ANSWER TO REVIEWER COMMENTS

Manuscript: Simulation Study of Humidity Adsorption at Different Binding Sites on Graphene/hBN Constrictions
The author would like to thank the reviewers for their comments. The comments greatly help for us to improve the paper contents. Table 1 and Table 2 below are the answer for the reviewers. We have made the corrections based on the comments. The corrections made are highlighted in yellow in the .doc file.

	No.
	Reviewer #1
	Rand Response

	1
	The authors should more explicitly distinguish the present investigation of adsorption-site-dependent behavior in narrow and wide graphene/hBN constrictions from previous graphene/hBN sensing studies. This would make the specific scientific contribution clearer.

	We thank reviewer for highlighting this. A description of this has been added in introduction section on paragraph, line 1-2. 

“While previous study has mainly examined Graphene/hBN material and its adsorption behavior, this study additionally considers constriction geometries.”

	2
	The methodology specifies GGA-PBE, PAW, DFT-D3, a 3 x 3 x 1 k-point mesh, and a 75 Hartree mesh cut-off. A brief statement regarding convergence testing or justification of the selected k-point sampling and cut-off would improve confidence in the numerical results.

	Thank you, reviewer, for highlighting this. We did comparisons, the convergence testing methods and this setting validate the material we have developed. The k-point sampling and cut off were selected based on the dimensions of 7x7 supercell.

We have enhanced the methodology part. This is added in methodology section in paragraph 2, line 5-7.
The reference added in number [13, 14]. 

“2D materials utilizing van der Waals (vdW) dispersion play significant role that effect on its electronic structure and properties.”

References:

[bookmark: _Hlk238761788][13] Perdew, J. P., Burke, K., Ernzerhof, M.: Generalized gradient approximation made simple. Physical review letters 77(18), 3865 (1996).
[bookmark: _Hlk238761797][14] Grimme, S., Antony, J., Ehrlich, S., Krieg, H.: A consistent and accurate ab initio parametrization of density functional dispersion correction (DFT-D) for the 94 elements H-Pu. The Journal of chemical physics 132(15) (2010).


	3
	The differences between positions A, B, and C are important, particularly the strong adsorption at position C. The authors should further explain the physical origin of the edge-site preference and why NC and WC geometries produce different charge-transfer behavior.

	We thank the reviewer for this valuable comment. 

We have enhanced the discussion by adding supporting information on position C from previous study. This is added to section 2, paragraph 4 from line 2 to 5. The reference added in number [21]. 

“The preferential adsorption of H2O molecules can be attribute to the broken symmetry of carbon atoms at the edges of graphene [21], resulting to the strong and stable adsorption with the polar H2O molecules.” 




Reference:

[bookmark: _Hlk238762075][21] Xu, H., Do, D. D., & Nicholson, D.: On the role of the quadrupole moment of carbon atom on water adsorption on graphite and in graphitic pores. Chemical Engineering Journal, 409, 128236 (2021).

	4
	Since the I-V results show only small variations among adsorption positions, the practical implication of this limited current modulation should be discussed more critically.

	We thank the reviewer for this valuable comment. 

The present study focusses on pristine Graphene/hBN and single H2O molecules. Thes single H2O molecules can possibly affect the current conduction. Further investigation is planned to include multiple H2O molecules.  A description of this has been added in section 3, paragraph 7 and line 4-5. The reference added in number [21], [23]. 


“In addition, the single H2O molecules could be insufficient to modify the electronic states of the material [21], [23].”

Reference:

[21] Xu, H., Do, D. D., & Nicholson, D.: On the role of the quadrupole moment of carbon atom on water adsorption on graphite and in graphitic pores. Chemical Engineering Journal, 409, 128236 (2021).
[23] Leenaerts, O., Partoens, B., Peeters, F.: Adsorption of h 2 o, nh 3, co, no 2, and no on graphene: A first-principles study. Physical Review B—Condensed Matter and Materi-als Physics 77(12), 125416 (2008).







	No.
	Reviewer #2
	Rand Response

	1
	Clarify the interpretation of adsorption energy. Table 1 reports negative adsorption energies for most configurations but a positive value (+0.0817 eV) for Graphene/hBN-WC at position B. The authors should discuss the physical significance of this positive value and its implications for adsorption stability.
	Thank you, reviewer, for highlighting this. 

Adsorption energy describes the strength and favorably a molecule interacts with the sensing surface. This study attempts to study the favorable binding sites of H2O molecules on Graphene/hBN-NC/WC. A negatively adsorption energy indicates a strong and stable adsorption energy. We have enhanced the discussion by adding supporting information from previous study added to section 2, paragraph 3 from line 2 to 7 and from line 9-14. The reference added in number [19, 20]. 


