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\vhcre>c is :I coetficicnt thttt characterizcs dilute binary liquid sofuttxxrrier ~:LS and 

solute-stationary phase systems at the column tempcrnturc Trmd II rzfcrencc pressure 
Pr_ f; is a corfficisnt that charactcrizes the dilute binary liquid carrier gas-stationary 
phrtss system at 7-and h-and s, is the molar fraction of the carrier gas dissolved in the 
stationary phase_ If- the signitictmce of the above correction factor in a particular 
chromt1tographic system is to be :lppreciatt’d_ it is possible to LLSC two approaches. One 
approach consists in measuring direct equilibrium data f-or the ternary solute-carrier 
*Ta+stationa- phase system. from which the factor can readily be calculated. x\hile = 
the other is based on ;L comparison ofthc esprrimentaffy obtained pr~ssuredepend~ncc 
of the specific retention volume with the prediction of the pseudo-binary model. In 
the fatter cast‘. it is necessary to know with sutiicient precision the beha\-iour of the 
binary ~wous solute-carrier gas misturc Gthin the required tcmpcraturcand prasure 
limits and the pxti;lf mohr vofumcs of the solute in the stationary phase. In accor- 
dance \vith rqn_ 27 in Part 1’. the ditkrcnces \viff be due to the sofubifitv of the carrier 
gxs in the stationary phass. 

In order to carry out the above compxison. systems of tctracfiforomcthanel 
isooctanc and tolucnt’ \vith Apiezon K and three carrier gases (hydrogai. nitrogen 
and arbon dioxide) \vcrc studied at tt-mpt-raturcs of 50 and 75 C. The measurcmt’nts 
\wrr‘cx-ried out \vithin ;L pressure rttn~e of 10-10 atm with the s;stcms that contained 
hydrosa and nitrogen and within the rant IO-50 atrn with the s;stcms that contained 
arhon dioxide. 

The behaviour of the 9 _ LSt’OLlS bin:iry systems of t~t~~lCilfl~~~~tll~tfl~l~lL‘. isooclane 
and tofurne with hydrogen, nitrogen and carbon dioside at the same tc‘mpt‘ratur~s 
and lvithin approsimateIy the same pressure limits is known from the work 4 
Prausnitz and Bt’nson’: these data were obtained from the mt‘asurcm~nt 111‘ the 
sofubifity of liquids in compressed gases. 

The mtxsura~ents of the specific retention vof~m~el; \vr’t-c carried out on ~1 
home-msde high-prtxsurt * g-as chromritograph consistin, c~ of the li~kn~ing tht-cc main 
parts: :L high-prasur~ manostat _ 3 hot-air cof~mn ~VL‘II with tile column and ;I sampfc 
introduction port, and a detection system. 

The manostat was constructed t-or operating prcssurcs LIP to 150 atm (Fis. I) 
and consisted of two pressure vess& of total volume -4 I_ a b&lows-type dilli-rential 
pressure controffsr (DPC) and LL high-prcssurc sofcnoid valve (SV). The t‘ntirc pres- 
surizrd spruce of- the manastt1t 1~:~s placed in a heat-shielding jacket made of foamed 
pofystyrax The compressed gas from ;? pwssure cylinder passed through ;L shut-ofi‘ 

valve (V,) and ;L sofsnoid valve (SV). controlled by the pressure regulator DPC_ into 
the prcssurizsd space of thr manostat. From the manostat. the 91s w;~s Icd \-ia :I tikr 
(F) tiffed witI> glass-woof_ silica gel :1nd chtlrcotlf and :L shut-elf \YLIL*‘L’ (V,) into the 
sampfc ink port of the chromatogciph. 

The heart of the ditlixcntial controffsr DPC ($. Fig. 2) was ;I scrics of phas- 
phor-bronze brlfo\vs soldered together and placed in :I pressure jacket. The free end 
of the bellows bore on to :L microwitch connected to :L transistor relay controlling 



RETENTION VOLUME IN HIGH-PRESSURE GC. II. !5 

level \vas cstttblishcd_ mlve V3 ~~1s closed and the bello\vs xtuarsd the micros\vitch 
upon \\hich the solrnoid vttlve SV \vas closed. When the pressure decreased. the 
shrunk brllo\vs rrlrasrd rhr microswitch. thus openin, ‘r the. solenoid valve. If the 
valve vj was closed. the gas in the space between the belkws and the jackt‘t of the 
controller was held under n constant preset pressure_ and the controller adjusted 
interinittently the pressure in the iminost9t to the pm-set value_ 

The scat ofths solenoid valve SV (q/I, Fig. 3 ) was formed by eschangrable jets, 
the inner diameter (O-I-0-S mm) of which could be sslcctcd SLKII that the charges of 
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the carrier gas at pressure P,, and tcmpcI-:ltlII-~ I;,_ I,, is the r&2ntion tinit 01‘ the 

soIt:te and rat is the dead rctcntion time. The compressibility tiictars of t!le irldi\idrI:il 

c-m-m- pscs were crtlculatcd from :I virial equation \uith the third virial coetficicnt L 

according to t hc rt’currt’nt equation 
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TABLE III 

CALCULATED VALUES OF THE COivff’RESSIBlLfTY f=ACTORS OF -f-l-11: IKDI\‘IDUAL 

z [I& ij --z (11111, Pj 

I.000 I .OlP 

I NO5 

I _t107 
1.010 
I .!I I _: 

I .o I6 
I _1P1) 

