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Temperature programmed desorption has been used to study the desorption kinetics and desorption energies of
perfluorodiethylether, (CIEF,),0, and 2,2,2-trifluoroethanol, GEH,OH, adsorbed on fresh and oxidized hydrogenated
amorphous carbora{CHy) films. (CRCF,),0 and CECH,OH serve as models for the ether backbone and hydroxyl
end-groups of Fomblin Zdol, the lubricant most commonly used to lubricate the surfaces of amorphous carbon
overcoats on magnetic data storage hard disks. Our measurements clearly reveal, for the first time, the effects of surface
oxidation on the adsorption of fluorocarbon lubricants such as Fomblin Zdal@ir, films. Oxidation of thea-CHy
surface increases the desorption energy ofGEROH but has no observable impact on the desorption energy of
(CRCR,):0. These results support the suggestion that the alcohols interact with the surface via hydrogen bonding.
From a practical perspective, these results imply that the oxidation of thedr€sf; film may serve as a means to
control or tailor thea-CHy surface to optimize the properties of the lubricaovercoat interface in hard disks.

1. Introduction Vapor-phase lubrication is one possible alternative technology
for the deposition of lubricants onto the surfaces of hard disks
without prior exposure of tha-CHy overcoat to air. In a vapor
lubrication process, lubricant application to the surface would
be integrated into the vacuum processing steps. Among its
potential advantages are improved reproducibility to allow the
preparation of lubricant films to higher tolerances, the elimination
overcoat dictate the tribological performance of the hedigk ofsolventsfrorr_]the med!a production process, and the elimination
of one of the disk handling steps needed in the current process.

interface. The work described in this paper explores the v h lubricati i h h h ¢ fth
fundamental chemical mechanisms by which the PFPE lubricants. apor-pnase fubrication witl, NOWever, change the nature ot the

interact with thea-CHy overcoat and focuses on the effects of Ienlj[rir'fr?;t(?n bit]\g ‘Ze’.‘ d;rt]";fol-fi)(th(()avgl-clogt e?gga:r;e n[:ggcirgr ?g
a-CHy overcoat oxidation on these interactions. Iminating xidati - OV u pri

In the last stages of disk manufacturing, te&H film is lubricant deposition. Thus, vapor lubrication may change some

deposited on the disk surface by vacuum sputter deposition toof the properties of thg lubricant film and |ts.|nteract|0ns with
: L thea-CHy overcoat. This must be understood in order to develop
a thickness o&50 A. The disk is then removed from vacuum,

and the PFPE lubricant is applied by dipping the disk into a a vapo_r-phase Iut_)rication process that mimics the desira_ble
solution of the lubricant and then withdrawing it at a constant properties of the disk surface to as great an extent as possible.

rate to leave a520 A film of lubricant on the surface. The need The Jubricant film on the disk surface ”.‘“5‘ be very thir20 .
. . - A) and must have a number of properties to protect the disk
to increase the density of data stored on the disk surfaces creates

. . . Surface from damage due to contact with the readte head.
an increasing need to reduce the gap between the-reat The lubricant must have some component that is bonded to the
head and the magnetic layer. This, in turn, requires increased P

tolerance on the specifications to which t8€Hy and the PFPE surface of the d'.Sk to prevent it from flowing off the disk surfaqe
. X 7 . : under the centrifugal and wind-shear forces that act on the film
lubricant films are preparetd.’ Currently, the lubricant dip-

coating process is perhaps one of the most poorly characterize(ﬁ/h"e the disk is spinning. At the same time, the lubricant must

steps in disk manufacturing because it requires the removal of thaz;{[ersgmﬁavg?)lgte)lnt?jglI?evrel:jtggllzvk\)/rligfn;eglzcr)izs ?Lg‘e syrlface

the disk from the vacuum environment in which it is made, and y P 9

thus, there is exposure to air and air-borne contamination prior contact. One of the most common perfluoropolyalkylether
T P : . PMOT 1 ibricants is Fomblin Zdol, which has afluorinated ether backbone

to application of the lubricant film. As a consequence g@&Hy

surface must become oxidized prior to lubricant deposition, but and hydroxyl end-group’s’ Fomblin Zdol has the molecular

