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PREFACE

The solﬁbilities'of noﬁfpolqr géses ih polar liquidé at 25°C and
atmosphefic pressure &eré éfudied.v Data Qeré taken.for £ine systems:
three gases (helium, neén; and argon) in three alcohols.KprOPanql,'pen—
tanel, and heptanol); ,Tﬁé apparatus Was»desighed sﬁch that the vélume_
vof,gas‘was hela constant and the solubility was«measured'by the pressure
drop éf‘the gas. The experimental results of this wofk,Were compared
with’the*experiméntal results of other investigators énd With calculated_
solﬁbiiities;uéing foﬁr éorfelatidns for predicting solﬁbilities of .
'noﬁ—pélarvgaées inzéolar liQuidé;

;I’amjindebted to Dr.IR.'L;fRobiqébn,vmy:advisor,for_his exceilent
éounseiiﬁg, encoﬁragéménf, én& ébhétéﬁt’iﬁterést duriﬁg»ﬁhislstudy. I
also wish to ¢x§ress’my appreciation,tq those gradﬁate students,who
gave helpfuivéuggestidns>during thislwork, especially Mr. V. Cu'Smith
and :Mr, D.,D..Dillards" . |

I am indebted to Mr. M.'Wayne:Adkins‘for his aid in'the design of
certéin pﬁases of the'glasé sections of the équipment and for his aia
in buyilding the glassware.

vFinally, I am indebted to the School’offChemical.éngipee;ing for

the financial support which it»has”provided.mefduring‘this'study.
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CHAPTER I
* INTRODUCTION .

The'purpose‘of this'study'was'to (1) design and.construct an appa=.
ratus which could be used to determine experimental solubilities of

__gases in 11qu1ds, (2) measure the solub111ties of argon, hellum9 and

'.jlneon 1n the alcohols n—propanol n-pentanol and n-heptanol and (3) use.

the data obtained to test several theoretical correlations for calcuﬂ
.lating the,solubilities of‘non—polar éases in polarysolvents. :
| The literature on gas solubility contains both experimental solumrl
bility data and theoretical correlations for calculating solubilitiesa‘b
v Particularly lacking were. data on. light gases 1in polar solvents. Thus_
1nine»systems.Were studied~in’this.investigation:v threelinert_gases’inrb
threeﬁ,.,'aylcohols.i Data were available in the 'literature for the thres argon
systems, thus prov1ding ahcomparison with the experimental data of o
‘:this:-work. | No data were available for the other six systems (helium“
'-and.neon'in the three alcohols) : |
Seyeral techniques for measurlngvgas solubility are also presented
~in, the literature._ For the present work -an apparatus combining simplio
»city of operatlon and accuracy of results was designed to eliminate as
vmany as pos31ble of the. 1neff1c1enc1es of . operation and correctlons to
. results which were required by existing apparatus.iv
Four theoretical correlations for calculating solubllities in polari

solvents were found inxthe literature; Each correlation was based on -a



different theoretical approach. These correlations were applied to. the
systems studied in this work and the theoretical .results were compared

with the experimental results of this work.



 CHAPTER II
| SURVEY OF LITERATURE

lhe literature survey cons1sted of three distinct sectlonso‘ l)
equipmentvwhich have been used to take experlmental gas—liquid solubie,
1ty data, 2) data presented on solubility of 1nert gases in alcohols,
Tthat is helium,‘neon,'and argon 1n the alcohols methanol through
octanol, and 3) theoreticalncorrelations1for calculating theosolubility

of‘nonépolar;gases'inapolar-liquidsﬁ?i%1”"
‘_'GaSQSolubility‘Equipment"

o Battino'and Clever“(li have'discussed in.detail numerous.meth@ds
for: measuring the solubility of gases in liquids, including manometric=v
”;volumetric methods, mass spectrometric methods, gas chromatographie
“',methods and chemical methods° L R - . .
| Two of the better available apparatus thoseof Cookvand Hanson (8)
'fand Dymond and Hildebrand (ll), w1ll be disucssed in some detail as a
fvaluable 1ntroduction to the design of the present system,. Cook and
;hanson spent much time studying the causes of error 1n solubility
imeasurement._ They described in detail these sources of error. :_,E
| The Cook and Hanson apparatusris shown in, Flgure l—a. tlhe\*
Lapparatus contained three main bulbs—-a primary gas bulb a secondary
‘V::gas bulb 'and a solvent bulb The volumes of the bulbs were calibrated

by velghing the mercury required to £411 the volume.



;TThe:solvent"bulb;wassfilled with solvent and the'solvenr,was'def_
.gassedlby'boillnggoff lO—Zb%'oflthe_solvent over ‘a ﬁwa'tbothfééghdur.
perlodlb An‘infrared lamp was.usedltofheat the‘solvent;‘“

,Theosolventdbulb wasbposltfonedfso:that the-solvent:could be:gom_
’pressedubetween mercurvrslugS, lThe.solventfwas conSidered to be'def’
.gassedfif~no‘bubbles remained in the‘solvent bulb when;the:solvent wasl:
; compressed;.'To’doubleicheck for;degaSSing, Cook and Hanson placedfa
vacuumfthermocouplevgage,.which;detected the presence of;non—condensable
components, after a liquid n1trogen trap | |

The pr1mary gas bulb was evacuated and then fllled w1th the gas.
The gas was compressed to.a g1ven volume and the pressure waskread on a,
b'rmercurv manometer. At th1skt1mevthe gas.was Stlll dry and had come 1ntot

.~contact with merCury’only," The gas was transferred to’ the solvent bulb.

S The bulb was shaken v1gorously unt11 the gas volume was reduced to.about

”onefcc‘(the;slzegof,thefsecondary:gas bulb), at wh1ch tlme the gasiwas:'
\_transferred=tovthe.secondaryNgas bulb;:'The:pressure wasgmeasured‘at
the,given volume‘and the gas;waS“returned to the-siolvent_b.:bu‘lb{and.‘shaken‘~ ;
fagain; (Whenhtheupressurewreadinglagreed.Withinponetmm”hg withithe'pre-f
‘ v1ous readlng, the pressure was: recorded ~The'volumeaofvsolvent waS-
'-_measured from the known volume of the solvent bulb and by we1gh1ng ‘the -
imercurv‘whlch'was.redulred_to flnlsh‘fllllngvthe bulb;..All”transferrlng‘
ijofxsolvent andzgas was'done“withbmercury Slnce the f1na1 gas\1s satu— o

"vrated with' solvent vapor the f1na1 number of moles of gas had to- be .

’ﬁ'corrected for th1s compositlon effect

The Dymond and Hlldebrand apparatus (shown 1n Flgure 1 b) contalned':'
a solvent and al gas bulb whlch were ca11brated by d1sp1ac1ng mercury.r.,f_,,

x'The solvent ‘was degassed by b0111ng and free21ng. The gas pressure was ‘
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,?measured in;a‘drv‘stateiand:the gas.was then transferredTto:the,solventh:'
'bulb.v ln_the above:ways the‘DymondJandvHildebrand apparatusjmas.similar:
to that of.Cook;and Hanson.' The ma1n difference in these apparatus wash
o 1n the wav the ‘gas. and 11qu1d werekmlxed Dymond and.Hlldebrand,had
Ztheir.gas.bulb mounted;directly\above the,solvent.bulbfand;connected:by
”a,glaSS‘tube. They_also connected‘the:two bulbs withra‘sidearm.which
.enClosedla metal—in—glass plunger. The plunger was: maénetlcally oper;
ated- and pumped solvent from the solvent bulb to- the gas bulb ; As the :
solvent. ran down the s1de of the gas bulb a large surface area was ex-
posedvfor the ‘gas to go 1nto solutlon. Also no. large gas bubbles were
hcarrled from the gas bulb. back 1nto ‘the solvent bulb.
bAslvasythejcase with COOk\and,Hanson,vDymOnd and(Hildebrand
:;measured the\finalvpressure,withfthefgasvpartlally saturatedrvithfsol—‘
'{éﬁ£§ 'Againuthe;finalfnumber'of:moles}ofbéasypresentﬂlnpthepgas reserv

voir had to becorrected for this composition effect. '
Experimental Solubility’Data

: Solubllitv datavipthe'llterature arehusually empressed i#none»qf_
three_mays5\as_a Bunsen Coeffielent)Vostwald Coeffieient,vothenry's
Law Constant;' | '

- The Bunsen Coeff1c1ent o, 1s deflned as: the volume of gas; re-
educed to 0 C and 760" mm. Hg, whlch ls absorbed by a un1t volume of sol—' )
"vent (at the temperature of the measurement) under a gas pressure of
760 mm;Hg, ‘Thus 1tvean;be“shown_that ‘ |

Vs T



= volume of gas absorbed at temperature and pressure of

£
5
e L
o
<

09
i

-measurement
Vg = volume‘df solvént aégfgﬁperature:and preséure(ﬁimeaSurement

' _T é  teﬁperatufe.of’the_measurément (°K). |
In;equation.(II-l) the éorfeétions:to standard'conditionSyassume ideal
gas behavior. chervequa;ioﬁs.dfvstaté can be used, but the'equati@n,‘
bf.statevshou1¢ﬂbe specifiéd and égﬁétion (IIfl) sﬁquld”be adjugted,'

B The-Osfwéldeoeffiéient; i;'is:defined;as the vo1ume of gas9:re@
duce&»to}thé'temperature“df ;he'méaégrément,apd.760 mm Hg,_which'is
aﬁébﬁbﬁ@ibyba,ﬁﬁit-yglume‘éfééé;Qénﬁ‘f;t the #gmpéraﬁure of the measure-
meﬁt);ﬁndéivé gas pressufeKOf‘ZEO mm,ijlg° The Osﬁwald Coefficient is

then L e R
| a ERERE S ar

wherejvg and Vg are the same as for equation (II-1). Again ideal gas

behavior is:assumed'inimaking cqrredtions.oflv to standard conditions:

g
’Henfyfs Law states that thé améﬁntfbf gas which dissolves is pro=

portional to its partial pressure, or

'vwhere p* : ﬁartial pressure of the gaS
xg- = mole fraction of the gas in the solvent
‘H = Henry'S;Law_'constant°

".Forrthis-wbrk,'p*f‘él one atmdsphere;’and.the:éfdre,
CH = 1.0/% | (11-3)

- Literature data on solubility-of rare gases in alcohols is rela-

tivelyzégafce, “The earliest data is that of Axel Lannung (22) in 1930,



‘1n wh1ch he experlmentally measured the solubllltles’of hellum, neon;x
'”and argon in both methanol‘and ethanol , He presented h1s results as
K both Ostwald and Bunsen coeff1c1ents at six temperatures (lS 18A 20‘
25 30 and 37°C) His apparatus employed the .same . pr1nc1ple as that
>‘ of Cook and Hanson (8) in wh1ch a known volume of dry gas -Wwas shakenu'b
above.a known volume of - degassedvsolvent at a glven temperature _The'
7gas pressure was’measured before and after shaklng and the number of
’moles absorbed was calculated M

In l958 GJaldbaek and Nlemann (13) presented the solubllltles of .
argon ln n—propanol n—butanol, and n—pentanol ‘ The data were. presented
bat 25°C and 35°C as Bunsen coeff1c1ents.i GJaldbaek and Nlemann used
.the“sameﬁapparatus asbhannungr ;' ' | |

In l960 Boyer and Blrcher (4) presented the solubllltles of argond
“ "1n elght alcohols‘(methanol through octanol) ‘.The~data1were taken at |
25°C and were’ presented as Ostwald coeff1c1ents | Boyer;anddBircherfz N
:COmpared the1r results wrth:those:of:Lannung-and:ofvGjaldbaeklandl‘
'Nfemann;: Boyer and B1rcher used a.modlfled E H. Sargent Company mano—
metrlc Van Slyke—Nelll blood gas apparatus,, Wlth this apparatus the'
.solvent is saturated w1th gas, then the gas was extracted from the sol—3
‘ vent and measured The procedures are descrlbed by Van Slyke and '
“Peters (28) i

‘_ Theoretlcal Methods ¥

Four theoretlcal correlatlons for calculatlon of solubllltles 1n f;f:
jpolar llqulds were found fn thetllterature‘ The f1rst by GJaldbaek
:band Nlemann (13), used regular solutlon theory w1th correctlons for
fFlory-Hugglns m1x1ng.k Prausn1tz4and Shalr (30) presented a new‘model ;_U

for the d1ssolut10n process and used the model and the theorem of :'k



corresponding-States:to‘deuelop:their:correlation;‘ Loefflervand'McKetta
(24) presented a correlatlon based on. the concept of continuedtassoci—
"atlon.r L1n and Chao (23) used the "group contrlbutlon theory" to‘flnd
- the solub111t1es in pelar llqulds. |

"The assumptlons of . each .of - these correlatlons and the worklng
~equations wlllﬂbe_shownpln:thrs,sectlon,l Complete der1vat10n of the

vequations will}be,given ianppendix A,

' Gjaldbaék_and;Niemann

The solub111t1es of non—polar gases in: non—polar 11qu1ds can . be

| calculated from the equatlon of GJaldbaek and Hlldebrand (12)

~log X, =.—Zog x2 + 0. 4343 V2 (a -52) + Log. Y2 40, 4343 (1 Y2y (11-4)

"l, 7 -l
whereﬂxz' —'_solublllty of- éas in mole fractlon _
: k%j - »"1deal"‘solub111ty of gas B
h"§2 - partlalbnolar:volume ofithe-dissolved_gasjb
;u6lln—"solubillty parameter;ofjthe sé;&énﬁd_f
: xéé :—“solubilitylparameter orvthevgas _
v, - :méia?;voluﬁé,gfuthg solvent |
V_R’Hz¥_ gas;constant,u' |
: I:.l—'dabsolute temperaturefr_"

.’.This'equation was developed:rrom.regularhsolution theory“with‘correc—d.’
Iv'tlons’for Flory—Hugglns m1x1ng. | v |

| GJaldbaek and Nlemann (13) used the1r experlmental solublllty datan
efor‘several non-polar gases in several polar 11qu1ds to back - out,values

n(of 6 * the 6 necessary to" correctly predlct the experlmental.solubl—v- .....

lity; ’Fromjthe’results,‘they‘developed the'follow1ng-correlat1on1_



L 'where

ek = f“‘é.l‘",-‘f(.e,-l_)'((_).fi_é'Sf‘—. 0.00143(ax1025))" . (II-5)

‘where'ia polarlzablllty of the gas

.‘,e.:;, d1electr1c constant of the llquld

- Prausnitz_andvshair L

R‘Prausnltz and Sha1r (30) presented a.new model for the d1ssolut10n
fprocess.; The model was. comprlsed of two steps. (l) The gas is 1554
“thermally condensed to. a hypothet1cal llquld at one atmosphere pressure-’
and (2) the hypothetlcal llquld 1s mlxed with the solvent. |

h ;_Us1ng»the fact that the solute in the llquld solutlon 1s>1n equlll—

- brium With the gas at unit fugac1ty, they wr1te the equatlonb

' —1— ik .z—z-—z“ff Z IR (1I-6)

fL = fugacity of hypothetlcal llquld at one: atmosphere

'j f2°ﬁ— fugac1ty of pure gas at 1n1t1al condltlons

Q;Yéhf , act1v1ty coeff1c1ent of gas.v
Uslng‘experlmental solublllty‘data, Prausnltz and’ Sha1r showed
'-that the fugac1ty of a. hypothetlcal llquld is a unlversal functlon of-
‘reducedltemperature? thatlls;'the fugaclty follows.correspondlngvstates‘
~_theory.':Thus.they made a‘plot Of:fL/P ,;where.P~-is}thevcritical;pres%}
"sure of the gas, as a function of the reduced temperature of the gas,
anh They also plotted (Zog yz)/v as‘a functron of 62; Where v2 1s theA
.»xmolar volume»of_the_gasdand 6 1s the solublllty parameter of. the- gas,If
fmlth each;alcOhol as a parameter.'V'Y = |
frausnltz and Sha1r used the two generall?ednpidgsléndleq#arion

lu';(II—6) to calculate the solublllty of -gases inipolarQSOIVenté;awl’i

A



11

Loefflef“énd‘MéKetta

”:Loefflgr and McKetta((24) preSented”the_following_cbrfelation,for
‘ 5§1ubi1i£ié$,of noh7polaf'gase5~in éléqholé:

| V ‘ bvod’az:

S otmgo = o £h 4 (- D) + O (T1°7)

) vwhére.:¢' = yolume fraction of the as’
» o ) : : g

3 1f9L'f-”fﬁgéciﬁy of‘hyﬁothetiéél liquid aﬁ pressuretof i_atm~

 .VL‘;—;:leﬁme:of oﬁe>"tfﬁeﬁ\ﬁélg;of solution -

‘1  Vo  ;"ﬁ0lar &Oluﬁélof ﬂypofhétiéél liqpi&*‘
: B{'}; éémiempiricél péféﬁéter;L :. |
 ¢3;.f,vvoiume fractién’of the al§ohoi  o

R "—_'gaé constant " ‘.:~

: :T,_'—.‘aBsolut;jteﬁpe:atgfé;f[vJJ
This cér;élétion is bése&?oﬁ7thg;é§ﬁée§t QfQ"ébnfinuéd g$§§§iéfion;ﬁA

"thét‘%s, a.subéténce cén$i$fs_dgiaﬁiéauiiibrium mixturévdf éingle ‘”
‘  »¢61ééuies withilingar Po1yﬁefé éf‘ailvdrders‘froﬁ twoﬁtp,infiﬁity;‘;
:?JIheatéfai Vélumé,iVT,qfugduatiqn:<II;7)li$ definéd as |
'l“5;‘=,;:'_42»';45.;4(1-1&4) S are

Ve Yoo S Va o : S

“* where-.

