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20fBmaining bond is a direct bond from the silicon atom to a perfluoroalkyl

15 group.
Despite the advances of Oles et al., it would be desirable to
discover hydrophobized inorganic particles having improved ability to
impart hydrophobic as well as oleophobic properties.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified depiction of a hydrophobized particle made
from silica particles (AEROSIL 200) obtained in accordance with the

invention.

Figure 2 are spectra obtained by solid-state ?*Si NMR cross-
25 polarization magic angle spinning analysis (CPMAS) of: 1) hydrophobized
particle made from silica particles (AEROSIL 200) obtained in accordance
with the invention; and 2) untreated silica particles (AEROSIL 200).

BRIEF SUMMARY OF THE INVENTION

Whereas previously known hydrophobized inorganic particles

30 comprise residues from fluorosilanes wherein the silicon atom is directly
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Application 12/ 323 3 fjled Novenmher 26, 2008 hereby
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15 gr ogthabobeatalens graftisg, armd,esznbedZm UNB, Patent Application
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conS|st|ng of Si, Ti, Zn, Zr, Mn, Al, and combinations thereof; at least one
20 of said particles having a surface covalently bonded to at least one

fluorosilane group represented by Formula (1):

(LDa(L?)eSi—(CH2h—~(Z")am[C(X")~(Z7)—Q" Ry

wherein:

25 L' represents an oxygen covalently bonded to an M; and each L?
independently selected from the group consisting of H, a C4-C, alkyl, and
OH; d and c are integers such that: d =1, ¢ =20, d+c =3;
each n is independently an integer from 1 to 12;
a, X, and | are integers chosen such that the moiety of Formula 1
30 represented by —(Z").—[C(X")x—(Z?)- further represents at least one of the
following moieties:

i) a first moiety wherein a=1, x=1, and I=1; and

-2.



i ndependently selected fromthe group consisting of H,
~a~ Gl~G2-al kyl, and OH, d and c are integers such that:
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integer from1l to 12; a, x, and | are integers chosen

such that .the noie of, Formula 1 d by -(Z
e o x 9] QS@259<§¥0°'?wrwfﬁ%r@%p1é§ﬁ1 B0 oort S
of therf |§|dh6§érﬁ‘@roﬁpb@£—€32 pébﬂu@rcﬁélk}ﬂtprﬁﬁdéé Yhé!'lzhﬁ)r&'en
a=1l , ; a second noi ety wherein
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5 hydchwn meéthgiene, b éthyl@ﬁhepef ikl dnesealftoyh tHeagrdu® consisting of

opti onallx i nterrupted at | east one ox
Yy

me@ Kye-Enef QTPC@EW%@W@QW integsRied Py A ')éﬁét @m@gtyalent

- C12 hydrocarbyl ene optionally
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|hsdcho®ég.: clﬁhoymtﬂmngh@glpommmtmggofcé ga G}Zhlﬁjd:lﬁ)carbylene
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10f| rst Kbis hbsfaHrﬁtd?ﬁrO g'egl ned wherein Z1 and Z2 are

chosen such that: a) Z1is -N+ and Z2 is fromthe
group consisting of -NH, -0, -S-, -NHS(O 2-

e s AR b 7050 S rossg pucgy ot

Z1 is fuppl [sheNEL @R Z0BFiom 'tHngRi‘up‘é%ns@Fh@ ofSNHL)-O—,
each Rl 1s independent }\P/lk@chosen rom %Hr en, phenyl,

or a rroﬁ8va+NHt-SdO®S aNkG (O Yfit-i olitiE (GO I)(I?R N&HeB-byand
C Hs, pr@é@{; MCF&&)I—ST% the second noiety further

eflned

b) alternatively, Z?is -NH-and Z' is from the group consisting of
—O—, and -S—;

20 c) each R' is independently chosen from hydrogen, phenyl, or a
monovalent C4-Cg alkyl optionally terminated by —CsHs, preferably
H or CHs;

the second moiety further defined wherein:
25 a) Z'is -N[-Q°~(Ry)]-; and
b) Q" and Q® are independently chosen from the group consisting of
a C2-C12 hydrocarbylene interrupted by at least one of
—C(0O)-0- or —-O—C(0O)—, and optionally further interrupted by at
least one divalent organic group.
30
Unless otherwise stated herein the definitions used herein for L, L2,
d,c,n,Z', X" 7% Q', Q% R', and R; are identical to the definitions set forth

above for Formula 1.
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-C(O-0 or -OC(O-, and optionally further
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In another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
bonded to a urea or thiourea fluorosilane group such that R¢ is chosen

20 from a C,—C;, perfluoroalkyl and Q' is independently chosen from the
group consisting of a C2-C12 hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of —-S—, —S(O)—, —S(O)2—,
and —O—-C(O)-NH —.

In another preferable embodiment, the surface modified inorganic

25 oxide particles comprise at least one particle having a surface covalently
bonded to a urea or thiourea fluorosilane group such that R¢ is chosen
from a Co—C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen

30 from the group consisting of a Co—C12 hydrocarbylene optionally

interrupted by at least one divalent organic group.
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25

bonded to a carbamate fluorosilane group such that Ry is chosen from a
C2—Cy2 perfluoroalkyl and Q' is independently chosen from the group
consisting of a C»-C12 hydrocarbylene interrupted by at least one divalent
moiety chosen from the group consisting of —-S—, —S(O)—, —S(O).—, and —
O—-C(O)-NH -.

In another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
bonded to a carbamate fluorosilane group such that Ry is chosen from a
Co—C12 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a Co—C+, hydrocarbylene optionally

interrupted by at least one divalent organic group.
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froma C2-CG 2 perfluoroal kyl provided that: i) one
f | bonderktoand dnpiearhanaatedtiorodiangl dpUpissich dpatde &wrmyla (1):
hydr ogen, and/or ii) the perfluoroal kyl is interrupted
by at | east one oxygen, nethylene, or ethylene; Qis

5 chosenz¥ gamKhenarzuy -sensi gt iggSofand 223sMH2; and
hydrocay byl ene optionally interrupted by at | east one
di val efit 'SdPganl c group.In another preferable
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rise at
sur f ac quwwom)mm@(@ps&a hRpbcar banat e
fluoro n sc t hat Formula ( 1) : Z1 is
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10 | SwHersi@l d thiol carbamate fluorosilane group

represented by the fornulae: (L1)d(L2)cSi-(CH
2) n- NHGIsOndspendentif chpse Loyl the Yassip- ¢apisisting of a Co-Ciz
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fluorosilane group such I's chos
bonded to a thiolcarbamate quorosnane group such that Rt is chosen from
a Co—Cy2 perfluoroalkyl and Q' is independently chosen from the group
consisting of a C»-C42 hydrocarbylene interrupted by at least one divalent
20 moiety chosen from the group consisting of —S—, —-S(O)—, —S(O).—, and —
O—C(O)-NH -.

In another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
25 bonded to a thiolcarbamate fluorosilane group such that Rt is chosen from
a Co—C2 perfluoroalkyl provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a Co—C12 hydrocarbylene optionally
30 interrupted by at least one divalent organic group.
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5ii) thexpgrOtuoroal kyl is interrupted by at |east one
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Or QR ROIfHoRk! tEa ‘?Iﬁoﬂ)s%nggrgué‘)’éﬁr%éﬁt%'tf'}/rtﬁe formula
optionally interrupted by at |east one dival ent
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said N-formyl urea group represented by the formula:
(LYa(L)cSi—(CH2)a—NH-C(X")}-N[C(O)H]-Q'-R;
wherein:
20 Q' is independently chosen from the group consisting of a C,-C12
hydrocarbylene interrupted by at least one divalent moiety chosen from

the group consisting of —-S— and —NH-.

In another preferable embodiment, the surface modified inorganic
25 oxide particles comprise at least one particle having a surface covalently
bonded to a thioether succinamic acid fluorosilane group such that in
Formula (1):
a=1, x=1, and I=1;
Z'is -NH- and Z? is -[HC(COOH)(R")]CH-S- or
30 —(R"YCH-[HC(COOH)]-S-;
X'is O; and Q' is «(CH2)—
said thioether succinamic acid group represented by the formulae:
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(L);Si (CH)—N—/Q—R; wherein

Q' and Q* is independently chosen from the group consisting of a C»-C2
hydrocarbylene interrupted by at least one —C(O)-O- and optionally
further interrupted by at least one divalent moiety chosen from the group
consisting of —S—, —S(0)—, —=S(0)—, -N(R"-C(0)-, —-C(O)}-N(R")-, —

Zam

(R"N-S(0)o—, and

DETAILED DESCRIPTION OF THE INVENTION

The hydrophobized inorganic particles of the present invention can
be made by covalently grafting fluorosilanes to their surface in order to
impart to them both hydrophobic and oleophobic properties. The
fluorosilanes used in the present invention have a divalent organic linking
group which connects the silicon atom to a fluorine rich group such as a
perfluoroalkyl group. Fluorosilanes useful for the invention have at least
one hydrolysable group which reacts with the surface of an inorganic
particle thereby creating a covalent bond between the fluorosilane and the

inorganic particle. Fluorosilanes that are useful in the present invention

-8-
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U S. Patent Application 12/323,593 filed Novenber 26

10 20the WY@H)JS idﬁ@@rﬁtsér a@@w%gﬁwm igAtganicrparticles are washed
hy dEARRQRI s7o‘F\9erL Wgﬁﬂhg |§O§r.retfér%lo§/.sd&fe LN8a8¢ t@\ﬁ@é‘t The washed
e ‘made Dy dispersin

i nvention can I norgani c
parrblrgzhme particlenare- theh alriegidh \aelruive(neatgele\‘laibd ee@perdatdre

adding to this di sion, the desired fluorosil ane
&Qﬂ%éﬂgpﬁ 1&?@)55'51%@?8%@9 iachnaroanGpaRisies are the final

( ) tH
L1 el i 18R ) i Testhpid e B Parices
15t enarebatrafobsp(abednn amlonepolaﬁwvmts(pg éoluane)sammeddltlonal
t he,.sol vent is de

P hiSooslig T Pradisfie ERISESEN L tRESHRIE paiTe:

erﬁJ&eﬁQFé’G@écrlb‘é@SH'tlﬁhg davagiapher ably done at | east
tw ce. The washed inorganiC particles are then dried

