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ABSTRACT

The samplesof poly(vinylidene fluoride) (PVDF) film was exposed to long
termAIK  radiation, electronsand ion bombardment with the aim of surface
carbonization. An influence of secondary electrons on the electron emis-
sion spectraof PV DF film and its carbonized derivatives has been studied.
Original routines of the CKVV and C1s spectra shape parameterization for
PVDF and itsdehydrofluorinated derivatives have been devel oped and care-
fully described. Analysis of Clsand C KVV lineshape has revealed obvi-
oudy different electronic structure of carbonized layersderived from PVDF
via two kinds of radiative treatment. In case of Ar* bombardment the sp*
bonds predominate. The Al K  irradiation leads to some other form(s) of
carbon, but additional ion bombardment transforms them into species with
predominating sp?-bonding. The most puzzling result of this study is that
both photons and ions produce the same depth gradient of fluorine in the
layers of carbonized surface accessible for XPS analysis.
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INTRODUCTION

Thedegradation of the poly(vinylidenefluoride)
(PVDF) surfaceinduced by X-rays, electrons, and/or
ion bombardment hasbeen observed in numerous stud-
ies™ 7, In some of them mass spectrometry was used
to reveal the nature of speciesbeing eliminated from
the degrading surface, whereasfluorine, hydrogen, HF,
but no carbon-containing mol ecules were detected.
Thesefacts confirm the formation of asurface layer
enriched with carbon, and thiskind of degradationwas

coined a“‘radiative carbonization™®.,

Radiative modification of PV DF surfaceisprospec-
tiveinalot of aspects. Atfirgt, thisisarouteto achieve
new and potentialy useful physica and chemical prop-
ertiesof thewe |-known material, thusextendingitsap-
plicationsinto new fields. For ingtance, one should ex-
pect the conductivity of acarbonized layer to be higher
than that of its polymeric precursort®. Thisopensup
opportunity for creation of conducting and/or semicon-
ducting nanofilmson el astic and transparent diel ectric
substratesfor micro- and nanoel ectronic and photonic
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Secondly, equa amountsof hydrogen and fluorine
ingtarting PV DF provideapotentid for creation of one-
dimensional carbon structuresin theform of polyyne
and/or cumulenechains. Asradiation-induced elimina-
tion of HF occurs due to random interactions of im-
pinging photonsor bombarding particleswith apoly-
mer chain, thefragmentsof “naked” carbon chains are
formed after long exposure and/or high doses. Being
structural partsof original PV DF chains, thesefrag-
ments are cova ently bonded to CF, or CF speciesre-
maining duetoincomplete dehydrofluorination or in-
trins c defects existing in the polymer macromol ecules
(ca 7-15% of residud fluoring®™). Thesemoietiesmay
play astabilizing role by keeping the carbonized frag-
mentsof neighboring chainsagpart from each other, thus
preventing linear carbon from animmediate collapse.
Quasi-1D carbon attracts specia interest both in aca-
demic and practical aspects. Onthe onehand it may
serveasamode substanceto study the physicsof low-
dimensiond solids, which predict uniquetransport, op-
tical, and magnetic properties. On theother hand one-
dimensiond carbon (carbyne) and carbynoid structures
areconsidered to hold promisefor avariety of techni-
cal applications, e.g. in optics, micro- and
nanoel ectronics, medicineand in someother branches
of scienceand technology!®. Findly, an additiond tresat-
ment of these quasi-stable one-dimensional carbon
structuresmay providean opportunity for further modi-
fication of atomic arrangement, depending onthe na-
ture and intensity of theimpact. One can expect the
formation of nanoscaled carbon chains, graphite- or
diamond-like clusters, or, most probably, acomplex
combination of different typesof carbonvaencestates.
The proportion of each of these phases, depending on
theradiation dose, can affect specific propertiesof the
modified polymer surface. Thus, theidentification of the
vaencestate of carbon atomsand possibility to control
it by changing externa conditionsseemsto be promis-
ing not only to study the degradation mechanismbut in
variouspractica aspectsaswell. Thedeformation char-
acter of afilm during radiative carboni zation suggests
theinteratomic distancesto become shorter!®, but the
types of arrangement in the carbonized surface layer
could not be unambiguoudy identified and have yet to
be dedlt with.

