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Experimental section 
 
General 
Materials. Poly(allylamine hydrochloride) (PAH), ferrocene carboxyaldehyde, 
ethynylferrocene, (tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA), 2,2’-azobis(2-
methylpropionitrile) (AIBN), methacrylic acid, N-(3-dimethylaminopropyl)-N-
ethylcarbodiimide hydrochloride (EDCI), copper trifluoromethanesulfonate benzene complex 
were purchased from Aldrich. AIBN was recrystallised in methanol before using. N-
hydroxypropylmethacrylamide (HPMA; PHPMA – poly(N-hydroxypropylmethacrylamide)) 
monomer was purchased from Polyscience. Sodium ascorbate and CuSO4·5H2O were 
purchased from Alfa Aesar. HS-(CH2)11-EG4-OH and HS-(CH2)11-EG6-N3 were purchased 
from Prochimia. β-Cyclodextrin (β-CD) was kindly supplied by Roquette Frères (Lestrem, 
France). β-CD monoalcyne and PAH-CD were synthesized respectively from a β-CD 
monocarboxylic acid derivative and a β-CD monoacetal compound described previously.1 All 
other chemical products were purchased from Fluka. When mentioned, Milli-Q water 
(resistivity = 18.2 MΩ·cm; Millipore system, France) was used as solvent or co-solvent. 
NMR spectroscopy. 1H NMR and 13C NMR experiments were performed using a Bruker 
DRX400 spectrometer operating respectively at 400 MHz and 100 MHz. Chemical shifts (δ in 
ppm) are given relative to external tetramethylsilane (TMS = 0 ppm) and calibration was 
performed using the signal of the residual protons of the solvent as a secondary reference. 
Deuterium oxide, deuterated dimethyl sulfoxide (DMSO) and deuterated chloroform were 
obtained from SDS (Vitry, France).  
Mass spectrometry. MALDI-TOF measurements were performed on a Bruker Daltonics 
Autoflex apparatus using 2,5-dihydroxybenzoic acid as matrix for the analysis of modified β-
CD. 
Infrared spectroscopy. Infrared spectra were obtained on a Thermo Electron Corporation 
Nicolet 380 FT-IR equipped with ATR. 
Elemental analysis. Microanalyses were performed by the Service de Microanalyse, Institut 
Charles Sadron, CNRS. 
 
Synthesis of β-CD monoalcyne 
To a solution of β-CD monocarboxylic acid (0.2 g, 0.165 mmol) in dry dimethylformamide 
(DMF; 16 mL), hydroxybenzotriazole (HOBt; 0.046 g, 0.33 mmol), diisopropylcarbodiimide 
(0.084 g, 0.66 mmol) and propargylamine (0.011 g, 0.215 mmol) were successively added. 
The resulting mixture was stirred under nitrogen at room temperature overnight. After 
evaporation of most of the solvent, the residual syrup was poured into acetone (200 mL). The 
white precipitate was collected by filtration, washed three times with acetone and dried to 
give pure β-CD monoalcyne (0.172 g). 
β-CD monoalcyne (yield=79 %). 
1H NMR (400 MHz, D2O): δ 7.65 (d, 1H, J 7 Hz, -CH=), 4.95-4.92 (m, 7H, anomeric protons 
of β-CD), 4.43-4.25 (m, 2H, CH2-CO), 4.00-3.39 (m, 50 H, other protons of β-CD, CH2-
C≡H), 2.7 (s, 1H); MS-MALDI-TOF: [M+Na]+ calculated for C47H74N2O36Na - 1265.39; 
Found - 1265.56 [M+Na]+. 
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Synthesis of PHPMA derivatives, general pathway: 
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Synthesis of PHPMA-N3: 
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Compound 12 (1.0 equiv., 150 mg, 5.86 mmol) was dissolved in 5 mL CH2Cl2 at 0°C. First 1-
hydroxybenzotraizole (HOBt) (0.4 equiv., 40 mg, 0.235 mmol) and EDCI (1.5 equiv., 169 
mg, 8.8 mmol) were added as a solid directly to the reaction mixture under stirring. 
Methacrylic acid (1 equiv., 5.86 mmol, 50 mg, 0.05 mL) was added drop by drop and then a 
white precipitate appeared in the reaction mixture. Addition of pyridine (0.5 mL) has provided 
a homogeneous colourless solution. The mixture was stirred overnight and the temperature 
was increased slowly from 0°C to 25°C. At 0°C, 5 mL of 10% HCl was added drop by drop 
into the reaction mixture and the organic layer was washed with 2 x 3mL distilled water, 
treated with 5 mL of saturated NaHCO3, washed with 2 x 3mL distilled water and finally 
dried with MgSO4. After removal of organic solvent under the reduced pressure, the residue 
was purified by chromatography using the following conditions as eluent: ethyl 
acetate/CH2Cl2 (6/4). Monomer 2 was isolated as a colourless oil with 60% yield (101 mg, 
3.49 mmol); 1H NMR (CDCl3, 400 MHz): 6.30 (broad s, 1H, NH), 5.69 (s, 1H, =CH), 5.32 
(s, 1H, =CH), 3.67 (m, 10H, OCH2-CH2O), 3.60 (t, 3J=5.5 Hz, 2H, CH2-N3), 3.52 (broad q, 
3J=5.0 Hz, 2H, CH2-NH), 3.38 (t, 3J=5.5 Hz, 2H, CH2-CH2-N3), 1.96 (s, 3H, CH3); 13C NMR 
(CDCl3, 100 MHz): 168.67 (CO), 140.25 (CO-C(CH3)=CH2), 119.69 (CO-C(CH3)=CH2), 
70.84, 70.76, 70.73, 70.39, 70.20, 69.91 (6xCH2O), 50.84 (CH2-N3), 39.58 (CH2-NH), 18.84 
(CH3); m/z (ESI): calculated for C12H22N4O4 [M+H]+ 287.33, observed 287.39; Elem. 
Anal.: calculated for C12H22N4O4 C, 50.34%; H 7.74%; N, 19.57%; found C, 50.42%; H 
8.01%; N, 19.91%. 
 
