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Appendix A Experim ental D ata

Table A l  u v  a d s o rp tio n  o f  p o ly H IP E  m o d if ie d  s u r fa c e  w ith  H u m ic  a c id  a t  2  b i-  la y e rs , 3 
h i-  la y e rs , 4  b i-  la y e rs  a n d  5 b i-  la y e rs

W avelength (nm)
UV A bsorbance

2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers
3 5 0 0 .7 7 3 0 .3 0 5 0 .71 2 .0 5 5

351 0 .1 9 4 0 .4 4 5 -0 .2 3 -0 .0 3 1
3 5 2 -0 .1 7 3 0 .2 31 -0 .2 3 -0 .0 3 1
3 53 0 .8 5 8 0 .3 8 -0 .2 3 -0 .0 3 1
3 5 4 0 .2 0 2 0 .4 1 5 0 .3 0 3 0 .5 9 4

3 5 5 0 .9 9 0 .4 8 1 0 .3 4 0 .5 4 9
3 5 6 0 .1 2 4 0 .4 3 7 0 .4 5 7 1 .052
3 5 7 0 .3 3 2 0 .6 3 7 -0 .2 3 1 .247
3 5 8 0.1 0 .2 4 7 0 .3 4 4 0 .3 4 4
3 5 9 0 .7 6 5 0 .3 0 5 0 .8 8 6 -0 .031
3 6 0 0 .1 81 0 .5 1 .013 0 .5 5 7
361 0 .0 7 2 0 .2 9 9 0 .3 7 3 0 .5 8 9
3 6 2 0 .2 1 2 0 .5 5 9 0 .1 8 3 0 .691

3 63 0 .1 1 2 0 .4 4 2 0 .5 0 .4 5 3
3 6 4 0 .5 6 7 0 .4 5 -0 .2 3 1 .154
3 6 5 0 .2 4 8 0 .4 0 7 0 .7 2 -0 .0 3 1
3 6 6 0 .1 7 8 0 .3 7 2 0 .4 3 8 0 .7 7 5
3 6 7 -0 .1 7 3 0 .5 41 -0 .2 3 -0 .0 3 1
3 6 8 0 .1 0 8 0 .3 5 4 0 .2 3 3 0 .5 5 7
3 6 9 0 .3 7 9 0 .7 6 6 1 .4 85 -0 .0 3 1
3 7 0 0 .2 1 3 0 .4 3 5 0 .3 3 6 0 .5 0 5
371 0 .3 2 2 0 .2 91 0 .7 1 2 -0 .0 3 1
3 7 2 0 .1 9 6 0 .4 1 7 0 .4 5 6 0 .721

373 0 .1 7 4 0 .3 6 5 0 .6 0 4 0 .6 9 8
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W avelength (nm)
u v  A bsorbance

2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers
3 7 4 0 .2 5 5 0 .3 8 7 0 .5 7 2 0 .5 5 3

3 7 5 0 .3 4 8 0 .5 01 0 .4 6 7 0 .7 01

3 7 6 0 .1 2 5 0 .4 3 9 0 .5 3 1 0 .5 8 3

3 7 7 0 .4 3 5 0 .3 1 7 -0 .2 3 -0 .0 3 1

3 7 8 0 .1 6 5 0 .3 0 7 0 .5 4 6 0 .7 1 8

3 7 9 0 .0 8 2 0 .4 6 0 .2 0 .4 3 9

3 8 0 0 .301 0 .3 2 3 0 .6 0 .7 5 6

381 0 .2 2 5 0 .4 4 2 0 .4 8 6 0 .8 5 5

3 8 2 0 .1 2 4 0 .4 4 4 0 .6 9 9 1 .0 37

3 8 3 0 .2 5 9 0 .3 8 8 1 .2 39 1.03

3 8 4 0 .2 9 8 0 .4 4 4 1 .1 98 0 .9 3 8

3 8 5 0 .1 7 4 0 .3 3 8 0 .6 3 9 0 .9 5 7

3 8 6 0 .23 0 .4 6 4 0 .7 5 2 0 .8 1 6

3 8 7 0 .2 9 8 0 .4 61 0 .9 6 7 1 .2 44

3 8 8 0 .2 25 0 .3 9 9 0 .6 9 2 0 .7 8 3

3 8 9 0 .2 0 4 0 .4 2 9 0 .6 4 4 0 .6 41

3 9 0 0 .2 1 2 0 .4 8 9 0 .9 9 8 1 .1 07

391 0 .2 9 3 0 .3 3 8 0 .7 7 2 0 .8 4 3

3 9 2 0 .1 6 9 0 .3 8 9 0 .5 9 2 0 .6 3

3 9 3 0 .1 9 9 0 .3 9 3 0 .5 71 0 .6 9 2

3 9 4 0 .2 0 6 0 .3 9 0 .6 6 6 0 .8 01

3 9 5 0 .2 5 4 0 .3 2 4 1 .2 14 1 .252

3 9 6 0 .2 3 9 0 .3 8 0 .8 91 0 .8 8 4

3 9 7 0 .2 1 5 0 .4 0 .5 6 9 0 .7 1 5

3 9 8 0 .1 4 9 0 .4 2 9 0 .6 9 8 0 .6 9 8

3 9 9 0 .1 95 0 .4 2 9 0 .6 1 2 0 .8 51
4 0 0 0 .2 4 2 0 .431 0 .6 9 8 0 .8 1 4

401 0 .181 0 .3 6 9 0 .5 8 9 0 .7 3 3

4 0 2 0 .2 0 .3 9 9 0 .7 0 3 0 .8 8 9

4 0 3 0 .211 0 .4 0 5 0 .6 7 9 0 .7 4 9
4 0 4

i_________________________________

0 .3 9 2 0 .7 3 8 -0 .2 3 -0 .0 3 1

T  2 9 ,3 -?  2
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W avelength (nm) uv  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

4 0 5 0 .2 9 9 0 .5 2 6 1 .5 4 4 1 .2 7 9
4 0 6 0 .1 9 3 0 .3 5 9 0 .6 9 3 0 .7 3 8
4 0 7 0 .1 9 8 0 .3 8 7 0 .6 1 8 0 .6 91
4 0 8 0 .2 0 7 0 .4 1 8 0 .6 41 0 .7 4 3
4 0 9 0 .1 9 7 0 .3 7 4 0 .6 2 9 0 .7 3 8
4 1 0 0 .2 1 3 0 .4 01 0 .6 8 3 0 .7 6 3
411 0 .1 9 3 0 .3 81 0 .6 2 8 0 .7 3 4
4 1 2 0 .1 9 7 0 .3 6 7 0 .5 9 8 0 .6 9
4 1 3 0 .1 9 9 0 .3 6 8 0 .6 1 2 0 .7 5 3
4 1 4 0 .2 2 3 0 .3 71 0 .6 5 3 0 .7 6 4
4 1 5 0 .2 1 7 0 .3 7 8 0 .6 5 9 0 .7 6 3
4 1 6 0.21 0 .3 8 8 0 .6 4 7 0 .7 6 9
4 1 7 0 .2 0 .3 7 7 0 .6 0 2 0 .7 5 2
4 1 8 0 .1 8 5 0 .3 6 3 0 .6 7 3 0 .7 6 3
4 1 9 0 .2 2 6 0 .3 6 1 0 .7 0 5 0 .8 0 5
4 2 0 0 .211 0 .3 5 8 0 .6 0 6 0 .7 5
421 0 .211 0 .3 6 8 0 .6 1 2 0 .7 1 3
4 2 2 0 .2 1 5 0 .3 4 5 0 .7 7 5 0 .8 0 5
4 2 3 0 .1 9 2 0 .3 6 6 0 .6 0 2 0 .7 2 9
4 2 4 0 .2 2 2 0 .3 6 5 0 .6 7 6 0 .8 0 2
4 2 5 0 .2 0 3 0 .3 6 4 0 .6 8 0 .7 51
4 2 6 0 .1 8 9 0 .3 4 9 0 .6 3 2 0 .7 5 3
4 2 7 0 .1 9 8 0 .3 5 5 0 .6 0 7 0 .7 1 8
4 2 8 0 .1 9 9 0 .3 5 6 0 .6 3 0 .7 4 5
4 2 9 0 .1 8 6 0 .3 4 3 0 .5 81 0 .7 1 3
4 3 0 0 .1 8 2 0 .3 5 0 .6 0 3 0 .7 3 5
431 0 .181 0 .3 3 3 0 .5 5 7 0 .6 8 9
4 3 2 0 .1 7 9 0 .3 4 2 0 .5 5 9 0 .6 9 8
4 3 3 0.181 0 .3 4 0 .5 9 9 0 .7 1 7
4 3 4 0 .1 7 6 0 .3 4 4 0 .6 1 9 0 .7 3
4 3 5 0 .4 6 3 0 .6 7 4 - 0 .2 3 - 0 .0 31
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W avelength (nm) uv  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

4 3 6 0 .3 7 5 0 .5 3 4 - 0 .2 3 - 0 .031
4 3 7 0 .2 0 9 0 .3 5 0 .7 3 6 0 .8 2 6
4 3 8 0 .1 7 6 0 .3 3 7 0 .5 9 7 0.71

