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ABSTRACT 

The adsorption of three normal paraffins (n-pentane 

n-hexane and n-heptane) and one isoparaffin (i-octane) 

on the commercial 0.3 %. wt PtJAI~03 reforming catalyst 

were investigated using the elution (or the pulse) 

technique in a gas-solid chromatograph in the temperature 

range 185-235 =C. 

Adsorption isotherms were constructed from 

chromatographic data at 'various temperatures using helium 

as carrier. Average heats of adsorption were determined 

using the isosteres obtained from the adsorption 

isot.herms, and 

for n-pentane, 

the values were found to be 28.6 kJ!gmol 

36.4 kJJgmol for n-hexane, 42.0 kJJgmol 

for n-heptane and 41.6 kJJgmol for i-octane. The 

experiments for n-pentane and n-hexane were repeated 

using hydrogen carrier, and the average heats of 

adsorption were determined to be 23.8 kJ/gmol and 36.7 

kJJgmol respectively. 

It. was found that. the heat of adsorption increases 

linearly with incr~asing carbon number for normal 

paraffins, and that all the hydrocarbons ~tudied ¥ere 

chemically adsorbed under the operating condilions used. 
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oZET 

Bu t;al~!?rnada n-pentan, n-heKsan, n:-heptan ve 

i -ok tan' ~n % 0.3 endustriyel reforrnlama 

}~alalizorii iizerindeki adsorplanrnasl gaz kat~ 

kromalografisi yonterni ve darbe teknigi kullarlllarak 

incelenmi!?lir. 185 =C - 235 CC araslnda degisik 

slcakliklarda elde edilen e!? s~cakllk egrilerinden sabit 

yiizey· deri,im degerleri kullan~larak hidrokarbonlar~n 

orlalama adsorplan~a ls~lar1 hesaplanm~~l~r. 

Ta~~Ylcl gaz olarak helyum kullanllml! ve n-~entan 

n-heksan, n-heptan ve i-oklan it;in orlalama adsorplanma 

~sllarl sirasiyla 28.6 kJ/gmol, 36.4 kJ/gmol, 42.0 

kJ/gmol ve 41.6 kJ/gmol olarak bulunmuslur. n-Penlan ve 

n-hexan it;in deneyler hidrojen ta~~yicl gazl kullanllarak 

la gert;ekle~tirilmi~ ve orlalama adsorplama ls~larl 

slras~yla 23.8 kJ/gmol ve 36.7 kJ/grnol olarak elde 

edilmistir. , 

Bulunan degerlerden ve t;all~llan slcaklik 

arallglndan her durumda kirnyasal adsorplanmanlh 

gert;ekle~ligi sonucuna var~lml~, normal parafinlerin 

adsorplanma lSllarlnln karbon ~aYlslyla dogrusal. olarak 

artllgl gozlemlenmi~lir. 
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1 

I. INTRODUCTION 

Catalitic reactions are the basis of the entire 

chemical industry. Since adsorption is one of the basic 

stages of heterogeneous catalysis, studying adsorption is 

a prerequisite 

catalysis. 

to ,the understanding of heterogeneous 

Gas chromatography has been used to investigate the 

physicochemical and kinetic parameters of the catalytic 

systems recently. The particular features of gas 

chromatography are its simplicity and its rapidity. Since 

this technique provides low contact time between 

adsorbate and adsorbent, 

operating temperatures. 

temperature has to be 

it can be used under normal 

With 

far 

static methods, the 

below the operating 

temperature. Gas chromatography also has many other 

advantages such as better temperature control, the use of 

wider range of compositions with no loss of precision at 

the low concentrations. 

In this study, the adsorption of four paraffinic 

hydrocarbons, namely, n-pentane, n-hexane, n-heptane and 

i-octane were investigated by direct gas chromatography. 

The elution techni,que was used. The adsorption isotherms 

were obtained from the chromatographic data and used to 

determine the heats of adsorption. 
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Chapter II contains 'general information about the 

conventional experimental techniques on adsorption and a 

short description of the gas chromatographic method. The 

experimental studies carried out are given in Chapter III 

and results are discussed in Chapter IV. The conclusions 

and recommendations for future works are presented in 

Chapter V. 
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II. ADSORPTION AND GAS CHROMATOGRAPHY 

When a fluid phase comes into contact with a solid 

phase. the concentration of the fluid at the interface is 

greater than in the bulk phase. The accumulation of the 

fluid molecules on the surface is called adsorption. 

2.1 CONVENTIONAL EXPERIHENTAL HETHODS ON ADSORPTION 

Various conventional experimental methods of 

studying adsorption have been developed. 

can be classified into two groups as 

These methods 

the methods 

involving the study of adsorption phenomena and the 

methods of investigation of the properties of the 

adsorbent. 

2'.1.1 Methods Involving the Adsorption Phenomena 

i) The amount of gas adsorbed can be determined by 

volumetric an~ gravimetric methods and by the 

radioactive tracer technique. In the volumetric 

method. the gas pressure in a known volume both 

in the;absence and in the presence of the 

adsorbent is measured and the amount of gas 
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adsorbed is calculated from the variation of the 

pressure. The amount of gas adsorbed can be 

calculated gravimetrically from the variations 

of the weight of adsorbent during the course of 

adsorption. In some cases a 

chemisorbed gas can be used and 

radioactive 

the amount 

adsorbed on the adsorbent surface is measured 

<Hayward and Trapnell, 1964; Thomas and Thomas, 

1967; Ponec"Knor and Cerny,1974). 

ii) It is possible to measure the heat of adsorption 

in two ways; calorimetrically and isosterically. 

A calorimeter is a vessel surrounded by a 

jacket. The calorimetric measurement can be 

carried out under adiabatic, isothermal and 

diathermal conditions In the adiabatic method, 

isolated and heat of the calorimeter is 

adsorption is derived from the temperature 

change of the adsorbate. In isothermal case, 

the heat liberated by adsorption is used to 

produce a phase change in the surrounding 

substance. The heat of adsorption is calculated 

from the volume change of the surrounding. 

calorimeter is also called Diathermic 

isopreribol calorimeter or constant temperature 

environment calorimeter.It operates on the basis 

of a finite and defined rate of dissipation of 

the heat evolved in the vessel to the 
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thermostate. The vessel temperature rises first 

and decreases to the initial value after the 

completion of the heat liberating process 

(Hayward and Trapnell, 1964; Ponec, Knor and 

Cerny, 1974; BeIer, 1981). 

iii) The activation energy of desorption can be 

determined by measuring the desorption rate as a 

function of temperature on heating the adsorbent. 

The measurement can be carried out in a static 

volumetric apparatus or in' a flow system (Ponec, 

Knor and Cerny, 1974). 

2.1.2 The Methods of Examining the Properties of the 

Solid Catalyst 

i) The particie size of the solid can be determined 

by sieve 

sedimentation, 

the stream 

diffraction 

classification, microscopy, 

the motion of the particles in 

of 

of 

a carrier gas and their 

electromagnetic radiation. 

(Ponec, Knor and Cerny, 1974) 

ii) The most important methods for measurement of 

porosity are mercury porosimetry, electron 

microscopy, x-ray diffraction and from density 

measurement (Ponec, Knor and Cerny,1974). 

iii) Total surface area can be determined from 

physical adsorption and active surface area can 
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be estimated from chenlisorption (Thomas and 

Thomas, 1967) . 

iv) There are some methods to study changes in the 

electrical and magnetic properties of solids 

during adsorption (Ponec, Knor and Cerny,1974; 

Gonenc; , 1985) . 

2.2 GAS CHROHATOGRAPHIC STUDY OF ADSORPTION 

In recent years, gas chromatography has been used 

for adsorption measurements. This method is superior to 

other techniques in many respects. The most important 

feature of the method is that the measurement cah be 

carried out under actual operating conditions of catalyst 

(Choudhary and Doraiswamy,1971). In addition, gas 

chromatography has great advantages asa simple and rapid 

technique. 

Many physicochemical properties such as energetics 

of adsorption, surface area of the solid, pore size and 

pore size distribution, effective diffusivity, surface 

activity, surface acidity and acid strength distribution, 

effects of electric field, magnetic field and irradiation 

on active sites and catalyst deactivation can be measured 

by gas chromatography. Application of gas chromatography 

in catalysis have been reviewed by Choudhary and 

Doroiswamy (1971L 
I 

The methods are present.edby Conder 

(1979). 
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Gas chromatographic measurement can be applied in 

two ways.In the first, the chromatographic column is 

packed with catalyst and chromatographic parameters such 

as retention time, retention volume and the shape of the 

chrom~tographic pe~k are used to estimate the adsorption 

parameters. In the second, a microreactor is connected 

to the chromatograph, and feed and the product of the 

reactor are analyzed by the chroma~ograph (Choudhary and 

Doraiswamy, 1971). The temperature programmed adsorption-

desorp~ion chromatography can also be applied. In thi~ 

study, the former method was used and experiments were 

carried out under isothermal conditions. 

Gas chromatographic determinations can be performed 

using four basic procedures; elution chromatography, 

frontal method, combined frontal-elution method and 

displacement techniqu~ (Choudhary and Doraiswamy, 1971). 

In the present study, elution chromatography was used. 

Hence only this technique is discussed here. 

In elution chromatography, a discrete sample of 

solute is injected into the carrier gas stream. While the 

solute sample passes through· the column, it is 

distributed in a constant ratio between the mobile and 

the immobile phase. This ratio is governed by the 

partition coefficient which is a fundamental physical 

quantity. If partition coefficients are different, each 

component emerges from the column as a sepSrate peak. At 

fixed column conditions, the time of emergence of the 
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peak is characteristic of the system. Therefore all 

chromatographic measurements are taken as time value 

(Choudhary and Doraiswamy, 1971). 

2.2.1 Retention Time and Retention Volume 

The retention time, tR is the time that it takes 

from solute injection to solute detection, and is 

measured from the' injection to the midpoint of the 

elution·peak as shown in Figure 2.1. 

c(t) 

Injectlon 

----1 .... l .... oC!;~--- t R' ---.....-! 

I 
I 
J 
I 
I. 

I 

Peak of the 
lnert component 

Peak of the 
sample 

FIGURE 2.1 Chromatogram Obtained by Elu~~on 

Chromatography 

t 

Retention time consists of two distinct values: tM, 

the time required for the solute to pass through the 
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column and t R ', the time spent on the surface of the 

catalyst. Therefore the following equation can be 

writt.en: 

(2.1) 

tR and tM are multiplied"by the flowrate,~. 

observed at the column outlet, adjust.ed ret.ention 

vol ume, VR ' , ret.ention volume, Vf'l: and mobile gas hold-up, 

VM are obtained respectively and Equation (2.1) becomes: 

(2.2) 

or 

(2.3) 

Since t.he flowrate is measured at the outlet, and the 

pressure drop through the column must be taken into 

account, and the volumes obtained must be corrected to 

the mean column pressure by multiplying with a pressure 

gradient correction factor j given as follows 

(Little-..'ood, 1972; Conder, 1979; BeIer, 1981; Gonen~, 

1985): 
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3 
j = (2.4) 

2 

where p~ and pc are column inlet and outlet pressures 

respectively. Therefore net retention volume VN is 

obtained: 

(2.5) 

Since the flowrate is measured at room temperature, the 

net retention volume, 

the column temperature: 

Tf 
VN = jVR '--­

Tc 

VN, must be further corrected for 

(2.6) 

By considering the dependence of the net retention volume 

on- the amount of catalyst,the specific retention 

volume,Vg per unit weight of catalyst is obtained as: 

Vg = (2.7) 

where WM; is the ,,-;eight of catalyst .In summary: 
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(2.8) 

where Fe: is volumetric carrier gas flowrate corrected to 

column conditions and defined as: 

3 

2 [ (p:L/po)2-1 

(p:L/po)3-1 

2.2.2 The Adsorption Isotherm 

] (2.9) 

Adsorption isotherms show the dependence of the 

amount of adsorbate upon the partial pressure of the gas 

at constant temperature and equilibrium conditionsCThomas 

and Thomas.1967).Adsorption isotherms can be obtained 

from the shape of the diffuse rear boundary of an elution 

peak <Huber and Keulemans. 1962; GBnen~.198S). 

Huber and Keulemans (1962) treated one-dimensional 

transport of a sample of a single component by an inert 

fluid carrier through a column containing stationary 

sorption material. They derived an expression relating 

the conc~ntr~tion of the sample in the effluent to the 

volume of carrier fluid which has passed through the 

column since the injection' of the sample. with the 

following simplifying assumptions: 

i) A segment of the column containing a given 
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amount of stationary phase also contains a 

volume of moving phase which i~ invariant with 

time and with position of" the segment. 

ii) The temperature of the column is constant and 

uniform along its length. 

iii) The volume velocity of the carrier fluid, 

averaged over any cross section of th"e column, 

is constant. 

iv) The volume velocity of the moving phase is equal 

to the volume velocity of the carrier gas. 

v) All axial transport is due to convection. 

vi) Equilibrium is maintained at all times within 

any cross section. 

~remer and Huber (1961) described the same method 

to obtain the adsorption isotherm from a single elution 

peak. From simplified mass balance equation (Baumgarten, 

Weinstrauch and H~ffkes,1977) 

dN 
= Vg (2.15) 

dc 

where N is amount of adsorbed gasCgmolelg). c is the 

concentration in the gas phase Cgmolelcm3
) and Vo is the 

specific retention volumeCcm3
). Equation (2.15) can be 

written as: 

, I 
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Vg = f'(c) (2.16) 

Equation (2.16) shows the relation· between specific 

relention volume and the derivative of lhe adsorption 

isotherm (Cremer and Huber,1961; Gonen~,1985). 

The relation between partial pressure and the 

height of chromalographic peak, c(t) at any point on the 

abscissa, t is given as (Cremer and Huber, 1961; Gonen~, 

1985): 

c(t) 
p = (2.10) 

where c(t) is in mm and 

(2.11) 
vnRTo 

where Ap is lhe area of the chromatographic peak in mm2
, 

v 1s the chart speed in mm/sec, n is the number of moles 

of sample injected in gmol, To is the detector 

temperature in K and Fo is the flowrate in cm3 /sec and is 

defined as: 

To 

Tot' 
(2.12) 
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where F~ is the flowrate of the carrier gas at room 

temperature, T~. Equation (2.10) can be written as: 

c(t) 
p = <2.13 ) 

The retention volume, Vg (cm3 /g) for a timE on 

abscissa, tc can be determined as (Gonenc,198S): 

(2.14) 

where tc is in sec, tM is the retention time of an i~ert 

gas in sec, Fe is the flowrate of the carrier gas in 

cm3/sec as given in Equation(2.9) and Wk is the weight of 

catalyst in g. 

In order to calculate Vg and p values, tc: and c(t) 

data can be obtained from a chromatographic peak as sh~wn 

in Figure 2.2. 
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c(t) 

c(t)3 

c(t)4 t 

tcN tcl tc2 tc3 tc4 

FIGURE 2.2. Examples of Evaluation of Peak to 

Obtain tc and e(l) values. 

At zero surfaeeeoverage, the heat of adsorption 

can be determined from the chromatographic data at 

infinite dilution by applying the equation given by 

Kiselev and Yashin (1969): 

O~du 
lnVg = (l/Tc )+C (2.17) 

R 

where Vg is the retention volume at infinite dilution. 

O~d_ is the heat of adsorption, R is the gas constant, Tc 

is the column temperature and C is the integration 



constant. 

(Eberly, 

16 

The slope of InVg vs lITe gives O",'d .. /R 

1961; Choudhary and Menon, 1976; onsan, 1979; 

BeIer', 1981>' 

At higher surface coverages,on the other hand, the 

heats of adsorption are calculated using isosteres 

obtained from adsorption isotherm data i.e using plots of 

partial pressure p versus temperature T, at constant 

surface coverage (Conder,' 1979). The Clausius-Clapeyron 

equation can then be applied (Shen and Smith, 1968; 

Kiselev and Yashin, 1969; Ponec, Knor and Cerny, 1974; 

Conder, 1979; Smith, 1981; Gonen~, 1985): 

[ d (lnp) 

dT 

O .... d .. 

(2.18) 
R 

where N is the amount of gas adsorbed <gmol/g cat). 

Making use of this equation and plots of In p vs lITe, 

average O~dS values are obtained from the slop for 

particular values of surface concentration. 



17 

III. EXPERIMENTAL WORK 

3.1 EXPERIHENTAL SET-UP 

The experimental set-up consists of a gas 

chromatograph, a strip chart recorder, a data processor, 

a quartz thermometer, gas cylinders with sensitive 

regulators, a soap bubble flowmeter, a mercury manometer 

and a barometer. The experimental set-up is shown in 

Figure 3.1. 

- Gas Chromatograph 

A Varian Aerograph Moduline" Series 2800 gas 

chromatograph, with possibilities of flame ionization or 

thermal conductivity detectors and temperature 

programming, was used. The chromatograph which contains 

the adsorption column in its oven has the following 

specifications: 

Detector Thermal conductivity dedector 

4 filament tungsten-rhenium(wx) 

usage up to 400 cC 

Detector Control, Un} t: Current: 0-300 mA 

Control: % ± 0.02 
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1 

1. Ca;.-rier p,as 
2. Cas pressure regulator 
J. Purifying column 
4. Injectlon sectlon 
5. Reference column 
6. Reactor column 

4 

7. Thermal conductivity dedector 
8. Recorder 
9·. Quartz thermometer 

10. Data Procesor 
11. Manometer 
12. Soap bubble flowmeter 

'FiGURE 3.1 Experimental Set-up 

5 

9 

: 12 

7 

-

8 

2510 I--' 
\Xl 



. Co 1 umn Oven 

Attenuation: 1~1024 

Usage up to 400 =C 

Control: max ± 0.5 cC 
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The following specifications were used in this 

study: 

Detector Temperature 

Column Temperatur~ 

Injector Temperature 

Detector Current 

Attenuation 

-Strip Chart R~corder 

250 =C 

Isothermal operation at the 

range of 185-235 °C 

Same as column temperature 

125 rnA 

32-64 

The specifications of Varian Aerograph recorder are 

as below: 

Full Scale Ranae 

Chart Speed Ranae 

1 mV-1 V 

2-2000 cm/hr, 0.02-20 em/min 

The specification used during the experiment 

Full Scale Range 

Chart cpeed 

1 V 

20 em/min 
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- Data· Processor 

The data processor used is Shimadzu Data Processor 

Chromatopac C-RIB with the following specifications: 

Input Voltaae Ranae 

Recordina Span 

-5 mV to I V 

1 mV 

Jntearation Sensitivity: IJ .. iV .. sec (= I digit of area) 

- Quartz Thermometer 

The temperature of. the column was Ineasured "'i th a 

Hewlett Packard quartz thermometer.. The specifications of 

the thermometer are 

Usaae : up to 250 c>C 

Sensitivity 0 .. 01 to 0 .. 0001 =C 

In these experiments a sensitivity of O .. OIc>C vas used. 

- Adsorption Column 

1 .. 66 n® ID stainless steel tubing was used .. The 

length of the column was 103 crn. 

3 .. 2 Y.ATERIALS 

Industrial 0 .. 3 % wt Pt/Al=O~ reforming catalyst was 

used .. Hydrogen, helium, nitrogen gases were cbtained from 

H .. l...BAS A. S. 

The hydrocarbons used are sho"'n in Table 3.1 
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TABLE 3.,1 - Hydrocarbon Used in the Experiments 

Compound Company Grade Moleculer Specific 
Weight Gravity 

n-Pentane Carlo Erba GC 72.15 0.626 

n-Hexane Merck GC 86.18 0.660 

n-Heptane Merck GC 100.21 0.683 

i-Octane Herck GC 114.23 0.690 

3.3 PREPARATION OF EXPERIMENTAL SET-UP 

The stainless steel column was first washed with 

dilute HCI, distilled water, ethanol and acetone and then 

dri ed by pass ing ni trogen through· it. The ca talyst 

particles sieve~ to ·0.177-0.250 mm (60-80 mesh) were 
( 

fill ed into the column and the two ends were closed by 

means of glass wool. After being filled, the column was 

fitted into the oven of the chromatograph. 

Carrier gas cy~inders were connected to the 

chromatograph by 1/8 inch copper tubing. Before entering 

the chromatograph, the carrier gas was dried by passing 

it through a trap of molecular sieve and s~lica gel. A 

mercury manometer was connected to the carrier gas stream 

line by polyethylene tubing. The polyethylene tubing was 

also used to discharge the exit hydrogen to the open 

air. 

.' ' 
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3.4 EXPERIMENTAL PROCEDURE 

The experiments were carried out at different 

temperatures from 185 c'C to 235 c>C. The carrier gas used 

was helium. The measurements for n-pentane and n-hexane 

were also performed using hydrogen as the carrier gas. 

The 103 cm-long stainless steal column was packed 

1.99 grams of catalyst for n-pentane and i-octane and 

2.00 grams for n-hexane and n-heptane. 

Before each experiment was performed, hydrogen was 

passed over the catalyst for 2 1/2 hours at 287 c>C and at 

a flowrate of about 10 cm3 /min in order to have the same 

activation level of the catalyst at the start of each 

experiment. Then the hydrogen stream was replaced with 

the helium and any adsorbed hydrogen was des orbed by 

passing helium over the catalyst for half an hour at the 

same temperature and flowrate. At the end of this 

period, the column was cooled down to the temperature at 

which the experiment was to be performed. The flowrate 

of the carrier gas was adjusted to about 10 cm3 /min for 

n-pentane and n-hexane and 15 cm3 /rnin for n-heptane and 

i-octane. 

Aft~r steady state temperature was reached, 1-2 J.ll 

of hydrocarbon were introduced' into the column to 

saturate the very active irreversible sites. After that, 

iI 
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the main pulse of hydrocarbon sample was injected. The 

peak corresponding the hydrocarbon was recorded by the 

strip chart recorder and the data processor. 

Nitrogen was also injected into the column at the 

same conditions as an inert gas to measure the dead time. 

During the experiments, the column temperature was 

measured by a· quartz thermometer with the fluctuations 

remaining between ± 0.05 =C. The flowrate was held 

constant measuring "with the soap bubble flowmeter and 

adjusting the pressure regulator continuously. The inl et 

pressure was measured with a mercury manometer and the" 

outlet pressure was read from a mercury barometer. 

3.5 EVALUATION OF DATA 

The adsorption isotherm was obtained from single 

reproducible elution peak for each adsorbate at each 

operating temperature. The specific retention volume, Vg 

and the partial pressure, p were calculated from Equation 

(2.14) and Equation (2.13) respectively as discussed in 

Section (2.2.2>' 

The plot of Vg/RTc: vs p was integrated using 

Simpson's Approximation. The computer program used to 

carry out the integration is given in Appendix IV. 

The adsorption isotherm was curve fitted to the 

following equation by u~ing the Least Squares Curve 

Fitting Program (Calderbank, 1983» in Appendix V : 
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p 
Cs = ( 3 .1) 

A+Bp 

where Cs is amount adsorbed in gmol/gcat. p is partial 

pressure in mmHg. A and B are constants for each 

operating temperature in 

respectively. 

mmHg gcat/gmol and gcat/gmol 

Isosteres were obtained from the adsorption· 

isotherms by using the rearranged form of Equation (3.1): 

ACs 
p = (3.2) 

I-BCs 

The A and B values corresponding to each column 

temperature Te were used to 

Cs 

calculate p. keeping the 

constant. The heat of surface concentration 

adsorption. O_d.. was calculated from the slope of In p 

vs lITe plots by using Equation (2.18) and leas.t squares. 

The calculation procedure was repeated for dn(erent Cs 

and the Q~du values obtained were later averaged. 

