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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Comments:

The manuscript “Epitaxy of wafer-scale single-crystal MoS2 monolayer via kinefic control” reported the 

unidirecfional growth of MoS2 and 2-inch single crystals on the general c-plane sapphire substrate via 

controlling the growth kinefics. This is an important research topic and aftracts wide aftenfion. The 

reviewer finds the results interesfing but lacks a systemafic study of the growth mechanism to support 

the innovafion. Regarding the unidirecfional MoS2 growth, some important work in this field has raised 

their representafive viewpoints, such as surface steps (hftps://doi.org/10.1038/s41586-022-04523-5), 

surface symmetry (hftps://doi.org/10.1038/s41565-023-01445-9), and surface chemistry 

(hftps://doi.org/10.1038/s41565-023-01456-6). The authors proposed that the kinefic control, i.e. a 

MoO3/S rafio, plays a key role, which is possibly reasonable but lacks strict proof and deep-in discussion 

on the mechanisms. Following are some comments that the reviewer suggests the authors consider.

1. The authors emphasize the kinefics control in the MoS2 growth, but the reviewer does not find any 

detailed informafion/discussion about the kinefics, except simply menfioning the MoO3/S rafio. What is 

the kinefics when we talk about it? How does the MoO3/S rafio affect the growth kinefics? Why does 

the MoO3/S rafio affect the domain alignment? Do the different MoO3/S rafios produce different 

species contribufing to the nucleafion and growth, or produce different surface terminafion that affects 

the alignment?

2. As claimed in a very recently published work in Nature Nanotechnology 

(hftps://doi.org/10.1038/s41565-023-01445-9), the bi-steps would produce unidirecfional alignment due 

to surface symmetry, independently from the step direcfion. The authors should make a clear 

demonstrafion different from that work. For this purpose, the substrate characterizafions about the step 

height, and orientafion should be supplemented: 1) XRD to check the miscut direcfion and miscut angle 

of the substrate (with unidirecfional MoS2 on it), 2) AFM characterizafion of surface step height (H) and 

terrace width (W), which should accordance with the XRD data (tanθ=H/W). Only mono-, non-M-steps 

are proved, the claimed unidirecfional growth on the “general” substrate could be convincing.

3. A recent work published in Nature Communicafions (hftps://doi.org/10.1038/s41467-023-36286-6) 

from the same united groups claimed universal epitaxy of single crystal TMDs on sapphire by controlling 

the simultaneous formafion of grain nuclei and substrate steps, where step direcfion is not a requisite. 

Does the present work follow the same mechanism as that one? If not, what’s the difference?

4. The so-called “kinefics control” in this manuscript was simply realized via the precursor weight rafio 

(MoO3 230-330mg, and S 6g), which forms a rafio from 3.8%~5.5%. Such a “kinefics control” seems 

crude. Based on such a descripfion, the research community would be difficult to repeat these results 



due to different growth systems, powder size of MoO3, surface area of melted sulfur, pressure, and 

carrier gas flux. A precise descripfion of the actual gaseous precursor flux, or parfial pressure, should be 

more scienfifically reasonable.

5. The unidirecfional growth window (~4.5% rafio at 880 oC) seems extremely narrow, implying difficulty 

in reproducibility. How about the growth temperature window for the unidirecfional epitaxy?

6. Line 72-78, “It is noteworthy that with the same trick, wafer-scale single-crystal MoS2, as well as other 

2D materials, have also been epitaxially grown on sapphire or other substrates23-32”. The citafion [23-

32] should be checked. Ref. 29 did not report “wafer-scale single-crystals” and Ref. 30 finds translafional 

grain boundaries and claimed only “unidirecfional” growth. Some recent work of single-crystal MoSe2 

could be cited here.

7. Fig. 1d shows opfical micrographs of MoS2 at different growth stages, which show increased coverage 

and nucleafion density. However, the crystal size did not increase, comparing the coalescence stage and 

the nucleafion stage (See Fig. 1d). Please explain the reason.

8. The crystal size seems to be about 5~15 um, far smaller than the previous work (Nano Left. 2020, 20, 

7193−7199). Please explain the difference.

Reviewer #2 (Remarks to the Author):

This study demonstrated the epitaxial growth of 2’’ single-crystal (SC) MoS2 monolayers on c-plane 

sapphire by controlling the concentrafion rafio of the precursors. Different characterizafion methods 

have characterized and confirmed the film's alignment and seamless sfitching. The epitaxial monolayer 

MoS2 SC shows excellent uniformity and quality, as evidenced by the phonon circular dichroism, exciton 

valley polarizafion, high room-temperature mobility, and on/off rafio. The results are interesfing. 

However, the paper requires a major revision, as suggested below, before further considerafion.

1- The novelty of the present work with the recent studies in the field should be highlighted. Many 

literature have reported the growth of SC TMDs in the last few years. Although the final result is the 

same, different techniques have been used. Most of them could have the same mechanism. 

Nevertheless, they illustrated it from different perspecfives due to the complicated growth mechanism. 

Most of these results are not reproducible due to the complicated factors of the growth. Considering all 

the growth factors, a general mechanism is needed in this stage to connect all the dots in the literature 

and explain the mechanism of SC epitaxial growth.

2- A very recent study (Nat. Nanotech. (2023): 1-6) has illustrated the effect of the off-cut angle of the c-



plane sapphire on the orientafion of MoS2, which parfially explain the reason for achieving the SC 

growth on this kind of substrate. However, the growth condifions was not explained clearly in the Nat. 

Nanotech. paper. In the present study, the author should invesfigate the role of growth kinefics and 

relate that to other growth factors, like the structure of the steps, the substrate surface terminafion, 

and/or the seed composifion.

3- The author highlighted the high quality of the film in the present work, but the reason for this high-

quality grown film compared with the recent studies was not explained.

4- The system used in this study has three heafing zones, making it easier to conduct a systemafic study 

to understand and relate the crifical factors to control the growth. The rafio of MoO3/S could affect 

many things (the seed composifion, the surface structure of the substrate, the structure of the step 

edges, etc.), yet the author did not invesfigate any of them. How does that affect the quality of the 

grown film?

5- The mobility was measured at high temperature, and the device was h-BN encapsulated, which can be 

considered the reason for the high mobility. FET measurements at room temperature are needed to 

compare with the literature.

Reviewer #3 (Remarks to the Author):

The authors present an approach to synthesize single-crystal MoS2 on c-plane sapphire with an M-axis 

miscut through kinefic control. They offer sufficient evidence to substanfiate the single crystallinity using 

opfical microscopy, HADDF-STEM, LEED, and SHG. Addifionally, they showcase MoS2 transistors with 

record-high electron mobility. However, this work lacks a thorough understanding of the kinefic 

mechanism behind single-crystal MoS2 growth. The methodology also lacks detailed procedures, 

creafing challenges for readers aftempfing to replicate the results. Moreover, the explanafions provided 

on the MoS2 transistor include misleading informafion. Therefore, I would suggest this work should have 

a major revision to answer the following issue before making final decisions.

1. In line 79, the authors aftempt to address a pivotal query: can MoS2 growth be controlled by purely 

kinefic growth? Is this claim valid for pure c-plane sapphires without an M-axis miscut and many other 

substrates, such as different mistcut or surface plane sapphires?

2. Referring to a previous study (Nat Commun 14, 592 (2023)), it was posited that immature steps serve 

as nucleafion sites for unidirecfional growth. Based on this, might the S/Mo rafio be the crucial 

determinant controlling atomic step formafion (ts) that aligns with the growth fime (ts) as proposed by 

the authors? If not, please provide a comprehensive understanding of the kinefic growth mechanism by 

computafional approaches, such as DFT, MD, or computafional fluid dynamics.



3. According to references (Chem. Mater. 2014, 26, 22, 6371–6379, Nano Research volume 10, 

pages255–262 (2017)), the S/Mo rafio typically dictates the shape evolufion of MoS2 crystals at varying 

furnace posifions. Kindly provide opfical microscopy images of CVD MoS2 at different S/Mo rafios and 

locafions, clarifying if the kinefic control mechanism remains consistent across these observafions.

4. Regarding the growth procedure, convenfional methods using sulfur and MoO3 powders were 

employed. However, the posifioning of S and Mo and the size of the openings for the sulfur and MoO3 

crucibles significantly influence the growth. It would be helpful to include photographs of the CVD setup 

and provide more experimental details for readers.

5. With the tradifional S/MoO3 growth, the quartz tube often develops a coafing of Mo/MoO3, which 

might be released during growth. Please compare results between brand-new quartz tubes and 

previously used ones.

6. In line 288, the authors assert that they achieved record-high mobility of 140 cm2V-1S-1 on a 

transistor with dimensions of 1um/5um. This value appears consistent with the short-channel device. 

The authors list mobility of 140 cm2V-1S-1 only for the short channel devices. Please confirm these 

figures and elucidate why the mobility of the long-channel matches that of the short-channel devices.

7. Please indicate the thickness of the hBN layers (both top and boftom) for the hBN-encapsulated 

devices.

8. As the transistor devices ufilize dual gates for both long-channel hBN-encapsulated devices and short-

channel HfO2 devices, please measure the gate capacitances for both devices.



Point-by-point response to the Reviewers’ comments

Reviewer #1 (Remarks to the Author)6

M[X `TahfVe\cg r@c\gTkl bY jTYXe)fVT_X f\aZ_X)VelfgT_ GbL. `bab_TlXe i\T ^\aXg\V

Vbageb_s eXcbegXW g[X ha\W\eXVg\baT_ Zebjg[ bY GbL. TaW .)\aV[ f\aZ_X VelfgT_f ba g[X

ZXaXeT_ 5)c_TaX fTcc[\eX fhUfgeTgX i\T Vbageb__\aZ g[X Zebjg[ ^\aXg\Vf* M[\f \f Ta

\`cbegTag eXfXTeV[ gbc\V TaW TggeTVgf j\WX TggXag\ba* M[X eXi\XjXe Y\aWf g[X eXfh_gf

\agXeXfg\aZ Uhg _TV^f T flfgX`Tg\V fghWl bY g[X Zebjg[ `XV[Ta\f` gb fhccbeg g[X

\aabiTg\ba* KXZTeW\aZ g[X ha\W\eXVg\baT_ GbL. Zebjg[( fb`X \`cbegTag jbe^ \a g[\f

Y\X_W [Tf eT\fXW g[X\e eXceXfXagTg\iX i\Xjcb\agf( fhV[ Tf fheYTVX fgXcf

%[ggcf6++Wb\*beZ+-,*-,/4+f0-142),..),01./)1&( fheYTVX fl``Xgel

%[ggcf6++Wb\*beZ+-,*-,/4+f0-121),./),-001)5&( TaW fheYTVX V[X`\fgel

%[ggcf6++Wb\*beZ+-,*-,/4+f0-121),./),-012)2&* M[X Thg[bef cebcbfXW g[Tg g[X ^\aXg\V

Vbageb_( \*X* T GbI/+L eTg\b( c_Tlf T ^Xl eb_X( j[\V[ \f cbff\U_l eXTfbaTU_X Uhg _TV^f

fge\Vg cebbY TaW WXXc)\a W\fVhff\ba ba g[X `XV[Ta\f`f* Ab__bj\aZ TeX fb`X Vb``Xagf

g[Tg g[X eXi\XjXe fhZZXfgf g[X Thg[bef Vbaf\WXe*

Response 1:

PX f\aVXeX_l g[Ta^ g[X KXi\XjXe Ybe g[X cbf\g\iX XiT_hTg\ba ba bhe jbe^ r1:;C ;C 3?

;>A@BD3?D B7C73B5: D@A;5 3?6 3DDB35DC G;67 3DD7?D;@?s* PX T_fb TcceXV\TgX g[X

KXi\XjXetf \af\Z[gYh_ TaW VbafgehVg\iX Vb``Xagf Ybe \`cebiX`Xag*

PX TZeXX j\g[ g[X KXi\XjXe g[Tg eXZTeW\aZ g[X ha\W\eXVg\baT_ GbL. Zebjg[( fXiXeT_

ceXi\bhf fghW\Xf [TiX eT\fXW g[X\e eXceXfXagTg\iX i\Xjcb\agf* PX g[Ta^ g[X KXi\XjXe

Ybe cb\ag\aZ bhg g[XfX \`cbegTag jbe^f j[\V[ [TiX UXXa V\gXW \a g[X eXi\fXW `TahfVe\cg*

Mb haWXefgTaW g[X haWXe_l\aZ Zebjg[ `XV[Ta\f`( jX [TiX cXeYbe`XW TWW\g\baT_

V[TeTVgXe\mTg\baf Yb__bj\aZ g[X KXi\XjXetf ^\aW Vb``Xagf* A\ZheXf K-T TaW K-U f[bj(

eXfcXVg\iX_l( g[X Vebff)fXVg\baT_ [\Z[)TaZ_X Taah_Te WTe^)Y\X_W fVTaa\aZ geTaf`\ff\ba

X_XVgeba `\VebfVbcl %C<<?A)LM@G& bY g[X Tf)Zebja f\aZ_X)VelfgT_ GbL. T_baZ g[X

8-,G±,: %A\Z* K-T& TaW 8--H±,: W\eXVg\baf bY 5)c_TaX fTcc[\eX fhUfgeTgX %A\Z* K-U&*

D`cbegTag_l( jX Y\aW g[Tg g[X 5)c_TaX fTcc[\eX fheYTVX \f eXVbafgehVgXW gb Ybe` Ta

Tgb`\VT__l g[\a UhYYXe _TlXe UX_bj g[X Tf)Zebja GbL.* M[\f UhYYXe _TlXe \f g[X ^Xl( jX

UX_\XiX( gb YTV\_\gTgX g[X ha\W\eXVg\baT_ Xc\gTkl bY g[X `bab_TlXe GbL.* <VVbeW\aZ gb

bhe Vbageb_ XkcXe\`Xagf( g[X UhYYXe _TlXe Ybe`Tg\ba WXcXaWf [\Z[_l ba g[X L+GbI/

ceXVhefbe eTg\b* Abe XkT`c_X( jX [TiX ge\XW gb TaaXT_ g[X 5)c_TaX fTcc[\eX \a g[X

Tg`bfc[XeX bY cheX L be GbI/ Ybe g[X Yb__bj\aZ GbL. Zebjg[ Uhg jX W\W abg TV[\XiX

g[X ha\W\eXVg\baT_ Zebjg[* NaWXe T cTeg\Vh_Te eTg\b bY ceXVhefbef L+GbI/( T fcXV\Y\V

UhYYXe _TlXe \f Ybe`XW( XaTU_\aZ g[X ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag \a g[X ahV_XTg\ba

fgTZX* Dg \f abgXjbeg[l g[Tg f\`\_Te eXfh_gf [TiX eXVXag_l UXXa eXcbegXW Ybe GbL. Xc\gTkl

ba N)BT.I/ %,,-& g[Tg T cTeg\Vh_Te L+GbI/ ceXVhefbe eTg\b eXfh_gf \a g[X Ybe`Tg\ba bY T

fcXV\Y\V UhYYXe _TlXe TaW g[hf g[X ha\W\eXVg\baT_ Zebjg[ RX*Z*( %&0 -3?@ -3( -,,-,

%.,./&S*



A\ZheX K-* GbL. Zebjg[ ba })<_.I/ %,,,-& j\g[ T UhYYXe _TlXe* a,b, >ebff)fXVg\baT_

C<<?A)LM@G \`TZXf bY T GbL. Zebja ba g[X })<_.I/ %,,,-& fhUfgeTgX T_baZ g[X })

