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APPENDICES

Appendix A Experimental data of contact angle study.

Table A1 Contact angle o f saturated CaC)2 solution containing subsaturated NaDS 
in the system with various concentrations o f NaCl added

NaDS concentration (mM)
Contact Angle

0.00 M NaCl 0.01 M NaCl 0.03 M NaCl
0 89.9 83.7 81.4

0.5 85.2 74.1 72.4
1.0 77.7 71.5 63.5
1.5 70.8 65.5 59.7
2.0 65.9 57.7 53.6
2.5 59.4 53.9 45.5
3.0 54.4 50.5 41.2
3.5 53.0 43.9 40.7
4.0 51.2 41.3 40.9
4.5 49.3 39.9 40.9
5.0 47.5 40.0 41.0
5.5 46.5 40.0 41.5
6.0 44.0 39.9 41.4
6.5 43.5 40.4 42.1
7.0 43.0 41.0 41.9
7.5 43.0 41.3 42.4
8.0 43.1 41.9 42.3
8.5 43.0 42.5 42.6
9.0 43.3 42.7 42.3
9.5 43.9 42.9 42.4
10.0 43.8 43.0 42.3
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NaDS concentration (mM)
Contact Angle

0.00 M NaCl 0.01 M NaCl 0.03 M NaCl
11.0 44.2 43.3 42.5
12.0 43.9 43.2 42.8
13.0 44.6 43.9 43.0
14.0 45.0 44.1 43.2
15.0 44.9 43.8 42.7

Table A2 Contact angle o f saturated CaCi2 solution containing subsaturated NPE

NPE concentration (|uM) Contact Angle
0 89.2
10 86.4
20 84.1
30 78.9
40 70.9
50 69.4
60 68.8
70 66.3
80 62.1
90 62.3
100 63.1
110 62.0
120 63.6
130 63.4
140 64.4
150 63.3
160 64.2
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NPE concentration (gM) Contact Angle
170 62.8
180 64.0
190 63.3
200 63.2

Table A3 Contact angle o f saturated CaCi2 solution containing subsaturated NaCg

NaCg concentration (mM) Contact Angle
0 85.6

20 70.0
40 62.1
60 50.8
80 46.5
100 45.6
120 45.3
140 41.8
160 40.7
180 38.3
200 36.6
220 35.8
240 33.9
260 33.5
280 31.5
300 31.2
320 31.5
340 31.9
360 32.1
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NaCg concentration (mM) Contact Angle
380 32.2
400 31.1



Appendix B Experimental data of surface tension measurement. 

Table B1 Surface tension o f aqueous solution o f NaDS

NaDS concentration (mM) Surface Tension (mN/m)
0 72.34

0.5 68.73
1.0 66.34
1.5 63.47
2.0 60.57
2.5 57.30
3.0 55.41
3.5 52.17
4.0 50.29
4.5 48.87
5.0 46.83
5.5 45.11
6.0 43.73
6.5 41.55
7.0 40.67
7.5 39.62
8.0 38.47
8.5 38.23
9.0 38.64
9.5 38.21
10.0 38.16
1 1.0 38.47
12.0 38.22
13.0 38.27
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NaDS concentration (mM) Surface Tension (mN/m)
14.0 38.48
15.0 38.28

Table B2 Surface tension o f saturated CaCi2 solution containing subsaturated NaDS 
in the system with various NaCl added

NaDS concentration 
(mM)

Surface Tension (mN/m)
0.00 M NaCl 0.01 M NaCl 0.03 M NaCl

0 70.42 70.41 70.58
0.5 62.09 55.60 49.99
1.0 55.09 49.65 46.24
1.5 51.54 46.74 41.44
2.0 48.71 42.90 39.33
2.5 45.19 41.67 36.05
3.0 41.88 40.34 34.38
3.5 40.37 38.32 34.40
4.0 39.85 36.63 34.51
4.5 38.75 34.82 34.59
5.0 38.26 34.80 34.87
5.5 37.35 34.88 34.73
6.0 35.95 34.96 34.72
6.5 36.05 35.08 34.75
7.0 35.37 35.11 34.57
7.5 35.38 35.25 34.39
8.0 35.41 35.42 34.52
8.5 35.72 35.23 34.49
9.0 36.05 35.32 34.66
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NaDS concentration 
(mM)

