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INTRODUCTION. 

The free energy of formation of the hydrogjn 

halides at ordinary tempera.tu.re.a may be calculated 

moat readily by the aid of electromotive force data 

and of vapor-pressure measurements. Thus., from the 

electromotive force of the cell H2 (l a.tm.)., HCl 

(»o_ formal)., Cl2 (l atm .)., may ,be ealcula.ted the 

fJ:ee energy Qf' lHCl tn a. o formal e-o.luti,on. By ajd-

1ng to this the :tree energy inorea.se attending the 

c;.ompr:e.-.s1on o.f lHCl from . the pres.sure c. t . which hydro­

gen ohlQr1de 1;$ .tn e-qu111bl:'ium. with 1te c forme.l 

solution to a pr~ssure of one a.tm.osphere, the t .r.e..e 

ene:rgy 9f fof.mation Qf hyd;rog~n chlo~i~e is . obt~_nef-l,. 

The neoesaary electromot1:ve fore.e data~ in t:h~ 

case of hyq.:rQgen ohlort.de, have been det eimi.n.ed witb.. 

a oone14eiable de~ee of ac.<turac:y ;, 'b~t, as pointed 

out by Ellis1, the ex18t1.ng d-ata fo~ t :h~ vapoz­

pr,e:1:J1Ju.c·es of hy.4,to.gtni chlo%1de al>Qv.e 1 'f;ij_ a.que.ou,s 

sol'Q.tl.ons a t 25° a:re not at a,ll G,o~_aiat~t. This 

1.nv·eet.iga..tioa was unde~t.al(er1 w.1th th.e .o;q._j ,ct of 

s·ecurtng tb, :neces·e&.ry vapot'!'l!'l)r·e.e~u;re a.a t .a . 

PREVIOtlS DETERMINATIOWS •. 
2 

A oompar1aon of the values d·etel'minecl by Gahl, 

l. Ell i.s~ J . . Jun, Che.m. _Soe. • lg, 727 (l9l6.} • 

2. Zeit. Phy;s . Clt~ro .. , il· J7g (l.900 ) .. 
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at 25° a.nd by Dolezalek1 at J0° for the vapor-pressures 

of hydrogen chloride above 1ts aqueous solutions 

indicates ina.ccuraoy 1n the methods of one or or both 

of these inveat1ga.tore. Thus Linha.rt2 ha.e talcUla.t-ed 

from Doleza.lek•s reeul ts that at 25° the vapor..pr:essure 

of a. solution containing 6.75 mole of HCl pe:- 1000 

grams of water is 0.27 •·= and Gahl found the va.por­

preseure of a solution of t .his concentration t-o be but 

o.oe mm. 

Dolezalet•s method consisted in passing a m1x.ture 

ef hydrogen and olcy'gen generated by the electrolysis 

of a. J?Ota.ssium hydroxide solution th:rough sa.turatora 

filled. with the hydrochloric acid. solution, and then, 

th,:ough an a.ppara.tue for absorbing the hydrogen chloride. 

The volume of the gaeee passed was ealoula.ted from the 

difference in weight of the genera.ting a.pparatus before 

and after a tun. The hydrogen ehloriae was absorbed in 

standard potassium hydroxide solution and 1ta a.mount 

determined by titrating back with acid. Eight to f1.fteen 

liters of gaa were passed 1n f1'om 5 tog hours. In this 

way the vapor-pressure at. J0° of hydroehlo1tio acid gas 

a.bove 1 ta aqueous s olutions from 5 to lO normal wais 

d.etermined. 

l. Ze:1t. Phys. Chem., 26. 334, (lS9S). 

2. J. Am. Chem. Soc., »_,. 2601 (1.917). 



Gahl investigated the vapor-pressures at 25° of 

hydrogen ohloridc, in equiliJ>t-1:wn wtth i te s-0.lutions frorn 

l to 6 normal. Re paeeed a ~x:ture of hydrogen an.d 

Q~ygen generated by the eleQt~,olyti.o de.c.-:,ompos;it1Qn of 

a potass.1:um hJdr•,c:1d,e solutions through saturato~t 

fill•d with the hy4t,roehlo~io acid s olutione and then 

through a. eonduott:vity cell gontatning a'bout J.. co. of 

watex-. Th.e volun,.e of ga.s&t, pa,eeed was 08.loula:tE!d from 

the 4'Uiant1 ty o~ e1eet1:.1tci ty used. in d~compoeing th,e. 

potassiwn hydro.xi.de· sol.ution.. The gases wer.f.:J pubbled 

t~ough sat.Ul'a.tore conaiating of spiral tuhe-e a.bout 

l -em. •• 1n diameter. The amo\lllt of hydrog.~n ohlor14e 

ta.ken up by t.he water in the cell w:as de.t .ermi;nec\ by 

meas_.1~g th~ oonductivtty of the resulting sol~tion. 

OUTl~INE OF METHOD .. 

The met.ho<! employe(l in t11i.a 1nvest1gati.on tY-a-e to 

~te~m1n~- the hydrogen o!,ll.Q:J"'1d.e contained 1n a. given 

quan'ti ty of a1.~ in equi,llbri:wn with a hJdr~hl<>J'lc a.o1.d 

a.ol,U;tt.on a.ncl oom~aze this with the wnount Qf watar vapor 

wh.1.oh the ta01ne ai; con-tain.ed wh:en ia equil.i~rium with 

p1g.e wat.er a.t the e.e.m-e temperature. From a. knowledge of 

the v~por--press\U'e .of water at the temperature of the 

experiment, the v.a,por-preseu;re of hydrogen chler1:d• gas 

eu>uld then be computed. This m.ethod avoids the rather 

dJffioult deter ~.mi nation ,et the ~l\lne -of inert gases 

pa.sse.ci. through the appa.;-atus. 

J. 



