sulfonate [NH;DBS] is prepared by the
neutralization (1mole:1mole) of dodecyl benzene sulfonic acid (98%)
with ammonium hydroxide (NH,OH) (50%) solution. Litmus paper was
used to indicate the acid / base reaction. At pH=7 the reaction was
completely taking place. To collect the solid residue vacuum filtration
was used. The product was left in vacuum oven for (6 h) at 70 °C to

ensure evaporate the moisture and the product were stored in a desicator

Yv
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to provide a dry storage conditions. Melting point= -5 °C, yield= 98%,

The product have faint yellow color.

7
%— O NH,*
¢}
CioHos
ammoniumdodecyl benzene sulfonate
[NH,DBS]

2.6 Preparation of Molten salts

There are two methods to prepare molten salts:
1) Metathesis of potassium dodecyl benzene sulfonate with choline
chloride and phenyl trimethyl ammonium iodide in THF, which were
described in the following sections.
2) Solid state mixing of components, which were described in the

following sections.

2.6.1 Metathesis of Choline dodecyl benzene sulfonate

Two solutions of the reactants were prepared in THF solvents the first
is of choline chloride of (0.003 mole, 0.418 g) was dissolved in 50 mi
THF while another (0.003 mole, 1.092 g) of potassium dodecyl benzene

sulfonate, also dissolved in another portion of 50 ml THF solvent, the

YA
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first solution was added to the second solution at room temperature.
When a continuous stirring was applied for 4 hours. During the course of
stirring time a white precipitate was observed to form, the mixture was
left to settle for 2 hours at (- 10 °C) in a freeze container, when this
mixture left to reach room temperature, the solid white precipitate was
separated by filtration. The weight of the precipitate (KCl) was (0.11 g),
the precipitate was formed to contain chloride as confirmed by AgNO;
test, the solvent was removed by rotary evaporation, the solid product,
which was obtained after the evaporation, treated with acetonitrile solvent
where the unreacted starting materials were dissolved and the product
was precipitate with faint yellow color. The excess of acetonitrile solvent
was evaporated from the product by heating in vacuum oven for 6 hours
a 50°C.

2.6.2 Metathesis of Phenyl trimethyl ammonium dodecyl
benzene sulfonate

Two solutions of the reactants were prepared in THF solvents the first
is of phenyl trimethyl ammonium iodide of (0.003 mole, 0.789 g) was
dissolved in 50 ml THF while another (0.003 mole, 1.092 g) of potassium
dodecyl benzene sulfonate, also dissolved in another portion of 50 ml
THF solvent, the first solution was added to the second solution at room
temperature. When a continuous stirring was applied for 4 hours. During
the course of gtirring time a pale yellowish white precipitate was
observed to form, the mixture was left to settle for 2 hours at (- 10°C) in
a freeze container, when this mixture left to reach room temperature, the
solid a pale yellowish white precipitate was separated by filtration,
the weight of the precipitate (K1) was (0.19 g), the precipitate was formed
to contain iodide as confirmed by AgNO; test. The solvent was removed
by rotary evaporation, the solid product, which was obtained after the

evaporation, treated with acetonitrile solvent where the unreacted starting
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materials were dissolved and the product was precipitate with pale violet
color. The excess of acetonitrile solvent was evaporated from the product

by heating in vacuum oven for 6 hours at 50°C.

2.6.3 Preparation of Molten salts (lonic liquids) by mixing the
solid components.

In this method the proper weights of the components of the molten
salt to be prepared dried, weighted and mixed together. The mixture then
milled and put in a small beaker as Fig (2-1). the mixture then gradually
heated with continuous stirring until it start to melt, when complete liquid
phase is achieved, the mixture was heated top to 10 °C above that
temperature, the liquid (melt) was left for a round 10 minute, when the
heating was stopped and the melt kept to cool gradually and the melting
points were taken as the temperature at which the first solid began to
form. The solid state of the melts were crushed, and stored in a desicator

to provide a dry storing condition.

2.6.3.1 Preparation of Molten mixtures of Dodecyl benzene
sulfonate salts with Choline chloride

Dodecyl benzene sulfonate salts(DBS salts), which were used to
prepare molten salts with choline chloride are sodium dodecyl benzene
sulfonate [NaDBS] and potassium dodecyl benzene sulfonate [KDBS]
and ammonium dodecy! benzene sulfonate [NH,DBS]. A proper mixtures

of ( DBS salts/ choline chloride) containing a molar ratio from 20 mole
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% to 80 mole % choline chloride were prepared as described in (section
2.6.3). All prepared melt were very viscous liquids with faint brown
color. he melting points of each composition were double checked by
measuring them with Gallen kamp instruments which were found to be

close to there observed visually.

