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o (57) Abstract: Method and device for measuring the circular dichroism of a sample in which a beam of light passes through the said
sample, characterised by the fact that the said beam successively passes through a grating and that the diffracted beams are collected
and the signals of the diffracted beams are sent to a computer that through a software calculates the value of the circular dichroism,
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carrying out the logarithm of the diffracted beams intensities ratio.
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Method and device for measuringv’cirt’:ular dichroism in real time o

Field of the technigue

i The present mventlon concemns a method and a devnce for measunng crrcular '

'd|chrorsm usrng a dlffractron gratlng on a material havmg an rnduced Imear optlcal '

anrsotropy

The above mentroned gratlng generates only the fields diffracted to the first order '
whose amplrtudes are proportronal to the ones of the nght and left crrcular
components of the light beam .|mp|ng|ng onto the grating. The method and the
deVice of the preeent invention demonstrate that, by. using these eharacteristice of
the grating, the circular dichroism of a medium can be easily determined by
sending the light beam coming from the medium to be analysed (transrrﬁtted or
reflected), onto the grating, and measuring the .intensity of the.bearns diffracted by
the grating.'

State of the art

The systems conventionally used to measure circular dichroism generally require
an intense source of light with a wide spectrum, a monochromator, modulators of

polarisation, and use phase sensitive detectors (lock-in amplifiers) tuned to the

-frequency and the phase of the modulator.

They are generally cons_tituted by several optical elements placed before and after
the sample to be analysed, and some of these elements are used to alternatively
select the right and left circular polarisation of the wave striking. the _sample,”while

others are dispersive elements (prisms or gratings) necessary to select the various

- wavelengths, etc..

The patent application US2004156051A1 descrlbes a method and a device for.

measurmg the birefringence startmg from a circularly polarised light beam that
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strikes the sample and that uses the Stokes parameters In the method and the
devrce descnbed in U82004156051A1 the presence of a polanzer to select the

circular polansation is necessary.

Al the systems that are based on conventional methods have moving parts and/or -

s that modulate the llght (wavelength and polarisatlon) therefore limrting their use
for dynamic processes studies to the characterlstrc trme of the movmg or-
modulatrng.parts. The method and the device of the present lnvention propose to
overcorn;e the. difficulties and disadvantages reported in the state of the art.

| The principal aim of the invention |s to create a method for measuring the circular
dichroism of a sample, in which a beam of light passes through sai.d sample, and
said light beam successively passes through an optical element (PH) constituted
by a film of material with a spatially modulated linear optical anisotropy. The
diffracted beams are detected and the signals of the diffracted beams are sentto a
computer,whic_h',' through a software, calculates the 'circular dichroism spectrum,
performing the intensity ratio of the diffracted beams.

Another important objective is to create a device that permits the method of
.circular dichroism measurement described above to be realized.

| Another charactenstic is given by the fact that the optlcal element with spatrally
modulated linear optical anisotropy lS a drffractrng grating. |
Another characteristic is. given by the fact that the sensors forrevealing the beams:
are multi—cha_nnel light detectors. | | o
Another characteristic is given by the fact that the multi-channel detectors can be

arrays of photodiodes.

CCDs (Charged coupled de\'/ices).
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‘These method and device permi_t' to create a cprhpact spectrogréph:for, measuﬁng

_circular dichroism in real time.

- Said device allows structural ‘information and detailed enantiomeric information -

~about’ various systems, such as, for example, proteins, carbohydrates, nucleic .

acids,

phar'hwaceu’_ticals, liquid crystals, etc. to be obtained. The real time

measurement of the circular'dichroism permits studies of both dynamic processes -

and kinetics of chiral molecules.

A compact device allows makirig a portable version of the instrument.

The method and the device proposed pérmit the following improvements and

advantages:

1)

2

3)
4)

5)

6)

7)

, 8) 

the method is based on the use of a single elemeht,,other optical elements

(prisms, miﬁ'qrs,'wave p'lates,-etc.) are not required, implying a reduction of :

the light losses; "

the diépéréion properties of the'gratihg _al'lbw measurements in real time_ to
be taken, in fac;t the signal at' every wavelength diffracted at di_ffefént angles -
can be detecf_ed in parallel by a photodiodes array 6r a CCD; -

use of polarised light is not heceSéary; _

monochromator and phase sensitive detector are not necessary;

moving or time-modulated elerhents'are not present;

measure of the light beam inténsity striking. the s'a.mpvle is not ne’cessary,f“'
also the method 'is' not sensitive to the intensity fluctuations; |

linear polarisation, random linear -or non-polarised light can b‘e used to.
measure the ciréular dichroisrh; :

the method-does: not require cp_mplex and repetitive caﬁbration procedures; - o
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9) decrease of the productlon costs because |t does not require optical 'and/or o
electro—optlcal elements as the standard systems do L
10)performances enhancement real time measurements due to the absence '
of movrng elements extremely simplified callbration procedures of. the. |
system | |
11)rea| time measurement |mpiies the possnbllity to mvestigate dynamic'

- processes_ (new market areas);

12)the device can be integrated into .multifun‘CtionaI apparatus and is able for

“in situ” measurements.

