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WRITTEN OPINION OF THE
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Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
the international application in the language in which it was filed

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. |:| This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 435is.1(a))

3. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing;

a. |:| forming part of the international application as filed.:

|:| in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

b. |:| furnished together with the international application under PCT Rule 137er.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. |:| furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
|:| on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

4, |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( January 2015)



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2017/048320

Box No. IIT Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be
industrially applicable have not been examined in respect of:

|:| the entire international application
X| claims Nos. 8-15, 22-30, 37-66, 105-139, 143-146

because:

|:| the said international application, or the said claims Nos.
relate to the following subject matter which does not require an international search (specify)):

the description, claims or drawings (indicate particular elements below) or said claims Nos, 132830.45.34-66,113-118,120,123,145

are so unclear that no meaningful opinion could be formed (specify):

Claims 13, 28, 30, 45, 54-66, 113-118, 120, 123 and 145 directly or indirectly refer to one of unsearchable claims which do
not comply with PCT Rule 6.4(a).

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

Xl no international search report has been established for said claims Nos. 8-15.22-30, 37-66, 105-139, 143-146

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the
International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

|:| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the
form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in
Amnex C of the Administrative Instructions.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1(a) or (b).

|:| See Supplemental Box for further details.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-7,16-21,31-36,67-104,140-142 YES
Claims NONE NO

Inventive step (IS) Claims NONE YES
Claims 1-7,16-21,31-36,67-104,140-142 NO

Industrial applicability (IA)  Claims 1-7,16-21,31-36,67-104,140-142 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document:
DI1: US 2007-0184555 Al (BANAVALI, RAJIV MANOHAR et al.)) 09 August 2007

1. Novelty and Inventive Step

1.1. Claims 1, 16, 31

D1, which is considered to be the closest prior art to the subject matter of claims 1, 16 and
31, discloses a method of marking commercial gasoline, the method comprising:

adding sufficient amount of 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker to a sample of
commercial gasoline; and analyzing the sample using gas chromatography in conjunction with a
mass spectrometer, wherein the marker is detected in the sample by using the gas

chromatography and the mass spectrometer (see example 5).

Claims 1, 16 and 31 differ from D1 in a method of identifying a hydrocarbon fluid containing
a gas chromatography marker (claim 1), in identifying whether a sample is from within or
without a subset of hydrocarbon fluids (claim 16), and in a method of identifying marked
hydrocarbon fluids that have been laundered (claim 31). However, the technical features of said
claims are considered to be minor differences over the disclosure of DI that falls under the

general knowledge of a person skilled in the art.

Therefore, claims 1, 16 and 31 are novel under PCT Article 33(2), but lack an inventive step
under PCT Article 33(3).

1.2. Claims 2-7, 17-21, 32-36
Claims 2-7, 17-21 and 32-36 are directly or indirectly dependent on claims 1, 16 and 31,

Continued on Supplemental Box
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Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 8-12, 14-15, 22-27, 29, 37-44, 46-53, 105-112, 119, 121-122, 124-139, 143-144 and 146 do not comply with PCT Rule
6.4(a), because multiple dependent claims should not serve as a basis for any other multiple dependent claim.
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

respectively.

The additional features of claims 2, 4, 17, 19, 32 and 34 can be ecasily derived from DI
disclosing that chromatography is followed by specific detection of boron (B), nitrogen (N) or
phosphorus (P), wherein the specific detection of B, N and P can be done after separation by

gas chromatography with a nitrogen-phosphorus detector (N, P only) (see paragraph [0011]).

The additional feature of claims 3, 18 and 33 defines the GC-NPD system as including a
flame thermionic detector or an alkali flame-ionization detector, rendering these claims different
from D1. However, such a feature is merely one of several straightforward possibilities from
which a person skilled in the art would select in accordance with circumstances, without the

exercise of inventive skill.

Concerning the additional features of claims 5-6, 20-21 and 35-36, the intensity value that is
variable at one or more predetermined elution times can be easily derived by a person skilled

in the art within technical common sense.

Concerning the additional feature of claim 7, D1 discloses the gas chromatography in

conjunction with the mass spectrometer (see example 5).

Therefore, claims 2-7, 17-21 and 32-36 are novel under PCT Article 33(2), but lack an
inventive step under PCT Article 33(3).

1.3. Claims 67, 93

DI, which is considered to be the closest prior art to the subject matter of claims 67 and 93,
discloses 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker of commercial gasoline and reagent grade
toluene, wherein the marker is detected by using gas chromatography and a mass spectrometer

(see examples 1, 5).

Claims 67 and 93 differ from DI in defining the pyrrolidinone as a 1-alkyl-2-pyrrolidinone or
a l-alkenyl-2-pyrrolidinone and claim 93 further differs from DI in comprising a spectroscopic
marker. However, such differences are merely some of several straightforward possibilities from
which a person skilled in the art would select in accordance with circumstances, without the

exercise of inventive skill.

Continued on The Next Page
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Therefore, claims 67 and 93 are novel under PCT Article 33(2), but lack an inventive step
under PCT Article 33(3).

1.4. Claims 68-92, 94-104
Claims 68-92 and 94-104 are directly or indirectly dependent on claims 67 and 93,

respectively.

The additional features of claims 68-90 and 94-104 define components of the marker
composition and weight percents of the components, rendering these claims different from DI1.
However, the components of the marker composition can be easily conceived by a person
skilled in the art within technical common sense. And the weight percents of the components
can be ecasily determined by repeated experiments practiced by a person skilled in the art.
Accordingly, a person skilled in the art can easily conceive the subject matter of claims 68-90
and 94-104 from the disclosures of DI.

Concerning the additional feature of claim 91, D1 discloses reagent grade toluene for making

commercial gasoline (see example 1).

The additional feature of claim 92 defines the solvent as a mixture of petroleum napththa and
fuel additives, rendering this claim different from D1. However, such a difference is merely
one of several straightforward possibilities from which a person skilled in the art would select

in accordance with circumstances, without the exercise of inventive skill.

Therefore, claims 68-92 and 94-104 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

1.5. Claim 140

As described in points 1.1 and 1.2, D1 discloses a method of marking commercial gasoline,
the method comprising: adding sufficient amount of 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker
to a sample of commercial gasoline; and analyzing the sample using gas chromatography in
conjunction with a mass spectrometer, wherein the marker is detected in the sample by using
the gas chromatography and the mass spectrometer (see example 5). D1 also discloses that the

chromatography is followed by specific detection of nitrogen (N) or phosphorus (P) that can be

Continued on The Next Page
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done after separation by gas chromatography with nitrogen-phosphorus detector (N, P only) (see

paragraph [0011]).

Claim 140 differs from DI in a system comprising a computer having a processor and a
memory. However, such a difference is merely a design option when the general knowledge in
the relevant field of the art is used. Hence, it is obvious for a person skilled in the art to

arrive at the subject matter of claim 140.

Therefore, claim 140 is novel under PCT Article 33(2), but lacks an inventive step under PCT
Article 33(3).

1.6. Claims 141-142

The additional features of claims 141-142, directly or indirectly dependent on claim 140, define
the GC-NPD system as comprising a flame thermionic detector or an alkali flame-ionization
detector (claim 141) and a fused silica gas chromatography column (claim 142), rendering these
claims different from D1. However, such features are merely some of several straightforward
possibilitiecs from which a person skilled in the art would select in accordance with

circumstances, without the exercise of inventive skill.

Therefore, claims 141-142 are novel under PCT Article 33(2), but lack an inventive step under
PCT Article 33(3).

2. Industrial Applicability
Claims 1-7, 16-21, 31-36, 67-104 and 140-142 are industrially applicable under PCT Article
33(4).
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MARKER COMPOSITIONS, AND METHODS FOR MAKING AND USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application Serial
No. 62/379,005 filed on August 24, 2016 and entitled "Marker Compositions, and Methods for

Making and Using Same", the entire contents of which is hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] n/a

BACKGROUND OF THE INVENTION

[0003] The field of the invention is marker compositions for fluids. More particularly,
the invention relates to multi-layered marker compositions.

[0004] A marker is a substance which can be used to tag products, typically petroleum
products, as well as alcohols and a number of other suitable fluids, for subsequent detection.
The marker is normally dissolved in a fluid to be identified, then subsequently detected by
performing a physical or chemical test on the tagged fluid. For example, markers are
sometimes used by government authorities to ensure that the appropriate tax has been paid on
particular grades of fuel. Oil companies also mark their products to help identify those who
have diluted or altered their products. These companies often go to great expense to make sure
their branded petroleum products meet certain specifications regarding volatility and octane
number, for example, as well as to provide their petroleum products with effective additive
packages containing detergents and other components. Consumers rely upon the product
names and quality designations to assure that the product being purchased is the quality desired.
[0005] It is possible for unscrupulous persons to increase profits by selling an inferior
product at the price consumers are willing to pay for a high quality branded or designated
product. Higher profits can also be made simply by diluting the branded product with an
inferior product. Policing retailers/dealers, for example, who substitute one product for another
or blend branded products with inferior products is difficult in the case of gasoline because the
blended products will qualitatively display the presence of each component in the branded
products. The key ingredients of the branded products are generally present in such low levels
that quantitative analysis to detect dilution with an inferior product is very difficult, time
consuming and expensive.

[0006] Marker systems for petroleum products, including, but not limited to, fuels,

lubes, greases, etc., have been suggested but various drawbacks have existed which have
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hindered their effectiveness. Many currently available markers cannot be used as both forensic
markers, detected by, but not limited to analysis by Gas Chromatography (GC), and simple
field test markers detected by, but not limited to, development or extraction of the marker.
Many known markers are easily removed from the fluid to which they are added destroying
the integrity of the marker system. Many currently available markers cannot be easily
combined to detect marker product with a component that cannot be laundered from the fuel.
And current methods of lab analysis of these markers ends to be very expensive.

[0007] In view of the above, it would be desirable to provide a composition useful as a
marker and that could be detected not only in the field, but also in the lab. It would be desirable
to combine field test technology with existing chromatography techniques to provide not only
field test results but also a laboratory confirmation of the marker presence, using common lab
techniques, such as, but not limited to, analysis by GC. Additionally, the marker should be
able to accomplish the above and remain resistant to undesired extraction or removal
(laundering) by unscrupulous persons. Additionally it would be desirable to provide a marker
composition that could be used in a wide variety of fluids, including, but not limited to,
petroleum products, alcohols, etc. Petroleum products may include, but are not limited to,
fuels, lubes, greases, etc. It would also be desirable to provide economical detection methods

not requiring advanced training of the operator.

SUMMARY OF THE INVENTION

[0008] In an aspect, the present disclosure provides a method of identifying marked
hydrocarbon fluids that have been laundered, wherein unlaundered marked hydrocarbon fluids
contain a gas chromatography marker and a spectroscopic marker. The gas chromatography
marker includes a pyrrolidinone. The method includes: a) introducing a first portion of a
hydrocarbon fluid sample that is suspecting of having been laundered into a gas
chromatography system, thereby resulting in a gas chromatography report of the hydrocarbon
fluid sample; b) spectroscopically analyzing a second portion of the hydrocarbon fluid sample,
thereby resulting in a spectroscopic report of the hydrocarbon fluid sample; ¢) identifying the
presence or absence of the gas chromatography marker using the gas chromatography report
and identifying the presence or absence of the spectroscopic marker using the spectroscopic
report; and d) based on the identifying of step c¢): if the gas chromatography marker and the
spectroscopic marker are identified as present, then indicating that the hydrocarbon fluid
sample is marked and unlaundered; if the gas chromatography marker is identified as present

and the spectroscopic marker is identified as absent, then indicating that the hydrocarbon fluid

-2-



WO 2018/039405 PCT/US2017/048320

sample is marked and laundered; and if the gas chromatography marker and the spectroscopic
marker are identified as absent, then indicating the hydrocarbon fluid is unmarked.