2.6.3.2 Preparation of Molten salts of Benzoic acid/choline
chloride mixtures

A proper mixture of (benzoic acid / choline chloride) containing a
molar ratio from 20 mole % to 80 mole % choline chloride were prepared
as described in (section 2.6.3). All prepared melt were of homogeneous
colorless liquids . The melting points of each composition were double
checked by measuring them with Gallen kamp instruments which were

found to be close to there observed visually.

2.6.3.3 Preparation of Molten salts of Salicylic acid /choline
chloride mixtures

A proper mixture of salicylic acid /choline chloride containing a
molar ratio from 20 mole % to 80 mole % choline chloride were prepared
as described in (section 2.6.3). All prepared melt were of homogeneous
colorless liquids. The melting points of each composition were double
checked by measuring them with Gallen kamp instruments which were

found to be close to there observed visually.

AR
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2.6.3.4 Preparation of Molten mixture of Dodecyl benzene
sulfonate salts with Urea

A proper mixtures of ( DBS salts / urea) containing a molar ratio
from 20 mole % to 80 mole % ureawere prepared as described in (section
2.6.3). All prepared melt were very viscous liquids with faint brown
color. The melting points of each composition were double checked by
measuring them with Gallen kamp instruments which were found to be

close to there observed visually.

2.6.3.5 Preparation of Molten salts of Benzoic acid/ urea
mixtures

A proper mixture of benzoic acid /urea containing amolar ratio from
20 mole % to 80 mole % urea were prepared as described in (section
2.6.3). All prepared melt were of homogenous colorless liquids. The
melting points of each composition were double checked by measuring
them with Gallen kamp instruments which were found to be close to there

observed visually.

2.6.3.6 Preparation of Molten salts of Salicylic acid/urea
mixtures

A proper mixture of salicylic acid /urea containing amolar ratio from
20 mole % to 80 mole % urea were prepared as described in (section

2.6.3). All prepared melt were of homogenous colorless liquids.
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Chapter one
| ntroduction

1.1 Historical Introduction

The early history of room temperature molten sélbsic liquids)
began in 1914 when the first room temperature madtdt was studied
by walden™. He reported the physical properties of ethyl amionm
nitrate; which has a melting point 12 °C and formed by the reaction of
ethylamine with concentrated nitric acid. Hurly aneir @ have stated
that a room temperature ionic liquid could be predaby mixing and
warming l-ethylpyridinium chloride with aluminum lohide. In 1970
and 1980 Osteryoung etB ¥ and Hussy et.dP ® ? carried out
extensive studies on organic chloride - aluminunforatle ambient
temperature ionic liquid and the first major revieivroom temperature
lonic liquids as written by Husse@. The ionic liquids based on
Aluminum chloride (AIC}) can be regarded as the first generation of
room temperature ionic liquids. The hygroscopicuratof AICkL based
lonic liquids has delayed the progress in their. Usemany science
applications they must be prepared and handled rumuet gas
atmosphere. Thus, the syntheses of air and wadbtestonic liquids,
which are considered as the second generationnaf limuids attracted
further interest in the use of ionic liquids in wars fields. In 1992,
Wilkes and Zaworotko reported the first air and staie stable ionic
liguids based on 1-ethyl-3-methylimidazolium [EMIMkation with
either tetrafluoroborate or hexaflourophosphateam®ns for example
[EMIM] '[BF4]’, was prepared via metathesis of [EMIM] with
Ag[BF4] in methanof® Unlike the chloroaluminate ionic liquids, these

lonic liquids could be prepared and safely storedside of an inert
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atmospherél.o) Generally, these ionic liquids are water insewsiti
however, the exposure to moisture for a long tiane cause some change
in their physical and chemical properties. Besiue previous scientists
who are pioneers in the field of ionic liquids, th@re several scientists,

d13)

e.g. welton, wassersche(i]&), MacFarIangz), Endres™”, and others,

who entered this field having a strong impact itraducing the ionic
liquids in many applications. Rogers is one of hiighly cited authors in
the field of ionic liquids. They focused on the #Hyses and
characteristics of environmentally friendly ioniguids as green solvents.
They measured and published physicochemical priegefor many ionic
liquids with the aim of providing data to start wating the use of ionic

liquids in a variety of processes. Also, they workthe development of

. e ... .(13,14
new materials from cellulose utilizing ionic |IC]l$I8 )

Wasserschei” is an active member of the ionic liquids commuiaity
focuses on the preparation and characterizatioonat liquids for use in
the biphasic catalysis. For example, he could shioat the use of
hexaflorophosphate ionic  liquids allow selective, iphasic
oligomerization of ethylene to 1-olefins. Togeteth Welton; he edited

a very important book entitled "ionic liquids in rgkiesis ", which
presents the synthesis and physicochemical prepeofiionic liquids as
well as their use in catalysis ,polymerization, amganic and inorganic
synthesis?m)

