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The temperature at which the isothermal retention time (fy)) is
equal to the temperature-programmed retention time (fygpcc)) or
the isothermal retention index (l;;,) is equal to the temperature-
programmed retention index (I7pg() is defined as the equivalent
temperature (T,y). The T, of one-, two-, three-, and four-step
temperature-programmed gas chromatography (TPGC) of
unsaturated fatty acid methyl esters (FAMEs) from Chinese mustard
seed oil is calculated. All of the #; values obtained at the T, (fyeq)
are very close to the fpgc). The highest difference for each
chromatogram is less than 0.5%. The slight deviation may partly
arrive from the difficulty in setting the desired carrier gas flow rate.
Also, good agreement among equivalent chain length values
determined by different methods is observed, including the
graphical method at the T,,. Therefore, it is speculated that the
proposed method may facilitate the GC identification of FAMEs as
well as other organic compounds in TPGC by using the available
isothermal retention index database.

Introduction

Kovats retention index (/) (1) and equivalent chain length
(ECL) (2,3) have widely been accepted as identification tools for
organic compounds in general and for fatty acid methyl esters
(FAMEs), respectively. Both values are closely related and con-
vertible (4). At present, the accuracy in the determination of / can
be improved to 0.1 unit or better (5). However, one of the major
drawbacks of using / and ECL in identification is they are tem-
perature dependent and their values tend to change with temper-
ature. The temperature dependence of / had been discussed in the
literature (6,7). Therefore, both systems are limited to isothermal
gas chromatography (GC). However, today complex mixtures are
usually analyzed under temperature-programmed conditions.
Thus a similar system is necessary for the identification of organic
compounds in temperature-programmed GC (TPGC). Van den
Dool and Kratz (8) were the first to propose an equation for the
calculation of retention index in TPGC (I7p¢c) from the elution
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temperature (7%) or the retention time (¢g) (or both):

Trioy — T
Igpee = 1002 + 100 RO Eq. 1A
TR(Z +1)~ TR(z)
) — )
]TPGC = ].OOZ + 100 -, EC[ 1B
tR(z +1) tR(Z)

Ty is the elution temperature and z is the carbon number of the
n-paraffin eluting before the compound of interest. The subscript
x indicates the solute being measured.

The validity of equation 1B depends on the linear relationship
between Ty and #y in equation 2 and it is limited to linear TPGC
without an isothermal step.

TR=Ti+rl(R Eq2

where 7 is the heating rate and 7; is the initial temperature.

The utility of Ipec depends very much on its reproducibility,
which in turn depends on T;, 7, and the carrier gas velocity and
pressure (6). Thus, it is very difficult to reproduce Iypgc between
different laboratories unless all the chromatographic conditions
are reported (15,16). Consequently, several nonlinear equations
were proposed for its calculation (9-14).

At the same time, several researchers tried to find the 7,
where tR(iso) = tR(TPGC) or[= [TPGC (17—20) Although, all the pro-
posed methods were empirical or semiempirical and they were
not suitable for use as identification aids, the concept behind
these developments was very interesting. If this goal could be
achieved, one could make use of the widely accepted and largely
accumulated isothermal retention index values for TPGC identi-
fication.

I'is defined in purely thermodynamic parameters, but Irpac
depends on fluid dynamic variables as well as thermodynamic
parameters (21). With thorough theoretical analysis, Gonzalez
and Nardillo (16) concluded that /tpec depends not only on the
thermodynamic parameters but also on the fluid dynamic elution
process. Therefore, it was not possible to define Iypgc in purely
thermodynamic parameters (16) and /ypgc cannot be directly con-
verted to I unless all the fluid dynamic variables are carefully
defined (21). This might be the major obstruction, which hin-
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dered the general acceptance of Ipgc compared with that of 7.
Many researchers focused on the methods of predicting the
frerpoc) from 7 using the thermodynamic parameters at the spe-
cific fluid dynamic conditions (21-31).

As mentioned earlier, if T, of TPGC is known, one could make
use of the large database of / and ECL in the identification of
organic compounds in general and particularly FAMEs. Thus, a
method for the calculation of 7 is proposed and we are very opti-
mistic that with the recent advancement in the methods of calcu-
lation of #g(rpgc) from 7, or vice versa, accurate T, values can be
determined.

The standard free energy of solution (AG?) of compounds in the
same homologous series can be calculated from equation 3 (32).

