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BIREFRINGENCE IMAGING The present invention will be understood by reference to 
CHROMATOGRAPHY BASED ON HIGHLY the following Specification . 

ORDERED 3D NANOSTRUCTURES 
DISCLOSURE OF THE INVENTION 

This Application claims benefit of Provisional 62 / 123 , 119 5 . 
Filed Nov . 7 , 2014 , which is incorporated by reference The present invention applies highly ordered 3 - dimen 
hereinto . sional nanostructured ultra - thin layers ( 3DN - UTL ' s ) as sta 

tionary phases for the chromatographic separation of , and 
TECHNICAL FIELD simultaneous ultrasensitive detection of separating target 

10 analytes and other sample constituents , by monitoring bire 
The present invention relates to chromatography , and fringence imaging in transmission or reflection modes , via 

more particularly to application of ellipsometers and pola - obtaining spectroscopic ellipsometry measurement images 
rimeters or the like to investigate analyte containing fluids observed in diagonal , or off - diagonal Jones or Mueller 
applied to a substrate - stage comprising a multiplicity of matrix element images . The present invention applies 3DN 
nano - structures that project non - normal to a surface thereof , UTL ' s to effect 2 - and 3 - dimensional chromatography uti 
including dynamics of interaction therewith , to the end of lizing anisotropic flow and interaction profiles . 
evaluating and presenting at least partial Jones or Mueller Separation , of target analytes and other sample constitu 
matrices that correspond to investigated locations over an ents achieved by applying said stationary phases that are 
imaged area . 20 composed of said ultra - thin layers of highly ordered nano 

structures can be influenced by varying geometry and com 
BACKGROUND position of synthesised , self - organizing and scalable nano 

structures that are fabricated by controlling flux direction 
The areas of Ellipsometry and Chromatography are both with respect to a substrate normal , during deposition thereof . 

well developed . Ellipsometry involves causing a beam of 25 Said synthesised , self - organizing and scalable nanostruc 
electromagnetic radiation which is in a known polarization tures in ultra - thin layer chromatography ( 3DN - UTLC ) are 
state to interact with a sample in a way that changes the applied in combination with imaging spectroscopic ellip 
polarization state thereof , and then applying mathematical sometry readout principles to enable determination of ana 
regression to data pertaining to said change . Ellipsometric lyte volume within the nanostructure support , without the 
Parameters such as well known PSI ( W ) and DELTA ( A ) are 30 need for additional chemical labels for optical ( eg . fluores 
typically determined by said procedure . Imaging ellipsom cence ) , detection . Information on the strength of interaction 
eters are also known , and enable investigating samples over between a target analyte and a stationary phase , and the rate 
an area region thereof rather than at simply one small point . of travel of the target analyte , are obtained by a time 
For instance , PSI ( W ) and DELTA ( A ) values for a multi resolved ellipsometric readout . Further , the shape of the 
plicity of points over an area of said sample can be deter - 35 leter - 35 3DN - UTLC nanostructures can be engineered to induce 2 
mined and shown in a two , ( or more ) , dimensions . and 3 - dimensional solvent flow profiles that lead to 2 - and 

3 - dimensional analyte ( s ) and other sample constituents sol Chromatography is a technique for separation of analytes vent flow profiles that lead to 2 - and 3 - dimensional separa in mixtures of analytes present in a mobile phase , by 
interaction with a stationary phase . Various analyte constitu 40 The present invention utilizes an optical detection mecha ents present in a mixture travel at different speeds , therefore nism which is based on birefringence changes caused by the 
enabling subtle differences in what is termed a “ partition dielectric screening of the nanostructures by an analyte . The 
coefficient ” with which each analyte presents to result in a detection mechanism suppresses false read - outs because different spatial distribution for each . Chromatography can only analyte in the vicinity of the nanostructures is able to 
be preparative , wherein the purpose is analyte separation for 45 screen their dielectric response . Thus , the present invention 
purification purposes , or it can be analytical which is provides for real time readout of travel and separation of 
focused on providing information on relative amounts of analyte ( s ) and other sample constituents without the neces 
various analytes present and / or determining how various sity of using chemical labels . Said ellipsometric birefrin 
analytes move through a stationary phase over time . The gence effects of 3DN - UTLC can be achieved over a wide 
latter application is more associated with the presently 50 spectral range from THz to the UV spectrum thereby 
Claimed invention . In particular the present invention is enabling free chemical specimen identification based on 
properly thought of as primarily a version of planar chro - optical " fingerprints ” . 
matography in which the stationary phase is not merely , a The present invention can also be applied to determine the 
flat paper or the like , but rather comprises a multiplicity of nano - fluidic properties of 3DN - UTL ' s which can be 
nano - structures that project non - normal to a surface thereof . 55 detected by imaging and varying particle flux direction with 

A Computer Search for Patents that combine Ellipsometer respect to a substrate surface normal , thereby engineering 
and Chromatography with an eye to providing images of the 3 - dimensional shape of the nanostructures . 
various Jones or Mueller Matrix Elements for an area on a The present invention is an imaging ellipsometer or 
sample , returned one hit , a Patent to Frence , et al . , U . S . Pat . polarimeter system capable of producing at least partial 
No . 7 , 589 , 242 . A similar search for Jones Matrix and 60 Jones or Mueller matrices corresponding to a multiplicity of 
Imaging Ellipsometer returned two Hits , a Patent to Wool - locations over an image area , comprising : 
lam et al . U . S . Pat . No . 7 , 385 , 697 and a Patent to Acher , U . S . a ) a source of a beam of electromagnetic radiation ; 
Pat . No . 8 , 908 , 180 . Importantly , a Computer Search for b ) a polarization state generator ; 
Mueller Matrix and Chromatography returned no hits . c ) a substrate - stage comprising a multiplicity of nano 