<_.I/ 8-,G±,: W\eXVg\ba %a& TaW g[X })<_.I/ 8--H±,: W\eXVg\ba %b&*

Mb Yheg[Xe VbaY\e` g[X XYYXVg bY g[X UhYYXe _TlXe TaW \gf eb_X ba g[X ha\W\eXVg\baT_ Wb`T\a

Zebjg[( jX eX`biX g[X Tf)Zebja ha\W\eXVg\baT_ GbL. Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX

Ul jTgXe)Tff\fgXW gXV[a\dhX( Tf \__hfgeTgXW \a A\Z* K.T Rc_XTfX eXYXe gb6 -3D# &@>>E?# 11(

.-1/ %.,.,&7 %&0 -3?@ --( -.,,- %.,-3&S* HbgX g[Tg fhV[ eX`biT_ cebVXff hg\_\mXf g[X

jTgXe \agXeVT_Tg\ba TaW jbh_W abg WXfgebl g[X UhYYXe _TlXe* M[Xa g[X fTcc[\eX fhUfgeTgXf

j\g[ UhYYXe _TlXe TeX hfXW gb eX)Zebj GbL. haWXe T VbaW\g\ba j[XeX gjb Tag\cTeT__X_

Wb`T\af bVVhe ba hahfXW aXj fTcc[\eX fhUfgeTgXf* HbgX g[Tg jX T_fb chg YeXf[ fTcc[\eX

fhUfgeTgXf \a g[X Zebjg[ V[T`UXe Tg g[X fT`X g\`X Ybe Vbageb_ fT`c_Xf* M[X eXfh_gf TeX

f[bja \a A\Z* K.* Ia YeXf[ fTcc[\eX fhUfgeTgXf( gjb Tag\cTeT__X_ Wb`T\af TccXTe

f\`h_gTaXbhf_l %A\Zf* K.V TaW K.W&* =l VbageTfg( ha\W\eXVg\baT_ GbL. Wb`T\af TeX

eXcebWhVXW ba g[X fTcc[\eX fhUfgeTgXf j\g[ UhYYXe _TlXef %A\Zf* K.T TaW K.U&* M[\f

eXfh_g fgebaZ_l WX`bafgeTgXf g[X ^Xl eb_X bY UhYYXe _TlXe ba g[X ha\W\eXVg\baT_ Wb`T\a

T_\Za`Xag* Dg \f T_fb jbeg[ abg\aZ g[Tg T_g[bhZ[ Ta Tgb`\VT__l g[\a UhYYXe _TlXe \f

bUfXeiXW i\T C<<?A)LM@G( \g \f fg\__ W\YY\Vh_g gb \aYXe \gf XkTVg fgehVgheX* Aheg[Xe \a)

WXcg[ g[XbeXg\VT_ TaW XkcXe\`XagT_ fghW\Xf TeX eXdh\eXW( j[\_X UXlbaW g[X fVbcX bY g[\f

jbe^*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW g[X TUbiX W\fVhff\ba \agb g[X eXi\fXW

`TahfVe\cg %cTZXf 0 TaW 1( _\aXf -03)-23&( TWWXW A\Z* K- \agb A\Z* - Tf A\Z* -W \a g[X

eXi\fXW `T\a gXkg %cTZX 0&( TaW TWWXW A\Z* K. \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Z* -- %cTZX 4&* Da TWW\g\ba( Vbaf\WXe\aZ g[Tg g[X Zebjg[ `XV[Ta\f`

f[bh_W UX g[X Ybe`Tg\ba bY T fcXV\Y\V UhYYXe _TlXe Ul Vbageb__\aZ g[X L+GbI/ ceXVhefbe

eTg\b* Da g[X eXi\fXW `TahfVe\cg( jX [TiX V[TaZXW g[X c[eTfX r^\aXg\V Vbageb_s gb rUhYYXe

_TlXe Vbageb_s be rceXVhefbe eTg\b Vbageb_s* Abe XkT`c_X( g[X g\g_X bY bhe `TahfVe\cg [Tf

UXXa eXi\fXW gb r@c\gTkl bY jTYXe)fVT_X f\aZ_X)VelfgT_ GbL. `bab_TlXe i\T UhYYXe _TlXe

Vbageb_s*



A\ZheX K.* %a& LV[X`Tg\V \__hfgeTg\ba bY eX`biT_ TaW eXZebjg[ bY ha\W\eXVg\baT_ GbL.*

M[X Tf)Zebja ha\W\eXVg\baT_ GbL. \f eX`biXW Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX Ul

jTgXe)Tff\fgXW gXV[a\dhX( j[\V[ jbh_W cXeYXVg_l `T\agT\a g[X Ybe`XW UhYYXe _TlXe* %b&

Icg\VT_ `\VebZeTc[f bY g[X eXZebja GbL. j\g[ ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag* %c,d&

D__hfgeTg\ba TaW bcg\VT_ `\VebZeTc[f bY GbL. Wb`T\af Zebja ba Ta YeXf[ fTcc[\eX

fhUfgeTgX( f[bj\aZ gjb Tag\cTeT__X_ Wb`T\af*

-* M[X Thg[bef X`c[Tf\mX g[X ^\aXg\Vf Vbageb_ \a g[X GbL. Zebjg[( Uhg g[X eXi\XjXe WbXf

abg Y\aW Tal WXgT\_XW \aYbe`Tg\ba+W\fVhff\ba TUbhg g[X ^\aXg\Vf( XkVXcg f\`c_l

`Xag\ba\aZ g[X GbI/+L eTg\b* P[Tg \f g[X ^\aXg\Vf j[Xa jX gT_^ TUbhg \g; Cbj WbXf g[X

GbI/+L eTg\b TYYXVg g[X Zebjg[ ^\aXg\Vf; P[l WbXf g[X GbI/+L eTg\b TYYXVg g[X Wb`T\a

T_\Za`Xag; ?b g[X W\YYXeXag GbI/+L eTg\bf cebWhVX W\YYXeXag fcXV\Xf Vbage\Uhg\aZ gb g[X

ahV_XTg\ba TaW Zebjg[( be cebWhVX W\YYXeXag fheYTVX gXe`\aTg\ba g[Tg TYYXVgf g[X

T_\Za`Xag;

Response 2:

PX g[Ta^ g[X KXi\XjXe Ybe g[X VbafgehVg\iX Vb``Xagf* =l cXeYbe`\aZ Vebff)fXVg\baT_

C<<?A)LM@G V[TeTVgXe\mTg\baf TaW eX)Zebj\aZ ha\W\eXVg\baT_ GbL. ba g[X 5)c_TaX

fTcc[\eX j\g[ UhYYXe _TlXe( jX \aYXe g[Tg g[X ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag f[bh_W UX

WXgXe`\aXW Ul g[X fcXV\Y\V UhYYXe _TlXe j\g[\a g[X fhUfgeTgX)Xc\_TlXe ZTc( j[\V[ \f

Ybe`XW haWXe T cTeg\Vh_Te eTg\b bY ceXVhefbef L+GbI/ %c_XTfX eXYXe gb bhe TUbiX

eXfcbafX - Ybe `beX WXgT\_f&*

.* <f V_T\`XW \a T iXel eXVXag_l chU_\f[XW jbe^ \a HTgheX HTabgXV[ab_bZl

%[ggcf6++Wb\*beZ+-,*-,/4+f0-121),./),-001)5&( g[X U\)fgXcf jbh_W cebWhVX

ha\W\eXVg\baT_ T_\Za`Xag WhX gb fheYTVX fl``Xgel( \aWXcXaWXag_l Yeb` g[X fgXc

W\eXVg\ba* M[X Thg[bef f[bh_W `T^X T V_XTe WX`bafgeTg\ba W\YYXeXag Yeb` g[Tg jbe^* Abe



g[\f checbfX( g[X fhUfgeTgX V[TeTVgXe\mTg\baf TUbhg g[X fgXc [X\Z[g( TaW be\XagTg\ba

f[bh_W UX fhcc_X`XagXW6

-& QK? gb V[XV^ g[X `\fVhg W\eXVg\ba TaW `\fVhg TaZ_X bY g[X fhUfgeTgX %j\g[

ha\W\eXVg\baT_ GbL. ba \g&(

.& <AG V[TeTVgXe\mTg\ba bY fheYTVX fgXc [X\Z[g %C& TaW gXeeTVX j\Wg[ %P&( j[\V[ f[bh_W

TVVbeWTaVX j\g[ g[X QK? WTgT %gTa~9C+P&* Ia_l `bab)( aba)G)fgXcf TeX cebiXW( g[X

V_T\`XW ha\W\eXVg\baT_ Zebjg[ ba g[X rZXaXeT_s fhUfgeTgX Vbh_W UX Vbai\aV\aZ*

Response 3:

M[Ta^f Ybe g[XfX ^\aW fhZZXfg\baf* PX TZeXX j\g[ g[X KXi\XjXe g[Tg \a g[X jbe^ bY -3D#

-3?@D75:?@=# %Wb\6-,*-,/4+f0-121),./),-001)5&( g[X U\)fgXcf TaW g[hf f\aZ_X)glcX

fheYTVX fl``Xgel TeX Ybe`XW Ul TaaXT_\aZ Tg [\Z[ gX`cXeTgheXf( j[\V[ XaTU_X g[X

ha\W\eXVg\baT_ T_\Za`Xag* CbjXiXe( \a bhe fghW\Xf( g[X hfXW 5)c_TaX fTcc[\eX fhUfgeTgXf

TeX g[X ZXaXeT_ fhUfgeTgXf j\g[ `bab)fgXcf( eTg[Xe g[Ta U\)fgXcf* J_XTfX T__bj hf gb f[bj

\g \a WXgT\_*

-& A\ZheX K/T f[bjf g[X QK? ebV^\aZ VheiX bY bhe 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[

ha\W\eXVg\baT_ GbL. ba \g( WX`bafgeTg\aZ T `T]be `\fVhg TaZ_X gbjTeWf G Tk\f bY ,*-/1o(

j[\V[ TZeXXf jX__ j\g[ g[X cTeT`XgXef cebi\WXW Ul g[X fhcc_\Xe bY CXAX\ VelfgT_

MXV[a\VT_ GTgXe\T_ >b*( FgW* %5)c_TaX fTcc[\eX j\g[ T `T]be `\fVhg TaZ_X gbjTeWf G

Tk\f bY n ,*.±,*-o&*

.& A\ZheXf K/U TaW K/V f[bjf g[X <AG \`TZX bY bhe 5)c_TaX fTcc[\eX fhUfgeTgXf(

\aW\VTg\aZ `bab)fgXc [X\Z[g ) bY n ,*-2 a` TaW gXeeTVX j\Wg[ 2 bY n 22*1 a`* M[X

eTg\b UXgjXXa fgXc [X\Z[g ) TaW gXeeTVX j\Wg[ 2( \*X*( v+w ´ F*GL{z+LL*K{z ´

F*FFHJ ( TVVbeWTaVX j\g[ g[X QK? WTgT %|x{ F*GIKj´ F*FFHIKL &* Ihe `XTfheXW

eXfh_gf VbaY\e` g[Tg g[X fTcc[\eX fhUfgeTgXf jX hfXW TeX g[X ZXaXeT_ fhUfgeTgXf j\g[

`bab)fgXcf( \a VbageTfg gb g[X U\)fgXc fhUfgeTgXf eXcbegXW \a g[X -3D# -3?@D75:?@=#

%Wb\6-,*-,/4+f0-121),./),-001)5&*

/& Ihe 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ T `T]be `\fVhg TaZ_X gbjTeWf G Tk\f bY n ,*.o

[TiX `bab)fgXc TeX dh\gX eXTfbaTU_X UXVThfX bhe fhUfgeTgXf TeX TaaXT_\aZ Tg 54,Õ(

`hV[ _bjXe g[Ta g[X eXdh\eXW gX`cXeTgheX %:-0,,�o>& gb Ybe` U\)fgXcf R-3D#

-3?@D75:?@=# Wb\6-,*-,/4+f0-121),./),-001)5 %.,./&S*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX W\fVhff\ba TaW A\ZheX K/ \agb

Lhccbeg\aZ DaYbe`Tg\ba Tf Lhcc_X`XagTel HbgX 2 %cTZXf 2)3( _\aXf 34)54&*



A\ZheX K/* %a& QK? ebV^\aZ VheiX bY 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ ha\W\eXVg\baT_

GbL. ba \g( WX`bafgeTg\aZ T `T]be `\fVhg TaZ_X gbjTeWf G Tk\f bY ,*-/1o* %b,c& <AG

V[TeTVgXe\mTg\ba bY fTcc[\eX fhUfgeTgXf( \aW\VTg\aZ fheYTVX fgXc [X\Z[g bY n,*-2 a` TaW

gXeeTVX j\Wg[ bY n22*1 a`*

/* < eXVXag jbe^ chU_\f[XW \a HTgheX >b``ha\VTg\baf

%[ggcf6++Wb\*beZ+-,*-,/4+f0-023),./)/2.42)2& Yeb` g[X fT`X ha\gXW Zebhcf V_T\`XW

ha\iXefT_ Xc\gTkl bY f\aZ_X VelfgT_ MG?f ba fTcc[\eX Ul Vbageb__\aZ g[X f\`h_gTaXbhf

Ybe`Tg\ba bY ZeT\a ahV_X\ TaW fhUfgeTgX fgXcf( j[XeX fgXc W\eXVg\ba \f abg T eXdh\f\gX*

?bXf g[X ceXfXag jbe^ Yb__bj g[X fT`X `XV[Ta\f` Tf g[Tg baX; DY abg( j[Tgtf g[X

W\YYXeXaVX;

Response 4:

PX g[Ta^ g[X KXi\XjXe Ybe cb\ag\aZ bhg bhe ceXi\bhf jbe^ bY -3D#

&@>>E?# 14( 15. %.,./&* Da bhe ce\be jbe^ bY -3D# &@>>E?# 14( 15. %.,./&( f\aZ_X

VelfgT_ MG?f TeX Xc\gTk\T__l Zebja ba fTcc[\eX Ul Vbageb__\aZ g[X f\`h_gTaXbhf

Ybe`Tg\ba bY ZeT\a ahV_X\ TaW fhUfgeTgX fgXcf* PX cebcbfXW g[Tg g[X Zebjg[ Yb__bjf T

WhT_)Vbhc_\aZ `XV[Ta\f`( g[Tg \f( g[X MG? Xc\gTkl \f Zh\WXW Ul Ubg[ g[X gXeeTVXf TaW

g[X fgXc XWZXf bY g[X fhUfgeTgX* =l VbageTfg( \a g[X ceXfXag jbe^( g[X fhUfgeTgXf TeX ceX)

TaaXT_XW Tg 54,Õ Ybe 0 [bhef gb Ybe` Tgb`\VT__l f`bbg[ fheYTVXf j\g[ T glc\VT_ gXeeTVX

j\Wg[ bY n22 a` TaW [X\Z[g bY n,*. a` %A\Z* K0& ce\be gb g[X Zebjg[* =l ceXV\fX_l

Vbageb__\aZ g[X L+GbI/ ceXVhefbe eTg\b( jX TV[\XiX g[X ha\W\eXVg\baT_ Wb`T\a

T_\Za`Xag Tff\fgXW Yeb` g[X Ybe`Tg\ba bY Ta \agXeYTV\T_ UhYYXe _TlXe UXgjXXa g[X

fhUfgeTgX TaW Xc\_TlXe %c_XTfX eXYXe gb bhe TUbiX eXfcbafX - Ybe `beX WXgT\_f&*

A\ZheX K0* M[X <AG V[TeTVgXe\mTg\ba bY g[X ha\iXefT_ fTcc[\eX UXYbeX TaaXT_XW %a& TaW