An example for calculation of the adsorption 

isotherm is given for n-hexane at 2l1.11°C and 0.4 pI 

sample size. Table 3.2 shows the retention time-height 

data. The Vg/RTc vs p walues are plotted in Figure 3.3 

and the adsorption isotherm is obtained by integrating 

this curve. Data for the adsorption isotherm are given 

in the first two columns of Table 3.3. The set of Cs and 

p values are curve fitted to Equation (3.1) and A and B 
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are found as 5.846 xl06 mm~g gcat/gmol and 4.278 xl04 

gcat/gmol respectively. The isotherm obtained by curve 

fitUng is shown as the solid line in Figure 3.4 while 

the experimental values of Cs and p are presented as 

points in the same figure. 



TABLE 3.2 

to:: 
(sec) 

67.80 
71.40 
72.90 
74.40 
77.40 
78.90 
80.40 
81. 90 
83.40 
84.90 
86.40 
87.90 
89~40 

90.90 
92.40 
96.90 

113.40 

Retention Time-Height Data for n-Hexane 
at 211.11~C and 0.4~l with Helium 

Vg (Vg/RTo::)x10"" e(t) p 
(em::::) (gmollg mmHg) (mm) (mmHg) 

3.689 1.221 146.5 27.621 
3.969 1.313 120.0 22.624 
4.085 1.352 103.0 19.419 
4.202 1.391 85.5 16.120 
4.436 1.468 54.0 10.181 
4.552 1.507 41.0 7.730 
4.669 1.545 30.0 5.656 
4.786 1.584 21.5 4.054 
4.903 1.622 15.0 2.828 
5.019 1.661 10.5 1.980 
5.136 1.700 7.0 1.320 
5.253 1.738 5.0 0.943 
5.369 1.777 3.5 0.660 
5.486 1. 816 2.5 0.471 
5.603 1.854 2.0 0.377 
5.953 1.970 1.0 0.189 
7.237 2.395 0.0 0.000 
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TABLE 3.3 Adsorplion Isolherm of n-Hexane at 0.4- J.ll 
and 211.11 c>C wi th Hel ium 

p (mm Hg) Csxl0 7 (gmol/g cal) 

2 3.672 (3.372)* 

4 6.912 (6.648)* 

6 10.042 (9.832)* 

8 13.088 (12.928)* 

10 16.067 (15.939)* 

12 18.981 <18.870)* 

14 21. 840 (21.723)* 

16 24.642 (24.500)* 

18 27.406 (27.206)* 

20 30.126 (29.843)* 

22 32.796 (32.414)* 

24 35.418 (34.921>* 

* isolherm oblained by curve filting 
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3.4 DISCUSSION OF EXPERIMENTAL CONDITIONS 

In this study, adsorption of four different 

hydrocarbons were investigated in the absence of any 

chemical reaction. The presence of a chemical reaction 

may cause complications arising from the interference or 

overlapping of reactant and product peaks. Hence the 

experimental conditions were chosen so as to prevent.any 

possible reactions. The absence of a chemical reaction 

was verified by the single chromatographic peak obtained 

for each experiment. 

Precise temperature control is also essential in 

chromatographic measurement. For reliable direct 

results, the fluctuations must be within the range of 

to.l =C (Conder,1958). In this study, the column 

temperature was measured with a quartz thermometer and 

held constant within the range of ±O.OS °C in majority of 

runs, but at"no lime did the fluctuation reachs to.l ~C. 

Helium was used as the carrier gas because of its 

inert characteristics. The experiments for n-pentane and 

n-hexane were also carried out with hydrogen to 

investigate the effects of hydrogen on the adsorption of 

the hyd~ocarbon. 

The flowrate of the carrier gas was continuously 

measured by a soap-bubble flowmeter at the column exit 

and held constant so that the retention parameters were 

not affected by flowrate fluctuations. The flowrale was 
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chosen low enough to allow sufficient contact time 

between the catalyst and the hydrocarbon. A flowrate of 

about 10 cm3 /min was used for n-pentane and n-hexane.The 

flowrate for n-hexane and i-octane was about 15 cm3 /min 

to prevent peak tailing which ,occured at 10 cm3 /min. 

The sample size is also an important parameter. It 

must be high enough to obtain sufficiently high partial 

pressures and low enough to avoid peak tailing. In this 

study the sample size choseri was the highest value 

allowable for each hydrocarbon. The values used are 0.8 pI 

and 0.4 pI for n-pentane and n-hexane, and 0~4 pI and 0.2 

pI for n-heptane and i-octane. 

At low flowrates, the particle size of the catalyst 

must be sufficiently small to minimize diffussion 

effects. In this study, very small particle size (60 -80 

mesh) was used. 
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IV. RESULTS AND DISCUSSIONS 

In this work, the adsorption isolherms and the 

heats of adsorption of n-pentane, n-hexane, n-heptane and 

i-octane on the commercial 0.3 % wt Pt/Al 2 03 reforming 

catalyst were determined. The experiments were carried 

out in the temperature range 185-235 °C by using elution 

chromatography, and the information was obtained from the 

retention data and the shape of a single elution peak for 

each temperature and each adsorbate. The adsorption 

isotherms and isosteres were constructed, and the heats 

of adsorption of these hydrocarbons were calculated from 

the isosteres. 

the Appendices 

The experimental 

cited while the 

data are tabulated iti 

results obtained are 

presented and discussed in this Chapter. 

The adsorption isotherms were evaluated as 

described in Section 3.3. Data on the chromatographic. 

peaks, retention time-height data and data for adsorption 

isotherms are given in Appendix I , Appendix II and 

Appendix III respectively. The isotherms are curve fitted 

to Equation (3.1) and the results are given in Tables 

4.1. a through 4.4.b. The isotherms are dra''ln in Figures 

4 . 1, 4. 3, 4. 5, 4. 7, 4. 9, 4. 11, 4.13, 4. 15, 4. 17 and 4. 19 . 

The adsorption isosteres were obtained from 

adsorption isotherms as discussed in Section 3.3. 

the 

The 
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isosteres are tabulated in Table 4.5 through 4.14 and 

plotted in Figures 4.2, 4.4, 4.6, 4.8, 4.10, 4.12, 4.14, 

4.16, 4.18, 4.20 . 

from the slopes 

The heats of adsorption were obtained 

of isosteres at constant adsorbate 

concentration, Cs, assuming that the heat of adsorption 

is constant in the temperature of 185-235 =C. Since a 

definite trend was not 

obtained at different Cs, 

observed in the Q.J>\d.... values 

a global average Q_de was also 

calculated for each hydrocarbon. The heats of adsorption 

of the hydrocarbons at diferent Cs values afe tabulated 

in Table 4'.15, 

Table 4.16 

while the global averages are given in 

As may be observed in Figures 4.2, 4.4 and 4.6 and, 

later in Table 4.15, the percentage error in the heat of 

adsorption calculated for n-pentane is greater than the 

erro~ limit for the other hydrocarbons. This arises from 

the fact that the boiling point of n-pentane is very low 

( 36 . 0 =C) . wh i ch leads to experimental error since 

evaporation occurs during the injection of the sample. 

Even though several injections are made until 

reproducible peaks are obtained, the partial pressure, p, 

predicted by using Equation. 2.13 still gives an 

overestimated value. Since the degree of overestimation 

may change for different column temperatures and can not 

quantitatively be determined, sufficient number of 

experiments were ,carried out with n-pentane to determine 

Q.dw values with acceptable accuracy. 

, i 



TABLE 4.1.a Constants of Adsorption Isotherms for 

187.39 
193.37 
210.74 
226.91 
234.94 

n-Pentane 
Carrier Gas: Hydrogen v = 0.4 )ll 

Ax10-6 

(mmHg gcat/gmol> 

8.284 
7.473 
9.640 

12.167 
12.678 

Bx10-4 ±Error in Cs* 
(gcat/gmol) (gmol/g cat) 

8.706 
6.617 
8.468 

13.415 
12.946 

0.20 
0.28 
0.27 
0.20 
0.19 

TABLE 4.1.b Constants of Adsorption Isotherms for 
n-Pe'ntane 
Carrier Gas: Helium v = 0.4 )ll 

T Ax10-6 Bx10-4 ±Error in Cs* 
(=C) (mmHg gcat/gmol) (gcat/gmoll (gmol/g cat) 

186.17 6.824 4.942 0.27 
198.00 8.120 6.094 0.25 
205.51 8.844 7.945 0.25 
211.18 8.693 9.373 0.27 
218.18 9.315 9.726 0.28 
225.45 11 .. 173 10.572 0.23 
230.75 12.323 14.420 0.21 
235.25 12.221 12.335 0.21 

TABLE 4.1.c Constants of Adsorption Isotherms for 
n-Pentane 
Carrier Gas: Helium v = 0.8 )ll 

T Ax. 1 0-6 Bx10-4 ±Error :in Cs* 
(l:"C) (mmHg gcat/gmol) (gcat/gmol) (gmol/g cat) 

185.71 7.193 3.361 0.55 
197.08 8.383 4.499 0.42 
203.37 8.607 6.097 0.35 
211.08 9.621 6.228 0.60 
218.14 9.838 6.344 0.43 
225.52 11.565 7.620 0.50 
230.75 13.028 9.137 0.40 
235.31 14.685 9.438 0.32 

34 

* Errors in moles of adsorbed were calculated using the 
the method given by Mickley, et. ale (1957) 
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TABLE 4.2.a Constants of Adsorption Isotherms for 
n-Hexane 
Carrier Gas: Hydrogen v = 0.4 J,ll 

T Ax10- 6 Bx10--4 ±Error in Cs* 
(=C) (mmHg gcat/gmol) (gcat/gmoU (gmol/g cat) 

187.39 3.993 2.036 0.39 
204.99 5.575 2.876 0.27 
210.73 6.010 4.160 0.26 
226.97 8.046 7.464 0.20 
234.98 8.955 7.516 0.20 

TABLE 4.2.b Constants of Adsorption Isotherms for 
n-Hexane 
Carrier Gas: Helium v = 0.4 J.ll 

T Axl0- 6 Bx10-'4 ±Error in Cs* 
(<=>C) (mmHg gcat/gmol) (gcat/gmoU (gmol/g cat) 

186.05 3.454 4.088 0.52 
197.93 4.839 3.692 0.33 
205.59 5.437 3.807 0.29 
211.11 5.846 4.278 0.28 
218.17 6,.746 3.918 0.23 
225.64 7.671 4.892 0.22 
230.82 8.261 6.470 '0.23 
235.31 8.465 6.761 0.24 

TABLE 4.2.c Constants of Adsorption Isotherms for 
n-Hexane 
Carrier Gas: Helium v = 0.8 J.ll 

T Axl0-o Bxl0-4 ±Error in Cs* 
(c:>C) (mmHg gcat/gmol) (gcat/gmol) (gmollg cat) 

185.81 3.675 2.130 0.41 
196.99 4.831 2.383 0.31 
203.35 5.440 2.614 0.29 
211.07 5.884 3.113 0.28 
218.26 7.000 3.331 0.26 
225.49 7.981 3.7'15 0.23 
230.83 8.555 4.490 0.28 
235.2i 9.333 4.448 0.24 

* Errors in moles of adsorbed were calculated using the 
the method given by Mickley, et. al. (1957) 
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TABLE 4.3.a Constants of Adsorption Isotherms for 
n-Heptane 
Carrier Gas: Helium v = 0.2 pI 

T Ax10-6 Bx10-4 :tError in Cs* 
(=C) (mrnHg gcat/gmol) (gcat/gmol> <gmol/g cat) 

185.24 1.858 4.179 0.30 
193.34 2.285 4.056 0.25 
201.51 2.667 3.359 0.21 
207.39 3.205 4.722 0.22 
217.49 3.783 3.847 0.36 
224.97 4.294 4.686 0.19 
229.87 4.760 4.691 0.17 
234.29 5.216 5.864 0.16 

TABLE 4.3.b Constants of Adsorption Isotherms for 
n-Heptane 
Carrier Gas: Helium v = 0.-4 pI 

T Ax10-o Bx10-4 :tError in Cs* 
(<=>C) <mmHg gcat/gmol) (gcat/gmol> (gmol/g cat) 

185.24 1.862 2.119 0.43 
193.32 2.204 4.789 0.34 
201.62 2.658 3.021 0.30 
207.40 3.337 3.062 0.73 
217.47 3.820 2.991 0.41 
225.01 4.416 3.407 0.36 
229.90 4.963 3.292 0.32 
234.31 5.380 3.739 0.29 

* Errors in moles of adsorbed were calculated using the 
the method given by Mickley, et. al. (1957) 
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TABLE 4.4.a Constants of Adsorption Isotherms for 
i-Octane 
Carrier Gas: Helium v = 0.2 J-ll 

T Ax10- 6 Bx10- 4 ±Error in Cs 
(=C) (mmHg gcat/gmol) (gcat/gmol) (gmol/g cat) 

185.25 1.577 5.751 0.26 
193.33 1.879 4.534 0.21 
20L59 2.134 5.681 0.20 
209.91 2.630 3.767 0.31 
217.47 3.157 4.356 0.26 
224.87 3.573 5.361 0.23 
229.84 3.931 6.555 0.13 
234.26 4.330 5"897 0.19 

TABLE 4.4.b Constants of Adsorption Isotherms for 
i-Octane 
Carrier Gas: Helium v = 0.4 J-ll 

T Ax10- 6 Bx10··· 4 ±Error in Cs 
(c>C) (mmHg g.ca t / gmol) (gcat/gmol) (gmol/g cat) 

185.27 1.606 4.005 0.50 
193.30 1.934 3.622 0.40 
201.65 2.201 3.925 0.35 
209.99 2.660 3.518 0.29 
217.44 3.144 3.637 0.25 
224.48 3.646 3.817 0.21 
229.84 4.229 4.093 0.37 
234.34 4.583 4.288 0.35 

* Errors in moles of adsorbed were calculated using the 
the method given by Mickley, et. al. (1957) 
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FIGURE 4.1 

1 

12 16 20 24 2832 36 40 
1> (mm Hg) 

Adsorption Isotherms of n-Pentane 
at 0.4 ~l with Hydrogen 

1. 187.39 c>C 4. 226.91 c>C 
2. 193.37°C 5. 234.94 ""C 
3 • 2 1 0 • 74 <=>C 
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TABLE 4.5 

Cs (gmol/g cat) I 
Tc::(c:>C) 1 O:::r./Tc:: (c:>K-l ) 

187.39 2.171 

193.37 2.144 

210.74 2.067 

226.91 2.000 

234.94 1.968 

Adsor.ption Isosteres for n-Pentane at 0.4 JlI withH:;;;: 

5x10"" 10x10?' 15x10"" 20xI0· ... 

p(mmHg) Inp p(mmHg) In p p(mmHg) Inp p(mmHg) In p 

4.331 1.465 9.074 2.205 14.293 2.660 20.062 2.999 

3.865 1.352 8.485 2.138 13.796 2.624 17.226 2.846 

5.033 1.616 10.532 2.354 16.563 2.807 23.210 3.145 

6.521 1. 875 14.052 2.643 22.848 3.129 33.256 3.504 

6.778 1.914 14.563 2.679 23.599 3.161 34.214 3.523 

w 
~ 
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FIGURE 4.3 

~ 

12 16 20 24 28 32 36 40 

p (rom Hg) 

Adsorption Isolherms of n-Pentane 
at 0.4 ~l with Helium 

1. 186.17 ""C 5 • 2 2 5 • 4 5 C:>C 
2. 198.00 ""C 6. 230. 75 c>C 

3. 205.51 ""C 7. 235.25 <=>C 
4. 218.18 ""C 
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TABLE 4.6 

Cs (gmollg cal> 

T.:: (":>C) 10:::!:/Tc:: (""K-·l) 

186.17 2.177 

198.00 2.123 

205.51 2.089 

211.12 2.065 

218.18 2.035 

225.45 2.006 

230.75 1.985 

235.25 1.968 

-----------

Adsorption Isosteres for n-Pentane at 0.4 ~1 with He 

5xl0· ... 10xl0'" 15xl0'7 20xl0 7 

p(mrnHg) In p p(mrnHg) In p p(rnrnHg) In p p(rnrnHg) In p 

3.498 1.252 7.179 1.971 11.055 2.403 15.145 2.718 

4.188 1. 432 8.648 2.157 13.405 2.596 18.494 2.917 

4.605 1.527 9.607 2.263 14.803 2.695 21.029 3.046 

4.560 1. 517 9.592 2.261 15.060 2.712 21.396 3.063 

4.896 1.588 10.319 2.3,34 16.359 2.795 23.129 3.141 

5.898 1.775 12.494 2.525 19.918 2.992 28.337 3.344 

6.640 1.893 14.399 2.667 23.586 3.161 34.634 3.545 

6.512 1.874 13.941 2.635 22.494 3.113 32.447 3.480 

. 04 

N 
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FIGURE 4.4 Adsorption Isosteres of n-Pentane al 0.4 ~l wllh Helium 
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FIGURE 4.5 
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p (mm Hg) 

Adsorption Isotherms of n-Pentane 
at 0.8 pI with Helium 

1 . 185 . 71 =C 
2. 197.08 c>C 
3. 203.37 =C 
4 • 211 . 08 <=>C 

5 . 218. 14 =C 
6. 225.52 <=>C 
7 . 230. 75 C::>C 
8. 235.25 ""C 
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TABLE 4.7 

Cs (gmol/g cat) I 
Tc::(""C) 10 3 /Tr:.:(""K-1) 

185.71 2.179 

197.08 2.127 

203.37 2.099 

211 .08 2.065 

218.14 2.036 

225.52 2.005 

230.75 1. 985 

235.31 1.967 

Adsorption Isosteres for n-Pentane at 0.8 ~I with He 

5x10-7 10x10?" 15xI Oo~. 20xI07 

p(mmHg) In p p(mmHg) °In p p(mmHg) In p p(mmHg) In p 

3.658 1.297 7.443 2.007 11.363 2.430 15.423 2.736 

4.288 1.456 8.778 2.172 013.484 2.602 18.424 2.914 

4.439 1.490 9.166 2.216 14.211 2.654 19.605 2.976 

4.965 1.602 10.260 2.328 15.918 2.768 21.979 3.090 

5.080 1.625 10.504 2.352 16.309 2.792 22.535 3.115 

6.012 1.794 12.520 2.523 19.587 2.975 27.290 3.307 

6.826 1.921 14.338 2.663 22.645 3.120 31. 881 3.462 

7.706 2.042 16.216 2.786 25.661 3.245 36.205 3.589 

~ 
lJl 
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FIGURE 4.6 Adsorption Isosteres of n-Pentane at 0.8 ~l with Helium 
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FIGURE 4.7 
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Adsorption Isotherms of n-Hexane 
at 0.4 pI with Hydrogen 

1 . 187.39 C::>C 4. 226.97 ""C 
2. 204.99 ""C 5. 234.98 °C 
3. 210.73 ""C 
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TABLE 4.8 Adsorption Isosteres for n-Hexane at 0.4 pI with H~ 

Cs (gmol/g cat.) I 5x10"" 10x10?' 15xI07 20xI07 

Tc: (""C) 1 03/T,,"~ (""1{-1) p(mmHg) In p p(mmHg) In p p(mmHg) In p p(mmHg) In p 

187.39 2.171 2.017 0.702 4.076 1.405 6.179 '1. 821 8.326 2.119 

204.99 2.0.9 2.828 1.040 5.740 1.748 8.740 2.168 11.811 2.471 

210.73 2.067 3.069 1.121 6.271 1.836 9.616 2.263 13.112 2.574 

22,6.97 2.000 4.179 1. 430 8.695 2.163 13.591 2.609 18.916 2.940 

234.98 1.968 4.652 1.537 9.682 2.270 15.139 2.717 21.078 3.048 

-- - _ .. ------- -- -------,----------------- -- ---- -- --- ---- - _ .. --------- -- -_ .. -

i 

,I::>. 
OJ 
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FIGURE 4.8 Adsorption- Isosteres of n-Hexane at 0.4 Ml with Hydrogen 
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FIGURE 4.9 
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12 . 1620 24 28 32 
P (mm Hg) 

Adsorption Isotherms 
at 0.4 pI with Helium 

of n-Hexane 

1 . 186. 05 c>C 
2. 197.93 c>C 
3. 205.59 <=>C 
4. 211.11 <=>C 

5 . 218 . 17 <=>C 
6. 225.64 <=>C 
7. 230.82 c>C 
8. 235.31 °C 
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TABLE 4.9 

Cs (gmol/g cat.) 

To::: (c:'C) 103 /Te.(""J{-1) 

::·186.05 2.178 

197.93 2.123 

205.59 2.089 

211.11 2.065 

218.17 2.035 

225.64 2.005 

230.82 1.984 

235.31 1.967 

Adsorplion Isosleres for n-Hexane al 0.4 ~1 wilh He 

5xl0'7 10xl0'" 15xl0'" 20xl0'7 

p(mmHg) In p pCmmHg). In p p(mmHg) In p p(mmHg) In p 

1.763 0.567 3.601 1.281 5.519· 1.708 7.523 2.018 

2.465 0.902 5.024 1. 614 7.683 2.039 10.449 2.347 

2.771 1. 019 5.652 1.732 8.650 2.158 11.771 2.466 

2.987 1.094 6.107 1.810 9.370 2.238 12.786 2.548 

3.441 1.236 7.021 1.949 10.751 2.375 14.640 2.684 

3.932 1.369 8.065 2.088 12.418 2.519 17.006 2.834 

4.269 1. 451 8.833 2.179 13.724 2.619 18 .. 978 2.943 

4.381 1. 447 9.079 2.206 14.131 2.648 19.578 2.974 

-- --.-~--. 