A known paper is titled " Imaging Ellipsometry of Gra - 65 structures that project non - normal to a surface thereof ; 
phene ” , by Wurstbauer et al . , Appl . Physics Lett . , 97 , d ) a polarization state analyzer ; and 
231901 , 2010 . e ) a data detector . 

tions . 
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It is to be understood that said imaging ellipsometer or Said imaging ellipsometer or polarimeter system can 
polarimeter system presents with inherent p - and s - coordi involve the polarization state generator and polarization 
nates , and that in use a fluid selected from the group state analyzer are each fixed polarizers , before and after the 
consisting of : substrate - stage , respectively , and in which each said fixed 

a liquid ; and 5 polarizer can be aligned relative to the nanostructure orien 
a gas ; tation such that data detector sensitivity to anisotropic 

which optionally contains one or more analytes , is entered to properties of said nanostructures is enhanced in the vicinity 
said substrate - stage nanostructures which , over time can of optionally present analytes . The imaging ellipsometer or 
migrate therewithin while a beam of electromagnetic radia - polarimeter system can involve the two fixed polarizers are 
tion from the source thereof is caused to have a polarization 10 crossed , so as to enable detection of Jones or Mueller matrix 
state imposed thereupon by the polarization state generator , off - diagonal elements that provide insight to said anisotropic 
then interact with said substrate - stage over an imaged area properties . 
thereof , proceed through said polarization state analyzer and The imaging ellipsometer or polarimeter system can 
enter said data detector , and wherein said data detector involve said substrate - stage being contained within a sub 
provides output data corresponding to a multiplicity of 15 stantially enclosed cell which comprises windows through 
points over said area of said substrate - stage being imaged . which said of electromagnetic radiation enters and exits . 
Said output data is sufficient to enable production of said at Further , said windows can be oriented so that said beam of 
least partial Jones or Mueller matrices that correspond to a electromagnetic radiation enters and exits perpendicular 
multiplicity of locations over said imaged area . thereto . 

The imaging ellipsometer or polarimeter system can have 20 The imaging ellipsometer or polarimeter system can be 
a substrate - stage which is rotatable about a perpendicular to oriented such that the substrate - stage is oriented such that 
said surface , and wherein the beam of electromagnetic the electromagnetic beam directly encounters said nano 
radiation approaches the surface of said substrate - stage structures . 
along a substantial perpendicular thereto , then transmits The imaging ellipsometer or polarimeter system can 
therethough , passes through said polarization state analyzer , 25 involve the substrate - stage being oriented such that the 
and enters said data detector . Again , data acquired can be electromagnetic beam passes through the surface before 
applied to produce elements of said at least partial Jones or encountering said nanostructures . 
Mueller matrix that present with image information in The imaging ellipsometer or polarimeter system can be 
diagonal or off - diagonal elements thereof , effected by rotat - oriented so that said beam of electromagnetic radiation is 
ing said substrate - stage about said perpendicular to said 30 caused to approach the substrate - stage along a substantial 
surface thereof to provide alignment of said nano - structures perpendicular to the surface thereof , while the nanostruc 
with said ellipsometer or polarimeter system p - or s - coor - tures are oriented to project in a desired direction , such that 
dinates , or at a rotation angle therebetween , respectively . the p - and s - coordinates of said imaging ellipsometer or 
The effects of isotropic properties of said substrate - stage can polarimeter system can be calibrated thereto . 
be included along with anisotropic properties introduced by 35 A present invention method of monitoring the interaction 
the presence of said nanostructures , in the data produced by of a fluid with a substrate comprises the steps of : 
the data detector , and thus appear in the elements of said at a ) providing a system capable of determining and imaging 
least partial Jones or Mueller matrix image information in elements of an at least partial Jones , or at least partial 
diagonal or off - diagonal elements thereof , respectively . Mueller matrix for each of a multiplicity of positions 

Further , the imaging ellipsometer or polarimeter system 40 over an imaged area of a substrate ; 
can involve said substrate - stage being rotatable about a b ) providing a substrate that comprises nanostructures that 
perpendicular to said surface , and wherein the beam of project from a substantially planar substrate surface 
electromagnetic radiation approaches the surface of said non - normal thereto ; 
substrate - stage along a non - perpendicular thereto such that c ) entering a fluid selected from the group consisting of : 
a plane of incidence is defined , then reflects therefrom , 45 a liquid , and 
passes through said polarization state analyzer and enters a gas ; 
said data detector , data from which can be applied to to said substrate nanostructures ; 
produce elements of said at least partial Jones or Mueller d ) applying said provided system to determine and pro 
matrix that present with image information in diagonal or vide an observable image that provides insight to 
off - diagonal elements thereof effected by rotating said sub - 50 anisotropic properties of said substrate - fluid combina 
strate - stage about said perpendicular to said surface thereof , tion for at least one element of said determined at least 
to provide alignment of said nano - structures with said partial Jones or Mueller matrix corresponding to said 
ellipsometer or polarimeter system p - or s - coordinates , or at imaged area of said substrate . 
a rotation angle therebetween , respectively . Said imaging Said method can provide that the provided system is an 
ellipsometer or polarimeter system can involve setting a 55 imaging ellipsometer or polarimeter , for instance compris 
preferred rotation angle of said substrate - stage that provides ing : 
said plane of incidence is at an angle to the direction in a ) a source of a beam of electromagnetic radiation ; 
which said non - normal nanostructures are caused to project b ) a polarization state generator ; 
within said said ellipsometer or polarimeter system p - and c ) a substrate - stage comprising a multiplicity of nano 
S - coordinate system . 60 structures that project non - normal to a surface thereof , 