AG® = AG, + 28G Eq.3

where AG, is the free energy of the hypothetical molecule with
zero carbon atom, 4G is the free energy increment per carbon
atom and z is the number of carbon atoms.

From basic thermodynamics:

AG =AH-TAS Eq.4
-AG°
d Ink=—"" -1 Eq.5
and In RT np q

where AH and AS are the change in enthalpy and entropy of solu-
tion, respectively. T'is the absolute temperature, 4 is the retention
factor, and b is the column phase ratio; R is the gas constant.
Equation 6 is obtained by substituting equation 4 into equation 3.

AG° = AH,—TAS, + 26H, - 2T3S, Eq.6

where AH, and AS, are the enthalpy and entropy of solution of
the hypothetical molecule with zero carbon atom, and 8 and &S
are the increments in enthalpy and entropy per carbon atom,
respectively.

Substituting equation 6 into equation 5, equation 7 is obtained.

lnk:oc+bz+i+d—z Eq. 7A
T T
or In tR_tM:oc+bz+i+ﬁ Eq. 7B
ty T T
where #y is the gas hold-up time and :
oc ATSO “InB Eq.8
dS
b=— Eq.9
R q
AH,
= Eq. 10
c R q
OH
= Eq. 11
R q
Rearranging equation 7A, equation 12 is obtained.
Too_Ctde Eq. 12

“"Ink-a-bz
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where T, indicates that the experiment is performed at the equiv-
alent temperature.

Equation 7 is slightly different from most of the equations cited
previously in that they are just derived by combining equations
3-5. Therefore, there are certain merits and limitations of using
equation 7 for the calculation of I or £ in the isothermal and
TPGC. It has been known that equation 3 is not strictly linear over
a wide range of z (33,34), thus it is speculated that the applica-
bility of equation 7 will be less accurate outside the range of z that
is used to determine the constants (a, b, ¢, and d).

Experimental

Materials

Fatty acid methyl esters were purchased from Sigma Chemical
Co. (St. Louis, MO). Chinese mustard seed (Brassica juncea) was
obtained from the grower’s shop. Transmethylation of plant seed
oils was carried out in sifu with acid catalysis as described by
Kalayasiri et al. (35).

GC

GC analysis was performed on a Shimadzu model 14A GC. The
instrument was equipped with a flame-ionization detector, split-
splitless injector, a C-R4A data processor (Shimadzu, Kyoto,
Japan) and a 70% cyanopropyl polysiloxane (BPX-70, SGE Pty
Ltd., Ringwood, Australia.) capillary column (30-m X 0.25-mm
i.d., 0.25-pm film thickness). Nitrogen was used as the carrier gas
and its flow rate was controlled by a mechanical pressure gauge.
Injector and detector temperatures were set at 230°C. In order to
get a consistent injection time, a remote start for the data pro-
cessor has been attached to the syringe handle. Temperature-pro-
grammed conditions are reported in Table I.

Determination of the four column constants

The four column constants of equation 7 for FAME were deter-
mined as described by Krisnangkura et al. (36). At constant 7,
equation 7A is reduced to equation 13:

Ink=0o'+b'z+ Eq.13

Table 1. Temperature-Programmed Conditions*

Initial hold  Initial T~ Final T Rate

Program Step time (min) (°C) (°C)  (°C/min)
A (one step) 1 2 160 220 2
B (two step) 1 2 160 190 2
2 1 190 220 4
C (three step) 1 2 160 180 2
2 1 180 200 4
3 1 200 220 6
D (four step) 1 2 160 170 2
2 1 170 180 3
3 1 180 190 4
4 1 190 220 5

* Injector and detector temperatures were 250°C.
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£ Eq. 14
T q

_had
andb_b+T

where o' = o +
Eq.15

The a' and b'(equation 13) are the intercept and slope, respec-
tively, of the Ink — z plot. The values of a, ¢, b, and d are obtained
by plotting o versus 1/T (equation 14) and b' versus 1/T (equation
15), respectively. It should be pointed out that higher decimal
number of the four constants would yield more accurate values of
the k and ¢ values. Therefore, unrounded values of four constants
were generally used. We also observed that the remote start
switch attached to the syringe handle tended to reduce human
error and produced more consistent injection points.
Consequently, higher R% values were obtained for the o'-1/T and
b'-1/T plots. It is speculated that an autosampler would also give
more consistent injection points.