TYgXe TaaXT_XW Tg 54,o> Ybe 0[ %b&*

0* M[X fb)VT__XW r^\aXg\Vf Vbageb_s \a g[\f `TahfVe\cg jTf f\`c_l eXT_\mXW i\T g[X

ceXVhefbe jX\Z[g eTg\b %GbI/ ./,)//,`Z( TaW L 2Z&( j[\V[ Ybe`f T eTg\b Yeb`

/*4#n1*1#* LhV[ T r^\aXg\Vf Vbageb_s fXX`f VehWX* =TfXW ba fhV[ T WXfVe\cg\ba( g[X

eXfXTeV[ Vb``ha\gl jbh_W UX W\YY\Vh_g gb eXcXTg g[XfX eXfh_gf WhX gb W\YYXeXag Zebjg[

flfgX`f( cbjWXe f\mX bY GbI/( fheYTVX TeXT bY `X_gXW fh_Yhe( ceXffheX( TaW VTee\Xe ZTf

Y_hk* < ceXV\fX WXfVe\cg\ba bY g[X TVghT_ ZTfXbhf ceXVhefbe Y_hk( be cTeg\T_ ceXffheX(

f[bh_W UX `beX fV\Xag\Y\VT__l eXTfbaTU_X*



Response 5:

PX Yh__l TZeXX TaW g[Ta^ g[X KXi\XjXe Ybe g[X ^\aW fhZZXfg\baf* A\ZheX K1 %A\Z* K2&

f[bjf g[X fV[X`Tg\V W\TZeT` %c[bgbZeTc[f& bY bhe V[X`\VT_ iTcbe WXcbf\g\ba %>O?&

fXghc Ybe g[X Xc\gTkl bY `bab_TlXe GbL.* Abe T glc\VT_ Zebjg[( g[X VXagXe `\a\)ghUX \f

_bTWXW j\g[ fh_Yhe %<_YT <XfTe( 55*5#( 2 Z& TaW Y_bjXW j\g[ 0, fVV` <e* HbgX g[Tg gb

XYYXVg\iX_l _bTW fh_Yhe( T _TeZX eXVgTaZh_Te V[T`UXe \f WXf\ZaXW n1 V` Yeb` g[X XaW bY

g[X dhTegm ghUX* M[X fheYTVX TeXT bY `X_gXW fh_Yhe WXgXe`\aXW Ul g[X eXVgTaZh_Te

V[T`UXe \f TebhaW .1V`.* Abe g[X bhgf\WX f\k `\a\)ghUXf( XiXel)bg[Xe)ghUX \f _bTWXW

j\g[ GbI/ %<_YT <XfTe( 55*555#& TaW Y_bjXW j\g[ <e+I. %0,+,*1 fVV`&7 TaW g[X bg[Xe

g[eXX X`cgl ghUXf TeX T_fb Y_bjXW j\g[ <e+I. %0,+,*1 fVV`&* Da TWW\g\ba( gb Tib\W g[X

cbjWXe UX\aZ U_bja TjTl Ul g[X VTee\Xe ZTf( jX hfX GbI/ g[\a Y_TV^ %g[X g[\V^aXff \f

n,*1 ``& j[\V[ \f bUgT\aXW Ul ceXff\aZ g[X GbI/ cbjWXe %<_YT <XfTe( 55*555#& j\g[

T [lWeTh_\V ceXff* <__ g[X dhTegm ghUXf [TiX Ta \aaXe W\T`XgXe bY n- V`* M[X W\fgTaVX

UXgjXXa GbI/ TaW %fhUfgeTgX& fh_Yhe \f n/.V`)0,V` %n-3 V`&* ?he\aZ g[X Zebjg[(

fh_Yhe( GbI/ TaW fTcc[\eX fhUfgeTgX TeX c_TVXW Tg Y\efg( fXVbaW( TaW g[\eW gX`cXeTgheX

mbaXf( eXfcXVg\iX_l* M[X gX`cXeTgheXf Ybe g[X fh_Yhe( GbI/( TaW fTcc[\eX fhUfgeTgX TeX

-.,( 12,( TaW 44, o>( eXfcXVg\iX_l* M[X ceXffheX \f ^Xcg Tg TUbhg - gbee Whe\aZ g[X

Zebjg[ cebVXff*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX Zebjg[ WXgT\_f \agb g[X

@QJ@KDG@HM<F L@>MDIH bY eXi\fXW `TahfVe\cg %cTZX -,( _\aXf /0.)/11&* Da

TWW\g\ba( A\ZheXf K1 TaW K2 [TiX UXXa TWWXW \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Z* .0 TaW A\Z* .1 %cTZX -2&*

A\ZheX K1* LV[X`Tg\V W\TZeT` bY g[X `h_g\fbheVX >O? fXghc*



A\ZheX K2* J[bgbZeTc[f bY bhe g[eXX)gX`cXeTgheX)mbaX >O? fXghc TaW g[X _bVTg\ba bY

g[X fb_\W)fgTgX fbheVXf TaW g[X fhUfgeTgX*

1* M[X ha\W\eXVg\baT_ Zebjg[ j\aWbj %n0*1# eTg\b Tg 44,Õ& fXX`f XkgeX`X_l aTeebj(

\`c_l\aZ W\YY\Vh_gl \a eXcebWhV\U\_\gl* Cbj TUbhg g[X Zebjg[ gX`cXeTgheX j\aWbj Ybe

g[X ha\W\eXVg\baT_ Xc\gTkl;

Response 6:

PX TcceXV\TgX g[X KXi\XjXetf Vb``Xag* Da TWW\g\ba gb g[X ha\W\eXVg\baT_ Xc\gTkl Tg

44,Õ( jX T_fb TV[\XiX g[X ha\W\eXVg\baT_ Zebjg[ Tg 41,Õ %A\Z* K3&* CbjXiXe( Tg

W\YYXeXag Zebjg[ gX`cXeTgheXf( g[X VbeeXfcbaW\aZ L+GbI/ ceXVhefbe eTg\b \f T_fb

W\YYXeXag* Abe XkT`c_X( A\ZheX K4 f[bjf g[X WXZeXX bY ha\W\eXVg\baT_ T_\Za`Xag TZT\afg

g[X GbI/+L ceXVhefbe eTg\bf Tg T Zebjg[ gX`cXeTgheX bY 41,Õ* >_XTe_l( g[X UXfg

GbI/+L ceXVhefbe eTg\b g[Tg f[bj n-,,# ha\W\eXVg\baT_ T_\Za`Xag \f n.*-#* M[\f \f

VbageTfg gb g[X UXfg GbI/+L ceXVhefbe eTg\b bY n0*1# Tg T Zebjg[ gX`cXeTgheX bY 44,Õ*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX W\fVhff\ba TaW A\Zf* K3+K4 \agb

Lhccbeg\aZ DaYbe`Tg\ba Tf Lhcc_X`XagTel HbgX -4 %cTZXf -3)-4( _\aXf .4,).5/&*

A\ZheX K3* Na\W\eXVg\baT_ Zebjg[ bY GbL. Tg W\YYXeXag Zebjg[ gX`cXeTgheXf TaW

W\YYXeXag Zebjg[ VbaW\g\baf*



A\ZheX K4* Jebcbeg\baT_ V[TaZXf bY g[X f\aZ_X be\XagXW GbL. Wb`T\af Zebja Ul iTel\aZ

g[X GbI/+L eTg\b Tg T Zebjg[ gX`cXeTgheX bY 41,Õ*

2* F\aX 3.)34( rDg \f abgXjbeg[l g[Tg j\g[ g[X fT`X ge\V^( jTYXe)fVT_X f\aZ_X)VelfgT_

GbL.( Tf jX__ Tf bg[Xe .? `TgXe\T_f( [TiX T_fb UXXa Xc\gTk\T__l Zebja ba fTcc[\eX be

bg[Xe fhUfgeTgXf./)/.s* M[X V\gTg\ba R./)/.S f[bh_W UX V[XV^XW*

KXY* .5 W\W abg eXcbeg rjTYXe)fVT_X f\aZ_X)VelfgT_fs TaW KXY* /, Y\aWf geTaf_Tg\baT_ ZeT\a

UbhaWTe\Xf TaW V_T\`XW ba_l rha\W\eXVg\baT_s Zebjg[* Lb`X eXVXag jbe^ bY f\aZ_X)

VelfgT_ GbLX. Vbh_W UX V\gXW [XeX*

Response 7:

PX Yh__l TZeXX j\g[ g[X KXi\XjXe g[Tg KXY* .5 W\W abg eXcbeg rjTYXe)fVT_X f\aZ_X)

VelfgT_fs TaW KXY* /, Y\aWf geTaf_Tg\baT_ ZeT\a UbhaWTe\Xf TaW V_T\`XW ba_l

rha\W\eXVg\baT_s Zebjg[* Da g[X eXi\fXW g[X `TahfVe\cg( jX [TiX eX`biXW g[XfX gjb

eXYXeXXf `Xag\baXW Ul g[X KXi\XjXe* Da TWW\g\ba( Yb__bj\aZ g[X KXi\XjXetf fhZZXfg\ba(

jX [TiX TWWXW fb`X aXj eXYXeXXf \a g[X eXi\fXW `TahfVe\cg( fhV[ Tf eXVXag jbe^f bY

f\aZ_X)VelfgT_ GbLX. R-3D=# 05;# .A7? .( .,..,,11 %.,./&7 -3D# 05;# 3( .,..,,15 %.,./&S

TaW g[XfX eXVXag jbe^f chU_\f[XW Whe\aZ g[X eXi\Xj cXe\bW bY bhe jbe^ R-3D#

-3?@D75:?@=# Wb\6-,*-,/4+f0-121),./),-001)5 %.,./&7 -3D# -3?@D75:?@=#(

Wb\6-,*-,/4+f0-121),./),-012)2 %.,./&S*

3* A\Z* -W f[bjf bcg\VT_ `\VebZeTc[f bY GbL. Tg W\YYXeXag Zebjg[ fgTZXf( j[\V[ f[bj

\aVeXTfXW VbiXeTZX TaW ahV_XTg\ba WXaf\gl* CbjXiXe( g[X VelfgT_ f\mX W\W abg \aVeXTfX(

Vb`cTe\aZ g[X VbT_XfVXaVX fgTZX TaW g[X ahV_XTg\ba fgTZX %LXX A\Z* -W&* J_XTfX Xkc_T\a

g[X eXTfba*

Response 8:

Lbeel Ybe g[X VbaYhf\ba* Da YTVg( Ybe g[X _XYg cTaX_ bY A\Z* -W \a g[X `T\a gXkg( \g \f g[X

bcg\VT_ \`TZX j\g[ Zebjg[ g\`X bY n -1 `\a( eTg[Xe g[Ta Tg g[X ahV_XTg\ba fgTZX* Da bg[Xe

jbeWf( g[X bUfXeiXW GbL. Wb`T\af [TiX Zebja a\VX_l* A\ZheX K5 f[bjf `beX bcg\VT_

`\VebZeTc[f bY ha\W\eXVg\baT_ GbL. Zebja ba 5)c_TaX fTcc[\eX Tg W\YYXeXag g\`Xf* Dg VTa

UX fXXa V_XTe_l g[Tg g[X VelfgT_ f\mX Tg Zebjg[ g\`X bY n -1 `\a \aVeXTfXf f\Za\Y\VTag_l

Vb`cTeXW gb g[Tg Tg Zebjg[ g\`X bY n 1 `\a*

Da g[X eXi\fXW `TahfVe\cg( g[X bcg\VT_ `\VebZeTc[f bY GbL. Tg W\YYXeXag Zebjg[ fgTZXf

[TiX UXXa eXi\fXW Tf A\Z* K-, Ybe V_XTeXe i\Xj*



A\ZheX K5* Icg\VT_ \`TZXf bY ha\W\eXVg\baT_ GbL. Ybe W\YYXeXag Zebja g\`Xf*

A\ZheX K-,* Icg\VT_ `\VebZeTc[f bY ha\W\eXVg\baT_ GbL. Zebja ba 5)c_TaX fTcc[\eX Tg

W\YYXeXag g\`Xf

4* M[X VelfgT_ f\mX fXX`f gb UX TUbhg 1n-1 h`( YTe f`T__Xe g[Ta g[X ceXi\bhf jbe^ %HTab

FXgg* .,.,( .,( 3-5/{3-55&* J_XTfX Xkc_T\a g[X W\YYXeXaVX*

Response 9:

PX g[Ta^ g[X KXi\XjXe Ybe cb\ag\aZ bhg bhe ceXi\bhf jbe^ bY -3?@ +7DD# .,( 3-5/

%.,.,&* PX TZeXX j\g[ g[X KXi\XjXe g[Tg g[X VelfgT_ f\mX \a g[X ceXfXag jbe^ \f TUbhg

-1 �`( f`T__Xe g[Ta bhe ceXi\bhf jbe^ bY -3?@ +7DD# .,( 3-5/ %.,.,& j[XeX g[X VelfgT_

f\mX VTa UX _TeZXe g[Ta -,, �`* M[X `hV[ _TeZXe VelfgT_ f\mX \a bhe ceXi\bhf jbe^ bY

-3?@ +7DD# .,( 3-5/ %.,.,& \f WhX gb T _TeZXe bklZXa Y_bj %-, fVV`& jX hfXW* <VVbeW\aZ

bhe ceXi\bhf eXfh_gf R-3?@ +7DD# .,( 3-5/ %.,.,&7 *# %># &:7># 0@5# -/3( -12/. %.,-1&S(

T _TeZX bklZXa Y_bj YTV\_\gTgXf T ZeXTg VelfgT_ f\mX Ul WXVeXTf\aZ g[X ahV_XTg\ba WXaf\gl

TaW f\`h_gTaXbhf_l \aVeXTf\aZ g[X Zebjg[ eTgX* Da g[X ceXfXag jbe^( gb eXT_\mX Zebjg[

bY f\aZ_X)VelfgT_ GbL. `bab_TlXe( jX Y\aW g[Tg T f`T__ bklZXa Y_bj \f eXdh\eXW %/ fVV`&(

eXfh_g\aZ \a f`T__Xe VelfgT_ f\mX*

PX g[Ta^ g[X KXi\XjXe Ybe [\f+[Xe iXel iT_hTU_X eXi\Xj\aZ XYYbegf* PX [bcX jX [TiX

Vbai\aVXW_l TWWeXffXW T__ g[X Vb``Xagf eT\fXW Ul g[X KXi\XjXe g[Tg bhe eXi\fXW

`TahfVe\cg `XXgf g[X Ve\gXe\T Ybe chU_\VTg\ba \a -3DEB7 &@>>E?;53D;@?C*



Reviewer #2 (Remarks to the Author):

M[\f fghWl WX`bafgeTgXW g[X Xc\gTk\T_ Zebjg[ bY .)\aV[ f\aZ_X)VelfgT_ %L>& GbL.

