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ATETRACT
TE:@ er’*raci:ﬁan oi‘ %'@Z“Qﬁiﬁ?q}l ead *Letmpw,tyi. axmanium hydroxides into

aolua:?.ens of alcewl@ in 'banzem and of tetrabutyl end tetro @prony.:. cmopivm

- hydmxmes m—m dz.lut@ solubions of elechols in mtzﬂohenzena has been ai;udie&.'_

The veriation m? txw extraction into benzene as & “unct" o*' of the agqueocus 'bu.se

v mncwﬁm““im a%; a8 ﬁm@ al whcvl concentration :mmxcmca tbm: the Mracting |

[

alceohol ccaneemraw.on a:t» a m:eecz aqumouu bose comcmtz’ation indicated *i;hat 3

\

- similar stuéj mth a smlumon of benzyl alcohol in nlﬁro‘bem.mc of fixed ccn« i

centration in&icmteﬁ mﬁl the extineted &“}_)@Ll@ﬂ in mchv a hu,g,-,h ddelectric f\\.
e
ccms*‘cam golvent is in 'oha form of o, disaacmﬁea. ions. The extrac ‘aiona of |

'\

the ﬁw&m&? guhstituted anmonium bazes m*’uo xmryine, cozwem’:m‘ciem of alcchols

in n'i%robenZene also ”hmma that 3 alcohod mole:mles are bound 4in the extractedvi

h}ﬁm&iﬂ@ as o‘%m wvc:éi m.th the msaemﬁeﬁ ag,amms in h.n eNne « ‘I't ‘is aug@esﬁwa

taa*f m OH™ ion alone m*oﬁdus 'sne *é;bmea ‘sites fc:f hycm::ben Lan@mb to ‘me

| alcohol mmcmlm , and a structire f('}a %he cg’metea sneciess is mpcsac'i, "’be

: wi—-caoramauion of “ha 08" don m considered emﬂ.}.@r ‘i,o ‘t}wt oﬁ' the hydronium

ion 'camch hm‘; been @s‘mummﬁ in esriier s‘mdiesp
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‘"’hc. m%we oi’ the solvation of the hydroxide don has reeeivea mlcw.iwly

3 10 on ‘tha

iit%le: at centionl"‘g caumam& to the ciwcu sions in the 1iterature
mﬂw&clon Of thc hyuronium i.on, 330 o .'FQL‘ the latter lon, the existence of
three siﬁes of partial positive cbﬁrp;a (tne prowns) laadm quite natrmlly to
a moa,,l in wnich three veter olecules are’ warogembozsaca "cightly in the fimt ._7 -
: hyﬁration shcll. Aaditiom.l vater molecules ave bound in further shells, lcsa

- end less tigu‘i,ly as the a:.smnce from the ion increases s until the smctm"e f&.a.

eaough ou*i: ey rGes iuto thet of oramxzry vaters "‘ha hfdronium ion (a.nd its tri-‘ ”,. T

| hydrai.{.) is m:obabzy pﬁmaal, bt ‘an in&zca’cion of tne etz*engﬁ;h of the wogem_f

bcndizzg of me *&hree waters in the ws’a shell is given by the calcu.latiom of
-' &r&m foz' & planar hyammu.n io:a made}.. , He calcu:l.ates that the Iz:y'o‘tz'cu |

" ‘bcnd mldmg each of these mree water molecule?‘ 'bo tm E30 don has an ener@r S

. 1 B i

' aimim cmaicwmtions mggase.. uhsﬁa 'th@ hydxm&da ien in amwous aolution

: GJ.&‘:O might; hola a Divst Sh..l..!. of tbree va'bez molecules by unagually st“ong mrdra- e

- gen wma SR“& so be tri-solvaced wo Acmmmn,l fmm a cmm&rison of uhe

' épeciﬁ.e Mats of dilute salw’cﬁons af m:mm, mi&a end bases has Esa@gamsﬁ“d such

2

Ca maael, aaa Frank™ hoas made o similer yrogoss,l on the buﬁiﬁ of %he sﬂmnarmy

" of the broad ?Eamam bands of HCL and KOH solutions, the relation to each otlze? ei’ A

'1'*211'1& smsle ion pzartiul zolal ezrtmpiou of 5 anﬁ of OIi and ‘tba r&wa of p:mﬁon

o _ﬁrmsfer i_n ucichc ami 'isasic solutions.

‘The pyesent authors hoped thab emerimemal W‘l‘ifi%’tion of the '&ri- -

" ‘solvab ma of the OH~ icn could be obtained from solvent emaction studies ’b.}’



& methed siniler: to “hat used xecently to investisate the solvetion of the hydvo-

nium iomm’ 12

- In ﬁ:hi:a latter work; the extraction of strong acids from aguoous
mlutmmz into dilute solubions of *cr%'kmtyl phosphate (TBP) cr trioctyl paocmnim
wme (’.&*@Fﬁ) in octane; CCLy, or xylene, e‘ha., wos measured &8 & funchion of the
(suail) TP or TOPO concentration inthe orgenic phase, Al other coxr@cnan‘ts
were either held constant or corrected Lo & constant value. From the pover of
| the extractent dependence, it wag shown thab three TBP molecules are involved.
| 'vin"%:ha mmmew&. mlms of the stvong peids m:*mw HReOy m,,mﬂczw wra
E&ul?ﬁvh, and thet mm mﬁaimolecmas are bound to extracted mmu, medh, ‘end
ﬁ&ﬁﬁiﬁ; Wil the HCI0) and HRr systoms, it vas possible to show ﬁ‘ur’amvthéﬁ
a‘ﬁmm-aﬁ: oné water molecule {to form the ss§0°" ion) 15 involved in the complex.
' To apply the some sort of technique to study the solvation of %he OF"
don, eommio% for the successul az*‘waction of & atmna ‘o:z@c into & mlum
solution of en extractent 1n an “inert” &iluen'i. haed o be f’omzr « A m::essa:ry
requi*-z*cmanﬁ for the extractant moleaile is that it be %akly ew:’i.dic o that :l:b .7
éc‘:_n‘bam' a ﬁyﬁ?@g@xﬁ aton capable of {hydrogens) bonding "i':o the hjﬂxm:idé iém; L

