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rï5f :ìi'lïc;r:
ïcn ic .Scl-v:"i i-':n r

lln accu::at.e knc,¡-l edSe :f i¡n-sol-r¡ent inte.e:¡.ction
-fhl.t oec,-r-lts in ionic sc_L.r¡.:.tir:n h,3_s t¡econe of g:ì1e¿ì.t

innor"ta.nee fo:i: the fo-l l-c,'¡ing re!-.lclr.se fi:rsi;1-;r, in ord.ey tc
rj.e-¡el-op ':'r;r[Ì1ç-¡ th'e ncd.e-]- cf i,.rnì-e scl r-;.tioi:rs, second,l-;r, in.

tj:ie d.er¡e,"ì-op¡ie¡rt of ;;r¡e t,heor"¡,' 6f ccncent:'":.t.ed. er-ec''--,-co1i;ri,ic

sol-rri.loirs e.nCi l,hi.r:ri.l;', in. tl:e cLl..ci-Ll:ri;i.on c-f solir:Lf icn

nr-¡-rnber"s t s aä :-id- i-lr ;he rhec::;¡ of ïÊ:r.c{iç¡ ç¡ sc.l_r-r-tii:tr.s 
"

The tcrm trsol-r¡a-'l.ion nr-;linbej:rr repr'<lsents lh.e

n"unlber of so.l-r¡ent lto-l ec,.r.1es lli¿¡-,: cocrr-lin:te :,ri-th. ttie Í.cn in
sol-uticn j-n pc--l-a:r" so,-ì-r¡ents, The nl:rnbs:: of so--ì..i,'enh lrol.ec,.:-!-3s

'ì.'i.)'r.r.l-d.l of coLr-ïsc l \.rar)¡ f ron ion ¡c ion " v:.:ii-:"-..s e.'apelrimentall-

'nle'[h.ods l.tlye be err eicn--l-o;trec] in crr-'l.e r rc 9si;j-m?.te r;he

sc]-vl.i;icn ru-r.inbei's br:.t'fjre nurne::ic¡.1- \¡,i.t..Je.q cb-L:¡.i-ned. a)..ce

nct iii ;coc'r :.g::eenent" The:'efc::e, lhe mel:ning of i;h.e

j;ei::'l lr qcl v,r{:i:n i1i'itÌll--ntl ;n3¡1,¡.1'.¡15 inieÍini- Le 
"

i:Î.ece¡r'L i,Lorkers h.¡.r¡e oV.r:Ì:cCiile trj-s illficr"Ll',;' b;r

ai;i:.cicin.g the nrol¡-l-ei"-r t'lîom ?. r,l.if:le::ent r_j.i_i:ec.bicir" l.hey

hs-i¡e ri-1::ecie . 'cheir e_îfc¡:ts pri.Lcil;r.1,'1-r in bhe c::,lerilation

cÍ h:r.+.s o-f q31ir'r'çi3rr. (l:" ql:l-r¡ii,i,rn 3iac*lr:-es) þçg,rr.-<ìÊ

i:hi-s 'r'rL:rtt,it-' i.nfe::s ?. to'i;a.-1_ i-ntera-c'iicn anC is onen toviJ v:r

-1 ess :"n'Ll:igrri j;)¡ -r,:ra.n Lre '',he sc,1-v:t-tic;r nu,mi:ars n

fn t,he ìre3i'rnin3 l.¡l:el¡. i;he iC.ea. ci ic'nic so.l -.¡al;ion

\.tl.s i-nircd-u"csd, -:h= i,..ns r,.rere i;hci.3itt of as bein.g

chel,iic rl--1-;: 'r r,.i-í!C, 'l;c .,he ',r:.te-r nol-ec,l.lle-q " Tl-ii-.s i¡:_s cr::lf i::::ned"



li thai iine b;r s, -,-sciren:.øi t s (3 ) r:bse.ri¡aticns, lre f orirc

suc-lde n cll;nges irr cond.u-ctir¡iti'? c .J.'csc,f -r^rl-c c:it-s-i:.n-F-_s e'Lc.

i{i trr clr¡n.:ê i_n ccnrosi-t,i,:n .¡ni"ch ile i;irol.Jht cour?91-crirded.

l;C tite f l::ine.t-i:,n o-f r¡lîj_ :u-S Aef iir j_-h: l_rrrri...ri-e< u b,r.j; ih i_S

'ri¡.:r-s no'L so r'beÊe,:se ti.ei:e rr¿¡ s c-liff ic,.:l-t']' in c,:lrfi.rninz
'bhe ex:L-"'Leirce lÍ 'Ì,hese Ì.;rci,r-3_¡p* i-n -qc_l_ri¡ion, ir,io::evez:,

Ii" rT'='- j,:.ns (:t ; ¡.f1;e:c sfr.¡-,1-,r1'-trr l:lle nal.zyLza.bii_:-t;r 6¡

uir-ì;ç¡ .ry.o]-ecrr,-l-r:s -:.nd the fie1,d. aho'.rt i;he i-rn, eil.ne to il:re

cencl-rrsi-cn j,,l:ra-i;'Lhe inte;t:ac',-,i.;n ene:rS)r in solr_r¡r_ì;icn ct,iC.

irct inr¡oL ve covâ-l-e'1-1, l-i-rl1iige b::-L t'¡:,s eni:i--ce.1-:¡ ccrrr-rnilic.

IIe a.l-so lointec-ì: ort :hrt l:e bel-ier¡ed. j;l.l¡:,t i;.ite r.¡a.'Ler

lîe!û:i,,necl. in ¿-r.n h;'l e;.ii9n .,Llea-bh, i n s,.l ch ..1, nosi-ì;i,:n Lh:.-l

+-!^ e',, ì.r-i.: conti-n,.rctsr_r" i.'ltetich".n-3il¡ :li'i;l: ti-:rc iir- r;he

bulir" of -i;he so l,r,ll;ionn

Tlii.s picl;u.::e crî irnic lr;-rf.r3'f ion i,,ra_s srr-bs1;a,nt:ia.-'lerl

b;' li. ilo-rn. i 9) " i':.e sl-:c.¡ecl li:i:t ';he Sc-"¡r-r-tir::: .:l:ì.ergj¡

vi:ich :?ose .ircn the in-rerpre'i;¿-=.ij-on cf ,Ta_jans t ccncei:.t of
¡-'-'iLic lt;rcli:'Ltil¡i'"Iiis:-tr cl-ose r.3reeÌnent'ij-Ì;h ex,re:r.i-ltenT

for r;.nir¡a]-cnt el-ec:-::cll.-,'tes, ;"ihen rhe --¿.:í_qtenee of a

cl*^.îinite s'!;.rrlcL,':T? îo,c l-i:i',t:'-cls i.¡'--rs ,reail_i-zecì ,i_t becz.rte

rì l-ñr -aa.:r'i i-lr,-. Èrt,,.,..,.,.¿.,\.j \,i..,-:u ì:lre stc::j-c na.,n*-a"ræ of ì,h.e i,;n beil:.1ne

ii:rpc::i;riiri j-tr,jetei.ri:i'rJ-n_ i--:s so.l-r¡ltion, ii.his 3_ccc,r-nts

f cl i;he c.liff e r',:n-:i .j-lrr j c r.¡+1.oCi t, j-es loiriri! f c:i: 5. se_rics of

i,¡ns i-it ¡¡':L-fioi-r.s -qo]-r¡enis "

--? *

Jrcr t:he 1¡.jr.ns.-3::.n concept cf si_i:tcle cculoirbic
inte-rac-bion.r il; fc1,,i-or,¡s i-:=.r il'ie:ce a.re l- rr,.,.nbe.r cÍ so-l-rrent



nCleCr-.r.:!-eS :r,t-L¡-et:l,j f j.z¡11:r i-n 'i¡1 iCjI. üUl;Side ti:i:iS

Ì:vC,r:-.1:.icn skrei.,ti: l;h.e icn-di-'io.!-e intera.c'hion.r,ilri:3cc,.,.t:s

inr¡ç--l rrcs ?iher sol_-'?or ';rç1--^çr..-l-ç-r " Ii i_rì*c beeir. s-JgJes ieC_

ì¡-¡ .T- ì ,Clli-i ., ('7\. tlìr', . i,'^= i.or.;-n 'r-ni rlo-n-r 'l1r¡i: "r i-,-i ¡n .ia'¿

.ri3ii¡r.3.¡;' sol,va.tion be i;r-sed" vhen refeflî.Litg {;¡ ih.e

atte-chi-i:eri¡ cf sol-veitt. ilol cc'r.l-es 1,o -ih?ge i ':ns in

sol-r-;ibicit ior rr¡hi-chthe :-cn änd. its alta.c]:reci, sol.yen.t

iïrOl-eC-t1eS iì1C\.¡ê 'i.or"¡ i-.h-r" r q Oile ef'bii;' d'. ::in.J e1-ee'L-nOl-,r¡:iC

iransrort a.nd lor -.:hi-ch ti:e o.l-\¡ei:lt ilns lr¡-r¡e ccÌilt:l-ei,?:l-l'

I cst i.L-iei-:r r)wrl ser.:ì,ir.-ì-te tl"lns-1-a.t,ici:ral- deg::e es of f:eed.lno

The i;erlrri rr-ceccrrrla.":)¡ sÕ1-v'.ttoi:Ìrr i.nvc-l rres a"l-.1- inhei:a.c-'r,-j'¡ns

tlhrch, a-re ne'f, incl-'-'o'ecl in lbe cl er1r""n:it.ian cf 1:i:i-:rr.:";'

SOI \.r,liio¡. :-.r.d 'Lhe ir1;Oi,a-l- sOl tr-r,'r,lCntË .,",r,t,.':.'!-d j;ite:¡efC,fe jre

'Li.e s',r¡n cf j.hese i;-.'ic l-/-:lûs n

r.1:-^ ^l-eC.f .^S l.;. i-i C tìlef -,- .:.1 SIT-r.¡.-.-;l- -.n. Seel¡ìq-hf:- ":. '-. ¡-t:U ir i . ì ., !I\/ ¿ .-

:"'rnl v ¡nl.; i.,c i;he .si-nr:.,a,-ei1 irns rf ûr:oil,r T::i and -l-i"ii of-, .t-. - J

ine Pe:::icdi-c lla.b,r-e a.ncl. to 'Lhe lu-l.oF,en.s bec:.i;.se tlne j-c::-

so]-vent in'i;e::a.r:rion 1s corrsi{lerecl, 1.;c be :-lmcsi. s¡nrìl,sþç,1-;r

el-ecl:r'cs'baiic jn n:r.1,"r:LTe" Cf cc'r-ïseq l-his ecnc-l-,;.sion i-s

not crrl,li;r fcr -:]Ìe ir,oile coir."r'1i-catecl, .i'rns, -ir:r: e -:r- ílÐ'l-e

't,he ùnes in. G:: r,rp \rf Lf " -qhel:e s1,-Ìtcng coclriii:lt.L'r3' ,lo'IÊl:

'i;encls to f a, c:-1.:r ccva---]-enl; 
-1 ì-nk:.3es be,;-,.reeir i-orr l"lrd

sclr¡ec.i, þ,:-,. :L1tl-lcr;gJr ';j:teee ions i:enC 'Lo fa-vciri: i,l:Li,s

t;;.re ci a.itr.ci'rr,"-'ni, '-':.':l:e s-Lil-l, e;,tj-sÌ;s iì. I j-itl-e Q:-:-z"n-[ j, ha.rige

ei¡j-Ceirce rf s61-rration.

I,.Ln.i.eä¿':itil (ll-) -rr3:cseC

fheo:."-¡ of i-;:rie sol-v:.i;i.cn f::o¡r.

, i-ie ; dì-.lfqr1n.i

i-.',- - i. r-,I J,r -i :; t.1 c¡ - -la
-- Jru r, l r 6
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"¡ 

r-:rr.--,:lj-ln.,

'1 ,.'_ 't' t-, ^ i-

'-r .L

r¡.-.1.r
l1\



t'.lhere â.1,¡ = activit;r of r¡rater

m = mo l-al-i1,)r

r = ihe number of -,.¡ater nol_ec,,_11es in a

monOm0 l- e c u-ll- ar. hi'd. r.ai i cn- S he a t.b. r,\¡h*o j.L

eO:.rlirl-et e

ôr, = elip (E-n1) ,/ RT

ti:i-.Elrj = e}:cess of eneT'gy of ad.sorpticn in the

first J_a.yer: over the latent hea.t of
vaporizaticn of i,,¡ater

t

And.erscn (r-) ai-so moei.ifieir. the B*E-T eqrr:r-iicn so

thai r-he su-bsequ.ent .1.ayei:s (,;p ic a bout ilie tenth) have a

l:eat cf a.cì"sorpticn -]-eSS b;r 3¡ va.lue rr¡l.rt than tìlat of ,:¡a.ter.u

Tiris has the effect cf mu-'t*tic1;'Íng o--¡t1 .".¡he::eyer it occu.ï.s

in ec,u:r,tion (1.) b;, a, îactor ií=exp-d,1F-T. Ta.hl-e l- ecnl.lÐ_l?es

the i¡â.1-Lres of :: obtained. foi. a. nu.nbe:: of el_eciro]-)rtes

fron Ande:rsoilts noci.ified- ecli-1a.-uir:n. to t,hose obì;ainerj. bj,

t.:-sing the erlu.a'bion. of $tcl<es a_nd. RobiÌlscï1.



.-c*

llOl-?C--11 ?S in ?. ì:tOi1CnOl-sçr;,1.,¡.¡ h rrf r"'r.f i^¡ qhei-1-h) îr::¡

the i'rc,Íif i.ed Ê,-jrr r i-.i r¡i'r n î i n-Ce rsor,r. '1,nal :1-icll -hl¡o e.ìiia.ticn

cf $tolres rn¡ :-.ohinscn

Values of r ob¡aine,J. f::on'

Cc:nnarison- 'rí T {í;he ilrjr.beï of r.,¡:r.ier

m.'ñTn 1

E 1.. e c'i, r' c,-ì-;¡1, e

r,icl_

l,i-\r
iiCl-

ilC-l-0r*

L,¡ .:,. \ r. , _,-). ) )

iZlre I ^- --¿

í.,¡Ilr ^,¿' l -¡l 2

f\ ^ar1¡-¡ :l'¿ J- 2
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ì
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1

'-L
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J r ¡-\-l

!, ry)
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'^ -:.. hi\-ñd h,t 'r'1al ri.qrìì1



,¡:hc-'i.e nl.r-nller"s " lihe f i.f s+, f our el ec'i r.cl;¡tes i¡ith r:::lit¡i:---l_en.{;

ca-t:lnns r:e.i r:ilte four.i r:ioiecr:.]-es cf .,r:-i.r;e.e to ccinlrl er;e 'í.ir.e

iif'-"t, 1_;r.;r¿y i i.l.= 1 ¡.S l-. ii..': er ectrtl l'-i_.s ',:j tit þì rr1'1_s'1f

c l.-l;ions i:e1¡ui"r'e e1.3nt :r¡ l;ç-' ¡13-l-sçr:f es , ûa-l,cium nitr:ie,
zi-n"c ch,l-o-"j-i'le , e nC zitlc r-rL"ciui.d_e e.l.so h.!..,¡e bir¡¿¡.1-eüi

cl.t j-ol:S lut 
'' 
nere j-s elriCence, as in the ca,SÐ af ztnC

sLl-ìls ;h..:.t ì,he;r ¡-ì.te iÌlore coi'i:ec'ç1.)¡ ,:âpïesen'ced by ilie

jln"d.ersln ilcr;i1.¡ls¡ cff h;-s nr:-rc:.ic:,-'l_ r¡:li;es to

*7*

therefore a va.:ll ¿:.bl-e i:L: þ;r¡1.;-a-i;ilr r,r.nd. in c¡:-,'1-cii:.it i,:.i-u:ri."te.

sc-!-l;.tion -blre ca-l-cir..lrir nj-';:::¡,ie is subjeci -ro ion pai-r

ilc::çia.r,iop a-ncl tlle::efo_re :Ln r,lo:re ccrLceilt-:_teil sol-r..i-,üi-cns

i;':e 1rerl:lni-nlri; -i- ^n i s '.',.-iri'pl elit [e itriC.. I *,
L --l

' l'.îr..ch cf ihe i:tc.*¡e receirt ,¡ollk h:s 'been. ,ltne ':n ihe
p'r:obl.ere cf sol-r¡r.-Lr'-'in energies i:.. tirer than cn eol.vi:.lj-,-¡n

n"ll-tnbe::s'z ,,re ,.¡il-.-1. l,r'e-rei:tte C j-r'ec'b oL1r. :l.i; i,eirt.i ¡¡tt -r,o i;he

],--le¿-it of sol-rra.ti-on,

ft -i-q _r.r"¡i;rs¡ì i'rc1 -uhe plinb oí r¡iei,l of rh.e theor.;r

of s.:" 1.t d.isso,l-lticn, trl:.1; ll¡e J-a..rge sr:l_u'cil-it;. :f i:i,r.n)¡

s.,r"1-ts in s1r-i'1-.¿l;1-6 so!_r¡eirì;s, in..¡hich ti:e essenti.a_l- sters

e-e tile ìr:re aliin; ,i-o : i cl 'i;:fe ç,r¡irgirl- l-i:,t'i:ice a-nO- the

c:re,rti-',,::. rf :Íi:ea "r-cns e c?.rì oil-!_)¡ llÐ e,tnl-:-,i-nerL if scine

si:ecia-1 pllocess occlr..cÉ 'rÐon ci.issol-r¡-'ii rn o:i :r- cryst.]tr- rthiel:

rîti-lr-c?s .rit ¡.'1_rrl.rr.i clf srrer:grr oif i,iie s?.Ìie c:rdeit i:l.S ih¡-i

cf ii:e cit,)¡S;'l- I :-:.'b iice. The ?.6:rr,-n-i o! eäef g;r ;¡ç11 ,,i:.crr ir--.