4 3 9 0 .1 7 4 0 .3 2 3 0 .5 7 7 0 .6 7 5
4 4 0 0 .1 6 0 .3 2 3 0 .5 4 2 0 .6 8
441 0 .1 7 5 0 .3 3 0 .5 8 6 0 .691
4 4 2 0 .1 6 7 0 .3 1 5 0 .5 4 9 0 .7 0 2
4 4 3 0 .1 5 6 0 .3 1 4 0 .5 3 3 0 .6 5 7
4 4 4 0 .1 6 6 0 .3 1 8 0 .5 4 7 0 .6 7 5
4 4 5 0 .1 6 4 0 .3 1 2 0 .5 5 3 0 .6 61
4 4 6 0 .1 6 8 0 .3 1 8 0 .5 5 7 0 .6 6 5
4 4 7 0 .1 6 2 0 .3 1 8 0 .5 5 6 0 .6 5 6
4 4 8 0 .1 6 1 0.31 0 .5 7 4 0 .6 7
4 4 9 0 .1 5 7 0 .3 11 0 .5 2 0 .6 6 8
4 5 0 0 .1 5 7 0 .2 9 8 0 .5 4 6 0 .6 7

1 451 0 .1 5 9 0 .3 0 8 0 .5 8 7 0 .6 8 2
4 5 2 0 .161 0 .3 1 3 0 .5 5 8 0 .6 5 7
4 5 3 0 .1 6 3 0 .2 9 9 0 .5 3 1 0 .6 4 7
4 5 4 0 .1 5 7 0 .2 9 8 0 .5 3 1 0 .6 5 6
4 5 5 0 .1 6 0 .2 9 3 0 .5 3 1 0 .6 4 8
4 5 6 0 .1 61 0 .3 0 5 0 .5 3 7 0 .6 3 8
4 5 7 0 .151 0 .2 8 8 0 .5 2 9 0 .6 4 5
4 5 8 0 .1 5 8 0 .2 9 0 .5 2 3 0 .6 3 7
4 5 9 0 .1 5 9 0 .2 9 5 0 .5 3 8 0 .6 3 6
4 6 0 0 .1 4 9 0 .2 9 0 .5 1 6 0 .6 2 9
461 0 .1 5 4 0 .2 9 2 0 .5 1 1 0 .6 2 8
4 6 2 0 .1 5 5 0 .2 9 3 0 .5 2 0 .6 3 5
4 6 3 0 .1 5 6 0 .2 8 8 0 .5 1 3 0 .6 23
4 6 4 0 .1 5 3 0 .2 8 9 0 .5 1 4 0 .6 2 9
4 6 5 0 .1 5 0 .2 9 0 .5 0 4 0 .6 1 9
4 6 6 0 .1 5 6 0 .2 8 4 0 .4 9 6 0 .6 1 7
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

4 6 7 0 .1 5 1 0 .2 8 1 0 .5 0 1 0 .6 1 6
4 6 8 0 .1 4 2 0 .2 8 1 0 .4 9 9 0 .6 0 5
4 6 9 0 .1 4 4 0 .2 8 5 0 .5 0 1 0 .6 1 2
4 7 0 0 .1 4 7 0 .2 7 3 0 .4 8 8 0 .6 0 3
471 0 .1 4 5 0 .2 8 1 0 .4 9 2 0 .6 01
4 7 2 0 .1 5 0 .2 8 0 .4 9 2 0 .5 9 3
4 7 3 0 .1 4 6 0 .2 7 2 0 .4 5 8 0 .5 9 8
4 7 4 0 .1 3 9 0 .2 7 1 0 .4 7 4 0 .5 8 6
4 7 5 0 .1 4 3 0 .2 7 1 0 .4 6 6 0 .5 9 2
4 7 6 0 .1 4 4 0 .2 7 1 0 .4 8 2 0 .5 9 7
4 7 7 0 .1 41 0 .2 6 9 0 .4 7 2 0 .5 9 8
4 7 8 0 .1 4 7 0 .2 7 0 .4 7 8 0 .5 9
4 7 9 0 .1 4 2 0 .2 7 0 .4 6 6 0 .5 8
4 8 0 0 .1 4 2 0 .2 7 2 0 .4 7 2 0 .5 9 3
481 0 .1 4 4 0 .2 6 3 0 .4 6 9 0 .5 8 3
4 8 2 0 .1 4 5 0 .2 6 4 0 .4 5 9 0 .5 7 5
4 83 0 .1 4 4 0 .2 6 2 0 .4 6 8 0 .5 7 5
4 8 4 0 .1 2 8 0 .2 6 6 0 .4 4 8 0 .5 7 2
4 8 5 0 .1 3 4 0 .2 5 8 0 .4 5 4 0 .5 7
4 8 6 0 .1 4 0 .2 6 7 0 .4 6 6 0 .5 7 2
4 8 7 0 .1 3 5 0 .2 5 8 0 .4 4 7 0 .5 63
4 8 8 0 .1 3 7 0 .2 5 7 0 .4 5 1 0 .5 61
4 8 9 0 .1 3 5 0 .2 5 6 0 .4 4 2 0 .5 6
4 9 0 0 .1 3 0 .2 5 8 0 .4 3 6 0 .5 5 5
491 0 .1 3 8 0 .2 5 6 0 .4 4 0 .5 6 5
4 9 2 0 .1 3 6 0 .2 5 0 .4 4 4 0 .5 5 6
4 9 3 0 .1 3 2 0 .2 51 0 .4 4 3 0 .5 5 2
4 9 4 0 .1 3 4 0 .2 5 1 0 .4 3 9 0 .5 5 9
4 9 5 0 .1 3 3 0 .2 4 5 0 .4 3 7 0 .5 5 4
4 9 6 0 .1 31 0 .2 4 5 0 .4 3 6 0 .5 5
4 9 7 0 .1 2 4 0 .2 4 5 0 .4 2 2 0 .5 41
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r
W avelength (nm) u v  A bsorbance

2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers
4 9 8 0 .1 3 0 .2 4 6 0 .4 2 1 0 .5 4 3
4 9 9 0 .1 2 4 0 .2 4 2 0 .4 2 4 0 .5 4 2

oo 0 .1 2 5 0 .2 4 1 0 .4 3 1 0 .5 4 5
501 0 .1 2 9 0 .2 4 1 0 .4 2 5 0 .5 4 3
5 0 2 0 .1 2 7 0 .2 4 0 .4 1 6 0 .5 3 6

j 503 0 .1 2 7 0 .2 4 0 .4 1 6 0 .5 3 4
5 04 0 .1 2 2 0 .2 3 7 0 .4 1 9 0 .5 2 8

! 505 0 .121 0 .2 3 5 0 .4 1 6 0 .53
5 0 6 0 .1 2 4 0 .2 3 0 .41 0 .5 2 2
5 0 7 0 .1 2 3 0 .2 2 5 0 .4 1 3 0 .5 2 4

1 5 0 8 0 .1 1 8 0 .2 2 9 0 .4 1 1 0 .5 2 3
5 0 9 0 .1 2 4 0 .2 2 7 0 .4 0 8 0 .5 2 2
5 1 0 0.1  18 0 .2 21 0 .4 0 1 0 .5 1 9
511 0 .1 1 5 0 .2 2 2 0 .4 0 .5 1 6
512 0 .1 1 8 0 .2 2 4 0 .3 9 6 0 .5 1 8
513 0.1  15 0 .2 1 7 0 .3 9 0 .5 1 6
5 14 0.1  15 0 .2 2 0 .3 8 9 0 .5 1 4
515

1_____________________________________________________________________________________

0 .1 1 5 0 .2 2 0 .3 8 9 0 .5 0 8
5 1 6 0 .1 1 3 0 .2 1 6 0 .3 8 7 0 .5 0 3
5 1 7 0.1  18 0 .2 1 4 0 .3 8 6 0 .5 0 3
5 18 0 .1 1 3 0 .2 1 7 0 .3 8 9 0 .5 0 7
5 1 9 0 .1 1 4 0 .2 1 3 0 .3 8 7 0 .5 0 4
5 2 0 0 .1 1 2 0 .2 1 4 0 .3 8 3 0.5
521 0 .1 1 6 0 .2 11 0 .3 7 9 0 .4 9 3
522 0 .1 0 7 0 .2 0 8 0 .3 7 5 0 .4 9
523 0 .1 0 7 0 .2 0 7 0 .3 6 9 0 .4 8 7
5 24 0 .1 0 9 0 .2 0 9 0 .3 8 1 0 .4 8 7
525 0 .1 0 9 0 .2 0 6 0 .3 6 7 0 .4 8 2
5 26 0 .1 0 5 0 .2 0 2 0 .3 7 4 0 .4 8 2
5 2 7 0 .1 1 2 0 .2 0 1 0 .3 7 3 0 .4 9 4
5 28 0 .1 0 9 0 .2 0 4 0 .3 6 8 0 .4 8 3
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

