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METHOD FOR PREPARING BLSNJ) PROQUCTS 

BAC1(CJOVNJ) Of THE lNYEN'tlON 

1. Field Of The Invention 

Thia lnvantion relates to a method for controlling the 

preparation of bland products from bland stocks boiling at 350°C or 

lesa by praclicting chemical, perfoi:mance, perceptual of physical 

properties cf blend stocks, bland produc:ts and/or other refinery or 

chemical precesses using a combination of gas chromatography and mass 

spectrometry. 

2. Description Of The Related Ar: 

Refineries and chemical plants typically control blending of 

various camponant streams and certain additives throuqh the use of 

both on-line analyzers and off-line laboratory analyses to provide 

product quality information. These quality parameters (chemical 

COJl.\position, physical or perceptual or performance properties) are 

then fed back into linear programs or other blend control software 

which may be a series of simultaneous equations which predict percent­

agea of refinery streams used to meet certain blend targets. The 

equations typically are executed more than three times par hour and 

their output is used to control proportional flo~ valves to vary the 

quality of the f iniahed product which can either go to tanka9e or 

directly to pipelines and terminals, trucks, or to ship-loading 

facilities. Multiple on-line analyzers are typically required for 

blend control. 

a.s.·Patent 5,223,714 describes a process for controlling the 

blandin9 of fluids using near-infra.red spec~roscopy by converting the 

near-infrared absorbances to signals and mathematically correlating 

the signal to volume of component. 

Gas chromato9raphy has been used to predict physical and 

performance properties of hydrocarbon m~xtures boiling in the gasoline 
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raaqe. Crawford and Bell.mu.th, l'uel, 1990, 69# 443-447, describe the 

use of qas cbromatoqraphy and principal components regreasion analyaia 

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 estimatinq the cetane number for fuel oils by 

separating an oil sample into its components using qas chrcmatograpy, 

maasurinq the siqnal strength of ion intensities at characteristic 

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

cetane number using multiple regression analysis. 

It would be desirable to have a sinqle analyzer means for 

raP.idly measuring the chemical, performance, perceptual or physical 

properties of blend stocks or blend products and usinq these 

properties to control the blending process. 

SUMHARX OF THE tNyENTION 

This invention relates to a process for controlling the 

blendinq of a plurality of blend stocks each having boiling points 

less than about JS0°C into at least one blend product which comprises1 

(a) selectinq at least one phyaical, perceptual, perfoz:manc• or 

chemical property of at least one blend stock or blend product; 

(b) selectinq reference samples, said reference samples containing 

characteristic compound types present in at least one blend stock 

or blend product and which have known values for the property or 

prcperties 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 spectrom.eter therel:>y causing 

at least a partial separation of the hydrocarbon mixture 

into constituent chemical components; 

... 
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(2) introducing the constituent chemical components of each 

reference sample into the mass spectrometer, under dynamic 

flow conditions; 

(3) obtaininq for each reference sample a series of time 

resolved mass chromatograms;" 

(4) calibrating the mass chromatogra111s to correct retention 

times1 

(S) selec:tinq a series 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) reccrding the total amount of each characteristic compound 

or compound qroup selected in step c(6); 

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

matrix1 

{9) forming the property data selected in (a) for reference 

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

(10) analysinq the data from steps c(8) and c(9) by multivariate 

correlation techniques including Partial Least squares­

Principal COmponent Regression or 1U.d9e Regression ta · 

produce a series of coefficients; 

subjecting at least one blend stack or blend product sample to 

steps c(l) ta c(3) in the same manner as the reference sample to 

produce a series of time resolved mass chrcmatogral\\s; 

(e) :repeating steps c(4) to c{8) for each mass· chromatogram from step 

(d); 
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(f) multtplyinq the matrix from step (e) by the coefficients from 

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

properties for the at least one blend stack er blend p~oduct 

sample; and 

(g) uain9 the predicted values of the ~roperty or properties of·the 

at least one blend stock or blend product sample to control the 

amount of blend stock in the blend product. 

In another embodiment, this invention relates ta a process 

for controlling or monitorinq chemical or refinery processes which 

utilize feed stocks and/or produce products havinq boiling points less 

than about 3S0°c whicb ccmprises: 

(a) selecting at leas~ one physical, perceptual, performance or 

chemical property of at least one feed stock or product1 

(b) selecting reference samples, said reference samples containing 

characteristic compound types present in the at least -one feed 

stock or product and which have known values of tna property or 

properties selected in step (a); 

(c) producinq a training sat by the steps of: 

(1) injeetinq each reference sample into a gas chromatograph 

which is in~erfaced to a mass spectrometer thereby causing 

at least a partial separation of the hydrocarbon mixture 

into constituent chemical eoraponents1 

(2) J.ntroducinq the constituent chemical components of each 

z:eference sample into the mass spectrometer, under dynamic: 

flow conditions; 

(3) obtaininq for each reference sample a series cf time 

reaolved mass chromatograms; 
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(4) calibratinq the mass chrcmatograms to correct retention 

times; 

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

(6} selecting wit~in each retenti."on 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} recording the total amount of each characteristic compound 

or compound group selected in step c(6); 

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

matrix1 

(9) forming the property data sel~ctad in (a) for reference 

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

(10) analyzing the data from steps c(8) 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' at least one refinery or chemical precess product or 

feed stock sample to steps c(1) to c(3) in the same manner as the 

reference sample to produce a series of time resolved mass 

cbrcmatograms; 

(e) repeating steps c(4) to c(8) for each mass cbromatoqram 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 fer the refinery or chemical process and sample or 

samples; and 
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(9) using the predicted values of the property or properties of the 

refinery or chemical sample or samples to control the refinery or· 

chemical process. 

~he gas chromatography/mass spectrometry (GC/MS) method 

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

chemical ancl physical properties of complex mixtures such as blend 

stocka and b1end products. such properties include octane number, 

specific chem~cal constituents, e.q., benzene, H20 and H2s, additive 

concentration, distillation characteristics, oxidative stability and 

the like. 'l'he method can also handle the collinear data generated by 

the GC/'JfS analyses. 

BB!JP DESCJ\IPTION OF THE DJ\AW!NG 

Figure 1 is a schematic flow diagram of the blend process, 

control valves, GC/MS analytical center and computer control system. 

Figure 2 is a graph showing predicted versus measured 

research octane values for the training set. 

Figure 3 is a graph showing predicted versus measured 

research octane values for the test sat. 

Figure 4 is a graph showing predicted versus measured motor 

octane values for the traininq set. 

Pigura 5 is a. graph showing predicted versus measured motor 

octane values for the tese set. 

Pigura 6 is a graph showing predicted versus measured D&L 

values at 158°1' {70°C) for the training set. 

Figure 7 is a graph showing predicted versus measured D&L 

values at 302°1' (150°C} for the training set. 
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rigure a ia a graph showing predicted versus measured TSO 

for the trainincJ aet • 

Figure 9 is a qraph sbowinq predicted versus measured T90 

for the train.iaq set • 

DE'l"AJLEp PESCJllTION OF THE INVENTION 

The bland' products produced ~y the process of the invention 

in.elude motor gasoline, aviation gasoline, jet fuel, diesel fuel, 

heating oil, kerosene, LPG, furnace fuels, solvents, and refinery 

and/or chemical plant intermediate streams (such as process feed 

stocks/products). The blend products are produced from various blend 

stocks which are usually refinery or chemicals screams. 1'ypical blend 

stocks include reformate, alkylate, isomerates, liqht cycle ail, 

catalytic naphthas, raffinates, extracts, virqin distillate streams, 

9as oils and other refinery or chemica~ plant intermediate streams or 

process products; and can include individual components such as 

additives •• well as individual chemicals such as benzene, toluene ami 

xylene. 

Figure l is a schematic flow dia9ram of an on-line blend 

process. In Figure 1, blending stocks are contained in Tanks lOa to 

lOn where n is the number of blend tanks. Each blend tank is con­

nected to a common gathering line 22 which feeds into a blending or 

mixing tank 24. The connecting lines 12a to l2n to gathering line 20 

are internpt:ect by control valves· 14a to l4n and sampling ports l6a t:o 

16n. Sampling po:ct• l6a to 16n are connected to a smnpling manifold 

40 through linu lSa to l8n which are interrupted by control valves 

20a to 2Dn. P~duct line 26 is also connected through samplin9 port 

32 to sampling Jllanifold 40 thrcu9b line 28 which is interrupted by 

control valve 30. Sampling manifold 40 is connected to a 

sample/injection valve 46 by line 42 inten:uptacl by control valve 44. 

Samplin9 manifold 40 is also connected to sump so by purqe line 52 

interrupted by control valve 54. control valve 46 is also connected 

to purqe line 52 ebrouqh line 56 inte~rupted by control valve 58. 

Sampling manifold 40 and aample/inject~n 46 are purged by the sample 
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to be anal~. During the purge phase, sample is collected in sump 

so. 

Once the sampling manifold 40 and sample/injection valve 46 

are purged of any contaminants, aample to be analyzed is injected 

through valve 46 into GC/MS analyzer 60.which can be purqed to sump 50 

through valve 62. The raw data generated by GC/MS analyzer 60 is fed 

to computer 64 where it is subjected to mathematical treatment. 

output from computer 64 is fed as an electronic si9nal throu9h line 70 

to blend control computer 72 ~hich electronically controls valves 14a 

to 14n thereby controlling product quality exitinq blending unit 24. 

Fo~ at-line operation, samplin~ manifold 40 is connected to 

a remote blend stock source 90 through line 94 interrupted by control 

valve 92. For off-line operation, a remotely collected sample is 

directly injected into GC/MS analyzer 60 by sample/injection valve 46. 

Computer output may be rea~ through display panel 80. 

The operation of GC/MS analyzer 60 and computer 64 is 

described in further detail as follows. Blend stocks and blend 

products are complex hydrocarbon mixtures. The use of GC/MS to 

analyze such complex mixtures for chemical.and physical properties 

generates a large amount of collinear data. Multiple reqression 

analysis can be used far nor.mal linear data. However, this type of 

analysis cannot be used for collinear data. 