Results

Calculation of equivalent temperature

Because BPX-70 is very polar and the column is operated at
high temperatures, hexane is almost not retained; the y of
hexane at 160°C or higher temperature is very close to fy, calcu-
lated according to Wattanachaiyong et al. (37). Thus, using £ of
hexane (fghey) as the ) value in equation 7 does not introduce
great error but when hexane is used as the solvent its £ value is
easily obtained from the chromatogram. However, hexane is still
retained appreciably in a nonpolar column (e.g., 100% poly-
dimethylsiloxane) at this temperature, therefore hexane cannot
be used as the ¢y Equation 16 is obtained by substitution these
four numeric constants into equation 12 and Ink is expanded:

Subscript (T,) in equation 16 is simply to stress that experi-
ment and calculation are performed at the equivalent tempera-
ture and when FAMEs are used as references, z can be replaced by
ECL. Theoretically, ECL in TPGC can be calculated by any
methods mentioned in the literature (22-31), but we are more
familiar with the column slicing method of Callvalli and
Guinchard (28,29), which was modified by Kittiratanapiboon et
al. (30) and Lomsugarit et al. (38), as described in equation 17:

(-9.839-0.4877 + 221236 , 356. 092)

tR:ngl full + 90~ T))] +Z,(291_ W1 e o

i=1

Eq. 17

where g is the change in £y/change in T, m (=1000) is the number
of columns being arbitrarily divided (28,38) and 6, is the temper-
ature of the ith element (arbitrary column).

When ECLpq(y is obtained (from equation 17), it is substituted
into ECLrq) in equation 16. T, is defined here as the tempera-
ture at which isothermal #g = fgrpcc) and isothermal ECL (or /) =
ECLrpccy (0r Irpge), thus at the Ty, ECLrq can be replaced by
ECLrpcc) and 75 can be replaced by /g rpc). However, the value of
Iyi(Teq) 18 still not known but it can be solved by two iteration
cycles, (higher iterative number does not yield much better accu-
racy). Initially the £y of the initial temperature (£yr) is used. The
obtained Tq() will not be the actual 7, but it is very close to the
Tq Substitution of the T,y into equation 18 will give fyre)-
tur,y =ty + 8(Teg = T) Eq. 18

Equation 18 is the temperature correction for £; adopted from
equation 17. The calculated £y ) is then substituted back into
equation 16 and a closer value of Teq is obtained.

Figure 1 is the temperature-programmed GC of FAMEs derived
from Chinese mustard seed oil. The chromatographic conditions
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Figure 1. Temperature-programmed gas chromatogram of FAMEs of Chinese mustard seed oil on BPX-70 capillary column.
step TPGC (B), three-step TPGC (C), and four-step TPGC (D). See table | for the temperature-programmed conditions.
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subchromatogram are summarized in the same Table. The
frapac Values of each FAME in each chromatogram are varied
slightly according to the chromatographic conditions and carrier
gas flow rate. The greatest change in the #grpgc) value (in Table IT)
is 1.73 min for FAME of 24:1, and the change in T, for this FAME
is approximately 1.8°C. The change in the ECL value calculated
by equation 17 is 0.04 unit. It is speculated that with wider tem-
perature programming range, the difference in the mentioned
values would be higher and identification would also be more dif-
ficult without the T, as a point of reference.

Verification of the calculated equivalent temperature

To verify the validity of the calculated 7,,, GC conditions are set
isothermally at the T, and fyrq) of each unsaturated FAME.
Actually, only the temperature was set, whereas the pressure
gauge, which regulated the carrier gas flow, was untouched (con-
stant pressure). The carrier gas flow through the capillary column
is automatically adjusted as the oven temperature changed. Table
III summarizes the values of T,,, as well as the calculated #y
(tM(can)), experimental ¢y (fmexp)), frerrce), and experimental
(fR(req) Values of unsaturated FAMEs. Good agreements are found
between fp(req) and fg(rpgc)- The highest difference is 0.49% for
Coy.1. Only approximately 10% of the data have the difference
values greater than 0.40%. The deviation may partly arise from
the difficulty in obtaining the carrier gas flow rate for a predeter-
mined value of Zy.

Comparison of equivalent chain length

In this section, the £CL values of FAMEs determined by various
methods are compared. These include the ECL values calculated
according to equation 17 (ECL(rpg()), the graphical method
(ECL(g)) of Woodford and van Gent (2) and Miwa et al. (3) and the
calculated method according to equation 19 [modified from the
retention index (6)]:

ECLir,) = ECLi + (T~ Tj) x 422 Eq. 19

where AECL/AT is the change in ECL per change in T'. Results are
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summarized in Table IV. All the ECL values calculated by different
methods are very close. Suggesting any ECLvalues can be used as
an identification aid.

