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UND O E _INVENTION

1. Field of The Invention

This invention relates to a method for rapidly predicting the
physical and chemical properties of a complex hydrocarbon mixture

using a combination of gas chromatography and mass spectrometry.

2. Description Of The Related Art

Traditional wet chemistry methods for obtaining physical and
chemical properties of a coxhplex hydrocarbon mixture are very time
consuming. Hydrocarbon mixtures typically contain many thousands of
different chemical compounds so only bulk properties for classes of
compounds are usually measured, e.g., distillation range, viscosity,

pour point and the like.

Gas chromatography has been used to predict physical and
performance properties of hydrocarbon mixtures boiling in the gaso}ine
range. Crawford and Hellmuth, Fuel, 1990, 69, 443-447, describe the
use of gas chromatography and principal components regression analysis
to predict the octane values for gasolines blended from different
refinery streams. Japanese laid-;open patent application JP 03-100463
relates to a method of estimating the cetane number for fuel oils by
separating an oil sample into its components using gas chromatograpy.,
measuring the signal strength of ion intensities at characteristic
masses in the mass spectrum, and correlating these ion intensities to

cetane number using multiple regreasion analysis.

Combined gas chromatography/mass spectrometry (GC/MS)
anélysis has been done on crude oils. U.S. patent 5,119,315 discloses
a method for aligning sample data such as a mass chromatogram with
reference data from a known substance. Williams 2t al, 12th European

Assoc. Organic Geochem., Organic Geochem. Int. Mtg. (Germany 08/16-
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20/85); Organic Geochemistry 1986, Vol. 10 (1-3) 451-461, discusses
the biodegradation of crude oils as measured by GC/MS analysis.
It would be dssirable t6 have 'a method for predicting ﬁroper-
"ties of complex hydrocarbon mixtures using gas chromatography/mass

spectrometry which method involves analyzing collinear data.

SUMMARY OF THE INVENTION

This invention relates to a methed for predicting physical,
performance, perceptual or chemical properties of a complex hydro-

carbon mixture which comprises:
(a} selecting at least one property of the hydrocarbon mixture;

{b}) * selecting reference samples, said reference samples containing
characteristic compound types present in the complex mixture and
which have known values for the property or properties selected

in stap (a});

{c) producing a training set by the steps of:
{1) 1injecting each reference sample into a gas chromatograph
which is interfaced to a mass spectrometer thereby causing
at least a partial separation of the hydrocarbon mixture

into constituent chemical components;

{2) Aintroducing the constituent chemical components of each
reference sample into the mass spectrometer, under dynamic

flow conditions;

{3) obtaining for each reference sample a series of time

resclved mass chromatograms;

{4) calibrating the mass chromatograms to correct retention

times;
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{6}
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(8)

(9)

(10)

PCT/US96/06592
-3 -

selecting a series of corrected retention time windows;

selecting within each retention time window a series of
molecular and/or -fragment ions, said ions being representa-
tive of characteristic compounds or compound classes

expacted within the retention time window;

recording the total amount of each characteristic compound

or compound group selected in step c(6);

forming the data from steps c(6) and ¢(7) into a X-block

matrix;

forming the data selected in {a) for reference samples

selected in (b) into a Y-block matrix;

analyzing the data from steps <(8) and ¢(9) by multivariate
correlation techniques including Partial Least Squares,
Principal Component Regression or Ridge Regession to produce

a series of coefficients;

{d} subjecting an unknown hydrocarbon mixture to steps c{l) and cl3)

in the same manner as the reference sample to produce a series of

time resolved mass chromatograms;

(e} repeating steps c{4) to c(B) for each mass chromatogram from step

{d};

(f) multiplying the matrix from step (e} by the coefficients from
step c(10) to produce a predicted value of the property or

properties.

The gas chromatography/mass spectrometry [GC/MS) method

described above can be used to rapidly predict a wide range of

chemical, perceptual, performance and/or physical properties of

cemplex hydrocarbon mixtures such as chemical composition and concen—

tration data on specific components, distillation properties,
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viscosity, pour point, cloud point, flash point, octane number, cetane
number, viscosity index, color, odor and the like in a short time

peried.

DETAILED DESCRIPTION OF THE INVENTION

The present method for predicting chemical, perceptual,
performance and physical properties for complex hydrocarbon mixtures
involves quantitative identification of components using a combination
of retention times from a GC analysis coupled with target fragment
and/or molecular ions produced by the MS. The M5 information is
compared to a set of known properties from reference samples which
form a training set. By mathematically comparing the experimental
data with that of the training set, one may predict the desired

propertiaes of the unknown mixture.

GC/MS utilizes a gas chromatograph interfaced with a mass
spectrometer. While a chromatographic method such as supercritical
fluid chromatography, liquid chromatography or size exclusion
chromatography may be used to separate the mixture intoc components or
mixtures of components, gas chromatography, especially capillary gas
chromatography is preferred for interfacing with a mass spectrometier.
Both GC and MS utilize computer software for instrument control, data
acquigition and data reduction. The computer platform should be

capable of acquiring at least 2000 mass spectra in about 7 minutes.

The sample mixture to be analyzed is first injected into a
GC where the mixture components are separated as a function of reten-
tion time, typically on the basis of boiling point. Only partial
chromatographic resolution of mixture components is necessary. The GC
oven temperature control is usually programﬁed for samples with a wide
boiling range. Separated components may also be identified by a
detector such as a flame ionization detector, thermal conductivity

detector, atomic emission detector or electron capture detector.

The separated or partially separated components are then

transferred to the mass spectrometer under dynamic flow conditions.
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Since a GC operates under atmospheric pressure and a MS under vacuum
conditions (about 10-3kPa), the instrument interface regquires a
coupling device such as a molecular separator (e.g., jet, membrane,
etc.), open split coupler or capillar} direct interface to efficiently

transfer sample while minimizing carrier gas effects.

Depending on the nature of the sample, the mixture may be
introduced directly into a MS using a direct insertion probe without a
prior GC separation step. Other thermal separation techniques not
involving a GC may be used to introduce the sample into the mass

spectrometar.

In the M8, sample molecules are bombarded with high energy
electrons thereby creating molecular ions which fragment in a pattern
characteristic of the molecular species involved. A continuous series
of mass gpectra are obtained over a scan range of at least 10 to ﬁt
least 450 daltons. The mass spectral data may alsc be acquired under
selaciad ion monitoring (SIM) mode. In the selected ion mode, care
must be taken to select ions representative of the components of
interest and to operate under repeatable conditions. A variety of MS
instrumgnts may be used including low resolution, high resclution
MS/MS (hybrid or triple gquadrupole, etc.) ion cyclotron resonance and
time of flight. Any ionization technique méy be used, such as
electron ionization, chemical ionization, multiphoton ionization,
field desorption, field ionization, etc., provided that the technique
provides either molecular or fragment ions which are suitable for use

in the analysis procedure.

The results of sample analysis are a series of £ mass
spectra. The mass spectra are divided into n time intervals where n
is an integer from 1 to £. At least one diagnostic ion is chosen from
each of m time intervals where m is an integer from 1 to n. The term
"diagnostic lon" refers to an ion which is representative a compound,
a chemical class, or a perceptual, performance or physical property
correlated thereto. Regardless of whether mass spectral data are

obtained in the scan or selected ion monitoring mode, it is important
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that they be obtained under conditions which yield diagnostic ions of

suitable and repeatable intensity and accuracy.

If the mass spectral data aré acquired in the scan mode, the
mass range covered during the acquisition should be sufficient to
provide acquisition of all of the ions which could be used as
diagnostic ions during mathematical treatment of each mass spectral
scan. If the mass spectral dita are acquired in the selected ion
monitoring mode, then care must be taken that the ions selected for
monitoring are suitable for use in measuring the components of

interest.

The sample mass spectral data are then compared to mass
spectral data from a series of reference samples with known physical,
performance, perceptual or chemical properties. In order to compare
reference mass spectral data with sample mass spectral data, it may be
desirable to time align the sample data to help ensure the integrity
of the comparison. There are commercially available computer programs
for such data alignment, for example, Hewlett-Packard GC/MS software

G 1034C version €.01.05.

The reference mass spectral data, and associatéed properiies
data, are arranged in matrix form for mathematical treatment as
described below. In the case of chemical composition information, one
" matrix is formed of reference sample ion intensitiea at given masses
and the other matrix contains known ion intensities for molecular
fragment ions of known components. The training set for chemical
composition data is thus made up of mass spectral data for different
compenents characteristic of components expected to be found in the
sample mixtures. Similar training sets can be formed for other
chemical or perceptual or performance or physical properties of
interest. These training sets form one block or matrix of data
{Y~block or properties matrix}. The actual sample mass spectral data
{(which may have been time aligned) form the other block {X~block) or
matrix of data. These two matrices are subjected to mathematical
treatments known as Partial Least Sguares (PLS), or Principal
Component Regression (PCR), or Ridge Regression (RR) to obtain a
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mathematically descriﬁgble relationship between the properties data
and mass spectral data, known as a model. Coefficients provided by _
this model are mathematically combined with the suitably treated mass
gpectral data from samples'with unknowh desired properties to:

a) predict desired properties;

b) assess the suitability of the model for such predictions,

and

c) diagnose the stability and general correctness of the

process that yielded the mass spectral data.

