(19)

*EP003705545A1*
(11)

EP 3 705 545 A1

EUROPEAN PATENT APPLICATION

(12)

published in accordance with Art. 153(4) EPC
(51) Int Cl.:

(43) Date of publication:

C09D 183/04 (2006.01)
C08G 65/336 (2006.01)
C09D 7/20 (2018.01)
G02B 1/18 (2015.01)

09.09.2020 Bulletin 2020/37

(21) Application number: 18872511.3
(22) Date of filing: 30.10.2018

C03C 17/30 (2006.01)
C09D 5/16 (2006.01)
C09K 3/18 (2006.01)

(86) International application number:
PCT/JP2018/040363

(87) International publication number:

WO 2019/088116 (09.05.2019 Gazette 2019/19)

(84) Designated Contracting States:

AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 31.10.2017 JP 2017211196

(54)

(71) Applicant: Daikin Industries, Ltd.
Osaka-shi, Osaka 530-8323 (JP)

(72) Inventor: HONDA, Yoshiaki
Osaka-shi
Osaka 530-8323 (JP)

(74) Representative: Hoffmann Eitle

Patent- und Rechtsanwälte PartmbB
Arabellastraße 30
81925 München (DE)

SURFACE TREATMENT COMPOSITION

(57)

EP 3 705 545 A1

A surface treatment composition including a perfluoropolyether group-containing silane compound and a solvent,
wherein a proportion of the perfluoropolyether group-containing silane compound based on a total amount of the perfluoropolyether group-containing silane compound and the solvent is in the range from 30 to 99% by mass.

Printed by Jouve, 75001 PARIS (FR)

EP 3 705 545 A1
Description
Technical Field
5

[0001]

The present invention relates to a surface treatment composition.

Background Art
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15

[0002] It is known that a certain fluorine-containing silane compound can provide excellent water-repellency, oilrepellency, antifouling property, and the like when used for a surface treatment of a base material. For example, Patent
Literature 1 describes a surface treatment composition including a perfluoropolyether group-containing silane compound
having a perfluoropolyether group in a molecular backbone and a hydrolyzable group bonding to a Si atom at a molecular
end or an end portion.
Citation List
Patent Literature
[0003]

Patent Literature 1: JP 2016-138240 A
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Summary of Invention
Technical Problem
25

[0004] A layer obtained from such a surface treatment composition (hereinafter, sometimes referred to as "surfacetreating layer") is demanded to not only have favorable surface physical properties, but also be less in variation in such
surface physical properties.
[0005] An object of the present invention is to provide a surface-treating layer which is less in variation in surface
physical properties (for example, friction durability).
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Solution to Problem
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[0006] A perfluoropolyether group-containing silane compound may be used as a composition including a perfluoropolyether group-containing silane compound and a solvent from the viewpoint that favorable handleability is demanded.
For example, Examples of Patent Literature 1 describe a surface treatment composition including a perfluoropolyether
group-containing silane compound (hereinafter, sometimes referred to as "PFPE-containing silane compound") and a
solvent, the composition including 20 parts by mass of the PFPE-containing silane compound based on 100 parts by
mass of the surface treatment composition.
[0007] The present inventor, however, has made studies and has found that a layer obtained from the surface treatment
composition including 20 parts by mass of the PFPE group-containing silane compound and a solvent is varied in surface
physical properties.
[0008] A first aspect of the present invention provides
a surface treatment composition including a perfluoropolyether group-containing silane compound and a solvent, wherein
a proportion of the perfluoropolyether group-containing silane compound based on 100 parts by mass of a total amount
of the perfluoropolyether group-containing silane compound and the solvent is in the range from 30 to 99 parts by mass.
[0009] A second aspect of the present invention provides a pellet containing the surface treatment composition of the
present invention.
[0010] A third aspect of the present invention provides an article including a base material, and a layer formed from
the surface treatment composition of the present invention, on a surface of the base material.

50

Advantageous Effects of Invention
[0011] The present invention can provide a surface treatment composition that can contribute to formation of a surfacetreating layer which is less in variation in surface physical properties (for example, friction durability).
55

Description of Embodiments
[0012]

Hereinafter, the surface treatment composition of the present invention will be described.
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[0013] The surface treatment composition of the present invention includes
a perfluoropolyether group-containing silane compound and a solvent, wherein
the proportion of the perfluoropolyether group-containing silane compound based on 100 parts by mass of the total
amount of the perfluoropolyether group-containing silane compound and the solvent is in the range from 30 to 99 parts
by mass.
(PFPE-containing silane compound)

10

[0014] The PFPE-containing silane compound is not limited as long as the compound mainly has a fluorine-containing
moiety imparting water-repellency, surface lubricity, and the like, and a silane moiety imparting a binding ability to other
substance. Herein, the perfluoropolyether group (hereinafter, also referred to as "PFPE") means a group where all
hydrogen atoms of a polyether group are each substituted with a fluorine atom.
[0015] In one embodiment, the PFPE-containing silane compound is a compound represented by (A1), (A2), (B1),
(B2), (C1), (C2), (D1) or (D2).
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(Rf-PFPE)β1’-X3-(SiR13n1R143-n1)β1 ···
30

(B1)

(R143-n1R13n1Si)β1-X3-PFPE-X3-(SiR13n1R143-n1)β1 ···
(Rf-PFPE)γ1’-X5-(SiRak1Rbl1Rcm1)γ1···

35

(C1)

(Rcm1Rbl1Rak1Si)γ1-X5-PFPE-X5-(SiRak1Rbl1Rcm1)γ1 ···
(Rf-PFPE)δ1’-X7-(CRdk2Rel2Rfm2)δ1 ···
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(C2)

(D1)

(Rfm2Rel2Rdk2C)δ1-X7-PFPE-X7-(CRdk2Rel2Rfm2)δ1 ···
40

(B2)

(D2)

[0016] Hereinafter, any PFPE-containing silane compound represented by the formulae (A1), (A2), (B1), (B2), (C1),
(C2), (D1) and (D2) will be described.
[0017] The "di- to decavalent organic group", as used herein, means a di- to decavalent group containing carbon. The
di- to decavalent organic group is not limited, and examples thereof include a di- to decavalent group where 1 to 9
hydrogen atoms are further removed from a hydrocarbon group. The divalent organic group is not limited, and examples
thereof include a divalent group where one hydrogen atom is further removed from a hydrocarbon group.
[0018] The "hydrocarbon group", as used herein, means a group which contains carbon and hydrogen and which is
obtained by removing one hydrogen atom from a molecule. The hydrocarbon group is not limited, and examples thereof
include a hydrocarbon group having 1 to 20 carbon atoms, optionally substituted with one or more substituents, such
as an aliphatic hydrocarbon group and an aromatic hydrocarbon group. For example, the "aliphatic hydrocarbon group"
may be any linear, branched or cyclic group, and may be any saturated or unsaturated group. For example, the hydrocarbon group may contain one or more ring structures. The hydrocarbon group may have one or more N, O, S, Si, amide,
sulfonyl, siloxane, carbonyl, carbonyloxy, and the like at an end thereof or in a molecular chain thereof.
[0019] Each substituent of the "hydrocarbon group", as used herein, is not limited, and examples thereof include a
halogen atom; and one or more groups selected from a C1-6 alkyl group, a C2-6 alkenyl group, a C2-6 alkynyl group, a
C3-10 cycloalkyl group, a C3-10 unsaturated cycloalkyl group, a 5 to 10-membered heterocyclyl group, a 5 to 10-membered
unsaturated heterocyclyl group, a C6-10 aryl group and a 5 to 10-membered heteroaryl group each optionally substituted
with one or more halogen atoms.
[0020] The alkyl group and the phenyl group may be herein unsubstituted or substituted, unless particularly noted.
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Each substituent of such groups is not limited, and examples thereof include one or more groups selected from a halogen
atom, a C1-6 alkyl group, a C2-6 alkenyl group and a C2-6 alkynyl group.
[0021] Formulae (A1) and (A2):
5
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[0022] In the formulae, Rf, at each occurrence, independently represents an alkyl group having 1 to 16 carbon atoms,
optionally substituted with one or more fluorine atoms.
[0023] The "alkyl group having 1 to 16 carbon atoms" with respect to the alkyl group having 1 to 16 carbon atoms, the
group being optionally substituted with one or more fluorine atoms, is optionally linear or branched, is preferably a linear
or branched alkyl group having 1 to 6 carbon atoms, particularly 1 to 3 carbon atoms, more preferably a linear alkyl
group having 1 to 3 carbon atoms.
[0024] Rf is preferably an alkyl group having 1 to 16 carbon atoms, the group being optionally substituted with one or
more fluorine atoms, more preferably a CF2H-C1-15 fluoroalkylene group or a C1-16 perfluoroalkyl group, further preferably
a C1-16 perfluoroalkyl group.
[0025] The perfluoroalkyl group having 1 to 16 carbon atoms may be linear or branched, and is preferably a linear or
branched perfluoroalkyl group having 1 to 6 carbon atoms, in particular, 1 to 3 carbon atoms, more preferably a linear
perfluoroalkyl group having 1 to 3 carbon atoms, specifically -CF3, -CF2CF3, or -CF2CF2CF3.
[0026] In the formulae, PFPE, at each occurrence, is independently a group represented by:

30

-(OC6F12)a-(OC5F10)b-(OC4F8)c-(OC3X106)d-(OC2F4)e-(OCF2)f-.
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In the formulae, a, b, c, d, e and f are each independently an integer of 0 or more and 200 or less, and the sum of a, b,
c, d, e and f is at least 1. Preferably, a, b, c, d, e and f are each independently an integer of 0 or more and 100 or less.
Preferably, the sum of a, b, c, d, e and f is 5 or more, more preferably 10 or more. Preferably, the sum of a, b, c, d, e
and f is 200 or less, more preferably 100 or less, for example, 10 or more and 200 or less, more specifically 10 or more
and 100 or less. The occurrence order of the respective repeating units in parentheses with a, b, c, d, e or f is not limited
in the formula. Each X10, at each occurrence, independently represents a hydrogen atom, a fluorine atom or a chlorine
atom, preferably a hydrogen atom or a fluorine atom, more preferably a fluorine atom.
[0027] Such repeating units may, for example, be linear or branched, and are preferably linear. For example,-(OC 6F12)may
be -(OCF2CF2CF2CF2CF2CF2)-,-(OCF(CF3)CF2CF2CF2CF2)-,
-(OCF2CF(CF3)CF2CF2CF2)-,-(OCF2CF2CF(CF3)CF2CF2)-, -(OCF2CF2CF2CF (CF3)CF2)-,-(OCF2CF2CF2CF2CF(CF3))-, or the like, and is preferably-(OCF2CF2CF2CF2CF2CF2)-.
For
example,
-(OC5F10)may
be-(OCF2CF2CF2CF2CF2)-,
-(OCF
(CF3)CF2CF2CF2)-,-(OCF2CF(CF3)CF2CF2)-, -(OCF2CF2CF(CF3)CF2)-,-(OCF2CF2CF2CF (CF3))-, or the like, and is
preferably-(OCF2CF2CF2CF2CF2)-. -(OC4F8)- may be any of-(OCF2CF2CF2CF2)-, -(OCF (CF3)CF2CF2)-,
-(OCF2CF(CF3)CF2)-,-(OCF2CF2CF(CF3))-,
-(OC
(CF3)2CF2)-,
-(OCF2C(CF3)2)-,-(OCF(CF3)CF(CF3))-,
-(OCF(C2F5)CF2)- and -(OCF2CF(C2F5))-, and is preferably -(OCF2CF2CF2CF2)-. -(OC3F6)- (namely, in the formulae,
X10 represents a fluorine atom) may be any of - OCF2CF2CF2)-, -(OCF (CF3)CF2)- and -(OCF2CF (CF3))-, and is
preferably -(OCF2CF2CF2)-. -(OC2F4)- may be any of-(OCF2CF2)- and -(OCF(CF3))-, and is preferably -(OCF2CF2)-.
[0028] In one embodiment, PFPE is -(OC3F6)d-, wherein d is an integer of 1 or more and 200 or less, preferably 5 or
more and 200 or less, more preferably 10 or more and 200 or less. Preferably, PFPE is -(OCF2CF2CF2)d-, wherein d is
an integer of 1 or more and 200 or less, preferably 5 or more and 200 or less, more preferably 10 or more and 200 or
less, or -(OCF(CF3)CF2)d-, wherein d is an integer of 1 or more and 200 or less, preferably 5 or more and 200 or less,
more preferably 10 or more and 200 or less. More preferably, PFPE is -(OCF2CF2CF2)d-, wherein d is an integer of 1
or more and 200 or less, preferably 5 or more and 200 or less, more preferably 10 or more and 200 or less.
[0029] In another embodiment, PFPE is -(OC4F8)c-(OC3F6)d-(OC2F4)e-(OCF2)f-, wherein c and d are each independently an integer of 0 or more and 30 or less, e and f are each independently 1 or more and 200 or less, preferably 5 or
more and 200 or less, more preferably an integer of 10 or more and 200 or less, the sum of c, d, e and f is at least 5 or
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more, preferably 10 or more, and the occurrence order of the respective repeating units in parentheses with the subscript
c, d, e or f is not limited in the formulae. Preferably, PFPE is-(OCF2CF2CF2CF2)c-(OCF2CF2CF2)d-(OCF2CF2)e-(OCF2)f-.
[0030] In one embodiment, PFPE may be -(OC2F4)e-(OCF2)f-, wherein e and f are each independently an integer of
1 or more and 200 or less, preferably 5 or more and 200 or less, more preferably 10 or more and 200 or less, and the
occurrence order of the respective repeating units in parentheses with the subscript e or f is not limited in the formulae.
[0031] In still another embodiment, PFPE is a group represented by -(R6-R7)j-. In the formulae, R6 represents OCF2
or OC2F4, preferably OC2F4. In the formula, R7 represents a group selected from OC2F4, OC 3F6, OC4F8, OC5F10 and
OC6F12, or a combination of two or three groups independently selected from the above groups. Preferably, R7 is a
group selected from OC2F4, OC3F6 and OC4F8, or a combination of two or three groups independently selected from
such groups, more preferably a group selected from OC3F6 and OC4F8. Such a combination of two or three groups
independently selected from OC2F4, OC3F6 and OC4F8 is not limited, and examples thereof include -OC2F4OC3F6-,
-OC2F4OC4F8-, -OC3F6OC2F4-, -OC3F6OC3F6-, -OC3F6OC4F8-,-OC4F8OC 4F8-, -OC4F8OC 3F6-, -OC4F8OC2F4-,
-OC2F4OC2F4OC3F6-,-OC2F4OC2F4OC4F8-, -OC2F4OC3F6OC2F4-, -OC2F4OC3F6OC3F6-,-OC2F4OC4F8OC2F4-,
-OC3F6OC2F4OC2F4-, -OC3F6OC2F4OC3F6-,-OC3F6OC3F6OC2F4-, and -OC4F8OC2F4OC2F4-. Here, j is an integer of
2 or more, preferably 3 or more, more preferably 5 or more, and an integer of 100 or less, preferably 50 or less. In the
formulae, OC 2F4, OC 3F6, OC4F8, OC5F10 and OC6F12 may be linear or branched, and is preferably linear. In this
embodiment, PFPE is preferably -(OC2F4-OC 3F6)j- or -(OC2F4-OC4F6)j-.
[0032] The ratio of e to f in PFPE (hereinafter, referred to as "e/f ratio") is 0.1 or more and 10 or less, preferably 0.2
or more and 5.0 or less, more preferably 0.2 or more and 2.0 or less, further preferably 0.2 or more and 1.5 or less. The
e/f ratio, which falls within the range, can more enhance water-repellency, oil-repellency and chemical resistance (for
example, durability to brine, aqueous acidic or basic solution, acetone, oleic acid or hexane) of a cured product obtained
from the compound. A lower e/f ratio more enhances water-repellency, oil-repellency and chemical resistance of the
cured product. On the other hand, an e/f ratio of 0.1 or more can more enhance stability of the compound. A higher e/f
ratio more enhances stability of the compound.
[0033] In the formulae, each R13, at each occurrence, independently represents a hydroxyl group or a hydrolyzable
group.
[0034] The "hydrolyzable group", as used herein, means a group which can undergo a hydrolysis reaction, namely,
means a group which can be removed from a main backbone of the compound by a hydrolysis reaction. Examples of
the hydrolyzable group include -OR, -OCOR, -O-N= CR2, -NR2, -NHR, and halogen, wherein each R represents a
substituted or unsubstituted alkyl group having 1 to 4 carbon atoms, preferably include -OR (namely, alkoxy group).
Examples of R include unsubstituted alkyl groups such as a methyl group, an ethyl group, a propyl group, an isopropyl
group, a n-butyl group and an isobutyl groups; and saturated alkyl groups such as a chloromethyl group. Among them,
an alkyl group, in particular, an unsubstituted alkyl group is preferable, and a methyl group or an ethyl group is more
preferable. The hydroxyl group is not limited, and may be generated by hydrolyzing the hydrolyzable group.
[0035] In the formulae, each R14, at each occurrence, independently represents a hydrogen atom or an alkyl group
having 1 to 22 carbon atoms, preferably an alkyl group having 1 to 4 carbon atoms.
[0036] In the formulae, each R11, at each occurrence, independently represents a hydrogen atom or a halogen atom.
The halogen atom is preferably an iodine atom, a chlorine atom or a fluorine atom, more preferably a fluorine atom.
[0037] In the formulae, each R 12, at each occurrence, independently represents a hydrogen atom or a lower alkyl
group. The lower alkyl group is preferably an alkyl group having 1 to 20 carbon atoms, more preferably an alkyl group
having 1 to 6 carbon atoms, and examples thereof include a methyl group, an ethyl group and a propyl group.
[0038] In the formulae, nl with respect to each (-SiR13n1R143-n1) unit is independently an integer of 0 to 3, preferably
1 to 3, more preferably 3. In the formulae, at least one n1 is an integer of 1 to 3, namely, there is not any case where
all nl(s) are simultaneously 0. In other words, at least one R 13 is present in the formula.
[0039] In one embodiment, at least two Si each bonding to the hydroxyl group or the hydrolyzable group are present
in formulae (A1) and (A2). That is, at least two - SiR13n1R143-n1 structures (namely, -SiR13 moieties) where n is 1 or
more are present in formulae (A1) and (A2).
[0040] In the formulae, each X1 independently represents a single bond or a di- to decavalent organic group. X 1 is
understood to be a linker which links a perfluoropolyether moiety (namely, Rf-PFPE moiety or - PFPE- moiety) mainly
providing water-repellency, surface lubricity, and the like, and a silane moiety (namely, group in parentheses with α1)
mainly providing a binding ability to the base material, in any compound represented by formulae (A1) and (A2). Accordingly, X1 may be a single bond or any organic group as long as such any compound represented by formulae (A1)
and (A2) can be stably present. Herein, a left portion and a right portion of the group designated as X1 are bonding to
the group represented by PFPE and the group in parentheses with α1, respectively.
[0041] In another embodiment, X1 can be Xe. Xe represents a single bond or a di- to decavalent organic group,
preferably represents a single bond or a di- to decavalent organic group having at least one selected from the group
consisting of -C6H4- (namely, -phenylene-, hereinafter, representing a phenylene group), -CO-(carbonyl group), -NR4and -SO2-. Each R4 independently represents a hydrogen atom, a phenyl group, or a C1-6 alkyl group (preferably a

