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BOARD Liaison Officer : Dr Alex Glass (Charles H. Ward, Lt Col, USAF as 

from 21.8.3) 

Principal Investigator : Dr William Douglas 

ITEM 004 - FOURTH (FINAL) REPORT covering the period 3rd June 2003 to 2nd 
September 2003 

Investigation of the Cubic Non-Linearity of New Organometallic Cyano- 
containing Polymers by Z-scan and Two Beam Coupling with Spectral 
Resolving 

Summary 

The third order nonlinear-optical properties of a variety of new organochromium CN- 

containing polymers have been investigated by z-scan and two beam coupUng with spectral 

resolving in the pico- and femtosecond ranges. 

Z-scan picosecond measurements on fihns of different compositions of the materials showed 

the third order nonlinear optical susceptibiUty to lie in the range 5.5 x 10"'^ - 1.7 x 10"'" esu. The 

carbon-nitrogen conjugated ladder chains length was established to be a factor of major 

importance. The domination of the very short polyacrylonitrile chains giving a short n- 

conjugated system as well as the presence of the crosslinking centers interrupting 7i-conjugation 

give rise to a decrease in the nonlinear optical properties. The results are also consistent with the 

arene ligand covalent bonding with PAN having a beneficial influence on the third order 

nonlinear optical susceptibility. 

Large nonlinear coefficients of third order nonlinear optical susceptibility were also found 

with femtosecond time of initialization. Investigations using a femtosecond laser and a new 

sensitive method of spectrally resolved two-beam coupling have confirmed the studies in the 

picosecond range, the main results being the existence of a large electronic optical nonlinearity 

in the samples studied. 

The possibility of fast optical switching by using a nonlinear Fabry-Perot interferometer 

containing a nonlinear polymer layer has been shown. Sharp dependencies of the nonlinear 

resonator propagation coefficient on the peak intensity (or pulse energy at fixed duration) are 

obtained for certain parameters of this device, such as reflection coefficients of the front and 

back mirrors, layer width and nonlinear refractive index of the polymer. 

Approved for public release; distribution is unlimited. 
Fo^-m-foi^ 
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1.      State-of-the-art of the project implementation 

During the final quarter of the present project we have pursued our research by studying the 

nonlinear optical properties of the new organochromium polymeric compositions. 

Previously, we have reported the extraordinarily high non-resonant cubic optical 

nonlinearity exhibited by this type of materials. The goal of this study is to investigate the 

dominant factors determining the level of fast optical nonlinearity of the materials based on the 

bis(arene)chromium complex incorporated into CN-containing organic polymers - 

polyacrylonitrile (PAN) and polyethylcyanoacrylate (PECNA) - in order to use the information 

obtained for conqjosition optimization. 

To this end during the fourth quarter of this project we have firstly undertaken picosecond 

Z-scan measurements of the cubic nonlinear optical properties of the various compositiom in 

films. The third order nonlinear optical susceptibilities are foimd to lie in the range 5,5 x 10''^ - 

1.7 X 10''** esu for the different compositions. The length of the carbon-nitrogen conjugated 

ladder chain was established to be a factor of major importance. The domination of very short 

polyacrylonitrile chains giving a short jt-conjugated system as well as the presence of 

crosslinking centers interrupting jt-conjugation decre^e the nonlinear optical properties. The 

results are also consistent with the arene ligand covalent bonding with PAN having a beneficial 

influence on the third order nonlinear optical susceptibility. 

Secondly, for the investigation in the femtosecond range of laser pulse duration, we have 

used a new experimental method of two beam coupling with spectral resolving for the testing 

beam. This method allows the avoidance of including mechanisms of optical nonlinearity with 

relatively long period of initialization (longer than hundreds of femtoseconds) into the final 
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figure of nonlinearity. It does not require a sophisticated experimental setup and it is more 

sensitive than similar methods (for example, based on autocorrelation function analysis). In this 

new method there is no requirement for large intensities of testing beams in order to obtain 

large nonlinear phase shifts in nonlinear samples. The nonlinear phase shift 0.01 rad can be 

easily detected with a peak intensity of some GW/cm^ of femtosecond pulse. The simplicity of 

setup alignment is the most significant advantage. The negative side of this method is its high 

sensitivity to external noise, instabilities of laser beam and spectrum of laser radiation and 

defects of sample surface. 

