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Abstract

Controlled surface functionalization with azides to perform on surface 'click chem-

istry' is desired for a large range of �elds such as material engineering and biosensors. In

this work, the stability of an azido-containing self-assembled monolayer in high vacuum

is investigated using in situ Fourier transform infrared spectroscopy. The intensity of

the antisymmetric azide stretching vibration is found to decrease over time, suggesting

the degradation of the azido-group in high vacuum. The degradation is further investi-

gated at three di�erent temperatures and at seven di�erent nitrogen pressures ranging

from 1 × 10−6mbar to 5 × 10−3mbar. The degradation is found to increase at higher

temperatures and at lower nitrogen pressures. The latter supporting the theory that

the degradation reaction involves the decomposition into molecular nitrogen. For the

condition with the highest degradation detected, only 63% of azides is found to remain
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at the surface after 8 h in vacuum. The �ndings show a signi�cant loss in control of

the surface functionalization. The instability of azides in high vacuum should therefore

always be considered when depositing or post-processing azido-containing layers.
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1 Introduction

`Click chemistry' is an approach de�ned by Sharpless and coworkers in 2001,1 as a founda-

tion to join small building blocks together to various complex compounds, based on nature's

way of synthesising natural products. The term encompasses a set of powerful chemical

reactions that: (i) use readily available starting materials, (ii) proceed under benign con-

ditions, (iii) have high yield, (iv) are stereospeci�c, (v) are orthogonal to other reactions,

(vi) generate ino�ensive by-products and (vii) produce stable products.1,2 The desired char-

acteristics of click reactions open up synthesis pathways in various application �elds2�4 such

as drug discovery,5,6 polymer chemistry,7,8 materials engineering,9,10 bioconjugation11�13 and

biosensors.14�17 The azide-alkyne Huisgen 1,3-dipolar cycloaddition yielding 1,2,3-triazoles,

via a copper-catalysed or strain promoted reaction, is considered the cream of the crop of

the click reactions.1,18�20 Azido-moities are not only highly useful for click reactions. One

can easily transform the azide moities into other useful functional moieties such as amines

or thiocyanates via a nucleophilic substitution using a halide atom.21,22

Surface functionalization with azido-containing self-assembled monolayers (N3-SAMs) can

be achieved by for example using organosilanes. This typically involves solution-phase pro-

tocols starting from the introduction of azido-containing moieties to the surface via spin-

coating or liquid-phase silanization, to the performance of the click reaction itself.23�29 How-
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ever, vapour-phase chemistry is bene�cial regarding integration into a high-throughput pro-

duction sequence, yielding high-quality and reproducible results with a reduced chemical

waste production. The deposition of N3-SAMs from the vapour-phase has been demon-

strated30,31 as well as the use of the on-surface azide-alkyne click reaction from the vapour-

phase to deposit 2D nanostructures.32,33 Moreover, azide and alkyne based precursors have

been used to grow thin bis-triazole organic �lms via atomic and molecular layer deposition

(ALD/MLD).34,35

Vapour-phase chemistry often requires the use of (ultra) high vacuum techniques. For the

development of novel vapour phase fabrication methods, the stability of the azido group in

high vacuum conditions is of utmost importance. In addition, since several processing steps in

semiconductor industry utilize high vacuum techniques, the azido-groups need to be stable

during all post-functionalization steps in the production process. The stability of azides

upon X-ray exposure,36,37 irradiation by UV-light38�41 and heating41�44 has extensively been

studied in the past. To our knowledge, only a few literature reports mention the degradation

of azido-groups in high vacuum such as the work of Bebensee et al.,33 Diaz et al.32 and Gao

et al.45 However, no detailed study of the stability of azides in high vacuum has previously

been performed. In this work, the degradation of azides in high vacuum is monitored using

in situ re�ection Fourier transform infrared spectroscopy. This technique allows to observe

real-time changes in IR absorbance of the functional groups at the surface while in high

vacuum. In addition, the used IR light will not result in the decomposition of the azides,

in contrast to UV- or X-ray-based techniques. The degradation of the azido-groups in high

vacuum is further studied for di�erent temperatures and nitrogen pressures, as it is believed

that the degradation reaction involves the decomposition into molecular nitrogen.
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Figure 1: Schematic illustration of a N3-SAM coated oxide surface.

2 Experimental

Azido-containing self-assembled monolayers (N3-SAM) are deposited by vapour phase silaniza-

tion. All substrates are cleaned prior to deposition using UV ozone (UVO cleaner, Jelight

Company Inc.). The silanization is performed using a home-built stainless-steel vacuum

chamber at a pressure of 25mbar, heated inside a WU 6100 Thermo Scienti�c oven at 145 °C.