this -r--ì.i-l-cess ir¡i1-1. l-¡e of ccnsicleL:ab-l.e rca gnì'ì:,r,4-e bec:¡-r.:se

cf the -1-:.i:ge L-a,tti-ce energi_es l.ltense]-yes . This rtspeci:,¡.-l-

Ío:n'r.l-a Zn'n'[nXi]--anrl c1L.l;- l-:--1.fl bhe zi-re i.-,irs "ïe



jl-ïoceS gtr ref er.c il tlre i-:;'cì-.l.r- bi-cn o_î i'tr,ls in âill'r.eou-s

e31.'.r.-i; j- j,".S _ :Lr'i î,-, 1'r.j-f i== ir-e Lf.i,_-.C1r:'1:1i_ ): ,ja1_"--?L.1_1

¡ nl 1¡--¡--1- -rq ir '.1.e i- ns i-: scl-.-ij.c1" Tlr-- .:::enî g¡r;-e j_,tg

'L:lli-s :.t-i::.chirtet¡"-i; ì.¡e i:lilLc:-;:l"r 1.;- el ,^c l;Tc s jrn-i;ic , If tite

l''¡:--1- a: so1 ".r'i l-rr i-q .:r_-,.iiic :.=1'11.:,, ?t¡ti1-'e- tic, i- i; :./ir.l

)-"u-

c oilp e ns ',r'i; +

l_l_ ,r.li.c -1 rr

f i-rs b I :.-.,i

in uirich t
,.r.lld lhe l:-

C:

he

_:- J-

AI1 = _-r--i +. (?n"?*) iZi
:,che::c AIj = i;i-e 1:':::t oi sc_l,Lr-'L;,i,:n

Li = i,lie L.¿rtiice en,3 rglr

{'ì*"'î-)= tÌ.e l:le¿¡.'r: r:f sctv:ìtion

iJ'-.i,r, ii clie ,1,:La',ig '-.¡::e _'1. a-cti_ce e;:Ì€-f 3)¡ e_nC i.lie

i,-re::..1; '.-rf cç-1"r.:-i.i:rrne í-lIJ.c c:r,n p1-::-Ce -tr:,es;e \¡:Ì..1-,:t.q j-rti:,: eiltfai;Ír¡n

(2) '.:J-lar. ij":rcl i;ir¡ ltei:.1, cf scl r:l'tr,.t:1, Tirrs v:;it,e c.r_rn.ì;.¡.,ii_rg

boi,h ,,jre i¡-iç1'-..g . i- .;'r entit-.¡ cf l;lle -il¡_l ,-,,.¡iil c.lÍ.._rç-i ç a.nd. ti-,a

'!'¡Cfli Of l:::e;.lt,1-ng rr-'-. tì:e sOl-"-¡r,:il-b C:ì,i-S€d i:;'-'r'.e:i:-Í-":l-,.:tir;,:t
-¡ir -il,a -î -r

-: I o

TA.lf l e _1""1_ "rhOïS '::,'.'e l.e a,l f f hrr¡_1 -r,,,_-; j- _-r:t Cf i,lte :.l.l,il.ll j_

h:.-l-i-des c:,-1 r:li-'] a'çed- ,1i:oin l-:,ri;'L_i ce e n.-r¡:,-_es rnd irca.-i;s lf

scl-, i ri'.lil :'-n :^.i:r. i;ei: *

Ë:.1,r;s r' si.cìr :rs :,j-!-, L:lC-l : end ,if :lr: -bltl,ì,; r:,o.sse1s

,l-:,'.T;C cn i-r'1i.1 l-'i: j.=.1 '...e th.î :r.reã - _1 '^:'.rr? L:._if '. ri-.; î-1

.,ìl t¡ -i-.i r;r f r, r.-¡*ì i¡-,-1 .:¡c -i -¡ -'-i c +.:J¡-l o- \ '--¡ ¿ I

'l ôâ

ttle.n iif tf:-llJlÍ.'ta ril)

^' ^-â,_ 
7

::i r_r- -_ ".r'

;q ll.l.(

Cne r-::,,¡f Cb'h:.j,n :jln rìílt-.:3"1:i'jil

oí .,;lie hee.i oí sgi,r¡1.f i ¡r.¿

is fir-! :-!.i1.1- ì;l ilrel:q:,.'i rl "O-l-,_1.'bl-Cí1 "

L, . LLJ



lattiee Energies, fn-itial Hea.ts of
Soluticn, a-nci. Flea,'bs of l{yd.ration of the "¡}._'t-kal-i l{atides

in Ki],oc3":!.ories

*9*
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ïïr'r-l rL1;icn en-e r:rie st'!'-'

been iì-eicrniiled brr.t i¡-l1in ,:l:rcit

tc cì:t¿iin thes e inil j-r,¡i-dr.a]- \¡i:r.

fa.c'is sr-tch 3.9 -iJ:.e r:ì:one¡:tios

Jrave '¡o be *r,?.ke,L into ¡.ceor-:-nt

*1..1"-

Bcrn i?) e.:..I_eril:-teC. the \ea¡ oí hr¡d.ratj_cn fron
tjre orol:e::iies of the icn ,,.nc. solveni" .'Ie ::ege.rc.,¡c i}:e

heat of þ.;ri.¡31ti.cn of an icn r.s the ,ciff:r"ence i-n. its
elec'1,^ost:+;i.c êíÌei"gj¡ in vacr,o an,j ihat in a nec_tj-rm

o1' crie.l.ectr"i_c c:rstr.n.t ( 
"

Th¡ oütr3;' lf i.n i,-1e -r¡L::cred Ls ?. sþhe-e ,:f
ærÄi:r¡¡ ll¡l! ;-,_,_-ri._r.-t_ _!5 '. -:.- g _l-I \r!:.c'_,3 1g

^22'fi" î

oÍ j.rrr'ivicìr':1 t"-ônS h¡.vC

'-: 
j.i;'_:':C"r-l_t'r, ff tTd C1l

I ',11 S. qOìr1 1¡ i.r^:r,-{-\â-nr1..ì-': :'¡:nri -'/
rf tire; ions ar¡d. sol.r.¡ent

:iÌte.re Zr._= t:re vall-ence cf the :i.cn

t:-'J

If the necj.rl-'.ii:t of c'l.i-el-ect.ric ccnsta.n" € j.-s ccnsiC"ereiì.

as:r. ecntinu.,:n tire ç':r':les;:r,'.r.Ci-ng 3nÊ.r:CJ, in it is I tii¡eg
that in a yecli.ln, Tl:erefc::e ilre cilange j-n fi"ee *r,5"rr r*,
moi ?.cccriita"nyj-ng l;jre -t:ransfi-;:" r:f j:,h.e j_cn fron v3.cr.l1_rät

in1,o a nr.ed-i,n oí C.ielect::ic ccnst:-ni (iS

tj = i;l,e el.ec'i;:c.ric cìrr:tg+

2a

I
:r_-1

€ f : I



I rïlr^ !^.--+ ^.1---o t.'.I:; i.li.Ì;1iy Ul

I i bb S *:: e ll-,1tr.9 1-.(; ¿

,ìi {r - 
= 

(òa= Il :'
\ n: 7 ?

:-.:-.cj. Tc51-','.ci-,rg {J ril:ir +,lt ,i'; tbt,:.:-ner,l ilr e1_rii j_:r (3i
ra ..; 
[;;(]J l 4]

Ti.¡'; rn:r.in c',i-f i-ci-rll;ies a_rise in -i;he r_i.se of ,chis

? i.-'" ti.:::. 0ne iq ì;l:e ¡i i lic',1,i;' ol : Scel't-.li:riii i,h I i.*,.-.-[i:.

oi tl:e j-'-¡ri" t-i'.fci.,t X-::a;' rne;ìsir.:renellts , t-lf- iir.fernlcl-e:,i1.
,c-i.s'j::nces in j;irc eii;rsr,; .,1 r-.-re obr:-:-ned on t he a"ssr-r.np,;i on

cf c3'-'rlse, 1:i-'::.t cation ¿.nc. an:'-on ,:¡e in c-'|_c,-qe ccnj;act, Th

rnaia aíilìri-grr.i-1t is encrr-11ri;e,:recl. i.n hhe qLi.vis.ion cf .ihese

in"te::n,"r.c.1-e.r"r d isi!:rnces in.ic -i:i:e i¡.6.ir¡i¡1.11¡¡_1_ ilnic racti-:'_ 
"

then ar-iriher -*nceriaint;r 1_ies in assuiniirg th.at ilre :ra.c,i.Í

of tire ions in a. c::;rsta.-l a-re il:e sane as the;r ¡.,nç Ín. the
scl-vent ;Liec-1ilgr." The seeond dif.li.e,.r1iy in tbi_s trer"inent
:..1'i se.s ':ec:.',is1 rì¡3ir- r g er_lrrt.i,icn inf -::'s j;hl.i l;'tre tlct-t :f
sc-l-i"r:lion cf â. monovã.1ent ion sircr_,^lcj it.epe:rC, cn the

ter¡ner'::iil:e :.n4. cn ih.e c.iel.ect:ric ccns-i;anb cf -bhe necl,iiÍno

Th.is ',rioL1l-.d. i'r"n'rl-j' 'iha! :..l-l- icns .:¡heflier" c:,.ti.xs ci. ::.nicns

Ìr.avi.n5 ihe s:ì,¡e ¡::-c-lius rÌo1r.-t-d. )'iel_d. l;he s?Ìre solv:r.tj_cn

e,ni?-f o'¡, --l-SC 1;i:e i-t-s*Õ cf l:ra.c::CScC ¡ic ,_.r:,el-ecl; i:ic c,_ìnS t,1nt

(1laê"1 ô c

: -- ùLi t)::-\l

*,!"1 *

'"."h:ie lir = n'-:-rlÌ1,?f of r:cl.c s of

h;'Li.-1-.i:l li c:.1 be :]'ri,.it,tu¡

êaì--ì.ì'f-ì ¡n âq

(



is in sericu.s er?or since near the vicinit;r of the ione

at l-east, the diel-eetric ccnsl;ani is consid-era-br-;r red.u.ced,

c].lre io 'the i;rf l-uence of i,he liel d. of ihe .;.on u

The ion-ciipol-e interactione the orient¡_ti-on, il:re

ccla-riz,aticn of tìre '.¡¡a.ter mol-ecules b,v the ionic fielcs,
and the iro::k of cl.is ürii:bing tlle struc'brlre cf the so.l-vent

ca.useC by tne presei'Lce of the i:nse i",rere ;a-ken into a_ccount

in orcì.er to ir:npi:ove bhe va.l-r;.es of tire hea,t of solvation 
"

ïn Ta.ble 111 the he:".t of h;rdr:"tion of soTlte índivicti,r.a.l_

ions Ð.Te calcu,-l.rl.terj. from Bornrs equa-tion a-ntl con'lai:ed, tc
the rao::e recent v:.-"1-ues co-r:rectecl j-n accorrj-ance i¡j-ih the
factors rnentioned. aboveo

T¡iBr,E lJl-

-L2-

IIea.ts of li¡rçì.¡¿tir:n

in Kilocal or"ies

Ton
o

Rad.ius ¿i

Q1( 3c,rn t s equa.1; icn)

Qi (Co,:r"cted.)

,û.]-tirou.gh mr-r.ch l^¡o::k has been d.one on ionic soivation
the theoletj-cal* concept ha-s been fcr-:.nd tc be inacr.eoua.te io
â t?.1 ¡*ar n¡ -lc" 5-L'1:i:i,(:-l- 'Jr.- j-esse:" degree. The t:eason for tjris o.irricrr-lt;,

-l,ies 6rea|l-;r in the l-a-ck of kno.¡l-ed.ge of lhe type of
bincin.g, Lir:r.t exi-*qi.-,s bet..ieen the j ci:ls ¡"ncl. so1_.,¡ent ¡rcl-ec'¿_r,es

and, th.e iliffieu.l-l;r in gettin.g soíûe aecur'::-te re:-r_si:.reriient of

ln
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solvatÍon nrr-nbers a.nd energíes of ions f ron r"el-iabl e

experineTLts 
"

l{a.ny di-flfer.ent physica_l prope::ties have been

stndj-ed" in o.eder to r]eter"nine the solva,tion nu.r:rberse vizz
freezing a.nd boiling points, refra.ctivitye vapou.r presslr_rey

densit;', su,rfa.ce tension, specific heat? corrlr,essibil-ity

of i':nic solutions, transpor"i nunbe::.s of i-:ns and

so,]-r:.bil-ity of non-e l-ec L;::ol;rf,ss in t,he presence of
electrcl)'tes, The r.esu-l.ts seem to lnCic:.te ihat ion-so,t_vent

interactions ha.r¡e al: inf'l uence on the beha_r¡iour" of
solLr-ti ons.

*l ?--

-å. d"iffic'"r1ty connon to rnost of th.ese inethcd.s is
tha.t of divici.i.ng uip ij're so-]-va.rion of the sa-l-t betr,¡een i.i;s

ions, Sorne uorkez's ( 38) ha.ve a"ssr:.'ned that 1a_r..3e o-.r:ga.nic

ions su.ch as Pht'll{3+ possess a- zerÐ scl¡¡atirn nr-r.nberu

Scrne h.a.ve exi,enderi. tlr¡j-s tc incl-r.;r.Ce sueh icns â.s ï,I0"- ( f r-ì)
J

anC. T: (1-7) . The nost i-ogica.1 rnethod â.ni-rs¿"* to be

dir¡ision in ihe ::a.iic of i;he ion sizes, ba"sed. Llpon sone

salt s,reh â.s Poi;a-ssiu.m f-'l-'.r.orirl,e i,¡irose i¡nic ra.dii a.l:e

nr:arl ¡r e,1ual*

Uniir recentl-i¡ the p::incipal wa.y of estima-ting

j-onie h;rct3¡"¡1on I^faS i,la-shbu-rnts modificr.ticn (Lr9) of the

Iïittorf ilethod- of icnic cl: solvent transpo::i, u.sing e.n

iner''L re:îe::eace su-bst:.nce" The inert subs'i;a.nces erxllrLc)red.

bi- i';asirhì-r.rn r¡¡e1:e raf linose , su.cl,os e or ars eni- ¡ì;-s a.ciC. "

The referenee sr,r.bs-bance is :-ctr.ra1-1;' used. to rLeter¡nine

if tnere is a, cha.nge in ccneentralicn af inert rna-terial

ir¡hen t'he ions inove under an a",opl,ied difftrenee j.n no'bentia.J-^



l!ct'¡ tþe funiÌ.:r-rneiltll a-sgu-iilo,bi-cn is t.h?.-t, 'lhe .ceíeîence

su-bs-b:-'.nce dces rrot í'r,o',rê r:-n,:re:r tire i.nflu.ence of i,he

alrl-ied îie-'1-d" :lf onÐ -¡lefe::s r,he ch:,inges irr i:he ccntent
ol rr.:te:n r,r_ìld_ of ì.lle sl,'l-t-ï;c i;:le ncn_e_,.-ec.ilo_t..i.te i.s a

referen.ce ¡qu-ltsi,i-.,nee "i;l-en. fof å1 ger"ies cf ileasi_:.renea.bs

r,'¡:,tll .¡:ì_1it'.;.s rl_gçf-3r_;.+;¡s t '.:t1¡;rrrtj.:n a,.:.nbe:fs c:.n be

"-l 
l-c'L'heal" f: elcl.r i:n '1¡3r¡i-¡Lç1ì ì;h.a.t an-e i-cne så.;r .r-l.a

chroi:j-ce j.c:-r, j-s ¡,s,cr.r.fieil" Ji g:i.e.:t, ceil rf :,¡c::k ,,.¡::.s done

r;r n3çþri5 (7) cn r,i-¡is .rr:incipl_e. The rei;j^Lccl ?.]_-rrâ)rs

l-ed -cc taj-s r::d.er. cf lt;)¡di.aj;i-¡ir ,,:-,1--,.'.3s lcr. the ¿cnci¡alent
-¡.i-i¡++

ca.ij-,:ns Li )lla > K ) Cs ) :i but a.sj for r,he ,:-ct;r,.a,l_

nir-nericll_ v:¡.1i_r"rs -i,i-:ere .,,r.¡__q corrsid,e:l¡.b l_e r-i.isag:loar¡ent, vh1 ch
j-s iir pa:'t ci.Le Lc tl¡.e d.iffereni a-ssr,rìûÐl;iins:.be,rt l;ire

h)'Ci::-'tj-':l_¡.'.:f i;þe chl_rr:iCe r'.1n.

i'ia.shbi;-.cn ::sec-l the ioJ_r:-,ri-ng .: j,r-:lj,ira ¡o c-r--'t-e.,.]_a_te

tiie nl,;,i'nbers cf lrol,e s cf .,,faber ca,::rie<j neï ecr'.:.irrar eirt of
ca'i; i-:n ird '.-,n.i ln 

"

Sn = T.\* * Tr.tl*u {ji

1i,

',i¡h.ere I n E

T=-.o

trJ
¿c -a.i

t1 ô
J.

lrlT.7 l'. \l rt 
-

lrl l.t irl 
-r

.!'nâ rlnlln¡i,¡n-:''!.i ro

ni:-nber of r¡lo1es of '¡a.iei -{;t,:.nsfer:.cc.r f::cr,:

elr¡d.e t;c c.:-Ll aole ller f¿r.::l_r.i?--, ao e-!_eci;ri.citlr

the in:e tl.ârnsfeïei1c-ô i1r_liiiì:er o! I,h.e c" j,i,-n

'i;rie ':,:?,j_e '1.¿:Lnsfele:1ce nuälbei: cf =ilie a.ni_cn

the nr,rïi

cn-e

r¡u st

fÊll C| nOl-?q Cî r.r.'.-lT C ,r hinerl ,.¡ii;l_..

ival-cn'r; of c,ttiln lnC :'"1-rn :res rective:l_:f 
"

:¡ qq.,:r'ra¡." 
S j.'1.ee b,-.i.1. li ,.-,ì.leo e C1-.r.r".1r.ì;iii +S

e,irl
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shoun ;ha,t the inei:i i:efe::ence subst:-nce ra"ffincse, irhich
r.,¡-l-s rrseC, b)' .i:-shburr:11 is ila-nsnoïberì r,i.n¡ls;a these ccnC,i"tilfl.s o

