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Temperature programed desorption has been used to study the desorption kinetics and desorption
energies of a set of alcohols and fluorinated alcohols adsorbedaiCé film. The alcohols serve

as models for the hydroxyl end groups of Fomblin Zdol, the lubricant most commonly used with the
amorphous carbon overcoats sputtered onto the surfaces of magnetic data storage disks.
Temperature programed desorption has been used to measure the desorption energies of the alcohols
over a range of coverages and to compare the desorption energies of fluorinated and hydrocarbon
alcohols. The desorption energies are all coverage dependent and decrease with increasing alcohol
coverage. This is believed to be due to heterogeneity cditli, films surface. In all cases the low
coverage desorption energies of the fluorinated alcohols were found to be higher than those of their
hydrocarbon counterparts. The implications of this observation are that the interaction of the
alcohols is through hydrogen bonding of the hydroxyl groups toatiteH, films. This conclusion

is consistent with that reached in a similar study of the adsorption of alcohols to the surfaces of
a-CN, films. © 2000 American Vacuum Sociefs0734-210(00)05005-3

|. INTRODUCTION ing amorphous carbon films3 The diffusion of Fomblin
_ _ _ with trifluoromethyl (-CkK) end groups was much faster

The magnetic layer in which data are stored on a harghan diffusion of Zdol with its hydroxyl end groups. Further-
disk is a thin a||0y film Sputtered onto the surface of the harq"nore, the Zdol diffused to form a |ayered structure on the
disk. In order to protect the magnetic film from damage andsyrface which was not observed in the case of the Fomblin
from corrosion it is coated with a thin layér-100 A) of  with —CF; end groups. Clearly the differences in the behav-
sputtered amorphous carbon. Lubrication of the interface bepr of the two Iubricants must be related to the interactions of
tween the carbon overcoat and the read-write head whicthe hydroxyl and —CFend groups with the amorphous car-
flies over the disk surface is provided by an ultrathin film pon films. The nature of this interaction is the focus of this
(10-20 A of perfluoropolyalkylether. The properties of the investigation.
lubricant film are influenced by its interaction with the car-  geyeral previous studies have investigated the nature of
bon overcoat and the purpose of this study is to gain a funge interactions of Fomblins with the surfaces of amorphous
damental insight into the nature of these interactions at thgspon films. These have used small compounds to model

molecular level. the nature of the interactions of different functional groups in
The carbon overcoats used to protect the surfaces of dajfe Fomblins with the surface. For example a set of small

storage media are of several different types. The most conyyoroethers were used to study the interactions of the ether
monly used types are amorphous carbon films containingnkages with carbon film&® Comparison was made be-

either hydrogeng-CH,) or nitrogen @-CN,). Other types  yeen the desorption energies of various fluoroethers and

that have been considered for possible use include diamongsse of their hydrocarbon counterparts when adsorbed on a
like garbon and carbon deposited from ion beams. The focu§ariety of amorphous hydrogenated carbanQH,) and
of this work has been on the surfaces&CH, films, the  5040h6us nitrogenated carboa-CN,) films. These com-
most commonly used _form. Tha-CH, f||ms used in this parisons invariably showed than the desorption energies of
WOF" havg been sup.phed.by a commercial yendor ,Of MaYthe fluorocarbon ethers were lower than those of their hydro-
netic media and are identical to those used in practice. .50 counterparts. The implication of this observation was

Fomt_)lm Zdol is the r_nost commonly used lubricant in thethat the ethers interact with the carbon films by electron do-
magnetic data storage industry and has been the focus of OULtion from the lone pair electrons on the oxygen atoms.

attention. The Fomblins, in general, are linear polymers coms-, o . . :

