











given by [8.11]:
€ =1- [w,’l(w(m+ilr))] ‘ (8.4)

where w, is the plasma frequency (1.38 x 10" 5™) and ~ is the relaxation time (3.1 x 10"
s) of bulk silver.

The strongest band observed in the SEIR and SEIRRA spectra is at 1592 cm™ and
is the band model in this work. The absorbance calculations require the complex
dielectric constant of the organic monolayer. The values associated with the 1592 em™
band (between 1400 and 1800 cm™) were determined following the method used by
Osawa et. al. [8.8]. The SEIRRA spectra were simulated using the equations of
Mlelczarsk: and Yoon /8.12]. The optical constants for glass and silicon were taken from
reference [8.13].

154



Experimental Details

The preparation of the monolayers of PAPTCO has been described in Chaprer 5
and is not repeated here. LB films were transferred to a variety of substrates in order to
explore the surface enhanced vibrational phenomena. The films deposited onto silver
island coated substrates were viewed through an optical microscope under x100 power.
The films appeared homogeneous and no large scale defects were visible at this
magnification.

In order to study SEIR spectroscopy in a transmission geometry, 6 nm (mass
thickness) of silver was evaporated onto polished CaF, windows (Wilmad). Substrates
used for SEIR reflection/absorption (SEIRRA) spectroscopy were similarly prepared by
vacuum evaporation of 6 nm of silver, gold or copper onto Corning 7059 glass slides
held at 200°C. The same silver coated glass slides were also used to investigate the SERS
spectra of Ph-PTCO.

The distance dependence of the SEIR and SEIRRA phenomena was investigated
by depositing spacer layers of arachidic acid (AA) between the metal film and the Ph-
PTCO monolayer. An initial Z-deposited AA film, with several subsequent Y-deposited
layers produced systems with 0, 1, 3, 5 and 7 spacer layers. The AA was transferred at
25°C, 30 mN/m and at 0.6 mm/s using a Lauda Filmlift FL-1. Transfer ratios were 1.0
in all cases.

Infrared spectra were recorded using a Bomem DA3 interferometer equipped with
a MCT wide range detector. A Spectra-tech variable angle reflectance accessory was
used to record SEIRRA spectra. Polarized spectra were obtained using a Spectra-tech
wire grid polarizer. All spectral data were transferred to an IBM microcomputer and
were analyzed using Spectra Calc. Math Cad for Windows was used to model
calculations of surface enhanced infrared spectroscopy using classical electromagnetic
theory and a Math Cad document for these calculations can be found in Appendix II.

In order to show that the prepared enhancing substrates were suitable for both
infrared and Raman work, the Raman scattering of 1 LB of PhPTCO on silver islands
was also recorded. Laser excitation at 514.5 nm was provided by an argon ion laser. The
spectra were recorded in the back-scattering configuration. '
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Resuits and Discussion
Langmuir and Langmuir-Blodgett Layers

The isotherm recorded for Ph-PTCO is shown in Figure 5.2 of Chapter 5. A
discussion of the x-A isotherms are also found in Chaprer 5 and are not repeated here.
The films were exceptionally rigid and could only be transferred through horizontal
deposition. A good transfer ratio, near one, was achieved in all cases.

The silver islands were characterized by atomic force microscopy. The silver
particles were sufficiently homogeneous so they could be approximated as oblate
ellipsoids with a 21 nm short axis parallel to the surface normal and a radius,
perpendicular to the substrate surface, of 46 nm. The mass thickness was 6 nm, thereby
yielding a packing factor of about 0.3. The AFM image of the silver particles on glass
is given in Figure 8.1.

Infrared and surface-enhanced infrared spectra

The infrared spectra of the 1500-1850 ¢cm™ region of Ph-PTCO dispersed in a KBr
pellet is shown in Figure 8.2. In this spectrum, five bands are dominant and their
assignments, based on previous work /8.14,15], are given in Table 8.1. It is changes in
relative intensity of these five bands that are used to investigate the SEIR and SEIRRA
phenomena. The shoulders seen in these spectra were not analyzed.