[0009] In another aspect, the present disclosure provides a method of marking a subset
of hydrocarbon fluids in circulation within a market and detecting presence of the marking.
The method includes: a) adding a gas chromatography marker comprising a pyrrolidinone to
the subset of the hydrocarbon fluids in circulation within the market; b) selecting a sample of
one of the hydrocarbon fluids in circulation within the market; ¢) introducing at least a portion
of the sample of one of the hydrocarbon fluids in circulation within the market into a gas
chromatography system, thereby resulting in a gas chromatography report of the sample; and
d) identifying the presence or absence of the pyrrolidinone in the sample using the gas
chromatography report, thereby identifying whether the sample is from within or without the
subset of hydrocarbon fluids.

[0010] In a further aspect, the present disclosure provides a method of identifying a
hydrocarbon fluid containing a gas chromatography marker including a pyrrolidinone. The
method includes: a) introducing a sample of the hydrocarbon fluid into a gas chromatography
system, thereby resulting in a gas chromatography report of the sample; and b) identifying the
presence of the pyrrolidinone in the hydrocarbon fluid using the gas chromatography report.
[0011] In yet another aspect, the present disclosure provides a marker composition. The
marker composition includes: a gas chromatography marker including a pyrrolidinone; and a
solvent. The pyrrolidinone is a 1-alkyl-2-pyrrolidinone or a 1-alkenyl-2-pyrrolidinone, the 1-
alkyl-2-pyrrolidinone including a non-cyclic alkyl group having between 3 and 7 carbon atoms,
between 9 and 11 carbon atoms, or between 13 and 24 carbon atoms or a cycloalkyl group
having between 4 and 24 carbon atoms, the 1-alkenyl-2-pyrrolidinone including an alkenyl
group having between 2 and 24 carbon atoms.

[0012] In yet a further aspect, the present disclosure provide a marker composition. The
marker composition includes: a gas chromatography marker including a pyrrolidinone; and a
spectroscopic marker. The pyrrolidinone is a 1-alkyl-2-pyrrolidinone or a 1-alkenyl-2-
pyrrolidinone, the 1-alkyl-2-pyrrolidinone including a non-cyclic alkyl group having between
3 and 7 carbon atoms, between 9 and 11 carbon atoms, or between 13 and 24 carbon atoms or
a cycloalkyl group having between 4 and 24 carbon atoms, the 1-alkenyl-2-pyrrolidinone
including an alkenyl group having between 2 and 24 carbon atoms.

[0013] In an additional aspect, the present disclosure provides a marked hydrocarbon
fluid. The marked hydrocarbon fluid includes a hydrocarbon fluid and the marker compositions

as described herein. The marker composition is present in an amount sufficient to provide a
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concentration of the pyrrolidinone in the marker hydrocarbon fluid of between 0.1 ppm and
500 ppm, to provide a concentration of the spectroscopic marker in the marker hydrocarbon
fluid of between 0.1 ppm and 500 ppm, or a combination thereof.

[0014] In yet another aspect, the present disclosure provides a kit. The kit includes the
marker composition as described herein and a reference gas chromatography report for the
pyrrolidinone of the marker composition.

[0015] In yet a further aspect, the present disclosure provides a system for identifying
hydrocarbon fluids marked with a gas chromatography marker including a pyrrolidinone. The
system includes a gas chromatography with nitrogen phosphorus detector (GC-NPD) system;
and a computer. The computer has a processor and a memory. The memory has stored thereon
a reference gas chromatography report for the pyrrolidinone and instructions that, when
executed by the processor, cause the processor to receive a gas chromatography report from
the GC-NPD system and identify the present or absence of the gas chromatography marker
based on a comparison with the reference gas chromatography report.

[0016] The foregoing and other aspects and advantages of the invention will appear
from the following description. In the description, reference is made to the accompanying
drawings which form a part hereof, and in which there is shown by way of illustration a
preferred embodiment of the invention. Such embodiment does not necessarily represent the
full scope of the invention, however, and reference is made therefore to the claims and herein

for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In order to assist the understanding of this invention, reference will now be
made to the appended drawings, in which like reference characters refer to like elements. The
drawings are exemplary only, and should not be construed as limiting the invention.

[0018] Figure 1 is a system, in accordance with various aspects of the present

disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Before the present materials and methods are described, it is understood that
this disclosure is not limited to the particular methodology, protocols, materials, and reagents
described, as these may vary. Itis also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to limit the scope

of the present invention which will be limited only by the appended claims.
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[0020] As used herein and in the appended claims, the singular forms “a”, “an”, and
“the” include plural reference unless the context clearly dictates otherwise. As well, the terms
“a” (or “an”), “one or more” and “at least one” can be used interchangeably herein. It is also
to be noted that the terms “comprising”, “including”, and “having” can be used
interchangeably.

[0021] It should be apparent to those skilled in the art that many additional
modifications beside those already described are possible without departing from the inventive
concepts. In interpreting this disclosure, all terms should be interpreted in the broadest possible
manner consistent with the context. Variations of the term "comprising", "including", or
"having" should be interpreted as referring to elements, components, or steps in anon-exclusive
manner, so the referenced elements, components, or steps may be combined with other
elements, components, or steps that are not expressly referenced. Embodiments referenced as
"comprising”, "including", or "having" certain elements are also contemplated as "consisting
essentially of" and "consisting of" those elements, unless the context clearly dictates otherwise.
It should be appreciated that aspects of the disclosure that are described with respect to a system
are applicable to the methods, and vice versa, unless the context explicitly dictates otherwise.
[0022] Numeric ranges disclosed herein are inclusive of their endpoints. For example,
a numeric range of between 1 and 10 includes the values 1 and 10. When a series of numeric
ranges are disclosed for a given value, the present disclosure expressly contemplates ranges
including all combinations of the upper and lower bounds of those ranges. For example, a
numeric range of between 1 and 10 or between 2 and 9 is intended to include the numeric
ranges of between 1 and 9 and between 2 and 10.

[0023] Unless defined otherwise, all technical and scientific terms and abbreviations
used herein have the same meanings as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present invention, the
preferred methods and materials are now described. All publications and patents specifically
mentioned herein, including, but not limited to, U.S. Patent Nos. 5,498,808, 5,676,708,
5,672,182, 5,858,930, 6,002,056, 6,482,651, 7,157,563, 7,163,827 and 7,825,159 are
incorporated by reference for all purposes including describing and disclosing the chemicals,
instruments, statistical analysis and methodologies which are reported in the publications
which might be used in connection with the invention. All references cited in this specification
are to be taken as indicative of the level of skill in the art. Nothing herein is to be construed as

an admission that the invention is not entitled to antedate such disclosure by virtue of prior
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invention.

[0024] As used herein, an "alkyl group" refers to an alkane lacking a single hydrogen
and includes straight chain, branched, and cyclic alkyl groups. For clarity, as used herein, an
alkyl group with three carbon atoms includes isopropyl groups, unless the context clearly
dictates otherwise, and the same is true for other alkyl groups. Similarly, an alkyl group with
six carbon atoms includes cyclohexyl groups, unless the context clearly dictates otherwise.
When defining the number of carbon atoms in an alkyl group, all branches are considered. So,
an isopropyl group is an alkyl group having three carbon atoms.

[0025] As used herein, an "alkenyl group" refers to an alkene lacking a single hydrogen
and includes straight chain, branched, and cyclic alkenyl groups.

[0026] As used herein, "comprising" is an inclusive term and includes recited
components or method steps and other non-recited components or method steps.

[0027] As used herein, "consisting essentially of" shall have the definition used in
patent prosecution before the United States Patent and Trademark Office as of the filing date
of this application. A description or claim described as consisting essentially of certain
components or method steps shall be limited in scope to the recited components or method
steps and those that do not materially affect the basic and novel characteristic(s) of the
described or claimed invention.

[0028] As used herein, "consisting of" is an exclusive term and includes only recited
components or method steps, excluding other non-recited components or method steps.

[0029] As used herein, a "cycloalkyl group" refers to a cycloalkane lacking a single
hydrogen and includes unsubstituted cycloalkyl groups and cycloalkyl groups having one or
more alkyl group subtitutions. Multiple rings can be present in a single cycloalkyl group,
including fused rings.

[0030] As used herein, a "gas chromatography marker" refers to a chemical entity that
can be detected by a gas chromatographic means, including but not limited to, gas-
chromatography with nitrogen phosphorus detector, gas chromatography-mass spectrometry,
and other similar gas chromatographic methods known to those having ordinary skill in the art.
[0031] As used herein, a "gas chromatography with nitrogen phosphorus detector
marker" refers to a chemical entity that can be detected by gas chromatography with nitrogen
phosphorus detector.

[0032] As used herein, a "non-cyclic alkyl group" refers to an alkyl group that includes
no cyclic rings.

[0033] As used herein, a "non-pyrrolidinone" refers to a compound excluding a
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pyrrolidinone group (also sometimes referred to as a pyrrolidone group).

[0034] As used herein, a "phthalein" refers to a compound formed by a reaction of
phthalic anhydride with a phenol.

[0035] As used herein, a "pyrrolidinone" refers to a compound including a
pyrrolidinone group (also sometimes referred to as a pyrrolidone group).

[0036] As used herein, a "nonaqueous" composition refers to a composition where
water is present in an amount of less than 1% by weight.

[0037] As used herein, the term "red dye" refers to a dye having a visible
electromagnetic radiation absorption maximum of between 500 nm and 580 nm.

[0038] As used herein, a "spectroscopic marker" refers to a chemical entity that can be
detected by spectroscopic means, including but not limited to, fluorescence spectroscopy,
absorbance spectroscopy, Raman spectroscopy, near-infrared spectroscopy, and other
spectroscopic methods known to those having ordinary skill in the spectroscopic arts. It should
be appreciated that while a spectroscopic marker refers to a chemical entity that can be detected
by spectroscopic means, the present disclosure is not limited to actually detecting the
spectroscopic marker by such means. For example, a spectroscopic marker can be detected by
chromatographic means in ways understood to those having ordinary skill in the analytical
chemistry arts.

[0039] As used herein, the term "yellow dye" refers to a dye having a visible
electromagnetic radiation absorption maximum of between 400 nm and 475 nm.

[0040] Abbreviations:

[0041] AFID - Alkali Flame Ionization Detector

[0042] ECD - Electron Capture Detector

[0043] FID - Flame Ionization Detector

[0044] GC - Gas Chromatography

[0045] GC-MS - Gas Chromatograpy-Mass Spectrometry
[0046] GC-NPD - Gas Chromatography with Nitrogen Phosphorus Detector
[0047] GLP - Gel Liquid Permeation

[0048] HECD - Hall Electrolytic Conductivity Detector
[0049] LC - Liquid Chromatography

[0050] LC-MS - Liquid Chromatography-Mass Spectrometry
[0051] MS - Mass Spectrometry

[0052] NIR - Near Infrared

[0053] PID - Photoionization Detector
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[0054] UV-Vis - Ultraviolet-Visible

[0055] This disclosure is directed to multilayered marker compositions that
substantially solve the problem of the launderability, or removal, of spectroscopic markers
from organic solvents, including but not limited to, petroleum products, lubricants, or any other
hydrocarbon fluids, by introducing a multilayered marker composition reducing one's ability
to substantially remove, or launder, the composition from the marked fluid easily or in an
economical manner. The novel and nonobvious multilayered marker compositions disclosed
herein combine the ability to not only conduct simple field tests to determine the presence of
the composition in the marked fluid, but also enable more sophisticated laboratory analysis to
detect the composition in the marked fluid.

[0056] The present disclosure provides a marker composition for marking a
hydrocarbon fluid. The marker composition can take a variety of forms, which can be combined
as understood by those having ordinary skill in the art.

[0057] In some cases, the marker composition can include a gas chromatography (GC)
marker. In some cases, the marker composition can consist essentially of the GC marker. In
some cases, the marker composition can consist of the GC marker.