The method according to the invention involves a means for 

predicting chemical, perceptual, performance and/or pbysical proper­

ties of blend stocks and product blends or refinery or chemical 

procaaees by quantitative identification of ccmponents using a 

combination of retention times frcm a GC analysis CQ\lpled with target 

fr&91DSnt and/ or molecular ions produced by the MS. The MS infoJ:lftation 

is compa:ed against a set of one or more known properties from ref ar­

ence samples which fo:rm a training set. By mathematically ccmparinq 

the eaperimental data against that of tha training set, one may 

predict the desired property or properties of the blend stock er blend 

product or refinery er chemical process. 

.. 
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GC/KS utilizes a 9as chromatograph interfaced with a mass 

spactrOllleter. Whi.le a cbr0111atographic method such as supercritical 

fluid chromatography, liquid chromatography or size exclusion 

chrOl'llatograpby may be used to separate the mixture into camponents or 

mixtures of components, gas chromatography, especially capillary gas 

chromatography is our preferred means fck interfacing with a mass 

spectrometer. Both Ge 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 7 

minutes. 

The sample mixture to be analyzed is first injected into a 

Ge where the mixture components are sapara~ed aa a function of reten­

tion ti.Ille, typically on the basis of boiling poine. Only partial 

chromatographic resolution of mixture components is necessary. The Ge 

oven temperature is usually programmed for samples with a wide boiling 

ranqe. components may also be identified by a detector such as a 

flame ionization detector, atomic emission detec~or, thermal 

conductivity detector or electron capeure detector. 

1'he separated or partially separated components are then 

introduced into a maas spectrometer under dynamic flow conditions. 

Since a Ge operates under atmcapheric pressure and a MS under vacuwa 

conditions (a.bout io-3JcPa), the instrument interface requires a 

coupling device such as a molecular separator (e.g., jet, membrane, 

etc.), open split coupler or capillary dJ.rect interface to efficiently 

transfer sample while minimizinq carrier gas effects. 

Depending on the nature of the sample, the mixture may be 

introduced directly into a MS usinq a direct inaertion probe withoat a 

prior GC separation step. Other themal aepuation techniques not 

involving a GC may be used to introduce the sample into the mass 

apectrcraetar. 

In the Ms, sample molecules are bombarded with high energy 

electrons the:eby creating molecular iona which f~agment in a pattern 

characteristic of the molecular species. involved. A continuogs series 
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of aaa spectra. are obtained over a scan range of 10 or more daltons 

to at leaat 450 daltons. ~he mass spectral data may also be acquired 

in the selected ion monitoring {SIM) mode. In the selected "ion mode, 

care DN•t be taken to select ions representative of the cgmponents of 

interest and to operate under repeatable conditions. A variety of MS 

instruments may be used including low resolution, high resolution, 

MS/KS (hybrid or triple qaadnpole, etc.), ion cyclotron resonance and 

time of flight. Any ionization technique may be used, such as 

electron ionization, cheaical ionization, multiphoton ionization, 

fie1d desoxption, 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 l mass 

spectra. ~he mass spectra are divided into n time intervals where n 

is an integer from 1 to J. At least one diagnostic ion is chosen from 

ea.ch of m time intervals where m is an ~te99r frOft\ 1 to n. '?ha tazm 

•diagnostic ion" refers to an ion which is representative of a com­

pound, a chemical class or a performance, percapt1.1al or physical 

property correlated thereto. Reqardlesa of wbether mass spectra are 

obtained in tile scan or selected ion mode, it i.a important that the 

· Jnass spectra be obtained under conditions which will yield diagnostic 

ions of suita))le and repeatable intensity and accuracy. 

If the mass spectral data are acquired in the scan mode, 

the ID&SS range covered during the acquiait?-on sho1.1ld be sufficient to 

provide acquisition of all of the ions which could be used as 

diagnostic ions during .mathematical treatment in each mass spectral 

scan. If the mass spectral data are acqui:r:ed in the selected ion 

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

monitoring are suitable for use in zneasuring the components of 

interest. 

The sample mass spectral data are then compared to mass 

spectral data from a series of reference samples with Jcnown perfor­

mance, perceptual, physical and/or chemical properties. In order to 

compare reference mass spectral data with sample mass spectral data, 

" 
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it may be desirable to time align the a.maple data to help ensure the 

integrity of the comparison. There are c:ommercially available 

computer programs for auch data alignment. for example, Hewlett­

Packard GC/MS software Gl034C version c.01.os. 

The reference mass spectral data., and associated propert:l.ea 

data, are arranged in 11Satrix form for mathematical treatment as 

described belcw. In the case of chem.i.cal cOMposition infoxmation, one 

mat.rile is formed of ieference sample ion intensities at qiven masses 

and the other matrix contains known ion intensities for molecular 

fra.91D&Dt ions of known components. '?he training set for chemical 

composition data is thus made up of maaa spectral data for different 

cOJllP<!nents characteristic of compounds or molecular aeries expected to 

be found in the sample mixtures. Similar traininq sets can be formed 

for other chemical or perceptual or performance or physical properties 

of interest. These training sets form one »lock 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. ~hese two matrices are subjected to mathematical 

treatment known as Partial Least Squares {PLS}, or Principal Component 

Regression (Pat), or Ridge Re;ression (RR.) to obtain a mathematically 

describable relationship between the properties data and mass spectral 

data, known ae a model. CCefficients provi.ded by this model are 

mathematically combined with the suitably treated mass spectral data 

from samples with unknown desir&d propert:ies to: 

a) predict desired properties, 

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

and 

c) diagnoae the stability and qenaral correctness of the 

procasa that yielded the mass spectral data 

PLS/PCR/U are described in the literature, e.g., Wolds., 

A. ltuhe, H. Wold, and w. J. Dunn, '".rhe COllitlearity Problem in Linear 

Regression. The Part:ial I.east squares (PLS) Approach to Generalized 
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Inverses", SIAM J. Sci. Stat. Comput., 1984 5(3), 735-743, or Geladi 
P., and B. R. Kowal.lei, "Partial Least Squares Reqression: A ~torial"~ 
Anal. Chim.. Acta, 1986, 185, 1-17, or H6kuldason A., "PLS Iteqreaaion 
Methods", J. Cbemometrics, 1988, 2, 211-228, or in many other articles 

i.n journals such as the Journal of Chemcmetrics or Intelligent Labora­
tory syst_.; !'rank, I. and J. Friedman; "A Statistical View Of Some 
Cbemometrica Regression Tools", Tecbnomatricsr 1993, Vol. 35, Bo. 2; 
Jackson, J. B., "A User•s Guide fo Principal Components", Wiley­
Interacience, Sew Yci.t'k, 1991; Montqcmery, D. c. and E. A. Peck, 
"IntroductiOll To Linear Regression Analysis", Wiley-Intersc:ience, Rew 
Yark, 1990; and Martens, H., and T. Naes, "Multivariable calibration", 
Wiley-Interacience, New York, 1989. 

When dealinq with a complex mixture, it is necessary to 
select appropriate masses or groups of masses at specific retention 
tiroes for a paz:ticular compound or elaaaes of compounds. The selec­
tion Of such masses are the basis for a set Of rules which then foz:ms 
the data for the training set. There are no set procedures for such a 
aelection proceas. rhe researcher must select appropriate llla&ses for 
compounds of interest. For example, lllOtor gasolines typically contain 
paraffins, cycloparaffins olefins and a.rcaaa.tica. It is known that 
paraffini.c hydrocarbons yield fragment ions at maases 43, S1, 71, es, 
••• daltons, and these masses may be used as di.agnostic of this class 
of compounds. Moreover, when coupled with retention time data, it is 
possible to identify concentrations of specific coaapounds within this 
class of compounds. In a similar manner, training sets for other 
chemical, perfomance, perceptual or phyaical properties iaay ba 
developed by correlating compositional data with other properties of 
interest, e.g., boiling range, viscosity and the like. ~he raault of 
a mathematical treat:mant such as P"LS/PCR./RR of tha training set is a 
set of coefficients for the properties of interest. 

'!rbeae coeffici&Jlta are then 11111ltiplied by the da.ta matrix 
for the aample.. ~he result is a prediction of the desired property or 

properties which can then be used to control the blend process and 
product quality; or to control various refinery or chemical process 
opeJ:atinq uoits depending on the quality of the_faed stocks or 
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products. Moreover, variances in properties serve to promptly alert 

operators of upsets/changes in operating conditions which could 

influence product quality. The method of the invention ia further 

illuatrated by the following examples • 

The method for predicting the physical, perceptual, perfor­

mance or chemical proi>erties of a complex hydrocarbon mixture such as 

a bland product or blend stock or refinery or chemical process feed, 

intezmediate or final stream is dSlllOnetrated in this example uaing 

research octane·number (RON) aa the specific pi:operty for purposes of 

illustration. The method is generally applicable to a range of other 

perfoz:mance properties as well as physical, perceptual or chemical 

prope%ties of such mixtures. 

~he initial consideration is to establish a set of standard 

GC/MS operatinq parameters so that the GC/KS analytical data used for 

pradicti.nq properties are obtained under cona.istent ope.ratinq condi­

tiona. The GC/KS instrument used in this example is a Hewlett-Paclcard 

5972 Hase Selective Detector interfaced to a Hewlett-Packard 5890 

Sei:ies II Gas Chromatograph fitted for use with microbore columna alao 

fitted with a Vortex cooler for rapid column oven cooling and a liquid 

sampling valve. 

'the GC/MS operating conditions are summarized i.n Table 1. 
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Table 1 

GC Conditions 
Column Phenyl Silicone (sueh as HP-S) l Om x 0.1 mm. 

17 micron film thickness 
Temr>erature Prol!l'am 

Initial 'Ii ture (°C) 35 
Initial Time (minutes) I 3 
Proszram Rate (°C/minute} 30 

Final Temuemture (°C) 230 
Fmal Time (minuresl . l 

Infection Valve Temoerature (0 C) 70 
Iniection Valve On (minutes) l.01 

Imection Valve Off (minutes} 1.15 
lniection Port Temaerature (°C) 275 
lniection Volume u.L o.s 
Carrier Gas I Helium 
Linear Velocitv I 2S.6 
SolitRatio I soo:t 
Column Head Press. kPa Aoorox.260 
lncerface Temoerature (°Cl 210 

Vortex Cooler 
Deliverv Air Pressure (psi) I SS 
Cooler Off (minutes) 4.00 
Cooler On (minutes) 10.41 

Mass Suecmnneter Conditions 
Mass Soecuomcter On (minuces) 1.00 
Ionimtion Mode I Elec:tron Ionization. 70 e V nomioal 
Mass Rane Scanned (daltons) 1()..400 

Cvcle lune (minures) 0.003 

In order to predict properties of an unlcnown hydrocarbon 

mixture, it is first necessary to select reference samples havinq 

known values cf the property er properties of interest. These refer­

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

hundred twenty seven (627) smnples comprised the training set for P.ON. 

