MAGNETI C IiECCRDI NG MEDI UM The present invention relates to a |ubricant
| ayer which is a thin layer having a lubricating function at an interface

where it is subjected to a sliding contact with a solid at a high
More. particularly, it relates to a lubricating systemin a nagnet

recardi ng medi um providing a high recording density used in the \
i nf@érmatFon industry and the |ike, a nmagnetic recording mediumsuch as a

fixed thi MPENBTIGRREEORPING-MERIHY di sk, and a method. of preparing the
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medium which is a typical exanple the magneti'c recordi ng

provi di ng radwmghngeummm@r@b@ﬂanhg auugt irecthding fdensditiyonsed dits tune and

the like, js usuaII% gl{e par ed coating a magnetic netal or its alloy
b e

on a non- MTEHRERAEISptATuREY andytie atikey, 2y ERBRSHHFRIATERNT Rediin t¥chng.
In actual Hs& fliked th;n layer magnetic recording disk, and a method of

preparing the same.

When a magnetic recording medium is used, the medium is rotated and
accelerated rapidly from a stationary State, whereby a lift is given
to a head slider and é magnetic head is 1iftéd. When the power is

switched off after the use,.a motor driving the medium for rotation
will stop, and the head and.tﬁe medium will come into cdntagt with

. each other at a high speed and cause sliding.

A thin layer magnetic recording-medium, which is a typical example
of the magnetic recording medium béoviding a high recording density
used in the information industry and the like,- is usually prepared
by coating a magnetic metal or its alioy on a non-magnetic substrate
by plating, vapor deposition, or sputtering. In actual use, it
becomes abraded and damaged by the sliding contact-of the magnetic

. recording medium with the head at a high speed. 1Its magnetic

properties may be deteriorated.



becones abr.aded and danmaged by the sliding contact of the magnetic

recordi ng mediumw th the head at a high speed. Its nmagnetic properties
may be deteriorated. '

2 As a
~nmethod. for solving such a problem it h been proposed to provide a

_ protectlve | ayer and a | ubricant |ayer the magnetic "layer in order to
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I ncreasi ngly ‘'necessary to reduce
the flyi ngxaﬁé:g,hta intii'@e h@@drandr a bo®igeerdyeup ithempdyd as wie t he
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rlca t ayer | ncreases, however ,

been found ddmpbufid, whichi asoaﬁﬂnoicmaelsxdumdnédbtgcadu§,susfemﬂ;qﬁenelthﬁ of
the liquid

surface of the medium.

In recent years, to obtain a ﬁigher récording density, it has becohe
increasihgly necessary to reduce the flying heéight of the head and
to speéd up the rqtation.of the medigm. Thus,.the substrate for
medium has come to be smoothed. The provision of the liquid
lubricant layer is very effective in réducing the dynamic friction
coeff1c13ntﬂ as mentloned in the above. As the thicknéss of the
lliquid lubricant layer increases, however, it has been found that a
micfomeniscus is formed by the surface tension of the liquid
lubricant between the head and the medium and thereby causes
sticking. Hence, this indicates that the static friction
coefficient of the medium increases and the head frequently- becomes

inoperative due to its adhesion to the medium.

As the substrate is smoothed in order to reduce the flying height of
the head, the liquid lubricant has a serious drawback in that the
above-mentioned sticking is very liable to occur. On the other
hand, it is disadvantageous in that a sufficient du;ability cannot

be obtained when the thickness of the ;iquid lubricant layer is



| ubri cant between the head and the medi um and fhereby causes

sti cki ng.
Hence, this indicates that the static friction coefficient of the
medi um i ncreases and. the head frequently becones I noperative due to
its adhesion to the medi um As the substrate is snoothed in order to
reduge the flying height of the head, the liquid lubricant has a
serious'qigngggg-in that the above-ndntioned sticking is very liable
to occur.' thet vEr@vent enbafdicxiihg i S pdlSREV US ol at_a
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sol i d | ubrdoednhotHoTh tﬁge& r}cr)ﬁt formthe nmeniscus and it has been proposed
to use a higher alcohol, -4
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the magnetic layer, a crystallization is |
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occurs, thglhbécﬁn%@&toff . the coated | ayer becones uneven, which

i ncreases .t he possibili ?y the coated layer which causes a cohesion, since its

stable phase is as a solid at the ambient temperature. 1In
particular, the tendency toward cc;hesion is ?t\arkéd when the
substrate is smoothed. When the cohesion occur’.s,- the. thickness of
the coated layer becomes uneven, which increases the pbssibility
that the head will be brought into direct contact with thé magnetic
layer of the medium. 1In addition, a stain may form on the head |
slider or the flying height of the head ;nay be made unstable. In
order to prevent the cohesion of the soli.&_l,ubri.caxit and to prevent.
the spin-ofﬁ, it is necessary to effectively bind and cause the
molecules of the solid lubricant to adhere to é:.he‘ substrate. One
approa_ch that has been proposed to increase.the bonding strength of
the molecules of the lubricant has been a method of pOlYmériZing -an
alkylsil_atf\e (Japanese Unexamined Patent Publications Wo. 103721/19%0
and No. 103722/1990) .  However, according to this method, the
lubricant is polymerized, whereby the movement of their molecules is
testricted and the'lubricatinq performance becomes inadequate. This

is becausg there is a trade-off to be made between the fixation of

the lubricant and its lubricating performance.



that the head will be brought into direct contact with the magnetic

‘layer of the medium In addition, a stain may formon the head slider

or the flying height of the head may be made unstable. In order to
prevent the cohesion of the solid lubricant and to prevent t he spin-off,
It is necessary to effectively bind and dause the nol ecul es of the solid
| ubrii cant to adhere to the substrate. One approach that has been
proposed to increasethe bonding strength of t he nol ecul es of the
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to avoid such a disadvantage, it has been proposed to use the higher
fatty acid in the form of a metal salt which has a higher melting
point (e.g., Japanese Unexamined Patent Publication No.
281220/1988) . The metal salt of higher fatty acid has a good
lubricating performance. On the other hand, it has a drawback in
that its solubility in a common organic solvent is poor and thus its
coating possibilities are limited' -In addition, there are problems
in that an even coated layer is hardly obtained when the metal salt
is coated on the medlum and the thickness of the coated layer is
considerably uneven. This tendency toward unevenness is
particularly marked when the substrate is smoothed, which may

possibly lead to serious results such as a head crash.

A reversible adhesion is ideal -as a fixation. system in which the
lubricant molecules interact with the substrate while retaining the
strength enough to prevent the cohesion and ‘the adhesion does not

use a trade-off with the lubricating pefformance.

An object of the present invention is to obtain a lubricant layer
which is a thin layer but which has an excellent lubricating

performance and is free from the cohesion of the lubricant



or higher because it generally has a |low nel'ting point and therefore
tendency to cause the sticking of the head. On the one hand,
a di sadvantage, it has been proposed to use the higher
formof a netal salt which has a higher nelting point (e.g., Japanese
Unexami ned Patent Publication No. 281220/ 1988) The metal salt of
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More specifically, in the lubricant layer of the present invention, °
the lubricating molecule, which is the guest molecule, is trapped by
the host compound adhering to a solid substrate th;ough
electrostatic interaction such as an ionic bond so that the
lubricant molecule can be fixed to the solid Substrate with a éoqd
orientation and its manner of bonding can be made reversible.
Therefore, there.has been achieved not only the prevention of the

cohesion of the lubricant but also the provision of a more excellent

durability and lubricating performance.

The lubricant layer of the present invention can be applied to
various solid surfaces includiﬁg, for example, polymer, carbon,

oxide, nitride, boride, and metal. Thus, it can be widely applied

to any solid surface irrespective of its nature as long as the host

compound can be adhered thereon.

The flying height of the head can be reduced when the lubricant
layer of the present invention is applied to the surface of the

fmagnetic recording medium. Hence, it is possible to enhance the’



mol ecul es, that is, a lubricant layer excellent in durability without

I ntroducing a trade-off between the adhesion of the lubricant and its

| ubricating performance. The present invention has been achi eved by
designing the lubricating systemat a nolecular or atomc level. The
present invention also provides a magnetéi ¢ recordi ng nedi um havi ng an even

andr t hi nédadridi ogniehaitss ot B8 higneRieekicdiidiing hediure 2nidngo pesdsarcueace and
durability and which is formed by using

t he abqgve | ppricant |ay
More speRi TAEWRNLY, FRROTHNg &BFFE'&n‘f“’i‘%‘yé“bf‘ an pfag’eﬁlﬁ ?f%n?.’o?f‘q t he
| ubri cat ,ag; §P!ACWiRe . Which is the guest nolecule, is trapped by t he
host conpound adhering to a solid substrate through el ectrostatic
i nteraction such as an ionic bond so that the | ubri cant nol ecul e can be
fixed to the solid substrate with a good orientation and its manner of
bondi ng can bé& nade reversible. Therefore, there has been achi eved not
only the prevention of the cohesion of the lubricant but also the
provi sion of a nore excellent

durability and Iubricatuég per f or mance.
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|rrespectwgeogalﬁgsmgﬁhure as long as the host. conmpound can be adhered
t her eon. '

Fig. 1 shows a codstructioq where the 1uBricant layer of the present
invention_is applied to the magnetic recordihg medium. In the
magqnetic recording‘medium comprising a non-magnetic substrate 1 on
which a magnetic layer 2, a protectivg layer }, and a lubricant
layer 4 are successively formed, the iﬁbricant laye# 4 comprises a
host-guest complex in which a lubricant molecule is fixed as a guest
molecule through a host- compound adhering to the medium. In Fig. 1,
the protective layer-3 may be oﬁtionally arranged and the lubricant

layer of the present invention may be directly formed on the surface:
of the magnetic layer 2.

A multidentate ligand having a polar functional group suitable for
.,fo:miné a hydrogen bond relating to a hydrdxyl_group, aniamino_
group, and the like can be fixed on the surface of the medium
through the electrostatic interaction. It is possible to prevent
the -lubricant molecules from cohering with each other wheﬁ the
lubricaiit layer is constituted in such a manner that the lubricant
molecule is coordinated with the muitidentate ligand adhering to the

surface of the medium. To coordinate the lubricant molecule with the

multidentate ligand adhering onto the surface of the medium means



The flying height of the head can be reduced when the |ubricant

| ayer
of the present invention is applied to the surface of the “magnetic
recordi ng medium Hence, it is possible to enhance the
6 recording density of the nmagnetic recording nediumand to construct a
magneti c recordi ng system which w ||

refain reliable for a long - period of
tine. % The present invention is described in detail below wth

ref erencehed akh afx&Mgl &one Gitd ich mohecples awmietigenaFOnCY kenyesl heward t he
magneti c_ _recordi.ng nedium Fig. 1 shows . nstrugtion where e
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es a .host -guest conplex,in l,ch a lubricant nolecule is fixed
as a gues usoncﬁﬁfrégtﬁ %%Wgaﬁﬁ'ngnﬁo %r?ﬁﬁgﬁhd"%%emsﬁ'angén?h‘ghm% I'n
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| ubri cant | ayer of the present invention may be directly formed on the
surface mono layer. T

" When the ‘lubricant layer according to the present invention is
applied to the magnetic recording media, it is usﬁally common to

- employ-as the non—magnetic-subStrate an aluminum alioy plate or a
g;ass plate having a nickeléphospﬁorus'layer formed by electroless

plating or sputtering. A ceramic substrate, a carbonaceous

substrate, or a resin substrate can also be used. It is recommended

to adjust the average roughness of the surface of the substrate to
20 to 100 A, preferably 30 to 80 A, by texturing it in order to

reduce the possible contact area with the head and bring out a more

excellent tribology performance.

The ﬁagnetic layer is formed by coatinq a Co or Co-containing alloy
such as a CoP alloy, a CoNiP alloy, a CoNiCr allby, a CoNiPt alloy,
a CoCrPt alloy, a CoCrTa alloy, or a CoCrétTa alloy by eleétroless
plating or sputtering, after a-undgrcoating layer is formed, if
necessary. The thickness of the magnetic layer is determined
depending on the properties required as the magnetic recordihg _
medium and usually ranges from 100 to 1,500 A, preferably from 150
to 800 A, When.the lubricant layer of the present invention is
applied, the protective 1ayer.6n-the thin magnetic layer is not

necessarily required and may be formed if necessary taking into

account the physical properties such as the hardness or elasticity



of the magnetic |ayer 2. A multidentate |igand having a pol ar
functional group suitable for formng a hydrogen bond relating to a-
hydr oxyl group, an am no group, and the like can be fixed on the
surface of the medium ~ through the electrostatic interaction. It is
possi.ble fo prevent the | ubricant moPecul es from cohering with each
ot hef when atahe magﬂ’mq c,iamerl ay&rcarslpooenswst l}taaférv nasLmhwb? franeer 4 hat
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to the present invention is -applied to the magnetic recording nedia, it is

usual |y comfHRERSE RSB EsSHHE aﬁoﬁ"hﬁﬁﬂﬂé’("{ c substrate an al um num al | oy
plate or a .

When a carbonaceous lager-is formed as the protective layer, the
number of -acidic funcﬁional'groups on the surface of the-.
carbonaceous protective layer can be increased by,-for example, a
wet treatment such as a method comprising immefsing the layer in a
solution containing an oxidant and a dry treatment such as a method
comprising irradiating the-layer_with ultraviolet rays in an
atmosphere of an oxygen-containing gas. The dry treatment is
preferablé from the industrial viewpoint. A spécific example of the
dry treatment includes a me;hod comprising irradiating the

. carbonaceous protective layer with ultraviolet rays having a
wavelength of froﬁ.185 to 254 nm and an output of 50 W or more at a
distance of from 10 to 50 mm for 30 seconds t& 15 minutes,
preferably 1 to 5 minuteé. An increase in the number of acidic
functional groups on the surface of the carbonaceous protective
~layer can be confirmed by the quantitative determination of

oxygen atom on the surface and the ratio of the C=0 bond to the C~-C
bond and the C-H bond through X-ray photoelectric spectrometry

- (hereinafter referred to as XPS). .The XPS aﬂalysis can be carried
out using AlKyg rays at an outlet angle of 65° (analysis depth up to
50 A). According to the present invention, the ratio of the C=0

bond to the C-C bond and the C-H bond is required to be 0.05 or



gl ass plate having a nickel - phosphorus |ayer fornmed by electroless plating
or sputtering. A ceram c substrate, a carbonaceous substrate, or a resin
substrate can al so be used. It is recommended to adjust the average
roughness of the surface of the substratg to 20 to 100 A preferably 30 to
80 A, by texturing it in order to" reddce the possible contact area with
thethead“and bring out a nore excel l ent tribology performance. The
magnet i c ivayer pxefeoramy, byngbaﬁifmpm1qaﬁsopocb ¢omnd miarg akkbgrablwuch as

a CoP allo a CoNiP alloy, a CoNi C_allqy, a.CoNi Pt all oy, a CoCr Pt
al 1 oy, C%EP?%.%H?CEF"Qﬁ’°§ Eser P 1 9 § 2py el ectrol ess pl ating or

sputterlng, after a undercoating layer is forned, if necessary. The
t hi ckness of the nagnetic |ayer is ‘determ ned dependi ng on the

properti exigeqRi sREwASLHNRAiIFBFEARL bE 40CW-Bridgn-6 Gedivdniard angupbt ¥ssAnges
from100 to 1,500 A, preferably from 150 to 800 A Wen the lubricant .
| ayer of tswsapaeseﬁ@rmMrﬂ ihosti-guest o lek, anﬁetbﬁo@@mli% adhesingnte he

thin magnetic | ayer is_naqt necessari | U|red and e forned |f
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~hardness qp,;€hAS%1 Gl EXtion in the guest compound, is trapped in the QnQErBQF
magnetic | ayer. A carbonaceous layer, an oxide layer, a nitride layer, or

a boride |eaany &fennéoyﬁdaraSeﬁm,phﬁaestéa/ﬂtd,ayaeﬁchl iscanchmtiear madohyof
sputtering, ion plating, or plasma
+, is coordlnated on the crown ether in such a manner that its

terminal carboxyl group as an ionic pair is oriented toward the
trapped K*. Therefore, since the host compound, crown ether,
adheres by binding to an acidic functional group 5 on the surface of
the carbonaceous protective layer 7 at the binding site 6 and an
alkyl chain moiety of the guest compound, potassium stearate, that
is, a stearyl group, is oriented upward against the substrate, thé
orientation of the whole lubricant layer is improved to form an-
ideal structure for a lubricant layer, which provides an excellent
lubricatiné performance and durability, notwithstanding thé fact
that the'thickness of the lubricant layer corresponds to that of a

mono layer. Further, the cohesion of the lubricant is suppressed by

adhesion.

In the host-guest.complex constituting the lub;icant layer of the
bresent invention, a usable guest molecule is one havipg a moleculai
structure bearing a lubricating function and a binding site for
binding to a host mélecule. Both the liquid lubricant structure and
the solid lubricant structure can be employed as the molecular
structure bearing a lubricating function. An alkyl fludride liquid
lubricant such as perfluoropolyether, polybuﬂene, polyalkylene

glycol, phosphate, polyolefin, polyol ester, alkylnaphthalene,
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pol ymeri zation. A carbonaceous |ayer such as anorphous carubgm 0,‘[‘7
hydrogenated carbon with the thickness of usually from50 {jo 5(5‘0': %
preferably from 100 to 300 Ais usually used as the prote -

necessary, the protective |ayer may be ng ected to a surface trea
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invention, the ratio o bond to the C bond and the G-H bond is
required tHldherOanbKHtlc hydrocarbon chain containing an aromatic group, or

a heteroatom or a long chain structure in which a part or all of the
" above-described higher aliphatic hydrocarbon chain forms a polyether
chain may be bound to the perfluoropolyether molecular structure.
Fig. 3 shows the diagram of the lubricant layer contalnlng the host-
"guest complex according to the present invention in which the crown

ether is used as the liquid.lubricant.