. . Another study, similar to the one presented in this article,
posed of fluoroether backbones with various types of func- . .
. . ; . . ... _compared the desorption energies of hydrocarbon and fluo-
tional end groups. Zdol, in particular, is terminated at either

rocarbon alcohols oa-CN, films. That comparison showed
end by hydroxy! groups (._CKDH)‘ The nature (.)f thgse end that the desorption energies of the fluorocarbon alcohols
groups and their interactions with the carbon films mfluenceWere invariably higher than those of their hvdrocarbon ana-
the properties of the lubricant film. Recent studies have com- 1ably nig . mneirny
pared the diffusion of Fomblins on various surfaces includ_Iogs. The implication of this observation is that the alcohols

interact by hydrogen bonding with tha-CN, films. The

“No proof received from author prior to publication. purpose of the study presented here is to extend the work

aAuthor to whom correspondence should be addressed; electronic maiPriginf'i"y performed Or.‘a'CNx films to (_)btain an under-
ag4b@ardrew.cmu.edu standing of the interaction of alcohols with CH, films.
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[I. EXPERIMENT onto the surface by introducing the vapor into the vacuum
chamber while the sample was at low temperature. All expo-
All experiments were done in an ultrahigh vacu(dHV) sures were measured in units of langmuirs
chamber with a base pressure of 30~ Torr. The vacuum (1 L=10"®Torrs) without correction for ion gauge sensitiv-
was achieved using a CTI 8 cryopump and a titanium subliity. Analog mass spectra of the molecules were used to iden-
mation pump. The chamber was equipped with leak valvesify the highest intensity fragment in the mass spectrum and
and a Dycor mass spectrometer. Adsorption of alcohols ontehat m/q ratio was monitored during heating. To obtain re-
the surface of the@-CH, sample was achieved by using the producible desorption signals the sample was always moved
leak valves to introduce their vapor into the vacuum and holdo a fixed position in front of the mass spectrometer before
the pressure constant for a given period of time. Desorptiorh]eating_ The sample was heated at a constant rate of 3 Ks
of the alcohols during heating of the sample was detected bgnd the mass spectrometer was used to measure the alcohol
tuning the mass spectrometer to tnéq ratio of one of the  desorption rate as a function of temperature.
ionization fragments of the alcohol and monitoring that sig-
nal as a function of time. lll. RESULTS
The disk samples coated with films of 2086CH, were
obtained from Seagate Technology Inc. The notation of 20%0"
in this case indicates that the samples were sputtered in an The experiments performed in this work have generated
atmosphere of 20% 4in a background of Ar. Previous work TPD curves for various alcohols and fluorinated alcohols ad-
using carbon films from a variety of different vendors hassorbed ora-CH, films over a wide range of coverages. The
shown that the trends observed in experiments such as tlabjective has been to use these TPD curves to determine the
ones presented here are independent of the source of tlesorption energies of the alcohols and to compare the de-
films or the details of the film deposition conditich§Small ~ sorption energies of hydrocarbon alcohols with those of their
sampleq1 cm diameterwere punched from these disks and fluorocarbon analogs.
were mounted in the chamber on an UHV manipulator. This Attempting to determine the coverages of the alcohols
manipulator allowed movement of the sample and also alfrom the desorption spectra has been complicated by the fact
lowed heating and cooling. The sample was mounted by spdhat thea-CH, surfaces are heterogeneous. This heterogene-
welding it between two Ta wires that were attached to aty has been observed and discussed in earlier WofkThe
liquid nitrogen reservoir on the manipulator. Heating wasfact that thea-CH, films expose carbon atoms with different
performed by passing current through the sample and thelnybridization 6p? andsp®) and carbon atoms that are par-
measuring the temperature using a thermocouple spot weldelly oxidized means that the exposed adsorption sites have
to its back. The samples were used as provided, howevea range of different affinities for a given adsorbate. A brief
before each experiment they were heated to a temperature lafok at Figs. 1 and 2 reveals the impact of this heterogeneity
380 K to remove any adsorbed water. Such samples are mixon the desorption of C¥€H,OH and CRCH,OH from an
tures of sp?> and sp® hydridized carbon and having been a-CH, film. As the coverage increases the desorption peak
exposed to air there are certainly partially oxidized groupgemperature decreases monotonically. In other words, at low
exposed at the surface. Although the details of the surfaceoverages the adsorbed molecules bind to the sites for which
characteristics are not known it is important to point out thathey have the highest affinity while at slightly higher cover-
the experiments performed on these materials were exages additional adsorbates must adsorb on sites with lower
tremely reproducible. The thermal desorption spectra showednd lower binding affinities. Although it is possible that the
no evidence of any changes to the sample surface throughosystematic decrease in desorption temperature with coverage
the course of the many experiments performed. Care wais due to repulsive adsorbate—adsorbate interactions rather
taken to keep the sample temperature below 450 K since it ithan surface heterogeneity, this has been ruled out by studies
known from previous work that heating to temperatures inon homogeneous single crystalline surfat®©n Cu111)
excess of 550 K is sufficient to cause dehydrogenation anednd highly oriented pyrolytic graphite surfaces desorption of
other irreversible changes to the surf4ce. CH;CH,0OH and CKCH,OH at coverages o1 monolayer
Ethanol (CHCH,0OH, 99.5%), 2-propanol  occurs over very narrow temperature ranges and, if anything,
[CH;CH(OH)CH;, 99.594 and perfluoro-tertiary-butanol the adsorbate—adsorbate interactions are attractive rather
[(CF3)3COH, 989 were purchased from Aldrich Chemi- than repulsive.
cals. 1,1,1-trifluoro-2-propan¢CF;CH(OH)CH;, 97%] and One of the consequences of the heterogeneity of the
1,1,1,3,3,3-hexafluoro-2-propandCF;CH(OH)CF;, 97%) a-CH, surfaces is that there is no clear resolution of the
were purchased from PCR Chemicals. 2,2,2-trifluoroethanamnonolayer and multilayer desorption features. Instead, as the
(CF,CH,OH, 99.5% and tertiary-butanol[(CH;);COH, coverage increases the peak desorption temperature de-
98%)] were purchased from Lancaster Chemicals. All chemicreases smoothly and monotonically to the point at which
cals were purified by several freeze-pump-thaw cycles anchultilayer desorption begins. Multilayer desorption is char-
the purity was checked using mass spectrometry. acterized by zero-order kinetics. This manifests itself as an
Temperature programed desorpti6RiPD) spectra were overlapping of the leading edges of the desorption curves
obtained by first cooling th@-CH, hard disk sample to a and an increase in the desorption peak temperature with ad-
temperature of~90 K. The alcohols were then adsorbed sorbate coverage in excess of one monolayer. At the highest