In an oYRE e fY FEHakRERRARBHdbized inorganic particles in the
preceding paragraph is preferable and is known as the “convergent”

20 approach. Alternatively, some of the hydrophobized inorganic particles of
the present invention can also be made via a “divergent” approach
wherein “functionalized inorganic particles” are made by reacting
untreated inorganic particles with a first precursor wherein the first
precursor comprises a silicon atom bonded to at least one terminal

25 hydrolysable group which reacts with the surface of the inorganic particle
thereby creating a covalent bond between the first precursor and the
inorganic particle. The first precursor further comprises a terminal reactive
group (e.g. an amine or an isocyante derived from an amine or an
isothiocyanate derived an amine) thereby creating functionalized inorganic

30 particles having “anchors” which comprise the terminal reactive group.
These functionalized inorganic particles are then reacted with a second

precursor wherein the second precursor comprises a corresponding

-9-



(about 100-1 10 0C). The resulting dried inorganic
~padticles are the final product of the invention.
WoHowewai79 t he resulting dried inorgani c parti cPEEUSZNG/ 085612

be re-dispersed in a non-polar solvent (e.g. tol uene)

and addi ti onak fl ug%rosi Ilane. can be add%g ta this

di ?ﬁ&&%? GFOY (&8 pR B THGR HBNEN e 1P YABS AN BOHRGYAN 8IS

| nyihDI, SuRGRASHRR e, 6F‘_§ull%r%ﬁﬁi_@!lé? Bap&ble BRkéAding with the

hydr ophobi Zed i norgani c particles in the preceding

patedgyina ieactiviergroup s ithe @anehioss.k hbeuseaend peecursor is also

" AL Lvely, ft :
ny SPSEnoBroa ST RE SRR Anlid POCAL "B oRETTe &1 ooyl s

5 | NyRIBUrSOT dhdsationd drecirede cymdiratiof iy (neesih the MRt @réursor
wherein "functionalized inorganic particles" are nmade
by COEREESHG tgmlﬁab@r@wq gr@aueaaﬂdcthsaﬁqcpaﬂ SECTHBAr OPFIges a
o A RO, B1Ech A, R SRS EARRGESSP oronamice.
hydr ol le. whi t i t.h t.h f f .
the | noPgiorue parRy L LO0E okl oy 3K S 8 @anic
bopgrtieRiswRanhaVierddctisé g s 615 tHe irfadd @ eresiatddtem such
particle. The first precursor further conprises a

10 t egFAURSIare €aRDIEOTEBGNY With the Aydielysabls geavpss¥dhant e

degi : ' ' i t i :
ST e e SR ARR oty el
pacovalemtsbdravbetgeearthb dicrgamie marticle i the flubeodilangi(oal
reactive %r oup. These functionalized inorganic

paPi&ce Iy Beeofh drantigdafs ysqiu H“Q&géﬁ'Ed}%t'%?%@tﬁ Qyifes, such

whgg %&féie%g)ﬁ sﬁQBHPﬁtaHfﬁﬁ,%iﬁ&rzgr%Bngrﬁ,Sr"nén nese, and aluminum.

correspondi ngreactive group (e. ater al "am ne, an
15 i socyante, an isothiocyanate, vinyl, sulfonyl
chloride, or sulfonam de) capable of reacting with the

t er m nalsrststeti icaeliad| thep'cohvérgent’aapprodch is preferabledod
precursor is also known herein by the term "capping
agBIRking the Rdaapebizgd orgatigpartides opneduyadionand
segppfodfaRedLEeful FPH é@%de?ﬁerﬁt%fﬁ?@é&ﬁ Brd :'é%réédérﬁ%d by
precursor conprises a termnal ne group and the
second precursor conprises a term nal isocyante,

20 L SALRLACKANG! C VL YRR O ESfhud™

wherein:
each n is independently an integer from 1 to 12;
a, X, and | are integers chosen such that the moiety of Formula 2
25  represented by —(Z").—[C(X")x—(Z?)- further represents at least one of the
following moieties:
i) a first moiety wherein a=1, x=1, and I=1; and
ii) a second moiety wherein a=1, x=0, and |=0;
L is independently chosen from a hydrolysable or non-hydrolysable
30 monovalent group
Rt is chosen from a Co—C12 perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl can be optionally replaced by hydrogen,

-10 -



I norganic particles useful to the invention include

~ahy- Ao gani ¢ particles that have reactive groups on

wo b@suiface t hereof wherein such groups are CRBEHDF®0%/685612
reacting with the hydrol ysabl e groups of the

¢ nERGRY e GOrgBUGEA BReRtoRa G Bl gHed hY 3t TR 2hte
pabi(ygéne n@étral leRe 6# émyeﬁlel ane dhekeR iRk EOgrdupeddristing of
Particularly usef ul inorganic particles are oxi des,

suslCaEpRydresadtyland opimallyiinterupiad by Atleast eredivaiant
map es nd alum num As stated earlier, the
&%&ﬂcg@‘rﬂu% approach is preferable for naking the
5 hydr ophbly esbenrfasroané grcﬂﬁf tortdigtihgodf 4 0s-C P \Wgakdcaifbylene
Fl uorosi | anes useful in converr%ent approach are

r epPaly datepyipted Qy st Le@@t—F’Q? Rlivege PAIPTC /YR X - (Z
2)i- Qi is qugl:]lﬂlg er ein: each n is independently

an integer X, and | are integers
chosen such that the nnlety of Formula 2 represented

et shE oty THE bR MnGreIneg | 808 2 prechores Svgh ey
10 Wher ei ngazlis _RFl andaZﬂjls]F@m th@@l‘bd éorﬁlsgﬁg;ctﬁd NFPL ety

wherein a=1, x=0, and de en chosen ’

froma h&)‘sdreNtrlsSbOéez—oFNrfﬁ(O)hﬂﬂdrﬁﬂWQ@©Hr)¢R1¢i€dd—ém and
Rf h C2-Cl12 fl | kyl
O vl deatR AGF R s ne ot om of “the

perfluoroal kyl can be optionally replaced by

hydr ogen, and/ or i) }he perfluoroalk can be optionally
i nterrup) elélerbyltlmlw Zaist—Nirke 209\ é8 fromethe,grene, capsisting of
ethylene h§ gﬂosen fromthe group consisting of a
C2 a 2 ﬁ&d? yl ene optionally interrupted by at

| east ogp wheral bot ZbisgaNQE iginsupt&d byt ¢dws onefl divarent
the group consisting of a C2-Cl2 hydrocarbyl ene
moiety chosen from the group consisting of —S—, —S(O)—, —=S(O)2—,

Zam

—NR'-S(0),—, -N(CH)3S(0).—, and _NCN ;

d) each R"is independently chosen from hydrogen, phenyl, or a
20 monovalent C4-Cg alkyl optionally terminated by —CsHs, preferably

H or CHs;

the second moiety further defined wherein:
a) Z' is-N(-Q°-Ry; and
25 b) Q" and Q® are independently chosen from the group consisting of
a C2-C12 hydrocarbylene interrupted by at least one of
—C(0O)-0- or —-O—C(0O)—, and optionally further interrupted by at
least one divalent organic group.

30 A preferred fluorosilane of Formula 2 is an isocyanate derived
fluorosilane being a urea or thiourea fluorosilane wherein:
Z" and Z* are both —-NH—;

-11 -
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optionally interrupted by at |east one dival ent
ofrgamc-group; X1 is chosen fromOor S; the first

woreioevyifurt her defined wherein Z1 and Z2 are PRCIDES2008/085612

10

15

20

25

30

such that: a) Z1 is -NH and Z2 is fromthe group

“Redpdyeg & SipuSeisaieR e e (

1) CH [ HE m@ JeNHRC (R )L RIHLAY Rf?ly ZZ |s -NH  and
Z1l is fro e group conS|st|ngo O and -S-; ¢)

WheRefeinor Z2 is O QL is interrupted by at Ieast one
di val ent noi ety chosen fromthe group consi sting of

-S, - Sp0)is O tBloBn 2urea flddRosHB(Eor X' is S(tOHprB K Bjozea
@nd I\l:N d) each R1 i s independently chosen from
hy BYQYgsfian or a monoval ent d-Cs al kyl

opt i ong! tgf.nasb@hd@it@dc%\éen fforhishe @F&fpeécﬂ@@ﬂn? &fa €8,

the second noiety further defined wherein

i shMFOQB@yleRfe opiranaty Ir@@a’uﬂtecqabsaﬂteleeﬁﬂ@p%dU/@iﬁﬂtynmety

et GThe S PufelE 8- & fd Satour 2e4 g 0

or_oOcq_‘ogJ)NH and optionally further interrupted by at
| east one dival ent org{am c group. A preferred
fI uor osPRiAEErEd wearil B'OZFGP%ﬂWOiS&@l%/&mQaWB@fQW&ﬂ'S

Hr‘?ééb?i 1’@'%99 Bel—g% ﬁeﬁfu@r%taﬁ{yl kﬁé erg Jédé‘ﬁrd‘éﬁ I¥ %HSsen from

V\/ner el n: are Sal urea or

I efiesgrenpabnbisting ©f baC 70l ﬁhyc(rb):érﬁy’re(r@-lnﬂérmmbﬂ 6 >4t least one
1)-NH- O . 1- Rf wherein: X1 is Oto forma ure
1 dtyalsdit meiety hossa i &g graupy SANSISUBRI & —S(O)— =S(0)2-,

and —O—-C(O)-NH —.