but mf‘a sé’ ci;rcmgly acmia 80 88 1o} mac*&‘. to form a Vsaz.t» and wobores &?he mue

mwuﬁesalmm elcohols seensd likely candidates, end vere, m Poct, ’ puccesde

“fﬁllyusem o . , | |

Tuo mmm.m conditions on the bases used ere t},mi, the m'cicn o*”" che

, ‘baae ‘ho &g hg@rm::hmbic ag possible, in order to vmmte 't:ue d:i&r‘c'mbwb on inta v
*Lm dmlm@ arz;cmic emmctant aolu*c;ion from Hhe aqaeoma vsb:me » and thet ‘c.hc

ca:tion z&O"G be czavmme of bonding to 'ch@ am‘:mc“wna mleeumm % bttar rea‘

j : quiremnc &e nece My 8o that the absewed &...L)‘CKKLGHC’@ of me e“ G tion on we

"alcohol ccmeeutrﬂ cicm would ‘ﬁae due only to the solvation of '»’;hc 021 - and, no*‘a %.o

_ s@lvm‘:i@a @ both 'e,m cauion gnd 0L ions The tetraallyl amonmn iom seemed e

- um ‘bem ehc»ice, a.na mm uae& in the msent :s*%m:?.yg oy
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| | | mﬁrmm | |
Reagmtm ‘”‘ctmnmpyl am&nium hy&mzslue $ ‘:&?Prw, tm ob‘t;aimd fmm Ea&tman
wgarie cnemica&s and sﬁandar&ize& s.gaiz:aﬁ hy@rochloa ic aci& using neutral re\d
a3 indicator. Tembuﬁyl axmmnimn bydroxide, TBAH, was prapm& from the mromi&e
salt (Easman orgendc m:t.@mica:i.a) by pasolog an aqueous solution of the :wfcer

, | through & colwm. of, s%:;-ongly bagic anlon exchange yesin (Dowex %Gl«a}i&; 100-200
meéh, ,mq-ﬁéa Leboratories, Richmond, @aiif‘omia)t 1n the ydrozide form. - To wos ;
- stondaydized in the seme Wy as the TPrAK,.. '@empenm 'mnmm hydvoxide, mz,
and %érahewi am:oﬁiwn hydroxidle s TH \I’, were pmvzamd by shoking ampmsione

of their iodiaes (msman Qrgam.a C’wica&s) 1n vater 'Wiuh f"'eshl,,r prepssed gile
ver oxide. &mese wexe si.mmdardlaed us:‘i.ng phenol rea as infl'icauo Benafl |
aleohol (el free) end h-methyl cyclohexanol {both from Bt Orgonic Chefmicalﬁ)
were Ciesolved in ni%oaenzene (Eastmn Ore;anic Chaﬂ.zicals) to glve swek solutions -

of 0.100 Mand O hOOM concen‘é;raﬁian resyec‘blvely. Other golutions were prepared

© by adlution. ,amam;, stock solutions of 0.10 M decyl alcchol (Mathoson

‘ ,éilﬁbifl}nﬁ o

Colenan and Bell) end of. 0,15 H ben 71 leohol vere prepaved in henzene (1sea
Chemicels, Wew York) anel less concen“cmte& solutions obtained by volzmeﬁric
Pmac«:'c‘iwe.. o ml of tiw base, wheﬁ using ‘E‘%AH e.n&' ‘I"EAH golutions, were eﬁﬁed
o 20 m}. of the dilute alechol solutions. in the o @am.e golvent. Wde‘n ~"i£‘?f-\:fii'en& ;
' THAH solutions and. beme solut::.o*:\a of 'k;he alcchol were used, theé raa:lo of tb.@ ' |
_Y volumes of the bas:e to uhe oxganic phase was 5 to 15, The mixturss were sahm:ea :
 for an hom" on & mechenical sheker) shaking fc&x* ) longer period (up to 12 houra) o
‘ did. mt chfan@‘e the resulds mﬂiéating thm:t equilivrium M a]readJ bacn achifvved

‘mzen ﬁhe pixture wos een'czfifwv@d an& the two phases were scpaz*zaacd. Two 5 e o |

' aliqmtga ox’ uLE orgonie phase vere uhaken with 2 ml of vater for about 15 ﬁiﬁ.ﬁgﬁﬁss.

and "tm-am@. against 0.0100 N ECl. Simlley extrections were performed with 'mi |
alechol present in m oygente phaga in opder %o determine "‘1213 ccm.,\.euiom ;,ozv L
e m:«me%m into the solvent alures ' |

A1) experinents vere done st rosa Sempersture, o2 £ 2°C,
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RESHITS
The. dn.ua far tho extraction of ‘he on” ioz’z into the or@-:mir* phase vhzm
v&vi.:'zg corzcemrwﬁcms o;. %HAH were a:‘zwd ‘b@ 0,1&; ¥ benzyl alcohol in benzene
are gzven iﬂ ’i‘aal@ I,. mianamons .u:“ the corzections z:uie ::n oxder to a.wive
at the mgmts ‘us‘tu& m ﬁolmw 3 and 3& oz? ‘J:‘able i are given in the ﬂ.seussion‘ 3

¥ kg

mc‘e’;mm Simd mm;;ﬁ The. c.ofca foy thré emmcticm of varying coneentrations of

SUAR into 0.100 ¥ decyl elcchol n benzene eve given in Table IT, for THA into

0;07’5 M benzyl aleohsl in benzene in ‘,I‘afale I3, and for TPAX into 0,100 i

bcnzyl &Ziw‘irml 0 benzene in Table IV, There was negligible extraction of TPAR

aml cf THAY iﬂuﬁ pure benzene,

me e.drract‘ioas oi’ oR" imo the organic phese vien a glven volwe Gf a8
f:’}.v,ed mﬁ,mal wmemraﬁion of '.FE%E or ‘I.?M:? trm 8dded o varying eofxc@n 'maﬁic"mv
of benz“y—l &&wwl in benzem are piven in Table -V (initiel ccrcen’craﬁion. of H«H )
@qmls 0,,3;6"’y 1Y, Table VI (1 nitisl concentration of TPAH eqwsxls 0. 30;» Ei) s e:ﬂi
i-“a?m Vm. {ini ‘:ia‘f concun‘izs"aﬁor of THAR equals Oacol M}
. Ta’bie VXII giﬁ;as the exﬁmcm on of ‘th’b‘ on” fom into thé orgoale phs;sé o

