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APPENDIX A

CALCULATION OF STRUCTURAL VOLUME (R)

ARD SURFACE-AREA (Q) PARAMETERS

surface area (Ay), are the
ah:l.lit::r of a solute to take

part in dispersi ic aum or UNIFAC group-
contribution \\\\\ for the prediction of the

activity coefficaénts f 1\\\ s, they present the
i e d & 2 \ lecules in the mixture. The

on Van der Waals

parameters that

differences in :
basic idea of this et 21 1&3uftl’ﬁcuwumdsuu

the sum of contr he \\\\ ple’s functional groups. So
it is possible to £ =late ‘\ s of a very large number of
compounds in terms 1er number of parameters which

8
ﬂuﬂﬂﬂ%ﬂFWﬁWﬂﬁ .
ammnwumwmaﬂ

where iy = integer number of groups of type K in the

molecule

Re, Q) are obtained from general articles about vapor-liquid
equilibrium by UNIFAC or UNIQUAC group-contribution (for this work,
these values are obtained from ref.29) or are calculated directly
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from the Van der Waals group volume (Vyk) and surface area (Agk)
given by Bondi (25) :-

Vuk / 15.17 i Vuk = emd/mole (A.3)

=
-
I

o

Ak / (2.5%¥10%) ; Ay = cm?/mole (A.4)

(CC1F-CC1F2, constructed from the

contribution of C . So :-

For . : _\‘\ 1,2,2 - trifluoroethane
£ . N,
il

G2 + CC1 + 3F

1.448 (ref.28)
0.724 (ref.29)
1.10%109 (ref.25)

Qy
Qx

=g
Y]

Yo A
ﬂg 3 *“f" 8.72

.0060 &

—_—————

AUt InenIneme”
QRN TSR TINETR Y

2.5¢109

3.482

By dividing the molecule into groups, one must keep in mind
that best results are obtained if the molecule is fragmented in the
least numbers of subgroups.



APPENDIX B
CALCULATION OF THE CONNECTIVITY INDEX (X )

The connectivity index (X ) is a quantitative topological
parameter  that tes | [ mo ecular structure into a unigue
characteristic structa: 180 by means of the chemical graph
theory. It describe L= é\d shape of the molecule. The
formula shows hou.bo sct different atoms in the molecule. It
was introduced b ;
branching and was

‘eliaracterization of molecular

: i and Hall (26).

olecule is written down in
signed a §; value. In the
original-suppressed J known as the Randic
formulation (31), {§ 45 & oomiof| the nonhydrogen sigma-bond
electrons contributed by atem i PEGblens inherent in this formulation

To caldilafe
skeletal form

are for the un=e PN o nofe les and the treatment
of heteroatom ftﬁfT“'“"' - 41l (32) went beyond the
structural faet? adjacenc sidersd the count of the wvalence

electrons participating in slam pi and lone-pair orbitals on each
1;5

e E’”ﬂ‘tfﬁ’mﬂ N o e
« AN L 1m0 1h iV

Electrnns (ZV) and the number of hydrogen atoms attached to that atom
(hiy, §i¥ can be defined as follows :-

Ei"‘ = IV - h (B.1)

In the case of CFC compounds, §;V values have to be
caleulated for C, Cl and F atoms.
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For the C-atom : &V = 4-14
the C1 and F-atoms . V= V= 7-h;

This means that the §V wvalue does not make a distinction

between F and Cl atoms so that different molecules are not adequately
described by these ' ,‘ i, heless the contributions of each
halogen increase witi the : 4 Except fluorine, the halogen

Kier and Hall (26)

0 assim valence values to

are in gquantum

reconsidered a more

the heteroato e was to develop valence
values for hetesbe 1 : gl in the sense of formal
connectivity buty the in s :\ 'with,the underlying electronic
structures of tl l’ ’: " ! r.'ules It is apparent that
the electronic & i 3 hplagen, 1 "luences many properties,
in addition to cénngctiyaty. Kiér = d Hall (28) developed empirical

values of valencies for//the hal onsistent with carbon, nitrogen
and oxygen using the mo values of benzene substituents.

ﬂuﬂqwﬂhﬁwanﬂﬁ

It shcn:lld be nut?l that the 5"’ value fur fluorine which is

"RWINS PO S T PRI TEr e oo e

The respective order of connectivity indices are calculated
by means of the following equations :

1. Zero-order term (Ox )

i

YL
E (g;m-12 (B.2)

i=1

Ox



1n3

where  §;V

n

§V value of the atom i
number of atoms in the molecule

For an example of 1,1-dichloro,2-fluoroethane (CHC15-CHoF,
HCFC-141a)

, r Sy (-20)
] ‘. \‘\-""\. 1
e | \\ W N -
2. First-order term <
g £ 172 (B.3)
where §.W|§,v = §¥ walues of the adjacent atom i and j

f single bonds in the molecule

ﬂuﬂaﬁﬂwﬁwaﬂns

BHC1,-CHF (HCFC;141a)

QW"IMﬂ‘iﬁUHWTA?]EH@EI

Js(usa} {3(2) JZ( 20)

= 1.64

3. Second-order term (2% )

2 L)
xr = B CiVivadg V2 (B.4)
§=1
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where §;V§;ViKY = §V values of atoms of two adjacent bonds
M = number of two adjacent bonds in the

molecule

For CHC1,-CHgF (HCFC-141a)

2 1
+ =
l23)0.88) [2(3)20)

(B.5)
------------------ & atoms of three adjacent
*‘ % chain
- maber of @ljacent bonds forming a
".ﬂ-" c in molecule
AUYAINYYTI WEARS
Fnrq'l C[{.'.lz-d'lzi‘ {w—141a) o o
AIAINTUNAIINGYS
e 8=
{(0.89)2)(3)20)
= -0.220
4.2 Cluster term (3% o)
a}tc = E (¢ §3VE5VaRvs1Vg 12 (B.6)

%=1



§V wvalues of atoms of three adjacent
bonds forming a star

number of three adjacent bonds forming
a star in the molecule

where §5V§;ViVaV

For CHClo-CHoF (HCFC-141a)

form :-

(B.7)

U RN

N = number of m adjacent bonds in the molecule

SUURIINYA Y

In calculating the connectivity index of different order for
molecules containing unsaturated bonds, like double or triple bonds,
the atoms that are connected with these bonds will be regarded as two
or three single bonds by using the same {V wvalues. For example, the
first-order term for 1,2-dichloro,l1-fluorcethylene (CCI1F=CHC1,

HCFC-1121) :-




(0.68)
Cl
Cl c =é F
(0.89) (3 (4) (-20)

1 1
R & -

ey (3n A5 {4¢0.69)  [ac20)

AUt INENINeINg
ARIAIATAUNNINGIAY



APPENDIX C
PRINCIPAL COMPONENT ANALYSIS (PCA)

PCA was first formulated in statistics by Pearson (33), who
formilated the analysis as finding “lines and planes of closet fit

utility of PCA has been
rediscovered in man s, entifie field and goes under many
linuwskl around 1860
d a large number of

names. In chemistry
under the name princig

chemical applications have haer ‘1"'*._\' e summary of PCA as
described by Malinowski 45 meftioned| hers \

The starting gata analysis is a data
matrix (a data table)denofe

are termed “objects”

designees in the table
_ olumn designees are termed
“variables”. In the hnique Of ﬂi}ﬂ data in the table
is viewed as a lifwar Sumor¥a sfieEl $¢ them is weighted
differently and can ﬁ writ iﬂfﬂm :

"’ ﬂ%ﬂﬂ%ﬂﬂwmﬁ? N o
The srmbﬁ ﬁk’] ﬂ:ﬂﬂtﬁm uﬁﬁ ’Jg n&n@ g}lth the ith

row designee and the kth column designee of the

matrix

"sij" represents the row cofactor associated with the ith
row designee and the jth factor of the data matrix,
which is called "score”

"1ljy" represents the column cofactor associated with the
kth column designee and the jth factor of the data
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matrix, which is called "loading”

For data modelled by equation (C.1), the data matrix can be
decomposed into 2 matrices by standard rules of matrix multification.

(D] = [s] (L] (C.2)
data loading

matr ! matrix

The score information about the true score

ﬂf tm OMPOUnas ,‘ / ‘ {4 l- . "i-: L"h._: -11 ﬂiVE i.n.fﬂmtim mt

the nature of the

PCA invol steps : data preparation,
reproduction, : rotation, combination and
prediction. Figure C—-l ;. J guencing of the steps and the most
important infommatioh r !

