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Second-Harmonicc Generat ion 

InIn this Chapter we describe the setup developed for second-harmonic generation mea-

surementssurements as a function of time, extended to short time scale down to 1 jisec. The 

measurementsmeasurements consist in following the signal generated by polar non-linearly polaris-

ableable groups during their reorientational relaxation after poling with a strong external 

DCDC field. The main challenges in the realisation of the set-up are the switching of 

thethe strong DC field in a short time, the synchronisation of the switching-off with the 

SHSH signal collection and the measurement with a good statistic of the intrinsic low 

SHSH response from our thin films. 

5.11 Introduction 

Uponn cooling, a viscous liquid changes into a solid glass in a narrow temperature 

range.. The relaxation time increases in a non-Arrhenius way by many orders of 

magnitude.. In terms of relaxation time, the glass transition temperature Tg is defined 

ass the temperature at which the relaxation time becomes 100 sec (see Sec. 1.1). 

Thiss characteristic time mainly corresponds to a reasonable duration of a dynamic 
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experimentt with the available techniques. Because of this feature most experiments 

performedd to study the dynamic behaviour of glass formers have to be conducted at 

temperaturee above the dynamical glass transition Tg. 

Too probe dynamical processes, two approaches can be used: exciting the sys-

temm at a certain frequency and measuring its response as a function of frequency 

(measurementss in the frequency domain), or exciting the system at a given time 

andd measuring the subsequent response of a system as a function of time (measure-

mentss in the time domain). Most dynamic studies are performed in the frequency 

domain,, with dielectric, rheological and NMR techniques being widely used, among 

others.. In the last few years, the upper limit of the frequency window has been im-

pressivelyy extended, mainly thanks to new technological improvements. Nowadays 

experimentalistss can explore up to 21 orders of magnitude in frequency (10~6 - 1015 

Hz)) [123, 124]. In this way it is possible to explore regions far above Tg, which can 

givee insight in the origins of the glassy state by detection of fast processes (see for 

examplee [125]). On the other hand frequency domain techniques are not applicable 

forr temperatures deep below Tg where dynamics becomes too slow to be studied 

withh sub-second techniques. 

Amongg time domain techniques, we recall steady state probe fluorescence, photo-

bleaching,, fluorescence non-radiative energy transfer [126] and second-harmonic gen-

erationn [127, 128]. Direct time-domain approaches are now becoming very promising 

especiallyy for studying very fast processes, thanks to the emergence of techniques 

basedd on ultrafast optical technology (see for example [129, 130, 131, 132, 133]). Ul-

trafastt measurement systems are often based on relaxation from optically pumped 

states,, but it is not always possible to design a proper experiment that suits any 

application.. As example, we recall the work of Meech [130] who applied a pump and 

probee method on Malachite green and Rhodamine 6G dye molecules that present 

isomerisationn in the exited states, with a rapid internal conversion and vibrational 

relaxationn to re-populate the ground state. Antoine [129] also used a pump-probe ex-

perimentt to study the rotational relaxation of an Eosin B interfacial layer after align-

mentt by a pump beam. In Eisenthal's studies using second-harmonic generation, a 

varietyy of systems were considered: interfacial solvation dynamics of stearic acid 

[131],, activated photoisomerisation of cyanine dye (3,3'-diethyloxadicarbocyanine 

iodide)) [134], and the solvation dynamics of coumarin 314 [133]. 

