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Abstract

Principal component analysis was performed on a data matrix consisting of Kovats indices of 35 aliphatic ketones and
aldehydes. The calculations were carried out on the correlation matrices of Kovats indices. The Kovats indices were
determined on capillary columns with four different stationary phases, namely bonded methyl- (HP-1), methylphenyl-
(HP-50), and trifluoropropylmethylsiloxane (DB-210), as well as polyethylene glycol (HP-Innowax) at four different
temperatures. It was found that one principal component accounts for more than 94% of the total variance in the data,
indicating that the temperature does not change the dominant pattern in the data. The physical meaning attributable to the
principal components, thus the most influential ones are as follows: the first principal component accounts for the boiling
point (and/or the molecular mass) of carbonyl compounds whereas the second is responsible for the temperature dependence.
The plots of component loadings showed a characteristic pattern (counterclockwise increasing temperature) whereas that of
component scores showed a triangular structure and some groupings of oxo compounds. Abstract retention data (free from
influence of temperature and column polarity) are non-linear functions of boiling points of solutes. Similarity among the
solutes from the point of view of retention is represented by characteristic plots. [0 1999 Elsevier Science BV. All rights
reserved.
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1. Introduction tion includes e.g., classification, searching similari-
ties, finding relationships, outlier detection, model-

Application of multivariate data analyses [princi- ing, data reduction, finding physical significance to

pa component analysis (PCA), factor analysis, clus-
ter analysis and related techniques] to chromatog-
raphy has become a popular method in the last
decades [1-18], mainly because it can provide
information not otherwise accessible. This informa-
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principal components, etc.

Multivariate techniques were devoted to analyze
either gas or liquid chromatography data [1-5,7—
11,14,15,18] or to evaluate reversed-phase high-per-
formance liquid chromatography (RP-HPLC) data
[6,12,13,16,17]. The main goal of these investiga-
tions was to classify and select proper stationary
phases, to recommend preferred solvents to a given
separation, to identify selectivity measures, to de-
termine factors important in characterization of
solvent properties, etc. It should be mentioned that
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the results and/or conclusions of investigations
mentioned are often contradictory.

Many examinations were related to the data set of
McReynolds, i.e., retention indices of 10 solutes and
226 stationary phases [19], or were frequently lim-
ited to a special compound class. The reproducibility
of Kovats retention indices surpasses the same of any
other way of giving retention data. This is the reason
why retention indices are so popular in multivariate
analyses. Despite the different methods used to
characterize the liquid phases, all the techniques
found a single dominant factor in the data which was
assigned to *‘polarity’.

Despite their importance not much is known about
the retention properties of ketones and aldehydes. A
specific intramolecular interaction was observed
between the neighboring CH, and C=O groups
[20,21]. The retention indices of ketones and alde-
hydes are linearly correlated to their boiling points
[22,23] and other structure descriptors [24]. The
retention index measurements are made either on a
limited number of compounds or the influence of
column polarity and column temperature has not
been studied in detail [21,25-28]. The carbonyl
compounds are chosen as model compounds less
frequently [29-33], athough some thermodynamic
characteristics (such as solution heat values) of oxo
compounds have aready been calculated [34].

To the best of our knowledge, no PCA results
have been published on temperature dependence of
retention data so far.

The activity outlined in this paper can be summa-
rized as measurement of retention indices of ketones
and adehydes in the function of temperature and
column polarity, as well as mathematical description
of retention indices on the base of PCA.

Our aim was to characterize the retention behavior
of ketones and aldehydes on stationary phases of
different polarities and to obtain information on
whether the branching in the carbon chain, the
position of C=0 group (ketone or aldehyde), unsatu-
ration, etc., has a significant effect on the retention.
Another aim was to examine whether it is possible to
extract useful information in the case of highly
correlated data. We tried to order (arrange) the
functions influencing the retention (temperature,
column polarity). Besides these, our aims were (i) to
extract temperature- and polarity-independent reten-

tion data; (ii) to determine which molecular structur-
a descriptors correlate with these temperature- and
polarity-independent retention data and, if possible,
(iii) to assess physical significance to principal
components. Last but not least, we would like to
classify ketones and adehydes from the point of
view of chromatographic retention.