The imaging ellipsometer or polarimeter system can said substrate - stage being rotatable about a perpendicu 
involve the non - normal nanostructures of said substrate lar to said surface ; 
stage are formed by glancing angle deposition thereof onto d ) a polarization state analyzer ; and 
said surface . e ) a data detector ; 

The imaging ellipsometer or polarimeter system can 65 said imaging ellipsometer or polarimeter presenting system 
involve the source of electromagnetic radiation provides inherent p - and s - coordinates ; 
wavelengths in a THZ to UV spectral range . such that in use a fluid selected from the group consisting of : 

d ) a pola 
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a liquid ; and The method can involve the two fixed polarizers being 
a gas ; crossed so as to enable detection of Jones or Mueller Matrix 

which optionally contains one or more analytes is entered to off - diagonal elements that provide insight to said anisotropic 
said substrate - stage nanostructures which , over time can properties . 
migrate therewithin while a beam of electromagnetic radia - 5 The method can involve said substrate being contained 
tion from the source thereof is caused to have a polarization within a substantially enclosed cell which comprises win 
state imposed thereupon by the polarization state generator , dows through which said of electromagnetic radiation enters 
then interact with said substrate - stage over an imaged area and exits , and can involve said windows being oriented so 
thereof , proceed through said polarization state analyzer and that said beam of electromagnetic radiation enters and exits 
enter said data detector , and wherein said data detector 10 perpendicular thereto . 
provides output data corresponding to a multiplicity of The method can involve the substrate being oriented such 
points over said area of said substrate - stage being imaged , that the electromagnetic beam directly encounters said nano 
which output data is sufficient to enable production of said structures . 
at least partial Jones or Mueller Matrices that correspond to 16 The method can involve the substrate being oriented such 
a multiplicity of locations over said imaged area that the electromagnetic beam passes through the surface 

Said method can involve the beam of electromagnetic before encountering said nanostructures . 
radiation is directed to approach the surface of said substrate The method can involve said beam of electromagnetic 
along a substantial perpendicular thereto , then transmits radiation being caused to approach the substrate along a 
therethough , passes through said polarization state analyzer , 20 substantial perpendicular to the surface thereof , while the 
and enters said data detector , data from which can be applied nanostructures are oriented to project in a desired direction , 
to produce elements of said at least partial Jones or Mueller such that the p - and s - coordinates of said imaging ellipsom 
matrix that present with image information in diagonal or eter or polarimeter system can be calibrated thereto . 
off - diagonal elements thereof effected by rotating said sub The method can involve that the properties of said sub 
strate about said perpendicular to said surface thereof to 25 strate - fluid combination for at least one element of said 
provide alignment of said nano - structures with said ellip - determined at least partial Jones or Mueller matrix corre 
someter or polarimeter system p - or s - coordinates , or at a sponding to said imaged area of said substrate are deter 
rotation angle therebetween , respectively , and the effects of mined by obtaining multiple data sets that correspond to 
isotropic properties of said substrate can included along with multiple orientations of said substrate - fluid combination and 
anisotropic properties introduced by the presence of said 30 id 30 performing a simultaneous regression thereonto to provide 

information regarding anisotropy . nanostructures , in the data produced by the data detector , The method can involve the properties of said substrate and thus appear in the elements of said at least partial Jones fluid combination for at least one element of said determined or Mueller matrix image information in diagonal or off at least partial Jones or Mueller matrix corresponding to said diagonal elements thereof . 35 imaged area of said substrate being determined and observed The method can involve the beam of electromagnetic over time to capture the dynamics of a process . radiation being directed to approach the surface of said The method can involve the properties of said substrate 
substrate along a non - perpendicular thereto such that a plane for at least one element of said determined at least partial 
of incidence is defined , then reflects therefrom , passes Jones or Mueller matrix corresponding to said imaged area 
through said polarization state analyzer and enters said data 40 of said substrate being determined in a first step , followed by 
detector , data from which can be applied to produce ele - introduction of a fluid to said nanostructures and the prop 
ments of said at least partial Jones or Mueller Matrix that erties of said substrate - fluid combination for at least one 
present with image information in diagonal or off - diagonal element of said determined at least partial Jones or Mueller 
elements thereof effected by rotating said substrate about matrix corresponding to said imaged area of said substrate is 
said perpendicular to said surface thereof , to provide align - 45 then determined in a second step . The difference between the 
ment of said nano - structures with said ellipsometer or pola - results obtained in said first and second steps can then be 
rimeter system p - or s - coordinates , or at a rotation angle analyzed . 
therebetween , respectively . Said method can involve that the results determined are 

The method can involve a preferred rotation angle of said applied to determine analyte type present in said fluid . 
substrate provides such that said plane of incidence is at an pe is at an 50 Further , the method can involve that the results deter 
angle to the direction in which said non - normal nanostruc mined provide insight into travel and separation of analyte 
tures are caused to project within said said ellipsometer or constituents over a period of time after the containing fluid 

is entered to said nanostructures . polarimeter system p - and s - coordinate system . And said method can be applied to provide insight into The method can involve the non - normal nanostructures of 55 travel and separation of analyte constituents over a period of said substrate being formed by glancing angle deposition time after the containing fluid is entered to said nanostruc 
thereof onto said surface . tures and therefore strength of interaction . The method can involve the source of electromagnetic The method can be applied to provide insight into volume 
radiation provides wavelengths in a THZ to UV spectral within the nanostructures . 
range . 60 The method can be applied to provide real time results . 