1. the data are selected and
pretreated mttm?ticnlly to nhta:.n a data matrix best suited for

o cﬂ'ﬂﬂj 7 ﬂm WETAT == ==

strongly

q WASDIDUNA TR B st

using the complete models of real factors. Reproduction involves 2
procedures : obtaining the "principal” factor solution, and
determining the correct number of factors using a data reproduction
method. The final sabstract solution is expressed as principal
factor matrix. These procedures are summarized in figure C-2.



Figﬂl Block diagram of tha mstepinm

A USRS WA DGt sttion s

& na.thematﬂcal method mllgd elsmm'&l?sm and u a least-squares

"R R DINEN a el

PCA yields an abstract solution consisting a set of "abstract
eigenvectors” and an associated set of "abstract eigenvalues”. Each
principal eigenvector represents an abstract factor and its
eigenvalue measures the relative importance of the associated
eigenvector. A large eigenvalue indicates & mojor factor, whereas a
very smzll eigenvalue indicates an unimportant factor.
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Fig. C.2 Bloek he reproduction step

- e
-y

The e #ctor-analyzed directly.
Instead, the m@x 1S s t% covariance matrix (or a
correlation mtr'ix in case normalized data). By standard

mthematiﬂ w{aﬂﬂ ﬂ?’l 3 AL ed into a set of

"abstact” Uactnrs when short-circuit route, it will

form, although they have mathematical meaning.

The covariance matrix, [Z] (or [Z]y for correlation
matrix) is constructed by premultiplying the data matrix by its
transpose :-

(2] e 1T (o] (C.3)
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This matrix is then diagonalized by finding a matrix, [Q],
such that

[@-1(z1@ = [A; §5k1 = [A) (C.4)

(C.5)

(C.6)

where Q; is 3 These columns called
eigenvectors, itutés—a = y orthogonal set which is
usually normalized to form Gne orti set. Hence

‘“’Tﬁ"ﬁm www i
m] -1z @ ¢ = (@ 1ypiT [(p] (@
ARIANNT &J@wm{i’ ]

Upon rearranging eguation (C.8), the data matrix [D] can be
exposed as a product of 2 matrices :

3 = @1 = (u@T (C.9)
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By comparing this egquation to eguation (C.2), it can be seen

that
Q1T = [L] (C.10)
and (U3 = [S] (C.11)
It means t.hat. ‘the transr f the matrix which disgonalizes
the covariance matri ore ’ golum matrix. Since each row

wuﬂ is generally called the

matrix can be calculated.
. matrix can be reproduced.
readily achieved in an

B

‘__.\

). L"‘"‘:' ; .'i.‘:i

h
P

= | et

If the da bte ) ekperimental or theoretical error,
FCA would Yi_ﬂldf_ ! i £ EMWVEC one for each of the
controlling féefors. 'r';ﬂ-;-i; ------ e _exeor, PCA solutions will

]’
generate c eig 1’ e ¢ columns in the data

matrix. Howeve only n of this set of ¢ eigenvectors, associated
with n largest eigenvalues, have , ing. From the least-
squares CIPCE L lumn mat Fiﬁ:i using eigenvectors

in decreasqilu order of importance. Factors are ganked according to
0 WG 67 HI HIIRE 9 B e o

abstract column matrix, representing the first factor, is
associated with the largest and most important eigenvalue. The cth
row is the least important, being associated with the smallest
eigenvalue. In determination of the correct factor size, the
abstract reproduction procedure is often utilized. The first
eigenvector is used to compute the reproduced data matrix. Then the
second eigenvector is chosen, orthogonal to the first, and the
reproduced data matrix is computed again. Each stage of



reproduction will be calculated and compared in the following way :
[515 [L1; = [D]; = (D] (C.12)

here {S]j and [L]j are abstract matrices based on the j most

[D]; is the rép: ix using the first j abstract

factors

tors is employed (j=n), the
e-qual the original data

ical error.

3. TransfBrifition 1‘ wse the main objective of a general
chemical problem : ) nto the nature of the factors,
the abstract solution m 5t be- & ormed into a meaningful solution.
To transform Jthé jon, - =9 ly different approaches
The first, targe &, is a unique method for
testing pntemtgl of each factor at a ti@: and the second, abstract
rotation, m:.qua for, t.rnnsfnming PCA abstract matrices

i “mﬂﬂﬁ%ﬂ%%ﬂﬁ‘WMﬂ‘ﬁ
ﬂﬁﬂﬁﬂmﬂﬂ’]?ﬂmﬂ&l

Target transformation, involves target testing,
serves as a mathematical bridge between abstract and real solutions.
I_Ising target testing, one can evaluate ideas concerning the nature of
the factors, to develop physically significant models of data.
Within target testing, three important features can be achieved ;

are employeds/The

a. Each factor can be evaluated independently,
although the other factors simultaneously influences the data. This
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feature, in particular, distinguishes PCA from multiple regression
analysis.

b. Complete models, involving combination of real
factors,can be developed using a target combination procedure. Factor
analytical procedures can be also employed to predict a new data.

¢c. Target factor analysis serves as both a
theoretical tool and anempimigal tool. It can be utilized not only
; 7, L modify theoretical models.
When insight intg et ing t testing can be used as a
' empirical model.

e problem, the potential
-.\_...;. re for target testing

Stest (C.13)

here [S), is~ - from PCA based on n factors and
the other thrée i / In target transformation
technique, A. /. least-squares oI "Ti& used for finding a
transformation tor that best eons ructgthe real target vector as
a linear combination of abst t cofactors. The target wector, T,

el FHJ‘EJE’“J W%‘Mﬂﬂl‘ﬂ?’“ G lenimetind b2

vector, S ; t. 1is testa\:‘lh If the test vector is a real factor, the

[}
If s

parameter tested is not a real factor, thus leading to ra.‘jact:l.m of
the tested data.

3.2 BRotation

The second method for transforming factor analytical
solution involves abstract rotation. Using this approach, the column



matrix obtained from PCA can be mathematically transformed into a new
abstract matrix according to

[Tlrotation (LIn = [Llrotated (C.14)

here [Tlrotation is the transformation matrix required to carry
out the desired rotati
[L)y is the pri

rix cbtained from reproduction

-

step , ‘
[Llrotated Aswwthe—sbstie matrix resulting from the
rotation \

Rotated ier to terpret than the principal

out “eclustering” in the
lessifying the designees in
n a "ecluster”,it means that
same way. Because abstract
asic factors, it is difficult to
ors. So one can attempt
to associate nlj : Factor o j' n basic factor. However,
interpretations ﬂ:& alh . s%e the rotation cannot
adequately mnlatf individual basm factor, but these basic factors

o FNHNINY 1N
TV

q
The combination procedure can be summarized by the following

equations ;

factor soluti
data, rotated
a data matrix. If
they will explain J
factors are linear eu:l.']:

relate rotated #

9
[Slrea1f[T1"1LIn} = [Slrealllleolumn = [Dlcombine = [D]

(C.15)

here [Slreal is a row matrix formed from a selected set of n real



p
factors which successfully passed the target test

[T]"1 is the inverse of the target transformation matrix

[L], is the principal factor matrix

[Llcombine 1is & new column matrix resulted from premultiplying
(L) by [T]72

[Dlcombine is & combination-reproduced matrix

If [Slreal «__:,-,‘Qx, 8/ /ol factors in the problem, the
[(Dlcombine  Will "be~—reasoy ‘ ar to the original data

matrix, thus of the tested combination
of the real f

For succassfa the factors in [5]peal
are called "kéy" #TaftOrs.| Sgmétipes & best set of factors is
indicated from ‘can be found by examining
all or selected tors, n at a time, The set
of factors which atrix with the least error is

the best model, which ismsefu predicting new data.

5. Pr “' is ‘ﬂ' data on test wvectors,
as well as new data es ~obtained u@u target prediction. For
test wvectors, trp basic dataiiy not have to be completed, missing

values fﬂ HSEJ‘ 631% W Wﬂ‘ﬂmlﬁ ‘Pree-floating” .

With a sigeessful target test, the free-floated w111 be predicted

““Wﬁ’aﬂn‘m UAIAINYAY

An extension of the combination-target factor analysis
procedure can be used to add new rows and new columns to the original
data matrix. For example, to predict a datum associated with a new
row designee, x, and an original column designee, k, the basic

equation can be employed :

Y
dyp(predicted) = Esﬁ{mum] l‘-jk(cnlﬂ:inatim} {C.186)
3=
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where column cofactors,ljk, are taken from [Llcombine but the
values of row cofactors, Syj, must. be known from other sources that

are independent of factor analysis.
The summary features of the main steps in factor analysis

i,

are shown in table C.1

N
1 Siep : ....‘.. ‘ ' Result
I. Preparation ol v i _. Jata Complete data matria
f"_" of To \"‘"*1"*""‘1?““'" in suitable form
. ! I p matrices, number
& of laclors

“\ into Identificalion of real
\\\ laclors
ns ) ,‘r ninte Clusterings of data

W

‘Il Key sels of real
nslormation [actors
21 of real

5. PréfigisnTocutcimiener.EreHostmmmef New larget dala, new
‘ ykcy  dala rows and
: enlumns

AU AN NS WEAD e
AR RIAIN UN1INYIAY

Suppose that there exist different mixtures of two compounds
with different concentrations. One can construct a data mixture in
which each row concerns a certain wavelength and each column
concerns a certain mixture. Each point in this mixture represents the

absorbance of the mixtures at a certain wavelength :



#1  #2 -
Az | A21 A2z Az
Ag | Ag1 A2 Ag3 ..

