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MAGNETIC RECORDING MEDiUM 

The present invention relates to a lubricant layer which is a thin 

layer having a lubr.icating function at an interface where it is 

subjected to a sliding contact with a solid at a hiqh speed. More. 

particularly, it relates to a lubricating system in a.magnetic 

recording medium providing a high recording density used in the 

information industry and the like, a magnetic_ recorcjinq medium such 

as a fixed thin.layer magnetic recording disk, and a method of 

preparing the s~me. 

When a_magnetic recording mediu~ is used, the medium is rotated and 

accelerated rapidly from a stationary state, w~ereby a lift is given 

to a head slider and a magnet~c head is lifted. When the power is 

switched off after the use, a ~otor driving the medium for rotation 

will stop, and the .head and the medium will come into contact 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 providing a high recording density 

used in ·the information industry and the like,· is usually prepared 

by coating a magnetic metal or its alloy on a non-mag~etic 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. Its magnetic 

properties may be deteriorated. 
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i ; As a m.ethod for solving such a problem, it has been proposed to 

provide a protective layer and a lu~ricant layer on the magnetic 

layer in order to make a static and dynamic friction coefficient of 

the me~ium during the sliding cont~ct as low as possible and to 

improve· an abrasion resistance. A carbonaceous layer, an·oxide 

layer, a nitride layer, or a boride layer is employed as the 

protective layer. A liquid lubricant or a solid lubricant is 

employed as .the lubricant layer. Generally, a perfluoropolyethet 

compound, which is one of the liquid lubricants, is.coated on the 

surface of the medium. 

In recent years, to obtain a higher recording density, it has become 

increasingly necessary to reduce ·the flying height of the head and 

to speed up the r~tation of the medium. Thus, the substrate for 

medium has come to be smoothed. The provision of the liquid 

lubricant layer is ve·ry effective i!l reducing the dynamic friction 

coefficient~ as mentioned in the above. As the thickness of the 

liquid lubricant 1-ayer increases, however, it has been fou~d that a 

micromeniscus is formed by the s·urface tension of the liquid 

lubricant between the head and the medium and thereby causes 

sticking. Hence, this indi~ates that the static friction 

coefficient of the medium increases and the head frequently·becomes 

inoperative due to its adhesion tcl" .. 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 oc~ur. On the other 

hand, it is di~advantageous in that a stifficient durability cannot 

be obtained when the thickness of the liquid lubricant layer is 
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~educed to prevent the StlCkinq. Fucthec, as the COl•llOn Speed O( 

the medium increases, there occurs a marked phenomenon called ~spin· 
off" and the thickness of- the -lubricant layer l.s reduced·. To avoid 

such phenomena, the search has qo~e on for a solid lubC'lcant whlch 

does not form the meniscus and l.t ·has been proposed to· use a hiqheC' 
alcohol,. a hiqher fatty acid, or metal salts thereof. 

The solid lubricant has a problem, however·, in that, when it is 
coated on the magnetic layer, a crystalli~a.t1on is liable to take 
place. in part Of the coated la~er which causes_ a Cohesion-, since its 

stable phase is as a s·olid at the ambient temperature. In 

particular, the tendency toward cohesion is ~arked when the 

substrate is smoothed. When the cohesion occurs, the.thickness of . 
the coated layer becomes u~even, which· increases the possib~lity 

that th~ head \olill be b~ought ?-nto direct cont.act with the magnetic 
layer of the medium. In addition.,. a stain may form on the head 
slider or the flying height of the head ma~ be made unstable. In 
order t.o p~event the ·cohesion of the solid lubricant and to prevent 
the spin-off, it is necessary tb effectively bind and cause the 

molecules of the solid lubricant to adhere to the substrate. One 
approach that has been proposed to increase.the bonding strength of 
the molec~les of the lubricant has ~een a method of polymerizing an 
alkylsilane (Japanese unexamined eatent ~ublioations No. 103121/1990 

and No. 103722/19901. However, accord.inq to this m~thod, the 
lubricant t~ polymerized, whereby the movement of their molecules is 
C"estricted and the· lubricating performance beco·mes inadequate· This 
ls because there is a trade-off to be made between the fixation of 
the lubricant and its lubricating performance. 
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Further , eve~ though the solid lubricant. exerts a good lubricating 

performance in.the initial stage, the friction coefficient markedly 

increases wi~h the passage of time and no satisfactory lubiicating 

performance can be obtained. The higher fatty acid, which has the 

effect of fairly maintaining the friction coefficient at a low 

level, has the disadvantage of becoming easily liquefied under the 

conditions in which it is brought into contact with the head at so0 c 

cir higher because it generally has a low meltin~ point and therefore 

has a tendency to cause the sticking of the head. On the one hand, 

to avoid such a disadvantage, it has been proposed t..o use the higher 

fatty acid in the form of a metal salt which has a &igher melting 

point (e.g., Japanese Unexamined Patent Publication No. 

281220/1988) . The met~( 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 medium and the thickness of the coated layer is 

considerabiy uneven. This tendency toward unevenness is 

part~cularly 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 reta·ining the 

strength enough to prevent the cohesion and 'the adhesion does not 

use a trade~off with the lubricating performance. 

An object of the present invention is to obtain a ~~bricant layer 

which is a thin layer but which has an excellent lubricating 

performan~e and Is free from the cohes(on of the lubric~nt 
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rno.lecules, that ~s, a lubricant. layer excel lent in durabi lit. y 

without introducing a trade-off between the adhesion of the 

lubricant and its lubricatin~ performance. The present. invent.ion 

has been achieved by designing the lubricating system at a molecular 

or atomic levei. The present invention also provides a magnetic 

recording.medium having an even and thin lubricant layer which is 

excellent in lubricating perfo~mance and durabi_lity and which is 

formed by using the above.lubricant layer. 

More specifically, .in the lubricant layer of the present invention,· 

the lubricating molecµle, which is the guest molecule, is trapped by 

the host compound adhering to a solid substra:te through 

electrostatic interaction such as an ionic bond so that the 

lubricant mol~cule can be fixed to the solid substrate with a go~d 

.orientation and its ma[lne.r 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 t_he present invention. can be applied to 

various solid surfaces including, for example, polymer, carbon, 

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

to any solid surface i~respective of its nature as long as the host 

compound can be adhered thereon. 

The flying height of the head can be ~educed when the lubricant 

layer of the present invention is applied to the surface of the 

magnetic recording medium. Hence, it is possible to enhance the 
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r ~ecord~nq density of the maqnetic recording medium and to cons~ruct 

a magnetic recording system which will remain reliable for a long 

period of time. 

The present inveption is described in detail below with reference to 

an example in which the present invention is applied to the magnetic 

recording medium. 

Fiq. 1 shows a constructio~ where the lubricant layer of the present 

invention is applied to ~he magnetic recording medium. In the 

magnetic recording· medium comprising a non-magnetic substrate 1 on 

which a magnetic layer 2, a protective layer 3, and a lubricant 

layer 4 are· successively formed, the lubricant layer 4 comprises a 

hos~-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 op~ionally arranged and the lubricant 

layer of the present invention may be directly formed on the surfa_ce · 

of the magnetic laye·r 2. 