TPD experiments and analysis
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Fic. 1. TPD spectra of ethanol (GEH,OH) on ana-CH, film obtained at ~ F6. 2. TPD spectra of 2,2,2-trifluoroethanol (§FH,0H) on ana-CH,
increasing coverages. As the coverage is increased both the peak desorptifdf s function of increasing coverage. The peak desorption temperatures
temperature and the peak desorption rate increase smoothly and monotodite all higher than those of ethanol at similar coverages. Adsorption was
cally. The monolayer is deemed to be saturated by an exposur8.8fL at ~ Performed at 93 K. The heating rate was 2 Kis.
which point the initial desorption rate is zero order in coverage and the
leading edges of the desorption curves are aligned. Adsorption was per-
formed at 93 K. The heating rate was 2 Kis. desorption peak temperature decreases smoothly while the
peak desorption ratépeak height increases smoothly and
monotonically with increasing coverage. In essence, the peak
CH3;CH,OH and CRCH,OH coverages in Figs. 1 and 2 this desorption temperature at a given coverage can be used as a
is clearly occurring. Since there is no clear resolution of thqough measure of the desorption temperature of the coverage
monolayer and multilayer desorption features, we have choncrement between that desorption curve and the desorption
sen to define the monolayer as the coverage at which theurve with a slightly lower coverage. We have used the peak
onset of multilayer desorption occurs, as indicated by zerogesorption temperatures for each coverage of adsorbate to
order desorption kinetics and an overlapping of the leadingstimate the desorption energy for that increment in cover-
edges of the desorption curves. age. This analysis yields the differential desorption energy
The determination of alcohol desorption energies hasgersus coverage { 6), and examples of two such curves
been done using the simplest approach, which is to use thge shown in Fig. 3. It should be pointed out that this method
desorption peak temperaturgy) and the Redhead equation gives virtually the same results as one in which we used the
for analysis’ This analysis assumes that the preexponent fogjifference spectra between two desorption curves to deter-
the desorption process is #@* for all the alcohols. Since mine the peak desorption temperature of the increment in
the intent is to compare the trends in the desorption energiegoverage between the two. In this manner we have used the
i.e., the effect of ﬂuorination, we eXpeCt that this aSSUmptiorUesorption Spectra obtained over a range of coverages to gen-
will not influence these trends. Because #CH, carbon  erate estimates of the binding energy distributions or desorp-

films are heterogeneous it is not meaningful to quote a singlgon energy versus coverage curves for all the alcohols and
value for the desorption energy of a molecule. In reality therejyorinated alcohols on tha-CH, surface.

