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Abstract

Polyamides (PA) PA66, 610 and 612 were adsorbed as thin films on functionalized substrates. The conformational changes after

adsorption are studied. New conformations due to the rotation of diamine/diacid planes were evidenced by infrared reflection absorption

spectroscopy (IRRAS) and polarization modulation IRRAS (PM-IRRAS). The study of some infrared vibrators, which have a well defined

transition moment direction with respect to the principal chain axis, allows us to access a qualitative information on the molecular orientation

of PA chains. In this paper, we will discuss the possibility to obtain quantitative data on polyamide conformations on the basis of PM-IRRAS

experiments. Values of orientation angles of diamine/diacid planes versus surface plane were determined. Similar angles are found in the four

cases of gold, OH, NH2 and COOH functionalized substrates, and for the three PA. Twist angle of about 208 is found between diamine and

diacid planes. The chain orientation angles and conformations obtained do not depend on the substrate functionality and thus suggest that

they are only the consequence of an adsorption effect.

q 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Interfacial characterization is of great interest for the

understanding of the polymer adsorption in terms of chain

orientation and conformation [1–7]. The creation of

surfaces with specific applications could be done by

adsorbing molecules with preferential orientation and, in

some cases, different conformations relative to the bulk. In a

recent work [8], we have showed that adsorbed polyamides

(PA) PA66, 610 and 612, does not preserve their bulk

conformations (Scheme 1). A twisted conformation between

the diacid/diamine planes, initiated by adsorption, was

evidenced. The quantitative calculation of these inter-planes

orientation angles becomes possible by polarization modu-

lation infrared reflection absorption spectroscopy (PM-

IRRAS).

In this work we will discuss PM-IRRAS results and

calculated values of orientation angles of PA66, 610 and

612 adsorbed on gold, and OH, NH2 and COOH

functionalized gold substrates.

2. Experimental section

2.1. Materials

The three PA were purchased from SIGMA ALDRICH

Co. as 2–5 mm pellets. These PA are characterized by their

Tg; Tf ; TB; and Xc; respectively, the glass transition

temperature, melting and Brill temperatures and the degree

of crystallinity [8]. Trichloroethanol (TCE) 99%, purchased

from SIGMA ALDRICH, a common solvent of these three

PA was used for the preparation of polyamide solutions

(5 g/l). Thin films of PA were spin coated from solutions,

with an acceleration of 103 rpm/s, a velocity of 2500 rpm

and during 60 s, on the chosen substrates.

For sample preparation, the detailed procedure was

extensively described in a previous study [8].

Gold coated substrates were prepared by using glass

slides cleaned with ethanol, and treated by Argon plasma for

3 min at a power of 80 W. 3-Mercaptopropyltriethoxysilane
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(95%) from ABCR is then used as a coupling agent between

glass slides and gold coatings. A 120 nm gold (99.99% from

BALZERS) layer was then coated under vacuum of

1027 mbar.

For grafting (e.g. Scheme 2), gold-coated substrates are

then cleaned by UV radiation before being immersed in the

grafts solution. The molecules used for the substrate

functionalization are the following.

OH grafts: 11-mercapto-1-undecanol (97% from SIGMA

ALDRICH) solution (in ethanol).

NH2 grafts: 4-aminothiophenol (90% from SIGMA

ALDRICH) solution (in ethanol).

COOH grafts: thioglycolic acid (99% from SIGMA

ALDRICH) solution (in water).

Typical concentrations of 3 mM were used and immer-

sion time was fixed to 12 h. Under these conditions, we

obtain fully covered surfaces by the grafts self assembled

monolayers [9].

2.2. Ellipsometry

Ellipsometric analyses were performed with an Optrel

GdBR Multiskop in order to determine thin films thickness.

Measurements were conducted on thin films coated on gold

substrates using a laser beam having 532 nm, 0.6 mm, and

20 mW, respectively, for wavelength, diameter and inten-

sity. Data evaluation is done with Elli program developed by

Optrel GdBR as a part of the ellipsometry module of the

Multiskop. Estimated thickness for the three PA samples are

ranging from 42.4 to 42.8 nm.

