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ABSTRACT: Surfaceanalysisof air-sensitivesamplesis difficult without [idEnabiing Air-Free | Exterally Applied
controlled-environmerdampletransfertubes or expensivevacuum transfer 'Sample —__ & Magnet(s)

suitcasesThrough the use of vacuum sealing and commerciatagnetswe | Transfer o SEatsaiesaSee SR

demonstrate a concept for a sample holder that can be used to transfer samples |
from an inert environment directly into an X-ray photoelectron spectrometer.Qur
results show the efficacytbe holder through analysis ai air-sensitive CuCl™ sertion
powderwhere oxidation was not observed when using the sample hihier. Am
method offers a simple, low-cost alternative to enable routine air-free Modified XPS Sample
measurements in instrumentation with vacuum-controlled sample introduction Pump Stage With O-ring
chambersOur aim with this reportis to share the design so thahis sample

holder can be made anywhere where there is access to a basic machine shop.

Chamber

.INTRODUCTION The surface-sensitive nature thie XPS technique means

When dealing with the analysis of material surfaces, it is vitaf [ changes in surfacg chgmlstw dule to oxidation or hydration
on exposure to ambiendir are detrimentato collecting

. : u
be abl_e to ensure that the surface being analyz_ed is as accug%t&rate and impactful dach changes have been reported
to the in operando surface or product as posstiecan be  \yhen investigating battery materialsyanoparticles; bare
difficult for lab situations in which there is not system in metal surface&® nitrides”'® and more!'""* Due to this,

place for sampledo be transferred into an instrumentvia researchers employ a variety of techniques in order to maintain
vacuum transfer suitcase or where an instrument is not direciiy-free environments. These include vacuum suitcases, vacuum
attached to an environmentally controlled system such as a transferlines, direct attachmenbf instrumentation to inert
gloveboxin order to allow for air-free sample transfer into an environment chamberscommerciatransfer vesseféowing

X-ray photoelectron spectroscopy (XPS) instrumenhave  Ar over the sample during transféyse ofglovebags placed
designed asampletransferholder (Figure 1) which can over instrumententrancechambers, or depositinga thin

maintain an inert sample environment for an extended perioé:oating such asAl that can be rem<1)(\)/ed vja sputtering or
. . . . measurementsan be madethrough.” While all of these
of time using a negative pressure seald magnetic release

inside the i hamb d und techniques are effectieach has its shortcomings.
once inside the instrumententrancechamberand under It is not always possible for a labparticular an academic

vacuum. lab or anywhere where the XPS instrument is shared between a
variety of usersfor numerousapplicationsto have the
instrumentin direct contact with a gloveboxor system

where samplesare synthesized and preparedAlso, while

vacuum transfer suitcases are very efftuby@ften need to

be custom ordered directly from the instrument manufacturer
(Thermo or PhysicaElectronics) orspecialty manufacturer

(UHV Transfer Systenlsic.) and can be costkdditionally,

if there is a desireto have multiple samplesprepared

Received: May 5,2020
Figure 1. Graphic of the air-free XPS sample transfer toofibaie Revised: August 212020
without sample clipdjp screwsyr the bleed screw visilliae base Published: August 242020
and lid are Al, the O-ring is Viton, and the magneis a 1.26 in.

neodymium disanagnetthat is press-fitinto the lid. Additional

schematics can be found in Figure 2 and the Supporting Information.
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simultaneously or across various laboratodgss often the 1.800"

case in a university settitige need for severdévices arises, 1.2500" (1 1/4")

and the costs only multiply. ’k ﬁ o
Flowing inert gas throughout sample transfer or the use of a T [ = f _jt;

glovebag system is imperfect and can be inconveeigpite 0.500" } 0.075" —

being more readily available to mostsers Lastly, air-free i

sputter coating may not be accessible for many users (because ¢ 1ss5"