PLS/PCR/RR are described in the literature, e.g., Wold S.,
A. Ruhe, H. Wold, and W. J. Dunn, "The Collinearity Problem in Linear
Reg}ession. The Partial Least Squares {(PLS) Approach to Generalized
Inverses”, SIAM J. Sci. Stat., Comput., 1984 5(3), 735-743, or Geladi
P., and B. R. Kowalki, “Partial Least Squares Regression: A Tutorial®,
Anél. Chim. Acta, 1986, 185, 1-17, or HSkuldsson A., "PLS Regression
Methods™, J. Chemometrics, 1988, 2, 211-228, or in many other articles
in journals such as the Journal of Chemometrics or Intelligent Labora-—
tory Systems; Frank, I. and J. Friedman, "A Statistical View Of Some
Chemometrics Regression Tools*, Technometrics, 1993, Vel. 35, No. 2;
Jackson, J. E., "A User‘’s Guide To Principal Components", Wiley-
Intersclence, New York, 1991; Montgomery, D. C., "Introduction To
Linear Regression analysis”, Wiley-Interscience, New York, 1990; and
Martens, H., and T. Naes, "Multivariable Calibration", Wiley-

Interscience, New York, 1989.

When dealing with a complex mixture, it is necessary to
select appropriate masses or groups of masses at specific retention
times for a particular compound or c¢lasses of compounds. The selec—
tion of such masses are the basis for a set of rules which then forms
the data for the training set. There are no set procedures for such a
selection process. The researcher must select appropriate masses for
compounds of interest. For example, paraffinic hydrocarbons yield

fragment ions at masses 43, 57, 71, 85, ... daltons, and these mamses
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may be used as diagnostic of this class of compounds. Moreover, when
coupled with retention time data, it is possible to identify concen—
trations of specific compounds within this class of compounds. In a
similar manner, training séts for othér chemical, perceptual, perfor-
mance or physical properties may be developed by correlating .
compositional data with other properties of interest, e.g., boiling
range, viscosity and the like. The result of a mathematical treatment
such ae PLS/PCR/RR of the training set is a set of coefficients for

the properties ¢f interest.

These coefficients are then multiplied by the data matrix
for the sample. The result is a prediction of the desired property or
properties. The method of the invention is further illustrated by the
following examples.

EXAMPLE 1

The method for predicting the performance properties of a
complex hydrocarbon mixture is demonstrated in this example using
cetane number as the specific property for purposes of illustration.
The method is generaily applicable to a range of other performance
properties as well as physical, perceptual or chemical propertieg of

auch mixtures.

The initial consideration is to establish a set of standard
GC/MS operating parameters so that the GC/MS analytical data used for
predicting properties are cbtained under the same operating condi-
tions. The GC/MS instrument used in this example is a Hewlett-Packard
5972 Mass Selective Detector interfaced to a Hewlett-Packard 5890

Series II Gas Chromatograph fitted for use with microbore columns.

The 6C/MS operating conditions are summarized in Table 1.
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GC CONDITIONS

Column

Temperature Program
Initial Temperature (°C)
Initial Time (minutes)
Program Rate (°C/minute)
Final Temperature (°C)
Final Time (minutes)

Carrier Gas

Linear Velocity

Injection Volume uL

Split Ratio

Column Head Pressure, kPa

Interface Temperature (*C)

MASS SPECTROMETER CONDITIONS

Ionization Mode

Mass Range Scanned (daltons)

Cycle Time (minutes)

PCT/US96/06592

TIABLE 1

Phenyl Silicone (such as HP-$)
10m x O.1mm, 17 micron film thickness

35

2

30

275

5
Helium
25.86
0.5
500:1
Approximately 260
25s

Electron lonization, 70 eV nominal
15-450
0.003

In order to predict properties of an unknown hydrocarbon

mixture, it is first necessary to select reference samples having

known values of the property or properties of interest. These refer-—

ence samples are used to form a training set as described below.

Fourteen different diesel fuel blends ware prepared from five typical

refinery streams used for blending diesel fuels. These refinery

streams are designed as HAGO/KGO (Heavy Atmospheric Gas 0il/Coker Gas
0il), HCISDIST {Hydrocracker Distillate), LOPOUR (Low Pour Point

Distillate), CLHO (Cat Light Heating Oil)} and SRLGO (Straight Run
Light Gas 0il), and the liquid volume percent of the blends as well as
the cetane numbers as determined by ASTM 613-86 are shown in Table 2.
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TABLE 2
CETANE  HAGO/KGO HCISDIST  LOPOUR CLHO SRLGO
SAMPLE NUMBER* {VOL%) {VOL%) JVOLY) {VOL%) {VOL s}
a 32.6 24.75 8.75 24.25 42.25 . 0.00
B 3a.s 26.25 9.25 25.75 38.75 0.00
c 34.1 27.25 9.75 27.25 35.28 0.00
D 35.0 29.25 10.25 28.50 32.00 0.00
E 36.3 30.75 10.75 30.00 28.50 0.00
F 37.4 32.00 11.25 31.50 25.25 0.00
e} 38.5 33.50 11.75 33.00 21.75 0.00
B 39.2 35.00 12.25 34.25 1B.50 0.00
I 40.0 36.50 12.75 35.75 15.00 0.00
J 41.0 38.00 13.258 37.2% 11.50 0.00
K 42.0 39.25 13.75 38.75 8.25 0.00
L 43.2 40.75 14.50 40.00 4.75 0.00
M 43.9 42.25 15.00 41,50 1.25 0.00
N 45.3 40.25 14.25 39.50 0.00 6.00
HAGO 44.9
HCISDIST 43.8
LOPOUR 44.1
CLHO 15.0
SRLGO 54.7

* as measured by ASTH D 613-86

A data treatment method should be selected prior to cbtaining
raw GC/MS data. Two types of data treatments which may be used are
Chemist’s Rules and Hydrocarbon Compound Type Analysis as described,

for example, in ASTM D2425-86.

Chemist’s Rules involve two separate sections: (1} a cali-
bration section to correct retention times, i.e., the time between
zero and the time when a given peak occurs; and {2) the actual Rules
vhich are based on a selected series of masses corresponding to
prominent compounds or compound types expected in the type of hydro-

carbon mixture under investigation. These compounds or compound types
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are selected on the bdsis that they have prominent molecular. and/ox
fragment ions unique to that compound or molecular series. A portion
of the Chemist‘s Rules are shown in Table 3. The full set of
Chemist’s Rules for Distillates is shown as a table following Example

4.



RULES(2)

WD 0N b N e

COMPOUND (b}

Paraffine
Cycloparaffing
Toluene
CnpH2p-8
CnH2n-¢
CnH2n-12
Cnli2n-10
CnH2n-18

n-C8
i-Paraffins
Cycloparaffins
CnHan-8
Cnlan-¢
CnH2n-12
CnH2pn~-10
CpHan-18

L

]

L3

n~C24
i-Paraffins
Cycloparaffins
CnHian-8
CnH2n-6

TABLE 3
Magpg (€]

43 57 71 85 99 113
41 ‘5§ 69 83 9T 111
81 a2

117 131 145 159 163 177
91 105 11¢ 133 147 161
141 155 " 169 183 197 211
118 129 143 157 171 185
178 191 205 219 233 247
43 57 71 85 99 114
43 57 71 85 99 113
41 55 69 83 97 111
117 131 145 159 163 177
81 1058 119 133 147 161
141 155 169 183 197 211
118 129 143 187 171 185
178 191 205 219 233 247
* L . ® L ] [ ] [ ]

L L ] ® » a L J

. N ™ . P .
43 . 57 71 1] 99 338
43 57 71 a5 99 113
41 85 69 83 97 111
117 131 1458 159 163 177
91 105 119 133 147 161

RETENTION TIME(d)

END

START

0.400
0.400
0.400
2,851
2.851
2.851
2.851
2.851
3.162
3.200
3.200
3.200
3.200
3.200
3.200
3.200

L]

®

[ ]
10.912
10.964
10.964
10.964
10.964

3.162
3.162
2.860
3.162
3.162
3.162
3.162

3.162

3,200
4.100
4.100
4.100
4.100
4.100
4,100

4.100

L ]

*

L)
10.964
14.800
14.800
14.800
14.800

TYII0/L6 OM
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142
143
144

a)

{c)

(d)

CpH2pe12 141 155 169 183 197 211 10.964
CnHan~10 115 129 143 157 171 185 10.964
CnH2n-18 178 191 205 219 233 247 10.964

Rule number, integer index
Compound or group of compounds rule applies to

i-para’s isoparaffins

cyclopara's alkylated 1 ring cycloparaffina
CnHan-6 alkylated benzenes

CnHopn-8 . alkylated indanes

CnHan~10 alkylated indenes

CpHon-12 alkylated naphthalenes

CpHanp-18 alkylated phenanthrenes/anthracenes

Hagses used in Rule [up to n may be specified; where n is an integer which is esqual to the
number of masses scanned during the time interval {d) either in full scan mode or selected
ion monitoring mode],.

Retention time for both starting and ending expected retention times based on historical
averages in minutes, ’

14.800
14.800
14.800

-~ gL -

WIIVLE OM

6590/96SN/LOd
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A reference retention time is then determined for each mass
spectral ion grouping selected for use in the Chemist‘s Rules for each
of the selected compound types or specific molecules identified in '
Table 3. Such corrections - are necessary due to slight shifts in
retention times which may result from column degradation, column head
pressure fluctuations, changes in column carrier gas linear velocity,
or minor fluctuations in the GC column oven temperatures or other
causes. The calibration step generates a series of correction factors
for the entire GC/MS data file. The results of applying such correc-

tions are shown in Table 4.

