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APPENDICES

APPENDIX A
Experimental Data of Contact Angle for Non-Stoichiometrie Ratios of
Surfactant and Counterion

Table A-1 rile contact angle of sodium dodecyl sulfate (NaDS).
[Na] =4.05 M, [DS] = 144 x 104M

Volume (pL) Advancing angle Receding angle
20 64.9 141
30 65.4 254
40 66.5 324
50 66.9 414
60 69 504
10 67.6 585

Table A-2 The contact angle of sodium dodecyl sulfate (NaDS).
[Na] = 1.25 M, [DS] = 2.10x1 O4M

Volume (pL) Advancing angle Receding angle
20 50 4
30 514 113
40 50.1 23
50 484 21
60 48.6 .1
10 49.4 39.8

7148  64-CS



Table A-3 The contact angle of sodium dodecyl sulfate (NaDS).
[NaJ=254 M, [ ]=185 x104M

Volume (fiL)
20
30
40
50
60
10

Advancing angle

57.2
53.5
55.9
51.9
573
55.8

Receding angle
9.4
18.7
214
385
41.6
50.2

Table A-4 The contact angle of sodium dodecyl sulfate (NaDS).
[Nal=284 M, [ ]=239x 104M

Volume (|.IL)
20
30
40
50
60
10

Advancing angle

578
571.5
574
D
58.6
56.3

Receding angle

9.5
201
29.2
35.3
48.8
54.8

Table A-5 The contact angle of sodium dodecyl sulfate (NaDS).
[Na] =151 M, [ ]= 154 x 104M

Volume (qiL)
20
30
40
50
60
10

Advancing angle

538
52.2
55.2
54.8
53.2
573

Receding angle
114
177
293
35.9
45.1
53.6

36



Table A-6 The contact angle of sodium dodecyl sulfate (NaDS).
[Na]= LB M, [ ]=172x104M

Volume (fiL) Advancing angle Receding angle
20 53.6 15
30 50.7 183
40 53.2 24.2
50 53.6 311
60 539 42.9
10 56.9 49.8

Table A-7 The contact angle of calcium dodecyl sulfate (CaD$).
ICal=923 x 104M. [ 1= 194 x 104M

Volume (jiy Advancing angle Receding angle
20 42.8 16.9
30 433 236
40 435 28.1
50 45.7 349
60 43.6
10 48.7

Table A-8 The contact angle of calcium dodecyl sulfate (CaD™.
[Ca] =2.00 x 104M. [ 1=364x 104M

Volume (gL) Advancing angle Receding angle
20 399 6.6
30 448 16
40 48.6 24.4
50 46.4 3.3
60 479 3712

10 412

37



Table A-9 The contact angle of calcium dodecyl sulfate (CaDS).
[Ca] =4.49 x 104 M. [DS] = 211 x 104M

Volume (L) Advancing angle Receding angle
20 53.6 158
30 50.1 24.2
40 50.6 30.3
50 46.1 35.9
60 46.4 431
10 49.6

Table A-10 The contact angle of calcium dodceyl sulfate (CaDs).
[Cal=873 X104 M. [DS] = 101 X 10'3M

Volume (giL) Advancing angle Receding angle
20 46.8
30 49.7 16
40 414 14.6
50 412 26.9
60 483 384
10 48.6

Table A-I' 1 The contact angle of calcium dodceyl sulfate (CaDs).
[Ca] = 8.38 x 104 M. [DS] = 4.72 x 104 M

Volume (|iL) Advancing angle Receding angle
20 43.6 2
30 436 49
40 428 176
50 43.2 28.7
60 42.6 341

10 432 38.5
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Table A-12 The contact angle of calcium dodecyl sulfate (CaDS).
[Ca] = 7.06 x 10"IM. [DS] = 5.60 x 104M

Volume (giL) Advancing angle Receding angle
20 48.8 4
30 412 15
40 47 19.7
50 46.2 28.7
60 471 36.7
10 46 438

Table A-13 The contact angle of sodium tetradecyl sulfate (NaTS).
[Na] = 113 x 10 "M. [TS1= 106 x 10'3M