Although T; and ECLy; are used as the references in equation
19, higher accuracy can be obtained if the temperature at which
the last saturated FAME eluted prior to the interested FAME and
if its ECL is used as the reference. This will narrow the interpola-
tion range and minimize error caused by nonlinearity of
AECL/AT.

Analysis of the data of Lomsugarit (38)

Lomsugarit et al. have reported multistep TPGC retention data
of FAMEs from Chinese mustard seed oil on SA-WAX (Carbowax
20M), including the calculated ECLrpc(), but they were not aware
that T, could be generated from the available data (38).
Therefore, there were no experimental data at the reported T
However, the ECL values at 160°C, 180°C, 190°C, and 210°C were
reported together with AECL/AT for unsaturated FAMEs. These
available data can be used to estimate the T, and ECLp.
Substitution of the available ECLpgc), fr(rpac), and fyreq) into
equation 16 with the combination of equation 18, the 7, is solved
as described previously (see the Calculation of equivalent temper-
ature section). The g value of their column was 0.0013 min/°C.
The calculated 7, values are summarized in Table V.

The ECLrpcc) and ECLry, values are only slightly different for
unsaturated FAMEs of 18 carbon atoms, but the differences
are higher for higher carbon numbers. The highest differences
between ECLrpgc) and ECLgq) in Table V is 0.13 unit for
24:1. The difference is not very high, in this case, to induce incor-
rect identification. As pointed out earlier, ECL values of unsatu-
rated FAMEs tend to change with temperature and the difference
in the ECL values, for 18:3 (n = 3) and some other FAMEs, are
as high as 0.3 unit in the temperature-programmed range. Thus
identification would be ambiguous without the T, as the
reference temperature. On the other hand, a library of ECLrpq()
can be built up to help identification. The proposed T, has a
certain advantage that the isothermal ECL can be used for
identification.

Programmed Conditions*

Table 1. Teq and zypg() of Unsaturated FAMEs of Chinese Mustard Seed Oil Chromatographed at Different Temperature-

A B
(ty = 1.813 min) (ty = 1.819 min)

(ty = 1.823 min)

C D

=1.822 mi .
(ty = 1822 min) Tentative

tarco  Zmweo  TqCO  hmweo  Zweo  Te®O kaeco  Zaeco  TeCO kapco Zaecg  Te°C)  identificationt

8.608 18.36 165.13 8.593 18.34 165.13 8.620 18.34 165.11 8.685 18.35 164.95 (

9.690 18.97 166.22 9.670 18.95 166.22 9.703 18.96 166.26 9.785 18.95 165.95 18:2(n -6)
11.127 19.72 167.78 11.109 19.69 167.70 11.114 19.70 167.75 11.196 19.70 167.62 18:3(n -3)
12.444 20.35 169.21 12418 20.32 169.14  12.463 20.33 169.18 12.502 20.33 169.09 20:1(n -9)
13.803 20.96 170.70 13.780 20.94 170.68  13.870 20.94 170.58 13.803 20.95 170.75 20:2(n -6)
17.034 22.34 174.51 17.003 2231 17444 16.806 2232 174.81 16.685 22.32 174.96 22:1(n-9)
21.982 2433 180.69 21.699 2429 180.80  20.647 2432 182.04 20.251 2433 182.49 24:1(n-9)

* Teq and Zgpae) are calculated according to equations 16 and 17, respectively. A, B, C, and D are the chromatographic conditions listed in Table I.

* The first group of number is the number of carbon atoms of the fatty acid, the number after the colon is the number of double bonds and the number in parenthesis is the position of the
double bond counting from the methyl end (n) of the acid. The ECL values are taken from http://www.SGE.com (unrevel FAMEs using ECL numbers and a 70% bis-cyanopropyl capillary
column).
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Discussion

Equation 12 is proposed here for the calculation of T, which
is used as the reference temperature to the TPGC. In identifica-
tion, the ECL ypgc) (or Itpgc) is required. The correctness in
the identification depends very much on the accuracy in the
determination of ECLypgc (or Ipgc). As it was mentioned
previously, there are many accurate methods for predicting
frapce) from the thermodynamic parameters and any method
of determination of ECLypcc (or Itpec) can be used in conjunction

Table I11. Comparison of ty(req) and Travco) of Unsaturated
FAMEs of Chinese Mustard Seed Oil

