
METHODS FOR OPTIMIZING GRADIENTS IN LIQUID CHROMATOGRAPHY SYSTEMS FIELD OF
THE INVENTION [0001]The present invention is directed to methods for
determining one or more optimum gradient parameter values for the
separation of components in liquid chromatography (LC) systems. The present
invention is directed to liquid chromatography (LC) systems capable of
determining one or more optimum gradient parameter values for the
separation of components in a liquid chromatography column. BACKGROUND OF
THE INVENTION [0002]A number of methods for optimizing separation of
components in liquid chromatography systems are disclosed in the art. See,
for example, P. Jandera, Journal of Chromatography A, 1126, 195-218 (2006),
and P. Jandera, Journal of Chromatography A, 797, 11-22 (1998). In
addition, there are a number of commercially available optimization
software packages including, but not limited to, DRYLAB(r) software
(Rheodyne, Rohnert Park, CA), CHROMDREAM(r) software (Iris Technologies,
Lawrence, KA), CHROMS WORD(r) software (Iris Technologies, Lawrence, KA),
and ELUEX(tm) software (CompuDrug Chemistry Ltd. (Budapest, Hungary). These
systems or packages are not fully automated and do not provide for
accurate, efficient, predictable and rapid fraction collection in liquid
chromatography systems. [0003]There is a need in the art for methods of
determining one or more optimum gradient parameter values for the
separation of components in liquid chromatography (LC) systems. Further,
there is a need in the art for liquid chromatography (LC) systems capable
of determining one or more optimum gradient parameter values for the
separation of components in a liquid chromatography column. SUMMARY OF THE
INVENTION  [0004]The present invention is directed to methods of
determining one or more optimum gradient parameter values for the
separation of components in liquid chromatography (LC) systems. The one or
more optimum gradient parameter values may include, but are not limited to,
a start gradient solvent volume concentration value, an end gradient
solvent volume concentration value, a length of a gradient duration period,
and   combinations thereof. Use of one or more of the optimum gradient
parameter values in a given liquid chromatography (LC) system may provide
one or more potential benefits. Potential benefits include, but not limited
to, separation of components in the shortest period of time, separation of
components using less solvent, better separation of components, increased
productivity from a given liquid chromatography (LC) system, reduced costs
for separation, and combinations thereof. 



[0005]In one exemplary embodiment, the method of determining one or more
gradient parameter values for a liquid chromatography separation comprises
utilizing retention data to estimate capacity factors, k's, of two or more
elutable compounds using (i) a first separation comprising a first solvent
volume concentration and (ii) a second separation comprising a second
solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration; and
utilizing the estimated capacity factors in combination with an optimum
capacity factor value, kopt, to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation.  [0006] The
solvent volume concentration may refer to combinations of multi-component
solvents such as acteonitrile with 0.1% trifluoric acid, aqueous buffers,
etc. The solvents used in the first solvent volume concentration need not
be the same as those in the second solvent volume concentration, for
example hexane/ethyl acetate for the first and chloroform/methanol for the
second. Any retention data may be utilized, including but not limited to,
retention data from any of the common modes of techniques such as thin
layger chromatography, liquid chromatography, size exclusion
chromatography, supercritical fluid chromatography, simulated moving band
chromatography, capillary electrophoresis chromatography, etc. The common
modes for these techniques include ion exchange, reverse phase, normal
phase, affinity, size exclusion, electromobility and others. In addition,
any liquid chromatography method may be utilized to separate components in
the present invention, including but not limited to, those listed above.
[0007]In another exemplary embodiment, a method of determining one or more
gradient parameter values for a liquid chromatography separation includes
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds; and utilizing the estimated capacity factors in
combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume concentration value,   and (ii) an end gradient
solvent volume concentration value for the liquid chromatography
separation. [0008]In a further exemplary embodiment, a method of
deteunining one or more gradient parameter values for a liquid
chromatography separation includes utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; utilizing
the estimated capacity factors in combination with an optimum capacity
factor value to determine (0 a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the
liquid chromatography separation; and utilizing the start and end gradient
solvent volume concentration values to calculate the elutable compound
retention volumes. [0009]In one exemplary embodiment, the step of utilizing
chromatography retention data to estimate capacity factors of two or more
elutable compounds includes using (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration.
[0010]In an even further exemplary embodiment, a method of determining one
or more gradient parameter values for a liquid chromatography separation
includes utilizing chromatography retention data to estimate capacity
factors of two or more elutable compounds: utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the elutable compound retention volumes
and resolution between the elutable compounds. [0011]In one exemplary
embodiment, the step of utilizing chromatography retention data to estimate
capacity factors of two or more elutable compounds includes using (i) a
first separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein
the second solvent volume concentration is different than the first solvent
volume concentration. [0012]In another exemplary embodiment, the resolution
may be recalculated by 



varying the start or end gradient solvent volume concentration values.  WO
2011/094264PCT/US2011/022513 [0013]In another exemplary embodiment, the
resolution is recalculated by varying gradient solvent duration volume.
[0014]In one exemplary embodiment, a computing system using software in a
chromatography separation unit, wherein after resolution calculation is
complete, gradient parameter values (times and concentrations table) are
automatically provided to the chromatography unit or a user for separation
of the compounds. [0015]In a further exemplary embodiment, a method of
determining one or more gradient parameter values for a liquid
chromatography separation of elutable compounds may be performed by a
computing system using software in a chromatography separation unit,
wherein after a user inputs one or more properties of the elu table
compounds into the computing system, the computing system provides the user
with a recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds. [0016]In an even further exemplary
embodiment, a method of separating two or more elutable compounds using
liquid chromatography includes inputting one or more properties of the
elutable compounds into a computing system in a chromatography separation
unit, utilizing the computing system to generate gradient parameter values,
automatically providing the gradient parameters to the chromatography
separation unit or user, and separating the two or more elutable compounds.
[0017]In an even further exemplary embodiment, a method of separating two
or more elutable compounds using liquid chromatography includes inputting
one or more properties of the elutable compounds into a computing system in
a liquid chromatography system; utilizing the computing system to generate
recommended type of chromatography method, chromatography media,
chromatography colunm size, and chromatography solvents to employ for
separation of the elutable compounds; and utilizing the computing system to
generate gradient parameters values. In another exemplary embodiment, the
method of separating two or more elutable compounds using liquid
chromatography further may include automatically providing the gradient
parameters to the liquid chromatography system or a user; and separating
the two or more elutable compounds. [0018]In another exemplary embodiment,
a method of separating two or more elutable compounds using liquid
chromatography includes inputting chromatography retention data of the
elutable compounds into a computing system in a liquid 



chromatography apparatus; utilizing the computing system to estimate
capacity factors of the two or more elutable compounds; utilizing the
computing system to determine whether the two or more elutable compounds
will not separate with the estimated capacity factors; utilizing the
computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds; and utilizing the at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to separate the two or more elutable compounds.
[0019]In some exemplary embodiments, the method of determining one or more
gradient parameter values for a liquid chromatography separation comprises
separating a sample on a thin layer chromatography plate, the sample
comprising two or more elutable compounds and a solvent system having a
first solvent volume concentration; separating the same sample on another
thin layer chromatography plate, using a solvent system having a second
solvent volume concentration, wherein the second solvent volume
concentration is greater than the first solvent volume concentration;
calculating capacity factors, k's, for each of the two or more elutable
compounds within the sample, wherein each k = (1 - Rf)/Rf, and Rf
represents a retention factor for a given elutable compound in a given
solvent system; utilizing the capacity factors, k's, and the first and
second solvent volume concentrations to determine parameters (i) ko and m
or (ii) a and m in at least one equation selected from: k km' for a normal
phase system, and In k = a - my for a reverse phase system; and calculating
initial start and end gradient solvent volume concentration values, (pis
and (pie respectively, using an optimum capacity factor value, kopt, and
parameters (i) ko and m or (ii) a and m in at least one equation selected
from: (p = [(koilcoo)lim] for a noinial phase system, and tp = [(a - In
k0)/m] for a reverse phase system. [0020]The exemplary methods of
determining one or more gradient parameter values for a liquid
chromatography separation may further comprise a number of additional
steps, as needed, to determine optimum gradient parameter values for a
given liquid chromatography separation. [0021]In some exemplary
embodiments, additional steps include, but are not limited to, initiating a
gradient duration period adjustment procedure, initiating a start  gradient
solvent volume concentration adjustment procedure, initiating an end
gradient solvent volume concentration adjustment procedure, or any
combination thereof.  [0022]The present invention is further directed to
liquid chromatography (LC) optimization software capable of converting
retention data inputted (e.g., data from thin layger chromatography, liquid
chromatography, size exclusion chromatography, supercritical fluid
chromatography, simulated moving band chromatography, capillary
electrophoresis chromatography, etc..) into one or more optimized gradient
parameter values, and providing the one or more optimized gradient
parameter values to a user display and/or a liquid chromatography
separation unit. [0023]In one exemplary embodiment, the LC optimization
software converts inputted TLC data in the form of Rf values for each
component eluted on two separate TLC plates utilizing two different solvent
concentrations into calculated capacity factors, k's, for each elutable
compound at the two different solvent volume concentrations; and utilizing
the calculated retention factors in combination with an optimum capacity
factor value, kopt, to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for a liquid chromatography system component. The LC optimization
software may be utilized to provide an optimized gradient duration period,
an optimized start gradient solvent volume concentration, an optimized end
gradient solvent volume concentration, or any combination thereof.
[0024]The present invention is even further directed to liquid
chromatography 



systems comprising a computing system, and a user interface with the
computing system, wherein the computing system is capable of utilizing
chromatography retention data to estimate capacity factors, k's, of at
least two elutable compounds at two different solvent volume
concentrations; and utilizing the estimated capacity factors in combination
with an optimum capacity factor value, kopt, to determine an optimized
gradient duration period, an optimized start gradient solvent volume
concentration, an optimized end gradient solvent volume concentration, or
any combination thereof. [0025]In one embodiment, the computing system is
capable of utilizing the chromatography retention data to estimate capacity
factors of the two or more elutable compounds using (i) a first separation
comprising a first solvent volume concentration and (ii) a second
separation comprising a second solvent volume concentration, wherein the
second solvent volume concentration is different than the first solvent
volume concentration. [00261In some exemplary embodiments, the liquid
chromatography system is capable of providing one or more separation
parameter values to a user for a liquid chromatography separation, and
comprises a computing system, and a user interface with the computing
system, wherein the computing system is capable of utilizing retention data
to estimate capacity factors, k's, of two or more elutable compounds;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value, kopt, to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and providing
(i) the start gradient solvent volume concentration value, and (ii) the end
gradient solvent volume concentration value to the user for review.
[0027]In one embodiment, the computing system is capable of utilizing the
chromatography retention data to estimate capacity factors of the two or
more elutable compounds using (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration.
[0028]In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein
the computing system is capable of utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; and
utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation. [0029]In one embodiment,
the computing system is capable of utilizing the chromatography retention
data to estimate capacity factors of the two or more elutable compounds
using (i) a first separation comprising a first solvent volume
concentration and (ii) a second separation comprising a second solvent
volume concentration, wherein the second solvent volume concentration is
different than the first solvent volume concentration. 



In an exemplary embodiment, a liquid chromatography system includes a
computing system, and a user interface with the computing system, wherein
the computing system is capable of utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; utilizing
the estimated capacity factors in combination with an optimum capacity
factor value to determine (i) a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the
liquid chromatography separation; and utilizing the start and end gradient
solvent volume concentration values to calculate the retention volumes of
each elutable compound.  [0031] In one embodiment, the computing system is
capable of utilizing the chromatography retention data to estimate capacity
factors of the two or more elutable compounds using (i) a first separation
comprising a first solvent volume concentration and (ii) a second
separation comprising a second solvent volume concentration, wherein the
second solvent volume concentration is different than the first solvent
volume concentration. [0032]In a further exemplary embodiment, a liquid
chromatography system comprises a computing system, and a user interface
with the computing system, wherein the computing system is capable of
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds; utilizing the estimated capacity factors in
combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume concentration value, and (ii) an end gradient
solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the elutable compound retention volumes
and resolution between the elutable compounds. [0033]In one embodiment, the
computing system is capable of utilizing the chromatography retention data
to estimate capacity factors of the two or more elutable compounds using
(i) a first separation comprising a first solvent volume concentration and
(ii) a second separation comprising a second solvent volume concentration,
wherein the second solvent volume concentration is different than the first
solvent volume concentration. [00341In one embodiment, the resolution may
be recalculated by varying the start or end gradient solvent volume
concentration values.  WO 2011/094264PCT/US2011/022513 [0035]In another
exemplary embodiment, the resolution is recalculated by varying gradient
solvent duration volume. In one exemplary embodiment, a computing system
using software in a chromatography separation unit, wherein after
resolution calculation is complete, gradient parameter values (times and
concentrations table) are automatically provided to the chromatography unit
or user for separation of the compounds. [0036]In another exemplary
embodiment, a liquid chromatography system is capable of separating two or
more elutable compounds with liquid chromatography using one or more
properties of the elutable compounds input into a computing system in
communication with the liquid chromatography system, capable of determining
one or more gradient parameter values for a liquid chromatography
separation of the elutable compounds performed by the computing system, and
capable of providing the user with a recommended type of chromatography
method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds
after a user inputs one or more properties of the elutable compounds into
the computing system. [0037]In an exemplary embodiment, a liquid
chromatography system includes a 



computing system; and a user interface with the computing system; wherein
the liquid chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties
of the elutable compounds input into a computing system, which is in
communication with the liquid chromatography system; (b) determining one or
more gradient parameter values for a liquid chromatography separation of
the elutable compounds performed by the computing system; and (c)
automatically providing the gradient parameters to the chromatography
system or a user. [0038] In a further exemplary embodiment, a liquid
chromatography system is capable of separating two or more elutable
compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system in communication with the
liquid chromatography system, capable of determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system, and capable of automatically
providing the gradient parameters to the chromatography system or user.
[0039]In an exemplary embodiment, a liquid chromatography system includes a
computing system: and a user interface with the computing system; wherein
the liquid   chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties
of the elutable compounds input into a computing system, which is in
communication with the liquid chromatography system; (b) utilizing the
computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds; and (c) utilizing the computing system to determine one or more
gradient parameter values for a liquid chromatography separation of the
elutable compounds. [0040]In one exemplary embodiment, the computing system
is capable of recalculating the resolution by varying the start or end
gradient solvent volume concentration values. In another exemplary
embodiment, the computing system is capable of recalculating the resolution
by varying gradient solvent duration volume. [0041]In an even further
exemplary embodiment, a liquid chromatography system is capable of
separating two or more elutable compounds with liquid chromatography using
one or more properties of the elutable compounds input into a computing
system in communication with the liquid chromatography system, capable of
detel mining one or more gradient parameter values for a liquid
chromatography separation of the elutable compounds performed by the
computing system, capable of automatically providing the gradient
parameters to the chromatography system or user, and capable of utilizing
the computing system to generate recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds. [0042]In an
exemplary embodiment, a liquid chromatography system includes a computing
system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable
compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system, which is in communication
with the liquid chromatography system; (b) determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system; and (c) providing the user
with a recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds after the user inputs one or more
properties of the elutable compounds into the computing system. [0043]In an
exemplary embodiment, a liquid chromatography system includes a  computing
system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) utilizing the computing system to
estimate capacity factors of the two or more elutable compounds using
retention data of the elutable compounds into a computing system; (b)
utilizing the computing system to determine whether the two or more
elutable compounds will not separate with the estimated capacity factors;
(c) utilizing the computing system to generate at least one recommended
type of chromatography method, chromatography media, chromatography column
size, and chromatography solvents to employ for separation of the elutable
compounds; and (d) utilizing the at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to separate the two or more elutable compounds.



[0044]Liquid chromatography systems of the present invention may further
comprise a liquid chromatography separation unit comprising a liquid
chromatography column, a fraction collector, and liquid chromatography
separation unit software, wherein the liquid chromatography separation unit
software is operatively adapted to accept one or more of the optimized
process parameters from the computing system so as to efficiently run a
given LC sample. [0045]The present invention is even further directed to
computer readable medium having stored thereon computer-executable
instructions for performing the disclosed methods of determining one or
more gradient parameter values for a liquid chromatography separation. The
computer readable medium may be utilized to load the computer-executable
instructions onto a computing system capable of executing the
computer-executable instructions. [0046]These and other features and
advantages of the present invention will become apparent after a review of
the following detailed description of the disclosed embodiments and the
appended claims.  BRIEF DESCRIPTION OF THE FIGURES [0047]FIG. 1 depicts a
schematic diagram of an exemplary liquid chromatography (LC) system capable
of providing one or more gradient parameter values to a user according to
the present invention; [0048]FIG. 2 graphically depicts starting gradient
solvent volume concentration, ending gradient solvent volume concentration,
and a gradient duration period for an exemplary liquid chromatography (LC)
separation; [0049]FIG. 3 depicts exemplary thin layer chromatography (TLC)
retention factor measurements for an exemplary thin layer chromatography
(TLC) separation; [0050]FIGS. 4-6 depict a flow diagram of an exemplary
method of determining 



one or more gradient parameter values for a liquid chromatography
separation according to the present invention; [0051]FIG. 7 depicts a flow
diagram of exemplary method steps for initiating a start gradient solvent
volume concentration adjustment procedure according to the present
invention; [0052]FIG. 8 depicts a flow diagram of exemplary method steps
for initiating an end gradient solvent volume concentration adjustment
procedure according to the present invention; [0053]FIG. 9 depicts a flow
diagram of an exemplary method of determining one or more gradient
parameter values for a liquid chromatography separation according to the
present invention utilizing a "speed process" mode selected by a user;
[0054]FIG. 10 depicts a flow diagram of an exemplary method of determining
one or more gradient parameter values for a liquid chromatography
separation according to the present invention utilizing a "purity process"
or "purity process" mode selected by a user;  [0055] FIGS. 11 and 12 depict
a flow diagram of an exemplary method of determining one or more gradient
parameter values for a liquid chromatography separation according to the
present invention; [0056]FIG. 13 graphically depicts an actual separation
of components using the optimized gradient procedure of the present
invention as described in Example I; [0057]FIG. 14 graphically depicts an
actual separation of components using the optimized gradient procedure of
the present invention as described in Example 2;  WO
2011/094264PCT/US2011/022513 



[0058]FIG. 15 graphically depicts an actual separation of components using
the optimized gradient procedure of the present invention as described in
Example 3;  [0059]FIG. 16 graphically depicts an actual separation of
components using the optimized gradient procedure of the present invention
as described in Example 4; and  [0060]FIG. 17 graphically depicts an actual
separation of components using the optimized gradient procedure of the
present invention as described in Example 5. DETAILED DESCRIPTION OF THE
INVENTION  [0061]To promote an understanding of the principles of the
present invention, descriptions of specific embodiments of the invention
follow and specific language is used to describe the specific embodiments.
It will nevertheless be understood that no limitation of the scope of the
invention is intended by the use of specific language. Alterations, further
modifications, and such further applications of the principles of the
present invention discussed are contemplated as would nomially occur to one
ordinarily skilled in the art to which the invention pertains. [0062]It
must be noted that as used herein and in the appended claims, the singular
forms "a", "and", and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a solvent"
includes a plurality of such solvents and reference to "solvent" includes
reference to one or more solvents and equivalents thereof known to those
skilled in the art, and so forth. [0063]"About" modifying, for example, the
quantity of an ingredient in a composition, concentrations, volumes,
process temperatures, process times, recoveries or yields, flow rates, and
like values, and ranges thereof, employed in describing the embodiments of
the disclosure, refers to variation in the numerical quantity that may
occur, for example, through typical measuring and handling procedures;
through inadvertent error in these procedures; through differences in the
ingredients used to carry out the methods; and like proximate
considerations. The term "about" also encompasses amounts that differ due
to aging of a formulation with a particular initial concentration or
mixture, and amounts that differ due to mixing or processing a formulation
with a particular initial concentration or mixture. Whether modified by the
term "about" the claims appended hereto include equivalents to these
quantities. [0064]As used herein, the term "chromatography" means a
physical method of separation in which the components to be separated are
distributed between two phases, 



one of which is stationary (stationary phase) while the other (the mobile
phase) moves in a definite direction. [0065]As used herein, the tem'
"chromatography retention data" means information relating to the retention
of an analyte (e.g., target substance or elutable compound) on a stationary
phase or the like, and includes, but is not limited to, retention time,
retention volume, Rf values for each elutable component, solvent
composition and concentration, plate type, stationary phase, etc. [0066]As
used herein, the term "fluid" means a gas, liquid, and supercritical fluid.
[0067]As used herein, the term "gradient parameter value" means a value
that relates to the solvent gradients used in the separation of components
in liquid chromatography (LC) systems. Gradient parameter values may
include, but are not limited to, a start gradient solvent volume
concentration value, an end gradient solvent volume concentration value, a
length of a gradient duration period, other gradient solvent concentration
values, and combinations thereof. [0068]As used herein, the term "liquid
chromatography" means the separation of mixtures by passing a fluid mixture
dissolved in a "mobile phase" through a column comprising a stationary
phase, which separates the analyte (i.e., the target substance) from other
molecules in the mixture and allows it to be isolated. Liquid
chromatography methods may include but is not limited to, gravity flow, low
pressure, medium pressure, high pressure, ultra high pressure, prep,
process, etc. [0069]As used herein, the term "properties" means chemical
and physical properties of compounds that may be measured without
destroying the chemical composition of the compound. For example,
properties of elutable compounds include those that determine the
conditions of a chromatography separation, such as, for example solubility,
polarity, charge, counter ion, affinity, pH, dissociation constants,
complexing characteristics, molecular size, dipole moment,
electronegativity, chemical structure, etc.  [0070] As used herein, the
term "stationary phase" means material fixed in the column or cartridge
that selectively adsorbs the analyte from the sample in the mobile phase
separation of mixtures by passing a fluid mixture dissolved in a "mobile
phase" through a column comprising a stationary phase, which separates the
analyte to be measured from other molecules in the mixture and allows it to
be isolated.  WO 2011/094264PCT/US2011/022513 [0071]As used herein, the
term "substantially" means within a reasonable amount, but includes amounts
which vary from about 0% to about 50% of the absolute value, from about 0%
to about 40%, from about 0% to about 30%, from about 0% to about 20% or
from about 0% to about 10%. 



