CHAFTER 5
RESULTS AND DISCUSSIONS
The retention indices of the examined compounds and their

parameters are shown in Table 5.1. Host of the compounds for all
stationary phases elute | increasing order according to their

boiling points. Pew excnptitg® that exist have nearly the same

boiling points or azg 1

5.1 F
By the ms “eigenanalysis” in PCA, the

data matrix wi { e

gives the inforgh £ the ‘paturé of the compounds, and the

"loading” matrix gige i ihFoH ut the nature of parameters.

These results can : : the score and loading plots.
Figure 5.1 and 5.2 "'-" = 3 & for family 1 (compounds with one

ices. The "score” matrix
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carbon atom and m A of 1 { ----: as the example. From
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the score plot y{—_-,-_,,-,-_ i'—i-r-- in this family
are classified 7 eng and fluorines, Compounds

with the same ‘ p- of fluurmes will arrange themselves from bottom
to top m increasing number of
hyﬂrngmsa m: ﬁmﬂ s with the same
number ogens willf arrange thamselves fromu.top to bottom and
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(i.e. mtpounds 10 to 14). The loading plot shows that the retention
indices of the three columns (assigned by no.1,Z and 3) are clustered
together with BP (5), °X (8) and 'x (7). This means that I,BP, X and
"';t can explain the same behavior of the system or behaves in the same
way. In this way one can have the idea that the retention index can
be basically predicted by the parameters BE',GJL arldfnr1_x. . The
parameters nF (12), nH (14) and D (15) are separated from the other



parameters. The position of nF and nH confirms the result of the
score plot that the compounds can be classified by these parameters
in the way as described above. The pasi;tim of parameter D (dipole
moment) can give the idea that it may explain or behaves differently
compared to the other parameters. D is known as a guantum chemical
ronic properties while the other

bulk properties. The score and
known D values, on the three

parameters describe
loading plots of »
columns (Figure
family 1. The eclag
nH (17). The retept
by BP(5),X(6)
other parameters®

the same results as for
isbusedmnl?(lﬁ}a;ﬂ
\can be basically predicted
(19) also differs from the
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Looking atfthe Score piot, one can see that the relationship

_ pears linear. This leads to the
idea of a relationship ;“' sen the Tetention index and nF. Figure 5.5

to 5.18 showwthefiline :lationshipywithin a family between the
retention : S ; SREon avery column, except for
CFq (14) (FlguraH unmur CF4 being an “outlier”

can be explain P‘y its very low bn:l.l:.n,g point (-128 C} compared to
all othe l'juperat:l.n.g conditions
for the nm ‘lmmlwm:n‘m of the columns could
not _d m ot be retained
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as an outlier which can increase the uncertainty of the model. That
deleted from the raw data.

When using the PCA model to prediet the retention index
(Table 5.2), it is found that the model from PCA does not give a good
prediction. This can be seen from the results of the tested products
of all families on the apolar column as an example (Table 5.3 and
Figure 5.18). The difference between the measured and predicted
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indices varies from about 5 to 400. This bad prediction is a result
of the choice of data matrix on which the PCA analysis is performed.
As mentioned in chapter 3, each row in the matrix concerns a product
and each column concerns an index or a solute parameter. In its
searching for the principal components that best describe the total
variance in the data matrix, PCA searches the vectors (factors) that
explain the variation not ondyjin the indices but also in the solute
‘ inction between dependent and

parameters. PCA t
independent variableg) ™ : 3 good prediction.
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Table 5.1 The retention indices and the paraseters of the examined products

CODE INDEX PARAMETERS

I-Np I-5p I-P L BP CHI(0) CHI{1) CHI(2) CHI(3)-p CHII3)-c

CFC WITH C 1 ATOM

oAy SR I N8 Y

1 outlier product

10 450  &B4.4  693.1  153.8 75,8  5.281 2,39 4,286 0 3.l
L Y 47% 500 0 1374 23,8 J.Be2  L.6B1 L1742 ¢ 0.3
12 1.7 W25 M5S0 1209 -29.8 2,443 0.972  0.20% 0 -0.25
13 17l -81.4 -0.326 0 0.084
ni 1432 pe 0.15 0 -0.022
20 6023 2.474 0 0.834
21 45%.4 0.518 0 0.18
2 307.3 0.28 0 0.03
3 141 0.087 0 0,008
§30  520.7 1.01 0 0
32 203.B 0.033 0 i}
W 3R 0 0 0
4 1l 0 0 0
CODE
CHI{4}-pcCHI{4)-c nC D
10 0 0 1 0
Bl 0 0 | 0.5
12 0 0 1 0.3
13 0 0 1 0.3
114 0 0 1 0
20 0 3 1 1 1.1
i | 0 2% 1 1 1.3
22 0 0 L1.9921 1.832 2 1 1 1 1.4
23 b 5 o S
H T
32 q.l : 1. 4 0 | 2
40 0 0 1.661 3 1 1.9
u li!