Surface Tension (mN/m)
0.00 M NaCl 0.01 M NaCl 0.03 M NaCl

9.5 36.62 35.35 34.50
10.0 37.28 35.33 34.26
11.0 37.53 35.53 34.78
12.0 37.10 35.53 34.70
13.0 37.22 35.56 34.34
14.0 37.19 35.93 34.14
15.0 37.49 35.68 34.35

Table B3 Surface tension o f aqueous solution o f NPE

NPE concentration (pM) Surface Tension (mN/m)
0 72.51
10 63.77
20 59.37
30 49.49
40 42.73
50 39.56
60 38.34
70 35.03
80 33.46
90 32.54
100 32.80
110 32.74
120 32.47
130 32.25
140 32.24
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NPE concentration (|iM) Surface Tension (mN/m)
150 32.22
160 32.15
170 32.15
180 32.25
190 32.11
200 32.15

Table B4 Surface tension o f saturated CaCi2 solution containing subsaturated NPE

NPE concentration (|J.M) Surface Tension (mN/m)
0 71.26
10 54.06
20 44.87
30 41.91
40 37.46
50 36.50
60 34.57
70 32.99
80 32.54
90 32.39
100 32.09
110 32.10
120 32.09
130 32.06
140 32.07
150 32.01
160 32.1 1



NPE concentration (q.M) Surface Tension (mN/m)
170 32.09
180 32.16
190 32.08
200 32.11

Table B5 Surface tension o f aqueous solution o f NaCg

NaCg concentration (mM) Surface Tension (mN/m)
0 72.38

20 66.21
40 58.30
60 51.96
80 48.04
100 44.18
120 41.23
140 36.87
160 36.15
180 33.85
200 31.92
220 30.17
240 28.98
260 27.20
280 26.69
300 26.19
320 26.22
340 26.66
360 26.84
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NaCg concentration (mM) Surface Tension (raN/m)
380 27.86
400 28.27

Table B6 Surface tension o f  saturated CaCi2 solution containing subsaturated NaCg

NaCg concentration (mM) Surface Tension (mN/m)
0 70.80

20 60.93
40 53.95
60 49.01
80 46.34
100 41.73
120 39.10
140 36.83
160 34.45
180 32.59
200 31.07
220 29.73
240 28.06
260 27.37
280 26.12
300 25.62
320 26.08
340 26.55
360 26.74
380 27.60
400 28.77
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Appendix c Experimental data of adsorption study.

Table Cl Adsorption o f NaDS on CaCi2 in the system without NaCl added

Initial NaDS concentration Equilibrium NaDS concentration NaDS Adsorbed
(mM) (mM) (pmole/g)

1.0 0.85 5.81
1.5 1.29 8.40
2.0 1.62 15.20
2.5 2.03 18.64
3.0 2.41 23.49
3.5 2.68 32.77
4.0 3.04 38.56
4.5 3.45 42.00
5.0 3.88 44.80
5.5 4.17 53.20
6.0 4.46 61.60
6.5 4.87 65.20
7.0 5.14 74.57
7.5 5.61 75.67
8.0 6.04 78.55
8.5 6.43 82.80
9.0 6.90 84.00
9.5 7.20 91.92
10.0 7.81 87.60
11.0 8.70 92.00
12.0 9.65 94.00
13.0 10.54 98.40
14.0 11.48 100.80
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Initial NaDS concentration 
(raM)

Equilibrium NaDS concentration 
(raM)

NaDS Adsorbed 
(pmole/g)