Table 8.1: Characteristic PTCO Bands in the 1550 to 1800 cm™ Region

Assignment

1592 naphthalene ring stretch

1656 antl-symmetric 1mide carbonyl stretch

symmetric imide carbonyl stretch

anti-symmetric anhydnde carbonyl stretch

II
|
|

symmetric anhydnde carbonyl stretch

156




0 200 400
Nanometers

Figure 8.1: The AFM image of 6 nm (mass thickness) of silver evaporated onto
Corning 7059 glass slides.
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Figure 8.2: The IR of the carbonyl region of PAPTCO dispersed in a KBr pellet.
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The surface enhanced spectra were recorded in the reflection mode (SEIRRA) and
in the transmission mode (SEIR) for 1 LB of Ph-PTCO on silver islands on silicon
wafers (Ag/Si). The SEIRRA spectra were obtained for monolayers of this material on
Ag/glass, Aw/glass and Cu/glass. The SEIR spectra were obtained using Ag/CaF; and
Ag/Si.

In all cases, the observed reflectances (-log(R/R)) in SEIRRA were negative,
whereas SEIR spectra always yielded positive signals. Figure 8.3 shows the SEIRRA
spectrum of 1 LB of PhPTCO on Ag/glass superimposed on the reflection/absorption
spectrum of 2 LBs on smooth silver on glass. Based on the caiculations of Takenaka er
al. [8.16], the reflection/absorption spectrum has an enhancement factor of 4.6. The
magnitude of the enhancement factor for the SEIRRA spectrum, compared to an
unenhanced spectrum, is estimated to be about 30. Also note the negative glass bands
below about 1500 cm.

The effect of light polarization upon the excitation of the SEIRRA spectra was
investigated. In both S and P polarized spectra, the observed bands were negative. A
poor signal to noise ratio was obtained for S-polarization compared to P-polarization. The
P-polarized spectra were virtually superimposible upon the spectra obtained with natural
light.

Angle Dependence

The SEIRRA spectra were recorded at different angles of incidence for one LB
on Ag/glass and are plotted in Figure 8.4a. In these spectra, all of the observed bands
have negative reflectances and the magnitude of the reflectance increases with decreasing
angle of incidence, The spectrum recorded at an angle of incidence of 35° gave the most
intense signal, which was about 4.5 times as intense as the signal obtained at 75°
incidence. Based on the enhancement factor determined from the reflection/absorption
spectrum in Figure 8.3, the overall enhancement factor for this spectrum is about 135.

The angle dependence of the enhancement was also investigated for Ag/Si. Figure
8.4b illustrates these spectra. Again, the more intense signals were obtained far from
grazing angles of incidence, with maximum enhancement observed at 45°. The spectra
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Figure 8.3:

A comparison of SEIRRA (upper trace) of 1 LB and RAIR spectra (fower
trace) of 2 LBs of PhPTCO. Angle of incidence was 75°, and deposition
conditions were identical in both cases.
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Figure 8.4: The angle dependence of 1 LB of PhAPTCO on 6 nm silver islands a) on

glass b) on silicon.
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obtained of 1 LB on Ag/Si were about an order of magnitude weaker than the
comparable spectra obtained on Ag/glass.

The simulated angle dependent spectra in Figure 8.5 are similar to the results of
Nishikawa er al./8.8], but do not correspond well to the observed experimental resuits.
The simulated spectra all yield negative absorbances, except for the spectrum calculated
for 55° angle of incidence. The magnitude of the absorbances generally decreased with
increasing incidence angle. The only exception occurred between 35° and 45° where the
former was less intense than the latter. The simulated absorptions were similar in
magnitude to those of the observed spectra.

The relative intensities of the SEIR spectra were compared with the relative
intensities of the SEIRRA spectra. The transmission geometry spectrum and the SEIRRA
spectrum (35° incidence} of 1 LB of PhPTCO on silver islands are shown in Figure 8.6.
No change in relative intensities exists between the two spectra. The choice of silicon or
calcium fluoride did not significantly alter the observed absorbances for the transmission
case. The magnitude of the enhancement in the SEIRRA case are about 3.5 times the
enhancement of the SEIR spectra.

The reflection/absorption spectrum of a single LB of PhPTCO on glass or silicon
was attempted, as well as the transmission spectrum of 1 LB on calcium fluoride or on
silicon. The IR signals in the 1500-1850 cm™ region were not observed in any of these
cases, therefore, the presence of the metal island films is responsible for the observed
infrared intensities.

