
Enthdpies of so!ution of rz-exane, carbon tetichloride, benzene and acetone 
in-benzylacetone at 298JiYR were obtained using gas-liquid chromatography. Re- 
s&s for the first three so!ute.s were ccmpared with values bass on calorimetri6 heats 
of mixing at infinite diMion, &d discrepancies were observed whose magnitudes 
correlate quaEt&veIy &it6 the infinite dilution Raoult’s Iaw &iv&y coeEcients of 
the soMzs b question: Th& discrepancies are believed to be the rest& of GgnEcant 
contributioti from liquid-surEace adSorption to the observed retention voIur&. ti 
the worst case (hexanej, the error i_o the derived enthalpy is 0.3 kcaI/mof. 

A recent study jn this Iaboratory’ showed that inGn.ite dilution enthaI+ of 
soIution for representative alkane systems can be obtained using gas-Iiquid chroma- 
tography (GLC) with an accm~cy that approaches that of calorimetry. For a totaI of 
fourteen tirnparisons, the average value of the absoIuteedifGerence between the two 
methods was 15 caI/mof; the greatest difference was 31 cal/moL 

When poIar systems are studied using GLC, two factors are expec$zd to affect 
&&e accuracy of ~&ermadynamic results: (a) the longer range of polar interactions 
lowers the upper concentration limit for Henry’s law behavior by the soiute, and (b) 
solute adsorption at the gas-Squid interface’ is !ikeIy to contribute to the retention of 
solute in the column. The latter effect & in general small reIati+e to th& bulk solution 
contribution to retention, and i& tiuence decreases as the sampIe size of the&j&ted 
soMe increases’. However, in order to attain the Henry-s law concentration range fir 
-polarso!utes,smallsvnph~aren~arq;and~= M&hoodofinterferencefkom 
-th& &rfaciaFeEkct bmes a-matter of concern_ 

Wnen the Henry’s iaw region for solution is exceeded, non-Iinearity in the 
solute partiaI pressure isotherm results in either slower or faster travel of the central 
@c&ion of the solute peak (relative to *he front and reti edges) as it traverses the 
cohunn, depending OQ the sigoof i?Zs curvature_ Thus, resention times measured to the 
peak mkilnlu& may iWrea.se or decrease as k.rg& sanipre sizes -&re used. -kterfCal 
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here the f S&R refers to the C6 redts, a.ud tke - sign, to those far Cet4 and Bz, 
. and t&e C~IS~~RFS Cj are presented in tkeir Tabfe_X The-s’;andard deviation in A-HE, 

(5,, .c-m thus be express& .in terms .cf the stzndard deviatiws in the Cj: :_ 
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J refix&~&~ti~~i~-~~~o~y ii&v-asrject i&the &s&t study is the dependenceof 
-~~e&onxi&(atidc&&itid spechic ret&ion vohuneG,- q> ?n-sampfi siz. .BA was 
&d .as geceiyid- fiopx A&irich &kicai Co.; and- the soIuteS were used as received 

rfrom mbest2~shti_cfi~ snpp&s;_ .- - -y - -. 

---iill cdhmins used in this- study~ contained nominally i4 7 (w/w) ii@id phase, 
R&ntion &nes were measured St-four temperat~~~~ between k-and 29% after 
which the fkst (Iowes% tem&iaturej mn .was repeated to iheck for solvent bEding_ 
Typical percexitage &se3 of_BA during a run tie: C,, 0.2 % CC&. 2 7;; Bz, 4%;.and 
AC, f -T=_ .T@e percentage loss is of course ix~erseiy related ‘to the fen,& of the~cufumn 
for a given t&k inter& hence the con-eIa@on of extent of bIeediixg with P$ (shorter 
coIu&ns were used for solutes with bnger retention times). Corrections m-ere appLied 
tiin~f_~f_ 

-The same batch of packing was used to prepare aU columns used in the present 
study--After standing in the Iaboratorq; for some weeks, the ff ask & which the packing 
IBS stored deveIoped a fine f&x of Iiquid BA OE ifts waIIs_ in order to ensure accurate 
V&ES bf e, three samples of packing were taken-simuItaneousIy from the ff ask, two 
of which were subjected to ignition, and the third was used to make a.colunn in the 
usual way_ R&ntion limes were measured for each soIute at the Lowest temperature 
used in the study> in dtiplicate cycles to check for bleeding during this “cafibration” 
ex_periment TIE latter amomted to ($16 7zp-m cycle, and appropriate adjustment was 
made to each retention time_ A blank was included in the procedure for $&ion of ths 
packing to account for the ioss of siIanizing agent, and the two triais a,oreed to w5thin 
0.0 I %_ CaIculation of specific retention volumes from measured retention times con- 
equentiy used a weight Ioading of BA @hi& produced accord ~331 the %alibration” 
=&xs at the lowest temperature of 2 givfxs experiment_ (Differences in e values at 
25°C in TabIe I for duplicate experiments are the resuIt of slightly different derived 
enthaipies of soiution for the two runs.) The actual weight Ioadirig of B-4 never fell 
below I E oA in any of the experients 

