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SUMMARY OF THE INVENTION

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

provided a compound of the formula:
( —@— >§ ——<OCH20FZCF20(CFZCF20FZO)mCFZCFZCF3>
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where R is selected from CFs, F and H, and m is an integer from 1 to 22, _such as

from 10 to 12. In a particular embodiment, R is CFa.
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provi ded a nethod for preparing the conpound descri bed
in the preceding paragraph. The nmethod conprises
reacting a first reactant with a second reactant in a
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[0007] In accordance with a further aspect of the present invention, there is,
provided a magnetic recording device having a recon_'ding surface and a lubricant
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2 WD 2008/ 008041 PCT/ SG2006/ 000198 descri bed above on
the recording surface. The device may be a magnetic
recordi ng medium The nagnetic recordi ng medi um nay be
a rotating magnetic recording nedium selected froma
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heat assisted magnetic recording nmedium The nagnetic
recordi ng device may include a hard disk drive.
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[0012] FIG. 2is 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 jubricants;

[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



| ubricants. DETAILED DESCRI PTI ON [0018] An exenpl ary

enbodi ment of the present invention is a conpound of
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[0020] It has been discovered that the compounds of formula (I) 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.
Lubricénts according to embodiments 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 (l). The lubricant
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[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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protective layer 112 such as carbon overcoat which has
a surface 114. Recording head 104 will nobve across
surface 114 for reading and witing data. Thus,

surface 5 WD 2008/ 008041 PCT/ SG2006/ 000198 114 is a
recordi ng surface fromwhich data is read from or
WVP12008680804 t he recording nedium A | ubri caR€T/5G2006/000198
contai ning an effective anount of the conpound of
formula (1) is deposited on surface 114. The | ubri cant
ielyis b eecardifrigi seifacefrern whish dataisiregd frag o1 wriieptodbafacaging

MS&umﬁdA fEIBn@anY&PTEImH a8 @ﬁ&ﬁ%@%ﬁ&dr@ Bf tﬁ@ﬁ:@rﬁﬁ’oun@%\' foRfisia @I§-4 .

tere t
i dbpasbeshr scione e ibapant sy bB SRRy Suthge T Usihg &

(:j id Eéétlﬁé H{etl'ﬁya o@ﬂ%bér\tﬂﬁﬁsé @eplosifi 6mméthbm8mee 1hemay be
ubrjcant's

b d
e e o BB e e BB
i&awelubt&ahfhsﬁddE&Ss tarfuttiiee ingproler the fubfcamt’s perfdmange. She h

élén%agg B éaoglh H'Eur%aggqﬂl towgﬁl‘fja iﬁ%f il Gb In@‘i“ys S may have

I'ng | nc

&Iﬁmkn@srﬂuahe misem §to(19®mN). SU?*U@FZQHOU 2 %%‘“100 rray al so

i ncl ude ot her conponents. For exanple, in a disk
[boR5E, Head DA eHag bering suifabletresdiimitingtneatend mey indede & or

0027] During use, head 104 may
?fﬂe‘l"?reﬁ%h%‘?%?@%ﬂ &Gé%ordl ng nmedi um 102. For exanpl e,
in a disk drive, the disk may w[ramin aro so t hat

HI02Plo, evioRA Y g LElsler sAPpea B Esa Bl 1Bk

4fvk, a Elsiadle Mdfor ot sEEUN )akdy Heltislideariér shinhimg Hebdisidur i ng
such rel ative novement. As film 116 has a | ow dynami c

E(LO??%C gﬂ.?{yﬁ @& fl"]celalgj 464 2 mobe vk €eBSrding %édﬁ.ﬁp‘f ob. rer

uce rlctlon betmeen recordin
SRR dn a dish d'a\fﬁzl theedisk meysspin 2youns), sp thap,difergntypgery
‘é\H@rﬁé&éggﬁdbé Qﬁies?draeoy%waomqt&ﬁaﬂ 04 ataguebataétlibrioant fi flne116
e ar e the fol
FEimehst Mok DAL AR AR08 ARl BB
lithlﬂmsmbsathee@bocdlmmsurfade 814 foaedueedrigtiph betyepm meaiding Sysface

rﬁ@&t‘d%dq_?ﬁl rst reactant wwth a second reactant in a
sol uti1 on he first reactant is

i?q%gh é cf?ch eér\mseclptggr%%ﬁg?tﬂxl ?ﬁ%&unﬁs %f fgféﬁlflé F]Erﬂa)zbe’ 6

fprewqdrbsmwfpuqvﬁﬁw@)nod Joreplorusgizersorbpdiysniodis esent and
4'\/ehtﬁdnf YR @mcl?iy h)eggﬁ‘a&@&éorﬁq% 3 %&Q)(I) |sqﬁ0ﬁf’é3 lﬂg on
the oun or me e second rea;;{t ant
peaqtmm@ rShieRGtantih apecAndieactarRlinA salutien, dpe R rea ‘r"btdﬁo
hp2aLkiBlorbl2¢4, 6,66k ryiBkitH. 3, Ririaba 2,4 eipheyphtrir, where the
aryloxy may be selected from phenoxy (CsHsO), 4-fluorophenoxy (p-F-CeH40), and
4-(trifluoromethyl)phenoxy (p-CF3-CeH40), depending on the compound to be
formed. The second reactant is a perfluoropolyether with one terminal hydroxyl
group, having the form of R{OH. Ry has the formula of '
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such as from 10 to 12. As can be appreciated, R©OH has a molecular weight from
about 400 to about 4000. The value of “m” may be selected depending on the

desired resulting compound.
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A FOSRAnR EnegdanThe phespung Meb eacts ikt e bird sspetept
o folam tthecfirsteeamteoht, as sbowm in t('n&ﬁr@-i)aacmn ohEIGo ReFlerfirst redctant