5

EP 3 705 545 A1

5

10

15

methyl group), preferably represents a hydrogen atom or a methyl group. Such -C6H4-, -CO-, -NR4- or -SO2- is preferably
contained in a molecular backbone of the PFPE-containing silane compound. The molecular backbone here represents
a relatively longest binding chain in a molecule of the PFPE-containing silane compound.
[0042] Xe more preferably represents a single bond or a di-to decavalent organic group having at least one selected
from the group consisting of -C6H4-, -CONR4-, -CONR4-C 6H4-, -CO-, -CO-C6H4-, -SO2NR4-, -SO2NR4-C6H4-, -SO2-,
and -SO 2-C6H4-. Such -C6H4-, -CONR4-, -CONR4-C 6H4-, -CO-, -CO-C6H4-, -SO 2NR4-, -SO2NR4-C6H4-, -SO2-, or
-SO 2-C6H4- is preferably contained in a molecular backbone of the PFPE-containing silane compound.
[0043] In the formulae, α1 is an integer of 1 to 9 and α1’ is an integer of 1 to 9. Such α1 and α1’ may be varied
depending on the valence of X1. In formula (A1), the sum of α1 and α1’ is the same as the valence of X1. For example,
in the case where X1 is a decavalent organic group, the sum of α1 and α1’ can be 10, for example, α1 can be 9 and α1’
can be 1, α1 can be 5 and α1’ can be 5, or α1 can be 1 and α1’ can be 9. In the case where X1 is a divalent organic
group, α1 and α1’ are 1. In formula (A2), α1 corresponds to a value obtained by subtracting 1 from the valence of X1.
In the case where X1 is a single bond, α1 or α1’ is 1.
[0044] X1 is preferably a di- to heptavalent, more preferably di- to tetravalent, further preferably divalent organic group.
[0045] In one embodiment, X1 is a di- to tetravalent organic group, α1 is 1 to 3, and α1’ is 1.
[0046] In another embodiment, X1 is a divalent organic group, α1 is 1, and α1’ is 1. In such a case, formulae (A1) and
(A2) are represented by the following formulae (A1’) and (A2’), respectively.
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[0047]

Examples of X1 are not limited, and include a divalent group represented by the following formula:
-(R31)p, -(Xa)q’-
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wherein:
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R31 represents a single bond, -(CH2)s’-, or an o-, m- or p-phenylene group, preferably represents -(CH2)s’-,
s’ is an integer of 1 to 20, preferably an integer of 1 to 6, more preferably an integer of 1 to 3, still more preferably 1 or 2,
Xa represents, -(Xb)l’-,
each Xb, at each occurrence, independently represents a group selected from the group consisting of -O-, -S-, o-,
m- or p-phenylene group, -C(O)O-, -Si(R33)2-, -(Si(R33)2O)m’-Si(R33)2-, -CONR34-, -O-CONR34-, -NR34and-(CH2)n’-,
each R33, at each occurrence, independently represents a phenyl group, a C1-6 alkyl group or a C1-6 alkoxy group,
preferably represents a phenyl group or a C1-6 alkyl group, more preferably represents a methyl group,
each R34, at each occurrence, independently represents a hydrogen atom, a phenyl group, or a C1-6 alkyl group
(preferably a methyl group),
each m’, at each occurrence, is independently an integer of 1 to 100, preferably an integer of 1 to 20,
each n’, at each occurrence, is independently an integer of 1 to 20, preferably an integer of 1 to 6, more preferably
an integer of 1 to 3,
l’ is an integer of 1 to 10, preferably an integer of 1 to 5, more preferably an integer of 1 to 3,
p’ is 0 or 1, and
q’ is 0 or 1,
provided that at least one of p’ and q’ is 1, and the occurrence order of the respective repeating units in parentheses
with p’ or q’ is not limited. Here, R31 and Xa (typically, any hydrogen atom in R31 and Xa) are each optionally
substituted with one or more substituents selected from a fluorine atom, a C 1-3 alkyl group and a C 1-3 fluoroalkyl group.
[0048]

In one embodiment, l’ is 1.
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[0049] Preferably, X1 is -(R31)p, -(Xa)q’-R32-. R 32 represents a single bond, -(CH2)t’-, or an o-, m- or p-phenylene group,
preferably -(CH 2)t’-. Here, t’ is an integer of 1 to 20, preferably an integer of 2 to 6, more preferably an integer of 2 to 3.
Here, R32 (typically, any hydrogen atom in R32) is optionally substituted with one or more substituents selected from a
fluorine atom, a C1-3 alkyl group and a C1-3 fluoroalkyl group.
[0050] Preferably, X1 can be
a single bond,
a C1-20 alkylene group,
-R31-Xc-R32-, or
-Xd-R32- wherein R31 and R32 have the same meanings as described above. Herein, such an alkylene group is a group
having a -(CδH2δ)- structure, and is optionally substituted or unsubstituted and is optionally linear or branched.
[0051] More preferably, X1 is
a single bond,
a C1-20 alkylene group,
-(CH2)s’-Xc- ,
-(CH2)s’-Xc-(CH2)t’- -Xd-, or
-Xd-(CH2)t’- wherein s’ and t’ have the same meanings as described above.
[0052] Further preferably, X1 is
-Xf-,
a -Xf-C1-20 alkylene group,
-Xf-(CH2)s’-Xc-,
-Xf-(CH2)s’-Xc-(CH2)t’- -Xf-Xd-, or
-Xf-Xd-(CH2)t’- wherein s’ and t’ have the same meanings as described above.
[0053] In the formulae, Xf is an alkylene group having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms, more
preferably 1 to 2 carbon atoms, for example, a methylene group. Any hydrogen atom in Xf is optionally substituted with
one or more substituents selected from a fluorine atom, a C1-3 alkyl group and a C1-3 fluoroalkyl group, and is preferably
substituted. Xf may be linear or branched, and is preferably linear.
[0054] In the formulae, Xc represents
-O-,
-S-,
-C(O)O-,
-CONR34-,
-O-CONR34-,
-Si(R33)2-,
-(Si(R33)2O)m’-Si(R33)2-,
-O-(CH2)u’-(Si(R33)2O)m’-Si(R33)2-,
-O-(CH2)u’-Si(R33)2-O-Si(R33)2-CH2CH2-Si (R33)2-O-Si(R33)2-,
-O-(CH2)u’-Si(OCH3)2OSi(OCH3)2-,
-CONR34-(CH2)u’-(Si(R33)2O)m’-Si(R33)2-,
-CONR34-(CH2)u’-N(R34)-, or
-CONR34-(o-, m- or p-phenylene)-Si(R33)2- wherein R33, R34 and m’ have the same meanings as described above, and
u’ is an integer of 1 to 20, preferably an integer of 2 to 6, more preferably an integer of 2 to 3. Xc is preferably -O-.
[0055] In the formulae, Xd represents
-S-,
-C(O)O-,
-CONR34-,
-CONR34-(CH2)u’-(Si(R33)2O)m’-Si(R33)2-,
-CONR34-(CH2)u’-N(R34)-, or
-CONR34-(O-, m- or p-phenylene)-Si(R33)2- wherein each symbol has the same meaning as described above.
[0056] Particularly preferably, X1 is a group represented by
-Xf-,
a -Xf-C1-20 alkylene group,
-Xf- (CH2)s’-Xc-,
-Xf-(CH2)s’-Xc-(CH2)t’- -Xf-Xd-, or
-Xf-Xd-(CH2)t’- wherein Xf, s’ and t’ have the same meanings as described above;
Xc represents -O-, or -CONR34-,
Xd represents -CONR34-, and
each R34, at each occurrence, independently represents a hydrogen atom, a phenyl group, or a C1-6 alkyl group (preferably
a methyl group).
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[0057] In one embodiment, X1 is a group represented by
-Xf-(CH2)s’-Xc-,
-Xf-(CH2)s’-Xc-(CH2)t’- -Xf-Xd-, or
-Xf-Xd-(CH2)t’- wherein Xf, s’ and t’ have the same meanings as described above;
Xc represents -CONR34-,
Xd represents -CONR34-, and
each R34, at each occurrence, independently represents a hydrogen atom, a phenyl group or a C1-6 alkyl group (preferably
a methyl group).
[0058] In one embodiment, X1 can be,
a single bond,
a C1-20 alkylene group,
-(CH2)s’-Xc-(CH2)t’-, or
-Xd-(CH2)t’- wherein each symbol has the same meaning as described above.
[0059] Preferably, X1 is
a single bond,
a C1-20 alkylene group,
-(CH2)s’-O-(CH2)t’-,
-(CH2)s’-(Si(R 33)2O)m’-Si(R33)2-(CH2)t’-,
-(CH2)s’-O-(CH2)u’-(Si (R33)2O)m’-Si(R 33)2-(CH 2)t’-, or
-(CH2)s’-O-(CH2)t’-Si(R33)2-(CH2)u’-Si(R 33)2-(C vH2v)- wherein R33, m’, s’, t’ and u’ have the same meanings as described
above, and v is an integer of 1 to 20, preferably an integer of 2 to 6, more preferably an integer of 2 to 3.
[0060] In the formulae, -(CvH2v)- is optionally linear or branched, and can be, for example, -CH2-,
-CH2CH2-,-CH 2CH2CH2-, -CH(CH3)- or -CH(CH3)CH2-.
[0061] The X1 group is optionally substituted with one or more substituents selected from a fluorine atom, a C1-3 alkyl
group and a C1-3 fluoroalkyl group (preferably C1-3perfluoroalkyl group).
[0062] In one embodiment, the X1 group can be other than a -O-C1-6 alkylene group.
[0063] In another embodiment, examples of the X1 group include the following groups:
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wherein each R41 independently represents a hydrogen atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, or a C1-6 alkoxy group, preferably a methyl group;
D is a group selected from
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CF2O(CH2)3-,
-(CH2)2-,
-(CH2)3-,
-(CH2)4-,
-CONH-(CH2)3-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH2)3-, wherein Ph means phenyl; and

50

55

wherein each R42 independently represents a hydrogen atom, a C1-6 alkyl group or a C1-6 alkoxy group, preferably
a methyl group or a methoxy group, more preferably a methyl group;
E is -(CH2)ne-(ne is an integer of 2 to 6),
D is bonding to PFPE of a molecular backbone, and E is bonding to a group opposite to PFPE.
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Specific examples of X1 include:

a single bond,
-CH2OCH2-,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH2-,
-CF2-CH2-O-(CH2)2-,
-CF2-CH2-O-(CH2)3-,
-CF2-CH2-O-(CH2)6-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)2Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)3Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)10Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)20Si(CH3)2(CH2)2-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2-,
-CH2OCF2CHFOCF2CF2CF2,
-CH2OCH2CF2CF2OCF2-,
-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF (CF3)CF2OCF2CF2CF2
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH 2-,
CH2OCH2(CH2)7CH2Si(OCH3)2OSi(OCH3)2(CH2)2Si(OCH3)2OSi(OCH3)2(C H2)2-,
-CH2OCH2CH2CH2Si(OCH3)2OSi(OCH 3)2(CH2)3-,
-CH2OCH2CH2CH2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)3-,
-CH2OCH2CH2CH2Si(OCH3)2OSi(OCH 3)2(CH2)2-,
-CH2OCH2CH2CH2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)2-,
-(CH2)2-Si(CH3)2-(CH2)2-,
-CH2-,
-(CH2)2-,
-(CH2)3-,
-(CH2)4-,
-(CH2)5-,
-(CH2)6-,
-CF2-,
-(CF2)2-,
-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4
-CF2-(CH2)5-,
-CF2-(CH2)6-,
-CO-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
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-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH2)e-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH 2)3-,
-CH2O-CONH-(CH 2)6-,
-S-(CH2)3-,
-(CH2)2S(CH2)3-,
-CONH-(CH2)3Si(CH3)2OSi(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH3)2OSi(CH3)2OSi(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH3)2O(Si(CH3)2O)2Si(CH3)2(CH 2)2-,
-CONH-(CH2)3Si(CH3)2O(S(CH3)2O)3Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH3)2O(Si(CH3)2O)10Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH3)2O(Si(CH3)2O)20Si(CH3)2(CH2)2-,
-C(O)O-(CH2)3-,
-C(O)O-(CH2)6-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH 3)2-(CH2)2-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH 3)2-CH(CH3)-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH 3)2-(CH2)3-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH 3)2-CH(CH3)-CH2-,
-OCH2-,
-O(CH2)3-,
-OCFHCF2-

40

45

[0065]

50

55

In particular, X1 is preferably

-CH2OCH2- ,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH2-,
-CF2-CH2-O- (CH2)2-,
-CF2-CH2-O- (CH2)3-,
-CF2-CH2-O-(CH2)6-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2- ,
-CH2OCF2CHFOCF2CF2CF2- ,
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-CH2OCH2CF2CF2OCF2- ,
-CH2OCH2CF2CF2OCF2CF2- ,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH 2-,
-CH2-,
- (CH2)2-,
- (CH2)3-,
- (CH2)4-,
- (CH2)5-,
- (CH2)6-,
-CF2-,
-(CF2)2-,
-CF2-CH2- ,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4-,
-CF2-(CH2)5-,
-CF2-(CH2)6-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH 2)3-,
-CH2O-CONH-(CH 2)6-,
-OCH2-,
-O(CH2)3-,
-OCFHCF2- .
[0066]