Synthetic description of the figures |

Fig.1 diffraction grating, schematic representation of the spatial modulation of .the' N
“optical axis in the material; |

Fig 2 outline of the method in accordance with the present |nvent|on

Fig.3 schematlc view of the device in accordance with the present mventron

Descnptlon of the |nvent|on

The diffracting gratlng, on whose properties the proposed method is based is a
film of a material with spatially modulated linear optical anisotropy_(dichrmsm or
'Iinear birefrin'gence). The spatially modulated optical anisotropy in the present
context mdicates that: | | | |
1) the angle that the optical axis of the matenal forms wrth the x-directlon |nd|cated

in Figure 1 , Iinearly and continuously varies versus the coordinate x. . '_
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; ‘:'Tr'ar"ls'mis',si‘b-q and diffréctioﬁ pl_'oper:’ti'es‘of the graﬁng are ékpléi‘r‘iéd belojw‘in‘ order

- toﬂillustfé:te;the _pro'é’oSéd method;_' . o PR

' Let us gﬁbns‘ide_n_‘ a pla}he njdnoc}hromatié: vwavé withan 'arbitréry: ip‘olar'i_s;at'io'n..j th‘at'
E impinges‘ a‘IQ‘n'_g fhé'ﬁormél (é*is z, Figure 1) on the gratihg. |

'Using the Jones’ fc;_‘rmalis.m'.'tq des"_cribe.thé polarised Iight‘prc_:vpa'ga‘tion’ through the

above-mentioned gréting, ) thé Jones’ veCtdr ‘o'f a Iigﬁt _ beém with .a_’rbitrar‘y‘.

polarisation can be written as follows: "

E, | . _ |

E, exp(if) )’ - o L C ‘ (1) .
Wheré Exe Eyare the ﬁéld components along x- and y-.axis, while @ represents the
phase difference between the two components.

The transmission matrix of the grating can be written in the following way: 12

~_la+2bcosgx  2bsingx

" 2bsingx  a-2bcosgx

~ In" the case’ of a material With induced linear di';:hroism, ‘a is the -average

" transmission of the gratihg, and b=AT/2, where AT is the linear didhroism.' in the
case of a material with induced linear b_irefring'encﬁe,_ a=cos(A¢) and b=i(sin(A))/2,
with A¢= mAn d/A, An is the birefringence;_ d is the layer thickness of .'theAm}at'e’rial

and A is the wavelength of the incoming'wave;

_ Written in the following way:
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6-.
S 'E°_a'(Ey.exp(i9))’ S AT TEE SR
'E+;'=”b(EriEyexp(i6))[_1,.,] o N B
E_,;b(Ex+iEyexp(i®)(li) ) | - . | ._ : - ‘(4)‘ |

~ The transmitteg_t Wave (eg'u,.ation 2), zero order, has the same poiarisation state of

| the incident wave, but its amplitude is reduced by the factor a. 'The-a.ﬁrst.order'
diffracted beam +1 (equation 3) is a wave having left circ'uiar pclarisation but its
amplitude is prcportional to the 'one_o‘f the right component of the incident wave.
vThe diffracted beam of the -1 order'has a rigb'tv circular polarisaticn but its
amplitude'is proportional to .the one of the left ‘component‘of the incident wave

. (equation 4).

In any case, the diffraction, occurs only onto the first orders +1 and/or -1. If the
incoming beam is elliptically poiarised according tc both the’directicn of rotation
(right or left helicity) and the ellipticity, energy transfer between the two diffracted

. beams can be obtained, however the sum of the two beams intensrties remains
}constant In particular 1) if the beam striking the grating is Iinearly polarised the -
intensities of the two diffracted beams are equal 2) conversely, if it is circularly -

polarised, only the order +1 or -1 is present depending on the hehcuty. ,

On the basis of the described diffracting grating properties, the method that we

propose for measuring cnrcular dichrorsm can be explained as follows, With the

help of Figure 2.
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' -Clrcular dichroism is- generally calculated by measurrng the transmrtted rntensrty
when a beam wrth nght or Ieft crrcular polansatron strlkes the sample by usrng the
‘ '.folloWing expressron: "

TL [TR'

’ where IOL and lOR are the intensities of left and right polarised beams that
alternatively strike a sample while IT._ and lg are the mtensmes of the left and right

circularly polarised transmitted light, resp‘ectrvely._

In the proposed method, the light beam, which strikes the sample to be analysed
can have a linear polansatlon or a random llnear polarisation or a non-polarlsed

state, when the sample is an lsotropic system ora liquid or a solution, etc..