.G&.ﬁ v%r,r.l:nu cmcen‘t‘r i@m cu? ‘E?Bm m’b added o 0 075 M hexmyl a&mhol :i.ra

_’nit&"o‘benzezf E Em utmmﬁims were mmc cf e exbrachion of the ’mriouu S
| cmcen "ims; of 'i;ne basc—: inte pure nimwbenzeae and the concan‘tmﬁiozxs_ ..isi;ea
dn eolumzz 2 are thme obtained after s;l‘i?fh:rm@ing he b.flmﬁv@ Explenations fcr o
the comﬁe*tions made in order to arrive et 'thamgulté; given in columns ;’3;3';- t‘-!‘rl

5 are g.i,vesa lﬁ*cezcn

'"‘m daia fm:* ‘tae eytracwcn z:f Qri Into the organic ph. 8e v‘zzen & f:i"f

velum of a giv‘c:zz ;.:xi i&l eoncenm‘ipion cf ool or TPrAIz is ax.d ol 't.o oL, ,,rinc cone”_'i‘l_,_; o
. cen wcmns; o:? ben«z‘yl alcohoxq in nﬂ%mnzepe are glven in Tables IX a"zc“:. % ns»
pec ui valye E@t‘ermizm‘tiom were mede of the extraction of TBAE end TPy E m‘w o

:pm”e ni‘i‘.z‘*ocﬂn”,eac m@ the eouili‘brim concer w**'m‘%;:imw c;iwa in ceibmx we "chafse‘ Tuot

obt a xcc“z afver subtracting these blanks. The corrections uﬂdfe  errive at’ the

i '»‘vaz,u@s- giv@m.;'m columms 3, 4,5 ang 6are discussed, later. Similerly, the da‘ca for
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the extraction df a solution of TEAHE, ini tmw 0. L3? M, into varymg cgnce'j- :i o

*“a‘i‘,imsof hemethyl cycloae manol in nitvobenzene is é;:iiveﬁ in Table a;I. o |

o ) . D}.uCUmuIQ’? o
‘l’hfa Eqaa"’cion f’or the e‘x‘hract:s,m of & ﬁetracﬂlgyl amoniun hydroxide 'by
& ﬁiluw isoluumn of' an aleohol in en “inert” golvent can be written 83
" o matLomteied, @
I . L . ' _ “3‘ - m.‘ . . . A ' ;,‘

vhere .ec:., (1) rei:résentsz -éreation of an iompair in the organic ﬁhase 5 w”m;ile eé.
{1') suows tm forma‘tion of a pair of aissoemuaa ione. Vhich éxpressibnvis
correct :'m. a {glven case depends upon ﬁhe conditions, parﬁim.larly upont the diclegs .
’tric cfmgtant ef‘ the sclven‘h.- '}E‘nc nossible influence of water on the ex‘bract:.m '
h&a m't been shom as 1t was noi. de'bermined in the preucn'c atu&y s tmt all aqurzoua 4
solut:l.cn:s used were dilute (<:O°5 ¥} so 'tha'é: no elaprecia‘ble clmcres 1n va.tcr actie-
vi ,j' eecwa auring t}:xesa ezmermems. | “

.

TL"* corrcsgonding equilibrium const;an s are

(R,m Ve 08" 'nEGE) c
o K= - T (2)

. {(», ") (05" -uR0H)
(rom)™(r, 5" (0m")

#

ey

- To determine vinich is %he cam*ec‘c expression, t&m extraction Df "t..fi base

can be ztudied as a functlion of the equillbrium aguecus &wwaﬁgrl aruoa*?m '



i 6n - UCQL-I.OSZ}

hydroxide csnwn‘hmtwn, i;ee;pina the eguilibrium elcohol concentration in the '

org,zmic phase wnstan Under this co*x&i%«m, eqs. {2) and (2') simplify 'bo

: : 4 - ‘ oo ' - A
o . [R5, .OH +nROR}y . fox o)V

S
-V R

- (&N (or") | , (Rzﬁm-( o)
I“' '. - [Rhﬁd-? {OH“"&OH]’YE ‘ ) {OH" ]20 ,yg ) . VA | (5'} o
| CRP1C-H I 109 S

where 'bz'a,ckets siezxifv concentration end pwen‘éhe:ses indicate acﬁivities » md
[03 }( } is t‘ne concentration of the hydroxide specles in the orszmic po.me.
oimilar}.y, to determine the mmber of alcohol molecules coor&:mmed 511 |

" the e:»ztructm¢ species, the equili’b?'imn aqueous phase base concenuration can be

K3

'iwld fl.“ec?, ara the e*&ractim s*udied as a function of the equilibriun alcohol =

concen‘braﬁon in the organic phase. With ¢his condi’cion, egs, (2) and (2 )

ﬁimalhy to |
. (rom)®> ~ (roE)® S
o o (RN OH -nROENYS ~ O ¥y ey
(gom)* . (eom® ' R

€

In the majority of the experimer ‘cs performed in this 'etuc’iy only 1low con-

centratlons of alcohol were usea, and s0 it was not necessary to take into acco vt

the nousible c*'ganic phase dlmerlzatlon of the large slcchol molecules e*vzployeé.
TPurdls rmore, only e smell fraction of these alcohol rolecules were mvolvg,c. 111

| the extracted complexr, so that the organic phase essentially retzined the I*ropv”t"

o



L 'cmly & small m.:.eci; on its activi’cy coef‘ficicm, pemit 24ng aleohol concen‘tz‘a-

R & constant equilibrim eancemration oi’ uneocrainatﬂa benzyl alcohol in order

o ; EICE,L«:I.OSQE}

A
i

- of the diluent, Changing the comcentration ¢ the alechod should then have |

" .
1.

