PHOSPHAZENE COVPOUND, LUBRI CANT AND MAGNETI C RECORDI NG MEDI UM HAVI NG
SUCH COVPOUND, METHOD OF PREPARATI ON, AND METHOD OF LUBRI CATI ON

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
phosphazene conpounds, nethods of preparing such conmpounds,

| ubricants and magnetic recordi ng nmedi um having such conpounds, and
met hods of lubricating a surface. BACKGROUND OF THE | NVENTI ON [ 0002]
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Wi | e the conventional phosphazene |ubricants have been found usef ul

in many appli C@I%L@’Ié ﬂém@@&&r@apd inproved lubricants are still

desirabl e. For exanpl e, conpounds with reduced dynam cal frictional
coefficients and inproved thermal stability are desirable for
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recordi ngsmpctdrﬁmurmmammmeﬂmﬁjs cbfpmmcedng@rsm&ben resi stance and
better bal anced nobility. SUMMARY OF THE | NVENTI ON [ 0003] Therefore,

i n accordance e i nvention, there is
provi ded a co%égﬁaﬁﬁ 6%3?% '\Z\?EI?WP\ NP
OCHZCFZCF20( CFZCFZCFZO) CF2CFZCF)2 4 / where R is selected from CF3,

F, and H, [080@] m Mariams phdspherefie oompotind 2Raveshmdn ased aolbiifarits, shith dsn
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met hod conprises reacting a first reactant with a second reactant in

a sol uti oferminates W@H@O@ewmﬁﬁ&wﬁ‘ﬁécmw%tWP&Mﬁnmgtl%ﬂal phosphazene
2, 4-di chl gpae£té hBv&been found useful in many applications, alternative and improved

lubricants are still desirable. For example, compounds with reduced dynamical
frictional coefficients and improved thermal stability are desirable for lubricants
used in magnetic recording applications, such as heat assisted magnetic recording
(HAMR) devices including recording medium. Other desirable improvements for
lubricants used in magnetic recording applications include improved corrosion

resistance and better balanced mobility.
SUMMARY OF THE INVENTION

[0003] Therefore, in accordance with an aspect of the present invention, there is

provided a compound of the formula:

<—©— ;T'f ‘éOCHZCF2CFZO(CFZCFZCFZO)mCFZCFZCF)
~ 2

where R is selected from CF3, F, and H, and m is an integer from 1 to 22, such as

from 10 to 12. In a particular embodiment, R is CFs.



tetra(aryloxy)-1,3,5-triaza-2, 4, 6-triphosphorine, and the second
reactant is a perfluoropolyether of the formula

CF3CF2CF2Q( CF2CF2CF20) nCF2CF2CH20H. The aryloxy is selected from
4-(trifluoronethyl)phenoxy (p-CF3-C6H40), 4-fl uorophenoxy

(p- F-C6H40), and phenoxy (C5H50). The solution may include a sol vent
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be a magnaéicempound described above is applied to the surface to lubricate the surface.
The surface may be a recording surface of a magnetic recording device. The
magnetic recording device may be a magnetic recording medium. The magnetic
recording medium may include a rotating magnetic recording medium selected from
a longitudinal recording medium, a perpendicular recording medium, a patterned

recording medium, and a heat assisted magnetic recording medium.

[0006] In accordance with a further aspect of the present invention, there is
provided a lubricant comprising the compound described above. The lubricant may
be for a magnetic recording medium. The magnetic recording medium may include
a rotating magnetic recording medium selected from a longitudinal recording
medium, a perpendicular recording medium, a patterned recording medium, and a

heat assisted magnetic recording medium.

[0007] In accordance with a further aspect of the present invention, there is

provided a magnetic recording device having a recording surface and a lubricant
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recordi ng medium The nmagnetic recording nmediummmay be a rotating
magnetic recording nmedium sel ected froma | ongitudinal recording
medi um a perpendi cular recording nmedium a patterned recording
medi um and a heat assisted magnetic recording nedium The magnetic
recordi ng device may include a hard disk drive. [0008] O her aspects
and f eat udescribed thevepe dfemtedorieg sudaceniThe devipemanpparmagnetico t hose
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[0011] FIG 1B 1s a schematiC side view of the fmagnetic recording

mediumof FIG 1A; [0012] FIG 2 is a schematic diagramof a

cheni cal 10898t oRtrssessts anddealres eighe preset inventon %prmﬁe@rgpar?%
gr aphs of i : } B fher
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and 6B arﬁaLp graphs of neasured corrosion products for different
Iubricantsg, ?%016] FIGS. 7 to 9 are respectively line graphs with
surface images showing lubricant filmrecovery for different

| ubricants neBRIEIDRBCRIPTEIN 6 THEJWRAVENGSdary i on mass
spectroscopy (TOF-SIMS); and 3 [0017] FIG 10 is a bar graph of

d ] f. i ff i
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i s a conpibampidesdnt irhvention,

[0010] FIG. 1A is a schematic top plan view of a magnetic recording device

including a magnetic recording medium;

[0011] FIG. 1B is a schematic side view of the magnetic recording medium of
FIG. 1A;

[0012] FIG. 2 is a schematic diagram of a chemical reaction process;

[0013] FIGS. 3 and 4 are respectively line graphs of measured weight loss as a

function of temperature for different lubricants;

[0014] FIG. 5is a line graph of measured frictional coefficients for different

lubricants;

[0015] FIGS. 6A and 6B are bar graphs of measured corrosion products for

different lubricants;

[0016] FIGS. 7 to 9 are respectively line graphs with surface images showing
lubricant film recovery for different lubricants measured with time-of-flight

secondary ion mass spectroscopy (TOF-SIMS); and



formula (1): (P R o P, NP OCH2CF2CF20( CF2CF2CF20) nCF2CF2CF3)2 4 .
(I') where Ris selected fromCF3, F, and H and mis an integer from
1to 22. Ina specific enbodinent, Ris CF3. In sone enbodi nents, m
may be from1 to 10. [0019] The conpounds of forrmula (I) are PFPE
coval ently-1inked cycl otri phosphazenes. Each conpound of formula (1)
has four FOMZ]i t El@A Gisenedr graplyobmessaned water EdRECtcETalassfor different
aromatic '?‘E}O%%ﬁ i ncl ude para-trifluoronethyl phenoxy,

par a-fl uo ®xy, or phenoxy groups. The PFPE chains do not have
any term nal hydroxyl group. According to conventional nam ng
schenes, the DPETALEDIBDESCRIPTIMNAG (1) can be respectively referred
to as 2, 4-di (PFPE-0O) -
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2, 4-di ( PHBENWe-(®: 4, 6, 6 tet ra(4-fluorophenoxy)-1,3,5-triaza-2, 4, 6-

tri phosphori ne (Wnen Ris F), and

2, 4- di ( PFPE- t;s;tra(phenoxy) 1, 3,5
triaza-2, 4, ({o Eﬁ ém &iFH&F nggzg], thﬁz been
t at he ozf

di scover ed f in
| ubricants and the re§u|t|ng | ubricants have |nproved properti é8 and
characteristics over conventional lubricants used in magnetic

recording applications. For exanple, as will be discussed further
bel ow, anwheredR ireselestpd HwauChs.dp@ndiheand mts o aveger EUntlaem2a g ehese

comPounds. SN EBL B MG 1l S EURABRbn L hGhbPBeTRR! fishen!