A Rultideptate ligand having a polar functional g~oup suitable for 

forming a hydrogen bond relating to a hydroxyl group, an·.:.amino 

qroup, and the like can be fixed on the surface of the medium 

throuqh the electrostatic interaction. It is possible to prevent 

the-lubricant molecules from cohering with each other when the 

lubricant layer is constituted in such a manner that the lubricant 

molecule is coordinated with the multidentate ligand adhering to the 

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

multidentate liqand adherinq onto the surface of thP. medium means 
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that. all of t.he long chain molecular moieties are oriented upwa'rd 

against the surface of the medium, in principle. As a result, the 

orientation of the entire lubricant layer is improved to fo.rm an 

ideal structure for the lubricant layer, which provides an excellent 

lubricating performance and durability, notwithstanding the fact 

that the thickness of the lubricant layer corresponds to that of a 

mono layer. 

·When the.lubricant layer according to the present invention is 

applied to the magnetic recording media, it is usually common to 

employ as the non-magnetic substrate an aluminum alloy plate or a 

glass plate having a nickel-phosphorus layer formed by electroless 

plating or sputtering. A ceramic substrate, a carbonaceous 

substrate, or a resin substrate c.an 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 

e·xcellent tribology performance. 

The magnetic layer is formed by coating a Co or Co-containing alloy 

such as a CoP alloy, a CoNiP alloy, a CoNiCr alloy, a CoNiPt alloy, 

a CoCrPt alloy, a CoCrTa alloy, or a CoCrPtTa alloy by electroless 

plating or sputtering, after a ·und~rcoating layer is formed, if 

necessary. The thickness of the magnetic ·1ayer is determined 

depending on the properties required as the magnetic recording 

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, t~e protective layer on the thin m~gnetic layer is not 

necessarily required and may be formed if necessary taking into 

account the physical properties such as the hardness or elasticity 
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of the magnetic layer. A carbonaceous layer, an oxide layer, a 

nitride-layer, or a boride layer is employed as the protective 

layer~. It can be for~ed by sputtering, ion plating, or plasma 

polymerizatio~. A carbonaceous layer such ·as amorphous carbon or 

hydrogenated carbon with the thickness of usually from 50 to 500 A, 

and preferably frdm 100 to 300 A is usually used a~·the p~otective ... 

layer. If necessary, the protective layer may be subjected to a 

surface treatment such as oxi~ation. 

When a carbonaceous layer-is formed as the protectiye layer, the 

number of ·ac·idic functional groups on the surface of the· 

c;arbonaceous :P.rotect i ve layer can be increased by,· for example, a 

wet treatment such as a method comprising immersing 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 

preferable from the industrial viewpoint. A specific example of the 

dry treatment includes a method comprising irradiating the 

carbonaceous protective layer with ultraviolet rays having a 

wavelength of from 185 to 254 nm and an output of 50 W or more at a· 

distance of from 10 to 50 ·mm for 3Q seconds to 15 minutes, 

preferably 1 to 5 minutes. An increase in the number qf acidic 

functional groups on the ·surface of the carbonaceous protective 

layer can be confirmed by the quantitative determination of 

oxygen atom o~ the surface and the ratio of ~he C=O bond to the c-c 

bond and the C-H bond through X-ray photoelectric spectrometry 

(hereinafter referred to as XPS) .. The XPS analysis can be carried 

out using AlKa rays at an -Outlet angle of 65° (analysis depth up to 

50 Al . According to the present invention, the ratio of the C=O 

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



~ore, preferabl~ ranging from 0.05 to 0.3~ and more preferably 

within the·range of from 0.07 to 0.2. 

Fig. 2 shows the diagram of an 18-crown-6 derivative and potassium 

stearate forming a host-guest complex and the complex a~hering to 

the surface of the carbonace~us protective layer of the medium. · K+ ,· 

which is a cation in the guest compound, is trapped in the internal 

cavity of the.crown ether, and stearate, which is a counter anion of 

K+, is coordin_ated on the crown ether in such a manner that its 

terminal carboxyl group as an ionic pair is o~ienteq toward the 

trapped K+. Ther~fore, 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, the 

orientation of the whole lubricant layer is improved to form an· 

ideal structure for a lubricant layer, which provj,des an excellent 

lubricating performance and durability, notwithstanding the 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 lubricant layer of the 

present invention, a usable guest molecule is one having a molecular 

structure bearing a lubricating function and a binding site for 

binding to a host molecule. Both th~ liquid lubricant structure and 

the solid lubricant structure can be employed as the molecular 

structure bearing a lubricating function. An alkyl fluoride liquid 

lubricant such as perfluoropolyether, polybutene, polyalkylene 

glycol, phosphate, polyolefin, polyol ester, alkylnaphthalene, 
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:silicone oil, polyarylalkane, polyphenyl, silicate, or.polyphenyl 

ether can be used as the liquid lubricant structure. Examples of 

toe perfluoropolyether liquid lubricant include a Fornblin lubricant: 

-(CF2CF20>mCCF20>n- structure (manufactured by Mount Edison), a 

. DEMNUM lubricant: -(CF2CF2CF20)p-structure (manufactured by DAIKIN 

INDOSTRIES LTD.) and a ~RYTOX lubricant: -(CF2CF(CF3)0)q-structure 

(manufactured by DuPont) (m, n, p, or q is an integer of not less 

than 1). The lubricant in which m, n, p, or q is 5 to 50 is usually 

used. Its molecular weight is preferably not less than 500, and 

particuiarly ranges from 600 to 8,000. A branched o~ straight, 

saturated or unsaturated, higher aliphatic hydrocarbon chain, a 

higher aliphatic hydrocarbon chain containing ah 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· Ci: polyether 

chain may be bound to the perfluoropolyether molecular structure. 

Eig·. 3 shows the diagram of the lubricant layer containing the host-

guest complex 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, saturated or unsaturated, higher aliphatic hydrocarbon 

chain, the above-described higher aliphatic hydrocarbon chain 

conta·ining 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 ·preferablf 8 or more, and more preferably 12 or more. Since its 

solubility in a solve~t may become poor when the chain length of a 
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strai9ht. chain alkyl 9roup is too long, t.he simple strai9ht chain 

alkyl ·9roup (i.e., comp-risinq carbon-carbon bonds such as continuous 

methylene-met~ylene.bonds) pr~ferably has 24 or fewer carbon ·atoms. 

Specific examples thereo'f incl\~de long chain aliphatic carboxylic · 

aci-ds such as stearic acid, compound~ containing plural long chain 
:•' 

alkyl groups such as ~-(N,N-diheptadecylaminocarbonyl)propionic 
. •:. 

acid, phosphoric acid esters of long chain aliphatic compounds such 

as dioleyl phosphate, dithiophosphoric acid ester of long chain 

aliphatic compounds, lonq chain aliphatic sulfonic acids, sulfuric 

acid esters of long chain aliphatic compounds, and kOng chain 

aliphatic alcohols such as stearyl alcohol.· 

The b~nding site for binding the lubricant cqmpound to the host 

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

cavity of the host ~ompound. · Alkaline metals such as Na, K, or Rb, 

alkali~e earth met~ls such as.Mg, Cs, Sr, or Ba, typical metals such 

as· Al, Sn, or Pb, or transition metals such as Ag, Cu, or Fe are 
. . . . 

usually used.for-binding to the terminal group of the m~lecular · 

structure-bearing the lubricating function. Specific exa~ples of 

the terminal 9ro~p ~nc_lu<S:e· an oxygen-c~ntaining polar functional 

group such· as a hyd~o~yl qroup, a carboxyl group·, an ester bond, or 

an .amide bQnd,, ·a.·· ni~rogep-containl:-nq ·functional group such a~ an 

amino· group or an.im~no 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, a 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 combinin9 them with metal 

ions as an o~qanic ion. In this case, the terminal functional group 

of the lubricant molecule is trapped in the cavity of the host 
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molecule. K, Ba, Ag, Cu, an amino group, an ammonium salt or a 

hydroxyl g~oup is particularly preferred as the binding sit~. The 

surf ace of the carbonaceous protective layer having an acidic 

functional group can.be effectively fixed by using as the host 

compound the multidentate ligand to which the basic functional group 

such as amino group or imino. group has been introduced. 

