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ABSTRACT

Present report describe the preparation, solubility and conductivity study
of Li-Picrate in different pecntage of propylene carbonate (PC) and
tetrahydro furan (THF) mixture. From supported by absorbance datathis
primary study it may be concluded that room temperature solubility of Li-

KEYWORDS

Li-Picrate;
Solubility;
Conductivity;
(PC+THF) mixture.

Picratein mixed (PC+THF) solventsat different percentageishigher than
the higher temperatures. Conductivity data hel ps us to concluded that if
we go from room temperature to higher temperature conductanceincreases
for Li-Picrate in (PC+THF) solvents at different percentage. It is dueto
the switch over of ion-pair to ionic dissociation of Li-Picrate salt.
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INTRODUCTION

Some hon-agueous aprotic sol vents of medium to
high permitivities, low viscostiesand largetemperature
interva sbetween freezing and boiling pointshave been
used many researchersfor e ectrolyte solutions appli-
cableto primary and researchabl e high energy batter-
ies. Lithium perchlorateisasalt often chosento obtain
those systems. Lithium perchlorate and other Li- salts
have been used an optimization of dectrolytesolutions
in organic aprotic solventsfor primary and secondary
rechargegblelithium batteried " stableover awidetem-
peraturerange. Large anionswith delocalised charges
aregenerdly chosento minimizeion-ioninteractions,
and hence good stability and high el ectric conductiv-
ity®1% can be expected. In the present study we use
thesdt of lithiumisLi-Picrate and the e ected sol vents
are PC (Propylene Carbonate) and THF (TetraHydro

Furan). Few works has been done by Li-Picratel**12,
Inaccordancewith the basic requirementsfor eec-
trolytes, anided eectrolyte solvent should meet thefol -
lowing minimal criteria: (i) it should beableto dissolve
sdtsof sufficient concentration. In other words, it should
have ahigh dielectric constant. (ii) it should befluid
(low viscosity), so that facileion-transport can occur.
(iif) it shouldremaininert to al cell components, espe-
cialy the charged surfaces of the cathodeand thean-
ode, during cell operation. (iv) it shouldremainliquidin
awidetemperature range. In other words, itsmelting
point should below anditsboiling point should behigh.
(V) it should also be safe, nontoxic and economical.
For Li-based batteries, the active nature of the
strongly reducing anodes (lithium metd or highlithiated
carbon) and thestrongly oxidising cathodes (transition
metal based oxides) rulesout the use of any solvents
that haveactive proton despitether excellent power in
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solvating salts, because the reduction of such protons
and /or the oxidation of the corresponding anions gen-
eraly occurswithin2.0—-4.0V versusLi™, whilethe
charged potentia s of the anode and the cathodein the
current rechargeablelithium devicesaverage 0.0— 0.2
V and 3.0—4.5V respectively. Onthe other hand, the
non-aqueous compoundsthat qualify aselectrolyte sol-
vents must be abl e to dissolve sufficient amounts of
lithium salts. Therefore, only thosewith polar groups
suchascarbonyl (C=0), nitrile(C=N), sulphonyl (S=0O)
and ether linkage (-O-) merit consideration.

Herewe use PC and THF solventsand their physi-
ca propertiesarelistedin TABLE 104,

Li- saltsaremuch important for the study of Li-ion
battery in non-agueous medium. But themgjor draw-
back of these salt e ectrolyteispoor electrica conduc-
tivity at room temperature. Some attempts have been
madetoincreaseelectrica conductivity of Li-saltsas
waell assolubility in non-aqueous medium. Useof Li-
saltsas e ectrolytes seemsto be promising!*>8.,

Inthe present report, we describethe preparation,
solubility study, conductivity study of Li-Picrateindif-
ferent (PC+THF) mixed solvents at different tempera-
tures. Itisexpected that Li-Picratewill exhibit better
performancesasan eectrolytein Li-ion batteries.

