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POLYANILINE-BASED CIILORINE RESISTANT HYDROPIHLIC 

FILTRATION MEMBRANES 

RELATED APPLICATIONS 

This application claims the benefit of priority to United States Provisional Patent 

Application serial number 61/976,688, filed April 8, 2014. which is hereby incorporated by 

reference in its entirety, 

BACKGROUND 

t) An abundant supply of fresh water is a fundamental requirement for municipal, 

industrial and agricultural uses. However, rising populations and source contamination have 

exerted increasing stress on fresh water supplies. Along with pressure from strict 

regulations for clean water, Improvements in water treatment technology are critical (Howe, 

KJ and Tchobanoglous, G. (2005) Water 1)-eanment: Principles and Design, John Wiley 

15 & Sons, Ine., Hoboken, New Jersey, 2" edn., Service, R. F. (2006) Science 313, 1088

1090).  

Membrane-based filtration is the most important and widely used method for 

water purification due to its ability to completely and continuously filter impurities by size 

exclusion on a large scale (Howe, K. J. and Tchobanoglous, G. (2005) UWaier Treanent: 

20 Prinliples and Design, John Wiley & Sons, Inc, Hoboken, New Jersey, 2Y edn.) 

Generally, membranes can be categorized into four types: microfiltration (MF), 

ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) based on their pore size 

and ability to reject different matter.  

UF membranes have an average pore size of -10 nm. in waste water treatment, 

25 UP membranes are used to reject pathogenic microorganisms such as viruses, bacteria, 

protozoa and other coiloids (Cheryan, M. (1998) Utrafitrat/on and Microfiltri 

Handbook, Technimic. Lancaster, P A). They can serve as a pretreatment step for 

desalination (JHowe, K. J. and Tchobanoglous, G. (.2005) Mater Treatment: Principles and 

Design, John Wiley & Sons, Inc., Hoboken, New Jersey, 2"' edn.; Rosberg, R. (1997) 

30 Desalination 110 107- 14). UP membranes are conmmnly used for separations in the
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chemical, pharmaceutical, food and beverage industries, and are an integral component in 

blood dialysis.  

When a membrane is used for separation, the flux gradually decreases during 

operation as the membrane is fouled by inorgaie particulates, orgatuc matter and/or 

5 biological microorganisms. The susceptibility to fouling varies among different membrane 

materials due to hydrophobic interactions between the foulant and the surface of the 

polymeric membrane. Thus, membrane hydrophiicity has been linked to a membrane's 

propensity to foul, ie. hydrophilic membranes generally foul less than hydrophobic 

membranes (Meverry. B. T, et al, (2013) Chem ;at1er: 25, 3597-3602;Liao, Y., et al.  

10 (2014) Materials Horizons 1. 58-64). A more hydrophobic membrane allows foulants to 

adhere strongly via van der Waals interactions to the membrane surface that leads to 

irreversible nembrane fouling (Hilal, N_ et al. (2005) Separ. Scil./echnot 179, 323-333).  

Chemical cleaning is typically used to remove adhered organic matter and 

biofilms from the membrane surfaces. Cleaning treatments restore membrane performance 

15 to regain flux loss during operation due to membrane fouling. Common chemicals used for 

cleaning membranes include caustics, oxidantsdisinfecants acids, chelating agents and 

surfactants (Liu, C. et a, (2006) Jembrane Chencal leaning: Froi Art to Scie, Pall 

Corporation, Port Washington, NY 11050, USA). Chlorine bleach (sodium hypochlorite), is 

popular in industry for its low cost, commercial availability and ability to effectively reduce 

2) fouling when added. to the feed solution. Strong oxidants such as hypochlorite not only kill 

microorganisms, but also oxidize functional groups in natural organic matter into more 

water-soluble moieties, allowing the new species to be easily washed away during 

operation. however, strong oxidants simultaneously attach chemical bonds o1und within the 

polymeric membrane material, negatively affecting the membrane properties (Eykamp, W.  

25 (1995) MicrofiltTation and ultrafiltration. ln Membrane Separation Tc&hnology lrinciples 

and Applications, Elsevier Science: Amsterdam; Gitis, V, et al. (2006) M Uembr Sci. 276.  

185-192; Wienk, L. N. et al- (1995)1 Pal. m 1 Sci Po. (hem. 33, 49-54; Nystrom, M- and 

Zhu, H. (1997)J Membr. Sci 131, 195-205; Wolff, H. and Zydney, A. L (2004). Vembr.  

