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solu"GiOil$ of .aleoh.ols in 'benzen.e and of tetrabutyl ~.d. te'tJ."""npropyl amm6n.ium 

hydroxides into dilute kliOlutions of alcohola 1r.1. nitrobenzene has: been studied..· 

e.ra.e vuriation of the ~action irrto 'hrm.zene as a. ~ction of t..'!te aqt.l.CO"'.l.. ba.se 

conet."n·t.ra.t:lon et a fixed al.cobol conce".lltra.tiol'l .inclicated that t:hc extractin~ 

\ .. 

molecules· of alcohol are eompl~ed. by each e1c'~ted ion pair of the base.. A 

similar study -vrith a. sol:u.tion of benzyl Slcohol in nitrobenzene of .fixed con .. \, i 
j ~ ~ 

consta.nt solvent ia :I.n tna form oi" ·(;tro .dissociated ions" T"ne eX't?..:actions .o£ 

the Smal.ler euha"c.i tute'l ammonium. ba.g.ea into ,raryin~ eortcentra.tions of alcoholS 

in nitrobenzene al.so sho't1ed. ths.t 3 alcohol moleCUles are 'bound..in the extracted · 

. ' . . 

that t"bl3 OH- io."'l alone. pl"'~d.es ·tne turee ·sites for hy~ge~ · botlding ·eo 411he 

alcohol mo:leo-u.lesf.,. and a st:roctU:re felt' ;the er~ed species is proposedo 'i'he 

tri-COOl"d.ination of .. Ghe Oli- ion is COOZ~idered. s~ils.r to that ~f the hydronium. 
\ 

. ( 
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·Dll'EODtlCTION 

~ nattn"e of the ~olvat$.on of the hydrold.de ion has received relati~ly 

little a.t-t•~ntion1-*1~· c~ to the disc~ssiom :111 the ,literature3-lO ·on tha· 
: ' . .· . · .. ·. . ' ... + ' . . .. 
by~a:tion otthe l)iYrlronium ion, ~0 ~. For the lAtter 1on1 too er..ist.ance of. 

three sites Of partial positive Cho.:rt$6, (tlW pl"O .. ~ns) iea.d$ quite na.trua.lly to 

a model , in which three water moleCUles ·ere' cydrogen-bo~decl ti[$b.ti.y in the fir at 
. . . ' 

hydration ehell. Additional lmter molec~s are bound in :f'ur"'~r shells J le~e ' 
and les$ tight;y. ~1-s the Q.istance :fi:..om the. ion increases 1 until too struct~- fG.I.~ 

etlOtigh out wel."ges into that of ord~ vo.ter., .lJ;be hydroniUm iOn (Sud its trl:-. 

~yd:rs.te)' is p~oba.bJY pyramidal.., ~t 'an 1nclieation oithe s~-.hgth ot' the ~ogen-. 
. . . . ~ . 

boo.d.ir~ of th.e ~e 'ttlU.ters in the Zit'at. ahell is given b'tJ the eoJ.cuJ.atiorul of . .··.· 
ll ' . . . .' ·. . . . ,. . . . . . . . . ' . . . ·' .·· .. · .: ... ·. 

Grahn · to:J: a. plano.:r hydronium ion model. •· He calcuJJ:ttea that ·-~. h;ydrogen~ .· · 
. . . ..·. ; . ·' . ' . : •.. · . . + . . . '.' · ... 

'bond holding each of: tb,es~. three. -water ... molecule~ to the ~0 ion hae· an ener_~ . · · 

\ \· : . 

Simila.l.'" considerations suggest that the ey~dde :ton in, aqueous solution .. · ·· .. 
. ' . 

e.J.tllo migh't . hqld Q fir•st Ghell Of ~>a \:tater moleeu.lcs by UnMually stz-Ong l~d.rO•. 
. gen l)o.."ld.a ·s..-,d so be tri•solvated toO.· Ackermann; 1 trom, Q. ea..""Per:ison o:f' the . 

. . . ·. . . ··:·· ·.·. 
. . 

specific heats of dil1x~ sOlutions. of strong e.cid.G m1d bases has suggested such 
·.. ·. . a . . . . . . . . .. 

a model, a:ad fl"ank baa made .a a:!miJ..ar pro:poGal on the basis of the similarity . : 

. of the broad. ~ 'bwl.d.a· of RCl ~d. K01l aolutione, the .relation to eaCh ot.h<:n:>.of . · .. 

. . . . . .+ . . .... . . ' . ··.· • . 
the eillgle ion partial molal entropies ot B end of 011· ; __ nnd the r!ltee of' proton 

transfer in acidic .and basic solutions. 

'r'M~ present authors hoped that experimentel W:J.•ification of the tri- · · 

solvation of the 011 .. :ton could be obtained fi:om solvent el.."tract1on a·tud:ies by· ··· 

.... 
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e merthod similEa: to that use~ recently to :in":oestioa·ce the s,olva:tion of too bydl.,o ... 

nium ,iono 10 »12 In this latter 1'1--ork; too e:t:trs.ctioo of. strong ooids £"rom aqueoua 

oolution.e into dUu:'~ sol~tions of tributyl phospbo:'ce (~Ill') en: trioc-t.yl phosphine 

oxide (TOPO) in octane; CC14; or ~lene1 etc., wo.G ~a.sured. as a. function ot the 

(emU) 'l'BP ~· woro ooncentration.in:;tha or~c phaaeo AU other components 

were e1tber held constant or corrected to ~ ·eonetsnt value o FrOlll ~ J)m!"er ·of 

the ~'iire.cta4t dapcmdenee1 it~ a:bmm tbat; thl"'ee TBP :mol:eculea are involved 

' 
in· the eJ-:tr.ooted ~lexes o£ too. st..1"0ng ·acids 00104., EReo4., HBr; . !if.'Luc141 and 

:a:.~unr1!-, end that th:"~-e il:OPO molecules are bOund to extracted 11Clo4, mte64, and 

HAuCl4• tU'Ui the ac~o4· and Imr ayatorils,. it was p6ss:l.ble to s:tiOl?. :turt;rel.· that 

.'. 

a min~ of one wa:'rer m<>leeUle (to f'om the f'-;0+ ion) iS itrlolved in. the compie;x .. 

?:o apply tb.a Slime sort of technique to stuey the solwtfun ot "'he on"" 

1on1 conditionB for the suceezstu.l. eJ.::tro.ction of' e at:rona 'base into a. dilute. 

solution oz en e.1tt:r~~c·tan:c 1n an "inm:'t, diluent. had ·to be f.otmd... A necess~J 

. . 

con~ a bydrogcn1 e.tom ca:pabls ct (hydrogen.;.) bonding to too hydrorlde ion)) 

bu.·~ not so' ~:r~1.gly e.cidie so atl to react ·to :f'om a. salt and. "WO.tcr. ~e larg~ 

'\vater-i:r!Dolu.bla alcoholS seemed. llk.ely candidates; · and vrere, itl;:'t'c>.ct, success_. · 

. f 

I . . • . . . . . .. 

ba$e be e.s bydro1mobic .a,a !K>OSible, in order to prot10te t.ne dir:r'c;ri'bution in~ 

tbe diltrte or&,"a.."lie e~tant eolution tro:n t."'le ~queoua p~se,· and that the .· 
. ' . ' ' 

cation ilot be cp.pable of bonding to the ~;tracta:n:t tJOleculos. ' Tho la:cter re~ 

. quiremetri# is ne~eoeary so thAt the obsa~d de:pen<ionce of· the. e~wtion on "c.he 
. . . . . ~ 

.. . 

alCOhol conceu~s.tion 'V10uld be. duo Ol~ W the SOlvation Of the ()If b On(l not. to 
. ~. ,· ·, ) 
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neag12:~~!• ~trap~pyl t:mlmonium byd:l•oxide1 !l?rAii1 '\~ obta.il'led. from Eastman 
i ' 
i \ 

Otganie Cbemical.a 9.nd. standardized agai nat 1.\Ydrochlol"ia. acid usizl3 l.W"u."cral :red 

a.S indicator .• · · Tetrabutyl a.tllln()niUm. hydroxide 1. n~, vas prepared ftv..u the bramicta 

salt (Easttna.P Orzanio Clwroici.ils) 'by paso.inS an aqueous aolu.tion of the la.tter · · 
... ' . ~ ; 

mesh, Bio-Ra.d. Laborotor1cs1 l\ic'bmond.1 Califot'nie.), in the bydro7..ide form·. ·It 'W'"OS · 

etJ~dized in the same 1m¥ a.S the TPrft.JI. 'retra;pen·t:.yl ammonium hydroxide 1 ~PAR, 
i 

and wtrahe::cyl ammonium hydroxide, TE\H1 ~tere pi-opared by ·ahB.king auope:--lsiona 
.I ·.. ' • 

of "Lih9ir . iodtdes (Es.s:Gma.n Organic &.aenucaJ.s) in "tro.tel;- 'i.t·t.h fresb.ly pr~d. ail ... 