The solid lubricaht can take any stfucture such as a branched or
straight, saturated or unsaturated, higher aliphatic hydrocarbon
chain, the above-described higher aliphatic hydrocarbon chain
containing an aromatic residue such as benzene, naphthalene, or
pyrene or a heteroatom such as F, N, O.or S, or a long chain in
which a part or all of the above-described higher aliphatic
hydrocarbon chain forms a polyether chain. Any structure can be
used independent of the nature of bond as long as it has a
lubricating function. The carbon number contained in the long chain
is preferably 8 or more, and more preferably 12 or more. Since its

solubility in a solvent may become poor when the chain length of a
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nore, preferably rangihg fromO0.05 to 0.3, and nore preferably wthin the.
range of fromO0.07 to 0. 2. Fig. 2 shows the diagramof an 18-crown-6
derivative and potassium stearate form ng a host-guest conplex and the
conpl ex adhering to the surface of the carbonaceous protective |ayer of

the medium [err] which is a cation in t B¢ ‘guest conpound, is trapped in
thefintefnal cavity of the crown ether, and tearat
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adhesi on. as dioleyl phosphate, dithiophosphoric acid ester of long chain

aliphatic compounds, long chain aliphatic sulfonic acids, sulfuric

acid esters of long chain aliphatic compounds, and long chgin

aliphatic alcohols such as stearyl alcbhol.

The binding site for binding the lubricant compound to the host

compound is selected so that the binding site can be trapped in the

cavity of the host qompound.~'A1kaline metals such as'ﬁa, K, or Rb,

alkaline earth métals such as. Mg, Cs, Sr, or Ba, typical metals such
as Al, Sn, or Pb, or transitlon metals such as Ag, Cu, or Fe are

usually used for bindlng to the terminal group of the molecular -

structure. bearing the 1ubr1cating function. Specific examples of

the termlnal group 1nclude an oxygen-containing polar functional
group such as_ a hydroxyl group, a carboxyl group, an ester bond, or
an .amide bond, a’ nitrogen-containing functional group such as an
amino group or an. imino group, a phosphorus-containing functional
group such as phosphoric acid or phosphoric acid ester and a sulfur-

containing functional group such as a mercapto group, 2 su;fonic

acid group, or sulfonic acid ester. These terminal groups or the

lubricants having an ammonium salt or an amine acid salt at the

terminal can also be used alone, without combining them with metal

ions as an organic ion. 1In this case, the terminal functional group

of the lubricant molecule is trapped in the cavity of the host



In the host-guest conplex constituting the lubricant |ayer of the

present invention, a usable guest nolecule is one having a nol ecul.ar
structure bearing a lubricating function and a binding site for bi ndi ng
to a host nolecule. Both the liquid |ubricant structure and t he solid.

| ubricant structure can be enployed asl2he nol ecul ar structure bearing a

| ubfricatin fqgctlgn An al k fluoride |liquid | ubri cant  such as
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nol ecul ar weight is preferably not [ess than 500, and particularly ranges
from600 to 8, 000. A branched or straight, saturated or unsaturated,
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structure.
cyclic ether amines called cryptand or cryptate, cyé¢lic amines,

po;ypeptides, and their chemically modified forms can be.used as the

host molecule. The multidentate ligand havirg terminal functional

- groups bearing the electrostatic interaction can also be used as the

host molecule. Cyclic iigands such as crown ether or cryptand are

particularly useful. Exampies of the cyclofructans include those .
containing 18-ctown—6 as a basic structure such as cycloinulohexaose
and analogs thereof, those’ contalning 4, 4'-d1hydroxyd1benzo—18-
crown-6 or 2l-crown-7 as the basic structure Such as .
cycloinuloheptaose and those containing 24-crown=-8 as the basic
structure such as cycloinulooctaocse. Cycloinulohexaose or 4,4'-
dihydroxydibenzo-18~crown-~6 is particﬁlarly'preferably usgg. A
cyclic ;mine-suéh as 1;4,8,11-tetraazacyclotetradecane or N,N*'-
dibenzyl-4,13-diaza-18~-crown-6 can also be used. A compound
containihg three or more donor atoﬁs of at least one element such as
0, N, or 8 is sﬁitably used as the multidentate ligand. The donor
atoms of the multidentate ligand preferably contains a lone electron

pair having an sp3 hybrid orbital.



Fig. 3 shows the diagramof the lubricant |ayer containing the host-
conpl ex according to the present invention in which the crown ether is
used as the liquid lubricant. The solid lubricant can take any structure
such as a branched or straight, saturai d or unsaturated, higher aliphatic
hydrocar begy ghatd. Whe apexe: descrd hied ﬁmﬁfahea,uo%g%sngy@kﬁgcaf bon chai n
cont ai ni'ng "an aronatic resrdue such a Benzene, napht hal ene, or pyrene or
a het er oatveiruett arss EorNedObprbSidiog a fFengtodminpliezulehivch a part-or all
of t-he above-described higher aliphatic hydrocarbon chain fornms a
pol yet heP®8Rai AS 2Mmyexamplet af etkarmyld i dgasdt p nkitgit arftedofi nt hee reaares iof
bond as | |t S a | ybricati function, The carbop., nunber
contai ne |%rtﬁ%re?5l%n§1% e‘i’icﬁorglf‘g 'b? ef r%f"?eggo%mﬁ%'} e",oneind[ﬂﬂﬁre preferably
12 or norgaltidefeatét SigandSqlsURbhhiYed TR n3QkVERd FRYNAQL FWRCROGRaNEN the
chain |l ength of a straight chain alkyl group is too long, the
_sinpl e steedupst: endi prefddadlygfoup 6t .maxe dometienaly @eripm- parbnol dawdls,
such as conti.nuous t hyl ene- net hyl ene bonds) preferably has 24 or fewer
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guest

The multidentate ligand forms a strong complex with a metal ion or
an organic ion. For example, since the lone electron pair such as O
or N contained in the cyclic ligand such as crown ether or cryptand-
.is locgted in the internal cavity of the ligand and shows high
affinity for a metal ion and the like, the equilibrium of'the
complex formation usually inclines toward the side of.the complex
formation within a range of from 102 to 100 to trap the metal ion
fvery strongly. Namely, in the cyciic ligand, 0 or N is coordinated
as a donor atom by the electrostatic interaction ﬁith the lone
eléctron pair as the main driving.force, and a metal cation is.
effeciiﬁel& traﬁped in the interna{ cavity of the ligand. Compared
to a monodentate iigand, thése cyclic ligands have great advantages
in that no new repulsioﬂ between donors occurs when they are
coordinated around the cation since the donor atom such as O or N is
originally linked via a methylene bridge, which is advantageous to
the complex formation in terms of enthalpy, and also have advantage
in view of entropy because of the suitable placement of the donor
atoms. A straight chain multidentaté ligand is useful as weii as

the cyclic multidentate ligand, but it has been found that the

stability of the complex increases in the case of using the cyclic



as di ol eyl phosphate, dithiophosphoric acid ester of long chain aliphatic
conpounds, long chain aliphatic sulfonic acids, sulfuric acid esters of
| ong chain aliphatic conpounds, and |ong chain al i phatic al cohol s such
as stearyl al cohol. The bi ndi ng site for binding the |ubricant
conpound to the host conmpound i s sel ect&d so that the binding site can
be trappé’égim tdwe Cornpeavdttyocxfhet fse rhaght o:mq:muhdganw ka[l‘mrse magté s such as
Na, K, aline earth netals such a or Ba, typica
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structure bearing the lubricating function. Specific exanples of

t'erm nal qyumgp thel stea iaghtoxhgén- mutunﬂentageptdgan&|;BCSupeedor togthep such
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trapped ir74,hascayigsa)af FrbR YREtviewpoint of stability as a substance, many
cyclic multidentate ligands are thermally stable; it hasfbeen
reported, for example, that dibenzo-18-crown-6 can be distilled at
380°C (C. J. Pederson et al., Angev. Chem., Int'L, Ed. 11, 16

(1972)) .

It has been found that there is a close relationéhip-between.the
size of the internal cavity of the cyclic ligand and the §izé of the
cation to be easily trapped upon the complex formation. For
example, ‘18~crown-6 having an internal davity diameter of from 2.6
to 3.2 A has been known to form a very stable complex with alkaline
metal K* having an ion diameter {2.66 A) which is almost in

conformity with the internal diameter (complexing equilibrium

constant in methahol logK = 6.05).

Thus, on the one hand, the lubricant molecule (guest m&lecule) can
be fixeé onto the'substfate tﬁrough an electrostatic interaction by
forming a éomplex composed of the lubricant molecule and the
multidentate ligand (héSt compound) adhering onto the solid
substrate as a specifically stable host-guest complex. Fig. 5 shows

the diagram of the manner of adhesion of the host~guest complex



12 nmolecule. K Ba, Ag, Cu, an am no group, an amoniumsalt or a

hydroxyl group is particularly preferred as the binding site. The surface
of the carbonaceous protective |ayer having an acidic functional group can
be effectively fixed by using as the ho ite conpound the nultidentate |igand
to which the basic functional group such as amno group or imno group
has been i ntroduced A multidentate |ligand capabl e of effectively

trappi ng a TN | 3h BiCraHnaP gden vatane PR IRANATS LOPCPERa AL ks, the

poIyetherssuﬂxxdﬁobs,;héxydAQGiQﬁﬁstéaeé.iCx€ﬂWW%ﬁéhcéglQCE5¥§8N”iﬁtbﬁ£ est
cyclofructans, «cyclic ether amnes called cryptand or cryptate, cyclic

ani nes, melsicpdept i desrapped thethie clitemiroal | gavingi fofedhéocrmvrc athee as@d as
t he hosttgg)r_l cul e .The nultidentate |igand having term nal functional
groups bearTTRf A%Te EPLER ot acPENERE iden 8h Kan 15 §9068iRAEY 28 the

host nol ecdl&wn @tdleiCiki Qﬁﬂ{j% ﬁ\?ﬁ?ﬁ@str&rto‘g’?rseigﬁﬁiﬂl %ra¥§%§?ﬂ0§r{§%p as an

particul arly useful. Exanples o e cycl uctans 1 nclu

cont ai ni ngi¢Bicrraiy- 8sasr terdiaki CoshrdiCine @ rappld as* .Cy OnOthell dhxa@sga, and
anal ogs th%éeof t hoge containing 4,4'-di hydroxydi benzo-18- ~ crown-6 or
21-crown- 7 88 P BodrEuler (RHAMNe el heR an becfixed mitehéPeadiek ant fiakese

cont ai ni Ng pd4- e6PWkARpds , t D& Q%ﬁi C u 5@ h_ as |.oi nul ooct aose.
Cycl oi nul ohexaose or E ) LR ey&PS&@%%]bgntr?gé- igygg%ﬁm?éﬁgg att}t'? cularly
pref erabl y tggednalA carboyglli greup RE gHehludlsricant moiety. (a long.chain alkyl

|,4,8,11-tetraazacycl ot etradecane or N, N - di benzyl -4,13-di aza-1-crown-6

can al so b&GEEATS M WModfdfixed onta FhaLTMe8LhR nBPEPfBN6R Bhens of at
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nmul tidentate |igand. The .
cohering with eaCh‘other. To coordinate the terminal carboxyl group

to the crown ether complex on the substrate means that all of the
a;kyl chain are oriented upward against the substrate in principle.
As a result, the orientation of the entire lubricant layer is
improved to forﬁ an ideal structure of the lubricant layer, which
provide; an excellent lubricating performance and durability,
notwithstanding the fact that the thickness of the lubricant layer

corresponds to that of a mono layer.

Similarly, the lubricant haviﬂg excellent properties can be obtained
by forming the host-guest complex through electrostatic interaction
using an organic compound having a polar functional group such as
aminoc group and the multidentate ligand. An example is the host-
guest complex composed of long chain aliphatic amine as the guest
lubricant molecule and the 18-crown-6 derivative shown in Fig. 6.
In this case, the binding site which interacts with the multidentate

ligand is located on the ligand and the complex is formed in such a

manner that the lubricant moiety is arranged on the multidentate



atons of the nultidentate |ligand preferably contains a | one el ectron

pair having an [err] hybrid orbital.

13 Fig 4 shows the structure of cycloi nul ohexaose anong the cyclofructans
formed by binding a fructose nolecule via a [err] bond, as an exanpl e of
the pultigdentate |ligand used in the nagnet& recordi ng nmedi um according to
t he present i nvention. The nultidentate_ligand IS required to have two or
nore funct F6%RNE 3 gu6§,‘%I&P?N?ﬁﬁsraﬁly$¥QﬂuPQ§PSHﬁPe $ugrtatenak groUpsesdder
nmol ecul e, comgalddlg an el ectrostatic interaction such as a hydroxyl group as
well as a cyclic ligand portion trapping a netal ion, like cyclofructans
as shown. The nmultidentate |igand forns a strong conplex with a netal

ion or aqhorg nic ion. For exanple, since the |one electron pair such as 0
or N cont ained PRI APERF cContmind ngyshe ahosteme set hempbex arampbandorisy

| ocat ed i ynt BRel HSEL ' f the |igand hows high affinity for a
metal ion and the Ii&]k?,Ub'%Eg“ééu}?’f iOFT U gﬁ‘?t‘h‘gﬂ BE® 1393pd usedusaathe

i nclines thosar donpoursd ddtaf theel @GP e ngé@fé' | LA e of from
[err] to trap the metal ion .very strongly. hbnéﬁ%ﬁa %% ?Rg'éﬁgﬁﬁ EOrPgung,
0 or N is XCoFaPRiPedheagesuibhng mixed Ispluhtorl Gctwhdshatiic hédergelsion

with the | | ect s the main. driving force, and a netal catidn
" - Ytp1ek ?g &R 'oh BRe lek. The multidentate ligand is adsorbed ®

by or adheres to the surface of the solid substrate'through,
interaction with the solid surface by using the mixed solution to

form a layer structure .in which the lubricant molecule is

coordinated on the solid surface.

The lubricant layer can be forﬁed by coating a host-guest complex
composed of a mu;tidentate ligand (a host comppund) having a
‘function to trép a metal ion or an organic ion and a'lubricant
molecu}e (a guest compound) comprising an organic ion to which a
molecular structure bearing a lubricating function is bound or a

metal ion to which a ‘counter anion bearing a lubricating function is
bound. '

- Alternatively, ;he host-guest complex lubricant layer can be formed
by a method comprising forming of the mul;identaQe ligand layer to
serve as the host compound on the surface of the substraté and then
forming the lubricant molecule layer to serve as the guest compound
to form the host-guest complex with the host compound. ' According to
this method, sinbe the multidentate ligand layer'is certainly |

‘adsorbed by or adheres to the solid surface and can then form the



effectively trapped in the internal cavity of the |igand. Conpared to a
nonodentate |igand, these cyclic |igands have great advantages I n that
no new repul sion between donors occurs when they are coordi nat ed around
the cation since the donor atom such as g or Nis originally linked via
a net hyl ene bridge, which is advant ageo& the conplex formation in
terms of enthal py, and al so have advant age i n view of entropy because of
t he suitable placenent of the donor atons. A straight chain rultidentate
ligand i spdusehistascompleasiitn the tysticantuhbidentat anl egapgratit it has

been found that the stability of the conplex increases in the case of
usi ng thelg?ﬁ*qqgt layer can be formed more rellably when not only ivhg j gand

compared {gnf tral ¢hai n and. Thl dto the
el ect r ost a?llpcﬂgan é“t%elgrgll%e FEPUINSi 8n HEY V\r/leleqn tmﬁee o?l%rwea’t g‘ﬁsg‘é& Hoih téIr‘?ds

and t he dueady@antagmu&uwamr@f aeebﬁpawatﬂd@qqgmoahﬂoﬁédxﬁlaght&m Ns
multidentate ligand is superior to the nonodentate ligand in trapping of a
cati on. THEPE & ctheewaest meleduhes ofihehhkattiryyaetbadi bhearkafiprkred to gands.

