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fftAbstract

The extraction of HC10, by'dilute solutiOns.of I-decanol ROH, in iso-~
octane and in l 2-d1chlor0ethane has been studled. In both cases the central.*iff*"

solvation unit of the catlon is believed to be the hydronium 1on, whlch is co- -

ordinated to three molecules of alcohol. In isooctane the extracted species

- was the ion pair H3 o

' observed. Depending upon the concentratlon of extracted acid and water act1v1ty

in the aqueous phase, x takes values between 1 and 1.5.-.In the organlc solvent;f'

of higher dielectric constant, l,2—dichloroethane, the same hydration'nnmbers

A were observed, but at concentrations of extracted acid below O 001M, the preé

domlnant species. in the organic phase are the dissociated ions H3O 3ROH xH 0 ," '

3 and Clou

O 5ROH -xH,.0. Clog'over the entlre range of concentrations: B
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Introduction
Thé aistribution of an inorganic acld between an aqueous.phase and a
éolution'of a basic extractant in an organic diluent depends upon a competition
between the extractaﬁt, water, and the anion tovsdlvate the proton, and upon tﬁe»
need of the anién for SOIvétion. Previous distribution studies of HClOu with |
dilute CCl& solutions of tributylphqsphate,ﬁ.TBB an& trioctylphosphine oxide,4
TOPO,vhave suggested that the cationic speciés is a hydronium ion, around which
three.moiecules of extractant are coordinatéd at the three sites of positive
charge.‘:Lowér coordination numbers are alsp possible, depending upon the nature
of the.”inert” diluent and upon the concentration and basic strength of the ex-
traétan£.5' The more basic the extractant, the étronger its coordinatibn to the
cationic‘species, and the smaller may be the number of such Bonds of‘superior
strength which suffice to solvate;the‘hydroﬁium'ion, Conversély; the maximum
- number ofvextractant molecules coordinated:to the hydronium ion should obtain for
vextractions by a wéak'base. So extractions of HClOu by solﬁtions of" 1~decanol
vwefe investigated to see whether this weaker pase would show a limiting coordina-
tion number of three as expected for the hydrénium ion.
Furthermore, it is of intefest to éxamine the role of the diluent in such

systems. The diluent is neﬁer inert,,but its interaction with an ion is expected
‘tb‘be émall'when a saturated hydrocarbon is used. In this case the lack of
chémicél solvation shoﬁld again prémote-attainmént.of'the'maximum coordination |
(aléoholatioh) number in the eitracted cationic cbmplex. But the iow dielectr@c
¢onstant leads to_a posifive electrostatic free énergy of transfér and thus hinders
'thévpartitiop‘of“iohic specieé into the organic phasé. Those ions which do exfraét
’ méy‘bé expécted to asSoCiatevto ion pairs in ofdér to lose some of this electro-

static free energy. Tﬁe extraction should be impfoVed by the use of a diluent
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of higher dielectric constant, and the resulting degrease in the attractive force.
between a pair of oppositely charged ions in the organic phase may result in their
dissociation over a limited concentration range. To examine thesgse effects, the‘
extraction of perchloric acid into dilute solutions of l-decanol in 2,2,4-tri-
vmethylpentane (isooctane, € = 1.9%, 20°) and 1,2-dichloroethane (e = 10.2, 20°)

was studied.

_ Experimental
Reagents.—;Stock solutions of l-decanol (Matheson, Coléman and Bell, White'label)
were prepared, 0.3M in isooctane (Matheson) Coleman, and Bell,vspectrosc0pic'
grade), and 0.5M in l,2-diéhloroethane'(Matheson, Coleman, and Bell, spectroscopic
grade). All other solutions of extractant wefevprepared, as required, by
volumetric dilution. Solutions of perchloric acid were prepared by'dilution of
the 70% product (G. F. Smith, reagent grade) and were standardized with sodium
hydfoxide, using methyl red as‘indicator. A,premixed, ﬁtabiliZéd solution of
Karl Fischer reagent (Matheson, Coleman, and Bell) was used for water determina_
tions ahd the methanolrused for its blank was an electronic grade (Baker and

Adamson) .