A multidentate ligand capable of effectively trapping a metal ion or 

an organic ion, including cyclic esters1 polyethers, polyols, 

polyamines, cyclic ethers called crown ether or cycl.ofructans, 

cyclic ether amines called cryptand or cryptate, .cyclic amines, 

polypeptides, and their chemically modified forms can be used as the 

host molecule. The multidentate ligan~ havir.g terminal functional 

groups bearing the electrostatic interaction can also be used as the . 
host molecule. Cyclic ligands such as crown ether or ciryptand are 

particularly useful. Examples of the cyclofructans include those 

containing 18-cr.own-6 as a basic· structure such as cycloinuloh~xaose 

and analogs thereof,- those· containing 4,4'-dihydroxydibenzo-18-

crown-6 or 21-crown-7 as the basic structure such as 

cycloinuloheptaose and those containing 24-crown-8 as the basic 

structure such as cycloinulooctaose. Cycloinulohexaose or 4,4'-. . 

dihydroxydibenzo-18-crown-6 is particularly.preferably use~. ~ 

cyclic ~mine such as 1,4,8,11-tetraazacyclotetradecane or N,N'-
. . 

dibenzyl-4,13-diaza-18-crown-6 can also be used. A ~ompound 

containing three or more donor atoms of at least one element such as 

O, ·N, or S is suitably used as the multidentate ligand. The donor 

atoms of the multidentate liqand preferably contains a lone electron 

pair having an 5p3 hybrid orbital. 
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·F.ig 4 shows the structure of cycloinulohexaose among t-he 

cyclofructans formed by bi~ding a fructose molecule via a ~-<2~1) 

bond, as an example of the multidentate ligand used in the magnetic 

recording medium according to the present inv~ntion. The 

multidentate ligand is required to have two or more functional 

groups, and preferably four or mo~e functional groups, per molecule, 

bearing an electrostatic ·interaction such as a hydroxy~ group as 

well as a cyclic ligand portion trapping a metal ion, like 

cyclofructans as shown. 

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 located 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 io10 to trap the metal ion 

.very strongly. Namely, in the cyclic ligand, 0 or N is coordinated 

as a donor atom by the electrostatic interaction with the lone 

electron pair as the main driving force, and a metal cation is 

effectively trapped in the internal cavity of the ligand. Compared 

to a monodentate ligand, these cyclic ligands have great advantages 

in that no new repulsion 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 bec.ause of the suitable placement of the donor 

atoms. A straight chain multidentate ligand is useful as well as 

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

stability of the complex increases in the case of using the cyclic 
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'.li.g:rtl. as compared to the straight chain ligand. This may be 

attributed to the electrostatic and. stearic repulsion between the 

donor atoms at both ends and the disadvantageous change of entropy 

though the strai9ht chain multidentate liqand is superior to the 

monodentate ligand in trappin9 of a cation. There are ~everal 

reviews on the above-mentioned cyciic ~igands. For example, J. J. 

Christensen et al. describe a·detailed table reciting the synthetic 

methods, structure, and cation to be trapped concerning typical 

ligands, crown ethe~, cryptand, and their analogs, in Ch~m. Revs., 

1.!, 351 (1974) • From the viewpoint of stabiiity as a substance, many 

cyclic multidentate ligands are thermally stable. It has.been 

reported, for example, that dibenzo-18-crown-6 can be distilled at 

380°C (C. J. Pederson et al., Angev. Chem., Int'L, Ed. l.l, 16 

(1912)). 

It has been found that there is a close relationship between the 

size of the internal cavity of the cycl~c ligand and the size of the 

cation to be easily trapped upon· the complex formation. For 

example, ·1s-crown-6 having an internal cavity 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 met~anol logK = 6.05). 

Thus, on the one hand, the lubricant molecule (guest molecule) can 

be fixed onto the subst·rate throu9h an electrostatic interaction by 

forming a complex composed of the lubricant molecule and the 

multidentate ligand (host compound) adherin9 onto the solid . 

substrate as a specifically stable host-guest complex. Fig. 5 shows 

the diagram of the manner of adhes~on of the host-guest complex 
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·OJcf03Erl. of 18-crown-6 derivative and potassium stearate to the 

surface of the solid substrate. K+, which is a cation in the guest 

molecule, is trapped in the internal cavity of the crown ether and 

stearate, which is a counter anion of K+, is coordinated on the 

crown ether in such a manner that its terminal carboxyl group as an 

ionic pair is oriented toward the trapp~d K+. On the other hand, 

the host molecule, crown ether, can be fixed onto the disk surface 

by, for example, adequate chemical modification. _Hence, the 

terminal carboxyl group of the lubricant moiety. (a long.chain alkyl 

stearate group) is fixed onto the crown ether compl~x on the 

substrate ~urface, which prevents the lubricant mol~cules from 

cohering with each other. To coordinate the terminal carboxyl group 

to the crown ether complex on the substrate means that all of the 

alkyl chain are oriented upward ?gainst the substrate .in principle. 

As a result, the orientation of the entire lubricant layer is 

improved to form an ideal structure of the lubricant layer, which 

provides 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 having 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 

amino 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 
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ligand such as in ~he case of using potassium stearate as the quest 

c<;>mpound. 

The lubricant layer containing the host-guest complex can be formed 

on the solid substrate by mixing th~ multidentate liqand used as the 

host compound with the lubricant molecule used as the quest compound 

and coating the resulting mixed solution in which the host-quest 

complex is formed on the disk. The mult-identate ligand is adsorQed • 

by or adheres to the surface of the solid substrate through_ 

interaction with the solid surface by using the mix~d solution to 

form a layer structure in which the lubricant molecule is 

coordinated on the solid surface. 

The lubricant layer can be formed by coating a host-guest complex 

composed of a multidentate ligand (a host compound) having a 

function to trap a metal ion or an organic ion and a lubricant 

moiecule (a guest compound) comprising an organic ion to which a 

molecular struc~ure bearing a lubrica~ing function is bound or a 

metal ion to which a·~ounter anion bearing a lubricating function is 

bound. 

Alternatively, the host-quest complex lubricant layer can be formed 

by a method comprising forming .of the mul~identa~e ~igand layer to 

serve as the host compound on the surface of the substrate and then 

forming the lubricant molecule layer to serve as ··the quest compound 

to "form the host-guest complex with the host compound. · According to 

this method, since the multidentate ligand layer is certainly 

adsorbed by or adheres to the solid surface and can then form the 
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.host-guest complex with the lubricant molecule, an elaborate 

lubricant layer _can be formed more reliably when not only the 

lubricant molecule having a very high molecular weight but also the 

lubricant molecule having a comparatively low molecular weight is 

used as the guest mplecule. The latt~r·method is preferred to the 

method of using a mixed solution of the host-guest complex in cases 

where it is difficult to fix the host compound onto the solid 

surface elaborately, for example, in the case where the lubricant 

chain· is 'very long a~d steric hindrance cannot be ignored. 

It is possible to form the multidentate ligand layer on the solid 

surface and then form the lubricant molecule layer on the 

multidentate ligand layer. If the multidentate ligand layer is 

unnecessarily thick, the surplus part of the multidentate ligand may 

be removed, 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 surfac·e via the multidentate ligand layer. 