Sci. 243. 389-399: Zhu, H. and Nystrom. M (1998) .. Member. Sci, 138, 309-321).  

30 The impact of chlorine cleaning on polyethersulfone (PES) membranes shows 

that chlorine can actually cause more severe fouling and increase the electronegativity of 

the membrane after cleaning (Arkhangelsky, E., et al. (2007)J. Membr. Sci. 305, 176-184;
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Rouaix, S., et a. (2006) . Member, Sci. 277, 137-147; Gaudichet-Maurin, E. and 

Thominette, F. (2006), . Membr Sci 282, 198~204). This leads to chain scission of the 

polymer and deteriorates the mechanical strength of the meribraine (Arkhangelsky, E., et at 

(20107) Membr. Se! 305, 176-184; Thominette, F, et al- (2006) Desalination 200, 7-8; 

5 Kuzmen-ko, D., et at (2005) Desalination 179, 323-333). Chemical auack by chlorine on 

polyamide RO nmbranes results in membrane failure with enhanced passage of salt and 

water (Manohiar, S K. and Macdiarmid, A. C. (1989)Syntetic Mt/ 29, 349-356; Langer, 

J. J. (I990) Snhetic Met. 35, 295-300; Shin, J. S., et al. (2005) Scnthetc 15 1., 246

255; Shadi, L., ct at (2012). Appl Plym. Sci. 124, 2 118-2 126), In response, attempts 

10 have been made to modify membrane materials in order to make them less susceptible to 

chlorine degradation- For instance, usin a polyamide that contains a tertiary amide instead 

of a secondary amide results in a chlorine-resistant RO membrane (Scheme I) (Manohar, S.  

K. and Macdiarmid, A- (1989) Synthetic MealIs 29, 349-356; Langer, J. J. (1990) 

Svntheti: Meals 35, '5-300).  

i5 Conducting polyners and their derivatives have been extensively examined 

recently for their Potential use in water treatment membranes due to their hydrophilic 

properties, thermal and chemical stability, low-cost, facile synthesis and ability to be 

modified by doping (McVerry. B. T,, et al (201 3) C'hem. Ater. 25, 3597-3602; Liao. Y, 

et al (2014) Ateria THorizons 1, 58-64; Liaot Y, et al. (2012)J Colloid Iier Set 386, 

20 148-157; Bocchi, V_ etat (1991). Mter Sci, 26, 3354-3355; Price. W. F et at (1999) 

Synthetic Maneris 102, 1338-1341; Alargova, R G., et al (1998) Colloid Smrace A 134, 

31-342; Li, X., et al (2008)J Membr. Siet 320, 143-150; Fan Z_ e at (2008) M ermbr.  

Sc 310, 402-408; Fan, Z, et al (2008) / Membr. Sci, 320, 363-371 Zhao, S, etat. (2011) 

J Mlembr. Sc. 385~386, 251-262; Guillen, G. R, et al J uater, Chem. (2010) 20, 4621

25 4628), As one of the most widely studied conducting polymers, polyaniline (Pani) in its 

eneraldine oxidation state has been blended with the commercial UF membrane material 

polysulfone (PSf) to form composite UF membranes with enhanced hydrophilicity and 

permeability (Fan, Z., et al. (2008).lfembr. Set 310 402-408; Fan, Z_ et al (2008)1.  

Member. Sci. 320, 363-371; Zhao, S et al. (2011)J MeWnbr, Si. 385-386, 251-262; 

30 Guillen, G. R., et al. J, MIater ('hem (2010) 20 4621-4628). Pure Pani can also form UF 

membranes that exhibit permeabilities 10 times higher than commercial PSf membranes, 

but no bovine serum albumin (BSA) rejcction (Guillen., G, R., e al JMater. (iem. (2010) 

20, 4621-4628). By adding a secondary amine such as 4-methylpiperidine (4-MIP) into the
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Pani casting solution, the rejection of Pani U F membrane increases, while the 

hydrophilicity decreases. Suifonated Pani, a derivative of Pani, can be blended with PSf to 

form UF membranes which have shown excellent hydrophilicity and very high flux 

restoration after water washing (Mcverr, B. T, et al. (2013) Chem. Aa ter 25, 3597-3602).  