`bab_TlXef ba V)c_TaX fTcc[\eX Ul Vbageb__\aZ g[X VbaVXageTg\ba eTg\b bY g[X ceXVhefbef*

?\YYXeXag V[TeTVgXe\mTg\ba `Xg[bWf [TiX V[TeTVgXe\mXW TaW VbaY\e`XW g[X Y\_`$f

T_\Za`Xag TaW fXT`_Xff fg\gV[\aZ* M[X Xc\gTk\T_ `bab_TlXe GbL. L> f[bjf XkVX__Xag

ha\Ybe`\gl TaW dhT_\gl( Tf Xi\WXaVXW Ul g[X c[baba V\eVh_Te W\V[eb\f`( XkV\gba iT__Xl

cb_Te\mTg\ba( [\Z[ ebb`)gX`cXeTgheX `bU\_\gl( TaW ba+bYY eTg\b* M[X eXfh_gf TeX

\agXeXfg\aZ* CbjXiXe( g[X cTcXe eXdh\eXf T `T]be eXi\f\ba( Tf fhZZXfgXW UX_bj( UXYbeX

Yheg[Xe Vbaf\WXeTg\ba*

Response 10:

PX f\aVXeX_l g[Ta^ g[X KXi\XjXe Ybe g[X cbf\g\iX XiT_hTg\ba ba bhe jbe^ r1:7 B7CE=DC

3B7 ;?D7B7CD;?9s* PX T_fb TcceXV\TgX g[X KXi\XjXetf \af\Z[gYh_ TaW VbafgehVg\iX

Vb``Xagf Ybe \`cebiX`Xag* =X_bj jX TWWeXff g[X KXi\XjXetf Vb``Xagf cb\ag Ul

cb\ag*

-) M[X abiX_gl bY g[X ceXfXag jbe^ j\g[ g[X eXVXag fghW\Xf \a g[X Y\X_W f[bh_W UX

[\Z[_\Z[gXW* GTal _\gXeTgheX [TiX eXcbegXW g[X Zebjg[ bY L> MG?f \a g[X _Tfg YXj lXTef*

<_g[bhZ[ g[X Y\aT_ eXfh_g \f g[X fT`X( W\YYXeXag gXV[a\dhXf [TiX UXXa hfXW* Gbfg bY g[X`

Vbh_W [TiX g[X fT`X `XV[Ta\f`* HXiXeg[X_Xff( g[Xl \__hfgeTgXW \g Yeb` W\YYXeXag

cXefcXVg\iXf WhX gb g[X Vb`c_\VTgXW Zebjg[ `XV[Ta\f`* Gbfg bY g[XfX eXfh_gf TeX abg

eXcebWhV\U_X WhX gb g[X Vb`c_\VTgXW YTVgbef bY g[X Zebjg[* >baf\WXe\aZ T__ g[X Zebjg[

YTVgbef( T ZXaXeT_ `XV[Ta\f` \f aXXWXW \a g[\f fgTZX gb VbaaXVg T__ g[X Wbgf \a g[X

_\gXeTgheX TaW Xkc_T\a g[X `XV[Ta\f` bY L> Xc\gTk\T_ Zebjg[*

Response 11:

PX TcceXV\TgX g[X KXi\XjXetf Vb``Xag* PX Yh__l TZeXX j\g[ g[X KXi\XjXe g[Tg fb`X

jbe^f [TiX eXcbegXW g[X Zebjg[ bY L> MG?f ba fTcc[\eX fhUfgeTgXf \a g[X eXVXag lXTef(

fhV[ Tf -3D# -3?@D75:?@=# 16( -.,- %.,.-&( -3D# -3?@D75:?@=# -3( // %.,..&( -3D#

-3?@D75:?@=#( Wb\6-,*-,/4+f0-121),./),-001)5 %.,./& TaW -3D# -3?@D75:?@=#(

Wb\6-,*-,/4+f0-121),./),-012)2 %.,./&* CbjXiXe( g[XfX jbe^f eX_l [XTi\_l ba g[X

fheYTVX fgXc XaZ\aXXe\aZ %X*Z*( Vbageb__\aZ g[X fheYTVX fgXc be\XagTg\ba TaW [X\Z[g&(

j[\V[ glc\VT__l eXdh\eXf g[X fcXV\T__l)WXf\ZaXW fhUfgeTgXf fhV[ Tf WX_\UXeTgX_l

XaZ\aXXeXW bYY)Vhg TaZ_Xf be TaaXT_\aZ Tg [Tef[ gX`cXeTgheXf* CXeX( jX eXT_\mX g[X

Xc\gTk\T_ Zebjg[ bY jTYXe)fVT_X L> GbL. `bab_TlXef ba \aWhfgel)Vb`cTg\U_X bY ZXaXeT_

5)c_TaX fTcc[\eX fhUfgeTgXf Ul f\`c_l Vbageb__\aZ g[X L+GbI/ ceXVhefbe eTg\b( bYYXe\aZ

T aXj \af\Z[g \agb g[X flag[Xf\f bY jTYXe)fVT_X [\Z[)dhT_\gl .? fX`\VbaWhVgbef TaW g[hf

f[bj\aZ [\Z[ abiX_gl*

KXZTeW\aZ g[X ZXaXeT_ `XV[Ta\f`( T ha\iXefT_ fl``Xgel YeT`Xjbe^ [Tf UXXa

g[XbeXg\VT__l XfgTU_\f[XW gb Zh\WX g[X Zebjg[ bY jTYXe)fVT_X L> .? `TgXe\T_f( \*X*( g[X

fl``Xgel Zebhc bY g[X fhUfgeTgX f[bh_W UX T fhUZebhc bY .? `TgXe\T_ R-3D# &@>>E?#

11( 142. %.,.,&S* Da g[X _\Z[g bY fhV[ ZXaXeT_ Zh\WX_\aX( 5)c_TaX fTcc[\eX j\g[ &/F

fl``Xgel bYYXef T cbff\U_X \aWhfgel)Vb`cTg\U_X fhUfgeTgX Ybe g[X Xc\gTk\T_ Zebjg[ bY

jTYXe)fVT_X L> GbL. j\g[ cb\ag Zebhc '/: %&/F c_hf T `\eebe)eXY_XVg\ba fl``Xgel M:&*



CbjXiXe( g[X TWfbecg\ba XaXeZl bY g[X `bfg ceXYXeeXW Wb`T\a be\XagTg\ba %\*X*( /,o& \f

]hfg f_\Z[g_l _bjXe g[Tg Tg 5,o VbaY\ZheTg\ba* M[\f hfhT__l eXfh_gf \a gjb Tag\cTeT__X_

ZeT\af TaW gj\a UbhaWTe\Xf( Tf \a g[X XTe_\Xe eXfh_gf R%&0 -3?@ 11( -.,,- %.,-3&7 %&0

-3?@ 11( 5.-1 %.,-3&S* >bafXdhXag_l( g[X ^Xl fgeTgXZ\Xf gb TV[\XiX g[X Zebjg[ bY

jTYXe)fVT_X L> GbL. \f gb Xa_TeZX g[X U\aW\aZ XaXeZl W\YYXeXaVX UXgjXXa g[X `bfg

ceXYXeeXW Wb`T\a be\XagTg\ba TaW \gf Tag\cTeT__X_ Wb`T\a* Abe ceXi\bhf_l eXcbegXW jTYXe)

fVT_X Zebjg[ bY L> MG?f i\T fheYTVX fgXc XaZ\aXXe\aZ( \g WbXf Yb__bj g[X ZXaXeT_

Zh\WX_\aX j[XeX g[X fTcc[\eX fgXc XWZX)MG?f \agXeTVg\ba UeXT^f g[X fl``Xgel bY g[X

Tag\cTeT__X_ be\XagTg\baf* Da bhe jbe^( jX Xa_TeZX g[X U\aW\aZ XaXeZl W\YYXeXaVX UXgjXXa

g[X `bfg ceXYXeeXW Wb`T\a be\XagTg\ba TaW \gf Tag\cTeT__X_ Wb`T\a gb eXT_\mX jTYXe)fVT_X

L> GbL. Ul ceXV\fX_l Vbageb__\aZ g[X L+GbI/ ceXVhefbe eTg\b*

Mb TWWeXff g[\f Vb``Xag( jX [TiX eXi\fXW g[X \agebWhVg\ba cTeg bY bhe `TahfVe\cg gb

[\Z[_\Z[g g[X abiX_gl bY bhe jbe^( TaW TWWXW T fXVg\ba %\*X*( Lhcc_X`XagTel HbgX -5& \a

g[X Lhccbeg\aZ DaYbe`Tg\ba gb W\fVhff g[X ZXaXeT_ `XV[Ta\f` bY g[X L> MG? Zebjg[

%cTZX -4( _\aXf .51)/.,&*

.) < iXel eXVXag fghWl %HTg* HTabgXV[* %.,./&6 -)2& [Tf \__hfgeTgXW g[X XYYXVg bY g[X bYY)

Vhg TaZ_X bY g[X 5)c_TaX fTcc[\eX ba g[X be\XagTg\ba bY GbL.( j[\V[ cTeg\T__l Xkc_T\a

g[X eXTfba Ybe TV[\Xi\aZ g[X L> Zebjg[ ba g[\f ^\aW bY fhUfgeTgX* CbjXiXe( g[X Zebjg[

VbaW\g\baf jTf abg Xkc_T\aXW V_XTe_l \a g[X HTg* HTabgXV[* JTcXe* Da g[X ceXfXag fghWl(

g[X Thg[be f[bh_W \aiXfg\ZTgX g[X eb_X bY Zebjg[ ^\aXg\Vf TaW eX_TgX g[Tg gb bg[Xe Zebjg[

YTVgbef( _\^X g[X fgehVgheX bY g[X fgXcf( g[X fhUfgeTgX fheYTVX gXe`\aTg\ba( TaW+be g[X fXXW

Vb`cbf\g\ba*

Response 12:

M[Ta^f Ybe g[X ^\aW fhZZXfg\baf* DY jX TeX e\Z[g( g[X HTg* HTabgXV[* cTcXe `Xag\baXW

Ul g[X KXi\XjXe f[bh_W UX -3D# -3?@D75:?@=# Wb\6-,*-,/4+f0-121),./),-001)5 %.,./&*

Da g[\f jbe^ bY -3D# -3?@D75:?@=# Wb\6-,*-,/4+f0-121),./),-001)5 %.,./&( g[X U\)

fgXcf TaW g[hf f\aZ_X)glcX fheYTVX fl``Xgel TeX Ybe`XW Ul \agebWhV\aZ T _TeZXe `\fVhg

TaZ_X gbZXg[Xe j\g[ [\Z[ gX`cXeTgheX TaaXT_\aZ( j[\V[ \f UX_\XiXW gb XaTU_X g[X L>

Zebjg[* =l VbageTfg( bhe jbe^ \aiXfg\ZTgXf g[X eb_X bY g[X L+GbI/ ceXVhefbe eTg\b TaW

eXT_\mXf g[X L> Zebjg[ ba g[X ZXaXeT_ 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ `bab)fgXc( eTg[Xe

g[Ta U\)fgXcf*

PX Yh__l TZeXX j\g[ g[X KXi\XjXe g[Tg jX f[bh_W eX_TgX g[X L+GbI/ ceXVhefbe eTg\b

Vbageb_ gb bg[Xe Zebjg[ YTVgbef* Ab__bj\aZ g[X KXi\XjXetf ^\aW Vb``Xagf( jX [TiX

cXeYbe`XW TWW\g\baT_ V[TeTVgXe\mTg\baf* A\ZheXf K--T TaW K--U f[bj( eXfcXVg\iX_l( g[X

Vebff)fXVg\baT_ [\Z[)TaZ_X Taah_Te WTe^)Y\X_W fVTaa\aZ geTaf`\ff\ba X_XVgeba

`\VebfVbcl %C<<?A)LM@G& bY g[X Tf)Zebja f\aZ_X)VelfgT_ GbL. T_baZ g[X 8-,G±,:

%A\Z* K--T& TaW 8-- H± ,: W\eXVg\baf bY 5)c_TaX fTcc[\eX fhUfgeTgX %A\Z* K--U&*

D`cbegTag_l( jX Y\aW g[Tg g[X 5)c_TaX fTcc[\eX fheYTVX \f eXVbafgehVgXW gb Ybe` Ta

Tgb`\VT__l g[\a UhYYXe _TlXe UX_bj g[X Tf)Zebja GbL.* M[\f UhYYXe _TlXe \f g[X ^Xl( jX

UX_\XiX( gb YTV\_\gTgX g[X ha\W\eXVg\baT_ Xc\gTkl bY g[X `bab_TlXe GbL.* <VVbeW\aZ gb

bhe Vbageb_ XkcXe\`Xagf( g[X UhYYXe _TlXe Ybe`Tg\ba WXcXaWf [\Z[_l ba g[X L+GbI/



ceXVhefbe eTg\b* Abe XkT`c_X( jX [TiX ge\XW gb TaaXT_ g[X 5)c_TaX fTcc[\eX \a g[X

Tg`bfc[XeX bY cheX L be GbI/ Ybe g[X Yb__bj\aZ GbL. Zebjg[ Uhg jX W\W abg TV[\XiX

g[X ha\W\eXVg\baT_ Zebjg[* NaWXe T cTeg\Vh_Te eTg\b bY ceXVhefbef L+GbI/( T fcXV\Y\V

UhYYXe _TlXe \f Ybe`XW( XaTU_\aZ g[X ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag \a g[X ahV_XTg\ba

fgTZX* Dg \f abgXjbeg[l g[Tg f\`\_Te eXfh_gf [TiX eXVXag_l UXXa eXcbegXW Ybe GbL. Xc\gTkl

ba N)BT.I/ %,,-& g[Tg T cTeg\Vh_Te L+GbI/ ceXVhefbe eTg\b eXfh_gf \a g[X Ybe`Tg\ba bY T

fcXV\Y\V UhYYXe _TlXe TaW g[hf g[X ha\W\eXVg\baT_ Zebjg[ RX*Z*( %&0 -3?@ -3( -,,-,

%.,./&S*

A\ZheX K--* GbL. Zebjg[ ba })<_.I/ %,,,-& j\g[ T UhYYXe _TlXe* a,b, >ebff)fXVg\baT_

C<<?A)LM@G \`TZXf bY T GbL. Zebja ba g[X })<_.I/ %,,,-& fhUfgeTgX T_baZ g[X })

<_.I/ 8-,G±,: W\eXVg\ba %a& TaW g[X })<_.I/ 8--H±,: W\eXVg\ba %b&*

Mb Yheg[Xe VbaY\e` g[X XYYXVg bY g[X UhYYXe _TlXe TaW \gf eb_X ba g[X ha\W\eXVg\baT_ Wb`T\a

Zebjg[( jX eX`biX g[X Tf)Zebja ha\W\eXVg\baT_ GbL. Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX

Ul jTgXe)Tff\fgXW gXV[a\dhX( Tf \__hfgeTgXW \a A\Z* K-.T Rc_XTfX eXYXe gb6 -3D#

&@>>E?# 11( .-1/ %.,.,&7 %&0 -3?@ --( -.,,- %.,-3&S* HbgX g[Tg fhV[ eX`biT_

cebVXff hg\_\mXf g[X jTgXe \agXeVT_Tg\ba TaW jbh_W abg WXfgebl g[X UhYYXe _TlXe* M[Xa g[X

fTcc[\eX fhUfgeTgXf j\g[ UhYYXe _TlXe TeX hfXW gb eX)Zebj GbL. haWXe T VbaW\g\ba j[XeX

gjb Tag\cTeT__X_ Wb`T\af bVVhe ba hahfXW aXj fTcc[\eX fhUfgeTgXf* HbgX g[Tg jX T_fb

chg YeXf[ fTcc[\eX fhUfgeTgXf \a g[X Zebjg[ V[T`UXe Tg g[X fT`X g\`X Ybe Vbageb_ fT`c_Xf*

M[X eXfh_gf TeX f[bja \a A\Z* K-.* Ia YeXf[ fTcc[\eX fhUfgeTgXf( gjb Tag\cTeT__X_

Wb`T\af TccXTe f\`h_gTaXbhf_l %A\Zf* K-.V TaW K-.W&* =l VbageTfg( ha\W\eXVg\baT_

GbL. Wb`T\af TeX eXcebWhVXW ba g[X fTcc[\eX fhUfgeTgXf j\g[ UhYYXe _TlXef %A\Zf* K-.T