The hard disks used for magnetic data storage are typically
protected from the environment and from contact with the+ead
write head by a thin hydrogenated or nitrogenated amorphous
carbon film @-CHy anda-CNy, respectively) that is coated with
a thin layer of perfluoropolyalkylether (PFPE) lubricant. The
chemical interactions between the lubricant and the carbon

the effects of this surface oxidation have never been studied structure

systematically. HOCH,CF,-(OCF,),-(OCF,CF,),-OCF,CH,0OH
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368)—?), 21A7-H - 3. KO d Relat, Mater2005 14 (2), 226 a-CHy film via electron donation from the lone pairs on the
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the surface via van der Waals attractions. These are the interaction$XPS). In addition, the upper level is equipped with a quadrupole
that give the current lubricants their desirable balance of propertiesmass spectrometer (Q200MS, Ametek) for temperature programmed
on the surfacé 4 As mentioned, in current disk fabrication, the ~ desorption (TPD) studies of (GEF,):0 or CRCH,OH adsorbed
surface of th@-CH, overcoatis exposed to air prior to application N the surface of the-CHy film. _ ]

of the lubricant by dip-coating. Thus, the PFPE lubricant is __1he sample was a Ni foil substrate coated with #h#@H, film
interacting with a surface that is partially oxidized. In a vapor and could move between the two levels on a manipulator that extends

L . ) . . through the gate valve, when it is open. When the sample is in the
Igbr|cat|on process, the Iu'brllcant film mlght l.)e applied &@H, lower deposition level of the chamber, a sealiisolates the two chambers
film that has not been oxidized, and this will undoubtedly have

. : e ) =~ to minimize contamination of the upper surface analysis level by the
animpact on the properties of the surface and its interaction with spytter gases. The nickel foil substrate was machine-punched to
the Iubncant. Tq avoid this might require th_e}t the disk surface produce an 11 mm diameter disk that was mounted to the manipulator
be partially oxidized under controlled conditions before vapor by two tantalum wires spot-welded to its rear face. The sample
lubrication. Development of a vapor lubrication process requires could be cooled by liquid nitrogen to 80 K and heated resistively
that one understand the effectsse€Hy surface oxidation onits ~ to >1000 K. The temperature was measured by a chreiieimel
interaction with the lubricant and understand the oxidation kinetics thermocouple spot-welded to the back of the sample.
of fresha-CH overcoats. The a-CH film deposition conditions were chosen to generate
The principle contribution of the work described in this paper & films that exhibited Raman spectra similar to those-@iH,
. . films used commercially. The nickel foil substrate was cleaned by
is the study and understanding of the effecta:@@Hy surface

. . . several cycles of Ar sputtering followed by annealing to 950 K
oxidation on the adsorption of fluorinated ethers and alcohols. beforea-CH film deposition. Films were then deposited using a DC

Past work has used perfluorodiethyl ether, {CF):0, as @  power of 75 W at a substrate temperature of 443 K. The total pressure
model for the ether linkage in the backbone of Fomblin lubricants was maintained at 8 mTorr during the deposition process using a

and 2,2,2-trifluoroethanol, GEH,OH, as a model for the  10% CH/(Ar + CH,) gas mixture. Raman spectroscopy was
hydroxyl end-groups in Fomblin Zd8t.1115 In this work the performed by removing the sample from the UHV chamber. The
effect of surface oxidation on the bonding of PFPE lubricant to final deposition conditions were identified by producing films at a
a-CH, films has been studied by comparing the desorption Variety of different pressures, sputter source powers, @centra-
energiesAEges of (CFsCF),0 and CECH,OH on fresha-CHy tions, _and substrate_ temperatures. The conditions chosen were those
films with those on air-exposea-CHy films and Q-exposed that yieldeda-CH, films with Raman spectra closest to those of
a-CHy films. The desorption energy of GEH,OH is dependent a-CH films produced for commercial use.

the d f oxidati fth ¢ hile the int fi Thea-CH films were characterized by in situ XPS immediately
on € degree ot oxidation of (he surtace, while the INteraction e deposition. The XPS spectra were obtained using a 290 W Mg

of (CFCR,)20 with a-CHy is independent of its degree of « “(h, = 1253.6 eV) X-ray source. A pass energy of 50 eV was

oxidation. The fact that the desorption energy ofsCH,OH used for all measurements. The film thickness was determined to
increases with oxidation of the surface is consistent with-CF  be about 70 A based on the attenuation of the signal from the Ni
CH,OH interacting with the surface via hydrogen bondingf: substrate. The air-exposaeCH, film was prepared by venting the

The results support the possibility of using surface oxidation to chamber with one atmosphere of ambient airimmediately after film
control the bonding and properties of lubricants such as Fomblin deposition. The-CH film was kept in air at room temperature for

Zdol on thea-CH surface. These fundamental studies help to 1 h. The chamber was then evacuated-i®° Torr for ~12 h for
probe the bonding mechanism of perfluoropolyalkylether lu- XPS and TPD measurements. Ba€H, surfaces were also modified

bricants witha-CHy film surfaces and also provide the types of by low pressure exposure to pure@ther than air. The £exposed

o : "t a-CHy film was prepared by introducing Onto the chamber
insights needed to help design a vapor-phase lubrication proces"f’f’nmexdiately after%lmpdepositi%n. ExposurgofméZfoilm surface
for disk surfaces.

