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Alkane chains are the most commonly used molecules for monolayer fabrication. Long chains are used for their strong van der Waals interactions inducing good layer organization. Amine function-terminated alkyl chains are of great interest and are widely used for further surface functionalization. Since it is mandatory that such layers be organized to provide amine moieties at the surface, the present study deals with exploring amine-terminated SAM formation as an alternative to the usual aminopropylalkylsilane SAM. Additionally, using a long NH2terminated alkyl chain allows the formation of hydrogen bonding thanks to the two NH moieties born along the chain. Furthermore, such hydrogen bonding makes possible to shorten the molecule length while preserving a well-organized monolayer. For this purpose we performed a complete study of the grafting of (3-Trimethoxysilylpropyl) diethylenetriamine (DETAS) on native silicon oxide using various solvents, relative humidity and temperature values. Grafting kinetics was monitored by ellipsometry and goniometry, and SAM structure and organization using AFM and ATR-FTIR spectroscopy. Hydrogen bonding was evidenced within the SAM growth process and in the final complete SAM. We believe such study enables a better control of good quality DETAS SAM in order to improve their efficiency in further surface functionalization applications.

Introduction

Monolayer self-assembling is a convenient, simple and versatile technic to build ordered bi-dimensional nanoscale structures. It has been widely used in order to tailor interfacial properties, such as wettability or hydrophobicity, as well as the work-function of most materials. Self-assembling molecules possess three parts which can be modified to meet the required criteria: the head, the body, and the tail. By proper modification of the body of the molecule one can act on the ability of the molecule to form ordered monolayers. Particularly, organosilane-based self-assembled monolayers (SAMs) have attracted much attention for several years [START_REF] Schreiber | Structure and growth of self-assembling monolayers[END_REF][START_REF] Ulman | An Introduction to Ultrathin Organic Films[END_REF][START_REF] Wang | Silicon surface modification with a mixed silanes layer to immobilize proteins for biosensor with imaging ellipsometry[END_REF][START_REF] Oh | Characteristics of DNA microarrays fabricated on various aminosilane layers[END_REF][START_REF] Cheng | Site-selective self-assembly of MPA-bridged CuHCF multilayers on APTMS-supported gold colloid electrodes[END_REF][START_REF] Keating | Kinetics and thermodynamics of Au colloid monolayer self-assembly: undergraduate experiments in surface and nanomaterials chemistry[END_REF][START_REF] Zhang | Synthesis, characterization and evaluation of uniformly sized core-shell imprinted microspheres for the separation trans-resveratrol from giant knotweed[END_REF][START_REF] Ledung | A novel method for preparation of disulfides on silicon[END_REF][START_REF] Chen | Fullerene self-assembly onto (MeO)3Si(CH2) 3NH2modified oxide surfaces[END_REF][START_REF] Kanwal | Three layered organic memory devices from C60 molecules and insulating polymers[END_REF][START_REF] Manjumdar | Fullerene-based bistable devices and associated negative differential resistance effect[END_REF][START_REF] Chauhan | Self-assembly of the 3-aminopropyltrimethoxysilane multilayers on Si and hysteretic current-voltage characteristics[END_REF][START_REF] Fiorilli | Vapor-phase self-assembled monolayers of aminosilane on plasma-activated silicon substrates[END_REF][START_REF] Gupta | Selfassembled and electrochemically deposited mono/multilayers for molecular electronics applications[END_REF][START_REF] Wang | Morphology and amine accessibility of (3-aminopropyl) triethoxysilane films on glass surfaces[END_REF][START_REF] Allen | Macro-, micro-and nanoinvestigations on 3-aminopropyltrimethoxysilane self-assembly-monolayers[END_REF][START_REF] Morrill | Imaging 3-aminopropyltriethoxysilane self-assembled monolayers on nanostructured titania and tin (IV) oxide nanowires using colloidal silver nanoparticles[END_REF][START_REF] Pavlovic | Surface functionalization of silicon oxide at room temperature and atmospheric pressure[END_REF]. Those SAMs are known as being very stable and robust due to chemical bonding with the surface and siloxane cross-linking. Since they self-assemble on silicon dioxide they offer the possibility to build molecular devices compatible with siliconbased