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Abstract— The multiparametric analysis of simultaneoudoaptdata for nano- and micro- particle systems
(ensembles, dispersions) by presentation of systeracteristics as N-dimensional optical paramegetors
can help to elucidate the nature of particles piteeess of particle interactions, the particle shamixtures
of particles and so on. In this paper the applicadf light scattering matrix elements as vectaapeeters is
shown on the example of influenza virus and coilhec dispersions. The presentation as N-dimensiona

optical parameter vectors can serve as innovagisearch platform for sensing of different partickerfaces
including biological ones.

|. INTRODUCTION

Ensembles of nano- and / or micro- particles carcdmesidered as three-dimensionaD)3
disperse systems (DS) with particles as a dispghsse in dispersive medium [1]. Multiparametric
analysis of optical data forC8 DS can provide further progress for detailed otier&zation and
control of D DS with particles of different nature (includingplogical ones). Taking into account
optical theory [1-4] and results of experiment2[§-can help to elaborate sensing elements for on-
line control of ® DS state. Our research [5-19] has investigatderdiit DS with nano- and / or
micro- particles (with diameter less than 10 micetens) and has included: a) simultaneous
measurements oCBDS by different compatible nondestructive optizathods such as refractometry,
absorbancefluorescence, light scattering (integral and défaral, static and dynamic, unpolarized
and polarized), and b) solution of inverse optigalblem by different methods and technologies of
data interpretation by information-statistical thef21]. The experience suggests that the set t€alp
parameters of so-called “second class” [11-13, 8JeisLunique for each3 DS [13]. In another words
each ® DS can be characterized birdimensional vectorND vector) inN-dimensional space of
second class optical parameters [I8]D vectors can reflect in "unobvious" form all peeulies of
3D DS: nature (constituent substances); form, inner surface structure of particles; distributions of
particle size, number, mass, refractive index, ;epmssibilities to aggregation, destruction or
interaction with another particles, and so on.

The light scattering matrix elements [2-4] beingcdsnd class” parameters by definition
(obtained by processing of measured values, diraelesis, mainly independent on the concentration
of particles) are very perspective for multiparameednalysis of B DS. In this paper the application
of light scattering matrix elements B vector parameters (alone and in complex with seaass
parameters from other optical methods) is shownthan example of such biologicaD3DS as
colibacillus and influenza virus dispersions.

[I. MATERIALS AND METHODS

The form of influenza virus particle can be appnoaied as a homogeneous sphere, but in
some cases, the bilayered sphere approximatiobeaseful. Colibacillus bacterial cells (Escher@chi
coli, E. coli, colibacillus rods) can be approxiewhias a homogeneous equivalent volume sphere or a
prolate ellipsoids of rotation. In our research thiéuenza virus strain A1 (H1IN1) dispersions with
mean diameter of particles ~100 nm and dispersodnsolibacillus with equivalent volume sphere
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mean diameter of cells ~0pfn (strain K-802) and ~1,8m (strain AB 1157) were used. Due to the
great sensitivity of biological objects to the swmding medium and conditions, it is necessaryst® u

simultaneous measurements for object comparisortatake into account all details of experiments
(pH, content of nutrition medium, temperature, )etc.

There is the description of main optical methodsdudor I DS characterization
(refractometry fluorescenceabsorbencyintegral light scatteringdifferential staticanddynamic light
scattering in the previous articles [17, 1%or the measurements of light scattering matrixnelats
laser (wavelength 633 nm) self-made installatiothvdetector angles from 60 up to 120 degrees,
polarizes and retardation element was used.

[Il. RESULTS AND DISCUSSION

The Stokes vectdf — describes the complete polarization propertiea beam of light. The
effect of scattering on a beam of light can be esented by the Mueller matrix M (with 16
dimensionless elementsS;), that transforms the Stokes vector for the ingideght — Fin, to the
Stokes vector representing the scattered lighi.{2,3]:

Fse = M - Fipe, (1)

where:Fin. - the Stokes vector for the incident light; — the Stokes vector for the scattered light;
16-element Mueller matrix:

S; are functions of the scattering angle and con#édinnformation about the elastic light
scattering properties of a particle system at aemiwavelength [2-4]. The scattering matrix is
determined by the size, shape, symmetry, interinattsire and optical properties of the particles in
system. In general, all 16 dimensionless elemehtheoscattering matrix for nonspherical particles
can be nonzero and depend on the orientation cddhtering plane. Angular dependence of scatterec
light depends on the polarization of incident light

The D DS state characterization W® vector can be implemented in tNedimensional space
of matrix element parameters alone or in the cormpligh other optical parameters. The first case can
be demonstrated on the;Snd S, matrix elements data for colibacillus in classiealrk [20]. The
published experimental data aboy}/SS;; angular dependences for two E. coli strains {stigdr [20,

Fig. 5a] and strain K-12 [20, Fig. 5b]) were praiag according ouND-vector approach: the eight
informative parameters was found for dispersiotesd#ferentiation in about ten orders and in sign.

In our research, thelBDS state differentiation bMD vector of matrix element parameters was used in
complex with other optical parameters in order éemstruct optimal scheme for dispersion on-line
control. As example 2 data was combined with integral light scatteriagadfor differentiation of two
colibacillus strains (K-802 and AB1157) in aboutearder.

In other example the;§and S, data was combined with integral and static liglatering data
for differentiation of influenza virus (strain A14Ml1) and colibacillus (strain K-802) dispersions.
Optical data were presented as th®]12D and in complext6D vectors. Taking into account the
angular dependences of; fparameters denoted with subscription S) apq@arameters denoted with
subscription P) it is possible to foridD vectorsPs {Psi, Ps2... Psnt and Pp {Pp1, Ppa... Pen}
correspondingly (in this example N = 6). The fomformative second class optical parameters from
integral and differential static light scattering vectors [13], were combined withs andPp. The
complex 1® vectors allow differing the state of viral and tea@l dispersions in about seven orders.
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I\VV. CONCLUSION

Optical parameter vector can reflect in "unobviolagsfn many peculiarities of the system state.
3D DS can be characterized and compared one witlhanbt means dfiD vectors. The vectors can
also reflect the changes in the state of mixtubage to the fusion of various optical data and by th
information statistical theory, it is possible tad the set of informative parameters and to sdhee
inverse physical problem on the presence of thepom@nt of interest in mixtures without any
regularization. In this case, the polymodality @rtgcle size distribution is not the obstacle. The
number of parameters can be enlarged if to considgular and wavelength dependences of optical
data.ND vector approach can be considered as "integralthiistudy of whole system as unity with
the minimum interference. The presentation Bf BS asND vectors can serve as the innovative
research platform for sensing of particle interfack also can demonstrate an awareness of the
potential applicationgor bio- and nano- technology, medicine, industnd dor the protection of
environment.
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