5 2 9 0 .1 0 5 0 .2 01 0 .3 7 1 0 .4 81
5 3 0 0 .1 0 6 0 .2 0 .3 6 1 0 .4 7 5

531 0 .1 0 3 0 .1 9 8 0 .3 5 8 0 .4 7
5 3 2 0 .1 0 4 0 .1 9 4 0 .3 6 0 .4 6 9
5 33 0 .1 0 3 0 .1 9 4 0 .3 5 8 0 .4 7
5 3 4 0 .1 01 0 .1 9 3 0 .3 5 5 0 .4 6 5
5 3 5 0.1 0 .1 9 2 0 .3 5 5 0 .4 61
5 3 6 0 .0 9 5 0 .1 8 9 0 .3 5 0 .4 5 9
5 3 7 0 .0 9 6 0 .1 8 7 0 .3 4 6 0 .4 5 6
5 3 8 0 .0 9 8 0 .1 8 9 0 .3 4 5 0 .4 5 7
5 3 9 0 .0 9 8 0 .1 8 7 0 .3 4 5 0 .4 5 6
5 4 0 0 .0 9 7 0 .1 8 2 0 .3 4 1 0 .4 51
541 0 .0 9 4 0 .1 8 0 .3 3 8 0 .4 4 8
5 4 2 0 .0 91 0 .1 7 9 0 .3 3 5 0 .4 4 5
543 0 .0 91 0 .1 8 0 .3 3 4 0 .4 4 4
5 4 4 0 .0 9 5 0 .1 7 8 0 .3 4 0 .4 4 6
5 4 5 0 .1 1 2 0 .2 0 2 0 .3 8 7 0 .4 8 5
5 4 6 0 .1 2 5 0 .2 0 8 0 .4 1 4 0 .5 0 9
5 4 7 0 .0 9 7 0 .1 8 2 0 .3 4 5 0 .4 4 9
5 4 8 0 .091 0 .1 7 5 0 .3 3 0 .4 3 8
5 4 9 0 .0 8 9 0 .1 7 4 0 .3 2 3 0 .4 3 5
5 5 0 0 .0 8 9 0 .1 7 5 0 .3 2 4 0 .4 3 1
551 0 .0 8 9 0 .1 7 0 .3 2 4 0 .4 2 7
5 5 2 0 .0 8 9 0 .1 6 9 0 .3 1 9 0 .4 2 8
5 53 0 .0 8 6 0 .1 7 0 .3 1 9 0 .4 2 4
5 5 4 0 .0 9 0 .1 6 8 0 .3 2 1 0 .4 2 8
5 5 5 0 .0 91 0 .1 6 7 0 .3 1 6 0 .4 2 3
5 5 6 0 .0 8 6 0 .1 6 5 0 .3 1 9 0 .4 2 5
5 5 7 0 .0 8 7 0 .1 6 6 0 .3 1 4 0 .4 1 7
5 5 8 0 .0 8 5 0 .1 6 5 0 . 311 0 .4 1 5
5 5 9 0 .0 8 2 0 .1 6 3 0 .3 1 2 0 .4 11
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W avelength (nm ) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

5 6 0 0 .0 8 5 0 .1 6 4 0 .3 0 7 0 .4 0 8
561 0 .0 8 7 0 .1 6 0 .3 11 0 .4 1 3
5 6 2 0 .0 8 4 0 .1 6 0 .3 0 4 0 .4 0 7
563 0 .0 8 7 0 .1 5 8 0 .3 0 4 0 .4 1 2
5 6 4 0 .0 8 2 0 .1 5 8 0 .2 9 9 0 .4 0 7
5 65 0 .0 8 3 0 .1 5 6 0 .2 9 7 0 .4
5 6 6 0 .0 8 4 0 .1 5 6 0 .2 9 9 0 .3 9 6
5 6 7 0 .0 81 0 .1 5 6 0 .2 9 4 0 .4

<̂'ฯ os oo 0 .0 8 0 .1 5 3 0 .2 9 2 0 .3 9 9
5 6 9 0 .0 7 6 0 .1 5 2 0 .2 9 0 .3 9 5

1 5 7 0 0 .081 0 .1 5 0 .2 8 8 0 .3 9 3
571

1
0 .0 8 0 .1 5 1 0 .2 9 2 0 .3 9

5 7 2 0 .0 7 6 0 .1 4 6 0 .2 8 8 0 .3 8 9
573 0 .0 7 2 0 .1 4 6 0 .2 8 6 0 .3 8 6
5 7 4 0 .0 7 4 0 .1 4 5 0 .2 8 0 .3 8
5 75 0 .0 7 5 0 .1 4 3 0 .2 7 8 0 .3 8 2
5 7 6 0 .0 7 6 0 .1 4 6 0 .2 8 0 .3 8 2
5 7 7 0 .0 7 8 0 .1 4 3 0 .2 7 9 0 .3 8 2
5 7 8 0 .0 7 5 0 .1 4 2 0 .2 7 8 0 .3 7 5
5 7 9 0 .0 7 6 0 .1 4 0 .2 7 7 0 .3 7 3
5 8 0 0 .0 71 0 .1 3 9 0 .2 7 4 0 .3 6 7
581 0 .071 0 .1 3 5 0 .2 6 5 0 .3 6 8
5 8 2 0 .071 0 .1 3 2 0 .2 6 6 0 .3 6 7
583 0 .0 6 7 0 .1 3 6 0 .2 6 2 0 .3 6 4
5 84 0 .0 6 7 0 .1 3 2 0 .2 6 2 0 .3 5 7
585 0 .0 6 6 0 .1 3 0 .2 5 6 0 .3 5 4
5 8 6 0 .0 6 5 0 .1 2 7 0 .2 5 6 0 .3 5 2
5 8 7 0 .0 6 5 0 .1 2 9 0 .2 5 4 0 .3 5
588 0 .061 0 .1 2 6 0 .2 4 9 0 .3 4 6
5 8 9 0 .0 6 2 0 .1 2 5 0 .2 4 6 0 .3 4 6
590 0 .061 0 .1 2 5 0 .2 4 7 0 .3 4 2
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W avelength (nm)
uv  A bsorbance

2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers
591 0 .0 6 2 0 .1 21 0 .2 4 3 0 .3 41

5 9 2 0 .0 5 9 0 .1 2 0 .2 4 4 0 .3 3 6

593 0 .0 6 0 .1 1 9 0 .2 4 1 0 .3 3 8

5 9 4 0 .0 5 5 0 .1 1 8 0 .2 3 0 .3 2 9

5 95 0 .0 5 6 0 .1 1 7 0 .2 3 5 0 .3 2 9
5 9 6 0 .0 5 6 0 .1 1 9 0 .2 3 3 0 .3 31

5 9 7 0 .0 5 4 0 .1 1 3 0 .2 2 8 0 .3 2 6

5 9 8 0 .0 5 3 0 .1 1 6 0 .2 3 0 .3 2 2

5 9 9 0 .0 5 5 0 .1 1 7 0 .2 2 5 0 .3 2

6 0 0 0 .0 5 6 0 .1 1 4 0 .2 2 7 0 .3 2

! 601 0 .0 5 2 0.111 0 .2 2 6 0 .3 1 7
6 0 2 0 .0 5 3 0 .1 1 2 0 .2 2 5 0 .3 1 5

603 0 .0 5 3 0 .1 0 8 0 .2 2 1 0 .3 1 2

6 0 4 0 .0 51 0 .1 1 2 0 .2 2 1 0 .3 0 8

6 0 5 0 .0 5 4 0.11 0 .2 1 7 0 .3 1 2
6 0 6 0 .0 51 0 .1 0 9 0 .2 1 8 0.31
6 0 7 0 .0 5 5 0 .1 0 9 0 .2 2 2 0 .3 11

6 0 8 0 .0 5 3 0 .1 0 7 0 .2 1 6 0 .3 0 9

6 0 9 0 .0 5 5 0 .1 0 7 0 .2 1 7 0 .3 0 6
6 1 0 0 .0 51 0 .1 0 7 0 .2 1 4 0 .3 0 5
611 0 .0 5 4 0 .1 0 5 0 .2 1 3 0 .3 0 2

6 1 2 0 .051 0 .1 0 6 0 .2 1 2 0 .2 9 7
6 13 0 .0 5 0 .1 0 4 0 .2 1 0 .2 9 4

6 1 4 0 .0 51 0 .1 0 3 0 .2 0 9 0 .2 9 4

6 15 0 .0 5 3 0 .1 0 3 0 .2 0 4 0 .2 9 2

6 1 6 0 .0 5 4 0 .1 0 2 0 .2 0 8 0 .2 9 2
6 1 7 0 .0 4 8 0 .1 0 1 0 .2 0 3 0 .2 8 9
6 1 8 0 .0 4 9 0 .0 9 8 0 .2 0 1 0 .2 8 6
6 1 9 0 .0 4 7 0.1 0 .1 9 8 0 .2 8 8
6 2 0 0 .0 4 6 0 .0 9 9 0 .1 9 8 0 .2 8 2

621 0 .0 4 8 0 .0 9 8 0 .1 9 9 0 .2 8 3
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W avelength (nm j u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