A preferred urea or thiourea fluorosilane is one wherein Ry is
chosen from a Co—C2 perfluoroalkyl provided that: i) one fluorine atom of
the perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a Co—C+, hydrocarbylene optionally

interrupted by at least one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 2 is a
carbamate fluorosilane wherein:
Z" is -NH—and Z* is <O, or Z' is -O— and Z® is -NH—; and
X'is O;
said carbamate represented by the formulae:

(L)3Si~(CH,):—~NH-C(0)-0-Q'-R;, or

(L)3Si—(CH2)—O—-C(O)-NH-Q"'-R;

wherein:

-12 -



fluorosilane; and QL is independently chosen fromthe

~ g oup--consi sting of a C2-Cl2 hydrocarbyl ene optionally
WO paoenraipt ed by at | east one dival ent noiety cPOBES2008/085612

10

15

20

25

30

fromthe gr oup consisting of -S, -S(O-, -S(0O2-, and
or .t hiour

uor B b ol Mo eérﬁoif’en%%@pé%bmt Jehst oge @vatent
2 wéty%ﬁbeeh ko ﬁedgr@@lp'c%nsfs@ﬁﬁ%"ﬂdﬁﬂi(y ®hrgen NHIT(S)-

the group consi sting of 2 hydrocarbylene
interrupted by at | east one dlvalent nefemy chosen

f r Nid-t, he-S,048(YensS LD JAg-E INB(0)S( O i=N - S(O) 2-
and -0-C(O-NH - . A preferred urea or t hi our ea
fluorosilane is one wherein Rf is chosen froma C2-Ci

2 perfluoroal kyl provided that: i) one fluorine atom
of the 6@?@5@%%34??[“&1%1"%@35%@%{'W%W@ﬁfﬁj@ﬁf i plPIaN
U1 ke REA] HEBBlday Ra €1 Ry Ehob&RHonP iR
oxyge ene, or I ene; | romthe
gr gmpccmmﬁhgrtg‘ €&+ Qﬁy@ocﬁrbﬂmmmmmted dy at least one

optj opal ly .i nt rruted at | east . |vaIe

or AR gloiel RsERIEIM He flauirepTs g e aakPrec-SO)-

flgﬁao_sjl b Fornula 2is a carbanate quorosllane
wher ei n: ngﬁls-NH- and Z2 is -O, or Z1 is -O and Z2

is -NH; and X1 is QO said carbamte represent ed by

(LY st ReEByredaBaag nessTehe o dnhietsin i s, Sfosen
2 ﬂMﬁf@@LQYJ BEEUb Iy PRIESedIhaat i) bﬁé%oﬂﬁé Abralrens

noi el(ﬁ{l chosen fromthe %roup consi stin

ojoalkyl s remaegdSyy hxproges, angooji) t%.egq@)‘lugmall(ypls
1‘] H’te%ﬁ%tea'by’ at'\r'éé\ét one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a Co—C+, hydrocarbylene optionally

interrupted by at least one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 2 is a

thiolcarbamate fluorosilane wherein:

Z" is -NH-and Z* is -S—, or Z' is —-S— and Z* is-NH—; and

X'is O;
said carbamate represented by the formulae:

(L)3Si—(CH,),—~NH-C(O)-S—-Q'-R; or

(L)3Si—(CH2),—S—C(O)-NH-Q'-R;
wherein:

Q' is independently chosen from the group consisting of a C2-Ci2
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —=S—, —=S(O)—, —=S(0)2—, -N(R")-C(O)-,

Za

—C(O)-N(R")-, «(R")N-S(0O).—, and

-13 -



A preferred carbamate fluorosilane is one wherein Rf

~h8 clhosen froma C2-Cl2 perfluoroalkyl and QL is

W0 pepaident | y chosen fromthe group consi sti nBCDUS208/085612
C2-C 2 hydrocarbylene interrupted by at |east one

dl val e%@rejferr%(%ocf a]rcnég mﬂbgreocgﬂéjj?ej %_‘gr?en %‘h%tr%ﬁg?% pré%sen
Cafr@r’#’@g— éﬁé’érﬂﬁbr‘o%‘l@l 'aﬁd@ﬁs%’@ér%rﬂieﬁlx'oﬁo%@%ﬁr the

froma perfluoroal kyl provided t i) one
fl gmuprrzor@rsmgarf a Ge-Goe hydiosadlieye lnterrturetpd dnyat Iggst one

oy SRERTR ok e BBl R R e Ol < O

5chgﬁ@nd_rc;(m)t.he| group consisting of a C2-C 2
hydr ocar byl ene optionally interrupted by at |east one
di val ent organic group. Another preferred isocyanate

deri VedAfdererr hﬂﬂ@arﬁ%n@% 'ﬁH{{Iﬁsﬁahé %ﬁé‘wegé\ﬁ kF@‘rgifg‘iosen

quoroerane ereln
| sfrofr a @3dCL2perfiudidalkyhpeovided thaD i) saediucendatmhef the

ﬁeﬁlsem%?y' & @tpTaGC%? bgwy%‘ E09§§-L %@3@9 %Cr'i'resoesr'@rqarrydjﬁ
10 R intligl e oy |é§st'%e%%®|¢%§.nrﬂ@rmgyﬁ§%r dth ehéhg 9AY8en

consi Stl ng a C2 rocar ne optl ona
i nfremhtnptgfdupycoaﬂstrre@ef adheCdi hadr@narbyrherm gpMIgn

fromth ou sisti.n -S(O 2-
reryed - 1S grEg vt ordiie DS ) > and NonA

preferred t hi oI carbamate fluorosilane is one wherein

Rf is chosen froma C2-Cl12 perfluoroal kyl and Ql is

i ndepenA@ﬁthey pegfesed isoqyanatdeiashiluasiansg elg-emua 2 is a
y f &1 rupt ed by at |east one
15 C% f? ﬁ&%gﬂ@(jp(#é@ﬂ%w%&%the group consi sting of
-S- - B(1©)-NH=Srd 72is -NH-S(O),—; and
X'is O;
said N-sulfone urea represented by the formula:

(L)3Si—(CH2)—~NH-C(O)-NH-S(0)—Q"'-R;

20 wherein:
Q' is independently chosen from the group consisting of an
uninterrupted C»-C+2 hydrocarbylene.

Another preferred isocyanate derived fluorosilane of Formula 2 is a
25 N-formyl urea fluorosilane wherein:
a=1,x=1, and I=1; and
Z'is -NH-, and Z? is -N[C(O)H]~;
said N-formyl urea represented by the formula:
(L)3Si~(CH3)—~NH-C(X")-N[C(O)H]-Q"-R;
30 wherein:

-14 -
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and -0-C(O-NH - . A preferred thiol carbamate
fAuorostl ane is one wherein Rf is chosen froma C2-C

wQ2penfdiaor oal kyl provided that: i) one fl uori PEI/HS2908/085612

5

10

15

20

25

of the perfluoroal kyl is replaced by hydrogen, and/or
ii) the,perfluoroal kyl is interrupted by at.|east _one
oxygend FAEPERIEN Y Chasey TR e Prlin gisiiing A Che 1
ar Rydroeamticid Reerliptad B9-delieast ndrReaeRyeR2y chosen from
optionally interrupted by at |east one divalent

or tergrougraongisting of hér- 1de+NHred i socyanate derived
fluorosilane of Fornmula 2 is a N-sulfone urea
fluorosilane wherein: Z1 is -NH, and Z2 is -NHS(O

2- ; anfingther préferredifliohdsihb @iFonmem 2 epaesiestred by
the formula: (L)3Si-(CH 2)n-NHC(O-NHS(O 2- QL-Rf
whekegimamgiaGid flupwpsianesmerginehosen from t he group
consi sting,Qqf upinterrupted C2-C 2 hydrocar byl ene.
Anot heér pﬁ%gﬁéraﬁgé Jlﬂ’socyanate derived fluorosil ane of
For mul &' 2 iNH-a aNdfZ3risy[HO(@@COH J(RiGHL8A®rwher ei n:  a=1

, X=1, 1=1; s -NH, d Z2 i

- NE(C( O)(ﬁa%;iH§ﬁ'jl(a(CI§$)gp%_liﬁr ea rep?gsent eldsby t he

f or mul @t ig() 3% Q(@y_ﬁ%,q%?yﬂqx 1)-NC(OH-0Q 1- Rf
e

wher ei n: IS 1 ndepe Iy chosen fromthe group

gfgéihstﬁfo'éﬂwe?%g?\g@%@nﬁ%%c@%@@é%@é@ B{/‘?r}éo an]rﬁLl{leérbgtr gﬂpby

east one noi e osen

T Lo bkl N M QOB PR G EHA - R, o

(L)3Si~(CH3),—~NH-C(0)~(R"CH-[CR'(COOH)]-(CH2)m—S—(CH2)—Rs
wherein mis 1 or 0, preferably 0, wherein each R'is independently
chosen from methyl or hydrogen preferably H.

Another preferred fluorosilane of Formula 2 is a tertiary amine

fluorosilane wherein:
a=1, x=0, and 1=0; and
Z'is -N[-Q’~(R7)]-;
said tertiary amine represented by the formula:
| f
Q3
(L),Si—(CH,)—N—Q™R,
Q' and Q* is independently chosen from the group consisting of a Cy-
C12 hydrocarbylene interrupted by at least one —C(O)-O- and optionally
further interrupted by at least one divalent moiety chosen from the group

consisting of =S—, —=S(O)—, —=S(O)z—, -N(R")~C(O)-, —C(O»-N(R")~, —

Za

(R")N-S(O)—, and 2
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succi nam c acid fluorosilane wherein:
~l=l- i~ is -NH and Z2 is -[HC(COOH) (R
WO ¢RIAJEIH [ HC(COOH) ] - S-;

a=1 , x=1 and
1]CHS or

and QL is - (BH/BYDO8/085612

X1is O

sai d thioether succinamc acid represented by the

f or nul ae:
1-(CH 2)mS-(CH 2)2- Rf,
1) CH [ CR 1R dwih§tiHarghsc(Sdntidbg

(L)

3Si - (CH 2) n- - LHC(COOH) (R 1)] CR
-(CH2) n-NH C(O) - (R

ﬁre%@&%sﬂngﬂcbfeldlin the

or 0, preferably 0, "wherein each Rl is independently

ch
pr

am ne fluorosil ane wherein
is -N-Q3-(Rf)]-;

th
th
in
fu
ch
2-
fo
in
fl

be
Th
us

gRafpleam

e formul a:

IRt hyl or hydrogen preferably H Another
uorosilane of Fornula 2 is a tertiary

x=0, and 1= and Z1

- T
sai d teLi’zl?—lg-ﬁy anmi ne represented by

e
t
r

bleaigpotcon
cnangarid b
[ Oaidd nt er

QL _and B is independently chosen from
s Peserirfias ofdnomane @Xiggdr ocar byl ene

y at |l east one -C(O-0O and optionally
rupted by at | east one dival ent noiety

op8If#PM t

LN(R 1) -

| | owi ng i no

N8iligh MaNirgPa priffarp@atticle Size of 90Ut 12 nk{ O
Dbbtajmdd 43 AE&%)QDLQO(EMW@E@JJ@GAG now Evonik
r %Bb§sé’ﬁ1’o‘ds?ﬂé%5A®?r e used as i ndi cat ed

Tt
Homnes

upr os

ST iDL ndAbSwder BEvind A CRMAN particle size of
S ob L o, S AR D

| by Fable 2
o 18R #don

ed

5
ﬁéieél&-ill LT AT OUJT 1T UTThO Ig{rlllalﬂ;%ﬁ@;@?ﬁepﬁmtion
, efligafoaed iep T gxidediannnowsies fiaving-a gdmary
particle size of about 100 nm from Sigma-Aldrich
Corporation.