The method can involve that the polarization state gen - The method can be applied with the nanostructure geom 
erator and polarizations state analyzer are each fixed polar - etry engineered to emphasise nano - fluidic properties of the 
izers , before and after the substrate , respectively , and in nanostructures in relation to their shape . 
which each said fixed polarizer is aligned relative to the The method can be applied with the nanostructure geom 
nanostructure orientation such that data detector sensitivity 65 etry engineered to create an anisotropic solvent flow profile , 
to anisotropic properties of a fluid entered into said nano - and that can involve solvent flow profiles in one , two or three 
structures is enhanced . dimensions . 
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A present invention imaging ellipsometer or polarimeter FIG . 9b shows Mueller Matrix results achieved by apply 
per se . , or the methodology of application , can involve that ing the system of FIG . 9a in transmission to a sample flowed 
said surface said multiplicity of nano - structures that project therethrough . 
non - normal to is substantially planar , or is other than sub 
stantially planar . 5 DETAILED DESCRIPTION 
And an imaging ellipsometer or polarimeter system per 

se . , or the methodology of application , can involve that the Turning now to the Drawings , FIG . 1 shows an ellipsom 
preferred rotation angle of said substrate - stage provides that eter system ( ES ) that presents a Source ( LS ) of an Electro 
said plane of incidence is at an essentially 45 degree angle magnetic Beam ( EB ) to a Sample ( SAM ) substantially along 
to the direction in which said non - normal nanostructures are 10 a normal to a surface thereof , said Electromagnetic Beam 
caused to project within said ellipsometer or polarimeter ( EB ) to investigate the Sample ( SAM ) in a transmission 
system p - and s - coordinate system . Of course said plane of mode . Shown are a Source of Electromagnetic Radiation 
incidence can be set to any angle between 0 . 0 - 90 degrees . ( LS ) , a Polarizer ( P ) , the investigated Sample ( SAM ) , an 

The present invention will be better understood by refer - Analyzer ( A ) and Detector ( DET ) . Also shown is a Com 
ence to the Detailed Description Section of this Specifica - 15 puter System that in use analyzes Data provided by the 
tion , with reference to the Drawings . Detector ( DET ) and provides Jones or Mueller matrix ele 

ments . 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 2 shows an Ellipsometer system ( ES ) much like that 

in FIG . 1 , except that it presents an Electromagnetic Beam 
FIG . 1 shows an ellipsometer system that presents an 20 ( ES ) to a Sample ( SAM ) substantially along an oblique 

electromagnetic beam to a sample substantially along a angle to a surface thereof , both in reflection and transmission 
normal to a surface thereof to investigate the sample in a modes . Again shown are a Source ( LS ) of Electromagnetic 
transmission mode . Radiation ( EB ) , a Polarizer ( P ) , the investigated Sample 

FIG . 2 shows an ellipsometer system that presents an ( SAM ) , an Analyzer ( A ) and Detector ( DET ) . Also shown is 
electromagnetic beam to a sample substantially along an 25 a Computer System that in use analyzes Data provided by 
oblique angle to a surface thereof , both in reflection and the Detector ( DET ) and provides Jones or Mueller matrix 
transmission modes . elements . 

FIGS . 3a and 3b show two examples of Samples ( SAM ) FIGS . 3a and 3b show two examples of Samples ( SAM ) 
comprising substantially straight Nano - Fibers ( NF ) that comprising substantially straight Nano - Fibers ( NF ) that 
project other than perpendicular to a Sample Surface , and 30 project other than perpendicular to a Top Sample Surface 
Nano - Fibers ( NF ) that are non - straight . ( TS ) , and Nano - Fibers ( NF ) that are non - straight . The FIG . 
FIGS . 4a and 4b show basic Jones and Mueller matrices . 3a Nano - Fibers ( NF ) can be formed by deposition thereof at 
FIG . 5a shows a mathematical representation of a Mueller an angle to the Top Surface ( TS ) of a Sample ( SAM ) by a 

Matrix . “ shadowing technique ” , and the FIG . 3b Nano - Fibers ( NF ) 
FIG . 5b shows a diagram of an electromagnetic beam in 35 can be formed by deposition thereof while the Sample 

an ellipsometer system , indicating the Plane and Angle of ( SAM ) is being rotated . Samples utilized in the present 
Incidence , and the “ p ” and “ s ” components of the Incident invention comprise such Nano - Fibers ( NF ) as a means to 
and Reflected Beams as indicated in FIG . 5a . induce anisotropy , which in turn causes signals to appear in 

FIG . 6a shows how different elements of a Mueller Matrix Off - Diagonal Matrix Elements . It is to be noted that said 
demonstrate different images of the same sample that com - 40 FIGS . 3a and 3b show a Beam of Electromagnetic Radiation 
prises patterned “ N ’ s ” when investigated in transmission . ( EB ' ) interacting with the Nano - Fibers ( NF ) and Sample 

FIG . 63A shows that many " N ’ s ” are present on a large ( SAM ) . This should be interpreted in view of FIGS . 1 and 
substrate that has a dimension on the order of 10 ' s of 2 , where Beam ( EB ' ) is Beam ( EB ) after it passes through 
millimeters . the Polarizer ( P ) shown therein . FIGS . 3a and 3b should be 

FIG . 6aB focuses on one of the “ N ’ s ” in FIG . 6aA , 45 considered as views of very relevant expanded Samples 
showing nano - fibers , ( 100 ' s of microns long ) , being oriented ( SAM ) in FIGS . 1 and 2 . 
at a slant . FIGS . 4a and 4b show Jones and Mueller matrices . Note 

FIG . 6aC shows that there are nano - fibers present in the that in practice the first Element J11 or M11 is typically 
region of the “ N ” in FIG . 6aB that project non - normal to the determined but not displayed . Instead each of the remaining 
surface of said FIG . 6aB sample , and are of a dimension on 50 Elements are divided thereby . In what Figures that follow , 
the order of 100 ' s of nanometers . the same matrix Element Numbering is applied . 