EXPERIMENTAL

Materials

PC (LOBA Chemicals), THF (PDFCL, Mumbai),
Ficricacid (LOBA Chemicd's), Alcohol (Bengd Chemi-
casand Pharmacecuticds), Ether (LOBA Chemicals),
Lithium Carbonate (LOBA Chemicals) wereused as
suchwithout any further purification.

Li-Picrate
Preparation of Li-Picrate(Li-Picrate)

A smdll portionof Picricacid (LOBA Chemicals)
wasdissolved in minimum quantity of abbsolutea cohol
(Bengal Chemicalsand Pharmacecuticals). The solu-
tion was warmed at 40-50 dedree celcius. Lithium
Carbonate (LOBA Chemicals) was added to the solu-
tion pinch by pinch (gradually decreasing amount) till
the effervescence of carbon di oxidestops. Still it was
kept at low temperature. A brilliant yellow crystal was
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appeared. Thecrystd of lithium picrateso formed was
washed severd timeswith solvent ether (LOBA Chemi-
cals) to remove excess picric acid. The salt was
recrystallised 3-4 times from ethanol and dried in
vaccum for 5-7 days.

Solutionspreparation

For the preparation of 20% (PC+THF) solution
by v/vratio, 2c.c. PCand8c.c. THF havetakenina
50 c.c. stoppered bottle. Then aminimum amount of
Li-Picrate hastakentoit up toitssaturation. Thenit
was sealed with wax. After waxing it wasjerking for
few minutesand then settled for 7 days. After 7 days, it
wasfurther jerked and settled. Then after 7 daysthe
solutionwasfiltered with whattmann-42filter paper. At
the same procedure 40% (PC+THF) solution and 60%
(PC+THF) solution with Li-Picrate havebeen prepared.

Solubility study

Soluhbility of theabove sol utionsweremeasured with
the help of Mini Spectrophotometer (SL-171, Elico)
with spectral range 340-1000 nm and band width 5
nm. For thisstudy, at first scanningwas performed for
Li-Picrate and after scanning the spectrum wasfixed
around 500 nm. Then thetota observationswere per-
formed for Li-Picrate around 500 nm. Then the absor-
bance value was measured at 25 degree celcius, 35
degree celciusand 45 degree celciusfor different (PC
+ THF) solutionwith Li-Picrate (videTABLE 2).

To get theunknown conc. of Li-Picrate, two known
conc. of 0.1M and 0.05M were prepared. Knowing
the absorbance value of 0.1M and 0.05M if we plot
absorbance V's. conc., then we can get the unknown
conc. of Li-Picratesolutionwiththehelp of cdibration
curve. Same calibration curves were used to get the
unknown conc. of Li-Picratefrom different percentage
of (PC + THF) non-agueous mixtureat different tem-
peratures(videTABLE 3).

Conductivity study

Conductivity of theabove solutionsweremeasured
withaconductivity bridge (EC-TDSandyser, CM-183,
Elico). Cdl constantsvaried from 1.0+10%t0 1.0-10%
cminverse. A temperature control bath (madeby PDIC)
was used to obtai n the conductivities at the higher tem-
peratures. Theresultsof conductivity measurement are
reportedin TABLE4to TABLE 12.
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RESULT AND DISCUSSIONS

The spectroscopic data was observed around
500nm for Li-Picratesolution. From TABLE 2, it has

—= Pyl Peper

been found that at 25° C (room temp.), the absor-
bance of 20% (PC+THF) with Li-Picrate (saturated
solution) is high than the 40% and 60% solution re-

Spectively.

TABLE 1: Physical propertiesof electrolytesolvents

. - oo Dielectric : Density
Solvent  Structure M.Wt. '\4_32”9 I_SI_(:rIT;ng ;/tlsz%ls(,'%/ constsnt at n?c;r?%?t .r;m (gm./c.c.)