%&meH %%Ys%éhqﬁ% séc'élﬁﬂea%% g{@% )LE thedfredentd opéb‘aﬁ.um‘%@ﬁ&e

reacti on of
merinmn@ez@@weé BhesphiAzPnARyMBRUNdhRhShowD iR BreegcIdom

trEetiod O RIGI 2/The Gﬁdsaﬁhaiérférb%hpewd rfmé)Cl@é fhem exteekl fipvehe
be used durin oun

SRR CoRvRIen ity ester el e vertrr g ot o 2,
lempogtel; s¢ camcbet raerstdod biyions skillesldo theant. st ep of FIG 2
may be .

[0032] It can be understood that the first reaction step of FIG. 2 may be
cdnducted 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 ROH in the presence of NaH in a mixture
of perfluorinated solvent and THF. AItérnativer, a perflourinated solvent.and R{ONa
may be added to the THF solution with a purified tetra-substituted intermediate

obtained from the first step.



- conducted in THF, benzene or nethyl benzene. For
exanpl e, the first reaction step mnmay be carried out
in THF. The product of the first reaction extracted
and purified fromthe first solution is then reacted
with RFOH in the presence of NaH in a m xture - of
p@OR2P8MH98041at ed sol vent and THF. Al ter nati velPgT/5G2006/000198
perflourinated solvent.and RFONa may be added to the
THF solution with a purified tetra-substituted

[Omaq:r madican e umistsioaue th the exertitarypracsss @seq[hed‘abm the

qjtlg 0§L9n§;|e p[{b%%tggg{'oqpﬁéégou{pggﬁg’ h fWPE chains

der'st 00 ocess ed above,
in tlr@ re$tdtmgcssompowrwé inenmveniently cgnlmilted tmb%@(aaﬁlyoﬁ%t ic
groups and the nunber of PFPE chains in the resulting
[oes@oumes cbrﬁpcﬁﬁﬂy effoemuld §i) emrderebdilgdorined bemeomm‘ateyl into

aﬁgéf ai’ggf% ?fg{}’e%ﬁ‘ gﬁ%? %@#’3{!‘8%8""#30&*‘" C?ue%r ANt
eveantinnal hibribad produtingteahniquesi ﬁgulsw aabﬁmtableémhnquwf
%p@@ﬁé‘g I[]Qricaﬁ ‘?‘f‘égng{@#ecwdﬂb' m Bf HE 1 be used to

ues. , any Sui ta Ie t echni que of
appp! ayliuhrgsaat <pfmﬁ presamt lrwent@nﬁ%g magneticreesding W@d'H@cﬂrum or

RN Cificii®Ng RentigiRd clifentRkAbYn & peisuns GRIMdd iAthd 418
present i nvention to a nagnetlc recordlng medi um or

fg gﬁ )onana Ny &Hﬂ@ dé}? tho%ﬁmf ‘i’t{i’rﬁ'ﬁtg“%@@]qm&c%ntznmﬁ gtsgrface a
‘?"'”@@é'gg'd @“""Vfb@mﬁ‘?ﬂ?@edabst disselvingihe biafieant parpROYA & %ﬁwtﬁéee

ébweﬂt éuéht%g AF6060, ehFanodo er ae?mreaﬁwem il tl'ﬁ‘etSMHrNél Hlfe!]mtyhﬂ

i C conpound_ i n._a. sui as
ssh0i50 1 £ Mgl is AP TS te A rd Hen HEdrRP fom
tha irquiy sofhat the Isudarieof thErecardiog metdiugn isechtechwittstheifipidethe

c%tk%i fH]l:els aliidado @&?V\{hﬁﬁ Eheddia ﬁ@%ﬁﬁ&érﬂmev%@atgﬂ qylé?e_r%@

e su ace . e recor g medi Um1s coa
thie fubricans stays prl theThgdiure suifass Thmth@kn%s &f the ibrcans layescan

N!\s‘ahtrbr&: BYAdRAkg the covdehtratidrdf ke 18HRART BMBEuUndan trRyiRid
t.he | ubri Cﬁ “ stays on the nedium surface. The
?’HP%Q'HB@Q rf: A REM ubri cant | ayer can be controlled by

adj usting the concentration of the |ubricant conpound

[0936he Sampsngcifioexamplesdirp gperjibpd next tosfurthrydllystraty gxgmplary

%g&,ﬁgﬁgbffhgp@gm\%gt,&re descri bed next to further
lustrate exenplary enbodi nents of the present

td’(%gz I%FAMILLCEEJ] EXAMPLES [0038] EXAMPLE |: [0039]

4- di chI oro-2, 4,6, 6- tetra(4 (tr| f1 uoronet hyl ) phenoxy)
[01)3§] 5- EXAMPLE I

