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Motivation HIU i

Multi-Scale Continuum Modeling of Highly Correlated Electrolytes

Highly Concentrated Electrolytes

& lonic liquids ; Interface
« exciting (fundamental) ‘
* relevant (applied)
Goal

Holistic framework

« multiple length scales
« Cell & EDL simulations

Compatibility
* Experiments
e Atomistic Simulations

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 2



Outline: Rational Thermodynamics HIU i

Framework of Rational Thermodynamics

Rational Thermodynamics
Thermodynamic Consistency
« 2"d axiom of TD

Rigorous Foundation
 Balancing Laws, ...

Focal Quantity: Free energy F
» Constitutive Equations

Onsager Formalism

Thermodynamic Fluxes

Transport Parameters

Continuum Modeling of lonic Liquids © HIU | 18/0Oct/2022



Overview Bulk Theory

Multi-Scale Modeling of lonic Liquids

Overview Bulk Transport Theory

f oo ar

Continuum Electrolyte Modeling

HIU

Basic Continuum Assumption
lon size 2 « dV

» Neglect particle nature

lon-ion correlations 7, « dV

> Neglect ion correlations

Free energy density poy

© HIU | 25/0ct/2022
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Bulk Free Energy

Derivation of Theory Based Electrolyte Model*

Modeling Free Energy Density
F =F""(pg,D,x,T)=] poudV

1 K 0n2 kgT
PPy = EE D|H ?(1 — X,CqVa)  |H 2404 Co AT H N—Zacaln(vaca)
A
<~ 7 7 s
electrical mechanical heat capacity entropy
D: . Dy’
40 20 0 20 40 60 80 L
Q— +—  [ea——— . L e
E — 50 -40 -30 -20 10 0 10 20 30 B % o8 RTEN T TR A
[ T N o

Sulfonate

Thermodynamic Derivatives Constitutive equations

d(ppy)
JdCq

Chemical Potentials p, = , Stress Tensor o, ...

Continuum Electrolyte Modeling *M.Schammer, B.Horstmann, A. Latz. Journal of The Electrochemical Society 168.2 (2021): 026511.
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Fundamental Assumptions and Transport Equations H I U

Electrolyte Transport: Migration, Diffusion, Convection*

Constraints Reduce Description Incompressibility
N_ M,N, = 0 (Center of mass) c Vv ==Y,V VN,
o vol —
* Zlc\x,=1 CaVg =1 Vv =0
(VVOI — Za CaVaVa)

Surface Forces
e pv=Vo

Transport Equations (o« > 3) 0
deo = —VJ — V(ov)

dic, = —VN, — V(c,V) :

Fluxes (¢ = 3)

° N — T_atj - 22’,=3 Daﬁvuﬁ

Stress Tensor o
Molar volumes v, (p)

Forces

*J = —KV¢ — _Vllz Yh=3— Vig * Vg = Y5 05V(Incg) — vqoVP + v, V1

Continuum Electrolyte Modeling ~ “M.Schammer, B.Horstmann, A. Latz. Journal of The Electrochemical Society 168.2 (2021): 026511. © HIU | 25/0ct/2022 6



Validation: Simulation of Battery Cell

Bio-Ionic-Liquid

[Ch|OAc H,0  Zn(OAc)

Ch™ 1,0 )
&

o

[Zn (OAC):]

Validation Overview

Secondary Zinc lon Battery”
Electrolyte Mixture
ChOACc / water / zinc acetate

H,O

Zinc anode
(porous)

1D Cell Simulation*
Electroneutral theory

Two independent species
Capacity
Good agreement with experiment

#Z. Liu, F. Endres, ACS Appl. Mater. Interfaces 8, 12158-12164 (2016).
*M.Schammer, B.Horstmann, A. Latz. Journal of The Electrochemical Society 168.2 (2021): 026511.