to O, was conducted by positioning tlheCHy film directly in front
) of a stainless steel dosing tube that was attached to a leak valve. The
2. Experimental Procedures distance between treCHy film and the end of the dosing tube was

All experiments were performed in an ultrahigh vacuum (UHV) approximately 4 cm. Tha-CH, film was exposed to & 10™* Tor;
chamber with a base pressure ©10-° Torr. The UHV chamber ~ ©f O2at 300 K for 2 h. The chamber was then evacuated 10~
was designed and constructed with the express purpose of studying! ©" for ~30 min for XPS and TPD measurements. The oxygen
the vapor-phase lubricationafCH, films in situ. The UHV chamber ~ contents of the a|r-e>éposedCHx_ film and the Q-exposeda-CHy
consists of two levels separated by a gate valve. The lower level is film were ~6 and~20%, respectively. The air-exposed surface and
used fora-CHy deposition and is pumped with a turbo pump. It is O.-exposed surface were then used as substrates for subsequent

equipped with an Ar ion sputter gun for substrate cleaning, a DC 17D studies of (CECF,):0 or CRCH,OH.

magnetron sputter source (MAK130VCFUHV, 1 @aphite target, The adsorption of (Cf£F,).0 or CRCH,OH onto thea-CHx
US Inc.) for a-CH, film deposition, and one leak valve for the Surface was accomplished by leaking vapor into the UHV chamber
introduction of air or @for oxidation of thea-CH films. In addition, while the sample was held at 80 K. The sample was biase®®

it is equipped with gas flow controllers to allow introduction of a V t0 avoid adsorbate decomposition by ambient electrons. Perfluo-

mixture of Ar and CH into the lower level at constant pressure rodiethylether [(CECF;);0, Strem Chemical, 90%] and 2,2,2-

during the sputter deposition process. tr_lfluoroethanol [CBCH,0H, TCI-G_.R.] were each placedina gl_ass
The upper level of the UHV chamber is used for surface analysis vial attached to the leak valve. High vapor pressure contaminants

of films prepared in the lower level and is pumped with a cryo pump Were removed by several freezpump-thaw cycles, and the vapor

and sublimation pump. It is equipped with an X-ray source (XR50, purity was then checked with mass spectrometry. Exposp_re _of the

Specs) and a hemispherical electron energy analyzer (CLAM II, VG sample surface to each adsorbate was conducted by positioning the

Scientific), which are used for X-ray photoelectron spectroscopy a-CHysample held at 80 K directly in front ofast{?\inless steel dosing
tube attached to the leak valve and then opening the leak valve to

introduce vapor into the chamber. After adsorption of the vapor, the

(8) Lei, R. Z.; Gellman, A. JLangmuir200Q 16 (16), 6628-6635.

(9) Lei, R. Z.: Gellman, A. JLangmuir2001, 17 (20), 6246-6247. a-CH, sample was positioned2 mm from the aperture of the mass
(10) Shukla, N.; Geliman, A. J. Vac. Sci. Technol., 200Q 18 (5), 2319, spectrometer. TPD spectra were obtained by heating the sample at
(11) Shukla, N.; Gellman, A. J.; Gui, langmuir200Q 16 (16), 6562-6568. a constant rate of 2 K/s while monitoring the desorbing species with

ggg ﬁuﬁ?gﬁfdwa'l,ia.ji\T,Z’lt’fnw;ﬁmsys;'rizgfh[‘gf%%%ioff(él_)h)wﬁgso' the mass spectrometer. To prevent any irreversible damage to the

(14) Waltman, R. J.; Khurshudov, A. Gribol. Lett. 2002, 13 (3), 197. a-CH film during heating, the upper temperature was limited to 320
(15) Shukla, N.; Gui, J.; Gellman, A. langmuir2001, 17 (8), 2395-2401. K'in the TPD experiments, well below the temperature at which the
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C1s O1s Exposure to air or @results in the formation of oxidized

carbonaceous species such as@H, C—O—C, and G=0 on

the a-CHy film surfacel”1° The oxidation of the carbon is
fresh revealed by the appearance of the high binding energy shoulder
at 285-290 eV in the C 1s spectra. The Ols photoemission
spectra also reveal the presence of oxygen oret3dly film
surface and can be used to quantify the oxygen concentration of
the film. The oxygen contentlo, was calculated using