In particular, X1 is more preferably

55

-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH 2-,
-CONH-,
-CONH-CH2- ,
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-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3) - (CH2)3-,
-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-.
[0067] In one embodiment, X1 represents Xe’. Xe’ is a single bond, an alkylene group having 1 to 6 carbon atoms,
-R51-C6H4-R52-, -R51-CONR4-R52-, -R51-CONR4-C6H4-R52-, -R51-CO-R52-, -R51-CO-C6H 4-R52-, -R51-SO2NR4-R52-,
-R51-SO 2NR4-C 6H4-R52-,-R51-SO2-R52-, or-R51-SO2-C6H4-R52-. R51 and R52 each independently represent a single
bond or an alkylene group having 1 to 6 carbon atoms, preferably a single bond or an alkylene group having 1 to 3
carbon atoms. R 4 has the same meaning as described above. The alkylene group is substituted or unsubstituted,
preferably unsubstituted. Examples of the substituent of the alkylene group can include a halogen atom, preferably a
fluorine atom. The alkylene group is linear or branched, preferably linear.
[0068] In a preferable embodiment, Xe’ can be
a single bond,
-Xf-,
an alkylene group having 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms
a -Xf-C1-6 alkylene group, preferably a -Xf-C1-3 alkylene group, more preferably
a -Xf-C1-2 alkylene group,
-C6H4-R 52’-,
-CONR4’-R52’- ,
-CONR4’-C6H4-R52’-,
-Xf-CONR4’-R 52’-,
-Xf-CONR4’-C 6H4-R52’-,
-CO-R52’-,
-CO-C6H4-R52’-,
-SO 2NR4’-R52’-,
-SO 2NR4’-C6H4-R52’-,
-SO 2-R52’-,
-SO 2-C6H4-R52’-,
-R51’-C6H4-,
-R51’-CONR4’-,
-R51’-CONR4’-C6H4-,
-R51’-CO-,
-R51’-CO-C6H4-,
-R51’-SO2NR4’-,
-R51’-SO2NR4’-C6H4-,
-R51’-SO2-,
-R51’-SO2-C6H4-,
-C6H4-,
-CONR4’-,
-CONR4’-C6H4-,
-Xf-CONR4’-,
-Xf-CONR4’-C 6H4-,
-CO-,
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-CO-C6H4-,
-SO 2NR4’-,
-SO 2NR4’-C6H4-SO 2-, or
-SO 2-C6H4wherein R51’ and R52’ each independently represent a linear alkylene group having 1 to 6 carbon atoms, preferably 1
to 3 carbon atoms, the alkylene group is substituted or unsubstituted, as described above, and examples of the substituent
of the alkylene group can include a halogen atom, preferably a fluorine atom, and
R4’ is a hydrogen atom or a methyl group.
[0069] In particular, Xe’ can be preferably
-Xf-,
an alkylene group having 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms,
a -Xf-C1-6 alkylene group, preferably a -Xf-C1-3 alkylene group, more preferably
a -Xf-C1-2 alkylene group,
-CONR4’-R52’-,
-CONR4’-C6H4-R52’-,
-Xf-CONR4’-R 52’-,
-Xf-CONR4’-C 6H4-R52’-,
-R51’-CONR4’-,
-R51’-CONR4’-C6H4-,
-CONR4’-,
-CONR4’-C6H4-,
-Xf-CONR4’- ,
-Xf-CONR4’-C 6H4-,
-R51’-CONR4’- , or
-R51’-CONR4’-C6H4-. In the formulae, Xf, R 4’, R51’ and R52’ each have the same meanings as described above.
[0070] In particular, Xe’ can be more preferably
-CONR4’-R52’-,
-CONR4’-C6H4-R52’-,
-Xf-CONR4’-R 52’-,
-Xf-CONR4’-C 6H4-R52’-,
-R51’-CONR4’-,
-R51’-CONR4’-C6H4-,
-CONR4’-,
-CONR4’-C6H4-,
-Xf-CONR4’-, or
-Xf-CONR4’-C 6H4[0071] In the present embodiment, specific examples of Xe’ include
a single bond,
a perfluoroalkylene group having 1 to 6 carbon atoms (for example, -CF2-, -(CF2)2-),
an alkylene group having 1 to 6 carbon atoms,
-CF2-C1-6 alkylene group,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CF2-CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH (CH2)3-,
-CON(CH3)-,
-CON(CH3)-CH 2-,
-CON(CH3)-(CH2)2-,
-CON(CH3)-(CH2)3-,
-CF2-CON(CH3)-,
-CF2-CON(CH3)CH2-,
-CF2-CON(CH3)-(CH 2)2-,
-CF2-CON(CH3)-(CH 2)3-,
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-CH2-CONH-,
-CH2-CONH-CH2-,
-CH2-CONH-(CH 2)2-,
-CH2-CONH-(CH 2)3-,
-CF2-CH2-CONH-,
-CF2-CH2-CONH-CH2-,
-CF2-CH2-CONH- (CH 2)2-,
-CF2-CH2-CONH-(CH2)3-,
-CONH-C6H 4-,
-CON(CH3)-C6H4-,
-CH2-CON(CH3)-CH2-,
-CH2-CON(CH3)-(CH2)2-,
-CH2-CON(CH3)-(CH2)3-,
-CON(CH3)-C6H4-,
-CF2-CONH-C6H4-,
-CF2-CON(CH3)-C6H4-,
-CF2-CH2-CON(CH3)-CH2-,
-CF2-CH2-CON(CH3)-(CH2)2-,
-CF2-CH2-CON(CH3)-(CH2)3-,
-CF2-CON(CH3)-C6H4
-CO-,
-CO-C6H4-,
-C6H4-,
-SO 2NH-,
-SO 2NH-CH2-,
-SO 2NH-(CH2)2-,
-SO 2NH-(CH2)3-,
-SO 2NH-C6H4-,
-SO 2N(CH3)-,
-SO 2N(CH3)-CH2-,
-SO 2N(CH3)-(CH2)2-,
-SO 2N(CH3)-(CH2)3-,
-SO 2N(CH3)-C6H4-,
-SO 2-,
-SO 2-CH2-,
-SO 2-(CH2)2-,
-SO 2-(CH2)3-, or
-SO 2-C6H4-.
[0072] In the above list, examples of preferable Xe’ include an alkylene group having 1 to 6 carbon atoms,
a perfluoroalkylene group having 1 to 6 carbon atoms (for example, -CF2- and -(CF2)2-),
a -CF2-C1-6 alkylene group,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CF2CONH-,
-CF2CONHCH2- ,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CON(CH3)-,
-CON(CH3)-CH 2-,
-CON(CH3)-(CH2)2-,
-CON(CH3)-(CH2)3-,
-CF2-CON(CH3) -,
-CF2-CON(CH3)CH2-,
-CF2-CON(CH3)-(CH 2)2-,
-CF2-CON(CH3)-(CH 2)3-,
-CH2-CONH-,
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-CH2-CONH-CH2-,
-CH2-CONH-(CH 2)2-,
-CH2-CONH-(CH 2)3-,
-CF2-CH2-CONH-,
-CF2-CH2-CONH-CH2-,
-CF2-CH2-CONH-(CH2)2-,
-CF2-CH2-CONH-(CH2)3-,
-CONH-C6H 4-,
-CON(CH3)-C6H4-,
-CH2-CON(CH3)-CH2-,
-CH2-CON(CH3)-(CH2)2-,
-CH2-CON(CH3)-(CH2)3-,
-CON(CH3)-C6H4-CF2-CONH-C6H4-,
-CF2-CON(CH3)-C6H4-,
-CF2-CH2-CON(CH3)-CH2-,
-CF2-CH2-CON(CH3)-(CH2)2-,
-CF2-CH2-CON(CH3)-(CH2)3-, and
-CF2-CON(CH3)-C6H4.
[0073] In the above list, examples of more preferable Xe’ include
-CONH-,
-CONH-CH2- ,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CON(CH3)-,
-CON(CH3)-CH 2-,
-CON(CH3)-(CH2)2-,
-CON(CH3)-(CH2)3-,
-CF2-CON(CH3)-,
-CF2-CON(CH3)CH2-,
-CF2-CON(CH3)-(CH 2)2-,
-CF2-CON(CH3)-(CH 2)3-,
-CH2-CONH-,
-CH2-CONH-CH2-,
-CH2-CONH-(CH 2)2-,
-CH2-CONH-(CH 2)3-,
-CF2-CH2-CONH-,
-CF2-CH2-CONH-CH2-,
-CF2-CH2-CONH-(CH2)2-,
-CF2-CH2-CONH-(CH2)3-,
-CONH-C6H 4-,
-CON(CH3)-C6H4-,
-CH2-CON(CH3)-CH2-,
-CH2-CON(CH3)-(CH2)2-,
-CH2-CON(CH3)-(CH2)3-,
-CON(CH3)-C6H4-CF2-CONH-C6H4-,
-CF2-CON(CH3)-C6H4-,
-CF2-CH2-CON(CH3)-CH2-,
-CF2-CH2-CON(CH3)-(CH2)2-,
-CF2-CH2-CON(CH3)-(CH2)3-, or
-CF2-CON(CH3) -C6H4- .
[0074] In one embodiment, Xe’ is a single bond. In the present embodiment, PFPE and a group having a binding ability
to the base material (namely, group in parentheses with α1 in (A1) and (A2)) are directly bonded.
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[0075] In still another embodiment, X1 is a group represented by formula: -(R16)x-(CFR17)y-(CH2)z-. In the formula, x,
y and z are each independently an integer of 0 to 10, the sum of x, y and z is 1 or more, and the occurrence order of
the respective repeating units in parentheses is not limited in the formula.
[0076] In the formula, each R16, at each occurrence, independently represents an oxygen atom, phenylene, carbazolylene, -NR18-, wherein R18 represents a hydrogen atom or an organic group, or a divalent organic group. Preferably,
R16 is an oxygen atom or a divalent polar group.
[0077] The "divalent polar group" is not limited, and examples thereof include -C(O)-, -C(=NR19)-, and-C(O)NR19-,
wherein R19 represents a hydrogen atom or a lower alkyl group. The "lower alkyl group" is, for example, an alkyl group
having 1 to 6 carbon atoms, such as a methyl group, an ethyl group, or a n-propyl group, and such a group is optionally
substituted with one or more fluorine atoms.
[0078] In the formula, each R17, at each occurrence, is independently a hydrogen atom, a fluorine atom or a lower
fluoroalkyl group, preferably a fluorine atom. The "lower fluoroalkyl group" is, for example, a fluoroalkyl group having 1
to 6 carbon atoms, preferably 1 to 3 carbon atoms, preferably a perfluoroalkyl group having 1 to 3 carbon atoms, more
preferably a trifluoromethyl group or a pentafluoroethyl group, further preferably a trifluoromethyl group.
[0079] In this embodiment, X1 is preferably a group represented by formula: -(O)x-(CF2)y-(CH2)z-, wherein x, y and z
have the same meanings as described above, and the occurrence order of the respective repeating units in parentheses
is not limited in the formula.
[0080] Examples of the group represented by formula: -(O)x-(CF2)y-(CH2)z- include any group represented by
-(O)x’-(CH2)z"-O-[(CH2)z’’’-O-]z" ", and -(O)x’-(CF2)y"-(CH2)z"-O-[(CH 2)z’’’-O-]z" ", wherein x’ is 0 or 1, y", z" and z’’’ are each
independently an integer of 1 to 10, and z"" is 0 or 1. Herein, a left end of such a group is bonding to PFPE.
[0081] In another preferable embodiment, X1 is -O-CFR20-(CF2)e’-.
[0082] Each R20 independently represents a fluorine atom or a lower fluoroalkyl group. The lower fluoroalkyl group is,
for example, a fluoroalkyl group having 1 to 3 carbon atoms, preferably a perfluoroalkyl group having 1 to 3 carbon
atoms, more preferably a trifluoromethyl group or a pentafluoroethyl group, further preferably a trifluoromethyl group.
[0083] Each e’ is independently 0 or 1.
[0084] In one specific example, R20 is a fluorine atom and e’ is 1.
[0085] In still another embodiment, examples of the X1 group include the following groups:
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55

each R41 independently represents a hydrogen atom, a phenyl group, an alkyl group having 1 to 6 carbon atoms,
or a C1-6 alkoxy group, preferably a methyl group;
any number of the Ts in each X1 group is the following group bonding to PFPE of a molecular backbone:
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-CF2O(CH2)3-,
-CH2-,
- (CH2)2-,
- (CH2)3-,
- (CH2)4-,
-CONH-(CH2)3-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH2)3-, wherein Ph means phenyl, or
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wherein each R42 independently represents a hydrogen atom, a C1-6 alkyl group or a C1-6 alkoxy group, preferably
a methyl group or a methoxy group, more preferably a methyl group, some other of the Ts is -(CH 2)n"- (n" is an
integer of 2 to 6) bonding to a group opposite to PFPE of a molecular backbone, and the remaining T, if present,
can be independently a methyl group, a phenyl group, a C1-6 alkoxy group, or a radical scavenging group or an UV
absorbing group. Also in the embodiment, a left portion and a right portion of the group designated as X1 are
connected to the group represented by PFPE and the group in parentheses with α1, respectively.
[0086] The radical scavenging group is not limited as long as it can scavenge a radial generated by light irradiation,
and examples thereof include a residue of benzophenones, benzotriazoles, benzoates, phenyl salicylates, crotonic acids,
malonates, organoacrylates, hindered amines, hindered phenols, or triazines.
[0087] The UV absorbing group is not limited as long as it can absorb ultraviolet light, and examples thereof include
a residue of benzotriazoles, hydroxybenzophenones, esters of substituted and unsubstituted benzoic acid or salicylic
acid compounds, acrylates or alkoxy cinnamates, oxamides, oxanilides, benzoxazinones, and benzoxazoles.
[0088] In a preferable embodiment, examples of a preferable radical scavenging group or an UV absorbing group
include
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#1 or
[0089] In this embodiment, X1 (and, the following X3, X5 and X7) can be a tri- to decavalent organic group.
[0090] In the formulae, each X2, at each occurrence, independently represents a single bond or a divalent organic
group. X2 is preferably an alkylene group having 1 to 20 carbon atoms, more preferably -(CH2)u-, wherein u is an integer
of 0 to 2.
[0091] In the formulae, each t is independently an integer of 1 to 10. In a preferable embodiment, t is an integer of 1
to 6. In another preferable embodiment, t is an integer of 2 to 10, preferably an integer of 2 to 6.
[0092] Preferable compounds represented by formulae (A1) and (A2) are compounds represented by the following
formula (A1’) and (A2’), respectively:

18

EP 3 705 545 A1

5

10

wherein:
15

each PFPE is independently a group represented by formula:
- (OC6F12)a-(OC5F10)b-(OC 4F6)c-(OC3F6)d-(OC2F4)e-(OCF2)f-

35

wherein a, b, c, d, e and f are each independently an integer of 0 or more and 200 or less, the sum of a, b, c, d, e
and f is at least 1, and the occurrence order of the respective repeating units in parentheses with a, b, c, d, e or f is
not limited in the formula;
each Rf, at each occurrence, independently represents an alkyl group having 1 to 16 carbon atoms, optionally
substituted with one or more fluorine atoms;
each R13, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each R14, at each occurrence, independently represents a hydrogen atom or an alkyl group having 1 to 22 carbon
atoms;
each R11, at each occurrence, independently represents a hydrogen atom or a halogen atom;
each R12, at each occurrence, independently represents a hydrogen atom or a lower alkyl group;
n1 is an integer of 1 to 3, preferably 3;
each X1, at each occurrence, is independently -O-CFR20-(CF2)e’-;
each R20, at each occurrence, is independently a fluorine atom or a lower fluoroalkyl group;
each e’, at each occurrence, is independently 0 or 1;
X2 is -(CH2)u-;
each u, at each occurrence, is independently an integer of 0 to 2; and
each t, at each occurrence, is independently an integer of 2 to 10.

40

[0093] Such any compound represented by formulae (A1) and (A2) can be obtained by, for example, introducing iodine
into an end of a perfluoropolyether derivative corresponding to an Rf-PFPE- moiety, as a raw material, and then reacting
a vinyl monomer corresponding to - CH2CR12(X2-SiR 13n1R143-n1)-.
[0094] Formulae (B1) and (B2):

20

25

30

(Rf-PFPE)β1’-X3-(SiR13n1R143-n1)β1 ...
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(B1)

(R143-n1R13n1Si)β1-X3-PFPE-X3-(SiR13n1R143-n1)β1 ...

(B2)

[0095] In formulae (B1) and (B2), Rf, PFPE, R13, R14 and n1 have the same meanings as described with respect to
formulae (A1) and (A2).
[0096] In the formulae, each X3 independently represents a single bond or a di- to decavalent organic group. X 3 is
understood to be a linker which links a perfluoropolyether moiety (namely, Rf-PFPE moiety or - PFPE- moiety) mainly
providing water-repellency, surface lubricity, and the like, and a silane moiety (specifically, -SiR13n1R143-n1) providing a
binding ability to the base material, in any compound represented by formulae (B1) and (B2). Accordingly, X3 may be a
single bond or any organic group as long as such any compound represented by formulae (B1) and (B2) can be stably
present. Herein, a left portion and a right portion of the structure designated as X3 are bonding to the group represented
by PFPE and the group in parentheses with β1, respectively.
[0097] In another embodiment, X3 represents Xe. Xe has the same meaning as described above.
[0098] In the formulae, β1 is an integer of 1 to 9 and β1’ is an integer of 1 to 9. Such β1 and β1’ may be varied depending
on the valence of X3. In formula (B1), the sum of β1 and β1’ is the same as the valence of X3. For example, in the case
where X3 is a decavalent organic group, the sum of β1 and β1’ can be 10, for example, β1 can be 9 and β1’ can be 1,
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β1 can be 5 and β1’ can be 5, or β1 can be 1 and β1’ can be 9. In the case where X3 is a divalent organic group, β1 and
β1’ are 1. In formula (B2), β1 corresponds to a value obtained by subtracting 1 from the value of the valence of X3. In
the case where X3 is a single bond, β1 or β1’ is 1.
[0099] X3 is preferably a di- to heptavalent, more preferably di- to tetravalent, further preferably divalent organic group.
[0100] In one embodiment, X3 is a di- to tetravalent organic group, β1 is 1 to 3, and β1’ is 1.
[0101] In another embodiment, X3 is a divalent organic group, β1 is 1, and β1’ is 1. In such a case, formulae (B1) and
(B2) are represented by the following formulae (B1’) and (B2’), respectively.
Rf-PFPE-X3-SiR13n1R143-n1 ...

(B1’)

R143-n1R13n1Si-X3-PFPE-X3-SiR13n1R143-n1 ...
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(B2’)

[0102] Examples of X3 are not limited, and include the same as described with respect to X1.
[0103] In particular, preferable specific examples of X3 include
a single bond,
-CH2OCH2-,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
-CF2-CH2-O-(CH2)2-,
-CF2-CH2-O-(CH2)3-,
-CF2-CH2-O-(CH2)6-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)2Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)3Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)10Si(CH3)2(CH 2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)2OSi(CH3)2(CH 2)2-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-,
-CH2OCH2CF2CF2OCF2-,
-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
CH2OCH 2(CH2)7CH2Si(OCH3)2OSi(OCH3)2(CH2)2Si(OCH 3)2OSi(OCH 3)2(C H2)2-,
-CH2OCH2CH2CH 2Si(OCH3)2OSi(OCH3)2(CH2)3-,
-CH2OCH2CH2CH 2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)3-,
-CH2OCH2CH2CH 2Si(OCH3)2OSi(OCH3)2(CH2)2-,
-CH2OCH2CH2CH 2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)2-,
-(CH2)2-Si(CH3)2-(CH2)2-,
-CH2-,
- (CH 2)2-,
- (CH 2)3-,
- (CH 2)4-,
- (CH 2)5-,
- (CH 2)6-,
-CF2-,
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- (CF2)2-,
-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4-,
-CF2-(CH2)5-,
-CF2-(CH2)6-,
-CO-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH2)3-,
-CH2O-CONH-(CH2)6-,
-S-(CH 2)3-,
-(CH2)2S(CH2)3-,
-CONH-(CH2)3Si(CH 3)2OSi(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2OSi(CH3)2OSi(CH3)2(CH 2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)2Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)3Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)10Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)2OSi(CH3)2(CH2)2-,
-C(O)O-(CH2)3-,
-C(O)O-(CH2)6-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-(CH 2)2-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-CH(CH3)-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-(CH 2)3-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-CH(CH3)-CH2-,
-OCH2-,
-O(CH2)3-, and
-OCFHCF2-
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[0104] X3 is preferably
- CH2OCH2 - ,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
-CF2-CH2-O-(CH2)2-,
-CF2-CH2-O-(CH2)3-,
-CF2-CH2-O-(CH2)6-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2- ,
-CH2OCF2CHFOCF2CF2CF2-,
-CH2OCH2CF2CF2OCF2-,
-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
- CH20CH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
- CH2OCH2CHFCF2OCF2CF2,
- CH2OCH2CHFCF2OCF2CF2CF2- ,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CH2-,
- (CH 2)2-,
- (CH 2)3-,
- (CH 2)4-,
- (CH 2)5-,
- (CH 2)6-,
-CF2-,
- (CF2)2-,
-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4-,
-CF2-(CH2)5-,
-CF2-(CH2)6-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH- ,
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-CF2CONHCH2- ,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3) - (CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH2)3,
-CH2O-CONH-(CH2)6-,
-OCH2-,
-O(CH2)3-,
-OCFHCF2-.
[0105] In particular, X3 is more preferably
- CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2- ,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3- ,
-CONH-(CH2)6NH(CH2)3- .
[0106] In another preferable embodiment, X3 represents Xe’. Xe’ has the same meaning as described above.
[0107] In one embodiment, Xe’ is a single bond. In the present embodiment, PFPE and a group having a binding ability
to the base material (namely, group in parentheses with β1 in (B1) and (B2)) are directly bonded.
[0108] In one embodiment, at least two Si each bonding to the hydroxyl group or the hydrolyzable group are present
in formulae (B1) and (B2). That is, at least two SiR13 moieties are present in formulae (B1) and (B2).
[0109] Preferable compounds represented by formulae (B1) and (B2) are compounds represented by the following
formulae (B1’) and (B2’), respectively:

50

Rf-PFPE-X3-SiR13n1R143-n1···

(B1’)

R143-n1R13n1Si-X3-PFPE-X3-SiR13n1R143-n1 ···
55

wherein:
each PFPE is independently a group represented by formula:
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wherein a, b, c, d, e and f are each independently an integer of 0 or more and 200 or less, the sum of a, b, c, d, e
and f is at least 1, and the occurrence order of the respective repeating units in parentheses with the subscript a,
b, c, d, e or f is not limited in the formula;
each Rf, at each occurrence, independently represents an alkyl group having 1 to 16 carbon atoms, optionally
substituted with one or more fluorine atoms;
each R13, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each R14, at each occurrence, independently represents a hydrogen atom or an alkyl group having 1 to 22 carbon
atoms;
nl is an integer of 1 to 3, preferably 3; and
X3 is -CH 2O(CH2)2-, -CH2O(CH2)3- or -CH2O(CH2)6-.
[0110] Such any compound represented by formulae (B1) and (B2) can be produced by a known method, for example,
a method described in JP 2013-117012 A, or an improved method thereof.
[0111] Formulae (C1) and (C2):
(Rf-PFPE)γ1’- X5 - (SiRak1Rbl1Rcm1)γ1 ···
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(Rcm1Rbl1Rak1Si)γ1 - X5 - PFPE - X5 - (SiRak1Rbl1Rcm1) γ1 ···
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(C2)

[0112] In formulae (C1) and (C2), Rf and PFPE have the same meanings as described with respect to formulae (A1)
and (A2) .
[0113] In the formulae, each X5 independently represents a single bond or a di- to decavalent organic group. X 5 is
understood to be a linker which links a perfluoropolyether moiety (namely, Rf-PFPE moiety or - PFPE- moiety) mainly
providing water-repellency, surface lubricity, and the like, and a silane moiety (specifically, -SiR ak1R bl1Rcm1 group)
providing a binding ability to the base material, in any compound represented by formulae (C1) and (C2). Accordingly,
X5 may be a single bond or any organic group as long as such any compound represented by formulae (C1) and (C2)
can be stably present. Herein, a left portion and a right portion of the structure designated as X5 are bonding to the group
represented by PFPE and the group in parentheses with γ1, respectively.
[0114] In another embodiment, X5 represents Xe. Xe has the same meaning as described above.
[0115] In the formulae, γ1 is an integer of 1 to 9 and γ1’ is an integer of 1 to 9. Such γ1 and y1’ may be varied depending
on the valence of X5. In formula (C1), the sum of γ1 and y1’ is the same as the valence of X5. For example, in the case
where X5 is a decavalent organic group, the sum of γ1 and γ1’ can be 10, for example, γ1 can be 9 and γ1’ can be 1, γ1
can be 5 and γ1’ can be 5, or γ1 can be 1 and γ1’ can be 9. In the case where X5 is a divalent organic group, γ1 and γ1’
are 1. In formula (C2), γ1 corresponds to a value obtained by subtracting 1 from the value of the valence of X5. In the
case where X5 is a single bond, γ1 or γ1’ is 1.
[0116] X5 is preferably a di- to heptavalent, more preferably di- to tetravalent, further preferably divalent organic group.
[0117] In one embodiment, X5 is a di- to tetravalent organic group, γ1 is 1 to 3, and γ1’ is 1.
[0118] In another embodiment, X5 is a divalent organic group, γ1 is 1, and γ1’ is 1. In such a case, formulae (C1) and
(C2) are represented by the following formulae (C1’) and (C2’), respectively.
Rf - PFPE - X5 - SiRak1Rbl1Rcm1 ···

45

(C1)

(C1’)

Rcm1Rbl1Rak1Si - X5 - PFPE - X5 - SiR ak1R bl1Rcm1 ···

(C2’)

[0119] Examples of X5 are not limited, and include the same as described with respect to X1.
[0120] In particular, preferable specific examples of X5 include
a single bond,
- CH2OCH2 - ,
- CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
- CF2-CH2-O-(CH2)2-,
- CF2-CH2-O-(CH2)3-,
- CF2-CH2-O-(CH2)6-,
-CH2O(CH2)3Si(CH3) 2OSi(CH3) 2(CH2)2-,
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-CH2O(CH2)3Si(CH3) 2OSi(CH3) 2OSi(CH3) 2(CH2)2-,
-CH2O(CH2)3Si(CH3) 2O(Si(CH3) 2O)2Si(CH3) 2(CH2)2-,
-CH2O(CH2)3Si(CH3) 2O(Si(CH3) 2O)3Si(CH3) 2(CH2)2-,
-CH2O(CH2)3Si(CH3) 2O(Si(CH3) 2O)10Si(CH3) 2(CH2)2-,
-CH2O(CH2)3Si(CH3) 2O(Si(CH3) 2O)2OSi(CH3) 2(CH2)2-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-,
-CH2OCH2CF2CF2OCF2-,
-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF (CF3)CF2OCF2 - ,
-CH2OCH2CHFCF2OCF (CF3)CF2OCF2CF2- ,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
CH2OCH 2 (CH2)7CH2Si (OCH3) 2OSi(OCH3) 2(CH2)2Si(OCH3) 2OSi (OCH3) 2(C H2)2-,
-CH2OCH2CH2CH 2Si (OCH3) 2OSi(OCH 3) 2(CH2)3- ,
-CH2OCH2CH2CH 2Si (OCH2CH3) 2OSi(OCH2CH3) 2(CH2)3,
-CH2OCH2CH2CH 2Si (OCH3) 2OSi(OCH 3) 2(CH2)2-,
-CH2OCH2CH2CH 2Si (OCH2CH3) 2OSi(OCH2CH3) 2(CH2)2-,
- (CH 2)2-Si (CH3) 2- (CH2)2- ,
-CH2-,
- (CH 2)2-,
- (CH 2)3-,
- (CH 2)4-,
- (CH 2)5-,
-(CH2)6-,
-CF2-,
- (CF2) 2-,
-CF2-CH2- ,
-CF2- (CH2)2-,
-CF2- (CH2)3,
-CF2- (CH2)4-,
-CF2- (CH2)5-,
-CF2- (CH2)6-,
-CO-,
-CONH-,
-CONH-CH2-,
-CONH- (CH2)2-,
-CONH- (CH2)3- ,
-CONH- (CH2)6-,
-CF2CONH- ,
- CF2CONHCH2- ,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3- ,
-CF2CONH(CH2)6-,
-CON(CH3)- (CH2)3- ,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON (CH3) - (CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
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-CF2-CON(CH3) - (CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH- (CH2)2NH(CH2)3- ,
-CONH- (CH2)6NH(CH2)3 - ,
-CH2O-CONH- (CH2)3-,
-CH2O-CONH- (CH2)6- ,
-S- (CH2)3- ,
- (CH 2)2S (CH2)3-,
-CONH- (CH2)3Si(CH3) 2OSi (CH 3) 2(CH2)2-,
-CONH- (CH2)3Si(CH3) 2OSi (CH 3) 2OSi (CH3) 2(CH2)2- ,
-CONH- (CH2)3Si(CH3) 2O (Si (CH3) 2O)2Si(CH3) 2(CH2)2-,
-CONH- (CH2)3Si(CH3) 2O(Si (CH3) 2O)3Si(CH3) 2(CH2)2- ,
-CONH- (CH2)3Si(CH3) 2O(Si (CH3) 2O)10Si (CH 3) 2(CH2)2- ,
-CONH- (CH2)3Si(CH3) 2O(Si (CH3) 2O)2OSi(CH3) 2(CH2)2-,
-C (O)O- (CH2)3-,
-C(O)O- (CH2)6-,
-CH2-O- (CH2)3-Si (CH3)2- (CH2)2-Si (CH3) 2- (CH2)2-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-CH(CH3)
-CH2-O- (CH2)3-Si (CH3) 2- (CH2)2-Si (CH3)2- (CH2)3-,
-CH2-O- (CH2)3-Si (CH3)2- (CH2)2-Si (CH3)2-CH(CH3) -CH2-,
-OCH2 -,
-O (CH2)3-, and
-OCFHCF2-
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[0121] In particular, X5 is preferably
-CH2OCH2 - ,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
-CF2-CH2-O- (CH2)2-,
-CF2-CH2-O- (CH2)3-,
-CF2-CH2-O- (CH2)6-,
-CH2OCF2CHFOCF2- ,
-CH2OCF2CHFOCF2CF2- ,
- CH2OCF2CHFOCF2CF2CF2 ,
-CH2OCH2CF2CF2OCF2- ,
-CH2OCH2CF2CF2OCF2CF2- ,
- CH2OCH2CF2CF2OCF2CF2CF2 - ,
-CH2OCH2CF2CF2OCF (CF3)CF2OCF2 ,
-CH2OCH2CF2CF2OCF (CF3)CF2OCF2CF2- ,
-CH2OCH2CF2CF2OCF (CF3)CF2OCF2CF2CF2- ,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2- ,
-CH2OCH2CHFCF2OCF2CF2CF2- ,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2- ,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2 - ,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C (O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2 -C (O)NH-CH2-,
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-CH2-,
- (CH 2)2- ,
- (CH 2)3-,
- (CH 2)4-,
- (CH 2)5-,
- (CH 2)6-,
-CF2-,
- (CF2)2-,
-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4- ,
-CF2-(CH2)5- ,
-CF2-(CH2)6-,
-CONH-,
-CONH-CH2- ,
-CONH- (CH2)2-,
-CONH- (CH2)3- ,
-CONH- (CH2)6-,
-CF2CONH- ,
-CF2CONHCH2- ,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3
-CF2CONH(CH2)6-,
-CON(CH3)- (CH2)3- ,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON (CH3) - (CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3) - (CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH- (CH2)2NH(CH2)3- ,
-CONH- (CH2)6NH(CH2)3- ,
-CH2O-CONH- (CH2)3-,
-CHaO-CONH- (CH2)6- ,
-OCH2- ,
-O(CH2)3
-OCFHCF2-.
[0122] In particular, X5 is more preferably
-CH2OCF2CHFOCF2CF2CF2-C (O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2-C (O)NH-CH2- ,
-CONH-,
-CONH-CH2-,
-CONH- (CH2)2-,
-CONH- (CH2)3- ,
-CONH- (CH2)6-,
-CF2CONH- ,
-CF2CONHCH2- ,
-CF2CONH(CH2)2
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)- (CH2)6- ,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON (CH3) - (CH2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
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-CF2-CON(CH3) - (CH2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3
[0123] In another preferable embodiment, X5 represents Xe’. Xe’ has the same meaning as described above.
[0124] In one embodiment, Xe’ is a single bond. In the present embodiment, PFPE and a group having a binding ability
to the base material (namely, group in parentheses with γ1 in formulae (C1) and (C2)) are directly bonded.
[0125] In the formula, each Ra, at each occurrence, independently represents -Z3-SiR71p1R72q1R 73r1.
[0126] In the formula, each Z3, at each occurrence, independently represents an oxygen atom or a divalent organic
group.
[0127] Z3 is preferably a divalent organic group, and does not encompass any group which is taken together with a
Si atom at an end of a molecular backbone in formula (C1) or formula (C2) (Si atom to which Ra is bonded) to form a
siloxane bond.
[0128] Z3 is preferably a C 1-6 alkylene group, -(CH2)g-O-(CH2)h-, wherein g is an integer of 1 to 6, h is an integer of 1
to 6), or -phenylene-(CH2)i-, wherein i is an integer of 0 to 6), more preferably a C1-3 alkylene group. Such a group is
optionally substituted with one or more substituents selected from, for example, a fluorine atom, a C 1-6 alkyl group, a
C2-6 alkenyl group and a C2-6 alkynyl group. Z3 is more preferably a linear or branched alkylene group, further preferably
a linear alkylene group from the viewpoint of particularly favorable ultraviolet durability. The number of carbon atoms
constituting the alkylene group of Z3 is preferably in the range from 1 to 6, more preferably in the range from 1 to 3. The
alkylene group is as described above.
[0129] In the formulae, each R71, at each occurrence, independently represents Ra’. Ra’ has the same meaning as Ra.
[0130] The number of Si linearly linked via a Z3 group is at most 5 in Ra. That is, in the case where at least one R71
is present in Ra, two or more Si atoms linearly linked via a Z3 group are present in Ra, and the number of such Si atoms
linearly linked via a Z3 group is at most 5. Herein, the "number of Si atoms linearly linked via a Z3 group in Ra" is equal
to the number of repeatings of -Z3-Si- linearly linked in Ra.
[0131] One example is represented below, where Si atoms are linked via a Z3 group in Ra.
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[0132] In the formula, "*" means a site bonding to Si of a main chain, and "..." means that a predetermined group other
than Z3 Si is bonded, namely, "..." means a position at which repeating of Z3Si is terminated in the case where all three
bonds of a Si atom are "...". The superscript number in Si means the number of occurrence of Si linearly linked via a Z3
group when counted from "*". That is, a chain where repeating of Z3Si is terminated at Si2 is a chain where the "number
of Si atoms linearly linked via a Z3 group in Ra" is 2, and similarly, chains where repeating of Z3 Si is terminated at Si3,
Si4 and Si5 mean chains where the "number of Si atoms linearly linked via a Z3 group in Ra" is 3, 4 and 5, respectively.
As clear from the formula, a plurality of Z3Si chains are present in Ra, and all the chains do not necessarily have the
same length, and, for example, may each have any length.
[0133] In a preferable embodiment, the "number of Si atoms linearly linked via a Z3 group in Ra" is 1 (left formula) or
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[0134] In one embodiment, the number of Si atoms linearly linked via a Z3 group in Ra is 1 or 2, preferably 1.
[0135] In the formulae, each R72, at each occurrence, independently represents a hydroxyl group or a hydrolyzable
group. The "hydrolyzable group" has the same meaning as described above.
[0136] Preferably, R 72 is -OR, wherein R represents a substituted or unsubstituted C1-3 alkyl group, more preferably
a methyl group.
[0137] In the formulae, each R 73, at each occurrence, independently represents a hydrogen atom or a lower alkyl
group. The lower alkyl group is preferably an alkyl group having 1 to 20 carbon atoms, more preferably an alkyl group
having 1 to 6 carbon atoms, further preferably a methyl group.
[0138] In the formulae, each p1, at each occurrence, is independently an integer of 0 to 3; each q1, at each occurrence,
is independently an integer of 0 to 3; and each r1, at each occurrence, is independently an integer of 0 to 3, provided
that the sum of p1, q1 and r1 with respect to (-Z3-SiR71p1R72q1R73r1) is 3.
[0139] In a preferable embodiment, ql in Ra, (Ra in the case where no Ra’ is present) at an end of Ra is preferably 2
or more, for example, 2 or 3, more preferably 3.
[0140] In a preferable embodiment, at least one end of Ra can be -Si (-Z3-SiR72q1R73r1) 2R72q1’R73r1’ (provided that
either one of q1’ and r1’ is 1 and the other is 0), or -Si(-Z3-SiR72q1R73r1)3, preferably -Si (-Z3-SiR72q1R73r1)3 (wherein
the total of q1 and r1 is 3). In the formula, a (-Z3-SiR72q1R73r1) unit is preferably (-Z3-SiR723) . In a further preferable
embodiment, all ends of Ra can be -Si(-Z3-SiR72q1R73r1)3, preferably -Si (-Z3-SiR 723)3.
[0141] In a preferable embodiment, an end of a group represented by (SiRak1Rb11Rcm1) can be -Si(-Z3-SiR72q1R73r1)
b
c
3
72
73
72
73
2R 11R m1 (provided that any one of l1 and m1 is 1 and the other is 0), -Si (-Z -SiR q1R r1 ) 2 R q1’R r1’ (provided
3
72
73
3
72
73
that either one of q1’ and r1’ is 1 and the other is 0), or -Si (-Z -SiR q1R r1)3, preferably -Si(-Z -SiR q1R r1) 3 (wherein
the total of q1 and r1 is 3). More preferably, the end of a group represented by (SiRak1Rb11Rcm1) is -Si (-Z3-SiR723) 3.
[0142] In formulae (C1) and (C2), at least one q1 is an integer of 1 to 3, namely, at least one R72 is present.
[0143] In one embodiment, at least two Si each bonding to the hydroxyl group or the hydrolyzable group are present
in formulae (C1) and (C2) . That is, at least two SiR72 and/or SiRb structures (which are each specifically a group selected
from the group consisting of a group represented by -Z3-SiR71p1R72q1R73r1 (wherein q1 is an integer of 1 to 3) and/or
a group represented by - SiRak1Rb11Rcm1 (wherein l1 is an integer of 1 to 3)) are present.
[0144] In the formulae, each Rb, at each occurrence, independently represents a hydroxyl group or a hydrolyzable
group.
[0145] Rb preferably represents a hydroxyl group, -OR, - OCOR, -O-N=C(R)2, -N (R)2, -NHR, or halogen, wherein R
represents a substituted or unsubstituted alkyl group having 1 to 4 carbon atoms, and Rb more preferably represents
-OR. Examples of R include unsubstituted alkyl groups such as a methyl group, an ethyl group, a propyl group, an
isopropyl group, a n-butyl group and an isobutyl group; and substituted alkyl groups such as a chloromethyl group.
Among them, an alkyl group, in particular, an unsubstituted alkyl group is preferable, and a methyl group or an ethyl
group is more preferable. The hydroxyl group is not limited, and, may be generated by hydrolyzing the hydrolyzable
group. More preferably, Rb represents -OR, wherein R represents a substituted or unsubstituted C1-3 alkyl group, more
preferably a methyl group.
[0146] In the formulae, each Rc, at each occurrence, independently represents a hydrogen atom or a lower alkyl group.
The lower alkyl group is preferably an alkyl group having 1 to 20 carbon atoms, more preferably an alkyl group having
1 to 6 carbon atoms, further preferably a methyl group.
[0147] In the formulae, each k1, at each occurrence, is independently an integer of 0 to 3; each 11, at each occurrence,
is independently an integer of 0 to 3; and each m1, at each occurrence, is independently an integer of 0 to 3, provided
that the sum of k1, l1 and m1 with respect to (SiRak1Rbl1Rcm1) is 3.
[0148] In one embodiment, k1 is preferably 1 to 3, more preferably 3.
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[0149] Such any compound represented by formulae (C1) and (C2) can be obtained by, for example, introducing a
hydroxyl group into an end of a perfluoropolyether derivative corresponding to an Rf-PFPE- moiety, as a raw material,
thereafter introducing a group having an unsaturated bond into an end, reacting the group having an unsaturated bond,
and a silyl derivative having a halogen atom, further introducing a hydroxyl group and then a group having an unsaturated
bond, into an end of the silyl group, and finally reacting the group having an unsaturated bond, introduced, and the silyl
derivative. For example, synthesis can be made as described in WO 2014/069592.
[0150] Formula (D1) and (D2):
(Rf - PFPE)δ1’ - X7 - (CR dk2Rel2Rfm2)δ1 ...