MacFarlane has prepared a new air and water stabteliquids with the

purpose of employing such ionic liquids as indicatior sensing and
displaying an environmental parameter such as h'tyﬁila)

This process was controlled by the color changehef ionic liquids
where they are synthesized with either a colordimcar anion, so that

the ionic liquids themselves are sensors. Alsoh&g published many
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papers on the use of ionic liquids in dectropolgipaion and in the
batteries™
lonic liquids are made by the quarternerizationhaf appropriate amine.
This has been used to prepare a number of 1- aH3d

methylimidazolium trifluoromethanesulfonate salksmethyl triflate is

reacted with a stoichiometric amount of the 1-alkyidazole in 1, 1, 1-
trichloromethane. Since the methyl triflate is s&ves to moisture; the

reaction must be carried out under anhydrous ciomit ™"

1.2 Molten salts (ionic liquids)

Molten salts (lonic liquids) are salts that melambient temperature .
The term "molten salt" is self —descriptive; itnm®lten salts. Another
common name is fused sait?. The simplest example of a molten salt
would be to take sodium chloride ("table salt") dreht it to a red heat
(greater than 80IC or 1474 F) where it would melt to a liquid. This
liquid is stable, has a heat capacity similar tadewdby volume) and
flows much like water doe&®*".

Both sodium and chloride are notoriously reacts@gium is one of the
most electropositive substance (Element losing) @ndrine one of the
most electronegative (Element gaining). These tpoosite ions readily
join to form stable sodium chloride via a strongi®bond. The melting
point of sodium chloride is 8C°C (1474 F); at which it becomes a liquid,
and thus a" moltesalt".™®

Recently, interest in room-temperature molten bak gone up due to
their unique features and diverse applicationsoriRtemperature molten
salts is mainly composed of cations and aniondeziht combinations of
cations and anions give rise to different room-terafure molten salt of

the required properties. They are used as greestisubs for volatile
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§9 2 and also for industrial applicatior(\zsl). Room-

organic solvent
temperature molten salts ( ionic liquids) have same&jue properties
such as high conductivity, negligible vapor pressunonflammable
nature, wide electrochemical windows, wide liquiddemperature range
(-96 °C to 300°C) @2 These properties make them quite useful as
alternative green solvents for syntheses and induapplications.

With many chemical transformations taking placeatution, the role of
solvent is vital. Although, in principle, any liglcould be employed as a
solvent, polar organic solvents have been extelysiueed for both
synthetic chemistry and extraction technologies drale largely
superseded water, which was widely employed hisatiyi. However, the
ever-increasing awareness of the detrimental health environmental

effects of organic solvents has given chemistsirtigetus to search for

"Green Technologies(z.e’)

The obviously ideal situation for a chemical pra;dsom an ecological

point of view, involves no solvefft” Although many reactions can be
performed without solvent, chemistry remains donadaby processes
taking place in solution. Note that most of solgehtave a significant

solubility in the water phase, and therefore mustshripped from the

water before it leaves the process, both for ecomamd environmental

reasons. Moreover, if the solvent cannot be effebti recovered for

recycle back to the system (reactor, extracto), thien the process will
not be economically viabl&>

Nowadays, there are several alternatives undesiigation as solvents
including the resurgence of wat@?), perflouirnated hydrocarbon%n,
and supercritical fluids, in particular e

Room temperature molten salts (ionic liquids) hiagen known since the

beginning of this centur)929), and are emerging as an attractive,
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alternative, green technology in both organic angjanometallic
chemistry. The synthesis and physical-chemical gnigs of molten
salts, in particular halo-aluminates derivativeayén been extensively
studied and a series of books on this subject\i\smilable(ls), the use
of ionic liquids as solvents for catalysis and @igasynthesis has been
recently reviewed.

Molten salts, or ionic liquids, can be describedi@sd compounds that
display ionic-covalent crystalline structures. Taefinition involves pure
inorganic compounds (sodium chloride, m.p=%T)]1 organic compounds
(tetra butyl phosphonium chloride, m.p=%L) or even eutectic mixtures
of inorganic salts (such as lithium chloride/potass chloride,
m.p=352 °C) or organ mineral combinations (triethylammonium
chloride/copper chloride, m.p=26).