Metals other than silver also provided enhancement of the infrared absorption.
Metals island films of gold or copper, also gave SEIRRA‘spectra of PhPTCO. As with
the case of silver, all of the observed absorption bands were negative for PAPTCO on
gold or copper islands. The enhancement was an order of magnitude smaller in both
cases than it was for silver. There was a smaller variation of the absorption magnitude
in the angle dependence for these metals, but the same trends associated with silver held
for copper or gold.
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Figure 8.5:

The simulated angle dependent absorption of the 1592 cm™ band using the
Maxwell-Gamett model of the silver island film.
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Figure 8.6: Comparison of the magnitudes of SEIRRA (a) and SEIR (b) spectra.
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Distance dependence of surface-enhance infrared spectra

The distance dependence of the enhancement factor in SERS is a fundamental
property of the electromagnetic enhancement mechanism /8.3]. Therefore, the distance
dependence of the SEIR and SEIRRA phenomena was investigated. A varying number
of arachidic acid (AA) spacer layers were deposited onto the surface enhancing substrate
before deposition of the probe PhPTCO LB layer. Each arachidic acid layer provides a
2.5 nm (approx.) thick spacer separating the silver islands and the probe layer. By
plotting the magnitude of the absorbance in the SEIRRA and SEIR spectra versus the
number of AA spacer layers, the distance dependence of the surface enhancing
phenomenon can be observed.

The distance dependence of SEIRRA is illustrated in Figure 8.7. The region
above 1700 cm™ was omitted due to overlap with the arachidic acid carbonyl stretching
vibration. The integrated absorption intensity of the 1592 cm™ PhPTCO band is plotted
versus the number of arachidic acid layers in Figure 8.8b. The error bars associated with
each data point give the statistical uncertainties in determining the area of the 1592 cm™
band in each spectrum and the absorbances were multiplied by -1 to gave positive values.
From this data, the surface enhancing phenomenon is most efficient well within 5 nm of
the surface. Farther from the surface, the signal diminishes considerably. The distance
dependence SEIR spectra are given in Figure 8.9. The wavenumber region is broader
than in Figure 8.7 and the arachidic acid carbonyl band can be seen to grow in
absorbance with respect to the number of spacer layers. However, this increase is not
linear. Rather, absorbance increased more slowly with increases in the number of
arachidic acid layers. This occurs because the arachidic acid layers closer to the silver
islands experience greater enhancement than those farther away. At 7 spacer layers, the
arachidic acid carbonyl is the dominant feature of the spectrum.

The distance dependence for SEIRRA was also simulated using. the composite
layer model. The calculated spectra were determined for different layer thicknesses and
the difference between these two spectra was taken in order to determine the absorbance
of a single layer at various distances from the metal particles. The SEIRRA distance
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Figure 8.7: The distance dependence of SEIRRA spectra recorded at 45° incidence (n
is the number of AA spacer layers).
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Figure 8.8: 2a) The simulated distance dependence SEIRRA spectra of 1 LB of
PhPTCO on 6nm Ag on glass at 45° incidence angle; n is the number of
arachidic acid spacer layers. b) Plot of the simulated distance dependence
for the negative of the integrated absorbance for 1 LB of PhPTCO on
silver islands. The experimental negative of the integrated absorbances are
plotted for comparison with the theoretical curve (solid line).
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Figure 8.9:  The distance dependence of SEIR spectra (n is the number of AA spacer
layers) for 1 LB of PhPTCO on 6nm Ag on calcium fluoride.
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dependence was calculated for 1 LB of PhPTCO, separated from silver islands on glass
by various numbers of arachidic acid spacer layers. The simulated spectra are illustrated
in Figure 8.8a. As the number of spacer layers, n, increases, the magnitude of the
absorption decreases. Unlike the experimentally observed distance dependence, the
magnitude of the simulated absorbances decreases much more rapidly. The curve shown
in Figure 8.8b is a plot of the integrated absorbance for the simulated distance
dependence. The experimentally observed values also plotted for comparison. For no
spacer layers, the calculated integrated absorbance is virtually identical to the observed
value. As the number of spacer layers increases, the calculated values drop off much
more quickly than the experimental ones.