[0072]The present invention is directed to methods of detelinining one or
more optimum gradient parameter values for the separation of components in
liquid chromatography (LC) systems. The present invention is further
directed to liquid chromatography (LC) systems capable of providing one or
more gradient parameter values to a user for a given liquid chromatography
separation. A schematic diagram of an exemplary liquid chromatography (LC)
system capable of providing one or more gradient parameter values to a user
according to the present invention is provided in FIG. 1. [0073]As shown in
FIG. 1, exemplary liquid chromatography (LC) system 10 comprises a LC
method optimizer component 11, which accepts data 13 from a user (not
shown), processes data 13, and provides one or more gradient parameter
values 14 to a LC system component 12 and to a user (not shown) via a user
interface, such as a display screen (not shown). The LC system component 12
then performs the separation of an actual sample and provides results 15 of
the separation to a user (not shown) via a user interface, such as a
display screen (not shown). [0074]A further description of exemplary
methods and liquid chromatography (LC) systems is provided below. I.Methods
of Determining Optimum Gradient Parameter Values for LC Systems [0075] The
present invention is directed to methods of determining one or more optimum
gradient parameter values for the separation of components in liquid
chromatography (LC) systems. The one or more optimum gradient parameter
values may include, but are not limited to, a start gradient solvent volume
concentration value, an end gradient solvent volume concentration value, a
length of a gradient duration period, and combinations thereof. FIG. 2
graphically depicts several parameters that may be optimized using the
methods of the present invention. [0076]As shown in FIG. 2, graph 20 shows
the change in a gradient solvent volume concentration value during a LC
separation as shown by line 24. At time 0, gradient solvent volume
concentration comprises a start gradient solvent volume concentration value
21. At a time greater than time 0, the gradient solvent volume
concentration value enters a gradient duration period 23 during which the
gradient solvent volume concentration value increases to an end gradient
solvent volume concentration value 22. In some embodiments of the present
invention, the disclosed methods determine start gradient solvent volume
concentration value 21, end gradient solvent volume concentration value 22,
and a length of gradient duration period 23 so as to optimize elution of
components, while maintaining a desired level of resolution during the
separation. [0077]In another exemplary embodiment, a method of determining
one or more 



gradient parameter values for a liquid chromatography separation includes
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds; and utilizing the estimated capacity factors in
combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume concentration value, and (ii) an end gradient
solvent volume concentration value for the liquid chromatography
separation. In one embodiment, the chromatography retention data is
obtained using thin layer chromatography. [0078]In another exemplary
embodiment, the step of utilizing chromatography retention data to estimate
capacity factors of the two or more elutable compounds comprises (i) a
first separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein
the second solvent volume concentration is different than the first solvent
volume concentration. In an exemplary embodiment, the start and end
gradient solvent volume concentration values may be utilized to calculate
retention volumes of each elutable compound. In another exemplary
embodiment, the retention volumes of each elutable compound are utilized to
calculate resolution between each elutable compound. [0079]In another
exemplary embodiment, the method includes initiating a gradient duration
adjustment procedure if the resolution between each elutable compound is
not achieved. The gradient duration adjustment may comprise (a) increasing
an initial gradient duration period value to an increased gradient duration
period value; (b) recalculating retention volumes for each elutable
compound; (c) determining whether resolution between each elutable compound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not
achieved.  WO 2011/094264PCT/US2011/022513 [0080]In another exemplary
embodiment, the method further includes initiating a start gradient solvent
concentration adjustment procedure. The start gradient solvent
concentration adjustment procedure may comprise (a) decreasing the start
gradient solvent volume concentration to a decreased start gradient solvent
volume concentration value; (b) recalculating retention volumes for each
elutable compound; (c) determining whether resolution between each elutable
compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0081]In another exemplary embodiment, the
method further includes initiating an end gradient solvent concentration
adjustment procedure. The end gradient solvent concentration adjustment
procedure may comprise (a) decreasing the end gradient solvent volume
concentration to a decreased end gradient solvent volume concentration
value; (b) recalculating retention volumes for each elutable compound; (c)
determining whether resolution between each elutable compound is achieved;
and (d) repeating steps (a), (b) and (e) if resolution is not achieved.
[0082]In a further exemplary embodiment, a method of determining one or
more gradient parameter values for a liquid chromatography separation
includes utilizing chromatography retention data to estimate capacity
factors of two or more elutable compounds; utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the elutable compound retention volumes.
[0083]In one exemplary embodiment, the step of utilizing chromatography
retention data to estimate capacity factors of two or more elutable
compounds includes using (i) a first separation comprising a first solvent
volume concentration and (ii) a second separation comprising a second
solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration. 



[0084]In another exemplary embodiment, the retention volumes of each
elutable compound are utilized to calculate resolution between each
elutable compound. In another exemplary embodiment, the method includes
initiating a gradient duration adjustment procedure if the resolution
between each elutable compound is not achieved. The gradient duration
adjustment may comprise (a) increasing an initial gradient duration period
value  to an increased gradient duration period value; (b) recalculating
retention volumes for each elutable compound; (c) determining whether
resolution between each elutable compound is achieved; and (d) repeating
steps (a), (b) and (c) if resolution is not achieved.   [0085] In another
exemplary embodiment, the method further includes initiating a start
gradient solvent concentration adjustment procedure. The start gradient
solvent concentration adjustment procedure may comprise (a) decreasing the
start gradient solvent volume concentration to a decreased start gradient
solvent volume concentration value; (b) recalculating retention volumes for
each elutable compound; (c) determining whether resolution between each
elutable compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0086]In another exemplary embodiment, the
method further includes initiating an end gradient solvent concentration
adjustment procedure. The end gradient solvent concentration adjustment
procedure may comprise (a) decreasing the end gradient solvent volume
concentration to a decreased end gradient solvent volume concentration
value; (b) recalculating retention volumes for each elutable compound; (c)
determining whether resolution between each elutable compound is achieved;
and (d) repeating steps (a), (b) and (c) if resolution is not achieved.
[0087]In an even further exemplary embodiment, a method of determining one
or more gradient parameter values for a liquid chromatography separation
includes utilizing chromatography retention data to estimate capacity
factors of two or more elutable compounds; utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the elutable compound retention volumes
and resolution between the elutable compounds. [0088]In one exemplary
embodiment, the step of utilizing chromatography retention data to estimate
capacity factors of two or more elutable compounds includes using (i) a
first separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein
the second solvent volume concentration is different than the first solvent
volume concentration.  WO 2011/094264PCT/US2011/022513 [0089]In one
embodiment, the resolution may be recalculated by varying the start or end
gradient solvent volume concentration values. 



[0090]In another exemplary embodiment, the resolution is recalculated by
varying gradient solvent duration volume. In another exemplary embodiment,
the method includes initiating a gradient duration adjustment procedure if
the resolution between each elutable compound is not achieved. The gradient
duration adjustment may comprise (a) increasing an initial gradient
duration period value to an increased gradient duration period value; (b)
recalculating retention volumes for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d)
repeating steps (a), (b) and (c) if resolution is not achieved. [0091]In
another exemplary embodiment, the method further includes initiating a
start gradient solvent concentration adjustment procedure. The start
gradient solvent concentration adjustment procedure may comprise (a)
decreasing the start gradient solvent volume concentration to a decreased
start gradient solvent volume concentration value; (b) recalculating
retention volumes for each elutable compound; (c) determining whether
resolution between each elutable compound is achieved; and (d) repeating
steps (a), (b) and (c) if resolution is not achieved. [0092]In another
exemplary embodiment, the method further includes initiating an end
gradient solvent concentration adjustment procedure. The end gradient
solvent concentration adjustment procedure may comprise (a) decreasing the
end gradient solvent volume concentration to a decreased end gradient
solvent volume concentration value; (b) recalculating retention volumes for
each elutable compound; (c) determining whether resolution between each
elutable compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0093]In one exemplary embodiment, a computing
system using software in a chromatography separation unit, wherein after
resolution calculation is complete, gradient parameter values (times and
concentrations table) are automatically provided to the chromatography unit
or user for separation of the compounds. [0094]In one exemplary embodiment,
a method of the present invention utilizes chromatography retention data
(e.g., thin layer chromatography retention data) to determine one or more
gradient parameter values for a liquid chromatography separation. In
exemplary methods, thin layer chromatography data (e.g., Rf values for each
elutable  component, solvent composition and concentration, and plate type)
is used to calculate capacity factors, k's, of at least two elutable
compounds at two different solvent volume concentrations, where each k = (1
- Rf)/Rf, and Rf represents a retention factor for a given compound in a
given solvent system. Such thin layer chromatography data is depicted in
FIG. 3. [0095]As shown in FIG. 3, exemplary thin layer chromatography (TLC)
data 30 



comprises retention factor measurements 34 for exemplary thin layer
chromatography (TLC) plate runs 31 and 32 using (1) a first solvent
composition value (pi (run 31) and (2) a second solvent composition value
92 (run 32). The calculated retention factors (i.e., Rft."      Rf2,1, and
Rf2,b shown in FIG. 3) are then used in combination with an optimum
capacity factor value, kopt, to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for a liquid chromatography system component (e.g., LC
system component 12 shown in FIG. 1) as discussed further below. Even
though FIG. 3 depicts a second solvent composition value to be greater than
the second solvent composition value, the reverse is also contemplated
herein. [0096]One exemplary method of determining one or more gradient
parameter values for a liquid chromatography separation according to the
present invention is depicted in FIGS. 4-6. As shown in FIG. 4, exemplary
method 100 starts at block 40, and proceeds to step 41, wherein a TLC plate
type (e.g., silica) is selected by a user. From step  41, exemplary method
100 proceeds to step 42, wherein a sample to be separated is selected by a
user. The sample consists of two or more elutable components. From step
42, exemplary method 100 proceeds to step 43, wherein the sample is run on
a TLC plate using a first solvent mixture having a volume concentration
value (pt. From step 43, exemplary method 100 proceeds to step 44, wherein
the sample is run on another TLC plate using a second solvent mixture
having a volume concentration value 92, wherein 92 is different than (pt.
[0097]From step 44, exemplary method 100 proceeds to step 45, wherein
retention factors, Rf, are calculated by the user for each of the two or
more elutable components in each of the two solvent mixtures. From step 45,
exemplary method 100 proceeds to step 46, wherein the user selects a column
having (i) a desired size and (ii) type similar to the previously used TLC
plate (e.g., silica). From step 46, exemplary method 100 proceeds to  step
47, wherein the user inputs data into LC optimizer 11. Inputted data may
include, but is not limited to, retention factors Rf calculated by the
user; type of column (e.g., normal phase, reverse phase, etc); column size;
flow rate; and first and second solvent volume concentration values 91 and
92 used during the two previous TLC runs. From the calculated retention
factors Rf, LC optimizer 11 calculates capacity factors, k, where k = (1
Rf)/Rf, and Rf represents a retention factor for a given elutable compound
in each of the first and second solvent mixtures. From step 47, exemplary
method 100 proceeds to block 48, wherein exemplary method 100 proceeds to
block 49 shown in FIG. 5. 



[0098]From block 49, exemplary method 100 proceeds to decision block 50. At
decision block 50, a determination is made by LC optimizer 11, based on
data entered in step 47, whether the upcoming liquid chromatography run
(i.e., in LC system component 12 shown in FIG. 1) is to be peifoillied as a
nomial phase run or a reverse phase run. If a determination is made at
decision block 50 that the upcoming liquid chromatography run is to be
performed as a normal phase run, exemplary method 100 proceeds to step 51,
wherein parameters ko and m are fitted using equation k = kw', the
calculated capacity factors, k, from step 47, and the first and second
solvent volume concentrations entered in step 47. In other words, in step
51, LC optimizer 11 performs a linear least squares fit of the calculated k
values and the inputted solvent volume concentration values using the
equation k = koc-m to obtain values for parameters k0 and m for each
elutable component.  [0099] From step 51, exemplary method 100 proceeds to
step 52, wherein initial start and end gradient solvent volume
concentration values, 9t, and (Pie respectively, are calculated by LC
optimizer 11 using the equation, 9 = [(kdkopt)Um], the previously
calculated values for parameters ko and m, and an optimum capacity factor
value, Icopt, which may be stored in LC optimizer 11 or inputted by a user
in step 47 above. In this step, a solvent concentration calculated using
parameters ko and m for the first eluting compound is designated the start
gradient volume concentration, 9ts, while a solvent concentration
calculated using parameters ko and m for the second eluting compound is
designated the end gradient volume concentration, 9te. In some exemplary
embodiments, a value of 2.0 is (i) stored in LC optimizer 11 or (ii)
selected and inputted by the user for optimum capacity factor value, kopt.
From step 52, exemplary method 100 proceeds to block 55 discussed below.
WO 2011/094264PCT/US2011/022513 [0100]If a determination is made by LC
optimizer 11 at decision block 50 that the upcoming liquid chromatography
run (i.e., in LC system component 12 shown in FIG. 1) is to be performed as
a reverse phase run, exemplary method 100 proceeds to step 53, wherein
parameters a and m are fitted using equation In k = a - my, the previously
calculated capacity factors, k, from step 47, and the first and second
solvent volume concentrations entered in step 47. In other words, in step
53, LC optimizer 11 performs a linear least squares fit of the calculated k
values and the inputted solvent volume concentration values using the
equation ln k = a - my to obtain values for parameters a and m for each
elutable component. [0101]From step 53, exemplary method 100 proceeds to
step 54, wherein initial start and end gradient solvent volume
concentration values, (pis and (pie respectively, are calculated by LC
optimizer 11 using the equation, y = [(a - In k0)/m1, the previously
calculated values for parameters a and m, and !cop, discussed above. In
this step, a calculated solvent concentration using parameters a and m for
the first eluting compound is designated the start gradient volume
concentration, (Pis, while a calculated solvent concentration using
parameters a and in for the second eluting compound is designated the end
gradient volume concentration, (pie. As discussed above, in some exemplary
embodiments, a value of 2.0 is (i) stored in LC optimizer 11 or (ii)
selected and inputted (such as in step 47) by the user for optimum capacity
factor value, kopt. From step 54, exemplary method 100 proceeds to block
55. [0102]From block 55, exemplary method 100 proceeds to block 56 shown in
FIG. 6. From block 56, exemplary method 100 proceeds to step 57, wherein an
initial value equal to one column volume is utilized by LC optimizer 11 for
the gradient duration period. It should be noted that LC optimizer 11 may
utilize some other initial value for the initial gradient duration period
at this step (i.e., two or more column volumes). From step 57, exemplary
method 100 proceeds to decision block 58. [0103]At decision block 58, a
deteimination is made by LC optimizer 11, based on data entered in step 47,
whether the upcoming liquid chromatography column (i.e., in LC system
component 12 shown in FIG. 1) to be used is a normal phase or a reverse
phase column. If a determination is made by LC optimizer 11 at decision
block 58 that the chromatography run is to be performed using a normal
phase column, exemplary method  100 proceeds to step 59, wherein retention
volumes, VR, for each elutable component, are calculated by LC optimizer 11
using equation I:       VI?-B1 kin 1)11(k0Vm -(VD + )/4"1 A(m+1) wherein: 



m and ko are the previously calculated parameter from step 51; A = the
previously calculated start gradient volume concentration (pis from step
52; B = [(the previously calculated end gradient volume concentration (Pie
from step 52) - (the previously calculated start gradient volume
concentration (pis from step 52)1/(the gradient duration period); Vif, is
the column volume (i.e., the void volume); VD is the dwell volume (i.e.,
the volume between the point at which the solvents mix and the head of the
column); and Vh is the initial hold volume. [0104]It should be noted that
Vh is a minimal value such that the first elutable component exits the
column close to the beginning of the gradient. Vh is 0 to 1 times the flow
rate. An arbitrary final hold volume is also chosen, for example
2(Vm+VD+Vh).  [0105] In step 59, LC optimizer 11 also calculates an average
bandwidth of peaks of the two or more compounds, wg, using equation II: wg
= 2(/1 + 1/2 )/1/N (II), wherein: V and V2the VR's for elutable compounds 1
and 2 calculated using equation I above; and N is the column efficiency.
[0106]From step 59, exemplary method 100 proceeds to step 61, wherein the 



resolution between component peaks is calculated. Typically, the resolution
between component peaks is determined by equation III: = (V2 - V )/wg(III).
As discussed further below, in some exemplary embodiments, the resolution
(i.e., R as calculated by equation III) is desirably equal to at least
about 1.5.From step 59, exemplary method 100 proceeds to decision block 62
discussed below.  WO 2011/094264PCT/US2011/022513 [0107]Returning to
decision block 58, if a determination is made at by LC optimizer 11, based
on data entered in step 47, whether the upcoming liquid chromatography
column (i.e., in LC system component 12 shown in FIG. 1) is to be performed
using a reverse phase column, exemplary method 100 proceeds to step 60,
wherein retention volumes, VR, for each elutable component, are calculated
by LC optimizer 11 using equation IV: - mBl,"-nzA) - (VD Vh)] +Val VD+Vh
mBj(E11), wherein: m and a are the previously calculated parameter from
step 53; A = the previously calculated start gradient volume concentration
(pis from step 54; B = [(the previously calculated end gradient volume
concentration (pie from step 54) - (the previously calculated start
gradient volume concentration (pis from step 54)]/(the gradient duration
period); and Vim VD and Vh are volumes as described above with reference to
equation I. [0108]In step, 60, Vh is a minimal value as described above. In
step 60, LC 