SiOx #2

Silica having a primary particle size of about 7 nm
obtained as AEROSIL 300 from Degussa AG now Evonik
Degussa Industries AG.

SiO2 #3

Silica having a primary particle size of about 20 nm
obtained as AEROSIL 90 from Degussa AG now Evonik
Degussa Industries AG.

SiOx #4

Silica having a primary particle size of about 40 nm
obtained as OX50 from Degussa AG now Evonik Degussa
Industries AG.

SiO2 #5

Silica having an average particle size of about 11000 nm
obtained as SPHERICEL 110P8 from Potters Industries
Inc.

SiO2 #6

Silica having an average particle size of about 7000 nm
obtained as SPHERIGLASS 5000 from Potters Industries
Inc.

The

following fluorosilanes were used as indicated in the

examples below.
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t hroughout the exanples refers to the follow ng
~procedike. About 125 g of a chosen inorgani c oxi de was
WEL@eeth1rn a 3 liter round bottom fl ask equi ppRCI/Wb1008/685612

mechani cal stirrer and under nitrogen atnosphere. The

stirred m xture was heated +a|a§out 50 C for about 2

hours in order to achieve eneous di spersion. 25

g of a chosen fluohnated silane was then mn ckl y added
t o Na@est i Desgripiion of ElupevsieiRed by nitrogen spar gi ng
forof30 minutes. The reaction mixture tenperature was

t helluom-sed to 75 C and stirred for about 15 hours
undsilane nitrogen at nosphere. After this allotted

rea,eél#;\n t*(@ﬁg@*@o@‘)H%) nicpe)ac@g—on m xture was cool ed

anid cent ﬂﬂ rnm 'Fr\r th\llf 2

m |nft® &8 Ej@ﬂs@)d@t@@rtﬂﬁﬁzboqﬁent was decanted and

t herg @ami NiOPL,ONRL (e, Hcated funmed inorganic oxide
pregyct—we _ |

ceinf P iffluge dCHeP)sihel® Hig)sdiy AP N H-(Gatedama 6@ Ba)2atChzle-
C for abolCFB2 hours. Convergent Fl uorosilane Doubl e
Grafting The term "convergent fluorosilane doubl e
grafting" as used throughout the exanples refers to a

Pr eeAdergRnt F*ﬁJUrbéi%'nethgFeOGVeﬁflgm fluorosilane single
grafting” w OW ng additional steps. About
125 9, Lo, SOvE Rt R oRIAEHE S ARG LI U Gledt

conver gen aced

5 a thrbugiesutitioe eslafmpldsomaférsas lth@mllomegi pmddduaeTEAbam 1:26 g of
stirrer and under nit rogen at nosphere. The stirred

m ampéewsora@@p@al%waﬁmceéon@ 3 dter spend thtﬁ%‘Jfae?kl n
t
onEalipp SRR ZHRAENREPIFIEOUT HhABTRLES atoshiftie! The
f | stirexs mMidoee siandleatep tof abhorng 5&&%’3 fdrea’oorqm |2d1duys arddleetertt@
t he stlrrdmxturef Ilowed rogen for
302FIRYE 8410 (? %‘Pﬁrﬁi% é“(?ﬂ rilgne
107 ah@@dhér@qaék@ b dStol thé%%rr%afm&ﬁﬁétfolﬂo%&%{/ﬁ.tk@@%r a

nitrogen atnosphere. After the allotted reaction tine
sparging for 30 minutes. The reaction mixture temperature was then

raised to 75 °C and stirred for about 15 hours under a nitrogen
atmosphere. After this allotted reaction time period, the reaction mixture
was cooled and centrifuged in portions at 3000 rpm for about 2 minutes.

15  Excess hydrocarbon solvent was decanted and the remaining fluorine
grafted fumed inorganic oxide product were washed 3 times with ethanol
and centrifuged followed by drying in a vacuum oven at 110 °C for about
12 hours.

20 Convergent Fluorosilane Double Grafting

The term “convergent fluorosilane double grafting” as used
throughout the examples refers to a procedure identical to “convergent
fluorosilane single grafting” with the following additional steps. About 125
g the inorganic oxide product obtained after a convergent fluorosilane

25 double grafting was placed in a 3 liter round bottom flask equipped with a
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yrin havi n n speci men st age

g@ﬂgﬁ9°vﬁﬂ§%ﬁﬂﬁ C&%gangéﬁfﬂg ‘gl ass slide using
double si ded tape. The gonioneter, which is connected
through an interface to a conputer with conputer
sclbiafilmA@slingi nt egral eye piece connected to a
camera having both horizontal axis line indicator and

15 an adj ushalbénren ftotrefilieastings sisiused thrmdighogt theseanaples refers
bot hj dent | dj ustabl e b t h
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angl e measur enent, ;ﬁg on the glass slide was
cl sepepang. oArihm:fdrrawas eviey castilg théeemlae/erm]‘ fitnéz selution

t ooﬁﬂo’ é;gletaﬂ glass slides wherein the slide were allowed to dry for about
20 10 minutes at 60 °C after each casting thereby creating a homogenous
coating of particles on the glass slides.

Advancing Water Contact Angle Measurement (“H-O Adv.”)

The terms “advancing water contact angle” or “H,O Adv.” refer to
25 the results of a measurement conducted using a Ramé-Hart Standard
Automated Goniometer Model 200 employing DROP image standard
software and equipped with an automated dispensing system with 250 pl
syringe, having an illuminated specimen stage assembly. A sample was
glued to a glass slide using double-sided tape. The goniometer, which is
30 connected through an interface to a computer with computer screen, had
an integral eye piece connected to a camera having both horizontal axis
line indicator and an adjustable rotating cross line and angle scale, both
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hori zontal line (axis) of the eye piece coincident to
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the test | et d by .th .
TheceB oAt e PR sl Froled ALCED Be
Whyebnpas esratval ent to the tangent angle. Contact

angl e was neasured after the droplet has been added to
a sur f atlerizpetebanch grosst meswerezasjustag via tasssaftwarerin the
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I dedswrtnpgadr cbﬂ:u‘lét@dW@Gﬁﬂa@gaM@bﬁas@dmwﬁm@dglhr&% the drop

nmeasur enent descri bed above except contact an

neaBpeaangg+ &fternatively, immediately upon dispensing the test ﬂUId the
rotatable vernier was adjusted to align the cross line and cross position,
that is the intersection of the rotatable cross line and the fixed horizontal
line, coincident with the edge of the test fluid droplet and the sample, and
the cross line angle (rotation) then positioned coincident with the tangent
to the edge of the test droplet surface, as imaged by the eye piece. The
contact angle was then read from the angle scale, which was equivalent to
the tangent angle.

Contact angle was measured after the droplet has been added to a

surface.

Receding Water Contact Angle Measurement (‘H-O Rec.”)

The terms “receding water contact angle” or “H2O Rec.” refer to the
results of a measurement identical to the advancing water contact angle
measurement described above except contact angle was measured after
the droplet was partially withdrawn from a surface.
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the hysteresis (difference between advancing
water repellency. Higher advancing and/or receding oil contact angle

measurements indicated higher oil repellency while lower oil contact

20 angles measurements indicated lower oil repellency. Cases where no oll
contact angle could be measured indicate wetting and very poor oil
repellency. A surface is said to be “super hydrophobic” in cases where the
advancing water contact angle and receding water contact angle was
greater than about 150 degrees and the hysteresis (difference between

25 advancing and receding water contact angle) is less than about 10
degrees. A surface is said to be “super oleophobic” in cases where the
advancing oil contact angle and receding oil contact angle was greater
than about 150 degrees and the hysteresis (difference between advancing
and receding oil contact angle) is less than about 10 degrees. A surface

30 thatis both super hydrophobic and super oleophobic is said to be “super
amphiophobic.”
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sanpl e and are shown in Conpar at1 ve Exanpl e
B Conaet argles tbuldrbgme@ﬁerw wglda igdigatecnyetiiag and very poor
conduct ed ere| n the chosen inorganic oxide was Si Q2
# \.Allag @P&QSH%I uorosilane was FS #B. Afilm
sanpl e vvas rrade by thin film casting using these
hydr ophobi zed particles. Contact angle nmeasurenents
wekenpandiivg EXampla fi s fil m sanpl e and are shown in
Tabl e 3.

Convergent fluorosilane single grafting was conducted wherein the

chosen inorganic oxide was SiO, #1 and the chosen fluorosilane was FS
#A resulting in hydrophobized particles. A film sample was made by thin
film casting using these hydrophobized particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 3.

Comparative Example B

Convergent fluorosilane single grafting was conducted wherein the
chosen inorganic oxide was SiO, #1 and the chosen fluorosilane was FS
#B. A film sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

Comparative Example C

Convergent fluorosilane single grafting was conducted wherein the
chosen inorganic oxide was SiO, #1 and the chosen fluorosilane was FS
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5 Copkagipleangl e neasurenents were conducted on this film
sanpl e and are shown in Table 3. Exanple 2 Convergent
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fluorosilane single grafting was conducted wherein the
10 ch@@éfﬁslflﬁﬁﬁ@mf?'@aﬁﬁlaﬂé shawnmndiadble 8- 1and t he chosen
fluorosilane was FS # 1. A fil msanpl e was nmade by
thin filmcasting using these hydrophobi zed particl es.
CoBkagipleapgl e neasurenments were conducted on this film
sanpl e and are shown in Table 3. Conparative Exanple D

Conver 9@6hvér*géﬁt ﬂ@d)ﬂo%fﬂ@wéigim@eeg@lﬂﬂfg WwaSs conduetetdusdrerh the
wherei n the chosen morganl C oxide was SiO2 # 1 and

t hehesersivarganie P¥ise|wafeZ @ Fand the chosen fluorosilane was FS
15  #1. Afilm sample was made by thin film casting using these

hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

Example 3

20 Convergent fluorosilane single grafting was conducted wherein the
chosen inorganic oxide was TiSiO4 #1and the chosen fluorosilane was FS
#1. A film sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

25
Comparative Example D

Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was SiO, #1 and the chosen fluorosilane was FS
#A resulting in hydrophobized particles. A film sample was made by thin
30 film casting using these hydrophobized particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 3.
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Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was SiO, #1 and the chosen fluorosilane was FS
#1. A film sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
20 on this film sample and are shown in Table 3.