Procedure.—Solutions of l-decanol inisoéctaneand in 1,2-dichloroethane (0.02-

| 0.3M) were equilibrated with solutions of perchloric acid (0.01-6M) containing be-
l twéeh:lo.and 5O.ulvof_K186ﬁeOu tracer, using a_vOlume ratio, organic phase: agueous
bhase, of unify for experimenté in dichlofﬁethane anq 10:1 in isooctéane. Equi-.
lib}iqm was attained in léss than 1 hour for extractions into 1,2-dichloroethane.
In the isooctane systems, résults could not be reproduced unless 12 hours were

allowed for equilibration. The safer limit of 24 hours was, therefore, observed
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for all partition experiments in this medium. After equilibration; both phases
were transferred to glass cones and centrifuged for 1 minute. Two 3 ml aliquots
were then removed from.the organic phase and y-counted in a well-type Na(T1)I |
écintillation counter nith a 2" x 2" crystal. A small sample of tne originai
tracer (tl/2'= 3.9d) was also counted at a lOQOOO-fold dilution. Hence, the
total number of counts added to the two-phase system could be computed, and the
-concentration of:extractéd acid is then determined'as the product of the macro-
concentration ovaClOA and the fraction'of the total counts in the organic phase.
Actually, there is a dlfference between the true organlc—phase concentration of
ClOu and.thatcalculated by use of the ReOu tracer. This arises from the slightly
dlfferent extractablllty of Reou and ClO4 The slope analyses of the dataApre—
sented in this paper_are independent of this diffctence, but at high concentrations
of extrécted_acid, where'corrections for that fraction of extractant complexed
to the proton are necessary, a mOre.prcCise knowledgé-of the actual concentration
of HCldu is required. Fortunétely, at such higner enttacted acid‘concentrations,
difect determination of the concentrations of acid by two-phase titrations with
standardized sodium hydroxide could be made. Such experiménts indicate that in
this region of high concentration of éxtfacted acid, the ratio of distribution
coefficients of [Clou]/[ReOu is of the order of O. 85

The extraction of water alone 1nto the alcoholic medla.was 1nvest1gated
by équlllbratlng solutlons of l-decanol (0.0B-O.}M 1n';sooctane, O.02-055M in
1 2-dichioroethane) with water. .Thc organic-phase concentration'of water wés
' then determined by the Karl Flscher method w1tha dead -stop end-p01nt

The water extractlon was also studled as a function of water act1v1ty
_Alcohol solutions of fixed concentration (0.3M in isooctane, 0.5M in l,E-dlchloro-

éthane) were vapor-phase équilibrated with aqueons solutions of sulphuric acid in
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a closed shaking system. Samples from the organic phase were quickly withdrawn
after a 24 hour period, and were titrated for their ﬁater content.

The amount of water coextracted with perchloric acid was investigated by
equilibrating aquedus perchloric acid (2-8M) with 0.3M solutions of'l—decanol-in'
isooctane and with 0.1M and 0.3M solutions of l-decanol in l,2-dichloroéthane.
The organic#phase concentration of acid was deﬁermined by a direct two-phase
. titration agéinst‘standafdized base, and a sample was also analyzed for its total
water content by the Karl Fischer'method. |

A1l extraction experiments were performed at 22_1 2°,

Results

The log-log plot ofvorganic-phase water concentration vs. alcohol con-
centration is shéwn in Fig. l_fof,thé‘tWO diluents at a water activity of unity.
fhe amount of water exﬁracted by‘the dilueht alone, calculatéd as the product of
the molar solubility‘in the diiuént-and tﬁe volume fraction of diluent in the
organic mediﬁm, was Sthracted fromvthe total wafer Edncentrations'(watér
éolubility invisooctane?'o.ooaig; literature value’6v§,oogj water solubility
in 1,2-dichloroethane, o.og&g, 1iterature value, o.;oug).'

The depéndeﬁce bf‘the exﬁréctioh of water on‘ﬁater aCtiQity, afﬁer cor-
rection.for diluent uptake,iis Shdﬁn as a.lqg-lqg plot'in Fig; 2 for the two
s&sﬁemsf All the data shown as gpén'éiréléé"havé‘been correcied,to a fixed (ini-
tial) equilibbium contentration ofﬂalééhol,fo.523M.in 1,2-dichloroethsne and
Q.jihMiin isooctane.

