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BAC1)GBQUNP OF THE INVENTION 

l. Field Of The Invention 

This invention relates to a method for rapidly predicting the 

physical and chemical properties of a c:cmplex hydrocarbon mixture 

usinq a combination of gas chromatography and mass spectrometry. 

2. Description Of The Related Art 

Traditional wet chemistry methods for obtaininq physical and 

chemical properties of a complex hydrocarbon mixture are very time 

consuminq. Hydrocarbon mixtures typically contain many thousands of 

aif ferent chemical compounds so only bulk properties for classes of 

compounds are usually measured, e.q., 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 9aso}ine 

ranqe. Crawford and Hellmuth, Fuel, 1990, 69, 443-447, describe the 

use of 9as 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 usinq qas chrcmatograpy, 

measuring the signal strength of ion intensities at characteristic 

masses in the mass spectrum, and correlating these ion intensities to 

cetane number using multiple regression analysis. 

Combined gas chromatoqraphyimass spectrometry (GC/MS) 

analysis has been done en crude oils. u.s. patent S,119,315 discloses 

a method for aligninq sample data such as a mass chromatogram with 

reference data from a known substance. Williams et al, 12th European 

Assoc. Orqanic Geochem., Organic Geochem. Int. Mtq. (Germany 09/16-
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20/85); Organic Geochemistry 1986, Vol. 10 (1-3) 451-461, discusses 
the biodeqradation of crude oils as measured by GC/MS analysis. 

It would be desirable to have·a method for predicting proper-

· ties of complex hydrocarbon mixtures using qas chromatography/mass 
spectrometry which method involves analyzing collinear data. 

SUMMARY OF THE INVENTION 

This invention relates to a method 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 containinq 
characteristic compound types present in the complex mixture and 
which have known values for the property or properties selected 
in step (a); 

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

(1) injecting each reference sample into a gas chromatograph 
wh1ch is interfaced to a mass spectrometer thereby causing 
at least a partial separation of the hydrocarbon mixture 

into constituent chemical components; 

(2) introducing 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 

resolved mass chromatograms; 

(4) calibrating the mass chromatograms to correct retention 

times1 
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(5) selecting a ~eries of corrected retention time windows; 

(6) selectinq within each retention time window a series of 

molecular and/or-fragment ions, said ions beinq representa­

tive of characteristic compounds or compound classes 

expected within the retention time window; 

(7) recordinq the total amount of each characteristic compound 

or compound group selected in st~p c(6); 

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

matrix; 

(9) forming the data.selected in (a} for reference samples 

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

(10) analyzing the data from steps c(S) and c(9) by multivariate 

correlation techniques including Partial Least Squares, 

Principal Component Regression or Ridge Reqession to produce 

a series of coefficients; 

(d) subjecting an unknown hydrocarbon mixture to steps c(l) and ct3) 

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

ti.me resolved mass chromatograms; 

(e) repeating steps c(4} to c(B) for each mass chroma~ogram from step 

(d); 

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

step c(lO} 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 

complex hydrocarbon mixtures such as chemical composition and concen­

tration data on specific components, distillatio~ 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 

period. 

DETAILED DESCRIPTION OF THE INYENTION 

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 tarqet fragment 

and/or molecular ions produced by the MS. The MS information is 

compared to a set of known properties from reference samples which 

form a training set. By mathematically comparing the experimen~al 
data with that of the training set, one may predict the desired 

properties of the unknown mix~ure. 

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 into components or 

mixtures of components, gas chromatography, especially capillary gas 

chromatography is preferred for interfacing with a mass spectromeeer. 
Both GC and MS utilize computer software for instrument control, data 

acquisition and data reduction. The computer platform should be 
capable of acquiring at least 2000 mass spectra in about 1 minutes. 

The sample mixture to be analyzed is first injected into a 

CC where the mixture components are separated as a function of reten­

tion time, typically on the basis of boiling point. only partial 

chrcmatoqraphic resolution of mixture components is necessary. The cc 
oven temperature control is ~sually programmed for samples with a wide 

boiling ranqe. 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 io-3kPa), the instrument interface requires a 

coupling device such as a molecular separator (e.g., jet, memb~ane, 
etc.)~ open split coupler or capillary 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 
spectrometer. 

In the MS, 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 spectra are obtained over a scan ranqe of at least 10 to at 
least 450 daltons. The mass spectral data may also be acquired under 
selected 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 
instruments may be used including low resolution, hiqh resolution 

KS/MS (hybrid or triple quadrupole, etc.) ion cyclotron resonance and 
time of flight. Any ionization technique may be used, such as 

electron ionization, chemical ionization, multiphoton ionization, 
field desorption, fi~ld 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 l mass 

spectra. The mass spectra are divided into n time intervals where n 
is an integer from. l to l. At least one diaqnostic ion is chosen from 
each of m time intervals where m is an integer from l to n. The term 
•diagnostic ion" 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 yieid diagnostic ions of 

suitable and repeatable intensity and accuracy. 

If the mass spectral data are 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 data are acquired in the selected ion 

monitorinq mode, then care must be taken that the ions selected for 

monitorin9 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 c.01.os. 

The reference mass spectral data, and associated properties 

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 intensi~ies at qiven masses 

and the other matrix contains known ion intensities for molecular 

fragment ions of known components. The training set for chemical 

cOll'lposition data is thus made up of mass spectral data for different 

components 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 aliqned) form the ether block {X-block) or 

matrix of data. These two matrices are subjected to mathematical 

treatments known as Partial Least Squares (PLS), or Principal 

Component Reqression (PCR)~ or Ridge Regression (RR) to obtain a 
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mathematically describable relationship between the properties data 

and mass spectral data, known as a model. Coefficients provided by 

this model are mathematically· combined with the suitably treate~ mass 

spectral data from samples with unknown desired properties to: 

a) predict desired properties; 

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

and 

c) diagnose the stability and qeneral correctness of the 

process that yielded the mass spectral data. 

PLS/Pf!R/RR are described in the literature, e.g., Wold s., 
A. Rube, B. Wold, and w. J. Dunn, HThe Collinearity Problem in Linear 

Regression. 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 Re9ression: A Tutorial", 

Anal. Chim. Acta, 1986, lBS, l-17, or Hokuldsson A., "PLS Regression 

Methods", J. Chemometrics, 1968, 2, 211-228, or in many other articles 

in jour~als 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, Vol. 35, No. 2; 

Jackson, J. E., •A User's Guide To Principal Components", Wiley­

Interscience, ~ew York, 1991; Montgomery, o. c., •Introduction To 

Linear Reqresaion Analysis", Wiley-Intersc:ienc:e, New York, 1990; and 

Martens, B., 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 classes of compounds. The selec­

tion of such masses are the basis for a set of rules which then forms 

the data for the traininq 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, BS, ••• daltons, and these masses 
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may be used aa 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 sets for other chemical, perceptual, perfor­

mance or physical properties m~y 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 as PLS/PCR/"RR of the training set is a set of coefficients for 

the properties of 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. 

EXAMFLE 1 

The method for predictinq 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 generally applicable to a range of other performance 

properties as well as physical, perceptual or chemical properties of 
such mixtures. 

The initia.l consideration is to establish a set of standard 

GC/MS operating parameters so that the GC/MS analytical data used for 

predicting properties are obtained under the same operating condi­

tions. The GC/MS instrument used in this example is a Hewlett-Packard 

5972 Maas Selective Detector interfaced to a Hewlett-Packard 5890 

series II Gas Chromatograph fitted for use with microbore columns. 