The surplus part o~ the multidentate ligand layer can usually be 

removed by a method comprising rinsing with a solvent capable of 

dissolving the rnultidentate ligand or a method comprising a physical 

treatment. Examples. of the rinsing method include a method 

comprising immersing the disk on which the rnultidentate ligand layer 

is formed in the solvent and then raising it to wash the disk 

surface with the 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, 
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;· .,. ho.weve:r::. It is preferable from the .industrial viewpoint to use the 

same solvent as the one to be used for the lubricant solution in the 

subsequent step of forming the lubricant layer because the lubricant 

'solution then cannot be contaminated with the multidentate ligand 

upon the formation of the lubricant layer. 

In the case that the ·host-guest complex lubricant layer is formed so 

.as to have a structure such that the counter anion having a 

lubricating performance is fixed thFough 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 multidentate ligand are 

dissolved or dispersed, and coating this mixed solution on the 

substrate surface and a method comprising forming a multidentate 

ligand-adhering layer on the subst:i;ate surface and then forming the 

lubricant molecule layer on the multl.dentate ligand layer using a 

solution containing the lubricant molecule. 

In the method comprising forming a rnultidentate ligand-adhering 

layer on the substrate surface and then forming the lubricant 

molecule layer on the multidentate ligand layer using a soluticn 

containing the lubricant molecule, a solution containing the 

lubricant 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 multidentate ligand is coated thereon·. 

Alternatively, the lubricant molecule-containing solution may be 

coated on the substrate surface after the multidentate ligand 
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solutiof.l in which the metal compound is mixed is coated thereon; 

Accoiding to this method, since it is possible to form the 

multidentate ligand layer on the substrate and thereafter form the 

host-guest complex with the lubricant molecule, the desired host­

guest complex can b.e reliably const·ructed not only _when the 

molecular weight o·f the lubricant molecule is comparatively low but 

also when the molecular weight is high, such as is the case with a 

polymer. 

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 w~th 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 alcoh~iate, phenolate, and the like, with an 
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eilkaline metal compound including a hy·droxide such as potassium 

hydroxide and the like being preferred. 

The multidentate ligand having the function to trap a metal ion,·the 

metal compound, and the lubricant molecule having pctive hydrogen 

are dissolved in a solvent independe~tly or in an app~opriate 

combination and the thus-obtained solution can be coated on the· 

solid surface. For example, in a, system using 4,4'-diamino4ibenzo-

18-crown-6 as .the multidentate ligand, potassium hydroxide as the • 

metal compound, and· stearic acid as the lubricant mo.lecule, stearic 

acid and 4,4'-diaminodibenzo-18-crown-6 are dissolved in chloroform 

or methanol, potassium hydroxide is dissolved in methanol or water, 

and a mixed solution of 4,4'-diaminodibenzo-18-crown-6, potassium 

hydro~ide, and stearic acid can be prepared by using these 

solutions. In a case where the three ~re independently dissolved or 

two of the~ are combined, dissolved in a solvent,· and coated on the 

solid substrate, it is preferable to coat the solution containing 

the multid~ntate ligand first on the solid surface. An elaborate 

lubricant layer can be prepared more reliably everi when the 

lubricant molecule has as high a molecular weight as a polymer or 

when it has a compar~tively low molecular weight. The lubricant 

layer formed by coating the multidentate 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 l\,lbricant layer formed 

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

met.al salt.. 

AS t.he method o[ forming the lubricant layer, each compound can also 

be affixed t.o ~he solid subst.rat.e by a dry process such as vapor 
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-r depos~tinn. ln this case, the multidentate ligand, the metal 

compound, and the lubricant molecule may be adhered simultaneously 

or successively. In the case of successiye adherence, the metal 

co~pound can be introduced into the step of affixing the 

multidentate ligand or the lubricant molecule to form the lubricant 

layer in two steps. 

The host-guest complex composed of the above-described host and 

guest compounds may be obtained in the form of. a solution or a 

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 prepared in advance. One 

• 
of the main characteristics of the host-g~e~t complex· is that_, if a 

guest compound is insoluble in·an organic solvent like a metal.salt·, 

the complex formed ~ith such a guest compound and a host compound 

soluble in an organic solvent may _dissolve. in a commonly employed 

organi_c solvent. For example, a metal salt of a higher fatty acid 

such as potassium stearate, which is a typical lubricant, is hardly 

dissolved in an organic solvent such as chloroform, whil"e a host­

guest complex composed of it and 18.:_crown-6, whi-ch is a typical host 

compound, dissolves well i.-n an organic solvent. This is l::?ecause the 

crown ~th~r solubilizes potassium stearate 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. Exampies of the organic 

solvent are commonly emplo¥ed organic solvents having a 

comparatively low boiling point, for example, including halogen~ted 

hydrocarbons such as chlorotorm, fluorocarbon solvents, alcohols 

such as methanol or ethanol, ethers such as diethyl ether, 

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

hydrocarbons su~~ as ~oluene, aliphatic hydrocarbons such as hexane, 
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and esters such as ethyl acetate, which may be used alone or as a 

mixed solvent. 

The thus-obtained solution or disper_sion of the host-guest complex 

can be coated on the solid surface as a lubricant as is or after 

adjusting its concentration. 

The-lubricant containing the host-guest complex can usual,ly be 

coated on the surface of the solid substrate by immersing the solid 

substrate in the solution. It may also be coated by a metttod 

comprising bringing a tape or the like impregnated with the solution 

into contact with the surf ace of the solid substrate with a load to 

form a coated layer, a method comprising affixing it by rotating a 

pad on the solid substrate, ·or a spray coating m_ethod, 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 5 g/l in terms of a ·total solute. The 

thickness of the lubricant.layer vari~s depending on the host 

compound and the 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 ~n detail, but should not be understood to limit the 

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



·,. ,, 
23 

Examp1e 1 

A chromium. undercoating layer (2,000 Al; a magnetic layer of a 

cobalt alloy (400 A>, and a carbonaceous protect·ive layer (300 A> 

were formed in order on.an aluminum alloy substrate by sputtering to · 

obtain a magnetic disk having a diameter ~f. 3.5 inches. The 

resulting disk was immersed in a chloroform solution containing 

potassium stearate and 4,4'~diaminodibenzo-18-crown-6, each in a 

concentration of 1 mmol/l (0·.·713 g/l in total) for 5 minutes and was 

raised at a rate of 10 mtn/s to form an even lubricant l_ayer having a 

thickne~s of 29 A on the disk surface. 

4,4'-Diaminodibenzo-18-crown-6 was obtained in the isolation yield 

of 90% by reducing. 4, 4' -dinitrodibenzo-18-c:town-6 with hydrazine by 

reference to the method of E. Shchori et al:. (J. Am. Chern. Soc., .9..5., 

3842 (1973)). 4,4'-Dinitrodiben~o-18-crown-6 was obtained in the 

isolat~on yield of 81% by th~ nitration of a commercially available 

dibenzo-1~8-crown-6 by refei:;-ence to. the method of W. M. Freigenbaum 

et al. (J. Polym. sci., Part A-1, ,9., 817 ("1_971)) • 

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

lubricating performance ·test and a cohes.ion test. The lubricating 

performance test was carried out by continuously sliding the disk by 

the use of a thin film head .slider under conditions of a load of 9.5 

gf and a sliding linear rate of 0.32 m/s (30-inm radius, 100 rpm) and 

measuring the friction force after 2 hours of continuous sliding. 