[0039] In Example |, 2,4-dichIoro-2,4,6,6-tetra(4-(triﬂuorome‘thyl)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.



triaza-2,4,6-triphosphorine was synthesized in the
follow ng procedure. [0040] A first solution was
prepared, which contained 200 ml of dry THE and 20.0
g (123.37 mmol ) of 4-(trifluoronethyl)phenol. About
4.94 g of sodium hydride (123.43 nmmol, as a 60%
dwepens®eso41 i N mneral oil) were added in snBCT/SG2006/000198
portions to the first solution to form sodi um
4-(trifluoronethyl)phenoxi de. 8 WO 2008/ 008041
B0411SG208&ab A OGN (W6 Hidparedsat abmd reumh teiriperatuwa by dissolving

%%gg ?Igod?@%mgﬁ %%%%%-ES&RIE%—Hﬁ,%-tﬁyzagj,E:é—ﬂ'lp\[\l)%orine in

NPkdrd TBF6- hexachl oro- 1, 3, 5-tri aza- 2, 4, 6-tri phosphori
ne in 100 m dry THF. [0042] The sodi um
fbou]r I Hh@%emtdaaﬂifmﬂaﬁ@w) nbRBERAMEY A& ttrtbenréﬂsbmt.on

it o Ben R 30'%3% ST ARG Ohe igere

sdlition s dtirredduring @dditiamof sbdiamdi-(intfluoromethyl)phenaxide.
4-(trifluoronethyl)phenoxide. [0043] The m xture was

ased m rﬁnS?lQFE W PSRl W .%oﬁsrtemwaﬁtu?é b d 4b Juﬁéd %4 24
our s. i n the m xture g’ﬂ en renoved from

potas. rﬁhﬁt ﬂFén Hye mvsiuéﬁvas tagapmeret SAM ReEORIe BY PR due

motﬁtlsﬁmh\e&ﬁly tesidal vas ai dfsgcilmd m/ohloimfmswﬁﬂswmwmrteb Wwith,
i N succes u \ 0

Qcﬁuaces\ﬂgp evya(%er’ ﬁ\éﬁ'"b? a%ueou? |'1y<:}J 8&1 r?%%%%% \?/?tgy gfné) gll'}lef g Fting

remaye iuatreacigdistartingmateéle bhdswsiec}eolpble didermdufts044]

Resi dual water in chloroformlayer is then renoved .

pookh] a REsid Lﬂgwﬁgﬁﬁ bhloro&fnﬂhyﬁb‘eﬁ isthdBbvedWitres dgingiaggnt,

é&r@d?ow\é @eé ryﬂneqd hg er ed e?‘uy\tlvag ngréoh (ﬁt agcp lhgr Of orm

chlodéornivepsi rdmomdwdelt redL[O@d@Fﬁssirrhere@wlt!lmsn Ia|0quiediqwd
faducts contained 2,4,6-trichloro-2,4,6-tri(4-
PtrrFI uor onet hyl ) phenoxy) -1, 3, 5-tri aza- 2, 4, 6-tri phosph

|.pe, 4- hl -2 4,
HgabE 41%1"1 G ﬁ%‘ﬁ‘ﬁﬁ‘?ﬂ‘ﬁ%‘ﬁ%%y")e iclfor0-3484U% 5 4, 6-1
(trifhloospdtbyl Jphenoxyr tl3 2-tideacs, 4 6-triphosphorine, 2,4-dichloro-2, 4 6
?eté&ﬁ(t.%&u@ro‘ﬁ%‘é?ﬁﬁﬁﬂerbkﬂl1fé SLQ{aQQJétM erpHJ%?)HQPHQ add ﬁ-cﬁlbltot i a

orine ude
aﬂw@éwgnwsp triflvg Wf@lﬁ(‘)ﬂlﬁ“ﬁ&%ﬂbﬁ ﬂ%@ s %H‘PB??Q%‘ 5P
COg&sitionlof therdnshe Mrodudiscias analyeedusing thnaabyeycrmhamsgraphy
chromat ography using a mxture of chl orofornf hexane

Pd048] v %ﬁﬂ@uéé‘ﬁrb@u&g wére pudedti&ofimtEdhromatéifahy usinged

roduct contain

zmureloé ﬁ'p'er'o@ﬂz/h&xwe@f paplugesatia ofi 113 apthe sivenly Thepreiiedy)

pladdctrontained 2¢-@ciflort-2(4,6, aiw&lmaﬂﬂuammamw)phem) 183,5-

rllasig-%uf' G—lrapﬂgép%bri;nléh (\?vhlrcﬁic’mléls,talvps lljos IqudC 1'I'he resulting product

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

[0048] In Example ll, 2,4-dichloro-2,4,6,6-tetra(4-fluorophenoxy)-1,3,5-triaza-
2,4,6-triphosphorine was synthesized in the following procedure.



wei ghed about 11.67 g, giving a yield of about 45%
[0047] EXAMPLE I1: [0048] In Exanple Il
2,4-dichloro-2,4,6,6-tetra(4-fluorophenoxy)-1,3,5-tria
za- 2,4,6-triphosphorine was synthesized in the
foll owi ng procedure. 9 WO 2008/ 008041