The air was first passed through a preli mine.ry 

saturating appe.ratus wllltc.h eonaiat-.ed of a eel'ies of 

t hrtie· Emm·e-rling t-u'bea con-tain1-ng glasa bead.s and 

par·tieJ.ly fill~~ \Vi th a. s-o1uticn of hydroctJ.eir'i◊ aold 
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of the arune ccmeentr.at .ion as that :ua·ed in tbe s-a,tu;rator·. 

~om these tubes- the. ail:' was led into the sa.tu-rato-r, 

wltleb was .of the- type <.te.sie,1le<i by B.erkel-ey a.nd Halttley1 

w1 th the mod1fiea·t1one made by Wa.ehburn and Oordon2. 

The ·chief' ad,ran·tage of this type o.f satura tor is t hat 

the air doe·s not blibb3.e tll,:ough the eolu~ion,, but. pa.s,eErn 

-ov-- lt and along t.ne weJ.ls of the vee.sel whi<:h are 

b:ei.ng_ oont .inua,lly wet wi. t h tJie solution,. ·xn this way 

more complete aat ur e,t icn is o-b·h i.1ned.- the.n in t he mor,e 

oonm1on.ly employed a ir-bubbling method., tilld de.ngel' of 

e~17ing epray over i.n to the. absorber is grea tly 

reduc,e.d.. Indeed., as r1ae shown in thi.a 1nv.ee:.t1gati.on. 

1 t is made entirely negli .e;1 b.ie . The t·otal. length of 

pa.th eve'l' whieh the a.i:r travelled. in passing th.tough 

the satlU'a:tor was a.bout llto em . Ee1eh of the fi:r;-st. five 

limbs of th~ ee .. t u.r s,to.r was about one thira f 1ll ad by 

plae,1.ng .in it ;o cc. of the hydroehlorio acta. soluti:em 

whi.le t .he last limb conte;ined only 10 co . 

1 . Proo . Roy . Soo. London, J!L 156 (1906). 

2 . H .. B. G;0r4.on, Univ . of Ill., Tha~is. {19:1.2). 



The hydrogen chloride was abse:d>etl t;.-om ttie 

S:&tura.cte4 a.1,-. by t .1ie11 passi:rig ti.l .. e l ,at,t-er ove~· a dilute 

eodium hY4~e:Jd,dio ael:uti on eontatned in a. araall two­

l411bed a,bao1rbe~_. sim1l.~ in .(tonsiruat,ion t ·o t~ oa;tuis ... 

a.tol". This al)eotb,et- o:enWnmi. ~b<>ut l,:-9 e:e·. e:f the 

al.kaltne- solution in eatt'.lJ l,bl'&. The· oonQentratio:n .of 

the " so41.um hydx<;~ide $Olution vcttie-d fJtam o •. J.: tQ 0.5 

»trJ~a.3. • d~pe.nd!·ng upon the &mO\llit. of hcy4r,o:g-en o)y.e:ride 

whlch wa.e to be abs<>l:1-d.. 

At'teJt the abee:~tion of th,e hydlroge.n QhlOl'id«,. 

tlle -a.t$1 al.re:ady almo.st saturated .wi tli wate~ vap<1t, was 

~'4)mple.-•l.J saturated by paasi)f).g it through ·a aa.tt.U:'a tor 
, 

oft.he sam• type .aJJ,d ala• &e that used. for the hy<.l~agen 

.(ihlo1:1:te ge~s ~tura,$1,on.. The ~o\lnt o.f wii't,e~ ·e-onta1ned 

in th1-Gl ai~ was d.e.t ,el:-nd.ned. by ~a.orbil'lg it 1n a t~J:1es 

0£ four lJ' tub:e.t. the firet eontai.ned ealo1:tml <thl~~la't, 

tl1e cthcere ~oken pumi.ce etone moieteed with corwe.n--
• ~ 

tt-at:ed sulphur1Q a~i:d. 

Tn:e sat1:tta.tof'a a.nd th.e hydl'ogen eh.lo~ide e,b$o-~be;r 

were 1.n e. tl'leftostat motmt•f;ld on a. rocking device. wb:t·~n 

01.;u:1:.:t.llate.t a,l>out )O tJme·a A mJ..nu.t,e. The TJ tubee fol 

aba0-t'b$ng the ·wa,te1 were outeide the thermosta t. Te· 

a9cr~ pc>iaetble oondensation of water vapor. the tllbe, 

eoaaeQ't1ng the l a s ·t s•atttrato!f wi t .h the U tu.bee wae• 

k$pt at a el.ightlJ high.er t ,•pei a.ture tha.n the thermo­

~tat by pa.s:at.ng a $ma.ll eleotttie ou:crent through a wire 

bt.Uld az:o,md 1 ~-. 
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Finally, the ~ -i' passed through a roughly oalibi-a.ted. 

gas inete~. Thie sened. t .o indt.oate the appro.1Clmate r ate 

<ff_ flaw of ai:J.: t}Wough the system. 

F~om 60 to 125 lit~rs et ~r/ we:r:e pa.esed in ea4h 

det,e~mina.tl,,on thir-0Ugh the ay-at:er.n. at a. ;-a.,;e of 7 t.o 10 

ll t ,e~• ,p.er n:o-~. At the end. of a ~ th• wats~ absorbers 

w-e:wo ~edia:teJ.J remo"4 &nd w,e1ghe4. The fJoJ.,ution in. the 

a..baor~ 101: hy<,U'og.en ohloir14e .g~e was po:u• tato an 

11:J..enmo,-er flaek._ and tb.t a.bsor'.Qa· r1nse4 w1 th four io cc . 

