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Table S1. Data for 0.25 ML PEG-5* on TiO2(001)
	ps
	
(eV)
	
(eV)
	
(undissociated)
(eV)
	
(eV)
	
(slab)
(eV)
	
(dissociated)
(eV)1)
	
(dissociated)
(eV)2)
	
(eV)3)
	
(eV)4)

	1
	-1212.22
	-992.80
	-212.28
	-471.25
	-257.34
	-207.36
	-207.36
	-1.63
	0.00

	2
	-1212.35
	-993.57
	-212.28
	-471.67
	-257.25
	-207.53
	-207.47
	-2.07
	-0.06

	3
	-1213.34
	-994.00
	-212.28
	-470.71
	-256.34
	-207.52
	-207.44
	-2.01
	-0.08

	4
	-1213.43
	-994.05
	-212.28
	-470.49
	-256.00
	-207.43
	-207.43
	-2.20
	-0.01

	5
	-1213.54
	-994.81
	-212.28
	-470.80
	-256.33
	-207.65
	-207.62
	-2.15
	-0.03

	6
	-1213.69
	-994.29
	-212.28
	-470.46
	-256.02
	-207.67
	-207.64
	-2.13
	-0.03

	7
	-1213.54
	-994.37
	-212.28
	-470.55
	-256.18
	-207.68
	-207.65
	-2.05
	-0.03

	8
	-1214.34
	-995.33
	-212.28
	-470.54
	-256.27
	-206.50
	-206.45
	-1.94
	-0.05

	9
	-1214.04
	-994.17
	-212.28
	-470.28
	-256.02
	-206.44
	-206.41
	-1.94
	-0.03

	10
	-1213.94
	-994.10
	-212.28
	-470.09
	-255.99
	-207.50
	-207.45
	-1.77
	-0.05

	Average
	-1213.44
	-994.15
	-212.28
	-470.68
	-256.37
	-207.33
	-207.29
	-1.99
	-0.04



Table S1. continued
	ps
	
(eV)5)
	
(eV)6)
	
/# of PEG
(eV/PEG)7)
	
/# of monomer
(eV/monomer)8)
	9)
	
/# of O in PEG*
(eV/monomer)10)
	
(ML)11)
	
(ML)12)
	N13)

	1
	-5.51
	-7.13
	-1.63 
	0.00
	10
	-0.92
	0.25
	0.75
	1

	2
	-4.37
	-6.50
	-2.07 
	-0.01
	8
	-0.73
	0.25
	0.75
	1

	3
	-4.96
	-7.06
	-2.01 
	-0.02
	10
	-0.83
	0.25
	0.75
	1

	4
	-4.89
	-7.10
	-2.20 
	0.00
	8
	-0.81
	0.25
	0.75
	1

	5
	-4.26
	-6.45
	-2.15 
	-0.01
	10
	-0.71
	0.25
	0.75
	1

	6
	-4.94
	-7.11
	-2.13 
	-0.01
	10
	-0.82
	0.25
	0.75
	1

	7
	-4.80
	-6.89
	-2.05 
	-0.01
	10
	-0.80
	0.25
	0.75
	1

	8
	-4.74
	-6.73
	-1.94 
	-0.01
	10
	-0.79
	0.25
	0.75
	1

	9
	-5.61
	-7.59
	-1.94 
	-0.01
	10
	-0.94
	0.25
	0.75
	1

	10
	-5.73
	-7.55
	-1.77 
	-0.01
	11
	-0.96
	0.25
	0.75
	1

	Average
	-4.98
	-7.01
	-1.99
	-0.01
	9.70
	-0.83
	0.25
	0.75
	1.00


1) Single point calculation for dissociated PEG where the structure and unit cell are from 
2) Single point calculation for dissociated PEG where the structure is from  in a large unit cell (no interactions between PEG)
3) 
4) 
5) 
6) 
7) 
8) 
9) the total hydrogen bond number between PEG* and surrounding H2O(l) molecules
10) 
11) the surface coverage of PEG* in the unit cell
12) the surface coverage of H2O* in the unit cell
13) the total number of desorbed H2O/unit cell during PEG adsorption