technology. Moreover, lots of commercial organosilane molecules with different terminal moieties make them very attractive to functionalize oxide surfaces. Among these molecules, 3aminopropyltrimethoxysilane (APTMS) is widely used to immobilize various entities via chemical bonding, including proteins [START_REF] Wang | Silicon surface modification with a mixed silanes layer to immobilize proteins for biosensor with imaging ellipsometry[END_REF], DNA [START_REF] Oh | Characteristics of DNA microarrays fabricated on various aminosilane layers[END_REF], metal nanoparticules [START_REF] Cheng | Site-selective self-assembly of MPA-bridged CuHCF multilayers on APTMS-supported gold colloid electrodes[END_REF][START_REF] Keating | Kinetics and thermodynamics of Au colloid monolayer self-assembly: undergraduate experiments in surface and nanomaterials chemistry[END_REF] or other specific molecules [START_REF] Zhang | Synthesis, characterization and evaluation of uniformly sized core-shell imprinted microspheres for the separation trans-resveratrol from giant knotweed[END_REF][START_REF] Ledung | A novel method for preparation of disulfides on silicon[END_REF][START_REF] Chen | Fullerene self-assembly onto (MeO)3Si(CH2) 3NH2modified oxide surfaces[END_REF] such as fullerenes [START_REF] Chen | Fullerene self-assembly onto (MeO)3Si(CH2) 3NH2modified oxide surfaces[END_REF]. Most research groups prepared APTMS SAMs from a liquid phase using various solvents (water, ethanol, toluene, and so on) [START_REF] Wang | Silicon surface modification with a mixed silanes layer to immobilize proteins for biosensor with imaging ellipsometry[END_REF][START_REF] Cheng | Site-selective self-assembly of MPA-bridged CuHCF multilayers on APTMS-supported gold colloid electrodes[END_REF][START_REF] Chen | Fullerene self-assembly onto (MeO)3Si(CH2) 3NH2modified oxide surfaces[END_REF][START_REF] Chauhan | Self-assembly of the 3-aminopropyltrimethoxysilane multilayers on Si and hysteretic current-voltage characteristics[END_REF], and various grafting times [START_REF] Chauhan | Self-assembly of the 3-aminopropyltrimethoxysilane multilayers on Si and hysteretic current-voltage characteristics[END_REF][START_REF] Fiorilli | Vapor-phase self-assembled monolayers of aminosilane on plasma-activated silicon substrates[END_REF][START_REF] Gupta | Selfassembled and electrochemically deposited mono/multilayers for molecular electronics applications[END_REF][START_REF] Wang | Morphology and amine accessibility of (3-aminopropyl) triethoxysilane films on glass surfaces[END_REF][START_REF] Allen | Macro-, micro-and nanoinvestigations on 3-aminopropyltrimethoxysilane self-assembly-monolayers[END_REF]. However, APTMS very often leads to disordered multilayers [START_REF] Morrill | Imaging 3-aminopropyltriethoxysilane self-assembled monolayers on nanostructured titania and tin (IV) oxide nanowires using colloidal silver nanoparticles[END_REF]. Therefore, in this work we have been interested in an alternative amino-organosilane that could enable preparation of more ordered amine-terminated SAMs on a silicon surface. For this purpose, we have chosen to study the SAM formation and organization of (3-Trimethoxysilylpropyl) diethylene-triamine organosilane (DETAS). SAMs from such molecule have been studied for different applications such as immobilization of other organic species on top [START_REF] Gao | Immobilization of pyrene via diethylenetriamine on quartz plate surface for recognition of dicarboxylic acids[END_REF], controlling the diffusion of evaporated metals on the SAM [20], coating of silica nanoparticle for water treatment without organic solvent [21], patterning by using DETAS selfassembled monolayer to promote cell growth at specific sites of the surface [22], or specific robust adsorption of PEDOT nanofilms [23]. For such possible applications, it is important that DETAS SAMs should be well organized. Regarding SAM formation, such organosilane is bearing a longer alkyl chain that enables a higher flexibility to promote molecular interaction, and including also two NH moieties capable of introducing structuring hydrogen bonding between neighboring molecules in the SAM. 1), acetone, methanol, ethanol, iso-propanol, butanol, toluene, dichloromethane, trichloromethane, hydrogen peroxide 30% (H2O2), and sulfuric acid (H2SO4) are of synthesis grade and absolute ethanol of analytical grade, and all products were used with no further purifications. The water used in all experiments was deionized and purified by a Millipore system and its resistance was ~18 MΩ.

