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INTRODUC'TION 
\ 

The ste.ady ... state temperat\lre;..differ-enpe m~th.od for meas ... 

uring_ partlal pressures was investigat,e·d. as ~n~ pha13'.e· of' a 

u." s. •. Air Fer:c·e.-spr.>ns0.red pro·Ject at Ok&ah~ma State University 
. ! 

entitled1 r1 rnv:est1gations of the 'Thermodyn.arni..c· Properties or· 

Inorganic Salts in N()naqueous Salt. ]14ixtures o ,_, The aim of the 

reseal:"c.h described her:ein was tQ investigate tne appliGability 

ot this less conventional m,eth¢>d for measu:ring vapQr pressures, 

and hence tlle s(llvent c;1.ctivity,. in nonaq1J.eo.us binary solutions 

inv.Ci>lving. ()ne non"."volatile eomp<>::n;ent, From data sp ¢:>btained 

it ia then ptrl)·ssible _ t~ calculate the sQlute activity", 

Th:e steady'r'state te.m}:te.ratltt'e,..d:t.fferenee methGd is in 

ess~nc-e :(line Qf wet:.;..:buln· th:emncmietry., Thia methp-d inv.(l)lves 

m:easttr:btg· ·the co·Qling ef'f:etrt pr~duce.d by the ·:evapo-ra:tiQ"rt of 

s9lvent :tn an atmt)'s.phere ·Q'f a sblut1Qn whQs~ vap<,r· p.re.ssure 

1a tl:i>. be dete·:r,n.1ned o This temperature lowering, cq:1;1t1nues 

u.ntil a n,n4equillbri\lm s·teady.,.,state v:alue is r:ea<ihed.,- and at 

thi.s temperature the va:p.G;-r pre s;sure . ()f the s,qlvent may he 
. ' 

appria-:x:imate·ly equal. ttt that. ¢'.f the soluti~n.;r wh;ie:h is .. main;.. 

tained at a tixed tempera·u~e. A matched themisttl:r palt:> is 

empl~yed as the tempe.ratlU:?~ ;s:etisin.p; element.i." and thes.:e· therm'"' 

ist¢·rs .f~~ two< arms Oi' a Wlleatsttl)'ne· bri~e ¥ One· th,ermis t.Qr 

l 
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contains,a drop of t);l.e solvent., andw;tll give a .meas1.lre of the 

temperat¥tre clt~nge,. while the other thermistol:' acts as a ref

e,r,en¢.e re S;i..$t9rt The f:lt,eady.;..:sta"t¢ tem.peratµre ls the lowest 

temperature ¢;btained in .any nreas11.l'.l'ement, and in .this ·$tate the 

heat 1~.ss due tc evapo.rati~n is equally balanced by the hea:t 

gains :due to C'onduction., cr>nveetion, and radiation from the 

surroundings~ There resu.lts .a ct,nsta.n,t rest.stance dti'ference 

c:orrespond:i,n.g ;to the steady""state .temperature .. 
. 

'rheJ;"Illist~r~i, 'or thermal resis.t.o.rs, are semlc~nd:uctors, 

and as su¢h. possess. high negative .:t,empe,rature .coefficients :()f. 

resistance. 1heyare ~u:eactured in various shapes, ,and those 

us·ed in this research were .all ~i' the glass ... c<Dated bead type. 

The l:',esul ts and reprodl:i¢ib1li ty .<:>f the methqd are ,depend,.. 

ent <:>n the theJ?mistor .cell desigUc,, hence calibrati¢>n of the 

apparat'lt:Ls ,is. necessary using solttbions .oi' J.<nown vapor pres-



HISTORICAL 

sem1,...Qondu¢t,~1:' :ea.ckgro-un.cl, 
.. '" ..... " . . . . ' 

The pec:uliar negative tempei:rature c.oeffic.ient o.f re~ 

sistance p.r(;)p;erty of' semi-conductors .was first notie;ed by 

Faraday in 1$34. Because this pr<;5perty .is so sens.itive tt> 

the c:o:rnposition, use> and treatment of the s;em1,..c11nd:uctors., 

semi·""·.conductiirs we:re used ve'r!y little until c(:)mparatively 

recently~ Much research has b.een done in an eff.wt to l.earrt 

hq;w t.tJ ctntrol the peculiar pro:perties o.f sem1,...conductors and 

how to prepare them w:i th reprt:>ducibl.e p.rt)perties (5) t In the 

1930Js Bell Telephone LaboraJor:t?s fqµnd an important use 

for serrri ... conductors and in 1~40 went into large scale pro.,;-, 

ducti<)n or them (9) Q The uses and characteristics of therm"'" 

istors (temperature s:ensitive s,emi-conductors) have been 

disctLssed in a !\umber or general articles, those by Bell 

?);-elephone sc,ientists bein;g among .the earlier works (6i10, 

The literature dealing .with the applications O·:f' the:rm

ist(j.rs as temperature sensin;g :devices is by now rather ex~ 

tensive.. The following ref~re:n:ces were ch«:>sett to prQYide th~ 

reader with ~n idea ¢>f the ce>mpar:ative advantages et therm-

isto.rs 1:nrer rn:ercury therntQmeter-s and thermoc9uples as well as 

t$ familiarize him with pert,inent appl;icatlons. 

3 



1mt~tn1ns;,n (.1:;) in a :•p.arativel;y :eArly :~h.:e.nd.#al ·3p!,o> · 

:ft.i.crati~ ·•~d -:a: the$1st~.r t- :mi.;taitiwe heata t.t w~tt'.t,i~ and 

ad-aiOl:'P~i~i A tit1~ in te..mpe:eam:e. ~t 0!001°Q' W:a.$ r~adi.ly 

~a~: with ~t,nei®~bl:;r ~,a~;r· a~it1.1ra1e·1 tllan t~d. be 

rrtti¢h :snta.ller thermal .eap,a-~ity ·b7 ~~ntn.st. with the Be;gkntarin 

th~$tmet'e:l:\o . 
. ,..._ · ...;.t,,1· I"· 1· . · d t,n;.1· ..j.., '" t,.;,;,; .. .::Ii ( 1· l". ) i.. - · ·d· · · · l · · A "'' · · + · !,;J.r,.~:e.µ,, . . . ari- .n.wil. 1,/ie~:wau . . . ,(~ave e:v,e tp-~.1;;;1.. .-.'"'~ aµ v~~ 

matl¢Jrlly )~lam:¢~ tne~S:t~~ Wheat.s:t~xre· b:ricige :w~.h :was 
( 
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capab-1:.e o! '*a;-s~ t.e•r.a:t~t ~1 t~ llJ>l:itle·'.r' .ft -~l.;,:Ql~c w.it;h 

a11: ae:~a,;q7 ,1,1; 0 ~OQ02: 0 fJ',!i, On'e 'the~at";r- S~'tel:1 .a:~ an· .arm $'f 

the ~• whlr:h w.ae a'lit~ti:,ally b:il:~teti bf !eeti~ h~ek an· 

klte.~t~ .,t~~ent. pt",p·,rtr-.•1 ~- the ~f~hala)rf.¢-e ¢11q::.;r.e~t 

't¢ heat a :s:e~lid 'thernd$il:r bl the ,pp~aite ·-.a.a ;f·· th.€· b:ridgei.: 

·m~ · · · .· .. ~,,. · ·· · · · · · d·. t'· :.· · '· · .,. h. · · "" .. '·.,.p. · ·t··4--t,..,,,,. "'"""·"d d · 
.:i.)c,1;,;; app:axia¥4'1.a was ~se , . Jl) ;irtea:$~ e.:a.M:s J,i;.. -:w.e Ii?...,.,.~ ;e.,i;,~ .:a:. -~· 

.. a\l~tltn: wh.an, t1ne~,r.atnie.d'. p~wde'.lM:!: were i~e,r.aed 1n v'#l?i<ll.u1 

llqni.d;s ~ $:~'l~tltns<i 

Jeiffl {-22) ~a~d ~~b~b: teJrt.pe:.tirtµre}I h:Y :din~ ,an 

~le:~t:ri~~lli i:nslllated b~.:a,a,.,ftn,:¢- 'the~at~r' Utt\? ltiatJ.ll~d 

:wate.~· .alld ;e:xp~slng: it t~ ,i:=m .$;:i~~t*$;nt~ A W.it'k~J~,(i .r~d.i.. 

typ:e tliemiirt.r,J).:r- h$.d be,en ~:aed :i,mv.ifi>~a1:r h'ut was t••-d t~, 
., 

nave ee~ dieativ.antaJe·.s: . ., )r.aJ~t,:~a s\ic:h a$ a~.f.1 .. 9'-W r-ate;,, 

~·pt~· til!l'e tf ·expfsu:re~, .and lag et~f:tl~lent ')$~ 1:n:v~atl,,,. 

pte:d:,. a.l:•- with tne .deg~ie ~i' .a~®~tt :O:, c:ep::a:rts-e:n with 
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a. st~d~4 psye~te~~ ·~~ ~ ~·¢rgtl"i~ient. r.t· .a: ~·~¢a. th:e~'f' 

!:et~~ :wu .t~d ·tt· h:e t~.l5 t~a Mtalle? than ·~t'tr a 

mert;~al P'Sl'.C"hr~tel:"i 

· !,. 't,mpa~iis'fI1r ¢ti?· th'eoo.B't'tr.~: and tn;e·:r,n,'Q't~le:a .ff1;>· temper~ 
I 

at~ ntea~nt, wa:s Jnati~ ·l$1y :s~nedict (7) ~·· He ijtat¢:d that 

altht~ bJth .a;;r$' s~ta:l,lt :~- m~;a~ring t.~era:~·s ti j. 
0 2 01i71, ' h ... ·t' . . " .• ' . 1·· ' ... ' . ' ' ,. . . . 1ti. .t:lt ·t·h·· ' ' ' ,, ~' 1 )~.. ;,, % m.llu; gr-ea . er c~:re .s :ne~l:ls:a:r:r ·w , . :.1:i; . . .,e .. _ .e:r.m,~r~~P e 

sys~" 13.,tlt the. thernd:stll:t'' :and the~e·¢:Upl$ · ~~· ~~.Je'e·t. t'~ 

agl.1tg,,, 'l:llltt ·th:e the~at,1t a.ta;b:i,ll,ze':li~ 'With ~e while:· the th,em~""" 

q(l?11pi'.? be:<:j~a i~as stable·.~ At te:mpe$t~~ bel•tw: 51Qt>lt 'therm.ti 

i.att's :Qe ;a)ltpe~~r 't:t" th.t:r!lil\\S~p>l,¢ a ft:r p~·:cise :m,ej'ig~•nt~,,, 

'bu.t l'bt# th!:s. tempe,~t~ 'the~st.o:r'a dettPit'~te .~p·idlY11 

·rrn;e i;,ae$!.st~;t,' lt¢ l'Mdf 1~ :trtherel\tl1 m~·;r-e $',¢nsit11f.e); hata a 

-~~ ,$pid. .~,e.tapwns:e :t• ~mptra'~ !ina.tt;;e·s,, a:m;l ia. ntf)":e, Q.c$#1-

p¢n.da.1>l:~: t,h:an many ·othe~ tel1l1Je$t~ mi.as:µ.r~ sp;t~a. 1Ihe 

. t· 'be "liiln'Ji ',';,;· ~ii'y\."''e•:s '11;,r ed "' . ...; t t.,.t '.ft ' ~.a;-4 c,i,;i\, .. · .; • ...,,. ... · . i ~ . ·+. ;~~·"'*°"",;/,'tan: ' .,I,, .... ,..~~:ew"'°"'J::';J,;·.C : 1o1,S, . . ..,L,J,,4. , AS;,J., · ;q::"",.."*"· .. ,!;.",.l.,,"'1il!!"'n ,,,,,,,;re, . .,1;:,~lil.,:e~l,P,l;,,a,.l,J.,_ .' · 7 

and 'tlle tlittt11iia.t11;,1J .utaed~ we)?e ·~ 51Al (l@tt ~- at 2$,l1c) 

~bt~d .t~f• th,e Yi'1it:tq·~~e~ ;C.rt.1:~0,?-a.ti1n;.., 

Be-t:k (4) ~· l;n· .a.Tl at-title. flt thse s.t~bllfty t't theffli.$.i;O;J?s x 

atated that i't is p•sltiltle :fitt tlterm1$t;$r:a ·~ 'l.l.n,de~t· ftl#i;den, 

a-.'.·'h:ti~no;og ...... i...,r«lt.· ··t.,.·1"e ·m,, "'~ie _..,. .i!:i wa,..:;..e'f\t ·0 ·~~1· .il-~'>'i!-w ,...,.,;.,,...~'°"""i:i A .. "'.·' .... ....,_ .... , __ ....,~~ :· ,.V'4L~-.--· -.. ~ ~ . J:"".~v.-. ~Ji:,t -~ +~.-.:~~4(. .. ~ ~"M -~*'--~-81 . . ,l!~-M'-~~~--- ~ 

:¢~~~. t(t 'J/:~e:ck:i th~:end.at,~ $h.1d n~t. b¢. :S.\lb.;Iett.ed t~ 

tempe:eat.ltl??:s f1;1't:1:tid1¢ the :r.a• '.t! t~mperat~e to be ~A):t~d, 

.. an.d hse n.elleV¢d, that it wfllld 'b:¢ \ULWiae·. t~: 11a'e tw~· ~- :~~e 

theard$tft*'a 't~ Jnea~e ill.,tt~rel.\t~s. tn. t:~n:tp>e~ai't\O:"$ ~e'ss · .. ~a~e"'-!

tul talllnia·t1JJns· Of "the· t~~a:t.~ we'.t*B petaf'f:r.m~µ; bet:b~e .fiLnd. 



~ttt'b,11:i.'t:J"i' at~:ted ·tkat •tk did. lltt.. s11;y whet~~- ·~· ~J't t~~ 

th;e~:s.:t~ ll~ as:ed :w:e~: t1':n:t~~sl.y :excd.'t'e:di a n~t whith 

~ll:er thl,:nb is ,t -~.at. .fit]ltJ1ta:ne:e _g; ~ll:e~ atamt1 that 

6 

Wl"k. ~fn$; hy lt~~lJ! ~d Jtwlt;~ ( 30) ltr,bJtl&d t;fl'Ci!~~b:ly 

great~,r r~lia:b1l:tty tt:t 'tla?:$1.all'rs than: that · lit· 'the -;w~~ke.rs 

4'i'te.d by :ee.~:it.l, ~lle:lt ~ st,iten it14.~¢i. sh~~~-'~m, 13tablli*". 

t· .. · l<;tQ .l'l'd::mt~ .)·. .·. f: i':ll_· O~Ql;i) .. ....... •A · . · .. · .. · 'd: tltib · 1·1.·t.· · 4,;;, . . 'thi .1 \,..;, · , · ~s . I i:;!j ·''41 tJ 1,':l;,u{;:!,, a rep~ lil:. ,1 . . ;1 "~t· W1. · n 
(}) ,. 0° 0 1"1' ~, .. ..:is,.,..; ·6 · s:" - w.J..~;4,-b. ~et·"'~~ .·, ~ c,~,,.,;i'dm:t ..,.i,.,,;,:,.,,n>btt "'~ i'.>'n@;~ e..; l .A; "' ~-'I!~"" -~ ··,J,,.il'j, ..i,~,,i;.,; . ~····· ~-~~""'""" +1-'"""'· ""~-- ...... ..., ... -,,.ef••' · ,,1,,.1:';!; SI' ... ,,. ......... ,. ·· 

teriatte:a ~htl$l?l',ed hr Be#k we~ Jtflit tbaerv.etl hy Nh:t~~ ~no. 
.st,rit~n:iji 

~~lll~~.~)fe,a;~\-~ 

h· t~ th'.e.~t~l~t~ methttcd t·t~ nt¢$.$~ V~p~ Pl?Sia'* 

,a~·a a-~- ft· aift1tt:tl!Iir l$' ,,x_pt11~<i. t,· an· at~;aphe~ ~

·s:l#ll'.eitt •P~ in wlajith t~ pa~ti~l p;tweta~ la- :e'it~:t· ~e.a.i;:e'.?' 

11'1:,;.,, ·,ci""1,'6,1"'""~· 4-'t...~. ~~-. ,11'!:r'l'!)t!li,.,,,. -n.~~~,.~- n;Jip, ,4'h.e ~l~'l!!tA, ·in 4+-e,·-~ '': ;~~ -~. -~~- .W.~Jii!.J,.: ~- ·~~J:"1':~-~- ~'+,,:·~-.<P~~·~ _ .. ':.tr, -~ ... ~~. ,.v.,e,,,~"~ :··:. ·-. /fl~· .. ·~:-.~l2 

~f F$'."lN.ti:~J !tr a'.ll tr tlJ.e, app11~a1;;1~ :;f '.ii~ ~{~ #1~--~
~i~e.d ht t'ke '.lit~ttaW'te. t~ p,a~.~l pr.ess~' jf- -l~nt 1@P·~'.r 

·il1;, th.$· .a•·spcher:e· ;Wa.a.; k~t ~Ut$r'· t}~ the: va'.Pt'~ pr:e's'a~ 

,~t t~ .sfl'Jlt;:itn-· s·t•dl-'e'di; :bit ••it ea1~s :;~ndt~1.?at1a· jn; ·tne. 
·~~ ~·t'~$- with 'tlle:.~s.~11 t•t· tn,'$; :n.~at ir ~-~d:e'~ti.tn, 

;r:-alft¢';S ~~ ~p~xaat~e •t· tlle drtp 'lm;'til .it·$ Yap~~ p~s$ure 

at th$ h!~:ir t:eJr4Pe);'at~e: app$aJh,-e:::1 'the p.~tial p.;~:s:21\0?.e ,r t~- $-~11r.e.11:t. vap~:r 1n· :t)te. a~lUtdi~ai lle~au-ee' ~· heat 



flow from the drop to the surroundings whi.ch are kept at a: 

lowe.r temperature., the v:apor p~ssure of th.e drop never 

reaches that of the solvent vapor in the a.tmosphere sur

rounding the drop, but a state of approximately constant 

. temperature of· tne drop is re.aeheo.~ Thi.s steaay,,..state tem

perature can be made a func.tion only o.f the relative dif

ference in the vapor pressure of the solution drop and the 

partial pr.es sure of the sol vent v:apor in the surroundings. 

Usu2a.lly t:qe atmosphere :Ls s.aturated with solvent vapor' .at a 

carefully controlled temper.atur-e, q1nd temperature differ.enee 

between a drop of solution and .another 9rop of solvent used 

as a referene.e is me.a.sured. 'Various experiment.al proceduPe.il 

hav,e been used in an ef·fort te achieve the best results with 

the rnetho<i. These are reviewed in this section. 

Hill (12) probably devised the first extremely sensitive 

tnennal method for measuring y~por pressures of very dilute 

aqueous soluticms .• His 1nethod was .a differential one in 

which a 71 junc.ti.on th.er.rnopile was used. Two strips of 

filter paper, one moistened with solvent, .and the other Wi.th 

a solutiqn of' ummown v:.ap0r p:r~ssure~, wer~ laid on ea.ch sioe 

of the thermopile, which was placed in a oh.amber' whose walls 

were k~pt moist w;lth a ;r>e:t'ere,mee solution. The e .m.r. de'"' 

veloped in the thermopile oue te the temperature diff.erence, 

which in turn was related to the vapor pre2.sure ,U.ff.eren1;.e, 

'W$..S measured. The appar•tus was calibrated with solutions 

ot known vapor pressure~ The, method is thu1:1 based. on the 

prin¢iplea of wet,.,.bulb the.rmometry. 
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B~ldes (1) pointed out th~t Hill's thermopile w•s inef ... 

fi1cient ( only about 6~ effieieney wEJ.s obtained.) mJ;l.nly beJ~ause 

of heat losses due to the high therm.al conductivity of th.e 

wire whieh Hill usecl in making the thermopile,. Bl:l.lc;l,es de~;;;< 

eribed a differential the-rmo~ouple unit with insulated tne.rnro"'" 

Junctions. He used m~anin and constantan wires of 0~1 nnn" 

1;Uameter 1nstead of the SilVe:r,...pl{lted const~ntan wire employed 

by Hill.. By means of a mi,iropipet his solution could be ap ... 

pli,ed in the form of dro,plets directly to loops ma,de in the 

wire at the thennojunction.s~ 

J:ater Baldes (2) analyz,ed th,e thermo.electric method and 

derived a mathematical ex.press,ion for the theoretic$.l ste$-dY""' 

stJte temperatur:e differeru;eo. To simplify the mathema.tiQS he 

assumed two ~·oneentri4 spherieal shells., the inner w~ll of th~ 

outer shell being moistened witltl solvent., and the .. outer. wall 

of th,e inner shell being moistened with a, solution. From 

Stef~n•.s g.eneral the.e>ry of 41:ffusit)n., t~k1ng into consid,e~1p.tion 

h,eat transt'er, by conduction through the gas.phase only, and 

by assuming the s1.mpLe eJ$~·of th~ pressure difference betw~cen 

.an aqueous solution and w•ter, Haldes derived the following 

expre~.sion for the tempe·~tui1e dif,ferene.e in the ste111<1y .... state~ 

(T - T0 ) == .. ·· ... a ...... . 
· F3 . + RT0 k/LPPo 

wher.e;, (T ,,.•To) == ·. d:tff:er¢Ii~e, .in temper~ture between the 

;t.nner $hell (T) and the outer shell (T0 ). 

(1) 



a = coefficient o:f' d.epression of th.e vapor pressure 

of the solution. 

t3 = the temperature coefficient of vapor pressure 

of water. 
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D = the coefficient ot diffusion of water vapo,r in air. 

k = the thermal eond.u.t;tiv:t.ty of air. 

Po = the vapor pre<ssure of solvent (wa..ter) .at 

temperature T0 • 

On the basis of Ba1des 1 theory if there are two spherical sh,ells 

( correspcmding to the two, thermojunctions ), each moistened with 

a solution of a different concentration., with the outer shell 

temperature being held con.s.t1;1.nt,, the temperature differen4e be

tween the inner shells Will be determined by the above equation. 

A simpler ease arises when one of the inner shells (one thermo,_ 

junction) contains the same solution as the outer shell (.eell 

wall). Baldes showed that when a solution containing one gram 

of .sodium chloride in 100 gram$ of water was placed on one therr

mojunction with wat.er on t.J:ile o·ther in a cell whose walls were 

.also wet with waiter., a temperature difference of o.0651)c was 

measured. Using the $;bove equation the temperature differ.enee 

was calculi:i.ted to be O.Q67°c for an efficiency of greater th.an 

95%. 

Bald.es and Johnson (3) perfected a vapor pressur,e thermo

eouple which they called .a th:errnoelectric osmometer. Like th? 

thermocouple discussed ear"11~r by B.aldes ( 1) tb:.is osmom.eter· had 

thermojunction.s in the form of loops on which droplets Of' solution 



were· :pl~t®di .aud tlt,ey trolltpl$tely ~l±ni:in.a:ted th-e AAe' -~t ·tliJ:~ 

filte-:r~ paper s:t~tps that we~e- 'ttse:d. l:ly Kill ( 12) ,, Dt th:e, 

c,@.1.stl?'l.lc't1~ •f ·the t.ne·m@l"e.'-etrie: •~'et~r tt was .f~\'lnO. 

t~ be ·wrt" '~at, .bitp·~t>tanee t:t' 1.1¢ :ab-le :t.0, J:':eduQ:e heat lt:s:t:tes 

by ,a·on:d'tt¢ti'-1t 'ttr a nunint'Ullt·Jf 

10 

Ro·epke· ,a;n;d, Baldes (33) in .a arit·ital s.tttdy -~:t th~ t;M:1'Jl~ ... 

electric ·metho:d ,at.ate that s.:.tn.t'&:e ]tlll'·-21 :methQ:d i.s. .a ·,dY®mic 

o~,l'' an ~r~r is: int:;r*Q'clu.eed l;>:y having ~ . :sPTnt;i(>'it ~rt the wall 

Q:f' ·tlle c'ell with. .a vap.~:it p.~s:·ti•re either high.er· -~':r 1,w:e:ir than 

that ~1: th'e ~e:te'.l?en~e :s;~l:titil• w:1\1-en: is tn t.lte. thet1Iftt.'b'~le-~.-

t"l:·tl..e,.,. S,;i;"'"-..w ··e S. il,J.f 'e..,..,.~ . .,, ""'4 a .f ;;;-,,,. :f':-;..;;. t·it..e d,rn,~"'!'" ,,. m't..,..'>'l'o ...,4i-\J .;t~. ;,.; · .. r;;,,;,4; 'C:: '.i.iz _.: : . .i,-.., .' r ei. . .J.-~ . ..,;~~, , ··:'- "lt!i~.: . :.Ii'(: : · ,i ,,..:d:l.l!l:0.,\,,. ' .. :lli4: ,,,_ w,..; 

tk~ metk- '.ar$; »llrta·~e ti~1;, dit't~r"en:cre'.s iR dit:.fll·st.tn l"at.es 

.()':r wat:~r' !rt th.e s;ampl:e .and iU.· tlte ~et.ete~q$· :s:Q::t1,1titt, ~a ter 

tttan*'s~lv~t. v•lne .ih,: s~ple, (t'!i$.*'i 'b-lj,d) e~mpa~d ·w:tth 

re:tel:"1ell~e s~llil.ti!'.t)t,,J and. d1.tt:e:r?~tre:s .tX:t 'th~ shape:s $!' ·. d.r.tpa It 

An.Qtl\te:t-· :tntp~rtalitt p~irtt in iiltSidemtc:11:R ():f ·the methild J:s the 

dif."fe~tt~e ilt J;J;re heat Qt· '<t~ltde:tts:ati• Jt s;filve~t ·1,n- the 

aa:ntple -~P: r:et:er~:til:~ s-lli(tiQ;n;\>, ,~ i:$ •eapetdally iniP.~rtant. :tra. 

ttoiw.erttrat:e·d swl1a,t:t•a_wher.¢· th~ haat··~t srrftuti":it·'$f·,s:~lve~:t is 

ap:p:re:¢:iab-1:¢· ~ )U.t.kQut .ap~clfy~ .. o.f$idi t1:o,t\a' (!Jr sp:~titli:! :s~st:ellia 

the :auth~a tlt~R :state that ;.-t'A¢-r 'rtftdi'ti~n:s. be±na ~qual:;1, tne 

········gre,at:ex"··tae heat··:~t---~n.d~n:sati~,. t•· ;~~·-th$ :d.e:f"lectit:n: 

otftai.ri.erl. ~Jt the galva.1l!J;lm.et;er {a.ee· Yage 72) ~- -~ .autl\.~~ in* 

vestiga:te.d ·1;;.11.e: er~r; ~r,ellt in. th;e dynamic- ~thJd. by o<,.m;,.. 

paring tl]e press-~ gf· a bl~d .aanrple .ai6:ina-t that. ·~t a 



referen~e solut;t()n, t'.:$.rst uni.er nea1.rly st._t;J.e conditions 

( uiing an 1$o,smoti.¢ ret~~n~e . . i.01ution on oru:i junetian -~d 

tit.lso on the cell wa1la)., Jnd taen und.~~ dy~mic condition~. 