is a distribution of desorption energies depending upon the

type of adsorption site at which the molecule is adsorbed. |

the past we have limited our discussions to the desorption” TPD of CH;CH,0H and CF;CH,0H on a-CH,

energy that is measured in the limit of low cover4gg. Alcohols have been studied as models for the hydroxyl
More recently, and in this article, we have attempted toend groups of Fomblin Zdol. By comparing the desorption
guantify the distribution of desorption energies. Again, look-energies of hydrocarbon and fluorocarbon alcohols from
ing at the TPD curves in Figs. 1 and 2 it is clear that thea-CH, it will be possible to gain some insight into the nature
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Edesversus Coverage range of initial coverages are shown in Fig. 2. In this case the
Ethanols / a:CH ion fragments monitored by the mass spectrometer during
x desorption hadn/q=31(CHOH") and m/q=69 (CR*).
As in the case of CKCH,OH the different ion fragments
641 gave identical spectra indicating that the;CH,OH desorbs
62_' molecularly without reacting on tha-CH, surface. At the
; lowest coverage the peak desorption temperature for
60 CF;,CH,OH desorption is 229 K which is-20 K higher than
58 _'8 ® CH,CH,OH for CH;CH,OH desorption from thea-CH, surface. This
o O CF.CH,OH increase in the desorption temperature is consistent with the
56 results previously obtained for @€H,OH and CHCH,OH
- 54_' desorption from am-CN, surface® Comparison of the TPD
o e} spectra from thea-CH, and a-CN, films reveals that the
o] . . .
£ 52 peak desorption temperatures are higher onat@N, films
3 50_'Q) for all coverages of either C;E:I—!20H or CI—bCH_ZOH. The
2 | @0 important point is that fluorination of ethanol increases the
w48 o desorption temperatures and the desorption energies on both
1 a-CH, anda-CN, surfaces.
46“_ ® O The results of the TPD experiments have been quantified
44 o by taking the peak desorption temperatures from the spectra
1 " at all coverages and determining the corresponding desorp-
42'_ tion energies using the Redhead analysis. This provides
40 - °e e} rough estimates of the differential desorption energy as a
1 ® 2 function of coverageEy.{ ). Assuming that the coverage
381 dependence of the desorption energy is due to surface het-
36 -. —_—————————\ erogeneity, these differential desorption energy curves are
00 02 04 06 08 1.0 12 equivalent to distribution functions of binding site affinities.
Coverage (ML) These distribution functions are plotted in Fig. 3 for

CFCH,OH and CHCH,OH on thea-CH, surface. They
Fie. 3. Desorption energies as a function of coverage for 2,2.2-reveal that the differential desorption energy decreases

trifluoroethanol (CECH,OH) and ethanol (CECH,OH) on ana-CH, film.  gmq45th1y and monotonically as the coverage of either mol-
The desorption energies decrease smoothly with coverage. At all coverages

the desorption energy of GEH,OH is higher than that of CYCH,OH. ecule is increased. Most importantly Fig. 3 reveals that the
desorption energy of GEH,OH is higher than that of

CH,;CH,OH at all coverages in the range from zero to one
monolayer.

of the interaction of the hydroxyl group with tlee CH, sur-
face. The desorption spectra of gEH,OH adsorbed on
a-CH, are shown in Fig. 1 for a range of initial coverages.
Desorption spectra were obtained by using the mass spe
trometer to monitor the signals from ion fragments with  As in the case of ethanol we have measured the TPD
m/q=31(CHOH"), m/q=45(CH,CH,0"), and m/q  spectra of 2-propanol and its fluorinated analogs adsorbed on
=2 (Hy). All three gave exactly the same desorption curvesa-CH,. We have used the same molecules in this work as
indicating that the desorption was molecular and that theravere used in a similar study of alcohol adsorption on the
was no decomposition or reaction of the £LHH,OH on the  surfaces of a-CN, films:® CH;CH(OH)CH;,
surface. At low coverages the peak desorption temperatur@FCH(OH)CH;, and CRCH(OH)CF;. By determining the
was 207 K. Multilayer desorption occurred at 154 K which iseffects of fluorination on the desorption energies of the
consistent with results obtained on metal surfaces: 155 K o2-propanols we will generalize the observation made with
Cu(100*°and 155 K on A¢110).}! The CH,CH,OH desorbs  the ethanols that fluorination increases the desorption energy.
molecularly from thea-CH, surface with a peak desorption ~ The general features of the TPD curves for all three
temperature that decreases smoothly and monotonically witB-propanols on tha-CH, film are similar to those observed
increasing coverage. for the ethanols. 2-propanol and its fluorinated analogs all