The GC/MS operating conditions are summarized in Table l. 
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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 µL 
Split Ratio 
Column Head Pressure, kPa 
Interface Temperature (°C) 

MASS SPECTROMETER CONDITIONS 

Ionization Mode 
Mass Range Scanned (daltons) 
cycle Time (minutes) 
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TABLE 1 

Phenyl Silicone (such as HP-S) 
lOm x O.lmm, 17 micron film thickness 

35 
2 
30 
275 
s 
Helium 
25.6 
o.s 
500:1 
Approximately 260 
295 

Electron Ionization, 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 were prepared from five typical 

refinery streams used for blending diesel fuels. These refinery 

streams are designed as HAGO/KGO (Heavy Atmospheric Gas Oil/Coker Gas 

Oil), HCISOIST (Hydrocracker Distillate), LOPOUR (Low Pour Point 

Distillate), CLHO (Cat Liqht Heating Oil) and SRI.GO (Straight Run 

Light Gas Oil), 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 

CE'l'ANE HAGO/XGO HCISOIST LO POUR CLHO SRI.GO 
SAMPLE NUMBER* (VOU) (VOL\} (VOL\) (VQL\} (VOL~} 

A 32.6 24.15 8.7? 24.25 42.25 o.oo 
B 33.S 26.25 9.25 25~75 38.75 o.oo 
c 34.1 27.25 9.75 27.25 35.25 o.oo 
D 35.0 29.25 10.25 28.50 32.00 o.oo 
E 36.3 30.75 10.75 30.00 28.50 o.oo 
F 37.4 32.00 11.2s 31.50 25.25 o.oo 
G 38.5 33.50 ll. 75 33.00 21.75 o.oo 
H 39.2 35.00 12.25 34.25 18.50 o.oo 
I 40.0 36.50 12.75 35.75 15.00 o.oo 
J 41.0 38.00 13.25 37.25 ll.50 o.oo 
x 42.0 39.25 lJ.75 38.75 8.25 a.co 
L 43.2 40.75 14.50 40.00 4.75 o.oo 
M 43.9 42.25 15.00 41.SO l.25 o.oo 
N 45.3 40.25 14.25 39.50 o.oo 6.00 

HAGO 44.9 

HCISI>IST 43.8 

LO POUR 44.l 

CLHO 15.0 

SRLGO 54.7 

* as measured by ASTM D 613-86 

A data treatment method should be seleceed prior to obtaining 

raw GC/MS data. Two types of data treatments which may be used are 

Chemiat•s Rules and Hydrocarbon compound Type Analysis as described, 

for example, in ASTM 02425-86. 

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 qiven peak occurs; and (2) the actual Rules 

which are based on a selected series of masses correspondinq 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 basis that they have prcminent molecular and/or 

fragment ions unique to that compound or molecular series. A portion 

of the Chemist•s Rules are shown in Table J. The full set of 

Chemist's Rules fer Distillates is shown as a table following Example 

4. 



~ 
\0 
:;;! 
Ci --TABLE J b. 

BETgNTION TIHE(d) RULEs(a} COMPOUND (b) Mass(c) STAR't · ENO 

1 Paraffins 43 57 7l 85 99 113 0.400 3.162 2 cyoloparaffine 41 . 55 69 83 97 111 0.400 3.162 3 Toluene 91 92 0.400 2.860 4 CnH2n-8 117 131 145 159 163 177 2.851 3.162 5 CnH2n-6 91 105 119 133 147 161 2.851 3.162 6 CnH2n-12 141 155 169 183 197 211 2.851 3.162 7 CnH2n-lO 115 129 143 157 171 185 2.851 3.162 8 CnH2n-l8 178 191 205 219 233 247 2.851 3.162 9 n-ca 43 57 71 SS 99 114 3.162 3.200 10 i-Paraffins 43 57 71 85 99 113 3.200 4.100 11 cycloparaff ine 41 55 69 83 97 111 J.200 4.100. ~ 
fJ 12 CnH2n-a 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-lO 115 129 143 157 171 185 J.200 4.100 16 CnH2n-l8 178 191 205 219 233 247 3.200 4.100 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 137 n-C24 43 57 71 85 99 338 10.912 10.964 138 i-Paraffins 43 57 71 85 99 113 10.964 14.800 

~ 
139 cycloparafflna 41 SS 69 83 97 111 10.964 14~800 140 CnH2n-8 117 131 145 159 163 171 10.964 14.800 141 CnH2n-6 91 105 119 133 147 161 10.964 14.800 I'll 

'° ~ 
0 
Cl\ 

~ 



142 
143 
144 

CnH2n-12 
CnH2n-10 
Cnff2n-l8 

a} Rule number, integer index 

141 
115 
178 

155 
129 
191 

b) Compound or group of compounds rule applies to 
!-para's isoparaffina 

169 
143 
205 

cyclopara•s alkylated l ring cycloparaffina 
C0H2n-6 alkylated benzenes 
CnH2n-8 alkylated indanes 
CnH2n•lO alkylated indenes 
CnH2n-12 alkylated naphthalenes 
CnH2n-l8 alkylated phenanthrenes/anthracenes 

183 
157 
219 

197 
171 
233 

211 
185 
247 

10.964 
10.964 
10.964 

(c) Masses used in Rule (up to n may be specified; where n is an integer which ls equal to the 
number of masses scanned during the time interval (d) either in full scan mode or selected 
ion monitoring mode). 

(d) Retention time for both starting and ending expected retention times based on ~lstorical 
averages in minutes. 

14.800 
14.800 
14.800 

... 
w 

~ 
\0 

~ ... ... 
~. 

I'd 

~ 
~ 

~ 
*B 
N 
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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. 

MASS 

lA.L 

92 
106" 
128 
156 
184 
226 
178 
282 

(a) 
(b) 

(c) 

{d} 
(e) 
( f) 

TABLE 4 

RETENTION TYPE LIMIT CALIBRATION 
TIME Cbl .l£L -LQ.L TIME Ce) 

2. Bl2 I? 0.200 2.807 
3.840 p 0.200 3.866 
4.800 p 0.200 4.800 
S.554 p 0.200 5.536 
6.667 p 0.200 6.675 
8.058 p 0.200 8.068 
9.000 I? 0.300 9.006 
9.555 p 0.200 9.559 

Mass or compound selected for the calibration 

CORRECTION 
(f) 

-o.oos 
0.026 
0.000 

-0.018 
o.oos 
0.010 
0.006 
0.004 

Expected occurrence time, typically based on average of sever'al 
analyses 
P=peak or maximum occurrence, F=first occurrence of the material 
Range (± minutes) for reference compound 
Observed retention time for reference material 
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. For 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 the 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 S for this demonstration analysis. Table 5 ir; 

its entirely is given as a· table following Example 4. 



Rule8 Comoounclb 

I Paraffins 43 51 
2 Cyclopara's 41 55 

.3 Toluene 91 92 

"' CnHln-8 117 Ill 
s CnHln-6 91 IOS 
6 CnH2n-12 141 I.SS 
1 CnH2n-IO JI$ 129 
8 Cnll2n-t8 178 191 

' n-C8 43 51 
10 i·Paraffins 43 S1 
II Cyclopara's 41 SS 
12 CnH2n..S 117 ll 1 
l3 CnHln-6 91 10.S 
14 CnH2n-12 141 l.S.S 
15 CnH2n-IO llS 129 
16 CnHln-18 178 191 . . . . . . . . 

Table S 

CHEMIST'S RULES FOR DISTILLATES WITH COH.RECTIONS 

Total Raw Abundance lTIC) : 264722694 
Chemist Rule : 120067945 __l1S.356%) -Air Leakane : 251310 { 0.095%) 

Avu. Scan Rate (Min/Max) : 215 (215/216) 
Number of Records : 4168 

MasscsC Stan° Ernie CStart1 Corrg CEnd11 Corr' 

71 SS 99 113 0.400 3.162 0.399 -0.001 3.168 0.006 
69 81 97 111 0.400 3.162 0.399 -0.00 I 3.168 0.006 

0.400 2.860 0.399 -0.001 2.8S6 --0.004 
I-IS 159 163 177 2.8St 3.162 2.847 ·0.004 3.168 0.006 -119 133 147 161 2.SSI 3.162 2.847 -0.00-1 3.168 0.006 
169 183 197 211 2.8SI 3.162 2.8-t7 .().()().J 3.168 0.006 
143 157 171 IU 2.SSI 3.162 2.847 -0.()()4 3.168 0.006 --205 219 233 247 :i.UI 3.162 2.847 -0.004 3.168 0.006 
71 85 99 114 3.162 3.200 3.168 0.006 J.207 0.007 
71 85 99 113 3.200 4.100 3.207 O.OIJ7 4.119 0.019 
69 83 91 111 3.200 4.100 3.207 0.007 4.119 0.019 
145 159 163 177 3.200 4.100 3.207 0.007 4.119 0.019 
lt9 133 147 161 3.200 4.100 3.207 0.007 4.119 0.019 
169 183 197 211 3.200 4.100 3.207 0.007 4.119 0.019 
143 157 171 185 3.200 4.100 3.207 0.007 4.119 0.019 
205 219 233 247 3.200 4.100 3.207 0.007 .... , 19. 0.019 . . . . ' . . . . . . . . . . . . • . . . 