portions -of d1el1lled., ,m.:te~ • Whioh WA$ shown by te.sts to 

be: ampl~ tt t -~ve &11 ohle:ridee:. Whtn- more -than o. 001 

eq\J.1Va.:1.ent cif :0hlorine was pres.eJtt. 1n the al>-sorbe-,:, 1t 

wu d•i-e~Jned. by the- strµldard met.hos of Gooeh. Small.er 

anioµn.:t,• we:t:tJ :d§te.:rmined by the n1e·i-hod of Me.,1'-tlan and Van 

Sl;ykel mod.lf1e4 as follows: th• hal..icle was PfOQipj.tated 

in. tlie preS,$UJe of a known am.oun~ .(about on-• gram) of 

ttee ni..tr:1.c a.Q;1.d w1,,11 a.n uoeas <>f 0 ~025 no:ma.l silver 

»$:trate- solution. .After eoa.gulation of the o~llold?J. 

p.i;e·Q.1p1 ta:t.e had been a.eoomplieh-e4 by aha.k,ing the ~1x.ture 

f .o-,: a £ew seconds with tw0 drops of oa:pryl1c alcob.ol 2, 

the. eil v-er chlo~1d• we.e remove.4 by f1l tra.tion thi-ough 

a Gooch oruo1lal..e. The ex.Qe.as silver nitrate eontaJ.ned 

in the filt~a.te was ti.'.t;rated w1 th o •. 01 no~al pota.~$1um 

o.1,did.e which ha& been e-tan(lal;'die,e4 against the allvef 

l. J. Amer. Chem. $00. ,. IL 112g ( l9l6).. 

2. Be~. ?4, 3351 (1S9l.). 



nitrate. solution... Just befol!e titra tion foiu- cc. of 

trisodium citI"a.te solution' we~.e added from a '-.burette 

for each ~ of free nitri-o acid pre·eent. Under these 

eondi tion.s1 using starch aa an indieator. two dtOI) ~ of 

the 0.01 norm~?..l. potaesium iodi<ie gave a. sharp oolo:i-· 

oha.nge tha t could be aeen 1.n 150 ec . of solut!on. This 

eorreepond:s to a.bout 0.002 mg. of' eblor·ine. 

The con,e-entra.tion of the hyboehloric a.old solu ... 

t.1on wlloae viapor-pressure was being det·e%'min.ea was 

.found by tu1i1g, at the end of cat nan, a. eo.mpl·e !Jfotn 

the la.st two limbs of the saturator· and titre.ting this 

acU4 ;against a. weighed a.mount .of sodium c~bona.te. 

REAGENTS USED. 

For. cono.-entrations bel.o.w· 6 nox-mal the hydroehlor-io 

acid i.llled was prepatr'e4 ·by the diet.1llatien of Balter• s C. P. 

,e; normal acid, ,the first and last pol'\iona of the dis­

tillate beif!g rej eetea. Thia O(>nstant l>oiltng m.i~ture, 

whieh was a:p.ps-oximatel.y 6 noi-.mal. was diluttd to. tne 

<lesi.rett e,o~c,ent;tat:to» wi t-h diet.llled water. Fol' 90:neen­

tratJone abov,e. £ no:an1al. Eline,:- and .Ame.na.•,s C. P. ll.2 

normal acid was di.luted .. 

The silver· ni tl"at• s olution. wh1ob. w~ pwepared 

from the pure ealt, wa.s $~and.~diztd by preeipitatlng 

and. weighing as silver ohlor1de, empl.071ng a. (l.ooeh 

-erucible . Tb-. po\assium iodide sol.ution wa.e prepared 

l . YeLean and Van Slylte, leQ. Ql:t . 
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f:,:om Balte:r·"'s c. P •. &&J;t and standardized. agai:nat the 

silvel1 n:it1~e:te solu·ta;ot,l. The· ·sodtum carbonate was 

BvJ.terta c. P. and was thoroug·uiy d~ie.d before ue1ne;. 

Teets s.how~di th.at a.ll of the :re~ent-a employed "JNJ 

fr:ee f!ltom -e.hlOi"id-e-st . 

PHEL!l!!llAB;Y EXPERn:ttWTS . 
C 

'P:t:elir.itl·~.Y e~pe.l!!m@r,fts. we-r ·e n1adJ0 to cl;et:erm!ne 

the· effEHJ:tt:t'ie11.ei£!s o-f ·the sat'Ut'ator and of tb:t ,a.bsol;"-ber . 

To teiat th.e. dit&';':~e o.f- aat':urat:1,en Gf. the .ai"l' vt1 th the 

hyd1'-0gen :cl;tlot'1d♦., thre,e Jt'lmit weie made... In eeJth cf· 

the-ae l"tm·S a.1).QU:t 1.00 11 t ,era of ail' wer:e pa$s~d tlWougb 

the sjste.m t1.t rat-e!il of five;, ten, a.nd twenty 11 te~:a 

pef hottt 2:e:ape:et.1~el¥. The ,1$p&~ pree.sure:a thu'8 ci&tex­

m.1ned agr-ee:d w1 th one another to wit.hi.ti' 2 per e.ent . To 

furthel' test the eat1;.U:a:t101il.,a the 1:irellminaty eat~a.t1»1 

d~v-io;e was temr,1,l>OXU'il.y remov~d; and e, a-un me.de.. The ., 

value· ilYen ·ey this ,e~ewinient w~.e ;vri. thtn 1. p·er 4 ·~1t-

o:r those p:revi.oual.y feund . The :@~e~1ment.a of Goi:den 

and of Heuse1 sl101q that tiie. method o;f r,m, t.va.t.tng, tlle• 

alt' w:.1,h wate-»-v~~r is e.ff'icie.11t and ,:el1ablce. 

They pa.seed. air thr,0ugl1 s1milar saturato:rs at a. mu.oh 

fastel? :ea te t11an tha t ua.ed 1.n this· 1nveeti.&;at1on s.nd 

obtain~d equilit¢1® eondit.ions . Th:us in cm:e e~~ii­

ment. a.i:r v1as pascsed at e. ra t<t of 27· l1 t ,(Utft pet· ho.~. 

l. J. Am. Chem. SoQ., ~ }09 (1915) • 



The difference oetw-een the va.:por-preeaures of water 

as given by two suoh sa.turators in sdies wa.s 0.02 

per oent. 