U1 
..... 
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FIGURE 4.11 Adsorption Isotherms of n-Hexane 
at 0.8 pI with Helium 

1. 185.81 c>C 5. 225.49 =C 
2. 196.99 DC 6. 230. 83 c>C 
3. 203.35 <::>C 7. 235.21 =C 
4. 218.26 c,C 
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TABLE 4.10 Adsorption Isosteres for n-Hexane at 0.8 ~I with He 

Cs (gmol/g cat) I 5x10"" 10x10?' 15xI07 20xI0 7 

Tc:: (""C) 10:::: IT ... ('"'K .... l ) p(mmHg) In p p(mmHg) In p p(mmHg) In p p(mmHg) In p 

185.81 2.179 1.857 0.619 .3.755 1.323 5.695 1.740. 7.678 2.038 

196.99 2.127 2.445 0.894 4.949 1. 599 7.156 2.017 10.146 2.317 

203.35 2.099 2.756 1.014 5.586 1.720 8.492 2.139 11.479 2.441 

211. 07 2.065 2.988 1.095 6.073 1.804 9.258 2.225 12.548 2.530 

218.26 2.035 3.559 1.270 7.241 1.980 11.052 2.403 14.998 2.708 

225.49 2.006 4.066 1. 403 8.289 2.115 12.678 2.540 17.243 2.847 

230.83 1.984 4.376 1.476 8.958 2.193 13.760 2.622 18.799. 2.934 

235.21 1.967 4.773 1.563 9.768 2.279 15.001 2.708 20.490 3.020 

-~----~~-~-
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Adsorption Isotherms of n-Hept.ane 
at. 0.2 pI wi th Hel ium 

1. 185.24 c>C 5. 217.49 C:>C 

2. 193.34 C::>C 6. 224.97 c'C 
3. 201.51 C::>C 7. 229.87 =C 
4. 207.39 c>C 8. 234.29 c>C 



TABLE 4.11 Adsorption Isosteres for n-Heplane at 0.2 ~I with He 

Cs (grilol/g cat) I 5xI0· .... 1 Oxi 0· .... 15xI07 20xI07 

Tc:(C"C) 1 O~~: ITc: ('''K···l ) p(rnrnHg) In p p(rnrnHg) In p p(rnrnHg) In p p(rnrnHg) In p 

185.24 2.182 0.949 -0.053 1.939 0.662 2.973 1.090 4.055 1.400 

193.34 2.144 1.166 0.154 2.381 0.868 3.649 1.295 4.973 1.604 

201.51 2.107 1.356 0.305 2.759 1.015 4.212 1.438 5.718 1.744 

207.39 2.081 1. 641 0.495 3.364 1.213 5.174 1.644 7.078 1.957 

217.49 2.038 1.929 0.657 3.935 1.370 6.023 1.796 8.198 2.104 

224.97 2.008 2.199 0.788 4.506 1.505 6.929 1.936 9.477 2.249 

229.87 1.988 2.437 0.891 4.994 ·1.608 7.680 2.039 10.506 2.352 

234.29 1.971 2.687 0.988 5.541 1.712 8.578 2.149 11.817 2.470 

U1 
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FIGURE 4.15 Adsorption Isotherms of n-Heptane 
at 0.4 ).11 with Helium 

1. 185.24 =C 5. 217.47 =C 
2. 193. 32 <=>C 6. 225.01 <=>C 
3. 201.62 <::>C 7. 229.90 <::>C 
4. 207.40 C::>C 8. 234.31 e·c 



TABLE 4.12 Adsorption Isosteres for n-Heptane at 0.4 pI with He 

Cs (gmol/g cat) 5xl0-'· 10xl0'7 15xl07 2 Oxl 0'7 

T, .. (""C) 10::!r./Tc;:(""K-1) p(mmHg) In p p(mmHg) In p p(mmHg) In p p(mmHg) In p 

185.24 2.182 0.941 -0.061 1.902 0.643 2.885 1.060 3.889 1.358 

193.32 2.144 1.129 0.121 2.315 0.894 3.562 1.270 4.875 1.584 

201.62 2.106 1.349 0.300 2.741 1.008 4.176 1.429 5.657 1.733 

207.40 2.081 1.695 0.527 3.443 1.236 5.247 1.658 7.110 1.962 

217.47 2.038 1.939 0.662 3.938 1.371 5.999 1.792 8.126 2.095 

225.01 2.007 2.246 0.809 4.572 1. 520 6.981 1. 943 9.478 2.249 

229.90 1.988 2.523 0.925 5.132 1.635 7.831 2.058 10.625 2.363 

234.31 1.971 2.741 1.008 5.589 1.721 8.549 2.146 11. 629 2.454 
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FIGURE 4.17 Adsorption Isotherms of i-Oclane 
at 0.2 pI with Helium 

1. 185.25 ""C 5. 217.47 ""C 
2. 193.33 ""C 6. 224.87 =C 
3. 201.59 ""C 7. 229.84 =C 
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TABLE 4.13 Adsorplion Isosleres for i-Oclane al 0.2 ).11 wilh He 

Cs (grnol/g cal> I 5xl0'" 10xl0'7 15xl0-;' 20xl0'7 

Tc;( ...... C) 10:::." ITc: (""K--1 ) p(rnrnHg) In p p(rnrnHg) In p p (rnrnHg) . In p p(rnrnHg) In p 

185.25 2.182 0.812 -0.208 1.673 0.515 2.589 0.951 3.564 1. 271 

193.33 2.144 0.961 -0.040 1.968 0.677 3.024 1.107 4.133 1.419 

201.59 2.106 1.098 0.094 2.263 0.817 3.499 1.253 4.815 1. 572 

209.91 2.070 1.340 0.293 2.733 1.005 4.181 1.431 5.688 1.738 

217.47 2.038 1. 614 0.479 3.301 1.194 5.066 1.623 6.916 1.934 

224.87 2.008 1.836 0.607 3.775 1.329 5.828 1.763 8.004 2.800 

229.84 1.988 2.032 0.709 4.207 1.437 6.539 1.878 9.048 2.203 

234.26 1.971 2.231· 0.802 4.602 1.526 7.126 1.964 9.819 2.284 
.----~-.------ ----.---~-- ----- ~-- ---
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TABLE 4.14 Adsorption Isosteres for i-Octane at 0.4 p1 with He 

Cs (gmo1/g cat) I 5><:10'" 10x10'" 15><:107' 20x107' 

Tr.." (c:>C) 1 O::~: IT C"" (':"K-1 ) p(mmHg) 1n p p(mmHg) 1n p p(mmHg) 1n p p(mmHg) 1n p 

185.27 2.181 0.819 -0.199· 1. 673 0.515 2.563 0.941 3.492 1. 250 

193.30 2.144 0.985 -0.002 2.007 0.697 3.068 1.121 4.170 1.428 

201.65 2.106 1.123 0.116 2.291 0.829 3.508 1.255 4.777 1.564 

209.99 2.070 1.354 0.303 2.757 1.014 4.213 1.438 5.723 1.745 

217.44 2.038 1. 601 0.471 3.263 1.183 4.989 1.607 6.782 1.914 

224.48 2.010 1. 859 0.620 3.791 1.333 5.802 1.758 7.896 2.006 

229.84 1.988 2.159 0.770 4.410 1.484 6.759 1. 911 9.212 2.221 

234.34 1.971 2.342 0.851 4.791 1.567 7.347 1.994 10.025 2.305 
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TABLE 4.15 Heats of Adsorption of Hydrocarbons 

Compound 

n~Pentane 

(0.4 Jll and H:;z) 

n-Pentane 
(0.4 Jll and He) 

n-Pentane 
(0.8 Jll and He) 

n-Hexane 
(0.·4 Jll and H:;z) 

n-Hexane 
(0.4 Jll and He) 

n-Hexane 
(0.8 Jll and He) 

n-Heptane 
(0.2 pI and He) 

n-Heptane 
(0.4 pI and He) 

i-Octane 
(0.2 pI and He) 

i-Octane 
(0.4 pI and He) 

Temperature 
Range (OC) 

187.39-234.94 

186.17-235.25 

185. 71-235·.31 

187.39-234.98 

186.05-235.3 

185.81-235.21 

185.24-234.29 

185.24-234.31 

185.25-234.26 

185.27-234.34 

Csxl0' 
gmoI/gcat) 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

Q ..... cfw 

(kJ/gmol> 

22.3(±3.9)* 
22.6(±3.3)* 
23.3(±3.4)* 
27.2(±4.6)* 

25.4(±2.3)* 
27.3(±2.5)* 
29.7(±2.7)* 
32.0(±3.0)* 

27.4(±2.6)* 
28.7(±3.6)* 
30.0(±3.0)* 
31.5(±2.9)* 

34.5(±0.7)* 
35.9(±0.8)* 
37.3(±1.0)* 
38.9(±1.3)* 

35.5(±1.5)* 
36.1(±1.4)* 
36.7(±1.3)* 
37.4(±1.3)* 

36.1<±1.1>* 
36.7(±1.0)* 
37. 2(±1. 0)* 
37.7(±1.4)* 

40.3(±0.9H~ 

40.5(±1.0)* 
40.8(±1.1>* 
41.1<±1.2)* 

42.1<±1.4)* 
42.2(±1.4)* 
42.3(±1.4)* 
41.2(±1.6)* 

40.3(±0.9)* 
40.5(±1.0)* 
40.6(±1.0)* 
40.8(±1.2)* 

41.3(±1.3)* 
41.6(±1.3H~ 

41.6(±1.3)* 
·41.7(±1.3)* 

68 

* Errors in heats of adsorption were calculated using the 
method given by Mickley, et.al.(1957) 



TABLE 4.16 Average Heats of Adsorption of Hydrocarbons 

Compound Temperature Q..."d ... Q ... d1ll> 

Range (ac) (kcallgmol) (kJ/gmol) 

n-Pentane 
(0.4 ).11 and H:;:::) 187.39..,.234.94 5.7 23.8 

n-Pentane 
(0.4 ).11 and He) 186.17-235.25 6.8 28.6 

n-Pentane 
(0.8 ).11 and He) 185.71-235.31 7.0 29.4 

n-Hexane 
(0.4 ).11 and H:;:::) 187.39-234.98 8.8 36.7 

n-Hexane 
(0.4 ).11 and He) 186.05-235.31 8~7 36.4 

n-Hexane 
(0.8 ).11 and He) 185.81-235.21 8.8 36.9 

n-Heptane 
(0.2 ).11 and He) 185.24-234.29 9.7 ".';:, 40.7 

n-Heptane 
(0.4 ).11 and He) '185.24-234.31 . 10.0 42.0 

i-Octane 
(0.2 ).11 and He) 185.25-234.26 9.7 40.6 

i-Octane 
(0.4 ).11 and He) 185.27-234.34 10.0 41.6 

Elution peaks with a sharp front and a tailing rear 

boundary give isotherms which are concave to the pressure 

axis (Gregg and Stock, 1958). The same result is 

observed in this study but this curvature of the 

isotherms are not clearly seen because of the small 

curvature of the isotherms at the low partial pressures 

used. 
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In order to investigate the effects of sample size, 

the experiments were carried out at lwo differenl sample 

sizes for each hydrocarbon. The sample sizes were chosen 

large enopgh to oblain as high parlial pressures as 

possible. .The sample size for n-pent.ane and n-hexane are 

0.8 pI and 0.4 pI, but for n-heptane and i-oclane,lhe 

sample size of 0.8 pI caused peak lailing. Sample sizes 

of 0.4 pI and 0.2 pI w.ere used for these hydrocarbons to 

prevenl the peak tailing and to compare the heats of 

adsorption of all hydrocarbons al the same sample 

size(0.·4 pI). The heals of adsorption obtained at 

different sample sizes are very close to each other as 

seen in Table 4.16. This result shows that the effect of 

sample size is not too significanl within lhis range. 

Accordingly, lhe results obtained wilh 0.4 pI samples are 

discussed an? compared in the following paragraphs. 

The heats of adsorplion of n-pentane and n-hexane 

were also delermined using hydrogen as the carrier gas. 

The heat of adsorption found with hydrogen is about 4.8 

kJ/gmol smaller than thal found wit.h helium for n-pentane 

and 0.3 kJ/gmol greater for n-hexane. It is diffucull lo 

draw a conclusion about the effect of hydrogen adsorption 

on the basis of this result. Although lwo values are 

very close for n-hexane, 

large for n-pentane. 

lhe difference is relatively 

There are several crileria to determine the nature 

of the adsorbed s la t.e (Hayward and Trapnell, 1964, Thomas· 
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and Thomas, 1967). The heat of adsorption and the 

temperature range involved are the most important among 

them. Physical adsorption· generally occurs only at 

temperatures close to the boiling point of the adsorbate 

and heat of adsorption is not greater than the heat of 

condensation. Chemisorption, on the other hand, occurs 

at higher temperatures with higher heats of adsorption. 

The boiling points and corresponding heats of 

vaporization of the hydrocarbons investigated are listed 

with the average heats of adsorption obtained at 0.4 pI 

in Table 4.17. The heats of vaporization were 

extrapolated to the operating temperatures by Watson 

Equation (Reid, Prausnitz and Sherwbod, 1977): 

(1-T .... :z) 

(4.1) 
(1-T .... d 

where (AHv )1 is the heat of vaporization and T .... 1 is the 

reduced temperature at the boiling point and ( .6.Hv )~ and 

T .... 2 are the values at any higher temperature. Since the 

Watson equation does not give good results at high 

reduced temperatures, i. e T .... > 0.84, scaling of H .... with 

temperature has been restricted to the temperatures 

corresponding to T .... values lower than 0.84. For example 

for n-pentane, when T2 = 121.3 cC, T.... = 0 .. 84 ; in this 

case, Hv has been extrapolated to 120 cC although this 
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temperature is well below the adsorption temperatures 

used~ However, the heat of vaporization decreases with 

increasing temperature (Reid, Prausnitz and Sherwood, 

1979), the actual AHv value for n-pentane is somewhat 

smaller than the value at 120 ~C~ 

.As shown in Table 4.17, the '. average heats of 

adsorption are sufficiently larger than the corresponding 

heats of v!3-porization. Furthermore the temperature range 

involved is well abbve the boiling points bf all the 

samples used indicating the occurrence of chemisorption. 

The result is in agreement with the result obtained for 

the same hydrocarbons on the same catalyst by BeIer 

<1981 >. 

Adsorption studies on graphitized carbon black 

(Kiselev et al., 1968; Kiselev and Yashin, 

macroporous silica gel (Kiselev and Yashin, 

1969), 

1969), 

on 

on 

zeolites (Kiselev and Yashin, 1969; Attonucci et al., 

1978) on 0.6 % wt pt/AI:Oz (Choudhary and Menon, 1976) 

and on the same 0.3 %wt Pt/AI:;;::03 catalyst used in this 

study (Beler.1981) have shown that the heat of adsorption 

increases with increasing carbon number in a h9mologous 

series and that the linear increase is obtained for 

normal paraffins. 

The heats of adsorption of three normal paraffins 

(n-pentane. n-hexane and n-heptane) used in the present 

study are plotted against the carbon number, n. in Figure 

4.21 and the result is the same with the results of the 



TABLE 4.17 Comperision of Heals of Adsorplion and Heals of Condensalion 

Tb -6H"" al Tb T -b.H"" a l T Temperalure Q""elm. 

Compound. (':'C) (kJ/gmol) (~C) (kJ/gmol) Range ('::'C) (kJ I gmol) 

n-Penlane 36.0 25.8 120.0 19.4 186.17-235.25 28.6 

n-Hexane 68.7 28.9 150.0 22.3 186.05-235.31 36.4 

n-Heplane 98.4 31.7 180.0 24.6 185.24-234.31 42.0 

i-Oclane 99.2 31.0 180.0 24.4 185.27-234.34 41.6 

-.J 
W 
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authors mentioned above. A straight line is obtained 

from the least squares fit. Since the only i-octane is 

investigated as isoparaffin, it is impossible to make a 

general statement about isoparaffins. 
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FIGURE 4.21 Relation Between Heats of Adsorption 

and Carbon Number 

The heats of adsorption found in this study are 

greater than those obtained by Choudhary and Menon (1976) 

and BeIer (1981) who have studied for the same 

hydrocarbons using infinite retention volumes. This 

difference may come from the differenc~ between the 

techniques used. A comparison of the results obtained by 

the same authors above and Onsan (1979>, who have all 

used the infinite dilution technique, with the results of 

Gonen~ (1985) who has used the present technique yields a 
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similar result for cycloparaffins and aromatics. The 

results obtained in"diferent studies are summarized in 

Table 4.18. 

TABLE 4.18 Comparison of Heals of Adsorption 
on Pt/A120~ 

O_d_ (kcal/gmol) 

Compound Present Gonen«; BeIer Onsan Choudhary 
Study (1985) <1981> (1979) and Henon 

* ** ** **** *****(1976) 

n-Pentane 6.8 - 6.84 - 5.2 

n-Hexane 8.7 - 8.16 - 7.7 

n-Heptane 10.0 - 8.95 - 10.8 

i-Octane 10.0 - 9.61 - -

Cyclohexane - 7.48 4.68 5.11 -

Methylcyclo-
hexane - 7.45 4.93 5.53 -

Benzene - 13.11 - 10.58 11.2 

Toluene - 13.90 - 11. 65 14.4 

* at the sample size of 0.4 pI 

** on 0.3 wl % Pt/A120~ and in the range of 187-235 C:>C 

*** . on 0.3 wt % Pl/Al:;::O::.or. and in the range of 185-235 c>C 

**** on 0.3 wl % Pt/Al:;::D::.or. and in lhe range of 195-240 c'C 

***** on 0.6 wt % Pl/Al:;::O~ and in t.he range of 185-380 =C 
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v. CONCLUSIONS AND RECOMMENDATIONS 

The conclusions that can be drawn from the 

literature survey and the. experimental work are 

summarized below together with 

further work. 

recommendations for 

1. Elution peaks with a sharp front and tailing 

rear boundary give adsorption isotherms that are 

concave to the pressure axis. 

2. Adsorption isotherm can be obtained from a 

single reproducible elution peak using c(t) 

versus t profiles. 

3. Heats of adsorptions can be determined from the 

isosteres 

isotherms. 

obtained from these adsorption 

4. The average heats of adsorption were found to be 

28.6 kJ/gmol for n-pentane, 36.4 kJ/gmol for. 

n-hexane, 42.0 kJ/gmol for n-heptane and 41.6 

kJ/gmol for i-octane(0.4 pI samples). Similarly 

the average heats of adsorption of n-pentane and 

n-hexane were determined to be 23.8 kJ/gmol and 

36.7 kJ/gmol respectively. 

5. The effect of the sample size on the heal of 

adsorption is not significant. 
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6. The heat of adsorption increases linearly with 

increasing carbon number for normal paraffins. 

7. The average heats of adsorption for all 

hydrocarbons are larger than the corresponding 

heats of vaporization at the operating 

temperature. In addition, the temperature range 

used is far above the boiling points of the 

hydrocarbons. These results support the 

occurrence of chemisorption. 

8. The result obtained may be verified by using 

other chromatographic techniques such as frontal 

analysis, temperature-programmed adsorption 

desorption chromatography or using a microreactor 

system coupled the chromatograph. 



78 

REFERENCES 

1. Baumgarten, E., F. Weinstrauch, ,and H. Hoffkes, 
"Adsorption Isotherms of Hydrocarbons on -Alumina", 
.lou rna 1 of Chroma tooranhy, 138, 347-354 (977). 

2. Beebe, R.A., P.L. Evans, T.C.W. Kleinsteuber, and L.W. 
Richords, "Adsorption Isotherms and Heats of 
Adsorption by Frontal Analysis Chromatography", 
Journal of Physical Chemistry, ZQ;' 1009-1016 (1966). 

3. BeIer, A.B., "Determination of the Adsorption 
Parameters of Paraffins over Platinum/Alumina by Gas 
Solid Chromatography", M.S. Thesis, Bogazi~i 

University, 1981. 

4. Calderbank, J.V., "A Course on Programming in Fortran" 
,2nd Ed., Champman and Haal Ltd., London, 1983. 

5. Carleton, F.B., L.S. Kershenbaum, and W.a. 
"Adsorption in Non-isorbic Fixed Beds", 
Enoineerina Sc:ience, g, 1239-1246 (1978). 

Wakeham, 
Chemical 

6. Brooks, C.S., V.J. Jr. Kehrer, "Chemi s.orpt i on of 
on Metal Surfaces by Pulse 

Analytic~l Chemistry, 41(1), 103-106 
Carbon Monaxide 
Chromatography", 
(1969). 

7. Choudhary, V.R., and L.K. Doraiswamy, 
Gas Chromatography in Catalysis", 
Enaineerina Chemistry Product 
Develonment, 10(3), 218-237 (1971). 

"Applications of 
Industrial and 
Research and 

8. Choudhary, V.R., a.nd P.G. Henon, "Gas Chromatographic 
Determination of Effective Diffusivities and Heals of 
Adsorption of C~-Cs Hydrocarbons on a Commercial 
Platinum-Alumina Catalyst", Journal of Chromatoaranhy, 
116, 431-437 (1976). 

9. Choudhary, V.R., and K.R. Srinivasan, "Gas 
Chromatographic Study of Adsorption on Copper Chromite 
Catalyst", .Journal of Chromatographv. 148, 373-378 
(1978). 

10. Conder, J.R., Physical Heasurement by Gas 
Chromatography", Proaress in Gas Chromatoaranhy, J.H. 
Purnell Ed., from "Advances in Analytical Chemistry and 
Instrumentation", Vol. 6. Interscience, New York, 
1968. 

11. Conder, J.R., 
Chromatoaraphv, 

Phvsicochemical Measurement 
John Willey & Sons, Chichester, 

by G2.S 

1979. 



79 

12. Cremer~ .E.. and H.Huher. "Messung von Adsorptions­
i sothern;en an Ka talysa loren bei hohen Tempera turen mi t 
Hilfe' der Gas Festkorper-Euierungschrornalographie", 
Adcewandte Chemie, 13(13), 461-465, (1961). 

13. Eberly. P.E., "High Temperature Adsorption Studies on 
13x Molecular Sieve and Other PQTOUS Solids by Pulse 
Flow Tethniques", Journal of Physical Chent:istrv, 65, 
68-72 (1961>' 

14. Eber ly, P .E., "l~easur emenl of Ad sorpt i on 1 sotherms and 
Surface Areas by Gas Chromatodraphy", Journal of 
Physical Chemistry, 65, 1261-1265 {196l>. 

15. Eberly, P.E and C.N. 1{imberlin, "High Ten;peralure 
Adsorption Studies on Slica-Alumina and Molyhdena­
Alumina Catalysts by Use of Flow Techniques", Trans. 
faraday Soc., ~. 1169-1175 (1961). 

16. Gale, R.L .• and R.A. Beebe. -Determination of Heats of 
Adsorption on Carbon Blacks and Bone Mineral by 
Chro~atography Using Eluled Pulse Techniqu~", Journal 
of Physical ChemistrY, ~. 555-567 (1964). 

17. Greene. S.A •• and H. Pusl. "The Determination of Heats 
of Adsorption By Gas-Sol id ChroIrlatography", Journal of 
Physical Chemistry, 62. 55-58 (1958>' 

18. Gregg. S . .) .• 
'Chroma tographi c 
Chron,a t ooraphy, 
1958. 

R. Stock. "Sorption Isotherms and 
Behaviour of Vapours", Gas 

D.H. Desty Ed.,Butterworths, London, 

19. Gc;nen~, S.,. "Gas Chromatographic Study of Hydogen and 
Hydrocarbon Adsorption on Platinum-Alumina' Catalyslh. 
H.-S. Thesis. Boga:zi.;i ,University, 1985. 

20. Ha)~'ard, D.O .• and B.M.W. Trapnell. Chemisorption. 
Butterworth and Co. (Publishers) Ltd .• London, 1964. 

21. Huber. J.F.K., and A.J.M. Keulemans, "Nonlinear Ideal' 
Chromatography and the Potentialities of Linear Gas­
Solid Chromatography", Gas Chrorratooraphy, K. van 
Swaay Ed., Buttervorths. London. 1962. 

22. Kiselev, A.V., and Y.i. Yashin, Gas-Adsorption 
Chromatooraphy, translaled by J.E~S. Bradley. Plenum 
Press, New York, 1969. 

2 3. L:i 1 tl e "'. 0 0 d , A . B., ;::.G..=a:..:s=--_--'C:o.;:[c:..J.:..r ..=c·...o;rr"-', 2=-l.=...=.o""o-"r-=a=-'C=-, h,-,,-,-v • Ed .• 
AcacrffilC Press, New York, 1962. 

24. ~anlell, C.L., Adsorption, 2~d Ed., McGr&v Hill Book 



80 

Company Inc., New York, i951. 

25. Martin, M.J.C., and M.A. Galan, "Adsorption 
Gel by Gas 

Science, ll, 
Characteristics of n-Propanol on Silica 
Chromatography", Chemical Enaineering 
691-696 (1979). 

26. Mickley, S.H., T.K Sherwood and C.E. Reed, Applied 
Mathematics in Chemical Engineering, Second Ed., 
McGraw-Hill Book Company Inc., New York, 1957. 

27. Mosely, R.B., and 
Hydrocarbons on 
Chromatographically", 
137,1963. 
.. . 

". 
R.C. Archibald, "Adsorption of 
Acidic Oxides as Measured 

Journal of Catalysis, ~, 131-

28. Onsan, Z.I., "Katalitik Hierogen Gieerme 
Reaksiyonlarinin Adsoplanma ve Reaksiyon 
Parametrelerinin Gaz-Kali Kromatografisi Yontemiyle 
Incelenmesi", Dot;:entl ik Tezi, . Bogazit;:i Universi tesi, 
1979. 

29. Ponec, V., Z. Knor, 
Solids, Butterworth 
Czechoslovakia, 1974. 

and S. Cerny. Adsorption on 
and Co. (Publishers) Ltd. 