The method requlres the use of non-polarised Iight or random linear polarisation
when analysing samples that present linear birefringenoe (crystals, oriented
polymers, liquid crystals, etc.).

The thorough discussion concerns to the use of linearly polarised light; however

~ the extension to non-polarised light will be also considered. -

For a linearly polarised wave the incoming beam can be considered as composed
of two opposed circularly polarised waves (one right circular and one left'c'rrt:ular) '
of equal amplitude. This allows us to write the Jones’ vector of this wave infi_terms |

of opposite circularly polarised states, right and left:

AEo‘—.E"_[ 1]+Ex(l] L o | ' ._ R ’ : :
S 2 (i 2 \i A , . e
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If the medlum (or in our case the sample to be analysed) that is passed through' -

. by th|s wave has curcular dlchrmsm then the nght crrcular polansed component rs

i

:absorbed drfferently wrth respect to the Ieft component accordrng to the crrcular- S

‘ :dichroism sign. As.a consequence,-the wave t_ransmrtted by the sample,wrl_l have

~ an elliptic polarisation, whose Jones’ vector

E,
" E exp(19)

can be expressed in terms of right. and left crrcular components as foIIows
L UY  1ae (1)
ET=5<ErnEyexp<ne»( . ] + E(Ewaexp(ueo)(. ]

) . e ] U

* ’lf the gratlng is placed |mmed|ately after the sample the wave (transmltted or
'reﬂected) comlng from |t and lmplnglng onto the gratrng will be diffracted in the
way descnbed above.

Therefore usrng the expressuons ) and (4) it |s possrble to write the mtensmes of v

the beamsdiffracted from the gratlng in the following way:
. Li=2b’he  and CLg=26% e

In the case of linear po|ar|sat|on of the beam |mp|ng|ng onto the sample the' :
mtensrty of the Ieft C|rcular polarised component lo, is equal to the intensity of the

right circular component ‘lor, therefore IOL-|012 and IOR—|0/2 can be expressed both
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-} ihvte.nAéitiestof the‘f bé_ams‘diffréct.ed by the gr_ating., l.y and L, b’y L'Jsingxexpfé:s-sions’
G | | S
The expreééiqn (5) _b_e’_co-mes-_‘ o

'Iozb'flog 1,2b _=log-1—“— : _ o
21, 21, I, ) o ‘

AA =log
Equation (7) demon'strates that circular dichroism can be"easily ¢alculated by the -
‘logarithm of ihé_ intensities ratio. of the beams diffracted by the grating.

The described method does nof nécessarily require the use of linearly polarised .
light to be sent onto the samplle, and it is, in fact, possible to use random linear

~ polarised or n0n¥pOIarised light source. Random linear polariséd or non-polarised
light is necessary for the analysis of oriented samples that present ‘linear
birefringence.

In the more general case of non-polarised light the incoming wave can always be
- written as. being bomposéd of two waves with opposite circular states 'of‘
polarisatidn where,’ however, both the amplitudes of the components waves E, and |

Ey and the phase 6 randomly vary in time. The wave can be written in the following

way:
Exft) = (0 —iEy(t_)exp(w(t)»[_li ] + 2 E) +iEyA(t)exp<i9(r)»(il). -

Thus,
Eq(t) = Atexp(i6, ) (_li ) + B(t)expaezﬂ))[i‘J

Carrying out a time;average (<...>) over a time interval longér than 1/Av, where Av
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| Therefore the grating preserves the same diﬁraction properties also for non-;, B

polarised and for random linearly polansed light | | EE
' .'.~ The only optical element necessary to the descnbed method is.a grating which_

' -'possesses spectral selectiwty, intending that waves wrth different wavelengths |

.- incrdent onto the grating are diffracted at diﬁerent angles By usmg two multi—_

' ’channel detectors as photodiodes array or CCD (Charged coupled devrce) the
srmultaneous acqursrtion- of : the- diffracted beams ‘intensities  at different
wavelengths is possible and therefore the real-time crrcular dichr0|sm spectrum |
' throughout the spectral range of the used Iight source, can be obtained. |
The: proposed method does not require any particular procedure for the grating
characterisation such as for example the diffraction efficiency measurement and -
its determination at each wavelength since it IS srmply based on the ratio of the
diffracted beams mtensrties Films of matenals that possess only one or both the |
| |}nd|cated anisotropies (linear dlchr0|sm_or birefrlngence) can be used to create the
gr.atingl. | | - | | |
No. calibrat_ion pro'cedure of. the device in the wavelength r.angek' of interest ‘is
necessary, except for the existence’of an optical anisotropy in that range.