B;y sUcQ-h ~ pro.Qedure it ts po .. s$ible to qete~ine the e:rror:s 

•n4 (H,l:rre:c :t tor them •. 

Roepke "nd, .MasQn ( }4) > µsing . the .Balq.es modtfiecl 

the!'nloeleetri.(j method, .meas'-!l~ed the TI!por pressµres "Of' 

bi~ s,..,lt sol1,1tions ~n~ t,c,,mpS.re'i t?iem Wi ta aod.ium ehla~id.~ 
' ' 

~f:er,~11~~ .a.Qlutions.,. 0.a.meti.c eof3f'i'1e1~nt.s of\ the pile ~~it;.,-

we.re ea.:J;~u1at.ed. 

Later Roepke· ( ]2) i;n J ~i.,eussion o:f the thermo.el:~cttJ;<i.~. 

metll.od pointed out tll.at th~ y,apqr pre.ssure lowering V13" 

solute .eoncent:r.fltio.n eurvce f'O::r the re.f-.f3·rence solute. !;lh.Quld 

b~ "line~:rc in the region u~.eii". It is mo:re import.ant t~t 

the rel.Ation betw,een tae g&J.Qno.m~t~r def.le.et;i.on •n0: tM 

v.a.por p:r,et;1sure be line~r.,, ijiltte the Vfpo.r p.reasure o:f: • 

.s:oluti.on i.ij dete;rmine.d by the 11.ut:h.or from il- single ~-.11.:,,;;, 

bration qie:g1sµ;re1ttent m.ide by ,e.,~p,r:tIJ.g a solution ot k:rwwn 

vapor pr.easu;r>;e with w:at.e:r1 with w11.ter on tlle w:,11.s ~ng 

floor of t;!le ,el,uunber~ -'ieeau.,.e ¢>;f the s,ensitiv.ity tT>f the 

J,t(e·th.E>d,., p~s,ure di.tfer:ene,es of the o:rcle:r· of o. 001 mm:. 
eould. be ,4ete~ted. Jtoepk,e stat.eel. that a,.lthol)~h jU'1 in.t~as-e 

in drop ,iz~ doe~ :inor~•~~ t•t! :r:,1,t.e of ~V:'-POJil.t;I.ot1,) 4;~ 

_$.hown l:>y .Stef:$'.n).s;:'.g.e~~;I. the.Q;vy of dJftu.s:ion us~d by 

~l,<le$ ( ~}, · ;t:t a.lijo ine,,rea.s~s the· .h~at t~~fflr X'S.t.e 4ue-

tq J,}onqu~tio;p.., ~onveetion, pa ~a.q:tat+()n. ~hes~ fa,~_t(lJI"S 

11 
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a.:r'e al:s~ ,dependent ~xr dJ?'.QP si.z,e,lj. 'the !"esultl..'.ne; ;~tt'e¢'t ~n the 

t·emperat~e :i,s n~t sl~±:ttr;ant;.;, :and this was d.e:m;pn.$·t:r1;l:-ted by 

.c~rnpal?ing .a,ma:11 a.:rQJts. tt ;t(at·er' witk laI"ge ~n'e.s :Ii.lit tlte the~¢r...

¢t;Jllpl~ usil:'rl;g .a a;;d:t:um: thli.t'i,de stlllt;l,:;tr1; tm th'.~ walls: .~f the 

C:enta:tne:r;,~r The :wQ:rk:: (l;):f Baldes and Jt;)h:ns~lrl: (:,) a.l's·~:. ma.:tsiat;ed 

tl:lat an .i:tt:G~as·e 1,n d~($).p si%e· h;ad n, app;peq:1.able ett'.¢ct. ~n 
thei1? l!le,as~e.d. res\tl ts9 

Th:e measu:r,ed te.mperature a.1:e·t1:;;reri.¢e wa'$ t~d t~ irrcl:"eas.e 

with a: de.·¢:t"ease in. atm.t:spliil:~r1¢ pressu.r,.e beca\.ts~' de~·)?;ea:si~ p~ea, ... , 

sure ctaus;ea ,a d.:ec:rrease 1.R the· t1iemna1 c:;Qrtduct:tv:tty ~t the gas 

ph:as:e and .~ •. · 1n.G·l?$as·e in; t'.h1;;; 'Q:~ef:rloient ~! 'd:tff\rst~n ~f wate:r;, 

vap!:l:r tltrP'qh a:t:r;,\ Th,e· ,e:e2:e.ct . .,r.· tnes:e· changes o'li t):te te.mper:-.

a'.ta.1.~e diffe:re·nxi.e is ;r'e·a,cUJ,,y '$:~$'ia · tn e:x:andnlng :eq~t<i,tWnt ( 1) ~ 

llH;&ey (23), als~, ¢,mpl~wl~ thet'mQQ'.QUples:> mid:ttie:d and 

im:pr<irle<:i tne m.eth~d de.s~r'iJ;1,$'d. by l3a.l.:de)s. f'tt··· :o:,ete~n.!ng ,.¢srn~tiq 

p.:re.SS'lil:I:'eSo 'X)h;e sensl:t;t~ ~l~~ei;;,e:)? :n~~liy lits;$~ in th.ta 

type tf' :m;et&:s:llitrement W$;'s el.:l:m,i,n~'t~d by u~i~ ,~ b:r:!.e~e:l'c~trxH~ 

cl"' e ~ .... aAC\1 am.pl lfier\, Km'se;r .tir.ls~, f1:;t1u1:d that :p,;a:th t·e.:m.perat:tiire 

ca>nt:rtl t,~ CJ •. oolqc wa.a ~e:e"e·sas:.ry as l~ng Jts, t~$ hath was 

vig;Q·r~Jtsly Btil"l:'ed!I H;e als1$:): .el:Lmt:nated the d.j1;1bl:$*p,$le re:;:.a. 

ilerstlitg $Wlt~h· rt!SlJ?Inally ns:e'd wh:ith t.rdi,narily P'?!)Jbt~·eSf. high 

e~ntaf:t p~te~tials and s~"bs\ltu.t'e.d one wh:i..eh etfns1,st.$n ¢>.t 

c~ppet' bl~'¢kS;o This was 'b:eliev~d tw ;:rd,nil'.lti.Zf; t~ntatt. P'P:ten;;. 

ti:als,,, 

·tayl~ and ~11 (4@) '$1np:I.tyl~ a s±ngle tne~tq'~llpl~ 

in a glass cr~ll n:t<$as~ed m~le¢1:llar .v-refs;11;te :tn ~t'g~l~ solvents.~ 
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Dx--01rs cx;f' ·sqlut1¢n wer.e pla¢e:d in. t;.iny platinlfmt qµps. welded on 

the tJte+'1trijJ'.U..tI$t igns ~. They stated ·that the ',exp~r'imental ly-

meast:u:$d :c'.~nstants we.r:e lower than i;;h$se cal¢''.1.tl1/tt.e4 :trom 

'tJreQ.ey ne,eal:ts'.e they a::r:-e ha.sed ~. the ass'tlmpi;i~ that 1n ·the 

steady+state t:txe v:apor pr,es.s:ures. «,f tlte d:rpps ~:rt tJte s~nct:tons 

a:r:e equal to tn:e partutl press:UJ:"e o:f' t.he sol'lent. tn th,e sur""' 

r¢:tundb:rg atm.~:.sphe·t'e •. 

]3];'.ady1" Hu.f.f::J and McBa..ln (&) empl~yed the the:rtm~electric 

meth~d a:nd .a matqlted. thel"l'ltlst~J::> pair with an . .a" G" bi:-1,dge t.Q 

(l)'btain a c·~rrelat:t(i)n bet.w~err t.hermist<:>r resist,an,Ge e,11,ange). 

q1,.1dsirtg .f:rt:m the ste.ady,.,.atate: d.itferen:oe in t;t?m;pera.tur·e ·f.f 

drP:ps :tr,;f .sQ:lutiqn an4 sol11;e:nt in an at:mQsp}te'.p"e s;iatu.~ated with 

s¢.'ll:vent vap~.r; and tn;e .s.p:l~te ¢.~1;1:ei:entratifho· Frtm the ex ... 

p'er.:tmental ,data tlte s~'l~t:e a,¢'tix1t:tes e>f cq:ll$idal '.e1$·¢'tr~lyte 

s¢il'.1::ttl'¢tts in: water we·:r:'e <:>l;)tat:i:!:gd., Drops, o:.f s$lvent $d s¢>1u .... 

t;L();n were applied in a .&:P,~cial ntan:tp:ulat:t<:>n chamb.er· ano. the 

themistcQr pair was then l.;w,ered int~ the nteas:~i:ng ;e:ha:ntb.ero 

Humidity in ·h,th ehanib.ers was ma.intai:ned con.s:tant ltY w~t 

bl¢tting paper~ When: the steady""state resis.tance AR: w.as 

plcttted .a.ga;ir:t'st t:1l.srrtt>'t1::cr e$n.Gsentrati(ut (the pr~duc:rt .,r th.e 
'I 

lttCJlality .and the osm¢xt:t:~ .'¢:~·eff"te±ent) a stng:l:e s·tt'aiiht liJte 

was ~:btained :('Qr the two types ·~.f elect:rolyt·e sp.J:tl,t.i~ns -used. 

Observed the:r:mal e:t:'f'i~,t.en¢ies, were eompa:t>ed t~ tn;eQ:retic.al 

values. ~aleul~t;ed from h¢>th hmn,i<iity a;nd e'vaporati'Qn the@ries,, 

Nishl.:'er an.ct St()ltett ( 30) a:Ls~ 11sed a the:rmlst~r pair t:o 
me.aslire dif'.f'.ere:rtce1;1 ln tentp.erat:11re between .sQl1tent and s9l;u.i;;lon 
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1-,.._ -~'oiit- o-~~~e~ ..,..g:,-4-,-'>'o&+..,,.A ,,.,,.1--+"" -...~-1·· ~""'4- ~~"""-- ,-..,.,_'Q-hiisrb·d•. ~.p-... ~ ~"'- ~-1;<Ju.,,-.,.,,..t'¥"'-·""''"" ""'""·!ir.~,i;.=-~;~ -,n ,1«,,1:i "'ii-~ ,0\,...1.-1,,1,.,1 1(.-p'.'<oll',1.:·!), 4,-J,l!c,..-l!t"'r'""- . ..,.i;. ' . . . ' . 

'p·-1· a··n-~.,.,..,,,.. ,,.\j..........,_.,.,.-'d· ~- 4-~- t-:t..-e·--t".,;-~. +:icn.:ct ·t1····"'"'r ...... -.~,,.d· t' '!..i,;;..t't...o-m'ri•:-. - - ;..,u~. -U.J.~W-.1:"~ "¥..I.°~ .i.-i.r,;s;..w ·----~"' ~;.liJi;J..,~Ji;>~'-4~ ,!l!~K"'""J" .t.:"J.r,;;.,1 ,l'!JMJiC.l;i;Jl..,..- - . ~~ JJ.,.._+_..,,,.,,-. 

" at' iit!i'- · 'n'J!:>i·..;...,- 1· ""':'· sma:1· -1· -...+-a-f~.'1-o'.d-"i!:f :,g-'h~1· '?~-:<n:·C, •i'i'i'fNfrt'""-" ...,.'4 'rltri: ---0 ~~-..;v •. 
~- .,,·-~,- ~M .. 4,;:· .,~lo..·. -· ... ·. Q,f,(. -~4'..b~,~..Q.; '·-~~. ,~~.t"'~ .~-~-~-~· ~~~~~ ~"¥,4·~~~i/i.1-:· 

-'rlte t~~-at:~~ pair w~:s., pl.a:c:e~ J.lt -~ J+a~~ '¢1,;a;ntb:er-W th:e ~ups 

we-re k¢1pt b ~11)nt~~t wltlt .:.a •~ury 11•x ·it bta~ bilt1a.1 

t:~¢:~~.e. ~qltttl.!t:Y.1r ~ll me~~ed · (o~l5 nt.1,) .fla;ntp·j.es ~! 

's~l~t ~d $pl\ftti:!1:i1: we.r,~ pla~i .:t;n: th.~ ~lltlJ'~i· a.ltd 'tli.'.~' ,e)tt~et 

wit:tt· tl9:;$- :tt-e~ )'{a;$ b:i!'tk:Jniii ·- ate-.d'y;.;.$'t$:t,e te•:i:ittl4tr.e :was 

then· ~:a~d.#, 'Thi,rt1 ~lit\1.te~ w,re .t-eqJli~-d ti l'.'$,itk th:$ 

·0.·te..,,;dv ... st·<!j\'t;a,, +-~no-~,- 0 *" '+~- "'1'' ""''h,e-.::1•t· ,..,A',ii~-··~'•o;••<t' :.f-.!,,;,e:\·,,,, A 
J;;;1 ...... ·-~.:-,t;1· ... ,,.·,,:..:~_./~ ,l#·-~AJ..\~-~4-.-,~,~-~-~.g ~-!~ ~#~~ i.fi~ ~·~- ··~-- ~~..ti'~"1(-¥.L·4:~~:~ ... : .. .J..:':'f:,..11.4.-.Q; . 