A solution containing a combination of HPMA (300 mg, 2.1 mmol) and monomer 2 (0.21 
mmol) and a catalytic amount of AIBN (1.6 mg, 9.74 µmol) in DMF (2.5 mL) was degassed 
20 minutes with argon and stirred for 48 hours at 60 °C. The reaction mixture was diluted 
with 2 mL of methanol and added dropwise to 50 mL of ethyl acetate. This precipitation step 
was performed twice. Then, the white solid was collected by filtration, washed with ethyl 
acetate and dried in vacuum. Comparison of 1H NMR integration signals at 3.60-3.35 ppm (all 
CH2 of ethylene oxide spacer) and at 2.88 ppm (NH-CH2-CH(OH)(CH3) of PHPMA) gives an 
effective degree of modification of 5%. 
PHPMA-N3 (yield = 75%)  
1H NMR (DMSO-d6, 400 MHz): 7.20 (br s, NH), 4.71 (br s, OH), 3.70 (br s, CHOH), 3.58 
(br s, O-CH2-CH2-O), 3.49 (br s, CH2-NH), 3.42 (br s, CH2-CH2-N3), 2.88 (br s, NH-CH2-
CH(OH)(CH3)), 1.90-1.59 (br s, C(CH3)-CH2-C(CH3)), 1.00 (br s, CH3), 0.80 (br s, CH3); 13C 
NMR (D2O-d6, 100 MHz): 16.65 (br s), 17.97 (br s), 20.04, 29.22, 44.99, 45.40, 47.09, 50.20, 
54.07 (br s), 65.59, 65.79, 69.27, 69.63, 173.32 (br s); IR (neat): 3313, 2980, 2925, 2110, 
1640, 1590; SEC: Mn= 34040, Mw = 92640 Da, PDI = 2.72. The molecular weight was 
determined using PEG standards.  
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SEC chromatogram of PHPMA-N3: refractive index detection (in blue), light scattering 
detection (in red) and UV absorbance at 254 nm (in green). 
 
Synthesis of PHPMA-Fc 
Synthesis of PHPMA-N3 was described previously.3 PHPMA-N3 (50mg, 5% of N3 groups), 
ethynylferrocene (10 mg, 0.05 mmol) and copper trifluoromethane sulfonate benzene 
complex (1mg, 0.002 mmol) were dissolved in methanol (2.5 mL) in a Schlenk tube. The 
mixture was degassed 20 minutes with argon and stirred overnight at 40°C under argon. Then, 
the reaction mixture was slowly added dropwise to 30 mL of ethyl acetate. The red precipitate 
was filtered and dissolved again in methanol (2 mL). This precipitation step was repeated 
twice. The red solid obtained was dissolved in 3 mL of Milli-Q water and pass through a very 
short amount of celite. Lyophilisation of the aqueous solution provided PHPMA-Fc as red 
solid. By using IR spectroscopy, no bands corresponding to C≡C bond (2117 cm-1) from 
ethynylferrocene and no bands from free azide groups (2110 cm-1) were detected. Thus, we 
considered the PHPMA-Fc substituted by 5% of ferrocene moieties. 
PHPMA-Fc (yield=30%) 
1H NMR (DMSO-d6, 400 MHz): 7.40 (br s, NH), 4.80 (br s, OH), 4.54 (br s, 2xCH 
substituted cyclopentadiene), 4.32 (br s, 2xCH substituted cyclopentadiene), 4.05 (br s, 5xCH 
cyclopentadiene), 3.70 (br s, CHOH), 3.60-3.40 (br m, O-CH2-CH2 from the EO linker 
overlapped with H2O in DMSO-d6), 3.10 (br s, NH-CH2-CH(OH)(CH3)), 2.10-1.60 (br s, 
C(CH3)-CH2-C(CH3)), 1.20 (br s, CH3), 0.90 (br s, CH3). 
 