2. Principles of PCA

In the course of defining principal components the
original variables are transformed into new ones.
Original variables are presented as linear combina-
tions of principal components. The values of princi-
pal components are component scores. The linear
coefficients are called the component loadings, i.e.,
the correlation coefficients between the origina
variables and the principal components. The algo-
rithms for PCA can be found in standard chemo-
metrics books and tutorials [10,35]. The principal
components are orthogonal (independent) and they
are scaled so that their variances are equa to unity.
Further on, they are ordered in such a way that the
variance explained by the first principal component
is the greatest, the variance explained by the second
oneis smaller, and so on, whereas that of the last one
is the smallest.

The columns of data matrices under study are
intercorrelated, i.e., the data are redundant. PCA
[10,35] makes use of the intercorrelations by starting
from the correlation matrix of the variables, and it
eliminates the redundancy from the data, i.e, it
reduces their dimensionality by revealing several
underlying components. The underlying components
are represented by new variables called principal
components. In other words, PCA is able to de-
compose the original input matrix into a sum of
multiplication of loading and score vectors.

A basic assumption in the use of PCA is that the
score and loading vectors corresponding to the
largest eigenvalues contain the most useful infor-
mation relating to a specific problem and that the
remaining ones comprise mainly the noisg, i.e, for a
practical problem it is sufficient to retain only a few
components accounting for a large percentage of the
total variance [35].
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3. Experimental

In this study selected aliphatic ketones and alde-
hydes were chosen as model compounds. They were
purchased from Fluka and Aldrich and were used
without further purification. The retention measure-
ments were done by a 5890 Hewlett-Packard Series
Il gas chromatograph with HP3365 ChemStation. A
flame ionization detector and split/splitless injector
in split mode were used. The carrier gas was
nitrogen. A constant inlet pressure was used and the
carrier flow-rate was set to the minimum range of the
height equivalent to a theoretical plate (HETP).

The characteristics of capillary columns are sum-
marized in Table 1.

The retention indices were measured at tempera-
tures of 50, 70, 90 and 110°C making three injections
at each temperature. The experimental Kovats in-
dices were evaluated by the well known method
from retention data of n-alkanes with dead time
corrections.

The input data set was arranged in columns with
increasing polarity (HP-1<HP-50<DB-210<HP-In-
nowax) and, within one individua stationary phase,
with increasing temperature. Similarly, the row
arrangement corresponds the Kovats retention in-
dices of 35 carbonyl compounds (ketones and ade-
hydes) with their boiling points (i.e., the solutes were
the mathematical —statistical cases or objects). Hence,
every matrix element corresponds to a Kovats index
of a given solute on a given stationary phase and at a
given temperature.

Each data set to be analyzed was essentially a data
matrix containing the Kovats indices. The entire
input matrix is given in Table 2.

The columns contained the Kovéts indices at
different temperatures (323 K, 343 K, 363 K, 383 K)
and on different stationary phases (HP-1, HP-50,

DB-210, HP-Innowax). That is, the columns corre-
spond to variables (measured quantities), i.e., Kovats
indices on a given stationary phase and at a given
temperature; 16 columns in total.

First, the correlation matrix of the origina vari-
ables was computed (this matrix contained the
correlation coefficients of each original variable with
the others). Then, the component loadings were
calculated from the eigenvectors and eigenvalues of
the correlation matrix. Finally, the component scores
were obtained from the component loadings and the
origina variables. The computer program used [36]
furnishes the variances of the principal components,
the loading patterns, the score coefficients for the
standardized variables at mean zero and at standard
deviation one, and the component scores.

The following physical constants (structural de-
scriptors), boiling point (Tg), molar volume (V,,),
molecular mass (M,), molar refraction (R,,), octanol—
water partition coefficient (log P) considered as
independent variables were used to search correlation
with the retention data: the first four variables stem
from the Handbook of Chemistry and Physics [37],
whereas the last one is from Hansch and Leo’s book
[38]. The log P values were calculated using the
additivity in cases when no measured log P values
were available.

4. Results and discussion
Repeated PCAs were made in the following order:
4.1. Elimination of temperature dependence
Firstly, the temperature dependence was elimi-

nated from the Kovéts indices. The original input
matrix was divided into four submatrices of equal

Table 1

Characteristics of capillary columns used

Notation Stationary phase® Inner diameter (mm)  Film thickness (um)  Length (m)  Polarity®
A=HP-1 Dimethylpolysiloxane 0.32 1.05 50 222
B=HP-50 50% Phenylmethylpolysiloxane 0.32 0.5 30 884
C=J&W DB-210 50% Trifluoropropylmethylpolysiloxane  0.32 0.5 30 1520

