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Abstract

Gas chromatographic data of ca. 140 molecular probes were measured on primary chloro and bromo derivatives
of a C,, branched alkane (C,,H,,,) as stationary phases. Interaction free enthalpies between solutes anq the
dipolar chloroalkyl and bromoalkyl groups were nearly the same. Slight differences may be explained by the higher

polarizability of the bromo substituent.

1. Introduction

The objective of our project, described in
detail in Part I [1], is the determination of
interaction free enthalpies between solutes at
infinite dilution and an interacting group also at
infinite dilution. The measuring system consists
of a family of isosteric solvents shown in Fig. 1.
Use of these solvents as stationary phases per-
mits the easy determination of the gas chromato-
graphic data of molecular probes and the deriva-
tion of the desired standard chemical potentials
characterizing the interaction free enthalpies.

In this paper we report the interaction free
enthalpies of a series of solutes with a primary
chloroalkyl and bromoalkyl group, PCL and
PBR, by using stationary phases with X = Cl and

* Corresponding author.
* For Part 1V, see Ref. [3]. Partly taken from the doctoral
thesis of G.D., EPFL, No. 1212 (1994).

Br. Data on these phases are of theoretical
interest, as both interacting groups have about
the same dipole moment (u =2.1 D [2]) but not
the same polarizability. Therefore, it was hoped
that comparison of retention data in these sol-
vents would teach us about the effect of the

H,C

HsC CH,

Fig. 1. Structure of the stationary phases: C,g, X = CH,CHj;
PCL (primary chioro), X = CH,Cl; PBR (primary bromo},
X =CH,Br.
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higher polarizability of the bromo substituent.
Further information was sought from the com-
parison of these data with those obtained on a
polar stationary phase, MTF (monotrifluoro-
methyl), where X =CF, [3]. The size of the
trifluoromethyl group (diameter, d ~4.1 A) is
slightly larger than that of the chloro substituent
(d=3.3 A) but its dipole moment is of the same
order of magnitude [u(CH,CF,)=2.3 D]. Dif-
ferences in the interaction energies in these two
solvents should also be due to differences of
polarizability.

2. Theoretical

The theory was given in detail in Ref. [1]. In
the following is given a summary of the equa-
tions necessary for the understanding of the
evaluation of data. First the molal Henry coeffi-
cient, gjL , is calculated from the specific reten-
tion volume, V;_ j» of solute j on the stationary
liquid, L = A, P or A-P (mixture of A and P),
by using

. RT

Fe 1
& " 000vE W

The related standard chemical potential differ-
ence between the ideal dilute solution of j in L
and the vapour of j as ideal gas, A/.Lf‘, is given by

A;Lf‘ =RT ln[gﬁ/(atm kg mol ™ ")] (2)

where % (cm” atm mol ' K™') or R (cal mol ™
K ') is the universal gas constant. By supposing
that the partial molar heat capacity, AC,L,‘]-, is
constant in the experimental temperature do-
main (Kirchoff’s approximation), the tempera-
ture dependence of the standard chemical po-
tential can be described with adequate precision
by

Aw; =AH[ - T AS/

J

+AC',;_,[T—T+—T1n(~TT+)] (3)

where AH/L and ASf‘ are the partial molar

enthalpy and entropy difference, respectively, at
the standard temperature 7. If the two station-
ary phases, A = C,, and P = PCL, form a regular
mixture, then the standard chemical potential of
solute j in an A-P system as a function of the
volume fraction, ¢, can be given by

At P =Apd + g Ap + oaepm) T 4)

where Ap.f = Ap,j'.> — Auf‘ and mf'P =h—Ts. In
the absence of molar volume differences in the
A-P mixture (isosteric solvents), the factor m?"P
accounts for the effect of non-ideality of the A-P
mixture on the standard chemical potential of
the solute. Its value as a function of temperature
can be given as a combination of enthalpic, £,
and entropic, s, contributions. Partial derivation
of Eq. 4 with respect to concentration of the
interacting group, X, gives Eq. 5, the necessary
relationship for the calculation of the interaction
free enthalpy of a solute at infinite dilution with
an alone standing interacting polar group X in
the A—P mixture also at infinite dilution.

A-P

ApidX = (a_.A_ﬁ__)
B = U 8X] /rxi=o

= (A +m ) " ),p/1000 (5)

where v, (cm’ mol ') is the molar volume of P.
Chromatographic data for solutes other than n-
alkanes were determined on the retention index
scale. Let us recall that the retention index of a
solute j is a measure of its standard chemical
potential on a scale given by the standard chemi-
cal potentials of the n-alkanes:

Ap; — Au;
1" =100 —+———7 + 100z
g AMz+l - A,‘LZ
By,
=100 6—”; + 100z (6)

2z

where 8 designates the standard chemical po-
tential difference between two substances in the
same solvent. Retention indices, IjL, can be given
in the A-P mixture as a function of composition
and temperature by the following approxima-
tion:

= I,A + e AI,}') + ‘PA‘PP‘}AiP (7)

J
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where
I' =1, +A; AT + A, AT’
Al =1, -1*
=Als, +AA; AT+ AA,, AT®
irT=A, +A AT

7

The symbol A is for a regression coefficient
defined by its subscript and the other symbols
are as before. Using Eq. 7, the retention index
difference at infinite dilution of the interacting
group, X, and of the solute j in A—P mixtures is
given at the reference temperature by

s pidX _ poooapy URX]
AL = AL+ 760001 + (X (8)
where « =(8’/J,izdx -8’,u?)/6y? and 8'u’ and

8'u'™ is for the value of the slope of the function

du X ([X]) at [X] =0 and 1 mol | ", respective-
ly. In the case of C,;—PCL mixtures, the value of
« is of the order of —0.02 1 mol ' and conse-
quently the value of the correcting factor in Eq.
8 is of the order of 1.02.

3. Experimental
3.1. Materials

The stationary liquids, 19,24-dioctadecyldo-
tetracontane (C,;=A), 1-chloro-18,23-diocta-

Table 1
Physical properties of the stationary phases

decylhentetracontane (PCL) and 1-bromo-18,23-
diotadecylhentetracontane (PBR), were synthes-
ized in our laboratory [4,5]. The densities of the
stationary liquids and the coefficients of Eq. 9
from Ref. [4] are given in Table 1, together with
the temperature range of measurement:

Inp, =InM, —Inv, =lnp'—a" AT - BAT’
%)

where p' is the density and @' is the isobaric
coefficient of thermal expansion at the standard
temperature 7' =403.15 K and B = (1/2)(da/
dT). The ratio of the molar volume of the
solvents PCL and PBR with reference to C,g is
shown in Fig. 2 in Ref. [4]. All solutes were
research-grade compounds from Fluka (Buchs,
Switzerland). A batch of the same support,
Chromosorb G HP from Supelco (Bellefonte,
PA, USA), was used as for the measurements in
Refs. [1] and [3]. Additional deactivation of the
support by methylsilylation and the preparation
of the columns were carried out as described in
Ref. [1]. Three columns were prepared with pure
PCL, one column with pure C,; and two col-
umns with a 50:50 (v/v) mixture of C,; and PCL.
The column characteristics are listed in Table 2.

3.2. Apparatus

The gas chromatograph was described in detail
in Ref. [1]. Briefly, a Model 439 gas chromato-
graph from Packard-Becker (Delft, Netherlands)

L Temperature ~ M.p. M p v’ o’ - 10* B-10 o

range (°C) (gmol™) (gem *)  (em’mol ') (KT (K™ (gem™)
Symbol  Formula °O)
Coe CH 5 80-200 69-75 1096.1 0.7714 1420.9 7.62 1.26 0.0004
PCL C,,H,,Cl 80-180 72-75 1116.6 0.7895 1414.2 7.60 1.26 0.0002
PBR C,,H,Br 80-170 73-76 1161.0 0.8180 1419.3 7.77 0.85 0.0004
Ayl +0.00009 +0.17 +().34 +0.93

M = molar mass; the symbols p'. «' and B are regression coefficients of Eq. 9 for the calculation of the density in the
temperature range 80-210°C; v’ is for the molar volume at the standard temperature T' =403.15 K. Data for PCL and PBR are

from Ref. [4] those for C,, are from Ref. [6].
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Table 2
Characteristics of the chromatographic columns

Column Series 100¢ W, P,
(%) () (%)
Co 2.236 6.77
PBR 2.197 6.77
PCL (a) 2.138 6.34
(b) 2.167 6.37
(c) 1.941 6.03
C,,—-PCL (a) 50.0 1.836 6.29
(b) 50.0 1.751 6.29

@p = Volume fraction of the polar solvent in the A-P mixture
at 130°C; w, = mass of the stationary liquid in the column
and P, = mass percentage of L in the packing (100w, /total
mass).

was used, equipped with thermal conductivity
detectors, a calibrated Pt sensor (100 ; DIN
43710) with temperature-measuring device from
Systemteknik  (Lidingoe, Sweden) (Model
$1220), a chromel-alumel thermocouple set to
measure temperature gradient in the oven, a
Model 5850 TR helium flow controller from
Brooks (Veenendaal, Netherlands) and a Model
710B inlet pressure-measuring device from Heise
(Bassweiler, Germany). Retention times are
determined at the peak maximum with a Model
3396 A integrator from Hewlett-Packard (Palo
Alto, CA, USA). In Ref. [1] are given details of
the determination of absolute retention data
under isothermal conditions.

3.3. Retention data

The mean experimental oven temperature,
corrected for the temperature gradient in the
oven, did not differ by more than 0.2 K from the
desired nominal temperature. Retention data for
n-alkanes determined at T, , were corrected to
data at T, as follows. On the PCL and C, -
PCL columns, retention volumes were measured
every 15K between 85 and 160°C and between
130 and 160°C for higher n-alkanes. After having
measured all data on a given column, specific
retention volumes were calculated from the neon
retention as the starting point, then data were
converted into standard chemical potentials by

using Eq. 2. Standard chemical potentials of a
given alkane near a given nominal temperature
were averaged to give an average data point at
the average temperature, Texp. The temperature
dependences of the averaged chemical potentials
were obtained by fitting a quadratic polynomial
to the data points. The first derivative of this
function was then used to correct chemical
potentials measured at T, to T, For details,
see Ref. [1].