Volume (juL) Advancing angle Receding angle
20 47.2
30 5 9.7
40 45 24.1
50 448 32.6
60 ol 3711
10 4.1 412

Tahle A-14 The contact angle of sodium tetradecyl sulfate (NaTS)
[Na] = 7.83 x 10-" M. [TS] = 6.66 x 104 M

Volume (JuL) Advancing angle Receding angle
20 49 8.4
30 476 173
40 48 223
50 46.6 326
60 48.9 36.2

10 49.4 43



Table A-15 The contact angle of sodium tetradecyl sulfate (NaTS)
[Na] =5.65 x nr M. [TS] =651 x 104M

Volume ((.if) Advancing angle Receding angle
20 49.7 6.5
30 517 13
40 48.8 233
50 49.6 21.3
60 49.4 36.9
10 bLT 42

Table A-16 The contact angle of sodium tetradecyl sulfate (NaTS)
[Na] = 1.43 x 10" M. [TS] = 8.65 x 10 4M

Volume ((d.) Advancing angle Receding angle
20 512 116
30 514 195
40 515 283
50 498 339
60 524 40.9
10 533 477

Table A-17 The contact angle of sodium tetradecyl sul ate (NaTS).
[NaJ = 2.17 x 109 M. [TS] = 8.54 x 104M

Volume ((IL) Advancing angle Receding angle
20 BT 1.7
30 49.4 13
40 484 213
50 49.8 288
60 48.9 38.6

10 48.4 459



Table A-18 The contact angle of sodium tetradecyl sulfate (NaTS)
[Na] =2.09 x IC' M. [TS] = 110 x 103M

Volume (giL)
20
30
40
50
60
10

Advancing angle

501
48.8
48.6
49.5
51.8
50.2

Receding angle
9
19.2
30
35.3
41.2
48.2

‘able A-19 The contact angle of calcium tetradecy sulfate (CaTS).
[Ca] =6.09 x 104M,[ ]=126xI(rdM

Volume (fiL)
20
30
40
50
60
10

Advancing angle

49.4
51.6
54.2
i
50.2

Receding angle
10
172
23.9
41.2
40.1

‘able A-20 The contact angle of calcium tetradecy sulfate (CaT$).
[Ca] =299 x 104M.[ 1=108x 104M

Volume (fiL)
20
30
40
50
60
10

Advancing angle
55.1
56.4
52.9
52.8
50
49.7

Receding angle
39
138
23.7
26.7
30
32,6

41
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Table A-21  The contact angle of calcium tetradecyl sulfate (CaTs)
[Ca] = 3.29 x 104 M. [1§] = 102 x 104M

Volume (J.iL) Advancing angle Receding angle
20 46.8
30 414 55
40 49.2 168
50 432 29.7
60 52.1 3H7
10 49.6 418

Table A-22 The contact angle of calcium tetradecyl sulfate (CaT$).
[Ca] = 122 x 1tr M. [1§] = 110 x 104M

Volume (giL) Advancing angle Receding angle
20 45
30 50.9
40 434 8.9
50 42 16.6
60 46.1 234
10 41.2 349

Table A-23 The contact angle of calcium tetradecyl sulfate (CaT$)
[Ca]=6.11 x )-AM. [TS] = L12 x 104M

Volume (FIL) Advancing angle Receding angle
20 476
30 49.9 112
40 445 13
50 43.7 4
60 36.5 29.1

10 39.1 334
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Table A-24 The contact angle of calcium tetradecyl sulfate (CaT$).
[Cal=7.88 x 104 M. [TS] = 9.58 x 105M

Volume (giL)
20
30
40
50
60
10

Advancing angle

46.1
45.3
46.8
41.9
41.8
412

Receding angle

2.8
9.8
183
217
21.6

Table A-25 The contact angle of sodium octadecy sulfate (NaOS).
[Na] =261 x 10'4M, [0S] = 9.36 x L(THM

Volume (|tL)