& ~ the absorbance of a mixture

the concentration of the
icient (molar absorptivity

According
can be written

compounds with th
per unit path !

{C.17)
In this wayth | an be rewritten as

#1 #Z #3
Af compl | C13 C12 Ci3
D= Ag| Ay ,:,";:_f._gr.h—._..;zzzjj comp2 | C21 C22 Cgz3

7'*3 b -é-r

T
41 cle

FI‘NEI’J ‘i’l&JVIﬁ‘Nﬁllﬂ‘i
3 #98 ﬁﬂ%ﬂ%ﬂﬁﬁ%ﬁﬂﬁﬁﬁﬂ“ g

score§ of the products at the different wavelengths, that is why this

matrix is also called score matrix.

Matrix [L] is called the column cofactor and describes the
importance of the true score to the total results, ﬁij. This matrix
is also called the loading matrix.



Following the block diagram of Fig. C.1, the next step
after data preparation would be data reproduction to find the
number of factors describing the original data matrix. In this
example, the number of factors egual the number of products in the
mixtures, which is 2.

With rotation t
for cluster in the

tion it would be possible to search
ﬁ plots would show cluster of

wavelengths containi ‘ ] tion because it plots the
abstract ~scores ~(ier malar :;ln coefficient) for the
different mmly/ pal compounds : the products.
The loading plots A ey ing the same composition
because here /, # ‘\ ted in function of the

concentrations of t ' - ©C r 4 “» t possible with rotation

transformation 6 Jluec .h',',‘_ eal factors (i.e. the absolute

1 , e ¥ .
concentrations or mdls dtfquf:l;* jon coefficients of the two products).
3 : ‘ P )

Rotation transformati with abstract factors.

_.-I'J LA 2 '
less if'{ﬁ w.:, g . the products or one of
, these products, molar
extinction cnefﬁc wavelengths as target

vector. Whether :'ha mdueu:l mtur is similar or dissimilar

:::1:5 mii' B-: ﬁwm mft:‘:e:nilﬁ:::
MIANTUINIINAY

real factors.
InthmthaaisPGﬂmllbeuﬂdtufuﬂalustﬁsnf
parameters with retention index containing analogous information.
Similarity of parameters will be searched for with rotation
transformation using the scores and the loading plots. These plots
will show clusters of variables, so that outliers can easily be
determined. PCA will also be used to try to predict data for products
not available. Data associated with a new row (new product) can be

the prnducts




predicted by using the wvalues of the column cofactors of the
original data matrix taken from PCA and the values of the scores of
this new data calculated independently of PCA.

AULINENINYINS
IR TUAMINYAE



APFENDIX D
FLUORODCARBON NUMBERING
Numerical codes to designate simpler fluorocarbons are based

on the American Society of Refrigerating Engineers (ASRE) Standard
(34) for methane, ethane and &vcdldalkane refrigerants. The rules for

1. The &£i it & Pl is the number of fluorine
atoms in the

2. The t is one more than the

number of hyd

3. The "thi : ?\\ [ght is one less than the
number of carb in, the Cempc en this digit is zero, it
is omitted from thefhugiber i/ "

4. The n -‘Eﬁm% ori 5 ound by subtracting the sum
of the fluorine and MM : rrm the total number of atoms

which can be cg w.; y
5. Forsd® SLer C is used before the

identifying : 1
In thecase of isomersg,, each has the same number and the

ot erfeh 42 3 YNGRy PR vithost sy Lo

case lettefl]l following it. As the isomers become more unsymmetrical,

> RSN IR A

subtracting one sum from another. The smaller difference the more
symmetrical the product (see Table D1 for values).

7. In unsaturated compounds the number of double bonds is
shown by the fourth number from the right.
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Table D1 Values of the sum of substituents for several groups

Group CHg CHgF CHC1 CHF2 CHC1F CF3
Sum of 3 21 38 39 55 57
Substituents

Group

Sum of

Substituents

Table DZ ithout isomers
Compounds FC-Ho.
CHC1F2 FC-22
CF3CHF2 FC-125
CF>=CHF FC-1123

UG BV WO TITS

Table D3 Examples of dode numbering with isomers, FC-142°s

RN AR AR

Cempounds C1* c2¥ (C1-C2) Letter FC-No.
Symmetry

CHF 2CHC1 39 38 1 142

CHC1FCHgF 55 21 34 a 142a

CC1FoCHg 73 3 70 b 142b

* see Table D1




EXPERIMENTAL RESULTS OF CFC COMPOUNDS

Table E1 The retention times of family 1 on the three
columns

\

A | DB-1701 DB-210

COMPON' ENT NAME tg (min) tg (min)
METHANE 2.731 2.792
CF4 (14) 2871 2.844
CF3Cl1 (13 .786 2.844
CHF3(23) 2.871 2.886
CH3F (41) .939 3.001
ETHANE .871 2.844

| CH2F2 (32 .088 3.130
PROPANE 3.394 3.001
CHC1F2 (22 4.271 3.439
CC12F2 (12) 3.651 3.238
CH3C1 (40) 5.220 4.117
BUTANE 5.435 3.535
CHC12F (21) 13.041 6.218
CC13F (11) 10.984 | 5.864
PENTANE =260 10 agq | 5.081
CHzc12z (gpd = | 28.873 el 789 10.683
HEXANE y,—» , -~; 556 8.860
CHC13 (20 125 14.481
CC14 (10) : _ 80.017 14.969
HEPTANE 51.458 31.761 15.424

‘a o

l FdVIE Y N ]
Q"W’]ﬂ\iﬂ‘iﬁuuﬂﬂﬂﬂ’mﬁl
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Table E2 The retention times of family 2 on the three

columns
! ov-1 DB-1701 DB-210
. COMPONENT NAME ty (min) tg (min) tp (min)
METHANE 2.368 2.707 2.791
CF3-CF3 (116) 2.368 2.707 2.791
ETHANE 2.773 2.851 2.843
CC1F2-CF3 (115) : 2.851 2.937
PROPANE - 3.370 2.998
CC1F2-CC1F2 (1) |4 4.509 3.865
BUTANE s 5.408 3.532
PENTANE , 10.947 5.084
~ CF3-CC13 (1 | 14.5489 8.298
. CC12F-CC1F2 30 . 511 4.696 8.878
HEXANE - 98 433 hw21.301 8.878
CC13-CC1F » g 34.067 20.478
CC12F-CC12E 4.448 21.080
HEPTANE .698 15.458
OCTANE 42.710 23.749
NONANE | n21854 3. 064 32.411
DECANE 1 . s2¥295 '\62.688 40.750
CC13-CC13 4 f. 2875931 13.614 50.947
UNDECANE L1010 71.672 50.947
DODECANE el 80.082 55.874

AULINENINYINS
RINNINUNINYIAY



Table E3 The retention times of family 3 on the three

columns
ov-1 DB-1701 DB-210

COMPONENT NAME tg (min) tg (min) tg (min)
METHANE 2.697 2.802
ETHANE ) 2.839 2.855
CHF2-CF3 (125) 3.046 3.056
CHC1P-CE3 (e 5 709 Si1o0

B (174> : . 5.793 4.190
BUTANE ) 18 43 5.373 3.545
CHC12-CF3 (128 fﬂﬁ 8 096 7.204 8.575
CHC1F-CC1P2" (42" 4 43¢ 5.342 8.932
PENTANE = /f 28. 180 10.887 5.105
HEXANE ' 39 40 21.212 8.832
CHC12-CC1F 33,992 19.225
HEPTANE | 5174 gE 1.653 15.507
CHC12-CC12F 4| Eas792 1,51.373 32.811
OCTANE 62 2.680 23.810
NONANE b AT D 3.036 32.476
CHC12-cC13 (Az@) .7 88.229 46.288
DECANE A g o e 82.676 40.815
UNDECANE & : 71.867 48.674

