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Supporting Information 

Sample preparation and experimental design. The mass concentration of our sample was set to 5%, 

which is relatively high for general liquid phase reduction reaction to generate gold nanoparticles. About this 

value, we have taken following reasons into consideration. For one thing, a slightly higher concentration was 

chosen to get the data with good signal to noise ratio when transmission XAFS spectra are used. More 

importantly, increasing the concentration is "slow down” the reaction rate in a disguised form. When the 

sample with low concentration exposes to high-throughput SR X-ray, the reduction reaction rate is quite fast, 

therefore fine and in-situ observation of the initial reaction is not so easy. In view of the result given by XAFS 

method is the average information of various forms of a certain element, we can decline the proportion of 

reacted atoms by increasing the concentration, so as to achieve a similar effect as slowing the process 

 

In-situ X-ray Diffraction Experiment. The experiment was performed at BL14B1 of Shanghai 

Synchrotron Radiation Facility (SSRF) with electron beam energy of 3.5 GeV and maximum stored current of 

200 mA. X-rays (λ= 1.2398 Å) were obtained from a Si(111) monochromator and were focused to 0.3 mm × 

0.35 mm at the sample position, and the photon flux is about 10
11 

phs/s. Ionic liquid solution sample was 

loaded into a 1 mm thick polyethylene sample pool with Kapton film as windows. 

 

X–ray Absorption Fine Structure (XAFS) Data processing. The absorption spectra were calculated by 

ln(I0(E)/I(E)), where I(E) and I0(E) are X-ray intensity with and without sample as a function of X-ray energy 

(E). The spectra were calibrated, averaged, pre-edge background subtracted, and post-edge normalized using 

Athena program in IFEFFIT software package. The Fourier transformation of the k
2
-weighted EXAFS 

oscillations, k
2
χ(k), from k space to R space was performed over a range of 3.3–13.2 Å

-1
 to obtain a radial 

distribution function. And data fitting was done by Artemis program in IFEFFIT. 
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Comparison of experimental conditions. Notice that Au-Au bonding was observed after 4 hours 

irradiation in XAFS experiment, but in XRD experiment the corresponding time was 2 hours, we calculated 

the average photon flux of the period before Au-Au bond’s creating. There is a gas ionization chamber placed 

just before the sample in both of the two experiments, by using the real-time counts we get the average flux of 

the first 4 hours in XAFS test is about 8.82×10
11 

phs/s, and the value of the first 2 hours in XRD test is about 

2.40×10
11 

phs/s. Sample concentration for XAFS and XRD experiment is 5% and 1% respectively, and the 

procedure of mixing by ultrasonic device in XAFS test increased the concentration a little. Thus, in the two 

experiments, the radiation dose for equivalent Au
3+

 in unit time can be thought as the same.  

 

 

Fig. S1. XRD patterns at different irradiation time scales. The standard spectrum line (in black 

color) was obtained from PDF database of ICDD. The thickness of sample pool may cause a slight 

offset of the diffraction angle, so there’s a deviation of 0.18° between the experiment peak position 

and the standard. 
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Transmission electron microscopy (TEM). TEM image of experimental end-product was obtained with a 

JEM-200CX system in Shanghai University. Particles in the picture seem obviously clustered, and this is 

mainly due to the following two points. For one thing we use a sample with relatively high concentration for 

in-situ experiment (as mentioned in the Sample preparation section); for another we didn’t take any dispersal 

step after getting the products by centrifuge. In view of the key point of this work is not to introduce a 

perfected preparation method, but to present a new reaction mechanism in a new system, we did not give the 

exact size of the AuNPs. As a reference, however, the particle size at the margin of the whole product is 

around 10 nm. And if one estimate from the coordination number ratio between Au-Au bond and Au-Cl, the 

value of size must be smaller. This is of course a good proof of the protective effects of ILs. 

 

Fig. S2. TEM image shows the morphology of the end-product. Cluster size at the margin is around 

10 nm. 
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Table S1. Fitting result of EXAFS spectra in chronological order. In the first four hours of reaction, 

the experimental data cannot be fit with the Au-Au scattering path (some key parameters such as 

R-factor and χv 
2 
are inaccessible). 

Time(h) 
Au-Cl (σ=0.025) Au-Au (σ=0.08) 

R factor 
N R (±ΔR)   N R (±ΔR)  

0 4.47(0) 2.27 (0.0035) - - 0.00027 

0.5 3.90(1) 2.28 (0.0036) - - 0.00044 

1.5 3.24(1) 2.28 (0.0028) - - 0.00046 

2.5 2.67(9) 2.27 (0.0025) - - 0.00087 

4 2.42(4) 2.27 (0.0034) 0.82(5) 2.82 (0.057) 0.0016 

5.5 2.31(5) 2.27 (0.0035) 1.18(2) 2.81 (0.033) 0.0013 

7 1.54(7) 2.27 (0.0035) 3.02(9) 2.84 (0.0082) 0.0021 

8.5 1.41(4) 2.27 (0.01) 3.94(6) 2.84 (0.016) 0.016 

10 1.00(9) 2.28 (0.0078) 5.26(1) 2.86 (0.0068) 0.0072 

11 0.98(3) 2.28 (0.0095) 6.00(0) 2.86 (0.0061) 0.013 

11.5 0.95(8) 2.27 (0.0058) 6.13(3) 2.85 (0.0039) 0.0038 

Au foil - - 12 2.86 (0.0024) 0.000026 
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Fig. S3. Fourier-transformed magnitude of k
2
-weighted Au L3-edge EXAFS spectra and 

the corresponding fitting analysis for the samples at different reaction times.The fitting 

range for the first 3 spectra is roughly 1.2-2.3 Å (only one shell, scattering from Cl), and that 

for the rest is about 1.2-3.4 Å (two shells, scattering from Cl and Au respectively). 
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Fig. S4. Different fitting for the spectrum at 2.5 hour. Comparative analysis indicates 

there’s no Au-Au bond at this stage. 

The upper part was fitted with only one shell, scattering comes from nearest Cl atoms. The 

fitting result shows a high quality, and the R-factor is very small (0.00087, Table S1). 

In the lower part, we tried to fit with the second shell, to determine whether scattering from Au 

atoms is present. And the result tells that Au-Au path can’t be fitted, the R-factor value 0.27 is 

unacceptable.  

The contrast for 0 hour, 0.5 hour and 1.5hour were more remarkable. 
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