PEP2®ER@08/ 000198 [0049] A first sol uti on WAET/EG¢520E68
by adding 13.50 g (120.4 mmol ) of 4- fluorophenol to
100 M of dry THF. About 4.90 g (122.5 muol, 60%
[do4gyer aifiest solatiornvascprapared by adifings18chULar(129 dmirdel) viet-e

dd | t |
DRfp PR SRR Aeb A 248 e 8k BRpdrfon L 1
minenabeib df sodivadblydnige e atldad &, Snaldesions tortbe irsBsczlJJtlon to

Bt %?a“f?*%ﬁﬁ“‘*[“f%gﬁf h?L%”Eoé?Smﬂg% |dﬁ§r ipgmerﬁ'o)xi do
oRerTce asiond e e eraetcey SR R e PRe .5

tsiece? d 6saphotpraninadtD.0 §138c8 mohol) tor 100gmitdidrakiti.t i on.
[ 0052] The m xture was processed in the sane way as in

s4p! Q'héE@dl%tﬁlﬁr@heﬁxm%rﬁfegmﬁithe TiResdhitiod vap gkt
contained 2,4,6-trich

PRSP g Seggndisoltisn FF‘? &*3 f%m4a %"XELI(fF PRESHRYI, flytion was
girréd duririy the additioh. 6- t et r a( 4-
fl uorophenoxy) -1, 3,5-triaza-2, 4, 6-tri phosphori ne, and

'ngjl 0 T‘ﬂe?n )ﬁ?n% v@asﬁ:rocessed in the same way as in Example | o obtain a
enta(fluaoro enox riaza-2 éphosphorln

@”dqwed%r?ﬁ@ﬁwqeﬁp%‘ld ?‘H‘éa'”eé’r% gt tﬁhl%%g# Q/\tﬁ anal yzed
fisrdihetidiy 1 BByeazasha Grmgrogpiping, 2,4-diehloro-2|é,6eteddict S
tﬁfﬂr?qheur I §%—tg?za E ‘231 Gst?%s%ipgf’anldE—W!f&é,ﬁ- The
perdaflunrolpizenexy; 163, Muaza%ﬁ-trmb@spbh@mip? camppsiion pf the a- 2
rﬂd@ ?ljogbtﬁ bRs Qh?ﬁé&%sm‘ﬁﬁhlﬁ ihy%rorﬁatﬁ@‘hﬁlw RS clubié H#oqucts

ob
WP"eePb'dfﬂd in é‘@/%anted&&%c't&ﬂ\f?%? gl fT%'P%%['fEﬁﬁ’gﬁ?é%% @éf?ﬁf’g 4-
Hlblhloro 2, AFI |6 6-tetra(4-ﬂuoro;éheno;(y) -1,3, 5h -triaza-2,4,6-triphosphorine, which Zvaz
Qr,o ra n 1.3 5-1. ,
S bl ol ite S L RS T B 5l

ptcedure. [0055] A first solution was prepared by
adding 22.74 g (241.62 mol ) of phenol to 100 ml of
fop3]T HRExaMpull: 9. 66 g (241.62 nmol, 60% dispersion in
mneral oil) sodium hydride were added in smal

Rivsk] ONR ExSmpiBGn, 12 4-GithiSiel2l, b BletrRpHenbi) S Qsls-taza-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.
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phenoxi de. [0056] A second sol ution was prepared by
adding 20.0 g (57.53 muol ) of

2,2,4,4,6, 6-hexachloro-1, 3,5-triaza-2, 4, 6-tri phosphori
ne to 50 m of dry THE. 10 WO 2008/ 008041

PCT/ S&G2006/ 000198 [0057] The sodi um phenoxi de forned
fwomsl@ofii r st sol uti on was added drop- W SBCTUSG200$¢900198
second solution at 0'Cto forma mxture. The solution
was stirred during the addition. [0058] The m xture
[0as7]pr dbe ssdivim iphendxidesfammedvieyn the fiishsdixmnwas adted dbp-ai n

\ngﬁ?%t“?r o ﬁ g.glﬁ{ioé'l %IT)B'C% i HﬁthgHe;: tl'llg g&@tﬁin% stirred

or O- 6-tri ﬁeno
during Ae @dditios- t r i phosphori ne
2,4-dichloro-2,4,6-tetra(phenoxy)-1, 3,5-triaza-2, 4, 6-
[UOSﬂh 0SB @ikiie, wapfocessed in the same way as in Example | to obtain a

b ou e R AR B RS hichors2 e B iyl 8-
tiaza-a 4 £Hyidedphsineg, ﬂMlthorqa?/ éﬁ-tewpmmgnihwza-Zﬁ@-
pH?rsg:lh%n%d cr\ﬂ@rroez,?,u% c?‘ _dén ﬂ)lﬂenB -8 kg vely 4% | N

uct cont Al ne
mphosph@rmeomﬁ qompc@rtlen pithe awﬁe RESRYyctwas apalyzediysing thin layer

3hr6m§to 1958 BRIdE %du\ﬁ@'v@‘b M@ﬁetﬁm&ﬁ’é §Hrh@ﬁ§y bé 1§ Exemple

bARa b ’FdBS"%%t Bt A dilon SA A e B S

bM,6-teiphaspidrinaywhich wbs a calntesk liquid Absyint7eeg ofprddudt 9861 |
.éQtaﬂLd 77Tga@é|ol“ét§jou‘f"§§°/dr ied through a 4-A nol ecul ar