"gzions to be submtltu‘if»d for ae%i‘vi‘ticﬁ in eqs. () and (&)

@mnvere %ys‘tem. In & solvent with as :ww a dielectric constant o8 bem.ens

‘(c = 2.5), it migh'i; be cxpecﬁed ‘tl‘m‘b the extmcting ions essociate as lone |
Ap"ira 15 g, prove that this wes the case, the extraction vos ‘studied as 5
Euncbwn of the aqueoua tetroalkyl armoniun hyc’woxide conccncm ion at a fimd
tglcohol coacentraﬁicm. Apsuning for the moment thaﬁ activities cen be replacr.a
: by concentrations; 4% can be seen that eg. (3} requires a second pover depen&.nee-
of {dﬁ"]( )" on "thé aquecus phase tetraaliyl smmonium hyﬁ'mxﬁ.ae m&ce&fmﬁioh"’
-_whzle eq. (3‘) requires & £irst pover dﬂpen&enee. Figiwe 1 shovs a log-16g *:10‘:.
of {or” }( ) va aqueou@ ’mtrahewl szmonium h,;ﬂroxide :, THAH, for the extrac hion |
‘by 0.10 4 benzyl aleohol’ ﬁn benzem. It can be seen that a slops of 2 ie: -.,nal«
cated "’aze me wve diluuea aqueous aolutmns, bui: mase dats mush he coxmci:cd %o
7 safaisfy the requiremonu o ec_ga. (3) end (3'). This has been done in column
4 of Table I by caleulebing a corrected organic yhasehydro&de conceh‘tration,;'
{oa‘jé §» b peans of the expression [o;a“]é y = [oH"3 }gﬁozzz'ﬁ/tﬁaﬂ]f’, vhere

- the primed guantities refer to the con&ition of ccnstant -alechol concent tration

end the unpx‘ime& quantr&ies sre the experimental values ectunlly e.etez-minea' :
(const.m; immaz aleohol concentration, rather: 'F:.hsm a constent value at goui-
1ibrim)- Tais third pover rela‘hmnsnip comes from the results described in o
» later pavegroph. The corrected values, {0,1 ](o) are elso plotted :in Fig. 1, and
& straig,h% line of c«zlopea Q.O is deawn 'through &hemf. I% can be seen that the |
. points follow this lins up o about 0 o7 M 'base, af‘te?' which the puim.s swr‘t
% level off and increasingly fal) velow the line. o

» ?hc fact that the correcﬁea poinﬁs &etez*mina a line of slope 2.0 inaicates -
© that the extracting TEAF-sleohol complex 15 en lon-pair, o3 e}@ectadq he falle
: ‘the cz"tracuion at highew aqueous coneen cm‘aions peens 'ﬁo us o sugsest the

kY . o
H



oG ' ' ’ wau‘mws

. onsel of micélle fox.-@aticm by the THAH in the water gsclubioun. Oﬁcé 4he c:imeal
micelle concentratior. 1s passed and micelles fowm, the act Ly coe*"ficie‘m c;f
- She a@cous”ﬁm anhﬁs and extraction should deviate from tha clope cw,gm
Amfmea by the zverfé diluts polution. o shov, in foct z that thm deviation in ;
Vv extraction mhavioﬁf is an aquecus pmsm etfect, %ne extraction was re gcw@ec‘i a’c
& Jower initisi benzyl aleohol cmncemraﬁicm end aleo with o §ifferent almhclg"ﬁ* E -‘
Figove 1 shows the experimeatal points for the extraction m th 0.10 ¥ mayl
aiico};xol_:a%a‘% Fig. 2 showra the data for 0.075 M bcnv,,rl alcohol. Again the ccwccwa-f”'
w».lws of "uhe arganic phage hydroxide concentration, [OF j () ¢ mv' aque&us | cc‘n-_: -'
c.emmmcms ‘beimv 0.07 M, ‘leuez*wc plraight lines of slopz 2.0 :m the ! orr-io,g
X

oﬁs@ mﬁicatina, 513 i@ﬂw;pa:red aa@aicaa Bt ﬁ,gg&in the po:m‘cs davi ate ‘bwmc’i

tmv%; co*mm%’::miion ; end in a para 1liel mamer s (.“@‘C*I m:n{,h the magnitude cﬁ? ms‘

'-_:.icm and *ah“ ar{,em,c ;ams@ {:ao,se concentrations are quite aifferent.

R T

As e. fmal indication thot thia fall-off in exiract tion ab high aqum;
tetrasliyl emmoniun hydroside concentration s due to micellé formation in wa‘t o
.ﬂm,.se s and ﬁo ebse:m*‘e the eﬁ‘mca of dation size onv’r.}v.:i.é e&:hz‘actién, a smilﬂrscc :-j"::'- -
' j.m. extrzmti&ua were pert c:amec?; uaing w’nx’“ entyl emmonium TF'Y :-;i@. gy ‘E AT, an«:i

B o. 3_0 Ji bes ByL alcai:c,l» .’Ef‘;m comeet@ﬁ. values of [o° }( 3 Prom coluus hq mb‘m: "‘V

&

e plotted. Vs aqueaus TPAY concentyation in Fig. 2, and apain 18 straight J.L@ i

c;f slopa 2.0 can be drawm f’?:.fhrougja the points.  Agquecus phase rz_z,,cen.e ,form‘biex} D

with the swmaller TPAL would be expected to occur only at o h sher Bquecus con= .

GCl’.%’bZ“ *sl“ on, *oh.m with THAR, 2md only above an aqﬁ.ecu.,, concentration of O. 2 2’ 3

the poinks begin to deviate. o .
Tow 4ot 1% has been egua:bl shed tm;‘u &qs {1} R rathey t,hm (..L } ) PEPTE »»“,

s‘;en’c«s: the reacticn for the extyaction ints Systems using benzene as a di;ue_;;'c s

the &pcn@encc, of the exl racting éi..es on alconol can be de%ezmin@&Q Lr‘mtion' .