During a deposition time of 2 h, 120µL 11-azidoundecyltrimethoxysilane (abcr GmbH.) is

evaporated inside the chamber. The process is described in more detail by Vos et al.31 A

schematic illustration of the coated surface is given in Figure 1.

Characterization of SAMs is often performed using contact angle measurements, spectro-

scopic ellipsometry, X-ray photoelectron spectroscopy (XPS), atomic force microscopy or

Fourier transform infrared spectroscopy (FTIR).24,25,46,47 In the current work, FTIR is cho-

sen as the main experimental technique to study chemical changes at the surface by the

degradation of the N3-SAM in high vacuum. Azides can easily be identi�ed using FTIR

due to their strong IR absorbance outside the �ngerprint region. In addition, the technique

provides chemical information without the need of a high vacuum chamber to perform the

measurement or the use of an irradiation source that might cause photo-oxidation of the

azido-groups such as an UV- or X-ray irradiation. Furthermore, the degradation during
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the high vacuum treatment can be studied using in situ FTIR, which has previously been

demonstrated to be a very sensitive technique to measure changes of chemical bonds at the

surface.48

Silicon samples coated with 70 nm TiN and a 3 nm thin �lm of SiO2 are used as the substrate

for the N3-SAM deposition, to facilitate in situ re�ection FTIR experiments. The TiN layer

is deposited by reactive sputtering using nitrogen gas and a Ti target (Endura, Applied

Materials Inc.). The SiO2 is RF-sputtered in argon gas using a SiO2 target (Leybold AG,

99.995%). The degradation of the N3-SAM is monitored by in situ FTIR spectroscopy inside

a home-built vacuum chamber with a base pressure of 1× 10−5mbar. The vacuum chamber

is attached to a Vertex 70V spectrometer (Bruker Co.) via KBr windows. The grazing

incident mid-IR beam is aligned on the sample surface with an angle of ca. 83° with respect

to the normal plane of the sample surface via o�-axis parabolic mirrors in order to enhance

the sensitivity.49�51 The re�ected IR signal is detected with a resolution of 4 cm−1 using a

medium band mercury cadmium telluride (MCT) detector cooled with liquid nitrogen. Each

spectrum is generated by averaging over ∼ 206 scans, corresponding to a measurement time

of 2min.

A background spectrum is recorded after pumping the chamber to base pressure and heat-

ing the sample to 150 °C with a PID-controlled copper heating stage. From this moment,

FTIR spectra are recorded every 7min for approximately 8 h. This allows us to observe all

functional groups changing over time in vacuum compared to the initial spectrum of the

as-deposited sample. Data analysis is performed with Python.52 The background during the

experiment evolves, mainly due to thermal changes inside the detector and vacuum chamber.

This background evolution is approximated and subtracted to obtain the �nal spectra used

for peak analysis in this work. An illustration of the calculated background and �nal spec-

trum can be found in the supporting information Figure S1 together with a brief description

of the Python procedure.
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Silicon samples with a native oxide are used as substrate for the N3-SAM depositions to

analyse the in�uence of the sample temperature and N2-pressure on the N3 degradation

using ex situ attenuated total re�ection FTIR (ATR-FTIR). For this purpose, a di�erent

setup is used than the in situ FTIR vacuum chamber described earlier, a home-built vacuum

chamber with a base pressure of 1 × 10−6mbar. Herein, the samples are exposed to a

pre-set temperature and N2-pressure for 8 h while pumping. The sample temperature is

PID-controlled using a copper heating stage and set to 90 °C, 120 °C or 150 °C. The lowest

temperature is de�ned by the minimum sample temperature that can be obtained, while

heating the chamber walls to 100 °C to prevent the condensation of water. The highest

temperature is chosen to be close to the silanization temperature of 145 °C and well below

the thermal decomposition temperature of 180 °C reported for alkyl azides in literature.42,43

The N2-pressure (Air Liquide S.A., 99.999%) inside the chamber is read-out with a compact

full range pressure gauge PKR 251 (Pfei�er Vacuum GmbH) and adjusted to values between

1 × 10−6mbar to 5 × 10−3mbar using a needle valve. The lower limit is de�ned by the

chamber's base pressure, while the upper limit is set to 5 × 10−3mbar in order to remain

below the maximum operating pressure of the turbomolecular pumping system.