TaW K-.U&* M[\f eXfh_g fgebaZ_l WX`bafgeTgXf g[X ^Xl eb_X bY UhYYXe _TlXe ba g[X

ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag* Dg \f T_fb jbeg[ abg\aZ g[Tg T_g[bhZ[ Ta Tgb`\VT__l

g[\a UhYYXe _TlXe \f bUfXeiXW i\T C<<?A)LM@G( \g \f fg\__ W\YY\Vh_g gb \aYXe \gf XkTVg

fgehVgheX* Aheg[Xe \a)WXcg[ g[XbeXg\VT_ TaW XkcXe\`XagT_ fghW\Xf TeX eXdh\eXW Uhg UXlbaW

g[X fVbcX bY g[\f jbe^*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW g[X TUbiX W\fVhff\ba \agb g[X eXi\fXW

`TahfVe\cg %cTZXf 0 TaW 1( _\aXf -03)-23&( TWWXW A\Z* K-- \agb A\Z* - Tf A\Z* -W \a g[X

eXi\fXW `T\a gXkg %cTZX 0&( TaW TWWXW A\Z* K-. \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Z* -- %cTZX 4&* Da TWW\g\ba( Vbaf\WXe\aZ g[Tg g[X Zebjg[ `XV[Ta\f`



f[bh_W UX g[X Ybe`Tg\ba bY T fcXV\Y\V UhYYXe _TlXe Ul Vbageb__\aZ g[X L+GbI/ ceXVhefbe

eTg\b* Da g[X eXi\fXW `TahfVe\cg( jX [TiX V[TaZXW g[X c[eTfX r^\aXg\V Vbageb_s gb rUhYYXe

_TlXe Vbageb_s be rceXVhefbe eTg\b Vbageb_s* Abe XkT`c_X( g[X g\g_X bY bhe `TahfVe\cg [Tf

UXXa eXi\fXW gb r@c\gTkl bY jTYXe)fVT_X f\aZ_X)VelfgT_ GbL. `bab_TlXe i\T UhYYXe _TlXe

Vbageb_s*

A\ZheX K-.* %a& LV[X`Tg\V \__hfgeTg\ba bY eX`biT_ TaW eXZebjg[ bY ha\W\eXVg\baT_ GbL.*

M[X Tf)Zebja ha\W\eXVg\baT_ GbL. \f eX`biXW Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX Ul

jTgXe)Tff\fgXW gXV[a\dhX( j[\V[ jbh_W cXeYXVg_l `T\agT\a g[X Ybe`XW UhYYXe _TlXe* %b&

Icg\VT_ `\VebZeTc[f bY g[X eXZebja GbL. j\g[ ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag* %c,d&

D__hfgeTg\ba TaW bcg\VT_ `\VebZeTc[f bY GbL. Wb`T\af Zebja ba Ta YeXf[ fTcc[\eX

fhUfgeTgX( f[bj\aZ gjb Tag\cTeT__X_ Wb`T\af*

/) M[X Thg[be [\Z[_\Z[gXW g[X [\Z[ dhT_\gl bY g[X Y\_` \a g[X ceXfXag jbe^( Uhg g[X eXTfba

Ybe g[\f [\Z[)dhT_\gl Zebja Y\_` Vb`cTeXW j\g[ g[X eXVXag fghW\Xf jTf abg Xkc_T\aXW*

Response 13:

PX TcceXV\TgX g[X KXi\XjXetf Vb``Xag* M[X [\Z[)dhT_\gl bY bhe Zebja L> GbL. Y\_`

VTa UX haWXefgbbW Yeb` fXiXeT_ TfcXVgf* A\efg( jX ^XXc T fh_Yhe)e\V[ VbaW\g\ba Whe\aZ

g[X Zebjg[( YTV\_\gTg\aZ TV[\Xi\aZ T _bj WXaf\gl bY fh_Yhe iTVTaV\Xf TaW g[hf g[X [\Z[

dhT_\gl bY g[X Tf)Zebja L> GbL.* Mb VbaY\e` g[\f( jX [TiX cXeYbe`XW T fgTg\fg\VT_

TaT_lf\f bY g[X Tgb`\V)eXfb_hg\ba LM@G \`TZXf TaW YbhaW g[Tg g[X WXaf\gl bY fh_Yhe

iTVTaV\Xf \a bhe `bab_TlXe GbL. \f ,K*H ² GF��yz� %A\Z* K-/&( j[\V[ \f Ta beWXe

bY `TZa\ghWX _bjXe g[Ta g[Tg bY g[X ceXi\bhf_l eXcbegXW XkYb_\TgXW Y_T^Xf RX*Z*( -3D#

&@>>E?# 6( 2.5/ %.,-1&S* LXVbaW( bhe V[X`\VT_ iTcbe WXcbf\g\ba %>O?& fXghc [Tf T

ha\dhX `h_g\fbheVX WXf\Za %c_XTfX fXX A\Z* K-0 Ybe g[X fV[X`Tg\V W\TZeT` bY bhe

`h_g\fbheVX >O? fXghc&( j[\V[ YTV\_\gTgXf g[X [b`bZXaXbhf Vebff)fXVg\baT_ fbheVX

fhcc_l TaW g[hf [\Z[ dhT_\gl* M[\eW( bhe YTUe\VTgXW `bab_TlXe GbL. WXi\VXf [TiX [\Z[

Y\_XW XYYXVg `bU\_\g\Xf Tg ebb` gX`cXeTgheX cTeg\T__l UXaXY\g\aZ Yeb` g[X :)=H



VTcfh_Tg\ba %gb TV[\XiX UXggXe \agXeYTVX dhT_\gl& TaW g[X WhT_)ZTgX `bWh_Tg\ba %gb

TV[\XiX [\Z[Xe VTee\Xe WXaf\g\Xf&* =Xf\WXf( bhe L> GbL. Y\_`f TeX fg\gV[XW Yeb`

ha\W\eXVg\baT_ Wb`T\af ba `bab)fgXc fTcc[\eX fheYTVXf TaW g[X ahV_XTg\ba TaW Zebjg[

bY Wb`T\af Wbatg eX_l ba g[X fheYTVX fgXcf( g[hf jX UX_\XiX g[Tg g[X [\Z[)dhT_\gl bY Tf)

Zebja Y\_`f jbh_W T_fb UXaXY\g Yeb` fhV[ ZbbW fg\gV[\aZ*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX W\fVhff\ba \agb g[X eXi\fXW `TahfVe\cg

%cTZX 3( _\aX .13).21& TaW TWWXW A\Z* K-0 \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Z* .0 %cTZX -2&*

A\ZheX K-/* M[X Tgb`\V)eXfb_hg\ba LM@G \`TZXf bY GbL. fT`c_Xf*

A\ZheX K-0* LV[X`Tg\V W\TZeT` bY g[X `h_g\fbheVX >O? fXghc*

0) M[X flfgX` hfXW \a g[\f fghWl [Tf g[eXX [XTg\aZ mbaXf( `T^\aZ \g XTf\Xe gb VbaWhVg T

flfgX`Tg\V fghWl gb haWXefgTaW TaW eX_TgX g[X Ve\g\VT_ YTVgbef gb Vbageb_ g[X Zebjg[* M[X

eTg\b bY GbI/+L Vbh_W TYYXVg `Tal g[\aZf %g[X fXXW Vb`cbf\g\ba( g[X fheYTVX fgehVgheX



bY g[X fhUfgeTgX( g[X fgehVgheX bY g[X fgXc XWZXf( XgV*&( lXg g[X Thg[be W\W abg \aiXfg\ZTgX

Tal bY g[X`* Cbj WbXf g[Tg TYYXVg g[X dhT_\gl bY g[X Zebja Y\_`;

Response 14:

PX TZeXX j\g[ g[X KXi\XjXe g[Tg g[X eTg\b bY GbI/+L Vbh_W TYYXVg `Tal g[\aZf* =l

cXeYbe`\aZ Vebff)fXVg\baT_ C<<?A)LM@G V[TeTVgXe\mTg\baf TaW eX)Zebj\aZ

ha\W\eXVg\baT_ GbL. ba g[X 5)c_TaX fTcc[\eX j\g[ ha\W\eXVg\baT_ GbL. eX`biXW( jX VTa

\aYXe g[Tg T cTeg\Vh_Te eTg\b bY ceXVhefbef L+GbI/ jbh_W eXfh_g \a g[X Ybe`Tg\ba bY T

fcXV\Y\V UhYYXe _TlXe UXgjXXa g[X fhUfgeTgX TaW GbL. Xc\_TlXe* LhV[ T fcXV\Y\V UhYYXe

_TlXe c_Tlf T ^Xl eb_X Ybe g[X ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag %c_XTfX eXYXe gb bhe TUbiX

eXfcbafX -. Ybe `beX WXgT\_f&* PX UX_\XiX g[Tg fhV[ Ta Tgb`\VT__l g[\a UhYYXe _TlXe [Tf

XffXag\T__l ab XYYXVg ba g[X dhT_\gl bY g[X Zebja Y\_`( Tf VbaY\e`XW Ul g[X [\Z[ dhT_\gl

bY bhe Xc\gTk\T_ `bab_TlXe GbL. f\aZ_X VelfgT_f*

Aheg[Xe( jX [TiX T_fb \aiXfg\ZTgXW g[X XYYXVg bY fhUfgeTgX gX`cXeTgheX* Da TWW\g\ba gb g[X

ha\W\eXVg\baT_ Xc\gTkl Tg 44,Õ( jX T_fb TV[\XiX g[X ha\W\eXVg\baT_ Zebjg[ Tg 41,Õ

%A\Z* K-1&* CbjXiXe( Tg W\YYXeXag Zebjg[ gX`cXeTgheXf( g[X VbeeXfcbaW\aZ L+GbI/

ceXVhefbe eTg\b \f T_fb W\YYXeXag* Abe XkT`c_X( A\Z* K-2 f[bjf g[X WXZeXX bY

ha\W\eXVg\baT_ T_\Za`Xag TZT\afg g[X GbI/+L ceXVhefbe eTg\bf Tg T Zebjg[ gX`cXeTgheX

bY 41,Õ* >_XTe_l( g[X UXfg GbI/+L ceXVhefbe eTg\b g[Tg f[bj n-,,# ha\W\eXVg\baT_

T_\Za`Xag \f n.*-#* M[\f \f VbageTfg gb g[X UXfg GbI/+L ceXVhefbe eTg\b bY n0*1# Tg T

Zebjg[ gX`cXeTgheX bY 44,Õ %A\Z* -V \a g[X `T\a gXkg&*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX W\fVhff\ba TaW A\Zf* K-1+K-2 \agb

Lhccbeg\aZ DaYbe`Tg\ba Tf Lhcc_X`XagTel HbgX -4 %cTZXf -3)-4( _\aXf .4,).5/&*

A\ZheX K-1* Na\W\eXVg\baT_ Zebjg[ bY GbL. Tg W\YYXeXag Zebjg[ gX`cXeTgheXf*

A\ZheX K-2* Jebcbeg\baT_ V[TaZXf bY g[X f\aZ_X be\XagXW GbL. Wb`T\af Zebja Ul

iTel\aZ g[X GbI/+L eTg\b Tg T Zebjg[ gX`cXeTgheX bY 41,Õ*

1) M[X `bU\_\gl jTf `XTfheXW Tg [\Z[ gX`cXeTgheX( TaW g[X WXi\VX jTf [)=H



XaVTcfh_TgXW( j[\V[ VTa UX Vbaf\WXeXW g[X eXTfba Ybe g[X [\Z[ `bU\_\gl* A@M

`XTfheX`Xagf Tg ebb` gX`cXeTgheX TeX aXXWXW gb Vb`cTeX j\g[ g[X _\gXeTgheX*

Response 15:

Lbeel Ybe g[X VbaYhf\ba* Da YTVg( g[X `bU\_\g\Xf bY T__ bhe WXi\VXf TeX `XTfheXW Tg ebb`

gX`cXeTgheX( eTg[Xe g[Ta [\Z[ gX`cXeTgheX* Mb Tib\W VbaYhf\ba( jX [TiX V[TaZXW g[X

fXagXaVX rg[X XkgeTVgXW Y\X_W)XYYXVg `bU\_\gl pVTa eXTV[ n-0, V`.f)-O)-s gb rg[X

XkgeTVgXW Y\X_W)XYYXVg `bU\_\gl Tg ebb`)gX`cXeTgheXpVTa eXTV[ n-0, V`.f)-O)-s %cTZX

5( _\aXf .53).55&* Da TWW\g\ba( jX T_fb TWW T fXagXaVX r@_XVge\VT_ `XTfheX`Xagf jXeX

VTee\XW bhg j\g[ Ta <Z\_Xag =-1,, fX`\VbaWhVgbe cTeT`XgXe TaT_lmXe \a T Ybhe)cebUX

iTVhh` fgTg\ba j\g[ T UTff ceXffheX bY n-,{2 `UTe Tg ebb` gX`cXeTgheXs \agb g[X

@QJ@KDG@HM<F L@>MDIH %cTZX -.( _\aXf 0-2)0-3&*

PX TZeXX j\g[ g[X KXi\XjXe g[Tg :)=H XaVTcfh_Tg\ba VTa UX Vbaf\WXeXW g[X eXTfba Ybe

g[X [\Z[ `bU\_\gl* M[X XkgeTVgXW ebb`)gX`cXeTgheX `bU\_\gl bY n-0, V`.f)-O)- \a bhe

WXi\VXf \f _TeZXe g[Ta g[X eXfh_gf UTfXW ba cb_lVelfgT__\aX Y\_`f TaW Vb`cXg\g\iX gb

eXVbeW)[\Z[ iT_hX bY g[X XkYb_\TgXW Y_T^Xf R-3DEB7 520( 212 %.,-1&7 -3DEB7 568( 3,

%.,-5&7 -3D# -3?@D75:?@=# 16( -.,- %.,.-&S*

PX g[Ta^ g[X KXi\XjXe Ybe [\f+[Xe iXel iT_hTU_X eXi\Xj\aZ XYYbegf* PX [bcX jX [TiX

Vbai\aVXW_l TWWeXffXW T__ g[X Vb``Xagf eT\fXW Ul g[X KXi\XjXe g[Tg bhe eXi\fXW

`TahfVe\cg `XXgf g[X Ve\gXe\T Ybe chU_\VTg\ba \a -3DEB7 &@>>E?;53D;@?C*



Reviewer #3 (Remarks to the Author):

M[X Thg[bef ceXfXag Ta TccebTV[ gb flag[Xf\mX f\aZ_X)VelfgT_ GbL. ba V)c_TaX fTcc[\eX

j\g[ Ta G)Tk\f `\fVhg g[ebhZ[ ^\aXg\V Vbageb_* M[Xl bYYXe fhYY\V\Xag Xi\WXaVX gb

fhUfgTag\TgX g[X f\aZ_X VelfgT__\a\gl hf\aZ bcg\VT_ `\VebfVbcl( C<??A)LM@G( F@@?(

TaW LCB* <WW\g\baT__l( g[Xl f[bjVTfX GbL. geTaf\fgbef j\g[ eXVbeW)[\Z[ X_XVgeba

`bU\_\gl* CbjXiXe( g[\f jbe^ _TV^f T g[bebhZ[ haWXefgTaW\aZ bY g[X ^\aXg\V `XV[Ta\f`

UX[\aW f\aZ_X)VelfgT_ GbL. Zebjg[* M[X `Xg[bWb_bZl T_fb _TV^f WXgT\_XW cebVXWheXf(

VeXTg\aZ V[T__XaZXf Ybe eXTWXef TggX`cg\aZ gb eXc_\VTgX g[X eXfh_gf*

GbeXbiXe( g[X Xkc_TaTg\baf cebi\WXW ba g[X GbL. geTaf\fgbe \aV_hWX `\f_XTW\aZ

\aYbe`Tg\ba* M[XeXYbeX( D jbh_W fhZZXfg g[\f jbe^ f[bh_W [TiX T `T]be eXi\f\ba gb