Experimental details

Chemicals

DETAS [(3-Trimethoxysilylpropyl

) diethylene-triamine] ([MeO]3-Si-C3[NH- C2]2-NH2) (Fig.

Sample cleaning and SAM preparation

Si substrates of ~1 cm by 1.5 cm were degreased in three consecutive ultrasonic baths of 10 min each subsequently with acetone, dichloromethane, and iso-propanol. The samples were then transferred into a mixture of 3 volumes of H2O2 and 7 volumes of H2SO4 heated at 110 °C for 30 min to remove the last traces of organic pollutant on the surface. After that, the samples were thoroughly rinsed with deionized water and stored into a water beaker upon usage for no more than few minutes. The samples were then dried under a nitrogen flow and quickly plunged into a DETAS solution. The temperature was controlled with an oil bath on a thermostated plate by a Ministat from Huber, inside a glove box (818-GB from Plas-Lab) filled with grade 4.5 nitrogen. Atmospheric relative humidity was monitored (using a TFA Dostmann 30.5013). Relative humidity was controlled with desiccants and a heating system. After SAM preparation, samples were rinsed with clean solvent used for grafting, and treated with ultrasonic bath of the same solvent for 5 min. After that, samples were dried under nitrogen flow and characterized right away.

SAM characterization

Ellipsometric measurements were carried out on a Sentech SE400 at 70° angle with a 632.8 nm laser. Parameters used were 3.8750 and 0.0018 for the real and imaginary indices of the silicon substrate, 1.46 and 0 for the native oxide layer, and 1.45 and 0 for the indices of DETAS with an expected thickness of 14 Å [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF]. Thickness of the native silicon oxide layer was recorded on control samples that underwent the same cleaning process as the grafted samples. At least five different points of the sample surface were measured, possibly on different samples, in order to give a mean value with error bars amplitude between the minimum and the maximum values measured. Goniometric measurements were conducted with a Kruss drop shape DSA 10 MK2 analyzer, with deionized water as liquid. The sample was cleaned under nitrogen flow after measuring. AFM measurements were performed in Tapping mode with 40 N/m force constant silicon tips, using a Bruker Multimode 8 equipped with a Nanoscope V electronics. Fourier transformed infrared spectra were recorded on a Thermofisher IS50 spectrometer in single reflection ATR mode at an incidence angle of 45° on diamond. 96 scans were accumulated in a spectral range within 4000-400 cm -1 with a resolution of 4 cm -1 . Background spectrum of the bare silicon substrate was recorded in the same conditions and subtracted. 

Results and discussion

Growth kinetics of SAMs of DETAS

In order to identify the time-scale necessary to reach a complete single monolayer coverage of DETAS on silica, the SAM growth kinetics was studied with a concentration of 5.10 -2 mol•l -1 in different solvents under 33 ± 5% relative humidity. High temperature (31.5 ± 1.5 °C) grafting was conducted in alcohol solvents and lower temperature (11.0 ± 0.5 °C) in toluene. Grafting durations chosen for kinetics study were 1 s, 5 s, 10 s, 30 s, 1 min, 5 min, 10 min, 1 h, 3 h and 24 h. Time evolution of the thickness is plotted in Fig. 2 for the different growth conditions.