Synthesis of PHPMA-β-CD 
PHPMA-N3 (50 mg, 5% of N3 groups), β-CD monoalcyne (25 mg, 0.02 mmol), CuSO4·5H2O 
(2 mg, 0.008 mmol) and sodium ascorbate (3mg, 0.015 mmol) were dissolved in Milli-Q 
water (3 mL). The mixture was stirred overnight at 35°C. Then, the reaction mixture was 
slowly added dropwise to 30 mL of acetone/Milli-Q water (19/1). The precipitate was filtered 
and dissolved in 2 mL of Milli-Q water. This precipitation step was repeated twice. After 
filtration, a greenish-white solid was isolated and dried under high vacuum 48 hours. 
Comparison of 1H NMR integration signals at 5.00 (br s, 7H, anomeric protons of β-CD) and 
at 3.25 -2.90 (br m, NH-CH2-CH(OH)(CH3)) gives an effective degree of modification of 5%. 
PHPMA-β-CD (yield=46%) 
1H NMR (D2O, 400 MHz): 5.00 (br s, 7H, anomeric protons of β-CD), 4.60-4.40 (m, 2H, 
CH2-CO overlapped with D2O signal at 4.75 ppm), 3.80 (br s, CHOH from PHPMA chain 
overlapped with H from β-CD), 3.70-3.45 (br s, H from β-CD), 3.25-2.90 (br m, NH-CH2-
CH(OH)(CH3)), 1.85 -1.60 (br m, C(CH3)-CH2-C(CH3)), 1.60 (br s, CH3), 1.45 (br s, CH3). 
 
Synthesis of PAH derivatives was performed according to literature methods based on a 
reductive amination reaction.1,4 This reaction is performed under mild conditions that allow 
avoiding polymer degradation.5 Based on these data and the fact that analysis of polymers 
with amine groups by GPC is very difficult due to their tendency to adsorb on the column, we 
did not perform GPC analysis for PAH derivatives. In this work, the PAH derivatives were 
analyzed by 1H NMR as it is the best technique to check the chemical integrity and purity of 
modified water-soluble polymers. This is also a powerful method to determine the degree of 
substitution with good accuracy. 
 
Synthesis of PAH-Fc 
PAH (0.1 g, 1.069 mmol repeating units) was dissolved in distilled water (7 mL). After 4 h of 
stirring, ethanol (EtOH) (4 mL) was slowly added to the polymer solution. Then, ferrocene 
carboxyaldehyde (0.0183 g, 0.0855 mmol) dissolved in EtOH (1 mL) was added dropwise. 
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The pH of the mixture was adjusted to 5.1 using a 0.5 M NaOH aqueous solution and 
NaCNBH3 (0.1 g, 1.6 mmol) was added. After 24 h of stirring at room temperature, the pH 
was adjusted to 7.0 using 0.1 N NaOH. Then, the reaction mixture was ultrafiltrated through 
an ultramembrane Amicon YM10 in a 8200 Amicon cell equipped with an Amicon RS4 tank 
filled with a EtOH/H2O (2/3, v/v) mixture and then with pure water. The ultrafiltration was 
stopped when the filtrate conductivity was lower than 10 µS and PAH-Fc was recovered by 
freeze-drying as a yellow powder (0.095g). The degree of substitution of PAH-Fc was found 
to be 0.08 ± 0.01 by 1H NMR. 
PAH-Fc (yield=82 %) 
1H NMR (400MHz, D2O): δ 4.38-4.17 (m, protons of ferrocene), 2.85 (m, CH2 of PAH), 
1.90-0.97 (m, CH and CH2 of PAH). 
 
Synthesis of PAH-β-CD 
The first step consisted in deprotecting the aldehyde function of β-CD monoacetal. Thus, this 
modified cyclodextrin (0.193 g, 0.149 mmol) was dissolved in water (36 mL) and 0.2 M HCl 
(6 mL) was added. The resulting mixture was stirred for 3 h at 55°C and then was neutralized 
to pH 7 to give the desired aldehyde. The latter compound was added to a solution of PAH 
(0.1 g, 1.069 mmol repeating units) in distilled water (7 mL). The pH was adjusted to 5.1 
using 0.1 N HCl and a solution of NaCNBH3 (0.1 g, 1.6 mmol) in distilled water (1 mL) was 
added. After stirring overnight, the pH of the reaction mixture was adjusted to 7.0 using 0.1 N 
NaOH. The modified PAH was purified by ultrafiltration through an ultramembrane Amicon 
YM 10 in an 8200 Amicon cell equipped with an Amicon RS4 tank filled with pure water. 
The ultrafiltration was stopped when the filtrate conductivity was lower than 10 µS, and the 
PAH-CD derivative (0.160 g) was recovered by freeze-drying. The degree of substitution of 
PAH- β-CD was found to be 0.08 ± 0.01 by 1H NMR. 
PAH-β-CD (yield=78 %) 
1H NMR (400MHz, D2O): δ 7.62 (m, -CH=), 4.96 (m, anomeric protons of β-CD), 4.54 (m, 
CH2-CO), 4.0-3.30 (m, other protons of β-CD), 2.94 (m, CH2 of PAH), 2.0-1.2 (m, CH and 
CH2 of PAH). 
 