Woateriolsy Science  mmm——

Theam of the present study istoreveal bothsimi-
lar and peculiar features of the el ectron structures of
speciesformed on the surface of PV DF filmshby the
irradiation with soft X-rays (Al K ) accompanied by
secondary dectronsof different energiesand by anun-
focused Ar* flux withenergiesof 600 and 720eV. The
XPStechnique has proved to be an appropriate tool
for sgudyingdifferent groupsof emitted dectronsaswell
asfor modifying PVDF surfacein situ®.

EXPERIMENTAL

Partidly crystalinefilm of PVDF Kynar (type 720,
thickness 50 um) produced viaablow extrusion tech-
nigue (Atofina, France) wasused inthis study. Com-
pared to amorphous PV DF, the polymer chainsin Kynar
are oriented and thus more ordered. Based on large
inter-chain spacesin crystaline PV DF (gpprox. 0.5nm),
one can assumethat the probability of cross-linking
during the carboni zation process should inthiscase be
appreciably lower. These spacings seem to be suffi-
cient to prevent animmediate collapse after theforma:
tion of one-dimensiona fragmentsof “naked” carbon
resulting from the dehydrofluorination of PV DF. Tak-
inginto account that theformation of doubleand triple
carbon-carbon bondsinduced by the photonorionir-
radiation isdue the coupled elimination of fluorineand
hydrogen atoms, the process of radliative degradation
of PV DF should bereferred to asdehydrofl uorination.
However, wecan neither directly analyzethe content
of hydrogen nor monitor its changes with the use of
€l ectron spectroscopy techniques. Therefore, wewill
use hereafter theterm defluorination.

The electron emission spectrawere excited and
measured using a home-made X-ray photoel ectron
spectrometer ES IFM-419 equipped with a coaxial
magnetic analyzer and anon-monochromaticAl K |
(1486.6 V) source. The aperturesprovided relative
resolution of 7x103, which givesan absol ute val ue of
approx. 3 eV for the most of the spectra obtained at
320 eV passingenergy so astogansufficient satistica
averaging of countswithin ashort period of measure-
ment. Although theenergy resolutioninthiscaseisrda
tively poor, theuse of high passing energy dlowsoneto
speed up the spectraaccumulation. Thisaspect proved
tobecrucid for reliable XPSand X AES monitoring of
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anticipated changesin the unstable surface of PVDF.
Theresidual gas pressurewas approx. 1.3x10° Pa.

In order to detect thefine structure modification of
Clslinetheanayzer energy of 70 eV wasused, which
provides absol ute resol ution of approx. 2 eV asesti-
mated from the half-height width (HHW) of the CF,
Clsline.

Theandyzer andfilteringfoil intheESIFM-4 XPS
spectrometer have ground potential, whilepositivere-
tarding voltageis applied to the sampl e holder. Being
retarding for photoel ectrons, thisel ectrostatic field ac-
celerates secondary eectronsborninthefoil andinthe
chamber wallsdueto partial absorption of X-ray ra-
diation, thuspresumably enhancingtheir roleinthedeg-
radation of PV DF. On the other hand, the application
of negative voltageto the sampleholder, whichisfor
instance necessary for scanning C KVV spectrawith
passing energy of analyzer ashigh as320 eV, prevents
secondary e ectronsfrom attaining the sample. Hence,
during the XPS measurementsthe sampleis subjected
to smultaneous combined irradiation by X-raysused
for the photoel ectron and Auger excitation and by a
flux of secondary eectrons, whosedensity and energy
could depend on the binding energy range being
scanned.

