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AFM images of polar c-plane free-standing bulk (a, c¢) and thin heteroepitaxial c-plane

layer GaN residing on a c-plane sapphire substrate (b, d) prior to etching (a, b) and after etching
with 40°C propyl phosphonic acid and phosphoric acid (c, d). The height scales are 13 nm (a), 16

nm (b), 15 nm (c¢), and 31 nm (d) with 2 um scale bars.



AFM images of nonpolar a-plane bulk GaN sample (a, c) and thin heteroepitaxial a-plane
layer GaN residing on r-plane sapphire substrate (b, d) before etching (a, b) and after etching
with 40°C (3-bromopropyl) phosphonic acid and phosphoric acid (c, d). The height scales are 26

nm (a), 380 nm (b), 77 nm (c), and 420 nm (d) with 2 um scale bars.
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Treatment Thin Layer Bulk Free-standing Bulk Thin Layer
Pristine 93.0+ 12.0 nm 3.0+ 1.2 nm 34+ 1.2nm 49+4.7nm
40°C H3POq4 103.3 £82.3 nm 2.7+0.1 nm 9.1 £6.5 nm 2.2+0.5 nm
40°C H3sPO4+ 117.4 £15.1 nm 48+2.7nm 8.1 8.3 nm 16.6 £ 12.2 nm
BI‘C3H6PO(OH)2
40°C H3PO4 + 11.8+124nm  31.9+27.1 nm 1.5+0.5 nm 5.1+ 1.6 nm
C;H7PO(OH),
100°C H3POy4 18.6 £ 6.2 nm 23.24+10.9 nm 13.3+ 6.9 nm 90.0 + 25.0 nm
100°C H3PO4+ 63.0£109nm 16.0+10.2 nm 238.6 £ 114.4 nm 111.4 £83.6 nm
BI‘C3H6PO(OH)2
100°C H5PO,4 + 86.3 £30.2 nm 14.1 £ 1.0 nm 156.4 £213.8 nm 7.4+ 10.1 nm
C3;H,PO(OH),
Water Contact Angle
Polar Nonpolar
Bulk Free- Thin Thin
Standing layer BUK  jayer
pistine ey i e

AR - WY - WY - WL
oo, e D e 5O
100°c HP0: N e e e
srcoHpoor, MR i, I

100°C H3PO4 +
C3H;PO(OH). A ‘ ‘ &

Water droplet images from contact angle measurements on polar c-plane free-standing

bulk GaN and heteroepitaxial thin layer GaN on c-plane sapphire as well as nonpolar a-plane



bulk GaN and thin heteroepitaxial a-plane layer GaN residing on r-plane sapphire at different

stages of treatment. Scale bar is 1 mm.

Nonpolar Polar
Treatment Thin Layer Bulk Free-standing Bulk Thin Layer
Pristine 92.9°+3.0° 90.0°+5.1° 80.6° £ 4.6° 72.1°£2.7°
40°C H3PO4 84.3°+6.1° 78.2°+4.7° 72.9°+6.1° 67.9°+1.0°
40°C H3PO4 + 102.8° + 7.8° 84.7°£9.0° 99.9°+2.4° 99.1°+£4.7°
BI‘C3H6PO(OH)2
40°C H3PO, + 99.8°+4.3° 103.1° +5.7° 77.7° +3.8° 81.4°£5.6°
Cs;H,PO(OH),
100°C H3POg4 71.8°+£4.0° 67.8°+4.6° 36.3°+£9.1° 52.7° £ 6.6°
100°C H3PO4 + 59.8° £ 8.0° 92.9°+7.1° 63.9° £20.1° 52.7+6.0°
BI‘C3H6PO(OH)2
100°C H3PO4 + 75.6° £ 6.7° 73.5°+£6.6° 97.2°+15.1° 89.4°+£5.3°
Cs;H,PO(OH),
XPS
Bulk free-
standing polar Br C Ga N O P
GaN