wr oxide.. These· .were.' s~..Jl.da.rd.i~ed using· phenol red as ~"'ldicator • ~nzyl · 

alcohol (Cl fi'~~ and 4-mthjl cyclohexanol (both from Ee.Stnw.n O:l:'gania Chemicals) 

\YeZOa diasol'lted 1n nitrobenZei'lG (Eas"cms.n Organic Ch€'"llicaJ.s) to give stock SOlutiol"..S . . 

ot 0~100 M and 0 .4ooM concentration respcct111--ely, Other Solutions were prepat.ea 
·- ·- ... , . I 

by diltttion.; )3~llrly; ewck solutionS Of O.iO! deeyl alcohol (!4:lth0son 

Coleman· and Bell) and. of. 0.15 l·i benzyl aleohol 'Were ;prepared in benzene (Allied 
. ' .... t 

dilution" 

Procedure.. ~ro nu. of' the base~ l.Yhen. usi:ilg fPr.iUI and Tl3All soiut:tons ~· 1-1ere added 
~ . ' ' ' ' 

THAH solutions and. benzene solutions of the alcohol 't~:re. usedi tlte re:'r:;io of the 
I 

volumes of ··the. 'ba$e t9 .the organic phaso was 5 to 15. The mixtu:t"es wero eh:niten 

for &l hour on a mecban:teal shaker J sha.king for s.. 3..?-'rlger period (up to 12 hours) 

did not eh.a.'ns-a t:ne re$Ulta.ind1cat:lng that equ.ilibrill'\ll had aJrsoicy" been llclrtwed .. 

<Jrnen the mi."t'~ure \ro.o oen·trif'u,ged end .the. ~tO phas~s we;ce separated. 'rtto 5 ml 
' ' 

aliquots of tl.W QJ:"e;anic phase were ebaken 111 tb a ml of watm" for about 15 m:t1·1u·tes. 

end 'titra.teti againG~ 0.0100 N RCl.. S:im1~ el."tract~na \!era per-formed tdtb. no:. 

alcohol ;p::csent in the orgc.nic phase in OI'del"' to de~e _.,00. COl"!"eCtion. · f:or 

t,.'!je ~lh.~tions into the sol'VCnt alone~ 

All e:~;.-pe:rimonto were d.o."le e.t room ~ture, ·ag· ± 1a°C• 

. ~.J 
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Va!--yi..'lg eonc<.ni~:r.l.1tions of !f!RlUI >tve:r:~ cdd.oo to 0 .. 100 !<1 beueyl alcohol :tn 'benzene 

are c;iven in Table I.. ~q>le..'"lD.tiol'tS fClo tha CO!Tections msde in ordQ.r to tu""'L"ive 

<at the resUlts listed m' C01W1ll'lfl :; and 4 of 'P.a.ble I are given in th~ discussion< ~ 
. . ~ 

section.. Similarly; the ,data for too extraction of va:r"fln.?; c-onctt:ntra·~ions of 

JI.'E"Ail irLto 0~100 M decyl alcohol ~ll t:Jo...menE1 a:t·e gi·ron in Table II, tow TIL'ill into 
~... ' ' ,. ' .. ,, . 

9.,075 £!'benzyl. ~~c~hol in benzene in 'ruble liip and for T"J?At"1 in~ OglOO M: 

benzyl 1lloohol in ben~w..e ill ~a.ble 1:'{"' !J.?here 'tW.S neglig:thle e..'C"w:."e..c .. c:1on of TPAll 
' ,. 

i l 

T.l:te e:;c.tra.ctions; of OT:r into the O:t"C,'an.iC phase WhE;n a g:'LVGI'! volu:cne of G.· , 
. . . . 

:f,tv..ed :i.nitial. <J.O:ncentration of THAf1 or TPA .. 'B: 't!ltlS added to ·r,ra.:eyiJ.lg ooncen"t:rationa 
. ~. . 

of· benz-yl alcohol in b:e:nzelw are e;i'iten in Ta:ble-V (initial concentration ofT!~~ 

equals 0 .. 162 MJ, ?~able VI (::l.n:.tt1al concentration of TP.lUI equals 0 .. 305 I>t), enc.!. - . . ' -
. i 

Ta.b~e VIII, gives the e:h."tract.ion o:f' ·the on;& ion into t.he Ol"f:O.U.ic phis~ . 

.'t·11'lel'l var-.rl'l:l3 concentration.s of ~~Jl are added to 0 ~0'75 M bermyl alcohol in ·· ·' . . . . . - . · .. 

. . . 

eoncent:ra:tious o:? t~e base :tnto pu:re nit:t~benzene Md the concen"crotions listed 

:in oolw,m ~ are -those o'M;a.ined. e..f"ret> sui:JtJ~acting t;he bJ.a;c'"'lk.s., ~r:plru;mtions for 
I ''• , 

. ·. 

the 00l"T¢Cl'tions m..9£l.e: j.n O:t~der to arrive a:t theresul.ts e;iven ill COlUll"Lr:l.S .3; 1:., :i.l'ld 

5 are giyeu la;ter. 
·, \' 

Tb.e data. for th~ extl"aCM.on of o:a"' :T.:n:to tls..".) organic phase 'i·rhen a. f:b:::ed 

. .. 

cents."a;tions of 'benzyl alcob.oJ. in n1:t:;ro1xmzene m .. e given m Tables IX end. X r&s~ 

· . pecth"Bly., Det<;r.t"minatio:ns '~<rero m.e.de o£ tbe eY.:~"s.ction of TBI'ili a,."ld TP:r:·At! i.n-to .. · 

p~e ni"w:~ob~n7.ena end, the equilibrium co:nce11~trat1mls give11 in column. 2 are t..11.ose. 

ob"h~.ined aft;eJ." su'btrac·i;ing these bJA:nkeq T'u.e coJ.'Toctions mr:.de to e.rri'V'-e a;. the 

. •· value·s. gi~..ron :1:.'1. colu.nms ;3$ 4,· 5 and 6 are· discussed. later; _SimilB;X'lY, the,, data for 
. . . . \ . 

··.! 
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the e.iCtraction of, e. sol~tion of crBA.H., in:i:tU>J.ly 0.437 !,; in"'oo '\i'arying concen- \: 

"cra.tionsof 4-m.ethyl ayclohe~iAnol ir.t nitl~o'benzcne ia give1\ in Table XI. 
I ' • • ' •' • 

DISCUSSION 

·The <;!qua.tion for the extraction of a tctra.a.J.k.yl ~onium hy\lroT.:id.e by. . .. \ . ~ . . \ ' . 

a dilute solution of au eJ;cohol in an "inert" solvent can 'be written ~ 

. + . fy/1 ,;. ~ ~' •. ' 

. R4N ...... 011 •nROH(o) 
' ~ ' : : . 

(l) 

+ -
R~~ (o) ~·OB •nROH{o) (1 ') 

\ 
! 
\ 
i 

t?here eq •. (1). represents :crea:tion of an io~ .. pair. in the organic .php.Se, W'n;tle eq. 

(1') shovta the formation o:f ·a pair of dissociated ions. lfuich expre3siond.a 
' ' . . ' ' 

' tl'ic constant of the solvent. T'ne possible influence of 'i¢.9.ter on the m.."traction 
' I ' 

ll!:la not been shot-m as it v.s.s not detGrm.ined in tho present study; but all aqueous 

solutions used., were dUute (<0 .. 5 !!) so tha:~ no, e:P~re~iable changes. in ~--a.ter. a.&.'..;i .. 

vity occu.rred dw."ing these ~cperiments. 

(R~+It ••• OH .... •nROII) 
K (2)' = 

(Ro:ut(n4~) (O!C) 

(R
4
N+) (Oif' •t'lROR) 

(2') lt. = ·-(ROH)n(R
4

tq+) (OR~) 

To. determ.ine v7hich is "Ghe con .. ect eJq>reasion1 the extraction of tb.e base 



.. , 

U!"t'.:'L 10° .... '7 vn - <..>';}:; 

hyd:s:•oxid.e con\ "*ntratio~, keep1J'i..g the equi\.i·orium alcohol conccntra.tion 1n the · 

organic phase t\'nstant. Under this con?lition, eqs. (2) o.t'ld (2') sinl)?li.fy to. · 

K' ::~ 
[R1lN+." .em· •nROHh 

.......... \ ............... 1 ____ _ 

(n4xf') (on-) 

+ ... 2 [R4N ] [OR •:·.ROII]-y± 

(R
4
N+) (OIC') 

,[Oil'"'] (o )1' 

(Rlt-tt). (OIC) 
(5) 

t."here bro.cl;ets signify eoncent;:-ation e..'"ld po.renthezea indicate activities, and 
. ,. . 

_ [orf'](o) is the ooncentrotion of' _the hydro:r.:ide species in tb.e orgu..:...,ic phEI,se·. 

