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This file contains the following content:
1. Detailed experimental protocol
2. Figs. S1-S2 showing no waiting time effect on the crack tip toughness
3. Fig. S3 showing the load optimization and dislocation generation prior to crack formation
4. Estimated dislocation density near the crack tip


1. Detailed experimental protocol
To avoid the light effect after mechanical treatment, the specimens were coated with 3 pulses of carbon at first. Afterwards, to introduce the dislocation and investigate the crack opening, Vickers indentation (ZHμ Mikro-Vickers-Härtprüfer, Zwick/Roell, Ulm, Germany) was performed on (001) surface of single crystal ZnS under the UV and in darkness. The diagonals of the Vickers indenter were aligned with [110] and [] direction. The loads of 0.098 N, 0.49 N and 0.98 N were performed with more than 10 indents. For each indent, a loading time of 10 s and a dwell time of 10 s was used. The wavelength of light source is 365 nm (NU-15, Herolab GmbH, Wiesloch, Germany). After mechanical testing, the samples were immediately stored in the sample box with light shielding cover to avoid potential daylight effect on the crack behaviour during the storage time. The crack tip opening displacement on samples under both light conditions was measured in SEM one day later to set a defined time regime for crack analyse and to exclude the complexity induced by potential sub-critical crack growth during the measurement.

2. The light effect and waiting time on the crack tip toughness
[image: ]
[bookmark: _Ref57026367][bookmark: _Toc57027584]Figure S1. SEM images of (a) crack after one day (b) crack after one month from Vickers indentation with load of 0.98 N in darkness. The red rectangles indicate the same spot on the sample.
Existence of subcritical crack growth might have influence on the CTOD method and further the crack tip toughness calculation. In this regard, we investigated crack pattern one month before and after the Vickers indentation as shown in Figure S1(a)-(b), The red square is a black dot playing as a “marker” in this case to locate the position. According to the distance between the feature and the crack tip, no obvious extension of the crack is observed one month after indentation compared to one day after indentation. This means no obvious subcritical crack growth is detected, as further evidenced by the crack opening profile illustrated in Figure S2. It is clear that the data points of crack opening overlap with each other characterized from the crack tip part one day after indentation and one month after indentation. The calculated crack tip toughness has no notable change one month after indentation. 
[image: ]
[bookmark: _Ref57027433][bookmark: _Toc57027585]Figure S2. Crack-opening displacements u(x) of crack after one day and after one month.
3. Load optimization and dislocation generation prior to crack formation
[image: ]
Figure. S3 Load effect on the dislocation plasticity and crack formation under different light conditions
In Fig. S3 it is demonstrated that under low load, there are only dislocations generated around the indent imprints under both light conditions, while the crack only start to initiate and propagate at sufficiently high load. In our case, 0.98N is adopted in the end, since the crack length generated in this case also fits into the required a/b ratio for using COD method, as described in the main text. 
4. Estimated dislocation density near the crack tip
The dislocation density near the crack tip under both conditions (darkness and UV light-365nm) was estimated and the result is shown in Table. S1. Note that line density is used as the number of dislocations was counted along each slip line based on the ECCI characterization in Fig. 3.

Table S1 Comparison of dislocation line density near the crack tip under UV light and darkness
	Dislocation density
	I
	II

	Darkness
	~2 ×106/m
	~2 ×106/m

	UV
	~2-3 ×106/m
	~2 ×106/m



As can be seen, the result does not show a big difference for both regions. Region I and II are labelled in Fig. 3 in the main text. Region I is right at the crack tip, while Region II is near the crack tip. Therefore, the effect of dislocation density on the change of fracture toughness can be ruled out, as discussed in the manuscript. 
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