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concentration
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- Some EIS results from long term testing

» Untangling some of the counter electrode
surface chemistry
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Why AC impedance

spectroscopy ?

Non-intrusive method for probing resistivity
contributions from:

Electrolyte

Electrode materials

Electric contacts

Electrode reactions (kinetics)
lon or electron diffusion

Establish a better understanding of
factors influencing performance and
power loss mechanisms
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Influence of electrolyte
composition (GBL-based)

Nyquist plots of test cells
-0.68V, dark, Lil vs GuSCN
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Influence of electrolyte

composition (GBL-based)

Dark, |-V Plots
Lil vs GuSCN

O -
21 E\\\‘
|} GuSCN
<
é -2
c \
o
5 -3
3 b Lil
-4 )
-5
04 0.5 0.6 0.7 0.8

Voltage (V) DYE



Influence of electrolyte

composition (GBL-based)

Dark, |-V Plots Nyquist plots of test cells

Lil vs GuSCN -0.68V, dark, Lil vs GuSCN
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Influence of electrolyte

composition (GBL)

I-V vs AC impedance data
dark, 0.68V, Lil vs GuSCN
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Influence of long term
irradiation: GBL-LIl vs

Nyquist plots of test cells
-0.68V, dark. Initial/after sun test
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Nyquist plots of test cells
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Influence of long term storage
(dark): GBL-Lil vs. GuSCN

Nyquist plots of test cells
-0.68V, dark. Initial/after storage in dark
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Influence of long term hv or

storage (dark): GBL-LIl

Bode plots of of test cells
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Influence of long term hv or

storage (dark): GBL-GuSCN

Bode plots of of test cells
-0.68V, dark, GBL-GuSCN
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Influence of long term storage/
irradiation: GBL-Lil vs. GuSCN

» Through irradiation, R (Pt), Ry, reaction @Nd the
electron life time are lowered significantly.

 GUuSCN loses almost entirely its “back reaction

suppressing effect” through long term irradiation, at
east in GBL.

* Long term ambient temperature storage in the dark
eads to some decrease of R, (Pt) and R,k reaction 8S
well, however to a much lesser degree. The electron

life time is not lowered significantly through long term
storage in the dark.
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Influence of electrolyte
composition (GBL-based)

Nyquist plots of test cells
-0.68V, dark
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Influence of electrolyte
composition (GBL/MPN-based)

Nyquist plots of test cells
-0.68V, dark
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Influence of electrolyte
composition (GBL/MPN-based)

Nyquist plots of test cells
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Influence of electrolyte
composition (GBL/MPN-based)

« GUSCN suppresses the back reaction (dark current)
and slows down the charge transfer at Pt, at least
initially.

* The back reaction is accelerated when replacing GBL
by MPN (partly due to lowered viscosity?)

 The 2 types of AC impedance spectra for
MPN/GuSCN are not understood at this stage.
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Influence of dye and
surface modification

Nyquist plots of test cells
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Influence of dye and
surface modification

Nyquist plots of test cells
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Influence of dye and
surface modification

Bode plots of of test cells

MPN, Lil
3 0
—a—N-719, surface unmodified
Meg:'n . ——N-719, surface modified
T 25 -20
il o —8— 7-907, surface unmodified
o) 9
g m
g é —=—Z-907, surface modified
B, 288 - 40 o
3 «— LY B | ——N-719, surface unmodified
= \ <
o) - N-719, surf dified
—+—N- surface modifie
o ,
315 M -60
angals —e—Z-907, surface unmodified
\‘L
Somaaiait —&—Z-907, surface modified
1 I I \ -80
-2 0 2 4 6

Log Frequency (Hz) DYE



Influence of dye and
surface modification

Bode plots of of test cells
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Influence of dye and

surface modification

* Dye chemistry and/or surface modification can have
significant influence on the back reaction rate and the
electron life time.
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Influence of dye and
surface modification

* Dye chemistry and/or surface modification can have
significant influence on the back reaction rate and the

electron life time.
* Long term testing is underway.
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Influence of |, concentration

Nyquist plots of test cells
MPN/GuSCN - Initial Data
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Influence of |, concentration

Bode plots of of test cells
Initial Data
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Influence of |, concentration

Bode plots of of test cells
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Influence of |, concentration

Nyquist plots of test cells Nyquist plots of test cells
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Bode plots of of test cells-0.1 M,
Initial Data vs after 500 h sun test
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Influence of |, concentration

Initial CE(Pt) data vs 500h sun test
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Initial TiO, data vs 50

Oh sun test
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Influence of |, concentration
(MPN-GuSCN)

The back reaction rate increases linearly with |,
concentration, however with a finite value for “zero” |,.