INDEX
1-5P

CHI(2) CHI{3)-p CHI(3)-c

1123.1

725
721.4
$34.2
miﬂ
355.9

200

100

Table 5.1 (continued)
CODE
1-KP
CFC-KO H ATON
119 1061.9
112 &98.4
#112a  495.7
113 532.3
1132 930.7
114 346.8
L S 214
116 104

6.079
1.977
2.964
0.933
2,318
=0.111
=0.148
=0.183

J.85
=0.244
1.634
-0.027
1,957
=0.182 |
-0.03%
0,064

CODE
CHI{4}-pcCHI(4)-c

119
112
1112
113
113a
114
8115
116

7.584
0.969

0,367

-0.0%3
-0.584
=0.181
0.10%
=0.05

-0.065

'ﬂli
0.44

0.424
0.03

0.012
-0.006

§ tested proguet:
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ﬂ u:tl ’J m Ejm jmwn!‘i CHI(2) CHI{3}-p CHI(3)-c

125

CFC WITH H 1 ﬂTﬂi‘l

Wﬂﬂﬂ‘i%ﬂﬂﬂ&]ﬂﬂ&ﬂ "

171 § 783.3
122 B26.5
123 483.6
123a 4864
126 348

209.8

?21 2
361.2
3s2.8
407.6
239.8

2,587
1.489
1.286
0.1
0.008
-0.219

2,281
0.421
0.283
0.389
-0.158
-0.035
0.044
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4 tested product

CoDe PARAMETERS
CHI{4]-pcCHI{#)-c R o nF nCl nH nC 1]
120 3.B4Z  0.427 47007  3.6Bb ] 5 | 2 1
121 1.308 -0.08 4.2393 3.572 1 4 | 2 '
¥ 122 -0.022 0,015 3.B311 3.3M 2 3 | 2 i
123 -0.15 -0.003 J.4666  1.064 3 2 1 2 ]
123a  -0.168 0,015 3.3914 ' 3 2 1 2 ]
124 0.081 -0.003 4 1 | 2 !
125 -0.025 -0.003 ] I 2 !

— NS

CFC WITH H 2 ATONS

N 1-NP II ///;&‘\m CHI{2) CHI(3)-p CHI{3)-c
AN

# tested products

$130  878.1 1037.4 UL TR N 1. 3243 1429 0714
130a 826 17 PRI 3833 L.O07L 1,925
131 715.6 1791 0.581 0.9
13a  &76.7 1,636 0.647 0,064
12 571 0.546  0.236 -0.134
1326 535.5 0.445  0.224 -0.091
¥ 1332 4011 0.26  -0.2 0.032
134 2765 -0.24 0.05  0.025
1342 245.7 -0.241  0.038  0.032
ﬂumwmmmnﬁ
CHI{4)-pcCHI 1 n nC D
:m .'mr 0 41212 0 4 '§| e/ 2 1.5
!
Qmﬂfﬁﬂﬁqu NY218g
131; 0.267 -una 3.6441 3,152 3 2 2 '
132 -0.13 3.2302  2.784 2 2 2 2 1
1326 -0.145 oum 3.M419  2.904 2 2 2 2 H
§ 1332 0.045 -0.003 2.8714 2,644 3 1 2 2 1
134 -0.011 0 2.4022 2,216 4 0 2 2 ]
1342 -0.008 -0.003 2.4575 2.3 4 0 2 2 '




Table 5.1 (continued)

CODE

INDEX PARAMETERS
I-SP I-f L} BP  CHI(0} CHI{L)

CHI{2) CHI{3}-p CHI(3)-c

CFC WITH H 3 ATOMS

180

¥ 140a
141
141b
8142
1424
143
143a

CODE

L1

1 140a
141
141b

# 142
142b
143
143a

1]

2.3 Bbb.3 207.8 133.4 113.5 4.87 2.634- 2,289 0.714 0.357 |
630,46 £83.4 737.1 133.4 4.1 3.086 2.293 3.938 0 1. n:!
599.5 1.1 781.4 116.% 13,7 J.451 1.814 0.73 0.29 -0. NTr
488.6 8il.6 &04.5 115.9 32 J.687 1.583 1.53 0 *ﬂ.ﬂﬁﬂ
459 550.9 0.995 0,334 -0.1H4 0.013
2.5 I82.1 0.874 0.132 0 -0.091
36,7 395.5 -0.008 -0.245  0.025 0,013
208.6 229.1 0.165  -0.26 0 0.032)
w\
CHI(&)-pcCHI(4)-c \\\\}R nC D
0.427 U 3 2 1.4
0 0.427 3 2 1.7
-0,08 3 2 1
0 =008 3 2 ]
0.015 0 3 2 2.1
0 0.015 3 2 2.2
-0,003 1] 3 2 1
0 =0.003 3 . 2.3
§ tested products
I-NP ~"?~-’1 CHI(2) CHI(3)-p CHI{3}-c