Inthefirst seriesof thisstudy the PVDFfilmwas
irradiated for 5400 min. Theenergy of secondary elec-
tronsvaried in accordancewith retarding or accel erat-
ing voltages necessary for scanning X PS and Auger
spectra. Typica voltagesand rangesof binding energy
usedinal carbonization seriesaregivenin TABLE 1.

TABLE 1 clearly showsthat during the scanning of
all typesof thee ectron emission spectra, except those
of the CKVV region, the secondary el ectrons should
have energy sufficient for theionization of thecarbon
corelevd. Thiseffect can play animportant roleinthe
redistribution of eectron dengty inthepolymericchan
followed by the formation of HF molecul es escaping
fromtheirradiated surface’. On the contrary, while
recording the C KVV spectra, themost of secondary
electronsareunlikely toreachthesamplesurfacea dl.

Therefore, specia effortswere undertakenin or-
der to evaluate theinfluence of secondary electronson
the carbonization rate. For this purpose, the second
seriesof experimentswas carried out, inwhich acon-
stant negative voltage of -50 V was applied to the
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sampleholder for sufficiently long periodsof time. One
can assumethat thisregimeof theexperiment doesnot
alow interaction of secondary electronswithasample,
and the carboni zation process occursentirely dueto
theinfluence of Al K photons. In order to monitor
chemical and e ectronic states of the surface, themea:
surements of the electron emission spectra(anaogto
thoserecorded inthefirst experimental series) were
carried out in the beginning of the second seriesand
after 1, 2, and 4 hoursof X-ray irradiation under -50V
applied.

Two independent series of the 600 eV Ar* bom-
bardment of PV DF were carried out, whereinthe dose
wasincreased in astep-by-step manner (series 3 and
4). The maximum dose of 4.510% ions/cm? was
achieved in both cases. An additional seriesof theAr*
bombardment (series5) wascarried out with the use of
720 eV ion energy and a maximum dose of 1.910%
ions/cm?. Finally, thelast series of measurements (6)
wasamed at revealing the effect of lowest bombard-
ment doses, when bombarding with 600 eV ions. In
series 3-6, the XPS and XAES measurements were
performed between the stepsin order to monitor chemi-
cal compositionand e ectronic structure of theirradi-
ated surface. Thefeaturesof all experimenta seriesare
summarizedinTABLE 2.

Thedectron emission spectrawereobtained inthe
binding energy intervasincluding F2s, Cl1s, F1s, and
CKVV regions. TheClsrange(270-330 eV, passing
energy 320 eV) was scanned before and after record-
ing of any other spectrum. It wasused to control the X -
ray power, to monitor electrostatic charging of the
sampl e, and to determine rel ative atomic contents of
fluorine (F/C), using F1g/Clsand F2s/Clsintensity
ratiog®. Similarly to previousobservations®”, wehave
found theseratiosto afford close F/C vauesjustinthe
very beginning of measurements, thusindicating adepth
gradient of thefluorine content emerging and increasing
duetotheradiative carbonization. Thedetailed andy-
sisof F25/Clsratioswill be published elsewhere.

Recently we devel oped aroute for theeval uation
of non-uniformitiesin the depth distribution of fluorine
based on measurements of F1s spectrainthe 670-730
eV rangeof binding energies™. Generally, the deeper
isthe PV DF moleculefrom the surfacebeingirradi-
ated, thed ower istherateof defluorination. Thiscauses
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amoresignificant decrease of themain F1speak com-
paredto decreaseof itsindastic satellite. Thiseffectis
showninfigurelforthePVDFfilmusedinseries1
after 100, 1670 and 5220 min of Al K_exposure. All
the spectraarenormdized tothemaximumheight. Itis
quiteevident that themaximumintengty inthesatellite
region (h,) risesinrelationtothat of themain peak (h,)
during carbonization. Hence, theintensity ratio of these
two spectral features provides aparameter h/h, re-
flecting thefluorine depth gradient withinthelayer at-
tainableby X PSandysis. A schematic for thedetermi-
nation of parametersh, and h, isshowninfigure 1.