2.3. Infrared spectroscopy

2.3.1. Attenuated total reflection (ATR)

Bulk PA were analyzed by single-reflection attenuated

total reflection (ATR) spectroscopy. Measurements on PA

pellets were performed with an IF66S Bruker spectrometer,

a diamond crystal is used and the incidence angle of the

beam is fixed to 458. Spectra were recorded with a mercury-

cadmium-telluride (MCT) detector. The number of scans

was fixed to 100 with a resolution of 4 cm21.

2.3.2. Infrared reflection–absorption spectroscopy (IRRAS)

Thin films of PA adsorbed onto inert and functionalized

gold substrates, were analyzed by infrared reflection-

absorption spectroscopy (IRRAS). Measurements were

done with an IFS66 Bruker spectrometer. Spectra recorded

with a MCT detector were averaged over 500 scans, at a

resolution of 1 cm21. The angle of the p polarized incident

beam was fixed at 808.

2.3.3. Polarization-modulation IRRAS (PM-IRRAS)

PM-IRRAS is highly dedicated to nanofilm analysis.

Classical IRRAS experiments consist in recording the p-

polarized reflectivity RpðdÞ and for ultra thin films, the

surface detectivity of IRRAS is not sufficient and very long

measurement times became necessary. These limitations are

resolved by ‘coding’ the surface with some kind of

modulation technique. Thus in PM-IRRAS (Scheme 3) a

differential reflectivity ðDR=RÞ surface signal is obtained in

one step and with all the dynamical range of the detection

[10]. It is important to remember that this technique is based

on three principles.

† The selection rules induced by the reflection of an

infrared beam under p polarization and grazing angles on

metallic surface: when a dipole moment is oriented in the

surface normal direction, its signal is intensified in the

PM-IRRAS spectrum.

† The double modulation of the incident beam.

Scheme 1. Representation of bulk PA66, 610 and 612 linear chains.

Scheme 2. Representation of COOH functionalized gold substrates.
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† The mathematical treatment of the detected signal that

allows to obtain the differential reflectivity.

So, compared to the IRRAS method, PM-IRRAS presents

at least two decisive advantages of a much higher surface

absorption sensitivity and of the in situ experimental ability,

while it still conserves the IRRAS advantages of electric field

enhancement and the surface selection rules. Conversely, the

experimental setup, the procedure and the quantitative

analysis treatments becomes more complex [10].

Measurements were done with an IF66S Bruker

spectrometer, spectra recorded with MCT detector, under

experimental conditions of 1000 scans, resolution of

1 cm21, 858 as beam incidence angle and with a 74 kHz

modulation frequency. A ZnSe photoelastic modulator

provided by HINDSe is used.

PM-IRRAS technique allows no environmental pertur-

bation on the spectra and high signal to noise ratio. A

background spectrum is typically taken to eliminate any

instrumental artifacts.

For the spectral decomposition of overlapped bands into

individual bands we used the second derivative method

performed with the OPUSw software supplied by the

spectrometer manufacturer. This software gives also, for

each fit, the calculation error which is minimized.

We used the second derivative method to determine the

number and the frequency of overlapped bands. Sharp bands

are fitted with a pure Lorentzian function, while large ones

are a combination of Lorentzian and Gaussian functions.

This latter is the consequence of the multiple Lorentzian

components summation.

3. Results and discussion

The results will be discussed in two parts: qualitative

results and quantitative orientation determination.

Scheme 3. Optical PM-IRRAS setup.

Fig. 1. ATR spectra of bulk PA 66 compared with IRRAS spectra of 33 nm thin film adsorbed on gold substrate.
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3.1. Qualitative results

This part concerns the vibrational study of adsorbed PA

compared to the bulk isotropic state. In order to understand

the variation of spectral response induced by adsorption.

A comparison between bulk (ATR) and thin film

(IRRAS) spectra of PA 66 is shown in Fig. 1. Adsorbed

film thickness is 42.6 nm.

Five regions of interest appear in these spectra.