CFL RITH H 443 ATOMS

§ tested product

150 195 0,357 0
150a m.ﬂ ﬁlﬂ mg% ﬂﬂﬂﬁ 2,205 0 um[
151a 431 0,407 0 -0.067 |
11520 2705 Uaias . -21.? 1,13 0.319 75 0 0.013
140 0 0|
QR B ﬁ'ﬁn}fw?ﬁﬁw ﬁﬁ%”ﬁl ¢
CODE PARAMETERS
CHI(4]-pcCHI(#)-c R 0 nf nCl nH nt ]
150 0 0 2.9308 2.828 0 2 [l 2 1.8
150a ¢ 0 2917 2512 0 2 '} 2 2
1512 0 0 2.5182 .24 1 1 'l 2 ]
152a 0 0 2.1022  1.9% 2 0 'l 2 2.3
140 0 0 2.3665 2,112 0 1 5 2 2
161 0 0 1.9526 1.828 1 0 5 2 2




Table 5.1 (continued)

¥ tested products

CODE INDEX PARAME TERS
- I-5P 1-p " BP  CHI(0) CHI(1) CHI{2) CHI{3)-p CHI(3)-c
CFC WITH C-DOUBLE BONDS
1o 795.1 837  B65.3  185.8 120.8 5.781  2.89  3.B19  2.857  2.02%
W 1112-c  459.7  A7a.6 5307 1329 2L 293 LA72 0704 0.472 -an24|
112t 4616 8 ' 132.9 2 2,943 1472 0,704 0.472  -0,024
1112:  #9.7 4805 520 132.9 19 294 1.472 L7110 -0.535  0.982
13 303.7 ; . . 0,158 -0.217 -0.043
120 683.4 2780 1429 1,182
121 530.4 1117 0.581 0,137
122 3% 0.457 -0.267  0.119
b1z 239 -0.362 005 -0.057
13-t 591.1 159 0714 0,229
1130-t 558 159 0714 a.m‘
11302 508.4 2,405 0 1.013
I3 337 0.553 0 -0.012
132 294.3 -0.075 0,025  -0.06
132 176.5 -0,291 0 -0.031
VoL 3722 0.976 0 0.149
14 2304 -0.183 0 -0.028|
|
cone |
CHI(4)-pcCHI(4)-¢ nC D |
1o 345 0.3 0 2 '
§ 112-c -0.26 0 2 '
1H1z-t  -0.26 0 2 '
W2 0.2 0 2 1
I 0,12 : , 0 2 1
120 0.714 3.2616 z.' . 1 2 0.9 '
12 -0.1% -om ,nm 2,564 2 1 2 ' !
n2 0. 2 ! '
.- @&}J@Mﬁ%j gnng ;o
1130-¢ 2 2 " 1.4
1130-t 2.6987 0 2 2 o ? 0
mu 79 1
Evsiddmnineiey |
usz 2 2.4
mza o 0.006 1.8715 .NE 2 0 2 2 1.4
b 1140 0 0 2.1364 0 1 3 2 1.5
1141 0 01,7225 1.m 1 0 3 7 L 14
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RETENTION INDEX |—NP versus nF

FA)LY 1,C=1

I=HP
&
' P

g4

Fig. 5.5 ly 1 on apolar column

I \"L versus nf
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Fig. 5.6 Relationship between I and nF of family 1 on
slightly polar column
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- RETENTION INDEX |1—-P versus nF
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Fig. 5.8 Relationship between I and nF of family 2 on three columns



RETENTION INDEX I-NP,I-SP,I-P versus nF

FAMILY 3,C2-H1

I

(Thousands)

Fig. 5.8 Relatiofis
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8 I1I-Np
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Fig. 5.10 Relationship between I and nF of family 4 on three columns



RETENTION INDEX |=NP,I—=SP,I-P versus nF

FAMILY 4,C2-H2/ISOMER
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Fig. 5.11 RelaficfsHio bets k WF of family 4 (isomer)
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|—P versus nF
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Fig. 5.12 Relationship between I and nF of family 5 on three columns
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RETENTION INDEX I=NP,|-SP,I-P versus nF
FAMILY 5, C2-H3/ISOMER

250

Fig. 5.14 Relationship between I and nF of family 6 (isomer)
on three columns



RETENTION INDEX |—=NP versus nF

FAMLY 7, C=C

1ma
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Fig. 5.18 Relationship between I and nF of family 7 on
slightly polar column
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RETENTION INDEX |—P versus nF