Inn our experiments we have measured the reorientation relaxation of polar non-

linearr ly polarisable groups. To create the initial state, we first applied a strong 

DCC electric field (so-called poling field) to induce some polar ordering of the polar 

groups.. In this state, the material is able to generate a second-harmonic signal. 
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Att a time t=0, we switch the electric field off and follow the time evolution of the 

orientationall  order towards a non-polar state by measuring the time evolution of the 

second-harmonicc signal generated by the sample. For such a system, with an initial 

statee (for t<0) that is not generated by an optical pump beam, the collection of a 

second-harmonicc signal, is very well established for long time scales. The time limit , 

inn the lower bound (t > 10 sec), is mainly due to the fact that the collected SH signal 

iss very small and needs to be averaged over a series of successive intense incident 

pulses.. For measurements in the short time domain, the control of the switching 

offf  of the strong external field is also an important limitation, mainly due to the 

magnitudee of the field. A limited time window allows to gather information only 

deepp below Tg. At temperatures approaching and above Tg, however, information 

att intermediate and fast time scales becomes more relevant. 

Too overcome these problems, Torkelson et al. [135, 136] developed a setup able 

too collect a SH signal in the short time domain (0.2 msec - 1 msec) for studying the 

dynamicss of a tracer dissolved in a hosting polymer matrix. They concluded that 

thee dynamics of the probe tracer could be coupled to the polymer a-relaxation. In 

laterr studies [62, 127, 137, 138] they extended the collection down to 5 ^sec and 

coveredd also the intermediate time window 1 msec - 10 sec. They also studied the 

polymerr with the chromophore tracer covalently bound as side-chain. 

Followingg collection protocols similar to the ones used by Torkelson et al., we 

couldd cover a time window ranging from 1 /^sec til l one week (11 orders of magnitude), 

allowingg the monitoring of the reorientation dynamics through the time dependence 

off  a second-harmonic signal both well below and above Tg. By determining the 

shapee of the relaxation dynamics over a wide range in temperature and time, it is 

possiblee to identify different relaxation processes. Extended data are also useful for 

aa more precise fitting with non-exponential relaxation functions like the Kohlrausch-

Williams-Wattss (KWW) equation and the evaluation of the corresponding average 

relaxationn time (T) and the stretch exponent j3 (see Sec. 1.3.2). 

Wee should bear in mind that every technique is related to a particular feature 

off  the studied material. For example dielectric spectroscopy can detect only dy-

namicc processes involving the reorientation of dipolar entities or the displacement of 

chargedd entities while rheological measurements are related to the displacement of 

molecules.. In most bulk system, different measurement techniques give consistent 

resultss on the dynamic behaviour. Also the results of dynamic second-harmonic 

generationn measurements compare very well with those of dielectric spectroscopy 

[135,, 139]. 
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Theree is however a notorious exception, namely H-bonded materials as in the 

casee of monohydric alcohols [140], These materials are known to create H-bonded 

networkk clusters. For example dielectric measurements on propanol [85] have shown 

aa second relaxation process with a smaller time constant than the dominant relax-

ation.. The dominant slow relaxation process could be associated to the dynamics 

off  clusters of the associating liquid, while the fast one could be a fingerprint for 

thee reorientation relaxation of free molecules. This indicates that the dominant 

non-exponentiall  relaxation dynamics is due to more complicated units than simply 

molecularr entities. Moreover the relaxation time for the pure monohydric alcohols 

wass found to be much longer than the structural relaxation time measured with 

otherr techniques. 

5.22 Fast and intermediate collection method 

Inn this section we explain how data were collected in the short and intermediate 

timee domain (1 ^sec => 3 sec). The aim of the measurements is to obtain the 

timee dependence of the second-harmonic signal I(t) after the poling field has been 

switchedd off. To measure a second-harmonic signal (SH), an intense light source is 

needed,, and we therefore made use of a pulsed laser. In the short and intermediate 

timee domain the time separation between pulses is of the same order of magnitude (or 

slightlyy bigger) than the explored time scale. This means that the collected second-

harmonicc signal cannot be averaged over the successive laser pulses, as is done in 

thee standard collection procedure, where only long time scales are considered. To 

measuree a signal at short time scales, we need to collect the SH signal, corresponding 

too one laser pulse, after a tunable time delay after the poling filed has been switched 

off.. The main challenges of such an experiment are: 

 Synchronising the turning off of the external field with the pulse sequence of 
thee incident laser beam. 