† The amide IV, V, VI regions (600–800 cm21),

† the triclinic cell region (900–1300 cm21),

† the amide I and amide II regions (1500–1700 cm21),

† the CH2 stretching mode region (2700–3000 cm21),

† the NH stretching mode region (3000–3500 cm21).

For the four types of substrates (inert and functionalized),

the triclinic structure of PA in thin films is confirmed by the

fact that the amide II band is centered at 1544 cm21, and by

the presence of bands at 906, 985, 1015, 1066, 1228, and

1305 cm21 that are characteristics of the triclinic cell

[11–14]. These bands assignments are gathered in Table 1.

3.1.1. Bulk and thin films comparisons

To avoid environmental perturbations in our compari-

sons, we choose to work with PM-IRRAS spectra that

presents a better signal to noise ratio and which offers direct

and quantitative comparison.

3.1.1.1. Amide I and Amide II region (1500–1800 cm21).

Comparison of bulk and thin film spectra is shown in Fig. 2.

The existence of strong amide I band indicates that CyO

transition moments interact with the electric field vector of

the incident beam. Therefore the CyO groups are suspected

to be preferentially oriented in the normal direction with

respect to the substrate plane. In the case of these PA, the

CyO groups are almost oriented perpendicular to the chain

main axis, due to the stabilization of trans– trans extended

conformations of the chains by quite perpendicular inter-

chain H-bonds. As a consequence, parallel orientation of the

chains with respect to the interface will induce a quite

perpendicular orientation of the CyO groups.

Table 1

Characteristics of PA infrared vibrators

Vibrator Position (cm21) Attribution [11–14]

Amide V: deformation gðNHÞ 690 a and b plane forms

710 g non-plane form

Stretching nðN–CyOÞ 900–907 Triclinic structure

Rocking r(NH) 983–987 Triclinic structure

Skeletal stretching nðC–CÞ 1014–1019, 1033–1043, 1063–1066 Triclinic structure

Twisting t(CH2) coupled with amide 1224–1228 Triclinic structure

Twisting t(NH) 1300–1305 Triclinic structure

Wagging w(CH2) coupled with amide 1329 Triclinic structure

Stretching nðC–NÞ þ bending dðNHÞ 1540 a and b plane forms

1560 g non-plane form

Fig. 2. Comparison of PA66 bulk ATR spectrum and PA66 thin film PM-IRRAS spectrum, on NH2 substrates, in the 1500–1800 cm21 region.
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Frequencies shifts and shapes changes are induced by the

geometric differences of ATR and PM-IRRAS, and by thin

films selection rules of this latter. Moreover, the compo-

sition of these two bands may change after adsorption due to

these selection rules that enhance some components

comparing to others.

3.1.1.2. The NH stretching mode region (3000–3500 cm21).

The presence of NH stretching modes (Figs. 1 and 3) of

species involved in hydrogen bonds (3000–3500 cm21)

is observed. This fact supports the existence of CyO

stretching modes at 1600–1700 cm21, since hydrogen

bonds are established between the CyO and NH groups.

As a consequence, transition moments, in the special

case of intra or inter chains H-bonds, must be in the

same orientation.

In Fig. 3, we could observe frequency and intensity

changes. The frequency shift, as noticed already, is a

geometric consequence, while intensity changes are directly

related to the vibrator orientation and to the amount of

crystalline phase. These great changes in the CH2 stretching

region would be very useful for the orientation determination.

On the other hand, the bonded NH stretching modes could be

also very interesting vibrators for crystallinity estimation.

Fig. 3. Comparison of PA66 bulk ATR spectrum and PA66 thin film PM-IRRAS spectrum, on COOH substrates, in the 2800–3500 cm21 region.

Fig. 4. Comparison of PA610 bulk ATR spectrum and PA610 thin film PM-IRRAS spectrum, on OH substrates, in the 900–1500 cm21 region.
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3.1.1.3. The 600–1500 cm21 region. Comparison of bulk

and thin films spectra (Fig. 4) reveals also differences for

bands such as: rocking r(NH) and rocking r(CyO) at 600–

900 cm21, stretching nðC–CyOÞ at 906 cm21. Moreover

intensity changes of twisting t(CyO), t(NH) at 1140 and

1180 cm21, and wagging w(CyO) coupled with w(NH) at

1367 cm21 are observed.

