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SHORT ABSTRACT:
A protocol to avoid the oxidation of metallic substrates during sample transfer from an
inhibited acidic solution to an X-ray photoelectron spectrometer is presented.

LONG ABSTRACT:

An approach for acquiring more reliable X-ray photoelectron spectroscopy data from
corrosion inhibitor/metal interfaces is described. More specifically, the focus is on metallic
substrates immersed in acidic solutions containing organic corrosion inhibitors, as these
systems can be particularly sensitive to oxidation following removal from solution. To
minimize the likelihood of such degradation, samples are removed from solution within a
glove box purged with inert gas, either N2 or Ar. The glove box is directly attached to the
load-lock of the ultra high vacuum X-ray photoelectron spectroscopy instrument, avoiding
any exposure to the ambient laboratory atmosphere, and thus reducing the possibility of
post immersion substrate oxidation. On this basis, one can be more certain that the X-ray
photoelectron spectroscopy features observed are likely to be representative of the in situ
submerged scenario, e.g. the oxidation state of the metal is not modified.

INTRODUCTION:

Corrosion inhibitors (Cls) are substances that, when introduced into an aggressive
environment, reduce the corrosion rate of a metallic material by inducing a change at the
solid/liquid interface!™. This approach to corrosion control is widely used in industry, with
high performance Cls having been successfully developed for a variety of applications.
There remains, however, a considerable lack of fundamental understanding of ClI
performance, hindering knowledge-based optimization. For example, the precise nature of
interfaces formed by organic-Cls in corrosive acidic solutions is still unclear.

Given the assumption that organic-Cls inhibit acidic corrosion through formation of an
adsorbed 2-D layer?, a surface sensitive technique is required to characterize these
interfaces. Consequently, X-ray photoelectron spectroscopy (XPS)® has emerged as a
technique of choice to probe the elemental/chemical composition of these interfaces ex
situ’?; XPS measurements are typically performed in, or close to, ultra high vacuum (UHV).
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Various insights have been claimed, including that a surface oxide or hydroxide is present to
facilitate organic-Cl binding to the metallic substrate!®12. The validity of this interface
description, however, is questionable as the XPS data were acquired from samples that had
been exposed to the laboratory atmosphere in between removal from inhibited solution
and introduction into the UHV-XPS spectrometer. Such a procedure may result in interface
oxidation, undermining conclusions about interface chemical composition. An alternative
approach is required, which minimizes the potential for post immersion oxidation.

In this paper, we detail a methodology designed to allow one to acquire XPS data from
organic-Cl/metal interfaces that have not undergone oxidation following emersion from
acidic solution. A glove box, purged with inert gas, which is attached directly to the vacuum
load-lock of the UHV-XPS instrument is employed. The utility of our approach is verified
through presentation of XPS data from two organic-Cl/carbon-steel interfaces formed
following addition of sufficient ClI to significantly reduce the substrate corrosion rate in
aqueous 1 M hydrochloric acid (HCI) solution.

PROTOCOL:
1. Substrate/Solution Preparation

1.1) Preparation of carbon-steel substrate

1.1.1) Cut an approximately 2 - 3 mm thick disc from a cylindrical carbon-steel rod (10 + 2
mm diameter), using a precision cutting machine. Employ cooling fluid during the cutting
procedure to minimize mechanical damage.

1.1.2) Grind both circular faces, and the edge of the disc-shaped sample with a series of SiC
papers, i.e. 600 grit, 800 grit, 1200 grit, 2400 grit, and 4000 grit.

1.1.3) Polish both circular faces, and the edge of the disc-shaped sample with either
diamond paste or alumina powder (3 um and/or 1 um) until a mirror finish is obtained.

1.1.4) Sonicate the sample at room temperature for approximately 10 minutes in each of
the following: deionized water, acetone, ethanol, and finally deionized water again.

1.1.5) Dry all surfaces of the sample under a flow of air.

1.1.6) Store the sample in either a desiccator or vacuum desiccator until required. Ideally,
finish preparing the carbon-steel substrate just prior to solution immersion.

1.2) Preparation of inhibited 1 M HCl solution

1.2.1) Add 10.2 M HCI to deionized water to produce a 1 M HCI solution. CAUTION: HCl is
harmful and corrosive. Undertake this step in a fume hood, wearing suitable personal
protection equipment.