b — Ay0.71
L =6 ©" AJ0.71+ AJ0.30

fresh fresh

air-exposed

x 100%

Intensity

whereAo andAc are the integrated areas under the O 1s and C
O,-exposed 1s XPS peaks, respectively. The 1 atm air exposure results in
an oxygen coverage 0% = 6.0+ 0.5% on thea-CHy surfaces,
while the low pressure £exposure (8 107 Torr, 2 h) leads
to an oxygen content dio = 20.0+ 0.5%. The low level of
L 6,=20% oxygen uptake is observed whether we expose the surface to
S clean, dry air or ambient laboratory air, so it is not associated
fresh with contaminants or water vapor. Itis surprising that the exposure
280 285 290 525 530 535 540 of the a-CHy films to low pressures<10-3 Torr) of O, leads
to a higher oxygen content than the exposure to 1 atm of air. To
Binding Energy (eV) try to eliminate the possible role of air-borne contaminants, the
Figure 1. C 1s and O 1s XPS spectra afCH; films obtained a-CHfilm was also exposed to 1 atm of clean aip(H< 2 ppm,
immediately after deposition and after exposure to air (1 atm ambient tota| hydrocarbon<0.1 ppm, CO and CO< 1 ppm) at room

‘;’]‘!r fholg; 2.) and Q(8 x rl](rgo” fotrhz rg i‘t roorrlltempelratt#re. The  temperature for 1 h. The oxygen coverage ofdH@H, exposed
igh binding energy shoulder on the C 1s peak reveals the presenc : _ :

of oxidized carbon species (GOExposure to air and £results in o clean air wadlo = 5%, still much lower than_ the oxygen
oxidation of thea-CH, film to ~6% and~20% oxygen content, ~ COVerage after exposure to low; @ressures. This cannot be
respectively. explained in the framework of any simple adsorption model, all

of which would predict that the oxygen content should increase
a-CH film was deposited or at which it would begin to undergo  monotonically with oxygen pressure. Nonetheless, this has been
decomposition: The TPD SpeCtraWere hlghly reproducible, indicat.ing observed repeated'y durlng exposure to h|gh pressure a|r or |0W
that thea-CH_X film surface was unchanged by repeated adsorption pressure @under a variety of conditior$ The result suggests
anifdesglg%tlo? gf (CC:HC FZ(%ZO gndCﬁESSZ%H' CH. il ‘ that during the exposure to high pressures of air, some of the
ter Of (CRCF);0 or CRCH,OH, thea-CHfilm surface most easily oxidized surface carbon atoms are fully oxidized to

was examined by XPS to determine whether any residual fluorine i o .
was left on the surface as a result of decomposition. Fluorine did SPECies such as carbon dioxide that desorb from the surface. This

appear on the surface when the sample was held at ground potentialh€n removes some of the oxygen adsorbed during the initial
during the TPD experiment. This is due to partial decomposition of uptake and leaves a surface that is inert to further oxidation.
the fluorocarbons by electrons emitted by the ionizer of the mass  3.2. Electron Induced Decomposition of Perfluoropoly-
spectrometer and by the ion pressure gauge. This decompositioralkylether Model Compounds.Fluorocarbons are notoriously
was eliminated by biasing the sample 680 V during the  gsensitive to electron induced decomposition on surfates.
experiments. Once the sample was biased, adsorption ¢€{&;0 Prior to performing extensive adsorption and desorption studies,
and CI:EClHZOH. Waﬁ completely reversible, and both desorbed i\ a5 necessary to determine the extent to which the fluorocarbons
completely during heating. were likely to decompose on the surface as a result of electrons
3. Results emanating from the ionizer of the mass spectrometer or from the
ion gauge used to measure the pressure in the UHV chamber.
Initially, the adsorption and desorption of (§3F,),0 was studied
- . 2)2 on the surface of aa-CH film that was grounded or unbiased
CH,OH from fresh and oxidized-CHj films, oxidation of the with respect to the chamber. Adsorption of (CF,),0 onto the

a-CHy films was studied during exposure te @ air. The details a-CHy surface was accomplished by leaking §CF),O vapor
of that study and of the kinetics @ CHy oxidation are to be into the UHV chamber while tha-CH, film was held at~80

published elsewher®.The surface composition of theCHy K. After adsorption of (CECF»);0, the a-CHy sample was
films was determined in situ by XPS immediately before and . qitioned~2 mm from the aperture of the mass spectrometer.
after oxidation. Figure 1 shows the C 1s and O 1s XPS spectratpqo desorption of (CFEF),0 was conducted by heating the

of two fresha-CH films. No oxygen was observed on the fresh - g3 51e t0 260 K at a constant rate of 2 K/s while monitoring the
a-CHy films, indicating that the oxygen concentration was less

3.1. In Situ Study of a-CHy Film Oxidation. Prior to the
study of the adsorption and desorption of §CF,),0 or Cks-

than 0.5%. . (17) Filik, J.; May, P. W.; Pearce, S. R. J.; Wild, R. K.; Hallam, KDRamond
For the purposes of this work, we have useGHy surfaces ~ Relat. Mater.2003 12, 974. _ _
saturated with oxygen by exposure to @ low pressures (8< (18) Haasz, A. A.; Chiu, S.; Pierre, J. E.; Gudimenko, ¥. Vac. Sci. Technol.,

) . . A 1996 14 (1), 184.
1074 Torr) or to air at atmospheric pressure. Figure 1 shows the = "(19) Kiaé %mg Loh, X. N. X.; Yang, S. W.; Zheng, J. G.Phys. Chem. B

C 1s XPS spectra &-CHy after exposure to air (1 atm ambient 2002 106, 5230.