6 2 2 0 .0 4 9 0 .0 9 4 0 .1 9 7 0 .2 7 9
6 23 0 .0 4 6 0 .0 9 6 0 .1 9 3 0 .2 7 8
6 2 4 0 .0 4 9 0 .0 9 6 0 .1 8 8 0 .2 7 6
625 0 .0 4 5 0 .0 9 3 0 .1 9 0 .2 7 3
6 2 6 0 .0 4 3 0 .0 9 2 0 .1 8 7 0 .2 7 2
6 2 7 0 .0 4 4 0 .0 91 0 .1 8 8 0 .271
6 2 8 0 .0 4 4 0 .0 8 9 0 .1 8 4 0 .2 6 8
6 2 9 0 .0 4 2 0 .0 9 0 .1 8 3 0 .2 6 7
6 3 0 0 .0 4 5 0 .0 91 0 .1 8 4 0 .2 6 7
631 0 .0 4 3 0 .0 8 7 0 .1 8 0 .2 6
6 3 2 0 .0 4 2 0 .0 8 7 0 .1 8 0 .2 5 7
633 0 .0 4 3 0 .0 8 8 0 .1 7 8 0 .2 5 6
6 3 4 0 .0 4 2 0 .0 8 4 0 .1 7 5 0 .2 5 6
635 0 .0 3 9 0 .0 8 5 0 .1 7 1 0 .2 53
6 3 6 0 .0 3 9 0 .0 8 3 0 .1 7 2 0 .2 5 2
6 3 7 0 .0 3 7 0 .0 8 4 0 .1 7 2 0 .25
6 3 8 0 .0 3 7 0 .0 8 0 .1 6 6 0 .2 4 5
6 3 9 0 .0 3 6 0 .0 8 0 .1 6 3 0 .2 4 5
6 4 0 0 .0 3 6 0 .0 7 9 0 .1 6 4 0 .2 4 2
641 0 .0 3 5 0 .0 8 1 0 .1 6 0 .2 4 2
6 4 2 0 .0 3 4 0 .0 7 9 0 .1 5 9 0 .2 3 7
643 0 .0 3 2 0 .0 7 6 0 .1 5 8 0 .2 3 5
6 4 4 0 .0 3 3 0 .0 7 5 0 .1 5 9 0 .2 3 2
645 0 .0 3 3 0 .0 7 6 0 .1 5 7 0 .231
6 4 6 0 .0 3 4 0 .0 7 4 0 .1 5 7 0 .23
6 4 7 0 .0 3 3 0 .0 7 5 0 .1 5 2 0 .2 2 8
6 4 8 0 .0 3 0 .0 7 4 0 .1 5 1 0 .2 2 4
6 4 9 0 .0 31 0 .0 7 3 0 .1 51 0 .2 2 5
6 5 0 0 .0 3 0 .0 7 2 0 .1 4 9 0 .2 2 5
651 0 .0 2 9 0 .0 7 0 .1 4 7 0 .2 1 9
6 5 2 0 .0 3 1 0 .0 7 0 .1 4 5 0 .2 2
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W avelength (nm j u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

6 5 3 0 .0 2 9 0 .0 6 7 0 .1 4 7 0 .2 2
6 5 4 0 .0 2 7 0 .0 6 8 0 .1 4 2 0 .2 1 4
6 5 5 0 .0 3 2 0 .0 6 6 0 .1 4 2 0 .2 1 4
6 5 6 0 .0 2 7 0 .0 6 7 0 .1 3 9 0 .2 0 9
6 5 7 0 .0 2 7 0 .0 6 8 0 .1 4 0 .211
6 5 8 0 .0 2 9 0 .0 6 8 0 .1 3 7 0 .2 0 9
6 5 9 0 .0 2 8 0 .0 6 6 0 .1 3 9 0 .2 0 8

1 6 6 0 0 .0 3 0 .0 6 3 0 .1 4 2 0.21
661 0 .0 2 5 0 .0 6 7 0 .1 3 3 0 .2 0 3
6 6 2 0 .0 2 8 0 .0 6 5 0 .1 3 4 0 .201
663 0 .0 2 8 0 .0 6 4 0 .1 3 2 0 .2 0 2
6 6 4 0 .0 2 6 0 .0 6 4 0 .1 3 4 0 .1 9 9
6 6 5 0 .0 2 7 0 .0 6 5 0 .1 3 0 .1 9 8
6 6 6 0 .0 3 0 .0 6 3 0 .1 3 3 0 .1 9 7
6 6 7 0 .0 2 6 0 .0 6 3 0 .1 2 7 0 .1 9 4
6 6 8 0 .0 3 0 .0 6 4 0 .1 3 0 .1 9 6
6 6 9 0 .0 2 7 0 .0 61 0 .1 3 0 .1 9 5
6 7 0 0 .0 2 6 0 .0 5 9 0 .1 2 7 0 .191
671 0 .0 2 8 0 .0 6 0 .1 2 3 0 .1 91
6 7 2 0 .0 2 9 0 .0 5 9 0 .1 2 7 0 .1 9 2
6 73 0 .0 2 9 0 .0 5 7 0 .1 2 3 0 .1 8 6
6 7 4 0 .0 2 5 0 .0 6 0 .1 2 3 0 .1 8 5
6 75 0 .0 2 7 0 .0 5 7 0 .1 21 0 .1 8 5
6 7 6 0 .0 2 4 0 .0 5 8 0 .1 1 9 0 .1 7 8
6 7 7 0 .0 2 8 0 .0 6 0 .1 2 0 .1 8 3
6 7 8 0 .0 2 7 0 .0 6 0 .1 2 0 .1 7 9
6 7 9 0 .0 2 7 0 .0 5 3 0 .1 1 8 0 .1 8
6 8 0 0 .0 2 7 0 .0 5 5 0.1  18 0 .1 7 5
681 0 .0 2 6 0 .0 5 4 0 .1 1 6 0 .1 7 6
6 8 2 0 .0 2 7 0 .0 5 7 0 .1 1 5 0 .1 7 5
68 3 0 .0 2 5 0 .0 5 4 0 .1 1 5 0 .1 7 2
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

6 8 4 0 .0 2 5 0 .0 5 5 0 .11 0 .1 6 9
6 8 5 0 .0 2 5 0 .0 5 4 0 .11 0 .1 6 6
6 8 6 0 .0 2 6 0 .0 5 3 0 .1 1 3 0 .1 6 9
6 8 7 0 .0 2 2 0 .0 51 0 .11 0 .1 6 8
6 8 8 0 .0 2 4 0 .0 5 3 0 .11 0 .1 6 6
6 8 9 0 .0 2 5 0 .0 5 2 0 .1 0 5 0 .1 6 3
6 9 0 0 .0 2 3 0 .0 5 5 0 .1 0 4 0 .1 6 2
691 0 .0 2 3 0 .0 4 9 0 .1 0 3 0 .1 6 3
6 9 2 0 .0 2 6 0 .0 5 0 .1 0 4 0 .1 6
6 93 0 .0 2 3 0 .0 4 9 0 .1 0 5 0 .1 5 4
6 9 4 0 .0 2 2 0 .0 4 7 0 .0 9 9 0 .1 5 2
6 9 5 0 .0 2 0 .0 4 9 0 .0 9 8 0 .1 5 2
6 9 6 0 .0 2 2 0 .0 4 5 0 .0 9 8 0 .1 51
6 9 7 0 .0 2 4 0 .0 4 4 0.1 0 .1 5 2
6 9 8 0 .0 2 0 .0 4 7 0 .0 9 6 0 .1 4 6
6 9 9 0 .0 2 3 0 .0 4 5 0 .0 9 4 0 .1 4 7
7 0 0 0 .021 0 .0 4 4 0 .0 9 4 0 .1 4 6
701 0 .0 2 0 .0 4 5 0 .0 9 5 0 .1 4 7
7 0 2 0 .0 1 9 0 .0 4 4 0 .0 9 3 0 .1 4 4
703 0 .0 2 2 0 .0 4 3 0 .091 0 .1 4 4
7 0 4 0 .021 0 .0 4 5 0 .0 9 0 .1 3 7
7 05 0 .0 1 8 0 .0 4 3 0 .0 9 0 .1 3 8
7 0 6 0 .0 1 6 0 .0 4 1 0 .0 8 8 0 .1 3 5
7 0 7 0 .0 1 6 0 .041 0 .0 8 9 0 .1 3 5
7 0 8 0 .0 1 8 0 .0 4 0 .0 8 3 0 .1 3 4
7 0 9 0 .0 1 5 0 .0 41 0 .0 8 6 0 .1 3 2
7 1 0 0 .0 1 6 0 .0 41 0 .0 8 3 0 .1 3
711 0 .0 1 6 0 .0 4 2 0 .0 8 3 0 .1 2 8
7 1 2 0 .0 1 6 0 .0 3 8 0 .0 7 9 0 .1 2 7
7 13 0 .0 1 5 0 .0 3 9 0 .0 8 2 0 .1 2 7
7 1 4 0 .0 1 5 0 .0 3 9 0 .0 81 0 .1 2 5
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