D = HP-Innowax Polyethylene glycol 0.32 0.5 30 2308

# All phases are bonded.
® Sum of the first five McReynolds constants [19].
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Table 2
Kovats indices of ketones (1-19) and adehydes (20-35)"

Compound No® Al A2 A3 A4 B1 B2 B3 B4

Cl Cc2 C3 Cc4 D1 D2 D3 D4 TBP

1 469.7 4693 4694 4702 6063 6037 6019  600.7

2 5747 5750 5748 5758 7116 7109 7097 7104

3 6399 6405 6415 6428 7671 7672 7673 7678

4 6754 6755 6758 6769 8098 809.6 809.6 8104

5 6654 6657 6661 6669 7993 7986 7986 799.3

6 6918 6933 6955 6974 8080 8085 8097 8111

7 7201 7207 7217 7229 8418 8416 8420 8425

8 7335 7349 7368 7390 859.6 8605 8622 864.2

9 7777 7794 7811 7831 8810 8822 8834 8853
10 7641 7644 7650 7660 8936 8938 8945 8952
11 7670 7673 7680 7690 9013 9016 9021 903.0
12 8518 8528 8537 8551 9761 9766 977.2 9784
13 83%4 8361 8372 8384 9643 9647 9651 966.1
14 8649 8654 8666 8673 9944 9948 9954  996.9
15 8675 8679 8687 8699 10001 10028 10033 1004.2
16 9175 9187 9201 9216 10319 10329 10344 1035.6
17 9217 9229 9245 9261 10415 10423 10437 10454
18 9648 9654 9660 967.3 10949 10954 10963 1097.4
19 10514 10524 10535 10551 11754 11761 11773 11788
20 3604 3606 3604 3609 4879 4853 4843 4849
21 4727 4727 4730 4736 6045 6031 6011 6013
2 4628 4626 4629 4635 6033 6039 6038 605.6
23 5403 5409 5416 5430 6605 6596 6583 6594
24 5711 5719 5725 5733 7025 7029 7026 7033
25 5817 5833 5845 5861 6810 6809 6816 6821
26 6350 6364 6375 6392 7576 7580 7587  760.1
27 6453 6469 6482 6500 7675 7679 7686 7705
28 6744 6752 6762 677.3 8074 8077 8085 8095
29 6234 6245 6258 6273 7877 7896 7916 7943
30 689.1 6914 6940 6970 8037 8055 807.3 8093
31 7421 7440 7463 7489 8627 8648 8668 869.1
32 7165 7772 7785 7800 9099 9105 9114 9126
33 8772 8787 8800 8817 10098 10114 10133 10138
34 9332 9354 9375 9401 10493 10514 10532 10554
35 977.8 9797 9812 9830 11109 11115 11127 11144

7929 7996 8077 8166 8350 8375 8408 8435 3204
8821 8898 8985 9068 9198 9237 9278 9323 3528
9433 9518 9609 9707 9494 9544 9506 9650 367.7
9608 9681 9761 9841 9969 10015 10063 10113 3749
9739 9818 9911 1000.7 9962 1000.7 10056 1010.7 375.2
9920 10009 10109 10212 9685 9743 9802 9863 379.2
10271 10353 10451 10547 10252 10290 10339 1039.5 390.0
1036.1 10457 10560 10668 10339 10408 10476 10543 391.2
10385 10463 10545 10644 10148 10208 10269 10332 397.7
10484 10557 10642 10730 10680 10733 10789 10845 3982
10815 10902 11002 11104 10972 11022 11076 11130 4012
11345 11426 11511 11603 11394 11450 11511 11571 4172
11613 11700 11811 11922 11561 11609 11663 11721 4172
11536 11612 11706 11800 11672 11732 11799 11850 4202
11843 11934 12039 12146 11958 12019 1207.6 12138 4246
11942 12020 12104 12201 11787 11850 1191.0 11975 4312
12069 12142 12249 12348 12001 12055 12130 12195 4325
12555 12640 12729 12826 12655 12714 12779 12843 4402
13426 13512 13604 13703 13341 13406 13473 13539 4616
6304 6363 6415 6492 7158 7166 7178 7188 2940
7394 7462 7530 7616 8088 8104 8129 8165 3220
7437 7514 7603 7684 8670 8694 8718 8761 3262
8037 8108 8195 8284 8304 8368 8386 8427 3362
8431 8511 8599 8690 8948 8978 9018 9072 3489
8416 8497 8582 8671 8226 8267 811 8356 350.7
9128 9222 9324 9430 9360 9403 9456 9510 365.7
9133 9220 9320 9419 9312 9367 9428 9493 3657
9538 9630 9729 9833 9981 10028 10074 10130 376.2
972 9802 9930 10064 10615 10693 10771 10862 377.7
9784 9892 1000.7 10123 9686 9748 9814 9883 3781
10096 10193 1030.6 10415 10180 10253 10327 10403 3912
10593 10686 10794 1090.1 10983 11040 11100 11146 4012
11627 11732 11839 11948 11996 12053 12115 1217.8 426.0
12054 12174 12286 12408 11978 12059 12131 12206 4341
12655 12751 12876 12998 12988 13061 13130 13195 4442