Sieve into a 100-m flask. The flask was

i&gi ﬁped with a magnetic stirrer, a reflux condenser
dPBEBIEHY f unnel . About 0. 15 g of sodi um hydri de

(60% di spersion in mneral oil) were added in small

fan60] orls ExamplidVfd lubricanibehricad® |0Bspypthesizedd

hydr oxyl -t erm nated PFPE were added to the flask. The

[0084] t | 50yIACGPEMSiuwasdriel ¢hrodghasdcAwardesdar siegeland added

kLgQ Eleél‘r?hg%asﬂtT Ak %%&unﬁﬂeﬁrvﬁth %a&l%ti@gﬁfe? a r[eﬁlggz]

2onegseriand adrcanpmgcfurmaj Abpul(0415a ofispriBY YR Ed POV ARRSEIS
In %m%sa!ﬁmt) WeRZattded th Qnélr;sdmas B R6 AAk. WBELR BUSEPEFIdAEd as

cri SSO
B oDkEerm g PEEE YeTRGSs i b RO AP L the
flaskwasssiifred aigoroasly at robm terhparatufel fars2d holine mi xture in
the flask was then stirred at roomtenperature for 24

E aA%u'E e5b @erd, 4adicHGto @ 4f 636 te%a@ Mb@me&f%@lﬁ’dnoﬁbe
and THE contents in a WE de r Fq under

r1e?d@-g@aa—2 4,6-triphosphorine were prepared as escribed in xamp elan

were dissolved in 50 mL dry THF. The resulting solution was add_ed drop-wise at

room temperéture 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
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pressure. Deionized water was poured into the residue
in the flask and the mxture was stirred for half an
hour. The product m xture was transferred into a

pl astic tube and was subject to centrifuging to ,
renove water. The water renoval process was perforned
reQ2Ys8HPil t o renove sodi um chl ori de for medPEUSGAes/00¢1e8
step described 11 WO 2008/ 008041 PCT/ S&006/ 000198 in
t he precedi ng paragraph. The residue in the flask was -
inl theepdecedithg paragaphnT egresidegintke fashevas doéd wedes vacupmmto
rS%S\?eSt?ac!&‘ dF \9.%‘% Ahgé%egé‘h}%ﬂt efn‘nHQtreG Bgﬂ'ﬂM&‘oB&&cTtH@r%vas

'so renpved cuum tin
aﬂﬁﬂo'amreved( %@avurwdsryhl@atlorr d@?@ye%qltmy prngcq (et B B d0% Yield)

lé-léBéleEQLuBrrcalﬁtq064] Exanpl e V: [0065] In Exanple V, a
second sanpl e lubricant, Lubricant Il was synthesized.

6] EX t hesi s procedure was simlar to that in
lhg&ﬁ‘p X%Igﬁgcept that about 0.141 g of sodium
dri de and about 0 g of dried hydrox I-term nat e
Wt BRTRIRIY 5550 SATBPIp Er R S RSPON! wah B0,
.1.15 g 2,4-dichloro-2, 4,6, 6-
[pesGla( Ihé Byrth‘n&splwmadyn)e—ﬂas&:rﬁuar td thatin Example1V.i Exoers iradr |

Dot PIEPGEELRT HARL bbbl o 0 DX Ayl WBndiaST O

SRETS NETS USBB I RToPSS e SUSBNGOn A At 6 0. 4 SisBloro-2 466
t[e@élﬁ-?lhorﬁiﬁﬁéﬁ@kﬁ 1\4, 5-tr[aQQ-Q8fﬂ 6 {ﬁah@paamee pr‘-ébarearaetdb@crnbed in

| ub
SRR LS oreb SR € RPhcard. SO 0GR Eicionen
dbout XA gdiend/s viedogpbout Ba%, about 8.0 g of dried
hydr oxyl -t erm nated PFPE was used to formthe

[PoeneNExample V&Nd t hat about 0.82 g of
2,4-dichloro-2,4,6,6-tetra(phenoxy)-1, 3,5-triaza-2,4,6

DI} PSS T i R 7,

B38| Shiheanf 1R o Moo ro ric=H o o el b Vo
dboat 8.0 e driexf hydenxpirfeteinated REPE wae spattb ifarel the pum@aslemél
%‘%ﬂ%ﬂa‘ﬁgﬂt‘ d:?f%&ﬂ A ﬁlcllllbllo*-Z H%'G‘jtgtéétaﬁ%rﬁ CP% 10 1364 10

utron ectrve’
m*mwb%rme wr%d asmréemplg &I wanusedip eroﬂvwgﬁ Kbrgas s

WbBicaR Mt (agbut@cb%msv@j‘auﬁg the lubricant concentration.
and di pping/wthdramng rate. The uniformty of t he

fob¥df® \B&MPLE 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 dippinngithdrawing 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.
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measured using an optical surface anal yzer (CSA).
Films prepared fromLubricant | were neasured to have
a thickness of about 1.2 nm 12 WO 2008/ 008041