AULINENINYINS
RINNTUUNIN Y



Table E4 The retention times of family 4 on the three
columns
ov-1 DB-1701 DB-210
COMFONENT NAME t (min) tg (min) tg (min)
METHANE 2.700 2.799
ETHANE 2.843 2.851
CF3-CHZF (134 3.465 3.298
CHF2-CHF2 ( 4.077 3.773
PROPANE 3.362 3.008
BUTANE 5.397 3.537
CF3-CH2C1 §.455 6.058
PENTANE ‘ID 936 5.083
CC1F2-CH2 .877 13.792
CHC1F-CHCIF 811 17.914
HEXANE .264 8.885
CH2C1-CC12F @li3la) 48 5.849 25.571
HEPTANE SS148 31.704 15.485
CHC12-CHC1 3, i 27 B8.585 31.218
OCTANE 42.735 23.765
CC1l3-CH2C1 ¢ 55.227 37.577
CHC12-CHC12 ( 66.130 44 .523
NONANE == - 53.088 . 32.430
DECANE e " 62.743 40.770
UNDECANE il .S 73741 48.630
e

ﬂUEI’J‘VlEWIﬁWEﬂﬂ‘i

Q‘W’]ﬂ\‘iﬂ‘im UANINYAY



Table E3 The retention times of family 5 on the three

columns
DB-1701 DB-210

COMPONENT NAME tg (min) | tg (min)
METHANE 2.698 2.796
ETHANE ‘ 2.840 2.848
CF3-CH3 (143 A 2.988 3.133 |
PROPANE ; 3.353 3.003 |
CHF2-CHZF 5.280 5.143 |
CC1F2-CH3 .011 4.488 |
BUTANE .368 3.357 |
CHF2-CH2C 5. 761 11.373 |
CC12F-CH3 ( .809 9.128 |
PENTANE .887 5.143 |
CHC1F-CHZ .815 22.245
HEXANE .462 8.858
CC13-CH3 (1408)F ., 29.819 18.553
HEPTANE 8 | 31.688 15.465
CHC12-CH2C1 D) 44 49.612 33.078
OCTANE : .727 23.812
NONANE .108 32.438
DECANE - 40.771

AULINENINEINg
RINNIUUNINYINY



Table EB The retention times of family 6

columns

138

on the three

| DB-1701 DB-210
COMPONENT NAME tg (min) | tg (min)
4 ]
METHANE — X 2.700 2.798 |
ETHANE : .76 » 2.842 2.852
CHF2-CH3 ﬂ.?"’ . 353 3.732 3.854
CH2F-CH3 (1 | . 3.669 3.644
PROPANE . ¢ ‘ x\ 3.357 3.008
BUTANE *\“5.3?9 3.544
CH2C1-CH3 .888 6.685 |
CHC1F-CH3 ( ,10.035 7.453 |
PENTANE 10.903 5.101
CHC12-CH2C1 24.747 15.053
HEXANE 20.471 8.883
CH2C1-CH2C 34,680 23.156
HEPTANE 31.683 15.476
OCTANE 42.715 23.829

R
U

ﬂﬂtl’l'ﬂﬂﬂﬁwmﬂ‘i
’QW]NT]‘EWNWYJ?]EHMI
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Table E7 The retention times of family 7 on the three

columns

qv-1 DB-1701 DB-210

COMPONENT NAME tg (min) tp (min) tg (min)
HETHANE ¥ .pBs62 2.708 2.788
CH2=CF2 (1132a) : A 6 2.838 2.882
ETHANE 2.838 2.841
CHZ=CHF (1141) 3.003 2.886
CHF=CF2 (1123 3.003 3.018

CHF=CHF (1132) 4.094 3.768

PROPANE 3 364 2.986
CClF=CFZ (111 .482 3.355
CH2=CC1F (11: 4.540 3.6489
CHC1=CFzZ (11 5.048 3.978
CH2=CHC1 (114 .032 4.178
BUTANE .318 3.534
CF2=CCl2 (1 8.715 5.825

| CC1F=CC1F (11} : 9.491 B.265
| CC1F=CC1F (1 ©271.324 -
PENTANE ‘ z : . 10.890 5.085
CH2=CC12 (1130a) 77 844 15.081 7.883

CHC1=CC1F (1121 17.875 9.905
CHC1=CHC1 (1130-tr 3.4 21.104 10.801
CHC1=CHC1 (1130- c__,. 8,1 28.485 16.366
HEXANE . 3¢ 8.870
CHC1=CC12 (™20} 49.479 | 86.; 20.983
HEPTANE L7 | 554 —— 1 ¥ 15.461
ccl2=cC12 (TIC ! 29.457
OCTANE [if m 42 . 23.793
NONANE 32.470
‘a

| ] I y T
dc) dVit¥id N

AU INYAE



SAMPLE NO. :
TEST NO. :

METHOD MO. :
15. 00 1

13.50 |
12. 007
10. 50 |
2. 00
7. 50 |
&, 00 7
4, 50 7T
3. 00

1. SO

0. 00"
0.00

Y MaAXIMUM:
Y MIMNIMUM:

100046005, 02

Fig. F1 The chromatogram of family 7 on apolar column

17217. Q mﬂ&aﬂw ﬂwrf?nﬂ’l@ E] 0. GO

SHVIOOLVAMHD HHL 40 STTJWVXE



SAMPLE NO. :

TEST NO. :

METHOD WNO. :
30. 007

e INS TRUMENT: 14
~ TE TIME: ©04,09/89 14:13:27
PAGE NO. : 01 BUNCH: 8

27. 007
24. 007

21. 00 7

18. 007

15. 007

12. 007

9. 00 ]

&. 007

3. 007

0. 00 % AN 1| S R
0. ande‘] ammmﬂ ﬂ?ﬂﬁﬂﬁﬂ 68.00 76.50 85.00

RETENTION TIME (MINUTES)

Y MAXIMUM: 33517. START TIME: 0. 00
Y MINIMUM: 1. END TIME: 85. 00

Fig. F2 The chromatogram of family 2 on slightly polar column

(17§



SAMPLE NO. : 10006009, 12
TEST NO. :

METHOD NO. :
30. 00 7

27.00 T
24, 007
21. 007
18. 00 |
15007
12. 00 1
9. 00 |
&. 00 T
3.007

0. 00"

PHCFC (H2)
| / INSTRUMENT: 14
_ADQTE TIME: 13/11/89 16:19:52

S PAGE NO. : 01 BUNCH: 8

iQRdlelbasottainagl L L L L
o LJ C J . = ;

0.00 5.009 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

WO B9N T BRI

¥ MaxIMuM: § 33587. START TIME: 0. 00
Y MINIMUM: 104, - END TIME: 50. 00

Fig. F3 The chromatogram of family 4 on polar column



SAMPLE RESULT OF PRINCIPAL COMPONENT ANALYSIS

Table. Gl1 The result of PCA calculation of all families on

Let the following notdtiens be de!

nm o nwon [ R | | | I N | IO | |

s 8 §p8Engusg

.-‘ r‘
.ll
i |
s
[

AUEINYNINYING
ARIANTAUNIINGIAE
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PR NN F R RN RN RN R N R F R RN TN AR RN R NP F AR R R AN NI R R IR R R R R A NI LR AN TR Y
s EIGENVALUE ANALYSIS i3
R R e P R R R e e e a e

DATA FILE: B:CFC1

FRINCIFAL COMFOMENT ANALYSIS OF ALL CFCs FOR AFOLAR COLUMMN

DATA MATRIX: NUMBER OF ROWS = &8 NUMEBER OF COLUMNS = 135

SUMMARY OF EVA RESULTS USING (COLUMN) CORRELATION

NF EV RE IND REWV Ficale) w50
1 <101771D+02 < 712D=-01 «F98D—-02 13.561 o2
2 «24B8183D+01 «S15D=-01 « 2650D—-02 &.358 2.3
.1 - BEEASBD+00 « A22D—0y « 104D-02 Z.41 2.0
g «»=B1142D+00 « 745D=-03 I.42 |
5 « Sl 44662D+00 « 701 D=-03 é.?ﬁ 2.5
& «151143D+00 » 280D=-03 3.11 1151
7 857507D-01 « 154D-03 2.71 13.9
a « T19023D-01 « 147D-03 4,99 &, 1
9 » 208047D=-01 .« 4B8&D-=04 2:12 19.6

10 » 1533509D-01 «433I0-048 I.00 14.4

11 AE26274D-02 « 2156D=-08 2.02 2.9

12 «S14202D-02 « 226D=-04 B.77 6.0

13 « 7 16359D-03 «426D-05 S.08 15.3

14 » 127930D-03 « 1146D0=-05 &.41 25.9

15 - FTFISTID-05 «181D-0&

EEXRAEXAXITRRTRRXNREERX EEXXXEEXERIATIRERRIR AR 2R

% : ki

EE S S R EEEEES S ¥ IEVER \ EERAARERARE LSRR XA RTE R RN R a0

{Based ' Fon. . che iAto’ two groups)

DATA FILE: B:CFC1

AFPOLAR COLUMN

NUMBER OF ROWS “
NUMEBER OF COLUMNS =
|

MF  SUM OF SOUARES .|

i

I
'STAND. DEV. JOLD S.D. 3

1 . 2BZED+0E F2I0+0 Qr1736D+02
;=R TN S

: o) BBy THEAN
4 -

5 172604 «S0Z7D+00 - S2TAD+00

& «1222D+03 - 44EFD+0 .48 00 (Y,
‘? .