[0058] In some cases, the marker composition can include the GC marker and a solvent.
In some cases, the marker composition can consist essentially of the GC marker and the solvent.
In some cases, the marker composition can consist of the GC marker and the solvent. In each
of these compositions, the GC marker can be present in an amount by weight of between 1%
and 99%, between 25% and 75%, or between 40% and 60%. In each of these compositions, the
solvent can be present in an amount by weight of between 1% and 99%, between 25% and
75%, or between 40% and 60%.

[0059] In some cases, the marker composition can include the GC marker and a
spectroscopic marker. In some cases, the marker composition can consist essentially of the GC
marker and the spectroscopic marker. In some cases, the marker composition can consist of the
GC marker and the spectroscopic marker. In each of these compositions, the GC marker can
be present in an amount by weight of between 1% and 99%, between 25% and 75%, or between
40% and 60%. In each of these compositions, the spectroscopic marker can be present in an
amount by weight of between 1% and 99%, between 25% and 75%, or between 40% and 60%.
[0060] In some cases, the marker composition can include the GC marker, the
spectroscopic marker, and the solvent. In some cases, the marker composition can consist
essentially of the GC marker, the spectroscopic marker, and the solvent. In some cases, the

marker composition can consist of the GC marker, the spectroscopic marker, and the solvent.
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In each of these compositions, the GC marker can be present in an amount by weight of between
10% and 85%, between 20% and 70%, or between 25% and 60%. In each of these
compositions, the spectroscopic marker can be present in an amount by weight of between 5%
and 80%, between 10% and 50%, or between 15% and 25%. In each of these compositions, the
solvent can be present in an amount by weight of between 10% and 85%, between 20% and
70%, or between 25% and 60%.

[0061] Any of the aforementioned marker compositions can be nonaqueous.

[0062] The GC marker in any of the aforementioned marker compositions can be a gas
chromatography with nitrogen phosphorus detector (GC-NPD) marker.

[0063] The gas chromatography marker in any of the aforementioned marker
compositions can include a pyrrolidinone. The gas chromatography marker in any of the
aforementioned marker compositions can consist essentially of a pyrrolidinone. The gas
chromatography marker in any of the aforementioned marker compositions can consist of a
pyrrolidinone.

[0064] In some cases, the pyrrolidinone can be any pyrrolidinone that is soluble in a
hydrocarbon fluid at levels from 0.01 ppm to 500 ppm.

[0065] In certain applications, 1-alkyl-2-pyrrolidinones, where the alkyl group is of any
length, can be useful as gas chromatography markers, including GC-NPD markers.

[0066] In certain applications, it can be beneficial to utilize pyrrolidinones having a
higher molecular weight and/or having a larger alkyl substitution. In these applications, the
pyrrolidinone can be an 1-alkyl-2-pyrrolidinone, wherein the alkyl group is an alkyl group
having 3 or more carbon atoms, including but not limited to, an alkyl group having between 3
and 40 carbon atoms, an alkyl group having between 4 and 30 carbon atoms, an alkyl group
having between 5 and 20 carbon atoms, an alkyl group having between 6 and 18 carbon atoms,
an alkyl group having between 8 and 16 carbon atoms, or an alkyl group having between 6 and
12 carbon atoms.

[0067] In certain applications, it can be beneficial for the pyrrolidinone to be a 1-alkyl-
2-pyrrolidinone, wherein the alkyl group is an alkyl group having 3 carbon atoms, 4 carbon
atoms, 5 carbon atoms, 6 carbon atoms, or 7 carbon atoms.

[0068] In certain applications, it can be beneficial for the pyrrolidinone to be a 1-alkyl-
2-pyrrolidinone, wherein the alkyl group is an alkyl group having 9 carbon atoms, 10 carbon
atoms, 11 carbon atoms, 12 carbon atoms, 13 carbon atoms, 14 carbon atoms, 15 carbon atoms,
16 carbon atoms, 17 carbon atoms, 18 carbon atoms, 19 carbon atoms, 20 carbon atoms, 21

carbon atoms, 22 carbon atoms, 23 carbon atoms, or 24 carbon atoms.
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[0069] In certain applications, 1-cycloalkyl-2-pyrrolidinones, where the cycloalkyl
group is of any length, can be useful as gas chromatography markers, including GC-NPD
markers.

[0070] In certain applications, 1-alkenyl-2-pyrrolidinones, where the alkenyl group is

of any length, can be useful as GC markers, including GC-NPD markers.

[0071] In certain applications, it can be beneficial to utilize a pyrrolidinone selected
from the group consisting of 1-methyl-2-pyrrolidinone, 1-ethyl-2-pyrrolidinone, 1-cyclohexyl-
2-pyrrolidinone,  1-octyl-2-pyrrolidinone,  1-dodecyl-2-pyrrolidinone,  1-octadecyl-2-
pyrrolidinone, and 1-vinyl-2-pyrrolidinone.

[0072] In certain applications, it can be beneficial to utilize a pyrrolidinone selected
from the group consisting of 1-cyclohexyl-2-pyrrolidinone, 1-octadecyl-2-pyrrolidinone, and
1-vinyl-2-pyrrolidinone.

[0073] In some cases, the gas chromatography marker or the GC-NPD marker can be
a non-pyrrolidinone compound, such as pyrolines, piperidones, pipirizines, pyrazines,
pyridazones, imidazolidones, oxazoles, oxazolines, and oxazolidines.

[0074] The spectroscopic marker in any of the aforementioned compositions including
any spectroscopic markers known to have a reproducible spectroscopic signal that is
distinguishable from inherent spectroscopic signals related to the hydrocarbon fluid being
marked. For example, the spectroscopic marker can be a dye that has an absorption spectrum
that is distinguishable from the hydrocarbon fluid being marked. As another example, the
spectroscopic marker can be a fluorescent dye that has a fluorescence spectrum that is
distinguishable from the hydrocarbon fluid being marked.

[0075] In some cases, the spectroscopic marker can be any spectroscopic marker that
is soluble in a hydrocarbon fluid at levels from 0.01 ppm to 500 ppm.

[0076] In certain applications, the spectroscopic marker can be a red dye or a yellow
dye. The spectroscopic marker can be Solvent Red 164 or Solvent Yellow 124,

[0077] In certain applications, the spectroscopic marker is:
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ey

[0078] wherein Ar! and Ar? each independently represent a substituted or unsubstituted
phenylene group or a substituted or unsubstituted naphthylene group; R! represents a straight
or branched chain alkyl group having 1 to 22 carbon atoms; R? represents a hydrogen atom or
a group of the formula C(O)R* where R*is a hydrogen atom or a straight or branched chain
alkyl group having 1 to 22 carbon atoms; R3 represents a hydrogen atom, a straight or branched
chain alkyl group having 1 to 12 carbon atoms, a straight or branched chain alkoxy group
having 1 to 12 carbon atoms, a hydroxyl group, a substituted or unsubstituted phenyl group or
a substituted or unsubstituted naphthyl group; and Z represents a hydrogen atom or a group of
atoms that combine with Ar? or R*to form a lactone ring.

[0079] In certain applications, the spectroscopic marker can be a phthalein. The
spectroscopic marker can be a phthalein dibutyrate. The spectroscopic marker can be a
phthalein ester. The spectroscopic marker can be selected from the group consisting of
fluoroscein dibutyrate, cresolphthalein, o-cresolphthalein dibutyrate, and thymolphthalein. The
spectroscopic marker can be selected from the group consisting of cresolphthalein dibutyrate
ester, cresolphthalein monobutyrate ester, cresolphthalein diisopropylate ester, cresolphthalein
di-n-propylate ester, cresolphthalein dihexanoate ester, cresolphthalein dipentanoate ester, and
cresolphthalein dilaurate ester. The spectroscopic marker can be selected from the group
consisting of naphtholphthalein dibutyrate ester, thymolphthalein dibutyrate ester, and
thymolphthalein dipropanoate ester. The spectroscopic marker can be selected from the group
consisting of sec-butylphenolphthalein dibutyrate ester and di-sec-butylphenolphthalein
dibutyrate ester.

[0080] In some cases, the solvent can be a polar solvent. In some cases, the solvent can
be an aprotic solvent. In some cases, the solvent can be selected from the group consisting of

petroleum naphtha (boiling points from 100 °F to 250 °F); alcohols, including methanol,
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ethanol. propanol, butanol, and the like; glycol ethers, including ethylene glycol phenylethyl
ether, ethylene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol diphenyl
ether, and the like; dimethyl formamide; dimethyl sulfoxide; xylene; toluene; acetone; ethyl
acetate; a petroleum product, including gasoline, kerosene, diesel fuel, jet fuel, and the like;
and combinations thereof.

[0081] The present disclosure also provides marked hydrocarbon fluids. In some cases,
the marked hydrocarbon fluids comprise a hydrocarbon fluid and one or more of the marker
compositions described elsewhere herein. In some cases, the marked hydrocarbon fluids consist
essentially of a hydrocarbon fluid and one or more of the marker compositions described
elsewhere herein. In some cases, the marked hydrocarbon fluids consist of a hydrocarbon fluid
and one or more of the marker compositions described elsewhere herein.

[0082] In each of the marked hydrocarbon fluids, the marker composition can be
present in an amount sufficient to provide a concentration of pyrrolidinone in the marked
hydrocarbon fluid of between 0.1 ppm and 500 ppm, including but not limited to, a
concentration of between 0.5 ppm and 100 ppm, between 1 ppm and 50 ppm, or between 5
ppm and 25 ppm. In some cases, where a spectroscopic marker is present, the marker
composition can be present in an amount sufficient to provide a concentration of spectroscopic
marker in the marked hydrocarbon fluid of between 0.1 ppm and 500 ppm, including but not
limited to, a concentration of between 0.5 ppm and 100 ppm, between 1 ppm and 50 ppm, or
between 5 ppm and 25 ppm.

[0083] The present disclosure also provides kits. The kits can include any of the marker
compositions described herein and information regarding the GC properties and/or the
spectroscopic properties of the marker composition. The information can include a reference
GC report for the pyrrolidinone. In cases where a spectroscopic marker is present, the
information can include a reference spectroscopic report for the spectroscopic marker.

[0084] Markers are used in petroleum products such as liquid hydrocarbons, gasoline,
diesel fuel, solvents, lubricants, brake fluid, hydraulic fluid, gasohol, kerosene, jet fuel, heating
oil, bunker fuels, and other fluids as a means of ensuring product & brand integrity by providing
a means to detect adulterated product. Typical adulteration scenarios include the substitution
of the premium product with one of lesser quality or the commingling of the premium product
with a lesser grade. Other scenarios include the misuse of subsidized or lower taxed fuels.
[0085] Phthaleins are described that function well as markers for fuels and lubricants.
These markers are added at 0.5 to 50 ppm levels and enable satisfactory quantitative testing.

Products containing phthaleins are difficult to prepare as concentrated solutions because of
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limited solubility, and they are difficult to dissolve into petroleum products. These problems
are solved using strong co-solvents. By way of example only, polar-aprotic solvents like 1-
octylpyrrolidinone, a.k.a. n-ocytylpyrrolidinone, (NOP) are well suited for this as the
phthaleins are very soluble in the NOP, and in turn the NOP is soluble in the petroleum product.
The commercial products marketed to the end users are formulated as mixtures of the actual
phthalein, NOP, and solvent. The pyrrolidinone provides not only improved solubility to the
phthalein resulting in a stable formulation of both components but also an improved
dispersibility of the phthalein into the fuel or other fluid.

[0086] For example, these phthalein compositions are therefore prepared as mixtures
of NOP, phthalein, and solvent. It was found that the resulting compositions according to
embodiments of the present disclosure exhibited surprising and unexpected results, compared
to the spectroscopic markers individually. The novel and non-obvious compositions herein
disclosed result in a composition that is not only difficult to launder, but also may be tested in
the field and in the lab to determine if the fuel/fluid has been adulterated.