Similarly, ·to determine the number o:f' alcohol molecules coordinated in , 

the e.l.."tr&eting species, the equUibriUlll ar£J.eous phaSe base conCClltre.tion can be 

· held fixed and the er~raction studied tis a. function of the eqailibZ"il..Uil. alcohol· 

concentration in the organic phase. With this condit;ion,_ eqs. (2) a:nd (2') 

· a :impli:f-.1 to 

K'' = 
[R4I~+ .... oR"' ·nROil!y 

(ROII)n 

.[R
4
N+] (o:fC •nt\OH}y; 

___. e • 1:1 

[Oll]~ofY. 
(ROH)n 

(4) 

In the majority of the C}.""PCr:l.Llcnts performed in this ·atucly only lou con-

ceu.'1trat1ons of alcohol wre used; end so it 'tms not necessary to take into a.ccount 
1 .. 

the :posaib:te organic :ph<.iSe dimerization of' the la:rge alcohol molecules em:plo:i~d. :;> 

Fur-t~ r.n.ore; only a small. fraction of these alcohol tnolecules '\·:rere :involvC!d,. in . 

too e::..-tracted co-:mplm:_, so tmt the organic ::91100e essentially retg.ined tho Pl"'OF0Tt1eo 



.\ i 
of~ diluent., Changing ·~. ccncentzoation c:~ the alcohol should th~ have \: 

·. . . . . .· . \. 
: ... only a sme..ll effect qn its activity coef'ficient, permitting alcohol aonc<mtra .. !. 

riona to be substitu~d for activities in eqe .• (4) e.nd. (1~·). 
~ 

~enzc~1e Sypterr.JJ-. In G. solvent with aa low a dielectric constant as benzeni3 
I . 

(G = 2 .. :;), it might be ~oted that too ~)..'"tr®.ating ions associate as ion• . 
. llt. l? 
pairs. 1 To prow that this 'OO.S the co.seD the e::..-traction '\mG "'studied as a 
J ·. . . : 
~c.rGion of the a.quooua tetro.a:lkyl ammonium hydl. .. oxid.e conce."ltl .. ation s/c· a fbred. 
~)' . ' -
-~ 

I 
\. 

1. 

4leob.ol concent:ra:t~on. Aesuming for the moment that activities can be replaced. 
~ . . 

I •· 
~ 

'by concentration:s1 it can~· eeen that eq .. (3) requires a second· poWGr dependence 
. . . •.· .\. . (. ' 

of [OH j(o) on the aqueous phase tetre.alkyl Wnmo!lium hydroxide concentratio~ · 

vthile eq. (3') requires e. first 1:>6wer de:pendence9 Figure l aho"t."S a. log-log plot 

of (mt"](o) ve a.q,Ueoua ~trohexy~ ammonium ~ide, ~, for the extrao·!iion 

by' 0.10 14 'benzyl alcohol '!L"l benZene. It can be see.."l that a slope of 2 is indi ... 
. ~ : . . ' 

. cated for the mo1ooe: dilute aqueous solutions 1 but these data. nrJ.Gt be, corrected to 

a conet.s.nt e~brittm concentration of uncoorclin.a.ted benzyl alcohol in order 

to ss.tisf'>; ·~ requU'enent of·eqa. (3) ~d (3') •. 'J!his has been done in colum."l 

4 of Ta.ble I by calcuJ.a.til'lG e. cor:reeted organie phase· bydlooxide concentro.tion9 

[Oif"]toP by mea."'lS o~ the expression [OI{"]lo) c; {OH ... l(o)[Rollf'J[rton]5, vne-..re 

the. primed quantitie$ refer to the cona.ition of constant ·alcohol eoncentratiot'l 

end the unprimed quentities are the elt;t~~ .. imental value$ e.c·~ determined 

(conert?.l'lt :t;r:d:tio.l alcohol concentl"a.tio~, :rather than a constant value at~·· 

libriu.m}. 'tb.is third )?O"t>re:r rele.t:i.onship comes fl'om the results described in a 
. t . . . 

la.t:;rt> ~a.gro..ph. IJ.'he eo~Gcted ValueS; [OI:(](o) are also plotted in Fig. l, and. 

a straight line of slope 2.0 ~ dre:tm through ~them. !t can 'be seen that the 

points follow this l:tna ~ tq about 0.,07 t4 base, after which tba points ste.rt 

to level off tmd increasingly till belotq the line. 
. . 

·The fact that the corrected. points d.ete:rruina a l:lne of olo);le 2e0- indicates 

that tne extreo"'ing TI:If.W:-al.cohol co.."lplex is an ion"'pail:> 1 ns e:~!.-pect~d.. The· feJ.l-: 
. . . . 

off in the e~~"liion at higher aqueous conccnt-ratiO'llS seGms to us to swr..:E;est tho 



. ·.· 

' : 

.,. ,, 

micelle concentr-o.t:lon is pa;ased &"'ld. m.icellea fo:r."'l, the ac"civi:'cy coef:ficien:t; ·~f · 

th~ aqueous Tlll.U!- decre::w0s and extl~action should deviate fi4 om thG slo:pe dd'&er* 

_mined by tha lllO!.."e d.:llu~'t solutio!!., T9 showr 1 in fact 1 th:..,_t thiG devio.t:J.on ill_ · 

. e~cractimi behay:tor is. ru:.t. ·ag_U(:.'-0'\la phase efi'ect, the extraction -wa.a rcpeatecf at .. ·.·.·. 

a lower in:l:'~:'Lal benzyl al.e:ol"J.Ol conc<!:nttra:~ion, and a.1a0 tdtb. e. d.-liferent alcohol .. ··'' 

8.lcohol.and Fig. :2 sho't-is the dat.!l for Oo075 H benzyl alcohol • 
• . . .. 11 

vs.lues oZ. the_ organic pha .. se b_:rdroxide concentration, [O!i l(o )' 
.\· 

! 

plots il indicating s.u io:u-;paj.red s:peoics. B'.at O{~a:tn 1ihe points deviate ~yond · 

th€1:t concentl."ation:l' end in a :prs.t"allel l'll:a.lmor, CVGn. t110ugb the m:.:y;;rdtua.e of e;.c"r;rilic .. 

. . ~ : 

X~w t!P.t it has been establ:lcbed. that eq~ (1), :!."ather t~"m (l!)1 re:pre...; 

sent:.s the :reacti.on fo;;."' tl.J.e exl;:i:'o.ction into. systems using l?enzene o.s a dilucn·c., 
... 

the dependence of the erlirs.ct:41g S"J!OC:lea on alcohol can be deta:cmined.. Equ.ation 

:,· 

.. 

":· 

' 

.• . . ", 
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molc<:.'Uies ·uwolVed. in· the comple..."t .. · ~able V ~;ives the data necessa17 for such 

·a plot £or t~nzyl alcohol _a...,d 3.1."1 initial aqueous T:FL-\P conoentra:tion of 0.162 i·i. 

But· since a va~-y~~ amount o;f the base ex'~aots 1 ·these· results must be ccr-cect...od 

to a conste.n.t equilibi-ium value of t.lle aqtteous bs.se eoncent:ro:cio."l in o:t•del~ to 

satisf;y the requtrement of eq. (4). This can b0 clone dil·ectly from. t1w curves· 

in Figs.' l and. ~~ . and. the corrected. Val.~s of [Olt""] (o) ara given· _ill coiwnn 4 of 

'I'clll~ ·v a.."1d are plotted in Fig. ;~ (Deeause the 'cel';traction does not v:;;ey much 

uith aqueous T1JAR concent1 .. ation in the :region around 0 .. 16 M; .TR.illi,;; these correc:.. 
. . ~ -

' ' . 
value of n :ill 2.6, 'aucu;es"t;ing that three alcohol molecule~ are involved. per ori\' 
\ ' ' 

-~t :if so, the tmJ.Ount ot alcohol corresponding tO three times ·the extl.·acted. 'bas~ 

c~ncentration should be .subtracted from 'tnc initial alcohol concentration at 
~acb. point to give the true equ.Uibriuni alcohol concentration ill too 6rganic 

•.I 

l,)ha.Se. ·. ~se corrected equilibl .. iilm concentrations, SJ..--e given 1n coll.l'Jnl'i 5 of 
' ' 

Table V~ e.:nd. are plot-ted as solid triangles in Fig. :; • · This ·final set of poirits 

sa.tisf'ies the conditions for eq .. (4) e.nd yields a slope of n = 2~9+• 
' .. 

