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To improve the accuracy of data reconstruction, the field desorption map was plotted with major poles indexed to calibrate the ICF. Fig S1 shows an example of field desorption map from the sample aged for 14 months. The ICF was calibrated to be 1.56. Figure S2 shows the mass spectrum from the sample aged for 14 months. Except Al, Mg and Zn, low concentration of Cu, Cr, V and Zr were detected as impurities (less than 0.1 at.%). The background correction was performed using IVAS. After peak decomposition, the measured bulk concentration was 97.3 at. %Al, 1.2 at. %Mg and 1.4 at. %Zn. 

The “cropping effect”
In order to make direct comparison of solute clusters identified in the samples with different aging conditions, the general approach is to conduct the search in the fixed volumes. Indeed it is possible that the surface of the volume might intersect some clusters, and therefore affect the size distribution as well as cause the surrounding of these clusters lost. However, as long as there is a surface to define the ROI region, with clusters of such high number density, this effect is always inevitable, even if we extend the cluster search into the entire tip. From the number density and cluster radius in each size group, we can roughly estimate the portion of clusters that might be affected by this “cropping effect.” In the fixed cylinder with 60nm in length and 35nm in diameter, for a cluster in size group n with radius rn to be intersected by the surface, it has to be located within a hollow cylinder, with the internal radius of 17.5- rn and the external radius of 17.5+ rn. With the known number density Ndn, the number of clusters might be affected by the “cropping effect” in size group n can be roughly calculated as:

Considering the worst case scenario in the sample aged for 14 months (which has the highest number density), by further taking the portion of adjacent clusters in each size group (from 33% to 58%, varies in each size group, see Fig.5) into account, we found that roughly about less than 10% of clusters could possibly bring uncertainty to the study of the coalescence of clusters due to the “cropping effect.” As the background noise generated from the random distribution is of the same level, the “cropping effect” therefore can be ignored.

The sensitivity analysis of dmax and Nmin on the coalescence of clusters
[bookmark: _Hlk39940276]To clearly see the effects of dmax and Nmin variations on our analysis results, the cluster search was conducted in the same small volume used in Fig. 3 by varying dmax and Nmin values independently. 6 dmax values in the range between 0.52 nm to 0.60 nm were tested with the rest parameters unchanged and the results are shown in Fig. S3. Clearly, larger clusters including C1, C2, C3 and C5+6 were consistently identified, although the small cluster C4 was missing because it is a loosely packed solute-rich feature when dmax = 0.52 nm, as seen in Fig. S3 (a). Importantly, the merged cluster C5+6 as a dense solute-rich feature was consistently identified. This demonstrates that large clusters and their coalescence are insensitive to such dmax variation.
To reveal the effect of Nmin variation on analysis results, two Nmin values of 8 and 15 were tested, with other parameters (dmax = L = E = 0.55 nm) unchanged. A small Nmin = 8 brought in three new small clusters C7, C8 and C9, in addition to the clusters C1-6 in the identification, as shown in Fig. S4 (a). Interestingly, the clusters C7 and C8 were adjacent clusters and were merged by the M operation, as seen in Fig. S4 (b). In contrast, a large Nmin = 15 made the clusters C6 and C4 missing in the identification, and hence, no merging took place, as seen in Fig. S4 (c). This indicates that using a small Nmin value can unveil smaller clusters and their coalescence, and has no effect on the detection of large clusters and their coalescence. A large Nmin value can lose some coalescence events due to that small clusters less than the critical size are undetected, but the coalescence among larger clusters is consistently revealed.
It is concluded that when L is fixed, the changes in dmax and Nmin within above confined ranges only affect the observation of small clusters less than critical sizes and their coalescence, but have little effect on the detection of large clusters and coalescence. By carefully changing these values, we can bring in small clusters in different size groups into the investigation, with a good consistency in revealing the coalescence among large clusters. 
The effect of parameter L in the merging operation on the chemical composition of clusters
 In the M operation, the variation of parameter L brings in different groups of adjacent clusters with different maximum boundary distances into account. L should not be smaller than the average spacing of atoms in the reconstructed volume, nor be too small to form voids inside the clusters when the clusters have spherical or cubic shapes. As shown in Fig. S5 (a), in the 1D space, L should not be smaller than dmax/2 to avoid a solvent atom missing between two clustered neighboring solute atoms (with a distance of dmax). In the 2D case, as shown in Fig. S5 (b), L should be at least equal to to avoid voids formation inside the cluster. In the 3D space, as shown in Fig. S5 (c), L should be more than to include the solvent atoms in the center of a cube formed by 8 solute atoms. 
On the other hand, in order to identify neighboring clusters, it is always necessary to choose L > dmax/2 to identify bridging solvent atoms, as shown in Fig. 2 (a). It is worth noting that without the M operation, as generally implemented in IVAS, these bridging solvent atoms would be assigned to the matrix after the erosion step and decrease the concentration of solvent atoms in the clusters, despite our definition suggests that they are actually shared between multiple clusters, as shown in Fig. 3 and Fig. S4. 
Fig. S6 plots the Al concentration of all solute clusters in the samples of different aging durations, with and without merging operation, identified by two different L values (with dmax = 0.55 nm and Nmin = 10). Without merging, comparing with L = dmax, a smaller L = 0.75 dmax would inevitably introduce less solvent atoms and reduce the concentration of solvent atoms in the clusters of different aging conditions. The loss of solvent atoms could be partially resulted from the voids formation inside some of the clusters as well. With merging, as bridging solvent atoms were taken into account, the Al concentration of clusters was raised about 4% in each aging condition despite the variation in L parameters. The general tendencies of fluctuations of Al concentrations as a function of aging time were consistent in all four cases compared in Fig. S6.