For all other solutes, only retention indices
were determined and corrected for deviations
from the nominal temperatures by an analogous
iterative procedure. All successive calculations
are based on these corrected data. They will be
referred to as ‘‘experimental retention data”.
Retention data on PBR were measured at the
standard temperature, 7'=130°C only. The
difference between the experimental tempera-
ture and the nominal temperature, here T, =
T', never exceeded 0.1 K. Retention data at
T.,, were corrected to T, using the results on
the liquid PCL, the chromatographic behaviour
of the two phases being very similar. Data on C.
had to be corrected for the adsorption activity of
the solid support used in this project, which was
slightly different from that used earlier [1].
Therefore, retention indices were measured at
130°C on a C,4 column prepared with the actual
support. These data were used for / 78 instead of
those published in Ref. [1]. These same indices
were converted into standard chemical potentials
at 130°C with the aid of n-alkane data and used
to correct partial molar enthalpies (see below).
Corrected data are listed in Table 5. Corrections
for weighing errors on PCL and C,3-PCL col-
umns were made by using n-alkane data mea-
sured at 85, 115 and 130°C only, by assuming
that specific retention volume differences on the
two series of columns were due to weighing
errors. With the aid of specific retention vol-
umes, the factor f =Véb)/Vg’) was determined,
which was assumed to be equal to the ratio of
the mass of liquid in the columns, f= w® w®™,
Differences between standard chemical poten-
tials on the two columns are given by
RTIn f=Ap® — Au® (10)

F4
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Average ratio of specific retention volumes on columns of series (a) and (b), f= V;")/ V(;} , and the corresponding corrections to
add to standard chemical potentials determined on columns of series (a)

L f 0.5RT In f (cal mol™")

85°C 100°C 115°C 130°C 145°C 160°C
C,s~PCL 0.964 -12.9 -135 ~14.1 ~14.6 ~15.1 -15.7
PCL 0.993 ~2.4 -2.6 -2.7 -29 -3.0
Table 4

Analysis of variance of the set of 108 standard chemical potentials of the n-alkane solutes with 5<Z <10 in the temperature

range 85-160°C at three compositions of the C,;—PCL mixture

Source sQ @ v F Sign. by Function
(%)

X ]

AL (0) 34.2 Auy?

T (1) 0.3 1 id 0.01 - 0.03 ASS
(2) 23.8 1 id 0.46 - -0.188 ACH,
(res. T* 289.1 3 96.4 1.86 20)

L (1) 69 440.2 1 id 1.34-10° 0.01 31.056 Audt
(2) 2160.9 1 id 4.16- 10" 0.1 —9.489 a-p

TL (1,.1) 35.1 1 id 0.68 - ~0.409 ASE
(1,2) 121.3 1 id 2.34 20 -1.316 soF
(2.1) 5.2 1 id 0.10 - —0.108 ACh,
(res. TL* 229.7 7 32.8 0.63 -)

1st res.” (=2X~) 518.9 10 51.9

z (1) 4950.8 1 id 4.51-10° 0.01 39 ol
(2) 808.1 1 id 7.35- 10 0.01 ~1.097
(3) 463.6 1 id 4.22-10' 0.1 0.630
(res. Z** 113.2 2 56.6 8.00 1

177 (1,1) 14.2 1 id 1.29 - -0.124 ash
(2.1) 5.7 1 id 0.51 - —0.054 3Ch,
(res. TZ** 35.7 23 1.6 0.14 -)

LZ (1.1) 19225 1 id 1.75-10° 0.01 3.026 o’
(2.1) 554.6 1 id 5.05-10' 0.01 -2.816 dm AP
(res. LZ** 695.5 8 86.9 7.91 1)

TLZ (1.1.1) 3.7 1 id 0.34 - —-0.078 587
(2.1.1) 3.0 1 id 0.27 - —-0.048 8Cr,
(1,2,1) 3.9 1 id 0.35 - 0.138 85 F
(res. TLZ** 34.8 47 0.7 0.10 -)

2nd res.” (=3X**) 879.1 80 10.9

The source of variance is related to orthogonal terms in Eq. 11. X’ is the systematic polynomial variation of & ™" on the effects
T (temperature), L (composition of the liquid stationary phase, 100¢,., = 0.0, 50.0 and 100.0%) and Z (carbon number of the
solute). The subscripts in parentheses refer to the degree of the orthogonal polynomial: (1) linear; (2) quadratic; (3) cubic. SQ is
the sum of squares, @ is the number of degrees of freedom and V' = V(res.) + »,V(x) is the combined variance to be analysed by
Fisher’s F (v, is the number of statistical units in one datum of the subset used for the evaluation of the effect) [7]. The
coefficients b}’ in Eq. 11 are also listed along with the corresponding thermodynamic coefficients. The meanings of the symbols of
thermodynamic functions are described in the text. Abbreviations: “res.” = residual variance; “sign.” = significance level; “id.”
means that V' = S5Q/® is equal to the corresponding SQ (¥ =1).

* Sum of the residuals marked by one asterisk.

® Sum of the residuals marked by two asterisks.
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Table 5
Retention indices and thermodynamic data for 140 solutes on pure C,, and in C,,—PCL mixtures where data derived for idPCL
are also given.

Index and chemical potential differences between PBR and C,; are for 130°C. The symbol n is for the number of data points
used for regression where points for pure C,; were generated using the experimental data determined on the support used in this
project at the reference temperature 7" = 130 + 273.15 K and the temperature coefficients from Refs. [1] and [3]. Constants and
functions, Y, preceded by A refer to the difference between ideal dilute solution and ideal gas phase; A refer to those on C,, i.e.,
AY(P) = Y(P) — Y(C,); &' values are for an “ideal solution” of group X. Retention indices: I,,, is for the retention index at T';
for the meaning of the coefficients, A, see Eq. 7. Thermodynamic functions: H and S are for partial molar enthalpy and entropy
at T, C, is for the mean partial molar heat capacity in the temperature range indicated; for the meaning of the coefficients £ and
s, see Eq. 4. At the end of the Table, additive corrections are listed to convert data, (A) to those related to the partition
coefficients K, and (B) to those where pressures are measured in units of bar (instead of atm). Errors: the symbol o is for the
standard deviation around the regression and at the end of the table are listed standard deviations of constants and functions in
units of the standard deviation around the regression, f(coeff) = o(coeff)/o. Data marked by a superscript s are significant at the
10% significance level if tested against 0. Data marked by one asterisk are at the 20% significance level those marked by double
asterisks are under this limit. Note that linearity of the following thermodynamic functions of n-alkanes with carbon number was
imposed by the regression function: AH, AS, AC,, h, s, A'H, A'S and A'C,.

No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n C78 PCL-C78 id PCL - C78 PBR - C78
10x 10x 10x
1130 At Al130 AAT Al;zo  dar c Alj30
(°C) (K1) (K1) (1 (K11
mol-l)  mol1)
HYDROCARBONS
n-Alkanes
00.05 Pentanc 18 85-160 500 def.
00.06 Hexane 18 85-160 600 def.
00.07 Heptane 18 85-160 700 def.
00.08 Octane 18 85-160 800 def.
00.09 Nonanc 18  85-160 900 def.
00.10 Decane 18 85-160 1000 def.
00.11 Undecane 12 115160 1100 def.
00.12 Dodecane 9 130-160 1200 def.
00.13 Tridecane 9 130-160 1300 def.
00.14 Tetradecane 9 130-160 1400 def.
Isoalkanes
10.01 2,2-Dimethylbutane 15 85-145 5408 +0.93 + 0.1°* -0.15 + 01 -0.21 0.24 - 03

10.02 2,3-Dimethylbutanc 15 85-145 5732 +0.92 + 07 +0.01° + 1.0 +0.02 0.29 + 0.6
10.03 2,2-Dimethylpentane 15 85145 627.7 +0.85 + 0.1 -0.22 + 01 -031 0.22 - 05
10.04 2,3-Dimethylpentane 15 85-145 6794 +0.98 + 0.6 +0.02*° + 09 +0.03 0.13 + 0.5
10.05 2,4-Dimethylpentane 15 85-145 6289 +0.53 + 00 -0.15% - 00 -0.21 0.24 - 0.1
10.06 2,2-Dimethylhexane 15 85145 7194  +0.75 - 0.1** -0.23 - 02 -0.33 0.16 - 0.6