The third direction of our scientific activity during the last quarter of this project was the 

theoretical investigation of the possibility of fast optical switching. The main idea of fast optical 

switching in a nonlinear Fabry-Perot resonator is to incorporate nonlinear optical media with a 

fast response inside the interferometer. Thus, on varying the intensity of the incident beam the 

nonlinear phase shift changes in the nonlinear media inside the resonator. This phase addition 

can compensate the initial detuning of the resonator from the resonance peak leading to 

significant changes in the resulting transmission coefficient of the Fabry-Perot interferometer. A 

detailed analysis of pulse propagation through such a device is given in the present report. 

2. Z-scan picosecond investigations of tlie new organocliromium CN- 

containing polymers. 

In the second report, we described the high non-resonant electronic nonlineaity of pyroUzed 

bis(arene) vanadium-containing polyacrylonitrile [1]. Also, as described in the first report of the 

previous contract (SPC 014058) we have found an extraordinarily high self defocusing effect 

for non-pyrolyzed chromium-containing polyacrylonitrile (CrPAN) films cast from acetonitrile 

solutions [2]. During the last quarter of the present project we have continued the investigation 

of the cubic non-linearities on the picosecond time scale for various film-forming compositions 

based on bis-arenechromium complexes and CN-containing polymers. It was estabUshed 

previously that in the presence of air zero-valent chromium incorporated into CN- containing 

polymer is oxidized to the plus one oxidation state giving the AraCr^ cation and OH' anion the 

latter being able to readily catalyze anionic cyclization of the cyano-groups in polymer as 

shown for polyacrylonitrile (Scheme 1(a)) and polyethylcyanoacrylate (Scheme 1(b)). 



4/19 

Scheme 1 Anionic cyclization of acrylonitrile (a) and ethylc^noacrylate (b) units with 

formation of polynaphthyridine structures. 

(a) 

®cm   H^ n nnin n n n 
N N N N N N N N^j_J 

(b) 

O  OEt O   OEt o   OEt O  OEt O   OEt o   OEt LI   OEt u   ujtt o   OEt O  OEt U   UJfit o   OEt Q   OEt O   OEt %/ %' \^ %' %' %^ y ^/ 

HO"^* 'NH 

This results in the fijrmation of long carbon-nitrogen conjugated todder chains with a 

naphthyridine-type structure similar to that formed on pyrolysis of polyacrylonitrile itself [3] 

and consistent with the very high nonlinearity. The aim of this step of the project was to 

investigate the influence of the bis-(arene)metal complex concentration and the structure of its 

CN-containing polymeric environment on the cubic nonlinear optical properties by testing 

con^ositions of different concentration. The results of the third order non-linear optical 

susceptibilities measurements are presented in Table 1. 
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Table 1. The results of Z-scan measurement of nonlinear refractive index (n2) and third 

order nonlinear optical susceptibility (Re(%^^^) of the bis(arene)chromium- and CN- 

containing polymers. 

Material" 

Inal, 
cm7W 

|Re(%^^))|,esu 

Katio 

ArjCr: PAN 
(PECNA) 

CrPANI 1.9X10-'^ 9.5X10" 
1:8 

CrPAN II S.lXlO-'" 1.5X10'^ 
1:4 

CrPAN la 
(prepared one month before the 

measurements) 
1.1 X 10"" 5.5X10'^ 1:8 

CrPECNA 
(bis(arene)chromium dissolved in 
polyethylcyanoacrilate) 

3.0X10-''' 1.6X10"'^ 1: 8 

film thickness 50|im 

The third-order optical nonlinearity of the films was measured by a closed-aperture Z- 

scan technique, which permits the characterization of the real and the imaginary parts of the 

nonlinear susceptibility [1]. The method has become widely used at present due to its accuracy 

and relative simplicity. The Z-scan experimental setup is presented in Fig. 1. 

o BS     L1 
-Z       0     +2 

Fig. 1. Z-scan experimental setup. O - laser oscillator; BS - beamsplitter; M - mirror, 

LI, L2 - converging lens; S - sample; Al, A2 - aperture; Dl, D2 - photodiode. 
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The pump radiation was the fundamental (% = 1.054 jxm) of the passively mode-locked Nd: 

phosphate glass laser delivering pulses with duration T « 4 ps and energy 100 |iJ. To avoid 

themml effects, the repetition rate was kept low (1 Hz). The laser was operating in the TEMoo 

mode which resulted in a Gaussian beam inteiKity profile. The Z-scan technique is very 

semitive to the laser beam spatial intensity profile stability. To ensure compensation of its 

possible fluctuations an optically equal reference shoulder was included into the experimental 

setup. Two equal lenses LI and L2 with 350 mm focal length focused the beam into an 85 ]im. 

diameter waist. The irradiance in the focus in the sample channel was 2.7 x lO" W/cm^, The 

diffraction length Zo of the focused beam was about 5 mm. 