The most striking feature of the angle dependent spectra of 1 LB of PhPTCO on
silver islands on either glass or silicon, involves the relative intensities of the observed
carbonyl bands. Remarkably, the relative intensities are unaltered with changing angle
of incidence. Moreover, the pattern of relative intensities is very similar to that seen in
the KBr pellet. It has been established in previous chapters and in the literature that
perylene tetracarboxylics do form organized LB films on a variety of substrates
[8.14,15]. In such films, the short molecular axis is tilted much farther from the surface
normal than the long molecular axis. Moreover, the 1656 cm? and 1694 cm™ imide
stretches are polarized along the short and long molecular axes, respectively. Figure 8.10
is a comparison of transmission and reflection/absorption infrared of PhPTCO
multilayers. The spectra have been normalized with respect to the number of monolayers
present. A comparison of relative intensities between these two spectra clearly
demonstrate that some level of organization exists. A detailed evaluation of organization
is beyond the scope of this report. A quantitative evaluation of LB organization for
PhPTCO, and several other perylene imide/anhydride compounds, is currently under
preparation /8.17]. Since the SEIRRA and SEIR spectra do not show any change in
relative absorbance and closely resemble the relative absorbances of the spectrum of the
KBr pellet, the surface enhanced spectra must undergo a depolarization mechanism
similar to the SERS phenomenon. This is supported by the observation that these films
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Figure 8.10: The normalized transmission (a) and reflection/absorption (b) spectra of
PhPTCO. Y-axis units are absorbance for the transmission spectrum and -
log(R/R) for the reflection spectrum.
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do exhibit organization detectable by other infrared experiments.

A strong analogy with the SERS effect can be made with the SEIRRA and SEIR
phenomenon. It is likely that the local electromagnetic field associated with the metal
islands is responsible for the observed enhancements in absorbances. Since the plasmon
resonances in infrared region are very weak, the enhancement would be a smali fraction
of that expected in the visible region.

The observation of negative absorbances could be associated with emission
properties of the metal island film. If this were the correct mechanism, then all the
observed spectra should be negative and of similar magnitude when using the same metal
islands, however, the absorbances for the SEIR spectra are positive. Therefore, the
positive or negative absorbance must be a function of the substrate under the metal
islands. For example, the exact same metal islands and LB films were prepared on glass
and on silicon, however, there is an order of magnitude difference in the observed
SEIRRA spectra for these two substrates. Calculations simulating the SEIRRA
phenomenon also predict negative absorbances and the composite layer model does not
involve plasmon emission.

The angle dependence yielded interesting results. The calculated results give an
anomalous positive absorbance at 55°. This may have resulted since this incident angle
is near the pseudo-Brewster angle determined from the chosen optical constants [8.13]
for glass. The term pseudo-Brewster angle is used since glass is an absorbing medium
in the infrared spectral region. The actual slides, Corning 7059 glass, are specially
prepared to give very smooth surfaces. It is possible that these slides have a different
index of refraction that those published and that has lead to the discrepancies between the
observed and simulated spectra.

The distance dcpendence studies support an electromagnetic mechanism for
surface enhanced infrared spectroscopy. Further, the strongest absorbance is achieved
close to the metal islands, a clmf indication that the metal islands -are primarily
responsible for the observed enhancement. It should be pointed out that no spectra could
be obtained for a single LB without the presence of the metal islands. Finally, the surface
roughness plays a distinct role in the SEIRRA spectra and they differ remarkably from
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the RAIR spectra of a monolayer on smooth silver.

The composite layer model predicts the highest enhancement very near the metal
islands. As the distance between the metal islands and the probe monolayer is increased,
the predicted absorbance drops off much more quickly than the experimental values. At
large separations (7 arachidic acid spacer layers) the modeled abscrbance changes sign
from negative to positive. At this point, unenhanced absorption becomes a strong
competitor with the negative enhance signal. This causes the more rapid decrease in
absorbance magnitude in the modelled spectra. Moreover, the modelled spectra, at large
separations, are quite asymmetric and begin to gain a slight positive shoulder. This will
result in slightly lower integrated absorbances than those used to plot the curve in Figure
8.7.

The distance dependence results have implications regarding potential quantitative
analysis of samples using SEIR or SEIRRA techniques. At greater than monolayer
coverage, quantitative aspects of the signal intensity become compromised because
components far from the surface will contribute differently to the observed intensity thar
components directly adjacent to the enhancing metal.

The SEIRRA phenomenon was also observed for three other PTCOs on silver
islands on glass. Figure 8.11 shows the SEIRRA spectra of 1 LB of PrPTCO, PPTCO,
PhPTCO and HOPTCO on silver isiands at 75° incidence angle. The magnitude of the
observed absorbances and the relative intensities were similar.
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Figure 8.11: The SIERRA spectra of four PTCOs.