and rel ative as co
conventi onal I ubr| cants. Lubricants according to enbodi nents of the
present i[90481 i omheagmabsodhaifermguled!) atePrdE eevalertlydinkade and

o, 20, AR oS58 Lo LRI B i

pr esent

phosphazegreups apd tina PEPE treaifiorinel axombjic gidups| iudﬂudeaarca-triﬂumynahyéo
contain othher Sui ta?ll e chem cal s@gr additive ﬁe ES hPFPE Tr}

| ubr i cantPNERKFY RATBILArIRNCORA Fh ENFROX Y OHAP N ed PESISHAHI @vEon,
such as aarfpﬂt@ﬂﬁhaChycrr@ﬁ;ﬂrgfd@m ABREidirg to@drivehiichaa neaimiiteentéss khe The

| ubricant may be applied to a recording surface of t e mageeélc

r ecor di ngCHRRAUIGS Of Ryl He £a1 bp Eeshagtivg)y referred to as 2,4-di(PF
2,4,6,6-tetra(4-(trifluoromethyl)phenoxy)-1,3,5-triaza-2,4,6-triphosphorine (when R

is CF3), 2,4-di(PFPE-0)-2,4,6,6-tetra(4-fluorophenoxy)-1,3,5-triaza-2,4,6-
triphosphorine (when R is F), and 2,4-di(PFPE-0)-2,4,6,6-tetra(phenoxy)-1,3,5-
triaza-2,4,6-triphosphorine (when R is H).

[0020] It has been discovered that the compounds of formula (1) may be used in
lubricants and the resulting lubricants have improved properties and characteristics
over conventional lubricants used in magnetic recording applications. For example,
as will be discussed further below, among other improved properties, lubricants
containing these compounds can have a relatively low dynamical friction coefficient
and relatively high thermal stability, as compared to some conventional lubricants.
Lubricants according to embaodiments of the present invention may also have good

corrosion resistance and balanced mobility.

[0021] Thus, in an exemplary embodiment of the present invention, a lubricant is

provided which contains a phosphazene compound of the formula (1). The lubricant
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device or application may utilize a HAMR techni que. As can be
appreciated, in a HAWR application or device, a lubricant with high
thermal stability may be advantageous, because the tenperature at
the recording surface of a HAMR device or nedium can cycl e between
the roomtenperature and a tenperature in the range of 250 to 650 C
within a mwblsng:op@m othepkuitebie shenitdis orAaidﬁNesm:chapmmﬁ.éltredubmth
| ubri cant ma 1lised in ang sui table ma net| recor

ot >
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recording mediumincluding a |ongitudinal recording nedium a
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Furt her, HARR agplicaton omigvidee adskerdcant with Hmh thermhkstabilityirhay ber
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di ffer ent

Cvant sodlyaftPRbis ierlse FRleftHRIRLR olRE et AaEB Y 3RIAVR,

ls:} Zb' |1IA t wllemxél dranedivmasanceyicld isétivesalthe reei ferﬂp@ﬂguorg@ad@e&ﬂfp@tbtu{ﬂﬁZB]
| ustrates a na recor e | udes a

Thonet | c e EEHaR o Prria b Sou i & YT RIS Of GREREE AR QA a0 b

Magnet i c apfp‘?@@ét@ﬁnﬁled@bﬁc%ﬁt Ay H@dsé@an%nglsahatstéwﬁgr%ﬂl@he@&dm hard

di sk drive, where head 104 iS used for reading from and wr|t|n to

magnet i ¢ aRBEBAtINSgWiR anY sHitade resording medivaies @therdavigesch @re@mtn figthe

medi um 1 %}aén

central gé?'rs% g%ﬁfhl%gd neh%@ecgamg?ﬁé%%g umblla’%a f?ﬁ'ave any

sui tabl e lsmgiuxdinai eecanding maqphdne aradmeoﬁlca}ay reaznrdmglreedramealmlttemdcan
be understoo Qne Skl |l rt. .An_ex | ary. i t of
magnet | ¢ [PEUOPE MECREaF M ToE PeSfhaRbnetEeS R Rl AL R AT The
magnet i ¢ TreCcoagdhetd rﬂ?EdldUTg rhediurahalydeausedrfol smbRyem Bictanckivee and

i nclude a substrate 106, an underlayer 108, a nagnetic | ayer 110, and

a protect | aye carbon qver coat i has urface
0™ RecdPbEEl, Mt 1hs ThiteRh pl bR s o el Sl or BB oo
writing dpbiicatibhgsForsenaingsie, the lubtidant may%@dieﬁ@g@uuélymeea irpamyvhi ch
data is read fromor witten to the reco[ 'n% o

suitable application where high thermal stability and low dynamic frictional

coefficient are desired.

[0023] FIG. 1A illustrates a magnetic recording device 100, which includes a
magnetic recording medium 102 and a magnetic recording head 104. Magnetic
recording device 100 may be a disk drive such as a hard disk drive, where head
104 is used for reading from and writing to magnetic recording medium 102. As
illustrated, magnetic recording medium 102 may have the shape of a disk and can

rotate about a central axis.

[0024] Magnetic recording medium 102 may have any suitable structure and
may be made of any suitable material as can be understood by one skilled in the
art. An exemplary embodiment of magnetic recording medium 102 is shown in FIG.
1B. As shown, magnetic recording medium 102 may have a multilayer structure
and include a substrate 106, an underlayer 108, a magnetic layer 110, and a
protective layer 112 such as carbon overcoat which has a surface 114. Recording

head 104 will move across surface 114 for reading and writing data. Thus, surface
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medium A lubricant containing an effective anount of the conpound of
formula (1) 1is deposited on surface 114. The lubricant may be
applied to surface 114 using a dip coating nethod or a vapor phase
deposition nmethod. Surface 114 may be specially sputtered for good
affinity to the lubricant. OQther materials my be added to the

| ubri cant 14 iscad cidordieg stmﬁadajﬁrcbmemhitmpata\ie reduefromborivordien’ te the recording
performance.. The, lubri can ied on surface 114 to_for

Pht nt 11 P pai A |4 Ry n rtBRye fhelt Gthe RERepie bBrorgLE @,
10 rim sigcfepasit@bon butaded! #4.MAe IBME2RL mdsast dfiicaay sbﬁa@élymushg@ e
readi ng/writi ng head and may include a Head-G nbal - Assenbly