P- P- 25°C P~ a25°C
PC 102 -48.8 242 2.53 64.92 4.81 132 1.200
THF 72 -109 66 0.46 7.4 17 -17 0.88

TABLE 2: Absorbanceof different (PC+THF) solution with
Li-Picrateat different temperature

TABLE5: Conductivity of 40% (PC+THF) solution with Li-
Picrate at 25 degreecelcius

Per centage Absorbance

Temp of solution of satur ated solution 0.IM 0.05M
25°C 20% 2.653 0.607 0.324
25°C 40% 1.005 0.425 0.250
25°C 60% 0.560 0.266  0.135
35°C 20% 0.848 0525 0.325
35°C 40% 0.750 0518  0.240
35°C 60% 0.340 0.250 0.120
45°C 20% 0.611 0.490 0.250
45°C 40% 0.455 0.412 0.232
45°C 60% 0.250 0240 0.128

TABLE 3: Conc. of different % of solution at different
temperaturefrom calibration curve

Per centage of solution Unknown

Temp (mtgl: gl?tre) (%?Qrd oug xgr):) % of solution
25°C 0.2284 842 40% solution
25°C 0.1 285.6 40% solution
25°C 0.05 100.6 40% solution

TABLE 6: Conductivity of 60% (PC+THF) solution with Li-
Picrate at 25 degreecelcius

Temp (m(§I: gsrl]l?tre) ((n:w?(r:]rd oug x'e% % of solution
25°C 0.2098 908.5 60% solution
25°C 0.1 407.5 60% solution
25°C 0.05 117.51 60% solution

TABLE 7: Conductivity of 20% (PC+THF) solution with Li-

Temp with saturated Lipic  Conc.(moles/litre) 0.IM " 0.05M Picrateat 35 degree celcius
25°C 20% 0.4312 0.607 0.324 Temp Conc. Conductivity % of solution
25°C 40% 0.2284 0.425 0.250 (moles/litre) (micro Simen)
250 ¢ 60% 0.2098 0266 0.135 35°C 0.1542 485.5 20% solution
35C 0% 0.1542 0525 0375 3k°C 0.1 261.3 20% solution
35°¢C 40% 01469 0518 0.240 35°C 0.05 4.38 20% solution
35°C 60% 0.1370 0.250 0.120 : Conductivity o 0 + solutionwith Li-
TABLE 8: Conductivity of 40% (PC+THF) solution with Li
45°C 20% 0.1241 0490 0250 Picrateat 35 degreecelcius
45°C 40% 0.1077 0412 0232 Temp Conc. Cc_>nd uctivity % of solution
45°C 60% 0.1027 0240 0.128 (moles/litre) (micro Simen)
35°C 0.1469 595.6 40% solution
. H H 0 H H '_ .
;ﬁ;?;tg :t. 2050(rj1durcte|(;/gé/ sifuio Y% (PC+THF) solution with Li 35°C 0.1 320.9 40% solution
by 35°C 0.05 165.5 40% solution

Temp Conc.(moledlitre) (?n?gdéjgxg) % of solution
25°C 0.4312 1425 20% solution
25°C 0.1 47.24 20% sol ution
25°C 0.05 1.087 20% solution

Solubility decreasesfor Li-Picrate as PC content
increases. But we know PC isagood solvating ions
(particularly cationsonly, theLi ions) andisgood for

their (ionic compounds) dissol ution dueto the high di-
electric constant of PCis64. Dielectric constant isa
measure of the solventsability to separateions. In gen-
erd, ioniccompoundsaremore solublein solventswith
high dielectric constants. Li-ionissmall and its proper
savationin PCisrequired to havegoodionic dissocia-
tion. Itisactualy happening asisevident from thefact
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that although solubility of Li-Picrate decreasesin high
PC content solvent mixture, theconductivity increases,
ingpite of thefact that possibly viscosity of the solvent
PCishigher. Thedissolved speciesisthusprobably in
ion-pair or co-vaency (all of whicharee ectroneutral).
Thehigher solubility with lessconductivity isprobably
thereflection of ion-pair formation or even the exist-
ence of co-valent molecular speciesin THF rich sol-
vent.