5 Several types of n-substituted Pani have been reported in the literature 

(Chevalier, J. W, et at. (1992) Macromolecules 25, 3325-3331; Yang, D, and Mattes, B. R

(2002)J Poyim. Sci. Pol Phis. 40, 2702-2 713; Yang, D, and Mattes, B, R. (1999) 

Snohwee MU. 101, 746-749; Yang. D, et at (2002) Macromolecules 35, 5304-5313; 

MJanohar, S. K. and Macdiarmid, A. G. (1989) Synteic Met. 29, 349-3 )56), Among these, 

10 n-alkyl Pani is the most common form. However, alkyl groups are hydrophobic, so 

introducing them into Pani will result in some loss of hydrophilicity, 

Filtration membranes are traditionally produced using polyvinyl idene fluoride 

(PVDF). In order for these membranes to function properly, PVDF must be blended or co

polymerized with a hydrophilic moiety post membrane formation. While PVDF itself is 

15 extremely resilient to acid, base, and chlorine, the hydrophilic group is not. Upon exposure 

to base or chlorine, as during membrane cleaning, the hydrophilic moiety is hydrolyzed and 

degraded. Over time, this causes the membrane to become more hydrophobic (fouling 

prone). In addition, the membrane loses mass and compacts thereby becoming less 

permeable. Despite the known disadvantages caused by blending the polymer with a 

2) hydrophilic group, materials for the preparation of filtration membranes that wholly 

circumvent these issues have yet to be reported. Herein, filtration membranes Comprising 

material that is intrinsically hydrophilic and resistant to oxidative damage are described.  

SUMMARY 

i accordance with the purpose(s) of the invention, as embodied and broadly 

25 described herein, the invention, in one aspect, relates to a filtration membrane comprising a 

polymer formed by polymerizing a compound having structure represented by a fbrnmula: 

H R R I 

R
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wherein n is selected from 1,2, and 3; wherein each of R", R"', R ,and R is 

independently selected from hydrogen, halogen, -CN,-SRt -OR -NR *R2 

-NR'R 1-H -SOR -(C:::O)R4 and Cl3 alkyl substituted with 0, 1 2, or 3 groups 

selected froi ihogen. -CN, -SR -4OR -.NR R2< -SO R and-(C=O)R ; 

5 wherein each of R" and RL is independenly selected from hydrogen, halogen -- CN, 

-SRt -OR3 -N.RETRt ,-NR. 'R.H, -SO2R54 ,-(C=:O)R and C1C -alkyl 

substituted with 0, 1, 2, or 3 grups selced from halogen -CN -SR -OR 

-_NR'aRm, -SOR" 3. and -(C=O)R 4; wherein each of R R a id . i independendy 

selected from hydrogen, halogen -CN -SR-, -OR-, -NR 4 R -NR R 1 "H, 

0 -SO2R4  and -(C:::O)R; wherein at least one of R , R R' RPP. and R" is not 

hydrogen; wherein each of R(7 R( R> RA b R R:~ R( P. R RC R.4  and Rgi> 

when present, is Independently selected from hydrogen, Cl -C3 alky Cl -C3 

nmonohaloalky , -ndP C 1-C3 polyh-aloalkyl; wherein each of R.2 and R when present, is 

independently selected fryom- -K -OR. Ci -C3 alky'1, Cl -C3 mionohaloalkyl, Cl-C3 

S polyhaloalkyl, and -NRR ; wherein each of R 5, R( and R> when present, is 

independently selected froni hydrogen, Cl-C3 alkyl, Cl-C3 nonohaloalkyl, and Cl -C3 

polyhaloalkyl; wherein each of RW and Rt, when present, is indepeendentlv selected fronm 

-C^-OR Cl~C3 ilkyl, C -C' monohaloalkyli. -C3 polyhaloalkylL and -NR'.R 

wherein ecRh of R R.' and RP when present, is independently selected fr oni hy drogen, 

20 CI-C3 alkyl, CI-C3 nmonohaloalkyl, and C1-C3 polyhaloalkyl; wherein coach of R1' and 

R whcn present, is independently selected from -O R C -C3 alkyl, C -C3 

monohaloalkyl, Cl-C3 polyhaloalkyl, and -NRt 4 < and wherein each of RR 4 , and 

Ri46, when present, is selected from hydrogen, Cl-C3 alkyl, Cl-C3 monohaloalkyl, and Cl

