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Figure S1. Laser beam profile measurement (A) Blade-edge measurement of laser beam
profile for nanosecond and picosecond laser beam. (B) Gaussian laser beam profile for

nanosecond and picosecond laser.
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Figure S2. Extinction analysis for different particle sizes. The left panel is picosecond laser
induced fragmentation. The right panel is nanosecond laser induced fragmentation. Different
color of data is obtained from different experiments.
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Figure S3. Material properties for two temperature model. (A) Thermal conductivity of
electrons changes with electron temperature (Te) and lattice temperature (Ti). (B) Specific heat of
electron. (C) Electron-phonon coupling factor (Ge.r). (D) Size dependent melting point for gold
nanoparticles calculated by Gibbs-Thomson equation.
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Figure S4. Temperature evolution for 15 nm AuNP under the ns laser in figure 3A. The
phase transition occurs at 1257 K as the gold melts.
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Figure S5. Parameters for the Rayleigh instability model. (A) The thermionic electrons and
(B) Rayleigh stability factor (X) as a function of electron temperature (Te). (C) Evolution of
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temperature and X for 45 nm gold nanosphere (AuNP). X is larger than 0.3 when laser fluence is

18 mJ/cm?.
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Figure S6. Volumetric heating factor and the maximum temperature of gold lattice for (A)
picosecond laser and (B) nanosecond laser heating. Cans is absorption cross section area and V is
volume of NP. Cans/V represents amount of light energy absorbed by the particle per volume.
The laser fluence is the same for both cases (3.16 mJ/cm?).
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Figure S7. Influence of sodium dodecyl sulfate (SDS) on picosecond laser fragmentation.
(A) Extinction analysis for picosecond laser ablation for 15 nm AuNP in 90 mM SDS solution
(red dots) and in water (black dots). Picosecond laser ablation can be delayed by addition of
SDS. (B) Comparison of normalized ratio at 10 mJ/cm? for AuNP ablation in water and in 90
mM SDS (n=6). - indicate maximum and minimum data, X indicates 99% and 1% confidence, O
represents the mean value, box and bars represent 25%, 75% confidence and the median value.
*** indicates p<0.05.
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Figure S8. Molecular dynamics simulation for fragmentation of AUNP. The contour plot of
von Mises stress of (A) 5 nm AuNP and (B) 15 nm AuNP with the cross section cutting through
the center of AUNP when the particle reaches maximum temperature. Daughter particles were
observed when laser intensity is larger than 40 mJ/cm? for 5 nm AuNP and 20 mJ/cm? for 15 nm
AuUNP. (C-D) The average gold temperature for (C) 5 nm AuNP and (D) 15 nm AuNP. The
melting point and boiling point are marked with dashed lines. (E) The average von Mises stress
and volume expansion for 5 nm (black) and 15 nm (red) AuNP with the laser intensity of 20
mJ/cm2. (F) Maximum von Mises stress for different laser intensities. (G) Maximum volume
expansion for different laser intensities. The fragmentation cases are marked with red (15 nm
AuUNP) and gray shaded area (5 nm AuNP).
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Figure S9. The probability of vapor nanobubble generation measured by an optical pump-
probe setup. At the fragmentation threshold of 100 nm AuNP (1.3 mJ/cm?), the vapor
nanobubble generation probability is less than 1%.
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Table S1. Parameters in TTM model and MD simulation