,l,l-sc T,,G" Lor.rSs:,rortÌr (12) showed t,h.a.t a non-electrot yte

in presenee of electrolyte does nigz.ate, As a resu.l_Ç th*
ca-l cul,ated" ':¡a-ie:: 'b¡:an.spori p::: f :.r'a.ct aJ¡ cf e1-eci::ici-r;,

'ro c eoÁ ric^ r'nAq rì.'.'' .i-ìrn nç, nf ie'"r-'lj-:I. l-lon--el-enJ--,"^,-1 .:rto o,r-¡'l ,rrr,=d

This netrrcc is there.îore pen "Lo considera.ble object1on

:..-nri, the rÊ.qr-rl_l,s cbtaineC- .3.re r_l-r.ite uncelt:¡.in"

0thei" .¡orl.ters h:.r¡e eiapl-o;rçj- i:he,yate¡:-t:":_n-rfe::

metircd. ir¡i--i-hclt the uso oi iner"t .refe:"ence s'-r'bs j.?-ncesn

lor i-nsl,,rnce, in ihe Rem;z (36)*Baboîovslilr (\-) nei;hccl. of
waie:: ti:a-nspor'û r;h.e 1i11r.rlaL is al.-rc:,rerL to .1a.ss th:rcu-gh a

tiiin m?nbre,ne be'b,¿een c:ri:rcd-e ?iÌe'Ì r.n:d.e co;rir?a::t:;ients :.nri"

this ind.ic:.'bes the r:.e-b vo_'l-ui.e ch.:'r.n¿: r.r'ising f::onr 1;he

c.Ífferent erienl cf so-l-'¡ai:icn cf the cr,,ticn a-nc anion"

The p::ilci-1rrl- o1-';ec1;ion is in tne flê?-.s1_.rrÊi11€jlJ, af -,:ra.te-r

irr,',nspori becailse it iì.'-.,;rì-¡¿¡ys incl-:-'d,erJ. in it, i;l::e.,t:.1-ter.:,rrich

j.s t-ransi-'.,6¡iç¡i- by e- ti:ansfer of lnomen'ir-::n ¡¡soi ions .bo

no]-'ecr:.les Ín the ära.nner sr-r.ggested by Linclema.Ð.ì:l" T'iÍs, cf
cclll:Seu wou-ld. res,-rlt in h;ril-¡3.ticn nu-rrtbei:s t;:r;,t l,¡ere toc

"i3'h" -!nctirer c'bjecti-cn i.s in the consid.e::..".b,r-e vol.:_t.re cha.nge

in 'hl:e a.nccl.e :l:rd. c,"-lhcile colioa.t'in:nts c:.used b.;r re:c-r,icns

al; fhe elect-r-cd.es. :,1-so2 r-he effec-Ì, of 4:l-?c-r,To€n-cjosnosis

at the llenbra"ne is consid.e:l-b-l-e 'bel-or¡ :L cr:itcen'i;.r'-r_ticn oÍ

.r lT. Thu.s llle Ptel't;t-3-r.b:.r'c.,'S1c,/ ire bi:od- iriusi rrtea-sLr_f e Sct]e

part cf Lhe total- rle-'.hel: tha.n 'bhe lr rr-ma"z'y so'l r¡a,tior::

Puä, Fischer and ä.8" Kov¡:l (ZZ) have sj_nce

"", )-



a concl-usion which a,]-so h.o]-ds true for Ja.nEie_,rrs diffusion
i:aethod. (26) a.nð- the dial;rsis meihod. of liz'intzinger (,-ì_2) 

"

t_ich en;ot_oyed a.n icnic_rnobility rnethod (45)
t¡hich acpeatîs tc neasrr.re e more defj.nite qu.antitir tha,n

clid the pr:evi-o's method, I{e obtained. cli.ect-'l-;¡ ilre
r¡olume of 't,he scll-r¡a"Led irns fz'on an appl-ica_tion cf
stokets l-aw to i.-¡nic ilobir iLÍes at \reï)r r_or¡¡ concenti::.tiräs1
thu"s obta-ining ir:'in:r.::¡r set 1r¡.fron n:;.¡rìrers" T¡is metnod,

J3.\¡e 1_oi,¡ ::eslrl-1;s for soare i;:ns in a.r1ri.eor,rg soll.r;.tion s (Zg) ,
The appropr:i:.te vol_i-r.üe of ilre scl-vent mol_ecut.e to use
in t he evalu.at'icn of the sor.¡¡aticn nurnJ¡e:: is soner¡ha.t

inc,efin:l-te becau.se ihe high l)r-ôssur:e :'-n r.h.e vicinity of
the icn a.nd the i-ni'libitior of rote-tionar- ciegrees cf
f::cedor: of tne iì.ipol.es ¡.i;tr.ched i,c i-,Ìte icn r.ira.ke bire

nol-ec .r..1.¡¿j: vol-r-r_me e c:"1 cu1-a-bed. in the ¡.:.s¡.a-1, -vt?It e ioo 1-e_r,ge 
"

Thus TJl,ichts sc.lvlticn n'i.nbers r.lere tno sna_]_1 a.nrl ¡:r.oba,bl-y

rep,resent 4 l-owe:: lii,ri-h. .IIe :¡*1so calcr.J-a_tedr an tr_îper

lirnj.t a.-*si;-ming the nolecr:Ll-a.ï vol-.ri,ie ,.¡p_q C.iminished., to
one ha.l-f its ou'i3in.a.r -.¡,:l.r-,..e 2 Ì:r.-onÇe his fir:a"1 r¡al-r_r.es 1,,rêrê

an ä.v3r?-ge of the uircer' ',rnd- 10',:,'er sc,l-r¡:rtion l-imits.
rn r-''he opinicn of i;h.e aLr.'crror:, irnic rirobil it;, shourd.

be'-rseil. r¡¡ith grer.t ca.L:,j:j-on ia ihe estim:.ticn of the;¡¡.ter
slre¡.tlls of iire i,,-ns, hec:l.Lr-se of ilre r/€r)¡ 1-arge c'r_ifferences
bet'i¡een the =,'¡,-¡ier she:"'bhs calr.cr.lrrteij. 'b;r 

a_ er_rnìre:: of
i-evestiga"i;rrrs s.:tch as Riese,rfe.l-d, (3Ð L.[-ieÌr r.t+j) a.nd

-Ð,eny (,37) iron iinj-c ¡.¡roìri.r ities 
"

"'l nt':i:nbeT lf ne'[]rcC,s -i n-r¡ol- ve ¡.cti-r¡i'Ì;)r d.ete.rn:l-nl_titns
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iraseil on crr¡oscc,rica vapor;r,ï' !ï"e.ssr.r.re, arri. the sa-1,tin_g-

ort räeil:oc-s" Tl ese 3il"e ,-igh :r-e.sL-ll_ts and_ therefore
seenr.s to gi*re â. total- interrci;icn. efiect"

The cr')rosconic ¡re-bit:d. of E. Ror;r.;rç¡, 1¡. Bolr¡iciry
and. .I-iun (f"1) alpears to be of dcl;.btful r¡all-id-Íi),. hece.rr.se

th.e resul-ts depen,l upon ti-r.e r:.se of e. rlorrê.1-ectro1.;2j,ç,

These '*o-i:liers used, sLr-ch non*e.J_ectrol_;rfç_c as a_cetone,

pLi"-.,]deh)¡de r.nd ïeslrcii:c_'l " Tlley niea.sured. the cu)¡oscoric

or ebull_icscooic conste.n.Ls of non-el.ectrc!.)¡tes in
e-'l-ect::c1.,'tic so.l.r-tti.cn.s or :l_n rii.i:e iu-:.tei:. Usin-J the
fc1-l-oving rel-a.'birnsl.,¡ins t he;z obti¡.ined ihe h;rd:r:a_iion of
the el-ect:"ol-j¡'ben

ï = 1-00 {lit - :¡:{)

*1 f7*

l,,fhere ?i = ihe tlel: cent of rra.te:: of h;rC::a_i;ioir of ilre
e.J-e c r; l:c1 -;''i; e

al -Ll -f.. = i;i::t€ CT;;rçgcCni-c const:.nl of tite non-el_ectrot_:,te

in r¡a"'r,er

K-1

Kr= ihe c::yoscoiric consfu.nï oÍ i,he aon-er-ectrcl-;i{9
i n 'ihe el-ectr"or, ,vtic sot_u.Ì;ion 

"

Th.e ::esu.lts obj;:.:-nect. fcr the f:i-::st, tr¡o :r.cn_

ei,ect,rol.;,'tes ilere Ìr.j,1t:îa-So:La.b l-e l::.,.t TO¿qorcinol- a,tnea-::ed-

to func¡ícn- sa.t.isfaetc:ri1;r. Th.e ïhec?-, ,îrolr i,¡it j-ch the
:eesu-l ts ?.-re eva.l.r-.,a-ted, i s iniice, jlAte 'nd the:refor"e Ll¡.d. ,.çc

l:e l rranr.r.:neC ,

lñl



The esii-n:,t:r-on of i,he hy'dr":"tr.-:n nr-rrrbe¡:s rr¡i ,:he

lise of \,"allll,lll lt:r"asSr..Te iîelst_11-eij:el,cs,irl_s c:r::iecl. cui b).

R"Ii" \I:.u Pruyr.ren (\.7), (li-9,ì, Fie rï"oncsec'l ,rh=r.-1, ,:. i:;,C.:ateil
j'On lf¿.S Ser¡,1 ':i:"1 i/:,!'ie f i::Ol-eer.rl.CS bO'r-nC]. iO iL, :t.i-r.r-]. -i;iit,,:_t

si'"rnã e.l-ect::cl-)'-çDS L-"e rCt. -¡r.ol-t ), io¡.j-zed" i.¡ir;h .Lhe

l-LSe cf ri:i..eenhir_ts l-a';¡ of El_ect:rcl_)r.f ic d:l_ssr:ciaticn ¡_nd"

Il-¡.O:ll-i; t s .t ?-:ir ll3 rjeclr;.Cerl ¡.tr.i-q c-r-1-rêÊqi ^n "

aô

a(¡ ='1 ôr'l.l r.c - c-ì ro rr ^

--;;, ^_L(J 
'U-,.,,¡,fl_

r+he-ce d_n = tli.e ctegree of irnizn,¡i-on cLlc
va'?ol].r ;Ore s sr_.i"T'e

\^¡= tlr.e ¡rL;inbe¡: cf nol,es c¡f ,[he r]j_sso!-vect.

*qubst¡"n.ce :Ln tCCO Jr:ì,as cÍ solrrent,
S = tlle i¡apo'L-r pressi-r.lte cf llj.re so_l-vent

u..!1. 17;._]r_r.¡f pl:eS.rr.'1_lle Cf SOlltiOn a.l; the!

Szine l;ei':Ce:::"i'rfe aS $

T:r j-s eciüatì-on b::e:lks cct¡n zï h.i-gh coj:l.een-1,,-a"-bi,r:rs

becr,use of lhe Cecr"e¡.se in ti-.le amrunt of f::ee -r,¡3",r,er

nresenf a--c a. conseqlr.ence of i;Lre bin:iin3 of ,.raber, :.ral-ecr:,-!-es

tc the i ons " :re Lhe:cef c:e :rîe1'¡r-3i'-tes 'hl:ie ec¡,.iat:L:n :s s

'4"- - 'lfl I q - s ) - Je.,T q-!_:- ._ ,__ - . / ^_ -.,,i_l-

/ r-'\\.,/
: l-a-iilC. f rcrn

ti-re nurítbe? cf f i-ri:l,l¡ l_rrtt-.r-.û,d_ w 3_,üÊu

th,e deJT::: of ioniz:"iicn cf i;h.e

l¡'r,rdil-t; I r¡l-ecr¡._l,e oi ,¡Lter'"

'1 O rr n! r ì ir .\-
r.,.r _ 

L

l,ic -l- e ci:-Le s

o"ì a^'l--nn-l.-J-^
''' -l 
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*1 ?*

nu.mll e r s ob t a. i ne d. f o :: i n,C_ i r¡i -d"rra"_'l.

shc,l¡n in t.he iable I\r"
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Unfor.tuna.tel;r \I¿,p f,9-}rr7en r s res..ll_ts ärlnlrt¡ to
d.i-] lr_'[e so].u.ti¡r_r.s, ifren ap.--''t_ied to mor.e concenti:ateci

so]*r-r.ticirs the i:e,'ì-a"1,,Lrnshi;o cloes not seea 1-,o hol-cL. The

theorelica"l- 'b::ea.l;nent nu.-qt tilerefcre f a-i 1 ¡or the no::e

ccÌ:tcent-r:',.,ted- so lr-r.ttons cl.r-r,e to',,he il ifferent interirnie
attra.ction that i;¿ikes .-.-!.i-i.ce 
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Kosalcewick anC- fsma.i,l_ov (30) have utilizect" the

sa--1ting.-or-.'.t effect in c:r:d::. to estirr¡.te the h;r¡Lra.tirn

d-eereases i-r,pon the a"C.d"i-ti¡n cf ¡-n e.l-eci:"c1-;.r+,e and this
cÌ-t-:.nge in sol-ttbil-i-r,.'' j-s r-r.*ced- tc ga.in a" íneasr-1re of r,he

h;tCz'ation on the 3"ssr:.ïrii:rtion tna"t bhe ciecr"ease in sol';bi1i-t;r

is clu.e ì:c the ::erl.ucticn cf ihe a.ctivlt;r c.¡effici_ent i_n

,¡a.ter, Th.is metirod doe.s not tz.ke accouni of ihe effect



of the non-e1ect::ol-:;'tic so-l.u-te on the d.íelectric constan|

of the ärecl.iu-rrt, V;'Llues ca.l-cr-r,l-:.-Led. f::oin i,his rretiroC. :r'tso

C"epend. r.rpcn rh.e n¿..tr;re cf 'uhe ncn*e-l-ect:"o1-;rfs an<l.

therefcre cannct be considerecl" as va.li-d for the

det,ernina.ti':n of icni-c scl-vati on"

*2)*

t1ue.1-ir,atj-r¡e infe::ences ::+g''.r'diir.3 s?"1.v'i,i n f::om sa-l-ting"-

cut stud.ies" Foit er:a.mplee J"Ð.14" Bockris:n-d. F.i.Igan (S)

fol.'.nd. that for concentrai,ion ïr.nge between l\i,11O00 tc _1'- lT

for scd.iir-n chl-o¡,icle sol.',-rticns u-sing henzoic a.ci¿Õ. a.s

ncn-el ecNrg1-;rNç tire sal-ting*cr,i-t deereases anoiiia-l-cu,s1y

',,¡:'-th d.ecreasi¡rg diel ectrie ccnstant in aleohol--water

mixtures containing an excess of r,¡a"te::, This faet ean

be expl.ained if it assumed tna"t sodiu"m chloriri.e is

F:re ferentiali-}' so-]-vateC vith w ater.

iiouever', ii is sonetinr,es pcssibl-e ta nalxe

The C.eterrnina''cicn of sol,vation nu,nbe:i.s hy the

measu.remeni of pa.r'tia.l r:lol-a.l vol.ume-s of el ec'Lz.ol-;rtes zt
inf inite dill-ution rva.s ea.r'r'ied cui b7 J.D, Berna.l- anci- R*

I{" Fowl-er (t), They refer to thei:r meth.od. a.nd its resuits
as being particu,lz"rLy s:'bisfa,ctory and. Darmois (f 9)

d.escriJ:es the irrocedn::e and. reslLl-ts of ii:is method for
a 1-.a.:rge n'-r"inbe:: cf si'ntr,e a?lr-eclls e,'l-ectrol-;;'tic sol-uticns *

Th.j-s nethod. nieasu.res the lrrirna"r'y h)¡irai;i-on since it is
conceï"ned- with bhe vo-]-nme of th.e irn-sol-vent conpl,ex

onl;r ¿46 not with the su"Tl:or-r.nd.i*ng ''¡o.fatr i:no-]-ect.r.-j es 'r¡hich.

¿:.re not 1j-ro.1.;, a-iteched" tc ihe ion" Bi,tt the vaì-ues of the

solva-bicn nu¡.rbe:cs oÌrtaiired r,ve:re ilr-:.ch. l-oç¡er" tita.n those

oTriained. froni simil-:Lr expe:'iments" The re::son for Ì;his is



noi ;"et llite c t--ot,-r'o

Prina"::¡r scl.r,'atio-lL',irå_S calcul i-ited. b ., rJ-'t_j.eh. (46 )

by enirloylng entropy determinatirns. This rnethcd is rlue

to the decroa.se in entrcpir rcctrring .øhen gasçou.s ioi?s

ui:dei"go so:!-i1t,.:-,rn in r.,r.:ter ¡.t infinite d.iluticn" Ti a.lscr

d.epend"s u'¡on the ttíre'¡sillg ,_,.p1r cf the rJ.eg::ees of freecl,o¡n

of 'che ,¡:.ter rno,l-ecur1e s nea-:: the icn" The "r.sslr_i:rp-bi,li.r. i;e

inad.e i:hat. the tlntr.olr;' d.eerea.se when w:.rter is transferred
f:'om the btt1k of the sohition i,a the prirna::y soj-i.rrr-i;ion

shea"th is the sane :-r.s .Lh:¿t on f reezing ,¡ater" The

enfi:op;' nethod. na;r also be eiqp-1,oyet). to ca]-ct:,]¡be the

sol-rra'i;icn of non-elleci,ro_t_yf,ss " (aB¡ 
"

'5ome other nethod.s such a.-q ilr.e eoirrll:essibi_l_ity

af ion:l-e so1-.',ti-:.rits , the ve.:r:i.r.ti:ir of iþe dist ri-bl;t:-,rn

of an e-'l-ect.r:o-l-;rfç be-brr¡een 'Lrr'.r in¡,isej-bl-e sol_rrentsr tlle
rr.se of suileï'sonic emf t s ¿r-nd i-.o1:r-ri¡re try t a,-l-l- invol-l¡e ihe
¡neasr-r-rei;rent,:f i:ea"c'ii cn ve_t_ocities .