The relatibﬂship.ﬁétweeﬁ the ofganic—phase concentration of écid‘aﬁd co-
- extracted water is shown in Figs. 3 and 4 for the isooctane and 1,2-dichloroethane

systems, respectively._ The difference between the organic-phase water concentration
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when the acid is present and that which extracts into equivalent solutions of
alcohol alone (but corrected to the-appropriaﬁe water activity) is what is plotted
as [HEO]O in Figs. 3 and 4.

The log~log plots in Fig. 5 are of orgahic-phase concentration of acid vs.
agueous activity of acid times the water activity to the appropriate power (de—
scribed below) at initial coneentrations of 0.0262, 0.105, and O.Bth l-decanol in iso-
vocfane. .Simiiar plots are shown in Fig. 7 for exﬁractiqns by 0.0209 and 0.165M 1-
decanol in 1,2-dichloroethane.

Figures 6 and 8 éhow the log-log dependence of organic-phase acid corncen-
tration on conéehtratibn of alcohol in the isooctane and 1,2-dichloroethane

systéms, réspectively3 for fixed.aqueOus‘acid activity.

| Discussion,

Alcohol-water.—The equilibrium for the distribution of water imto a dilute or-
ganic solution of extractant is éonsidéred to be maintained independeﬁtly of other
extraction equilibria, and its equétion may . be written

nROH(org) + mi,0 = mHQOfnROH(brE) . o " v | (1)
For the low concentration of watervbrddght into the organic pﬁaéé in the present
sfudies; fhé'extracted‘specieé is expected to be a monohydrate. The unitrsloﬁe
shown in Fig. 2 for the log-log plots of [1,0] vs. vater activity at a fixed
concentration.offl-decanol'pfoves that, indeed, the extracted species is a monb;Q
,‘hYd;ate for the two dilueht‘systems considered'hefé. Then, with the assumption
that the organic-phase activity coefficient'ratio.is'a constant, the equilibrium

-constant for water extraction‘may be'expressed
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{HQO'nROH]O

K0 = | | (2)

2”  [ROHI] (H,0)

where brackets represent concentrations and parentheses, activities. Further-
more, since the partition of l-decancl into water is negligible from either dil-
-uent, the water.éctivity will remain very close to unity. _Eduation 2 suggests

- then that a log-log plot of organic—phasé water concentration vs. alcohol con-
centration should generate a line of slope n, where n is the number.of élcéhol
molecules cqmplexed to each extraéted water molecule. If we consider first the-
data in Fig. 1 for the isodctane-system, it will be noticed that the boihts lie
. on a cﬁrve whose slope at the lowest concentrations of water is very close to
two. On this basis the initial alcchol concentrations at the upper end of the
curve may Be corrected for the amount of alcohol bound to water, that is, to
their equilibrium vélues, [ROH] , by means of equation 3:

e}

(ROH], = [ROH); i1a1 - E[HéO:?ROH]o : -G
This has the effect of shifting fhe.points at high concentration also onto the
line of slope 2.0, which result shoﬁthhat two alcohols are comﬁlexed to eéch
éxtracted water molecule,' and‘KHQO‘i 0.25. |

_ For the'éorresponding systém in l,2-dichloroefhane, the accuracy is much
~poorer, because the diiuent itself extracts so much water, leafing the result as
the small difference between tﬁo relatively 'large. nﬁmb_ers. But a line drawn
fﬁfough'the originélvdaté has a:lepe only slightly greafef than unity, suggestirg
‘a 1:1 éompiex. ‘The apparent slight increase in élope at the ﬁofe concentrated
ehd may only be due to the iﬁaccuracy of the low points, 6r it ‘may be real, indi-

cating that the organic-phase activity coefficient ratio is not constant, or that
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a dialecholate of water is beginning to be formed. However, over most of the range
of concentration of alcohol .used in this studyf(below O.5M), a unit slope is approxi-
mated. So using a correction to equilibrium concentrations of alcohol of the form,