Themanprobleminducidating therdationship be-
tween CKVV spectra parameters and fluorine con-
tent wasthat measurementsof F1s, C1s, and CKVV
spectracould not be performed smultaneoudy. Asthe
carboni zation proceeds, thereal fluorine content mo-
notonously decreases, being different when scanning
each of these spectraseparately, and thuspreventinga
direct comparison. But just monotonic character of the
processgivesan opportunity of cd culating fluorinecon-
tent at any time of the experiment. To measure F1s/
Clsratio and then rdativefluorine content F/C we used
averageintegra intengtiesof two Clsspectraobtained
just beforeand after recording of each F1s spectrum.
After that the dependence of F/C versusduration of X-
ray exposurefor series 1 (Figure 2) wasinterpolated
with a 6th power polynomia equation, which very
closdy fitsexperimenta data. Theequationdlowsone
to calcul ate average fluorine content when scanning
each of CKVV or any other el ectron emission spectra
(hereafter “calculated F/C values”). Special measure-
mentshaveshownthevadidity of thisequationfor al the
experimentd seriesinthisstudy. Thisfact suggeststhat
if the X-ray source power is constant, therate of car-
bonizationinduced by X-raysand secondary el ectrons
does not depend on the preliminary treatment of the
sampleby aflux of Ar*ionsor secondary éectronsat a
constant voltage applied to the samplehol der.

Asit hasbeenreveded previoudy in numerousstud-
ies, the shapeof CKVV spectraisextremely senditive
tothemode of mutud arrangement of carbon atomg*2.
Toavoid artifacts, which may be caused by insufficient
satistical averaging of CKVV spectra, thelatter have
been smoothed heavily (100 iterationswitha5eV fil-
tering interval). First derivatives of C KVV spectra

Woateriolsy Science  mmm——

obtained from the samplesin thebeginning and inthe
end of series 1 and after amaximum dose of theion
bombardment (series3) are presented infigure 3. All
of them contain 3 dominant festuresA, B, and C, whose
energy postionsandintengtiesnoticegbly differineach
of thethree curves. In this study we used two param-
etersof theCKVV line-shapefirst derivative. Thefirst
of them (A) introduced by Galuskd*® isthe energy dif-
ference between the positions of featuresA and B. The
second one, being theintensity ratio of features C and
A, isintroduced hereasaC KVV shape parameter for
thefirst time (h/h,, Figure3). Both parameterssignifi-
cantly vary during radiative carbonization, thusdemon-
drating ther sengtivity to thedectron structure modifi-
cation.

RESULTS& DISCUSSION

Our study revealstwo noticeabl e effects clearly
showing the presence of secondary electronsand their
influenceonthed ectron emission spectra. Both of them
concern energy positions of Cls and F1s peaks
maxima. These positions, measured for dielectric
samplesdiffer from the commonly adopted val ues*4
dueto dectrogtatic charging. Thephotoemission causes
positive charging of the sample surface, thus shifting
peakstowards higher binding energies. Naturally, sec-
ondary e ectronsimpinging the surface shift the peaks
to the oppositeside. In our casethepositionsof C1s
and Flspeaksare considerably lower ascompared to
reported val ues'¥, thus suggesting overcompensation
of theeffect of positivechargingandindicatingthepres-
ence of secondary el ectronsin considerable amount.

The second effect isardliably observed shift of C1s
peak towards higher binding energy inthe spectrare-
corded immediately after each C KVV measurement
(Figure5). Thisisdueto certaininertnessof charging:
as negative voltage is applied to the sample holder
(TABLE 1) when scanning C KVV spectra, second-
ary electronsarerg ected by the surface, thuseiminat-
ing the compensation effect of positive charging. Fast
scanning of C1sspectrum (for ca. 2 min) just after re-
cording C KVV (ca. 70 min) does not give enough
timefor accumulation of secondary electronsonthe
samplesurfacein sufficient quantity to return C1spesk
initspogitionincaseof “usual” overcompensation.
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Two additiond questionsariseinthisconnection: i)
can secondary electrons influence the rate of
defluorinationandii) cantheir energy affect theposition
of spectrd features?