SAM-β-CD formation  
Gold sensors (gold-coated quartz crystals from Q-Sense, Sweden) were functionalized 
according to the following procedure. Firstly, self-assembled monolayers (SAMs) were 
formed at room temperature by dipping overnight gold sensors in the mixture of thiols: 80% 
HS-(CH2)11-EG4-OH and 20% HS-(CH2)11-EG6-N3 (1 mM total thiol concentration in EtOH). 
After overnight adsorption of SAMs, gold sensors were rinsed with ethanol and dried under 
nitrogen. Then, “click” reaction was carried out between azide-terminated SAM and β-CD-
alcyne in order to produce SAM-β-CD. To perform “click” functionalization, gold electrodes 
covered with SAM were immersed at room temperature in water/t-BuOH (1:2) solution 
containing 1 mM β-CD-alcyne, 1 mM CuSO4, 1mM TBTA and 7 mM sodium ascorbate for 5 
hours. After reaction, monolayers were rinsed with ethanol, water, dichloromethane and then 
ethanol again to ensure that any physisorbed β-CDs were washed off.  
 
QCM-D experiments 
All experiments were performed using quartz crystal microbalance with dissipation 
monitoring (QCM-D) Q-Sense E4 system equipped with four flow chambers (Q-Sense, 
Sweden). Monitoring the resonance behavior of piezoelectric oscillators allows measuring the 
mass adsorbed at the surface of the oscillator in real time. Gold-coated quartz crystals (Q-
Sense, Sweden) with 5 MHz resonant frequency were used. The overtones ν = 3, 5, 7, 9, 11 
and 13 were also recorded to have better stability and higher sensitivity than that obtained 
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with the fundamental resonance. Before starting the experiment, resonance frequency and 
dissipation found for each overtone were set equal to zero. QCM-D measurements were done 
in flow mode (50 µL/min) at 24 °C in 10 mM HEPES with 0.15 M NaCl (pH 7.0). The 
solutions were also thermostated at 24 °C using Thermomixer (Ependorf). All polymers were 
dissolved overnight in 10 mM HEPES with 0.15 M NaCl (pH 7.0) at room temperature. 
Functionalized with SAM-β-CD gold sensors were mounted in the QCM-D chamber. 
Experimental data were fitted according to the viscoelastic model of Voinova,6 using Q-tools 
modeling software. Table 1 presents the results of fitting QCM-D data obtained for the 
adsorption of non-modified PAH and PHPMA-N3 on SAM-β-CD-coated gold sensors. 
 
Table 1 Analysis of the QCM-D response according to the Voinova’s model: ΔΓ is the 
surface mass, μ is the shear elastic modulus and η is the shear viscosity of the non-specifically 
adsorbed PAH or PHPMA-N3 film on SAM-β-CD-coated gold surface. 

Experiment N° Polymer μ (Pa) η (kg/ms) ΔΓ (ng/cm2) ChiSqr 
PAH 1.5x105 1.77x10-3 296 0.3 1 HPMA  5.7x104 1.61x10-3 224 0.4 
PAH 1.3x105 1.80x10-3 342 0.4 2 HPMA 7.2x104 1.49x10-3 196 0.2 

 
Fig. 1, 2 illustrate the absence of non-specific adsorption of PHPMA on SAM-β-
CD/PHPMA-Fc and SAM-β-CD/PHPMA-Fc/PHPMA-CD films as well as PHPMA-Fc on 
SAM-β-CD/PHPMA-Fc film and PHMA-CD on SAM-β-CD/PHPMA-Fc/PHPMA-CD film. 
Fig. 1 shows the QCM-D profile obtained for the subsequent deposition of PHPMA-Fc, 
PHPMA-N3, PHPMA-β-CD and PHPMA-N3 on SAM-β-CD-coated gold surface. The same 
time was used for adsorption of each polymer layer (15 min) and for rinsing after each 
adsorption step (10 min). During the injection of the non-modified polymer into the 
measurement chamber both frequency and dissipation demonstrated the same behaviour as it 
was obtained in the buffer that proves the absence of non-specific adsorption of PHPMA on 
both polymer layers. 
Fig. 2 illustrates the absence of non-specific adsorption of PHPMA-Fc on SAM-β-
CD/PHPMA-Fc film and PHPMA-CD on SAM-β-CD/PHPMA-Fc/PHPMA-β-CD film. As it 
is shown in the QCM-D profile, during the rinsing steps, a low fraction of polymer is removed 
from the surface and new injections of the same polymer leads to reaching identical level of 
the adsorption. Therefore, for both PHPMA-Fc and PHPMA-CD new injections of the same 
polymers do not produce additional adsorption of the polymers. 
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Fig. 1. Frequency Fν/ν (solid ) and dissipation Dν (dashed) recorded at six overtones ν = 3, 5, 

7, 9, 11, 13 (frequency and dissipation shifts increase with overtone number) during the 
stepwise injection of PHPMA-Fc, PHPMA-N3, PHPMA-β-CD and PHPMA-N3 into the 

measurement chamber; substrate – SAM-β-CD-coated gold surface, 24 °C, 50 µL/min, buffer 
- 10 mM HEPES with 0.15 M NaCl, pH 7.0. 