,,.:li,.~1·:·a+1· ~ "i,,;h.ii,.; ... ,, .... eYi- ~ 0 1·· eit""-"'""··""a ,~t,.~;~t,rip :axd -.... ~1~ ~-;,;;.4.i~ ',1,;;f 
~~~-~:~,. ·~-·---~~ f~ . .,~,n~- ... ,, .. ~ . ..1;,.·;.,~~ ... 9,.~~~ ~rti~~ ... - . n1+,v-. ~- ~-~--.Q..1~·N, ~,,1,·4t ~--

the s:11;,lllttJ- ajld hel\te t~ 1n11~i,t1ar' we~ht)' '.W;aa :d:e~vedq Fr;Qlll_ 

t~~ .a.t~~~a.j;itte re·s.i,$t~te d:ttte:ren® th.ie nr,·ietlt~ weip:ts 

it aeve1ta.1 •r~t ,etni11~'S :we~ de\t$~d .in· t'~· atlventsf 

1utn.~ the' sensit:t:dt1 ~-- tll~'•t.ht?:d wliJ:1 ,~at:11 ~lfiltcea. 

bet'~ae- (tt· tlle high· t~~l .e.it]f~t'J ~r t:~ ~~'lll?Y a:ad t:n:e 

l'ltetal '~'\lp:Sc:t :the ~p:~(l)tt;,:i..)111$~ ~·- t.b(e .m:e:tkfd was: ~,x'.1~: :Mi111e:r 

and St--lt~l'i- f:~ -r~· ·t• -~s.iatance~'t±m,.e- s:tlltdi'e-s· -tlntt ·tne 

t:tte~i'$:tJn ,~xttfl)j;i:;ed. l~rMge iltability.; ·rnf;y :alat ll't!'iessed 

:(,V,n\~ :el'efttrl~al extti'.i~tl~ ·~-- :t;h,e. ·the:en:1:s'tt~i!i, 

Meb.e~- a¢t lye~:, (.~7) -~f:i:tat:~<rted a iScimp-le t.~~1'1'(~:stat 

Bil'd tkem!.&tt:t· bridge t·tl ~ira~ small vap•)r p~'.$~ di.ffe~i!>' 

;en~es: ~Y ·tlle st'?ad,y~at;.a:ti~ nt$th~ii1' Th~i);i' 'tke.~:att(t. ~,n:e1:tt~.:d 

·<Id ·t~~ '.e'.®itt~ntl!'lt' 'b;e.ake~s.~. tll\e i~~•at -~-- .l11n.~:~tn,; the 

the:$1s't~ p~ir ~e:d ht .a -~ t~ .aJ\'ti. c-t)ii;,a~ 1€.)~15 ml;/ 

\It' ·stl wnt~ ~l~tifl\$ -~~.er P'~~it 11:1 't;lfl.e tk~rntist:~ t,J.pts -PY 
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me.ans of a hypo.dermie syririgt .l.lU1d. ne~d.le through ~ hole in 

the eork top. '!'he out~r two P$:'1.kers. c.ontained a tkl~mncnnettJ?,; 

thermo.r-egulator,, .and. heat,er~ '!'lie ehange in resist.I.nee of· the 

tl\e,Iimistors wits measureQ b.Y :rne~s of' am a .. e. bri<ige using It 

trequeney of 1000. e.p .. s ... Me:a11nxrem.ents were mi\lde with• o.r<.>p 

of selµtion Qn one therm.1.st.:or and. a dl:'GP of solvent on the· 

otM,r.. The initial r.esistan.e..e differential was obta1ne.(i w.ith 

$$1:vent drQfH:3 on both the$la.tors., a pr.oeedure whieh ,Br,.gy, 

,:et J~li!i, (8.). ~d also us~~ 

In t.erm.s of the osmot.ie t0:effieient g_ and assumi;pg the 

lcil-ws ()f dilute solutions,, Iy~~r showed tntt b.R,, tne resi$t•n.e.e 

e.h~nge,, wJ,a given by 

(e) 

where K ,is a constant d.etemi:ne,0 by e•librati.en using s$.1Ul°'i, 

tions whose oSlll,Otio coeff:1..eie:l'lt$ ar.e knor1,rn,. y is the to.t.al 

number of' mol~s of ions in e~ mole .of t~e ~1eetrolyte., AA4 m. 
is th.e m:olJlity of the soluticrn~ Be.eause of' approximJt;iona 

mJde in 1te deriv.-t1on, th.t f.b~.:ve equat;ton coul<i be ~.xpee:t~.d 

to h.~lci only for Qilu:te. aolt;ltions "'nd smJll ranges in te;rri ... , 

perature. 

Using the· ,._PAA:rai.tu$ c.ltHi~r:ibed Jbove ( 2:7) .,. Iye:ng~· ttn~ 

X:ulka.rni (21) det;erm:ined o.~motie. eoef·f:i~ie·nts of dilute 

,:tqueous .solut.:1.ons o;f· soi-p.$,; c~:rt!\J.:tn dibasi~ J..eids, anQ. aeros•l 

Ivt..A~:, calculating the valuei t".rem ttte abe.ve equation •fter· 

measuring the steaay ... $t&te :r>e·$1stane~ di:f.f erentit\tlS ~· 

!yeng4t.r (19) has aJ:s~ con.$lder,ed :the problem or: e•l~u!"!> 

lJ,.ting the theor-etieal at.es..i;;Iy~$t•t~ temperatu.~ di:f'fe,rt:e,nee, ,i., 



=o,etween a d~~ p-t a: tC:1:lt ,nt~la1 i"dea:1· sij-l~ti~n: an:d a drip pf 

s:Q1V¢rtt i:rt an .a:tmesphere st.tliil::&:a:t;e,d witn s·flvht v:a.pf::r·~ He 

c:all~d attenctil'.n tP ¢:erta!'.n .$:l?r~X".S in a s.lmlla:i?' t.r-eatment 

giyen; by Brad.y 1. et al (a) ,if -.S,$:d .--~n.- ~a;ngmuir~: s th:1::fQ:~ Qi' 

ev:ap~ratiw:rt·•:r···'d~pl,I:it:s (f:5) .h~ .-d:el'f1te:ct·· the .~:lltw:t~: .expl"es""' 

si~:n,· ft"<>llt whi:qb:'tf·tran ·be·· :c:a-l:et1la:'t1ed, fr~ physical data*: 
. ·3 

a ;:;· At/rn *. <i:/Riiif.~i~;fi,£i1;~;~~:·ini:x:5~:is~y (3) 

wher~: kl ;::.: the therm.al ~,;~:ta,.qt1:-v;tty ~t 'the ai:J?o 

D '#' d.it:t-usi'pn o"tl'Etfticte:rit <)£ vap,.Cfir ln aira, 

t -~-· la;t·ent he'at ~t vap1~rizati~:n ~f' the s¢>lven;t;. 

p' "* V4tP$r pr:ess~ ¢;,t tn,e s.Qlven:t at the steady:,,. 

s.tat'tt temp;eJ:tat~e ~t the s:~ltitiJ\t;n dr~p.~, 

16 

Fr.om tkerm~dyn,ami¢ -~tnsid.'.era:t;tqrts:)· .&,i~ tne nta:JC.tntUlrl. tempe!"

atu.re dif'J;{f!".en:e.e attainable :Ls gi~en by~ 

at ;::;:; At/nt ~- ,R.~, ., · · ·. 1ost, (4) 

Calcu1at.i~ns tr.f' tn;e li>/it ::t":at,f~. w:~re made to·r· a nwnb:e:r· o!' 

· orgariie· .s.Qlvent s by ry:e:n~a.r;:i" 't:ud:~ .the e::q;.>erim.ental data of 

Tayl'.(;)'r and Htll (40) and ftr wat'$r at aeye);al te:m1:e::r:at.uresc; 

stm.tl:ax,' :r:,at:i..~,t:r were qall:Jttlated i';r®n an .eq)rat;l~n d.e-tiv:ed fr·om 

hliltnt:tdlty t.h¢:~.ry a.nd. ·:rr:fm th~ :exp;er.:tment.;al :r,,e::s;alt.s -~·· ·Brady, 

*Thltt eqlltati:~n in a t~rnt app1ieahle tGJ the '.exper·t~·nta.l r11.eas.

u:rem:ents .~:ft th.is 1.nveati~ati~n .·ctan he .f'Q-1.md in .a la:t;,e.r se¢tiono 
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·,-e:t '-l ( 8) • lyenga!' ,toµnd. er~o:r~ in. :t.lie ~ t io s tab u JJtted b7 

, :Sr.l(lJ .an4~ eowork,ers Eµtg, atat,e-1. th.4lt tlle.1:r ~ont:nusion that ~-:t 
i' 

e.xeh.$:nge- W:f.s a1mo$t _ ent;l.~:e,ly tb.t:'ough the va,por ph~s.e W'.ltl llf.Jt 

.J\lSt;ified. 

After incnus:ton of .a (H>n.cluetion CQrre..~tion to ta;~ in;t~ 

J.eeount th~ neJ..t lo.ese$ ,llo:pg th~ t~X'1I!iatt)I" ;i.eaaa., tllt;a n;$,Ul.t

J..n,g -equat;lon ba.se.(.1. upon th.e,. t~fJ:?Y of e:vapor1--t:1.on et d~pl~ts 

pre<;ilcts -th.at the st.ea-py~,atlt,te: te.mper,atµre, ditt·erenc,. $)U:>1,114 

be depen(ient on drop size. Tl\i.$ theory, however, f$..1lij to. 

Je;:r~e with e)tp~r1m.ent, whie.h shew~ th#lt th~ te~perature ~lf~ 

fe~nc.e ls inQepen..dent ~t d~p aize $.,,s inq.ica.:ted by ~lg.e~ .and 

Jo:t\nso~ .(:,). Iy~nga.r fur,t)u~·r J>-e:,:tnted. eut tfl-,t as the solv~n.t 

~or p!'~_$aure i~QX":'?Js.eJ, b~ apprGA\,Che,s a.tllilo~ph.~ri .. ,. pl'e.$$ll:fl:!-.,, 

the o/Pt r4tio •ppr-oaeb.e$ Ull.1.tY,, fts a-JleuJ.,t.ec:l .. r:roni tJJ\u~. h~d ... 

ity theory. 

In tt Jate-r WOt'k !y~nga:r, (2-C)) st,ated t~t t~e 4i~mtnt ~t. 

the l\U:ini,e;iity theory .an(ll tl\e tl\e·ory Of 8V~J)OJ;1~t10n. Of Ql'Opltt,J,; 

whi-ch :rntd. be.en ~h()lwn --~!lrl~r -(19) te<g:tve sim:tl•r :valu:eis et & 

t•~ water,,. wi.s .a. numerit}•.i tHJineicien~,e and p;r-.<!tved thfi.t tl,ae,.s~ 

, two t.n1eor-ies d.o. not agl;'e~ unl•.s·~· there is negl:igible :Qon:v:~te:tj.,¥>n~ 

Using_a new t:nerm1st0:r ~~ll and• pre~ision the$.i.sto+' 

bri.4ge,, 'Iyenpr (1$) me.a..su~.!i i,,.he molal steAdy ... st~te t-empe,~ 

t~r~ .di:fteren¢..~.- ~ .. tor • n.um'p_e;r o:f sGlv.ents., ~-. ilso ,detecr;:"' 

m::l.neci.. :rno1-eeu1ir weights ~, :EJ$·l·Utes in .tl\ese sa.lv.entso Hi$ 

new cell wa,s de:Si!;ned ao t~t th.e e11tire, s:t.~n1 ef the mate~~, 

thenniistor pair, m()u:nte4 V'.ertU>1tlly iJll. -. WEr1Q·O::e.n lid:, ~:emlt:f.XWdl 

b~lc:>w the :Liquid level of tM thex,nos.tit at Jl1 t::l.n!.ej~ · On~ 
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lead wire t~ ea;eeh the:mi1trt~r wa.Js: st,;Lde1>ed t~e,tner· to ft>.rm a 

c~ntm:dr:n Htad a:t the· cfell ttP,.•~ A 30 ml. sample. ~f s:~:lv:ent was 

pla¢'ed u the .c$ll·,, .MQ'lS't,:ened a.lo,s~rben.t p~p:e.r h~l1te:d t(;i)' satu..;.. 

rate tke ,tell w.ith s$'lve~t ,tapi~r·j1 D~p;s .t,f selv:ent oo:td s:o1u

t±~n W:$~¢ .applfed t1,t th.e th~·rm.i:st,t- t;:ip.s1 wh:t.ch ;¢·j~1:d be viewed 

t;hrtt;~ a w;t~d¢:w .o:nt in: the ab$J"b;$ttt :r;xaper~ The .s.teady st.ate 

was ~P~,t>t$:d ti lJe ~a~a'e.d. Withii't .~•· ntl,b11't;;:e ~r' tw.~ aft.er the 

dr$':r;:rs w:e~ applied., 

Iyeltg~· has i:rQmpared ·the ,exp$'rimerrta1 a v.:aluces wtth thO.s$ 

¢'1it:l¢}1tl:at:ed t• tlte· va:r-i~1tt.'a e·quati~n,s f<;>r ·t:ne nr,a:x::I,~ t:emper1-

,at~ di:f.'tereitte" .. fr!t>m h~iity the,o'17~ and t~.m irtap:or.atl~r'i 

the!$\3rf~ If¢" ~aws frtm: hJ.,a ~w~ wf~k a'.S well .as trtm. that fJf 

t'wlt ji;flnt$r ~Jltps !r>:f w:~l?'kf;?s (;;e '-*' 40) ,, Th? 6. v.a.l'.\l:e.a are tt,fbia~ 

l.a't:ed. .f.'f,):t l.~· ~r;~:te: atl"1tf;nt:s ,ancl fr:r:it -w:at:e,:Jt alft)f with the 

cal~ul.a't.e'd. lll.uea 'flsi:ng :ta¢h )~;f tltl.e ab.~)l,:e mttJ:n.J:d.s w~~eter 

s.N,£.f.ltfe,n:t d.ata w.el?'e av:a:.i,Jable:ii) A :¢:Qmp,a:risq;in t+' ·tlte tnerrt,Jil 

efi"i:etenoies ~;(' the rnet.ntds. 'llls¥;::d by v:atri.<ll'lilS fa,;rest;tgat;~rs is. 

als~ i:tv:en,\\ 



11 ..,.t.·· ··· ·. · .. '1.,.-'4 . .1, · 1· · · ···t·1·.: .... , · . .c,D;:,p.· ·t· :i.. · ·, .• -4.Pl .· :i-:1 '· .~,p· . ·. ·terl 
.H,..t. • ~::J?' a. :~;i;-~.e,i;.: :exp .a:n:a. ~:;a .. :~ ;i.te Jt,u.·4,.1; :t;ra.\i .:~ ·:,;,;.a;:· ma.·.... ···""' 

ala; :dia¢·l+se,!fn .·.r· the ·twt ma'j~l" pans ~t th$ ·e~~ent,al 

w~~k t~llbat <me· p~ 'If ·thi:a dle'¢l1.a:sl,'tlt pe~aina ·t~ vap(}.:r: 

pre,stsUJ;:!e: xre:a-a~e:ment'B ~n: ~:ill(t:iJtta tte.ced in the the:rxrd,s't.t>:~· ,cell 

ealiln'ati~ s:nd the 9·t,1te~' parl. p;ert~;$ t9 ,~ invest.1gat1$n 

tf the: :st.;e:ad~;atate nte.thtd j,,n ~eneral a::nd the 4e~JO:pm¢nt ~f 

·a t.eeh:ni·Cl,lt~ .and tker.nct.st:1~~4e11 d~·sip;· s:uit$l;e rf~ ;ra~•.aw:tng 

p·a:r't1a1 p~esat.tre:s ·~ 

; )!Ja;t~~l.~ . 
~· ~+<l:na:tyl pht~lltl.ate 11;s:¢d was ·~btJl:rwt f:~ th~ 

v· +-'1"<:6 ,, . . ·rt'" . . . .. . ;,.,;, . d.. . · J..\. '.f!',i.;,<.,,..+: t..,;;.. .. . 1· . ..,..1· . . .. ·t:t· . ,M' . ', . .. . ,,..;~ ·. f ..... . 
..L'l.aJ.,w;,w;a s~n .(;,Q:Jllp~ ~n ~~· ...;::.~ ,~:,r,w:r· p~ ~ . ·ca,,., ~n: waa :,~:e p~ . or 

tt the v;apf~' :p:r-e:ss)U'.e .nt~:a~r:eme:nt:.s .1ri F.~r a.1'.me. expe~ents i: 

Th:e· d:i"¢tkyl .eth,e:ir u~d in: the hegi:~ :~·· th¢ -w•'.l?k w:a:s 

:ann:yqr~11:i:1 ~a;zen.t va;d:e =ethe~:.r tbta,ine:d fr$m; 1VIall:l,n:¢kr¢dt !>: 

rt we.El .a.~:eµ: J:tvel"· J3fdll!Ult. an.d ·41'$tllled w~n, n.eJ;.ressa::r-:r~· Lat~r· 

'1n tlre· i:i'i;t~irtip·ti~ ~: :tiaa~ ht.ply ~f 1:ned .~i.e ~f ·:et.n.er, was 
\;j'c,ed· .·> 'rffl...l' ·. - . . "1-.:t ·..i-1·· 1· '" .. ;;t ... ~'ft.,.. . l!'it·· ,;,,,;f ··. ·.. .· 4,-..,,.;":""'·',.. .. . + . el ...,.., . ,, '.J..:Ll,,J,.kt 1'$;'.E} ;q;,A:g\f , .i..:e'~ ll]:1~~ .a; Q:·.e.OMma'.n. lia~~n:,.i.1a~'S: :B~~ ... ·. ~· 

p1-ate: .e:~lwrtrt ~4 stt~d ~e~ .s,dt"WJt,;, 

All,. Ith$~ ~hemic;al:s: ~e tJ#!' :0, p .• ~ ~de .atM:1 wel?e la:S<ed 
wr"·t· h''."' t ,i,i;,..,.-4-t.,,.,.,, · .· · •.P,1'· .. t:ir, ·, · · · . .. '' ' gJJ; ' .J; ~· ~.t~):-'' pl(:t'l,,1,. .. ~a : ,,1Jttl::o 

lj ' 
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\tau~· .1:"~·s~,. Jlfe;a.I?lJX~er:ne:J1ti7;~: 

The steady""',state t:enJ.pe:t"ai'Al~~dif.f:$reri:ce me't:b;.'.o;el ~t me.~s'.-'i; 

u;r:i,ng pa:J;1;ia.1 p;ressln:':e·s ;t:s nit an. ahso:lut;e ~'tht.?:d" rt do.es 

no:t di:r'ectly measure the -w:a:p~:t;-- p~e·s.s110?e ~t a~l'l:ititilts;;,;, hut 

d:(),es me:as'lilJ"e a p;~peJ.:?ty ;w:h.1;¢:h .i:s: .di:rei¢tly prt:po:rt;t~nal 'to t.he 

vap~1t press'UJ?eJ that i.s:a· th-e c·,t1l.1,~ e.f.fec-t, pt~dt;rced by th1;; 

eva:p{l)'J:>.atia.n ,.r s¢:lvent l]'(tt th-e .atmjsphere abtve· a se;;1u,t.i.on 

CYoin:ta!ning t.!%at s~l ve:nt ... 

lt. was l~a:rrte:.d aft;$:r sea:J?l:Ihi.ng the literat)l.r•ei· tliat vapor 

p;ress:'lltre cl.a.ta 0.n b.inarY syste.ms .invQbring :QJ?ga:ni.e -s·l))lyent.s 

at a a.i11g:l~ t,em.pex".at-1are ~¢:J?,e :f;xtre~ly scareeA 01:ie system, KI 

in m$thaaol ( 21-1) ) wa:s a;l:wen s:~~ ea:rly :c:on$idera't1tnf bllt t.h:to;; 

w~J>"k ka:d b:ee:lll; carried qt .at 15°0 @d it ;wa~ d1$S1)?)~c:J. t~ wqJ?k 

at 25°C U p~ssibleo La;t;.:¢;i:, it wa·s .d~¢id;ed 'j;;.~ i:nv1;1.1tlga·~ the 

.MgBr:~>-i,,.diethyl ethe:it system ( 35) , ~,a wrd .. ~lm: the Ft was ft•nd s<.vrae 

limited vap~~, pr:eEtsur:$ da.:ta a.t .25:oc, in t.he li.1;$'.rat~e.. 'This 

system pr~1t~d ,tery d:ti':ti¢~lt t;~ w~rk with.~, as ~r~· ls ve;r-y 

hygrt;.ts.¢'~1.¢ an;d. had. t;(>: ·b$ pJ:>:¢p.ar~d dl:rt?etly l1t ,ethEfl"o:. Arter 

f'ailurf:; ·tq puep:ar:e the salt. .t:rr ·ether f.rt?m. m.et.alli¢ Mg ifi,nd. 

liquid Br;e:J it was lear~¢i ((36) t!l,at a '.e;iisp.l:a.c~m.~n:t :r>¢actif:lr.2 
/ 

using HgB:r:2 ,an;d ·Mg· in ethe'r' may b.e. 1,1.sed\i This, r$~cti~;:ia was 

f:ctun,d t~ w9rk very welli hut ·~±;.her· .sertQ'lXS d:i.:t'fic"1lti:e_s. we:r•e 

,en¢¢,ttn'freried -with the syst;em: stt~.b. as the f~mn:a:t.t~n ,i ':~$Jt-.,, 

ju.gat,e layer' sol11.tiQns Up@::rl: dll:uti~:na At hi~e"J? ¢~lllll.en>c; 

tratHt.ns the sQlUtiQns JArftr;e even xnetas.table,,c res1:tlti.;tr1.;g in 



lai:ge and unpre:die'tab1¢ eha:_~Ja m the vap'ar preI~.s1..U?e"' Fcir · 

these ·r:eas:ons it. was de·c·td,ed :t;,() analtd~n fnrther wqrk :w:i:tn this 

system fCiiitr' the pu.rpQse oi' ·~bt;a~ y:ap0:r p:rae·ss~ c'alib.ration 

data.~-

lrter~tu:re,. it 1:t.ecam.e n.eces$ary 't~ ,meaB~re the vap~r preBstires 

~f a s·e 1¢¢':t;ed binary system ever a wide ra:h~e bt e;~~e·entratH:ms. 

Since Qne :e;:t 'the aims ¢.:(' th$ pr'q:J"ee.'t Was h> ;i.xi:y;esti~te. systems 

. ~::t' :tn¢irgan,i!:'.r s.alts. i.n ¢'irgam-.c .s.alv:?nts~ it was de'cid:ed to. u.se 

dl:ethyl et.b;e;r .as th:e ()rganic liqttl:d he.cra:u.s:e G>t i.ts ahili ty to 

:d.tss(l)l1te ¢:e.rtain mt?r·i,anlc salt;s .~r int.er:est,"' · Th? binJ;rt"Y 

$yste:m ·cno::ien: :w:a:s di.,, .. Jt;,..:J::tu,tyl ph.th.alate in dleth:yl eth$r'~ Di~ 
' 

n."'butyl plrthala:t:e :ts 1:n;f'ln.lt:~ly .sQl:t.tJo.le in ·ethe~,. and :was 

f.C11.tl:1d ve'i,'y std.table as a solNt:e beoaus:e o:t ;tts rx~:r:1J.r~1.at.111ty •• 

The v:apt~· J1>r:e s.s~ )11,$a:sn;r;ement s we;.t:i:e xna·de ·entplf:yi1'g t.he 

stat!¢ m.ethocu~ A diff\eJ:l'ent:t:al ~~nteter was Gt>ns.tr:htct:ed · o.t 
large (16 m:r:n:f) diam.et.·er· py;,z,e:x: ... glass m:blng.. This. t.ended to 

flatten th? merc.:ri:o: .. y :me.nis.c:ru;s Md heneE; ·make re-ad.i~s Jratsfer 
I 

and more ae~ia'.l?ate" 'rhe ma:lt~etE;J:'' is s:l'ltrwn in F:t~.. l .b' ·ph\'e 

cti·lttmns · · ·~· ·t.n.:e · l®J1'pm:et;er were · J~irJ;e·d :tW:·~-t~r by ~ca:ti.t.s Qi' a 

stop·o¢>,;k s::¢ tJ:ta.t: evacuation ~f i:;n,e ,e:i:ttir·e Eryst?em-~~tald he 

carri..e:d ~u:t hy :rrteans o.f .a ;s'.ex~,litd st<:?pc~ck pla.<;ed !D;ri ~~e side 

·~f the manJt>mete:r" ~'.t'Qil,tnd,..glass fern.ale .Joints (mi 19/3i) · we::r:--e 

s;ealed t.,t the ends. of the n1.1z1.no:nteher at a sligh,t angle t, the 

parallel mari,meter tuheEVi The s<;).l, vent and sol)Ati-c,n cP'ntalners 
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. Figure 1. · Dif':f~~er:\.tiq1;l Vapor. ;pre seure M~namete:r 



w:ere .ntact$ "t 12';3 ml.: FlQr:e~.~¢ t'la'sks titted :withm:ale _lJi1,·19/38 

jijin:t·s~. doitta.nd$t1fn ~f' ·tije· :s:~lA1tlin. and s9l~nt· wa:s redu¢ed 

by putting :the male part o:e· the jJi;:t.r:Lt ctn the fl.asks" A spee.ia1 

·eth;e.r,t,-ltts~lN.r;i:l.e: gre.as:e was ~de i"~nt glyc:e:rin, Iti~lli)::1:i,t~l and. 

dextrirt · (2{1) atid w:as u.s;1;;d .~'ti,:· all J':J1;:nts and .s\l:PQ~t:~ wld·ch. 

were 1n ¢~:nta:~t wt th ether )7'.ap;~r;. ''!'he appara.t'.l.(s. was .fas:~ened 

t~ .a large rirtg,""'sta.n.d whi~h tij~).:d. h~ ¢¢>,'nv:en.1,en.tly m,ijv:ed.. in and 

o:ut of: a 24 :l.nt:k+b.igh t,Yli~ri:eal wat:er hath~ This 'b~tth c~.n"" 

ta::i,n,ed egpp:e.:r t~~ling .¢~;.tl:a q;nd lts 'ternp:erature wa.s c~ntx,olled 

by a mer~u);?y t'k~l?Iitor•eg;);l.ia.:tg);*· )ih:1:cih 'l?este'.d on the 1).~tt.Qm. of' the· 
' 

wa.t~l;"' b~th .. and•. :eit:en:ded. ab~l:e' the ·~fa¢;e 0,:f th'e water.: 1'his. 

th:?rmoreglillati~1? was c:CP,ltnecte<i. tj $J't' :$le'O"tJ:~~n.1.:e relay¥ '.$:f>;;;; 

tic1ent st:tJ'.T'in.g p.f th¢ ba'th was at:¢,~.ntpllsl!l,$,d by m,e~:n.s ttl'.f a 

tlttl:~ G;t.a:n,t; N¢;.. 2 immersi$in:: pJJ,lll:p,,, T$mpera;tll,r:e V,a:li'iati~n.s in. 

the 'batk were read on a :se.c~ t;hg,$.•eter6 The ,e,~rttJ?~l was 

t o ·" 0.05°c. 

s.ti:rt'f..n.:g ·ar the s¢>·1:uti~it .a:rtd. :s:~ljeitt in the flasks was 

.actCe11lpllalre'd magnetitially . ., Th.e· dr±:ver magnet w:as· .at't.a:ek.ed 

fa~ a :riexible s:h$;:f'.'t· enclosed .in a if-shapced pi:e¢:e },·:r ec~l)p·er 

t1.tb.big. t~:t h~ld. iJ; rtgia~ ffie mag~t was. sea.le.cf i:n .a lar·se 

b:ras.s tube;;- th.$ ·ends ot whl~h were nt~d;e ;wattrt.i~t bl' .:s~lt 

d:e:r:ed c~pp,er dls.c s " An~th:er pQrtifi,., o-r i'Iexibl;{;; ~able was 

atta¢~ed ~1a¢tve the cppp.er,,.,tJ:iJxe h~us!ilg s¢ that the asttem,bly 

eou1d he r~tated wnert C"e>np.:e;cted tG); ,:qt c~~ven.ti~ri:aj. .s.tirl'."ing 

JltQtqr? Gla:s.s;,~i:.tealed bar l.1'$$].'1:~ts W$:t"e pla.t~ed :ixt each o;t: the 
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flasks and driven from bene:ath by immersing .the drtve.r ..... magnet 

assembly in the bath under the flasks. This permitted very 

efficient stirring of the liquids during the me.asurements 

and· helped to bring them to b.e:tth temperc1ture rapidly. 

A vapor pressure measurement was carried out by pla¢1ng 

60,,..70 Illl. of .anhydrous ether in the flask (A) on the left side 

of the manometer (Fig, 1), caro being taken to cover the out'""' 

s.ide of the ground-glass Joint with v,a,.seline or silicone stop

cock greas.e to prevent water from dissolv:tng the glyc.erin-base 

gr.ease with which the joint 1tS€lf was greased o A similar 

volume of an ether-c:li..-n-butyl ph.thalate solut:ton wa.s placed 

in the flask (B) on the right s:td.e of the manometer. With 

both stop.cocks closed the flasks were immersed in liquid 

nitrogen, and the contents were allowed to freeze•. The stoP'"" 

cock . (C) connecting the m.ercury columns was opened, and the 

system was then evacuated from the stopcock (D) on the solu,... 

tion side of the apparatu.s to a pressure of less than Oo05 mm. 

-Hg. The stopcock connect;i.ng the mercury columns was tllen 

closed and the syst.em was warmed to allow the frozen liquid.s 

to melt. This procedure W<ll,S repeated until no funthe-:r change . 

in the mercury levels could be observed.when readwitn a 

cathetometero The measuriements were ma.de at 25 .oo ± 0.005°c, 

and pre)ssures could be read t<> 0.1 mm. Hg ,with the catheto:rrteter. 

Any ethe.r condensed in the· m-er¢ury columns was either return.ea 

to tne fl1:1sks. by gently heating the columns or if it was, ,f~om 

the solution.flask, it was sometimes allowed to distill back 



~n· tlte. l;p~t~1a Wit'$: .~·· l7li$·· w:a.~· b:a:th, Fi~· 'f~·~~ and 

e'Va~lllRtimta \'\!$~~ lisn11T ~s:,sa:rey- t~ p;1.~ttd~e;e a c~ttdt dit~ 

r,e~nt.tal. p:r:e:$:a~~ Af't'.e),? :ea;;Qh'. ~a:~:e:m:t-.. wa:s: e;e>l1i;p:l$~:d ·tn.e 
e:¢));tents: tt tA# ~:ttlil't;Jn tla'.$lt we~ ,~~ti tn;-~t ;3; ~~flass 

.~t~JJJ;,e~li l:l"1~~rel" f1':sk: ~ tightly st.ijp:p~~d Jnttil .~lysis 

~·~~l:d b~; :nta.1it~' ~ 

·Tl\,e. $t>11(tttns .we:&e a.•l~~:i J,;y· :we1~.s fia:t a•:@:le, 1ta~ 

~lther., a Slnith w.eigb;btg. blln1rt, ··~l! a t~e pip:et'° ~ ~nt])l:e ~£ 

sU'l\tti•n:· 't;aken- t~ ax;.jly:ai;·e •• 1t:lat.ed ~ lQ ntl ·11. t~d '.bealter's," 

'The la~i~at p:alft; · . .-.r· the ~'th.tl"'· -~ ~1itlQ.ua1y .e11eap~~ted £:t-~m 

th'¢ sfl11t\lttit b.r plattt•g t'tt~· t~l~:a :J:rt; :a h~. plt:t~~ ·~~ »rel"e 

th,en p1:a~ed in: alt ~yen at 6f;.;q(l!)c f 1fr 1'i$l heat:~ '.ll!Ott.11 a: 

etc:itnstant ·weight. •'a Q'Wt,a:bt$db; FrtJit ·th~ :w:ei$ht •t di*~ll~tr1 

pktha:lat~· ~~ tlte nttlall..t1 ft· ·the s,11,tti~:· wa::s dtte·~~· 

m.tne4~ ·~ ~z$ •e:v.ap,r,at.1• ~t··~,tl\er 1:'~Jtt tke ei?lut;t• in 

tlle priri:e~ae. -.r $:cimpli,74$'.t' ~¢h sJllt'tj;~tl tla'sk was .rul-e<l in ~Xt 

1te batk p:ritr- t~ witkdfflwug- th~ ~pl:e t'll>:r a1talysia·~ 

'.!'he· 'Y'.apw P:r$$S~s. tt 23 a•l•t1))n'B: we~ ~:a$~ ·~,v~.r!ng 
;a-·et1a~e1t~.:t•n tta:~ ·ijt ·();;~$*J~:¥·i;·"-ltl m .di¥:~~ttl 1>h:t~1at:e 

ianct ·~.\. ·d1t:t.e~itt1Jt1 prestJtie· ~, J:d' 2,.,i~Tfifi mw,,·Jtg:ij' rt 
w.as :belie~:d • ~t t}aeae r~e:s, •.t ~~~t~a:ti~ and Jitr$'S:~ 

w'$r.e e:x:tena:t.:~ :ell~g;h t~ ~~line «a:ltbrati~ :a&ta t'tii>1:" s;ratem:a 

~:f ·~tb.e~· •n¥$lat$J1e· ~~l•te$ ~· etker whi~h Jld~t ~· s~ied 

:slib s:tqu.¢:it:ly~, 



• :i:nv~s.t:i~ti,~,:w: .:g, :~·.·•··. s~~~·d~ .. ~.tg.te·. Metk~·d. 

A~ Sintte· Ther:m±ator ·Me~sJ:io!·e:rn¢nts 

:eirelintt~:r,y ~a$)!(J?enteltts wer~ .m;a:de usi11-$· a ai:n.gle ther:111 .... 

ist<:l:r: nif:un:tt!.d iir a mob:e1:~· .sJ;~:£llJ>$:& ttt'f.;;efr;l :i)b.'.t~· a 25 x JJl@ nmt .• 

t;e.st tub:¢·!'; All -~lnnec'td,·~rt:s ;w:$.~e ~le to' t{fte :t:xrid~e w,i·th 

1'h:a::n:ana:n plliii.gs., The ,f;l.rst t:tternti~t,~ used was :~l'te ~f- hiJ1'h 

J:>esls.t.ar:u~:e:t lell;)KSL ~·· with, a :r:a.ted tem.perat1:1re C:Q"J:~i':fi~i;ent Qf 

•""4 ~ 6'%/0 a at 25°:C and wa.s ~btai.rl:ed i'.'r$)m the Vlet<;;ley JE~ix1:eering; 

C$rp~:r:a:'tl~:no 'tempe:rat~e ·· . C'~,et:fict-ent.s ¢:t' l'."ei:ristanf-e detJ~rmined 

:f'.'or ,a high r~s.ist.ane'e therntl:st~:r:- pair in: the range 2\~2€i 0 c 

Gompared .. tav~rahly tt the r~'t:$:d value ah~~:e ~, 

Re·s.t.st.~¢:e meas~r:em:e:nt:s W;ere ¢aJ;ri'ed ~1'it );1.a~ a m~'dified 

Lude:r a1,Jf •. brid@(;) (26) :w:tt:n ali(Q.~t a 1*@ v~lt input and a f;r,ie,..,. 

q't!te:n,qy ·~:r '12@0 oyele~s/$e'<t:d -sxppli.:~o: by a Jf~wlcett,...J?aeka':rd .a-udit 

~s~illator:,, The .me.si:stan~;e .~'tn1p:¢1ii~eltt·s Qj,' tne bti:~ w:er,e all 

p)italned t:rQm: tltEf Qeneral, Ra::diGk' C~mpah;y ii. Th~y wer-e '« :R:a 

'I'ype 510 elenteli.i;Bi> The 11:a::riah;.te al$1 ¢if the bt>idge c~1t.f;·J:"~d, a 

:!;';a;~ ¢ft' o .-1,;..;21.t>.,110 9'hnts a:nct Jrtau a t1µle~:ij~ t>t' -o;·,'5% w.ith a 

t:empel?at~ e'.ip-eftioient Q.:f Q ~ O'IJ2%/0 'fJ" Th~- 'Ettand:a~ q:'.'l?l'ts i.J:\ 

ths~ a~~ d bridge we.re lG!KSL r,esls.t¢)·rs:, wlt.h th:e sa))lt¢ ,ap;e~i.fi¢:a* 

ti~:ns. Tw~ v:a:ri.able .qapap':tt~~s we.:r?e placed in: parall-el with. 

t.he yar:tah le and 1a;r1kn'1:iwn J;>.eslst.~rs tij hala.n;Q'e O'liilt eap:a·~itanc:e 

i:n th:e ¢ell.. Earph::e:nes w~:re li~e:cl .as a :n1all d~b;).ct¢)~··/j 

A anrall welli/-,i;tts'.t1.lated 1x1x2 ;t wate'+" b . .ath et'>nta:bm:i':rlg .an 

inner ba.tJ:r <!Jt · ke:r~s~ pr<tnrld:ed .a mean:s: 9£ ~~n.$:ta~t"'.'t:em:+, 

p.e.r.attJQ?e c~nt:r~:l ii The \entire th'¢~<1:tstat wa:.s G:i'tr:ere-¢1 a.~¢1 the 



inner bath had a removable covero The inner bath held a 

circular metal dis.c containing .holes for several_ sample 

tubes of solutions and a tub¢ containing solvent. A 

Fahrenheit thermometer gradu~ted in Oo05°F was compared 
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With a Bureau of Stand<irds thermometer (Noo 73035} of 0.2°C 

divisions. This Fahrenheit thermometer was used as a ref.,.. 

erence for setting Beckmann thermOmE!ters ,a.no other ther

mometers used throughout the investigation. A mercury 

thermoregulator and an electronic relay controlled the tem

perature o Stirring .was .accomplished by me.ans of a cone.-dri ve 

motor and a large multi-bladed stirrer. 

·Sulfuric acid solutions of known vapor pressures (14) 

were userl in the preliminary me.asurement so The c~nge in 

re.Elistance, AR, was t.aken as the difference between the 

resi.stance of the dry thermistor and the resista.nce value 

obtained by balancing the br·:toge several minutes after one 

drop of water was .applied to th,e thermistor. tip. In most of 

these measurements the resistance de.creased steadi1y ~ . .fter 

·having first risen to a maximum value imrnediately a.fter tfl;e 

drop was applied, but no steaciy state or platea.u wa.s reached. 

An approximate relat:ton wcz1.s observed., however., between.the 

!'esistance difference, which is proportional to the ~ooling 

effect, and the yapor pressure of the sulfuric .acid solut:Lons. 

Qne of the difficulties encountered in working wtth 

t:hese water solutions was the incomplete wetting of the 

thermistor tip by the w~ter drop due to the high surface 



t,.ensi~rt. tf water. This l)fQblem was parti.ally·.s.olved by 

et¢hing the therm;istor tl:p with a hydrcy.f'luorir: .a.cid s:01:u, 

ti<;;xi.,. M~ther imp~vem.ent in te.ehnique c~e tr~m. the us:e 

e>f a rni~rQpipet f4)r' d,eliverix1.g. dl;tpps of rn<:;>:ee nearly .¢One"" 

stant si2fei 

Tr<::n.1bles1pm.e variati~ns in. inner bath temperature ap--

peared;,: pr(1hab1y,due at lea.st in part t6 the fact that the 

s.urround:i.ng J;><,Om. t,emperat~e was .not equal ··to the bath tem-

per>attire.;. Opening the bath tP· lo:ad the thern+ist9'r ·tip with 

a wa.ter dr~p als.o res]l.lted in temp$rature fluctuati~nso 

Efforts t~: tvereome su~h temperat:ure varia'.ti~ns were made 

by u.s:lng; l<1rtser test tubes and by putting a tnerm:or,egulator 

in the i$er bath> but they were tn genet"al :unsucoessfulo 
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tn an ,e.ff'o.:rt to impv~ve the method, dif:f"erential therm+ 

ist~:i:~ ,:rn.eas11rements :were tri.ed.. However, it was fpcund that 

when tw<W the:t'lIIistors were emplc::wed1 ,eac)l serving as ~ne arm 

o,.r t'.h.e b.ridge" nQ balane;e cO"uld be· $btained. Qhanging the 

size ('.;t:f' the eapacitors and irnpr:~v:i.ng the .shie.ldi:ng we:re tried 

i.n an e!f~:r·'t; tq Qbtain a balanuej: .but with(l)ut s:1.1ccess, rt is 

b .. eli.eved t~at capacit;a,nee. ef!ec'tJ;;i were respon.sihle t~r th~ 

diffi~ul;ties but they oq1;llld n(tt b.e overco,me. lt was then 

ci:ecided t-{:) ~t:nvert the bl;"id;e ti direct".etu:ren:t work" A 

diagram ~f" t~'¢ d.o. <!'t ,. bridge deai~:gd f(;)r use with :m:at,¢hed 

therra.ist([)rs is shown;. in, .Fis;1., 2... one of the main Qb.jeetiqns 

to th~ us.e Q-:f' a dlic,. bridge lies Jn. the :requi:reme.nt ~;f a 

y.e"J;y deli.Gat¢ galvanometer' f<:>r a n1a.ll detector,h' A sen$itive 
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b\J 
TL.'* Low Resistance Thermistor 
Tji ."" H.igh . R.esiat:ance, Th,ermi,stor , 
S ,... .St,anda;r-d Resistors, 2Kn o:r 100:K.O. 
R - variable Resistors, 0-.211K.n 
R.i ..... ucn R:esisto.r 
R.2 ""' 0-5Kn Resistor 
Rs - Q"".0.5K..0.Resistor 
N "" Null Ind+cator 

Figur-e,2 

.,:rhe:rm+,st~r Whea..tst9,ne._ ;Bpl~ 
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eleet:t&(.):tli~ nul:I.....,tn,t:iicata,r was p~qha.S,ed i'r~m. the Mirin:eapplis-

HQneyw:ell !e~late:r G¢mpan;y, h~wev:er;;)which was not ai'fected 

by vibrati,~n a;p.d .did n0.t have tt be lev,eled.. But s.Qme 

d;t.fficu.lty was :enQcG)Untered wlth this instrument when i,t was 

.first tried and a. Rubi¢t.fn gp:lvan:onreter wa.s tempQrarily sup,;;.: 
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st.i tu.ted. This lattel"' i:ns:trunie:n.t was nruch slower in ~peration 

and also less ~nsitive (5 x 10,-i~; amps/div..) than the· electrqnic 

null ... .f,ndlcat~r (l x .10~9 . amps/div'°)>' and whe.n the nu.lL,...Jndicator 

began work~ .sati$:f'a.c.t9ri1y, it was used .thr~ugh0;ut the rest 

p . .f the experimental wc>}'."lc. 

B,- D~uble Thermistor Measu.rem.ents 

The pl"elim:inatw experiments e)nploying an a. Co bridge with 

a single therrnist~r naying indtcated that in·order to Phtain 

any kind ~;f' steacty .... state, a :clq::ttJ:;)1:1$ th:ermistor di c. bri.dge w"Ould 

b,e neGessaw.1 atte.~.:J:;i~n was next di.11ected t~ward designing . a 

w~rkabl:e e.ell •. C~n;s.id:eratH>,'n. w~.:s given t<t> the !'O·ll~:wLn,g p<;>ints: 

(1) ,simp1ic::ity (2) ,ease r,Jf m.ci.n:ip't;1.Ja'.ti~n (3) rate 0:f atta.:I,n.m.'¢.nt 

~f' tempett!il:tl/.tl?e bala.ri:e.e (4) ,s:ensi.tivlty· and reproducibility .pf' 

meas~e:rnerits~ A n'1mb:er o:e c;ells W$J:te 'bl;rlilt and mGdi.fied irt 

ways Etugg.e.sted by th:e experime~tal tt'e$~lts. 

A dlsoussiIJ~ ~f the va.rl!().~S ·tnetm1ist~'r cells . :u:sed tar-(2):µgh~ 

~ut tke inv~st.i,g,a:t;.:te:n. is gfv;en. m the ,!'.(!)'ll~wing secti1.1tn.s; al~ng 

with tke d;U'fe,~Jn.t :experimental ·:trechniq;l;l!aes trieo." 

1,. The I)ippi:ng ThermJst~r '~be Cell 

A the.rmis:t<)r cell lrn:::p.rpG1rat.ing ,nesistanc:e ... matehed the.J?ht4 

isto:i;>s m,c>unted in a: ~<>l"'ke:d :ttihe w:a.s C{t)nstrueted (Fig. 3) ~. 
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I 
.F:igure 3. Dipping Thermistor Tube Gell 



'Thls tell ~~a11t~st¢d: -t .a: t'tt~ wttlt • ~~~la:tts. ~P' (:1 45/50) 

n\t1-· t\tit •pe.~a:~ ·~r.t~.gh ·i~ ·~ie~ ·the .:e~~ked ·~ in 

wai~b; ~· t~~atfj).~s wce:i:-~ :m~t~t JQtJ ~ t~' p:a'.Ss •·,thly 

t.~~· ·~e, 1~e:i.1 t$p ~- .~;rµe.l:" th:a:t. tb.~ th~r.m:i~b.~ ~ P~ 

aised ;~ l'f1($.~P. :m.t~'t;- ·t~a:Erty,e e1rap,.~t1•· ~~:l?'~i, 

~ t:hre' ttheJ:> Qen.J.~ ~t1;$~~ ~ gla'$$ tll.b~- ltent. irttl a 

n~altl:ape .a'1\d hartiiiS: seal1ed ~it .. it.a 'ttp· tke f':ema.le. ~ari. :flt · ,~ 

'~-ili,1· l' · "'·"lii>'*+:t,,.. 'ii),;,,...,;.;.;. · ·~lv.;,,:·····t t 4-~,· · ,;) ... ,;:,;.('cl. ··l '". ·~ 1· ~-' ·t,'t....t;,,, "1;'1';,;i...,:t..· ... 
,~Qi ·· .. · "4"!1',,J.Jjl ~· .\l":il4,.¥ ,$~. ,11~:rl , \'e~.1.,,1.eJ;' .,~:c;i.i;>,: ]). 8.~eu . ~:i; .:,.IJ.;.l.,Jl>, V~',l.!Jlw.:e.~ 

·:a~tk· tli1'1~s .. lutd. ~bb~r"' t~i~ :sle·e~'s. ~t~tte'd t.(>.:· ~· :~'ll tp:p 

tt e-p·ltt;e· 't,h,$, :sealt at th~ :$am~ t:t.nte thi,J. ala~- k~lped. t~ ht'ihi 

·tll~· t~l:>.e:$! t'ig;i,:dl¥ i..n ,~ia:ee ~· l1h.e :s:tl~t*'O'~rttai~~. Il;t~e C'li>lll~c;l 

thlala ~· ~l~~d ~t ·~d:th 'the ba+,l J~.1.ltt,i ·the m,al~ :P,at-t tt wk:ieh · 

wits- .a:$al'$d ~, t~~, i.li'ner' wall t:t ·tlt!J, wi1 aa shf)ttt· in t:n.~· ti~~e.~ 

A aronp-l~ <,f ~l'ltti•~· was p1aee<i. .. :bt t~ ht'tt~nt ~..r. the :e.ell <i; 'T~ 

•lee· .a :meaJ1~ent t~e the.M.a't'.Ql:'a were·· we-t a.tmult.~,ksly with 

:sJ'l'iiit'.iQla M¢ ,~~1ve:n:t by Plta~ 'thee' t)l.ernu~t•J?- t•~ '-•~ .~. 
!iippin$ tlte' :s:~l~t 'th,:e:rmis:t~~· (the' pe :pt high.er' ~id.:,t~~) 
.t-..;.'.•:t' .;,.,,, ·t"'"; 'F:f...,:+-""i..""' '!:;.,...,d ·..;...:i,."° e1;;.-1,.,.;'4--1: ·~·. ,l.,,"t.,..,;_,...,_.,f.,....j,..-,;-;.,-·, 1'liil'""'6-··~'P' -t•t!\i,~
~·:~.·-~· '.:A!~ !14!::.,~:~· ~~~. ·W.'J;.~- -'1J.~·.,~J(.: ~~·~ -~~~:u~_:O.,.~E~,~,r· \.-~~+~ \~+ ,+~ .. n,p;,.;,'~. 

~sistattt"?) ,tat~ ·tlt'e e$,'l1tt-~•,.~ ;Tlte llfit:•ue· wit:h 't'he 'bal:t J•int 

was -t~j(·~u~d· ~· p,reye,rit ~ti$~ l:<t~l""t~nt dilllti- $h;~ 

'' --:a~ittf;i~lth 

With tkie: .appa:r'atll,s Ali valU.e-tt l'rt.¢~:s~i •sJ;ng; :a l, :m.~lal 

.~Jl1a.till>11' ttt· tnllf~;q .ac'ica ht •~:i:--- :e:~d be J;'tep~e¢d tt· 

witbln :ab:Q)tt .5:%.. Jl(ii):W'.~Yer~ ~~ Qi'$ a la~ ·AR (~!I: 23 ~.h,nm) 

i'tl"' :a ~l ]l'.re'S,tfJ.il.re· l~w:er~ .(a.a., l ntln:o· Hg)1, ~, t•t e:ye-n 

with .a.,, 1r~atlQti:' m the Mt italtte)a tne vap~~, 1:~¢~:S: 



·,1 ... ,·jj.,,,,ld·· ... -'~-· :r:1<:>Timd~"'""°''..;i t""'· "·""~· ..... # .... " ·cif.ib· .. ~1·· 1..,,, ..... ;~ ......... .,.;r,""i.. ..... ,i,,iif:". ~-- ··"·1· i· 1· '""·""'''""' .· ... 1;.1,;;; • _.,;;;;1;' . .... :'"""",.,.,.:u. , .'.\ilf,· 1/¥:.J.,.!.,!.l'il.,J..,1,l;. ,&,:1c,.,. Jt,,,,_,,!,,~ . .,t•~11;µ,1,1i:;:;,~,1<'.l•:l,J:); -lol!;l; ~ $~4,J,, . · ~ 

,.· ,>f;.;.·- .P,·'·' '···t·:t..,·<t · ~-1·· . .,: . ....i-1· ;~. m~"".e""· .... ~r .Jia.~-- S:v, . . !iil.1,1 .>i!!!'~-~· 

a ate!t~tsit'ate ~µ.i.ti~lt/i hfWe.'te~:t· :a.2 the· ~;si .. statt;~,e ~:S, 

·ehaerrred: ·t·~·· :n:e.,,,, ... rap··t··~-1· '"'in.:, ........ ~ ·cj;:i,.,et ,4·:#-·t· ~'~~~ie,i;I· .. .,.,..:o,!!:>,d'.'>,;;~..,...o..,..,t 
, . . ; . , .··' • . '. -~ J;:' .• ~ . .. . . ,y_ ,! j "~ -~,!;<!; ... · .;.i;, ,J.,,.!,~.Q·;, .,J;,.,. ""',,,....t··\.!,,. U, ,,l~_ ..... p:-.i,,,.,.. .. !~V,l.il. , 

(ab~ut tmr ntlnlltes :arte:r tlte in.i:tial w.e:t;;,~.) wae th:e ·• 
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used. in th.<¢ c:a:ltulat1,n: . l).f ~e AR), The· l~w,~~a.1:s:~~e :tfhea~ 

lsit•~ p;air (alltJ'tit ~ ·~- lO$ •er) ~a ~tl j,n, tn,e·a"e nteJkslW-ement:s.-~ 

It wa·a d.efi;.ded that ·1;1i,e ·d:ipptng teth;iti:que 'itB~d at this 

linte was at ta1;1,J,:t be;()a1tu~e apPf8.x-":ently nut ~n~ li~:td was 

adhe;r,ing t~ th:$. the"mrti-st~· t.ip$;;: 'T:f!t afrreect ·thtst s1n,a.:ll ab~ 

:a4tt;r:-bent :wi~ka .$;b~ut: 3/1€:i ~'-"· ):- ,W¢:r.,e.· t:a:at:ell@~ 'tit ;t~ the:rm" 

i,~rtt:tt ti:p:lft Whil~· Ws. ite@it$d 'ttt he11· in :~bt~~- lit: :s:teady 
I 

iit:at:$',.,· whl;~k :ut ·mJ~:at ~ase.$ 1ttas. r,e,s:c~d in tet:t ~it~~, .:a;t1t 

:ef'.t'<fft :w:aa ·m.~p;$ t:Q' a:¢hlo$"\f'~ :s:till be,t;.ter te~t$:t:u::t'l9. ~~n.trlll1 

by •~v.:tng tn,e. app~a'\\t$ int1': ,a 1ll\'t;¢;h l.a:rl'$i" ·w.a:t$l:'"· 'llJil:th whp:se 

temper.a~ wa;s. '.~~ff.t~·ll:ed t:~' wr·thJ.;n. a:hout :O:li,Q:@2·"".c•.;;; :N•rns 

me::as:ltre~'.ti:tS; -~- tlte sante s:tllltt.i~n w;e,:l?'e · maqe;:t'' -~ ~- · :wlcl..:ch 

e~bite·d well a$:f.i;n;ed. .stead,~ s~~:.. · ~Y~r~.,· tk~ ~P~~. 

d1tQ'iJ;>.iltt-y .a:~k.ie~~:<i .at tni,a time llS:$ still P~l'"·)\~· · ~k· i;he 

n;igh ttRd l~:w.+::r,¢sistan.-ee tkerm:iattr pa1:r,s wer.$ · lta,eii .ilt. th~ae 

stlld:les.6 · 

A 4 -..,~A rtf' ·t· · 1-., · -r.t "" ' rr · "·-'i..~, ~.,,.;1t1: · ·Qn tlte r.e:sistne:e :Si,,;~y . . . ..u,e' e ... :ee,i., tt: 1;4~ -~,;i,;: .. ge .. ,.. ..·. , . ·.·. . . . 

·et the 't¥:rm.iat;~a was a:ts·ltl' made· 1r, 'The P'~·Wer· t~~ t'.h.e hrt'¢l~ 

~a ~.·s:b:fd by .a a!X#:1tt>lt .st~age bat't$ry ·.and the v•lta~ 
input W~$ ~atli reB?tl.a't;e,d ltt .a p~tenttal divide~· (1!\iJ:V 2) 

.a1id ~s:~d ~- a :Ru;b1¢"0:n· 1;1:«teitti~".ter· (.Sel:'1.al 1{~4 51fi6.4) ~ 
1'.'ii. ·. •····· .. , ·4.· . · ·. d_:· '~·t·''h,· · ···1· ~ ', \f' .····.:i.. . .,,,. 'V'? :11:1¢.Jf!Utl\il.J;"'~M:va w.er:?· ma. :e ~~ ::~'~'e ~s .:s: ~n:de ~ ·. :ea;s¢:*!L; 



tJ:te.rm:i.s.tQ'.l? ··~ ~t 't,h:$ AR at r:tve diJ::':f.e:r,ren.t inp"Ut ¥~1tages 

rang:t;n,g J'':M>in: 1:f500 .... 3:;;0@o v~lt:s f'~J? .h~th the nigh: ~;t1:,d. 1.;;w;+ 

r.esistall:¢:e th'.eJ'•rrdst~r's at 25:oc" Th.,e :resistMcJ~ de:cr~a'B,ed 

as tne· vtlt.~ie iltoteased in: al:t :¢:a;:s:es <lWi;)lg;. t1 tne mterna:l 

li1:eat:tng ~f t~ tn:ernds.t~:r:s 1~·an~:$:d :by in1;·~a:s:t;ng· th~· '¢:U:r..J::ent .. ~ 

EV'e:r+ the lo~st vcrltag;e·l 1 •• 500:t e:xe·e~d,e,d the m:a;Jdntl!IOrt. p~we:r 

i:nput !'&Jr n~' S,•e'n:s.ihle hea:t::t:rts; t;r ·the 1Qw*r:~sist.art&:e ·therm~ 

·ist~l? p;~ ... 

Fr.Qnt tilrl.e t~ ti.me :du;r,i.ng the .:Q';(il>,~a,e ~t the, w~:rk:i· ele¢* 

tritfal sh,rt p-ir~u.lts .cl:ev:e1t:rpred i.n the ft:rked tube :whith 

O'~ntained the tltermistJ:r leads~ )lll;e.n thls. 9'G'.C'!l~red) .. anjther 

tlt$:rmisit,r- pair wa·s. iji'ten s.Jtb:.st:ltu:te'd while :r.ep.1air:s wet:\$ made,,, 

Trte theJ3Tlist~:rs w.e;r:e s$ale.d lJlttQ, t;)Le end c,f· the ftrked t¥bie 

with a ~e:m,ent. mad:e friqm: metlilyl m:eth:aGrylat:e p~1ym~r dis.so1ved 

in the m~:nc:Jmt:fr'~ D¥t¢'o and Tes:t;;ij):•.is c:em:ents were also u'$ed, 

Beth (;;j.f th:ese 19·em.ents had terta:tn: .disaxlvantag:esx ¢hi:efly 

heo:ause ~t tlt'$ll? s·ol1ci1,b;Ll:tty .:Uil.. e'tlte,t\~i and their 1JJs:e· was. 1a.ter 

dis¢~n:tir1l\ied ·~·· 

In th:e ea.l"lY ,m:eas'tu:>ementis 'th;e appara.tllls wa:s partially 

remtrv,e'd lr$nt th$ temp,.era:tl.il;re :batl·:r trr <1:r:<ler t¢'' 1;m:r::ri t);tt:t the 

dippirls t;e:elm.1.-q:ttter s~:m:e mea$.~m.ents :we:r.e made with{;):at. 

lif'ti~ the :t;herntist~r oell~- :out the:X"e :was alwa:ys danger of 

·1mp:ai:ring the · the::rrrustQrs ·~· S~e· mpr(JJt:eJn.ii;:n:t was achi:eved by 

empl~y1r1g;, an ~si.l~e:red t.WQ"'.-'liter Dewar fla.sk -whiqh was kept 

t~tally tlrillt~irs,ed <except when th,e t!tehn:i:s.tP:rs were belng. :wetted. 

The app~ratus. was pla.c·ed in th:e DewAr ·and the wh.$1>¢ "a'Bs:embly 

eoiald bf;; rais:ttd ~u.t ~f ·t:ht;; ~1[te~· 'b,ath enahltn.g ~ne t~ is:e,e 



tlte the~13t~;r~ and thus. .~~!7 ~lit the ·d:tpp~ pr'~·~:ed~t 

:wit~~'la.t. a.pp~~i:a.'bly (fltattg~' th:$ t~.e$i;;we •. 

'The pr~tt~t~e g,e,ra;emll.y:,, .as. di,s:¢lt·ss:ed p:reviou's.lyr .ei·on;.,. 

:s.:tsted ¢!>'!'' :Pla:c:lirg a :drtxp ¢if ,'st·l0ve:r:1;t m the at:m:1r:rsp.ne~e· J:ia;st 

a'b'1tv:e a s~l;w:ti:~n .:1:::n 'tla,~.'t st1tent9 With tliis .typ:e Q::('. :s:vste-.m· 
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t,J:;i;e tnft.lai .An·· r1tadi~ bet~:e.llt th:~ tw~ th.e~at(;i'.J;>s ·wa·a 1rils~~l1y 

me*1,s'tt:r$Jii :wltlt :W~ lhf'.lti:d ~n e·:tthe:J;<' t~et,Jtist;·r~ All oth~t-' in1resti• 

m;atQ-:t':s ( ;,. l~;f 30) appi1',re':l!ftJ_y )rl~a.a:l:tr~ell lte~tti:ng; ·,ert,eets p:r:i.~'duced 

by tl:l.e c;;·.¢lR<ien.s;a;t.io:n ~r s~l v$,n:t ·~Ji- a d.~t\>'Jl· ot s!l:)l'W.ti_en ke1Dt .iri tin 
~tntc;)'spllJjl;1'$ ~f: thle pur:e Jif:l1Yent)·· .a:I\d, tltrtl:le:i:t'lt~~·:t t.lte i*1:tla1 AR 

yalues m.e~s~d PY the:se w~r·lte':i;ts :w$.t¢ 1ll.s~11y nt$aa,a~d wit.h .... . . . . . . - I 

S. i-~.'··.·_. l. ~"'e_··_ .• ">-;)····'.''."" .. · .· · _..,. __ /····""'.s.·• b_·,.:'""./.·.·.·t .. k.-.t_·_ .. '""_· .. -.·•. 'I,.. "-··e .. _ .......... ·. , . ,.,,#._._•.s .. ·t .....•. "".-.•.·-.·-.;"rl_ ... ·. :s·_ ·.·~.·.·.·.·· ;<±,,,.>,,>'ii>'>':>al··· ~e 6 s•• l:!l"""e".>ii·en+s were• /1,t,""' · -,'(' ,,.:.~,t.,: ~"'1~ ~ !L,J,'.\J,, J.:~.HL;L. ~~I :9i¥ ,¥ .. ~~-;.. .. ... ... ...u;~,- -~-- .-· ... ~-. _ ·""'t~1, .... . ·."-~- ., . ,,._.. . ....... . •. ,.,. ,, ...,-

I . . I 

i;;$mp't,.ed. -~$~ 'th;1.:$ pr,~1:edlU"e witl1!: tke :t~ltlal .&:R. 11.al~$Si c,ht;ained 

:e:1,.tne.X' w:f.tn st,,ll'\rltti~r;t -~'I't·· bitk thenrd.s.t~:r;o:s .al,~.y~ a ·s~l"lil.'.tiin :~f' the 

aame ¢()n;e':'e.)l.tr.at::ttn @ri witn d.~r t~~at~:rts .ab~'tte a:l!l: a:t.mJi·.sphe:re 

~:f tlle :s.,11.rti~n tt lD~ s.tttd±;ed:~ -~e latte:J:>: S'e$rni?d. tij g;ive the 

ntQst ~lia)J'.l:e :t'\e:s:u,lt.s ·~. 

2. 11:l;i'e .M~dif'ted Iye,Jftga.~ ·~:e.rnti.st~:r c:e·ll 

At:t·~:ntil;)n was tMt-n:ed next ti:;1; 'the de~tgn '(!)'f -'a:. m;ew anp, 

simpler· t:ttem:t.st{;l):l? ·e,e11 ... · This· ,e:$11 WJ:lts m~de l·~d · a.f1;·¢P' tnai.t 

11tred··by Iyengar· ···(1.$) and ¢.'©'i'ilsist~d· sc:t::m:ply·.Q!· an: :.~;L;eti-i.;::trtP:1:ytle 

b.e.~er C'~tre~e;d with a •e'o:rk~ma:~;n;;ti;;,e· s'tt;,pp'er (Fi~ .. 4) 6 ·rrrre 

therndsta:J;>:s we~ ;ert¢'a:sed in. .a sh,o:rt f~rk:ed tune wn:t,ch: :ex~ 

t·eri.ded thrl!l!~ the top* In tlte .¢:ell top was a s~l h,, .. ie,i 

normally ,~~·ver:ed wi t.h a c:1ttr·k,f t»ij~ whitrh drQJJst e¢u.ld he 

:applie:d tit:? the ~:rmlstQr 'tt»s 'l:iy raeai:l.s ~f :a m;i¢~pip¢;t .. 

Tlle iMe~ wa.~1 -~ the '¢'¢;11 wlits l~.d. w.ith ahsCiiJ?b:ert-p {fll:te;r) 

pape;r- :~s. an a.id. in ke:ep~. •~ ~it$;$ atm~.sp..tt<:;:re ~f ·v:ap~r 



\ 
\ 

.Figure 4 o , The .. •md:Ltted, Iyenga~. The.~istor. Cell 
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:bt the 't'¢'il ,~, ···~~·· ~ew: ~'e:t.l ~'Ii. tit$ atva.rttage ,.r , Jtll~l1\$ s:~ve~al 

nteas~e1ne"nts tr,:t ):e .\\tS.'.J:•:r;t~q ~t. t~ ik~ &am:~· s,c;rin]I.l:e <~:t :s~I1itl~rl.;; 

At't·e;r the :ste~e:ty state Ja:a:a b~en r:ett:lh'$d the e.l:~irsa :$t~+"' was 
rem;(;'!fted by l'l1$~.:Et, ¢1,f ·s(l)nt$ ,?i'b'Sl~b,en,t: ·~tre1?i.~l;, tlT$n .a;ft~:r?1 '$qui:+

l1Jir;r;i;1ill'll ltad be'$~ a:ga,i1'tf.: :11etcthe:cll.1> ~~)it '~Jl'S it :s;;lye'mt ~d s.~l~ 

ti:~n we* appt:t:~<;h 'The i:nlt'!al AR ~sre:ct .witlt thi:s :~·ell $:s 

meaaure.<t w:ttk tn:e therm:ist:;.1te.s o,;r:w.~, A di?~p it ·stJJ'.lit:t~n w~s 

fll;*st pla.cted t:rt o:ne t~~rmist.,J:i;t' tli;l:", :t;;~n: a d:('~p., :Qt ·g;~11re:nt was 

pla:i'.l'ed ~.tr tbJ~ -l:l>tl'l:e::t:t themis,t~l?' (:b~ Q'ne' ,~,t h..i~$:r ,J?e'a;t,s:tan~ ) ,, 

Th$ &$'l~tl~n: :dr,p;p was ~btj::JJtt:d tt1~:m: the .st111t.i~n, i~ th~ b~tt(;)m 

¢;t· ·the :tell ?.:nd til:e s~lve~t cd.:rfp :w:as ta.lc~n. ·.tl'."Qm; a teat t:m.be .Q:f' 

sglv.ent. kept in tn:e w.at$r :batlt at all tlm.e's ~ Att:e'.r '.e'~ri-"" 

.nt(:!Jrit~ with. dl?~ps e"J ·:a.f:tfe;n~~t sfz;e:s:,, a dN'P s:tze o.!'.' ab-ml.it 7A 

(0"1097 ntlii) was ii.'e'tided up~ll;.4; 

!la: :~:t:'d.~r t.hat tne s.".t$ady s"t1;i;"t:e' .might lie s.'t~d:Led ilt g~e.at,er 

d:e:tail :f a 0:..,·10 lrttll:1:v~lt;;..r$:~$ :az.twn: ~e·.qfcJ?d.er· ;was :l.:J$f'\;t*t:clue·ed in 

Th:l.:s.:;;:• ;tt was h']fe·d,. l\tQ,'l:tld P. ~<?Vide . . . 

a graphie:al ret.~:tid ~t ·t;I;[e .atta~;tt.t. ~t the s.t:eady .st.at$ by .re'.),,> 

~~ra.1:rng th.e ~balan~re ip. t~.,rta.~1$ ~~¥~t ab~~t bf tn.e ·:th:a:ns;$ · in 

t:e:rnpe~t~e ,,. and hien:t:£; cha.~e !n t.h~ · J;>,e:s:1s:tift¢'¢ ,t· tJ;J:e: ~sc>lve.l!lt 

t:l:te:-rntist~rw 

In :$~d,eli" t~' trea.nsla:te t~e r,e:q:tf:r,,d:~r :o:etlec:ti:~ :i.:t:i.: term.s

~t re:slstan;e:e ch~ag:es .in tlle l)rid.$-¢: arms:r .:a p,1~t~1D,y~p:~int 

e;alibrati:$::rt wan ·car;t\'::t;ed. ~li.t at six .appl:te.d vtltag(;a tn:· the 

l?'ariSe o.25G!+l~5®.@ v~lt.s. us:1)1e; fl");ly the l~w+:r.e's.i:l:3.1t~tce 't:1;:te .. :rnt* 

.:Ls:t;,l?'S; b~:ca~s;e ~t rut .tm.peda:nt;'.$ ~'tithl~ :1;1:equi~mte'nt" :The 

.l@KSL i":b¢e:d""'r~sis;tan:e'e .am.s ·~:! the' ll.ridge: wex,e X1$1))'.lae"@xi h;y 



'~·'de~~~-~, ~ ·tlt$ -~m ~1ti'Y:1ti ~- -~)f~~t with 