The desorption of CJEH,OH from the a-CH, surface  desorb molecularly from tha-CH, surface without any evi-
has been studied in order to determine the influence of thdence of dissociation or reaction on the surface. The TPD
—CF; group (versus —CH) on the desorption kinetics and curves for CHCH(OH)CH; (Fig. 4 show that the desorp-
desorption energy. Understanding its influence on the detion peaks shift to lower temperature and increase in magni-
sorption energy will provide insight into the nature of the tude smoothly and monotonically with increasing coverage.
alcohol bonding or interaction with the-CH, surface. The These TPD curves reveal the same heterogeneity of the
TPD spectra of CFCH,OH from the a-CH, surface for a a-CH, surface as was revealed by the ethanol TPD spectra.

E:_. TPD of 2-propanols on a-CH,
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E,., versus Coverage
2-Propanols / a:CH,
Exposure T,
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P 0.2L 166K 60 A CF,CH(OH)CH,
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Fi. 4. TPD spectra of 2-propanpCH;CH(OH)CH,] on ana-CH, film as Coverage (ML)

function of increasing coverage. The peak desorption temperature decreases ) . .

smoothly with increasing coverage. Adsorption was performed at 93 K. Thé!G: 5. Desorption energies as a function of coverage for 2-propanol

heating rate was 2 K/s. [CH;CH(OH)CHz], 1,1,1-trifluoro-2-propanol [ CF;CH(OH)CH;], and
1,1,1,3,3,3-hexafluoro-2-proponpCF;,CH(OH)CF;] on a-CH,. The de-
sorption energies decrease smoothly with increasing coverage. In the cov-

. . erage range to 0.4 monolayers the desorption energy increases with the
The desorption curves for the three different 2—propanol%eg$ee o ion of the 2_);)rospanol sorpt dy Increases wi

have been obtained as a function of coverage and have been
analyzed to estimate the differential desorption energy as a

function of coverage. These desorption energy curves areity of thea-CH, surface. The primary point of interest in
shown in Fig. 5. For all three molecules the desorption enjs work is that in the coverage regime up to 0.4 monolayers
ergy is highest in the limit of low coverage and decreasegpe desorption energy of the (9ECOH is higher than that
smoothly as the coverage approaches the multilayer regimegg¢ (CH,),COH. This was also observed in the limit of low
More importantly, in the coverage range up to 0.4 monolay¢oyerage on the-CN, films. The net result of our TPD
ers it is clear that the desorption energy increases with theygies of the ethanols, 2-propanols, and tertiary butanols is
degree of fluorination. At higher coverages the curves CrOSfhat, at least in the low coverage regime, the desorption en-

and the dependence on the degree of fluorination becomeggies of the alcohols increase with increasing degree of
more complicated. The observation that fluorination of thex,orination.

2-propanols increased the desorption energy in the limit of
low coverage was also made on teCN, surfaces.
IV. DISCUSSION

D. TPD of tertiary butanols on  a-CH, A. Bonding of hydroxyl groups to a-CH,

The final set of experiments of this study measured the Our understanding of the nature of hydroxyl group bond-
TPD spectra of tertiary butanp{CH,)sCOH] and its perflu- ing to a-CH, films comes from an understanding of the ef-
orinated analo@(CF;);COH]. Both of these molecules des- fects of fluorination on the alcohol desorption energies. The
orb molecularly from the surface and the TPD spectra ofmost important observation of this work has been that the
both reveal the same general features as the TPD spectra @ésorption energies of the alcohols increase as a result of
the ethanols and 2-propanols. As examples the desorptidiuorination, at least in the coverage regime below 0.4 mono-
spectra of (CH);COH from thea-CH, surface are shown in layers. This is also true on tha-CN, fiim studied
Fig. 6. These spectra and those of gZEOH have been previously® The fact that fluorination increases the alcohol
analyzed to estimate the differential desorption energy as desorption energies suggests that the primary interaction
function of coverage. These desorption energy versus covemechanism of the alcohols with ttee CH, films is one of
age curves are illustrated in Fig. 7 and reveal the heterogdyydrogen bonding. In this type of interaction the hydroxyl
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E,.. versus Coverage
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Fic. 6. TPD spectra of tertiary-butanplCHs);COH] on ana-CH, film as 0.2 0.4 0.6 0.8
function of increasing coverage. The peak desorption temperature decreases Coverage

