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Fig. 2. Bar chart of Au- nanoparticles size distribution calculated
from TEM photo for samples Au on Al,O,, synthesized by deposition
precipitation (DP) method. This sample are the more dispersed
(D,ver~ 2.8 Nnm) and most active in the reaction of in CO oxidation [5].




<d;>=9,8 nm

mall metal particles in all known
rized by a quite wide size distribution of
formation on averaged properties and
their possibly small part (e.g., most disperse) that
al and chemical properties. In view of the above
,u§e cucurbit[n]uril as “hosts” for monodisperse metallic
curbituril (organic molecules Cg,Hg N4,O,, (CB[N]), n =5
for “calibrating” by size and shape nanoparticles <1 nm,

<d;>=711,0 nm

calculated from TEM for samples Au on Al,O,: @ (left) and b
(right). This samples are characterized by simile mean sizes,
but differ in the presence of dispersive Au that are responsible
for activity in CO oxidation .
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Fig.3. Bar chart of Au- nanoparticles size distribution | | Fig.4. Catalytic activity in CO

oxidation based on surface gold atoms
(A, arbitrary units) as a function of the
mean gold particle diameters (D, A4)
determined by TEM.
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Soc. 1981, 103, 7367.

CB[5] CB[7] | CB[8] CB[10]
Cavity diameter - b, A 4.4 5.8 7.3 8.8 10.7-12.6
Entrance diameter - c, A 2.4 3.9 5.4 6.9 9.0-11.0
Height - d, A 9.1 9.1 9.1 9.1 9.1
Cavity volume - v, A3 82 164 280 480 870




Preparation of AUQCB[7]
d | ated | sing liquid-phase process that
/ater/ethanol mixture with various

solution (10° and 10* mol/L) and the
.- For dissolution CB[6] in water and

Initial compounds

Samples HAuCI,, CBJ[7], Water:ethanol NaBH, MgCl
mol/L mol/L 2
1 | CB[T7] 10° 1:1 0.1
2 CBJ[7] 10 1:1 0.1
3 CBI[7] 10 1:0 0.1
4 CB[7] 10 1:1 0.1
5 CBJ6] 10 1:0 0.1 -
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Fig.5. TEM photo for sample 2. Fig.6. Bar chart of Au- nanoparticles size

distribution calculated from TEM photo
for sample 2.

Figures show the transmission electron microscope (TEM) image and size
distribution histogram of gold nanoparticles for ultradisperse sample 2 obtained at an
HAUCI, concentration of about 10 mol/L. For coarser disperse sample 1 obtained at
an HAuCI concentration of about 10 mol/L, the average size of Au clusters
according to the TEM measurements is d ~ 10 nm, which is much larger than the
size of cucurbit[7]uril cavities. g
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Fig.8. Bar chart of Au- nanoparticles
Fig.7. TEM photo for sample 4. size distributions  calculated from
TEM photo for sample 4 (CB[7]).

Figures show the transmission electron microscope (TEM) image and size
distribution histogram of gold nanoparticles for disperse sample 4 (Au@CB[7])
obtained at an HAuCI, concentration of about 10 mol/L. For coarser disperse
sample 3 obtained in several other conditions (water solution without ethanol) the
average size of Au clusters according to the TEM measurements is d ~ 6 nm,
which is much larger than the size of cucurbit[7]uril cavities.
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Fig.9. Experimental k?¢(k) AuL,, EXAFS
spectra (k>-weighted) of the 1, 2 samples
measured at 12 K.

Fig.10. Fourier transform magnitude
|F(R)| of k?¢(k) AuL,,, EXAFS spectra of the
1, 2 samples measured at 12 K.

It can be seen that the measurement at low temperature (12 K) were recorded with
high statistics and in a fairly wide range of wave vectors (ID 26). Oscillations of
the fine structure of the absorption spectra and maximums Fourier transform
magnitude |[F(R)| are much more pronounced for sample 1; this property is
characteristic of spectra of coarser disperse particles and bulk foil. 1
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Fig.11. The Fourier-filtered (AR=2 - 6.5 A,
5 shells) k?y(k) AuL; EXAFS function (T=12
K) of the 1 sample: black line — experiment;
red line — EXCURV 98 - fitting.

Fig.12. The Fourier-filtered (4R=2 - 5.4 4,
3 shells) k?¢(k) AuL; EXAFS function (T=12
K) of the 2:sample: black line — experiment;
blue line — EXCURV 98 - fitting.