Organo-Choroaluminate ionic liquid, especially taassulting from the
combination of N-alkylpyridinium chloride or 1, 3alkylimidazolium
chloride and aluminum chloride scheme.(1-1), haver@ad range of

liquid phase down to -8& a4

=

coAlE N R, AlCI, "
N =~ *
% R

[a] [b]

Scheme (1-1): (a) 1, 3-dialkylimidazolium chloride and aluminum
chloride and (b) N-alkylpyridinium chloride and aluminum chloride.
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These liquids have been widely used in electrocbamechnologies as
solvents for highly charged complex ions, electtogibsorption spectra,
for organic synthesis and catalysis, includinggiBe-Natta reaction&”

Recently, room-temperature ionic liquids solvenvén@een extensively

used in synthesis and also found application iy&ioal chemistry.(gl)

Room-temperature molten salts (ionic liquids) awmt always green,
halides containing RTILS are very unstable to moestand are
hydrolyzed to produce harmful, corrosive volatilecls as HF, POJ-

etc!®

The properties such as melting point, viscosityysity and hydrophobic
can be varied by simple changes with the structiré¢he ions. For
example, the melting point of 1-alkyl-3-methylimmtdium

tetrafluoroborate and hexafluorophosphate is atfon®f the length of

the l-alkyl group, and form liquid crystalline pkasfor alkyl chain

length over 12 carbon atorftd)

1.3 Importance of molten salt (ionic liquid)

Molten salt (lonic liquid) are composed of only $prthey show very
high ionic conductivity, non-volatility and non-flamability. The
nonflammable liquids with high ionic conductivityeapractical material
for use in the electrochemistr(fl?)

One of the interesting features of molten saltheirtability to conduct
electricity. For example, solid sodium chloride (Nadoes not conduct
electricity; it is an insulator. If NaCl is placedto water, the mutual
attraction both sodium and chloride have for wateftecules cause their

bonds to break. Dissolving and form ions (charggaina or molecules)
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with in the water. These electrically charged iocas conduct electricity
if there is a voltage potential (electric fielg)s.)

Electrochemistry basically needs two materials:ctete conductive
materials and ion conductive materials. lonic ldjopen the possibility
of improving ion conductive materia®® The aqueous salt solution is
one of the best electrolyte solutions for electerultal studies. However,
because water is volatile it's ions impossible e uhis at wide
temperature range or on a very small scale. Mahgrobrganic polar
solvents have been used instead of water to pre&paceolyte solutions.
They however, have more or less the same drawhiggending on the
characteristics. The material known to be a nortilelaon conductor is
the polymer electrolyte. There are some statenteatsthe ionic liquids
are thermally stable and never decompgé)e.This kind of statement has
led a mistuned-standing that the ionic liquids stdectible. In fact the
answer is no. However, while inorganic salts arér&g stable, the
thermal stability of organic salts depends largelytheir structure. Since
most recently reported ionic liquids are organicmpounds, their
degradation begins at the weakest covalent bonderieless, molten
salt are stable enough for ordinary to use at teatpe of 200C to
300°C. Soitis not difficult to design noval moltealts(lonic liquid) that
can be decomposed at certain temperature or bgirerigger. It is also
possible to design catalyst (or catalytic systeths} can decompose
target ionic liquids. Some catalysts such as metatles or metal
complexes have the potential to becoragcellent catalysts for the

decomposition of certain molten salt under wild cdju'ons.(ls' 32)
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1.4 Types of Molten salts (lonic liquids)

1.4.1 Room- temperature lonic liquid (RTIL)

Room —temperature molten salt provide a mtags of solvents
where molecules are composed of ions. At normalpésature, ionic
liquids have essentially zero vapor pressure aadh&rmally stable over
a wide range of temperature, therefore, they araesidered as
environmentally friendly alternatives to classicabanic solvents®)
Most of the liquids with which we are familiar (e.gater, ethanal,
benzene ...etc) are molecular. That is, regardleswhather they are
polar or non-polar, they are basically constitusédnolecules. However,
since the early 1980 an exciting new class of rdemperature ionic
liquids has become available. These are the roompdeature ionic
liquids which an unlike the molecular liquids, redjass of the degree of
association, they are basically constituted of .ioffss gives them the
potential to behave very differently to conventibnaolecular liquids,
when they are used as solvents. lons are presdaheitiquid with an

exactly equal number of positive and negative isasthat the whole

liquid is electrically neutraf®?

At present, most of the interest in room tempertomolten salt is
centered on the design of new solvents. While gneeldpment of "new
solvents" has led the direction of possible appbees for room
temperature molten salt (ionic liquids), there i®ren potential for
development for electrochemical applications. Taldle) shows some

examples of RTIL and their structures and molecwkights.
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Table (1-1): Someof RTIL with their structuresand molecular
wel ghts.(32’33)

Chemical Name Abbreviation Structure MW
g/mole
1-butyl-3-methylimidazolium | [BMIm][TFES] S F 284.18
1,12,2-
tetraflour oethanesulfonate ——F
F )
o:’s—o
o}
N/\r/
1-ethyl-3-methylimidazolium | [EMIm][TFES] F F 292.25
1,12,2-
tetraflour oethanesulfonate F
F o=si—0'
N
N/\N.,_/
1-heptyl-3-methylimidazolium | [HMIm][TFES] F 362.38
1,12,2-
tetr aflour oethanesulfonate - F
F o=s—o /
—~
T
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1-butyl-3- [BMIm][BF,] F 226.03
methylimidazoliumtetr aflouro ‘
borate ,:_g‘_,:
F
/¢
N
/
1-butyl-3- [BMIm][PFg] E F 284.18
methylimidazoliumhexaflouro /
phosphate F_/p\_F
F F
/s
N
/