(lr} shoywg ’"’*" hat a log-log plot of the orgenic phadge Letraalkyl cmmmm If.g&mmée

. concentration ve the equilibrivm {uzcomplesed) organic phose alechol conce: 'ai*a-é

tion showld give & straight line vhose alope yields n, the aumber of alcokol
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nolecules uvolved in the compl@:{r Table V e::ives the data necessary for such
"a.'plot fo;- tanzyl aleohol end an initicl agqueous T?LﬁxP concen’:z'e:tion of 0.162 H.
' But since & vm'ymg amoun’ of the base éxﬁach » Yhese resulis umst be corvected
ey a cms’c ot aauilibr’im valua of i&xe aqaecus base concentration in or&..:: w
m:,ta..,z.y the rcqu‘maent of eq. (h) Thiz can be done ddrectly frou the curves
in Figs.'1 and 2, sud the co*rected Yalues of [OA" ](o) ara glven in coiumn . of
*?'\.z}ale ¥ end are plotted in Fig. 3+ {Becouse the exi;mctian doea not vary umch
with aqueous THAE concen’m etdon in the re glon around 0,16 M Tﬂéﬁ, 'ohese: correc« "
'_*tians ax-e negligivle in this case,) It cfm be seen that this 1ine leads o |
- iulue of n = 2 6 ﬂugc;es ting that thrce alcobol molccules aye involvcd per OII ¥
‘But if so, *thh smownt of alcohol corrospondmg e {.hroe times the extracted base
_. aénéeﬁﬁéatian should be subtracted from ‘the initial aleohol concentrstion ot
) 'each pc.:.m, to gzve the true equ:uibriun alechol cmcm‘tma*ticn in the crps..nic o
W ‘}:‘imse carrecged eq;uil‘*hri’m concentr’mions s are given in colm:m of ,
z&ble V,- and aye p*.oi:'be& 85 soli&"triangles in Fig. 3. E’his inol smt of pomos
aa.tisues the conditions for eq. {%) emd yield.s a slope of 1 = 2 oF. T

5 nmilax-ly, Fig. - :> also shows a plot of extracted basé vs o”ga.nic nha.,e
‘benz;yl alcohm concentration f‘or 0.305 2«2 T“A“, a.nd Mg, lb ebcms the plo’c for
‘benzyl alcohol in benzene and 0.062 M TEAH, In both of these cases, a slcpe of |
3.0 is cbtaine& vuen the &ata are. corrected to the e';ailibrimn concen’ cra‘aion of
unccmmlexeﬁ alcohol s again in&icatina that thre@ molecules of alcohol are complexed
'b;s, each ezsbmc*te& ion-pair of the ba..ae.ls' T‘t sbnuld ‘ne noted that no extraction
of the beses was obsexved. into pure bens zene, and that eq. (4) with n'= 3 is the
ézviégin of the 'thir&;pmfer correction to. g constent alcohol concentration used

i wcmenzme syatens.: Ta ovder ‘bo :5‘101:; that this ratio o.x. threce alcamls m:c'

'-'OHv is val.a.d for a wider elass of baw-sclvcnc Byslens, end, in 1:>ar*‘iczu1ar, to

Om".’ﬁ"i“’ the e«r’“mc‘r.ion into @ solvem: ot A.la ively high aiclectmc constam.

'Whmr:. the mnic comple:' ey aisuociate, the e‘wraction in‘ca ni‘trohﬁzcne (c :é );)
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was ..»tudied‘ 1;9 will be discussed later, guch o high dlelectric co*zm_z'{; no a

only causes w..he dissociatlion of the extrected comle“, bub alcai imrc'me ", ’u;c L
g extraction we.sendously over that into & low dielectric constfvnt solvent & c.: o
as. be‘_nzene_.' _Ti,lis nakes possible the use of smeller substi uue& nidur wuiom ,"
and, in ‘f“e.ct-, mqui:ees :*eﬁeir use, &g extraction into the solvent alone beco:xes ‘
-égpraciabiévi%h -.éa*i*.ions ‘as iérge 83 THA end TPA. So the e.»:i:mc,tim of 'tet:e.- |
propyl &moaim hydroxide, "”‘Prfkﬁ, and mainly of bet'.z'&.)uujl azmoniva h’,y?lfo.h.lﬁt., i
VT"@E P *ms scud:lca, dnd even with these a coz*r%*bion fov excbra ca.o*a dnto 'i;he zﬂ.tz‘e o
solvmt had to be,azﬁpliea..' R ' _ | _
i tn m.i..:z-oonnuene we mil_,n"b expect egs. (1'),{2'),’ ‘(3") and (L) ‘co &rfgly, RO
to %est tfﬁmebher t,he ex%r..cned specles is ir».ahecl !dissccia’téd, ' e‘m*wﬁ?m of
_ 'T’E‘A& was a‘m:la.ed 8z a “‘xmcmc‘i of i;ﬁe aguecus base con cevrtr uion R holé’.ing_%he. >‘

mi!. tial arrmic '311....:&’: ‘henzyl alcohol concentrati on consbent at 0.075 M. ’.E’..ae

- vilot of the rewr data given 4a colwms 1 25 2 of Table VIII and shown ne opéd.

Wt

9""

'circlcs in Fi{;, 5 has & slopc of 1 -over the ezatwe vange of cohcevatrauion mccl‘ .

