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d  film

substrate

n0 =1

n1 =1- 1-i 1

n2 =1- 2-i 2
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x x
x = d sin

d

(a) Surface reflection (b) Surface reflection: simple coatings

(c) Reflection at interfaces: simple coatings
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(d) Reflection at interfaces: multilayers
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Liquid
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5. Temperature sensor

6. Rubber gasket

7. Light guide

8. Humidity sensor

9. Ellipsometer detector arm

10. Ellipsometer laser arm

11. Humid nitrogen gas tube

12. Dry nitrogen gas tube

1. Adjustable sample table

2. Nitrogen gas in-let

3. Nitrogen gas out-let

4. Transparent plastic lid
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(PSS/PDADMAC)1

(rms) = 0.23 nm

(PSS/PDADMAC)2

(rms) = 0.42 nm

(PSS/PDADMAC)4

(rms) = 1.43 nm

(PSS/PDADMAC)6

(rms) = 1.50 nm

(rms) = 0.65 nm (rms) = 1.19 nm (rms) = 1.54 nm (rms) = 1.90 nm
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(PSS/PDADMAC)8

(rms) = 2.1 nm
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(rms) = 2.2 nm
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(rms) = 2.3 nm
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(rms) = 6.7 nm

(rms) = 2.3 nm (rms) = 4.95 nm(rms) = 4.86 nm (rms) = 6.90 nm
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0.5 M NaCl0.1 M NaCl 0.25 M NaCl

= 1.1 nm = 1.3 nm = 2.2 nm

= 4.3 nm= 3.3 nm= 2.3 nm
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PEI/(PSS/PDADMAC100%)6

PEI/(PSS/PDADMAC75%)6

0.1 M NaBr

0.1 M NaBr

0.1 M NaF

0.1 M NaF

= 2.4 nm = 1.5 nm

= 2.0 nm= 3.9 nm
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61.6 ± 2.558.5 ± 2.03.1 ± 0.40.25 M NaBr

44.2 ± 1.839.2 ± 1.35.0 ± 0.60.1 M NaBr

59.4 ± 1.256.6 ± 1.12.8 ± 0.20.5 M NaCl

49.8 ± 0.842.7 ± 1.07.1 ± 0.70.25 M NaCl

43.2 ± 0.535.8 ± 0.97.4 ± 0.40.1 M NaCl

51.8 ± 0.738.5 ± 1.013.3 ± 0.40.5 M NaF

38.7 ± 3.226.1 ± 0.812.6 ± 0.30.25 M NaF

total
water
total(%)

swell
water
swell (%)

void
water
void (%)

Concentration
of salt

Water Content in H2O

64.0 ± 1.361.2 ± 1.42.8 ± 0.20.25 M NaBr

46.3 ± 2.142.1 ± 1.94.2 ± 0.60.1 M NaBr

56.5 ± 1.253.8 ± 1.32.7 ± 0.20.5 M NaCl

49.8 ± 0.842.6 ± 1.37.2 ± 0.70.25 M NaCl

45.3 ± 0.536.2 ± 0.89.1 ± 0.40.1 M NaCl

51.5 ± 0.638.3 ± 1.013.2 ± 0.40.5 M NaF

36.6 ± 0.526.0 ± 0.810.6 ± 0.30.25 M NaF

total
water
total(%)

swell
water
swell (%)

void
water
void (%)

Concentration
of salt

Water Content in D2O
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326.3200.2106.250.631.612.16.05.0100

292.3175.593.448.430.011.95.84.890

262.4161.885.244.128.111.65.64.680

239.6150.980.842.527.011.25.24.470

229.4141.676.241.026.011.05.14.360

215.6135.273.940.025.210.95.04.250

205.8129.672.039.224.610.74.94.140

192.8121.567.836.723.710.54.83.930

177.4114.665.035.623.110.34.73.820

168.4109.061.533.921.810.24.53.610

156.7102.358.432.421.010.04.43.50

n = 30n = 20n = 14n = 8n = 6n = 4n = 2n = 1r.h. %

Ellipsometry: Thickness / nm of  PEI/(PSS/PDADMAC)n 0.1 M NaCl

/�"��� �)& -���
���� ������ 
� 5����� D�D� �� 
������� !� @�����

����� *���������� ��
�
� � ���������� ��
!�� 
� �
�!�� ������� ����
����� ���
�
���
� �
 ��� 	
�� �� #������
?�



��� +�����	�

404.3 ± 39.8100.0174.7 ± 3.6100.089.0 ± 3.7100.039.3 ± 1.3100.0

395.2 ± 28.979.1164.5 ± 1.276.487.4 ± 3.285.032.5 ± 2.081.1

199.8 ± 10.226.197.5 ± 5.220.068.2 ± 2.733.327.6 ± 1.622.9

198.3 ± 3.49.295.7 ± 5.76.461.8 ± 1.328.626.2 ± 1.64.6

d / nmr.h. %d / nmr.h. %d / nmr.h. %d / nmr.h.%

n = 30n = 20n = 14n = 8

30.4 ± 2.4100.015.0 ± 1.8100.06.7 ± 0.6100.05.5 ± 1.3100.0

31.6 ± 3.487.113.3 ± 1.575.65.9 ± 0.883.44.4 ± 0.630.5

18.1 ± 1.318.610.2 ± 1.422.34.0 ± 0.529.04.2 ± 0.918.8

17.9 ± 2.28.010.0. ± 0.56.43.8 ± 0.816.42.3 ± 0.49.9

d / nmr.h. %d / nmr.h. %d / nmr.h. %d / nmr.h.%

n = 6n = 4n = 2n = 1
AFM:   PEI/(PSS/PDADMAC)n 0.1 M NaCl
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1337.8791.2530.0152.8101.070.220.37.1100

1120.0648.5430.0129.487.957.319.27.090

920.7550.0380.0111.975.652.017.56.580

814.8470.0332.098.967.046.115.66.470

704.0430.0305.090.761.944.215.06.360

621.0388.0275.084.358.642.514.66.150

560.2358.0252.576.453.041.614.26.040

522.8331.0240.674.551.739.014.15.830

499.5319.0230.569.848.238.513.65.820

476.1305.0221.168.247.037.713.45.710

439.8285.0207.664.244.936.112.95.50

n = 30n = 20n = 14n = 8n = 6n = 4n = 2n = 1R.H. %

Ellipsometry: Thickness / nm of  PEI/(PSS/PDADMAC)n 0.5 M NaCl
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1068.5 ± 46.6100.0553.0 ± 38.1100.0632.9 ± 17.9100.0107.8 ± 3.5100.0

529.1 ± 17.892.6337.4 ± 69.189.7410.2 ± 6.476.688.0 ± 1.881.1

416.9 ± 27.525.9230.8 ± 36.519.7258.5 ± 13.622.960.4 ± 3.320.4

407.7 ± 6.87.8206.2 ± 15.45.0222.2 ± 8.59.754.6 ± 1.55.2

d / nmr.h. %d / nmr.h. %d / nmr.h. %d / nmr.h. %

n = 30n = 20n = 14n = 8

67.3 ± 1.7100.055.3 ± 1.9100.024.0 ± 0.8100.09.7 ± 1.2100.0

61.6 ± 2.592.650.5 ± 1.273.521.8 ± 1.674.97.9 ± 1.174.7

46.2 ± 1.920.134.4 ± 3.229.517.3 ± 1.922.77.6 ± 0.820.0

46.1 ± 1.46.630.7 ± 4.911.7516.1 ± 1.79.27.4 ± 0.94.2

d / nmr.h. %d / nmr.h. %d / nmr.h. %d / nmr.h.%

n = 6n = 4n = 2n = 1

AFM:   PEI/(PSS/PDADMAC)n 0.5 M NaCl
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(PSS/PDADMAC100%)6 0.1 M NaBr PAH-FITC
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(PSS/DADMAC100%)6 with 0.25 M NaBr PAH-FITC
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(PSS/PDADMAC100%)6 0.5 M NaBr PAH-FITC

After bleaching Recovery after 2 days
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