20
30
40
50
60
10

Advancing angle

13
143
785
2.1
1.1
154

Receding angle

131 1
245
31.9
441
59
68

Table A-26 The contact angle of sodium octadecyl fate (NaOS).
[Na] = 6.26 x 10'4 M. [0S] = 5.99 x 105M

Volume (giL)
20
30
40
50
60
10

Advancing angle

69.2
131
758
155
133
6.1

Receding angle

214
315
40.2
46.5
6l
131



Table A-27 The contact angle of sodium octadecyl sulfate (NaOS).
[Na] =5.74 x 10"IM. [0S] = 6.97 x 105M

Volume (giL)
20
30
40
50
60
10

Advancing angle
128
10.2
13
131
68.8
114

Receding angle
13
26.1
33.2
45.9
49.8
64.8

Table A-28 The contact angle of sodium octadecy sulfate (NaQS).
[Na] = 1.17 x 10- M. [0S] = 7.54 x 105M

Volume (jiL)
20
30
40
50
60
10

Advancing angle
70.9
69.3
12
13.2
67.4
715

Receding angle
117
224
38.7
50.2
541
66.3

‘able A-29 The contact angle of sodium octadecy sulfate (NaOS).
Na] = 1.96 x 10~ M. [0S] = 5.04 x 105M

Volume (|iL)
20
30
40
50
60
10

Advancing angle

131
145
69.8
18
125
112

Receding angle
118
224
319
43.7
51.8
61.8

44



Table A-30 The contact angle of sodium octadecyl sulfate (NaOS)
[Na] = 3.50 x 10's M. [0S] = 5.16 x 10s M

Volume (giL)
20
30
40
50
60
10

Advancing angle

68.8
69.2
68.4
68.6
10.1
69.1

Receding angle
136
233
35.2
435
D47
66.4

Table A-31  The contact angle of calcium octadecyl sulfate (CaOS)
[Cal= 117 x 104 M. [0S) =3.16 x 105M

Volume (fiL)
20
30
40
50
60
10

Advancing angle
918
97.1
1026
1028
1035
99.6

Receding angle
38.6
50.4
65.8
4.6
84.4
98.2

Table A-32  The contact angle of calcium octadecyl sulfate (CaQ9)
[Ca] = 170 x 104 M [0S] = 2.87 x 105M

Volume (giL)
20
30
40
50
60
10

Advancing angle

99.6
94.6
94.4
934
934
914

Receding angle

28.5
44.1
53.1
64.3
1.
834

45
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Table A-33 The contact angle of calcium octadecyl sulfate (Ca0S)
[Ca] = 8.86 x 105 M, [0S] =2.93 x 10s M

Volume (giL) Advancing angle Receding angle
20 102 32T
30 929 415
40 93.8 62.1
50 % 125
60 92.8 83.7
10 935 92.7

Table A-34 The contact angle of calcium octadecyl sulfate (CaQ9)
ICal = 9.98 x 105M. [0S] = 242 x 105M

Volume (UL Advancing angle Receding angle
20 92.6 337
30 91.9 46.4
40 9.3 60.5
50 9.1 76
60 95.7 80.9
10 4.7 9.3

Table A-35 The contact angle of calcium octadecyl sulfate (CaOs)
[Ca] = 3.54 x 104 M. [0S] = 1.87 x 105M

Volume (JiL) Advancing angle Receding angle
20 9.1 303
30 90.9 4.1
40 914 54
50 % 78.2
60 935 76.8

10 99.9 87.6



Table A-36 The contact angle of calcium octadecyl sulfate (CaOS)
[Ca] = 346 x \0-AM. [0S] = 2.00 x 105 M

Volume (giL)
20
30
40
50
60
10

Advancing angle

945
91.6
95.2
99.7
99.9

Receding angle

52.5
10.6
81.9
97.7

Table A-37 The contact angle of calcium octanoate (CaCx).
[Cal=4.86x 10- M. [CH=132 x 102M