(D1)

(Rfm2Rel2Rdk2C)δ1 - X7 - PFPE - X 7 - (CR dk2R el2Rfm2)δ1 ···
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[0151] In formulae (D1) and (D2), Rf and PFPE have the same meanings as described with respect to formulae (A1)
and (A2) .
[0152] In the formula, each X7 independently represents a single bond or a di- to decavalent organic group. X7 is
understood to be a linker which links a perfluoropolyether moiety (namely, Rf-PFPE moiety or - PFPE- moiety) mainly
providing water-repellency, surface lubricity, and the like, and a moiety (namely, group in parentheses with δ1) providing
a binding ability to the base material, in any compound represented by formulae (D1) and (D2). Accordingly, X7 may be
a single bond or any organic group as long as such any compound represented by formulae (D1) and (D2) can be stably
present. Herein, a left portion and a right portion of the structure designated as X7 are bonding to the group represented
by PFPE and the group in parentheses with δ1, respectively.
[0153] In another embodiment, X7 represents Xe. Xe has the same meaning as described above.
[0154] In the formulae, δ1 is an integer of 1 to 9 and δ1’ is an integer of 1 to 9. Such δ1 and δ1’ may be varied depending
on the valence of X7. In formula (D1), the sum of δ1 and δ1’ is the same as the valence of X7. For example, in the case
where X7 is a decavalent organic group, the sum of δ1 and δ1’ can be 10, for example, δ1 can be 9 and δ1’ can be 1,
δ1 can be 5 and δ1’ can be 5, or δ1 can be 1 and δ1’ can be 9. In the case where X7 is a divalent organic group, δ1 and
δ1’ are 1. In formula (D2), δ1 corresponds to a value obtained by subtracting 1 from the valence of X7. In the case where
X7 is a single bond, δ1 or δ1’ is 1.
[0155] X7 is preferably a di- to heptavalent, more preferably di- to tetravalent, further preferably divalent organic group.
[0156] In one embodiment, X7 is a di- to tetravalent organic group, δ1 is 1 to 3, and δ1’ is 1.
[0157] In another embodiment, X7 is a divalent organic group, δ1 is 1, and δ1’ is 1. In such a case, formulae (D1) and
(D2) are represented by the following formulae (D1’) and (D2’), respectively.
Rf - PFPE - X7 - CRdk2Rel2Rfm2 ···

(D1’)

Rfm2Rel2Rdk2C - X7 - PFPE - X7 - CR dk2R el2Rfm2 ···
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(D2)

(D2’)

[0158] Examples of X7 are not limited, and include the same as described with respect to X1.
[0159] In particular, preferable specific examples of X7 include
a single bond,
-CH2OCH2-,
-CH2O(CH2)2-,
-CH2O(CH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
-CF2-CH2-O-(CH2)2-,
-CF2-CH2-O-(CH2)3-,
-CFz-CH2-O-(CH 2)6-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2OSi(CH3)2OSi(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)2Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)3Si(CH3)2(CH2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)10Si(CH3)2(CH 2)2-,
-CH2O(CH2)3Si(CH3)2O(Si(CH3)2O)20Si(CH3)2(CH 2)2-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-,
-CH2OCH2CF2CF2OCF2-,
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-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
CH2OCH 2(CH2)7CH2Si(OCH3)2OSi(OCH3)2(CH2)2Si(OCH 3)2OSi(OCH 3)2(C H2)2-,
-CH2OCH2CH2CH 2Si(OCH3)2OSi(OCH3)2(CH2)3-,
-CH2OCH2CH2CH 2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)3-,
-CH2OCH2CH2CH 2Si(OCH3)2OSi(OCH3)2(CH2)2-,
-CH2OCH2CH2CH 2Si(OCH2CH3)2OSi(OCH2CH3)2(CH2)2-,
-(CH2)2-Si(CH3)2-(CH2)2-,
-CH2-,
-(CH2)2-,
-(CH2)3-,
-(CH2)4-,
-(CH2)5-,
-(CH2)6-,
-CF2-,
-(CF2)2-,
-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4-,
-CF2-(CH2)5-,
-CF2-(CH2)6-,
-CO-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH2)3-,
-CH2O-CONH-(CH2)6-,
-S-(CH 2)3-,
-(CH2)2S(CH2)3-,
-CONH-(CH2)3Si(CH 3)2OSi(CH3)2(CH2)2-,
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-CONH-(CH2)3Si(CH 3)2OSi(CH3)2OSi(CH3)2(CH 2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)2Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)3Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)10Si(CH3)2(CH2)2-,
-CONH-(CH2)3Si(CH 3)2O(Si(CH3)2O)20Si(CH3)2(CH2)2-,
-C(O)O-(CH2)3-,
-C(O)O-(CH2)6-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-(CH 2)2-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-CH(CH3)-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-(CH 2)3-,
-CH2-O-(CH2)3-Si(CH3)2-(CH2)2-Si(CH3)2-CH(CH3)-CH2-,
-OCH2-,
-O(CH2)3-, and
-OCFHCF2-
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[0160] In particular, specific X7 is more preferably
-CH2OCH2-,
-CH2O(CH2)2-,
-CH2OCH2)3-,
-CH2O(CH2)6-,
-CF2-CH2-O-CH 2-,
-CF2-CH2-O-(CH2)2-,
-CF2-CH2-O-(CH2)3-,
-CF2-CH2-O-(CH2)6-,
-CH2OCF2CHFOCF2-,
-CH2OCF2CHFOCF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-,
-CH2OCH2CF2CF2OCF2-,
-CH2OCH2CF2CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF2CF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CF2CF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF2-,
-CH2OCH2CHFCF2OCF2CF2-,
-CH2OCH2CHFCF2OCF2CF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2-,
-CH2OCH2CHFCF2OCF(CF3)CF2OCF2CF2CF2-,
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CH2-,
-(CH2)2-,
-(CH2)3-,
-(CH2)4-,
-(CH2)5-,
-(CH2)6-,
-CF2-,
-(CF2)2-,
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-CF2-CH2-,
-CF2-(CH2)2-,
-CF2-(CH2)3-,
-CF2-(CH2)4-,
-CF2-(CH2)3-,
-CF2-(CH2)6-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-,
-CH2O-CONH-(CH2)3-,
-CH2O-CONH-(CH2)6-,
-OCH2-,
-O(CH2)3-,
-OCFHCF2-.
[0161] In particular, X7 is more preferably
-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CF2-CH2OCF2CHFOCF2CF2CF2-C(O)NH-CH2-,
-CONH-,
-CONH-CH2-,
-CONH-(CH2)2-,
-CONH-(CH2)3-,
-CONH-(CH2)6-,
-CF2CONH-,
-CF2CONHCH2-,
-CF2CONH(CH2)2-,
-CF2CONH(CH2)3-,
-CF2CONH(CH2)6-,
-CON(CH3)-(CH2)3-,
-CON(Ph)-(CH 2)3-, wherein Ph means phenyl,
-CON(CH3)-(CH2)6-,
-CON(Ph)-(CH 2)6-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)3-,
-CF2-CON(Ph)-(CH2)3-, wherein Ph means phenyl,
-CF2-CON(CH3)-(CH 2)6-,
-CF2-CON(Ph)-(CH2)6-, wherein Ph means phenyl,
-CONH-(CH2)2NH(CH2)3-,
-CONH-(CH2)6NH(CH2)3-.
[0162] In a more preferable embodiment, X7 represents Xe’. Xe’ has the same meaning as described above.
[0163] In one embodiment, Xe’ is a single bond. In the present embodiment, PFPE and a group having a binding ability
to the base material (namely, group in parentheses with δ1 in formulae (D1) and (D2)) are directly bonded. It is considered
that such a structure is included to thereby strengthen a bonding force between PFPE and the group in parentheses
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with δ1. It is also considered that a carbon atom (namely, a carbon atom bonding to Rd, Re and Rf in the group in
parentheses with δ1) directly bonding to PFPE is less biased in charge and, as a result, a nucleophilic reaction or the
like hardly occurs at the carbon atom and the compound is stably bonding to the base material. Such a structure has
the advantage of being capable of more enhancing friction durability of a layer formed by the PFPE-containing silane
compound.
[0164] In the formulae, each Rd, at each occurrence, independently represents -Z4-CR81p2R82q2R83r2.
[0165] In the formulae, each Z4, at each occurrence, independently represents an oxygen atom or a divalent organic
group.
[0166] Z4 is preferably a C1-6 alkylene group, - (CH 2)g-O-(CH2)h-, wherein g is an integer of 0 to 6, for example, an
integer of 1 to 6, and h is an integer of 0 to 6, for example, an integer of 1 to 6, or -phenylene-(CH2)i-, wherein i is an
integer of 0 to 6, more preferably a C1-3 alkylene group. Such a group is optionally substituted with one or more substituents
selected from, for example, a fluorine atom, a C1-6 alkyl group, a C 2-6 alkenyl group and a C2-6 alkynyl group.
[0167] In the formulae, each R81, at each occurrence, independently represents Rd’. Rd’ has the same meaning as Rd.
[0168] The number of C linearly linked via a Z4 group is at most 5 in Rd. That is, in the case where at least one R81 is
present in Rd, two or more C atoms linearly linked via a Z4 group are present in Rd, and the number of such C atoms
linearly linked via a Z4 group is at most 5. Herein, the "number of C atoms linearly linked via a Z4 group in Rd" is equal
to the number of repeating units of -Z4-C- linearly linked in Rd.
[0169] In a preferable embodiment, the "number of C atoms linearly linked via a Z4 group in Rd" is 1 (left formula) or
2 (right formula) in all chains, as represented below.
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[0170] In one embodiment, the number of C atoms linearly linked via a Z4 group in Rd is 1 or 2, preferably 1.
[0171] In the formulae, each R82, at each occurrence, independently represents -Y-SiR85n2R863-n2.
[0172] Each Y, at each occurrence, independently represents a divalent organic group.
[0173] In a preferable embodiment, Y is a C1-6 alkylene group, -(CH2)g’-O-(CH2)h’-, wherein g’ is an integer of 0 to 6,
for example, an integer of 1 to 6, and h’ is an integer of 0 to 6, for example, an integer of 1 to 6, or -phenylene-(CH2)i’-,
wherein i’ is an integer of 0 to 6. Such a group is optionally substituted with one or more substituents selected from, for
example, a fluorine atom, a C1-6 alkyl group, a C2-6 alkenyl group and a C2-6 alkynyl group.
[0174] In one embodiment, Y can be a C1-6 alkylene group or -phenylene-(CH2)i’-. In the case where Y is any of the
above groups, light resistance, in particular, ultraviolet resistance can be more enhanced.
[0175] Each R85, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group.
[0176] Examples of the "hydrolyzable group" include the same as in formulae (C1) and (C2).
[0177] Preferably, R 85 is -OR, wherein R represents a substituted or unsubstituted C1-3 alkyl group, more preferably
an ethyl group or a methyl group, in particular, a methyl group.
[0178] Each R86, at each occurrence, independently represents a hydrogen atom or a lower alkyl group. The lower
alkyl group is preferably an alkyl group having 1 to 20 carbon atoms, more preferably an alkyl group having 1 to 6 carbon
atoms, further preferably a methyl group.
[0179] n2 with respect to a (-Y-SiR85n2R863-n2) unit independently represents an integer of 0 to 3, preferably an integer
of 1 to 3, more preferably 2 or 3, particularly preferably 3.
[0180] Each R83, at each occurrence, independently represents a hydrogen atom, a hydroxyl group or a lower alkyl
group, preferably a hydrogen atom or a lower alkyl group. The lower alkyl group is preferably an alkyl group having 1 to
20 carbon atoms, more preferably an alkyl group having 1 to 6 carbon atoms, further preferably a methyl group.
[0181] In the formulae, each p2, at each occurrence, is independently an integer of 0 to 3; each q2, at each occurrence,
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is independently an integer of 0 to 3; and each r2, at each occurrence, is independently an integer of 0 to 3, provided
that the sum of p2, q2 and r2 with respect to (-Z4-CR81p2R 82q2R83r2) is 3.
[0182] In a preferable embodiment, in Rd’ at an end of Rd (Rd in the case where no Rd’ is present), q2 is preferably 2
or more, for example, 2 or 3, more preferably 3.
[0183] In a preferable embodiment, at least one end of Rd can be -C(-Y-SiR85n2R863-n2)2 (specifically, -C(-YSiR85n2R863-n2)2R83) or -C(-Y-SiR85n2R863-n2)3, preferably -C(-Y-SiR 85n2R863-n2)3. Here, n2 is an integer of 1 to 3. In
the formulae, a (-Y-SiR85n2R863-n2) unit is preferably (-Y-SiR853). In a further preferable embodiment, all ends of Rd1
can be each -C (-Y-SiR85n2R863-n2)3, preferably -C(-Y-SiR853)3.
[0184] In a more preferable embodiment, an end of a group represented by (CR dk2Rel2Rfm2) is C(-Y-SiR85n2R863-n2)2Rf,
C(-Y-SiR85n2R863-n2)2R83 or C(-Y-SiR85n2R863-n2)3, preferably C(-Y-SiR85n2R863-n2)3. Here, n2 is an integer of 1 to 3.
In the formulae, a (-Y-SiR85n2R863-n2) unit is preferably (-Y-SiR853). In a further preferable embodiment, all ends of the
group can be each -C(-Y-SiR85n2R863-n2)3, preferably - C(-Y-SiR853)3.
[0185] In the formulae, each Re, at each occurrence, independently represents -Y-SiR85n2R863-n2. Here, Y, R85, R86
and n2 have the same meanings as described in R82.
[0186] In the formulae, each Rf, at each occurrence, independently represents a hydrogen atom, a hydroxyl group or
a lower alkyl group. Preferably, each Rf, at each occurrence, independently represents a hydrogen atom or a lower alkyl
group. The lower alkyl group is preferably an alkyl group having 1 to 20 carbon atoms, more preferably an alkyl group
having 1 to 6 carbon atoms, further preferably a methyl group.
[0187] In the formulae, each k2, at each occurrence, is independently an integer of 0 to 3; each 12, at each occurrence,
is independently an integer of 0 to 3; and each m2, at each occurrence, is independently an integer of 0 to 3, provided
that the sum of k2, l2 and m2 is 3.
[0188] In one embodiment, at least one k2 is 2 or 3, preferably 3.
[0189] In one embodiment, k2 is 2 or 3, preferably 3.
[0190] In one embodiment, 12 is 2 or 3, preferably 3.
[0191] In formulae (D1) and (D2), two or more groups represented by -Y-SiR85n2R863-n2 are present. More preferably,
one or more carbon atoms each bonding to two or more of -Y-SiR 85n2R863-n2 are present.
[0192] In formulae (D1) and (D2), one or more groups selected from a group represented by -C-Rdk2(YSiR85n2R863-n2)l2Rfm2 (provided that 12 is 2 or 3 and the total of k2, l2 and m2 is 3) and a group represented by -CR81p2(Y-SiR85n2R863-n2)q2R83r2 (provided that q2 is 2 or 3 and the total of p2, q2 and r2 is 3) are more preferably present,
wherein n2 is an integer of 1 to 3.
[0193] In one embodiment, one or more groups represented by -C-(Y-SiR85n2R863-n2)2 are preferably present, wherein
n2 is an integer of 1 to 3.).
[0194] In one embodiment, in formulae (D1) and (D2), one or more groups represented by -C- (Y-SiR85n2R863-n2)3
are preferably present, wherein n2 is an integer of 1 to 3.
[0195] In formulae (D1) and (D2), n2 is an integer of 1 to 3 and at least one q2 is 2 or 3 or at least one 12 is 2 or 3.
That is, at least two -Y-SiR85n2R863-n2 groups are present in the formulae.
[0196] The PFPE-containing silane compound represented by Formula (D1) or formula (D2) can be produced by
combining known methods. For example, a compound represented by formula (D1’) where X7 is divalent can be produced
as follows, without any limitation.
[0197] A double bond-containing group (preferably allyl) and halogen (preferably bromo) are introduced into a polyhydric alcohol represented by HO-X7-C(YOH)3, wherein X7 and Y are each independently a divalent organic group,
thereby providing a double bond-containing halide represented by Hal-X7-C(Y-O-R-CH=CH2)3, wherein Hal is halogen,
for example, Br, and R is a divalent organic group, for example, an alkylene group. Next, halogen at an end and a
perfluoropolyether group-containing alcohol represented by RPFPE-OH, wherein RPFPE is a perfluoropolyether groupcontaining group, are reacted, thereby providing RPFPE-O-X7-C(Y-O-R-CH=CH2)3. Next, - CH=CH2 at an end, and HSiCl3
and an alcohol or HSiR853 are reacted. Thus, RPFPE-O-X7-C(Y-O-R-CH2-CH2-SiR853)3 can be obtained.
[0198] The PFPE-containing silane compound can have a number average molecular weight of 5 3 102 to 1 3 105,
without any limitation. In particular, the compound preferably has a number average molecular weight of 2,000 to 30,000,
more preferably 2,500 to 12,000, further preferably 3,000 to 6,000. In the present invention, the number average molecular
weight is defined as a value obtained by 19F-NMR measurement.
[0199] In a preferable embodiment, the PFPE-containing silane compound can be a compound represented by formula
(A1), (A2), (C1), (C2), (D1) or (D2). Such a silane compound can be used to thereby allow adhesion properties to the
base material to be enhanced.
[0200] In another preferable embodiment, on at least one end of the PFPE-containing silane compound, there is two
or more, preferably three or more Si atoms each having a hydroxyl group or a hydrolyzable group.
[0201] In one embodiment, the surface treatment composition of the present invention includes 0.1% by mol or more
and 35% by mol or less of any compound represented by formulae (A1), (B1), (C1) and (D1) based on the total of any
compound represented by formulae (A1), (B1), (C1) and (D1) (hereinafter, also referred to as "component (1)") and any
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compound represented by formulae (A2), (B2), (C2) and (D2) (hereinafter, also referred to as "component (2)"). The
lower limit of the content of any compound represented by formulae (A1), (B1), (C1) and (D1) based on the total of the
component (1) and the component (2) can be preferably 0.1% by mol, more preferably 0.2% by mol, further preferably
0.5% by mol, still more preferably 1% by mol, particularly preferably 2% by mol, particularly 5% by mol. The upper limit
of the content of any compound represented by formulae (A1), (B1), (C1) and (D1) based on the total of the component
(1) and the component (2) can be preferably 35% by mol, more preferably 30% by mol, further preferably 20% by mol,
still more preferably 15% by mol or 10% by mol. Any compound represented by formulae (A1), (B1), (C1) and (D1) based
on the total of the component (1) and the component (2) is preferably 0.1% by mol or more and 30% by mol or less,
more preferably 0.1% by mol or more and 20% by mol or less, further preferably 0.2% by mol or more and 10% by mol
or less, still more preferably 0.5% by mol or more and 10% by mol or less, particularly preferably 1% by mol or more
and 10% by mol or less, for example, 2% by mol or more and 10% by mol or less or 5% by mol or more and 10% by
mol or less. The component (1) can be included in the range, thereby allowing friction durability of a cured product
obtained by use of the surface-treating agent of the present invention to be more enhanced.
[0202] The combination of the component (1) and the component (2) in the surface treatment composition is preferably
a combination of a compound represented by formula (A1) and a compound represented by formula (A2), a combination
of a compound represented by formula (B1) and a compound represented by formula (B2), a combination of a compound
represented by formula (C1) and a compound represented by formula (C2), or a combination of a compound represented
by formula (D1) and a compound represented by formula (D2).
[0203] In such any compound represented by formula (A1) and formula (A2), t is preferably 2 or more, more preferably
an integer of 2 to 10, further preferably an integer of 2 to 6. Here, t can be 2 or more, thereby allowing a plurality of Si
atoms each having R13 to be present and allowing higher durability (for example, friction durability) to be achieved.
[0204] In such any compound represented by formula (C1) and formula (C2), k1 is preferably 2 or 3, more preferably 3.
[0205] In a preferable embodiment, such any compound represented by formula (C1) and formula (C2) has
-Si-(Z3-SiR723)2 (specifically, -Si-Ra2Rbl1Rcm1 wherein Ra is a group represented by -Z3-SiR723 and the total of l1 and
m1 is 1, or -Si-R712R72q1R73r1 wherein R71 is a group represented by - Z3-SiR723 and the total of q1 and r1 is 1.) or a
-Si-(Z3-SiR723)3 structure, further preferably a -Si- (Z3-SiR723)3 structure, at an end. Such a structure can be at an end,
thereby allowing higher durability (for example, friction durability) to be obtained.
[0206] In such any compound represented by formula (D1) and formula (D2), 12 is preferably 2 or 3, more preferably 3.
[0207] In a preferable embodiment, such any compound represented by formula (D1) and formula (D2) has a -C-(YSiR853)2 (specifically, -C- (Y-SiR853)2R83 or -C-(Y-SiR853)2Rf) or -C-(Y-SiR85)3 structure, further preferably a -C-(YSiR85)3 structure, at an end. Such a structure can be at an end, thereby allowing higher durability (for example, friction
durability) to be obtained.
[0208] In one embodiment, a Si atom bonding to at least one group selected from the group consisting of a hydroxyl
group and a hydrolyzable group is preferably contained at each of both ends of a molecular backbone of the PFPEcontaining silane compound. The molecular backbone of the PFPE-containing silane compound here represents a
relatively longest binding chain in a molecule of the PFPE-containing silane compound.
[0209] In the embodiment, specifically, the PFPE-containing silane compound is preferably at least one compound
represented by formula (A), (B), (C) or (D).
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(R143-n1R13n1Si)β1-X3-PFPE-X3-(SiR13"n1R14"3-n1)β1 ···
(Rcm1Rbl1Rak1Si)γ1-X5-PFPE-X5-(SiRa"k1Rb"l1Rc"m1)γ1 ···
50