Similarly, Fig •. , also sbatvs a. plot of E'A"tracted baSe va organic phase 

~yl eJ,:cohol conee~tration for 0.305 :M Tr-Ai, a.~d Fig •. 4 sb.Ov;rs the p;l.ot tor 

oeneyl a.lcobol in benzen~ and O.o62 14 T!lAri. In ·both oZ these cases,· a SloPe_ of 

3.0 is obtained t1hen the data. are corrected to. the equilibrium conccn·tra.tion· ot 

uncOm:Plexed ·.alcohol., again indice.tinG; tho'l.t thi-ee molecules of a.J.cohol are comple~ed 

by each 'e>:tra.c'ted ton-pair of the baSe •16 !t ~bbuld ~ noted •(;bat n6 extraction 

of ·the bases wa.s. observed_ into pw.~e benzene, and that eq. (4) With n··~' is tha 
' ' . 

. ' 
I .. ' 

:oH-:: is valid io"r a. 'tdcler class of ba.se-solvent.·ayatema1 t.:ll'lC11 :U1 particular,. to 

observe th~ extro.ction ·into ~ Solvent Of ~ela.tiveJ.Y bigh d:ie;tect:t:ic constant: 

where the. ionic cetip~c may dissocia~ 1 the extr~tion into ·n:t"~obenzene { G: ··~ 35) 



I ~ '1 ; f' 

... ~··- .• ~_\>t ~.;J){~l·:.~'. 

U...,..,- ., coo' -:;:. ,_,.r;,w-..._ v.;-;,~ 

' ! . 

only canses the c.1.issociat1on of tha e:~m"ected. co:mpl~~~ but el.ed incrct:.;:;co . tli~ . 
. . . 

i 

extraction tre:menc1ously o\rer that into a lmt dielec·tt•ic conat('ln·b solv··crnt s·..tch 

as "ben:zene~· Ti..lis !i'l.Elkes possible the use of smaller substituted. '~ni't!'ct cat~ons,· 

a.."'ld.~ in ft:...ct;, req,1di"EH3 :their USe; as extrac"cion into tho SOlV0l1t· alol'l~ becomes . 
. ! ' 

\.' 

:·,. 

:1. 
. . . . . ; . 

'· 
~~ .: . ' I·, with nitrobenz~ne vre nrleht e:~~t eqs. (1').,(2'),: (3") end (l}') to ap-ply! 

."\.>" 

tip test tihcther the extrac·ted S]lecies is ~..deed :d.issociatcd3 the e4·tract:ton at ' 

~li was studied ·a.a e. f'u..'llction ·o~ the aqueous base concentration, hold.in5 ·we. 

i..""litis.l org~..Uic :phase·beliZyl alcohol conccn:tration. con::rta."'lt at 0.075 M.t T'.ue · 

:Plot of the ra-vr data.: given ·in 'C011.lnll'l.S l arid 2 · of Table VT..II and ' sho~.m as open 

c1l:'cles i.ll Fig~· 5 b.s.a a· slope of l·ovc~ the entire, i~a.."'lge.- o:? c0l1centra:ticn studied. 
. . 
as required by e q ~ (:; t h a.Y!d suc;gest:i.llg that the extracted. ions a..~. incleed dis~ 

sociatcd. Bu"c to· ntrictly ccm;ply -vrith -'che· requirer.J.ents of eq.: (,3 1 ) these do:ha 

rilus·t be COl'Tected 'toi'.t=l. const::mt ¢quilibritl.m ·conc6~--~ra4.:;1on of·v.ncOltiplC:<ted ·o.16oho1, 

and the cha:r:te;e in aqueous ;phase a.ntl organic plla$e 'actitd .. ty· cocf'fic:tent.s fo:r ~{;he. 

be..se' must· also be considered.., ·The· conect1on to a constant eq-tlilibrium · a.lcohol · 

>: 

· [ott•l(o). = [oif.l(~)tnon]'3/2j[no:s;l:?/2,. 

obtained in a :t'ollovring ~agraph (eq. (4'} .t7itll n = ;5) 1 e.nd the organic 'OO.se 
~ ~~' • J 

concentrations eo obtained ara listed in column 4 of Table .\iJ:J:I. The corrections 
'. 

I ' 

a-V"Silo.ble tor ei·thel:' phase. In "Glw range of concentl"etiona of Tll'L'Il in nii..-ro

benzene used., ~~d l~::..; !!.~~ certainly the ~-ost important effect on an ion iS. 
r . .. . ' • • ' 

· tha.t of the eur.rou.."'ld.ing ion environment, &td so an eX"'rendcd Dabyc-Hookel e~:Jl•cs-
'· 

•.. 

. " 

.. .. 



.. 
'. ' .. 
' . 
'' 

'· 
' 

~· 

'· 

J·. 

I) 

.-u-

·-. AIZlZ21.Ji: 

l.+B~ 

.. 
• • " I , ' 

In this ~sa~n, I 18 the 1cm1o. strensth1 Z:J_ and z2 are the ionic cll.arges, . 

A • 1.8~ X 106 •. (mol~/l)""l/2.(des ~)5/2 B a 59·?2 x-l(mOJ.e/l)•l/2(deg K);/2 
. . (d)?;/2 '; .· . : I .. , (<fr)l/2 . ·.. . . , ':. 

WA is tb$ molecul.ar weight of t.h$ solvent and WB that ot tba solute, M is tbe . 
.· . . 

molarity ot tbe l!JOlute, ~ . 1& thGJ number ot moles ot ions formed. per tOl"mUl..& 

wight ot the $Clute, 4
0 

1S tbe density.· ot ths nitrobenzene (and 1s also aoiJUml!d 

to be tbe density of the d.'Uute solutiona uaed) e.nd i ~ tbe distance ot 

closest approach pa.ramete:-.17 For nitro~, c • ,5.6 and T • e$151 end eo 

the values ot A and B e:re 1.70 and 0.4$0 ~spoct1vely. · ~ d1ft1culty 1s in 

eat1m3.t1ng ~value or a to use. In any ca.sa tho result 1s to pEU"tielly over

COI.\1$ the 1ncl-e~ du& to the correction to a cor.lStant equUibrium alcohol con

centration. )or a not unreasonabl$ value ot R (but perbaps too sma.ll.- a one), 
0 . 

R • 4.0 A1 the alcohol correction .io c.l1.:aat exactly compensated for. Column 5 

~ ~o.ble VIli Usts tb.e corrected equilibrium mean base activity 1n the organic 

phase and thesa at"G plotted as t1.l:led ci:'oled 1n F1S· 5· It ee.n be seen that 

they ere cot greatly ditterent from the open circles ot column e, the uncorrected 

equillbrium base concentrations. 

The ~ffeCt: of e.qu~ua pbas~ aetivity .;,!;: .. .Sf:tcients 'zor flWI 1s ~ dif ... · 
ficuJ.t to e~t:S.mate, ·as 1n tOO r~ ot ~ncentr:.tion em,Pl.oyed, 1.02~10° !!, the· 

actirtty' Coetf'ic1ent :18 mOSt 11kely. not a mono~caiJ.y decteaaina function ot 
the'concentration.· But tluJ C~$ =-e prO'bab~ not ·vei:! large 1D this~; 

the. :eoetfi~i~· ~os e~ly (~t ].,~) t\-om 2 x 104 14 to &. concentration 

·or a tw tentba IllOl.a.'t- and. then ·mcreoseo.18 Au of tho correctiona ~n . to~ 
I 

' 
be. oim1 la.r to the or1g1nal &ita given in COlUlllllS l and 2 ot Table VIII. ~ 

' . 
the. oOnel.uston that e. elOpe ot unity· is obtS.ined. and that 'the extra,ate;. species 

:t.s 1n the form ot two dissooie:te~ 1ona is beyond clla.n.ge by the corrections~ 
' . 

1'h1G meo.ns tbat eq. (4•) Sbould be ~to a.eterm1ne tbe value ot n, the 



. ·.·· 

;.··. 

. ~ . \ 

o:f too extraction on aJ.cobol concerl.tra:~ion in n3.tt"ObG!nzcn<:J. In Table !X are the 

I exr_,e:r.imentaJ. data for the. eJrliree·tion o:l TlMJI i-Tom &"1 ini't:.ia.lly 0. t~37 M aqueou..s . 

solutiol"l into \>-arious dilute benzyl alcohol solutiono :i.n nit;:oob-..,nzene. B>J.t ~tga:1.n 

these dat.o. iuv..st be correct~d to a cons~cant equilibrium. value of the aqueous base 

concentration to satisfy iilie req:uireme:.lt of' eq. (4°). T'ilie ha.9 boon ci.one a:zzu.m ... 

il~ th.e fi:rst lX"iw~r dependence of {OI(']1 ~ on o.queou.s .[OB; .... ) iodiet1ted. il1 F:lg.,. 5.; . ,oJ 
atid ·tn~ l"eS'I.tl ts ~"a listed in oolu.~ b,, of '!'a.ble IX and sl:l.o\·m as 0'0011 circles in · · 

. . . 

tha:t tlu'\..~ alcohol m.ol¢cuJ.es are oomld 111 ·t-11e e:~-:tracted com.pl~~ par hydroxide; 

t,he fact..~ ;ja ~"s:ther ·cl:w.n ' com~ f.t•on1 the :~rzult$ alr3ady G::}tabliehed in the 
0 . ' . 
!.' 