PCT/ S&G2006/ 000198 [0072] In the above exanples, the
conmpound for the third reactant used was

reonysoa@bdii zed from et hyl acetate before usecT/SGreosHbiEss
used was-treated with nmetallic sodiumand distilled '
bef ore use. The phenol, 4-fluorophenol, 4-

[oo72if | llrotherwwg/éx)apip@a,dhe aondpasnd dor thethird cesictantiesed Wased
t
r%grg%fgfﬁfﬁfgﬂ% é{hﬂ cgra%r%; r@g%ggg‘l—' Beus% (Ng§i %@Wﬁﬂ y
roeiatie sediynjapd d%{len &pfoee tﬂ?«eoﬁm:ah%ioh#*ﬂumpﬁw@t f‘r es Ltd.
(Er@l%&%he%l@én%ﬁéﬂdl%t@r eRbRigals WeRfHed 88 mene@ﬁgrms.gtaﬁa -of
ubricant’s Wer e neasur e ar e
AREE" Irth S RIHEY YA Hvem'éam'%afe#ﬁ*ag’gﬁwm S
dahhéraiaint svallasliror Dafkin ™ aaoRees dn st udi es were Zdol
2000T"" and AM 3001 T"" obtai ned from Sol vay

I?glé X1 mparﬁﬂgsﬁ%@;‘l’ obt ai ned from MrescoT''

conmposition test results showed t hat bot h

@g% "{qa%ﬂp%.?? fl.gt%rgzﬁntﬁ oal w‘,ﬁ? Wﬁaﬁlﬁ%cﬁaqd cgg@ared with
hsbe of dbevbntlbryal lubbicantsaihe bonvihltmnekjnb}fetatlts osed inlthébr i cant s

?&n?l;{)atnggq gt?célg§&%3%ﬁn£2£§8r92%{d' &l\ﬂ% W%Bta.d@d Gam SO

resu ts for Lubrlcant I
$aloxis Y. anch@20H ehtained frooddereseGh | ubri cant (dashed
Ilnes) are shown in FIGS. 3 (in NOand 4 (in air).
[baske Dedompbsitidnitestmesaits sieveldHizatbath Zdob2000iand 813601

Ylgﬁ%a%kg )Jhw%& &gnatdsecor;q %ltfon E)%‘aséltlﬁ'gdlétlﬁ'lltﬁa% th@éce éxhi%lted

ed using thernogravinmetric
Bubyicpr I(ﬁf@cvpnvem@nal tibdennfFoxiatadda dﬁ@cm&saﬁ'lf" Boary st
Wash RRRFRehde ﬁhnhss tthe nieaalmea AdsultEforL ubhaarith (fohd nrwe) @'hithe

Q c C f t at i

#3200 ozt denedine ey mowrd PSR e pE OF Ak Tae
Blsﬁjﬂhblntqasm’edlthermﬂ sEtiitie26f0@ridusiubricamts.. Triédhem\aks!mﬂitles
S SRR O SR el e s (181, T
degampesition emppratyre 4Tq) Waﬁaeqmﬁdriptbﬁé@%ﬁmpi'@twt which 8%
RRR( IQQs%%]ooBG}TédS&%QQ@dtQQQ@&n bEakbinl TabE’I?[lImbants | to il

'ta\?ebHJtI:ht %gl’ger%emgl stabci %/nt}'lan tg\e ﬂolaéOrOOTq)n tr]'-lotrr 2 eqe the
decomposition temperature of Lubricant | is higher than the Zdol 2000 lubricant by
125 °C and 145 °C respectively in air and in nifrogen.
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Lubricant 1 301 328 Lubricant Il 273 298 Lubricant
11 262 274 Zdo12000 176 183 [0076] It was further
observed, by optical surface anal yses, that nanofil ns
formed from Lubricant | displayed excellent
uniformty. In conparison, Zdol 2000 and AM3001
eWRREBPBH1S| gni fi cant non-uniformty under BEFEG2006/000198
deposition conditions. This result suggests that
Lubricant | possessed better filmformability than
both Zdol 2000 and 0l. [0077]. The dynamc
friction coeffici ent-@wgﬁ' f"lﬁnjﬂalﬁ?q yag)r med from
Lubricants Ito 111, and fromZdol 2000 and A20H

| ubricants Ve I @briBaS U edeﬂm fil mgm/m&@eﬁorned on

the surfacegs magITel i T 0] OI e .measur ed
using a Vi NATben ac gf%i op %?'g tlest er

attached tq dmb@3aH100 T’\2730pt| cal 298face anal yzer
(skew anglle (B Sani k3P VEJgh| cal loagyas 2.5 g). As
illustrated—+na+H-c—5 +he—+esuHts—showed—that
Lubri cant I|_h&EC1P8RRer | dynadfc frictidfcoeflficients
than those of the tested conventional |ubricants.
[0078] Lubricant | also showed hi gher corrosion
resistance, as illustrated in FIGS. 6A and 6B, which
pnoejs  tiheasdimtherobsayfeds by epticalanrfacepanatyises, (it nenofies