The coìtiÐr:essibi-l-ity methcC. ge.ve r"esu-"ì_ts r,+l:ich

agr:eed. ciuite r.¡e-],-l- ''¡ith thcse obta.lnecl. from th.e icnj_e'

mcbilit;r me.1:hod., Thirs, it seens highl-;r probable th=_t this
method, a.l-so yiel-d.s prirf..3.:r;r sol-r¡a-tj-oi1 nu.irltrells " Thj.s

a.ssr,r:nption is sr-rppo::ied. by ihe concept that i,he sc.t-r¡ent

sì'ra'-'tl-, i n 'nrÍrn1r.7 SC1-rr::r.l;f -n iS ,tni.?3i \rìrâ\r I îr'qe .1?êÊslLr\ ...,.i. *:l-L-1 '.,/ l.'vr-rr;.,t¡I, r' _L:j ,lilL:,j_r.. \t -!"¿ _-J,:J.r .,..i"€1

or.,uing tc the fie-]-d. o.ezri,he icn r.nrl. ther.dfo::e reach.es a

-l-initing r¡a.lue be;roncl,¡iij-ch fl:-i:Lher ccft.ìrressibll-it;r is
d.u.e ic tjrat of the so-r,\¡entu

Tlle 'listributicn iäethod. used_ i:ecenti-;r b)- Co::dier (la)
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ga.\¡e verJ¡ ir.igh r¡3ll-ir3s for tire -colv:"ti:n nrrnbe::s (of ¡he
Ò

cr':'le-r: oÍ 1-C-) " Ti:ese v?.rl1.res soraa i;.r_nes i-n r_!;r l,h:.t not:e

i¡ate:: i-S i:Sed ,1¡ in tlia hr¡dL":.rti r-,rr Slrea_-r,h .i;ha-n 
e---;:LS l-" j-n.

'úl-re sol-u.j;i:n, 1'hele .ìre sev,.,rar- lnsc,-r-ved cl"ifficl.-l_ties
'hirat exist-q in the cisrrih':.ti-ln :netir:ci. The resi.,_'r-i,s

:h-i-.-j_:fe.l. b;,r J"-'1" S-"3den (,.t') :tn-,1 T. -.-:ìle.l-eSCr,., ".nr-{,J,
)'¡.f s'ri'3rrl1: (2) 2.1?e rl.isci:ena.ni-:, $:-r,3ien even obt,a"inecl

nega. bii,'e sol v::,j;icn nti-r,nbe::s lo:: ¿ì.ni lns " Th.e _!:e?.scn

iî-: i"eoe nega.tive v¡_l_l.es i*c tilat the ani,;ns -,¡reue

s,::llrcse'1, to e:rei:i :" trC.epo-1.y(r::!::'_zi.ng efiectîr ulncn -Lhe

'Íni-¡r 1c /Lî^^lr j-n i;lie. j_rr,.j-"1 S-,. 1_i-,e"r_.2_.-

I"t_stl_;re Deb;rs r _c (20) thec,relic¡.1- trea_tnent of
rlre noi¿:ntial- il.-i.ff enc.;ilce r)Tod.,.r.crìrl in ¡.r:1. cl-ectrcr)'i,ic
scl.,:ticn'r,.'hen i.i i-s sr-ibjacte-'. l;c s:_ras".:;t:ìie vib:la..i:i:ns

4.,)oei-r.1's tc be :¡" räe'í:,hcC tiiat is acce.;:.1;.:tbl_e in ,t-irrcio.l_e"

I i:. -.j el âS i n4j_r¡_rl¡'l.r¡-l- lOl_r¡-,,11l -.-..: -..-. ---,.-i-r¡id,¡a1 scl rr¿'tic^ at,-.,n,au"s .rec¿';.se t,te errr.f s

ìlr:o(,ii[ced âiie:ì. î,.r.ncti-on of tire -:_bio o:î both,rcsiti-,¡e
:.i-Ld. ire;a.ri.rre icn-so]_yani comp_'l-etes :ln 'che el_.ecll.o_'l_),1e,

t'4ea-su¡ernents a"tiernpted l:)' ihj s meiltcd. aue ct"iffic..r-i. i
beca.use ihe ei.iif 1.s ::ecor<i.ecl a,-.e cî tne or"ce:" of Lo-6 r¡cl-ts.

Bjerrr;-n {5} c:."1-c':l-a.ted sol,va-r;icn n.r.lrbels l:ly

i-,si:t; -Lhe a-ctir¡it.'/ of ',¡rir.t3li -i i1 ¿r_qllvâorr.s el_ect-to.l-;,'cie

scl-,iticns " Iiis nethccL .:¡es c?ngi de.red r¡;r lTl_i-ch: to ;rfç161

1:'i',13.1;i S1.1-ir:.ti,:n n",;üib eTî , S j-rr.Ce ,,j j ef rr,t-n r S rte bltOil haS

nct he en alil'l-l'-e{:l io ir}3.nj¡ :l-lns n" cle îi-r L'i:-^ coircl-i¡s j-tn cecr.

be Íad,e abcut it. Tj¡e ',*':te:: r;h:.i t_s helct bv ilre -inn is

*22-.

-L:_leen inic a.cclr-r_nt ìr;,r q;e,:.:u.rn1s ü::e:_tirienj; rnct tbe çcncentr:;ti,cng



are *]ipressed å.S x¡i;he no1e f::a.ction of solr:.te" The

r'..o1-e fi:a.ctj-in. çf icns which ai:e hyC.::a.ted lri-1 ,r_ be l-...r.ge:r

tha¡: the ino.l-e fra"e-r,i:n of unh;idra.teC. icns" fn rneasu:"ing

the acti¡¡it)¡ a".s defined bi. ernf iïeasr.remen.ts the actirritl'
of r.nrater'-'free icns is obra,ined.. lvc'¡¡ if 'bh.e ion binrr.s

n ilolectles of ,¡a.ter bhe acii,¡it)' of the r,rater'-free ioits

shou-l,c- be ilu-],riip1.ied. i:)' th.e a.cti-¡it)' of tÌre wi:-ier rs-isec.

tr: tne rthpornur, F-:îoär. tnis 'iine of argunent Bjer::i-r.n

C,eri.veiì t1: is e;.'-lati_on,

*2 a,*

i?

lì-ì ll'â =

= tire 3.,rpi-r"-.rent a.ciivity coef ficien.t cf the satt

= tne corres:rond.Í-ng true actiirit;' coefficient

r:r + 'llr = the nl-r-mber noles of r¡a.ter ceritied b;.

anicn p-l-rls "bhe nu-nber af ircl es car:rierJ

by ca.Licn"

{.

l.'1

'l nf^
-^'- 4.

E, ,$chi:einer (Lra) u.sed. this metÌ-loci. to ca_'ìc,:.]_a.te

the !r;zç1.sa-tion- n'.i.äbe::s of savÊ:c:ìl icns and florrncl the

iärp;i:cba"bl.e resu_l-t of _'l-t obt,a"iner:j. fo:' h.;rçL¡agen chl_o:rid.e"

t'¡en thor-rgh titis pez.tici:1-:..r :nethod. is qr_riie an

irirproireilent ovei' -uhe rnajorj-r,-y of ¡retìrc,js discnssecl so far
tire :eesu.-l-is a.re siill- not 'boo r.eJ_i_a.b.t-e"

Si;ol:res and Robin.sonr (If r.io::ì..;ing on ionic
h)til.::ation r'¡itJr r"ega,ro to its e.lfec-b cn a-e-u:_.rity in
el-ectr"o.1- ¡iie sO-1-:-r.'l;i¡nS c:ì.ry¡e 'i:o z ::eSi.r1t eclriirlalen'r; tc ¡ha.t

)\ ", lo\



CIf Bjei:,1îLr-rn, though the treat¡¡enf, .¡¡a"g h), a sonevhat

d.iffe::ent ircu.te" The a.r'tthor-" cliscuss a nodified" fcrrn of

the fairior.r-s Ðeb;rç-lliiclrel- eqria.ti,r;r in i+hi-ch 'ch.ey i-ntrcdr-r"ce

tÌ:e effect of icn-soJ-ven'L inLe::action in terrirs of lrhiyd::a.iicn'r

r*hieh is considereC- appl-Í-ea.h1-e r-:.p to ionj-c st:rength of

a",bou.t 4. (t¡e otìrer equa"tion of $tokes a"nd F.oJ::-nson whtcn

iia..s .?i'esented on p:.ge I is ',rsed, for eoncentra.ti-on-c :r.bove

the ilnic st:rength of [.) f he;t s6tttide:' 1 ilor,sc'-l1-e giving

rise in the sol-utlcn tc ù icns, The tct¿ll- i nte::action

beti¡een these ir¡n.s a.nd the sr-ri'::cunCing sc1vent c¡.n J:e

a1l-or,¡eä for as e. 'rbi-n,lingrr of n ntol-ecrr,l-es in thej-r
¡¡ hrr¡ì r.rr ti on <ìrg1--1-grr . In a_ solr_rtion- of ."io,l_rt,1-ity m, thef.e-^,t -,-"

a-re itrn mol-ecr,i.l-e s of !t þç¡i1.C.rr '.*a-toi. to ( 5í. fl-*nm) nol-ectrl-es

of free ,,.rlr.ter, Tne trrr.e nol-a-l-it¡r mt (in 'nc]-es of hi¡cLr"a.ted.

soll,r;.te l-000 g" oft'freett wa"ter) is the::efc::e,

,rl,

then if a1=the â.ci;Írrit;' cf the h).d,r'a.ted scl.ute, r.nd. a"*-tha.t

of tne r'rat.er, then ih.e Gi.bbs-Duh.em r"el¡¿'f ion 'becoines

¡nl = 6(-(lm

55 ,íL-nn

l-n ar

e¡c l.l e'l '1 'r- 'L --""' '¿

i-rn-l a'l i tr¡

ff no h..'clra.tion cccu-l:s then this

valj-d e.s tl:e crdin:.r;r .1¡::m r--.-qint

¿nd ¿ctirrity 
"

i 1_n. a. = - íí.5f d t_n a'. - 
.\.f

l-O"O.l-B nrir

c,1^q1

är- d. Jn âid

-: n
In1;::odu.ci-ng the nean ne1,¡,,-1- ae-hir¡if;i coefficients ¡ I

f l nl

equlair-cn is

i"he stcicnicrnet:ric

r'11\

/111
\ :-.- J'



anrl.li,+ obtri.n these i:¡o eq¡u:,t"t:Lcnse

l:rÄ

i{e;<t s'-lhs-,.i-b"r-t-t-riJ :îo:: n I

iiL-çc e.iuÐ.'c,j-on (f3) ',,re h¡.r¡e

d. llnðt = aì 1,1[+ n ir"ln 3.,.i

T
lJ,:On j.i1i: :, l-r Lr,i 'r I '13'l;-,i 

O?ì1

î,t/a .\ !r+ -.a '
-: ) -'.,-L- f,9

d. i-n['" ^5i.i1-

ùnt

{ d- ,r.:l

ùn

:ii.f

I ti lir ri\ L: ;lI L.

- A l:r r"t 
'1/

l-nðt =-l.nð.h

The ine¡.n r:L.i,i

h)t:-'1.::::.i; j-¡:n SO].r.i-r,e '1 I i

în ît ,= irð

Cc,rlrin.j.ng eiu
..,¡i..-.1, I ;'_'._.. : Lfr. ( r_1) . ie

-"1-n I = ,l-n. f I

ll-n'n)

\ t-j j

+ C 1 ?ì ( 1-C ",1.l.8 n:i )

aO_"1":---l-i-"iie s 2..:a 1."1ð

Ti:.is e-r{ijlt?sq-j-,jn 3i\¡es Lì. ^::

ob s r :' i¡e d . s t o i- ch li- c ix,? j; .ìî i c ¡- s i i rr -i. i; ;.

:r:i i;il rta-r ':-,c-r, iì¡ Li,' c.:2: l' -:-c i- rnt )t

lio..'¡ i:ep1-ìcj-ng tlr.e ie::in l-i*-r.

âtiîi"eS !i .l-,.1iL

r 1Lì

( 1 ".-î, ô'l q
\-" vo!'--'

c:e f -Îi-ci-

I b-¡ -l-'l i

l-3ùrn')

i ! .'lr?1 .;
\-¡¡le!-r.

nrl )

a-¡{- n-P !-lra

s re I r.-i, i',.,n-shi

c-i'-''-l--l i F .j 1n

1-r (\

t--l
I l--"c"t-Ì_8 {n-ù)'r ILJ
'iì.,n be;-¡l:n t:e
't'ti pi arri- ,:¡"1 -r.Õ

'1.:-¡irr i,rrr c ¡1 .-l-.r
J - ,¿''' o

l:)t lhe )sb:r"e--T-Tlisi-^1

(11,\

-';' ð

/ 1n\'

/11\

o'l ,:'

-t- ì. ^'J.l-E
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l-nf=-AJã

-rí) -

eclus-ti-cn (f B) beeomes

o-
]1_ rf :r a. .l c

i"rhel:e À anC" 3

lnõ = - rr ZZ tl¡
-=:-t+na.Jl^

Z a-nd

- th"e Ðebye-I{iickel constD-n

temper?tLr.ree

!-a

)-\
o

a

- n Jn â - ln
$)

Flecher and Kc¡¡a.1 (22) for-''.rci -uìra"t ihi-s ectruaticn

ge,ve goocì. -resul-l;s u.lt to the point 'r¡he::e lhe arodu.ct of

nm d-icì no'b exeee,l- 1.0 ov L5" :i!J:ove th.j-s n"m va"lue, the

competi'L.i¡n for i¡:ate r riiolLec,.,r.ll"es beca-me noticea.bl-e" In

ord.er to proceeC, ¡.t higher coqcentra.lions an n" l+hicJr

-,,,Ja-s moîe su.itabl-e r+ould. ha.r¡e to be used" i.e" a- d"ecre:ìsing

funeti-on of concentre.tion"

Tabl.e V shor,¡s the t;rpe oí ag.r:eenent obta-i-ned

fron l.he diffe::enü rnethori.s. TheL:efore, at bes"L it ea-n

be saj-d. e af';er -ouch a long and- intensi¡¡e 1-j-t,era.t,-r-:re sll:llve)¡9

+:hejç the va.1,,es -ive ilnl-;¡ 1r.n î-p:tl:c>li-in.:.ie r.e?.s.-,r-re cf
-rTii" l.T-t SC.I V''.'L i¡n o!' - '--- '"'!

the r¡a.leilces cf ca.ticn a.n.d anicn i:esnectì r¡el-r¡

the j.cnic streng'bh,

Nh.e rnean d,ista.nce cf el-oses'u a-poroa.cl-T. in

iitrgsirclt lLn:'-ts ô

''l- c

'l 
-Õ.. 01 I ( n*

tira"t \.ra-u)/

-r{

',+if l:

frol
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Tnj-s -,,¡cr.l.i r.,¡f,.s l¡nC"e¡:'La.iten beclì.l.se it r,¡a.s tiltr:.gjtT

'i,hi;"t- a. !<n_oW1_er-r3: t''! \rl,l,lOLr-j: ;;:f eSS-;:lisc Cf *cO-l Lr-ti.:nS Cf

C,iffe-ent clncantra"ti-,rns a"-b a se::'i es of t-oilire i:aïri.res

',.;or;rl il r¡i e-r ri ì,he b-eai:s of er¡a.'roït"tiln of :.¡a_te:: f'::orn

these sol-r-itir-.as a.i¡.C. irenee liight th?c',,¡ ..qone 1_j_ght, i-:î

anl--¡ or 3. .,1'el-l-i-La'úir¡e n:lir-i_Te? ,lln. the f irnness ,.¡ith. .¡¡hich

the diffe.rent irns helrj their wl.ter of hyC-"al,i-n"

Tne scu-nCest Nheoi:etic:r.l- i::e:.tinent so far a,dv:¡"need.

is bna.t of Sj;o};es a.nc] F,obinson, Their hydra.iicn r,:Lod.el,

be.'¡":'s a rcs,enibl-:"nce tc the R:.irna.ue-'i?, änirnei'b ¡n.cl Te-l-l_.e::

ti:ecr";'of =.dso:'pi,:'.c,n, j-n tha-t, the scl-'¡ei-rt nic-l-ec,.l-e-e ?.iie

corrside ,ced tc be i:rl-cl in l".a.)re-rs eb¡r.t i:]:e icn-, ,l-s the

concei:i:ra.ticn of a.alueor-1s e,,1-ect::o-1.,,.1-,ic sol'-:.ti'.ìn,c is
inc;:ea-sed the rr'--.nbe:- çf 1,¡-rç¡s ilboli.t f.he icn dec:rei:-ses 11ntíl-

fina.]-l;. al-l- tl:e ::e:laining vate:: loleci;rl-es are tightl;r
i:nilncl. j:o 't h.e i¡iiS " Th:Ls .rj_Cti-lre j-S .¡a1id cnl_;'r cf cor'.j:ce ?

Lf nc oiher fo.rces cone j-ni;c ?1,¿.y, to neutre-]-ize th.e

icn.-*eol-v,.3ni inte:ra,ctiiin, Tf these 1p.-'rerg r1s occut:, thene

the anoi-r.n.i; of eneTrgy rerlu:'-::ecl to s'Li:ip the c'.r.t?? 1z:r=r

",,ri-l I .be I e.:s thr:.n the ?ilo',r.at. cî eneitqrr reqL:-i::erJ io st:r:i-p

the i-n-n:-': ll-¡-rrer, i::"-1 sc r ìs i:lie coir.een-b:-,l,ti cn. i-s i-nere:,rsef-

it becones incre:.sing1.r r'ii:f icr-:-li for the ',,f ?.ter nc--leci-i-l"e

to c\¿eccome '¡be sircng i'.ln-sol-¡¡en'b fo:'ces air.d, esc:iÐe t,he

< ¡1-rr.'l;. j ,3¡. 
n

Stat+r:eni of .$:¡ecj-fic F:roÌrJ en

e'-¡r:-e,.t i cn"s

:, ¡nnr"Ä i ir :'

for tite

to cu.r conce¡lt i','e caa ,¡lite .bh"e fcl-L-oxí-n.g

i"elçt i':t:s i-,:-,1tinq .t1-a.ce :



lT,-,i. .. ln-1 -1 ;bÎ¡r .,; .:. lj.:D.'r r-iTO:L - n- .rlclrr r j\r¡ù'- \rr ':'r ', ti- j. * \.J_)'?.-".-. '. ..J-t\l 
)/

{fcn + ï. r-.r3rrt)'-,T:. + (r.*l) ;lrlrrr) t::.2 /.,.,. - \i-l 

-

',,.¡he,':g i;h-- Sì:bsei"i---:" (-- ) :, r,:l (,¡) -.ef ,.:,rt -1,,: I i:i .ir] 
:r,ì1C.