We should mention the difficulty we have to interpret

intensity changes in this region. In fact, many bands are

overlapped and the resulting spectrum is complex. Never-

theless, strong bands, that already contribute to the crystal-

line structural identification, could be useful for the

understanding of chain orientation, as it would be discussed

later in the paper.

3.1.1.4. CH2 stretching mode regions (2800–3000 cm21).

Important differences are observed in the asymmetric CH2

stretching mode (Figs. 1 and 3), and a closer observation

(Fig. 5) shows a splitting of the nasðCH2Þ in two

contributions. The first one, located at 2938 cm21 is

attributed to the diamine CH2 groups, and the second one,

located at 2920 cm21, is related to the diacid CH2 entities.

Detailed explanation of these two components has already

been proposed [8], where we consider that, the linear

increase of the second component intensity with the

diacid aliphatic carbons number, implies a twist of the

diamine/diacid planes.

Unpredicted results about the chemical functionality

effect is experimentally observed (Fig. 5). It appears that

lateral grafts–grafts and polymer–polymer interactions

dominate the polymer–grafts ones, and thus no great

differences are observed between the four substrates. This

hypothesis would be examined by studying the grafting

density effect on PA chain orientation.

The combination of these observations with the exam-

ination of all vibrators moment direction (gathered in Table

2) permits to propose a model (Scheme 4) in which a

rotation of the diacid/diamine planes is present for PA

chains adsorbed in thin films.

Taking into account the sensibility of this technique

toward the specific orientation, we can qualitatively justify

the enhancement or the decrease of PM-IRRAS bands

intensities according to Table 2 on the basis of Scheme 4.

Fig. 5. Comparison of PA612 PM-IRRAS spectra on: (a) Inert, (b) NH2, (c) COOH, and (d) OH substrates.

Table 2

Vibrators modes and their direction with respect to the chain plane and to

the middle axis of C–C–C

Modes Range (cm21) Transition moment direction [15–17]

r(NH) þ r(CyO) 600–900 In the chain plane, quite

perpendicular to the chain axis

nðC–CyOÞ 906 In the chain plane, quite

perpendicular to the chain axis

t(CyO) 1140 Perpendicular to the chain plane

and to the chain axis

t(NH) 1180 Perpendicular to the chain plane

and to the chain axis

w(CyO) þ w(NH) 1367 Perpendicular to the chain plane

and to the chain axis

nðCNÞ þ dðNHÞ 1500–1580 In the chain plane, quite

perpendicular to the chain axis

nðCyOÞ 1600–1690 In the chain plane, perpendicular

to the chain axis

nsðCH2Þ 2840–2870 In the chain plane, perpendicular

to the chain axis

nasðCH2Þ 2910–2950 Perpendicular to the chain plane

and to the chain axis

nðNHÞ 3000–3400 In the chain plane, perpendicular

to the chain axis
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3.2. Orientation determination

3.2.1. PM-IRRAS theory

At grazing angle of incidence, the intensity of a reflected

p-polarized infrared light beam is enhanced at a metal

surface [18,19]. This polarization leads to strong selection

rules at the surface and has been used to deduce information

of adsorbed polymers such as molecular orientation

[20–30].

In addition to orientation measurements, the predomi-

nance of p-polarized light over s-polarized light at the metal

surface has been used to obtain the differential reflectance

spectrum of the adsorbed surface species, DR=R; by

polarization modulation of the infrared light [31–40]

(modulation frequency of 74 kHz).