TheF/Cvariationsover timeof exposurein series
1 and 2 are presented in figure 5. Both sets of data
demonstrate very similar behavior. Thisfact suggests
that secondary electrons, although definitely exist, do
not noticeably affect therate of defluorination. Hence,
theinteraction of PVDF withAl K_photons playsa
dominant rolein the carbonization process. Thisaso
means that total duration of exposure, provided the
power of the X-ray source being constant, isacrucial
parameter in the defluorination kineticg*?, regardless
energy variaionsof secondary dectronstha occur while
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scanning different rangesof binding energy.

Figure5 givesan answer to the second question. It
showsvariationsof Clsand F1senergy positionsover
timeof measurementsin series 1. Thevirtua lowering
of binding energy ismost probably caused by thein-
crease of conductivity inthe carbonized surface, which
diminisheseffectsof positivecharging. Onecan notice
very similar behavior in the case of scanning Clsand
F1s spectra, thus suggesting the same overcompensa-
tion, i.e. the same currents of secondary electronsto-
wardsthe sample, notwithstanding the fact that ener-
giesof secondary electronsarequitedifferent (asatu-
ration regime). The variation of C1s peak measured
directly after scanning CKVV spectraand plotted asa
seriesof filled circlesevidently illustratestheinertness
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of charging discussed above.

Therateof defluorination of PV DFinduced by Ar*
ions(series3-6) is higher in comparison with data from
series 1. Therefore, in order to superimpose the
defluorination ratesunder interaction of thesamplewith
photonsandionsspecia additiona measurementswere
carried out (series 5 and 6). After each step of bom-
bardment withAr*ions(720€V and 600 eV in series5
and 6, correspondingly) the F1s/Clsratioswereregis-
tered twicein the beginning and intheend of Al K
irradiation during XPS and C KVV measurements
within 200-260 min. Theresultsare presented infigure
6. Theinterva sinwhichion bombardment occurred
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Figure8: Clsspectra of carbonized PVDF derivativesob-
tained in theend of series1 (®) and 3 (CJ)

(marked with vertica brokenlines) varied from 15 sto
3minandarenegligibly small ascomparedtothedura
tion of photon irradiation. However, theresultsof each
step of ion bombardment areclearly visibleinfigure 6
asstep-likedropsin F/Cratio. Thesedropsaresmaller
in case of series 6 dueto much smaller adoseincre-
ment and, possibly, dueto lower energy of ions. Onthe
other hand, a careful analysis has revealed that the
defluorinationratesintheintervalsof time, whenonly
Al K_ photons and secondary €lectrons affect the
samplesurface, areamost identical tothose observed
inseries 1in comparable F/C ranges. Thismeansthat
the polynomid equation usedtofit theF/C variationin
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TABLE 1: Binding ener gy rangesand voltageregimesused
during XPS measur ements

s SO Ve e g
Cls 278-294 1130 1114 70
Cls 270330  891- 831 320
\F/Zals enceband, 5. 45 11661116 320
Fis 670730  491- 431 320
CKVV 1170+ 1270 -9+-109 320

TABLE 2: Main experimental parameter semployed in differ-
ent seriesof radiativecarbonization of the PVDF film

B . Maximum Maximum
Series Dominant Voltage . 13
No: carbonizing agents applied, V xposure, min qose,lo

) " (ALKG /A ionsg/cm?
Al K, photons and .
1 secondary electrons Various 5400/ 0 0
2 Al K, photons -50 820/0 0
3 Ar 600 1800/ 120 450
4 Ar* 600 1800/ 120 450
5 Ar* 720 1230/5 19
6 Ar* 600 670/15 1.1*