TafjXe g[X Yb__bj\aZ \ffhX UXYbeX `T^\aZ Y\aT_ WXV\f\baf*

Response 16:

PX f\aVXeX_l g[Ta^ g[X KXi\XjXe Ybe g[X cbf\g\iX XiT_hTg\ba ba bhe jbe^ r1:7H @887B

CE88;5;7?D 7F;67?57 D@ CE4CD3?D;3D7 D:7 C;?9=7 5BHCD3==;?;DHs* PX T_fb TcceXV\TgX g[X

KXi\XjXetf \af\Z[gYh_ TaW VbafgehVg\iX Vb``Xagf Ybe \`cebiX`Xag* =X_bj jX TWWeXff

g[X KXi\XjXetf Vb``Xagf cb\ag Ul cb\ag*

-* Da _\aX 35( g[X Thg[bef TggX`cg gb TWWeXff T c\ibgT_ dhXel6 VTa GbL. Zebjg[ UX

Vbageb__XW Ul cheX_l ^\aXg\V Zebjg[; Df g[\f V_T\` iT_\W Ybe cheX V)c_TaX fTcc[\eXf

j\g[bhg Ta G)Tk\f `\fVhg TaW `Tal bg[Xe fhUfgeTgXf( fhV[ Tf W\YYXeXag `\fVhg be fheYTVX

c_TaX fTcc[\eXf;

Response 17:

PX TcceXV\TgX g[X KXi\XjXetf \af\Z[gYh_ Vb``Xag* Da TWW\g\ba gb 5)c_TaX fTcc[\eX

fhUfgeTgXf j\g[ T `T]be `\fVhg TaZ_X %n,*.o& gbjTeWf G)Tk\f \a g[X `T\a gXkg( g[X

ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag [Tf T_fb UXXa TV[\XiXW Ul ceXV\fX_l Vbageb__\aZ g[X

L+GbI/ ceXVhefbe eTg\b ba cheX 5)c_TaX fTcc[\eXf j\g[bhg Ta G)Tk\f `\fVhg %g[X WXZeXX

bY ha\W\eXVg\baT_ T_\Za`Xag \f n55*.#( A\Z* K-3T&( 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[

W\YYXeXag `T]be `\fVhg TaZ_Xf gbjTeWf G)Tk\f fhV[ Tf >+G),*1o %g[X WXZeXX bY

ha\W\eXVg\baT_ T_\Za`Xag \f n52*2#( A\Z* K-3U& TaW >+G)/o %g[X WXZeXX bY

ha\W\eXVg\baT_ T_\Za`Xag \f n55*1#( A\Z* K-3V&( 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ T

`T]be `\fVhg TaZ_X %n,*.o& gbjTeWf bg[Xe TkXf %g[X WXZeXX bY ha\W\eXVg\baT_ T_\Za`Xag

\f n54*3# \a A\Z* K-3W TaW g[X WXZeXX bY ha\W\eXVg\baT_ T_\Za`Xag \f n52*0# \a A\Z*

K-3X&( TaW 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ T `T]be `\fVhg TaZ_X %n,*.o& gbjTeWf <)

Tk\f %g[X WXZeXX bY ha\W\eXVg\baT_ T_\Za`Xag \f n54*-#( A\Z* K-3Y&* M[XeXYbeX( jX

UX_\XiX g[Tg bhe V_T\` \f iT_\W Ybe cheX 5)c_TaX fTcc[\eXf j\g[bhg Ta G)Tk\f `\fVhg TaW

bg[Xe fhUfgeTgXf*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW T fXagXaVX rDa TWW\g\ba gb 5)c_TaX fTcc[\eX

fhUfgeTgXf j\g[ T `T]be `\fVhg TaZ_X %n,*.o& gbjTeWf G)Tk\f( g[X ha\W\eXVg\baT_ Wb`T\a

T_\Za`Xag [Tf T_fb UXXa TV[\XiXW Ul ceXV\fX_l Vbageb__\aZ g[X L+GbI/ ceXVhefbe eTg\b

ba cheX 5)c_TaX fTcc[\eXf( TaW 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ W\YYXeXag `T]be `\fVhg

TaZ_Xf gbjTeWf bg[Xe TkXf %c_XTfX fXX Lhcc_X`XagTel HbgX /&( \aW\VTg\aZ g[X

ha\iXefT_\gl bY bhe `Xg[bW*s \a g[X eXi\fXW `TahfVe\cg %cTZX /( _\aXf ---)--1& TaW



TWWXW A\Z* K-3 TaW TffbV\TgXW W\fVhff\baf \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel HbgX / %cTZXf /)0( _\aXf /-)1,&*

A\ZheX K-3* Icg\VT_ `\VebfVbcl \`TZX bY ha\W\eXVg\baT_ GbL. Wb`T\af ba cheX 5)c_TaX

fTcc[\eXf j\g[bhg Ta G)Tk\f `\fVhg %T&( 5)c_TaX fTcc[\eX fhUfgeTgXf j\g[ T ,*1o `T]be

`\fVhg TaZ_Xf gbjTeWf G)Tk\f %U&( T /o `T]be `\fVhg TaZ_Xf gbjTeWf G)Tk\f %V&( j\g[ T

,*.o `T]be `\fVhg TaZ_Xf gbjTeWf bg[Xe TkXf %W(X&( TaW j\g[ T ,*.o `T]be `\fVhg TaZ_X

gbjTeWf <)Tk\f %Y&*

.* KXYXee\aZ gb T ceXi\bhf fghWl %HTg >b``ha -0( 15. %.,./&&( \g jTf cbf\gXW g[Tg

\``TgheX fgXcf fXeiX Tf ahV_XTg\ba f\gXf Ybe ha\W\eXVg\baT_ Zebjg[* =TfXW ba g[\f( `\Z[g

g[X L+Gb eTg\b UX g[X VehV\T_ WXgXe`\aTag Vbageb__\aZ Tgb`\V fgXc Ybe`Tg\ba %gf& g[Tg

T_\Zaf j\g[ g[X Zebjg[ g\`X %gf& Tf cebcbfXW Ul g[X Thg[bef; DY abg( c_XTfX cebi\WX T

Vb`ceX[Xaf\iX haWXefgTaW\aZ bY g[X ^\aXg\V Zebjg[ `XV[Ta\f` Ul Vb`chgTg\baT_

TccebTV[Xf( fhV[ Tf ?AM( G?( be Vb`chgTg\baT_ Y_h\W WlaT`\Vf*

Response 18:

PX g[Ta^ g[X KXi\XjXe Ybe cb\ag\aZ bhg bhe ce\be jbe^ bY -3D#

&@>>E?# 14( 15. %.,./&* Da g[X ceXfXag jbe^( g[X 5)c_TaX fTcc[\eX fhUfgeTgXf TeX

TaaXT_\aZ Tg 54,Õ Ybe 0 [bhef UXYbeX g[X Zebjg[* Da bg[Xe jbeWf( Tgb`\VT__l f`bbg[

fheYTVXf j\g[ T glc\VT_ gXeeTVX j\Wg[ bY n22 a` TaW fgXc [X\Z[g bY n,*. a` \f Ybe`XW

UXYbeX g[X Zebjg[ %A\Z* K-4&* M[\f \f \a VbageTfg gb bhe ce\be jbe^ bY -3D#

&@>>E?# 14( 15. %.,./& g[Tg g[X Ybe`Tg\ba bY ZeT\a ahV_X\ TaW fhUfgeTgX fgXcf bVVhef

f\`h_gTaXbhf_l* M[XeXYbeX( bhe ceXfXag jbe^ \f W\YYXeXag Yeb` g[X ce\be jbe^ bY -3D#

&@>>E?# 14( 15. %.,./&*



A\ZheX K-4* M[X <AG V[TeTVgXe\mTg\ba bY g[X ha\iXefT_ fTcc[\eX UXYbeX TaaXT_XW %a&

TaW TYgXe TaaXT_XW Tg 54,o> Ybe 0[ %b&*

Mb haWXefgTaW g[X haWXe_l\aZ Zebjg[ `XV[Ta\f`( jX [TiX cXeYbe`XW TWW\g\baT_

V[TeTVgXe\mTg\baf Yb__bj\aZ g[X KXi\XjXetf ^\aW Vb``Xagf* A\ZheXf K-5T TaW K-5U

f[bj( eXfcXVg\iX_l( g[X Vebff)fXVg\baT_ [\Z[)TaZ_X Taah_Te WTe^)Y\X_W fVTaa\aZ

geTaf`\ff\ba X_XVgeba `\VebfVbcl %C<<?A)LM@G& bY g[X Tf)Zebja f\aZ_X)VelfgT_

GbL. T_baZ g[X 8-,G± ,: %A\Z* K-5T& TaW 8--H± ,: W\eXVg\baf bY 5)c_TaX fTcc[\eX

fhUfgeTgX %A\Z* K-5U&* D`cbegTag_l( jX Y\aW g[Tg g[X 5)c_TaX fTcc[\eX fheYTVX \f

eXVbafgehVgXW gb Ybe` Ta Tgb`\VT__l g[\a UhYYXe _TlXe UX_bj g[X Tf)Zebja GbL.* M[\f

UhYYXe _TlXe \f g[X ^Xl( jX UX_\XiX( gb YTV\_\gTgX g[X ha\W\eXVg\baT_ Xc\gTkl bY g[X

`bab_TlXe GbL.* <VVbeW\aZ gb bhe Vbageb_ XkcXe\`Xagf( g[X UhYYXe _TlXe Ybe`Tg\ba

WXcXaWf [\Z[_l ba g[X L+GbI/ ceXVhefbe eTg\b* Abe XkT`c_X( jX [TiX ge\XW gb TaaXT_

g[X 5)c_TaX fTcc[\eX \a g[X Tg`bfc[XeX bY cheX L be GbI/ Ybe g[X Yb__bj\aZ GbL.

Zebjg[ Uhg jX W\W abg TV[\XiX g[X ha\W\eXVg\baT_ Zebjg[* NaWXe T cTeg\Vh_Te eTg\b bY

ceXVhefbef L+GbI/( T fcXV\Y\V UhYYXe _TlXe \f Ybe`XW( XaTU_\aZ g[X ha\W\eXVg\baT_

Wb`T\a T_\Za`Xag \a g[X ahV_XTg\ba fgTZX* Dg \f abgXjbeg[l g[Tg f\`\_Te eXfh_gf [TiX

eXVXag_l UXXa eXcbegXW Ybe GbL. Xc\gTkl ba N)BT.I/ %,,-& g[Tg T cTeg\Vh_Te L+GbI/

ceXVhefbe eTg\b eXfh_gf \a g[X Ybe`Tg\ba bY T fcXV\Y\V UhYYXe _TlXe TaW g[hf g[X

ha\W\eXVg\baT_ Zebjg[ RX*Z*( %&0 -3?@ -3( -,,-, %.,./&S*

A\ZheX K-5* GbL. Zebjg[ ba })<_.I/ %,,,-& j\g[ T UhYYXe _TlXe* a,b, >ebff)fXVg\baT_

C<<?A)LM@G \`TZXf bY T GbL. Zebja ba g[X })<_.I/ %,,,-& fhUfgeTgX T_baZ g[X })

<_.I/ 8-,G±,: W\eXVg\ba %a& TaW g[X })<_.I/ 8--H±,: W\eXVg\ba %b&*

Mb Yheg[Xe VbaY\e` g[X XYYXVg bY g[X UhYYXe _TlXe TaW \gf eb_X ba g[X ha\W\eXVg\baT_ Wb`T\a

Zebjg[( jX eX`biX g[X Tf)Zebja ha\W\eXVg\baT_ GbL. Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX

Ul jTgXe)Tff\fgXW gXV[a\dhX( Tf \__hfgeTgXW \a A\Z* K.,T Rc_XTfX eXYXe gb6 -3D#

&@>>E?# 11( .-1/ %.,.,&7 %&0 -3?@ --( -.,,- %.,-3&S* HbgX g[Tg fhV[ eX`biT_

cebVXff hg\_\mXf g[X jTgXe \agXeVT_Tg\ba TaW jbh_W abg WXfgebl g[X UhYYXe _TlXe* M[Xa g[X

fTcc[\eX fhUfgeTgXf j\g[ UhYYXe _TlXe TeX hfXW gb eX)Zebj GbL. haWXe T VbaW\g\ba j[XeX

gjb Tag\cTeT__X_ Wb`T\af bVVhe ba hahfXW aXj fTcc[\eX fhUfgeTgXf* HbgX g[Tg jX T_fb

chg YeXf[ fTcc[\eX fhUfgeTgXf \a g[X Zebjg[ V[T`UXe Tg g[X fT`X g\`X Ybe Vbageb_ fT`c_Xf*

M[X eXfh_gf TeX f[bja \a A\Z* K.,* Ia YeXf[ fTcc[\eX fhUfgeTgXf( gjb Tag\cTeT__X_



Wb`T\af TccXTe f\`h_gTaXbhf_l %A\Zf* K.,V TaW K.,W&* =l VbageTfg( ha\W\eXVg\baT_

GbL. Wb`T\af TeX eXcebWhVXW ba g[X fTcc[\eX fhUfgeTgXf j\g[ UhYYXe _TlXef %A\Zf* K.,T

TaW K.,U&* M[\f eXfh_g fgebaZ_l WX`bafgeTgXf g[X ^Xl eb_X bY UhYYXe _TlXe ba g[X

ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag* Dg \f T_fb jbeg[ abg\aZ g[Tg T_g[bhZ[ Ta Tgb`\VT__l

g[\a UhYYXe _TlXe \f bUfXeiXW i\T C<<?A)LM@G( \g \f fg\__ W\YY\Vh_g gb \aYXe \gf XkTVg

fgehVgheX* Aheg[Xe \a)WXcg[ g[XbeXg\VT_ TaW XkcXe\`XagT_ fghW\Xf TeX eXdh\eXW( j[\_X

UXlbaW g[X fVbcX bY g[\f jbe^*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW g[X TUbiX W\fVhff\ba \agb g[X eXi\fXW

`TahfVe\cg %cTZXf 0 TaW 1( _\aXf -03)-23&( TWWXW A\Z* K-5 \agb A\Z* - Tf A\Z* -W \a g[X

eXi\fXW `T\a gXkg %cTZX 0&( TaW TWWXW A\Z* K., \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Zf* -- %cTZX 4&* Da TWW\g\ba( Vbaf\WXe\aZ g[Tg g[X Zebjg[ `XV[Ta\f`

f[bh_W UX g[X Ybe`Tg\ba bY T fcXV\Y\V UhYYXe _TlXe Ul Vbageb__\aZ g[X L+GbI/ ceXVhefbe

eTg\b* Da g[X eXi\fXW `TahfVe\cg( jX [TiX V[TaZXW g[X c[eTfX r^\aXg\V Vbageb_s gb rUhYYXe

_TlXe Vbageb_s be rceXVhefbe eTg\b Vbageb_s* Abe XkT`c_X( g[X g\g_X bY bhe `TahfVe\cg [Tf

UXXa eXi\fXW gb r@c\gTkl bY jTYXe)fVT_X f\aZ_X)VelfgT_ GbL. `bab_TlXe i\T UhYYXe _TlXe

Vbageb_s*

A\ZheX K.,* %a& LV[X`Tg\V \__hfgeTg\ba bY eX`biT_ TaW eXZebjg[ bY ha\W\eXVg\baT_ GbL.*