'.as req_m.re& bry eq. (;‘) and SL.Q{}@$‘L:LD.U 'Z;ha:i; the e:«:*a';mcteo. ;.cng arg. :;.naaecl a:.s-
f fsoclatc& But o stx ictly comply withh the  requirements of eq. {5%) these data B

"musu be. correc%,ec‘i 40'& consbant equilibrivm concenurﬂ“'iorl of vzxcmplcmd alcohai I

zma me ch:mr*e fm adqueous phase aami ‘organie phage activity coet: "‘ic.;cnus for c‘ne oo

" bcse must also bc considered. ‘*‘he correction i.o a t.msﬁar't eq:nhbrim alcohol

- concentration can e mede from the echressmn * T

¢

a:!.ned in a following paz'ag'aph (eq. (ls') mm n o= 3}, tm& the c:;e;anic ‘bs,se

I3

'cmcentrwtims sa e‘b’izaﬁ.ned are 13.5%@6. in column i& of "‘ao}.e V‘t‘"}:. Tha oomecﬁions' }_ _
for 'Lhe actifntj coefficienus mr'e BoTe &1"&@1@ . emce 7o ezpca*immm (wa exre |
&\?’&l.ﬂbl@ for. eih’ne:. @ba;e. Iz’: he rzm(ge of coneen entrations of TRAR in nﬂ‘i.“m-» ‘
L@nzene usea amund 10 -3 ti; cc*’ce.inly —{,he mst mm»wm eff cct on an ioxz is

'*i;ha“c of ‘m‘. surmtmbrag ion env:u’cmment s :m&. 0 an ex‘ueax,c& D&bﬁ-&&k@l e“.weg-
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might be ametad tc glve & fair approximation to the mean lon activity coefficient.

in th:la emession, I 13 the wnic strength, Zl and 32 ara the 1onic eharges,

o1 :

w 13 tha molecula.r weight of the salmt aud WB *hhat of tha solute, M ie the

molarity of the soluts, p - 48 the nuaber of moles of ions forwed per formula
weight of the eolute, &, is the density of the nitrobenzene (end 15 also assumed

gyt = e «log {1 + 0,000 2 n(QWA-wB)}
| e "

to be the density of the d\lute solutions used) end & is the distance of
elosest epproach parameter.t! For nitvobenzens, ¢ = 55.6 and T » 295, end g0
the values of A and B ere 1.70 and 0,490 respectively. The difficulty is in
eotimating the value of & to use. In any case the result 15 to yertially over-
cong the increnge dus to the correcticn to a constant equilibrium slcohol cone
centration. For & not umreasonable value of 8 (but perhaps too swall a one),
8 » b0 2, the eleohol correction 1o clmost exsctly compenseted for. Column 5
of Toble VIXI liets the corrected equililtrium mean base activity in the organic
phese and these are plotted es £illed circles in Fig. 5. '1{; cen be seen that
they eve not greatly different £rom ths open eireles of colum £, the wuncorrected
equilibriun boce concentrations. |

e effect of aqueoua pbase act:.vity o fficients for TBAH 18 mre d.if--
fiault 'bo estima*:.e, &5 in the renge of concent:':.uion employed, loa-loo ti:e‘
activs.ty cosfficiont is most 1ikely ot & monotonically dem'eaaing fxmction of
the' concentration. But the changes ere probably not very large in this ra.nge
the coeffisient dscreases alightly (sbout 15%) from 2 x 072 M to & concentratm

of & fe'w tenths molar a.nd then inmases.la AJ.l of the eorrec%mn taken toge"che'x'

Justabouteanceleachotber, endsothem.lresult,iathwéaaeatleast,mt
beasmmtotheoﬁginaldatagivenincclmmslandeofmmx Certa.mly

the concluaim that & slape of \m:tty is obtained and that t.he extracte. epeciea

iemmfmofmmsaccmmm1sbeyondchs.ngebytheoorrec ions.
This means that eq. (&) shouldbeu»edtodeteminethevalusofn,tha
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ai‘ %he exztraction on alcohml concantration 4n ni ﬁmbcn ene. In Tablne I¥ ayre the

- experin enﬁ,al data for the extvaction of TBAR from sn initially O.437 M aqueow:s

- golubion into various @ilute benzyl alcohiwl solubions in pitrobonzene. Bul sgain

thage ﬁﬂm mvs‘ﬁ; ve corrvected to o congtant eguilibzivm, mluce of the equeous bage
cmceatmt ion to satisfy the requirement of egq. (ls Yo This hag bo en mua azCume
ing the first pover dependence QQ for"1 (o) O Bameous 08"} indicoted in Fig. 5,
g ag,sia the results eve 1isted in colwm b of Toble IX end chowa as open eireles in
'ﬁ:ae log-lcs plot of ;iF‘im 6. It con be socon in thet figure that o line of slo}:z@
,5 pesses ‘i.imauﬂ '%.:w pointe, agein indicat vg s 83 w:&m *if;h@ bénzén@ extractions, Vt
th...z,ﬁ tm\.« alecyhca}, woleculss oo Mmzl in the w.ozw.ﬁea ce:amplw ner hycimxi&e, .
‘%;11«3 &wcn@r Bfa rather than 3 comss '?z*cm the xx_ml’z. ) plready establiched in ahﬁ

mwceaim_, PAPBLLEDNS , ‘i:.mt PAs) species is dlssociated 1n%o Two fons, wather _m:-m' b

.?:\,ﬁ.ng en irmnmw es in the benzene solublons of tever diclectrie eowtmzi:!.-' ' I:m'.-

| m rigorously fulfill the ccnditions vecessary Zop the &mliﬂaeion of Cﬁ’q:s (M)

the céquim‘imizm argsmic p?'zmca sleohol c@nc@nﬁm clons s rather thon the inﬁ.‘i;m}. ccmw- '.; )

eem:r‘aﬁicn, zahmﬂ.c‘i e used, mci the emm ¢ phase mtivi‘ty wﬂzficwnus 'f"w ”“R”ﬂ

cshcmm be used. The corvection to the usbound alcohol mm@nwc:cmn i3 eas i N

pada by ma’arwtm@ thvee timss the orgenic “pase CUE&G"IWwﬁiO’J from “th@ im’* a}_ ‘

ran

a.lcohcl congentre us.‘ion s and iz 13 ﬁm@ in a:ﬂmm S of %?ame w:s. v ”he amaaw vu,,ﬂe

»

B vilive s &G&l‘\?‘luj coefTiclents may egein bo %raxi&wm by 2 mbyem@iclto} o:*ff:eut;*% mgf AT

end th@ fim:?. corrected meon ackivity, A, (for aa 2 o 1.0 A) ’r,c .‘g.n\-
colimn 6 of "’E'a'blea IX. A log-log plot of this mead orgenic pm., se TBAK act u;;‘*
' 'me @qui:ri“\& v Org alechol concentration is also shmm in Fﬂg. 6 .05 fﬁ.lle&

cﬁ,z'cles 5 mﬁ & slope oFf 1.5 rewains.