 Switching off the strong (1.9 TO6 V/m) applied DC electric field (HV) in the 

shortestt time possible, which becomes a limitation for the minimum time delay 

applicable.. The upper limi t (~3 sec) in the time domain collection, depends 

mainlyy on the pulse repetition rate with which the signal is measured. 

Thee other important factor to be considered in these experiments is the low 

absolutee value of the non-linear susceptibility of the sample. This is mainly due to 

thee low degree of polar ordering of the polarisable groups of the macromolecules. 

Moreover,, in the thin films, the amount of polarisable groups is small. As a result, the 
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collectedd signal per pulse is at most a few photons. To obtain a reasonable statistic, 

repeatedd collections are necessary for each data point, making the measurements 

timee consuming. 

5.2.11 Collection protocol 

Forr the short time window (t < 5 msec) a protocol similar to that of Torkelson [135] 

wass adopted. A schematic representation of a measurement run is shown in Fig. 5.1. 

Thee HV was switched off at a controlled time delay At before the laser pulse at 

whichh we measure the SH signal. This time delay corresponds to the time during 

whichh the system is allowed to relax starting from the initial oriented configuration. 

Thee laser repetition rate was fixed at 200 Hz, which means that the available time 

windoww with this protocol has as upper limi t the time interval between two laser 

pulsess (5 msec). The lower limit is the longest of either the time necessary for the 

HVV to drop to zero, or the length of the laser pulse. With our setup (see Sec. 5.3), 

thee HV fully drops in ~100 nsec and the laser pulses are ~200 nsec long. To be on 

thee safe side, we have chosen l^sec as lower limit in our measurements. 

Afterr the HV is switched off, only one data point is measured. Then the HV 

fieldd is raised again for a sufficiently long time (7 pulses = 35 msec) to recover the 

signall  corresponding to the initial polar oriented configuration, after which the cycle 

iss repeated. In glassy systems this procedure could introduce memory effects as well 

ass dependence on the history of the treatment. This is particularly true at temper-

aturess far below the glass transition temperature. On the other hand it has been 

seenn that dynamics during poling with high DC field is orders of magnitude faster 

thann the relaxation from the oriented configuration. We have also never noticed 

anyy shift in behaviour between the sequences measured at the beginning and end 

off  a measurement series. The cycling technique allows to collect replicas of iden-

ticall  switching on/off sequences, reducing drastically the collection time necessary 

too obtain a reasonable statistics. Data points (i.e. the SH intensity I(t) at a given 

timee t) were collected in separate measurement runs with the time delay At set at 

differentt values. This feature allows us to choose the time delay properly for equally 

spacedd points either in a logarithmic or linear time scale. To obtain a master plot 

forr all measurements, data were normalised to the intensity prior to switching off 

off  the HV field: /NO(^)
 = -^(O/^HVon- Every single switching on/off sequence was 

firstfirst normalised on itself and then averaged with the others in the run. In the fast 

dynamicss time window, the evaluation of the intensity with the field on 7HV on was 

donee by averaging the intensity measured at the last five laser pulses before the field 

wass switched off. 
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Timee t 

Figuree 5.1: Schematic representation of a measurement run to obtain one data point 

/ (At )) in the plot of the intensity I versus time t with the fast dynamics protocol. The 

verticalvertical dotted lines represent the laser pulses (=segments), with the small dots giving 

thethe incident intensity. The solid line represents the time dependence of the applied 

polingpoling high voltage. The dashed line gives the expected theoretical variation of the 

SHSH intensity, with the circles being the intensity measured at the corresponding laser 

pulse.pulse. Only the gray circles are used to evaluate I (At). 