~hese samples were analyzed under on-line conditions over a 12 month 

period and covered the range 89.3 to 96.9 RON (ASTM D 2885-90). These 

samples were chosen from over 26,000 samples acquired during testing 

over a 14 month period as representing the variation in gasoline 

# 
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blending uainq 9 different refinery streams and MMT (methycyclopenta­

dienyl znanqanese tricarbcnyl). The 627 samples in the training sat 

were further chosen durinq periods of stable blending operat_ion at 

average blend rates of 2230+ barrels/hour. 

A data ~raatment method should be selected prior to obtain­

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

are Chemist'• Rulo and Hydrocarbon Compound Type Analysis as 

described, for example, in ASTM D 2789-90 "Test Method for Hydrocar1'on 

Types in I.ow Olefinic Gasoline by Mass Spectrometry••. Chemist's Rules 

involve two separate sections: (1) a calibration section to correct 

retention times, i.e., the time between zero and the time when a given 

peak occurs; and {2) tbe~actual Rules which are based on a selected 

series of masses corresponding to prominent compounds or molecular 

series expected for the type cf hydrocarbon mixture under investiga­

tion. These compounds or compound types are selected on the basis 

that they have prominent molecular and/or fragment ions unique to that 

compound or molecular series. A portion of the Chemist•s Rules are 

shewn in ~able 2. A full set of Chemist's Rules for motor qasoline 

a.re shown following Ex~ple 6. 
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Rulea Comuoundb 
1 CJ= 
2 C3 
3 iC4 
4 nCS 
5 cs-
6 cs 
7 CS= 
8 cs 
9 CS= 
10 CSl-2 
11 CS= 
12 ICS/-2 
13 CSl-2 
14 CS/-4 
15 C6-
16 C6 . • . . . . 

138 ClBenzothio 
139 2Mel-12 
140 lMe/-12 
141 C21-12 
142 Phenamhrene 

- 16 -

TABLE 2 

Chemist•s Rules for Moaas 

Massesc 
I 21 41 42 

29 43 44 
. 

I 
29 43 SS 

I 29 43 58 
27 41 SS 70 
29 43 57 72 
27 41 SS 70 
29 43 51 72 
27 41 SS 70 

I 39 I 53 68 I 
27 41 SS 70 
39 I 53 68 
39 53 68 I 
39 40 65 66 
27 41 SS 56 69 
29 43 57 ·11 86 . . . . . . • . • . 
. . . . . 

I 145 147 148 
141 142 
141 142 I 
141 156 
178 

a) Rule number, integer index 

PCT/US!Hi/06591 

Retention Timed 
Start End 
l.560 l.S90 
l.570 1.600 
1.605 I I.624 
t.624 I l.6so 
1.684 1.708 
i. 10s I 1. 739 
l.736 1.772 
1.739 I 1.794 
1.772 1.794 

I. 775 I 1. 796 
I l.794 1.840 

1.796 I 1.839 
1.839 1.873 
1.856 l.882 

84 1.907 1.934 
1.926 1.973 . . . 

. . . 

. . . 
1.101 I 7.849 
7.722 7.770 
7.820 7.861 
s.283 I 8.312 
9.soo I 10.000 

:b) Compound or group of compotands rule applies to, for example 

Cl• refers to olefin or cycloparaffin with 3 carbons 

CS/-2 refers to diolefin, dicyeloparaffin or cyc:lo-olefin 

with s carbons 

CS/-4 refers to triolefin, tricyeloparaffin, dicyclo-

olefin, cyclodiolefin with a total of 5 carbons 

ClBenzothio methyl substituted benzothiophene CCnH2n-10S) 

c) Masses used in Rule {up tc n may be specified, where n is an 

integer which is equal to the number of masses scanned durinq the 
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time interval (d) either in full scan mode or selected ion 

monitoring mode). 

d) Retention Ti.me for both starting and ending expected retention 

times ~aaed on historical averages in minutes. 

A reference retention time is then determined. far 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 2. Such corrections are necessary due to slight shifts in 

retention ti.mes 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 cali~ration step generates a series of correction factors 

for the entire GC/KS data file. The results of applying such correc­

tions are shown in Table 3. 

Mass 
L!lL 

58 
78 
92 

106 
128 
142 

Reference 
Time 

tbl 

1.652 
2.556 
3.863 
4.917 
7.148 
7.746 

Type 

.L£l.... 

p 
p 
p 
p 
p 
p 

TABLE 3 

Calibration 
Limit Time correction 
.....!SL Ce! (f) 

1.642 -0.010 
0.100 2.549 -0.007 

3.862 -0.001 
4.933 0.016 
7.163 o.01s 
7.770 0.024 

(a) Mass or compound selected for the calibration. 
(b} Expected occurrence time, typically based on average of several 

analyses. 
(c) P.Peak or maximum occurrencet ¥=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 the first material is from initial time to 
calibration time; correction for the second material is between 
first and second reference materials; and the 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 research octane number 

prediction, a total of 142 Rules is used based on compound or compound 
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series identifications. For each Rule, a set of characteristic mass 

numbers ia dete:r:mined. ~hase characteristic mass numbers can range 
from l to n, where n is an integer representinq the entire mass range 
scanned or the number of selected ions being monitored. In this case, 
up to seven characteristic mass numbers are illustrated. The ion 
intensities of the masses for each Rule•are summed within the upper 

and lower retention time limits for that Rule. 'rhe results are shown 
for a samplin~ of the 142 Rules in Table 4 for this demonstration 
analysis. Table 4 i& shown in its entirely following Example 6. 

.. 



Table.ct 

CHEMIST'S RULES FOR MOGAS WITI I CORRECTIONS 

Total Raw Ab~ndance (TIC) : 12S96J8SS --Chemist Rule : 80972151 (64.282%1 
Air teakaec : 720IS1Q (5.717%} -Ava Scan Ral1' (Min/Max} : 128 {126/215) -----Number of Records . 4857 

Rule8 Compoundb Massesc Start<I !!!!~~-- ~§!!!!!~ £orr8 ~n<lh Corr• --
- - - - - - - - --·-- -I Cl= 27 41 42 l.S60 1.S90 I SSI -0.009 l.SSJ -0.009 - - - ------· -2 CJ 29 43 ·44 l.S70 J.600 J.S61 -0.009 1.591 -0.009 - - --3 iC4 29 4J 58 l.60S 1.624 1.596 -0.009 1.614 -0.0IO - -4 nCS 29 43 58 1.624 J.680 I 614 -0.010 1.670 ·0.010 - - ---i-- --s CS= 27 41 SS 70 1.684 1.708 '674 -0.010 l.698 -0.010 - - -- - - - - ----- ___ ..,.. -· 6 cs 29 43 S1 72 J.70S 1.739 l.69S -0.0IO l.710 -0.009 7 CS= 27 41 SS 70 1.736 1.772 1.727 -0.009 1.763 -0.009 8 cs 29 43 S7 -11: ~ 1.794 1.730 -0.009 l.78S -0.009 -- - - --9 CS= 27 41 SS 70 1.772 1.794 1.763 -0.009 1.785 -0.009 10 CS/·2 39 SJ 68 l.77S 1.796 1.766 ·0.009 1.787 -0.009 -- - - - i--~ ti CS::; 27 41 SS 70 1.794 1.840 1.785 -0.009 1.831 -0.009 - - -- - - ---·--_g_ CS/-2 39 53 68 1.796 l.839 1.787 -0.009 1.830 -0.009 - - - - - -13 £51-2 39 SJ 68 1.839 J.873 1.810 -0.009 1.864 -0.009 -- - - - - - - ---- -·--- -14 CS/-4 39 40 6S 66 l.8S6 1.882 1.847 -0.009 1.873 -0.009 ·- - i-- 1- - --IS C6= 21 41 SS S6 69 84 1.907 1.934 1.898 -d.009 1.92S -0.009 16 C6 29 --43 51 71 86 1.916 J.973 1.917 -0.009 1.964 -0.009 • • • • • • • . • • . • • • . 

Abumlancel ---
0 
0 

l42ll 
71S65S . 

2080S -1129596 
780267 

11891St 
1097894 
19446S 

1219014 
213325 
48362 
35019 
47825 

IS86920 
' 

0.006/o 
0.00% 
0.02% 
0.88% 
003% 
1.40% 
0.96% 
J.47% 
1.36% 
0.24% 
1.51% 
0.26% 
0.06% 
0.04% 
0.06% 
1.96% . 

g 
i -s 

.... 
"1 

I 
! 

\ 
l 
I 

I 
I 
I 
I 



. . . • . . . . . . . . . . . . - -• . . . • . . ' . ' • . ' . • . - - -138 CI Benzothio 14S 147 148 7.701 7.849 7.724 0.023 7.873 0.024 255718 --139 2MeNaPhthalene 141 142 7.722 7.770 7.746 0.024 7.794 0.024 1030117 - --140 I MeNaohthalene 141 142 7.820 7.861 7 .. 844 0.024 7.88S 0.024 410403 - - - -141 C2 Nanhthalene 141 156 8.283 8.382 8.307 0.024 8.406 0.024 39022 ,_ - -142 Phenanthrene 178 9.500 10.00 9 524 0.024 10.024 0.024 0 - - - -- - 1- - --·-
Sum= 80972353 

a) Rule number, integer index 
b) Compound or group of compound• rule appllee to, for ex•mple 

Cl• refers to olefin or cycloparaffin with l carbons 
CS/-2 refers to dlolefin, dlcycloparaff Ln o~ cyclo-olefln with 5 carbons 
CS/-4 refers to trlolef ln, tricycloparaffin, dicyclo-olefln, cyclodlolef in 

with a total of 6 carbons 

.. 