[ — ‘ 1.600" N
of the same challenges in sample transfer from a glovebox), T~—+ 0.300" 0.200" ‘-f—\-r ’
|

and concerns arise ovattering the analyte properties both 2.200"

upon deposition of the protective coatingsthrough the 0.060"

sputtering process and during the remowélthese coatings 0.070"

in the instrument. l 2.000" 0.070"
Taking allof this into accountye have developed a system ’ e

that consists of relatively inexpensive, readily sourced materials, 4 lung0 N #10-32 Tk

can be reproducibly manufacturediser-friendlys reusable, 0.200" 1 )

and once manufacturedrequires no special equipment, i _L "JOTO(J)T“ [ o.160"

significantmaintenancepr specialtraining to use. Further- 0900 ’

more, while the design and specificationsported here are = 0875" —={ | p5gr ]

specificto our particular XPS instrument specifications 1.000°

(PhysicaElectronics ESCA 5800y hope the core concept

behind the holder'sfunction can be extended to numerous #10.32

applicationsand instrumentsin theory, most systemghat @ﬁ

employ a low-pressure antechamber could use the fundamental

design principalswe report here to make a comparable  Figure 2. Schematic showing the dimensions of the machined air-free

negative-pressuir-free sampletransfer holder. Potential XPS sampletransferholder cap and base.Not shownis the
modifications are further discussed in the Troubleshooting angodymium discmagnet(1.26 in. diameter), press-fitinto_the
Modification section.This could minimize the barrier for ~  UpPer cut-out othe sample holdetisted in green are the O-rings

and screws listed in the materials secéisnyellas the screw holes
tapped into the base. Full schematic with all labeled peripherals can be
found in the Supporting Information and Figure S1.

people who need to make this kind of measureraeabling
measurementsf air-sensitive sampldsr a broaderpartic-

ipation.

.MATERIALS into the glovebox with the cap and base separated and the
The air-free XPS holder was milled on a lathe from 2.25 in, Ple€d screw looseneaich is done to ensure there were no
aluminum 6061-T65 round stock (McMaster-Carro the trapped gases and allow foralifaces to be exposed for the

specifications detailed in Figure 2. Further details on the de ping and purging procelise .sample O.f interest can t_hen

and specifications can be found in the Supporting Informatiof] .placed on t_he holder_and affixed by elthe.r copper clips or

in Figure S1 and an accessibleCAD file (availablefrom using conductive adhesivesFor the preliminary results
https://sites.chem.colostate.edu/prietolab/publications.htmi, Presentedhere, a two-sidedcarbon tape was used. The

under the appropriate reference)lhe main holder O-ring adheswe was attached to .the_base of the §ample transfer holder
located between the base and lid (standard O-ring size AS5681°" 0 pumping and purging into the box in order to remove
031), the bleed screw O-ring located between the base and @S Much adsorbed oxygen and wateas possible Prior to

bleed screw (standard O-ring size 1SO 3601 A0045Ahe atta_chmg th_e sample d@fterestthe bleed screw is tightened

bleed screw (U.Sstandard no10-32 x 0.5 in. button head Uil flush with the base sample surface. .

screw), and the sample clip holder screws (U.S. standard no, .0 test for holder efficadfie sample analyzed consisted of

80 x 0.125 in. socket head cap screws) were all purchased |, freshly ground in an agate mortar and péstieactive
local hardware supply storeBhe 1.26 in.Ni-Cu—Ni_triple u(l) species was used for the test due to the clear transition

H ,18
coated neodymium disanagnetsfor the holder cap were from Cu(l) to_Cu(II) seen in the XPS slpectﬂé. Once th_e
purchased through amazon.com and are ~0.@Biak. This ground CuClis placed Of‘to the adhesn_/&)e holder cap is .
type of magnetis commerciallyavailablethrough online  Placed on the basensuring the O-ring is properly seated in
retailers and craft/home-goods stofBise seller claimed the ~ the base groove and the lid is seated flush on the O-ring. When
magnets to be N52 NdFeB, but no verification tests were doAidned properiythe transfer holder is put into the glovebox
nor manufacturing information provided with the purchase. antgchambe’r[he antechamber is then pumped down slowly,
The copper(l) chioride (CuCl anhydrousbeads299.99%)  Pulling as much trapped gas from the holder as posEige.
was purchased from Sigma-Aldrich and was ground in an aggnéechamber IS t.hen refilled Wlt_hQJ_\breatmg avacuum seal
mortar and pestle under inert conditionsin a N,-filled ue to t_he negative pressur_e_W|th|n the holder rel_atlve to the
gloveboxThe CuClpowder was adhered to the air-free XPS Nz environmentRepressurizing thentechambemith N ,

holder via carbon tape (Ted Pella) as shown in Figure S2. instead of atmospheriair servesa dual purpose:first, it
v pe ( ) wn in Figu allows the transfer holder to be re-entered into the glovebox

where the quality of the sezdn be evaluated without risking
.PROCEDURE exposure to the atmosphere. The seal is tested by attempting to
The transferholder is used to prevent exposureto the pull apart the base and the ligthich willnot readily happen
atmosphere between an inegtovebox environmergnd an given a good seaBecondrepressurizing with Nminimizes