10.07 2,3-Dimethylhexane 15  85-145 765.6 +0.86 + 05 +0.01** + 07 +002 0.13 + 02
10.08 2,4-Dimethylhexane 15 85-145 7335 +0.54 - 03 +0.07* - 04 +0.09 0.17 - 03
10.09 3,4-Dimethylhexane 15 85145 7803 +1.07 + 03 +0.12 + 04 +018 013 + 0.1
10.10 22,3-Trimethylbutane 15 85-145 652.0 +1.30 + 04" +0.51 + 06 +0.73 0.34 - 02
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No Thermodynamic daa: C78/PCL C78/PBR
C78 PCL-C78 Mixtre id PCL{[CI]=1)-C78 PBR - C78
AH AS ACp AH  AS ACp /1 s AH A4S 4ACp o Au
(cal S —— (dd —————— (cd {cal (call ———————— (cal (cal
mold)  (calmol' K1) moll) (cal mol K1) mol!)  mol! K1) mol?) (callmol2K1) moll) moll)
HYDROCARBONS
n-Alkanes
0005 -5507 -16.043 6.2 +102 +0.104 + 31 -109 -0.355 - 50 -0455 + 4.1 3.6 + 850
0006 - 6505 -17.131 718 +105 +0.104 + 27 -103  -0.355 - 41 -0463 + 35 3.1 + 925
0007 - 7517 -18.341 10.7 +107 +0.104 + 23 -98 -0.355 - 33 -0471 + 29 27 + 95.7
00.08 - 8517 -19.540 123 +110 +0.104 + 19 -92 -0355 -25 -0479 + 23 26 + 989
0009 -9531 -20.792 144 +113  +0.104 + 1.5 - 87 -0.355 - 17 -0.487 + 1.8 3.1 +102.8
00.10 -10539 -22.035 158 +115  +0.104 + 1.2 - 81 -0.355 - 9 -0495 + 12 32 +106.3
00.11 -11561 -23.322 19.1 +117 +0.104 + 08 -76 -0.355 -1 -0503 + 06 57 +112.2
00.12 -12569 -24.581 20.5 +120 +0.104 + 04 -70 -0.355 + 7 -0511 + 00 6.1 +115.0
00.13  -13576 -25.840 21.9 +123 +0.104 + 00 -65 -0.355 +16 -0520 - 05 89 +114.7
00.14 -14583 -27.099 233 +125  +0.104 - 04 -5 -0355 +24 -0.528 - 1.1 11.2 +137.2
Isoalkanes
1001 - 5708 -15977 6.0 + 57 -0012*" + 24 - 87 -0.289 - 81 -0521 + 30 1.1 + 79.6
1002 -6029 -16.322 6.4 +98 +0098 +28 -132 -0.400 -8 -0518 + 36 10 + 834
1003 -6602 -17.009 7.0 + 55 -0021"" + 26 -210 -0.618 -263 -1.012 + 3.0 06 + 97.0
1004 -7101 -17.578 89 +120 +0.145 + 35 - 98 -0.346 - 12 -0391 + 46 0S5 + 93.0
1005 - 6686 -17.208 87 + 48  -0036"" + 04 -112 -0.364 -133 -0670 + 02 0.5 + 934
10.06 - 7551 -18.180 104 + 57 -0.023* + 23 =177  -0.54% =217 -0926 + 27 04 + 98.7
1007 - 7991 -18.678 112 +122  +0.142 + 3.1 -129  -0.439 -57 -0538 + 40 06 + 96.1
10.08 - 7741 -18.467 107 +100 +0.081 + 09° - 47 -0.235 +25 -0341 + 11 04 + 98.6
1009 - 8101 -18.761 103 +112  +0.116 + 08 -35 -0.212 +59 -0259 + 10 02 + 97.6
1010 - 6762 -17.092 8.1 +225 +0402 + 30 +117 +0.192 +44]1 40734 + 46 0.6 + 954

(Continued on p. 138)
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No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n C78 PCL-C78 id PCL - C78 PBR - C78
10x 10x ) 10x
1130 Ar Az AAr Al;zp  AAr c Al;30
() (k') (K1) (1 (k1
moll)  mol!)

10.11 2,2,4-Trimethylpentane 15  85-145 6949 +0.95 - 0.1 +0.18 - 01 +0.26 0.17 - 07
10.12 2,3,4-Trimethylpentane 15  85-145 765.1 +1.35 + 04" +0.33 + 0.6 +0.48 0.31 - 0.1
1-Alkenes
11.05 1-Pentene 15  85-145 485.0 +0.46 + 14 -025* +20 -034 0.51 + 1.7
11.06 1-Hexene 15  85-145 5859 +0.49 + 21 -022 + 30 -0.29 0.32 + 25
11.07 1-Heptene 15  85-145 685.0 +0.41 +26 =007 + 38 -0.07 0.28 + 3.0
11.08 1-Octene 15  85-145 7849 +0.45 +20 -017 + 29 -0.22 0.20 + 25
11.09 1-Nonene 15 85-145 885.0 +0.39 +21 -007** + 30 -0.08 0.20 + 29
11.10 1-Decene 15  85-145 985.0 +0.35 + 21 4007 + 30 +012 0.24 + 2.6
1-Alkynes
12.05 1-Pentyne 15  85-145 4844 -0.20 + 7.1 +0.16 +10.3  +0.31 0.35 + 1.5
12.06 1-Hexyne 15  85-145 587.3 +0.08 + 74 +0.01** +10.7 +0.10 0.19 + 74
12.07 1-Heptyne 15  85-145 687.3 +0.05" + 179 +0.15 +11.5  +0.31 0.17 + 7.8
12.08 1-Octyne 15 85-145 787.5 +0.16 + 75 +0.08" +10.9 +0.20 0.16 + 7.2
12.09 1-Nonyne 15  85-145 8879 +0.22 + 7.6 +0.05* +11.0 +0.16 0.16 + 8.0
12.10 1-Decyne 15 85-145 987.9 +0.18 + 78 +0.18 +11.3  +0.35 0.28 + 7.8
Alkynes
13.01 2-Hexyne 15 85-145 6420 -0.19 + 63 +0.01" + 91 +0.09 0.14 + 6.6
13.02 3-Hexyne 15  85-145 619.8 -0.57 +55 -009" + 80 -0.06 0.31 + 6.1
13.03 4-Octyne 15 85-145 8099 -0.19 + 47 -0.02" + 68 +0.03 0.22 + 5.6
Monocyclic hydrocarbons
14.05 Cyclopentane 18 85-160 587.7 +2.29 + 14 -024 +20 -0.33 0.37 + 2.5
14.06 Cyclohexane 18 85-160 693.6 +3.09 + 13  +0.09* + 19 +0.14 0.27 + 2.8
14.07 Cycloheptane 18 85-160 837.5 +4.15 + 15 +0.13s + 23 +0.20 0.29 + 29
14.08 Cyclooctane 18 85-160 965.8 +4.96 + 1.8 4031 + 26 +047 0.28 + 3.3
14.10 Cyclodecane 9 130-160 1179.0 +6.89 + 44 -033 + 63 -0.42 0.71 + 3.1
Bicyclic kydrocarbons
15.01 cis-Hydrindane 9 130-160 10356 +592 +25 =017 + 36 -0.20 0.27 + 4.0
15.02 trans-Hydrindane 9 130160 10019 +5.29 +20 -0.10" + 29 -0.12 0.30 + 20
15.03 cis-Decalin 9 130-160 11529 +7.04 +43 -0.13" + 62 -0.14 0.56 + 34
15.04 mans-Decalin 9 130-160 11124  +6.60 + L7 +0.00" + 25 +0.02 0.21 + 29
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No Thermodynamic data: C78/PCL C78/PBR
Cc78 PCL-C78 Mixture id PCL([CI}=1)-C78 PBR - C78
AH AS ACp AH  AS ACp A s AH  AS ACp © Ap
(cal —_ (cal —_—  (ad (cal (call ———— (cal (cal
moll)  (cal mol! K1) mol-l) (cal mol-! K1) moll) moti K1) mol?) (callmol2K-l) moll) mol!)

1011 -7260 -17.772 9.7 +136 +0.175 + 16 - 62¢ -0.255 +5 -0226 + 21 08 + 98.5

10.12 - 7894 -18.441 96 +173 40266 + 1.7 + 72 +0.053*° +297 +0329 + 2.6 0.5 + 98.5
1-Alkenes

11.05 -5235 -15522 5.1 + 54° 40.003*° + 49 -322  -0.920 -421 -1401 + 60 24 + 919
1106 - 6244 -16.679 83 + 59 +40.019*° + 46 -250 -0.730 -310 -1104 + 58 16 + 749
1107  =-7271 -17.932 122 +95 +40.106* + 45° -1977 -0.600 ~-184 -0.798 + 58 1.3 + 774
1108 - 8276 -19.138 12.5 + 66 +0.019°* + 295 - 78 -0.327 -64 =-0553 + 37 10 + 84.8
11.09 - 9298 -20404 14.0 + 49  -0.026"" - 0.1°* -121  -0.437 -152 -0.779 - 06 08 + 874
11.10 ~-10314 -21.663 15.0 + 96 +0.084* + 05 -137 -0.509 -115 -0.741 + 03 10 + 932
1-Alkynes

1205 - 5391 -15969 7.1 + 88 +0.166 + 44 -145 -0.476 -108 -0.506 + 58 1.2 + 25.1
1206 - 6358 -16945 8.6 + 53 +0.076* + 42 -144  -0.462 -155 -0.611 + 55 0.9 + 49.0
1207 - 738 -18.168 11.9 + 8 +0.153 + 42 -94 -0.349 - 40 -0.348 + 56 0.7 + 533
1208 - 8365 -19.325 129 +53 +0.059 + 21 - 24" -0.187 + 7 -0265 + 28 0.5 + 60.7
1209 -9368 -20.544 153 +20 -0.028* + 00" -42 -0244 -69 -0479 - 03 0S5 + 60.8
1210 -10385 -21.811 17.0 +70 4009 + 1.0 - 2 -0.160"* +55 -0201 + 13 1.5 + 647
Alkynes

1301 - 6977 -17.758 9.3 +32 40003+ 19 -277 -0.159 -22 -0291 + 25 04 + 59.5
13.02 - 6829 -17.675 838 - 5" -0.097* + 04" -181 -0.565 -298 -1024 - 00 13 + 61.8
1303 -8664 -19.779 13.0 +34 -0.025° + 04 -53 -0273 =71 -0530 +03 05 + 70.7
Monocyclic hydrocarbons

1405 - 5857 -15.694 6.3 + 205 -0.062° + 24 -232 -0.677 =327 -1145 +27 19 + 75.8
1406 =-6796 -16.639 94 +100 +0.105 + 125 - 745 -0.302 - 8 -0391 +15 13 + 78.8
1407 - 8036 -17.876 10.6 +105 +0.112 - 0.3** - 47** -0.250 +33 -0318 -06 14 + 842
1408 ~-9178 -19.086 10.2 +146  +0.207 - 00 - 7 -0.137° +149 -0020 + 00 1.2 + 894
1410 -11068 -21.115 163 -6 -0300 + 53 - 78 -0.321 -247 -0987 + 6.8 03 + 81.1
Bicyclic kydrocarbons

1501 - 9800 -19.749 147 - 8 -0365 +105 -~125 -0.476 =349 -1315 +138 04 + 91.6
1502 -9564 -19.587 14.1 -43 -0263 + 89 -349 -0.995 -600 -1.894 +113 0.1 + 994
1503 -10660 -20.434 13.0 - 10" -0.163* + 42° -178  -0.567 =310 -1.143 + 52 05 + 83.0
1504 -10411 -20.311 144 +143  +0.187* - 26~ - 1™ -0.192* +137 -0.165 - 37 06 + 957

(Continued on p. 140)
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Table 5 (continued)

