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The cIr«t or -.... 1"1' ... _ XMlO ..... )"_ ,"" ..... ',bn ..... "" .. _ .... _ ~n . 
..... in_ipI«I rot -. .... ond '''hJwn _,I in TIn' oJ .""", 22 C """,..... ""It. u .. 
~ __ !loo _ -.. ... ,' boioII ~ • ...:I IU "" 10. , __ """ 10"""'" ...... 
~. n. ... "..-_MlI!loo __ .u ........ ~ , ... "",,_ 
... _ ...... _"' .... _cl ___ + .. ...... _ ... _ 
at _ pur into ,be Dthor. 

TlIo IIncu ... , .... "'" W<III<:., .. at ,-, of.""", pur ............ 1aUy i ............ 011_ ...... 
by _ 1iO" • ..- tho _ riooo .rom I '" 0000 ..... Awa ... 11", .... aboorpIion """"" 
_ohotpor .. ~ ...... _ ...-,._ .......... _01._ ......... 00I'I.,; __ .... -

'rhclpear.l of ,he AIlS of fluo~oyll_arbanton' 1liiY<! two pc.lU in the n.~r u.· .... 
"'I'on. one allribulcd 10 IIshl ronlac1 ,on·p;urs. lhe ot,,", ~ned to loo!C palrl 
..... h SO!>'al1 IDOIecuIes ~ "'" ,on .. ' Tbc:ir ",!au,,, ,nlcniollJ<:!l vary ""'h the 
RAtUre or ""1tORS and ",,1Vl/tlu, and ,n each ~y ... m \My an: 'cmpenu.ure dept...xn,. 
This depc:ndtntt pem\l1S one 10 dctcrmnlC IJII and AS for !he prooc:IoI, ",III ~, 
locKe pair. S,JIOiI the ,1110 ,ypes of paor. are ,bctmody~.1JI"caIly d'stillct ()O~ m.y 
Inqui..., ... ha, i, the chanJa of _oIu"," •• iJI", f.om ,lie oon-m,On of OM ","or ,n,o ,he 
other Thos inform:lbOll ~ okn....:! from Rudie:< of ,"" IftUIJre dqlendena: of the 
cqllll,bnlll'l. and the pmille'lll result. &nO ... ported Iw:-I<". 

Ex peRIMENTAL 

!Io<Io ..... an4 ~"'..." ..... offt.oo<a>yl ,,= -""' ..... ¥"""'""" ~ .......... _ 
~....... A 1111' ooI"'i<xo '" Il0<10 ..... 2.melhykl~ ICtRJtI« " ... ujed '"~ ..-
,no fDrm<t •• h. IIIIIlIo but)ll"h,...., .... ~oed fw nulr.,,,, ,n. I~"cr, r, .. """hOod. of plJ'ifl:.:.. 
1",",0( Ibc reqor<IlO and ooI>all> .... well ............ Tho lOluu"",," .1'Pf'O,,, .... '.ly 10 ' M. 
_ >&of<d ... ~ P. ampoule! cqwP!><>i "'''h ~. 

Tho OPtical ctll ..... modo r.om 'rue-""", quartz lUbe .. "h 'wo "",,,,,,lIy flo, , .. ntlo", • 
.... 10<1 III it< lower pan 0;lo0o ,~ ,no cedI,.., of ,I>t lube- Tho ,,-, ............ OOU'O 2 on .... _, 
....".quuu...."... red......t ,I>toptic:al pa,h 1(>._ 001 em. A pioI .... ",'h two o.n..,. 
lined lhe tuhe afId oII<oa<d ," """"""-

Tho d<Vi"ullo",n in fia. I wa' ...... r",.lill, ... the ""II lhr "",I F ..... pb.ocd in • hIIIJo, 
a'lI.I;hod 10. T.fkm rod C Tho 1"<10<> e ""'J hp"'y ............. ,nl(> ,he end of ,lie Tellon 
,od II _ rodo ...... ,IaJs ,,,boIlS A ~ ,.-.ed ,II' ·r.- ....... "" ... """.,. D. III< 
0-".,.. (1DllUd 1»- dolo) ~ ,,,. __ 'JIb"",," 0( lhe Ik-"'" Tho ,,_, 
1It...a ,he p:t>undPf>I of. PIs. '-' .. _ .. ., ... 1I.I;hod , ... h' .... 'acuum " ... 
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Fow intkpen<Ienlly.JIf'Ol'AI't'd soIUIlOM of KMLum and Illhlum ftUOft1lyl in THr 
""en: ,Q>tiI"a'ed. T",,1'al J.P<'CTr& 01' lhese salts ttCOfikd II vanout ~turts are 
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.", BPf~eT Of PREssUKM u~o" f.QUI~ I .. ItHI 