FIG . 6b show elements of a Mueller Matrix for spectro - FIG . 5a shows a mathematical representation of a Mueller 
scopic data taken along line over an anisotropic sample Matrix applied to transform an Input Vector to an Output 
surface at a given angle of incidence , for a line having Vector . 
dimensions of about 100 by 300 micrometers on a sample 55 FIG . 5b shows a diagram of an electromagnetic beam in 
surface characterized by the presence of nano - fibers , each of an ellipsometer system , indicating the Plane ( POI ) and 
which projects at a non - normal angle to said surface . Angle ( AOI ) of Incidence , and the “ p ” and “ s ” components 

FIG . 7 demonstrates images of Mueller Matrix elements of the Incident and Reflected Beams as indicated in FIG . 5a . 
M13 and M33 for a sample at various times during solvent Indications of the Polarizer ( P ) and Analyzer ( A ) are also 
evaporation . 60 shown . “ E ” indicates the direction of the Electric Filed at 

FIG . 8 demonstrates Mueller Matrix elements M12 , M13 , said Polarizer ( P ) and Analyzer ( AP ) . 
M21 , M22 , M23 , M31 , M32 and M33 for a case wherein a FIG . 6a shows how different elements of a Mueller matrix 
lipophilic test dye is transported to the right at “ O ” and “ 6 ” demonstrate different images of the same portion of a sample 
minutes . with dimensions of 300x300 microns . Patterned " N ’ s ” made 

FIG . 9a shows a microchannel liquid cell with transparent 65 of 500 nm of Si STF on glass are shown as investigated in 
top and bottom plates for application in transmission or transmission using a system as shown in FIG . 1 . Note that 
reflection ellipsometry . the Sample ( SAM ) surface has “ shadowed ” Nano - Fibers 
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( NF ) on the Surface thereof as exemplified in FIG . 3a , in the ( CTAB ) molecules , which have an average length of about 
areas that appear as “ N ’ s ” . FIGS . 60A , 6aB and 6aC are 2 nm , attach to the nanofibers , ( see FIGS . 3a , 3b and 6aC as 
included to give better insight as to what is being shown in examples ) , and form a layer thereatop with a depth of about 
FIG . 6a . FIG . 63A shows that many “ N ’ s ” are present on a 2 nm . This causes the anisotropy of the investigated surface 
large substrate that has a dimension on the order of 10 ' s of 5 to change thereby leading the change in signals shown . The 
millimeters . FIG . 6aB focuses in on one of the “ N ’ s ” having signals represent time - dependent combinations of Mueller 
a dimension of 100 ' s of microns , and FIG . 6aC shows that matrix elements , the specifics of which need not be 
there are nano - fibers present in the region of the “ N ” in FIG . described here to make clear what the exemplary system in 
6aB . These nano - fibers are projected non - normal to the FIG . 9a enables . At about 46 minutes the microchannel 
surface , ( ie . at a slant ) , as in said FIG . 6a and are of a 10 ( CHANNEL ) is flushed with nanopure water without 
dimension on the order of 100 ' s of nanometers . Note that the ( CTAB ) present . It is apparent that this causes the signal to 
various Mueller matrix Elements shown provide differing approach it ' s original pre time = 0 state . 
image results of the same sample being investigated . Having hereby disclosed the subject matter of the present 

FIG . 6b show elements of a Mueller Matrix for spectro - invention , it should be obvious that many modifications , 
scopic data taken along line over an anisotropic sample 15 substitutions , and variations of the present invention are 
surface at a given angle of incidence . Represented are possible in view of the teachings . It is therefore to be 
spectroscopic Mueller Matrix line images for a line having understood that the invention may be practiced other than as 
dimensions of about 100 by 300 micrometers on a sample specifically described , and should be limited in its breadth 
surface characterized by the presence of nano - fibers , each of and scope only by the Claims . 
which projects at a non - normal angle to said surface . The 20 We claim : 
images were taken along the direction of the sample surface 1 . An imaging ellipsometer or polarimeter system capable 
in which a certain dye solution was transported through a of producing at least partial Jones or Mueller matrices 
solvent that was also present . The different spectral varia corresponding to a multiplicity of locations over an imaged 
tions along the line scan reflect the locations of different area , comprising : 
dyes along the line scan that have separated based upon their 25 a ) a source of a beam of electromagnetic radiation ; 
transport properties in the solvent . b ) a polarization state generator ; 

FIG . 7 demonstrates images of Mueller Matrix elements c ) a substrate - stage comprising a multiplicity of nano 
M11 ( upper ) and M33 ( lower ) for a sample at various times , structures that project non - normal to a surface thereof ; 
( ie . 4 , 7 , 9 and 10 minutes ) during evaporation of a solvent . wherein the nanostructures are a chromatographic sta 

FIG . 8 demonstrates Mueller Matrix elements M12 , M13 , 30 tionary phase that separates analytes ; 
M21 , M22 , M23 , M31 , M32 and M33 for a case wherein a d ) a polarization state analyzer , and 
lipophilic test dye is transported to the right , at “ O ” and “ 6 ” e ) a data detector ; 
minutes . said imaging ellipsometer or polarimeter system presenting 