V:-,rCr.:--. .."...sî -"c'r.jCiii¡i.r' ..n.-' 'i'.tâ I A+l_,eI ii ï,eì.1%eS??-L-S j-.:r?

nr-r"uÌbtlu cf -.'{ete1 :rìc-'1-ec'r-ia,:s fÌ-r:.r 1f'a Ì:otiitC :,¡'r.¡¡r,i1,L i, le i-.tn.
'i^^'" ^.l: L'-.^ .-. -r,-ri.-:irq í't ì ^ l?) - ,:rr.l lr.l _.,j..t-.t 'l.._,?.\
-!iU. J-L ,¿-1.:a ri--.t-;rJ.i-'-:lJ.J \ ,-¿ ) \*/ i \J/ ..,J_.1. l. .'::.\/rJr :L

Co?t'lSll'I^i"- ìrîa'u l: -pç)':;-Ci,:Lc.:AT'f-''.lÄ llr? ?.ìr.i'r A-.1

1.âq1-ìêr..1:-l .1rê | \¡

r1 ì .r.rrt /.t\
\r/ :-j.:.-r tLl 9

ÁH. =
J

, î::rct ? ¡.-r1',11'¡lt-t (l) is tÌ-,e -qr-.t 1f e 1r-r',11i,,"-=

o:Ìi

t!

l -.!

A,'ir =AlIr. .-Aii"
r-jl

À lll- cä.if be s !1o-rrr-Ì r;o l-.e el|.r.ival-?11'b

i1'-1¡',. [I'r :i-s lite ia"r:'1, of ',t2.-,:at"iz::.t.i..

of c:i.r.'.ti .'r. l: ri:e

bebi.reen'Lhe r¡c-l-?.:ïl

'!:.I^T ''¡d 3f -r7r.i:-n 1:"1'r

irrter'¡.cti :n Ail-l- .,,r"lr.l-CI] b

\¡ìl_le.fl:: ['.r-, :te.3.ng tlt

he:it cf

í)r.^i

t.o the c'1.i-:lie renti-a..1_ he¡l:

'n ar

â n-/_-ñÕ^

+ 1.^.- r-
lr ..: -- u

rU T"î 'r,/!.t Êr 
2

sc.l-r;¡-ii:n e-nd-

(1\

i .lr i_s

of

cl. if f e¡.ence

iîTe n"c :L..ri:.-sc-l-veilt

frcrn 1r-ij:Ê

;i pcs j--; j-r¡e

il; i- s a1J.T



bel.i-ef i;i,r"'i; nc h;.Crat-.,:.t cccir.rs u^nser ihis ccncliti,cns

o.r i.s in. ihe e:..se cí f11u¡e sol,,.,j;!.i:s. t'--i h.,,t-+tir::¿ \'v ¿,i g L,._ - u ..iu ,--..J. u !.-¡.:

cf j;he i-:,-ns cannct l:d Crel:ectecl. bec:..r.Lse-L,Lre::e ä:fê ctirez'

lcrces thaì; p:.ed.ornÍnate c\rer 'rlie i¡nj'sç.1_1rçn1; f oi:ees 
"

iilor,i if [iT., is :" negLrive r¡al_ue ',¡]iieh incl"e:.ses çi"th

*j !'*

increasing ccncenti::ticn ner.t is evol,.¡ed., the effect
of ionic h)'dra"t1on.

In orc'leï tc eva-J_i-rate [1i., 3 it wa.s r].ec:l-r!ed" to

!Lr-l¡l-i.r -bl-Le C-1 TUSiUS-.Cl-¿Oe..::Cn ê:r:,ot-1. ir .ì-.1 j-lfe \/e.1tì:1-1'-'^ ": '¿ -'i u ¿

,rr=ss .r:es rf l::o3t 4ggirr31;¡ tnolte ctncent rated. so-l-i_rt-t'_,t,t:ts

e-t v,:r.lir-u-s ..enll::rat',r.res" Cne form r:Í this eclu-aticn is
:'¡:'ii Lcir ':'-s."

d"P
Ä tTt.',::

'rihore[Ii= the

T = j;he

lJ-- +h^

?.= the

= ÁilP
tr'?

ïc-l.i.r :r e-..t ::î r¡3,1r3ai.¿i.ti:n

?.lrSC1-1.,'t e f 3i.rn3 -,¡.i;,_1 g'ç¡

pres sllre

ri.r:i..¡ers a.l g as constant 
"

E:¡u.ati:n 6 may tre .¡r.itten as

ir¡lle?e C i.s th.e ct.n.s b:;.n-t

p'1-o'Ltecl" a.gainst I for" a
T

si;1':ri3ht lrnr ..'ith sl_cre

.l 
^- ñ

-'öl_Cj = -AL
.)a
c_aJ

I r"

eiilal- .ho * Á lI :-s obia.i r-r.ed. o
f, lÐL o J*t



F:':c.r'n -:l:e i1,,,1!e i-i; is t,hei:. ilosci'bl-e tc de'bei:nine Â.Tje

artd. [i'r2 fcr each scl¡.ii3¡¡ in r:lr.::n; ÁI1r- ca.n be *.r".r-,-]rr.'i:*e.

h;t ,¡',.ei..i:s t.î e.i'.f_'tiln {5) , T'rre ,. je of e1:1:.iì_1n (T i s

-i-irni'Lec T c sraa.l 'l T!r-nges of ielleei'a-b,r_re overî ,.¡h icÌr ÁlI n¡v
be :'ei¡::-r:ri-ec-1. ls ccns'i:a_i:t" Sinco .:e l:iive t,¡crlreC- over 5.

1ar5e ì:"nge of .eno.?:rtr..r-r'e .bhj-s ,¡et:roc irac i;c be aba_ndonecl

in f:-"rrou.:': of 3. iílcre sr_:.i:nbl-e îo:"n cf ,r,l:e C.l_ar-Lsins-

C 1-a-ne;'¡çn e'iu.:.t -Lrln 
"

å rrer;r.-r-SeÎu-1- 3.-OL1l"j-c,rti-ln of tl.is eCira.tj-on in
tj:e cc:r,cei.l-t-i-ng cf v3.poLr.r pïes-q1,rre a.ird" -l".aien-t hea.t cia.ba

is desc::ibed" i.;: Tr?.pcr h;' D"F" Cthmer (,3il " To j-s a_r_tthor

-rÊea'T"'i.'ì;t.r.oil ô'.lt_r1i.i r.lr i 
^\ 

crô -'-'-.,:.!- Õ-.a ô...r.-rrrJ r-'1 -t --

iirore srii-bal:-l,e eïll1'e.qsi.n .Îcr "Lne eval-rra.ti-n o:l J.a'Eent

l-,eL'çs r:f ',r?-ì_roltiZ,3.-,.j-cn es_llscial -i ;r .r-irp.l-j-c:.¡-b-l a ovelî a
l-:ì..ì'S? be'in.¡=-¡..'-"u r'-'.ÍlCÐ.

F,ee.'-.Lrl :1r.3 eruatj-clt {6) alrd inf:i-o..jirci:rg 1;he

st-r.þ5ç¡1.ir¡ 2 ,.re 3etl

I

ân el1f:.il'i:ia¡r. ,1tl3;-,:'-'ì b,r, :ln;' iriLteria.l_ CCnS j-S-Len1.; ,rrfl-i:n .i ]te

asst,.ii:;¡i-:n. of i,ì¡e j.i.l.c.:1 J'.'s :,¿l'i.i :,'-r-c-t ,qi.reþ. -;h:-,i 'cl:e vcl-r.rlie

¡f i,i:e c'inr-leÍ:,secl -.liìso :'-s i-rsi;;ri.ficl.¡rt cciiir?.îec. i¡ l;ire

i/',-:j)'--,1 '.¡¡-1-r.r-¡ Ç, ice Sä-:i1e eq.r-r:Ì,i- ,,r1 a,:).1/ lte r¡ritì; e.f: f cy .a.!117

otÌre:: - i.Ke :::at:::i-al- "r."t ¡lre î,?-ij-z 'i, el,t,'l...: ï¡_i., iz'e gi-r.ri-ng 
e

^T!"2

^lñ,K f,i'^'" "¿
lr^'¿ -^t

/
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"'i1:3fe 
P^ = i,he \7e:ttt-1rt lies(r:*"ç tj t,..i,:r'tlle:t Sititg-l;-3.i.t"e i¡t

2
'r, 1.t".: n t.:-- :'. 1; - ?ì 1 :

Pl. = Li:e \t!r.jlOl-r.-l: rlf'esstfe Of nt,.l-ôe,.¡l.i:e¡:,ri; l;l-¡e S::in*
J

ig¡,r-rn¡3.ì, tre I
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Tf 'bhe '1-cg:"i:i-thn ci the ','î.11---.li í,:ecc'-r-:1'î, P: cf

:. q 31-:.r:iii. i-S 51-Oii-,eC, :..;tri :r 3; '\,1.2 l-Cg?.11 i.+,h.ti ¡Í 'Ll:e r/-r-'r-:rJ!-|

r--1,'tess.-r.1Ê, Pr , Ð! ¡-llre r.¡ater a"t i;he s'l.tlî ie-,;-'?î?.t'L:â, a
I 

*J i '

s'Lraj.eh.i l."i-ne resrr-Lt.s -:'¡hich has fo:' its s1,c1;e the -catlo

of ïhe n1o-'1 :,Lr e-:thl'ìl:,ies of er¡ânci:'et,icn" This ]-ine is

sa:1':-.i3ht ií th.e :::-ticÁIie i'q cr-ìl1stp.ni c\¡â1 the -bei-rp::'i-.iui:e

^ 
FI.

J

re.nge i-n (ii-,,?sticn î.-î.C. i:Ìiis i-s:ref.son:bl.)'rrear the t¡:rr-tli

fcr l,¡a.te:: ¡.nd. aciueor-j-s so--l-i,rtions" I:'cn: the "7.r--Jr.::'3 of the

-¡^*'i.- --¡¡'i '-h,rt rf f,lro 'l ¡rent '..1 ,Li" ff ?Vil-lO-ttiCif fÍ.t- j.VL'J1 J.-:_: -j..r.::V -! 'r:.:r¿ r-;J-jrf

pji-fie -¡.t:,iarrÅiij, -i-,he 1.¡.!3,11, lreat of eva..oo::a-tion of i+r.te .i:

fron soluti::r:s2Åi{2 , is abtalned " Frci:l eriue.j,icn {í}:ô}1i..

L'ne il.iffe:rentia.l- he¡-t of d-il-u.';i.rne n3.)/ be ca-l.cill!-:'-r,Êd*

Th.e i-rest a.i¡all-:.bl-e clr'ia cn ì;þe ,]-a.tent h.a .ts cf

\¡ir,:t?.iz,l i j-l:tr t nC. \.¡î.1f il-l' nI?Sqr.j.:aS Cf .ì'1f ? ., i,.-'i r;1 LIe

c:ni,ri.nei:i.rr: l:L.ttr bj. J.,r" 1i'Î lnt'ì i. ?:r:c'Lc¡ (2irì'

Th.ese .:t-ir-t-,hrrs ç¿11ç';1.:r.i,ÊC the v?-Ðci.r.:f pl:ess-.rtÊs af li-l-le

r¡ij,ì.ter f :rom ì:he fo1-1-t',1,i-ng erir,ta-r,i-cäå
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Usi-ng tir.i.s equ-.".tilr:l (1"2) the \r?.ll:r1ï t1"e,ss-r:Ðs of Ðl::e

uater,.'J?re cl-lc'r-l_ated" The sl_cpes of ic; lÌ2 \,r3as-..s 1-og

P? V'íìfe CLlCill rra¡l rn.cl i"ti c¿l-ll-i¡ ll ,¡ l-,ìr.3 '-^'''.gê Cf rnOrnentS- J -'"-"'" '¿

instea"rl- of b:,' th.e nor'e iÌ1,:,,.ecr..r¿J;e f îî.,.rìri_c:rl. ¡reil:Lcd"

î",LiLl_e en;lsrine_rial ¡or.k has been co;re cn the
vàrcr-1T ll.eSsrlSes cf trlr¡¡çrS el.eci-rcl_ ¡';i_c qor_'_rti-:nS

e slreci:-,-1-1.;t oV::" i-,- .f .-:¡'-Llc tf -!e::n:-":-{,,.-¡:e, et:cep-b f cf
iscpiesti.c lilc:rr.sL13:eriten't--s of v?.po,,_1T llres S"r1î€s -îor the

*3t+*

dete::rnine.tirn of s.ctiirit¡. cceffici.en-bs ¡.t zj"c, J.ohnscn

:.nC .r'icl.s':,:lC i?7) harre cl ei:erlniltecl tjre \räì.pc,_tj' p.r.ssr_lr:es of
-l-ithi-r,rm cirl oriii.e scl-lr.-L:',ons b;' el:-ll-oi.in. 'ühe go_s sa.tr:rr"a.tiln

'let'-,o,4., T1--,ey a-l-so c¿il_ei:1 ated. ì;he 1:.i;ent heal: oí
va.tcrLza-ticn of .rr¿',ter íi::on tne sol-r.t.i,:¡ns i?lrc ihe c]i:îjle.rer:tÍal

lle¡:t s of cl,il.i¡-t icn o

Tn adclition the vå.Ðcll-u tre.ss1"1ï'e nêe"su-rernents .riêrÈ

u-ti-lizec', in th"e ca.-'1-ci-r-Lati:¡n cf t.he ectir¡i-ti¡ of the -,,¡,:-teï

giiren b;t ihe ra-iic P

frtrr^-4ô t -it ...- -¿ ¿ t, .L -

Ì)
i- rì

1)-c

the vaccur

the vap.riij'

te'nperaiui'e

l-f ÊS s],.LT'eS 'The os¡na bic
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1* Pi-arifie¡-!ion of Ï'!a"terial

Tire l-ithium nit.r::,rie '¡e.s str.oirli-ed. b;' ¡n" Fisl:er
Scientif ic Compan;' (Ca.-t"_"t_cgu.e }iu_nb,:r l-I32). The se.l_t

was pure enough for res.earch lu.:r'ocses bu.t hygr.osccpic,
theref ore I lt had tc be he:iecl. in a. Ft atinun cru-cibl-e

ove:r a i{ekir:i: Bu.rne.r: for a.l:ou.t a.n hou.r in ord_er tc d-rii¡e

off all- ihe '¡¡ater" t,fhen this pl,ocess rrås o\.¡elt, it rira.s

storec. in the p-l-a+-inurn crucib-r-er ov.1. sulfur':ì.c acirl.

in .r. d"essicato:'"

? n P:tep?i:"tion of So-]_r-r-tiil4s

Expe :rinr. e n'E a"1- P -r: o c -o ct r-1 jt e

'$ct.u.ti:rns were r:iad.e up b)r ¡;eighiirg and reccrrled.

a"s tn¡eight nez'cent" rn o-rd.er to t:::-¡.nsferbhe sel_t froin
tl:e platin,-,.n crucible intc i;he -.¡eighi-ng bottl-e, the
sol-icl nass Ìrad- i:o be -0:loken intc sina"l_l ir-Leces by rrea.ns

of aga.te rnorha.r. rt u:-s ilren rolr.red. into the rveigh.i-ng

bct'bi-e r.rC tight'1;'ca.?'led." The l,;re Cr"J, s¡l_t ,¡ia.s iiei3¡ed_

on a-n 3.ne.1)rf ica"l- J¡a_,]_a.nce in a t;.,1_1 r*eighing bott-r_e irslng

a r+eighing bottle cf simi-]-a.r size :.nd slra.le a.s cou"nternoise.