For exampl Chri stepsen et al cribe a detailed table recitin
t he. s?ntrrﬁént%thgd g% ol ét ?‘h’i% sé’l"‘&r‘rﬂnc%? I sﬁegt‘?"%\tpp‘é‘?f‘péﬁﬁcé?n‘i:"il‘@els )

typical whelrga€lSis CiBWi c8i o - £i6 ¥REAREst AhdRak! oRES! QRS soh BgChem
Revs. , 74, 351 (1974). Fromthe viewpoint of stability as a sugstance,
many cwrlfécﬁueﬁmt&tle,l fogarsisample, t hertied [oasst abkee the Nadribesn
reported, faor, _exa t hat di benzo-18-crown-6 can be distilled at

380[ err] C T 3Sp 8’é¥ s’cﬂ?gef‘“%h stenic DJndgEARGe cqnpot) bepjgngred. g

It is possible to form the multidentate ligand layer on the so;id

as

surface and then férm the lubriqant ﬁolecule layer on the
multidentate ligand layer. 1If the multidentate ligand layer is
unnecessarily thick, the surplus part of the multidentate ligand may
be ;émqved, leaving only a layer adsorbed or fixed onto the solid
.surface, and then the lubricant molecule layer is formed. As a
result, the thickness of the entire lubricant layer can be made thin
to enhance the adherence between the lubricant molecule and the
solid sgrfacé via the multidentate ligand layer. -

The surblus part of the multidentate ligand layer can usually be
removed by a method comprising rinsing with a solvent cgpable of
dissolving ﬁhe multidentate ligand or a method comprising a physical
treatment. Examples of the rinsing method include a method
comprising immersing the disk.on which the multidentate ligand layer
is formed in the solvent ahd then raising it to wash the disk
surface with thé solvent. Even though the solvent is required to
have the ability to dissolve the multidentate ligand, the use of a
solvent so strong that it completely elutes the multidentate ligand

layer adsorbed or fixed onto the solid surface is to be avoided,



(1972)). - It has been found that there is a close relationship between
t he size of the internal cavity of the cyclic ligand and the size of the
cation to be easily trapped upon the conplex formation. For exanpl e,
18-crown-6 having an internal cavity di aggeter of from2.6 to 3.2 A has
been known to forma very stable conplex w th al kaline err

[err]
havi ng ammmv‘éﬂ-' anb‘t ers Pre6erpRie |9 AR RR 89U HTA! "r‘}e"p°t‘b‘nf‘d’r MiSey thet h

the internal plgxi ddPEbYMne LESIAR so1e@idangl LooK
6. 05). me S° aéct%t hé’eﬁ\éngghkg){'ﬂtyJ he Iubr?cant nol ecul e (guest the
mol ecul e)sxﬁ:ﬁﬂaquent beeyﬁld(teck&magthme substicane Layeudrecavsel bee rosicidant

i nteraction by formng a conpl ex conposed of the *ub I cant | ecul e

and the 'soluthgrt itent aaendy gm@oehe@%n%fcﬁﬁ)dﬁﬁ&) AR e eE t hid Mt i d

substrate as a specifically ost onpl ex. Fig. 5 shows
the di agr 4RPDf R OFERREPD o‘?tsatﬁ}?eg gﬁ“&? cq):st guest conpl ex
15 of 18-crown-6 derivativye and potaSS|un1stearate to the surface

of the solid substrate. [err] which is a cation in the guest nolecule, is
trapped innt bRei 64s¢ nalatcanet oot -duestccomplex Hbriggntsiayentis, fanred $#¢ a

counter anion of K+, is coordinated on the crown ether o Rasuch a manner

that its t@ﬁ'#PnaPV%aﬁtﬁEQHCtgFeugu%% that the counter anio aving a
lubricating performance is fixed through the metal ion trapped by
the multidentate ligand, that is, the host compound, having a
function to trap the metal ion, the method of forming the lubricant
layer includes, a method comprising preparing a solution in which a
metal salt of the lubricant molecule and the multidentate ligand are
dissolved or dispersed or a solution in which the lubricant
molecule, a metal compound, and the multidenﬁate ligand are
dissolved or dispersed, and coating this mixed solution on the
substrate surface and a method comprising forming a multidentate
11gand—adher1ng layer on the substrate surface and then forming the
lubricant molecule layer on the multidentate ligand layer using a

solution containing the lubricant molecule.

In the method comprising formlng a multldentate llgand adhering
layer on ‘the substrate surface and then formlng the 1ubr1cant
molecule layer on the multidentate llgand layer using a soluticn
containing the lubricant molecule, a solution containing the
lubricaﬁt molecule and the metal compound or a metal salt of the
lubricant molecule may be coated on the substrate surface after a
solution of the mulﬁidentate ligand is coated thereon. -
Alternatively, the lubricant molecule-containiﬁq solution may be

coated on the substrate surface after the multidentate llgand



lonic pair is oriented toward the trapped K+. On the other hand,

-nmol ecul e, crown ether, can be fixed onto the disk surface by, for exanple,
adequat e chem cal nodification. Hence, the term nal carboxyl group of the
| ubricant noiety. (a |ong chain alkyl fgrate group) is fixed onto the
crown ether conplex on the substrate surtace, which prevents the |ubricant
nol écul e$ from cohering with each other. To coordinate the term na
carboxyl group to the crown ether conplex on the substrate neans that al

of the sblgtiosahainnwAiéeh orieeniead 1upvapoumydisnsti xedeisubsdtreat ahierepni:nci pl e. -
As a result, the orientation of the entire |ubricant

| ayer is inproved to
form an heleeddigte (ot Ghés orethrd | siNceant FByRASSIRAECRO PPEVIES an

excel l ent lubricatin erfo mance an dur n fact
that the™ f’}‘n ¢ en"etsastemgi Bﬁe | WY Featt © §y3?’§?‘lé%)éréé/esa|5‘gn g\é%%gt?%at cgo‘%‘}q‘attﬁg no
layer. ho§tn'?ué‘§t{ Yoordpl@x! WDEH CEE IdHiREneXeelddille, PLhREEES Efed alb 6
obtained by form ng the host-guest conplex through electrostatic

i nteracthmnstusomg1%u1qamgaﬁlceb:mmkuunpﬂ$&vpnge@.@Rﬂzﬂﬂlﬂuwbﬁpoﬁh¢ group such
as am nQ rougpand the nul tident at

I
Guest coMAERCaRBeEH oo Shy LHEFIENY PRARPELn fe SHPAHRS Lytbg, Low but
Lpr! CantaiBy ShdnCCRl nd e iBCLAYERE LONiGH, | YCRIONY 4 Rld Gash witn 4

Ing site which interacts with the multidentate | 1 gand
i s | ocat gsbymerhe |i gand and the conplex is forned in such a manner t hat

the lubricant noiety is arranged on the nmultidentate

t he host

A case may arise in which the isolation and purification step of the

guest compound to prepare the metal salt requires a large amount of

solvent and prolonged time. In this instance, using a solution in

which a multidentate ligand having the function to trap a metal ion,

a metal compound, and a lubricant molecule having active hydrogen

are dissolved or dispersed, where the lubricant molecule has a

functional group capable of forming an ionic pair with the metal

ion, like a carboxyl group, at its terminal, a compound difficult to

be isolated and purified in the form of a metal salt, or a compound
which cannot be isolated and purified can be employed as the

lubricant molecule to be used for the host-guest complex lubricant

layer. To omit the isolation and purification step is industrially

advantageous in obtaining the lubricant layer which is more widely

usable.

Any metal compound can be employed as long as its metal ion can be

subjected to cation-exchange with active hydrogen (proton) at the.

terminal of the above lubricant molecule. The metal compound is

preferably soluble in water or an organic solvent. Examples thereof

include a salt such as alcoﬁqiate, phenolate, and the like, with an



16 | i gand such as in the case of using potassium stearate as the quest
conpound. The lubricant |ayer containing the host-guest conplex can be
formed on the solid substrate by mxing the nultidentate |igand used as
the -host conmpound with the |ubricant nolecul e used as the guest conpound
and coating the resulting m xed solution in which the host-guest conplex

I ssformed on the disk. The nmultidentate %igand I s adsorbed by or adheres
to the surface of the solid substrate throtugh. interaction with the solid
surface by using the mxed solutionto forma layer structure in which the

| ubri cant ppl acu! Gel 31 COREHNARTSE 1081 hhCs SYdidxiuel a6en as Boeakubahcant

-layer can be Tornmed by coating a host-guest conplex conposed of a

mul ti dentwgsrdiiigrndngathest ixenpoinglpriefierngda function to trap a netal
ion or an organic ion and a lubricant nolecule (a guest conpound)
conprising an organic ion to which a nolecular structure bearing a

| ubricating functjon is bound or a netal ion to which a counter anion
beari ng 5“?Lﬂ#§§ﬁﬁﬁqﬁ CPUMEBRBA PRVINSHERE. FUnCAB AL FIRI & me4d 168t : Bhest

conpl ex L upLi Callpd e’ apdNtRE {6 ERAntPIhoeBBINGHAREPLEEL DY

N I ng of
the nultidentate ligand layer to serve as the host conpound OHR%%éegurface

of the substdb$solndi tinea sbavehogiddupendentignér ninl @nulappkaytiated serve as
t he guest conmpound to formthe host-guest conplex with the host conpound.
Accordin§°FBinati°n and the thus-obtained solution can be coated on the -
solid surface. For example, in a:system usin§ 4,4'-diaminodibenzo-
18-crown-6 as the multidentate lig;nd, potassium hydroxide as the
metal compound, and.- stearic acid as the lubricant mqiecule, stearic
acid and 4,4'—diaminodibenzo—l8—crown-§ are dissolveéed in chloroform
or me;henol, potassium hydrokide is dissolved in methanol or water,
and a mixed solution of 4,4'-diaminodibenzo-~18-crown-6, potassium
hydroxide, and stearic acid can be prepared by using these
solutions. 1In a cese where the three are independently dissolved or
two of them are combined, dissolved in a solvent, and coated on the
solid substrate, it is preferable to coat the solution containing
the multidentate ligand first on the solid surface. An elaborate
lubricant layer can be prepared more reliably even when the
lubricant molecuie has as high a molecular weight as a polymer or
when it has a comparatively low molecular weight. The lubricant
layer formed by coating the ﬁultidentate ligand having the function
to trap the metal ion, the metal compound, and the lubricant
molecule having. active hydrogen independently as a material on the
solid substrate shows the same ability as the lubricant layer formed

using the guest cdmpound which has been isolated and purified as a

metal salt.

As the method of forming the lubricant layer, each compound can- also

be affixed to the solid substrate by a dry process such as vapor



this method, since'the nultidentate ligand |ayer is certainly adsorbed by
.or adheres to the solid surface and can then formthe

17. host - guest conplex with the lubricant nolecule, an el aborate
lubricant layer can be fornmed nore relighjly when not only the |ubricant

- l so t he, | ubricant
FBEPVERIR 1 GRENBY Bl AN 2kéi Eoh " g ol e

nmol ecul e having a very high nol ecul ar wel ght but -
. nmolsecul & ﬂapkﬁgiahcod%a I's "uSed as the guest

mol ecul .  Jhendl t §ha B Qdpk Sc A ETR1EEELE hdsh@e BBAEOM Glimubidicashyxed
solution of the host-guest conplex in cases where it-is difficult to fix

t he host conpomgedsimedy t hansohe decasupftaseces sbictearghgrersy &Ramital in the
case where the lubricant, chain is, ver Iongeaangk%gkgngklgrance cannot be
i gnored. CSPPPPWNG G2D; BR ot ooy LRt HEFdntEi 3&RR at'e 95 gand® I ayer on the solid
surface apd;tPadnd Aldmt§end WY ikhantubPl Q! Roléxele @B Eben unel Libendaite
ligand layer. If the nmultidentate |igand |ayer is wunnecessarily thick,

t he surpl usyear inofwd lseepulti dentate |igand nay be-renoved, leaving only a
| ayer adsorbed or fixed onto the solid surface, and then the |ubricant

nol ecul e layer is forned. As a result, the thickness of the entire
lubricant }@y&fos¢agubs MRAS1ERI FomdoRe@NBRNGR: iR vadaes aribedbrs sea@mdt he

| ubricant nol ecule and the solid surface via the nmultidentate |igand
| ayer. Theussk plompopads nefy bheobtdiriedehnate |franQL] ayBlWEaAr LQUA |y be
dispersion by dissolving or dispersing the host compound and the
guest compound in a solvent. It may be obtained by mixing their .
solutions or dispersions which have been.prgPéred in advapce. One
of the ﬁa;n characteristics of the host-guest complex is that, if a
'guést coﬁpound is insoluble in-an organic solvent like a metal ‘salt,
the complex formed with such a guest compound and a hosg'qompound
soluble in an organic solvent may qissolve.in a commonly employed
6rgani_c solvent. _For example, a metal salt of a h;gher fatty acid
such as potassium spearate,'which is a typical lubricant, is hardly
dissblved in an oréahic solvent such as chloroform, whiLe a host-~
QUEStlcomplex composed of it and 18-crown-6, which is a typical host
compound, dissolves well in an organic solvent. This is becauée the
crown gthqr solubiiizés potassium gtearate by trapping a potassium
ion therein. An organic solvent or water can be used as a solvent
in the formation of the host-guest complex. Examples of the organic
solvent are commonly employed organic solvents having a '
comparatively low boiling point, for example, including halogenated
. hydrocarbons such as chloroform, fluorocarbon solvents, alcohols
such as methanol or ethanol, ethers such as diethyl ether,

tetrahydrofuran, ketones such as acetone or 2-hexanone, ‘aromatic

hydrocarbons suéﬁ as toluene, aliphatic hydrocarbons such as hexane,



removed by a method conprising rinsing with a solvent capabl e of

di ssolving the multidentate |igand or a nethod conprising a physical -
treatnent. Exanples of the rinsing nmethod include a nethod conprising
imrersing the disk on which the nultidentgte ligand |layer is formed in the
solvent and then raising it to wash the disk surface with the solvent.

Evefh tholigh the solvent is required to have the ability to dissolve the

nmul ti dentate ligand, the use of a solvent so strong that it conpletely

el utes thgndudddeddantsaics higaisy1 |ARacadsekbad miy fuexede@nsxbrtéﬂ%rseel g
surface is to be avoi ded, 18

however. Mixed iﬂk#%n%ﬂne fromthe industrial viewpoint to use the sane
solvent as the one to be used for the lubricant solution in the subsequent
step of formng the lubricant |ayer because the |ubricant sol ution-then

cannot be ﬁ%“%ﬂﬁkﬂéﬁ@ﬁx\’!& @otlnelaﬁ' 51 ARG 1 6h08F dhe HERROGhES féHanlte' on

of the lubricant |ayer. e case’'that the host-guest conpl ex
| ubri cant daayee csatednmt t3e solad sorfwoke aa at Lubticantswchithat dfiser

‘counter anion having a | ubricating performance is fixed through the
metal ion 3a¢WHPE@IbYtS ceprennratii@antate |igand, that is, the host

conpound, having a function to trap the netal ion, the nmet hod of fornlng
the |ubricant | ayer includes, a nethod conprising preparing a solution

: N whi ch arhe. I@WAlcan?l Eoﬁéaimfhd el 6aBE-gEd AC Wompaad E&e wedahigeptat e
' gand arecoated on the surface of the solid substrate by immersing the solid
substrate in the solution. It may also be coated by a method
comprising bringing a tape or the'like impregnated with the solution
into contact with the surface of the solid substrate with a load to
form a coated layef, a method comprisipg affixing it by rotating a
pad on the solid substrate,'or.a spray coating method, the LB
method, and the like. The concentration of the coating solution
varies depending on the solutes or solvents to be used, but it
usually ranges from 0.1 to S g/l in terms of a total solute. The-
thickness of the 1ubricant'laye¥ varies depending on the host
" compound and tﬁe guest compound to be used, but it usually ranges

from 10 to 100 A, preferably 10 to 50 A.

(Examples]

The following.Examples will be provided to illustrate the present
invention in detail, but should not be understood to limit the

present invention unless it goes beyond the scope of the invention.



di ssol ved or dispersed or a solution in which the |ubricant
nmetal conmpound, and the nultidentate |ligand are di ssol ved or di spersed,
and coating this mxed solution on the substrate surface and a mnet hod
conprising formng a nultidentate l2zgand- adhering | ayer on the
substrate surface and then form ng the ~ lubricant nolecule |layer on the
nmul-tidentate |igand | ayer using a sol ution containing the |ubricant

nol ecul e. Bxampleé 1, the nethod conprising formng a nultidentate

| i gand- ad B | ayer, on the substrate surface and then farmng the

| ubri cantm%{rggﬁ% rihi Xf’%‘iﬁa’?g olrfyteﬁel?%hqot%i géht%t“éaq"iegalﬁdi?%ﬁ/re? uSing a

sol uti on cobaltcabiey {400 Khe Ardrd GabbodE¥edGl! Srotecialviel 1aPe£ 00 A) Ng t he

| ubri cant nol ecule and the netal conpound or a netal salt of the’

| ubri cant “#%% SOTMEd Ny drdecoanean crlurihaum (BdoY asebstndte BYaspultexing to -

br i by dsgesoancth ol uaous e : e
he | ubri coot g BaEhEETE BB hAGR o, pFBR G, OB S Sochegr ot The

nol ecul e, a

oated on the
subst r at e resnltaiogy afbRIwddanmdbedeft af 8hldEddm solution containing

19 solution in which the netal conpound is mxed is coated thereon
Accor di ng RPG2 R sEeabete Findcd At -dirnisedibnzord8f-oravatle eachin iadent at e

l'i gand | ay@hcOR £418 SURSL{ at e d. th after form.the. hast - guest . conpl ex
with the |ubricant r?%l g?zu e",“mt]{?{re1 éég‘l?{rig/%oé -tOtalr) For 5 kihutds ana WS

raised at a rate of 10 mm/s to form an even lubricart layer having a

thickness of 29 A on the disk surface.

4,4'-Diaminodibenzo-18-crown-6 was obtained in the isolation yield
of 90% by reduciné 4,4‘-dinitrodibenzo-la—crown—6 with hydrazine by
reference to the method of E. Shchpri et al. (J. Am. Chem. Soc., 35,
3842 (1973)). 4,4';Dinitrodibenio—l8-crown-6 was obtained in the .
isolation yield of 81% by the nitration of a commercially available
dibenzo?ga—crown-ﬁ by reference to. the method of W. M. Freiggnbaum

et al. (J. Polym. Sci., Part A-1, 2, 817 (1971)) .