55

(Rfm2Rel2Rdk2C)δ1-X7-PFPE-X7-(CRd"k2Re"l2Rf"m2)δ1 ···

(B)
(C)
(D)

[0210] The description of formula (A), (B), (C) or (D), overlapped with those of (A1), (A2), (B1), (B2), (C1), (C2), (D1)
and (D2), may be omitted. For example, symbols in formulae (A), (B), (C) and (D), when are the same as symbols in
(A1), (A2), (B1), (B2), (C1), (C2), (D1) and (D2), respectively, have the same meanings as symbols in (A1), (A2), (B1),
(B2), (C1), (C2), (D1) and (D2), respectively.
[0211] In formula (A), R11", R12", R13" and R14" have the same meanings as R11, R12, R13 and R14, respectively.
[0212] In formula (A), the Si atom bonding to at least one group selected from the group consisting of a hydroxyl group
and a hydrolyzable group indicates a Si atom included in (-SiR13n1R143-n1) or (-SiR13"n1R14"3-n1) where n1 is an integer
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of 1 to 3.
[0213] In formula (A), n1 with respect to each (-SiR13n1R143-n1) unit or each (-SiR13"n1R14"3-n1) unit is independently
an integer of 0 to 3, preferably 1 to 3, more preferably 3. In formula (A), at least two n1(s) are each an integer of 1 to 3,
namely, there is not any case where all n1(s) are simultaneously 0. In formula (A), the Si atom bonding to at least one
group selected from the group consisting of a hydroxyl group and a hydrolyzable group is present at each of both ends
of a molecular backbone. That is, at least one -SiR13n1R143-n1 structure (namely, -SiR13 moiety) where n1 is 1 or more
and at least one -SiR13"n1R14"3-n1 structure (namely, -SiR13" moiety) where n1 is 1 or more are preferably present in
formula (A).
[0214] In formula (B), R13" and R14" have the same meanings as R13 and R14, respectively.
[0215] In formula (B), the Si atom bonding to at least one group selected from the group consisting of a hydroxyl group
and a hydrolyzable group indicates a Si atom included in (-SiR13n1R143-n1) or (-SiR13"n1R14"3-n1) where n1 is an integer
of 1 to 3.
[0216] In formula (B), n1 with respect to each (-SiR13n1R143-n1) unit or each (-SiR13"n1R14"3-n1) unit is independently
an integer of 0 to 3, preferably 1 to 3, more preferably 3. In formula (B), at least two n1(s) are each an integer of 1 to 3,
namely, there is not any case where all n1(s) are simultaneously 0. In formula (B), at least one -SiR13 moiety is present
and at least one -SiR13" moiety is present.
[0217] In formula (C), each Ra", at each occurrence, independently represents -Z3-SiR71p1R72"q1R73r1. R72" has the
same meaning as R72.
[0218] In a preferable embodiment, at least one end of R a" can be -Si(-Z3-SiR72"q1R73r1)2R72"q1’R73r1’ (provided that
either one of q1’ and r1’ is 1 and the other is 0), or - Si (-Z3-SiR72"q1R73"r1)3, preferably -Si (-Z3-SiR72"q1R73r1)3. In the
formula, a (-Z3-SiR72"q1R73r1) unit is preferably (-Z3-SiR72"3). In a further preferable embodiment, all ends of Ra can be
-Si (-Z3-SiR72"q1R73r1)3, preferably -Si (-Z3-SiR72"3)3. Here, the total of q1 and r1 is 3.
[0219] In formula (C), at least one structure of SiR72 and/or SiRb (specifically a group selected from the group consisting
of a group represented by -Z3-SiR71p1R72q1R73r1, provided that q1 is an integer of 1 to 3, and/or a group represented
by -SiRak1Rbl1Rcm1, provided that 11 is an integer of 1 to 3), and at least one structure of SiR72" and/or SiRb" (specifically
a group selected from the group consisting of a group represented by -Z3-SiR 71p1R72q1R73r1, provided that q1 is an
integer of 1 to 3, and/or a group represented by -SiRak1Rbl1Rcm1, provided that 11 is an integer of 1 to 3) are present.
[0220] In formula (C), Rb" and R c" have the same meanings as Rb and Rc, respectively.
[0221] In formula (D), each Rd", at each occurrence, independently represents -Z4-CR81p2R82"q2R83r2. Each R82", at
each occurrence, independently represents -Y-SiR 85"n2R86"3-n2. R85", R86" have the same meanings as R85, R86, respectively.
[0222] In formula (D), in a preferable embodiment, in Rd’ at an end of Rd" (Rd" in the case where no Rd’ is present),
q2 is preferably 2 or more, for example, 2 or 3, more preferably 3.
[0223] In formula (D), in a preferable embodiment, at least one end of R d" can be -C (-Y-SiR85"n2R86"3-n2)2 (specifically,
-C (-Y-SiR85"n2R85"3-n2)2R83) or -C(-Y-SiR85"n2R86"3-n2)3, preferably -C (-Y-SiR85"n2R863-n2)3. Here, n2 is an integer of
1 to 3. In the formulae, a (-Y-SiR8-5"n2R86"3-n2) unit is preferably (-Y-SiR85"3). In a further preferable embodiment, all
ends of Rd can be each -C (-Y-SiR85"n2R86"3-n2)3, preferably -C(-Y-SiR 85"3)3.
[0224] In one embodiment, an end of a group represented by (CRd"k2Re"l2Rf"m2) is C(-Y-SiR85"n2R86"3-n2)2Rf", -C(-YSiR85"n2R86"3-n2)2R83 or C(-Y-SiR85"n2R86"3-n2)3, preferably C(-Y-SiR85"n2R86"3-n2)3. Here, n2 is an integer of 1 to 3. In
the formulae, a (-Y-SiRB5"n2R 86"3-n2) unit is preferably (-Y-SiR85"3). In a further preferable embodiment, all ends of the
group can be each -C (-Y-SiR85"n2R86"3-n2)3, preferably - C (-Y-SiR85"3)3.
[0225] In formula (D), each Re", at each occurrence, independently represents -Y-SiR85n2R86"3-n2.
[0226] In formula (D), Rf" has the same meaning as Rf.
[0227] In formula (D), one or more groups represented by - γ-SiR85n2R863-n2 and one or more groups represented by
-Y-SiR85"n2R86"3-n2 are present. More preferably, one or more carbon atoms each bonding to two or more groups
represented by -Y-SiR85n2R863-n2 are present and one or more carbon atoms each bonding to two or more groups
represented by -Y-SiR85"n2R86"3-n2 are present. In the formulae, n2 is an integer of 1 to 3. That is, in formula (D), one
or more groups selected from a group represented by -C-Rdk2(Y-SiR85n2R863-n2)12Rfm2 (provided that 12 is 2 or 3 and
the total of k2, l2 and m2 is 3) and a group represented by -C-R81p2(Y-SiR85n2R863-n2)q2R83r2 (provided that q2 is 2 or
3 and the total of p2, q2 and r2 is 3), and one or more groups selected from a group represented by -C-Rd"k2(YSiR85"n2R86"3-n2)12Rf"m2 (provided that 12 is 2 or 3 and the total of k2, l2 and m2 is 3) and a group represented by -CR81p2 (Y-SiR85"n2R 86"3-n2) q2RB3r2 (provided that q2 is 2 or 3 and the total of p2, q2 and r2 is 3) are preferably present,
wherein n2 is an integer of 1 to 3.
[0228] In one embodiment, in formula (D), one or more groups represented by -C-(Y-SiR85n2R863-n2)2 and one or more
groups represented by -C-(Y-SiR85"n2R 86"3-n2)2 are preferably present, wherein n2 is an integer of 1 to 3.
[0229] In one embodiment, in formula (D), one or more groups represented by -C-(Y-SiR85n2R863-n2)3 and one or more
groups represented by -C- (Y-SiR85"n2R86"3-n2)3 are preferably present, wherein n2 is an integer of 1 to 3.
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[0230] The solvent here used is preferably a fluorine atom-containing solvent. Examples of the solvent include:
a fluorine atom-containing solvent selected from the group consisting of perfluorohexane, CF3CF2CHCl2,
CF3CH2CF2CH3, CF3CHFCHFC2F5, 1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluorooctane, 1,1,2,2,3,3,4-heptafluorocyclopentane ((Zeorora H (trade name) or the like), C4F9OCH3, C4F9OC2H3, CF3CH 2OCF2CHF2, C6F13CH=CH2, xylene hexafluoride, perfluorobenzene, methylpentadecafluoroheptylketone, trifluoroethanol, pentafluoropropanol, hexafluoroisopropanol, HCF2CF2CH2OH, methyltrifluoromethanesulfonate, trifluoroacetic acid, CF3O (CF2CF2O)m1 (CF2O)
n1CF2 CF3 , wherein m1 and n1 are each independently an integer of 0 or more and 1000 or less and the occurrence
order of the respective repeating units in parentheses with m1 or n1 is not limited in the formula, provided that the sum
of m1 and n1 is 1 or more, 1,1-dichloro-2,3,3,3-tetrafluoro-1-propene, 1,2-dichloro-1,3,3,3-tetrafluoro-1-propene,1,2dichloro-3,3,3-trifluoro-1-propene,
1,1-dichloro-3,3,3-trifluoro-1-propene,
1,1,2-trichloro-3,3,3-trifluoro-1-propene,
1,1,1,4,4,4-hexafluoro-2-butene, ethyl perfluorobutyl ether, methylthyl perfluorobutyl ether, methyl perfluorohexyl ether
and methyl perfluorobutyl ether. Such a solvent may be used singly or as a mixture of two or more kinds thereof.
[0231] In particular, a preferable solvent is a fluorine atom-containing solvent. The fluorine atom-containing solvent
here used is preferably at least one selected from the group consisting of ethyl perfluorobutyl ether and methyl perfluorohexyl ether. Such a solvent is used to thereby allow storage stability of the surface treatment composition of the present
invention to be enhanced. Such a solvent can also contribute to suppression of the variation in physical properties (for
example, friction durability) of a surface-treating layer to be obtained.
[0232] The content of water contained in the solvent is preferably 100 ppm by mass or less, more preferably 50 ppm
by mass or less. The lower limit of the content of water contained in the solvent is not limited, and is, for example, 1 ppm
by mass or more. The content of water can be measured with a Karl Fischer method. Such a content of moisture can
allow storage stability of the surface treatment composition to be enhanced.
[0233] The proportion of the PFPE-containing silane compound based on 100 parts by mass of the total of the PFPEcontaining silane compound and the solvent in the surface treatment composition of the present invention is in the range
from 30 to 99 parts by mass. The proportion of the PFPE-containing silane compound based on 100 parts by mass of
the total of the PFPE-containing silane compound and the solvent in the surface treatment composition of the present
invention is preferably 40 parts by mass or more, more preferably 50 parts by mass or more, further preferably more
than 50 parts by mass, and preferably 90 parts by mass or less, more preferably 80 parts by mass or less.
[0234] The proportion of the PFPE-containing silane compound based on 100 parts by mass of the total of the PFPEcontaining silane compound and the solvent in the surface treatment composition of the present invention is preferably
in the range from 40 to 90 parts by mass, more preferably in the range from 50 to 80 parts by mass, further preferably
in the range from more than 50% by mass to 80 parts by mass.
[0235] The content of water contained in the surface treatment composition of the present invention is preferably 20
ppm by mass or less relative to the surface treatment composition. The lower limit of the content of water contained in
the surface treatment composition is not limited, and no water may be substantially contained (for example, 0 ppm by
mass). The content of water can be measured by use of a Karl Fischer method. The content of water can be in the range
to thereby allow storage stability of the surface treatment composition to be enhanced. The content of water can be in
the range to thereby allow stability (for example, storage stability) of the surface treatment composition of the present
invention to be enhanced.
[0236] The viscosity of the surface treatment composition of the present invention is preferably in the range from 5 to
1000 mPa·s. The viscosity of the surface treatment composition is more preferably 100 mPa·s or less, further preferably
60 mPa·s or less, particularly preferably 50 mPa·s or less. The viscosity of the surface treatment composition is more
preferably 3 mPa·s or more, particularly preferably 5 mPa·s or more.
[0237] Preferably, the viscosity of the surface treatment composition is in the range from 3 to 60 mPa·s, more preferably
in the range from 5 to 50 mPa·s.
[0238] The viscosity corresponds to a viscosity at 25°C, as determined by a B-type viscometer, and can be measured
according to JIS K7117-1:1999.
[0239] The surface treatment composition of the present invention can have such a viscosity, thereby allowing handleability to be more enhanced.
[0240] The PFPE-containing silane compound can be contained at the concentration, thereby allowing removal of the
solvent contained in the surface treatment composition to be facilitated and allowing the time taken for removal of the
solvent to be decreased in formation of a layer (surface-treating layer) obtained from the surface treatment composition.
Such a surface treatment composition containing the PFPE-containing silane compound at the concentration can be
used to thereby allow contamination of an apparatus due to the solvent removed, to be suppressed.
[0241] In the case where the concentration of the PFPE-containing silane compound is low (for example, 10 to 25%
by mass based on the total amount of the PFPE-containing silane compound and the solvent) in the case of formation
of such a layer with, for example, a deposition method (specifically, vacuum deposition method), the duration taken for
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reaching an objective degree of vacuum (for example, 3.0 3 10-3 MPa) can be longer as compared with a case where
a composition including only the PFPE-containing silane compound is used. On the contrary, in case of forming such a
layer with a deposition method (specifically, vacuum deposition method), when the surface treatment composition of the
present invention includes the PFPE-containing silane compound at the concentration falling within the range thereof,
it can reach an objective degree of vacuum at equivalent to the time taken in the case of use of a composition containing
100% by mass of the PFPE-containing silane compound.
[0242] Conventionally, sudden boiling of a remaining solvent in formation of a surface-treating layer has sometimes
caused any unevenness or defect (spot) on the surface-treating layer (in particular, the surface thereof).
[0243] On the contrary, the surface treatment composition of the present invention contains the PFPE-containing
silane compound at the concentration and thus such unevenness or defect (spot) is hardly caused.
[0244] In the case where the concentration of a PFPE-containing silane compound is low (for example, 10 to 25% by
mass based on the total amount of a fluorine-containing silane compound and a solvent), physical properties (for example,
water-repellency, oil-repellency, antifouling property, surface lubricity, and friction durability, in particular, friction durability) of a surface-treating layer formed may be sometimes varied. In addition, physical properties of such a surfacetreating layer may be sometimes inferior. The reason for this is considered because a solvent removed from a surface
treatment composition in formation of such a surface-treating layer may sometimes cause an apparatus, and a material
(for example, a base material) for use in formation of such a surface-treating layer to be contaminated and such contamination can inhibit a formation reaction of such a surface-treating layer.
[0245] On the contrary, the surface treatment composition of the present invention contains the PFPE-containing
silane compound at the concentration, thereby enabling physical properties (for example, water-repellency, oil-repellency,
antifouling property, surface lubricity, and friction durability, in particular, friction durability) of the surface treatment
composition to be improved and enabling variations in physical properties of a cured product to be suppressed. The
reason for this is considered because the content of the solvent in the surface treatment composition of the present
invention is low to thereby hardly cause the contamination due to the solvent and hardly inhibit a formation reaction of
the surface-treating layer. Moreover, contamination of an apparatus, due to the solvent, can also be hardly caused,
resulting in suppression of the variation in the time taken for removal of the solvent, or a reduction in the time.
[0246] A surface treatment composition can be used for formation of a surface-treating layer with spray coating or the
like. In such a case, such a surface treatment composition can be diluted with any solvent separately prepared, and
then used. In the case where the type of the solvent used in the dilution and the type of a solvent contained in such a
surface treatment composition are different, qualities (for example, stability) of such a surface treatment composition
after the dilution may be sometimes deteriorated. In the case where the boiling point of the solvent used in the dilution
and the boiling point of the solvent contained in such a surface treatment composition are different, such a surface
treatment composition after the dilution may have any problem about quality control thereof in spraying or in formation
of a surface-treating layer.
[0247] On the contrary, the surface treatment composition of the present invention hardly has such a problem because
the amount of the solvent contained in the composition is small.
[0248] Physical properties (for example, friction durability) of a cured product obtained by using the surface treatment
composition of the present invention can be equivalent to physical properties of a cured product obtained by using a
composition containing 100% by mass of the PFPE-containing silane compound. The surface treatment composition of
the present invention includes the PFPE-containing silane compound at the concentration, thus the composition can be
directly applied to a base material, and the base material coated with the composition and a cured product of the
composition can be each formed according to a simple method. This is an advantage of the surface treatment composition
of the present invention over the composition containing 100% by mass of the PFPE-containing silane compound.
(Other component)
[0249] The surface treatment composition may include other component, in addition to the PFPE-containing silane
compound. Such other component is not limited, and examples thereof include a (non-reactive) fluoropolyether compound
which can be understood as a fluorine-containing oil, preferably a perfluoro(poly)ether compound (hereinafter, referred
to as "fluorine-containing oil"), a (non-reactive) silicone compound (hereinafter, referred to as "silicone oil") which can
be understood as a silicone oil, a catalyst, a lower alcohol, a transition metal, a halide ion, a silane coupling agent, and
a compound containing an atom having an unshared electron pair in the molecular structure.
[0250] The fluorine-containing oil is not limited, and examples thereof include a compound (perfluoro(poly)ether compound) represented by the following general formula (III) :
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wherein Rf5 represents an alkyl group having 1 to 16 carbon atoms optionally substituted with one or more fluorine
atoms (preferably C 1-16 perfluoroalkyl group), Rf6 represents an alkyl group having 1 to 16 carbon atoms optionally
substituted with one or more fluorine atoms (preferably C1-16 erfluoroalkyl group), a fluorine atom or a hydrogen
atom, and Rf5 and Rf6 are more preferably, each independently, a C1-3 perfluoroalkyl group; and
a’, b’, c’ and d’ represent the respective four numbers of repeating units in perfluoro(poly)ether constituting a main
backbone of the polymer and are mutually independently an integer of 0 or more and 300 or less, the sum of a’, b’,
c’ and d’ is at least 1, preferably 1 to 300, more preferably 20 to 300, the occurrence order of the respective repeating
units in parentheses with the subscript a’, b’, c’ or d’ is not limited in the formula, and, among such repeating units,
- (OC4FB) - may be any of - (OCF2CF2CF2CF2) -, - (OCF(CF3)CF2CF2)-, -(OCF2CF(CF3)CF2)-, -(OCF2CF2CF(CF3))-,
- (OC(CF3)2CF2)-, -(OCF2C(CF3)2)-, -(OCF(CF3)CF(CF3))-, - (OCF(C2F5)CF2)- and - (OCF2CF(C2F5))-, and is
preferably - (OCF2CF2CF2CF2)-, and -(OC3F6)- may be any of -(OCF2CF2CF2)-, -(OCF(CF3)CF2)- and
-(OCF2CF(CF3))-, and is preferably - (OCF2CF2CF2)-, and, for example, -(OC2F4)- may be any of - (OCF2CF2)- and
-(OCF(CF3))-, and is preferably -(OCF2CF2)-.
[0251] Examples of the perfluoro(poly)ether compound represented by general formula (III) include a compound represented by any of the following general formulae (IIIa) and (IIIb) (which may be adopted singly or as a mixture of two
or more kinds thereof).
Rf5-(OCF2CF2CF2)b"-Rf6 ...