optimizer 11 also calculates wg using equation II above. [0109]From step
60, exemplary method 100 proceeds to step 61 wherein the resolution between
component peaks is calculated using equation HE above. From step 61,
exemplary method 100 proceeds to decision block 62. [0110]At decision block
62, a determination is made by LC optimizer 11 whether (i) the two or more
elutable components elute completely (i.e., V1 < Vm + Vh + VD + VG and V2 <
Vm Vh + VD + VG) and (ii) a desired minimum resolution (e.g., R,> 1.5 using
equation III) is attained during a theoretical run using the previously
calculated initial start and end gradient solvent volume concentration
values (i.e., (pis and (pie from step 52 or 54) and the initial gradient
duration period (i.e., one column volume). If a determination is made by LC
optimizer 11 at decision block 62 that (i) the two or more elutable
components elute completely and (ii) a desired minimum resolution is
attained during the run, exemplary method 100 proceeds to step 63, wherein
suggested gradient parameters, namely, start and end gradient solvent
volume concentration values (i.e., (pis and (Pie from step 52 or 54) and a
gradient duration period length (i.e., the initial gradient duration period
selected by the user, e.g., one column volume) are provided to a user, for
example,   via a display screen. The suggested gradient parameters may also
be simultaneously provided to LC system component 12 by LC optimizer 11 in
step 63 so that a user can simply accept the suggested gradient parameters
and initiate a liquid chromatography run in LC system component 12
utilizing the suggested gradient parameters. Under the above conditions,
exemplary method 100 ends at step 63. [0111]Returning to decision block 62,
if a determination is made by LC optimizer 11 at decision block 62 that
either (i) the two or more elutable components do not elute completely
(i.e., either V1 <V", + Vh -I- VD + VG and V, < Vn, + Vh + VD + VG) or (ii)
a desired minimum resolution is not attained (e.g., Rs < 1.5 using equation
III) during a theoretical run using the previously calculated initial start
and end gradient solvent volume concentration values (i.e., 9i, and (pie
from step 52 or 54) and the initial gradient duration period (i.e., one
column volume), exemplary method 100 proceeds to decision block 64. At
decision block 64, a determination is made by LC optimizer 11 whether a
predetermined maximum gradient duration volume has been utilized. [0112]If
a determination is made by LC optimizer 11 at decision block 64 that a
predetermined maximum gradient duration volume has not yet been utilized
(e.g., 10 column volumes), exemplary method 100 proceeds to step 65,
wherein LC optimizer 11 increases the gradient duration volume (e.g., by
one or more column volumes). From step 65, exemplary method 100 returns to
decision block 58, and proceeds as discussed above. It should be noted that
step 65 and subsequent steps are referred to herein as a gradient duration
period value adjustment procedure. [0113]In some embodiments such as in
exemplary method 100, during the gradient duration period value adjustment
procedure, the gradient duration volume is iteratively increased from an
initial value of, for example, one column volume to a maximum of 10 column
volumes in increments of one column volume. The predetermined maximum
column volumes may vary depending upon the purity desired. At each value of
gradient duration volume, exemplary method 100 checks to see if the two or
more elutable components are completely eluted (i.e., VI < Vm + Vh + VD +
VG and V2 < Vrn Vh + VD + VG) and if the calculated resolution (i.e., Rs
using equation III) is greater than a desired amount, e.g., 1.5, based on
the VR's of the components. If both conditions are met before reaching a
predetermined maximum column volume (e.g., 10 column volumes), exemplary
method 100 proceeds to step 63 as discussed above.  WO
2011/094264PCT/US2011/022513 



[0114]In some embodiments, a user may choose to stop exemplary method 100
when either (1) both conditions, i.e., complete elution and desired
resolution, are met or (2) the duration volume is equal to the
predetermined column volume (e.g., 10 column volumes). In such a case, the
user may further choose to initiate a liquid chromatography run in LC
system component 12 using the previously calculated initial start and end
gradient solvent volume concentration values (i.e., (pis and (pie from step
52 or 54) and the final gradient duration period (e.g., 1 to 10 or 15
column volumes). [0115]Discussed further below, the user may select a
"speed mode" option early in exemplary method 100 (e.g., at step 47). In
the speed mode, LC optimizer 11 stops at step 63 or step 66, and outputs
the start gradient volume concentration, the end gradient volume
concentration and the gradient duration period to the user and LC system
component 12. [0116]Returning to decision block 64, if a determination is
made by LC optimizer 11 at decision block 64 that a predetermined maximum
gradient duration volume has been utilized (e.g., 10 column volumes) and a
"purity mode" option was selected (e.g. at step 47), exemplary method 100
proceeds to block 66. From block 66, exemplary method 100 proceeds to block
67 shown in FIG. 7, wherein a start gradient solvent volume concentration
value adjustment procedure is initiated. [0117]As shown in FIG. 7,
exemplary method 100 proceeds from block 67 to step 68, wherein the
previously used start gradient solvent volume concentration value (e.g.,
the initial start gradient solvent volume concentration value) is decreased
by LC optimizer 11 by a set amount to a decreased start gradient solvent
volume concentration value. In some embodiments, a given start gradient
solvent volume concentration value is decreased by a set amount equal to
about 10%. From step 68, exemplary method 100 proceeds to decision block
69. At decision block 69, a determination is made by LC optimizer 11, based
on data entered in step 47, whether the chromatography column to be used is
a normal phase or a reverse phase column. If a determination is made by LC
optimizer 11 at decision block 69 that the chromatography run (i.e., in LC
system component 12 shown in FIG. 1) is to be perfoimed using a normal
phase column, exemplary method 100 proceeds to step 70, wherein retention
volumes and peak widths are calculated using equations I and 11 above
wherein: m and ko are the previously calculated parameter from step 51; A
the decreased start gradient volume concentration (pis from step 68;  B =
[(the previously calculated end gradient volume concentration (Pie from
step 52) - (the decreased start gradient volume concentration (pis from
step 68)]/(the gradient duration period); and Vin, VD and Vh are as defined
above for equation I. [0118]From step 70, exemplary method 100 proceeds to
step 72, wherein the resolution between component peaks is calculated using
equation 111 above. From step 72, exemplary method 100 proceeds to decision
block 73 discussed below. [0119]Returning to decision block 69, if a
determination is made by LC optimizer 



11 at decision block 69 that the chromatography run is to be performed
using a reverse phase column, exemplary method 100 proceeds to step 71,
wherein retention volumes and peak widths are calculated using equations IV
and II above wherein: m and a are the previously calculated parameter from
step 53; A = the decreased start gradient volume concentration cpis from
step 68; B = [(the previously calculated end gradient volume concentration
(Pie from step 52) - (the decreased start gradient volume concentration
(Pis from step 68)]/(the gradient duration period); and Vim VD and Vh are
as defined above for equation IV. [0120]From step 71, exemplary method 100
proceeds to step 72, wherein the resolution between component peaks is
calculated using equation III above. From step 72, exemplary method 100
proceeds to decision block 73. [0121]At decision block 73, a determination
is made by LC optimizer 11 whether the two or more elutable components
elute completely (i.e., VI < Vri, + Vh + VD + VG and V2 < VIn Vh + VD +
VG). If a determination is made by LC optimizer 11 at decision block 73
that the two or more elutable components elute completely, exemplary method
100 proceeds to decision block 75, wherein a detelinination is made whether
the two or more elutable components elute completely (i.e., V1 <V,, + Vh +
VD + VG and V2 < + Vh + VD  VG) with a desired minimum resolution (e.g., R,
> 1.5 using equation III). If a determination is made by LC optimizer 11 at
decision block 75 that the two or more elutable components elute completely
with a desired minimum resolution, exemplary method 100 proceeds to step
76, wherein suggested gradient parameters, namely, the decreased start
gradient solvent volume concentration value, the initial end gradient
solvent volume concentration value, and the increased gradient duration
period length are provided to a user, for example, via a display screen.
[0122]The suggested gradient parameters may also be simultaneously provided
to LC system component 12 by LC optimizer 11 in step 76 so that a user can
simply accept the suggested gradient parameters and initiate a liquid
chromatography run in LC system component 12 utilizing the suggested
gradient parameters. Under the above conditions, exemplary method 100 ends
at step 76. [0123]If a determination is made by LC optimizer 11 at decision
block 75 that the two or more elutable components elute completely (i.e.,
V1 < V. + Vh + VD + VG and V2 < Vh + VD + VG), but do not exhibit a desired
minimum resolution (e.g., Rs < 1.5 using equation III), exemplary method
100 proceeds to decision block 77, wherein a determination is made by LC
optimizer 11 whether a predetermined minimum start gradient volume
concentration value has been utilized. If a determination is made by LC
optimizer 11 at decision block 77 that a predetermined minimum start
gradient volume concentration value has not yet been utilized, exemplary
method 100 returns to step 68 and proceeds as discussed above and below. 



[0124]In some exemplary embodiments such as exemplary method 100, the start
gradient volume concentration is iteratively decreased by 10% (i.e., start
value*0.9) a maximum of 100 times. At each value of the start gradient
volume concentration, LC optimizer 11 checks to see if the two or more
elutable components are completely eluted (i.e., V1 < V. + Vh + VD + VG and
V2 < Vh + VD + VG) and if the calculated resolution (i.e., Rs using
equation III) is greater than a desired amount, e.g., 1.5, based on the
VR's of the components. If both conditions are met before reaching a
maximum number of start gradient volume concentration values (e.g., 100),
exemplary method 100 proceeds to step 76 as discussed above. If both
conditions are not met before reaching a maximum number of start gradient
volume concentration values (e.g., 100), exemplary method 100 proceeds to
step 78 as discussed below. [0125]If a determination is made by LC
optimizer 11 at decision block 77 that a predetermined minimum start
gradient volume concentration value has been utilized (i.e., a maximum
number of iterative decreases has been reached), exemplary method 100
proceeds to block 78. From block 78, exemplary method 100 proceeds to block
79 shown  in FIG. 8 where an end gradient solvent volume concentration
value adjustment procedure is initiated by LC optimizer 11 as discussed
further below. [01261Returning to decision block 73, if a determination is
made by LC optimizer 11 at decision block 73 that the two or more elutable
components do not elute completely, exemplary method 100 proceeds to step
74, wherein the start gradient solvent volume concentration value is
increased, typically to a previous start gradient solvent volume
concentration value (e.g., the initial start gradient solvent volume
concentration value or a previous decreased start gradient solvent volume
concentration value). From step 74, exemplary method 100 proceeds to block
78. From block 78, exemplary method 100 proceeds to block 79 shown in FIG.
8 where an end gradient solvent volume concentration value adjustment
procedure is initiated by LC optimizer 11. [0127]As shown in FIG. 8,
exemplary method 100 proceeds from block 79 to step 80, wherein the
previously used end gradient solvent volume concentration value (e.g., the
initial or decreased end gradient solvent volume concentration value) is
decreased by LC optimizer 11 by a set amount to a decreased end gradient
solvent volume concentration value. In some embodiments, a given end
gradient solvent volume concentration value is decreased by a set amount
equal to about 10%. From step 80, exemplary method 100 proceeds to decision
block 81. [0128]At decision block 81, a determination is made by LC
optimizer 11, based on data entered in step 47, whether the chromatography
column (i.e., in LC system component 12 shown in FIG. 1) to be used is a
normal phase or a reverse phase column. If a determination is made by LC
optimizer 11 at decision block 81 that the chromatography run is to be
performed using a noimal phase column, exemplary method 100 proceeds to
step 82, wherein retention volumes and peak widths are calculated using
equations I and II above wherein: m and lc, are the previously calculated
parameter from step 51; 



A = the previously calculated initial start gradient volume concentration
(pie from step 52 or the decreased start gradient volume concentration (pis
from step 68; B = [(the decreased end gradient volume concentration (pie
from step 80) - (the previously calculated initial start gradient volume
concentration (pie from step 52 or the decreased start gradient volume
concentration (pis from step 68)1/(the gradient duration period ranging
from Ito 15 column volumes); and  Vm, VD and Vh are as defined above for
equation I. [0129]From step 82, exemplary method 100 proceeds to step 84,
wherein the resolution between component peaks is calculated using equation
III as discussed above. From step 84, exemplary method 100 proceeds to
decision block 85 discussed below. [0130]Returning to decision block 81, if
a determination is made by LC optimizer 11 at decision block 81 that the
chromatography run is to be performed using a reverse phase column,
exemplary method 100 proceeds to step 83, wherein retention volumes and
peak widths are calculated using equations IV and 11 above wherein: m and a
are the previously calculated parameter from step 53; A = the previously
calculated initial start gradient volume concentration (Pie from step 52 or
the decreased start gradient volume concentration (pis from step 68; B =
[(the decreased end gradient volume concentration (pie from step 80) - (the
previously calculated initial start gradient volume concentration (pie from
step 52 or the decreased start gradient volume concentration (pis from step
68)]/(the gradient duration period ranging from 1 to 15 column volumes);
and Vm, VD and Vh are as defined above for equation IV. 



[0131]From step 83, exemplary method 100 proceeds to step 84, wherein the
resolution between component peaks is calculated using equation III as
discussed above. From step 84, exemplary method 100 proceeds to decision
block 85. [0132]At decision block 85, a determination is made by LC
optimizer 11 whether the two or more elutable components elute completely.
If a determination is made by LC optimizer 11 at decision block 85 that the
two or more elutable components do not elute completely (i.e., either V1 <
\fin + Vh + VD + VG and V, < Vi" + Vh + VD + VG), exemplary method 100
proceeds to step 86, wherein the end gradient solvent volume concentration
value is increased, typically to a previous end gradient solvent volume
concentration value (e.g., the initial end gradient solvent volume
concentration value or a previous decreased end gradient solvent volume
concentration value). [0133]From step 86, exemplary method 100 proceeds to
step 88, wherein suggested gradient parameters, namely, the initial or
decreased start gradient solvent volume concentration value, the initial or
decreased end gradient solvent volume concentration value, and the
increased gradient duration period length are provided to a user, for
example, via a display screen, to accept or modify. The suggested gradient
parameters may also be simultaneously provided to LC system component 12 by
LC optimizer 11 in step 86 so that a user can simply accept the suggested
gradient parameters and initiate a liquid chromatography run in LC system
component 12 utilizing the suggested gradient parameters. Under the above
conditions, exemplary method 100 ends at step 88. [0134]Returning to
decision block 85, if a determination is made by LC optimizer  11 at
decision block 85 that the two or more elutable components do elute
completely (i.e., V1 < + Vh + VD + VG and V2 < Vh + VD + VG), exemplary
method 100 proceeds to decision block 87, wherein a detelanination is made
by LC optimizer 11 whether the two or more elutable components elute
completely with a desired minimum resolution. If a deteimination is made at
decision block 87 that the two or more elutable components elute completely
with a desired minimum resolution (e.g., Rs > 1.5 using equation III),
exemplary method 100 proceeds to step 88, wherein suggested gradient
parameters, namely, the initial or decreased start gradient solvent volume
concentration value, the decreased end gradient solvent volume
concentration value, and the increased gradient duration period length are
provided to a user, and optionally LC system component 12. Under the above
conditions, exemplary method 100 ends at step 88. [0135]If a determination
is made by LC optimizer 11 at decision block 87 that the two or more
elutable components elute completely (i.e., VI < Vrn Vh -I- VD + VG and V2
< Vh + VD + VG), but do not exhibit a desired minimum resolution (e.g., R <
1.5 using equation HI), exemplary method 100 proceeds to decision block 89,
wherein a determination is made by LC optimizer 11 whether a predetermined
minimum end gradient volume concentration value has been utilized. If a
determination is made by LC optimizer 11 at decision block 89 that a
predetermined minimum end gradient volume concentration value has not yet
been utilized, exemplary method 100 returns to step 80 and proceeds as
discussed above and below. [0136]In some exemplary embodiments such as
exemplary method 100, the end gradient volume concentration is iteratively
decreased by 10% (i.e., start value*0.9) a maximum of 100 times. At each
value of the end gradient volume concentration, LC optimizer 11 checks to
see if the two or more elutable components are completely eluted (i.e., V1
< Vm + Vh + VD 1- VG and V2 + Vh + VD + VG) and if the calculated
resolution (i.e., Rs using equation HI) is greater than a desired amount,
e.g., 1.5, based on  



the VR's of the components. If both conditions are met before reaching a
maximum number of end gradient volume concentration values (e.g., 100),
exemplary method 100 proceeds to step 88 as discussed above. If both
conditions are not met before reaching a maximum number of end gradient
volume concentration values (e.g., 100), exemplary method 100 proceeds to
step 89 as discussed below. [0137]If a deteunination is made by LC
optimizer 11 at decision block 89 that a predetermined minimum end gradient
volume concentration value has been utilized, exemplary method 100 proceeds
to step 88, wherein suggested gradient parameters, namely, the initial or
decreased start gradient solvent volume concentration value, the decreased
end gradient solvent volume concentration value, and the increased gradient
duration period length are provided to a user to accept or modify, and
optionally to LC system component 12. Under the above conditions, exemplary
method 100 ends at step 88. [0138]It should be noted that although
exemplary method 100 follows a certain progression of method steps (i.e.,
initiating an optional gradient duration period adjustment procedure, then
initiating an optional start gradient solvent volume concentration
adjustment procedure, and subsequently initiating an optional end gradient
solvent volume concentration adjustment procedure as needed), variations of
exemplary method 100 are also within the scope of the present invention.
For example, other methods of the present invention may follow other
progressions of method steps, namely, initiation of an optional start
gradient solvent volume concentration adjustment procedure and/or an
optional end gradient solvent volume concentration adjustment procedure
prior to an optional gradient duration period adjustment procedure.
[0139]As noted above, a user may select a "speed process" mode for LC
optimizer 11. Such a process is depicted in FIG. 9. As shown in FIG. 9,
exemplary method 200 starts at step 201, wherein a user inputs
chromatography retention data (e.g., retention factors Rf calculated by the
user; first and second solvent composition and volume concentration values
91 and (P2 used during two previous TLC runs; and plate type), separation
mode (i.e., normal or reverse phase), and optimization goal (i.e., speed or
resolution mode) into LC optimizer 11. From step 201, exemplary method 200
proceeds to step 202, wherein initial start and end gradient solvent volume
concentration values, cis and (pie respectively, are calculated by LC
optimizer 11 using either equation (i) = WO 2011/094264PCT/US2011/022513
[(koikopt)Ihn] for a normal phase or (ii)[(a - In k0)/m] for a reverse
phase, previously calculated values for parameters ko and m or m and a, and
an optimum capacity factor value, kopt, which may be stored in LC optimizer
11 or inputted by a user in step 201 as discussed above. [0140]From step
202, exemplary method 200 proceeds to step 203, wherein retention volumes
and resolution are calculated by LC optimizer 11 as described above using
equations I or IV and Ill for a given gradient period value (e.g.,
initially 1 column volume). From step 203, exemplary method 200 proceeds to
decision block 204, wherein a determination is made by LC optimizer 11
whether (i) the two or more elutable components elute completely (i.e., V1
< V. + Vh + VD + VG and V2 < Vh + VD + VG using equation I or IV above) and
(ii) a desired minimum resolution (e.g., Rs > 1.5 using equation III above)
is attained during a theoretical run using the previously calculated
initial start and end gradient solvent volume concentration values (i.e.,
(pis and (Pie from step 202) and an initial gradient duration period (i.e.,
one column volume). [0141]If a determination is made by LC optimizer 11 at
decision block 204 that a desired minimum resolution is not attained (e.g.,
Rs < 1.5 using equationduring a theoretical run using the previously
calculated initial start and end gradient solvent volume concentration
values (i.e., (Pis and (pie from step 202) and the initial gradient
duration period (i.e., one column volume), exemplary method 200 proceeds to
decision block 205. At decision block 205, a deteimination is made by LC
optimizer 11 whether the gradient duration period is less than a
predetermined gradient duration volume (e.g., 10 column volumes). 