[Rom]_ = [ROH] - [H,0°ROH] _ | ()

initial

we obtain n ® 1 and x 0.15.
. Kﬁeo

Alcohol-Perchloric Acid-Water.—The equation for the extraction of perchloric

acid frpm aqueoas solution by a dilute solution of'alcohol can be written

]

H + Cl0, + mH,0 + nROH(org) = H 'mHEO'nROH...ClOu(org) (5a)

- or

+ - ‘ + o : - '
H +Cl0, + mH 0 + nROH(org) = H 'mH2O°nROH(org) + ClOu(org) - (5b)
~ depending upon whether the orgéhiéfphase species is associated as ion pairs or

is dissociated. The corresponding equilibrium constants are, for case (a)

+ o
5 [H -mH,0°nROH...C10;] y_

=. — _ (6a)
[FoH) yo (H,0)"(HC10,)
:and, for case (b)
g [H "mHO nROH]O[ClQuJOyt

- K (6p)

Dol 0,0 (6,)

" where ¥y represents the mdiar_éctivity,coefficient.
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Let us first consider the isooctane system. If we assume, as is likely,
that the extracted‘acid is asgsociated in this medium, equation éa should hold.
‘ At:the low concentrations considered here, the rétio of organic-phase activity"
coefficienté is likely to remain constant; this assumption has been tried else-

3,4,8

where and justified by the regults obtained, as will also be seen in the pre~
sent work. If, furthermore, the organic-phase acid concentration is written as
+ . o
[H ]o, then equation 6a reduces to
+
a [H ]o '
K = — — (7)
[ROH] | (H,0) (HC10;)

Provided the extracted acid is an ion pair, equation 7 suggests that a log-log

plot of [Hf] vs. )m at & fixed initial concentration of

o af{cmu = (HCth) (HQO
1l-decanol should give a line of unit slope. At high agueous concentrationg of
acid where the water activity is no longer unity, the reducéd value must bé in-
cludéd, raised to the appropriate pdwér m.  The value of m at a given organic-
phase acid concentration is a measure'of the hydration humber of the protoh, and
may be interpolated from thévgradient of thé graph in Fig, B;Am ~ 2 over the
vrahge'of éoncentfa£ions employed. o |

| In Fig. 5, log-log plots of I‘[-H+]Q vs. aﬁclou_have beeano cohst?ucted for
extractions by 0.0262, 0.105 andO.éiMM(initial concentrations) leeéanolﬂin‘iso-
ocfane; At low concentrations of extracfed acid, all the'poihts lie on a line
of unit slope, suggesting, indeed, that the organic-phase is associated as ion
.pairs. At higher concehtratioﬁsvwhere éurvature becomes pronounced, an in- - |
creasingly large fraétion of alcohol is complexed with the extracted acid. Sincé
such ‘alcohol is no longer free, this represents a serious departure from the
conditionlof a fixed, equilibrium concentration of extractant. The organic;phase

concentratiohs of acid must be corrected back to this condition, by means of

equation 8.
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61, = ), (roR) P/lORTS (8)

where primed quantities refer to the condition of a fixed (initial)-eqUiiibrium
cohéentration, and unprimed quantities denote experimental values, among which

the value of [ROH]o can be obtained from the rélationship

[ROR] = [ROH]

linit 0-2ROH] | - nlH’) | (9)

- ?[HQ 0
Using the value n = 3, thevorigin of which 1s justified below, application of
equations 8 and 9 to the data in Fig. 5 clearly raises all the points on the cufved
portibné of.the graphé-onﬁo the lines of slope 1.0, extended from a region where
such corrections were not nécessafy.

Having éstéblished that the dafa are ehtirely conéistent with the initial
éssumptionvof ion pairs, it.remains'to‘defermine the value of n; the number of
alcohol'molecﬁles Com?lexed per proton. Eqﬁation T -suggests that this valﬁe is
accessiﬁle if the'log-log depéndenée.pf-[H+]o on'[ROH]O is investigated at a con-
stant aqueous concéntration bf perchio?ic acid. vSﬁch graphs were constructed for
‘ éxtraétions from O.ﬁ?BM'and O.950M‘aqﬁédus perchlofic acid over the range of
initial elcbhol concenﬁrafions“0.025—0.3M,'and theidaté are shown in Fig. 6.