: 4 (20) Nakayama, KSurf. Coat. TechnoR004 188—-189, 599.
air for 1 h at 300 K) orto @(8 x 10~* Torr for 2 h at 300 K)' (21) Jong-Liang, L.; Bhatia, C. S.; Yates, John, T. JJ¥ac. Sci. Technol.,

A 1995 13 (2), 163-168.
(16) Gellman, A. J.; Yun, YProceedings of World Tribology Congress I (22) Jong-Liang, L.; Yates, John, T., Jr.Vac. Sci. Technol., 2995 13 (4),
2005 WTC2005-63165. 1867-1871.
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F1s

Coverage T

(ML) (K)
4.20 157.0
3.15 155.8
1.76 152.8
1.38 152.2
0.74 155.8
S 0.54 157.6
e 0.27 159.6
2 0.17 162.6
g 0.12 163.6

0.057 168.4
0.034 170.2
0.026 171.2

unbiased
0.=2%

Desorption rate

MWOV

T T T T T |
680 685 690 695

T T T T T T T T T T T T T 1
130 140 150 160 170 180 190 200
Temperature (K)

Binding Energy (eV) Figure 3. TPD spectra of CECH,OH from the surface of a fresh

Figure 2. F 1s XPS spectra a-CHy obtained immediately after a-CH, film with initial coverages varying from-2% of a monolayer

TPD of (CRCF»),0. The appearance of2% fluorine onthe surface {0 >1 monolayer (ML). At coverages below 1 ML, the peak
of the unbiased sample-{CHyis grounded) indicates decomposition desorption temperatures decrease with increasing coverage, reflecting
of (CRCF»),0. The lack of fluorine on the surface following the heterogeneity of the-CH, surface. The TPD spectra shown
adsorption and desorption from a surface biaseegtV indicates ~ Were collected using a heating rate of 2 K/s while monitoring the
complete and reversible adsorption and desorption o§QER,O. signal am/g= 31f0!'C5CH20H. Additional spectra were obtained
The decomposition on the unbiased sample must be induced byPY Monitoring the signals at/q = 69 (CF;") andnvq = 29 (COH")

ambient electrons coming from the ionizer of the mass spectrometer@nd indicate that GEH,OH desorbs molecularly. The TPD spectra
and from the ion pressure gauge. of CRCH,0OH on air-expose@d-CHy and Q-exposeda-CHy are

qualitatively similar to these.