<hOW" In ~g. 2 aJ><! l. TIle O1",;mll. of absorption ",er. ""refully determined In each 
experiment b~ mea,uring tM 0.0. in tht vicinity or each. peak al 1.0 nm 'MervaJs. 
The '-' of the I",*, p.air.; derived f,o:>m <i'M' &:lit an .. , 314 om at all pre.su, ... 
wh(1ea. lhe '- of the light pa!B ,",,0" a "i&l11 pressure dependence. AI I aim 
Ih.ir absorption muima or¢ at 1S6 WId ]SO om for !he oodium and lithium .. Ies, 
respcai •• ly. but they shin 10 360 and l510m al .;'JIO() atm. The mull! are 
summarized in tables I aoo 2. Although the heading of the third eolumn or each 
(able "'fen 10 .. fixed wave-length (356 or lSO) 'he liMed 0.0. "' .... mcasurul a •• he 
appropriate max,ma. 

T ..... 1.-FUII)O.El'YL.tOt>IUM '" THF .0.1 -22 C 

•• -- 0 .... .... ' 0.1>. ,,>0, • • , 0.195 .no .'" , 1.133 .'" 0.2l1 , ,.'" Uta 0.235 

• 1.073 o.m 0.238 .- G,US - •. m •. ~ •. ~ O. IS 

, ,~. 0.911 0.'2' O,S76 0.·(2 , ,,~ 1.171 0.6(,1 .'" •. ~ , 
"" '''' .. ~ 0.561 •. ~ 

• , ~ 1.061 .~ O . .f74 0.42 
.~~ •. ~ 0.41 

~" 0.836 0.") .... •. ~ , 
~" 1.131 0.974 .'" •. ~ 

3 ~ ,.'" I.,," .8M .'" • "'" uno .. " •. ~ 0.93 
ave .... 0.175 o.9lS 

, "., 0.768 •. '" 1.278 ,.U , ,,., 1.07~ 1.279 1.191 I.6J , "., 1.-4-4' 1.748 1.l10 ,.~ 

• ,,., 0.943 1.157 1.227 I.7J -- 1.227 1.13 

, , ... ,."" '''' 1.519 '" , .,., 1.378 ", I.S2 1.7. 

• .,., O.lI9l 1.158 1.521 ". ."""' .. U2 ". 
0.0. -=ted rOf I~ ",1""", ~b<tI'l'''''''' al I~ .PJlfOf'O""'~ pteSSI>",. 

The rallOS R tOJ) .• , l.., of ,he 1001<' pa.irs)/(O.D. '" ,-, of lhe 1iJ.h' pairs) 
KI each p~re ar~ COnSlllol 10 ... ,lhjn 2·3 %. In ~I'ne of lhe ... ~Ii.1 varia-
IIOOS in lhe 10lal con~nlllltioos of d", 5lIhs. The equiJibri\lm OOnSlaniS K of lhe 
pr...,..., Ughl pa;,.. .· loo!e pai .... au ealcu1.alt>d. from IN: tqlWjon. 

K _ (R-,,)/( I -r,R) . 

... here " - £" •. " ... 1 ..... , .. ' for lhe sodium ... h and c",,""'/'''.'''''' for lhe 
lilhiunl ~!. and " denoles the ralio< ' .... _"" •. _ or '''''_'_'''' _ of 
the: respecu"" salts. 