Continuum Electrolyte Modeling

.
{5
J

|Zn (OAc);|™

Cell voltage / V
5

HIU

™ (Zn (PBA)]

Prussian Blue
cathode
2.25

m—— [)jscharge
Em—— Charge

== == Exp. discharge
Exp. charge

0 1.0 2.0 3.0 4.0 5'0 55
Specific capacity / mAh/g
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Validation: Experimental determination of Transference Numbers (Franziska Kilchert)

eNMR experiment

Species mobilities
*m, =V, /E
* Set up V|sample =0

Theory

Incompressible IL mixtures
o CM: WwM= % v, VN,

* Volume flux: Vv¥el = 0

e t,Ex =Fz,c,(Em, + V)
Mobilities m,./m_=v_/v,

Frame dependent ¢,

Connection to
pulse generator

teflon
cap Bl
sealing ring

<€— 5 mm NMR tube

polyimide
rod —

— wires + insulation
|

+#—— sample

p

electrodes

N

+— capillaries
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. Yy %
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© 8 e
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eNMR mobilities cations
predicted mobilities cations
eNMR mobilities anions
predicted mobilities anions.
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*F Kilchert, M.Schammer, A.Latz, B.Horstmann, M.Schonhoff et al. Submitted to PCCP. (see arX|v.2209.05769v1)

*#F Kilchert, M.Schammer, A.Latz, B.Horstmann, M.Schonhoff et al,,

Continuum Electrolyte Modeling

J. Phys. Chem. Lett. 2022, 13, 37, 8761-8767
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Main Part: lonic Liquids Near Electrified Interfaces

Continuum Modeling: Non-local Interactions

Main Part Electrochemical Double Layer

Interface

Continuum Electrolyte Modeling

J

HIU

© HIU | 25/0ct/2022



Naive Approach: Bulk Description of the EDL

HIU

Motivation: Why is a bulk description of the EDL insufficient?

Binary IL PYR[1,4]TFSI

Equilibrium EDL Structures

« o=-V@

* 0=@—y,In(c.) + (1 —vy)In(cy)

Simulation results

Small A¢p Exponential decay

20
. 17l . 17 181
Larger A Charge saturation (“Crowding”) 161
14 4
4z- 12 4
Comparison £ 10
S
AFM Experiment &
Layered structure over several nm
-> Something is missing ...
Continuum Electrolyte Modeling *M. Schammer, B. Horstmann, & A. Latz, Journal of The Electrochemical Society, 168(2), 026511 (2021).

#\/. Hoffmann, M. Schammer, et al., Phys. Chem. Chem. Phys., 2018,20, 4760-4771.

C_Sl_atv_l_ — %

0
0.0

A¢$=-0.010 V
A¢p=-0.025V
A¢=-0.050 V| |
Ag=-0.100 V
A$=-0.175V
A$=-0.350 V

|Ag]

0.2 0.4 0.6 0.8

Distance from electrode / nm

8 4

oON B O

i
|
!

AFM Experiment

14 nm
24 nm
3.2nm

Hosnm

34 5 6 7 8 9 10
Separatlon (nm)
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Main Part: lonic Liquids Near Electrified Interfaces

Multi-Scale Modeling of lonic Liquids™*-*

Length Scales

* lonsize O(Tion) = NM

* lon correlations O(fipt) = nm

> Hard Particles

» Short ranged ion correlations

L nm

*V. Hoffmann, M. Schammer, et al., Phys. Chem. Chem. Phys., 2018,20, 4760-4771.
#M.Schammer, A.Latz, B.Horstmann, J. Phys. Chem. B 2022, 126, 14, 2761-2776

Continuum Electrolyte Modeling

HELMHOLTZ
| INSTITUTE

ULM
Electrochemical Energy Storage

C7
&
@C}
.
e
2
° repulsion o
Pr—r

Coulombic interactions

d™ = 20

e

o o 90

impenetrable particles: hardcore interaction

© HIU | 25/0ct/2022 11



Free Energy Functional H I U

EDL: Nonlocal Molecular Interactions

Free Energy Functional

Fif* =2, pJf dydx Fop(lx — y1) ca(x) cg(v)

Transport

. B ap(pgmk N 8Fint
Ho = dCy tYop
8Flnt

=Yg ) dy Fop(lx — y) cp(y)

O0cy
Equilibrium Equation (Vu = 0)
* 0=®—vy;In(c_) + (1 —v4)In(cy) — f dx Fi_(x —y)o(x)