[0026] Dedipea @@mﬁé@oda@rs%vam Rigse steresitien msdheh rirfaeg 114,5; P%
a disk dé;ﬁéﬁ‘?ally%p%&bf@dlf@r de@éfﬂ('\ﬁ'ﬂo t‘ﬁ@qm)caﬂ?btﬁ@r fn%?ér@seﬁ'\ag/%re added

spi nni ng the drsk. During use, head 104 may nove relative to
recor di ngtodhaullahﬁcaotzas Eddrtw@@rfpnber lmwrd/edﬁhgku@rrqamés peEfermeargle. rhg

spin arou r Fg;%o{ CLRS

head 104. [ﬂﬂéa%ﬂf%%nagb&oﬁat%g% u rl%atr??ggﬁ ?ﬁmﬁﬁ%&a@ﬁ?ﬁ'ﬁ suc'ﬁgg hQVe
relative arwelmts.onAbebrdanoIDGS foa) am| suchdysnabout 1ftr0|2tnmonal
coefficient, it lubricates the recording surface 114 to reduce

friction 9k in urface d he 4 . S
al so beenf@%ﬁov'@lﬁg togé?aqf '&Pﬁ%ge%{? Q/WF'ﬁW égﬁ ?L%@HQCM’Q%
pr epar ed hyad-@mbal-AmeﬂgymGMd exenpl ary of an enbodi nent of the
present invention. In this nethod, the selected conpound of formnula

.( 1) iIs pr@thfdTﬁévif;{eﬁ@@tr{J%géggmdldie ot%%%gr%or\l\édtg l§orse9$<%(r)nnp e, r|r(1a %Cc}ls‘?f(nt

in a sol Ut

2, 4- di chl grive, 3, spirftll® ricdr(AbBEHVIN Y aylb 8 irfatidedadfs@nding g dighosphor i ne
, Where the aryloxy may be selected from phenoxy (C6H50) ,

(p- cFa. ooy obfanaing tvc T ek gt ol R & TRl ibR AT 020 Fer

react ant éxandpleshfd disk aped, e BRK iy @plﬁ@@odxﬂf gbml@ét dysteayiemogy oup,
havi ng the form of Rf OH. R has the fornu

CF3CF2 CFZ@tCﬁF%f@SZ@ﬁ’}@ AegeseeD é)qt‘eaﬂ?\ﬂgf‘eHe@ﬁ* 1% may §aniagdsbricephiim 116

22,  suchygmg §&Wré@tn¥/9 mbRenfdht GR¥iIRe fﬁ’lﬁ’é@& 'ld’%% mar@c%tﬂﬁ‘r%l é‘oefﬂolent
rml ecul ar wei g from about 400 to about . The val ue of may

be sel ectitltbdepiendhapoordingeurfacssi teip ruegggqa fricmgn betraMgcording Surface
114 and head 104.

[0028] It has also been discovered that the compounds of formula (1) may be
prepared by the following method, exemplary of an embodiment of the present
invention. In this method, the selected compound of formula (1) is prepared by
reacting a first reactant with a second reactant in a solution. The first reactant is
2,4-dichloro-2,4,6,6-tetra(aryloxy)-1,3,5-triaza-2,4,6-triphosphorine, where the
aryloxy may be selected from phenoxy (CsHs0), 4-fluorophenoxy (p-F-CeH4O), and
4-(trifluoromethyl)phenoxy (p-CF3-CeH4O), depending on the compound to be
formed. The second reactant is a perfluoropolyether with one terminal hydroxyl
group, having the form of R{OH. R¢ has the formula of
CF3CF2CF,0(CF,CF,CF,0)mCF2CF2CH,, where “m” is an integer from 1 to 22,
such as from 10 to 12. As can be appreciated, RfOH has a molecular weight from

about 400 to about 4000. The value of “m” may be selected depending on the

desired resulting compound.



6 [0029] The solution may include two inmm scible solvents, such as
tetrahydrofuran(THF) and a perfluorinated solvent. The THF may be
repl aced by another suitable solvent such as benzene, nethyl benzene,
or the like. The perfluorinated solvent may be selected from
FC-77TM HFE 7100TM PF5060TM and the |ike. Sone of these solvents
are commej0d2e] | y The ablutibh endyrioatiude pwe irmivissiblS kiventsNewacaM A

ssed. " obde)heIAn(rER) Bkl St Uonfia Yoo ot By " rERbe BB kv o
react ant awdthersuitadler @hwmducgapbenzeriedendthylbersznet bothe likBeTiee t he
third reactrﬁnt

s 2,2,4,4,6, 6- ; ™ ™
hexachl or & E’%ﬁ”??—t?(.fﬁ‘é'i%@t@ﬂ Belsﬂeﬁl:ﬁ?sfmﬁ%y T B REMRX: BESREY ™ pand
prepared (¥ |ikk e86hi tifeRNRhtdbichcatnRagsally HiRilas rofipupsntsebegked
from sodi um hydri de, potassium hydroxi de, sodi um hydroxi de,

pot assi unNewrdBnAseitakle splyent inkbee Viertre) Hefanaijyeafispiveniscaay laisoype used.
enbodi nent, the base is sodiumhydride. [0031] In a specific

exenpl ar yropBBpdi MBS kirst Fodid AL O brd e b rééaung%éthp@ redttEmaligda by

m xi ng the second an rd redctants, a corres I'ng phenol, and
sodi um hyefrrresponding phehoxidein aisphitian pehéredbe ithiet reackol iseh? 4ah.6THF as

oh | ' . . _ . N .

proceed. SRFNo7 SRR RETA & HHRbSARERE Hc bRRRIAG RS pBhL A by

phenol an@astidy aphbyarwithea besetTHerbddeemap batsetwttddofrorhaonivan hydride,
di.ng.ph i de. Th ide th t ith.the third

" ones e SRS BRTDRR ALE EARDRH A oA S R TRS e Bib it Dabpon

of FIG Zspebhie dxiehrfiflary@atictithent, e mebe ie@6RIMhYdlidehe second react ant

(RtOH) in the presence of sodiumhydride (NaH) to formthe desired

hosphaze ound, as sho in the, second reactjon of Fl 2.. The
P hoehas MBS D mm B Soetr BEToHal SRPPARERE 5 costians Sdaiie 6 may be

Convent i ofi@pafedroyf mb@id BB deeshdbAY BSird R clRtd) SesbrishbR@ing YRERSIS AR Of
the conpound, as can be understood by one skilled in the art. [0032]

It can besagfdBMyeddRIin Maelutioewith asperflegiinateshselvery and Filcas thepglvents.
conduct edy | ; : t: i4 st
ot on L iiexbebted iBAAR e RLoRE | AIER roboEd SX AR SR ipE1G. 2.2,
reacti on wiered issdFard op i The ehiendlrand sddéurhinydtide odast inothei solutieario

per | wor | At ropBnding ARCERARE rRp kI DorLedet finBhe i ggecten

sol vent aondorr (MBeefirst reactant, as shown in the first reaction of FIG. 2. The first reactant
formed reacts with the second reactant (R{OH) in the presence of sodium hydride
(NaH) to form the desired phosphazene compound, as shown in the second
reaction of FIG. 2. The phosphazene compound may be then extracted from the
solution. Conventional purification techniques may be used during synthesis of the

compound, as can be understood by one skilled in the art.