; he
Qﬁﬁ&%&# Lm..ﬁﬁagg,ﬁlapedgs%u BxtohdR ngof-rfIﬁ;ﬁ% édhbddn&éﬁ oHol2B0d

Xect Ive test ter [ 'ubricated
s AMBR0Y axbibited significant nantuiterTty enﬂﬁfa?@m qGBO%tan&md'tlons
04 EHsUP Bugeste @ at LotricdSt | pOsHeSsed BB EAlini fuel apilityfthénh both Zdol
g@su%%@i were made using the TOR-SIMS. As can be
n npari son | ubricants produced nuch nore
cOorrosion dgl‘r.lod.uct_s than Lubricant | did under simlar
[08Z71 ¢ Jihgidynamis friqliomasfiicients qfiin fimsforrediiipm kubFrantsiie s
MRSnPrSiR Zﬂﬁ%ﬁd and A20HRblicsisSverd n'fdalsdi}"b@fTheaiﬁﬁB were formed
respect.ive
o B siraghs o1 eonai Raeiie i Weft mtanu Mot L
statt siopCSSpiestexattearhed ip an@%smﬂ“\’/\ppt@)al Mbcejerpglse:ele(@kew

I
Pl el R el R e 25 ) A R P G S BB 01

shovedthal babrisgotidwd dewer H@aﬂm%fﬂcgqmogﬁ@'%sthwaeiﬁfé&"e

e8icd Gorl¥dntisndVobriemee exanpl e results are shown in
FIGS. 7 (for A20H), 8 (for Zdol 2000) and 9 (for

fdé%i c q_'?fbriézgn’t ] %@Eﬁv&eg %igher 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 pm wide) was depleted of the
lubricant. The rate at which each lubricant film re-flew back into the depleted area
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recovery by the respective lubricant in the depleted
area after 40 mnutes was shown. The nobility of A20H
filmwas found to be nmuch | ower than that of Zdol

2000 film the latter showed conplete recovery while
the former showed little recovery. In conparison,
Lwor2oasaodnsll showed' a noderate nobility. As eanws&mo6/000198
appreci ated, excess nobility may |ead to |ubricant
spin-off and lubricant film dewetting, decreasing the
SAUREBILk sdrtacovat heasired usihe ROF-SINIS eSqpemexantple fesults aney

P ek NFIBLE LSRR, 8 (oT 7 EAToP et Gt TR RRER, ilerd
réaﬁbryaiyltlee fespectivé lubnicanalntthw@nbétedﬁrmgﬁ%‘t‘hodmﬂ@é%Wﬁ ng
ﬁ%gﬁp i o%qi\?yeofwgﬁ % IESfoWﬁ& becrﬂﬁ‘&rﬁ&keﬁﬂ&% 88t é'fdeBlhe

SO measure usi n

Zﬁ@mfmaheia@r@hg\mﬂ enTRRiele reCOMRTE whﬂehtge dorrmer ?h%ear' @?ﬁe nt

P} nq',g) parléJﬁeLMﬁfcgﬁtlg%Wéﬁ m@dﬂé}bt@ nﬁﬁbllllb}Jhélcﬁmﬁé |
oun gher th

mt?ﬁqlat% e’éq‘?éﬁ\ﬂmP'HtYFﬂi‘aC& 'eadlfs '”qr'ﬁ%ﬂt é%ff"l°ﬁ@"9 H‘ﬁ’{'cﬂ} B |m | cant

dev&éfaﬁngl duRsashy &ﬁe&ﬁﬁawnysmgye harbtduskamrlule@oaprpohahiv atag aje:sultf
I cant havl n

b biBlbe A Al AR Al e oblisb 3ty

meye dexirbble &iriadulgicafity®ed Jn ﬁfmeh@iﬁﬁef@m apRkFationsr i cant s

descri bed above nay al so have applications in

ﬁbﬁé]er amb wate? lc8ftattz@bles bnge hibgbantpeed atsotroeasured using a
nce vacuu

R PaBE" canEc a0t el U 1R S AE ek efiRhd Sndtions,

fhehatasostpetaagiedLabratntd wad éarind ésbe bighertthan thatas Zdol 2000

é?%ﬁ%d'* & gﬁ(;\l\éﬁ ﬁﬁé'r‘ﬁ)slnd Sﬂgth&ﬁu@l@&\ﬁqé@ﬂmgﬁﬁfaeé eﬂid’n@y
ment's cribed herein not ex ressly nentlg g
Hisavbe emﬁe%@e(mm&? Wibgeant having ontast %F e a5 he

- dhapiapas 9by ot Higtee malkyibkldesirable ih hﬁnﬁbbpllcéms.’.%] The
contents of each reference cited above are hereby -

H;b%qu ofd ?q‘&; Fr?c{)ﬁg’] %ﬁt@ fd@é&nﬁ&@abc[v@@n%] aléd hai8ur se,

bove dinents are i nder%
abpligationa i diferentifields insludingfigh saged mej 0(['1’#!3" gna nos®
Qﬁéﬁl‘d BURh, Eﬁfﬁﬁ’\dtl\mﬁﬁr@ @dvizes s aepinded extrenee eramynmental

t t det ai |
ARASGUP o1 e PR SerRES Gl R 1 ot here e

is

i ntended to enconpass all such nodifica |8 'nb'd
fea83k, Qtrerferiurrsdbenefitsiand @dyaniges féthswr%’s LY ]0s107: ikt
PRertinatat QRGO ERion¥¥Hadove Bak béLdeinstb&il 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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1. A conpound of the formula: Pz R