1o & siniler manner the extroct mn of THAT into various concezzﬁmcimm m? o

‘ lsmmca thyl cvelahe::moi in m‘%ﬁobmzma wes - det ternined, The omgiml mﬁa rﬁcomod,

'in ‘?ame X lwre ?zean corrocted &3 m the ‘?aonzyl alc@«ml et mcalme; ’ @xz& u

. *"'ma}. corrected results 5 the fill«:d, Gi&?ﬁ’l&ﬂ in Fige 7 aga:‘m. @:‘cm.a slope of 3‘_,@-.‘5: L

a};nd egain are not very different ;&*‘x*om the cwigz,m}. aota,
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| “gysten, -i:he";ax@acti@n of mﬁ;ﬁ I:y several ‘eéﬁcen'bz-é.tiom' of baﬁ?;yl alc;ohol was I

.V _ a;wd c}etcmined. ""he manl% aprg &ive*z in Table X and agc,,m the originel c'late.
in the Tirat ‘F;hree colma mwst be c.:r:eec“ized to B cong ca.nﬁ equili‘brim aqawus -

: b&sﬂ concentraticn (eolumn 2&), ’c&m unbound e.lcohol concentration (eolum 5): -
end f‘mﬁ the organi¢ phose activitj eocfficient of TPEAH {coluzm 6). The resulta 3
are sh::?m in Fig. 6, and 4t can be seon that & glope of 1.5 results, and tbé_gt :
%ﬁe e;e:&metion is less then that fop TRAE by a 1itfaie more than en order of mogni~
’buae ‘ﬁéxis ia a2 cazaller drop vi‘u a decm 5@ .":.n aize of fourncf?a-@‘oupé *%:han T
w2g observed in tbe benzene case. i | o
. Tous 1t cen be seen thet an elechol to bese Tatio of 3 to L is obtatned . |
tm each ca;;ea for both benzens end nitrobenzene gystems. As mentioned In the
_int%o&?;ctianﬁ 1% 18 met wnlikely that the tetroallyl ﬂs:maniwn ca‘biom can D:Lﬂ
the glc@hml gmoleculos, and fzso"i‘(:f ';m stz*c)m;lj :;gesﬁn& t the camplex is nail-i.

arcund the hydreoxide ;ozi;; In fact, ﬁ; ig rﬂaponablc 'to w*aicﬁ ch..s role to 'c.ze |

8.

oo lon, g8 1t h&s threo {nemaﬁive) gltes of electrons evailable for h:,‘r&raggenui

: .bommg to the alechol molecules 3 az\d th ese bonds should be fart stronger than i‘x‘l“f
usual m/&ragen-wﬁ&s because of 'i:he influence of ¢the negac*ve charge on the ionl'f.
This is exeetly ezzamgaus to the enhanced strength of the hydrogen-bonds £ fowocll\
by the ﬁﬁe__ ion es _discussea elsewaere.g s 13 e resuls 1s a ..;i:mcﬁwe Loy the \
mﬁactcd hgyaf;azziaa- gpecies shovn in Fig. 8o, Since %m‘watesf content of *t;he S
spacies jmé not detetmined, 1% 46 not known whether water moleculés secur és
o bridges betveen the 0‘3;" don aaa the ‘th'x' e elcohol molecules, .@ig. °b, a5 has bee*z

| suggested for the extmctian of ‘the hydronium icm with I 10 Such a wrisolvated |
| hyﬂro;amé don ieg similem 'i;o tha aquecus phase swais_&s augggesm& by E‘x'ﬂcxzz:,g but,

- differs from the earlier rmpesal bj Ack .emmpl in not having one of the _"n;yfdmé ;
gon«vomdoa aolweﬁi: molecules EQG) b@wac}; to the hjcﬂl'oizicie h,fﬁroaﬁn 5 bu om;; %@ :
the tiwee sites o*’ negative CM%. | A ‘ g

,' The results Q‘f the ex%mawon of THAR end of ‘.i.b “ﬁ into L al.coholic";.a..;-i-,;'f‘;;é:.;;, |
-'bén’zene "-sélutions';l, H & %:;"i‘.iij and of TPrAd and ITRM into altrobenzene so}.u-v‘~

© 4ioms of elcouol ghow the influence of cation size cn the extraction. A larger
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c_:a-:bion wauldba expected "co 'éxt;'é;c‘a betiey Lo TWo preasos 5 - Ome ig that ‘i;hé
laz;'gé hydrophobie cations interfere with the hydrogen-bonded waicr structure | ,
azﬁ.’sd tend t0 be ejected fram it into the less structured orgonic solvent. This
| éffoct; the interference of the hydrephobic ion with the vater-water Interactions,
ir:*s gres,wr ,' uh@ iaxr“cr e lon,, for then the greater the interference. - The.
other resson’ is due. primarily to en ion-golvent iunteraction; the elec‘uro"*“uic
free enersy Gppcsing the transfer of an fon from o high dlelectric constant -
wediun such as ‘(f"“’“‘ into & dow Ei@leéi‘::éi_cﬁ eonsbant solveat such es benzene will
ba jléss; the Bm‘aer the 10*35 Thig ca:fx bea fs»:cn 'mbst gimply from the Born é:::oress
Bfionig for the electrostatic free energ;y of transfer of ions of chewge 4, aml