All experimental data could be well fitted using a simple Langmuir type growth equation:

Th = A exp(-t/τ ) + Thmax (1)
Where Th stands for the thickness, A coefficient arises from a delay in the grafting process, is the time constant and Thmax is the thickness reached at the end of the grafting. Values of the fitting parameters are displayed in Table 1. As can be seen, the thickness jumps from 0 to about 8 Å at t = 0 s, upon dipping in the solution. This maybe an indication that DETAS molecules form a film at the surface of the solution that is deposited on the surface while dipping, thus forming a pseudo Langmuir-Blodgett film on the sample surface.

As can be seen in Table 1, the nature of the solvent and the grafting temperature seem to play very little role in the growth kinetics since the growth time constants and delay coefficients are comparable within confidence limits.

Growth time constant values are in the range of 7000-10000 s (~1.9-2.8 h) and the final SAM thickness is obtained after ~30000 s, i.e., ~8 h. The growth kinetics study of DETAS SAM was performed by Demirel et al. [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF] at a concentration of ~4.10 -3 M in ethanol. 1 Authors found that DETAS SAM reached a maximum thickness of ~15 Å after ~12 h grafting. Given that in our experiments the concentration is about ten times higher, we should expect a growth process ten times quicker. But as shown in a previous study on alkylsilane growth [START_REF] Desbief | Impact of chain length, temperature, and humidity on the growth of long alkyltrichlorosilane selfassembled monolayers[END_REF], the temperature and the humidity both play a crucial role in the SAM growth kinetics. No information is given in the article by Demirel et al. [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF] on the relative humidity conditions. However, as they worked at ambient temperature, our temperature around 31.5 °C was higher, which was shown to slower the SAM growth with favoring a more disordered phase that hinders molecule diffusion.

The first steps of the growth are visible in the semi-logarithm time scale presented in the insets of Fig. 2. As can be seen, the thickness remains at about 8 Å during ~2000 s in the same manner as in the growth analysis by Demirel et al. [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF]. It may indicate a first step of growth were the molecules are lying bent on the surface before a possible interplay of both van der Waals bonds between methylene groups and hydrogen bonds between the amino NH and NH2 moieties. This is further supported by the quicker increase that we observe for the water contact angle than for the thickness, as in Ref. [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF] (Fig. 3). Indeed, as can been seen, compared to the first order Langmuir type fitting function of the thickness time evolution, water contact angle values are positioned at lower time within the first 200 min of SAM growth. This can be explained by molecules lying flatter on the surface at the early stage of growth (t < 200 min), which means the water droplet probes a mixture made of methylene CH2 groups which contribute to increase the water contact angle, with both more hydrophilic terminal amino NH2 moieties and uncovered oxide surface. On the contrary, at the end of the growth, water contact angles are well measured on NH2 groups, with an end value of ~60° compatible with the values found in the literature for NH2 terminated SAMs [START_REF] Kurth | Thin films of (3-aminopropyl)triethoxysilane on aluminum oxide and gold substrates[END_REF] and particularly with the value of 65° reported for the final DETAS SAM [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF]. Fig. 2 shows complete SAMs were obtained after at least 8 h whatever the solvent, temperature and humidity. Therefore, in the following, to warrant a complete SAM coverage we fixed the grafting duration to 24 h.