1.4.2 High -temperature molten salts (ionic liquids)

In the mid last century, there has beerpalrgrowth in research and
development for five applications of high-temperatmolten salt and
liquid salts in nuclear system. In the 1950 s a@@01s, the untied state
investigated fluoride salts as coolants for aitcrafclear propulsion and
for breeder reactor€” While much technical progress was made, the
programs were ultimately discontinued, molten aalt-sooled reactors
are intrinsically high temperature machines bec#usenelting points for
salts that are useful in nuclear systems are bet@8e°C and 500C.
The historic needs for high — temperature heat toald be provided

with nuclear reactors was Iimité%jr’.) Renewed interest in molten and salt-
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cooled reactors has emerged because applicatiorggio- temperature
heat now exist:

1.Hydrogen production: There is a growing inter@st hydrogen

production systems that require high- temperatas¢ to convert water to
hydrogen and oxygeﬁo’?)

2. Brayton power cycles: In the ninth, brayton poweycles using
nitrogen or helium have been developed to effityeconvert high-

temperature heat to electricity, Historically, tinaditional utility power

conversion cycle, has been the steam cycle witpeéeature limited to —

550 °C a temperature too low to be efficiently coupledstlt-cooled
reactord™

3. Dry cooling: High — temperature reactors witlgthieffiency and
brayton cycles dramatically lower the cost of dopling and increase the
number for nuclear-plant sittir@rf)

The currently popular molten salts (ionic liquidept have quaternary
heterocyclic cations (like alkylpyridinium or digllkmidazolium) and
inorganic anions have an ancestry traceable toitivadl high
temperature molten salts. The salts that werertresition between the
truly high temperature molten salts (like cryolde LiCI-KCI) and the
present ionic liquids were the inorganic chloroahae. It is interesting
to note that 30 years ago these salts were cdtbedtémperature molten
salts" everything is relative. The high temperatchéroaluminates are
transition materials in history and in temperatus@dium chloride _
aluminum chloride eutectic has a melting tempeetofr 107°C very
nearly meeting our present definition of room terap@e which melt at
a below 106°C ionic liquid ¥

They were molten salts at very high temperatuig, tee melting points

of sodium, potassium, aluminum and calcium chlorde respectively

AR
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801, 770, 190 and 78Z, and most organic molecules are decomposed at
these elevated temperatuf%lé.

A comparatively high melting points of the pure aikmetal chlorides
(LiCl= 613 °C; NaCl =801°C; KCl= 776°C; RbCl= 715°C; CsCl= 646
°C) imposes sufficient experimental that many itigasors have opted
to use the much lower melting eutectic mixtureCJLIKCI (60/40 mole
%) m.p. 450°C; NaCl/KCl (50/50 mole %) 653C; LiCl/NaCl/KCl
(43/33/24 mole %) 38%].%°

The two eutectic with the conveniently low meltipgints have the
drawback of containing lithium cations, which haveufficiently small
radius that considerable interaction occurs witior this tendency and
also the higher cost of lithium salts have inductter workers to prefer

the sodium chloride — potassium chloride eutecparticularly for

reactions with potential industrial applicatié"fp

1.5 Characteristics of Room-temperature Molten salt
(lonic Liquid)

There are several preferable characterization dL Rdme of which are
summarized:

1. Low melting point (treated as liquid at ambient paratureand has
wide usable temperature rangg)-" 3339

2. Non-volatility (Thermal stability: non-flammabilijyhence they may

be used in high vacuum systems and they eliminatgyraontainment
oroblem {13.17,31,32.34)

3. Composed by ion (high ion density; high ion condutgt). (13.17.38)

4. By combing different anions and cations, it is plolesto generate a

huge number of different ionic liquids, each witheit own specific
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properties, (various kinds of salts; designable; unlimited
combinatior).(31’ 32,34, 38)

5. They are good solvents for a wide range of botinganic and organic
material and unusual combinations of reagents eabrbught into the
same phaséeﬁl’ 32,34, 38)

6. They are immiscible with a number of organic solts and provide a
non-aqueous, polar alternative for two phase systéms has been used
to effect total catalyzed reactions hydrophobidadiquids can also be

used as immiscible polar phase with watdr.