The Z-scan technique is based on the measurement of the transmittance of a nonlinear 

sample S through a finite aperture Al in the far field as a fimction of its position Z with respect 

to the focal plane of converging lens LI. The refractive index of the sample can be expressed as 

n = no + nzl where no is the linear refractive index and na is the intensity-dependent refractive 

index proportional to the third-order nonlinear susceptibility of the sample x^^l Thus the third- 

order optical nonlinearity of the sample gives rise to nonhnear refraction of the toer beam, i,e, 

self-focusing (n2>0) or self-defocusing (n2<0). As a thin sample (with a thickness smaller than 

the diffraction length of the focused beam) is translated along the optical axis of the system in 

the positive direction, the beam irradiance inside the sample gradually increases before the focal 

plane and decreases after the plane giving rise to varying self-lensing in the sample. Monitored 

through the aperture by Dl photodiode this additional refraction produces characteristic 

transmittance curve as depicted in Fig, 2, The reference signal was detected by the D2 

photodiode, A valley-peak configuration of the transmittance curve corresponds to a positive nz 

while a peak-valley configuration corresponds to a negative na. The difference of the peak and 

valley normalized transmittance values immediately gives the value for the second-order 

nonlinear refractive index na [4], 

The samples were prepared by sandwiching the polymer composition between two 

silica glass substrates. The thickness of the films was 50 [im which is much less than the 

diffraction length of the beam so the samples could be considered 'thia'. As the absorption 

spectra of the films show no single- or two-photon absorption at 1,054 jim, the nonlinearity of 

the samples was purely refractive. The na values were as follows: 
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Fig. 2. Sample Z-Scan curve for CrPAN II. 

Our previous investigations showed the molecule of CrPAN consists of a central (arene)2Cr 

species with 1-2 polyacrylonitrile arms covalently bonded to the arene ligands [5]. The data 

presented in Table 1 indicate that a higher concentration of the central bis-(arene) chromium 

species in the polymer (the ratio MCr : PAN = 1:4) gives rise to a reduction in nonlinear 

optical properties (sample CrPAN II). We explain this by the decrease of the extent of %- 

conjugation resulting from the exceedingly short polyacrylonitrile "arms" formed at this metal 

complex /polymer molar ratio. 

Our suggestion about the dominant role of the length of 7i-conjugation system is also 

confirmed by a comparison of the third-order nonlinear susceptibilities of the samples CrPAN I 

and CrPAN la . We observed a reduction in the cubic nonlinear optical properties for the 

sample prepared one month ago. We associate that with a slow crosslinking of the polymer 

taking place in the late stage of the anionic cyclization of the polyacrylonitrile units. The 

crosslinking causes the interruption of 7i-conjugation in the polynaphthyridine-type chains with 

formation of the following structure. 
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I    N      ^N Na 
■■—H2C-C-CH2 — 

C=N 

In principle, this process leading to a short life-time for the samples could be prevented by the 

introduction of reagents blocking the anionic centers (alcohols, for example) to the freshly 

prepared fiteis. 

Previously we used polyethylcyanacrylate (PECA) only as a glass-like transparent 

matrix for CrPAN improving the optical and mechanical properties of the CrPAN-containing 

films [2]. Malonodinitrile (3-5 mass,%) was used as plasticizer. The c^no-containing host 

polymer is quite compatible with CrPAN and can be mixed with it in all proportions giving 

films of excellent optical quality. Our recent investigations ako revealed some new aspects of 

the use of another cyano-containing monomer (ethylcyanoacrylate) for non-linear optical 

composition preparation. We established that ethylcyanacrylate monomer, like acrylonitrile, 

reacted vigorously with bis-(arene)chromium(0) in the presence of strong electron acceptors 

giving an homogeneous polymeric film-forming product. We observed the same effect for bis- 

(arene)vanadium and bis-(arene)molybdenum. It is interesting to note that a test of some well- 

known vinyl monomers such as styrene, a-methyktyrene, methylmethacrylate and vinyl 

chloride did not show any reactivity of these monomers toward the transition bis-(arene)metal 

complexes. This indicates the important role played by the CN-groups in such interactions. 