S CL~ESSO'< .• I.\lNOO RU. AND" 51.W~"· "" TIle eq_n lI",nl K" baled on ,he follow.", .. u ... npuo.... (,)"The un,"""o. 
<"OefIiciontJofthe""o l}'pc$oI.,..rlallheor ra.peCU .... 1IIU.~1a an: equal ... all pres$ll1U. 
(u'"The ohape of lbe abloorpilOfl <"\I ..... of ,be l_ .... no II ,ndcpc<ldoent of ~ 
and of the nature 0( Ql,OII (or""",,"," L," or Na') (, .. ) The IbIoopuon CUrveJ of 
tbe " .... ' .... no dmval from tbe lith,um Or sodonm WI' ""I Klrnlocallll.hape bu. one 
i< d,spIactd "'ith respca '0 1M o,iIer by 6 nm. Mo=_. the,nhape i$ap.on ~med 
not.o be alfect«l by prcI$UfC" 11 fol\OWS .ben IMI r, ..... d r , I",.I~ indc:pelldcnl of 
PIb.<U", A cr,"cal .,amon."on of these lU'Iump.ion. is JI""n in the appe"di~ 
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The .b:\DrpIoo" cur>" of.he woLum ... 11 al I .'m .. &>MIDICd 10 reprt>Cm lhe 
'pcclrum Df the PUfC" IIJ1!I·p;uh. From" "'" diIIcrm,ned r , h) be 0.l4 for the OiOdoum 
Jalt and O. 10 for 1M .,!I"um Ioall (1M I.on.". "1"-'0 by 0 D ..... 0 D.,,"). "J"he valtdity 
of tbc:IC """,I~ .... ronfl ........ by delcrm'n' .... the ~m of .od,um lIuorenyJ 
,n • 1\&1 quartz crll (0p!JQl .,.lh ~00l em) Inachcd 10 Ihe .. Of'aF IOIpouk For 
... mple. 0.0" •• 0. 0 .... 0.242 ,n lhe lb. crll .. h,1e the .. vc:rqe of 4 e:.per,,,,,,m> 
perl"ormnl in lhe pressuf(! '~",11cd 101m, r:llio 0.238 (_ lable I), It 1S :w;umcd 
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HfECT OP PJ.USUU UPON EQUILIBIUUM 

,ha"h. hth,um 1\111, a, 4900&,n, form" only 1_ pall'S. From us .t)'Orphon curve 
(ftC fig. 3) f, i. cakuhucd to be 0.35 and 0.31 for Ihe .odium and l;,hium lairs, 
,.."pcctivd~. 

"Tho plots of log K .ga.nst P are shown In fig. 4. The" inlli.a.l sIope$ give./iV 
of _24.4 mllmol for ,he sodium lai. ud -15.6 ml lmol for lilhium ftuorenyl. 

"' .. . ,., flo'. 0 

I .. /( '''' ~I'. tl 

"'V.l"",1 

-'.m 
FlO. ~.-PI,," of,.,. A ... , .... PI<UUr< f« 1,,10, ... , .od IIOIIwm """"",,10 in THF .. _ll C 1( .. 

,t.: .... ;Iob<;, .. , <amI.&Il1 of It.: _venion of a """ ion-PAir 1.'0 • loooe one. 

DISCUSSION 

W. hu,. tloIabh>hcd that .h. """ve1">,On of 'igh, ,on_""i", inlO 100'"" onoS de\:~ 
,h. mlun,., of.he ,y~"'nl. Tlu~ r.;sul, n<o;n,bl"" lIIe phenon .. non of ~Iecuo~ric"on 
.. il .. as a ligh, pair i. rra",.rormN ,nlo K ,_ one: more ..,1,.", moleeules are bound 
10 il and thi. """ou,," fOf lhe 01><0,,0<.1 con',,",,;on of >ol"n,." 

The n"","tude of ./i I' j. rela,ed .0 110. number of ..,11'<'" molecules which becomo 
aua<:hed 10 the I""", pair durin& il> forn" .. ion. Tho ..,"..,n, molttules are mainly 
cluSlered around 'he ca"on and our res"hs ,nd,<;a'. tht.llhe fur",""uun of 'he loose 
wd,,,,n 1\1111 bond; nlOre THI- 0'1/1«;,,1., (./if' .. _14.4 "'Ilmol) thun lhe Forma"un 
of ,he Ii'hium paIr (./il _ -1$.6 mllmol). Apparently, the dc""" of 5<>lvation of 
,he TighT lithium paor I. gr"lUor than ,hat of lhe sodJunl 0"" ..... d oo"soq~ntly the 
f"rth~r ga,n in loOh-ation uri!-lns f.om ,he formation of Ihe 1_ pai", IS lar~ for 
,tic Ian .... ,han ,he former. Ju<lglng from Ih"ir mobil;ly' ll1e free Na and. li ­
ca,iollS are equally bulky in THF. 