Fiefore measuring enthalpies of soIuti011, an examination of the dependence of 
retention time on sample size was made for each solute. AD four &spIayed increasing 
retention times when sticiently Ia@ samples were used, indicating downward cur- 
vature in their&) solution isotherms when the Henry’s Iaw region is exceeded (anti- 
Langmuir behaviorf. As sample size was decreased, both Bz and AC retention times 
went through minima and abrupt rises below about 2 -01, presumabfy due to 
interfacial adsorption contributions to retention. For Bz, the rise amounted to about 
O.S~/o of the minimum value; for AC, about 2%. For CCI, and C,, no cIew minima 
were observed. The retention. times for the former seemed to be decreasing slightly 
( x 0. L % per micromoEe injected) for the sma&st sample sizes used (0.05 DOI)_ and 
the Iimited sensitivity of the thermaI conductivity detector prevented f?ncling a region 
below which Henry’s Iaw behavior could be de&&e& established- In the case of C,, 
sampIe sizes below E mti1 produced apparently constant retention times, but con- 
siderable scatter of the data again disaI.Iows an uneq@vocaI statement that the sampIe 
obeyed Henry’s faw under the uxxiitions of the experiment_ 

As a practical approach to t&&g int_o account the variabiliw of retention time 
with sample size fcr Bz and AC, it was decided to use vafues characteristic of the 
minima discussed above when evaIuating th& enthalpies of sofution, It happens that 
the a.sySmeties of the e&ion peaks go througEzero and change sign in the region of 
the minima for these two sohtes (the Henry’s law region for interfactS adsorption is 



The a_ment between the GLC am3 cahrimetri&y determined entMpies 
for these polar systems is definitely poorer than for the dkamz syskms studied pre- 
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“1’ yio~&yL.‘BEeedin~cf3he soE~%znt ivas a &or~seri&s probE_ in the present Stud, and 
it--is. likely tit- &is factor is @spon&iiIe for its low?_ precision_ The diEerences -in 

_ Tgbk-Xl For C6 a&d CC&, howeve&re greater th&n can be account.& foi by -his 
i!f&ge&~&~rn~~.~_~&~~~_- :- _ I-. : 

_ 
-.. 

- ~TiiCmost tidy expltiation-for a discrepancy between the me+&&, in Eght df 
&i-&d agrment d&onstrated fof~aIkane systemS, is a c%tribution-E%om h&&a- 
c&l adsorption&fhe GLC-detWed enthal@s.-&&rt2e’~ h& suggested that the 
mn@i%ution to -ref.ention due to.8dsorption at the carrier pas-iiqnid titerface.% 
creases with the solute a&&y co&c&t (relative to- RaouIt’s Iaw be@-vior). When 
tE& Eatter are estimated (see Iast column jn Table II) from the data in Tabk I, it is 
apparent f&at the discrep+utcies in enthaIpif2s correlate.quaIitatively with the non- 
ideaiitydf ti solutions formed, in support of this expIanation. 

Ifin-fact the resu&s for, are characteristic of Pfen.@s law-for both solution 
and adsorption, &&e discrepancy between the GLC-derived and the “truest enthaipy of 
mixing should be at its maximum, The Se of the interfacial effect increases relative to 
bulk solution w&h de&as&g sampie size on.& untiI the adsorption achieves its 
Henry’s faw regon; smaller samples reflect a constant contribution from both mech- 
a.&ms, .-. 

The resu6.s of Martire et aLLZ are relevant in this connection_ They e_xamined, _ 
under static conditions, the relative importance of solution and liquid surface adsorp- 
tion for +Jre sofutes cyclqhexane (c-C,& and benzene in thiodipropiotitie (TDPNQ. 
=Ee the iatter is more poEar &an E-4 their results might be expected to provide 
qualitative information concerning the systems C, and Bz in BA. 

Usingtheirpartitioa coei%ients for soIution and adsorption, and the informa- 
tion in their plots of surface moIe fraction SX_ bulk mole fraction, it is pos.sibIe to 
correIate partial pressure of solute in the GLC column with surface adsorption_ It 
turns out that the Henry’s Iaw region for adsorption of c-C, extends to partial pres- 
sures of ca. EO Torr, whik that for adsorption of Bz extends to pnly ca. 2 Torso 
Furthermore, at partial pressures of co_ 40 Torr, Bz adsorptiorideviates from Henry-s 
Eaw by LOO % c-C, by only 10 %_ 

Thus~the likelihood that C, obeys Henry’s law for both solution and adsurp- 
tion under the c0ndition.s of our experiment, whiIe Bz e%eeds it for the latter, is made 
quite plausible_ As ex@ined above, this worrfd imply that the discrepancy for hexane 
is at its maximum, and that the error in the GLC-determined enthafpy of solution fdr 
a non-poIar solute in a pdzr solvent shotid in generaI not exceed O-3 kcaIjmoE, as 
fang as I)‘= d&s not exceed 6, and a solvent we&&t Eoading greater than about EQ % is 
used_ 

-The good acment for Bz in Table ET may by fortuitous. However, its much 
greater soLubiIity in BA reIative to &at of C, (by a factor of 9 at 25°C) reiegates the 
adsorption contribution to a much smaIIer fraction of the total retention mechanism 
for this solute. Thus, even though the Henry’s Eaw region is exceeded, it is not un- 
reasonabie to conclude that the infEuence of the adsorption efK=t on the GLC;deriued 
enthalpy chtige is negii@bEe. 

The &suEi5 for CCI, in&&e that the activity coescient need not be ex&meIy 
different from unity In order to cause a measurable effect on the .GLC-derived en- 
thaipy change. &cause bf the very slight dependence of r&e&ion time onsample size 
for this solute* it is ii?ceEy that the -obsert-ed discrepancy is nqar the maxim-um that 
couId be observed due to e&e adsorption eff&t for this system, as in the case of C,. 

UnforteateIq; we have no ~~orimetic~.resulcs- for AC- in BA, precluding.= 
evaluation of th6 adsorption ef&%on its~GLC-deri&d enthaipy of sohx’iion. For the 




