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Figure 3.8 a) XPS spectra of C 1s region of the 28.6% drug loading at depth = 0
nm b) and depth = 8 nm charge corrected to the C-C at 285 eV. The model fit
(=), the XPS trace (®), PLA components (= =) and codeine components
(++++) are plotted. ¢) Pure PLA control sample at depth = 0 nm d) and depth = 32
nm e) Functional composition of the C 1s region of the 28.6% drug loading
plotted. Codeine component C-C (¢), C-O (d) and C-N (O). All PLA
components are denoted by (A). Within the bulk of the film the actual codeine
loading ranges between 30 and 35% (w/w codeine:PLA). (pg.121)

Figure 3.9 Positive ion ToF-SIMS spectra of a) PLA and b) codeine reference
samples. (pg. 123/124)

Figure 3.10 a) Comparison of PLA indicating secondary ion fragments intensity
variation in the transient region of depth profiles. b) Normalised ion intensities for
m/z 127 (®) and m/z 55 (®m) subtracted from unity and compared to the
normalised Si* intensity for a 10 mg/ml solution of 28.6% (w/w) codeine/PLA.
(pg. 125)

Figure 3.11 ToF-SIMS ion intensity normalised to total ion counts for the m/z
300 codeine molecular ion for drug loadings ranging from 0% to 28.6% (w/w).
(pg. 127)

Figure 3.12 Representative ToF-SIMS depth profile of a 28.6% codeine loaded
binary blend film measuring 91 nm in thickness, Si m/z 28 (<), PLA m/z 55 (/\)
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Figure 4.1 Schematic representation of the a) biyalers and b) trilayer films
produced in this study with red layers indicating PLA/codeine film, green layers
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Figure 4.2 a) ToF-SIMS depth profile showing ions of significance for a bilayer
film of codeine/PLA cast on top of a HPMC film onto a silicon wafer. The
contaminant sodium is also displayed and values indicate ellipsometrically
derived layer thickness. b) lon images taken from the XZ axis with interfaces
marked by arrows, the overlay shows codeine (red), PLA (green) and HPMC
(blue). ¢) lon images taken in the XY axis for two adjacent scans summed from

the top layer and the bottom layer. (pg. 138)
10



Figure 4.3 a) ToF-SIMS depth profile showing ions of significance for a
multilayer film where HPMC is cast onto a codeine/PLA film cast on a piranha
solution cleaned silicon wafer. The contaminant sodium is also displayed and
values indicate ellipsometrically derived layer thickness. b) lon images taken from
the XZ axis with interfaces marked by arrows, the overlay shows codeine (red),
PLA (green) and HPMC (blue). c) lon images taken in the XY axis for two
adjacent scans summed from the top layer and the bottom layer. (pg. 142)

Figure 4.4 a) ToF-SIMS depth profile showing ions of a multilayer film with
alternating layers of HPMC above and below a codeine/PLA film, all three layers
are cast on top of a piranha solution cleaned silicon wafer. The contaminant
sodium is also displayed and values indicate ellipsometrically derived layer
thickness. b) lon images taken from the XZ axis with interfaces marked by
arrows, the overlay shows codeine (red), PLA (green) and HPMC (blue). c) lon
images taken in the XY axis for two adjacent scans summed from the top, middle
and the bottom layers. Explanation for the increased secondary ion counts can be
found in Appendix 1. (pg. 145)

Figure 4.5 a) ToF-SIMS depth profile showing ions of a multilayer film with
alternating layers of codeine/PLA above and below a HPMC film, all three layers
are cast on top of a piranha solution cleaned silicon wafer. The contaminant
sodium is also displayed and values indicate ellipsometrically derived layer
thickness. b) lon images taken from the XZ axis with interfaces marked by
arrows, the overlay shows codeine (red), PLA (green) and HPMC (blue). c) lon
images taken in the XY axis for two adjacent scans summed from the top, middle

and the bottom layers. (pg. 148)

Figure 5.1 Schematic of a double emulsion production method. (pg. 157)

Figure 5.2 Schematic diagram of analytical methods applied to the microsphere
samples. (pg. 158)

Figure 5.3 SEM analysis of w/o/w lysozyme PLGA microspheres shown at a)
%110 and b) x900 magnification. (pg. 159)

Figure 5.4 Negative ToF-SIMS spectrum of the surface of PLGA lysozyme
microspheres from a mass of 0 to 100. (pg. 160)

Figure 5.5 ToF-SIMS imaging of the surface of a microsphere measuring 149
pum in diameter showing the secondary ion image generated from the diagnostic

anions identified within the ToF-SIMS spectra, for a) PLGA (m/z 71/73 and
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87/89), b) PVA (m/z 59), c) lysozyme (m/z 26 and 42) and d) an overlay showing
PLGA (green), PVA (blue) and lysozyme (red). (pg. 162)

Figure 5.6 ToF-SIMS surface analysis of a range of w/o/w microspheres
showing an overlay of PLGA (green), PVA (blue) and lysozyme (red). (pg. 163)
Figure 5.7 a) ToF-SIMS of a microsphere before sputtering b) after 28 s, ¢) 56 s
and d) 84 s of sputtering. e) Secondary electron image of the resulting
microsphere. f) AFM height image 1% order plane fitted of an 8 pm? area at the
top of a microsphere before and g) after sputtering. Corresponding 3™ order
flattened AFM height images, and a line scan (indicated) are also shown.
(pg. 165/166)

Figure 5.8 a) A confocal Raman map indicating PLGA as green and lysozyme as
red, showing large pores, void spaces and protein adsorbed to the wall of the pore
and concentrated pores measuring ~2 pm in diameter. b) An interpolated 3D
representation of the protein distribution within a 40 um? area of a microsphere
showing from 20 pum (top of image) to 30 um (bottom of image) of the
microsphere bulk. (pg. 168)

Figure 5.9 ToF-SIMS of a sectioned microsphere showing a) lysozyme (CNO),
b) PLGA (C3H30; ,C3Hs0,, C3H303 & C3Hs03), and ¢) an overlay showing
lysozyme (red), PLGA (green) and PVA (C,H30; blue). (pg. 169)
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