(IIIa)

Rf5-(OCF2CF2CF2CF2)a"- (OCF2CF2CF2)b"-(OCF2CF2)c"-(OCF2)d"-Rf6 ...
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(IIIb)

[0252] In such formulae, Rf5 and Rf6 are as described above; in formula (IIIa), b’’ is an integer of 1 or more and 100
or less; in formula (IIIb), a" and b" are each independently an integer of 1 or more and 30 or less, and c’’ and d’’ are
each independently an integer of 1 or more and 300 or less, and the occurrence order of the respective repeating units
in parentheses with subscript a", b", c", d" is not limited in the formulae.
[0253] The fluorine-containing oil may have a number average molecular weight of 1,000 to 30,000. In particular, the
number average molecular weight of the compound represented by formula (IIIa) is preferably 2,000 to 8,000. In one
embodiment, the number average molecular weight of the compound represented by formula (IIIb) is 3,000 to 8,000. In
another embodiment, the number average molecular weight of the compound represented by formula (IIIb) is 8,000 to
30,000.
[0254] In one embodiment, in the case where the surface-treating layer is formed according to a vacuum deposition
method, the average molecular weight of the fluorine-containing oil may be larger than the average molecular weight of
the PFPE-containing silane compound (for example, compound represented by formula (A1), (A2), (B1), (B2), (C1),
(C2), (D1) or (D2)). Such an average molecular weight enables a surface-treating layer formed by using the PFPEcontaining silane compound of the present invention to obtain better friction durability and surface lubricity.
[0255] In one embodiment, the average molecular weight of the fluorine-containing oil may be smaller than the average
molecular weight of the PFPE-containing silane compound. Such an average molecular weight not only enables a
surface-treating layer formed by using the surface treatment composition of the present invention to be inhibited from
being reduced in transparency, but also enables a surface-treating layer having high friction durability and high surface
lubricity to be formed.
[0256] The surface treatment composition can include, for example, 0 to 500 parts by mass, preferably 0 to 100 parts
by mass, more preferably 1 to 50 parts by mass, further preferably 1 to 5 parts by mass of the fluorine-containing oil
based on 100 parts by mass of the PFPE-containing silane compound.
[0257] The fluorine-containing oil may be a compound represented by general formula Rf’-F, wherein Rf’ is C5-16
perfluoroalkyl group, from another viewpoint. The fluorine-containing oil may be a chlorotrifluoroethylene oligomer. The
compound represented by Rf’-F and the chlorotrifluoroethylene oligomer are preferable in that high affinity with the
perfluoro(poly)ether group-containing silane compound where Rf is a C1-16 perfluoroalkyl group is obtained.
[0258] The fluorine-containing oil contributes to an enhancement in surface lubricity of the surface-treating layer.
[0259] The silicone oil can be, for example, a linear or cyclic silicone oil having 2,000 or less siloxane bonds. The
linear silicone oil may be any of so-called straight silicone oil and modified silicone oil. Examples of the straight silicone
oil include a dimethylsilicone oil, a methylphenylsilicone oil, and a methyl hydrogen silicone oil. Examples of the modified
silicone oil include any straight silicone oil modified by alkyl, aralkyl, polyether, higher fatty acid ester, fluoroalkyl, amino,
epoxy, carboxyl, alcohol, or the like. Examples of the cyclic silicone oil include a cyclic dimethylsiloxane oil.
[0260] The surface treatment composition can include, for example, 0 to 50 parts by mass, preferably 0 to 5 parts by
mass of such a silicone oil based on 100 parts by mass of the PFPE-containing silane compound (in the case of two or
more kinds, the total thereof, much the same is true on the following).
[0261] Such a silicone oil contributes to enhancing surface lubricity of the surface-treating layer.
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[0262] Examples of the catalyst include acids (for example, acetic acid and trifluoroacetic acid), bases (for example,
ammonia, triethylamine and diethylamine), transition metals (for example, Ti, Ni, and Sn), and any metal-based catalyst
containing a transition metal.
[0263] The catalyst promotes hydrolysis and dehydration condensation of the fluorine-containing silane compound,
and promotes formation of the surface-treating layer.
[0264] Examples of the lower alcohol as other component described above include an alcohol compound having 1 to
6 carbon atoms.
[0265] Examples of the transition metal further include platinum, ruthenium and rhodium.
[0266] Examples of the metal-based catalyst containing a transition metal can include tetrapropyl titanate (more specifically, tetraisopropyl titanate (tetraisopropaxy titanium), tetra-n-propyl titanate), tetrapropyl zirconate (more specifically,
tetraisopropyl zirconia and tetra-n-propyl zirconate).
[0267] Examples of the halide ion include a chloride ion.
[0268] Examples of the silane coupling agent include tetraethoxysilane, methyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane and methyltriacetoxysilane.
[0269] Examples of the compound containing an atom having an unshared electron pair in the molecular structure
include diethylamine, triethylamine, aniline, pyridine, hexamethylphosphoramide, N,N-diethylacetamide, N,N-diethylformamide, N,N-dimethylacetamide, N-methylformamide, N,N-dimethylformamide, N-methylpyrrolidone, tetramethylurea,
dimethyl sulfoxide (DMSO), tetramethylene sulfoxide, methylphenyl sulfoxide and diphenyl sulfoxide. Among such compounds, dimethyl sulfoxide or tetramethylene sulfoxide is preferably used.
[0270] In one embodiment, the surface treatment composition does not include, as such other component, any fluorinecontaining oil, silicone oil, catalyst, lower alcohol, transition metal, halide ion, and compound containing an atom having
an unshared electron pair in a molecular structure.
[0271] The surface treatment composition can be formed into a pellet by impregnating a porous material, for example,
a porous ceramic material or a metal fiber, for example, that obtained by floccing a steel wool, therewith. The pellet can
be used in, for example, vacuum deposition.
[0272] The surface treatment composition of the present invention can impart water-repellency, oil-repellency, antifouling property, waterproof property, high friction durability and UV resistance to the base material, and thus is suitably
used as a surface treatment composition. Specifically, the surface treatment composition of the present invention may
be suitably used as an antifouling coating agent or a water-proof coating agent, without any limitation.
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[0273] Next, the article of the present invention is described.
[0274] The article of the present invention includes a base material, and a layer (surface-treating layer) formed by the
surface treatment composition of the present invention, on the surface of the base material. The article can be produced
as follows, for example.
[0275] First, the base material is prepared. The base material which can be used in the present invention can be any
suitable material such as glass, a resin (which may be a natural or synthetic resin, for example, a common plastic
material, and may be in the form of a plate, a film, or the like), a metal (which may be a single substance of a metal such
as aluminum, copper or iron, or a composite such as an alloy thereof), ceramics, a semiconductor (silicon, germanium,
or the like), a fiber (woven cloth, unwoven cloth, or the like), fur, leather, a wood material, china and porcelain, a stone
material, or a building material.
[0276] The glass is preferably sapphire glass, soda-lime glass, alkali aluminosilicate glass, borosilicate glass, alkalifree glass, crystal glass, or quartz glass, particularly preferably chemically strengthened soda-lime glass, chemically
strengthened alkali aluminosilicate glass, and chemically bonded borosilicate glass.
[0277] The resin is preferably an acrylic resin or polycarbonate.
[0278] For example, in the case where an article to be produced is an optical member, the material constituting the
surface of the base material may be a material for an optical member, for example, glass or transparent plastic. In the
case where an article to be produced is an optical member, any layer (or film), for example, a hard coating layer or an
antireflection layer may be formed on the surface (outermost layer) of the base material. Any of a monolayer antireflection
layer and a multilayer antireflection layer may be used for the antireflection layer. Examples of an inorganic substance
which can be used in the antireflection layer include SiO2, SiO, ZrO2, TiO2, TiO, Ti2O3, Ti2O5, Al2O3, Ta2O5, CeO2,
MgO, Y2O3, SnO2, MgF2, and WO3. Such an inorganic substance may be used singly or in combinations (for example
as a mixture) of two or more kinds thereof. In the case where a multilayer antireflection layer is intended, SiO2 and/or
SiO are/is preferably used in the outermost layer. In the case where an article to be produced is an optical glass component
for a touch panel, the article may include a transparent electrode, for example, a thin film with indium tin oxide (ITO),
indium zinc oxide or the like, on a portion of the surface of the base material (glass). For example, the base material
may have an insulating layer, an adhesive layer, a protecting layer, a decorated frame layer (I-CON), an atomized film
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layer, a hard coating layer, a polarizing film, a phase difference film, a liquid crystal display module, and the like depending
on a particular specification or the like thereof.
[0279] The shape of the base material is not limited. A surface area of the base material, on which the surface-treating
layer is to be formed, may be at least one portion of the surface of the base material, and can be appropriately determined
depending on the application, a particular specification or the like of an article to be produced.
[0280] Such a base material may include any material originally having a hydroxyl group at least on a surface portion
thereof. Examples of such any material include glass, as well as a metal (in particular, base metal), ceramics and a
semiconductor, where a natural oxidized film or a thermal oxidized film is to be formed on the surface. Alternatively,
when the base material has a hydroxyl group but insufficiently or when the base material originally does not have any
hydroxyl group, as in a resin and the like, the base material can be subjected to any pre-treatment to thereby introduce
or increase a hydroxyl group onto the surface of the base material. Examples of such a pre-treatment include a plasma
treatment (for example, corona discharge) and ion beam irradiation. Such a plasma treatment can be suitably utilized
to not only introduce or increase a hydroxyl group onto the surface of the base material, but also clean the surface of
the base material (remove foreign substances and the like). Another example of such a pre-treatment includes a method
involving forming an interface adsorbent having a carbon-carbon unsaturated bonding group, in the form of a monomolecular film, on the surface of the base material in advance according to a LB method (Langmuir-Blodgett method), a
chemical adsorption method, or the like, and thereafter cleaving an unsaturated bond under an atmosphere containing
oxygen, nitrogen, and the like.
[0281] Alternatively, the base material may include, at least on a surface portion thereof, a silicone compound having
at least another reactive group, such as a Si-H group, or a material including alkoxysilane.
[0282] Next, the layer of the surface treatment composition of the present invention is formed on the surface of the
base material, and the layer is, if necessary, subjected to a post-treatment, thereby allowing a surface-treating layer to
be formed from the surface treatment composition of the present invention.
[0283] The layer of the surface treatment composition of the present invention can be formed by applying the surface
treatment composition of the present invention to the surface of the base material so that the surface is coated. The
coating method is not limited. For example, a wet coating method and a dry coating method can be used.
[0284] Examples of the wet coating method include dip coating, spin coating, flow coating, spray coating, roll coating,
gravure coating, and similar methods.
[0285] Examples of the dry coating method include deposition (usually, vacuum deposition), sputtering, chemical
deposition (CVD), and similar methods. Specific examples of the deposition method (usually, vacuum deposition method)
include resistive heating, highfrequency heating using electron beam, microwave or the like, ion beam, and similar
methods. Specific examples of the CVD method include plasma-CVD, optical CVD, thermal CVD, and similar methods.
[0286] Furthermore, coating according to an atmospheric pressure plasma method can also be made.
[0287] The layer is preferably formed so that the surface treatment composition of the present invention coexists with
a catalyst for hydrolysis and dehydration condensation, in the layer. Simply, in the case of the wet coating method, the
surface treatment composition of the present invention may be diluted with a solvent and the catalyst may be then added
to a diluted solution of the surface treatment composition of the present invention immediately before the diluted solution
is applied onto the surface of the base material. In the case of the dry coating method, the surface treatment composition
of the present invention, to which the catalyst is added, may be subjected to a deposition (usually, vacuum deposition)
treatment as it is, or a pellet-like substance obtained by impregnating a porous body of a metal such as iron or copper
with the surface treatment composition of the present invention, to which the catalyst is added, may be subjected to a
deposition (usually, vacuum deposition) treatment.
[0288] Any appropriate acid or base can be used in the catalyst. Such an acid catalyst can be, for example, acetic
acid, formic acid or trifluoroacetic acid. Such a base catalyst can be, for example, ammonia or any organic amine.
[0289] Next, the film is, if necessary, subjected to a post-treatment. The post-treatment is not limited, and, for example,
may be made by sequentially or simultaneously performing water feeding and dry heating.
[0290] After the layer of the surface treatment composition of the present invention is formed on the surface of the
base material, as described above, water is fed to the layer (hereinafter, also referred to as "precursor layer"). The water
feeding method is not limited, and, for example, a method with dew condensation due to the difference in temperature
between the precursor layer (and base material) and an ambient atmosphere, or blowing of water vapor (steam) may
be used.
[0291] Such water feeding can be performed under an atmosphere of, for example, 0 to 250°C, preferably 60°C or
more, further preferably 100°C or more, and preferably 180°C or less, further preferably 150°C or less. Such water
feeding can be made in such a temperature range, thereby allowing hydrolysis to progress. The pressure here is not
limited, and can be simply atmospheric pressure.
[0292] Next, the precursor layer is heated on the surface of the base material under a dry atmosphere at more than
60°C. The dry heating method is not limited, and the precursor layer may be disposed, together with the base material,
under an atmosphere of a temperature of more than 60°C, preferably more than 100°C, and, for example, 250°C or
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less, preferably 180°C or less, and an unsaturated water vapor pressure. The pressure here is not limited, and can be
simply atmospheric pressure.
[0293] Such an atmosphere allows groups bonding to Si after hydrolysis, of the PFPE-containing silane compound,
to undergo rapid dehydration condensation. Such a group bonding to Si after hydrolysis, of the compound, and a reactive
group present on the surface of the base material are rapidly reacted between the compound and the base material,
and dehydration condensation is made in the case where the reactive group present on the surface of the base material
is a hydroxyl group. As a result, a bond is formed between the perfluoro(poly)ether group-containing silane compound
and the base material.
[0294] The water feeding and dry heating may be continuously performed by using superheated steam.
[0295] The post-treatment can be performed as described above. While such a post-treatment can be performed in
order to further enhance friction durability, it is noted that such a post-treatment is not essential for producing the article.
For example, the surface treatment composition of the present invention may be applied to the surface of the base
material and thereafter only left to still stand as it is.
[0296] The article is produced by forming a layer derived from a film of the surface treatment composition of the present
invention on the surface of the base material, as described above. The layer thus obtained, derived from the surface
treatment composition, has favorable UV resistance. The layer can also have not only favorable UV resistance, but also
water-repellency, oil-repellency, antifouling property (for example, preventing fouling such as fingerprints from adhering),
surface lubricity (or lubricity, for example, wiping property of fouling such as fingerprints, and excellent texture to fingers),
high friction durability, chemical resistance, and the like, depending on the compositional feature of a composition to be
used, and can be suitably utilized as a functional thin film.
[0297] That is, the present inventive surface treatment composition can also be further used for formation of an optical
material having the cured product on the outermost layer.
[0298] Examples of the optical material preferably include not only optical materials with respect to displays exemplified
below, but also a variety of optical materials: such as cathode ray tubes (CRTs; for example, TV and a personal computer
monitor), displays such as a liquid crystal display, a plasma display, an organic EL display, an inorganic thin-film EL dot
matrix display, a rear projection display, a vacuum fluorescent display (VFD) and a field emission display (FED; Field
Emission Display), or protective plates for such displays or such protective plates whose surfaces are each subjected
to an antireflection film treatment.
[0299] The article including the surface treatment composition obtained by the present invention is not limited, and
can be an optical member. Examples of such an optical member include the following: lenses for eyeglasses; a front
surface protective plate, an antireflection plate, a polarizing plate or an anti-glare plate for displays such as PDP and
LCD; a touch panel sheet for devices such as a mobile phone and a handheld terminal; disk surfaces of optical disks
such as a Blu-ray (Blu-ray (R)) disk, a DVD disk, CD-R and MO; and an optical fiber.
[0300] The article including the surface-treating layer obtained by the present invention may be medical equipment
or a medical material.
[0301] The thickness of the layer of the surface treatment composition is not limited. In the case of an optical member,
the thickness of the layer is in the range from 1 to 50 nm, more preferably 1 to 30 nm, particularly preferably 1 to 15 nm
in terms of optical performance, surface lubricity, friction durability and antifouling property.
[0302] Another mode may involve forming a separate layer on the surface of the base material and thereafter forming
a surface-treating layer obtained by the present invention, on the surface of the layer.
[0303] The article obtained by using the surface treatment composition of the present invention is described above.
Herein, the application and the usage method of the surface treatment composition, the method for producing the article,
and the like, of the present invention, are not limited to those exemplified above.
Examples
[0304] The present invention is more specifically described with reference to the following Examples, but the present
invention is not intended to be limited to such Examples. In the present Examples, the occurrence order of the repeating
units constituting perfluoro(poly)ether is not limited.
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(Example A-1)