The cohesion test was carried out by allowing the disY. to stand in 

the atmosphere at a constant t~mperature and a constant humidity and 

observing the cohesion or crystallization under an optical 

microscope. The results are shown in Table 2. 
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Exampl~ 2 

The same disk as used in Ex~mple l was immersed in a chloroform 

containing potassium P-<N,N~diheptadecyl-arninocarbonyl)propiona~e 

and 4,4'-diaminodibenzo-18-crown~6; each in a concentration of 1 

nunol/l (1.02 q/1 in total)"for 5 minutes and was raised at a rate of 

· 10 mm/s to form an even lubricant layer having a thickness of 45 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 s.ame 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 formed ih order on a smooth aluminum alloy 

substrate having an average central. line roughness (Ra} of 35 A, by 

sputtering to obtain a magnetic 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 minute~ 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 l to form an even layer 

having a thickness of lS A on the disk surfac~. 



.The resulting disk was then immerse~~in a chlo•otorm for 5 minutes 

•and was raised to leave an even layer having a.thickness of 5 k on 

the disk surface. 

An even layer having a thickness of 25 A was formed on the disk 

surface by dipping in a solution of DEMNUM SH (ope-end COOH­

denatured p~oduct; average molecular weight: 1,650; manufactured by 

DAIKIN INDUSTRIES, LTD.) and potassium hydroxide dissolved in a 

fluorine solvent PF5080 (a solution manufactured by SUMITOMO 3M 

LIMITED), .each in a concentration of 0 .33 mol/l. 

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

-lubricant spin-off test and a contact start and stop test (CSS 

test). T~e results are shown in Table 1. The spin-off test was 

carried out by rotating the di~k in an atmosphere of 80°C for 14' 

days at 1,200 rpm and determining the percentages of the· residual· 

thickness of the lubricant layer from the change ·in the .absorption 

intensity ·of C-F bond in the FTIR. spectrum. 

The css test was carried.out using a 70% thin film head slideF 

. (material: Al203 .TiC; a pressing load: 6 g~)-wllich was raised to 75 

nm_ at a peripheral speed of s.1· m/s. One CSS cycle took 12 seconds, 

consisting 3 seconds for turning or the electricity to a spindle and 

9 seconds for switching the electricity source off. The torque at 

the time of the initiation of spindle rotation and the torque during· 

·sliding were measured in each cycle. The torque durin~ sliding was 

.calculated from a maximum power acting ~n the head between 0.3 

.second ·and 1 second after turning on the electricity to the spindle. 
20,000 ·css cycles were conducted and the average values of the 

torque at the time of the initiation of ~he rotation and the torque 
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dur1nq sliding were calculated from the ten hi~h~st va~ues. tlo 

'· 

stain was observed on either the disk or the head .after the css 

-test. 

Example 4 

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

irradiation and an even -layer havin9 a thickness. of 18 A was formed 

on the disk surf ace by dipping in a chloroform solution containing 

4,4'-diaminodibenzo-18-crown-6 in a concentration of 2 mmol/l (0.781 

. g/1) . 

The resultin9 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 R (Example 4-1, for 
0 . 

a spin-off test) or Z4 A (Example 4-2, for a css test) was 

formed on the disk surface by dipping in a PF5080 solution 

containing DEMNUM SH (average molecular weiqht: 2,400 ) and 

potass·ium hy.droxide, each in a concentration of 0.4 mmol/l. 

The disk on which the lubricant layer was formed was su~jected to a 

spin-off test or a css test in the same manner as in 

Example 3. The results are shown in Table l. No stain was 

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

Example 5 

Th~ same disk as us~d in Exampie J was subjected to ultraviolet ray~ 

irradiation and an even layer havi~q a thicknes~ Of 16 A was ~ormed 
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Oft the d1sk surface by dippioq in a ch1broform solution containinq 

4,4'-diaminodibe~zo-18-crown-6 in a concentration of 2 nunol/l <0.1a 1 
q/ l) • 

The resulting disk wa·s t.hen immersed in a chloroform for 5. minut.es 

and was raised to leave an even layer having a thickness of 8 A on 

the disk surface. 

An even layer having th" k L 
a ic nes.s _of 4 4 ~ was formed on the disk . surf ace by dip•ning · 

~ in a PF5080 solution containing DEMNUM SH 

(average ·molecµlar weight.·. 2,400) d · · 
an potassium hydroKide, each in a 

concentrat_ion of o. 6 mrnol/ 1 . 

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. 

Example 6 

The same disk as used in Example 3 was subjected to ultrayiol·et ·rays 

irradiation and an even la¥er having a thickness of 15 A was for~ed 
. . 

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 

q/l). 

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

and was raised to leave an even layer havin9 a thickness of 6 k on 

the disk surface. 



28 

An even layer havi.nq a thickness of 18 I\ was formed on the disk 

s~rface by dipping in a PFS080 solution containing 

perfluoropolyether Fomblin z DOL (OHs at both ends; average 

molecular weight: 2,000; manufactured by Mount Edison) in a 

concentration of l g/l. 

The disk on which the lubricant layer was formed was subject"ed to a 

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

shown in . Table ·1 . 

Comparative Example 1 

The same disk as u'sed in :Example 1 was immersed in a methanol 

solution containing potassium stearate in a concentration of l 

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 ~3 A on the disk 

surface. 

The disk on which the lubricant laye~ 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 ~as measured after 10 minutes and after i hoµrs of continuous 

sliding. ·The results ·are shown in.Tables 2 and 3. 

Comparative Example 2 

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

containing stearic acid in a concentration of 3 mmol/l (0.852 g/l) 

for '> minut.es and was raised at a rate of 10 mm/s to ·form a . 
lubricant. layer tiavi.r19 a thickness of 16 A on the disk surface. 
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The disk on which the lubricant layer was formed was subjected to a 

lubr1.cating performance test and a cohesion test in the same manner 

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

Comparatjye Example 3 

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

containing P-<N,N-diheptadecylaminocarbonyl)-propionic acid in a 

concentration of 1mmol/l
0

(0.593 g/l) for 5 minutes· and was raised 

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

thickness of 28 A on the disk surface. 

' The disk on which the lubricant l~yer 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. 

Comparative Examp1e·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 PF508·o solution 

containi~g DEMNUM SH (average molecular weight: 1,650) in a 

concentration of 0.5 mmol/1. 

The disk ori 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. 
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comparative Example 5 

·. 

A hydrogenated carbonaceous protective layer was formed on "the same 

disk as used in gxample 3 and an even layer having a thickness of 31 

A .(Comparative Example 5-1, for a· spin-off test) or. 27 A 
(Cqmparative Example ·s-2, for a CSS test) ·was formed on· the 

disk surface by dipping in a PF5080 solution containing· 

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

concentration of o·. 6 Dll;l\Ol/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·sbown in Table 1. No stain was 

observed o.n either the disk or the head after the css test. 

Comparative Example 6 

A hydrogenated carbonaceous protective layer was formed on the same 

disk as used in Example 3 and an even layer having a thickness of 41 

A was formed on the disk surface by dipping in a PF5080 solution 

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

concentration of 0.6 mrnol/l. 

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

spin-off tes~ in the same manner ~s 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 
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~ J. (Comparative Example 7-1, for a spin-off c.estJ or 16 ,._ 

(Comparative Example 7-2, for a css test) was formed on the 

disk surface by dipping in.a PF5080 solution containing 
• 

perfluoropoly~ther Fomblin z DOL (average molecular weight: 

2,000) in a concentration of l g/l. 

The disk on which the lubricant lay~r 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 l. No stain was 

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

Exampl"e 1 

The same disk as used in Example 1 was dipped in a mixture of 

chloroform and methanol containing 4,4'-diaminodibenzo-18-crown-6, 

potassium hydroxide and stearic acid, each in a concentration of 1 

rnmol/l to form an even lubricant layer hav_ing 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. 