Ex situ ATR-FTIR is performed with a Nicolet 6700 spectrometer using a liquid-nitrogen

cooled MCT detector (Thermo Fischer Scienti�c Inc.) and a VariGATR grazing angle ac-

cessory with a Ge-crystal (Harrick Scienti�c Products Inc.). An ATR-FTIR spectrum with

a spectral resolution of 4 cm−1 is generated by averaging over 100 scans. The N3-peak area

is calculated with a �xed integration method in OPUS (Bruker Co.). The samples are com-

pared to an untreated N3-SAM and blank Si reference to calculate the percentage of azide

remaining.

Ex situ transmission FTIR measurements are performed with the same Vertex 70V spectrom-

eter (Bruker Co.) using a di�erent beam path and a DLaTGS detector. The spectrometer is

pumped to vacuum (approximately 1 × 10−2mbar) for 15min in between measurements in

6



order to obtain constant background levels of atmospheric gases. The IR-signal is detected

for a measurement time of 3min (∼ 214 scans) and a resolution of 4 cm−1. A blank Si ref-

erence is subtracted from the raw data to be able to observe all chemical bonds originating

from the N3-SAM coating.

Contact angle measurements are performed with a DSA 30 contact angle system (Krüss

GmbH) in sessile drop mode with drops of 1 µL. Analysis is done using the tangent I method.

The contact angles reported in this work are the average of �ve contact angle measurements

taken on di�erent positions of the sample.

3 Results and Discussion

The functional groups of the as-deposited N3-SAM samples as observed by transmission

FTIR can be seen in Figure 2 a. Background noise is observed in the regions 4000 cm−1

to 3400 cm−1, 1700 cm−1 to 1400 cm−1 and around 2330 cm−1, originating from residual at-

mospheric water vapour and CO2 inside the spectrometer. In addition, features due to

organic contamination from air exposure are visible with the most prevalent band observed

at 1723 cm−1, typically assigned to C−−O.31,53,54 In the region from 3000 cm−1 to 2800 cm−1

clear bands of CH3 and CH2 stretching vibrations are observed. Inevitably these are partially

the result of organic contamination at the surface. However, the high intensity of the CH2

stretching vibrations con�rms the presence of the alkane chain with 11-carbon atoms onto

the surface. The antisymmetric and symmetric CH2 stretching vibrations are occurring at

2925 cm−1 and 2855 cm−1 respectively, while the CH2 scissor mode is seen at 1450 cm−1.55�57

The unexpected strong intensity of the CH2 scissor mode compared to the CH2 streching

vibrations can be explained by the background subtraction as shown in Figure S2 in sup-

porting information. The azido-group N3 is characterized by its antisymmetric stretching

band at 2098 cm−1. It is less obvious to distinguish the symmetric stretching band of N3

between 1345 cm−1 to 1175 cm−1 as it is weak in intensity and overlaps with the CH2 bending
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Figure 2: An ex situ transmission FTIR spectrum indicating the functional groups of the
as-deposited N3-SAM (a) and the time evolution of the change in IR absorption intensity
in high vacuum at 1 × 10−5mbar and 150 °C over 8 h as measured by in situ FTIR (b).
A decrease in absorbance and thus the disappearance of functional groups can be seen as
dark blue regions, while an increase in absorbance and thus addition of functional groups is
indicated in yellow.
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modes.57,58 The peak at 1230 cm−1 might be identi�ed as the longitudinal optic component

of the Si−O−Si stretch, but the peak might as well be a spurious feature caused by the sub-

traction of the Si reference sample that displays strong absorption peaks in this region.59 All

observed features are in agreement with the ATR-FTIR report of Vos et al.,31 con�rming the

deposition of a N3-SAM by silanization of 11-azidoundecyltrimethoxysilane on a Si surface

with native SiO2.

In situ re�ection FTIR measurements are performed every 7min on a N3-SAM coated TiN

substrate with a thin layer of SiO2, to observe any changes of the functional groups over

time in high vacuum at a pressure of 1× 10−5mbar and a temperature of 150 °C. The time

evolution of the FTIR signal is shown in Figure 2 b. Light blue corresponds to zero changes

in IR absorbance compared to the initial situation. Regions with a dark blue colour represent

a decrease in IR absorbance and associated removal of functional groups, while yellow regions

display an increase in absorbance and accordingly an addition of functional groups. Despite

the fact that multiple lines become visible, only two features show a clear gradient trend

over the full time in vacuum. One feature displays the increase in IR absorbance at around

1267 cm−1. The identi�cation of this peak is complex as several functional groups such as

C−N, Si−O and C−H present features in this region.56,57,59,60 Due to the shape of the curve -

a sharp increase with neighbouring drop - a blue shift of the feature at 1230 cm−1 is suspected.