15.0 12.39 104.40

Table C2 Adsorption o f  NaDS on CaCi2 in the system with 0.01 NaCl added

Initial NaDS concentration Equilibrium NaDS 
concentration NaDS Adsorbed

(raM) (raM) (pmole/g)
1.0 0.64 14.4
1.5 1.11 15.6
2.0 1.63 14.8
2.5 1.97 21.2
3.0 2.36 25.6
3.5 2.61 35.6
4.0 2.73 50.8
4.5 3.07 57.2
5.0 3.44 62.4
5.5 3.90 64.0
6.0 4.16 73.6
6.5 4.58 76.8
7.0 5.08 76.8
7.5 5.49 80.4
8.0 5.94 82.4
8.5 6.36 85.6
9.0 6.78 88.8
9.5 7.23 90.8
10.0 7.70 92.0
11.0 8.47 101.2
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Initial NaDS 
concentration

(mM)
Equilibrium NaDS concentration 

(mM)
NaDS Adsorbed 

(pmole/g)
12.0 9.48 100.8
13.0 10.18 112.8
14.0 11.16 113.6
15.0 12.09 116.4

Table C3 Adsorption o f NaDS on CaC )2 in the system with 0.03 NaCl added

Initial NaDS concentration Equilibrium NaDS concentration NaDS Adsorbed
(mM) (mM) (pmole/g)

1.0 0.59 16.31
1.5 0.70 32.15
2.0 1.09 36.53
2.5 1.30 47.95
3.0 1.69 52.34
3.5 2.01 59.68
4.0 2.38 64.98
4.5 2.93 62.80
5.0 3.23 70.98
5.5 3.71 71.71
6.0 4.21 71.45
6.5 4.58 76.73
7.0 5.01 79.65
7.5 5.46 81.62
8.0 5.90 83.90
8.5 6.35 86.16
9.0 6.76 89.57
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Initial NaDS concentration Equilibrium NaDS oncentration NaDS Adsorbed
(mM) (mM) (pmole/g)

9.5 7.31 87.57
10.0 7.75 89.92
11.0 8.43 102.80
12.0 9.30 108.09
13.0 10.29 108.53
14.0 11.17 113.03
15.0 11.81 127.40

Table C4 Adsorption o f NPE on CaCi2 surface

Initial NPE concentration Equilibrium NPE concentration NPE Adsorbed
(pM) (pM) (pmole/g)

20 16.43 0.14
30 21.66 0.33
40 28.23 0.47
50 36.02 0.56
60 38.76 0.85
70 43.47 1.06
80 45.56 1.38
90 55.33 1.39
100 60.91 1.56
110 69.51 1.62
120 71.31 1.95
130 74.57 2.22
140 79.69 2.41
150 83.93 2.64



Initial NPE concentration Equilibrium NPE concentration NPE Adsorbed
(pM) (pM) ((amole/g)
160 92.71 2.69
170 105.62 2.58
180 117.88 2.48
190 125.03 2.60
200 134.28 2.63
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Appendix D Correlation of measured contact angle and liquid/vapor interfacial 
tension to Young’s equation.

Table D1 The contact angle as a function o f  reciprocal o f  liquid/vapor interfacial tension 
o f  mixed surfactant solution between saturated CaCi2 and subsaturated NaDS in the 
system without NaCl added

NaDS concentration (mM) cos 0 1 / y  LV

0 0.0034 0.0142
0.5 0.0853 0.0161
1.0 0.2146 0.0182
1.5 0.3295 0.0194
2.0 0.4097 0.0205
2.5 0.5095 0.0221
3.0 0.5832 0.0239
3.5 0.6029 0.0248
4.0 0.6270 0.0251
4.5 0.6524 0.0258
5.0 0.6765 0.0261
5.5 0.6893 0.0268
6.0 0.7196 0.0278
6.5 0.7256 0.0277
7.0 0.7322 0.0283
7.5 0.7316 0.0283
8.0 0.7310 0.0282
8.5 0.7316 0.0280
9.0 0.7280 0.0277
9.5 0.7214 0.0273
10.0 0.7226 0.0268
11.0 0.7178 0.0266
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NaDS concentration (mM) cos 0 1 / Y l v