In PC and THF mixtures, very low die ectric con-

TABLE 9: Conductivity of 60% (PC+THF) solution with Li-
Picrate at 35 degree celcius

Temp (mocl: gl?tre) (%?Qrd oug Ir:wlgr)l/) % of solution
35°C 0.1370 1050 60% solution
35°C 0.1 4675 60% solution
35°C 0.05 187.5 60% solution

TABLE 10: Conductivity of 20% (PC+THF) solution with
Li-Picrateat 45 degreecelcius

Temp (mcj: glci.tre) (%?grd oug Ir:wnetr):) % of solution
45°C 0.1241 585.5 20% solution
45°C 0.1 279.7 20% solution
45°C 0.05 12.05 20% solution

TABLE 11: Conductivity of 40% (PC+THF) solution with
Li-Picrateat 45 degreecelcius

Temp (mg gl?tre) (?n?(r:]rd oug xgr):) % of solution
45°C 0.1077 900.3 40% solution
45°C 0.1 422.2 40% solution
45°C 0.05 280.8 40% solution

TABLE 12: Conductivity of 60% (PC+THF) solution with
Li-Picrateat 45 degreecelcius

Temp (mc;: gﬁ.tre) (rc‘r:1c|)2rd oug %gz) % of solution
45°C 0.1027 1105.3 60% solution
45°C 0.1 780.2 60% solution
45°C 0.05 381.8 60% solution

stant of THF will a so favour ion-pair formation over
ionization on dissolution or even thedissolved species
may beco-vaent moleculesof Li-Picratewith highde-
greeof ionic character. Such anideaisin keepingwith
therea natureof theionic compounds.

If weincreased thetemp. i.e, a 35 degreecelcius,
the absorbance data has been follow the aboveresult.

Physical CHEMISTRY o

Herewea so seethat at 20% (PC+THF) solutionwith
Li-Picrate show the high spectroscopi c datathan 40%
and 60% sol utionsrespectively but not exceedsthevaue
at 25 degree celcius (roomtemp.).

Herewe observed these experimentsat 25 degree
celcius (room temp.), 35 degree celcius, 45 degree
celcius. At 45 degree celcius, these experimentshave
been performed. Hereit has been found that within-
creasein temp. absorbance datadecreasesfrom 20%
(PC+THF) solutionwith Li-Picrateto 40% (PC+THF)
solution with Li-Picrate and 60% (PC+THF) solution
with Li-Picraterespectively but not exceedsthevalue
at 35degreecelcius.

FromTABLE 2, a 25 degreecelcius, absorbance
dataat conc. of saturated Li-Picrate solution, 0.1 M
solution and 0.05 M solution was plottedinacalibra-
tion curve, thenweknow the conc. of 20% (PC+THF)
saturated solutionwith Li-Picrateis0.4312 M. From
these calibration curves, the conc. of 40% (PC+THF)
saturated solutionwith Li-Picrateis0.2284 M and the
conc. of 60% (PC+THF) saturated solutionwith Li-
Picrateis0.2098 M respectively at 25 degreecelcius.

At 35degreececius, fromthesecalibration curves,
the conc. of 20% (PC+THF) saturated solution with
Li-Picrateis0.1542 M, the conc. of 40% (PC+THF)
saturated solutionwith Li-Picrateis0.1469 M and the
conc. of 60% (PC+THF) saturated solution with Li-
Picrateis0.1370 M respectively.

At 45degreecdcius, from these cdibration curves,
the conc. of 20% (PC+THF) saturated solution with
Li-Picrateis0.1241 M, the conc. of 40% (PC+THF)
saturated solutionwith Li-Picrateis0.1077 M and the
conc. of 60% (PC+THF) saturated solutionwith Li-
Picrateis0.1027 M respectively.

Theseconc. saretabulated inTABLE 3.

TABLE4, TABLE5and TABLE 6 showsthecon-
ductivity of 20%, 40% and 60% (PC+THF) solutions
with Li-Picrateat 25 degree celcius. It has been found
that very low conductivity of 0.05M Li-Picrate solu-
tionin 20% PC contai ning sol vent and its subsequent
sharp risein 40% PC containing solvent indicates a
changein mechanism. Of the dissol ution processof the
solute at molecular or ionic level, probably aswitch
over fromion-pair toionic dissociation. High diectric
strength of PC also supportssuch view.