_ TABLE 4

MASS RETENTION TYPE LIMIT CALIBRATION CORRECTION
{a) TIME (b} 1c) (d} TIME (e} {£y
32 2.812 p 0.200 2.807 -0.005
106 3.840 P 0.200 3.866 0.026
128 4,800 P 0.200 4.800 0.000
156 5.554 P 0.200 5.536 -0.018
184 6.667 P 0.200 6.675 0.008
226 8.088 P 0.200 8.068 0.010
178 9.000 P 0.300 9,006 0.006
282 9.555 P 0.200 . 9.559 0.004

{a) Mass or compound selected for the calibration .

{b) Expected occurrence time, typically based on average of several
analyses

{c} P=peak or maximum occurrence, F=first occurrence of the material

{d} Range (+ minutes) for reference compound

{e) Observed retention time for reference material

{f) Correction to be applied between reference materials (column a).
Correction for first material is from initial time to calibration
time; correction for second material is between first and second
reference materials; and last correction is applied to end of
data acquisition.

Once the correction coefficients are determined, the actual
Rules are then determined. In the case of cetane number prediction, a
total of 144 Rules are used based on compound or compound series
identification. ¥Por each Rule, a set of characteristic mass numbers
is determined. These characteristic mass numbers can range from one
to n, where n is an integer representing the entire mass range scanned
or Ithe number of selected ions monitored. In this case, six charac~

teristic mass numbers are illustrated. The ion intensities of the
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masses for each Rule are summed within the upper and lower retention
time limits for that Rule. The results are shown for a sampling of
the 144 Rules in Table 5 for this demonstration analysis. Table 5 in

its entirely is given as a table following Example 4.



Table §

CHEMIST'S RULES FOR DISTILLATES WITH CORRECTIONS

Total Raw Abundance (TIC) : 264722694 ‘
Chemist Rule : 120067945] (45.356%)
Air Leakape 2513100 ( 0.095%)f
Avg Scan Rate (Min/Max) : 215]  (215/216)}
Number of Records : 4168
Rule? |  Compound® Masses© Starti | End® | CStant’| CoreB | CEndP [ Corr? Abundancel
i Paraffins| 43 1 57171 {85{ 99 {113] 0.400 | 3.162 | 0.399 <0.001| 3.168 { 0.006 324081 0.027%)
2 Cyclopara's) 41 | 55 | 69 {1 83 { 97 [ 111] 0.400 | 3.162 .399 |-0.001] 3.168 | 0.006 634411( 0.053%)
.3 Toluene] 91 | 92 0.400 1 2.860 | 0.399 |-0.001] 2.856 | -0.004 223588( 0.186%)
4 CnH2a-8) LIT] 130 [ 14511591163 | 177] 2.851 | 3.162 | 2.847 | -0.00¢ ]| 3.168 | 0.006 0}{ 0.000%)
5 CnH2n-6] 91 | 105|1191133 | 147 161] 2.851 | 3.162 | 2.847 | -0.0041 3.168 | 0.006 0 0.000%)
3 CoH2n-12} 143 [ 155} 1691183 1197|211 ] 2.851 | 3.162 | 2.647 | -0.004] 3.168 | 0.006 0[( 0.000%)
7 CoH2n-10) 1151129 | 143 [ 157{ 171 {185 | 2.851 | 3.162 | 2.847 | -0.004 | 3.168 | 0.006 0j( 0.000%)
8 CnH2n-18] 178191 [205§219{233 {247 2.85t | 3.162 2847 10004 3.168 | 0.006 01( 0.000%)
9 n-CBI 43 | 57171 185]99]114] 3.162 | 3.200 | 3.168 0.006 | 3,207 | 6,007 13814]( 0.0)2%)
10 i-Paraffins] 43 § 57 1 71 | 85] 99 [113] 3.200 | 4.100 | 3.207 | 0007 4.119 | 0.019 121248)( 0.101%)
11 Cyclopara's| 41 { 55 § 69 } 83 | 97 {111] 3.200 | 4.100 3.207 {1 0,007 1 4.119 | 0.019 216183{( 0.180%)
12 CrnH2n-8{ 117|131 | 145 {1591 163 | 177] 3.200 | 4.100 | 3.207 0.0071 4.119 {1 0.019 0]( 0.000%)
13 CnH2n-6] 91 [105|119]133{ 147] 161] 3.200 | 4.100 | 3.207 0007 ] 4.119 1 0.019 258820|(0.2!6%)
14 CnH2n-121 141 1 155{ 169] 1831 197|211} 3.200 1 $.100 3.207 | 0,007 | 4.119 { 0.019 0](0.000%)
15 CnH2n-10] 115]1129] 143157 178 | 1851 3.200 | 4.100 3207 10007 ] 4.119 | 0.019 0'(0.000%)-
16 CnH2n-18] 1781191]20512191233 [ 2471 3.200 | £.100 3.207 1 0.007 1 4:119 | 0.019 0( £.000%)
* . * * - * » [ ’ * L] » - - - -

- 9T -

APLLO/L6 OM

76590/96SN/10d



137 n-C24} 43 | 57§ 71 ] 85| 99 [338]10.912] 10.964 | 10.916 | 0.004 | 10.968 | 0.004 2152 H( 0.018%)
138 i-Parallins{ 43 | 571 71 ] 85 [ 99 | 113]10.964 | 14.800 [ 10.968 | 0.004 | 14.804 | D.004 107991( 0.009%)
139 Cyclopara.] 41 | 551 69 | 831 97 j111]10.964|14.800]10.968 | 0.004 | 14.804 | 0.004 2092} 0.002%)
140 CnH2o-8f 117[ 131134511591 163§ 177] 10.964 ] 14.800] 10.968 | 0.004 | 14.804 | 0.004 0 0.000%)
141 CnH2n-6 91 1105 1191 133]147] 161 | 10.964] 14.800 ] 10.968 | 0.004 | 14.804 | 0.004 0]( 0.000%)
142 Coll2n-12} 141 1 155] 1691 k83| 197 (211 ] 10.964 | 14.800 | 10.968 | 0.004 | 14.804 [ 0.004 O 0.000%)
143 CnH2n-10] k151329 143 [ 157[ 171} 185} 10.964 | 14.800 | 10,968 | 0.004 | 14 804 | 0.004 0 0.000%)
144 CnH2n-18] 178 } 1911205 1219|233 247] 10.964 | 14.800 | 10.968 | ¢.004 | 14.804 1 0.004 0J( 0.000%)
: RR RS X S R SR e
Sum = 120067945((100.000%) -
a) Rule number, integer index *
b) Compound or group of compounds rule applies to:
cyclopara’s alkylated 1 ring cycloparaffins
CnHap-6 alkylated benzenes
CnHan-8 alkylated indanes
CnHan-~10 alkylated indenes
CnHap-12 alkylated naphthalenes
CpHan-18 alkylated phenanthrenes/anthracenes
¢} Masses used in Rule (up to n may be specified, where n is an integer which is
equal to the number of masses scanned during the time interval (d to e) either
in full scan mode or eselected ion monitoring mode}.
d) start retention time in minutes
e) end retention time in minutes
f) vcorrected start retention time
g} correction = difference between start and cstart (in minutes)
h) corrected end retention time
i) correction = difference between end and cend (in minutes)
3} Abundance, both as total sum and as normalized percentage based on Chemlst’s Rules

- LT -

TPIIO/L6 OM

16590/96S01/LDd
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Total Raw Abundance Total area observed in the GC/MS analysis.

{TIC):

Chemist Rule: Total area found using the Chemist’s Rules;
based on experience, should be greater than 30%
of total raw abundance.

Air Leakage: Total ionization due to air {m/z 28, 32, 40,
44) useful diagnostic for instrumental
problems.

Avarage scan rate Shows the minimum, average and maximum scan’

(Min/Max}: rates during the GC/MS analysis and is a useful
diagnostic to identify instrxumental problems.

Number of records: Is the number of mass spectral scans acquired

during the analysis.

The analysis summarized in Table 5 is done for each reference
sample. The results from thaese respective analyses form a training
set which is subjected to mathematical treatment. The goal is to
develop a model that can be used to predict the unknown properties-of
future samples using their mass spectral data only. The mathematical
treatmeqts are described by multivariate correlation techniques such
as Projection to Latent Structures (PLS) or otherwise known as Partial
Leagt Squares (PLS), Principal Component Regression (PCR), and Ridge
Regreasion {(RR). These techniques are su?erior to ordinary multiple
linear regression in their ability to treat collinearity amongst
variables in the X-block or GC/MS data matrix {(and Y-block or
properties matrix for PLS}, and in their ability to handle the
guantity of data generated by the Chemist‘’s Rules. Ordinary Multiple

Lingar Regression cannot be used to treat collinear variables.

PLS/PCR/RR are numerical analysis techniques for detecting
and formulating a mathematical structure (medel) within a data set
comprising observations associated with multiple objects. Each object
has associated with it observations for multiple variables, the latter
being common to all cbjects. These multiple variables are assigned
into two categories, known as X-block and Y-block. Observations
asgsociated with all variables in the X-block are realized from a
common process (GC/MS data in this case)., Observations associated

with variables in the Y-block (known properties in this case) are
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realized from processés that may be different for each variable. The
data set used to construct this mathematical model is referred to as

the model calibration data set.

The common use of PLS/PCR/RR is to apply the model developed
from the calibration data set to X-block observations realized for new
objects (not in the calibration data set) to predict values for the
corresponding variables in the Y-block for these new objects, without
having to execute the Y-~block processes used in the calibration data
set. Using diagnostics that are simultaneously generated by the
PLS/PCR/RR model, assessment of whether the new objects can be
adequately described by the model, and whether the modal is used in an

extrapolation mode versus interpolation mode can be performed.