 
Fig. 2. Frequency Fν/ν (solid ) and dissipation Dν (dashed) recorded at five overtones ν = 5, 7, 
9, 11, 13 (frequency and dissipation shifts increase with overtone number) during the stepwise 

injections of PHPMA-Fc, PHPMA-Fc, PHPMA-Fc, PHPMA-β-CD, PHPMA-CD and 
PHPMA-CD  into the measurement chamber; substrate – SAM-β-CD-coated gold surface, 24 

°C, 50 µL/min, buffer - 10 mM HEPES with 0.15 M NaCl, pH 7.0. 
 
Fig. 3-5 represent the QCM-D profiles obtained for (PAH-Fc/PAH-β-CD)n, (PAH-Fc/PAH-β-
CD/PHPMA-Fc/PHPMA-β-CD)n and (PAH-Fc/PAH-β-CD/(PHPMA-Fc/PHPMA-β-CD)2)n 
films built on SAM-β-CD-coated gold surface. In each case total number of studied layers 
was 30. The same time was used for adsorption of each layer (10 min) and for rinsing after 
each adsorption step (5 min).  
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Fig. 3. Frequency Fν/ν (solid ) and dissipation Dν (dashed) recorded at six overtones ν = 3, 5, 

7, 9, 11, 13 (frequency and dissipation shifts increase with overtone number) during the 
(PAH-Fc/PAH-β-CD)n film deposition on SAM-β-CD-coated gold surface; ↓ - polymer 

injection, ↑ - rinsing; 24 °C, 50 µL/min, 10 mM HEPES with 0.15 M NaCl, pH 7.0. 
 

 
Fig. 4. Frequency Fν/ν (solid ) and dissipation Dν (dashed) recorded at six overtones ν = 3, 5, 

7, 9, 11, 13 (frequency and dissipation shifts increase with overtone number) during the 
(PAH-Fc/PAH-β-CD/PHPMA-Fc/PHPMA-β-CD)n film deposition on SAM-β-CD-coated 

gold surface; ↓ - polymer injection, ↑ - rinsing; 24 °C, 50 µL/min, 10 mM HEPES with 0.15 
M NaCl, pH 7.0. 
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Fig. 5. Frequency Fν/ν (solid ) and dissipation Dν (dashed) recorded at six overtones ν = 3, 5, 

7, 9, 11, 13 (frequency and dissipation shifts increase with overtone number) during the 
(PAH-Fc/PAH-β-CD/(PHPMA-Fc/PHPMA-β-CD)2)n film deposition on SAM-β-CD-coated 
gold surface; ↓ - polymer injection, ↑ - rinsing; 24 °C, 50 µL/min, 10 mM HEPES with 0.15 

M NaCl, pH 7.0. 
 
Tables 2-5 present the results of fitting QCM-D profiles obtained during the adsorption of 
multilayer polymer films on gold surface covered with SAM-β-CD. Shear elastic modulus 
was fitted like a scalar parameter for multilayer assemblies: according to the viscoelastic 
model one value was found by Q-tools software for all rows (layers) assuming that this 
parameter should not vary a lot at different adsorption steps. Presented in Tables 1-5 ChiSqr is 
defined by Q-tools software as χ2 = Σi [(Ytheory,i - Ymeas,i)/σi]2, where the sum is taken over all 
measured points (indexed i), σi is the measurement error, or standard deviation of the i-th data 
point, Ytheory,i and Ymeas,i are the calculated and measured Y-values, respectively. The values 
of share viscosity and shear elastic modulus obtained in this report are in a good correlation 
between the same polymer assemblies. The one order of magnitude lower shear elastic 
modulus obtained for the neutral films as compared to films containing charged layers 
(cationic and neutral-cationic films) can be explained by the absence of electrostatic 
interactions and thus lower hydration level in case of the neutral films. The values obtained 
for cationic polymer film are in a good agreement with hydrogel layer values obtained for 
multilayer assembly of chitosan derivatives in 0.3 M CH3COOH with 0.1M CH3COONa.7 
 
Table 2 Analysis of the QCM-D response according to the Voinova’s model: ΔΓ is the 
surface concentration, μ is the shear elastic modulus and η is the shear viscosity of the 
adsorbed (PHPMA-Fc/PHPMA-β-CD)n film on SAM-β-CD-coated gold surface. 