1.6 Physical Properties of Room-temperature Molten salt
(lonic Liquids)

A description of the physical properties ofIRfias been summarized
and described now:

1. Melting point: As a class, ionic liquids have bedefined to have
melting points below 106C and most of them are liquid at room
temperature. Both cations and anions contributkeanelting point of
lonic liquid. The increase in anion size leads tearease in melting
point.(39) For example, the melting point of 1-ethyl-3-imidaam
type ionic liquid with different anions such as [fBFand [TEN] are
15°C “9 and — 3¢9, respectively. Cations size and the symmetry
make an important impact on the melting pointsoaic liquids. Large
cations and increased asymmetric substitution t®sal a melting
point reductiort™>“*+43)

2. Conductivity: lonic liquids have reasonably goodieconductivities
compared with those of organic solvents/electrofytstems (up tol10

mS le)_(44) At elevated temperature of e.g. 2@a conductivity of
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0.1 mS crit can be achieved for some systems. However, at room

temperature their conductivities are usually lowkan those of

concentrated aqueous electrolyte. Based on theHationic liquids

are composed solely of ions, it would be exerteat thnic liquids

have high conductivities. This is not the caseesithe conductivity of

any solution depends not only on the number ofgdhaarrier but also
their mobility. The large constituent ions of ioriquids reduce the

ion mobility which, in turn, leads to lower condivtties. Furthermore

lon pair formation and /or ion aggregation lead teduced

conductivity. The conductivity of ionic liquid iswersely linked to

their viscosity. Hence ionic liquids of higher vasity exhibit lower
conductivity. Increasing the temperature increasedactivity and
lower viscosity.(13’4l’42)

3. Viscosity:  Generally, ionic liquids are more aasis than common
molecular solvents and their viscosities are ragdgiom 10 mPas to
about 500 mPas at room temperature. The viscositissme popular
air and water stable ionic liquid at room tempematare: 312 mPas

[BMIm]* PR’ “®; 154 mPas for [BMIm] BF, “®; 52 mPas for

[BMIm]* TEN “9: 85 mPas for [BMP]TEN" 2. The viscosity of
lonic liquid is determined by Vander Waals forcasd ahydrogen
bonding. Electrostatic forces may also play an irtgytd role. Alkyl
chain lengthening in the cation lead to an increasascosity this is
due to stronger Van der Waals forces between catieading to
increase in the energy required for molecular nmtAlso, the ability
of anions to form hydrogen bonding has a pronouneffect on
viscosity. The fluorinated anions such as,B&nd Pk form viscous

ionic liquid due to the formation of hydrogen bungifﬂ) In general,
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all ionic liquids show a significant decrease irsoasity as the
temperature increas&g*4?

4. Density: lonic liquid in general are denser thantewvawith values
ranging 1 to 1.6 g/ml and their densities decra@te increase in the
length of the alkyl chain in the cati6® For example, in ionic liquids
composed of substituted imidazolium cation angStlk anions the
density decrease from 1.39 g/ml for [EMImio 1.33 g/ml for
[EEIm]",to 1.29 g/ml for [BMIm] and to 1.27 g/ml for [BEIn] the
densities of ionic liquid are also affected by ithentity of anions. For
example, the densities of 1-buty-3-methyl imidazaii type ionic
liquids with different anions, such as BFPR, and TfN are
1.12g/ml, 1.21 g/ml, and 1.43 g/ml, respectivelihe order of
increasing density for ionic liquid composed of imge anions
is: [CH:SO;] =[BF4] [CFCO5] <[CsFCO,] <[(CFSO,)2N] (#4299

5. Thermal stability: lonic liquid can be thermallyabte up to
temperature of 45C. The thermal stability of ionic liquid is limited
by the strength of their hetero atom-carbon andr theteroatom —
hydrogen bonds; respectivéf&?? Wilkes et af™® reported that the
lonic liquid 1-ethyl-3-methyl imidazolium tetraflooborate, 1-butyl-
3-methylimidazolium tetrafluoroborate and 1-2-dimg43-propyl
imidazolium bis(trifluorosulfonyl)imide are stablg to temperature
of 445°C, 423°C, and 457C, respectively. Our experiences show that
such high temperatures are only tolerated by mqsids for a short
time. Long time exposure to such high temperatoegitably leads to
decomposition. Most of the ionic liquids have extety low vapor
pressures. This allows removing water by simpletihngaunder
vacuum. Water contents below 1 ppm are quite easclhieve with