No. Compound Temp. Retention index: C78/PCL C78/PBR

range

n C78 PCL-C78 id PCL - C78 PBR - C78
10x 10x 10x
1130 Ar Aljz0  AAT Al;zp  AAr (o4 Al130
(C) (K1) (K1) (1 (Kt
mol!)  moll)

Methylcyclohexanes ( MCH )
16.01 Methylcyclohexane 15 85-145 7583 +3.24 + 10 -0.01*" + 14 -0.00 0.24 + 1.7
16.02 cis-1,2-Di MCH 15 85-145 868.2 +3.91 + 14 +0.11 + 20 +0.17 0.16 + 28
16.03 trans-1,2-Di MCH 15 85-145 8378 +3.54 + 09 +0.17 + 13  +0.25 0.20 + 1.6
16.04 cis-1,4-Di MCH 15 85-145 8382 +3.38 + 14  +0.04** + 20 +0.07 0.12 + 20
16.05 trans-1,4-Di MCH 15  85-145 8167 +3.12 + 10 -0.03" + 14 -003 0.22 + 13
Cyclohexenes
17.01 Cyclohexene 15  85-145 7050 +3.04 + 36 =002 + 52 +001 0.29 + 49

17.02 1,3-Cyclohexadiene 15 85-145 689.6 +2.97 + 62 +023 +90 +040 0.23 + 7.0
17.03 1,4-Cyclohexadicne 15 85-145 7253 +2.96 + 65 -0.01"* +94 4006 0.28 + 78

Alkylbenzenes

18.00 Benzene 15 85-145 6772 +2.68 + 95 +0.58 +13.8 +094  0.52 +10.4
18.01 Toluene 15 85-145 785.7 +2.75 + 95 4049 +13.8 +0.81 0.42 +10.7
18.02 Ethylbenzene 15  85-145 8754 +3.08 + 94 4032 +13.6  +0.57 0.35 +10.4
Miscellaneous

19.01 Adamantane 9 130-160 11369 +7.87 + 29 +0.67" + 42 +099 0.75 + 3.5
19.02 Naphthalenc 9 130-160 12141 +7.78 +17.4  +0.27** 4252 +0.59 1.21 +17.2
19.03 Azulene 9 130-160 13260 +8.92 +18.1  +1.27 +26.3  +2.03 0.50 +20.3

ALKANE DERIVATIVES

1-Fluoroalkanes

20.05 1-Fluoropentane 15  85-145 5559 +0.09 + 92 -0.17 +13.3  -0.14 0.18 + 8.9
20.06 1-Fluorohexanc 15 85145 656.8 +0.07 + 94 -006" +13.6 +0.02 0.15 + 9.1
20.07 1-Fluoroheptane 15 85-145 7574 +0.07 +95 -0.03" +138 +0.07 0.09 + 92
20.08 1-Fluorooctane 15  85-145 8579 +0.08 + 96 -007 +13.9 +0.01 0.08 +93

1,1,1-Trifluoroalkanes
21.08 1,1,1-Trifluorooctane 15  85-145 7223 -2.27 + 77 -007" +11.1 -0.01 0.19
21.10 1,1,1-Trifluorodecane 15  85-145 9209 -2.28 + 75 -0.16 +104 -0.14 0.17

+

6.3
6.3

+

1-Chloroalkanes
22.04 1-Chlorobutane 15  85-145 639.0 +1.69 + 99 +0.01** +143 +0.13 0.16 +10.4
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141

No Thermodynamic data: C78/PCL C78/PBR
C78 PCL-C78 Mixture id PCL{[Cl}=1)-C78 PBR - C78
AH AS ACp AH  AS ACp [ s AH A4S ACp © Au
(cal _— (cal E—— (cal (cal (call —————— (cal (cal
mol-l)  (cal mol! K1) mol-1) (cal mol-1 K1) moll) moll K1) mol?) (callmol2K-1) moll) moll)
Methylcyclohexanes (MCH)
1601 -~ 7415 -17.342 9.1 +139 +0.189 + 50 -131 -0.444 -34 -0474 + 67 08 + 88.2
1602 - 8403 -18.392 79 +112  +0.124 + 13 - 27 -0.205 +70 -0240 + 17 04 + 89.1
1603 -8172 -18202 78 +125  +0.151 + L1s - 34* -0.221 +78 -0226 + 14 07 + 943
1604 - 8205 -18.281 9.2 +118 +0.138 + 28 -94 -0.363 - 15 -0438 + 37 05 + 914
1605 - 8031 -18.123 10.0 +127 +0.156 + 43 -184  -0.587 -129 -0.730 + 56 05 + 928
Cyclohexenes
1701 - 6926 -16.812 7.7 +118 40172 + 60 -126 -0.422 -49 -0446 + 8.1 08 + 70.4
1702 - 6781 -16.650 69 +105 +0.177 + 33 - 8 -0.138 +104 -0.028 + 46 06 + 594
1703 -7152 -17.113 83 + 97 40156 + 6.1 - 53 -0.253 +29 -0219 + 84 06 + 559
Alkylbenzenes
1800 - 6729 -16.685 82 +150 +0.333 + 33  +172 +0.308 +430 +0.843 + 51 09 + 394
1801 - 7802 -17.954 109 +130 +0275 + 28 + 86 +0.075* +275 +0.418 + 42 08 + 41.6
1802 - 8649 -18918 119 +77 40135 + 13 + 65 +0.015* +166 +0.126 + 19 0.6 + 473
Miscellaneous
19.01 -10548 -20.340 17.9 +470  +1.008 -17.2 -134*  -0.454s +418 +0.641 -235 07 + 915
19.02 -11301 -21.266 17.9 +375 +0944 -257 -447%  -1.188 -126 -0.406 -359 18 + 157
19.03 -12443 -22642 219 + 427 +0.130 + 84  +369 +0.679 +549  +11065 +12.3 02 + 325
ALKANE DERIVATIVES
1-Fiuoroalkanes
2005 -6043 -16603 95 - 7** -0044° + 43 -184 -0.551 =290 -0.890 + 55 0.8 + 323
2006 - 7067 -17.791 11.2 +33 +0041 + 49 -117 -0.395 -142 -0.558 + 6.5 04 + 449
2007 - 8083 -19.012 125 + 13* -0014** + 25 -8 -0.329 -130 -0.553 + 32 0.5 + 499
2008 -9099 -20.255 143 + 2°° -0047 + 2.1 -63 -0.284 -117 -0.544 + 26 03 + 534
1,1,1-Trifluoroalkanes
2108 -8196 -19747 163 + 39 +0.029"" + 36 -113 -0.394 -135 -0.591 + 47 1.0 + 610
21.10 -10186 -22.163 202 + 14** -0.049° + 20 -141 -0.495 -219 -0.867 + 23 08 + 684
1-Chloroalkanes
2204 - 6540 -16714 179 + 33 +0051* + 45 -106 -0.366 -125 -0498 + 60 0.7 + 386

(Continued on p. 142)
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Table 5 (continued)
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No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n Cc78 PCL-C78 id PCL - C78 PBR - C78
10x 10x 10x
1130 At Al AAr Al;zo  AAr c Al}30
(C) (K1) (K1) (1 (K11
mol-1)  moll)