4, = L12K¢a + 1 - (4Ka +»1)'%J_’ S (I1-9)

'ahd;_Kﬁ‘h :gSSO¢ié§ioﬁléqﬁiiibfiumiééﬁstaqgr‘
1 ;¢i f; ﬁdlﬁ@é?frgcﬁioﬁzbf alébhqliﬁbhémep{  o
Ve molar volume of aleshel.
' wxihéqu#ngity;ﬁ’iﬁjeqﬁatiOhf(ilw?)'caﬁnq;;bé:éaicuiatedzfréﬁwppre{v»1

' COmpdheht.prbperties aﬁd'thexéfofefmust berdetermined erm'experiméntal'



' .data.‘ Loeffler and McKetta, therefore, used l64 selected data polnts
for fourteen gases 1n s1x alcohols to generate a plot of b ‘as: a functlon

of ‘the cr1t1cal temperature (Tc) of the gas, ‘Thlspplotqls.glven‘ln

v;rtthelr artlcle (24)

"ngven 1n Appendlx A

) The assoclatlon equlllbrlum constant K‘ was found by startlng with-
lbﬁ'vthe equlllbrrum constants‘for methanol and ethanol by Kretschmer and -
gW1ebe (21) from solutlon data and estlmatlng the relatrve values for
-the other alcohols from thevwork of Danhauser and Bahe (9) FrQ@ithls
a.conslstantdset'of'equilibrium constants’Was.found. 'A-plot of-K;as a .
functlon ofAthe temperature ofthe system 1s g1ven in the1r art1cle.,"

A complete derlvatlon of equatlons (II 7), (II—8), and (II 9) 1s '

| f,‘Lin.aﬁq;chaayq;; _—

. lhe'correlatlon of.Lintand‘Chaol(Zdjﬂtor:ﬁélCuiating Selubilities
-hof 1nert gases 1n alcohols 1s an exten51on of ‘group‘contribution
'theory of solutlons developed by Chao, Roblnson, Smlth and Kuo- (6)
g In th1s theory the functlonal groups (for alcohols they are: CH3
‘>CH2 , and HO—) are con51dered to be bas1c 1dent1f1able structural un1ts
of molecules.:‘If the manner ofslnteractlon among thesevgroups is known,
fthe:interactlons of.mixturesﬁof molecdles of dlverse spec1es may be
fpredictedyas described;'k | ‘ |

., | L1n and Chao pres ent ed; ‘the ‘f.o,l,low_}i.ng *:corr‘»,elati’on':“ , i. E

CKT A H = e+ es + kT zn RT L (II-10)

ﬂgmhereftk, f.pBoltzmanzconstant '

T - temperature of the system



,_4l13‘vr

; Hi‘ét“Heﬁryfs law:constant'
e - energy required to create a cavity in the solvent the size
' :of‘theisolutefmolecule h‘l | |
= ie.;%hlenergy of~interactloh:betmeen,thebsoluteﬁmoleculevandrthe ,

'.tyisolvent molecules whlch ‘are’ close enough to‘1nfluence it.
.~ They assumed the entropy effect assoclated w1th.the energy of 1nter-
actlon‘of the molecules to be negl1g1ble.‘: | | -

L1n and Chao calculated eg with- the follow1ng relatron

.lfggc.g%fg%%f=ﬁdspEm°»”--7] i :: (11-11)

where 5y - enersy density
| ‘lc.i‘t: gas molecule dlameter.o:f T
{.The method used to f1nd pElls d1scussed ln Appendlx A

x~- The value of el was. calculated us1ng

(11-12)

"fWheféq?'S: - ’totalvsurfaceﬁarea Ofﬂthe:gasimolecule,
-A,._h_surface area?of‘groups of’typehul
hﬁhk ﬁ_usurface energy denslty of u group and gas 1nteractlon

*wAuLEfffractlon of total surface of the solvent molecules taken

P

vfhup-by.u:grouPsf
‘ffSAﬁ. ~f’energy of 1nteractlon.;,"

Lin and Chao present ‘a plot of A .as a- functlon of ln (a+l) for the

Mgt~three groups of whlch normal alcohols are: composed CCH2 ¥ CH‘i;handé“

"m7Ho_); They used paraffln data to calculate ACH and ACH{'and used data

'of several gases 1n methanol to flnd A H _Tan‘
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- The derivation of equatioﬁ (II-10) and .a discussion of the proce-

dure for using the eqUatidhs'are given in Appendix A.



" EXPERIMENTAL APPARATUS

: '.:The;apparatus:usedvin(this;Studypﬁas~desigﬁed\so’that~dtfwouldfbe5
~;simp1¢{¢¢lpsé“aﬁ5fs§ thatfall*knovnfcauses»of error.in solubility., >

'measurement7could’be minimized

Cook and Hanson (8) d1d extenslve work to determlne why the solu—

;‘i:.blllty data 1n the llterature do not agree w1th1n lA.Z They concluded

“ogthat 1f the chemlcals are. suff1c1ently pure and the temperature, pres—.':

']sure, and volume are measured accurately, the errors must be caused by

.(ll"feilurefto attainieduillhrdum}igf}ﬁéf;ygfem;f
‘(Z)gffallure'tobdegasdsolvent e |
. ;a(SS_.fallurevto accurately measure the amount of gas dlssolved‘
fﬂ4ifffallure t0 keep the gas or solvent free of contamlnatlon Whlle“
| idtransferrrng v | | R )
"The apparatus used 1n.thls.work was des1gned’onbthe follow1ng

8 prlnclples.vif_tf SR A
bﬂ(lj: The solvent was degassed by contlnuous bolllng under entremely‘low
u”-vﬁressure.- | » | ‘ ' L
TfifféidrThe VOlume of the gas reservolr remalned‘constant and the solu;‘

.1b111ty was. calculated from the pressure drop of the gas-i_'
@ e iivial gas .P'fe?esure.was read before the gas had come info

BLEE s
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FZT(A)ifThe attalnment of equlllbrlum was accelerated by”stlrrlng

:(5) iEqulllbrrum was. cons1dered to be establlshed when no. furtherbrate
"1rof solutlon (pressure dropﬂln‘gas) was - observed i

:(6)‘uBulk flow of gas from the gaslreserv01r 1nto the solvent bulb e

{'v.through the flne caplllary tubing proh1b1ted d1ffus1on of solvent

Jbt vapor into the gas reservoir { Thus compos1t1on correctlons were f’”""
”'not made in” the solublllty calculatlons,;;i”l> |

The apparatus is. shown in Flgure. 2. Thefsolvent;was;degassed in
‘.:;the degass1ng flask The degassed solvent‘was transfered to" the solvent=
1":bulb through the solvent transfer 11ne;> The syrlnges;’connected to the o
. solvent bulb were used to ra1se and lower the level of the solvent 1n,u
:ithe solvent bulb. Bulb A Bulb B and thektublng between stopcocks 7

and 10 comprlsed the gas reservolr.x Contact between the gas and solvent:3j‘

J'f*was made 1n the solvent bulb. :W1th stopcocks 6 and ll closed the en—h

”bltlre system could be evacuated to test for leaks. The st1rr1ng dev1ce,ﬁ y‘

”bwhich was mounted in the solvent bulb was dr1ven by a- magnet wh1ch An-

turn.was dr1ven by the motor mounted on the outs1de of the constant

:temperature bath | |
For purposesuof d1scuss1on the apparatus w1ll be d1v1ded 1nto s1x_t

' .“sépa,réte,-Cgmponvent Sy,st_emsg:‘:, | | | |

(1)"the;degassing_system;d?

'(2)' theﬁgas measurement system

| l(3i,.theigas—11qu1d contact system,f;;

kd)f—thelelectrlcal system,ggl

’:(Sjclthefvacuumbsystem;

(6)  the temperature control system.

" In the following discussions manufacturer's specifications of the



.equlpment w1ll not be g1ven. TThevequipmentispecificationshand suppliersp'

5are llsted in Appendlx F. B
:’The Degaésiﬁg-System]'

The degasslng system was des1gned such that once the alcohol ‘is putd
-11ntovthe system, it can, be degassed and transfered to the solvent bulb
'?.w1thout breaklng any‘connectlons in; the system.» Th1s ellmlnates the
v:‘chance of contamlnatlon of the degassed solvent;_

The degass1ng flask had a. volume of three liters. This'large flask,u
ffwas used to m1n1mlze the total amountvof time requ1red‘for degass1ng

TSince approx1mately 250 ce. of solvent was needed per run, seven or e1ght

g g‘runs could be made before the flask had to - be refllled The;solvent‘

.jwas degassed for elghteen hours 1n1t1ally and two to three hours before

Feach run,rather than twelve hours before each of the runs. The flask

wifwas heated with:a heatingimantle‘_fThe 1nput voltage to the heatlng .hf?:'
: ’mantle was regulated w1th a powerstat.‘ A:condensor.was*mounted above
the degass1ng flask to reflux the solvent dur1ng degass1ng

Stopcocks l and’ 2 were greaseless, hlgh vacuum stopcocks.- These -

'~H°stopcocks prevented the poss1b111ty of condens1ng vapors washlng grease'-

P 1nto-the~solventa Stopcocks 3 and 4 were 1dent1cal to stopcocks L and

2. These were also used to prevent contamlnatlon of the solvent whlle
itrwas{be;ng transferred. The solvent transfer llne was 9 mm 0. D. .
~special wall glass tubing. -
1'The'Gas;MeasurementTSystem 0
Th1s system 1ncludes the gas reservolr wh1ch is that volume

,f1n1t1ally occupled by the gas, the transducer for pressure measurement
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'.;f'sand-thg gasﬁtransfer'line.;'

- The}Gas"“Reserybir

The gas reservoir of the system was comprised of Bulb A Bulb B
and the tubing between these bulbs and stopcocks 7 and 10

Bulb B was attached to the tubing by an "0" ring ball jsint 80 the f]
»volume of the gas reserv01r could be varied This arrangement faeilia

tatés study of a wide range of gases and solvents,: Problems5 such ag

'that of Cook and Hanson (8), in Wthh 95/ of the gas had to go int@

"solution, were avoided

Bulb A was used only with argonri Since approximately 550 cc‘were
‘needed for argon, the presence of Bulb A made it necessary to have Bulb
TB for argon be only about 370 ‘cc. A secondary use. of Bulb A was for the
calibration of the volume of the tubing portion of the gas reservsir
:'ThebpurpQSe and procedure.of this calibration are explained in detail

in AppendiX* ;h The tubing is 9 - mm- I D special wall, except for the

ft*fbcapillary tubing, which is. l mm I D.

Bulb A and the separate Bulb B' s were calibrated gravimetrically .

fbefore they were mounted in the system.f,;j"

* Pressure Measurement

’.;ﬂ The pressure was measured with the transducer which was connected
directly to the gas reservoir & The transducer was then connected t@ the_;
’potentiometer, on which the emf readings were taken. The'transduceruwas;fv

» calibrated after 1t was mounted 1nto the system The transducer was

' mounted in51deMa chamber adapter which was . connected to the gas line

Ji

'ff:with a: Swagelock fitting and a Kovar to glass seal
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" Gas-Transfer Line

“ f,ﬁTheiéasﬁtransfer llnefwas deslgnedﬂto mlnimize9thefdanéer;of?over—
‘,pressuring-the,transducer,_ Thls danéer ex1sts 31nce the gas was.at a
“pressure of 1500 ps1a 1n the gas.bomb and the max1mum pressure that the
Vtransducer could w1thstand was 20 ps1a ” | - |

| A pressure regulator wh1ch 1nd1cated both gas bomb and downstream
;Jpressures was pos1t10ned as shown in, Flgure 2 thelregulator was-con—v,
"inected to copper tublng w1th a Swagelock flttlng ;Thel3/4*inch<copper

'v‘tublng was used to glve a certa1n amount of flex1b111ty 1n th1s llne for»s

‘,:f>the changlng of gas bombs.¢ The copper tublng was connected to the glass

"dtublng w1th a Swagelock flttlng and Kovar—to—glass seal
“‘,t Stopcocks 8 9 lO and ll were hlgh vacuum, greased stopcocks.
“Stopcock 7 was a. hlgh vacuum, greased stopcock w1th caplllary 31dearms

', and bore.,h‘

- The Gas-Liquid Contact System

} The gas—llquld contact system was composed of the solvent bulb and

- 1ts aux1liary parts, the syrlnges and the motor—pulley system, Whlch

':was used to dr1ve the stlrrlng dev1ce in the- solvent bulb A detalled

“;;sketch of the solvent bulb is shown.ln.Flgure‘3
- Th;sosectionvwas-des;gned to-meet,thewfollowlng specifications:,

(ll ithefstlrrinsfdeviceihad'to hreaktthezlléuid¥gasfinteftace continu—f

uw,ously and also m1x the solvent contlnuously, - o
'h;(é)ffthe volume of gas above the solvent was ‘to. be.kept as small as
| -1poss1ble; thus_no correctlonslwould havejto.be‘made'ln.the'f;nal}}

‘gas7pressureireading"to:account'for:thefsolvenr;vaporlpressure,'

;d'(3},fthegsurface“area-ofdthe.gasfliquid;interfacefshould-be"as large as .
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possible,
f/é‘kgsygghepQélﬁéengfSdivén#;wﬁiéhlagtﬁgliyfabsorbed:gasfmustibe;knowﬁ;l
'dlié?dfg';" R . Gl Sk e -
KFT;CS)bZno motor;or:electromagnetfcouldébelputglnkthé;temperaturé,bath:beé.f
éausé?of'ihéﬁffieiéﬁtfcoéiiﬁgféépacity; 2 |
'7:;;Test1ngirevealed that a boblng type of- st1rr1ng dev1ce would ‘work "
v:_best W1th the above spec1f1catlons.f The float (st1rr1ng dev1ce) had

'_three main parts, the metal rod the air ‘space;- and the W1re gauze.

’{J:The a1r space was slzed large enough that the st1rr1ng deV1ce would

‘f»,float but yet small enough that .a powerful magnet would submerge it.:

.bvahus as the magnet r1ses near the cell the float is pulled down and as.
thermagnet:draws awaylfromfthe{cell5_theffloat rlseS‘to:the'surface;d
- causing*the'wire gauze.tobcontinuouslyfbreakjthefsurface;¢ |

- The solvent bulb was ca11brated grav1metr1cally before 1t was

. mountedflnto-the system. The top of the solvent bulb was’ des1gned to
:hbe as flat as posslble so that a large gas llqu1d 1nterface would ex1st\v'

8 for - a small volume of gas.* The wlre gauze was shaped to f1t squarely

"bagalnst the top of the solvent bulb :The syr1nges were-mounted‘so that:'

":the level of the solvent could be adJusted by adJustlng the syr1nges.
H :Thus at the end- of each run. the syr1nges could be screwed in-and the
actual volume of.solvent wh1ch absorbed gas could be calculated

:The st1rr1ngndev1ce,wasudr1Veniby'the.magnet The magnet was dr1~
i.ven in- the follow1ng way A small wheel was mounted on. the dr1ve shaft'
| of a 96 rpm motor._ A rod was mounted offlcenter on the wheel and . con—tg
Ulnected W1th a. nylon.llne to the bar .on wh1ch the‘magnet was mounted;

'JJAAs the wheel rotated the magnet moved up and down



: All tub1ng connected to the cell was one mm- I D .caplllary tub1ng
ﬁBy u51ng th1s tublng, ‘the diffus1on of gas up the s1dearms was mlnl—'

vmlzed and assumed to be negllblble., Caplllary tublng was used to con-':‘

apors i

f“nect the solvent bulb to the gas reserv01r to prohlbltﬁalcohol

»frOmgdlffusrngglnto the:gaslreservOIr.l
. Electrical System -

The purpose of the electrlcal system was to make conslstently
b‘accurate readlngs of the pressure w1th the transducer. A‘dragramiorfthe
electrlcal’system is - shown in Flgure 4 B |
The power supplv was- used to supply a f1ve volt input to. the transe-:‘
(“;ducer.g Because of drlft in” the power supply, 1ts voltage had ‘to: be 3
vmonitored | The power supply output could not be monltored d1rectly on
mzithe potentlometer since the max1mum allowable 1nput to the potentlo—
meter is 0 160 volts : Thus, a 2000 ohm and one ohm re51stor were put
i.in serles w1th each other and in parallel w1th the‘transducer.p»The;_'.‘
'e voltage drop across the one ohm res1stor was about‘l/2000 the total drope?
iof 5 volts, or 2 5 mv. The potent.lom‘eters}were used to measure the _‘
Jt,pressure drop across the one ohm‘re31stor; thus monltorlng the power p'J"'
supply_output and to measure the output.of the transducer.d
*vaacuu@ Si?ﬁemlt
The vacuum system was‘used to. degas the solvent ‘toaevacuatexthe‘;T
bsolvent bulb to a pressure below 0 005 mm Hg beforeythevsolvent‘was

jtransferred and to evacuate the gas reservolr before 1t was loaded w1thj' E

'=p,gas.
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C A two stage vacuum pump with a rat1ng of 10“ mm Hg was - used durlng
the 1nvestigation,£ The vacuum line ‘ran’ from the pump to a glass "T "
One branch ‘of . the "T" Was connected to. a MLLQOd Gage (lowest reading

~ was 0.005 mm Hg) vThe other branch ran through a cold trap to.a glass
| _manifold'; Two'lines came‘off the‘manifold, each w1th'a high vacuum
greased stopcock - One: of‘these 11nes was connected d1rectly to Bulb A
(above stopcock 8) and the other was connected ‘to. the degassing flask
(above stopcock 1). | v | |

All vacuum lines were 3/8 1nch copper tub1ng.r These lines were

"xagconnected to the glass unlts (cold trap, glass AL S manifold) with

thick walled high vacuum rubber tubing All connectionscwere greased
-‘with high vacuum stopcock grease,.;:v'
The cold trap,submerged 1n ‘a; dewar flask containing liquid nitro=_"

"gen, was used to condense vapors during degassing and drying of ths

o solvent bulb and thus proh1bit the vapors from ruining. the pump oil

; The McCleod gage ‘was connected between the cold trap and the pump
:so that the pressure measured would not 1nc1ude the vapor pressurs @f
‘ the solvent, | . . |
| A temporary 11ne was made which could be connected from ths inlet-.
| of the cold trapto the drainage 11ne of the solvent bulb (below stopm'
' cock 6) The temporary line permitted rapid drying of the- solvent bulb'
while preventlng solvent vapors from being drawn up- through the gas

reservoir, yflf
Temperature ControlasyStemv

The temperature control system was used to maintain the system at

j25°C f A diagram of the system is shown in Figure 4
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’eThe:temperatureffnfthetalr:bath‘wasvcontrolled;wfth‘a'proportlonal,
.témpetétureféoﬁtroiiéfﬁ* Thevair.was circulated'with”a ﬁsquirrel,caéehi
fblower,s The blower, pos1tloned in the top left corner of the bath
drew arrflnto the c1rculatlon channel at - the top rlght corner of the
bath.} The”alrzpasseq,across:the‘heater,.across-the Coollng-colls, and o
-finally was drawnbinto thefblower;r The'alr.was‘erhausted:downward_from{.
ithe blower and d1str1buted‘throughout the bath through exhaust ports
-falong a d1str1butlon channel The temperature sensor for the controller
'lwas.mountedVinfthe_eghaustTChannel‘with the»top directly;in oneﬁoffthebfh
bfexhaust ports. BT .
Bath temperature was.measured w1th a thermometer whlch was mountedva
U'Hln'the,back of the bath:‘ Twovthermometers were\used durfng'the=investi—
"'gation; The f1rst was a Fahrenhelt.thermometer w1th d1v151ons of O OSdE

The second was a Centlgrade thermometer w1th d1v151ons of O Ol C Both

"ffiwere callbrated at 25° C w1th a p1at1num re51stance thermometer.pf“'

| Heat wastprov1ded by a, 250 watt str1p heater wh1ch wasvconnected
-to the temperature controller; Water at 34 40°F ‘was prov1ded to the
"1coollng c01ls of the air, bath and the condenser of the dega551ng bulb
beia.COmmercial chiller. .The‘coollng water was transported through
'wx:tygon tublng,‘ The coollng c01l 1n the -air, bath con51sted of approx1—~
l.pmately elght feet (slxbfeet of transfer 11ne anc two feet.of c01l) .of

b‘l/4 1nch copper tublng
_MaterialsA

’iifAllialcoholstandféasesfwerefpurchased;from'theiMatheSOn:Companpg_
‘”lnc;p Chromatograms.wgre'supplied;with‘eachjaICOholf yThe-purity_ofgthe.

. .gases wasvstatgdhiq-the catalog. ”Allpmaterials.were1usedlastreceived;.'
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specifications were as follows:

Minimum Purity,

QESEiEEL' ~ Volume per-cent.
Helium 99,995

Neon = © 99.995
Argon . - 0 99.995
Propanol . 99.5
Pentanél‘ o 99.5.