[0032] It can be understood that the first reaction step of FIG. 2 may be
conducted in THF, benzene or methylbenzene. For example, the first reaction step
may be carried out in THF. The product of the first reaction extracted and purified
from the first solution is then reacted with R{OH in the presence of NaH in a mixture
of perfluorinated solvent and THF. Alternatively, a perflourinated solvent and R{ONa
may be added to the THF solution with a purified tetra-substituted intermediate

obtained from the first step.



may be added to the THF solution with a purified tetra-substituted
internediate obtained fromthe first step. 7 [0033] As can be
understood, in the exenplary process described above, the ratio of
t he nunber of substituted aromatic groups and the nunber of PFPE
chains in the resulting conpounds is conveniently controlled to be
exact |y 4{0233] 0084]camive wuiepsioerisn dfe éxampibey fropessadedpsbeealove, the

0T, o SRR B A BB R ks R R P b

pr oduci nginttiee Redultiresconsiatindars yonveniensivicoabbleed edenéxaety @f2. appl yi ng
a lubricant to a magnetic recording mediumor device nay be used to

apply a | i of the pres nt inventiqon to netic recordin
o m or 0045 20 ane entopauRig S amiiPY fden i 8By RRE s s TR igto
skil'l ed i&ldofieadt By a peR3hlskilled %ﬂth@@*ﬂﬁélﬁ?%u%&@@écﬁwn(ﬁuefsofnmuﬂmga thin
| ubricant filmon a surface, a diluted uid may be prepared by

di ssol vi r&j”lvﬁﬁt‘?rl%rlqb(‘f'éﬁ?t Rﬁ'@ﬁ%'ﬂ&@?@ﬁ‘%‘%ﬁ%@ﬂév anyopyjighte eGomans of
PF5060, ;%:pwrﬁé)a I%rlc%nﬂH 4 ﬁ@g‘ﬁeﬁ@?éﬁ%ﬂim@ ﬂ\éoh?m%?'a%(/%é rrﬁ%f’bé Ms&f to

solvents. The Tecording nmediumis dipped into the nd then
wi t hdr awredplyoanlulirieant ofgthe @resent myentidretosa rrre@@éh@feqonbn@ aaslivn g

medi um i Sy ﬁr&hy}“\ te_rcpﬁlqmeéjoﬁrrer-wr kno Wf\[ (ﬂer&r’r’é g(ll'le% ?tlth%%ﬁd to dry.

Wien the ol Ve clently evapora alaero

| ubricant stays on the medi um surface. The thi ckness of the lubricant
| ayer carf0088] colmtaroéxedplbry ra:dj:e&tcbfrfgrmihg ecthirclehticantt ifibm oofa suréace, a

| ubri cant ound in.the I| t.he . di rate bot h,

{00361 - SEREBEANS eV elispaddsie Giautibg s RRLGEt Bhivgy f 7 &'sUtabie

i 11 ustratshwoesptiany PFS0B0MHRENTG0, of atduttapleesstveint Imentdroeal. fafliQ a7 ]
EXAMPLES \@%8 EXAMPLE |: [0039]

2, 4- i chl 716 160 Bna At SRR By ipbRAnslen pithdeawn from

triaza-2, tﬁe@8&@s@"tﬁépﬂﬁ@réuﬁ@cé‘@ﬁth%%@&d%ﬁ‘lgzrﬂédium isheated WentHdfiuid. The
procedure. 040] A first solution was prepared, which contained 200

nm of drycop féma is afpwedodrgaVhen fhpsqivent ia syfficiently svanrsaies 7 fawenef
About 4. QH b?ifcaﬁpﬁgg%mw r'n@@ululrr( d@rfa ks T'FFE%mkr‘?e%saof‘?ﬁ’eﬂh%'n%&ﬁrléyé?rbahn
m ner al were a in sma portions t

be controlled by adjusting the concentration of the lubricant compound in the liquid

or the dipping rate, or both.

[0036] Some specific examples are described next to further illustrate exemplary

embodiments of the present invention.
[0037] EXAMPLES
[0038] EXAMPLE I:

[0039] In Example I, 2,4-dichloro-2,4,6,6-tetra(4-(trifluoromethyl)phenoxy)-1,3,5-

triaza-2,4,6-triphosphorine was synthesized in the following procedure.

[0040] A first solution was prepared, which contained 200 ml of dry THF and
20.0 g (123.37 mmol) of 4-(trifluoromethyl)phenol. About 4.94 g of sodium hydride
(123.43 mmol, as a 60% dispersion in mineral oil) were added in small portions to

the first solution to form sodium 4-(trifluoromethyl)phenoxide.



the first solution to form sodium 4-(trifluoronethyl)phenoxide. 8

[ 0041] A second solution was prepared at about roomtenperature by
dissolving 10.72 g (30.84 mol ) of

2,2,4,4,6, 6-hexachloro-1, 3,5-triaza-2, 4, 6-tri phosphorine in 100 m
dry THF. [0042] The sodium 4-(trifluoronethyl)phenoxide formed from
the first[098MLt i Arsecond sajdderdmscmemirséalteb@lhteroemdenmesmhm b)ochisad)lviﬁgc

of sodi unlh/¢ BB BaSP R B BitnSobb A HRein AP iba ol L.

to room t eoped akurigFand was stirred for 24 hours. The THE in the
m xture was then renoved fromthe m xture by rotary evaporation. The

il [ ' | i.n chl f i
Suceessi AIOagh: of 1o SO0HTLA M IUBB0Y WA PAFORH o T EreAcT ol e Solien
brine, towyas aaBNEdP-WIRacH Bk Sdovhtiisoltith e 0i°d © famsl awaikeire SMélen@ure
si de-products. [0044] Residual water in chloroformla i s then

renoved viAlWioD MR FiEEhEWHY adchm@frwws(@muomm@ﬁhyémﬁ@dq he

drying agent was filtered out and the chloroformwas renoved under

reduced pp@aspr eThé aaklitd Wes w&rr‘?\eé rté’%nH 'té}H%)é#atLHé %‘HHQ/&aS sitﬁ%ﬁbr 3he
crude liquid products contained 2,4,6-trichloro-2

(trifl uorlssshihe pHEADIRE mwtlgeavasfmz gerpovedirony tbﬁ(ﬁ@pshkﬁﬁ? bMéotary

2, 4-di chl 6
tetra(a- (RAPPRUSOTRE R [3bisoyss ogved  ehigiefom, Wit vap yeshd i

and 2-chhorsuecé>gs¢pn4v@,t@- peimu@(atqt(ebushb/dmcblmbmla) water, and brine, to
phenoxy)-1,3, 5-triaz osition of the

brude. ot S8 {iErsRRRrsdato A ReAR R WIS e URe SHETBERUERy . 1 0046)

The crude products were purified by columm chromat ography using a
m xt ure dD044] or Résidoalheatania o:bﬂoraforml layer is #erorenfovid dvithsa tihénghgentt .
The purif

23 6 chi Bredls §Or R E oy e dadPe AeeRyYSB Hisrat oyt 10 he

triaza- 2, chidrotdrinphas Pt vedeundei reduced prassurg Gessitihg ila drudBRuid
resul ting product wei ghed about 11.67 g, giving a yield of about

45% [ 00479 dYSEAVPLE | | [0048] In Exanple II,
2,4-dichloro-2,4,6,6-tetra(4-fl uorophenoxy) - 1, 3,5-triaza-

2, 4, 6- t r i[pbasphoThé erudesiqaMiroaséts @8niamdd e 4fediricRet g, 46-aqadur e.
(trifluoromethyl)phenoxy)-1,3,5-triaza-2,4,6-triphosphorine, 2,4-dichloro-2,4,6-
tetra(4-(trifluoromethyl)phenoxy)-1,3,5-triaza-2,4,6-triphosphorine, and 2-chloro-
2,4,4,6,6-penta(4-(trifluoromethyl)phenoxy)-1,3,5-triaza-2,4,6-triphosphorine. The

composition of the crude products was analyzed using thin layer chromatography.