One step (A)
FAMEs* Teq tM(cal) tM(exp) tR(TPGC) tR(Teq) %Error
18:1(n-9) 16513  1.821 1.828 8.608 8.607  0.01
18:2(n-6) 16622 1.822 1.836 9.690 9.688  0.02
18:3 (n-3) 167.78  1.825 1.847 11127 11145 -0.16
20:1 (n-9) 169.21 1.827  1.850 12444 12467 -0.18
20:2 (n-6) 170.70  1.829  1.859 13.803  13.789  0.10
22:1(n-9) 174.51 1.835  1.862 17.034  17.099 -0.38
24:1(n-9) 180.69 1.844 1879 21982 21.874 049

Two step (B)
FAMEs* Teq tM(caI) tM(exp) tR(TPGC) tR(Teq) %Error
18:1(n-9) 165.13  1.827 1.828 8.593 8.611 -0.21
18:2(n-6) 166.22  1.828 1.833 9.670 9.652  0.19
183(-3) 16770 1831 1.847  11.109  11.145 -0.32
20:1(n-9) 169.14  1.833  1.842 12418 12454 -0.29
20:2(n-6) 17068 1.835 1.857 13780 13.807 -0.20
22:1(n-9) 17444 1841 1.862 17.003  17.051 -0.28
24:1(n-9) 180.80  1.850 1.879  21.699 21.772 -0.34

Three step (C)
FAMEs* Teq tM(cal) tM(exp) tR(TPGC) tR(Teq) %Error
18:1(n-9 16511  1.831 1.828 8.620 8.611  0.10
18:2(n-6) 166.26  1.832 1.853 9.703 9.715  -0.12
18:3(n-3) 167.75 1.835 1.847 11144 11145 -0.01
20:1 (n-9) 169.18  1.837  1.841 12463 12494 -0.25
20:2(n-6) 17058 1.839 1.850 13.870 13.897 -0.19
22:1(n-9) 17481 1.845 1863 16.806 16.869 -0.37
24:1(n-9) 18204 1.856 1876  20.647 20.607  0.19

Four step (D)
FAMEs* Teq tM(cal) tM(exp) tR(TPGC) tR(Teq) %Error
18:1(n-9) 16495 1.829 1.837 8.685 8.689 -0.05
18:2(n-6) 16595 1.831 1.838 9.785 9.739 047
18:3(n-3) 16762 1.833 1.847 11.196  11.145  0.46
20:1 (n-9) 169.09 1.836 1.841 12502 12494  0.06
20:2 (n-6) 170.75  1.838  1.849 13.803  13.788  0.11
22:1(n-9) 17496  1.844 1.870 16.685  16.623  0.37
24:1(n-9) 18249 1.856 1.886  20.251 20.242  0.04
* See the second footnote (f) in Table II.

with equation 12. At present, most of the methods are used
for predicting #grpcc) In predicting #grpe), both the entropic
and enthalpic constants for each molecule must be known.
Therefore, to calculate the ECLypgc (or Irpgc) from #erpgc) of
an unknown would not be possible, unless some modification
is done to obtain these two constants. This is an advantage
of equation 7 and 17, in which the entropic and enthalpic
terms are expanded by including equation 3. The four thermody-
namically related constants are derived from the distribution
constant (K) and the column phase ratio (B). They are character-
istic of the individual column. The change in column inside diam-
eter or film thickness would undoubtedly affect the numeric
values of the constants. Also, any change in the chemistry of
the stationary phase would change the numeric values of the
constants. This may include the same stationary phase but of
different degree of deterioration either by excessive bleeding or
oxidation. Molecular weight distribution of the stationary phase
may also affect X and consequently may change the numerical
values of the constants.

The four constants in equation 7 or equation 17 are derived by
expansion of the entropic and enthalpic terms and are not inde-
pendent of the temperature. Similarly, the {8 is not independent of
the temperature. Equation 3 is not strictly linear. Therefore, all
these weak points must be associated with equations 7 and 17, but
all the numerical values are the average of seven different tem-
peratures (170-200°C) and seven different carbon lengths
(16-22). Thus, these equations are best used at these boundaries.
Prediction outside these boundaries is possible but it may give
less accurate results.