*The Ar* ion current was 5 times weaker than in series 3-5

series 1 can be applied to calculate relative fluorine
content at any moment duringthe X-ray irradiation and
that therate of defluorinationinduced by Al K photons
doesnot depend on preliminary treetment of thesample
withions. Thisfactisillustratedin Fig. 6. Hence, just a
sngleF/C measurement between two seriesof ionbom-
bardment isenoughto obtain acurrent F/C value, pro-
vided the power of X-ray sourceisstable. Thus, the
parameters of any XPS and C KVV spectra can be
plotted asafunction of F/C so asto compareeffects of
AlK_irradiationandion bombardment uponthe spec-
tra lineshape, which issensitiveto ectronic structure
of carbonized speciesbeing created inthe polymer sur-
faceduringitsradiative carbonization.

Theintensity ratio of the Flssatelliteand F1s peak
(h,/h,) wasdetermined for all F1sspectraobtainedin
series 1-4 and plotted in figure 7 versus F/C measured
fromtheF1s/Clsratio.

All the data show avery close resemblance, no
matter photonsor ionsirradiate the surface. Thisfact
appearsto bethemost surprisinginthisstudy. It means
that both photons and ions produce the same depth
gradient of fluorine, if thefluorine content inthe surface
layer attainablefor XPS analysisisthesame. Infact,
onecould hardly predict sucharesult, bearingin mind

= Fyl] Peper

ahugedifferencein momentaof thesetwo sortsof par-
tides.

At passing energy of 320 eV theresolutionisrather
poor and it does not allow a detailed compositional
analysisof Clslineshape similar to that we have per-
formed previoudly!”. Neverthel ess, therearetwo fea-
turesthat depend onthekind of radiative treatment of
the sampl e and become most obviousinthe stages of
profound carbonization. Figure 8 shows C1s spectra
of carbonized PVDF obtained inthe end of series 1
and 3.

The spectraare aligned by the energy position of
their main peaks adopted as zero to remove charging
effectsand normalized by their totd areawithinthesame
energy intervals.

Themaindistinctionisobserved withinthe 4-12
€V binding energy range: thespectrumintengty ishigher
inseries 3. Thisfeatureiscong stent with inelastic scat-
teringinherent in sp? hybridized carbonsand known as
so-called “n plasmon”. A weak but quite obvious shift
of themain satellitefeature (“o+n plasmon’) towards
higher binding energy in series 3 providesfurther con-
firmationtotheideathat sp? hybridized carbon species
emergein thesample surface dueto theion bombard-
ment. Thismodification of C1slineshapewasexactly
reproduced in theend of series4, whenthesameirra-
diation dosewasachieved. Onthe contrary, after maxi-
mum duration of Al K_exposurein series 1, somecar-
bon structureswith hybridization modedifferent from
sp? predominatein the carbonized polymer surface. An
additiona experiment hasshown that these structures
are unstableunder ion bombardment, which givesrise
totheir gradua transformation into sp? structureswith
increasing dose.

Further analysis confirmed that surface modifica
tion occurs not inasudden way but gradually. Figure9
showsvariation of AE parameter characterizing asym-
metry of C1sline, depending oncaculated F/Cratioin
experimenta series1, 3, and 4.

The AE parameter was measured asan energy dif-
ference between the position E, of thelower binding
energy peak of Clsdoublet and a“‘mass center” of the
Clsspectrumwithin the binding energy range between
E,-5 and E+9 eV after subtraction of the constant
background component.

Defluorination should decreasetheintensity of core
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photoel ectrons emitted from fluorine-bonded carbon
atoms. Thismakes C1slinemoresymmetrical. Onthe
contrary, theincresse of thefeature caused by interband
trangitionsin theempty n-states (“‘m-plasmon’’) should
makeit more asymmetrica. Asonecan seefromFig.
9, when going from original F/C valuesdown to ca.
0.5, thedependenceof AE vs. F/C is linear and almost
thesamein series 1, 3 and 4 regardless the nature of
irradiating particles (either Al K _photonsor Ar*). At
lower F/C valuesthedecreasein AE became |ess pro-
nounced in experimentswith ion bombardment, thus
providing additiona evidencefor thegradua formation
of sp? hybridized carbon speciesinthe stages of pro-
found carbonization.