[0087] In addition to the use of phthalein-based spectroscopic markers, many other
types of markers may be used in embodiments of the disclosed compositions. Phthalein-based
(including other chemical based markers) include, but are not limited to, fluoroscein dibutyrate,
cresolphthaleine, o-Cresol phthalein dibutyrate, thymolphthalein, and any other suitable
markers. Spectroscopic markers may include, but not limited to, naphtholphthalein dibutyrate
ester, thymolphthalein dibutyrate ester, thymolphthalein dipropanoate ester, cresolphthalein
dibutyrate ester, cresolphthalein monobutyrate ester, cresolphthalein diisopropylate ester,
cresolphthalein di-n-propylate ester, cresolphthalein dihexanoate ester, cresolphthalein
dipentanoate ester, cresolphthalein dilaurate ester, sec-buytlphenolphthalein dibutyrate ester
and di-sec-butylphenolphthalein dibutyrate ester. For example the spectroscopic marker may

be comprised of the compound according to the formula:

M
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[0088] wherein Ar! and Ar? each independently represent a substituted or unsubstituted
phenylene group or a substituted or unsubstituted naphthylene group; R! represents a straight
or branched chain alkyl group having 1 to 22 carbon atoms; R? represents a hydrogen atom or
a group of the formula C(O)R* where R*is a hydrogen atom or a straight or branched chain
alkyl group having 1 to 22 carbon atoms; R3 represents a hydrogen atom, a straight or branched
chain alkyl group having 1 to 12 carbon atoms, a straight or branched chain alkoxy group
having 1 to 12 carbon atoms, a hydroxyl group, a substituted or unsubstituted phenyl group or
a substituted or unsubstituted naphthyl group; and Z represents a hydrogen atom or a group of
atoms that combine with Ar? or R*to form a lactone ring.

[0089] It is envisioned that many non-phthalein spectroscopic markers may be used in
embodiments of the disclosed compositions. In addition, spectroscopic markers described in
U.S. Patent Nos. 5,498,808, 5,676,708, 5,672,182, 5,858,930, 6,002,056, 6,482,651, 7,157,563,
7,163,827 and 7,825,159 are incorporated herein by reference for all purposes.

[0090] In order to adulterate fuels and other fluids containing a spectroscopic marker,
routinely the first step is an attempt to remove the marker. This process is commonly known
as laundering. Laundering is accomplished using a variety of techniques including: treatment
of the marked fuel with acids or bases; bleaching agents; and/or filtration through materials
such as clay or charcoal. Filtration is especially common as it does not use harmful chemicals
that would otherwise destroy the performance of the fuel or other fluid and/or change the
properties of the fuel or other fluid. Markers that are easily laundered fail to protect the
fuel/fluid thus allowing it to be used in an unintended manner.

[0091] It is demonstrated that pyrrolidinones cannot be completely removed, even by
the most sophisticated of techniques. Thus if both a spectroscopic marker and pyrrolidinone
are formulated quantitatively to provide known concentrations in the fuel, fuel additive, or
other fluid according to an embodiment of this disclosure, and therefore the fluid to which they
are to be added, even in cases where persons have removed the phthalein component of the
marker, sufficient amounts, if not all, of the pyrrolidinone remains and can be detected using a
GC test method. This GC method can use a nitrogen detector to provide the sensitivity and
resolution necessary to see low ppm concentrations of the NOP. Normal FID and MS detection
are not sufficient to achieve the results necessary to detect the NOP from the fuel/fluid
components in a cost effective testing procedure.

[0092] Compositions according to this disclosure can therefore be prepared that can
undergo both quantitative chemical testing with standard alkali reagents providing the

development and extractant test results for these phthalein markers, and in addition a
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quantitative determination of the pyrrolidinone by GC may be performed as both a forensic
conformation of the marker in the fluid and as proof that laundering occurred.

[0093] This disclosure provides a method of identifying a hydrocarbon fluid
comprising a gas chromatography marker. The method includes: a) introducing a sample of the
hydrocarbon fluid into a gas chromatography system, thereby resulting in a gas
chromatography report of the sample; and b) identifying the presence of the pyrrolidinone in
the hydrocarbon fluid using the gas chromatography report. In some cases, the hydrocarbon
fluid can further comprise a spectroscopic marker. In these cases, the method can further
include: ¢) spectroscopically analyzing a second sample of the hydrocarbon fluid, thereby
resulting in a spectroscopic report of the second sample; and d) identifying the presence of the
spectroscopic marker in the hydrocarbon fluid using the spectroscopic report.

[0094] This disclosure also provides a method of marking a subset of hydrocarbon
fluids in circulation within a market and detecting the presence of the marking. The method
includes: a) adding a gas chromatography marker comprising a pyrrolidinone to the subset of
the hydrocarbon fluids in circulation within the market; b) selecting a sample of one of the
hydrocarbon fluids in circulation within the market; ¢) introducing the sample of one of the
hydrocarbon fluids in circulation within the market into a gas chromatography system, thereby
resulting in a gas chromatography report of the sample; and d) identifying the presence or
absence of the pyrrolidinone in the sample using the gas chromatography report, thereby
identifying whether the sample is from within or without the subset of hydrocarbon fluids. The
adding of step a) can include adding the GC marker in an amount necessary to provide the
pyrrolidinone in the subset of the hydrocarbon fluids in an amount of between 0.1 ppm and 500
ppm, including but not limited to, any other GC marker or pyrrolidinone concentration ranges
disclosed herein. This method can include any of the features described above with respect to
the method of identifying a hydrocarbon fluid containing a gas chromatography marker. In
some cases, the method can further include: e) adding a spectroscopic marker to the subset of
the hydrocarbon fluids in circulation within the market; f) spectroscopically analyzing at least
a second portion of the sample of one of the hydrocarbon fluids in circulation within the market,
thereby resulting in a spectroscopic report of the sample; and g) identifying the presence or
absence of the spectroscopic marker in the sample using the spectroscopic report, thereby
identifying whether the sample is from within or without the subset of hydrocarbon fluids. The
adding of step e) can include adding the spectroscopic marker marker in an amount necessary
to provide the spectroscopic marker in the subset of the hydrocarbon fluids in an amount of

between 0.1 ppm and 500 ppm, including but not limited to, any other spectroscopic marker
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concentration ranges disclosed herein.

[0095] This disclosure also provides a method of identifying marked hydrocarbon
fluids that have been laundered, wherein unlaundered marked hydrocarbon fluids contain a gas
chromatography marker and a spectroscopic marker. The method includes: a) introducing a
first portion of a hydrocarbon fluid sample that is suspecting of having been laundered into a
gas chromatography system, thereby resulting in a gas chromatography report of the
hydrocarbon fluid sample; b) spectroscopically analyzing a second portion of the hydrocarbon
fluid sample, thereby resulting in a spectroscopic report of the hydrocarbon fluid sample; ¢)
identifying the presence or absence of the gas chromatography marker using the gas
chromatography report and identifying the presence or absence of the spectroscopic marker
using the spectroscopic report; and d) based on the identifying of step c): if the gas
chromatography marker and the spectroscopic marker are identified as present, then indicate
that the hydrocarbon fluid sample is marked and unlaundered; if the gas chromatography
marker is identified as present and the spectroscopic marker is identified as absent, then
indicate that the hydrocarbon fluid sample is marked and laundered; and if the gas
chromatography marker and the spectroscopic marker are identified as absent, then indicate the
hydrocarbon fluid is unmarked.

[0096] In each of these methods, the introducing of a sample or portion of a fluid into
a GC system step can include introducing the sample or portion of a fluid into a GC-NPD
system, thereby resulting in a GC-NPD report. The GC-NPD system can include a flame
thermionic detector or an alkali flame ionization detector. In these cases, the GC report
resulting from the introducing step can include an intensity value that is proportional to an
amount of nitrogen or phosphorus in the sample or fluid. This intensity can be time-variable as
a function of elution times of the various components of the sample or fluid.

[0097] In each of these methods, in some cases, the introducing of a sample or portion
of a fluid into a GC system step can include introducing the sample or portion of a fluid into a
GC-MS system, a GC-NPD system, including a GC-NPD system with a flame thermionic
detector (FTD) or an alkali-flame ionization detector (AFID), a GC-Hall electrolytic
conductivity detector (HECD) system, a GC-flame ionization detector (FID) system, a GC-
electron capture detector (ECD) system, a GC-photionization detector (PID) system, or a
combination thereof.

[0098] The introducing of a sample or portion of a fluid into the GC system step can
also include use of a fused silica column, a polyethylene glycol column, a cyano propyl column,

a trifluorpropyl column, a substituted polysiloxane column, or the like. The introducing of a
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sample or portion of a fluid into the GC system step can include use of a carrier gas selected
from the group consisting of nitrogen, helium, and combinations thereof. Other operational
parameters of the gas chromatography system can be optimized in ways understood to those
having ordinary skill in the art for the purpose of improving separation between the GC marker
and the various components of the marked hydrocarbon fluid.

[0099] In each of these methods, the identifying steps involving a GC report can
include monitoring the intensity value at one or more predetermined elution times.

[00100] In each of these methods, the spectroscopically analyzing steps can include
conducting fluorescence spectroscopy, UV-Vis spectroscopy, Raman spectroscopy, near-
infrared spectroscopy, chromatographic techniques, such as liquid chromatography-mass
spectrometry (LC/MS), GLP (gel liquid permeation), or a combination thereof.

[00101] In each of these methods, the identifying steps involving a spectroscopic report
can include comparing the spectroscopic report to a reference spectrum for the spectroscopic
marker.

[00102] While it may be possible that the phthalein may be removed by unscrupulous
persons, even under the most rigorous conditions, the pyrrolidinone is only partially removed
providing absolute proof of the presence of the marker in the fuel/fluid sample.

[00103] Substantially all 1-alkyl pyrrolidinones will work well in these methods
providing multiple combinations of phthalein and pyrrolidinone permitting greater flexibility
of compositions chosen for an end user. For example, the pyrrolidinones may include, but are
not limited to, 1-Methyl-2-pyrrolidinone, 1-Ethyl-2-pyrrolidinone, 1-Cyclohexyl-2-
pyrrolidinone, 1-Octyl-2-pyrrolidinone, 1-Dodecyl-2-pyrrolidinone, ocyldecyl-2-
pyrrolidinone, and 1-Vinyl-2-pyrrolidinone, or any other suitable pyrrolidinone, including, for
example, all of the C) to Ci6 alkyl pyrrolidinones.

[00104] The compositions according to embodiments of this disclosure may comprise
from about 1 to about 99% spectroscopic marker, more preferably about 10 to about 60%, and
even more preferably between about 15 to about 50%; about 1 to about 99% pyrrolidinone,
more preferably between about 10 to about 80%, and even more preferably between about 20
to about 70%; from about 1 to about 99% solvent, more preferably about 10 to about 60%, and
even more preferably between about 20 to about 50%. It is envisioned that in some
embodiments of the disclosure, the composition will comprise at least one spectroscopic
marker and a pyrrolidinone. The solvent may be of any suitable type, and is not limited to the
use of solvent naphtha.

[00105] Referring to Fig. 1, the present disclosure provides a system 10. The system can
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include a GC system 12 and a computer 14. The GC-NPD system 12 can include a GC column
16 and a GC detector 18. The GC system 12 can include a carrier gas source 20.

[00106] In some cases, the GC system 12 can be a GC-NPD system. In some cases, the
GC system 12 can be a GC-MS system.

[00107] The GC column 16 can be a fused silica column, a polyethylene glycol column,
a cyano propyl column, a trifluorpropyl column, a substituted polysiloxane column, or other
column known those having ordinary skill in the chromatography arts to be suitable for
separating the GC markers described herein from the hydrocarbon fluids. In some cases, the
GC detector 18 can be a NPD. In some cases, the GC detector 18 can be a MS. In some cases,
the GC detector 18 can be a NPD, including a FTD or an AFID, a MS, a HECD, a FID, an
ECD, a PID, or a combination thereof. The nitrogen phosphorus detector can be a flame
thermionic detector, an alkali flame-ionization detector, or other nitrogen phosphorus detectors
known to those having ordinary skill in the chromatography arts. The carrier gas source 20 can
be a helium source, a nitrogen source, or a combination thereof.