22.05 1-Chloropentane 15 85-145 7422 +1.48 + 97 4035 +14.1  +0.61 0.37 +10.2
22.06 1-Chiorohexane 15 85-145 8437 +1.69 + 97 +0.19 +14.1  +0.39 0.26 +10.2
1-Bromoalkanes
23.03 1-Bromopropane 15 85-145 627.7 +2.32 +10.5 +0.28 +15.2 +0.52 0.25 +11.4
23.04 1-Bromobutane 15 85-145 731.4  +2.55 +10.4 +0.22 +15.1  +0.47 0.20 +11.4
23.05 1-Bromopentane 15  85-145 833.8 +2.66 +10.4 +0.25 +15.1  +0.48  0.28 +11.5
1-Cyanoalkanes
24.02 Cyanocthane 15 85-145 4926 +0.69 +28.6 -0.35 +414 -0.16 0.17 +27.9
24.03 1-Cyanopropane 15 85-145 5874 +1.17 +28.5 -0.09** +41.3 +0.20 0.37 +28.5
24,04 1-Cyanobutane 15 85-145 6929 +1.35 +29.1 +0.07°* +422 +0.44 0.28 +29.2
24,05 1-Cyanopentane 15 85-145 7947 +1.44 +29.6 +0.10 +429  +0.49 0.26 +29.6
1-Nitroalkanes
25.02 Nitroethane 15 85-145 566.5 +1.34 +27.7 -0.46 +40.1 -0.33 0.52 +27.2
25.03 1-Nitropropane 15 85-145 660.5 +1.74 +27.4  -0.05*" +39.7 +0.24 0.41 +26.7
25.04 1-Nitrobutane 15 85-145 763.8 +2.02 +27.0 -0.09° +39.1  +0.19 0.21 +26.8
25.05 1-Nitropentane 15 85-145 8659 +2.15 +27.0 -0.10* +39.1 +0.17 0.26 +27.0
1-Acetoxyalkanes
26.03 1-Acetoxypropanc 15 85-145 637.6 -0.63 +14.6 -0.11"" +21.1 +0.01 0.44 +13.3
26.04 1-Acectoxybutane 15 85-145 7394 -0.53 +146 -0.05** +21.1 +0.10 0.30 +13.9
26.05 1-Acetoxypentanc 15 85-145 8400 -0.40 +14.5 -0.19 +21.0 -0.10 0.28 +13.9
1-Alkanols
27.04 1-Butanol 15 85-145 5945 +0.75 +17.1  -0.25 +247 -0.16 0.14 +17.3
27.05 1-Pentanol 15 85-145 6983 +0.78 +16.7 -0.07"" +242 +40.10 0.22 +17.2
27.06 1-Hexanol 15 85-145 800.0 +1.02 +16.7 -0.13* +24.2 +0.01 0.31 +18.0
27.07 1-Heptanol 15 85-145 5014 +1.02 +17.1  -0.03** +248 +0.16 0.26 +18.5
2-Alkanols
28.04 2-Butanol 15 85-145 5459 +0.46 +149 +0.35 +21.6 +0.68 0.39 +15.3
28.05 2-Pentanol 15 85-145 6445 +041 +148 +0.40 +21.5 +0.75 0.43 +15.4
28.06 2-Hexanol 15 85-145 7445 +0.60 +149 +0.13**  +21.6 +0.36 0.35 +15.6
28.07 2-Heptanol 15 85-145 8445 +0.72 +15.0 +0.04** +21.7 +0.23 0.32 +15.7
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No Thermodynamic data: C78/PCL C78/PBR
Cc78 PCL-C78 Mixture id PCL{[Cl]=1)-C78 PBR - C78
AH AS Ap AH A4S ACp h s AH  AS ACp o Au
(cal _— (cal — (cal (cal (call ———— (cal (cal
mol-l)  (cal mol! K-!) mol1) (cal mol! K1) moll) mol-l K1) mol?) (callmol?K-) mol!) moll)
2205 - 7642 -18.109 10.2 +103 40213 + 32  +110  +0.157¢ +275 +0.459 + 47 09 + 448
2206 - 8615 -19.234 12.1 + 42 +0.054* + 11° + 24 -0.077*° +61 -0.112 + 15 07 + 48.0
1-Bromoalkanes
2303 -6302 -16268 6.3 + 27 +0.045 + 07° + 32° -0.021** +62 -0018 + 1.0 05 + 354
2304 -7299 -17406 113 +25 +0.031° + 07" + 1*° -0.112¢ +12 -0.177 + 09 0.6 + 35.1
2305 - 8318 -18.624 122 + 40 +0.058* + 0.7°° + 59 +0.014**  +110 +0.028 + 1.0 07 + 399
1-Cyanoalkanes
2402 - 5258 -15536 88 -251 -0.378 + 45 -118 -0.364 -490 -0970 + 57 08 - 859
2403 - 6114 -16339 11.2 -163 -0.182 + 67 -151 -0.446 -415 -0.815 + 88 1.5 - 679
2404 - 7164 -171.574 145 -147 -0.157 + 46 -10 -0.114 =199 -0.327 + 62 1.0 - 60.2
2405 - 8174 -18.768 145 =175 -0229 + 21 +45 +0.008 -165 -0.266 + 2.8 0.7 - 548
1-Nitroalkanes
2502 - 5845 -15970 10.0 -316 -0.554 + L1 -352  -0.955 -919 -2.071 + 03 15 - 64.8
2503 - 6746 -16954 12.6 -130 -0.130¢ + 6.6 -140¢ -0.435 -361 -0.746 + 87 1.7 - 4838
2504 - 7735 -18.076 13.6 -159 -0219 + 39 - 48" -0.227 =279 -0597 + 51 08 - 438
2505 -8744 -19.282 159 -173  -0264 + 29 - 63" -0.277* -325 -0.743 + 36 13 - 39.1
1-Acetoxyalkanes
2603 -7008 -17.893 114 - 29" -0.044** + 53 -198 -0.630 -338 -0.99 + 68 17 + 221
2604 - 8021 -19.088 129 - 31" -0.056" + 34 - 65 -0.296 -154 -0.543 + 44 12 + 244
2605 -9005 -20.249 15.1 - 71 -0.165 + 24 -65 -0313 =217 -0.732 + 12 09 + 28.0
1-Alkanols
2704 - 6257 -16.592 95 -136 -0.268 + 29 -186 -0.555 -459 -1.172 + 33 06 + 07
2705 - 7316 -17.865 129 -74 -0.134 +29 -114 -0.397° -276 -0.776 +36 1.2 + 74
2106 - 8295 -18.990 143 -8 -0162 + 27 - 36" -0234 -183 -0.602 + 3.1 09 + 72
2707 -9309 -20.224 174 -5 -0.106 -23 + 22* -0.087*" -71 -0320 -33 08 + 95
2-Alkanols
2804 - 5845 -16.245 10.1 + 48" +0.173 + 39 + 62*° +0.069** +152 +0.334 + 56 20 - 30
2805 - 6862 -17.438 119 + 61 +0.183 + 38 +154 +0.278 +294 +0.626 + 57 09 + 134
28.06 - 7838 -18.568 12.6 + 15" +0.059° + 39 + 87 +0.100" 4130 +0.189 + 56 1.0 + 16.6
2807 - 8825 -19.744 149 - 17" -0.027°° + 29 + 90 +0.093** + 85 +0.047 + 41 08 + 209

(Continued on p. 144)
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Table 5 (continued)

No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n C78 PCL -C78 id PCL - C78 PBR - C78
10x 10x 10x
I3 Ar Aljz0  AAr Al;zo  AAr o Alj30
(C) (K1) (K1) { (K11
mol-l) moll)
2-Methyl-2-alkanols
29.04 2-Methyl-2-propanol 15 85-145 4721 +0.32 +129 -0.24 +18.7 -0.19 0.31 +13.3
29.05 2-Methyl-2-butanol 15 85-145 597.5 +1.01 +13.4 -0.13° +194 -0.03 0.30 +13.4

29.06 2-Methyl-2-pentanol 15  85-145 690.2 +0.86 +133  -0.06"" +193 +0.07 0.35 +13.3
29.07 2-Methyl-2-hexanol 15  85-145 7857 +0.90 +13.2  -0.17 +19.1  -0.09 0.22 +13.6

1-Thiols

30.04 1-Butanethiol 15 85-145 716.6 +3.09 +10.4 -0.39 +15.0 -0.44 0.46 +11.7
30.05 1-Pentanethiol 15  85-145 8189 +3.26 +10.1  -0.59 +146 -0.73 0.40 +11.6
30.06 1-Hexanethiol 15  85-145 9204 +3.32 +10.5 -0.59 +15.2 -0.72 0.49 +11.5
2-Alkanones

31.04 2-Butanonc 15 85-145 537.6 +0.63 +19.2  -0.49 +27.8 -0.48 0.43 +18.8
31.05 2-Pentanone 15 85-145 628.5 +0.75 +19.5  -0.37 +28.2 -0.30 0.35 +18.9
31.06 2-Hexanone 15 85-145 730.1 +0.83 +199 -0.22 +28.8 -0.08 0.16 +19.4
31.07 2-Heptanone 15 85-145 830.2 +0.91 +19.9 -0.31 +28.8 -0.21 0.17 +20.2
Aldehydes

32.04 Butanal 15 85-145 542.1 +1.23 +17.3  -0.70 +25.0 -0.80 0.42 +18.2
32.05 Pentanal 15 85-145 6469 +1.32 +18.0 -0.37 +26.0 -0.32 0.23 +18.8
32.06 Hexanal 15 85-145 7484 +1.30 +18.1 -0.26 +26.2 -0.16 0.21 +18.7
Ethers

33.06 Dipropylether 15 85-145 6560 -0.00" + 47 -0.16 + 68 -0.17 0.22 + 50
33.08 Dibutylether 15 85-145 8544 40.07¢ +43 -0.14 + 62 -0.15 0.16 + 50
Halogenomethanes

37.01 Dichloromethanc 15 85-145 5063 +1.49 +133 4047 +19.3  +0.83 0.40 +14.5
37.02 Trichloromethane 15 85-145 607.9 +2.27 +10.8 +0.34 +15.7 +0.61 0.35 +12.1
37.03 Tetrachloromethane 15 85-145 680.5 +3.20 +48 +0.04" + 70 +0.11 0.14 + 5.7
37.04 CF;Bry 15 85-145 479.0 +1.04 + 42 +0.20 + 6.1 +0.34 0.23 + 5.2
HALOGENOBENZENES

38.01 Fluorobenzene 15 85-145 6649 +2.25 +11.0 +0.20 +159 +0.42 0.27 +11.2

38.02 Hexafluorobenzenc 15 85-145 546.8 -2.14 + 175 -003" +109 +0.04 0.34 + 5.0
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No Thermodynamic data: C78/PCL C78/PBR
C78 PCL-C78 Mixture d PCL({Cl]=1)-C78 PBR - C78
AH AS ACp  AH A4S ACp A s AH  AS ACp © Al
(cal —_— (cal _— (cal (cal (call —————— (cal (cal
mol-1)  (cal mol-! K1) mol!) (cal mol! K1) moll) moll K1) mol?) (callmol2K1) mol!l) moll)

2-Methyl-2-alkanols

2904 - 5085 -15379 14.2 - 17** -0.015°* - 7.7 -146  -0.460 -247  -0.713 -11.1 0.8 - 13
2905 - 6223 -16.464 12.8 - 13° -0.017"* + 638 -5 -0.232 -108 -0377 + 92 06 + 225
2906 - 7206 -~17.696 14.5 + 12** +0.037** + 63 - 42" -0.225 -5 -0307 + 85 08 + 26.1
2907 - 8156 -18.829 16.5 -28 -0.071 + 42 - 34" -0.209 -107 -0.446 + 55 038 + 28.1
1-Thiols

3004 - 7031 -16922 69 - 42 -0137 + 53 -350  -0.980 -5718 -1.637 + 64 09 + 36.6
3005 - 8031 -18.097 10.1 -101  -0.293 + 37 -310 -0.888 -608 -1.737 + 41 05 + 40.3
3006 - 9042 -19.330 14.6 - 97 -0287 + 33 -358 -1.023 -674 -1929 + 34 1.0 + 425
2-Alkanones

3104 - 5709 -16.031 10.1 =202 -0.389 + 34 -401 -1.092 -849 -2086 + 3.5 09 - 272
3105 =~ 6622 -17.063 122 -142  -0260 + 52 -255 -0.724 -559 -1.386 + 64 07 - 97
3106 - 7642 -18.273 135 =117 -0203 + 39 -153 -0.491 -385 -0.988 + 48 0.2 - 57
3107 - 8636 -19.462 149 -133  -0.252 + 38 -108 -0.389 -347 -0921 + 47 04 - 44
Aldehydes

3204 - 5626 -15.753 6.0 =255 -0.546 + 20 -407 -1.116 -940 -2359 + 14 05 - 190
3205 - 6695 -16998 10.1 -164 -0.331 + 28 -177 -0.550 -488 -1.259 + 3.1 13 - 58
3206 - 7732 -18.258 11.7 -126  -0.247 + 27 -147 -0.481 -394 -1.049 + 31 1.2 + 0.1
Ethers