1.2.2) Dissolve x g of selected organic-Cl (e.g. x = 0.300 g of 2-mercaptobenzimidazole) in 1
M HCI solution to produce a 1 M HCI solution containing x mM organic-Cl (e.g. x =2 mM 2-
mercaptobenzimidazole).
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2.  Substrate Immersion in Inhibited Acid Solution
2.1.1) Pour a small volume (typically 25 — 50 mL) of the 1M HCl + x mM (e.g. x = 2 mM 2-
mercaptobenzimidazole) organic-Cl solution into a small glass beaker.

2.1.2) Pick up the disc-shaped carbon-steel sample with either ceramic or plastic tweezers
that are resistant to 1 M HCI. Only touch the edge of the sample with the tweezers.

2.1.3) Introduce the sample into the glass beaker containing the 1M HCI + x mM organic-Cl
solution. Orient the sample so that cylindrical faces are in the vertical plane. Deposit the
sample either directly onto the bottom of the beaker, or atop the open end of a short glass
tube. Ensure that the sample is fully submerged.

3. Sample Transfer

3.1) Glove box preparation

3.1.1) Locate the circular sample-transfer opening in the base of the glove box onto the
XPS load-lock flange mounting. Ensure that the seal between glove box and load-lock flange
is formed correctly.

3.1.2) Connect the glove box to an inert gas cylinder (either N2 or Ar).

3.1.3) Adhere a small square of double-sided carbon (conductive) tape onto the XPS
sample bar.

3.1.4) Insert hardware required for sample transfer into XPS instrument through an open
port on the glove box, i.e. sample bar with carbon tape attached, plastic/ceramic tweezers,
nitrile gloves, laboratory tissues, plastic paraffin film, empty/dry wash bottle with spout, and
glass beaker containing ~ 200 g of Na2CO3 powder.

3.1.5) Place glass beaker containing carbon-steel sample in 1M HCIl + x mM (e.g. x = 2 mM
2-mercaptobenzimidazole) organic-Cl solution inside glove box. Ensure that sample is
always fully immersed during this step.

3.1.6) Seal all ports/entry points on the glove box and begin to purge with N2 (or Ar).

3.1.7) Continuously purge the glove box until the sample transfer is complete.

3.2) From solution to XPS analysis chamber

3.2.1) Allow the sample to remain submerged in the 1 M HCI + x mM organic-Cl solution for
the desired immersion period, e.g. 4 h, as employed for the XPS data presented below.
3.2.2) Check that the relative humidity within the glove box is minimized, which is typically
achieved after 60 — 90 min of initiating purging. A value of 8% relative humidity is required

before proceeding with sample transfer; value prior to purging is typically 35 - 40%.

Note: Normally, there is no dedicated Oz sensor within the glove box, but trial
measurements with such a device indicate that the purging procedure leads to a reduction
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in O2 concentration by a factor of ~ 1000.

3.2.3) Introduce hands into glove box gloves, and then cover gloved hands with nitrile
gloves located within the glove box. This step reduces the possibility of contamination
during sample handling, as well as increases the ease of sample manipulation.

3.2.4) Remove the carbon-steel sample from the 1 M HCl + x mM (e.g. x = 2 mM 2-
mercaptobenzimidazole) organic-Cl solution, using the ceramic/plastic tweezers. Only
touch the edge of the sample with the tweezers.

3.2.5) Immediately after emersion, blow the sample dry by directing a stream of inert gas,
produced by repeatedly squeezing empty/dry wash bottle located inside glove box, onto
sample surfaces.

Note: Rinsing with solvents at this stage is not undertaken to minimize the potential of
damaging the inhibited interface, e.g. inhibitor removal or interface oxidation.

3.2.6) Cover beaker containing 1 M HCl + x mM organic-Cl solution with plastic paraffin
film.

3.2.7) Affix the sample to the small square of double-sided carbon (conductive) tape
attached to XPS sample bar. Do not touch the surface to be probed by XPS.

3.2.8) Vent the XPS load-lock chamber to N2/Ar. Ensure that the associated turbo/rotary
pump combination is switched off before performing this action.

3.2.9) Open the load lock flange.

3.2.10) Transfer the sample bar into the load-lock chamber and slide it onto sample holding
prong.

3.2.11) Close the load-lock flange.
3.2.12) Switch on turbo/rotary pump combination to pump down load-lock chamber.

3.2.13) Once pressure in load-lock chamber reaches at least ~ 5 x 10”7 mbar, manually
transfer sample to intermediate chamber using transfer arm.

3.2.14) Wait until pressure in intermediate chamber reaches ~ 1 x 108 mbar, and then use
second transfer arm to manually transfer sample onto the sample manipulator in the
analysis chamber.