PLS/PCR addresses the collinearity features in the X-block
and Y-block, by suitably reducing the dimensionally in both X~ and
Y-blocks (for PLS}, and X~block only {for PCR) to form the model.
Collinearity is a term referring to the existence of relationships
between variables within the block itself. In the PLS modeling
algorithm a number of independent dimensions in the X~ and Y-blocks
are identified by forming pseudo-variables known as principal
components or latent vectors through different sets of linear combina-
tiona of original variables in each block. Each set of such combina~-
tions constitutes an independent dimension. It comprises a set-of
coefficients that each value associated with each variable in the
block is to be weighted by to arrive at the new value for this dimen-
sion. The values for the new, reduced dimensions in the Y-block are
regressed onto their counterparts in the new, reduced dimensions of
the X-block to arrive at the most parsimonious dimension size (number
of latent vectors) and their associated weights, with the final goal
of one linear equation generated to permit prediction of Y-block
variables using X-block variables. The number of dimensions ugsed to
construct the model is determined through optimization of a criterion
known as PRESS (Prediction Error Sum of Squares), cumulated by a Crosg
validation (CV) technique using the training data set, and, following

the general model parsimony principle.
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For PCR, the numser of independent dimensions in tha X-block
are first selected and identified in a similar fashion as.in PLS by
forming principal components. Then, for each variable in the Y—black,
a model is obtained by performing ordinary multiple linear reg&ession

using the Principal Components as "Prediction Variables*“.

For Ridge Regression, the collinearity problem is dealt with
in a different manner than PLS/PCR. Here a diagonal matrix known as
the Lambda Matrix is added to the Covariance Matrix of the X-block
with the net effect of stabilizing the numerical computation needed to
obtain the model coefficients. The selection of Lambda values is
through optimization of PRESS criterion using cross validation of the

training set.

Thus, the Chemist‘s Rule data for the various reference
sahpies and derived from GC/MS analysis form the X-block variables.
PLS/PCR/RR treatment may require preliminary reorganization of the
X-block data, such as transpositieon and removal of redundant data and
constants or mathematical transformations. The Y-block variables are
the property (or properties} to be predicted, and may also require
mathematical transformations such as logarithmic or geometric, as well

-

as reorganization. The data blocks may be represanted by:

X-Block Matrix
{ Chemist’s Rules (n samples x 144 columns) ]

X1,1 Xy,2 X1,3 »es X1,142 X1,143 X1,144
X2,1 X2,2 X2,3 <o X2,142 X2,143 X2,144
X3,1 X3,2 X3,3 aes X3,142 X3,143 X3,144

Xn,1 Xn,2 Xn,3 ces Xn,142 Xn,143 Xn,144
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Y-Block Vector
{ Measured Property (n samples) }

Y1
Y2
Y3

.

¥n

The Y-block may be 3 single observation per set of Chemist’s
Rules as shown above, or it may be a n x m matrix of observations,

where there are m different properties tb be predicted.

The results of PLS/PCR/RR treatment of the training set data
are a series of coefficients, Raw GC/MS data from an unknown sample
(or samples) are then treated by the Chemist‘s Rules first to correct
the retention times and then to form the ion summations. Each value
for the Chemist’s Rule ion summation is then multiplied by the train-
ing set coefficients and summed to generate the prediction of the
desired property or properties. Table & illustrates the quality of
the predicted cetane values for both the training set and the unknown

test set.
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TABLE 6 =~ PREDICTED VS. MEASURED CETANE VALUES

SAMPLE MEASURED* PREDICTED
Training Set
A 32.8 32.3
c 34.1 34.3
D 35.0 35.2
F 37.4 37.2
G 38.5 38.2
X 40.0 : 40.1
J 41.0 41.2
L 43.2 43.3
HCISDIST 43.8 43.7
CLHO .15.0 15.0
HAGO 44.9 44.9
LOPOUR 44.1 44.1
SRLGO 54.7 54.7
Test Set
B 33.5 33.4
E 36.3 36.3
H 39.2 39.1
K 42.0 42.2
M 43.9 44.3
N 45.3 45.2

* measured by ASTM D &13~86

EXAMPLE 2

The procedure of Example 1 was repeated for predicting
aniline point for diesel fuel blends. Samples A, C, D, F, G, I, J, Ly
and N were used to form the training set and samples B, ﬁ, H, XK, and M
formed the test set. The results for the aniline point prediction are

summarized in Table 7.
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TABLE 7 =~ PREDICTED VS. MEASURED ANTLINE POINT (°C)

MEASURED* PREDICTED

Training Set

36.8 37.1
41.6 41.5
43.3 43.3
47.1 47.0
49.2 48.9
52.9 s2.8
54.6 84.5
58.7 £8.6
61.8 62.2
Test set
39.2 39.6
45.8 45,1
51.6 0.8
56.7 88,6
60.3 £0.4

* measured by ASTM D 611-82 (1987)

XAMPLE 3

The procedure of Example 1 was repeated for predicting
density for diesel fuel blends. Samples A, ¢, D, F, 6, I, J, L, a?d N
were used to form the training set and samples B, E, H, K, and M
formed the test set. The results for density prediction are sum-

marized in Table 8.
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TABLE 8 ~ REDICTED VS. MEASURED DENSITY AT 15°¢
MEASURED* DIC
Training Set

0.8820 0.8829
0.8797 0.8793
0.8760 2.8760
0.8684 0.8682
0.8644 0.88641
0.8567 0.8568
0.8531 0.8530
0.8452 0.8445
0.8405 0.8416

Iegst Set

0.8836 0.8824
0.8720 0.8718
0.8606 0.8605
0.849%0 0.8486
0.8417 0.8408
* measured by ASTM D 5002-89

EXAMPLE 4

PCT/US96/06592

ml

The procedure of Example 1 was repeated for predicting
distillation 750 valuss, the temperature at which 50% of the sample

has distilled. The training and test sets were as described in

Examples 2 and 3. Results are shown in Table 9.

TABLE 9 - ©PREDICTED VS. MEASURED DISTILLATION TS50 (*C)

MEASURED*

Iraining Set
262

261
28%
258
256
257
285
252
254
Test Set
261
258
255
252
251

ED

262
261
259
258
256
257
255
252
254

262
259
257
254
252

ED

* measured by ASTM D 86-90
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Other properties of diesel fuel blends such as cloud point,
tlash point, viscosity, pour point, heat content, distillation
P characteristics, LTFT, FFFT, etc., could be predicted using the method
according to the invention. The subject method can also be useé to
- - " predict properties of other types of complex hydrocarbon mixtures

boiling below 350°¢C.