[0046] The crude products were purified by column chromatography using a
mixture of chloroform/hexane of a volume ratio of 1:3 as the eluent. The purified
product contained 2,4-dichloro-2,4,6,6-tetra(4-(trifluoromethyl)phenoxy)-1,3,5-
triaza-2,4,6-triphosphorine, which was a viscous liquid. The resulting product

weighed about 11.67 g, giving a yield of about 45%.
[0047] EXAMPLE I

[0048] In Example I, 2,4-dichloro-2,4,6,6-tetra(4-fluorophenoxy)-1,3,5-triaza-

2,4,6-triphosphorine was synthesized in the following procedure.



9 [0049] A first solution was prepared by adding 13.50 g (120.4 mmmol)
of 4- fluorophenol to 100 ml of dry THE. About 4.90 g (122.5 mol,
60% di spersion in mneral oil) of sodiumhydride were added in small
portions to the first solution to form sodium 4-fl uorophenoxi de.

[ 0050] A second sol ution was prepared by adding

2,2,4,4, 6[(K)4I9¢xaMreir$0MﬂQBr Vgas preiparst 2y ddding riBpitos ptir4 mengliof ¢ g,

285 ol ) 1 0800 488 il Y ol P LASE Bl o115 2284, BbYoESROSRRIAC

sol ution alind}ak) o sddm r@dn"déWreadaé@rrsaﬁempoﬁphgm e WweiSsolstian toed
during the addition. UES’rOSZ The m xture was processed in the sanme way
as in Exalffp mesqdﬂ%“ﬁtﬂ ephgno¥id§de product. The crude product
contained 2,4,6-trichloro-2,4,6-tri (4-

f 1 uor opheosp % 1 A3sezohd s8kiBoR whshrépaneb OyRYIind2,2,4,4,6,6-hexachloro-1,3,5-
2,4-dichloro 4 tetr

f1 uor opherr@%gr)?-,%ﬁr@qaphéarae 01010 g. £8 - BpnmeprierPAeN! oiday THF.
2-chloro-2,4, 4,6, 6-

pent a(fl UEUO@"IFhe'Tﬂé)ébdr%rrsdﬁubfdpﬁéﬁo)adéf&n{éd’ RO SRS Afsk BEIUtidMRas added

conposition o crude product was anal yzed using thin |ayer
chr omat ogdrgphyise Thénecsasard spbdiaaes 0 Gde éorpur iMikieee.i et sasosa seluiiay was

i n Exanpl products contained 2, 4-
di chl or o%lrfdGJ%ﬁ}ggﬁr a%g-ﬁﬁp'uor ophenoxy) -1, 3, 5-tri aza-2,4,6-tri phospho

rine, which was a colorless liquid. About 9.52 g of product was
obt ai ned, [0§5¢] gTbeyméﬂUCB vis ahengssed mthe[s@oB3vaERaipFsample | tbebsin al n

Exanpl e Ié#udeé’rod&‘tcm rBdggg(%pQ{cgcérﬁéfn% %h @Otﬁé@lorjd 5’4?;”&1-6‘26‘ 2, 4, 6-

tri phosphorine was sy esi OW ng proce [0055] A
first sol fludrophevasypr Spiatrizdaldy4 Setdpingspbdrifd, 34(&4110@22 mﬁsﬂe)ra(}f— phenol

i neral | ol {ooPehe e i Fiage 4 Pa aamoT ool 7 BB Pohets the

first sol p@ntégrubmrémnaskwﬁBtannaaaeawsttdphos[p%ﬁﬁé Presesrapekite oftthen
was prepared y adding 20.0 57.53 mol

2,2, 4, 4, 65THIR Syt wies afatyzsg pﬁrnazta'néamer@hmmﬁr%ﬁﬂwr The ciusiesprogctys
dr y THF. \wdR purified in the same way as in Example . The purified products contained 2,4-

dichloro-2,4,6,6-tetra(4-fluorophenoxy)-1,3,5-triaza-2,4,6-triphosphorine, which was
a colorless liquid. About 9.52 g of product was obtained, giving a yield of about
51%.

[0053] Example llI:

[0054] In Example lll, 2,4-dichloro-2,4,6,6-tetra(phenoxy)-1,3,5-triaza-2,4,6-

triphosphorine was synthesized in the following procedure.

[0055] A first solution was prepared by adding 22.74 g (241.62 mmol) of phenol
to 100 ml of dry THF. About 9.66 g (241.62 mmol, 60%, dispersion in mineral oil)
sodium hydride were added in small portions to the first solution to form sodium

phenoxide.

[0056] A second solution was prepared by adding 20.0 g (57.53 mmol) of
2,2,4,4,6,6-hexachloro-1,3,5-triaza-2,4,6-triphosphorine to 50 ml of dry THF.

10



[ 0057] The sodi um phenoxide forned fromthe first solution was added
drop- wise to the second solution at 0 OC to forma m xture. The
solution was stirred during the addition. [0058] The m xture was
processed in the same way as in Exanple Ito obtain a crude product

The crude product contained 2,4, 6-trichl oro-2, 4, 6- trl(phenoxd)
triaza-2,[P0871 ri pResprEM W@enoxnde formed from the first solution was adde drop-

2, 4-di chi Wis@te the @eéo‘?\tdr&(ﬁ#&ﬁrg?w Tt fompalhik@Fe: ﬂ'\élscﬁutlérf WQ@Q@P&W I ne,

and 2-chl oro- 2,4,4,6, 6-penta(phenoxy)-1, 3,5-triaza- 2, 4,

tri phosphdjmrrgethe'addlt@()rrp05| tion of the crude product was anal yzed
using thin layer chromatography. The crude products were purified in
t he sane S i

2. 4- di on SP885" ,"he EYALRE fas broceiSs il by B hapySln ERFRBIINE opicin e,
whi ch wascrade pragduckskhe ¢rgdé grodiisbonntained 24, Gﬁrnpj’rlm@u&ﬂ Gf\msphembt(a) h8dh-