[0142]If a determination is made by LC optimizer 11 at decision block 205
that the gradient duration period is less than a predetermined gradient
duration volume (e.g., 10 column volumes), exemplary method 200 returns to
step 203, wherein LC optimizer 11 increases the gradient duration volume
(e.g., by one column volume) and recalculates retention volumes and
resolution as described above using equations I or IV and IH for the
increased gradient period value (e.g., 2 to 10 column volumes). From step
203, exemplary method 200 continues as described above and below.
[0143]Returning to decision block 205, if a determination is made by LC
optimizer 11 at decision block 205 that the gradient duration period is
equal to a predetermined gradient duration volume (e.g., 10 column
volumes), exemplary method   200 proceeds to decision block 206, wherein LC
optimizer 11 deteimines whether the purity mode or speed mode has been
selected by the user. If LC optimizer 11 determines that the speed mode has
been selected by the user (i.e., the purity mode has not been selected by
the user), exemplary method 200 proceeds to step 207, wherein LC optimizer
11 provides optimized processing conditions to the user and LC system
component 12. [0144]Returning to decision block 204, if a determination is
made by LC optimizer 11 that a desired minimum resolution is attained
(e.g., Rs > 1.5 using equation    during a theoretical run using the
previously calculated initial start and end gradient solvent volume
concentration values (i.e., (pis and (4),, from step 202) and a given
gradient duration period (e.g., 1 to 10 column volumes), exemplary method
200 proceeds to decision block 206 and proceeds as discussed above and
below. [0145]Returning to decision block 206, if a determination is made by
LC optimizer 11 that the speed mode has not been selected by the user
(i.e., the purity mode has been selected by the user), exemplary method 200
proceeds to purity mode process  300, wherein LC optimizer 11 initiates a
purity mode further described in FIG. 10. [0146]Instead of selecting a
speed mode, a user may select a purity mode or 



process as depicted in FIG. 10. As shown in FIG. 10, exemplary method 300
starts with exemplary process 200 as described above, and is a continuation
of exemplary process 200 from decision block 206. From decision block 206,
exemplary process 300 proceeds to step 301, wherein LC optimizer 11 (1)
reduces the starting gradient concentration by 10%, and (2) calculates
retention volumes and resolution as described above using equations I or IV
and III and the decreased start gradient solvent volume concentration value
from step  301, the previously calculated end gradient solvent volume
concentration value from step 202, and a predetermined gradient duration
period of (e.g., 10 column volumes). [0147]From step 301, exemplary method
300 proceeds to decision block 302, wherein a determination is made by LC
optimizer 11 whether (i) the two or more elutable components elute
completely (i.e., V1 <Vrn + Vh + VD + VG and V2 < Vm Vh VD + VG using
equation I or IV above) and (ii) a desired minimum resolution (e.g., Rs >
1.5 using equation III above) is attained during a theoretical run using
the previously calculated initial start and end gradient solvent volume
concentration values (i.e., yis and (Pie from step 202) and a predetemained
gradient period value (e.g., 10 column volumes).  WO
2011/094264PCT/US2011/022513 [0148]If a determination is made by LC
optimizer 11 at decision block 302 that a  desired minimum resolution is
not attained (e.g., Rs < 1.5 using equation III) during a theoretical run
using the decreased start gradient solvent volume concentration value from
step 301, the previously calculated end gradient solvent volume
concentration value from step 202, and a predetermined gradient duration
period (e.g., 10 column volumes), exemplary method 300 proceeds to decision
block 303. At decision block 303, a determination is made by LC optimizer
11 whether the start gradient solvent volume concentration value has been
decreased less than 100 times. [0149]If a determination is made by LC
optimizer 11 at decision block 303 that the start gradient solvent volume
concentration value has been decreased less than 100 times, exemplary
method 300 returns to step 301, wherein LC optimizer 11 decreases the start
gradient solvent volume concentration value (e.g., by 10%) and recalculates
retention volumes and resolution as described above using equations I or IV
and III using the further decreased start gradient solvent volume
concentration value. From step 301, exemplary method 300 continues as
described above and below. [0150]Returning to decision block 302, if a
determination is made by LC optimizer 11 that a desired minimum resolution
is attained (e.g., Rs > 1.5 using equation III) during a theoretical run
using the decreased start gradient solvent volume concentration value from
step 301, the previously calculated end gradient solvent volume
concentration value from step 202, and a predetermined gradient duration
period (e.g., 10 column volumes), exemplary method 300 proceeds to step
304, wherein LC optimizer 11 provides optimized processing conditions
(e.g., the decreased start gradient solvent volume concentration value from
step 301, the previously calculated end gradient solvent volume
concentration value from step 202, and a predetermined gradient duration
period (e.g., 10 column volumes)) to the user and LC system component 12.
[0151]Returning to decision block 303, if a determination is made by LC
optimizer 11 at decision block 303 that the start gradient solvent volume
concentration value has been decreased 100 times, exemplary method 300
proceeds to step 305, wherein LC optimizer 11 (1) decreases the end
gradient solvent volume concentration value (e.g., by 10%) and (2)
recalculates retention volumes and resolution as described above using
equations I or IV and III and the decreased start gradient solvent volume
concentration  



value from step 301, the decreased end gradient solvent volume
concentration value from step 305, and a predetermined gradient duration
period (e.g., 10 column volumes). [0152]From step 305, exemplary method 300
proceeds to decision block 306, wherein a determination is made by LC
optimizer 11 whether (i) the two or more elutable components elute
completely (i.e., V1 <V," + Vh + VD + VG and V2 < Vm + Vh VD + VG using
equation I or IV above) and (ii) a desired minimum resolution (e.g., R5>
1.5 using equation III above) is attained during a theoretical run using
the decreased start and end gradient solvent volume concentration values
(i.e., (pis and (pi, from steps 301 and 305) and a predetermined gradient
period value (e.g., 10 column volumes). [0153]If a determination is made by
LC optimizer 11 at decision block 306 that a desired minimum resolution is
not attained (e.g., R, < 1.5 using equation III) during a theoretical run
using the decreased start gradient solvent volume concentration value from
step 301, the decreased end gradient solvent volume concentration value
from step 305, and a predetermined gradient duration period (e.g., 10
column volumes), exemplary method 300 proceeds to decision block 307.
[0154]At decision block 307, a determination is made by LC optimizer 11
whether the end gradient solvent volume concentration value has been
decreased less than 100 times. If a determination is made by LC optimizer
11 at decision block 307 that the end gradient solvent volume concentration
value has been decreased less than 100 times, exemplary method 300 returns
to step 305, wherein LC optimizer 11 (1) further decreases the end gradient
solvent volume concentration value (e.g., by 10%) and (2) recalculates
retention volumes and resolution as described above using equations I or IV
and III and the further decreased end gradient solvent volume concentration
value. From step 305, exemplary method 300 continues as described above and
below. [0155]Returning to decision block 306, if a deteiinination is made
by LC optimizer 11 that a desired minimum resolution is attained (e.g., Rs
> 1.5 using equation III) during a theoretical run using the decreased
start gradient solvent volume concentration value from step 301, the
decreased end gradient solvent volume concentration value from step 305,
and a predetermined gradient duration period (e.g., 10 column volumes),
exemplary method 300 proceeds to step 308, wherein LC optimizer 11 provides
optimized processing conditions (e.g., the decreased start gradient solvent
volume concentration value from step 301, the decreased end gradient
solvent volume  concentration value from step 305, and a predetermined
gradient duration period (e.g., 10 column volumes)) to the user and LC
system component 12. [0156]Returning to decision block 307, if a
determination is made by LC optimizer 11 at decision block 307 that the end
gradient solvent volume concentration value has been decreased 100 times,
exemplary method 300 proceeds to step 308, wherein LC optimizer 11 provides
optimized processing conditions (e.g., the decreased start gradient solvent
volume concentration value from step 301, the decreased end gradient
solvent volume concentration value from step 305, and a predetermined
gradient duration period (e.g., 10 column volumes)) to the user and LC
system component 12. [0157]In the event that more than two components are
to be separated in a sample, the LC optimizer of the present invention may
be utilized to provide the user or computing system with the process
conditions to perform the component separation. The operation or process
remains the same as the two component separation, but more than two
concentration gradients are generated to obtain separation of the
additional component(s). For example, FIGS. 11 and 12 depict a method for
the separation of three components. As shown in FIG. 11, exemplary method
400 starts at step 401, wherein a user inputs TLC data (e.g., retention
factors R1 calculated by the user; first, second and third solvent
composition and volume concentration values; and plate type), separation
mode (i.e., normal or reverse phase) into LC optimizer 11. From step 401,
exemplary method 400 proceeds to step 402, wherein initial start and end
gradient solvent volume concentration values are calculated by LC optimizer
11 for segment 1 (components 1 and 2, referred to as pair 1) and for
segment 2 (components 2 and 3, referred to as pair 2). 



[0158]From step 402, exemplary method 400 proceeds to step 403, wherein
retention volumes and resolution for pair 1 are calculated by LC optimizer
11 as described above for a given gradient period value of segment 1 (e.g.,
initially 1 column volume). From step 403, exemplary method 400 proceeds to
decision block 404, wherein a determination is made by LC optimizer 11
whether (i) the first pair of elutable components of segment 1 elute
completely and (ii) a desired minimum resolution (e.g., Rs > 1.5) is
attained during a theoretical run using the previously calculated initial
start and end gradient solvent volume concentration values and an initial
gradient duration period (i.e., one column volume).  WO
2011/094264PCT/US2011/022513 [0159]If a determination is made by LC
optimizer 11 at decision block 404 that a  desired minimum resolution is
not attained (e.g., Rs < 1.5) during a theoretical run using the previously
calculated initial start and end gradient solvent volume concentration
values and the initial gradient duration period (i.e., one column volume),
exemplary method 400 proceeds to decision block 405. At decision block 405,
a determination is made by LC optimizer 11 whether the gradient duration
period of segment 1 is greater than or equal to a predetermined gradient
duration volume (e.g., 10 column volumes). [0160]If a determination is made
by LC optimizer 11 at decision block 405 that the gradient duration period
is not greater than or equal to a predetermined gradient duration volume
(e.g., 10 column volumes), exemplary method 400 returns to step 403,
wherein LC optimizer 11 increases the gradient duration volume (e.g., by
one column volume) and recalculates retention volumes and resolution for
pair 1 as described above for the increased gradient period value of
segment 1 (e.g., 2 to 10 column volumes). From step 403, exemplary method
400 continues as described above and below. [0161]Returning to decision
block 405, if a determination is made by LC optimizer 11 at decision block
405 that the gradient duration period is greater than or equal to a
predetermined gradient duration volume (e.g., 10 column volumes), exemplary
method 400 proceeds to decision block 406, wherein LC optimizer 11
determines whether component 3 elutes. If LC optimizer 11 determines that
component 3 does not elute, exemplary method 400 proceeds to step 407 as
discussed below. If LC 11 optimizer determines that component 3 does elute,
exemplary method 400 proceeds to decision block 411, wherein LC optimizer
11 determines whether there are resolution problems as discussed below.
[0162]Returning to decision block 404, if a determination is made by LC
optimizer 11 that a desired minimum resolution is attained for pair 1
(e.g., Rs> 1.5) during a theoretical run using the previously calculated
initial start and end gradient solvent volume concentration values and a
given gradient duration period (i.e., 1 to 10 column volumes), exemplary
method 400 proceeds to decision block 407 and proceeds as discussed above
and below. [0163]In step 407, optimizer 11 calculates retention volumes and
resolution for pair 2 as described above for a given gradient period value
of segment 2 (e.g., initially 1 column volume). From step 407, exemplary
method 400 proceeds to decision block 408, 



wherein a determination is made by LC optimizer 11 whether (i) the pair 1
of elutable components of segment 1 elute completely and (ii) a desired
minimum resolution (e.g., R, > 1.5) is attained during a theoretical run
using the previously calculated initial start and end gradient solvent
volume concentration values and an initial gradient duration period (i.e.,
one column volume). [0164]If a determination is made by LC optimizer 11 at
decision block 408 that a desired minimum resolution is not attained (e.g.,
R, < 1.5) during a theoretical run using the previously calculated initial
start and end gradient solvent volume concentration values and the initial
gradient duration period (i.e., one column volume), exemplary method 400
proceeds to decision block 409. At decision block 409, a determination is
made by LC optimizer 11 whether the gradient duration period of segment 2
is greater than or equal to a predeteimined gradient duration volume (e.g.,
10 column volumes). [0165]If a detennination is made by LC optimizer 11 at
decision block 409 that the gradient duration period is not greater than or
equal to a predetermined gradient duration volume (e.g., 10 column
volumes), exemplary method 400 returns to step 407, wherein LC optimizer 11
increases the gradient duration volume (e.g., by one column volume) and
recalculates retention volumes and resolution for pair 2 as described above
for the increased gradient period value of segment 2 (e.g., 2 to 10 column
volumes). From step 407, exemplary method 400 continues as described above
and below. [0166]Returning to decision block 409, if a determination is
made by LC optimizer 11 at decision block 409 that the gradient duration
period is greater than or equal to a predetermined gradient duration volume
(e.g., 10 column volumes), exemplary method 400 proceeds to decision block
411, wherein LC optimizer 11 determines whether there are resolution
problems as discussed below. [0167]Returning to decision block 408, if a
determination is made by LC optimizer 11 that a desired minimum resolution
is attained for pair 2 (e.g., Rs> 1.5) during a theoretical run using the
previously calculated initial start and end gradient solvent volume
concentration values and a given gradient duration period of segment 2
(e.g., I to 10 column volumes), exemplary method 400 proceeds to decision
block 410 and proceeds as discussed in the purity process 300 above and
below. [0168]FIG. 12 depicts a process for the solution of resolution
problems, wherein the most problematic of the two pair of components is
selected for further optimization  using only one segment, and not two.
From step 411 in FIG. 11, exemplary method 400 proceeds to step 412. In
step 412, if a determination is made by LC optimizer 11 that a desired
minimum resolution is attained for pair 2 (e.g., Rs > 1.5) during a
theoretical run using the previously calculated initial start and end
gradient solvent volume concentration values and a given gradient duration
period (i.e., 1 to 10 column volumes), and the desired minimum resolution
is not attained for pair 1 (e.g., Rs < 1.0), exemplary method 400 proceeds
to decision block 413 where the LC optimizer selects one segment gradient
from the first to the third component solvent composition. [01691From step
413, exemplary method 400 proceeds to step 414, wherein 



retention volumes and resolution for pair 1 are calculated by LC optimizer
11 as described above for a given gradient period value of (e.g., initially
1 column volume). From step 414, exemplary method 400 proceeds to decision
block 415, wherein a determination is made by LC optimizer 11 whether (i)
the first pair of elutable components elute completely and (ii) a desired
minimum resolution (e.g., R > 1.5) is attained during a theoretical run
using the previously calculated initial start and end gradient solvent
volume concentration values and an initial gradient duration period (i.e.,
one column volume). [01701 If a deteimination is made by LC optimizer 11 at
decision block 415 that a desired minimum resolution is not attained (e.g.,
Rs < 1.5) during a theoretical run using the previously calculated initial
start and end gradient solvent volume concentration values and the initial
gradient duration period (i.e., one column volume), exemplary method 400
proceeds to decision block 416. At decision block 416, a determination is
made by LC optimizer 11 whether the gradient duration period of is greater
than or equal to a predeteimined gradient duration volume (e.g., 10 column
volumes). [0171]If a determination is made by LC optimizer 11 at decision
block 416 that the gradient duration period is not greater than or equal to
a predetermined gradient duration volume (e.g., 10 column volumes),
exemplary method 400 returns to step 414, wherein LC optimizer 11 increases
the gradient duration volume (e.g., by one column volume) and recalculates
retention volumes and resolution for pair 1 as described above for the
increased gradient period value (e.g., 2 to 10 column volumes). From step
414, exemplary method 400 continues as described above and below.
[0172]Returning to decision block 416, if a detemiination is made by LC
optimizer 11 at decision block 416 that the gradient duration period is
greater than or equal  to a predetermined gradient duration volume (e.g.,
10 column volumes), exemplary method 400 proceeds to decision block 417 and
to purity process 300. [0173]Returning to decision block 415, if a
determination is made by LC optimizer 11 that a desired minimum resolution
is attained for pair 1 (e.g., Rs > 1.5) during a theoretical run using the
previously calculated initial start and end gradient solvent volume
concentration values and a given gradient duration period (e.g., 1 to 10
column volumes), exemplary method 400 proceeds to decision block 417 and to
purity process 300. [0174]Returning to step 412, if a determination is made
by LC optimizer 11 that a desired resolution is not attained for pair 2
(e.g., Rs > 1.5) during a theoretical run using the previously calculated
initial start and end gradient solvent volume concentration values and a
given gradient duration period (e.g., 1 to 10 column volumes), or the
resolution is at a minimum threshold value for pair 1 (e.g., Rs > 1.0),
exemplary method 400 proceeds to decision block 418 wherein the LC
optimizer 11 determines whether the resolution is at a minimum threshold
value for pair 2 (e.g., Rs < 1.0). If a determination is made by LC
optimizer 11 that a minimum threshold resolution is not attained for pair
2, exemplary method 400 proceeds to decision block 419 where the LC
optimizer selects one segment gradient from the second to the third
component solvent composition. [0175]From step 419, exemplary method 400
proceeds to step 420, wherein retention volumes and resolution for pair 2
are calculated by LC optimizer 11 as described above for a given gradient
period value (e.g., initially 1 column volume). From step 420, exemplary
method 400 proceeds to decision block 421, wherein a determination is made
by LC optimizer 11 whether (i) the first pair of elutable components of
elute completely and (ii) a desired minimum resolution (e.g., Rs > 1.5) is
attained during a theoretical run using the previously calculated initial
start and end gradient solvent volume concentration values and an initial
gradient duration period (i.e., one column volume). [0176]If a
determination is made by LC optimizer 11 at decision block 421 that a 



desired minimum resolution is not attained (e.g., Rs < 1.5) during a
theoretical run using the previously calculated initial start and end
gradient solvent volume concentration values and the initial gradient
duration period (i.e., one column volume), exemplary method 400 proceeds to
decision block 422. At decision block 422, a determination is made by LC
optimizer 11 whether the gradient duration period is greater than or equal
to a predetermined gradient duration volume (e.g., 10 column volumes).
[0177]If a determination is made by LC optimizer 11 at decision block 422
that the gradient duration period is not greater than or equal to a
predetermined gradient duration volume (e.g., 10 column volumes), exemplary
method 400 returns to step 420, wherein LC optimizer 11 increases the
gradient duration volume (e.g., by one column volume) and recalculates
retention volumes and resolution for pair 2 as described above for the
increased gradient period value (e.g., 2 to 10 column volumes). From step
420, exemplary method 400 continues as described above and below.
[0178]Returning to decision block 422, if a determination is made by LC
optimizer 11 at decision block 422 that the gradient duration period is
greater than or equal to a predetermined gradient duration volume (e.g., 10
column volumes), exemplary method 400 proceeds to decision block 423 and to
purity process 300. [0179]Returning to decision block 421, if a
determination is made by LC optimizer 11 that a desired minimum resolution
is attained for pair 2 (e.g., Rs > 1.5) during a theoretical run using the
previously calculated initial start and end gradient solvent volume
concentration values and a given gradient duration period (e.g., 1 to 10
column volumes), exemplary method 400 proceeds to decision block 423 and to
purity process 300. [0180]In any of the above-described exemplary methods,
once a set of optimized gradient parameters has been provided to the user
and LC system component 12, the user can simply accept, reject, or modify
the set of optimized gradient parameters provided LC optimizer 11. LC
optimizer 11 may further provide, for the user's review, one or more
previously determined or inputted parameters including, but not limited to,
a flow rate, an initial hold value, a final hold value, the column type,
the column size, the sample composition, and the solvent composition.
[0181]Once the proper column is mounted in the unit, the proper solvents
primed into the unit and the sample injection prepared, the automated
chromatography run and fraction collection using LC system component 12 can
be initiated using the set of optimized gradient parameters provided by LC
optimizer 11 or a variation thereof. [0182]In another exemplary embodiment,
a method of determining one or more gradient parameter values for a liquid
chromatography separation of elutable compounds 



may be performed by a computing system using software in a chromatography
separation unit, wherein after a user inputs one or more properties of the
elutable compounds into the computing system, the computing system provides
the user with a recommended type of chromatography method, chromatography
media, chromatography column size, and chromatography solvents to employ
for separation of the elutable compounds. [0183]In an even further
exemplary embodiment, a method of separating two or more elutable compounds
using liquid chromatography includes inputting one or more properties of
the elutable compounds into a computing system in a chromatography
separation unit, utilizing the computing system to generate gradient
parameter values, automatically providing the gradient parameters to the
chromatography separation unit or user, and separating the two or more
elutable compounds. [0184]In an exemplary embodiment, the gradient
parameter values may be determined by utilizing chromatography retention
data to estimate capacity factors of two or more elutable compounds;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation; and utilizing the start and
end gradient solvent volume concentration values to calculate the elutable
compound retention volumes and resolution between the elutable compounds.
[0185]In one embodiment, the resolution may be recalculated by varying the
start or end gradient solvent volume concentration values. In another
exemplary embodiment, the resolution is recalculated by varying gradient
solvent duration volume. [0186]In another exemplary embodiment, the method
includes initiating a gradient duration adjustment procedure if the
resolution between each elutable compound is not achieved. The gradient
duration adjustment may comprise (a) increasing an initial gradient
duration period value to an increased gradient duration period value; (b)
recalculating retention volumes for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d)
repeating steps (a), (b) and (c) if resolution is not achieved. [0187]In
another exemplary embodiment, the method further includes initiating a
start gradient solvent concentration adjustment procedure. The start
gradient solvent concentration adjustment procedure may comprise (a)
decreasing the start gradient solvent   volume concentration to a decreased
start gradient solvent volume concentration value; (b) recalculating
retention volumes for each elutable compound; (c) determining whether
resolution between each elutable compound is achieved; and (d) repeating
steps (a), (b) and (c) if resolution is not achieved. 