Layer number Polymer μ (Pa) η (kg/ms) ΔΓ (ng/cm2) ChiSqr 
1 HPMA-Fc 1.78x10-3 1736 3.0 
2 HPMA-β-CD 1.79x10-3 2431 8.1 
3 HPMA-Fc 1.81x10-3 2937 9.2 
4 HPMA-β-CD 1.91x10-3 3082 13.8 
5 HPMA-Fc 1.88x10-3 3453 13.7 
6 HPMA-β-CD 1.97x10-3 3535 13.7 
7 HPMA-Fc 

2.2x104 

1.92x10-3 3916 19.1 
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8 HPMA-β-CD 2.01x10-3 3970 14.9 
9 HPMA-Fc 1.95x10-3 4348 25.0 
10 HPMA-β-CD 2.05x10-3 4501 32.3 
11 HPMA-Fc 2.02x10-3 4722 37.8 
12 HPMA-β-CD 2.11x10-3 4875 33.5 
13 HPMA-Fc 2.08x10-3 5041 19.9 
14 HPMA-β-CD 2.15x10-3 5345 39.1 
15 HPMA-Fc 2.16x10-3 5295 21.5 
16 HPMA-β-CD 2.21x10-3 5404 50.8 
17 HPMA-Fc 2.14x10-3 5799 30.2 
18 HPMA-β-CD 2.24x10-3 5768 75.1 
19 HPMA-Fc 2.19x10-3 6007 63.3 
20 HPMA-β-CD 2.29x10-3 6129 45.3 
21 HPMA-Fc 2.24x10-3 6318 87.9 
22 HPMA-β-CD 2.35x10-3 6405 38.7 
23 HPMA-Fc 2.31x10-3 6699 58.7 
24 HPMA-β-CD 2.36x10-3 6873 89.9 
25 HPMA-Fc 2.37x10-3 6746 104.6 
26 HPMA-β-CD 2.40x10-3 7105 141.4 
27 HPMA-Fc 2.36x10-3 7111 60.8 
28 HPMA-β-CD 2.39x10-3 7630 59.5 
29 HPMA-Fc 2.48x10-3 7312 63.3 
30 HPMA-β-CD 2.48x10-3 7537 107.8 

 
Table 3 Analysis of the QCM-D response according to the Voinova’s model: ΔΓ is the 
surface mass, μ is the shear elastic modulus and η is the shear viscosity of the adsorbed (PAH-
Fc/PAH-β-CD)n film on SAM-β-CD-coated gold surface. 
Layer number Polymer μ (Pa) η (kg/ms) ΔΓ (ng/cm2) ChiSqr 

1 PAH-Fc 1.67x10-3 663 1.9 
2 PAH-β-CD 1.69x10-3 1602 0.4 
3 PAH-Fc 1.40x10-3 1200 4.9 
4 PAH-β-CD 1.61x10-3 2858 2.2 
5 PAH-Fc 1.35x10-3 1513 9.3 
6 PAH-β-CD 1.59x10-3 3333 3.5 
7 PAH-Fc 1.33x10-3 1815 12.7 
8 PAH-β-CD 1.56x10-3 3549 4.6 
9 PAH-Fc 1.32x10-3 1999 21.9 
10 PAH-β-CD 1.52x10-3 3698 3.8 
11 PAH-Fc 1.34x10-3 2609 22.6 
12 PAH-β-CD 1.50x10-3 3919 7.0 
13 PAH-Fc 1.33x10-3 2826 30.1 
14 PAH-β-CD 1.45x10-3 3845 15.4 
15 PAH-Fc 1.33x10-3 3040 33.2 
16 PAH-β-CD 1.42x10-3 3828 16.4 
17 PAH-Fc 1.33x10-3 3107 35.1 
18 PAH-β-CD 1.41x10-3 3844 25.6 
19 PAH-Fc 1.33x10-3 3322 28.2 
20 PAH-β-CD 1.40x10-3 3900 26.9 
21 PAH-Fc 

1.4x105 

1.34x10-3 3437 32.9 
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22 PAH-β-CD 1.38x10-3 3858 27.4 
23 PAH-Fc 1.33x10-3 3429 37.1 
24 PAH-β-CD 1.36x10-3 3735 34.0 
25 PAH-Fc 1.33x10-3 3399 36.5 
26 PAH-β-CD 1.35x10-3 3673 29.7 
27 PAH-Fc 1.31x10-3 3375 36.5 
28 PAH-β-CD 1.34x10-3 3693 26.2 
29 PAH-Fc 1.31x10-3 3385 33.1 
30 PAH-β-CD 1.34x10-3 3641 31.2 

 
Table 4 Analysis of the QCM-D response according to the Voinova’s model: ΔΓ is the 
surface mass, μ is the shear elastic modulus and η is the shear viscosity of the adsorbed (PAH-
Fc/PAH-β-CD/PHPMA-Fc/PHPMA-β-CD)n film on SAM-β-CD-coated gold surface. 
Layer number Polymer μ (Pa) η (kg/ms) ΔΓ (ng/cm2) ChiSqr 