smoothly with increasing coverage. Adsorption was performed at 93 K. The

heating rate was 2 K/s. Fic. 7. Desorption energies as a function of coverage for tertiary butanol
[(CH3)3COH] and perfluoro-tertiary-butandl(CF;);COH] on an a-CH,
film. The desorption energy decreases smoothly with increasing coverage. In
the coverage range above 0.4 monolayers the desorption energy of the

group of the alcohols is acting as a proton donor t0 SOMECF,),COH is greater than that of (GHCOH.

nucleophilic group on the surface of tteeCH, film. An
illustration of such an interaction is shown in Fig. 8. If the
interaction is through hydrogen bonding, then on adsorptiosystem in which alcohols are known to be hydrogen bonded
of the alcohol from the gas phase, the oxygen atom of théo a nucleophile. The comparison is to the results of a com-
hydroxyl group becomes slightly anionic or electron rich  putational study of the boérlrding of isopropanols and fluori-
] _ ] nated isopropanols to waterThat study modeled the same

ROH+a:CH,—RO” - H?"---a:CH,. three isopropanols as were used in this work:
The observed differences in the desorption energies of th€H;CH(OH)CH;, CRCH(OH)CH;, and CRCH(OH)CF;.
alcohols are due to the differences in the properties of th&able | compares the measured strength of the isopropanols’
—CH; and —Ck groups. Fluorination of the methyl group desorption energies caCH, (in the limit of low coveragg
increases its inductive effett!® In essence, the methyl to the computed interaction energies of the three isopro-
group becomes dipolar as a result of the high electronegatiypanols with water. In both cases the effect of fluorination is
ity of fluorine with respect to carbon. This dipole is oriented to increase the interaction strength and by roughly the same
such that it energetically stabilizes the electron rich oxygemmagnitude. Since it is known in the computational study that
atom in the adsorbed alcohol. Energetic stabilization of thehe isopropanols are hydrogen bonding to the water, it is
adsorbed species with respect to the gas phase species igasonable to suggest on this basis that they are hydrogen
creases the desorption energies of the fluorinated alcoholsnded to thea-CH, surface.
over those of the hydrocarbon alcohols. This type of under- The suggestion that the alcohols are hydrogen bonding to
standing of substituent effects on reaction energetics is conthe surface is valid in the coverage regime below 0.4 mono-
monly used in physical organic chemistry and provideslayers. It is in this coverage range that fluorination of etha-
strong evidence for the role of hydrogen bonding in the adnol, isopropanol, and tertiary butanol increases their desorp-
sorption of alcohols om-CH, films. tion energies. At higher coverages the effects of fluorination

As further justification for the claim that the hydroxyl are not consistent among the different alcohols and the situ-
groups of the alcohols are hydrogen bonded toah€H,  ation becomes more complex. This is undoubtedly due in
film, we can compare our results to those from a similarpart to the surface heterogeneity of the carbon films. At low
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S- is always greater than that of the eth®fsThis implies that
CH30H2-O\ in spite of the presence of the ether linkages in the Fomblin
Zdol chain, the hydroxyl end groups are able to compete for
the adsorption sites for which they have the greatest affinity.
These sites would be those occupied at low coverages in the
experiments described in this work. The net conclusion is
that the hydroxyl end groups of Fomblin Zdol, like the alco-
hols studied in this work, probably interact with theCH,
surface by hydrogen bonding.