*Notes: A1=HP-1, 50°C; A2=HP-1, 70°C; A3=HP-1, 90°C; A4=

HP-1, 110°C; B1=HP-50, 50°C; B2=HP-50, 70°C; B3=HP-50,

90°C; B4=HP-50, 110°C; C1=DB-210, 50°C; C2=DB-210, 70°C; C3=DB-210, 90°C; C4=DB-210, 110°C; D1=HP-Innowax, 50°C;
D2=HP-Innowax, 70°C; D3=HP-Innowax, 90°C; D4=HP-Innowax, 110°C. TBP=boiling points in K.

® Compounds: 1= acetone, 2= 2-butanone, 3= 3-methyl-2-butanone, 4= 3-pentanone, 5= 2-pentanone, 6= 2,2-dimethyl-3-butanone, 7=4-
methyl-2-pentanone, 8= 3-methyl-2-pentanone, 9= 2,4-dimethyl-3-pentanone, 10=3-hexanone, 11=2-hexanone, 12=4-heptanone, 13=5-
methyl-2-hexanone, 14=3-heptanone, 15=2-heptanone, 16=2-methyl-3-heptanone, 17=>5-methyl-3-heptanone, 18=3-octanone, 19=>5-
nonanone, 20=acetaldehyde, 21=propanal, 22=acrolein, 23=isobutanal, 24=butanal, 25=trimethylacetaldehyde, 26=isovaleralehyde,
27=2-methylbutanal, 28=valeraldehyde, 29=2-butenal, 30= 3,3-dimethylbutanal, 31=2-ethylbutanal, 32=hexanal, 33=heptanal, 34=2-

ethylhexanal, 35=octanal.

size. Four PCAs were made, each of (4X35) at a
given polarity of stationary phase. In these cases the
four temperatures were ordered as columns in the
input matrix. Only two factors were retained in the
model. The first factors for each stationary phase

were of overwhelming importance whereas the sec-
ond factors were of subordinate importance. One
principal component explained 99.9938-99.9985%
of variance in the data. The loading plot for HP-1
stationary phase can be seen in Fig. 1 as an illustra-
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Fig. 1. Plot of factor loadings for temperature dependence of HP-1 stationary phase.

tion. The pattern observed is the same for all of the
stationary phases investigated. The temperature in-
creases counterclockwise and the loadings for the
two medium temperatures (343 K and 363 K) are
closer to each other than the loadings for the limit
temperatures (323 K and 383 K). The physica
reason for this pattern is not well understood. PCA
tries to arrange the loadings on the contour of an
elipse if two principa components are retained.
Anyway, it is an empirical, experimental observa-
tion. The loading values are, in fact, correlation
coefficients. How closely related are the Kovats
indices of carbonyl compounds at different tempera-
tures? This can be seen by the closeness of loading
values (factor 1) to unity.

How closely related are the retention data of
carbonyl compounds at different polarities of the
stationary phase? This can be seen by the correla
tions between score values to each other. As the
polarity of phases increases (A—D) the correlation
diminishes. The high correlation coefficients, how-
ever, indicate the close similarity between phases
(Table 3).

This way useful information was extracted from
highly correlated data.

4.2. Elimination of polarity dependence

Secondly, the effect of polarity (various stationary
phases) were extracted by PCA of principal com-
ponents of the first PCA. The input matrix of the
second PCA either (i) consisted of the first PCs of
the four temperature dependent PCA or (ii) consisted
of the first two PCs of the four temperature depen-
dent PCA, i.e, ether (4X35) or (8X35) matrices
were analyzed.