Pl~Ced:i."P..g pa:ragt"d.ph..'il' th..~t tl:lcl S]taCi®l3 ia d:1.$SOcio:ood mt,o WI) ions D %.4\l.toor tb.;-m 
.lt • 

00~.113 en ic;n~pa.il" aa tn t.he benz7ane solutions of lc>iJer d:ir.11cctric conatarri;;. ·Pit 
~ . . 
;I • ,. 

to :r.i:go!'O'U.Sly tu.lfill the cc.'1clltions nec.essGr'.f for t.,_e e.p:plica~iot1 of eq. (h~) 
. . ,. l 

the ciquili'l.:r'"i'UI!l org~IIliC pha::Jtj alcohol concentrations~ lt'ath'2l!~ tl'lZ.ll the initio.l cmi- .. ·· 

c entration, ahol.lld. bs used.., and the ore;e.J:d.c ~e activity coeffic1c;nts f~r ':i::Ofill .. ·. 

should re u.aed.. Tb.e co~c:tion to t.J:'!..~::t Ur."1iboni1\l alcohol con.centra:~:ton is ensil..Y 

~ by subtracting tbl"ee timea tb.e or·gs.rJ.io bass con(;entratio!l from t.ue initi$1 

'I'BAR acr'ci'\tity coefficients my ti.ga:in l?e l!'.pp:roxir;U:~.t0'J lr.r ~ Dcb;y--a ... UH.cl:.0l mr.r.A .. essiou8 

·. ·. . . . 0 . . 0 ... ·. ·,_ .•.. 
e.nd t.he fio:U. conected. mean aetivit::ru ~1, (for en a c.t l~.o A) ·io lict.cd :1Jl. 

;· 

col'U!"".ii."l 6 of '!"'cl>'ble L1:. A leg;,.log. plot of. this t".leail o:t.~gon:tc pb..ese TB!Ui ac·t;iw--:1 t~· va 

the·equilibl.'"ium orga11iit! o.lcohol conecn·~ation ia also shown 5.n Fig. 6 .e.o filleq 

. ··., ·. 

·in ~able :'lO: he..Ye been corrected as 111 the benzyl alcohol m.."t:I."Cct:i..ons;. ana. tl~· .. 

. final oot'"l .. ecu...a. :results.: ·t;oo filled cil"eleo :111 F'iS• 7 agail1 gi·v-o a slope of' 1o5 

-~ 

. ;. 



system_, tbe extl.~act;l.on of T?s;>PJI. by aw~al eoncel·rtrations of banzyl alcohol~ 

a.lao cle't;ermin~.. ·~~ ~sults ~e given in f:'able X,~~ and o-c;ain the originE'J. data. 

in the. first thl;>ee col~ t.""U$t be co~"ected. to a cons·Gs.nt equili'briwn ac.r..w~ · · 
. . . . . . . . 

bsse concentration ( col~l 4 )$ to .. ,he unbound e.lco'hol concent;ratton ( coltmlll 5) 1 . 
• ' • r 

t 
The resul tll 

• &rQ sbmm: .in Fig. 6, and it can be seen :toot a slope ·of 1.5 reaul:ta,:~ and that 

the ex'G~tion ia less than that fo1: ~by a. little more tha11 an order of ms.gni:-. . . . 

tude.. This is a smalle;r drop >tdth a da~eas~ in size of' fo~~a -groups than 

~a observed L~ the benzene ca~. 

;IJ:hus .1t can. b.!: seen that an alcohol to b-~e t"ntio or.' ·co 1 ~.s- obtained . 

i..ri each. cas~ for .~th benze11e and ni tro~nzene systems • t1.s :ct'E;l'ltioned. in the 

. I 
• . I I 

the o..lcohol .molecul.os, ~d eo it is stJ:ongly. aw,&.rested that the comple;~: io built. 

· .tU"'un<l the hyd.ro:ttld$ ion •. In .. fact-1 it is ~asonable to ass191 "~;his role t .. o tlie 

Of!.- i,on_, ~ it bet$ tnree (nee;ative) !ilites of electron:a available for h,yili."ogon ... ': 

bqnd.ing to tho aloo~l molecules, and. the.oe bonds ohould be f'ar t.stronger than \ i 
. . , I. 

I 
. I 

usual bydrogt:;~n-oo.ads 'because of' the illfluence of the nogatiYe cbarg-e on the ion! .• 
' . . ' '· . ! 

. I 
T'cd.s is .exactly e.nalogous ~ the enha-"lood. st~ngth of the h;y-drogcin-bond;s fol'i!!Cd \ 

{.. . 8#ll . . . 
by too 1LO ion as diScussed elsewhere. T1w result is a str-u.ctu:re for too ' . . . . . 

el.."t:re.cU>d hydr~dd.e species sb.otm in Fig. &.. Since. too· vatw con·tent of the . . . . ... 
SpecieS 'fe.S not de·~d_,. it iS not kn?\•TA tvhet..'ler wat,cr OOleCul~G OCCUl• as 
bridges bewe¢n tb'"~ 011- ion e!ld the ·tr..-r~e alcohol molecuies, Fig. 8b, as r.as been 

10 . 
suggested. tot.• the extraet1on ot the bydroni'U!:l ion 'tritll T.BP... . Such a .-c.risolvated 

~ .. ' 

hydrOJticle iOll is Similar to the. a~ous r.hase S!Jeciea ~ested. by Frank, 2 but, 
. . . 

. differs :£'rom.· th~ .· eaa .. ller i?l'OpOsal by Acl:erman.,:, 1 :1.n n.ot bilv:L'i.g one of the byW.~ ... 

gen .. bon<led s,ol"ront l'lk?1~cUlea (llgO) bound to the bycb:o:}dde by<h"o{3Cn1 bu.,u on~ to. 

' ' 

Tb.e l."csnl·ts of .the extraction of W.Ji and of TPJ.'ill :trrto L alcoholic:.:~·:,.:·::,:.:, 

. benzene ·solutions.;:. , ·' ~ .. : · .~.;;·; .· ';.. ·.:e~ ~ j c.nd ·of' 'l'PrAE end Til'Ul in·oo n:ttl?obcnzene solu

tions of elcohol Sh.cn-7 ·~ influence of catioll s:lz~ on "'c;he e:zttl"'C.C'GiOl'l. A larger 

. 

. I 



! '··: .... "!·' ' 

;· 

is groote:~."' 1 the larger the ion., for then the g1 .. ea.ter the intcl .. fel~Gnce. 'l"ho. 

other reaao.."l ·is ·due p:t•:iwAriJ.y to an ion-solvent ln~roction; the elei-l;rostatic 

~oe: less t11e J..a:r.~g0l. .. the ion. · This ean be s~en most siw:'.oly £rom t'he Born e;;:pres ... 

sion19 ·for the eleot:r·oeta.tic f:ree energy ·of tl'W'Wfel'" of iOna of chr•:t"ge Z.f. and_ 

Z ·. ena. si~e .r and. 2_.. f'l."'m tater iltto an Cl"go.nic solvent, - + ~ 

1?. " 2 17 z "" e .u-i 
) ( AFeiect, :¢ll - 2 

(- :_ ... -. r+ r ... 
(5) 

Al.though this :r:;o$1tive fres ent~l~{!S is ~t;.ially. c~nse.ted for 'tJy ion-:pa;:lring of 

the· cation. ~:l.;nd. &11on i:>:l:·,lo't-r d.:t.elec·b. .. ic oonotant r..tedia; the cc::rpensation ia only 

., . 

of' fom" ..CR~ .. a,l"'u.:ps. in go~.n..g f:!."'tll 'l.'PiW to ~B'f-lli found. in thia vor-k :i.s cbout 100., 
. . .~ . ' . . . . 

in e.g!.'eerne-.at 'W1 th the f'&J.Ctor :; per ..CH.;) -group found ~J Collc...'ld.er for the e~"t1•ac.-
. .. . ~ . . . . . 

. . -~ tion of a 'tdde vaz.. .. iety of or&<Snic sr,:eciea ~ 't·ta.tcl.. into diethy'l etheL ... c. 
. . .I 

On the other hnnd$ -·t.he pJ:"esent recu.lts fVZ' thg ~-tl"act:iol'l into nitrobenzene 

media. a.li.O";<; a. £Ji.mi3.ller effect per .CE ...group. ';!:lw diZfm"ence . txrcvmen ~'r-T.All anti · Z&IW . . 2 
' ·' . .. . .. . . 

is a.bou:c a :f'o.ctoz. o? 15, or m. flM!tor of ~ per ...cu9 .. 8l"Oup. tb1-reveru. this snnl,.ler. 

ei'i'ect is ·to be e~'ec..,ceti from. eq •. (5); ~ the much lm .. gct-' diclectl"iC contrt.uut of · 

I' 



? 