Variations of parametersAand h,/h, versuscalcu-
lated F/C valuesin series 1, 3, and 4 areshown in Fig-
ures 10 and 11, respectively. In series 3 and 4 (ion
bombardment) the A parameter risesalmost linearly,
when decreasing F/C, and approachestheva ue char-
acteristic of graphite(ca. 20 eV),

Inseries1 (Al K irradiation) thisparameter ap-
pearstovary inamorecomplicated way: initia increase
inthebeginning of carbonizationisamost thesameas
under ion bombardment. Inthe F/C range between 0.6
and 0.4 the A decreases and, with further decreasing
fluorine content it rises again, showing atendency for
saturation. Thedispersion of experimenta datainthis
F/C region ismost probably due to an error of mea-
surements. Variationsof theh,/h, parameter of CKVV
lineshagpeduring radiative carbonization (Figure11) are
dsodifferentincasesof AIK irradiationand Ar* bom-
bardment only if F/C becomeslessthan 0.4.

CONCLUSIONS

All the data obtained show that both kinds of ra-
diativetreatment of partialy crystalline PV DF applied
inthisstudy (i.e. soft X-ray Al K irradiationandAr*
bombardment) |ead to carbonization of thesamplesur-
face. Secondary e ectronsformedinthefilteringfoil and
inthewallsof the chamber play animportant rolein
electrostatic charging of the surface, but their contribu-
tiontotherateof defluorination processisquitesmdl if
any.Inthecaseof Al K irradiationtherelativefluorine
content, F/C, decreases, although not linearly asit was
previoudy found by Ducaet. d . but monotonoudy. If
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the power of X-ray sourceisconstant, therate of this
monotonic variation dependsonly on F/C, but not on
thenature of preliminary radiativetreatment. Thisal-
lows oneto calculate F/C at any moment of measure-
ments, thusproviding an opportunity for comparison of
gpectrd featuresinherentin PV DF samples carbonized
tothesameextent either by Al K irradiation or by Art
bombardment.

Inthisstudy we haveintroduced new lineshape pa-
rameters sensitiveto the valence state of carbon in ad-
ditiontothosedready known hitherto. Analysisof C1s
and CKVYV lineshapehasreved ed obvioudy different
electronic structure of carbonized layersderived from
PVDF viatwokinds of radiativetreatment. In case of
Ar* bombardment the sp?-bonds predominate. TheAl
K irradiationleadsto some other form(s) of carbon,
but additiond ion bombardment transformstheminto
specieswith predominating sp*bonding. Two stages
of carbonization caused by defluorination of CF, and
CF groupsareconfirmed. Thefirst onecanonly lead
to fluorine-substituted polyenesregardlessthe nature
of irradiation. Hence, thelineshape parametersvary in
thesameway, when F/Cislarger than 0.5. During the
next stage, “naked” carbon atoms appear in the chains,
whiletheir mutud arrangement isgoverned by the na-
ture of carbonizing radiation. lons possess high mo-
mentum and, therefore, they most probably can pro-
ducedigtortionslargeenough to effect cross-linkingwith
the formation of sp*-bonds. Inthecase of Al K _pho-
tonstheformation of one-dimensiona carbonisquite
possible. Although the CF,—CF and CF—Creactions
may occur Smultaneoudy in different polymeric chains
or indifferent parts of the same chain, therate of the
former isconsiderably higher than that of thelatter!2.

Findly, themost puzzling result of thisstudy isthat
both photons and ions produce the same depth gradi-
ent of fluorine, provided thefluorine contentisthesame
inthelayersof carbonized surfaceaccessiblefor XPS
analysis. Thisfact isconfirmed in numerousindepen-
dent experimentsandisunlikdy to beafortunate coin-
cidence. Nevertheless, itsnatureisnot clear and has
yet to bededt with.
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