12.0 0.7214 0.0270
13.0 0.7129 0.0269
14.0 0.7080 0.0269
15.0 0.7092 0.0267

Table D2 The contact angle as a function o f reciprocal o f  liquid/vapor interfacial tension 
o f mixed surfactant solution between saturated CaCi2 and subsaturated NaDS in the 
system with 0.01 M NaCl added

NaDS concentration (mM) cos 0 1 / Y l v

0 0.1113 0.0142
0.5 0.2746 0.0180
1.0 0.3187 0.0201
1.5 0.4152 0.0214
2.0 0.5355 0.0233
2.5 0.5903 0.0240
3.0 0.6371 0.0248
3.5 0.7214 0.0261
4.0 0.7515 0.0273
4.5 0.7674 0.0287
5.0 0.7668 0.0287
5.5 0.7668 0.0287
6.0 0.7680 0.0286
6.5 0.7618 0.0285
7.0 0.7549 0.0285
7.5 0.7515 0.284
8.0 0.7515 0.0282
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NaDS concentration (mM) cos 0 1 / Y l v

8.5 0.7381 0.0284
9.0 0.7358 0.0283
9.5 0.7334 0.0283
10.0 0.7322 0.0283
11.0 0.7286 0.0281
12.0 0.7298 0.0281
13.0 0.7208 0.0281
14.0 0.7190 0.0278
15.0 0.7220 0.0280

Table D3 The contact angle as a function o f reciprocal o f  liquid/vapor interfacial tension 
o f mixed surfactant solution between saturated CaCi2 and subsaturated NaDS in the 
system with 0.03 M NaCl added

NaDS concentration (mM) cos 0 1 / Y l v

0 0.1502 0.0142
0.5 0.3026 0.0200
1.0 0.4472 0.0216
1.5 0.5050 0.0241
2.0 0.5945 0.0254
2.5 0.7012 0.0277
3.0 0.7532 0.0291
3.5 0.7581 0.0291
4.0 0.7564 0.0290
4.5 0.7565 0.0289
5.0 0.7549 0.0287
5.5 0.7498 0.0288
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NaDS concentration (mM) cos 0 1 / Y l v

6.0 0.7504 0.0288
6.5 0.7422 0.0288
7.0 0.7443 0.0289
7.5 0.7387 0.0291
8.0 0.7402 0.0290
8.5 0.7364 0.0290
9.0 0.7405 0.0289
9.5 0.7393 0.0290
10.0 0.7402 0.0292
11.0 0.7375 0.0288
12.0 0.7346 0.0288
13.0 0.7313 0.0291
14.0 0.7298 0.0293
15.0 0.7352 0.0291

Table D4 The contact angle as a function o f reciprocal o f liquid/vapor interfacial tension 
o f mixed surfactant solution between saturated CaC , 2 and NPE

NPE concentration (pM) cos 9 1 / Y l v

0 0.0148 0.0140
10 0.0641 0.0185
20 0.1035 0.0223
30 0.1938 0.0239
40 0.3284 0.0267
50 0.3530 0.0274
60 0.3622 0.0289
70 0.4020 0.0303
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NPE concentration (p.M) cos 0 1/Ylv
80 0.4679 0.0307
90 0.4653 0.0309
100 0.4529 0.0312
110 0.4700 0.0312
120 0.4451 0.0312
130 0.4477 0.0312
140 0.4326 0.0312
150 0.4493 0.0312
160 0.4352 0.0311
170 0.4581 0.0312
180 0.4394 0.0311
190 0.4493 0.0312
200 0.4509 0.0311

Table D5 The contact angle as a function o f reciprocal o f liquid/vapor interfacial tension 
o f mixed surfactant solution between saturated CaCi2 and NaCs