[0188]In another exemplary embodiment, the method further includes
initiating an end gradient solvent concentration adjustment procedure. The
end gradient solvent concentration adjustment procedure may comprise (a)
decreasing the end gradient solvent volume concentration to a decreased end
gradient solvent volume concentration value; (b) recalculating retention
volumes for each elutable compound; (c) determining whether resolution
between each elutable compound is achieved; and (d) repeating steps (a),
(b) and (c) if resolution is not achieved. [0189]In one exemplary
embodiment, a computing system using software in a chromatography
separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table) are automatically
provided to the chromatography unit or user for separation of the
compounds. [0190]In an even further exemplary embodiment, a method of
separating two or more elutable compounds using liquid chromatography
includes inputting one or more properties of the elutable compounds into a
computing system in a chromatography separation unit, utilizing the
computing system to generate gradient parameters, automatically providing
the gradient parameters to the chromatography separation unit or the user,
utilizing the computing system to generate recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds, and separating the two or more elutable compounds. [0191]In an
even further exemplary embodiment, a method of separating two or more
elutable compounds using liquid chromatography includes inputting one or
more properties of the elutable compounds into a computing system in a
liquid chromatography system; utilizing the computing system to generate
recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds; and utilizing the computing system to
generate gradient parameters values.  WO 2011/094264PCT/US2011/022513
[0192]In another exemplary embodiment, the method of separating two or more
elutable compounds using liquid chromatography further may include
automatically providing the gradient parameters to the liquid
chromatography system or a user; and separating the two or more elutable
compounds. [0193]In an exemplary embodiment, the method may further include
imputing chromatography retention data of the two or more eluatable
compounds prior to the step of utilizing the computing system to generate
gradient parameters. [0194]In an exemplary embodiment, the gradient
parameter values may be 



determined by utilizing chromatography retention data to estimate capacity
factors of two or more elutable compounds; utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the elutable compound retention volumes
and resolution between the elutable compounds. [0195]In one embodiment, the
resolution may be recalculated by varying the start or end gradient solvent
volume concentration values. In another exemplary embodiment, the
resolution is recalculated by varying gradient solvent duration volume.
[0196]In another exemplary embodiment, the method includes initiating a
gradient duration adjustment procedure if the resolution between each
elutable compound is not achieved. The gradient duration adjustment may
comprise (a) increasing an initial gradient duration period value to an
increased gradient duration period value; (b) recalculating retention
volumes for each elutable compound; (c) determining whether resolution
between each elutable compound is achieved; and (d) repeating steps (a),
(b) and (c) if resolution is not achieved. [0197]In another exemplary
embodiment, the method further includes initiating a start gradient solvent
concentration adjustment procedure. The start gradient solvent
concentration adjustment procedure may comprise (a) decreasing the start
gradient solvent volume concentration to a decreased start gradient solvent
volume concentration value; (b) recalculating retention volumes for each
elutable compound; (c) determining whether resolution between each elutable
compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved.  WO 2011/094264PCT/US2011/022513 [0198]In
another exemplary embodiment, the method further includes initiating an
end gradient solvent concentration adjustment procedure. The end gradient
solvent concentration adjustment procedure may comprise (a) decreasing the
end gradient solvent volume concentration to a decreased end gradient
solvent volume concentration value; (b) recalculating retention volumes for
each elutable compound; (c) determining whether resolution between each
elutable compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0199]In one exemplary embodiment, a computing
system using software in a chromatography separation unit, wherein after
resolution calculation is complete, gradient parameter values (times and
concentrations table) are automatically provided to the chromatography unit
or user for separation of the compounds. [0200]In another exemplary
embodiment, a method of separating two or more elutable compounds using
liquid chromatography includes inputting chromatography retention data of
the elutable compounds into a computing system in a liquid chromatography
apparatus; utilizing the computing system to estimate capacity factors of
the two or more elutable compounds; utilizing the computing system to
determine whether the two or more elutable compounds will not separate with
the estimated capacity factors; utilizing the computing system to generate
at least one recommended type of chromatography method, chromatography
media, chromatography column size, and chromatography solvents to employ
for separation of the elutable compounds; and utilizing the at least one
recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to separate the two
or more elutable compounds. 



II.Liquid Chromatography (LC) Systems and LC Optimization Software
[0201]The present invention is further directed to liquid chromatography
(LC) systems and LC optimization software capable of providing one or more
separation parameter values to a user for use in a liquid chromatography
separation unit. [0202]In one exemplary embodiment, the liquid
chromatography system comprises a computing system, and a user interface
with the computing system, wherein the computing system is capable of
utilizing chromatography retention data to estimate capacity factors, k's,
of two or more elutable compounds within (i) a first separation comprising
a first solvent volume concentration and (ii) a second separation
comprising a  second solvent volume concentration, wherein the second
solvent volume concentration is different than the first solvent volume
concentration; utilizing the estimated capacity factors in combination with
an optimum capacity factor value, kap to determine (i) a start gradient
solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and providing
(i) the start gradient solvent volume concentration value, and (ii) the end
gradient solvent volume concentration value to the user for review.
[0203]The present invention is even further directed to liquid
chromatography systems comprising a computing system, and a user interface
with the computing system, wherein the computing system is capable of
utilizing chromatography retention data to estimate capacity factors, k's,
of at least two elutable compounds at two different solvent volume
concentrations; and utilizing the estimated capacity factors in combination
with an optimum capacity factor value, kw, to determine an optimized
gradient duration period, an optimized start gradient solvent volume
concentration, an optimized end gradient solvent volume concentration, or
any combination thereof. [0204]In one embodiment, the computing system is
capable of utilizing the chromatography retention data to estimate capacity
factors of the two or more elutable compounds using (i) a first separation
comprising a first solvent volume concentration and (ii) a second
separation comprising a second solvent volume concentration, wherein the
second solvent volume concentration is different than the first solvent
volume concentration. [0205]In some exemplary embodiments, the liquid
chromatography system is capable of providing one or more separation
parameter values to a user for a liquid chromatography separation, and
comprises a computing system, and a user interface with the computing
system, wherein the computing system is capable of utilizing retention data
to estimate capacity factors, k's, of two or more elutable compounds;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value, kopt, to deteiiiiine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and providing
(i) the start gradient solvent volume concentration value, and (ii) the end
gradient solvent volume concentration value to the user for review.  WO
2011/094264PCT/US2011/022513 [0206]In one embodiment, the computing system
is capable of utilizing the 



chromatography retention data to estimate capacity factors of the two or
more elutable compounds using (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration.
[0207]In an exemplary embodiment, a liquid chromatography system includes a
computing system; and a user interface with the computing system; wherein
the computing system is capable of utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; and
utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation. [0208]In one embodiment,
the computing system is capable of utilizing the chromatography retention
data to estimate capacity factors of the two or more elutable compounds
using (i) a first separation comprising a first solvent volume
concentration and (ii) a second separation comprising a second solvent
volume concentration, wherein the second solvent volume concentration is
different than the first solvent volume concentration. [0209]In one
exemplary embodiment, the chromatography retention data is obtained using
thin layer chromatography. [0210]In another exemplary embodiment, the
computing system is capable of utilizing the chromatography retention data
to estimate capacity factors of the two or more elutable compounds
comprising (i) a first separation comprising a first solvent volume
concentration and ) a second separation comprising a second solvent volume
concentration, wherein the second solvent volume concentration is different
than the first solvent volume concentration. [0211]In another exemplary
embodiment, the computing system is capable of utilizing the start and end
gradient solvent volume concentration values to calculate retention volumes
of each elutable compound.  WO 2011/094264PCT/US2011/022513 [0212]In a
further exemplary embodiment, the computing system is capable of utilizing
the retention volumes of each elutable compound to calculate resolution
between each elutable compound. 



[0213]In an even further exemplary embodiment, the computing system is
capable of initiating a gradient duration adjustment procedure if the
resolution between each elutable compound is not achieved. [0214]In an
exemplary embodiment, the computing system performs the gradient  duration
adjustment procedure by (a) increasing an initial gradient duration period
value to an increased gradient duration period value; (b) recalculating
retention volumes for each elutable compound; (c) determining whether
resolution between each elutable compound is achieved; and (d) repeating
steps (a), (b) and (c) if resolution is not achieved. [0215]In another
exemplary embodiment, the computing system is capable of initiating a start
gradient solvent concentration adjustment procedure. [0216]In an exemplary
embodiment, the computing system performs the start gradient solvent
adjustment procedure by (a) decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration
value (b) recalculating retention volumes for each elutable compound; (c)
determining whether resolution between each elutable compound is achieved;
and (d) repeating steps (a), (b) and (c) if resolution is not achieved.
[0217]In a further exemplary embodiment, the computing system is capable of
initiating an end gradient solvent concentration adjustment procedure. In
an exemplary embodiment, the computing system performs the end gradient
solvent concentration adjustment procedure by (a) decreasing the end
gradient solvent volume concentration to a decreased end gradient solvent
volume concentration value; (b) recalculating retention volumes for each
elutable compound; (c) determining whether resolution between each elutable
compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0218]In an exemplary embodiment, a liquid
chromatography system includes a computing system, and a user interface
with the computing system, wherein the computing system is capable of
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds; utilizing the estimated capacity factors in
combination with an optimum capacity factor value to determine (i) a start
gradient solvent volume  concentration value, and (ii) an end gradient
solvent volume concentration value for the liquid chromatography
separation; and utilizing the start and end gradient solvent volume
concentration values to calculate the retention volumes of each elutable
compound. [0219]In one embodiment, the computing system is capable of
utilizing the 



chromatography retention data to estimate capacity factors of the two or
more elutable compounds using (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration.
[0220]In a further exemplary embodiment, the computing system is capable of
utilizing the retention volumes of each elutable compound to calculate
resolution between each elutable compound. [0221]In an even further
exemplary embodiment, the computing system is capable of initiating a
gradient duration adjustment procedure if the resolution between each
elutable compound is not achieved. [0222]In an exemplary embodiment, the
computing system performs the gradient duration adjustment procedure by (a)
increasing an initial gradient duration period value to an increased
gradient duration period value; (b) recalculating retention volumes for
each elutable compound; (c) determining whether resolution between each
elutable compound is achieved; and (d) repeating steps (a), (b) and (c) if
resolution is not achieved. [0223]In another exemplary embodiment, the
computing system is capable of initiating a start gradient solvent
concentration adjustment procedure. [0224]In an exemplary embodiment, the
computing system performs the start gradient solvent adjustment procedure
by (a) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value (b)
recalculating retention volumes for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d)
repeating steps (a), (b) and (c) if resolution is not achieved. [0225]In a
further exemplary embodiment, the computing system is capable of initiating
an end gradient solvent concentration adjustment procedure. [0226]In an
exemplary embodiment, the computing system performs the end gradient
solvent concentration adjustment procedure by (a) decreasing the end
gradient 



solvent volume concentration to a decreased end gradient solvent volume
concentration value; (b) recalculating retention volumes for each elutable
compound; (c) determining whether resolution between each elutable compound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not
achieved. [0227]In a further exemplary embodiment, a liquid chromatography
system comprises a computing system, and a user interface with the
computing system, wherein the computing system is capable of utilizing
chromatography retention data to estimate capacity factors of two or more
elutable compounds; utilizing the estimated capacity factors in combination
with an optimum capacity factor value to determine (i) a start gradient
solvent volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds. [0228]In one embodiment, the computing system is capable of
utilizing the chromatography retention data to estimate capacity factors of
the two or more elutable compounds using (i) a first separation comprising
a first solvent volume concentration and (ii) a second separation
comprising a second solvent volume concentration, wherein the second
solvent volume concentration is different than the first solvent volume
concentration. [0229]In one embodiment, the resolution may be recalculated
by varying the start or end gradient solvent volume concentration values.
[0230]In another exemplary embodiment, the resolution is recalculated by
varying gradient solvent duration volume. [0231]In one exemplary
embodiment, a computing system using software in a chromatography
separation unit, wherein after resolution calculation is complete, gradient
parameter values (times and concentrations table) are automatically
provided to the chromatography unit or user for separation of the
compounds. [0232]In an even further exemplary embodiment, the computing
system is capable of initiating a gradient duration adjustment procedure if
the resolution between each elutable compound is not achieved. [0233]In an
exemplary embodiment, the computing system performs the gradient 



duration adjustment procedure by (a) increasing an initial gradient
duration period value to  an increased gradient duration period value; (b)
recalculating retention volumes for each elutable compound; (c) determining
whether resolution between each elutable compound is achieved; and (d)
repeating steps (a), (b) and (c) if resolution is not achieved.  [0234] In
another exemplary embodiment, the computing system is capable of initiating
a start gradient solvent concentration adjustment procedure. [0235]In an
exemplary embodiment, the computing system performs the start gradient
solvent adjustment procedure by (a) decreasing the start gradient solvent
volume concentration to a decreased start gradient solvent volume
concentration value (b) recalculating retention volumes for each elutable
compound; (c) determining whether resolution between each elutable compound
is achieved; and (d) repeating steps (a), (b) and (c) if resolution is not
achieved. [0236]In a further exemplary embodiment, the computing system is
capable of initiating an end gradient solvent concentration adjustment
procedure. [0237]In an exemplary embodiment, the computing system perfolins
the end gradient solvent concentration adjustment procedure by (a)
decreasing the end gradient solvent volume concentration to a decreased end
gradient solvent volume concentration value; (b) recalculating retention
volumes for each elutable compound; (c) determining whether resolution
between each elutable compound is achieved; and (d) repeating steps (a),
(b), and (c) if resolution is not achieved. [0238]In one exemplary
embodiment, the computing system, after the resolution calculation is
complete, automatically provides gradient parameter values are to the
liquid chromatography system or a user for separation of the compounds,
[0239]In another exemplary embodiment, the computing system, after a user
inputs the elutable compound properties into the computing system, provides
the user with at least one recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds. [0240]The
computing system may be any computer or microprocessor that is 



capable of performing the disclosed methods of the present invention.
Suitable computing systems include, but are not limited to, a personal
computer, a mainframe computer, a microprocessor, etc.  WO
2011/094264PCT/US2011/022513 [0241]The liquid chromatography system
comprises one or more user interface  components. Suitable user interface
components include, but are not limited to, a keyboard for entering data
(e.g., chromatography retention data 13) into the liquid chromatography
system, a visual display for providing results (e.g., suggested liquid
chromatography system parameters 14) to a user, or any combination thereof.
[0242] The liquid chromatography systems of the present invention are
desirably capable of utilizing thin layer chromatography plate data for a
sample comprising two or more elutable compounds to calculate capacity
factors, k, for each of the two or more elutable compounds using two
solvent mixture systems, wherein k = (1 - Rf)/Rf, and Rf represents a
retention factor for a given compound in a given solvent mixture system;
determining parameters (i) ko and m or (ii) a and m in at least one
equation selected from k = kw for a normal phase system and In k = a - my
for a reverse phase system using the calculated capacity factors and first
and second gradient solvent volume concentrations of the first and second
solvent mixture systems; and calculating initial start and end gradient
solvent volume concentration values, (pis and (pie respectively, using an
optimum capacity factor value, kopt and parameters (i) ko and m or (ii) a
and m in at least one equation selected from 9 = [(ko/kopt)lim] for a
normal phase system, and 9 = [(a ln k0)/m] for a reverse phase system. As
discussed above, the optimum capacity factor value, kopt, may be equal to
2.0 in some embodiments. [0243]In exemplary embodiments of the present
invention, the liquid chromatography system comprises a computing system
that is further capable of initiating (i) a gradient duration period
adjustment procedure (e.g., as shown in FIG. 6), (ii) a start gradient
solvent volume concentration adjustment procedure (e.g., as shown in FIG.
7), (iii) an end gradient solvent volume concentration adjustment procedure
(e.g., as shown in FIG. 8), or (iv) any combination of (i) to (iii) as
needed to provide one or more optimized separation parameter values to a
user. [0244]In some embodiments, the liquid chromatography systems of the
present invention comprises software or code that enables the system to
utilize the capacity factors, k's, and the first and second solvent volume
concentrations to determine parameters (i) ko and m or (ii) a and m of at
least one equation selected from k = kw' for a normal phase system, and In
k = a - imp for a reverse phase system; calculate initial start and end
gradient solvent volume concentration values, (pi and (pie respectively,
using an  optimum capacity factor value, kopt and parameters (i) ko and m
or (ii) a and m in at least one equation selected from (13 = [(koikopt)Um]
for a normal phase system, and y = [(a - In k0pt)/111] for a reverse phase
system; utilize the initial start and end gradient solvent volume
concentration values, and a gradient duration period value to calculate (i)
retention volumes for each elutable compound using at least one of
equations I (for a normal phase mode) or IV (for a reverse phase mode)
wherein A = the start gradient volume concentration value; B = [(the end
gradient volume concentration value) - (the start gradient volume
concentration value)]/(the gradient duration period value); V. is a column
void volume; VD is a dwell volume; and Vh is an initial hold volume, (ii)
an average bandwidth of peaks of each elutable compound, wg, using equation
II wherein VI and V2 are VR values for elutable compounds 1 and 2 using
equation I or IV above, and N is a column efficiency, and (iii) a
resolution between component peaks using equation III. [0245] If (1) the
two or more elutable compounds are completely eluted as indicated by V1 <
V. + Vh + VD + VG and V2 < \Tin Vh + VD + VG, and (2) a resolution Rs of at
least 1.5 is attained, the system provides the initial start and end
gradient solvent volume concentration values, and the initial gradient
duration value, tg, to a user for review. If (1) the two or more elutable
compounds are not completely eluted as indicated by VI < V. + Vh + VD + VG
and V2 < Vin Vh + VD + VG or (2) a resolution Rs of at least 1.5 is not
attained, the system either (i) provides the initial start and end gradient
solvent volume concentration values, and the initial gradient duration
value, tg, to a user for review, or (ii) initiates a gradient duration
period adjustment procedure. [0246]In some embodiments, the liquid
chromatography systems of the present  invention comprise software or code
that also enables the system to initiate a gradient duration period
adjustment procedure. The gradient duration period adjustment procedure may
comprise (a) increasing the initial gradient duration period value to an
increased gradient duration period value; (b) recalculating (i) retention
volumes for each elutable compound using at least one of equations I and IV
and the increased gradient duration period value, (ii) the average
bandwidth of peaks, wg, using equation II, and (iii) the resolution using
equation III; and (c) determining whether the two or more elutable
compounds are completely eluted as indicated by V1 < + Vh + VD + VG and V2
< Vm 