Effect of the relative humidity

As the importance of dipping time and concentration is quite wellknown, we first investigated the effect of relative humidity (RH) on the formation of self-assembled monolayers of DETAS on native silicon oxide. For this purpose, among possible solvents for DETAS we chose to use toluene rather than alcohols because its non-polar nature makes it more sensitive to the water content in solution. The effect of relative humidity on SAM formation was tested from 25% RH up to 80% RH with a DETAS solution in toluene at 1.10 -2 mol•l -1 at room temperature (22 ± 2 °C) and the dipping time was set to 24 h. The SAM thickness, measured by ellipsometry, was plotted versus relative humidity in Fig. 4.

Contact angle measurements were also recorded but are irrelevant with using toluene as a solvent as we have noticed that dipping a substrate into toluene is enough to considerably modify its contact angle with water (from 10° to 30° depending of the surface), unless it is cleaned in ultrasonic bath followed by hot acid bath. As can be seen in the graph, a SAM with about the desired thickness of 14 Å [START_REF] Demirel | Formation and organization of amino terminated self-assembled layers on Si(001) surface[END_REF] is achieved provided that relative humidity is kept under ~40%. When relative humidity gets higher, the thickness increases by around two orders of magnitude which can be explained by multilayer formation. The sudden thickness increase above 40% RH indicates a change in the behavior of DETAS molecule in solution at this threshold value. Our hypothesis is that DETAS behavior in non-polar solvent is analogous to the behavior of surfactants. As relative humidity increases, water dissolves in toluene until it reaches equilibrium allowing water to regroup around DETAS molecules forming micelle-like structures. Then these reverse micelles can react to form oligomers that are transferred to the surface before chemisorption. A visible layer was observable on each interface with the solution (solutionair, solutionsubstrate, and solution-beaker) which further confirms the surfactant-like behaviour of these structures. A foam was also observable in the solution for higher concentration of DETAS which is consistent with an oligomerized micelle-like behavior. AFM analysis was conducted on samples at high relative humidity at different grafting times, revealing cauliflower-like structures growing on the substrate at the beginning of the grafting and a superposition of many layers of oligomerized reverse micelles at the end of the grafting (Fig. 5). Therefore, in the following of the study we worked at low humidity to avoid such reverse micelle superimposition in the final SAM.

Low humidity Self-assembled monolayers

Regarding low relative humidity (< 40%) grafting, smooth (0.28 nm average roughness) monolayers about 14 Å thick were obtained as confirmed by ellipsometry together with AFM profiling by denting the self-assembled monolayer with a soft fabric. AFM image of DETAS self-assembled monolayer grafted with low relative humidity in toluene and ethanol (Fig. 6) exhibits similar smooth layers with very few defects. Therefore, using alcohol as solvent will be preferred in the following since such solvent in which DETAS is better solubilized are less sensitive to the relative humidity than toluene. Some white spots of about 1-30 nm remain on the layers, which can be attributed to some oligomers that have formed either on the surface or in solution. Lowering further the relative humidity may improve the monolayer quality.

Siloxane monolayer organization is usually driven by van der Waals interaction between long alkyl chains. This process is well known and leads to remarkable self-assembled monolayers provided the alkyl chain is long enough [START_REF] Ulman | An Introduction to Ultrathin Organic Films[END_REF][START_REF] Desbief | Impact of chain length, temperature, and humidity on the growth of long alkyltrichlorosilane selfassembled monolayers[END_REF]. DETAS however does possess two secondary amine groups inside the alkyl chain alongside with a primary amine group at the head of the molecule. Those amine groups are able to form hydrogen bonds inside the layer to stabilize more efficiently the monolayer. Hydrogen bonds are stronger than van der Waals interaction by several orders of magnitude, allowing better organization of the monolayer than pure alkane chains with comparable short length. The ATR-FTIR spectra of a self-assembled monolayer of DETAS are shown in Fig. 7 in different spectral regions.