Heptanel o 99.1



CHAPTER IV
OPERATING PROCEDURE
The exper1menta1 procedure for test1ng the equ1pment and for taklng
.the so1ub111ty data w111 be d1scussed in th1s chapter. The follow1ng
‘toplcs w1llhbe d1scuSsed:, the ca11bratlon of the equlpment (Bulb A,
Bulb B, solvent bulb, transducer, and the tublng in- the gas contalnlng

vportlon of the apparatus), 1eak testlng, preparatlon for taklng data

TVand the procedure used in taklng the solublllty data. L

’ Calibrationshof@Volumesf g

In order to calculate solubllltles us1ng a volumetr1c apparatus,,?'&'“
vthe volume of solvent wh1ch absorbs gas and the number of moles of gas
- jabsorbed:must;be known The 1n1t1al and flnal volumes of gas must be

.‘known in order to calculate the number of moles of gas absorbed Thus

v'fﬂhthe solvent bulb Bulb A the three Bulb B' s,'and the volume of . the

v'tublng 1n the gas contalnlng portlon of the system had to be accurately?;
callbrated ’ The f1ve bulbs were callbrated grav1metr1cally, wh11e the
'ltublng was- callbrated us1ng a gas expan31on method ~The—se,volume C&ll*:T

bratlons are dlscussed below

o GravimetricﬂCalibrations;

The volumes of the f1ve bulbs (three Bulb B s, Bulb A, and the

l,solvent bulb) were calibrated by we1gh1ng the water requlred to" flll

v-bZSﬂfjv



thefbulbsiand calculating:the volume fromftheﬁknownﬁde‘: ;yuanWAtéfjat«

,,the temperature of the measurement;::
- The balance used to‘welgh the water hadka‘maximum capac1ty of 200
f grams. slnce the bulbs plus water we1ghed>more than 200 8rams, théhbi
fbulbs could not be welghed dry and then welghed full of water but

rather, the water added to dry bulbs had to be welghed An- portlons.jbh;;,i;

:yplastlc squeeze bottle was fllled w1th about 130 grams of dlstllled

: water (squeeze bottle weight was’ about 70 grams) The bottle was-T

W318h8d chen ‘the water was transferred:to the glass bulb_*;The plastlcf;ﬁ.

G*bottle was welghed'agaln and the d1fference 1n we1ghts was equal to the
: weight of the water added Th1s procedure was repeated untll the glass
£ bulb was fllled Care was taken to assure that ‘ne - water was- spllled_r'a

After the- bulb became full, the water was dra1ned and the temperaturef

.:of.the‘water wasrrecorded,:vyf-,usgﬁ;
Each of the three Bulb B’ s was flllede1th waterbto thekvery‘toptjﬁ S
of ‘the ball Jolnt.‘ The volume of Bulb A was callbrated such that thel_biv
"volume-between-stopcocks-8~and‘9 and*the'bore'of stopcock»Q were,1nclu;ri%”
'>xdé§,l To- ca11brate the solvent bulb three -of the four caplllary arms‘v
werekplugged so that they were a1r t1ght.u When the bulb ‘was fllled w1th

distllled water, the water d1d not enter the arms.

v ’-Gés‘»’EX‘I"‘?‘nSion Ca‘librat’ign = s S

The 1n1t1al and f1nal gas volumes had to be known The'volumesfonw

';'Bulb .B and Bulb A were found grav1metr1cally before belng-mounted 1nto f:fi

the system.i However,vthe volume of the maln gas llne couldf"” ¢ mea= .

msured conven1ent1y by gravimetrlc methods. Thus, the fol gﬂgasv

expans1on technlque was used The system was brought to 25° L
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stopcocks 7 and 10 were closed gnd.stopcocks 8 and.?-were opened,v Ihe-:
syétem Qaé evacuated to below 0.005 mm,Hg;‘ Stopcogk 9 was closed and -

- stopcocks 10 énd 11 were opened. The system .was filled with air4to'
atmoéphéric preésure. Stopcock lO\was closed and .the Syst¢m~was,allowed
to come to equilibrium (the trénsducer.readings-became'cénstant). The
follewing readings were.theﬁ~taken:' (L) theféutput-of¢the transducer,
EMF, (2) the voltage drop>acress theaoné ohm resistor, EMF,, and. (3)

the temperatufe of the system, f;

Stopcock 8;Was then closed aﬁd~stdpcock{9 was-opened. The gas ex-
panded into Bulb A, Afte;‘the;system'came~to.equilibrium, EMF, EMF,,
and,f were reéorded again. Stopcocks.8 anar9 were épened,.and’the sys-—
temvwas,reéVacua#ed’

Each‘funnwas»madevwith_the;above procedure;_ Then_Bulb BVwas}re_
moVedfaﬁd one of .the otﬁef;twa wasjmoﬁnted.i'Thq-ball jéiqt-wa8~again~
checked for leaks. Oﬁge-the system was air tight, three;runs.werefﬁade.
with -the second gas bulb. Finaliy,'thfee runs.were ﬁade‘With the last
Bulb B. | |

The methodiusedvin calculating}the gas volume from the above in-
formation.is explained in detail in Abpendix~B;”

The volumes .between .point C and peint B (see'Figure.Z) and between
point B-and stopcoeck 7‘(iﬁcluding,the>bore) were found‘by filling the
solvent .bulb Withfwater. The wéter levels were .set at C and the;syrin—‘
ges were read; vThq level was then raised to B and the syringes.were -

_ read,agaiﬁ,. The level was réiééd to‘fhe»top 6f.stopcock 7 ‘and anothé;3

reading was taken. = The two volumes were then calculated..



‘Calibration of}Transducer,

The pressure was: measured bybmeans of a pressure transducer,a The-
_readlngs from the transducer were ln terms of its output voltage; Thus
the transducer had to be callbrated to f1nd the actual pressure as a
functlon of output voltage.of the transducer.iy‘

; The-follow1ng“procedure.was‘used’ A Texas Instrument (TI) pres—
sure‘gage (descrlptlon g1ven in. Appendlx F) was Jolned to the system at:

, th "0" r1ng ball JOlnt connectlon for Bulb B. The TI gage could not

L - be placed 1n the air . bath Thus 1t was set on top of the a1r bath and

a. 3/8 1nch copper 11ne Jolned the TI gage to the ball JOlnte-

‘ The temperature controller, cooling water, and blower ‘were turned
:on and’ the transducer was g1ven several hours to come to. 25°C\ W1th
'ﬂStopcocks 7 and 10 closed, stopcocks 8 and 9 Were opened ‘thus draw1ng

ia vacuum en, Bulb A, the transducer,’and the TI gage.1 The system was

'Q”allowed to set w1th the pump drawlng‘on‘the system for f1ve to‘s1x4“
hours., Thls was done so that the TI gage could be accuratelybzeroed
After zerolng the TI gage and transducer, stopcock 9 was - then closed
~and the system pressure was monltored for three to four hours to check :
for leaks around the ball Jolnt.:ii B e S
When the system was.- leak tlght,lrt was agarn evacuated E T#éﬁf§i?fji
v10w1ng values were recorded (l) the ‘TT gage readlng,vTIG (25'£5é-5ﬁ;;f
vput of the transducer, EMF (3) the voltage drop across: the onelohm |
k’.re51stor, EMFo,tand (4) the temperature of the ‘TL. gage, T._JIV' »
-Stopcock 8;was:thenvclosed Wlth stopcock ll open, a’ small amountaf:{
of air was let‘1n through stopcock 10 The system was allowed.to set
-vluntll both the TI.gage readlngs and the transducer readlngs became eéné}

i'stant. Aga1n EMF EMF TIG and- T were recorded v More a1r was then
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'fputfintofthe'System.ﬂ’The.pressure.was~alloweditofriseﬁat-predetermined:
pressure intervals; The approximate pressure was read dlrectly from the;‘
. B N .‘ i L .

TI gage. If too much air entered the system, 1t could be drawn out by

L ‘sllghtly pen1ng stopcock 8

The above procedure was fdblowed‘up to avpressure of approrlmately h
f850 mm HglrFor pressures above‘atmospherlc,alr was- blown umo the systemf
"thile leJJng the system,approx1mately f1fbeen data po1nts were taken f1ve
'from O 600 m Hg,and ten from 600 850 mm Hg (The pressure read1ngs dur—f
.1ng solubﬂJty experlments were generally'1nthe range of 700 800 mm Hg )
,vjAfter the readlng wastaken at the max1mum pressure,readlngs were taken

asthe pressure was. lowered from atmospherlc pressure to a h1gh vacuum.

e

; ifa;,@fg. :

ock 8 was shghtly opened and alr was removed from the system. .Tth

system was g1ven t1me to. reach equ111br1um,and the data were recorded

Four runs- were made us1ng the above procedure.- Two from vacuum to’

".l850 mm Hg and two from 850 mm Hg to vacuum._ The average dev1atlen be— -

tween the calculated pressures from the transducer and the true pressureu'

calculated from the TI gage.wa540 2 mm Hg

e Leak Testn.n,g,

0ne of the causes of error whlcthook and Hanson ( 8) mentloned
‘szas that of contaminatlon of solvent or gas.. Slnce‘an a1r—t1ght system
'“"wasllmperatlve the equlpment had to be cont1nupusly checked for leaks.’
.v\ The follow1ng method ‘was used to check for leaks-' Stopcocks 1, 4
5 6, and ll were closed and stopcocks 7 8 9 and 10 were opened
The system was drawn down to 0 001 mm Hg for half an hour. Any large
b'llleaks would be detected w1th the McCleod gage If there were no large
: leaks, stopcocks 7 9; and 10 were closed‘ The system was allowed ‘to ‘_ft

set for six” to ten hours.. A readlng was made on the transducer,xy“"'m



:fhba pressure change of 0 05 mm Hgf

“,:f'433‘l;;

l1nd1cat1ng the pressure between stopcocks 7 9, and lO ,.Thisﬂreadingr

.;‘was recordedf }Stopcock 9 was " opened When the McCleo:Igage 1nd1cated :

‘that the pressure had dropped below 0 005 i Hg (approx1mately flve'k

'-‘bmlnutes) the transducer was read agaln.” A change of 0 OOl v 1nd1cateda“

If the pressure d1d not rlse-over

0. 05 mm Hg per hour, leaks were cons1dered negllglble.- A 0 05 mm. Hg
'lrlse per hour would be too large durlng an actual run but the system
';dld not leak th1s much durlng a normal run. Dur1ng leak‘testlngmthe

pressure dr1v1ng force 1s approx1mately 740 mm Hg &Durlngf:amnormaimrunl

o the dr1v1ng force was 1n1t1ally the max1mum value of 70 mm Hgg wmthln_.ﬂ

°one hour the dr1v1ng force would drop about 30 ‘mm Hg, and after two
"‘hours, ‘to lO mm Hg For the above reason, 0 05 mm Hg pressure r1se peré

avhour,for a. drlving force of 740 mm Hg was cons1dered satlsfactory.

» and lO was vacuum tlght

‘ If the volume between stopcoc s-7 19
N SN . g : L . v L
.stopcock 9 was closed and stopcock lO was opened A transducer readlng»’,

”?f:vwasxtaken.r Stopcock 9 was then opened and the new readlng taken.s Thefﬂdj:

above procedure was used for the: ent1re system.i
Eventually all leaks were entlrely ellmlnated except two.‘ ohe~w55f“”
'1n the gas transfer llne, the other was 1n the syrlnges.. Both were

qu1te small and the danger of them caus1ng contamlnatlon was ellmlnatedg cU

throughuprOPGraexRerlmental;procedure

‘Preparation for Taking Data -

: ThisﬁSectionfdeScribeSVtheﬂprocedurefwhichﬁWas#used each tix

‘.fnew solvent was. 1ntroduced to the.system,llncludlng the ‘;gffk

d% degassing ble, 1n1t1al degassrng,”and fllllng of thersyrlnges.
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'sFillingrthefDegassingIﬂaskj

The degassing flaskwas evacuated to 0. 005 ‘mm - Hg for several hours
;tosinsure-that'thevcell was dry g A1r was let 1nto the bulb and- stop-
: cock,2;wassremoved A funnel and a piece of 1/4 1nch copper tubing were
used to.transfer the solvent fromvlts storage bottle 1nto the dega351ng
. bulb through stopcock 2 The solvent was put into the dega351ng bulb
kas quickly as poss1ble to prevent contamination by water vapor in the
kair.: As soon ‘as theflaskwas full, stopcock 2 was. replaced The stop—,
cock was greasless and could‘ea51ly be removed and replaced ‘ The de—- |
' ga331ngflaskwas a three liter flask Generally 1750-2000 ml solvent
:would be put in the flask so that several runs could be made before re=.
filling,and.yetithe solventwdid not;blow.eut theltop duringvboilingi'

'GlassfbeadsswereJuseansfboiling@chips.

‘DegaSSing;the Solvent

Rh’fét¢pc§9ks,$“aﬁdr8 werevclosedjjfThefheating'mantleﬁwas'turned.on.wi'
withﬂthé~variacfset‘on'40 | After g1v1ng the solvent time to warm, the
coollng water was started through the condenser. Stopcock 1 'was: fully
| i-opened, and stopcock 2 was sllghtlybopened thus slowly evacuating the . G
- ;spacenabove the solvent. When the pressure above the solvent dropped .;
“to’ the solvent vapor‘pressure at the temperature ofrthevsystem, the |
h;solvent began to boil | ' o
For the first hour,ha éreat deal.of a1r boiled off the solvent and;

went overhead to‘the vacuum pump.‘ There were few vapors conden31ng
‘;:After most of the alr.had been drawn overhead the vapors beganwto.con—f
ﬁdense.:.The head was adJusted so that the condensate line was about half

xwav;upfthe condenser.; The system was watched carefully durlng the
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hfi%St?twodhoursiof«boiliné” when the refluu rate stead1ed thehsystem v

*couldwbe*leftfunattended bThe cold trap had to be checked every flve tofg
;1 six: hours when the propanol was. belng degassed.‘ The trap d1d not need lﬁ-
- to be cleaned for pentanol or heptanol, s1nce, due to the1r low vapor
'inpressures; verv 11ttle boiled over._ To clean the cold trap, stopcocks
1 and 2 were closed The trap;was removed, r1nsed w1th acetone drled
‘and-placed back 1n the system.i The;system-was then evacuated to.beloW'f
0 005 mm Hg before stopcocks l and 2 were reopened | |

| Each of the solvents were degassed a mlnlmumvof elghteen hours

,durlng the 1n1t1al degass1ng.

.Eilling-Syringes;‘

_ Before a run could be made, the volume between the syrlnges and
5ae st0pcock 5 had to be fllled w1th solvent.f Slnce the solvent in. the-

syrlnges d1d not need to be degassed,'solvent saturated w1th a1r or.

e 1nert gas was put in. the syrlnges.: Thus they only needed to be fllled

vfrom the degass1ng bulb before the f1rst run . of ‘a’ new - SOlventqth@:ﬁ;g“L7

The follow1ng procedure was used to flll the syrlnges.; The solventi;

o _bulb, syrlnges,‘and transfer 11ne between stopcocks 3 and 4 were evacu—:*

:ated below 0 005 mm Hg Then stopcock 5 ‘was closed and the solvent bule

:was,drawneonva;shortttlme‘longer . Slnce the syrlnges had a: small leak

jstopcock~5fwas‘kept‘closed, Whlle evacuatlng the solvent bulbep

v‘to 80 When the transfer 11ne to stopcock 3 f111ed w1th solve

( ’cock 7 was closed and stopcock 3 was opened ' The"pressure:dlf

’~Jbetween the bulbs forced the solvent 1nto the solvent bulb ‘When theli""’

"solvent bulb was half full,'stopcock 3 and 4 were closed Stopcock 9



;wasuclosed and stopcocks T‘ lO, and ll were opened | Stopcock 5 was then
’”_opened and solvent fllled the syrlnges;vwhlch had been evacuated Any=
d‘alr Wh1ch was 1n the syrlnges would have been pushed 1nto the.solvent |
‘1 bulb by screw1ng the syrlnges 1n., Stopcock 6 was.then opened and the.

isolvent was drained - The caplllary tublng .and small bulb between stop-.
cock 5‘and-the solvent bulb were dra1ned by unscrew1ng One of the
bsyrlnges.; The solvent was dralneddslowly and carefully Just the r1ght
:‘amount of solventbwas dra1ned . S0 that when the syrlnges were set .on 2.0
(all the way up)iand l 0, respectlvely, the solvent level was- Just above
stopcock 5. 1f teo much was dra1ned more had to. be transferred
from the degass1ng flask ‘

When enough solvent was dra1ned the syrlnge was tlghtened and stop-

:, cocks 5 and 7 were closed and stopcock 4 was opened The aux111ary 11ne
'was then connected directly from the cold trap to - the dra1n11ne (stop—.z
hcock 6) .The solvent bulb was then evacuated and all solvent was drled C

:'ifrom the volume between stopcocks 3 5,=and 7

The cell dr1ed Ain approxlmatelyhfhlrty mlnutes w1thbthe propanol
vanduln,two hours w1th the.pentanol. (The vapor pressure of ‘the heptanol
'was 50 low that twelve hours or: more.was requlred to dry the cell

J-Therefore the cell was heated w1th a heatlng tape.; Though the solvent
v‘was.notadrlven off, lt_was;degassed,as.1t‘vapor;zed,':Wlth,thefsyrlnges fg”

‘.full,ftheiapparatus;waS-readv:forgah‘eiperimental*run.1
R Taki"ng'-_solubili‘ty Data

: Before each run the solvent was degassed for an add1t1onal two to
i)gwthree.hours. After degas51ng, the solvent bulb was drawn down to 0 002 b

vfmm Hg whlle the solvent was be1ng heated.; The solvent was transferred o



‘";fgllne was. evacuated to 0 005 mm Hg Stopcock 9 was closedi

i (frose to at least 300 mm Hg The pressure wasf

:»:Ltwice.sy'

o solvent bulb was fllled up;t;; e

'hfvolume between stopcocks 3 and

' 'ﬁ*stopcock 3 was closed A small amount of solvent’was he

,heuekcesso’

'f7solvent contracts by as much as two \er cent, or

‘ﬁf;‘solvent 1n the transfer llne was used to make up for thlS shrlnkage.

) Whlle transferrlng the solvent and 10 were open,gm"

“stopcocks 8 9f

stopcocks 7. and ll were closed‘f."topcock 10 was then clesed:: and gasu

‘7was putflntoxthe transferillne;‘gThe-transfer~11nenwas

»follow1ng way v The control value on“he‘pressure regul' orxwasfturneégf

'Valve E was

"J~4counterclockw1se untll 1t seemed to be com1ng loose;

gclosed then valve D was opened }aThe control valve was turned clockw1sef1

”;iuntll the downstream press _e~gage began to. 1nd1cate a pressure above

-atmospherlc; The control valve was then set at the des1red downstream
Qpressure;v Valve E was then opened and the transfer llne was charged
The follow1ng procedure was used to purge the ma1n gas llne and

‘gas bulb The gas transfer llne was charged to 4 0 pSlg The ma1n gas s

Wlthevalveifxa
oD open and valve E closed, stopcock lO was opened then closedr_'Valvet
'f”‘E was then opened. Stopcock lO was then opened and closed Then valve-'vs

5

'e.E was opened Th1s procedure was repeated unt11 the system pressure

onltored'on the trans—>vfif?

-ducer. Stopcock 9 was then opened and the system eva _ated to less than"35”

._JO 005 mm Hg The gas transfer llne was kept at & O_ps; at”all tlmes

“'*except when the'gas was_ expanded 1nto the systlm- he system was purgedﬁfﬁ
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The system was.then filled to.a presSure 6f»approximately.800'mm
Hg‘usiﬁg‘the above‘procedure. Fér‘héliﬁm aﬁd‘ﬁeon, the volume charged
wéé that volume between stopcocké‘7; 9, and'lQ. Their respective gas
vbulbs were used;‘ For argon, the véiume;charged was between stoﬁcocks
7, 8, and 10. |

The system ﬁasathen‘alléwedvtp come to thermal equilibrium.
(approximaﬁeiyutwo hqurs);‘iThis ﬁas agaih,determined whén the trans-
‘.ducerﬂrea&ings;did not -vary With-timé. ”When the gas reached:tﬁermal
“equilibrium, the‘following readings were taken: '(lj the output voltage.
of thevtranstCér, EMF, (2) the Qoltage drop across the one ohm.resis=. ..
for, EMF,, and (3) the temﬁerature oflthevsystem, T.