desorbing species with the mass spectrometer. The desorptione syrface composition by generating partially oxidized carbon
rate dropped back to almost zero @200 K, indicating the species such as-@—C, C-OH, and G=0O on the a-CH
completion of molecular desorption of (§FF);0. Thea-CHy surfaced’ 19 The oxidation of the surface must influence its
film was then held at 300 K to obtain an XP spectrum to determine jnteraction with adsorbed species, but it is not clear to what
whether (CECFz)zO h?‘d desorbed completgly or decomposed gyient or in what way. The presence or absence of oxygen at the
to deposit some fluorine on the surface. Figure 2 shows the F syrface of tha-CH, film mustinfluence the interactions of PFPE
1s spectrum obtained from the surface following desorption of |ypricants with the surfaces and thus give rise to differences in
(CFCF,)20 and clearly reveals the presence of residual fluorine performance of lubricants applied by dip-coating following air
on the unbiased sample, indicating that some decompositioneyposure and lubricants applied from the vapor phase in a vacuum.
occurred during the process of adsorption and desorption. The = The adsorption of PFPE lubricant aCHy films was emulated
exposure of (CECF,),0O was~0.4 L, which generated acoverage  py the adsorption of (GFEF.),0 or CRCH,OH as models for
of ~0.5 monolayers as determined by the analysis described inthe fluoroether backbone and the hydroxyl end-groups, respec-
the next section. The-CH, film composition contains-2% tively. The heterogeneity of the bonding of PFPE lubricants with
fluorine following (CRCF,).0 desorption. The decomposition  5_cH, films is revealed by the TPD spectra of (&F),0 and
of (CRCR):0 is caused by ambient electrons emitted from the cF,CH,OH on fresha-CH, films, air-exposed a-CHfilms, and
filaments of the mass spectrometer and ion pressure gauge an@.cH, films exposed to @ Figure 3 illustrates the TPD spectra
can b_e prevented by negative k_)iasing of the sample. Similar of CF,CH,0H adsorbed on the freshCHy film, at coverages
experiments were performed using both ¢CF,),0 and Ck- ranging from~2% of a monolayer to greater than one monolayer.
CHZOH but with the sample biased B0 V with respecttothe  Tne spectra illustrated in Figure 3 were obtained by monitoring
chamber. Figure 2 shows the F 1s XPS spectrum o&tadx the signal atn/q = 31 and were accompanied by spectrafy
film after desorption of (CECF,).0O with the sample biased at = 29 and 69. Similar spectra were obtained for {CI),0
—80 V. The absence of residual fluorine indicates completely desorption but by monitoring the signals ratq ratios of 69
reversible molecular desorption of (€F),0. Biasing the (CFs"), 50 (CR*), and 31 (CF). The TPD spectra of (GF
sample by-80 V prevents stray electrons from hitting the sample CF,);0 and CECH,OH adsorbed on fresh-CHy films, air-
surface and inducing decomposition of the adsorbed fluorocar- exposeda-CHy films, and Q-exposeda-CHy films are all
bons. All subsequent measurements of fluorocarbon adsorptiongyalitatively similar. At low submonolayer coverages, there is
and desorption were made with the sample biased&@ V. a single desorption peak. As the coverage of the adsorbate is
3.3. Fluorocarbon Desorption from Fresh and Oxidized increased, the peak desorption temperature decreases monotoni-
a-CHy. It is known that the surfaces of theCHy films are
chemically heterogeneous. The surfaces expose carbon atoms_ (23) Gao, G. T.; Mikulski, P. T.; Chateauneuf, G. M.; Harrison, JJA4hys.
with different hybridization (spand sp) and different degrees Ch?ﬂ') Eﬁ%%i}f%f%‘éﬁ?zmpm Surf. Sci2003 205 (1-4), 113,
of hydrogenatior#3-2>Exposure to air and gurther complicates (25) Li Hong, Z.; Hao, G.; Jian Ping, W. Appl. Phys2002 92 (6), 2962.
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55 - thea-CH film surfaces. The effect of oxidation on the bonding
o ® O Osexposed aCh, of the PFPE lubricant with tha-CH films has been studied by
| ° A A air-exposed #CH, examining the effect of surface oxidation on the adsorption and
50 m O freshaCH desorption of (CECF,).0 and CECH,OH. The interaction of
i ’ the PFPE lubricant with oxidizestCHy films was quantified by
1 i ° using TPD spectra to estimate the desorption enerdiggs of
sl A ® (CFsCR),0 and CECH,OH on both fresh and oxidizesCHy
'- A surfa_ces. Thé\Egesvalues of (C_ECFz)zo and CRCH,OH as a _
3 . A a . CF CH,OH function of coverage were estimated from the peak desorption
£ " temperaturesJ,, using Redhead’s equation
32 404 AR L n
f o AEdgsz v, p(—AEdes)
o] q RT? P RT,
A% . . .
A o (CFCF,),0 with a pre-exponential factor of= 10'3s~! and a heating rate
30 A O of § = 2 K/s2°30The peak desorption temperatures measured
7 A Q %){j o in TPD experiments are reproducible to withir?2 K and thus
propagate random errors of roughty2% into the estimated
AEgesas indicated by the scatter in the values\@;es plotted
25 — T T T 1 in Figure 4. Because the intent of this investigation is to compare
0.0 02 04 06 08 1.0 theAEgesmolecules on fresh, air-exposed, angde@posed-CHy
Coverage (Monolayer) films, systematic errors introduced by the assumed magnitude
Figure 4. Desorption energies are plotted as a function of adsorbate Of the desorption pre-exponent are not important.
coverage for CECH,OH on fresh M), air-exposed &), and Q- The values of the desorption energia&ges of (CF:CF),0
exposed®) a-CH; films and for (CRCF,),0 adsorbed on freshj, and CRCH,0OH as functions of coverage on the fresh, air-exposed,

air-exposed4), and Q-exposed ©) a-CH films. The desorption 5,4 §_exnosed-CH; films are plotted in Figure 4. As expected,
energies all decrease monotonically with increasing coverage

reflecting the heterogeneity of theCH, surface. The desorption  2ased on the coverage dependence of the peak desorption
energy of (CECF,),0 is insensitive to the oxidation atCH, either temperatures, the values @Eqes decrease smoothly and

by air or Q. The desorption energy of GEH,OH is, however, monotonically with increasing coverage on all surfaces. This has
sensitive to surface oxidation. The coverages were estimated usingoeen observed in several previous studies of the desorption of
the areas under the @EH,OH and (CECF),0 monolayer these compounds from similar surfaéé€%The second feature
desorption spectra. The monolayer desorption spectrum was chosefy, 5t is clearly revealed by Figure 4 is that th&ges of CFs-

to be the one whose peak temperature reaches the minimum. CH,OH is higher than that of (GEF),0. Again, this is consistent