The necessary a.üiount of rqaier ,.,¡a.s a.clc.ed tr the salt in
or"d.ei: to ol:t;:,i-n tre desired i,re i c-ht ncr.r,a¡f o

3" *ilPal?"ius rnd. Prog-edJ.ye

Throughcr:t 'bhe L¡?:ole r.esearch. r.,¡ork cnl-;r i;rr¡ç tlzpes

cf ap,oa.ra-brts 1,,ie te elip-! :-.;'ed.i one r..¡as nsec]. foÏ iire ijlore

d.il-r-:te so.r-.r.'t-Lons of l-rthir-r-m n:-trzt,e :r.ird -r,lie clj¡ei: for
¡he ïlcre concenti'a.ted. sol-r:.iions. The a.-1r:¡¡::¡.tr-ls used, to



mea.sure the vå..Ðoi.r.r :lïessilre of soj.ir.tÍons tlll to and_

inc-]-i;.ding 30 ile:'ceirt hy veight cf ll-i'Liriu-rn nitr.ate was

the different,Ía-'1_ rira.ncnetez' of E:.J" Fla_rtr.r-ng (24;,

i]-ll-usii""ted in f i3n:re ( l-) i¡nri in rigr,.',-¡ e (2) " Iri3rr.re (3)
rrnd f i c',-r.o r\-) il--l-u_st:,,.,te the abso.]_i,r_ie ma,noneter, ,,,¡hich" \,.
r..râ"s Lr.sed for lithir:n niti:.r"te so]-u.ii.rns above l0 pe:ccent

b¡' ",ueight 
"

-36-

[he Diff eren'b ial ]vianomete::

Figu-re (r-) a.nd. fi:¡u-re (z) ::epresent the differentia-l_
arp:ti:atu.s emplo_rrçfl" The 1,1nner '¡art of nanorneter :Ls ghot.¡ir j-n

figr-'-r'e (1) and continLieil in figr-r.r.e (2) on lhe l-eft hand

sid.e of ti-re page, Th.e bo'ttcin ira.]-f is on ihe r:igirt ha.nc.

side of the llDSe of figrr¡s (2). The d.ifferenbia.l -¡¡e.nometer

eonsi_sts of iw:,-r þrr.lbs of a_nnroxirirate]-y 5o mt. ca,ca.city

label-l-ed :i :-:.nd -B in figu.r:e (1) ea-c'ir connected ic a.n

a.rm of the roanonete:: tuì:e Fr 25 cms" lcng" Ju.st beloi,¡

the TJ 'b,"rbe of tlte too ¡ra.::t cf the a.n,ra.j,a_tr..-i.S \,.ras a 91_a_ss

tu-be of r¡ide bore, Ge which served" tjre prr.rjlose of holC,ing

the i¡.-pna::¿r.ïu.s in bhe therraos ba.t b)' -ne¡¿;rs of ). neoprene
'r'u-bber stolper a.s shc.;in in figr-;.:'e (il ^ If " rleprese¡rts a ba_11-

joint r'¡hich wa.s convenientl_¡' ccnnectecj tc the socret I
of the bot'boi;r rart, cf the a.:loå.1:at,r.s. This ir:.,]-l- .:r.ncl socket
joint :nade it eå.s;¡ 'flor the exn=:'inentor to rîe1:rìove the

a-!o--r.r,-r.ius bet-r¡een i?Lr-ns" The ba.ll-l a.nd socket jcini weîe

lub::ic¡.ted r,¡ith si_l_icone grlease -Lc p::erzent the 1-ea-ka_ge cf
mercnr')r a"nd- c l-a.¡r:reC 'bogei;her ?.S si.:r',,Jn. j_n f ip:rrre l6) -
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i{ :repr"ese:il;s a three-i;¡r¡.)' \¡iì-cilr,ra stop-cocli, iiitil rhe

stop-ccck iri cne ;lositirn2 'Lne sne.l.-1. b,.¡.1b lT 1s connected

+.h:"crr.gh. or_rtr.et j,{ : ird t,hr.l',.-Jh jll:eî q'.ire tlLbinI t,¡ !-

ï'3.Cl].1,1-Í1 þr].tii-,t 'OJr ireans of :'¡hich l.| ca.n be er¡acue--berL, j. tu-r:ir

of the,sicp-cocl.: to -r,he l-eft disc,onnects;''i fr:rn the sma1l

b'''-1-b lT r tite srO;:*eOclr lt:ing he-14. îi-'i.¡:1 * ì-n t'l-:.ce r1.,,.? tr

the at,,:os¡heric nres sr..;Lre. iln ¿u-r-ll .i-a:r:;r nittîcÌ..tîlr -rescl:t¡oii:

is ccnneeted, tc outl.et l, ¡.irC c-'l-a-i:l,oed i-n';¡ rr:sit;ion ?;1

sh'.,¡on rn Íi;'r3s (Í) 
"

'rI,ã¡Cl-.:i.r¡r 
1rr'r_S ".C.fl eil. bJr : e enS OÍ tlre ::_r_111il-iL?i' þ.,11_b

,"r-i1trj--l 'f he *,'rbe, 
a ,3Se:"r¡::- C .T? r.il,J or.r.þìrer t.l.'.b.-if.g :.Ie:pÊ _î j-l-l ed.

:Lnd.rhe tr"U.ri1i.i",,- þ'r.1.þ eþr';i ha.l-f-fi.:ll-, ilhe -l.evet- of

the ntercu.lt)¡ ir¡-s iz.i sr:r-l lr¡' .naniru-l a.tirn of 'fhe -q-,-cp-ccck

r-r.ntill- it v¿Ls 3 crns " f ::¡n 'bl-r.e to? of ';he socl.:re¡ I " Tl'le

C¡-iril-1,:r,r')' terirli laticn j-n re.Se::irc-'r-i: J n::er¡en'Lecl. .¡l-o1eni

rusJ:ings of trre rrret:cì-:.rlr l¡Inich ni3ì:b l-..ave l-ed to l.n ¿:ì-ccident,

l:Ioxi a-ircrr.t l.cc" cf si,l-.icon-e cil tras pla.ce,L on 'Lcn of ''r,ile

rneîei.'.î",¡ ius-i, bellou i,l-',e sacke'c I. The 'rr,t?'-rcse oll t,he

s il-icone oi--'l- ,*:s to Jr,3r/Êi1-i. i:]re cond.ens:.ti;n of sin:.1--"1-

ar.ou.nts r,.f 'ta-t:::e c:: bhe norcllt)¡ neniscr.ts ,¡hich. ¡,¡c¡tlr,l. Ie-,-.d.

to C"is'coi:'i'll-cn in the f icl d. cf r¡ision of the cal,hetcraeter

;-ncl. ¿liso to minr-rize -r,ne lossibi-1-i-bJ' of the rnercr-r.r)' v?.noj.r.-r'

containina"ting i;he l-ithir-un nj-ira.te sol-u.ii'-.ns. ,Sil-icone ci,"1-

1."Ìi:ts chosen l:eca.r:.se cf its \¡:1 Tr;¡ l.ou i¡:-r.lto'-tl'rìit*ôssii]te a.'b i;be

1, en;.re :::-'1;,.".r e s c arnc i j1ïìed" 
"

"-?o*

:ri¡ren r.his ,i::l't of i,he

d.escril¡ed- aboi¡e 7 tr',e i'ir'l bs R

a.,lpll.::a.t ir.S

aild A u'.:i:e

^ ^-!--, r:l i:tU t ') ].f,

f i.l l-ecl ¡ç:-th



disiil.r-ecl i¡¡a.te:: an.cl. the ,!_ithj_un nitr'¡.te soll_rticn

resirecti,¡el"). ih:r"oi..gh thç r.ii¡i.s*C_i¿.ileter tu.bes E a_nd :)

by ne',',rrs of a th,i-stl-e tr-r.be" ¡rborr.t 30 ccso of disì,j-r.1ed-

t¡¡'.¡"tef a.nc of so.l,-u;ion r,fÊïê usecl." Tiren the r¡¡ide tr:.bes

n a.:ird D wer:e sealed- off blr i:eans of a 1;orch" The

a.npa.ratus was then 1c',ue:led. into the iherriosta.t a_ncl. set
1t-ñ r q qh¡..rir ì rl f i su_-'e ( í) ',,¡ith the n.eCeS Sî_f1r Cl an¡n.q

to keer the rìÍllrar:1--Lìrs va:-bic¡.1- ¿lnd to hclcl. ti:e ba.-r-l

and sacket tightt-y toge+-her"

-tfte:: the ba.ll- a.nd. socket jcj_nt ha,cl. been clcs ed

anc-l cliirped ii-rrnl;. in pl,Lce, ihe nerc-U_ï)i -ø,3g a"1.1_or¡,¡ed.

to.'ise r-rp ihe m:r.nor:etel tr.l.be to a h.eigÌrt a.l_iit_-l_e

a-bove the TJ of th.e j;ube, The ::r-r.bber va.cl.r.Lr-m tuÌ:i-ng ,,^r:"s

th.en joì-ned to cairi-l 1-a::;,' ç a,nC. e. stop-coc1,, which r,¡:.s

located between 'uhe an.tat':ì'b,i.s a_nd -r,he air nr_m_o i,",ra.s

cl-csdd. " IIe:¡t, p, f ::ee z1-n.g rnixirrre of rl.r';r i""-a.cetone i,¡as

prera:lerL in an j-nsr-rl"ted riêi;al- conta.i-ner. ta.rge enoli.gh to
a"ccomoO¿.te Ì:oth bu.l-bs at ihe sane tlue. The con-u.a.ineL:

r,'¡;r.s pla-ced :i.n snch. a. lrosltion i-n j:he ì;herrnosia.t ilret
both bir.l-bs r,.,rel"e we.l..l- inire::sed" jtfte¡: ten ninutes tj-n:,e the

rfle-rrcr.:r.ry.r¡rs --1-or¡:red l:e'l-o,¡ the T-T -qo that bcth sirles of
the rna"nomefer r¡?re cpen ro l:he ei¡a,ci.r,s,tion orrtl_et, Th.e

stop-cccii between the a.l,r:.ra.in.s ;.nd, the ?.,j--r: t1:Jr,ns .'as

opened and. eVacl-r.':¡.t-ir,.n begrln. The pr:¡.,1ing Cor,¡n continl.ted.

for a. ii:r,l-f hou.r." Dr-'.::ing ih.Ls ti.re tire :.:paratr:r-s ,",,r¿ìs

cirecicecl for l-ea.lrs vi-th a. tesla. coil. 1,./hen the iiaif irou::

ter"ninaied. th.e si. 'p-cocic was cl osed .:.nd tJre ne::cur;r a-,ga.in

-+'J-



a..l-'lowed tc :i:ise a'r:oi¡e 'bhe II of -uhe rn?.noa,ìtelir i;he

f:reezing ilix¡,,ire retrroved a-ncl the conteirts of the bti.J-bs

al-l.oi¡ed to tha.w. ,Since the thaving vas r.r'Ji')¡ slo'¡ -ihe

bu-lbs wetle i.nilersed. in l-r.he yr::ìl:m vat:l:, l"nd. ta.pned. to

na.ke sr,rïe rh:.t a,]-l ine sa,l-t reì;urned into sol triicno

E',;-rlping sor¡.etin¡es r:es"lted on i;hat'+ing, an¡l in c:"rier to

prei¡en'b ei-iiher 1,he d.i-siiil-ed 'L"ia'Lei or the s,)J-i'.iion-q

frorn be ing thrcr,Eir ovel? inL,o -i--he nanonete.r ì,'.r.besr traps

in th.e fofn r:f i,liiìe I; gþ¿r.ped -'.u^Jles Trio,?e ccnstlr-ic'¡ed in
-r,ile apl:rai:atr:s beLr¡¡een blr,l-bs R end. A '-¡-n'l the iubes.

Re,ret,iti':n of -i,he ¿,llovr: þ::oced.'r.re 1'r?.s ca.r'::ied

rut a.t .r_easj; ten tirnes or rntil- no a.i:r bubbles r,,¡ere

g5gç¡rre15. to evol-i¡e f r"om i ne w;¡.ter :Lncl ì:he so,!-r.;Ltion'

å.ftelt hi-..vi-n3 lina-l-l ;r çi¡3-1ir.l.¡.f ç¡l- a-'l-l- -r,h.e ai:: or"l-"b

of iiLe Si¡s-Lerr3 i;f,e 6;:.ni1-"c.¡;r f1r-l;s C:¡as sea-,1-erl off froii:r

the e.ir r-.'.1:iÐ i,¡ith i' tcrch-" 1ìren l;',re r,leîcrlll;, \'.Iâ.S a.l -r cr,¡ed

to ri.se r-r-p i-irto the na-noriteie:: lr-rþçs 'riêl-l- .î-bc',¡e Lhe lT

:,nd. ihe f .::eer.j-rtg riirt',r-le -renovr:d., fhen tlle so-1-rLticn ha.c1

tha.wed- orii cOntpl-e-ì:t1 ;' i t ','¡¡.s ''rgi'F,atecl itr. o:i:d.er to insr::r: e

co:rolete hrrrogenei't¡'.

f hg-_Pa rgge t r" :1._c i'ÍAi:.qme.¡ e ::

With t,ìre fiìcre concentra.iecl scl-u.1;iDns ( i " e, o\¡er

lO pe::cent by -r:ighi fci: l-ithiun nii:i:ai;e so1-r-rii-cns) it
-r..ri;ì.s ii:r¡-rossib--l,e to u-se ,;he d-if i::i:ent,i-¡'l- nanort-oter, since

[Ìte -l-ii:hs of 'the U-t¡lres -.i,:I,€: c'n1.:' 25 çt= " 1-.1ng7 ,lnC

), r

tìre

f rorn

C.iffe:rence in rapotir lïe-qslr,:ì:e cî ll,r.ese solr-r-b-i.':irs
É;r-í"ã;Ek'*--

.d,..:':i'; ¿ p 
"ii=""¿+"'blr¡.t lf r..la.t :r bec?.re g.î:,.,ïe1: -'-\o.q '--) aift,C¿f "i1^r"ci'4;\n',,

The 'e-fore a d.ireet ba.roneiric a-rp':"1:a"it-r--c 1'Ia



To obta.in a iricture of the l,¡hole a.pp.r.r:atu.s

,:ì ece tl.,.e -..:l,rìr?l;ri-S in :f l'-;i',:re (l) :.{: r.i.3'-t a.ng1_9g . ¡"

LÌre oae in figu.:'e (Ll). Tie nanoneie-r" ccn,si.cts of a.

baroineter tu-l:e Fp i¡,hich is jirst ã. ecnti-nr_r.a"ticn of E,

of 6 cns, interna.l- cl j-e.meter end. 9c cns " ll.r;ng connecterj.

at j.ts l-oi¡er end" to a nercrr.jl), re.servoj-:r C" Fu-sed to

the lr-p;oer end. ol tire ba::ornetei: ti_r.be 'i.¡a.s .3_ sitcrt ¡iece

of cc3.ïse ca.i::'-1-1_r:r;r tLr.lri,rg G r,ihich cc:tnec.Led" to a v?_cu-um

pr-r.inp, ;in.other piece of sì:ort canil,1,:¡.::l Ð r¡a.*q connected_

to the s:lne vacLr-r1¡1 punp. Bet'¡een both c¡.nit La.ries ancl

the vâcuu.rjl llrrp r,,retie stop-cocks, j tiner..i th:.ough v.3.cl'r.1:r-m

tr-¡.lring anC û, 31-r.sS T j.in-,: tO l;he Vit.Cr_r.¡-r-n pl_ti.rn" R i¡¡a.S

å. '¡¡jd.€ cia-ineter ì;ubing 1ead,in3 inio b';tll ¿i wh.Lch lrelrl

Nh.e sçl-:r-f,,i 3n.

!'teÎcur¡' ç.19 aCcied. -bc uhe S]¡sten b;r n:'r'"ir.g it
thr"ori"rr rP''nÌfe.!- int: 'c):e ca lri.l'l-,,r.r;r D until- the r"eseï'i¡o:l_,r?" _---_ù-

C t¡I¿-s app:r'oximr.tel)¡ three q11,.-r.-i+.nq fil,1erJ, The onening

R r+a-s se¿,.,]-eri off i¡ith a to¡.ch" The ¡i-l' jtr.r-nio i¡l.s +;hen

br:ïneCl. On ilf Ofd.ef i;O gi.r3.ç1.-l;g -t'n? S)¡s+-er,l" J:iiea"n,,*i:i-le

the merciì.1îJ¡ was irea.ted, and" a.giti,r.ted irigc::ous,'i. to etpe.!-

the e.ir fro¡r the boc-1;r cí tire ilte.rcr:.r)¡ a.rrd frcn the ,r¿¡.1.1 s

of t¡re rese r:i¡oi:r, i.l. en. a"l l, ',.h.e a-ir rn¡:ts .f'einor¡eil_ f ::orn th.e

mercu.r:;r f,þç pl:essrrr:e tu-nirig behj-;rc.l the sii,,'r-ccck fton
the na"in 1-i ne t¡a.-e ,-liscotinec h.c'] so tir"-r, i;ìi.ir cr:r.r.l.C seep

into boih si-C.ec ¡f t''e T jr-ln'u ¡:t .bhe sane iir.e"
Ve::;, l-iti1-e a-i-f i:.S f¡,rncì. |n tlie þç,J,r sf i;ne w"eTcD.Ty rnd

Oal )' s1-igì-1f .:.rlicr.t.irtS i-,.1-cng 'Li;e r.lal l-s cf -'.he -eSeT'voir cl-OSe

_Ll,) ^



tC 'ihe i'4?l:c:i:r¡ìr' s'-11Í:'.ee o

B w:;.s reolreilerl_ tirC bhe sc.t_ir-tioit -,,¡as n_,'1.:_¡.ced. in
'Lhe hr:.1-b .b¡ z il:isr;l-e "r,,r.be pass,L,:g tiir:ci:.gir. B" The iube
r.I.-.s ]r-rici.-l;' :e::. j,ecl. cff -i:,: in.q ¡rre rriif ,r-irlr.lr-,r ll-css of ..1:,tell

v:r.l:or,iÏ :_nC bhe slrp-cocìrs -.,¡eT'e c-tosed" The bu,l_b

orr:1 '1" i;ri n : 'l-ha SCr_ ,ti rl ,¡3.S 1 i,i¡a-çrt j-if.tO ? .i.1.¡Ê 7,i ¡..¡,¡

rrix-iir.re cf ::,ce ;i-rnç-çl ç;r ice _lc.¡: :- l-. -r_o¡.sl; l_C rni-itt:,tes " Therr.