Too extend the accessible time window to longer values (intermediate time regime), 

wee slightly modified the above protocol simply by increasing the time delay (Figure 

5.2)) to cover more incident pulses (segments). This procedure has the drawback of 

gettingg data points only on a linear scale because of the linear distribution of incident 

laserr pulses. Moreover it needs a longer time for reaching the same sampling statistic 

(aa few thousands photons per data point) than in the short time protocol. In each 

sequence,, measurements over three successive segments were averaged, which adds 

aa time error bar on the data. 

Forr the intermediate dynamics time window, we used a 50 Hz repetition rate for 

thee laser pulses to extend the time window explored by each sequence (~4 sec for 

1933 segments). The HV field was kept on for ~1 sec and the time dependence for 

thee intensity was collected for ~3 sec. 

5.2.22 Statistics 

Sincee the second-harmonic intensities measured in one laser pulse are at most a few 

photons,, we need to accumulate enough sequences to obtain a large enough amount 
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Figuree 5.2: T/ie same os m Fig. 5.i for the intermediate time dynamics protocol. 

off  photons per data point (optimally several thousands) to increase the signal to 

noisee ratio and improve the intrinsic wide scatter of the data. Since the most time 

consumingg step (several seconds) in the experiment is the data transfer between the 

oscilloscopee collecting the data and the computer controlling the equipment, the 

mostt time efficient way of accumulating data would be to perform long runs while 

storingg all the necessary sequences in the memory of the oscilloscope. This is however 

nott possible due to the limited available memory space in the oscilloscope. With the 

fastt dynamics protocol, the oscilloscope memory allowed 193 sequences per run and 

wee repeated these runs to accumulate up to 6000 sequences. For the intermediate 

dynamicss protocol, in which sequences are significantly longer, the runs could only 

containn 8 sequences. To keep the measurements time reasonable, we accumulated 

onlyy 1500 sequences in this case. As a comparison, measurements performed at 

longg time scale were averaged over approximately 1500 successive laser pulses. This 

numberr could be longer at very long time scales. For those cases (high temperatures) 

wheree the relaxation dynamics was fast enough (~30 min), the whole relaxation 

processs was repeated, leading to an accumulation over ~5000 pulses per point. 

5.33 Collection setup 

Thee collection part of the SH setup (see Figure 5.3) consists of a frequency doubled 

Modee Locked (76 MHz) Q-switched Nd-YAG laser, a photodiode (PD) monitoring 

thee incident laser pulses, whose signal is used as triggering signal, and a photo-

multiplierr (PM) to record the SH signal from the sample. The repetition frequency 



80 0 Time-ResolvedTime-Resolved Second-Harmonic Generation 

off  the Q-switch can be tuned between 3 and 800 Hz, every Q-switched pulse being 

madee of several (~20) mode-locked pulses. A digital oscilloscope collects the signal. 

Thee HV is controlled by an electro-mechanical switcher. The switching speed is 

restrictedd by the speed of the fast transistor used in parallel with a relay inside the 

HVV switcher (the transistor holds the voltage drop and the relay avoids heating of 

thee former) which has a full relaxation time of —100 ns. 

Thee setup is completed by a PC that is interfaced to the rest of the equip-

mentt by an interface card for the oscilloscope (digital IEEE488) and a high speed 

counter/timerr interface card to connect the computer to a box interface (BI) that 

handless all the other controls (see Figure 5.3). The high speed counter interface 

containss two internal clocks of high precision. They are used in the software de-

signn to control the Q-switched pulses repetition rate and the time delay between 

thee switching off of the external field and the following incident Q-switched laser 

pulse.. A mechanical shutter (MS) is introduced on the optical path to avoid laser 

illuminationn on the sample on the 'dead times", as during the oscilloscope-PC com-

municationss or data savings periods. The box interface and the mechanical shutter 

needd low voltage (12V) power supply. The signal from the PD. monitoring the 

incidentt pulses through the intensity of a spurious reflection, is meant to: 

 Synchronise the external electric field switching with a specific optical incident 

pulse. . 

 Trigger the oscilloscope sampling of the PM collecting the SH signal in coin-

cidencee with the optical incident pulse. 