. . 8096 .
cally, and the peak broadens. At multilayer coverages, the peaksW'th all prior observation&?26The unique feature revealed by

take a shape characteristic of desorption with zero-order kineticsthoen;?]taO'Ptr":é%ﬁjgrgcgrégﬁseg iﬁtefufgéchn?éfgggg c?jn( éf;:e
with peak temperatures that begin to increase with coverage ancP 9 ’

- ._CF,)0, oxidation of the surface has only a negligible effect on
low temperature leading edges that overlap one another. This s
behavior has been observed many times in studies of thethe values oiEges In the case of CCH,OH, however, it is

desorption of these compounds from various types Ofamorphousobwous that oxidation of the surfaces increases the value of

carbon films and is attributed to the heterogeneity of the AEd.esatcover.ages b}elowone-halfmonolayer. Itis glso 9Ie_arthat
surfaced9.26 the increase iM\Egesis greatest for the more heavily oxidized,

As a consequence of the heterogeneity oféifteH, surfaces, Oz-exposeda-CH, surface.

there is no clear resolution of the monolayer and multilayer . .
desorption features as is commonly observed on homogeneous 4. Discussion

single crystalline surfaced:**The peak desorption temperature  pyior sudies of the adsorption of (§8F,),0 and CECH,OH
decreases monotonically withincreasing coverage until the onseto amorphous carbom<C) films have used-CHy, a-CNy, and

of multilayer desorption. The area under the TPD spectra Was gigmond-like carbon films that have been provided by commercial
used as a measure of the coverage. As a consequence of thganfacturers of data storage disks. Those studies lead to the
surface heterogeneity, however, the coverage of the adsorbed;ggestion that the ethers bond to the surfaces through donation
layer is difficult to calibrate because it is not possible to determine ¢ |one pair electrons from the oxygen atoms while the alcohols
the coverage corresponding to one monolayer. Thus, the areéa,sorp via hydrogen bonding. However, all were performed on
under the monolayer TPD spectrum was estimated to be the aregrfaces that had been exposed to air and thus were partially
under the peak with the minimum peak desorption temperature. yyigized. They have not provided any insight into the bonding

~ 3.4. Effects ofa-CH, Oxidation on Fluorocarbon Adsorp- of PFPE lubricants to the freskCH, surfaces that would be
tion. In the final steps of their production, magnetic data storage \;sed in a vapor-phase lubrication proc&$3t34

hard disks coated witl- CHy films are removed from the vacuum,

unavoidably exposed to air, and then dipped into a solution of (29) Redhead, P. AVacuum1962 12 (4), 203

PFPE lubricant. Exposure to ambient air results in the immediate  (30) zhdanov, V. PSurf. Sci. Repl991, 12 (5), 185.

oxidation of thea-CHy film and, therefore, the generation of (31) Cornaglia, L.; Gellman, A. J. Vac. Sci. Technol., 2997, 15(5), 2755.

Py : A S (32) Tagawa, N.; Mori, AIEEE Trans. Magn2005 41 (2), 825.
oxidized carbon species such asQH, C-0-C, and G=O on (33) Paserba, K.; Shukla, N.; Gellman, A. J.; Gui, J.; Marchori,@gmuir

1999 15 (5), 1709.

(26) Shukla, N.; Gellman, A. . Vac. Sci. Technol., 200Q 18 (5), 2319. (34) Jhon, M. S.; lzumisawa, S.; Guo, Q.; Hsia, Y. Simulation of
(27) Paserba, K. R.; Gellman, A. Bhys. Re. Lett. 2001, 86 (19), 4338. Perfluoropolyether Lubricant FilmsAmerican Society of Mechanical Engi-
(28) Paserba, K. R.; Gellman, A. J. Chem. Phys2001, 115 (14), 6737. neers: Cancun, Mexico, 2002; p 77.
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Figure 5. Proposed models for the interaction of {OH,OH with fresh and oxidize@-CH; films. The hydroxyl end group binds to the
a-CHy surface through a hydrogen bond. Exposure to air pfo@ns oxidized carbon species such as@ C—OH, and C-O—C on the
a-CH film surface. These create sites at whichsCH,OH can bind with higher affinity than on the freshCHj film.

