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Direct observation of chemical bond formation process using short pulse nature of X-rays
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Figure 1 Schematic of time-resolved X-ray solution scattering at the
storage ringand the XFEL facilities.
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Figure 2 Schematic of Au(CN), trimer.
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Figure 3 Experimental difference scattering curves, gAS(q,t), in

theentire time range from —800 fs to 300 ns.
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Radial intensity (2S(r)) (a.u.)

Figure 4 Radial distribution functions, r2S(r), obtained by sine-
Fouriertransformation of gAS(g) after subtracting solvent
contributions.
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Figure 5 Time-dependent concentrations of the four states and their
transition kinetics. The name of each species is indicated
above each trace.
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Figure 6 Species-associated RDFs of the four structures obtained
from the SVD and PCA analyses and their fits using model
structures containing multiple Au-Au pairs. As fitting
parameters, we considered three Au-Aupairs for S,, T,’, and
T, state and six Au-Au pairs for tetramer.
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Figure 7 Schematic of reaction mechanisms for reactions involving
three atoms and two bonds.
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Figure 8 (a) The difference scattering curves. (b) The residual
difference scattering curves created by removing the transition
dynamics from T,° to T, and the contribution of solvent
heating from (a). (c) Timedependent Au—Au distances,
Ryp(t), Rpe(t), and R,(t), and Au—Au-Au angle, 0, of T,’. (d)
Magnified views of the late time range (> 360 fs).
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Figure 9 Trajectories of the excited-state wave packets determined
from TRXSS data.
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Figure 10 Harmonic oscillations of excited-state wave packets in the
late time range.
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Figure 11 X-ray molecular movie of the bond formation process
(https://www.youtube.com/watch?v=e8-vdKTD8cY).
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