The syringes had'been‘set on approximately . 1.0 and 2:0. Since
v‘each syringe had a-capacity of32,0 cé, the solvent level-¢ould be raised
1.0 cc or lowered 3.0 cq, ‘Thus“thé,sqlventflevel'had_to'be:within—l.O
cec 6f mark B. If the.ievél,ﬁadjdroﬁpéd éihce”filling.tﬁe solvent, some"
"of the solvent was transferred thfough stopcoék,4...The.line between .
stépcocké 3 and 4 had te be heated to get ﬁhe‘sdlveﬁt té'fiow>intovﬁhe
véolvent bulb. Onée the solvent level was set, étqpcock 4 was closed.
The system Qés how1ready fér,thé aétual absorptioﬁvof gas.

Stopcock 7 was opened. The pressure.on the solvent was now-approx%
imatelyYSOO'mﬁ Hg. Stopcock 5 wés,opened, énd the solvenfvlével-wasa
dréppedfenough‘that the-sqreen oﬁEﬁop of,the»float.would Ereakvthe gas-
liquid.interface. Stqpcdgk 5’wasvthen‘clqsed.b The motor wés»turned on.
and stirriﬁg beéan{

The;préssurelin thé systém was ménitored with‘the transducer. ’ Wheﬁ
the pressure did not drob during a one hour peridd,jthe run wés’consid—a

f,.eredﬂtd be complete;.'The following‘readingsiWerefmade;,EMF;iEMFb,ahd T.



o Stopcock 7 was then closed and stopcocks 8 and 9 wereyopened The:j

"”fsysten was evacuated for ten mlnutes° The above readlngs (EMF EMFO9 |

}:,»and:T)vwgreuaga;nitaken; Thls‘was done to flnd the zero p01nt of the .
'ftfehsducefi? - | ‘ | |

Stopcock 9 ‘was closed and stopcocks ll 10 and 7 were Opened9 din-

' '57that order.: Stopcock 5 was then opened The readlngs of the two

'_syringes were recorded The solvent'level'was ralsed:to’mark‘waith
the syringes, and thelr readlngs were taken again. 'These'readings were

The_cell was then dralned and drled

1the flnal data taken for the run.i
' ﬂgkas‘explalned}1n>the section on‘fllllgglthe syringesrh After.drying the v
'vcell, a new’run was- nadeti | e v S
- The methodsvused to calculate the solubllity are shown in-
e
Thevresults of the callbratlons of the three Bulb B 85 Bulb A the‘i
'Tvolume of . the tublng in the gas reservoir, and the transducer are given‘
':?qln Appendlx‘E 1n the sectlon on experlmental datan,la
“ Table I llStS the experlm ntal results accordzngvto svstemsh';”gfwt
.astudled The average absolute percent devratlon _15 the ‘sum of“the
‘ahsolute value of‘the dlEferences between the 1nd1vidua1“0stwald coefst

S ficientSz and the average Ostwald coeff1c1ent for the glven systemb-

;w.;Both H (average) and Ostwald (average) .are arlthmetlc averages.
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EXPERIMENTAL RESULTS
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Qstwald Coefficient

Henry's. Law

Solvent Gas Run Constant
' Number . 2 Average Avg Abs H. at Average
_ g % Dev ’ m Hé atm
26 ,02598 , 12540
Helium| 27 .02594 .02603 .34 | 12560 12520
. 28 .02616 12450
: 24 ,03666 8886
Propancl! Neon .03675 .24 ° 8865,
P © 25 .03684 - 8844 ,
: 21 . 2454 1328.
Argon 22 . 2463 . 2458 .12 1324, 1326,
23 2458 | 1326.
. 19 .02295 | - 9817 ‘
- 0229 .05 |- . .
Helium| %9 .02298 02237 » ogo7. | 8%
15 | .03119 7225,
Neon 16 .03146 .03150 74 7205. 7155.
Pentanol 17 +03185 ' 7076.
12 - .2276 991.
13 ,2271 . . 993,
Argon  14 9238 .2260 .60 1008. 998,
18 .2254 1001.
, 29 | .02050 8429,
Heptanol| Neon | 34 | -02868 1\ 4884 .54 6028. | 5995,
: 35 .02900 5963,
1 32 .2103 ' 823,
A ,2107 .15 822.
TEOR 1 33 | 2110 ! 820.
36 .03160 o 42820 |
Water |Argon 37 | .03025 03095 | 1.50 44730 | 43700
38 .03099 43670 :




CHAPTER V
" DISCUSSION i(})\F‘»REvSI‘Il.TS_

isThe purposes of thlS chapter are the following.v‘dfda
_(l)p‘to compare the experimental results of this worh w1th data fr@m the‘,
o literature, | | e | -
Tf:fké){}to discuss the‘results of controlled experiments.with regardvt@
]‘ poss1b1e sources of error 1n experimental data, and
1”-_($)uzto discuss the results of four theoretical correlations in com=‘

‘-}:parison toethejpresent.experimental»data:~
- Experimental Results

The experimental results are shown in Table I, ~Forvthe‘alcohol’
systems, the greatest average deviation from the mean for any of the

blsystems was 0 74A for the pentanol-neon system. Five of the nine SyS”"J‘

o vtems had average dev1ations from the mean of less than 0 5%. Thus the

"bdata wereusatisfactorily reproducible. ’Error'analys1s (which_istdisfiﬁig;'

‘dﬁx;cussed in Appendix D)shows the expected error to. be 0. 557

Table II shows the data of this work and the experimental data_;dyi,y
lfrom the literature which are plotted in Figures 5, 6, and 7.:'-~ i
Figure 5 shows the experimental data for Boyer and Bircher (4)9 e’ﬂi
diGjaldbaek and Niemann (13), and this work for argon in various alcohols;iF
i'Several points should be noted from thlS figure L ‘

First the data of Boyer and Bircher seem to. fall into two groupsgir”

ﬁ,;41335~"
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the alcohols methanol through butanol comprising one. groupland the:alc0w”
‘T hols pentanol through octanol comprislng the other group ‘ There‘appears
"to.be ‘a transition zone between the two groups of - alcohols. Second a
’smooth‘curve through the data of Gjaldbaek and Niemann would be concave
'f'downward, while_smooth curves1through‘thepdata of Boyer.and hircher and
"the data'offthisiwork‘would bé'canCAQé*ﬁpwafd Th1rd for propanol the
<data.ofthis work fall below the data of the other two sources9 while in
‘ “the,caSe of»pentanol”the present~data fall between‘the‘other ‘two
‘sources. Fourth for both propanol and heptanol the present data are’
fapproximately 3 4/ lower than the data of Boyer and Bircherspwhile the
present data is only 1. 34A lower in the case of . pentanol
Figures 6 and 7 show the data of Lannung (22) and of this work for
helium and neon; respectively The apparent incon31stency of -the data
,'between the two sources should be noted
h Of the literature data available for the systems studied 1n this
work no two literature sources were found wh1ch agreed within the commpv
'hined‘experimental uncertalnty claimed;by»the authorso» In v1ewkof‘the.;'
‘,disagreementfamonévthebalcohol data"for'this.work'and.the literature :
sources, the dec131on was made to run.argon in. water, for which flve
bdifferent literature sources had‘an average dev1ation from the medn . of ‘
;00644. A comparison of the data shows that the datavof this work is ‘
<10, l% lower than‘the-mean.of the'five‘literature sources. The author
' *;can only make the same comment about‘this discrepancy that Brasted andk'
. ;coworkers (5 ) made when their data d1ffered from the literature,_‘
: Brasted sald "The authors are unable to explain thlS discrepancy;sincer
»‘yitlis felt3thatfthe,present work wastcarried;out under,very rigorous,

conditions.” The rigorous conditions used in this work will be



’VH TABLE II ‘fA

EXPERIMENTAL SOLUBILITY DATA FROM THE LITERATURE

AT 25°C AND - ONE ATMOSPHERE

(OSTWALD COEFFICIENTS) . S

fTiSblvent':b

Helium -

JT;vNeQn e

. ;Argon>f e

" Methanol

10,0358 (22)

[0.0485 (22)

I Ethanql”’

0.0321 (22)

£0.0455 (22)

O 258 (4 22)

'k:fPrbpénble

| 0.0260%

0.0367%

0. 246* s
| 0,254 (4)
00251 (13)

*Butamol | | . oo

T oms @
0.240 (13)

" Pentamol | 0:0230%

10 0315

0.206%
00229 (@) -
| 0.224 (13)

. Hexanol

"f0;2§4.(4)7T;f¥r'

T.Heptanoi. i

- 0.0207% -

B Toaozgs#;llT.

Co.211%
0,218 (4)

 oetamel

.:062;3;(4>1RR'.ﬂ

Water

.0.0309% ,
0.0344 (18)

. 0.0335(26)

| 0.0341 (10)
C04034L (3)
- 0.0342 (19)-“

' *Data of this workgT

jjd;267'(4'22)f“'
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’discussedflater?in'this chapter.

' Various suggestions which have been made in rhe llterature concerning

| ‘;,(_1) :

}plots of solubillty data which might give a llnear relationship include

= the follow1ng

-:RIrgn‘xz vs. energy,of'vapOriaationlof-gas at‘the normal boiling
\'vhpoint{ for gases in a glven solvent (25), |
f(zs zn X, V8. “on (number -of carbons of alcohol) for a. glven gas in
jl-fvarious alcohols (23), " “ o B
(j),fzn (Ostwald coefficient) vs. criticalotenperaturefof‘gas;forvau
| b__rpglven sblvent (20), : = | S
| 4) in (Ostwald coeff1c1ent) vs,‘surface tens1on of solvent for a.
| bgiven gas (7), and | L | |
n (Henry»s Law Constant);vs9gpolarizability ofjthe:ggsofor”a:f

"given solvent (29)

Each of the suggested plots has been made for both the data of this‘

work and the experimental data of the literature The first four plots;

did not approach a stralght 11ne _ The flfth plot dld turn out favor=l

'f,ably and is shown in Figure 8 It should also he noted that this is

the plot whlch 1s used ‘in the correlatlon of L1n and ‘Chao to. find the}
hard sphere Henry s Law Constantq The data of thlS work were plotted
: to determine hard sphere valuesvfor propanol, pentanol and heptanol
;vThe data. of Boyer and Bircher and of Ggaldbaek and - Nlemann were comm‘
'.lbined to give parameters forkmethanol and ethanol The data of thls
work gave very nearly a stralght line for each alcohol Ihe'combinedsn

11terature‘data_d1d not,give straight-_lines° o
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e whlle the system was comlng to equrﬁ‘

49
. 1Analysis'of‘Experimental_Erroruf"

:fIn}viewdoftthe disagreement;betweenltheedatabof Ehisiwbgkfoﬁjt,'
solubllityfof.argoniin'water:with3therliteraturetvalues;;all.sources
,»of poss1ble error in measurement of solubillty data;.as cltedbby Cook
h and Hanson (8), werekcarefully cons1dered and are. dlscussed below.f Thet
1tems suggested by Cook and Hanson‘w1ll be’d1scussed ln order.’

vé' Flrst Cook and Hanson suggested that‘there may be‘fallure to’ attaln‘
ldequlllbrlum Equlllbrlum must be atta1ned tw1ce dur1ng a run.v Flrst
'a'thermal equ111br1um must be reached in thergas’reserv01r before the'
1n1t1al pressure readlng can be‘made. Second, chem1cal equlllbrlum _
ﬁ»ymust be reached 1n the solvent bulb before-the f1nal pressure readlng

" can be made~ In both cases transducer read1ngs were taken contlnuously e

rlum.f When the readlngs d1d notvi =

u::'vary for over an hour, the system was regarded as: belng at equ111br1um.d'
Thls method of - checklng for the attalnment of equlllbrlum seems. -:d

lpreasonable slncewrn a typlcal case a plot of (p po), where P 1s‘the

.system pressure and po 1s . the flnal system pressure, as" a functlon of

f'tnma(Flgure 9) shows that the pressure of ‘the system drops very qulcklyb ;l'

‘5ovIn the plot shown, the pressure has dropped over 99/ of the total drop'.ﬂ,‘
h»after 410 m1nutes.. The pressure dr0p from 468 mlnutes to 658 mlnutes
‘hf(the f1nal readlng) was O 4 mm Hg. 'A’readlng was.taken.after‘720'm1n-vf
ifutes but there had been . Qo change 31nce the prev1ous read1ng : It ls |

,:;;1nterest1ng‘to note that a. plot of ln (p-po) as a functlon of tlmejlsd

'kg_llnear 1llustrat1ng that the d1ssolut10n process follows s1mple mass.
ptransfer laws.dji; ‘ | | e .

| Second ‘Cook and.Hansonkc1ted fallure to degaszthe solvent:as .a

"uposs1ble source of error.m Cook and Hanson sa1d '”In the degass1ng f;itli'f
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vproééss it .was found that from 10 to.20% of the‘solvenf shbul& be
evaporated, that -the amount of solvent required.to be evaporated ‘is
increésedbas_the'rate;of,boilingiincreases, and , that the time required
for degassing is about.one to two hours." Cook and.Hanson'were'degas—
sing 200 ce of selvent in;théirvwork.

In this work up te 1750 c¢ of solvent were .being degassed at dne‘
time. The solvent was-initially~degassed at least 12 hours for propanol
"and 18-24 hours‘for pentanol and Hepfanol. Possibly 5% of the propanql 
was boiled off. ‘A negligible amount.of éhe other two aicohols‘were
boiled off during boiiing. This was.due mainly.to¢the low vapor pres-.
sure,of»thg'latterrtwo‘aléohols.

Althoughbvefy little pentanel and,heptanol»were boiled dff? it
should;be,notéd-fhat thé'soivéntéiwefgzboiled under éxﬁremely low-pres—
sure.for lbng periods of time. .For?pentanol, the.vaporbpressure is
about .4.5 mm Hg at the temperature at Whicﬁ-i# was bpiiédﬁ If the
alcohoi‘iévsaturated with thé;gas thefevshéuld only'be.4;5'mm Hgvouﬁ of
760 mm‘Hg_or'O.7% of .the one atmosphereusolﬁbility left in the alcohol.

A third faé;or‘which Cook,aﬁd ﬁanson cited wasvthé failure fo
accurately measﬁre the amount offgas,dissolﬁed. This céuld‘bé cauéed
by inaccﬁrate calibration of.the gas volume.or byfinaccurate'pressure'
readings. Bulb A ana Bulb B were .calibrated gravime#rically aﬁd;thé
éverége'deviatibn from the méan‘was never more than 0.05% for any of
the buibs. The gas line was calibrated byzexéanding gas.from the‘gas
line and Bulb B into.Bulb A. ' The average;deviation frdm the mean for
these runs Wés leés than 0.33%, which Woﬁld bé less than O.l%lfor the-

total gas volume of any given run,
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If the pressure transducer had been g1v1ng 1naccurate readlngs due;’3

'7b tovdrlft' then the data should have var1ed somewhat. /Slnce the data-k

iﬂagreed to. w1th1n 0. 7/ for all systems, the author feels that dr1ft in - :
.the transducer was’adequately accounted for by subtractlng the zero
Vpolnt for thevreadlngs. | : | B
The contamlnatlon of thevgas by.the alcohol vapors durlng the exX—
'perrment would requlre calculatlons to accountbfor the compos1t10n
change in determ1n1ng the f1nal volume.3 In th1s work-the:equlpment-was;
rdes1gned w1th caplllary tublng between the solvent bulb and gas reser—
‘voir of the system so that me gas would not-be contamlnated
» Flnally, Cook and Hanson stated that ‘the gas “and solvent must be
Awkept free of contamlnatlon durlng transfer._ The ent1rewsystem was.
Vacuum-tlght; It was checked several‘tlmes durlng the course of tak1ng7 vb
’data;g Each'tlme Bulb B was changed, its ball JOlnt was checked for a. |
}ileakb The system was pulled down to 0 001 mm- Hg before the solvent was*
‘tranSferred The gas volume was purged at 1east tw1ce before 1t was'
Tfllled w1th gas.' | et | : o
ol Durlng most runs the 1n1tla1 pressure was about 800 mm hg and the'
' :flnal pressure was - about 730 740 mm Hg, just belowvatmospherlc. Thus’;
1f the ball JOlnt leaked durlng the last four to f1ve hours of a run

o al small amount of a1r ‘would leak 1nto the system,_thus cau51ng the Ost—

o wald“cOefficient to be'low;f In run 38 the 1n1t1al pressure was ralsed f

‘f so. that the flnal pressure was: 770 mm Hg. If the JOlnt leaked h
f’,vsolublllty should have been too hlgh The Ostwald coeff1c1ent came out’
Tdf-between the other two runs for argon in water._vThusfthe'conclusion-wasv'T"

; made that the JantS were not leak1ng
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o The following test was made to evaluate the e%ficlency of the
‘stirring deviceL The cell was f111ed with water Plastic capillary
tubing was inserted through the dra1nage 11ne so. that the tubing was
'flush w1th the bottom»of the-cell . Food'coloring was then put-into-the
| obottom of the cell w1th a syringe through the tubing The food colormv
.ing was slightly more dense than the water and would lie on the bottom ,T
bof;the cell;=»Thevstirr1ngvdevice was.thenhturned_on,: Wlthin ten min=
utes‘the~foodicoloring hadtbeeniwellfnixed.'vThescolorlng was,thenhput
,‘in the bottom of a beaker with ‘no mixing.} The:sameuamount‘offﬂolor
l:‘change which took ten mlnutes with ‘the stirr1ng device took approxi~
»mately ninety minutes by diffusion only , Thus the author concluded
' tnat the stirring device should have worked well in the taking of the -
idata, since most runs took a minimum of seven hoursv 7
In;conclu81on, the‘author:believes'that'all»sources.of error‘which

'Cookfand‘Hanson cited were eliminated”in”this work.
'riTesting‘ofssolubility CorrelatiOns ;

The results of the theoretical calculations are given in‘Table IXT.
The table also shows the percent deviation of each of the correlations iJ:
from the data of this work : For two of the correlations (GJaldbaek and ‘
h"Niemann (13), Prausnitz and Sha1r(30)), all the data needed to make the o
calculations were not. avallable (specifically, the- solubillty param—
' eters, 3; for helium and neon) Thus the data were used to back cal= v~ln
culate the solubility parameters for helium and ‘neon. The mean value p
‘of the backed out 6 was then used to recalculate the solubility.’ These"
.correlations can be evaluated only in ‘as much as for the three differu‘x’

ent . Solvents the solubility parameter of .a given gas should remain
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TABLE III

TGaS;v

¢"Aléohoid

'"Wdrku,

TLin_éﬁdd'
aﬁChao‘;fV

' Gjaldbaek and
- Niemann °

’ Prausnltz and-

Shair

" Loeffler and McKetta =

Baéked,,

§ (Ar)
= 5,432

| ‘Backed
: Outl'*

8 (Ar)

-5 4321 | High

ELva‘E“

-Line

.1.Héptanol

. Propanol | 12.52

 elaun FORCEROL | 9,812

11.31
(-10.6)*|

9, 739 .
1 (— 745)

8i424 :

(0.62) .y

12,04 |
( 3. 76)
9.389 |
(=413
v.73328 T-N{,:T )
(=12:4) |0

13,32
(6.41) 4
9.864 |1
- (0.53) )

{8441 |

10.11

(-19. 2)

'6.931
(=29, 4) -

o |s2s5
3. 2)

8.95
| (-28.5)

6. 132

:1( -37. 5);

14,649 ]
| (=44, 5)-’;

8,95
(=28.5)
L 6.132
(=37.5)
4,649
(=44.5)

" Neon™

Propanol
'f‘;Penthhol

Heptanol:

| 8.865.
~:7;155.:

5,995

. 7.460. |
- (~18.8) .