Vh + VD + VG, and (2) a resolution Rs of at least 1.5 is attained. If (1)
the two or more elutable compounds are completely eluted as indicated by V1
< V. + Vh + VD + VG and  WO 2011/094264PCT/US2011/022513 V2 < VmVh -1- VD +
VG, and (2) a resolution Rs of at least 1.5 is attained, the system
provides the initial start and end gradient solvent volume concentration
values, and the increased gradient duration value to the user for review.
[0247]If (1) the two or more elutable compounds are not completely eluted
as  indicated by V1 <V., + Vh + VD + VG and V2 < Vm Vh + VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, the system repeats steps
(a), (b), and (c), wherein steps (a), (b) and (c) are repeated up to a
first fixed number of times. If the first fixed number of times is reached,
the system either (i) provides the initial start and end gradient solvent
volume concentration values, and the increased gradient duration value to
the user for review, or (ii) initiates a start gradient solvent volume
concentration adjustment procedure. [0248] In some embodiments, the liquid
chromatography systems of the present invention comprise software or code
that further enables the system to initiate a start gradient solvent volume
concentration adjustment procedure. The start gradient solvent volume
concentration adjustment procedure may comprise (e) decreasing the start
gradient solvent volume concentration to a decreased start gradient solvent
volume concentration value; (0 recalculating (i) retention volumes for each
elutable compound using at least one of equations I and IV, the increased
gradient duration period value, the decreased start gradient solvent volume
concentration value, and the initial end gradient solvent volume
concentration value, (ii) the average bandwidth of peaks, wg, using
equation II, and (iii) the resolution using equation III; and (g)
determining whether the two or more elutable compounds are completely
eluted as indicated by V1 < V. + Vi, + V0 -I- VG and V2 < Vm Vh + VD -4-
VG, and (2) a resolution R of at least 1.5 is attained. [0249]If (1) the
two or more elutable compounds are completely eluted as indicated by V1 <+
Vh + VD + VG and V2 < Vm Vh  VD + VG, and (2) a resolution Rs of at least
1.5 is attained, the system provides the decreased start gradient solvent
volume concentration value, the initial end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review. If (1) the two or more elutable compounds are not completely
eluted as indicated by V1 <+ "Vh + VD + VG and V2 <Vh + VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, the 



system repeats steps (e), (f) and (g), wherein steps (e), (f) and (g) are
repeated up to a second fixed number of times. If the second fixed number
of times is reached, the system either (i) provides the decreased start
gradient solvent volume concentration value, the initial end gradient
solvent volume concentration value, and the increased gradient duration
value to the user for review, or (ii) initiates an end gradient solvent
volume concentration adjustment procedure. [0250]In some embodiments, the
liquid chromatography systems of the present invention comprise software or
code that also enables the system to initiate an end gradient solvent
volume concentration adjustment procedure. The end gradient solvent volume
concentration adjustment procedure may comprise (p) decreasing the end
gradient solvent volume concentration to a decreased end gradient solvent
volume concentration value; (q) recalculating (i) retention volumes for
each elutable compound using at least one of equations I and IV, the
increased gradient duration period value, the decreased start gradient
solvent volume concentration value, and the decreased end gradient solvent
volume concentration value, (ii) the average bandwidth of peaks, wg, using
equation II, and (iii) the resolution using equation III; and (r)
determining whether the two or more elutable compounds are completely
eluted as indicated by V1 <V + Vh + VD + VG and V2 < Vm Vh + VD + VG, and
(2) a resolution Rs of at least 1.5 is attained. [0251]If (1) the two or
more elutable compounds are completely eluted as indicated by V1 <V + Vh +
VD  VG and V2 < Vm Vh  VD + VG, and (2) a resolution Rs of at least 1.5 is
attained, the system provides the decreased start gradient solvent volume
concentration value, the decreased end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review. If (1) the two or more elutable compounds are not completely
eluted as indicated by V1 < + Vh VD  VG and V2 < Vm Vh + VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, the system repeats steps
(p), (q) and (r), wherein steps (p), (q) and (r) are repeated up to a third
fixed number of times. If the third fixed number of times is reached, the
system provides the decreased start gradient solvent volume concentration
value, the decreased end gradient solvent volume concentration value, and
the increased gradient duration value to the user for review. [0252]In any
of the above-described liquid chromatography systems, the computing system
is further capable of providing (i) an initial or decreased start solvent
volume concentration value, (ii) an initial or decreased end gradient
solvent volume concentration value, and (iii) the increased gradient
duration value to a liquid chromatography separation unit for use in liquid
chromatography separation unit software,  wherein the liquid chromatography
separation unit software is operatively adapted to accept and utilize (i)
the initial or decreased start solvent volume concentration value, (ii) the
initial or decreased end gradient solvent volume concentration value, and
(iii) the increased gradient duration value during a liquid chromatography
separation procedure. A user simply accepts, modifies, or rejects the
optimized process parameters as presented by the liquid chromatography
system to initiate a liquid chromatography separation run using the
optimized process parameters as presented by the liquid chromatography
system or a variation thereof. [0253]In another exemplary embodiment, a
liquid chromatography system is capable of separating two or more elutable
compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system in communication with the
liquid chromatography system, capable of determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system, and capable of providing the
user with a recommended type of chromatography method, chromatography
media, chromatography column size, and chromatography solvents to employ
for separation of the elutable compounds after a user inputs one or more
properties of the elutable compounds into the computing system. 



[0254]In a further exemplary embodiment, a liquid chromatography system is
capable of separating two or more elutable compounds with liquid
chromatography using one or more properties of the elutable compounds input
into a computing system in communication with the liquid chromatography
system, capable of determining one or more gradient parameter values for a
liquid chromatography separation of the elutable compounds performed by the
computing system, and capable of automatically providing the gradient
parameters to the chromatography system. [0255]In an exemplary embodiment,
a liquid chromatography system includes a computing system; and a user
interface with the computing system; wherein the liquid chromatography
system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable
compounds input into a computing system, which is in communication with the
liquid chromatography system; (b) determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system; and (c)   automatically
providing the gradient parameters to the chromatography system or a user.
[0256] In an exemplary embodiment, the computing system is capable of
determining the gradient parameter values by utilizing chromatography
retention data to estimate capacity factors of two or more elutable
compounds; utilizing the estimated capacity factors in combination with an
optimum capacity factor value to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds. [0257]In one embodiment, the resolution may be recalculated by
varying the start or end gradient solvent volume concentration values as
described herein. [0258]In another exemplary embodiment, the resolution is
recalculated by varying gradient solvent duration volume as described
herein. [0259]In one exemplary embodiment, a computing system using
software in a chromatography separation unit, wherein after resolution
calculation is complete, gradient parameter values (times and
concentrations table) are automatically provided to the chromatography unit
or user for separation of the compounds. [0260]In an even further exemplary
embodiment, a liquid chromatography system is capable of separating two or
more elutable compounds with liquid chromatography using one or more
properties of the elutable compounds input into a computing system in
communication with the liquid chromatography system, capable of determining
one or more gradient parameter values for a liquid chromatography
separation of the elutable compounds performed by the computing system,
capable of automatically providing the gradient parameters to the
chromatography system, and capable of utilizing the computing system to
generate recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds. [0261]In an exemplary embodiment, a
liquid chromatography system includes a 



computing system; and a user interface with the computing system; wherein
the liquid chromatography system is capable of (a) separating two or more
elutable compounds with liquid chromatography using one or more properties
of the elutable compounds input into a computing system, which is in
communication with the liquid chromatography system;   (b) utilizing the
computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds; and (c) utilizing the computing system to detelinine one or more
gradient parameter values for a liquid chromatography separation of the
elutable compounds. [0262]In one exemplary embodiment, the computing system
is capable of automatically providing the gradient parameters to the liquid
chromatography system or a user; and communicating with the liquid
chromatography system to separate the two or more elutable compounds.
[0263]In an exemplary embodiment, the computing system is capable of
determining the gradient parameter values by utilizing chromatography
retention data to estimate capacity factors of two or more elutable
compounds; utilizing the estimated capacity factors in combination with an
optimum capacity factor value to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds. [0264]In one embodiment, the resolution may be recalculated by
varying the start or end gradient solvent volume concentration values as
described herein. [0265]In another exemplary embodiment, the resolution is
recalculated by varying gradient solvent duration volume as described
herein. [0266]In one exemplary embodiment, a computing system using
software in a chromatography separation unit, wherein after resolution
calculation is complete, gradient parameter values (times and
concentrations table) are automatically provided to the chromatography unit
or user for separation of the compounds. [0267]In an exemplary embodiment,
a liquid chromatography system includes a computing system; and a user
interface with the computing system; wherein the liquid chromatography
system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable
compounds input into a computing system, which is in communication with the
liquid chromatography system; (b) determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system; and (c) 



providing the user with a recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds after the user
inputs one or more properties of the elutable compounds into the computing
system. [0268]In an exemplary embodiment, a liquid chromatography system
includes a computing system; and a user interface with the computing
system; wherein the liquid chromatography system is capable of (a)
utilizing the computing system to estimate capacity factors of the two or
more elutable compounds using retention data of the elutable compounds into
a computing system; (b) utilizing the computing system to determine whether
the two or more elutable compounds will not separate with the estimated
capacity factors; (c) utilizing the computing system to generate at least
one recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds; and (d) utilizing the at least one
recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to separate the two
or more elutable compounds. [0269]The present invention is described above
and further illustrated below by way of examples, which are not to be
construed in any way as imposing limitations upon the scope of the
invention. On the contrary, it is to be clearly understood that resort may
be had to various other embodiments, modifications, and equivalents thereof
which, after reading the description herein, may suggest themselves to
those skilled in the art without departing from the spirit of the present
invention and/or the scope of the appended claims. Example 1: Normal phase
separation of two components (Speed Mode).  [0270]The user selected silica
as the TLC plate type (normal phase), spotted the two components (butyl
paraben and methyl paraben) on a plate and ran with a 20% solvent volume
concentration. The Rf values of the two components were 0.35 and 0.24. The
user potted another plate and ran this one with 30% solvent volume
concentration. The Rf values of the two components were 0.50 and 0.39. The
user selected a 12 g silica column (normal phase) and a flow rate of 36
nriL/min for the LC separation. The user inputs the data into the LC
optimizer, which has been installed in a flash chromatography system
(i.e., REVELERISTm flash system available from Grace Davison Discovery
Sciences) and selects the speed mode. [0271]The optimizer calculates m =
1.53 and ko = 0.16 for the first peak and m = 1.74 and ko = 0.19 for the
second peak as parameters for the equation k = koe. Using kopt = 2 as k in
this equation and the parameters for the first peak gives a start gradient
volume concentration of 19%. Using the parameters of the second peak
results in an end gradient volume concentration of 27%. [0272]By setting
the gradient volume at one column volume and iteratively increasing it,
ending (in this case) with maximum gradient volume of ten column volumes,
both components elute from column. The LC optimizer, based on the speed
mode, provides the gradient profile, as set forth in Table 1 below, as
output to user for review. 



Table 1 Time (minutes) Gradient Volume Concentration 0.0 19% 0.7 19% 4.7
27% 3.8 27%  [0273]The gradient profile was also provided as input to a
liquid chromatography 



system component (e.g., liquid chromatography system component 12). The
user accepted the data, and initiated a liquid chromatography separation
procedure. FIG. 13 graphically depicts the actual chromatogram showing
separation of the two elutable components using the optimized gradient
procedure described above in Example 1. Example 2: Normal phase separation
of two components (Purity Mode), [0274]The user selected silica as the TLC
plate type, spotted the two components (butyl paraben and methyl paraben)
on a plate and ran with a 20% solvent volume concentration. The Rf values
of the two components were 0.35 and 0.24. The user then spotted another
plate and ran this one with 30% solvent volume concentration. The Rf values
of the two components were 0.50 and 0.39. The user selected a 12 g silica
column and a flow rate of 36 mL/min for the LC separation. The user inputs
the data into the LC optimizer, which has been installed in a REVELERISTh4
flash system and selects the purity mode.  WO 2011/094264PCT/US2011/022513
[0275]The optimizer calculates m = L53 and ko = 0.16 for the first peak and
m L74 and ko = 0.19 for the second peak as parameters for the equation k =
ko(p-111. Using kopt = 2 as k in this equation and the parameters for the
first peak gives a start gradient volume concentration of 19%. Using the
parameters of the second peak results in an end gradient volume
concentration of 27%. [0276]By setting the gradient volume at one column
volume and iteratively increasing it, ends (in this case) with maximum
gradient volume of ten column volumes, both components elute from column.
Since good resolution is not obtained, based on the purity mode, the LC
optimizer proceeds to the optimization of the start gradient volume
concentration. [0277]The start gradient volume concentration is iteratively
decreased all the way to 0% without obtaining good resolution even though
both components elute from column. The LC optimizer proceeds to the
optimization of the end gradient volume concentration. [0278] The end
gradient volume concentration is iteratively decreased to 19% and both
components elute from column. The optimum resolution for this run time has
been obtained. The gradient profile, as set forth in Table 2 below, is now
provided as output to the user. Table 2 Time (minutes) 



Gradient Volume Concentration 0.0 0% 1.0 0% 4.7 19% 3.8 19%  [0279]The
gradient profile was also provided as input to a liquid chromatography
system component (e.g., liquid chromatography system component 12). The
user accepted the data, and initiated a liquid chromatography separation
procedure. FIG. 14 graphically depicts the actual chromatogram showing
separation of the two elutable components using the optimized gradient
procedure described above in Example 2. Example 3: Nollal phase separation
of two components (Speed Mode).  [0280]The user selected silica as the TLC
plate type, spotted the two components 



(dioctyl phthalate and butyl paraben) on a plate and ran with a 20% solvent
volume concentration. The Rf values of the two components were 0.75 and
0.35. The user then  spotted another plate and ran this one with 30%
solvent volume concentration. The Rf values of the two components were 0.80
and 0.50. The user selected a 12 g silica column and a flow rate of 36
mL/min for the LC separation. The user inputs the data into the LC
optimizer, which has been installed in a REVELERIS flash system and selects
the speed mode. [0281]The optimizer calculates m = 0.71 and ko = 0.11 for
the first peak and in = 1.53 and ko = 0.16 for the second peak as
parameters for the equation k = kw'. Using 'Copt = 2 as k in this equation
and the parameters for the first peak gives a start gradient volume
concentration of 2%. Using the parameters of the second peak results an end
gradient volume concentration of 20%. [0282]By setting the gradient volume
at one column volume and iteratively increasing it, ending (in this case)
with a maximum gradient volume of five column volumes, both components
elute from column, Good resolution is obtained. The LC optimizer, based on
the speed mode, provides the gradient profile, as set forth in Table 3
below, as output to user for review. Table 3 Time (minutes) GradientVolume
Concentration OA 2% 0.6 



2% 2.4  20% EMI= 20%   [0283]The gradient profile was also provided as
input to a liquid chromatography system component (e.g., liquid
chromatography system component 12). The user accepted the data, and
initiated a liquid chromatography separation procedure. FIG. 15 graphically
depicts the actual chromatogram showing separation of the two elutable
components using the optimized gradient procedure described above in
Example 3. Example 4: Normal phase separation of two components (Purity
Mode).  [0284]The user selected silica as the TLC plate type, spotted the
two components (dioctyl phthalate and butyl paraben) on a plate and ran
with a 20% solvent volume concentration. The Rf values of the two
components (dioctyl phthalate and butyl paraben) were 0.75 and 0.35. The
user then spotted another plate and ran this one with 30% solvent  volume
concentration. The Rf values of the two components were 0.80 and 0.50. The
user selected a 12 g silica column and a flow rate of 36 mUtnin for the LC
separation. The user inputs the data into the LC optimizer, which has been
installed in a REVELERIS flash system and selects the purity mode.
[0285]The optimizer calculates m = 0.71 and ko = 0.11 for the first peak
and m = 



1.53 and ko = 0.16 for the second peak as parameters for the equation k =
kw'. Using kopt = 2 as k in this equation and the parameters for the first
peak provides a start gradient volume concentration of 2%. Using the
parameters of the second peak provides an end gradient volume concentration
of 20%. [0286]By setting the gradient volume at one column volume and
iteratively increasing it, ending (in this case) with maximum gradient
volume of ten column volumes based on the purity mode setting, both
components elute from column. Because of the rigorous conditions set in the
purity mode, better resolution is obtained than in speed mode. The LC
optimizer provides the gradient profile, as set forth in Table 4 below, as
output to user for review. 'fable 4 Time (minutes) GradientVolume
Concentration 0.0 2% 0.6 2% 4.7 20% 2.7 20%  



[0287]The gradient profile was also provided as input to a liquid
chromatography system component (e.g., liquid chromatography system
component 12). The user accepted the data, and initiated a liquid
chromatography separation procedure. FIG. 16 graphically depicts the actual
chromatogram showing separation of the two elutable components using the
optimized gradient procedure described above in Example 4. Exam.le 5:
Normal hase se ation of three corn ionents. [0288]The user selected silica
as the TLC plate type, spotted the three components (a-Tocopherol,
6-tocopherol, and methyl paraben) on a plate and ran with a 20% solvent
volume concentration. The Rf values of the three components were 0.69, 0.57
and 0.24. The user then spotted another plate and ran this one with 30%
solvent volume  concentration. The Rf values of the three components were
0.75, 0.68 and 0.39. The user selected a 12 g silica column and a flow rate
of 36 inLimin for the LC separation. The user inputs the data into the LC
optimizer, which has been installed in a REVELERISTm flash system.
[0289]The optimizer calculates m = 0.74 and ko = 0.14 for the first peak, m
= 1.16 and ko = 0.12 for the second peak and m = 1.74 and ko = 0.19 for the
third peak as parameters for the equation k = km'. Using kop, = 2 as k in
this equation and the parameters for the first peak gives a start gradient
volume concentration of 3%. Using the parameters of the second peak gives
an end gradient volume concentration for the first segment of 9%. Using the
parameters of the third peak gives an end gradient volume concentration for
the second segment of 27%. [0290]By setting the gradient volume of the
first segment at one column volume and iteratively increasing it, ending
with a gradient volume of 3 column volumes, good resolution is obtained.
The first and second peaks elute but the third does not. Consequently, the
use of a second segment is needed to achieve resolution of the components.
By setting the gradient volume of the second segment at one column volume
and iteratively increasing it, ending with a gradient volume of 4 column
volumes, good resolution is obtained. The LC optimizer provides the
gradient profile, as set forth in Table 5 below, as output to user for
review. Table 5 