COMPLETE CHEMIST'S RULES FOR DISTILLATES

Retention Timed

Rule? | Compoundb]Massc Start End
I Paraffing| 43 57 71 85 99 |13 16400 [3e2
2 Cyclopara's | 41 55 69 83 KRR 0400 [3.102
3 Toluene] 91 92 . 0.400  {2.860
4 CnH2n-8f 117 . | 131 145 159 163 177 2851 3162
5 CnH2n-6] 91 105 119 133 147 161 2851 |[3.162
6 CnH2n-12} 141 155 169 183 197 211 2.851 |3.162
7 CnH2n-10] 115 129 143 157 171 185 2.851 [3.162
8 CnH2n-18] 178 191 205 219 233 247 2851 |3.162
9 n-C8] 43 57 71 85 99 114 3.162  {3.200
10 i-Para's | 43 57 n: 85 99 113 3.200 {4.100
11 Cyclopars's | 41 55 69 83 97 11} 3200 14.100
12 CnH2n-8{ 117 131 145 159 163 177 3.200 |4.100
13 CnH2n-6| 91 105 119 133 147 161 3.200 |4.100
14 CnH2n-12] 141 155 169 183 197 211 3.200 |4.100
15 CnH2n-10| 115 129 143 157 171 185 3.200 {4.100
16 CnH2n-18] 178 191 205 219 233 247 3.200 {4.100
17 n-C9| 43 57 71 85 99 128 4.100  14.150
18 i-Para's] 43 57 71 85 99 113 4150 |4.880
19 Cyclopara’si 41 55 69 83 97 11! 4.150 4.880
20 CnH2n-8] 117 131 145 159 163 177 4150 |4.880
21 CnH2n-6] 91 {1105 [ 119 133 147 161 4.150 4.880
22 CnH2n-12] 128 141 155 169 183 197 4.150 [4.880
23 CnH2n-10] 115 129 143 157 171 185 4.150 |4.880
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24 CnH2n-18} 178 191 205 219 233 247 4.150 14.880
25 n-C10] 43 57 71 85 99 142 4.880  [4.90]
26 i-Para's] 43 57 71 85 99 113 4900 [5.520
27 Cyclopara's] 41 55 69 83 97 111 4.900 ]5.520
28 CnH2n-8] 117 131 145 159 163 177 4900 [5.520
29 CnH2n-6] 91 105 119 133 147 161 4900 [5.520
30 CnH2n-12| 141 155 169 | 183 197 [ 4900 {5520
31 CnH2n-10] 115 129 143 157 [ 170|185 4900 [5520
32 CnH2n-18] 178 191 205 219 23 247 4900 [5.520
33 n-Cll{ 43 57 71 85 99 156 5.200 [5.580
34 i-Para's] 43 57 71 85 99 113 5580 [6.153
35 Cyclopara's| 41 55 69 83 97 1 5580 [6.153
36 CnH2n-8| 117 131 145 159 163 177 5580 16.153
37 CnH2n-6] 91 105 119 133 147 161 5.580 |6.153
38 CaH2n-12| 141 155 169 183 197 211 5580 |6.153
39 CnH2n-10] 115 129 | 143 157 171 185 5580 [6.153
40 CnH2n-18] 178 191 205 219 233 247 5580 |6.153
4) n-C12| 43 57 71 85 99 170 6.153 16.178
42 i-Para's] 43 57 71 85 99 113 6.178  16.635
43 Cyclopara's| 41 55 69 83 97 i 6.178 [6.635
44 CuH2n-8| 117 131 145 159 163 177 6.178 6.635
45 CnH2n-6] 91 105 119 133 147 161 6.178 [6.635
46 CnH2n-12| 141 155 169 183 197 211 6.178 16,635
47 CnH2n-10] 115 129 143 157 - |17 185 6.178 16.635
48 CnH2n-18( 178 191 205 219 233 247 6.178 16,635
49 n-C13{ 43 57 7 85 99 184 6.635 |6.692
50 i-Para's] 43 57 n 85 99 113 6692 |7.124
5 - Cyclopara's] 41 55 69 83 97 111 6692 17.124
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52 CnH2n-8{ 117 131 145 159 163 177 6692 17.124
53 CnH2n-6| 91 105 119 133" 1147 161 16692 17.124
54 CnH2n-12| 141 155 169 183 197 211 6.692 7.124
33 CnH2n-10] 115 129 143 157 171 185 16692 [7.124
56 CnH2n-18] 178 191 205 219 233 247 6692 [7.124
57 n-Cl4] 43 57 7l 85 99 f198 17724 [7.184
58 i-Para'sf 43 5 o _85 H0 13 7124 17.593
59 Cyclopara'sj 41 55 69 8y far L 7124 [7.593
60 CnH2n-8| 117 131 145 159 (o3 1177 7124|7593
61 CnH2n-6] 91 105 119 133 17 161 7124 17,593
62 CnH2n-12| 14) 155 169 183 197 211 7124 17.593
63 CnH2n-10¢ 115 129 143 157 171 185 1124 17.593
64 CnH2n-18] 178 191 205 219 233 247 7124  [7.593
65 n-Cis| 43 57 71 85 99 212 1593 |7.645
66 i-Para’s] 43 57 71 85 99 113 7645 [8.016
67 Cyclopara's} 41 55 69 83 97 11 7645 |8.016
68 CnH2n-8| 117 131 145 159 163 177 - 17.645 8.016
69 CnH2n-6] 91 1035 119 133 147 161 7.645 8.016
70 CnH2n-12} 141 155 169 183 197 211 7.645  18.016
71 Cnl2n-10} 115 129 143 157 17 185 7.645 8.016
72 CnH2n-18] 178 191 205 219 233 247 7645 18016
73 n-Cl6] 43 57 71 85 99 226 8016  |8.079
74 i-Para’s| 43 57 71 8s 99 13 8.079 |8.430
75 Cyclopara's| 4! 35 69 83 97 11 8.079 ' {8.430
76 CnH2n-81 117 131 145 159 163 177 8.079 8.430
77 CnH2n-6{ 91 105 119 133 147 161 8.079 {8.430
78 CnH2n-12{ 141 155 169 183 197 211 8.079 [8.430
79 CnH2n-10] 115 129 143 157 171 185 8.079 8430
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80 CnH2n-18] 178 191 205 219 233 247 [8.079 Ts8.430 -
81 n-C17] 43 57 71 85 99 240  |8.430 |8.476
82 i-Para’s| 43 57 71 85 99 113 8.476 |8.808
83 Cyclopara's] 41 55 69 83 97 i 8.476 |8.808
84 CnH2n-8] 117 131 145 159 163 177 [8476 |8.808
85 CoH2n-6] 91 105 119 133 147 161 8476 |8.808
86 CnH2n-12] 14) 155 169 183 197|211 8476 |8.808
87 CnH2n-10] 115 129 143 157 171 ] 185 8.476  |8.808
88 CnH2n-18] 178 191 205 219 [ 233 247 8476 |8.808
89 n-C18] 43 57 71 85 99 254 8.808 |8.866
90 i-Para's] 43 57 71 85 99 13 8.866 |9.187
91 Cyclopara's} 41 55 69 83 97 111 8.866 [9.187
92 CnH2n-8] 117 131 145 159 163 177 8866 [9.187
93 CnH2n-6] 91 105 119 133 147 161 8.866 |9.187
94 CnH2n-12| 141 155 169 183 197 211 8.866 [9.187
95 CnH2n-10{ 115 129 143 157 171 185 |8.866 [9.187
96 CnH2n-18} 178 191 205 219 213 247 8866 19187
97 n-C19| 43 57 7 85 99 268 9.187 19.234
98 i-Para's| 43 57 7 85 99 113 9.234 19.523
99 Cyclopara's] 41 55 69 83 97 11 9234 [9.523
100 CnH2n-8] 117 131 145 159 163 177 {9234 [9.523
101 CnH2u-6 91 105 119 133 147 161 9234 9.523
102 CnH2n-12| 141 155 169 183 197 211 9234 19.523
103 CnH2n-10{ 115 129 143 157 171 185 {9.234  [9.523
104 CnH2n-18] 178 191 205 219 233 247 19234 [9.523
105 n-C20] 43 57 7 85 99 282 0,523 19.578
106 i-Para's] 43 57 71 85 99 113 9.578  [9.860
107 Cyclopara's; 41 55 69 83 97 111 9.578 |9.860
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108 CnH2n-8| 117 131 145 159 163 177 9.578  [9.860
109 CnH2n-6[ 91 105 119 133 147 161 9.578  ]9.860
110 CnH2n-12{ 141 155 169 183 197 211 9.578  19.860
111] CnH2n-10§ 115 129 143. 157 171 185 9.578  [9.860
112 CnH2n-18] 178 191 205 219 233 247 9.578  19.860
113 n-C21] 43 57 71 85 99 296 9.860 ]9.912
114 i-Para's; 43 57 71 85 99 113 9.912 10.163
115 Cyclopara's| 41 55 69 83 97 111 9.912 10.163
116 CnH2n-8| 117 131 145 159 163 177 9.912 10.163
117 CnH2n-6] 91 105 119 133 147 161 9.912 10.163
118 CnH2n-12| 141 155 169 183 197 211 9912 .}10.163
119 CnH2n-10} 115 129 143 157 171 185 9,912 10.163
120 CnH2n-18| 178 191 205 219 233 247 9.912 10.163
12} n-C22{ 43 57 71 85 99 310 10.163  110.266
122 i-Para's| 43 57 71 85 99 113 10.266 [10.519
123 Cyclopara's| 41 55 69 83 - 97 111 10,266 [10.519
124 CnH2n-8| 117 131 145 159 163 177 10.266 110,519
125 CnH2n-6| 91 105 119 133 147 161 10.266 {10,519
126 CnH2n-12} 14} 155 169 183 197 211 10.266 110.519
127 CnH2n-10| 115 129 143 157 171 185 10.266  {10.519
128 CnH2n-18} 178 191 205 219 233 247 10.266 |10.519
129 n-C23] 43 57 71 85 99 324 10.519 [10.619
130 i-Para'st 43 57 I 85 99 113 10.619  |10.912
131 Cyclopara's] 41 55 69 83 97 18! 10.619 110.912
132 CnH2n-8] 117 131, 145 159 163 177 10.619 110,912
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133 CnH2n-6{ 91 105 119 133 147 161 10.619 10912
134 CnH2n-12| 141 155 _]169 J 183  [197 | 211 |10.619 [10.912
135 CnH2n-10f 115 129 143 157 171 185 ]10.619 110.912
136 CnH2n-18| 178 191 205 219 233 247 10.619 110.912
137 n-C24] 43 57 71 85 99 338 10.912 {10,964
138 i-Para's] 43 37 71 85 99 113 10.964 114.800
139 Cyclopara's] 41 55 69 83 97 1R 10,964 114.800
140 CnH2n-8{ 117 131 145 159 163 177 10.964 |14.800
141 CnH2n-6] 91 105 119 133 147 161 10.964 [14.800
142 CnH2n-12} 14] 135 169 183 197 211 10.964 {14.800
143 CnH2n-10{ 115 129 143 157 171 185 10.964 114.800
144 CnH2n-18{ 178 191 205 219 233 247 10.964 114.800
a) Rule number, integer index
b) Compound or group of compounds rule applies to
i-para’s jfgoparaffins
cyclopara‘s alkylated 1 ring cycloparaffins
Cnllan-6 alkylated benzenes
CnHlopn-p alkylated indanes
CnH2n-10 alkylated indenes
CpHlan-12 alkylated naphthalenes
CpHan-18 alkylated phenanthrenes/anthracenes
c) Masues used in Rule (up to n may be specified, where n is an integer which
i{s equal to the number of masses scanned during the time interval (d)
either in full scan mode or selected ion monltoring mode].
d) Retention time for both starting and ending expected retention

times based on historical averages in minutes.
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COMPLETE CHEMIST'S RULES FOR DISTILLATES WITH CORRECTIONS

Total Raw Abundance (TIC) : 264722694

Chemist Rule : 120067945] (45.356%)

Air Leakage : 251310 ( 0.095%)]

Avg Scan Rate (Min/Max) 2151 (215/216)

Number of Records - 4168
[Rule® | Compound® MassesC Stan® | End® | CStart' | CorrB | CEng® [ Cors! Abundance)