XPS instrumenin order to do thighe holder is first pumped the possibility ofcontamination due to gas getting into the

8092 https:/dx.doi.org/10.1021/acs.chemmater.0c01895
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transfer holder while the negative-pressurseal is being position and carefully removing the magnets holding the lid in
establishedOnce the negative-pressusealis established place as shown in Figure 3Bropping the lid onto the base
and tested,the transferholder can be removed from the allows itto reseatand the vacuum environmeirt the XPS
glovebox directhyat which point the sample wilemain free sampleantechambeiis used to re-establistthe negative
from atmospheric contaminationand can be stored for pressure seghow even stronger) when exposed to ambient
extended periods of time or brought directly to the instrumenpressureThe sample can then be transferred back to the

To release the seabf the transferholderfor subsequent  glovebox, where it can be opened by breaking the seal by using
analysis ofthe samplethe holder is placed into the entrance the bleed screw found on the bottom. Through this process, an
chamber of the instrumenthich is then pulled down to high air-free environment can be maintained repeatedly for a sample
vacuum as is standard for the instrument. As the vacuum of §faéng between inert-atmosphere testing and XPS analysis.
instrument is higher than the vacuum of the glovebox
antechambethe negative-pressure g@alviously established .SAFETY

is overcome. The lid is then lifted from the base using magn . . L
external to the sample introduction chamber as seen in Figu?;jﬁsgg:nha()%:f‘;eg t‘;}%’;‘;e]fgjnfgwsg\%&g&;gum éapiﬁrannsqple

3A. This results in the separation dhe lid, where ithangs gloveboxes, and X-ray equipment. This includes being aware of
all chemicals present in your workspagsesuring the sample
holderis properly cleaned between alkes (so as to avoid
cross-contamination between sampleahd having proper

Chemistry of Materials pubs.acs.org/cm

A) Removing Transfer Lid

External
Lid With Inset Magnet 1 Aragnets)

Antechamber Gasket/Window

Sample

rm

Chamber

o Vacuum Pump  Stage With O-ring
B) Replacing Transfer Lid

training completedthrough your institution and lab for
working with X-ray and glovebox equipmen®he primary
safety concern more specific to the holder is being aware of
pinch-points that occur when working with magretsrder

to make the sampleholder, it is recommendedhat a
professionalmachinist complete the work, but if being
completed by an amateurthere are many safety concerns
associated with operating machining equipmeantl proper

training and precautions are requi®dile not shown in the
holder schematicsreating a very slight bevgbunding) on
all cornershelpsto minimize the possibility of cuts when
working with the holder.

1) Tilt magnet to release one \ ]
side of lid and seat lip on edge/
of stage.

1) Remove magnet
completely and allow lid \ 1
to pivot onto base.

——

.TROUBLESHOOTING AND MODIFICATION

Multiple iterations ofthe sample holder were designledilt,
and tested beforecoming to this final design.The lower
portion of the base (bottom 0.3 in.) cannot be altered
Figure 3. Crosssectionalrepresentationsf the sampletransfer Slgnlflcantly duoe t_o how the Se_lmple .holder is seated and held in
holder in the instrumenéintechamber showing the basic operating the ||_'1$’Frumerﬁ. Slmlla_rlyihe dimensions of the base °,V€ra”
principle(A) Following evacuation of the antechambagnets are  are limited due to the instrument entrance chambée lip
applied to the windowausing the lid to lift off the base and remain around the base wasdesigned to contain the O-ring and
suspendedhis allows the sample transfer arm to pass under the lig¢levate the lid slightly relative to the sample stage surface,
and the sample to be inserted into the instrume(B) Following assisting in the magnetic release of thélilwas not raised
analysis and sample remotra, lid can be returned to the base to  farther to ensure no interference with the incident X-ray beam
preventair exposure upon removdihis is done by (1) tilting the or any instrument detectorBhe lid height was optimized to
externamagnetat an angle where one side dhe lid falls to the  get the magnet close enough to the entrance chamber window
isnatmhglic?rt;%? |222t}2r?h?:r‘13;g|;12teilg I?fttégec‘gﬂgg“e;ﬁ%wﬁ] g‘ir:z that it could be lifted using external magnets, while being short