715 0 .0 1 5 0 .0 3 8 0 .0 7 9 0 .1 2 4
7 1 6 0 .0 1 5 0 .0 3 7 0 .0 7 8 0 .1 2 2
7 1 7 0 .0 1 4 0 .0 3 6 0 .0 7 6 0 .1 2 2
7 1 8 0 .0 1 7 0 .0 3 7 0 .0 7 4 0 .1 2
7 1 9 0 .0 1 6 0 .0 3 7 0 .0 7 6 0 .1 2
7 2 0 0 .0 1 7 0 .0 3 5 0 .0 7 8 0 .1 1 8
721 0 .0 1 7 0 .0 3 9 0 .0 7 6 0 .1 1 9
7 2 2 0 .0 1 3 0 .0 3 5 0 .0 7 1 0 .1 1 5
7 23 0 .0 1 7 0 .0 3 3 0 .0 7 2 0 .1 1 7
7 2 4 0 .0 1 4 0 .0 3 4 0 .0 71 0 .1 1 4
725 0 .0 1 4 0 .0 3 4 0 .0 71 0 .1 1 3
7 2 6 0 .0 1 5 0 .0 3 6 0 .0 7 2 0 .1 0 9
7 2 7 0 .0 1 3 0 .0 3 5 0 .0 7 0 .1 0 6

1 7 2 8 0 .0 1 4 0 .0 3 5 0 .0 6 9 0 .1 0 8
7 2 9 0 .0 1 5 0 .0 3 5 0 .0 7 1 0 .1 0 8
7 30 0 .0 1 5 0 .0 3 6 0 .0 7 2 0 .1 0 7
731 0 .0 1 5 0 .0 3 1 0 .0 7 2 0 .1 0 7
7 3 2 0.011 0 .0 3 0 .0 6 6 0 .101

1 733 0 .0 1 3 0 .0 3 0 .0 6 5 0 .1 0 4
7 34 0 .0 1 4 0 .0 3 0 .0 6 7 0 .1 0 3
735 0 .0 1 4 0 .0 3 3 0 .0 6 6 0.1
7 3 6 0 .0 1 4 0 .0 3 3 0 .0 6 6 0 .1 01
7 3 7 0 .0 1 4 0 .0 31 0 .0 6 5 0 .0 9 9
738 0 .0 1 3 0 .0 3 3 0 .0 6 6 0 .0 9 8
7 3 9 0 .0 1 5 0 .0 3 4 0 .0 5 9 0 .0 9 7
7 4 0 0 .0 1 4 0 .0 3 2 0 .0 61 0 .0 9 7
741 0 .0 1 5 0 .0 3 0 .0 6 2 0 .0 9 3
7 4 2 0 .0 1 3 0 .0 2 8 0 .0 5 9 0 .0 9 2
743 0 .0 1 5 0 .0 2 7 0 .0 6 3 0 .0 91
7 4 4 0 .0 1 4 0 .0 2 9 0 .0 5 9 0 .0 9 2
745 0 .0 1 4 0 .0 3 1 0 .0 5 6 0 .0 8 7
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

7 4 6 0 .0 1 7 0 .0 2 8 0 .0 6 3 0 .0 8 6
7 4 7 0 .0 1 4 0 .0 3 0 .0 6 2 0 .091
748 0 .0 1 4 0 .0 2 7 0 .0 6 1 0 .0 8 9
7 4 9 0 .0 1 3 0 .0 3 0 .0 5 9 0 .0 8 9
7 5 0 0 .0 1 9 0 .0 2 6 0 .0 6 0 .0 8 7

i 751 0 .01 0 .0 2 8 0 .0 5 2 0 .081
7 5 2 0 .0 1 6 0 .0 2 5 0 .0 5 7 0 .0 8 3
753 0 .0 1 4 0 .0 2 3 0 .0 5 1 0 .0 81
7 5 4 0 .01 0 .0 2 7 0 .0 5 0 .0 81
7 55 0 .0 1 5 0 .0 2 7 0 .0 5 3 0 .0 8 2
7 5 6 0 .0 1 4 0 .0 2 8 0 .0 5 2 0 .0 7 9
7 5 7 0 .0 1 4 0 .0 2 3 0 .0 5 3 0 .0 8
7 58 0 .0 1 2 0 .0 2 7 0 .0 4 8 0 .0 7 6

1 7 5 9 0.011 0 .0 2 5 0 .0 5 1 0 .0 7 7
7 6 0 0.011 0 .0 2 4 0 .0 5 0 .0 7 3

j 761 0.011 0 .0 2 2 0 .0 4 7 0 .0 7 7
7 6 2 0 .0 1 4 0 .0 2 3 0 .0 4 8 0 .0 7 6
763 0 .0 1 4 0 .0 2 7 0 .0 5 1 0 .0 7 3

1 7 6 4 0 .0 1 2 0 .0 2 2 0 .0 4 7 0 .0 7 2
765 0 .0 1 3 0 .0 2 5 0 .0 5 0 .0 7 4
7 66 0.011 0 .0 2 3 0 .0 4 8 0 .0 7 5
767 0 .0 1 4 0 .0 2 0 .0 4 5 0 .0 71
768 0 .0 1 3 0 .0 2 5 0 .0 4 7 0 .0 7
7 6 9 0 .0 1 3 0 .0 2 3 0 .0 4 7 0 .0 7 2
7 7 0 0 .0 11 0 .0 1 9 0 .0 4 3 0 .0 6 4
771 0 .0 0 8 0 .0 1 9 0 .0 4 4 0 .0 6 5
7 72 0.01 0 .0 2 0 .0 4 2 0 .0 6 4
773 0 .01 0 .0 2 0 .0 4 4 0 .0 6 5
7 7 4 0.01 0 .0 2 1 0 .0 4 1 0 .0 6
775 0 .0 0 9 0 .0 2 0 .0 3 7 0 .0 5 9
7 7 6 0 .0 1 2 0 .0 2 5 0 .0 4 0 .0 61
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I-------------------------------------------------------------------------------------------------------------------------------
W avelength (nm) u v  A bsorbance

2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers
7 7 7 0.011 0 .0 1 7 0 .0 4 4 0 .0 6 5
7 7 8 0 .0 0 8 0 .0 1 9 0 .0 3 8 0 .0 6
7 7 9 0 .0 1 2 0 .0 2 0 .0 4 3 0 .0 6 3
7 8 0 0 .0 0 8 0 .0 1 9 0 .0 3 9 0 .0 5 9
781 0 .0 0 7 0 .0 1 6 0 .0 3 9 0 .0 61
7 8 2 0.01 0 .0 1 6 0 .0 3 7 0 .0 5 9
7 83 0.011 0 .0 1 9 0 .0 3 6 0 .0 5 8
7 8 4 0 .0 0 6 0 .0 1 4 0 .0 3 4 0 .0 5 4
7 8 5 0 .0 0 5 0 .0 1 8 0 .0 3 3 0 .0 5 5
7 8 6 0 .0 1 2 0 .0 1 5 0 .0 3 5 0 .0 5 4

i 7 8 7 0 .0 0 7 0 .0 1 6 0 .0 3 2 0 .0 5 3
7 8 8 0 .0 1 4 0 .0 15 0 .0 3 8 0 .0 5 2
7 8 9 0 .0 0 6 0 .0 1 6 0 .0 3 0 .0 4 8
7 9 0 0 .0 0 6 0 .0 1 4 0 .0 3 2 0 .0 51
791 0.01 0 .0 15 0 .0 2 7 0 .0 4 7
7 9 2 0 .0 0 6 0 .0 13 0 .0 2 7 0 .0 4 8
7 93 0 .0 0 8 0 .0 1 3 0 .0 3 0 .0 51
7 9 4 0 .0 0 7 0 .0 1 3 0 .0 2 8 0 .0 4 7
7 9 5 0 .0 0 6 0 .0 1 9 0 .0 2 9 0 .0 4 5
7 9 6 0 .0 0 4 0 .0 15 0 .0 2 9 0 .0 4 7
7 9 7 0.01 0 .0 1 4 0 .0 2 8 0 .0 4 9
7 9 8

L
0 .0 0 4 0 .0 13 0 .0 3 0 .0 4 2

7 9 9 0 .0 0 5 0 .0 1 7 0 .0 2 4 0 .0 4 4
8 0 0 0 .0 0 4 0 .0 13 0 .0 2 7 0 .0 4 2
801 0 .0 0 5 0 .0 1 2 0 .0 2 5 0 .0 4
8 0 2 0 .0 0 9 0 .0 1 5 0 .0 2 8 0 .0 4 2
803 0 .0 0 9 0 .0 1 2 0 .0 2 6 0 .0 4 3
8 0 4 0.011 0 .0 1 2 0 .0 2 9 0 .0 4 3
805 0 .0 0 4 0 .0 1 5 0 .0 2 3 0 .0 4 1
8 0 6 0 .0 0 8 0 .0 13 0 .0 2 6 0 .0 41r

-
©oo 0 .0 0 7 0 .0 1 6 0 .0 21 0 .0 4
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