30. Reid, R.C., J.M. Prausnitz, and T.K. 
Prooerties of Gas and Liauids, 3rd Ed., 
New York, 1977~ .. 

Sherwood, The 
McGraw-Hill, 

. 31. Shen, J., and J.M. Smith, "Adsorption Isotherms for 
Benzene-Hexane Mixtures",' J and Ec Fundamental s, 7 (1) , 
100-105 (1968). 

32. Smith, J.M., Chemical Engineering KInetics, 3rd Ed., 
McGraw-Hill Kogakusha, Tokyo, 1981. 

33. Thomas, C.I., Catalytic Processes and Proven 
Catalysts, Academic Press, New York, 1970. 

34. Thomas, J.M., and W.J. Thomas, Introduction to the 
Principles of Heterogeneous Catalysis, Academic Press, 
London, 1967. 



TABLE A.l.l 

Tc: T ... F.,. 
(""C) (""C) (cm::!!:/sec) 

187.39 18.9 0.1842 
193.37 21.6 0.1792 
204.95 23.5 0.1838 
210.75 24.7 0.1712 
226.91 19.8 0.1786 
234.94 19.3 0.1723 
186.17 17.8 0.1488 
198.00 19.8 0.1642 
205.62 20.8 0.1597 
211.12 25.4 0.1650 
218.18 24.7 0.1656 
225.45 22.5 0.1718 
230.75 23.7 0.1626 
235.29 24.0 0.1695 
185.71 24.7 0.1656 
197.08 24.9 0.1639 
203.37 25.0 0.1558 
211. 08 25.3 0.1565 
218.14 25.0 0.1577 
225.52 '22.6 0.1721 
230.75 23.7 0.1626 
235.31 24.3 0.1587 

-- ---- --- ------------

APPENDIX I 

Dala for Adsorplion Isolherms of n-Penlane 

P~. Po V lM A~, v 
(mmHg) (mmHg) (, .. d) (sec) (mm:;;! ) (mm/sec) 

1357.0 755.0 0.4 26.1 6761.67 3.33 
1359.0' 757.0 0.4 17.7· 6538.33 3.33 
1394.5 752.5 0.4 17.7 6666.67 3.33 
1419.0 755.0 0.4 17.6 7051.00 3.33 
1426.9 758.9 0.4 17.4 6140.00 3.33 
1402.0 758.0 0.4 16.6 3408.33 3.33 
1609.0 759.0 0.4 21.6 6281.00 3.33 
1579.5 751. 5 0.4 18.9 5537.33 3.33 
1656.8 752.8 0.4 19.2 6222.33 3.33 
1613.5 749.5 0.4 18.9 6222.67 3.33 
1630.7 744.7 0.4 18.0 6483.67 3.33 

; 

1613.0 753.0 0.4 18.0 5551.67 3.33 
1704.0 752.0 0.4 19.2 6425.83 3.33 
1703.7 752.7 0.4 18.0 6175.00 3.33 
1559.0 753.0 0.8 19.2 5406.67 3.33 
1608.6 754.6 0.8 19.2 5449.33 3.33 
1599.0 751. 0 0.8 21.0 6299.33 3.33 
1613.5 749.5 0.8 19.5 5956.33 3.33 
1630.7 744.7 0.8 18.0 6538.00 3.33 
1613.0 .753.0 0.8 18.0 5616.67 3.33 
1704.0 752.0 0.8 19.2 6018.33 3.33 
1703.7 752.7 0.8 18.6 5938.33 3.33 

Carrierl 
Gas 

H2 
H2 
H::! 

H2 
H2 
H--~-
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He 
He co 

f-' 



TABLE A.l.2 

T<:,~ Tof' Fof' 
(':'C) (r::·C) (cm~/sec) 

187.39 18.90 0.1789 
204.99 23.60 0.1887 
210.73 24.50 0.1667 
226.97 19.90 0.1818 
234.98 19.30 0.1650 
186.05 17.00 0.1550 
192.93 19.8 0.1613 
205.59 20.8 o . 1650 
211.11 24.9 0.1580 
218.17 24.8 0.1650 
225.64 22.5 0.1504 
230.82 23.6 0.1639 
235.31 24.1 0.1637 
185.81 24.9 0.1647 
196.99 25.1 0.1613 
203.35 25.2 0.1600 
211. 07 24.7 0.1597 
218.26 24.9 0.1658 
225.49 22.3 0.1605 
230.83 23.6 0.1603 
235.21 24.1 0.1587 

Data for Adsorption Isotherms of n-H~xane 

P~ P.:.. V tM Ar::. v Carrier 
(mmHg) (mmHg) ( J.1l) (·sec) (mm~'~ ) (mm/sec) Gas 

1357.0 755.0 0.4 18.6 5593.00 3.33 H::.: I 

1394.2 752.2 0.4 17.4 6228.00 3.33 H~ I 

1419.0 755.0 0.4 19.8 7352.00 3.33 H~ 
1426.9, 758.9 0.4 18.0 7260.00 3.33 H::: 
1402.0 758.0 0.4 18.6 3533.00 3.33 H:;;: 
1609.0 759.0 0.4 22.2 12839.33 3.33 He 
1689.2 751.5 0.4 21.6 12018.67 3.33 He 
1656.8 752.8 0.4 20.4 7167.00 3~33 He 
1613.5' 749.5 0.4 20.4 6360.00 3.33 He 
1630.7 744.7 0.4 20.1 6272.00 3.33 He 
1643.0 753.0 0.4 21.0 6589.50 3.33 He 
1704.0 752.0 0.4 21.0 6153.33 3.33 He 
1734.7 752.7 0.4 19.5 6103.00 3.33 He 
1559.0 739.0 0.8 21.6 12283.33 3.33 He 
1608.6 754.6 0.8 21.6 6229.67 3.33 He 
1599.9 751.9 0.8 20.1 6070.33· 3.33 He 
1613.5 749.5 0.8 20.4 12587.00 3.'33 He 
1630.7 744.7 0.8 20.1 5993.17 3.3,3 He 
1643.0 753.0 0.8 21.0 5971.33 3.33 He 
1704.0 752.0 0.8 21.0 5944.67 3.33 He 
1734.7 752.7 ,0.8 19.5 5890.50 3.33 He 

--------

co 
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TABLE A.l.3 

Tr.:: Tof' Fof' 
(""C) (""C) (cm:::r./sec) 

185.24 28.2 0.2786 
193.34 26.4 0.2421 
201.51 25.7 0.2326 
207.38 30.2- 0.2564 
217.49 23.0 0.2326 
224.97 28.8 0.2538 
229.87 28.0 0.2591 
234.29 26.9 0.2577 
185.24 28.2 0.2786 
193.32 26.4 0.2398 
201.72 25.5 0.2326 
207.40 30.0 0.2591 
217.47 23.1 0.2336 
225.01 29.0 0.2545 
229.90 28.2 0.2571 
234.31 27.0 0.2591 

Data for Adsorption Isotherms of n-Heptane 

P:I. Pc:, V tM Ar;:, v Carrier 
(mmHg) (mmHg) (Jll) (sec) (mm~) (mm/sec) Gas 

1921.0 748.0 0.2 13.8 -8156.00 3~33 He 
1955.5 741.5 0.2 15.0 

.-
8815.00 - 3.33 He 

1797.0 743.0 0.2 15.0 9034.00 3.33 He 
1879.5 756.5 0.2 14.4 9189.67 3.33 He 
1875.0 754.0 0.2 14.4_ 4343.33 3.33 He 
1925.8 753.8 0.2 13.8 4079.00 3.33 He 
1969.0 756.0 0.2 13.2 4056.00 3.33 He 
1951.0 755.0 0.2 13.8 4068.00 3.33 He 
1921.0 748.0 0.4 13.8 8073.00 3.33 He 
1855.5 741.5 0.4 15.0 8976.67 3.33 He 
1797.0 743.0 0.4 15.0 9349.67 3.33 He 
1879.5 756.5 0.4 14.4 8473.00 3.33 He 
1875.0 754.0 0.4 14.4 4223.33 3.33 He 
1925.8 753.8 0.4 15.0 4134.00 3.33 He 
1969.0 756.0 0.4 13.2 4004.00 3.33 He 
1951.0 755.0 0.4 13.8 4088.67 3.33 He 

-- ------- - -------------- --- --- --- -- -----.----~------.--.--------.-
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TABLE A.l.4 

T,: Tof' F·r 
(""'C) (':'C) (cm;:!!:/sec) 

185.25 28.9 0.2421 
193.37 25.7 0.2488 
201.59 25.6 0.2273 
209.91 25.2 0.2439 
217.47 23.1 0.2288 
224.87 28.0 0.2404 
229.84 28.0 0.2506 
234.26 27.0 0.2421 
185.27 22.2 0.2433 
193.30 26.0 0.2481 
201.65 26.0 0.2278 
209.99 25.5 0.2439 
217.44 23.3 0.2238 
224.86 28.9 0.2421 
229.83 28.4 0.2421 
234.26 27.0 0.2421 

Data for Adsorption Isotherms of i-Octane 

Pi Po::> V .tM A~" v Carrier I 
(mmHg) (mmHg) ( Jll) (sec) (mm;;;:!) (mm/sec) Gas i 

1921.0 748.0 0.2 15.0 8163.00 3.33 He 
1855.5 741.5 0.2 13.8 7785.67 3.33 He 
1797.0 743.0 0.2 15.0 8866.67 3.33 He 
1857.5 751.5 0.2 13.8' 6718 .. 33 3.33 He 
1875.0 754.0 0.2 15.0 3803.00 3.33 He 
1925.8 753.8 0.2 13.8 4077.33 3.33 He 
1969.0 756.0 0.2 13.8 4055.33 3.33 He 
1951. 0 755.0 0.2 13.2 3994.67 3.33 He 
1921.0 748.0 0.4 15.0 8284.67 3.33 He 
1855.5 741.5 0.4 13.8 7825.00 3.33 He 
1797.0 743.0 0.4 15.0 8770.00 3.33 He 
1857.5 751.5 0.4 13.8 7876.00 3.33 He 
1875.0 754.0 0.4 15.0 8259.00 3.33 He 
1925.8 753.8 0.4 13.8 4064.67 3.33 He 
1969.0 756.0 0.4 13.8 3903.00 3.33 He 
1951.0 755.0 0.4 13.2 4060.00 3.33 He 

co 
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TABLE A.2.1 

tc: 
(sec) 

45.00 
48.00 
49.50 
52.50 
54.00 
55.50 
57.00 
58.50 
60.00 
61.50 
63.00 
64.50 
66.00 
67.50 
69.00 
70.50 
73.50 

TABLE A.2.2 

tc: 
(sec) 

41.40 
42.75 
44.25 
45.75 
47.25 
48.75 
50.25 
51.75 
53.25 
54.75 
56.25 
57.75 
59.25 
60.75 
62.25 
63.75 
66.75 

APPEND I X I 1... 

Retention Time-Height Data for n-Pentane 
at 187.39""C and 0.4 J.ll with Hydrogen 

Vg ( V gIRT c: ) x 1 0 '7 cet) p 
(cm::!!') (gmol/g mmHg) (mm) (mmHg) 

1.919 0.668 195.0 33.188 
2.224 0.774 157.0 26.720 
2.376 0~827 126.0 21.444 
2.681 0.933 72.0 12.254 
2.833 0.986 53.0 9.020 
2.986 1.039 38.0 6.467 
3.138 1.092 26.0 4.425 
3.290 1.145 17.0 2.893 
3.443 1.198 11.0 1.872 
3.595 1.251 7.0 1.191 
3.747 1.304 5.0. 0.851 
3.900 1.357 4.0 0.681. 
4.052 1.410 3.0 0.511 
4.204 1.463 2.0 0.340 
4.357 1. 516 1.0 0.170 
4.509 1. 569 0.5 0.085 
4.814 1.675 0.0 0.000 

Retention Time~Height Data for n-Pentane 
at 193.37""C and 0.4 j.ll with Hydrogen 

Vg (Vg IRTc: )xl 07 cet) p 
(cm::!!') (gmol/g mmHg) (mm) (mmHg) 

2.348 0.806 195.0 35.605 
2.481 0.852 188.0 34.327 
2.630 0.903 157.0 28.667 
2.779 0.955 129.0 23.554 
2.927 1.006 99.0 18.076 
3.076 1.057 73.0 13.329 
3.224 1.108 49.0 8.947 
3.373 1.159 -35.0 6.391 
3.522 1.210 23.0 4.200 
3.670 1.261 15.0 2.739 
3.819 1.312 10.0 1.826 
3.967 1.363 6.0 1.096 
4.116 1.414 4.0 0.730 
4.265 1.465 2.0 0.365 
4.413 1.516 1.5 0.274 
4.562 1.567 1.0 0.183 
4.859 1.669 0.0 0.000 
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TABLE A.2.3 

tc::: 
(sec) 

35.40 
37.20 
38.70 
40.20 
41.70 
43.20 
44.70 
46.20 
47.70 
49.20 
50.70 
52.20 
53'.70 
55.20 
56.70 
59.70 

TABLE A.2.4 

tc: 
(sec) 

36.60 
39.30 
40.80 
42.30 
43.80 
45.30 
46.80 
48.30 
49.80 
51.30 
52.80 
54.30 
55.80 
57.30 
58.80 
60.30 
63.30 

Retenlion Time-Height Data for n-Pentane 
at 204~94cC and 0.4 pI with Hydrogen 

Vg (Vg/RTc:)x10'7' c(l) p 
(cm3 ) (gmol/g mmHg) (mm) (mmHg) 

1.789 0.600 221.0 38.834 
1 .971 0.661 195.0 34.265 
2.123 0.712 159.0 27.939 
2.274 0.762 121.0 21.262 
2.426 0.813 87.0 15.288 
2.578 0.864 61.0 10.719 
2.729 0.915 38.0 6.677 
2.881 0.966 27.0 4.744 
3.032 1.016 17.0 2.987 
3.184 1.067 11.0 1.933 
3.336 1.118 6.0 1.054 
3.487 1.169 4.0 0.703 
3.639 1.220 3.0 0.527 
3.790 1.271 2.0 0.351 
3.942 1.321 1.0 0.176 
4.245 1.423 0.0 0.000 

Retenlion Time-Height Data for n-Pentane 
al 210.75c C and 0.4 pI with Hydrogen 

Vg (Vg/RTc:)x10'7' eet) p 
(em3 ) (gmol/g rnmHgJ (mm) (mmHg) 

1.779 0.589 223.0 39.984 
2.032 0.673 180.0 32.274 
2.173 0.720 140.0 25.102 
2.313 0.766 106.0 19.006 
2.454 0.813 74.5 13.358 
2.595 0.859 51.5 9.234 
2.736 0.906 35.0 6.275 
2.876 0.953 23.0 4.124 
3.017 0.999 15.5 2.779 
3.158 1.046 10.0 1.793 
3.299 1.092 6.5 1.165 
3.439 1.139 4.0 0.717 
3.580 1.186 3.0 0.538 
3.721 1.232 2.5 0.448 
3.861 1.279 1.8 0.323 
4.002 1.325 1.0 0.179 
4.284 1.419 0.0 0.000 

, 



TABLE A.2.5 

tc: 
(sec) 

29.40 
31.50 
33.00 
34.50 
36.00 
37.50 
39.00 
40.50 
42.00 
43.50 
45.00 
46".50 
48.00 
49.50 
51.00 
52.50 
54.00 

TABLE A.2.6 

tc: 
(sec) 

28.20 
29.10 
30.60 
32.10 
33.60 
35.10 
36.60 
38.10 
39.60 
41.10 
42.60 
44.10 
45.60 
47.10 
48.60 

Retention Time~Height Data forn-Pentane" 
at 226.91°C and 0.4 pI with Hydrogen 

Vg (Vg/RTc:)x10 7 c(t) p 
(cm::::) (gmol/g mmHg) (mm) (mmHg) 

1.235 0.396 223.0 43.239 
1. 451 0.465 181. 0 35.095 
1.606 0.515 132.0 25.594 
1.760 0.564 96.0 18.614 
1.914 0.613 6.5 . 0 12.603 
2.069 0.663 42.0 8.144 
2.223 0.712 29.0 5.623 
2.377 0.762 17.0 3.296 
2.532 0.811 10.0 1.939 
2.686 0.861 7.0 1.357 
2.841 0.910 4.0 0.776 
2.995 0.960 3.0 0.582 
3.149 1.009 2.0 0.388 
3.304 1.059 1.5 0.291 
3.458 1.108 1.0 0.194 
3.612 1.158 0.5 0.097 
3.767 1.207 0.0 0.000 

Retentipn Time-Height Data for n-Peritane 
at 234.94°C and 0.4 pI with Hydrogen 

Vg (VgJRTc;)xl0 7 c(l) p 
(cm::::) (gmol/g mmHg) (rom) (mmHg) 

1.193 0.376 124.0 44.716 
1. 286 0.406 119.0 42.913 
1.440 0.454 100.0 36.062 
1. 593 0.503 77.0 27.767 
1.747 0.551 54.0 19.473 
1.901 0.600 36.0 12.982 
2.055 0.648 24.0 8.655 
2.208 0.697 14.0 5.049 
2.362 0.745 9.0 3.246 
2.516 0.794 6.0 2.164 
2.670 0.842 3.5 1.262 
2.824 0.893 2.0 0.721 
2.977 0.939 1.0 0.361 
3.131 0.988 0.5 0.180 
3.285 1.036 0.0 0.000 
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TABLE A.2.7 

tc: 
(sec) 

60.60 
63.60 
65.10 
68.10 
69.60 
71.10 
74.10 
75.60 
78.60 
81. 60 
83.10 
84'.60 
86.10 
87.60 
92.10 
95.10 

TABLE A.2.8 

tc: 
(sec) 

47.40 
49.05 
50.55 
52.05 
53.55 
56.55 
58.05 
61.05 
62.55 
64.05 
65.55 
67.05 
68.55 
70.05 
71.55 
73.05 
74.55 

Retention Time-Height Data for n-Pentane 
at 186.17=C and 0.4 pI with Helium 

Vg (Vg/RTc:)xl0 7 c(l) p 
(cm3 ) (gmollg mmHg) (mm) (mmHg) 

2.823 0.985 143.0 32.311 
3.040 1.061 125.0 28.244 
3.149 1.099 108.0 24.403 
3.366 1.174 72.0 16.268 
3.474 1.212 5,6.0 12.653 
3.583 1.250 42.5 9.603 
3.800 1.326 24.0 5.·423 
3.909 1.364 17;5 3.954 
4.126 1.439 9.5 2.147 
4.343 1.515 5.5 1.243 
4.451 1.553 4.0 0.904 
4.560 1.591 3.0 0.678 
4.669 1.629 2.5 0.565 
4.777 1.667 2.0 0.452 
5.103 1.780 1.0 0.226 
5.320 1.856 0.0 0.000 

Retention Time-Height Data for n-Pentane 
at 198.00=C and 0.4 pI with Helium 

Vg (Vg/RTc:)xl0 7 c(l) p 
(cm3 ) (gmol/g mmHg) (mm) (mmHg) 

2.335 0.794 151.2 35.359 
2.470 0.840 145.0 33.909 
2.593 0.882 124.0 28.998 
2.715 0.924 100.0 23.386 
2.838 0~965 76.0 17.773 
3.084 1.049 41.0 9.588 
3.207 1.091 29.0 6.782 
3.453 1.174 14.0 3.274 
3.576 1. 216 10.0 2.339 
3.698 1.258 7.0 1.637 
3.821 1.300 5.0 1.169 
3.944 1.342 3.0 0.702 
4.067 1.383 2.1 0.491 
4.190 1.425 1.5 0.351 
4.313 1.467 1.0 0.234 
4.436 1.509 0.5 0.117 
4.559 1.551 0.0 0.000 
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TABLE A.2.9 Ret.ent.ion Time-Height Data for n-Pentane 
at 205.62°C and 0.4 pI with Helitim 

toe:: Vg (Vg/RTc:)x10 7 c(t) p 
(sec) (cm::!') (gmoI/g mmHg) (mm) (mmHg) 

45.00 2.007 0.672 169.5 36.393 
45.90 2.077 0.696 166.0 35.641 
47.40 2.194 0.735 150.0 32.206 
48.90 2.311 0.774 126.0 27.053 
50.40 2.428 0.813 101.0 21.685 
51.90 2.544 0.852 78.0 16.747 
53.40 2.661 0.891 59.0 12.668 
54.90 2.778 0.930 43.0 9.232 
56.40 2.894 0.969 31.0 6.656 
57.90 3.011 1.008 22.5 4.831 
59.40 3.128 1.047 16.0 3.435 
60,.90 3.245 1.086 11.0 2.362 
62.40 3.361 1.125 8.0 ' 1. 718 
63.90 3.478 ~.164 6.0 1.288 
65.40 3.595 1.203 4.0 0.859 
66.90 3.711 1.243 3.0 0.644 
68.40 3.828 1.282 2.0 0.429 
72.90 4.178 1.399 1.0 0.215 
80.40 4.762 1.594 0.0 0.000 

'TABLEA.2.10 Retention Time-Height Data for n-Pentane 
at 211.12°C and 0.4 pI with Helium 

tc: Vg (Vg IRTc: )xl 07 c(t) p 
(sec) (cm3 ) (gmol/g mmHg) (mm) (mmHg) 

43.20 1.976 0.654 168.5 35.626 
44.73 2.101 0.695 155.0 32.772 
46.23 2.223 0.736 132.0 27.909 
49.23 2.467 0.816 83.0 17.549 
50.73 2.589 0.857 65.0 13.743 
52.23 2.711 0.897 48.0 10.149 
55.23 2.955 0.978 26.0 5.497 
56.73 3.077 1.018 19.0 4.017 
58.23 3.199 1.059 14.0 2.960 
59.73 3.321 1.099 10.0 2.114 
61.23 3.443 1.139 7.5 1.586 
62.73 3.565 1.180 5.5 1.163 
64.23 3.687 1.220 4.5 0.951 
67.23 3.931 1 .301 3.0 0.634 
68.73 4.053 1.341 2.5 0.529 
70.23 4.175 1.382 2.0 0.423 
80.23 4.988 1.651 0.0 0.000 
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TABLE A.2.11 Retention Time-Height Data for n-Pentane 
at 218.18°C and 0.4 pI with Helium 

tc: Vg (Vg/RTc ):x:107' e(t) p 
(sec) (em::!') (gmollg mmHg) (mm) (mmHg) 

40.80 1.849 0.603 182.5 37.172 
43.20 2.044 0.667 155.0 31.571 
44.70 2.166 0.706 126.0 25.664 
47.70 2.409 0.786 72.0 14.665 
49.20 2.531 0.825 53.0 10.795 
52.20 2.774 0.905 '27.5 5.601 
53.70 2.896 0.945 20.0 4.074 
55.20 3.018 0.984 14.0 2.852 
58.20 3.261 1.064 8 .. 0 1.629 
59.70 3.383 1.103 6.0 1.222 
62.70 3.626 1.183 3.5 0.713 
64.20 3.748 1.222 3.0 0.611 
65.70 3.869 1.262 2.5 0.509 
67.20 3.991 1.302 2.0 0.407 
70.20 4.234 1.381 1.5 0.306 
74.70 4.599 1.500 1.0 0.204 
77.70 4.843 1.580 0.0 0.000 

TABLE A.2.12 Retention Time-Height Data for n-Pentane 
at 225".45°C and 0.4 pI with Helium 

tc Vg (Vg/RTc:)x107' e(t) p 
(sec) " (em::!') (gmollg mmHg) (mm) (mmHg) 