Pristine 0.00% 40.79% 28.01% 14.10% 17.10%  0.00%

40°C H3POy4 0.00% 36.90% 89% 5.10% 46.80% 2.40%

g?ccﬁ%z‘(‘);) 0.00% 5836% 14.84% 6.72% 1928%  0.80%

3k 2

40°C H3PO4 + 0 0 0 0 0 0

CH;PO(OH), 0.00% 65.06% 12.58%  4.02% 18.09%  0.25%

100°C H3POg4 0.00% 10.40% 4.60% 2.60% 66.10% 16.30%

]13223(}31611{33(1))%‘11)2 0.00% 34.00% 15.53% 7.96% 31.10% 11.42%

100°C H3PO4 + o o o o o o

CsH,PO(OH), 0.00% 40.01% 18.25% 10.19% 24.67% 6.88%

Thin Layer Polar Br C Ga N O P




GaN

Pristine 0.00% 41.83% 32.96% 9.75% 1547%  0.00%
40°C HsPO, 0.00% 60.10%  83% 4.00% 27.60%  0.00%
‘];?CCIE%H{) 0.00% 70.74% 8.04% 2.12% 18.23%  0.87%
3116 2
40°C H3PO, + . . . . o .
CHPOON,  000% 68.84% 1124% 272% 1626%  0.94%
100°C HsPO, 0.00% 61.40% 5.70% 3.40% 18.50%  1.10%
]13?0(;%%35%‘;) 0.00% 26.96% 46.68%  8.54% 14.78%  3.03%
3116 2
100°C H5PO, + . . . . . .
CHLPOOH,  000% 6736% 1461% 352% 1336%  1.16%
Bulk Nonpolar
GaN Br C QGa N O P
Pristine 0.00% 63.72% 16.73% 4.80% 14.75% _ 0.00%
40°C HsPO, 0.00% 44.70% 620% 4.30% 44.00%  0.80%
‘é?cf}iﬁ%;h 0.00% 7328% 9.64% 2.32% 14.57%  0.18%
40°C H3PO, + . . . . . .
CHPOON,  000% T809% 451% L08% 1612% 0.19%
100°C HsPO, 0.00% 48.20% 4.90%  3.00% 39.90%  3.90%
]1320(: %}I{g%;) 0.00% 72.42% 8.80% 2.56% 15.74%  0.49%
3116 2
100°C H5PO, + . . . . . .
CHLPOOH,  000% SLO0% 2069%  6.62% 1932%  236%
Thin Layer
Nonpolar GaN Br ¢ Ga N O P
Pristine 0.00% 7745% 457% 121% 16.77%  0.00%
40°C HsPO, 0.00% 49.70% 12.50%  7.90% 26.90%  3.10%
‘é?cf}iﬁ%;h 0.00% 8038% 2.55%  0.49% 16.59%  0.00%
40°C H3PO, + . . . . . .
CHPOON),  000% 8049% 191% 0.56% 17.05%  0.00%
100°C HsPO, 0.00% 65.10% 9.40% 4.80% 17.90%  2.80%
gg%%g(%‘;) 0.00% 68.93% 11.78%  3.63% 14.63%  1.04%
3116 2
100°C HPO, + . . . o . .
CHLPOOH),  000% TA3S%  033% 273% 13.09%  0.51%
Polar Nonpolar
Free-standing Bulk Thin Layer Bulk Thin Layer




Pristine 8.9 14.0 19.8 -
40°C H;3POq4 0.3 19.0 1.1 4.4
40°C H3PO4 +
BrC;H¢PO(OH), 8.4 14.1 18.4 -
40°C H3PO4 +
C3;H,PO(OH), 8.7 11.0 18.4 -
100°C H3POq4 0.5 12.8 1.1 7.1
100°C H5;PO4+
BrC;HcPO(OH), 11.2 14.1 29.0 14.4
100°C H3PO4 +
C3;H7PO(OH), 5.4 5.0 19.9 15.1
Ga/O Nonpolar Polar
Treatment Thin Bulk Free-standing Bulk Thin Layer
Layer
Pristine 0.27 1.13 1.64 2.13
40°C H3POq4 0.46 0.14 0.19 0.30
40°C H3PO4 + 0.15 0.66 0.77 0.44
BI‘C3H6PO(OH)2
40°C H3PO4 + 0.11 0.28 0.70 0.69
C3;H,PO(OH),
100°C H3POq4 0.53 0.12 0.07 0.31
100°C H53PO4 + 0.81 0.56 0.50 3.16
BI‘C3H6PO(OH)2
100°C H53PO4 + 0.71 1.07 0.74 1.09
C3sH7PO(OH),
Ga/C Nonpolar Polar
Treatment Thin Layer Bulk Free-standing Bulk Thin Layer
Pristine 0.06 0.26 0.69 0.79
40°C H;3POq4 0.25 0.14 0.24 0.14
40°C H3PO4 + 0.03 0.13 0.25 0.11



BI‘C3H6PO(OH)2

40°C H3PO4 + 0.02 0.06 0.19 0.16
Cs;H;,PO(OH),

100°C H3PO4 0.14 0.10 0.44 0.09
100°C H3PO4 + 0.17 0.12 0.46 1.73
BI‘C3H6PO(OH)2

100°C H3PO4 + 0.13 0.41 0.46 0.22
C;H;PO(OH),

Ga/N Nonpolar Polar
Treatment Thin Layer Bulk Free-standing Bulk  Thin Layer
Pristine 3.78 3.49 1.99 3.38
40°C H;PO4 1.58 1.44 1.75 2.08
40°C H3PO4 + 5.20 4.16 2.21 3.79
BI‘C3H6PO(OH)2

40°C H3PO4 + 341 4.18 3.13 4.13
C;H;PO(OH),

100°C H3POy4 1.96 1.63 1.77 1.68
100°C HsPO4 + 3.25 3.44 1.95 5.47
BI‘C3H6PO(OH)2

100°C H3PO4 342 3.13 1.79 4.15
+ C3H7PO(OH)2

FWHM data for Ga 2p spectra presented in Figures 1 and 2 in the main manuscript.

Nonpolar Polar

FWHM (eV) Thin Layer Bulk Free-standing Bulk ~ Thin Layer

Pristine 1.284 1.265 1.301 1.279

40°C H3POq4 1.326 1.258 1.289 1.267



40°C H3PO4 + 1.400 1.310 1.275 1.269
BI‘C3H6PO(OH)2

40°C H3PO4 + 1.557 1.375 1.370 1.263
C;H,PO(OH),

100°C H3POy4 1.301 1.389 1.611 1.235
100°C H3PO4 + 1.351 1.312 1.439 1.265
BI‘C3H6PO(OH)2

100°C H3PO4 1.302 1.287 1.488 1.288
+ C3H7PO(OH)2

Max 1.557 1.389 1.611 1.288
Min 1.284 1.258 1.275 1.235
Difference 0.273 0.131 0.336 0.053




Ga O

Distribution of Ga_O
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Ga C

Ga C

Distribution of Ga_C
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Ga N

Ga N

Distribution of Ga_N
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Photoluminescence

Intensity (a.u.)

Intensity (a.u.)
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Polar Free Standing Bulk GaN
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Polar Thin Layer GaN on AI203
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Nonpolar Bulk GaN
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Nonpolar Thin Layer GaN on AL O,
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