8 0 8 0.001 0 .0 1 3 0 .0 2 3 0 .0 3 7
8 0 9 0 .0 0 4 0 .0 1 2 0 .0 2 4 0 .0 3 7
8 1 0 0 .0 0 4 0 .0 0 9 0 .0 2 3 0 .0 3 5
811 0 .0 0 7 0.011 0 .0 2 8 0 .0 3 7
8 1 2 0 .0 0 7 0.01 0 .0 2 4 0 .0 3 5
813 0 .0 0 2 0 .0 1 6 0 .0 2 4 0 .0 3 4
8 1 4 0 .0 0 2 0 .0 0 9 0 .0 1 8 0 .0 3 3
8 15 0 .0 0 7 0 .0 0 7 0 .0 2 2 0 .0 3 3
8 1 6 0 .0 0 8 0 .0 0 8 0 .0 2 6 0 .0 3 7
8 1 7 0.001 0.011 0 .0 2 0 .0 3 1
8 1 8 0 .0 0 7 0.011 0 .0 2 0 .0 3 4
8 1 9 0 .0 0 5 0 .0 0 9 0 .0 2 2 0 .0 3 4
8 2 0 0 .0 0 9 0.011 0 .0 2 5 0 .0 3 4
821 0 .0 0 9 0 .0 0 8 0 .0 2 0 .0 3 4
8 2 2 0 .0 0 3 0.01 0 .0 1 8 0 .0 3 2
823 0 .0 0 5 0 .0 0 9 0 .0 1 7 0 .0 2 9
8 2 4 0 .0 0 4 0 .0 0 7 0 .0 1 6 0 .0 3
8 2 5 - 0.001 0 .0 0 9 0 .0 1 9 0 .0 2 5
8 2 6 0 .0 0 4 0 .0 1 2 0 .0 1 6 0 .0 3
8 2 7 0 .0 0 4 0.01 0 .0 1 9 0 .0 2 7
8 2 8 0.001 0 .0 1 2 0 .0 1 2 0 .0 2 2
8 2 9 0 .0 0 3 0 .0 0 7 0 .0 1 5 0 .0 2 3
8 3 0 0 .0 0 4 0 .0 0 9 0 .0 1 8 0 .0 2 7
831 0.01 0 .0 0 7 0 .0 1 9 0 .0 3 3
8 3 2 0 .0 0 4 0 .0 0 7 0 .0 1 5 0 .0 2 8
833 0 .0 0 7 0 .0 0 9 0 .0 2 2 0 .0 31
8 3 4 0 .0 0 7 0 .0 0 6 0 .0 2 0 .0 2 5
8 3 5 0 .0 0 6 0 .0 0 7 0 .0 2 0 .0 2 8
8 3 6 0 .0 0 6 0 .0 0 8 0 .0 1 4 0 .0 2 5
8 3 7 0 .0 0 3 0 .0 0 5 0 .0 1 4 0 .0 2 3
8 3 8 0 .0 0 6 0 .0 0 9 0 .0 1 5 0 .0 2 2
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W avelength (nra) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

8 3 9 0 .0 0 6 0 .0 0 8 0 .0 1 2 0 .0 2 4
8 4 0 0 .0 0 8 0 .0 0 9 0 .0 1 9 0 .0 2 4
841 0 .0 0 5 0 .0 0 9 0 .0 1 6 0 .0 2 3
8 4 2 0 .0 0 9 0 .0 0 4 0 .0 1 8 0 .0 21
8 43 - 0.001 0 .0 0 6 0 .0 1 0 .0 1 7
8 4 4 0 .0 0 2 0 .0 1 2 0.011 0 .0 1 5
845 0 .0 03 0 .0 0 7 0 .0 1 7 0 .0 21
8 4 6 0 .0 0 5 0 .0 0 6 0 .0 0 8 0 .0 2 3
8 4 7 0 .0 0 8 0 .0 0 8 0 .0 2 3 0 .0 2 4
8 4 8 0 .0 0 5 0 .0 0 7 0 .0 1 4 0 .0 2 2
8 4 9 0.01 0 .0 0 7 0.011 0 .0 2 2
8 5 0 0.001 0.01 0 .0 1 3 0 .0 1 8

oo น^ 0 .0 0 6 0 .0 0 3 0 .0 0 8 0 .0 2 2
8 5 2 0 .0 0 6 0 .0 0 3 0.011 0 .0 1 4
8 53 0 .0 0 5 0 .0 0 9 0 .0 0 8 0 .0 21
8 5 4 0 .0 0 4 0 .0 0 6 0 .0 1 3 0 .0 1 6
8 55 - 0 .0 0 2 0 .0 0 7 0 .01 0 .0 1 6
8 5 6 0 .0 0 5 0 .0 0 4 0.011 0 .01
8 5 7 - 0 .0 0 4 0 .0 0 3 0 .0 0 7 0 .0 1 3
8 5 8 0 .0 0 5 0 .0 0 5 0 .0 1 5 0 .0 2 2
8 5 9 0 .0 0 5 0 .0 0 6 0 .0 0 9 0 .0 1 8
8 6 0 0.001 0 .0 0 4 0 .0 0 5 0 .0 1 4
861 0.001 0.001 0 .0 0 2 0 .0 1 7
8 6 2 0 .0 0 3 0 .0 0 3 0 .01 0 .0 1 7
863 0 .0 0 6 0.01 0 .0 0 6 0 .01
8 6 4 - 0.001 0 .0 0 3 0 .0 0 5 0 .0 1 3
8 65 0.001 0 .0 0 5 0 .0 0 4 0 .01
8 6 6 0 .0 03 0 .0 0 6 0 .0 0 4 0 .0 1 7
8 6 7 0 .0 0 7 - 0.001 0 .0 0 9 0 .0 1 2
8 6 8 0 .0 0 6 0 .0 0 3 0.001 0 .0 1 3
8 6 9 - 0.001 0 .0 0 4 0 .0 0 3 0.011
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Wavelength (nm) u v  Absorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

8 7 0 - 0.001 0.01 0 .0 0 9 0 .0 1 5
871 - 0 .0 0 3 0 .0 1 4 0.011 0.011
8 7 2 0 .0 0 2 0 .0 0 9 0 .0 0 4 0 .0 0 9
8 73 0 .0 0 3 0 .0 0 5 - 0 .0 0 2 0 .01
8 7 4 - 0 .0 0 2 0 .0 0 4 0 .0 0 4 0 .0 1 4
8 7 5 0 .0 0 5 0 .0 1 3 0 .0 0 3 0 .0 0 8
8 7 6 0 .0 0 9 0 .0 0 8 0 .0 0 3 0 .0 1 5

! 8 7 7 0 .0 0 5 0 .0 0 8 0 .0 0 9 0 .0 1 2
8 7 8 0 .0 0 7 0 .0 0 5 0 .0 0 6 0 .0 0 8
8 7 9 0 .0 0 4 0 .0 0 4 0 .0 0 6 0 .0 1 2
8 8 0 0 .0 0 7 0 .0 0 2 0 .0 0 9 0 .0 1 2
881 0 .0 0 6 0 .0 0 4 0 .0 0 3 0 .0 1 3
8 8 2 0.001 0.001 - 0 .0 0 4 0 .0 0 5
883 0 .0 0 6 0 .0 0 3 0 .0 0 2 0 .01
8 8 4 0 .0 0 7 - 0 .0 0 6 0 .0 0 6 0 .0 1 3
885 0 .0 0 3 0 .0 0 5 0 .0 0 3 0 .0 0 5
8 8 6 - 0 .0 0 4 0 .0 0 2 0.001 0 .0 0 8
8 8 7 0 .0 0 5 0.001 - 0.001 0.001

! 8 8 8 0 .0 0 6 0.001 0 .0 0 2 0.01
8 8 9 - 0 .0 0 6 0 .0 0 9 - 0 .0 0 4 0 .0 0 6
8 9 0 - 0 .0 0 2 0 .0 0 2 0 .0 0 7 0 .0 0 7
891 0.001 0 - 0 .0 0 5 0 .0 0 6
8 9 2 0 .0 0 7 - 0 .0 0 6 - 0.001 0.011
893 - 0 .0 0 2 - 0 .0 0 2 - 0 .0 0 2 0 .0 0 3

ON00

- 0 .0 0 7 0 .0 0 2 0 .0 0 8 0.01
8 9 5 - 0 .0 0 8 0.001 0 .0 0 4 - 0 .0 0 3
8 9 6 - 0 .0 0 2 0 .0 0 3 - 0 .0 0 2 0 .0 0 6
8 9 7 - 0 .0 0 6 0 .0 0 6 - 0 .0 0 8 0 .0 0 5
8 9 8 - 0 .0 0 4 0 .0 0 8 - 0 .0 0 6 - 0 .0 0 2
8 9 9 - 0.01 0 .0 0 5 - 0 .0 0 7 - 0 .0 0 3
9 0 0 0 0 0 0
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Wavelength (nm) u v  Absorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

901 0 0 .01 - 0 .0 0 5 0.001

9 0 2 -0.001 0.011 0 .0 0 3 0 .0 0 3
9 0 3 - 0 .0 0 6 -0.001 - 0 .0 0 7 0 .0 0 4
9 0 4 - 0 .0 0 3 0 .0 0 7 - 0 .0 0 2 0 .0 0 2
9 0 5 0 .0 0 7 0 .0 0 2 0 .0 1 0.01
9 0 6 0 .0 0 7 0 .0 0 5 -0.011 0 .0 0 3
9 0 7 0 .0 0 3 0 .0 0 5 -0.001 0 .0 0 8

! 9 0 8 0 .0 0 4 0 .0 0 6 0 .0 0 4 0 .0 0 7
9 0 9 0 -0.001 - 0 .0 0 6 - 0 .0 0 5
9 1 0 0 .0 1 1 0 .0 0 3 -0.001 0 .0 03
911 - 0 .0 0 7 0 - 0 .0 0 9 - 0 .0 0 2
9 1 2 0 .0 0 9 0.001 0 .0 0 7 0 .0 0 9
9 1 3 0 0 .0 0 3 - 0 .0 0 2 0