1 PAH-Fc 1.68x10-3 635 0.9 
2 PAH-β-CD 1.73x10-3 1638 6.1 
3 HPMA-Fc 1.74x10-3 2586 7.8 
4 HPMA-β-CD 2.34x10-3 4683 13.2 
5 PAH-Fc 1.91x10-3 6162 34.8 
6 PAH-β-CD 2.20x10-3 9399 50.0 
7 HPMA-Fc 2.31x10-3 10399 187.7 
8 HPMA-β-CD 2.89x10-3 12297 78.4 
9 PAH-Fc 1.95x10-3 9691 26.3 
10 PAH-β-CD 2.18x10-3 13164 23.7 
11 HPMA-Fc 2.19x10-3 13374 61.3 
12 HPMA-β-CD 2.66x10-3 17346 318.1 
13 PAH-Fc 2.02x10-3 11442 71.5 
14 PAH-β-CD 2.15x10-3 13667 37.2 
15 HPMA-Fc 2.15x10-3 13832 20.9 
16 HPMA-β-CD 2.39x10-3 16711 45.1 
17 PAH-Fc 2.03x10-3 12087 99.3 
18 PAH-β-CD 2.07x10-3 12995 79.6 
19 HPMA-Fc 2.06x10-3 12844 98.7 
20 HPMA-β-CD 2.67x10-3 20474 86.4 
21 PAH-Fc 2.05x10-3 12514 212.1 
22 PAH-β-CD 2.32x10-3 17260 190.6 
23 HPMA-Fc 2.32x10-3 17559 145.4 
24 HPMA-β-CD 2.60x10-3 21228 68.7 
25 PAH-Fc 2.08x10-3 13148 250.1 
26 PAH-β-CD 2.24x10-3 16071 222.9 
27 HPMA-Fc 2.24x10-3 16169 196.8 
28 HPMA-β-CD 2.51x10-3 20054 111.2 
29 PAH-Fc 2.14x10-3 14309 235.1 
30 PAH-β-CD 

1.3x105 
 

2.22x10-3 15751 224.7 
 
Table 5 Analysis of the QCM-D response according to the Voinova’s model: ΔΓ is the 
surface mass, μ is the shear elastic modulus and η is the shear viscosity of the adsorbed (PAH-
Fc/PAH-β-CD/(PHPMA-Fc/PHPMA-β-CD)2)n film on SAM-β-CD-coated gold surface. 
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Layer number Polymer μ (Pa) η (kg/ms) ΔΓ (ng/cm2) ChiSqr 
1 PAH-Fc 1.71x10-3 677 2.6 
2 PAH-β-CD 1.74x10-3 1728 16.3 
3 HPMA-Fc 1.79x10-3 2755 30.6 
4 HPMA-β-CD 2.36x10-3 4310 33.7 
5 HPMA-Fc 2.68x10-3 5789 33.5 
6 HPMA-β-CD 2.81x10-3 6741 44.6 
7 PAH-Fc 2.12x10-3 7964 64.8 
8 PAH-β-CD 2.42x10-3 12020 151.9 
9 HPMA-Fc 2.48x10-3 12675 384.1 
10 HPMA-β-CD 3.24x10-3 16702 402.4 
11 HPMA-Fc 3.35x10-3 18417 629.0 
12 HPMA-β-CD 3.83x10-3 21794 1013.0 
13 PAH-Fc 2.39x10-3 13981 217.2 
14 PAH-β-CD 2.68x10-3 19112 186.0 
15 HPMA-Fc 2.68x10-3 19248 125.8 
16 HPMA-β-CD 3.09x10-3 23395 237.9 
17 HPMA-Fc 3.07x10-3 22991 259.9 
18 HPMA-β-CD 3.36x10-3 25627 296.9 
19 PAH-Fc 2.59x10-3 17541 301.7 
20 PAH-β-CD 2.73x10-3 20010 261.9 
21 HPMA-Fc 2.72x10-3 19866 238.2 
22 HPMA-β-CD 3.03x10-3 23455 288.3 
23 HPMA-Fc 3.01x10-3 23078 320.0 
24 HPMA-β-CD 3.20x10-3 24849 340.3 
25 PAH-Fc 2.54x10-3 17003 265.3 
26 PAH-β-CD 2.54x10-3 17361 245.3 
27 HPMA-Fc 2.67x10-3 18907 230.2 
28 HPMA-β-CD 2.74x10-3 19886 220.5 
29 HPMA-Fc 2.78x10-3 20354 247.7 
30 HPMA-β-CD 