Table S2. Data for 0.50 ML PEG-5* on TiO2(001)
	ps
	
(eV)
	
(eV)
	
(undissociated)
(eV)
	
(eV)
	
(slab)
(eV)
	
(dissociated)
(eV)1)
	
(dissociated)
(eV)2)
	
(eV)3)
	
(eV)4)

	1
	-1265.23
	-827.32
	-212.28
	-686.28
	-256.08
	-416.33
	-207.42
	-4.26
	-1.36

	2
	-1265.78
	-828.00
	-212.28
	-685.67
	-255.34
	-416.35
	-207.51
	-4.43
	-1.34

	3
	-1266.60
	-828.80
	-212.28
	-685.04
	-254.94
	-416.18
	-207.47
	-4.29
	-1.24

	4
	-1266.29
	-829.00
	-212.28
	-685.10
	-255.05
	-416.32
	-207.55
	-4.26
	-1.23

	5
	-1266.05
	-828.75
	-212.28
	-685.12
	-254.96
	-416.17
	-207.44
	-4.30
	-1.30

	6
	-1266.54
	-829.27
	-212.28
	-685.09
	-254.78
	-416.36
	-207.48
	-4.35
	-1.39

	7
	-1266.75
	-829.27
	-212.28
	-685.20
	-254.95
	-416.38
	-207.49
	-4.28
	-1.40

	8
	-1266.29
	-828.80
	-212.28
	-685.10
	-255.01
	-416.38
	-207.39
	-3.93
	-1.59

	9
	-1266.67
	-829.17
	-212.28
	-684.86
	-254.93
	-416.04
	-207.52
	-4.37
	-0.99

	10
	-1266.73
	-829.59
	-212.28
	-685.05
	-254.88
	-416.49
	-207.52
	-4.15
	-1.45

	Average
	-1266.29
	-828.80
	-212.28
	-685.25
	-255.09
	-416.30
	-207.48
	-4.26
	-1.33



Table S2. continued
	ps
	
(eV)5)
	
(eV)6)
	
/# of PEG
(eV/PEG)7)
	
/# of monomer
(eV/monomer)8)
	9)
	
/# of O in PEG*
(eV/monomer)10)
	
(ML)11)
	
(ML)12)
	N 13)

	1
	-7.71
	-13.34
	-2.13 
	-0.14
	15
	-0.64
	0.50
	0.50
	2

	2
	-7.45
	-13.21
	-2.21 
	-0.13
	13
	-0.62
	0.50
	0.50
	2

	3
	-7.70
	-13.23
	-2.15 
	-0.12
	16
	-0.64
	0.50
	0.50
	2

	4
	-7.24
	-12.72
	-2.13 
	-0.12
	16
	-0.60
	0.50
	0.50
	2

	5
	-7.13
	-12.73
	-2.15 
	-0.13
	18
	-0.59
	0.50
	0.50
	2

	6
	-6.96
	-12.70
	-2.18 
	-0.14
	15
	-0.58
	0.50
	0.50
	2

	7
	-7.23
	-12.92
	-2.14 
	-0.14
	17
	-0.60
	0.50
	0.50
	2

	8
	-7.41
	-12.93
	-1.97 
	-0.16
	15
	-0.62
	0.50
	0.50
	2

	9
	-7.56
	-12.93
	-2.19 
	-0.10
	17
	-0.63
	0.50
	0.50
	2

	10
	-6.98
	-12.58
	-2.07 
	-0.15
	16
	-0.58
	0.50
	0.50
	2

	Average
	-7.34
	-12.93
	-2.13
	-0.13
	15.80
	-0.61
	0.50
	0.50
	2.00


1) Single point calculation for dissociated PEG where the structure and unit cell are from 
2) Single point calculation for dissociated PEG where the structure is from  in a large unit cell (no interactions between PEG)
3) 
4) 
5) 
6) 
7) 
8) 
9) the total hydrogen bond number between PEG* and surrounding H2O(l) molecules
10) 
11) the surface coverage of PEG* in the unit cell
12) the surface coverage of H2O* in the unit cell
13) the total number of desorbed H2O/unit cell during PEG adsorption