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test. The lubricating
performance test was carried out by contihuouély sliding the disk py
the use of a thin film head slider under conditions of a load of 9.5j
gf and a sliding linear rate of 0.32 m/s (36—mm radius, 100 rpm) and
measuring the friction force after 2 hours of continuous gliding.
The cohesion test wgs carried out by allowing the disk to stand iq
the atmosphere at a constant témperature and a constant humidity and
observing the cohesion or crystallization under an optical

microscone. The results are shown in Table 2.



guest conplex can be reliably constructed not only when the mol ecul ar

wei ght of the lubricant nolecule. is conparatively | ow but al so when the
nol ecul-ar “wei ght is high, such as is the case with a pol ymer. A case
may arise in which the isolation and purification step of the guest

conpound to prepare the netal salt requires a | arge anmount of sol vent
and’prol onged tinme. In this instance; using a solution in - whi ch a
nmul ti dentate |igand having the function to trap a netal ion,

a net al
conpound Examdle. 2 ubri cant nol ecul e havi ng active hydrogen are dissol ved
or di spersed, where the lubricant nolecule has a functional - group
capable of formng an ionic pair with the netal ion, like a carboxyl

group, atpqd Saher&ldlas @s@&?ﬂ?%mgilgfi%é ﬁt\Q\ersed b, i S%l\i‘%egf and

purified in the formof a ne or a conpound FTEHbt be

i sol at ed eentajndngi Rek aseriubcPe b bydlientaddnyl - amipodzlzanyll) podbpiatiatet 0 be
used for the hogE ?uest conpl ex_| ubri cant layer. To onmit the isolation

and puri f #24td-dn "9t aptrdibgagert§zguqyn-e6; %Whrft“a@eﬁﬂ%c?‘ifréﬁﬁannﬁ’ﬁgl t he
| ubri cant phayer Mthgyﬁ Pee % fletdr s miHﬁ@@é eand was ra

aI a9 ound
can be enployed as lohg as its netal ion can bjectgggt %
cati on- exdhammbs Wic ffoant arvevepdlogeicdmr degay la':tv:tdqea thlckrte&rsrrblnahs Kk the
above | ubri cant | ecul e. The net-al conpound is preferably soluble in
water or &f bPY $E%§ SHFEa%R - Exanpl es thereof include a salt such as

al cohol at e, phenolate and the like, with an

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test in the same manner

as in Example 1. In'the lubricating performance test, the friction

force was measured after 10 minutes and after 2 hours of continuous
sliding. The results are shown in Table 2.

Example 3

A chromium undercoating layer (1,200 A), a magnetic layer of a
cobalt alloy (500 A), and a hydrogenated carbonaceous protective
layer (200 A) ‘were forﬁed in order on a smoéth aluminum alloy
substrate having an average central. line roughness {Ra) of 35 A, by
sputtering to obtain a magne#ic disk having a diameter of 3.5
inches. The disk was irradiated with ultraviolet rays having a

wavelength of 185 nm and 254 nm and an output of 90 W from a

distance of 15 mm for 5 minutes in the air, followed by dipping in a

Chloroform solution containing 4,4'-diaminodibenzo-18-crown-6-ether

in a concentration of 2 mmol/l (0.781 g/l) to form an even ldyer

having a thickness of 15 A on the disk surface.



20 al kaline netal compound i ncludi ng a hydroxi de such as potassi um
hydr oxi de and the |ike being preferred. The multidentate |igand having
the function to trap a netal ion, the netal conmpound, and the | ubricant

nol ecul e h%\éi ng active hydrogen are dissglgved in a solvent independently
or in an apprbptyitieg dosbiwet itrenandne feed husa abitlaipo€d raot it iSOMiGaa0e bE-
coat ed on.atntaewasspa[iisddsurface. For exanple, in a system usi ng

4, 4' - di ani nodi benzo-"¢9182cteA¥e @M e VER XA PARHAG % HEGERESS Rt 354 am

hydr oxi de & @hek smifalcecOnpound, and stearic.acid as the |ubricant

mol ecul e, stearic acid and 4, 4'-di am nodi benzo-18-crown-6 are dissolved in
chl oroform or nethanol, potassi'um hydroxide is dissolved in nethanol or
wat er, ang a.gxgd solution of 4,4'-diam nodibenzo-18-crown-6, potassium
hydroxi de,” and st €iSFc PAELRE rFHE PrEp AT @5hd YaS fermedsen thel diskns. In a
case wher esudfacht hseey; Engependanicl ¥ di o of nare
conbi ned, dissol veﬁ%l%bgngo%eﬁ{%ﬁgtﬁéxgogfZ)%hﬁﬁgt% -(°§‘oel iegds%%g{nr ate, it is
pr ef er abl ¢M3tesed pimiweel; ubverago niolieBulgr Welgnetl 1, et abfutddddl byst
on the SQ'ﬂ)ﬁi&WEﬁSﬁ An el aborate |ubricant [ayer can be prepared nore
reliably even whan I heRIESyhETRahtanfdnesaseiymbvasonidm dispolued i awi ght

as a pol yneruafineWssivdde B#S080C UPASRLi¥g! syl @i - NE
| ubri cant IaEyer formed by gga’?lgnr::g t éxﬁu af’llug\gﬁ a{%&%’gasr?gﬁh%‘} n3d4the
functi on DIMITED), each in a concentration of 0.33 mol/1. .

The disk on which the lubricant layer was formed was subjected to a
“lubricant Spinfbff test and a contact start and stop test (CSS
test). The results are shown in Table 1. The spin-off test was
carried out by rotating the disk in an atmosphere of 80°C for 14°
days at 7,200 rpm and détérmining the percéntages of the residual
thickness of the lubricant layer from the change in the absorption

intensity of C-F bond in thé FTIR spectrum.

The CSS test was carried out using a 70% thin film head slider
_(mater;al: Al§03 .TiC; a pressing load: 6 gf)'which was raised to 75
nm.at a periphefal speed of 8.7 m/s. One CSS cycle took 12 seconds,
consisting 3 seconds for turning on the electricity to a spindie and
9 seconds for switching the electricity'source off. The tdrque at
the time of the initiation of spindle rotation and the torque during
sliding were measured in each cyclé. The torque during slidinq was
falculated from a maximum power acting on the head between 0.3
Second and 1 second after turning on the electricity to the spihdle.
20,000 'CSS cycles were conducted and. the average values of the

to . PR . ' :
fQue at the time of the initiation of the rotation and the torque



to trap the netal ion, the netal conpound, and the | ubricant nol ecul e
havi ng. active hydrogen i ndependently as a material on the solid
substrate shows the sanme ability as -the lubricant |ayer fornmed usi ng the
guest canpound which has been isolated 26d purified as a . nmetal salt.
As the ABEHRSH IR 9FBRNYRES (97 quiBtREahiton aher teBaRipitpddntetan ' so be

af fi xed 5 93 4 ea S Qulsd r SHRSEK A & Y Bnd" ¥ AR Ae SHEL B¥1¥@PPhe csS

deposition. In this case, the multidentate Ilgang€ t he netal conpound, and
t he | ubkiesant nol ecul e may be adhered sinmultaneously or successi'vely. In
the case of successive adherence, the nmetal conpound can be introduced
into the .step of affixing the nultidentate |igand or the |ubricant

mol ecul egdameier ; the l'ubricant layer in two steps. The host - guest -
conpl ex conposed of: t he above-descri bed host and guest conpounds may be
obtained in the formof a solution or a dispersion by dissolving or '
dispersigg'the host . conpound and t he qgest conpound. in a_sol vent.

X G It may
be obt ai ABE TAPSIAFKG2E TS oEFRPBRE drvadi SHRAEFLIS WhithrpdRt efeghyYs
prepar ed ;i NGE. L heJ1mi Ct.ekiBLLES h t‘gﬁt&@' t
conpl ex illg Q?ﬁg%/@ﬂff aé\@gﬁeﬁe%rc}%ﬁ%%nga?% ﬁastc‘fﬁﬁﬁﬁxe‘é?% ﬁén 1tct)ar §aﬁ?€ f:'so ?nt_

| i ke a neinakheadisk suriflheecoypdippiing’ Aada i o rofolrmas glasiionc copoaimiand a
host conpound- ., . )
4,4'-diaminodibenzo-18

-crown-6 in a concéntration of 2 mmol/l.(0.781.
g/ly.

The resulting disk was then immersed in a chloroform for 5 minutes

and was raised to leave an even layer having a thickness of 9 A on

the disk surface.

An even layer having a thickness of 26 & (Example 4-1, for
a spin-off test) or 24 A (Examplé 4-2, for a CSS test) was
formed 6n the disk surface by dipping in a PF5080 solution
containing DEMNUM SH (éveraqe molecular weight: 2,400 ) and

potassium hyaroxide, each in a concentration of 0.4 mmol/l.

The disk on which the lubricant layer was formed was subjected to a

spin-off test or a CSS test in tbe'same manner as in
Example'a. The results are shown in Table 1. No stain was

observed on either the disk or the head after the CSS test.

Example S

The same disk as used in Example 3 was subjected to ultraviolet rays

irradiation and an even layer having a thickness of 16 K was formed



soluble in an organic solvent may dissolve in a comonly enpl oyed
organi c solvent. For exanple, a netal salt of a higher fatty acid
as potassium stearate, which is a typical lubricant, is hardly

in an organic solvent such as chloroform while a host- guest conpl ex -
conposed of it and 18-crown-6, which is a typical host conpound,

di ssolves well in an organic solvent. Th2% is because the crown et her

sol ubi | i z8% Y6t 438% inrsereanat ﬁxbyuﬁq appan@ambassmmt ioni eonttaigi gy N. An
organi ¢ s@l yend; .Qk . can be used as a_so t.he for mat i on of

t he host - guest corrBéI‘%xtb% hpl ESBf Weao‘f&'é "c,”a“%l?/ r‘?t""é\?’e/ cdfindhit y

enpl oyed &/funi c sol vents haV| ng a  conparatively |ow boiling point,

exanpl e, |Tt;|\gl udlﬂthaI&gﬁenat ed - hydr ocar bons such as chl orof orm
f1 uor ocarbon Solvent kcYfDI hen imngrgad A8 AeFMLAFOLOSR EAthanBinutesher s
such as disihyhs atdieed to 1eab€t£r@®6‘%°{w&”haK?ﬁQn@&tﬁ%ﬁHes?ss o@CEtQ’L‘?\ or

2- hexanone, aronmatic hydr ocarbons such as tol uene, aliphatic
hydr ocar- bdie Sigh srtpesane, ' 22

and esters such as ethyl acetate, which may be used alone or as a m xed

solvent.  AnTkeebhlsyebha g uti,on _or di si on of the host-guest
conpl ex -can he coated on thg io ok kgﬁrs?a%‘g i’gﬁh YagofPERed ams the diskafter
adj UStI ng iV E6RCRAtHMPiOn. in a PFS080 solution containing DEMNUM SH

such
di ssol ved

for

(avera
ge molecular weight : 2,400) and potassium hydroxide, each in a
concentration of 0.6 mmol /1

The disk’ on which the lubricant layer was formed was subjected to a

spin-off test inp the same manner as in Example 3.

The results are
shown in Table 1.

Examp._l.e__s -

The same disk as used in Example 3 was sﬁbjected to ulgrayiolet'rays
irradiation and an eveh layer.having a thickness of 15 A was formed
on the disk surface by dipping in a chloroform solution containing
4,4'—diaminodibenzo~18-crown—6 in a concentration of 2 mmol/l (0.781
g/ly.

The resulting disk was then immersed in a chloroform for 5 minutes

and was raised to leave an even layer having a thickness of 6 A on
the disk surface.



The | ubricant containing the host-guest conplex can usually be  coated on
the surface of the solid substrate by inmersing the solid
solution. It may al so be coated by a nmethod conprising bringing a tape or
the Iike inpregnated with the soluti?@ into contact with the surface of
the solid substrate with a load to orma coated | ayer, a nethod
conprising affixing jt by rotating a d, ons t he | d . supsirate, .or a
spray wa%ivﬁﬁ rh?f’ﬁgd%‘a'fh 9B ‘Wﬁ‘Sa? §gd1€hﬁé "I'hal Z&J"J'F%g ggn%%%t‘?’aikl on of
the coaidihceOlbyfl inQBpikg L §Sa daPRHD RG1081bRecsRtai®Enr sol vents to be
-used, but it usuaFIy ranges fromO0.1 to 5 g/l interns of a total
sol ut e. pdhEluordptlvetbes Bbmbhin | uN0c QS| afebovhr erds dayendgag on the
host conmpound and .t he guest conpound to, be used t it usually ranges
from 10™PEeIBPAR Wek e, 20001 omppuERFLred Q’Y. F‘@k‘&ﬁppéﬁm" 10 $he” f ol | owi ng
Exanpl e ' pgr PLOVA £ed illustrate the present I nvention in detail,
but shoEP _%h% ﬁg ﬁndgggté%ﬁ"to limt the present invention unless it
goes beyond the scope of the invention. _
23 Exanmple 1 A chroniun1underqoating | ayer (2,000 A); a nagnetic |ayer
of a cob idisk Op whbohAyhe ahubricanthdANEEOHRS pFRTRRY (AS FuhARCEeHI-NR .
spin-off test in the same mannef as in Example 3. The results are
shown in Table 1.

substrate in the

Comparative Example 1

The same disk as used in Example 1 was immersed in a methanol
solution containing potassium stearate in a concentration of 1
mmol/l (0.316 g/1) for 5 minutes and was raised at a rate of 10 mm/s

to form a lubricant layer having a thickness of 13 A on the disk
surface.

The disk on which the lubricant 1aye:.ﬁas formed was subjected to a
lubricating performance test and a cohesion test in the same manner
as in Example 1. in the lubricating performance test, the friction

force was measured after 10 minutes and after 2 hours of continuous

sliding. -The results are shown in Tables 2 and 3.~

Comparative Example 2

The same disk as used in Example ) was immersed in a chloroform
containing stearic acid in a concentration of 3 mmol/l (0.852 g/1)
for 5 minutes and was raised at a rate of 10 mm/s to form a

lubricant layer having a thickness of 16 A on the disk surface.



were formed in order on an alum num all oy substrate by sputtering to
obtain a magnetic disk having a dianmeter of 3.5 inches. The resulting
di sk was i mersed in a chl'orof orm sol uti.on containing potassiumstearate
and 4, 4' -di am nodi benzo-18-crown-6, each in a concentration of 1 mol /|
(0.713 g/l in total) for 5 minutes and V% raised at a rate of 10 nmis to -
form an-eypy 4udy iGARh:LAYRLe NfiIGaRe 1AYEKNASS £6indd vaRubhBCcdiskeo
surface. 4, 4" - Di am nodi benzo-18-crown-6 was obtained in the isolation
yield abboDeating edutbpgardcd taditniahdoali ddresdoh8tesbwin G-hei SAmgymareme
by reference to the nmethod of E. Shchori et al. g\l.ném Chem Soc., 95,
3842 (1973F) infBmanmgieniltr o@neereits- AEBWRY WIS SBPLPned in the
isolation yield of 81%by the nitration of a comrercially avail able

di benzo-18-crown-6 by reference to the nethod of W M Frei genbaum et

al. (J. PdowarS€ive MRadp1A-3, 9 , 817 (-11971)). The di sk on which the
| ubricant |ayer was fornmed was subjected to a | ubricating perfornance
test and a cohesion test. The lubricating performance test was carried

out -by cont.i nuousl % sliding the disk hy . the, use ofd a_thi rhfi IorPoh%ad
slider und&® S8RGi BiThaDMSEY JadERTTRES L wagf iMIGF S PPuP NP 1T5E8F Y at e of
0.32 mM's (ErtEnAiagi psy, WA ihRp) 2886y 1anifRasHbomeL ) - obibal ¢ cacifdriae aaf t er
2 hours of continuous sliding. The cohesion test was carried out by

al | owi ng tdenatindlcatdosStend immol/ 1t he. B93@yphefer a8 mirndest and wasperisiedr e
and a constant hum dity and observing the_cohesion or .crystallization
under an optixdate ofj gﬁ’ Jevop&EC fPRB RR{NAS 1&P§1%Wa‘iyﬁrTéﬁYb“‘%.a

thickness of 28 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricatiné performance test and a cohesion test in the same manner
" as in Example 1. In the lubricating performance test, the friction
force was measured after 10 minutes and after 2 hours of continuous

sliding. The results .are shown in Table 2.
ce tive E le 4

A hydrogenated carbonaceous protective layer was formed on the same
disk as used in Example 3 and an-even layer having a thickness of 20
A was formed on the disk surface by dipping in a PF5080 solution
containing DEMNUM Sﬁ (average molecular weight: 1,650) in a

. concentration of 0.5 mmol/l.

The disk on which the lubricant layer was formed was subjected to a
spin-off test in the same manner as in Example 3. The results are

shown in Table 1?



4 The same disk as used in Exanple 1 was imersed in a chloroform
containing potassium [err]- (N, Ndi heptadecyl -am nocar bonyl) propi onate

and 4, 4' -di am nodi benzo-18-crown-6, each in a concentration of 1 mmol/lI,
(1.02 g/l intotal) for 5 mnutes and was raised at a rate of 10 mMm's to
forman even |ubricant |ayer having a tBPckness of 45 A on the disk

sur f'ace. CARRAGREROREAER St he |ubricant |ayer was forned was subj ected
to a lubricating perfornmance test and a cohesion test in the same manner
as in Exanple 1. In the lubricating performance test, . the friction force
was measur ed AYEEPILMRLEAN e EIprandons tRrotectHiongr $ayfr cont Fowmass onskhdi sime The

results are gl nggi QSJ@QI{‘&;Z. le %a&glag g,‘f:eorbellfféél hr om um(fti%glzﬁrcoati ng

| ayer (1,200 A), a nagnetic layer" oy E50 Fhafe o
hydr ogenat edg CaeORAGRVS BXaRbeEtd-ME for laa¥BEin-df30Qedy) War @7f Rrmed in order
on a snooth al um num al | oy substrate having an average central |ine '

roughness (Réfompa3i-ixe BxamplesHrd+ ormy Q5§ beitdi Waa frigiest P’ Biek having a

noomerer O 18k surfleROBy alPBifl th WArddeb bRl EoA ARGV O o TaYS
DEMNUM SH (average molecular wéight: 2,400) in a '

concentration of 0.6 mmol/l.