Example 5

Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was ZnO #1 and the chosen fluorosilane was FS
25 #1. Afilm sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

Example 6

30 Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was TiSiO4 #1and the chosen fluorosilane was FS

-23-



~—~
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Exanple 3 to Exanple 6 . Divergent Synthesis - Single
Funct®iiodightesagansact angle could not be measure because of wetting

In reference to Table 3 above, the fluorosilane used in Comparative
Examples A-E is a fluorosilane wherein the silicon atom is directly bonded
to a perfluoroalkyl group. In contrast, that the fluorosilane used in
Examples 1-6 is a fluorosilane wherein the silicon atom is first bonded to a
divalent organic linking group, represented by —-NH-C(O)-NH—(CH;)—S—
(CH2)2—, which in turn is bonded to a perfluoroalkyl group. As shown by
comparing the contact angle measurements of Example 1 to Comparative
Examples A-C, without the incorporation of a divalent organic linking group
it was only possible to achieve adequate water repellency but impossible
to also achieve adequate oil repellency. The incorporation of a divalent
organic linking group in Example 1 results in adequate water repellency as
well as adequate oil repellency. Even when double grafting is performed
such as in Comparative Examples D-E, without the incorporation of a
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20 remaining fluorine grafted fumed inorganic oxide product were washed 3
times with ethanol and centrifuged followed by drying in a vacuum oven at
110 °C for about 12 hours. All of the above steps were preformed in a

nitrogen atmosphere.

25 Divergent Synthesis — Double Functionalization

The term “double functionalization” as used throughout the
examples refers to a procedure identical to “single functionalization” with
the following additional steps. About 125 g of the inorganic oxide product
obtained after single functionalization was placed in a 3 liter round bottom

30 flask equipped with a mechanical stirrer and under nitrogen atmosphere.
The stirred mixture was heated to about 50 °C for about 2 hours in order to

achieve a homogeneous dispersion. 25 g of the first precursor,
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rpmfor about 2 m nutes. Excess hydrocarbon sol vent

RS EE ac Bl aup e R AMAR) ol Bebiisse
et R&y)olvaghisers Qﬂ'bkl'yfé&)%@ tbqhéewﬁed Wle»Uré 'de]E)WéU By HARAN

oven 'at 110 C for "about 12 hours. he above
st eparging for goenowikesd The éeaﬂtrpndgeturattm@pr@uea was then

colthe "5 R Free a0t ) BBl At s Bogion

5 #2t|mespdrtddnme fedctienineidipeiidscddfied ndl ickntriaged B Y& Sions at
thin filmcasting using these treated

pal?’@@Q e forabedcd Wﬁ% Eéﬁ@%ﬁ BYRrRE3rhREr W YRS decanted
I
ol R BIE AT e B g procuc
; o?@r@mldtmwertehe? tlite ethaxs@mndrmrgraﬁmged dalioslreed/\b?z dB;'uG@ ina
resultin re rticles m sanpl e
mad@CAm PH?ﬂ%ﬁ 1? Q( @E@B %é h@u{she@IAo{ W@aﬂ%’répﬁeps were
10 Dabﬁéf&lrﬁ?‘?d Co Rt éﬁ Feasurenents were conduct ed
o] h | e an g

nt m sa re shown in Table 4 .
Corrpar ative Exanple H Single functionalization was

opduct ed V\/(]Erel n| tge chosen inorgani c oxi de was Si Q2
#3 t ed particles. A filmsanple was
made bythlnfl mcastln s t hese treated

part i cl edglefimciepalizaiics i Wh\%@'@ e fBeR8Ed
hsnié 'ok@e%ﬂé@bﬁb?f@sl i my'@%dt@d ;@%r’ﬁcﬁeé A film sample

npratlve Exanpl e uncti o I zati on was
15 cowdaanade h)hmlelflfmtdastlngusm these treated particles. Contact angle
measurements were conducted on this film sample and are shown in

Table 4.

Comparative Example G

20 Single functionalization was conducted wherein the chosen
inorganic oxide was SiO2 #1 resulting in treated particles. A film sample
was made by thin film casting using these treated particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 4.

25
Comparative Example H

Single functionalization was conducted wherein the chosen
inorganic oxide was SiO, #3 resulting in treated particles. A film sample
was made by thin film casting using these treated particles. Contact angle

30 measurements were conducted on this film sample and are shown in
Table 4.
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I norgani c oxide was SiO2 #4 resulting in treated
pasticles. A filmsanple was made by thin filmcasting

waiging7dinese treated particles. Contact angl e PCT/US2008/085612

10

15

20

25

measurenents were conducted on this filmsanple and

ar&g&?@&mﬁ&%ﬁ . Conparative Exanple J Single

fu | s conducted wherein the chosen

i norgani.c oxide was Si O #5 resulting in treated

par t i cl efglefynatignalizasion %%c%@t%@wmr@mftw fhesalt i ng
o R S AL Ll LB AR i sgoe
ar was moaete by tHialfiire castinGCospgrthese &reBiexhparticlkesDdldritact angle
functionalizati on was conduchﬁd wher ei ? th& chosen .

i nBIEGEHIEMSXP P RLONGHEE A U [ PRYPIS,20¢ &kt éﬁOW” n
pargbeles. A filmsanple was made by thin filmcasting
using these treated particles. Contact angle

measurenents were conducted on this filmsanple and
arﬁgﬁ&%ﬁm . Conparative Exanple L Doubl e

fu ' s conducted wherein the chosen

i norganjc oxide was.SiO2 # 1 resulting in treated

par t P ol BTG SUAAHOR Wass CORAHEE WRTEN {1F RNESRY | ng

US indig 18 eRide was SF0LAS el inPeHtad oaPit¥eE A film sample
measur enents were conducted on this filmsanple and

ar wasoage by thiatiire castimabbimgahese treéatatt particlest £éantact angle

angl e could not be neasure because of tting | .
- ersPatifetneS ey copaliptedton S AT sdmplihandi ate shaypdr
fumgbleanal i zati on or doubl e functionalization does not
result in adequate water or oil repellency.

Comparative Example K

Double functionalization was conducted wherein the chosen
inorganic oxide was SiO, #6 resulting in treated particles. A film sample
was made by thin film casting using these treated particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 4.

Comparative Example L

Double functionalization was conducted wherein the chosen
inorganic oxide was SiO, #1 resulting in treated particles. A film sample
was made by thin film casting using these treated particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 4.
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Capping Step The term "cappi ng step” as used

dhw-ougheut the exanples refers to the foll ow ng

wWEe@eedure. | norganic particles obtai ned afterPGI/ng1088/085612

5

10

15

20

functionalization or after double functionalization
are reacted wwth a chosen " ing agent"” in an inert
envi ronnent in tol uene sol vm\hen t he cappi ng agent
was a succinic - (CH2 )2 -(CF 2 )7-CF 3 anhydride, ,

the[cappi Ng @ggRjani@s SYNt Nesi Zedeﬁté&'AﬁdT@ I\fl’éﬁ%urements (°)

i me E ‘f)'l r@gﬁ ed with th%Fi norG RS C1eHiz

. A
obt Al ned &iH%?I e ftfnctcllgyﬁlmﬁévl DR /@\F? er Rec.

doupt-e "'“cti 0Pl Hof—Sypt-hest5—o Séeinild
anh,Ld,Li_Ee_mag_‘;g}ga_ edlas thugh 26, 2 p12d5 her eby"

i ncpr pofat ed bySif#l enge. Bkanpl 27 Kidyle 17 11
fungcti ohal i Zlat i 8iD#3 condud ed whére| n*thg choser *
i nof ganilc ox|i deSias#dsi O2 #2 Oresu| ti*ng|irf tfeated *

particlgs. Thesgid #mted pargdicl gesqghered n| suBgectied 21

to fNe gapping SigHu@nereingne fhesen) # CF cappi T

age(t £t rqer egwl T ny(U oanUi4zej_ parfrches:

iy H A
fll IIDO.I}JIC was—trate Uy l.IIIII III n—cas Illg JDIIIQ LICDC

hydr Gﬂﬁ&%?&dcd?ﬁéét'a‘h'g?écoﬂﬁ'ﬂo?%b A8 e BRRBUSE BB Wetting

wer e conducted on th| s filmsanple and are shown in
Tabl e 5 t hese
hydr ophI &%négi [eégd' %ggéﬁgwggﬁﬁgmﬁhgygng%esent S

t hﬂmtuooal&laeoh dvmdble‘ fuastisndlization dets Ineasdsubtria aeflequate
which is bonded to the particle surface. Exanple 8

aWﬁfﬁr@rP'vﬁﬁ@eU%at ed except the chosen inorganic
oxide was SiO2 # 1.

Capping Step

The term “capping step” as used throughout the examples refers to
the following procedure. Inorganic particles obtained after single
functionalization or after double functionalization are reacted with a
chosen “capping agent” in an inert environment in toluene solvent. When

the capping agent was a succinic

0, 5—{CH;),—{CF;);-CF,

g >
anhydride, © , the capping agent was
synthesized in toluene and immediately reacted with the inorganic
particles obtained after single functionalization or after double
functionalization. Synthesis of the succinic anhydride was conducted as
taught in US4171282 hereby incorporated by reference.

Example 7

Single functionalization was conducted wherein the chosen
inorganic oxide was SiO, #2 resulting in treated particles. These treated
particles wherein subjected to the capping step wherein the chosen
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Exanpl e 9 Exanple 7 was repeated except the chosen
~hnorgakt-c oxi de was Si Q2 #3. Exanpl e 10 Exanple 7 was
WO epearam® except the chosen inorgani c oxi de WaBCBUSR08/085612

#4. Exanple 11 Exanple 7 was repeated except the
chosen inorganic oxide was Si Q2 #5. Exanple 12 Exanple
7 was repeated ex SieH eh,} ni ¢ oxi de was
Si @2 #6. Exanpl e 13 Daubl e ?lggit i %nﬂﬁ%ti on was
conduct ed wherei n tfié chosen inorgani c oxide was Si Q2
#2camsing aigegt wast r at ed particl es. Thesthetematmading

particles wherein subjected to the capping, st ,

WhBYBRNEPES REEIHER B Mo SRR Ve SR B B RLHIT, Sesting
bl . i . ; .