Volume (pit)
20
30
40
50
60
10

Advancing angle

93
935
88.6
90.5
915
9.2

Receding angle
38.6
48.7
62.2
67.3
79.6
87.6

Table A-38  The contact angle of calcium octanoate (CaCfi).
[Cal=2.74 x 10- M. [C,] = 0.68 x 102M

Volume (fiC)
20
30
40
50
60
10

Advancing angle

948
944
94
923
91.9

Receding angle
535
66.6
14.1
86.3
89.6

47
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Table A-39 The contact angle of calcium octanoate (CaCx).
[Ca] = 4.64 x 10' M. [CR =091 x 10. M

Volume ((iL) Advancing angle Receding angle
20
30 93.2
40 89.9 514
50 90.9 62.6
60 92 128
10 91.2 82.1

Table A-40 The contact angle of calcium octanoate (CaCx).
[Cal=531x 10- M. [Crl=1.03 x 102M

Volume (jaL) Advancing angle Receding angle
20
30 93.6 48.7
40 915 60
50 9.1 12
60 93.1 84.6
10 9.2 90

Table A-41 The contact angle of calcium dodecanoate (CaClz)
[Cal =5.74 x 104 M. [C,2] = 4.50 x 10’5M

Volume ((iL) Advancing angle Receding angle
20 86.4 56.6
30 829 64.2
40 85.7 59.5
50 84.7 121
60 85.8 80.7

10



Table A-42  The contact angle of calcium dodecanoate (CaC'.2).
[Ca] = 349 x 104 M, [C|2] = 4.79 x 10s M

Volume (jiL )
20
30
40
50
60
10

Advancing angle
83.6
798
86.6
83
819
82.7

Receding angle
415
41,1
514
59.7
125
118

Table A-43  The contact angle of calcium dodecanoate (Ca(J].).
[Cal = 3.24 x HrdM. [C12 =581 x 1er5sM

Volume (|iL)
20
30
40
50
60
10

Advancing angle

8.1
84.5
85.2
84.9
83.5
84

Receding angle
411
454
515
58.9
68.1
83.2

Table A-44 The contact angle of calcium dodecanoate (CaC’s)
[Ca] =244 x 104 M. [C|2]= 1.05x 104 M

Volume (giL)
20
30
40
50
60
10

Advancing angle

83.4
80.9
193
83.3
82.4
84.1

Receding angle

34.6
50
55.4
51.5
62.1
789

49
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Table A-45 The contact angle of tetradecyl trimethylammonium bromide

[ITA]LM IBr]. M Advancing angle  Surface tension.
mN/M
527 X107 6.325 spread 38.8
6.43 X 10'4 5.527 spread 33.1
8.27 X 10'4 5.848 spread 55.8
9.23 X 10'4 6.071 spread 44.8
1.65 X 10'3 5503 spread 1]
167 X 103 5.204 spread iy
171 X 10'3 5.974 spread 335
2.37 X 10 5.187 spread 774
421 X 10'3 5.000 spread T

Table A-46 The contact angle of hexadecyl trimethylammonium bromide

[HTA]. M 1Br]. M Advancing angle  Surface tension.
mN/M
7.92 X 10'4 2.371 12.55 32.6
8.11x 10 6.160 11.07 33.6
8.68 x 10'4 4.318 23.08 32.8
8.91 x 104 0.867 17.76 29.1
9.92 X 104 1,599 21.46 32.9
1.16x1 013 5.096 4.57 32.6
1.66 X 103 1.928 16 32.9
1.76 x 10"3 0.613 15.68 32.8
1.85 x 1013 1.024 23.43 32.7
191 x 1013 3.808 9.62 33.2

0.27 X 103 0.695 23.16 33.7



Table A-47 The contact angle of octadecyl trimethylammonium bromide

[OTA]. M Br]. M Advancing angle  Surface tension.
mN/M
5.38 x 104 0.006 3187 64.
89 x 104 0.021 39.07 0.5

6.4 x 104 0.01 31.35 60.