F .... zina of sol'cnl molecules around 1_ ion.""il"$ accoun~ also for Ihe o:kcrea<c 
,n ,tic tntrop)' of the ')-.lem accompany,"& Ihe pr~; usht ion-pairs-loosc ion­
p;!J'" The n:levan, /l.S "'¢Te -33 and -lleal/mol K for sodium and lithium 
6uon:nyls. Te<p«tively. on THF.I.. I1Ic oo,.,..,lal;OO of /l.S wilh /1. 1' is """"ruble­
!>OIh inCIUSC bl abou, 50 o. liS sodium •• ,ubSli,uted for Lllh,um. AJ.<Uming that 
,110 bi"dinS of ! mol of sol"~nl <kw",~ ,\$ (ma,nly !rans.i.uonal) e"!rOpy by 
~ II cal,mol K. wee condude tha, the <:ompr~on ",ising from packin8 of 1 mol 
ofTlll in10 the '"""a, ion 'hell. of the I~ pa'" (onlr~th 1M: \'olumc oflilo .y"'~m 
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by about 8 mi. i.c_. by _ 10 ~. of its molar volume Our data. siven in table l .• now 
,hat the volume of T HF d~a<;cs by about 10 y. KI 2OOOarm. 

Inspcaion of fia, 4 r."..als thar II\<: plO! of log K .pin" P for sod,um ftuore"yl 
In THF i. curved; AI' is, Ih~r.fore. R function of preM"re. $lightly d~"'ina wilh 
its increase, The obscrved curvature s«m. 10 be real. a1,houllh the d~'iations from 
linearity 11K "'ilhin rhe experimenlal uncenainties. The <!=ease of "'1' wi.h pn:SsUre 

T"ou 3.-0>.0",_ 01' THF AT _ll'C 
_ 0."_ ' .... ' .... /+ ',._ 0.0.,,-__ 

~- ........ " 

I G.G 1.00 
!loW 6.2 1.11 

1920 IG.I 1.20 
2920 12.8 U4 
1900 15.1 1.41 
4900 e>tr,~17.4 _I.SlI 

miJhl be e><pcacd-lhe conlpreWon of ""r...,n, mo\eo;ules around Ihe ion. beinlllc5~ 
significanl, as lhe bull of the 'iqUld is compressed. The curvature oould not be 
obser>od for Ihe lilhmm ""I, lI«auiIC the rele-1I.1 K could not be =",'ely d"' ... mil>td 
nlhiJheT~, 

Finally. ,,'e nOle ,he subitanlilLl inr:rea.w: of the hn.ear extinction coeffictcnts of 
Ihe ion-pairs at hisher "",",ures. The data o;olltt\ed in table 1 show lhal the tum 
of the opllcal dens.iues al borh <-. illCl'1>aSeS by about 60 Yo (after bcillll oorrecrc:d 
for Iho volume ooo""""on) as the pr ... ur. rises fro", I to about SOCO.tm. The 
pariial dtstruction oflluorenyl carbanions by IIlycerol. which \eakod B1 hi~ prcs<we< 
inlo Ihe cell. roakes the determinalion of the PreMurc dependence of rhe 0.0. di/!i· 
cult. We believe thai rhe leakage was nea!isible in e~pl. 2 sive" ,n table I. and. ar 
lower pres,,,, ... ," exp<. 2 and l 8""" '0 table 2. Apparently. the absorption curve< 
become !JIarper a, hisheT pf<:S$ure. l'fO'u",ably !>:cau,", lhe rolll,ion and Ihe soft 
vibralions of Ih~ pai ... arc impeded by the co",p",,,ion of ,he solve"'. 

APPENOJX 

Th< ~",I,b<i"m con>lan15 K a", calculotcd (,om .he "-'P.ri""'nlall~ d,,, .. mi ... d R in 
conj"I>CI""" wi,h lhe a""liary con"""U', >tid ',. l'orIun.at.ly. ,he """""",,,1 ""h.eo of 
K an: no' "",".Iy aff<><1«l by lhe ........ or" .IId" if R i. ",IIIIIa","lIy I"'/ll<'r.IIan" alld 
omallor.han 1/,,_ 1ne """'. ",liable val ..... of K.", ob<ainOO in ,ht. ra"1I< of R, e,J.. in 
,he e>pe"menu involv,,,...,,!."", Huo=yl ( .... !able I). 