CH2CF2CF20( CF2CF2CF20), ,, CF2CF2CF3 4 , where Ris
selected fromCF3, F, and H, and mis an integer from:
1to 22. 2. The conpound of claim1l, wherein mis
from10 to 12. 3. The conpound of claim-1 or claim 2,
VMO ReBM08R| s CF3. 4. A nethod for prepari ngP€FEG2006/000198
conmpound of any one of clains | to 3, conprising:
reacting a first reactant- with a second reactant in a

solution to formsaid conpound, wherein said first
WAL tSaOItAIMEDAS:

2,4-dichloro-2,4,6,6-tetra(aryloxy)-1,3,5-triaza-
12 ACEIROUNGPIJEDIFTHIAR, and said second reactant is a
perfl uor opol yet her of the fornula

2 20) nCF2CF2CH20H, sai d aryl oxy
sel ¢HzﬁFﬁWFE¢M9¢zPWMW§
(p- & 3- —. ~NA | uor ophenoxy (p-F- C6HA0%, and

phenoxy (C6H50) . 5 The method of claim4, wherein
sai d solution conprises a solvent co

t ewhexe Rds slertasrons CFifa aRd Hnafl Bfs 3 'E\T@eﬁ?’sﬂm\% 8%n
said solution conprises a pertuorinated solvent. 7.
2T hEhen@hipodndodf chairg 1pweerein re isftoms1Utot1@.-6, conpri si ng
preparing said first reactant by reacting

2, Prdledinpdufd GrIERa M| ddlcRir 2 3wiberéin iRAEBF2, 4, 6- t ri phosphori
ne with a phenoxide. 8. The nethod of claim 4,

é naelﬂ;s 'dqgrrﬁ?lsﬁ%qﬂg e o ;boﬂra@of%nb BXe6MAne 110 3, e%n{plhg.ag a-

I ne, second reactant, a phenol,

and sodj m&q@étﬁﬁwt'wnth% seg&{dﬂéé&ﬁht w?‘é‘%&utﬁ?n' tH'fdrﬁlr’sand

conpri SI a perfuori nat ol vent and
tetr amymtmﬂumhmem 16 WO 2008/ 008041 PCT/ S&006/ 000198

9. A method of | ubri cat (LSh QG ¢
appl yi ng S8id festreadanyis #‘rﬁ%f?ﬁlo o hetbg%%%oﬂgh'g% tgarﬁ?
one of clx4,6&iphotphoBné,andai d surface to |ubricate said

surface. :
- said second reactant is a perfluoropolyether of the formula

CF3CF,CF,0(CF,CF2CF20)n,CF2CF;CH20H, said aryloxy selected
* from 4-(trifluoromethyl)phenoxy (p-CF3-CsH40), 4-fluorophenoxy (p-F-
CeH40), and phenoxy (CgHs0). -

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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10. The nethod of claim9, wherein said surface is a
recording surface of a nmagnetic recording device. 11.
The nethod of clai'm 10, wherein said magnetic

recordi ng device is a nmagnetic recording nedium

12. The nethod of claim 11, wherein said magnetic
reoaowiossgsimedi um conpri ses a rotating magneCT/8G2006/000198
recordi ng medi um sel ected from a | ongi tudi nal

recording nedium a perpendicular recording nedium a
patA laeth@tﬂofﬂlﬂimaﬁﬁgmgsmﬁdé,lm‘mpﬂshdg a;ilen effesiivetapbunt of
{Tﬁ ﬁ]eeéol y 8{1}%3&" ge gPﬁ[%leam1 t& atl? ﬁ%&j Fu a%g tlugﬁcg%r éa?d ng

I ubzr-lrfmnt for a magnetl c recordi ng medi um conpri sing
the lubricant of claim 13. 15. The lubricant of claim
16, The/ARtiRIdBf Blaintlo,\RNGH baid E6Eae Wl & EcbRMg WA Tal Ses a
rotatin netlc rrecordi ng medi um sel ected from a:

I or%efgf'ﬁtg’lrﬁ%g PAESYH ng nedi um a perpendi cul ar
recording medium a patterned recording medium and a
Hé dithe aretfiogtod glaim i ahereln saidmapnrjic heagrding devise As aagarsticc
I eGedordimPmE®MGh UM havi ng a recordi ng surface and a
Iubrlcant on said recording surface said | ubricant

55 U o B PLRA B BRI Sr Sk hBUIR st
s airotatinggnaanietic reserdingi rmgilumreeleqled tonplingliedieal resordinang

magﬁ‘&ﬁdn? arp%%ngﬂcﬂlgr F@%gﬂdlﬁ@n%%ﬁuﬁwa%ﬁgﬁw@m&ordmg medium, and
nglt di nal’ recor.di nmedi um a per pendi cul ar

| F‘I‘F@'Sf?é’dmﬂﬂet‘%reﬁa'tdt"@r"ﬂ%’dmrecordl ng medi um and 4

heat assi sted magnetic recordi ng medium 18. A magnetic
r@dolublicagt aepirisieg thecrmmpiogndef antienerafpiaims d te 8cor di ng
medi um of claim 16 or claim17. 19. The magnetic

gammﬁdagt foley magneic rédording rh8diumPEaMipriging thealubrivatt of ickaim
riye. 17
148

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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