As previously described, this feature might be identi�ed as the longitudinal optical phonon

mode of SiO2 originating from the silane molecules chemisorbed at the surface and/or the

SiO2 substrate. It is known from literature that the longitudinal optical phonon mode

Si−O−Si stretch shifts upon changes in Si−O bonding angle, bond length, force constant,

image charge e�ects and total oxide thickness.59,61�63

Another prominent feature is the decrease in IR absorbance at 2105 cm−1, related to the

disappearance of the azido-group. This degradation of the azido-group is not expected in

high vacuum and the temperature of 150 °C is well below the decomposition temperature

9



A
b
so

rb
an

ce
 c

h
an

g
e 

(a
.u

.)

Time in vacuum (hour)

A(t)= -1.055 · 10-5 t - 1.183 · 10-5

Figure 3: The evolution of the peak height of the antisymmetric azide stretching mode at
2105 cm−1 over time in high vacuum. The line indicates a linear �t to the data, the �t
equation and goodness of �t are displayed next to the data.

10



of 180 °C reported for alkyl azides in literature.41,43 The decrease in IR absorbance of the

antisymmetric azide stretching mode in high vacuum over time is shown in Figure 3. The

linear trend implies zero order reaction kinetics for the degradation of the azides during the 8

hour time interval of the observations. As will be discussed later, analysis of the ATR-FTIR

data shows that 79% of the azides are still remaining at the surface after 8 h in vacuum at

150 °C and a pressure of 1× 10−5mbar.

Not the complete silane molecule is desorbing from the surface, which can occur during the

deposition of SAMs via vapour phase silanization before the formation of a stable monolayer

by chemisorption to the surface.64,65 After chemisorption to the surface, the silane molecules

are reported to be stable under ultra high vacuum conditions up to 250 °C, depending on the

end group and length of the carbon chain.66,67 In the case that complete silane molecules

would be disappearing from the surface, the decrease in the absorbance of the azide stretch-

ing mode should be accompanied by a decrease in the absorbance of the CH2 stretches at

2925 cm−1 and 2855 cm−1. However, after an initial drop in IR absorption intensity during

the �rst half hour in vacuum, the CH2 absorbance seems to remain constant. This is demon-

strated more clearly in Figure S3 in the supporting information where the FTIR spectrum

after approximately 36min in vacuum is used as starting point to display the time evolution,

and in Figure S4 presenting the evolution of the peak height of the CH2 stretching vibrations

over time. The initial decrease in IR absorbance is probably related to the removal of organic

contamination from exposure of the surface to air. This is supported by the drop observed at

2960 cm−1, which is most likely assigned to CH3 stretches originating from organic contam-

ination, decreasing with a similar rate as the CH2 stretches after which it remains constant.

The observations thus imply that the carbon chain of the silane molecules remains intact

while the azido-group disappears. This is also indicated by contact angle measurements

performed on the sample after vacuum treatment and on a N3-SAM reference sample, which

are respectively (86.43±0.40)° and (83.1±1.3)°. Upon removal of complete silane molecules

from the N3-SAM by for example photocatalytic degradation on a TiO2 surface, the contact
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angle is observed to decrease with tens of degrees due to the removal of the hydrophobic

carbon chain and exposure of hydrophilic hydroxyl groups at the surface.68

To our knowledge few literature reports mention the degradation of azides in high vacuum.

Bebensee et al.33 observed a low yield of the azide-alkyne click-reaction in ultra high vacuum

on Cu(111). They concluded from XPS measurements that most azides decomposed and

lost nitrogen upon sublimation on the metal surface. They suggest charge transfer from the

metal surface might play a role in the degradation mechanism. Diaz et al.32 investigated

the azide-alkyne click-reaction in ultra high vacuum on Au(111) by the deposition of N-