In order to analyze precisely the IR response of a three

phase system (namely air (1)–polymer thin film (2)–

substrate(3)) one has to establish the infrared PM-IRRAS

selection rules, in the case of thin film approximation. Of

course we have to take into account the specific orientation

of IR vibrators in an expected IR intensity. The expression

of the IR detected signal, in a PM-IRRAS experiment on a

metallic substrate, is given by the following expression

SðdÞ ¼
½RP

123ðnÞ2 RS
123ðnÞ�J2ðf1Þ

½RP
123ðnÞ þ RS

123ðnÞ�
ð1Þ

where R is the reflectivity of a three phase system,

superscripts S and P refer to the polarization state of the

incident IR wave, respectively, parallel (P) and perpendicu-

lar (S). n is the IR wavenumber and J2 is the second order

Bessel function.

If we expect that specific orientation occurs in the

adsorbed thin film, the orientation of transition moments has

an influence on the resulting IR reflectivity. In the case of an

uniaxialy oriented film we define q as the angle between a

transition moment M and the Oz axis normal to the surface

plane. Then, the polymer film (medium 2) is characterized

by a complex refractive index equal to n̂2xy ¼ n2 2 ik2xy in

the Oxy surface plane, and n̂2z ¼ n2 2 ik2z in Oz direction

(normal to the surface plane), where the absorption index k

is defined as

k ¼
1

3
ðkx þ ky þ kzÞ; kx ¼ ky ¼

3

2
k sin2 u;

kz ¼ 3k cos2 u

ð2Þ

If for each i phase of the 3-phase system we define a Fresnel

term as, ji ¼ n̂i cos ui then the complex reflectivities

between two phases i and j are given for P and S polarization

states by

r̂P
ij ¼

ê jji 2 ê ijj

ê jji þ ê ijj

and r̂S
ij ¼

ji 2 jj

ji þ jj

ê i and ê j are the dielectric constants of medium i and j:

These latter depend on the complex refractive index

according to

ê i ¼ e 0i 2 ie 00i e 0i ¼ n2
i ðnÞ2 k2

i ðnÞ

e 00i ¼ 2niðnÞkiðnÞ

ð3Þ

finally the complex reflectivity for the 3-phase interface is

r̂P;S
123ðnÞ ¼

r̂P;S
12 ðnÞ þ r̂P;S

23 ðnÞexp
2i4pn̂2ðnÞd cos u2

l

� �

1 þ r̂P;S
12 ðnÞr̂

P;S
23 ðnÞexp

2i4pn̂2ðnÞd cos u2

l

� � ð4Þ

Where l is the wavelength. The detected reflectivity as

measured in Eq. (1) is then: RP;S
123ðnÞ ¼ r̂P;S

123ðnÞ·r̂
P;Sp

123 ðnÞ

We are now able to establish the PM-IRRAS selection

rules i.e. the sign and intensity of an IR band as a function of

the orientation of a transition moment (or functional group)

relative to the surface plane. Selection rules are then: if the

orientation of a transition moment is parallel to the surface

plane then the PM-IRRAS signal is equal to zero. If the

orientation is perpendicular to the surface plane then the

signal is maximum.

3.2.2. Application for PA thin films

For quantitative calculations it is important to choose

appropriate vibrators. In our case, interesting vibrators, with

high intensity and composed of single mode without

overlapping, are the H-bonded NH stretching modes

Scheme 4. Proposed model for chain conformation of adsorbed PA.

T. Elzein et al. / Polymer 44 (2003) 3649–3660 3655



(3000–3400 cm21) and the CH2 asymmetric stretching

modes (2900–2970 cm21). These latter are sensitive to the

diacid and diamine planes, since that its two components

could be easily decomposed in the PM-IRRAS spectra.

In Scheme 5, we have represented the A and B planes

relative, respectively, to the diacid and diamine planes. We

would suppose that PA coordinates are expressed in the u; v;

w referential. The u; v; w referential is related to the

substrate x; y; z referential by the angle u (angle formed

between the chain axis and the substrate plane). According

to this scheme, the projection of the chain main axis is in the

u direction. The diacid and diamine planes are related to the

v axis, respectively, by f and b:

In Scheme 6, we have represented the n(NH)b,

ns(CH2)diacid, nasðCH2Þdiacid; nsðCH2Þdiamine; nasðCH2Þdiamine

transition moments, that correspond, respectively, to the

bonded NH stretching modes, CH2 symmetric and asym-

metric modes of the diacid and diamine planes, with respect

to v axis.