The disk on which the lubricant layer was formed was-subjected to a
spin-off test or a CSS test in the same manner as in
Example 3. The results are’'shown in Table 1. No stain was

observed on either the disk or the head after tlie CSS test.
Comparative Example 6

A hydrogenate@ carbonaceous protective layef was formed on ﬁhe same

disk as used in Example 3 and an even layer having a.thickness of 41
A was formed on the disk surface bf dipping in a PF$080_solution |

containing DEMNUM SH (average molecular weight: 2,400) in a

concentration of 0.6 mmol/l.
The disk on which.the lubricant layer was formed was subjected to a '

spin-off test in the same manner as in Example 3. The results are

shown in Table 1..
Comparative Example 7

A hydrogenated carbonaceous protective layer was formed on the same

disk as used in Example 3 and an even layer having a thickness of 21



wavel ength of 185 nm and 254 nm and an output of 90 Wfrom a
15 mmfor 5 minutes in the air, followed by dipping in a

sol uti on contai ni ng 4, 4'-di am nodi benzo- 18- cr own- 6- et her

concentration of 2 nmol /I (0.781 g/1) &p forman even |ayer havi ng a
t hi ckness of 15 A on the disk surface. The resulting di sk was
t hen i nrer ded compar ohiver @kenpne fon .5 tat nutsasin-ahll Wt &rséll 2o | eave an
even | ayer having a thickness of 5 A on _the disk r . even | ayer
havi ng a th‘i%‘féggtb‘fe FXaRPIEs T Tor T Bn the " kW§§u§ a%g By Qiqeppi ng in a
solution ofdmuwggg(@w%iggqnma pFeBab usexrhtioadusihtaimiegage nol ecul ar
wei ght: " 1, 650; manufactured by DAIKIN I NDUSTRI ES, LTD.l)l and pot assi um

hydr oxi de dpestiusagpphyethdd Fombhén Sb|0Aint 2aPESTED C3 °SBEHT i i 9REnuf act ur ed
by SUM TOMD.3M. LI M TED ch i

e i.;n_a concentration of 0.33 nol/lI. =~ The
di sk on whi én°?%e ILBr f%%?\?n rfférmwgg ?o ,Ir}éd was subjected to a |ubricant

spin-off test and a contact start and stop test (CSS test). The results
are shown itheTabsie ch whben st 1@k itest VRer @asrf@thadiwvabysufediceAde b he

di sk in an atnosphere of 80[err]C for 14 days at 7,200 rpm and deter.nining
t he percenEajpsotf telsé eesa disdl tebhi thkngss sahet @ndarbriscant | ayer fromthe
change in tgtgcgmg go,jpt i,rgg intensity of C-F bond_in the FTIR spectrum

results are shown in Table 1. No stain was -

di st ance of
chl orof orm
in a

observed on either the disk or the head after the CSS test.

The same disk as used in Example 1 was dipped in a mixture of
chloroform and methanol containing 4,4'—diaminodibenzo-IB-crown-5:
potassium hydroxide and stearic.acid,'each in a concentration of 1

mmol/l to form an even lubricant layer having a thickness of 21 A on

the_disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the atmosphere
at a temperature of 25°C and a humidity of 40% RH in the same manner

as in Example 1. The results are shown in Table 2.

Exanple 8

The same disk as used in Exémple 1 was dipped in a mixture of
chlqroform and'methanol containing 4,4'-diaminodibenzé—18—crown—6,
potassium hydroxide and B—(N,N—Qiheptadecylaminocarbonyl)propionic
aéid, each in a concentration of 1 mmol/l to form an even lubricant

layer having a2 thickness of 33 A on the disk surface.



The CSS test was carried out using a 70%thin film head slider
[err] TiC a pressing load: 6 gf) which was raised to 75 nmat a

peri pheral speed of 8.7 ms. One CSS cycle took 12 seconds, consisting 3
seconds for turning on the electricity,50 a spindle and 9 seconds for
switching the electricity source off. e torque at the tinme of the
initiation of spindle rotation and the torque during sliding were neasured
in each cycle,;The t Qhque dHET Db Sidadingaywes wacalfedlPafed?t rfI&RERi Hurm
power acting on the head between 0.3 secog%ggnd 1t%%QOQQ a&;ggmku§gkggron
the el ectTiHriyatong hee fPirndnee tesR@NG0H W& es Were conducted and t he
aver age val ues of the torque at . th

et {herdune izati on of the
rotation amel AhEXRBPYRET- The TeSyYry nagxteslrgﬁgimr\lg were calculated fromthe
ten highest 'values. No stain was observed on either the disk or the head
after the E&SRkfack . Exanpl e 4 The sane di sk as used in Exanple 3 was
subjected to ultraviolet rays irradiation and an even |ayer having a
t hi ckness Bfe B@mA dask fas we@d dn ExamrliesR 48 (RPYSY) 1 fpPitPsafogm
chl or of orm sol. ution ggntaini

44" - di ani : Yo 5
concentrai?%ﬁ?ﬁﬁpnzCﬁnn?7quﬁb?gél‘dg?TjAéapbgggbtfﬁug*5U% & RNz o 1n a

concentration of 2 mmol/l to form an even layer having a thickness

(rmateri-al:

of 12 A on the disk éurfége. The resulting disk was then immersed
in a mixture of chioroform and methanol containing B-(N,N-
diheptadécylaminocarbonyl)propionic acid and potassium hydroxide,
each in a concentration of 1 mmol/l, and was raised to form an even

lubricant layer having'ajthicknesé of 33 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 7. The results are shown in Table 2.
Example 10

The same disk as ﬁsed in Example 1 was dipped in a chloroform
solution containing 4,4'-diaminodibenzo-18-crown-6 in a
concentration of 2 mmol/)l to form an even layer having a thickness
of 14 A on the disk surface. The resulting disk was immersed in a
chloroform for 5 minutes and wés raised at a rate of 2 mm/s to leave
an even layer having a thickness of 8 A on the disk surface. The

disk was then immersed in a mixture of chloroform and methanol

containing B-(N,N—d1heptadecy1aminpcarbonyl)propionic acid and



The resulting disk was then imersed in a chl oroformfor 5 ninutes and
was raised to | eave an even |layer having a thickness of 9 A on t he di sk
surface. An even | ayer having a thickness of 26 [err] (Exanple 4-1,
for

a spin-off test) or 24 A (ExanPBe 4-2, for a CSS test) was

. formed
on the diosk<sWih Atk WelPeBEni [ 2 Fégoi%mng,&.% 1 i3, nhRg PEMNUM SH
(average. nol ecul ar weight: 2,400 ) an pot assi um hydr oxi de, each 1n a
concent rratised vd Oodm marDleMen lubricantThaydirskaoingha cthitdkmelssboEcaath | ayer

was fornmed was subjected to a spin-off test or a CSS test in the sane
manner as in Exanple 3. The results are shown in Table 1. No stain

was skyedno | t ' o] : a r t

The sarreﬂfﬁjskSasgasgﬁgﬁlr%{xeanll&%erqsﬁé\%s{%%{)}]eé%? ego';il %Eglgt’%g\?slu(%gf E?éygo a
i rradi atiwrianediag peefolmdete RRsitNgna & htarlerEasn e@bst6id vWws JameREnner
27 on the disk surface by dipping in.a chloroformsolution containing
4, 4" - di aff ndtliBEFPde18- cr Bim-BeIults esacekewmtinofadle22pmpl /1 (0. 781

Example 11

F

The same disk as used in Example 1 was immersed in a mixture of
chloroform and methanol containing 4,4'-diaminodibenzo-18-crown-6
and stearic acid, each in a concentration of 1 mmol/l to form an

even lubricant layer having a thickness of 17 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 7. The results are shown in Table 3.

Example 12

The same disk as used in Example 1 was immersed in a mixture of
- chloroform and methanol containing 4,4‘-diaminodibenzo-18-crown-6
and B—(N}N-diheptadecylaminocarbonyl)propionic acid, each in a

concentration of 1 mmol/l to form an even lubricant layei having a

thickness of 31 A on the disk surface.

The disk on which the lubricant layer was subjected to a lubricating

performance test and a cohesion test in the same manner as in

Example 7. The results are shown in Table 3.



The resulting disk was then inrersed in a chloroformfor 5 m nutes
raised to | eave an even | ayer having-a thickness of 8 A on the disk
surface. ° An even |l ayer having a thickness of 44 A was forned on the disk
surface by dipping in a PFSG80 sol utionggontai ni ng DEMNUM SH (aver age
nmol ecul ar wei ght: 2,400) and potassi umhydroxide, each in a

concentration of 0.6 mmol /1. . The disk on which the lubricant |ayer was
formed was sugiegéed to a spin-off test in the same nanner as in Exanple
3. The shown in Table 1.. Exanpl e 6 The sane di sk as
used in Explme3qieR SURIKM 6% EQakbid avivakelimfiéySed in fr @llatéfkmand an
even | ayer having a thickness of 15 A was fofned o the di sk surface by
di ppi ng i sorutghinoicohos im&od Ut,ia0Rrdianiaodibepzo-18-crown=-6 in a ,
4, 4' - di am nodi benzo-18-crown-6 in a.concentration of 2,nqgl/| 80.781

g/1).  TReNFEAALIRG af sk TR Ahdl -7RiedSdd PR HRENF_LBTOMAR £8F 5% s
and vas 1 aLoed LRGP UCLRICENELL |B/ 3l ROYA bR aliBkokiegseof 6 Aon  the

and was

The resulting disk was then immersed in a chloroform solution
(1.26 g/1) containing potassium f-(N,N-diheptadecylaminocarbonyl) -
. propionate in a concentration of 2 mmol/l and was raised to form an

even lubricant layer having a thickness of 49 A on the disk surface.

‘The disk on which the lub.icant layer was formed was subjected to a
lﬁbricating performance test and a cohesion test ip the atmosphere
at a temperature of 25°C and a humidity of 40% RH in the same manner

as in Example 1. The results are shown in Table 2.

The same disk as used in Example 1 was immersed in a chloroform
solution containing 4,4'-diaminodibénzo-}8-crown-6 in a
concentration of.2 mmol/1l (0.781 g/l) and was raised to form an even
layer having a thicknéss of 16 A on the disk surface. The resulting
disk was immersed in a chloroform solution for 5 minutes and was
raised at a-réte of 2 mm/s to leave an even fi#ed layer having a
thickness of 7 A on the disk surface. As shown in Fig. 7, this
fixed layer was not reméved after repeated (three times in total)
rinsing with'a chloroform solution in a similar manner, which means
- that 4,4'—diamiﬁodibenzo-18-crown-6 used as .a multidentate liﬁand in

this Example strongly adheres to the carbonaceous protective layer.



An even | ayer having a thi ckness of 18 A was formed on the disk
di pping in a PF5080 sol ution containing perfluoropolyether
(OHs "at both ends; average nolecul ar weight:

Edison) in a concentration of 1 g/l. 3ihe di sk on which the |ubricant

| ayer was forned was subjected to a spin-off test in the sanme manner as in

Exafpl e 3. The results are shown in Table 1. Conparative Exanple 1

The sane theskiiag oseshried Exaspye thewasolemareyed vias ammersrehdln 2 sol ution

cont ai ni %Epot gsy um stearate in a concentrati
n

surface by
Fonblin Z DOL
2,000; manufactured by Munt

f 1 6 g/l
for 5 m RE™waR YHiofedoyt 2 1 0% £°67°1 ’Oumn%] LA “fen %ngﬁﬁgﬁ%an? :
| ayer havinp of .13_A t he dhak on
whi ch t he® ?gbrl%lgh%gpg&gartevﬁg o‘r:%g Av}\'/gsaqlééﬁj %%tfégtr"{%qg - ZI?Jt;g-rpl 2atg| ng

perfor rranclestesiswdoamﬂheﬁi QR ehesbbiitdnite Lagee mavimar a thickmessn oExadpl e
1. In the lubricating performance test, the friction

force was
neasur ed & eerthe diskususiagr) after 2 hours of continuous sliding.
The results are shown in Tables 2 and 3.

Conparative Exanple 2
The sane disk as used in Exanple 1 was imersed in a chloroform

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner

as in Example 13. The results are shown in Table 2.

Example 15

The same disk as used in Example 1 was immersed in a chloroform
solution’containihg.potassium stearate and 4,4'-diaminodibenzo-18-
crown-6, each in a concentration of 1 mmol/l and was raised to form

an even’ lubricant layer héving a thickness of 17 A on the disk

" ‘surface.

The disk on which the lubricant layer_Was formed was subjected to a
lubricating performance test in the same manner as in Example 1_t°
measure the friction force after 10 minutes and after 2 hours of

continuous sliding. The results are -shown in Table 3.

Examﬁla_lﬁ
The same disk as used in Example 1 was immersed in a chloroform

solution containing potassium stearate in.a concentration of 1

mmol/) and dibenzo-18-crown-6 in a concentration of 2 mmol/1l (1.03



containing stearic acid in a concentration of 3 mol /I (0.852 g/l) for
5 mnutes and was raised at a rate of 10 s to forma | ubri cant

| ayer having a thickness of 16 A on the disk surface.

29 The disk on whi-ch the lubricant |ayerswas formed was subjected to a
Iubri-.cati-ng ﬁerformance test and a cohesi©On test in the sane manner as in
Exanpl e 1. 3fhe'? dh%!d apd whowrrisedrabl o an eCsfpivhriGRNtEAGIBreh8ving

The sane disk §€¥gj| N sed in a chloroform containing"
[err]-(N, N—dlﬂepta ecyl a%ﬁﬁggfg?b%m?\gﬁsﬁr 8‘5? % acid in a concentration of
1. mol/l (0.593 g/l) for 5 mnutes and was raised at a rate of 10 mms to
forman even lubricant |ayer having a thickness of 28 A on the disk

surf ace. ThTﬁeE%IiFf!ile)Nawh cehriée duthrtiocandfimyehendsbidcating\gersobpanted
to a |lubri cgtl ng ormance test and a,cohesion test in the same manner

as in Exanpf i 00p AP cURIER) ther CEPRRIRT B&TOWnrficWF iRAGSSRL - £Br Ble
vas measur %@s@fainein]@ ﬂb:{aeét §§CQQQ Mdifleo ?\PQ%‘@%Q‘E‘%&E&HHOH@%&&,' ng. The

results are shown in Cbnpara
namely, the absence of free potassium stearate.

‘The disk on which the lubricant layer was formed was subjected to a
lubricating performance test in the same manner as in Example 15.

The_results'are shown in Table 3.
- Example 17

The same disk as used in Example 1 was immerse@ in a chloroform
solution. containing stearylamine and dibenzo-l18-crown-6, each in a
cohcentration of 1 mmol/l (1.89 g/l in .terms of a complék) and was

raised to form an even lubricant layer having a thickness of 24 A on

the disk surface.

The disk on which the lubricant layer was formed was subjected to a
.1ubricating performance test in the same manner as in Example 15.

The results are shown in Table 3.

The same disk as used in Example 1 was immersed in a chloroform
solution containing stearylamine in a concentration of 3 mmol/1
(0.809 g/1) and was raised to form a lubricant layer having a

thickness of 25'A on the disk surface.



A hydrogenat ed carbonaceous protective |ayer was forned on the sanme disk
as used in Exanple 3 and an even |l ayer having a thickness of 20 A was

formed on the disk surface by dipping in F5080 sol ution containing
DEMNUM SH (aver age nol ecul ar wei ght: 1,65

ina concentration of 0.5
mol /1. The -di sk on which the lubricant |ayer was formed was subjected
toa spin-off test in the sanme manner as in Exanple 3. The results are

shown in Tabkedilsk on which the lubricant layer was formed ”553QUbiiﬁﬁﬁ§raPiWe
Exampl e 5

. .30 dr enat e carbon otegkl | qyer was
forned on tll‘l'gr§%13rfe1"gdf)§ﬁf%'csmau'>s/°§d9?n aq'h é(?‘g%?e%{antﬁ g%é&r{ ea\a/Iiarig a
t hi ckness afhe3teséi Carpagsndwry & nExappe es,5-1, for a spin-off. test) or 27 A

(Conparative Exanple 5-2, for a CSS test) was formed on the disk surface
by dipping in a PF5080 solutlon contai ning DEWMNUM SH (average nol ecul ar

wei ght: 2; concentration of 0.6 mmol/]I. The di sk on which the
| ubricant l'ayer was fornmed was subjected to a spin-off test or a CSS t est
in the same manner as in

The same disk as used in Example 1 was immersed in a methanol

solution containing cycloinulohexaose and potassium_ﬁ-(N,N-

diheptadecylaminocarbonyl) propionate were dissolved, each in a
concentration of 1 mmol/l and was raised to form an -even lubricant

layer haviné a thickness of.23 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
" lubricating performance test and-a cohesion test in the atmosphere

at a tehperature of 60°C and a humidity of 80% RH.

The results are
shown in Table 4.

Example 19

The same disk as used in Example 1 was immersed in a methanol

solution containing cycloinulohexaose, ﬁ—(N,N—diheptadecyl—

aminocarbonyl)propionic acid and potassium hydroxide were dissolved,
each in a concentration of 1 mmol/l and was raised to form an even '

lubricant layer having a thickness of 30 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cohesion test in the same manner

as in Example 18. The results are shown in Table 4.