(4-azidophenyl)-4-ethynylbenzamide. Using scanning tunnelling microscopy they detected a

disordered molecular phase indicating the degradation of the azide on the metal surface and

con�rming the �ndings of Bebensee et al. In the present work, N3-SAM is found to degrade

directly on top of a SiO2 surface in high vacuum, excluding the charge transfer from a metal

surface as a possible degradation mechanism. Gao et al.45 exposed a ZnO surface to benzyl

azide for 45min at 100 °C in a high vacuum chamber with a pressure of 1× 10−6mbar. The

benzyl azide was dosed into the chamber with a pressure of 1mbar. XPS measurements

displayed a low broad feature around 400 eV likely corresponding to surface bound nitrene

species originating from azido groups directly reacting with ZnO after the loss of nitrogen

as predicted by density functional theory calculations. The degradation of the azide was

not further examined as the aim of their paper was to demonstrate the successful gas-phase

copper catalysed and copper free azide-alkyne click reaction for surface functionalization of

ZnO. Also other nitrogen-containing species such as carboxybetaine polymer brushes have

been observed to decompose in the high vacuum conditions using XPS measurements. Both

Van Andel et al.69 and Kuzmyn et al.70 report the disappearance of the ammonium peak in

the N1s spectra of carboxybetaine polymer brushes upon prolonged waiting time inside the

ultrahigh vacuum chamber of the XPS.

The most dominant degradation mechanism of alkyl azides reported in literature involves
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the loss of nitrogen and the formation of a highly reactive nitrene intermediate species. This

reaction mechanism is observed for the thermolysis of alkyl azides,41�44 the degradation of

azides upon X-ray exposure36,37 and for the photolysis of alkyl azides upon irradiation with

UV-light.39�41 For the latter, other reaction mechanisms that bypass the nitrene intermediate

and immediately rearrange into an imine are reported as well.38,71 Nitrenes only have a

very short lifetime and rapidly undergo stabilization via several reaction pathways including

recombination into an azo compound (N−−N), insertion into C-H bonds with formation of

amines and the most common pathway isomerization into an imine (C−−N).41,43

The C−−N stretching band of an imine occurs in the region 1690 cm−1 to 1640 cm−1.56,57,72

Alkyl azo compounds present a weak N−−N stretching band in the region 1580 cm−1 to

1530 cm−1.56,73,74 The in situ FTIR data and ATR-FTIR spectra after degradation show

no clear addition of absorption features in these regions, implying that no imines or azo

compounds are formed upon the removal of azides. However, it has to be emphasized that

not all azides in the monolayer are degraded and the intensity of the IR absorption band

due to the antisymmetric azide stretching vibration is strong compared to other functional

groups. Therefore, the IR intensity of the imines and azo compounds might be too weak to

be observed. For the same reason, the absence of the sharp characteristic N−H stretching

vibration in the region 3450 cm−1 to 3250 cm−1 due to primary or secondary amines, can

not exclude their existence.57,60,75 Nedel'ko et al.76 observed cross-linking of chains upon the

thermal degradation of an azide containing oligomer and the formation of azo compounds,

secondary amines and imines. Analogously, all before mentioned functional groups might

be formed in this work upon degradation of the azido-group of the N3-SAM and subsequent

reaction with the neighbouring alkane chains. Saad et al.37 even suggest the formation of

tertiary amines for the X-ray induced degradation of azides through cleavage of the C−C

bonds of adjacent alkane chains. The peak arising at 1267 cm−1 in the in situ FTIR data

might be a manifestation of the C−N stretching vibration of these tertiary amines.57,60

However, as described previously exact identi�cation of the peak at 1267 cm−1 is complex.

13



The time evolution of the peak at 1267 cm−1 seems to follow �rst order reaction kinetics

(Figure S5 in the supporting information) in contrast to the zero order reaction kinetics

observed for the azide degradation, implying both features are not related to the same

chemical reaction and the cumbersome identi�cation of the peak at 1267 cm−1 will thus

not change the conclusion that azido-groups degrade in high vacuum. XPS measurements

are performed on degraded N3-SAM samples since insu�cient information can be extracted

from the FTIR data to identify the most common degradation products. As can been seen in

Figure S6 two peaks are observed at 404.4 - 404.5 eV and 400.8 eV in the N1s spectra, which

can be assigned to the central and outer nitrogen atoms of the azido-group respectively.31,77,78

The intensity of these peaks is observed to be lower for the degraded N3-SAM samples. In

addition, an extra feature is found to arise upon degradation of the azido-groups at 399.3 eV.

This peak can be assigned to amine, imine and azo compounds, which are all possible

degradation products of the azido-groups as described previously.79�81 The most common

degradation product can thus not unambiguously be identi�ed. Nevertheless, the XPS data

is consistent with the FTIR data presenting the degradation of the azido-group under high

vacuum.