M[X Tf)Zebja ha\W\eXVg\baT_ GbL. \f eX`biXW Yeb` 5)c_TaX fTcc[\eX fhUfgeTgX Ul

jTgXe)Tff\fgXW gXV[a\dhX( j[\V[ jbh_W cXeYXVg_l `T\agT\a g[X Ybe`XW UhYYXe _TlXe* %b&

Icg\VT_ `\VebZeTc[f bY g[X eXZebja GbL. j\g[ ha\W\eXVg\baT_ Wb`T\a T_\Za`Xag* %c,d&

D__hfgeTg\ba TaW bcg\VT_ `\VebZeTc[f bY GbL. Wb`T\af Zebja ba Ta YeXf[ fTcc[\eX

fhUfgeTgX( f[bj\aZ gjb Tag\cTeT__X_ Wb`T\af*

/* <VVbeW\aZ gb eXYXeXaVXf %>[X`* GTgXe* .,-0( .2( ..( 2/3-q2/35( HTab KXfXTeV[

ib_h`X -,( cTZXf.11q.2. %.,-3&&( g[X L+Gb eTg\b glc\VT__l W\VgTgXf g[X f[TcX Xib_hg\ba

bY GbL. VelfgT_f Tg iTel\aZ YheaTVX cbf\g\baf* E\aW_l cebi\WX bcg\VT_ `\VebfVbcl



\`TZXf bY >O? GbL. Tg W\YYXeXag L+Gb eTg\bf TaW _bVTg\baf( V_Te\Yl\aZ \Y g[X ^\aXg\V

Vbageb_ `XV[Ta\f` eX`T\af Vbaf\fgXag TVebff g[XfX bUfXeiTg\baf*

Response 19:

PX g[Ta^ g[X KXi\XjXe Ybe eXYXee\aZ g[XfX gjb a\VX jbe^f* Da Ubg[ g[X gjb cTcXef

`Xag\baXW Ul g[X KXi\XjXe( g[X fhUfgeTgX \f iXel V_bfX gb g[X GbI/ fbheVX( j[\_X g[X L

fbheVX \f n-4 V` Yeb` g[X fhUfgeTgX %A\Z* K.-T&* >bafXdhXag_l( g[XeX jbh_W UX Ta

bUi\bhf VbaVXageTg\ba ZeTW\Xag bY GbI/ ba g[X fheYTVX bY fhUfgeTgXf Whe\aZ g[X Zebjg[(

j[\_X g[X L iTcbe ZeTW\Xag ba g[X fhUfgeTgX VTa UX aXZ_\Z\U_X* <f g[X _bVT_ cbf\g\ba bY

fhUfgeTgX `biXf TjTl Yeb` g[X GbI/ fbheVX( \g VTa ZeTWhT__l V[TaZX Yeb` T Gb)e\V[

gb T L)e\V[ VbaW\g\ba( _XTW\aZ gb g[X f[TcX Xib_hg\ba bY GbL. VelfgT_f Tg iTel\aZ YheaTVX

cbf\g\baf*

=l VbageTfg( Ybe bhe [b`X)WXf\ZaXW g[eXX)gX`cXeTgheX)mbaX V[X`\VT_ iTcbe WXcbf\g\ba

%>O?& fXghc( g[XeX \f T _baZ W\fgTaVX UXgjXXa g[X fhUfgeTgX TaW GbI/ fbheVX %:/. V`&(

Tf jX__ Tf L fbheVX %:05 V`&( Tf f[bja \a A\Z* K.-U* M[XeXYbeX( g[X ZeTW\Xag bY Ubg[

GbI/ TaW L fbheVXf \f iXel f`T__ TaW g[X GbL. VelfgT_f jbh_W `T\agT\a g[X fT`X f[TcX*

A\ZheX K.. f[bjf g[X bcg\VT_ `\VebfVbcl \`TZXf bY >O? GbL. Tg W\YYXeXag _bVTg\baf

%n/.)0, V`&* >_XTe_l( g[X GbL. VelfgT_f ^XXc g[X ge\TaZh_Te f[TcX* L\`\_Te eXfh_gf [TiX

UXXa bUfXeiXW \a bg[Xe cTcXef j[XeX g[X\e >O? flfgX`f T_fb [TiX T _baZ W\fgTaVX

UXgjXXa g[X fhUfgeTgX TaW GbI/ fbheVX( Tf jX__ Tf L fbheVX R%&0 -3?@ --( 5.-1 %.,-3&7

%&0 -3?@ -.( -,,/. %.,-4&S*

Aheg[Xe`beX( Ybe T__ g[X GbI/+L eTg\bf jX [TiX \aiXfg\ZTgXW %eTaZ\aZ Yeb` n/*4/# gb

n1*11#&( g[X VbaVXageTg\ba bY L fbheVX \f T_jTlf _TeZXe g[Ta g[Tg bY GbI/ fbheVX*

>bafXdhXag_l( g[X f[TcX bY GbL. VelfgT_f jbh_W ^XXc haV[TaZXW( Tf \a bhe

XkcXe\`XagT_ eXfh_gf %A\Z* K..&*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW T fXagXaVX rDg \f abgXjbeg[l g[Tg Ybe T__ g[X

GbI/+L eTg\bf jX [TiX \aiXfg\ZTgXW %eTaZ\aZ Yeb` n/*4/# gb n1*11#&( \g T_jTlf

UX_baZf gb T L)e\V[ VbaW\g\ba* >bafXdhXag_l( g[X f[TcX bY GbL. VelfgT_f eX`T\af

haV[TaZXW %c_XTfX fXX Lhcc_X`XagTel HbgX 0&( \a VbageTfg ce\be jbe^ j[XeX g[X WeTfg\V

V[TaZXf \a L+Gb eTg\b _XTW gb g[X f[TcX Xib_hg\ba/3(/4s \a g[X eXi\fXW `TahfVe\cg %cTZX

/( _\aXf --1)--5& TaW TWWXW A\Z* K.-U+A\Z* K.. \agb Lhccbeg\aZ DaYbe`Tg\ba Tf

Lhcc_X`XagTel A\Z* .0+A\Z* 0 %cTZX -2+1&*

KXY* /36 &:7># ,3D7B# .2( 2/3-q2/35 %.,-0&7

KXY* /46 -3?@ /7C73B5: -,( .11q.2. %.,-3&*



A\ZheX K.-* %T& LV[X`Tg\V bY g[X >O? flfgX` hfXW \a &:7># ,3D7B# .2( 2/3-q2/35

%.,-0&* %U& D__hfgeTg\ba bY bhe [b`X)WXf\ZaXW g[eXX)gX`cXeTgheX)mbaX >O? fXghc*

A\ZheX K..* KXceXfXagTg\iX bcg\VT_ \`TZXf bY GbL. VelfgT_f Zebja Tg W\YYXeXag GbI/+L

%T&)%W& Tg fXiXeT_ W\YYXeXag cbf\g\baf ba g[X fhUfgeTgX %-&)%0&*

0* KXZTeW\aZ g[X Zebjg[ cebVXWheX( VbaiXag\baT_ `Xg[bWf hf\aZ fh_Yhe TaW GbI/

[REDACTED]



cbjWXef jXeX X`c_blXW* CbjXiXe( g[X cbf\g\ba\aZ bY L TaW Gb TaW g[X f\mX bY g[X

bcXa\aZf Ybe g[X fh_Yhe TaW GbI/ VehV\U_Xf f\Za\Y\VTag_l \aY_hXaVX g[X Zebjg[* Dg jbh_W

UX [X_cYh_ gb \aV_hWX c[bgbZeTc[f bY g[X >O? fXghc TaW cebi\WX `beX XkcXe\`XagT_

WXgT\_f Ybe eXTWXef*

Response 20:

PX g[Ta^ g[X KXi\XjXe Ybe g[X ^\aW fhZZXfg\ba* A\ZheX K.-U f[bjf g[X fV[X`Tg\V

W\TZeT` bY bhe fcXV\T__l WXf\ZaXW `h_g\fbheVX >O? fXghc* A\ZheX K./ ceXfXagf g[X

c[bgbZeTc[f bY g[X >O? fXghc TaW g[X _bVTg\ba bY g[X L+GbI/ fbheVXf* Abe T glc\VT_

Zebjg[( g[X VXagXe `\a\)ghUX \f _bTWXW j\g[ fh_Yhe %<_YT <XfTe( 55*5#( 2 Z& TaW Y_bjXW

j\g[ 0, fVV` <e* HbgX g[Tg gb XYYXVg\iX_l _bTW fh_Yhe( T _TeZX eXVgTaZh_Te V[T`UXe \f

WXf\ZaXW n1 V` Yeb` g[X XaW bY g[X dhTegm ghUX* M[X fheYTVX TeXT bY `X_gXW fh_Yhe

WXgXe`\aXW Ul g[X eXVgTaZh_Te V[T`UXe \f TebhaW .1V`.* Abe g[X bhgf\WX f\k `\a\)ghUXf(

XiXel)bg[Xe)ghUX \f _bTWXW j\g[ GbI/ %<_YT <XfTe( 55*555#& TaW Y_bjXW j\g[ <e+I.

%0,+,*1 fVV`&7 TaW g[X bg[Xe g[eXX X`cgl ghUXf TeX T_fb Y_bjXW j\g[ <e+I. %0,+,*1 fVV`&*

Da TWW\g\ba( gb Tib\W g[X cbjWXe UX\aZ U_bja TjTl Ul g[X VTee\Xe ZTf( jX hfX GbI/

g[\a Y_TV^ %g[X g[\V^aXff \f n,*1 ``& j[\V[ \f bUgT\aXW Ul ceXff\aZ g[X GbI/ cbjWXe

%<_YT <XfTe( 55*555#& j\g[ T [lWeTh_\V ceXff* <__ g[X dhTegm ghUXf [TiX Ta \aaXe

W\T`XgXe bY n- V`* M[X W\fgTaVX UXgjXXa GbI/ TaW %fhUfgeTgX& fh_Yhe \f n/.V`)0,V`

%n-3 V`&* ?he\aZ g[X Zebjg[( fh_Yhe( GbI/ TaW fTcc[\eX fhUfgeTgX TeX c_TVXW Tg Y\efg(

fXVbaW( TaW g[\eW gX`cXeTgheX mbaXf( eXfcXVg\iX_l* M[X gX`cXeTgheXf Ybe g[X fh_Yhe(

GbI/( TaW fTcc[\eX fhUfgeTgX TeX -.,( 12,( TaW 44, o>( eXfcXVg\iX_l* M[X ceXffheX \f

^Xcg Tg TUbhg - gbee Whe\aZ g[X Zebjg[ cebVXff*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW TUbiX Zebjg[ WXgT\_f \agb g[X

@QJ@KDG@HM<F L@>MDIH bY eXi\fXW `TahfVe\cg %cTZX -,( _\aXf /0.)/11&* Da

TWW\g\ba( A\ZheX K./ [Tf UXXa TWWXW \agb Lhccbeg\aZ DaYbe`Tg\ba Tf Lhcc_X`XagTel

A\Z* .1 %cTZX -2&*

A\ZheX K./* J[bgbZeTc[f bY bhe g[eXX)gX`cXeTgheX)mbaX >O? fXghc TaW g[X _bVTg\ba bY

g[X fb_\W)fgTgX fbheVXf TaW g[X fhUfgeTgX*



1* P\g[ g[X geTW\g\baT_ L+GbI/ Zebjg[( g[X dhTegm ghUX bYgXa WXiX_bcf T VbTg\aZ bY

Gb+GbI/( j[\V[ `\Z[g UX eX_XTfXW Whe\aZ Zebjg[* J_XTfX Vb`cTeX eXfh_gf UXgjXXa

UeTaW)aXj dhTegm ghUXf TaW ceXi\bhf_l hfXW baXf*

Response 21:

PX Yh__l TZeXX j\g[ g[X KXi\XjXe g[Tg g[X dhTegm ghUX jbh_W WXiX_bc T VbTg\aZ bY

Gb+GbI/ TYgXe g[X Zebjg[( Tf f[bja \a A\Z* K.0* Mb X_\`\aTgX g[\f XYYXVg( jX j\__

TaaXT_ g[X hfXW dhTegm ghUXf \f c_TVXW \a Ta T\e Tg`bfc[XeX Tg T [\Z[ gX`cXeTgheX

%:-,,,o>& Ybe -[ TYgXe g[X Zebjg[( TaW g[X Xk[Thfg ZTfXf Yeb` g[X [\Z[ gX`cXeTgheX

TaaXT_\aZ %eXf\WhT_ Gb fbheVX( L fbheVX& TeX XkgeTVgXW g[ebhZ[ aXZTg\iX ceXffheX ch`c*

<f VTa UX fXXa Yeb` A\Z* K.0( g[X dhTegm ghUXf TYgXe [\Z[ gX`cXeTgheX TaaXT_\aZ TeX Tf

V_XTa Tf UeTaW)aXj dhTegm ghUXf TaW j\__ abg \agXeYXeX j\g[ g[X aXkg Zebjg[*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW g[X TUbiX W\fVhff\ba TaW A\Z* K.0 \agb

Lhccbeg\aZ DaYbe`Tg\ba Tf Lhcc_X`XagTel HbgX -3 %cTZX -3( _\aXf .25).34&*

A\ZheX K.0* M[X c[bgbZeTc[f bY UeTaW)aXj dhTegm ghUXf( g[X dhTegm ghUX TYgXe Zebjg[

TaW g[X dhTegm ghUX TYgXe TaaXT_\aZ %ceXi\bhf_l hfXW baX&*

2* Da _\aX .44( g[X Thg[bef TffXeg g[Tg g[Xl TV[\XiXW eXVbeW)[\Z[ `bU\_\gl bY -0, V`.O)

-f)- ba T geTaf\fgbe j\g[ W\`Xaf\baf bY -h`+1h`* M[\f iT_hX TccXTef Vbaf\fgXag j\g[ g[X

f[beg)V[TaaX_ WXi\VX* M[X Thg[bef _\fg `bU\_\gl bY -0, V`.O)-L)- ba_l Ybe g[X f[beg

V[TaaX_ WXi\VXf* J_XTfX VbaY\e` g[XfX Y\ZheXf TaW X_hV\WTgX j[l g[X `bU\_\gl bY g[X

_baZ)V[TaaX_ `TgV[Xf g[Tg bY g[X f[beg)V[TaaX_ WXi\VXf*

Response 22:

PX TcceXV\TgX g[X KXi\XjXetf Vb``Xag* Abe g[X `bU\_\gl bY -0, V`.O)-f)-( \g \f

XkgeTVgXW Yeb` g[X :)=H XaVTcfh_TgXW WXi\VX j\g[ V[TaaX_ _XaZg[+j\Wg[ bY 1 �` +- �`*

Abe bhe .,, a` f[beg)V[TaaX_ WXi\VX( g[X XkgeTVgXW `bU\_\gl \f n32*1 V`.O)-f)-* M[X

_bjXe `bU\_\gl \a f[beg)V[TaaX_ WXi\VX g[Ta :)=H XaVTcfh_TgXW _baZ)V[TaaX_ WXi\VX



VTa UX haWXefgbbW g[Tg \a f[beg)V[TaaX_ WXi\VXf g[X VbagTVg eXf\fgTaVX [Tf T `hV[ _TeZXe

jX\Z[g \a g[X gbgT_ eXf\fgTaVX*

3* J_XTfX \aW\VTgX g[X g[\V^aXff bY g[X [=H _TlXef %Ubg[ gbc TaW Ubggb`& Ybe g[X [=H)

XaVTcfh_TgXW WXi\VXf*

Response 23:

Lbeel Ybe g[X _TV^ bY \aYbe`Tg\ba ba g[X g[\V^aXff bY g[X :)=H _TlXef* A\ZheX K.1T