PR e Aydichoaasn eiie, RR bl BLb RS D

nmeesuduatethos tisrfigmcaamciletand are shiovws ini Tablg anplhe m@sdlting

arg sho in Tabl e . The resul.ting fluorosilane

5 Peludinaiane fasd iy DesmdbroBictized Partcti s rhe
synmbol " " gepresents three coval ent bonds from
si [Chgon -t € (@fF \MriCR,i s bonded to the
particle surface. anpl € 14 Exanple 13 was repeated
except the fm en inorganic oxide was SIQ2 # 1. Table
5 .

~

10

15

20

25

The symbol “ -~ ” represents three covalent bonds from silicon, at least
one of which is bonded to the particle surface.

Example 8
Example 7 was repeated except the chosen inorganic oxide was

SiOz #1.

Example 9
Example 7 was repeated except the chosen inorganic oxide was

SiO2 #3.

Example 10
Example 7 was repeated except the chosen inorganic oxide was

SiOx #4.

Example 11
Example 7 was repeated except the chosen inorganic oxide was

SiO2 #5.

Example 12
Example 7 was repeated except the chosen inorganic oxide was

SiO2 #6.
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i ndi cates contact angle could not be nmeasure because

~of. wett+ngExanpl e 15 Single functionalization was
weomdonotizd wherein the chosen inorgani c oxi de REEUSI0ER085612

#2 resulting in treated particles. These treated
particles wherein subjected to the capping step
wherei n the chosen capping agent was Cl-S(O 2-(CH
2) Bxheble2)13- CF 3 thereby maki ng hydrophobi zed
partircles having a fluorosilane residue of XSi-(CH

2) 3- NHSPoople- fuastionatizatien pjes-cordgctethehergirbtile chosen

onb R el B8 SRS oo FE Do Ry Dol Tse PRk

5 sapattielesashéeriesibjetiednofthé aappingisigo Weieh@ntthiesBosen

hydr ophobi zed particles. Contact angle neasurenents
wer e conducted onaot hi s—fTHR).-sa0p are shown in
Table 6 . Exanple ;\E’%Exarrp?g 15 azys%eat ed except
the chosen i nor gaﬁ'r»~é;-"‘pxi de was Si2 # 1. Exanple 17
Dogdbsing Waeht @aal i zation was conduct ed aest8} makle)

chosen 1norganic oxide was SiQ2 #2 resulting in .
t r bydreghpbized ¢lagticlesthAdimt sasaple qvasamaidel ysthithirecasting

cappiiagfies froraBooaRBLRY RSP L0518 BebieTEdRithents were
t hesreductad vhnoisHimrszpmslbianeicareashions] i@ ST dife BndTHe resulting
fluorosilane residue of XSi-(CH 2)3-NHS( O 2-(CH

10 ) Bugrosilanestesidup o fese MiskPPhabized PREISEAR Was hr ee

15

20

coval ent bopds fromsilicon, at |east one of which is

bonded..t o _t he fparH ace., A filmsanple was nade
by _ﬂﬁ'idﬁvf id csggti i ﬁ%tf't hese hydr ophobi zed

particles. Coatact angle neasurenments were conducted

on this filhh sanple and are shown in Table 6 . Exanple
18 )
.

The symbol “ -~ ” represents three covalent bonds from silicon, at least
one of which is bonded to the particle surface.

Example 14
Example 13 was repeated except the chosen inorganic oxide was
SiO #1.

Table 5
Exampl Inorganic Oxide Contact Angle Measurements (°)
e Particle %F Hzo Hzo C16H12 C16H12
Adv. | Rec. | Adv. Rec.
7 SiO, #2 10.7 | 158 | 155 * *
8 SiOo #1 13.5 | 1589 | 159 140 126
9 SiOo #3 6.23 | 159 | 157 34 16
10 SiO, #4 1.66 | 148 | 122 * *
11 SiO, #5 0.72 * * 47 35
12 SiO, #6 0.15 | 58 52 74 55
13 SiO, #2 13.2 | 160 | 160 * *
14 SiO, #1 16.6 | 156 | 148 139 121

* indicates contact angle could not be measure because of wetting
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Exanpl e 17 was repeated except the chosen inorganic
oxi-deswas SIQ2 # 1. Table 6 * indicates contact angle

w@omwbd7d13d be measure because of wetting ExanpP@r/1S2008/085612

5

10

20

25

30

Doubl e functionalizati on was conducted wherein the
chasen inorganic oxide was SIO2 # 1 resulting in

tr Mtl cles. These treated particles wherein
subj ect gthdl® firt@oRaRRitBE WwaSLBoNdRtEH Whehéin Qlﬁ@%ﬁ@sen

cappi ng agent was CH2=CH2-C(O)-O (CH 2)2-(CF 2)5-CF 3
t hmomnlmxld@gNmerp%mwétmgo@rtfeaie@@a gl ese treated

N PRASTES Epeseh e efisfio fi chibinglsten whersia tae chigfen -

r e@émﬁ@tagehhwag @DS@DED(CHQELC{SFE%G(DF% itherepyp m@tlng east
one of which is bonded to the particle surface.

saﬁwr@phﬁglzﬁﬁd@rtﬂﬁ}% Rawingia fﬂHQf9§'iar}@grQ§§4W90ft:F§' (CH2)3—NH—
pr egéﬁs geﬂa)éd(bcﬁ_g oraft ?rnr%%@&?a;? ?%&%Féﬁt%ngg&? - el

vvebendmﬂfdm&lgt;:bm rat tdass oﬁelcfm&m:rplsebcﬁmédetblethe imwircle surface.
. T e 7 * indicates contact angle cou
Rﬁ@&sﬁﬂr@p'ﬁé’@ﬁj@@d@f W@Q "%CWQM%”@/QI%SGJ?V@ 'éed
14
AR SRS Ay SRTRER: LR b i,
vvesmplﬂoqareﬁ:amjsmwrsm Tablet&te 29Si NMR
cross-pol ari zati on magi ¢ angl e spi nning anal ysi s
(CPMAS) resultingin the spectra shown in Figure 2 .
AIEQa,eﬁ @Migin Figure 2 is the spectra using the sane
MAS anal ysis of untreated SiC2 # 1 (AERCSIL
200) si Fxampfgail @ wasgepesiagiexcept the ehagampnprdagd oxide was
'&%%n of a hydrophobi zed particle made from Si Q2 #
% IL 200) silica particles obtained in Exanple
14. Referring to Figure 1, the silicon atom of

fluorosilane residues is depicted
Example 17

Double functionalization was conducted wherein the chosen

inorganic oxide was SiO, #2 resulting in treated particles. These treated
particles wherein subjected to the capping step wherein the chosen
capping agent was Cl-S(O)2—(CHz).—(CF2)s—CF3 thereby making
hydrophobized particles having a fluorosilane residue of =Si—(CH2)s—NH-
S(0)2—(CH2)2—(CF2)s—CF3. The symbol “=" represents three covalent
bonds from silicon, at least one of which is bonded to the particle surface.
A film sample was made by thin film casting using these hydrophobized
particles. Contact angle measurements were conducted on this film

sample and are shown in Table 6.

Example 18
Example 17 was repeated except the chosen inorganic oxide was

SiOz #1.
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by A1, A2, Bl, B2, Cl, and C2. In the fornula of the
fduorost+| ane residue depicted in Figure 1, L2

WO gpemam s -OCH 3 or -OH. A 1 and A2 show t hePGI/UB29081085612

10

15

20

atom of fluorosilane residues bonded to the surface of
the silica particle throug ne Hoxygen atom Bl and B2
show the silicon atom of fl | ane residues bonded
to_the surface of the si ||r‘a_p_a_r_t_|_g_|_e_t_hrough t wWo
oxygen at|dRE9aBIC and C2| sh&RMAE ANAIE con at om of

fl ug{a%|e | dAeideesi duege bonteasuremedslr face of the

sil T ca parRarticle tl’rough tHhOekdwoxygen at okO D1 C182, | CisH12
D3, and D4 depict [silicpn atons at the s®Rdcace,ddvt hkec.

sill'i o pdrtgio,@2whi ¢h3afre not hggded tolaqhpuprosilane

restaige. [Ragigy,BNg {9 gFfgure 21gnd The SPeggra Qb2 | 126

hy U]piIIU I ﬁb #?l T %225 1 UB[JLI&sb a S qllqlggb()llbl*bt Gl

\(,j\/leg:lr\’lteed ncs Q‘B#I prt 2&"6? a) ::: :lul:r Zztzl arl:‘l?if ;g oﬂéac‘ 1&7(‘“ r1é4
2 anq the spectra of h dro |zed arti
ol b0 Ea R Gt ANl Serh T bR TS & PIGRsGS S ShMeding

fluorosilane resi dues depicted as Bl and B2 in Figure

1. eRef@id hgg to Figure 2 and the spectra of

h gTﬁﬁ%%%T?ed particles, 3 depicts a signal consistent

with th ’

depi ct ogapleEBIG RN WasKcRR LR E GRS ehosen

F| gmrgarﬂc amﬂet\nas SiecAt eeuitinyyidricgtod ipaetitigmr Thedeseatdd
i ct consi stent silicon a

su prle Sdf/h%r%é“ %WPJ?E*&dﬁgFF‘P Eﬁ@lziﬂﬁus&%o &’%@r%tth%she%%ﬂto
2. EabiSng b ANfab SAHARROAL O O, PliCH I B indre8y Haking

Reterring spectra
unhy@apbdbigadmacﬂlcées havidg @ ﬂnczroajlmegmidlmomfs:SIt—(ﬁHz)s—

o M-S RO H A A P T4 sy Pal kfiresents three

r eéb@!@n%o@fﬁ%%ﬂlc@ﬂh aﬂ%asﬂ@ne ah@hleh is Bohbey e tHe particle

Referring to Figure 2 and the spectra of untreated
pastiifateasA firotsabigle atasemadaby thinfilgl epsiing using the

CpPPERBR-RY Pt eE P LA RRL Ayt 3B oLt &rdfing

Contact angle measurements were conducted on this film sample and are

shown in Table 7.