APPENDIX B
Experimental Data of Contact Angle with Effect of pH

Table B-I The contact angle of dodecanoic acid (HC12). pH= 4.0.
y=170.8 mN/M

Volume (pL) Advancing angle Receding angle
20 80 322
30 19.7 41.5
40 82.5 47
50 81.7 51
60 83.3 60.9
70 81.4 14.4

Table B-2 The contact angle of dodecanoic acid (TIC12)- pi 1= 5.03.
y=58.2 mN/M

Volume (pL) Advancing angle Receding angle
20 70.8
30 1.7
40 4.4 47.2
50 7.5 49.2
60 82.2 532

10 1.7 60.3



Table B-3 The contact angle of dodecanoic acid (HC[2). pH=7.0.
y=62.6 mN/M

Volume (pL) Advancing angle Receding angle
20 76.3 35
30 79.8 43.7
40 80.9 49.3
50 80.1 54
60 82.7 59.7
70 80.3 69.3

Table B-4 The contact angle of dodecanoic acid (TIC1)- pH= 9.0,
y=69.6 mN/M

Volume (pL) Advancing angle Receding angle
20 12 36
30 80 47
40 76.1 46.7
50 80 49.5
60 75.7 54.7
70 8.1 60.7

Table B-5 The contact angle of hexadecanoic acid (HC|()- pH= 4.0
y=68.2 mN/M

Volume (pL) Advancing angle Receding angle
20 7.6 21.1
30 82.1 33.8
40 83.7 45.5
50 83.2 54.6
60 85.1 65.6

10 83.7 13.1



Table B-6 The contact angle of hexadecanoic acid (HC|,,). pfR 5.97.
y = 70.0 niN/M

Volume (pL) Advancing angle Receding angle
20 75.2 20.9
30 79.4 32.4
40 81.6 44
50 84.5 57.1
60 85.4 69.7
10 84.5 17.6

Table B-7 The contact angle of hexadecanoic acid (HC|f,)- pH= 9.0
y =709 mN/M

Volume (pL) Advancing angle Receding angle
20 81.6 21.9
30 81.4 39.3
40 81.4 53.9
50 83.8 62
60 81 2.8
70 82.7 79.9

Table B-8 The contact angle of hexadecanoic acid (HC If). pH= 10.0.
y =70 mN/M

Volume (pL) Advancing angle Receding angle
20 80.7 29.1
30 81.2 44
40 80.7 56.8
50 82.5 70.5
60 83.8 81.3

70 90.9 83.8



APPENDIX C
Experimental Data of Contact Angle for Mix Surfactant System, and
Contact Angle with Time

Table C-I The contact angle of calcium dodecanoate + NaDS§.
[NaDS] = 0.0005 M, Y=49.7 mN/M

Volume (pL) Advancing angle Receding angle
20 74.1 38.7
30 14 43.7
40 76.1 49.1
50 78.1 53.3
60 7.8 63.4
70 18 124

Table C-2 The contact angle of calcium dodecanoate + NaDS§.
[NaDS] = 0.001 M.y=2358 mN/M

Volume (pL) Advancing angle Receding angle
20 66.9 29.2
30 67.3 37.4
40 69.5 41.7
50 70.6 50.3
60 70.1 58.4

70 69.3 64.7



Table C-3 The contact angle of calcium dodecanoate + NaDS.
[NaDS] = 0.01 M, y=354 mN/M

Volume (gL)
20
30
40
50
60
70

Advancing angle
61.6
53.2
51.7
55
56.8
57.1

Receding angle
5.7
13
24.8
32.3
39.6
47.4

Table C-4 The contact angle of calcium dodecanoate + NaDS§.
[NaDS] = 0.05 M.y =375 mN/M

Volume (gL)
20
30
40
50
60
70

Advancing angle
55.5
53.6
56.6
53.7
Sl
49.4

Receding angle
5
119
18.9
26.8
33.7
39.3

Table C-5 The contact angle of calcium dodecanoate + NaDS§.
[NaDS] = 0.1 M.y=37.3 mN/M

