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Analytical techniques

ICP-OES, EDX, XRF

=> Fe, Ca, Si, O
Elemental

composition

Morphology, size FTIR, Raman, MS
and crystal Molecular groups EESISIRNTRG

orientation

SEM, TEM, AFM
Mineralogical

composition

XRD => Calcite,
apatite, quartz 3



ICP-OES spectroscopy
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Bulk chemical analysis
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stronger bond ——-> higher frequency

f = force constant
m = mass
k = constant

\ smaller mass ——-> higher frequency

Each molecular bond: C-H (lipids), C-O (carbonates), P-O (phosphates), C-N (proteins), C-O-C
(polysaccharides) vibrates at specific frecuencies.
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s"""-“="-“-§';;,“:‘,__;‘Transmission: KBr disc

Espectrometro FTIR
Jasco

Reflection: ATR (diamond, SeZn, Ge crystal)

Evanescent wave
< 2 pm (diamond, Ge)

Surface analysis




Espectroscopia RAMAN

Inelastic or Raman scattering, monochromatic light, LASER, molecular bonds. Complementary to IR
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Application example 1: Polymerization reactions followed by IR
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The degree of conversion (DC) can be monitored by the consumption of double bonds
(C=C) in the monomer after polymerization
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V2 873cm-l

Vg 713cm-l

Wavenumber [cm-11

Wavenumber [cm-11

Ratio 874 (ACC + calcite) / 713 (calcite)
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Absorbance
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Scattering of X-rays by matter
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Example 2: Nanocrystalline materials — particle size/crystallite size
determination

Enamel
HAp highly crystalline
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Intensity (a. u.)

2-Theta (deg.)

MagBI[p ]

Conventional 1D scanning only show a increase in the amount
of calcite precipitating.

2D diffraction can see individual crystal forming, dissolving
and growing.




MagBI[, ]

- Particle and surface (topography) analysis (x20 a > x100.000)

- High focal depth -3D images
- Resolution limit 1 nm

- Solid samples (conductive or coated with C or gold)
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filamento
'£ci|indro de Wehnelt
I diafragma
I lente condensadora

. | —haz de electrones

11 A—bobinas deflectoras

111 —lente objetivo

camara

Focusing
System

Y deﬂV
Base

—
= ||
—1 |
=
Connector x deflect
Pins
Electron
Gun ConFroI
grid
voltage

Cathode Ray Tube




DETECTOR DE ELECTRONES DE BAJA ENERGIA (SE)
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Haz de electrones

. X-Ray Analysis
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Nanoparticles (1-100 nm) or ultra thin sections
(< 70nm).

< 0.1 nm resolution

Up to 300 KeV

Imaging + diffraction + chemical analyses (EDX,
EELS)

=== Cry stal

\ Zone Axis [010
I \
L \\'\
1 '\I.
fim Anhydrite (002)
| ® ] ® | 3.04A
| T i
| o 8 Re : )// Anhydrite (102)
i X 2.75A
° ® - ___j__
Ca
lbséf‘]llll
(I I I | [ I T T I 7%
Ewaﬁ\rﬁ_{_ k0
sphere oo "
® @ @ o o
e ® © 0 0 o e
e B
e N
® 6 © & @

200 210 220



(A)

Fotosintetic membrane image. Liuy
Scheuring, 2013

Silver crystal surface.
http://www2.warwick.ac.uk/

20.00 um 50.00 x'50.00 um 20.00 um 50.00 x 50.00 um
Fig. 1. AFM micrographs of bovine dental enamel, 50 um x 50 pm Flg 3. AFM micrographs of bovine dentine, 50 pm x 50 wm



Surface properties - Zeta potential
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Electrophoretic Light Scattering (ELS)
Is used to measure the electrophoretic mobility of

parcticles.

|
< potential(mV)

@ °

Stable Colloid Unstable Colloid
High Zeta Potential Low Zeta Potential
(=] © © _—3 -
o =
oc© © = & %
o — =i
‘ o =
° o " o= o g
o = = =
P, ©° &8 =
: = Aggregation :
i = 3
lo o 9¢ _:3 & <L
o ©c° o
g o ° 9

! (+) —
o 8<? oov;
Sedimentation

Electric potential within the interfacial double layer (ions and
counterions) around patrticles.
Determine the stability of colloidal/particle suspensions

Inorganic MNPs

Zeta-potential of magnetic nanoparticlesvs pH
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