FAMLY 7, C=C

i
113
I 1123
Flg. 5.17 Relatighsiip \Ijand AF of family 7 on polar column
N INDEX 1= °,|I—P versus nF
500 e
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Fig. 5.18 Relationship between I and nF of family 7 (isomer)
on three columns



Table 5.2 Sussary of sodels from PCA analysis for apolar column

n

I
I
- -

FANILY  No.OF MOZELS RS
FACTORS ERROR
1 ‘B, 7.85 nH+40.92x, 1.9
2 ' SBLE0 X L0 7.9
3 2 2.2 -
' . 100,84 X W76 OF 27,04
5 3 33 X 123270 0 266.4
6 1 209.7
7 5 HT2.05 X HS9.05 oF  28.89
4
2% 5 424,54 X, 48416 oF 43,25
s Nesl'y s oF W10

ﬂiﬂtl’l'ﬂtl"/lﬁwmﬂ‘i
’QW’]Nﬂ‘iﬁUNMTAﬂmﬁﬂ



Table 5.3 The predicted results of tested products for apolar
column using PCA model _

4
I = 3.69 BP+63.74 X, -128.42 X_ +152.57 nF+64.64 nH

Products Imeas Ipred Al
(Imeas-Ipred)
11 478.0 240.4 238.6
30 178.8
112a 86.3
115 -411.5
122 -5.3
130 100.1
133a -211.7
140a 218.1
142 -170.6
152a -202.1
1112-cis B4.7
1123 -82.2
1131a 143.1
1140 228.5
Imeasuj efsus Ipredicted from PCA
. r A7 COLU
700 ~
600 - o
500 —

|—prad

" Autaneandieang
ARAINSAUNIINY1A Y

L ! L T T T T
100 300 500 700

Fig. 5.19 The PCA results of tested products on apolar column
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5.2 Partial Least-Squares Analvsis (PLS)

Better results are obtained from partial leas-tsguares
analysis (PLS). The predictions are rather good. This can be seen
from Figure 5.20 and 5.21 for the prediction of all compounds (both
training and testing sets) on the apolar and slightly (medium) polar
i1t ds fit with the 45 line except

CFg (no.44). It means that the vhelaf and measured values match
well. These good oreTEtio ire @uf the PLS principal which
divides the date™EiledSs into two matrises. One is the independent
matrix, X and B AONE *\*- matrix, Y. Based on the
' : the principal components
for both the indep@ndénis s spendent matiices to make the matrix X

fit the matrix ) w \ { why PLS can give a good
prediction. Furthe F,, b ":', - 'Y “additional information of
the nature of p and- pary ts by score and loading plots.
Figure 5.22 and 5/23{ishow the ="&nd loading plots from PLS of
family 1 on the apolar:@ __ o A e the same results as PCA. The
loading plot i Ged with : ameters with the three
retention indice& \" so shown here.
0
Because PESe,can give @y rather good prediction of the

i Pt ) V)V GBI s e s

values fur the examined Em&ucts To do this, the D walues will be

RCHRDN L C My 10 2 vl
(alsoqt I values AT t wariables).

Figure 5.26 shows the loading plot for this condition. The result
(Table 5.4 and Figure 5.27) shows that the predictions are rather
good but not so perfect and it can be seen that 110 (point 13) and
1130-trans (point 60) are outliers. It means that the values of D

cannot be explained well by these parameters.
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Table 5.4 Predicted values of D by PLS analysis

Products D-real D-pred
10 0.000 0.111
11 0.500 0.431
12 0.500 0.528
13 0.500 0.650
20 1.100 1.081
21 1.300 1.241
22 ' ] 1.422
23 1.864
30 1.662
32 2.048
40 1.634
41 1.825
110 0.873
112 0.186

112a 0.860
113 0.328
113a 1.020
114 0.600
115 0.853
1186 0.973
120 1.018
121 0.548
122 0.985
123 1.3686
123a 1.266
124 1.557
125 ' ~1.708
130 —] t —;‘5‘ .2B3
130a - ; 1.465
131 , , i 1.529
131a < 3 1.155
132 1. TEB
132b
155 FU mamwmn‘ﬁ
134 27217
134a 2.018
141b 1 3&9
142 2. IDU 2.340
142b 2.200 2.173
143 m 2.585
143a 2.300 1.831

m missing data



Table 5.4 (continued)

Products D-real D-pred
150 1.800 2.077
150a 2.000 1.854
151a m 2.087
152a 2.300 2.279
160 2.000 1.854
161 o0 2.097
1110 0.580
1112-cis 0.705
1112a 1.243
1113 1.127
1120 1.014
1121 1.101
1122 1.472
1123 1.610
1130-cis 1.547
1130-trans 1.302
1130a 1.508
1131a 1.322
1132 2.134
1132a 1.448
1140 1.5886
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5.3 Multiparameter Regression Analvsis