Table 3
Correlations between score values of the first PCA, N=35%

A score 1 B score 1 C score 1l D score 1
A score 1 1.00000 0.99756 0.99224 0.97076
B score 1 0.99756 1.00000 0.99554 0.98455
C score 1 0.99224 0.99554 1.00000 0.98392
D score 1 0.97076 0.98455 0.98392 1.00000

#A, B, C and D are the notations for column polarity, see Table
1.
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The result in case (i) is that the first principal
component explained 99.06%, whereas the second
0.785% and the third 0.1514% of the total variance
in the data.

The loading plot can be seen in Fig. 2.

The proximity of points shows the similarity of
stationary phases. The silicon phases form a sub-
group whereas the Innowax is an outlier. The
closeness of HP-50 and DB-210 is ostensible only,
their points are far away in a three-dimensional
space.

The result in case (ii) is that the first principal
component explained 49.58%, whereas the second
40.13% and the third 5.05% of the total variance in
the data. In the latter case three principal components
had to be retained. Ninety-eight percent description
is required and generally accepted in the field of
chromatography [10] when analyzing Kovéts reten-
tion indices, Table 4.

It can well be seen in the Table 4 that in case (i)
one PC is overwhelming whereas in case (ii) the first
two PCs, which are approximately of the same
importance, are necessary for the description. A
comparison of variance explained by the first and

Factor loading 2

repeated PCASs suggest that the polarity of columns
exerts more effect than the temperature of columns.

4.3. Physical significance of principal components

Similarity among the solutes from the point of
view of retention is represented by characteristic
plots. These score plots are shown in Figs. 3 and 4.

As it can be seen from the figures the aldehydes
and ketones cannot be separated by the PCAs applied
completely. Fig. 4, however, speaks well for an
amost complete discrimination. The points for alde-
hydes take place on the outer part of the triangular
structure, at left and right top. The exceptions are the
2,4-dimethyl-3-pentanone, 3-hexanone and 2-hepta-
none. Fig. 3 shows that an information loss takes
place if omitting the information of second PC that
explains 0.79% of the total variance in the data only.
The score 1 explaining the largest variance can be
considered as a descriptor of retention which is
independent of temperature and independent of
stationary phase polarity. The proximity of points
shows similarity of compounds. No doubt, that
butenal is an outlier. Similarity of some point pairsis

0.18

HP-Innowax
o

0.12

0.06

-0.06

)
o
0

HP-50
®

-0.12

0.988 0.99 0.992

0.994

0.996 0.998 1

Factor loading 1

Fig. 2. Plot of factor loadings for polarity (stationary phase) dependence, case (i), further analysis of first principal components.
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Table 4
Comparison of results of the second PCA
Loading 1 Loading 2 Loading 3
Case (1) PCA of the first principal components, an analysis of (4x35) matrix
F1 (HP-1) 0.994863 —0.097549 —0.025714
F1 (HP-50) 0.999141 —0.030679 —0.025482
F1 (DB-210) 0.997643 —0.014785 0.067003
F1 (HP-Innowax) 0.989448 0.143970 —0.015972
Explained variance 3.962333 0.031403 0.006055
Proportional of total variance (%) 99.06 0.785 0.151
Case (1i) PCA of the first two principal components, an analysis of (8x35) matrix
F1 (HP-1) 0.994248 0.028430 —0.086792
F2 (HP-1) —0.062747 0.898971 —0.293934
F1 (HP-50) 0.998864 0.021241 —0.029568
F2 (HP-50) —0.020162 0.914719 —0.011927
F1 (DB-210) 0.997289 0.029656 —0.005340
F2 (DB-210) —0.026381 0.843887 0.515383
F1 (HP-Innowax) 0.989886 —0.003723 0.121279
F2 (HP-Innowax) 0.023566 0.922471 —0.169188
Explained variance 3.966314 3.210111 0.403928
Proportional of total variance (%) 49.58 40.13 5.05
4
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Fig. 3. Plot of factor scores, case (i), further analysis of first principa components. Notation is given in Table 1, (®) ketones, (A)

aldehydes.
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Fig. 4. Plot of factor scores, case (ii), further analysis of first two principal components. Notation is given in Table 1, (@) ketones, (A)

aldehydes.

trivial, e.g., 2,2-dimethyl-3-butanone and 3,3-di-
methylbutanal as well as 2-hexanone and heptanal.
The coincidence of 2,4-dimethyl-3-pentanone with
hexanal can be accidental or consequence of ex-
perimental error.