most of the liquid‘*>3>*%)
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6. Large electrochemical window: The electrochemicatlow is an
important property and plays a key role in usingigoliquids in
electrodepositing of metals and semiconductors.dBfmition, the
electrochemical window is the electrochemical pbétmrange over
which the electrolyte is neither reduced nor oxadizat an
electrode® This value determines the electrochemical stgbait
solvents. As known, the electrodepositing of eleimi@nd compounds
in water is limited by it's low electrochemical wiow of only about
1.2 V, on the contrary , ionic liquids have sigrahtly larger
electrochemical windows, e.g., 4.15V for [BMIRF  at
a platinum electrod@l) 4.10 V for [BMImM]'BF¢ ®) and 5.5 V for
[BMP]'Tf,N" at a glassy carbon electrod@. In general, the wide
electrochemical windows of ionic liquids have operitee door to
electrodeposited metals and semiconductors at rtemperature
which were formerly obtained only from high temgara molten
salts. For example, Al, Mg, Si, Ge, and rare eatdments can be
obtained from room temperature ionic liquids. Therimal stability of
ionic liquids allows to electrodeposits Ta, Nb, S& and presumably
many other ones at elevated tempera&lJrE@.’e’e’)

7. Hygroscopic: The water content has an influencehenviscosity of
the ionic liquid. Viscosity measurement indicatbattionic liquids
become less viscous with increasing water contéhtdrolysis
problems can also occtif>®
Moisture sensitivity and the difficulty of sepat of
products containing heteroatom from the ionic liginfect. In order
to develop chemistry of ionic liquids, and incredéise robustness of
processes, water-stable ionic liquids have beenndouo be

hydrophobic but yet readily dissolve many organiﬂenules(.lo'52)
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8. The color : The high quality ionic liquid havedn reported to be
colorless, even though they are not 100% pure.cbha of less pure
lonic liquid generally ranges from yellowish to ngge. The formation
of the color has been attributed to the use of materials with color
or excessive heating during the synthesis of inotlam salt. Number
of precautions for synthesis of colorless ionicuidy has been
described. A procedure for removal of color fronpure ionic liquid

using acidic alumina and activated charcoal haso abeen

pro posed?’g”s?’)

1.7 preparation of Molten salts (lonic Liquids)

Room temperature molten salt (ionic liquice)ently have attract the
attention of many workers due to their variablepemies and scope of
applications .

Invariably, these ionic liquids are either orgarsalts or mixtures
consisting of at least one organic component. Thestnpreviously
common salts in use are those with alkyl ammonilkylphosphonium,

N-alkylpyridinium, and N, N-dialkylimidazolium caths™>

/ o
e

NH

Methyl pyridinium  Alkyl phosphonium Methyl imidazolium

There are two basic methods for the preparatiomolten salt (ionic

liquids):
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1. Metathesis of a halide salt with, for instanceil\zes, group 1 metal or
ammonium salt of the desired anfgn*>>

For example: [OMIM][TfO]” ionic liquid was prepared via
metathesis of 1-methyl-3-octylimidazoliumchlorid@NlIM] * CI" with

potassium trifluoromethylsulfonate [TfO{" in acetonitrile®

/
) N—
\/\/\/\/N \/
1-methyl-3-octylimidazolium cation
F

F F
‘0—S=0
|
0

Trifluoro methyl sulfonate anion

2. Acid-base neutralization reactioff¢

There are different types of molten salts (ionguids) prepared by this
method, given for example: the association of ideBimethyl
Imidazolium chloride and niobium pentachlioride, ahown in
scheme. (1-2) for 50 % composition, yield pale brosolids at room
temperature which became browned — red viscose ibguid when
melted, probably affording an ionic species such NxCl;. Some
spectroscopic and physical-chemical propertieshete ionic mixtures

depends upon their compositions, as can be setablm(l—Z).(55)

.'F e
! EJ'I'— : "I@'I"r
Cr NbClg

Scheme (1-2):1-butyl-3-methylimidazolium chloride and niobium
pentachloride. (59)
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Table (1-2): Some spectroscopic and physical-chemical properties of
1—butyl(—5?%;methyl Imidazolium chloride / niobium pentachloride ionic
liquid.

5 4
@)\, CI / aNbCls

ST \I% Pj‘x
'H chemical
Composition Melting shift (ppm Wavenumber (cm'lj relative to aromatic
(NbCls mol%)  point (°C) relative to C-HCl stretching
DMSO-dg)
70 42 9.4 3098 3115 3122 3144 3159
60 51 94 3098 3115 3120 3143 3160
50 57 10.0 3098 3114 _ 3146 3161
40 36 94 3098 3111 3145

1.8 Technological applications of Molten salt (Ionic Liquid)

There are several technological applicatioh Molten salts (ionic

liquids) has been summarized:
1- Batterie$>

2- Fuel cells®

3- Electrochemistr§/3.3)

4- Lubricants heat transféf

5- Solar energy conversiéh

6- Chemical oxidation\reduction baths.
7- Nuclear fuel rid wasté®*
8-Industrial solventd
9-Making clean fuef®®
10-Enzymatic catalysi§313’54)
11-Hydraulic fluids®®

12-Thermal fluid<®

14
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1.9 Molten salts (Ionic liquids) as Novel media for various
reactions