35.40 1.584 0.509 182.5 39.944 
36.75 1.707 0.549 170.0 37.208 
38.25 1.843 0.592 140.0 30.642 
39.75 1.980 0.636 103.0 22.544 
41.25 2.116 0.680 73.0 15.978 
42.75 .2.253 0.724 50.0 10.944 
44.25 2.389 0.768 34.0 7.442 
45.75 2.526 0.812 23.0 5.034 
47.25 2.662 0.856 15.0 3.283 
48.75 2.799 0.900 10.0 2.189 
50.25 2.936 0.944 7.0 1. 532 
51.75 3.072 0.987 4.0 0.875 
53.25 3.209 1.031 3.0 0.657 
54.75 . 3.345 1.075 2.0 0.438 
56.25 3.482 1 .119 1.5 0.328 
57.75 3.618 1.163 1.0 0.219 
62.25 4.028 1.295 0.0 0.000 
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TABLE A.2.13 Retention Time-Height Data lor n-Pentane 
at 230.75°C and 0.4 pI with Helium 

tc: Vg ( V gIRT c: ):x 1 0 '7 c(t) p 
(sec) (em:::-) (gmol/g mmHg) (mm) (mmHg) 

34.80 1.246 0.396 192.5 40.090 
37.50 1.462 0.465 158.0 32.905 
39.00 1.582 0.503 124.0 25.824 
40.50 1.702 0.541 93.0 19.368 
42.00 1.822 0.579 '67.0 13.954 
43.50 1.941 0.617- 48.0 9.997 
46.50 2.181 0.694 23.0 4.790 
48.00 2.301 0.732 16.0 3.332 
49.50 2.421 0.770 11.5 2.395 
51.00 2.541 0.808 8.0 1.666 
52.50 2.661 0.846 5.5 1.145 
54.00 2.780 0.884 4.0 0.833 
55.50 2.900 0.922 3.0 0.625 
57.00 3.020 0.960 2.5 0.521 
58.50 3.140 0.999 1.5 0.312 
60.00 3.260 1.037 1.0 0.208 
63.00 3.499 1.113 0.0 0.000 

TABLE A.2.14 Retenlion Time-Height Data lor n-Pentane 
at 235.29Q C and 0.4 pI with Helium 

tc: Vg (Vg/RTc;):x10'7 c(t) p 
(sec) (em:::-) (gmol/g mmHg) (mm) (mmHg) 

34.20 1.373 0.433 202.0 41. 674 
35.10 1.449 0.457 195.0 40.229 
36.60 1.577 0.497 166.0 34.247 
38.10 1.704 0.537 122.0 25.169 
39.60 1.831 0.577 90.0 18.567 
41.10 1. 958 0.617 63.0 12.997 
42.60 2.085 0.657 43.0 8.871 
44.10 2.212 0.697 29.0 5.983 
45.60 2.339 0.737 20.0 4.126 
47.10 2.467 0.777 13.0 2.682 
48.60 2.594 0.818 9.0 1.857 
50.10 2.721 0.858 6.0 1.238 
51. 60 2.848 0.898 4.0 0.825 
53.10 2.975 0.938 3.0 0.619 
54.60 3.102 0.978 2.0 0.413 
57.60 3.357 1.058 1.0 0.206 
62.10 3.738 1.178 0.0 0.000 
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TABLE A.2.15 Retention Time~Height Data for n-Pentane 
at 185.71°C and 0.8 ~l with Helium 

tc:: Vg (Vg/RTc ):xl0 7 c(t) p 
(sec) (cm~) (gmol/g mmHg) (mm) (mmHg) 

51.00 2.546 0.889 132.0 63.738 
53.25 2.726 0.952 111. 0 53.598 
54.75 2.846 0.994 96.0 46.355 
57.75 3.086 1.078 67.0 32.352 

~ 

59.25 3.207 1.120 53.0 25.592 
62.25 3.447 1.204 22.0 10.623 
63.75 3.567 1.246 16.0 7.726 
66.75 3.807 1.330 8.0 3.863 
68.25 3.927 1.372 6.0 2.897 
69.75 4.047 ' 1.413 4.5 2.173 
71.25 4.167 1.455 3.0 1.449 
72.75 4.287 1. 497 2.5 1.207 
74.25 4.407 1.539 2.0 0.966 
75.75 4.528 1.581 1.5 0.724 
78.75 4.768 1.665 1.0 0.483 
92.25 5.849 2.043 0.0 0.000 

TABLE A.2.16 Retention Time-Height Data for n-Pentane 
at 197.08°C and 0.8 ~l with Helium 

tc Vg (Vg/RTc;):xl0" c (t) p 
(sec) (cm~) (gmol/g mmHg) (mm) (mmHg) 

. 44.40 1.999 0.681 135.0 65.391 
45.45 2.082 0.710 132.0 63.938 
46.95 2.201 0.750 120.5 58.368 
48.45 2.320 0.791 104.0 50.376 
49.95 2.439 0.831 87.0 42.141 
51.45 2.558 0.872 69.0 33.422 
52.95 2.677 0.912 53.0 25.672 
54.45 2.796 0.953 39.0 18.891 
55.95 2.915 0.994 28.0 13.563 
57.45 3.034 1.034 20.0 9.688 
58.95 3.153 1.075 14.5 7.024 
60.45 3.272 1.115 10.0 4.844 
61.95 3.391 1.156 7.0 3.391 
63.45 3.510 1.196 5.0 2.422 
64.95 3.629 1.237 4.0 1.938 
67.95 3.867 1.318 2.0 0.969 
70.95 4.105 1.399 1.0 0.484 
79.95 4.819 1.642 0.0 0.000 
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TABLE A.2.17 Retention Time-Height Data for n-Pentane 
at 203.37~C and 0.8 pI with Helium 

tc::: Vg (Vg/RTc:):xl0?' c(t) p 
(sec) (cm::!:) (gmol/g mmHg) (mm) (mmHg) 

43.80 1.743 0.586 138.5 61.072 
46.80 1.973 0.663 120.0 52.914 
48.30 2.087 0'.702 104.0 45.859 
51.30 2.317 0.779 73.0 32.190 
52.80 2.432 0.818 ,c.60.0 26.457 
55.80 2.661 0.895 38.0 16.756 
57.30 2.776 0.933 30.0 13.229 
60.30 3.005 1. 011 17.0 7.496 
61.80 3.120 1.049 13.0 5.732 
63.30 3.234 1.088 10.0 4.410 
64.80 3.349 1.126 7.0 3.087 
6'6.30 3.464 1.165 5.0 2.205 
67.80 3.579 1. 203 4.0 1.764 
70.80 3.808 1. 281 2.5 1.102 
73.80 4.037 1.358 1.5 0.661 
75.30 4.152 1.396 1.0 0.441 
78.30 4.381 1.474 0.0 0.000 

TABLE A.2.18 Retent~on Time-Height Data for n-Pentane 
at 210.08~C and 0.8,pl with Helium 

tc::: Vg (Vg/RTc::):xl0?' c(t) p 
(sec) (cm::!:) (gmol/g mmHg) (mm) (mmHg) 

40.20 1.600 0.530 147.5 68.547 
42.15 1. 751 0.579 136.0 63.203 
43.65 1.867 0.618 120.0 55.767 
45.15 1. 983 0.656 101. 0 46.938 
413.15 2.215 0.733 63.0 29.278 
49.65 2.331 0.771 48.0 22.307 
52.65 2.563 0.848 27.0 12.548 
54.15 2.679 0.886 19.5 9.062 
57.15 2.910 0.963 10.5 4.880 
60.15 3.142 1.040 5.5 2.556 
61.65 3.258 1.078 4.0 1.859 
64.65 3.490 1.155 2.5 1.162 
66.15 3.606 1.193 1.5 0.697 
69.15 3.838 1.270 1.0 0.465 
72.15 4.070 1.347 0.5 0.232 
76.65 4.418 1.462 0.0 0.000 
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TABLE A.2.19 Relenlion Time-Heighl Dala for n-Penlane 
at 218.14°C and 0.8 ~l wilh Helium 

lc:: Vg (Vg/RTc::):x1o'7 eCl) p 
(sec) Cern::!') (gmol/g mmHg) (mm) (mmHg) 

38.40 1.592 0.519 165.0 69.257 
40.20 1.733 0.565 155.0 65.059 
41.70 1.850 0.603 138.0 57.924 
43.20 1.967 0'.642 116.0 48.690 
46.20 2.201 0.718 ,,71.0 29.801 
47.70 2.318 0.756 52.5 22.036 
49.20 2.435 0.794 38.0 15.950 
52.20 2.670 0.871 19.5 8.185 
53.70 2.787 0.909 14.0 5.876 
55.20 2.904 0.947 10.0 4.197 
56.70 3.021 0.985 7.0 2.938 
58.20 3.138 1.024 5.0 2.099 
59.70 3.255 1.062 4.0 1.679 
61.20 3.372 1.100 3.0 1.259 
64.20 3.606 1.176 1.5 0.630 
75.70 4.504 1.469 1.0 0.420 
86.20 5.324 1.737 0.0 0.000 

TABLE A.2.20 Relenlion Time-Heighl Dala for n-Penlane 
al 225'.52e>C and 0.,8 ~l wilh Helium 

lc:: Vg (Vg/RTc:):x107 eel) p 
(sec) (em::!') (gmol/g mmHg) (mm) (mmHg) 

32.40 1.277 0.410 165.5 73.499 
33.90 1. 410 0.453 154.0 68.392 
35.40 1.543 0.496 132.0 58.622 
36.90 1.676 0.539 105.0 46.631 
39.90 1.942 0.624 55.0 24.426 
41.40 2.075 0.667 37.0 16.432 
42.90 2.208 0.710 25.0 11.103 
44.40 2.341 0.752 16.5 7.328 
47.40 2.607 0.838 7.0 3.109 
48.90 2.740 0.881 5.0 2.221 
50.40 2.873 0.923 3.5 1.554 
51.90 3.007 0.966 2.5 1.110 
53.40 3.140 1.009 2.0 0.888 
54.90 3.273 1.052 1.5 0.666 
56.40 3.406 1.094 l.0 0.444 
57.90 3.539 1.137 0.5 0.222 
62.40 3.938 1.265 0.0 0.000 

94 



TABLE A.2.21 Retention Time-Height Data for n-Pentane 
at 230.75°C and 0.8 pI with Helium 

tc: Vg (Vg/RTc:):x10'7 c(t) p 
(sec) (em::::) (gmoI/g mmHg) (mm) (mmHg) 

32.40 1.065 0.339 168.5 74.193 
35.70 1.331 0.423 135. O· 59.442 
37.20 1.452 0.462 108.0 47.554 
38.70 1.573 0.500 81.0 35.665 
40.20 1.695 0.539 6'0.0 26.419 
41.70 1.816 0.577 42.0 18.493 
44.70 2.058 0.654 20.0 8.806 
46.20 2.179 0.693 13.5 5.944 
47.70 2.300 0.731 9.0 3.963 
49.20 2.421 0.770 6.0 2.642 
50.70 2.542 0.808 4.0 1.761 
52.20 2.663 0.847 3.0 1.321 
53.70 2.784 0.885 2.0 0.881 
55.20 2.905 0.924 1.5 0.660 
56.70 3.026 0.962 1.0 0.440 
59.70 3.268 1.039 0.5 0.220 
62.70 3.510 1.116 0.0 0.000 

TABLE A.2.22 Retenlfon Time-Height Data for n-Pentane 
at 235.21°C and 0.8 pI with Helium 

tc: Vg (Vg/RTr;:;.):xl0'7 cet) p 
(sec) (em:::;) (gmoI/g J!lIilHg) (mm) (mmHg) 

30.60 0.953 0.300 173.0 79.257 
33.00 1 .143 0.360 150.0 68.720 
34.50 1.262 0.398 122.0 55.892 
36.00 1.381 0.435 92.0 42.148 
37.50 1.500 0.473 65.0 29.779 
39.00 1. 619 0.510 44.0 20.158 
40.50 1.738 0.548 30.0 13.744 
42.00 1.857 0.585 19.0 8.705 
43.50 1.977 0.623 13.0 5.956 
45.00 2.096 0.660 8.0 3.665 
46.50 2.215 0.698 5.0 2.291 
48.00 2.334 0.736 3.5 1.603 
49.50 2.453 0.773 2.0 0.916 
51.00 2.572 0.811 1.5 0.687 
52.50 2.691 0.848 1.0 0.458 
54.00 2.810 0.886 0.5 0.229 
55.50 2.929 0.923 0.0 0.000 
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TABLE A.2.23 Retention Time-Height Data for n-Hexane 
at 187.39Q C and 0.4 ~l with Hydrogen 

tc: Vg (Vg/RTc )x107 e(t) p 
(sec) Ccm3 ) (gmol/g mmHg) (mm) (mmHg) 

74.40 5.470 1.903 138.0 25.604 
76.20 5.646 1.965 130.0 24.119 
77.70 5.793 2.016 120.0 22.264 
79.20 5.940 2.067 106.0 19.667 
80.70 6.087 2.118 91. 0 16.884 
83.70 6.381 2.221 64.0 11.874 
85.20 6.528 2.272 52.0 9.648 
86.70 6.675 2.323 41.0 7.607 
88.20 6.822 2.374 32.0 5.937 
89.70 6.969 2.425 24.5 4.546 
91.20 7.117 2.476 13.0 2"412 
92.70 7.264 2.528 9.0 1.670 
94.20 7.411 2.579 6.0 1.113 
95.70 7.558 2.630 4.0 0.742 
97.20 7.705 2.681 3.0 0.557 
98.70 7.852 2.732 1.0 0.186 

101.70 8.146 2.835 0.0 0.000 

TABLE A.2.24 Retention Time-Height Data for n-Hexane 
at 204.99c C and 0.4 ~l with Hydrogen 

tc: Vg (Vg/RTc:)xl0 7 c< t) P 
(sec) (cm3 ) (gmol/g mmHg) (mm) (mmHg) 

55.80 3.966 1.329 178.0 28.570 
57.45 4.137 1.387 165.5 26.564 
58.95 4.292 1.438 145.0 23.273 
60.45 4.447 1.490 122.0 19.582 
61. 95 4.602 1. 542 97.0 15.569 
63.45 4.757 1.594 72.5 11.637 
64.95 4.911 1.646 51.5 8.266 
66.45 5.066 1.698 34.0 5.457 
67.95 5.221 1.750 22.0 3.531 
69.45 5.376 1.802 13.0 2.087 
70.95 5.531 1.854 7.5 1.204 
72.45 5.686 1.906 4.0 0.642 
73.95 5.841 1.958 2.0 0.321 
75.45 5.996 2.010 1.0 0.161 
76.95 6.151 2.062 0.0 0.000 
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TABLE A.2.25 Relenlion Time-Height Dala for n-Hexane 
at 210.73c::>C and 0.4 J.ll with Hydrogen 

tc: Vg (Vg/RTc::)xl07 cel) p 
(sec) ( cm::::) (gmol/g mmHg) (mm) (mmHg) 

58.20 3.499 1.159 182.0 28.097 
61.20 3.772 1.249 160.0 24.701 
62.70 3.909 1.295 138.0 21.304 
65.70 4.182 1.385 91.0 14.048 
67.20 4.319 1.430 71.0 10.961 
68.70 4.456 1.476 5'3.0 8.182 
70.20 4.592 1.521 39.0 6.021 
71.70 4.729 1.566 28.0 4.323 
73.20 4.866 1.612 19.0 2.933 
74.70 5.003 1.657 13.0 2.007 
76.20 5.139 1.702 9.0 1.389 
77-.70 5.276 1.747 6.0 0.926 
79.20 5.413 1.793 4.0 0.618 
80.70 5.549 1. 838 3.0 0.463 
82.20 5.686 1.883 2.0 0.309 
83.70 5.823 1.928 1.0 0.154 
85.20 5.959 1. 974 0.0 0.000 

TABLE A.2.26 Retenlion Time-Heighl Data for n-Hexane 
at 226.97=C and 0.4 J.ll with Hydrogen 

tc: Vg (Vg/RTc:)xl07 c(t) p 
(sec) (cm::::) (gmol/g mmHg) (mm) (mmHg) 

42.00 2.503 0.802 199.0 28.086 
43.95 2.706 0.867 175.0 24.699 
45.45 2.863 0.917 141.0 19.900 

" '46.95 3.019 0.967 109.0 15.384 
48.45 3.176 1.018 77.0 10.867 
49.95 3.332 1.068 50.5 7.127 
51. 45 3.489 1.118 32.5 4.587 
52.95 3.645 1.168 21.0 2.964 
54.45 3.801 1.218 14.0 1.976 
55.95 3.958 1.268 8.0 1.129 
57.45 4.114 1.318 5.0 0.706 
58.95 4.271 1.368 3.0 0.423 
60.45 4.427 1.419 1.5 0.212 
61. 95 4.584 1.469 1.0 0.141 
66.45 5.053 1.619 0.0 0.000 
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TABLE A.2.27 Retention Time-Height Data for n-Hexane 
at 234.97°C and 0.4 pI with Hydrogen 

tc: Vg (Vg IRTc: )x1 07 c(t) p 
(sec) (cm:::!:) (gmol/g mmHg) (mm) (mmHg) 

41.40 2.224 0.701 109.0 34.759 
43.65 2.443 0.771 93.0 29.657 
45.15 2.590 0.817 76.0 24.236 
46.65 2.736 0.863 56.0 17.858 
48.15 2.882 0.909 .fo.o 12.756 
49.65 3.029 0.955 27.5 8.770 
51.15 3.175 1.001 17.0 5.421 
52.65 3.321 1.048 12.0 3.827 
54.15 3.468 1.094 7.0 2.232 
55.65 3.614 1.140 4.5 1.435 -
57,.15 3.760 1.186 3.0 0.957 
58.65 3.907 1.232 2.0 0.638 
60.15 4.053 1. 278 1.0 0.319 
64.65 4.492 1. 417 0.0 0.000 
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TABLE A.2.28 Relenlion Time-Heighl Dala for n-Hexane 
at 186.05e e and 0.4 ~l with Helium 

tc: Vg (Vg/RTc:)xl0' c(t) p 
(sec)· (cm~) (gmol/g mmHg) (mm) (mmHg) 

100.20 5.870 2.049 208.5 19.323 
103.20 6.096 2.127 194.0 17.979 
106.20 6.322 2.206 163.5 15.153 
107.70 6.435 2.246 146.0 13.531 
110.70 6.661 2.324 114.0 10.565 
112.20 6.773 2.364 98.0 9.082 
115.20 6.999 2.443 70.0 6.487 
116.70 7.112 2.482 58.5 5.422 
124.20 7.677 2.679 20.0 1.854 
125.70 7.790 2.718 15.5 1. 436 
128.70 8.015 2.797 10.0 0.927 
130.20 8.128 2.837 8.0 0.741 
133.20 8.354 2.915 5.0 0.463 
139.70 8.843 3.086 3.0 0.278 
143.70 9.144 3.191 2.0 0.185 
182.70 12.079 4.216 1.0 0.093 
199.70 13.359 4.662 0.0 0.000 

TABLE A.2.29 Relenlipn Time-Height Data for n-Hexane 
al 197.73e e and 0.4 ~l wilh Helium 

lc: Vg (Vg/RTc:)xl0' c{t) p 
(sec) (cm::::) (gmol/g mmHg) (mm) (mmHg) 

80.40 4.468 1. 520 246.0 23.630 
82.50 4.628 1.574 229.0 21. 997 
84.00 4.742 1. 613 208.0 19.980 
87.00 4.970 1. 691 148.0 14.216 
88.50 5.084 1.729 135.0 12.968 
91.50 5.312 1.807 91.0 8.741 
93.00 5.426 1.846 73.0 7.012 
96.00 5.654 1.923 43.0 4.130 
97.50 5.768 1.962 32.0 3.074 

100.50 5.996 2.040 17.0 1.633 
103.50 6.224 2.117 8.5 0.816 
106.50 6.452 2.195 4.8 0.461 
109.50 6.679 2.272 3.0 0.288 
112.50 6.907 2.350 1'.8 0.173 
117.00 7.249 2.466 1.0 0.096 
127.50 8.047 2.738 0.0 0.000 
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TABLE A.2.30Retention Time-Height Data for n-Hexane 
at 205.59°C and 0.4 ~l with Helium 

tc: Vg (Vg IRTc:. )x1 0'7 e(t) p 
(sec) (em::!:) (gmol/g mmHg) (mm) (mmHg) 

71.40 4.083 1.367 143.5 22.674 
74.70 4.347 1.455 122.0 19.277 
76.20 4.467 1.495 107.0 16.907 
79.20 4.707 1.576 75.0 11. 850 
80.70 4.827 1.616 60.0 9.480 
82.20 4.947 1. 656 47.0 7.426 
83.70 5.068 1.696 35.0 5.530 
85.20 5.188 1.737 26.0 4.108 
86.70 5.308 1.777 18.0 2.844 
88.20 5.428 1.817 13.0 2.054 
89.70 5.548 1.857 8.5 1.343 
91.20 5.668 1.897 6.0 0.948 
92.70 5.788 1.938 4.0 0.632 
94.20 5.908 1. 978 2.5 0.395 
95.70 6.028 2.018 2.0 0.316 
97.20 6.148 2.058 1.0 0.158 

104.70 6.749 2.259 0.0 0.000 

TABLE A.2.31 Retenti.on Time-Height Data for n-Hexane 
at 211.11°C and 0.4 ~l with Helium 

tc:. Vg (Vg/RTc:)xl0'7 e(t) p 
(sec) (em::!') (gmol/g mmHg) (rom) (mmHg) 

67.80 3.689 1.221 146.5 27.621 
71.40 3.969 1.313 120.0 22.624 
72.90 4.085 1.352 103.0 19.419 
74.40 4.202 1.391 85.5 16.120 
77.40 4.436 1.468 54.0 10.181 
78.90 4.552 1.507 41.0 7.730 
80.40 4.669 1.545 30.0 5.656 
81.90 4.786 1.584 21.5 4.054 
83.40 4.903 1.622 15.0 2.828 
84.90 5.019 1.661 10.5 1.980 
86.40 5.136 1.700 7.0 1.320 
87.90 5.253 1.738 5.0 0.943 
89.40 5.369 1.777 3.5 0.660 
90.90 5.486 1.816 2.5 0.471 
92.40 5.603 1.854 2.0 0.377 
96.90 5.953 1.970 1.0 0.189 

113.40 7.237 2.395 0.0 0.000 
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TABLE A.2.32 Retention Time-Height Data for n-Hexane 
at 218.17~C and 0.4 pI with Helium 

tc: Vg ( V giRT c: ) xl 0 '7 c(t) p 
(sec) (cm:::!') (gmollg mmHg) (mm) (mmHg) 

60.60 3.296 1.075 160.0 29.282 
62.85 3.479 1.135 145.0 26.537 
64.35 3.601 1.175 127.5 23.334 
65.85 3.723 1.214 106.0 19.399 
67.35 3.845 1.254 84.0 15.373 
68.85 3.967 1.294 64.0 11.713 
70.35 4.089 1.334 49.0 8.968 
71.85 4.211 1.374 31.0 5.673 
73.35 4.334 1.413 22.0 4.026 
74.85 4.456 1.453 14.0 2.562 
76.35 4.578 1.493 9.5 1.739 
77.85 4.700 1.533 6.0 1.098 
79.35 4.822 1. 573 4.0 0.732 
80.85 4.944 1.613 2.5 0.458 
83.85 5.188 1.692 1.0 0.183 

101.85 6.653 2.170 0.0 0.000 

TABLE A.2.33 Retention Time-Height Data for n-Hexane 
at 225.64QC and 0.4 pI with Helium 

tc: Vg (Vg/RTc:)x10'7 c{t) p 
(sec) (cm::!!') (gmollgmmHg) (mm) (mmHg) 