} Pavaffins{ 43 | 57§ 71 | 85 [ 99 1113] 0400 ] 3.162 | ©.399 |-00.001] 31.168 | 0.006 324084 0.027%)
2 Cyclopara. | 41 | 5569 | 83 | 97 |111] 0400 | 3.162 | 0.399 | -0.001] 3168 { 0.006 631 1{( 0.053%)
3 Toluenc] 91 | 92 0400 | 2.860 | 0.399 {-0001| 2856 | -0.008 22358E{( 0.186%)
4 CnH2o-8] t17] 131 ] 145 159] 163 ] 1771 2.851 [ 3.162 | 2.847 [-0.004 ] 3 168 | 0.006 0f( 0.000%)
5 CnH2n-6| 91 {305]119)133 | 147|161 2.851 | 3.362 | 2.847 {0,004 ] 3.168 | 0.006 0}( 0.000%)
6 CnH2n-12} 141 | 1551169 183} 197{211| 2.851 | 3.162 | 2.847 [-0.004] 3.168 | 06.006 0f( 0.600%)
7 CoH2n-10{ LIS 1291 143 | IS 1A [ 1851 2.851 | 3.162 | 2847 | -0.004] 3.168 } 0.006 O[( 0.000%)
8 CoH2n-18] 178 { 190|205 219|233)247} 2851 | 3.162 | 2.847 [-D.004 | 3.168 | 0.006 0] 0.000%)
9 n-C8| A3 | ST ] 71 1 85 ] 99 ] 114] 3.162 | 3.200 | 3.168 | 0.006 | 3.207 | 0.007 1381:4]( 0.012%)
10 i-Paraffins] 43 | S7 71 71 1851 99 {1131 3.200 | 4.100 | 3.207 | 0.007 | 4.119 | 0.019 121248{( 0.101%)
1 Cyclopara.f 41 1 55 1 69 | 83 1 97 {111] 3.200 | 4.100 | 3.207 | 0.007 | 4,119 | 0.019 2161831 0.180%)
12 CoH2n-81 1077130 1 1451591163 [177] 3.200 | 4,100 | 3.207 [ 0007 | 4,119 | 0.0]19 4l 0.000%)
13 CnH2n-6| 91 1051119 133{147}161 ) 3200 § 4.100 | 3.207 [ 0.007 | 4.119 | 0.019 258820|(0.216%)
14 CnH2n-12] LI 1SS 169 18311971201 3.200 | 4,100 | 3.207 { 0.007 | 4.119 { 0.019 I}I( 0,000%)
15 CoH2n-10] 115129 143 11571471 | 185] 3.200 | 4.100 | 3.207 | 0007 { 4.119 | 0.019 (ﬂ( 0.000%)
16 CnH2n-18{ 1781191 [205|2191233{247] 3.200 | 4.100 | 3.207 | 0007 { 1.319 | 0.019 l( 0.000%)
17 n-Col 43 577 P85 {99 (28] d100 ] 4450 ] 4019 [ ooy0 | 4168 [ 0.018 15498)( 0.013%)
18 i-Paraffins| 43 | 57 ] 71 { 85 [ 99 [ 1131 4.150 | 4.880 | 4,168 | 0.018 | 4.878 | -0.002  660755( 0.550%)
19 Cyclopara.| 41 { 55 {169 {1 83 | 97 111} 4.150 | 4.880 | 4.168 | 0.018 | 4.878 | -0.002 1333269)( 1.110%)
20 CnH2n-8 117|131 145{15911631177] 4.150 | 4.880 | 4.168 | 0.018 | 4.878 | -0.002 2215}( 0.018%)
2] CnH2n-6{ 91 110511191133 1147]161] 4.150 | 4.880 | 4.168 | 0.018 | {878 | -0.002 1218922|( 1.015%)
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135