The apparent electron transfer rate on the Pt electrode
IS not proportional to |, concentration and reaches an
almost constant value for I, < 0.2 M.

lllumination with 1 sun results over the first 500 hours
In a decrease In the apparent electron transfer rate on
Pt and, a decreased back reaction rate and a slightly
iIncreased electron life time.

Redox species responsible for zero |, effects ?7??
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Influence of |, concentration

on symmetrical Pt-Pt cells

Nyquist plots of Pt-Pt cells
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Influence of |, concentration
on symmetrical Pt-Pt cells

Pt-Pt cells. Initial data
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Influence of |, concentration
on symmetrical Pt-Pt cells

Nyquist plots of Pt-Pt cells
Initial and after 1 month at 65°C
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Influence of |, concentration

on symmetrical Pt-Pt cells

Pt-Pt cells. Initial data vs 1 month 65°C
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Influence of |, concentration

on symmetrical Pt-Pt cells

Pt-Pt cells - Initial data vs 20d 65°C
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Influence of |, concentration

on symmetrical Pt-Pt cells

DSC vs Pt-Pt symmetrical cell
Rate per electrode. MPN-GuSCN
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Influence of |, concentration
on symmetrical Pt-Pt cells

DSC vs Pt-Pt symmetrical cell
C, per electrode. MPN-GuSCN
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Influence of |, concentration

on Pt electrokinetics

* R, Is close to linear with |, concentration, at least
initially

DYE



Influence of |, concentration

on electrokinetics

* R, Is close to linear with |, concentration, at least
initially

* In the absence of |5~ (and dye!!l) some species,
giving rise to a rather fast redox reaction, is
appearing! Impurity?

DYE



Influence of |, concentration

on electrokinetics

* R, Is close to linear with |, concentration, at least
initially

* In the absence of |5~ (and dye!!l) some species,
giving rise to a rather fast redox reaction, is
appearing! Impurity?

» GuSCN-containing electrolytes: R decreases with

time of storage (65°C) while C, decreases < specific
adsorption of I;- on Pt and/or adsorption of impurity?

DYE



Influence of |, concentration

on electrokinetics

* R, Is close to linear with |, concentration, at least
initially

* In the absence of |5~ (and dye!!l) some species,
giving rise to a rather fast redox reaction, is
appearing! Impurity?

» GuSCN-containing electrolytes: R decreases with

time of storage (65°C) while C, decreases < specific
adsorption of I;- on Pt and/or adsorption of impurity?

* R, Is ~4 times higher in DSCs than in symmetrical Pt-
Pt cells (for 0.2 M |,,)
DYE



Influence of electrolyte composition
on stability of Pt-Pt cells

Symmetrical Pt-Pt cells, stored at 65°C
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Influence of electrolyte composition
on stability of Pt-Pt cells
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Influence of electrolyte

on symmetrical Pt-Pt cells

* Increase in R, with time:
GBL-Lil (sc.pr.) >~ MPN-LIl (sc.pr.) >> GBL-Lil (Pt-isopr.)
>> GBL-GUSCN (sc.pr.) > MPN-GuSCN (sc.pr.)
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Influence of electrolyte
on symmetrical Pt-Pt cells

* Increase in R, with time:
GBL-Lil (sc.pr.) >~ MPN-LIl (sc.pr.) >> GBL-Lil (Pt-isopr.)
>> GBL-GUSCN (sc.pr.) > MPN-GuSCN (sc.pr.)

» Li" seems to have a particularly negative effect.

* There are many complex chemical effects at play in
DSCs. Lil increases R_(Pt) of Pt-Pt cells upon 65°C
storage and decreases. R (Pt) in DSCs, particularly
when illuminated. This indicates that the dyed TiO

surface is responsible for the creation of some redox-
active species through desorption (dye?) or a chemical
process.
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* AC impedance spectroscopy yields much more
detailed information than IV curves.
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Conclusions

- AC impedance spectroscopy yields much more
detailed information than IV curves.

- There is a complex chemistry at play at the TiO,
as well as at the Pt interface, depending on
electrolyte composition, surface treatment,
illumination, etc.

* Understanding the mechanistic effect of
impurities and additives on performance and
long term stability is still in its infancy.

* There are indications of a significant
involvement of one or several non-l; /I redox

couples. DYE
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