55

[0305] The following fluorine-containing silane compound was prepared by Novec HFE7200 so that the solid concentration was 40% by mass, thereby preparing a surface treatment composition. Herein, the solid concentration means %
by mass relative to the entire composition. The content of water in Novec HFE7200, as determined according to a Karl
Fischer method, was 47 ppm.
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• Fluorine-containing silane compound
[0306]
5

H(((C2H5O)3Si)CHCH 2)3CF2CF2(OC3F6)e-CF2CF2(CH2CH(Si(OC2H5)3))3H, wherein e = 25

(Examples A-2 to A-4)
[0307] Each surface treatment composition was prepared in the same manner as in Example A-1 except that the solid
concentration was any concentration described in Table 1.

10

(Comparative Example A-1)
[0308] A composition was prepared in the same manner as in Example A-1 except that the solid concentration was
any concentration described in Table 1.

15

(Comparative Example A-2)
[0309] A composition was prepared in the same manner as in Example A-1 except that no solvent was used (namely,
the solid concentration was 100% by mass).
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• Formation of cured product
[0310] Each of the compositions obtained in Examples and Comparative Examples was vacuum-deposited on chemically strengthened glass ("Gorilla" glass manufactured by Corning Incorporated, thickness: 0.7 mm). The treatment
condition of such vacuum deposition included a pressure of 3.0 3 10-3 Pa, and a 7 mm silicon dioxide film was formed
on the surface of the chemically strengthened glass.
[0311] Subsequently, 2 mg (solid content) of such each composition per chemically strengthened glass (55 mm 3
100 mm) was deposited by resistive heating on the chemically strengthened glass on which the silicon dioxide film was
formed. An objective degree of vacuum was here set to a pressure of 3.0 3 10-3 Pa, and the time until such an objective
degree of vacuum was achieved was measured. The results are shown in Table 1.
[0312] Thereafter, such chemically strengthened glass provided with a deposited film was left to still stand under an
atmosphere of a temperature of 20°C and a humidity of 65% for 24 hours. Herein, the formation of a cured product was
performed five times with respect to each Example and each Comparative Example, and the number of samples was
1 to 5 as described in Table 1.
• Evaluation of friction durability
[0313] The friction durability of the cured product formed as above was evaluated as follows.
[0314] First, the static contact angle of water was measured in terms of the initial evaluation, in the state where the
surface of the cured layer formed was not still contacted with any object (the number of frictions: zero).
[0315] First, the static contact angle of water was measured in terms of the initial evaluation, in the state where the
surface of the cured layer formed was not still contacted with any object (the number of frictions: zero). Thereafter, a
steel wool friction durability evaluation was performed as friction durability evaluation. Specifically, a base agent was
horizontally disposed, a steel wool (thread size #0000, dimension: 5 mm 3 10 mm 3 10 mm) was brought into contact
with the upper surface exposed of the cured layer, a load of 1,000 gf was applied thereonto, and thereafter the steel
wool to which such a load was applied was allowed to reciprocate at a speed of 140 mm/sec. The static contact angle
(degrees) of water was measured per 1000 shuttling (100 in Comparative Example 2), and the evaluation was stopped
when the measurement value of the contact angle reached less than 100 degrees. The number of frictions, at which
recording as 100 degrees was finally made, was shown in Table 1.
[0316] The static contact angle of water was here a value obtained by measurement with 1 mL of water at 25°C by
using a contact angle measurement apparatus (manufactured by Kyowa Interface Science, Inc.).

55

44

EP 3 705 545 A1
[Table 1]
(Number of
samples)

Solid concentration
[% by mass]

Time until achievement of
objective degree of vacuum
[minutes]

Steel wool friction
durability [cycles]

1

40%

17

7000

2

25

4000

3

19

6000

4

21

5000

5

17

6000

17

6000

2

17

7000

3

18

7000

4

18

6000

5

19

5000

17

7000

2

18

8000

3

18

7000

4

17

6000

5

17

6000

17

7000

2

16

6000

3

17

6000

4

18

7000

5

18

8000

22

5000

2

19

6000

3

34

2000

4

40

1000

5

36

2000

17

7000

2

17

7000

3

18

6000

4

17

7000

5

18

6000

5

Example A-1

10

Example A-2
15

20

Example A-3

25

Example A-4
30

35

Comparative
Example A-1

40

Comparative
Example A-2
45

1

1

1

1

1

50%

60%

80%

20%

100%

50

(Example B-1)
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[0317] A surface treatment composition was prepared which included the following PFPE-containing silane compound,
cross-linking agent, catalyst and solvent and which had a solid concentration of 50% by mass. Hereinafter, the solid
concentration refers to a mass ratio of the PFPE-containing silane compound, the cross-linking agent and the catalyst
to the surface treatment composition.
[0318] PFPE-containing
silane
compound:
(C2H5O)3SiCH2CH2CH2NHCOCF2(OC2F4)e-(OCF2)f-CF2CONHCH2CH2CH2Si(OC2H5)3, wherein e = 40 and f = 58
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Cross-linking agent: tetraethoxysilane (TEOS) (10% by mass relative to the PFPE-containing silane compound)
Catalyst: tetraisopropaxy titanium (0.09% by mass relative to the PFPE-containing silane compound)
Solvent: Novec HFE7200 (the content of water in Novec HFE7200, determined according to a Karl Fischer method,
was 47 ppm)
5

(Example B-2)
[0319] A surface treatment composition was prepared in the same manner as in Example B-1 except that the solid
concentration was 80% by mass.
10

(Comparative Example B-1)

15

20

[0320] A composition was prepared in the same manner as in Example B-1 except that no solvent was used (namely,
the solid concentration was 100% by mass).
[0321] A glass plate was spray-coated with each of the surface treatment compositions obtained in Examples B-1 and
B-2. Thereafter, the resultant was left to still stand under an atmosphere of 25°C and a humidity of 65% for 24 hours,
thereby forming a cured product. The composition of Comparative Example B-1 had a high viscosity and could not be
sprayed.
[0322] The thickness of the resulting cured product was measured with a laser microscope (Model No.: VK9710,
manufactured by Keyence Corporation). The results are shown in Table 2. Respective numbers in "Thickness" in Table
2 here represent the minimum value and the maximum value measured. The description "Uniform" in Table 2 represents
a state where a continuous film was formed without any area not coated, like a pinhole. Specifically, an image obtained
by a laser microscope was visually confirmed, and any portion where a glass surface was exposed was determined as
having a pinhole.

25

[Table 2]
Solid concentration (% by mass)
30

State of film

Example B-1

50

30-43

Uniform

Example B-2

80

45-102

Uniform

(Failure to form)

-

Comparative Example B-1

35

Thickness (mm)

100

Industrial Applicability
[0323] The present invention can be suitably utilized for forming a fluorine-containing sealant for embedding any void
(for example, a void at a display edge) between electronic members such as a display and a printed board in electronic
equipment.
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Claims
1.

A surface treatment composition comprising a perfluoropolyether group-containing silane compound and a solvent,
wherein
a proportion of the perfluoropolyether group-containing silane compound based on 100 parts by mass of a total
amount of the perfluoropolyether group-containing silane compound and the solvent is in the range from 30 to 99
parts by mass.

2.

The surface treatment composition according to claim 1, wherein the proportion of the perfluoropolyether groupcontaining silane compound based on 100 parts by mass of a total amount of the perfluoropolyether group-containing
silane compound and the solvent is more than 50 parts by mass.

3.

The surface treatment composition according to claim 1 or 2, wherein the solvent is a fluorine atom-containing solvent.

4.

The surface treatment composition according to claim 3, wherein a content of water contained in the solvent is 100
ppm by mass or less.

45
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5

5.

The surface treatment composition according to any one of claims 1 to 4, having a viscosity in the range from 10
to 1000 mPa·s.

6.

The surface treatment composition according to any one of claims 1 to 5, wherein the perfluoropolyether groupcontaining silane compound is at least one perfluoropolyether group-containing silane compound represented by
formula (A1), (A2), (B1), (B2), (C1), (C2), (D1) or (D2):

10

15

20

(Rf-PFPE)β1’-X3-(SiR13n1R143-n1)β1 ···

25

(B1)

(R143-n1RBn1Si)β1-X3-PFPE-X3-(SiR13n1R143-n1)β1 ···
(Rf-PFPE)γ1’-X5-(SiRak1Rb11Rcm1)γ1 ···

(B2)

(C1)

(Rcm1Rb11Rak1Si)γ1-X5-PFPE-X5-(SiRak1Rb11Rcm1)γ1 ···
30

(Rf-PFPE)δ1’-X7-(CRdk2Re12R fm2)δ1 ···

(D1)

(Rfm2Re12Rdk2C)δ1-X7-PFPE-X7-(CRdk2Re12Rfm2)δ1 ···

35
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(C2)

(D2)

wherein:
each PFPE, at each occurrence, is independently a group represented by formula:
-(OC6F12)a-(OC5F10)b-(OC4F8)c-(OC3X106)d-(OC2F4)e-(OCF2)f-wherein a, b, c, d, e and f are each independently an integer of 0 or more and 200 or less, the sum of a, b, c, d, e and f is at least 1, the occurrence order of
the respective repeating units in parentheses with a, b, c, d, e or f is not limited in the formula, and each X10,
at each occurrence, independently is a hydrogen atom, a fluorine atom or a chlorine atom;
each Rf, at each occurrence, independently represents an alkyl group having 1 to 16 carbon atoms, optionally
substituted with one or more fluorine atoms;
each R13, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each R14, at each occurrence, independently represents a hydrogen atom or an alkyl group having 1 to 22
carbon atoms;
each R11, at each occurrence, independently represents a hydrogen atom or a halogen atom;
each R12, at each occurrence, independently represents a hydrogen atom or a lower alkyl group;
n1 with respect to each (-SiR13n1R143-n1) unit is independently an integer of 0 to 3;
provided that at least one n1 in formulae (A1), (A2), (B1) and (B2) is an integer of 1 to 3;
each X1, at each occurrence, independently represents a single bond or a di- to decavalent organic group;
each X2, at each occurrence, independently represents a single bond or a divalent organic group;
each t, at each occurrence, is independently an integer of 1 to 10;
each α1, at each occurrence, is independently an integer of 1 to 9;
each α1’ is independently an integer of 1 to 9;
each X3, at each occurrence, independently represents a single bond or a di- to decavalent organic group;
each β1, at each occurrence, is independently an integer of 1 to 9;
each β1’ is independently an integer of 1 to 9;
each X5, at each occurrence, independently represents a single bond or a di- to decavalent organic group;
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each γ1, at each occurrence, is independently an integer of 1 to 9;
each γ1’ is independently an integer of 1 to 9;
each Ra, at each occurrence, independently represents -Z3-SiR71p1R72q1R73r1;
each Z3, at each occurrence, independently represents an oxygen atom or a divalent organic group;
each R71, at each occurrence, independently represents Ra’;
Ra’ has the same meaning as Ra;
the number of Si linearly linked via a Z3 group in Ra is at most 5;
each R72, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each R73, at each occurrence, independently represents a hydrogen atom or a lower alkyl group;
each p1, at each occurrence, is independently an integer of 0 to 3;
each q1, at each occurrence, is independently an integer of 0 to 3;
each r1, at each occurrence, is independently an integer of 0 to 3;
provided that the sum of p1, q1 and r1 with respect to (-Z3-SiR71p1R72q1R73r1) is 3 and at least one q1 in formulae
C1) and (C2) is an integer of 1 to 3;
each Rb, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each Rc, at each occurrence, independently represents a hydrogen atom or a lower alkyl group;
each k1, at each occurrence, is independently an integer of 0 to 3;
each 11, at each occurrence, is independently an integer of 0 to 3;
each m1, at each occurrence, is independently an integer of 0 to 3;
provided that the sum of k1, 11 and m1 with respect to (SiRak1Rb11Rcm1) is 3;
each X7 independently represents a single bond or a di- to decavalent organic group;
each δ1 is independently an integer of 1 to 9;
each δ1’ is independently an integer of 1 to 9;
each Rd, at each occurrence, independently represents -Z4-CR81p2R 82q2R83r2 ;
each Z4, at each occurrence, independently represents an oxygen atom or a divalent organic group;
each R81, at each occurrence, independently represents Rd’ ;
Rd’ has the same meaning as Rd;
the number of C linearly bonded via a Z4 group in Rd is at most 5;
each R82, at each occurrence, independently represents -Y-SiR85n2R863-n2;
each Y, at each occurrence, independently represents a divalent organic group;
each R85, at each occurrence, independently represents a hydroxyl group or a hydrolyzable group;
each R86, at each occurrence, independently represents a hydrogen atom or a lower alkyl group;
n2 with respect to a (-Y-SiR85n2R863-n2) unit independently represents an integer of 0 to 3;
each R83, at each occurrence, independently represents a hydrogen atom, a hydroxyl group or a lower alkyl
group;
each p2, at each occurrence, is independently an integer of 0 to 3;
each q2, at each occurrence, is independently an integer of 0 to 3;
each r2, at each occurrence, is independently an integer of 0 to 3;
provided that the sum of p2, q2 and r2 with respect to (-Z4-CR81p2R82q2R83r2) is 3;
each Re, at each occurrence, independently represents -Y-SiR85n2R863-n2;
each R f, at each occurrence, independently represents a hydrogen atom, a hydroxyl group or a lower alkyl group;
each k2, at each occurrence, is independently an integer of 0 to 3;
each 12, at each occurrence, is independently an integer of 0 to 3; and
each m2, at each occurrence, is independently an integer of 0 to 3;
provided that the sum of k2, l2 and m2 with respect to (CRdk2Re12Rfm2) is 3 and two or more groups represented
by -Y-SiR85n2R863-n2 wherein n2 is 1 or more are present in formulae (D1) and (D2).
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7.

The surface treatment composition according to claim 6, wherein X10 is a fluorine atom.

50

8.

The surface treatment composition according to any one of claims 1 to 7, further comprising one or more other
components selected from a fluorine-containing oil, a silicone oil, an alcohol, a catalyst, a transition metal, a halide
ion, a silane coupling agent, and a compound containing an atom having an unshared electron pair in a molecular
structure.

55

9.

The surface treatment composition according to any one of claims 1 to 8, wherein the composition is used as an
antifouling coating agent or a water-proof coating agent.

10. The surface treatment composition according to any one of claims 1 to 9, for vacuum deposition.
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11. A pellet comprising the surface treatment composition according to any one of claims 1 to 10.
12. An article comprising a base material, and a layer formed from the surface treatment composition according to any
one of claims 1 to 10, on a surface of the base material.
5

13. The article according to claim 12, wherein the article is an optical member.
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