Thee electric signal coming from the PD is positive but too small to drive the 

triggerr in the oscilloscope, thus an electronic amplifier was inserted in the BI giving 

aa TTL (5V) output signal. The gating through the amplifier in the BI introduces a 

systematicc retardation time on the amplified triggering signal. On the oscilloscope we 

exploredd a time window as wide as a Q-switched pulse of the laser. To center the SH 

photonss in this window, we had to introduce a time delay for taking in consideration 

thee delay of the triggering signal due to the amplifier in the BI. During data analysis, 

thee time delay used in the collection protocol (shown in Figure 5.1), has then to be 

correctedd by such time delay. 

Thee control software was designed making use of LabView (see Appendix A). 

Thee graphical interface provided by LabView makes the control and understanding 

off  all parameters straightforward. 
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Figuree 5.3: The optical path includes a frequency doubled Mode Locked Q-switched 

Nd-YAGNd-YAG laser, a photodiode (PD) and a photo-multiplier (PM). The high voltage 

(HV)(HV) electric switching is provided by a fast HV switcher and is interfaced to the 

computercomputer by a box interface (BI). A digital oscilloscope collects the traces from both 

thethe PM and from the HV switcher signal. A mechanical shutter (MS) is introduced 

beforebefore the sample for avoiding sample illumination during electronic communications 

betweenbetween the oscilloscope and the PC. 

5.44 Fast dynamics in liquid crystals 

Too test our setup and measurement method at for short time scales, we have ap-

pliedd time resolved SHG measurements on a particular system having an unresolved 

dynamicss in the time range accessible by our equipment. Schuddeboom [141, 142] 

studiedd the reorientation dynamics of a common liquid crystal molecule: 4-n-eptyl-

4-oxycyanobiphenyll  (70CB), at a solid interface. In LC display technology these 

materialss function in the liquid crystalline state, and applied fields induce molecu-

larr reorientation with a response time of the order of milliseconds. An ultra-thin 

filmfilm  made of a few molecular layers was deposited by evaporation on a fused quartz 

substratee patterned with two gold electrodes as described in Sect. 6.2 (Fig. 6.2). In 

thee 1 mm-gap between the electrodes, the molecules have an isotropic distribution 

off  in-plane orientations. By applying a strong DC field between the two electrodes, 

moleculess in the film were forced to orient away from their equilibrium order. The 

appliedd field tends to align the dipoles carried by the molecules along the field di-

rectionn orientation, inducing a polar anisotropy in the plane of the substrate. 



822 Time-Resolved Second-Harmonic Generation 

C3 3 

c c 

X X 

1000 0 

t(sec) ) 

Figuree 5.4: Schematic representation of the SH signal with main features. The 

electricelectric field is switched off at time t=0. 

Second-harmonicc generation measurements were used to measure the degree of 

polarr ordering and its time evolution upon release of the field. The decay of the SH 

signall  presented three main features as schematically represented in Fig. 5.4. After 

switchingg off the poling field, a first jump corresponding to ~20% of the overall SH 

signall  was completed in less than 1 msec after the switching off of the field [142]. In 

theirr experiment 1 msec was the lowest time accessible in the measurements of the 

SHH signal. At longer time scales two distinct relaxation regimes could be seen (see 

Fig.. 5.5). The experimental data were fitted using a double exponential function: 

^/Sjt)^/Sjt) = exp [l b exp p 
\-t \-t 
—+lf —+lf 

VVTTff . 
++ exp 

\-t \-t 
—— +ls 

llTTs s 
(5.1) ) 

withh characteristic decay times of Tf ~ 10 sec and TS ~ 300 sec. exp [lb]  is a very 

slowlyy decaying component that can be treated as constant on the considered time 

scale,, and If and ls are weighting factors respectively for the fast and slow processes. 