: Figure 3.schematically illustrates a device according to the inve_ntion. A beam of
light'L passes through the sample'S and the diffracting grating PH, which has a
spat‘ially modlulated linear optical anisotropy. 'Thev beams diftracted' to the first order.
l+4 and I;1 are collected by the multi—channel Iight Sensors CCd1 “and CCd2 that '
convey the relative srgnals to_the computer PC WhICh through an approprlate.
software calculates the circular dlCthlsm spectrum carrying out the Iogarithm of

 the diffracted beams mtensrties ratio. - - L SIRTRIAN
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; The discovery, it should be no'red is not hmrted to the representatlons given by the_‘
ﬂgures but may be lmproved and modlf ed by those skllled in the art wrthout o
however departlng from the patent framework | | |
’.'_I'he present mventlon perm|ts numevrous _adVantaQes and eVercom'e difﬁcultres',ihat_ :

. could not be defeated with the systems presently on sale.

Bibliography:
[1] RMA. Azzam and N.M. Bashara, Ellipsometry and Polarized Light, Elsevier
B.V (1987) | |

[2] L. leolova and T. Todorov, Optlca Acta, 31 579588 (1984)
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" CLAIMS -

1 .. ,Methcd for'measuring'the‘ circular» d.lchrc_)i'sm of a sa.mple .i_n which a lig_rht,brevatm .
. passes' througl\"said sample, characte‘rlsed’ by tﬂhe'f.ac.t 'that .s.a‘id“b'eam
successrvely passes through a gratlng and that the drffracted beams are
revealed and the srgnals of the diffracted beams are sent to a computer whrch

: __through a software calculates the circular dichroism value carryrng out the

loganthm of the drffracted beams intensities ratro.

2. Method for measuring circular dichroism according to claim 1, 'characterised by

the fact that the gratirlg has a spatially modulated linear optical anisotropy. -

" 3. Method for measuring circular dichroism according to claim 2, characterised by

the fact that the linear optical anisotropy can be birefringence and/or dichroism.

4. Method for measuring circular dichroism according to the preceding claims
characterised by the fact that the light beam is linearly polarised or non-

polarised or has random linear polarisation.

5. Method for measuring ci’rcu_la_r dichroism according to the preceding claims,
characterised by the fact that the beam that impinges onto the sample is__a

pclychromatic or white light beam.
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- 6. Method for measuring crrcular dlchr0|sm according to the precedlng claims :

| charactensed by the fact that it permrts the spectral separation of the beam '

‘ coming from the sample, when the said beam is transmrtted-by the gratrng. .

7. Method for measunng crrcular dichrorsm accordrng to the preceding claims,
characterised by the fact that it permits the simultaneous measurement of the v
o 'crrcular dichroism on the whole spectral range of the light source and of the

detectors sensrtrvrty.

8. Method for measuring circular dichroism aCcordingvto claim 1, characterised by.

the fact that the detectors used are muiti-channel sensors.

. 9; Devrce for measuring the crrcuiar dichroism of a sample that presents a beam
-of Ilght that passes through the said sample, characterised by the fact that the
.said device has a grating that is suCCessiVer passed ‘through by the said
beam that detectors collect the. diffracted beams and send the relative srgnals
to a computer whrch through a. software calculates the value of the crrcular

_ dichr0|sm carrying out the Iogarithm of the diffracted beams intensmes ratro
10. Device"for measuring -circular dichroism according to claim 9, vcharacterised by

the fact that the grating has a spatially modulated linear optical anisotropy.

11.Devicefor measuring circular dichroism according to claim 10, characterised -
o by the‘ fact that the - linear -optical anisotropy ;canv be -birefringence andfor. . .

_dichroism. |
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12 Devuce for measunng curcular dlchro:sm accordmg to clalm 11 charactensed
by the fact that the llght beam is Ilnearly polansed or non polarlsed or has

random hnear polansatlon

~ 13.Device for measurin.g circular“dichroism according to the pre_cedihg clairhs,
characterised by the fact that the _beam that ‘strikes the sample is a .

polychromatic or a white light beam.

14. Devuce for measurlng cnrcular dichroism accordmg to the preceding clalms
charactensed by the fact that it permlts the spectral separatlon of the beam

‘coming from the_sample when the said beam |s.trans_m|tted by the grating.

- 15. Devnce for measurmg circular dichroism according to the precedlng “claims,
charactensed by the fact that it permits the S|multaneous measurement of the
cnrcul_ar dichroism on the whole spectral range of the light sburce and of the

detectors sensitivity. -

16. Device for measuring circular dichroism aceording: to claim 9, characterised by -

the fact that the detectors used are multi-channel sensors.
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