'l'he effio1eney of the absorber WIIS demonstrated 

by the fa.ct that, when 60 ll;te~e of .air we.re passed 

thr,ough the e,pp~atW!I a.t a rate \W1o-e a.a great a.s 

that actue.J.ly used 1n the final experiment-a, no det­

erminable amo•t of ohj;.e:rln:e was t ·ound in a eeoond 

abso~l)a.. It wae f~iher teated 'by eg:amin1ng th• 

water contained. in the water e-atw:a.tor,. If the hydro­

gen o,lllor.14e were not oompletely reraov&d t~om the air 

dun.ng i\e passage through the a.bso.rbo;· Qontai:ning 

the so"'1,um aruo~1d-e eolut1on_ it weuld; be laJ1g-ely 

taken up by the followlng p~t of the ayst·em, nam.o.ly., 

t.h• wa:t .e_r saturator. At\e~ two ol' t hre:e runs ~ 

been .ma.cl• wiih<>ut i-enew!.ng the water in thf. sat~ato:r., 

1.t waa teated and fow,,d. to. y,1eld le81$ thu O.l milligram. 

The ooneentzat-ed eulphuric aoid 1n the last tJ 

t:uboc ltl the water abaor,blng d«lce was freq~n;tly 

r,emov--e4.. Thi.a tJ t .ul:)e u.eua.lly incxea.eed. .in weight about 

4 rnilligrame ail e.ompm.ted witll .a. total weight- of wate.r 

abso~bed. of a.ppr.o~j;fQ.8.tely one and a. half' g1a.ma.. Th.e 

amou.nt- o.f wate,: which eeQa.ped abao:rpt1on was cef"tainly 

less than 0-.. 1 p-e:r o~nt. D!ff erential. ma.nomet:ers. 
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placed beiween ~ioua parts o.f the· system show:ed thai 

any p~e·ssure diff erenoes in the system were lese than 

O.l mm. of mer~uey. In the final eQer1mel).ts the. 

manometers were not use, •. 

METHOD OF COMPUTING THE VAPOR PRESl3URES. 

Itt OQ!ll,.l)\Jtl• th$ ~eeul ts ttom tbe tJtpe.r;tment~ 

da.ta ~t- 1e $.,e:r.:1umed that th• wa.t:e~•vapet -an~ tl1t 

hyuog-e.n ohlo~td• g• at the low pre:&aures iuvol:ved 

ob•y tbe pe:rf·e0.:t1a:e law. The er•o-,:. introduce¢ by 

the.se; U-S1.PPtA.~e is 4e;t~in1y ~ l.esa ·than ·the 

,e-,1:r--Q~~ ot the elQ))e~~enta.l. rnetho.4 .. 
• 

the ~~•PTtestar-• Pi of hydro.gen .u,loride in 

1 te solution., whieh 1:a e.-~,1a1 'to :t.he :pf~i8.l px-ea&tU1e 

cf hyuog&n .ehl.~ide ln the air ~ equi,.11-1>!.ium ri"th 

1t., ifJ giv• by ·th-$' t~l~ e~pr~·Bai~n: 

P3. vi :• R.1af. (l) 

Hare N1 lra the n-1>a: ef 14.0).a of hyd.Jt9;tm ohl<>ti{l~­

C:Qnta.1~•4 at tb.e t:emp,e,~t:ijl'9. f in thQ V-OlUlll~ .Qf a,1,;s Yi 

wh~e~ pa.a~••· th¥ovgh tl'le bf <l;rogen ¢hloJ1i.,ie Ba.~ut"a. ~o,: • 

Fe~ the, wate:1:~vapoN- we hav~ tn~ e1miltit~ expr.iiJs:.on: 

p2 V2 :;. ll2rt.'t. (2) 

He.2re v2 is the volwne of air aa 1 ·t pa.£H1es thro~h 

tl1♦ sat'Ul'ator to~ wu:ter-vaper. The vo.lW1te-1 ~ and v2, 

aa-e net exacc:t1y th• aamce:; fot, tho:up the t-0W preseu:re 

1a the two eai\U'ato~e 1.& $.ubstantl,aJ.lf tli~- same (as. 
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shown by the diff.erential manometers). the part.ial 

pr.es$surt of the a.ir 1a, Pa.-l>s·-.Pi as it leavee, the 

hydrogen ehlor1<ie aa.turatoio, ··oo4 Pa-Pa as it lea.Yes 

th• water sa.t~a;to~ > Pa 'be-ing the ba;\'cm.etrtQ p.r,Hssure 

a.,.1'l(l. .P:s t -h, va.J)o~-p:Hes-ure o-t wa.t.e,r above the aoid 

S!Pl:u1ii.on. Sin<J'f . the quaiit t ty of the a.i., 1e th• ee:me 

i n ,t.htl tw,e ◊a&el.J~ 1 ts pre$aw:e-vol:U018 produot m:ust 

b-e the st11n•1 t~t i;e,t 

(pa-,s~ll V-;t • <is:-P2) •2 tn 
By oombin1ng equati~ns {i). (2). and til. the 

f el.l&1u;ne; e:~preeeion_ fo,; Pi ~esul ts: 
~ , 

Pl = N1P2-(pa-, a-P1) 

"'"J2•tp a..:.P2' l I I 

At 2$0 the vapoz--presaui:e of vratei vapo.1:- above the 

a.oid aol,u,t1on, p~ wae 1nte'rpo);;a.ted f,:o.m t ·ha valuea 

given by tinb•t:t.:J. te_,r p2 tli• v~.lu• 2,.16- mm. wa.ff 

enn.plof._,'1,, 1-11 .and n2 se the ~l;E¥ o1_: ~ydl:eg&n ~hl e~!,.die 

at£d .o;t waa•:r respec.tii-v~ly f 'o;md; 1n the a~tlO#bdtl,. Ita 

oalc:ula.tiJJg the ~peJ-pr:euu,11 a.,t ,oe; 1t wa~ -aallU'lted 

that the small. oor-rec:t1on i'Mt1rtlF Pa.-P-:s-ti had. the aame . • -
! r; l1Jt t , ·.·•, ~-..~ 

Pa..P2 •. 
value a;t tht sani.e conoentra.tion I.\.:& a.t 25°. For Pa at , 



EXPERIMENTAL DATA AND OOMPU'l'ED VAPOR...PRESSURES FOB 

.H!DROOHLORIQ A.CID. 