1 9 1 4 -0.001 0 .0 0 5 0 .0 0 3 0 .0 0 6
9 1 5 0 .0 0 3 0 .0 0 2 -0.001 0.001

9 1 6 0 .0 0 4 0 0 0 .0 0 8
9 1 7 0 0 0 0 .0 0 6
9 1 8 - 0 .0 0 7 0 .0 0 2 - 0 .0 0 9 0 .001

f  9 1 9 0 .0 0 4 - 0 .0 0 3 -0.001 0 .0 0 6
9 2 0 - 0 .0 1 3 0 .0 0 9 - 0 .0 1 3 - 0 .0 0 7
921 0 .0 0 2 0.001 0 .0 0 3 - 0 .0 0 3
9 2 2 0 .0 0 6 - 0 .0 0 5 0.001 0 .0 0 7
9 2 3 0 .0 0 3 0 .0 0 7 - 0 .0 0 4 0 .0 0 7
9 2 4 - 0 .0 0 3 0.001 - 0 .01 - 0 .0 0 6
9 2 5 - 0 .0 0 5 0.001 - 0 .0 0 5 - 0 .0 0 9
9 2 6 - 0 .0 0 4 0 .0 0 7 - 0 .0 0 9 - 0 .0 0 3
9 2 7 0 0 .0 0 5 - 0 .0 1 3 0 .0 0 3
9 2 8 0 .0 0 9 0 .0 0 6 - 0 .0 0 5 - 0 .0 0 4
9 2 9 0 0 .0 0 5 - 0.011 - 0 .0 0 3
9 3 0 0 .0 0 4 - 0 .0 0 2 0.001 0 .0 0 3
931 0 .0 0 4 0 .0 0 5 - 0 .0 0 5 0 .0 0 3
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

9 3 2 0.001 -0.001 - 0 .0 0 8 0
9 33 0.011 0 .0 0 9 0 .0 0 4 0 .0 0 7
9 3 4 0 .0 0 2 -0.001 - 0 .0 0 3 - 0.01
9 3 5 - 0 .0 0 8 0 .0 0 1 - 0 .0 0 3 - 0 .0 0 2
9 3 6 0 .0 1 2 - 0 .0 0 5 0 .0 1 3 - 0 .0 0 3
9 3 7 0 .0 0 5 - 0 .0 1 6 -0.011 -0.011
9 3 8 0 .0 0 7 0 .0 0 5 0 .0 0 8 - 0 .0 0 2
9 3 9 0.011 0 0 .0 0 7 - 0 .0 0 4
9 4 0 0 .0 0 5 - 0 .0 0 6 0 .0 0 4 0 .0 0 4
941 0 .0 2 0 .0 0 4 0 .0 1 6 0 .0 0 5
9 4 2L 0 .0 0 7 - 0 .0 0 9 0 .0 2 0.001
9 43 0 .0 1 2 0 0 .0 1 5 0 .0 0 4
9 4 4 0 .0 1 7 0 .0 1 7 0 .0 0 4 -0.011
9 4 5 0 .0 2 4 0 .0 1 2 0 .0 4 3 0 .0 1 3
9 4 6 0 .0 1 6 0.001 0 .0 31 0 .0 0 8

1 9 4 7 0 .0 4 0 .0 0 6 0 .0 4 3 0 .0 1 7
9 4 8 0 .0 0 9 - 0 .0 0 9 0 .0 0 8 -0.001
9 4 9 0 .0 0 3 - 0 .0 0 5 - 0 .01 - 0 .0 1 3
9 5 0 -0.001 0 .0 0 8 0 .0 2 3 - 0.01

1 951 - 0 .0 0 7 - 0 .0 0 2 - 0 .0 0 2 0 .0 0 5
9 5 2 0 .0 1 7 0.011 0 .0 3 4 - 0 .0 0 6
9 53 0 .0 0 4 -0.001 0 .0 0 5 0 .0 0 4
9 5 4 0 .0 1 3 -0.011 0 .0 2 6 - 0 .0 0 2
9 5 5 0 .0 0 6 - 0 .0 0 2 - 0 .0 0 6 - 0 .0 1 7
9 5 6 0 .0 2 8 0 0 .0 3 6 0 .0 0 8
9 5 7 0 .0 2 5 - 0 .0 0 6 0 .0 3 0 .0 0 7
9 5 8 0 .0 3 - 0 .0 0 6 - 0 .0 0 3 0.001
9 5 9 0.011 - 0 .0 0 3 0 .0 0 8 - 0 .0 0 4
9 6 0 0 .0 1 7 0.001 0 .0 0 7 -0.011
961 0 .0 2 8 0 .0 0 9 0 .0 2 6 - 0 .0 0 4
9 6 2 0 .0 3 2 - 0.01 0 .0 2 2 - 0 .0 1 5
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W avelength (nm) u v  A bsorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

9 6 3 0 .0 2 4 - 0 .0 1 2 0 .0 2 3 - 0 .0 0 6
9 6 4 0 .0 3 4 - 0 .0 0 8 0 .0 2 2 0.01
9 6 5 0 .0 2 9 0.001 0 .0 2 7 - 0 .0 0 6
9 6 6 0 .021 0 .0 0 9 0 .0 1 2 0 .0 0 8
9 6 7 0 .0 3 0 0 .0 1 4 0 .0 0 7
9 6 8 0 .0 3 7 - 0 .0 0 3 0 .0 3 5 - 0 .0 0 3
9 6 9 0 .0 2 5 0.011 0 .0 2 - 0 .0 0 9
9 7 0 0 .0 23 0 .0 03 - 0 .0 0 4 - 0 .0 0 8
971 0 .013 0 .0 0 7 - 0 .0 1 2 - 0 .0 1 2
9 7 2 0 .0 1 8 - 0 .0 2 3 0 .0 1 4 - 0 .0 0 7
9 7 3 0 .0 2 - 0 .0 0 7 0 .0 2 6 - 0 .0 1 3
9 7 4 0.01 - 0 .0 0 5 0 .0 0 8 - 0 .0 0 5
9 7 5 0 .03 - 0 .0 0 3 0 .0 2 - 0 .0 0 6
9 7 6 0 .0 4 7 0 .0 03 0 .0 4 5 0 .0 0 7
9 7 7 0 .0 0 4 0 .0 0 9 0.01 - 0 .0 0 2
9 7 8 0 .0 2 8 0 .0 1 2 0 .0 0 2 - 0 .0 2
9 7 9 0.041 - 0 .0 1 4 0 .0 1 8 0 .0 1 2
9 8 0 0 .0 2 8 - 0 .0 1 2 0 .0 21 - 0 .0 0 6
981 0 .0 4 5 - 0 .0 0 5 0 .0 2 7 - 0 .0 0 2
9 8 2 0 .0 2 6 - 0 .0 0 4 0 .0 1 3 - 0 .0 0 8
9 8 3 0 .0 1 4 - 0 .0 0 4 0 .0 0 8 - 0 .0 0 5
9 8 4 0 .0 33 - 0 .0 0 8 0 .0 4 6 0 .0 0 9
9 8 5 0 .0 2 5 - 0 .0 1 5 - 0.001 - 0 .0 2
9 8 6 0 .0 2 8 0 .0 0 7 0 .0 2 0.001

9 8 7 0.041 0 .0 0 3 0 .0 0 7 - 0.001

9 8 8 0 .0 2 0 .0 0 9 0 .0 0 9 - 0.011

9 8 9 - 0.001 - 0 .0 0 4 0 .0 0 3 - 0 .0 1 3
9 9 0 0 .0 1 8 0.001 0.011 - 0.011

991 0 .0 4 8 0 .0 0 6 0 .0 4 9 0 .0 1 5
9 9 2 0 .0 0 3 - 0 .0 1 2 - 0 .0 0 9 0 .0 0 3
9 9 3 0 .0 2 8 - 0 .0 1 3 - 0 .0 0 4 0 .0 0 5
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W avelength (nm) u v  Absorbance
2 bi- layers 3 bi- layers 4 bi-layers 5 bi-layers

9 9 4 0 .0 4 - 0 .0 0 2 0 .0 5 2 0 .0 0 9
9 9 5 0 .0 4 8 - 0 .0 1 6 0 .0 2 7 0.011

9 9 6 0 .0 2 8 0 .0 0 6 0.001 0 .0 0 6
9 9 7 0 .0 3 6 - 0 .0 1 6 0 .0 3 - 0 .0 0 2
9 9 8 0 .0 2 3 0 .0 0 8 0 .0 1 9 - 0 .0 0 2
9 9 9 0.001 0.011 0 .0 1 4 0 .0 0 4
1 0 0 0 0.01 - 0 .0 0 3 0 .0 1 9 - 0 .0 1 5
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Table A2 Compressive stress of poly(S/DVB) polyHIPE

Batch
Reference

Sam ple
Reference

Speed
(mm/min)

M aximum 
Load (N)

Stiffness
(N/m)

Young's
M odulus

(kPa)
S/DVB 1 1.27 283.013 114153.8 5722.249
S/DVB 2 1.27 174.7155 134914 6762.907
S/DVB 3 1.27 172.5276 111706.6 5599.575
S/DVB 4 1.27 174.9868 116105 5820.058
S/DVB 5 1.27 183.7661 141133.7 7074.686
S/DVB 6 1.27 172.34 140186.3 7027.194
Mean 193.5582 126366.6 6334.445
STD. 44.02382 13794.77 691.4981

Table A3 Compressive stress of poly(S/EDDMA) polyHIPE

Batch
Reference

Sam ple
Reference

Speed
(mm/min)

M aximum 
Load (N)

Stiffness
(N/m)

Young's
M odulus

(kPa)
j S/EGDMA 1 1.27 147.0257 81915.7 4106.233

S/EGDMA 2 1.27 142.4229 64540.98 3235.281
; S/EGDMA 3 1.27 145.8925 68131.26 3415.253

S/EGDMA 4 1.27 137.3973 49429.07 2477.758
S/EGDMA 5 1.27 149.472 58067.57 2910.785
S/EGDMA 6 1.27 147.7588 122123.3 6121.742

Mean 145.0971 74034.65 3711.175
STD. 4.466685 25922.94 1299.453
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Table A4 W ater absorption capacity o f  poiy(S/DVB) polyHIPE with various coating

Time(min)
W ater Absorption Capacity (% )

PDAD-PAA PDAD-PSS CTS-ALG
M ean STD. M ean STD. M ean STD.