6.010

(-19.0)

5.140

' (-16.6) |

8.677 |

(2.2 |

vj;zosz
- (0.66)
5.727 °:

Caaey |

10.48 |
(18.2)
1723000 |
| o |-
| 5.837 |-
(=2.64)

16.858
(-22.6)
14679

- -34.6)

3.526

71(+41.2>T

136;63i>5¥
(=25.2)

4,524

(=36.7)

13.400 |
(-41.3) |

14,99
69.1)
110.23 .

(43 5)

9907

(28.5) N i

Argon

_Tbepanqi7
:Peﬂtghdlf

'_Heptanol:,

1.326 |
0.988

‘0;821‘

1.233.

f(47¢54)-
0,924
' (-8.01). |

0,790 |
(=3.92).

1.347 |
sy |
| 1,37
(13.9)

0.919

; (11.9)

1.306
(1.47)
1,103
(10.55) -
°0.893 .
,'(8!71)'

C1.494
(2.7
‘5'0 996
(=.15)

0. 824

.,<0x32).

1.062
(=19.9)
0,699
| 0.608
(f25°9)

11473
(11.1)

1.004-
(0.59)

10.755-
. (—8004) . :

11.200
(9. 44)_ o
0. 819 v ]
(-18.0)

10.616
(-25.0) |

10647
(24.2)
|12
Q2aey
0,845
(2.79)

ﬁPer cent dev1at10n from this" work

1V1Resu1ts for when backed-out &5 was used in correlatlon

' 26 =.5, 43 frem Gjaldbaek and Niemann (13) ‘was: used

s T Q,
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: constant,~,Eachqof the four theoretical:correlationsfwill;be discussed

seoarately.

Gialdbaek and Niemann

Since thensolubility parameters (6) of‘neon and heliumvwere not

available, the solubilities could only be calculated for argon

.ZUsing 6 5 43 for argon,‘which was given in the article of Gjald-
baek and Niemann (lS),vthe dev1ations of the calculated values from the\
experimental data of this work were 10 55A 8 7lA, and l 47A°- These
’vresults are’ considerably better than those of - Loeffler and McKetta |
_sFor helium;and neon the egperimental solubilities were used‘tot,'
‘back'out'solubility paraneters.'ilt:thebtheoretical,method-is.consisé
,tant uith the»experimental data;ithe,solubilityloarameters,shouldvrecka -
main:invariant;frOm‘solvent‘to solvent;; Eor heliun thelaverageivalue
vof:the backed out'd_wasv3;58 The averaée deviation Was 4 354 -For
neon‘thevvalues»weretﬁl49‘and 1.50%, respectively. ‘A value of>5 53 was’
backed out for the solubility of argon as compared to the value of 5 43
given by GJaldbaek and :Niemann. | -

, This correlation, although 1t cannot be effectively evaluared
due to lack- of input data, does not appear . tobbe conslstent w1th this j

workm‘

o PrauSnitzﬁandaShairﬁfv
Againfthe.lack offsolubility'parameters“prohibits the a priori.
ﬂcalculation of solubility values The solubilities which -are’ pre—.:’

'I'sented in. Table III were backed out from the experimental data of - this

17 work;



Using § = 5.43 for argon, the deviations of the calculated values..
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from the experimental data of the present work were 19.9%, 25.9%, and

29g9%. These are definitely .not within an acceptable range.

Using the experimental data of this work, the follewing gas solu-

bility parameters were b

.Propanol
Pentanol
Heptanol

Average-

The back calculated solubility parametersffor the gases agreed

acked out:

" Helium

1.55

1.470

1.50-

1.475

Neon

3.675.

3.450

3.425

3.52.

Argon
5.05

4,875

4.875.

4.93

‘ very'well for the solvents pentanol and heptanol but not. for propanol.

Loeffler and;McKetta

O0f the.four. theoretical methods used, this is the only one which

had all the necessary data available.

Ianable IIT three
different -value for»thg
minediempirically. For
b, rather than a single
temperature of the gas.
the '"ranges" of several

It should be noted that

columns -are presented, each one representing a

parameter b, which Loeffler and McKetta deter=-

each gas they plotted a "range' for the value

point,. in a plot of b as a function of critical.

They then constructed the "best curve'through-

-gases. The plot is shown, in their article (24),

the value of the "best curve" b did not always

fall in the "range." For neon and -argon the .entire "range"_fell below

the "best curve,”

minimum value of the 'range,'" Table III presents a theoretical

while for helium the "best curve" intersected  the
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-'-?solublllty for each of the follow1ng values of b for a g1ven gas.a}
(l) the lOWeSt value of b in the‘ range, B | -

(2) the h1ghest value of b in the range,\'and»;

'(Sjt_the value of b from the "best curvet.e

| .The follow1ng should be noted from the results.

,v(l){GOf all the results using the "best curve" b only one" theoretlcal
‘result argon in. heptanol, 1s w1thin lOA of the experlmental value.

IFOnly three values (all for argon) are w1th1n 25A of the experl—
”mental values.jf | | k |

1<2) For the "best curvé{blthe'calculated;theoretical:values.for neonti

| ;;and argon are all h1gher than the experlmental values (the value -
~of b 1s hlgher than the .range") and the theoretlcal values for
,hellum are’ lower than the experlmental values (the value of b 1s
a.lnhthe' range )t_v | L ke |

' '(3} vFor argon in propanol and.argon 1n pentanol the calculated theo— :
| -lretlcal solubllltles for the "low b" are too low and . for the‘{‘ln"ﬁ"

ff"hlgh b" they are too hlgh Thusvthe value of b, whlch would ;

L E‘correspond to the experlmental data 1s somenhere 1n the"rangeL"a:
f(4)n-For all neon data the value of b‘whlch would correspond to the-.Vl‘
“vexPerlmental:data fallS’somewhere between the "bestcurve" bnandr

s the "'iraﬁge"; " - . v . S .
n'kgj’_unly one of the’ values kneonbln propanol--best 11ne b) dev1ates.t’l
‘.by more than 504._.-ix o | | |
‘nIn general, s1nce‘the correlatlon only.predlcts solubllltles w1th— l
_1n-SOA of the experlmental data, the correlatlon would not be very

g useful
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| 'Lin:and;éh#oi ?H‘

The valdesfof-solubilitieshcalculatedob; thélgfoqb contributioniﬂ
theory.wereﬂpresented;in:the.pabervof:Lin.and'Chao}.jbin and Chao~used.
"~ the plot of the interaction energy.density'as}a.function of polariZm
iability of the gas to calculate e for each system. They used the
bexperimental data of Boyer and B1rcher (4) and- Lannung (22) and equa°= :
_tionsA—BO andAr33-tovcalculate Zn H-<for several,gases«in the alcoholsr
Z-They then plotted n’ H° as a. function of" the number of . carbons 1n the
hialcohol with the gas molecule dlameter as a paraneter Thus ‘the theo-==
Bretical values of Lin and>Chao for“argon are. backed out‘directly from
the data of Boyer and Bircher and w1ll not ‘be dlscussed

All of the theoretlcal values of neon and hellum agree w1th1n 20/ '

‘of the experimental data of this work wh11e two of the values agree

: _;_Within 1. OA.f Thls agreement 1s‘much better than that‘qf Loeffler and -

McKetta,»but is Stlll not very good..
It should be noted that scarc1ty of the data on - alcohols required
‘Linhand Chao;to,modlfy'the;procedure for‘determinlng 1nteract10n enere’”

-_gieslfOr alcohols_relative‘to thatfused fbr;the*paraffin,iv

:(Summary.of‘Theoretical'Calculationsf -

r_Of{tharfour'theoretical correlations:presented, naﬁs:were'véry
“consistent’withwthe enperimental datarof the author. It 1s difficult
“to draw . f1rm conclusions concerning the correlatlons w1thout enough
”»data to properly use the correlatlons, that is, the lack of solubilityA'
parameters for helium and neon. | | |
Literature data needed in ordervto use these correlations, such as‘

'hypothetical liquld volumes;for”the gases; are_even 1nkdlsagreementﬁ
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Fbr example, apparent molar volumes of .argon from various sources are
‘as follows: ‘40,01(7), 46.0 (22), 55.0 (34), and 57.1 (30). This incon-
_sistancy carries over to the molar volumesbof helium and neon .and the

v solubilit? paraﬁeter_éf argon{"

The}hethods~of frausnité aﬁd_Shair and of Gjaldbaek and Niemann
cannot;be evaluated:effectively until some firﬁ vélues are established
for the input data required in these correlatiQns. The method of
Loéffler and McKetta seems :to be completely inadequate for predicting

"solubilities of inert gases in aicohols. The method of Lin and Chao
also depends upon the experimental data in the literature. Thus the

‘correlation is limited by the lack of reliable solubility data, 



 CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

This study:consists;of_anﬁinyestigationlof the solubility of’noné‘

f polar gases,in'polar liquids—ASpecifically, inert gases in alcohols;

,An apparatus was. de31gned and constructed by the author specifically

;;to minlmlze sources of error Wthh are 1nherent in solubillty work

'The experlmental data taken in thlS study Were compared to the data

;from the literature and the results of four correlatlons for prediction‘

fof solubillties of polar gases.in.non—polar.llqulds.dr

l The - follow1ng conclusions were made from th1s study

(1)

@

The de51gn of the apparatus was sound as 1llustrated by the
reproduclblllty of-the ‘data.  The apparatusvwas 31mp1e to use
and was - carefully designed to minimize all pos51ble sources

of:error,cited by Cook and Hanson (8).  If error exists in

’Pthe'data, then the error is a systematic error caused_byy

factors unknown to the author,"

‘The solubllity data for the alcohol systems from the litera=

ture arenot cons1stent among the different sources or with

th1s work The data of Boyer and Blrcher (4) does not appear

'tto ‘be con51stent w1th1n 1tself

The experlmental solublllty data for argon in water was very

lconsistent among f1ve 1nvest1gators in the literature, .Ths5‘

:fdata of thls work was lO lA lower than the mean of thlS

. 60



fliterature data.» However, the data of this work werettaken

& under the most rigorous conditions, the author has n@ eound

'vi,"(‘s? ;

"{explanation for the disagreement.

',<45

The correlations of Prausnitz and Shair (30) and of Gjaldbaek.

hand Niemann (13) could not be adequately evaluated due to inmxv.V

;sufficient and incons1stent data in the literature

The correlation of Loeffler and McKetta (24) was inadequate

hfor prediction of solubilities of 1nert gases in. alcoh@ls@

Presently, the correlation of Lin and Chao for alcohols i8

f:based on. the data of Boyer and Bircher and other 1iterature
‘sources. The solubilities which were predicted by the

h'correlation are not con31stent with the data of this work

- The following recommendations are made from the results of this

study for future work in this area of research'

._,(1): ’V

(2)

'The degass1ng cell should be des1gned to degas smaller
'amounts of,solvent : A good way to check for adequate degas=:“
'lSing is‘by.freezing the:solvent and-checking forvbubblesh

bwhile'thawing; A cell can easily be‘designed'to,make this

possible

oThe degass1ng cell should be- des1gned so that it can be shakeﬁ

during freezing If the flask is rigid the solvent super=

icools during free21ng and crystalizes almost 1nstantly, ruins"
fing the effect of free21ng

When solubility equipment 1s designed, care must be taken to,t

:'*ensure that the entire system can. easily be tested for leaks@

RO

,Work needs to be done to develop correlations that -do mot '; '

'rely on hypothetical data.il
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An investigator should build two apparatus which work. on
entirely different principles., Consistent data taken on

these apparatus for the same systems would permit maximum

confidence in.results.
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- DERIVATION AND USE OF THEORETICAL CORRELATIONS -

The working equations for the four theoretical correlations will

be derived in.this section Due to lack of proper data, the method of

© use of the equations had to be altered Thus the manner 1n which the

"equations are used in this work Wlll also be explained in this sectlon :

.~ Gjaldbaek and Niemann

Gjaldbaek and Hildebrand (12) presented the follow1ng equatlon for

the calculation of solubilities of non—polar gases in polar liquids.. .

rwherevxz

x2

ang 'xz-i + 0.4343 é s(csl.-;,sz)z + zog ;?--+.o.4343 (1»-;_2) (A-1)

1 N

solubility of gas in mole fraction,

‘M"1deal" solub111ty of gas o

opartial molal volume of the dissolvedjgasa
-rsolubility parameter of the s§1§eﬁ£ ¥
.1solub111ty parameter of thebgas .
':molar volume_of-thewsolVentf‘~.
';éeSjconstahtahhh S

UabsolutE’temperature" o

) This equation was- developed from regular'solution theory-withvc0rn

Ny rections for Flory-Huggins mixing
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bﬁ" GJaldbaek and N1emann (13) used the1r solubility data for several
gases in. several alcohols and calculated values of 6 which would give s
;the known solubility° This empirical value was called 5, *.. From a -
'plot of (5 —6 *) as a function ‘of - (e-l), where € is the dielectric con-
stant of the solvent Gjaldbaek and Niemann saw that a 11near relation— ‘

o _ship existed - The above plot was made for several gases, and the .

slopes of the above plots were, plotted as.a function of the polariz-

Z‘M‘ability (a) of.the.gaS'. ThlS’plOt resulted~1n a straight line with a

Hslope of ( 0 00143) and .an 1ntercept at o'= 0 0 of 0 165
Gjaldbaek and Niemann correlated 61 w1th 61* by the follow1ng
_équation, t: | . |

C(81-61%) = (e-1)(-0.00143 (ax10%%) 4 0.165) (A-2)
Cer &k = 8- (¢-1)(eo-._00143 (axm”) +0.165) | <A'3>

Thus Gjaldbaek and . Niemann corrected the solubility parameter of polar
solvents with the dielectric constant of the solvent and the polariz- ‘
'ability of" the gas. | |

7 The solubilityvparameters for neon and helium were -not available‘
' for‘this workfl Thus,the_solubility-parameter'of,thefsolvent was cale
culatedbusingfeQuatiOn A43,jkThe‘solubility parameter,of thevgas;was
théﬁibacked,out using,the'Solubilityzdatafof'this workiand the follow=._l
ing equation. | T

L -; o RT i k ‘ PR
§ =il Ahis .._._..___;__( =208 X5 +. ﬂ,og x ﬂ,og -.0.4343 (1= 4))
. 1 2 2 . . Rk
2 - ‘ 0 4343 v ) o K v 1 . ) Vl

Aty

Thexabove'equation is~derived from.equation.Aﬁl.u:v=l



s
. Prausnitz'and,shair'"'!

'_HPrausniti}andeShalr.presented:ahneulmodel:forﬂthe dlssolution
-procéss,, The model nas comprlsed of tuo steps.Il(l)p.The‘éaS'lshiso—'
»h‘thermally condensed to a hypothetlcal llquld atvone atmosphere pressure
""and ‘then . (2) the hypothetlcal llquld is d1ssolved in the solvent.

o Slnce the solute in the llqu1d solutlon is. in- equ111br1um w1th the .
) gas at‘unlt‘fugaclty; the equatlon ofvequlllbrlumllshrf

46 = BGcondensation * Omixing = O

T R O Ta
AGcond_ensation'_ 1.RT fn ( fZP)”"

G RT Rn szz ;[-

‘ R mlxing
Thus : o J
AN R .
S it 2% SO
2222 2 1.0
e 00
u‘Or‘ i
i | G | ‘ |

'fY{The fuéaclty of the hypothetlcal llquld at one’ atnosphere depends

',rfonly on the temperature and the propertles of the solute not on any
'.propertles of the solvent. Prausn1tz ‘and Sha1r used th1s fact and thei

'.h‘theorem of - correspondlng states tovshow that the fugac1ty of a hypothe—zp’

_t1cal liquld 15 a unlversal functlon of reduced temperatures.{ They

' ’d‘then constructed the plot of f2 /PC as a functlon of the: reduced temper—

‘}'ature, wh1ch permitted calculatlon of f2 for equatlon,A—S
In deallng w1th polar solvents,vthe regular solutlon theory cannot
be: used to f1nd the act1v1ty coeff1c1ent of the - gas.”}The~act1y1ty'

‘.rcoeff;clentpof“the gaSumay'be expected.to:dependfongltsfmolarivolume,
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its solubllity parameter, ‘the temperature, and the propertles of the

v'solvent in ﬁhe following way.

,;\Qn'y2\§ 'vz%‘F(’dé;'T,.properties’of.solvents).ﬁ

N

l:'where ,yéi:;ﬁhactivitj coefficientiof'the‘gas )
'Véid; 'mdi;r volumetof-the solvent
Géf - ‘solubility parameter of the gas
_:I;f'; absolute temperature ‘”:.' .’v/ | :?:l

"+ Since v;‘and s depend only on the solute, the above equatlon _

"j'should apply to polar solvents,_ Prausnltz and Shair plotted (zogy,)/vgfkp
.88 a-funetion Of?§2 with each alcohol'aS'a*parameter and’ found a'con—.

‘,siStent‘correlation. Prausnltz and Shair then used the two generalized v

plots and equatlon A~-5 to f1nd the solubllity of gases 1n polar solvemm.;

The lack of solubllity parameters for neon and helium prohlbited
'the“use of equatlon A-5 as Prausnltz and Shalr prescribed. Thus these
fsolubillty parameters.were‘backed out21n‘the follow1ng‘way:.v .
}(l)v‘Since the plot of 6 VS. (Eog yz)/v2 glven by Prausnitz and Shair

B lcontained only parameters for methanol butanol and octanol a
'”d ﬂplot of number of carbons in the alcohol vs. . (log y )/v w1th 6
~Jas parameters was made from the first plot. Smoothvcurves were
odrawné; From this plot\the parameters for propanol heptanol amd-
,‘axﬁénﬁgholjwere.drawn,on thevoriginal,plotjof 62 vs‘;(LOg Y2>/Vz“:
b(Z)llvalues{of;fép/Pc’were.read:from;theuappropriatewgraph,;andasz:Wasf
‘“;caloulatedq:~ | B L | o |
(S)ilvaluesiof the'Henrylsfﬁawrdonstanébfrom:the.erperimental datafof
‘ _‘ t':h:i_s,} work were uéed t;:of., caicula’te-v‘iz..-! i

.(4}‘3Equation,A§5vwas‘used.to:caloulate,yéo
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kS)i_The Value of (log yz)/v was calculated
_‘(6)_:A Value of 6 was read from the approprlate plot for each gasrln
vv”;'each alcohol i | | ‘
:(?)‘_The three.values of 62 for each éas were averaged and the averagev
| ‘r:was recorded | . S
:(8) 'Thevvalue of 62 of stepb7 was used to calculate .a new‘(log yz)/vz.