Table 7
Inorganic Contact Angle Measurements (°)
Example Oxide %F H>O Adv. H2O | CigH12 C1sH12
Particle Rec. | Adv. Rec.
15 SiO #1 18.9 154 151 129 116

* indicates contact angle could not be measure because of wetting

NMR Analysis of Example 14
The hydrophobized particles made from SiO, #1 (AEROSIL 200)

silica particles obtained in Example 14 were subjected to solid-state #*Si

NMR cross-polarization magic angle spinning analysis (CPMAS) resulting
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What is clainmed is : 1. Surface nodified inorganic
~oxide-qparticles conprising an oxide of Mwherein Mis
W0 pwepanadent | y seI ect ed fromthe group consi stPEIyUSF008/085612
Si, Ti, Zn, Zr, and conbi nat i ons thereof at

|
cotah s?ﬁ'ﬁ%yﬁaéﬁaw 'ﬁﬂflgwel £ o AR oFBLR S s spstra
r eeéuﬂgiﬂzgawwggmm @F(MAS)ar{alLQs)léjbf—th@@éteé@b%#ﬂ‘ (Z
1a ] x-( )| -Q 1 wherein L1 represents an
0X L{QD@hsllllyaI@aﬁmiﬁﬁto an M and each L2

2 e 2 B S Ereffed 6 HAR o PR GT LRI it Bi ace
5d o S@ﬁ@(AEI%@SHBZO@P@hC@paﬁlcld%dcﬁﬂéi’médﬂh IBkadiple 14.
|nte?er from1l to 12; a, are i ntegers chosen

suBﬁ qrApg t@ ﬁ@%ﬂeﬂi}e §$'C%ﬁFﬁJm Qf TLU‘PréEH@%%Fﬂ?é@PQﬁ/'S -qepicted
f Hpt
%q( Ml)éo’((/\nﬁnzé %: d éﬁ nﬂhé %?ﬁ] g&ﬁ tﬁeﬁuorﬁﬂ%ﬁe%gldue
a =depictedlin, Fugm ﬂ,:tf repan;énts -}O&‘.I—&,&ﬂ@@Hmearyd Waesteiw the
a=1 x=0, IQ% is chosen f

pes e AN U@P@U@'&%Best'%s b‘i"’jd%@n}“?lﬁb’tﬁaﬁé of thersiea
10 hSaﬁi%fJ h%’lﬁ bﬁébxgé’é}hgﬁ)n@ppﬁégﬁlog S q%wcane%“@h atom of

hydr ogen, e per
opflu@mallar}e resudueajmrutedip the sluefase ocbth:e sikiga particle through

o ey St LS G abBuRRSTRah S Ay ghthne

| NfYidub Sshdey t@tthb%@%c@%‘t% §|ﬂb§ﬁbrt%@ﬂﬁbﬁ%ﬂfmééaox%en
is chosen fromthe 3rou consi sting of

hyaiosesir Byl BRe D3pane M4 dgpichsiligonupiosts althetsurtagetof dhe silica
5 A YAk wRIHA: hio? bBHBed f o' RiofOMSRE £LQILO oF S

Referring to Figure 2 and the spectra of hydrophobized particles, 1
depicts a signal consistent with the silicon atom of fluorosilane residues
depicted as C1 and C2 in Figure 1. Referring to Figure 2 and the spectra
of hydrophobized particles, 2 depicts a signal consistent with the silicon

20 atom of fluorosilane residues depicted as B1 and B2 in Figure 1.
Referring to Figure 2 and the spectra of hydrophobized particles, 3 depicts
a signal consistent with the silicon atom of fluorosilane residues depicted
as A1 and A2 in Figure 1. Referring to Figure 2 and the spectra of
hydrophobized particles, 6 depicts a signal consistent silicon atoms at the

25 surface of the silica particle which are not bonded to a fluorosilane residue
depicted as D1, D2, D3, and D4 in Figure 1.

Referring to Figure 2 and the spectra of untreated particles, 5
depicts a signal consistent with silicon atoms at the surface of the silica
particle which are not bonded to a fluorosilane residue depicted as D1, D2,

30 D3, and D4 in Figure 1. Referring to Figure 2 and the spectra of untreated
particles, notably absent are any signals corresponding to those depicted
by 1, 2, and 3 in the spectra of hydrophobized particles.
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the first noiety further defined wherein Z1 and Z2 are
chosen~such that: a) Z1 is -NH and Z2 is fromthe

w@e@ap7aonsi sting of -NH, -O, -S, -NH S(O PET/PS2008/085612

5

10

15

20

25

30

-NLC(QH -, -[HO(COH) (R 1)]CHS- and-(R

1)CH [HC(COOH) 1 -S-; b) altegn ely, Z2 is -NH and

Z1 is fromthe group consimgl%f -0, and -S-; ©)

eapthdtls bmirhadependent |y chosen from hydrogen, phenyl,

or—a nonoval ent CrC 8 al kyl optionally term nated by -
C6H5, preferabl CH3:. the se moi ety. furt her

def i nedéHH@F% dll%dggfrg@’hc ﬂf('dé poarf’aeﬂcpmprémg %'3 OXIde of M

Qlandrd® m:semueg@mélﬂgﬂﬁélyct@aw:@tﬁé G rBFBing of Si. T,

consisting of a hydr ocar byl ene interrupted ofe

at Zneds Mvrfd, 8nd coptynationsithereof at)eastang @‘pﬁal@ﬁam

or D170 5/ SUrlcE Bl BgeBTp a i SREBRS 5 RS TR0

fI t@r@%dt@ﬁ@yﬁo}mlé e¢presented by Formula ( 1) is a
urea or thiourea fluorosilane group such that in
Formula (1) @ a=1, x=1, and 1=1 ; Z1 is -NH and
Z2 |s - NH: sai d urea or t hi oyr eg fluorosilane group

f utlt' bk )eSiptCHBmt(Ed)bE XNBAET)mR 'aRs ( L1)d(L2)cSi-(CH
2)Nn-NH-C(X 1)-NH-Q 1- Rf wherein: X1 is Oto forma
urea fluorosilane group, or X1 is Sto forma thiourea
fl woeasih| ane group; and QL is independently chosen
fromthe group consisting of a C2-C 2

L' represents an oxygen covalently bonded to an M; and each L?

independently selected from the group consisting of H, a C4-C, alkyl, and
OH; d and c are integers such that: d =1, ¢ =20, d+c =3;

each n is independently an integer from 1 to 12;

a, X, and | are integers chosen such that the moiety of Formula 1
represented by —(Z").—[C(X")]—(Z*)~ further represents at least one of the
following moieties:

i) a first moiety wherein a=1, x=1, and I=1; and
i) a second moiety wherein a=1, x=0, and |1=0;

Rt is chosen from a Co—C12 perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl can be optionally replaced by hydrogen,
and/or ii) the perfluoroalkyl can be optionally interrupted by at least one
oxygen, methylene, or ethylene; Q is chosen from the group consisting of
a Co—C+2 hydrocarbylene optionally interrupted by at least one divalent
organic group;

Q' is chosen from the group consisting of a C>-Ci2 hydrocarbylene
optionally interrupted by at least one divalent organic group;

X' is chosen from O or S;

the first moiety further defined wherein Z' and Z? are chosen such that:
a) Z' is -=NH- and Z? is from the group consisting of -NH—, —O—,
—_S—, ~NH-S(0)—, -N[C(O)H]-, -[HC(COOH)(R")JCH-S~, and
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hydr ocar byl ene optionally interrupted by at |east one
Hh valert noi ety chosen fromthe group consisting of

WO $09/0763(0) -, -S(O 2- , and -0-C(O-NH - .3 .PaNES2008/085612

5

10
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particles of claim2 wherein Rf is chosen froma

C2-C12 perf Lpyo | Kyl QL i s independently chosen
fron1th§&%9éﬁﬁhg§H§¢§F®ﬂ"bf a C2-C 2 hydrocarbyl ene
interrupted by at | east one divalent noi ety chosen
fromthe group consistin -S, -S(O-, -5(02-, and
- 0- C( O) b) alkernatively, ZTise- Bhdlzesis fone the groppwieasisiting of
Rf is ch sen % §g1a C2-C 2 perfluoroal kyl provided

t hat: |Y ong" rine atom of the perfluoroal kyl is
repl aced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at |east one oxygen | ene, or

et hyl en6) eachR'daddapendsnily ﬁ@%?rbfm”b pgen e, or a
C2-G ZrHBF@(/%ﬂ'E@"@”ﬁkﬂ%gt%ﬂﬁbbyergm&[?ﬁwteé’ﬁ’ gééferatbly

| east one di val ent e part
cl ai m 1HwreCldi;n t he fl uorosil ane group represented by
Formula ( 1) is a carbamate fluorosilane group such

that in Forrula ( 1) : Z1 is -NH and Z2 is -O, or
fltHeSsecgndarﬂg e@fdrﬁer'ﬂ@ﬂne@%e?%n‘s O said carbamate

| uor osi | ane rou er represented by the
f or mul ag) Z{ lew[e@d@)]—wnmn NH C(O-0Q 1- Rf, or

(L) OB ot LT 3 el b Pt bl g o

Ieast 00T Y3 éé’FBI%hlé iflepepred b m@&%tgﬁ@@#’
conS|st|n2 ZWC | %‘ﬁ 9 -S-, -S5O -

-S(0O) 2—0%0)@% o0 )ﬂ,-and eetiana IyThréh@rAnterEupégd y at
gle?:‘ Imuglr \ggféﬁ% %Q@f?@rgyé%ﬁégg}eﬁt IC§ cohogen fromthe
group consisting of
2. The particles of claim 1 wherein the fluorosilane group represented
by Formula (1) is a urea or thiourea fluorosilane group such that in
Formula (1):
a=1, x=1, and I=1;
Z" is \NH-and Z* is -NH—;
said urea or thiourea fluorosilane group further represented by the
formula:
(LY¢(LA)cSi—(CH2)i—NH-C(X")-NH-Q"-R;

wherein:
X" is O to form a urea fluorosilane group, or X' is S to form a
thiourea fluorosilane group; and
Q' is independently chosen from the group consisting of a C,-C12
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —-S—, —S(O)-, —S(O).—, and
—O—C(O)-NH —.
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a C2-C 2 hydrocarbylene interrupted by at |east one
Hh valert noi ety chosen fromthe group consisting of