~~~~~id,lt~te, ~a ·fit a:~t :rooe: 't/!t•: $'i1r1t~ · -~--- :eali~ 
't.. .. ~4'-4, . .,.,,.;,., .:t~.4,;,;,.. 'ra'J\o~-- .... 'i..;~:~d ·"'-iw-_·-- -1...~--l~~war_ ~t..h ~.-4:.,,:i:~. """''·· .p--•-'t<;,,,,, ~..;-.1[1,.s...~-,,; ~-i;,ic,; ,y,.~;+:-,'9 -~.M.,~C11..:1.,.1,i1"" _ , ,>ii,'.;, ~~~- .. : - ,w,.;.....,~ ,!ifli'l;.t.,, P'~7..J.:la~ :,;I.A· --1- l. v. ..,._ 

lhm at~pss;- ,all'd wb~-~ tlte ~~~;rt -detx~ttti~~tq ,atra1~t 

;r~ ftat:a iawj p1,it~ ~t ·•~ --_., ·•~1~, ,ra·): ~~-,)?aer1 -®~ 

t1:e:rat1~ :w:$~- uta±ne¢l1;,- It ·xa:$ ~ tll:at· :t1te ~'.tnntY tt 
tl:J$ -- -~~~~e;v w.aa litti'Q:lt l~a:a ~- t~'.t ·•t th~Y i\)'a:ll~tn.tt~tor · and 

· ·~~:t:t-' '.1$~ Ite~t:t1t1?, WS:$ tlil:¢ htt that tl-te- l.:$e;tl'der· ~-'.d 'tit be 

~b~ t~ :e.,tl.lijw the ~h~ 1,;t· ~iitt~~, ijtt ~~~ ~ the 

h·riti.~~ 1\$ ir l'e'~1t th~ ~~r' · -~p,h wfAlld ap~~ a.'S a 

·ae:J1ii~'S flt -s~~l1-k¢ :l~,a ~te:~. -~··a :plat;$a•"" nt-• v.1$1'1 ~;r 

·t~e- ~'aail.'tB~;s it wa.n '.,~~i:d¢d )(,\, t~ ~se 'tke .reft~:it 

~wr.· n ,a pe~~t- ~st~t ft:r.- •w~'tilmn& ~~~ lUl,~-- ' 

\a~ .a:s a t\11itttt~ .,,- ·t~J,; 
At thl1;r tt• ~~:t~:t'atitit ;)($;et s;B?li t,t the· !eft$:11:tt 1tt ·l.'$"' 

1ai1ve;1.1 · :•11 -~t• ¥#.l"ta.tblJ;S ~,• ~~·--- -t~rrtd.a:ti•~ ~$f· 

J:1iata~;e_} lti:/tw:e~, a atu:dy :ft·· t)d-a :ta~til~ '.$h~t ·that :a ,r.a~:ta.t1pn 

-----~,·~t:iht Oi<Q.1 ~lt.; :(at l~f;~'@ -~lt'.a.) ta•se.d ~ly a: j•ll -~ 

--~-~'fd;~~ W~lt t~ ·}d,p ~:a1:at~'®: ~~ (1tl@ 'XJL -) 

~~ •J~~~ ·'!'it~, ~1a:ti:c$t ht btpltt fflt:ag~ wa·a l~:a~ ti~' ~h-OQl. 
' '. . ·. 