Example 3. The results are shown in Table 1. No stain was observed on
either the disk or the head after the CSS test. Conpar ati ve Exanple 6
A hydrogenated carbonaceous -protective |ayer was formed on the same disk
as used in Exanple 3 and an even | ayer ing a thickness of 41 A was

formed on the disk surface by dipping in PF5080 sol ution containing
DEMNUM SH (average nol ecul ar weight: 2,400) in a concentration of 0.6
mol /| . The di sk on which. the |ubricant

| ayer was forned was subjected
to a spinﬁ%%hl%e§b in the sane manner as in Exanple 3. The results are
shown in Table 1. Compar ati ve Exanple 7 A hydr ogenat ed car bonaceous

protective |ayer was fornmed on the same disk as used in Exanple 3 and an
even | ayer having a thickness of 21

31 [err] Thenpeitaitdisé Exanptd in Exafmpie gl ¢ffsnigmersedtin ¢r meghanol
(Conparative a for cSS test) was for di s wf
by di ppi ng® |ﬁE§ @@éﬁﬁ%aébrﬁ?lfﬁfkﬁh$P§ EF%ﬁfse s B8 8lnE it s ot B £'fhn

and was raised to form an even layer having a thickness of 16 A on

the disk surface. The resulting disk was then immersed in a

chloroform solution containing potassium P-(N,N-
diheptadecylaminocarbonyl)propionate in a concentration of 2 mmol/l

and was raised to form an eQen lubricant layer having a thickness of

50 A on the disk surface.

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion test in the same manner
as in Example 18. - The results are shown in Table 4.

Comparative Example 9

-The disk on which the 1ubricént layer was formed in the same manner
as in Comparative Example 3 was subjected to a lubricating
performance test and a cohesion test in the same manner as in

 Example 1B. The results are shown in Table 4.
Example 21

On a smooth aluminum alloy substrat¢ having a diameter of 3.5
incheé,.l,zoo A of a chromium undercoating layer anq 500 A of a
magnetic layer of a cobalt alloy.were fonmed.by sputtering. 200.A
of a hydrogenated carbonaceous protective layer was further formed

.on the disk. The surface of the resulting disk was irradiated with



per fl uoropol yether Fonblin Z DOL (average nol ecul ar weight: 2,000)
concentration of 1 g/l. The di sk on which the lubricant |ayer. was forned
was subjected to a spin-off test or a CSS test in the sane manner as in
Exanple 3. The results are shown in Tabl g9l. No stain was observed on
either the disk or the head after the CSS test. ‘Exanpl e 7 The sane

di sk as used I n E% 1rzﬂ was di pped in a mxture of hggroformand

met hanol  ¢ORE AT A5 Eaﬁs V%gnédf‘b‘é?l’z%‘qfﬁ ef ol @™ 256t 434i n¥NPdPBxi de
‘and st ear 'oG BGt tor 8ACRA EPoR £QANGRAKEALLON Ohamleo M Idiinul@sf Of NaraN gy eN
| ubricant |ayer having a thickness of 21 A on the disk surface.

di sk on which the lubricant |ayer was fornmed was subj ect ed to a

| ubricatin _perfgrmancfe hest and a cohesiqn test in tkke m)s?@}h a
t enper at ure “of 251 € (I'CE AR ARG SITRARACRRNF P ectdve ‘?fe"’as as '
i n Exanpl earlalytbe BEUHS us@he SNWWK RayaPl B4 Zv-300 wh@dHYchr8mator akN@n

sanme di sk as used in Exanple 1 was dipped in a m xture of chl or of orm and

met hanol c¥mtaai sopged, 4Aordikananallydienaged8eLrwMnx63.5 Wpéﬁrwsshunuhyeir oxi de
and [err]

N- di_h adec | ami nocar bon I) ropi_gn acid, each in a
concent ratig%‘#eoff gﬁ’rm af‘f’ Yl 3SR ebRA ? u'brsi%céht As |3, FEFUALY | Hy IgD
t hi ckness Qfs 33t aQRelNen CEOSlétﬁbé[f?'ﬁ?e ratio of the C=0 bond to the C-H bond

in a

The

and C-C bond changed from 0.04 before the surface treatment to 0.10 °

after the surface treatment. This means that the acidic functional

groups on the surface of the hydrogenated carbonaceous protective

layer had increased.

The resulting disk was immersed in a chloroform solution containing
4,4'~diaminodibenzo-18-crown-6 in a concentration of 2 mmol/l (0.781

g/1) to form an even layer having a thickness of 20 A on-the disk

‘surface. This'disk was then immersed in a chloroform for. 5 minutes

‘and was raised at a rate of 2 mm/s to leave an even layer having.a

;hickness of 12 A on the disk surface.

The disk was then immersed in a methanol solution containing-
potassium stearate in a concentration of 1 mmol/l (0.314 g/1) and

was raised to form an even lubricant layer having a thickness of 19
A. '

The disk on which the lubricant layer was formed was subjected to a

CSS test in the same manner as in Example 3 and a cohesion test in

the atmosphere at a temperature of 25° and a humidity of 40% RH in

the same manner as in Example 1. The results are shown in Table 5,



32 The di sk on which the lubricant |ayer was fornmed was subjected to a

| ubricating performance test and a cohesion test in the same manner as in
Exanple 7. The results are shown in Table 2. Exanple 9 The sane disk as
used in Exanple 1 was dipped in a chloroform solution containing

4, 4' - di aminodi benzo-18-crown-6 in a co#é@entration of 2 mml/I to form-an
even | aygambaei pg a thickness of 12 A on the disk surface. The resulting
disk was then imersed in a mxture of chloroformand nmethanol containing
[err]-(N, N diheptadecylaninocarbonyl)prOpionic'acid and potassi um:
hydroxi de, each in a concentration of 1 mmol/Il, and was raised to form an

even Ilﬁﬂ% CaRe Pa§éraﬁav5ﬁ@ ant$ﬁ4ﬂa4@s§10W3335¢P1#P%¢ﬁ3%ﬂsﬂétsawﬁaﬁet The
di sk on

b t f d t
| ubri cat i g pe%? nébcgggtwﬁ%gL§$%%ﬁﬁgagﬁ t§€?°fﬂ %ﬁ% g Mﬁhner as in
Exanpl & doncHihrRsul S -85 Em3HOURLERLJ. tq n-EX2PL Ccdflcene S AT 1 Sk

as used in Exanple 1 was dipped in a c oroform sofution con ai ni ng

4,4' - di anhobdl beENZAB11G/Q) 08B BokR an everPNeGRLr AbvOAgOh 2hidkAdds ¥ har K an
-even |ayer having a thickness of 14 A on the disk surface. The resulting
di sk mas°Pnﬁ%?s%kFKr$q§face -

The resulting disk was immersed in a chloroform for,5 minutes and
was raised at a rate of 2 mm/s to leave an even layer having a

thickness of 12 A'on the disk surface.

The disk was then immersed in a chloroform solution containing
potassium B-(N,N-diheptadecylaminocarbonyl)propionate.in a
concentration of 2 mmol/l (1.26 g/l) and raised to form an even

lubricant layer having a thickness of 38 A.

The disk on which the lubricant layer was formed was subjected to a

CSS test and a cohesion test in the same manner as in Exémple 21.

The results are shown in Table 5.
Example 23

The same disk as used in Example 1 was subjected to ultraviolet rays
irradiation and was immersed in a chloroform solution containing

potassium stearate and dibenzo-18-crown-6, each in a concentration

of 1 mmol/l (0.674 g/l in total) to form an even lubricant layer

having a thickness of 26 A on the disk surface.



chloroformfor 5 mnutes and was raised at a rate of 2 nMmis to | eave an
even | ayer -having a thickness of -8 A on the disk surface. The di sk was
then imrersed in a m xture of chloroformand nethanol cont ai ni ng
[err]-(N, N-diheptadecyl anmi nocarbonyl) prépi onic acid and .

33 potassi um hydroxi de, each in a concentration of 1 mml/Il, and was

rai $ed tortheralgw @N%ﬂé;prtiwgangg@xggsrgﬁyr%%g st FoekBaSHaof s@bidbrea tBG

di sk on which the lubricant layer was r was subjected to a
| ubri cati R§Speesoramnce dards iand tas€ODASLINE 88 mannklre asaie BaamMEle HS. i N
Example 7. The results are shown in Table 2. Exampl e 11 The sane di sk

as used i APExERPPELY ke shAwsy dod TaRle Bixture of  chl orof orm and met hano
cont ai ni'ng 4, 4' -di am nodi benzo-.-18-crown-6 and stearic acid, each in a
concent r aExkampbé A4 ol /| to forman even |ubricant |ayer having a

t hi ckness of 17 A on the disk surface. The di sk on which the [ubricant

| ayer was fornmed was subjected to a |lubricating perfornmance test and a
cohesi on gg%tsin t he sane nmanner  as in Exanple 7. The results are shown in
Tabl e 3. ER&nPtK 25 used in Example 1 was subjected to ultraviolet rays

irradi i i i

diation and was immersed in a ch;oroform solution containing
otassi -~ -di . i
potassium B-(N,N dlheptadecylamlnocarbonyl)propionate and 4,4'-

diami i -18- i
inodibenzo-18 crown-6, each in a concentration of 1 mmol/l (1.02

.gll) to form an even lubricant layer having a thickness of 3¢ A on
the disk surface.

.The disk on which the lubricant layef was_formed'wéé éubjected to a
CSS test and a cohesion in the same manner as in Example 2i |

| | The |
results are shown in Table 5.

Cgmpaxaiiyﬂ_ﬂxamnle_lﬁ

Using the same disk as used in Example 21 but without irradiating it
with ultraviolet rays, an even lubricant layer having a thickness of
20 A was formed on the disk surface by immersing in a fluorocarbon

solution containing perfluoropolyether (Fomblin Z DOL, manufactured

by Mount Edison) in a concentration of 1 g/l.

- The disk on which the lubricant layer was formed was subjected to a:

CSS test in the same manner as in Example 21. The results are shown

in Table 5.



The sane disk as used in Exanple 1 was imersed in a mxture of

chl orof orm and net hanol containing 4, 4'-di am nodi-benzo- 18-crown-6 and
[err]- (N, N-di hept adecyl ami nocar bonyl ) propi oni ¢ acid., each i.n a
concentration of 1 mmol /| -to forman even | ubricant Iayer havi ng a

t hi ckness of 31 A on the disk surface. The di sk on which the |ubricant
| ayer wds subjected to a lubricating performance test and a cohesion
test in the same nanner as in Exanpl e 7. " The results are shown in Table
3. 42 34 Exanple 13 The sam® disk

as used Mutlboanplierédmanlgrrﬂﬁésedsw masicy | Gyroedr khesedntd SYIEDIR AN

g .
4, 4" -di am nqodi benzo-18-crown-6-in a _,concentratiaon or asmg)lala éﬂj 1 g/I)
and was rSPRAPAEEOPSrRokecEI¥A LP¥BR AR niPTE MRPERACSE OF “IA™

di sk surfa%@h ultrlb?oiééLﬂavsr}gadﬁ{}eéf\%vtih&”a'mk%@(gs' ot axi,oLef Ry rBr

sol ution 1.26 contal'ning potassium
[err]-(N, Nedlxheqm afdaemy&am ReAeepytlive piiohi swmefiacdsnby someaingainon of 2

mmol /1 and was raised to forman even Iubrlca r in athlckness
of 49 A ofhlRECEREK sedpt her containing 44l 5 ﬁﬁ?ﬁ?\é%‘é‘ §¥| c'g“hnla)i/Br Wa's

formed was.cHddheriethd 3£22 mmols1 (0.781 gll’ .

" The resulting disk was immersed in a chloroform for 5 minutes and

was raxsed at a rate of 2 mm/s. The resurts-showed that the coated

layer had hardly remainder adhered to the disk surface.

Example 25

The same disk as used in Example 1 was immersed in a chloroform
containing copper stearate and 1,4,8, 11—tetraazacyclo—tetradecane,.
each in a concentration of 1 mmol/l to form an even lubricant layer
having a thickness of 16 A on the "disk surface. '

The disk on which the lubricant layer was formed was subjected to a
lubricating performance test and a cohesion teét in the saime manner

as in Example 1. The results are shown in Table 2.

Example 26 -
f
The same disk as used in Example 1 was immersed in a mixture O
- -4,13~-
water and methanol containing silver acetate and N, N'-dibenzyl-
m a
diaza-18-crown-6, each in a concentration of 1 mmol/l to for
Then,

coated layer having a thickness of 6"A on the disk surface.

. P -(N,N-
to the resultant disk using a chloroform solution rontaining B ’



| ubricating performance test and a cohesion test in the atnosphere at a

tenperature of 25[err]C and a humdity of 40% RH in the same manner. as
in Exanple 1. The results are shown in Table 2. Exanpl e 14 The
same disk as used in Exanple 1 was imrerggd in-a chloroform sol ution
cont ai ni ng 4, 4'-di am nodi benzo-18-crown-6 in a ‘concentration of 2 nmol /|
" (0.781 d¢/1) and was raised.to forman even | ayer having a thickness of
16 A on the disk surface. The resulting di sk was inmersed in a
chloroform solution for 5 m nutes and was raised at arate of 2 nms to
| eave an even fixed |ayer having a t hi ckness of 7 A on the disk surface.
As shown in Fig. 7, this fixed | ayer was not renoved after repeated
(three tines in total)- rinsing with a chloroformsolution in a simlar

nmanner, \A/raﬁbpﬂeaeéylamirk@éaéo 19ipaBbRedl beaZ 1§t & QMRcenUsedids F¢ 2
nultldentate l'igand in g&anple strongly adheres to the carbonaceous
protecti \/ennioa.yér, a lubrlcant layer having a total thickness of359 AThes di sk
obt ai ned thro%%Q t he above steps was inmersed in a chlorof orm sol-ution
cont ai ni n ﬂﬁﬂ sium[err]-(N, N-di hept adecyl am no- carbonyl ) propionate in
a concentoration of 2 mol/l (1.26 g/l) and was raised to forman even

| ubricant |ayer having a thickness of 28 A on the disk surface.

: ' The disk on which the lubricant layer was formed was subjected to a

lubricating performance test and a cchesion test in the same manner

. as in Example 1. The results are shown in Table 2.



The di sk on which the lubricant |layer was fornmed was subjected to a
| ubricating perfornmance test and a cohesion test

in the sane nmanner as in
Exanple 13. The results are shown

in Table 2. Exanmpl e 15 The sane
disk as used in Exanple 1 was imersed in a chloroform sol ution
cont ai ni ng potassium stearate and 4, 4' - di4anm nodi benzo- 18-

crown-6, each
in a concentration of 1 mml/|l and was raised to.form an even' tubri cant

| ayer having a thickness of 17 A on the disk surf ace. The di sk on
whi ch the lubricant |ayer was forned was subjected to a | ubri.cati ng
performance test in the same manner as TablMexanple 1 to nmeasure the
friction force after 10 mnutes and. after 2 hours of ‘cont i nuous

sliding. The results are shown in Table 3. Exanple 16 - The
sanme disk as _used in Exanple 1 was

i mersed in_a chloroform sol ution
contai ning pptassiumsteafate in a jconcentration of nmmool /| and}
di benzo-18-cfown-6 in a cp@;;é?,fﬂﬁ[;pn of SPGB (1, d3 CAs_near
36 ‘lubricant Residual thickneas of - torque

layer (&) lubricant layer (%) (gf.cm)
' Inttia- Dusing

114 1 14 tion of slidy

day | daya | days | davs | roration i
Example 3 - 25 81 | 12 | | 67 28 11
Exanplae 4-1 26 85 82 81 79
Example 4-2 L 24 ' 35 8
Example § 44 84 | 719 18 5 - -
Example € 18 80 79 7%} 78 - -
Comparative 20 €7 57 s7 52 - -
Example 4 ’
Conmparative . 31 76 71 | 68 65
BExanple 5-1
Comparxative 27 : 1] 8
Example 5-2.
Comparative 41 72 65 67 64 - -
Examnple 6 )
Comparative ' 21 16 9 53 45
Exampla 7-1 '
Comparative 16 64 25
Exanmpla 7=2 . .




g/l in total) and was rajsed to forman even |ubricant
t hi ckness of 16 A on the disk surface.

confirmthe | ubricating perfornmance under
di benzo-18-crown-6 was present, in the sygtemin.a |arge excess when
conpared,to potassiumstearate, nanely, the absence of free potassium
Stearate. The di sk on which the lubricant |ayer was formed was subjected

to a lubricating performance test in the sane manner as in Exanple 15.
The results are shown iin Table 3. The sane disk as used in

Exanple 1 was imersed in a chloroform. s&iutlon cont ai ni ng st-earyl ani ne
and di benzo-1-8-crown-6, each in a.

| ayer having a
This Exanple was carried out to
a condition in which the

concentration of 1 mol/Il (1.89 g/l in
terms of a conplex) and WaScxdegd Sed{te form an even lubricant ayer hav]ng
a thicknesp of 24 A on | tbeicdhshagul f, %‘é““;’ THR &8k ot AAY 8 t he read
| ubricant |ayer was forjmed maé)subjécf {96 | ubricating perfofmance {est
in the samgg ef as Iin Exanple 151 The regultsy e>Qym@gn Table 3.
Conpar at i ve—Exarpte—8 The—same disk—asuded-in-Exanple—Ll-vaslimnersed
in a chl or pFerade 3ol utijon comsai ni nd st earyl dm nevNpae 2 :t?omm raji om of |3
mol /| Exanmple 7 21 3.5 - None > 35 days b
Example 8 33 2.9 None > 35 days b
Example 9 33 2.8 None > 35 days b
Example 10 26 2.8 None > 35 days b
Example 13 49 1.6 None > 32 days a
éxample 15 28 1.8 : None > 32 days a
Example 25 ’ 16 3.8 None > 14 days. b
' Example 26 19 3.0 - None > 14 days b
Comparative o 13 2.7 Observed < 3 dgys a
Example 1 . ) .
Comparative 16 1.4 " Observed < 3 days a
Example 2
Comparative 28 - 3.4 dbserved < 3 days b
‘| Example 3 : :
Head:

a: MnZn Ferrite

b: Al,03.TiC



(0.809 g/1) and was raised to forma I ubricant

| ayer having a thickness of
25 A on the disk surface.

