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Table S1. The growth parameters of CE films.

RF Power of Zn RF Power of WSe; Power ratios of Zn
Sample abbreviation
(Watt/cm?) (Watt/cm?) and WSe; targets
WSes 0 4.3 0
ZnWSe;-1 0.27 4.3 1/16
ZnWSep-2 0.54 4.3 1/8
ZnWSe;-3 1.08 4.3 1/4
ZnWSes-4 2.15 4.3 12
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Fig. S1. Optical profilometer images of pristine WSe, CE and ZnWSe; alloy CEs. (a) WSe,, (b)
ZnWSe;-1, (¢) ZnWSe»-2, (d) ZnWSe-3 and (e) ZnWSe-4 alloys.

Supplementary Note-1:

Figure S1 shows the 2-dimensional (2D) and 3-dimensional (3D) surface images and film thickness graphs of
pristine WSe, CE and ZnWSe; alloy-based CEs obtained by the optical interference method. In the graphs obtained
from the 3-dimensional image, the average difference between the two levels gives information about the thickness
of the thin film. As shown in Fig. S1(a), the thickness of pure WSe; thin film was determined as 0.62 um. Such
thickness can be ascribed to the presence of vertically grown nanosheet structures on the substrate as illustrated in
FESEM images. As displayed in Fig. S1(b), the formation of WSe, nanosheets was disrupted and collapsed
substantially with the incorporation of Zn atoms into the WSe, structure. The measured thickness was determined
as 0.43 um, revealing a rapid decrease in the thickness of ZnWSe;-1 CE. The ZnWSe»-2 sample shown in Fig.
S1(c) had the least thickness among the grown thin films. As can be seen from the FESEM images, the nanosheet
is no longer on the surface and the film has turned into a completely different form. Therefore, the film thickness
was determined as 0.35 um. The thickness of the ZnWSe-3 thin film shown in Fig. S1(d)was measured as 0.40
pm. The thickness of the ZnWSe-4 thin film shown in Fig. S1(e) was also measured as 0.43 pm. The reason for
the increase in thickness is to increase the power of the Zn metal target material while keeping the sputtering power
of the WSe, target material constant. Because the amount of atoms coming on the substrate in unit time is

increasing gradually and these atoms are deposited on the substrate in amorphous form.
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Fig. S2. 2D/3D AFM images and Ime roughnes profiles of (a) WSe,, (b) ZnWSe»-1, (c) ZnWSe--2, (d)
ZnWSe,-3 and (e) ZnWSe,-4 alloys.




Fig. S3. 2D/3D AFM images and line roughness profiles of Pt CE.
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Fig. S4. EDX spectrum and weight composition ratios of pristine WSe, CE and ZnWSe; alloy CEs.
(a) WSe;, (b) ZnWSe;-1, (c) ZnWSe,-2, (d) ZnWSe»-3, and (e) ZnWSe,-4 alloys.
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Fig. S5. Elemental mapping for Se, Zn and W of ZnWSe»-3 sample.
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Fig. S6. |-V curves of all WSe; and ZnWSe»-based samples collected in ambient conditions.
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Fig. S7. The histograms of individual devices of (a) Jsc, (b) Voc and (c) FF of DSSCs employing Pt
and ZnWSe;-3 CEs.
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Fig. S8. The Voc (a,b) and Jsc (c,d) curves of the cells as a function of time. (a,c) Pt and (b,d)
ZnWSe;,-3 CE-based cells.



Fig. S9. The FESEM images of the (a, b) pristine WSe, and (c, d) ZnWSe»-3-based CE films
before (a, c) and after (b, d) electrolyte immersion during 120 h.