. . . . 

All )te:a;:ij~n,t~-~f<~¥ ~$:e:· U t-em.pera,t.~, ~~t~ ~h¢rt· 

~- :pl~p ~- ·:e~:rt' $\~l1itti~ ·w~ ·p:l~~d .lt a the:mti.B:t~ t.tl); ilrl .an·· 

~'t.mp;rap•l!\i -•r ~11!1:telt\ (;~tkw) ka'.Vi~ prt~d ~lte-~~a--~'.1'.t ~-b~ 

~-qutnt lltea~~~t:a w.1.tlt tMs :oell w~r,e :li>:!' tk:e litl~l t,.~; 

·t)U!lt is:~· t~ #Qling; ·:etr:e~t pffljlll.~· by ;s;tl'ven:t ;e~p~ati~n tn, 
•' • • •' • - , C , :; •• '•. ' 



d.· ... i.·.aa .. ·.·.·'."".···.~-···.·......,. __ :·.· ... .,. .. · . ./t .. · .. ·n .. •l;S_• ... ·.·.1 .. v ·,""".·· .. ·_ .• ,... .. _·.:.,,..._, "" .. ~.; ... ·.- ··i,J·.·. ·ri'.,...A ·.,,,,i.i.; .... e·t..t-...,,:S,.,;; ,..,;.:ii,. s·+:ea·· -<'1'1:r··:.·e't· <is+;:,s.. ""'t·· all N!i!'."JiY,.::~~ '!ii ,'ti;i~·~.Qi~~-~ -~~~U· -~~'U-1-. :1.:tJ~i4~J.i:.?.: .;&;4.~ · :,\,;'-:.· \;t...cl·~~,.:·~Q..~-..:p: ··~ .'· . 

wa.a rea~i ~n, ~, a :$\$.'.ady~s:tAt~ wa:s itbt:a~d ·t.tte Jn'.ell:au~d 

'time· -~ ·. ttct .aw~~~ ~«<it ft-1.,18:$~h1t~· 

'Tl'J:e ·S'llta:ll · ~b.a:<tr:t:tent 'l-ti~ks .de.a:·tfX1:J;~ed earlier were .again 

trt~d-,, blit tltel1r )l~'.$ rt~ :r;telt~~»tibl~ ~~venten~ 1n th~ re ... 

p~lltl'.i:&,ill·t,~ ~~ t;lt$ t•~~- $;f'. th:e·· ·m~a·surentertt;a efu:pl.~y.1:ng 

wi(tk.s :a 'the ther:tn:.ta\tfl;" tip.a.,: h~'Welf:e~,- sen:ra:l s!;rdf:t<:ant 

,,'.b:S$l;>V,J:ttitltS ·we~' .~~ Flri;ttw i't .app~;a;J?e:d 'that ;a ·.ste:ady~state 

·Q'Qji;lii ~¢ ~:at~ .a ~~'.?/" ¢~~:rita~ ·ost tn:,e tJ.:.- with· wtcks 

thAlt w:ttlt~t· wt~si Ala:~· it ·waa: !~cl. th.a'.t u ·in~ ~:x~s'.s ethe:r 

·;w;a .• ~·. r.e~~$:d: :t~ ~- · wittk ~f'~rc t~ .$t$tly"""a·t~t~ ·•s ~ach.-ed"' 

the :4-ex:t, ·nt$a;"S~»tel:tt -·~· '~,e AR ·at the .·at:e;a;dy~:stgte !tr tne same 

e;tJte~ •e all~ t-· JJ,ema..t1-t ~ t~:t,ettly ·e1fa.p@at~j, tlte 
',., . , ... · , ')t ,t.,....,.,;,._..4i ~ 1· ,P,"1·· ,,., ,..,....,. · '..,...,~:, .. t· .::i ·"·""' •··. · R.. . • h 1 ·m;e~s~~, ~q;&~~ a.!?e· 1' ..,i;:~ -k-~~· _n!:Q'~. ~;\i:,I.; .&.:n; a. A ·. •~ · .· ·.o o·a;er 

t.~ ·that f;i;+"S·t -~htairl'.ed~ -~s :e.:f!tett. 'Was b~lieved ·t.l be d~e ~o 

~ilt;tn:l1•a t"f~JJ.'l:$t~tll Qt· ~tlte::r· .t~m: the· ~e·ll whil:e· it -wa:s :kep·t 

1n t~· 1tjite~ bath.•: th:u:s w~ ~. ~:x;<1~1:rs ether· ~,rt th~ t:tterm~ 

ist~:i:1/ tip waa .a1;t~e:d. t•· ~n ~<t ·e·~pt):;tat~'.f ttte· :r.e:Sl!lt.~ . 

• .a!.:1:u:tl.'~ P3*~ttally .f:~mp,etl;$ated :ttr· the ~'ffl:p~mt.tAA ~f ·ether 

.f:r.tna 'the: s~l1tt±~~ Tlle l:',e..all.l't :wa~ that the yap~r p~~"Sa-~ an,d 

: the m~a-~ed · AR· n:nta:t:it1,,~d :a.pp:ri~t,e:ly :£}~st.ant ~ -~Th.'e .Q~tinu~'U.s 

evatp~x-at:i:ttt ij;t· Sltl1te:rtt frO,'.ili: thee ~l.l waa a ·$el:*it,1ta p~l:;Et:em and 

·~est:ri~~d 'tM nee ·lti' t:ae e'.~ll t'tf ~:ni,- .Qne: ·,neaa~~m.eltt '.}{1th 

ea:ch. a:~1$ Qt :aiX•tl~n. .• 
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It was evid~nt that some· of' the reasons for the e.rrat·ie 

results obtained thus far could be traced to-high volatility 

of the ether itself. To invefl!tigate a.. .. less volatile organlo 

solvent a methanol solut:ton ot· di-n .... butyl phthal~.te wa.s p:J?f;

pared and a series of measurements were ma.de. Several inte~ 

estering things were learned. First, it wa,s discovered that 

each measurement took from 50:""'80 minutes compa..reo to th.e 10 ... , 

15 minutes required for the ether solutions. -Second~ in 

practic~Jly.all of the measurements with the methanol solu

tions there occurred a very ~pi.o initial increase in the 

values of AR .after the drop W?LS applied; then after a..boti-t a 

minute liR decreased for about . 10 .... 15 minutes afte·r which it 

slowly incre.ased anc:l finally leveled off at about 50 minute:;1-

Third, a stea.cty-..sta..te was ohtaineo a grec1.ter percentage of' 

1:;he time than with the et:h.-er solutions. F0t;trth., the re.p:ro":" 

dueibility was much greater, in many ¢;Jses better than .one 

percent. 

Further detailed study ws.s made of the peculia..rbeha..vi.(;)r 

of the resistance change during the course of a measurement 

W:i th the methanol soluti<;m. . It was suspected tha.t the resiS?t

..ance of' the thermistor used tor holding the drop of s-elut;i.Qn 

changed When a drop of solution was a.pplied. This po:tnt h(!,d 

no.t · been considered before .as. it was assumed that a c:lrop o.f 

so,lution in an atmospnere· of that same solut:ton in the cell 

was in ,a state of' equilibriunt~ However, it. wp1.s discovered 

that the resistarice of' the solution thermiator :tn¢re21.sed eon,... 

sider.ably aft.er 21. drop o.f!' solution w~s applieo.., while at the 



sm~ ·t~ .tltt.fflih~. (q;ll't)t1fl ~s/.t.~ · •as ke:Ptt r.b?y:j\: This. 

was ~~a~«-~q- a .d~~a:a:e·: h t)m Al -va;Lne- s~· tll:e·· .s:.J.~ 

'timt·t~e1'ld.a.t;~ ·wa:s; th;,e· ·•• ;If l•w ~td,l3.ta~ an.d ·~· ;btep.eas;~ 

1;n· fts l':e,:atat~1tt:e· :wj~ld -~. the· l,!#s-~~t~~ d.it:r:et~en¢'e~- Al'i:t' 
"ffl!l'l'ti''ll""'ff" ,tritt..-#-fr . .;I~ ... ~.;:,.~ /f"ii,;, ,:J.1'1:)".'-.~'il,.. 14--i...,,,,,:i.: 4,-1,,.,,;., .,.l!l,;;,it..,.,,;4...t-;;l;I~, ·.,1-'t,.;,;.,......,.,..._. 
~·.·,· .. '·~-~·~.. '.,.kl~~ ~y~~--,~,~~ .-t,~~· ~\ »~~~"'~ ~~~-~ ~J?~ ,g • ...L.~if..l.,.~l~ .. ~.E'i4~~.&~:.~ 

;~t~·waa ))e.~ "~·l~:d ~d ~; t»t· •t~i wa:a ~;Yv.ap~~t~ 

i"If• t1'.e,i· afltl~t.t#nt d'NP·;ri wld:ffl,:;· tx~~f~~ )taa n,t: l'n' ~q),l;ilib:r:bua 