. enough to allow the lid to travel far enough to get past the arm
sample to pivot onto the base and seat properly. used for inserting the sample stage into the instrumieate

Figure 3).The weight of the lid needed to be light enough to

suspended by the magnetdlowing the pristine materiab be lifted by the magnets, and the transfer holder overall needed
passunderneath and be introduced into the instrumefur to be light enough to not bend or otherwise damage the
analysis as depicted by the Hlwe;sided arrow in Figure 3A. pronged arm used to insert the sample into the chamber.

For further details relating to the introduction and extraction The O-ring groove is located in the base in order to keep the
of a sampleusing PHI mounts, refer to the electronic O-ring in place throughoutsample movemerdnd manipu-
Supporting Information, relevant instrument operators lation both when entering the chamber and when moving the
guide'? site-specific standard operating proced@9Ps), stage in the instrumenfThe angled bevel0.085 in. depth)
or RBD instruments instructior@bchure® The Supporting ~ wasadded to the lid to aid in reseating the lid following
Information also containgptical imagesof the holder and analysisas well as it preventsthe lid from shifting when
chamber(Figure S2) and a completedescription of the pumping down in the gloveboxantechamberas a higher
procedure forusing the air-free holdemlong with graphics internal pressureregimeis reached in the transferholder
demonstrating each step (Figure S3). during that processPumping down the antechambslowly

Upon completion of analysissealing the lid is possible by and refilling quickly wasound to create the bestnegative-
simply returning the sampleholder baseto the original pressure seah the holder At times the lid can stick to the

\

8093 https:/dx.doi.org/10.1021/acs.chemmater.0c01895
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base and have trouble releasing in the entrance chdmiber, magnetic interactiongnd instancesvhere a sample isnot

the use of additional external magnets can help it to release imounted upright (could still work in theory without a magnet
those case¥hese cases can be minimized by ensuring the Gand the lid simply falling off, but that would likely be
rings are clean and in good conditimith minimalexposure  detrimentato the instrument).

to solvents or greasas wellas through minimizing the time

the sample is left under negative pressure in the holder. .CHARACTERIZATION

' The.bleed screw was des_igned with_an O-_ring in th(_a base RSray photoelectron spectroscopyieasurementwere per-

it provides a very stable sedth the O-ring being contained  formed using a PhysicalElectronicsESCA 5800 system

on the sides by the base and estabhshmg a lsenl{een the equipped with a monochromatic Aa source (E = 1486.6
button-head screw and the base. A different design was eV). Survey scansvere performed using a pasgnergy of
successfully tested using a flisixhead screw with the base 187 g5 eV and a step size of 1.6 eV/step. High resolution scans
being carefully counter suaieapng a dlrect_ seal between the \yere performed using a pass energy of 23.5 eV and a step size
screw and the holderbase.While both designswork, the of 0.10 eV/stepA neutralizer (15 pA emissior, 70 V bias,
tolerancesare much tighter for the secondoption, and 40,0 v extractor) was employed to mitigate charging effects.
therefore the machining skitiequired is lessened and long-  pata analysis was performed using Multipak version 9.3.0.3.
term stability is increased through using the O-ring design. Background fitting was performed using the iterated Shirley

Lastly,each holder lid was custom fit to the attached magnetmethod,and peaks were smoothed using SG5 smoothing.
as the magnets had poor tolerarmeswere press-fit into the

lid tops in order to prevent the use of any adhesives that COU.DISCUSSION
outgas,dry, or otherwisefail through prolonged usein a
chemistry lab.

Considerations for Holder Modification and Adapta-
tion to Alternate Systems. The hope is that this simple
design can be used not necessarilyas a blueprint for
reproduction but as a basis for developing similar holders fo
other XPS instrumentsand even non-XPS instrumentation.