: ammnﬁmmﬁ? HUIQE
Ll -

10 §.2172D0+02 L 25270+00 «2736D+00 -

11 _31&0D+¢1 L 1078D+00 L1177D+00

i2 «1076D+01 «7261D-01 -B002D=-01

i3 « SE42D+00 - &987D-01 «7771D=-01

14 .52380=-01 «2775D-01 -3114D-01
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1!1*tt#l‘lt!ttltl#tltt‘#‘tlt#tt!##tl#tltlltlltit-ﬂttltttttt!#l Eidsrivstsatstindns

i3 COMFLETE CROSS WaALIDATION %

ttt!lltitttlll#Slt*ltttlttttiltI‘-tlt3ttI-tI‘llt!lttitt.ttxtrrtttttltttttttttttx;1#1
{based on individual deletion of each datz row)

DATA FILE: B:CFC1

FRINCIFAL COMPONENT ANALYSIS DOF ALL CFCs FOR AFOLAR COLUMN

NUMEER OF ROWS = &8
NUMEBER OF COLUMNS = 15

MF SuM OF SOUARES

- 274BD+04
« SHLED+0S
» 2S00+ 03
« 1855D+03
« 1405D+03
»SFB3ID+02
L 2TT0OD+02
« 19030+02
» 1303ID+02
10 « &Z2600+01
11 = 1669D+01
12 « 12090+01
13 « &2BZ2D4+00
14 SEOTLED-01

DM~ 0 b =

REEEEXEEERERRRRAFSRETAARFTRIa T4
g X
L SEEREE SR R TR I R ETY ]

EERERETERREREFERTER L7
xx
EEFREAARIERESXETLERERES
DATA FILE: B:CFC1

FRINCIPAL COMFOMENT ANAL REOLAR COLUMN

RESULTE BASED ON

ABSTRACT ROW FACTOR I

1 4 =]
110 «125178D+01 ?3&91?ﬁ*00 42915D+00 -12 86ID+00 ,1T242I0+00
112 4?983 .?490? 105905 U44D+ﬂﬂ == 141247 D+00
112a A2+00 =, 10Z2013D+00
113 E b?bD-Gl = 144602000
117a 0 5 .I 42 b *U =« J0974630+00 —, 1T1858D+0O0
114 SE+00 r.22!4? D+Gﬂ «FEBOFYSL=-01 SE7EZ9, -0! = 1030620+ 00
115 .134242D+ﬂ0 =, 24894 = 7REBTID-01

-. 507241 D01
+S15669D-01
-.701806D-01

D*GD . 10k + (i) 20
3 = 1353580+ ¥ 22 D+0D

W%aﬁl

122 «A32091D+00
123 « 31231 1D+00
123a «2F93I22D+00
124 « 205308D+00
125 « 1 29934D+00
130 «BIF22FD+00
130a « F3A0T0D+00
131 - 46569 1 D+00

131a

.1;11?1D*un

= 195181 D+00
= 198207D+00
= 231 297D+00
=« 248483D+00

- 7 26833D-01
+ 184581 D+00

= B20476D-01

- .563447D-01
. 244524D-01
. 200527D-01
. 10544 70+00
< 193821D0+00

-.1702435D+00
L SEFSO0D=-02

- . 133395D+00

<AROETIDHO0 —.1112100+00 =, 151 712D+00

2371580-01

-.5532&3E-91

« 341 0620-01
« 2B&548D-01
«SSFOTTD-01
+ 1247 13D+00

=« 1304 350+00

«Z268291D=0:1
«FITSFED-01

=.871834D-01
=« 840F42D~(1
=.0721861D0-03
=.324554D0-01
= 299239D=-02
= H3103FD=-02

« J0077Z2D=01
=« o441 ED-0]
=« 23&FTED-01
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132b
©133a
154
1248
140
1405
141
141b
142
14Zb
143
--183a
150
150a
1S51a
13Za
1460
141
1110
1112-cis
1112=-trs
1112a
1113
1120
1121
1122
1123
1130-cis
1130-trs
1130a
1131a
11312
1132a
1140
1141
10
11
12
i3
14
20
21
22

L A2550590+00
« SZ213F0D+00
« 2276290+ 00
- 1432120+00
« 1415930+00
« 001 100+00
« 7 BZBYD+0O0
« 272620+ 00
« 21 460&60+00
- 250420400
« 21951 50+00
«157125D+00
. 1 35186D+00

=-. 1 4LBS9D+00
=« 1702990+00
- Z10707D+00
= 22E771D+00
- Z2FZ4BD+O0
- 4301530-01

LEBTFETD-01
- 1539270D+00
= 17&771D+00
-.182139D+00
- 1987 &7D+00
= Z202995D+00
-, 2287 44D+00

- . &3465%10-01
= A477FI1D=-01

+AG3EISD-01
« L2OF0L0L+00
» 125745D+00

=. 1E94B86D0+00

L 135047 D=-01

= 12&679&D+00
= 11&796D+00
-.3416120-01

S4ET7S0D-02
«S02130D-01
LBB84197D-01

«I74158D+00 —.111141D0+00 =.185301D+00
LI7I418D+00 =, 112956D+00 =, 155640D+00

«242151D+00
« 148077 D+00
L 258210D+00
« 1477B2D+00
«BOZBOAD+OO
+ 278964040

L 27947 ZDw8

« 3257B3D+00

1915696048
« F7TEHOSES0

« SoB910D+¢

» 221458000
. SBOSSEE~Oy
- 1F0B62ZD+00
« 121 209D4800
FOTELTR=C
«218975D+0

« 10089 TD+00
. S&TA5FDF00
+ Z33833D+00
« 195235D+0

L 10870ZD+00
«488431D-01
« 3F2E 4D+'

« 285
«14E

« 273

« 74591
. 1650RD+00
.bZT?Z?D‘pI

~.175830D4
-+ 230

. 16951 80%00 ' Y1D+
.S48310D / :
.31635920% 0 g, of

- 21E8®
B g

-.127925D+00 =
-, 159407D+00

P = T377656D-011

11911070-01
L2920+00
o1

9

00 —.274694D-01

193600

=7 20D-8

146

« ZEATOOD=-01 =.1425580=-01

+ 203223001

=. 40154 2D-02

«320819D-01
s a7 2D=01
« 191444001

=. 307601 D+00

«F601180=-02

=. &4 5799002
=. l1B73%&D-01
= . 499394D-02

«128957D0-01
- 61987 3ID=0Z

—. 114573D-01
-.B8247268D-01
-.253207D-01
-.134828D-01
-.5469999D-01
-.3I57348D-01

« 171319D+00
« 728042D-01
« 728700D0-01

-, 1497 34D+00

«272191D=01
«143724D=-01
«A2F231D-01

-, 252408D-01

« IFSZ298D-01
- Z22259BD-01
-213738D-01

=, 156626D+00
—.472737D-02

« 104%100—01
« 48413002

. 4989810-01
=.156910&6D-01
= 250277D+00
=. 2873146001

« SE5064D=-01
« 301334D=-01
« 3BEI545D-01

= . B857205D-01
1. 10F5F0D-01

' TA42992D-02
«202902D-01

« 179435D-02

-.292756D-01
4¢a334n—01 -.20%112D-01

wermer oo} 148 i B»%‘I@ NENT
#".9 W'iﬁﬁﬂ

«BIS214D+01 -.121224”*01 =.843295D+01

CHI!Gi
CHIC1)
CHI{2)
CHI(Z)=-F
CHI{Z)—-C
CHI(4)-FC
CHI(4)-C
R

@

nF

nCl

nH

«A2480351D+01
LA3327F0+01
« 14346346D+01
«179304D+01
«1591439D+01
«2734566D+00
. 722930D+01
L 629375D+01
«2514970+01
« S73I850D+01