2 CrH2n-12] 141 169[183]197]211] 4150 [ 4.880 | 4.168 | 0.018 | 4.878 | -0.002 01( 0:000%)
23 Cni2n-10] 11511291 143 157} 171185} 4.150 | 4.880 [ 4.168 | 0.018 | 4.878 |-0.002 28008]( 0.023%)
24 CnH20-18] 178 [ 1911205219233 ]247] 4.150 | 4.880 | 4.168- | 0.018 | 4.878 |-0.002 0}( 0.000%)
25 n-C10} 43 157 | 71 |85 | 99 | 142] 4.880 | 4.901 | 4.878 [-0.002] 1899 |-0002 289888]( 0.241%)
26 i-Paraffins| 43 1 57| 71 |85 | 99 | 113 4.900 | 5:520 | 4898 |-0.002] 5503 | -0.017 1533824)( 1.277%)
21 Cyclopara] 41 | 55 1 69 | 83 | 97 [111] 4.900 | 5.520 | 4898 [-0002] § 503 |-0.017 2925819]( 2.437%)
28 CnH2n-8] 117131 | 145159 1163|177 3900 | 5520 | 4898 | 000z 5503 | -0.017 338162[( 0 262%)
29 Cnli2n-6] 91 | 105[119]133[147[161| 3900 | 5520 | 1898 {-0002] s sm3 [-0017 2910452|( 2.424%)
30 CoH2n-121 141 [ 1S5} 169 [ 183 | 19712011 4900 | 53520 1 4894 |-D002] 5503 10017 2805]( 0.002%)
31 CnH2n-10{ 1151129 14311571171 [185] 4900 | 5520 | 4898 j-n0u2} 5503 | 0017 188499[( 0.157%)
12 CnH2n-18] 178 1911205219233} 247 4.900 | 5.520 | 4898 | -0 002 ] 5503 | 0017 0f( 0.000%)
33 n-Cl} 43 15771 [ 85199 [156] 5.200 | 5.580 [ 5.191 | -0 0091 5.563 | 0017 1652225(( 1.376%)
T i-Paraffing] 43 [ 57 [ 71 [ 8599 | 113] 5.580 | 6.153 | 5.563 | -0047] 6 149 | -0.004 264586]( 2.053%)
35 Cyclopara.] 41 [ 55 | 69 [ 83 | 97 {111] 5.580 | 6.153 | 5.563 | 0.017 | 6.149 | -0.004 3570701]( 2.974%)
36 CnH2n-8] 117[ 131 145159163} 177 5.580 | 6.153 | 5.563 | -0.017 6.149 | -0.004 1070407]( 0.892%)
3 CnH2n-6| 91 [105[119]133[147]161] 5.580 | 6.153 | 5.563 | -0017| 6.149 | -0.004 1083260]( 3.401%)
38 CnH2n-12] 141 | 155|169 183 [ 197]211 | 5.580 | 6.153 | 5.563 [-0.017] 6.149 |-0.004 53301}( 0.044%)
39 CnHzn-20] 115129143157 171 [185] 5.580 | 6.153 | 5.563 | -0.017] 6.149 | -0.004 513956]( 0.428%)
10 CnH2a-18] 178 191205219 233|247} 5.580 | 6.153 | 5.563 | -0.017] 6.149 | -0.004 0[( 0.000%)
T n-Ci2| 43 | 57 | 71 | 85 | 99 [170] 6.153 | 6.178 | 6.149 |-0.004] 6.175 | -0.003 102837 0.086%)
42 i-Paralfins) 43 | 57 | 71 1 85 | 99 |113] 6.178 | 6.635 | 6.175 |-0.003] 6.642 | 0.007 2177892} 1.814%)
43 Cyclopara{ 41 | 55 ] 69 [ 83 | 97 [ 111]6.178 | 6.635 | 6.175 | -0.003 ] 6.642 | 0.007 3170290{( 2.640%)
4 Cati2n8l 117131 [ 1451 159]163 | 177] 6.178 | 6.635 | 6.175 {-0.003| 6.642 | 0.007 2141612[( 1.784%)
43 Criizn-6[ 91 [105]119]133[147]161] 6.178 | 6.635 | 6.175 |-0.003 | 6.642 | 0.007 2762976]( 2.301%)
16 CoHIn-12 141{155]169]183 | 197]211] 6.178 | 6.635 | 6.175 | 0.003 ] 6.642 | 0.007 1017961( 0.085%)
11 Cat2n 10} 115[129]143[157]171]185] 6.178 | 6.635 | 6.175 [ -0.003 | 6.642 | 0.007 80804R( 0.673%)
18 CnH2n-18] 178]19112051219]233[247] 6.178 | 6.635 | 6.175 | -0.003 | 6.642 | 0.007 1665( 0.001%)
19 n-C13] 43 1 57 [ 71185 [ 99 [184] 6.635 | 6.692 | 6.642 | 0.007 } 6.700 | 0.008 911705( 0.759%)
50 i-Paraffins] 43 | 57 1 71 {85 | 99 {113 6.692 | 7.124 | 6.700 | 0.008 | 7.133 | 0.009 2349382|( 1.957%)
51 Cyclopara| 41 | 55 | 69 | 83 | 97 [111} 6.692 | 7.124 | 6.700 | 0.008 | 7.133 | 0,009 3248319[( 2.705%)
52 CnHzn 8] 117 | 1311145 155]163|177] 6.692 | 7.124 | 6,700 | 0.008 | 7.133 | 0.009 3468731{( 2.889%)
53 CnHz2n-6] 91 |105{119]133[147]161] 6.692 | 7.124 | 6700 [ 0.008 | 7.133 | 0.009 2383596]( 1.985%)
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54 CnH2n-12] 141 155T 169183 197211 6.692 ] 7.124 | 6.700 | 0.008 [ 7.133 | 0.009 1725420[( 1 437%)
55 CaH2n-10 115129 ] 143 [ 157]171[ 185 6.692 | 7.124 | 6.700 [ 0.008 | 7.133 | 0.009 1994509)( 1.661%)
56 CnH2n-18[ 178|191 [ 20521912331 247] 6.692 | 7.124 | 6.700 | 0.008 | 7.133 | 0.009 13935[( 0.012%)
57 n-CH] 43 [ 571718599 [198] 7024 | 7.184 | 7.133 | 0.009 | 7.193 [ 0.009 1111453}( 0.926%)
58 i-Paraffins| 43 { 57 | 71 { 85 | 99 [113] 7.124 | 7.593| 7.133 [ 0.009 | 7.602 | 0.009 3370658}( 2.807%)
59 Cyclopara] 41 | 55 | 69 | 83 [ 97 [ 11| 7.124 | 7.593 | 7.133 | 0.009 | 7.602 | 0.009 3986691|( 3.320%)
60 CoHz2n| 117] 131 1as ] 1591631 177] 7.024 | 7.593 | 7.133 [ 0 009 | 7.602 | 0.009 2857090}( 2.380%)
61 CnH2n-6] 91 105 119]133 [ 147|161 7.024 | 7.593 | 7.133 | 0009 | 7.602 | 0.009 1811945]( 1.500%)
62 CnHzu-12| 141{155{ 169 | 183 | 197 {211] 7.124 | 7.593 |.7.133 | 0009 | 7.602 | 0.009 2979805}( 2.482%)
63 Cot2a-10] 115 [ 129 143 ) 157|171 [185] 7.129 | 7.593 | 7.133 | 0 009 | 7.602 | 0.009 2321206[( 1.933%)
64 CnHan-18] 17811911205 |219 233 [ 247} 7.124 | 7.593 | 7.133 | 0009 | 7.602 | 0.009 20724)( 0.017%)
65 n-C15| 43 | 57| 71 | 85 | 99 |212] 7.593 | 7.645 | 7.602 | 0.009 | 7.654 | 0.009 1011272]( 0.842%)
66 i-Paraffins| 43 | 57 | 71 | 85 ] 99 | 113] 7.645 | 8.016 | 7.654 | 0.009 | 8.026 | 0.010 1865267( 1.554%)
67 Cyclopara] 41 | 55 | 69 | 83 | 97 | 111] 7.645 | 8.016 | 7.654 | 0009 | 8.026 | 0.010 2680266{( 2.232%)
68 CnH2n8] 117 13111451591 163]177] 7.645 | 8.016 | 7.654 | 0.009 | 8.026 | 0.010 1237345( 1.031%)
69 CnH2n-6] 91 105 119]133[147[161] 7.635 | 8.016 | 7.654 | 0.009 | 8.026 | 0.010 1171815[( 0.976%)
70 CnH2n-12) 141} 155|169 183 [ 197]211] 7.645 | 8.016 | 7.654 [ 0.009 | 8.026 | 0.010 3113998( 2.594%)
{1 CnH2n-10] 115 [129] 143 [157] 171 | 185] 7.645 | 8.016 | 7.654 | 0.009 | 8.026 | 0.010 1671775]( 1.392%)
72 CnH2o-18] 178 [ 191 [ 205} 2191233 [247] 7.645 | 8.016 | 7.654 | 0.000 | 8.026 | 0.010 11492}( 0.010%)
73 n-Ci6{ 43 [ 57| 71 | 85| 99 1226] 8.016 | 8.079 | 8.026 { 0.010 | 8.089 | 0.010 881371} 0.734%)
L i-Paraftins] 43 | 57| 71 | 85 | 99 | 113] 8,079 | 8430 | 8.089 | 0.010 | 8.438 | 0.008 1784488]( 1.186%)
75 Cyclopara.] 41 | 55 | 69 | 83 { 97 [111] 8.079 | 8.430 | 8089 { 0.0t0 | 8338 | 0.008 2478186} 2.064%)
76 CnH2n-8| 117 [ 131 [ 145 159 | 163 [ 177] 8.079 | 8.430 | 8.089 | 0.010 | 8.438 | 0.008 740960{( 0.617%)
77 CnH2n-6| 91 |105[119]133 | 147{161] 8.079 | 8430 | 8089 | 0.010 | 8.138 | 0.008 890433}( 0.742%)
78 CnHan-12] 141|155 ] 169 | 183 [ 197|211 ] 8.079 | 8.430 | 8.089 [ 0.010 | 8438 | 0.008 2293832{( 1.910%)
9 Coti2a-to] 115 {129 143 {as7 117t {185 ] 8079 | 8430 | 8.089 {0.010 | 8.438 | 0.008 1338765}( 1.115%)
20 CnHan-18{ 178} 191|205 [2191233 {2471 8.079 | 8.430 | 8089 | 0.010 | 8.438 | 0.008 73336/( 0.061%)
81 n-C17 43 | 57| 71 | 85 {.99 |240] 8.430 | 8.476 | 8.438 | 0.008 | 8184 | 0.008 826222|( 0.688%)
82 i-Paraffing] 43 | 57 | 71 [ 85 | 99 |113] 8.476 | 8.808 | 8.484 | 0.008 | 8.814 | 0.006 1639560|( 1.366%)
83 Cyclopara) 41 | 55 ] 69 | 83 | 97 [111] 8.176 | 8.808 | 8.484 | 0.008 | 8 814 | 0.006 2111240( 1.758%)
84 Cntizn-8] 117] 131 145 [ 159 | 163 | 177 8.476 | 8.808 | 8.48% | 0.008 | 8.814 | 0.006 177791{( 0.398%)
85 Caizn-6] 91 [1051 1191133 147]161] 8.476 | 8.308 | 8.484 | 0.008 | 8.814 | 0.006 615812]( 0.513%)
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86 CnH2n-12] 141 [155[ 169183 ] 197[ 211 ] 8.476 | 8.808 | 8484 | 0.008 | 8.814 | 0.006 1564843]( 1.303%)
81 CnH2n-10] 1151291431 157[ 171|185 | 8.476 | 8.808 | 8.484.[ 0.008 | 8814 | 0.006 8519981(0.712%)
88 CnH2n-18] 178]191]205]219[333[247] 8376 | 8.808 | 8.484 | 0.008 | 8814 | 0.006 243918[(0.203%)
89 n-CI8[ 43 | 57| 71 | 85 | 99 [254] 8.808 | 8.866 | &.814 | 0.006 | 8.872 | 0.006 668888/( 0.557%)
90 i-Paraffins] 43 | 57 | 71 | 85 [ 99 [113] 8.866 | 9.187 [ 8.872 | 0.006 | 9.192 | 0.005 1319602{( 1.099%)
91 Cyclopara] 4155 | 69 |83 | 97 [111] 8.866 | 9.187 | 8.872 | 0.006 | 9.192 | 0.005 1693248[( 1.410%)
92 CnH2n-8] 117[131 [ 145] 159 163 | 177] 8866 | 9.187 | 8872 | 0.006 | 9.192 | 0.005 327028{( 0.272%)
93 CnHzn-6] 91 [105] V191133 [ 147|161 | 8866 | 9187 | 8472 [ 0006 [ 9192 | Do0s 154840](0.379%)
9 CnH20-12] 141 [ 155|169} 183 | 197|211 | 8w66 | 9187 | ¥ %72 | noue | 9192 [ Does T81816(0.651%)
95 CnH2n-10] 115129143 [ 157|171 | 185 8866 | 9 187 | 872 | uoos | 9.192 | 0 005 151709(( 0.376%)
9 CnH2n-18] 1781191205219 233 | 247] 8.866 | 9.187 | 8.872 | 0.005 | 9 192 | 0.005 7070481( 0.589%)
97 n-Ci9) 43 {571 71 {85 | 99 [268] 9.187 | 9.234 | 9.192 | 0.005 | 9239 | 0.005 172812{( 0.394%)
98 i-Paraffins| 43 ] 57 | 71 | 85 | 99 1113} 9234 | 9.523 | 9.239 | 0.005 | 9.527 | 0.004 846072{( 0.705%)
99 Cyclopara 41 | 55 169 | 83 | 97 [111] 9.234 | 9.523 | 9.239 | 0.005 | 9.527 | 0.004 1183659{( 0.986%)
100 CnH20-8] 1171131 [ 145159 {163 [177] 9.234 | 9.523 | 9.239 | 0.005 | 9527 | 0.004 200520/( 0.167%)
101 CnH2n-6] 91 [ 10511191133 | 147{161] 9.234 | 9.523 | 9.239 | 0.005 | 9.527 | 0.004 287782|( 0.240%)
102 | CnH2n-12} 141 {155 169] 18311972117 9.234 | 9.523 | 9.239 | 0.005 | 9.527 | 0.004 62393 1( 0.520%)
103 | CnH2n-10{115] 12911431 157] 171|185} 9.234 | 9.523 | 9.239 | 0.005 | 9.527 | 0.004 239295}( 0.199%)
104 | CnH20-18]17811917205]219]233{247] 9.234 | 9.523 | 9.239 | 6.005 | 9.527 | 0.004 741840[( 0.618%)
105 n-C20 43 [ 57 1 71 ['85 | 99 {282] 9.523 | 9.578 | 9.527 | 0.004 | 9.582 | 0.004 333899](0.278%)
106 | i-Paraffins| 43 | 57 71 {85 | 99 [113] 9.578 | 9.860 | 9.582 | 0.004 | 9.864 | 0.004 550035(( 0.458%)
107 | Cyclopara| 41| 55 [ 69 | 83 | 97 [111] 9.578 | 9.860 | 9.582 | 0.004 | 9.864 | 0.004 752095]( 0.626%)
108 CnH2n-8[ 117] 131145159 163|177 9.578 | 9.860 | 9.582 | 0.00% | 9.864 | 0.004 63033( 0.052%)
109 CnH2n-6{ 91 [ 105} 119133 |147] 161 9.578 | 9.860 | 9.582 | 0.004 | 9.864 | 0.004 188706]( 0.157%)
110 | CoH2n-12)1411155[ 169|183 197]211] 9.578 | 9.860 | 9.582 | 0.004 | 9.864 | 0.004 479998|( 0.400%)
11 |~ coHan0f 1151129 [143{157]171]185] 9.578 | 9.860 [ 9.582 | 0.004 | 9.864 | 0.004 94768/( 0.079%)
112 | CnH2n-18]178]191]205]219]233{247| 5.578 | 9.860 | 9.582 | 0.004 | 9.864 | 0.004 455952{( 0.380%)
13 n-C21| 43 | 57 | 71| 85 | 99 [296] 9.860 | 9.912 | 9.864 | 0.004 | 9.916 | 0.004 224895]( 0.187%)
14 | i-Paraffins| 43 | 57 | 71 {85 { 99 {113] 9.912 }10.163 | 9.916 | 0.004 | 10.167 | 0.004 337240} 0.281%)
15 | Cyclopara] 41 [ 55} 69 | 83 } 97 [111] 9.912 | 10.163 | 9.916 | 0.004 | 10.167 [ 0.004 459847]( 0.383%)
116 CaH2n-8{ 117]131 [ 145159163 | 177] 9.912 110.163 | 9.916 | 0.004 | 10.167 | 0.004 40739{( 0.034%)
N7 [ - coH2n6] 91 [105]119]133] 147]161] 9.912 [ 10.163] 9.916 | 0.004 | 10.167] 0.004 62686]( 0.052%)
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CnH2n-12] 14}