The fundamentainegative pressure sealed lid conceptd glovebox in order to expose the fresh CuCl surface for analysis.

magnetic release have seveeessary or preferred require- T
ments. First, the required components for making an analogit?sassess the initiplirity of the ground CuCkamples were

; ferred from the box to the instrument using the transfer
system include (1) the low pressure sample entrance cham gns . >
(sample mustpassfrom a chamberinto the instrumentin oider, and XPS measuremen{Bigure 4A and Figure S4)

order to allow separation from the lid so it does not interfere 'dentified environments due to only"Gnd CT (in addition
with taking measurement&d) the ability to add a gasket/O- to C from the carbon tape used to adhere the CuCl powder to

ring to the sample holder stage or lid if using a bonded gasket,

X-ray photoelectron measurements demonstrate the efficacy of
the air-free XPS sample transfer holder. Due to its sensitivity to
oxidation upon exposure to atmospheric oxggevell as the
cleartransition between Ctiand C/#* signalsin the XPS,

LCuCl was chosen as the sensor to test the air-free nature of the
holder!” Initial assessmewf CuCl as purchased showed a
slight presence oCu?*, so the sample was ground in a N

and (3) the design of lid with a magnet to accompany the A0 Covered Initial Cu 2p
stageWhen designing the lidmportant considerations must 800+ Ccu’y,
include the lid’s ability to clear the sample insertion arm or w7004 —Cu’,,
other apparatuswhile still being tall and light enough to 23600_
interact with an externatagnet and remain suspended. Py
Those are the true fundamentalsehind this design,but § 5007
there are other considerations as Waherallythere should £ 400+
not be a need to modify the stage at the point where it attaches =300
or interactswith the instrument.ldeally the samplestage 200]
would be a flat,solid surfacewith the only moving partor
potential leak point being a bleed scFewthe instrumenit 100 970 960 950 940 930 920
is beneficialo have a sample chamber with a window/ability Binding Energy (eV)
to viewto viewthe sample stage but not necessary B) 500 Cu 2p - Exposed 3 Minutes
(remounting would be less precis@)so,our system is ideal -
as the sample sits horizontabp the lid is lifted straight up o
and set straightdown, allowing for reseating afteanalysis. 557001
Given the bevel-lipped lid desigrit is possible to use the 2450
holderin an angled sample porfup to ~50° tilt based on ’§400_
benchtop testshut postanalysis resealing would likely be an 2.1
issue at steep anglé€3ne remedy would be to give the lid a =
step down around the base instead of or prior to a bevel, which 300+
would presumably allow thesampleto be tilted to ~90° 250
dependingon fit, but this would not allow for reseating 970 980 950 940 930 920
postanalysig.here are cases where this design simply fails to Binding Energy (eV)

be applied to other instrumentation as reported héfbese

instancesnclude mostsituationswhere the sample isput Figure 4. High resolution Cu 2p XPS scanwith a calculated fit

directly into an instrument (no antechamber),most fully depicted for (A) CuCl transferred using the designed holder and (B)
automated systems that the authors have considgisddms  CuCl transferred notising the holdemesulting in approximately 3
where the antechambers not conduciveto through-wall min of ambient air exposure.

8094 https:/dx.doi.org/10.1021/acs.chemmater.0c01895
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the holder)which are shown in Figure S4is indicates not Severalsignificantdifferencedn the spectraare readily

only the purity ofthe starting materiddut also the ability of ~ apparent when comparing the unexposed material to the same
the holderto maintain an air-free environmenas no Cl#* sample after removing the lid (Figure 3A)st and foremost,
peaks were observed. the appearance of shake up peaks is indicative of the presence

To the contrarya comparable sample of ground Cu@bk of paramagnetic Gty demonstrating thathe CuCl readily
measured undethe same conditions and transferred in the oxidizes in airAlso,the major signabbserved in the Cu 2p
same amount dfime, though without the use ofhe air-free  scan indexes to Cii instead ofthe intrinsic CU associated
transfer holdeThough the time this sample spent in air was with the native CuCIDespite the short time of exposure (30
only about 3 minpxidation is readily observable (Figure 4B). min), the majority ofthe CuCl oxidizeswhich is consistent
An approximately 3 min time oéxposure was used because with the reactivity of CuGh air and demonstrates the ability
that is the time it takes to quickly transfer the sample from thef the holder to remain air-free (since the spectra between
lab glovebox used to the XPS instrument chamber (wihich, exposure to air versus containménthe air-free holder are
our caseinvolves going down one flight of stairs). markedly different).