Time (minutes) GradientVolume Concentration 0.0 3% 0.6 3% A 9% .9 27% 23
27%   [0291]The gradient profile was also provided as input to a liquid
chromatography 



system component (e.g., liquid chromatography system component 12). The
user accepted the data, and initiated a liquid chromatography separation
procedure. FIG. 17 graphically depicts the actual chromatogram showing
separation of the three elutable components using the optimized gradient
procedure described above in Example 5. WO 2011/094264PCT/US2011/022513
[0292]While the invention has been described with a limited number of
embodiments, these specific embodiments are not intended to limit the scope
of the invention as otherwise described and claimed herein. It may be
evident to those of ordinary skill in the art upon review of the exemplary
embodiments herein that further modifications, equivalents, and variations
are possible. All parts and percentages in the examples, as well as in the
remainder of the specification, are by weight unless otherwise specified,
[0293]Further, any range of numbers recited in the specification or claims,
such as that representing a particular set of properties, units of measure,
conditions, physical states or percentages, is intended to literally
incorporate expressly herein by reference or otherwise, any number falling
within such range, including any subset of numbers within any range so
recited. For example, whenever a numerical range with a lower limit, Ru,
and an upper limit Ru, is disclosed, any number R falling within the range
is specifically disclosed. In particular, the following numbers R within
the range are specifically disclosed: R = + k(Ru -RE), where k is a
variable ranging from 1% to 100% with a 1% increment, e.g., k is 1%, 2%,
3%, 4%, 5%. ... 50%, 51%, 52%, 95%, 96%, 97%, 98%, 99%, or 100%. Moreover,
any numerical range represented by any two values of R, as calculated above
is also specifically disclosed. [0294]Any modifications of the invention,
in addition to those shown and described herein, will become apparent to
those skilled in the art from the foregoing description and accompanying
drawings. Such modifications are intended to fall within the scope of the
appended claims. All publications cited herein are incorporated by
reference in their entirety.  WHAT IS CLAIMED IS:  1. A method of
determining one or more gradient parameter values for a liquid
chromatography separation, said method comprising:             utilizing
chromatography retention data to estimate capacity factors, k's, of two or
more elutable compounds within (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration; and
utilizing the estimated capacity factors in combination with an optimum
capacity factor value, kopt, to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation.  2. The
method of claim 1, wherein said method comprises: 



utilizing the capacity factors, k's, and the first and second solvent
volume concentrations to determine parameters (i) ko and m or (ii) a and m
of at least one equation selected from: k = kotp-m for a noinial phase
system, and In k = a - mq) for a reverse phase system; and
calculating initial start and end gradient solvent volume concentration
values, (pis and (pie respectively, using an optimum capacity factor value,
kopt and parameters (i) ko and m or (ii) a and m in at least one equation
selected from: tpi = [(koikopt)um] for a normal phase system, and = [(a -
In k0)/m] for a reverse phase system.  3. The method of claim 2, wherein
the optimum capacity factor value, kopt, is equal to 2.0.  4. The method of
claim 2, further comprising:             utilizing the initial start and
end gradient solvent volume concentration values, and a gradient duration
period value to calculate (i) retention volumes for each  WO
2011/094264PCT/US2011/022513 elutable compound using at least one equation
selected from: km +1)11(k-(VD +1( h)Am)+ A(n1+ A 



rn+1 - + V B (I), and   1  lnimB 117,, e-(VD + )1+ 11+ + VD + V h B)(IV),
wherein: A = the start gradient volume concentration value;       B = [(the
end gradient volume concentration value) - (the start gradient volume
concentration value)]/(the gradient duration period value); V", is a column
void volume; VD is a dwell volume; and Vh is an initial hold volume; 



(ii) an average bandwidth of peaks of each elutable compound, wg, using
equation 11: wk 2 VI + V2 /R/7\1- (11), wherein:        VI and V2 are VR
values for elutable compounds 1 and 2 using equation I or IV above; and N
is a column efficiency; and (iii) a resolution between component peaks
using equation III: = (V2 - V i)/Wg(III) ; and              if (1) the two
or more elutable compounds are completely eluted as indicated by V1 <V," +
Vh -I- VD  VG and V2 < Vm Vh  VD  V0. and (2) a resolution Rs of at least
1.5 is attained, said method further comprises providing the initial start
and end gradient solvent volume concentration values, and the initial
gradient duration value, tg, to a user for review; and             if (1)
the two or more elutable compounds are not completely eluted as indicated
by Vi < Vm + Vh + VD  VG and V2 < Vm Vh  VD  VG or (2) a resolution Rs of
at least 1.5 is not attained, said method further comprises initiating a
gradient duration period adjustment procedure. 5.The method of claim 4,
wherein the gradient duration period adjustment procedure comprises:  WO
2011/094264PCT/US2011/022513              (a) increasing the initial
gradient duration period value to an increased gradient duration period
value; 



(b) recalculating (i) retention volumes for each elutable compound using at
least one of equations I and IV and the increased gradient duration period
value, (ii) the average bandwidth of peaks, wg, using equation II, and
(iii) the resolution using equation III;              (c) determining
whether the two or more elutable compounds are completely eluted as
indicated by V1 < V. + Vh + VD + VG and V2 < Vm Vh VD + VG, and (2) a
resolution Rs of at least 1.5 is attained, and                    if (1)
the two or more elutable compounds are completely eluted as indicated by V1
< + Vh + VD + VG and V2 < Vm Vh  VD + VG, and (2) a resolution Rs of at
least 1.5 is attained, said method further comprises providing the initial
start and end gradient solvent volume concentration values, and the
increased gradient duration value to the user for review, or
if (1) the two or more elutable compounds are not completely eluted as
indicated by VI < + Vh + VD A- VG and V2 < Vm Vh -I- VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, said method further
comprises repeating steps (a), (b) and (c), wherein steps (a), (b) and (c)
are repeated up to a first fixed number of times; and if the first fixed
number of times is reached,                   providing the initial start
and end gradient solvent volume concentration values, and the increased
gradient duration value to the user for review, or initiating a start
gradient solvent volume concentration adjustment procedure. 6.The method of
claim 5, wherein said method further comprises said step of initiating the
start gradient solvent volume concentration adjustment procedure, wherein
said start gradient solvent volume concentration adjustment procedure
comprises:              (e) decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration
value;              (f) recalculating (i) retention volumes for each
elutable compound 



using at least one of equations I and IV, the increased gradient duration
period value, the decreased start gradient solvent volume concentration
value, and the initial end gradient  solvent volume concentration value,
(ii) the average bandwidth of peaks, Wg, using equation H, and (iii) the
resolution using equation III; (g)determining whether the two or more
elutable compounds are completely eluted as indicated by V1 <V + Vh + VD +
VG and V, < Vm + Vh VD + VG, and (2) a resolution Rs of at least 1.5 is
attained, and                    if (1) the two or more elutable compounds
are completely eluted as indicated by Vi < Vn, + Vh + VD + VG and V2 < Vrn
Vh -I- VD + VG, and (2) a resolution Rs of at least 1.5 is attained, said
method further comprises providing the decreased start gradient solvent
volume concentration value, the initial end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review, or                    if (1 ) the two or more elutable
compounds are not completely eluted as indicated by V1 < + Vh + VD + VG and
V2 < Vh + VD + VG or (2) a resolution Rs of at least 1.5 is not attained,
said method further comprises repeating steps (e), (0 and (g), wherein
steps (e), (f) and (g) are repeated up to a second fixed number of times;
and if the second fixed number of times is reached,
providing the decreased start gradient solvent volume concentration value,
the initial end gradient solvent volume concentration value, and the
increased gradient duration value to the user for review, or initiating an
end gradient solvent volume concentration adjustment procedure. 7.The
method of claim 6, wherein said method further comprises said step of
initiating the end gradient solvent volume concentration adjustment
procedure, wherein said end gradient solvent volume concentration
adjustment procedure comprises:              (p) decreasing the end
gradient solvent volume concentration to a decreased end gradient solvent
volume concentration value; 



(q) recalculating (i) retention volumes for each elutable compound using at
least one of equations I and IV, the increased gradient duration period
value, the decreased start gradient solvent volume concentration value, and
the decreased end gradient solvent volume concentration value, (ii) the
average bandwidth of peaks, wg, using equation II, and (iii) the resolution
using equation HI;              (r) determining whether the two or more
elutable compounds are  completely eluted as indicated by V1 <V., + Vh + VD
+ VG and V2 < Vm Vh + VD + VG, and (2) a resolution Rs of at least 1.5 is
attained, and                   if (1) the two or more elutable compounds
are completely eluted as indicated by V1 <V + Vh + VD + VG and V2 < Vm Vh +
VD + VG, and (2) a resolution Rs of at least 1.5 is attained, said method
further comprises providing the decreased start gradient solvent volume
concentration value, the decreased end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review, or                    if (1) the two or more elutable compounds
are not completely eluted as indicated by V1 < + Vh + VD + VG and V2 < Vm
Vh + VD + VG or (2) a resolution Rs of at least 1.5 is not attained, said
method further comprises repeating steps (p), (q) and (r), wherein steps
(p), (q) and (r) are repeated up to a third fixed number of times; and if
the third fixed number of times is reached,                    providing
the decreased start gradient solvent volume concentration value, the
decreased end gradient solvent volume concentration value, and the
increased gradient duration value to the user for review.  8. The method of
claim 7, wherein the initial gradient duration period value is one column
volume, each increased gradient duration period value differs from one
another by about one column volume, each decreased start gradient solvent
volume concentration value comprises about 90% of a previous start gradient
solvent volume concentration value, each decreased end gradient solvent
volume concentration value comprises about 90% of a previous end gradient
solvent volume concentration value, the first fixed number of times is
about 10, the second fixed number of times is about 100, and the third
fixed number of times is about 100.  9. The method of claim 2, wherein said
step of utilizing the capacity factors comprises determining parameters ko
and m.  10. The method of claim 5, wherein said step of providing the
initial start and end gradient solvent volume concentration values, and the
increased gradient duration value to the user for review also comprises
providing the initial start and end gradient solvent volume concentration
values, and the increased gradient duration value to a liquid 



chromatography separation unit for use in liquid chromatography separation
unit software, wherein the liquid chromatography separation unit software
is operatively adapted to accept and utilize the initial start and end
gradient solvent volume concentration values, and the increased gradient
duration value during a liquid chromatography separation procedure.  11. A
computer readable medium having stored thereon computer-executable
instructions for performing the method of claim 5.  12. A computer readable
medium having stored thereon computer-executable instructions for
performing the method of claim 8.  13. A liquid chromatography system
comprising: a computing system, user interface with said computing system,
and            programmable instructions or software that enables
performance of the method of claim 8.  14. The liquid chromatography system
of claim 13, further comprising: a liquid chromatography separation unit
comprising: a liquid chromatography column, a fraction collector, and
liquid chromatography separation unit software, wherein the liquid
chromatography separation unit software is operatively adapted to accept
and utilize one or more optimized process parameters from the computing
system while separating a sample in the liquid chromatography column. 15. A
liquid chromatography system capable of providing one or more separation
parameter values to a user for a liquid chromatography separation, said
system comprising: a computing system, and a user interface with said
computing system, 



said computing system being capable of:                       utilizing
chromatography retention data to estimate capacity factors, k's, of two or
more elutable compounds within (i) a first separation comprising a first
solvent volume concentration and (ii) a second separation comprising a
second solvent volume concentration, wherein the second solvent volume
concentration is different than the first solvent volume concentration;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value, kept, to determine (i) a start gradient solvent
volume concentration value, and (ii) an end gradient solvent volume
concentration value for the liquid chromatography separation; and
providing (i) the start gradient solvent volume concentration value, and
(ii) the end gradient solvent volume concentration value to the user for
review,  16. The liquid chromatography system of claim 15, wherein said
user interface comprises a visual display for the user.  17. The liquid
chromatography system of claim 15, wherein said computing system is capable
of:            utilizing the capacity factors, k, and the first and second
solvent volume concentrations to determine parameters (i) ko and m or (ii)
a and m of at least one equation selected from: k = ko9-m for a normal
phase system, and In k = a - m9 for a reverse phase system;
calculating initial start and end gradient solvent volume concentration
values, (pis and (pie respectively, using an optimum capacity factor value,
kvt and parameters (i) ko and m or (ii) a and m in at least one equation
selected from: = [(ko/kopt)lh] for a normal phase system, and 9 =- In
k0)/m] for a reverse phase system;             utilizing the initial start
and end gradient solvent volume concentration values, and a gradient
duration period value to calculate (i) retention volumes for each elutable
compound using at least one equation selected from: 



In mB V ",e(a-InA) -(VD Vh )1+ 11+ Vrm + VD  Vh  wherein: A = the start
gradient volume concentration value;       B = [(the end gradient volume
concentration value) - (the start gradient volume concentration
value)]/(the gradient duration period value); Vrn is a column void volume;
VD is a dwell volume; and Vh is an initial hold volume; (ii) an average
bandwidth of peaks of each elutable compound, wg, using equation II: wg
.2.(/1+V2)1 JN (II), wherein:        V t and V2 are VR values for elutable
compounds 1 and 2 using equation I or IV above; and N is a column
efficiency; and 



(iii) a resolution between component peaks using equation III: Rs = (V2 -
VO/Wg(III) ; and              if (1) the two or more elutable compounds are
completely eluted as indicated by V1 < + Vh + VD + VG and V2 < Vm + Vh + VD
+ VG, and (2) a resolution Rs of at least 1.5 is attained, providing the
initial start and end gradient solvent volume concentration values, and the
initial gradient duration value, tg, to a user for review; and
if (1) the two or more elutable compounds are not completely eluted as
indicated by V t <V", + Vh + V0 + VG and V2 < Vm + Vh + VD + VG or (2) a
resolution Rs of at least 1.5 is not attained, either:          providing
the initial start and end gradient solvent volume concentration values, and
the initial gradient duration value, tg, to a user for review, or
initiating a gradient duration period adjustment procedure. 18.The liquid
chromatography system of claim 17, wherein said step of initiating the
gradient duration period adjustment procedure comprises: (a)increasing the
initial gradient duration period value to an increased gradient duration
period value;  WO 2011/094264PCT/US2011/022513            (b) recalculating
(i) retention volumes for each elutable compound using at least one of
equations I and IV and the increased gradient duration period value, (ii)
the average bandwidth of peaks, wg, using equation II, and (iii) the
resolution using equation Ill;            (c) determining whether the two
or more elutable compounds are completely eluted as indicated by VI <+ Vh +
VD + VG and V2 < Vm Vh VD + VG, 



and (2) a resolution Rs of at least 1.5 is attained, and                 if
(1) the two or more elutable compounds are completely eluted as indicated
by V1 < V. + Vh + VD + VG and V2 < Vm Vh + VD + VG, and (2) a resolution Rs
of at least 1.5 is attained, providing the initial start and end gradient
solvent volume concentration values, and the increased gradient duration
value to the user for review, or                 if (1) the two or more
elutable compounds are not completely eluted as indicated by V1 <V", + Vh +
VD + VG and V2 < Vm Vh + VD + VG or (2) a resolution Rs of at least 1.5 is
not attained, repeating steps (a), (b) and (c), wherein steps (a), (b) and
(c) are repeated up to a first fixed number of times; and if the first
fixed number of times is reached,                 providing the initial
start and end gradient solvent volume concentration values, and the
increased gradient duration value to the user for review, or initiating a
start gradient solvent volume concentration adjustment procedure. 19.The
liquid chromatography system of claim 18, wherein said step of initiating
the start gradient solvent volume concentration adjustment procedure
comprises:           (e)decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration
value; (0recalculating (i) retention volumes for each elutable compound
using at least one of equations I and IV, the increased gradient duration
period value, the decreased start gradient solvent volume concentration
value, and the initial end gradient solvent volume concentration value,
(ii) the average bandwidth of peaks, wg, using equation II, and (iii) the
resolution using equation III;  WO 2011/094264PCT/US2011/022513 



(g)determining whether the two or more elutable compounds are completely
eluted as indicated by VI <+ Vh + VD + VG and V2 < Vm Vh + VD + VG/ and (2)
a resolution Rs of at least 1.5 is attained, and                   if (I)
the two or more elutable compounds are completely eluted as indicated by V1
<Vrn + Vh + VD + VG and V2 < Vm Vh + VD + VG, and (2) a resolution Rs of at
least 1.5 is attained, providing the decreased start gradient solvent
volume concentration value, the initial end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review, or                    if (1) the two or more elutable compounds
are not completely eluted as indicated by V1 < + Vh + VD + VG and V2 < Vm
Vh + VD + VG or (2) a resolution R, of at least 1.5 is not attained,
repeating steps (e), (f) and (g), wherein steps (e), (f) and (g) are
repeated up to a second fixed number of times; and if the second fixed
number of times is reached,                   providing the decreased start
gradient solvent volume concentration value, the initial end gradient
solvent volume concentration value, and the increased gradient duration
value to the user for review, or initiating an end gradient solvent volume
concentration adjustment procedure. 20.The liquid chromatography system of
claim 19, wherein said step of initiating the end gradient solvent volume
concentration adjustment procedure comprises:              (p) decreasing
the end gradient solvent volume concentration to a decreased end gradient
solvent volume concentration value;              (q) recalculating (i)
retention volumes for each elutable compound using at least one of
equations I and IV, the increased gradient duration period value, the
decreased start gradient solvent volume concentration value, and the
decreased end gradient solvent volume concentration value, (ii) the average
bandwidth of peaks, wg, using equation II, and (iii) the resolution using
equation III; 



(r) determining whether the two or more elutable compounds are completely
eluted as indicated by V] <+ Vh + VD + VG and V, < V. + Vh VD + VG, and (2)
a resolution Rs of at least 1.5 is attained, and                        if
(1) the two or more elutable compounds are completely eluted as indicated
by V1 <V", + Vh + VD + VG and V2 < Vm Vh + VD + VG, and (2) a resolution Rs
of at least 1.5 is attained, providing the decreased start gradient solvent
volume concentration value, the decreased end gradient solvent volume
concentration value, and the increased gradient duration value to the user
for review, or                    if (1) the two or more elutable compounds
are not completely eluted as indicated by V1 <V + Vh + VD + VG and V2 < Vm
Vh -I- VD + VG or (2) a resolution Rs of at least 1.5 is not attained,
repeating steps (p), (q) and (r), wherein steps (p), (q) and (r) are
repeated up to a third fixed number of times; and if the third fixed number
of times is reached,                    providing the decreased start
gradient solvent volume concentration value, the decreased end gradient
solvent volume concentration value, and the increased gradient duration
value to the user for review.  21. The liquid chromatography system of
claim 19, wherein said computing system is further capable of providing (i)
an initial or decreased start solvent volume concentration value, (ii) an
initial or decreased end gradient solvent volume concentration value, and
(iii) the increased gradient duration value to a liquid chromatography
separation unit for use in liquid chromatography separation unit software,
wherein the liquid chromatography separation unit software is operatively
adapted to accept and utilize (i) the initial or decreased start solvent
volume concentration value, (ii) the initial or decreased end gradient
solvent volume concentration value, and (iii) the increased gradient
duration value during a liquid chromatography separation procedure.  22. A
method of determining one or more gradient parameter values for a liquid
chromatography separation, said method comprising:             utilizing
chromatography retention data to estimate capacity factors of two or more
elutable compounds; and             utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation.  WO 2011/094264PCT/US2011/022513 23.The method of claim 22,
wherein the chromatography retention data is obtained 



using thin layer chromatography. 24.The method of claim 22, wherein the
step of utilizing chromatography retention data to estimate capacity
factors of the two or more elutable compounds comprises (i) a first
separation comprising a first solvent volume concentration and (ii) a
second separation comprising a second solvent volume concentration, wherein
the second solvent volume concentration is different than the first solvent
volume concentration. 25.The method of claim 22, further comprising
utilizing the start and end gradient solvent volume concentration values to
calculate retention volumes of each elutable compound. 26.The method of
claim 25, further comprising utilizing the retention volumes of each
elutable compound to calculate resolution between each elutable compound.
27.The method of claim 26, further comprising initiating a gradient
duration adjustment procedure if the resolution between each elutable
compound is not achieved. 28.The method of claim 27, further comprising,
(a) increasing an initial gradient duration period value to an increased
gradient duration period value;             (b) recalculating retention
volumes for each elutable compound;             (c) detennining whether
resolution between each elutable compound is achieved; and 