Thee slow and fast relaxations were associated respectively to molecules in the first 

layerr in contact with the substrate (surface layer) and to molecules in the rest of 

thee film (covering film). The dynamics in the surface layer was slowed down with 

respectt to that in the covering film by the interaction of the surface molecules with 

thee substrate. This was confirmed by the absence of the fast relaxation in films 

madee only of a surface layer. Note that in contrast to our findings in the glass-
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Figuree 5.5: Decay of the square root of the SH intensity Iss determined by Schudde-

boomboom [141, 142] after switching off the poling field for a thin film of 70CB. Plotted 

datadata at time larger than 100 sec were averaged over five successive raw data points. 

TheThe lines represent the fittings for the slow (dashed) and overall relaxation process 

(solid)(solid) (Eq. 5.1). 

formingg materials described in Chap. 3, the effect of the substrate on the dynamics 

iss significant on this ordinary (not glass forming) system. This is because in the 

presentt case, the effect of the interaction with the surrounding molecules is much 

weakerr than in a glass-former. 

Thee fact that the fast relaxation time 77 was so long with respect to the value 

expectedd in a liquid, was tentatively explained by correlations between the dipoles 

carriedd by the molecules. Evidence for such correlations was also found in the static 

behaviourr of the molecules under the application of the poling field [143]. 

Forr the interpretation of the first jump, effects of the applied poling field could 

bee rejected. The DC field can in principle modify the intra-molecular potential of 

thee electrons, changing the molecular non-linear polarisability a^. Nevertheless to 

inducee this effect much higher fields than the one employed are needed. 

Anotherr possible effect caused by the electric poling field is electric-field-induced 

second-harmonicc (EFISH) generation. A high DC field E(0) can mix with the inci-
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Figuree 5.6: Chemical structure of 4-n-eptyl-4-oxycyanobiphenyl (10GB). The 
moleculemolecule has a saturated flexible tail, attached to the non-linear polarisable polar 
cyanobiphenylcyanobiphenyl group. 

dentt electromagnetic wave at frequency u to give a non-vanishing third-order non-
linearr term x(3) in the susceptibility. The second-order susceptibility component 
arisingg from this process is: 

,, EFISH (3) T-, ,„>, 

XijkXijk = XywEi(O) (5.2) 

Forr the case of intense applied poling fields and with the third-order susceptibility not 

particularlyy smaller than the second-order susceptibility, the electric-field induced 

second-harmonicc generation becomes not negligible. In this case, the expression of 

thee polarisation induced in the material (Eq. 4.1) becomes: 

PP = x{2)  E(w)E(w) + * (3,(2w = v + u + 0):E(u)E((j)E,(0) (5.3) 

Thee EFISH term was estimated as being at least 2 orders of magnitude smaller 

thann the second-order term for the considered system. Finally it was concluded that 

thee jump was not an artifact but associated to a very fast relaxation of a part of the 

molecules.. These molecules would not be involved in correlated reorientation but 

wouldd be "free" to rotate individually [144]. However no other information could be 

obtainedd about this unresolved relaxation process. 

Thee widening of the explored time scale is expected to give insight on fast pro-

cessess having characteristic times below 1 msec. Typical characteristic times for 

molecularr dynamics in the liquid phase are below 1 msec and, for a complex system 

ass a liquid crystal, we can expect to find typical behaviour precisely in the time 

intervall  from 1 //sec to 1 msec. We wanted to investigate the nature of this fast 

jumpp using the experimental setup described in this Chapter. 

5.4.11 Experimental 

Usingg the same approach as Schuddeboom [142], we deposited a multilayer of 70CB 

(Tmm = 55°C, TN] = 75°C, chemical structure in Fig. 5.6), purchased from Merk Ltd. 
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Figuree 5.7: Normalised second-order susceptibility measured with an s-in-s-out po-

larisationlarisation configuration for a thin film of 70CB. The solid lines represent the best 

fitfit  using a sum of four distinct exponential relaxation functions (Eq. 5.4)-

(Darmstadt,, Germany), on a fused quartz substrate. The substrate was previously 

patternedd with two gold electrodes with a gap of 1 mm in between. The deposition 

wass realised by condensing a vapor of the LC generated by a hot stage placed 

abovee the surface. After deposition the cell was sealed and dry nitrogen was flushed 

duringg the course of the experiment to preserve the sample from contamination. All 

measurementss were conducted on the supercooled liquid crystalline state at 30 °C. 