Finally, it is worth noting that the bonding mechanism
proposed for the hydroxyl end groups of Fomblin Zdol is
different from that proposed for the ether linkages of the
Fomblin backbone. A set of studies similar to those de-
scribed here have measured the desorption energies of sev-
eral ethers and fluorinated ethers anCH, and a-CN,
films.*~" In all cases fluorination of the ethers resulted in a
weakening of the interaction with the film surface. This is

a:CH opposite to the effect of fluorination that has been observed
X for the alcohols in this work. Using arguments similar to
Fic. 8. Proposed model for interaction of alcohols and fluorinated alcoholdN0Se presented earlier for the hydrogen bonding of alcohols
with a-CH, films. If the interaction mechanism is one of hydrogen bonding to the a-CH, surface, it has been proposed that the ethers
to the surface through the hydroxyl proton then adsorption leaves the Qyond to thea-CH, and a-CN, films by electron donation

atom electron rich with respec_t to the gas phase. Substitution of fluorine 'nt?rom the oxygen lone pair electrons to the carbon films.
the methyl group creates a dipole moment on the methyl group that ener-

getically stabilizes the electron rich oxygen atom. The net effect of fluori-
nation is that it increases the adsorption energy for a mechanism of hydro-
gen bonding to the surface.

B. Alcohol adsorption sites on  a-CH,
coverages the alcohols can adsorb to the sites with highest |t the alcohols interact witha-CH, film by hydrogen

binding affinity, presumably those that are nucleophilic. At bonding, they must do so by interacting with adsorption sites

higher coverages the types of sites to which the alcoholg,at are nucleophilic proton acceptors. At first thought it
adsorb are different from those occupied at low coverage. might not seem that a material such @CH, should be

It is important to pointed out that the low coverage regimenucleophilic, however, the surfaces of theCH, films and
is likely to be the one that is most relevant to the understanda_CNX films are heterogeneous and are known to contain
ing of Fomblin Zdol adsorption oa-CH, films. The Fomb-  \any types of partially oxidized functional groups. It is
lin Zdol used to lubricate the surfaces of data storage medignown from many studies using Raman spectroscopy that
is a pqudispersgd perfluoroalkylether polymer with molecu-iq a-CH, films contain carbon atoms witep? and sp°
lar weights ranging from 2000 to 8000 amu. These are polypypyrigization in varying amounts!® Furthermore, the pres-
mer chains with something on the order of 50-150 7€F gnce of hydrogen in the films implies the presence of
groups and only two hydroxyl group@t either enl The  _cp _ groups with degrees of hydrogenation probably
typical thickness of the lubricant film on the surface is 10_20ranging fromn=0 to 3. Finally, in real use the carbon films
A which represents 2—3 monolayers of the Fomblin Zdolyre exposed to air between the film deposition step and the
molecules when oriented parallel to the surface. Even aippjication of the lubricant and this certainly results in the
these coverages of Fomblin Zdol the fractional coverage obartial oxidation of the surface. There have been some at-
the hydroxyl groups is well below 0.1 monolayers. Furth?r'tempts to identify and to quantify the types and relative con-
more, previous work has shown that the strength of the ingentrations of the species that might exist at the surface of an
teraction of the alcohols with the-CH, anda-CNy surface  5_cH_ film.161" These studies have identified the presence of

groups such as —OH, GB, >C=0, and C-O-C. Iraddi-

TaBLE |. Comparison of the desorption energids;{) of the 2-propanols tion there is Strong eVIdence.for the. ﬁ;:sence of unpalred
on the a-CH, surface at low coverage with computed hydrogen bond ele.CtronS or dangling bOI’_]dS in the f!' There are two
strengths Eg) of the 2-propanols bonded to water. points to be taken from this. The first is that the heterogene-
ity in the film surface that we have characterized in terms of

Molecule Ege/a-CH,  ABues/a-CH, Enp/M:0 ABwe/M:0  gegorption energy distributions is not surprising. The second
CH3CH(OH)CH,  52.7 kd/mot 6.7 25.3 9.6 is that among the many possible species that have been pro-
CR,CH(OH)CH; 59.4 34.9 posed to exist at the surface of theCH, films there are
CR,CH(OH)CFy 64.1 4.7 36.9 2.0 several candidates that might serve as nucleophilic proton
Experimentally determined desorption energies from this work. acceptors for hydrogen bonding of the alcohols or the hy-

bComputationally determined hydrogen bond strengths from Ref. 14. droxyl end groups of Fomblin Zdol.
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