C1Benzoth1ophene methyl substituted benzothlopbene (Cn/H2n-10S) 
c) Masses uaed in Rule (up to n may be specified, where n la an integer which is equal to 

the number of maeaee 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 minute• 
f) corrected start retention time, in minutes 
g) correction a difference between start and cstart (in minutes) 
h) corrected end time, in minutes 
i) correction • difference between end and cend (in minutes) 
j) Abundance, both as total sum and as normalized percentage baaed on Chemist's Rules. 

• 

. 
• 

0.32% 
1.21% 
O.SI% 
0.05% 
0.000/a 

I00.00 
o/o 

~ 
~ e 

N 
0 

I 

~ 
I ... 
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Tatal :aaw Abunclance (TIC): 

Chemist Rule: 

Air Leakage: 

Average Scan '.Rate (Min/Max): 

Number of records: 

21 -

total area abserved in the GC/MS 

analysis .. 

total area found usinq the Chemist's 

Rules1 baaed on experience, should be 

greater than 30\ of total raw 

abundance. 

total ionization due to air (m/z 28, 

32, 44, 44) useful diagnostic for 

instrumentation difficulties. 

shows the minimum, average and maximum 

scan rates durinq the GC/MS analysis 

and is a useful diaqnostic to identify 

instrumental problems. 

is the number of mass spectral scans 

acquired during the analysi~. 

The analysis au&mnarized in Table 4 is done for each reference 

sample. The results from these respective analyses form a training 

aet which is aubjected to mathematical treatment. The goal is to 

develop a model that can be used to predict the unlcnoWn properties of 

f~ture samples using their mass spectral data cnly. The mathematical 

treatments are described by multivariate correla~ion techniques such 

aa Project.ion to Latent Structure• (Pt.S} or otherwise known as Partial 

Least Squares {PLS), Principal Component Regression (PCR), and Ridge 

Regression (RR). These techniques are superior to ordinary multiple 

linear regression in their ability to treat collinearity amongst 

varial>lea 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 

Li.near Regression cannot be used to treat collinear variables. 

PLS/PCR/'RR are numerical analysis techniques fer detecting 

and. foxmulating a mathematical structure {model) within a data set 
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camprisinq observations associated with multiple objects. Each object 

has associated with it observations for multiple variables, the latte~ 

being common ta 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/HS data in this case). Obse:vations associated 

with variables in the Y-block (known pt'operties in this case) are 

realized from processes that may be different for each variable. The 

data sat used to construct this mathematical model is referrecl·to as 

the model calibration data set. 

The co1111110n use of P'LS/PCR/'EUi. is to apply the model developed 

from the calibration data set to X-block observations realized for new 

objects (ne>t in the calibration dataset) to predict values for the 

corresponding variables in the Y-block for these new objects, without 

havinq to execute the Y-block processes usad in the calibration 

dataset. Using dia9nostics that are simultaneously generated by the 

PLS/PC'lt/P:It model, assesS111ent of whether the new objects can be 

adequately described by the modal, and whether the model is used in an 

extrapolation mode versus interpolation mode can be performed. 

PLS/PC'It. addresses the collinearity features in the X-block 

and r-block, by suitably reducing the dimensionally in both X and r 

blocks (for PLS}, and"X-block only (for PCRf to form the model. 

Collinearity is a term referrirtq to the existence of relationships 

between variables wi.thin the bl.eek itself. In the PLS mcdelinq 

alqorittun a number of independent dimensions in the x- and Y-blocka 

are :Ldentif ied by foxming pseudo-variables knawn as principal 

ccmponents er latent vectors through different sets of linear combina­

tions of original variables in each block. Each set of such combina­

tions constitutes an independent dimension. It comprises a set of 

.coefficienta that each value associated with each variable in the 

block is to be weiqbted by to arrive at the new value for this dimen­

sion. ~he values for the new, reduced dimensions in tbe Y-block are 

regressed onto their coun~erparts 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 
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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 Swa of Squares) , cumulated by a Cross 
Validation (CV) technique using the training data set, and, following 

the 99neral model parsimony principle. • 

For Pea, 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 
usinq the Principal Components as 8 Prediction Variables•. 

For Ridge Regression, the collinearity problem is dealt with 
in a different manner than PLS/Pca. Here a dia9onal matrix known as 
the Lambda Matrix is added to the Covariance Matrix of the X-block 
with the net effect of stabilizinq the numerical computation needed to 

obtain the model coefficients. The selection of Lambda values is 
through optimization of PRESS criterion uain9 cross validation cf the 
training set. 

Thus~ the Chemist's Rule data for the various reference 
samples derived from GC/MS analysis form the x-block variables. 
PLS/PCB./Rlt treatment may require preliminary reorqanization of the 

X-block data, such as.transposition and removal of redundant data and 
constants or 11\atheraatical transformations. The Y-block variab~es 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: 
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X-BLOCX MAD.IX 

[ Chemist's Rul.es (n samples x 142 columns) 

X1,1 X1,2 X1,J Xl,140 Xl,141 Xl,.142 

X2,1 X2,2 X:z,3 X2,140 X2,l41 X2,l42 

X3,1 X3,.2 X3,3 X3,140 XJ, 141 XJ,142 

• 

Xn,2 Xn,l Xn,140 Xn,141 Xn,142 

Y-BLOCK VEC'l"OR 

( Measured Property or Properties (n samples) l 

The Y-block may be a single observation per set of Chealist•s 

Rules as shown above, ar i.t. may bean x m matrix of· observations 

where the.re are m different properties to be predicted. 

~he results of PLS/PCR/Rlt treatment cf the training set data 

are a aeries of coefficients. .Raw C:C/MS data fram an unknown sample 

(or scnples) are then treated by the chemist's Rules first to correct 

the retention times and then to form the icn summations. Eac;:h value 

for the Cbemist•s Rule ion summation result is then multiplied by the 

t.l:'ainin9 set cceff icients and summed to 98narate the prediction of the 

desired property. This is shown in Figure 2 which is graph of 

predicted vs. measured ROH values for the training aet. Figure J is a 

graph showing predicted vs. measured RON values for the eest set. 

figures 2 and 3 illustrate the quality of the predicted research 

octane values for both an unknown test set of 500 samples acquired 
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on-line on a motor qasoline blender referenced to the on-line research 

octane enqine _ (AS'EK IJ 2885-90} • The error in the predicted RON values 

verses the on-line engine values is due to the sparse number of 

Premium unleaded gasoline blends in the traininq set. The predicted 

vs. measured values for regular unleaded gasoline are mostly within 

± 0.5 RON units .• 

EXAMPLE 2 

The procedure of Example 1 was repeated for predic:tinq motor 

octane number (MON) for motor gasoline. The same 627 member training 

set was used, with the r-blcck values from an on-line MON engine. The 

same suite of on-line unknown samples were used in the prediction of 

motor octane number. Figure 4 is a graph cf predicted vs. measured 

MON valUils for the training set. Fiqure S is a graph cf predicted and 

measured MON values for an unknown training set of 500 samples 

acquired on-line on a motor gasoline blender referenced to the on-line 

motor octane engin~ (ASTM D 2855-90). The error in the predicted MON 

values varsea the on-line engine values at high MON values is due to 

the sparse number of PJ:•mium unleaded samples in the training set. 

Thia error C81;1-be offset l>y a bias correction (of approximately l.S 

octane unita) when used for blending control. The predicted vs. 

measured values for regular unleaded gasoline are mostly within +/-

0. 5 HON units. 

lxaHPLE 3 

The pt'ocedttr$ of Example 1 was repeated for predietinq 

distillation + losses (D+L) at ise•r (70°C) for motor gasoline blends. 

In this example, a traininq set of 259 members was used with the 

Y-block data beinq the laboratory inspection data on once per blend 

samples. The data ranged from 15.8\. to Sl.Si with an averaqe value of 

36.9,, the samples were analyzed in accordance with ASTM D 86-90. The 

results for the model training set parity plot are in Figure 6 which 

ia a qraph of predicted vs. measured D+L a~ lSB°F. 
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The procedure of Example l was repeated for predictinq 

distillation + losses (D+L) at J02°P (1S0°C} for motor gasoline 

blends. In this example, a traininq set of 259 members was used with 

the Y-block data being the laboratory inspection data on once per 

blend samples. The data ranged from 77.S• to 94.lt with an average 

value of 8S.7•, the samples were analyzed in accordance with ASTM D 

86-90. The results ~or the model traininq set parity plat are in 

Figure 7 which is a graph of predicted vs. measured D+L at 302°F. 

EXJ\MPLE 5 

The procedure of Example l was repeated for predictinc; 

distillation temperature at the so' distilled point (TSO) for motor 

gasoline blends. In this example, a training set of 261 members was 

used with the Y-block data bei.nq the laboratory inspection data (ASTM 

D 86-90) on once per blend samples. The data ranged trcm 153.8 to 

236.3°F (66.7 to ll3.5°C) with an average value of 191.0°F (88.l°C). 

The reeults for the training set are shown in Figure a. 

EXAMPLE 6 

The procedure o~ Example l was repeated for predictinq 

distillation temperature for 90• distilled point (T90J for motor 

gasoline blends. In this example, a training set of 261 members was 

used with the t-bl.ock data being- the laboratory inspection data (ASU 

D 86-90)_ on once per blend samples. The data ranged from 263.S to 

349.7°F (128.6 to 176.5°C) with an averaqe value of 319.6°F (159.a•c). 

The re•ults f~ the model training set are shown in Figure 9 which is 

a graph of predicted vs. measured T90 in •F. 

Ot:her properties of motor gasoline blends such as upper and 

lower exploaive limits, vapor pressure, flash point, viacosity, beat 

content, total armatics {or aromatics by species), raformulated 

gasoline qualities, etc., could be predicted using the method accord­

ing ta the inventi.on.. The subject met~d can alaa be applied for 
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. P:•cU.ctill9 pz:opertiea of othar types of cam.pl.ex hychiacu:-cm. ~·•· 

such aa diesel fuel, jet fuel, kerosene, heating oil, reformate, 

alkylata, specialty solvents, etc.; as well as refinery or chemical 

proce9s feed .-lea, intermadia'l:.e 111ti:.._ and. pnducts. 