Raman Spectra

The substrates used in the SEIRRA experiments also produced surface enhanced
Raman spectra of these monolayers. Figure 8.12 shows the SERS spectrum of the
carbony! region of PhPTCO. Spectrum a) is the surface enhanced resonance Raman
(SERRS) spectrum of PhPTCO. In this case, the surface plasmons of the substrate and
the molecular absorption are in resonance with the excitation laser, causing enhancement
from surface and resonance effects. The bands observed in SERRS are associated
primarily with the chromophore portion of the molecule. Spectrum b) shows the carbony}
region of the same sample. Since the carbonyl bands are not associated with the
chromophore, they experience only surface enhancement and are about two orders of
magnitude weaker than the SERRS bands in a). The strong band at 1845 cm is an
overtone from a SERRS active band, hence is more intense than the carbonyl vibrations.
It should also be noted that this is the first direct observation of the carbonyl stretching
vibrations of perylene tetracarboxylic molecules in the inelastic light scattering spectrum.

174



1300 1400 1500 1600 1700

1650 1700 1750 1800 1850
AWavenumbers (cm™)

Figure 8.12: The Raman spectra collected from 1 LB of PAPTCO on 6 nm silver
islands on glass. a) the SERRS spectrum of the finger print region, b) the
SERS spectrum of the carbonyl region.
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Chapter Summary

The properties of the surface enhanced infrared effect have been studied using
Langmuir-Blodgett monolayers of a perylene tetracarboxylic diimide transferred to a
variety of substrates coated with metal island films. Out of gold, copper and silver, silver
islands on glass gave the greatest enhancement. The magnitude of the transmission SEIR
spectra was independent of the host substrate @i.e. calcium fluoride and silicon). The
observed SEIRRA spectra was simulated using a composite layer model and the angle
dependence of these spectra can be obtained. The distance dependence of the SEIRRA
spectra can also be modelled. The model seems to be reliable for distances close to the
enhancing media (within § nm), but becomes less reliable at large separations. Finally,
it has been shown that a single sample can be prepared to achieve the complete surface
enhanced vibrational characterization (SERS and SEIR) of a perylene tetracarboxylic
diimide.
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Conclusions

A selection of en perylene tetracarboxylic derivatives have been fabricated into
Langmuir-Blodgett monolayer assemblies. The vibrational and electror.ic spectroscopic
characterization of these monolayer systems was accomplished. This spectroscopic
information was used to help elucidate the average molecular orientation and molecular
structure. It was found, through infrared spectroscopy, that the short chromophore axis
was tilted more than the long chromophore axis. Molecular exciton theory accounted for
the observed spectral shifts in the LB films and the extended dipole model was used to
deduce intermolecular structure. The materials formed stacked structures in the LB films.
These stacks exist in patches since there is no observed dichroism in the plane of the
LBs.

The structure of the films plays a very significant role in the observed
spectroscopic properties. Even though the same chromophore moiety exists in each
material studied, the role of the imide nitrogen substituents plays a significant role in the
determination of LB structure. Hence, these substituents are the driving force behind
molecular organization in these systems. The 2-phenylethyl PTCO produced structures
that formed a structure that yields primarily excimer emission. The TFA ester of
HOPTCO formed a structure similar to S-perylene, since only monomer-like emission
was observed. The LBs of the other PTCOs and PTCDs exhibited varying quantities of
monomer-like and excimer emission.

Two materials, HPTCO and HPTCDE, were used to demonstrate energy transfer
in LB systems. The distance dependence of these systems was inspected and the energy
transfer, to a diphthalocyanine monolayer, occurs on the 10 nm scale. Even though redox
reactions can take place between diphthalocyanines and PTCOs, none was observed in
the LB systems, presumably because the required geometry does not exist in the LB
architecture.

The properties of the surface enhanced infrared effect have been studied using
Langmuir-Blodgett monolayers of N-2-phenylethyl perylene tetracarboxylic diimide
transferred to a variety of substrates coated with metal island films. The angle
dependence and distance dependence of surface enhanced infrared spectroscopy in the
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reflection and transmission geometries was investigated. Silver islands on glass provided
the strongest enhancement, with optimal enhancement occurring within S nm of the
enhancing media. Other metals, such as gold and copper, also exhibit surface enhancing
properties, but not nearly as strong as silver.
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Appendix I: Observed Vibrational Frequencies of PTCOs and PTCDs
Infrared Frequencies

The following tables of infrared frequencies were obtained from the material
dispersed in a KFr pellet. Frequencies are given in wavenumbers and relatiy 2 intensities
are given as a percentage of the intensity of the strongest band observed for the given
specics. Band assignements were made through comparison with previously published
analysis of the spectrum of perylene and perylene tetracarboxylics (see Chaprer 3 for
references).