.. 

/' 

/ 

ouch bettor eJ.."troction of the bc.Geo ·into n:ltrobonzena thL'J1 into b011Zooo oolutiona .. 

' ' I ' ' 

pu.rc nitr-obenzeuo,·· llii:.b.ou.t a."iy alcohol present;; to mske diff'icr.Ut the otudy o~. t.b.ci,r· 

e~traction by ~li~ .mthod._usod in Jli...'lrl.O re].)or'v;. the necococ..r-J blank correction for £. 
; ,· ' .j ' ' ' ' ', 

t~eix c:;t~;>.ytion' into ihe ;pure solvent becomes too le:r(;e. · .. But ao h'?,s bceri. pointe~ . . .· 
.' ~ .' . ' .. 

&~t r..)Cf~ ~ such high d.:l.electl!iC consts.n:t ~"'dill m.o.l:.c very c;ood. cr...rc.ction so:i;v-cnta ·· 
~ ,.,... ;· ~... . . . . ; .? . 

,:J' , 

for 1.a:t•gc ion ~.rst~ ~ 
,-;-/ ' . 

/' ' . . ' .. 
In t;jmnm.-:rJ it c;.;;;n be ·said that. the p::.--esent t·rorlt' i ~s c:;r'o.:'.!.bliched the t:r:i- · 

! ,_ ' ' 

coordina;to/"~tu..-..e of the bydr~tide 1on1 similar to that of the b;ydroniU1n ion. It 
/ .. ,,1.{ / ' . . . .... 

reua.inil for :ru:r._tm r stuclies to determine t-7he~r a tri .. eydra:tc:i spccioo eo...11 actually · .. 
_// ~~ . . ' 

br.~~~olo.~ ~·the e~ciion. 
: . . . 

• ! 

. :l 

One of the authoro (B, R .. A.) w.iohea tG th.'U'!l;;. the United Sto.tea !~G>tionai . 

Acef1t::ray of 6eie11cea for his a.p1,)oin:tmcnt under "che Viai·!ling neoe~~ Scienticr~o .· 

Progr--~ 't1hich ~nQ.bled. him to conduc·G toia reoca.rch. 

.· 
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14. N. l3jerrum, K. Danske Vidensk. Selsk. L I~o. 9 (1~).; "Selected Papers," 

Einar' r.funksgaard1 Copenhagen, 1949. 

15a.).) C. A., Kraus and R., M. Fuor;Js, J. km. Chem. Soc. ,221 21 (19.'53). 

15b). R. M. Fuoss and c. A~ Kraus, J. kn.. Chem. Soc. 2_2, 1019 (1933) • 
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. 16. • It should be noted. that the correction to uncomplexed equilibrium alcoliol . 

concentration is not the cause of the value n = 3.0. Making the correction.· 

·by ass1J.1ill,ng 2 or 4 molecUles ot: alcohol tied up pe~ bydro:l::ide ion extracted " 
I, 

does not ·lead to slop~·s of 2.0 ·or 4.0 respectively,; but only to values ":-

slightly di.fferent from :;.o. 

11 ... R. A. Robinson and R. H. Stokes, "Ele.ctrolyte Solutions·," (Buttervlorths 

f' Scientific Publications, London, 1955). 

18. Such an approximate est:t.mate of the bab.avior is obtained by extrapolation · 

from the .known behavior of the coef:f'icients.of CsCl, CaOH1 and tetrabutyl 

ammonium ·chloride. 

' ' 

20. R. Collander; Acta Chem. Scand. ,21 717, ·(1949) • 
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Table Io 
_lli;;tractiol1 ·o:r '!'Will i11to 0.100 £! benzyl alcohol in benzcn~~ 

Equil. base' 
cone. {aq.) 

_,. 
10-

: . _n 
9.50 X 10 '"' 

6.00 X 10 ... 2 . 

.· 2 
4o50 X 10"': . 

3.1o·x 10:..2 

' ·-2 
1.70 XlO . ··. 

lo ===== 

Equ.il. bMG 
cone. (o1;g.) 

8 .. 60 X l0-5 

a .. ao x '10-:; · ,..-
. . '!'! 

6~96 )( 10-;J 

·,. 5.28 x io-3 

·. ;5.lG X 10 .. :;. 

1.10 x 10-:; . 

· . 7~6o ·x 10 .. l~· 

.. r, 

Equil. alcohol 
cone. 

I, -2 7•"1·2 )( 10 

'·., .. ·, 7.'36 X l0-2 ·. 
. . 

..;2. 
7.91 X 10 ·, 

.· . . . . . -2. 
. '8.1}2 X 10 

· · \. 9.05 x 10 .. 2 

. '9.67 X 10-
2 

9.77 X 10-2 

Corrected. equil •. 
base cone. (ore.} 

2.11 X 10"'2 

2.~1 x io-2 : 

l.hl X 10 ... 2 

.. 8.85 X 10-2 

I. -.~ . •3 
£-!·.~ X 10 . 

l.22 X 10-3 

a.o6 x 1o""
4 

;).93 X 10•4 
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:r-~ble I:t. 
nx·truction of~ in·to ·0~100! dcc;il alcohol in benzene~ 

Jl, ·· ... ' 

Eg,uil. ·base ·. 
cone j (e;q.) ~. 

. ,·, 

. ' .. 
. · .. , . ~1 ,· 
.LlO X 10.··· 

b -2· Jo .·5 X lO .. 
... 2 

;>.87 X 19 · ·. ··· 

-2 1.58 X 10 . '· ~. 

··: ·' 

· .. ,·. 

. :\. ' 

\ 

: ~ '• 

: . . . 
.. -... 

. ~ ·; . 

;-.·, 

'··""'\ 

·- \ 

···.! 

··- .... 

. ~ ·' 

; .. 
. ' 

'· 

,i. 

. Eql,lil,. ooze 

.eono. (ora.). 

~.18x to"'' 
6.00 X: 10 ""4 ' 

. ' ... Q; 
:1.00 X.lO :· 

';• . 

'··:": •'',! 

. ' • ; .. ! ~ :. ~ ', ' 

·'• 

,··: 

.. t.· 
. ·, ~-

., . 
.··: · .. , .. 

·,, .. · 

: ;;(', ·.·. 

· Equil~o· alcolioi .. · 
OOllCo 

:·-·· 

t "-~ • 

$)e~5 x.i0 .. 2: 

·a .. ¢ x1o"'2 

9•:?5 X 10"'
2 

-2 9•8r? X 10 . 

9.90 xlo"'2 

= -; == 

:'.') 

..·: 

.. · 

;i. 

..... 

_:,. -:·· .' 

.·.·.-;. 

Correct;ed. 
· eauil. bc.sc . . 
' .. cone. (ore.)' 

. \. ~ . 

:·_, 

. 4 
6.,2 X 10"' ,. 

. .· _:-.\' 

' -4 
1.;21 X 10 ._ 

'' ·,. 

.. ,·_., 

i_, • 

: ·-'·. 
··._, ·,! • 

... .. _.· 

... ·.·: 

~--

·. ;'' 

:·:. 
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.I 
(· 

To.1Jle II·I D 

~.,f'r..,··. 

i 
·. l',, 

.. :I· 
''I ,",,1 

·~: ' .I 

:l:;;::to 0.075 g bcr:.zyl alcobol in 

! ~; ' i 

========~==~---~=~---==·========~=================== 
. Ec;U:U o bZlB{:); 

. c~c. (nq.) 

; 

. Bg_u.il. · roso 
cone. ·(o::.·g~) 

tl-):.0 "' 10-3 
"" 

4.6~~ ..... 10-3 
"" 

:;.,91:. v'lo ... 3 ..... 

2i)33 ..... 10 ... 3 
""' 

L6o X J.O -3 

l.J • .,so 
.). 

>: 10 ~ .. 

3?20 X 
.. h 10 C/ 

Er:uil ... alcohol . . 
cone. 

6418 v ... ~ 10-2 

6.J..l X 10-2 

r:' ~·~ -2 ..... 10 o.:.? .... ""' 
10-2 6.61~ ... 

"" 
1qq2 ~< 10-2 

7'56 . " X 
...0 

10 ..... 

_o 
'('):-0 'V 1 .... \ """ ,.. _v 

--~ 
~.,..,.._,_r=: 

Col··rcc't;::·J. 
eg:uil. b:!.CC 

CO'l1Co . (o:r-2:.) 

7.87 -3 
~' 10 .. .. 

8~57 )~ 10 .. 3 

6 •. 59 
. -3 

'V 10 ,.. 

l~ol6 X 
'?. .. 

10-;; 

1 •. 95 ..... :w-3 
•" 

5.03 -4 ..., 10 ...... 

-4 3.53 v ~0 ,'. ,... 

--

'·· 

'.' 

.~·. 