. The di sk on which the |ubricant 1ayer
was formed was subjected to a |lubricating performance test in the sane

manner as in Exanple 14. The results are.shown in Table 3. Exanpl e 18

The sane,disk as used in Exanple 1 was inftffrsed in a nethanol solution
cont ai ni ng cycl oi nul ohexaose and pot astdoi@ perr]- (N, N

di hept adecyl am nocar bonyl ) propi onate were di ssol ved, each in a

concent r at fom of I Mot +—aRre—was—+at-sed—to—Fermanr—eveh—ubiic er
havi ng a thickness of.23 A onTbh@Umssk%urfaé‘e‘lctloﬂ'he dlszkzc@mom,hi el
| ubri cant | ayer . was f or med {w& %ﬁf@ﬂ%c%%&&rt ;enﬁ Tgﬁga Ffé mance
test and afpeoheston—test—u he_at r‘r})qnhprf * ‘1F\r 1l 0[ errff C
and a hum ¢Et3®Ie 89% RH. 1he results are shown yn [abl esds Bxanpl e
19 Thepsafp disk as Uged Tm ;%gnpie I Was T ITET SEf— T g‘;CLualalb
Example'ls 17 1.8 2.0 a
Example 16 16 2.0 2.0 . a
.|Example 17 24 1.1 1.1 a
Comparative . '
Example 1 13 ] 2.0 . 2.7 a
Comparative . ' 3.1
JExample 3 28 3.4 b
Comparative 2 . 1.8 '
Exanple 8 - S ) Wear a 4J
Head:

a: MnZn ferrite

b: Alp03¢TiC



sol ution containing cycl oi nul ohexaose, [err]-(N, N-di heptadecyl -

am nocar bonyl ) propi oni ¢ acid and potassi um hydr oxi de were di ssol ved,
each in a concentration of 1 nmml/|I and was raised to forman even
| ubricant | ayer having a thickness of 30 ,

on the di sk surface. The
di sk on which the lubricant layer was forrmed was subjected to a
| ubfi cating performance test and a coheS| on test in the sane manner as
in Exanpl e 18. The results are shown fAPYa e 4.

38 The sane disk as used in Exanple 1 was i mersed in a nethanol

sol uti on ¢ontarning cyclornul OHE{X e | nac )n(}q_,q LRk Qnéof 1 %I/I Enrd
was raised to forman even | %;‘E lgy;p !fgggé f)l A(mc,
surface. The resulti ng d| sk e 4l et S sed i'n a I oroform SO ut | on
cont ai ni ng pot-asst ul||1C| -+ T \l —N- ¢h IIClJL auc\.,)l alli‘llUL,oll iJUI Pt U‘[Jl orate—t a
concent r atliEgamdie A&mol /| and was rdPsed to|form3af ever N%r i{caht dayyer
having a tih ckpess, §f 50 A oh the dhsk surfdce. 3 gThe qiyilne0n,Wpy ¢l khe
|'ubri cant wab—subjected-to -3
Example 20 50 3.4 None (> 15 days)
Comparative - 28 3.4 Observed (< 1
day)
Example 9 ,
* Head: Al203°TiC
Table 5
. Cohesion test
CSS test* (25°C/40% RH).
. after 14 days
Stain on head| Initiation |Torque Quring
and disk torque - sliding
Example 21 ~ None 9 gfem .7 gfcem None
Example 22 None 23 gfcm 11 gfcem . None
Example 23 None .9 gfcm 9 gfem ~None
Example 24 _None 21 gfcm 11 gfem None
Comparative None 65 gfem 17 gfcm -
| Example 10 ' .
* Head: Al203°TiC



| ubricating performance test and a cohesion test
Exanple 18. -The results are shown in Table 4. Conparative Exanple 9
The di sk on which the lubricant |ayer was fornmed in the same manner as in
Conpar ative Exanple 3 was subjected to 4glubricating perfornmance test and
a cohesi g &@%u&&h%r@ﬁ\"ﬁhgﬁw@&l@é $nBunEXATPLALLE THe LesULdte Are shown
i n:Tabl e

a snooth alum num all oy su st ges
havi ng atdlaanebmsmn 325 obskBeleSon 200 uArbfast chayed WhH Goupacosiien(
| ayer and 500 A of a- magnetic | ayer of a ﬁobalt al |

0 e fornmed b
sputt eri FFampaes Al to ¥ ia WdFBgénh’t“%Fcc’é‘FbB 8BeotRS p‘ﬁ%’éct"?‘ééel%ﬁﬁ& wzts
rurtier 18 RGon Wl S on'Rhe SHIBARNR! 1008 T8 Hildried! 2Xai@

i rradiat ed ﬁ 5 ?trawolet

rays haVIa&gcoasmwgetengw peski ARVaNEi @b A ven afdthe tRlEKNEssOthOPedY fum a
di stance of 15 mmfor 5 minutes in the air. The surface of the

hydr ogenatiicksgr fbaacebese F"btma\retﬁ&?e‘ﬁxmesahaWzéd(Qg/irmbsl@ghhgy an
([;—‘VG;] 01[ ays% é‘%’: gl’%ﬂgav%ihg?grg%ﬁhqrr&@to g Rost >§aYe¥')SOUEt was %rur%pmeanal ysis

found that the lubricant layer of Examples 1 and 2 had a lubricating

in the sane nanner as in

performance and a driving performance comparable or superior to

those of the systems containing a lubricant. alone according to

Comparative Examples 1 to 3.

Further, the orientation of the alkyl chain in the lubricant layer
prepared in Example 2 was analyzed by FTIR-RAS. As a result, as
shown in Fig. 8, the CH stretching vibration attributed to a methyl
group at the tip'of the alkyl chain was clearly observed. It was '
also confirmed that the alkyl chain was oriented in such a good

state as to be vertically oriented against the substrate since the

intensity of the CH stretching vibration of the methylene chain was

comparatively small.

Taking into account fhe layer thickné;s, it is considered ;hat the
binding site on the lubricant layer was oriented to the substrate

and the layer is a mono layer having a structure such that the alkyl
chain was arranged with being directed upward (Fig. i), which is
almost an optimal structure as a lubricaﬂt'layer. On the contrary,
in the conventional system cdmposed of a lubricant_(p-(N,N;
diheptadecylaminocarbonyl)propionic acid) alone (Comparative Example

3), the intensity of absorbance based on the CH stretching vibration

of the methyl group at the tip of the alkyl chain was small and the



angle of 65 (analysis depth: up to - 50 A). As a result, oxygen was
contained in 20 atn® The ratio of the C=0 bond to the CGH bond and CC
bond changed from 0.04 before the surface treatment to 0.10 after the
surface treatnent. This nmeans that the acidic functional groups on the
surface of the hydrogenated carbonaceous#rotective |ayer had increased.

The' r esul itntegstt gkos\ashe WHELEEEL &Ny GbeEol o N85 UHY iMRRhGOBARI dHAG was
4, 4' -di am nodi benzo-18-crown-6 in a concentration of 2 nmol/Il (0.781 g/l)

to form &fr@¢en TAyer itawasg faunti thategheopr2enyatipn tofe thesklky]l sinafiace.

This dis s then imersed in a chlorofQrmfor 5 mnutes ., and was rai sed.
at a rat léon\(,)\?%f %ﬁiﬂé Y& Is(?a\P(9°§ntB%ntl}eaf§rkY afhdps, verq grifAked ¥ 12 A on

the di sk @iFffedeft directlitfhgdi Sk was thenimrersed in a nethanol solution
cont ai ni ng pot assium stearate in a concentration of 1 mmol /| (0.314 g/l) -
and was raised to forman even lubricant |ayer having a-thickness of 19

. The di sk on which the |ubricant layer was formed was subjected to a
CSS test §rOM des ZREUNEH oW imy TERAe e i3 HAg aoRbhEvedthesst innthe the

t h ; t . 25 C and._a_ huni di f 40% RH | th
Cam: hannei A TREE 4o lins e B bhe Sashen s agy ef T ERe cad™®

where a liquid lubricant was used, the spin-off of the 1ubr1cant
melecule was effeetively prevented and the adhesion of the head as

' observed in the case 'of using a liquid lubricant hafdly occurred.
That is, in the lubricating system accqrding to the present
invention, such a spin-off was effectively prevented by having the
lubricant compound adhered to the substrate using the host-guest
complex lubricant layer. In addition, the fixation and.iubricating
performence_did ne; use a tredeoff and the lubricant layer. was
constituted so as to have an excellent }upricating performance and a

durability while hardly undergoing any adhesion.

When, on the one hand, a liquid lubricant, perfluoropolyether, was
di:ectly-ceated oﬁ a smooth disk (Comparative Examples 5 ande), it .
.is considered that the lubricant migrates on the surface and
collects at the true contace region between the head and the disk to
form a meniscus due to the low interaction between the lubricant and
the surface_of'the érotectiveﬂlayer. On the other hand, in the case

. in which a liquid lubricant was fixed on the smooth substrate using
a host-guest complex (Examples 3 and 4), the torque at the

initiation of rotation was lowered to. 35 gfecm or less.

From the results of Examples 7 to 10, it was confirmed that the

lubricant layer formed using a multidentate ligand having a function



40 Exanpl e 22

The sane disk as used in Exanple 21 was subjected to
ul travi ol et

rays irradiation and was i nmmersed in a chloroform sol ution
cont ai ni ng 4, 4' -di am nodi benzo-18-crown-6 in a concentration of 2 nmol/lI

(0.781 g/l) to forman even |ayer having a thickness of 17-A on the disk

sur face. The resulting disk was inm®®ed in a chloroformfor 5 minutes
and” was raigse atmax nate of 2 ms to | eaye an even |ayer. havi a

thickness of 12 A on.t helgai'sﬁ i3 gccé’.mpou" & gk?ﬁggl Herl'si ﬂﬁgg%‘é’tf in a
chl or of ortm%igiguenoactiont alydirbgenPOhdspeindéhtly as a material had an

[err]- (NN di hept adecyl am nocar bonyl ) propi onate in a concentration of 2
mol / | (1‘?'?%‘“3‘/%")‘ gﬂ%ﬁ%ﬁ@m performnge apdnthe gahesien phytdre Habrigant
t hi cknesspofed A

isk Q ich the lulricant l.ayer s forned was
subjected to a . Co&P ggef?nq'é"r#c(i 5%\%%&& tﬁ&sr‘tﬂ?ﬂfﬁw g‘&&%r%‘ﬁ?p B¥ in
Exanpl e 2using e lubsutifc Akl AW kRidAMNa8 Been isolated By SR ribgk as
used in Exampl e was subjected to ultraviolet rays ' '

I rradi ati-on and was

i mersed 3% 3"cht%AIOMS Retal usan @sneadvrsty comppurdssi um stearate and

di benzo-18-crown-6, each in a concentration
As shown in the results of Examples 13.and 14, it was found that the
lubricant layer pfepared by forminq the muitiden;ate ligand layer
and then forming the lubricant molecule layer exhibited a-
lubricating performance comparable or superior to that of the
lubricant layer fixéd by using a solution in which the lubricant
molecule and crown ether had formed the host-guest complex (Example
2). It is'considered that, in each case, the fixed host~guest
ConlexeS'hgve ;'layer'constituﬁion such that the crown ether, which
stronqu interaqts with thg'substrate as a whole, adheres to the

- surface of the disk and the lubﬁicant molecule is coordinated
" thereon. '

'As is clear from the results shown in Table 3, it was found that the
lubricant.composed of pbtassiuﬁ stearate and dibenzo-18-crown-—-6
(Examples ISIaAd 16) exhibited a more excellent lubricating =~
performance than the lubricant composed of only potéssium stéarate
.accordihg to Compdranive Example 1. Eufther, it ﬁag found;that the
lubricant composed of stearylamine and dibenzo-18-crown-6 (Example
17) maintained an excellent lubricating performance for a long

period of time as compared to the layer of Comparative Example 8,
which resulted in wear.



of 1 mol/1 (0.674 g/l in total) to forman even lubricant |layer * having
a thickness of 26 A on the disk surface. The di sk on which the
| ubricant |ayer was formed was subjected. to a CSS test and a cohesion -
test in the sanme manner as in Exanple 2151 The results are shown in Table

5. Exanphe RbricadbecsdfBed g gsausedihBpladiByi18mingas subjected to
ulttaviolet rays irradiation and was imersed in a chloroformsolution

cont ai ni ngroputlassiopind e rdcild\aNddi hepicides pbaibarasariony by pr O piexaapee and
4,4' - di,am nodi benzo-18-crown-6, each in a concentration of 1 nmol/Il (1.02
g/1) to Por MAELPedUPaLFILLRf REEFRFMINAR R BPE nt K SdA988I Stage t he

di'sk surfcmpardibie drSkuplr b Ctb (ddRph HY i A RkahBYET 3 VWA WrAEAEEL W% -
subjected to a CSS test and a cohesion in the sane manner as in Exanple

21. The digepkadecymrsnowarboniiblirepioniConyiar absvesédaaizine .10The Usi ng t he
same di sk as, .usgd in e5{_\y}ar’r}g‘:ae 21 but without irradiati ng it wth

ul travi ol BIPTPEPE NS PRFOATRAGE | @G ftOMPAT A YR iXagPAet i SRHRRASe8f 20 A was
formed oncéds ddirak1 § UL £1aGE 2D KoL PEBS Sidddt kRudud | 436861 DY cofatblsof,
cont ai ni ng perfluoropol yether (Fonmblin Z DOL, manufacCtured Dy Munt
Edi son) i Exarri@scehicht repigfedl egeéllent lubricating performance at the

initial stage with almost no change. Further, the coated layer of

Comparative Example 3 readily became uneven, while the coated layer

of Example 2 had not become uneven even after one month or more.:

(Effect of the Invention]

The present invention provides a reliablé'lubricating system which
is a thin layer having almost the same layer thickness as a mono
layer with an excellent lubricating performance and abrasion
resistance. In the caée of the solid lubricant, the cohesion of ‘the
lubricant molecule can be prevented and, in the case of the liquid
lubricant, an excellent durability can be maintained for a long
period of-time because of the prevention of spin-off. When using a
smooth substrate to lower the lift of the head, adhesion to the
head,_which is.inherent in the liquid iubricant, does not occur and
a satisfactory lubricating performance and sufficient durability can
'.be maintained. There is no problem of cohesibn, which is inherent
in the solid lubricant. When the lubricant layer is applied to a

magnetic recording medium, the data recording density can be

increased and a magnet ic recording medium with long-term reliability

€an thus be obtained.



The di sk on which the Iubricaht | ayer was fornmed was subjected to a CSS
test in the sane nmanner as in Exanple 21. The results are shown in Table

5. _ _ 42 Wthout irradiating
the di sk having formed thereon a hydrogergted carbonaceous protective

| ayer in,the sane manner as in Exanpl gidhmaM th ultraviolet rays, a |layer
havi'ng a “thickness of 12 A, 15 A or 18 A was forned on the respective

di sk surfaces by imersing in a chloroformsolution containing.
4,4 - dianinodiben20118¢nxwgbﬁ1ansarfseaceﬂtMhHUW1nﬁ prowiddd 40. 781 g/l.).

The resul ti 0 di sk S nnerse n_a chloroform for n nd was
rai sed at a"PACER éﬁ; IS G r%gﬂPféssﬁoﬁeé glé%%ﬁgﬂgx | ayer had
har.dly remai nder adhered A osuhfadesacsorfling. to cnéénwie¥h§r81NThhesane

di sk
di sk as usged é“-g%@}g aazacaﬁgmes' 22 PHOTRIQID compotihal 8 g copper

o-tetfadecane each in a concentration
of 1 nnDI/Iqﬁ?#QﬂFﬁQﬂlQﬁbﬂcvhﬁrlﬂﬁhFhl&Feﬁrapﬂﬂﬂn?EF?Pﬂhlckness of 16 A

on the di slei1ddtrsstatic idberdethiofnbphiaChddte &cuh;sd:@xa@tahnuﬂmy/aaoforned
was SUbJeCt?F & fﬁd surface.

3. A surface according to claim 1 or 2 wherein
the host compound of the host-guest complex ig a
multidentate ligand having a function to reversibly trap a
metal ion or an organic ion'by electrostatic interaction.

4, A surface according to claim 3 wherein the
multidentate ligand has terminal functional groups
providing an electrostatic interaction with each other.

" 5. A surface according to claim 3 or 4 wherein
said metal ion is used as a guest compound in combination
with a lubricant molecule having a terminal functional
group which forms an ionic pair together with the metal
ion.

' 6. A'sqrface according to claim 3 or 4 wherein
the guest compound of the host-guest complex is a cohpound
having a molecular structure bearlng a lubricating function
and a basic terminal group.

7. A surface according to any one of the
preceding claims wherein the host compound of the
host-guest complex is coated thereon. _

8. A surface according to any one of the

. preceding claims wherein the host compound of the .
host-guest complex contains three or more atoms of at least
one element selected from oxygen, nitrogen, and sulfur.

9. A surface according to any one of the
preceding claims wherein the host compound of the
host-guest complex has one or more basic functional groups.
10. A surface according to any one of the preceding
claims wherein the host compound of the host-guest complex

is a cyclic multidentate ligand and corresponding donor

A O OB T



| ubricating performance test and a cohesion test in the sane manner as
in Exanple 1. The results are shown in Table 2. . Exanpl e 26 The
sane di sk as used in Exanple 1 was imersed in a mixture of wat er and
met hanol containing silver acetate and M4\ -di benzyl -4, 13-

di aza- 18- cr ownrtfhmee azintiai na ac ApG@nknatit@bnopairnmivihgt anf sphheybridcoat ed

| ayer havi ng egrgﬂgé¥<ness of 6 A on the disk surface. Then, to the )
resultant di sk using a chloroformsolution containing [err]- (N N
43 di hept adecy!¥ni ndc&HBERFL) peepreing 48 an¥noRecBhcth®rati on of 2

mol /1, a | ubrpresddirmy el dias Rhed &iol ahel Mosknesmpounddoh vae fornmed.
The di sk on W(?&-tr%n?eééjbé&?%al@x HYY 8% Yt Y{%%ﬁgﬂ%é%%atlo a .
| ubricating perfornmance test and ‘a cohesion test in the same nanner as in
Exanpl e 1. ThehY®Ee¥¥s @weBfhown in Table-2.
12. A surface according to claim 11 wherein the
host compound is cycloffuctans.
' 13. A surface according to any one of the
preceding claims wherein the guest compound has 8 or more

carbon atoms and an active hydrogen at one terminal
thereof.

