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Report:

The aim of the present experiment was to addresstdly induced structural modifications in proein
bound to gold nanoparticles. The nanoparticlesaadaser light absorbers and heat sources. It lis we
understood, that with femtosecond or picosecondgsuparticles can be heated to 1000 Kelvin within a
few picoseconds. The heat is subsequently releasdih some 300 picoseconds for the particles
investigated here (around 10-15 nm size).

The heat affected zone is very well known and aldeonly some 100 nm around the particles. If
proteins are bound to the particle surface, thdlyexperience a very rapid transient heat pulseusigg
pulsed x-ray scattering the structural modificasi@me detected. Two different setups are relewven,
where the detector is set to cover a large rang® space (WAXS) and detects scattering from the
liquid, the protein structure and the particleitatt In a second setup the detector covers onlgriin!
ange scattering region (SAXS). Thereby structuralifications of the particle shape and the global
density change around the nanoparticles are res@lye

As shown previously the water phase reacts on & shte scale with bubble formation at high laser
fluence. This bubble formation is seen in WAXS bghange of the water structure factor, which is a
broad double structure in the difference scattefimgh and without laser), with a maximum located
around Q=2.3 & and two negative peaks around 1.7 and 2:8The amplitude of this (Q independent)
feature is proportional to the averaged presssgeeini the liquid [2]. Additionally a loss in theystalline
order of the gold particles may be observed, ifrtheelting point is crossed. This is seen as negati
peaks at the position of the powder rings (fig.The information contained in the WAXS part allotws
quantitatively establish the thermal dynamics idoig bubbe formation and particle melting threshold

Fig. 1: Difference scattering pattern on the CCD after
vonnd » subtraction the dark state pattern from the excited
't state pattern of gold nanoparticles (14 nm) in amuse
i 1 suspension. The broad feature stems from the bubble
0o | f”"\ . £ induced density changes in water, while at disti@ct
_____; v " values a reduction due to the loss of powder scage
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from the gold particles is seen at the (111), (200)
y (220) rings and so forth.The asymmetric shape is
caused by the bandwidth of the undulator line ia th

polychromatic setup.
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Additionally the bubble formation (or any densityange around the particles) is visible in the SAXS
region. The simulation of this part by typical forfiactors of spherical core shell systems allows to
determine the buble size and to quantify the dgesianges [1, 3].

Within this beam time we have concentrated on thAXS part for the detection of heat induced
morphology changes in the protein covered partickésld particle suspensions (gold atomic
concentration 2 mM) with adsorbed BSA layers warmped through the laser xray interaction area and
the changes in scattering cross section due to iadiation were recorded in a stroboscopic manne
The achieved signal-to-noise ratio was in the ramgjew 10* for WAXS and 1G for SAXS (for 10
second exposures), which allows to detect verylsthahges. The parameter space of laser fluence and
time delay was covered densely in order to detaente dependent changes both from the protein part
and the buble nucleation part. As the laser flues@®nverted into particle heating we can direag

the fluence scale as a measure for the maximal deatyre in a shell around the particles. The
corresponding heat transfer equations have begadehrlier [4, 5].

We had particular success in changing the sam@termsyfrom a closed capillary to a free running
laminar jet. Thereby the parasitic scattering ippsassed considerably. This allows to collect high
quality data from limited amount of sample desfiie (potentially) irreversible nature of the extda

and single shot exposure of the sample.

In particular we have derived a good understandinthe changes in the SAXS part. It is clear, that
bubble nucleation and growth dynamics govern tret -3 ns delay. At later delays only the long
lasting changes remain, which are essentially fmrthe uncovered particles, while distinct chansgds
remain for the protein covered patrticles (seed)g.

Fig. 2: Difference scattering in the SAXS
region at a delay of 1 us for a set of different
laser fluences. The signal is rising in an
intermediate fluence range. The signal shape
remains Q independent, which assigns it as a
stationary structure.
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