Abbreviations ,
alk. = alkyl, anhvd. = anhydride, bend. = bending, per. = perylene, str. = stretching,
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[ 1383 11 BR2| 20 1378 i CH bead, alk.
1387 15 | C-H bead, alk.
1406 | 45 403 | 26 1404 | 31 [ ringstr.
1424 2 | ring str.
1434 18 1439 14 1441 24 | sing str. I
1456 7 1457 8 B CH2 scissoring
1508 | 20 1509 6 1507 7 § C=C per. str. “
1580 | a1 s | 29 1579 | 27 Ji C=C per. str.
1505 | 82 1594 | 88 1594 | 81 [ C=Cper. str. u
i 1616 18 1615 7 1610 9 § C=Cper.str. |
i 1656 | 84 165 | 50 1657 | 100 [ C=Oimidestr. |l
ﬂ 1679 | S8 | C=0 imide str. l‘
| (H-bonded)
| 97| 1692 | 100 169 | 39 || C=0 imide str.
A - |
k 1742 | 34
i 1766 91 { C=0 anhyd. str. “
2854 13 2859 { 10 CHsr,ak. |
Bi 2873 8 C-E str., alk. I

C-H str., aryl.

i C-H str., aryl.

Ajlw|joo||w]|w]i~]|Wn
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PPTCDM PPTCDE PPTCDPr Assignment
Bod |  § Bewd _ll Band l
(cm™) (em™) (c™)

| 621 6 631
745 | 44 745 |- 62 747
4 | 15 794 17 793

H 802 1z~l
810 | ss ﬂ 810 81 810
847 8 847 17
852 1 850
863 7 864 10
] 874 7
918 | 3
1014 8 1012
1035 | n
1040 6
1057 | 15 1074 21 1079
1003 | 12 1091 1s 1089
1123 4 1124 7
1155 7 1155 7 1155
ums | 12 1177 17 177
1243 | 14 1245
1257 | 12 1254 33
1288 | 3t
1300 4
1345 | 54 1340 78 1341
135 | 39 1358 36
1372 2
1386 9 1379 18 1378
1403 | 40 1403 56 1404
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SERRS JFrequencies

The SERRS frequencies for HPTCO, HPTCDE, HPTCNH, PPTCDM, PPTCDE,
PPTCDPr were recorded using the 1403 Spex monochkromator and 514.5 nm Ar* ion
laser excitation. The measured Raman shifts were measured using Awavenumbers (cm™).
The SERRS of PrPTCO, PPTCO, PhPTCO and HOPTCO were measured using a S-
1000 spectrograph equipped with a liquid nitrogent cooled CCD detector. The superior
sensitivity of this instrument allowed the observation of very weak Raman bands not
detected with the other instrument. The 514.5 nm laser line was also used.
Abbreviations

vw = very weak, w = weak, m = medium, s = strong, vs = very strong, br = broad,
sh == shoulder

B [ prprco |
I Band lI_ Band
{cm™) (cm™)
m 59 | m 538
552 | sn 551 | sh 553
" 574 vw vw
I sso | ww 519 | ww 581
589 | ww
612 vw
u 615 w 615 v 616 vw
| 633 | ww 633 | ww 629 | ww
I 636 | ww 635 vw
683 | ww
5 725 | ww 724 | ww 725 vw ||
| 756 | ww 757 w |
787 | ww 787 | ww 786 | ww 787 w |
802 w 802 w 801 w 802 w “
819 | w I
828 w 829 w II
855 vw 849 vw 852 vw 852 vw
89G-] ww
P o9 [ w 936 | ww 936 | ww 931 vw H
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957

1000

1057

1055

1081

1191

1305

1333

1358

1379

1453

gls|sls|slslei=|m

1574

1615

1655

1697

1769
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1586 | sh,br
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gls|slele|s|s|ele]slg]e

elalslelels|s|e|zls]s]e
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Appendix II - Math Cad Documents

This Appendix is a compilation of the Math Cad documents used to perform the
calculations in this work. The items calculated were the reflection/absorption
enhancement factors used to calculate molecular orienta‘ion in Chapter 4 and S, the
intermolecular geometry from the extended dipole model in Chaprer 6 and the simulated
SEIRRA spectra in Chapter 8. These documents are hard copies of the actual
spreadsheets used and illustrate the calculations used in the respective chapters.
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ORIGIN=1
Reflection/Absorption Enhancement Factors: Determination