Under cond".,,,, ",hen boIh 1)'l>t:I or pai" """"'-'''. the " ond " ""I ... ca"nol be 
oblain«! di".::dy. Our ohQoce .... y be ""ihe,oed. "-I .. one ..... y arJU< .ha." _lid t,-.. 
"','h preswn: boau .. lbe allil<>tp!""" <u""," boocome sharpe'. Ilo..ever. a, in«ea$in, 
p .... ure.he 0liii0<1''''''' peak! come __ 'DFfher alld .h" "''''''d ,lICTC;UO lhe " a"" t, 
vaJ..... II _ .• he .. r""" ,1Ia, .he ..... "'l'I""" of """'Ian,. p"'"'" .... ,ndependen. " and 
" .....,. be ..... Iid. 

Unfortunal.ly. previow ~""'~rs did noIli"" .hotr Pf'O<lC<lUf'C 10 delam",,,,, _lid " and 
their 1em;>enlIU'" <Iopendence, In a prival~ com""","",.ion· 'hey con6rmed "'" cia,ou. 
i.e .. al Z!I' e and I aim pressu", bolh ion--pa,,,IIa,,,'be sarno ."" ... lion c ... dllcien'<. t, _ 0.l4 
for lhe sodium.!all a"" 0.11 (compared "ilb ""r 0.10) for ,be Ii.hi"m ... 1 •. Tbey fou"". 
1\0""""'. lhal on 1""-.",,. lhe lemperalu", _I .. , ... ,~ond t, _00 t,~. lhe 
1&"..- dimin"",,,. more lhan lhe fo"""". n.... <X>Il<:luoiont ... ", obu,nc:<i from "ud .... of 
.be cae<ium .. II in Till' (only liJI" pai" "'" pn:<ent in .""" • $Olu"on) _lid .he lith,um .. II, 
in OM£ (only"""'" pa," appc4<' in the 1 ... « ')'$tom). II " ..... mod .n.n .hat the numerical 
reoul .. apply 10 lbe tn''''''plcd ')'$~ I'llltl-iblo b<u no' ..........vilr a """"",I proce<Iur-.. 



uf£CT Of ~unu.t U PUS lQUl tl ... I U" 

." ...... 01._ ""'""*-n' ......... _ 10'''''' ....... a valurof KrOf _IIt""""l' 
., _lS C .. tum .. odeatical .. "h ,1\1. obtaift<d by .. ,raj>OIa.ion 10 lS C. oI.he lR"iouoI)r 
_led dala ' perIII,mna 10 Iowet 1CfnpCn''''''" (I.e.. K .. .. ,_ ~o.ma). Somoo d,t<:~ 
.. fourod, """"''U. for ,he ",h,um ... 10 (our K " 2.1 ... pomd. 6). 

The <"qWl'i"" rOf K" mod,rood i[ _ ,",''' ... " 0."""111 ,hi, ,,""' by 1 .. " find 
K .. (R- " )/(1- R,.~ 

U is pouoble .ha, our " " '00 omaIJ. beo&_ " .. ,.. dc1<rm,ft<d [rom ,he "'""""'" on""' ..... 
ft"""",yl , ...... <Ied a, ,he IIiIheol _.... Th .. may """""'" [or our low ....... 01 K [or the 
'ithium oah a' I .. rn '" h..,... ""'"""""" ,he error It rorobably portly ""'."", .. ..". by 
1 bed,. ....... 'lw.n I. 

FItlln,., .... llaoe ohocked .ha, ."J _ble rna.,... 01 r, and r, llaoe nqI, .. bIe dIOI; • 
........ ,he !\na, ......... 01'" "[Of ,he todlum ., •. a"Muah ,he rau," obta,,,,,,, fOl ,he ,,,h,urn 
.. U .'" .... "",,ain. 

Financ,al.upport from ,he Swedu.!t N."onal Sc>tMC Resc:uch Council i. lfII.tfv.lly 
IoCkllO""Itdaec!. M,S. tha"k~ lhe Swcd,Wl 1I0ya' Acad~ ... y of.sc;.,1lOeS for a Nobel 
G ...... PrufCMOnhip. 

.. ... no"' .... , ....... .. 
, .. """" ....... ....,.. 
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