Abund:mccl 

32408 (0.027%) 
63441 (0.0S3%) 

223588 ( 0.186%) . 
0 ( 0.000%)' 
0 (0.000%) 
0 ( 0.000%) 
0 (0.000%) 
0 (0.000%) 

13814 ( 0.012%) 
121248 (0.101%) 
216183 (0.180%) 

0 (0.000%) 
258820 (0.216%) 

0(0.000%) 
0 (0.000%). 
0 (0.000%) . . . . 

..... 
O'I 

~ 
\0 
~ 
Cl .... .... 
fl 

.,, 
~ 
I 
~ 



. 
137 
138 
139 
140 
141 
142 
143 -..... 

a) 
b} 

c) 

d) 
e) 
f) 
g) 
h) 
i) 
j) 

. . . • . . . . . . . . . . . 
n-C24 43 S1 71 as 99 338 10.912 10.964 10.916 0.00 .. 10.968 0.004 21521 ( 0.018%) 

i-Paraffins 43 S1 71 85 99 113 10.964 14.800 10.968 0.00-t 14.80..J 0.00-1 10799 ( 0.009%) 
Cvctopara. 41 SS 69 83 97 111 I0.964 14.800 10.968 0.00-t 14.804 0.004 2092 ( 0.002%) 

CnH2n·8 117 131 145 159 163 177 10.964 14.800 10.968 0.004 14.804 0.004 () ( 0.00<>°/o) 
CnH2n-6 91 lOS 119 133 147 161 10.96--1 14.800 10.968 0.004 l.J.80-1 ().004 () ( 0.00IJ%) ---- -Cnll2n·l2 141 155 169 183 197 211 10.964 14.800 J0.968 0.004 14.80-1 0.00.J () ( 0.00()0,{,) 

CnH2n-IO llS 129 143 IS~ 171 185 10.%4 14.800 10.968 0.00.J 14 80.J 0.00-4 () ( 0.0!>0%) 
CnH2n·l8 178 191 20S 219 2.33 247 J0.96-1 14.800 10.9<>8 0.004 l.J.80 .. 0.00.J () ( 0.000%) - ·t-+i·t+++++t+ H++++++++ 

Sum= 12006794.S (100.000%). 

Rule number, integer index " 
Compound or group of compounds.rule applies to; 
cyclopara'e alkylated 1 ring cycloparaffins 
CnH2n-6 alkylated benzenes 
C0 H2n-8 alkylated indanes 
C0H2n-lO alkylated indenes 
CnH2n-12 alkylated naphthalenes 
CnH2n-l8 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 selected ion monitoring mode}. 
start 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 g difference between end and cend (in minutes) 
Abundance, both as total sum and ~s normalized percentage based on Chemist's Rules 

..... 
-..J 

-· 
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Total Raw Abundance 
(TIC): 

Chemist Rule: 

Air Leakaqe: 

Average scan rate 
(Min/Max): 

Number of records: 

PCT/US96/0659l 
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Total area ooserved in the GC/MS analysis. 

Total area found using the Chemist's Rules; 
base~ en experience, should be greater than 30% 
of total raw abundance. 

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

Shows the minimum, average and maximum scan 
rates during the GC/MS analysis and is a useful 
diagnostic to identify instrumental problems. 

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 these· 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 

treatments are described by multivariate correlation techniques such 

as Projection to Latent Structures (PLS) ·or otherwise known as Partial 

Least squares {PLS), Principal component Regression (PCR), and Ridge 

Regression {RR). These techniques are superior to ordinary multigle 

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 

quantity of data generated by the Chemist•s Rules. Ordinary Multiple 

Linear Re9ression cannot be used to treat collinear variables. 

PLS/PCR/IUt are numerical analysis techniques for detecting 

and formulatinq a mathematical structure (model} 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 objects. These multiple variables are assigned 

into two categories, known as X-block and Y-block. Observations 

associated 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 processes that may be different for each variable. ~he 

data set used to construct this mathematical model is referred to as 

the model calibration data set. 

The conunon 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/tut model, assessment of whether the new objects can be 

adequately described by the model, and whether the model 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 ~f 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 comttina­

tions 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 used to 

construct the model is determined through optimization of a criterion 

known as PRESS (Prediction Error Sum of Squares), cumulated by a Cross 

Validation (CV) technique using the training data set, and, followinq 

the general model parsimony principle. 



WO 97/01142. PCT/US9Ci/06592 

- 20 -

For PCR, the number of independent dimensions in the 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-block, 

a model is obtained by performing ordinary multiple linear regression 

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. 

Thus1 the Chemist's Rule data for the various reference 

samples and derived from GC/MS analysis form the X-block variables. 

PLS/PCR/FfR treatment may require preliminary reorganization of the 

X-block data, such as transpositiQn 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 represented by: 

X-Block Matrix 
( Chemist's Rules (n samples x 144 columns) 

X2,144 

XJ,142 XJ,143 XJ,144 

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

Yl 
Y2 
YJ 

Yo 

PCT/US96/06592 

The Y-block may be a 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 to 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 sutM'lations. 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 6 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. MEASURE? CETANE VALUES 

SAMPLE 

A 
c 
D 
F 
G 
I 
J 
L 

HCISOIST 
CI.BO 
HAGO 
LOPOU'R 

SRI.GO 

B 
E 
H 
K 
M 
N 

MEASU13ED* 

Training Set 
32.6 
34.l 
35.0 
37.4 
38.S 
40.0 
41.0 
43.2 
43.S 

. lS.O 
44.9 
44.l 
54.7 

Test Set 
33.5 
36.J 
39.2 
42.0 
43.9 
45.3 

PREDICTED 

32.3 
34.3 
35.2 
37 .. 2 
38.2 
40.l 
41.2 
43.3 
43.7 
15.0 
44.9 
44.l 
S4.7 

33.4 
36.3 
39.l 
42.2 
44.3 
45.2 

* measured by ASTM O 613-86 

The procedure of Example l was repeated for preaict~ng 

aniline point for diesel fuel blends. Samples A, c, D, F, G, I, J, L, 

and N were used to form the training set and samples B, E, H, K, 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. MEASUBED ANILINE POINT c•c1 

MEASURED* PREDICTED 

Training Set 
J&.8 37.l 
41.6 41.S 
43.J 43.3 
47.l 47.0 
49.2 48.9 
52.9 52.8 
54.6 S4.S 
SS.7 58.6 
61.8 62.2 

Test Set 
39.2 39.6 
45.8 45.l 
Sl.6 50.8 
56.7 56.6 
60.3 50.4 

* measured by ASTM D 611-82 (1987) 

EXAMPLE 3 

The procedure of Example l was repeated for predicting 

density .for diesel fuel blends. Samples A, c, o, F, G, I, J, L, and 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 PREDICTED vs. MEASURED DENSITY AT 15°C Cq/mll 

MEASURED* PR'EDICT!p 

Training -S!l;t 
0.8820 0.8829 
0.8797 0.8793 
0.8760 0.8760 
0.8684 0.8682 
0.8644 0.8641 
0.8567 0.8566 
0.8531 0.8530 
0.8452 0.8445 
0.8405 0.8416 

Test Set 
0.8836 0.8824 
0.8720 0.8718 
0.8606 0.8605 
0.8490 0.8486 
0.8417 0.8408 

* measured by ASTM D 5002-89 

EXAMPLE 4 

The procedure of Example l was repeated for predietinq 

distillation TSO values, the temperature at which SO'S 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 TSO C°Cl 

MEASURED* fREDICTED 

Training Set 
262 262 
261 261 
259 259 
258 258 
256 256 
257 257 
255 255 
252 252 
254 254 

Test Si!t 
261 262 
258 259 
255 257 
252 254 
251 252 

* measured by ASTM D 86-90 



W097/01142 PCT/US96/06592 

- 25 -

Other properties of diesel fuel blends such as cloud point, 

flash point, viscosity, pour point, heat content, distillation 

characteristics, LTFT, FFFT, etc., could be predicted usinq the method 

accordinq to the invention.· The subjeCt method can also be used to 

predict properties of other types cf complex hydrocarbon mixtures 

boilinq below 3S0°c. 