~ller:e are· a111veral. c:ompcment:a. or blendad·paolt.Mt-wbtn·aa.~a, 
measured directly on-line using instrwnentation such as described in 

this patent. These materials include, but are not limited to,. water, 

byckogen aulf1t:ia., benzene, toluene, the isOJD&ric C2 benzenes throup 

C7 benzenes, substituted and unsubstituted indans, styrenes, 

napthalenes and heavier aromatics or partially hydrogenated aromatics, 

and various bydirocarbon or oxygenated compound types a.cJ:OSs the entire 

carbon number range COIDmOn to gasolines a~d/or otber materials boilinq 

below lso•c. 



Com1llete Cltentis&'s Rules for Mngas 

Rule• Comooundb Massesc 
I CJ= 27 41 42 - - ·-- --2 Cl 29 43 44 - -3 iC4 29 43 58 - - -- --4 nCS 29 43 58 - - - ---s CS= 21 41 SS 70 - -6CS 29 43 57 72 -1CS= 27 41 SS . 70 -8 cs 29 41 S7 72 - -9CS= 27 41 55 70 - - --JO CS/-2 39 53 68 

II CS= 27 41 SS 70 ·-12 CS/·2 39 SJ 68 
13 CS/-2 39 53 68 ---11 CS/-4 39 40 65 66 -15 C6"" 27 41 SS S6 69 84 - -· _J~ C6 29 43 51 71 86 - ---- - ----.. --·--17 C6= 27 41 SS S6 69 84 -

4 

Retention Timed 
· Start End 

1.S9 
1.570 1.600 
I 605 1.624 - ---l.624 1.680 -
1.684 1.708 
1.705 1.739 
J.736 1.1n 
1.739 1.794 
1.772 1.794 
1.775 1.796 
1.794 1.840 
1.796 1.839 
1.839 1.873 
1.8S6 1.882 
l.907 1.934. 
1.926 1.973 - --- -1.934 1.962 

! 
\0 

~ .... ... 
fJ 

w 
Cll 

~ 

I 



__!~ CS= 27 41 SS 
19 C6= 27 41 SS ~ - -·-20 C6 29 43 S7 - - -21 C6= 27 41 SS - -22 C6 29 43 S7 - -23 C6= 27 41 55 - -24 C6= 27 41 SS - 25 C6= 27 41 SS - 26 C61·2 41 SJ 67 
27 C6= 27 41 SS 
28 C6/-2 41 Sl 67 
29 C6= 27 41 55 -30 C6= 21 41 SS -

-2! C1 43 S7 --1L ·--32 C6= 27 41 SS 
33 C6/-4 39 41 S6 -34 C6/·4 39 41 56 - 35 C61·2 41 53 67 
36 C7= 41 SS 69 
37 C7= 41 SS 69 - --38 Benzene 78 - 39 C6= 27 41 SS - 40 C7 43 51 71 

70 -56 69 84 - - ---· 71 86 - - -· 56 69 84 - ---71 86 ·---56 69 8·1 -S6 69 84 - --S6 69 84 -82 - S6 69 84 
82 -56 69 84 ---56. 69 84 _ _._ ·-·--_!L 100 ---56 69 84 -79 80 - -79 80 -· 82 
70 8) 98 
70 8.J 98 ---· 

- -· S6 69 84 - 85 IOO --

l.94S - 1.962 -- - 1.998 - 2 036 - 2.076 -
2.095 -2.137 
2.156 
2.159 - 2.178 
2.186 
2.203 
2.244 - 2.2S2 -
2.290 
2.357 -
2.184 
2.441 
2.467 
2.519 -
2.521 
2.524 ·- 2.554 

1.969 
1.982 -2.032 
2066 
2.117 
2.137 
2.156 
2.178 
2.186 
2.203 
2.204 
2.244 
~.290 
2.276 -2.314 
2.384 
2.41S 
2.477 
2.487 
2.537 
2.590 
2.562 
2.61 I 

~ 
i ... ... :: 

N 
IO 

I 

~ 
I 



~! C7= 41 SS 
-1~ C7 43 S7 -----1~ ca 19 41 ------11 C7= 41 SS --45 C1 43 S7 ---46 C1= -1L SS - 47 C7 43 51 -......- --48 C7/-2 39 SJ - -- -. 49 C7/-2 39 53 

so C7= 41 SS 
SI C7• 41 SS -S2 C8 43 57 -53 CB 43 57 - --S4 CS= 4 I SS --SS C7= 41 SS - S6 CS= 41 -2L --S1 C1/-2 39 SJ - --58 C7/-4 41 S6 - --59 CS== 41 SS 
60 cs 43 SS - - --61 C7/-4 41 56 BC• 43 51 

CB 43 51 -C7/-2 39 53 . ........ _ .. 

.. 

---·--- ·-69 70 - 71 as 
56 8l ----· 69 70 
71 SS 
69 70 - 71 SS -- ---67 81 --67 81 
69 70 -69 70 
71 SS 
71 SS 
69 83 
69 70 - --69 83 --67 81 
79 93 
69 83 
~ 

S1 71 - -79 93 
71 SS 
70 71 
67 81 

83 
IOO _ ....... 
9'J 
Ill 
I fl() 

8J 
100 ---
96 
96 --
83 - 83 
99 - 91) 
97 
Kl 
97 ·---96 
94 --97 

98 

114 
•JK 

98 

98 

-

---
-
I 

·-
·--98 

114 _ .. __ 
114 ........ 
112 
CJ8 
112 

-
--

-· 112 
114 99 

94 --
99 
85 
96 

_l!i_ 
99 -114 

2.571 -2 645 ----· 2.740 -----2.742 -2.771 
2 911 
2.928 
2.978 
3.137 
3.168 
3.246 
3.3Sl 
3.369 
3.371 
3 409 ---

_1.4!7~· 
3.488 
3.530 
3.582 
3.SBS 
3.590 
3.610 
3.661 
3.676 

----
2 610 -2 684 ------2870 .. --------· 2.868 ----· 2.793 ----
J 141 
2.976 
l 025 
3.167 
3.198 
3.300 
3.446 

• 3.422 -3.396 ·---· 3 417 -----3.509 
3.508 
3.SSO 
3.60S 
3.661 
3.710 ____._ 
3.622 
~ 

3.721 
3.727 

! 
i ... a 

w 
0 

I 

I'd 

~ 
I 
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6S CB 43 51 71 - -· 66 C8= •ti SS 69 __ .;.,_ -67 ca 41 S7 71 -68 Toluene 91 92 -- ·- -69 C71-2 39 Sl 67 
70 CS= 41 55 {)') -· ··---· 71 CS= ·I I 55 (1'> -72 CS/-2 )l) 51 67 -- ----13 CB H 51 71 - - - ,__ __ 
74 CB/-2 39 SJ 67 -- - -15 CB= 41 SS 69 
76 C9= 41 69 8l --77 C9 43 71 SS --- --78 C9 43 71 85 - -- -79 CBl-2 39 SJ 67 - - -80 C9= -1L. 69 83 - -81 El Benzene 91 105 106 --- ---- -82 C9 43 11 SS - 83 !Jl+p-Xylene 91 105 106 
84 C9 43 71 SS -85 C9= 41 69 83 
86 a-Xylene 91 IOS 106 -87 C9= 41 69 83 -- - -88C9 43 71 BS -

~' 