The tﬁo lines which péssvthroughvthe‘poihfsvaf iow:cbntentrationé of alcohol,
whéfe corrections afe inéiénifiééﬁt, have slopes of 3, which.Suggests.that three
molecules of alcohol are coﬁpleked té fhe'prptbﬁ, VAt:higher concentrations, the
corgection to equilibrium anceﬁtratiphs of alcohol may>now be made through.

| equatioh 9 on tﬁévbasis ofwthe:preiiminary resﬁit, that n = 3. All the points-
coiréctéd fhereby,,are theﬁ,-at a given équeous céncehtfétioh of perchlorié acid,
accomcdafed»by é single‘line ofbslope 3.0, indicatiné'trialébholatiOn of the pro;
“ton. vTﬁis result is the origip of £he»cubic indices in equation 8 to correét for

variation in extractant concentration.
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The system using 1,2-dichloroethane as diluent was.similarly investigated.

. .
Log-log graphs of [H ]o vs. were plotted for initial concentrations of

1
2HC10),
0.0209M and 0.105M l-decanol in 1,2-dichloroethane. The slopes of these graphs,
however, are closer to 0.5 than to unity, Fig. 7, suggesting dissociated ions; -

equation 6b. If the organic-phase activity coefficlent of the alcohol. is assumed

to be unity, then

+.2 2
a H ]o +
K = PN (10)
[ROH}O(HQO) (HC10) )
+. . + '
and a log-log graph of [H ]o'yi’ rather than [H ]O alone, vs. a/ should, at

HClOu

a fixed concentration of alcchol, generate a line of slope 0.5. Mean ionic
activity coefficients calculated in media of e ~ 10 aré, at.best, tenuous approxi-
mations. However, using a value of.e = 10.5 and 5ﬁ.for the distance of clésest
approach, the inclusion of,f the first six terms of the Mayer-Poirier expression9
for y, satisfied the éonditions of-convergence and allowed values of Y4 to be
computed for each experimentally measured organic~phaée concentration of per;
chlbric-écid. Fdrthermofé, the éppliCation.to the oriéinal data in Fig. 6
does lower the points at the higher concentrations onto a line of slope 0.5,
while the poiﬁts at lower cpncentratiOns, where the correction is very small,
already lie on that line.b Thus, we conclude that thé species is dissociatéd.
into independent ions in the 1,2-dichloroethane medium over the.range of concen-
trations studied.

inspection of equation 10 shows that at a constant aqueous concentrétion
'oftperchloriciacid, a log-log plot of [H+]O Vi VS. [ROH]b should genérate a line
of siope 0.5n. dech,graphs are shdwn in Fig. 8 at constant aqueous concentrations

of .0.105M and 0.983M HClou.‘ The lines that pass through the corrected points
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have slobes of 1.5, indicating that, over the range of alcohol concentrations
0.02-0.3M, the alcoholation humber is, as before, 3. Experiments conducted at
alcohol éoncentratiéns higher than O;BM show that thereafter, the concentrations
of extracted acid begih to riée more rapidly than would be predicted.on this
baéis. While any explanation of this tendency is, at this stage, speculative,
fhere are a number of sources from which such behavior might arise. One pogsi-
bility is that at such concentrafions of alcohol, the gross nature of the diluent
is changing from that of 1,2-dichloroethane to a mixture of l-decanol and 1,2-
dichloroethane, and this mixturévmay provide enhanced extraCtion without changing
the nature of the éxtracted species. That is, the ratio of organic-phase acti-
vity coefficients may not reméin'constant, as may also have been indicafed by
the water data. Any'explanation which supposes the change-in slope reflects

the creatibn of a new extracted speCies wduld require, from the'slope anaiysis,
as many as 6 alcohols per proton, ﬁhich seems most unlikely.