Rulea Comooundb Masse 

I Paraffins 43 
2 Cyclopara's 41 
3 Toluene 91 
4 Cnlf2n-8 117 . 
5 CnH2n-6 91 
6 CnH2n-12 141 
1 CnH2n·IO 115 
8 CnH2n-18 178 
9 n-CB 43 
10 i-Par•a 43 
II Cyclopara't 41 
12 CnH2n..S 117 
13 CnH2n-6 91 
14 CnH2n-12 141 
IS CnH2n-IO 115 
16 CnH2n-18 178 
17 n-C9 43 
18 i-Para1s 43 
19 Cvclooara's 41 
20 CnH2n-8 117 
21 CnH2n-6 91 
22 CnH2n-12 128 
23 CnH2n-10 115 

COMPLETE CHEMIST'S RULES FOlt DISTILl..A TES 

Retention Timed 
Start End 

57 71 85 99 I IJ 0.400 3.162 . -.-..... -··-- ·-·-- --- ---· 55 69 8J 1)7 I II 0400 3.162 -·- ___ ... _ ...... ..... ___ -- ---· 92 0.400 2.860 -----·- . ---131 l4S IS~> 16) 177 2 851 3 162 --105 119 133 147 161 2.851 l.162 
155 169 183 197 211 2.851 3.162 
129 143 157 171 185 2.851 3.162 
191 205 219 233 247 2.851 3.162 
51 71 85 99 114 3.162 3.200 
57 71 . 85 99 113 3.200 4.100 
55 69 83 97 II I 3.200 4.IOO 
131 145 159 163 177 3.200 4.100 ·ws 119 133 147 161 3.200 4.100 
155 i69 183 197 211 3.200 4.100 
129 143 157 171 185 3.200 4.100 
191 205 219 233 247 3.200 4.JOO 
.51 71 85 99 128 4.100 4.150 
57 71 85 99 113 4.150 4.880 
SS 69 83 97 111 4.150 4.880 
131 145 159 163 177 4.150 4.880 -. 105 119 133 147 161 4.150 4.880 
141 155 169 183 197 4.150 4.880 
129 143 1S7 171 185 4.ISO 4.880 
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24 CnH2n-18 178 191 205 
25 n-CJO 43 51 71 
26 i·Para's 43 57 71 
27 Cyclopara•s 41 55 . 69 
28 CnH2n-8 117 131 14S 
29 CnH2n-6 91 105 119 
30 CnH2n-12 141 155 . f69 
31 CnH2n-10 115 129 143 
32 CnH2n-18 178 191 205 --33 n-Cll 43 57 71 
34 i-Para's 43 57 71 
35 Cyclopara's 41 55 69 
36 CnH2n-8 1)7 131 145 
37 CnH2n-6 91 105 119 
38 CnH2n-l2 141 155 169 
39 CnH2n-10 115 129 . 143 
40 CnH2n-18 178 191 205 
4) n-Cl2 43 57 71 
42 i-Para's 43 51 71 
43 Cyclopara's 41 55 69 
44 CnH2n-8 117 131 145 
45 CnH2n-6 91 105 JJ9 
46 CnH2n-J2 14·1 155 169 
47 CnH2n-IO 115 129 143 
48 CnH2n-18 178 191 205 
49 n-CIJ 43 57 71 
so i-Para's 43 51 71 
St · Cvclopara's 41 SS 69 

219 233 
85 99 
85 99 
83 97 
159 163 
133 147 
181 I 97 ---- ............ -·-··· 
157 171 ----· _ .... ···-· ~ 

219 23l -·----· .. 
85 99 
85 99 
83 97 
159 163 
133 147 
183 197 
157 J 71 
219 233 
85 99 
85 99 
83 97 
159 163 
133 147 
183 197 
157 . 171 -219 233 
85 99 
85 99 
83 97 

. 
247 4.150 -
142 4.880 
113 4.900 
I JJ 4.900 
177 4.900 
161 4.900 ... __ 
211 4 900 - .. -.-
185 ·1900 ... __ 
247 4 900 
156 5.200 
113 5.580 
111 S.580 -177 5.580 
161 5.580 
211 5.580 
185 5.580 
247 5.580 
170 6.153 
113 6.178 
111 6.178 
177 6.178 
161 6.178 
211 6.178 
185 6.178 
247 6.178 
184 6.635 
IJJ 6.692 
11 l 6.692 

4.880 --4.901 
5.520 
5.520 
5.520 
5.520 
5 520 
5 520 
5.520 
5.580 --
6.153 
6.153 
6.153 
6.153 
6.153 
6.153 
6.153 
6.178 
6.635 
6.63S 
6.635 
6.63S 
6.635 
6.635 
6.635 
6.692 
7.124 
7.124 
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52 CnH2n-8 117 131 145 
SJ CnH2n-6 91 I05 I I 9 
54 CnH2n-12 141 155 169 
55 CnH2n-JO I IS 129 143 
56 CnH2n-18 178 191 205 
57 n-CJ4 43 57 71 --· 58 i-Para's 43 57 71 ------· ---· ·----·--59 Cyclopara's 41 55 69 . . 
60 CnH2n-8 117 131 14S __ .... 
61 Cn112n-6 91 )05 IJ9 
62 CnH2n-12 141 155 169 -63 CnH2n-10 115 129 143 
64 CnH2n-18 178 191 205 
65 n-Cl5 43 57 71 
66 i-Para's 43 57 71 
67 Cyclopara's 41 55 69 
68 CnH2n-8 117 131 145 
69 CnH2n-6 91 105 119 
70 CnH2n-12 141 155 169 
71 Cnll2n-IO 115 129 143 
72 CnH2n-18 178 191 205 
73 n-C16 43 57 71 
74 i-Para's 43 57 71 
75 Cyclopara's 41 55 69 
76 CnH2n-8 117 131 14S . 
77 CnH2n-6 91 105 119 
78 CnH2n-12 141 155 169 
79 CnH2n-10 115 129 143 

159 163 -·- -·--·-133. 147 . ______ ,,_ 
183 197 ·----157 171 -
219 233 
85 <)<) --- .... _ ............. -
85 1)1) ---- - .. 
81 (>7 ___ ......... -··. -·· I SIJ led ·------ ........... -..... _ .. 
133 1·17 -- ------
183 197 .-... ·---
157 171 --
219 233 
85 9C) 
85 99 
83 97 
159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
85 99 
SJ 97 
159 163 
133 147 
183 197 
157 171 

177 6 692 -
l61 6.692 ·---211 6.692 ---185. 6.692 
247 6.692 
198 7.124 ·---- ----113 7 12·1 ··-·-·-.. - ----· ... --111 7 12.f ---·-- ---177 7 124 

··161- ----7. t 2·1 --211 7.12'1 ---185 7.124 
247 7.124 
212 7.593 
113 7.645 
111 1.64'5 
177 . 7.645 
161 7.645 
211 1.645 
185 7.645 
247 7.645 
226 8.016 
Ill 8.079 
111 8.079. 
177 8.079 
161 8.079 
211 8.079 
185 8.079 