Thee optical setup is the one described in Fig. 4.4, while for the poling field and 

dataa collection, we used the scheme showed in Fig. 5.3. The electric poling field 

betweenn the two electrodes was 1.9 TO6 V/m. The SH signal was measured in the 

timee interval 1 /isec - 2000 sec. 

5.4.22 Results 

Thee full SH decay profile (XNOW) collected i n the s-in-s-out polarisation configu-

rationn is shown in Fig. 5.7. The square root of the SH signal (x^2\t)) ls normalised 

too the square root of the signal before switching off the field (x (0))-
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Effectt  of the poling electric field 

Inn the evaluation of the normalised second order susceptibility XNO' w e neglected 

thee existence of the EFISH effect. The validity of this assumption is confirmed by 
(2) ) 

thee value of XNO> remaining approximately constant (unity) for 1 //sec, while the 

polingg field drops to zero within 100 ns. This confirms the hypothesis of the absence 

off  any artificial jump due to the switching off of the electric field. If the second 

harmonicc signal would contain the third order effect EFISH, a first decrease of the 

signall  should be visible already within 100 ns after switching off the external field. 

Multipl ee relaxation dynamics 

Ourr experimental results (Fig. 5.7) clearly show two separate decays at time lower 

thann 10_1 sec. For larger times the data are scattered and for the interpretation 

wee used the results of Schuddeboom [142]. We fitted our results for the normalised 

second-orderr susceptibility using a sum of four distinct exponential relaxations: 

X^^  = X>(r)e-«/" > (5.4) 

wheree at are weighting prefactors. For the long time domain we adopted the value 

off  r3 = Tf = 13 sec and r4 = rs = 320 sec previously obtained [142] for the fast 

andd slow relaxations. For the other two processes we obtained T\ = 7.7 //sec and 

TITI — 5.7 msec. Using the microscopic picture depicted above with both collectively 

rearrangingg dipoles and free molecules, the two relaxations T\ and r2, at short time 

scales,, can be associated to the reorientation of free molecules in the covering film 

andd at in the surface layer, respectively. 

Fromm the different characteristic relaxation times TÏ (see Tab. 5.1) we can eval-

uatee the ratios rcov = T3/Y1 and rsurj — T4/T2 as the retardation effect caused by 

thee dipolar correlations for molecules laying in the film  (rcov) or in the surface layer 

(fsurf)-(fsurf)- We find that rcov/rsurf ^ 54, which would mean that the effect of the cor-

relationss is 54 times larger in the covering film than in the surface layer. A possible 

explanationn for this is that the dynamics of the molecules in the surface layer is 

dominatedd by the interaction with the substrate. Our measurements show that the 

reorientationn dynamics of liquid crystal molecules in the vicinity of a surface is very 

complex.. A deeper understanding of the system would require to study the whole 

dynamicss as a function of film thickness and to evaluate the variation of the ratios 

betweenn the weights of the different processes. 
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Coverr fil m 

Interface e 

Free e 

T\T\ — 1.1 fisec 

T2T2 = 5.7 msec 

Correlated d 

T33 = 13 sec 

T44 = 320 sec 

Tablee 5.1: Values of the relaxation times n determined with Eq. 5.4. 

5.4.33 Conclusion 

Thee above measurements on liquid crystal films show that our measurement setup 

andd protocol are able to distinctly resolve dynamic features in the time window 

11 ^sec - 103 sec. This is essential for studying systems with a complex dynamic 

behaviourr such as systems with distinct exponential relaxations , as observed in this 

Chapter,, or with a continuous distribution of relaxation times, as observed in glassy 

systemss and presented in next Chapter. 