Volume ((.iL)
20
30
40
50
60
70

Advancing angle

56.8
51.8
51.7
52.8
50.5
52

Receding angle

5.2

13.2
23.1
21.7
40.6
46.6
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Table C-6 The contact angle of calcium dodecanoate + NaDS.
[NaDS] =0.2 M. y=36 mN/M
Volume (pL)

Table C-7 The advancing contact angle of hexadecanoic acid with time for

20
30
40
50
60
10

cyclic experiment

Time ()

0

5

15

30

60
300
600
1200

0A(ldcycle)
88.1
87.1
85.4
85.7
84.3
85.3
82.6
81

Advancing angle

58.5
52.8
48.2
50.3
51.4
49

0A(2Micycle)
1.2
66.1
65.7
64.7
63.4
63.7
60.3
58.3

Receding angle

0A(3ldcycle)
57.6
56.4
54.6
54.3
53
52
52
49.4

9
13.8
25.5
34.4
41.8
49.2

ol

0A (4thcycle)

50.4
515
49.7
48.8
48.3
48.9
48.5
43.7
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Table C-8 The receding contact angle of hexadecanoic acid with time for
different drop volume

dime () Or (40 pL)  OR(50 pL)  Or (60 pL)  Or (70 pL)

0 26 47 68.8 81
5 24.9 46.1 67.6 80
15 24.7 46.7 63.3 79.8
30 23 46.1 65.5 80.5
60 211 45.4 62.2 79.4
300 22.4 43.6 62.4 719.2
600 21 45.3 58.1 80

1200 15.6 43.8 57.4 81.4



APPENDIX D

Figure of Contact Angle for Each Experiment
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Figure D-1 The average advancing contact angle of sodium dodecyl sulfate
with varying surfactant/counterion ratios (| abié 4.3)
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Figure D-2 The average advancing contact angle of calcium dodecy | sulfate
with varying surfactant/counterion ratios (Table 4.3)
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Figure D-3 The average advancing contact angle of sodium tetradecvl
sulfate with varying surfactant/counterion ratios (Table 4.3)
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Figure D-4 The average advancing contact angle of calcium tetradecvl
sulfate with varying surfactant/counterion ratios (Table 4.3)
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Figure D-5 The average advancing contact angle of' sodium octadecyl
sulfate with varying surfactant/counterion ratios (Table 4.3)

100 4
80 =
o 60 j : . i
40 -
20 -
0 0.1 0.2 0.3 04

Surfactant/counterion ratio

Figure D-e The average advancing contact angle of calcium octadecyl
sulfate with varying surfactant/counterion ratios (Table 4.3)
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Figure D-7 The average advancing contact angle of calcium octanoate with
varying surfactant/counterion ratios (Table 4.3)
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Figure D.s  The average advancing contact angle of calcium dodecanoate
with varying surfactant/counterion ratios (Table 4.3)
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Figure D-9  The advaneing () and receding (1 ) contact angle of
dodeeanoic acid at pH=4.0

1
S 80 1 —rr—
60 - M
= 40 -
20 -
0
0 20 40 60 80

Volume of solution (pL)

Figlire D-10 The advancing ( ) and receding (1 ) contact angle of
dodeeanoic acid at pH=5.03
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Figure D-II  fhe advancing (+ ) and receding (1 ) contact angle of

dodecanoic acid at pH= 7.0
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Figure D-12  The advancing () and receding (1 ) contact angle of
dodecanoic acid at pH=9.0



65

@ 100

o 80 } Nty
® 60 4 D—_‘__O’/D’/a
40 -
20 -
0 T . T )
0 20 40 60 80

Volume of solution (fil,)

Figure D-13  The advancing (¢ ) and receding (1 ) contact angle of
hexadecanoic acid at pi 1=4.0
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Figure D-14  The advancing ( ) and receding (1 ) contact angle of
hexadecanoic acid at pH=5.97



66

100
80
60
40
20

04

0 20 40 60 KO

Volume of solution (pL)

Figure D-15 The advancing ( ) and receding (1 ) contact angle of
hexadecanoic acid at pH=9.0
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Figure D-16 The advancing ( ) and receding (1 ) contact angle of
hexadecanoic acid at pH= 100
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