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 12



Free Energy Functional H I U e

EDL: Model for interaction potential Fa
PO+
S Shape
. . : Particle of function
Interaction Potential Repulsion || ™ qive o
¢ :Fozﬂ (fintlvo)z Vo + 8 (Lint) (
T O--... .....................
wo novel.parameters (at least) Attraction | .
« Correlation length #;; T 1 >

Distance from particle center x/o

e Interaction strength VY

o o
Shape function § (¥i,) 161 AFM Experiment
. g (0 = 0.7 nm)
Model for hard particles b
-1 1
Experiment f~o S oy £ ¢
. g s s

Hosnm

6

Gauss shape  S(£in) = exp(—[x/£inc(0)]%) N .
0+ %——.—.—.‘

C Y 3 3 4387 3 310

Separation (nm)
Continuum Electrolyte Modeling © HIU | 25/0ct/2022 13




EDL Theory of lonic Liquids H I U

Gauss Model for Hardcore Particles

Overscreening

N\

5\

Layered long-range ordering with decay and saturation i \
16 1
14 i AFM Experiment
1.0 0.08 Z 121 l (o = 0.7 nm)
Z 5101 i
7)) ‘S- g . lg £
e 0.8t 006f & £ £ & 5 6 z
S g |ZEE& £ af 525 E
3 S JEE33 3 ) PO
E 06 i LE 004 . s 0*"':' M
3 o EEEEEEEEEE,
§0-4 - § 0.02f k Separation (nm) /
c <
S 0.2 © 0.00}
— =
O
=)
0.0 ' ' ' ' -0.02 : :
0 2 4 6 8 10 0 5 10 15
Distance From Electrode / lon Size Distance From Electrode / nm
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HELHHOLTZ
EDL Theory of lonic Liquids HIU
Electrochemical Energy S

gy Storage

Influence of Interaction Energy ' oo e
- - S
Y i > x
Different Screening Profiles o o
1. =\ =2 me
 Room temperature (kgT = 250 meV) o.%{ V=2 meV
V0 < RT , 101 \
. - 1.0 ——V =196 meV
* Exponential Decay >, 0.0 va —NVVL
V0 ~ RT G oL
. . GC_, 1.0 —V =198 meV
« Damped charge oscillations T ?'8 i *’WVVVUL
o YL
v AT ] 1'O\]\/\/\/\/vvwvv\/vw\/\/vv\/wvvwv\/ TOOTTVTT
Oscillations S _?jg VVVWVVVVVVVVL
« Bulk nano-structuring (1)-% _ ——V =204 meV
» Phase Separation 10| WWWWWWUL
izati oo A o
Parametrization 72?2 o ll000O00ouuuuupyn) l
0 15 30 45 60 75 90 v VI

Distance from electrode / ion size
Continuum Electrolyte Modeling © HIU | 25/0ct/2022 | 15



Gradient Expansion of Interaction Functional H I U

Parameterization: Asymptotic Analysis

Small potentials ® < RT/F
Short-ranged 7,

* Ii{nt ~ anozaﬁfazﬁnf dy cq VanB
First two perturbation modes

* I =V°/Ey,

e I'2 =2V°E, /nE

Three competing energy scales
« By, = kgT

* By = (ez4)?/(4megera)

* Eing = V°(eg, T)

Continuum Electrolyte Modeling

*Bazant, M., Storey, B., Kornyshev, A. Physical review letters 106.4 (2011): 046102.

First order stationary state
e 0 =9 ~+ éR ' Q
«0=-V?®
Dielectric operator
* éR(FJrZP)|n:0,1 =1-

- BSK Theory*
Can be solved analytically

Po 2VO0F
Eth TES,

» 0 < exp(—kx) = exp(—kgrx) - cos(kcx)
Wave number k(Ey,, E.;, V°)
* Determines EDL structure

© HIU | 25/0ct/2022
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I}LLMIIULCIZ
EDL: Phase Space Analysis HIU
Electrochemical Energy St

gy Storage

Analysis of Screening Phases -

Competing energy scales

0 « exp(—kgx) - cos(kcx) 1.5
k(Etn, Eet, V°) -

Three Screening Phases ~ 1.0
» Exponential damping 07
« Damped oscillations 0.5

e QOscillations

Phase Boundaries 0.0 R

-3 -2 0 0 0 2 3
© V9 = By, + 4B/ & 2Eq(2Ea/m + 2Eg) /T 107107 Wik, 107 ik, 10710
0
VITE,