The various FIGS . 5 - 7 are provided to demonstrate the system inherent p - and s - coordinates ; 
type of results that are achievable by application of the 35 such that in use a fluid selected from the group consisting of : 
present invention methodology . The important thing to note a liquid ; and 
is how results vary from matrix Element to matrix Element , a gas ; 
and how those results depend on the change in anisotropy of containing one or more analytes is entered to said substrate 
the surface , and how those results affect signals in both on stage nanostructures which , over time can migrate there 
and off - diagonal Mueller matrix Elements . The results occur 40 within while a beam of electromagnetic radiation from the 
because of the effects of Sample surfaces such as exempli - source thereof is caused to have a polarization state imposed 
fied by FIGS . 3a and 3b , combined , with alignment of an thereupon by the polarization state generator , then interact 
electromagnetic beam , such as suggested by FIGS . 2 and 5b with said substrate - stage over an imaged area thereof , pro 
in reflection . In transmission , as suggested by FIG . 1 , a ceed through said polarization state analyzer and enter said 
Polarization angle can be aligned with respect to nanofiber 45 data detector , and wherein said data detector provides output 
orientation on a Sample surface , again , such as is suggested data corresponding to a multiplicity of points over said area 
by FIGS . 3a and 3b . of said substrate - stage being imaged , which output data is 

For insight to a practical apparatus that can be applied to sufficient to enable production of said at least partial Jones 
achieve present invention results , FIG . 9a is included and or Mueller matrices that correspond to a multiplicity of 
shows a Microchannel ( CHANNEL ) liquid cell with trans - 50 locations over said imaged area . 
parent top ( GLASS ) and bottom ( GLASS ) plates . This 2 . An imaging ellipsometer or polarimeter system as in 
system can be applied in both transmission or reflection claim 1 , wherein said substrate - stage is rotatable about a 
ellipsometry . Note that in use Sample ( STF ) is flowed into perpendicular to said surface , and wherein the beam of 
the Inlet ( INLET ) Tube , passes through the Microchannel electromagnetic radiation approaches the surface of said 
( CHANNEL ) and exits the Output ( OUTPUT ) Tube . A 55 substrate - stage along a substantial perpendicular thereto , 
Polymer gasket Compound ( PDMS ) is present to seal the then transmits therethough , passes through said polarization 
Microchannel ( Channel ) with the Top ( GLASS ) and the state analyzer , and enters said data detector , data from which 
Bottom ( GLASS ) Plates , and serves to define the Channel can be applied to produce elements of said at least partial 
height . Jones or Mueller matrix that present with image information 

FIG . 9b shows Mueller matrix results achieved by apply - 60 in diagonal or off - diagonal elements thereof , effected by 
ing the system of FIG . 9a in transmission mode ellipsom - rotating said substrate - stage about said perpendicular to said 
etry , to a sample flowed through the Microchannel ( CHAN - surface thereof to provide alignment of said nano - structures 
NEL ) . At the outset ( Time = 0 ) , the Microchannel has with said ellipsometer or polarimeter system p - or s - coor 
nanopure water flowing therethrough . At about 22 minutes dinates , or at a rotation angle therebetween , respectively . 
a Target sample cetyltrimethylammonium bromide , a small 65 3 . An imaging ellipsometer or polarimeter system as in 
molecule also known as ( CTAB ) , is infiltrated at a concen - claim 1 , wherein said substrate - stage is rotatable about a 
tration of 2 . 5 millimolar into the nanopure water . The perpendicular to said surface , and wherein the beam of 

sal 
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electromagnetic radiation approaches the surface of said substantially enclosed cell which comprises windows 
substrate - stage non - perpendicular thereto , then transmits through which said beam of electromagnetic radiation enters 
therethrough , passes through said polarization state ana - and exits . 
lyzer , and enters said data detector , data from which can be 12 . An imaging ellipsometer or polarimeter system as in 
applied to produce elements of said at least partial Jones or 5 claim 11 in which said windows are oriented so that said 
Mueller matrix that present with image information in beam of electromagnetic radiation enters and exits perpen 
diagonal or off - diagonal elements thereof by rotating said dicular thereto . 
substrate - stage about said perpendicular to said surface 13 . An imaging ellipsometer or polarimeter system as in 
thereof to provide alignment of said nano - structures with claim 1 in which the substrate - stage is oriented such that said 
said ellipsometer or polarimeter system p - or s - coordinates , beam of electromagnetic radiation directly encounters said 
or at a rotation angle therebetween , respectively , and in nanostructures . 
which effects of isotropic properties of said substrate - stage 14 . An imaging ellipsometer or polarimeter system as in 
are included along with anisotropic properties introduced by claim 1 in which the substrate - stage is oriented such that said 
the presence of said nanostructures , in the data produced by 15 beam of electromagnetic radiation passes through the sur 
the data detector , and thus appear in the elements of said at face before encountering said nanostructures . 
least partial Jones or Mueller matrix image information in 15 . An imaging ellipsometer or polarimeter system as in 
diagonal or off - diagonal elements thereof . claim 1 in which said beam of electromagnetic radiation is 