.'.l 
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~<iblGl IV. 
Extrac·tion of '!'PAll i.11to O ... lOO r,i ban~yl a~cohol in bcm~.ene •. 

. . -
=:::: = ; t 1 : ); ••• e :: ::•¢ :: Z"t::::=·- ===:::;;;r::=n:=:::rw•• = =::: # I ;: ' t tt•: 

Equil. 'base E~:il. bo.se Equil,. alcohol: Corrected 
" cone. (aq.,) cone. (o:rg.-). cone. equil. bD.ZC 

/ cone. (ore.) 
/ 

;• ' 

. 'L .. 1 l.9Q X 10"'3 9.4::; )C 10'"'2 a.~ x 1o"'' ' ' 5•6 ~X 10 \ 

'· 

3.00 X 10""1 1~82 X 10'"'3 9.45 X 10 ... 2 2.15 X 10-3. 
,. 

2.24 X 10 .. 1 l.~ X 10 .. 3 9~59 X lO .. g 1.57 X l~-!) .. 

1.51 X 10 -1 7.80 X 10""
4. 9·77 )( 10 

-2 8' 8 ... !~ . •3' X 10 . 

1.1, X 10•l. 5.00 X 10 ... 4 . ..o 1 

9.85 X J.O - 5.2} X lO .. q. 

7.,55 X lO .. g ~.lie X lO .. tJ. . -2 
9·93 X 10 

. 1 -4 e. ~5 x 10 

5.07 .X 10""2 1.00 X 10"'4 9·97 X 10"'
2 l.Ol X l-0-4 . 

= == :c; :: ~::::: :: == :I:: oil = ==' = ~: :: t === = El t: ::::::::1: ·: ~ ~ ::I • ===::::;;::; ::: 

. ;.· 

·. 



· .. ·.·· 

··':· 

,·· 
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To:61e v. 
, .... , . I!it-cc.ct:ton of 0 .162 !1 ;TITA.~ · ~nto benzyl alcohol in benzen~ • 
: .... 

Alcohol 
cone. ··• 

· Equil o base ·. 
· cone.,. (ora;.) , 

1,.5(}, .XlO-l ; .. · · .. · 2o04 )~ 1q,..2 

1.;00 X l(f'1· 

1 ~50 :x 10~-2 
; .. oo x 10~2 , 

·. . .·.-2 
;),.50 X ·10 .. 

2o,O·X 1C)'"'2 . 
. . 

. ..., . ,· 

8960 X lQ .. · · 

4,.50 X lt:(3 

l.,fG X lq"'~. 
. 7 6o · ·o"'"4 · 

•' X lJ .. , 

3.60 )(~~4 ': . 

Equil. 'base · 
. ,cone. (eq~) 

'·' 1.01 )( 10-l 

l.,S X 10"'"1 

:lu48 x·10.;.1 

.· ... ' 'I!; : .·-l 
..• 1 • .,.~7 :X 10 

l .. 6o X 10•l . 
·. ...1 

. 1.,61 X 10 . 

44 

Corrected ~q.uL..'l, 
·base .cone. {org.) 

·Corrected 
elcohol 
·cone.;· 

LB.);~ 10-g 

7-9 >( 10 .. ,. 

1}.35 x io"'3 

. . -2 
·, .8 .. 9(> X J.O 

197 .>( 1Ci .. ; 

1S> X 10-
4 

3.6 X 10"4 ·,. 

·' 

: -~· ... 

.. 7.42 X 10~2 

6o15"X io ... 2 
.1 • , 

4.47 X 10"'2 : 
. . · ..... 2 
;.27 X ,10 ... · 
. . ' 2 
2~~ x 10:" 

··=~::::=·::::.·:·c==:kt=:•::t:l:='·~:;==';;;.,.u:=e===ze~=•=•=-•=•==:::,•~·:==::e~)::=esi=·,..,s;,r'Trt"f==-t•~====s=:=•=:•=to:::t•'=='s='"""""'.,._e'~===~·=:~.,.-t=(rcu.d...-·=>l,==i>·~:.:m:·=·=·~z:·:o:·:m~z ... 
· .. 

\ ;· ' ~· .' ':·, 

.· .. -. 
'· ... •' 

._,·· . 

. .. ·~ ·, 

·-t'. 

.· .. 
' . ; .... . ~ ~ 

. - . ..i . ~ ·' ·, .. ~ 

- .. _ . .,,, 
.. . . '. ~'' 

. ; ;~ . 

- ,(··. 

... 

: .~ -· . . ,','.' 

.. • .·· 

' . 

. . ',• 

. . ~· •. 

. :. ' ' ~ ·: 
. · .. :, 
'-·.•.' 

·.:··· 

··.' :--

' ·. ... 
. ",' 

-~ : ~· 

j·. 
,i' 

. ' 

1·; :_. 

•' 

'. . ·:.. ~ . ,;. 

. . . . . : . 
·.· .. 

··;::..:· 
-:· 

. ::·' 

-~ .· 

.~ . '.. . .. 
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Tabla VI. 

&"Ctre.ction of 0.305 ~ TPAll into benZyl eJ.cohol in benzene • 

Alcohol. 
~no.· 

t.' 
. · _ Eq_uil .. bo.se 
· cone., (org.) 

Equtl. bc.se 
cone~ (e.q.) 

Con .. octed eouil. 
base conci. (o~g.) 

Cm:T'Ccted 
alcohol cone.~, .,... __ ..,..;..._._......., ______ ~-~---------------------..--,...;..- ., 

l~50 X lO .. l .; . 
) . ., . 

1~00 X lo'~l 

;;~50 X 10•2 
·.• . ;_,2. 
5~00 X 10 · 

5.40 x J.o""' 
l.8B X lO""' 

·?. i.oo x 10 "':J_ 

"" ~::,.. o·-4 :J•':N X 1 

2-.89 X 10"'1 

2.$19 X 10"'1 

; .. 02x 10"'1 

5~04 X lO~l 

5~88 X 10""3 

· 1.9;s ·x 10 ... 3 

· · 1.01 ·x 10 ... 3 

9.44 x 10~2 .-
. . ·.· .. · 2; ., . 

7.ro x 10~ .: 
. '.. -l· 
:;.60 X 10 .. . 4·.89 X 10 .. 2 

.. 
=:t=:="l'!::ettic:=tt:=::· :==•:::::n~~::~=::=:~==:=·==·===zz=::':l:a =::::::::=-::s:m::=:...,.=s=:=:r ='·tc::, :=•:::::nr:::•::=::=::;;.c::==::::• ===• ======•=="'"""='• l~t '==:ec:::::t==:::=~n======= 

'\ 

! ' 

Table VII .. 

El:Cract:lon of 0.061! T.tWI into benzyl alcohol in benzene. 

!Uc61J.Ol 
cone. , 

·. 1.50 X 10~l, 

... 1 
1.00 X 10· · 

7 .5o X .10"'2: 

.. :;;! 
5•00 X 10 · 

;hoo x 1o"'2· 

tifl 'f I# I 

. '' 

Eou.il. oooe 
eoncjl (ol~g,' 

·, 9.34 X 10~;> 

', !).04 X 10~3 
' (1/'\ ... , 

2•;;v X 10 ., 

·. 1.26 X 10~~ 
' -4 ·, ;;.80 X 10 ;-. 

:==·· 

: ;;; n:' - ' ,, - ,_ 

Eouil. base 
cone. (s.q.) 

' ... ~(\ 0 ... 2 ;; • ./'-' X 1-· · 
"· 

4.6o X 10 ... 2 · . 

. 5 n"" o-2 . . •t:.:J X .J.J , 

COl'TOCted. eo.uil .. 
baso co..11c. (ore .• ) 

. -2 
:;.19 X 10 

... ':'} 
8.9'2 X 10 :" . 

-;.97 x 10~3 
... , 

1.1:.4 X 10 · 

·4 3.94 X 10: · 

C.orrec"cea. 
alcohol cone o 

' 

1.22 x 10-;t 

8.50 X 10""~ 
- -2 6.6_, X ·10 · 

4.62 X 10 .. 2 

.;.., 
2~89 X 10 :-_. 

' ' 
: n ee:::z tti <:1 • : te= l::rt:e= ··~~'1::!': J., (?': .. :=;e = ot)e t:; ·= 

" . 

\' 
' 
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T~ble VIII. 
E.;-:traction of '.L'B~'I i:."lto 0.075 £! benzyl alcohol in ni-trot--enzcnc. 

=-===:::-~==-="==·=· ======== .. ·=:, ==========--=:; =· =:::: ===., e:o::•:::::::::::tf"::::r::::•~:::~a~:z====::=:::::::::;======:=====·=·:c:::::.r .. .t": " :· =z tc=. 

Eauil. base 
9onc •. (aq.) 

.! ;·. l 
3.70 )( 10 ... 