Definition of Variables
L

h2 = 17.5-10 —— Fim Thickness (cm)

v = 2900 — Wavenumber {cm-1)

nl:=1 — gir, refractive index

n2a = 1.5+0i — refersnce, refraciive index
n2b = 15+0.1 — sampile Tim, rafractive index
n3 = 2.455 , —— substrate, 2nS, refractive index
o1 := 0-deg — ncidence sngle

«rfefrgel]
o r{f22]

ql ::ﬁy

i
q2a = ;'d%]
Y
& = _.n[nz.-:[eu]
MEREES)
con = el



B2a = 2:3-v-h2'n2a-cos| Qa ]

Ma = cos(B2a) -[‘:T“].'intsh)

-i -q2a-sin(B2a) coz(B2a)
B2b := 2-2-v-h2'n2b- coef 625 ]

. cos{B2b) '[:Th]"i"(m)]

-3 -qu‘Sin(BZb) m(m)

Tranamittance of Fim

Ta = R"[ °°‘[nga‘1]][ I[ M'1.1’M‘1.a'q3']'2q.1q‘3|, Ma, y*Mag a°q3n]| r

Ta = 0.82298

Tb = Re “[935]]. | 291
n3 [Mb1.1*Mbg.a'q%]"ll‘lma.t‘ma.a'qsql

Th = 0.851844

g

At = 0.0024 —Absorbance of Fim
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Reflection from Fim Costed Substrate

nl ;= 1+0i
n2a = 1.5+0i
n2b = 1.5+.1i

n3 = 0.62+25.1i —_— etal substrate
81 = 85-deg
8] = 148353

Angle changes Bccording to Snell's Law

o = -h[nl':i:.[el |

@ = .h[m-n% 8] l?

o = m[ﬂ_n_rjall

op = a2l

Calcuiation of Qf's:
ql = 2[21
nl
q2a = ﬁ@
nZe
= cos{ )
o = =la]
qQ3a = S.;&]
q3b :ﬁ.;ﬂ]
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Determine M WWM(Q) “w (b) canes:

B2a = 2"'v‘h2'n2!‘cu[82¢]
B2b = 2.‘.".&.@':(‘[&;}

a -
Ma = cos(B2a) '[;i]‘m(szl)
| -i ‘q2a-sin(B2a)  cox(B2a)

X T
| (B [qu] sin(B2b)
| -i *q2b-gin{B2b) coz(B2b)

Reflectance of Fimn

Ra =[ [Mey y*Mn, ;g3 ]-qi-[Ma, \+Ma, 5'q3e]
[M“i.1"”‘1.3"*”]"‘”[M‘a.1’“‘a.a"*3'] .

Rb = [Mb‘-1’m1.a'q3b]°q1-[Mbad'ma.a“l%] :
: [Mbh‘l‘Mbi.a'q% ‘l.ql‘lmad*mﬂ.a'qm"l

The calculated reflsctances are:
Ra = 0.96899 Rb = 0.91245

Ra
-— = 106197
Rb

o]

Ar = 0.02611

%- 10-86399 -MMG?!N"I
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Exciion Spliting in Aggregsiss: Exisnded Dipole Approach
Parallel Dioples Confined 1o a Plane:

Molscule: PPFTCDM

§:=40-deg —8 Long Molacular Axds
v = L4107 lengh

= 75+deg —
v Short Moleculsr Axis

2 = 0.4836°10 — lengh

0
vl = v-tinh]] Vodurrop;ourﬁnglongmmonmd
v+ coe] §]

= (IRt

~|-{=H
¢ Vecior reprasenting short sds of

U] ey ] | Motease

“'m[']
3.837-10°
vixul = | _g¢s3.10°®
$.607-10
N =vlxul Vector noimal fo uv plane
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Other important Physical Guantites

M = 4319-107 >

<%

E := 7.0631-10 ©

x = 0-10 7

space := 3.45-10 °

Magnitude of the square of the
Transition Dipole Moment

Charge on Transiion Dipole {e.s.u.)