1551169{ 1831197241 9.912 | 10.163] 9.416 | 0 064 | 10.167 | 0.004 187479)( 0.156%)
119 CnH2n-10] 1151129} 1431157 171]185] 9.912 | 10.163 | 9.916 | 0.004 | 10.167 ] 0.004 3I918{( 0.028%)
120 CnH2n-18} 17811911205]1219]233]247] 9912 | 10,1631 9.916 | 0.004 § 10,167 ] 0.004 432808[( 0.102%)
121 n-C22{ 43 | 57 | 71 | 851 99 |310110.163 ] 10.266 [ 10.167 | 0.0604 [ 10,270 ] 0.004 1698404( 0.141%)

122 i-Paraffins] 43 | 57 171 | 85| 99 | 113]10.266 [ 10.519] 10.270 | 0.0¢4 | 10,523 | 0.004 1484581 0.124%)
§23 Cyclopara.f- 41 | 5569183197 1111]10.266}10.519]10.270] 0.004 | 10.523 { 0.004 231145]( 0.193%)
124 CnH2n-8{ 11781311 145{ 1591163} 177]10.266 | 10.519{ 10.270 ] 0 604 | 10,523 | 0.004 59871( 0.005%)
125 CnHIn-6| 91 |105]119{133 | 147} 161]10.266 | 10.519 ] 10.270 | 0.004 | 10.523 | 0.004 £802{( 0.007%)
126 CnH2n-120 1410|1550 1691183 197}211] 10.266110.519 1 10.2701 0.004 | 10.523 | 0.004 255181 0.021%)
127 CoH2n-10[ 11511291431 15717} | I85] 10.266 | 10.519 | 10.270| ¢ 004 | 10.523 | 0.004 2125]( 0.002%)
128 CoH2n-18 1781912051219 233|247 10,266 | 10.519 | 10.270 | 0.004 } 10.523 | 0.004 273607)( 0.228%)
129 n-C23; 43 | 57171 1 851 99 1324 10.519] 10.619 | 10.523 | 0.004 {1 10.623 | 0.004 83101}( 0.069%)
130 i-Paraffins} 43 § 57 { 71 | 85| 99 {113]10.619)10.912| 10.623 | 0.004 | 10.516 | 0.004 4346-( 0.036%)
131 Cyclopara.l 41 { 55169 | 83 | 97 | 111]10.619]10.912}10.623 ] 0.004 { 10.916 | 0.004 383191( 0.032%)
132 CnH2n-8] 117[131]145]159]163 1777 10.619] 10912 | 10.623 | 0.004 | 10,916 ] 0.004 0[( 0.000%%)
133 CnH2n-6f 91 110511191133 {147]161] 10.619] 10.912] 10.623 | 0.004 | 10916 | 0.004 0( 0.000%)
134 CnH2n-12[ 141 [ 1551169 183 | 19712411 10.619] 10.912 ] 10.623 | 0.004 | 10916 | 0.004 01( 0.000%)
135 CnH2n~10{ 115|129} 143 | 157 | 171|185} 10.619]10.912§10.623 } 0 004 | 10,916 | 0.004 0]( 0.000%)
136 CnH2n-18[ 178{ 191 {205[2191233]247[ 10,619} 10912]10.623 {1 0.004 } 10916 | 0,004 476171( 0.040%)
137 n-C24| 43| 571 71 1 85 ] 99 {338} 10.912]10.964] 10,916 ] 0.004 | 10.968 | 0.004 21521 0.0}8%)
138 i-Paraflins 43 | 57| 71 | 851 99 | 113]10.964 ] $1.800 | 10.968 | 0.004 } 14.804 | 0.004 10799]( 6.009%)
139 Cyclopara.] 41 1 55 | 69 | 83 | 97 {111] 10.964 | 14.800 | 10.968 { 0.004 § 14.804 { 0.004 2092|( 0.002%)
140 CnH2n-8] 1171 1311145} 159]163]177] 10.964 | 14.800 | 10.968 | 0.004 | 14.804 | 0.004 Of( 0.000%)
H1 CnHIn-6] 91 [105]119] 133 | 1471161 | 10.964 | 14.800 | 10,968 | 0.004 | 14.804 | 0,004 0{( 0.000%)
142 CoH2n-12§ 14111551169} 183119712111 10964 | 14.800] 10.968 | 0.004 | 14.804 | 0.004 Ol( 0.000%)
14 CnH2n-10{ 1151129 ] 143 15T 171 185] 10.964 | 14.800 | 10,968 | 6.004 | 14.804 | 0.004 0f( 6.000%)
144 CnH2n-18] 1781 1911205]1219]2331247] 10,964 | 14.800 | 10,968 | 0.004 | 14.804 | 0.004 M( 6.000%)
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Rule numbeyr, integer index
Compound or group of compounds rules applies to:

cyclopara‘s alkylated 1 ring cycloparaffins
CnHan-6 alkylated benzenes

CnHop-8 alkylated indanes

CnHan-10 alkylated indenes

CnBan-12 alkylated naphthalenes

CpH2n-18 alkylated phenanthrenes/anthracenes

Maases used in Rule [up to n may be speciflied, where n is an lnteger which
is equal to the number of masses scanned durlng the time interval (d to e)
either in full scan mode or Belected ion monitoring mode].

ptart retention time in minutes

end retention time in minutes

corrected start retention time

correction = difference between start and cstart (in minutes)

corrected end retention time

correction = difference between end and cend (in minutes)

Abundanca, both as total sum and as normalized percentage based on Chemist’s
Rulas.
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1. A method for predicting physical, perceptual,

performance or chemical properties of a complex hydrocarbon mixture

vhich comprises:

{a) selecting at least one property of the hydrocarbon mixture;

{b) selecting reference samples, said reference samples containing

characteristic compound types preéent in the complex hydrocarbon

mixture and which have known values of the property or properties

selected in step (a):

{c) producing a training set by the steps of:

(1)

{2)

3)

(4)

(5}

{s)

injecting each reference sample into a gas chromatograph
which is intexfaced to a mass spectrometer thereby causing
at least a partial separation of the hydrocarbon mixture

into constituent chemical components;

introducing the constituent chemical components of each
reference sample into the mass spectrometer, under dynamic

flow conditions;

cobtaining for each reference sample a series of time

resolved mass chromatograms;

calibrating the mass chromatograms to correct retention

times;

selecting a series of corrected retention time windows;

selecting within each retention time window a series of
molecnlar and/or fragment ions, said icons being
representative of characteristic compounds or molecular

classes expected within the retention time window;
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(a)

{e}

{£)

(N

(8)

{9)

(10}
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recording the total amount of each characteristic compound

or compound group selected in step c{6);

forming the data from steps c(6) and ¢(7) into a X-block

matrix;

forming the data selected in {a) for reference samples

selected in (b) into a Y-block matrix;

analyzing the data from steps ¢(8) and ¢(9}) by multivariate
correlation technigues including Partial Least Squares,
Principal Component Regression, or Ridge Regression to

produce a series of coefficients;

subjecting an unknown hydrocarbon mixture to steps c(l) to c{3)

"in the same manner as the reference sample to produce a series of

time resolved mass chromatograms;

repeating steps c¢(4} to c¢{8) for each mass chromatogram from step

{d);

multiplying the matrix from step (e) by the coefficients from

step ¢(10) to produce a predicted value of the property or

propexrties.

2. The method of claim 1 wherein the gaé chromatograph is a

capillary gas chromatograph and the mass spectrometer is a quadrupole

mass spectrometer.

3. The method of claim 1 wherein the gas chromatograph and

mass spectrometer are operated under repeatable conditions.

4. The method of claim 1 wherein the selection of a series

of molecular and/or fragment ions characteristic of compounds or

compound classes is accomplished using Chemist’s Rules.
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5. The method of claim 1 wherein the selection of a series

of molecular and/or fragment ions characteristic of compounds or

compound classes is accomplished using Hydrocarbon Type Analysis.

€. The method of claim 1 wherein data from the gas

chromatograph and mass spectrometer are stored in a computer.

7. The method of claim 1 wherein data from steps (c)} to (f£)

are treated in a computer.

8. The method of claim 1 wherein other chemical,
performance, perceptual or physical properties of the hydrocarbon

mixture are selecred.
9. The method of claim 1 wherein the data are collinear.

10. The method of claim 1 wherein the multivariate correla-

tion technique is Partial Least Squares.