'· . . .. l 
2~76 X 10 

2t09 X 10-l 
. : 2 

9.e1~ x 10 .. 
' 

3.69 X lO .. g 

1.85 X 10 .. ~ 

. ' 

Eq_u1l~ base 
cone~ (org~) 

6.7o x. io-3 

5.02 X 10•3 

' ~; 
3.6o X 10. 

·1"G6 X l0 ... 3 

6.80 X 10~4 

'·"" ' ... la, 3.'fV X lQ. · 

•· .I l 

Equil. alcohol 
cone. 

5.~!9 X W .. g. 
.. 2 

5·99·)( 10 .. 

.· 6~64 'x 16-2 

7.01 X 10 -2 

7.-;P X 10"'2 

7 .. 1!o X 10 .. 2 

., 

·". 

Corrected ecrt\il. Corrected C(:J.ui~. 
bane cone. (org.) n:cUJ."'l base . :·:· 

{ ectiv-j:t,y (ol"g.r 
\ 

l~o8 ~ 10-2 ~. -3 a. -2 x 10 , .,.:.. 

7 ~02 ~· 10~, . 3 
5.61 X 10"" 

4~;2 x 10-:; 3~54 X 10-:J 

1:84 X 10""3 . . -3 
1.61~ X 10 ._ 

7o00 X 10 
.. 4 6 -4 o5l:. X 10 

;; 4 o-4 8 -4 . . "9 X 1:. ;s.2 X 10 .· . . 
) 

'./ 

,I: 
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Table IX. 
Ex"'crs.ct1.on of 0 .·437 1JJ. Ta~"'t into benz·tl. alcohol 1.n n1.tl"t>hcnzene. - ~ --=========:::::::=:========· ··-~----~·-·--'· =· ====::.::::.:;.;::::::::;::-= .--. . --·--...... -- . _...__. .. _ ____,___ __ _ 

Alcohol. 
cone. 

.< 
'.. ..l 

~.oo x 10 

7~~o x 10-~ 
. 9.l:o x. 10 ... :; 

6.70 X. 10-:;5 

5.00 i< 10-a 3.95 ~. 10 .. 3 . 

2.5() X l0-2 l.!K> .X 10"'.3 

1,00 X .10-2 lhOO ~ 10-4 

,• 

Equil• base· . Corrected ecuil. Corrected 
cone. (aq.) . · base cone.- (org.) · alcohol 

cone:. 

Corrected 
CQ.1.ti1. :1:!0~'1 

base c.C·ti vi ty 
(org.) 

,;.4,; x.1o .. 1 

. ;}. 70 X .lO~i 

.3•77 X lO .. l 

4 .. 23 X 10-l 
... l 4.33 X 10 

1.20 X 10 .. 2 . . 

7·91 X 10:"3 

4.;>8 x.lo..:3 

1.,44 X 10"'? 
. . .. 4 

4.04 X 10 · 

. 0 
7.18 X lO .. c;;· 

5•49 X 10-:2. 

;>.82 X l0-2· 

. ...2 
2.10 X 10 

8.80 X 10 .. ;:) 

j 

9o00 X 10 .. ~ 
. . . ~: 

. . 3 
6.17 X 1~( 

. . ..... 
5.76 x w•.:> 

. I( 

I \ 

\. 
' 

i •. 
. I i 

.I: 
I 
i 
\ 
\ 
\ 

.. 



Alcohol
cone. 

8.8lt. X 10 .. l 

4.6;> X 10-l 

2.;>7 X 10-l 

9.62 X lO ... g 

Eauil bo.se 
cone. (org.)-

2.21·~ l0-2 

8.55·x 10 .. , 

' -3 3·:?5 X 10 

a.:;o'x 10-4 

,..,6-
-~ -

Table x •. 

Equil. ~e Cq.rrect cquil. 
'co."lc. (aq.). ~e cone. (o:rg.). 

3.5,3 X 1\):..l 

4.;;1 x 1q.,;1 

4.58 )( 1o..;1 

., . 

4.71 x lo·-

Correc·tcd. 
aJ.cohol 
cone. 

UCRL-1C:393 

Corrected' 
· equil• EC~ · 
'bD.G~ c.ctiviti-~ 

. ( . ) . .., orr;. ; 

a -l . -2 
8.1 X 10 . 1.95. X 10 . 

4.:;3 X 10""3 

2.27 X 10-l 

. -2 
9-36 )( 10 

6.93 }( lo"'3 

2.89-~'lo-3 
· .. ' ... 4 

7 .. 89 X ~0 

\· 

.· 



. ,· 

• 1 ,".• ' , • I t.f ',, l't', l ' r' '''[' 1 ~ • 1'111 • 1 : ' I ·.>1 : ,, ~ ' ' 

Table m:. 
El~:ro.ctioJ:l of q .. ~·37 TBM!! into 4-raethyl cyclohexunol in nitroh:!nzcne. 

,.====·~~-.....:;~: et ''*·::g:;·~·e · ;:::::=:.-==::~::::'"'7't""ll<w::=t"~ •e;:;;"t:=:=;::-:;ep:aa;g:~=:::::::l.:e~:;r;S:~ 

Alcohol 
cone,. 

.4 .• 00 X lO ... l 

!}.00 X 10"'1 
. 

2.00 X 10 •l 

•. ·1 1,00 X lO 
·_g 

5•00 X 10 

Eouil. bs.st!! 
~one .• (org.) 

5.60 X 10-;) 

80 .. , 5• X 10 

o6 . ·!i 2. '( 10 

8,00 X '10 ... 4 

g.80 X 10 .. 4 · 

;;: : 

Equil. base 
cone. (aq.) 

1 ;,81 X 10 ... 

j.g9 X 10•l 

4.16 }( 10 .. 1 

l 4.~9 X 10-

4.:;4 X 10"'1 

' 

-

COl"recr't~ equil ... 
booe cone .. (ol"g.) 

6,!!-4 X 10"'3 

4.18 X 10"'3 

2.16 X 10~, 

8.16 X 10-!t. 

t:!·Ba 10"'4 
• .. X .· 

CorL"Ccted. 
alcohol 
cone. 

,5.83x 10 ... 1 

2.89 X 10-l 

1.94 X lO ... l 

9.76 x 1o'"'a 
J. ...~ <f-•92 X 10 

:::r::; u .,- t' ##'*¥ 2 ; 

'> 

. -. 

:, ·~· 
Correcr&e-d t . 
equil. ; i.r.Cdn 

btkco ac'bivity 
(ora.) 

5·i3 xi 19·.3 
•\ ~ 

;7.4, X 10 ... .:> 

1.91 x 10 ... 3 

-~' 7o42 X 10 

6 -4 2. 2 X 10 · 

:::: 

... . , 

I 
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Fig. 1. Extraction of OH- into benzene from varying concentrations of 
THAH: 0 initial benzyl alcohol cone. of 0.100 M, I corrected 

·values for an equilibrium benzyl alcohol cone. of 0.100 Mj 6 
initial decyl alcohol cone. of 0.100 M, • corrected values for an 
equilibrium decyl alcohol cone. of 0.100 M. 
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[OH]~queous 
MU-31107 

Fig. 2. Extraction of OH- into benzene from varying concentrations of 
TPAH and THAH; 0 TPAH and an initial benzyl alcohol cone. of 
0.100 M, I TPAH and corrected values for an equilibrium benzyl 
alcohol cone. of 0.100 M; 6 THAH and an initial cone. of benzyl 
alcohol of 0.075 M, A THAH and corrected values for an equilibrium 
benzyl alcohol cone. of 0.075 M. 
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Fig. 3. Extraction of OH- into benzene: 0 0.162 M THAH and varying 
initial concentrations of benzyl alcohol, • corrected to concen
trations of unbound benzyl alcohol; 6 0.305 ~ TPAH and varying 
initial concentrations of benzyl alcohol, £ corrected to concen
trations of unbound alcohol. 
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Fig. 4. Extraction of OH- into benzene from 0.061 M THAH: 0 varying 
initial concentrations of benzyl alcohol, I corrected to concen
trations of unbound benzyl alcohol. 
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Fig. 5. Extraction of OH- into nitrobenzene from varying concentrations 
of TBAH: 0 initial benzyl alcohol cone. of 0.075 ~' I corrected 
values for an equilibrium benzyl alcohol cone. of 0.075 ~· 
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Fig. 6. Extraction of OH- into nitrobenzene: 0 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; !:::, from 0.47 M TPrAH and varying initial 
concentrations of benzyl alcohol, A corrected to concentrations of 
unbound benzyl alcohol and for organic phase TPr·AH activity coeffi
cients. 
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Fig. 7. Extraction of OR- into nitrobenzene from 0.437 M TBAH: 0 vary
ing initial concentrations of 4-methyl cyclohexanol,- I 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· 
m1ss1on, 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, apparat~s, method, or process disclosed in 
this report. 

As used in the above, "person acting on behaj f of the 
Commission'' includes any employee or contractor oi 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. 
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