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Project Overview:

« The principal aim of the Project is to develop a biomaterial which would
prevent orthopaedic implant-associated infections.

« A key new step is developing a sol-gel route to the materials' synthesis
which would allow improved compositional and morphological control

— optimise the sol-gel synthesis routes for these phosphate-based
glasses

— Characterise dissolution properties and profiles of the melt-quenched
and sol-gel glasses.

— Correlate the dissolution properties with the in vitro antibacterial
attributes

— Investigate modern multinuclear solid state NMR techniques, to include
0-17 and P-31 data, in order to provide new atomic scale structural
information about these materials

— Apply modern diffraction and X-ray absorption methods to provide new
information about the structure of the materials produced

« Ultimately leading to optimised synthesis and processing routes for the
ggﬂer@tion of materials having a proven ability to kill bacteria and/or prevent
adhesion
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My Project:

« To produce the melt-quenched anti-bacterial
glasses

« To characterize the melt-quench and sol-gel
glasses produced
— Thermal Analysis
— XRD Analysis
— Degradation Analysis
— lon Chromatography

« To conduct the microbiological studies on the
materials produced
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Copper Glasses:

« Compositions Made

Glass Code P05 Ca0 Na,0O Cu,0 CuO Half Cu,0
(mol%) | (mol%) | (mol%) | (mol%) | (mol%) (mol%)
0 mol% Cu 45 30 25 0 0 0
1 mol% Cu+1 45 30 24 1 0 0
5 mol% Cu+1 45 30 20 5 0 0
10 mol% Cu+1 45 30 15 10 0 0
1 mol% Cu+2 45 30 24 0 1 0
5 mol% Cu+2 45 30 20 0 5 0
10 mol% Cu+2 45 30 15 0 10 0
1 mol% H Cu+1 45 30 24 0 0 1
5 mol% H Cu+1 45 30 20 0 0 5
10 mol% H Cu+1 45 30 15 0 0 10
Where H = half
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Characterisation:

Thermal Analysis
« Tg, Tc and Tm data obtained.

Planned Studies:
XRPD Analysis
Degradation Studies
lon Chromatography

Currently Underway:
« Microbiological Studies
« Zone of Inhibition Studies, and CDFF Studies.

ey eastraan .

DTA Traces from the Copper
Glasses:
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Thermal Parameters of the Copper
Glasses:
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Silver Glasses:

« Compositions Made

Glass Code P20s Ca0 NayO Ag
(mol%) (mol%) (mol%) {mol%)

0 mol% Ag 50 30 20 0

5 mol% Ag 50 30 15 5

10 mol% Ag 50 30 10 10

15 mol% Ag 50 30 5 15
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Characterisation:

Thermal Analysis.
XRPD Analysis
Degradation analysis
lon Chromatography

Currently Underway:
« Microbiological Studies
« Zone of Inhibition Studies, and CDFF Studies.
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31P MAS NMR

pEfem’y | Oppm | Q' ppm | Qppm Qppm [Q7% [Q %[ Q% | 0%
SGPISCINIK20 153 33 3237 5[5
SG-PA5C30NDS 171 .5 3215 3 S ST
SG-PISCI0NTS (untreatedy | 1.2 $T-W [25.0 T 78
SG-PI5CI0N15 (sonicated) | 1.90 3 230 I T
SG-PI5CI0N20825 138 33 £3 12 53 3 3
SG-PI5C20N10823 133 53 53 q10 50 FER I
§G-PI3C30825 157 a9 350 2.0 3 T |23
SG-PIC0N0815 130 0.7 98 330 310 |3 5 |60 |20
§G-PI5C30N10813 132 3.6 109 [246 526 |10 3|51 | &7
§G-P45C40815 1.63 45,00 |14 272 413 |10 19 |8 |S
SG.PI5C30N15510 137 0.6 100|235 304 |2 5[5 |28
SG-PI5C35N10510 156 33 0% [ 246 3.8 |8 80 |18
SG-PA5CHONIS 10 160 3.5 09 |25.1 3232 |10 35|62 |13
MQ-PA5CENET 330 35 190 G
MQ-PASC30NS ) 5.1 231 31 |79
MG-P15C33N20 243 ) 3350 30| §0
RIQ-P23CAONIS 35 31 238 7|5
NMQPA5CISNIK 20 3.10 33 335 26 | 50




3P MAS NMR
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31P MAS NMR - Sol-gel glasses
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Ca EXAFS
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P45C30N25 MQ

4- P-0
3
,;A 2- Na-O
< ] Ca-0
< 1 0-0
% o P-p
= 4
£ 1
5 2]
K ]
g 34
3 L]
5
.
.74
0 T 2 3 4 5
Distance (A)
P-O; | P-Oy | Na-O | Ca-O | O-O |P-P
R(A) 1160 |152 |235 |238 |253 |294
CN 2,00 |230 {220 |6.10 |4.10 |4.50
P55C35N10 MQ ——Exp
e Fitting
P-O
0 1 2 3 4 5
r{A)
P-O, |P-O; |Na-O |Ca-O |0-O |P-P
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Samples SRS ~XRD- Station 9.1
P-Oy P-Oq Si-0] Na-O} Ca-O | Ca-0 0-0 P-P Si-Si
XRD | EXATFS
1.54 1.6 - 2.36f 2.39 2.53 2.93 -
P45SC4ON1S 2.5 2.5 3 6.2 4 4.7
MQ 0.015 0.12 0.2 0.13 0.08 0.12
1.52 1.6 - 2.35) 2.38 2.33 2.53 2.94 -
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1.49 1.6 - - 2.41 2.29 2.6 2.92 -
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SAXS
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