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ReaxFF Parametirization and Validation

Tentative parameters developed to reproduce QC data starting from the old farce fields

Required descriptors: Au/S/0O/N/C/H
In ADF: Au/S/0/C/H

AuCSOH.ff: (Au/C/S/O/H)

J.A. Keith, D. Fantauzzi, T. Jacob, and A.C.T. van Duin

Reactive forcefield for simulating gold surfaces and nanoparticles
Physical Review B (2010) 81, 235404-1/235404-8

AuSCH 2011.ff: (Au/S/C/H) and an improvement (2013)

T.T. Jarvi, A.C.T. van Duin, K. Nordlund, and W.A. Goddard I,
Development of Interatomic ReaxFF Potentials for Au—S—C—H Systems
J. Phys. Chem. A, 115, 10315-10322 (2011)

The original Au-Au parameters were extended by three publications:

Au/0O: K. Joshi, A.C.T. van Duin, and T. Jacob

Development of a ReaxFF description of gold oxides and initial application to cold welding of partially oxidized gold surfaces
Journal of Materials Chemistry 20, (2010), 10431-10437

Au/C/S/H: TT. Jarvi, A.C.T. van Duin, K. Nordlund, and W.A. Goddard
Development of interatomic ReaxFF potentials for Au-S-C-H systems
Journal of Physical Chemistry C 115, (2011), 10315-10322

C/O/H/S: Rahaman, O., van Duin, A. C. T., Goddard, W. A,, Ill, and Doren, D. J.
Development of a ReaxFF reactive force field for glycine and application to solvent effect and tautomerization
Journal of Physical Chemistry B 115 (2011), 249-261

The forcefield does not include Au/N parameters
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ReaxFF Parametrization and Validation

Publications useful for these studies:

Checking the behavior of the force fields

The original force field parameters for proteins were extended in this publication:

S. Monti, A. Corozzi, P. Fristrup, K. L. Joshi, Y. K. Shin, P. Oelschlaeger, A. C. T. van Duin, et al.

Exploring the Conformational and Reactive Dynamics of Biomolecules in Solution using an Extended Version of the Glycine Reactive Force
Field

Phys. Chem. Chem. Phys. 2013, 15, 15062-15077

Behavior of cysteine in water (in the bulk and at the water/vacuum interface)

A. M. da Silva, A. Mocellin, S. Monti, C. Li, R. R. T. Marinho, A. Medina, H. Agren, V. Carravetta, A. N. de Brito
Surface-Altered Protonation Studied by Photoelectron Spectroscopy and Reactive Dynamics Simulations.

J. Phys. Chem. Lett. 2015, 6, 807

Nanomechanics of the Disulfide bond in Different Environmental Conditions
S. Keten, C.-C. Chou, A. C. T. van Duin, M. J.Buehler

Tunable nanomechanics of protein disulfide bonds in redox microenvironments
Journal of the Mechanical Behavior of Biomedical Materials 2012, 5, 32-40.

The resulis shown in this preseniation have been published in three recent papers;

S. Monti, V. Carravetta, H. Agren “Theoretical Study of the Adsorption Mechanism of Cystine on Au(110) in Aqueous Solution”
Small 2016 (accepted for publication)

S. Monti, V. Carravetta, H. Agren “Simulation of Gold Functionalization with Cysteine by Reactive Molecular Dynamics”
J. Phys. Chem. Lett. 2016, 7, 272-276

S. Monti, V. Carravetta, H. Agren “Decoration of Gold Nanoparticles with Cysteine in Solution: Reactive Molecular Dynamics Simulations”
Nanoscale, 2016, 8, 12929-12938



ReaxFF Parametrization and Validation
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~ % 50 DFT-PBEPBE/6-31G(d)sLANL2DZ level
x@ _ Frozen Cluster = Fed S-Au distance
Impertant: TrainingSet L
T 30
Param. ‘ Adeditions & Changes ReaxFF Constants ‘ \i
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ReaxFF Parameters