These score values can be correlated with molecu-
lar structural descriptors. The best correlation was
achieved by the boiling points:

S1;, = — 9.795 + 0.02532T,;);

R=0.99759; F(1,33) = 6827 .4;

p < 0.00000; s = 0.07040 (1)
where S1 is the first principal component (score 1) in
case of (i), subscript *‘j”’ means the j-th alkyl-
benzene, R is the correlation coefficient, F is the
Fisher statistic, p is the significance for the entire
equation, and s is the standard error of estimate. The
correlation is highly significant. However, a residual
plot shows a curvature present in the retention data
vs. boiling point relation as shown in Fig. 5. [Re-
siduals are the difference between scores calculated

from measured Kovéts indices and the predicted
scores by Eg. (1)].

The Durbin—Watson test is suitable to detect
trends or curvature in residuals. The value of test
statistic is 1.089 whereas the critical value from the
table is d, =1.28 (N=33, «=0.05 and the number
of independent variables is 1). It means that the null
hypothesis of **no curvature in the residuals’ should
be rejected. The inherent non-linearity, which is not
unique, was also observed for alkylbenzenes [39,40].

A similar correlation and figure pattern can be
obtained in the case of (ii). The best correlation was
achieved by the boiling points here, as well.

S1;, = — 9.787 + 0.02530T,;);
R = 0.99680; F(1,33) = 5124.6;

p < 0.00000; s= 0.08119 (2)

where S1 is the first principal component in case of
(ii). Eq. (2) is identical to Eq. (1) within two
decimal digits suggesting that the two approaches do
not differ significantly. It is interesting to note that if



K. Héberger, M. Gorgenyi / J. Chromatogr. A 845 (1999) 21-31 29
0.2
\ 18
[ ]
0.15 20 e
21 /,9
0.1 A 5
\2{‘ a4 12 /
0.05 : 4' . ot
1‘ .3 6 14 0){
s O 2T 4 88 s
3] [ ] 7
= A A~ 13 4eaa
:g -0.05 \6‘\2_. S ]’.7
9 ’ 25a 10
e~ e 8
-0.1 S
15
'0.15 28 e
A
-0.2
([ ]
-0.25 A
-3 -2 -1 0 1 2 3
Score 1 (predicted)
Fig. 5. Residual plot for linear boiling point dependence, case (i) and (ii) are identical, (@) ketones, (A) adehydes.
all variables are included into the model at once it S2;y = — 24.30 + 0.4867M,;, — 0.03046V,, ;,
results in a significant predictive equation. — 1364l0gP,;, — 8500 Ind,,,:
R = 0.82587; F(3,31) = 22.167;
S1;, = —5.208 + 0.01968Ty;, — 0.04651M,;, p < 0.00000; s = 0.5905 4)
—0.03046V,;, + 0.1043R,;
mi) M where S2 is the second principal component in case
+1.6441og P ;, +0.95821nd,;,; of (ii). The equation is highly significant athough

R =0.99901; F(6,28) = 2350.9;

p < 0.00000; s = 0.04905 3)
where Ind is an indicator variable, its value is 1.0 for
ketones and 0.0 for aldehydes. The equation is highly
significant again. To include any of the descriptor
variables into the model is significant at the 0.05% or
even less significance level. A somewhat smaller
value of Fisher dtatistics is caused by the smaller
degrees of freedom. It indicates the superiority of
Egs. (1) or (2) over Eg. (3). However, the residual
error is much smaller in the latter case.

A similar equation can be derived for the second
principal components:

the description is much worse than for Eq. (3), as
expected.

The physical significance of these equations is that
knowing physical properties of an oxo compound the
location of its score values can easily be calculated.
Moreover, the temperature and polarity dependence
of a ‘hypothetical’” Kovats index can aso be
calculated from the score values estimated by Egs.
(3) and (4) without tedious experiments and even
without having the incriminated compound as stan-
dard.

Principal component 1 (score 1) can be attributed
to boiling point (or size of molecules) whereas score
2 contains information on the structural features of
molecules, i.e, structure of apolar side chains,
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position of branching to the carbonyl function. A
triangular structure can be observed (Fig. 4). The
outlying structures are positioned on the top, i.e.,
butenal and mostly aldehydes are located there. The
aldehyde retention differs from that of ketones of the
same size and similar structure.

5. Conclusions

The retention behavior of ketones and aldehydesis
not distinguishable from each other completely al-
though some characteristics of solute structure can be
observed using PCA.

The polarity of columns is a more influential
variable than their temperature.

Abstract retention data (free from influence of
temperature and column polarity) are non-linear
functions of boiling points of solutes.

Similarity among the solutes from the point of
view of retention is represented by characteristic
plots (Figs. 3 and 4).
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