14. A surface accordiﬁg to any one of -the
preceding claims wherein the guest compound of -the
host-guest complex compriées an organic ion to which a
molecular structure bearing a lubricating function is bound
or a metal ion to which a counter anion bearing a
lubricating function is bound.

15. A surface according to any one of the
preceding claims which is a magnetic recording medium
comprising, in the following order:

i) a non-mégnetic substrate;

ii) a magnetic layer; and

iii) said lubricant layef.

16. A surface according to claim 15 which
comprises a protective layer between the magnetic layer and
the lubricant layer. _

17. A surface according to claim 16 wherein the
host compound is coated on the surface of the protective
layer. o _

18. A surface according to claim 16 or 17 wherein
the protective layer is a carbonaceous protectiﬁe layer
which has been treated so as to increase the number of
"acidic functional groups.

19. A surface according to any one of claims 16
.to 18 wherein the protective layer is a carbonaéeous
protective layer, the surface of which has a ratio of C=0
bonds to, C-C and C-H bonds of from 0.05:1 to 0.3:1.

20. A surface according to claim 19 wherein said

T



Table 1 [err] [err] 45 - Table 2 [efr]
N 54
ratio is from 0.07:1 to 0.2:1.

21. A lubricant which comprises a host-~guest
complex formed by a host compound and a guest compound.

22. A lubricant according to claim 21 in which
the host compound is as defined in any one of claims 3, 4
or 8 to 12 and/or the guest compound is as defined in any
one of claims 2, 5, 6, 13 or 14. _

23. A_methoé of preparing a magnetic recording
medium as defined in any one of claims 15 to 20 which
comprises forming said lubricant layer on the remaining
layers by coating with a solution in which the host
compound and the guest compound are diésolvedz

24. A method of preparing a magnetic recording
medium .as defined in any one of claims 15 to 20 which
comprises forming the lubricant layer by affixing a -
multidentate ligand having a function to trap a metal ion,
a metal compound and a lubricant molecule having an active
hydrogen on the surface of the remaining layers to provide
a host-guest complex in which at least an anion of the
lubricant molecule is bound to the multidentate ligand of
the host compound through a metal ion.

25. A method according to claim 24 wherein the
lubricant layer is formed by coating a mixed solution of
the multidentate ligand, the metal compound and the
lubricating molecule having an active hydrogen.

26. A method of preparing a magnetic recording
medium which comprises forming a lubricant layer by coafihg
a mixed solution of a multidentate ligand and lubricant
molecule in the form of metal salt on the surface of the
remaining layers of the medium.

27. A method according to claim 26 wherein the
multidentate ligand is a host compound as defined in any
one of claims 4 or 8 to 12 and/or the lubricant molecule is
a guest compound as defined in any one of claims 5, 6, 13
or 14.

28. A method according to claim 27 wherein the
lubricant molecule has 8 or more carbon atoms and a polar
functional group at one terminal thereof.

29. A method of preparing a magnetic recording

-
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Head: _ 46 [err] 47 [err]

48 As is evident fromthe results shown in Table 2, it was confirmed that
cohesi on was observed on the lubricant |ayer of Conparative Exanples 1 to
3 in which a lubricant alone was used, o®ile such cohesion was prevented

on the | ubri canddiluayers ofe fExadplies ahyamme2 ofacdeonmsnast §ot RE pwheseip

| nventi-on everg { 1*1?0:11*&91@%%:&:*1%@8@0&@% dnhitgleekuiritadet besenef

Comparative _Exrgenr}\)afnslng tloay?)er(sb%yngadSI Ir% gyor adhering a multldentate
ligand on the surface to form a multidentate ligand layer
and formiﬁg a lubricant molecule layer on thelmultidentate
ligand layer to provide the host-guest complex.

30. A method according to claim 29 which
comprises,forming the multidentafe ligand layer, removing a
surplus part of the multidentate ligand layer to provide a
layer having an appropriate thickness and forming the
lubricant molecule layer thereon.

31. A method of preparing a magnetic, recording
medium as defined in any one of claims 15 to 20 wherein
said lubricant layer is formed by coating the host-guest
complex on the remaining- layers thereof.

52. A method according to any one of claims 23 to
31 wherein the magnetic recording medium conprises a
protective carbonaceous layer which is subjected to
jrradiation with ultraviolet rays in an atmosphere of an
oxygen containing gas.

33. Use of a host-guest complex as deflned in any
one of claims 1 to 6 or 8 to 14 as a lubricant.

34, A lubricant layer as defined in any one of
claims 1 to 6 or 8 to 14.

-
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thi cker due to the presence of the host layer). It was further found that

the lubricant |ayer of Exanples 1 and 2 had a lubricating perfornmance and

a driving perfornmance conparabl € or superior,to those of the systens

containing a lubricant alone according tgg Conparative Exanples 1 to 3.

Further, the orientation of the alkyl chain in the lubricant |ayer ,

prepared in Example 2 was anal yzed bypdsld i? RAS. As aresult, as shown in
u

Fig. 8 the CH stretching vibration attributed to a nethyl group at the
tip of the alkyl chain was clearly observed.” It was al so confirned that
the al kyl chain was oriented MAGHBTIC RECURDINGIMEBIGS t0 be vertically
oriented agai nst the substrate since the intensity of the CH stretching
vi bration of the nethylene chain was conparatively small. Taki ng
into account the layer thickness, it is considered that the bi nding site

on the | ubrigags:|@Yghr PASeObReUESH o fb%oi}slmgéqaéeluﬂ %QnEhfa#aséer Is a

nono | ayer havjng a strycture such that the aln was arranged
with bei ng dfhEER cBOTBRAPES( B fostgugfitcipompl exalrmst an opti mal
structure as a lubricant layer. On the contrary, in the conventi onal
system conposed of a lubricant ([err]-(N N

di hept adecy| srGorgagbonyl ) pr opi oni ¢ aci d) al one (Comnpar ative Exanple 3),
the intensity of absorbance based on the CH stretching vibration = of the
methyl group at the tip of the alkyl chain was small and the



49 intensity of the CH stretching vibration of the nethyl ene chain was

| arge. Thus, it was found that the orientation of the alkyl chain on the
di sk was so poor that the alkyl chains were oriented in different
directions. "Fromthe results shown in Table 1, it was confirnmed that, in
the Jlubricant |ayer according to the ?r ent invention, even in the case
where a*liquid | ubricant was used, the SE -off of the lubricant nolecule
was effectively prevented and the adhesion of the head as observed in the
case of using a liquid |ubricant hardly occurred. That is, in the

| ubricating system according to ?ﬂé Pbrggent pinvention, such a spin-off was
effectively prevented by having hel |Wpri cdnt conpound adhered to the
substrate using the host-guest conpleX lubricant layer. In addition, the
fixation and lubricating performance did not use a tradeoff and the

| ubricant l'ayer was, copnstijuted so,as to have an excellent | ubricating

performance and a u iRigy ileeeh I n g g y h on.y When,
on the one hand, [ dsl4bgi Cani | flgugr I hey ¢ drectly
coated on a snoot i gke ( rati S a 7)e QiR onsj|i der ed
that the lubrican 1 griat §s$ o h urg 8c n o e t trugf,
contact region be e h egd} a t di t flopm RS dug to the
| ow interaction b t des | i t d {he surg gce §f e Quotertive

| ayer. On the othelff hafgd, in tije case W§n whichja I quild | ubrichnt S
fixed on the sno _ ; 3 and

4), the torque af

~3
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initiation of rotation was lowered to 35 gf cmor |ess. Fromthe results
of Exanples 7 to 10, it was confirmed that the [lubricant |ayer forned
using a nmultidentate |igand having a function otrap a neta

ion, a netal compound, and a |ubricating nolecule having an active

hydr egen 4 ndependently as a nmaterial had an excellent lubricating

performance and t he cohesion of the | rlﬁant nol ecul e was prevent ed,
simlar to the lubricant |ayer forned usi ng the lubricant nol ecul e,

whi ch had been isolated and purified as an al kaline netal salt, as a guest
conpound. As shown in the resnggfo Exanpes 13 and 14, it was found
that the lubricant |ayer prepared by i the multidentate |igand |ayer

and then form ng the |ubricant nol ecule | ayer exhibited a |ubricating
per f or mance conparable or superior to that of the lubricant |ayer fixed by
using a solution in which the [ubricant nolecule and crgaa ether had

formed the host-guest conplex (Exanple 2). It _is condjdereq that., in
each case, the fixed hg eruest conplexes have a Taer \¢onst i utlon uch
that the crown ethe Yall SH+-616 nte Ta bstraie as}a
whol e, adhere S --;-.- -n.-um m| 2cul elis
coor di nat ed t

"‘*‘ - -.....Jl

f ///////////////////// 4
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As is clear fromthe results shown in Table 3, it was found that the
| ubri cant conposed of potassium stearate and di benzo- 18- crown-6

(Exanpl es 15 and 16) exhibited a nore excellent |ubricating per f or mance
than the lubricant conposed of only potassium stearate according to
Compar at ,ve Exanple 1. Further, it maséggggd that the | ubri cant
conposed of stearylam ne and di benzo-1 wn- 6 (Exanpl e 17)

mai nt ai ned an excellent |ubricating performance for a | ong period of
time as conpared to the | ayer of Conparative Exanple 8 whi ch resul ted
in wear. 51 The | ubri cant

conposed of [err]-(N, N-di heptadecyl am no- carbonyl)propionic acid an
4, 4' -di am nodi benzo-18-crown-6. (Exanple -2) showed a | ubricating

performance at the initial sliding stage conparable or superior t
Conparative Exanple 3 in which [err]-(N, N
di hept adecyl am nocar bonyl ) propi oni c -aci d was used al one. The | @b
performance of Conparative Exanple 3 decreased considerably af

7,

c
=
U7

of continuous sliding, as;ﬁbnggre to NEx%gp mhwch wet Pneq\ nt

| ubricating performance atQt hey |rwt| ge% Zgaers \
Further, the coated Iayer 0%’ éhﬁﬁa i 'ﬂ§/3\rédq5¥y&bQC e
whi | e the coated | ayer 5? %5 °hothe00ne wneven evep ong
nonth or nore. [Effect of thé& I nventi ]I T T T | LO o

SIS
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The present invention provides a reliable lubricating system which is a

thin | ayer having al nbst the sanme | ayer thickness as a nono | ayer with
an excel l ent |ubricating performance and abrasion resistance. In the
case of the solid lubricant, the cohesion of the | ubri cant nol ecul e can

be prevented and, in the case.of the quukp, | ubricant, an excell ent
dur&bility can be nmmintained for a | ong p<§ri od of tine because of the

prevention of spin-off. Wen using a snooth substrate to lower the lift
of the head, adhesion to the head, which is inherent in the liquid’

| ubricant, does not occur and. a satisfactory lubricating performance and
sufficient durability can be mai ntained. There is no probl em of
cohesion, which is inherent in the solid lubricant. Wen the | ubricant

| ayer is applied to a magneti c recordi ng nmedium the data recording
density can be i ncreased and a magnetic recording mediumwth
long-termreliability can thus be obtai ned. ) '

52 CLAI M5 . 1. A solid surface on which

is provided a |ubricant |ayer mhicﬁ&ﬁb ri ses aMost-guest conpl ex.
2. A surface according to claiml eﬁgi he t - guest conpl ex

conpri ses, as the guest conpound a |ubricating nolecule, which is trapped
through el ectrostatic interaction by a host conpound adhering to the solid
surface: ' 3. A surface according to claim1l or 2 wherein the host
conpound of the host-guest conplex is a multidentate |igand having a
function to reversibly trap a tal ion or an organic ion by electrostatic
i nteraction.




4. A surface according to claim3 wherein the nultidentate |igand has
term nal functional groups providing an electrostatic interaction with each
ot her. 5. A surface accordlng toclaim3 or 4 wherein said neta
ion is used as a guest conpound in conbination with a lubricant nolecule
having a term nal functional group mhlg éorns an ionic pair together with
the*metal ion. 6. A surfaceddd ording to claim3 or 4 wherein

t he guest conpound of the host-guest conplex is a conpound having a

nol ecul ar structure bearing a lubricating function and a basic term nal

group. 7. A surface according to any one of the preceding
clainms wherein the host conpound of- the host-guest conplex is coated
t her eon. 8. A surface according to any one of the preceding

cl ai ms wherein the host conpound of the host-guest conplex contains three
or nore atons of at |east one elenent selected from oxygen, nitrogen, and
sul fur. : 9. A surface according to any one of the preceding

cl ai ms wherein the host conpoundfgf h - guiest conpl ex has one or nore
basi ¢ functional groups. A/s%? according to any one of the
preceding clains wherein the host coMound of the host-guest conplex is a
cyclic multidentate |igand and correspondi ng donor

53 atons contain a lone electron pair having an [err] hybrid orbital.

11. A surface according to any one of the preceding clainms wherein the host
conpound of the.host-gfest conplex is a crown ether having term nal

hydr oxyl groups. 12. A surface according to claim 11l whefein the
host conpound is CyC|ﬁiB ctans. 13. A surface according tto any one
of the preceding cl ai erein the guest conpound has 8 or nore d¢arbon
atons and an activexhyﬂ- gen one termnal thereof. . 141 A
surface accordi ngekp a § one the preceding clains wherein the dquest
conmpound of the hos#-gw st conpNex conprises an organic ion to whiljch a

nol ecul ar structur®lbearijng a lubgicating function is bound or a retal ion
to which a ‘counter {@ni Qtpearing a\l ubricating function is bound.
15. A surface accohding o any one Rf the preceding clains which ils a

magneti c recording%%edﬁ
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Conprising, in the follow ng order: - : i) a non-nmagnetic

substrat e; ii) a magnetic |layer; and iii) said

| ubri cant layeér. - 16. A surface according to claim15 which
conprises a protective |ayer between the nmagnetic | ayer -and the |ubricant

| ayer . ' 17. A surface accordi ﬁg %o claim 16 wherein the host
cogpoumd is coated on the surface of t rotective | ayer. 18. A

surface according to claim 16 or 17 wherein the protective layer is a .
car bonaceous protective |layer which has been treated so as to increase the
nunber of acidic functional groups. 19. A surface according to
any one of clainms 16 to 18 wherein the protective layer is a carbonaceous

protective |layer, the surface ofFVn'y‘c . asgratio of C=O bonds to CC
and C-H bonds of fromO0.05:1 to/0 20.. A surface according

‘to claim19 wherein said 54 ratio is from
0.07:1to 0.2:1. 21. A lubricant which conprises a host-guest
conpl ex formed by a host conpound and a guest conpound. 22. A

| ubricant according to claim21 in which the host conmpound is as defined in
any one of claims 3, 4 or 8 to 12 and/METHMEENEeLHconpound is as defined
in any one of clab 2. 5, 6, 13 or 14ANTISYMMETRIG SIREEGHod of preparing
a magnetic record ﬁgomndlun1as defined in any{ one of clains 15 to 20 which
conprises form ng saidjlubricant |layer on the¢ remaining |ayers by coating
with a solution in whig¢gh the host conpound app the -guest conpound are

di ssol ved. 24} A method of preparingla magnetic recordi ng nedi um
as defined in any g8, 4f clainms 15 to 20 whi conprises formng the

| ubricant |ayer by affixing a nultidentate | Vi a function to trap
sy, o1
t - guest

a netal ion, a netal cgnpound and a |ubrica
| ant nol ecul e is bound to

hydr ogen on the surfacg of the renaining |ay
M\Eg{ﬁfg §%€Ecﬁor med 'by

conpl ex in which ?$ ﬁast an anion of the I (pQi
the nul ti dent at'e | d of the host conpound

, the netal conpound and

~ 26. A nethod

25. "A nethod according|to claim24 wherein thu'
rises formng a

coating a m xed solutidn of tMETHYLI QHdnt at 4

the |ubricating noleculle havi ANHSYMMETRIG Y
of preparing agsagyespe recor (SW'E@HI um whiflch
| ubricant | ayeEby coatli ng
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a nixed solution of a nultidentate |igand and | ubricant d’m{.eé,uﬁe?ﬁﬁ“rhe-~-
formof. metal salt on the surface of the remaining |layers of the ddi s
27. -A method according to claim26 wherein the nultidenﬁq%ghlggapﬁ i@
host conpound as defined in any one of clains 4 or 8 tokd2  an 1.:9._'_,"-{“-h. 9% '
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above-described higher aliphatic hydrocarbon chain forms a polyether
chain may be bound to the perfluoropolyether molecular structure.

Fig. 3 sﬁows the diagram of the lubricant layer containing the host-
guest complex according to the present inventién in which the crown

ether is used as the liquid:.lubricant.

The solid lubricant can take any structure such as a branched'or
straight, saturated or unsaturated, higher aliphatic hydrocarbon
chain, the above-described higher aliphatic hydrocarbon chain
containing an aromatic residue such as benzene,'naphthalene, or
pyrene or a hetercatom such as F, N, O or §, or a long chain in
which a part or all of the above-described higher Aliphatic
hydrocarbon chain forms a polyether chain. Any structure can be
used independent of the nature of bond as long as it has a |
lubricating function. The carbon number contained in the long chain
is preferably 8 or more, and more preferably 12 or more. Since its

solubility in a solvent may become poor when the chain length of a