7.124 
7.124 ---7.124 --· 7.124 
7.124 
7.184 ---·-7.593 ·------· 7.593 --7 593 
7.59) --7.593 
7.593 
7.593 
7.645 
8.016 
8.016 --8.016 
8.016 
8.016 
8.016 
8.016 
8.079 
8.430 
8.430 
8.430 
8.430 
8.430 
8.430 
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80 CnH2n-18 178 191 205 
81 n-Cl7 43 51 71 
82 i-Para's 43 57 71 
83 Cyclopara1s 41 SS 69 
84 CnH2n-8 117 131 145 
BS CnH2n-6 91 105 119 
86 CnH2n-12 141 155 169 
87 CnH2n-10 115 129 143 
88 CnH2n-J8 178 191 205 
89 n-Cl8 43 57 71 
90 i-Para's 43 57 71 
91 Cyctopara's 41 55 69 
92 CnH2n-8 117 131 145 
93 CnH2n-6 91 105 119 
94 CnH2n-12 141 155 169 
95 CnH2n-JO 11 s 129 l43 
96 CnH2n-18 178 191 205 
91 n-Cl9 43 57 71 
98 i-Para's 43 57 71 

. 99 Cvclopara's 41 55 69 
100 CnH2n-8 117 131 145 
101 CnH2n-6 91 105 119 
102 CnH2n-12 141 ISS 169 
103 CnH2n-JO 115 129 143 
104 CnH2n-18 178 191 205 
105 n-C20 43 57 71 
106 i~Para's 43 51 71 
107 Cvclopara's 41 55 • 69 

219 233 
85 99 
85 99 
83 97 
159 163 
IJJ 147 --18J I 97 --- .... ___ ...... 
157 171 -----· 
219 2.l .l ----
85 99 
85 99 
83 97 --159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
SS 99 
83 97 
159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
85 99 
83 97 

247 8.079 
240 8.430 
113 8.476 
111 8.476 
177 8.476 
16 I 8.476 
211 8 476 ·--185 8.476 
247 8 476 
254 8.808 
113 8.866 
111 8.866 
177 8.866 
161 8.866 
211 8.866 
185 8.866 
247 8.866 
268 9.187 --113 9.234 
111 9.234 
177 9.234 
161 9.234 
211 9.234 
185 9.234 
247 9.234 
282 9.523 
JIJ 9.578 

'11 9.578 

8.430 . 
8.476 
8.808 
8.808 
8.808 
8.808 
8.808 
8.808 --8.808 
8.866 
9.187 
9.187 
9.187 
9.187 
9.187 
9.187 
9.187 
9.234 
9.523 
9.523 
9.523 
9.523 
9.523 
9.523 
9.523 
9.578 
9.860 
9.860 
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108 CnH2n-8 117 131 145 
109 CnH2n-6 91 105 119 
110 CnH2n-12 141 155 169 
I IJ CnH2n-t0 115 J29 143· 
112 CnH2n-18 178 191 205 
ll3 n-C2J 43 57 71 
114 i-Para's 43 57 71 
115 Cvclopara's 41 55 69 
I 16 CnH2n-8 117 131 145 
117 CnH2n-6 91 105 I 19 
118 CnH2n-12 141 155 169 
119 CnH2n-10 115 129 143 
120 CnH2n-J8 178 191 205 
121 n..C22 43 57 71 
122 i-Para's 43 57 71 
123 Cyclopara's 41 55 69 
124 CnH2n-8 J17 131 145 
125 CnH2n-6 91 105 119 
126 CnH2n-12 141 155 169 
127 CnH2n .. IO 115 129 143 
128 CnH2n-18 178 191 205 
129 n-C23 43 57 71 
130 i-Para's 43 57 71 
131 Cvcloparats 41 55 69 
132 CnH2n-8 I 17 131 , 145 

159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
85 99 
83 97 
159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
85 99 
83 . 97 
159 163 
133 147 
183 197 
157 171 
219 233 
85 99 
85 99 
83 97 
159 163 

177 9.578 
161 9.578 
211 9.578 
185 9.578 
247 9.578 
296 9.860 
113 9.912 
111 9.912 
177 9.912 
161 9.912 
211 9.912 
185 9.912 
247 9.912 
310 10.163 
113 10.266 
I I J 10.266 
177 10.266 
161 10.266 
211 10.266 
185 10.266 
247 10.266 
324 10.519 
113 10.619 
111 10.619 
177 10.619 

9.860 
9.860 
9.860 
9.860 
9.860 
9.912 
1.0.163 
10.163 
10.163 
10.163 

. 10.163 
10.163 
10. 163 
10.266 
10.519 
J0.519 
10.519 
10.519 
10.519 
10.519 
10.519 
10.619 
10.912 
10.912 
J0.912 
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133 
134 
135 
136 
137 
138 
)39 

140 
141 
142 
143 
144 

a) 
b) 

c) 

d) 

CnH2n-6 91 105 119 133 147 161 J0.619 }0.912 
CnH2n-I2 141 155 169 183 197 211 10.619 10.912 
CnH2n-10 1 IS 129 143 157 171 185 10.619 10.912 
CnH2n-18 178 191 205 219 233 247 10.619 10.912 

n-C24 43 51 71 85 99 338 f 0.912 I0.964 
i-Para's 43 57 71 85 99 113 10.964 14.800 

Cyclopara's 41 55 69 83 97 111 10.964 14.800 
CnH2n-8 117 ) 31 145 159 163 177 10.964 14.800 
CnH2n-6 91 105 119 133 147 161 10.964 14.800 

CnH2n-12 141 155 169 183 197 211 I0.964 14.800 
CnH2n-10 115 129 143 157 171 185 10.964 14.800 
CnH2n .. J8 178 191 205 219 233 247 10.964 14.800 

Rule number, integer index 
Compound or group of compaunde rule applies to 
i-para•e lsoparaffina 
cyclopara's alkylated 1 ring cyclcparaffins 
CnH2n-6 alkylated benzenes 
CnH2n-8 alkylatad indanes 
CnH2n-lO alkylated indenes 
Cnff2n-12 alkylated naphthalenes 
CnH2n-l8 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 ecanned durin9 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 avprages in minutes. 
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Rule8 Comoound0 

I Paramns .Jl 
l Cyclopara. 41 
3 Toluene 91 .. CnH2o·8 tl7 
5 CnH2n-4i 91 
6 CnH2n·l2 J.11 
7 CnHln-10 us 
8 CnHln-18 178 
9 n..CB .iJ 
10 i-Paraffins .&3 
11 Cydopara. 41 
12 CnHln-8 117 
13 CnHln-6 91 

14 CnHln-12 141 
IS CnH2n-JO 115 
16 CnHln-18 178 
17 n-C9 43 
18 i-Paramns 43 

19 C1·clopara. 4 l 
20 CnHln-8 117 
21 CnHln-6 91 

COMPl.E.rE CHEMIST'S R\Jl.ES FOR l>IS'flt.l.ATES WITH COltRECnONS 

Total Raw Abundance (TIC) : 264722694 
Chemist Rule : 120067945 - (45.356%) -
Air l..eakaRe : 251310 ! 0.095%} 

Avg Scan Rate (Min/Max) : 215 c21sn16' 
Number of Records · 4168 

Masses<: Stnrt<l Ende CSlart1 CorrU CEnd11 Corr1 AbundanccJ 
-

51 71 85 99 113 OAOO 3.162 0.399 ·ll.001 3.168 0.006 32.COK ( 0.027%} ·- ( 0.0Sl%) SS 69 83 97 II I OAOO 3.162 0.399 .(),{)()( 3 168 0.006 63-l.tl 
92 OAOO 2.860 0.399 ..f) 00 I 2.856 -0.00-1 223SKK ( 0.186%) 
131 145 IS9 163 177 2.RSI 3.162 2.847 -0.f>ll.t 3 168 0.(106 0 ( 0.000%) 

IOS 119 133 147 161 2.851 3.162 2.8-17 -0.(104 3.168 0.006 0 ( 0.000%) 
ISS 169 183 197 211 2.851 3.162 2.ft.17 -(l.004 3.168 0.006 () ( 0.000%) 
129 ... 3 1S7 171 lBS 2.851 3.162 l.R-17 -0.004 l.168 0.()06 0 {0.000%} 

191 205 219 233 241 2.SSl 3.162 2.847 ·0.0().J 3.168 0.006 0 ( 0.000%) 

51 71 85 99 114 3.162 l.200 3.168 0.006 l.207 0.007 1381-1 ( 0.012%) 