Dielectric constant of surrounding medium

Observed Splitling Enargy (ergs)
Infial Guesses forxand b

space betwaen neighbouring molecules

j=1.25 number of neighbouring maolecules
in the stack
Set Up Find routine
Given
2 .
8e 2
Em— 2 - -
H [ [N|*space-x*N_~m*x*N
(i-x)3+[--i-=+i- 2 ! r
N‘l
-0- 1
[ [N| *space -x*N_, -m*x*N
- @ e 0 1 .
V1, x] *| vl em-j-x*j { N ¢[v13.
* (1) —_—
|N| -space -x*N_-m-x-N
--. a - '.. -.‘ o 1
vi,-i x] +| vl -m-j-x-j N +[vla]:

z = Find(x)

IN| -space -z°Ng-m-z*N,

y= a-z+[
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Find tha distance, D, beiwssn molecuiar planes and

compare with given value:
IN| -spuce -z°N-m-z-N,
Ny
spacer := |z-Ng*y-Ny|
’ N

m = 0.761

z 2712-10°°

° 3
space = 3.45-10 ° spacer = 3.45:10 0

Datermine Displacement of one molectls with respeci to the cther:

. r-ul _rvl
xshift = T yahilt = T

xshilt w ~1L445°10 0 yahilt @ -2.162°10 °

J;hi!ta+ydﬂtaﬂpma - 432:10°°

|e] = a32-10°
27121078

£ 336310 °
0
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Calculation of Polarizability of Composits Layer

ORIGIN =1

b= 1.926 Set up wavenumber range

w, = b+1074

angle = 35'deg Incidence angle

naway = 15 ‘ rafractive index away from absorpiion band

read in disleclric constant of organic layer
reed, = READPRN ((reed) resl componant

mmed, = READPRN( imed) imaginary component

Plot of imaginary poriion of refractive indext of organic layer
1 T

1] recdy 3 ey [ o5 |- -

Load Dislectriic Consiants

reem = READPRN(reem) Raal and imaginary componets of
imen = READPRN(imem) $iVorbeingreadin

od = reed+i *imed

em, = manbﬂ-!-i 'T-eabd
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Aspect Rafios - Paraiel Polasization

11 = 421837
12 = 4177075
al = 46
bl =21

al
ml = —

b1
thick = 15
a2 = al+thick
b2 = bl+thick
ml = 219

a2
m2 = —

b2
mz = 2111
q = b1-a1®

b2-a2¥

N.B.: 1refers to paricies without organic leysr
and 2 refers to particles with organick isyer

— aspeci ralio

— thickness of organic im

[[ od, - 1][ cn -1ieed, (1-11) .q.[mb-edb]-[edb.(l-n) 4-12]]]

&y, = [uedb'l?‘“‘“’]’["’s'“'“‘b""m [*a]ome % [ %" 1[12:(1-12)

Caloulstion of composts Dislectric Constant

eh =1
t= 3

°zb:=°h

3+2-f0y
3-f-ay

- packing factor

— Mmcwel-Gamet modsl for dislectric constant
of composie layer
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Calculation of Refracive indems

=R ]
S FEN

T
. -
— ik _
E .
i
o [
000 1500 2000
“u
nl=1 ~— refractive index of vacuum
A2 = thick+10" Y — carwert thickness o om

reglass := READPRN(reglaes)

~— read in refractive index of giass

imglaes = READPRN(imglacs)

3, = regiem, 4% “imgla,
J

% = [[3, P-atsnteser ]

Calculaie Absorbances:

" = ["“""""] Ak,

=]
-16°x , cos{angle) l[ [eab]' -n -k h2w,

APX, =
= [—]:-'-m-(-na:le)a
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Perpendicular Polarirslion Caloulslions
11 = 156326
12 = .164585

[[54™t]{mtso4, (110 wa ey -y o, 1) w12 ]
% = [[r "Ze(1-R) [Temy, v ed  (1-11) [*q T emy, - ed, ' edy - 1}12(2-1

-3+2 frey,

o2, = eh 3-fa

n, = Rl o2,
Sl 15N

Calcuisie Absorbance:

=16,

cos( angle}
APZ,, = In( 10)

ﬁr-m(qﬂe)a

(=]
Plat Absorplion - unpolasized light

.__sin{ wo)a a‘nb.kb'hz.wb

([ ]

0.0t T
c
i i S W
— -001 | -
002 e 3000

"
Generaling Oulput Fiise
PRNPRECISION = §
PRNCOLWIDTH = 18
output = sugment(w ,Re(APZ+AFX +AS))
WRITEPRN (mgd5p) = output
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