3306 -7070 -17.803 99 + 41 +0.001** + 37 -157 -0.506 -200 -0805 + 47 1.0 + 89.1
3308 -9059 -20.196 13.8 + 122 -0086 + 02** - 85 -0.352 -148  -0.731 - 01 04 + 757
Halogenomethanes

37.01 - 5254 -15326 4.1 + 71 +0210 + 27 +181 +0.388 +353 +0.838 + 42 07 - 63
3702 -6116 -16068 7.7 + 62 +0.136 + 25 +114  +0.191 +231 +0.419 + 37 06 + 28.6
3703 - 6641 -16422 57 + 49 +0.022** + 1.5 -114  -0.384 -126 -0598 + 1.7 0.5 + 66.2
3704 -5078 -15274 53 + 72 +0090 + 110 - 8" -0.098"" +62 -0.082 + 15 08 + 36.8
HALOGENOBENZENES

38.01 - 6682 -16734 11.6 + 40 +0.082s + 29 - 23" -0.174° - 2 -0.185 + 39 1.1 + 327
38.02 - 6464 -17.769 10.8 +

53° +0.080"° + 49 -124°  -0.392s -122 -0.494 + 65 20 + 519

(Continued on p. 146)
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No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n C78 PCL -C78 id PCL - C78 PBR - C78
10x 10x T Tiox
1130 At Al;30  AAr Al;z0  AAr o Al30
(°C) (K1) (K1) ( (K11
molt) mol!)
38.03 Trifluoromethylbenzene 15 85-145 656.3 +0.24 +11.8  +0.37 +17.1  +0.67 0.25 +10.3
38.04 Chlorobenzene 15 85-145 865.0 +4.21 +11.8 +0.21 +17.1  +0.44 0.32 +13.2
38.05 Bromobenzene ) 85-145 960.0 +5.39 +12.9 +0.15 +18.7  +0.37 0.28 +14.5
38.06 lodobenzene 9 130-160 1079.6 +6.77 +14.4  +0.33 +20.9 +0.64 0.19 +16.4
ALKYLPYRIDINES
39.01 Pyridine 12 85-130 7244 +3.43 +19.4  4+0.23**  +28.1 +0.56 0.46 +22.1
39.02 2-Picoline 12 85-130 8023 +2.84 +16.3  +0.08** +23.6 +0.31 0.45 +19.2
39.03 3-Picoline 12 85-130 8449 +3.49 +19.8  +0.24** 4287 +0.58 0.58 +23.4
39,04 4-Picoline 12 85-130 8433 +3.72 +21.6  +0.37° +31.3 +0.78 0.62 +24.2
39.05 2,3-Lutidine 12 85-130 934.3 +3.32 +17.9  +0.33° +25.9 +0.68 0.46 +19.8
39.06 2,4-Lutidine 12 85-130 918.7 +2.89 +18.9  +0.53¢ +27.4  +0.98 0.61 +20.5
39.07 2,5-Lutidine 12 85-130 919.1 +2.85 +17.6  +0.38° +25.5 +0.75 0.64 +19.5
39.08 2,6-Lutidine 12 85-130 8720 +2.63 +13.7  -0.39s +19.8 -0.40 0.46 +16.2
39.09 3,4-Lutidine 12 85-130 986.2 +4.89 +21.3  -0.43° +30.8 -0.37 0.39 +24.2
39.10 3,5-Luadine 12 85-130 963.5 +4.22 +21.5  -0.05"° +31.1  +0.18 0.74 +23.2
39.19 3-Chloropyridine 12 85-130 8845 +4.46 +169 -0.02"" +24.5  +0.17 0.18 +18.5
ORGANOSILICON COMPOUNDS
40.01 Tetramethylsilane 15 85-145 428.1 -0.46 + 1.9  +0.22* + 2.8 +0.32 0.42 + 04
40.02 Hexamethyldisilane 15 85-145 686.1 +0.32 + 07 -0.03"" + 1.0 -0.03 0.17 + 04
40.03 Hexamethyldisiloxane 15 85-145 5974 -247 - 05 -0.15 - 07 -0.22 0.23 - 22
MISCELLANEOQUS
41.01 Carbondisulphide 18 85-160 6073 +4.19 + 48 -0.21 + 69 -0.24 0.22 + 7.8
41.02 Tetramethyltin 15 85-145 604.5 -0.01°* + 2.6 +0.53 + 38 +0.79 0.47 + 2.8
41.03 Tetrahydrofuran 15 85-145 609.9 +2.12 +12.7  +0.03** +184 +0.19 0.43 +13.7
41.04 1,4-Dioxane 18 85-160 670.1 +2.46 +145  -0a7° +21.0 -0.07 0.37 +15.4
41.05 Thiophene 15 85-145 6853 +2.98 +11.1 +0.84 +16.1 +1.33 0.69 +12.5
41.06 Cyclopentanone 15 85-145 741.1 +3.15 +234  -0.01"" 4339 +0.26 0.42 +24.6
41.07 Cyclohexanone 15 85-145 854.1 +4.10 +24.2 +0.44s +35.1 +0.91 0.69 +25.1
41.08 Cyclohexanol 18 85-160 851.1 +4.17 +17.1 -0.07"" +248 +0.10 0.21 +18.8
41.11 Nitrobenzene 9 130-160 10494  +5.63 +282  -0.07"" +40.7 +0.23 0.38 +28.8
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No Thermodynamic data: C78/PCL C781PBR
C78 PCL -C78 Mixture id PCL{[Cl]=1) - C78 PBR - C78
AH AS ACp  AH  AS ACp A s AH  AS ACp © A
(cal —_— (cal —— {cd (cal (call ————————— (cal (cal
mol4)  (cal mol! K1) mol!) (cal mol-! K-1) moll) mol1 K1) mol2) (callmol?K1) moll) moll)
38.03 - 7029 -17.699 10.2 + 8 +0.204 + 37 - 50" -0.239 +31 -0099 + 51 10 + 40.1
38.04 - 8311 -18.212 11.7 +42 +0079 + 25 +53 -0.013* +106 +0.023 + 3.5 06 + 327
3805 -9038 -18.814 10.2 + 33 +0.063* + 3.0 + 46" -0.028"" +8 -0016 + 42 09 + 323
3806 - 9504 -18.533 139 - 3" -0015"* + 27 +63 -0.015" +55 -0117 + 36 02 + 58
ALKYLPYRIDINES
39.01 - 7032 -16.839 89" -247** -0.536 - 67 -111° -0.405 -516 -1.355 - 99 34 - 228
3902 - 7948 -18.105 11.3 -165 -0.376¢¢ - 3.2°° - 84 -0.358" -374 -1.094 - 51 18 - 13
39.03 - 8242 -18314 113+ -217 -0466 - 57° + 40°* -0.044"° =265 -0.760 - 84 2.0 - 215
3904 - 8199 -18.219 135 =257 -0.545 - 79  +145° +0.247**  -166 -0.441 -112 18 - 271
3905 - 9255 -19.678 13.0 - 31" -0.033°* + 0.0°* + 68°" +0.018°° + 34 -0.068 - 00 17 + 31
3906 -9182 -19.679 12.7 171 -0372 - 7.6  +153  +0.235 - 45 -0.244 -107 0.6 + 52
3907 -9237 -19.807 138 -203 -0.467 - 81  +165 +0.269 =76 -033 -114 12 + 11.6
39.08 - 8816 -19.387 14.8¢+  -132* -0.330" + 1.2** -260¢ -0.795 -581 -1.657 + 0.7 24 + 133
39.09 - 9535 -19.747 15.8 -281 -0.615 - 1.8* -343 -1.050 -905 -2.410 -39 07 - 28,6
39.10 - 9413 -19.719 14.6 -430 -0.987 -120 -228 -0.705 -948 -2.437 -181 1.8 - 185
39.19 - 8455 -18.317 12.1 -136 -0301 - L1* -116 -0.428 -375 -1.076 - 21 04 + 95
ORGANOSILICON COMPOUNDS
4001 - 4894 -15508 0.5** +162 +0.281 + 51  -104"* -0.323° +52 -0134 + 70 24 + 612
40.02 - 7309 -18.009 11.7 +117  +0.140 + 26 - 21** -0.145 +95 -0109 + 35 05 + 925
40.03 - 7037 -18.453 13.1 +127 +0.151 + 59 -96 -0.336 -1 -0368 + 80 0S5 + 99.6
MISCELLANEOUS
41.01 -5654 -14938 75 + 7" -0.078 + 37 -209 -0.618 -318 -1.065 + 45 12 + 475
4102 -6572 -17.231 50 +197  +0.365 + 2.5  +188 40372 +508 +0.952 + 4.1 0.9 + 81.2
4103 - 6157 -16.144 83 - 83" -0.194 - 1.1** - 41" -0.181** -188 -0.562 - 19 18 + 20.0
4104 - 6686 -16674 94 - 19" -0.017*" + 525 - 54*° -0.240** -114  -0.3% + 7.0 18 + 123
4105 - 6755 -16.646 9.2 +178 40422 + 24 +327 +0.698 +693  +1.531 + 42 0.6 + 28.9
4106 - 7281 -17.228 87 -183  -0319 - 1.0°° + 44 -0.009" -194 -0458 - 17 17 - 289
41.07 - 8250 -18.189 7.0 -9 -0.090" - 1.0"* +284 +0.571 +274 +0.679 - 10 17 - 237
41.08 - 8187 -18.075 95 -5 -0.097 +35 - 8 -0150° ~104 -0.384 + 46 1.1 + 6.2
41.11 - 9898 -19.828 125 -200¢ -0.331" + 24" - 32*° -0.223* =323 -0772 + 29 12 - 318

(Continued on p. 148)
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Table 5 (continued)

No. Compound Temp. Retention index: C78/PCL C78/PBR
range
n Cc78 PCL-C78 idPCL - C78 PBR - C78
10x 10x , qu
I130 Ar Al1zo  AAr Alj30  AAr c Aly30
(°C) (K1) (K1) (a - (K
mol-l) moll)
41.12 Benzy! alcohol 15 85-145 973.7 +4.34 +263  +0.07** +38.1 4041 0.35 +28.1
41.13 2-Phenylethanol 9 130-160 10544 +494 +24.7 +0.70 +35.7 +1.29 0.32 +26.9
41.14 Anisole 15 85-145 909.0 +3.09 +15.7 +0.01** +22.7 +0.20 0.16 +16.4
41.15 Phenetole 15 85-145 978.5 +2.37 +143  +0.17* +20.7 +0.41 0.34 +15.0
ERROR OF THE COEFFICIENTS (STANDARD DEVIATION)
[ (n-alkanes) 85-160 def.
f(solutes) 85-145 043 0I5 077 030 109 042
CONVERSIONS
A Daza related w Kp 0 0 0 0 0 0
B Data related 10 I bar 0 0 0 0 0 0

Average values of RT In f deduced from n-al-
kane data are given in Table 3. Alkane data on
columns of series (a) were adjusted to the aver-
age of the two columns by adding 0.5RT In f.