57 71 SS 99 113 l.200 4.IOO l.207 0.007 4.119 0.019 121248 { O.IOI%) 
SS 69 83 91 111 3.200 ·UOO 3.207 0.007 .t.119 0.019 216183 ( 0.180%) 
131 J.15 lS9 163 117 3.200 4.IOO 3.201 () 007 4.119 0.019 0 ( 0.00(1%) 
IOS 119 133 147 161 3.200 4.100 3.207 0.007 -U19 0.019 258820 { 0.216%) 
ISS 169 183 197 211 3.200 ·J.IOO l.207 0.007 -U19 ().(119 I} ( 0.000%) -- --~- -129 l.J3 IS7 171 18S 3.200 4. JO() 3.207 o.mn ·l.119 0.019 0 ( 0.()00%) -191 205 219 233 H7 J.200 4. l<l<l 3.207 0.007 4.tl9 0.019 () ( 0.00()%) 
57 71 85 99 128 ·UOO ·USO 4.119 O.OJCJ ·U68 0.018 15498 ( 0.013%) - -57 71 8S 99 113 -USO 4.880 4.l(1S ().(}18 4.87R .().()()2 660755 ( O.SSO%) 
SS 69 83 97 l 11 4.150 4.880 4.168 0.018 .t.878 .(),(102 1333269 ( 1.l IO%) 

131 145 159 163 17') -USO ·USO 4.168 0.018 4.878 ..0.002 22151 ( 0.018%) 
&OS ll9 133 147 161 ·USO 4.880 4.168 0.018 4.878 ..0.002 1218922 ( l.OIS%) 
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22 CnHln-12 141 ISS 169 183 197 

23 CnH2n·IO llS 129 143 157 171 
2.J CnH2n-18 178 191 20S 219 233 
25 n·ClO 43 51 71 8S 99 
26 i·Paraffins 43 57 71 8S 99 
27 C\'C:lopara. ... SS 69 83 91 
28 CnHln-8 ll7 Ill I.JS 159 163 
29 Cnltln-6 91 IOS 119 Ill 147 
]() CnH21)·12 141 155 169 18] 

i-
197 

31 CnHln-10 llS 129 tn lS7 171 

32 CnH2n-18 178 191 205 219 231 

ll n·Cl l .&3 51 71 85 99 
3-1 i-Paraffins 43 51 11 8S 99 
35 C)·clopara. -4 I SS 69 83 97 
36 CnHln·8 117 131 145 159 163 
37 CnHln-6 91 IOS 119 133 IH 
38 CnHln-12 14 I ISS 169 l83 197 
39 CnH2n-IO 115 129 143 157 171 
40 CnHln-18 178 191 205 219 233 ... n-Cl2 43 57 11 8S 99 -42 i-Paraffins -13 51 71 8S 99 

43 C}'Clopara. 41 SS 69 83 97 
..... CnH2n-8 117 13 l 145 159 163 
.is CnHln-6 91 lOS lt9 133 147 
46 CnH2n-12 141 ISS 169 183 197 

47 CnHln-10 115 129 143 lS1 171 
-18 CnHln-18 178 191 205 219 233 

49 n-CIJ -13 51 71 85 99-

so i-Paraffins 43 57 71 85 99 
1--

SI C1-clooara. 41 SS 69 83 97 
52 CnHln-S 111 131 145 159 163 

SJ CnH2n-6 91 105 119 133 147 

211 .uso ·USO 4.168 
185 ·USO 4.880 4.168 
247 4.lSO ·l.880 4.168' 
142 4.880 ·t.9f)J 4.878 
Ill 4.900 5.520 4.898 
111 ·t.900 5.520 4.898 
117 .t!)()() 5 520 4 !ttJK 
161 .. IJ()(J s 520 .. 898 ---211 .J 9UU S S2U 4 K'IK --185 .. 9011 s 520 -l K'J8 --
2-17 4.900 S.520 "898 
156 5.200 5.580 S.191 
113 S.580 6.153 S.563 

111 5.580 6.153 5.563 
177 S.580 6.153 5.563 
161 S.580 6.153 S.S63 
2lt S.580 6.153 5.S63 
185 S.S80 6.IS3 5.563 
247 s.sso 6.153 5.563 
170 6.ISl 6.178 6.l-t9 

113 6.178 6.615 6.17S 
111 6.178 6.635 6.175 . 
171 6.178 6.615 6.175 

161 6.178 6.6)5 6.175 

211 6.178 6.635 6.175 

185 6.178 6.635 6.175 
2-l7 6.178 6.635 6.175 
184 6.635 6.692 6.642 
113 6.692 7.12-l 6.700 
I II 6.692 7.124 6.700 

177 6.692 7.124 6,700 

161 6.692 7.124 6.100 

0.<>18 4.878 ·0.002 

0.018 4.878 -0.002 
0.018 -1.878 .0.002 
·0.002 4.899 ·O 002 
·O.tl02 5 503 .().(117 
..() 002 S SO:l -0.017 
·O 0112 s sen -CUH 7 __ ,, ___ 

··--·- -
.(I 002 5 5111 .() 017 
·II 11112 s 50l ..() 017 
-0 11112 s 50l .() () 17 
·---
·II 002 s 503 -O.tH7 ---.o 0119 5.563 ·0017 - i-·-

-0017 6 1·19 -0.00.J ----
-<>.Ot7 6.f.49 -tl.00-1 

-0.017 6.1-19 -0.004 

-0017 6.1-19 -0.(>04 

.0.017 6.149 -0.004 

..().017 6.149 -0.004 -..().017 6.149 -0.004 

·0.00.J 6.175 --0.(JO] --0.001 6.642 O.CJ07 --·0.001 6.642 0.007 
..().(103 6.6-tl 0.007 . 
-0.003 6.6U 0.007 
-0.003 6.6.tl 0.007 
.().(JO] 6.642 0.007 
-0.003 6.642 0.007 
0.007 6.700 0.()()8 

0.008 7.133 0.009 

0.008 7.133 ().(J09 ----0.008 7.133 0.009 
0.008 7.133 0.009 

o co:ooo%> 
28008 ( 0.()2)%) 

() ( 0.000%) 

289888 ( 0.241%) 
153382-1 ( 1.277%) 

2925819 ( 2.437%) 
338162 ( 0 2K2%) 

29 IO.tsl ( 2..ll-4%) 

2KOS Lo.1102%> 
IH8.JIJ9 { 0.157%) 

0 ( 0.0()(1%) 

1652225 ( 1.376%) 
2464S86 ( 2.053%) 
3570701 ( 2.974%) 
1070-t07 ( 0.892%) 
-1083260 (3.401%) 

53)01 ( 0.044%) 
513956 ( OA28%) 

0 ( 0.000%} 

102837 (0.086%) 
2177892 ( 1.814%} 
3170290 ( 2.640%) 
2141612 ( 1.784%) 
2762976 ( 2.30l%) 

101796 (0.08S%) 

808048 (0.673%) 

1665 ( 0.001%) 

911705 (0.759%) 

2349382 ( 1.957%) 
3248319 ( 2.705%) 
3468731 ( 2.889%) 