4. Acquisition of XPS data

4.1) Orient angle of sample, using keypad to drive sample manipulator motors, to desired
photoelectron emission angle, e.g. 0° (emission along the surface normal), as employed for
the XPS data presented below.

4.2) Open XPS data acquisition software by clicking on the icon located on the desktop.
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Open Instrument Manual Control window.

4.3) Power up the monochromated Al Koo X-ray source by clicking the ‘ON’ button in ‘X-
ray Gun’ section. Input 10 mA and 15 kV as desired values for the anode emission and
anode HT parameters, respectively. Switch on charge neutralizer, if required, by clicking
‘ON’ button in ‘Neutralizer’ section.

4.4) Select electron analyzer ‘Spectrum/Hybrid’ measurement mode from the ‘Mode’
and ‘Lens’ drop down menus in the ‘Analyzer’ section.

4.5) Input desired kinetic/binding energy ranges, pass energy(ies), step size(s), and dwell
time(s) into ‘Acquisition/Scan Control’ section. Example input parameter values: 1200 — 0 eV
binding energy range, 80 eV pass energy, 0.5 eV step size, and 0.1 s dwell time to acquire
overview spectra.

4.6) Optimize sample position by adjusting position of sample manipulator, using keypad
to drive sample manipulator motors, to maximize signal from selected core level, e.g. C 1s or
Fe 2p.

4.7)  Acquire XPS spectra by initiating data collection in XPS data acquisition software.

REPRESENTATIVE RESULTS:

Figure 1 shows overview, O 1s, and Fe 2p XPS data acquired from carbon-steel samples that
have been immersed for 4 h in one of two different 1 M HCIl + x mM organic-Cl solutions,
and transferred for XPS measurement as detailed above. Analogous data from a polished
sample are also displayed. The carbon-steel possessed a nominal weight% composition of C
(0.08-0.13), Mn (0.30-0.50), P (0.04), S(0.05), and Fe (balance). The two organic-Cls studied
are: 2-mercaptobenzimidazole (MBI) and (Z)-2-2(2-(octadec-9-en-1-yl)-4,5-dihydro-1H-
imidazole-1-yl)ethanamine (OMID). At the concentrations employed (MBIl: 2 mM; OMID:
1mM) corrosion rate measurements!314 indicate that all of the species significantly inhibit
the corrosion of carbon-steel, i.e. inhibition efficiencies (n%)?> 90%. Best fits to the O 1s
and Fe 2p spectral profiles are also displayed. Photoelectron peaks were modeled with
Gaussian-Lorentzian (GL) line shape functions (30 % Lorentzian), with the exception of the
Fe 2p level of metallic iron, where a Lorentzian asymmetric line shape with tail damping (LF)
was used. The cationic Fe** states were modeled with multiplet envelopes consisting of 3
and 4 GL functions for Fe2* and Fe3*, respectively!®>. A Shirley-type function!® was used to
describe the background of inelastically scattered electrons.

Focusing on the overview XPS data (Figure 1 (a)), the spectrum acquired from the polished
sample exhibits three prominent peaks, i.e. Fe 2p, O 1s, and C 1s. These features can be
assigned as follows: Fe 2p arises from the carbon-steel, O 1s derives from both an surface
oxidic film and adsorbates, and the C 1s signal is due to adventitious carbon. Submersion in
any of the 1 M HCI + x mM organic-Cl solutions results in significant changes to the
corresponding overview spectrum. A feature assigned to the N 1s core level appears, which
is consistent with surface adsorption of the inhibitors; MBI and OMID both contain N.
Moreover, the O1s core level signal is significantly diminished.
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As regards O 1s data from the polished substrate (Figure 1 (b)), the profile can be fitted with
four components. The two components at lower binding energies (BE), ~ 530.0 eV and ~
531.3 eV, can be assigned to iron oxide (0?") and hydroxide (OH") phases, respectively. The
two higher binding energy components, labeled O! (BE ~ 532.2 eV) and O? (BE ~ 533.3 eV),
are likely associated with adsorbed OH (O1) and adventitious carbon species (0! and 02)17.
Immersion in either of the 1 M HCl + x mM organic-Cl solutions leads to the complete
quenching of the 0% and OH" components. On this basis, it can be concluded that the
corrosion inhibitors are adsorbed on oxide/hydroxide free surfaces. The Fe 2p spectra in
Figure 1 (c) are consistent with this result, as only a metallic Fe (Fe®) peak is apparent on the
inhibited substrates. Fe?* and Fe3* features are present on the polished sample, due to the
surface oxide/hydroxide.