I _02_3 

1 AC7 

1.0_3 1 

1.001 I .005 

1.010 

I _I1 I5 
1 .lPO 

I .03 

I .020 

I .ll.sZ 

I .ll-Il~ 

I *l-f5 
I .050 

0.995 0.975 

O.%Z 

lk95 I 

O.cJ_?J 

lL9)1S 

0.9 16 
O_‘AL~ 

OSJ I 

1~.5-/9 
_~ 

- 175, PJ -_ 

1.001 
I.003 - 
I .005 

I .1107 

I .ooo 

1.01 
I.OIS 

1 -1) IS 

I .01 I 

I .025 

f .I106 

I_01 I 

I .o 16 
1 SC I 

I .1m 

I .oj I 

I .027 

I .lLII1 

I .0-!7 

I .053 
0.967 

0.957 

0.937 

l).cJ)’ I 

lLSO5 

0.s90 

lLS73 

OS7 

O.S-lf 

- f.70. Pj - 

I .000 

I .000 

I .(!O I 
I .OlP 

I .00-I 

I .(I05 

I .007 

1.010 

l.Ol2 

I .OIS 

I .l)lKl 

1.01 I 
IS)17 
1 .O’, 
I .0’S 
I .033 . 
I .lWJ 

f .0-I-I 

I .050 
I SM 
0.9% 

O_r)_S 

0.907 

0396 

0.875 

lLS52 

O.Q‘J . 

ON5 

0.X1) 



1, S. WltAR, J. NOVAK 

I-ABLE IV 

VALUES OF THE SECOND CROSS-VIRIAL COEFFICIENTS OF THE STUDlED BINARY 
SOLUTE-CARRIER GAS MIXTURES AT 50 AND 75~C 

-.__- 
SWlW Tc*nxpc*rutur~~ I --C) B,; (n~l~ou~i~) 

Hz-CC!, 75 3/9 

H,-isouctans 50 37.6 
75 55.7 

H,-totusne 50 19.0 
75 37.2 

N,CCI, 50 - is.5 

75 - 19.6 

X,-iswxtmhz 50 - x7.3 
75 - 60.3 

S,tolucnr 50 - WI 
75 - YS_I . 

co,-CCI, 50 -313 
75 -163 

co,-isolxxm~ 50 -303 
75 --‘s-l 

CO~-tolurIlr 50 --25-l 
73 -_‘)I5 

if the solubility of the carrier gas in the stationary phase had ;I negligible cllixt 
on the retention volume_ tlII of the esperimrntttl points for each binary solurc-sta- 
tionnry phase system rif ii given temperature \vould lie. according to eqn. 2. on :I single 
straight line. regardless of the kind of carrier gas. The slope of this comnon straight 
line would be determined by the partial molar volunw of the solute in the stationary 
phase_ ir__ by ;I quantiry independent ofthe carrier gas acccxding tc> the above assumy.- 

TABLE \’ 

COMPARISON OF THE EFFECTIVE PARTIAL MOLAR VOLUMES OF TETRACHLORO- 
klETHANE. ISOOCTANEANDTOLUENE,CXLCULATED FORTHE INDIVIDUAL KINDS 
OF CARRIER GAS FROM EQN4 \WTH THE MOLAR VOLUMES OF THE PURE COXI- 
POUNDS AT THE SAME TEMPERATURES 

__..._. -_. -_-_-_. ..-.. 
COlllplNUld t (‘C.) P (Z/rrZI‘.~, (Fv&, (Eo&-,f 

_..___. _-_. _ . 

lsooctane 50 171.3 195.3 IS22 --- 67.1 
75 176.9 216.6 1SI.Y --- 5.5-l 

Termchloromorl~ane 50 100.2 150.0 53.7 
75 1035 151.5 134.0 101_5 

Tduenr 30 109s 150.3 116.9 9s.9 
75 113.0 175.3 101.3 94-s 

-_ 
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tion. The necessity f-or taking into &ount f-urther terms of the viriaf expansion \voufd 
be substantiated ifthe systematic deviations ofthe data from tf~ecommon fineoccurred 
only at hisher pressures. In Wt. the esperimentaf data. corrected forthe real behaviour 
of the _gaseous phase. for the given sofute and stationary phase at :I given temper:~ture 
are g-ouped around n t%mify of straight fines that p;w.. \vitRin esperimentaf error. 
through a single point at P = 0. 

Let us now discuss the systems \vith carbon dioxide. \vhich has a signiticant 
sofubifity in non-pofar liquids”. \\hereas hydrogen has onfy :I very low solubility. 
Therefore. the angle formed by tfle isotherms of a = *%-en solute \vith carbon dioside 
and hydrogen can be considered to be at least a rough measure of the quantity (c in 
the correction factor, i.e._ ~1 measure of the chttnge in the activity coefficient ofa given 
solute in the liquid phase. caused by the presence of the dissolved carbon dioxide. 



The other quantities in the correction factor. such as f; and x2_ arc independent of the 
solute. Ofthe soIutes studied. isooctanc is the most sensitive to the presence ofcarbon 
dioxide in the stationarv liquid_ tetrtlchloromethttne is less sensitive and toluene is t!le 
least sensitive. - 

It is not necessary to emphasizc the failure of the pseudo-binary model in the 
description ofthe behaviour oftht systems studied: this failure is apparent from Figs. 
7_ S and 9. However. it is \vorth mentioning that the dependence of log 1/,,37J on pres- 
scIre is linear (the corr&tion coefficient does not exceed 0.997) over the whole of the 
pressure range studied with systems with nitrogen and hydrogen (O-100 atm). and even 
with those \vith carbon dioxide at 5O’C up to at least 35 tttnx Simil:wly_ thedependcnce 
of In (z,1~,JJ73jz237J) - (2 B1.Jz2RT) P WJ-sm r’ is linear over the whole of the pressure 
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