wttlt ··~·.·.~~dt~ . s.~l"liltia: ·t,a.~1')· rt· :a$'t:~'d 1~17 tlila't · a 

~~~ :~l\t:rs:'t.~~ ~~~\· ·e.~it;t~. :abtv.:e· ·thli .sQ·lv.:t:tttt:~ D~p 

:si:fe- ~d ~- ·.~- lit~t l:lpP~~~iahl:er ~,f:fe::t;'*eitf,;'~·~ l1id,t.ia:l /}Jr 

val~;a 'tt~ta.~d. 'Witk a$·'+lft11Ait :~~- lltt'.h 'th;e~ann we~' •~t 

.'.1$';J..±a.bl,t:;., .~ a t'imil tit~:;;,., "tq·Q'0i11t·:m~d•~t~ w.tia1 
"'n 'W"O·l' ,.,.,s;.,.,. """r <t.1,;:..if""''"" .,.. l' 'iilw:1-ti" 1dit...~;..1..,a"""',~ ;._..A,,.. -.-...,i~~A.t·,;,,1.,.. ..:a~~.+,;;;. ~ ..... 
~1. --~~ .~:P. -~~ ~~:~, .•.. --~· ~~J.?.·~ ... ~-~~~~- ,.~.~Ni!A ::¥~(~,~~~~ ~ ... ~14C~ -~~t~• 

t,n,~ :s$l•tt- :tl\-e$1sttr-· 1.l(tJf '~ •l•tt• :$:l#~ ta:p:.:e,~i;i, a.gai;it 

appi.t:t'~t,l1' \etalla~ if.f · :e-v:ap,~)1~- ·ttt·· ~:tlv.elitt ft~ 't~- s:•l•t.ltn~ 

J:Jt-;~~:t t• 'e~pl~ ~~r' ~a va~~ ¢:~llt~atttn p~b~

.la, ~ :~~~a 'tt' ·•.a:sru:r~nt.& ~l:'e· '.ta:ttlt*f;e'.d ~t ·w:ith: .~· ~'the!* 

:S:Ql)ttiijlt· .ilt· wld.:fh tke · d.1at~• be'tw•e:rt: 'tht: th~~:s:\t'.~ t-1:p ·and. 

the· Blll.~'.a:¢:t jt t~ s~lttti~ was: 1tari,eijj., 'tt was: t·~lll:$t1tely 

n~'-·t1ta·t;.··i'•· -~a~r ·th1?'··,aiatatt.•·w~ ·t-h'e-~~:era;t~ 

tip :a;j,d 't'~ -:e-'$ke·11 s:•l)l:tiQ!ft ~~a=)' t~ ~:a~:r wa~ 'tn,~ .ili~· 

f~#- l)t· the' ~es::t;~ta~ ··Qf·· thcie 0:Ql1tt•·--~aU~!!' "1d.'.$ 

-~a);l.\ taat the: rate tif ·e.,ra~~·t!(f.Jt wa:$- ~ate.at wke~· 'the:· '.t~$~ 

·i~t-~~· wa'i:t· fa:rtli'@'at ~•wd., ~· tl\$, J3ll11t,t.t~ a111:r.ta~@.* .It was. 

l.att~ 'b$lit~,i laliWtfY¢r* th:at $•m.t tit "tlt~· ~·ai~t~t :~h:~ 

tlr$t'.~ ~··ka~ h~:ejg: d:t«.~ t., tlte· ;q11i- tl tke :$-.llitttn· 'tll'.e1'1tt 

l,nt~);"i hy tlt~ ~~p a:ilte•,$ it w-a·s .t~ ~t: th$' 'tk:e:rm:.t:at~r· was 
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int'e:r.-na.1.ly he:at~·d: by th,e: 1~,500v input: ,yo:l'tage ... , .fr way to:~ke·ep the 

sJ:,:111t±~ ·t:n;e'!*Jrd:atlllr- -~ai:sta1te:¢· e.u:sta;Jd;: ·was· Iil:Yrl~l:, lt$:¢easan 

:tt tlafa:4--· · · ·. · ··· .· · ··· · · ·· ·. ·· 4,.· ·.•· .. '-;..,i. . ~- · t'""· ·t~· ··x·· · .. · · · .. . . . · ~ .> · .. < ·t:.:.i;,:Ctr:-y .m.ea:s~e.?tt.s were· .r;,W' -~ ma:u.e wt ;,.i ... . . :;re'~ 

t~ @l.l;~ 

;; :~ ~e 'Tlterntt:st,Q~ t~'ll -·w1 tl:t tllt !iffi,e;ti" o~e-r-
It was tk•\\igm:t a:dvi:sa:ble ttr 'a'~"trncrt a ~ell lita~ ~x ~·. .,• . - , .'", .'" .,, .t .. · · 'c ,c " , . :· ; · • , : ·•• · ' .~ • ••·• · • • · · ' : · · ' • ·• • • - ·., ' · ···.,. • ·' · ···;· . ! · . · ·· Y · ·· - . ' 

itUte~ ~lllP tt wld.-~h tn$ t:n~~$t~·-, .. 1:d be· l~red (F~1 5)"' 

li!t~ ~olutl• wa:s; 1rla.riet1 bi· '.b~th tlt¢ · ±nnex,: mitP and b1tt)teelt 

tne ·1Jm;e);'I' ~llP ~a th:e :~ 11 wall~ '1ke purpits>e wa.a t:f.' h..al'e: 

···1u~1-·· · · · ·t + · · 1 .. -·- .. 1· ·t;!&· · <· · ". ,;I_ · · • · · ' · .. ,1..1 ·1· 1·· · · t· · · · .J,._,,.,,;i· s:Q;· '1,; a a. ~w.~ eve :S -~ pN'\!,.i..,u,e: alt es,.s:-eltv. a y ~:a ~,\;,,i:;;;.u 

'bla:.ti.ke't at ·tap~r- :at th:Ef 1:1.•lxtib.' tk~·r.m:}l:at~l." a:t. all t~lt~ A 

Rtr±p wt' '4:tb.:s:t<~t. pa:;er' ·ctb'e'tte~, the t:w•·· .BiE;rfHa:r:at~ b:'.,at-e.a ~t 

:st•lut1~ and '.t~ wall ~· tk~ «ell wa:s ala~; 1m~:d )4th ans·~h1'nt · 
- 1"ril,,; • • 4- ~...;f,,;.., i.!.,.p· 't' i,.,;,. ,. , 11 , . . . . . .. , . . ··- A i+·t.. . 1·· ._,.._,'4,,,_"i_,w,,1,_ 4/0· il p$;:f:>:e·Xi:.1 µii,.'e: ~).(i~a~ ~ _ -'"';'-' :i;-e:. . .. wa:a ~~Yereu w i,,'.11 a .. iw,r;i~~o:; ~ •· . 

t, aid .j.lt :e·.s:tab?:ltsld.xtg t».11tp,~l"at)t~ ~lt;(im:tty t~~'tll'.t tli¢ 

c1e·ll!i A lit\l:e· i:nt;p,~~¢)ttt U tl\t :t-eBltl.ts :wa.s n.•ti~.e:d:r b1.tt the 

decrease :bi ·AH -dite t~ the· ·ttttl~ ~- the· s•lirti.~ the-~a't,ir 

wa~ a till 15~:t..$ fhm;s: (r~:r· -a ~ · ~ ·ah .• litt 3@0} .. A lq ¢Vit.ed 

eapillaey tl.t~ wa-$ used 'tft app·l;y tk~ drt.lps a~ that ·tn~ thex,n,#

i..$J9:r-·s e:~1;11-d ·he·· ltaded with~t. lil'llYU$ them t~ the ~\t" 'elilP·~, 

Tkis ~:s•lted .fat• ;s.i'~i.fi~.a'ltt ~~11,'elrt;e.nt: iu r,e·aXlt·s). l;f:~~ 

?'V'e:tt.~ -M~:~.e,,1Ii-ents we~ ala~ a.~~ t;e:d w±th: 'ta'$' :a:GtJ:*lffl ·th~:m"" 

---1~~l"' :l.$$'r:$~ -:~ tl!J;"e" a-ltati•:~ '~:$' --~e.su:lt-ed --1-. ~---p.t~nt 

ef!lii"Li.ng e!f'$'ttt be:e:a•s:e ·a:t ·t:b..'e 1~:a'$· tt he'at :-~- th~ tlte~.$te-r 

t£W tae s~l.litl,~~\ Th1:s al:s,tl' ~rto)i~d n~w prtiblcce1n;a~ :sµt,>¢e· 
the 't'i..e ·.. h'.4-}f 1·· ··. ~:e- .. ·.·. 1·· 4-t· ... -• A-4 .····. _, 1· . ··(i' ·t1.....,,. ... · . "- 'lot - '""i ,.,_ '. ' '' ~ .. u; ~-P ',,., a. a.1;,o,. s~ •~- ~ '.~~'B., Ye' ' ~-~~- qem.ell'!if. li1l7f WK~>C,'J:il, 

tat· flt~~a'.t;;(t~$ we~e :s:ea1¢d. nt ;tke1J:I" tlib:&S,<>; 'Tltct ~-l~ 
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. Figu;t>e 5. . rrht~i.s.to:r Ce;tl with .\lnner cnamber 
. . . ,. . ., . . . . .· '. 



ttf-f'¢«t :e~e-rie~c€?d: whe.n t11l:e :s:glutfb::rt: th:e::rmi!:ft:co.x-- wa:s :bnm:¢rs:ed 

wa:s- '¢s1xe Q'ia:lly :n-ptt:t:c'eahl:g ·w!'th tnrf low '.17e:sis:t:a•? th"$:t?nds:to.r 

pa:t:n- sfrt:ce• th:t:J3. pair: :w;a.-s _krtQ:'"Wn· t~ ~tte b;i;te·rna.~ly h:ea·t:ed hy tb:;e 

l .::500v · i:nlput. yoLtage .. 

A .stu::d.y w:a~ nttto:~: ~::!" tit~ :ef:i'$1?t ;t small vaJ?i'ati~'.S .i.n: tJie 

path 'i;:enl,p.e1;>a;.~ ·1Zp~h: th'¢· di.ff:e:r:'e:n;tJal J;!-e"B±&tm:tJte r,_t· ·th:.'e lfW 

:i:res.i :stantte t@$1.~t~l? pa.ii·~ ·i:rt~:mp$J(".a'tµ,J?e:s s 't :mdi:e:d we·t>:e' within 

made :at a:ti; :l,1tp'.tit, VQ."l'taie· o! 1. 5GH}v ~in :.the . atmo;s:p:rter:e ab¢>ve . 

a .sample ~,:t;' :P1il~ ~t:ne·:r ·wttbt the· tl\l;e-nni.st~':rs '.eithe:r· Slilts.p~d$.d 

·dry" w,i,th: 'ethe:e- df'Cl)):s ~n: tn:ent,. ·p;r 't(ltallY irrlrnet<S'ed in the 

j;;t.h:er,, ·rrne, r:es1tlts were alp :E;t:Kpe~tt~:d,,, with the AR yal'tt~s in+ 

·¢r,e:asing_ w.:ttk ·de:crea:s1,ng, t:entp~~:a~t;¢. when the· ther.m1:st~-r,s 

were ·lmm;ers:e:d ~r- wll:¢1':i::- .sµ·s:p~Ja:de·d., ·o:rw1 n.:~wever-i tae ·AR y:ahte 

sntJwed .les.s yar:t.atit1:ti: wnea tlte t .l:xe:rmis·t :9rs wer'e .s.u:S:p-end~d wi'th 

.dJ?:¢tps ~tt · the1rt~ 

In (1:)':r:d.e~ tt ellmi11a':t;e· :s~me '~t ·tJ1e dif:t.'lc1alti:es. int:rPd:uc.ed 

by in.te,rn:al hteat.in:g ~f the th¢m;1.s't!!t:J?:s, 1<:>wer ·inp-ut -v~lta:ges 

wer'e e.mpl~:y.e-d~, Meas:ur'~nt~iat~ were Jn:a:d:e at o ~5-:,, Q;,;.4J, Q.'.-:.3:i; and 

·f'fna.lly .a·t: .o.,,25 v~lt.s\\; At- 'th:.¢ l~e-r ~-lta~a;e.s t~~ :ok--axri~ tn 

· AR wh:ett a dJ?~:P ~:t' s·QlUti~~ w,a:s· applied w:a:s r :eduq:e·d ··:c:'~:tiJst±cler:a;bly 

urft:tl i:t wa;s;· ~ra::ly a ·..few ~mrts::f; ·rnhi:s:· coJtfit1it.ed t~e -- b'$·1'.Lef,. 

s:tat:exi prev:t~~sl:yjf~-laat. ~~me· ~£ tJt$' .sollllti.lii>:r:l th'¢·rmis:t~? 

l;'esis.·tan¢:;e: :¢1tang:~ was d11:e 't, :q!).·~lit:rg Q:f'.'. the 'tip hy the · drop 

bec-au:s:e i 't. h.a:d b:e:en i:nt:e~ally .~eat:ed at th¢ h.:1,~e'l?· i.n:PNt 

Y~:l'tag.e:~ S~n:(Er mea.snrenter1;t.:s wer:e ma:de by applfj,:ng thte S.¢1:utl~:n. 

dr-op f:t.1?-st and alli!);win_g tke ~e:si:stan:l\l:e t¢lc' leye). ~:ffx -11lsJ:ng 

the r ·esult.i:ng_,_ -_, :ct'>liS.:'tart:t.,t1;,J;~t1:gh l .\ilrw:.e;i::,·, -valn:e · as .. ;an: inittal AR 
. V . 



-lJet~ -ttte- a:_.J:,verit:·~·•a app1i¢cb Altim11i,tr ntt·1mtt*1t .1m.pz-ove~ 

lften:t- ·nt~·p~ttiai;•·ll'tas-··~i~edf ·"-·steady~state nl'ltc:$ eottld 

'b~ ~tainedJ; th~-s:t pgrkapa;;, was; .d:\te in pa.l1tl t~ t:~e. tmp~v:ed 

'de1J±:gn ·$f· · tlte ·¢'.e·ll wh:f <:.h ha:d :a ti;pt~.r·1tti~ Pmbbe:r- at(f:p}pe,r· in 

:wh±q:tl tl'l'Er tll$'~stm:r t:Ub:$s we·:re h~·lclt~ Fu:rth-e:r imp~ventents in 

th-e · :m:ea.~:1~ 'te'tlllxdq;u,=e ~:s:'1i;;I.t'gd .t~ :c-~e~t~ a n.~w ~r~'t1J.11d 

lead Md s-kurt:etl:ing tht· l:~ads. ~t~$:rt tne· 't}1:em1:st:~ a.rtd the 

bridge;; At e .. 25v- the s~aitivity- ~t the- null,;,,..inq.;i:e:atf:r· wa-s 

fQnttd suffitd;,ent t:~ ·ena"Jl.l~ :a~~t~ rei,sis:ta.ne:e 11tea.$1.U:'em,ents tQ 

°b'e mad~:~-;,~td :Lt was de(J'.1de.d tt' ·c•ti.n.ue w~:rk at this v~ltage:.; 

lh, ·1tne :rmmet'":sible .$ide;,;.,A:i:,n. 'The.mi:st~:r- ·.ce11 

All IJJt. ·tn;e, the·t,tt.i;st<J:'.r .c-.ells d,e:sc:l"':lned th~e f'~· wer,e· n~t 

~'®rtp-let~ly .btnte'.1:'B'¢d 1-n t:ta~ .¢1'li::stattt~tem.perat~ ha.tho It was 

thtrusnt: that .if' ·all .Qt th:e l'ap~r- spaae ab.~ve a a~llllti:~.n sam.ple 

~uld. ®' kept als~ at a g(t$.l;st;ant ·tem:p:e·J/'at.~~e~- bett:er· re::siatan.ce 

:t~ltt:rgl and -Pt~ps better npl?~d1.ttib!1ity w.Q'Ul:d resultt A 

o:ell t~ aittt.p'.li-l:;l:l'il· thia was dts.1.~ed and e~staqt~d (Flgo1 6) f 

B<i>tk :elia:d:s :at :a ~d~glas.s .Jttht. ('11 34 /45) ;,: ttsf be us.e:d as 

a :e~ll t1P·,;. we'l?'e -sealed,., aad. tw~- t'tl;ire·s we~ t-1.n&;;..;:s:ealed. 

t ·'l-."'""""F,,n-h .4-i,.,,,,, t·~p···· 
,J.,:41,;_:'~~~- ~~- ,,·.~ . ~· 

taitd:n-g 'tn:e· the~st~l? l:e-ada ~e.d abtl"t'e ·· the batlr .~ta:<.te .o. 

Thoe t~miat,Qt~s.· were lfad-e:d witlt tnt0i~ d:rijps :<,f a~l'V'e:nt and 

sJttl:at'i'Clltt t~~ a aide;..;;am ~e~i at- tne :end ~,f •:t~h wa:s 

a ~ti,~gla.:s.s. ·:ntal:e""',J~ilil:t Cai 14/35) ;~, 'T~ugh. t.Jais eixie .arm 

a m.i.t:.t:'*@p.tp.~t:x de.live:t1"i.na; 7+-101' tt ll.q112:i;d,. chld be irts.e:rt;~d 

tQ; a.pp ly a :d;J:l'IP· -~.t s~luti'¢tl!I; ·~ sl)l·v¢nt t<ll the ther:nt1$.t~r tips~ 
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Figure 6. The Single Thermistor Cell 
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'11lte -crell tl:\W ·ctltl(Ilo: be ~tat:$d s:ij :as: t~ :rna:rteiaver' tln'e t.h..e~*' 

·±aLQ:i:•s ht~· ·p~:slt:f~n f~J? :d:r~p· appl1;~at±~6: The sl,d:e· arm was 

.encltJrs·ed ·i:tt ·the· female ·pa:rl ~;t.' 'the ~m'ld~glass· J<.lttnt h.a)ri:ng 

s.ealed t~< its :e•d a: capillaey..,tllhe ¥~nt with a: :StQJ?c:eck i'ijt 

releas·e ~:! e;~rs p:ress~. 

w-1·t• th:ls :ttew c·.ell :Lt .waa. t~~ PQ'ssfble ·t~ rep~d•ce 

t)ll;e i:rx::tf;;i,~l AR v;e0r:-y well" Th:¢ tt¢¢\$s.aity f~lt a: ·s;td,¢,*'.a'.l'?:lrt vent 

e:q:til-taln:tng a: st~pe~·tlt fllustrat.es ~-- :iJnpi;;jttt:a:nt c"l:ra::ra~t-eri.stlc 

,qf the!'int:t.st~r· ~pe~ati~'li.. It was. f"¢tAAd ·t~at lare;:e qha~e.:s in 

~.eslst:am:¢•:e re's~lt,ed if t.h:e side· a~ was rem<lttred with:~·t .flr·st 

~p·enj,rtg tt:t t:ia~ atm:~sphe:re~ :Sit:i;clt~ thl;e :ethe:r sj,'lliitti®:t Jaad he·en 

o·s:1¢ded Jr~i:~r tei:· its hailing b.ee'il plao@d in the ·o·ell and ;sea'.red 

Si@On. thereaf't;er:i a presEittre ~eater t:tra:n at.m~.spke:r.ic· resulted . 

whe:n t:h:.e s¢>: 1-ut.i~ft came t~ bat.h. t:entperatur'e " This ~:~e· in 

reslst.a;n.~e was Jl\te t~ eta:e:r: Jap¢:r :st:reanttng past tne therm'* 

iat(}"rs wlaen: the :o·:ell was ~pen,ed and is called tn.e n;r1~wHtm;eter 11 

ehaJ:"aeteris:t:iJY tb:f ·the thel?nlistl;rs ~ Sinee the ·cell was: n-erm.a.lly 

t)p.en tQ· the .atmis:phere e1nly ·tllr~~ a srna11 capillaryi ;evap§ll""' 

ratio-n: wa:s greatly r.echi.ce:d ,and se:1te:ral meas\u·1ente.:nts c:¢ll:l:'.Ld be 

ma'de with t.he s:am:e sample " 

Altht~ tn:e resnlts ~lrta.tn.ed with a o ~6 m.~lal s~lUti~n 

.Glf di~ni..'butyl phthalat.e ln ·.ethe:I? sJttii)'Wed cQ:n:slciera:bl:e lmprl\')ye,,,.. 

ment QYer t.b:e p::r·evi~)ls mea.sl1'r$nte:n:ts;',., th:e reslst.ance ~£ 'the 

so-111::ti-<Jlit the~s't,.qr· was stlll. fGS~d t'l;l)' inerease wh~n a ~QP 

~i' s:Q:t:,;xt,iolt -w;as ,applied,.( Meas::ttre~~ts: were made by flrs:t; 

$:pplying the· s:µl.utiQT:i dr~p, a-n.d after thl.~ l"esista:u~·e l~nrel:ed 

off, applying t~e s.~lveat d:r:~p ~ H~we-ve:r:)· tllis prij'cr~d~~e had 
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c,a. -di.sadval1ta.ge ht that :mij,re t::i.m.$ Wlit.$ l:7equ:1 ... red £:tr: the stl'u.tipn 
i; ' . 

:drep tc,. ¢':~ t!): ,:eq1d.llb~1;um. wtt;h t!te s.~1:utiQn v:apo.r; in. tn.e <rell 

t.laa:n: f ;or th? .s.:t.e.ady s.tate tt· oe· r'.eaehed wi tl1 the sti,).:ve:nt 

~thert d~op., AA i;n:c:r:-eaae of' s.ev.el*al p.e.~t:rE;nt in the ~esistan..c,e 

eh.a:n:ge was .nQ;.tiq.ed;;, h.~weve:r:J wh~:n: ~ ab.s~rbent fil:ber paper· 

+i:n:lrtg Wa$ us~dl,\ 7.Che ,~onil;l:I,.n:ed. mea:n .. deviation Q;f' these measure .... 

ments (with and with.~tut .filt·.e~ paper lining) was .s.ligh.tly :m:ore 

thatn .§)',n~ per~ent., •. 

. An experiment d:esi~:ed t;f ,~:-pare· th:e. sensi,tivity ;¢>;f' the 

:nreth~d with wa·~r and with :e-th¢:r as s~l.vents was . .next pe:r

f~rmed.,;;. A sltl.t.:iarie: acid ·sfll1tl~:a .,r· ~:wn vapor pressur~· was 

pr:epa.:t"~d;; am;d the AR measured when. a .. dX>-Qp .ot water was plaeed 

en the tae:mais'tgl?' tip"" the irdt.:lal AE having he.en de.t-e$1.n¢'d 

with dry the~i-~tt~s" Ne:x;t, ,.6,Jtwa$ :m.~aau;r:,ed on an .:ether s~ll1-

tioa Qf d1.~n--·ltu.tyl phi:;)Ul:late p:t'fises.s-:1.rtg the same h.P (p):'.ress:µ,re 

-d.ifi'e~enc.$ betwe~ se>-lven:t aAd s,'11:t:1.tl,:o.~ 5·~6 ninl<i~) as the 

a~lf~!.e a;tid .s~l~tJ..j,n., .S.i,n~e tn~ value '<Ji' b.R ,was. :ro:e.as~ed 

fn tJ;J;e sam~ way" t~ .r-esult.s $t,'\lld be . ~~mp~J:1ed. with thE=J .re$litl ts 

.~:t,tairted. w.ltla the .aq:w,et}ls aeid ,s:,i.t:t:m. Htwever, ,the: val~es 

q,·p'tained. r,r, the a,,1c0. -s$lu.tion ... we.re ;n;~t v~ey pt"ec;t~:e.;; p~~b,a,bly 

l?,e.eaus:e tsf p~ wg:tting; Qf tln.? tb~rrrd.stf:r tip ~Y W8ster and the 

~Cid s~lut,i,Jn,~. ·1w• .~t the thr~.e ,me:a.siwe:rQ.ente ,i!ltn .. the ac,ld so:lu...

tidrt. w~:ce m~de· us.:t.11.:.g a lo.ng .eu.:;rYerl: cap.il1a~y tube i;;~l appcly the 

s~lutt~n .dr'¢Jp .• , ·Thia dl:*¢W was ,bt:tiil\¢-d fr-@ri. s$ll.iti~n in the 

b(ltt~m '(;)!° th? .c:ell :,, . wh.ile the :i,nitial AR was taken Jt«t th 9,¢.>•lu-"; 

ti14n Qn. -Q:ne t:h:~nnist~r~, Only a ~gh e"mpa,ri.s~n e~Kld p.e 
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tati'le a~ee1tent W.ith ··th;e~y:i p~ug:ed ·a AR. ot ·6,f'f7 tim~s. lar~r 

t~ that ~lttaue''.d with th'e :et~r' ill:•1ut1~ to.r" the: a:ante: :al:rs¢ll1tte 

l~weri~ •t; the 1tap~);' px-e;s·s~~. 

Aa with· :eal:".li:el" 11te11 :di$:d.JPta. a f:ew e.xp.erime.nt:s w.e·l"e· ·eaXTi:ed 

out ill wbi:o;h ln¢awiente'.ltt~ we:~ m~~ fEit · t~ heating_ -.,ett:et:t prtt.;... 

aue·ed by tilll:ltdeltsat1<1n t-t :stl'V•nt at ·tne ~p~r p.:re:s-~ tf ·th:~ 

p~ s~l~e:I"it · ~¥:t- .a. :SQ11lti'~lt :~pi li'~ the tir'.St ;t:t,m;~ .a :steady 

.atate ·AR ,raltte' e:~uld be reattte:d~. l:fsi:t.t_g tn~ lJtw+reala~ thenn~ 

$.s't~r: pa;·;t,r' tb:e ~.s:ts.ts;nee· Le'.Veleii. t1:t:t ·J;-n ab~t 1•5~2:.,)0 ·Jitin,iates 

after t~<e ~P was :applied.jf Alt~~ ~tli :PX".~~:1.$1t.)h wa-s. nt:t 

aeb:ie:r~d:;t ·tn-e meas:urente.E;ts dici ~-w ·t1tai. 'tl:te AR waa sm.a.11:e·J:> 

(ea,. 25%) t:halt ~th.at whi~b, wa:a; -,;btai~d PY ·me:a.$~r~ tJ:ie reverse 

~tt-eqt-)'. i.te~,,;ti. the· c:$'Olin-g ~t· tne .1a«111ent. therx¢1$t-r· by ;evap* 

i:r:at10.n at th-e ~por pres.a~: •.t ·t.tte .s~lttti<>'rti 

At tMa- tht,e- it wa-s :dia:iO"v.e~:d. tnat a vapw· pre·ss:rare 

grat=i.i:¢.n.t 'B:pp~tly ex.i$tett ia thl13, <tell al$,». ;tkten a larger 

.s.a:m.ple •t adt.ltttlan (2j "lltl~ .1.lts.:t:e:ad ~f 20 ml~) was '.Wled,"tn:e· 

:meaS1(1'.'e:d ·AR .wa;a ;b:ae~d tt h'e S11al.ter;. 'Thia a:Bi:rt,~:d :w.:t,th :earlier

-~aa~litt.s ~~-b)" the e~1;;$t.'en<}'e flt a v.a.p•r ¢:•h'd'ent~;;o:n ~radi'+' 

.e:itt wa::t e-:stabli.:al!l-e'di,. ·Th•a a:,e. -•~ J1:().:l'ltt:i(D'n; w:aa tis~d- th~: therm~ 

1at~l?.S -w~re b~t t;:·lditer- t• the liq:111:id 1aurfacre- a.ltd hence were 

~-. a regiJ)t rl'tlter Jnt :e.tk'e';I;'" ya.p·~:rJ e1t~-spP:nding;J.yt a ·sntaller 

· · '<'!'i 1 "''WI!-= ·· :.P,;A· · -. ·,*" · ··· · · · · ·· · ·..i- · · e;;:i 'k · ·1· · ·· , ·· t e -· ""' at.1·· ,. .. ,., · · e , o -4~ ~;..1,,.i.~1r ,I;,! WJ;a. p~\o!,ttc . ·1;.1., ,,iY :Strf .. l'elt :, ._ vapw:r · ._ ... ~.if 



t'n-e :sdtlut-t~n tlt. t11te· 'e'~ill :wa~ ·ae· '0'£ :ae'lte:r:ral ·th;j·~,,...,a d~ ts .sjxlv:e ., .• ·.··:.'.'·'~~- .-· '·· •, · .. ·.· . " .. • .·- .. ,• ..... , ·, .- -~~'- - , ... •'. ,· ·. 

t~ V~PQl?' gradl:ent. p~bleni:~;' but thl~ like: the ~t~s wa:s ~+ 
,SlJ,ffl;:ftS~lll :~ 

· · ·· ,..-;,.;,;.,,.. 4,;,;.. .. , · : · · ·· · · · . .P. 'i!-"I...> ·· · · · · · · "-'"' t · 1t· · · ·· r~;;'I th .... Dul?...:...~ •• (~· i~se f..1. .,,,41.~:S,\e' :exp·c.r ..uI~n: .El.. ; ma~ .. ·~~~ .: · a !,I 

l'S:mff~ ·tne al~ tlil <:t~~ f'~··tJite g•t·aJdt 't:t' t~ o:(;}11 

~=a. ti: a!tt~t the ttrrte ~q,~ t~r' the appe:ama,tt~ :f/d t.iit 

st~dy~atA1t:e·j !i1h'e ,tt.~.11 was thce~t~·: sil~~~plir~ tn: the'· ~t~ 

al;d:e1 lea~ :a mttall eLe:a:it w~~w t~ v.1e:w1.ns tke' th,-ea:1:$t~r:$¥ 

Ant~ng ·the J-a.nati~ 1n· te~kfdq11,e t:t.li'e:d in ert~rl ttt imp~~ 

4-'I.. '' ,, ' ' '.i ;,i· ' n~ '' .ti\ ,,;,,..~ .... ,;i:;. he ' ,· ' +.t..J d. ' ' ·tt.,.-. ,,, lt\ri i ', . .j,,.:;p ~~e p;r:-;e:a a,iJtlt ~ ~Be.i;ll.i..,,:~/Qs ·~ t ic. *'""J:,.Q was >"~ Pl?: :a. Qn ~ .. 

'a at:cl;.p ~t ·al~Jnt (.a:itd late~' ail~) f'~il in thie ~~11~ 'fh:e 
l ' 

t'Qi,1 was ~:si~d tr>' a~t, .as a tlt¢:1'1:$l :sh~~t~el~t whe.n tJ1e 

t.h~mi1:rt~r p:tt:a:iti:~ wai ch~d b:y ~tat.ta& ~ e-ell t~p ·\ttttil 

Q'.Qntact waB ·ntat1e w.!'th tb;e'. .t'til, ·Tlt.1'$ a:1.ded in ~peed~ the re,.i!,_ 

t~ ~ the tnel"fiti.t{tt;:r, tl) r~~:nt t~mp$~tln"e ~ ' "'Dte lt$e!)t~lt$ Q:f 

.s~h a alt~t~<:.tr:<trdt 1'.ad b~en:: s:k•w:tt bw $1:ttte expe:rinteltt.$ w\tll 

metha:rtt·l ~t'lbtt,1~: :'fJ>.t ·pa.ta;sar• i~d~ 1dtex-e· :ext,e$B3..~ pe~(lds 

~ 't· ··4".....,..· ... · ..... , •. ···1··· ...... d .p·>. +cl...:· .... ·. 1· . t ... · .. · . l - B ·t.· .··· .... :4-; ... · ·t· .. .. 
: :'. •. • .J.,ll!,9 we·r:e re'q:tl .;re· . .i;. Qr· Ji(J.;;i;e, ~:s .. a , Qtre va ue : ... ~· ~ R~ ·t 

th-e tnitial v.al•ea·* Al't~l.tgh :fairll" ·Sil·~ re.sµTts wer,-e: 1htairted 

(t Clhf%) rlth·lt i,4!> nttlal s:~lllt1<m:$ ·the ·pee1d:ial."' re's~~ ;;;,.. ' ,' ' 

e:f'f;e"¢'ts ~Yi?k Jaad b'e'en: 9)b,.ee:r,red earli-e'r ·with ntethal'l;~l :w:e~ sti:J.l 

prErse,:O:t:.t ~d t~ :nteaa~~ts Wm si;ill f~ t• reqld~ .a ·m.uQh 

l'irHl•· ·· t'*-"" t···· ·:··•· ·1 ·t .. 'th··· 4.-'t..a ··· · 1·· · 4'-h ··.· , .. ~el"'' . ~t;:;' .... ·~· ;-~ e ~ ,. , an; ·li,,Ji;i;~s~ u :Jl'Jg :e~ .~r~ 

5:.: ~- :xe~elU'y Clllp 'Tke~at;.flt ·C~ll 

'l.1lte ~~11$''.lf -t;,hel?Ildst¢tx-· ~~lla .a.l:J. had 'th,e the.riliisttr~ 

lll$~ted j~l"ti.es:11:yi aJ!ld th:e~· ;l!a:s:e Md iltYittlved the pJ.a'C::~ ~t 
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d~p13;· tjf' --~~l vent·· -~d s.'Ji>tl\1'.tiolt -~- -~- ·'tb:$r,uiatt:>sr- lill'S ir A new 

~ll*: -~~sted h,- ~e '(L,esq:r;':1.:J1-e-d in a p:ape:rr by MD11:er an.-d .st~lten 

( ,OJ~- w.a~ nw :e:ltttatl"'net~d.~ It fn•l'1ted the· ~e flt · the~J.y in~ 

~•lat~n gla:s.a. ~up.a .i;ll.tt :which ~e th.er.m:i,et,rs were· seti.l~ st;; 
tJaat 'tll,ey e~l.4 ·b~ QYtred, ~, pania:lly e,~red,'wi th 1aer¢1.Q:7~ · 

tl~d m.cttt~ llt:r;rward ;f')t1®t" the Wt:~ a)\,d are·· 'lfa¢lawtt Ja;i;keted1f 

'The lQwe:r part i:a a ~il'le-r:~pla~d -v.a::a•• J.a:K:.ket ~ugh, :wn1a1a. 

a ,ty;rf t~t• is ~~;...aeal$d at it$; J;~eJ? end.~ 'l1hl.:s divi-d.$:d 