WO B09/0763(0) -, -S(O 2- , and -0-C(O - NH - .7 PCIH82008/085612

5
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particl es of claim5 wherein Rf is chosen froma

Cl2 fl | kyl . ded [ fl '
ot B of EREHHIES byaE RANSIEN BhR-abesbn iy & Skt
anﬁéﬁlﬁokdélk)ﬁl%d@r fsl |H@é|9éﬂd@ﬁtly'c$10b@ﬁ deﬁlm Qﬁro@b ci\insstlng of

| east one oxygen, nethyl ene, 0r ethylene; i s chosen

f r 862 Be MycsoearbpiesegRienyPeFd by @tle@mzonq dr\@@?tuspoletve

OPLAGHA! ot b B UBLARS Bind b §2 Lo IR, P18 2h g -0-c(0)-

thsu—fJ_uorosn | ane group represented by Fornul a(1)is
a thiolcarbamate fluorosilane group such that in
Formula ( 1) : Z1is -NH and 22 is -S, or Z1is -S
ang Z2 rll%qrgt
flgorosrﬁeﬁ'ﬁmc}l%gfééw evr%erre%mrg thhgggﬁf hé CoCre

f openﬂlluaeoallﬁylb)d\(ldéd tiat: @Idn%)fmoNHe@(t@)n &- tQa berﬂ%foroalkyl is

(L1 CH 2)n O - IS

i Wér@ﬁ&&eﬁ” 2y Bgrgagthgtqr%)t%(%g at least
%Eé%xg% Afemiiner ethiana 'c;ws SR 9o Yo

| east onhe dival ént nol et osen romt

coosngistinggofod CoSC ;2 h)&(rOJ)arbyLeBeCO)pt@nally +r1tlemmt)9d¢(30)t-least
C‘()% V%‘«,“ﬁ [gRlJN-S(O)Z , and NN . 9 . The

paPtf &f ©rPIFr@iherein R is chosen froma C2-G

2 perfluoroal kyl and QL is independently chosen from

t he groug consisting of a C2-C 2 hydrocarbyl ene
i nber r uppedancles of eain 1omeergin/thedhorasilase,greHp sepresented

9) ;LQV%P@H%HWS § WA A% rositne gr§&98ubh %tth Formula (1):

20

25
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Z" is -NH-and Z?is -O—, or Z" is -O—and Z? is -NH—; and
X'is O;

said carbamate fluorosilane group further represented by the formulae:
(L")o(L?)cSi—CHz):~NH-C(0)-0-Q'-R;, or
(L")a(L2)eSi~(CH2)—O~C(0)-NH-Q'-R

wherein:

Q' is a Co~C12 hydrocarbylene optionally interrupted by at least one

divalent moiety chosen from the group consisting of -NH-C(O)-NH-, —

Za

NH-C(S)-NH—, —S—, —-S(O)-, =S(O)o—, —(R")N=S(O)p—,  N=x

6. The particles claim 5 wherein Ry is chosen from a Co—C12
perfluoroalkyl and Q' is independently chosen from the group consisting of
a C2-C12 hydrocarbylene interrupted by at least one divalent moiety
chosen from the group consisting of —-S—, —S(O)-, —S(O)2—, and —O-C(O)-
NH —.
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NH - . 10 . The particles of claim8 wherein Rf is
~chosen~froma C2-C 2 perfluoroal kyl provided that: i)
wWo@e@Ora1dy i ne atom of the perfluoroal kyl is rePptHUS08/§85612

hydrogen, and/or ii) the perfluoroalkyl is interrupted

byatl st _ane ox nmet hyl ene, or et hyl ene IS
sen ThERPTHReSPLIRED ROV LeTE ol oeshdjors AT
hygéﬁl@lékﬁ{ Ik)ﬂ RPoRBEd anl i)bn'erfhj%rrlhélﬁﬁtéﬁ &Mhébe‘r‘fﬁﬁbalﬂgﬁs

di val ent owganlc group he particles claim

furemmeObl@ ydroigey, amd/péa)sthed@@’ﬂp@nqailml is interfupiech by at least

71 P B8 gAMb e BRI B it i oo | ¢

5- N:bnﬁﬁtdwgzdf & £,=0k 1S(dedcarbylenarshtiShally ifterrgpted by at least

N-sul fone urea fluorosilane group further represented
byOR® & IVeERThArganicI919eR-L.2) cSi - (CH 2) n- NH- C(O) - NH- S( O)

2- Ql-Rf wherein: QL is independently chosen fromthe
group consisting of an uninterrupted C2-C 2

hysr ocafhglpanticled &f claifing \mer'eimihesﬂlmfrosimiergrbub wepresented

SRRl TR PR hSoREd 8 L0185 Fomt

1Ogrgﬂp such that in Fornula(l) ca=1l , x=1, and 1=1
leIS-NH- and Z2 is -NNC(OH]-; said N-fornyl
urea gr8ljs tNHt-ted Zeip-Seor&d iy Sttand &7 isuNat—; and

(Ll)d(L%)ch(CH 2)n-NH (X 1)-N (O H -Q 1- Rf

wher ei n? ts independently chosen fromthe group
cogéuu&hiongar@ématecﬁ’u&osi’aﬁygfo%&uhméﬁr@reﬁrﬂéa wptted by

| east one dival ent noiety chosen from

formulae:

15 (L"e(L?):Si—=CH2):—NH-C(0)-S-Q"-R; or
(LYg(L?)cSi—(CH2)i—S—C(O)-NH-Q"-R;
wherein:
Q' is independently chosen from the group consisting of a C2-Ci2

hydrocarbylene optionally interrupted by at least one divalent moiety

20  chosen from the group consisting of —S—, —S(0)-, —S(0),—, -N(R")-C(O)-,

Za

—C(O)-N(R")-, «(R")N-S(0O).—, and

9. The particles of claim 8 wherein Ry is chosen from a C,—C1»
perfluoroalkyl and Q' is independently chosen from the group consisting of

25 a C,-Cy2 hydrocarbylene interrupted by at least one divalent moiety
chosen from the group consisting of —-S—, —S(O)-, —S(O)2—, and —O-C(O)-
NH —.

10.  The particles of claim 8 wherein R¢ is chosen from a Co—C12
30 perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl is
replaced by hydrogen, and/or ii) the perfluoroalkyl is interrupted by at least

one oxygen, methylene, or ethylene; Q is chosen from the group
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the group consisting of -S- and -NH. 13 . The
~padticles of claim1 further conprising at |east one
WEa009td1® havi ng a surface coval ently bonded tRCEUS2008/085612
t hi oet her succinami c acid fluorosilane group such that

gﬂagr%igﬁj@agé@'é@%%_ﬁfc&o%r}()g_lern’g_oagglr%néﬁéirfter%&pt'e% ByNg{_ least
1) Ght bGP aniSyrodpis O and QL is -(CH 2 2- said

t hi oet her sucCinam c acid group further represented by
the formulae: (L)3Si-(CH 2)n-NHC(O -[HC(COOH) (R

(1)L%I ggl f%ﬁ‘n‘%{% %ﬁ‘% ﬁ{fﬁ?ﬁﬂ T?cﬁfﬁprising at least one particle

5 1( k&Y la- dfrrdbeneavalddtlyDotdBd tolzeNadutforeiuged flabrddilane group

wherein each Rl is independently chosen from nethyl or
hyav@ytat it EPEPEBI(}):H. 14. The particles of claim1

further c&npm'gi -l e@st p icle having a
surf acezcoval ’élnt ?@d ggﬁdeﬁﬁt (‘)S?g%t é%hhary am ne

fl uor osXl &@; group such that in Fornula ( 1) : a=1,
x=0, and 1=0, and Z1 is -N-Q3-(Rf)]_; said tertiary

anmgaed NLsLofopei raadiupradilané g;lf‘élhtﬁffurﬂﬁi’ resreRbRdLYy theeformula:
formula: n QL and B is independently chosen fromthe

10 9r oup can$jEA)iY(CH,)aNH-CO NN ISQFRLEYIRNE
interrqg_t ZJ(S tgy ai Ize)ast one@)?__C( O)-gﬁrénd ofgti onal |y
f uwheegini nterrupted by at |east one divalent noiety

2" NR BT AR e Sdorg g e

N=Dhinterrupted C»-C12 hydrocarbylene.

15 12.  The particles of claim 1 further comprising at least one particle
having a surface covalently bonded to a N-formyl urea fluorosilane group
such that in Formula (1):
a=1,x=1, and I=1; and
Z'is -NH-, and Z? is -N[C(O)H]~;
20  said N-formyl urea group further represented by the formula:
(L")(L?)eSi~(CH2)~NH-C(X")-N[C(O)H]-Q"-R
wherein:
Q' is independently chosen from the group consisting of a C2-Ci2
hydrocarbylene interrupted by at least one divalent moiety chosen from

25 the group consisting of —-S— and —NH-.

13.  The particles of claim 1 further comprising at least one particle
having a surface covalently bonded to a thioether succinamic acid
fluorosilane group such that in Formula (1):
30 a=1, x=1, and I=1;
Z'is -NH- and Z? is -[HC(COOH)(R")]CH-S- or
—(R"CH-[HC(COOH)]-S—;
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X'is O; and Q' is «(CH2)—
said thioether succinamic acid group further represented by the formulae:
(L)3Si—(CH2),—~NH-C(O)-[HC(COOH)(RNICR'-(CH2)m—S—(CH2)—R;, or
(L)3Si~(CH3),—~NH-C(0)~(R"CH-[CR'(COOH)]-(CH2)m—S—(CH2)—Rs
wherein m is 1 or 0; wherein each R is independently chosen from methyl
or hydrogen preferably H.

14.  The particles of claim 1 further comprising at least one particle
having a surface covalently bonded to a tertiary amine fluorosilane group
such that in Formula (1):
a=1, x=0, and |1=0; and
Z" is -N[-Q°~(Ry)]-;
said tertiary amine fluorosilane group further represented by the formula:
| f
3
L)S—(CH)TN—Q™R
Q' and Q* is independently chosen from the group consisting of a Cy-
C12 hydrocarbylene interrupted by at least one —C(O)-O- and optionally
further interrupted by at least one divalent moiety chosen from the group

consisting of —S—, =S(0)—, —S(0)2—, -N(R")~C(O)—, —-C(O}-N(R")~, —

Zam

(R'N=S(O),—, and =N
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