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 17



Comparison: Numerical validation of the gradient description

Comparison: Two EDL Descriptions

Integral Description

0= —y,In(c) +y-In(cy) — [ dxF(x,y)e(x)
Gradient description (first order) ~ ;
2 ~ 10
Q=—-V°@
0=9¢ + éR(Eth: Eel,VO,VZ) " Q @
) -
Comparison 10
Variance of peak number
eak eak 2
.« 52 = %iof °(xli ) 10°
Z] Q?ea

Continuum Electrolyte Modeling

HIU

Ty

——— \Uumeric Integral
= = w=m NUumeric Gradient

-
-

10° 102
Interaction energy V,/ meV

© HIU | 25/0ct/2022
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How can we combine different scales / methods? H I U

A Roadmap from DFT to Non-equilibrium Thermodynamics

DFT

Determines force fields for MD
MD

Determines g(r) for LST

LST h(r)y=g(r) -1

Total correlation function determines c(? (r)

Ornstein-Zernike relation
e h(r) =cP@) +p°[dr'c@ @, 1) - h(")
Direct pair correlation function

Determines Fint

2 1 §2 pint Fap(lr=rr])
. Céﬁ)(r,r')=— = — &
Etn 8cp(x)8cq(y) Eth

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 19



Ternary Electrolytes (Constantin Schwetlick) “H I U{M“

IL + solvent mixtures

EDL Structure
Neutral Solvent
SaltinIL
bulk solv

Solvation poy = pey = + pey
- Modified statistics N{'®® = Ny — ¥ = A,ARN,,
* Binding Energy (novel parameter) Egq,y

p@PV = RT 3, A%c, (7\0( [Esorw +InAg ]+ (1 —2,)In[1 — 7\“])

Solvent Coordination number (variable) < |

e Xo(Cy, @) € [0;1] L nm

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 20



EDL Structure of Ternary IL Mixture

HIU

Motivation: Influence of Minor Additive on EDL Structure

Neutral Solvent (water) ' - _—_c_o-
=5 =
Solvent pushed out of EDL = ¢ T‘é
C
"Dilute limit" = w2z
* EDL perturbation > N —— N
Salt Additive* (AgTFSI) 0 02 0406 08
r / nm .
Theory —
Critical Bulk Concentration ERS
* cRoTral ~ 0.04 M g
* Perturbation of EDL £
o

Agreement with experiment”

*F. Endres, M. Schammer, et al., Phys. Chem. Chem. Phys., 2018,20, 4760-4771.

Continuum Electrolyte Modeling

2 —
C+
10+ csat
e —
0

0 02 04 0.6 0.8

z [ nm

~

_

/f'\ TFSI-anions 7

Depletion of Pyr+]

0 0.2

0.4 0.6

Distance from electrode / nm

© HIU | 25/0ct/2022
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EDL Structure of Ternary IL Mixture: Solvation (Constantin Schwetlick) H I U |

Solvation

Incorporate Solvation
PyrTFSI with water -
Simulation  Al' =8 0 2 4 6 8
“Free” solvent X / nm

« pushed out of EDL

Solvent

¢ / mol/L

* Near Electrode: No solvation

* Near Bulk: lons pull solvent into EDL
Influence of Binding Energy

¢ / mol/L

« EDL perturbation

5!
* More solvent pulled into EDL i —

x [ nm
Continuum Electrolyte Modeling © HIU | 25/0ct/2022 22



Outlook: Influence of Solvation EDL Structure (Constantin Schwetlick) I-"U

Comparison with MD

MD Simulation”
« Water in LITFSI / OTF
» Influence of interface potential

#*Vatamanu, J. and Borodin, O. J. Phys. Chem. Lett.
2017, 8, 4362-4367

Continuqm Simulation - _\Iarge neg. voltage30 V>0 f—'
Assumption ~ 40
« Water in LiTFSI s 201
+  strong Li-H,0 binding 2 110
* no TFSI-H,0 binding Sl > 0
0 1 2 0.5 1 1.5
k r / nm

.$/nm. /

© HIU | 25/0ct/2022 23
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Outlook: Influence of Solvation EDL Structure (Constantin Schwetlick)