DL 09, S g £5 b aRne 2 4Rt ERRe Ga P et 55 AR T 1

fluid vvasmghogﬁndnhéomz&h{%r&zrmh@@bamta@r@nexﬁpdswiﬁ@da 2,460 a
100-m flask. The flask was equip netic stlérer

reflux cHRORTRIGI NGNS CAMBRS 0? ﬁrfé‘i‘ E%’SHP Wasg gnglyes e%asmw'ayer

hydri de (&QJ%@E@Q@[SI’W (T'ﬂe drtﬁHe%n’@)%D@ils v@érb u‘ﬁﬁé@wﬁfﬁ@%@rﬁ@wﬁ%%'m BREMbRNS
to the flask. About 8. dri ed érox | -t erm nat ed wer e

added to k Wéefpuaéqzd prmie‘c? @sm!ialﬂe@hé 4&dispensPehd ﬁrietra@herquww ﬁésaza-

stirred w. g o} e r

1.50 ¢ ofé’g%zl{-ﬁgl rg)trng%wg’é tée?élg?%g(ﬁ%@ﬁj%%g%ztsh%/%%%gnoxy%

1, 3, 5- trlcziztainEdAglemgrayphldsxﬁlabouir@ ere prepared as described in
Exanple | and were dissolved in 50 nL dry THF. The resulting

sol ution dd W se at roomtenperature to the above fl ask.
The m xt §gf]‘ ﬁgarﬂpgsg}(/ was then stirred at roomtenperature for 24
hours and refluxed at 75 C for 3.5 hours. [0063] The FC-77 and THE
cont ent s [0A60he I Bxdmplen¥, a brvicant, Lnbidgant &dvasesyntipestzasur e.  Dei oni zed
water was poured into the residue in the flask and the mxture was
St ed TR T Reur TR WA (HoKbH < AR ol BaP LRLE o' dpfea
pl astic tube  and was subjec centri I'ng rem)ve wat er he
wat er r enptoad 1ﬁ®<mﬂef@skvﬁa ﬂq:adsrwfnfr aq;dpw@bwam edhagm&incr@nﬂvea sdidkum
chloride cfocr)1rdrerﬁ(sjerdaunrc’ ngrotpr;])?ngsftu Reldﬁ% t(??gg of sodium hydride (60% dispersion

in mineral oil) were added in small portions to the flask. About 8.05 g of dried

hydroxyl-terminated PFPE were added to the flask. The resulting suspension in the

flask was stirred vigorously at room temperature for 24 hours.

[0062] About 1.50 g of 2,4-dichloro-2,4,6,6-tetra(4-(trifluoromethyl)phenoxy)-
1,3,5-triaza-2,4,6-triphosphorine were prepared as described in Example | and
were dissolved in 50 mL dry THF. The resulting solution was added drop-wise at
room temperature to the above flask. The mixture in the flask was then stirred at

room temperature for 24 hours and refluxed at 75 °C for 3.5 hours.

[0063] The FC-77 and THF contents in the flask were removed under reduced
pressure. Deionized water was poured into the residue in the flask and the mixture
was stirred for half an hour. The product mixture was transferred into a plastic tube
and was subject to centrifuging to remove water. The water removal process was

performed repeatedly to remove sodium chloride formed during the step described

11



11 in the precedi ng paragraph. The residue in the flask was dried
under vacuumto renove traces of water. Any excess

hydr oxyl -t erm nat ed perfl uoropol yether was al so renoved by
vacuumdi stillation. The resulting product (about 6.5 g, 70%yield)
is | abel ed as Lubricant 1. [0064] Exanple V: [0065] In Exanple V, a
second sairm}hepfanbdingapﬁragr‘epbrﬂmsarﬁsidde indise ﬁgsk Wwas dred und@@%ﬁpmﬂbe
synt hesi srg%rocg ure was. simlar to

I e 1.V. EX
Sbout 0. TRTYeIetEs gt ety Py Aeossdvanuul- Ry B Peifioepoldtier Wik

hydr oxyl -4e6 F@rﬁ@&@dby PidtlanveisellatadThe régm@r@roab@t (8DSIES igOMO%aeld)
that 1.15 di chl oro-2, 4, 6, 6-

tetra(4- f'P?ﬁﬂ%@%b%%Q@tb 5-triaza-2,4,6-tri phosphorine, prepared as

described in Exanple Il, were used to prepare the |ubricant,

Lubri cantfobb4 Thgxémggqpt wei ghed about 5.70 g, giving a vyi el d of

about 630} 1067] Exanple VI: [0068] In Exarrpl e VI anot her sanpl e

| ubri cant Iubrlcant 11 was synthesi zed. Lubrlcant [ 1] m%s
5%

formed i HO8BR | aln Brseriar @ ?Q?P”ﬁ)‘éé??ﬁiee‘“{?”c%'%c'e‘qu@ﬁé’t wagisyhes

of dried hydroxyl-term nated PFPE was used to formthe suspension,

and t hat bGS'} OTlggsyhtﬁé&s rocedure was S|ml|ar to that in Example IV. Except that
24d|chloro 66tetra{)1 henoxy)-1,3,5-tri aza-

tri phosprﬁhquhe 1 ehafrsadivg wﬁr@aﬂ%aeomnq 0 \gef %@édnyfifpxgﬁ?dmtf@t%e

| ub t t

VT 00T TR B30 J bjepbRppisutpgnslon GO NLEl b a2 Wﬁ’@?:% a
t hi cknes stetﬁa(%ﬂhearomemxybﬂ fatiorsted §)trlmm@hpespmpa@hwqod®@ab@@ in

from Lubr I

sl ut i on PoTRde B bies tEkePeR TeBurEaRt SRbTh otup ciSult et
filmthickoess. Abeg ghong bgidiedf blyout®39b.ng the | ubricant concent rat| on
and di pping/wthdrawing rate. The uniformty of the filns was

measur ed i opticgal surface analyzer (OSA). Filnms prepared from
Lubri cantfdﬁéfﬂefgx?fﬁggﬁaed to have a thickness of about 1.2 nm 12
[0072] In the above exanples, the conpound for the third reactant
used was [0068] In Example VI, another sample lubricant, lubricant Ill was synthesized.

[0069] Lubricant lll was formed in similar procedure for Example V, except that
about 8.0 g of dried hydroxyl-terminated PFPE was used to form the suspension,
and that about 0.82 g of 2,4-dichloro-2,4,6,6-tetra(phenoxy)-1,3,5-triaza-2,4,6-
triphosphorine prepared as in Example lll was used to produce the lubricant,
Lubricant Il (about 3.2 g, 45% yield).

[0070] EXAMPLE VII;

[0071] In Example VI, thin lubricant nanofilms (films having a thickness of the
order of nanometers) were respectively prepared from Lubricants | to lll, using a dip
coating method. The dip coating solution included the respective lubricant and a
PF5060 solvent. The film thickness was controlled by varying the lubricant
concentration and dipping/withdrawing rate. The uniformity of the films was
measured using an optical surface analyzer (OSA). Films prepared from Lubricant |

were measured to have a thickness of about 1.2 nm.

12



recrystallized fromethyl acetate before use. The THE used was
treated with netallic sodiumand distilled before use. The phenol,
4-fl uorophenol, 4- (trifluoronethyl)phenol and other chem cals were
used as received fromSigma- AldrichTM with 99% purity grade.