2 end size r, and r_ fvon water into an crganic solivend,

o _?’ o B g2 T
At P e Si:. { “,@,. - -...};m uml ‘ v ‘ G
e - ) ‘o - (5.)"_

| ,ﬂ*‘ae m:cgc:z' the cmtmnm ;f:uﬂiuw T, the ssaller m tha ps.,i%m‘c %‘alue of &‘ 1%”.
Altmaggix zxis rosmwe ‘f‘xe euez*gy is; wamm cummemizeﬁ for by icn mo of
me :Lm m& ammn :l.aw welecwie cong wms mdm, ‘me mgcmwmon i3 only
".paz*i:i 13 and the effﬂcﬁ -ﬂemms. - . | |
| | 'I“fze mmtm cf‘ t&a@ mcmase in e.*tmc%ﬂ cm iratc ha.nzs.m with the a:l&i-‘e:‘één_
‘oi' fow nCE?; "BEOUDS fm c;aL g Lrom ":.’?&H *t;d THAY i’ound m w.m mrl:. iz ebout 1009 |
.‘ in 8&5’*&:}’2’*&’% mth 'Lh&, f&»ewr pw ,.gr @;ﬁ*om fouind ‘by Uollanm” for the o spac-
’ _‘tm ox & *fric?«.e vazmeﬁj ot DR?{,\_I}E.Q sﬁccioa f‘*“r:m va"bef into gieta,;l ci’:m ‘30 -
. 0:3 the other ma& 'z‘:.hc present z*euww m:e "cm e.:amemcm into m‘t«obﬂnuen
.m{a&i& eﬁw‘w & mlle? efgeut <G “gﬁ‘oup-. The @.iffm‘em bﬂ‘c“ce : ‘i‘f AT &nc; EA.E o
S amw a f‘&c’c@r of 15,, or & facim of 2 mz* ﬁiﬁgugmwa. . :Eaﬁm*ez*p hig smnmtl |
"f‘ect ‘.15 to. t:n., expse scted fzm eq. {535 e the much levger 31 Gl@u’tﬁ"ic cons m.nt of
‘,ﬁi‘v’az:c%nﬁem, ¢ = 'jj; make@ t u,gm’“z.ﬂe of clc et
in jon eize uhcufz )0 wimes “emaller thas for benzem:»g P 2.3,

end the effcm; of & cmgc..} L
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. Lo
el . *

frem water :m“ao ﬁ%ro!jcnzene vother ﬁ}xm into bensene also is the reeson foz‘- 'a‘;hs- .

much octimr e:;‘cr" chion oi’ the ’os_ﬁeu into nitrobenzene than into Lonzone solut.mna' R

In foct the baws of the lerg\.r C\-'t.LOIla; THAH and TPAH, m:tract well enough- fm*ts

B pu.re nxi;robc cac , without eny alcobal present i“/o reka &iffizmlt the study af m’*w

-_k,.

e**i.r*tctlcn by ‘i‘.}m m‘checl u:seci in this reporit; the recessery blc.n!:. correction for ’f B
) t%e:gr cszwfl/w into "c.ha pw:e solvent h@ccma Yoo large.  But -ag M ioeen po:‘!.nto&

0*31:. befm;? such high diclectric cons-mb medla nake very good extraction co.mn‘hs .

fc;zrla::g;c@ans:;s‘tems.' : S : Do - '

In ﬂmry 1t cun be 8aid that the present vork'i hog oo ’cwlimefi i::ze t.::z«-/

cooz-d‘? n:u,af mtwe of thc hydrmﬁcie iom, similar to thot of the n,,ruro’z.;.m io... It _

e >iz»:’f I‘cf .’:‘L‘mﬁkxz stuldiss to detez‘mim whether & ’c.ria-mar %:ca gpecico con &ctm.nlly:'.

br_:a; salate& in the ext;raa’aion; T
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20. R. Collander, Acta Chem, Scend. 3, 717, (19249)
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. Pable IV.
Extraction of TPAH into 0,100 I bensyl alcohol in benzene, |
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Fig. 1. Extraction of OH into benzene from varying concentrations of
THAH: 0 1initial benzyl alcohol conc. of 0.100 M, @ corrected
‘values for an eguilibrium benzyl alcohol conc. of 0.100 M; A
initial decyl alcohol conc. of 0.100 M, A corrected values for an
equilibrium decyl alcohol conc. of 0.100 M.
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Fig. 2. Extraction of OH into benzene from varying concentrations of
TPAH and THAH; O TPAH and an initial benzyl alcohol conc. of
0,100 M, @ TPAH and corrected values for an equilibrium benzyl
alcohol conc. of 0.100 M; A THAH and an initial conc. of benzyl
alcohol of 0.075 M, & THAH and corrected values for an equilibrium
benzyl alcohol conc. of 0.075 M. ‘
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Fig. 3. Extraction of OH into benzene: O 0.162 M THAH and varying
initial concentrations of benzyl alcohol, @ corrected to concen-
trations of unbound benzyl alecohol; A 0.305 M TPAH and varying
initial concentrations of benzyl alecohol, & corrected to concen-
trations of unbound alcohol. :



UCRL-10893

-31-
| -
IO n T L LI RN T Ij
-2
10 | —
o C
e | E
[ o p
(=] - B
S w
I L ]
- O
—
-3
0 [ -
- E
-4 |
IO > 1 Il (SN S | = 1 1
10 10

Alcohol concentration (M)

MU-31109

Fig. 4. Extraction of OH into benzene from 0.061 M THAH: O varying

initial concentrations of benzyl alcohol,
trations of unbound benzyl alcohol.

corrected to concen-
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Fig. 5. Extraction of OH~ inﬁo nitrobenzene from varying concentrations
of TBAH: O initial benzyl alcohol conc. of 0.075 M, @ corrected
values for an equilibrium benzyl alcohol conc. of 0.075 M.
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Fig. 6. BExtraction of OH into nitrobenzene: O from 0.437 M TBAH
and varying initial concentrations of benzyl alcohol, @ corrected
to concentrations of -unbound benzyl alcohol and for organic phase
TBAH activity coefficients; A from 0.47 M TPrAH and varying initial
concentrations of benzyl alecohol, &4 corrected to concentrations of
unbound benzyl alcohol and for organic phase TPrAH activity coeffi-
cients.
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Fig. 7. Extraction of OH™ into nitrobenzene from 0.437 M TBAH: O vary-
ing initial concentrations of 4-methyl cyclohexanol, @ corrected to
concentrations of unbound alcohol and for organic phase TBAH activity
coefficients., :
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Fig. 8. (a) Suggested structure for the extracted hydroxide

species,

(b) structure for the extracted hydroxide if

water molecules occur as bridges between OH™ ion and

alcohol molecules.



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 hils employment or contract
with the Commission, or his employment with such contractor.
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