Multiparameter stepwise regression analysis is the last
approach to analyse the data. It can provide several models according
to the purposes and data available. For this work, the main purpose
is to predict retention indices of known products. With this purpose

in mind, two groups of model:

data, The first _

calculated from the Structi He-mol€cules (Table 5.5 to 5.7) and
- ; ‘

the second group #the mode1s basedwei,the parameters that can be

calculated from moglecules but also including

physico-chemical int and/or dipole moment

(Table 5.8 to 5.10). at, for every column, the

models which inclddel BF i:-' ne \ arameters give the higher

only parameters that can be

N

Jfor th data and a lower standard
2e and SIE.) than the models without
3 ted for the variance in the
iome order for these compounds on the
'O Fy is primarily based on

percentage of
error (consideri
BP. BP is the param :
data. It means that .

three columns
their boiling p@ints

To test 'tg validity %the correlations, these models are

used to ﬂ-%-—.ﬂ aewwmmtesm products. The

results (Rigure 5.28 to 5.33) confirm that the models with BP as one

of 'S 28 - m (8] apolar column,
thaimgw 1lp c ;131 the range of
1 to 44 index units (i.u.) with an average error of 14.1 i.u.
(Table 5.11). For the slightly polar column, the error is in the .
range of 1 to B0 i.u. with an average error of 24.5 i.u.(Table 5.12).
For the polar column, the error is in the range of 1 to 37 i.u. with
an average error of 20.4 i.u. (Table 5.13). The average of the three
columns is 18.7 i.u. These values of error are less than 10% of the
average predicted values. So these models with BP are acceptable. For



82

the models without BP as one of the parameters are also satisfactory
with an average error of 45.9 i.u. but they will give poorer results.

From the results of stepwise regression analysis, one can
also learn or understand the behavior of the system. Comparing the
models of the polar columns to the models of the apolar column using
the same groups of paramet Wle 5.5 to 5.10), it is found that

ia ' models are less than that of
s &‘are are some effects on the

these parameters. For all

the apolar models 3 53

dipole moment is the
about the effect of polarity.

The results (Tabl fand =5015) that. when the polarity of

becomes more impgfta " sgression method chooses D as
the sixth parame ,
insignificance (consifleris = aleulated t-value of D which is
less than the u-’f’" "while D is the second parameter
_ LA SN
7ith high signi: ( calculated t-value is
feafs to the idea that the
permanent dipol& of “pbhase can induce a dipole
momemt in a naiggv?.\ring molecule effecting the dipole-interaction.

NN (1N e 1L S
A TS R IR

scale (Pyc). The common parameters chosen are BP and 'x which

gives a high percentage of variance. These equations are shown in
Table 5.186.

for the polar medel
higher than thé i

Equations that relate coefficients in Table 5.16 and the
polarity on the McReynold scale are shown in Table 5.17
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From Equation (3.1) and eguations in Table 5.17, the
following final equation is obtained :-

;
I = 310.42+2.33 BP+65.55 X +[0.12+0.0008 BP-0.044 X JPyc (5.1)

Equation ¢5.1) relates the retention index to the solute
properties and the polaritiyl Jof the stationary phase. It should be
\\
phase. This 1-- .
on the same stationary.phf=es. Th& results are shown in Table 5.18.

ex of CFCs on any stationary

some non-available products

MEIUEE s are plotted on figures
showing the rela hip ; .:;-_ \\ \ ion index and nF to see

ony 1 results (Figure 5.34 to
deviate from the line so
e. The prediction on the

5.37) show that
much and the error

apolar column is morelacchs : polar columns.

chrnmatngraphy' Tesults, 1 e T g‘ pf the peaks of unknown
products. For t give a model that can
be used to rec ize these l.mlmmm peaks. Peak recognition can be

{Table ] %uﬂqﬁji-am mm:.: d::::in: ﬂfl
R A AT NI Y o v o

pru:lugt.s available in the laboratory and not available. After testing
the available products, some compounds can be neglected. The 1:,\( value
can give structural information and perhaps an idea about the family
to which the product belongs. An example of this case can be seen
from the result of the apolar column. The unknown peak (1112-trans)
was found during experiments on family 7. This unknosm peak eluted
after the peak of 1112-cis product. From the relationship between
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the retention index and ‘X , the x value was 1.325. Within the
range of £10% of the calculated value, the 'x value was in the range
1.2 to 1.5. There were 14 CFC compounds with x values in this
range. They were 21, 40, 123, 123a, 132, 132a, 132c, 1112-cis,
1112-trans, 1112s, 1131-cis, 1131-trans, 1131a and 1140. From this
list, only 3 products were not available. The other 11 products were
= suspected because they had nearly
132c, 1112-cis,1112-trans and
the GC-MS. It showed that
Mg the three isomers of 1112,

trans eluted in respective

examined and only 3 p
the same indices. Thi
1112a. The final e
the unknown pes :
the products

order accord ing points. Therefore it was

quite certain thg 312-trans.

he product is a CFC, HCFC
ion. Of course a GC-MS will
: available.