58.20 2.831 0.910 166.0 31.478 
60.00 2.968 0.954 156.0 29.582 
61. 50 3.082 0.990 137.0 25.979 
63.00 3.197 1.027 116.0 21.997 
64.50 3.311 1.064 94.0 17.825 
66.00 - 3.425 1.100 72.0 13.653 
67.50 3.539 1.137 52.0 9.861 
69.00 3.653 1.174 37.2 7.054 
70.50 3.767 1.210 26.0 4.930 
72.00 3.882 1.247 18.0 3.413 
73.50 3.996 1.284 12.0 2.276 
75.00 4.110 1.320 8.0 1.517 
76.50 4.224 1.357 5.0 0.948 
78.00 4.338 1.394 3.5 0.664 
79.50 4.452 1.430 2.2 0.417 
82.50 4.681 1.504 1.0 0.190 
88.50 5.137 1.651 0.0 0.000 
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TABLE A.2.34 Retention Time-Height Data for n-Hexane 
at 230.82c C and 0.4 pI with Helium 

tc: Vg (Vg/RTc:)xl07 c(t) p 
(sec) (cm::::') (gmol/g mmHg) (mm) (mmHg) 

52.20 2.528 0.804 170.5 31.890 
53.25 2.613 0.831 164.0 30.674 
54.75 2.735 0.870 147.0 27.494 
56.25 2.856 0.908 122.0 22.818 
57.75 2.978 0.947 96.0 17.955 
59.25 3.099 0.986 72.0 13.467 
60.75 3.221 1.024 51.0 9.539 
62.25 3.342 1.063 35.0 6.546 
63.75 3.464 1 .101 24.0 4.489 
65.25 3.585 1.140 15.0 2.806 
66.75 3.707 1.179 10.5 1.964 
68.25 3.828 1.217 7.0 1.309 
69.75 3.950 1.256 4.5 0.842 
71.25 4.072 1.295 2.8 0.524 
72.75 4.193 1.333 2.0 0.374 
74.25 4.315 1.372 1.1 0.206 
92.25 5.773 1.836 0.0 0.000 

TABLE A.2.35 Retention Time-Height Data for n-Hexane 
at 235.31~C and 0.4 pI with Helium 

tc: Vg (Vg IRTc: he1 07 c(t) p 
(sec) (cm!3) (gmol/g mmHg) (mm) (mmHg) 

50.40 2.485 0.783 171.5 32.435 
51.90 2.605 0.821 161.0 30.449 
53.40 2.726 0.859 139.0 26.289 
54.90 2.847 0.897 111. 0 20.993 
56.40 2.967 0.935 85.0 16.076 
57.90 3.088 0.973 62.0 11.726 
59.40 3.208 1.011 42.0 7.943 
60.90 3.329 1.049 30.0 5.674 
62.40 3.450 1.087 20.0 3.783 
63.90 3.570 1.125 13.8 2.610 
65.40 3.691 1.163 9.0 1.702 
66.90 3.812 1.201 6.0 1.135 
68.40 3.932 1.239 4.0 0.757 
69.90 4.053 1.277 3.0 0.567 
71.40 4.173 1.315 2.0 0.378 
74.40 4.415 1.391 1.0 0.189 
89.40 5.621 1.772 0.0 0.000 
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TABLE A:2.36 Relention Time-Height Data for n-Hexane 
at 185.81°C and 0.3 pI- with Helium 

tc: Vg eVg/RTc:)xl07 eet) p 
(sec) (em~) (gmollg mmHg) (mm) (mmHg) 

91.20 5.436 1.898 186.0 34.837 
93.90 5.647 1.972 174.0 -32.589 
95.40 5.764 2.013 162.5 30.435 
98~40 5.999 2.095 138.0 25.847 
99.90 6.116 2.135 126.0 23.599 

102.90 6.350 2.217 101.0 18.917 
104.40 6.467 2.258 90.0 16.856 
107.40 6.701 2.340 69.5 13.017 
108.90 6.819 2.381 60.0 11. 238 
111.90 7.053 2.463 43.5 8.147 
113.40 7.170 2.504 36.0 6.743 
116.40 7.404 2.585 24.0 4.495 
120.90 7.756 2.708 11.0 2.060 
123.90 7.990 _ 2.790 7.0 1. 311 
129.90 8.459 2.954 2.0 0.375 
132.90 8.693 3.035 1.0 0.187 
141.90 9.396 3.281 0.0 0.000 

TABLE A.2.37 Retention Time-Height Data for n-Hexane 
at 196.99°C and 0.8 pI with Helium 

tc: Vg (Vg/RTc )xl07 c< t) p 
(sec) (cm~) (gmol/g mmHg) (mm) (mmHg) 

75.00 4.148 1.414 108.5 40.941 
77.70 4.357 1.485 101.5 38.299 
79.20 4.474 1.525 94.0 35.469 
82.20 4.707 1.604 76.5 28.866 
83.70 4.823 1.644 67.5 25.470 
86.70 5.056 1.724 52.0 19.621 
88.20 5.173 1.763 44.0 16.603 
91.20 5.406 1.843 30.5 11.509 
92.70 5.522 1.882 25.0 9.433 
94.20 5.639 1.922 20.0 7.547 
95.70 5.755 1.962 15.0 5.660 
97.20 5.872 2.002 11.0 4.151 

100.20 6.105 2.081 6.0 2.264 
101.70 6.221 2.121 4.0 1. 509 
103.20 6.338 2.160 3.0 1.132 
109.20 6.804 2.319 1 .0 0.377 
110.70 6.920 2.359 0.0 0.000 
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TABLE A.2.38 Retention Time-Height Data for n-Hexane 
at 203.35=C and 0.8 ~l with Helium 

tc: Vg (Vg J RTc: )xl 0' cel) p 
(sec) Ccm=:!') (gmol/g mmHg) (mm) (mmHg) 

67.20 3.682 1.238 115.5 45.105 
70.20 3.916 1.317 105.0 41.004 
73.20 4.151 1.396 85.0 33.194 
74.70 4.268 1.435 75.0 29.289 
76.20 4.385 1.475 65.0 25.384 
79.20 4.620 1.554 46.0 17.964 
80.70 4.737 1.593 38.0 14.840 
82.20 4.855 1.633 30.0 11.715 
83.70 4.972 1.672 24.0 9.372 
85.20 5.089 1 .712 18.0 7.029 
86.70 5.206 1.751 13.0 5.077 
88.20 5.324 1.790 9.5 3.710 
89.70 5.441 1.830 6.5 2.538 
92.70 5.675 1.909 3.0 1.172 
94.20 5.793 1.948 2.0 0.781 
98.70 6.144 2.066 1.0 0.391 

106.20 6.731 2.264 0.0 0.000 

TABLE A.2.39 Retention Time-Height Data for n-Hexane 
al 211.07°C and 0.8 ~l with Helium 

tc: Vg (Vg IRTc: )xl 0' c(l) p 
(sec) (em=:!') Cgmollg mmHg) (mm) (mmHg) 

64.20 3.447 1.141 245.5 46.245 
67.50 3.707 1.227 197.0 37.109 
69.00 3.825 1.266 175.0 32.965 
72.00 4.061 1.344 130.0 24.488 
73.50 4.179 1.383 108.0 20.344 
76.50' 4.415 1.461 70.0 13.186 
78.00 4.533 1.500 54.0 10.172 
81.00 4.769 1.578 30.5 5.745 
82.50 4.887 1.618 22.0 4.144 
84.00 5.005 1.657 15.5 2.920 
85.50 5.123 1. 696 11.0 2.072 
87.00 5.242 1.735 8.0 1.507 
90.00 5.478 1. 813 4.0 0.753 
91.50 5.596 1.852 3.0 0.565 
94.50 5.832 1.930 1.8 0.339 
99.00 6.186 2.047 1 .0 0.188 

108.00 6.894 2.282 0.0 0.000 
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TABLE A.2.40 Retention Time-Height Da~a for n-Hexane 
at 218.16c C and 0.8 ~l with Helium 

tc: Vg (Vg/RTc:; )xl 07 eet) p 
(sec) (em::!:) (gmol/g mmHg) (mm) (mmHg) 

55.80 2.919 0.952 135.5 51.669 
57.90 3.091 1.008 116.0 44.234 
59.40 3.213 1.048 101 .0 38.514 
60.90 3.336 1.088 87.0 33.175 
62.40 3.459 1.128 '72.5 27.646 
63.90 3.581 1.168 59.0 22.498 
65.40 3.704 1.206 46.0 17.541 
66.90 3.827 1.248 35.0 13.346 
68.40 3.949 1.288 25.5 9.724 
69.90 4.072 1.328 17.5 6.673 
71.40 4.194 1.368 12.0 4.576 
72.90 4.317 1.408 7.5 2.860 
74.40 4.440 1.448 5.0 1.907 
75.90 4.562 1.488 3.0 1.144 
77.40 4.685 1.528 2.0 0.763 
80.40 4.930 1. 608 1.0 0.381 
89.40 5.666 1.848 0.0 0.000 

TABLE A.2.41 Retention Time-Height Data for n-Hexane 
at 225.49°C and 0.8 ~l with Helium 

lc: Vg (Vg IRTc:; )x1 07 c(l) p 
(sec) (cm::!:) (gmol/g mmHg) (mm) (mmHg) 

51.00 2.437 0.783 138.5 54.288 
53.85 2.669 0.858 124.0 48.605 
55.35 2.790 0.897 110.0 43.117 
56.85 2.912 0.936' 93.0 36.454 
58.35 3.034 0.975 78.0 30.574 
59.35 3.115 1. 001 62.0 24.302 
61.35 3.278 1.053 48.0 18.815 
62.85 3.400 1.093 35.0 13.719 
64.35 3.522 1.132 25.0 9.799 
65.85 3.643 1 .171 17.0 6.664 
67.35 3.765 1.210 11.0 4.312 
68.85 3.887 1.249 7.0 2.744 
'70.35 4.009 1.288 4.0 1.568 
71.85 4.131 1.328 2.5 0.980 
74.85 4.375 1.406 1.0 0.392 
79.35 4.740 1.523 0.0 0.000 
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TABLE A.2.42 Retention Time-Height Data forn-Hexane 
at 230.83QC and 0.8 ~l with Helium 

tc Vg (Vg/RTc:::)x10 7 c(l) p 
(sec) (cm:;!:) (gmol/g mmHg) (mm) (mmHg) 

48.60 2.212 0.703 141.0 55.201 
51.00 2.404 0.764 129.0 50.503 

·52.50 2.524 0.803 114.0 44.630 
54.00 2.645 0.841 98.0 38.366 
55.50 2.765 0.879 80.0 31.320 
57.00 2.885 0.917 64.0 25.056 
58.50 3.005 0.956 49.0 19.183 
60.00 3.125 0.994 36.0 14.094 
61. 50 3.246 1.032 25.0 9.787 
63.00 3.366 1.070 18.0 7.047 
64.50 3.486 1.108 12.0 4.698 
66.00 3.606 1.147 7.5 2.936 
67.50 3.726 1.185 5.0 1. 957 
69.00 3.847 1,.223 3.0 1.174 
70.50 3.967 1.261 2.0 0.783 
73.50 4.207 1.338 1.0 0.391 
84.00 5.049 1.605 0.0 0.000 

TABLE A.2.43 Retention Time-Height Data for n-Hexane 
at 235.21QC and 0.8 ~l with Helium 

tc: Vg (Vg/RTc::)xl07 c(t) p 
(sec) (cm=:!') (gmol/g mmHg) (mm) (mmHg) 

46.20 2.081 0.656 141.5 57.200 
48.00 2.221 0.700 137.0 55.381 
49.50 2~338 0.737 122.0 49.317 
51.00 2.455 0.774 104.0 42.041 
52.50 2.572 0.811 85.5 34.562 
54.00 2.689 0.848 67.0 27.084 
55.50 2.806 0.885 50.0 20.212 
57.00 2.923 0.921 36.0 14.553 
58.50 3.040 0.958 24.5 9.904 , 
60.00 3.157 0.995 15.5 6.266 
61. 50 3.274 1 .. 032 10.0 4.042 
63.00 3.390 1.069 6.5 2.628 
64.50' 3.507 1.106 3.5 1.415 
66.00 3.624 1.143 2.2 0.889 
67.50 3.741 1.179 1.1 0.445 
76.50 4.443 1.401 0.0 0.000 
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TABLE A.2.44 Retention Time-Height Data for n-Heptane 
at 185.24°C and 0.2 pI with Helium 

tc: Vg (Vg IRTc: )x1 07 c(t) p 
(sec) (cm3 ) . (gmol/g mmHg) (mm) (mmHg) 

124.80 12.365 4.323 148.5 5.587 
128.10 12.732 4.451 131.0 4.929 
129.60 12.899 4.510 118.0 4.440 
132.60 13.234 4.627 95.0 3.574 
135.60 13.568 4.743 75.0 2.822 
138.60 13.902 4.860 57.0 2.145 
140.10 14.069 4.919 49.5 1.862 
143.10 14.403 5.035 36.5 1.373 
146.10 14.737 5.152 26.0 0.978 
149.10 15.072 5.269 18.0 0.677 
152.10 15.406 5.386 12.5 0.470 
153.60 15.573 5.444 10.0 0.376 
139.60 14.013 4.899 5.0 0.188 
161. 10 16.408 5.736 4.0 0.150 
167.10 17.077 5.970 2.0 0.075 
171.60 17.578 6.145 1.0 0.038 
179.10 18.413 6.437 0.0 0.000 

TABLE A.2.45 Reteniion Time-Height Data for n-Hepl~ne 
at 193.34~C and 0.2 pI with Helium 

tc: Vg (Vg IRTc: )x1 07 c(t) p 
(sec) (cm'3) (gmol/g mrnHg) (mm) (mmHg) 

117.60 10.389· 3.569 170.5 6.789 
120.30 10.662 3.663 154.0 6.132 
121.80 10.814 3.715 139.0 5.535 
124.80 11.118 3.819 109.0 4.340 
126.30 11.270 3.872 95.0 3.783 
129.30 11.573 3.976 .71.0 2.827 
130.80 11. 725 4.028 60.0 2.389 
133.80 12.029 4.132 43.0 1.712 
138.30 12.485 4.289 24.0 0.956 
139.80 12.637 4.341 20.0 0.796 
144.30 13.092 4.498 10.5 0.418 
147.30 13.396 4.602 7.0 0.279 
148.80 13.548 4.654 6.0 0.239 
151. 80 13.852 4.759 4.0 0.159 
153.30 14.004 4.811 3.0 0.119 
165.30 15.219 5.228 1.0 0.040 
168.30 15.522 5.333 0.0 0.000 
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TABLE A.2.46 Retention Time-Height Data for n-Heplanr:­
at 201.51~C and 0.2 ~l wilh Helium 

le Vg (Vg IRTe he1 07 c(l) p 
(sec) (cm3 ) (gmollg mmHg) (mm) (mmHg) 

105.00 9.182 3.100 198.5 8.009 
108.00 9.489 3.204 170.0 6.859 
109.50 9.642 3.255 150.0 6.052 
111.00 9.795 3.307 130.0 5.245 
112.50 9.948 3.359 112.0 4.519 
115.50 10.254 3.462 79.0 3.187 
117.00 10.407 3.514 64.5 2.602 
120.00 10.713 3.617 41.5 1.674 
121.50 10.866 3.669 33.0 1.331 
124.50 11.172 3.772 19.0 0.767 
127.50 11.478 3.875 10.5 0.424 
130.50 11.784 3.979 5.5 0.222 
132.00 11. 937 4.030 4.0 0.161 
133.50 12.090 4.082 3.0 0.121 
135.00 12.243 4.134 2.5 0.101 
139.50 12.702 4.289 1.0 0.040 
145.50 13.315 4.495 0.0 0.000 

TABLE A.2.47 Retention Time-Heighl Dala for n-Hepth.ne 
at 207.39°C and 0.2 ~l wilh Helium 

le: Vg (Vg IRTc: ».:1 07 c(l) p 
(sec) (cm3 ) (gmollg mmHg) (mm) (mmHg) 

82.80 7.505 2.503 246.0 8.985 
85.80 7.835 2.613 202.0 7.378 
87.30 7.999 2.668 170.0 6.209 
90.30 8.328 2.777 112.0 4.091 
91.80 8.493 2.832 86.0 3.141 
93.30 8.658 2.887 66.0 2.411 
96.30 8.987 2.997 35.0 1. 278 
97.80 9.151 3.052 25.0 0.913 
99.30 9.316 3.107 18.0 0.657 

100.80 9.481 3.162 13.0 0.475 
103.80 9.810 3.271 7.0 0.256 
105.30 9.974 3.326 5.5 0.201 
106.80 10.139 3.381 4.0 0.146 
108.30 10.303 3.436 3.2 0.117 
111.30 10.633 3.546 2.0 0.073 
118.80 11.456 3.820 1.0 0.037 
127.80 12.443 4.150 0.0 0.000 
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TABLE A.2.48 Retention Time-Height Data for n-Heptane 
at 217.48c C and 0.2 ~l with Helium 

tc: Vg (Vg/RTc:)x10 7 e(l) p 
(sec) (em::!') (gmol/g mmHg) (mm) (mmHg) 

78.00 6.616 2.161 126.5 10.520 
81.30 6.959 2.273 100.0 8.316 
82.80 7.115 2.324 82.0 6.819 
84.30 7.271 2.375 65.5 5.447 
85.80 7.427 2.426 50.5 4.200 
87.30 7.583 2.477 38.0 3.160 
88.80 7.740 2.528 27.5 2.287 
90.30 7.896 2.579 19.0 1.580 
91.80 8.052 2.630 13.0 1.081 
93.30 8.208 2.681 8.5 0.707 
94.eO 8.364 2.732 5.5 0.457 

TABLE A.2.49 Re.tention Time-Height Data for n-Hept.ane 
at 224.97c C and 0.2 ~l with Helium 

tc::: Vg (Vg/RTc:)x107 e(l) p 
(sec) (em::!') (gmol/g mmHg) (mm) (mmHg) 

66.60 5.836· 1.878 139.0 11.502 
68.85 6.085 1. 958 116.0 9.599 
70.35 6.251 2.011 93.0 7.695 
71. 85 6.416. 2.064 70.0 5.792 
73.35 6.582 2.118 50.5 4.179 
74.85 6.748 2.171 34.0 2.813 
76.35 6.914 2.224 22.0 1.820 
77.85 7.080 2.278 14.0 1.158 
79.35 7.245 2.331 8.5 0.703 
80.85 7.411 2.384 5.5 0.455 
82.35 7.577 2.438 3.5 0.290 
83.85 7.743 2.491 2.0 0.165 
85.35 7.909 2.544 1.2 0.099 
86.85 8.074 2-.598 1.0 0.083 

101. 85 9.732 3.131 0.0 0.000 
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TABLE 11..2.50 Retention Time-Height Data lor n-Heplane 
at 229.87=C and 0.2 pI wilh Helium 

tc: Vg (Vg IRTc: )x1 0'7 e(t) p 
(sec) (em::!::) (gmol/g mmHg) (mm) (mmHg) 

60.60 5.330 1.698 148.0 12.032 
62.85 5.583 1.779 121.0 9.837 
64.35 5.751 1. 832 94.0 7.642 
65.85 5.920 1.886 69.0 5.609 
67.35 6.088 1.940 4'8.0 3.902 
68.85 6.257 1.993 31.0 2.520 
70.35 6.426 2.047 19.0 1.545 
71. 85 6.594 2.101 10.5 0.854 
73.35 6.763 2.155 6.0 0.488 
74.85 6.932 2.208 3.5 0.285 
76.35 7.100 2.262 1.8 0.146 
77.85 7.269 2.316 1.0 0.081 
88.35 8.450 2.6$2 0.0 0.000 

T.h.BLE 11..2.51 Retention Time-Height Data lor n-Heptane 
at 234.29=C and 0.2 pI with Helium 

tc: Vg (Vg/RTc:)xl0'7 e(l) p 
(sec) (em::!::) (gmol/g mmHg) (mm) (mmHg) 

55.80 4.787 1.512 155.5 12.627 
57.30 4.958 1.566 138.0 11. 206 
58.80 5.129 1.620 109.0 8.851 
60.30 5.300 1. 674 77.0 6.252 
61.80 5.471 1.728 153.0 12.424 
63.30 5.642 1.782 133.0 10.800 
64.80 5.812 1.836 20.0 1.624 
66.30 5.983 1.890 12.0 0.974 
67.80 6.154 1.944 7.0 0.568 
69.30 6.325 1.998 4.0 0.325 
70.80 6.496 2.052 2.5 0.203 
72.30 6.667 2.106 2.0 0.162 
73.80 6.838 2.160 1.5 0.122 
75.30 7.009 2.214 1.0 0.081 
85.80 8.206 2.592 0.0 0.000 
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TABLEA.2.52 Retention Time-Height Data for n-Heptane 
at 185.24=C and 0.4 ~l with Helium 

to:: Vg (Vg/RTe::)x10"" c(t) p 
(sec) (cm~) (gmollg mmHg) (mm) (mmHg) 

124.80 12.365 4.323 148.5 11.289 
127.80 12.699 4.440 132.5 10.073 
129.30 12.866 4.498 120.0 9.122 
132.30 13.200 4.615 96.5 7.336 
133.80 13.367 4.673 86.0 6.538 
136.80 13 .. 701 4.790 66.5 5.055 
138.30 13.869 4.849 58.0 4.409 
141.30 14.203 4.965 43.0 3.269 
142.80 14.370 5.024 37.0 2.813 
145.80 14.704 5.141 26.5 2.015 
150.30 15.205 5.316 15.0 1.140 
151.80 15.372 5.374 10.0 0.760 
154.80 15.707 5.491 8.0 0.608 
157.80 16.041 5.608 5.5 0.418 
162.30 16.542 5.783 3.0 0.228 
165.30 16.876 5.900 2.0 0.152 
178.80 18.380 6.426 . 0.0 0.000 

TABLE A.2.53 Retention Time-Height Data for n-Heptane 
at 193.34~C and 0~4 ~l with Helium 

tc: Vg (Vg/RTc:)xl0"" crt) p 
(sec) (cm::::) (gmollg mmHg) (mm) (mmHg) 

110.40 9.564 3.286 117.0 9.241 
112.95 9.820 3.374 108.5 8.569 
115.95 10.121 3.477 93.0 7.345 
118.95 10.422 3.580 78.0 6.160 
121.95 10.722 3.684 65.0 5.134 
123.45 10.873 3.735 59.5 4.699 
126.45 11. 173 3.839 49.0 3.870 
127.95 11. 324 3.890 44.0 3.475 
130.95 11.625· 3.994 36.0 2.843 
136.95 12.226 4.200 22.0 1.738 
141.45 12.677 4.355 15.0 1.185 
144.45 12.978 4.459 11.5 0.908 
150.45 13.580 4.665 6.0 0.474 
156.45 14.181 4.872 3.0 0.237 
168.45 15.384 5.285 1.0 0.079 
171.45 15.685 5.389 0.0 0.000 
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TABLE A.2.54 Retention Time-Height Data for n-Heptane 
at 201.62=C and 0.4 pI with Helium 

tc: Vg (Vg/RTc:)xl07 c(t) p 
(sec) (cm'=-) (gmollg mmHg) (mm) (mmHg) 

98.40 8.517 2.875 178.0 13.869 
101.40 8.823 2.978 159.0 12.389 
104.40 9.130 3.082 129.5 10.090 
105.90 9.283 3.133 115.0 8.960 
108.90 9.589 3.237 88.5 6.896 
110.40 9.742 3.288 76.5 5.961 
111. 90 9.895 3.340 66.0 5.142 
114.90 10.202 3.444 47.0 3.662 
116.40 10.355 3.495 39.5 3.078 
119.40 10.661 3.599 26.0 2.026 
120.90 10.814 3.650 21.0 1.636 
123.90 11.121 3.754 12.5 0.974 
126.90 11.427 3.857 7.0 0.545 
128.40 11.580 3.909 5.5 0.429 
131.40 11. 887 4.012 2.5 0.195 
135.90 12.346 4.167 1.0 0.078 
149.40 13.725 4.633 0.0 0.000 