HIU

Comparison with LiCl in water: Differential Capacity

e=-0 MONTE CARLO SIMULATIONS
-+ NON-LINEAR PB (NLPB)

-—- MODIFIED NLPB (MNLPB)

0.8 ———
2 0.6 LAl
E L 4
O 0477 T
| ! | I |
027020 02
AL PV]

C [F/m’]

& £1 MONTE CARLO SIMULATIONS
- NON-LINEAR PB (NLPB)

-—- MODIFIED NLPB (MNLFPB)

0.32 I I' I .-I I

- ' " 0.1M
0.28 < )

= \ // -
0.241 oA
NN A
. \‘N\_ _7 s 7
02  S~_ __-7 4

" | I |

|
01 0 0l
ASWIV]

Guerrero-Garcia, G. et al. J. Chem. Theory Comput. 2013, 9, 1-7

Continuum Electrolyte Modeling

Cs /| pF-cm™?

—0.1M LiCl in H,O
—0.1M LiCl in H,O

0.5M LiCl in H,O
—0.5M LiCl in H,0O

0.5M

© HIU | 25/0ct/2022



HIU

Outlook: Influence of Solvation EDL Structure (Constantin Schwetlick)

Comparison with KCl in water: Double Layer Thickness

Ckal / M
10 mM _10 mM
= 3 —10 mM
- 0.1 M
. —1M
S1 LM
=
o . . | -0.2 0 0.2
-10.0 -5.0 0.0 5.0 .
\PS 10.0 V / V

Nakayama, Y. and Andelman, D. J. Chem. Phys. 2015, 142, 044706

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 25



Summary: Continuum Modelling of lonic Liquids

Conclusions: Holistic Multi Scale Framework

DFT -» MD — _non-equilibrium thermodynamics — phase-field theory

Rigorous methodology

* Bulk Transport
e EDL structure formation
 Outlook: Solvation

Experiments and Validation

« Battery Dynamics
* Transport Parameters
- AFM

Continuum Electrolyte Modeling © HIU | 25/0ct/2022




Continuum Modeling offonic Liquids HIU
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How can we combine different scales / methods?

HIU

Coarse Graining: A Recipe for Atomistic Parametrization?

Free Energy Functional
Fit = [[ dydx Fop(lx — y]) ca(x) cp(v)
Interaction Potential
Taﬁ’: Vo 'Saﬁ(fint)
Limit ¢, » 0
* Delta Distribution

coarse

* Saplx—yD) =xq5 " -8(x =y

Local free energy
coarse VOXcoarse

PPH af Ca Cp
Example

Flory Huggins pg;,°~ = RTy- ="

Continuum Electrolyte Modeling

Xaﬁ CaVaC,BV,B

<€
L

Coulombic interactions

|
nm © HIU| 25/0Oct/2022
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Solvation Model: Assumptions HIU

Solvation Model

Define one species as solvent (c), this can form solvation shells around the other species.
« We modify the statistics to reflect solvation. Two contributions are included:
» Reduction of free solvent molecules by cf°%"® = ¥ .. A,C,
 Exchanges in the solvent shell of each ion-species
* Aq is alocal variable in the range [0, 17}]
A distinguishable macrostate is defined by {cy, ¢4, A4}

Add binding energy of the form ). ,>; E4A,¢, to the free energy

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 29



HELMHOLTZ
Does the Integral Description Reproduce Particle Nature? HI U

] . . .
Validation of Analytical Approach . S
00 ""'\"UL
) E’O'OW \%Vwﬁ
Hard Particles 00
. . |
Dominant Interaction 020 UL | WL
e ) i
>> th' el ! B O 1 5 ’ lDSistance3?rom eli?:trode 6/0 ion sitha5 ”
i ~ Z
Phase separation » c
2 {0.10
o
Pure lon Layers = o)
© 10.05 O
Nanostructured bulk < T
3 10.00 T
* Layers = ion size S 0
O {-0.05 W
S
-> “Particles” =

-0.10

Distance From Electrode / lon Size

Continuum Electrolyte Modeling © HIU | 25/0ct/2022 30



Transport Parameters H I U

Transference Numbers: Reference Frame*#

Fluxes depend on reference frame Reduced set of independent parameters
vV =N W vy Flux constraint