The expert.mental data and the calculated vapor• 

;press1Wes are giv-en 1n Table l. In this t~l>:1,t o ie 

the ◊<lncen'tra't:1<i>.n 1n m-e:1• pe~ 11 te.:f of the &eid sol­

ld:len. M is th,e oonoentr$.t1on e:ir.?reesed ill mole 

per 1000 g;azns o,f wate:rl, E is the equiv~ente ot 

ehlo)!ine f 01.m.'1 1.n th, absorvei-.. w is. tbe w-e1ght in 

g~@IJ of the wa.t.er a\sot\Je:a. by tlus ti tube.so; p ls the 

pres.siae 1:n millitnttere of merouzy of hydzogen ehloride 

above ite •olutions and undei: D mm .. and ~ ate given 

the <iev1a,tions,. in millimeters and 1n ptJX'oentage.s. of 

the 1nd.J.'11dual valu&e from the smooth <n.1rlO!e obtained 

bf p;LQt.tt:ng tht. e&pel:'iment.a.l value& of l.og10p aga.1.nst 

those; of O.. (ng. J.J 

.l. In ,e;rdu '\ii., ocnve.ltt c.onQ:iit1t -xat .1one. in nHl l ;11 }.)et litre 

ot &·ol't.ition !nt,o :moll r,-e;i 1000 .a1:w:us of i:1~t~x· a, s;~,~h 

w~ ~ n1~l .Of-ed. The Vt.\lv,e:& ot M ~t.1:f~ ~aleule;.t-e,l t,i.'o-m the 

de.tisitf data i r.i t D.~1dv-l'#.•Uo-::c-1urt11n Tt»J;)~llel1, l.9ll, P 262. 

aft,1£a:- C(}l'~eoti-n& to 25° • ~1ldt -r1ere ·,plot\:ed. ~:-a l11st ec..-­

r~·aponctine; val'U.'1 o:f o. A few e:.~:HilJ.~l-inental determina.-

1.i-0na m&dtit 1.n the: eou1we ot t ,hia 1rtve~ttge.;t.1ot:t,, tis well 

~.a- tllo s,e ~1Veti by Ellie !;lnd L1nh~. cllt;O:k V€':..'1J oloa.aly 

ihG Val.Wit .Qbt·alM4 bf the~(# ·calo~te.:u-0.,,. 



Table l. 

E ~- J.O? W p 

g~ J.02l. J .. a4o 0 .. 0.521 a. e69J ,Q.,OQ7s 0 .. 000 o.o 
; .. :,5' J.f§2 o.Qi$2 a.4f;6. ,o~ti12 1.000 ~~"'2 

4.-J70 ;.Q4l, O.~a,.g 2.41.5, 0.-0557 0.,000 -0,.5 

4.sJl~ 5.:;64 o~J?!5j .... 1. 7go9 0 , .. 0791 e.002 +2.5 

5.;59 6,0l.$ O. 70«5 2.0($)2 O""lil-j e.006 ""4.l 

5. 5'59 , .. 270 o. 7;52 ;l., •.. f!95,l 0.11, 0~006 ~;., 

s.7oi G~L}a7 o.,s:,6 a.012, 0 •. 206 0.006 -a~9 
,.2,s 7.14s 1.oe1,2. 1.aGGe. o. ·JtSS. 
6.jSO g_,1;7 ;.6:S5' l •. G026 0.,99 

7.~ 5 .. J50 t+ .• 9205 l .. l.7$6 l .. Q, 
~ 

s.i70 ,.,90 lj)~SiJ 1.9t56 4.26 

#S ~ 24S 9. ,60 9 . 642S l .. (l~,]6 4-. 01 

f,s,.2,, ,~,n ,.n6o 0.96:1,2 4.12 

:,0° 4 .. '90 5.569 o.4l.J7 1.619s o.a48 
6.J6f+ 1-.12, i.01;, o.i,·s7 o,. 712 

7.164 s.126 ,. 7'85 1.;0J1S 2.Q 

1 ~1&q; ,.ast> ,.1sss .1"'11,s :;.41 

e.02.2 -3.0 
0.052 +;.; 
O.Q04 +o.2 

0.0:;il •l.2 



By the a.id of th-e eun-e .in Fig. l va.J.•s. of the 

vapor~tesauree were l:nten,ole.ie:d to .round eon«;,entra,1ons. 

fae ~es!\lltES f 't~ 2,-0 an<1 J~ qo,neepond;ng to• b-e'Cll mo1s 

pe~ .lo~ gt~ Qt, watel' and t:o mole Ptll' l .1.tel' ot eo1.u­

l1Qn a.Jr~ i1V♦ll 1n tel>le 2. 

l 

2;1:; 

M 

6 •. o o.i~ 

f .O O.Jtr!j 

g.o Q.SJO 
~ . 