* This pre
or HFC of the #&
comfirm and give be

R
U

AULINENTNEINS
PIAATUAMINAE



Table 5.5 Regression Models of Apolar Colusn for all Paraseters
except boiling point (BP) and dipole woment (D)

FAMILY PARAMETERS MODELS ARIANCE 5.,
1 “x! 9.6 5110
%, % 9.8 50.46

i Py g A OO 93,6 4.8
Xk X 2 1 RTS8, 94 o 137.4'% .5 41.38

2 R __--"' "'.-.‘ w5 28|

/// \\\*\x\ e

siﬁqmnicu 1INy o

9.8 12.04 |
99.9 8.03
77.2 19.86
9.5 15.25
9.0 6542
1000 2,95
0.3 41,54
9.5 23.08
9.7 1.15
%0 36,25
%0 35.62

M4 5,27 |

Ry s xe M 6.4 .37
?’lxlhjmfg 5 7.8 4.22
R M OR 1= 28774850 X 49,35 X 923 X, 40,07 W 988 25,24
-B04 @+740 R

-7 'y 93.0 5.2
b 57 .5 50,40
%%,k 95.4 4645
%% ,R,0 , %.0 42,60
ERTK, 1= 1599483 X 4283 X 4270.1 R-262.1 0 9.5 40,14

+28.4 %,
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Table 5.6 Regression Models of Slightly Polar Colusn for all Paraseters
except boiling point (BP) and dipole soment (D)

+1.24 MW

FAMILY PARAMETERS NODELS WARTANCE  5.E.
1 8.8 79.84
%, nF 8.7 .72
%, F ,nCl 8.4 25,27
2 R 9.0 33.8!
Ry Zp 99.8 1441
R, "%p, 0 9.9 12,07
Ry ey, X 1000 0.75
I oF 9.9 8.5
aF R 9.9 7.15
aF Ry %y 100.0 6.2
4 x 9.4 4118
“x,0 9.5  29.68
5 of Bl.A 10116
| F, % 1000 3.95
6 x B8.5 5379
";u ,’;, 7.6 24.40
°% \ Yo 0F & 15 94152.53 X 4310.7 jlc,+5i.i nF 9.9 bl
-
| 1
| 1 % ﬂﬂ&l’&«‘iﬂﬂ?i’ﬁwg T3 5s wa
. 3205
ﬁm AINTUURIINY 4D 5o
i 9.5 73.48
.: TX Xy o0 9.8 72.68
;.'r. by 7.2 42.20
Xy X% 0,R,0H 1 = 1919+182.8 _:\'.i.'rﬂ.i ;u.u 2 ,x,-mo g 97.7  38.46
. +809 R-137.5 nH
1 % 8.3  83.15
" x 9.9 .16
X% X 9.3 75.79
%% O 0l . o 0.7 7186
"%y Ke oM MM T = AB.44B7.5 X 46,6 X 435 X,+37.7 nH 2.3 &7.48




Table 5.7 Regression Models of Polar Colusn for all Paraseters
except boiling point (BP) and dipole mosent (D)

FAMILY PARAMETERS MODELS IARIANCE  5.E.
1 B.6 7231
"oy 0F B6.b  63.58

% ynF,nCl 9.3 1410

2 of 9.8 14.56
oF, "%, 100.0 6,03

I o 9.9 10.56
oF, "% 1000 5.63

s 9.6 311
"0 9.0 2040

5 of 7.5 102.01
oF, X 9.9 5.49
(-]

b X BL.B  59.53
"X 2 Xe %.0  29.59
% s KpsNF 1000  1.75

7 9.9 54.B5

6 % m‘ru 79.81
AU I nens 2

Fi?" 73.35

|'#:E: 45,83

ﬂ“}mnm Mﬂl&ﬂﬂ i ﬂ ?.l

1l iR 41.36
-38.2 %4339 ;z,.

