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Fig. 1 (Color online) Schematic of time-resolved X-ray solution
scattering at the XFEL and storage ring facilities.
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Fig. 2 (Color online) Time-resolved difference X-ray scattering
curves of Iy ion in methanol measured with 400 nm laser
excitation. (a) Experimental difference scattering curves,
qAS(q, t), at various time delays (black) and their theoreti-
cal fits (red) are shown together. Least-square fitting was
employed with four variable structural parameters, and the
chi-squared (x2?) estimator was used to calculate the devia-
tion between the experimental and theoretical scattering pat-
terns. The variables are three I-I distances for the I3 ion (R,
R,, and R; for the distances between I, and I,, I, and I3, I;
and I, respectively) and the I-I distance for the I; fragment
(R4). The theoretical scattering pattern was calculated by
standard diffuse X-ray scattering formulas with the four
parameters as variables. (b) Corresponding difference radial
distribution functions, r4S(r, ¢), obtained by sine-Fourier
transformation of g4S(q, ) in (a).
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line) was extracted by subtracting the contributions of the
solvent heating, I, formation and cage effect from the ex-
perimental data. Theoretical curves (red) were generated by
a sum of three I-I distances (dashed lines). The residuals
(blue solid line) are displayed at the bottom. (a) In water so-
lution, the theoretical curve calculated from the asymmetric
and bent structure gave the best fit to the experimental curve
(top panel). When one average distance (3.16 A) instead of
two unequal distances was used, the broad feature in the ex-
perimental curve cannot be matched (middle panel). When a
linear and asymmetric structure is used, the sum of two I-I
distances (6.31 A) do not match the R; (6.13 A) determined
from the experimental scattering curve, indicating the bent
structure (bottom panel). (b) In acetonitrile solution, a
symmetric and linear structure gave the best fit (top panel).
If two unequal distances (3.15 A and 2.84 A) were used, the
theoretical curve becomes broader than the experimental
curve (middle panel). When a bent structure was used, the
peak at 5.99 A is shifted to a smaller value, giving a worse fit
to the experimental curve (bottom).
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Fig. 4 (Color online) Difference scattering curves at 100 ps time
delay measured at SACLA (black) and KEK (red). The two
curves are nearly identical to each other within the ex-
perimental error, indicating that the difference scattering
curves are highly reproducible and independent of the facili-
ty.
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Fig. 5 (Color online) Experimental difference scattering curves,
qAS(q), of FeCl; solution measured at several selected time
delays (400 fs, 1.9 ps, 3.9 ps, 5.9 ps, 7.9 ps, 30 ps and 100
ps).
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Fig. 6 (Color online) Schematic of Au(CN); trimer.
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Reaction dynamics in liquid phase revealed by
ultrafast time-resolved X-ray solution scattering
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Abstract We visualize in real time the reaction dynamics in liquid phase using femto- to nanosecond time-
resolved X-ray solution scattering by complimentary use of SACLA (RIKEN) and PF-AR (KEK).
This work showcases the possibility of tracking detailed structural changes in solution with sub-ps
temporal and sub-angstrom spatial resolutions, thanks to the advent of X-ray free electron lasers
and the advance of data analysis of time-resolved solution scattering data.
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