As the azido-group commonly degrades with the loss of a nitrogen molecule, the degradation

reaction might be hindered by presence of nitrogen gas. In addition, the degradation reaction

rate typically depends on the temperature. Therefore, the degradation of the N3-SAM

is investigated at seven di�erent nitrogen pressures and at three di�erent temperatures.

The percentage of remaining azide groups at the surface after a 8 h vacuum treatment is

calculated by integrating the ATR-FTIR peak area of the antisymmetric azide stretch and

comparing it to a reference N3-SAM and a blank Si sample. All N3-SAM spectra and their

corresponding references can be found in Figure S7 in the supporting information. The

calculated percentage of azide remaining at the surface and corresponding contact angles for

each sample can be seen in Figure S8. As expected, the resulting temperature-pressure graph

in Figure 4 shows less degradation at lower temperatures and higher nitrogen pressures. The
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Figure 4: The percentage of azides remaining at the N3-SAM surface after 8 h in vacuum
for three di�erent temperatures and seven di�erent nitrogen pressures. The colours are
an artistic impression meant to provide qualitative information. The reader is referred to
Figure S9 in the supporting information for a quantitative visualisation of the data.

in�uence of the nitrogen pressure is in line with the proposed degradation mechanism for

the azide, involving the loss of a nitrogen molecule and the formation of a highly reactive

nitrene:

R−N3
−−⇀↽−− R−N· + N2

Unfortunately, in this work no equilibrium is obtained after 8 h in high vacuum. The im-

proved stability at high nitrogen pressures explains why no azide degradation is observed

by Vos et al.31 when comparing a N3-SAM deposited from the vapour phase in a vacuum

chamber with a base pressure of 25mbar to a N3-SAM �lm prepared via the solvent phase.

In addition, it clari�es why no degradation in vacuum is detected by Saric et al.,34,35 when

using azide and alkyne precursors as building blocks for MLD growth on top of ZnO and
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ZrO2 surfaces, since in that work nitrogen is used as delivery and purge gas at a pressure of

1mbar and the substrate temperature ranges from 70 °C to 150 °C. For ALD/MLD growth

using azide-based precursors the use of nitrogen purged type reactors instead of pump type

reactors might thus be required to grow continuous pin-hole free coatings.

For the highest degradation detected, merely 63% of the azides are remaining at the N3-SAM

surface after 8 h in vacuum. This is a signi�cant loss in amount of azide groups introduced

after functionalization. With miniaturization being the general trend in semiconductor in-

dustry, exact control of the surface functionalization down to the nanometre scale is of

utmost importance to obtain reproducible results. For example regarding biosensor devices,

the azide degradation not only means removal of functional groups at the surface for further

click reactions, the degradation products might also introduce sites for the non-speci�c bind-

ing of biomolecules and thus increase the noise level of biosensor devices.82 In addition, the

density of functional groups at the surface for immobilization of biomolecules might in�uence

the orientation of the molecules and have a signi�cant e�ect on the signal obtained during

biological assays.83 Various applications require patterned micro- and nanostructures using

azide based chemistry.68 Therefore, one should be aware of the azide degradation altering

the foreseen surface functionalization, not only during deposition of an azido-containing �lm

in high vacuum but also when performing processing steps in vacuum after the introduction

of azido-groups to the surface.

4 Conclusion

The degradation of the azido-groups of a N3-SAM is observed under high vacuum conditions

using in situ FTIR. The rate of degradation is found to dependent on the time, sample tem-

perature and the nitrogen pressure introduced into the vacuum system. Many applications

in the semiconductor industry require exact control of the surface functionalization down to

the nanometre level to achieve reproducible results. The degradation of the azido groups
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in high vacuum inevitably leads to a loss in control of the exact surface functionalization.

Therefore, the azide stability should always be evaluated when depositing or post-processing

azido-containing coatings in high vacuum.

Supporting Information

Data-analysis of the in situ FTIR data with Python; Ex situ transmission FTIR spectra

of the as-deposited N3-SAM sample and the Si reference; In situ FTIR data plotted with

starting point at 36min; Evolution of the absorbance change over time in high vacuum of the

CH2 stretching vibrations as measured by in situ FTIR; Evolution of the absorbance change

over time in high vacuum of the feature at 1267 cm−1 as measured by in situ FTIR; N1s

XPS spectra of a N3-SAM reference and two degraded samples; All ATR-FTIR spectra, the

resulting percentages of azide remaining on the surface and the contact angle of each sample;

Quantitative visualisation of the percentage of azides remaining at the N3-SAM surface for

di�erent temperatures and nitrogen pressures.
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