-BS 
83 --8S 

9'> 1114 

~~~~-ti~= . ·-
·--81 'J(1 

81 1>7 112 ... 
10 •17 It:! 
81 IJ) f lO ..... ... . ·-· ... -SS '.>9 I M - ---- -···-· ·--81 95 110 - - -····-- -83 97 112 - -- ....... __ -97 111 126 - --··- ----99 113 128 - ---- ·-·--- -99 113 128 ·----- -----
81 95 110 --
97 111 I 126 ·-- --

·-99 - _!!~J_!~L 

-· ·--99 
97 

_!.!L,_!~!_ 
111 126 

·-· 97 -99 -H~I·-~~: -

3.734 3.791 ·--------3.789 3.817 -3.80S J.940 
l 810 3.91S -----·-J 874 J 899 -·---- ---·---J 912 l 990 ·-------· -----4 0(>2 4l18 ·--··---·--· -----4 167 4 181 _ .. ___ ---·-·-4 191 __122!__ ---·-4 299 4 l2S - ---4.491 4.559 --4.492 4 588 
4.492 4.508 -----
4 SSL_. 4.578 
4 590 4 605 -4 645 4.936 ------ -----4.804 4.8S6 ---------4.836 4.870 --------4 871 4.956 
4.906 4.92S 
4.972 S.084 
S.086 S.146. 
S.113 S.161 --- --s 138 S. IS9 

g 
~ .... .... a 

IJ ... 
I 

; 
I ..., 



! 
~ 
=i 

~ 
~ 
m 
~ 
hi 
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89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 

C9= 
C3 Benzene 
Cl0/-2 
ClO= 
CIO 
C3 Benzene 
C3 Benzene 
C3 Benzene 
C3 Benzene 
C4Benzene 
C4 Benzene 
C3 Benzene 
CU= 
cu 
Indane 
Indene 
C4Benzene 
Cll/-2 
C4Benzene 
Cll/4 
Cl Indane 
C4Benzene 
C12/-2 
C12= 

41 69 
91 92 
109 110 
69 83 
57 71 
91 92 
91 92 
91 92 
91 92 
91 92 
91 92 
91 92 
69 83 
71 85 
117 118 
us 116 
91 92 
81 95 
91 92 
79 83 
104 117 
91 92 
81 95 
69 83 

83 97 111 
105 119 120 
123 137 138 
97 111 125 
85 99 113 
105 119 120 
105 119 120 
lOS 119 120 
105 119 120 
105 106 119 
105 106 119 
105 119 120 
97 . 12S 139 
99 113 127 

105 106 119 
109 123 137 
105 106 119 
107 121 135 
118 131 145 
105 106 119 
109 123 151 
97 111 139 

126 S.211 
5.354 
S.400 

140 S.400 
142 S.400 

5.519 
5.631 

. S.777 
5.873 

134 S.982 
134 6.071 

6.082 
154 6.138 
·156 6.138 

6.179 
6.245 

134 6.25.S 
152 6.400 
134 6.434 
ISO 6.450 
146 60479 
134 6.627 
166 6.710 
168 6.710 

5.459 
S.382 
6.100 
6.210 
6.112 
S.614 
S.'132 
S.816 
S.934 
6.023 
6.107 
6.123 
6.900 
6.754 
6.217 
6.286 
6.402 
6.750 
6.558 
6.700 
6.545 
6.74S 
7.430· 
7.430 

.. 

c..a 
IV 
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113 CJ2 71 8S 99 --814 CS Benzene 91 _!QL ~ 
JIS C12/·4 93 107 121 
116 C2 lndane 104 117 118 
117 Cl lndane 104 117 118 -118 Cl fndene 11 s 129 130 --119 Cll/-2 81 9S 109 -120 Cll= 69 BJ 97 
121 C2 lndane J04 117 118 - 122 Naphthalene 102 128 
123 CS Benzene 91 JOS 106 
124 Benzeneothionhene 133 134 
12S CS Benzene 91 JOS 106 
126 C6Benzene 91 IOS 106 
127 MMT SS 19 134 
128 C6 Benzene 91 105 106 
129 C2 lndane 104 117 118 -130 C2 lndene 11 S 129 143 
Ill C2 lndane 104 117 118 
132 C2 lndane 104 t 17 118 
133 CJ lndene 115 129 143 
134 CS Benzene 91 105 106 
135 CJJ 71 8S 99 

--
Ill 141 -·-- - ....... 
119 IJ.l ----IJS 149 ---Ill 145 -- -·--Ill 145 ---
-- -123 165 - ----

111 ISJ 
131 145 

119 133 

119 113 
119 Ill 
162 218 -119 133 ---131 145 
144 
131 145 -131 145 
IS7 158 
119 Ill ·---· 
113 155 

-- -170 6 712 --·-- --_!1!_ 6.798 
164 6.800 
146 6.814 - .. 
146 6836 

6.903 
180 7.000 ···--182 7000 -·-- -
146 7.089 --

7.113 -
148 7.159 

7.176 
148 7.226 
162 7.300. 

7.300 
162 7.366 -146 7.376 - 7.400 
146 7.465 
146 7.547 

7.600 
148 7.631 
184 7 64S 

7.310 ----7.048 
7.430 
6.846 
6.94!__ 
6.973 
7.760 
7.760 
7.207 
7.182 
7.198 
7.210 
7.251 
7.320 
7.820 
7.500 . 
7.410 
1.604 
7.494 
7.587 
7.730 
7.652 
7.660 

w .... 

~ 
~ .... .... m 

I .... 
, I 



136 Cl lndane 104 117 118 131 145 146 7.6S2 -- - --137 Cl lndane 117 131 14S 159 160 7.664 
138 CI Benzothio 147 148 7.701 - - -139 2Me Nanlldaalene · 141 142 7.722 
140 I Mc Naohthalcnc 141 142 7.820 -141 C2 Nanhthafene 141 142 B.283 -142 Phenanthrene 118 9.SOO 

a) Rule number, integer index 
b) Compound or group of compounds rule applies to, for example 

Cl• refers to olefin or cycloparaf fin with 3 carbons 
cs/-2 refers to dioletin, dicycloparaff in or cyclo-olef1n with 5 carbons 
CS/-4 refers to trlolefin, trlcycloparaffin, dicyclo-olef in, cyclodlolefln 

with a total of 5 carbons 
ctaen&othlo methyl •ubatitutad benzothiophane (Cn/H2n-10S) 

c) Haeeaa used in Rule (up to n may be specified, where n la an integer which ia equal to 
the number of aaeeea acanned durln9 the tlme inter•al (d) either in full scan mode 
ar selected ion monitoring mode), 

d) Retention time for both starting and anding retention times based on historical 
averages, in minutee 

7.676 
1.123 
7.849 
7.770 
7.861 
8.382 
10.000 

·--

w 
.jlo. 
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i ... m 

~ 
I 
ti .... 



COMPLETE Cl IEMISTS RULES FOR MOCiAS WITI I CORRECTIONS 

Total Raw Ahu!Jdance (TIC) : 125963855 ... __ ... ________ 
Chemist Rule : 80972151 (64.282%' . -- -----------Air I .eak11g=._ 7201540 ___{!_ 711°'-') 

. ·-·-·- -------Avu Scan Ra~e (Min/M~- 128 (126/215) - ·---· .... - ··--- ---·.::....-.: Number of Records ·(857 

Ru lea Compoundb Massesc Start<I Ende CSranf C~orrG CEndh Corr• 

-I CJ= 27 41 42 t.560 1.590 I.SS I ·0.009 l.581 -0.009 
2 CJ 29 43 44 l.570 J.600 l.561 -0.009 1.591 -0.009 --3 iC4 29 43 SS 1.605 1.624 1.596 -0.009 1.614 -0.010 - - --4 nCS 29 43 SB 1.624 1.680 1.614 -0.010 l.670 -0.010 
s CS= 27 41 SS 70 l.684 1.708 1.674 -0.010 1.698 -0.0IO - - - - - ~-6 cs 29 41 21 72 ~ 1.739 1.69~ -0.010 1.730 -0.009 - - -7 CS= 21 41 SS 70 1.736 1.772 1.727 -0.009 1.763 -0.009 - --8 cs 29 43 51 72 1.739 1.794 1.730 -0.009 1.78S ~0.009 -9 CS= 27 41 SS 70 1.772 t.794 1.763 -0.009 1.785 -0.009 
to CSl-2 39 Sl 68 1.775 1.796 1.766 -0.009 1.787 ·0.009 --..JL cs- 21 41 SS 70 1.794 1.840 l.78S -0.009 l.831 -0.009 - -- --12 cs1 .. 2 39 SJ 68 1.796 t.839 l.787 -0.009 l.830 -0.009 
13 CS/·2 39 SJ 68 1.839 1.873 1.830 -0.009 1.864 -0.009 ---

Ahundancel 

0 
0 

14233 
715655 
20805 

1129596 
780267 

1189151 
1097894 
194465 

1219014 
213325 
48362 

0.00% 
0.00% 
0.02% 
0.88% 
0.03% 
1.40% 
0.96% 
1.47% 
J.36% 
0.24% 
l.51% 
0.26°/e 
0.06% 

t.a 
UI 

! 
~ --P1 

I 
I .... 

I 



-14 CSJ-4 39 40 65 66 
-1L C6= 27 ..i! SS 56 69 84 

16· C6 29 43 51 71 86 
17 C6= 27 41 SS 56 69 84 
18 cs- 27 41 SS 70 ·-19 C6= 27 41 SS 56 69 84 
20 C6 29 43 S1 71 86 -21 C6:::: 27 41 SS 56 69 84 - -22 C6 29 43 51 71 86 
21 C6= 21 41 SS S6 69 84 -- -24 C6= 21 41 SS S6 69 84 
2S C6= 27 41 SS 56 69 84 - ..__ - '-
26 C6/-2 41 Sl 67 82 
27 C6= 27 41 SS 56 69 84 
28 C61-2 41 Sl 67 82 -29 C6= 27 41 SS S6 69 84 -30 C6= 27 41 SS S6 69 84 -31 C7 43 51 71 85 100 
32 C6= 27 41 SS S6 69 84 
33 C6/-4 39 41 56 79 80 -34 C6/-4 39 41 S6 79 80 
JS C6/-2 41 S3 67 82 -36 C1= 41 SS 69 70 83 98 -

1.8S6 1.882 1.847 -0.009 ----~ 1.907 1.934 I 898 -0.009 ----1.926 1.973 1.917 -0.009 
1.934 1.962 1.92S -0.009 
1.945 1.969 1.9)6 ...0.009 --- ··-i-----
1.962 I 982 J 953 -0009 ------ -I 998 2 032 I 989 -0009 - ·---2.036 2066 _l.Q21 -0009 -- -·--2.076 2 117 2 068 -0.008 ·---- -2.09S 2.137 2 087 -0008 

-~-- -_ill1 .U~~ 2 129 -0008 ----- --
2 ·~~ 2 178 2 148 -0008 -·- --... ·-- -2159 2 186 2 I St -0.008 ----· -2.178 2.203 2 170 -0008 --2.186 2.204 2.178 -0.008 - --2.203 2.244 l.195 -0.008 

~ 

2.244 2.290 2.236 -0.008 - --2.252 2.276 2.244 -0.008 --2.290 2.314 2.282 -0.008 
2.3S7 ~.384 2.349 -0.008 -2.384 .!1Ji 2.377 ~ 
2.44! k1!7 _2.411 -0.007 -2.467 2.487 2 460 -0.007 ----

1.873 -0.009 
1.925 -0.009 
t.964 -0.009 
1.953 -0.009 
1.960 ..0.009 
1.973 -0.009 
2 023 -0.009 
2 058 -0.008 
2.109 -0.008 
2.129 -0.008 - --2.14! -0.008 
2.170 -0.008 
2.178 -0.008 
2.195 .. o.ooa 
2.196 -0.008 
2.236 -0.008 
2.282 -0.008 
2.268 -0.008 
2.306 ..0.008 
2.377 -0.007 
2.408 -0.007 
2.470 -0.007 
2.480 -0007 --

35019 0.04% 
47825 0.06% 

158692~ 1.96% 
379986 0.47% 
813127 J.OO'A 

1160073 1.43% 
810472 1.00% 
467971 O.S8% --1112971 1.38% 

1269477 l.S7% -------442930 O.SS% --421028 O.S2% 
161562 0.20% 
248065 0.31% 
105786 0.13% 
447307 O.SS% 

IOS7S3S l.31% 
160388 0.20U.4 
484444 0.60% 

18054 0.02% 
30Sl4 0.04% 

3!2982 0.39% 
toS390 _Q.!3% -----

! 
~ 

i 

.., 
0\ 

I 

~ 
I 

I 



l7 C7= 41 SS 69 70 83 98 
38 Benzene 78 
39 C6= 27 41 SS 56 69 84 
40 C7 43 S7 71 BS 100 
41 C7= 41 SS 69 70 83 98 