Table S3. Data for 0.75 ML PEG-5* on TiO2(001)
	ps
	
(eV)
	
(eV)
	
(undissociated)
(eV)
	
(eV)
	
(slab)
(eV)
	
(dissociated)
(eV)1)
	
(dissociated)
(eV)2)
	
(eV)3)
	
(eV)4)

	1
	-1301.51
	-651.72
	-212.28
	-899.23
	-254.17
	-625.16
	-207.34
	-5.08
	-3.13

	2
	-1301.28
	-652.37
	-212.28
	-899.39
	-254.34
	-625.86
	-207.25
	-4.08
	-4.12

	3
	-1302.00
	-651.80
	-212.28
	-899.34
	-254.33
	-625.81
	-207.32
	-4.28
	-3.87

	4
	-1302.22
	-652.22
	-212.28
	-899.54
	-254.27
	-626.33
	-207.42
	-4.36
	-4.07

	5
	-1302.52
	-652.17
	-212.28
	-899.42
	-254.07
	-626.36
	-207.57
	-4.85
	-3.65

	6
	-1302.80
	-652.43
	-212.28
	-899.59
	-254.48
	-626.17
	-207.44
	-4.41
	-3.84

	7
	-1302.84
	-653.74
	-212.28
	-899.42
	-255.36
	-626.73
	-207.86
	-4.06
	-3.15

	8
	-1302.47
	-652.46
	-212.28
	-899.33
	-254.40
	-626.85
	-207.90
	-4.93
	-3.15

	9
	-1302.83
	-653.04
	-212.28
	-899.58
	-254.36
	-626.65
	-207.90
	-5.42
	-2.94

	10
	-1302.69
	-652.93
	-212.28
	-899.41
	-254.40
	-626.71
	-207.92
	-5.21
	-2.95

	Average
	-1302.32
	-652.49
	-212.28
	-899.42
	-254.42
	-626.26
	-207.59
	-4.67
	-3.49



Table S3. continued
	ps
	
(eV)5)
	
(eV)6)
	
/# of PEG
(eV/PEG)7)
	
/# of monomer
(eV/monomer)8)
	9)
	
/# of O in PEG*
(eV/monomer)10)
	
(ML)11)
	
(ML)12)
	N 13)

	1
	-4.72
	-12.93
	-1.69 
	-0.21
	13
	-0.26
	0.75
	0.25
	3

	2
	-3.86
	-12.06
	-1.36 
	-0.27
	9
	-0.21
	0.75
	0.25
	3

	3
	-5.20
	-13.35
	-1.43 
	-0.26
	12
	-0.29
	0.75
	0.25
	3

	4
	-4.72
	-13.15
	-1.45 
	-0.27
	11
	-0.26
	0.75
	0.25
	3

	5
	-4.99
	-13.49
	-1.62 
	-0.24
	11
	-0.28
	0.75
	0.25
	3

	6
	-5.26
	-13.51
	-1.47 
	-0.26
	11
	-0.29
	0.75
	0.25
	3

	7
	-5.05
	-12.25
	-1.35 
	-0.21
	13
	-0.28
	0.75
	0.25
	3

	8
	-5.08
	-13.17
	-1.64 
	-0.21
	13
	-0.28
	0.75
	0.25
	3

	9
	-4.57
	-12.94
	-1.81 
	-0.20
	12
	-0.25
	0.75
	0.25
	3

	10
	-4.75
	-12.91
	-1.74 
	-0.20
	12
	-0.26
	0.75
	0.25
	3

	Average
	-4.82
	-12.98
	-1.56
	-0.23
	11.70
	-0.27
	0.75
	0.25
	3.00


1) Single point calculation for dissociated PEG where the structure and unit cell are from 
2) Single point calculation for dissociated PEG where the structure is from  in a large unit cell (no interactions between PEG)
3) 
4) 
5) 
6) 
7) 
8) 
9) the total hydrogen bond number between PEG* and surrounding H2O(l) molecules
10) 
11) the surface coverage of PEG* in the unit cell
12) the surface coverage of H2O* in the unit cell
13) the total number of desorbed H2O/unit cell during PEG adsorption