[00108] The computer 14 can include a processor 22 and a memory 24. The computer
can also include various displays, inputs, and the like, as understood by those having ordinary
skill in the computing arts. The memory can have stored thereon instructions that, when
executed by the processor, cause the processor to receive GC reports and/or spectroscopy
reports and execute the identify step or steps of any of the methods described herein.

[00109] The memory 24 can have stored thereon one or more reference GC reports,
corresponding to GC markers or pyrrolidinones intended to be analyzed by the system 10.
[00110] The system 10 can further include a spectroscopy system 26. The spectroscopy
system 26 can include a light source 28 and a light detector 30.

[00111] The memory 24 can have stored thereon one or more reference spectroscopic
reports, corresponding to the spectroscopic markers intended to be analyzed by the system.
[00112] The GC system 12 and optional spectroscopy system 26 can have on-board
processors and memories, as understood by those having ordinary skill in the art.
Communication between the computer and the GC system 12 and optional spectroscopy system
26 can be wired or wireless, using any communication protocol known to those having ordinary
skill in the communication arts.

[00113] Example 1. Experiments 1 to 24,

[00114] In experiments 1 through 24, formulations were prepared with three different
phthaleins, 4 different 1-alkylpyrrolidinones, and 2 different concentrations. Table 1 shows the

formulations prepared. All formulations showed stable solutions, defined by no separation or
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precipitation, over 1 month, 3 month, and 6 month time periods.

Table 1
VVVVVVVVVVVVVVVVVVVV Stability
Experiment : :
(Formulation) © Alkyl- : :
number Phthalein iPyrroIidinone ‘Pyrrolidinone % 1month 3 months 6months
1 Cresolphthalein Methyl 30% Stable Stable Stable
Cresolphthalein
2 dibutyrate Methyl 30% Stable Stable Stable
3 Thymolphthalein Methyl 30% Stable Stable Stable
: : Stable Stable Stable
4 Cresolphthalein Octyl 30% Stable Stable Stable
Cresolphthaein
5 dibutyrate Octyl 30% Stable Stable Stable
6 Thymolphthalein Octyl 30% Stable Stable Stable
: : Stable Stable Stable
7 Cresolphthalein dodecyl 30% Stable Stable Stable
Cresolphthalein
8 dibutyrate dodecyl 30% Stable Stable Stable
9 Thymolphthalein dodecyl 30% Stable Stable Stable
: : Stable Stable Stable
10 Cresolphthalein cyclohexyl 30% Stable Stable Stable
Cresolphthaein
11 dibutyrate cyclohexyl 30% Stable Stable Stable
12 Thymolphthalein cyclohexyl 30% Stable Stable Stable
: : Stable Stable Stable
13 Cresolphthalein Methyl 60% Stable Stable Stable
Cresolphthaein
14 dibutyrate Methyl 60% Stable Stable Stable
15 Thymolphthalein Methyl 60% Stable Stable Stable
: : Stable Stable Stable
16 Cresolphthalein Octyl 60% Stable Stable Stable
Cresolphthaein
17 dibutyrate Octyl 60% Stable Stable Stable
18 Thymolphthalein Octyl 60% Stable Stable Stable
: : Stable Stable Stable
19 Creslphthalein dodecyl 60% Stable Stable Stable
Cresolphthaein
20 dibutyrate dodecyl 60% Stable Stable Stable
21 Thymolphthalein dodecyl 60% Stable Stable Stable
: : Stable Stable Stable
22 Cresolphthalein cyclohexyl 60% Stable Stable Stable
Cresolphthaein
23 dibutyrate cyclohexyl 60% Stable Stable Stable
24 Thymolphthalein cyclohexyl 60% Stable Stable Stable
[00115] Example 2. Experiments 25 to 27.
[00116] Calibration curves were prepared for three pyrrolidinones. Experiments 25, 26,

and 27 were performed where standard concentrations of the pyrrolidinone at 1ppm, 5 ppm,
and 10 ppm. A 0.5 ppm point solution was also prepared for the 1-octyl-2-pyrrolidinone.
Straight line calibration curves were obtained. Table 2 gives the area counts determined for the
three experiments at each of the measured concentrations and the “R?” or “R squared value”

for each calibration curve. Reproducible retention times for the three —alkylpyrrolidinones were
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found to be 9.1 minutes, 10.0 minutes, and 15.1 minutes respectively for the 1-cyclohexyl, 1-

octyl, and 1 dodecyl pyrrolidinones.

Table 2
VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV PPM
: : Rsquared Value
Experiment . forbestfit
number Identity 0.5 1 5 10 straight line
Calibration for 1- ‘
25 octylpyrrolidinone 38000 81000 432000 934000 0.9988
Calibration for 1-
26 cyclohexylpyrrolidinone 126571 459429 843727 0.9995
Calibration for 1-

27 dodecylpyrrolidinone 109000 223000 393000 0.9976
[00117] GC conditions are described as follows (HP 6890 Series GC System)
[00118] Column: Capillary Column, Restek Rxi-1ms, 30m x 0.5 pum x 250 pl
[00119] Detector: Agilent 6890 Nitrogen Phosphorus Detector
[00120] Column Mode: Constant Flow, Splitless
[00121] Initial Temperature: 120°C
[00122] Initial hold temperature: O min
[00123] Final Temperature: 250°C
[00124] Ramp rate: 10°C/min
[00125] Hold time: 12 min
[00126] Injection Volume 1 pl
[00127] Example 3. Experiments 28 to 37.

[00128] In experiments 28 thru 37, several of the formulations as indicated in Table 1,

were prepared at a concentration of 20 ppm in Diesel fuel. The results of the experiments are
tabulated in Table 3. Essentially identical retention times were found for the
alkylpyrrolidinone. Excellent concentrations for the samples were obtained. 20 ppm samples
as prepared should contain 6 ppm pyrrolidinone for those formulations with 30% pyrrolidinone

in the formulations and 12 ppm for those formulations that have 60% pyrrolidinone.
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Table 3
Experiment Formulation Retention time of Pyrolidinone
number  from Table 1: major peak __concentration |

28 4 10.0 6 |
29 5 10.0 6 1
30 6 10.0 6 1
31 7 15.9 6 1
32 8 15.9 6 1
33 10 9.2 N
34 12 9.1 e 1
35 18 10.1 2 1
36 23 9.1 2 1
37 24 9.1 12 1

[00129] Example 4. Experiments 38 to 53.

[00130] Laundering studies were performed on samples prepared in diesel fuel and in

gasoline. For experiments 38 to 47, formulations as described in Table 1 were prepared at 10
and 20 ppm in gasoline and/or diesel fuel and subjected to column chromatography containing
activated charcoal. The technique used was similar to one used in Asian Marketplaces where
the removal of Fuel Markers is known to be a problem. In these experiments, 300 ml of marked
fuel is subjected to a column (packed, internal diameter of 11 mm) containing 7.5 grams of
activated charcoal (Darco®, 20-40 mesh, purchased from Aldrich, Cat # 242268). Fuel was
passed thru the column at about 1.5 ml per minute until approximately 300 ml of fuel was
recovered from the column. The resultant solution was subjected to the same GC conditions
described previously. Table 4 shows the results of Experiments 38 through 45, the results of
the GC testing. It contains the percentage of pyrrolidinone remaining in the fuel after the above
mentioned treatment with charcoal. It is worth noting that in both cases, gasoline showed better
retention than the diesel fuel and in both cases the 20 ppm solutions showed better retention
that the 10 ppm solutions.

[00131] Experiments 48 to 55 were done by performing classic caustic (4 parts diesel
fuel solution plus 1 part 5% NaOH, shaken vigorously) and acid (5parts diesel fuel plus 1 part
10% hydrochloric acid, shaken vigorously) washes on 20 ppm solutions of a variety of
formulations. Tables 5 (caustic) and 6 (acid) show the amount of pyrolidinone remaining after

the laundering procedure. In the last column, the amount of phthalein detected in the washed
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sample is also shown. In all cases, the Charcoal and Caustic Wash removed much or all of the

phthalein. For the HCI wash, essentially all the phthalein did remain, as expected. HCI is known

to be a poor method for removing phthaleins from fuel.

Table 4 - Charcoal laundering

Exp. # Fuel type Conc. in Form. Pyrrolidinone % GC Phthalein
ppm # marker remaining
remaining
38 Gasoline 10 5 NOP 52 0
39 Gasoline 20 5 NOP 41 0
40 Diesel 10 5 NOP 33 0
41 Diesel 20 5 NOP 67 0
42 Diesel 20 23 NCP 66 0
43 Diesel 20 20 NDP 79 0
44 Diesel 20 12 NCP 61% 0
45 Diesel 20 6 NOP 57% 0
Table S - Caustic Laundering
Exp. # Fuel type Conc. in Form. Pyrolidinone % GC Phthalein
ppm # marker remaining
remaining
46 Diesel 20 20 NDP 85% 52
47 Diesel 20 12 NCP not run 0
48 Diesel 20 6 NOP not run 0
49 Diesel 20 8 NDP not run 53
Table 6 - Acid laundering
Exp. # Fuel type Conc. in Form. Pyrolidinone % GC Phthalein
ppm # marker remaining
remaining
50 Diesel 20 8 NDP 100% 100
51 Diesel 20 20 NDP 100% 99.5
52 Diesel 20 6 NOP not run 87
53 Diesel 20 12 NCP not run 86
[00132] Example 5. Experiment 54
[00133] To verify the assignment of the retention times for the three pyrrolidinones used

in the formulations 1 thru 24, Quadropole GC/MS was used. Using the same column and
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temperature conditions described for experiments 25 to 27, calibration standards were
subjected to MS/GC detector [HP 5973 Mass Selective Detector]. For, 1-
cyclohexylpyrrolidinone the M+ ion was found at 167 mu (Mass Units). For 1-
octylpyrrolidinone the M+ ion was found at 197 mu. For the 1-dodecylpyrrolidinone, the M+
ion was found at 253 mu. These M+ ions are what is expected given the molecular weights of
the pyrrolidinones.

[00134] The present invention has been described in terms of one or more preferred
embodiments, and it should be appreciated that many equivalents, alternatives, variations, and
modifications, aside from those expressly stated, are possible and within the scope of the

invention.
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CLAIMS

1. A method of identifying a hydrocarbon fluid containing a gas chromatography marker
comprising a pyrrolidinone, the method comprising:

a) introducing a sample of the hydrocarbon fluid into a gas chromatography system,
thereby resulting in a gas chromatography report of the sample; and

b) identifying the presence of the pyrrolidinone in the hydrocarbon fluid using the gas
chromatography report.

2. The method of claim 1, wherein the gas chromatography system is a gas
chromatography with nitrogen phosphorus detector (GC-NPD) system and step a) is
introducing the sample into the GC-NPD system.

3. The method of claim 2, wherein the GC-NPD system includes a flame thermionic
detector or an alkali flame-ionization detector.

4, The method of claim 2 or 3, wherein the gas chromatography report resulting from
step a) includes an intensity value that is proportional to an amount of nitrogen or phosphorus
in the sample.

5. The method of claim 4, wherein the intensity is time-variable as a function of elution
times of components of the sample.

6. The method of claim 5, wherein the identifying of step b) includes monitoring the
intensity value at one or more predetermined elution times.

7. The method of claim 1, wherein the gas chromatography system is a gas
chromatography-mass spectrometry (GC-MS) system, a gas chromatography-Hall electrolytic
conductivity detector (GC-HECD) system, a gas chromatography-flame ionization detector
(GC-FID) system, a gas chromatography-electron capture detector (GC-ECD) system, a gas
chromatography-photoionization detector (GC-PID) system, or a combination thereof, and
step a) is introducing the sample into the GC-MS system, the GC-HECD system, the GC-FID
system, the GC-ECD system, the GC-PID system, or the combination thereof.