42 C7 43 S1 71 SS 100 
43 CB 39 41 S6 83 99 114 ,_ -44 C7= 41 SS 69 70 83 98 .__ - ---- - ,_ 
45 C7 43 S1 71 85 100 
46 C1= 41 SS 69 ~o 83 98 
47 C7 43 57 71 85 JOO 
48 C7/-2 39 SJ 61 81 96 
49 C7/-2 39 SJ 67 81 96 so C7= 41 SS 69 70 83 98 
51 C7= 41 SS 69 70 83 98 - -S2 Cl 43 S7 71 85 99 114 - i-SJ ca 43 S7 71 SS 99 114 
S4 CS::; 41 SS 69 8l 97 112 
SS C7= 41 SS 69 70 83 98 
S6 CB= 41 SS 69 83 97 112 
57 C7/-2 39 SJ 67 81 96 
SB C7/-4 41 S6 79 93 94 -S9 CB= 41 SS 69 83 97 112 

•o 

2.519 2.537 ~·2 .0.001 2.530 - -2.521 2.S90 2.514 ·0.007 2.S8l -2.S24 2.562 _1117 -0.007 2.SSS -2.SS4 2.611 2.S47 -0007 2.604 -2.571 2.610 2.S64 w0007 2.603 - ·---- - -2.645 2 684 2 638 -0007 2.678 ---2.740 2.870 2 734 -0 006 2.865 - .... _ .. ___ 
2.742 2.868 2 736 -0006 2.863 - ----- --·--2.771 2.793 2.765 -0.006 2.787 - ----2.911 3.141 2.906 -0005 3.137 
2.928 2.976 2.923 -0 oos 2.971 --2.978 3.025 2.973 -0.00S 3.020 
l.137 3.167 3.133 -0004 3.163 -3.168 3.198 3.164 -0.004 3.194 -3.246 3.300 l 242 -0.004 3.297 --- -l.lSI 3.446 3.348 -0003 3.443 --· -----J.369 3.422 l 366 -0.003 3.419 - -- -J.371 3.396 J 368 -0003 3.393 ---3.409 3.437 3 406 -0003 3.434 ---- -3.487 3.509 3.484 -0.003 3.507 - -3.488 3.508 3.485 -0003 3.506 -3.SlO 3.SSO 3.528 -0.002 3.S48 
3.582 3.605 3.SBO -0.002 3.603 --

-0.007 48309 
-0.007 4S691l 
.Q.007 155038 
-0.007 1413849 
-0.007 60094i 
-0.006 I094972 
-0.00S 1910679 
-0.00S 1307310 ---0.006 236375 
..0.004 1121554 
-0.00S 823658 --0.00S 203121 
-0.004 64492 
-0.004 100858 
-0.003 624082 
-0.003 .700278 ---0.003 672534 
-0.003 71932 
-0.003 292860 
-0.002 77610 
-0.002 37349 
-0.002 12506 
-0.002 106300 

0.06% 
O.S6% 
O.J91'At 
l.7S% 
0.74% 
1.35% 
2.36% 
1.62% 
0.29% 
1.39% 
1.02% 
0.2S% 
0.08% 
0.13% 
0.77% 
0.87% 
0.83% 
0.09°/t 
0.36% 
0.10% 
0.05% 
0.02% 
0.13% 

! 
i .... e 

w ..... 

i 
I 



60 CB 43 SS S7 71 99 114 -61 C7/-4 41 S6 79 93 94 - -62 cs 43 57 71 85 99 114 - - -63 cs 0 57 70 71 85 99 114 - -· - - -64 C7/-2 39 SJ 67 81 96 - -6S ca 43 S7 71 85 99 114 ·--- - --66 CB= 41 SS 69 83 91 112 
61 cs 43 57 71 8S 99 114 
68 Toluene 91 92 -69 C11·2 39 53 67 81 96 
70 CB= 41 SS 69 83 91 tt2 
7l CB= 41 SS 69 83 91 112 
1'l C8/-2 39 51 67 81 95 110 - -73 ca 43 S1 71 BS 99 114 

·~-11 CS/-2 39 53 61 81 95 110 
1S CS= 41 SS 69 81 97 112 - -16 C9= 41 69 83 91 It I 126 -11 C9 43 71 85 99 Ill 128 -78 C9 43 71 85 99 113 128 --79 CB/-2 39 53 67 81 95 110 --80 C9 ... 41 69 83 97 111 126 -81 Et Benzene 91 IOS 106 - - - -82 C9 43 71 85 99 113 128 ·-- --~-

l.S8S 3.661 l.S8l ---l.S90 3.710 3.S88 --3.6)0 3.622 3.608 -·--3.661 3.721 3 659 _ ... --_ .. ...,...__ 

l.676 3 727 3 674 - ___ .... _ 
3.734 3 791 l 7ll --3.789 3.817 l 788 - ---3.805 3.940 J 804 --- -·-3.810 3.915 3.809 ----
3.874 3.899 3.873 --3.912 3.990 3.912 -4.062 4.318 4.064 --4.167 4.181 _!11! 
4.191 4.221 4.195 
4.299 4.l2S 4.30S 
4.491 4.559 

-, ... -
4.500 -4.492 4.588 4.SOI .-...--· 

4.492 4.SOB 4.SOI 
4.556 4.578 4.566 - - --4.S90 4.605 4.60t --4 645 4 936 4 656 - --- -----
4 804 4 856 _1!!! ,__ ----4 8)6 4 870 4 sso ._... ___ -·---

-0.002 3.659 -0.002 ---0002 3.708 -0.002 -----0.002 3.620 .. 0.002 
-!>002 3.720 ~0.00) - --0002 3.726 ~ ---0 00 I 3.790 -0.001 -----· --0001 3.816 -0.001 ---0.001 3.940 0.000 ·-· -0.001 3.915 0.000 
-0.001 3.899 0.000 
0000 3.991 0.001 -0.002 4.324 0.006 -0.004 4.185 0.004 -0004 4.226 o.oos 
0.006 4.331 0.006 
0.009 4.569 0.010 
0009 4.598 O.Ol l 
0.009 4.517 0.009 
0.010 4.588 O.OIO 
0.011 4.616 0.011 --

..!!.!!!.! 4.952 0.016 
_ 0.0!.1 4 871 O.Oll 
0014 4.885 0015 ··--------

947376 1.17% 
191500 0.24% 
4S3814 0.56% 
780121 0.96o/. - ---202BS4 0.25% 
231822 0.29% -83481 0.10% 

1033435 1.28% 
7948033 9.82% 

51218 0.06% 
403062 0.50% 
932003 1.15% 
33396 0.04% --• 270706 0.33% 
92852 0.1'.l°A. 

262214 0.32% -283866 0.3S% 
38948 0.05% 
48572 0.06% 
15446 0.02% 

401171 O.SO% ---1755888 . 2.l7°A. 
l!Q!84 0.22% 

~ 
IO 

~ ... 
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83 m+o-Xvlene 91 IOS 106 -84 C9 41 71 BS 99 113 128 
85 C9= 41 69 83 97 111 126 
86 o-Xvlene 91 IOS 106 
87 C9= 4 I 69 83 91 ill 126 --.-- -88 C9 43 71 8~ 99 113 128 -- -89 C9= 41 69 83 97 111 126 - -- --90 Cl Benzene 91 92 IOS lt9 120 - -. 91 CI0/-2 109 110 123 137 138 -92 CIO= 69 83 97 111 125 140 -- -9l CtO S7 71 BS 99 Ill 142 
94 Cl Benzene 91 92 JOS 119 120 
9S Cl Benzene 91 92 105 119 120 -96 Cl Benzene 91 92 lOS 119 120 
91 Cl Benzene 91 92 JOS 119 120 - ---98 C4 Benzene 91 92 105 106 119 ill 
99 C4 Benzene 91 92 105 106 119 134 --100 Cl Benzene 91 92 105 119 120 -IOI Cll= 69 83 97 ill 139 154 
102 Cit 11 85 99 113 127 156 --- -· - -103 lndane 117 118 ,_ - - -_!.Q1_ lndene 115 116 -IOS C4 Benzene 91 92 IOS 106 119 134 

-4.877 4.956 4.892 0 015 - ~-

4.906 4.925 4 921 0 015 
4.972 S.084 4.988 0 016 - -S.086 S.146 s 102 0.016 -J:.lli S.161 S.129 0016 

~-------5.138 S.159 5 154 0 016 
S.211 S.459 S.226 0.015 - ----S.354 S.382 S.369 O.OIS ----5.400 6.100 5.415 0 OIS - ----S.400 6.210 S 4lS 0 015 -·---S.400 6.112 S.415 O.OIS 
S.S19 S.614 5.594 0.015 
S.637 S.732 S.652 0.015 
S.111 S.816 S.792 0.0IS --S.873 S.934 5.888 0.015 --S.982 6.023 S.997 0.015 --6.071 6.107 6.086 0.015 -·- -----6.082 6.123 6.097 0.015 -6.138 6.900 6. ISJ 0.015 --6.138 6.754 6 153 0 015 - '"6]94 --· 6.179 6.217 0 015 ·- -6260 ·--6.245 6.286 0.015 ------6.255 6.402 6.270 OOIS -·· 

- .. 
4.972 0.016 
4.941 0.016 
S.100 0.016 
S.162 0.016 
S.177 0.016 
S.175 0.016 
S.474 0.015 
S.397 0.0IS -6.115 0.015 
6.225 0.015 
6.127 O.OIS 
S.629 0.015 
S.747 O.OJS 
S.831 0.015 
5.949 O.OJS -6.038 0.015 
6.122 0.015 -6.138 O.OIS 
6.915 o.ots 
6.769 0.0IS 
6.232 O.OIS 
6.301 0.015 
6.417 0.015 

6618720 
S2748 

183924 
2736750 

112279 
78032 

214003 
92133 

0 
379745 
678126 
571333 

4268402 
978193 

3263117 
60719 

497424 
776999 
166061 
324662 
382862 
60477 

1817904 

8.17% 
0.07% 
0.23% 
3.38% 
0.14% 
0.10% 
0.26% 
0.11% 
0.00% 
0.47% 
0.84% 
0.71% 
5.27% 
0.96% 
4.03% 
0.08% 
0.61% 
0.96% 
0.21% 
0.40% 
0.47% 
·o.08% 
2.2So/o 

~ 
i .... .... 
el 

Col 
ID 

~ 
I .... 



I 
CJ) 
:c 
ffi -~ 
Jn 
I\.) s 

106 
107 
108 
109 
110 
111 
112 
113 
114 
us 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

Cll/-2 81 
C4Benzene 91 
Cll/-4 79 
Melndane 104 
C4Beniene 91 
C121-2 81 
C12= 69 
Cl2 71 
CS Benzene 91 
Cl2/-4 93 
C2lndane 104 
Melndane 104 
Melndene 115 
Cl3/-2 81 
CJ3-=; 69 
C2 Indane8 104 
Naphthalene 102 
CS Benzene 91 
Benzothiophene 133 
CS Benzene 91 
C6Benzene 91 
MMT SS 

9S 109 123 137 152 
92 105 106 119 134 
93 107 121 135 150 

117 131 132 
92 105 106 119 134 
95 109 123 151 166 
83 97 111 139 168 
85 99 113 141 170 

105 106 119 133 148 
107 121 135 149 164 
117 us 131 145 146 
117 131 132 
129 130 
95 109 123 165 180 
83 97 111 153 182 

117 118 131 145 146 
128 
105 106 119 133 148 
134 
105 106 119 133 148 
105 106 119 133 162 
79 134· 162 218 

6.400 6.750 6.415 0.015 6.765 
6.434 6.558 6.449 0.015 6.573 
6.450 6.700 6.465 0.015 6.715 
6.479 6.545 6.494 0;015 6.560 
6.627 6.745 6.642 0.015 6.760 
6.710 7.430 6.725 O.OlS 1.449 
6.710 7.430 6.125 0.015 7.449 
6.712 7.330 6.727 0.015 7.347 
6.798 7.048 6.813 O.OlS 7.063 
6.800 7.430 CS.SIS 0.015 7.449 
6.834 6.846 6.849 0.015 6.861 
6.836 6.941 6.851 0.015 6.956 
6.903 6.973 6.918 0.015 6.988 
7.000. 7.760 7.015 0.015 7.784 
7.000 7.760 7.015 0.015 7.784 
7.089 7.207 7.104 0.015 7.222 
7.113 7.182 7.128 0.015 7.197 
7.159 7.198 7.174 0.015 7.213 
7.176 7.210 7.191 0.015 7.226 
7.226 7.251 7.242 0.016 7.267 
7.300 7.320 7.317 0.017 7.337 
7.300 7.820 7.317 0.017 7.844 

0.015 0 
0.015 1317323 
0.015 42140 
O.OlS 296319 
O.OlS 1013676 
0.019 445 
0.019 76201 
0.017 181880 
0.015 11S8186 
0.019 6694 
0.0lS 65461 
O.OtS 725115 
0.015 227195 
0.024 0 
0.024 82801 
0.016 430159 
0.015 680168 
0.015 214964 
0.016 117429 
0.016 74124 
0.017 69S97 
0.024 82404 

O.OOOA 
1.63% 
0.0S% 
0.3'1°A 
1.25% 
0.000..4> 
0.09% 
.023% 
1.43% 
0.01% 
0.08% 
0.9()0At 
0.28% 
O.OOOA 
O.lOOA. 
0.53% 
0.84% 
0.27% 
0.15% 
0.094'.4 
0.()90.4 
0.10% 
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128 C6 Benzene 91 IOS 106 J 19 133 162 7.366 