Table S4. Data for 1.00 ML PEG-5* on TiO2(001)
	ps
	
(eV)
	
(eV)
	
(undissociated)
(eV)
	
(eV)
	
(slab)
(eV)
	
(dissociated)
(eV)1)
	
(dissociated)
(eV)2)
	
(eV)3)
	
(eV)4)

	1
	-1351.16
	-490.87
	-212.28
	-1113.14
	-254.76
	-838.87
	-212.08
	-4.48
	-4.77

	2
	-1351.70
	-491.03
	-212.28
	-1113.07
	-254.28
	-839.25
	-212.04
	-4.18
	-5.48

	3
	-1351.69
	-491.44
	-212.28
	-1113.09
	-254.30
	-839.06
	-212.00
	-4.55
	-5.11

	4
	-1351.78
	-491.14
	-212.28
	-1111.98
	-253.22
	-839.15
	-211.98
	-4.72
	-4.91

	5
	-1352.16
	-491.69
	-212.28
	-1112.61
	-253.59
	-839.55
	-212.01
	-5.04
	-4.84

	6
	-1353.00
	-492.26
	-212.28
	-1112.30
	-253.30
	-839.49
	-211.88
	-4.59
	-5.29

	7
	-1352.77
	-491.97
	-212.28
	-1111.68
	-252.95
	-839.24
	-211.99
	-5.93
	-3.67

	8
	-1352.90
	-492.13
	-212.28
	-1111.48
	-252.74
	-839.17
	-211.94
	-6.07
	-3.53

	9
	-1352.90
	-492.36
	-212.28
	-1111.81
	-252.95
	-839.58
	-212.01
	-5.86
	-3.87

	10
	-1352.97
	-492.30
	-212.28
	-1111.79
	-252.84
	-839.57
	-212.02
	-6.03
	-3.79

	Average
	-1352.30
	-491.72
	-212.28
	-1112.29
	-253.49
	-839.29
	-211.99
	-5.14
	-4.52



Table S4. continued
	ps
	
(eV)5)
	
(eV)6)
	
/# of PEG
(eV/PEG)7)
	
/# of monomer
(eV/monomer)8)
	9)
	
/# of O in PEG*
(eV/monomer)10)
	
(ML)11)
	
(ML)12)
	N 13)

	1
	-1.90
	-11.15
	-1.12 
	-0.24
	9
	-0.08
	1.00
	0.00
	4

	2
	-1.88
	-11.54
	-1.04 
	-0.27
	9
	-0.08
	1.00
	0.00
	4

	3
	-1.46
	-11.12
	-1.14 
	-0.26
	8
	-0.06
	1.00
	0.00
	4

	4
	-1.88
	-11.51
	-1.18 
	-0.25
	6
	-0.08
	1.00
	0.00
	4

	5
	-1.46
	-11.34
	-1.26 
	-0.24
	7
	-0.06
	1.00
	0.00
	4

	6
	-1.73
	-11.60
	-1.15 
	-0.26
	7
	-0.07
	1.00
	0.00
	4

	7
	-2.07
	-11.67
	-1.48 
	-0.18
	8
	-0.09
	1.00
	0.00
	4

	8
	-2.04
	-11.64
	-1.52 
	-0.18
	8
	-0.08
	1.00
	0.00
	4

	9
	-1.67
	-11.40
	-1.47 
	-0.19
	6
	-0.07
	1.00
	0.00
	4

	10
	-1.72
	-11.54
	-1.51 
	-0.19
	6
	-0.07
	1.00
	0.00
	4

	Average
	-1.78
	-11.45
	-1.29
	-0.23
	7.40
	-0.07
	1.00
	0.00
	4.00


1) Single point calculation for dissociated PEG where the structure and unit cell are from 
2) Single point calculation for dissociated PEG where the structure is from  in a large unit cell (no interactions between PEG)
3) 
4) 
5) 
6) 
7) 
8) 
9) the total hydrogen bond number between PEG* and surrounding H2O(l) molecules
10) 
11) the surface coverage of PEG* in the unit cell
12) the surface coverage of H2O* in the unit cell
13) the total number of desorbed H2O/unit cell during PEG adsorption