Example 8 

The same disk as used in Example 1. was dipped in a mixture of 

chlorofor~ and.methanol riontaining 4,4'-diaminodibenzo-18-ctown-6, 

potassium hydroxide and ~-(N,N-diheptadecylaminocarbonyl)propionic 

acid, each in a concentration of 1 mmol/l to form an even lubricant 

layer havinq a thickness of 33 A on the disk surface. 
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The disk on which the lubricant layer was formed was subjected to a 

·lubricating performance test and a cohe~ion test in the same manner 

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

Example 9 

The same disk as used in Example 1 was dipped in a chloroform 

solution containing 4,4'-diaminodibenzo-~B-c~own-6 in a 

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

of 12 A on the disk surface. The resulting disk was then immersed 

ih a mixture of chloroform and methanol containing ~-(N,N-

diheptadecylaminocarbonyl)propionic acid and potassium hydroxide, 

each in a con·centration of l mmol/l, and was raised to t:orm an even 

lubricant layer having a· thickness of 33 A. on the disk surface. 

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

lubricating performanc~ test and ~ cohesion test in the same manner 

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

Exam:ple 10 

The same disk as used in Example 1 was dipped in a chloroform 

solution containing 4,4'-diaminodibenzo-18-crown-6 in a 

concentration of 2 mmol/l to forin 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 was 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 ~ixture of chloroform and methanol 

containing ~-(N,N-diheptadecylamin_ocarbonyl)propionic acid and 
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po::.ass1um hydroiode, each in a concentration of l mmol/l, and wa·s 

·r . 

raised to form an even lubricant layer having a thickness ~f 26 A. 

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 11 

The same disk as used in Example 1 was immersed in a mixture of 

chlproform and methanol containing 4,4'-diaminodibenzo-18-crown-6 

and stearic acid, each in a concentration of l mmol/l to form an 

e~en lubricant layer having a thickness of l~ 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 .imme_rsed in a mixture of 

chloroform and methanol containing 4, 4 •·-diaminodibenzo-.18-crown-6 

and ~-(N~N-diheptadecylaminocarbonyl)~ropionic acid, each in a 

concentration of 1 mmol/1 to form an even lubrtcant layer having a 

thickness of 31 A on the disk surface. 

The disk on which the lubricant layer was subjected to a ~ubricating 

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

Example 7. · The results are shown in Table 3. 
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Example 13 

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

solution containing 4,4'-diami~odibenzo-18-crown-6 in a 

c,oncentration of 2 mmol/l co:1a1 g/l) and was_ raised to .form an even 

layer having a thickness of 14 A on the disk surface. 

The resulting disk was then immersed in a chloroform solution 

(1.26 g/1) containing potassium ~-(N,N-diheptadecylamino<?arb.onyl)-. 
propionate in a concentration of 2 mmol/l and was raised t·o 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 

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 mann~r. 

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

Example 14 

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

solution containing 4,4'-diaminodibenzo-18-crown-6 in a 

concentration of 2 mmol/l (0.781 g/l) and was raised. to form an even 

layer having a thickness of 16 A on th~ disk surface. The resulting 

·disk was immersed in a chloroform solution for 5 minutes and was 

raised at a rate of 2 mm/s to leave an even fixed layer having a 

thickness of 7 A on the disk surface. As shown in tig. 7, this 

fixed layer was not removed after repeated (three times in total) 

rinsing with a chloroform solution in a similar manner, which means 

·that 4, 4 '-diaminodibenzo-18-crown-6 used as .a multidentate ligand in 

this Example strongly adheres to the carbonaceous protective layer. 

' 



35 

The disk obtained through the above steps was immersed in a 

chloroform solution containing potassium P-<N,N-diheptadecylamino-

carbonyl)propionate in a concentration of 2 mmol/l (1.26 g/l) and 

was raised to form an even lubricant layer having a thickness of 28 

A on the disk surface. 

The disk on which the lubricant layer was for~ed 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 EKample 1 was immersed in a chloroform 

solution containing _potassium stearate and 4,4'-diaminodibenzo-18-

crown-6, each in a concentration of 1 mmol/l and was raised to fo~m 

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 in the same manner as in Example 1 to 

measure the friction force after 10 minutes and -after 2 hours of 

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

Example 16 

The same disk as used in Example l was immersed in a chloroform 

solution containing potassium stearate in .a c~ncentration of 1 

mmol/l and dibenzo-18-crown-6 ln a concentration of 2 mmol/l <l.03 



g/l in t.ot.al> and was raised to form an even lubricant layer having 

a thickness of 16 A on the disk surface. 

This Example was carried out to confirm the iubricatin9 performance 

under a condition i; which the dibenzo-18-crown-6 was present, in the 

system in a large excess when compared to potassium stearate, 

namely, the absence of free potassium stearate. 

·The disk on which the lubricant layer was formed wa~ 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 l was immersed in a chlorofotm 

solution. cont'aining stea.r-ylamine and dibenzo-1-8-crown-6, each in a 

concen_tration of 1 mmol/l (1.89 g/l in ·terms of a cornpl~x) and was 

raised to form an even lubricant layer having a thickness of i4 A on 

the disk surface. 

The disk on wh.ich .. the lubricant layer was forme~ was subject~d to a 

. lubricating pe_rformance test in th~ same manner as in Example 15. 

The results are shown in Table ·J. 

Compar·ative Example 8 

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

solution containing stearylamine in a concentration of 3 mmol/1 

(0.B09 g/l) and was raised to form a lubricant layer having a 

thickness of 2S·A Qn the disk surface. 
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The disk on which the lubricant layer was formed was subjected to a 

lubricating performance test in the same manner as in Example 14. 

The results are shown in Table 3. 

Example 18 

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

solution containing cycloinulohexaose and potassiumft-<N,N-

diheptadecyla~inocarbonyl)propionate were dissolved, each in a 

concentration of 1 mmol/l and was raised to form an even lubricant 

layer having a thickness of.23 k on the disk surface. 

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

lubricating performance te.st and· a cohesion test in the atmosphere 

at a temperature of 60°C and a humidity of 80% RH. The results are 

shown in Table 4. · 

Exa.mple 19 

The same disk as used in Examp~e 1 was immersed in a methanol 

solution containing cycloinulohexaose, ~-(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 o~ 30 A on th~ 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. 



38 

Example 20 

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

solution containing cycloinuiohexaose in a concentration of 1 rnmol/l 

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

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

chloroform solution containing potassium ~-(N,N-

diheptadecylaminocarbonyl)propionate in a concentration of 2 mmol/1 

and was raised to torm an even lubricant layer ha~ing a thickness of 

50 A on the disk surface. 

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

lubrJ~ating performance test and a cohesion test in the same m~nner 

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

Comparative Example 9 

The disk on which the lubricant 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 18. The results are shown in Table 4. 

Example 21 

On a smooth aluminum alloy substtat~ having a diameter of 3.5 

inches, 1,200 A of a chromium undercoating layer and 500 A of a 
. 

magnetic layer of a cobalt alloy were fo~med by sputtering. 200 A 

of a hydrogenated carbonaceous protective layer was further formed 

. or1 -r.t1e disk. The surface of the resulting disk was irradiated with 
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ultraviolet rays having a wavelength of 185 nm and 254 nm and an 

ou~put of 90 W from a dist.ance of 15 mm for 5 minut.es in the air. 