O 1s and Fe 2p core level XPS spectra from two carbon-steel samples immersed in 1 M HCI +
2 mM MBI are compared in Figure 2. One sample was transferred using a fully N>-purged
glove box, whilst the other was removed from solution into a partially N2-purged glove box,
i.e. O2 concentration was significantly higher than target value. For the latter sample, it is
apparent that post immersion oxidation has occurred, i.e. Fe2*3* and 02/OH" features are
present.

FIGURE LEGENDS:

Figure 1. XPS spectra from polished and inhibited carbon-steel samples. (a) Overview, (b)
O 1s, and (c) Fe 2p XPS spectra. Data presented in each panel were acquired from carbon-
steel samples that had been immersed for 4 h in one of two different 1 M HCI + x mM
organic-Cl solutions, i.e. 2 mM MBI, and 1 mM OMID. Spectra were all acquired at a
photoelectron emission angle (6e) of 0° (emission along the surface normal). For (b) and (c)
the best fits (light blue markers) to the experimental data (solid black lines) are also
displayed, achieved with a combination of GL (broken red lines), LF (broken red lines), and
Shirley-type (broken grey lines) functions. Peak labels are explained in the main text.

Figure 2. Impact of post immersion oxidation on XPS spectra. (a) O 1s and (b) Fe 2p XPS
spectra. Data were acquired from carbon steel samples that had been immersed in 1 M HCI
+ 2 mM MBI solutions (N% = 99%) for 4 h. Spectra were acquired at e = 0°. In each panel,
the lower (upper) spectrum is from a sample transferred through a fully (partially) Na-
purged glove box. Peak labels are explained in the main text. (Modified version of Fig. 5 in
Ref. 9.)

DISCUSSION:

XPS spectra displayed in Figures 1 and 2 clearly demonstrate that the inert atmosphere
employed during sample transfer is essential to avoid post immersion oxidation of these
carbon-steel/organic-Cl interfaces. On this basis, results from other similar XPS studies (e.g.
18,19) which involved exposure of the inhibited substrate to the ambient laboratory
atmosphere, should be critically re-evaluated, as the interface chemistry may have been
modified through oxidation. It should be noted that that there is no reason to assume that
all organic-Cls adsorb onto oxide/hydroxide free surfaces in acidic solution. In some cases,
such phases may indeed facilitate the organic-Cl surface binding. Distinguishing this
scenario from post immersion oxidation is not so straightforward. One possible solution is
to acquire XPS data from a reference inhibited interface (e.g. 1 M HCl + 2 mM MBI) in
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tandem with the sample of interest to check that post immersion oxidation is not an issue.

To ensure a successful outcome to the sample transfer procedure, it is essential that the
glove box is fully purged with inert gas (N2/Ar) i.e. the O2 concentration in the glove box is
minimized. Care should be taken to verify that all seals on the glove box ports/entry points
are correctly formed, including the seal between the glove box and XPS load-lock flange.
Ideally, an in situ sensor should be used to directly monitor the O2 concentration, although it
is not essential, as demonstrated by our own work. As indicated in step 3.3.2, we normally
use a relative humidity sensor as a guide for when to undertake a sample transfer.

One further potential issue with the glove box environment is the presence of volatile
solution components, which can contaminate the sample surface following removal from
solution and prior to insertion into the load-lock. For example, the presence of 1 M HCI
solution in the glove box leads to evolution of HCI vapor, which can react with carbon-steel
samples leading to adventitious Cl signal in the XPS data. To minimize the likelihood of such
contamination being significant, small volumes of HCl solution should be employed and
sample transfer should be completed as quickly as possible. On this basis, as indicated in
the Protocol, typically only one beaker/sample is inserted into the glove box for sample
transfer at any one time. In addition, one should minimize the surface area of the HCI
solution, as well cover the beaker following sample emersion. Na2COs powder (step 3.1.4) is
inserted into the glove box in an attempt to control the amount of HCI vapor. In addition, it
can be used to clean up any acidic solution spillages.

Besides careful control of the glove box environment, sample handling is also critical to the
integrity of acquired XPS spectra. One should not acquire XPS data from any surface that
has come into contact with any solid object, e.g. tweezers or glove. Furthermore, upon
removal of a sample from solution, it should be immediately blown dry with inert gas (step
3.2.5). This procedure is undertaken to prevent evaporation and subsequent physical
deposition of solution components onto the sample surface, which may lead to
misinterpretation of data. As an additional precaution, one can also consider replacing the
nitrile gloves (step 3.2.3) with a fresh pair for transferring the sample bar to the load-lock
chamber, i.e. prior to step 3.1.10.