TABLE A.2.55 Retention Time-Height Data for n-Heptane 
at 207.40=C and 0.4 pI with Helium 

tc: Vg (Vg IRTc:: )xl 07 c(t) p 
(sec) (cm~) (gmollg mmHg) (mm) (mmHg) 

76.80 6.924 2.309 211.0 16.531 
79.80 7.257 2.420 177.0 13.867 
81.30 7.423 2.476 153.0 11. 987 
84.30 7.756 2.587 110.0 8.618 
85.80 7.922 2.642 90.0 7.051 
87.30 8.089 2.698 73.0 5.719 
88.80 8.255 2.753 58.0 4.544 
90.30 8.422 2.809 45.0 3.526 
91.80 8.588 2.864 34.0 2.664 
.93.30 8.755 2.920 25.0 1.959 
94.80 8.921 2.975 17.5 1.371 
96.30 9.088 3.031 12.0 0.940 
97.80 9.254 3.086 8.0 0.627 
99.30 9.420 3.142 5.5 0.431 

100.80 9.587 3.197 3.5 0.274 
102.30 9.753 3.253 2.2 0.172 
105.80 10.142 3.382 1.0 0.078 
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TABLE A.2.56 Retention Time-Height Data for n-Heptane 
at 217.47QC and 0.4 ~l with Helium 

t.:: Vg ( V gIRT c::: ) x 1 0· ... c(t) p 
(sec) (cm::!') (gmol/g mmHg) (mm) (mmHg) 

73.80 6.203 2.026 109.0 18.571 
76.80 6.517 2.129 91.0 15.504 
78.30 6.673 2.180 78.0 13.289 
81.30 6.987 2.282 54.0 9.200 
82.80 7.143 2.333 43.5 7.411 
84.30 7.300 . 2.384 34.5 5.878 
85.80 7.457 2.436 26.5 4.515 
87.30 7.613 2.487 19.5 3.322 
88.80 7.770 2.538 14.0 2.385 
90.30 7.927 2.589 10.0 1.704 
9L80 8.083 2.640 7.0 1.193 
93.30 8.240 2.692 5.0 0.852 
94.80 8.397 2.743 3.5 0.596 
96.30 8.553 2.794 2.0 0.341 
97.80 8.710 2.845 1.5 0.256 
99.30 8.867 2.896 1.0 0.170 

109.80 9.963 3.254 0.0 0.000 

TABLE A.2.57 Retention Time-Height Data for n-Heptane 
at 225.01~C arid 0.4 ~l with Helium 

tc: Vg (Vg/RTc:)x10 7 c(t) p 
(sec) (cm~) . ( gmo 11 9 mmHg) (mm) (mmHg) 

63.60 5.384 . 1.732 121.5 19.798 
65.10 5.550 1.785 112.5 18.331 
66.60 5.716 1.839 97.0 15.805 
68.10 5.882 1.892 80.0 13.035 
69.60 6.048 1. 946 65.0 10.591 
71.10 6.214 1.999 50.0 8.147 
72.60 6.381 2.053 38.0 6.192 
74.10 6.547 2.106 27.5 4.481 
75.60 6.713 2.160 19.0 3.096 
77.10 6.879 2.213 12.5 2.037 
78.60 7.045 2.266 7.5 1.222 
80.10 7.211 2.320 5.5 0.896 
81.60 7.378 2.373 3.5 0.570 
83.10 7.544 2.427 2.1 0.342 
84.60 7.710 2.480 1.5 0.244 
86.10 7.876 2.534 1.0 0.163 
96.60 9.039 2.908 0.0 0.000 
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TABLE A.2.5B Retention Time-Height Data for n-Heptane 
at 229.90~C and 0.4 pI with Helium 

tc: Vg (Vg/RTc:)x10' c(t) p 
(sec) (cm3 ) (gmol/g mmHg) (mm) (mmHg) 

57.00 4.BB4 1.556 12B.0 21.260 
5B.50 5.051 1.609 117.0 19.433 
60.00 5.21B 1.662 9B.5 16.360 
61.50 5.3B6 1.716 79.5 13.204 
63.00 5.553 1.769 61.5 10.215 
64.50 5.720 1.B22 46.0 7.640 
66.00 5.887 1.B76 32.5 5.39B 
67.50 6.055 1.929 22.0 3.654 
69.00 6.222 1.982 13.5 2.242 
70.50 6.389 2.035 8.0 1.329 
72.00 6.556 2.0B9 4.5 0.747 
73.50 6.724 2.142 2.5 0.415 
75.00 6.B91 2.195 1.2 0.199 
76.50 7.05B 2.24B O.B 0.133 
B4.00 7.B94 2.515 0.0 0.000 

TABLE A.2.59 Retention Time-Height Data for n-Heptane 
at 234.31=C and 0.4 pI with Helium 

tc: Vg (Vg/RTc )x10' c(t) p 
(sec) (cm3 ) (gmollg mmHg) (mm) (nunHg) 

52.BO 4.46B 1.411 13B.5 22.264 
54.30 4.639 1.465 125.5 20.175 
55.BO . 4. Bl1 1. 519 104.0 16.71B 
57.30 . 4.983 1. 574 B1 .0 . 13.021 
5B.BO 5.155 1.62B 61.0 9.B06 
60.30 5.327 1.6B2 43.0 6.912 
61.BO 5.499 1.736 29.5 4.742 
63.50 5.693 1.79B IB.5 2.974 
64.BO 5.B42 1.B45 11.0 1.76B 
66.30 6.014 1.B99 6.5 1.045 
67.BO 6.1B6 1.954 3.5 0.563 
69.30 6.35B 2.00B 2.0 0.322 
70.BO 6.530 2.062 1.1 0.177 
72.30 6.701 2.116 1.0 0.161 
79.BO 7.561 2.3BB 0.0 0.000 

114 



TABLE A.2.60 Retention Time-Height Data for i-Octane 
at 185.25~C and 0.2 ~l with Helium 

tc: Vg (Vg/RTc:)x10' e(t) p 
(sec) (em::!') (gmol/g mmHg) (mm) (mmHg) 

161. 40 14.200 4.964 108.5 4.'175 
164.40 14.491 5.066 101.0 3.887 
167.40 14.782 5.168 88.0 3.386 
170.40 15.073 5.269 75.5 2.905 
173.40 15.364 5.371 64.0 2.463 
176.40 15.655 5.473 53.5 2.059 
179.40 15.946 5.575 44.5 1.712 
185.40 16.528 5.778 30.5 1.174 
188.40 16.819 5.880 24.5 0.943 
191.40 17.110 5.982" 20.0 0.770 
197.40 17.692 6 .185 12.5 0.481 
200.40 17.983 6.287 9.8 0.377 
206.40 18.565 6.490 6.0 0.231 
209.40 18.856 6.592 4.7 0.181 
215.40 19.438 6.795 3.0 0.115 
231.90 21.038 7.355 1.0 0.038 
255.90 23.366 8.169 0.0 0.000 

TABLE A.2.61 Retention Time-Height Data for i-Octane 
at 193.'33~C and 0.2 ~l with Helium 

tc: Vg (Vg/RTc::)xl07 C (t) p 
(sec) (em::!') (gmol/g mmHg) (mm) (mmHg) 

133.20 12.508 4.297 129.5 5.030 
133.95 12-.587 4.324 128.0 4.972 
138.45 13.05"8 4.486 102.0 3.962 
139.95 13.215 4.540 93.0 3.613 
142.95 13.529 4.648 75.0 2.913 
145.95 13.844 4.756 60.0 2.331 
148.95 14.158 4.863 47.0 1.826 
151. 95 14.472 4.971 36.5 1.418 
154.95 14.787 5.079 28.0 1.088 
159.45 15.258 5.241 17.5 0.680 
162.45 15.572 5.349 12.5 0.486 
165.45 15.886 5.457 9.0 0.350 
168.45 16.201 5.565 6.0 0.233 
174.45 16.829 5.781 2.5 0.097 
177.45 17.144 5.889 1.8 0.070 
180.45 17.458 5.997 1.0 0.039 
183.45 17.772 6.105 0.0 0.000 
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TABLE A.2.62 Retention Time-Height Data for i-Octane 
at 201.59°C and 0.2 pI with Helium 

tc Vg (Vg/RTc)x107 c(t) p 
(sec) (em:::::) (gmol/g mmHg) (mm) (mmHg) 

123.60 10.880 3.673 154.5 5.766 
126.60 11. 180 3.774 139.5 5.207 
128.10 11.331 3.825 128.0 4.777 
129.60 11. 481 3.876 115.5 4.311 
132.60 11. 782 3.977 92.0 3.434 
134.10 11. 932 4.028 81.5 3.042 
137.10 12.232 4.129 63.0 2.351 
138.60 12.383 4.180 55.0 2.053 
143.10 12.833 4.332 35.0 1.306 
147.60 13.284 4.484 20.5 0.765 
150.60 13.585 4.586 15.0 1 0.560 
155.10 14.036 4.738 8.0 0.299 
156.60 14.186 4.789 7.0 0.261 
159.60 14.486 4.890 4.5 0.168 
165.60 15.088 5.093 2.0 0.075 
.173.10 15.839 5.347 1.0 0.037 
197.10 18.243 6.158 0.0 0.000 

TABLE A.2.63 Retention Time-Height Data for i-Octane 
at 209.91=C and 0.2 pI with Helium 

tc: Vg (Vg/RTc:)x10 7 e(t) p 
(sec) (em::.'l') (gmollg mmHg) (mm) (mmHg) 

100.20 9.297 3.084 177.0 8.114 
103.20 9.619 3.191 152.0 6.968 
104.70 9.781 3.245 135.0 6.189 
107.70 10.104 3.352 100.5 4.607 
109.20 10.265 3.405 85.5 3.920 
112.20 10.588 3.512 '60.0 2.751 
113.70 10.749 3.566 49.5 2.269 
115.20 10.910 3.620 40.0 1.834 
116.70 11.072 3.673 30.0 1.375 
119.70 11.395 3.780 19.5 0.894 
121.20 11. 556 3.834 15.0 0.688 
124.20 11. '879 3.941 8.0 0.367 
125.70 12.040 3.994 5.5 0.252 
128.70 12.363 4.101 2.5 0.115 
130.20 12.524 4.155 2.0 0.092 
133.20 12.847 4.262 1.0 0.046 
146.70 14.300 4.744 0.0 0.000 
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TABLE A.2.64 Relenlion Time-Height Dala for i-Oclane 
at 217.47cC and 0.2 pI with Helium 

tc: Vg "(Vg IRTc: )x1 07 c(t) p 
(sec) (cm::!') (gmol/g mmHg) (mm) (mmHg) 

92.40 7.898 2.580 94.0 8".112 
95.40 8.204 2.680 79.0 6.818 
96.90 8.357 2.730 68.0 5.869 
98.40 8.510 2.780 58.5 5.049 
99.90 8.663 2.830 48.5 4.186 

102.90 8.969 2.930 32.5 2.805 
104.40 9.123 2.980 26.0 2.244 
105.90 9.276 3.030 20.5 1.769 
107.40 9.429 3.080 15.5 1.338 
108.90 9.582 3.130 12.0 1.036 
110.40 9.735 3.180 8.5 0.734 
11 i. 90 9.888 3.230 6.2 0.535 
113.40 10.041 3.280 4.5 0.388 
114.90 10.194 3.330 3.0 0.259 
116.40 10.347 3.380 2.0 0.173 
117.90 10.500 3.430 1.0 0.086 
131.40 11. 878 3.880 0.0 0.000 

TABLE A.2.65 Retenl~on Time-Height Data for i-Octane 
at 224.87QC and 0.2 pI with Helium 

tc:: Vg (Vg/RTc:)x107 c( t) P 
(sec) (cm::!') (gmol/g mmHg) (mm) (mmHg) 

79.80 6.957 2.239 110.0 8.509 
82.80 7.273 2.340 91 .0. 7.039 
84.30 7.431 2.391 77.0 5.956 
85.80 7.589 2.442 63.0 4.873 
87.30 7.747 2.493 50.5 3.906 
88.80 7.906 2.544 40.0 3.094 
90.30 8.064 2.595 30.5 2.359 
93.30 8.380 2.697 16.5 1.276 
94.80 8.538 2.747 11.5 0.890 
96.30 8.696 2.798 8.0 0.619 
97.80 8.854 2.849 5.5 0.425 
99.30 9.012 2.900 3.5 0.271 

100.80 9.170 2.951 2.5 0.193 
102.30 9.329 3.002 2.0 0.155 
103.80 9.487 3.053 1.2 0.093 
105.30 9.645 3.104 1.0 0.077 
118.80 11.068 3.561 0.0 0.000 
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TABLE A.2.66 Retention Time-Height Data for i-Octane 
at 229.84°C and 0.2 ~l with Helium 

tc: Vg (Vg/RTc:: )x107 . e (1) p 
(sec) (em::!:) (gmol/g mmHg) (mm) (mmHg) 

70.80 6.225 1.983 121.5 9.065 
72.30 6.389 2.036 113.0 8.431 
73.80 6.553 2.088 97.0 7.237 
75.30 6.716 2.140 79.5 5.932 
78.30 7.044 2.244 48.5 3.619 
79.80 7.208 2.296 36.5 2.723 
82.80 7.536 2.401 18.5 1.380 
84.30 7.699 2.453 12.5 0.933 
85.80 7.863 2.505 8.5 0;634 
87.30 8.027 2.557 5.5 0.410 
88.80 8.191 2.610 4.0 0.298 
90.30 8.355 2.662 3.0 0.224 
91.80 8.518 2.714 2.0 0.149 
93.30 8.682 2.766 1.8 0.134 
94.80 8.846 2.818 1.5 0.112 
99.30 9.338" 2.975 1.0 0.075 

118.80 11. 467 3.654 0.0 0.000 

TABLE A.2.67 Retenlion Time-Height Data for i-Octane 
at 234.26°C and 0.2 ~l with Helium 

tc: Vg (Vg/RTc;)xl0 7 e(t) p 
(sec) (em::!') (gmollg mmHg) (mm) (mmHg) 

67.20 5.804 1. 833 127.0 9.924 
68.70 5.966 1.884 118.5 9.260 
70.20 6.127 1.935 100.0 7.814 
71.70 6.288 1. 986 80.5 6.290 
73.20 6.449 2.037 62.0 4.845 
74.70 6.611 2.088 46.0 3.595 
76.20 6.772 2.139 33.0 2.579 
77.70 6.933 2.190 22.5 1.758 
79.20 7.094 2.241 14.5 1 .133 
80.70 7.256 2.292 9.5 0.742 
82.20 7.417 2.342 6.0 0.469 
83.70 7.578 2.393 4.0 0.313 
85.20 7.739 2.444 2.5 0.195 
86.70 7.901 2.495 2.0 0.156 
88.20 8.062 2.546 1.2 0.094 
89.70 8.223 2.597 1.0 0.078 

104.70 9.835 3.106 0.0 0.000 
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TABLE A.2.68 Retention Time-Height Data for i-Octane 
al·185.27°C and 0.4 ~l with Helium 

tc: Vg (Vg/RTc:;)xl0 7 eel) p 
(sec) (em::::) (gmol/g mmHg) (mm) (mmHg) 

151.20 13.264 4.637 100.0 7.553 
154.20 13.556 4.739 93.0 7.025 
160.20 14.140 4.943 72.0 5.438 
163.20 14.432 5.045 62.5 4.721 

'0 

169.20 15.016 5.249 46.0 3.475 
172.20 15.309 5.352 39.0 2.946 
175.20 15.601 5.454 33.5 2.530 
181.20 16.185 5.658 24.5 1.851 
184.20 16.477 5.760 19.5 1.473 
190.20 17.061 5.964 13.2 0.997 
193.20 17.354 6.067 11.0 0.831 
199.20 17.938 6.271 7.0 0.529 
202.20 18.230 6.373 5.5 0.415 
208.20 18.814 6.577 3.5 0.264 
211.20 19.106 6.679 2.8 0.211 
230.70 21.005 7.343 1.0 0.076 
248.70 22.758 7.956 0.0 0.000 

TABLE A.2.69 Retenti'on Time-Height ,Data for i-Octane 
at 193.30°C and 0.4 ~l with Helium 

lc:: Vg (Vg IRTc:: )xl 07 eel) p 
(sec) (em::::) . (gmollg mmHg) (mm) (mmHg) 

123.00 11.394 3.915 117.5 9.117 
129.00 12.020 4.130 92.0 7.139 
132.00 12.333 4.237 77.0 5.975 
135.00 12.646 4.345 64.5 5.005 
138.00 12.959 4.452 52.5 4.074 
144.00 13.585 4.667 34.5 2.677 
147.00 13.898 4.775 27.5 2.134 
150.00 14.211 4.883 21.5 1.668 
153.00 14.524 4.990 16.5 1.280 
156.00 14.837 5.098 12.5 0.970 
159.00 15.151 5.205 9.0 .0.698 
165.00 15.777 5.420 4.5 0.349 
168.00 16.090 5.528 3.0 0.233 
171.00 16.403 5.635 2.0 0.155 
174.00 16.716 5.743 1.9 0.147 
177.00 17.029 5.850 1.0 0.078 
183.50 17.707 6.083 0.0 0.000 
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TABLE A.2.70 Retention Time-Height Dala for i-Oclane 
at 201.65°C an~ 0.4 pI with Helium 

tc: Vg (Vg/RTc:)xl0' c(t) p 
(sec) (em:'::) (gmol/g mmHg) (mm) (mmHg) 

115.20 10.048 3.392 138.5 10.443 
118.20 10.349 3.493 125.0 9.425 
121.20 10.650 3.595 106.0 7.993 
127.20 11.252 3.798 71.5 5.391 
130.20 11.552 3.899 57.5 4.336 
133.20 11.853 4.001 "45.0 3.393 
136.20 12.154 4.102 35.5 2.677 
142.10 12.746 4.302 20.0 1.508 
145.20 13.057 4.407 14.5 1.093 
148.20 13.358 4.508 1 0.0 . 0.754 
151.20 13.658. 4.610 6.5 0.490 
-154.20 13.959 4.712 4.5 0.339 
157.20 14.260 4~813 3.0 0.226 
160.20 14.561 4.915 2.0 0.151 
163.20 14.862 5.016 1.5 0.113 
166.20 15.163 5.118 1.0 0.075 
188.70 17.419 5.879 0.0 0.000 

TABLE A.2.71 Retention Time-Height Data for i-Octane 
at 20~.99°C and 0.4 pI with Helium 

tc: Vg (Vg/RTc:)x10' c(t) p 
(sec) (em::::) (gmol/g mmHg) (mm) (mmHg) 

94.20 8.644 2.867 154.5 12.096 
95.70 8.805 2.921 147.5 11. 548 
97.20 8.966 2.974 135.5 10.608 

100.20 9.289 3.081 109.0 8.533 
101. 70 9.450 3.135 96.0 7.516 
103.20 9.611 3.188 84.5 6.615 
106.20 9.934 3.295 64.0 5.010 
109.20 10.256 3.402 47.0 3.680 
110.70 10.418 3.455 39.5 3.092 
113.70 10.740 3.562 27.5 2.153 
118.20 11. 224 3.723 14.5 1.135 
119.70 11. 385 3.776 11.0 0.861 
122.70 11.708 3.883 6.5 0.509 
124.20 11.869 3.937 4.5 0.352 
127.20 12.191 4,044 2.5 0.196 
131.70 12.675 4.204 1.0 0.078 
140.70 13.643 4.525 0.0 0.000 
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TABLE A.2.72 Retention Time-Height Data for i-Octane 
at 217.44°C and 0.4 pI with Helium 

tc:: Vg (Vg/RTc;):x10' e(t) p 
(sec) (em::!:) (gmol/g mrriHg) (mm) (mmHg) 

88.80 7.399 2.417 170.0 13.736 
91.80 7.700 2.515 150.0 12.120 
93.30 7.850 2.564 135.0 10.908 
96.30 8.151 2.663 104.0 8.403 
97.80 8.301 2.712 8.9 ~ 5 7.232 
99.30 8.452 2.761 76.5 6.181 

100.80 8.602 2.810 64.5° 5.212 
103.80 8.903 2.908 45.0 3;636 
105.30 9.053 2.957 37.0 2.990 
108.30 9.354 3.056 24.0 1.939 
109.80 9.504 3.105 18.5 1.495 
112°.80 9.805 3.203 11.0 0.889 
114.30 9.956 3.252 8.0 0.646 
117.30 10.256 3.350 4.0 0.323 
118.80 10.407 3.399 3.0 0.242 
123.30 10.858 3.547 1.0 0.081 
132.30 11. 760 3.842 0.0 0.000 

'0 

TABLE A.2.73 Retention Time-Height Data for i-Octane 
at 224.86°C and 0.4 pI with Helium 

tc:: Vg (Vg/RT",,):xl0' e (t> P 
(sec) (em::!:) (gmol/g mmHg) (mm) (mmHg) 

75.00 6.477 2.084 97.5 15.070 
78.00 6.795 2.186 83.0 12.829 
79.50 6.953 2.238 72.0 11.129 
81.00 7.112 2.289 62.0 9.583 
84.00 7.430 2.391 43.0 6.646 
85.50 7.588 2.442 35.0 5.410 
87.00 7.747 2.493 28.0 4.328 
90.00 8.065 2.595 17.0 2.628 
91.50 8.223 2.646 13.0 2.009 
93.00 8.382 2.697 9.0 1.391 
96.00 8.700 2.799 4.5 0.696 
97.50 8.858 2.851 3.2 0.495 
99.00 9.017 2.902 2.0 0.309 

100.50 9.176 2.953 1.5 0.232 
102.00 9.335 3.004 1.0 0.155 
111. 00 10.287 3.310 0.0 0.000 

.' 
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TABLE A.2.74 Retenti.on Time-Height Data for i-Octane 
at 229.83=C and 0.4 pI with Helium 

tc: Vg <Vg/RTc;)x107 e(t) p 
(sec) (em:::::) (gmol/g mmHg) (mm) (mmHg) 

67.20 5.626 1.793 104.5 16.793 
70.20 5.943 1.893 86.0 13.820 
71.70 6.101 1.944 '73.0 11.731 
73.20 6.259 1.994 60.5 9.722 
74.70 6.417 2.044 ~49. 5 7.955 
77.70 6.733 2.145 30.5 4.901 
79.20 6.891 2.196 23.0 3.696 
80.70 7.049 2.246 17.0 2.732 
82.20 7.207 2.296 12.5 2.009 
83.70 7.365 2.347 8.5 1.366 
85.20 7.523 2.397 6.0 0.964 
86.70 7.681 2.447 4.0 0.643 
88.20 7.839 2.498 2.8 0.450 
89.70 7.997 2.548 2.0 0.321 
91.20 8.155 2.598 1.2 0.193 
92.70 8.313 2.649 1.0 0.161 

103.20 9.420 3.001 0.0 0.000 

TABLE A.2.75 Retention Time-Height Data for i-Octane 
at 234.26~C and 0.4 pl with Helium 

to:: Vg (Vg/RTc:;)xl0 7 . e(t) p 
(sec) (em:::::) (gmol/g mmHg) (mm) (mmHg) 