The surface of the hydrogenated carbonaceous protective layer was 

analyzed by XP~ using an AlKa rays, 14 kv-300 w, monochromator as an 

X-ray source, for an analysis area of 0.8 x 3.5 mm and an outlet 

angle of 65° (analysis depth: up to - 50 A>. As a result, oxygen 

was contained in 20 atm\. The ratio of the C=O bond to the C-H bond 

and c-c bohd changed from 0.04 before the surface t~eatrnent to 0.10 

after the surface treatment. This m~ans 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 rnmol/l .(0.781 

g/l) to·forrn an even layer having a thickness of 20 A on·the disk 

surface. This disk was then· immersed in a chloroform for.S minutes 
. 

and was raised at a rate of 2 mm/s ~o leave an even layer having a 

thickness of 12 A on the disk surface. 

The disk was then immersed in a methanol solution containing· 

potassium stearate in a concentrati.on of 1 mmol/l (0.314 g/l) and 

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

A. 

The disk on which the lubricant laye~ was formed was subject•d to a 

CSS test in the same manner as in Example 3 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 Exam~le 1. The results are shown in Table 5. 

" 
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Example 22 

The same d.isk as used in Example 21 was subjected to ultraviolet 

rays irradiation and was immersed in a chloroform solution 

containing 4,4'-diaminodibenzo-18-crown-6 in a concentration of 2 

inmol/l (0. 781 i:J/l) to f·orm an even layer naving a thickness of 17 A. 

on the disk surface. 

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 ~-(N,N-diheptadecylaminocarbonyl)propionate-in a 

concentration of 2 mmol/1 (1.26 g/l) and raised to form an even 

lubricant layer having a thickne~s 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 Example 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. 
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The disk on which the lubricant layer was formed was stibjected. to a 

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

The results are shown in Table 5. 

Example 24 

The same disk as used in Example 1 
was subjected to ultraviolet 

irradiation and was immersed -in a chl.orof·orm soluti' on 
containing 

potassium P-CN,N-dihepta~ecylam~nocarbonyl}propiona~e and 4,4'-

rays 

diaminodiben~o-18-crown-6, each in a concentrati'on of 1 
mmql/l c1 •. 02 

g/l) to form an even lubricant layer h · 
aving a thickness of 36 A on 

the disk surface . 

. The disk on which the lubricant layer was _formed was 
subjected to a 

css test and a cohesion in the same manner as in Example 2 i. 

~esults are shown in Table 5. 

Comparative Example 10 

The 

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 perfluoropo!yether (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. 
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~ithout i·rradiating the .disk having formed thereon a hydrogenated 

carbonaceous protective layer in the same manner as in Example 21 

with ultraviolet rays, a layer having a thickness of 12 !, 15 A, or 

18 A was formed on the respective disk surfaces by immersing in a 

chlorofQrm. solution containing. 4,4'-diaminodioenzo-18-crown-6 in a 
. . . . 

concentration of 2 mmol/l (0.181 9/l). 

The resulting disk was immersed in a chloroform for .s minutes and 

was raised at a rate of 2 mm/s. The results showed that the co~ted 

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 t"he lubricant layer was formed was subjected to a 

lubricating performance test and a cohesion test in the same manner 

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

Example 26 ~· 

The same disk as used in Example l was immersed in a mixture of 

water and me~hanol containing silver acetate and ~,N 1 -dibenzyl-4,13-

diaza-18-crown-6, each in a concent"ration of· 1 mmol/l to form a 

coated layer having~ thicknes~ of 6·A on the disk surface. Then, 

to the resultant disk using a chloroform solution r.ontaininq ~-(N,N-
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diheptadecylaminocarbonyl)propionic acid in a concentration of 2 

mmol/l, a lubricant layer having a total thickness of 19 A was 

formed. 

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

lu~ricating performance 'test and a cohesion test in the same manner 

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

Initial S~1.nd1e. t e::it ~s r.e.111: 
thicknoaa of 

lubricant Reoidual thiclcnc1111 of .tor(lue 
layer (j.) lubricant. layer (\) (9f .cm) 

H 
Xnitia-. O\,..rinq 

l ·( , 
tion of $l1<llng 

day d.&ya d.aya days rotation 

Example 3 25 81 71 71 67 29 ll 

ICXAltlplQ 4-l 26 85 82 81 79 . 
Example (•2 24 35 8 

Example 5 44 64 '19 76 75 - -
Example 6 1.6 80 ')9 ?9 "18 - -
·comparative 20 67" 57 57 52 - ~ 

Example 4 -
Compa.rar.ive 31 '16 71 69 65 
Example 5-l 

Comparative 2? so 8 
Example s-2. 
Comparative "41 vz 69 67 64 - -examplQ 6 

Comparative 21 16 59 53 (5 
£xampl.Q "7-1 

Comparativo. l.6 64 2S 
Example ?•2 
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Table 2 

Thickness of 
. 

lubricant layer Friction Cohesion (25°C/40\ RH) Head 

<A> force (qf) 

Example l 29 l.6 None > 32 days a 

Example 2 45 2.l None > 32 days a 

Example 1 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.§ None > 35 days b 

Example 13 49 1.6 None > 32 days a 

Example 14 28 l.8 None > 32 days a 

Example 25 16 3.8 None > 14 days b 

Example 26 19 3.0 No_ne > 14 days b 

Comp~rative 13 2.7 Observed < 3 days a 
Example l 

Comparative 16 l.4 Observed < 3 days a 
Example 2 

Comparative 28 3.4 Observed < 3 days b 
Example 3 

Head: 

a: MnZn Ferrite 



46 
Table 3 

....., 
Thickness of Friction Friction Head 

lubricant layer force after force after 2 
(/..} 10 min .(gf) hr (gf) 

Example 11 11 - 3.5 b 
Example 12 31 - 2.9 b 
Example· 15 11 1.8 2.0 a 
Example 16 16 2·.o 2.0 a 
Example 17 24 1.1 1.1 a 
Comparative . 13 2.0 2.7 a Example 1 . 
Comparative . 28 3.1 3.4 b Example 3 

Comparative 25 1. 8 Wear a 
\ Example 8 

Head: 

a: MnZn ferrite 
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Table 4 

Thickness of Friction* Cohesion 
lubricant 

(/>.) 
layer force (gf) ( 60°C/ 80% RH) 

Example 18 23 3.6 None (> 15 days> 

Example 19 32 3.8 None (> 15 days) 

Examp.le 20 50 3.4 None (> 15 days) 

Comparative 28 3.4 Observed (< 1 

Example 9 
day) 

Table 5 

Cohesion test 
css·test* (25°Ci40% RH)· 

after 14 days 

Stain on head Initiation Torque during 
and disk torque sliding 

Example 21 None 9 -gfcm 7 gf crn None 

Example 22 None 23 gfcrn 11 gfcrn . None 

Example 23 None 9 gf cm 9 gfcm None 

Example 24 None 21 gfcm 11 gfcm None 

Comparative None 65 gf cm 17 gf cm -
Example 10 
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As is evident. from t.he results shown in Table 2, it was confirrne<1 

t.hat' cohesion was observed on t.he lubricant layer of Comparative 

· ·Examples 1 to 3 in which a lubricant alone .was used, w.hile such 

cohesion was prevented on the lubricant layer of Examples l and 2 

~ccording to the present invention even if the thickness thereof was 

thicker than those of Comparative Example~ 1 to 3 (beLng slightly 

thicker due to the presence of the host layer) . It was further 

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

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 the layer thickness, it is considered that 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. 1), which is 

almost an optimal structure as a lubricant· layer. On the contrary, 

in the conventional system composed of a lubricant. (~-(N,N­

diheptadecylaminocarbonyl)propionic acid) alone (Comparative Example 

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

of t.he rnettiyl 9r0up at thF:: tip of the alkyl chain was small. and tt-.c:: 
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intensity of the CH stretching vibration of the methylene chain was 

large. Thus, it was found that the ori~ntation of the alkyl chain 

on the disk was so poor that the alkyl .chains were 9riented in 

different directions. 