2383.596 ( 1.985%) 
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54 CnHln-12 141 ISS 169 183 197 
.SS CnHln-10 115 129 143 IS7 171 
56 CnH2n-18 178 191 205 219 233 
S1 n-Cl4 43 51 71 8S 99 
58 i-Paraffins 43 51 71 8S 99 
S9 C°)'Clopara. 41 SS 69 83 97 
60 CnH2n·8 117 131. 145 159 163 
61 CnH2n-6 91 IOS lt9 133 147 
62 CnH2n-l2 141 lSS 169 183 197 
63 CnHln-10 llS 129 143 157 171 
6-l CnHln-18 178 191 lOS 119 233 
6S n-CIS 43 51 71 as 99 
66 i-Paraffins 43 57 71 SS 99 
67 Cyclopara. 4l SS 69 83 97 
68 CnHln·8 117 131 145 159 163 
69 CnHln-6 91 IOS 119 133 147 
70 CnH2n-ll .... 155 169 183 197 
71 CnH2n .. 10 llS 129 143 IS7 171 
72 CnHln-18 178 191 205 219 233 
73 n.CJ6 43 S1 71 SS 99 
74 i-Paraffins 43 57 71 8S 99 
15 C}•clopara. .Jl SS 69 8l 97 
76 CnH2n·8 117 131 145 IS9 163 
77 CnH2n-6 91 105 ll9 133 H7 
78 CnHln-12 141 155 169 183 197 
79 CnHln·lO llS 129 143 1S7 171 
80 CnH2n·l8 178 191 205 219 233 
81 n-Cl1 43 51 11 SS .99 
82 i~Paraffins -ll 57 71 85 99 
&3 Cyclopara. 4l SS 69 SJ 97 
84 CnHln..S 117 131 145 159 163 

as CnHln-6 91 IOS ll9 133 147 

211 6.692 1.12-1 6.700 
185 6.692 7.124 6.700 
247 6.692 7.12.& 6.70d 
198 7.124 7.18.f 7.IJJ 
113 7.124 7.591 7.133 
111 7.12.J 7.593 7.133 
177 7.124 7.593 7.133 
161 7.12.J 7.593 7.131 -
111 7.124 7.593 .7.lH -185 7.124 7 . .593 7.133 
241 7.124 7.593 7.13) 
212 7.593 7.6-lS 7.602 
113 7.645 8.016 7.65.& 
111 1.6.fS 8.016 1.65.J 
177 7.6-1.5 8.016 7.654 
161 7.6-IS 8.016 7.6.S.& 
lll 7.64S 8.016 7.6.S.t 
185 7.6.JS 8.016 7.6S4 
2.f 7 7.645 8.016 7.654 
226 8.016 8.079 8.026 
113 8.079 8.430 8.089 
111 8.079 8.430 8.089 
177 8.079 8.430 8.089 
161 8.079 8.430 8.089 
211 8.079 8A30 8.089 
185 8.079 8.430 8.089 
2-l7 8.079 8 . .00 8.089 
2-ltl 8.430 8.476 8.438 
113 8.476 8.808 8A8-t 

111 8..176 8.808 8.48-l ·-117 8.476 8.808 8.484 

161 8.476 8.808 8-484 

0.008 7.133 0.00!> --0.008 7.133 0.009 
0.008 7. Ill 0.009 
0.00!) 7.191 0.009 
().(109 7.602 0.009 
0.009 7.602 0.009 
0009 1.602 0.009 
() ()()') 7.602 0.009 
0009 7.602 0.009 
0 001) 7.602 0.009 
() 009 7.602 0.009 
0.009 7.6S.t 0.009 
0.009 8.026 0.010 
0 009 8.026 O.OIO 
0.009 8.026 0.010 
0.009 8.026 0.010 
0.009 8.026 0.010 
0.009 8.026 0.010 
0.009 8.026 O.OIO 
0.010 8.089 0.010 
O.OIO 8..tJS 0.008 
0.0 )() &.438 0.008 
0.010 8..J38 0.008 

O.OIO 8.-l38 0.008 
0.010 8..f38 0.008 
0.010 8A38 0.008 
O.OIO 8.438 0.008 
0.008 8.-t84 0.008 
0.008 8.814 0.006 
0.008 8 814 0.006 ---· .... _._ 
0.008 8.8 l.J 0.006 
0.008 8.814 0.006 

1725420 
199.JS09 

ll93S 
1111453 
3370658 
3986691 
2857090 
18119"5 
2979805 
2321206 

2072-l 
IOI 1272 
186S267 
2680266 
1237345 
1171815 
3113998 
1671775 

11492 
881371 

1784488 
2478286 
7.f0960 
890431 

2293832 
1338765 

73336 
826222 

1639560 

2111240 
477791 
615812 

( l..t37%) 
( 1.661%) 

L~:!!!2%l 
( 0.926%) 
( 2.807%) 
( 3.320%) 
( 2.380%) 
( 1.509%) 
( 2.482%) 
( 1.913%) 
( 0.017%) 
( 0.8-12%) 
( 1.554%) 
( 2.232%) 
( l.031%) 
(0.976%) 
{ 2.S9-1%) 
( 1.392~) 
(0.0IO%) 
(0.734%) 
( l.486%) 
( l.064%) 
(0.617%) 
{0.741%) 
{ 1.910%) 
( 1.115%) 
( 0.061%) 
( 0.68lr'/o) 
( 1.366%) 
( 1.758%) 
( 0.398%) 

( 0.513%) ·-
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86 CnHln-12 141 ISS 169 183 197 
87 CnH2n-lO llS 129 143 ts7 171 
88 CnH2n·l8 178 191 205 219 233 
89 n·C18 43 S1 71 SS 99 
90 i-Paramns 43 51 71 85 99 
91 Cvclopara. 41 SS 69 83 97 
92 CnH2ft·8 117 13 l HS 159 163 
93 CnH2n-6 91 105 119 IJ] 147 
94 CnHln-12 .... JSS 169 IHl I !.17 
95 CnH2n~IO HS 129 143. 1.57 171 
96 CnH2n·l8 178 191 205 219 233 
91 n-Cl9 43 S7 71 KS 99 
98 i-Paraffins ·D S1 71 as 99 
99 Cyclooara. ... SS 69 83 97 
100 CnH2n-8 117 131 HS 159 163 
JOI CnH2n-6 91 105 119 133 147 
102 CnH2n-12 141 ISS 169 183 197 
lOl CnHln·IO 115 129 143 IS7 171 
10-l CnH2n·l8 178 191 205 219 233 
IOS n-C20 41 S7 71 8S 99 
106 i-Paraffins 43 57 71 8S 99 
107 Cyclonara. 41 55 69 83 97 
108 CnHln-8 117 Ill 14S 159 163 
109 CnH2n-6 91 JOS 119 t3l 147 
ltO CnHln-12 141 ISS 169 183 197 
111 CnH2n .. JO 115 129 143 IS7 171 
112 CnH2n-18 178 191 lOS 219 2Jl 
113 n-C21 43 57 71 85 99 
114 i-Paraffins 43 51 71 HS 99 
115 Cyclopara. 41 SS 69 83 97 
ll6 Cnffln-8 117 Ill 14S IS9 163 
117 . CnHln-6 91 105 ll9 133 147 

211 8.476 8.808 8..184 
185 8.476 8.808 8.484. 
247 8.476 8.808 8.484 
2S4 8.808 8.866 8.814 
113 8.866 9.187 8.872 
111 8.866 9.187 8.872 
177 8.866 9.187 8 872 -161 81166 9 1117 Jl872 
211 8 ll()(j !1 187 K 872 

185 8 866 9 187 81172 ·--· 247 8.866 9.187 8.872 
268 9.187 9.234 9.192 
113 9.23.J 9.523 9.239 
II J 9.234 9.523 9.239 -177 9.2H 9.523 9.239 
161 9.234 9.523 9.239 
211 9.2H 9.523 9.239 
185 9.234 9.523 9.239 
247 9.234 9.523 9.239 
282 9.523 9.518 9.527 
113 9.578 9.860 9.582 
111 9.518 9.860 9.582 
177 9.578 9.860 9 .. 582 
161 9.518 9.860 9.582 
211 9.578 9.860 9.582 
185 9.518 9.860 9.582 
247 9.578 9.860 9.582 
296 9.860 9.912 9.864 
113 9.912 10.163 9.916 
l ll 9.912 10.163 9.916 
177 9.912 10.163 9.916 
161 9.912 10.163 9.916 

0.008 8.814 0.006 
0.008 8.814 0.006 
0.008 8.814 0.006 
0.006 8.872 0.006 
0.006 9.192 o.oos 
0.006 9.192 o.oos 
0.006 9.192 0.005 -0 (}()(, I) 192 0 oos .............. - ·-
I) 1111(> 9 192 oous 
() 006 9.192 ooos ·-- ·-0.006 9 192 0.005 
0.005 9.239 0.005 --·· 0.005 9.527 0.004 
!tOOS !>.527 o.oo.i 
Cl.005 9.527 0.()()4 

o.oos 9.521 o.oo.i 
o.oos 9.527 0.004 
0.005 9.527 0.00-1 
O.OOS 9.521 0.004 
0.004 9.582 0.004 
0.004 9.864 0.004 
0.004 9.864 0.004 
0.004 9.864 0.00.f 
0.004 9.864 0.00-4 
0.004 9.86-1 0.004 
0.004 9.864 0.004 
0.004 9.864 0.004 
0.()(1-t 9.916 0.(JO.J 
().()(}-1 I0.167 0.004 
0.004 10.167 0.004 
0.004 10.167 0.004 
0.004 10.167 0.004 