To demonstrate the effectivenessof the holder in This becomes even more apparent when these peaks are fit
maintaining an air-free environmethie covered sample was (Figure 4A,B and Figure 5Bjor the covered sample (Figure
removed from the instrument and the sealed holder was keptA), there are two peaks indicative of the presence of‘only Cu
out on a benchtop in the atmosphere for 24 h before being The Cu 2p,, peak has a binding energy of 952.7 eV while the
measured agaifhis process was repeated another 24 h laterCu 2p,, peak is at 933.0 eV, with a peak separation of 19.7 eV.
(for a total of 48 h in the atmosphere after the initiatan). Similarly, for the sample exposed to air for 30 min (Figure 5B),
Thesespectraalso show the lack of a Cu?* environment  the same Cli environments can be observédicating that
(Figure 5A). Finally, after maintaining the air-free environmettie CuClhas not fully oxidized in this amount of tinkéere,
the Cu 2p,, peak has a binding energy of 952.3 eV and the

AY\000+ Goversd iritiai Cu' 2p;, peak is at 932.6 eWith the same peak separation.
900 —— &8vered 1 Bay ‘ Additionally,a CU** environment can be observed with’Cu
_apg ] T 2wesed 30 Mindtes 2p,, exhibiting a binding energy of 954.6 eV whifé By,
o is at 934.9 eV with the same separation en&rggmparison
0 7001 of the air-free sample3 min exposed sampleand 30 min
%600* exposed sample qualitatively demonstrating these changes can
S 500- be found in Figure S5.
£ ano Slightchanges in the absolute binding energytbe Cu*
500 peaks are attributed to ambiguity in the signal-to-noise ratio of
the exposed sample as well as uncertainty in the consistency of
e A R the carbon signdhat spectra were shifted feurther due to
Binding Energy (eV) the paramagnetic nature Gi?*, shakeup peaks very clearly
B)700+ — Cu 2p - Exposed 30 Minut indicate the presence of the oxidized copper species.
6501 Ol 1 .
600+ Cu;’? CONCLUSIONS
% 550 72:;’2 The XPS data collected on the CuCl samplesclearly
- i demonstrate the efficacy tfie air-free XPS sample transfer
'@500' holder. It is shown that the holder is free of air, and this air-free
2450 environment can be maintained for extended periodisnef
< 400 and can be used to transfer a sample under ir@mditions
350 without contamination by the ambient environment both to-
and-from the instrument repeatediiie finalexposure to air
e e T kg~ 5. B - 90 - o results in the rapid oxidation of the Cw@jch demonstrates
Binding Energy (eV) that there is nothing preventing the oxidationtbfs species

Figure 5. (A) Cu 2p spectra of the CuCl sample as a function of ti Other than the presence of the holdérough the use of the
in the atmosphere in the holder and following air expdSespite nﬁeegatlve-pressure sealed holddth in-instrumentmagnetic

several days in the holder in air, CuCl only exhibits peaks due to d@leaseNe have presented an opportunity fo_r.a samplle to be
Howeverafter 30 min of air exposuEe?* peaks and shakeup peaks S€aled and resealed under vacuum (a condition met in many
are readily observab{B) Cu 2p spectra ofhe 30 min air-exposed ~XPS and inert sample analysis systems). This technique has the
CuClshowing the fitting of the Ciand C&"* peaks. potentialto avoid the costly infrastructure necessary for inert
sample transfer lines or vacuum transfer suitcabewsjng a
low-costalternativefor the surfaceanalysisof reactiveor

unstable species.

in the atmospherefor another 72 h (120 h total in
atmosphere)he sealwas brokenthe lid was removedand .ASSOClATED CONTENT
the sample was controllably exposed to ambient conditions fer
30 min.The multiple day long experiments were conducted tory,
test the limits of the holder and demonstrate that there is nothqt
slow leak of air being hidden by a 3 min estather a truly

Supporting Information
e Supporting Information isavailablefree of chargeat
ps://pubs.acs.org/doi/10.1021/acs.chemmater.0c01895.

robust systemcapable ofrepeated openingéransfersand (1) Image showing what is contained in the CAD file,
analysesll while maintaining an air-free environment. (2) optical imagesof the instrumentantechamber,
8095 https:/dx.doi.org/10.1021/acs.chemmater.0c01895
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holder in the antechambeand sample mounting:3)
schematicrepresentationand discussionof holder
operation and procedurdg#) XPS survey spectra and
an initial spectra ofCu 2p, Cl 2p, and C 1s,and (5)
comparison ofthe XPS Cu 2p spectra at multiple
exposure times (PDF)
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