Hydr oxyl -term nated PFPE (Demmum SA) is comercially available from
Dai ki n'TM [00T@%t r irethelabve[ed@®lesCtireperrapowra Bt thd thed rg@gad] ussonmeas

properties of bricants Itao |11 re nmeasur and,conpared, wi.t h
Phose of LRSI MIBY PaRtS B HEU TS T o aF POBREa §hoed i n
Sol vy Sg1 S TAL A ADOLTM oot G med Tt hor 9CoTH 0075
ol vay exXlI's n opnt al ne rom MorescoTM )
Deconposi tr@m@ghyﬁewq@ngmﬁé& erataIByere ¢ a%m*%rm{vma-
lubri cant ﬁlof?iéh”@'v&iﬁcbgmrpﬁri@eq"rgﬂ@. drbf@gﬂ-té‘rﬁﬂﬁaﬂe@f’fﬂfPE Hadhaii O ishan

t hose exhibited by Lubricant I. e conventional lubricants started

t 0o deconpewemergalivfavsdableyrom Dafdie™ Indvgiries bither at ures. The measured
results for Lubricant | (solid lines) and the Zdol 2000 | ubricant

(dashed Itmglu?ggwﬁ%gmeigugﬂegﬁ 3 (in N) and 4 (in air). Table |

lists the nea rmal stabilities of various lubricants. The
thermal stabilities of the test |ubricants were eval uated using

t her mogr al@0fé] r i Someaprppedies PEAybricanés | iodd avgiesneassred angepparas Wiit)
was deene : e ,&h: 50 j d
ooourred APraer Rl abRAMESAIE 1AL M aMap BRLAE GEOTRBRE | 1o 11
have muchcdmpéreontdiediesivesd 200l 2000 ™ had ANME0ZHD ol2aded|frdon Sodaly. For

exanmpl e, the . deconppsition. temperature of Lubricant | is higher than
t he Zdol éﬁlﬁé'sl ubarr}dcéicm gy&ti'ﬁgg OHh@‘r"i%%w& Tespectively in air and
in nitrogen. 13 Table |I. Thermal stability (Td) Lubricant Td in air

Td in nitjo8g6h Debompasition te3DtesBRE shbwbd itleatiioth Zd@7200D%hd AMBOOtant

11262 204, 2012000 170 283 1,0076l (o vl LU LNt 90587 ¥8ds B
by Lubricant I. The conventional lubricants started to decompose significantly at
much lower temperatures. The measured results for Lubricant | (solid lines) and the
Zdol 2000 lubricant (dashed lines) are shown in FIGS. 3 (in N2) and 4 (in air). Table
[ lists the measured thermal stabilities of various lubricants. The thermal stabilities
of the test lubricants were evaluated using thermogravimetric analysis (TGA). The
decomposition temperature (T4) was deemed to be the temperature at which 5%
weight loss had occurred after heating. As can be seen in Table I, Lubricants | to lll
have much higher thermal stability than the Zdol 2000 lubricant. For example, the
decomposition temperature of Lubricant | is higher than the Zdol 2000 lubricant by

125 °C and 145 °C respectively in air and in nitrogen.
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formed from Lubrican
conparison, Zdol

non-uni formty under sanme deposition conditions.
possessed better filmformability than both
[0077] The dynamic friction coefficients of

and from Zdol

suggests that Lubric
Zdol 2000 and AMBO0O

thin film formed from Lubricants Ito _
A20H |l ubricants were neasur ed. THbée FiThasnalstability(Fad

t |

ant |
1.

di spl ayed excellent uniformty.
2000 and AMB00O1 exhi bited significant

This r

on

In

esul t

2000 and
t he surfaces

of magnetic hard di sks and were neasured usi ng a VI NATM cont act

start stop (CSS) tes
anal yzer (skew angl
illustrated in FIG

dynam c friction coef
lubricants. [0078] L
resi st ance,
amounts of corrosion
surfaces | ubricated

| ubricated surfaces were treated wth a 0.5 Macrylic acid

at 60C for 48 hours,
the TOF-SIMS. As can

Condi t olR078l007

as il 1ustragdednfry &

frer oubL achedrTtoan A 5t00TMoptiTal surface

¢ wddibrigants | yertqleal | opdladB8IIPEEN o) . As

5, Lmlcﬁﬁqul ts showed that Ldyicant | had | ower

frfeients—than—those—of he—tested—convent i onal

ubriwbgnt Il al so shbwed hj gher2%or r osfi on

GS. 64 and BB, whch shows the

pr-oduets or—Co)—deteeted—oen—mamgneti ¢ nedi um

by Zﬁ@l%@@pe,tl i veltest ed Iublﬁ%antﬁm{, after the
sol ution

respectively. The neasurenents were made using

be seen,
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biTh o o st
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Wed.

| ar

oghotl

In
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"stripe"

The rat e 1&g MaLgRY
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where the

g 00D et S Safigant ogey
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and | ubr istaahstopi(CBS) tester attached to an OSA 5100“‘" optical surface analyzer (skew

angle was -1.36°, vertical load was 2.5 g). As illustrated in FIG. 5, the results

showed that Lubricant | had lower dynamic friction coefficients than those of the

tested conventional lubricants.

[0078]

Lubricant | also showed higher corrosion resistance, as illustrated in

FIGS. 6A and 6B, which shows the amounts of corrosion products (Ni or Co)

detected on magnetic medium surfaces lubricated by the respective tested

lubricants, after the lubricated surfaces were treated with a 0.5 M acrylic acid

solution at 60°C for 48 hours, respectively. The measurements were made using

the TOF-SIMS. As can be seen, the comparison lubricants produced much more

corrosion products than Lubricant | did under similar test conditions.

[0079]

The mobility of the lubricants was also tested. In the tests, a film of each

respective lubricant was initially formed uniformly on a disk surface. A local area in

the film (a radial “stripe” approximately 10-15 um wide) was depleted of the

lubricant. The rate at which each lubricant film re-flew back into the depleted area

14



dewetting, decreasing the durability of the hard disk, while poor
mobility may result in loss of lubrication in sonme areas on the disk
surface. Thus, a noderate nobility may be desirable for a |ubricant
used in magnetic recording applications. [0080] The water contact
angl es of the lubricants were al so neasured using a RanmeHartTM
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of Zdol 250 BrdeRegforAokfichiior 7820B) 8 Bliar LB Nhafere the
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different fie @éﬁﬁlgftgﬁ%ng hi%ﬁq@%ﬁgéﬁ\é&t}gy&”ﬁﬁgﬁdﬂgﬁgﬁ%ﬁ%gmevacuum
punp, autresoveéryenmampsrisdeiubsisahiorsheswedimaedersie mabdite e cambent al
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description and the draw ngs by those skilled in th t. [0083]. Th
cont elnltosl'Bﬁo a‘%ﬁuqrgﬁg?%ﬁ\ém%o’g?la Sa%ﬁﬂ@‘iéilas Ibihi’?rce?o’?‘[%?r %EPO%]“W ©
herei n bymagberdeeranle FOBrbriinteRWES® maghetie@Rvadifgapplideitns.

enbodi ments” are intended to be illustrative only and in no way

limting. The described enbodi nents_are susceptible to man ,
modi fi catlO8A of-?tF%Wﬁ‘ferQPF%’?bé'ﬁ@% opinejubi@ntyjweLs flso MRASYFLILYSBY 2
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1, wher eilhcan bs apprmeiatéd that 2 2ubricant having contact angles in the range of about

70° to about 90° or higher may be desirable in many applications.

