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Time Resolved Laser Fluorescence Spectroscopy
(TRLFS)

- For metal ion speciation

- mechanistic understanding of aqueous complexation, surface sorption,
Incorporation

- model validation
- high sensitivity, in—situ experiments
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TRLFS —what is necessary:

- Laser system (tunable: with variable emission wavelength)

- Nd:YAG or Excimer pumped Dye-laser
- OPO (optical parametric oscillator)

- Fluorescent Probe:
- U(VI)
- Am(Il)
- Eu(l) (inactive)
- Cm(lll) - highest sensitivity, ,easiest” spectra
- mainly 24Cm: T,,, = 350.000 years

- Detection system: e.g. monochromator + ICCD-Camera
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Absorptionskoeffizient / (L/mol cm)

Cm(lIl)-Fluorescence Process

for Cm3*,, (low pH)

Excitation A = 396.6 nm
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radiationless relaxation

A=°D,,

Emission A = 593.8 nm
Lifetime 65 psec

Z=8S,,
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Cm(lll)-Fluorescence Process

for Cm3*,, (low pH)
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Cm(lll)-Fluorescence Process

9 fold coordination with H,O 8 fold coordination with H,O
+ 1coordination to ligand L
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Cm(lll)-Fluorescence Process

complexation, sorption etc.

=P |_igand field splitting

Emission Emission
A =593.8 nm A > 594 nm
\4 v
Cms3* -
aq -—Pp red-shift of fluorescence spectra
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Cm(lll)-Fluorescence Process

- The stronger the ligand =) the stronger the peak shift

(compared to the aquo ion)

- The more ligands are bound =) the stronger the peak shift

E=) Chemical information i /m
i 0,6-— )
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Cm(lll)-Fluorescence Process

The isolated Cm?3* ion (without surrounding water molecules) has a fluorescence
lifetime of ~1300 psec.

BUT:

In the presence of coordinating water/OH- ligands radiationless energy transitions
from the first excited Cm state to vibronic states of these ligands
==) shorter lifetimes

=) number of coordinated water/OH- ligands can be estimated from fluorescence
lifetime.

t© Cm(cplx)

mEm) Chemical information
(speciation) from
fluorescence lifetime

tCm(ag) T Cm(ag) + Cm(cpx)

In (Fluorescence Intensity)
/ counts

Flurescence Lifetime / us
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Potential of Cm(lll)-TRLFS
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Example:

Cm(lIl) Sorption onto Kaolinite*

STRUCTURE OF A KAOLINITE LAYER

4

AccY SpotMagn Det WD Exp ———— 200nm
KV 2.0 87500x SE 49 1

=

MODIFIED FROM GRIM (1962)

*Huittinen et al., Radiochim Acta 98 (2010)
*Huittinen et al., Geochim. Cosmochim. Acta 99 (2012)
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Kaolinite — Cm(lll) emission spectra

2E-7 mol/L Cm(lll), 0.25¢g/L Kaolinite (St. Austill), 1mM NaClO,
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norm. intensity

Kaolinite — species distribution

—
| —— aguo ion [Cm(H,0),]**

[ —— Species 2.

Species 1.

—— Species 3. 593.8 602.2 606.2 609.4
— Species 4.

575

580 585 590 595 600 605 610 615 620 625
wavelength [nm]

Species 1 =S-0-Cm®) (H,0).
Species 2 =S-O-Cm(OH)®(H,0),

* Rabung et al., Geochim. Cosmochim. Acta 69 (2005)
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Species distribution %
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4 5 6 7 8 9 10 11 12
pH

Ca-exchanged Montmorillonite* 599.1 nm, 603.2 nm, 607.1 nm, 5<pH<12
Na-exchanged illite* 598.8 nm, 602.3 nm, 605.5 nm , 4<pH<12

Species 3 =5-0O-Cm(OH),(H,0),

Species 4 7
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Kaolinite — species 4?

- Al, Si or Al/Si effect?
- Precipitation of alumosilicates or surface complexation with aluminate or silicate?

1E-4 ¢ -
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- .
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**Panak et al., Colloids Surf., A 227 (2003)
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normalized intensity
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Kaolinite — oversaturation experiments

Addition of Si

| —— 1E-4 M Si, pH = 10.04
—— 1E-3MSi, pH=10.04

| — kaolinite, no Si addition, pH = 10.07
A 10* M Si, pH = 11.34
1 - ——10° M Si, pH=11.39

| ' | ' | ' | ' ! ' T I T I T I
| ——pH=1136

s
p

- o-AIpO3

| L | L | L | L | L 1 | 1 | 1 |

575 580 585 590 595

wavelength [nm]

\\

| 1 | 1 | 1 | 1 |

600 605 610 615 620 625 575 580 585 590

Silicate effect on Cm speciation

=S-0-Cm(OH), (Si(OH)s),@*¥(H,0)s., .,
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Kaolinite — oversaturation experiments
Addition of Si
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- — o-ALO, difference spectrum 1 |} ——c-ALO, difference spectrum ]
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Si addition to Kaolinite and a-Al,O,

1 X ®m alpha-alumina, 10e-4 M Si, pH 11.42 ]
3 ® alpha-alumina, 10e-3 M Si, pH 11.393
= 2 m kaolinite, 10e-4 M Si, pH=10.03 3
g 036788 _ ® kaolinite, 10e-3 M Si, pH =10.15 ]
g = 5
£ C .
& 013534 - 3
C C 3
(] C ]
K - .
O 0,04979 | .
o E 3
=) C ]
< 001832 [ 3
go] E 3
@ a ]
N - .
® 0,00674 -
= ; =
(@) C ]
c C ]
0,00248 L -
: L I L I L I L I L I L I L I L I L I L :

-100 0 100 200 300 400 500 600 700 800 900

delay time [us]

=S-0-Cm(OH), (Si(OH)3),®*¥(H,0)s.,,
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Cm(lI)/Eu(lll) sorption onto Na-exchanged illite-ldP-1

log R, Eu(liy/Cm(lll) (L kg™)

Batch sorption data
6 — . : : : .

I A A
L a f A A A A
[ e 4
5L i
I n
A
Am :
L A datafromPSI im datafrom INE
4L Am :
- AN (baich experimenty  : (TRLFSstudy) |
- 2.1 E-9 MEU(Il) i 25E7MCm(l)
A 4.3 E-9 M Eu(lll)
m 0 LmIITTT R
3r A 18glLilliteduPuy | 0.25glL illite du Puy
- A [=01MNaClO, | 1=0.1MNaClO,
oL i
| | | | | L | L | L | L |

7 8 9 10 11 12

pH

"Poinssot, C., Baeyens, B., Bradbury, M.H.: PSI Bericht Nr. 99-06
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® TRLFS
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Cm(lll) species distribution (%)
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Cm(lll) species distribution (%)
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® Modeling (new hydrolysis constants and small
variation of surface complexation constants)

|\
Hydrolysis species Log stability constants selected v&es
AnQH?Z* -7.2+05 -6.7
AnOH,* -15.1+0.7 -15.8
AnOH_,° -26.2+ 0.5 -26.7

Good congruence, reduction of uncertainty

concerning thermodynamic data implemented in
transport models for long-term predictions.
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Summary

TRLFS very helpful and sensitive method
for:

Molecular process understanding
Metal ion speciation
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