Finally, given the effectiveness of the approach outlined here, we expect it to be applied to
other topics in corrosion (i.e. in addition to corrosion inhibition), where acquisition of XPS
data from air-sensitive interfaces would add to understanding. Moreover, such an approach
should be considered in other fields where XPS measurements are undertaken from air-
sensitive interfaces formed in a fluid environment. Clearly, this procedure is not restricted
to XPS, but could also be applied to any other UHV-based measurement from a surface that
has previously been immersed in a liquid, e.g. scanning probe microscopy.
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Excel Spreadsheet- Table of Materials/Equipment

Name of Material/ Equipment
Mild steel rod, 1m x 10 mm diameter

Silicon Carbide Grinding papers
Polishing Cloth
Monocrystalline Diamond compound

OmegaPol TWIN 250mm Metallurgical Polisher

BRILLANT 220 - Wet Abrasive Cut-Off Machine
Ultrasonic Bath

Vacuum Desiccator

Low form beaker 25mL

N2 gas cylinders, 230 bar, size W, UN1066
Regulator for N2 gas cylinders

Nitrogen Purge Glove Box

Dual Purge System

NitroWatch System with sensor

Big Digit Hygro-Thermometer

Kratos Axis Ultra (XPS spectrometer)

Click here to download Excel Spreadsheet- Table of Materials/Equipment
Table_Materials_Equipment.xls

Company
RS Components

Spectrographic Limited
Spectrographic Limited
Spectrographic Limited

Spectrographic Limited

ATM GmbH Advanced Materialography
NICKEL-ELECTRO LTD.

DURAN

Fisher Scientific

BOC

Freshford Ltd.

Terra Universal, Inc

Terra Universal, Inc

Terra Universal, Inc

FLIR Commercial Systems, Inc. Extech
Instruments Division

Kratos Analytical Ltd

Catalog Number
770-412
T13316,T13317,T13318, T13156,
T13153
62113
G22003

n/a

n/a
SW3H

24 782 57
FB33170

n/a

MS-10B-N2

n/a

1606-61

9500-00A, 9500-02A

445703

n/a
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Dr. Robert Lindsay
MANCH%%EER Corrosion and Protection Centre
School of Materials

20 The University of Manchester

R Sackville Street

05)% Manchester

=9 M13 9PL, UK
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= Tel: +44 161 306 4824

E“‘a Email: robert.lindsay@manchester.ac.uk

August 27, 2016

JoVE

Re: Manuscript Resubmission
Dear Editor,

On behalf of all the authors, I would like to thank the reviewers for their careful
consideration of our manuscript, entitled “Determining the Chemical Composition of
Corrosion Inhibitor/Metal Interfaces with XPS: Minimizing Post Immersion Oxidation”.
We have addressed their comments, along with the editorial comments (see below for our
detailed responses). Alterations to the text are highlighted by red, bold text in the revised
version of the manuscript (with track changes also on).

Sincerely,

Rob Lindsay
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Editorial Comments/Responses:

1.

Formatting: Please remove references to the video.

The reference to the video has been removed (line 103).

Grammar: -Please use American English throughout the manuscript, including
figures. For instance, “normalised" should be “normalized”.

We ensured ‘Language’ was set to American English in Word to check for
suitable spelling. Also, have changed ‘Normalised’ to Normalized in figure
labels.

Line 91 — “a highly surface sensitive spectroscopy” — delete “a” and “highly”; if
you mean “highly sensitive, “surface” needs to be moved.

The intention is to indicate a spectroscopy where the vast majority of the detected
signal comes from the surface region (top few nanometers). On this basis, have
changed text to ‘a surface sensitive technique’. This is a commonly accepted
description of XPS, and so we believe it is appropriate to use it here.

1.2.1 — “fume cupboard” — should be “fume hood”.

We have replaced ‘fume cupboard’ with ‘fume hood’.

3.2.13, 3.2.14 — How is this performed? Manually or via software?

These operations are carried out manually. Have modified 3.2.13 and 3.2.14 to
reflect this approach.

4.1, 4.6, 4.7 — How is this done? Manually or via software?

For 4.1 and 4.6, a keypad is used to drive the sample manipulator motors. The
text has been edited to reflect this procedure.

For 4.7, the XPS data acquisition software is used to acquire the XPS spectra.
Have modified text to reflect this action more clearly.