3.4. Standard chemical potentials of n-alkanes

C,s—PCL. Pentane—decane

Standard chemical potential differences of n-
alkanes, C H,,,, with z =5-10, were calculated
on these two phases (¢ =0.5 and 1) with the
alkane C,, as reference in the temperature range
of 85-160°C at 15 K intervals. Inclusion of data
from Ref. {1] for C,, gave a set of 6 X3 x 6=
108 data points.

The variance analysis of the influence of the
factors T, L and Z on Ax” " is shown in Table
4. The analysis refers to the description of the
experimental space by Eq. 11 where P{ is an
orthogonal polynomial of the degree i related to

the effect X=7, L and Z and by is the
corresponding regression coefficient (cf. the anal-
ogous variance analysis in Ref. [1]):

A[..LAiP _ AMA—P _ A[.LC78
- P+ VPP

1,1) 1 1) (1,1,1) p(1) p(1) p(1)
+b(T.L P(T)Pg‘ +bT,L,ZI)T PL PZ

.1 2 1 2,1,1 2 1 1
+OEDPOP b PERPY)
2) p(2) 2,1) p(2) p(1)
+b PP + b7 PP,
1,2 1 2) (1,2,1) p(1) 2) p(1)
+b(TL)P(T)PS_, +bT,L,ZPT Pi, PZ
(11)
The terms corresponding to ¢ =0 are not signifi-
cant, hence they are not included in Eq. 11 (see
Table 4). The dependence of Au*"* on T is not
significant but Ap*"" varies significantly with Z

at the three levels: linear, quadratic and cubic.
The terms underlined in Eq. 11 are not signifi-
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No Thermodynamic data: C78/PCL C78/PBR
C78 PCL-C78 Mixture id PCLL[Cl]=1)-C78 PBR - C78
AH AS ACp  AH  AS ACp f 5 AH A4S aCp o Ap
(cal _ (cal _ {cal (cal (call —————— (cal (cal
mol-l)  (cal mol'1 K1) mol-l) (cal mol-1 K1) moll) mol! K1) mol?) (calmol2K1) moll) mol!)
4112 -9390 -19.512 10.6 - 94 -0.089" + 5.6 + 1* -0.149"" -130 -0.333 + 76 1.1 - 345
41.13 -10164 -20.423 143 + 34 4+0.206° - 1.4°° +155 +0.215°" +258 +0.574 - 1.6 0.6 - 235
41.14 - 9029 -19434 124 -5 -0.117*" + 12 -39 -0.224 -152  -0.527 + 14 0.6 + 209
41,15 - 9847 -20.587 134 - 25°" -0.062°° - 04" + 20" -0.096°° -33 -0.287 -07 17 + 30.8
ERROR OF THE COEFFICIENTS (STANDARD DEVIATION)
34 00061 010 33 0.0094 124 146 00371 4.7 0.0013 1.75
63 00154 044 23.7 0.0586 131 402 0.1042 335 0.0829 185
CONVERSIONS
A 555 7814 0.7 - 05 +0045 - 005 - 12 -0.002 - 206 +0.062 - 0.07
B 0 -0.026 0 0 0 0 0 0 0 0 0

cant. The standard chemical potential, Au”",
can also be expressed in terms of thermodynamic
functions, by approximating the function multip-
lying AC, by the first term of its Taylor series
and introducing linear dependence of all func-
tions on Z as follows:

Aup

A-P _

P “A-P
‘PP(AFL:) +m(|A )

+opz(dul” — ol +dm A7)
— ATg, AS, —AT,2(357 — 85%)

t.A-P

z

C:O chz - SC:’\:

T+

2

T ¢pz

+

AT’ 2
®p T

2 _+tA-P
Ppity

+ATe s

t.A=P

+AT@ 282"

- ‘pf,z om
(12)
Comparison of Eqs. 11 and 12 gives the neces-

sary relationships between the coefficients, by,
and thermodynamic functions (see last column of

Table 4). The non-significance of the underlined
terms in Eq. 12 (line/term: 3/2, 4/1, 4/2 and
6/2) is interpreted as follows. There is no differ-
ence between the entropy of the “methylene
increment”, 3S°, on the stationary phases C,
and PCL (3/2) and the same is true for the
partial molar heat capacity of a hypothetical
“nullane”, AC},, (4/1) and for the heat capaci-
ty of the “methylene increment”, 5Cy, (4/2).
The entropic contribution for the curvature is
same for all n-alkanes, Bsf"P, (6/2).

C,s—PCL. Pentane—tetradecane

In addition to the data used for the analysis of
variance, standard chemical potentials of higher
alkanes, hendecane—tetradecane, were measured
on PCL and C,;—-PCL in the temperature range
130-160°C with C,; as reference. The data set of
3x3=9 points for each higher alkane was
evaluated on the basis of the results of the
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variance analysis of the lower alkanes (Table 4)
as follows. Analysis of the second-order effect
LZ and the third-order effect TLZ with the aid
of orthogonal polynomials shows that AH. and
£, are linear functions of z, whereas AS' s, and
AC} , are independent of the carbon number, z.
Imposing these constraints, a multiple regression
was performed on the set of 108 (lower
alkanes) + 36 (higher alkanes) = 144 data points
of Au’*"". The regression coefficients are listed
in columns 17-21 in Table 5. The functions
AH?, AS? and AC}, for C,, from Ref. [1] are
reproduced in columns 14-16 of Table 5. At this
point it is important to note that the description
of the experimental space for alkanes by Eqgs. 11
and 12 was only used for discussing the signifi-
cance of the terms and that the data listed in
Table 5 are the result of fitting Eq. 4 to the
experimental points.

Data for the ideal solvent, idPCL ([Cl] = 1 mol
1""), were calculated as follows. Using the co-
efficients listed in Table 5 together with the
molar volume of PCL (Eq. 9), the slope A'u'**,
was calculated with the aid of Eq. 5 for every 15
K interval in the temperature range 85-160°C for
a given alkane. The data A'u'"* were analysed as
a function of 7 and z and the resulting regression
coefficients &'H,, A’S, and A'C,, are given in
columns 22-24 of Table 5.

PBR. Pentane—tetradecane.

Standard chemical potentials for n-alkanes
(Cs-C,,) were measured on PBR solvent only at
the reference temperature. Au. values are given
in the last column of Table 5. On substitution of
Ap! and the molar volume of PBR (Table 1) in
Eq. 5 with m2 =0 gives A'u'** values for
idPBR ([Br]=1 mol 1™) at 130°C.

Numerical value of the “methylene increment”,
L,

Standard chemical potentials of rn-alkanes
(Cs-C,,) for the system C,;—PCL can be repre-
sented as a function of AT, ¢ and a linear
function of z by

ApA-P =3465.8 —510.49z +9.712 AT +
g = 254 2.60 76

+1.2379 ATz +0.0043 AT? —0.00244 ATz

77 7 7

+47.5¢, +2.55¢,2 —0.104 AT,

4 4 19
~0.0062 AT ¢, +0.00048 AT @,z
1 1
+6. 70 0p +5.52¢,0pz +0.355 AT, 0p
3 3 57
(13)

The partial derivative of Eq. 13 with respect to
the variable z is the “methylene increment”; its
value at ¢, =0 and ¢, =1 is given by Egs. 14
and 15, respectively:

dut =—510.5+1.2379 AT —0.00244 AT?

o= 26 77 7 (14)
du! =—507.9+1.2379 AT —0.00196 AT 5
o= 2.6 77 7 (15)

Similarly, the data for n-alkanes on the ideal
stationary phase “idPCL” at [Cl] =1 mol 17" can
be given as a function of AT and z by Eq. 16 and
the “methylene increment” by Eq. 17:

A'p'9X=3516.2 +10.127 AT —0.0044 AT?

+g = 254 76 9
—497.0z +1.2460 ATz —0.00172 AT?z
2.6 76
(16)
39X =—497.0 +1.246 AT —0.0017 AT? .
+g = 26 76 9 a7

3.5. Solution data of solutes other than
n-alkanes

Retention indices

Retention indices were determined at 15 K
intervals in the temperature range indicated in
Table S for the stationary phases PCL and C,,—
PCL. Retention indices on the column packed
with C,, on the new support were slightly lower
than those reported in Ref. [1]. Therefore,
retention indices were determined at 130°C on
this column and retention indices at other tem-
peratures were calculated by using these data
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and the temperature coefficient from Ref. [1].
With the aid of this data set (fifteen points for
every solute measured in the temperature range
85-145°C; nine points for those measured in the
temperature range 130-160°C), coefficients of
Eq. 7 were calculated. It was found that the
retention index was a linear function of the
composition and of the temperature. A second
analysis has been made without considering the
non-significant quadratic terms in the regression.
The values of the coefficients /* AI" at 130°C
and the linear temperature dependence of the
coefficients are given in columns 5-8 of Table 5.
Regression coefficients of Eq. 7 with i =0, the
values of « (calculated using Eqgs. 14 and 17) and
the molar volume of PCL at 15 K intervals (using
Eq. 9) were used in Eq. 8 to calculate the slopes
A'I'*at 15 K intervals in the experimental
domain. Linear regression of A'I''* with tem-
perature resulted in the coefficients listed in
columns 9 and 10 of Table 5.