NaCs concentration (mM) cos 9 1 /Y l v

0 0.0769 0.0141
20 0.3421 0.0164
40 0.4684 0.0185
60 0.6328 0.0204
80 0.6882 0.0216
100 0.7004 0.0240
120 0.7037 0.0256
140 0.7461 0.0272
160 0.7580 0.0290



NaCg concentration (mM) cos 9 1 /Y l v

180 0.7850 0.0307
200 0.8030 0.0322
220 0.8112 0.0336
240 0.8305 0.0356
260 0.8344 0.0365
280 0.8531 0.0383
300 0.8552 0.0390
320 0.8525 0.0383
340 0.8494 0.0377
360 0.8473 0.0374
380 0.8460 0.0362
400 0.8561 0.0348



Appendix E Calculation of solid/liquid interfacial tension.

Table El The reduction o f  solid/liquid surface tension as a function o f  NaDS 
concentration in the system without NaCl added

NaDS concentration (mM) Y °s l -Y s l

0.5 5.06
1.0 11.58
1.5 16.74
2.0 19.71
2.5 22.78
3.0 24.19
3.5 24.10
4.0 24.74
4.5 25.04
5.0 25.64
5.5 25.50
6.0 25.63
6.5 25.92
7.0 25.66
7.5 25.64
8.0 25.65
8.5 25.89
9.0 26.01
9.5 26.18
10.0 26.70
11.0 26.70
12.0 26.52
13.0 26.29



NaDS concentration (mM) Y ° S L “Y  s l

14.0 26.09
15.0 26.35

Table E2 The reduction o f solid/liquid surface tension as a function o f  NaDS 
concentration in the system with 0.01 M NaCl added

NaDS concentration (mM) Y°sl-Ysl
0.5 7.43
1.0 7.99
1.5 11.57
2.0 15.13
2.5 16.76
3.0 17.86
3.5 19.81
4.0 19.69
4.5 18.88
5.0 18.84
5.5 18.91
6.0 19.01
6.5 18.89
7.0 18.67
7.5 18.65
8.0 18.53
8.5 18.16
9.0 18.15
9.5 18.09
10.0 18.03



NaDS concentration (mM) Y°sl-Ysl
11.0 18.05
12.0 18.09
13.0 17.80
14.0 17.99
15.0 17.92

Table E3 The reduction o f solid/liquid surface tension as a function o f NaDS 
concentration in the system with 0.03 M NaCl added

NaDS concentration (mM) Y°sl-Ysl
0.5 4.52
1.0 10.08
1.5 10.32
2.0 12.78
2.5 14.67
3.0 15.29
3.5 15.47
4.0 15.49
4.5 15.56
5.0 15.72
5.5 15.44
6.0 15.45
6.5 15.19
7.0 15.12
7.5 14.80
8.0 14.94
8.5 14.79



NaDS concentration (mM) Y°sl-Ysl
9.0 15.06
9.5 14.90
10.0 14.76
11.0 15.04
12.0 14.89
13.0 14.51
14.0 14.31
15.0 14.65

Table E4 The reduction o f solid/liquid surface tension as a function o f  NPE 
concentration

NPE concentration (pM) Y°sl-Ysl
10 2.42
20 3.59
30 7.07
40 11.25
50 11.83
60 11.47
70 12.21
80 14.18
90 14.02
100 13.48
110 14.03
120 13.23
130 13.31
140 12.82



NPE concentration (|iM) Y ° s l ~Y s l

150 13.33
160 12.92
170 13.65
180 13.08
190 13.36
200 13.43

Table E5 The reduction o f  solid/liquid surface tension as a function o f NaC8 
concentration

NaC8 concentration (mM) Y°sl-Ysl
20 15.40
40 19.82
60 25.57
80 26.45
100 23.78
120 22.07
140 22.03
160 20.67
180 20.14
200 19.51
220 18.67
240 17.86
260 17.40
280 16.84
300 16.46
320 16.79



NaC8 concentration (mM) Y°sl-Ysl
340 17.11
360 17.21
380 17.91
400 19.19
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