8. The method of any one of the preceding claims, wherein the gas chromatography
system includes a fused silica column, a polyethylene glycol column, a cyano propyl column,
a trifluorpropyl column, a substituted polysiloxane column, or a combination thereof and the
introducing of step a) includes introducing the sample into the fused silica column, the
polyethylene glycol column, the cyano propyl column, the trifluorpropyl column, the

substituted polysiloxane column, or the combination thereof.
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9. The method of any one of the preceding claims, wherein the introducing of step a)
includes introducing the sample with a carrier gas selected from the group consisting of
nitrogen, helium, and combinations thereof.
10. The method of any one of the preceding claims, wherein the identifying of step b)
includes comparing the gas chromatography report to a reference report.
11. The method of any one of the preceding claims, wherein the pyrrolidinone is present
in the hydrocarbon fluid in an amount of between 0.1 ppm and 500 ppm.
12. The method of any one of the preceding claims, the hydrocarbon fluid further
comprising a spectroscopic marker, the method further comprising:

¢) spectroscopically analyzing a second sample of the hydrocarbon fluid, thereby
resulting in a spectroscopic report of the second sample; and

d) identifying the presence of the spectroscopic marker in the hydrocarbon fluid using
the spectroscopic report.
13. The method of claim 12, wherein the spectroscopically analyzing of step ¢) includes
conducting fluorescence spectroscopy, UV-Vis spectroscopy, Raman spectroscopy, near
infrared spectroscopy, or a combination thereof.
14. The method of claim 12 or 13, wherein the identifying of step d) includes comparing
the spectroscopic report to a reference spectrum.
15. The method of any one of claims 12 to the immediately preceding claim, wherein the
spectroscopic marker is present in the hydrocarbon fluid in an amount of between 0.1 ppm

and 500 ppm.
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16. A method of marking a subset of hydrocarbon fluids in circulation within a market
and detecting presence of the marking, the method comprising:

a) adding a gas chromatography marker comprising a pyrrolidinone to the subset of
the hydrocarbon fluids in circulation within the market;

b) selecting a sample of one of the hydrocarbon fluids in circulation within the
market;

¢) introducing at least a portion of the sample of one of the hydrocarbon fluids in
circulation within the market into a gas chromatography system, thereby resulting in a gas
chromatography report of the sample; and

d) identifying the presence or absence of the pyrrolidinone in the sample using the gas
chromatography report, thereby identifying whether the sample is from within or without the
subset of hydrocarbon fluids.
17. The method of claim 16, wherein the gas chromatography system is a gas
chromatography with nitrogen phosphorus detector (GC-NPD) system and step ¢) is
introducing the sample into the GC-NPD system.
18. The method of claim 17, wherein the GC-NPD system includes a flame thermionic
detector or an alkali flame-ionization detector.
19. The method of claim 17 or 18, wherein the gas chromatography report resulting from
step ¢) includes an intensity value that is proportional to an amount of nitrogen or phosphorus
in the sample.
20. The method of claim 19, wherein the intensity is time-variable as a function of elution
times of components of the sample.
21. The method of claim 20, wherein the identifying of step d) includes monitoring the
intensity value at one or more predetermined elution times.
22. The method of any one of claims 16 to the immediately preceding claim, wherein the
gas chromatography system is a gas chromatography-mass spectrometry (GC-MS) system, a
gas chromatography-Hall electrolytic conductivity detector (GC-HECD) system, a gas
chromatography-flame ionization detector (GC-FID) system, a gas chromatography-electron
capture detector (GC-ECD) system, a gas chromatography-photoionization detector (GC-
PID) system, or a combination thereof, and step ¢) is introducing the sample into the GC-MS
system, the GC-HECD system, the GC-FID system, the GC-ECD system, the GC-PID
system, or the combination thereof.
23. The method of any one of claims 16 to the immediately preceding claim, wherein the

gas chromatography system includes a fused silica column a polyethylene glycol column, a
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cyano propyl column, a trifluorpropyl column, a substituted polysiloxane column, or a
combination thereof and the introducing of step c¢) includes introducing the sample into the
fused silica column, the polyethylene glycol column, the cyano propyl column, the
trifluorpropyl column, the substituted polysiloxane column, or the combination thereof.

24, The method of any one of claims 16 to the immediately preceding claim, wherein the
introducing of step ¢) includes introducing the sample with a carrier gas selected from the
group consisting of nitrogen, helium, and combinations thereof.

25. The method of any one of claims 16 to the immediately preceding claim, wherein the
identifying of step d) includes comparing the gas chromatography report to a reference report.
26. The method of any one of claims 16 to the immediately preceding claim, wherein the
adding of step a) includes adding the gas chromatography marker in an amount necessary to
provide the pyrrolidinone in the subset of the hydrocarbon fluids in an amount of between 0.1
ppm and 500 ppm.

27. The method of any one of claims 16 to the immediately preceding claim, the method
further comprising:

e) adding a spectroscopic marker to the subset of the hydrocarbon fluids in circulation
within the market;

f) spectroscopically analyzing at least a second portion of the sample of one of the
hydrocarbon fluids in circulation within the market, thereby resulting in a spectroscopic
report of the sample; and

g) identifying the presence or absence of the spectroscopic marker in the sample using
the spectroscopic report, thereby identifying whether the sample is from within or without the
subset of hydrocarbon fluids.

28. The method of claim 27, wherein the spectroscopically analyzing of step f) includes
conducting fluorescence spectroscopy, UV-Vis spectroscopy, Raman spectroscopy, near
infrared spectroscopy, or a combination thereof.

29.  The method of claim 27 or 28, wherein the identifying of step g) includes comparing
the spectroscopic report to a reference spectrum.

30.  The method of any one of claims 27, wherein the adding of step e) includes adding
the spectroscopic marker to the subset of the hydrocarbon fluids in an amount of between 0.1

ppm and 500 ppm.
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31. A method of identifying marked hydrocarbon fluids that have been laundered,
wherein unlaundered marked hydrocarbon fluids contain a gas chromatography marker and a
spectroscopic marker, the gas chromatography marker including a pyrrolidinone, the method
comprising:

a) introducing a first portion of a hydrocarbon fluid sample that is suspecting of
having been laundered into a gas chromatography system, thereby resulting in a gas
chromatography report of the hydrocarbon fluid sample;

b) spectroscopically analyzing a second portion of the hydrocarbon fluid sample,
thereby resulting in a spectroscopic report of the hydrocarbon fluid sample;

¢) identifying the presence or absence of the gas chromatography marker using the
gas chromatography report and identifying the presence or absence of the spectroscopic
marker using the spectroscopic report; and

d) based on the identifying of step c):

if the gas chromatography marker and the spectroscopic marker are identified
as present, then indicating that the hydrocarbon fluid sample is marked and
unlaundered,;
if the gas chromatography marker is identified as present and the
spectroscopic marker is identified as absent, then indicating that the hydrocarbon
fluid sample is marked and laundered; and
if the gas chromatography marker and the spectroscopic marker are identified
as absent, then indicating the hydrocarbon fluid is unmarked.
32, The method of claim 31, wherein the gas chromatography system is a gas
chromatography with nitrogen phosphorus detector (GC-NPD) system and step a) is
introducing the first portion into the GC-NPD system.
33. The method of claim 32, wherein the GC-NPD system includes a flame thermionic
detector or an alkali flame-ionization detector.
34, The method of claim 32 or 33, wherein the gas chromatography report resulting from
step a) includes an intensity value that is proportional to an amount of nitrogen or phosphorus
in the sample.
35. The method of claim 34, wherein the intensity is time-variable as a function of elution
times of components of the sample.
36. The method of claim 35, wherein the identifying the presence or absence or the gas
chromatography marker portion of step ¢) includes monitoring the intensity value at one or

more predetermined elution times.
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37. The method of any one of claims 31 to the immediately preceding claim, wherein the
gas chromatography system is a gas chromatography-mass spectrometry (GC-MS) system, a
gas chromatography-Hall electrolytic conductivity detector (GC-HECD) system, a gas
chromatography-flame ionization detector (GC-FID) system, a gas chromatography-electron
capture detector (GC-ECD) system, a gas chromatography-photoionization detector (GC-
PID) system, or a combination thereof, and step a) is introducing the first portion into the
GC-MS system, the GC-HECD system, the GC-FID system, the GC-ECD system, the GC-
PID system, or the combination thereof.

38. The method of any one of claims 31 to the immediately preceding claim, wherein the
gas chromatography system includes a fused silica column and the introducing of step a)
includes introducing the sample into the fused silica column.

39. The method of any one of claims 31 to the immediately preceding claim, wherein the
introducing of step a) includes introducing the sample with a carrier gas selected from the
group consisting of nitrogen, helium, and combinations thereof.

40.  The method of any one of claims 31 to the immediately preceding claim, wherein the
identifying the presence or absence of the gas chromatography marker portion of step ¢)
includes comparing the gas chromatography report to a reference report.

41.  The method of any one of claims 31 to the immediately preceding claim, wherein the
spectroscopically analyzing of step b) includes conducting fluorescence spectroscopy, UV-
Vis spectroscopy, Raman spectroscopy, near infrared spectroscopy, or a combination thereof.
42, The method of any one of claims 31 to the immediately preceding claim, wherein the
identifying the presence or absence of the spectroscopic marker portion of step ¢) includes

comparing the spectroscopic report to a reference spectrum.
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43, The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic

marker i1s:

wherein Ar! and Ar? each independently represent a substituted or unsubstituted phenylene
group or a substituted or unsubstituted naphthylene group; R represents a straight or
branched chain alkyl group having 1 to 22 carbon atoms; R? represents a hydrogen atom or a
group of the formula C(O)R* where R*is a hydrogen atom or a straight or branched chain
alkyl group having 1 to 22 carbon atoms; R’ represents a hydrogen atom, a straight or
branched chain alkyl group having 1 to 12 carbon atoms, a straight or branched chain alkoxy
group having 1 to 12 carbon atoms, a hydroxyl group, a substituted or unsubstituted phenyl
group or a substituted or unsubstituted naphthyl group; and Z represents a hydrogen atom or a
group of atoms that combine with Ar? or R? to form a lactone ring.

44, The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is ared dye or ayellow dye.

45. The method of claim 44, wherein the spectroscopic marker is Solvent Red 164 or
Solvent Yellow 124.

46. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is a phthalein.

47. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is a phthalein dibutyrate.

48. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is a phthalein ester.

49, The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is selected from the group consisting of fluoroscein dibutyrate, cresolphthalein, o-

cresolphthalein dibutyrate, and thymolphthalein.
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50. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is selected from the group consisting of cresolphthalein dibutyrate ester,
cresolphthalein monobutyrate ester, cresolphthalein diisopropylate ester, cresolphthalein di-n-
propylate ester, cresolphthalein dihexanoate ester, cresolphthalein dipentanoate ester, and
cresolphthalein dilaurate ester.

51. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is selected from the group consisting of naphtholphthalein dibutyrate ester,
thymolphthalein dibutyrate ester, and thymolphthalein dipropanoate ester.

52. The method of any one of claims 12 to 15 and 27 to 42, wherein the spectroscopic
marker is selected from the group consisting of sec-butylphenolphthalein dibutyrate ester and

di-sec-butylphenolphthalein dibutyrate ester.

53.  The method of any one of the preceding claims, wherein the pyrrolidinone is a 1-
alkyl-2-pyrrolidinone or a 1-alkenyl-2-pyrrolidinone.

54. The method of claim 53, wherein the pyrrolidinone is the 1-alkyl-2-pyrrolidinone.
55. The method of claim 54, the 1-alkyl-2-pyrrolidinone including a non-cyclic alkyl
group having between 1 and 40 carbon atoms or a cycloalkyl group having between 4 and 40
atoms.

56. The method of claim 55, the non-cyclic alkyl group having between 3 and 24 carbon
atoms, the cycloalkyl group having between 4 and 24 carbon atoms.