(9)I:A value of the x2 was then calculated with the value of sz from

- step 2
. Loeffler and McKetta

,Eerore}showing the derivation of thefequatlons“used;bv.Loeffler'

'and McKetta (24) to calculate the solublllty of gases in. alcohols, the..
'.‘difference between one ‘true mole of solutlon and one. stolchlometrlc -
‘:'mole or solutlon should be explalned | The author feels that thls dlf—
f.‘ference can best be explalned in’ the follow1ng way. One true mole‘of a;}
;'eitrlmer of methanol would.conta1n>6 03 X, lO23 nolecules of (CH OH) | 'dl
lb would be three stolchlometrlc moles of the nethanol One true mole of o
" srx—mer,‘would contaln{sig‘sto;chlonetrrc‘noleshof;methanol;;4ir

o 5Themfollowing definltions.should'be_noted;

. na‘ éb;:vni. ;;vﬁ. ‘. N*i:¥h>2 igil,‘ :{’b N =? hzjki‘ = ';n?/nT.fe

.Q;Whereﬂﬁ{n“ b;:'number‘of méieé.afbspecies;if.v

dn _j_;total number_offuoles_
ﬂ]k'7{4f.nole fractlon of sbec1es lf; i
'3iZ,_l;, refers to only the alcohol‘molecules and does not 1n—.l -

'.‘; Clude thefgas.“."v“



'ThéiHéiméhoiﬁzrf?éé‘énérgy“for}oneistoichiometricvmole,of'solution
:'at'constant‘yolumedisfaefined;by‘Flofy—ﬂugginsgtheory to?be
Agf.éﬁ %, A o 4+ X, RT n ¢ + Z x; (A oy RT 2 ¢ ) +. bv ¢ ¢ L (k=6)

s where bv ¢ ¢ 1ncludes both an entropy component and an energycﬁ5m1x1ng;jl

The part1al molal free energy for the gas is d v fg}h

'}Fromfequation Aeé;’the‘partial;molal;freefenergyboffthe-gasﬁis.:‘

U Rglimd A + RT(zn ¢o +. 1,e_——o+ bv ¢a u ; l[, o (A-8)
fhg;&aiame<of2¢ae'fguesmoléfaf:saiuti64¢is‘*3:“ o

L ey h DT a9y
e FRRAE L v o O S .

'_l

‘g?or&equilihrlum.ln'theereaction?;l'

e e = oD, D
the f0110w1ngmust ‘be':"'t‘rue:" |

R - A . e

The volume of the solutlon 1s assumed not to change dur1ng the
' ureactlon of equatlon A—lO, or. vl = 1v1 5 Thus when;equatlons;ATSAand
'-:A—ll are comb1ned the result is. ;

—--i-l——- = RT + A o A° S WL RPN (A—12) o

gT 2n o= A° _:f 2

¢1 1¢1
: An addltlonal entropy change of R: 2n(v /v 1)must be added due to.

the d1fferences in. molal volumes of the polymers



Since :
A = AE - TS
i ' : Vi
RT 4n ———— -RT =_ -AA + T (R4n ———)
$pi-1¢1 - Vi-1V1
Ci
RT ¢n =—— = ~AA + RT
i1
or ~AA + RT = RT fn K'
X C.
where K' = —2x
Ci-1¢1
From the above equation
-
= = K'C
€1i-1
¢, .c c , : Cs
or DEYH .. = @epitt = 2
c1 ¢2 _Ci- €1
' (K'c )i
.Ci = Kl *
¢- Vs n. n.
i i i i
Since c; =G =66 = &
i ) ‘Vi‘ . VT (Vi VT> ’

the number of moles of each polymer can' be expressed as

From.equations A~14 and A~15, the following can be written.

. v, o ' .

1 . - 'T . i

* = ol = — 3 ; 1
N Z iz, By Z'lni , EEKT iglil(K Cl)
Using the appro#imation_
. 0 ‘i_ _ X
Zv;(x) . (l_x)z

one  gets
X3 1]
VT fKncl

nK' (1-K'c;)?

72

(A-13)

(A~-14)

(A-15)

(A-16)

(A-17).
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If K= K'/v;, the result is
nTv) (1-K¢ 1 ) _ v

The meolal volume of the aicqhol,can be defined.in the following

way: Zoxgvy - Zoxy(dvy)
v = =
a Z,Xi z Xi
Bixy Nk
Va = Vl Zki - Vl TT
-
W= Ry (A-18)
. Vv : v
. Since v, = -2, N = 2a 4 . 12,
a. n.? n a v
s a T T

Equation A-18 can be written

. v : ‘ ‘ ‘
: T , :
From equations A-17 and A-19, one gets
' ¢
by = T (a-20)

Finally ¢, can be expressed in the following way."

¢ =

(2K¢ + 1 —(4K$_+1)2 -
(g, + 1 2( $,+1)%) (ae21)
2K“¢, | ‘
Since equatien A-9 is not in a usable form, a usablevexpression for the

true volume must be found. ”Since

o by | , .(K‘cl)i ooy :
A T . o= _— = A-22
Z vy o _Z ¢4 Z K' 1-K'e) ( ‘

the following. can be written from‘equations A-20 and A-22

= cl _¢j_ 1=K 9



Hisf'(25QfCalculate ¢a and ¢0, where ¢a r?'ﬂ

Equatlon A—8 1s der1ved on the'assumptlon that there 1s no volume .
’3Uchange on m1x1ng However, for the d1ssolutlon of gases 1n alcohols
there 1s ‘ar very large change 1n volume for the gas For the partlal

'lpressure_of-thezgas equalvtozonebatmosphere;:"“

| ??fif(A;éé)i'i

'Equations A—21 A—23, and A—26 are the basic equatlonspofithe_Loeffler'

land McKetta correlatlon.

The following procedure was: used 1n applylng theequatlons of
vf_fgLoeffler and McKetta._~f~"‘s'
'd“f(l} Know1ng vo, Va: K b R, T foL, assume a value for x0

‘;l_?*'._y_?'_’cb 1 ¢
¥oVoTXava® a

i-fi{(3)ffCalculate ¢1; using equatlon A—Zl o L

3h‘f (5)_'Calculate a new ¢ 5 us1ng equatlon A—26

‘;(4)f1qalculateﬂlT; uslng equatlon A-23

) 5t(6),]céléu1£te a: new:<

o’ and compare w1th the x wh1ch was’ assumed in step l B

(7)' If they dlffer, return -to step l us1ng the new xo n
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o Linpandehao~"

Thercorrelatlon of L1n‘and Chao (23) for calculatlng solub111t1es Ve

:fofklnert gaseslln alcohols is based on the group contrlbutlon theory

of solutlons developed by Chao, Roblnson, Sm1th and Kuo (6) In th1s>.,i

'theory the functional groups (for alcohols they are CH3‘, CH2 - and HO—)
are cons1dered to be - bas1c 1dent1f1able structural un1ts of molecules.v |

fi’ij the manner of 1nteractlon of each of these groups is known, the 1n-v
'_teractrons of‘mlxtures of molecules of d1verse spec1es may be pred1cted
or descrlbed.,‘ll | | E | Fiha e

’;Linfand Chao shom‘that .
;':k'r‘f.y;ﬁ..-H,_»=? '—x + kT Sl,n— @2y

f:4vwﬁétei_val' HenerSALaWtéonstant“h

o ffk,:f‘;Boltoman Cpﬁépant.}ffv

"fIg;__ gbspiute;temperatureﬁg

X 1-~"¢néggy of'a‘dissoluedvmoleeule'dfagas_g

.smolarvvolume.of»the'sOlVent;f

’ The value X 1n equatlon A—27 represents the energy of a d1ssolved __'
: :solute molecule relatlve to that of the same molecule whlle in the gas

;phase; The energy x 1s cons1dered the sum of two. parts.

A (l) c’ the energy requlred to create a cavlty in. the solvent the s1ze;;‘

V:of the solute molequle. Thls energy is equlvalent to that requlred
;'flto:put‘a.hard;sphere_whlch haspthe‘sameyvolumegasgthe_cav1ty }nto AR
Iy\the solvent. l.“ | | | - | o =y

(2)y:el,ithe energy‘of.lnteractlon hetween the solute moleculevand theb

‘ .v‘solvent'molecules~wh1ch;are“close;enough to,lnfluence.lt.a
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Lin and Chao assumed the entropy effect associated with the energy of
’interactioﬁ of the molecules to be neglibible. Thus equation A-27 ‘can

be rewritten as °
v _ ' RT .
kT.-4n H = ee + ei(+ kT n 7 ) (A-28)

For a hard sphere molecule, the interaction energy of the solute

molecules and solvent molecules can be neglected, giving

KT gn H® = e. + kT fn X

c =2 (A-29)

Thus the two Henry's Law Constants can be related through equations

A-28 and A-29 giving
kT %n H = KT %n H® + ey | ' (A-30)

1‘The hard sphere Henry's Léw Constanﬁ; HO, is dépendént only on the

properties of the solvent;vand;thus‘aépends oniy on the cavity size to
bé generated and the temperéture.. Piero;ti (29) plot;edlg, the diameter .
of the gas molecule, as a'functioﬁvéf ba, the polarizability of thé gas,
for the inert gases and - extrapolated to o = 0.to ge# o for the hard
spheré. Pieréttiytheﬁ plotted in H és-é funétion‘of q éna extrapoiated
to o = 0 to get . #n HO.

Tﬁe-energy reqdired to create é cavity of a given size, eqs canvbe
‘calcglated as the product -of the energy density (pE).andlthe cavity

vOlume,;ﬂ@%—w (6/2)3), or
1 o O
e, = z-w 0% pg (A-31)

‘'Thus a plot of pE’aé a function of ¢ must be made for each alcohol.

The energy density of a hard sphere.molecule'(o=2;58A3'was calculated



7
 using equations:A{29 and,A73l.

-é R ékTIT‘ 2n Egilyi e
vaE’>' ﬂ(Z 58)3 o8 RT ' -

‘thgﬂ(A;32)

’The energy denslty for 1nf1nlte‘d1lut1on was detern1ned as.the quotlent;_'
{»of the energy of vaporizatlon (AE) at 25°C and the molal volume of the.
solvent. The energy density was: - then assumed to be llnear w1th respecty
”to 1/0 Thus knowing pE at both o:— 2 58 and o =rm for-each alcohol
i the approprlate plot was- made.‘zrfd' | B - |
‘ ‘:The;energy'ofgsolutefsolventilnteraction,,ei; can?beiegpressed in
f.ftheﬁfoiioéipgpﬁénner}ﬂdf:‘i;ﬁll{o' | f :. L S . _
S ;.T‘ - f'.”'Aﬁ T» :
‘bfg?f4\.;§:skg %AW,;;;fs

where. Ay = surface energy denslty of u—group and gas 1nteract1on

"»(A-33)' B

;Sf'b;f'total surface area of the gas molecule
pA:,;erSQ£facegarea:of typeggpf>?j" '
Ay ffr fraction‘of‘théjtotal surfaceiof?the:solvent moleculeSp;
s :W y:' tagéﬁ;ﬁp byfuegroupsfsk': v : S .
’g.Si_;ileenergy.oftinteraction
'.»Lln and‘Chao‘used‘the above correlatlon and experlmental.datavfér .3
ithe paraffins from the llterature to f1nd Au for the CH3 group and the ;‘
CH2 group for each gas. The follow1ng is the procedure that they used ”
‘(l) 1They plotted log H- (experlmental data) as a’ functlon of polarlz-
lfvablllty for a. g1ven solvent. The 1ntersect1on at ai? O,g}vesyﬁ;
::log H° for a g1ven solvent.» 7 ‘ T .
'.KﬁiliThey calculated pﬁ at ov—l2 SQ‘for each solvent us1ng‘eduatfon S
‘;A_34 _ ‘ : L :

.(3) U31ng AE/v, they calculated pE at o = mvfor each solvent.. .




e _”(;'4),':1'{:The plotted DE VS 1'/3 fbf-éééh

s

olvent.

1:(5);;They calculated H° for the real‘gas“ln avgfven solyent us1ng

-ﬁ;:g;equatlon A—29. | | ‘ e

'(oi?fThey used equatlon AQ30 to calculate ey forva glven gas ln a: glvens
1vyalc0h01 | : R ‘,.r,, RO ,v _ ; L

‘Vﬁ.:(j)fiihey calculated ZAA from equatlon A—33 where A l?and;KeHTiafét.;»"

T : 2‘, L8
vfelkhOWn If data for four gases 1n the

: unknown ACHz'andeCHEf“

"fparafflns were avallable, the best solutlon of the four equatlons y

'and two unknowns.was'foundr.]ngf‘f'
fiLln and Chao then plotted A vs Zn (a+1) for each grohp in. each
'1gas.» They found the data to be very nearly llnear and establlshed the

v}best straight llne through the p01nts

Slnce very little data'were avallable for the gases 1n alcohols,

f;Lln and Chao could not solve dlrectly for AOH They assumed the‘hﬂ””

'l;-follow1ng

:-(') A is. llnear w1th respect to Zn (a+l) and A O~at_a(éf0,for:f '

=1 1<l ; {zfﬁ& < a+1) B

* and (2) py.is inversely proportional to g, ori . . . . .

L1n and Chao then used all the data avallable for methanol and
f‘vsolved for Kl’ K2, and K3 us1ng the least squares method . From the

. {:solutlon they plotted A vs, Zn (d+l) Know1ng AOH’ ACHZ, and ACH3 for ;ov.

any gas, L1n and Chao used all thevexperlmental data avallable for

'».alcohols and equatlon A-30 to calculate Zn H°" They plotted An HobaS'

‘1a functxn1of the number ofcarbons 1n the alcohol w1th o’ as a- parameter ol
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APPENDIX B

DERIVATION AND USE OF EQUATIONS FOR
EXPERIMENTAL CALCULATIONS
Experlmental calculatlons 1ncluded (l) the callbratlon of the
volume of the tublng 1n the gas reserv01r and (2) the calculatlon of

"the solubllitles from the PVT data taken w1th the apparatus.{
L Callbrationgof;Tubingf_,”

The experlmental procedure used to callbrate thevéas llne volume
‘f.ls descrlbed ‘in- Chapter III ‘ The equatlons used rn:the_calculatlons;‘ﬂ
:Twere derlved in: the following way L |

A1r was empanded from an. unknown volume vl (Bulb B and tublng of .
igasvreservolr) into . a known volume Va (Bulb A) Thus :[l»

vzl_'vfyvl'

‘h where Vf total volume after expansion. Let

- -Since the system is closed, n = constant; or

SEERE S SIS I R oy

- From equation B¥3uone]eannget’

Sy Ve @
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Using the v1rial equation of state and dropplng terms higher than
the second virial coeff1cient,»one can- wr1te

. RT '13,+ v ,(B' 5)
or R T o RL_y-3 =0 S (B-6)
- e . RT o o B

‘Sdlving_férjv,:dne gets

'Substituting equation B-7 into equation B-3 K can be calculated in the

‘fcllow1ng way:

T4BP, i’ ) ( )
PR . ]. + RT Pf Tl . ) ‘
K = %1* = ] .o (B-8)
N R 4BPf @) (1) :
l * RTf ) ', 1," f .

.-Thus.Vllcan¢be'calcu1ated,from equatidn”B-4'and-Beé. where Tl-and fl
are the inltial temperature and pressure and Tf and Pf are the flnal '
: 5temperature and . pressure | |

Slnce each of the gas bulbs had been callbrated gravimetrlcally,

' the volume of the gas 11ne alone could be calculated w1th each of the

' f,three gas bulbs° These values did not turn out exactly the same fer

' ”Veach gas bulb, s0 the best values for Vl (volume of gas line) and Vg

'were,found_us1ng;a,leastusquares‘method,' The follow1ng equati@ns were

used. - From,equationaB-4; Vrcwill;be deflned in_the follqwlngrway;

| = K l; l l'f‘.'.> (B-9)
a - K-;" T SR

<l

since V) = ¥y + g one can write

Syt (REVD V.o (0
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Three runs were made for each of the three bulbs,,nlne 1n all

"The least squares fit gave the best value to be the follow1ng.':V£i %; :

iv'l7 74 cc and 'V, = 180. 51 ce.” This value of Va corresponds w1th1n 0 l/,

vlof the value found grav1metr1cally (180 35 cc) For»the nine values
- of. VZ wh1ch were calculated the maxlmum dev1atlon from the mean was.
0 224._ Th1s 0. 22/ dev1atlon in the 11ne volume would be less than

- .0 1% of the volume of., the gas reservolr.‘i
‘lCalculation”of;Solubilitxfi

‘The experlmental procedure usedvto takevthe solublllty data 1s:‘
described in Chapter III. The equatlons usedkln-the calculatlons were;
‘-‘de“rived .;n the ,_-"fQ"llOWJ.-n‘S. Wa}f.?‘ ‘f L Lo . .
H-,f{ﬁsing,the,vlrialieduation;ofﬁstate-andsconsidering no terms-higher»:_
:_-ﬁﬁén:thelsedondrvfriallcoefflclent;;onefhasgl";'I’v

RO SR

u?liUsing.thegquadratic'formula, thefnumber.offmoles;canjbe»expressedZasf
a1 +‘" L) N
n o= = KL . @
o 2( -y : . _ N

vﬁ;Thus knOW1ng the pressure, temperature, and volume of the gas before

It,;’and after a run, and the second v1r1al coeff1c1ent of the gas, theg

fnumber»ofvmoles of'gas absorbed;can be~calculated.

From the number of moles of gas absorbed the volume of gas at one‘

'¥Q£ fatmosphere and 25 0°C was calculated us1ng the 1deal gas law.f From_

' 'thls the 0stwald coeff1c1ent 1s
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760 VvV Pe, 25°¢
= 12~ 'gas ( @ P¢ ) ) (B-12)
‘ v ( @ 25°¢) .

Pg solvent

The Bunsen coefficient can be expressed as

@ = z\c—ZZ%;lé_) | (B-13)

£
The Henry's Law Constant can be calculated using

P
£ s (B-14)
760 xg

' -

where Xg mole fraction of .gas in liquid.

The computer program;used.to~calculate the'solubility,coefficients-

from the experimental results of .this work. is given in Appendix C.
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Computer Program for Calculation of Solubility From Experimental Data

CriCULATION .GF EX®

X3S, = ABMOL -
XSY = VEV . ¥ RACSV 7 wTSvy

) : : . : [ TOTMEL = X3S + XSV -

THIS PROGRAM CALCULATES BUNSEIN CCEFFICIENTa. OSTWALD CCEFFICIENT, . ‘ B o= TOTML % 32/4760evaxCS)

AND THE HENRY.'S LAw CONSTANT FROM RAW EXPERIMENTAL DATA. : e 39.IF (0=13) 451,01 :

e ) ; : R ) Ll IF (J-15) 42:52,42 .
[ 42ITF (U=1T) 43.53,43 e
) s - R oo - i B83UIF (U=23) Lwidbesn

WTSV = MOLECULAR WEIGHT OF SCLVENT (GM/yOLEY: < o =~ 71 . : : he 1P (0=25)]1 6555445

RACSV = DINSITY OF SOLVENT AT 25 € (GM/CC) w 45 1F (=271 66456540

AyByC = COEFFICIENTS TO CONVERT TRANSDUCER OUTSUT TO PRESSURE | | ‘ GG IF (J=331 4ieiTad?