Param. | Additions & Changes ReaxFF Constants Peactive MD-force £isld: MpMTocarbon parameters Force field identifier
ET] ! Wumber of -:nn:_hr.:l paramaters
Bond o-bond Bond | Overcoord. Bond o-bond o-bond 50.0000 tOwercoordination pazameter
i L. 9_.8437 !Overcocrdination parancter
Au-N Dissociation | Energy | Penalty Energy Order Order 21.2839% 'Valency angle CONjUQEEion CIramater
S . 3.0080 "Triple bomd stabilisation parameter
Au-S Energy §.3000 'Tripls bord stabilization parameter
Au-C 1.0000 ‘Mot used
u-v 01.5782 'Undercoordination parametsr
Au-O 10250 !Tripls bomd stabilisatlon parametsr General
- 6.3452 !Undercoordinatlion parameter
Au-H 11.6274 !Undercoordination parameter
0.0080 "Triple bomd stabilization energy
4 B 'LoweT - ius
Edis1 pbel kov phe2 pbol pho2 :Egg: ‘Upper imw_;:gﬂ,
1) W W W _ 2.8793 !Hot used
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Au-N Dissociation | Radius | Parameter Covalent 2B.ELEE Valency angle/lome Pair parametsr
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- k. H as
Au—c 7.5283 '"Double bondfangle paramater
0.3989 !Dogble Dond/fangle FeCameteI: oeeIcoord
Au-O 3_%55d 'Doobls bondfangls perametsr: oeercoord
Au-H -2.4837 !Not used
4.7120 !Torsion D0 perametes
. 3 LD.D0ED !Torsion owercoordinatiom
Ediss Rvdw alfa cov.r 2.3170 'Torsion owercoordinaticm
S - - -1.2635 !Conjogetion 0 (not used)
Val. Angle Equil. First Second Undercoord. | Ener./bond I.1645 'Comiwaation
J . e D Ty 1_4553 'wizals shielding
Au-Au-N Angle Force Force Order 0.1000 |Crteff for band order [S100)
AN . " . " I_B811 "Walermcy angle conjugation parameter
Au-N-C const. const. 711783 i0vercoordination parameter
- " 1.4471 !Oeercocrdination parameter
Thetao ka kb pv2 pv3 1.1353 '"Valercy/lone PAiT DETameteT - -
0.5000 !Not used | Parameter identifiers
20.0080 !Not used
- 5.0080 'Molecular aneTgy (not wsed)
E E + + E E + E +E +E 0.0030 'Molecular sneCgy -;n-u-t msed )
= LT :
system bond over val kpm coa CZ] Fl COV.I; Valency; &.m; Medw; L[wdw; gammeliM; cov.r2; &l
alEa; gammawdd, walency; Condaz; n.u.; :hiEI'.'I':.' etaffM; m.uo. -1
cov ri;Cip; Meat inc.;L300Ll; Ll3BOZ; 13E0E; m.g.z n.g. -r
+E +[E’ +E +E +E ow/un; wall; mn.g. 7 Tall; Tvald; n.u.; m.u. n.g.
tors coni H-bon w “oulom ©  1.3826 4.0000 12.8008 2.01S5 G0.0763 O.B7LZ  1.2360  4.200D
/ vd Coulomd 10,5358 1.92327  4.0000 40.5154  0.0800 5754 £.3235  0.0000 Atom
1.1663  0.0000 ITOD.04SE  6.1S51 2IE.€581 121086  0.0000  0.0DO0GO
-14.1853 35285 0.0000 6.29%8 Z.9663 O_D0O0D  0.0000  O.00GD
H D.E5L0 L 0008 L. @DB® 17653  8.024d  O.TEI5 -0.1000  1.8000
10.0482 S.2SET  L.0000 00000 0.0000 3_B1SE  S.BE3T 1 000D
—0.L00D  0.0000 E5.0500 3.T647 Z.T64d  1.0000  0.0000 00000
directly derived : . i i
E, 4= —D,*BO, * exp[p,., (1 — BO?™)] E] Edisl; Fdisl; Edisd; phal; pbah; licors; pbod: R
from bond orders L - e U
Toel; phod; Pl ; F.U. phol; pbal; DVFGOCT; n.m.
1 L I52.0140 104.0507 TI.LES3  0.2447 -0.7132 106000 I3.E135 03545 Bond
nalty for i N, 1 0.1152 -$.2069 9.2307 1.0800 -0.1042 5.9159  1.0000 on
IE 2 overcoord. }-—) pem'?ﬂ e Eove = Pover * (—1+ex 7 -A)) 1L 2 174.2967 @.0000 O_0OOD -0.51%3  0.0000 10800  6.0000 O.440l
over overcoordinating atoms it o el 18.8231 1.0000 0.00G0 L.00D0 -0.008% B.X733  0.0000
2 2 L77.B312 0.0000 00000 -0.30I9 0.0000 1.0000 6.0000 06851
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|-> E. ;2 }—) P . 6 6. 1 Iwih; Mwche;  alfa; cow.r; cow.rl;  GOW.I3 -
| va ¢ angle strain on bond order central atom R (0.7 O )) 1 r 0.0d04 19583 10.380d 1.0376 -1.0008 —1_0800 Off-diagonal
E] THeEan, o 4= 34 =i B I
E bond-order Eiey =/10(BOy. BO,. BOy) - st O, + 510 O, 1 1 1 70.2040 14.0458 Z.DS8E 00800 D.G00D 35.9933
: torsion 1y 2o+ Ly L L 2 71.628% 185.4387 B.461% ©0.0800 O©.0080  0.0000
tors * dependent V2-term [ ~|[1%: 9lp(80: 3 /8 A0 (1~ con 2o + 311+ cos o] 2 1 2 72.7374 12.0635  I.S517  0.000¢  0.2000 0,000 Angle
El wil; W WIy WLl + wEON]; m.az
fisry) 1 sy 1 1 & 1 0.0080 25.8255 0.1796 -4.6%57 -1.3130  0.0000 -
|_> EﬂW'. van der Waals between every atom >z, =D, - exp[u”'(l 7—)] Zt'xplf"l;'(l T”} 1 L 1 2 0.0800 32.8083 0_4536 -4.6087 -1.7236 0.0008 Taorsion
o/ 2 01 1 2 0.0000 36.7455 0.3087 -4.7435 -0.7ILL  O.0000
" [+1 1 ] I} [+1 I'I"t || “"}I‘I i} II'!-m 4 T2 1] [I_lll}[l i) l}[l_lll}
E . between every atom; polarizable £ —c.— 24 1 s Dehin; whiol: whbz H-bond
Coulomp * Coulomb charges updated every iteration Conems = L (v L oz 1 2.0327 0.0080 4.5076  4.2357