0 0 0 0 0 0 0
1 4 6 8 .9 3 1 2 2 6 .7 1 4 1 .8 3 2 7 2 1 .4 1 9 4 .8 1 1 3 2 4 .5
2 5 5 2 .1 7 3 9 3 0 .2 1 3 8 .1 1 4 2 2 5 .6 2 2 5 .7 0 7 5 12.8
3 6 0 4 .7 1 0 1 12.4 1 4 5 .6 8 3 9 18.5 2 4 3 .6 3 2 1 15.6
4 6 2 3 .1 8 8 4 2 3 .5 1 8 7 .7 8 2 2 10 .4 2 5 6 .6 8 2 4 17.9
5 6 2 9 .8 9 1 3 3 1 .5 2 0 5 .9 7 6 1 2 6 .8 2 6 5 .0 9 4 3 2 0 .6
6 6 4 0 .7 6 0 9 2 7 .5 2 1 0 .7 5 7 2 0 .6 2 7 5 .3 1 4 5 2 4 .5
7 6 4 2 .5 7 2 5 2 5 .4 2 2 4 .8 3 4 2 9 .5 2 8 3 .2 5 4 7 3 6 .7
8L 6 4 9 .1 8 4 8 18 .7 2 3 8 .5 1 2 6 18.4 2 9 5 .7 5 4 7 30
9 6 4 8 .8 2 2 5 12 .7 2 4 4 .0 9 0 3 14.5 3 0 1 .2 5 7 9 15.6

1 10 6 5 4 .4 3 8 4 14 2 5 4 .5 8 1 7 12.3 3 0 3 .7 7 3 6 14.5
15 6 5 8 .2 4 2 8 14.6 2 7 0 .6 5 0 7 14.4 3 1 7 .0 5 9 7 13.7
2 0 6 6 1 .0 5 0 7 2 7 .8 2 7 4 .3 6 9 2 15.8 3 2 3 .7 4 2 1 2 4 .5
2 5L 6 6 6 .0 3 2 6 15.6 2 7 5 .9 6 2 8 2 7 .8 3 3 0 .3 4 5 9 13.7
3 0 6 6 7 .1 1 9 6 2 4 .8 2 8 8 .1 8 0 6 3 0 .4 3 3 6 .6 3 5 2 2 7 .6
4 0 6 6 9 .4 7 4 6 2 7 .8 2 9 6 .2 8 1 5 3 2 .2 3 4 4 .7 3 2 7 2 8 .9
50 6 7 1 .5 5 8 30 .1 2 9 4 .6 8 7 9 12.5 3 5 8 .0 9 7 5 2 1 .4
6 0 6 7 2 .9 1 6 7 2 5 .7 3 0 7 .7 0 2 5 4 5 .6 3 6 4 .6 2 2 6 14.7
120 6 7 4 .1 8 4 8 12 .7 3 1 3 .9 4 4 2 2 4 .5 3 8 3 .8 0 5 2 6 .7
180 6 7 5 .8 1 5 2 13 .8 3 1 8 .4 5 9 5 2 8 .7 3 9 2 .1 3 8 4 14.5
3 6 0 6 8 4 .8 7 3 2 14.5 3 5 5 .6 4 4 1 3 2 .2 4 2 0 .4 4 0 3 2 5 .6
10 8 0 7 9 0 .2 1 7 4 2 5 .6 5 0 7 .9 6 8 1 3 4 .6 5 0 9 .9 0 5 7 2 9 .6
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Table A5 Water absorption capacity of poly(S/DVB) and poly(S/EGDMA) polyHIPE with 
PDAD-PAA coating

Time W ater A bsorption Capacity (% )

(min) DVB No DVB 14 EGDM A No EGDMA 14
M ean STD. M ean STD. Mean STD. M ean STD.

0 0 0 0 0 0 0 0 0
1 0 .1 0 1 7 2 5 .7 4 .6 8 9 3 2 6 .7 0 .1 3 4 4 2 1 .3 0 .7 8 8 9 2 3 .7
2 0 .1 4 9 5 23 5 .5 2 1 7 3 0 .2 0 .1 9 8 0 3 0 .4 1 .2 4 5 8 3 5 .2

i 3 0 .1 6 2 7 26.1 6 .0 4 7 1 12.4 0 .2 1 2 4 12.8 1 .6 9 0 3 12.7
4 0 .1 6 2 7 24 6 .2 3 1 9 2 3 .5 0 .2 5 4 3 2 4 .6 2 .7 7 7 8 12.8
5 0 .1 7 1  1 2 2 .5 6 .2 9 8 9 3 1 .5 0 .2 7 3 1 23.1 3 .2 7 0 8 3 5 .8
6 0 .1 9 3 8 2 5 .6 6 .4 0 7 6 2 7 .5 0 .2 8 9 0 4 1 .1 3 .8 1 6 7 2 0 .9
7 0 .1 9 3 8 2 4 .5 6 .4 2 5 7 2 5 .4 0 .3 0 9 2 2 7 .7 4 .2 4 8 6 16.7
8 0 .2 0 1 0 14 6 .4 9 1 8 18.7 0 .3 4 1 0 12.4 4 .5 4 4 4 3 0 .2
9 0 .2 0 3 3 12.5 6 .4 8 8 2 1 2 .7 0 .3 5 1 2 1 5 .6 4 .8 7 9 2 12.6
10 0 .2 1 2 9 17.8 6 .5 4 4 4 14 0 .3 9 7 4 15.6 5 .3 4 0 3 14
15 0 .3 0 1 4 2 6 .7 6 .5 8 2 4 14.6 0 .4 6 1 0 2 4 .6 5 .5 4 4 4 18.4
2 0 0 .3 1 8 2 2 2 .6 6 .6 1 0 5 2 7 .8 0 .4 8 7 0 2 8 .7 5 .7 4 7 2 19
25 0 .3 2 0 6 12.7 6 .6 6 0 3 15.6 0 .4 8 8 4 19 .2 5 .9 8 1 9 2 3 .5
3 0 0 .3 3 6 1 28.1 6 .6 7 1 2 2 4 .8 0 .5 0 7 2 2 9 .1 6 .2 1 2 5 10.9
4 0 0 .3 4 0 9 14.6 6 .6 9 4 7 2 7 .8 0 .5 2 4 6 4 2 .3 6 .3 7 9 2 4 2 .7
5 0 0 .3 5 5 3 11.8 6 .7 1 5 6 30.1 0 .5 2 8 9 16.5 6 .6 1 8 1 2 6 .7
6 0 0 .3 6 7 2 2 6 .7 6 .7 2 9 2 2 5 .7 0 .5 36 1 15.6 6 .7 0 5 6 2 1 .5
120 0 .3 8 4 0 2 3 .8 6 .7 4 1 8 12.7 0 .5 5 9 2 2 3 .6 6 .8 3 7 5 4 2 .6
180 0 .3 9 5 9 14.6 6 .7 5 8 2 13.8 0 .6 5 9 0 14.8 7 .0 0 4 2 13.5
3 6 0 0 .4 2 7 0 14.6 6 .8 4 8 7 14.5 0 .8 2 0 8 2 6 .9 7 .3 6 8 1 2 8 .3
1080 0 .5 2 1 5 4 4 .5 7 .9 0 2 2 2 5 .6 2 .1 1 4 2 3 4 .2 8 .8 9 3 1 24.1
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Table A6 Contact angle of poly(S/DVB) polyHIPE with PDAD-PSS coating

Sample
C ontact Angle (degree)

1 2 3 M ean STD.
DVB 119.4415 125.8775 119.7675 121.6955 3.6254

1 bi-layer 1 17.4317 114.6950 119.1789 117.1019 2.2601
2 bi-layer 104.9195 110.3325 111.6525 108.9682 3.5678
3 bi-layer 106.4659 106.2244 104.5205 105.7369 1.0603
4 bi-layer 98.4341 103.8537 99.1609 100.4829 2.9417
5 bi-layer 85.8675 91.9550 90.9100 89.5775 3.2552
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