“Recently, Santos et al. [19] studied H2O on single-layer graphene across three adsorption sites and three molecular orientations (Down, H-bond and Up, depending on whether hydrogen atoms point toward or away from the surface) using DFT calculation. Their findings showed that the Down orientation over the hollow site is the most stable configuration, followed by the H-bond orientation at the top C atom and the Up orientation over the hollow site.” 

“Referring to Fig. 1 and 2, the three adsorption sites for NC and WC exhibit the H-bond orientation after optimization process. Among the H2O orientation shown, Graphene/hBN-WC at position B shows the H-bond orientation perfectly at the hollow site. The weakly stable H2O molecules achieved for this configuration align with previous DFT study reported the adsorption of H2O on graphene sheet [20].”

References:

[bookmark: _Hlk238761993][19] Santos, A. O., Mendonça, B. H., & De Moraes, E. E.: Adsorption of water on pristine graphene: a van der Waals density functional study with the vdW-C09 approach. Journal of Molecular Modeling 32(4), 92 (2026).
[bookmark: _Hlk238762001][20] Leenaerts, O., Partoens, B., & Peeters, F. M.: Water on graphene: Hydrophobicity and dipole moment using density functional theory. Physical Review B—Condensed Matter and Materials Physics 79(23), 235440 (2009).


	2
	Discuss the relationship between adsorption energy and charge transfer more deeply. Some configurations demonstrate relatively strong adsorption while producing limited charge transfer. Explaining this apparent difference in terms of physisorption and local interaction mechanisms would strengthen the scientific discussion.
	Thank you reviewer for this comments. The adsorption energy and charge transfer exhibit a related but non-linear relationship. Adsorption energy represents the total interaction energy, whereas charge transfer represents only the redistribution of electron. We added the following line (10-17) on paragraph 5. The reference added in number [20], [23].

“This indicates a physisorption behavior typical for H2O on graphene, which is consistent with previous theoretical studies by Leenaerts et al. [20], [23] on single-layer graphene. According to their findings, charge transfer is relatively insensitive to the lateral adsorption position but can be strongly affected by the adsorbate orientation. Additionally, van der Waals and electrostatic interactions can influence the adsorption energy. The charge transfer is also sensitive to the molecular orientation and local orbital interactions between the adsorbate and the sensing material.”

Reference:

[20] Leenaerts, O., Partoens, B., & Peeters, F. M.: Water on graphene: Hydrophobicity and dipole moment using density functional theory. Physical Review B—Condensed Matter and Materials Physics 79(23), 235440 (2009).
[23] Leenaerts, O., Partoens, B., Peeters, F.: Adsorption of h 2 o, nh 3, co, no 2, and no on graphene: A first-principles study. Physical Review B—Condensed Matter and Materi-als Physics 77(12), 125416 (2008).


	3
	Improve Figures 3 and 5 for readability. The band-structure/PDOS plots contain substantial information, but the labels and legends are relatively small. Enlarging the plots and ensuring consistent labeling would improve interpretation. Similarly, the small differences among the I-V curves in Figure 5 could be made clearer through an inset, normalized current change, or percentage response representation.
	We thank reviewer for the valuable suggestion. Figure 3 has been revised by enlarging the figure to improve its readability and facilitate clearer interpretation of the band-structure and PDOS results.

Figure 5 was carefully reviewed to assess possible improvements in readability. However, the I–V curves are closely spaced and nearly overlap. Further enlargement the line thickness, adding an inset and directly labeling the individual I–V curves would not substantially improve readability, as the curves are closely to each other.

However, we have added this sentence in section 3, paragraph 7 and line 4-5, to clarify this. The reference added in number [21], [23]. 

“In addition, the single H2O molecules could be insufficient to modify the electronic states of the material [21], [23].”

Reference:

[21] Xu, H., Do, D. D., & Nicholson, D.: On the role of the quadrupole moment of carbon atom on water adsorption on graphite and in graphitic pores. Chemical Engineering Journal, 409, 128236 (2021).
[23] Leenaerts, O., Partoens, B., Peeters, F.: Adsorption of h 2 o, nh 3, co, no 2, and no on graphene: A first-principles study. Physical Review B—Condensed Matter and Materi-als Physics 77(12), 125416 (2008).


	4
	Include a clearer quantitative comparison with previous studies. The manuscript already refers to previously reported adsorption energies for graphene/hBN systems. A short comparison table containing material/system, analyte, adsorption energy, charge transfer, and key sensing response would significantly strengthen the manuscript.
	Thank you, reviewer, for the suggestion. 

A comparison in Table is not provide in the current manuscript. This is because the adsorption energy and charge transfer of the present Graphene/hBN has been discussed and compared with values reported in previous studies within the paragraph. 

	5
	Language polishing is recommended. Several sentences contain grammatical and subject-verb agreement issues. A careful English-language revision would improve readability without changing the technical content.
	Thank you, reviewer, for the helpful comments. The manuscript has been proofread, revised to correct grammatical errors and are highlighted in blue font colour.