Vnp = 4/3 TRyp°

Parameters Value Unit Ref.
Thermal conductivity of _ ., (9" +0.16)* (¢ +0.44)¢e W/(m-K) 1
electron Ke ¢ (62 +0.092) % (pe2 +0.16¢)
Normalized electron ¢ =T, /T 1 1
temperature, Qe
Normalized electron ¢ =T,/Tf 1 1
temperature, Q|
Fermi temperature, Tt 64200 K 1
Thermal conductivity of 2 W/(m'K) 2
lattice, K|
Thermal conductivity of water, | Kn = - W/(mK) 3
Km 0.9003748+0.008387698xT*-
1.118205%x107°xT?
Specific heat of electron, Ce From VSAP J/(kg'K) 4
Specific heat of lattice, C 129 for solid, 163 for liquid J/(kg'K) 3
Specific heat of water, C 4035.841+0.492312xT* for J/(kg'K) 3
Tm<373K,
4219 for Tm>373K
Density of gold, pau 19501.44-0.6933844xT1- kg/m?® 3
2.041944x107T2+4.297982x10"
8T3~19300 for 86K<T|<1338K
19033-1.4434x%T for
1338K<T<3080K
14587.4 for T)>3080K
Bulk melting temperature, T,, | 1337 K 3
Interface tension between 0.27 N/m 5
liquid and solid gold, o ;
Density of water, pm 972.7584+0.2084xT"1-4.0x10" kg/m?® 3
4xT? for 273K<Tm<283K
345.28+5.749816xT*-
0.0157244xT2+1.264375x105x T3
for 283K<Tm<373K
958 for Tn>373K
Electron-phonon coupling Calculated from VASP W/(m3K) 4
factor, Ge.i
Interfacial thermal 105%10°8 W/(m?K) 6
conductance, h
Electron density of states, Calculated from VASP 1/(cm3-eV?) 4
EDOS
Chemical potential, Calculated from VASP J/kg 4
Boltzmann constant, Kg 1.38x102 m?kg/(s*>K) 1
Unit cell edge length of gold, | 4.08 A 7
Afcc
Volume of AuNP, Ve nm?® 7
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Radius of AuNP, Rnp 5~100 nm
Wigner-Seitz radius, 7, 1.65x1078 cm 7
Surface tension of gold, o 8.78 for T\<1337 N/m 8-9
1.15-1.4%(T1-1337) x10 for
T1>1337
Elementary charge, e 4.803204x101° stat C 7
Stretching stiffness, Ks 450.00 kcal/(mol-A?) | 10-12
Equilibrium bond length, ro 0.9572 A 10-12
Bending stiffness, Ko 55.00 kcal/(mol-rad®) | 10-12
Equilibrium angle, @ 104.52 degree 10-12
Partial atomic charge of O, go | -0.83 C 10-12
Partial atomic charge of H, gn | 0.415 C 10-12
Well-depth of OO bond, goo 0.102 kcal/mol 10-12
LJ radius of OO bond, coo 3.188 A 10-12
Well-depth of AuO bond, eavo | 0.59 kcal/mol 10-12
LJ radius of AuO bond, cavo | 3.6 A 10-12

Note: The bond energy € and bond length ¢ for HH, OH, and AuH are set to 0.
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Table S2. Previous reported laser fluence of ps laser fragmentation for plasmonic

nanoparticles.

Wavelength Pulse duration | Material, diameter Ligand | Fluence Reference
355 nm 30 ps Au, 25 nm Citrate | 14 mJ/cm? | 13
532 nm 10 ps Au, 53 nm No 30 mJ/cm? 14
400 nm 0.15 ps Au, 50 nm Citrate | 6 mJ/cm? 15
355 nm 15 ps Au, 59 nm Citrate | 19.6 mJ/cm? | 16
355 nm 18 ps Ag, 65 nm Citrate | 7.5 mJlcm? |17
1070 nm 5ps Ag, 25 nm No 0.13 mJ/cm? | 18
532 nm 10 ps AU, 54 nm No >10 mJ/cm? | 19
532 nm 28 ps Au, 5~100 nm Citrate | 1~2 mJ/cm? | This study
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Table S3. Estimation of particle sizes after a layer of molten material is ejected from the
surface and form one daughter particles.

Original Molten layer | Model Experimental | Model Experimental
particle thickness at | expectation observation expectation observation
diameter the surface of average of average of average expectation
(dnp) melting large large small of average
temperature | daughter daughter daughter small
(Liig) particle size | particle size | particle size | daughter
(Cliarge) (diarge) (dsman) particle size
(dsmall)
5.6 nm 0.3 nm 5.3 nm 6.0 nm 1.2nm 1.5 nm
15.4 nm 0.8 nm 14.6 nm 14.9 nm 3.2nm 3.8 nm
102.6 nm 2.1 nm 100.5 nm 97.5 nm 15.8 nm 14.9 nm
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