One of the features of the dependencé\&f.son adsorbate  donation of the lone pair electrons on the oxygen atohh15:26.33
coverage thatis common to past studies is that the valy&gfs This suggestion is based on the observation that fluorocarbon
decreases monotonically with increasing adsorbate coverageethers all have lower values &Eges than their hydrocarbon
The decrease ihEgesas a function of coverage is understood counterparts. This observation has been made on a variety of
to arise from the heterogeneity of the surface. Initially, adsorbed different types o&-C surfaces. Given this interaction mechanism
molecules occupy sites with the highégEgesand then, as the  and the observation thatE4esis unaffected by oxidation of the
coverage is increased, they sequentially occupy sites with a-CHifilm, it seems quite likely that the ethers are notinteracting
monotonically decreasing values AEges until the molecules with the oxidized sites on the surface at all.
begin to adsorb in multilayers. In principle, the decrease in the = Our measurements clearly reveal, for the first time, the effects
value of AEgesWith increasing coverage could be attributed to of surface oxidation on the adsorption of fluorocarbons and on
repulsive interactions between adsorbed molecules. Studies othe interaction ofa-CHy films with PFPE lubricants used in
(CRCR)20 and CRCH,OH desorption from the surface of magnetic data storage applications. Although these effects have
graphite have, however, shown that this is not the éa3ke been assumed to exist, they have not been observed directly or
basal plane of graphite exposes a homogeneous surface foquantified. The results of this work have several implications for
adsorption, and the desorption kinetics from that surface revealthe development of vapor-phase disk lubrication technologies.
clearly resolvable monolayer and multilayer desorption features. First, the fact that oxidation of the-CHy surface influences its
Furthermore, the desorption feature at submonolayer coveragesnteractions with the PFPE lubricant means that to reproduce the
reveals a peak desorption temperature thatincreases slightly witHubricant-overcoat interactions of current disks, it will be
coverage, indicating that the natural interactions between adsorbedhecessary to controllably oxidize the disk surface prior to
(CRCR,)20 molecules or between adsorbeds;CH,OH mol- application of the lubricant. The second implication is that because
ecules are weakly attractive. Thus, the decreases in the value osurface oxidation affects the hydroxyl end-groups and the ether
AEq4es With increasing coverage revealed in Figure 4 can be backbones of PFPE lubricants differently, the oxidation process
attributed to surface heterogeneity. If anything, those data offers a means of controlling or tailoring the surface properties
underestimate the degree of heterogeneity because the measurdd optimize the properties of the lubricartvercoat interface.
values of AE4es include the contributions from the inherently  Vapor lubrication aside, this work provides valuable insight into

attractive intermolecular interactions. the bonding of hydrocarbons to carbon films.
The results of the current study show tiAd es of CFCHa- .
OH is sensitive to the oxidation of teCHy film. Oxidation of 5. Conclusion
the surface increasesEqes and it appears thatEgesincreases Vapor-phase lubrication has been emulated by preparing fresh

with increasing oxidation. The results of previous studies have and oxidizeda-CHy films and then adsorbing (GEF,).O and
suggested that GEH,OH interacts with the surface through CFCH,OH as models of the different functional groups in PFPE
hydrogen bonding of its hydroxyl group. That suggestion was lubricants such as Fomblin Zdol. The values of thEges of
based on the observation that the desorption energies of the(CFCF,)0O and CBCH,OH on these surfaces have revealed
fluorinated alcohols are higher than those of their hydrocarbon that they are heterogeneous and expose a variety of different
analogues!?8it does, of course, raise the question of the nature sites with different affinities for adsorption. More importantly,

of the sites to which the hydroxyl groups are hydrogen bonded. oxidation of the surface increases thEgyes of CFCH,OH but
Exposure of-CHy films to air or O, generates oxidized carbon  has no observable impact on tid=ges of (CFCF)20. The
species such as-@—C, C-0H, and G=0 on the surfaces of  interaction with CECH,OH is increased by increasing the degree
a-CH,.1"19 It is likely that these are proton accepting sites to of oxidation of thea-CHy film. These results imply that oxidation
which CRCH,OH can bind with greater affinity than on the of the fresha-CHy film may be critical to the successful
fresha-CHy film, as illustrated schematically in Figure 5. The implementation of vapor-phase lubrication technologies for the
net effect of surface oxidation is to increase the strength of bonding preparation of hard disks. It also implies that oxidation of the
with the hydroxyl end-groups of PFPE lubricants such as Fomblin surface may be a variable that can be used to control the properties

Zdol. of the lubricant on the disk surface.
Our results show that th&Eges0f (CRCF,)20 is insensitive i
to oxidation of thea-CH, film. This may be rationalized by our Acknowledgment. This work was supported by Grant CMS-
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