3.2.3. Principle

According to PM-IRRAS rules [41,42], the interfacial IR

reflectivity is expressed as

Ii / ½Fiðu;f;b…Þ�2Ai

where Ii is the PM-IRRAS experimental integrated intensity

of a given thin filmband, Fi represents a geometric function

that depends on the vibrator direction in the referential, and

Ai is the bulk isotropic state integrated intensity. By taking

two transition moments i and j we deduce

I i=Ij¼½Fiðu;f;b…Þ�2Ai=½Fjðu;f;b…Þ�2·Aj
ð5Þ

The geometric function F of the chosen vibrators are listed

in Table 3.

It is important to note that in this case: f; average

angle between diacid and v axis, f ¼ ðn(NH)bonded,

v) ¼ (ns(CH2)diacid,v); b, average angle between diamine

and v axis, b ¼ ðnsðCH2Þdiamine; vÞ:

By replacing F in the equations of chosen vibrators, we

obtain

IðNHÞb / ðcos u cos fÞ2AðNHÞb ð6Þ

Scheme 5. Representation of the PA chains in the u; v; w and x; y; z referentials.

Scheme 6. Representation of transition moments according to the proposed model.
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IðCH2Þasdiacid / ½cos u cosð90 2 fÞ�2AðCH2Þasdiacid

/ ðcos u sin fÞ2AðCH2Þas·K ð7Þ

IðCH2Þasdiamine / ½cos u cosð90 2 bÞ�2AðCH2Þasdiamine

/ ðcos u sin bÞ2AðCH2Þas·K 0 ð8Þ

K and K 0 are constants relating, respectively, the diacid and

the diamine integrated intensity to the total methylene

absorption intensity experimentally obtained in the case of

bulk sample. Since that their responses in linear chains are

obtained at the same frequency, we consider that the

response of diacid or diamine part is proportional to the ratio

of its aliphatic methylene groups. As an example, in PA66,

the diacid part contain four aliphatic methylene groups

whereas the diamine one contain six aliphatic methylene.

Thus, for PA66, K ¼ 4=ð4 þ 6Þ and K 0 ¼ 6=ð4 þ 6Þ: Values

of K and K 0 are gathered in Table 4.

The combination of Eqs. (6)–(8) permits to obtain f and

b: This can be done if the values of IðNHÞb; IðCH2Þasdiacid;

and IðCH2Þasdiamine are known.

The first term is obtained by integration of each

spectrum, between 3000 and 3400 cm21.

For the two other terms, an example of spectral

decomposition is shown in Fig. 6.

The integrated intensities of these two components are

obtained after curve fitting.

3.2.4. Calculations

By combining Eqs. (6) and (7) we obtain

IðCH2Þasdiacid

IðNHÞb
¼

sin f

cos f

� �2 AðCH2Þas

AðNHÞb
K ð9Þ

and thus

tgf ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
IðCH2ÞasdiacidAðNHÞb

IðNHÞbAðCH2Þas·K

s
ð10Þ

On the other hand, Eqs. (7) and (8) give relation Eq. (11)

IðCH2Þasdiamine

IðCH2Þasdiacid

¼
sin b

sin f

� �2 AðCH2Þas·K 0

AðCH2Þas·K
ð11Þ

Table 3

Transition moment directions and the corresponding geometric function F

Vibration mode Wavenumber n (cm21) Transition moment vector M Direction in u; v; w referential Geometric function F

nðNHÞb 300–3400 In the diacid plane ’ to the main chain axis In the ðu; vÞ plane 2cos f cos f·cos u

nasðCH2Þdiamine <2936 ’ to the diamine plane ’ to the main chain axis In the ðu; vÞ plane 2sin b sin b·cos u

nasðCH2Þdiacid <2920 ’ to the diacid plane ’ to the main chain axis In the ðu; vÞ plane 2sin f sin f·cos u

Table 4

Values of K and K 0

PA66 PA610 PA612

K 4/10 8/14 10/16

K 0 6/10 6/14 6/16

Fig. 6. Spectral decomposition of a PA612 PM-IRRAS spectrum in the 2895–2960 cm21 region.
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that gives

sin b ¼
sin fffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

IðCH2ÞasdiacidK 0

IðCH2ÞasdiamineK

s ð12Þ

By replacing all measured values from infrared spectra in

Eqs. (10) and (12), we access to the determination of f and

b for each PA adsorbed on the four types of substrates, as

listed in Tables 5 and 6.