57. The method of claim 54, wherein the pyrrolidinone is selected from the group
consisting of 1-methyl-2-pyrrolidinone, 1-ethyl-2-pyrrolidinone, 1-cyclohexyl-2-
pyrrolidinone, 1-octyl-2-pyrrolidinone, 1-dodecyl-2-pyrrolidinone, and combinations thereof.
58. The method of claim 57, wherein the pyrrolidinone is 1-methyl-2-pyrrolidinone.

59. The method of claim 57, wherein the pyrrolidinone is 1-ethyl-2-pyrrolidinone.

60. The method of claim 57, wherein the pyrrolidinone is 1-cyclohexyl-2-pyrrolidinone.
61. The method of claim 57, wherein the pyrrolidinone is 1-octyl-2-pyrrolidinone.

62. The method of claim 57, wherein the pyrrolidinone is 1-dodecyl-2-pyrrolidinone.

63. The method of claim 53, wherein the pyrrolidinone is the 1-alkenyl-2-pyrrolidinone.
64. The method of claim 63, wherein the 1-alkenyl-2-pyrrolidinone includes an alkenyl
group having between 2 carbon atoms and 40 carbon atoms.

65. The method of claim 64, the alkenyl group having between 2 carbon atoms and 24
carbon atoms.

66. The method of claim 63, wherein the pyrrolidinone is 1-vinyl-2-pyrrolidinone.
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67. A marker composition comprising:

a gas chromatography marker comprising a pyrrolidinone; and

asolvent,

wherein the pyrrolidinone is a 1-alkyl-2-pyrrolidinone or a 1-alkenyl-2-pyrrolidinone,
the 1-alkyl-2-pyrrolidinone including a non-cyclic alkyl group having between 3 and 7
carbon atoms, between 9 and 11 carbon atoms, or between 13 and 24 carbon atoms or a
cycloalkyl group having between 4 and 24 carbon atoms, the 1-alkenyl-2-pyrrolidinone
including an alkenyl group having between 2 and 24 carbon atoms.
68. The marker composition of claim 67, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the solvent is present in an
amount by weight of between 1% and 99%.
69. The marker composition of claim 67, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the solvent is present in an
amount by weight of between 25% and 75%.
70. The marker composition of claim 67, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the solvent is present in an
amount by weight of between 40% and 60%.
71. The marker composition of claim 67, the marker composition consisting essentially of
the gas chromatography marker and the solvent.
72. The marker composition of claim 71, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the solvent is present in an
amount by weight of between 1% and 99%.
73. The marker composition of claim 71, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the solvent is present in an
amount by weight of between 25% and 75%.
74. The marker composition of claim 71, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the solvent is present in an
amount by weight of between 40% and 60%.
75. The marker composition of claim 67, the marker composition consisting of the gas
chromatography marker and the solvent.
76. The marker composition of claim 75, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the solvent is present in an

amount by weight of between 1% and 99%.
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77. The marker composition of claim 75, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the solvent is present in an
amount by weight of between 25% and 75%.

78. The marker composition of claim 75, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the solvent is present in an
amount by weight of between 40% and 60%.

79. The marker composition of claim 67, the marker composition further comprising a
spectroscopic marker.

80. The marker composition of claim 79, wherein the gas chromatography marker is
present in an amount by weight of between 10% and 85%, the spectroscopic marker is
present in an amount by weight of between 5% and 80%, and the solvent is present in an
amount by weight of between 10% and 85%.

81. The marker composition of claim 79, wherein the gas chromatography marker is
present in an amount by weight of between 20% and 70%, the spectroscopic marker is
present in an amount by weight of between 10% and 50%, and the solvent is present in an
amount by weight of between 20% and 70%.

82. The marker composition of claim 79, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 60%, the spectroscopic marker is
present in an amount by weight of between 15% and 25%, and the solvent is present in an
amount by weight of between 25% and 60%.

83. The marker composition of claim 79, the marker composition consisting essentially of
the gas chromatography marker, the spectroscopic marker, and the solvent.

34. The marker composition of claim 80, wherein the gas chromatography marker is
present in an amount by weight of between 10% and 85%, the spectroscopic marker is
present in an amount by weight of between 5% and 80%, and the solvent is present in an
amount by weight of between 10% and 85%.

85. The marker composition of claim 80, wherein the gas chromatography marker is
present in an amount by weight of between 20% and 70%, the spectroscopic marker is
present in an amount by weight of between 10% and 50%, and the solvent is present in an
amount by weight of between 20% and 70%.

86. The marker composition of claim 80, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 60%, the spectroscopic marker is
present in an amount by weight of between 15% and 25%, and the solvent is present in an

amount by weight of between 25% and 60%.
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87. The marker composition of claim 79, the marker composition consisting of the gas
chromatography marker, the spectroscopic marker, and the solvent.
88. The marker composition of claim 87, wherein the gas chromatography marker is
present in an amount by weight of between 10% and 85%, the spectroscopic marker is
present in an amount by weight of between 5% and 80%, and the solvent is present in an
amount by weight of between 10% and 85%.
89. The marker composition of claim 87, wherein the gas chromatography marker is
present in an amount by weight of between 20% and 70%, the spectroscopic marker is
present in an amount by weight of between 10% and 50%, and the solvent is present in an
amount by weight of between 20% and 70%.
90. The marker composition of claim 87, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 60%, the spectroscopic marker is
present in an amount by weight of between 15% and 25%, and the solvent is present in an
amount by weight of between 25% and 60%.
91.  The marker composition of any one of claims 67 to 90, wherein the solvent is selected
from the group consisting of petroleum naphtha, an alcohol, a glycol ether, dimethyl
formamide, dimethyl sulfoxide, xylene, toluene, acetone, ethyl acetate, a petroleum product,
and combinations thereof.
92.  The marker composition of any one of claims 67 to 90, wherein the solventis a
mixture of petroleum napththa and fuel additives.
93. A marker composition comprising:

a gas chromatography marker comprising a pyrrolidinone; and

a spectroscopic marker,

wherein the pyrrolidinone is a 1-alkyl-2-pyrrolidinone or a 1-alkenyl-2-pyrrolidinone,
the 1-alkyl-2-pyrrolidinone including a non-cyclic alkyl group having between 3 and 7
carbon atoms, between 9 and 11 carbon atoms, or between 13 and 24 carbon atoms or a
cycloalkyl group having between 4 and 24 carbon atoms, the 1-alkenyl-2-pyrrolidinone
including an alkenyl group having between 2 and 24 carbon atoms.
94, The marker composition of claim 93, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the spectroscopic marker is
present in an amount by weight of between 1% and 99%.
95. The marker composition of claim 93, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the spectroscopic marker is

present in an amount by weight of between 25% and 75%.
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96. The marker composition of claim 93, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the spectroscopic marker is
present in an amount by weight of between 40% and 60%.

97. The marker composition of claim 93, the marker composition consisting essentially of
the gas chromatography marker and the spectroscopic marker.

98. The marker composition of claim 97, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the spectroscopic marker is
present in an amount by weight of between 1% and 99%.

99. The marker composition of claim 97, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the spectroscopic marker is
present in an amount by weight of between 25% and 75%.

100.  The marker composition of claim 97, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the spectroscopic marker is
present in an amount by weight of between 40% and 60%.

101.  The marker composition of claim 93, the marker composition consisting of the gas
chromatography marker and the spectroscopic marker.

102.  The marker composition of claim 101, wherein the gas chromatography marker is
present in an amount by weight of between 1% and 99% and the spectroscopic marker is
present in an amount by weight of between 1% and 99%.

103.  The marker composition of claim 101, wherein the gas chromatography marker is
present in an amount by weight of between 25% and 75% and the spectroscopic marker is
present in an amount by weight of between 25% and 75%.

104.  The marker composition of claim 101, wherein the gas chromatography marker is
present in an amount by weight of between 40% and 60% and the spectroscopic marker is
present in an amount by weight of between 40% and 60%.

105.  The marker composition of any one of claims 67 to the immediately preceding claim,
wherein the marker composition is nonaqueous.

106.  The marker composition of any one of claims 67 to the immediately preceding claim,
wherein adding the marker composition to a hydrocarbon fluid in an amount of 500 ppm of
the pyrrolidinone results in a marked hydrocarbon fluid that, when introduced to a gas
chromatography system, produces a gas chromatography signal that is distinguishable from a
reference gas chromatography signal for an unmarked hydrocarbon fluid.

107.  The marker composition of any one of claims 67 to the immediately preceding claim,

wherein adding the marker composition to a hydrocarbon fluid in an amount of 50 ppm of the
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pyrrolidinone results in a marked hydrocarbon fluid that, when introduced to a gas
chromatography system, produces a gas chromatography signal that is distinguishable from a
reference gas chromatography signal for an unmarked hydrocarbon fluid.

108.  The marker composition of any one of claims 67 to the immediately preceding claim,
wherein adding the marker composition to a hydrocarbon fluid in an amount of 5 ppm of the
pyrrolidinone results in a marked hydrocarbon fluid that, when introduced to a gas
chromatography system, produces a gas chromatography signal that is distinguishable from a
reference gas chromatography signal for an unmarked hydrocarbon fluid.

109.  The marker composition of any one of claims 106 to 108, wherein the gas
chromatography system is a gas chromatography with nitrogen phosphorus detector system
and the gas chromatography signal is a gas chromatography with nitrogen phosphorus
detector signal.

110.  The marker composition of any one of claims 67 to the immediately preceding claim,
wherein the gas chromatography marker consists essentially of the pyrrolidinone.

111.  The marker composition of any one of claims 67 to the immediately preceding claim,
wherein the gas chromatography marker consists of the pyrrolidinone.

112.  The marker composition of any one of claims 67 to claim 111, wherein the
pyrrolidinone is the 1-alkyl-2-pyrrolidinone.

113.  The marker composition of claim 112, the 1-alkyl-2-pyrrolidinone including the non-
cyclic alkyl group having between 3 and 7 carbon atoms.

114,  The marker composition of claim 112, the 1-alkyl-2-pyrrolidinone including the non-
cyclic alkyl group having between 9 and 11 carbon atoms.

115.  The marker composition of claim 112, the 1-alkyl-2-pyrrolidinone including the non-
cyclic alkyl group having between 13 and 24 carbon atoms.

116. The marker composition of claim 115, wherein the pyrrolidinone is 1-octadecyl-2-
pyrrolidinone.

117.  The marker composition of claim 112, the 1-alkyl-2-pyrrolidinone including the
cycloalkyl group having between 4 and 24 carbon atoms.

118.  The marker composition of claim 117, wherein the 1-alkyl-2-pyrrlidinone is 1-
cyclohexyl-2-pyrrolidinone.

119.  The marker composition of any one of claims 67 to claim 111, wherein the
pyrrolidinone is the 1-alkenyl-2-pyrrolidinone.

120.  The marker composition of claim 119, wherein the pyrrolidinone is 1-vinyl-2-

pyrrolidinone.
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121.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic

marker i1s:

wherein Ar! and Ar? each independently represent a substituted or unsubstituted phenylene
group or a substituted or unsubstituted naphthylene group; R represents a straight or
branched chain alkyl group having 1 to 22 carbon atoms; R? represents a hydrogen atom or a
group of the formula C(O)R* where R*is a hydrogen atom or a straight or branched chain
alkyl group having 1 to 22 carbon atoms; R’ represents a hydrogen atom, a straight or
branched chain alkyl group having 1 to 12 carbon atoms, a straight or branched chain alkoxy
group having 1 to 12 carbon atoms, a hydroxyl group, a substituted or unsubstituted phenyl
group or a substituted or unsubstituted naphthyl group; and Z represents a hydrogen atom or a
group of atoms that combine with Ar? or R? to form a lactone ring.

122.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is ared dye or ayellow dye.

123, The marker composition of claim 122, wherein the spectroscopic marker is Solvent
Red 164 or Solvent Yellow 124,

124, The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is a phthalein.

125.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is a phthalein dibutyrate.

126.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is a phthalein ester.