-hh.e siclr*cocks rfolre reopeneci. anc ei¡a.cr.'-¡"bicn" o,î i;he a"j-r

'.'I:a- S ì1q3t,t¡, -:f ier 30 räi-nUte-q ì;h.e StOn-CCC1(S .,,ie.f e clos erj.

and i:i^Le f,.eeü.n3 i-'li-rrtrrS:e .i:er,rlr¡ed.,Tire th..¡,¡iiri of ih.e

sollrì;ion'¡¡a-s so s-'l-oi¡ i;h,:rt tjre il'.r-].Ìr;l h¿ld. to be i-ieile:rseil.

in a i:eeker .:f -.'¡e,r'ln r'¡a.ter :r.nl:.il- tire scr-.rt-L,rn c j-s sol r¡ed 
"

ïf i.h j,s ,Jii'1" noi he,-l-n, ;he i¡l:.o,"t,e ao.ra.a:_.1-i:,:s ',r.r3"s -!c,,¡c::cd j-n-l,c:

3. 1-¡.r'¡e i-'rs¡1¡s¡3 f j-l- i-ed ,'¡ii.h i,va.'ler ,.,ild. h,eai;e,4. ir.S neceS.SL_f)rà

fn orri.e r' 4,1,J na"l.ie sr.r_ue tll:,.t, ,"c ai r .,ra.s 'ì;-'..-.¡eil î.t. ihe
Jrctioi,t oil tìte b¡."1"1:r 01,' z 'ie-.¡t C¡;rsi;a.l-s cf sal_'f the ¡r.,'l_b it
r,,¡{ìs i2-lrped .,¡i-Lh :. ::u-l,.ber' -;o-'1-i eei;a_n." Tj_¡.e ¡ ¡. .pi_r3 cf .Lhe

br-1lb a-1-.So .ri <e61-'r:d :r._r;r q¡__r_i: .,hiCh iti3i'.--; ha.i¡e ::en:r.j-:reC.

or,tt of sc.i r,: iicr." ås 'hle sc.]-¡,,.tilns bec:ne t::)Te conceilt'"a.ted.

tÌre nu-nber of i;ines tJre :-bove cyceeiirr.r'e h:,id -,,e be

-re;le:Ltec1. becL:le iler."'::i:, i;Lia.t is , cn1'., six iiiles of f i:ee zíne

e.i^ lhl.-.','i-'--'.9, b::ic.:e Íi nal l_;; sttr.iig .-l_Îf l,l-e i;'¡r
n¡ ..i 1 r :--ì .:c

.L ¡J ¡.) â

), r-'-¡J*

T ii e a r, n ¿¡- r:i-[ n s i,Í:, S

i'l:.t "^.et l_ t-,_:3e 1.: *i:¡. i i
l-.,h,:,f¡ics 1,a-'; bot'r¡een';lte i; r¡c

?- s'çr"ad

;r.r Lc e -' 1n

fh e i'lcsi;.,:.t

r,¡i-ih a

-t- l^ _
t)t.t=

!,JAS



cl".:er cr-'r.îi.:-.;h. to cci¡i)I ,lni;r -'.ì¡3r¡.-i. '-¡l ctrs. ,rí tire _b¡_rorneter

tübe; tire re-c'b !r'ctï.r,r.c"ec. a.Ì:cve tne ci.l- s,r.rf+ce" Therefore
o S'l-,o:l nn,rraonliOn h:.Cl tO ìre -.,.-¡l i art .h._. i-' ç '\r r: , vv-- --:-;! Ì,r-ulr r3-c. TD iì.- -.. .:, ..r=*: 1,.i i]re ..ner"cu.l"J¡

hcight Lbcve i,he ci'l_, The expeî.inentaj_ results t/hel:e this
occu-z's have this synbo]- (*) to indica.üe ¡hat the
cÔrrecticn h¡-s been å,._-,p1i:cr, " Tlie cc::r,ectioíl ,fÍ;r,s ,ls.,le by
1;h^ rrq,r ¡¡.l1 .¡n,r.{-tr ^-.- J-r,.^*-..-..--c--:ç ur .,.'rcihe¡: the::;:lonetet: ci anpecì to the J:arar.eter
:¡i'hh i': " b1.,1-b 3.t L ¡:in.t hat_f -:r::;, Ì)?t....r_oc,i .il:c cir.rf :..c?

o,[ tnil ci1 ìra-.i;h arrci t]:e ner:err,:ry nerrise.,r.s" Thi-,s .rìeans

.Lhst fc:: 'fhese (*) read.ings the:ra was a 1c_"s o:i âccliracj¡
i-n tkre *e's'lreinent-c -cince the sten: ce:rr"ection r",¡¿,.s

onl-;i :'.lrprîc-:íj-nate " IIci¡¡evei: 9 th.e percenrï êîrrc-,: 1.l.ns not
1.a.rge a.t ,, jre s e h.i gh. vapçLr. r: Ìl rê 5 s -r-:r.e s ,

*Irl-
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Thenäosl: a.l;,:nd, Ter.r:oL"ai r-i¡iç Ccnii:o.l-

The th:r.inosL:lt consisteC çf ¿'cal-t reci:.n3',.l.ar

cotpei' trr.nr¡. of .-l.,rp.,:o:i-r-lir:.ie1,y 5i i-Lt:e'rs cî.r:jei iJ' (, ar Lj
g;--1-1rns,ì :r.i1c-' fu.::nished. -,iiì;h i:r¡o i.l ass ,¡ind.oi¿s, Si-trce

t!re iherircst-a.'Llc fl"r.r.id. r¡'.s nriner';.1- ,:i-'l_ ( :,4':,r'ccl G X) ii
was necesgarl io ,-rse ill:.na.-N ::,_rÌ¡ber ,1.,s g:,.sket nateria.-!.

fcrbhe gl-e.s nanes, TÌ.:se :.'indo';¡s -..rî:re her_rr i_n nl_aee

uith set screws. Tire ta.rrk i,¡as l¡el_l i.nsu-l-a'bed, b-' a

su.rrou.nding wood.en bor l-,Lnecl. r.¡ith rock r.^ioö l_ :,i:d ;tr .iiì , ieC-

oahac-l-nc
;!J V!.-i UVJ ô

ì,n

iif-r,el each z',-rn 'r-,lle oi.J ra.s fi1 tr.-e,ì ì:hro:r3h

i'.ies='l -uhf' j-n oi:dr'': i-,o rcrîove the s lspendeC fo:reign

na-tie:'. The lil- i¡se1,Í changeä f::cia :. c.r-e:.r scl-*ì:i-rn to
Ð :Trâên e¡l ¡l.f - 

-l -i t-a-J -¡ .t:ll-'¡ i:rr -lrr¡ ô.rrr- â? ni .Fha -'r.rrr1¡
7 _- __ . _ __,/ J ! 

'.. 
lr ç:;:-l tL a

t{i-th clear ci i tlle n:lnomlte:: -b,-lbes cou-]-d be s,een

r"r' i e -- i rr r-.t, I .r ^

Tl:e oi-!.. t¡a"s Ìi,,r3.is4. rçith. bl:::ee he:-;:t1ng coi-l.s ?.rrd.

th::ce l,- ;h-,. t:"i bs" -f :l-s t 3)1 -¡i.t'i, lre:.iel ccirnectyr'

ihlc'-,.:h :ì. rl¡eos-r"i¡t r s;op1-;ri-n3 cons i;:-nt ite,-¡.t e1¿ a:l-:l
â

te,r,r.lre r:t'.:-res Lìrirrç 5O C, " T-.,¡c 5CO '.,t:-'Ll; he:.r'Le:ls Ð a_nd D ?

'.'Iole -rsed onl;,r in bi:i:r3i-n; the r;l:e::nos¿a.t r-c .i;he

d-esired. teil-lpe ''a-tiij:e and. 'i.'e ue rrr-t L:e1ii.i-.:e :'1. r¡j_ren Ll:e

lr.:.tir ',vas ,':n- c:ntrcl-" The 60 :-.nci. l-5C .¡itt, 1_ig'rr ¡'r_,]_trs G

and. 11 i.!ere ei;i¡i o-.çrr tc conl;-c-.l.. tlie 'i:eir:r,.e-':i.trre -Jhen

nee;-.erl , 1Ìre o i--r.-rr ) j] .;¡'¡.il; i_-í_:;h.t j_¡,:-l-b I r,¡a-S u-SeC ¡..q t he

teiii.'le-er-:,tt t'e cci:t,rcL l:, e:.-i;ç::. :_nrl ,..f?"s ecniie;:te.ì tlrrtr-_glc a

lc'l:.1' t.C -h:_'.e 1;lrei'L3-e¡.;-:.1_.11_11. T',1 iC cf l:l:,e 1i_-rL-b tr .l h



:tg a. sotr.l:ce of 1te:1; rtas ad.¡.,:nt?.geor.:r-s o'.'L 'f.i,'c coürLts 
"

lj_f'"t .t , the ti,.ç l .;.:' ¡f ,:. I r¡ r') îi1 :r-rnl ie i-l.t-Ch- --_ _ " ¿ J

SltCl:ta- i ìr:, n 3.:l 3l::liitr:.râ;r tesis.. i1c,l 1Le ,53-. Sl bJr.t ::

Îlil:: ler::ne r:-'!1.-ile cî:i'l-.Fol ig -alssi-rr1e 
" 3iqcJÌ_r-{-". e ti:er- r _!. o ¡

Opei'-'-Li*-n cf hhe f€1-:-;r r,r:,q ïenä¡irteC r¡iSibl-e so th¡.t
'-ì'rl ,r ".rO1 r' f ì_1_:_1-¡as Clr_1 Id be i_'l s,Ji"i-,--l"' Ce'i.eC'ied ,.na1.'" 'J v ',--- v ¡.-J

CCfr"eCl,?,4 bef Cre 'ihe ìt.,-Llt der¡ir t14 ..:i.s:¡1_rz .îi"Oi,i itS

set -bernpe c:l'biif'e .

Tir.e 'tlr.3-:tÌoi.eJ,r.l-r icl 1r,seC_ irils of $reci-.sir CosiEn-
*

a:rd n:l -f :,C'b,.,l]eo' T-qs1:1iif.l'1."¡ it r.f .,q ?. Ír ìI'C_r,]];"*in*31 :.ss

]Jecirria.nn therncr,tete:: 'raili:a-[er1 in Ccgrees ,Jve]: tite

i'i-ìntle 0-'i-05tC" Ti.; i-r,:rs 3.ll j-i,tì13: a.nd-l-o-:rei: sc':.1,e irl.ent.i-eLLl

tO e:.ClL Cthi:f'^ nhe f,-ìrr?r.111a\¡ h--ì y'r'i-, i o the tenne::.:r.i¡:fe

ir::-,S i-:r-r;l.ica-.becl bli¡ ì:,1re l.-oir¡et- sca-l-e. Ihe r-.L,loe f Se:1 .!-e ,.,I.:',.s

j.Sei ii,. .s.r.i,t.L'rg ¡l..e fe1'-i-L.- iOf l.{- çt95i1'rrt i;e.r.r:l;ii,_, ::e"

Ii:i.s *..:3s .lrne 1:;' lcì,Liing .:. li;-1n:1; ?n tol atî :he

T:g'r.l-3¡91' :¡hich r:,ised o" l-cwe--ed a. fine netal 1ri:re

rll-nning d.o.,.¡ni.rr"r:C -uhi::u.3h ti:e tirel,ncrner-,e:: c :,pi1,,1-::-:ty tc

the msrcìr-.rir Íi..eniseu.s, Thei:a -r,'¡i:.s a sía.l-:l- i,nd.ieltcr b4'r

a'ltacire<i- 'l;o ;h= .,*j:re 'L¡l:iich :l'.r-s se'i i-+. L;he ctesii:ed

tenpe-a'buie on- '[he ì]r1rcr sc¿i-'l c by :.ot:r.ti.t .-t -;;ie rt3.gneto

FuSec-l til rcir-gh i;ìle gr.3.qs -.'i'r.S a. -ïf t:-:ite ,:¡hich I ed 'b-r 
Ð,

sc.fê-'.'r con"bs"ct il¡r the ¡ç3r-iL of th-e -fÊor-r-1-rio:l.The oth'::r

l.e acl- 'r.,tes l.i b:iched -"c ;he :l-.i¡¿lb-l,e ,.' j"¡.e in ilie the.-nomeie::

an-ri1-l --1¡ ì1 i1?,1_l_.r 'i-ha llher.ni¡r'ç:r1.-l_ --13-- -.r:-<; C:iL,.ÌlCt-d--¿1

b;- r-:e:-rs c-î i-:c fj.c,: ccll^,.1 -:i-r3" t: ;hr p,r-r_i.;'"

* 1f:"rÌ.= bu, r :r.bl--i., j_n ltf ClihCln I îor.i:,'1. r'1. 1212 "



üsing tjre i;h::ee sti.¡:e-rs I I obj;-¡.:i_ned. 1r?:?Jr

]co1. ccn¡lo1- '¡:--çh 'c¡ j.s t;rpe of ï€fri1-?-l'o,-. Ti-..e .eeg.1-1-zi.or

''i:ls ci.eclieü zgi.,:Lnst a ilecknann i-,hs::iacrne'l:e:: a.nd ccntrol

','í?s itiTi:in * 
" 
0l-o :,.îd- * 

" 
12o ovrìr 'çi:e i¡hcl-e ìt:Jì.nge, ïh.e

the-cnioneter 
'.ts 

Ëd. '..iâs Ð- ilier.c,t:ìl\r li-n .. _l-l_s s -l;L:e:enoritet-o.r

1r:.C ::.ieC. tn 'le'r'¿ìrS ,¡.'f.d. c.L'l iJi::'.tei : ¿': j-rSt : 9ll-rtinl:ä

i:esi-s'¡:ince 'i;iteri¿oriloteî :rv:li,l-a.'Ìtr e i-n o,:re ci 'rhe

l-aba:r'aiories 
"

ì'^,*f:-

Tlre ol:"1. ÌrLTÌ'.l '.''¡¡.s 's't ,i-r"erl þ r i',4çr¡ q cf ii'¡o

trc:-le--lLer -Ljrjte necl:ai.ric:r-l- si:i-.:::ers J .r1C_ JI :,,¡ith tjr:cee

inCh 'r1-:.cl : S .¡.,r.d l j1e ;-¡:C:-ifrern la:i SCI€-,.r f ;':'le S'l:iti?^f J 
"

The stì-rrers J ,,'i1i1 ,j? r,,/:1Tê ccnnec'Leri t,o Pll'1,-.c,qtL'bs" In
1;h.iS -,.¡¡,ir lÌr6: s-i;ii"rerS ,,,.Je:i"â aci jr,r.s beiì. SC j;ir:¡_f the st:"_r:::ins

c:Î -Lire ì;9.1;þ 1,¡ ¡.9 :rl¡,in ra"inerJ ;t rs i l:ell-o,i¡ tr"r-r"blr-l ence,

Th : lrie:.sr-r,lle¡eiit of l,r¡.¡c'r-:. Frc,ssl..ì.ltç

Ti¡': c:,tJ,..,:i:cr,r ìi,- f q - ¡e:j?e ,.-r seC i: nes.stire C i .îf erence s

in ":.eta '.¡i'.' 1 gi¡n1 c , -r:te î qìtOj:Jl 13.n.:e :itl5'[1"'-' .rni .il ieh.

ccr"l-d. be i:eac'l 'to 0,0_'l_ nn" ¡.rd estir:"'ted_ tt 0"01't-rcrc. ¡ an.d.
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conceitt::',ti.Jn :=,nrl ¡.-u r1:e s:r1::? i,er:ilrer'¡-tl.jtie " __-_so ,)_s

the concâ-jnt-r:?-ti¡n or [:re ì,enD,,):rå.,üu-1,e cf u.-te gç]l'1l-i-.;ns

is inc:"e,:.sed 'the \¡âÐor,,..:r ,rress:.ìi:Ð cf l-j_tiri'.iin n.ibi:a'te is
obse.r:ved 'i;e..s becone \r{rîi/ irì'_,ch ,l-oi¡er ih.an ¡ìtose of "i;h,e

o'l-hcr .':,,7c sal-'is, i:.n a-l'i;eup'L tc exnrai-n this phenonenon

-'¡i, _1- be consicl.;:re.4. .1_i"l:r.,7: in. 1;itis ct.i-scu.ssicn.. The p:i.ol:¡_bl.e.

elTOl in tite ne?.su.j:eiirents cf iÌie \,..a.pcit:r l)t:essr..lte Cces

n.ot e icltd. O"?irt t.ñ4, ';iLis i,r:.kes the ða'i,:¡- gccC. enru.glr io::
líi.O¿q-t jlU.lin.lSeS,

Ðiscus*qicn of P,esr:l ts

Tn i,ire opini'n of ,i:i.s a-'.r-thorr .no ,l_ength;r

Tabtre VfI, 1n page í6, 3irre s 'uiLe l_a.teni. hea,t ,:f

¡rt.p}yiZ¿.1;i.| o-i t:t:.1-eT f ::O¡r sol ¡:t i CnS of i¡??.-i ';.__r.S ccnCent::a,-r,ronS

':í lit'n-L:in rri.tr:.te ( Ar:r) a.r, ico(: " The ÀII" ¡/:-ìl-r.;-es r',¡qre

ca-.1-cr..r-1-:"te.d ',,,-sing tire netirocl cf ilL,irner, e,l,Laticn l-r- on

ìr.ì.¡rr '') rì,.rr.1 rhr. a-.--^c¡-(ti.-.rcn+-.J dLta. f :'Oi.l Tibl.e i¡T ^ :'-nS¡er:.d Of:'-'¡ - : -,.J...,r )--!.. r'

Lr.srn3 r;he s1.ope - 4å_ froi¡r 'Lhe nl_ci. î: ).c,3 p \¡,s, I
î-ï'¿øj _; T

S;,o,.i:l in .íi-rrre (5) ot-i ,13_.e 58" A:l? :l_s 1Cr'_l')<, c:.r_s,,/,îr.??



i:ll* r/:-l-. e c',,,.1-cril-ii':cl fo.r Ì;-,e i.t"i;er.i; r'3:.:.j: ']f ìii r3.i-t,z,¡.4¿i-'.:¡::

cf "lì:îe r,¡:,ie l f rotr al-r:l . v¡:ì.iliì,g? n.fl sît¡iili.r. ï,c3.s-:,ied

ci-..1,'-r.it,r-'i:,11:"ic de l:el:lir::.'L j- rns if loh¡srl a:--r.i 'icl.s-l;:,'-il i27i "

Tlte ,1_"::,i,1:ri; l.ea.t :î r:l--:,i:tj-Z¡.'i;i,:ri r,-f t,¡:,ì,f ar .îrOn _"1- 
j- ['t:..rr,.r

aitra.te scl-rr.ti-:;:s ( A llr,ì :.t SCoC i.nc rea-ses rriitlt. -r nc::e:si-ng

*(^,:! *

ccrlcen'i; i:r.ii:ns ¡iilC. is ì,l.'.'i:r- 'c ;tll',.,te:
'lt:,:toî: A-.ti- , ì.r*'l Ì-.1'e ilìôie c)í:icenl--":itc,l

s.Ìrc

a ii.I

T"re the erncon".'r:.ii-:ns :í
,.r:.1 ,.e S if ¡,r,¡,1r'1¡nj-r,r-¡ aiii:a

i-n. l:-.-hl-e rITf f .-,1 .r - -1

ccilcen-iI,,-Ì; ì-¡ns ,r:C .:-i,

-? I 
-J ?'î '', 't ,.-i 4 

-]] 
-

Iil.: r'o:.scl,i. r;lt:i-j- ì.'t'lïe rre,r'i: i-s rlcitir-.i"':'ed. j;c libe:rilie