Most chemical reactions have been carriedroatolecular solvents.
For two millennia, most of our understanding of ronstry has been
based upon the behavior of molecules in the salytitase in molecular
solvents. However, the new classes of emerged-lapias solvents are
often fluid at room temperature, and consist elyticd ionic species.
They have many fascinating properties which makentlbf fundamental
interest to all chemists. The thermodynamics amgktics of reactions
carried out in ionic liquids are different to those conventional
molecular solvents, and so the chemistry is diffeend unpredictable at
our current state of knowledge. However, in additto the scope for
exciting new discoveries, ionic liquids have no m@able vapor
pressure, and hence can emit no volatile organitpoundéSz)

Several organic reactions occur quite well in rodemperature

molten salts (ionic quuids( .7’58), which are Hydrogenatidﬁo’%),

Hydroformylation(.lo), Diels-alder reactiow(“il.o’56’59), Suzuki coupling

reaction(.lo), Zieglar-Natta reactioné?fo), and Heck reactio>?.

1.10 Green chemistry

Green chemistry is the use of chemistry foliytion prevention.
More specifically, green chemistry is the desigrlodémical products and
processes that reduce or eliminate the use andajemeof hazardous
substances. Green chemistry is a highly effectygr@ach to pollution
prevention because it applies innovative sciensiitutions to real-world

environmental situations. Instead, the new apprdaghlves steps to
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decrease or eliminate the hazards in the systenelmthate the waste
before it is produced.

Environmental issues need to be considered, bedoie liquid can be
used routinely. Researchers need to find betterswtayrecycle ionic
liquid. Many processes for cleaning up ionic licgidvolve washing with

water (60)

. The link between molten salt (ionic liquids) aiggeen
chemistry is clearly related to the solvent propsrbf molten salt (ionic
liquids) (low melting temperature, non-vapor pressmon-flammaubility,
thermal stability)(14’ 61), have excellent solvent power for organic and
inorganic compounds, and are easily modified stmatfy to elicit
desired physical propertiégz.’ 63)

Liquidus range is the span of temperature betweerireezing point and
boiling point of a liquid. The consequence for greshemistry is that
lonic liquids are the ultimate non-volatile orgasizlvent. No molecular
solvent (other than molten polymer) comes even eclas the low
volatility of ionic liquids ™ Thus, the potential of ionic liquids to
provide a nonvolatile solvent has become a prddizrget for reducing
waste and hazards by eliminating traditional vidadrganic solvents.
The recent interest surrounding ionic liquid, igaeds to green chemistry
and the associated development of new solvents aternative
technologies has largely been a result of theitigite vapor pressure
which in habits evaporation into the air and allsimple recycle and
reuse. The missing vapor pressure has very imgoréalvantages
compared to other volatile organic chemicals. Tloeesionic liquid are
not flammable and not explosive and a long ranggidution via air can

not be expected.
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1.11 Differential scanning calorimetry

Differential scanning calorimetry (DSC) is taermal analysis
technique useful for measuring thermal and thermadyc properties of
materials such as, the specific heat, melting pamak boiling point, glass
transitions in amorphous /semi-crystalline materidieats of fusion,
reaction kinetics etc. the techniqgue measure tmpeeature and the heat
flow (in desired units, mW, W/g etc) corresponditagthe thermal of
materials, both as a function of time, or temperfa%%)
differential scanning calorimetry (DSC) raises teenperature of a
sample at a constant rate and measures the amoemér@y required to
make the temperature change. The resulting chawwslhe amount of
required energy temperature. The chart providesnmtion on physical
changes in the powder that take place at diffamperatures and shows
changes in the specific heat of the sample. Abgoraif energy by the
sample, e.g., an exothermic reaction such as rgettira glass transition
T, results in negative slope on the chart. Energgrgoff by the sample,

e.g. the exothermic reaction between the epoxy thedcuring agent,

results in a positive slope on the cH&P?)
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1.12 Aim of the work

In view of the increasing interest in theawity growing field of new
lonic solvents, which are liquids at room tempemtand in the light of
their promising wide range of industrial applicaso there is almost an
academic interest in preparing more such type dvests for an
additional interest. Such interest may be arismoghfthe existence of the
consistent of ionic liquids mixtures. Due to protioie of them in large
scale for other applications. These compounds redub be in a large
cationic or anionic parts would result in a lowegltimg point i.e. having
a large freezing point depression. One of such comapts is the dodecyl
benzene sulfonate produced in a very large scalethfi® detergents
industry. The second of widely used componentshis tirea as a
fertilizers compound which is used with some otb@mpounds for low
temperature molten salts, practically with cholicidoride. Therefore
these compounds were used as major compounds asdni@reparing

variable mixture in an attempt to prepare room terajre molten salts.
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