63.00 5.353 1.691 116.0 17.837 
64.50 5.514 1.742 93.0 14.301 
66.00 5.675 1.792 78.0 11.994 
67.50 5.837 1.843 63.5 9.764 
69.00 5.998 1.894 50.0 7.688 
70.50 6.159 1. 945 39.0 5.997 
72.00 6.320 1.996 29.0 4.459 
73.50 6.482 2.047 21.0 3.229 
75.00 6.643 2.098 15.0 2.307 
76.50 6.804 2.149 10.0 1. 538 
78.00 6.965 2.200 6.5 1.000 
79.50 7.127 2.251 4.0 0.615 
81.00 7.288 2.302 2.5 0.384 
82.50 7.449 2.353 1.8 0.277 
84.00 7.610 2.404 1.1 0.169 
97.50 9.061 2.862 0.0 0.000 
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Parlial T (""C) I 
Pressure 
p(mm'Hg) 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 

TABLE A.3.1 

187.39 

APPENDIX III 

Adsorplion Isolherms of n-Penl~ne 
Carrier Gas: HYDROGEN V = 0.4 ~l 

197.37 210.74 226.91 

(Moles of n-Penlane Adsorbed per gram of Calalysl)xl0 7 

2.590 2.943 2.277 1. 823 
4.855 5.448 4.251 3.362 
6.993 7.820 6,.103 4.789 
9.033 10.102 7.879 6.145 

10.999 12.323 9.589 7.441 
12.901 14.495 11.249 8.692 
14.743 16.617 12.869 9.907 
16.533 18.695 14.458 11.087 
18.273 20.730 16.017 12.232 
19.973 22.717 17.550 13.351 ] 

21.637 24.665 19.059 14.441 
23.267 26.576 20.540 15.510 
24.855 28.455 21.992 16.552 
26.388 30.295 23.420 17.570 
27.866 32.095 24.819 18.567 
29.282 33.865 26.184 19.542 

35.605 27.523 20.492 
. 28.823 21.422 

30.066 22.323 
23.196 
24.036 

234.94 

1.744 
3.248 
4.629 
5.933 
7.193 
8.413 
9.597 

10.755 
11. 880 
12.979 
14.057 
15.113 
16.150 
17.164 
18.154 
19.124 
20.069 
20.989 
21. 879 
22.740 
23.570 

, 

I 
I 

i 
I 
I 

I-' 
IV 
W 



Parlial 
Pressure 
p(mm Hg) 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

------

TABLE A.3.2 Adsorplion Isolherms of n-Penlane 
Carrier Gas: HELIUM V = 0.4, pl 

T (C:'C) I 187. 17 198.00 205.51 211.12 218.18 225.45 230.75 

(Moles of n-Penlane Adsorbed per gram of Calalysl)xl07 

3.166 2.666 2.488 2.552 2.399 1.981 1. 800 
5.971 5.033 4.615 4.668 4.383 ' 3.675 3.305 
8.637 7.276 6.618 6.659 6.234 5.256 4.704 

11.221 9.438 8.5.41 8.560 8.013 6.760 6.025 
13.751 11.538 10.406 10.390 9.728 8.215 7.287 
16.229 13.588 12.223 12.170 11.390 9.627 8.507 
18.651 15.589 13.999 13.901 13.010 11.007 9.687 
21.031 17.558 15.739 15.590 14.590 12.347 10.828 
23.371 19.496 17.441 17.232 16.130 13.657 11. 947 
25.671 21.398 19,.119 18.841 17.639 14.939 13.037 
27.942 23.276 20.760 20.419 19.119 16. 197 14.098 
30.179 25.124 22.371 21.964 20.569 17.427 ] 15.138 
32.379 26.943 23.952' 23.485 21.999 18.637 16.158 
34.539 28.733 25.504 24.983 23.409 19.827 17.158 
36.657 30.498 27.029 26.451 24.790 20.997 18.139 

32.238 28.529 27.881 26.149 22.147 19.101 
33.937 29.989 29.263 27.469 23.277 20.042 

28.740 24.385 20.960 
25.464 21.840 
26.504 

I 

235.29 I 

1.827 
3.352 
4.779 
6.143 
7.456 
8.736 
9.976 

11. 178 
12.356 
13.506 
14.636 
15.738 
16.818 
17.878 
18.918 

I-' 
I\J 

"'" 



TABLE A.3.3 Adsorplion Isolherms of n-Penlane 
Carrier Gas: HELIUM V = 0.8 ~l 

Parlial T (c:>C) I 187.71 197.08 203.37 211. 08 218.14 225.52 230.75 
Pressure 
p(mm Hg) (Moles of n-Penlane Adsorbed per gram of Calalysl)xl0 7 

4 5.946· 5.040 4.876 4.424 4.395 3.736 3.310 
8 11. 041 9.426 9.04B 8.180 8.015 6.826 6.045 

12 15.865 13.576 12.933 11. 694 11. 404 9.698 8.591 
16 20.515 17.545 16.633 15.020 14.633 12.440 11.011 
20 25.075 21.381 20.182 18.216 17.728 15.067 13.317 
24 29.560 25.109 23.605 21.296 20.721 17.608 15.537 
28 33.979 28.732 26.899 24.278 23.646 20.083 17.676 
32 38.328 32.270 30.076 27.178 26.505 22.483 19.731 
36 42.604 35.745 33.152 30.007 29.288 24.817 21.717 
40 46.794 39.145 36.152 32.756 31.999 27.081 23.650 
44 50.872 42.450 39.052 35.442 34.662 29.292 25.539 
48 54.863 45.677 41.852 38.073 37.265 31. 460 J 27.388 
52 58.766 48.849 44.560 40.652 39.792 33.555 29.2\.08 
56 62.590 51.948 47.200 43.173 42.266 35.594 31.004 
60 66.360 54.965 49.751 45.602 44.680 37.574 32.749 
64 57.864 47.949 47.019 39.498 34.433· 
68 49.238 41.357 36.048 
72 43.124 37.552 
76 

- ---.-.~--.-

235.31 I 

I 

j 

2.931 
5.402 
7.709 
9.880 

11.960 
13.962 
15.904 
17.784 
19.592 
21. 360 
23.095 
24.795 
26.452 
28.064 
29.644 
31.172 
32.646 
34.075 
35.454 

I-' 
I\J 
In 



Parlial T (e·C) 1 
Pressure 
p(mm Hg) 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 

TABLE A.3.4 

187.39 

Adsorplion Isotherms of n-Hexane 
Carrier Gas: HYDROGEN V = 0.4 ~l 

204.99 210.73 226.97 

(Moles of n-Hexane Adsorbed per gram of Catalyst)x107 

5.248 3.778· . 3.525 2.664 
10.174 7.303 6.739 5.002 
14.974 10.706 9.825 7.223 
19.654 14.036 12.821 9.362 
24.220 17.298 15.741 11 .442 
28.691 20.500 18.593, 13.472 
33.081 23.650 21. 393 15.447 
37.400 26.749 24.077 17.378 
41.639 29.789 26.778 19.270 
45.792 32.778 29.437 21.117 
49.827 35.712 32.040 22.920 
53.860 38.615 34.593 24.681 

41.452 37.077 26.403 

234.98 

2.405 
4.525 
6.543 
8.474 

10.351 
12.191 
13.997 
15.773 
17.511 
19.212 
20.882 
22.523 
24.135 
25.716 

-----_._- --- --

I-' 
I'V 
0"1 



!Parlial 
Pressure 
p(mm Hg) 

-2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 

TABLE A.3.5 

T (""C) I 187. 05 

Adsorption Isotherms of n-Hexane 
Carrier Gas: HELIUM V = 0.4 ~l 

197.93 205.59 211.11 218.17 225.64 230.82 

(Moles of n-Hexane Adsorbed per gram of Catalyst)xl07 

6.230 4.390 3.878 3.672 3.160 2.795 2.648 
11.426 8.318 7.425 6.912 6.030 5.310 4.913 
16.428 12.109 10.840 10.042 8.802 7.722 7.093 
21.286 15.795 14.160 13.088 11.506 10.067 9.204 
26.012 19.399 17.404 16.067 14.161 12.363 11.273 
30.635 22.929 20.572 18.981 16.772 14.613 13.285 
35.160 26.381 23.681 21. 840 19.331 16.828 15.265 
39.579 29.771 26.731 24.642 21.842 19.001 17.209 
43.879 33.095 24.726 27.406 24.318 21.140 19.119 

36.355 32.653 30.126 26.739 23.240 21.004 
32.796 29.133 25.301 22.857 
35.418 31.486 27.340 24.667 

33.798 29.343 26.439 
36.049 31. 306 28.189 

33.224 29.907 
-------

235.31 

2.586 
4.808 
6.921 
8.967 

10.967 
12.927 
14.849 
16.739 
18.598 
20.425 
22.225 
23.991 
25.736 
27.450 
29.125 

~ . 

I 

I 

f--' 
I\J 
-...J 



iPartial 
Ipressure 

T (OC) 

p(mm Hg) 

4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 

-------

~ 

TABLE A.3.6 

185.81 

Adsorption Isotherms of n-Hexane 
Carrier Gas: HELIUM V = 0.8 ~l 

196.99 203.35 211. 07 218.26 225.49 230.83 

(Moles of n-Hexane Adsorbed per gram of Catalyst)xl0 7 

11. 073 8.448 7.539 7.006 5.893 5.178 4.858 
21.196 16.260 14.452 13.273 11.236 9.879 9.162 
30.831 23.740 21.066 19.275 16.357 14.370 13.277 
40.091 30.937 27.448 25.107 21.311 18.717 17.246 
49.013 37.879 33.646 30.762 26.111 22.940 21.094 
57.650 44.605 39.685 36.222 30.784 27.044 . 24.824 
66.011 51.145 45.526 41.538 35.339 31.037 28.452 
74.110 57.522 51.207 46.698 39.755 34.936 31. 992 

63.703 56.754 51.707 44.058 38.729 35.436 
62.154 56.587 48.250 42.429 38.800 

61.305 52.341 46.042 42.089 
56.318 49.553 45.284 

52.920 48.364 

235.21 

4.464 
8.442 

12.255 
15.941 
19.502 
22.972 

·26.381 
29.721 
32.972 
36.127 
39.187 
42.188 
45.157 

I-' 
I\J 

·00 



Parlial 
Pressure 
p(mm Hg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

. 10 
11 
12 

TABLE A.3.7 

T (L"'C> I 185.24 

Adsorplion Isolherms of n-Heplane 
Carrier Gas: HELIUM V = 0.2 ~l 

193.34 201.51 207.39 217.49 224.97 229.87 234.29 I 

(Moles of n-Heplane Adsorbed per gram of Calalysl)xl0 7 

5.467 4.571 3.940 3.299 2.787 2.487 2.230 2.054 
10.476 8.739 7.582 6.274 5.374 4.730 4.278 3.901 
15.284 12.752 11.103 9.151 7.885 6.911 6.274 5.689 
19.926 16.652 14.534 11. 957 10.341 9.052 8.229 7.439 
24.428 20.453 17.894 14.708 12.753 11.157 10.141 9.159 

24.167 21.187 17.416 15.125 13.229 12.014 10.851 
24.418 20.077 17.461 15.270 13.864 12.521 
27.575 22.686 19.761 17.285 15.699 14.170 

22.027 19.277 17.514 15.799 
24.256 21.238 19.303 17.407 

23.163 21.056 18.994 

-------------- ~--~~ 

22.773 20.549 I 
---~---.-- ~~ 

I-' 
IV 
~ 



TABLE A.3.8 

Partial T (""C) I 185.24 
Pressure 

Adsorption Isolherms of n~Heplane 
Car~ier Gas: HELIUM V = 0.4 ~l 

193.32 201.62 207.40 217.47 225.01 229.90 

p(mm Hg) (Moles of n-Heplane Adsorbed per gram of Catalyst)xl07 

2 10.895 9.009 7.653 6.274 5.502 4.778 4.249 
3 15.965 13.060 11. 200 8.192 '7.191 6.237 5.563 
4 20.910 16.956 14.651 11. 957 10.510 9.103 8.150 
5 25.751 20.716 18.026 13.793 12.135 10.506 9All 
6 30.502 24.364 21.332 17.417 15.345 13.278 11.899 
7 35.175 27.911 24.586 19.193 16.920 14.638 13.126, 
8 '39.761 31. 373 27.784 22.708 20.038 17.329 15.560 
9 44.283 30.928 24.436 21.571 18.652 16.760 

10 48.753 34.027 27.858 24.610 21.274 19.140 
11 37.086 29.541 26.108 22.568 20.313 
12 40.106 32.875 29.081 25.135 22.641 
13 43.080 34.516 30.550 26.401 23.791 
14 37.768 33.464 28.916 26.076 
15 39.369 34.902 30.161 27.204 
16 37.756 32.635 29.443 
17 39.164 33.854 30.548 
18 36.296 32.740 
19 33.820 
20 35.962 
21 

- --

234.31 

3.928 
5.132 
7.502 

'8.663 
10.959 
12. ,083 
14.306 
15.406 
17.586 
18.662 
20.801 
21.857 
23.954 
24.989 
27.044 
28.059 
30.074 
31.068 
33.038 
34.008 

I-' 
W 
o 



Parlial 
Pressure 
p(mm Hg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE A. 3 .,9 1 Adsorpt.ion Isolherms of i-Delane 
Carrier Gas: HELIUM V = 0.2 ~l 

T (OC) I 185. 25 193.33 201.59 209.91 217.47 224.87 229.84 

(Moles of i-Delane Adsorbed per gram of Calalysl)x10 7 

6.333 5.396 4.742 4.001 3.329 2.953 2.710 
11.985 10.342 9.021 7.657 6.389 5.625 5.094 
17.346 15.053 13.117 11.190 9.341 8.207 7.404 
22.490 19.597 17.074 14.626 12.212 10.727 9.655 

24.001· 20.926 17.987 15.021 13.187 11. 853 
21.275 17.774 15.598 14.010 
24.500 20.475 17.962 16.125 
27.649 23.108 20.275 18.203 

20.229 

234.26 I 

2.450 
4.655 
6.796 
8.888 

10.938 
12.948 
14.922 
16.868 
18.758 

I-' 
W 
I-' 



Partial 
Pressure 
p(mm Hg) 

2 
3 
4 
5 
6 
7 
8 
9· 

10 
11 
12 
13 
14 
15 
16 

TABLE A.3.10 Adsorption Isoth~rms of i-Octane 
Carrier Gas: HELIUM V = 0.4~l' 

T (''''C) I 185.27 193.30 201.65 209.99 217.44 224.48 229.84 

(Moles of i-Octane Adsorbed per gram of Catalyst)xl0 7 

12.269 10.331 9.096 7.605 6.466 5.590 4.954 
17.718· 15.027 13.227 11.118 9.459 8.193 6.460 
22.955 19.553 17.213 14.533 12.377 10.726 9.415 
28.030 23.944 21.085 17.864 15.227 13.201 10.854 
32.965 28.224 24.869 21.119 18.016 15.632 13.696 
37.766 32.405 28.569 24.304 20.752 18.022 15.088 

36.495 32.194 27.429 23.444 20.375 17.840 
35.748 30.500 26.095 22.698 19.191 

33.521 28.708 24.987 21.870 
36.500 31.286 27.240 23.188 

33.828 29.462 25.800 
~36.327 31. 654 27.086 

33.817 29.634 
30.887 

234.34 

4.589 
5.979 
8.708 

10.038 
12.663 
13.947 
16.483 
17.730 
20.202 
21.417 
23.823 
25.009 
27.359 
28.516 
30.813 

I-' 
W 
I\J 



APPENDIX IV 

PROGRAH FOR SIMPSON'S NUMERICAL INTEGRATION METHOD 
C 
C H- SUBINTERVALS 
C YA = INITIAL VALUE OF Y(I) 

'c N = NUHBER OF POINTS 
C X(I)= EVALUATION POINTS 
C Y(I)= VALUES OF THE FUNCTION AT XCI) 
C 

DIMENSION X(lOO).Y(lOO) 
READ(4.*) H,YA,N 
X( 1) =H 
DO 11 I=2,N 

11 X(J)=XCI-l)+H 
DO 5 I=1.N 

5 READ(4.*) Y(I) 
M=N-1 
L=1 
WRITE{5.*) L,M 
K=1 

30 K=K+1 
SUMODD=O. 
SUMEVN=O. 
SUMEND=YA*1.0E-7+Y(K) 
1=1 

50 SUMODD=SUMODD+4*YCI) 
1=1+1 

. IF( I .EQ.K) GO TO 10 
SUMEVN=SUMEVN+2*Y( I) 
1=1+1 
IF(I.NE.K) GO TO 50 

lOS H1P=H* (SUMEND+SUMODD+SUMEVN) 13 
WRITE (5,*) X(I).Y(I),SIMP 
STOP 
END 

133 



APPENDIX V 

C 
C A LEAST-SQUARES CURVE FITTING PROGRAH 
C 

134 

* 
* 
* 

C~****************~********************************~** 
C 
C THIS IS THE MAIN PROGRAH. IT CALLS ONE SUBROUTINE 
C CALLED NORMEQ. THE MAXIMUM NUHBER OF DATA POINTS 
C IS 100 AND THE HAXIHUH DEGREE IS 10. 
C 

DIMENSION X(100),Y(100),COEF(100),V(100),AD1(100), 
+AD(100) 

INTEGER DEGREE,DEGP1 
C 
C READ DATA 
C 

C 

OPEN(4,FILE='SIMRES') 
REWIND 4 
OPEN(S,FILE='CFRES' ,STATUS='NEW') 
REWIND S 
READ(4,*) DEGREE,NOPTS 
DO 11 I=l,NOPTS 

11 READ(4,*) X(l),V(l),AD(I),YCI) 
DEGP1=DEGREE+1 

C CALL S UBROUT I NE . NOru~EQ 
C 

CALL NORMEQ(DEGREE,DEGP1,NOPTS,X,Y,COEF) 
C 
C PRINTS RESULTS 
C 

WRITE(S,*) NOPTS 
DO 111 I=l,NOPTS 
AD1(I)=X(I)/(COEF(1)+COEF(2)*X(I» 

. 111 WR I TE ( S , *) X ( I ) , V ( 1 ) , AD ( 1 ) ,AD 1 ( I ) 
WRITE(S,*) (I,COEF(I),I=1,DEGP1) 
END 

C 

C***************************************************** 
C 
CSUBROUTINE NORMEQ TO SET UP THE NORMAL EQUAT 
C 

C 
SUBROUTINE NORMEQ(DEGREE,DEG?l,NOPTS,X,Y,COEF) 

C 

* 
* 
* 



C 
C THIS SUBROUTINE CALLS SUBROUTINE GAUSS. 
C 

INTEGER DEGT2,DEGREE,DEGP1 

135 

D I MENS ION POWX ( 200) ,X < NOPTS) , Y (NOPTS) , SUM ( 11 , 11> , 
+RHS(11),COEF(DEGP1) 

DEGT2=DEGREE*2 
C 
C COMPUTE SUMS OF POWERS 
C 

C 

DO 10 I=1,DEGT2 
POWX ( I ) = 0 . 0 . 
DO 10 J=l,NOPTS 
POWX(I)=POWX(I)+X<J)**I 

10 CONTINUE 

C FROM THE SUMS OF POWERS COMPUTE THE LHS OF THE 
C EQUATION IN THE TWO DIMENSIONAL ARRAY 'SUM' 
C 

C 

DO 30 I=1,DEGP1 
DO 30 J=1,DEGP1 
K=I+J-2 
IF(K.LE.o) GO TO 20 
SUM(I,J)=POWX(K) 
GO TO 30 

20 SUM(I,J)=NOPTS 
30 CONTINUE 

C SET UP THE RHS OF THE EQUATIONS 
C 

C 

RHS(l)=o.O 
DO 40 J=l,NOPTS 
RHS(l)=RHS(l)+Y(J) 

40 CONTINUE 
DO 50 I=2,DEGP1 
RHS(I)=o.o 
DO 50 J=l,NOPTS 
RHS(I)=RHS(I)+Y(J)*X(J)**(I-1) 

50 CONTINUE 

C CALL SUBROUTINE GAUS TO SOLVE THE EQUATIONS 
C 

CALL GAUSS(DEGREE,DEGP1,RHS,COEF,SUM) 
RETURN 
END 

C 

C***************************************************** 
C * 
C SUBROUTINE GAUSS. SOLVES THE SET OF EQUATIONS * 
C SUM(I,J)=RHS(I) * 
C * 
C***************************************************** 
C 

SUBROUTINE GAUSS(DEGREE,DEGP1,RHS,COEF,SUM) 



C 

INTEGER.DEGREE,DEGP1 
DIMENSION RHSCDEGP1),COEFCDEGP1),SUH(1i,11) 
DO 50 K=l,DEGREE 

C CARRY OUT THE ELIMINATION PROCES~ 'DEGREE' TIMES 
C 

C 

KPLUS1=K+1 
L=K 

C FIND TERMS OF GREATEST MAGNITUDE 
C 

C 

DO 10 I=KPLUS1,DEGP1 
IF(ABS(SUM(I,K».LE.ABS(SUMCL,K») GO TO 10 
L=I 

10 CONTINUE 

136 

C IF TERHS ARE SUITABLY ORDERED THEN OMIT IJI,TTERCHANGE. 
C 

IFCL.LE.K) GO TO 30 
C 
C INTERCHANGE ROWS TO OBTAIN TERMS.OF DECREASING 
C MAGNITUDES. 
C 

c 

DO 20 J=K,DEGP1 
DUMP=SUM(K,J) 
SUMCK,J)=SUM(L,J) 
SUMCL,J)=DUMP 

20 CONTINUE 
DUMP=RHS(K) 
RHS(K) =RHSCL) . 
RHS(L)=DUMP 

30 DO 50 I=KPLUS1,DEGP1 

C FIND FACTOR WHICH WILL ELIMINATE TERM AFTER 
C SUBTRACTION 
C 

FACTOR=SUM( I ,K) JSUM{K,K) 
C 

.C SET THIS TERM=O 
C 

SUM ( I , K) = 0 . 0 
DO 40 J=KPLUS1,DEGP1 

C 
C COHPUTE OTHER TERM 
C 

C 

SUM(I,J)=SUH{I,J)-FACTOR*SUH{K,J) 
40 CONTINUE 

RHS(I)=RHS(I)-FACTOR*RHS{K) 
50 CONTINUE 

C COMPUTE SOLUTION OF SINGLE EQUATION REMAINING 
C 

COEF(DEGP1)=RHS(DEGP1)JSUM(DEGPl,DEGPl) 
I =DEGREE 



C 

60 IPLUS1=1+1 
TOTAL=O.O 

C COMPUTE OTHER SOLUTION BY SUBSTITUTION 
C 

DO 70 J=IPLUS1,DEGP1 
TOTAL=TOTAL+SUM(I,J)*COEF(J) 

70 CONTINUE 
C 
C RETURN SOLUTIONS IN THE VECTOR 'COEF' 
C 

COEF( I ) = (RHS ( 1) -TOTAL) ISUM< I ,1> 
1=1-1 
IFCI.GT.O) GO TO 60 . 
RETURN 
END . 
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FIGURE A.S.2 Sample Chromatogram for n-Pentane at 0.4 ~l with He 
T=218.18~C Attenuation=64 Chart Speed=20 em/min 
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FIGURE A.6.S Sample Chromalogram for n~Hexane al 0.4 ~l with He 
T=211.11~C Allenualion=32 Charl Speed=20 ern/min 
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FIGURE A.S.7 Sample Chromatog~am for n-Heplane at 0.2 ~l with He 
T=207.39~C Allenuali6n=32 Chart Speed=20 em/min 
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FIGURE A~6.8 Sample Chromatogram for n-Heptane at 0.4 ~l with He 
T=207.40~C Attenuation=16 Chart Speed=20 em/min 
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FIGURE A.6.9 Sample Chromatogram for i-Octane at 0.2 ~l with He 
T=209.91°C Attenuation=16 Chart Speed=20 em/min 
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FIGURE A.6.l0 Sample Chromatogram for i-Octane at 0.4 ~l with He 
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