Thermodynamic data

For a given solute, experimental retention
indices on the stationary phases ¢ =0.5 and 1
were converted one by one into standard chemi-
cal potentials by using Eq. 6 and thermodynamic
data for n-alkanes listed in Table 5. Standard
chemical potentials on C,, were calculated using
the retention indices measured on the new C,,
column at 130°C and the thermodynamic func-
tions AH *, AS* and ACy, reported in Ref.
[1] as follows. For a given solute the retention
index difference, 61;"*, was calculated between
the new C,, column and data reported in Ref.
[1] using the equation

61;’A = 1;’A (Ref. [1]) = 7"* (new column) (18)

These 81;"" values were then used together with
n-alkane data from Ref. [1] to calculate the
corrected standard chemical potentials at 7" with
the aid of the equation

AplA AptAy
V- 2+1 z A . -
O, ~<*100 )81/ z<j<z+ 1)
(19)
By adding the correction term, 8u,**, to the

partial molar enthhalpy from Ref. [1], AH}’A, a
corrected set of standard chemical potentials
could be calculated for C,; by using Eq. 3.
Standard chemical potentials on the stationary
phases PCL and C,;—PCL and the corrected data
on C,, were analysed together by multiple re-
gression using Eq. 4. The results are given in
columns 14-21 of Table 5. Finally, A'w;"* values
were calculated for every solute by the same
method as described under n-alkanes. Regres-
sion of A’u}dx ‘as a function of T gave the
coefficients A'H**, A'S!** and A’'Cy; which are
listed in columns 22-24 of Table 5.

Retention index and thermodynamic data of
solutes on PBR

Retention indices of solutes measured at 130°C
on the stationary phase PBR are given in column
12 of Table S as the retention index difference
between PBR and C,;. Retention index data
were converted into standard chemical potentials
using Eq. 6 and thermodynamic data for n-al-
kanes listed in Table 5. Standard chemical po-
tential differences between PBR and C,; are
presented in column 26 of Table 5.

4. Results

In Table 5 are listed retention data for the
molecular probes. As already mentioned, all
regressions concerning retention indices are
based on experimental retention index data and
all thermodynamic functions are calculated from
regressions based on experimental standard
chemical potentials. The latter data were ob-
tained by converting experimental retention in-
dices point by point with the aid of standard
chemical potentials of n-alkanes as fixed points.
The separate treatment of the two data sets has
the following consequences.

A first consequence of the scparate treatment
is that the conversion of retention indices calcu-
lated with coefficients listed in Table 5 into a
given standard chemical potential will not give
exactly the same result as the same standard
chemical potential calculated with thermody-
namic functions listed in the right-hand side of
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Table 5 (and vice versa). The difference between
the two results will be more important at higher
deviations from the central temperature of the
experimental temperature range of determina-
tion.

A second consequence of the separate treat-
ment of the two types of retention data is that
analogous regression coefficients may be signifi-
cant in one experimental space and not signifi-
cant in the other. Let us note that, at constant
temperature, the standard chemical potential of
a solute is approximately quadratic whereas the
retention index is a linear function of the compo-
sition of the PCL-C,; mixed stationary phase.
(In Table 5 the non-significant regression coeffi-
cient, A, is not listed, contrary to the corre-
sponding regression coefficients, £ and s, for the
standard chemical potentials.) From this ob-
servation we conclude that the curvature of the
fu/r:%ion A;.L;.\'P(%) of a solute, characterized by

i =h—Ts, must be nearly the same as the
curvature of the same function of an n-alkane
having the same retention index as the solute,

m2 . The value of the coefficient m> " as a
function of the carbon number and the tempera-
ture difference, AT=T-T", is given by the

regression

mscL—A =6.7+5.52z —0.355 AT

+o =03 0.03 0.057 (20)

Eq. 20 permits the calculation of the coefficient
m- A for any hypothetical alkane with frac-
tional carbon numbers. In Fig. 2 are plotted
experimental regression coefficients of solutes,

PCL-A . .

j , as a function of thg: same coefficients of
hypothetical n-alkanes, m'< """ having the same
retention index as the solutes, z* = I*/100. The

. PCL-A, PCL-A - . d
correlation m; Im_. 1s satisfactory and
can be given by

mPCA=3.6+0.905m " A

7

*o =27 0.055
+0.108 AT —0.0029m S * AT (21)
0.045 0.0006

Finally, let us recall that in Table 5 retention
indices and partial molar enthalpies of the sol-
utes at 130°C in the non-polar standard C,, are
slightly different from those reported in Ref. [1].

m}(expl)/cal mol’!
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|
J4-Lut . @ n-Alkanes
%0 5 °
aiDe O Cyelic hydrocarbons
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«ogo i® ':,p ¥ Miscellaneous
A
»op
X a
20
PCL
1 T=130°C
0 m.fcal mol'!
0 20 40 60 80 100

Fig. 2. Plot of experimental regression coefficients, m;, in Eq.
4 of solute j (“‘curvature™) as a function of those of hypo-
thetical n-alkanes, m?*, calculated with Eq. 20, in C,,—PCL
mixtures. OQutliers: 1= 1-pentene; 2= 1-pentyne; CD =
cyclodecane; c-De = cis-decalin; t-De = trans-decalin; Ad =
adamantane; Np = naphthalene; Az = azulene; AcP=
acetoxypropane; 3,4-Lut = 3,4-lutidine.

In fact, slight variations of the activity of the
support do influence these data. For the sake of
self-consistency, a C,, column was prepared with
the batch of support used in this study and
retention indices of all solutes were determined
at 130°C. Differences between values reported in
Ref. [1] and this work are slightly positive and
amount to 0-2 i.u. This difference was then
converted into standard chemical potential dif-
ference and added to partial molar enthalpies
reported in Ref. [1] to give those listed in Table
5.

5. Discussion

The main objective of this project was the
study of the influence of the polarizability of the
dipolar interacting group, X, on the interaction
force between solute and the group X. The
additional effect of the interacting group is best
characterized by the A’ value of the molecular
probe defined in Eq. 8. This value is the index
difference of a solute in a hypothetical 1 M ideal
solution of the interacting group X with refer-
ence of the solute in an isosteric alkane. Fig. 3
shows A'[-values in the ideal 1 M solution for
X =PBR as a function of the A'[-value for X =
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Fig. 3. Retention index difference of solutes in an ideal 1 M
solution of the interacting groups PBR and in an ideal
solution in C,, (A'/ values) as a function of the same
difference in PCL and C,,. At the bottom are shown the
differences of their differences.

PCL. There is an excellent correlation between
additional forces in the two solvents and, at first
glance, the effect of the higher polarizability of
the bromo substituent seems to be negligible. At
the bottom of the figure are plotted differences
between the A'J values of a solute in PBR and in
PCL. The differences never exceed *+5 i.u. and
do not correlate with the amplitude of the A’/
value in PCL.

In Fig. 4, these differences are compared with
those measured in an ideal solution of trifluoro-
methylalkane groups. These interacting groups
have a slightly higher dipole moment compared
with that of the chloro- and bromoalkane groups
(2.3 versus 2.1 D) but the group polarizability is
smaller, i.e., it is a “harder™ group. The plot in
Fig. 4 shows that these interaction force differ-
ences correlate. Based on these comparisons, we
propose that contributions due to polarizability
are not negligible. However, it is certainly not a
linear function of the parameter called polar-
1zability measured by some classical characteris-
tic number such as group polarizability. Some

AI(PBR) - AI(PCL)

5
MTF/PCL
. PBR/PCL
R . T=130°C
oD v -
“‘ E:!' o, 0"n
3‘ 9& Boa
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Ags 5 " a4 pr’
o [h] .
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o x
4
Sl | |
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Fig. 4. Differences between the A'l values in ideal 1 M
solutions of PBR-PCL as a function of those in the pair
MTF-PCL. Outliers: CD = cyclodecane; c-De = cis-decalin;
Np = naphthalene; R-CF, = trifluoroalkanes.

possible measures of group polarizability are
shown in Fig. 5; the influence of additional
polarizability in the MTF-PCL system is about
four times greater than that with the PBR-PCL
pair, whereas the polarizability is not four times
different.

We did not succeed in correlating these MTF-
PCL differences with molecular properties
characteristic of the polarizability of the solute
and the interacting group X. As a possible
experimental measure of the interaction by
polarizability we propose the coefficient 4, in

—CHE—C/\/ F \, —CH,—Cl —CHy—Br
_
s&
Ry/em? mol-! 9.7 10.5 13.4
ax/10-24cm?3 3.83 4.16 531
Vx/10-24 cm3 524 363 40.9
ax/Vx 0.073 0.115 0.130

Fig. 5. Comparison of molar refraction, R, [8] polarizabil-
ity a,. and Van der Waasls volume, V,, [9] of the three polar
groups, X = MTF. PCL and PBR. A possible measure of the
“hardness™ of the groups, a,/Vy, is also given.
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Fig. 6. Differences of the A'I values between trifluoromethyl
(MTF) and primary chloro (PCL) groups in ideal 1 M
solutions as a function of the constant A, of Eq. 22. The
value of the coefficients are slightly different from those
published in Ref. [11]. They are unpublished data deter-
mined on capillary columns coated with a C,, and C,,,
alkane from Ref. [17]. Outliers: R-CF, = trifluoroalkanes;
EtCN = cyanoethane; C.F, = hexafluorobenzene; 2,6-Lut=
2,6-lutidine; 1= hexamethyldisilane; 2 = hexamethyldisil-
oxane.

the equation [10,11]
I=1,+ A (22)

where { is the inverse of the molecular mass of
the alkane solvent. Actually, following London
[12,13], in these solvents (no polarity) the inter-
action between a solute and solvent should be
proportional to the polarizability of the interact-
ing molecules. Eq. 22 can be interpreted in two
ways. First, it can be assumed that the effect of
the molecular mass (molar volume) of the alkane
solvent on the retention index is purely entropic,
as proposed by Flory [14,15] and Huggins [16].
Second, it can be assumed that the interaction
between solute and alkane is proportional to the
density of the interacting alkane solvent. It is
obvious that density and the variable { are
linearly correlated. Following the latter model
the effect would be enthalpic and the first deriva-
tive of Eq. 22, the constant A,, would be a
measure of the change in the interaction force

with the polarizability of the solvent. Fig. 6
shows that there is a fair correlation between the
difference in the A’'J values in the ideal MTF and
PCL solutions and the coefficients A,.
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