There'éppeafs to be ;ittle difference between the éolVation spheres, pri-
mary and secondary, of the proton in the isooctane.and l,2-dichloroethane media.
For both dilﬁénts; in the range‘of concentrations sfudied,_theiaverage hydration
nurber is 2 to 2.5. .In.both syétems,tﬁe central unit is most likely the:hy—
dronium ion, ﬁithvfhe threévmolécules of.alcohol coordinated to the three sites
of positive charge. The addifionai water probably bfidges between the aléohols
and the hydronium ioh,.although ve have not shown that fhé‘perchlofate anion is
-anhydrous and'so-not'invoived. The value of K? for perrhenate tracer ouf of

'fpérchloric acid séluiions-ié 2.2 X lO~2 fOr'thetiBOOQtanévéystém;‘and the
vaiue of Kd fdr pérfhenaté, traéer out bf_perchldrié acid solutions for the.l,e—

6

" dichloroethane system 1is 1.3 X lQ- . These conétants cannot be directiy compared,

but contrary to what was expected, the diluent of nigher dielectric constant
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does not give greatly enhanced extraction in the region studied, although below
JMfHClOu and O.lM_décanol, extraction into l,E—dichlofoethane is better than in-
to isooctane. A possible explanatipn is that the dipolar dichloroethane inter-
acts strongly enough with 1-decanol to cut down the effective concéntration of al-
cohol. However, the interionic attractions between the weakly basic perchlorate
ion and the large, solvated hydronium ion are lowered sufficiently in dichloro-
ethane that, over the concentration range investigated, the extractéd species
exists predominantly as free ions.

Finally, even though conditions were picked go as to favor the maximum
coordination number for the extracted proton—use of a weak base, l-décanol; and
of poorly (chemically) solvating diluents—the only éoordination number observed
was three. This result lends support to the idea that the distributingAspecies
is the hydronium ion whenever the extractant is not so powerful a base as to be
able to take the proton away from a water molecule. As a consequence, it is sug--
gested that such a hydronium ion core is also involved when not too concentrated
solutions of ethers and ketones and other relatively weak oxygenated bases are
used as extractants for strong acids. For such weak bases, the maximum coordi-
nation number, three, might also be expected to be observéd,-and has been found

in a few cases, as for example Refs. 10 and 11.
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Figure Captions

Fig. 1. Variation of organic-phase water concentration with concentration of 1-

decanol in 1,2-dichloroethane (upper) and in isooctane (lower): open symbols,
total concentration of l-decanol; solid symbols, equilibrium concentration of

l-decanol.

Fig. 2. Variation of water extraction with water activity for 0.523M l-decanol

in 1,2-dichloroethane (upper) and 0.314M l-decanol in isooctane (lower):

®, rawv data; 0, data corrected to a fixed (initial)'equilibrium concentration
ef l-decanol.

Fig. 3. Variation of organic-phase water centent with extracted acid for 0.314M
l-decanol in isooctane. [HQO]O does not include HEO dissolved in diluent nor

that complexed with alcohcl.

Fig. 4. Variation of organic-phase water content with extracted acid: e, O.Bth

1-decanol in'l,E—dichloroethane; A, 0.105M l-decanol in 1,2-dichloroethane.
[HQO]o does not include water dissolved in diluent nor that complexed with

.-

alcohol.

Fig. 5. Dependence of acid extraction on aqueous acid and water activities at

fixed concentrations of l-decanol in isooctane: e, 0.314M, A, 0.105M, W,

0.0262M l-decanol; o, 4, O, data corrected to equilibrium concentrations of
' — ACIN

alcohol. aHClou = (HCth)(HQO) .

Fig. 6. Dependence of acid extraction on alcohol concentration in isooctane at

constant equilibrium aqueous concentrations of acid: e, 0.950M, N, O.M?BM;

‘0, @, data corrected to equilibrium concentrations of alcohol.

Fig. 7. Dependence of acid extraction on agueous acid and water activities at

ifixed concentrations of l-decanol in 1,2;dichloroethane: e, 0.105M, and
R 0.0EOQ& 1l-decanol; o, O, data corrected for organic-phase activity co-

efficient of extracted acid. a HClOu)(HQO)m .

1 = (
HClOu
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Fig. 8. Dependence of acid extractidn on alcohbl concentration in dichloroethane
" at constant equilibrium agqueous concentrations of acid: e, 0.105M, and W,
O.983M; o, 0, data corrected for organichhase activity coefficient of ex-

tracted acid.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