However, our recent investigations have revealed the principle difference between star- 

like macromolecules of CrPAN [5] and the structure of an analoguous product based on 

ethylcyanoacrylate (CrPECA). We foimd that the latter does not contain polymeric chains 

covalently bonded to the bis-arene complexes since the cyanoethylation reaction of the arene 

ligands does not take place in this case. The resulting product is an homogeneous solution of the 

(bis-arene)metal complex in polyethylcyanoacrylate. The unexpectedly high solubility of the 

metal complex in the polymer can be explained by supramolecular interactions between the CN- 

groups of the polymer and the metal atoms. Evidence for some CN- groups coordination with 

the central transition metal atom is confirmed by the IR spectra showing the CN absorption 

band shifted to lower frequencies (from 2245 cm"' in pure PECA to 2190 cm'' in CrPECNA). 

The X® values of the CrPECNA films (Table 1) shows the essential cubic non-linearity of that 

product but it is two orders of magnitude less than for the sample CrPAN I. This establishes the 
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important role of the star-like structure of CrPAN giving rise to more extensive conjugation and 

also metal - polymer charge transfer known to result in high electronic cubic non-linearities. 

Nevertheless, Cr-contaning PECNA is a very promising component improving the optical and 

mechanical properties of the nonlinear optical films based on CrPAN. 

3. A new method of two beam coupling with spectral resolving; application in 

a cubic optical nonlinearity study of bis(arene)chromium-containing 

polyacrylonitrile in the femtosecond range of pulse duration. 

Method description [6, 7J: 

Two-beam coupling with spectral resolving is a new sensitive method for the determination of 

nonlinear optical coefficients in various media. There exist equations that describe the 

propagation of strong pump pulse and weak probe pulse at the same time in a nonlinear optical 

medium. We take into account cross-phase modulation, self-phase modulation for the strong 

beam, linear and two-photon absorption for the theoretical analysis. 

dz      u   dt ''" 
^h     1 ^h 

pu^ 

a - linear absorption coefficient, P - coefficient of two-photon, P ~ Imx^^\ y = 47i;n2/cn - 

coefficient, proportional nonlinear refractive index n2 and real part of third-order nonlinear 

optical susceptibility Rex^^\ n^ {cm V )^if) = 1 / 50 • Re x^^^ {in esu). 

It is required that the nonlinear phase shifts AO = kylpuL, q= p IpuL should be less than 0.1 for 

good theoretical approximation. 

For Gaussian pulse shape E=Eoexp(-t^/to^) the following result for relative changes of the 

spectral component follows fi-om the above equations. 

AT" 2 
—(r, So)) = -= expiSa/1] 16) exp(-2T^ / ^t] )(2A^ sin(2r ■6a))-q COS(2SCD • T / 3)). 

For a "signal-to-noise" ratio of at least about 150 registered for our equipment the nonlinear 

phase shift is equal to: 
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A* = 0.0004. 

An alternative method for nonlinearity detection is two-beam coupling with autocorrelation 

fbnction analysis. 

Before the experimental studies we made some attempts to find similar methods with the same 

sensitivity. One of the most successM variants was the following. We calculated the 

autocorrelation fimction for the probe beam, using the approximation mentioned in the main 

method: 

FEiT,t^) = E^^j ■ (2cos(fi«jr)exp(-4 /24^) + 2A0sin(fl*j,)(exp(24 Z^)-l)exp(-4 /2tl -Itt^ Itl)) 

The largest changes in autocorrelation fimction were at root points of the autocorrelation 

fimction in the case of zero nonlinearity (A©=0). With the same estimated level of "signal-to- 

noise" ratio of a minimum of about 150 the nonlinear phase shift is equal to A<I» = 0.003. So this 

method is about ten times less sensitive than the previous one. 

Setup description: 

Experimental setup: M- high-reflective mirror, P- prism, TS- translator stage, BS- beam 

splitter, PD- photodiode, L- lens, S- investigated sample, A- aperture for beam selection, 

SI- slit, G- grating. 

Millennia V pump laser pumps Tsunami fs-generator. Tsunami generates 35-fs pulses 

with average power of 100-250 mW at repetition rate 80 MHz. Central wavelength of laser 

radiation is 795-800 nm. 

The dispersion compensator consists of prkms PI and P2 on translation stage TSl, mirrors M3, 

M4. Its adjustment allows to compensate dispersion in the optical elements before the polymer 

film to provide minimal pulse duration in the polymer sample. There is a small vertical detuning 
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of the beams in the compensator for changing the direction of walking of the backward beam 

after the compensator with mirror M5. The beam from M2 to PI is higher than M5. 