TABLE 7, TABLE 8 and TABLE 9 showsthecon-
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ductivity of 20%, 40% and 60% (PC+THF) solutions
with Li-Picrateat 35 degreecelcius. It has been found
that when temperatureincreasesfrom 25to 35 degree
cdciusconductivity increasesfor al % of solutionswith
Li-Picrateto some extent. Thisisduethe shifting of
ion-pair toionicdissociation.

TABLE 10, TABLE 11 and TABLE 12 showsthe
conductivity of 20%, 40% and 60% (PC+THF) solu-
tionswith Li-Picrateat 45 degree celcius. Herewea so
observedthat a 45 degree cdl ciusconductivity incresses
to some great extent than the other two temperatures
i.e, 25degree celciusand 35 degreecelcius.

Conductivity valuesat different sol ute concentra-
tionsand sol vent compositionsshow very sharp paterns
of variation at all temperatures. Thedataindicatesen-
hanced ionization as PC content in the solvent mixture
increases. These obsarvationsjustifiesour basicassump-
tions.

Figurel, Figure2 and Figure 3 show that thevaria-
tion of conc. with different temperatures of 20%, 40%
and 60% (PC+THF) solutionswith Li-Picrate. It has
been found that room temperature solubility of Li-Pi-
cratewithmix (PC+THF) soivent ismaximumthanthe
other two higher temperatures.

Figure 4, Figure 5 and Figure 6 show that the
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variation of conductancewith different conc. of Li-Pi-
crate at 25 degree celcius. Here we see that with de-
creasein conc. conductance decreases.

Figure 7, Figure 8 and Figure 9 show that the
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Figure3: Conc.Vs. Temp. plot for saturated 60% (PC+THF)
solutionwith Li-Picrate
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Figure4: CoductanceVs. Conc. plot for 20% (PC+THF)
solution with Li-Picrateat 25°C
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solution with Li-Picrateat 25°C
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variation of conductancewith different conc. of Li-Pi-
crate at 35 degree celcius. Withincreasein tempera-
tureconductivity increases. Thisisduetothe shifting of
ion-pair toionicdissociation of Li-Picrate sdlt.
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Figure7: CoductanceVs. Conc. plot for 20% (PC+THF)
solution with Li-Picrateat 35°C
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Figure12: CoductanceVs. Conc. plot for 60% (PC+THF)
solution with Li-Picrateat 45°C

Figure 10, Figure 11 and Figure 12 show that the
variation of conductancewith different conc. of Li-Pi-
crate at 45 degree celcius. Herewe al so observed that
from 35 to 45 degree cel cius conductivity increasesto
some extent than the 35 degree celcius. Thisfact sup-
portsthe high dielectric constant of PC.

Itisasoevident that thelarge size of picrateion
aongwithdelocdization of chargesuggeststhat itsen-
thalpy of ionizationisnot too high. Thusthetransition
fromion-pair toionic dissociation will not to be high
energy process. Our present observation showsthat a
changein solvent quality, namely, somechangeindi-
el ectric constant probably together with achangein
specificinteractionsare sufficient to changethemecha-
nism of dissolution or onthenature of interaction of the
dissolved species. Thetrangtion point ssemsto bequite
sharp andiswithin 20% to 40% PC content.

CONCLUSION

From supported by absorbance datathis primary
study it may be concluded that room temperature solu-
bility of Li-Picratein mixed (PC+THF) solventsat dif-
ferent percentageishigher thanthehigher temperatures.
Conductivity datahelpsusto concluded that if we go
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from room temperatureto higher temperature conduc-
tanceincreasesfor Li-Picratein (PC+THF) solventsat
different percentage. Itisdueto the switch over of ion-
pair toionicdissociation of Li-Picrate salt.

Further studieswill be performedinthe next phase
for different Li-saltswith thesemixed (PC+THF) sol-
ventsand other parameterswill be cal cul ated to sup-
port thesefindings.
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