~.O l.$9 

10.0 1'-.26 

4 .- o 

7.0 

t 

; ' t!'>J;) :7'f "l Ci Cl I.J-• V..., , . Q ,flV 

O.QjjS 

o.2r,7 
0.')11 

]ecOi 

p 

5,.0 --N- 5.0 Q.148 

6 .. ,0 Q.220 6:.0 .Q.470 

7.e o.;~l. 7.o .~.472 

a.e i.a,4 s.•Q 4.75 

9.0 a~S9 

'.fne V£1iPO.-pre·s&ur.es at. 25° given in T·s.ble 2 ~ 

tw:o or tb):.ee time,a a.a gr·eat a.a tho&-e interpola.t:e-Gt at 

oo~re£Jponding co1:ioeutrat.z~ns f:it·(Yttt Galil 1e a~ta. 1:ij ia 

impossible to point vttt epeoifie oa,11aetl of ex,.r(l~ in 

Gahl •s r11e:tnod betta:u.e(i he ~P~&.rriily dJ.4 no·t. ·t,eet the 

e:ffi.o10illO:Y of h;l.e satura.to.ra artd bee>a.uai!: he gi.¥es, no 

data ahowing -~he c~ncordan.o• o.f his r@r.tul ·,a~. nozt d_e .... 

t~le $UOJa ae th~ riite of flow of ga!tltae tJ.1ro1:tgh his . 

~pp~:riitus, the ,r-oJ;ume o-f gase$ passed, eto. As ~1~aa.4y 

ertate4• Elli~ pointed cu'.t tlla~i; Gahl•·& ;r,e~:ul ts we:t net 

oon$istent wi t .h the eleot~o1not:Lve fol.•o.e data. 



ln order to t ·&st the s.oouraoy of the val.ue:s fo;und 

by Dolesaltk, the toa de?termiaa.tt.cns at· }0° were ,mad•. 

The reeult:e o:hteJ;ne4 are mo.re oons:iatant with eaot:i 

othet than ar:e Dcl,e~.alek 's. and on the .a.~·erage ditf:er 

f~om th-e values. ·tntarpolate-d fi.ern the data of that J.n-

-vea·tlgator. by. ab.-011:'t 4oii 1n f&et,,. at o.e1,."tai11 e:oneentra.­

ttens- the Ye.luee g1v:en b,y Dolaalu for )04 a.re a.pprox­

lmatelr eqlial to those 1nt.erpolat,e4 fo~· a;•, trom th-e 

reeulta of th.is tna,atige.t.1.c:n, Ta-e v~:o.%...px-essures. a.t 

JO• weirce compared wl th those at 25:., by the , ai '1- ef the 

v-an•t R&ff equatiw. Th-e a.V-ell'&ge «1:rf'eren-e~ bet11een 

ta• fejur e•:rltr&"Snt.e.1 vcl..ue&• obte.ine.d at :;oo a.n;d the 

oorrespot«dll'lg r ·e:aul te ,ee.l:e~ated from the upet'i'mente 

at 25•, 1a 1%. This is not lt\i'ge ,eo-1\id,d-erS.~ the ehaz­

a(f:t.u <iJ£ the dat-a., pa¥ti-crul:aJlY t h• uncel''t.f.l,it.tty of the 

thermoohem1'°'8.l val:U&s 1n:v-elve4.. 

EXPERllm'.NTAL DATA Al<!D COMPUTED VAPOR~PRESSURES FOR 

Htl)ROBROMIC ACID-. 

?he vap.o-:.c.....prea$ure~ of· h.ydrog~n blr-om1d• above its 

aqueous eolutlons -at a5• we:re de:ltermtne-4 between t:he 

eonoentfation,e 5,g to 11.0 rnolr, p-e'r 1000 grams of r,a.ter. 

The e>:,perf.mental data ri0,d QeJ.C.tllateti ir.esul t ,$ a.re g1vea 

in table. J. In oaletilat1ng; t :he rea:ul ts 1.t was a;s.s••"-• 

beoa.us-e of· iGClt of avfUlab-l.♦ data.,. that tht ~a_por-•preesures 

of w.a.iei: (4:bov.e the hy,bo'brom-1c acUl solutions a.re the 



same as these• a.bq.ve the h1tbroohlo.r1.c acid aolutione o,f 

the s@e con•.entJ.Oatlone. The e~l"cX' thue 1n'tl.'Oti'1Ce4 is 

very small st.nQe t:he·ae 1'al--ue:s. a.p1;e.ar in tho co:rreoti on 

fact.or. 

5·.076 5.s51 0.01;0 J.6,5 0.00153 o.o o.o 
j.4.~ 6.J~!i- 0.0165 2.250 e OOJ•'} • . ' ·.A -- :-~· {32.5) 

6.J74. 1.,,2 O.O)JJ ;;.4<J7 0 .-00$17 0.001 -1:5. 4 

6.g45 s.;i; 0.0,17 2.JJS tl.O.lJ.5 0.001 -'•5 
6.sso S l ~.,-•· .~ • o.os66 2. [SlJ. 0.0};)# o.ooi ··-7 .2 

7-J9J 9.;V+} O. l.lS 2.217 0.02J2 0.002 -,.4 

7.7;0 9.65; o.249 ?.. . 'Jj7 0.0466 0.007 ·•13-9 

t1 . 22l 10.i~\o o.46o 2 2'1,·• . . . , o .. oggs 0.001 ~1.5 

s.546 10 .. 9,50 0 701!! 2.155 0.14.J 0,.000 -o .o . : :,: 
Mean • G.1~ 

The d.-.V1e.tlona vrexe obta1luld f~om tt\e Qt~• ob­

tained. by Jilott1tig valt:.tea ot log10 :,:p against values of 

o. (fig. l .. ). Althr;-ugh the me.a.xi p~fc1entage •elr~or is 

t1uoh gr:eatttlt ir.l the e.,~se. of h)~egen br:omide., 1 t will 

art $me.lleJ' ., The vapor,..-p:res&u:t$$ 0f hyd~,og♦n br<.mtide 

ar·e about eaghty ti1t1.ee sma.ll f)r thtt..n thoe• Q:f' hydrog.•n 

.ehloJr1-d• at ~ol'r~t;}1-0!ldl~3,; oono·ent1%1.tio11eJ tiit.B .tee: tf· 

eom-se r-e:t.a:tad tw tho fuit: tb.at the c-onat:Q!tt 'tt~illng 

miature of hJdt'eb~omi9 aQid boil.a at l2ti4,\ ,. While that 



of the hy<il'ochlo:r1c a.<1ld bolls at 110°. 