Table S5. Data for  of PEG-5* on TiO2(001) 
	Coverage (ML)
	
(eV)1)
	
(eV)1)
	
(eV)1)
	 (eV)1)
	 (eV)
	 (eV)2)
	1), 3)
	H2O* desorption energy
(eV/H2O)
	Total H2O* desorption energy
(eV)4)
	 (eV)5)
	(n) (eV)6)

	0.25
	-1.99
	-0.04
	-4.98
	-7.01
	0.17
	2.29
	1
	0.08
	0.08
	-4.47
	-4.47

	0.50
	-4.26
	-1.33
	-7.34
	-12.93
	0.34
	4.58
	2
	0.08
	0.16
	-7.85
	-3.38

	0.75
	-4.67
	-3.49
	-4.82
	-12.98
	0.50
	6.87
	3
	0.08
	0.24
	-5.37
	2.48

	1.00
	-5.14
	-4.52
	-1.78
	-11.45
	0.67
	9.16
	4
	0.08
	0.32
	-1.30
	4.07


1) the values are from Tables S1-S4 in the SI ()
2) The values were adopted from Ref. [10] in the main text.
3) the total number of desorbed H2O*/unit cell during PEG adsorption
4) Total H2O* desorption energy =  × H2O* desorption energy
5) 
6) , where n is the number of adsorbed PEG-5 molecules in the unit cell. Here, n = 1, 2, 3, and 4 correspond to PEG-5 coverages of 0.25, 0.50, 0.75, and 1.00 ML, respectively. 



Table S6. Mean ± standard deviation of PEG adsorption free energies calculated from AIMD-sampled snapshots at different PEG coverages.
	PEG coverage (ML)
	PEG* adsorption free energy (eV)

	0.25
	−4.60 ± 0.39

	0.50
	−8.11 ± 0.25

	0.75
	−5.76 ± 0.46

	1.00
	−1.82 ± 0.19





Table S7. GPR-interpolated PEG adsorption free energies and 95% bootstrap confidence intervals at different PEG coverages
	PEG coverage (ML)
	GPR-interpolated free energy (eV)
	95% bootstrap CI (eV)
	CI width (eV)

	0.25
	−4.60
	[−4.83, −4.36]
	0.47

	0.50
	−8.10
	[−8.25, −7.95]
	0.30

	0.75
	−5.76
	[−6.03, −5.44]
	0.58

	1.00
	−1.83
	[−1.94, −1.70]
	0.24





Table S8. Minimum of the GPR-interpolated PEG adsorption free energy profile
	Parameter
	Value

	PEG* coverage at the interpolated minimum (ML)
	0.51

	GPR-interpolated adsorption free energy (eV)
	−8.11

	95% bootstrap confidence interval (eV)
	[−8.26, −7.96]


* The minimum was identified from the GPR-interpolated free energy profile within the sampled coverage range and should not be interpreted as an independent prediction beyond the examined coverages.



Table S9. Optimized kernel and training-fit diagnostics for the GPR interpolation model
	Metric
	Value

	Optimized kernel
	0.992 × RBF(length scale = 0.10) + WhiteKernel(noise level = 0.02)

	Training RMSE (eV)
	0.33

	Training R²
	0.98


*The GPR interpolation model yielded a training-fit R2 of 0.98 and a training RMSE of 0.33 eV. These values are reported only as fitting diagnostics for the interpolation model, not as independent predictive performance metrics.


