
DOAN EP55 0061 
[lh'prilJl. -d il"!!1 till' .Illi! ,,,f 1'11.\ d';.! ('h",n, ... Ir.\', 59.1.~.1 ( I !I.-,:I) 1 

('oprriJ:(ht 1nr,,-, IIY till' \lIlI'ri l'll ll ('I"'IIIII':iI ..... ,,· i .. l.\' ~II"I "'IIIlId"1i II.\' !,f'rI liI ....... i ,HI of ,IH' ropy ril!hl oWIl.' r . 

T~. ~ EF:·'ECT OF PHESSGIG~ i.). - TIlE SOLUBILITY OF SOLIDS I:"J NON
.\).uAH, L QUIDS* 

By K P. ])OA1':1'; A:-11) II. G. DHICKAMETt 

f)rpnrtment nJ Chemistry nmi rhrmirnl 8ngincrrin(J, University oj Illinois, Uruana, Illinois 
/(,'r.;/'N/ DrrrmlJcr 10. 1954 

. :-'.:!.al, ili l~· I)lr:Lsurrl)1(mtR undcr IHessllr~ ·ti I(~ 10}?~)() :~ll11oRplJ('r('~ h:~vc brcn m:l.de in t !1e follolVi~g SYSlCIIIS : phen:l.ll lhrene 
111 ( :-." n-l1('x;~IH', 1l-11I'plnIH', n-ocl:LI1('; Knl, II) \ ' :-'2, n-h"x:lnc, 11-11('1'1;11)(', IL-oclane; ("CI. tn CH" n-hex:LI1(, n-hept.ane n
O('I:UH', '2-Il11·I .h.\,1 p<'nl :LII(" :3-nH'thylp(,lIt ane , 2,:3-dilll<'II.,Y1I1l1t.:1IH', 2,2-dinwt.hy lhul:lne; n nth mr('lle in (,S. ~ The resl'llt~ 
:\1'(' :L1)" lyzl'd in t!'rll1~ of :)c:~t.ch ;ml - I[ild('bml)d 1111'01'.\'. 1n gClwr:d, Ihn e/TccLs of moleclliar st ru cl llre astium e gr('ater ill1-
porl.:L n('n at. I hr higher preH~lIrC~, especiall y for n-IH'Jl I an('. 

While the meaSlIl'ement, of solubili i.y iH Olle of I,he 
older fields of physical chemistry, t.here hnvL' I. I'ell 
very few attempts to study Lhe ciTed eJl' ;" ,):-..
tended range of pr(,SSllre on the solubili ty d· j, .llp. 
molcc!lllar solids ill non-polar organic' li'III, IH. 
This paper prcsellti':i t.he results of sl«'h [I. 'i,lldy 
made at ~;jO wit,1l a maximum pressul'C! of ill,IIO!) 
ttLmo::;pheres. The :-;ystems studied and ti ll! l,j 1\:1-
mllm pre:;sure for oa('h a rc listed ill Lhe Tabl<' ; j 1\'. 

Experimental Procedure 
A. Chemicals and Purification.-Tho hytiro(,:lI ' ) ' \1 1.' \. ,.,.,

:tIl Phillips l'<'t.roleum Co. "Pure Gmde," L1." '·.~rl ,,' I <li 
H.t1fidc waH ,1. T. Haker C.l', grade. '1'111 \ ~"I\"'IlI, '"''''' 
dried over p,O. and diHt.illed Hlowly in a t,,,",, -f<H)1 1'" ,d d 
('OIUIll Il uRi ng oil ly n cent.er eut. lLmoullt.in~ t.o 51) fin", ,,( till' 
t'h:Lr~e. The hoi lin).'; range of the produ(,t, was III 'Y('r <lV , r n.:; '. 
Ac t.ually t.('stH run with pitrl1antltrene and ~II [ , ill.! i,·,,1 ,·d 11.111. 
til< ' dry in g; pro('ed ure hmi vcry li t,t,le e/Tcet nn ", )llIhili ,. \·. 

The Sn[, was obtain l'd IU! reagont. crYHl.:tlH frflll, 11 ,:r,ll'i n 
L :lho m t.ori('s. Its melt,ing range wa~ 115.7· I If .'1 f'OI11-
par!'d wi lh t.he liU'rature value of 11:\.5°. ::iilll'" ils 1'11 .11'
pitnric solubilitioH in Ct;' and Il('ptane ehecked VNy ,·;".,ely 
t,lll' VnI Uf'M given I)y Dorfman and lIildehmnd , ' it w", IIs(';1 
wit hOllt furt.hcr puri{icnt.ion. 

The phenant.hrf'l1c, Ilnthra.cene a nd h('x:u.:hlol"OC'1 halll' 
were Eas(,mlm I\odnk Co. pmeH(, ~rade, The phen:Lllt hrenc 
Ilwltrd 100-101.l ° and the llnt.hmcelle nwlt,cd 21(;'7-
2J8.2° . TheHe wcre lI~cd wit.hout. further p1ll'ificatio n . A 
few experiments on n'crYHt:l.llizcd phclmnthrelle gILY!' 110 

Hi g nifil' n.nt. d eyialion from I.he 01 Iter r(' ~ ult.H, 
The C ,CI, melt.ed 187 .7-188.0°. It waH rCHuiJl ill1l'I I :Ind 

I'l'cryst.n lli zed from etlwr and rlhllllol, and caref lllly dl"lrd. 
T it!' linl\1 product, IIwlt!'d 18S.5- JR!1.2°. 