1.5x105 

2.84x10-3 21004 249.6 
 
 
Optical Waveguide Light Mode Spectroscopy experiments 
 
We used Optical Waveguide Lightmode Spectroscopy (OWLS) to follow the film thickness 
and the mass of the films during their buildup. This optical technique allows for the 
determination of the optical thickness and the refractive index of films deposited on a 
Si0.8Ti0.2O2 waveguide. The technique has been extensively described elsewhere8 and 
experimentally applied to polyelectrolyte multilayers9. It will only be briefly described here. 
A laser beam is shined on a grating imprinted in the waveguide and one determines the 
incoupling angles for both TE and TM waves into the guide. To each incoupling angle 
corresponds an effective refractive index, respectively N(TE) and N(TM). The homogeneous 
and isotropic monolayer model is then applied to characterize the refractive index, the 
(optical) thickness and the (optical) mass of the film. The film deposited on the waveguide is 
sensed by an evanescent wave with a penetration depth typically of the order of 200 nm. Mass 
data are calculated according to the De Feijter’s formula with dn/dc = 0.170 cm3/g. The 
studied film was built on a different precursor film than for QCM-D experiments. A precursor 
film of PEIN3-PAAC≡C (PAAC≡C = poly (acid acrylic) bearing 5% of alkyne groups3) was 
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performed in order to anchor the first layer of a special PHPMA-β-CD-N3 bearing 5% of both 
-β-CD and free azide groups. This precursor film was obtained by first adsorbing a PEIN3 
monolayer on the surface followed by an electrostatic deposition of PAAC≡C. The anchorage 
of PAAC≡C is reinforced by a covalent coupling using click chemistry process. Polymer (PEIN3 
and PAAC≡C) dipping solutions were made up in a constant volume ratio of 3(Polymer at 0.83 
mg mL-1): 1(CuSO4 at 0.36 mg mL-1): 1(Sodium ascorbate at 8.8 mg mL-1). The rinsing 
solutions were made up in a similar ratio, however, replacing polymer solution by water. 
Another rinsing step is realized with 10 mM HEPES with 0.15 M NaCl (pH 7.0).  The first 
PHPMA-β-CD-N3 monolayer was anchored by click-chemistry between free azide functions 
of PHPMA-β-CD-N3 and alkyne functions present on the surface through PAAC≡C. This step 
allows anchoring the neutral polymer on the surface of the Si0.8Ti0.2O2 waveguide and then 
monitoring the following alternated adsorption of PHPMA-Fc and PHPMA-β-CD by OWLS. 
The deposition step of HPMA-CD and HPMA-Fc were obtained by alternated injection of 
500 µL of 0.1 mg mL-1 polymer solution prepared in  10 mM HEPES with 0.15 M NaCl (pH 
7.0) separated by a rinsing step (2 mL) with 10 mM HEPES with 0.15 M NaCl (pH 7.0). 
Fig. 6 shows the evolution of the refractive index, optical thickness and optical mass of the 
(PHPMA-Fc/PHPMA-β-CD)n film. The film increases steadily with the number of layers 
deposited. The optical mass adsorbed is two times lower than the one obtained from QCM-D 
data: this could be due to the hydration of the film. Indeed, the OWLS senses the optical mass 
and the QCM-D senses the hydrated mass10. After 10 pairs of layers, the film has a refractive 
index of 1.387. The hydration of the film, evaluated by a simple calculation from reference11, 
is of 95%. 
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Fig. 6. Evolution of the refractive index (a), optical thickness (b) and optical mass (c) 

obtained from OWLS monitoring of the (PHPMA-Fc/PHPMA-β-CD)n film deposition on 
PEIN3-PAAC≡C-coated Si0.8Ti0.2O2 waveguide; ▲- experiment N°1, ○ – experiment N°2;  

In 10 mM HEPES with 0.15 M NaCl, pH 7.0. 



Supplementary Material (ESI) for Soft Matter 
This journal is (c) The Royal Society of Chemistry 2010 

 15

 
 

References 
1. A. Charlot, A. Heyraud, P.Guenot, M. Rinaudo, R. Auzely-Velty, Biomacromol., 2006, 7, 
907-913. 
2. S. S. Iyer, A. S. Anderson, S. Reed, B. Swanson, J.G. Schmidt, Tetrahedron Lett., 2004, 45, 
4285-4288. 
3. L. Jierry, N. B. Ameur, J.-S. Thomann, B. Frisch, E. Gonthier, J.-C. Voegel, B. Senger, G. 
Decher, O. Felix, P. Schaaf, Ph. Mesini, F. Boulmedais, Macromolecules, 2010, 43, 3994-
3997. 
4. J. Hodak, R. Etchenique, E. J. Calvo, K. Singhal, P.N. Bartlett, Langmuir, 1997, 13, 2708-
2716. 
5. R. Auzély-Velty, M. Rinaudo, Macromolecules, 2001, 34, 3574-3580. 
6. M. V. Voinova, M. Rodahl, M. Jonson and B. Kasemo, Phys. Scr., 1999, 59, 391-396. 
7. A. Van der Heyden, M. Wilczewski, P. Labbé and R. Auzély, Chem. Commun., 2006, 
3220-3222. 
8. K. Tiefenthaler and W. Lukosz, J. Opt. Soc. Am. B., 1989, 6, 209-220. 
9. C. Picart, G. Ladam, B. Senger, J.-C. Voegel, P. Schaaf, F. J. G. Cuisinier and C. Gergely, 
J. Chem. Phys., 2001, 115, 1086-1094. 
10. F. Hook, J. Vörös, M. Rodahl, R. Kurrat, P. Böni, J. J. Ramsden, M. Textor, N. D. 
Spencer, P. Tengvall, J. Gold and B. Kasemo, Colloids and Surfaces B-Biointerfaces, 2002, 
24, 155-170. 
11. C. Picart, Current Medicinal Chemistry, 2008, 25, 685-697. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