tube in the ~va:~te·d .J~:o'ket; -ett¢'lt,a~:d the tltE;!'.rnl.iat•r l:eacii:S: 

d ·th · 1 ... · . . ·~ . t the 1 · ··. . t · · . t ·the the .. i ~.. · A ;a~, . . ... e . ~:wel:" pa· .. _ .. •(i) .. , ... • g . .a;all .s. ;,e)tt.G; , .... · .·... . .-.:rm. a~Q·~·1'! 

palr rll! ~$W 1tw,;...~sis:~,e ·tk"ermi:s.tc,ra ha'YlllS a *3~<J%/">f:, temp:er:~ 
-

·a:t~ -c~t.f:1c:tt$itt t"•inple·t~·d th:e .n.ew :(}ell~ 

It waa re:a1,Ued tkat ;the ua;1~ :~ a ~la.tt\11?ly larp ma.as 

tt '.nt'$rc.uey Wt'ltld .<:ra.'1.a,e, tllt :e-tll tt hie,· :illhe~.n-tly le'.lits seui~ 

tive th~ th'e' -~th:er cells l:l~:a~ tf·. 'ita lar.ge. he~t eapajit.y:t· 

h\11,. it :W:$.ij k,ped tb.a"i; tb;e ~ell ~1,tld p~Sl'1~Jll$c th'¢ ad,ra)!ltase.s 
. . . 

...;,p· ·, t-· 1,1·11,t· , ........ ,..::i -- · --,.:r-i,., .' -r-....1, "'t- ·o. ----._.i,.:.""'~ o· ·. '1'111. .• ,1,. · - ".'""'·;,;t t'l-t· ··1t · • ·'Iii!&, s a. . .Jr .cui4.l rep ..... ~M~l'lLv .M<.1 :r""':p'.1,·,~~.l,J. ,y ,1;'ilill. .i.:e-+ ... ~:i;µ -.~,.o e~ 

r·· ·· t· he.t- · ll ,,r ... -¥- :q,.e_ ii 

A 0, •• 15 ml:ji· $:a.mpl~ -~-r- a~l~nt a~ an eql(al :a:IttQ~,--·~ s.~lu<+<' 

ticn wel:".e pae,ed hi tlte :ops: t~ ltifng eap'illary tubes that 
• .-,. •' • • • •• • • ,, • • • • • • ', • , ,.; • ' • • • • • '• • "-~,· • ' ' • > • • '; ,; '' : • " : ' .. ' '. • ' • • ' • • • • • ' ,a ~- • ' '~ : \ • • : > • •• 

ha:d ~;a: ]11:t"e,ti.~ly <ealib,ra:tei~: --~-- la.~r&e · ~~~,la$a t~p 

(.I 50/50-}~ .• wa.a .taste1£ed wi.t.h. rllJ:fb~:r· baitds<i. 'The ~r~ll.17 

wa:s. :.~a~t'llllly :weighed art;d an: :eq:l$.al allt~t w.a·s pla~d ill 

cea'e:k oup p~1.!tll"' t~ a. 'nteaau.remett't-i ~- 'th.'¢~ist,:r-& wtre, 

:s~:ale~ iit tl:J,e· eltps.~ :Ouc~ :Q~nt ~a ttrat 'Jla:edi t.h.$.n: ,11.sih¢:i:-· 
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'*'S:ea11tr,t was trt-ed:f a.n:d tinall:r a still more aatis.taet~:r-y 

'O'emen:ts sQdiu .silicate :s0:Iut:lt.an)1 was used~ 

In :~er· tQ: f'<td.low th:e 111ea~nt:s graphic-allt i' a 

.Sar.gent ~el XII P~la:rt~ph wa:s mtdiffed. and u~:$d in emi,;;. 

Jl.{netl~tt wfth: tm.,e null~innieat~r·~ P~to~phi:~ r$~~rd:a ·Qi 

·the res.ist:an(re change as a ft;Q:t~ti~ ·~ ·time '.Were 111ade in tn:ls 

way/., A fa:Ert pe~:1.® ga.11ra:~.lll..eter wa:s ua:ed 1n tJ::te :S~nt in+ 

stI'ttm.ent1:c and ·C)ther 'mw.dif'iqatltna wel:"e 'lna:de sp that on¢ ~t)uid 

detect .a 0~1 e1hnl: bJ?idge :unha.lati).e.ef 

'!'he· ph.(')-'t.$g.raphs tl>btaine:d :sh~ tne sam..e: pe:(rt1+iar \~.ffeet 

:n<a'ti.eed With: ether· s~lut:i~ns U: the· 'tthser th¢rnµ.s;t~rr, .r::elfs·j; 
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F'¢.lzt ·exanipl'.;e'.t, a peak; in res.;istal1i.e~e· i:4'¢'U.~ed within a few se.o~nd.s, 

atte.r the s~lvent was ap:plled {tk-e Wt:ial AR b:eing ·taken with 

s~J'.u;ti9n already in t}a.e c;lll.P) ,.,. a):l,d this was then ft.llaw-ed by a 

de.·c~ea:se in v:e·ai13t.a:nlZ'e o:· At't~r- the re's:lstancte reached a :mini~ 

mum;., 1t aga;tii; intreased ·1:;a the: ateady~state val1:1e.io" SirtO'e all 

e:f' this ·u.m1ally o.·ceurt"ed withm t~' .:tirst. m.inute·;-· it ·c~ld 

nft be ¢,b:se~d 1n detail with: manwal r:ee:~r*d~ ,, the data,, 

A ·a;rawing :¢!kt tkis; rapid pea~ :ts shtlwn:· in Fi-;~ i·:.t· Q¢cur.1;ing 

:in th·hr--caae n .a1n1:n.1t ten ffe·t,~;a, :att.;era<tl-yent ·hail. lie~·pl~eed 

in.· th:e ¢'u:p ·jp:· A'rt :ether s:ollt,tl'(St:ri -~;r phtJaa:lat-e at. :a a'~c¢entra tlQn (.lf 

a1><)ut o"5 in.,lal wa.a tts:ed irt :thi's ;$.xp~r"intent~· Th.e stra~t lines 

at the· top Q.f ·the· drawing ah,w t:ne p1atea-u ·(Or- steady sta·t.¢··~ 

M!i>st $'£ ·the inve~tigati~ wJ;th the :nteJ?cury ·c:ta.:P c'e+l w:e;J?'e 

e~neer'ned with. (1) a s1a1dy Q'f th~ ·~:fl':eret. ti' 'diff:e~nt wtighta 
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it ·m,e~~~Y in·' th~ ;¢ups. on: t~e· :~etlslt'i:vitY.r (2) th~· e·tte,<:t ·or 

·:c11t~ 't;h(r te~ratl\O:'e :fil::f' tke s~lwnt a.ppli,e:d·,, .and (3) the 

rep~clu~lb:i.lity :fift ;the ~sis:t:a:ne·¢ :eka:nge.. Jn general i't was 

f(?und that the~ w.a..s n~ t~~ .tn ·th-e, AR sert:eiti'rtty with th~ 

weight ·rd Jtert\3:rf -~-yer: th~ $1tg-$' · ,: l ;w; 5 tO" ·2 ~ o ~~s1~- Al st') 

rte:): a;pp-vecc!ab:;te di,tf.e~tie:a ~·;siJ:lt~d: in th~ AR va111e·s. with, ,a 

.$i:ve.n :~~l•ti!irr wh~ ~he t;ern~~t~ tr 'the flqlvent applieo. 

was: -varied f'r~ 24,!:l t:a. 26:0 -~ 

:rn ~ne:r.al thee pre~d.si~ -~·· the-··ntea~u,retl'lents I®:de with 

Alth·· c;,n,.i:, 'tw=>·mr 
. . . ,_,.' -~~ -~--·~·,~-" 

~table s,tea-dy state:s '11't,en re·$ltl1;:ed ·ua~ thla ¢-e'.l..L;. it ·was . 
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f;'/tmd . . t h . . . . " • . . .. ' ... · ..... .1. . ..:i ,.··. . . . 3L. __ tha,., t e· ~ll. was nru;oh l:ea,s aen~it:lve aiw.. a ·~h l~~r 

ittm.e was :-r~t1r1~.ir-ed :t:"l;" -each mea~~~nient than Yfith tn¢ ·ee.lls 

.$t.)1died earl!exw-,"'. 

Be:cta1ltS.$ t.h~ ab~Ye dis:ad:~tt:t'a~a. 'S?Slll~d t:t·. '6lt'tW¢lgb: the 

a:d:v.a.ntages, .. i.t was de.c·ided. t:G- :disJ:,.~tinue wprk with: th-e mer~ 

qtwy7¢up cell itt ta1r~r trtf th~ :a.t.de-*iaa i;ell p~Vi~tly )la'edo 

SinQe th.is de'll appea:r$'d . to· be the best :~f th:e' ~ells :stltldied.J., 

be~ Jbn.ple· in c~nJ.ft:r1.te'tioit .a.ntt nta.nipu.la:ti~;,· . a ~a~~~l 'e;x..iio. 

· m.ina.t··:to .·· .. ,..,p, ~'I...·. · ·t· • ·· 111 ' ·t· 1>,;,· . ·· ·_·,""' •d ·t· · 't'I,,,., ·de · .. :'-,;f ., a··· .. ··. . ·n ~-+ ,!f;fle su,1.._ab .· .ty f'+ ··---~~- ~t~,i,Q· .. · .,~ .~a.e .<.te:,l.::i~n:"'."' 

ati.Wl' tf'· the a)r.tti'r:lty ~- ·a· ~J:«tile, ntrl~ s~l':ll aa. ,~tJ®X" :was 

·~w· 'wld¢';pt:alt~j; lt~;ng t.he si.d~~$ ~l.l~, ·-· ·th~ --~±de~a~ wa.a 

'~t lrl~fie'cl s'l$.g)J:tly ·tn:: that :a ~11 ·ttgltt*.tttt.inS ~k was 

pla®d fit :t)re end. ·•,r the .aid~ a$ t\iae·>" .and t,hr'.~ -~ c·:,i'>k 

a lf2):~ hyp~'tl-e$1¢' nt:fed_:te ·was i'nsettted .. ; Ja:-el:\ .meas:~nt w.a·13 

niade by :t'ent~,r~ tne .s.lde am c'¢:v.e'r and pl~:q·l~ t:ne · tip ~ a 

mi(rz•Qpipel i:n't~' tJ:a.e. .end Qt the· hypQ"d;e:naic n~,edle 1' The ·:ether 



wa$ tlt~:~b·7 t:ra:naferr:ed t'i:i;-:st t, the h7,pQde~c :a:rid .finally t~ 

the t:n:el"lld.st~· tipi· The antf;li;~ 0;:f" :$'th~;r n~:eded, tQ: p~:cl¥ce a 

·ct~·p :~£ e:~t~t s:i.ze· was .app~nra;.te.d rts\Uitll:y ':ea~h: t~..i. 

'Tke nt~d:tt·ted st:de~m: ¢:e·ll waa. t~:ited r~:r :t"ep~d11tr:tbili'ty 

wtth th:e s• 0:~2 :ntflal s'.Q'lu:ti~;t'i:. that n;ad ~en 1ts:ed :Wltl:1 t11,:e 

T:w:el Ve ·meaS1tra:ll.te'Xtf;iS ltSi ~0> the new ltJ:W;i..;.·· · '. .. 'I . . .. , . , - ·, , .·~, . !, ... . , .' .. 4:~ • , .• .. ; -~-. , . · ... ,•,. ~ 

~siatar.tt:e· thel'ffl!s·t~s ·s~d a. ll!e:an deir.iatitn: ,t le·ss than ii)® 

pel?ct:e.n.t·i> ·T'lltes-e ·rneasnement.s ~t-$· ma:,te taking the ittttial AR 

with b:Qth ·tn:e~st•~s dry,i Bl.ld ma.king tne nteasne.rrien.t with the 

;r,ef:el;'1en~· (s~l•tl~n) thernust~:r· als~ dey~ ·The· o-ell wa·s always 

kept at ~t:mt:s.ph;J:nc~i,e p~;ssw~ ;by nre:a,ns: :~f:' the eaplllaey t't,tbe 

ve.· l:lt en t·,..., · .1:d · ·· . Jn1t . . . , .· . , . .. t,!,'.l;e s . e a f, 

~ls!I e.l~t'¢'d 'th~ pG.isrsi.bl,llt;r ,t ,~ ai$:Pl~em.~1ilt tf vapp::r· 

.f~nt tA'¢ ~:tl, :s::ucl'l a.s •;r ka.:ve •«~~d p~'Vi.Q'liialy wJ.1te1t t);l;e 

· mi.al"'i:lp.i,p:et i't:selt· ·wa's in:s~rt.~dr ~.·ace· me:al;l~emtnt.s were ,ma:de 

using a si.lve~pla/ted ~ell w.itk \twt. small 1i11$ilwred Win,d¢we 

. (;f~i)at and b~k) f'j:t> rtewJ.ns, the.· thie·~:st®:>:s fl A .20 ·m.:l ti. .s:amp l:e 

~t ·.s:¢11.1.ti:• wa.·s placed 1n tlte :~11-., The ¢·ell walls- ~e::re lined 

witll ·i;hic:k; absJ,:~ben:t pap,e~~ 

;rt was de:c1;d~:d tt, ':be·gin tl'l~· a:etua.1 calibl'att~ ;rne!aal.t):;*e,.. 

ments-;t'-th:at 1$·,t :a stµdy nlf AR n.~ .s,111\lt:e C'Q'rt~mtitn1r 

hes;inidng with: a s:~l'lltien -•t abJl.it o i 08 inPlal with reBp:e.1tt. t¢): 

p:b;tha.la:~- a:s. th:e ,Jtlt>s't dil1ate s~lut.1~~ ''.111$·· pree-1$.i~;rt· c¢tft,ain:ed 

w±;t;h thi:a s~llrti.~ ·wa·s nt,t. 'Yt$'r!Y ·~td-# n~weite1::·i· f'<ar tla.e. AR va:lu.es 

w.eJ:"e in tke· ~ 11..,,,15 .flhm:s and we:re· meaa~d t~ ·oruy o~:l ~hnl~ 



rt was ·~~t·ed at· th:is: t~Jrte tnat· t,n.~· the:enti,$1.¢:r· might 

theI"niall ;y..,._'te-,.1,,t. ith ·t·~. ·. · .;.+..'i... - be . '· · .·. ,.,.:.,;. t'L.'e1· .. · te . ,. ~ :t ~ ... : .· · ..... Y. ;,.ut.: · ,..:a.~ . w , < . .1.,.1,e ,.,~,!ii..~~· :- ea~s;e· ~.;i;, # .. · r· :; m;p ;ra .1st . 

d!tt~~·aott~ Tld.$ :w:a:s. sho.:wn. ;~ be' '.the e.a~'e b,y nteas~li1i;t c:t! 
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the re:siat~t:e· Qt' 'the ref'e'.t"'enc:e· {dl."7) the~st~I" ibt~ 'the 

·~tliJ.'.rS:e ·~:f'> the e'Vap·~:r?at!:.~n ~t a ·dir·~ 'i.,t :a<tl 1&.n.:t ~ It :w:a:s. :e;~Uttd1 

t.~r· e~l~'.;r that 'tke ·e·.0,11- ~~a::$e:d; the ~siett~~ ~ I1-

q·aJi'£;1zt by aa -~ aE! .. ~- ~imm~'. ltt:t:t.Ma t'$: ·eliminate ·tk1.a :¢'¢).t>ling 

.ilt~luded tlte: c.~t~"rtiQ'ft .'1:tt ·1rain;ollta· f'Q):l}JlS ~t 1>,a.ttlj;.s,;.;,, 'F~~ ·ex~ 

am.pl:e,,. a: :s.~,~ir4'.ala;r:" sll Y¢:~:d~ila~.a al·fteve W:a~ 1.~~~e.d a~lttld 

the ttef·e,~:n¢'J~ tl\'.¢nrtis~l;'· in: ~ su.,lt a'tt~lnp~i wnile' ill ~tn~r 

.an aI~ltnt £J;1l w:~s plac,ed b:~twe:en ·th~ th:,ermis:t1:x~~t. ·:it.nie tt 

thtef:le xno.11Uiealtt1t'S we~ :ent1.~1y eati.ataettnri h;t~ve~~ th~ 
t..,o·st: c:f••111l:· ,,,+.11.$;,,1., S:e'"""""'61d .. +.,iiai.. .,.,. .. e· 't·- i'c,f·•"I '""'t·· •a. ·t·· i,.e ~;.iS:e· ~-~;,.. "-1,.,..s ........ .t S~l'i\'~· 
J;J""·· .· -~~-, .. 4lil..~-~~~~ : , _,. 1~.1.•~ . .. (!~~ -:u.. .. -:s, _ .. l'?.~·~,- "'~ . ~(l.i ., ~~~~ .. +.--.· '""e:~+~H ,.w~-~147.I~ ..... 11~~ 

,.pl$'t¢1Y·t' ~::t; ·;tn·· ·e·tte:et7 t~ ·-el1mbmte· it·• 'rl:d.s was a:cc-•pli~.hed 

b · ··. · · :i-.1 .... ,,.,. ft ht · 1 · · la . *"' h nd · it1·;;...~'i,\.,. it m ·· 'tller W 1n,~, ....... ~ . ·" ·a . JJ~ s aa vu. 'e a < PO'S ··.. ~"'4J,~ . . • ·_. .-: -~ . . . 

p.ar't ~t tl\e hatl:i: whe~ · it a~~,e:d nte;rely tP: c®:n.p.ena.at:e :ft,Jr tem~ 

p'$-rat'!are :f'lltnt"U.atl~s~ 

·The. n~xt ml~ etn.~ent:r-at-eJi 1i()lttt+Q:n was o * 2 lri.$1:lal-;- alilµ 

it was. with th.ts: -s~!'u.tiQ11: tna:t a new t.e<ch;rdq)1e was dertaed . 

wki.e:h was: ·111t~te'ly ao:mpttd ·:t•);\' t~Et · remainder ~· ·tae' · "1:Jt~s#

ti:~ti~nt F'i::rs:t a dr~p Qf stJ.:veitt was p 1a~¢d ·~n tlt-e sflverlt 

tkte:eniiit<,I" a:nd t~-e :st;ea'dy;~s:ta.te pl~:St,ea:a I'*e'.t:tor'ded .(>) ~n a 
· · . d d . .. ·.··.· . 1 · d . . . th ..,_,;..; nd. t~ ...... ~ . ·· ;ut· the · 1 t· B ·' sJ~!q<:l)tl . ~P WJs p ace. ~n . , , •e w'-'e'. . , .a ." . a).~ aia ,, ... . · p a ,_ au 

(;)b.s,ery~·d-. Atttt.r, ~e 't~ ttD:~ sliie<i:t :repeate'd appl,i~aiti~ tke 

platea'tl.$ il'e~i 't,t }l,e .. :i,eprl>du~ti:lil\e.fii Ill t~i$ manner tli~: ,q.,n:;...· 

~entt*a.'t1"11 I"~ ~ ChOa Jn'.-.lal jt¢r 2 .. l{.$ •la:L pkthalat;e- in: 

:et.he:ri w.a:s. e~red,i 



-Ea~h solution wa.s an,alyze4 by the evaporation method JnQ 

its eoncent:ration determ1ne¢1"' The v•por- pres.sure$ were obtl.in~q 

from t:qe vapor pressure ... con1pealtion curve obtained earli~P :1.;ri 

.the investigation. The differ$ntial v:apor pressure range 

covered. was from 3.2 to 6~.7 ntm:o·Hg .and cox-responded. to AR 

values from 15.l to 304118 <ihms,. 



•yJ,),pQr ,:et-e~SI.$U:re .~~as~mel'it$· 

Aa :d:es·c·ribed ·undeJ?; lhe ~~pe:rint$nta.1 sex:ti.gn ·1:;1::te yap~:r 

p;resa'tt~e $:f ;ethe:r-· in the di,...,n...;l:ttttyl phthalat~*"dLethyl etn,er-· 

syaten1. was mea:s~·d ·ove;r .a 'C~rtttent:r:.ati•tt ·ran~ frtm o t.• 2 ., Ss 

~lal with ~.spee't t~ the pht,h.alate t.st~r at 25·01c;t ·usbtg th-e 

eonventl~al sta:t.1¢' 1ra,pc,:r·~pres;s~ i;,eeb,n1,(fU.1:ro These da t,a a:&e 

p;re s:ant~ed lrt· 'Ta.lil$ 1" an.'d a p-1:~t titf v:ap~r pr,e a s~l?'e i0:we~ 

v:a· .. m:~1ali'ty !$ M'Q'Wn in· Flg,i 9~ A gently $!~ping ~~ :ShQW~ 

ing ne:~t.tve devia.tia1n; :tl:1int ~a'•lllt:ta law is P:btained.~ :By 

t~ methQ'd ~;f?' lea.at sq)1.a'.J::le·$'k ientplri~al ·eq~:ati~ns ·e:xpre'J3·a.:tng 

the vap~ pl?e'aauX"e and pt"e:s:s~ :l~we::i?ing .i.Jrt· ternts O'i.' ·the· a0;1~ 

u.t~ rrutlal.1.ty we:r~ .tct1\1.nd1 thee$ :a~l 

(5) 

FX"Ottt the ab:tYe :eqti,at.ic,n:~, vap~~- pre·s·S)ll7ers and s~l vent :ae:tivlt.fes 

we:J?e eal~l.at:¢:d at c~veti:i'e~t ~n:e"en:tr'ati·~na·-:qver tl:te' -~xperi-~ 

nte·ntal ra~ ~,· The :G1hbs+D\itl,$nt :eq:ttatitJrt was alsQ: s;l"aphie:ally 

int~g;'.(t'ated;r, aa ~11.:t'line,d b:Y ll•tz (24) 't' t(;;): give the· .s'Jlu.~ 

actlvlty a-nu .a.rrttrlt:y e-e'tti~:!ent~ -~ a~tinty data· ,~ the 

system. are giiren ;it:t Tab.le 2 ~ 



TABLE: .1 .. 

Vapo:r Pressures of Et}ler .in the nt,.,.n-B~tyl Phthal,ate ... 
' .. _ .. . . . . Diethy;t -Ethe-rs. ·System at_ 25 C . 

[Vapor-·P:ressure of ether at 25°c = 537.0 mm. Hg (I.C·/r.}] 

:4.P in.. wzn~ Hg 

2.8 

6.2 

7.8 

llo4 

14.9 

18.7 

21.7 

25.7 

27.1 

}O.l 

,3.3 

· 35o0 

39 .2· 

40 .. 8 

4po5 

47-,4 

5lo5 

54.9 

59.1 

62 .. 6 

65.2 

70.0 

76!8 

. m, . 

0.079B 

O.l90 

0.2J6: 

o,.319 

Q,.429 

0.558 

o.665 
O.oe76l 

o.~31'1 

o_.95-2 

1.06 

1.~1:; 

1.26 

1 •. :3:, 

1 •. 44 

1 .. 59 

1~74 
1.90 

2 .. 07 

2~~i 

i.:;2 

e .. 55 

<2.85 

. N:a:-

0.00588 

0.01389 

0.01719 

0.02310 

0.03082 

0.03972 

0.04697 

0.05339 

0.05802 

0~06-591 

0.07284 

0.07-728 

Q.08541 

o_.08973 

0.009644 

0.1054 

0.1142 

Ool234 

·0.1330 

0,1413 

0.14~7 

0.1590 

0.1744 

60 



Figure 9 

Va.per Pressure Lc>wering vs9 iviolality for the Di"'"n ... Butyl .Phthalate .. 
Diethyl Etn,e,r Systeir1-.atj 25 4 C 
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Actlvi ty Data for' the :0,1,,....n ... Butyl Fb:thal~.te~D;l..~thyl Ether 
· · sy:stem at 25°c ·· · · · · · -· · 

·.- NL . 

0 _.9854 

0"9712 

0.9574 

0 , .. 9396 

0,,9274 

0 .• 9158 

0.9049 

Q.8947 

0.8850 · 

0.8755 

0.8670 

0.8589 

0: ._ g·:.5·1-~. 
• . --· . .,I 

o.8442 

o .. S373. 

0.8.296 

0, 9868 

0.9749 

Oo96J3 

0.9484 

009382 

Q\'9287 

0.9197 

0.9::J.14 

O.o.9Q35 

0.$959 

008894 

0.8831 

0 •. 8771 

p.l37:1.9 

008667 

008.611 

:::6 :-
1.0(;):L'.4 

l .oOO:,$ 

1.006~ 

1 .00214 

1 •. 011X:6 

100141 

10 0-164 

1.01~7 

l O Q-?!.€)9 

l.Q2Jl 

1.,0258 

1.0282 

l ().; ~f'I-"" 
. . .0 .. :: -it .\:/J ii'' 

1.~o,~a 
loOp,51 

loQ380 

. , ;Ng 

~.o.QllJ.,61 

Of!,02B79 

rs 04058 .w ov. ~ -. 

:(!)).0604 

~,.,0726 

¢) ,00842 
.-

0<~0951 

0 .• :1053 

©~.1150 

0.12·45 

0 .. ,1330 

O.o.1411 

0,.11+87 

0.1558 

Q.1627 

0 .(11704 
i1 '. ' 

. •.· ,a.2: ___ -. 

o .~01:,93. 

Qo02625 

0.03636 

o _.04874 

Q.,05682 

(,)~06402 

Q .• 07064 

0.07661 

0008212 

0 .• 08741 

0.09194 

0 ?09613 

0.09994 

0.1034 

0 .. 0067 

Q.1102 

-- Ya 

0 •. 9535 

0.<>9118 

Q,.ip}9 

0 .. 8070 

0.7826 

o~ 7601. 

0.07428. 

0 .. 7275 

0.7141 

0.7021 

0.6913 

o.6E:l13 

0!";6721 

Q,.,6637 

0 6-·5_h_' ®_·_· : - -~-- .:· .-. ;;JG 

o.6>467 

62 



11$--~'.·~~~· 
~ .. ·~ .. , t,J?· r:•mp~~. ·:rali•~ ·prtf;s;alit~ il\1re:s!t;tp.i,(e;d 

.1r:1,: tla1$! 'ft'.ttea~ijh: ;d'~pends R' t• atta~litt. ·t:t· a. ~'t;¢·adt ~'tat'$·;,.r 

·t•t ·1:~·i· B -~-~lib~!,1m1t .s,t:a:tl .. q ·ffttfte·~·· In t,hia· ,bl,?e:s~ 

tl.pt1tn~ k~v.~~i'.' .~ d~ ijt· ·st,lw•t -·a alJ:t~~'<i t~· '?P'P'~;,11at~ 
"~- •••• :: ... ,. · -4;: .... ai;< ~;.;.,,. ·' ·- · :.··· · · ""' ·· · ·1· 1 A- .,,... 4.-;h .•· · ·- · "·'· · · '"""l!!i- .,. ........ .,.._;j,, · ~t.:,;.,. · ·' 1 · ·• .·· ., •. u,: ~i .la.kfl\~p,~~- :it~llf~'' .:el,;4 li,l:f ·~ •:e' ~p~r ,~,f;,es~w· ·~ 1,1(.f~ ·~· -~ 

ti#A'i ~ ·tll,:e: ef~g)~,1mt a,;,11~· ~ft~tt'ti was ·a,,et~eted b:7 ~- .:tn~ 

:f:#~11:$~ .fi:t· ··tlt.~stt.:r .n:a.i~tQ~,- As P!t~'Pe'd 'tll't ~ .~·· :•~1&r 

se~ti.tfxt, •t~· ~:at;tgat,Jl;"'a ka:ve: -;empJ}~'.fed, il' :s~l~nt 'ah,:ap~er,e'' ' 

· ~ .... ; *'"""'°'1' ""'·· ',o/fi.tisa' •g'l'i,j._.,,,.,l!(~~· ... ;., ~ ..... ~;~'b,; -~·<>'!:!·""·'"" . ..,,,~1. "t,j\;!,>~t· · ~'~·~e'ti\•i::t<O'o . .S'I<'.\ . ~~~- ~;.~ ·-.-~- ~ :~-~~.g,Jl~·..t;·ii-;"-·P"' µt,; .~~~~t: ,~,~~-~ .. ~ -~~- ~=~*'"-: ... ~~~.1o;~.-~~"i,,,,:Q. w..,a..~ 

• .•fit ·tr1n~~littza)at:i~~s ·t@ ~:at ·. •t tr~¢1e:ttm1t1~ ·tt Et~l~~t ~wm~t 

p~ ~~naid.er:ed :a:s ~=~ t!lltirt.a.n:t*' Aa1d'$ r~ tlte:se th;e~~~ 

ti~al. •drawbae1t~ · 100.a p:r~d.~ d•$ ~ire·· t)te· ~ni,v~aF :,t· 

·mai1tta1~ ,a; .ijt•tut partial pl.:'e~:aue· ilt t~ ~t\tnitt~B 

a d · ·.·· .. · ····- · ~···.· ·· 1.1· ·t""t · ..;,;.;. . .._.t.;~ · ... 1;: i4.;.1······· ·• · -ct·· .. · tt,.;...:,;., :1<1~is ... tl; .. req_1:i:,.&....1,~S ¥~'1!1 .. ·. < .. ,. ·;e: 'lfif..1,, ~~· S.~ lit-1(1; ·~~ ,.r,·~~ .A .. ~ p~Jf,,..: e · 

~.t ·at¥tdf~ .a~ttl"itlea-,; lt~W~~; 1.t ~d bttt~r t• ntellts~e 
\he t;em.pt~t~· ¢t.:cl?eas~- aria~ ~··· ·the' i~'Vap:,rat~mi ·~ .a 

~ttP 1~· a,·1:,t~'t ~n- .:att at.llt'.w:iapb.¢~· .~· B.,lwnt ·~P•l* ·~ 

par~;tll P~'allia,~' wat ~t:erm,w~ b:1 ·~ .a.:,l)J.'ti!li '~P~~ );)ress)lre;~:· 

'TJn:e, data p· th~. ~-~a'4~~~tate ~·$~$~~,e· ~- t~ the 
di;;;;i.'·;.;.:,..,-,t 1··· ,i,,.;.;.:i..,ft,1··· t' > ··~d:ir'. ··~1.. .. 1: ·~·~·· · ·· · ···t··· · · ,. '<' .' .... ·t·'f.i.e ~~· ,··f' ··· .... :it.,1,/U,:;f .. P~/!iy,!I~ a.,'e'o,',,S.."¢,w11,Y. ~!k,tq;.r' ,a.p,.e:nt.~::t"' ,,cllll;;. ~ ...... ~ ~-

t.t~n~t~\;1.ft$. frtin 0 t• ·2 lf4.1-l) :nt~lal w!.th a::~p~¢:-t ti lii\ili:~ 

Jt•t;yl plt~law :R~· pre-~'$ll.'t°~'n irt 'Ta~~ ·'.$.p Val)!$':$; ~, Alt t~r' 

:~'.r1.tt1~$'. at ·j·~ ~·~,e)l;trat:t•i:t ~·· •~•, ~e· '~·t:taJtes.p~ti1ni 



TAJ·.·.·.··· ... 3·· .. · ... · L:E. -• . 

Resistance Change.s and Vapor •Pressure Lowerings it 
Various Experiment.al· CQneentrations o.f Di.,..n ... Butyl 

- • . · · :en.tbaJ a±~.- in. ,Die:th:yl Ether at ?5(>0 
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. m. 

0.0827 

0.2057 

0 .• 5052 

0.8034 

1.019 

L,481 

2.031 . 

20483 

iAP* (mm.o. Hg} 

3o2 

Ave. AR (ohms) 

15.1 

Ave .•. % .:oeviat:ion 
4.o 

7.3 

16.8 

25.9 

3.2ol 

44.8 

58~5 

68.7 

32.4 

75o2 

111+o4 

141.1 

196.8 

259.4 

308.4 

0.93 

0.53 

o.44 

o •. e.1 
Oo05 

0.11 

0.78 

Af* • vapor p:r?ssure 1~w:e:r\l:n.gs .ealcul.Jted from least squar.es 
equatlon. 



65 , , . 

g:tven, in ?ab-lt 3, al~~ with th~ ay;e~ per.crent Jl'erl:a.tltn. ·J>'t 

·-each: ·va1ue;.. It w.1.11 re n.Qi:;i.®d tl!tiit. t_he mo.st dil:ttt:e -stxl\ilti~n 

has t:he g~atest deviati.tn:~ Ql'*eat d..i:f't1eu:lty was '?ttcJ).mt,e:~d 

iti get·ttng a reprodu:c·ible v~l•t ~! Axt at thia e~?en,tl;'at.i'On'i, 

· A pl~t ftf' AR ag~d~11tst Yapq~· p-~~·s~e.- 1uw-ermg (Fig;,; 10) .snows 

a straigh't 1~ wi'th a sltpe· ·Q;f -4~32 ·•hm:s per •~ ltsl!· The 

~urve teltds ·t. d-e-viat-e sli~tl7 :t* l:tnceal:"'ity at the highest 

q~~ee~tra:ti~n.s:;;-

rt wa;s .t'~l!titd that wherea.s 'the: ~ve ii y,tn.g the .X:te:siataM'e 