rce Fleld.m AcGtion IS0 de s

MDs of ihe ¢ of Cysteine on the Au(111) Intsjacd] ( TG
Selution; pﬂmﬁs i aingl enemiserption

Model: one cysteine, 303 wats,

Au(111)slab (ten layers with 90 Au atoms each) g Q ~ ~ ’ .-0
Simulation box = 26x25x70 A3 /j O
NVT-MDs at T=300 K, P=1 atm (ADF/ReaxFF) TS ' 'T' Q% !\ / %\ i\
Equilibration =25 ps (physisorption), { ‘0 1
Production = 100 ps, step = 0.25 fs —sampling: 0.025ps - 9 Q Q@
L
158050 - o
‘ ot LR Accommodation of
-1 58100 : o e i Aaa CYS on the surface
° A 58200l ‘ Riorientation of Physisorption of SH
g 250 Os towards gold |
© -158 |
] ] | Relocation of S to
e 158300 _ » TR Attraction and improve the
o q ‘ ey Capture ofan connection
‘!g' 1583507 anmisof"“’#/d’, Vg . Au atom - |
- adatom :
w4 58400 : Release of HS to WAT
458450 ._
458500°

Chemisorﬁtion: Au-Sbond '



Simulation Time (g

|

4

-~

L
LS

) "
RS

-
{.

(€

| &

X

‘ﬂp{

»

2
-

\ )

&

Moty

'f

# ReaxFF - Nudged Elastic Band

20
# Configuration

(1owyeoy) asuasayiq ABiaug

T T L T u J B T J L] L T L

(y) @ouejsip (S)H-S

30

10

(ps)

Simulation Time




Formation of an edatom on Auf1ii)
and stabiliaztion of the molecule on *°

A

the suppori. Distanee travelled by

¢the adatem in relation to ks inftial -
\

location on the interface

S-C-C-N Dihedral Angle (degrees)

aos B

—_
w
o

e v T vl T ey

; ..h; ) 4 40
rARL o A ,"..]

0 10 20 30 40 50 60 70 80 90 100
Simulation Time (ps)
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Solution

Three stages:

2) Nitrogen Coordlination

8) Staple Formation



X-Au distance (A)




"l Au (top layer)
5./~ Au (top layer)
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