+ 2OELHEED+01 . 5S77806D+01 —.8447877D+01 -

-. 259785D+00

gt ?ﬁ%ﬂz

=.3249590+01

- 2558340+01 -.114460BD+401

«1656113D+01
- 210581D+01
» 2586370+ 01
LA4817Z20+00
=. 574193D+01
=. So0Z239D+01
=.B52447D+01

L F44494D-01
. 1853268D+01
L271875D+01
. £25200D+00
. 148381D+01
. 18S42B8D+01
LFTFOTOD+01

« SUFSF45D-01 -.198445D+01

=. 130576D+01
=27 TABTD+00

=.274898D+01

«SE1945D+01

=.334759D+01

- 420706D+01

= SRT005D+00

. 633189D+00
. S9S490D+00
. 315753D+01
.S53861D-01
296682D+01

=.B72451D-02

« 1300780-01
-447170D0-01
ASHF0Z0D—-01
2621 380-01
«DSIILTD—-01
- 371370001
- 3ZZ2445D=-01
«A05182D-01
-BEF77ED-01
«F24326D-01
LAUSFFA80+00
LFU12271D-01
.851799D-01
L1Z27497D+00
« 15897 7D+00
«181273D+00
« 22007 4D+00
+AIF0520-01

= 10277 60+00
= 1031 07D+00
= 1000854 D+00
=.8636112D0-01
=.123344D-01
=.4371000-01
=. 1448590-01

« 268332D-01
« 136%28D-01
- 1756656D-01
- 229922D-01
«4475456D-01
«6894664D-01
BF46130D-01

«F85807D-01

« 141 458D+00

-.180619D+00
-.111241D+00
-.4645330D-01
-.321726D-01
-.445873D-02
~.764405D-01

= Z273174D-01
+&771EFD-02
« 2b7616D=-01
«1351317D-01
.B3T1%&D-01
« 114228D+00
« 15087 10+00

=

-S557S6D+02
=~ 175745D+03
-.1204500+03
—.S07129D+00

=.10613560+01
=. 130247D+01

LB3IITTD+00

== &1 15550+00

2 155534D+01
< 2% 140+00

=« 102307D+01
= T7SB44D+00
=.299834D+01
=.438321D+01

« 14086FD+02
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L T F e T e T e PP L PP T T ST T Tt oI
£ PRINT DATA MATRIX £
L TR T T T I m

DATA FILE: B:CFCZ2

FRINCIFAL COMPDNENT AMALYSIS OF ALL CFCs FOR APOLAR COLUMN

NUMBER OF ROWS = 10
NUMBER OF COLUMNS = &

110 112 113a 161 14
1-NP -106190D+04 698400008 | 45507000403 .278100D+03 . 143200D+03
Ml .236800D+03 203 400D+03 . 4BOO0OD+02 . BBOO0OD+02
CHI(O) .B17100D+01 . M S ae00+01 . 148300D+01 —.394000D+00
CHI(1) . IBTEO0D+01 AT G011 .S49000D+00 —. 447000D+00
CHI(2) - 607900D+01 — 01 =.158000D+00 . 150000D+00
CHI(3)-F -3214000+0)___IFEROD+ £O  .100000D-06 . 100000D-06
CHI(3)-C L 3BS000D+01 - 2 AAMOOD -+ - 100000D=-06 . 2200000-01
R . 52B020D+4 _~;,f;«+- L19S260D+01 . 180160D+01
@ . 436800D+01 S| .182800D+01 . 184000D+01
nc1 600000044 FLr -100000D-06 . 100000D-06

1112-tr
I-NF - 461600D+0
MW . 132900D+4
CHI(OQ} « 294300040 1
CHI(1) + 1872000+0
CHI(2) +704000D+¢
CHI(3)-F - 472000D+00
CHI(Z)-C  -.240000D-01
R .299670D+0
] «281300D+01
nc1 + 200000D+01

EEEERRFRRELE LR AR R LR AR AR KR RRTARTT
ORS ¥
.tltt*#tttlt!!!!lt#tt!##tt#t*!t*

EFFEREARFRERRARREERNEE LR RN A S
LS
FRERRRERERERERITAIANETRNY

DATA FILE: B:CFC2

- :
=1 ,‘..- LitRg

FRINCIFAL COMFOMENT “aM&!
] J
W 4F |

test vector.

Ezch column is a basic rﬁ hara are Starget vectors.

ﬁﬂﬂ?%ﬂﬂﬁ%ﬂﬂﬁ o

110 D+0Z « TEBR0D+01 .35400D+00 -IDDQOD*ﬂb « 10000004
112 0D+ﬂ” L FEFO0ORNO0 —.1&00 « 200 L ADOO0OD-04
113a £ ? + = + f 1 « LO0O0OD=08
161 ' 7 . EI « 2OOOOD+0]1
14 1 + 1) . - 10000D-05

»22000D+02 =-.26000D+00 .&7000D—01 « 20000D+01 L 10000D-04

1112-trs q



T R R T L s ettt s i st R R R P R S R F P P s T P T e TS PR E R SRR RS SR T LT T
if EIGENVALUE ANALYSIS £33
FAREE BRI EAREER RN RN R R AR ER RN AR R AR R IR R R R AR R R IR A AR AR RS R AN AR SR E R E A a R
DATA FILE: B:CFCZ2

FRINCIFAL COMFONMENT ANALYSIS OF ALL CFCs FOR APOLAR COLUMN

DATA MATRIX: NUMBER OF ROWS = 10 NUMBER OF COLUMNS = &
SUMMARY OF EVA RESULTS USING (ROW) CORRELATION

MF EV RE 1E IND REW Ficalc) usL

1 LES0TR4D+01 .S%10-02 . 148D+00 15.43 il

2 «ASLES17D+00 LA52D-02 . 1458001 2.34 20.0

3 « T14&28D+00 § ALE A, §.705D-02 . FEID-02 .09 177

4 . 74B2140-01 RO, 20D-01 LISLD-02 1.31 7.0

5 -411154D-01 cs ‘ : BSD-01 . J4TD-02 X. 45 z1.4

& L 495403002 m—— - —_— «FFID-0T
:tt::::t::a:t*txtxxtn, ; j SN *t%¥tttttttttt#tttstlittiltttlllt

%
FEEXEXXNXTERX tl‘tl‘-!t

LR
FEERRATLIREFFET NIRRT ARAETETRE

DATA FILE: B:CFCZ

PRINCIFAL COMPONERT AL E JESOF ABUEOER=\F DRy AFDLAR COLUMN

NUMBER OF RO
NUMEBER OF COLUENS
NUMBER OF FACTORS

OF, ED DN (ROW) CORRELATION

SUMMARY OF TARBET ER

TARGET AET F dft df2  usL
EF - 1158D+01 00 1 1 6.6
CHI(4)-FC -5221D+04 1 1 36.5
CHI(4)-C 2 1 1 &4.1
nF QIR BEEFHedn 1 1 53.2
nH i1 . 11 17.8

TARGET = BF

COLUMMN TnRsFT VECTOR F'REDI CTED VECTOR DIFFERENCE
1 116 1 I 01541D0-01
2 112 E’ VI n 7FSOD+00
3 1135a 28109D-01
4 1 &1 -t 10000*02 u 3&44541)4-!:!2 LES1575D+00
S -, 12B000D+0F « 128 +-:r3 .54. ab—01
“'m;"l ST U N

TARGE Aa

CEILUHN TARGET VECTOR FREDICTED VECTOR DIFFERENCE
1 110 « TEB400D+01 . 7ETIILHD+01 —.4541160-02
2 112 « FEFOOOD+O0 . B14532D+00 —. 15446BD+00
3 113a = S84000D+00 = . &035468D+00 = 195677001
4 161 « 100000008 - ZSTEIED*00 —.297818BD+00
S 14 - 100000 D=08 L 25945T7TD-01 - 259456D-01
& 1112-tre = o 2 OO0CD+ 00 - 147815D+00 «A0T7815D+00

i ap— — -



149

TARGET = CHI(4)-C

COLLUMN TARGET VECTOR FREDICTED VECTUR DIFFERENCE
1 110 | BS4000D+00: LB5ITS3D+00 = 246510D-03
2 112 =« 1&0000D+00 =« 168204 D+00 =.B20439D-02
3 113a + AZ24000D+00 «AZZFE1D+00 = 1039320-02
4 141 « 100000006 =.138182D0-01 =.158183D-01
S 14 < 1O00000-08 - 137817D-02 « 137807D-02
& 1112-tre = &TOO00D=-01 =.453394D=-01 - 2166060-01

TARGET = nF

CoLUMN TARGET VECTOR PREDICTED VECTOR DIFFERENCE
1110 - 100000D-04_ ) LB as7D-02 L4210270-02
2 112 T 2000000080 01 I1LE D+01] . 1401270+00
3 113a ¥ - 177510D-01
4 1&1 2701680400
5 14 -.2353&7D-01
&6 1112-trs = ZAFEEID+00