129 C2/-8 104 117 118 131 14S 146 7.376 
130 C2 lndene 11S 129 143 144 7.400 
~· ---

131 C2 lndane 104 117 118 131 145 146 7.465 
132 C2 lndane 104 117 118 Ill 145 146 7.547 
133 Cl Indene 115 129 143 157 158 7.600 
134 CS Benzene 91 105 106 119 in 148 7.631 
135 CIJ 71 SS 99 113 ISS 184 7.645 
136 C2 lndane/-8 104 117 118 131 145 146 7.652 
137 Cl lndene 117 131 145 159 160 7.664 
138 CI Benzothio 145 147 148 7.701 
139 2MeNaohthalene 141 142 7.722 
140 I MeNaphthalene 141 142 7.820 
141 C2 Naohthalene 141 IS6 8.283 
142 Phenanthrene 178 9.SOO 

-

·-
7.SOO 7.384 0.018 7.S20 ----7.410 7.394 0018 7.429 
7.604 7.419 0.019 1.626 
7.494 7.485 0.020 7.514 -
7.587 7.568 0 021 1.609 
7.730 7.622 0.022 7.7S4 
7.652 7.653 0022 7.675 -7.660 7.668 0.023 7.683 
7.676 7.675 0023 7.699 
7.723 7 687 0023 7.747 
7.849 7.724 0.023 7.873 
7.770 7.746 0.024 7.794 
7:861 7.844 0.024 7.88S 
8.382 8.307 0.024 8.406 
10.00 9.524 0.024 10.024 

Sum= 

0.020 260793 
0.019 144073 
0.022 185620 
0.020 148372 
0.022 136473 
0.024 58298 
0.023 42922 
0.023 36141 
0.023 72406 
0.024 96291 
0.024 255718 

0.024 1030117 
0.024 410403 
0.024 39022 
0.024 0 

80972353 

0.32% 
0.18% 
0.23% 
0.18% 
0.17% 
0.07% 
0.05% 
0.05% 
0.09% 
0.12% 
0.32% 

1.27% 
0.51% 
0.05% 
0.00% 

100.00 
% 
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a) Rule number, integer index 
b) Compound or group of compounds rule applies to, for example 

C3• refers ~o olefin or cycloparaffin with 3 carbons 
CS/-2 refers to diolef in, dicycloparaffin or cyclo-olefin with 5 carbons 
C5/•4 refers to triolefin, tricycloparaffln, dicyclo-olefin, cyclodiolefin 

with a total of 5 carbons 
ClBenzothio methyl substituted benzothiophene (C0 /H2n-10S) 

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 modeJ. 

d) start retention time in minutes 
e) end retention time in minutes 
f) corrected start retention ti.me, in minutes 
9) correction • difference between start and cstart (in •inutea) 
h) corrected end time, in minutae 
i) cor~ction •difference between end and cend (in.minutes) 
j) Abundance, both as total sum and as normalized percentage based on cbemlst'a Rules. 
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CLAIMS: 

1. (a) A process for controlling the blending of a 

plurality of blend stocks each having boiling points less than about 

350° C into at least one blend product which comprises: 

(a) selecting at least one physical, perceptt.tal, perfol:liiance or 

chemical properties of a least one blend stock or blend product; 

(b) selecting reference samples, said reference samples containing 

characteristic compound types present in at least one blend stock 

or blend product and which may 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 spectro~ter thereby causing 

at least a partial separation of.the hydrocarbon mixture 

into coustituent chemical components; 

(2) introduc~ng the constituent chemical c:omponents of ea.ch 

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 

times; 

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

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

molecular or fragment ions, said ions being representative of 

characteristic compounds or compound classes expected within the 

retention time wi~dow; 

------- ---- ----·--
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(7) recording the total IU1l0Wlt of each characteristic c0111pound 

or compound group selected in step c(6); 

(8) foaainq the dat& from steps c(6) and c(7) into a X-block 

matrix; 

(9) forming the property data selected in (a) fer reference 

samples selected in (b) into a Y-block matrixJ 

(10) analyzin9 the data from steps c(S) and c(9) by multivariate 

correlation techniques includinq Partial Least squares, 

Principal component Regression, Ridge Regression to produce 

a series of coefficients; 

(d) aubject.ing at least one blend stock or blend product sample to 

steps c(l) to c(l} 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 chromatoqram from step 

(d); 

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

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

properties for the at least one blend stock or blend product 

samples; and 

(9) usinq the predicting values of a selected property or properties 

of the at least one blend stock or blend product sample to 

control the amount of blend stock in the blend product. 

2. A process for controlling or monitoring chem.lcal or 

refinery processes which utilize feed stocks and/or produce products 

having boiling points lass than about JS0°c whieh comprisess 

(a) selecting at least one physical, perceptual, performance or 

chemical property of at least one feed stock, intermedia~e streaa 

or process product; 

--------------
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(b) selecting reference samples, said reference samples containinq 

cba:r:acterietic campound types pr:esent in the at least one feed 

stock, intermediate stream or product and which have known values 

of the property or properties selected in step (a); 

(c) p:oducinq a training sat by the stlfps cf: 

(l) injectinq each reference sample into a qas 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 eonstituent chemical components of each 

reference sample into the mass spectrometer, under dynamic 

flow conditions; 

(3) obtaini119 for each reference sample a series of time 

resolved mass chrC>lllatograms; 

(4) calibrating the mass chromatograms to correct retention 

times; 

(S) 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 representa­

tive of characteristic compounds or compound classes 

expected within the retention tiftle window; 

(7) recordin9 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 

matrix1 

(9) forming the property data selected in (a) fer reference 

samples selected in (b) into ~ Y-block matrix; 

-- -··--------------------
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(10) an&lY%inq the data from steps c(S) and c(9) by multivariate 

correlation techniques including Partial Least squares, 

Principal component Reqrassion, or Ridge Regression to 

produce a series of coeffi~ients; 

{d) subjecting at least one refinery ot chemical process inter­

mediate, product or feed stock sample to steps c(l) to c(3) in 

the same manner as the reference sample ta 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 front step (e) by the coefficients from 

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

properties for the refinery or chemical process sample or 

amziples; and 

(g) using the predicted values of the property or properties of the 

refinery or chemical sample or samples to control the refinery or 

cheaiical process. 

l. The method of claims l or 2 wherein the qas chrcaaato­

g::aph ia a capillary gas chromatograph and the mass spectrometer is a 

qgadrupole mass spectrometer. 

4. The method of claims l or 2 wherein the qas chromato­

graph and ma.as apectrameter are operated under repeatable conditions. 

S. The method of claims l or 2 wherein the selection of a 

aeries of molecular and/or fragment ions characteristic of compounds 

or compound classes is accomplished using Chemist's Rules. 

6. The method of claims l or 2 wherein tbe selection of a 

series of molecular and/er fragment ions characteristic of compounds 

or compound classes is accomplished using Hydrocarbon Type Analysis. 
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7. ~be method of claims l or 2 wherein data from the gas 

chrcmatoqraph and mass spectromat.er are stored in a computer. 

a. The method of claims l or 2 wherein data from steps (c) 

to (f) are treated in a computer. 

9.. The method of claims l or 2 wherein other perfocmance, 

percept:ual, chemical or physical properties of the hydrocarbon mixture 

are selected. 

10. The method of claims l or 2 wherein the data are 

collinear. 

11. The method cf claim 1 wherein the multivariate correla­

tion technique is Partial Least Squares. 
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