[0081] The compound and lubricants described above may also have
applications in different fields including high speed motor, high-performance
vacuum pump, automotive parts, devices for use under extreme environmental

condition such as space exploration devices, and the like.

[0082] Other features, benefits and advantages of the embodiments described
herein not expressly mentioned above can be understood from this description and

the drawings by those skilled in the art.

[0083] The contents of each reference cited above are hereby incorporated

herein by reference.

[0084] Of course, the above described embodiments are intended to be
illustrative only and in no way limiting. The described embodiments are susceptible
to many modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended to encompass all such modification within its

scope, as defined by the claims.
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3. The compound of claiml1l or claim2, wherein Ris CF3. 4. A method
for preparing the conpound of any one of clains 1 to 3, conprising:
reacting a first reactant wwth a second reactant in a solution to
formsaid conpound, wherein said first reactant is a
2,4-dichloro-2,4,6,6-tetra(aryloxy)-1,3,5-tri aza-

2,4,6-tri hor| ne, and said second reactant is a
per f | uorog\thI {HELAYVEDHS: f or nul a

CF3CF2CF20( CF2CF2CF20) nCF2CF2CH20H, sai d aryl oxy selected from

4- (trifl udr dnearhgdynshefrtbe yor(piaF3- C6H40), 4-f | uor ophenoxy (p-F-
C6H40) , and phenoxy (C6H50). 5. The nmethod of claim4, wherein said
sol ution conprises a sr;lav nt conpri si ng tetrahydrofuran. 6. The

o of £l 3 L SR BB U e

solvent. 7.
prepari ng sald first reac ant by reacting
2,2,4,4,6, 6-hexachloro-1, 3, 5-triaza-2, 4, 6-tri phosphori ne with a

g,hg,ni,xfg, o heFa RiP P Eras Ghenk adnd Pl Bt i1 Reb e iAen 1 S8

second reactant, a phenol, and sodium hydride in a solution, said

sol ution Z.Omhéitﬁ)hﬂ:@)uadﬁﬂbfaﬁmqr, whatsal ns Bl fment10asd 2t et rahydrofuran. 16
9. A nethod of lubricating a surface, conprisi ng appl yi ng an

ef fective,agpunt of npoun on aims 1 to 3 to said
Sur face (& | DBrpaRount B aaTE0 e 2ANHE MRS of "ol ai m 9. wher of n
said surface is a recording surface of a magnetic recording device.

11. The na&t Rodletoddbaprapifing Weedahposai ¢f amgamet dfeldieor @i 3 Gotawisig: | S
a magnetic recording medium 12. The met hod of claim 11, wherein said

magnetic r ecor%hg&g@ﬂ@%&%ﬂ% sé’oonrd?%%tiaﬂgin@%ﬁ{i&?tor BRA'iNY

medi um sel ect m a | ongi tu recordl ng
compound, wherein

said first reactant is a 2,4-dichloro-2,4,6,6-tetra(aryloxy)-1,3,5-triaza-
2,4,6-triphosphorine, and

said second reactant is a perfluoropolyether of the formula
CF3CF,CF,0O(CF,CF,CF,0),mCF,CF,CH,0H, said aryloxy selected
from 4-(trifluoromethyl)phenoxy (p-CF3-CsH40), 4-fluorophenoxy (p-F-
CeH40), and phenoxy (CsHs0).

5. The method of claim 4, wherein said solution comprises a solvent comprising

tetrahydrofuran.

6. The method of claim 5, wherein said solution comprises a perfluorinated

solvent.

7. The method of any one of claims 4 to 6, comprising preparing said first reactant
by reacting 2,2,4,4,6,6-hexachloro-1,3,5-triaza-2,4,6-triphosphorine with a

phenoxide.

8. The method of claim 4, comprising mixing 2,2,4,4,6,6-hexachloro-1,3,5-triaza-
2,4 6-triphosphorine, said second reactant, a phenol, and sodium hydride in a

solution, said solution comprising a perfluorinated solvent and tetrahydrofuran.
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medi um a perpendi cul ar recordi ng nmedium a patterned recording

medi um and a heat assisted magnetic recording nedium 13.A

| ubricant conprising the conpound of any one of clains 1 to 3. 14. A
| ubricant for a magnetic recordi ng nedium conprising the |ubricant
of claim 13. 15. The lubricant of claim 14, wherein said nagnetic

r efor di ggél)c.nadhetﬁ}ad @lfrwbirigeﬁmgfta Smwddl icogprBigigetpptyitigan effectyyermbuntof
sel ecte rgma | ongitudinal recordi medi u er pendi cul ar
ecor di ng. il SRMPANGE9Y088 I EIPEI g HEHAMPUTAE oAURERE® 8¢ st ed
magneti c regefgigng nedi um 16. A magneti c recordi ng nedi um having a

recording surface and a lubricant on said recording surface, said
| ubricant conprising the conpound of any one of clains 1 to 3.
qﬂé%g?

17. The mehébe & elai Aedhersinosaid pHifasaLls, a (aserdN G SYAGE Hegnet i ¢

recording pRELhER RRBRIIAS8Svider Ot ating magnetic recordi ng nmedi um
sel ected fromgaéw% ongﬁ{lu%i n\gl recordi ng nmedi um a perpendi cul ar

recording nedium a patterned recording nedium and a heat assisted
nmagnet i ¢ rletbe amaipheisaim 1a.8vieraingpid magnete resiordn@eeviee is @ AIRANEY¢ ng
t he magneti - j diumof claim116 or claim1l7. 19. The
magneti c regegpgaﬁrg%mggg{r@g of claim 18, conprising a hard disk drive.

17
12.The method of claim 11, wherein said magnetic recording medium comprises a

rotating magnetic recording medium selected from a longitudinal recording
medium, a perpendicular recording medium, a patterned recording medium, and

a heat assisted magnetic recording medium.
13. A lubricant comprising the compound of any one of claims 1 to 3.

14. A lubricant for a magnetic recording medium, comprising the lubricant of claim
13.

15.The lubricant of claim 14, wherein said magnetic recording medium comprises a
rotating magnetic recording medium selected from a longitudinal recording
medium, a perpendicular recording medium, a patterned recording medium, and

a heat assisted magnetic recording medium.

16. A magnetic recording medium having a recording surface and a lubricant on
said recording surface, said lubricant comprising the compound of any one of

claims 1 to 3.

17.The magnetic recording medium of claim 16, wherein said magnetic recording
medium comprises a rotating magnetic recording medium selected from a
longitudinal recording medium, a perpendicular recording medium, a patterned

recording medium, and a heat assisted magnetic recording medium.

18. A magnetic recording device, comprising the magnetic recording medium of

claim 16 or claim 17.

19. The magnetic recording device of claim 18, comprising a hard disk drive.
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