. B. Analy.tical Procedure .- AnalYH(,H WC'1'Il IlI'rforl'H'd 
1'll llI'r hy wI' l"hl, or by refrac( iv(' il\dl'x, 'fitp wl'i~hill ': pro
Cl'duw Wll~ IIH<,d for all pitl'nllllLitrl'lH' HYA tl 'IIlA, for ;J lit Iira
('C'II<'-CS, for :->11 r,-CH, alld for C,C I,-C~,. W"i .:itill':" " ' ('1'(\ 

Ili ad" 011 1111 AillHWIII'I.it t.y po 1)1,11 eitailll)lna l it: iJ:Li:!1I1'I', 
Jo'OI' t.h(, hydr<H'nriHlIIH, Ht.a lldal'd wl' i.:iJi ll f,!; iJol.1 I,," WI 'I'<' "",,01 
witi ll' HP('(' I" I w"i ~ hill': pilll't.H WI'I'" (""IAII"III'i.<'.! rill' t I,,· C~; 
Hysl "IlIH. ('''II~ i ,j,.l':th ll' ('aI''' waH 1H·('('SHa l·Y . alld 1I11 ~1I \' t <'HI" 

on know l\ ~o lllt iOIll; w!'rn IH'l'rOrlll('d, hut 't,IIn llIel hod" "'"1''' 
rairly HI:Ullhr<l ()X(·l'pt. for C,CI.-C::;,. In thiN ,'IlSI' 1.1 ", 1I'!:i
t iv,'ly iti~h vapol' pl"I'HSUm of e2C I. m:ule it, illl pos',i l,I,' 10 
(,v,qllmttc 10 drYlwAH wit.hout IOHing C,CI" so a '1"'1".11 1'1"'
el'd ure was adopter!. 2 

The al\alysc::! by rerracLive index werc Iwrror'IJ"" " II a 
Bilusch ILnd Lomb Precision Hefmctoll1rler . '1' 1 ,. 1 1I.~ld. 
sO~lree was a.sod ium varor lamp. The 8yRlcn.~ ;Jllal.\·zl'd ill 
I hlH mallllC'r Ill c luded a l of t.he 8n I, and C,Cl r. d:! t.a. f')«:I'P I. 
for 1 he CS, runs in both c:t~e8. 

Tho pen;en\.a~n error for the hip;hcRt preRsurr 1'1I11H IIln.v 
he 10% . nt al,mosphcl'ic pres~ure the error wus el'l"l;li nl)' 
k ss than 0.:3 % . 

C. Measurement of Solubility.- The techlliql1(, 1I~1'c1 to 
determinc t>ul ubilities at one atmosphere was es~clI\.i:t II" t h"t 
of IIildcbmlld , Elleftion and Beebe .3 • 

(O) Thi. work wae 8u pported in pnr t by tho A.E.C. 
(I ) M. E. DorCml\Q and J. II. Hildebrand, J . Am. Chrm. ,)oc. , 49 , 

720 (1927) . 
.2} E. P . DOl\ne, Ph.D . Thesi. , Univ. 01 Iliinoi., Hrbnn" , fltinni •. 
1:1) .T. II . Hildobrand, E. T. Ellefson !lod C. W. 11I·d.,,·, J .1 I I ( ', .. ",. 

Soc. , 39, 2301 (1917). 

The hif'h pressure equipmcnt eonsist.cd of an in tensifier, 
:1. ;)f)' lIh anJ a so lubility cell. The metho(l o f obta ining and 
n"'-"'1II'ing: t.he preHRure was identica l to that describcd pre
Vi'/II,I),' The solubility cell eonsist.cd of a stainless sLeel 
1111>1' '/," ill di:l.lJwLer and P /s' lollg which screwed in to a cu p 
lilll'rl with Il1f'TI'U I·y. The mercury Bcrv('d to separa,t.e t.lte 
prCHHlIl'I; t r:lIIHlIlitting fluid 'from the solution. T he, cell 
\\',I..~ ~cpa l':LI "d ill t 0 two se ctions by a laypr of fi I t.er paprr 
slJpporl('d 011 rit he r ~ide by two pieces of 200 mesh stailliess 
~I,,('I ~('r"(-nill/.!: . Th!'se rested 011 a shrlf about 6/S' from thl' 
t,,, p. '1'1.(' ('d~f's W('r!' sealcd by a Tenon gasket. held in place 
h:: 'L ~t<·,'1 ~Ie.· v('. I ~ach chamber contni llcd :tn iron ring. 
,\ 1 IIIl'h,..d t (J t.11I' upP,' r plug; nn(1 Hurrounding t.he cell wa~ a 
"' ,1" lI o id I hroll).';h whi ch waH sellt (L pulHed d .c. ClII' rellt. . 
Thi~ :ll'liYall-d til(; iron stirr('rs ILnd cnuHed mixing in each 
,·I ",., till'r. Th" t.o p cup eo ntai ll !!d n hole for l~ 2-50 sc rew 
,lid I \\'0 No. iO hol( 's for t.it!'rmoeouplc wires . The wireH 

\I ' ''\,(' cf);Jfpd wiLh collodio ll '~nd Lhe wholc top of the cdl 
W :I.' painl "( i wit h eollodion "rlc l' :lssemltling. 

