Report on the scientific visit to Prof. A. Zayats, King’s College London supported by the ESF research networking programme “New Approaches to Biochemical Sensing with Plasmonic Nanobiophotonics (PLASMON-BIONANOSENSE)”

The aim of the proposed visit was the estimation of the possibilities of the use of spectroellipsometric investigations of nanobrushes from Prof. Anatoly Zayats as possible approach to biosensors with enhanced sensitivity. For the choice of appropriate model for the description of such systems structures at all steps of the technological process of the preparation of nanobrushes with different parameters were planed to be investigated.

One problem in the use of ellipsometry is its dependence on the appropriate model for the description of the investigated structure. Surely some relative changes may be registered with higher sensitivity than by standard spectroscopic measurements but such an approach demands the preliminary check of each used system or detection of changes in situ. An appropriate model would allow to determine both exact parameter of our concrete initial system basing on some average expected parameters of such structures and parameters of an additionally adsorbed analyte. For considered plasmonic nanobrushes such a model should belong to effective-medium approximation ones with the account of optical anisotropy and plasmonic effects in such a structures.

During the visit we discussed with Prof. A. Zayats which structures would be most appropriate for the detailed investigations by ellipsometry for the establishing and checking of an appropriate effective-medium approximation model for the determination of consistent parameters of the structure at any step of its preparation and its next use as a sensor. We considered the limit of the used now model of infinite cylinders that is appropriate only for brushes with big ratio of the length to the diameter of constituting nanopillars. As the alternative model for nanopillars with smaller ratio we are planning to consider the model of elongated ordered ellipsoids with some effective ratio of semiaxes (depolarizing factor) to account the difference of the real cylindrical shape from ellipsoid. A number of structures with varying parameters will be produced at the Institute of Prof. A. Zayats for further investigations.

During the visit ellipsometric measurements of some other structures were made, namely prepared by Dr. D. Grynko CdS brushes of tripods grown on Si <100> substrate in holes of Si3N4 mask. Results of measurements of the initial Si substrate with Si3N4 layer are shown in Fig.1. The thickness of Si3N4 layer in this structure obtained by fitting is 14.3nm.
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Fig.1 Spectral dependence of ellipsometric angles  and  for the Si substrate with Si3N4 layer. Fitted thickness of Si3N4 layer is 14.3nm.

Tripods of CdS monocrystals like shown in Fig.2 were grown by Dr. D. Grynko on oriented <100> surface of Si what defined their crystallographic orientation and correspondingly the direction of the growth of constituting CdS whiskers. CdS grew only on Si in windows of Si3N4 mask of the 80nm diameter, which were made by electron beam lithography in the form of square lattice with periods 200nm, 400nm, 500nm and 600nm.
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Fig.2 Tripod of CdS whiskers. SEM image.

As the size of square area of holes did not exceed 1mm, ellipsometric measurements were made with focusing as along the square side as along its diagonal. In spite of the fraction of the surface covered by holes with CdS crystals is the same at both orientations and changes from 12.6% to only 1.4%, the symmetry of lattices changes at its rotation and the difference between such measurements is clearly visible.

Behavior of ellipsometric  and  angles for the angle of incidence of 700 measured for all lattices along the square sides are shown in Fig.3. In spite of relative small surface area of holes with CdS crystals for the all lattices, especially for the lattice with biggest period, the difference to the initial structure with no holes is clearly visible.
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Fig.3 Spectra of ellipsometric angles for different lattices of CdS nanocrystals.

Interesting to note that all spectra of modified surfaces have a feature at about 2.42 eV corresponding to the band gap of CdS. At least it demonstrates that in spite of very small amount of CdS on substrates, it exhibits in ellipsometric spectra. It is also visible that wavelengths shorter than 270-250nm indicate no difference with the initial structure. Perhaps it may be explained by strong scattering of the light in that spectral region by CdS brushes of comparable size. It would result in the forming of the signal of the specular reflected light by only unchanged surface of Si-Si3N4, as for longer wavelengths mixing is more effective.

The spectra measured along the diagonal and the side of square lattices are presented in Fig.4 indicating noticed sensitivity of results to the symmetry of lattices.

[image: image6.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Y

 in degrees

0

10

20

30

40

50

60

70

diagonal

side

[image: image7.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Y

 in degrees

10

20

30

40

50

60

70

diagonal

side

[image: image8.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Y

 in degrees

10

20

30

40

50

60

70

diagonal

side

[image: image9.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Y

 in degrees

10

20

30

40

50

60

70

diagonal

side


[image: image10.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

D

 in degrees

-30

0

30

60

90

120

150

diagonal

side

[image: image11.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

D

 in degrees

-30

0

30

60

90

120

150

diagonal

side

[image: image12.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

D

 in degrees

-30

0

30

60

90

120

diagonal

side

[image: image13.wmf]Generated and Experimental

Photon Energy (eV)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

D

 in degrees

-30

0

30

60

90

120

diagonal

side


Fig.4 Spectra of ellipsometric angles measured along the diagonal and the side of square lattices of CdS nanocrystals. Periods left to right – 200nm, 400nm, 500nm and 600nm.

More detailed treatment of measured data as well as experiments with structures prepared according discussions are the tasks for future collaboration.

Additionally, during the visit the talk “Optical transmission of thing films – classical analogue of Fano effect” was given at the seminar of the institute of Prof. A. Zayats. Also as former participants we visited the post-network “Plasmo-nano-devices” 2-days meeting in Exeter for the presentation of our progress and acquaintance with new results of other members obtained after that Network of Excellence finishing.