By tb.~ a.td. of th• curve 111 Fig. 1 values of the 

vapo~"'P~••eultf wer-e interpolated to -~ouna- conoentra.tiona. 

The :r-·es~l ta et,tp;r-ea,.i bQ_th as mols per· 11 te~ of &o11,1ti<m 

and ae mol• pe~ 1000 ~aras of wa.t,er are given in table 4. 

t~o 
7.0 

Jl 

0.00174 

0
- l"\ fl, '."1-Qt!. 
. ,., vv.:;Jvt/) 

0 ~ Ot,';347 

O.Ot?.26 

10.C ~ 0 .0573 

l.l., O 0,151 

fll'to-i.."" ,,,,. h 
,t.·rhUJ. -!111- •'<" • 

6.~Q 

7,..0 

p 

A _ otwl.: •:.t 
·V-,-. Vltfi,:,.,..-i'.J 

o .. ool¾-J5 

0.014!> 

0.06~ 

COiitl? .ARISON WlT.H EL}!CTROMO't:fVE li'OltO.E DAtf A. 

Tlie Vel.1-)~~~••am:-e dat.a for l1ydrogen cl,lor1de 

rite.y '.b~ !ilom;p11tl' e.d w;l. th the elc,o-tromotj.ve foz.oe mea~nxre-• 

men'ke- ot· Elli$ and of Li:nhu.rt i,n the follGW1,ng m~nner .1 

rr_b.~ f'.1,~f . .;.enetgy d-eo::rea.rde a.t·&~::tdil~ tl1e t~a.t'Uilfex, 0£ 

lHCl £rom a sQlutJ.on o. mol,al ·t-0 a solution O.l rao-l a12 

1. T'b~l'El is no -0one&-,pondi11g el&o:t"mo·t1·vJ forc.e data. 

ff)~ hydrobromi:o .ao,1-d eou~entrra.tion 4011·s .. 

2. Th('l rce1aults oeUld be r -e:rer:>."'e.d ·~o a Bc@lu:~lon c.f any 

-o'lhd'· conoen1ra:t1·on wttlti..n tll-o t:&~'1 ot the 11!.11 .F. data.; 

the conoent:r,a tion O. l. molal off e:te l)flJ:ticul~' ad van tag es 
!,t!>~ tlia, f ;re,t ~ne:tgy o::il-<-.rula:tions ... 



-LlF • · E llJ F (4) 

vtll•~· E, 18 ,the: ~l&QU8mQll'V. fc>i"Ce of a eeJ.l tn 

whioh the to\bo·••· qh~g• 111 ·stat.e taJtee· .J>l&ece. The , 

a•• f~ee-~n~gy dee:roase may bt e~ree-,aed also by 

ntt:a.ita., e:-f tho· e.qua.,:toa:: 

-AF . , RT loge~ (5) 

wh•r-•-p and Po.l are th,e- vapo~-,p~~iures of hydrogen 

ohlor1d• ,Aboff l ,ts. o molal end· tts- O.'l mol.al -EH>lutiona 

r'.e.epecrtlvely. 

F.r.om eqttati.ou (4) end ($) the relation 

E >t F • · ft f lege...12._ 
r10.l. 

(6) 

lcg1f! tt.gunst coJ.',::e.ep.oll<ltn:g val tt:0'flt of E, ab<.iul~ bft 

a f$tJ'·P...i£;ht l.tne l~tcVi!'lg t;ho sl;op t> ll l? / ~.JQ} H T .. 

Th{l iiJcr11·ed ·vaJ.,.,1e,s of E may be ,~eaatly e1;U.Qu~ 

lated tr.om the ~esul t&J o:i' Elli~ ,t,;n,4 o;t· titll1$l't-.. 

Both of tn,se inveatiga.to~s Clet~1lled t he elee.-tro­

r.-0t,tvo foree at 25• 0:f eol.1G of tl1;(~ ty-s1• 

H2 (1 atm. }, HCl (o l'J.olal) • 11s2ol2+Hg 

wor, a. Qcne1 de·rable eoneon t~a t1 on -l.iiiij£i:,~--liy sub .... 

~i:ao,ttng the ele:crtromot1ve i'oio.• ot' t l1e '<llOll '-a 

·,th.ioh, ·th& ~once-ntrs.ticn 1s • fo~mal, £;.om t ha:t of the 



similar o,ell in which the concentration is O.l fortnal. 

the quantity E whioh is to be substituted 1:n equation 

(6) 1s obtained. These- values were c;alculat.ed and 

plotted against oonoentrationa expressed a.s mole per 

1000 ~ams of water. The results of Ellis and of 

L.inhart are in good agreement with ea.eh other. From 

this graph val.ties of E GJorresponding to the concen­

trations at which the '¥'1;1,por-pressurea were exper1ment­

a.ll7. det.ermined were read off and plotted against 

values of lOfhoP· (Fig. 2.) 

At concentrations below about 7.15 molal the 

points were fo'UJ\d to lie on a straight line having the 

slope required by equation (6). Above this conoen­

trat1on they continue to lie on a ~ooth O.UTJ· but 

not upon th~ re-1:ed straight line. This deviation 

can be a.c-ooun ted for only by aseum1tlg an error 1n 

either the eleetromotive force or the vapo:t•presaure 

da.ta. 1 

l. In the electromotive foroe determinations th.e hy<iro• 

ohlorio aoid solutions whioh were in oontaet with the 

oalomel electrQdes were satura ted with calomel. Exper­

iments showed that the effect of dissolved oa.lomel 

upon the va.por-pressm-e of a 10.0 molal hydrochloric 

acid was negligible. See table l. 