In Fig. 7a, one can see the two doublet peaks positioned at mean values of ~3712 and ~3612 cm -1 that are assigned to hydrolyzed methoxysilane groups that have not crosslinked in the usual condensation process [27]. We can note that at the base of these two doublet peaks, there is a broad band which seems to indicate that some of those silanol groups are hydrogen bonded. The band at 3406 cm -1 and the large one within 3300-2800 cm -1 that could be decomposed into three Lorentzian bands at 3264, 3142 and 3017 cm -1 are assigned to the N-H stretch of primary and secondary amines [28][START_REF] Socrates | Infrared and Raman Characteristic Group Frequencies: Tables and Charts[END_REF][START_REF] Pang | Amino-functionalized alkylsilane SAMassisted patterning of poly(3-hexylthiophene) nanofilm robustly adhered to SiO2 substrate[END_REF]. The band at 3264 cm -1 can be a consequence of the shift to lower frequency of the 3406 cm -1 band for the secondary amines that experience hydrogen bonding in the SAM. The other two bands of the primary amine stretch at 3142 and 3017 cm -1 are forming a broad band and indicate that there is hydrogen bonding within the self-assembled monolayer. Fig. 7b exhibits two bands at 1568 and 1494 cm -1 that can be attributed to amine group deformation. Usually such modes appear at higher frequencies but again such a shift towards lower frequencies may be due to hydrogen bonding [START_REF] Okabayashi | Diffuse reflectance infrared Fourier transform spectral study of the interaction of 3-aminopropyltriethoxysilane on silica gel. Behavior of amino groups on the surface[END_REF]. The extent of such shift depends on the intensity of the hydrogen bonding. For example, Chiang et al. [START_REF] Ishida | The structure of aminofunctional silane coupling agents: 1. γ-Aminopropyltriethoxysilane and its analogues[END_REF] assigned the band at 1561 cm -1 for aminopropyltrimethoxisilane SAM deposited on silica gel to NH2 deformation modes with strong hydrogen bonding. In Fig. 7c, the peak at 701 cm -1 is assigned to N-H swaging on both primary and secondary amines [START_REF]Spectroscopic Properties of Amines -Chemistry LibreTexts[END_REF]. Furthermore, formation of siloxane bonds can be inferred from the band located at 1019 cm -1 [START_REF] Tian | Infrared characterization of interfacial Si-O bond formation on silanized flat SiO2/Si surfaces[END_REF][START_REF] Santhosh Kumar | Bulk superhydrophobic materials: a facile and efficient approach to access superhydrophobicity by silane and urethane chemistries[END_REF].

Carbon chain length and concentration of alcohols on grafting

Effects of concentration on the self-assembled monolayer was also tested for DETAS concentrations from 10 -3 to 5.10 -1 mol•l -1 in three alcohol solvents that were shown to be less sensitive to relative humidity than toluene, certainly because of their high polarity. No micellar behavior should appear due to the high solubility of water and DETAS molecules in alcohols. Relative humidity was around 41%, temperature 33 °C and grafting time was 24 h for all samples. The thickness, measured by ellipsometry, plotted versus DETAS concentration is given in Fig. 8 for each of the three solvents used.

As can be seen in the graph, low concentration below 10 -2 mol•l -1 leads to incomplete self-assembled monolayers whereas higher concentration around 5.10 -1 mol•l -1 leads to SAMs with the expected thickness, but presenting high deviation in the thickness measurement, which indicates that a lot of defects or adsorbates are present at the SAM surface. A minimum concentration of 2.5.10 -2 mol•l -1 seems to be needed to achieve a good quality compact layer. Concentration can be further increased up to 5.10 -2 mol•l -1 without damaging the monolayer quality. It is also noticeable that the longer the alcohol chain, the better the quality of the monolayer, suggesting that the alkane chain is playing a role in the organization of the self-assembled monolayer. Similarly, the addition of long alkane chain solvent like hexadecane can improve organization and quality of octadecyltrichlorosilane SAMs [START_REF] Desbief | Impact of chain length, temperature, and humidity on the growth of long alkyltrichlorosilane selfassembled monolayers[END_REF].

