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Nanoparticle formation mechanisms and molecular intermediates
revealed by liquid phase EM and reaction pathway analysis
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Growth described by

Ag and Ag,

c;°: steady-state concentration @ *
d: |

electron dose rate
a;, B;: fitting parameter
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Ag NP growth modeling
Lifshitz-Slyozov-Wagner (LSW) model

For diffusion limited growth (k; > D)
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r: particle radius 13, critical radius
t: time R: universal gas constant
o: surface energy T: temperature
. molar volume D: diffusion coefficient

c. precursor concentration k,: surface attachment rate

Ag NP nucleation modeling [_1 Transient radiolysis modeling Reaction throughput

Classical Nucleation Theory (CNT) model = \/ Reaction-limited

X Inconsistent with experimental data )
= Fitted Ag solubility too large cluster-cluster aggregatlon

co: 10°—-10°M = 1012 M expected consistent within 1 — 10 ms

How much traffic through each
individual reaction?

-> reaction specific generation rate

 Estimated critical radius too small r,: 1 A g
- main assumption (crystalline nuclei) invalid ¢

Ru(® = ku | | e

Reaction throughput (%)

Agt + H — ApH' 1.5-10'°
AgHt — Ap + HT 2-107

Agt 4 e — Ap 4.8-10%
Agt + OH — ApOH* 9.7-10°

Reaction-limited nucleation rate model [6]
2Ag; — (Ag;) g

X Inconsistent under steady-state conditions

C

-> Transient dose-rate dependent analysis
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Nucleation described

Reaction-limited growth
by Agi’

J: nucleation rate

Ragp,: generation rate Sanity check: a concentration c, 2+ ~ 10 uM and diffusivity
Ig: reaction rate constant g . o .
B, & fitting parameters D ~ 10712 m*s~1 yields a characteristic collision time of 1 ms
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AgQHT + HY — Agt + HYO 8.9 - 10° NG
AgOHT — Ag?™ 4+ OH™ 8.9-10°

Ag?t + HoO — AgOH' + HT 2.627 - 10*
2 Ag?t — Agdt 4 Agt 7.5- 108

Agdt 4 e — Ag?t 4.8 1010
At + H — Ag?t + HY 4.8-1010
Ag?t 4 e — Ag™T 4.8 - 1010
Agt + H — Apgt 4+ HT 4.8 100

7 Ag?t 4+ HoO — ApOt + Agt + 2 HY 2.9-103
ApOt + HyO — Agt + HyOo 7.1-10°
Ap?t 4 HoQy — Apt + HY + HQ, 4.5-107
Ag?t + HOy — Apt + HT + Oy 1.7-108
Ag + Agt — Apf 5.9-10°
AgT + 0 — Ap + Oy 6.4-10"
Ag+ 0 — Ag” + Oy 1-1010
Ap~ + 0y — Ap + O3 2-10°
.-%g"' +AgT — Apo 6-10°
Apt + 03 — AgDT + Oy 3.5-1072
Ag’t + 03 + Ho0 — Agt + Oy + HOp + HY  5.5.10?
AgO* + Agt + 2 HY — 2 Ag?t + H,0 7.1-107
2Ag — Apy 1.6 - 1010

5.10°

1.3-10°

Agd +oep Ap 4.8 101
Agit +2e; — Agy 4.8-1010
Agog + Oy — Apt + Ag + O 5.109
Ags + 02 — Agl + Ago + Oy 5-10°
AgiT + 0y — 3 Apgt 4 Ag 4+ O 5-109
Apy + 0y — 2 ApT + O 5-10°
Ag + Oy — Apt + O 5107
Apt + NO3 — At + NOj 2.5-10°
Apd + NOg — 2 ApT + NQy 2.5-107
Agit + NO3 — Agf + 2 Ag"™ + NO3 2.5-10°
Agl 4 Oy — 2 Apgt 4+ Q5 3.8-10°
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