TARGET = nH

CoLUMN DIFFERENCE
1110 e . 24LE72D-01
2 112 : . B214644D+00
3 113a L - 1040B4D+00
4 161 . 1584 15D+01
5 14 L 13B010D+00
& 1112-trs +2185925D+01

AULINENINYINS

PR TUAMINYAE
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R s i e R R R R R R R R R R R R R R R R R R R I RN I TR E RS F R
tE TARGET LOAD]INES 11
EREAARE AR RN RA R VAN R R AT R RN R RN RN R R RN E N R RN R A DR R AR A AR AN R R R AR &

DATA FILE: B:CFCZ

FRIMCIFAL COMFONENT ANALYSIS OF ALL

NUMBER DF ROWS = 10
NUMEER OF COLUMNE = &
NUMBER OF FACTORS = ]

CFCs FOR AFPOLAR COLUMKN

FACTOR LOADINGS EBASED ON (ROW ATTON
EF EHI(4)-C nF nH
1-pF .3&?04ﬁn+i;"_ G170+03 1525710407 . &45862D+02
M . FSTE0 1 DFON -S25814D0+02 .7I5914D+01
CHI(G) L 23897 1 et EAATOLDH00 L SA2A286D4+00
CHI(1) . 1857840=04 SABLGAUDH00 L 161607D+00
CHI(Z) 115159050 LAOEBESZD4+00 —,521861D-01
CHI(3)=F . 31208640 .FS0FEFD-01 .3848459D-01
CHI(3Z)-C 248 0= LTRESZED=-01  L§2574L7D-02
] .211774080" S112302D+01 . 3&F434D+00
o . 1765280« 1019700401 IS52226D+00
nCl 2351510, STE219404+00 . 2646%1BD-01
ERROR ESTIMATIONS Of
BF nF nH
1-NP . 2824110400 .B2B493D+01 .1124770+02
W L2EE3ISO0=0 LFEFZA4D+00 L 10487 7D4+01
CHI(G) . 45B467E0-0 - 134580D+00 . 182680D+00
CHI(1) .23888SD— 8% LTO0B04D-02 .F51419D-02
CHI(Z) JS&41020-03 L1669260+00 .1&8%467D-01 .Z22446467D-01
CHI(I)-P .BO2582D-03 495D+00 L 2I449D-01 L I19648D-01
CHI(3)=C . 128249D; D-04. L I7&23I7D-02  .S51078I0-02
P .10 0] .31&109D-01  .4291530-01
o S - H040450=-01 . S48SISD-01
nci .61 ‘ g S1B0S12D-02 .245044D-02
.|| IH'
DATA REFRODUCED WI¥M = BASIC FACTORS 'J
110 112 113a 161 14
] ? D o 01 I7TSTD+0Z L BT74F48D+02
CH1(O) 1Bﬁ39n+ﬁ1 .330 OED+01 .3?7?97n+01 - 247025D+01 - 4B0009D+00
CHIt1) .3a3aaon+01 L304057D+01 L1 ZBOTED+O1 .aodhlsn+ou -. 451 480D+00
CHI 1P - - 1E0STTDH00
CHI(S ' -. 5 i o -, 15049%D-01
CHI(3)- (vl =] 2 —01] =, 244051 D=01
] .523351n+01 - 4477590401 LAOSLZIAD+0] L Z1B4SIDH01 L 1781390401
F] LA372620+01  J392976D+01 (3SE348D+01 . 212444D+01 1814170401
nil LAOOOZID+01 L 400487D+01 L I00087D+01 . 132439D-01 -.1153710-02
1112=trs
1= 3TETAID+OS
7] - 124991D+03

CHI(O) «1591110+01



CHiuvl )
CHI(Z)
CHl1{(3)=-F
CHI{3)-C
F

o

nCl

ERRORS

I-NF

W
CHI(O)
CHIC1)
CHI(2)
CHI1(3)}=F
CHI(Z)=C
R

a

nCl

I=NF

0]
CHI(O)
CHIC1}
CHI(2)
CHI{3)-P
CHI{(3)=C
R

@

nCl

ROW

I=NF

il
CHI(O)
CHIC1)
CHI(Z2)
CHI(Z)=P
CHI(Z)=-C
R

@2

ncl

S0 e

-

« 1A015%D+01
LB7O24610+00
« 2031 D+00

=. 61 7995D-01

«2&67211D+01
« 2407070+
- 1981B84D+01

IN DATA REFRODUCTION USING

110

« FATIAFD+00
« FO02830-01
« 153858D0-01
LB015850-02

-.189171D-02

- 269226002
«AI0R{0D=0T

+452002D-(

y &l

AT
.18
21

.?v&ﬂw-

. 4809D+02
4 1B89D+0

112

-« 2152750+ 02
« 2FF5B0D+0]
«S12054D+00
.Eﬁﬁéﬂ

D-01

«ob 1 466D0-02 8

=7

EED+00
OD+00

S BASIC FACTORS

113a

« STFIBTD+O1
« B7FD1AD+00
« &4B8454D-01
- 337851D-02

—. 797723002

35020-01

161

HOTESED+02
7 TIFID+01
- FE7ZSID+00
514173001
«121817D+00
« 1727 RTDH00
« 276040D=-01
< 2T1F26D+00
« ZFEA44D+00
« 132438D-01

ﬂ‘LlEl’JVIEW]ﬁWEI']ﬂ‘i

’QW”I&\‘!ﬂ‘ifUNW]’mEI’]ﬁEI

14

=.529560D+01
=. S031FZ2D+00
=.B&OOBSD=-01
= 4479 38D-02

« 1037 760=-01

=.150493D-01
=. Z40500D-02
= 202052D=01
-. 25825%D-01
=.115375D-02



APPENDIX H
SAMPLE RESULT OF MULTIPARAMETER REGRESSION ANALYSIS

Table. H1 The result of regression analysis of all families for all
parameters except dipole moment (D) on npolnr column

PLLARGE RESIDUALS:
2.40

PR -2.96
f‘ﬂ # "‘-‘;J 4 L3 2.39
* MESSAGE: TH ;'_ CLOSING-UBITS HAVE HIGH LEVERAGE:
q, 0.135
e "'/ 0.10&
‘b"% ' e )
c {5E H.s‘ 'IRI
+ B ‘| 6.5 (Il 2372750.5 240404
RESJI 50336.3 uJ 987.0
TOTAL ‘- afe230se.7 46597.8
ESTIMTE S.E: T
CONSTANT 192.40 457 1
Q W1 ﬁ‘ﬁtﬁiﬂlﬁm 117 'Vi 3 {E
CONSTANT 1.000

? =0.331 1.000
1 2



se2dd HEGAESSIOMN AMALYSIS #sosen

‘ HESPUNSE VARIATE: 4P
/ FITTED TERNS: CONSTANT. BP. CHl. CH4PC
i, SUNHARY OF ANALYSIS aas :

eoees REGRESSION AMALYSIS acdan

KESPUNSE VARIATE: InP
FITTED TERMS: COWSTANT, P, CH1

®aw SUMMARY OF AMALYSIS axa

D.F. S.5. .5,
0.F. S.5. H.5. SHESS 100 3 2404237, 802079.0
REGRESSION 2 2397725,  1198682.5 ST0UAL 4“9 16850, 3¢3.9
RES1DUAL 50 25342, 507.2 AL 52 2423087, L6597.5
TOTAL 52 2423037, “6597.8 "
! =1 =as512. RS11l.%
CHANGE =1 =2L905, 26FTh. b

NTAGE VARIANCE ACCOUNTED FUR 9%.3 :

PERCEMIAGE VARIANCE ACCOUNTED FOU 98.9

* MESSAGE: THE FOLLOWING UMITS HAVE LARGE RESIDUALS:
7 262
11 3.

GE: THE FOLLOWING HHITS HAVE LARGE RESIDUALS:
2.61

HESSAGE: THE FOLLOWING UNITS HAVE HWIGH LEVERAGE:
11 N.675

® MESSAGE: THE FOLLOMING UMITS WAVE MIGH LEVERAGE: -
11

34 0.195
0.135

28 0.144
;; :.;:; s28 ACCUMULATED AMALYSIS OF VAR[ANCE ss&s
53 0.1&7

CHANGE D.F. 5.5, H.5.