3. .,¡:¡r!rï' r.lcl-,3c.rl-e ,i-,'Ûit l :'-ti::íuni Ìli.i.-:','1,* soir-r'lit¡¡-,'1 't.-l ihe

v.:_ì.:_)

flc
rlrr.r

Il'O'l-

:i-':n

?7:c

j.l.l
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: fo:' 1

^^'t

ar7
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he.:t cf vi'.1o:iliza.t:-cn af tttr.i:e ,'t,:-ier nini,r-s the -!.a'fent he¡.t

of yr"?orizåtirn cf rr:te t: f t:r::t sol uÌ;icns of l.iihiuni 't-i..Lr:.t;e

( Â nt"- All2) " [i:i., :,irs fcrrrrc] -çc ha,¡e ncsii;ir¡e nr,;-rileri ce.r- vi¡.1-'*es

fc:r su.ch s=.-l-ts.:"s ?.nilticr:li-.,;-n nii.a-ie:.n-cl. si-l-r¡i;L: nitra.'ce zlt

5C.C bi' Can:ltel,r- rt :.1- t s (7.5,\ ¡ ioy a.qlu-eou.s so l.'.riicns

of sod iu.rn chlc-icl.e b;;¡ lLreh-,' (ì+i) r.'"rC t'l-3c f oi cl.il,ute

solr-r.';j-rns cf l-i'i,iti-:ril ni-'l;r;-r-r:e lt 5O.C, i,e, r'ci:'lI :.nC 2A

i+,.ri.1iili, peT' cei:t i¡r Tabl-e i,/f I " T:.is ind j.c,,te-* thr.t b.e:,r.t

i-s :"b-ccrbed- r.,vll*on one i",'ol.e of .,¡ater is 3-dd,e i,' to :ì. I arge

anount; of scl-,r.bion. Tite::efc:re, the .dil ,.tion ef'fect rnr:st

n-e ti.e preclornin:"n'r-; i:.,c-ccr". Tlr-i s af 1"ecr, câ-L,,si-ng ân

a.ì:so¡1-rtio;l of hei-r"1; j-n ì,hes*o e l-.--+c'r,:ro-l-.r;''Lic s31 t';i r-r119 n j-s

j'si; ¡ht eneugi/ r-equ-il:eC bo sen¡.:-l'-ie i,l",e i,t'r.s r,:ili-ch rre

he] d. c: l,cse icge'birr::: b;r 1;i,-d j-r eleei.,:clsttrtic îo::ce of

a Li:ra.c i,icn" 'Ihe Ái! r¡.'¡.'l-ues i.n. ia'b]e VII 'ì1e ne3,r.t.i're

for il,..e crir.cent:r¿¡¡:eC. scl-r-r.'birns cf I i'r;hiu-ii: 'ritrr.te , 1" e,

31.)c¡re 2J :lci.3irt, ?er-" centr e.t jO"c:" TÌr.i-s'r,1Ê3-lis ihei'rc:'b

is e¡¡cl ved '¡hen a con"cent:raterl sc-L.l.j;i-ln of l,.L'L.j-rir.:r.¡: n.i-t::¡t,e

is di-l-ut,ecl., .Slnce hea.t j..s er¡ol-t¡ed ins'i;ea.d lf ¡"i-.souhed,,

bhe:re nust be Sîiûe :j:he_r -e l.cti l_r :aliilg ll:.¡ce thlt iS

q re::.ter'r':l-n-',iil.rì c,r::os ite in cha- ra- ç:t e-: t:o the d il.lrti-on

ef f ect " !iiis D'a,'te.T 'j-e:r-cti¡rr is ",;¡r91,¡.:1'1,:f 'co l:e cl'-',? t,e ¡he

i:rr.-so-l r¡en'li; a;t..rac-';ir¡e lcrces i-n l-.i--bhi,lär n:Lt-:-,te so]-r:l,i,rns,

Ìrer,¡ i-,'^e -'i-êc+-Ì ^-.- ¡-'- L .---i --S i q :.rlr-r .¡iâê u_\.e n' j-Íîe f elri; j-li'' -, ''J

!.,e:.t cf Cj-l-r-:r,ti.:n ¡¡.,-1,,...-aS ( Ál--t) fr:n '-1 -..d, ?ô -rq'i ;'f re::cent

fo-r -li tÌ--¡.ir,..,.t.1 n-i-'r.i:l-te scl-rr.ticns noi negLl;i.'e r-1-so , i-î ;he

'1- j-i;h': r;¡ i cils ,. î1 r.:.d.T: tect " 1'¡.e 3L.L ar"¡'l :i n '.-ir:i-s 1''.,, sr;.-Lng



tr,.:"i lhe l_i.tbi..-Ln -i -tnS j-ir .i,lt.:se Sc.l.- :..-'r.s :"f? h.;rr,:1:._l-ri;ec.l.

crr.'i: f,he cji-l- ,:1;-=i,:'n ef f ect rtirst l¡e g.r3:-u?î t:':,Ln rhe

h-¡r-.. ,.i-i .... +L e:fe ia¡:-A h.eaf i-S l.bS,:::herl l.'_r...,t ¡.¡1.,i1 ,rf'ú - " i_L !_

¿l vCl-'¡tal i-i^r. illace ilil t,,ri+ .:¡l--:-ì;.ì;'¡i5 " Tl,te .l-i-ie:: rr';ì ai:ì.r,:r:â

? îeSS .'r-f ê5 rb'i;,r.iireel ,1¡.r l-ii:h j-uin :-r.j-i-lt,e sll.'.r-ti-lnS { sl:i:irn

ir T:Lbl-e '/f ) ,-.-l l srl'.'eqj; ilri.l 'i;he ion-sc1.r/€rrt ¿tl;r',:c'r;i-ve'.".".-QJ'..-

force i-s ,r'i.cl': g-ì;-,'g4gr,:¡ i-n ilri.s scl,rrii.,,n i,ìr¡"n iir ihe

silr¡e:.' nitr,:.fa :¿n.o'. !"I:t:iicllj_ì'rrl nil.,:',i:j;e sOl-r:-'i:'r_ .- ns " Ya.n

il11r.r¡r3:1 (tf"1rt, gi;'..,.1;'i:r,3 ir'ì.i'r'- l-1eCti"?1.'t.LC s:-l-'1,j-:lf.S:

stated ti,:-,u j;he e:leci,t:ic icr:ces ori ilre 51'-1i,rr,:r rnd

il j--i; f r.-be i ',ns ?- .€) l;.co îre'trj-e 'i;: Ì;.L nil" 2.11.'.r :,.i'1,'1- ',r.' :íìc.l-ec r.:l-e s o

r-ii.s ol:se::i¡.:,i:if)ns',ieîâ b:,qert rn'l;ire de3:,"ee of i:rri-za-bi¡n

cal_c¡'l_:"ri:il :îro1i t,lte 3l_çi¡'.i."1.;i r*:n cf 'l-,he ìrci_1. j-L_r,g lrli.nl-, l.nri.

'[h :Se C¿]._1:Cr¡.1 ?,'!e.d. î.'"Cü C lnfl:_tc',; j_'¡ lt"''r'?'ì.sìr f:ei1en.tS .

':ì'-r-eþhcch ? (l,4rl l.--!-.s.,r ¡¡,:,s Llllble i,o rl.q-i;ect l.n;r eiri.d^i.-^ç

01' li',rr¡-....riir::_ :f -l; 
"e :i. l:s tf s j_l ¡¡er :r:i-l:r,:-l:e , Tlr.is irìl_t.st

s-1sc ir'.- 'bl,re cf-se f or the i-ons cf .:ri:,r,.orli::.n 711'1;:-;i:-trs o

l.'r ll.rr'l € I.'i 1n "::le ;9t :,h.e '.ci:j.r¡'j'-i;;- r! -,1-e "¡:.'1;ei:

in. sCl-irtin,., e1',.i_l_ t. g , i':te :::.ti.,, tf 'Cite \¡e,l1r,r-,T D.:ogS ;îe
îl:-\

1.4

of scl-r.l'l;r-in ì;o ;he

i.I-rt;-l' i: ea,i.tla:ecl -l,c 'i,i'r.e :,ol-e -l--'"rc i;i

cn i:he lssr.r'Ír,oti;n cf :.r. iro::-icnizecl.

:L+, iS rt -r'l;i C?li ',tr'-..': :.'-,1 :f O e:':i=:,s :j l
't:Cl,e -î¡.ec1:i:ir : 1C r.e j:ir¡ì--b;,¡ îOî .i itr

i, e, .:ì:-*ul 'l r s l-a.,,, is not c]ne¡ar1 :,'í

I l-i.1Ì'il

r-,1.1

eC'

-4r-i I



to¡'rnê-p.f 1:rô f Cf S j-l_r¡ef nj-tf :"1:e SOI_1,1 bf OnS Í, e. ,1ìa.CUl-t ? S

1.'.-.lr i-s c'ire;.c4 oy:t:: -¡hi_s i:-n-e: îlt- :r.le c1 ls il-;' t,tLn it

shrl'.1-c]. 'be oire)recl b;r a.n e-l-ec-f ':o1;'r;ic srll. 'li,rn, Cartll,.el--1.

:irrl. T{,¡::tznl:::h {1.''r) h:ì.¡f,: calcril-a'bell tire e¡:ten-t oi i- rii-

pa.ir Ít:¡i'la.ti n j-n si1r."e- niir".:r"i;e so l.r¡'ricns " I-i, i-s f:;.::

11
--¡ )r )-@

lrnli 3'':rrr¡1 :i.ê a_b coilcenL.i:,..ii.:ils .io.l -rihi ch i,ite i.c-,,ir.¡ttrr-v-j. L-. .t. J.. .:r-\/ .. ""-t -",j

çL-i-ç',1-,:.-i,j3;1 iC r¡.11.içr -:.:ttr ^¿,\=neîCfe .'Lt j-S irr-lO:-sij:r.t ,CO

:l.cccl;-üb f.:i tl:e ¡.l¡ci¡e obse:fr¡,r"-u-i rns cn tire r_ssi-r-¡s¡fi"ta

th.a.f si.Lv.::: n-i-r.T¡.he is cn'l-;r s1-i-3h.t1;'i-rnized" The i:Leti-vit-,v

O-f ail.ilCni-r-r.ti nitra'!;e i1l) droi-.S n.?.T1r:.ed1-)r ',¡19 is tn¡tch l-o-,.¡e_r'

ti¡a.n i,i e rro-l-e f i"¿ictiorr l¡r.rt ';þe d i.f f e:"ences is nct :_s

ïenarlrrabll.e q.S .1oZ' lit,itiä.n nit:"¿r-'Le. These :"?s,.1-ì.S c.r.n he

a.ccci,,r.ibecl lc.r ûn lhe ass.tr"'¡ti:n. tha'i;'flre si.l_r¡e¡: il,n is
ir"ot (c.r is \r,3rJ.¡ .Îe:bl-i¡) Ìt;,"n'-''¿,-,ì;ç.1 , t'f'e e.rrtloi1Íu,-r-l j-tn a

l"i-J;'1;l e nc-Íe sc :,'1li.l,= 1;he l.:ì-'Lhi urr itn is v1T:J, st:"cng1;r
1¡-,rÅ'n ¡ J-ar1lu . . -.1._/Li o

The csiil'tiic !r'eq c'' f Ês ca-l-ci..1¡. r,ec-l f ron equ-,r.i:l-:n Tf

= ro l-n P .-'n n?.ge rj]+ cf r:ttni,¡.in n:l-¡r:;.1;e solr.i;j :ns .:'.t

v -o
5)"C ¿tilcl. a.l; TOÙC o.ile p:eesented. in T¡.bl-e 11, :n -r3.ge 6A. jL

Ceta.iled. d--'t-scusSi cir cf -blle ::eSu.-'l".tS j-S nct -ilrar"r.-rìr'l; tleces qå.-f)¡.

It is su-ff ic:Lent tc st.-)' i.l-rat tire lrigh osierti c ,tucs.qr-.rties

ca..l-c¡.r.'l-i-ri, ecr, :ii::. Taì:l-e ;1, qficrs -i;h 
a, [ ':,1.e l-i.thirtr j .,ns i-,:t.vê ¡¡e îi¡

st-r:13:r-:n*so1r¡en-b:.tt,racti-r¡e fc::ces rr--q cliitita.red i,D sâ,)rl -uhe

el_ect:rcs'L'¡tic fc_ices cí si] ve:: ¡.i'l:a:-_ie, -,.ritere the osna'Lie

irlf eSS-ries c.3.1_c,:l_:¡- -1¡r il;' G " _t,rr;, .:,1_1.:.fcl (L.i-) :i_.e ni:cJt. -'l-c-,:eil

'- + -1- .r'^¡ 
^-., ^ 

!'...^
:t l¿



Fin:.1.1 ;,, i.r .li-:,r.:re (:) irl i::ge

it-¡es î ires :f :'l-l- tlrr"ae e,,r-ect'nol.;.i,es I a"'L

i,elnpe'i',:.-bir-les x h'Lrre becn f l"oì;'LeC. =r-¡i;a;ì-trsì:

/n
- 1, ¡',*

pl:es s'trtes ,:f l-itlriu.ln n.ì ili:.te qol.L;i;irr1s are ,n1.rci: --!_c,i¿: r"

ît?Ìt- 1,t.lSe Of 5 j-1-rr1-n n-ì tr:ite ?.j1d C:î .r.tn::ta¡1ir..r.1¡¡ ni lr.:.'Ce

.so1,:ì;i:ns, The obvi.-lrr..rs e.rp1-,1";.:t:':ij_'.rr. of flrj-s r:_s 'i;h'¡i

l-'bhir"r-'n i-on hr,l,,1s ibs vz-l;e:n of irrzL-r"-'ii.tn rlLtei: ,,,-,î-e

_'l.fl:l l_y tl-,tì1 .4O fhe si."l i¡.:- ..:14 3.' ¡;i;rn.i-'r'i1 -ì_-:'^q - Th e Ì--i olr
- "'-¿ o :.r-' -Lü

vj-sccs i- b;r e¡1;olned f ot ."1- i -thiu-n rl j-1,:,: r.te So-]-uj;i::ns r,l so

,:oirrbs i-n, {;his cl"irecticä,

'.ct j ori

.r "l-





1
-1., i

l.l nn¡'l rrei ¡-re

ïlre vjr-?cr,,u llt€qs i".rles Ct l,:'-iitii;ri ni',-:-::.'i;e scl-::ti.rn.s

tÎlr e:rnc:nl-".t i'::ts Ì¡1.r";-i'13 Í'r.rn l-'- j-.: ^ ._r:.c::ir:t';t_l_r¡

',j ..''ei-t:'i ltï' c?n'i, -.i?l? :'rf,...:'::.ti1t,i c\/.)i: l- 1"r-t.c of

te"tÐ1.r,i.-br,i.:i:og y; r.,rin3 f ::oi:r j0o to Ll5ôC 
"

The l-¡.1:n.i hcal; of i¡:..'toitiz:titn. c.f r¡lte r r'acrï "t.i--i;h.i_u.r¡.

Iti.i,t ,,.,te SO''1,,,1.rir-,ïIS ( ¡ -t_i2) Z.l; !CoS i,,:.LS Cå_,.1_C,_t_l-aj;eC OVet3

'bl:e c::rce::t:i:'¡.f i.:il ..r,.,1:e c: 1.î Lc : J -.r=i._h'r, t,ot ce-1t,

The di-ffe::enti:rl. ir.e:il-. of C.j-hlLj-rn ( [Ij1) 3.b 5]"Ç: .,¡a*=

ci-,]-ei-r1:,tec-l ovl:r i;he ecnceni;:":i;:l_,tn t¡en-ge cf t-l lc 55

r.¡¡í ,-'rri 1iô-¿ nr,1r! rf :l ithi,¡il nit,cii;e sc,'l.,r..rti ,¡ns.,u. .l r/ - ! r/... ¿:-.,1

T'¡a rr'-i.-i r¡i -i-.,r oíi t,he ',,¡,.ìi¡,.t' p I in l-i t,hi-rri,l n.i-t-r:.te
þo

sol-i,:-ti.¡ns f rcil l-,1 i 3 ,'-^,5 rt:i¡':i re:" cent a_1.¡ c.,iíl-il r;l:e

'Leirrlet'¡-'l;,1-l-..r u:.nge i;:cn 3C"C tc l':,toCj ? ì.i:r.s cirl-el:..l-:.,'ueC 
"

Il-'e ¡silcLic nl'essr-rt"es I ílr.¡e r: j;lie ca)acenirr:ìtiln r.:n3e

cf l-C j:o 5J ,.i.irirt _o?r. coll'f ,¡-nd a i; ter,iÐ?ï?.*,,.,.!ites 50uC,

:.nri ,70oC 3 ri,t r"e c':.1-cirl_a becì, ,isi-r-tg .rhi_s elu.:1.-[iln

TT - ?lr - -l i¡ .p

=vPo
F::on ina -lesl-r--l-ris: it r.¡as carnc,-t_'.,cl.ecl ',;ha',. ihe 1i,c.h:l-r:_n

ion b j-nii-q Ì;l-re i¡:,:. ber iîo,-l:ecllL eS veï')¡ strcn3l_;,""

*l-so, -Î:icli ',,Ì:e ¡:esr-'l-ts, i'u t,rt,,S ccncl.rtdr-.tJ. i,l.¡.i; tite .¡atr:::

c'f ìt;'-r,:' rt i:'r r i tite ,1-i-Liti.r-,lri i:n i s ,q i:::ongt-i¡ bcl-nC" r â S
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