4 . An imaging ellipsometer or polarimeter system as in caused to approach the substrate - stage along a substantial 
claim 1 , wherein said substrate - stage is rotatable about a 20 perpendicular to the surface thereof , while the nanostruc 
perpendicular to said surface , and wherein the beam of tures are oriented to project in a desired direction , such that 
electromagnetic radiation approaches the surface of said the p - and s - coordinates of said imaging ellipsometer or 
substrate - stage along a non - perpendicular thereto such that polarimeter system can be calibrated thereto . 
a plane of incidence is defined , then reflects therefrom , 16 . An imaging ellipsometer or polarimeter system as in 
passes through said polarization state analyzer and enters 25 claim 1 , in which the fluid contains one or more analytes , 
said data detector , data from which can be applied to and in which sensitivity to anisotropic properties of said 
produce elements of said at least partial Jones or Mueller nanostructures is enhanced in their vicinity . 
matrix that present with image information in diagonal or 17 . An imaging ellipsometer or polarimeter system as in 
off - diagonal elements thereof effected by rotating said sub claim 1 in which said multiplicity of nano - structures that 
strate - stage about said perpendicular to said surface thereof , 30 of 30 project non - normal to is substantially planar . 
to provide alignment of said nano - structures with said 18 . An imaging ellipsometer or polarimeter system as in 
ellipsometer or polarimeter system p - or s - coordinates , or at claim 1 in which said multiplicity of nano - structures that 

project non - normal to is other than substantially planar . a rotation angle therebetween , respectively . 19 . A method of monitoring an interaction of a fluid with 5 . An imaging ellipsometer or polarimeter system as in 35 ast stem as i 35 a substrate comprising the steps of : claim 4 , wherein a preferred rotation angle of said substrate a ) providing a system that is an imaging ellipsometer or 
stage provides that said plane of incidence is at an angle to polarimeter capable of determining and imaging ele 
the direction in which said non - normal nanostructures are ments of an at least partial Jones , or at least partial 
caused to project within said said ellipsometer or polarim Mueller matrix for each of a multiplicity of positions 
eter system p - and s - coordinate system . 40 over an imaged area of a substrate ; 

6 . An imaging ellipsometer or polarimeter system as in b ) providing a substrate that comprises nanostructures that 
claim 5 in which the preferred rotation angle of said sub project from a substantially planar substrate surface 
strate - stage provides that said plane of incidence is at an non - normal thereto ; wherein the nanostructures are a 
essentially 45 degree angle to the direction in which said chromatographic stationary phase that separates ana 
non - normal nanostructures are caused to project within said 45 lytes ; 
said ellipsometer or polarimeter system p - and s - coordinate c ) entering a fluid selected from the group consisting of : 
system . a liquid , and 

7 . An imaging ellipsometer or polarimeter system as in a gas ; 
claim 1 , wherein the non - normal nanostructures of said to said substrate nanostructures ; 
substrate - stage are formed by glancing angle deposition 50 d ) applying said provided system to determine and pro 
thereof onto said surface . vide an observable image that provides insight to 

8 . An imaging ellipsometer or polarimeter system as in anisotropic properties of said substrate - fluid combina 
claim 1 , wherein the source of electromagnetic radiation tion for at least one element of said determined at least 
provides wavelengths in a THZ to UV spectral range . partial Jones or Mueller matrix corresponding to said 

9 . An imaging ellipsometer or polarimeter system as in 55 imaged area of said substrate . 
claim 1 , wherein the polarization state generator and polar 20 . A method as in claim 19 , in which the provided system 
ization state analyzer are each fixed polarizers , before and comprises a source of electromagnetic radiation that pro 
after the substrate - stage , respectively , and in which each said vides wavelengths in a THZ to UV spectral range . 
fixed polarizer can be aligned relative to nanostructure 21 . A method as in claim 19 , wherein the non - normal 
orientation such that data detector sensitivity to anisotropic 60 nanostructures of said substrate are formed by glancing 
properties of said nanostructures is enhanced . angle deposition thereof onto said surface . 

10 . An imaging ellipsometer or polarimeter system as in 22 . A method as in claim 19 wherein the anisotropic 
claim 9 , in which the two fixed polarizers are crossed , so as properties of said substrate - fluid combination for at least one 
to enable detection of Jones or Mueller matrix off - diagonal element of said determined at least partial Jones or Mueller 
elements that provide insight to said anisotropic properties . 65 matrix corresponding to said imaged area of said substrate is 

11 . An imaging ellipsometer or polarimeter system as in determined by obtaining multiple data sets that correspond 
claim 1 in which said substrate - stage is contained within a to multiple orientations of said substrate - fluid combination 
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and performing a simultaneous regression thereonto to pro - data corresponding to a multiplicity of points over said area 
vide information regarding anisotropy . of said substrate - stage being imaged , which output data is 

23 . A method as in claim 19 wherein the anisotropic sufficient to enable production of said at least partial Jones 
properties of said substrate - fluid combination for at least one or Mueller matrices that correspond to a multiplicity of 
element of said determined at least partial Jones or Mueller 5 locations over said imaged area . 
matrix corresponding to said imaged area of said substrate is 35 . A method as in claim 34 , wherein the beam of 
determined and observed over time to capture dynamics of electromagnetic radiation is directed to approach the surface 
a process . of said substrate along a substantial perpendicular thereto , 

24 . A method as in claim 19 wherein properties of said then transmits therethough , passes through said polarization 
substrate for at least one element of said determined at least 10 state analyzer , and enters said data detector , data from which 
partial Jones or Mueller matrix corresponding to said can be applied to produce elements of said at least partial 
imaged area of said substrate is determined in a first step , Jones or Mueller matrix that present with image information 
followed by introduction of the fluid to said nanostructures in diagonal or off - diagonal elements thereof effected by 
and the anisotropic properties of said substrate - fluid com - rotating said substrate about said perpendicular to said 
bination for at least one element of said determined at least 15 surface thereof to provide alignment of said nano - structures 
partial Jones or Mueller matrix corresponding to said with said ellipsometer or polarimeter system p - or s - coor 
imaged area of said substrate is then determined in a second dinates , or at a rotation angle therebetween , respectively . 
step . 36 . A method as in claim 34 , wherein the beam of 