From the results shown in Table 1, it was confirmed· that, in the 

lubricant layer according to the present invention, even in the case 

where a liquid lubricant was used, the spin-off of the lubricant 

molecule was effectively prevented and the adhesion of the h~ad as 

observed in the case ·of using a liquid lubricant hardly occurred. 

That is, in.the lubricating system acco.rding 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. lubricating 

performance_did not use a tradeoff and the lubricant layer.was 

constituted so as to have an excellent lubricating performance and a 

durability while hardly undergoing any adhesion. 

When, on the one hand, a iiquid lu~rica~t, perfluoropolyether, was 

directly coated on a smooth disk (Comparative Examples 5 and 7), it 

_is considered that the lubricant migrates on the surface and 

collects at the true contact region between the head and·the disk to 

form.a meniscus due to the low interaction between the lubricant and 

the surface of.the protective layer. 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 gf•cm 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 
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o t.rap a met.al ion, a met.al compound, and a lubricating molecute 

having an active hy~ro9en independently as a material had an 

excellent lubricating performance and the cohesion of the lubricant 

molecu.le was prevented, similar to the lubricant layer ~ormed by 

usin9 the lubricant molecule, which had been isolated and purified 

as an alkaline metal salt, as a 9uest compound. 

As shown in the results of Examples 13 and 14, it was found·that the 

lubricant layer prepared by forming the multidentate ligand layer 

and then forming the lubricant molecule layer exhibi~ed ~ · 

lubricating performance comparable or superior to that of the 

lubricant layer fixed by using a solution in_whi~h the lubricant 

molecule and.crown ether had formed the host-guest complex (Example· 

2) • ~t is . considered t~at., in each. case, the f1xed host-guest 
. . 

complexes have a layer constitution such that the crown ~ther, which 

strongly interacts with the substrate as a whole, adheres to the 

surface of the disk .and the lub~icant molecule is coordinated 

thereon. 

·As is cle.ar from the results shown in Table 3, it was found that the 

lubricant composed of potassium stearate and dibenzo-18-crown-6 . 
(Examples 15 and 16) exhibited a 'more excellent lubricating 

perfc>rmance than the lubricant compose<! of only potassium ste.arate · 

according to Comparat.ive Example 1. Fu~ther, it wa~. found ·that the 

lubricant composed of stearylamine and dibenzo-18-crown-6 (Example . 
11> maintained an excellent ltibricating performance for a long 

period Of time· as compared·t.o the layer of Comparative Example 8, 

which resulted in wear. 
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.~~ lubricant compased of P-tH,N-diheptadecylamino-

carbonyl)propionic acid and 4,~'-diaminodibenzo-18-crown-6 <Exampie 

2l showed a lubricating performance at the initial sliding stage 

comparable or superior to Comparative Example 3 in which ~-(N,N-

diheptadecylaminocarbonyl)propionic acid was used alone. The 

lubricating performance of Comparative Example 3 decreased 

con~iderably after 2 hours of continuous sliding, as compared to 

Examples which retained excellen~ lubricating performance ~t the 

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

Comparative Exam~le 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 presel)t invention provides a reliabl.e 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 case of the s6lid lubricant, the cohesicin 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 becaus.e of the prevention of spin-off. When using a 

smooth substrate to lower the lift of the head, adhesion to the 
• 

head, which is in~erent in the liquid lubricant, does not occur and 

a satisfactory lubricating performance and sufficient durability can 

.be maintained. There is no problem of cohesion, 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 magnetic recording medium with long-term reliability 

can thus be obtained. 

• 
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CLAIMS 

1. A solid surface on which is provided a 

lubricant layer which comprises a host-guest complex. 

2. A surface according to claim 1 wherein the . . 
host-guest complex com~rises, as the guest compound a 

lubricating molecule, ~hich is trapped through 

electrostatic interaction by a host compound adhering to 

the solid surface: 

3. A surface according to claim 1 or 2 wherein 

the host compound of the host-guest complex i~ a 

multi.dentate 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 meta"i 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 surface according to claim 3 or 4 wherein 

the guest compound of the host-guest complex is a compound 

having a molecular structure bearing a lubricating function 

and a basic terminal group. 

7. A surface ~ccording to any one of the 

preceding claims wherein the host compound of the 

host-guest complex is coated thereon~ 

8. A ~urface according to any one of the 

preceding c~aims 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 

precading 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 

I lllllll llllll lllll lllll II llll 
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atoms contain a lone electron pair having an·spl hybrid 

orbital. 

11. A surface according to any one of the 

preceding claims wherein the host compound of the 

host-guest complex is a crown ether having terminal 

hydroxyl groups. 

12. A.surface according to claim 11 wherein the 

host compound ip cyclofructans. 

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 according to any one of·the 

preceding claims wherein the guest compound of.th~ 

host-guest complex comprises an organic ion to which a 

molecular structure bearing a lubricating function is bound 

or a metal ion to which ~ counter anion bearing a 

lubricating func~ion 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-magnetic substrate; 

ii) a magnetic layer; and 

iii) said lubricant layer. 

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. 

18. A surface according to claim 16 or 17 wherein 

the protective layer is a carbonaceous protective layer 

which has been treated so as to increase the number of 

acidic functional groups. 

19. A sutface ac~ording to any one of claims 16 

. to 18 wherein the protective layer is a carbonaceou_s 

protective layer, _the surface of which has a ratio of C=O 

bonds tq c-c and C-H ~onds of from 0.05:1 to 0.3:1. 

20. A surface according to clai.rn 19 wherein said 

I 1111111 1111111111111111111111 
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ratio is from o.07:1 to 0.2:1. 

21. A lubricant which comprises a host-guest 

complex formed by a host compound and a guest ~ompound. 

22. A lubricant according to claim 21 in which 

the host compound is as defined in any one of claims 3, 4 

or a to 12 and/or the guest compound is as defined in any 

one of claims 2, 5, 6, 13 or i4. 

23. A method 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 dissolved •. 

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 surf ace 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 coating 

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 mediu~. 

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 a or more carbon atoms and a polar 

functional group at one terminal thereof. 

29. A method of preparing a magnetic recording 

. 111111111111111111111111111111 
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medium as defined in any one of claims 15 to 20 wherein 

said lubricant layer is formed on the surface of the 

remaining layers by adsorbing or adhering a multidentate 

iigand on the surface to form a multidentate ligand layer 

and forming a lubricant molecule layer on the multidentate 

ligand layer to provide the host-guest complex. 

30. A method according to claim 29 whic~ 

comprises. forming the multidentate ligand layer, removing a 

surplus part of the multidentate ligand layer to· provide a 

layer havtng an appropriate thickness and forming the 

lubricant molecule layer thereon. 

31. A method of preparing a magneti~ recording 

medium as defined in any one of claims 15· to 20 wher.ein 

said lubricant layer is formed by coating the host-guest 

complex on the remaining- layers thereof. 

32. A method according to any one of ~laims 23 to . . 
31 wherein the magnetic recording medium comprises a 

protective carbonaceous layer which is subjected to 

irradiation with ultraviolet rays in an atmosphere of an 

oxyge~-containing gas. 

33. Use of a host-guest complex as defined 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. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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