127.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is selected from the group consisting of fluoroscein dibutyrate, cresolphthalein, o-

cresolphthalein dibutyrate, and thymolphthalein.
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128.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is selected from the group consisting of cresolphthalein dibutyrate ester,
cresolphthalein monobutyrate ester, cresolphthalein diisopropylate ester, cresolphthalein di-n-
propylate ester, cresolphthalein dihexanoate ester, cresolphthalein dipentanoate ester, and
cresolphthalein dilaurate ester.

129.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is selected from the group consisting of naphtholphthalein dibutyrate ester,
thymolphthalein dibutyrate ester, and thymolphthalein dipropanoate ester.

130.  The marker composition of any one of claims 79 to 120, wherein the spectroscopic
marker is selected from the group consisting of sec-butylphenolphthalein dibutyrate ester and

di-sec-butylphenolphthalein dibutyrate ester.
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131. A marked hydrocarbon fluid comprising:

a hydrocarbon fluid;

the marker composition of any one of claims 67 to 130 in an amount sufficient to
provide a concentration of the pyrrolidinone in the marked hydrocarbon fluid of between 0.1
ppm and 500 ppm.
132. A marked hydrocarbon fluid consisting essentially of:

a hydrocarbon fluid;

the marker composition of any one of claims 67 to 130 in an amount sufficient to
provide a concentration of the pyrrolidinone in the marked hydrocarbon fluid of between 0.1
ppm and 500 ppm.
133. A marked hydrocarbon fluid consisting of:

a hydrocarbon fluid;

the marker composition of any one of claims 67 to 130 in an amount sufficient to
provide a concentration of the pyrrolidinone in the marked hydrocarbon fluid of between 0.1
ppm and 500 ppm.
134. A marked hydrocarbon fluid comprising:

a hydrocarbon fluid;

the marker composition of any one of claims 79 to 130 in an amount sufficient to
provide a concentration of the spectroscopic marker in the marked hydrocarbon fluid of
between 0.1 ppm and 500 ppm.
135. A marked hydrocarbon fluid consisting essentially of:

a hydrocarbon fluid;

the marker composition of any one of claims 79 to 130 in an amount sufficient to
provide a concentration of the spectroscopic marker in the marked hydrocarbon fluid of
between 0.1 ppm and 500 ppm.
136. A marked hydrocarbon fluid consisting of:

a hydrocarbon fluid;

the marker composition of any one of claims 79 to 130 in an amount sufficient to
provide a concentration of the spectroscopic marker in the marked hydrocarbon fluid of
between 0.1 ppm and 500 ppm.
137.  The marked hydrocarbon fluid of any one of claims 131 to 136, wherein the
hydrocarbon fluid is selected from the group consisting of a petroleum-derived liquid

hydrocarbon, gasoline, gasohol, diesel fuel, a petroleum-derived solvent, a petroleum-derived
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lubricant, a hydraulic fluid, kerosene, jet fuel, heating oil, bunker fuel, and combinations

thereof.

138. A kit comprising:
the marker composition of any one of claims 67 to 130; and

areference gas chromatography report for the pyrrolidinone.

139. A kit comprising:
the marker composition of any one of claims 79 to 130; and

a reference spectroscopic report for the spectroscopic marker.

140. A system for identifying hydrocarbon fluids marked with a gas chromatography
marker including a pyrrolidinone, the system comprising:

a gas chromatography with nitrogen phosphorus detector (GC-NPD) system; and

a computer having a processor and a memory, the memory having stored thereon a
reference gas chromatography report for the pyrrolidinone and instructions that, when
executed by the processor, cause the processor to receive a gas chromatography report from
the GC-NPD system and identify the presence or absence of the gas chromatography marker
based on a comparison with the reference gas chromatography report.
141.  The system of claim 140, the GC-NPD system comprising a flame thermionic
detector of an alkali flame-ionization detector.
142, The system of claim 140 or 141, the GC-NPD system comprising a fused silica gas
chromatography column.
143, The system of any one of claims 140 to 142, the GC-NPD system further comprising
a carrier gas source configured to deliver nitrogen or helium as a carrier gas.
144.  The system of any one of claims 140 to 143, the hydrocarbon fluids further marked
with a spectroscopic marker, the system further comprising: a spectroscopy system.
145.  The system of claim 144, the memory having stored thereon a reference spectroscopy
report for the spectroscopic marker and instructions that, when executed by the processor,
cause the processor to receive a spectroscopy report from the spectroscopy system and
identify the presence or absence of the spectroscopic marker based on a comparison with the
reference spectroscopy report.
146.  The system of claim 144 or 145, wherein the spectroscopy system is a fluorescence

spectroscopy system, a UV-Vis spectroscopy system, or a Raman spectroscopy system.
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are so unclear that no meaningful opinion could be formed (specify):

Claims 13, 28, 30, 45, 54-66, 113-118, 120, 123 and 145 directly or indirectly refer to one of unsearchable claims which do
not comply with PCT Rule 6.4(a).

the claims, or said claims Nos. are so inadequately supported
by the description that no meaningful opinion could be formed (specify):

Xl no international search report has been established for said claims Nos. 8-15.22-30, 37-66, 105-139, 143-146

|:| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit:

furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the
International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

|:| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the
form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in
Amnex C of the Administrative Instructions.

|:| pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.1(a) or (b).

|:| See Supplemental Box for further details.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-7,16-21,31-36,67-104,140-142 YES
Claims NONE NO

Inventive step (IS) Claims NONE YES
Claims 1-7,16-21,31-36,67-104,140-142 NO

Industrial applicability (IA)  Claims 1-7,16-21,31-36,67-104,140-142 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document:
DI1: US 2007-0184555 Al (BANAVALI, RAJIV MANOHAR et al.)) 09 August 2007

1. Novelty and Inventive Step

1.1. Claims 1, 16, 31

D1, which is considered to be the closest prior art to the subject matter of claims 1, 16 and
31, discloses a method of marking commercial gasoline, the method comprising:

adding sufficient amount of 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker to a sample of
commercial gasoline; and analyzing the sample using gas chromatography in conjunction with a
mass spectrometer, wherein the marker is detected in the sample by using the gas

chromatography and the mass spectrometer (see example 5).

Claims 1, 16 and 31 differ from D1 in a method of identifying a hydrocarbon fluid containing
a gas chromatography marker (claim 1), in identifying whether a sample is from within or
without a subset of hydrocarbon fluids (claim 16), and in a method of identifying marked
hydrocarbon fluids that have been laundered (claim 31). However, the technical features of said
claims are considered to be minor differences over the disclosure of DI that falls under the

general knowledge of a person skilled in the art.

Therefore, claims 1, 16 and 31 are novel under PCT Article 33(2), but lack an inventive step
under PCT Article 33(3).

1.2. Claims 2-7, 17-21, 32-36
Claims 2-7, 17-21 and 32-36 are directly or indirectly dependent on claims 1, 16 and 31,

Continued on Supplemental Box

Form PCT/ISA/237 (Box No. V) (January 2015)




International application No.
WRITTEN OPINION OF THE nternational appiication No

INTERNATIONAL SEARCHING AUTHORITY PCT/US2017/048320

Box No. VII Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

Claims 8-12, 14-15, 22-27, 29, 37-44, 46-53, 105-112, 119, 121-122, 124-139, 143-144 and 146 do not comply with PCT Rule
6.4(a), because multiple dependent claims should not serve as a basis for any other multiple dependent claim.
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respectively.

The additional features of claims 2, 4, 17, 19, 32 and 34 can be ecasily derived from DI
disclosing that chromatography is followed by specific detection of boron (B), nitrogen (N) or
phosphorus (P), wherein the specific detection of B, N and P can be done after separation by

gas chromatography with a nitrogen-phosphorus detector (N, P only) (see paragraph [0011]).

The additional feature of claims 3, 18 and 33 defines the GC-NPD system as including a
flame thermionic detector or an alkali flame-ionization detector, rendering these claims different
from D1. However, such a feature is merely one of several straightforward possibilities from
which a person skilled in the art would select in accordance with circumstances, without the

exercise of inventive skill.

Concerning the additional features of claims 5-6, 20-21 and 35-36, the intensity value that is
variable at one or more predetermined elution times can be easily derived by a person skilled

in the art within technical common sense.

Concerning the additional feature of claim 7, D1 discloses the gas chromatography in

conjunction with the mass spectrometer (see example 5).

Therefore, claims 2-7, 17-21 and 32-36 are novel under PCT Article 33(2), but lack an
inventive step under PCT Article 33(3).

1.3. Claims 67, 93

DI, which is considered to be the closest prior art to the subject matter of claims 67 and 93,
discloses 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker of commercial gasoline and reagent grade
toluene, wherein the marker is detected by using gas chromatography and a mass spectrometer

(see examples 1, 5).

Claims 67 and 93 differ from DI in defining the pyrrolidinone as a 1-alkyl-2-pyrrolidinone or
a l-alkenyl-2-pyrrolidinone and claim 93 further differs from DI in comprising a spectroscopic
marker. However, such differences are merely some of several straightforward possibilities from
which a person skilled in the art would select in accordance with circumstances, without the

exercise of inventive skill.

Continued on The Next Page
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Therefore, claims 67 and 93 are novel under PCT Article 33(2), but lack an inventive step
under PCT Article 33(3).

1.4. Claims 68-92, 94-104
Claims 68-92 and 94-104 are directly or indirectly dependent on claims 67 and 93,

respectively.

The additional features of claims 68-90 and 94-104 define components of the marker
composition and weight percents of the components, rendering these claims different from DI1.
However, the components of the marker composition can be easily conceived by a person
skilled in the art within technical common sense. And the weight percents of the components
can be ecasily determined by repeated experiments practiced by a person skilled in the art.
Accordingly, a person skilled in the art can easily conceive the subject matter of claims 68-90
and 94-104 from the disclosures of DI.

Concerning the additional feature of claim 91, D1 discloses reagent grade toluene for making

commercial gasoline (see example 1).

The additional feature of claim 92 defines the solvent as a mixture of petroleum napththa and
fuel additives, rendering this claim different from D1. However, such a difference is merely
one of several straightforward possibilities from which a person skilled in the art would select

in accordance with circumstances, without the exercise of inventive skill.

Therefore, claims 68-92 and 94-104 are novel under PCT Article 33(2), but lack an inventive
step under PCT Article 33(3).

1.5. Claim 140

As described in points 1.1 and 1.2, D1 discloses a method of marking commercial gasoline,
the method comprising: adding sufficient amount of 2.4,6-tripyrrolidyl-1,3,5-triazine as a marker
to a sample of commercial gasoline; and analyzing the sample using gas chromatography in
conjunction with a mass spectrometer, wherein the marker is detected in the sample by using
the gas chromatography and the mass spectrometer (see example 5). D1 also discloses that the

chromatography is followed by specific detection of nitrogen (N) or phosphorus (P) that can be

Continued on The Next Page
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done after separation by gas chromatography with nitrogen-phosphorus detector (N, P only) (see

paragraph [0011]).

Claim 140 differs from DI in a system comprising a computer having a processor and a
memory. However, such a difference is merely a design option when the general knowledge in
the relevant field of the art is used. Hence, it is obvious for a person skilled in the art to

arrive at the subject matter of claim 140.

Therefore, claim 140 is novel under PCT Article 33(2), but lacks an inventive step under PCT
Article 33(3).

1.6. Claims 141-142

The additional features of claims 141-142, directly or indirectly dependent on claim 140, define
the GC-NPD system as comprising a flame thermionic detector or an alkali flame-ionization
detector (claim 141) and a fused silica gas chromatography column (claim 142), rendering these
claims different from D1. However, such features are merely some of several straightforward
possibilitiecs from which a person skilled in the art would select in accordance with

circumstances, without the exercise of inventive skill.

Therefore, claims 141-142 are novel under PCT Article 33(2), but lack an inventive step under
PCT Article 33(3).

2. Industrial Applicability
Claims 1-7, 16-21, 31-36, 67-104 and 140-142 are industrially applicable under PCT Article
33(4).
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