The thin beamsplitter BS separates the initial beam into 3 parts; the strongest one passes 

through the beamsplitter and goes to part of delay changing, the two weak pulses being used as 

testing or probe pulse in the sample and for real-time laser power control. 

Part of delay changing allows the change in delay of the pump pulse in the sample. Its 

translation stage TS2 (with two mirrors M8 and M9) can be positioned with an accuracy of 7 

nm for sufficient experimental poiats. 

After reflections from mirrors M6 and M10 the probe and pump beams are focused with 

lens LI in the sample S. The focal length is 0.14 m, so we can get the intensity of the pump 

beam in the sample in the range of 1-3 GW/cml To obtain the autocorrelation fimction for the 

testing beam we used a LilOs crystal for producing the second harmonic. 

A Rowland spectrometer was used for the probe pulse spectral analysis. The lens L2 

focuses the beam on the entrance slit and increases the sensitivity of the signal received by 

photodetector PD2. 

780 

Initial spectrum of laser radiation with Gaussian fit therefore the spectral bandwidth of 

the laser pulse is 20-26 nm at half-maximum level. 
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Autocorrelation function: 

The autocorrelation function and 

envelope for tihe theoretical curve, 

corresponding to 42 femtosecond pulse 

duration. The small peaks at the bottom 

of this dependence are the result of 

incomplete conqjensation of the pulse 

dfepersion. 

There    is    a    good   correspondence 

between        the        spectral        and 

autocorrelative diagnostics of the pulse 

parameters. 
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Results of measurements for polymer samples 

CrPAN la: 
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-100     -50        0 50       100 

We average many scans in order to detect the nonlinearity and decrease the noise of various 

types. 
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The following is a typical scan for polymer sample dependence of the normalized (on spectral 

component without pump, or far from zero delay) spectral component of the probe pulse on the 

pump-to-probe delay. The line corresponds to the averaging of three scans. The spectral 

detuning is 21 nm (or approximately 2a in half-width at half-maximum units). 

The calculated theoretical fit for this data gives the nonlinear refractive index for the studied 

samples of about -2-310"''' cm^/W with about 100% relative error (because of the huge noise 

level). 

j).014 
0.02 

0.01 

AT/T 

dTkT(t2,2110"')      0 

-0.01 

.-0.014o.02 

lOOlO" 15 
-5-10 ■14 

Theoretical fit 

Delay, in seconds 

t2 
5 10 ■14 

10010" 15 

4. Theoretical calculation of all-optical switching in a Fabry-Perot resonator 

containing a nonlinear polymer layer. 

Introduction: 

The main idea of fast optical switching in a nonlinear Fabry-Perot resonator is the incorporation 

of nonlinear optical media with fast response inside the interferometer. Thus, by varying the 

intensity of the incident beam the nonlinear phase shift changes in the nonlinear media inside 

the resonator. This phase addition can compensate the initial detuning of the resonator from the 

resonance peak leading to a significant change in the resulting transmission coefficient of the 

Fabry-Perot interferometer. A detailed analysis of pulse propagation through such a device is 

presented in this report. 

Linear Fabry-Perot interferometer: 

The phase addition between two consequent reflections in the resonator is given by: 
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4^M V 
24 = 2kLcos0 = '—Lcos0; # = 2M,V/c; L' = n^Lcos0. 

c 

The amplitude of the electric field in the output beam is: 

E, =±E, =(E,t,t,e'*')±ir,r,rexpi2mm = -    ^'*'*'^" 
M «=o l-r,rjexp(2i^) 

The transmission coefficient on intensity for the interferometer is: 
|2 2.2 

r= |£,   .. th 1*2 

l^^r     1 - 2r,rj cos 2^+r,r2 

Alternatively, the same equation for trammission using reflection coefficients on intensity for 

mirrors (mirrors are without losses) T = t^, R = r^, T + R = l: 

y_ (1-^,)(1-^,) 

The sharpness of the interferometer is: 

I-4RA 

Fabiy-Perot interferometer with nonlinear layer Inside, without absorption. 

The refraction coefficient for the nonlinear sample is: 

Initially, the resonator is not at the resonance point and has initial phase detuning. By increasing 

the intensity we can change the refractive index of the media, so the effective length of the 

resoiwtor (or optical length) changes. The optical length is responsible for the resonant 

properties of the interferometer, i,e. what resonance point changes. When the initial phase 

detuning has the same value as the nonlinear phase addition $„/ = kn2ll, but opposite sign, 

we will get resonance trammission. In other words, we get optical switching 

Estimation for suitable pulse duration. 