20. 

Sinoe five oo~oorde.nt determinations of vapor-pres.eure 

were made between 7 ._15 and 10. O mol.e.l~ while but one 

eleotromot1v, force result 1s availaqle within this 

rang•• it seems mo~e probable that the lat~r is 1n­

correot. An erzor of J mill1volts in the electromotive 

foroe data at .lO.O molal, or, of l pei-eent in the Qon .... 

o.ent.ra.t1on; of the acid emplo.red. would a.ooou:nt for 

this d,tvla:tion.;;.· .an .erro~ of lo percent in the va.:por 

preestu:e.- me&.surements would alao a.coount for 1 t,. but 

a.:t 10. 0 molal t.tiree d.etermir.ra.tions v,ere rriade and the 

mean of t.he oo:~responding values has a. probable 

er:ror of blit 0.$ percent. 

Because of this uncertainty in the data for the 

solutions more conc.entra.ted than 7 .15 molal~ 9nl_y 

those results obtained within the range 1n whieh thE> 

e.leotromot1ve foroe and vapo.r-prE.z~,;re data show 

good a.greeme.nt were employed to calculate PO.lJ the 

vapor""'Pressure of hydrogen chloride above its O.l 

molal solution; this value ia employed in the free 

energy oaloula.tions which follow. From the experimen• 

tal result at ea.oh of the g concentrations below 7.15 
Zl\Olal.,✓s~t~por-pressure of O.l molal HCl was ca1-

cula.tod -by means of equation (6). The mean of · these 

values 1s 2.2; lt 10.6rmn., the a'terage deviation from 

the xnean 1 s J. 4 percent and the proba.bl.e error l. 2 

percent. 



Since cai'e:ful electromotive force data, a.re 

available dowi1. to concentrations as lQw as O.Ol 

molal, the vapor-pressures of hydrogen ohlor1de a.bOve 

1te solutions of any concentration between O.Ol and 

lO.O molal. may be determined within a few percent by the 

aid of equation (6) or by interpolation from. the direct 

vapor-pressure measurements. 

FREE ENERGY OF FORMATION OF HYDROGEN CHLORIDE. 

The ele0.tromoli1ve force a.t 25° of the cell 

Hg + HgzCl2, HCl (f).l), Cl,2 {l a.tm.} 

has been determined to be 1.os96 volts1 and. that of the 

cell · 

H2 {l a.tm. ), HCl (O.l), Hg2012 + Hg 

to be 0.39904 volt2. Hence the electromotive force 

o·f the oell 

H
2 

(l a.tm.), HCl (0 .l), Cl2(1 atm .• ) 

is l.4sg6 volts; the probable er1:or of this value 1s 
7. about 0.5 millivolt;>. The relation -AF= EN F then 

g1vee -J4.:,)0 :;.: 10 oa.J.orta.e, as, the .free energy of one 

HCl 1n O.l tiiOlal solution .. 

l.. Lewis and Rupert J. Amer . Chem. Soc. ll, 299, ( 1911) 

2. Ellis. Ibid. 1§., 754-, (191_6'). 

J. See Noyes and Ellie. Ibid. ~ 2540, (19,17). 



The. free energy of formation of hydrogen ohl.oride 

ls obt-ained. by a4ding to tbe ~;bo,re v-uue, t he free 

energr increase which ~esulta when the :p:r-e&eur,e is 

ehangtd f:rom that whion th~ hyclrogen chlor1d:e has 

above. 1t-s O.l mol8l. solution, Po.1 , to a pressure of 

@& atmosphere. This free energy increase- i a given 

by t he relation -Ll F = R T loge ... z6o .,. (7) 
Po.). 

Thie equation i ,a oas.e.4 upon the assumption that the 

gas ob,ys the pe·rfe.ct gas law at pxesa.ures le:es than 

one atmosphere.. At t.his pres.sure the dev.ia.tion of 

hyuogen chloride is o.7J.i. ,Pe~ce.nt at 0°; it ie less 

at 25°. 1 
The uncertainty thtlS -1:ntrod.uoea. in-to the 

result given bJ equation (7) t-0gethQ" with that 

1avolved 1n the value 2.23 x 10-6 which is subst1 tuted 

fo:r Po.l is thllS •about o.6 percent. Equation (7) then 

gives 11- 630 ; 70 calories a.a the free energy increase.. 

The fre,e enel"gy of format.ion ot hydrogen Qhlolltide 

at- 2,50- 1s hence -22, 70(J + 70 oalor1es-.. 



SUMMARY . 

l.. Determina:U.ons of the vapot- preestU."e ot hyd~ogen 

ohleride above 1 te aqueotU) aoluttona at 250: ha•e been 

mad.e between J . 2 and lO . O molal. The resulta have a 

probable error of o. 6 per.cent; they are t wo or t~ee 

times ~a greo.t ae the prettious dat.a of Gahl. Fo~ 

determinations carri\?d out at :,o• are c,oncordroit but 

give results diffe.:ring _gr·eatly f .rom tho et of Dole.zalek. 

2~ Determinations of the vapor-pre,ssure of hydrogen 

br¢Jn14e above: its .aqueous solutions at 2·5° have been 
t 

made betv1.e.e,n 5.g mo.lal and J.l.O molal. The res\11 ts have 

a probable er1:,o:t o.f ! . l!- per-cent. 

; . The vapor- pre-aaure meaaureme1'lte for hydroohlol'ic 

aei.d solutions be.tween 3.2 molal aJ1.d 7 .15 molal are 

ill good agl'.eement with 0t;he elect:romo·t.1ve fo.roe of 

hydrochl.o;io a.e,id ~one~ntration ~ells . By the. a.1.d of 

suoh eleotr.omotive fore~. d a ta. the vapor-preeeure 

of h:fdrogen chloride above 1ta aqueous solutions a.t 

eonoentrations a.a low aa O. Ol molal may be calculated. 