R = GAS CONSTANT (CCHATM/MOLE*DEG). : R : 4TTIF 4U=35) 48457548

EMEL = “INITIAL TRANSDUCER QUTPUT . (MV) R ’ ) 48 IF (J=371 49959449 . . .
EME2 .= -FINAL  TRANSDUCER CUTBLT  (My) - : 49 CONTINUE : : T - 4
TFL = INITIAL TUMPERATURE (F) : ! i . T 51 PURCH 61, K : o
TF2 = FINAL  TEMPIRATURE (F) k X . . SEL FORVAT 45Xy IHRUN NOe = +12s10Xs)7THHEL UM =~ PROPANOL//) S /
ST = SECOND VIRIAL COZFFICIENT CF GAS (CC/MOLE) . Go. 10 70 ’ . ’ | : :
VGEL = INITIAL VOLUME GF GAS RESzRVOIR (L) 0 ' E 52 PUNCH 62y X . . o T

VGS2-= 7~ FINAL  VOLUME OF GAS RESERVSIR (L) &2 FCRMAT (35X, SHRUN NOs =-+]3¢10Xs1THHELIUM — PENTANDL //}

VSV = VOLUME OF SOLVENT wHICH AB3ORBS GAS. (CC) : o ' T . G016 .70 T . - : :

Pl INITIAL GAS. PRESSURL (MM G} . N . © 53 PUNCH 635 K e S . : -

P2 = FINAL GAS SURE (MM HG) : g . 63 FORMAT (5Xs SHRUN NOo' = 513,13%,17THHEL TUM = HEPTANOL //7

GMOLL = IMITIAL NUMBER CF MULES OF .GAS S . ~ . GOTC TC s S

GMOLZ = FINAL . NUMSER OF MOLES OF GAS : : : 54 PUNIH 64y K [ . .

ABMOL = MOLES 'CF GAS ARSOR%ED . . 64 FORAAT 45> . RN -NDe "= 5 J12+10Xe1EHNEDKN ~ PROPANCL 7/}

VGSABS = VOLUME-'OF GAS ASSCRBED AT .STANDARD CONDITIONS. (CC) S sl S, SCore e SR b N B

LOST YD = CSTWALD C{CEFFICIE
BUNSEN =' BUNSEN
XSV = NUMBER OF
H .= AHENRY'S LAW

5 PUNCH 55 Ko
5 FORMAT ({3Xy FHRUMN
5. TC 7o

+ 132 10X+ 15HNEON = PENTANSL. 7/

GHRUN NOs = 5 13y10X+IBHNEON = HEBTANOL .. /77

97 PUNTH 67y K

READ 115 N, . . - - ) ’ 67 FORMAT {(5Xs GHIUN NCe = 513,10XKsi6MARGON ~ PROPANGL /79
FORMAT (121~~~ .~ - : o S . S 63 T0NT0 o ‘ : : '
READ 305 wTSVs PHCBY - o s S8 PUNCH 58, K ' - S P o
FORMAT (2F12.7) : ) . : &8 FORMAT “(5Xy GHRUN NOe = 4135 10Xs16HARGON = PENTANCL //)
DOF110 - 1=laN s RS : - GG 1g 70 ) L :
READ 10 ByHeCeR . ; - Cn e o . t 59 PUN:IH 6%y <0 . - ) L .
FARMAT {3F 10s5s FL0a7) : B : ) 69 FORMAT 45X, 9HRUN NOs =.,13410X s Y6HARGON = HEPTANOL: //}
CREED 20 EMFEeEMFZ TEL,TF24< sl . o ) : : 2 G0 7C 7C ' ; :
FORMAT, (4F10e5+215) 7 ¢ g o ) . : 75 IYPE 75 Pl P2y DP, EMF2, DEMF: T
URIAD 40 BTaVeIlavosSs vev ) : ] : . T3 FCFAAT (3X, 4HPL =,F1 5Xy 4HP2 =oF 12059 5X94HOP 24F 1245, /3X 4
FORMAT 1GF124561. o o : Lo < 16REMFL EsF 1045y SX4 6F =y FlOe5s 5X5 EHDEMF .=sF1Ce5)
Pl = & ows C ) A : TYPE 120y VGSis Y352 VSV o
v feEwE es2.D ) . : ;120 FORMAT. (3Xy 6HVOSL =+F10e535Xa6HVES2 =4F1Ca5s5Xe 6HVEV =. 4 F1045)

= BZeC1 K (54075

= t(TF: c . TYPL 130+ XESXSVsHe
o (0752 = 32.01 % (5eu7Cas 130 FORMAT (3Xy 5MXGE. = FlieTo5Ks53XEY 79F11e755Xs 3miq"= , FI0.2)
1 -22 TYPZ BRI ASMTL VG : : -

FORMAT {SX 4 THADMCL

TYSZ 52, L5Twle b

F1Z.5/ 5XiEB=VEIASS =.F12.6/)

LS wFIC.€s TXs 1CHIUNSEN = - WF10.6///)

Groe QT s 6
LR AN

S8
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 APPENDIX D

. ERROR ANALYSIS . -
Error analysls was used to establlsh 11m1ts of accuracy for the-
‘calculation of solubllltles and to polnt out maJor sources of error. -

'present in the experiment ' Beers (2) presents a detalled dlscuss1on of -

:'error analy31s. HlS method for calculation of errors ‘was used in, thlS_

’ ﬂwork;x.

' The suthor assuned that the experimental messurement errors vere
"indéééﬁdént “ahd““ﬁ°5rfélated;.i;e;; thé.;écaracy.with;which:tﬁe;p?ese“
vSure could. be measured was independent of the'temperatufe’ etc, 3eere'
:~e‘descr1bes the‘effects‘of 1ndependent and uncorrelated errors “en the de~-
 pendent vartable with ,"_t.he,_:;foll,"‘f".,-lng'"?‘Quatlfén»;_. RPN -
- wh?f%'ﬁbe_éﬁﬂatioubrelafing:&ependentnand:lhdependeﬂﬁépériaslgs.iéf
‘f“SiVénbbw'lf: S . , B dent .variabl |

Y my Ry, Xy e xg) e (0=2)

Forrthis work;'error{analysis waS'used‘in the%followingmtwofcasesil
@ For the analysismof“the error in measuring the number of moles -
- absorbed

_(2)Q,For deslgnlng the gas bulbs to mlnlmlze the error v en calculatlng.

kthe unknown llne volume by expan81on. v

o8
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The»ideal gas 1aw WéS'uééd in.the tglculation of thé;moleswabsorbed
v(for error analy31s purposes only) : Eor the -isochoric eqUipmeﬁt,em;.
ployed An = -‘-’- sP. (D-3)

" RT . .

Since . errors arise in the calculation of V, T, and .P, the equation of

Beers .gives

5 3An

ean’ = (5 )2€T2 + (—) 2ey? + (559)2¢4p?
’ 2 p2 p2 2. : '
e 2. o NAPS . L APT o VO 2 (D-4)

An ‘ R2T4 T : R2T2 V: R2T2 AP

But the volume Vfwasfmeasured by expanding air from -a known volume into

- an unknown,volume. Thus

' ___2_
}
where P, = 'initial pressure"
P2'_=‘ final ‘pressure-
VA>:= known volume
V: =  unknown volume.

Thus the error in measuring V, is dependent upon.errors in measur--

ing Py, P,, and‘VA, or

2 Vivo 2 Viva,. 2 3Viy2
€ —=) ‘€ + (—)%e,. % + (—)“¢e
‘ V1 (BVA) Va .(apl) Pi " (ap2
or o v
e 2 =‘,_;52£i___ é (P2 tPy )VA p o (D-5)
v ’ N , = , L o
-l (PI—P2)2:V | (Pl—Pz)” L

-For simplification, let Bl-P2 = AP#. Thus APx is the pressure.change.
during expansion of.air and AP is-the'ﬁressurelthange'during-absazptiqn»
of -inert gasﬁin alcohel. Substituting equation D=5 into équationgp—45

the result is-
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V2AP2';3> +. APZPZ 73 APZ(P22+P12)VA 5 V2
RZTL+ e APy 2R2T2 VA ‘r R2T2 (4Pg)* ﬂ;ilP7',vRZTZV

€An

(D=6)

>Sinée_:AP;f By - By and ,eps,tfnls?&» .

;AP

‘(SAP)Z P32 + (BAP)z Pq

Ceap? = 1R epg? 4 ~("1)2"_€P4? et 0D

Since the percent error in An is the quantity of interest, rearrange-

R LR PP SR C C '
SAn” : RT= - e :
o - L w09

'V‘mentfgiVésv

']Substitutlng equations D-6 and. D-7 into D—8 the percent error in the

change in moles can be expressed as I*s“

L=

an? T A3x2v12 VA

€ . - (D-9)
AP L*vl o APZ ] BT
. 8 As-can:beaseen,from equation De9,_m1n1mlzlng sV,w1ll'decrease'theierror‘
';inathe;meaSurement of‘An.thince_‘-
P “+P <
°Y) Eyy  ERD

‘ = . + = EP
*vl2, w'-vAZ_ : P-ZAP 2.

o @-10)

and s1nce P1 and VA are constant the error can be minimlzed by taking

the partlal of equatlon]}{U)w1th respect to P2° Thus

The;realisolntionfbfhthiskis.v Pé = h0;453ifl”.ﬁi.i  ':t;:}.;ih}(D;1l>’;.

Thus the gas bulbs and .Bulb A were de51gned so that durlng the -

R ca11bratlon of the unknown gas llne volume, P2 = 0 45 Pl°
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Thus the error 1n the méasurement of P V and T muxh :"evaluated

T:(l) Temperature——the temperature of the bath was measured“w1th two dif&31’

wferent thermometers. During the flrst runs a. Fahrenhei

w1th le1510nS of O 05° was used The thermometer}did not, vary over

v0L025 F durlng-the runs._ The second therﬂometer was _entigrade ther—-d

mometer w1th divisions of O 01° It dld not vary ove

_'w ;L equal te 0 02°K._ (2) Pressure-w

1nvca11brat1ng th vtransducer, the
'demf readlngs from the transducer were‘curve‘fit against“he'true-pres—.
.:.sure (from the Texas Instrument gage)‘f The standard deviation of theb
Qg‘true pressures from the curve was 0. 2 mm Hg Thus Ep‘was equal to
b:O 2 mm Hg 2 365x10" atm.,‘(35- The.standard dev1at10n in the cali—

fbration of -Bulb A was. EVA 0 057 cc.

'T‘T For a normal run w1th argon the expected percent error was calcula—i.-

'»I ted to be 0. 550 : The last term of equatlon D—9 ("_E' 2) 1s the domin-' -

’fdating term -In»fact the other terms can’ be neglected 1n the calcula-ff
;[ tion of the”expected percent error. ] : | |

'{ A s1milar error analy51s for a constant pressure, variabie volume-
Tlapparatus was\made. VThe'eapected-errorﬂwasrless but due to difficul—

'_ﬁes in design the constant volume apparatus was used
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 APPENDIX E
 SAMPLE CALCULATIONS

ehExehpieeteﬁia;iveeiehlgtiehs_ﬁéaejihithis;Wpfkﬁétgﬁéhewd,in,thiSf
"'ééeEiSﬁ;xhsiﬁéévﬁheisoiﬁbiiifiés Qﬂiﬁthiﬁ'éﬁahdHASTCaieﬁlated‘wére‘1
"f:_Apresented,keempie‘calculatlons of the.eorrelatloh w1ll not be gtven°
“’The three theoretlcal methode,ﬂthe’ealculatloh of the solub111t1es from .
jthe,expe;thehtal,deta;pf th;s‘hqu, anqethe ertor.enalyslevwlll helzL‘; '

| discussed.
' Gjaldbaek and Niemann'

" The equation which Gjaldbaek and Neimann use to calculate solu-

'hilityvoffgaéeelin'althelgzigﬁ;v‘Qj:ff,f”‘;?]fﬂ}j

R . , SRR S E R R,

‘jt:;??;?233f< fj%???v,tf‘iig(§1f 5?),‘f~% + (1 ) fEFL>,;

The data used in the calculatlon of the solub111ty of argon in-

'hvpropanol wlth the correlatlon of GJaldbaek and Nlemann Were the

vhfifollow1ng

W
II1

- L 63:<102“ __;iza;:;”{?\g_i=gizocl'-
SO woteeste T T
‘~5ll 95 B cal )4 R

'ecu f,_§
E gmol .
SR S e gcal Nk
= 60 064 §§3T 8= 543 (T

0 7997 %E

J kl“=,jo 00172

o
(]

o,

i .:?2-‘#1f"f_51215f:

e :



: holds) is

"Firstgsiﬂisrcorrected¢to/Si*husing

8y - (e-l) (o 165 - o 00143 (a X 1025))

O»
I I
]

s
*
I

= 11. 95 - (20 1 - 1 0) (o 165 - 0. 00143 (1 63))

s 513v}=ags.8gs;g

'_Thus xz”is,calculated using“eQuationfEfl,

“tax, = - fn 0.00172 + | (55.0) (8.84-5.43)2 b oan U35.0 4 (1550
SERthe TaesH(@08.18) T 75008 75.108
= fn *2‘,=‘ -7. 40

o 000609 :

Xy

Lixp ,11.0_3 X = 0.99947
j-TheaVOlume of'gas absorbed,perumcleﬁof.sciution,at:the'temperature;;

of the measurement and one" atmosphere pressure (assumlng 1deal gas law

s  XoRT  (0.000609)(298.16) (82.06) =
- Vo a0 2 ) B

14 91 cc

]

»ThepVOlumeuof solvent per each mole of solutlon 1s :

v, = X p(M w ) (o 9994)(0 7997)(60 064)

. V':fs"75 06 cc
sa

VpThus the 0stwald coefflclent is:

Vo _ 14.91
v, © 75.06

U o ' a.. '.' EEE
’pThe Bunsen coeff1c1ent is L v
S 273 16 TRop
= =.. 1820
o ThegHenryTs.LaWjConstantvis'5 v o »
SRR 4 "4'0.000609 o T



o
‘Prausnitz aﬂdﬂshéir't

| hThe'oaleulationsvforhtheuPrausndt;‘and;Shalrvoorrelatlon are pre—i
”,.sehtéd ror argon;in-oropanOl'using the‘value‘of$5;43 for thehsolubllitvk
”oarameter‘of argon E | N | |

| At 298 l6 K the reduced temperature of argon ls l‘975 | From
vFlgure 2 of the artlcle of Yen and McKetta (34), the value of f°L/P isﬂ
.’4 9. From Flgure 5 of- the artlcle of Prausnltz and Sha1r (30). the value
’of (log yz)/vz for 6 = 5. 43 is found to be 0. 012 gmol/cc

' The other constants used in- the calculatlons are glven below

p, = 48.0am o oma

1'60:064 -ii-f,
: ~.gmol,

0.7997 81

o
1]

.55, 0 ==

T V2 , gmol

The fugac1ty was- equal to

. ‘ . o L
EOL: i——-x P
o Pc ‘:__. -

#

7'(4;9)(48,o)l:=_ 235,0 :
The*activity-coeffieient:is::

- 20
exp (<_8_Yz>

exp (0;012;3,55.0 x 2.303) .;j* 3

1]

"'_h- yé: v2 X" 2 303)

Y2 b
'led'=iT4553.. .
Thus" the Henry s Law Constant 1s: ?’ ‘
f7H:3; 1o el ”y.i=_;235.o % 4.53 = 1,062.atm .
”ﬁfErom‘thesahove;?the nole fractions offtheﬁgasland‘solvent*can,hefealcu;hv

X =,_; 1 :‘;= 0. 000940
S e e T 1062 |
and» L :*H;:_'; ]XS = l 0 - Xg O 99906

The volumes of gas and solvent present for one mole of - solutlon can he

' calculated by



.95;~

"_jvéf,_::xgkm ;” 0. 000940);82 06)(298 16)

. 23 O cc
: l 0 .

. and’

y, o= KaOLWD) (o 999)(60 064) L aes el
PR oo (0,7997)
The Ostwald and Bunsen coefficients can-be calculated in the following
- way:

= 2.0 0287

= 0.263

Loeffler'ahdchKettalf

Loeffler and McKetta used the follow1ng equat1on to calculate ’

o solubllltles ;ifi ‘;'lh;;’hxlh bﬂ ”t“v | VoPa 2

= ,Q,n¢o ,Q,n fOL + (1 V) +—'TR—E'—

" The- follew1né calculatlons ate for argon in: propahol hs1ng the value ef

g b ‘which was on. the "best curve Qt_”béSt"llne-‘_ The value b. Qas read

7.."frothigurew4 of the-artlcle of Loefflerkand McKetta The fugac1ty was.fv
_anlculated in the same mahner as for the cerrelat1on of Prausn1tz and |

o Shalp;‘ ‘The- follow1ng constants were used

B cal . ;h 5 atm cc
l 987 EEET—EK 82,06 gﬁEI‘EK

75, 108

g ]'ﬁ
Ly '

b= 14‘2*£El S MUGW. = 60.064 BB

AR = Gl7997 8m
vy = 5; Q gmol o= 0r79?7'§€31.}e'

ko= 2.0 £ = 2350 atm

--mole ﬁfactiohJOf;the‘gas

g
B
i

_-mole fraction of the solvent.

W
L]

Assume x, = 0.5

‘Then x5 = 1.0 - %5 = 0.5 .
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.. The volume fractions ef,gaSQandcliquid;can”beiwrittenhael'3

A—3.3’, Or;

'u,¢fv'=:. EVe o (0.5)(55.00
© . ZgVotkavg - (0.5)(55.0)+(0.5)(75.108)

0.4227
and”“ . u'fdg,v=v'l’0h—'¢° _="0'5773' .

'fThus ¢1 can be calculated u51ng equatlon A—30, or

[21<¢a + 1 -(41<¢a + 1) z]
¢1:: : 2 :
; 2K ¢a
[2(142 0)(0 5773) +1.0 -(4(142 0)(0 5773) + 1);]
: 2(142 0) (0. 5773) - ~

. 0. 006306

E

- The true molar volume of the solutlon can be calculated u51ng equatlon v

‘, “ ,VT : : Vo_. . Va :

1 0.4227 0. 5773)(1 0 -(a2. 0)(47006306))
vp o550 T B 75.108

'dva 'a‘ 117 g _cc
: : . ‘ o S gmol . -
The new. volume fractlon for the gas can: new be calculated us1ng

"the follow1ng equatlon

- R o R Y 2
t_- o0 b = fn f 4 (1-——9 + - RT 2

, zn(235.2);(1 55.0 5 (14 2)(55 0)(0 5773)2
Y £

o n;?°‘ -108’ (. 987)(298 16)

6.432 »'_f

Z¢5d% o 001608

.A new mole fractlon for the gas can be calculated 1n the follOW1ng

'manner; {L]T.
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RS '14; (0. 0016@8)(75 108)

S =
Sec vo+¢o(va—vo) 55 0+(0. 001608(75 '108-55. 0))
Coxg, 'é.*o.002194~ =

oc’
" The- new xé can be checked w1th thevassumed xob. If they'agree w1th1n _
VO Ol/ the solublllty coefflclents can be calculated If not the cal—rjl‘
‘culated X (Xoc) can be subst1tutedvlnto step one for no The"trial
and error is- contlnued untll the two values of‘xo de agree w1th1n 0 Ol/.
_ kfor th1s‘svstem the calculatlons converge on’xo‘— 0. 000607

iThus *a 0. 9994 | '

e Thus the volume of gas absorbed per one ‘mole- of solutlon at the
temperature of the measurement‘and one atmosphere pressure (assumlng

;.