:e~se wit.k t.i;ln~ ~:aeh~·d a; pl.atea14 .a't tlre s tead.y ·1Jtat-¢ t,r the 

'.liif;il'J:¥e dilltte s·qtl)ltiQ=·y with tht!' .ntt'l,re t;'~nttentraterl s~lllti~a Q!ily 

a :m.ax:Ptturrt t"esult.ed~ 'Thi.'s p~b;ably :t:all be la'r'gely :attr!l:>111:t:eo. to 

tlrsre e·xtl"'.ente1y ;r:rap1,;d ev.aptrati<tm.' ~t 't.he· drip Qwi:ng t« ·the lar-ge· 

d:i:fferenc~ · in th-e vap~r p:r*es.sliii'.;l;l~'s ~ ·the s:Ql"Ut:iJ.1n and · sijl -vent 

at tke hl~~'lr _c;¢1tn~entrat1~n:et'l> 

Ide:all~\t' at ·the steadt,.:;ztat'e t$pera'tlt:r-:e· f1::f' 't~ s~l-vent 

¢:'op:,. th$ Yi::tp'$:r pre·s:s:ure :~f a t~er.ntal.ly~isQla t;ea s~l 'Vent drop 

equals that. t,J: the :SQ'lutiQtt 1n the t:1:lerm¢lsta:tji; Alth~1.1gk the 

t:empe~~- itt tke: s:te'ady st:at,e· ±a e~tantt .a:-s:· '13"~· l;rt tnse 
plat~au in :the resistah~a~tilrte nte.a.sli;tr,eni.en:ts:¥ it fal.l'.a :sh9't,t 

c,t' the ideal tal'.tte' due ·t~ hea·t ltlt-s$'.e~ arising fr:Qlm 'the t1t;e·rm.a1 

<t~;U:dl.lc:ti rtty it· th~ m~d.ium.: (2) ~, F:rtm the propert.:t~s -~ the 

:s~brertt ~d t.~ :s:tit11ati•:t'l the the(),'.J:11ft1cal m.ax:t,mum t~JJIP·$:rablre 

.lowel":tng :¢:an lll'(t eal·etLlated-1 a:nd hei:tire the· thet'lll,al et:fieiency. 
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. \ 

Figure 10 

Steady,...state Resist$.n(.}e Diffe.l'f-enee vs o . Vapor PreJ1J$u:re tow~rin,gc 
for the~-Di ... n~Butyl Phthalate,..,D!ethyl Ether ·System 
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Uai~ tlle exp~rinte'.ltl;-pal st,eady~s'tate !.'esi.sta.n:c:e;s;r thermal 

:e'ffi,ci.:en,t te,s: for· the th:e~istj:l?' and cell wei'e ~ale\tlated 'as 
• . ,- . . --·: . .· . , · . · . · . - . ' .. 

ft)i)'11.~w.s ,. J:rr,~,111 th:e· m,eas~.ed r$:s1stan:c'e :Q:t the ,s,~lve:nt :therm ..... 

1s:t~1:- ·at. :25° (22~0 -~,6 ()MIS) and :the empil?i~al e·q_lia.t:i.Gfn i'Qun;d 

fQr its r~sistan¢"e as a hn:<fti~n ~t ·temp,era:t-ur,e 

thte e:x:p~r'.int-ettt'a.1 :temperat;,u.re- l~werings wel'e- g~mp11t,e'd i These 

eal¢·u1.a.te.d temperatal'.e ;d!f'J."eX":e,nc;es W?:rte ,c;onvert~d 't$ press1tre 
' 

diff:e~nt,e·s: fr,Qµt the l::tt:¢r~tur.e- v:.alue,s et 'the vap~:I?' press'Ure 

Qf the splvent -(e'tner) ;:;'t v.ar:i.il:1$ temperatures (15):., Assuming 

:the v~pij~ tfr•essn:r,e,-..•,ten11¥e~11rt;~ curve t ~ he liil\$aJ::> i,n th.-e 

regi~n: 2i'""'25 °(? (rang:e ~:f'' ·ex:perlmeritally meas1:1J?ed ehaX1$es) -~ 

;t;l'ler claa):lge in vapor press:N;J;iie With. tempe.ratu1;e was ,ft:und tQ be 

0 ¢JC - . ·- - /O' lei_bQ rnnh, . G.~ 

tempe.rat-iX~es calculate.d 1?'.:rwnt :ecn:xati.Q'n (7) , , the vap~:r pressures 
. -~ ··. . 

~:t.' ·t1:te solution.$ were c:ale111ated-., Th;e· ratio; (11) ~:r 'th:e '.ealctu.lai 

va;p0l? pressu<re l~wering (Ape) t~ the manQTite'.t~cally measµred ~r

m:axi:ntum v;apo:i::- pressure J:Qwer~ (AP\~;x;p) read tI1Jnt a larie>+scal'.~ 

·pr(\)t -~:ive·s .. a meas11re ef' th:e el'':f'.''iei:enoy 'i'l))'f ,the m;ethi)·d,. and 'the 

va-llfes (1@011) a:r.e lisi:;e'.d ±n Table lh Megleet~ .the ~s.t ·: 

vaiue-* it :ts seen taat tk~ e:t'f±.crtency :decr.~as'.$s .s-l i1htly with 

an; .a;pp:r>~xi11Lait1:::dy 30 ... ttld i~ey;e:a:se :tn r;r~ncr~\$t!~,~i ·trn~ AR 

value t'~l;" the· JQwest a'tn<::entrf1ti~11; is th:e Least ac®".Ut"ate a~d 

tke aonarm:ally !ti~ ·e:t\t:ici·enqy i'~r thi.s s~luti~n (~re~ter than:-' 

100%) is (l)ibvio1:mly d-ue tl:1) experi:rn:e'llrtal I~rr$'r.; 



T.'ABLE 4 

Exp:e:~int~ntal. :an,d 'TheQ:~et.i,t:a.l Ett1e1en"ey Data ;f'(.l:rr t.ne ·rrn.ernt.O".;;. 
ele·e't.~l~ M~al:t'ttrelll;ell.i;. i:)f' ~,he: Vapg;:r· Fre·s·su:r:e :r;£· J)i:etql Eth~r 
in the Di~~B:Ut:yl Phthala:te,;.Ether .$yat.ent at 25°':C ii 

ni ' ', 
:ay:(:t, ·.AR AP.e, Arey lQ0:,1 At Atthe:Q· lOQp 

, . ... • ·: ·,., •••• ·,. 1,, 

oi;o.327 l!S,~,l 3'.!f-03 2., a ~ o"- 16 0:,;14 ..;,, 

0·2057 . ~i ·.-·' .... 32:-:-4 6~64 7,,1 
~. ~-3.,5 o.~35· Ch-35 10·0 

Q~,5Q~ 75;~.2 15.4 :J.6:t il $1-1 ~ l (h81 a~,85 95~3 

@,i$034 114,~4 2l~5 2qr~l JOO ,,·' ·?..·· ··,, 1~24 l!!;-32 93~9 

l..:Olf 1:41,j,l 2il~-a :,21,,3 S9"'·2 L;,-5.2 l 64 ' ~ ... ,2.~.7 

;l»14$1 l$J9,~a )J,,€$ 41*-~.6 .a,*2 2h10 2~,2, 91;;7 

2.,0:,l 251¥4 52·~0 58~,4 SJj:O 2174 3~04 f}O~ l 

2·l';41:; 308t4 60*·3 .6ii;.7 S.7.~ s 3~1s ·3#(6:2 87P s ' 
• .. • ··'·-

lit :~ ••lality ~t '-d.i.#l\,;;i,;butyl phthala·t·e in ,et.h:~:r:i 
AP'Q ~ :::::;:· !:~;f{~~, calc,.la-ted tr~· At -valli<e and vapor 

AP:exp· -~ ·$'JtPerinte:nta:l Yap~~, :p~e.sJ1~ 10:we.ri~ .as ~ead f'l!Qltt 
la~+:sc-ale pl(.)t ~, ~.xp~r::tm.ent:a.l dat;a. g~• .:man~tric 

. n:te'.a'.$ltre1t1ehta ,.. 

·ittke:e: .: :'.;~~·:te!r'¢·t!:::=~ . l~weclng :eal¢ltla:t:ed t~m 
· · QdUied I~enga:t" ceq'.llati"n, .. 

At "*' att•al t@ntper-at~ :l~we+'irtB; as· c:alcula:t:ed :f"~lri: therm.-r 
i.s~:r '.$pe;Jti~·at!Qna~ 

p ~ ~at:10· c,t At: •t~ Att.~-~ 
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Ref~rene.e has S.lt>e,ao.y t>E:ien •d.e to .an attempt by Iyengar 

( 19) to e.aleu1ite the tne-.ore1;d.cal thermal ~f.fic:iency of· t~e 

thermo.electrle method.~ A mod+f.ied form o;r this s~e eqUiltto11 

(;;) was used tojest:ima:t;e· .tlie tneoretle~l effieieney fo.r tlte 

e.·thel'.'. syst.em stud.ied. Jlet.o~ disc·µssing th,e. :results of th:t.s 

ea1eu1a,ticm., however., "- c1ert:v'ation of· !yen,;ar" s equa.tien .aeems 

Jppropr:tr,.te. The following ~ym;bols .liil,r.~ u.sed threughou.t th.e 

derivation: 

Pi.t =. aolvent vapo.r pret;;'.$.Ul'e. at temper.,.tu;re T1., the 

ste~dy-.state tempe~ture c,f the dl"OP 

P;i..a-.:;::solvent v1.por pressu:re at ternper4ture Ta., the 

steady ... state tempe.r1tture of the solution d;rop = 

temp.er•ture of thermostat in t:h.is ease or 2:5'°C· 

Paa :.: solut::t.on yJpor p~.iraure at. 91'2 

'4l = .moie,eular weig_kt .of $olv~nt (.etne:r) 

m2. .¢ mblf.1;1.ty o.f solute (di .... n-:t>utyl phth.$.lJt19) 
. . I • . ' . 

~-2 :;::: a,ctivity o.:f! $olute. 

if;i. .= he.at .or v•pori;atiott or .solv~ri.t pe.r gram 

k =;: ,the:rma1 ccu::iduetivi.ty 

From tl\e c1a.1,1stus,.,C'l'-PeYrGn eq~t;ton for th.e solvent (in 

its l."el:ltrtot,ed fo~) 

B ln. Pl - L"_:M _;/.RT2 dT - · .u·•l. · .. · · (8) 

~d the. G:l.-l>ps~Duneni e.quJtien 

J.000 d ln Pl. + m2 d ln a.2 ;:;: O ~M.1 . . ... . ..... (9) 



(1:n;·p~~ ~- llt P:1~,) .~ (J.n' Pl:+ .i;f, ll'i P~~) ::=· LJJ~~; (l,/i;r, .:iit l/~?'.} :~ 

Jtta· 
:i.f 2 _[Jlt/lr d llt ag { J.O) 

Niw let P;t+ i# P;r~ + AP'~ 'tke :ten· nienthe:,tr' bec~ntea ~ 1n .(l + 
AP /P2'.?) · ,:r, up·~ ~:XPatld;µl$ tlte'· •l:t!~i thnt and .~ping terrne 
·q,t ·~rder· :h;i~:r- tkan the t~t~ ~*P/P'l$1f" · o:ri; t.ht· J:laa::ts ·t'f 
La · 1:ri · tr.hi'··.····· · ·· .. .,po ·tlil! · .·. · .. ·· ~ ...... · .. · ,..,p.' ,A..... r2r;;,)· .··.·. ,.· h s ~. f--,s_ .... ··~ •;,a, . _;e e~poara~,~ ~ '1;µ;·¢1.p~ .\ .·-:.1·, in~ ,a·. 

(11) 
. ' 

where :-T i:a the· me:a:n: tf. Tt. tin.d 1',g:f :artd D,1. is:. the c'~ftie·ient 

G?t · 41i'tu1$J.~ •t' the sttlv:~ttt vap;tx-f SU)>,;$t1tll.t1Q1't tt ?cptat.:t,n 
111) ~ .... '.tr·.· ···· · · ··t· 1· · ,., (ln) ,,..4...,rl!,, ·\,t,· '···1"i..t. \ . . u~_._;J e·q'.U;a 'flt , . . !;;1. · ~.\!p'S,: .!""'~- ).y 

r- . 
{Ti .. 'rt) ~, t.~At,"t~1',.t~;;; ~ j;'i'j,j ·;\(l'iii',1 · (12' 

·The rtWR¢:d;al f'a~t~r· ¢t;,Jn$~ il'tt# eq)tati~n (11) a:a ,a 1~r:si~n 

fae"t~ t~'.r'' t~·pa :ct~.#st~ A~- cx~~~•*/~k tt ~a+,/,t.:'! 
F~1t· 1,.m;·:$±h1$1f~ ~ltati;p· the· ltimt~:rat~-- :~.: ( 12) :t.s:

1 
e:ct•et;l 

~-· 1/Jl.i (1,t · P~/P#:~);r attd :$~ti;~ 5· ~g)Uttl ···tt· .,! ·· {t~~ t:rt;n~ 

dli~\,1.itlty ·l#·· a.t,1~:tl'te,~ 'RlU:t~) w~ haye, 

T:!3W a;l)Jp )J.ty th~ calmtUitifl!m ·tJae •-~: te•pe·:tat111:.,\r wa·s 

ar"b1t$J?'ibr t~tf tc:'f b:e 2;Q'C~ ·Tke' 1tal'\t'e ~f ]{ r~q, lUit:te· (13·) ') •,' ' . ' . ' •. • ., .. •, . • • ' _;,if . !"'i ' • ' .. ,, ' - \ ' ' ' ' ; . . . .,f 



the thermal cpnductivity e:t ·,eth:er vap<:1r in air' :(17) •~·· was :cal'."' 

crulat·ed on :a. weigllted basJs frtnn. the ratiQ of the partial 

pr.essures ·Qf' · the so.luti<m,s (P~?) and air assuming a c:onstant 

total pr~ssure of 745 rnmt lfg" . Values Qf Di, the c~efficient 

of dif:!'usiQ.n of :ether ~aper irt air (16),. were alsQ C'omputed 
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f'Qr ·.each· s$'11:ttiJJ1n ·pr,essu'.0et The s,ec.ond t.erm in the de:norrdnator 

varies very little lii>:Yer the experimental range. and an averag,e 

value can b.e 11sed and c·o,nthi.n-ed with the f ir'st t,ermo With 

the.se simpli:f'ications, equatiQn (13) becomes: 

At= 60.& l¢g(p1g/P?2) (14) 

Us ;tng the ex.perintenta l pre.ss1:11;'.e s { t>ead frin:J. a lat"ge .... 

scale plQt) at the m~·lalities o.i' the s~lu:ti¢:ns us,e::ci ih. the 

meas'.l:l);lement$,;, the theCfretical 'rrta.x:irrt\tm· temperature 1oWel'.'1ngs 

we~ calculated~ A c.qmpartson tf the &t values calculated 

from the thermistor measurem:.erttJ3 with thos:e obtain.ed from the 

modified Iyen.g,ar eq,a,atlo:n. ,showed 'that the rat:lQ (@') varied 

from o .. 9.53 to O. 878 (see Ta.bl:e 4) .~· The f i:i:--st twi:,; values are . 

rr(;)t ¢¢,rlsistent w:Lth the rest an.d are .n()t inchtded ln the 

range mentlqned ah~"Ve,~ lt is se'.eil; that the·se ;J:'lat:tqs vary a 

little ·more thart the e.xperime:ntal e.fficiency ratios c::a1calated 

cm. a pressur.e basis., and .als.o .sh.¢>w a decrease with i:mfrease in 

.conceritroti.qrt~ 

If ·th.e thermal e9:nduct.ivity oJ' the vapor spac·e ab:0ve 

the .sQlu.tlQ'n. we.re zero,, the tempera.tu.re 1<::iwering t>f' the 

solve1rt r.equl:red ·tc:>' equa11IZe the. ·solvent and solution vapor 

prErssur.es calculated from equat1(l):n (13) with JS;. :eqllal zrero 

is 0.37°c ·ror the ·0.206 :rnt>lal soI11t.ion ct>:rnpa:red to th-e 

value ei' o -13D 0 c listed in 'the table and calcul.ated ;f.';r:,om the 
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same equation,~: h11t taking the the:mnal .e·onduc:tivit.y c>f: the vapor 

into: acc9Un:t:,!I'- Ji't•Q;nt tne ·exp-e:rim.ental .vapor pr,eE:tsure 'Qf · this sol:u

t!Qn and ·t:ne vapor pressu:r:e lo;W;erl.r)g pe'r d'egI"~e (1$,~96 nun~ Hg) of 

tn~t :siilventi, the, :ealelitlat~d.: ~mp~;ra.t~e 1,w~,ring ()f the s.olvent 

requ1·~ed · to eq\7,al1z:e the vapfr pl;'e·ssure:s. is :alsc> ftund ·tc> be 

o ~ 37°0':, ,A:Q..mp:arlng faw~ably .with th13 value calculated a.ssuming 

the the$,al .e,~n<ltttt;iv:ity ia ~e:~cf~, lrbx-' the· most c'<;)llCen:t:rate.d, 

soltitic:;n* the· 1;;wer'i~: :e·al,¢~1a.te:d :t.x-om tne e,qll.at;ton· as.s .. urning K 

is ze.r~ is 3·-:78°0 <t~nt,pared 't$': J,,,ti2*0 e.al¢1.1li!.te.ct tr.tJ!l the vapor 

press'1re .data ®t··· ethe:t" and .. ala$: f~,nt: :equati.tri (13) .!' T.h;is larger 

d~screpancy at the ~gher .c·o:nq~nt.r:a:ti~n: may be partla.lly due 

to an e:r:rtQl" i:a the. ::a.sswrt.p'tt- -~! a .l:btear· vapQ:? :Pl:'ie's~re:..-t.,emper ..... 

:ature r.~1a·t1on.sl1ip ·o-ve:r th:t.s- te.m.pe~tll-1!'$ range,, l:>1tb p~bably als9: 

du:~ to' the n~fJ;:le·e't o.t· the 'te:rma ta:k:~ :i,rtt¢' ac:e•nt t.M vari.o;as 

waya tJJta't h~at o:an be 1;;):·•a$te:rr:ed irf the syi:rt·emi> 

BQth t:h.e tn~·clif le4 !y.ehga.~ 1aqttatttft (12) t~~ :small val~¢s t:t 

!f. and t:ta:e equ:a\i~xt t·~~ ~ t:¢.mpe.rat.l!lre difte:rene~ fn t~e 
. I 

s"teady ~:lt,at¢ (4) p:re-dI.ot tlla:t t:h,e· s'teady...,state 'temp-erature .lQwer. 

·lng de-e~eas:es as the· he.at ·():f vapqrl:zat:t~n qf th:e ~lvent. ln:e:~as·es .. 

H~wev~:r), :f~ th¢. c.1au.s1u.:a~Glap:~~O:n. ·.eq)1a:tl~n ~n~ has approxi:

ma:t,eJ.y 

~A'P At~··~·-

.and t~~ eq1tal va.lU:e s · t,f · A~ :and :iJ?:r · ·~e· S'¢e s tha,t th~ . temp:~ratu.re 

loweri:ng t'f a pal'1;iolilar s.,1.vent will ~'.e mvers;ely pr~pgrti(mal 

to th~ p~~ct. ·qf its heat -~:t ·yap~:iz:atioin and its vap,r pr.es:- . 

.s~e·.~ ·Tb,µ.s#' alth~~ wate'xa haa .a :nt~lar -h~~t tt yap.~rizatHm, 

whlch is ~ughly l, 7 . tiln,es that. ~!, e:thel:'j tl:l,e )Jiµ;¢h: lar~r· 
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vapor pressure of' .eth~P will result in a b.t value which is 

about 14 times gres.:ter :f.qr W.$.J;er tAAn for ether~ Thi.s is in 

qua.Ji:t~tive agreement with .e2tperiments 1nvo1v1ng both Jqu.eoµ.s 

and e.ther solutic,ms l'UlVirig tae s~e vapor pressu;re 1.owe:rti~s .. 

The use of the therrmo.eleetri.¢ methoo with solvents o.f high 

vapc;,.r pressu;res thus .iii.pparent:I.y compaves unf;avor,bly in sensl~ 

tivity with its use with se>::t.v¢nt.s or 10wer v~por p:i;-essur¢s, if 

~Gm:p~.risens a.PB maqe on SQ1Utions of t:ne sime vapor PX't::H:S$1,n!e 

loweringJ how.~ver., a 1 IDmo l0wering of an ether solµtion e~r,.... 

responds tQ a much mo~e ~.ilute solution th;iin does l!. 1 mm~ 

lowering of an aqueous so1ut:i£iiln., 



SUMMA.RY AND·GONCLUSJONS 

.The $teady~state temperat1rr•e"'differentia1 or ,"wet~bulb 

the;rzn()met:cy-"1, met.hod for eom~r'iJJg yapor pressures has been 

inv.estigt:tted With r,espeQt to it.s suitability tor the meal$ ... 

urement of solvent aetivJt:Le,S in S<>lutions of nonvoltt.ile 

~01ute,e :tn voJat;.Lle orgt;tnJ¢ solvents; ,e .g", diethyl ether,, 

Jactors re.ceiving cc:>nsicie:t11ti:on S.l}d study h!l.ve been (1) ~P~ 

par-a.tu.sand teehnigue,(~) meiil:.$tirement time,(:,) precision and 

aeeuraey, (4) sens.it:tvity ~nd thermin ,efficiency. 

Five types of ~ells were atudie.d.. The be.st design W@,S 

found to be a s:1.mp:)_e a11 ... g;l~e,1~ sing;le ... thermistor cell. Solu'* 

tion was placed in tn.e bottOJJl t@ provide a clefini te pif.rtititl 

pressure of' solvent, anti sc;,lvent w;a.s allowed to ey,aporat¢ 

from a dr.op of solvent ~pp1J.ef to th.e th.ermistor tip through 

~. hypodermic syringe. The drop could be int~odu.ced wi.th.ou:t 

the neces:sity ot ope.nin.g the ee11 · whlc,h wlils held at eonstant 

ttmper:atu.re t~ughout th.e m,~al:!Ure:rnent ~ 

It was found that th.e ste•dy att.te wa.s reach1:;;d witkin 

approximately 7 minutes .Jfte:r' int:rodu~ing the solvent drop 

for many of the solution;i;i1 inv,ef3.tige1ted, but VJ.riec:l cq1ns:id~r,.,.. 

a,bly f:r'o:rn that t.ime for Qth.er $Qluti.ons. The dut'ation o:e 

the ste:ady st.;;Lte wa.s a ;function: et th.e differ-ence. in the 

vapor pressures Gf" the solut:Lon anq solvent., Virying f'rom 
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e.a 9 30 minute$ f·or a v•por pJ?-e-:S$ure <:ilf-f erence ot abo-ut :, mm .. 

Mg .to le6;$ tb.•n. 0.5 ntinutes :r~r a vap~r p~ssur~ dit0feren~rf ot,• 

,._bout 69 nutt ~ Hg. W:it:h -a. . .dr~p .siz.e of e.,_. O. 007 ml... et etl\e~ 

the p.urJti.en o.f tll.e, .st~4Y :Stl-tt $,ppeared te> dete.r.mine tll~ 

highe;st ooneentrltion o.f ,$olut.e Wl'i!ph ¢0.uld b~ .stud.i,ed. 

A study ot double th.e:nniJtor diffe:rentita.l resist-.n,e ..... ttme 

.JJurves s4owed t~t the .1.pprtMh. to t~ st.e1tt,dy $tJ.t:e appa;ne:ntly 

de.pended upon .several t~tt~r,$ :tnclu.o.ttng tne _pf'oximity <>! tae 

other' tne:rmi.sto.r:., and the p$:slti.o:ning of the tnermist0r·s in 

tlte eell. The sj.nglel"'th~~etor ge.s;ign p~ov.ed. mo.st llU/tti.s"."' 

taetocy in. g:tying :repre>~u:~il:>-1~ l'"~--Si.s:tllntt v~lues fo;r, :Sl;(~tMUil,,.., 

sive-ly ~pea:ted. iuea.sure;me:n.ta with t.lw same SQ1ut:t~n .s~pl~ in 

the cell • 

. In ,tr•der to prov.:Lde: ealitlr•tlon :r-,efer~rice d$..ta., t:t\e D.P·°-1'" 

p.:rieasure c:f .ethe,r in the syl11tem qi~n ... butyl pn,thalate,..4.iethyl 

ether wa,5 mea.sured at 2·:,. C(JneeJ:itrlil tiQnS over the rang.e of 

phth.a.late m<>le _fraetions fr,Qm O.OOfi tll> 0~.17 ,at 25°:Co Me.S.$U.!1e, ... 

11Ient,s .were in'1de by the· eonv:ent!erutl · -nometr:ie vSlpor;,,;,:p~ea:su~ 

m:.etl'l.Q.d., en1p10ying. alter,n,.,te. f~zing -.nd .tiUl.wing with va~u~ 

degassing~ <Selvent ,an~ .$~lute- ,.,¢tivities we:r? .ea1eui.,te,, t.o::r! 

t~ tn,asu:r~d. eonce.n:t:r..,t i,n l'.f.rui;.e. Di,..n .... lJutyl pht-.la:te wJ,s 

feunci tQ :anew negati.ve 4,ev:ta,t.:1,:QJllS f:r;>om M.oult!'s ltLW in etht·~ •. 

The vaptr. p.reasure i.s .elf:i;p~ittatlly giv~,:n. ;tn :te~m.s of· the pht•1'.'\ 

-.te molality by r 
p = 5)'·!>'· -"."\' )} 9~4:m, + ? !"478,inG?' 

The 1neth04 ws.s ~valtta.t:e:4 t,.t eign.t ~.oneentrations a.f .1;tt~n,4 

b.utyl phtilalate in the :t>~e .of .Q,onten:t~t:1orui from O. 08 t~ 
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2. 48 molal .cor:responding to yapor pressure lowerfng·s :of r·rom 

·3 ta -69 n:un., Hg :at 25°c •• Wii;h the ,exc:ept±on ·cf the 1m:,n:1t· dilute 

solut-ion tl'le ave·rage· <,f- th$ averag-e: deviations i;n the d.iff'er""' 

ential resistartc·e .b'etween th,e s,1v~nt and r'e:f'er:enc,e theI'IDistors 

at--· eaeh: e¢mtre-n1;ratton was O ~ 4% :Pr· -ab.put o. 1 mnt. The data were 

found to be .r:eW"eflent.ed by a line tf slope 4 ~, 38 ohms p,$tt mm., 

excrept at the highest cc>ncentrati~n:s where. the p~1nt.s lay 

slightly aibeve· the line. 

The exp'e.rtmen.tal thermal eff icien.cy .of the ce·l,l was ·cal. 

culated and fi;)wid to cfoereas-e slightly with increase in. cono·en ... 

trati¢frt o'V.er a 30-+fPld ·cb:ltt'.e.n.trat.t~n I?a:ng:e ~ The v:alu:es f~d 

were, b·E;rtw~en j3_.; 5 and fB7. $%>, which are somewhat higher than the 

79% value r.epQrt:ed in the lit-era.bit.re f'o'r et.her~- -On.. the 

1:rssllrnption that heat. transf:eJ:' "''tc'l11.rs -~ply by (::,,¢:nduati~ through 

the vapor pha:se::t the theore·ti.cal ;efi"iclency was als:o calculated 

.and c~p.are.d \with the '.eXp,e:rtintental -valtte·s. ~ rat,::to was .als.o 

fotm:d to d-eoreas;e with ine:r:easil:lg, ¢$nc;entra:tio:n, the val~s 

lying betwe.e1'1 0.953 and 0:-878 (ffi"ri::ttting the first two},, Since 

heat trans:f<er by radiation:,;: e'orrve-eti:on1 and --,rQnd"ilcticm thr·ough 

the l'ead-s and: the cell wall wa;s neg:leote·d,.. the agreement with 

the·ocy .appears. :t?'.eas.onably gt~d, .. , ·These results shcxwJ- further

more·>' that the si:rlgle thel"miat'O-:I'> ·q:e11 can be op-ern:ted with a 

dr·op of ·s·q>,lv~nt evapt>rati.ng int.Q a soluti~~oont.r:e:lled .atm(;ts,-, 

phet>e who-se s~lvent pa,rtial press~ .may vary p,ye:r a c§!>,mpara ... 

/ 

.. 
t:iyely Wide range With¢ut si~if'iaant. l<)ss o:f' t.he~l ,ef.'fi.ciencyo 

It is eoncluded that while 1Ill:Uty of t.he diff.ieultie:s en,.,, 

countered with the. method haYI? their or'ig,1:n in the ,e,ct;reme 

volatility ~! the solvent s$le·at:ed for study (:etner):;- the 
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:rnetb.fd ls still aubje;Qt tit • g;p.e.~t ma,~ unpre·~i~tJ.b~e .Jneff UK>f 

Qent.!1:QlUtole e~perim~nt,;1 v~+ations whic:t.h. 6l.ff:eet tl'l.e prf.?~i:si(i)n~ 

The m.¢-tno.4., t.he.re.f'ore., d.oe!S- ut .se~m to ~V'~ .-.~y v1.ey ,~~at 
adv:,nttllg~: 0vJ~r o.ther metb.ed:a ~.!' tM ~e"1.suremen~ of "t:lvi.t~Js., 

~xe.~pt po,s~;t.bly in hie;h-1.Y dilu~ solutic:ms ·" 
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