Branding: 4.2 — Vision Manager

We have removed reference to Vision Manager from 4.2.



10.

Discussion: Please discuss any future applications of the protocol.
A final paragraph has been added to the Discussion to address this issue, i.e.

Finally, given the effectiveness of the approach outlined here, we expect it to be
applied to other topics in corrosion (i.e. in addition to corrosion inhibition), where
acquisition of XPS data from air-sensitive interfaces would add to understanding.
Moreover, such an approach should be considered in other fields where XPS
measurements are undertaken from air-sensitive interfaces formed in a fluid
environment. Clearly, this procedure is not restricted to XPS, but could also be
applied to any other UHV-based measurement from a surface that has previously
been immersed in a liquid, e.g. scanning probe microscopy.

For figures and tables that have been published before, please include phrases
such as “Re-print with permission from (reference#)” or “Modified from..” etc.
And please send a copy of the re-print permission for JoVE’s record keeping
purposes.

Figure 2 is a significantly modified version of Figure 5 in Ref. 9. Have added text
to figure caption to acknowledge this point.

JOVE reference format requires that the DOIs are included, when available, for all
references listed in the article. This is helpful for readers to locate the included
references and obtain more information. Please note that often DOIs are not listed
with PubMed abstracts and as such, may not be properly included when citing
directly from PubMed. In these cases, please manually include DOIs in reference
information.

DOls are included for all references where a DOI is available. Could not find
DOls for Refs. 1, 2 and 6.



Reviewers' Comments/Responses:
Reviewer #1:

1. Page 3 line 118-119, authors wrote: »Employ inhibited cooling fluid during the
cutting procedure to mitigate any corrosion«. This is not due to corrosion, but not
to induce additional mechanical damage.

We agree with the author that this is the purpose of the cooling fluid, and have
modified the text accordingly.

2. -Page 3, line 128: why in acetone. Is that really necessary? Any reference for that?

We have no specific reference for this procedure. It is our usual procedure to
ensure, as far as possible, that the substrate surface is contaminant free. We have
not systematically explored other solvent combinations, but are satisfied that our
procedure is fit for purpose. We note that, from empirical experience, the acetone
IS not strictly necessary.

3. -What is the composition of carbon steel?

The following sentence has been added to the Representative Results section
(lines 270-271) to state the composition of the carbon-steel:

The carbon-steel possessed a nominal weight% composition of C (0.08-0.13), Mn
(0.30-0.50), P (0.04), S(0.05), and Fe (balance).

Reviewer #2:

1. | am quite impressed with the success of the method in avoiding oxide build up
during sample transfer. This results, I think, from maintaining a reacting surface
right up to the point that a vacuum is drawn. This probably differs from earlier
attempts to maintain a representative reactive surface where too much time is
spent washing the sample in other solvents. | wonder if the authors agree. Perhaps
there could be some discussion of this in the ms? To see that if this hypothesis is
so, then it would be a good idea to minimize the sample area since acid vapors
would be drawn into the pump and would eventually degrade the oil.

Our initial reason for avoiding post-immersion washing of the substrate was to
preserve the inhibitor coverage and structure as far as possible. We were
concerned that solvent washing was more likely to remove adsorbed corrosion
inhibitor. However, we do agree with the reviewer that oxidation may also occur
during washing, especially if the solvent(s) used have not been de-aerated. We



have not tested this hypothesis, and so have no experimental evidence. To ensure
that readers are aware of our thinking behind our specific procedure we have
added a Note to 3.2.5:

Note: Rinsing with solvents at this stage is not undertaken to minimize the
potential of damaging the inhibited interface, e.g. inhibitor removal or interface
oxidation.

We also agree with the reviewer that acid vapors may reduce the life of the load
lock pumps. As the reviewer suggests, a smaller sample may be reduce such
damage. However, if it is too small sample handling becomes increasingly
challenging, especially as the glove-box gloves are being used.

I know that the research results are secondary in this ms. However, it would be
nice to see detailed S 2p and CI 2p spectra to determine the nature of the bonding
of these species to the metal.

As the reviewer implies, the purpose of the current paper is to detail the
experimental procedure, so that others may employ it, and to show some
representative results to demonstrate it utility. In our opinion, this goal has been
achieved without presenting the S 2p/Cl 2p spectra. These spectra for MBI have
been presented previously (see Ref. 9, including Supplementary Data). As
regards OMID, we are preparing a manuscript to discuss this system, and prefer to
not present/comment further on these data.