(d) repeating steps (a), (b), and (c) if resolution is not achieved. 29.The
method of claim 22, further comprising initiating a start gradient solvent
concentration adjustment procedure. 30.The method of claim 29, further
comprising,  WO 2011/094264PCT/US2011/022513              (a) decreasing
the start gradient solvent volume concentration to a decreased start
gradient solvent volume concentration value;              (b) recalculating
retention volumes for each elutable compound;              (c) determining
whether resolution between each elutable compound is achieved; and
(d) repeating steps (a), (b), and (c) if resolution is not achieved. 31.The
method of claim 22, further comprising initiating an end gradient solvent
concentration adjustment procedure. 32.The method of claim 31, further
comprising,              (a) decreasing the end gradient solvent volume
concentration to a decreased end gradient solvent volume concentration
value;              (b) recalculating retention volumes for each elutable
compound; 



(c) determining whether resolution between each elutable compound is
achieved; and d)repeating steps (a), (b), and (c) if resolution is not
achieved. 33.A method of determining one or more gradient parameter values
for a liquid chromatography separation, said method comprising:
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;             utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and             utilizing the start and end gradient solvent
volume concentration values to calculate retention volumes of each elutable
compound. 34.The method of claim 33, further comprising utilizing the
retention volumes of each elutable compound to calculate resolution between
each elutable compound.  WO 2011/094264PCT/US2011/022513 35.The method of
claim 34, further comprising initiating a gradient duration adjustment
procedure if the resolution between each elutable compound is not achieved.
36.The method of claim 35, further comprising, 



(a) increasing an initial gradient duration period value to an increased
gradient duration period value;            (b) recalculating retention
volumes for each elutable compound;            (c) determining whether
resolution between each elutable compound is achieved; and            (d)
repeating steps (a), (b), and (c) if resolution is not achieved. 37.The
method of claim 33, further comprising initiating a start gradient solvent
concentration adjustment procedure. 38.The method of claim 37, further
comprising,            (a) decreasing the start gradient solvent volume
concentration to a decreased start gradient solvent volume concentration
value;            (b) recalculating retention volumes for each elutable
compound;            (c) determining whether resolution between each
elutable compound is achieved; and            (d) repeating steps (a), (b),
and (c) if resolution is not achieved. 39.The method of claim 33, further
comprising initiating an end gradient solvent concentration adjustment
procedure. 40.The method of claim 39, further comprising, 



(a) decreasing the end gradient solvent volume concentration to a decreased
end gradient solvent volume concentration value;            (b)
recalculating retention volumes for each elutable compound;            (c)
determining whether resolution between each elutable compound is achieved;
and            (d) repeating steps (a), (b), and (c) if resolution is not
achieved.  WO 2011/094264PCT/US2011/022513 41.A method of determining one
or more gradient parameter values for a liquid chromatography separation,
said method comprising:            utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation; and            utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds. 42.The method of claim 41, further comprising initiating a
gradient duration adjustment procedure if the resolution between each
elutable compound is not achieved. 



43.The method of claim 42, further comprising,            (a) increasing an
initial gradient duration period value to an increased gradient duration
period value;            (b) recalculating retention volumes for each
elutable compound;            (c) determining whether resolution between
each elutable compound is achieved; and            (d) repeating steps (a),
(b), and (c) if resolution is not achieved. 44.The method of claim 41,
further comprising initiating a start gradient solvent concentration
adjustment procedure. 45.The method of claim 44, further comprising,
(a) decreasing the start gradient solvent volume concentration to a
decreased start gradient solvent volume concentration value;            (b)
recalculating retention volumes for each elutable compound;  WO
2011/094264PCT/US2011/022513            (c) determining whether resolution
between each elutable compound is achieved; and            (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 



46.The method of claim 41, further comprising initiating an end gradient
solvent concentration adjustment procedure. 47.The method of claim 46,
further comprising,            (a) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume
concentration value;            (b) recalculating retention volumes for
each elutable compound;            (c) determining whether resolution
between each elutable compound is achieved; and            (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 48.The method of
claim 41, wherein the resolution is recalculated by varying the start or
end gradient solvent volume concentration values. 49.The method of claim
41, wherein the resolution is recalculated by varying gradient solvent
duration volume. 50.The method of claim 41 performed by a computing system
using software in a liquid chromatography system, wherein after resolution
calculation is complete, gradient parameter values are automatically
provided to the liquid chromatography system or a user for separation of
the compounds. 



51.The method of claim 41 performed by a computing system using software in
a liquid chromatography system, wherein after a user inputs the elutable
compound properties into the computing system, the computing system
provides the user with at least one recommended type of chromatography
method, chromatography media, chromatography column size, and
chromatography solvents to employ for separation of the elutable compounds.
WO 2011/094264PCT/US2011/022513 52. A method of separating two or more
elutable compounds using liquid chromatography comprising:
inputting one or more properties of the elutable compounds into a computing
system in a liquid chromatography system;       utilizing the computing
system to generate gradient parameters values; automatically providing the
gradient parameters to the liquid chromatography system or a user; and
separating the two or more elutable compounds.  53. The method of claim 52,
wherein the gradient parameter values are determined by the method
comprising:              utilizing chromatography retention data to
estimate capacity factors of two or more elutable compounds;
utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation; and             utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds.  54. The method of claim 53, wherein the resolution is
recalculated by varying the start or end gradient solvent volume
concentration values.  55. The method of claim 53, wherein the resolution
is recalculated by varying gradient solvent duration volume.  56. The
method of claim 52 performed by a computing system using software in a
liquid chromatography system, wherein after a user inputs the elutable
compound properties into the computing system, the computing system
provides the user with at least one recommended type of chromatography
method, chromatography media,  



chromatography column size, and chromatography solvents to employ for
separation of elutable compounds. 57.A method of separating two or more
elutable compounds using liquid chromatography comprising:
inputting one or more properties of the elutable compounds into a computing
system in a liquid chromatography system;              utilizing the
computing system to generate recommended type of chromatography method,
chromatography media, chromatography column size, and chromatography
solvents to employ for separation of the elutable compounds; and utilizing
the computing system to generate gradient parameters values. 58The method
of claim 57, further comprising;              automatically providing the
gradient parameters to the liquid chromatography system or a user; and
separating the two or more elutable compounds.  59. The method of claim 57,
further comprising imputing chromatography retention data of the two or
more eluatable compounds prior to the step of utilizing the computing
system to generate gradient parameters.  60. The method of claim 57,
wherein the gradient parameter values are determined by the method
comprising:             utilizing chromatography retention data to estimate
capacity factors of two or more elutable compounds;             utilizing
the estimated capacity factors in combination with an optimum capacity
factor value to determine (i) a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the
liquid chromatography separation; and             utilizing the start and
end gradient solvent volume concentration values to calculate the elutable
compound retention volumes and resolution between the elutable compounds.  



WO 2011/094264PCT/US2011/022513  61. The method of claim 57, wherein the
resolution is recalculated by varying the start or end gradient solvent
volume concentration values.  62. The method of claim 57, wherein the
resolution is recalculated by varying gradient solvent duration volume.
63. A method of separating two or more elutable compounds using liquid
chromatography comprising:            inputting chromatography retention
data of the elutable compounds into a computing system in a liquid
chromatography apparatus;            utilizing the computing system to
estimate capacity factors of the two or more elutable compounds;
utilizing the computing system to determine whether the two or more
elutable compounds will not separate with the estimated capacity factors;
utilizing the computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds; and            utilizing the at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to separate the two or more elutable compounds.
64. A liquid chromatography system comprising: a computing system; and a
user interface with the computing system; wherein the computing system is
capable of utilizing chromatography retention data to estimate capacity
factors of two or more elutable compounds; and utilizing the estimated
capacity factors in combination with an optimum capacity factor value to
determine (i) a start gradient solvent volume concentration value, and (ii)
an end gradient solvent volume concentration value for the liquid
chromatography separation.  WO 2011/094264PCT/US2011/022513 



65. The liquid chromatography system of claim 64, wherein the
chromatography retention data is obtained using thin layer chromatography.
66. The liquid chromatography system of claim 64, wherein the computing
system is capable of utilizing the chromatography retention data to
estimate capacity factors of the two or more elutable compounds comprising
(i) a first separation comprising a first solvent volume concentration and
(ii) a second separation comprising a second solvent volume concentration,
wherein the second solvent volume concentration is different than the first
solvent volume concentration.  67. The liquid chromatography system of
claim 64, wherein the computing system is capable of utilizing the start
and end gradient solvent volume concentration values to calculate retention
volumes of each elutable compound.  68. The liquid chromatography system of
claim 67, wherein the computing system is capable of utilizing the
retention volumes of each elutable compound to calculate resolution between
each elutable compound.  69. The liquid chromatography system of claim 68,
wherein the computing system is capable of initiating a gradient duration
adjustment procedure if the resolution between each elutable compound is
not achieved.  70. The liquid chromatography system of claim 69, wherein
the computing system is capable of,              (a) increasing an initial
gradient duration period value to an increased gradient duration period
value;              (b) recalculating retention volumes for each elutable
compound; 



(c) determining whether resolution between each elutable compound is
achieved; and              (d) repeating steps (a), (b), and (c) if
resolution is not achieved.  WO 2011/094264PCT/US2011/022513 71.The liquid
chromatography system of claim 64, wherein the computing system is capable
of initiating a start gradient solvent concentration adjustment procedure.
72.The liquid chromatography system of claim 71, wherein the computing
system is capable of,              (a) decreasing the start gradient
solvent volume concentration to a decreased start gradient solvent volume
concentration value;              (b) recalculating retention volumes for
each elutable compound;              (c) determining whether resolution
between each elutable compound is achieved; and              (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 73.The liquid
chromatography system of claim 64, wherein the computing system is capable
of initiating an end gradient solvent concentration adjustment procedure. 



74.The liquid chromatography system of claim 73, further comprising,
(a) decreasing the end gradient solvent volume concentration to a decreased
end gradient solvent volume concentration value;              (b)
recalculating retention volumes for each elutable compound;
(c) determining whether resolution between each elutable compound is
achieved; and              (d) repeating steps (a), (b), and (c) if
resolution is not achieved. 75.A liquid chromatography system comprising: a
computing system; and a user interface with the computing system; wherein
the computing system is capable of utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; utilizing
the estimated capacity factors in combination with an optimum capacity
factor value to determine (i) a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the
liquid chromatography separation; and utilizing the start and end gradient
solvent volume concentration values to calculate the elutable compound
retention volumes. 76.The liquid chromatography system of claim 75, wherein
the computing system is capable of utilizing the retention volumes of each
elutable compound to calculate resolution between each elutable compound.
77.The liquid chromatography system of claim 76, wherein the computing
system is capable of initiating a gradient duration adjustment procedure if
the resolution between each elutable compound is not achieved. 78.The
liquid chromatography system of claim 77, wherein the computing system is 



capable of,            (a) increasing an initial gradient duration period
value to an increased gradient duration period value;            (b)
recalculating retention volumes for each elutable compound;            (c)
determining whether resolution between each elutable compound is achieved;
and            (d) repeating steps (a), (b), and (c) if resolution is not
achieved. 79.The liquid chromatography system of claim 75, wherein the
computing system is capable of initiating a start gradient solvent
concentration adjustment procedure. 80.The liquid chromatography system of
claim 79, wherein the computing system is capable of,            (a)
decreasing the start gradient solvent volume concentration to a decreased
start gradient solvent volume concentration value;            (b)
recalculating retention volumes for each elutable compound;            (c)
determining whether resolution between each elutable compound is 



achieved; and            (d) repeating steps (a), (b), and (c) if
resolution is not achieved.  WO 2011/094264PCT/US2011/022513 81.The liquid
chromatography system of claim 75, wherein the computing system is capable
of initiating an end gradient solvent concentration adjustment procedure.
82.The liquid chromatography system of claim 81, wherein the computing
system is capable of,              (a) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume
concentration value;              (b) recalculating retention volumes for
each elutable compound;              (c) detennining whether resolution
between each elutable compound is achieved; and              (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 83.A liquid
chromatography system comprising: 



a computing system; and a user interface with the computing system; wherein
the computing system is capable of utilizing chromatography retention data
to estimate capacity factors of two or more elutable compounds; utilizing
the estimated capacity factors in combination with an optimum capacity
factor value to determine (i) a start gradient solvent volume concentration
value, and (ii) an end gradient solvent volume concentration value for the
liquid chromatography separation; and utilizing the start and end gradient
solvent volume concentration values to calculate the elutable compound
retention volumes and resolution between the elutable compounds. 84.The
liquid chromatography system of claim 83, wherein the computing system is
capable of initiating a gradient duration adjustment procedure if the
resolution between each elutable compound is not achieved. 85.The liquid
chromatography system of claim 84, wherein the computing system is capable
of,              (a) increasing an initial gradient duration period value
to an increased gradient duration period value;              (b)
recalculating retention volumes for each elutable compound;  WO
2011/094264PCT/US2011/022513            (c) determining whether resolution
between each elutable compound is achieved; and            (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 86.The liquid
chromatography system of claim 83, wherein the computing system is 



capable of initiating a start gradient solvent concentration adjustment
procedure. 87.The liquid chromatography system of claim 86, wherein the
computing system is capable of,             (a) decreasing the start
gradient solvent volume concentration to a decreased start gradient solvent
volume concentration value;             (b) recalculating retention volumes
for each elutable compound;             (c) determining whether resolution
between each elutable compound is achieved; and             (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 88.The liquid
chromatography system of claim 83, wherein the computing system is capable
of initiating an end gradient solvent concentration adjustment procedure.
89.The liquid chromatography system of claim 88, wherein the computing
system is capable of,            (a) decreasing the end gradient solvent
volume concentration to a decreased end gradient solvent volume
concentration value;            (b) recalculating retention volumes for
each elutable compound;            (c) determining whether resolution
between each elutable compound is achieved; and            (d) repeating
steps (a), (b), and (c) if resolution is not achieved. 



90.The liquid chromatography system of claim 83, wherein the computing
system is capable of recalculating the resolution by varying the start or
end gradient solvent volume concentration values.  WO
2011/094264PCT/US2011/022513 91. The liquid chromatography system of claim
83, wherein the computing system is capable of recalculating the resolution
by varying gradient solvent duration volume. 92. The liquid chromatography
system of claim 83, wherein the computing system after resolution
calculation is complete, automatically provides gradient parameter values
are to the liquid chromatography system or a user for separation of the
compounds.  93. The liquid chromatography system of claim 83, wherein the
computing system, after a user inputs the elutable compound properties into
the computing system, provides the user with at least one recommended type
of chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds. 94. A liquid chromatography system comprising: a computing
system; and a user interface with the computing system; wherein the liquid
chromatography system is capable of (a) separating two or more elutable
compounds with liquid chromatography using one or more properties of the
elutable compounds input into a computing system, which is in communication
with the liquid chromatography system; (b) determining one or more gradient
parameter values for a liquid chromatography separation of the elutable
compounds performed by the computing system; and (c) automatically
providing the gradient parameters to the chromatography system or a user.
95. The liquid chromatography system of claim 94, wherein the computing
system is capable of determining the gradient parameter values by:
utilizing chromatography retention data to estimate capacity factors of two
or more elutable compounds;             utilizing the estimated capacity
factors in combination with an optimum capacity factor value to determine
(i) a start gradient solvent volume concentration value, and (ii) an end
gradient solvent volume concentration value for the liquid chromatography
separation; and 



utilizing the start and end gradient solvent volume concentration values to
calculate the elutable compound retention volumes and resolution between
the elutable compounds. 96. The liquid chromatography system of claim 95,
wherein the computing system is capable of recalculating the resolution by
varying the start or end gradient solvent volume concentration values. 97.
The liquid chromatography system of claim 95, wherein the computing system
is capable of recalculating the resolution by varying gradient solvent
duration volume. 98. The liquid chromatography system of claim 94, wherein
the computing system, after a user inputs the elutable compound properties
into the computing system, is capable of providing the user with at least
one recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds. 99. A liquid chromatography system
comprising: a computing system; and a user interface with the computing
system; wherein the liquid chromatography system is capable of (a)
separating two or more elutable compounds with liquid chromatography using
one or more properties of the elutable compounds input into a computing
system, which is in communication with the liquid chromatography system;
(b) utilizing the computing system to generate at least one recommended
type of chromatography method, chromatography media, chromatography column
size, and chromatography solvents to employ for separation of the elutable
compounds; and (c) utilizing the computing system to determine one or more
gradient parameter values for a liquid chromatography separation of the
elutable compounds.  100. The liquid chromatography system of claim 99,
wherein the computing system is capable of;                automatically
providing the gradient parameters to the liquid chromatography system or a
user; and             communicating with the liquid chromatography system
to separate the two or more elu able compounds.  101. The liquid
chromatography system of claim 99, wherein the computing system is capable
of determining the gradient parameter values by:             utilizing
chromatography retention data to estimate capacity factors of two or more
elutable compounds; 



utilizing the estimated capacity factors in combination with an optimum
capacity factor value to determine (i) a start gradient solvent volume
concentration value, and (ii) an end gradient solvent volume concentration
value for the liquid chromatography separation; and             utilizing
the start and end gradient solvent volume concentration values to calculate
the elutable compound retention volumes and resolution between the elutable
compounds.  102. The liquid chromatography system of claim 99, wherein the
computing system is capable of recalculating the resolution by varying the
start or end gradient solvent volume concentration values.  103. The liquid
chromatography system of claim 99, wherein the computing system is capable
of recalculating the resolution by varying gradient solvent duration
volume. 104. A liquid chromatography system capable of providing one or
more separation parameter values to a user for a liquid chromatography
separation, said system comprising: a computing system; and a user
interface with the computing system;  wherein the liquid chromatography
system is capable of (a) separating two or more elutable compounds with
liquid chromatography using one or more properties of the elutable
compounds input into a computing system, which is in communication with the
liquid chromatography system; (b) determining one or more gradient
parameter values for   a liquid chromatography separation of the elutable
compounds performed by the computing system; and (c) providing the user
with a recommended type of chromatography method, chromatography media,
chromatography column size, and chromatography solvents to employ for
separation of the elutable compounds after the user inputs one or more
properties of the elutable compounds into the computing system. 105. A
liquid chromatography system comprising: a computing system; and a user
interface with the computing system; wherein the liquid chromatography
system is capable of (a) utilizing the computing system to estimate
capacity factors of the two or more elutable compounds using retention data
of the elutable compounds into a computing system; (b) utilizing the
computing system to determine whether the two or more elutable compounds
will not separate with the estimated capacity factors; (c) utilizing the
computing system to generate at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to employ for separation of the elutable
compounds; and (d) utilizing the at least one recommended type of
chromatography method, chromatography media, chromatography column size,
and chromatography solvents to separate the two or more elutable compounds.