Conclusion

Amino-terminated self-assembled monolayers are currently widely used in both industrial and research-oriented applications. We demonstrated that relative humidity plays a key role in the formation of DETAS SAMs with nonpolar solvent like toluene and leads to multilayers through micellar deposition when it reaches 40% and above. Observation suggests that for obtaining a good DETAS SAM quality, a minimal DETAS concentration of 2.5 10 -2 M together with a long chain of alcohol solvent are needed. Kinetics show an immediate molecule adsorption within the very first moment of the SAM formation process which is uncommon for organosilane grafting. Thickness remains almost constant for more than 30 min before increasing with the molecule organization through hydrogen bonding between primary (NH2) and secondary (NH) amine moieties, which was evidenced by infrared spectroscopy. Further steps are in progress concerning the functionalization to immobilize species on top of DETAS SAMS.

Fig. 1 .

 1 Fig. 1. Schematic representation of (3-Trimethoxysilylpropyl) diethylene-triamine (named "DETAS"), approximately 14 Å in length.

Fig. 2 .

 2 Fig. 2. Grafting kinetics curves of DETAS self-assembled monolayer at 5.10 -2 M and under 33 ± 5% RH in: (a) toluene at 11.0 ± 0.5 °C, (b) methanol at 31.5 ± 1.5 °C, (c) ethanol at 31.5 ± 1.5 °C. Inset shows the curve with logarithm time scale to highlight the early stage of the growth.

Fig. 3 .

 3 Fig. 3. Top: Grafting kinetics of DETAS self-assembled monolayer at 10 -2 M, 30 °C, under 80% RH in toluene for the thickness (filled black squares) and water contact angle (filled red circles). Fitting curves using a first order Langmuir type law was obtained from thickness data. Bottom: scheme of the proposed grafting process with: (a) molecules are adsorbed towards the surface, (b) molecules are lying flat on the surface, (c) molecules are beginning to stand up at the surface, (d) final organized compact SAM. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 4 .

 4 Fig. 4. Effect of relative humidity on the thickness of self-assembled monolayers of DETAS prepared on silica from toluene solution (1.10 -2 M, 22 ± 2 °C).

Fig. 5 .

 5 Fig. 5. AFM images (10 × 10 µm 2 ) showing: (a) cauliflower structures growing in the first stage of grafting, and (b) reverse micelle deposition in the later stage of grafting in toluene. Grafting conditions were: 10 -2 M of DETAS in toluene, ambient temperature, high humidity > 40%.

Fig. 6 .

 6 Fig. 6. AFM image of DETAS self-assembled monolayer: (a) 5.10 -2 M in ethanol, 26 °C and 20% RH; (b) 10 -2 M in toluene, 24 °C and 23% RH.

Fig. 7 .

 7 Fig. 7. ATR-FTIR spectra of DETAS self-assembled monolayer on silicon substrate (prepared from a solution 5.10 -2 M in EtOH, 26 °C and 20% RH). Lorentzian fits have been performed (dashed green and red curves).

Fig. 8 .

 8 Fig. 8. Influence of both concentration and alcohol carbon chain length on the thickness of DETAS SAM prepared at 33 °C and 41% RH. Grafting duration is 24 h.

Table 1

 1 Fitting values of the growth kinetics of SAM of DETAS in different solvents and temperature.

	Solvent	Temperature (°C)	A	τ (10 3 s)	Thmax (Å)
	Toluene	11.0 ± 1.0	-5.9 ± 0.3	10.6 ± 3.6	14
	MeOH	31.5 ± 1.0	-5.8 ± 0.3	8.6 ± 3.9	14
	EtOH	31.5 ± 1.0	-6.4 ± 0.3	7.4 ± 1.2	14

The concentration used in reference

is 1% in volume ratio. With a density of 1.03 for DETAS it corresponds to a mass concentration of ~10 -2 g/ml which gives a molar concentration of ~4.10 -3 M with a molar weight of 265 g.
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