FAREREIPH

(—FEEFBR

I ER PR GEFEMBEAR V)

REFENGHARR . WEHIE. it ARS O CR&VEZERNFRE
ErEERTN

0%
PERER
. R ih%84
¥ o OB R BE |
U | s MR . SERME 10% 67
F W% 2 T AR 35 ST B A Bl R A )
2 | SriResk e 15% ]2
BRI, HERRE. BRE 5
s | amme | 5.oswew Bxeseameen | s | A5
BRI
s ERESAN | EMERRREE. REE, B4R Y 8
H[ 141 BIR G, TRAM °
5| RiEreRSs W SCARTURHIF R S5 SR A ) 15% [ 2
. W RE TN, TR, )
6 | BXSf HURITG 3SR, MR i 7
B sy | P5

B %7 REIUSEE S HIBEGYS, FTRSIN 100 . P55 NA: KFET
90 4 AT KTFET 75 8/MF 89 ARIF: KTETF 60 5/hF 74 2 h—K: DT 60
DRE.

B, # 2|




The devolvement of novel semiconductors with wide-range light harvesting and suitable band

structures is of great importance in photocatalysis for solar-to-chemical energy conversion. In

this thesis, Ahmed focused on this challenging issue and developed a series of double

perovskite materials with potential utilizations in photocatalytic water splitting. This PhD

thesis presents some interesting results and provides a series of double perovskite

semiconductors in the field of photocatalysis. The thesis is well-organized and well-written.

Some great achievements should be highlighted:

1.

A novel double perovskite oxide SIZNiWO6 was synthesized and demonstrated to be
a good candidate in photocatalysis. The light harvesting and band structures of
Sr2NiWO6 was also examined, showing the potential in photocatalytic water
oxidation in the presence of sacrificial reagents with proper cocatalyst.

A series of wide-range light harvesting material Sr2CoW06 were first reported for
photocatalytic HER and OER half reactions. The Sr2CoWO06 possesses a typical
double perovskite structure and the light absorption ranges reaches ~700 nm. Tune
the ratio of Co/W could optimize the reaction kinetics for HER and OER.

Sr2CoTa06 with double perovskite structure was explored with suitable band
structure for both HER and OER. The Sr2CoTaO6 also exhibits spatial charge
separation properties between different facets when the morphology was well

controlled.

Some suggestions should be considered:

1.

Some errors should be removed °

€.g. In page 23, “et.al” should be “et al.”

In Chapter 3 and 4, the number of all the sub-titles should be checked. In chapter 3,
“4.1, 4.2, 4.3...... ” should be “3.1, 3.2, 3.3”. In chapter 4, all of them should be
revised to 4,x not 3.x.

In chapter 3, page 38, “The Pt and RuO2 deposition were clearly observed in F igure 3”
should be carefully revised as no regular morphology is present and the elemental
weights of Pt and Ru are not enough to be differentiated under SEM.

In Figure 3.6, why the Pt and RuO2 show remarkable effect in water oxidation? The
reduction of $2082- jons does not requires any overpotentials and only Pt deposition
shows poor photocatalytic activity, but why Pt-RuO2 was so different? Besides, the
optimization of Pt and RuO2 should be compared when only Pt or RuO2 was fixed.
In page 45, in table 3.2, the comparison of BiVO4 is meaningless as the reaction
conditions are not the same, it is difficult to be compared.

The conclusion that surface Nj species is the intrinsic active sites for OER should be

very carefully to be addressed as the evidences are Very poor.



10.

il.

12.

13.

In chapter 4, page 57, the band structure of three different samples may be not
convincing enough, why Co/W=1:4 show a totally different result with others. If so,
the driven force for OER on this material is too weak to drive OER reaction, but in
fact, this material shows the best OER activity, why? I suggest to exactly examine the
band structures of these materials using different characterizations for double
checking.

Why only Sr2CoWO6 shows a p-type character but Sr2NiWOS6 is not although their
structures are almost the same.

In Figure 4.6f, the decreasing of OER is very strange and the explanation is not
convincing.

In Figure 4.7, why pure Sr2CoWO6 shows HER activity without any cocatalyst?
Why Pt does not change the HER activity on Sr2CoWO06? These results are very
confused.

In Figure 4.14a, the trend for three samples in PL spectra is different from the
photocatalytic actives, why? Co/W=1:4 is so different in photocatalytic activity and
band structures, but why it shows a similar PL spectrum with 1:1?

The understanding of relation between unique structure and the properties should be
strengthened in this thesis. In particular, the main results among chapter 3, chapter 4
and chapter 5 should give more deep understanding except the material difference,
more detailed explanations and evidences should be provided for guiding readers to
better design novel materials for photocatalytic water splitting.

Although overall water splitting is difficult on series of double perovskite
photocatalysts, some potential reasons and understandings should be discussed in this
thesis to improve its scientific quality.

The outlooks should include more broader perspectives and strategic suggestions in
photocatalytic water splitting from the new material viewpoints, which should be

instructive for this field.
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Water splitting into oxygen and hydrogen is a promising approach for solar energy
conversion. It is highly important to develop visible light-responsive and efficient OER and
HER photocatalysts towards artificial photosynthesis. In this thesis, the author reports a series
of novel semiconductor photocatalysts based on double perovskite oxides. All of them are
active for visible light-driven OER or HER in the presence of sacrificial reagents. Specmcally,
the W-rich Sr2CoWOs and Sr2CoTaOs exhibit intrinsic activity for both OER and HER. The
performance shown by these catalysts could be further improved by loading co-catalysts.
Another important finding of this work is the preparation of phase pure double perovskite
oxide by flux method, providing a rational approach towards efficient charge separation. The
materials obtained were properly characterized and the photocatalytic experiments in this
thesis were well designed by the author. The conclusions are solid, which are well supported
by DFT calculation and transient PL and absorption measurements. Based on the above
considerations, | recommend Ahmed Mahmoud Idris Mohammed for his doctoral
dissertation defense. However, the following points should be addressed to improve the
quality of the thesis.

1) The results of TRPL in pages 81 and 82 are confused. Since Sr:CoTaOs-F shows better
charge separation than Sr.CoTaOs-S, its PL intensity at 440 nm should be higher than
that of Sr2CoTaOs-S instead of the quenching of the PL.

2) Page-81, the first paragraph, how to understand the sentence “..which is beneficial for
inhabitation of recombination of reactive species on the surface.”?

3) Page 80, Figure S6 should be written as Figure 50.

4) At the bottom of page 4, only HER electrocatalysts were introduced, the normally used
OER electrocatalysts should also be included.

5) References for the last sentence in page 19 are missing.

6) Page 23, line 7, “he benchmark materials” should be corrected as “The benchmark
materials”.

7) Page 25, items 3 and 4 can be combined into one item.

8) In chapter 3, all subtitles were wrongly labeled as chapter 4.

9) Page 41, Figures 3.7 C and D, please explain the XPS peak shifts before and after
photocatalytic reaction.

10) Page 51, chapter 3.2.3, what is the role of iodine in PEC experiments?

11) Page 67, Figure 4.14 E is missing.

12) Page 66, the kinetic of transient absorption should be described in detail. What is the
origin of the signal at 300 nm., serious disturbance from the background was observed
in the figures of TA.
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