Three values, characterizing the nonlinear Fabry-Perot interferometer (in decreasing order, the 

next figure should be much smaller): 

A). Frequency detuning, equal to nonlinear phase addition in nonlinear optical media. 
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B). Spectral bandwidth of interferometer transmission. It is less than the spectral interval 

between two consequent modes of the interferometer (see sharpness above). For 100 micron 

interferometer base and 1064 nm wavelength the spectral interval is equal to 210" s"\ 

C). Pulse spectral bandwidth. For 40 ps pulses: Aco = 1,110"^ s'\ (For femtosecond pulses it is 

impossible to get interference inside such an interferometer, because even a 100 fs pulse has a 

length 310"^ m or 30 micron). 

Switching possibility estimation using tlie investigated polymers. 

Nonlinear refraction indexes for studied polymers: -10"'^ cm^/W. 

Linear absorption for investigated polymers: 5-20 cm'' 

Picosecond pulses characteristics: 

10-50 |xJ, 40 ps, 1064 nm, focused in circle with diameter 0.1 mm. 

Nonlinear phase addition for the Fabry-Perot interferometer with polymer layer: O ~ 1. 

Nonlinear Fabry-Perot interferometer containing a polymer layer with provision for 

linear absorption. 

Polymer film 

I 

i.^ 

Relations  between  intensities  of the 

incident beam lo, the beam inside the 

interferometer Ic, the reflected beam Ir 

and the transmitted beam It: 

2minJ e = 

Front 
mirror Rear 

mirror 

interferometer 

detuning 5. 

^ " +^-  phase   detuning   in 

with     initial    phase 

«, =- 
en. 

!,=■ 

ad{l-Rg)exp(-ad) 

(1 - exp(-cxd))(l + Rg exp(-ad)) Ic^ 

1 = 
adil-Rsexp{-2ad)) 

(1 - exp(-oii))(l + RB exp(-cd)) h. 

/ =  (1 - Rp )(1 - exp(-Qt/))(l + Rg exp{-ad))  

ad[(l-^RpRg exp(-ad)f +4ad.jR^exp{-ad)sm^ 0 h. 

1 + 
4^RpRs expj-ad)       . ^ 2;z«2 (exp(flK?) -1)(1 + i?^ exp(-o^/)) 

[l-^lRpR^expi-ad)f 
• sin (• 

Aa{l-Rg) 
I,+5) 



16/19 

/o=0, 

(h-K) l+- 
4^RpRs expi-od) 

(l-R,)il-R,)exp(-od)^ ^Q 
i\-4RpR^mpi-od)f    " 

• sin ( (in—i,)+d) 

The above equations were used for the calculation of the dependencies of the pulse energy 

transmission through the Fabry-Perot resonator. 

On the following graph the typical dependence of the Fabry-Perot resonator transmission on the 

wavelength of the laser radktion is shown. Each curve corresponds to various peak intensities 

of the beam. 

GW/cm^ 

100       m 
h 
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The final dependence of the transmitted laser pulse energy on the inSfflent laser pulse energy 

demonstrates the possibility of optical switching with the present polymer samples. 

Transmitted 
laser pulse 
energy, pj 

0 20 40 60 80 100 

Incident laser pulse energy, )j,J 

(For various curves peak intensities are 1=5, 10, 20, 30 GW/cm^) 
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5. Conclusions 

Large third order nonlinear optical susceptibility coefficients with femtosecond time of 

initialization were found for new chromixim-contained organometallic polymers. Investigations 

using a femtosecond laser and new sensitive method of spectrally resolved two-beam coupling 

have confirmed studies in the picosecond range. The main results of the latter picosecond 

studies was the demoiKtration of large electronic optical nonlinearities in the samples studied. 

Further improvement in the experimental setup will allow us to detect two-photon absorption in 

the polymers and to decrease the experimental error for the nonlinear refractive index and the 

real part of the third order optical susceptibility. 

The possibility of fast optical switching by using nonlinear a Fabry-Perot interferometer 

containing a nonlinear polymer layer has been estabHshed, A strong dependence of the 

nonlinear resonator propagation coefficient on peak intensity (or pulse energy at fixed duration) 

is found for certain parameters of this device, such as reflection coefficients of front and back 

mirrore, layer width and the nonlinear refractive index of polymer. The problem of creating 

optical switchers with initial requirements lies in the precise control of layer thickness inside the 

interferometer and the formation of an homogeneous polymer layer with high electronic third 

order nonlinearity. 
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