15648.JS 
854998 
243918 
668888 

1319602 
1693248 
327028 
4548.f() 
781816 
451709 
707048 
472812 
8 .. 6072 

1183659 
200520 
287782 
623931 
23929.S 
741840 
333899 
SSOOlS 
752095 
63033 

188706 
479998 
94768 

455952 
224895 
337240 
459847 
40739 
62686 

( l.303%) 
( 0.712%) 
( C>.203%) 
(0.557%) 
( 1.099%) 
( l.410%) 
(0.272%) 
(0.379%)_ 
( 0.6SI%) 
(0.376%) 
(0.589%) 
(0.39.f%) 
( 0.705%) 
(0.986%) 
(0.167%) 
(0.240%) 

(0.510%) 
(0.199%) 
( 0.618%) 
(0.278%) 
(0.458%) 
(0.626%) 
(0.052%) 
(0.157%) 
( 0.400%) 
(0.079%) 
(0.380%) 
(0.187%) 
( 0.281%) 
(0.383%) 
(0.034%) 
(0.052%) 
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118 Cnffln-12 141 155 169 183 197 
119 Cnffln-10 11.5 129 143 151 171 
120 CnH2n-J8 178 191 ?OS 219 233 
Ill n-C22 43 51 71 8.5 99 
122 i·Paraffins 43 51 71 8.5 99 
123 Cyclopan. .41 S.5 69 83 97 
12.f CnHln-8 117 131 145 159 l63 
125 Cnffln~ 91 105 119 131 147 
126 CnHln-12 141 ass 169 183 197 
127 Cnlf2n-IO llS 129 143 157 171 
128 CnHln-18 )78 191 205 219 233 
129 n-C2J 41 51 71 85 99 
130 i-Paraffins .fl 57 71 BS 99 
131 C\'C1opara. 41 SS 69 83 97 
132 CnHln-8 117 131 14.5 IS9 163 
133 CnH2n-6 91 IOS 119 133 147 
134 CnHln-12 141 ISS 169 183 197 
l3S CnHln-10 HS 129 1-13 IS7 171 
136 CnH2n·lB 178 191 20.5 219 233 
137 n~C24 43 57 71 85 99 
138 i-Paraffins 43 57 7l 85 99 
139 Crclopara. 41 SS 69 83 91 
I.JO CnH2n-8 117 131 14S IS9 163 
I.JI CnHln-6 91 105 119 133 147 
142 CnH2n·l2 141 lSS 169 Ill 197 
143 CnHln-10 115 129 143 lS7 171 ..... CnH2n~l8 178 191 20S 219 233 

-

... 

211 9.912 I0.163 9.916 
18S 9.912 I0.163 9.916 
247 9.912 J0.163 9.916 
310 10.163 J0.266 I0.167 
113 10.266 10.519 10.270 
I tl 10.266 10.519 I0.270 
177 10.266 10.519 10.270. 
161 I0.266 10.519 I0.270 

211 I0.266 10.519 10.270 

185 10.266 10.519 10.270 

247 10.266 I0.519 10.270 
324 10 . .519 10.619 10.523 
113 10.619 10.912 10.623 
Ill 10.619 10.912 10.623 

177 I0.619 10.912 10.623 
161 10.619 10.912 10.623 
211 10.619 10.912 10.623 
185 10.619 10.912 10.623 
247 10.619 10.912 10.623 
338 10.912 10.96-t 10.916 
113 10.96.J 14.800 10.968 
111 10.964 14.800 10.968 
171 10.964 14.800 10.968 
161 10.964 l-UOO 10.968 
211 10.96-1 14.800 I0.968 
185 10.964 14.800 10.968 
247 10.96-1 1.uoo I0.968 

. 

() 00·1 10.167 0.004 . 
0.00.t 10.167 0.004 
OJlO.t 10.167 0.004 
0.004 10.270 0.(104 
0.004 10.523 0.004 
0.004 10.523 0.004 
() 004 IO.S23 0.004 
0.00-1 I0.523 0.00.f --{) 004 10.523 0.004 
0 00-1 I0.523 0.004 ·-
0.00-l I0.523 0.004 
0.004 10.623 0.004 
0.004 10.916 0.004 
0.004 10.916 0.004 
0.004 10.916 0.004 
0.00-1 10.916 0.004 
0.004 10.916 0.004 
0 00·1 10.916 0.004 
0.00.J I0.916 0.004 
0.004 10.968 0.004 
0.004 14.804 0.004 
0.004 14.804 0.004 
0.004 l·U04 0.004 
0.004 14.804 0.004 
0.004 14.804 0.004 

0.004 14.804 0.00-1 -0.004 1-1.804 ().f)(}.J 

Sum• 

187479 ( O.IS6%) 
33918 (0.028%) 

482808 (0.402%) 
169840 (0.141%} 
148458 ( 0.12-1%) . 
231145 (0.193%) 

5987 (0.005%) 
8802 (0.007%) 

2SSl8 ( 0.021%) 
2125 ( 0.002%) 

273607 (0.228%) 
83101 (0.069%) 
4346-1 ( 0.036%) 
38319 (0.032%) 

0 (0.000%) 
0 (0.000%) 
0 ( 0.000%) 
0 (0.000%) 

47611 ( 0.040%) 
21Sll (0.018%) 
10799 ( 0.009°.4) 
2092 (0.002%) 

0 (0.000%) 
0 (0.000%) 
0 ( 0.000%) 

0 (0.000%) 
0 (0.000%) 

·t+t·+++++H + i·-t++"H+l·H 

120067945 (100.0CK>°/o) 
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a.) Rule number, integer index 
b) Compound or group of compounds rules applies toi 

cyclopara's alkylated 1 ring cycloparaffins 
Cnff2n-6 alkylated benzenes 
CnH2n-8 alkylated indanes 
CnH2n-lO alkylated indenes 
CnH2n-12 alkylated naphthalenes 
CnH2n-18 alkyiated phenanthrenes/anthracenes 

c) 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 selected ion monitoring mode). 

d) start retention time in minutes 
e) end retention time in minutes 
f) corrected start retention time 
g) correction ~difference between start and cetart (in minutes) 
h) corrected end retention time 
i) correction • difference between end and cend (in minutes) 
j) Abundance, both as total sum and as normalized percentage based on Chemiet's 

Rules. 
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1. A method for predicting physical, perceptual, 

performance or chemical properties of a complex hydrocarbon mixture 

which comprises: 

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

{b) se1ecting reference samples, said reference samples containing 

characteristic compound types present 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) injecting 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) introducing 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 

resolved mass chromatograms; 

(4) calibrati.?ig the mass chromatograms to correct retention 

times; 

(5) selecting a series of corrected retention time windows; 

(6) selecting within each retention time window a series of 

molecular and/or fragment ions, said ions being 

representative of characteristic compounds or molecular 

classes expected within the retention time window; 
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(7) recording the total amount of each characteristic compound 

or compound group selected in step c(6); 

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

matrix; 

(9) forming the data selected in (a) for reference samples 

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

(10) analyzing the data from steps c(S) and c(9} by multivariate 

correlation techniques including Partial Least Squares, 

Principal Component Regression, or Ridge Regression to 

produce a series of coefficients; 

(d) 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; 

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

(d); 

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

step c(lO) to produce a predicted value of the property or 

properties. 

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

capillary gas chromatograph and the mass ~pectrometer 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 l 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 Analy~is. 

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

chromato9raph and mass spectrometer are stored in a computer. 

7. The method of claim l wherein data from steps (c) to (f) 
are treated in a computer. 

8. The method of claim l wherein other chemical, 
performance, perceptual or physical properties of the hydrocarbon 
mixture are selec~ed. 

9. The method of claim l wherein the data are collinear. 

10. The method of claim l wherein the multivariate correla­
tion technique is Partial Least Squares. 