25 . A method as in claim 24 wherein a difference between electromagnetic radiation is directed to approach the surface 
results obtained in said first and second steps is analyzed . 20 of said substrate non - perpendicular thereto , then transmits 

26 . A method as in claim 19 in which results determined therethrough , passes through said polarization state ana 
are applied to determine analyte type present in said fluid . lyzer , and enters said data detector , data from which can be 

27 . A method as in claim 19 wherein results determined applied to produce elements of said at least partial Jones or 
provide insight into travel and separation of analyte con Mueller matrix that present with image information in 
stituents over a period of time after the containing fluid is 25 diagonal or off - diagonal elements thereof by rotating said 
entered to said nanostructures . substrate about said perpendicular to said surface thereof to 

28 . A method as in claim 19 wherein results determined provide alignment of said nano - structures with said ellip 
provide insight into travel and separation of analyte con - someter or polarimeter system p - or s - coordinates , or at a 
stituents over a period of time after the containing fluid is rotation angle therebetween , respectively , and in which 
entered to said nanostructures and therefore strength of 30 effects of isotropic properties of said substrate are included 
interaction . along with anisotropic properties introduced by the presence 

29 . A method as in claim 19 wherein results determined of said nanostructures , in the data produced by the data 
provide insight into volume within the nanostructures . detector , and thus appear in the elements of said at least 

30 . A method as in claim 19 wherein results determined partial Jones or Mueller matrix image information in diago 
provide real time results . 35 nal or off - diagonal elements thereof . 

31 . A method as in claim 19 wherein nanostructure 37 . An method as in claim 34 , wherein the beam of 
geometry is engineered to emphasise nano - fluidic properties electromagnetic radiation is directed to approach the surface 
of the nanostructures in relation to their shape . of said substrate along a non - perpendicular thereto such that 

32 . A method as in claim 19 wherein nanostructure a plane of incidence is defined , then reflects therefrom , 
geometry is engineered to create an anisotropic solvent flow 40 passes through said polarization state analyzer and enters 
profile . said data detector , data from which can be applied to 

33 . A method as in claim 19 wherein nanostructure produce elements of said at least partial Jones or Mueller 
geometry is engineered to create solvent flow profiles in one , matrix that present with image information in diagonal or 
two or three dimensions . off - diagonal elements thereof effected by rotating said sub 

34 . A method as in claim 19 , in which the provided 45 strate about said perpendicular to said surface thereof , to 
imaging ellipsometer or polarimeter comprises : provide alignment of said nano - structures with said ellip 

a ) a source of a beam of electromagnetic radiation ; someter or polarimeter system p - or s - coordinates , or at a 
b ) a polarization state generator ; rotation angle therebetween , respectively . 
c ) a substrate - stage comprising the nanostructures that 38 . A method as in claim 37 , wherein a preferred rotation 

project non - normal to the surface thereof , said sub - 50 angle of said substrate provides that said plane of incidence 
strate - stage being rotatable about a perpendicular to is at an angle to the direction in which said non - normal 
said surface ; nanostructures are caused to project within said said ellip 

d ) a polarization state analyzer ; and someter or polarimeter system p - and s - coordinate system . 
e ) a data detector ; 39 . A method as in claim 21 , in which the preferred 

said imaging ellipsometer or polarimeter system presenting 55 rotation angle of said substrate - stage provides that said plane 
inherent p - and s - coordinates ; of incidence is at an essentially 45 degree angle to the 
such that in use a fluid selected from the group consisting of : direction in which said non - normal nanostructures are 

a liquid ; and caused to project within said ellipsometer or polarimeter 
a gas ; system p - and s - coordinate system . 

containing one or more analytes is entered to said substrate - 60 40 . A method system as in claim 34 , in which the fluid 
stage nanostructures which , over time can migrate there - contains one or more analytes , and in which sensitivity to 
within while a beam of electromagnetic radiation from the anisotropic properties of said nanostructures is enhanced in 
source thereof is caused to have a polarization state imposed their vicinity . 
thereupon by the polarization state generator , then interact 41 . A method as in claim 34 , wherein the polarization state 
with said substrate - stage over an imaged area thereof , pro - 65 generator and polarizations state analyzer are each fixed 
ceed through said polarization state analyzer and enter said polarizers , before and after the substrate , respectively , and in 
data detector , and wherein said data detector provides output which each said fixed polarizer can be aligned relative to 
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nanostructure orientation such that data detector sensitivity 
to anisotropic properties of a fluid entered into said nano 
structures is enhanced . 

42 . A method as in claim 41 , in which the two fixed 
polarizers are crossed , so as to enable detection of Jones or 5 
Mueller matrix off - diagonal elements that provide insight to 
said anisotropic properties . 

43 . A method as in claim 34 in which said substrate is 
contained within a substantially enclosed cell which com 
prises windows through which said beam of electromagnetic 10 
radiation enters and exits . 

44 . A method as in claim 43 in which said windows are 
oriented so that said beam of electromagnetic radiation 
enters and exits perpendicular thereto . 

45 . A method as in claim 34 in which the substrate is 15 
oriented such that said beam of electromagnetic radiation 
directly encounters said nanostructures . 

46 . A method as in claim 34 in which the substrate is 
oriented such that said beam of electromagnetic radiation 
passes through the surface before encountering said nano - 20 
structures . 
47 . A method as in claim 34 in which said beam of 

electromagnetic radiation is caused to approach the substrate 
along a substantial perpendicular to the surface thereof , 
while the nanostructures are oriented to project in a desired 25 
direction , such that the p - and s - coordinates of said imaging 
ellipsometer or polarimeter system can be calibrated thereto . 

* * * * * 
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