-7 % . B6.0 85,34
%, X B7.6  81.44
‘;,;_nﬂ B9.0 76.92
13:3'!“-& 91.3 &8.40

MM, 1= B2.1478.9 4430 449,50 nHLIBA NN LB 66.30
4354 %,




Table 5.8 Reqression Models of Apolar Colusn for all Parameters
except dipole moment (D)

FAMILY PARAMETERS WARIANCE 5.E.
T 98.6  21.00
BP, % %.7  19.91
2w 9.8 15.87
BP, X 9.9 8.0
BP, R 100.0  0.00
IBP 100.0 6,01
BP,R 100.0  5.10
T 9.8 8.63
BP, MK 9.9 692
BP, M, R 1000  4.29
5B 7.2 33.09
| H'x IWJ IIE?
6 B 9.8 5.8
BP,R 9.9 3.4
Ta ¥}

e AUHANENANYINT nr e
|' B, | = Qadd. bl 9.5 13.31

L LT _

[ - E-7A

“FHIRINIUNAINGFY 25
HI1aNNIU A b d e
#,0c1,0 PR X T
BPCL,0, %o 1 = 476,142,321 BPHAB.1 nCI-69.8 046,77 X, LT 13.48
-7 B 7.9 342
BP,'x 8.9 2252
BP % e : . 9.3 18.54
BP "% il I = 374,542,329 BP45A.67 X411.64 X, 220,530 99.4 16,88




Table 59 Regression Models of Slightly Polar Colusn for all Paraseters

except dipole soment (D)

FAMILY PARAMETERS NODELS IVARIANCE S.E.
1w 9.8 35.43
af'.ﬂ I = “5.5*3-?“ “-5511 E q?n" IZ.W

7 W 9.3 29.87
BP MW 99.9 12,43

B, NN, "X 100.0  2.51
3o 9.8 12.84
B, X 9.9  7.03

i 9.4 19,3
B, %, 9.8 1059

5 BP 9.4 18,22
BP, % 9.8 10.18

BP, % yF 1000 3.85

& BP 99,8 6.45
7w 9.5  25.72
BP ,nF 9.0 21.1%

-6 B 98.4 31,59
BP0 9.7 29.19
0, ﬂ umw&mmmmm 2.8

1-7 36,76
-W’] a\aﬂ‘m uvn'mm i) v

3,70

.‘Flﬂc, xm__ 98.3 I.trﬂ

M 30,40

BP,0F 00 %, %, T = 51043, 506 BP-12.57 nF-27 nC+10.56 e

-16.02 %,




Table 5.10 Regression Models of Polar Colusn for all Paraseters
except dipole moment (D)

FAMILY

PARAMETERS MODELS IVARIANCE S.E.
9.4 33,08

96.8 19,24

1000  3.72

9.9 b.64

100.0  5.12

99.3  19.22

9.7 13,52

9.8 9.48

9.3 12,41

9.3 1232

9.9  3.I5

9.4 24.72

98.9 20,54

9.9  35.27

9.0 23.53

9.0 2.3

§9.2  21.84

17.26

a El 30.37

ﬁ wmn‘imumawm g
BPY0, 0k, R 8.6 27.17
“luinnlnlxﬂ; 98.7 26.66
BP,8,0H,R, ey 1 = 565,443,595 BP-179 048,81 i+130.3 R 9.8 25.68

#1043 %,-12.82 1




Imeasured versus lpredicted
APOLAR COLUMN, WITHOUT 8P

|I—pred
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Fig. 5.29 The mmlt:s of tested products on apolar column with BP



Imeasured versus Ipredicted
SLIGHTLY POLAR COLUMN, WITHOUT BP

l—pred

(Thousands)
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Fig.5.31 ~ results of tested products on slightly polar columm withBP



Imeasured versus Ipredicted
POLAR COLUMN, WITHOUT BP
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Fig. 5.33 The - results of tested products on polar column with BP
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Table 5.11 The predicted results of tested products for
apolar column using regression models
1 I-NP = 159. 9+331 +28.3 }c +270.1 R- 232 1 Q+28.4 ?Cp
2 I-NP = 374.5+2.329 BP+54. ET}: +11.64° Xoc —21.53 nC
Products Imeas Ipred(l) AI(1) Ipred(2) AI(2)
11 478 507.6 -28.6 500.3 -21.3
30 496 2, 238.8 -18.1
112a 713.6 -17.9
115 258.4 -44 .4
122 610.3 16.2
130 861.2 16.9
133a 383.4 7.7
140a 629.4 1.2
142 487.7 -8.7
152a 291.3 -20.8
1112-cis 458 1.7
1123 201.8 12.3
1131a 5 338.4 -1.4
1140 : 381.4 -8.2
‘ ‘t\ average 14.1
Table 5.12 11ts of tested products for
Slumn using regression models
1. I-SP = >y 5437 .7 nH+1.24 W
2 I-SP = RP-12 .57 nF-2° 7onC-10.56 ‘xu -16.02 Xe
=7
Products ed ﬂI(lﬂ]Iprad(E} AI(2)
545 547.9 -47.9
ﬂugﬁ‘w thﬁ’ﬁﬂ 23.86  -21.5
112& 26.2 -4.8
115 200 91 2 8.8 258.6 -58.6
43 j
'fgiﬁ rEDDOAIN AN WY =y
15.6
683.4 764.6 81.2 685 -1.6
142 550.9 483.2 87.7 553.8 -3
152a 318.5 361.6 -43.1 343 -24.5
i1112—cis 474 .8 485.7 21.1 502.7 -28.1
1123 231.4 228.2 3.2 205.3 26.1
1131a 358.3 4298.5 -71.2 358 2.3
1140 411.8 486.4 -74.6 404.9 6.9
average 49.8 average 24.5