T
: ‘H-ﬁﬁ 'J“ o

1 2372750.% 2372750.%
1 2ERTELS 24RTL .G
#%s ACCUMULATED AMALYSIS OF VYARIAMCE #ew 1 8511.% B511.9
- - &9 168e9.7 343.9
CHANGE D.F. 5.5. H.§ 7%
+« BP 1 2372750.5 2ITITHOONS 52 2423084.7 L6597.3
+ CH1 1 2E9TL. 4 2L9TL .4 !
RESIDUAL 50 25361.7 5o07.2
A STIHths OF HEGRESSI0M COEFFICIENTS ooe
TOTAL . 52 2623086.7 LE597.8
v/ ESTIMATE 8, T
‘ 332.59 T.06 £3.43
##2 ESTIHATES OF REGRESSION COEFFICIEHTS ‘ Br | 2.220 0.114 19.09
H1 SH.49 Tals 3.19
ESTIMATE cnlrc 12.27 24T .98
CUNSTANT 331.36 ? sn 35.45
BP 2.323 0.13%9 16 T2
1.000
*es CORRELATIOMNS ean z 0.820 1.000
EHI 3 =0.93% -0.912 1.000
CUNSTANT 1 1.000 HELPC & 0.0 =0.179 =0.063 1.000
BP 2 0.8&40 1.000 . i
CHl 3 -0.938 -0.949 1.000 1 2 ] &

1 2 3

V.R.
4900.10
T2.63
264.T5



sones RELHESSION ANALYS1S adace

RESPUNSE VAAIATE: IMNP

FITTED TERMS: COMSTAMT. 8P, CHl. CH4PC. NC ”“‘}
<
ses SUHHARY OF ANALYSIS #ee :
0.F. 5.5. M.5. :
REGHESS [ON % Zh07419. 6023546 3
RES IDUAL Lt 13665, 2848
TOTAL 52 2423037, L6597.8
8
CHANGE -1 -1182. 3181.5 ]
10
PERCENTAGE YARIANCE ACCOUNTED FOR 99.4 11
12
# MESSAGE: THE FOLLOWIMG UNITS MAVE WIGH LEVERAGE 13
11 0.675 14
15
#%% ACCUHULATED AMALYSIS OF VARLANCE ses i;
CHANGE DoFe’ 5.5. H.5. 18
+ BP 1 2IT2750.5 2372750.5 19
+ Chl 1 2aYTh B 2LITE & 20
+ CHAPC 1 8511.9 B511.9 21
+ NC 1 3181.5 3181.5 22
RES IDUAL 48 136628.2 284.8 . g:
TOTAL 52 2423086.7 44597.8 ;:
27
#%» ESTIMATES OF REGRESSION COEFFICIENTS ses gg
ESTIMATE S.E. 30
CONSTANT 374.5 14.3 31
BP 2.329 D.111 32
CHL 5&.67 b.b0 33
CHAPC 11.64 2.25 34
HC =21.53 babk 15
38
37
#90 CORAELATIONS oee ::
CUNSTANT 1 1.o000 ﬂuﬂqwﬂij H’]ﬂﬁu
. BP 2 0,839 1.000 41
CHL 3 =0.599 =0.90% 1,000 L2
CH&PC 4 =0,057 -0.195 =0.047 1.uuu &
b ek ‘ﬁW"l ﬁiﬂﬂ‘ml URIINYN
LT
L
50
51
52
53

HEAN

was FITTED VALUES AND RESIDUALS -oes

RESPOMSE FITTED VALUE RESIDUAL

50.9
311.7
17s.1
LT P
53,6
337.3
176.1

203.n
333.9
16,1
1061.9
GLE
532.3
530.7
366.5
100.0
953,13
TR5.3
LES.b
LB, L
LT
20v.4
s26.0
715.6
LTh.T
567.1
535.5
27,5
265.7
T42.3
99,5
LB3.0
2.9
315.7
208.6
623.9
561.2
431.5
L22.1
2Té.1
795.1
Lhl.6
We9.7
303.7
683.06
530.4
355.0
dvl.l
535.0
505.4
29L.3
176.5

251.+
Wbl . b

STAMDARD I ZED
B62.5 -0.81
336.7 =1.57
177.7 -f,2%
1608 LS|
&&2.0 B.7%
£81.5 1.61
160.5 2.14
215.2 =0.Thk
lo2.k =1.E1
157. 4 1.03
1061.5 0.0%
723.6 =1.57
£36.5 =0.13
524,53 0.3%
392.2 =1.53
125.9 =1.62
42,7 0.n?
TeB.6 0.B9
Lb5.6 1.08
452.0 1.47
332.5 0.75
201.5 0.52
El3.& 0.75
BFh. 6 1.17
b6k, 2 0.74
LT l.2&
524.7 D.65
275.4 0.07
261.9 =1.u2
Tak,7 =0.15
605.9 =039
£92.5 =0.23
A57.7 -0.5%
Ji2.6 =1.71
229.5 =1.28
645.6 =-1.32
571.8 =0.64
£31.1 g.02
LL6.7 =1.50
275.0 .19
B10.5 -0.7%
L60.1 0.0¢
"',!-1 -ﬂ'!?n
109.5 =0.35%
£79.3 D.26
507.1 1.41
347.6 045
583.3 0.67
554.0 -0.08
521.5 =~0.83
2AE.5 0.35
164,38 Dalk
¢00.8 2.02
Lob. & 0.00

LEVERAGE
2.177
0.115
v.1ee
1154
.l02
2.103
2.138

D.172
D.124
0.126
0.675
0.099
D.032
0,048
0.029
0.105
0.171
b.058
0.028
0.03%3
0.066
0.105
o.072
0.076
0.0&%
0.06&
0.035
9.148
0.118
0.071
0.084
0.029
0.033
D175
0063
0.05¢4
0.037
0.026
D.08%
b.055
0.131
D.034
0.038
b.053
0.043
b.oL0
0.056
D.D&n
0.0a%9
D.0LA
D.O&T
0.197

1.1%96
.09

¥5l



APPENDIX I
EXAMPLE RESULT OF PARTIAL-LEAST SQUARES ANALYSIS

Table I1 The example result of PLS analysis of all families
on the apolar and slightly polar column

Model :
Version i1 O
Prediction date s

Matrix : . dradd ir 8 datasets samengevoegd

Calibration
MNumber of fac
Outlier sensitivit

OUTLIER WARNINGS

Objexy Limit
1 utﬂ : 1| 0.560 0.522

R NN TN

, =
1 i 110 1048.430 21.990 1110.817 38.421
- 112 490,197 235.39086 754.448 44,565
3 112a 685.572 32.022 728.305 95.930
4 113 544.7681 8.636 584.134 15.0879
Si 113a S539.677 36.468 956.142 63.719
(-} 114 393.031 12,704 412.2&69 22.196

7 115 264,382 10.993 268.702 19.207



116 148.487 14.898 142.435
120 944982 F.0864 1031.683
121 778.35& 17.348 B53.241
122 614,023 6.805 &78.952
123 457,180 15.161 515.224
123a 458.221 10.370 509.9&9
124 331 370.820
125 250.380

977 .96%

141b 513 254 14 713 571.650

@wmwmﬂm‘

625.581 9.191 740,539

150a 586,586 16.621 672.170
151a 431.574 13.263 505.290
152a 297.035 13.942 358.553
180 444.878 18.781 213.538
161 2685.636 20.587 330.294
10 678.212 37.651 713.553

26.031
15.841
30.311
11.891
25.4%0
18.154
16.429
18.637
1B.154
32.559

2.511
11.457
14.614
20.729
17.258
19.772
15.278
16.964
10.378
&62.049
14.658
25.706
17.150
26.118

awﬁmﬁﬁﬁiuﬁ"‘mﬁﬁh I

146.058
29.389
23.174
24.3580
32.815
35.970
&65.786



41: 11 501.501
42: 12 329.675
43: 13 182.279
44: 14 52.974
45z 20 599.408
44: 21 421.383
47 22

48: 23

45: 30

50z 32

51z 40

= ¥t 41

53:

573 1113
o8: 1120
S59:

&2 1130:15 574.091

> Wpiinmni
M'Tﬁani‘iﬁiﬁmhmmaﬂ

1132a 167.301
&8: 1140 378.3379
67: 1141 201.532

15.477
17.6%6
146.264
15.097
15.923
16.551

1? 297

B.214
7.224
B8.847

533.028
334.871
169.467

14,2463
&72.780
471 .48
309.758
173.495
571.221
275.388
374.1846
200.783
B80.0489
491 .267
494.070
474,343
310.961
761.053
557 . 220
352.184

mﬂiqﬂ?

664,232

155.939
414,507
205.128

27.042
30.920
28.418
26.378
27.822
28.918
25.686
29.029
32.472
29.146
21.608
19.300
52.443
28.731
28.942
22.485
20.829
3&.157
26.983
16.8665
146.384
30.222
27.444
16.473
11.48%
20.514
14.351
12.623
15.458

157
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