Figures 12, 13 show sufficiently good agreement between the
experimental and model spectra k?y(k) AuL, for both samples.
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Fig.13. Experimental k2y(k) AuL,, EXAFS AU@CB[7]
spectra of the 1 -5 samples measured at
room temperature .
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* Table 1. AuL,,, k’¢(k) EXAFS data fit par
1

the samples 1-5 and Au foll.

262, A% | 262, A =
297 K 12 K EXAFS
0.017 | 0.0045 0.4
0.023 | 0.0073 1.4
0.020 3.1
0.018 2.7
0.020 5.2
Au_foll 3-22 12 2.872 0.016 | 0.0026 0.4

the interatomic distances
goodness of fit.
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Fig.14. The Fourier-filtered (AR=1.5 - 3.5 A) experimental (T=297 K)
and model k2y(k) AuL,; EXAFS functions for the sample 4.
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XTable 2. AuL,,, k’%¢(k) EXAFS data fit param

samples 2, 4, 5 for model with two maxi
distribution (bi-dispersive model)

Au interatomic distances, o -
it index (goodness of fitting) for
jures correspond to the fixed values of

R, A | R, A | 26% A% | Feyars

2.87 2.84 0.022 2.2

2.87 2.84 0.018 1.4

2.87 2.84 0.020 4.5
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3 R
CN,. =12(1—i R,.) =D = 5 CN
2D 1— /12

R, IS the bond length, D — the average NP diameter and CNy, — NP coordination
number [P. Kluth, B. Johannessen, G.J. Foran, D.J. Cookson, S.M. Kluth, M.C.
Ridgway. Disorder and cluster formation during 1on irradiation of Au
nanoparticles in SiO,. Phys. Rev. B, 74(1), 2006. P. 014202(9)].

R, =284 A: CNyp~6-D~8A4, CNyp~5-D~74
This estimate is several understated for particles containing a small number of
atoms due to the spherical approximation
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Fig.15. Experimental AuL, HERFD XAS | | Fig.16. Experimental AuL; XANES spectra

spectra (T = 12 K) for samples 2 (red line),
1 (blue) and gold foil (black).

(T = 12 K) for samples 2 (red line), 1
(blue) and gold foil (black).

The analysis of the shapes of the HERDF XAS and XANES spectra shows that the
Intensities of the main (first) maximum A beyond the Au L, absorption edge for these
samples coincide within the accuracy of our experiments and data processing (~5%).
Thus, in agreement with the accepted interpretation of such maxima, the charge state
and number of free electron states above the Fermi level remain unchanged for these
samples within the accuracy of our measurements; i.e., the electron state of such gold
particles is the same as for bulk metal samples within our accuracy.
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Models for FEFF-
Sizes correspa

pyramid
b=6.95A
N.,=4.73
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Fig.17. Comparison of Aul,, XANES Fig.18. Comparison of AuL,,, XANES
curves: FEFF-calculated and HERFD-| | cyrves: FEFF-calculated for models

experimental for Au foil (bulk Au) (globule, cubic, pyramid clusters) and
HERFD-experimental for sample 2

In accordance with Fig.18 the better agreement with experiment gives
symmetric «globule»- model. Special properties of atoms on the surface of

small gold particles apparently are not determined by their position at the
vertices and edges of small clusters
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O It has been found, that gold clusters in cavities of cucurbit[7]uril are characterized by
smaller (0.03A) interatomic distances and as compared to bulk gold and a considerable
reduction in the first shell Au-Au coordination numbers (Na,.a,=< 6).

O It has been found for all samples that Au clusters size distribution have two maximums:

1) finely divided Au within the cavities of cucurbituril molecules with narrow size
distribution and 2) larger particles of gold.

O Fitting the EXAFS spectra measured at 12 K permits detecting large (threefold)
Increase of the Debye-Waller factor for the most dispersed samples Au@CBJ[7] iIn
comparison with bulk metal and correspondingly the valuable increase in the structural
disorder for the smallest Au particles in comparison with the bulk Au metal.

O No visible differences in electron states of Au for samples Au@CBJ[6,7] and the bulk
Au metal were detected.

O Special properties of atoms on the surface of small gold particles apparently are not
determined by their position at the vertices and edges of small clusters; they are likely
attributed to the structural disorder, deformations, and stresses, which increase with a
decrease In the size of the particles.

O These new results are in accordance with our results obtained previously for the
samples prepared by other methods and containing Au particles with bigger sizes and
more wide size distributions [2,4].
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