;kildeal gas law holds)?fsf :Q’Ef”3’9fﬁiv::

’&v~:' ika( ; (44000607)(82 06)(298 16)
o T TE

Vo 14 85 cc

*.dThe‘Volume7of solvent per each mole of solutlon would be

o xé(M.W.) (o 9994)(60 064)
R e (o 7997)

.'Va

, 75;063céf‘f
vThus’the‘Ostmald‘coefficient,iS‘”'"

Vo - 14.85

‘ = _— = = = 0- )
B S A TR L
"ﬁThe Bunsen coeff1c1ent 1Si!' ke
B 3 273.16;
- 2 £/ 10 0 1813
% (298 16)

ThefHenryfs}LaWlconstant‘isf. e

w o= Lo ;;-;l——- 1647
%o 000607 e
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':'Jfr LG

s

_Experimental Data’ . .

The three Bulb B s, Bulb.A,fthe gas tublng of the gas reserv01r,;l
ffthe solvent bulb, and the transducer were cal1brated before the solu—»f;

'”hblllty data were taken,, Due to breakage, the llne volume and Bulb A

fwere callbrated a second t1me aftethun 28 The potentlometer was re—lh"

,calibrated after Run 14 Thegresultsgof;thesevcallbratrons,were'the

7 ”_~BulBrAljﬂfriﬁb L1ne Volume :
»‘f;;Run 12 28 179.937.cc 17 424 ce’

‘”-)ff7Run 29-39 -.."""f180°513fc¢_*§f-. .17;738,cc3; 7Jf7

o ifBulb B——Hellum, 76 543 cc, Neon 97 900 cc, Argon, 368 83 cc. "’,Cf;

v'~;Solvent Bulb—-l98 944 cc

iVolume (Level B——Level C) - 0 020 cc

'571*Volume (Level B——Stopcock 7) 20, 308 cc

- ~The results of the transdu”er callbratluns were

"ifnﬁuﬁSr12;14i* .';fj;020140:51[¥*&'49:9osﬁr5-’l»lf0902153”?:f"

,Runs 15- 39 '{j:.-o 0809 ff 49, 888 o -0.01903

- A + B (emf) + C (emf)2

‘li"

-*V*where true pressure

1n~

»a;fémfh‘ output voltage of transducer~siai‘l
i"gff’fﬁé;%giigﬁigghdata were;taken pnrRuper,lfrflfai'wl L
‘ Av ST | EMF ' EMFO EMFC
h‘éilnitlalvzerofoorht 1ji;r;55;7;sti;5Q§o_l:lvfsé:49§éze,2il:;-i;5Q2§eh
”CﬂfInitial pressure readlng iv}j llvodggil:viiQZ 49900;¥#i1{al7 6168:!i‘“ o

".’Flnal,presgu;e readlng,,‘fff-;=16 2612 1;}’Vv2 4990.? 1?16 2677

”Finalféerdjpoing_ﬂy7{;ff:ag":; 1. 50534]”;5‘;2;49995Qr{flﬁf.1f5059,
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e
‘Syringe readings--Initial 1. 297 ce 2. 000 ce _fg -
| :priﬁéi*».,7;» O 000 cc ‘f 0 000 og

The value EMFC is the corrected output voltage of - the transducer (EMF)
' after the EMF had been corrected for the dr1ft 1n the output voltage of .~

the power supply The follow1ng equat1on ‘was used:

:‘2f5

e | i EMFC EMFO'x BMF
- Thus 1¥ v ’ v
EMFL = 17.6168 - 1.5927 = 16 1141, and
EMF2 = 16;2677]- 1J5059"»é 14 7618

L The 1n1t1al volume of gas was the contents oflthe gas reservo1r,
.lor VGSl VA + VB + Vz | 179 94 + 368 83 + l7 42 .= -566 l9cc

: fIt should be noted that VGSl does not 1nclude V for. hel1um and neon

jruns ' The f1na1 gas volume d1ffered from the'1n1t1al gas volume by thetifd

» volume between stopcock 7 and level B and the volumebthat the stopcocksl

| hhwere lowered, oerGSZ = 566 19 + o 308 + (1 297 -.0 000) + (2 ooo —_—
. 0.000) 569 80 cc. y -

nit‘ The Volume of solvent absorb1ng“gas was equal to the volume of thejh‘

. Tsolvent bulb and the cap1llary tub1ng between levels B and C less ‘the c

o volume change of the syr1nges, orr'

. -exper1mental solub1l1t1eS'

o VSV 198 94 + 0 020 - (l 297 = 0 000) - (2 OOO - O OQO) 195 66 ce
: 'The 1n1t1al and f1nal temperatures TFl and TFl were 77 0°F

The follow1ng are’ the constants Wthh were used to calculate the

n: L

R 623659‘:——3- sy =

é gmol oK - 1;~,,:, o WIS 60 064._75rp;g
BT = o " RHOSV = - ce Lt
BT »,_16 1. "RHOSY = 0. 7997 e

- gmol
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The above values were the data that were put into the computer program

of Appendix C. The results were the following:

Pl = 798.878 mm Hg

P2 = 732.209 mm Hg

Ostwald Coefficient = 0.2454
Bunsen Coefficient = 0.2248
Henry’s Law Constant = 1328.5 atm

Error Analysis

The following equation was used to calculate the expected percent

~error in measuring the number of moles absorbed.

typical fer argon in propnaol.

2 2 2 2 v 2
An” - s? + P? ev 2 + [ (®, +P}%YA +
An2 Id Apxivlz A b APX4V12
where T = 298.16 °K vV, = 100 cc
p; ¥ 800 mm Hg v, = 180 cc
p, = 740 nm Hg ep = 0.02 °K
Ap = 60 nm Hg ey ° 0.2 mm Hg
Apx_ﬁ 380umm Hg £vA .é 0.057 cc .

The solution will be given term by term.

This calculation is -

2 2
ETS . (0.02)“ -9
= S2P2)0 o 449 % 10
T? (298.16)2
P2’ ey 2 = [ 740, % 0.057 | . 1 .23 x.10-6
APXLVIA A L 380. x 100. : ‘ )

“hy 2 Epm = L 2
APV, 2 (380) ' (100)

(8002 + 740%) x (180)2(0.2)% -

7.4 % 10-6



2
. Ap2

€An
An?

€

2-=2 2027 _ g 995 x 1074

P 602
(0.00449 + 1.23 + 7.4 + 22.2) x 1076
30.83 x.107°

0.55%
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TABLE

v

GAS PROPERTIES FROM LITERATURE

;HeLium . Neon Arggg.
Ideal Solubility 2,51 (7) | 5:13.(7) | 21.6(22)
x 107
Molar Volume, V, 33.0 49.8 55,0
cc/mole. (24) . -
Solubiii£y Parameter, 5.43
(cal/ce)™ (13)
T Critical Temperature, 5.3 44,5 151.0
oK . (16)
Critical Pressure, 2.26 25.9 48.0
atm (16)
Critical Density, 0.0693 0.0484 0.531
cc/gm (16),
Polarizability x.102%, 0.204 0.393 1.63
cc/molecule. (23)
Diameter, 2.63 2.78 3.40
%A (23)
fok/p, (30). 212.0 23.0 4.9
High 52.5 22.7 13.0
b <2§>\ Low 50.0 22.3- 10.8
cal/em” ‘ . ,
Line 50.0 32.0 - 14.2-
Virial Coefficient, 11.7 (35). | 16.2 (17)- |-16.1.(33) "
cc/g mole : : ' L
Virial Coefficient of Air, | 6.19 (14)
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TABLE V

'; ALCOHOL PRQPERTIES FROM LITERATURE.KP25°C

i'"”Méthaholfi

'iEthanol.”

PrdpanQIF 1

Butanol '

:Pentanol”

fHéptanbll'

:f]:{Dens1ty; :
o gm/cc (32)

.ugi‘-fMolecular Weight
"A}.gm/gm4mole.(27)t

;}fMoiar.Volumes»"'ﬁ
J‘cc/m01e>

isolubillty Parameter,. 3114v35t iTR

J;;zﬁ(cal/cma)/ (24)

:'Dlelectric Constant
(16) '

i‘*ilﬁslé/égt(24>t f.f‘t*‘

- 0.7873
32.032

| 40.686 -

| 365.0

| 58.660

10.7850

46.008 |

12.80° |

24.30°

122050

0.7997 -
jf60-064t

|. 75.108

11,95

20.10 - -

fl42w0{t‘vt

té4;§8d=_f”
| ovns
‘;f;ltédltiﬂ
i7gi‘t-*

i68,0’tfﬁ

,ééééée,:;
-
1

—4050t1v;

0.8113 |

_,;1é¢i2$;;3"
:ii4i;5§f;[::;”
"'idéﬁt_””’“”'
',;i;i;;l; ;_

13;0W€

0.8205

g0t



 TABLE VI

" RAW EXPERIMENTAL-DATA .

 Ren | o

. Number

Gas

Séivent ’

... Pressure

Gas ‘Reservoir -

~ - Volume

. Tmitiall.

Final |

Initial.

Final _

;§élvént' Moles -
‘Volume

of Gas

_|Absorbed -

Ostwald*

Bunsen*

Henry's.
o Law. o
“|Constant . .. -

f‘lﬁf. 

15|

16

17 | Neem. |

‘ : 18.
151
'f;ﬂzo
'hf2;§c

.::22

- 24 _

25 |

fAfgén.

.Argoh-

" Neon.

Argon
.Heiiuﬁl7
"i,Heiiﬁﬁ‘ 
-Arg§p,x

Argon

- Neon.

Argon

Neon -

Argdﬁ"

Neon

;Péntandl
fPéntanél
entanol
Sansiit,

: 7Peﬁténéil:
Péntéﬁéli
Péﬁtaﬁél'
mPeﬁtapélg
”?eﬁfanol.
;P?Qpaﬁéls
.fféﬁanélf
P?éﬁénol'

 Propéﬁoi'v

‘Propanol

79656

| 803.14

1800.67

79154

°802.69 -
808.66

1800.54

1790.54-

798,88

797,19 |

800.78

802.06

- 796.28

734.36

741,23

_J738g83'

746,11

728.65. |

- 737.89"

-

| 745.88 |

737.61

727.18 |

732,21
730.67

733.90

734,87

727.91

566,19
566,19
56619

115.32
" 115.32.

'f:9359?:‘

93,97

566,19

| 566.19
566,19

115,32 -

©115.32

115.32

56,_6.0 19

569.68

568.93"

569.84
{11834 |
_¢19;iZ;

119,22

569 ..7&5;

97.48

97.66 |

| 569,79

569.59

56977

4.118.93 "

195.79

196,53

ié5362:

196.25
;195;471‘
al9553f
i95;6§5'
‘i95i765j
195.58 -
195;67-

195.69

195.92°

i9536§ 

.001759

.001779 |

001740

0002456
0002409,

0002469

001769

0001782 |
1.0001757 |

.001891 -

001896
.001898
.0002838

0002821

2276
22271

a2
03119

.03128

.03185" |

L2254

.02298.
L2454

2462

2458
03666 -

.03683 .

{ .2085

| .2081
.2051
.02857 |

| -02865

2065 -

.02103 |

.02105

.2248

2256 -

;2251

03359

,03375

02918 |

993,

1007

7225,

7204,

1000, -
98160

9807,

1328,

1323,

1326,

- 8886,

8843,

0T



" TABLE VI (Continued)

Gas Reservoir.

Run fréssurer. . Solvent Moles | Henry's.
Number | Gas Solvent 3 ‘ _ | Volume ; "Volume . of Gas Ostwald*| Bunsen* »>.Law
3 Initial| . Final | Initial| Final | ° Absorbed . » Constant
26 - |Helium Propanol | 809.70 | 744.41 | 93.97 | 97.09 | 196.14 | .0002040| .02598 | .02380 | 12540
27 |Helium v?répanol_ 793,12. 724!93‘ 93.97 970731'195,501 0001977 .02594 | .02377 | 12560
28 |Helium | Propanol | 803.14 | 737.36 93ﬂ97 “ 197.21 | 196.02 | .0002033| .02616 | .02367 | 12450
29 |Helium | Heptanol | 792.31 | 732.67 | 94.28 ;97}94--195.61- .0001580| .02051 | .01879 8429
30 |Helium.| Heptanol | 811.81 | 752.13 | 94.28 | 97.86 195.69 | .0001573 .OL988~» .01821 8696.
31 |Helium quptaﬁol 806.10 | 745.56 '94,25 ‘ 97.86 | 195.69 | .0001631| .02079 | .01905 | 8314.
32| Argon. .Heétanol 799,80 | -742.04" 567.08  |570.15 | 195.62 | .001642 | .2103 | .1927 ’32258.
33 | Argon | Heptamol | 794.35 | 737.22 567,Qs‘°'569,68 196.09 | .001640 | .2109 | .1933. 820.3
34 | Neon | Heptanol | 798.84 | 737.43 115.64  |119.66 | 195.25 | .0002221| .02868 | .02628 | 6028,
35 | Neon . | Heptanol | 798.23.| 729.86 115.64 |118.88 | 196.02 ,0002230| .02899 | .02656 | 5963,
36 | Argon | Water | 802.63 745y60 |115.64 |118.62 |196.28 | .0002482 03160 | .02895 | 42820
37 | Argon | Water | 795.68 758.37‘\115564_ 118.68 |196.23 | .0002358| ,03025 'ﬁ02771 | 44730
38 | Argon.| Water | 837.87 770.60 115{64~v 119.69 195.22 .0002508| .03098 | .02839 | 43670
39 | Argon.| Propanol | 800.36 | 735.46 [567.08 [570.62 [195.73 | .001843 | .2379 | .2179 | 1369.

*Ostwald énd;Bunsen Coefficients

G01
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10.
11
S 12.
13,

15.

APPENDIX F .-
- EQUIPMENT LIST . .

‘Main System.

_Powerstat wThe Superlor Electrlc Company - Type 116 - Output :

voltage O 140 volts

f'Heatlng Mantle - Glas Col Apparatus Co.,- Three llter round bottom

mantle - Iron Constantan - 450°C maximum.

“ijCondensor -.Ace Glas Incorporated - Item # 5930 14
‘ Ball Jolnts - Westglass Corporatlon - W—1553—V W—1560

.‘fTransducer - Consolldated Electrodynamlcs Corporatron (CEC) -

Type 4 =313~ 0002 = Range O 20 p51a o

‘1aChamber Adapter for Transducer - CEC - Type 4 008 44
‘s:Electrlcal Connector for Transducer —-CEC - Type 38323 0018 -
;Potentlometer = Leeds and Northrup Company = Type K—S 7555—A—ll

fEPotentlometer - H. Tlnsley and Co., Ltd - Dlesselhorst Thermo—s

Electrlc Free Potentlometer - Type 3589R
Pressure Regulator = The Matheson Company, Inc. - Model 3300

Swadgelock Flttlngs - Ben McKallp Co., Tulsa, Okla.’— Part No.
" 400 1-4- 316 400 7 -2~ 316 400 6-316

.'Stopcocks;— Ace Glass Incorporated - Type 8194 05 8172—08 8289 06

Kovar to Glass Seal - Ace Glass Incorporated - Type 7675 12

Syrlnges (vacuum) - Laboratory Supplles Co., Inc. = Catalog No.
, P=105 - Models C and D ' L



15.
16.

17.

18,
19.

20.

21.-

22,

108
-Electrical System

PoWgr Supply = Hewlett-Packard - Model 6201B
Power Supply - Hewlett-Packard - Model 80lC
Résistors - Leedsrand,Northrup'Con - .one ohm and 2000 ohm pre-.
: cision standard resistors:
- Heating and Coeling -System
TemperétureXControllef - Fisher Scientific Co. - Proportional
Controller - Model 22

Chiller - E. H. Sargent and Co, - Water Bath Cooler - Cat. No.
S-84890

Strip Heater - Edwin,L. Wiegand Co., Pittsburgh, Pa. - $5-802 -
250 watts - : ’

Vacuum System

Vacuum;Pump-—_The-Welch”Scientific Co. - Model 1402

McCleod Vacuum.Gage - Ace Glass Incorporated -~ Item # 8726-04
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APPENDIX -G

'NOMENCLATURE.

General
% - Ostwald Coefficient.
o - Bunsen Coefficient
H - Henry's Law Constant -
Vg - Volume of gas absorbed at the temperature-and pressure of the

measurement

Vs' ~  Volume of solvent at the temperature and pressure of the measurement
T - Temperature of measurement (°K)

p*¥ - Partial pressure of the gas

Xg = Mole.fractiqn_of gas iﬁ solvent
R - Gas constant
n. - Naturai;loéarithm
fog - Common logarithm B
Gjaldgaek and Niemann
X, -~ ‘Solubility of gas in . mole frac;ion:
xzfL - "IdealV solubility‘ofigas
?2 - Partial molar\volumg oﬁ.the dissqlvgd»gas
vy - Melar Qolumé»bf ﬁhe solveng
§; - Solubility paramet;f;qf-the soIvent-yi”
S8 * - Cofrectéd §; for nén—polar gaseSJin~pOlar solvenﬁs
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Ey

: Sélubility'pérameteriofjthé gas f

3 Helmhbitz;fréé'ehergy3é»bp7;7=5’$ﬁ

~ Mele fraction . «

,“111 1

3‘Polarizability’Of'theAgas

-fDieléctric1constant;of‘thglgasn.1‘

".'Prausﬁitz'and;Shair_g

:;Méle f;aétion-of gés*inviiqﬁidehasé

 1Fugé¢i£y16f1ﬁyp6thé£i0él:liqﬁidEAf‘bﬁémat@QSphéféf '
;Fﬁgaqity gfrpur§ gés;at_ihi££al cénditionsvoflQné}atﬁosphégév
i’Aé#i&iﬁy chfficiéﬁt oné§s’  | . :

'fC?iFi¢éiféreSS#fe“ |

’ftﬁéiaf”volgﬁe of gés%“ 

»Solgﬁility‘paramétérfefvthe;gasa

Loeffler and McKetta

- .
{ K

i}Cohééhﬁfétién of.specieski

_ Actlvity S '

5Eheféyz5

v fﬁgé€it§'bf hjpdthé£i651 1i€ﬁié;;t_onévatmosﬁhgrez7'
:rjAssoCiétiQQvéQuiiibriquCOnétant; o

ﬁ,K v1i;i‘~j‘

,'_Number;éf mblés s

. Volume fraction -
= Entropy
- Volume of éneﬁtrueﬁ moleTQfusdlutiénft 

f:Volume”of:one st6ichiomettig¢mble”of.éqlution',.
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v - Molar volume
?ubscrigts
o o Gas.
1 - Alcohol monomer

1 - Degree of alcohol polymerization .

a - Alcohol

v - Constant volume
Superscripts

o ~— Pure component property

- - Partial molal ‘quantity

Lin‘and,Chao‘

o - Polarizability of the gas - o o .
e, - Energy required for creation of a c;yity |
ey - Interaction energy of a solute molecule with the solvent
,jAu, - Surface area bfrgroup of type u:
A - Surface energy demsity of u-group and gas.interaction
s - Total surface‘area of .gas moiecule |
, E - Energy of vaporization
Pq - - .Energy density_
‘g - Diameter of a, gas molecule
H - .Henry's Law Constantv |
H? - "Hard-sphere".Henry's-Law Constant .
N - Molar volume of the solvént

X - Energy of a dissolved molecule of .gas = e. + ej



. Pressu

Boltpini, consfant -

- Error Analysis

Expected error in property y
Numbgr;df-moles e

  indepeﬁdent.variabl¢s ‘ ,’5

e.drop in gas reservoir during typical.run-

ﬂ”é?eséﬁfé%dropidﬁfiﬁgj@#éanéioﬁ“frpm:Vifté?(€1?+;VA)> '>*
Voluns'of total gas reserveir . il
;'Voluﬁé}9f ﬁu;b‘A_i
:»Vélumé§pf:3ulb'3>j._

| Unknown volume (Vg +Vy)
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