Koppenhoefer et al. (39) have demonstrated that the effect of 7
on fy is complex, and at least three different nonlinear equations
can be used to describe their relationships. However,
Kittiratanapiboon et al. (30) showed that, within the experimental
temperature range, fy increases linearly with 7, and a correction
factor similar to equation 18 was incorporated into equation 17.
However, many researchers dealing with TPGC are still unhappy
or in doubt about the linearity of the #y~T plot. Therefore, data
reported by Koppenhoefer et al. (39) are re-analyzed using equa-
tion 20, one of the three equations proposed by Koppenhoefer et
al.:

ty = ATB Eq. 20

A and B are constants and have the values of A = 0.80 and B =
0.64 for H, at an inlet pressure of 0.5 bar.

The plot between the calculated £y and T values (at tempera-
tures between 50°C and 180°C) gives a straight line with the slope
= 0.0596, intercept = 29.187, and 72 = 0.9997, whereas the plot
between the experimental ¢y and T values gives a straight line
with the slope = 0.0592, intercept = 29.162, and r? = 0.9981.
These re-analysis results suggest that it is also possible to trans-
form the experimental data of Koppenhoefer et al. (39) to a linear
equation similar to the carrier gas flow correction factor reported
by Kittiratanapiboon et al. (30).

Therefore, the correction factor of Kittiratanapaiboon et al. (30)
was adopted in this study because the g values can be simultane-
ously determined with the four column constants (a, b, ¢, and d).
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Table 1V. Comparison of ECL of Unsaturated FAMEs of Chinese Mustard Seed Oil Calculated by Different Methods
One step (A) Two step (B) Three step (C) Four step (D)
FAMEs EClpcy  ECleg  ECLg  EClmoo  EClmg  EClg  EClgeg  ECleg  ECLg  EClmeo  ECley — ECLg
18:1(n-9) 18.36 18.35 18.35 18.34 18.35 18.35 18.34 18.35 18.35 18.35 18.35 18.35
18:2 (n-6) 18.97 18.96 18.96 18.95 18.96 18.96 18.96 18.96 18.96 18.95 18.96 18.96
18:3(n-3) 19.72 19.70 19.70 19.69 19.70 19.70 19.70 19.70 19.70 19.70 19.70 19.70
20:1(n-9) 20.35 20.34 20.35 20.32 20.34 20.33 20.33 20.34 20.33 20.33 20.34 20.33
20:2(n-6) 20.96 20.95 20.95 20.94 20.95 20.95 20.94 20.95 20.95 20.95 20.95 20.94
22:1(n-9) 2234 2233 22.33 22.31 22.33 2233 22.32 2233 22.32 22.32 2233 2232
24:1(n-9) 24.33 24.29 NA* 24.29 24.29 NA 24.32 24.30 NA 2433 24.30 NA
* NA: not analyzed.
Table V. Comparison of ECL Calculated by Different Conclusion
Methods . . o _
Equation 12 is proposed for the determination of 7, which is
One step (A) used as the reference temperature for the correlation of the
isothermal and TPGC data. According to Sun et al. (15), there are
FAMES  fxarco Te fwa)  Zwco  Zaeg two different 7, values in the literature. The first 7, is the tem-
181 6,249 168.62 1856 1816 1816 perature at which the isothermal 'tR is equal to tR(quc). The
182 6.799 170.93 1 850 18.60 1861 second T, is the temperature at which the isothermal / is equal
183 7633 17141 1.860 1923 1923 to Itpc. However, the T, used in this study is the temperature at
20:1 8.915 172.85 1.862 20.13 20.14 which the isothermal l‘R is equal to tR(TPGC) and the isothermal
221 12002 17877 1869 2215 2212 ECL (or isothermal /) is equal to ECLpqc (0r Irpcc).
24:1 15.188 187.12 1.880 24.20 24.11 The proposed method will allow analysts to make use of the
large database of isothermal ECL or Kovats’ retention index
Two step (B) .
values. The Ipgc database may not be necessary. The fluid
FAMEs  tgrapoo) Ty tM(cal) Z(pc0) Z(teq) dynamic parameter of the TPGC conditions is incorporated into
equation 17 and the /(g or ECL(gq is purely based on thermo-
C18:1 6.508 167.06 1853 18.17 18.16 dynamic property of the solute. This will improve reproducibility
C18:2 713 169.12 1.856 18.61 18.61 of the retention data in TPGC among laboratories and may facili-
C18:3 8.094 169.50 1.856 19.24 19.22 tate identification in TPGC
C20:1 9.625 170.85 1.858 20.14 2013 ’
C22:1 13.321 176.29 1.865 22.14 22.11
€241 16.461 185.26 1.877 24.18 24.10
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