5.AA Collection Software 

Figuree 5.8 shows a screen shot of the Lab View graphical interface we have developed 

too control the signal collection at the short and intermediate time scale1. This 

interfacee shows the two signals collected by the oscilloscope over the time window in 

whichh the intensity of the second-harmonic signal is measured. This time window is 

definedd by two parameters set using the interface: the time base of the oscilloscope 

(rightt bottom corner, generally 200 ns/div) and the number of samples in the window 

(samples,(samples, generally 88). The delay between the trigger signal from the photodiode 

(seee Fig. 5.3) and the beginning of the time window is set on the oscilloscope. These 

settingg ensure that the time window coincide with the laser pulses. Channel 1 records 

thee signal driving the switching of the high voltage to verify the synchronisation of 

thee voltage switching with the laser pulses. Channel 2 records the signal from the 

PM.. The offset of channel 2 (set on the right of the trace) is chosen such that the 

signall  of the PM is just outside the displayed range if no photon is detected. For 

thee computer treating the signal, there is then no signal. The presence of a detected 

photonn gives a negative peak in the signal of the PM, which makes a peak appearing 

inn the displayed range. 

:inn collaboration with Paul Collignon of the electronic workshop of the Chemical Engi-

neeringg Department 
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Figuree 5.8: Screen shot of the graphical Labview interface 

Duee to low speed of Lab View as data processor, the raw data from the oscillo

scopee are converted in ASCII by binning the vertical axe of the oscilloscope in 128 

bins.. Thus the intensities of the PM signal are written as numbers between 0-127 

inn a matrix in the output file. To detect the presence of a peak (=1 SH photon) 

inn a trace we have chosen the value of 125 as minimum threshold: when the trace 

valuee changes from 126 to 125, it means that a photon was detected by the PM. The 

numberr of these events, inside the measurement time window corresponding to one 

laserr pulse, gives the number of photons detected during this pulse. 

Ass explained in Sec. 5.3 and shown schematically in Fig. 5.1 and Fig. 5.2, the 

measurementss are performed by repeating a sequence of the type: switching field on, 

measuring,, switching field off, waiting. The duration of this sequence is fixed by the 

timee delay between the switching off of the field and the last laser pulse (segment) 

duringg which the signal is measured (HV switch off x msec before segments y). In 

thee short time protocol, the signal is measured only during 1 segment (y=l), while 

inn the intermediate time protocol, the signal is measured during y (>1) segments 

followingg the switching off. After the last segment used in the signal measurement, 

file://D:/data/120_B.dat


5.A5.A Collection Software 89 9 

thee HV is switched on after half a repetition period of the laser pulses and kept on 

duringg 7 pulses, after which the following sequence starts. A number of sequences 

aree repeated till the memory of the oscilloscope is full. This makes a run. 

Thee information is then transfered to the PC, the memory emptied and the 

collectionn repeated in the following run. The number of runs in a given measurement 

iss set in such a way that the data file containing all the raw data collected during the 

measurementt keeps a reasonable size. If necessary, a certain number of measurements 

weree repeated. 

Onee major problem was the long exposure of the sample to the incident laser 

beam,, which could eventually induce local heating . To avoid this, we introduced 

'dark'' times between runs (after run delay x sec) and/or measurements (shutter 

closedclosed for x sec after measurement), during which the shutter was closed. 

AA simple routine has been written to process data files corresponding to one 

measurement.measurement. These are big matrixes of size (88 samples +1) x [((segments  se-

quences)+l)quences)+l)  runs]. runs]. The program scans all the binned traces of the oscilloscope for 

everyy single segment and checks for the presence of photons. Then the numbers of 

photonss are averaged over all sequences and runs in parallel for every single segment 

att a certain time often the field is switched off. 