Tho lower r;itam lll'r cont a illl'd Lho sol id nnd solut.ion , t.ho 
IIP»I'I' chaml ... r jusl. Holulion. 'I'l l<' sol id waH eit.hel' placed 
Oil 1 Ite 111,'1'('111".1' ')1' s<' parat.ed from it by a polyethyle ne disk. 
!-'il)('(' til<: s" lu l,ilily dl'opp('d V('I'y mpidly wit.h increasing 
p ... ·'SUI'(· It \Vas 11I'('I'SR:lI'Y t.o prcvent HUpCI'Snturation at one 
a t 1lI1lsplt l're. Fur t.his Jlurpose t.lte sol id waR carefully coy
I'n'd iJy a pi('ct' of tin foil amalgamat.ed wit.h m ercury. A 
tlll ... 1 "n:dl "t IlTCI' wal-! elH.:loHcd wi t.h lhe so lid. After load
ill )!: Jlll d :lpplvin/.!: preSSlIl'e the coil wa~ st.arLed and t.he 
HI inTI' t.orr 01"'11 t,It(' wcakenl'd foil. 

At the end of a run t.ile syst.em waH deprcHHurcd . the t.op 
1)lul-; and pl't'ssure Lmnsmitl,ing fluid re movcd, and the 
hqlud ~ampl('d t hrough ono of t he No. 70 thcrmocouple wirc 
holl's . 

For til<' I',L."C of ph"llant hrc lIC' jll CR, t hI' prnecdure had t.o 
I", lIlodifird. In the first pl:l.cr, »Iwnant,hrene is very 
so lll hl<' , "lid H"I'ondly it is l('s8 dnns!! I Itan CS, Ilnd HoMs, 
Till: ,,)I id \\':IS fl.ls,'d ill t 0 a.llIll1p in o r.!l'r t.o "et cnou).';h in, and 
a 1'11 '( '(' .. r I1ll'dllllll ]lorosll,.y fl' it.led ~I:ISS olle Illlll. thick re
pl'II ·,'d t ill' lill<'1' pa pl'l' ThiH wa~ HIH'f' l'ssful only h(, ()lIuSI' 
"j" t.Il1! HlIlall p ... ·HHII I'I' ('o<,fIif'il'nl, of viH,:oHil,y of CH,. 

Tit!' IlIlInb "';IS illllJlI'rsl'd ill n hat.h ",hi"h w,~s <'ollf I'oli('rl 
I" I 0 . 1". \ViI I. I II<' I:llw' IlIa"S of st.I'I' 1 it is rI"lIl)I.r1l1 if <'VOII 
11 " 'HI , f1l1dll n t i"lIs gill, litrulI~h t.o I II(' (:el l. KineI' 1.111' HI ilTl'1' 
"oil " Iso '« lpl'l i,'.! 1 ... :11" 1,111' Iml.h WllS I11IJillt.ll ill"d aI, 22"1", 
'1'1 ... l.h('I"II1()(,'>I'I"1' IIIJ 'IlH\lI'"d t.h" t.ollllH'mturc ill t.ho 111'1"'1' 
,·1.,,111111'1' "r till' (',,11. 

III ordl'r t.1l g ll' lr:lllll'l! I'(Jllilibrillm , runs \V',/,( , mad\! with 
Yariolls illiti a l ('on('( :ntml,ionH of solution, sill('c this waH more 
('IlIlY('lIi"nt I.han varying t.he tim(; of t.ho run. (The runs 
W(' I'!' g;ell!'mlly 20-24 hOlll's) . VariouH <Jl he r tpstM w<'ro 
:lppl il'd t.o insurn t.lw vnlidity of t.he met.hod . 

Results 
The cxperimC!lIlal resl li Ls arc shown ill Table 

[ -IV. The reprod uc:ihility i:; ± l- 2% at. atmo;;
pllC'r ie prc'f;S III"C!, and ± [0% at the highei':it pres
~lII"(,S, 'I'll!! larger deviation at high prc,';sllI'e is 
dllC' primarily Lo difficulties ill analysis. 

1" igllt'C: J i:-; a plot of relativc soluhili ty versus 
n'lat ivc voillme of solvent for different sol \l Les in 
( 'S~. On the same graph are shown the aLmos
plwrie pressnre results obtained for 8nI4 in C82 at 

(4) It. C. Koelle r nnu U . G. Dricknmer, J. Chern. Phu'" 21, 2(17 
(1'1.;;1). 