Table 5.13 The predicted results of tested products for
polar column using regression models

e 3
82.1478.9 X +43 X +49.54 nH+1.384 MW+35.4 Xp
565.4+3.585 BP-178 Q+8.81 nH+130.3 R+10.43%,,
~12.82%

B
-

I
b+
mnn

Products Imeas Ipred(1l) AI(1l) Ipred(2) AIC2)

| 552.1 -32.1 |

30 652.4 -24.2 |
112a 755.2 5.8

115 303.4  -36.7 |
122 718.4 26.8
130 1018.3 28.2
133a 508.9 16.1
140a 726.5 10.86
142 636.7 1.2
152a 438.6 -19.2
1112-cis 5186.5 14.2
1123 265.4 37.3
1131a SAME ‘ 398.8 7.9
1140 . ez -100 467.6 -25.7

- L]

rerage ‘\ 5 average 20.4

AULINENINYINg
RN IUNRINYIAY



Takle 5,14 Regression of wmodels with D and without D as the paraseter for
slightly polar colusn (only products with known [ values)

TVFE PARARETERS MOLELS AVARIANCE  S.E.
NITHOUT EP 9.5 39.08
D BR,0F % Wb 3206
BF 0F, %, 1 = A74.6843.081 BP-25.52 nF+12.B8 X, %.9  27.91
ITH D BP 9.9 39.08
BP0 9.6 12,06
BP0, X %.9  27.91
BP0 s 8 / 9.0 26.68
BF,0F 4, ,8,nC1 9.0 2623
BPyNF 0, C1 glhmen923. 6434062 .H,x,;snn 9.0 25.89
f D=1,

2 nllene 43 (t-test of D=1.25)

11 The theoreti

7;/ ‘& --,- and §51 confidence interval

= 2.086

Table 5,15 Regressione®? g I #‘r aieter for
the polar co I bifucts:
TYPE PARANETERS I ﬂ ‘\\:\ 2 WARIKACE  S.E.
KITHOUT BP N ik \ 9.0 35.19
D BF, L 9.6 29.47
B‘P rf ¥ xf‘ "'.- '[J“' '7 “I? 25|?;
Eper'Fﬂ ‘7 '_. = i “-3 31.??
BP,nF ,,m ‘x AT RSN 0GR aF +52.1 X, ~25.22 0L 9.4 19.62
e — !’
KITHD 8P v P 8O0 3519
BP0 'm m %6 29.33
B, 0, X, 9.0  25.38
B‘P D;’;r ,HF 99.4 19.21
9.4 19.19
«ﬂg wﬂ y]ﬁq UABSww ot
(t-test of [=5.40)

“W’Jaﬂm"mwm*immwm S

18 Equation I = f(BP,X ) on the three columns

STATIORARY  F,, EQUATION XVARIANCE S.E.
ov-1 222 I = 331.36+2.32 BP+60.72% 88.8 22.52

DB-1701 788 I = 413.2+43.276 BP+21.8x 87.8  36.24
DB-210 1520 I = 486.1+3.402 BP+2.3'X 97.4 37.63
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1
Table 5.17 Variation of the coefficients of the Equation I=f(BP,X )
with the polarity of the statioary phase

Coefficient Eguation R
ag 0.9944
8 0.8825
az 0.9663
Table 5.18 Preg 2! ne vnilnbls products by
b Wz \\
I = 310.42+2.38 BP16T. 56 At (0. 2008 BP-0.044'X 1Pyc
Produects Ipred(3)
31 45B8.8
111 974 .4
133 510.7
1111 740.4

e ;ﬁ“fﬁ%ﬁé‘ﬂ i -
T.’élﬂ’]ﬁ anani UBNANY VB omne

COLUMN EQUATION XVARIANCE S.E.
APOLAR I = 200.8+186.78 % 3.0  57.26
SLIGHTLY I = 228.5+213.8'x 86.3  83.15
POLAR I = 295.3+201.6'X 86.1  86.34




RETENTION INDEX |-NP,I-SP,|-P versus nF

FAMILY 1, C1—H2

o I-NP
+ I-5P
Q. 1I-p

T T T 71
1.6 1.8 2
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Fig' 5.34 The preditted retention indices &£ non-available
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RETENTION INDEX I—NP,I-SP,|-P versus nF

FAMILY 2, C2-HO
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RETENTION INDEX |-NP,I-SP,I-P versus nF

FAMILY 7, C=C—HO
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