%K.1V& f[bjf g[X Tgb`\V YbeVX `\VebfVbcl %<AG& \`TZX bY g[X gbc %Ubggb`& :)=H

_TlXe* M[X VbeeXfcbaW\aZ [X\Z[g cebY\_Xf %A\Zf* K.1U TaW K.1W& \aW\VTgX g[Tg g[X

g[\V^aXff bY gbc TaW Ubggb` :)=H _TlXef \f n.3 a` TaW n/0 a`( eXfcXVg\iX_l*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW T fXagXaVX rM[X g[\V^aXff bY gbc TaW Ubggb`

:)=H _TlXef \f n.3 a` TaW n/0 a`( eXfcXVg\iX_l %Lhcc_X`XagTel A\Z* -5&s \a g[X

eXi\fXW `TahfVe\cg %cTZX 5( _\aXf .5-).5.& TaW TWWXW A\Z* K.1 \agb Lhccbeg\aZ

DaYbe`Tg\ba Tf Lhcc_X`XagTel A\Z* -5 %cTZX -0&*

A\ZheX K.1* %T(U& M[X <AG \`TZX bY g[X gbc :)=H _TlXe %T& TaW \gf VbeeXfcbaW\aZ

[X\Z[g cebY\_Xf %U&* %V(W& M[X <AG \`TZX bY g[X Ubggb` :)=H _TlXe %V& TaW \gf

VbeeXfcbaW\aZ [X\Z[g cebY\_Xf %W&*

4* <f g[X geTaf\fgbe WXi\VXf hg\_\mX WhT_ ZTgXf Ybe Ubg[ _baZ)V[TaaX_ [=H)XaVTcfh_TgXW

WXi\VXf TaW f[beg)V[TaaX_ CYI. WXi\VXf( c_XTfX `XTfheX g[X ZTgX VTcTV\gTaVXf Ybe Ubg[

WXi\VXf*

Response 24:

PX TcceXV\TgX g[X KXi\XjXetf Vb``Xag* A\ZheXf K.2T TaW K.2U f[bj T `XgT_+[)

=H+`XgT_ fgehVgheX Ybe VTcTV\gTaVX `XTfheX`Xag* M[X XYYXVg\iX TeXT UXgjXXa gbc TaW

Ubggb` `XgT_ X_XVgebWXf \f .,|//'1|/ �`.7 g[X g[\V^aXff bY :)=H \f n10 a` %A\Z*

K.2V&* M[X `XTfheXW VTcTV\gTaVX \f ,IMH ² GF���u * M[Xa jX VTa XkgeTVg g[X



W\X_XVge\V VbafgTag bY :)=H }� ´
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´ I*JKH (

j[\V[ \f \a ZbbW TZeXX j\g[ ceXi\bhf eXfh_gf R%6F# (=75DB@?# ,3D7B# 2( .,,,11, %.,.,&7

?A< $' ,3D7B# %AA=# 2( 2 %.,-4&S* =TfXW ba g[X `XTfheXW W\X_XVge\V VbafgTag bY :)=H(

jX VTa bUgT\a g[X VTcTV\gTaVX cXe ha\g TeXT Ybe gbc ZTgX %>\ 9
�~³��

�
9

�*��²�~£� �
�µ ²�*��

��²�~£¢�

9 -*-/-|-,)3 A+V`.& TaW Ubggb` ZTgX %>\ 9
�*��²�~£��� �µ ²�*��

��²�~£¢�
9 ,*43.|-,)3 A+V`.&*

Abe bhe f[beg)V[TaaX_ CYI. WXi\VXf( jX X`c_bl g[X f\aZ_X)ZTgX fgehVgheX* A\ZheX K.3

\f g[X >)O VheiXf j\g[ g[X `XTfheX`Xag YeXdhXaVl bY - ^Cm( TaW T`c_\ghWX bY 1, `O*

M[X VTcTV\gTaVX cXe ha\g TeXT Tg O90 O \f >\ 9
�*��²�~£���

�~~²�~£ ²�~~²�~£ �
9 -*-1|-,)2 A+V`.*

Mb TWWeXff g[\f Vb``Xag( jX [TiX TWWXW A\Z* K.2 TaW A\Z* K.3 \agb Lhccbeg\aZ

DaYbe`Tg\ba Tf Lhcc_X`XagTel A\Z* ., %cTZX -0& TaW Lhcc_X`XagTel A\Z* ./ %cTZX -2&*

A\ZheX K.2* %T& Icg\VT_ \`TZX bY T `XgT_+:)=H+`XgT_ fgehVgheX* M[X XYYXVg\iX TeXT

UXgjXXa gbc TaW Ubggb` `XgT_ X_XVgebWXf \f .,|//'1|/ �`.* %U(V& M[X g[\V^aXff bY :)

=H \f n10 a` `XTfheXW Ul <AG* %W& >)O VheiXf* M[X `XTfheXW VTcTV\gl \f /4. YA*



A\ZheX K.3* M[X ZTgX VTcTV\gTaVXf Ybe g[X f[beg)V[TaaX_ CYI. WXi\VXf*

PX g[Ta^ g[X KXi\XjXe Ybe [\f+[Xe iXel iT_hTU_X eXi\Xj\aZ XYYbegf* PX [bcX jX [TiX

Vbai\aVXW_l TWWeXffXW T__ g[X Vb``Xagf eT\fXW Ul g[X KXi\XjXe g[Tg bhe eXi\fXW

`TahfVe\cg `XXgf g[X Ve\gXe\T Ybe chU_\VTg\ba \a -3DEB7 &@>>E?;53D;@?C*



REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

The authors have safisfactorily addressed my concerns in the revised version and rebuftal lefter. A 

reasonable mechanism about the unidirecfional epitaxy that a buffer layer may be the key role has been 

proposed. Although the buffer layer has been observed and discussed by many groups and sfill deserves 

more in-depth invesfigafions in the future, the novelty and creditability of the current work are not 

doubted. I suggest its publicafion in Nature Communicafions.

Reviewer #2 (Remarks to the Author):

The authors have diligently and effecfively addressed the majority of the concerns and comments 

previously raised. In light of this thorough revision and the significant contribufions their work offers to 

the field, I recommend its publicafion in Nature Communicafion.

Reviewer #3 (Remarks to the Author):

The authors have addressed numerous quesfions with comprehensive details. However, there appears to 

be a fundamental shift in the manuscript's focus from kinefic control to buffer layer control. It is 

important that the authors should provide sufficient evidence to support their points of view.

1. Could the authors provide the laftice structures of the buffer layer? Given the significance of this 

aspect, I strongly recommend that the authors present potenfial laftice structures supported by 

experimental results from Scanning Tunneling Microscopy (STM) or theorefical predicfions from Density 

Funcfional Theory (DFT) or Molecular Dynamics (MD) simulafions, although their inifial asserfion of such 

analysis being outside the current work's scope.

2. The manuscript should detail the evolufion of the buffer layer corresponding to variafions in the Mo/S 

rafio, along with its influence on the unidirecfional orientafion percentage of the MoS2 layers. For 

instance, at a Mo/S rafio of 2.1%, one would expect to observe a fully confinuous buffer layer in STEM 

cross-secfional imagery, whereas at a Mo/S rafio of 2.9%, a disconfinuous or absent buffer layer might be 

anficipated. Please provide such cross-secfional images as evidence.

3. It would be very helpful for readers to provide Scanning Tunneling Microscopic (STM) images showing 

the Moiré pafterns formed between MoS2 and the reconstructed sapphire layer, which are crifical for 

corroborafing the discussions on interfacial interacfions within the manuscript.



Point-by-point response to the Reviewers’ comments 
 
Reviewer #1 (Remarks to the Author): 
 
The authors have satisfactorily addressed my concerns in the revised version and 
rebuttal letter. A reasonable mechanism about the unidirectional epitaxy that a buffer 
layer may be the key role has been proposed. Although the buffer layer has been 
observed and discussed by many groups and still deserves more in-depth investigations 
in the future, the novelty and creditability of the current work are not doubted. I suggest 
its publication in Nature Communications. 
Response 1:  

We sincerely thank the Reviewer for the positive evaluation on our revisions and his/her 
recommendation for publication in Nature Communications. 
 
 
Reviewer #2 (Remarks to the Author): 
 
The authors have diligently and effectively addressed the majority of the concerns and 
comments previously raised. In light of this thorough revision and the significant 
contributions their work offers to the field, I recommend its publication in Nature 
Communication.  
Response 2:  

We sincerely thank the Reviewer for the positive evaluation on our revisions and his/her 
recommendation for publication in Nature Communications.  
 
 
Reviewer #3 (Remarks to the Author): 
 
The authors have addressed numerous questions with comprehensive details. However, 
there appears to be a fundamental shift in the manuscript's focus from kinetic control to 
buffer layer control. It is important that the authors should provide sufficient evidence 
to support their points of view. 
Response 3:  

We sincerely thank the Reviewer for the positive evaluation on our responses and the 
insightful comments to improve our manuscript. 
 
1. Could the authors provide the lattice structures of the buffer layer? Given the 
significance of this aspect, I strongly recommend that the authors present potential 
lattice structures supported by experimental results from Scanning Tunneling 
Microscopy (STM) or theoretical predictions from Density Functional Theory (DFT) 
or Molecular Dynamics (MD) simulations, although their initial assertion of such 
analysis being outside the current work's scope. 
Response 4:  



We sincerely thank the Reviewer’s insightful comments. Since STM measurements 
require the conductive substrate while our sapphire substrate is insulating, it is 
impossible to perform the STM measurements. Notably, X-ray photoelectron 
spectroscopy (XPS) can offer a feasible technology to uncover the key information 
about the lattice structures of the buffer layer [e.g., ACS Nano 17, 10010 (2023)]. Figure 
R1 shows the high-resolution XPS spectrum of Mo 3d, after removing the as-grown 
unidirectional MoS2 by a non-destructive water-assisted technique. A deconvolution 
and curve fitting reveal that the Mo 3d spectrum can be decomposed into a doublet 
corresponding to 3d5/2 Mo5+ and 3d3/2 Mo5+. 

 

Figure R1. The high-resolution XPS spectrum of Mo 3d. 
 
Based on the XPS results and in conjunction with previous results of MoS2 epitaxy on 
β-Ga2O3 (001) [e.g., ACS Nano 17, 10010 (2023)], we infer that one possible 
configuration of the buffer layer is O−Mo−O−Al, with Mo exhibiting a (+5) oxidation 
state. To determine the detailed structure of the O−Mo−O−Al buffer layer, we further 
perform DFT calculations (as kindly suggested by the Reviewer) with the Vienna ab 
initio software package. The Perdew-Burke-Ernzerhof (PBE) exchange-correlation 
functionals are employed, along with DFT-D2 method of Grimme van der Waals 
corrections. An energy cutoff of 520 eV for the plane wave basis sets and a Γ-centered 
k-mesh of 1×1×1 is used for geometry optimization and electronic structure 
calculations. The convergence of total energy with respect to these parameters is 
examined and found to reach the level of less than 0.001 eV/f.u. To prevent artificial 
interactions between periodic slab images, a vacuum thickness greater than 15 Å was 
applied. The Al2O3 (001) surfaces are modeled using large supercell slabs containing 9 
atomic layers. The bottom 5 layers of atoms are kept fixed at their optimized bulk 
positions and other atomic positions are fully optimized with the lattice constant for the 
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supercell kept fixed at a value corresponding to the experimental lattice constant for a 
1×1 unit cell.   
 
Figure R2 shows the calculated the structure of the O−Mo−O−Al buffer layer on Al2O3 
surface after fully structural relaxation. Generally, every O atom under the Mo layer is 
connected to two Al and two Mo atoms, and every Mo atom is connected to 3 O atoms 
under it. Meanwhile, every O atom above the Mo layer is connected to two Mo atoms 
and 3 O atoms are assigned to 1 Mo atom. Further, MoS2 triangles with different 
orientations are positioned on the surface of the Al2O3 substrate with O−Mo−O−Al 
buffer layer. The DFT results reveal that the 60° structure, compared to the 0° structure, 
has a lower free energy of 110 meV, demonstrating a preferred growth orientation for 
MoS2 triangles. 

 

Figure R2. The atomic structures of MoS2 growth on α-Al2O3 (001) with buffer layer.  
The side view of the relaxed MoS2 layer in 0° (a) and 60° (b) directions grown on 
Mo+5/Al2O3 substrate and the corresponding top view of MoS2 on the buffer layer. The 
Mo, S, O and Al atoms are shown in purple, yellow, red, and blue respectively. 
 
To address this comment, we have added a new section (Supplementary Note 9. The 
structure of the buffer layer) into the Supporting Information which includes the above 
discussion, and Figs. R1 and R2 have been added into Supplementary Note 9 as 
Supplementary Figs. 13 and 14 (pages 9 and 10). In addition, we added a sentence “By 
performing X-ray photoelectron spectroscopy and density functional theory calculation, 
we infer that one possible configuration of the buffer layer is O−Mo−O−Al, with Mo 
exhibiting a (+5) oxidation state (Supplementary Note 9)” into the revised manuscript 
(page 5). 



2. The manuscript should detail the evolution of the buffer layer corresponding to 
variations in the Mo/S ratio, along with its influence on the unidirectional orientation 
percentage of the MoS2 layers. For instance, at a Mo/S ratio of 2.1%, one would expect 
to observe a fully continuous buffer layer in STEM cross-sectional imagery, whereas 
at a Mo/S ratio of 2.9%, a discontinuous or absent buffer layer might be anticipated. 
Please provide such cross-sectional images as evidence. 
Response 5:  

We appreciate the Reviewer’s kind suggestions. Figure R3 show the cross-sectional 
HAADF-STEM images of a MoS2 grown on the α-Al2O3 (0001) substrate along the α-
Al2O3 <101ത0> direction, where the degree of unidirectional alignment is ~ 0. No buffer 
layer below the as-grown MoS2 is observed. This is in stark contrast to the case of 
unidirectional MoS2 grown on the α-Al2O3 (0001) substrate where an atomically thin 
buffer layer is formed below the as-grown MoS2.  
 
To address this comment, we have added a sentence “By contrast, no buffer layer is 
formed below the as-grown MoS2 is observed when the degree of unidirectional 
alignment is ~0 (Supplementary Fig. 11)” in the revised manuscript (page 4). 
Meanwhile, Figure R3 has been added to Supporting Information as Figure S11 (page 
8). 

 
Figure R3. Cross-sectional HAADF-STEM images of a MoS2 grown on the α-Al2O3 
(0001) substrate along the α-Al2O3 <10 1ത 0> direction, where the degree of 
unidirectional alignment is ~ 0. 
 
3. It would be very helpful for readers to provide Scanning Tunneling Microscopic 
(STM) images showing the Moiré patterns formed between MoS2 and the reconstructed 
sapphire layer, which are critical for corroborating the discussions on interfacial 
interactions within the manuscript. 
Response 6:  



Because STM measurements require the conductive substrate while our sapphire 
substrate is insulating, we cannot perform the STM measurements. We sincerely thank 
the Reviewer for the kind suggestion. 
 
We thank the Reviewer for his/her very valuable reviewing efforts. We hope we have 
convincedly addressed all the comments raised by the Reviewer that our revised 
manuscript meets the criteria for publication in Nature Communications. 



REVIEWERS' COMMENTS

Reviewer #3 (Remarks to the Author):

The authors have effecfively addressed the majority of my previous concerns, significantly enhancing the 

manuscript's quality. Their work offers notable contribufions to the field of single-crystal MoS2 synthesis. 

Therefore, I recommend accepfing this manuscript for publicafion in Nature Communicafions.
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