* Nalp - Ca(Voc - qu) * =1 ¢aNa¢/Ca =0

Onsager Matrix Charge continuity

Transport Parameters e FYN_ n¥z¥=gv

Transference Numbers Transference Numbers

Specific current contribution . YN_, t(‘f 1

* Jd =N [Fzy . N-2 independent parameters t¥, ..., t}\l,’

cty =3JY /I =N /JVFz,

*F Kilchert, M.Schammer, A.Latz, B.Horstmann, M.Schonhoff et al. Submitted to PCCP. Available on arxiv
*F.Kilchert, M.Schammer, A.Latz, B.Horstmann, M.Schonhoff et al.,, J. Phys. Chem. Lett. 2022, 13, 37, 8761-8767

Continuum Electrolyte Modeling © HIU | 25/0ct/2022
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Validation: Simulation of Battery Cell

Bio-lonic-Liquid
]
[Ch]OAc H,0  Zn(OAc), ?

Transport Effects™

-58.5 /
. Time/s ) W Ch* H20
Potential drop towards cathode 590 =20 | ‘8’ ) 3
. > 520 - OAc™
 Potential drop towards cathode — Eses] N\ 25000 | i\ e |
. . © = 48000 ¢
* Migration to Anode 60.0} [za.,(o,\c,,.- Wgr R (20 PBA)
> Competes with diffusion e J xj_l

0 50 100 150 200 250 300

Position / zm Z(i"t' anode Prussian Blue
. . porous) cathode
Enhanced Discharge Dynamics
20 T T T T 1.8 4 7 —_—
2
1/ mAjcm? _ | f mA/cm? [/ mAjem
10F — () 1| ] >14 — (0.1 | J Qo 3F __21 o
" — k‘ —— ) - — O S 3
= () .
= 0 — 3 B > 3 =_c|f> —
.E — g 10 — o 2F 10 |1
> -10} 10 ] E 10 <
o | < .k \ ]
2ok Q0.6 N, 1 Tl
-30 . : . . . 0.2 : . ; ; 0 . . T .
0 50 100 150 200 250 300 0 10 20 30 40 50 55 0 50 100 150 200 250 300
Position / ym Specific capacity / mAh/g Position / um
*M.Schammer, B.Horstmann, A. Latz. Journal of The Electrochemical Society 168.2 (2021): 026511.
Continuum Electrolyte Modeling © HIU | 25/0ct/2022 32



Validation: Simulation of Battery Cell

Transference Numbers: Reference Sp

Constraints reduce parameters
Flux constraint

* Zlc\zlleaNa =0

Charge continuity S
° Ic\rI:Z NotZg =
Transference Numbers

« Follow from Onsager Matrix
* Ic\xI:Z te =1

* N-2 independent parameters ts, ..., ty

Transference number
o
N

. — -1.7 ' '
Influence of reference species o = 1 0 50 100 150

« Sign and Magnitude

*M.Schammer, B.Horstmann, A. Latz. Journal of The Electrochemical Society

Continuum Electrolyte Modeling

HIU

ecies

Reference species Ch*

OAc”
E B EENR Hzo

=mmmn [Zn(OAc),]

Reference species H,O
e Cht

OAc”
e [Zn(OAC),]

b
“

200 250 300

Position / zm

168.2 (2021): 026511.
© HIU | 25/0ct/2022
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Analysis of Electrochemical Double Layer (EDL)

HIU

Parametrization: Asymptotic Analysis of EDL Structure

A
Near Electrode E@ .............................

 Large potentials ® > RT/F

 Charge saturation: Box profile
Lepr, = 2a3|A¢ly, g9,/ (€2,4)?

Ag
Bulk Region = - ...................

- Small potentials ® « RT/F

* Exponential decay
d =Ap-e ¥

» Debye-length Ly (a, €., T, ¥y)

Continuum Electrolyte Modeling
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EDL: Phase Space Analysis H I U

Validation of Analytic Approach

Numeric results vs. Analytic prediction

1 O -""-.. 1-0 | |
' Numeric Gradient > Analytic Profile
Analytic Profile E Numeric Gradient
. 0.5 Analytic Envelope 6 0.5} ﬂ
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Bilder Sammler
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