The values of the twist angle ðb–fÞ are listed in Table 7.

As we can see, for each PA, no significant differences are

observed due to changes in the surface functionality (Tables

5–7 and Figs. 7 and 8). This evidence leads us to consider

that the preferential orientation of PA66, 610 and 612 is

independent of the surface chemistry. We could also

Table 5

Calculated values of f

f (8) Gold substrates NH2 substrates COOH substrates OH substrates

PA66 40 41 40 41

PA610 41 43 44 42

PA612 43 43 40 41

Table 6

Calculated values of b

b (8) Gold substrates NH2 substrates COOH substrates OH substrates

PA66 62 62 62 63

PA610 62 62 63 62

PA612 64 63 60 63

Table 7

Calculated values of the twist angle between the diamine and diacid planes

b–f (8) Gold substrates NH2 substrates COOH substrates OH substrates

PA66 22 21 21 22

PA610 21 19 19 20

PA612 21 20 20 22

Fig. 7. Comparison of PA610 PM-IRRAS spectra: (a) Inert, (b) NH2, (c) COOH, and (d) OH substrates, in the 900–1800 cm21 region.
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consider that conformational changes is a consequence of

adsorption and do not result from chain–grafts interactions.

Indeed for gold inert substrates the same changes were

observed without significant differences of angle values

(Tables 5–7).

In fact, these results were not suspected, and a

predominant functionality effect was expected. The exper-

imental results were contradictory: the surface functionality

seems to be inactive in terms of PA chains–grafts

interaction: Acid–base interactions are to be expected at

the interface vicinity between the PA chains (CyO and NH

groups) and the surface functions (OH, NH2, COOH).

However, the fact that PA crystalline structures are

stabilized by the inter-chain hydrogen bonds between the

Polyamides CO and NH groups do not allow these latter to

get involved in interfacial interactions with the surface. So,

it seems that these interfacial interactions are absent, and

even if we assume that some of them exist, they could not

induce a driving force to reorient the PA chain in the thin

film. It is also of major importance to argue in term of bonds

energy: 46, 29 and 22 J mol21 representing the enthalpy of,

respectively, CO–NH interaction between PA chains,

CyO–HO interaction between two COOH grafts and

NH–NH interaction between two NH2 grafts [43]. On the

basis of these values, we could justify the non-detected

interfacial interactions and thus the absence of direct

incidence on the PA chains orientation.

4. Conclusion

In this work, we were interested in determining the

orientation angles of PA66, 610 and 612 chains adsorbed on

four types of surface: inert, NH2, COOH and OH

functionalized substrates. This calculation is made by

using the PM-IRRAS technique adapted to thin films

study and that offers quantitative spectral information.

This study improves the suitability of the PM-IRRAS

technique to study orientation in thin films. Moreover, this

technique allowed us to access to quantitative data and to

elaborate a conformation model of PA chains adsorbed on

chemically modified interfaces.

Experimental results shows a conformational change of

linear PA chains, that are lying quite parallel to the

interface, by comparison with the bulk state. The diacid

plane of PA has a tilt angle of about 408 with respect to the

substrate normal, while the diamine plane is twisted of about

208 with respect to the diacid one.

No great differences are observed when changing the

surface chemistry due to the crystalline stabilization that

involves important polymer chain–chain interactions. Thus,

inter-chain hydrogen bonds between PA chains do not offer

to CO and NH groups the possibility to get involved into

acid-base interfacial interactions with the surface grafts.
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