C3 polyhaloalkyL 

25 Also disclosed are filtration membranes comprising a olymer comprising a 

structure represented by a fornula: 

Z Z Z z 

R R R R1 R R R R 

__ "-I __" I q N N -- N --- ~\N K 
S R R R p R R
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R2 \ R25 

nj 
wherein each Z is independently selected from hydrogen and RZ wherein n is an 

integer selected from 1, 2, and 3; wherein p is independently 0, 0-5, or 1; wherein q is 

independently 0, 0.5, or J; wherein, for each x, p - q= 1; wherein each of R R, R k, and 

R l is independently selected from hydrogen, halogen -CN -SR -OR -NRu> b 

S -NR"'R ' -SOR. -(C=O)R1 and Cl-C3 alkyl substituted with 0. 1 2, or 3 groups 

selected fhrn halogen, -CNt -SR. -ORW -NRz"RK, -SO R and -(C=0)R24 

wherein. each of R and R- is independently selected from hydrogen, halogen, -CN, 

-SR' -OR N R 3". -NR3 ?R$ H -SO2R 3 -(C"O)R and C~C alky 1 

substituted with 01 2, or 3 groups selected front halogen.C -TN SR -OR 

I -NR Ru SO R ad -(C O)R4; wherein each of R R and R" is independently 

selected from hydrogen, halogen, -CN -SR.. -OR', -NRWRZR -NR 42 R4  i 

-SOPR and -(C O) ;wherein each of R R" R,1 %, R P.W, R", R, R

R', R, and R when pi.r is independendy selected from hydro e Cl -C3 alky1, 

C1-C3 monohaloalkyl, and C I-C3 polyhaloalkyl; wherein each of R, and RI when 

15 present, is independent selected from-O -OR' CI-C3 ailkvl C1 -C3 monohaloalky, 

Cl -C3 polyhaloalkyv, and -NP. R*; xwhre inch of R R and R" when present, i 

independently selected frm hydrogen, C -C3 alkyl, C I -C3 moninloalkyl, and, Cl-C3 

polyhaloalkyl; wherein each of R and R when present is independently selectd from 

-O-OR C-C3 alkyl, Cl-C3 monohaloalkyl, Cl-C3 polyhaloalkyl, and -NR.P"R ; 

20 wherein each of R R" 3 and R' when present, is independently selected ror hydrogen, 

Cl-C3 alkyl, Cl-C3 monohaloalkyl, and C1-C3 polyhaloalkyl; wherein each of R' and 

R44 , when present, is independently selected from -O -OR> Cl-C3 alkyl., Cl-C3 

monohaloalkyl, C -C3 polyhaloalkyl, and -NR'tR4*; wherein each of Rm R* and R4 

when present, is selected. fromi hydrogen, Cl-C3 alkyl, Cl-C3 n'mon ohaloalkyl, and CI-C3 

25 polyhaloalkyl; and. wherein at least one Z is a structure represented by a formula: 

R 3, and 

wherein at least one of R R2 R-", R" and R is not hydrogen,
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Also disclosed are polymers fomed by polymerizing a compound having a 

structure represented by a fonnula: 

H R 
R N 

n R3a 

H R"! 

R'c 

wherein n is selected from 1,2. and 3; wherein each of R". R", RiL, and R, is 

5 independently selected from hydrogen, halogecn,-CN -SR -OR "O-NR RE1 

-NRE"R bH1, -S02R 3 , -(C=O)RK and (C1~C3 alkyl substituted with 0, 1, 2,o groups 

selected from halogen, -CN, -SR -OR , -NR 2 R, -SO 2R, and -(C=0)RN; 

wherein each of R2" and Rh is independently selected from hydrogen, halogen -CN, 

-SRt -OR NR'aR'4  NR R oH -SO R (C=O)R, and C- alkyI 

1) substituted with 0 1 2 or 3 groups selected from ialogen'N\SR" OR' 

-NR"R. -SO R, amd -(C=O)R ; wherein each of R) R, and R' is independently 

selected fom hydrogen, haln CN SR -OR NHRaR NR R4H 

-SOR 4 and -(C=0)R44 wheren at least one of RT 1 R'a R and R1 is not 

hydrogen; wherein each of R R R R", R", R", R", R R4( R% R4 " and R 

1S when present, is independently selected from hydrogen, C -C3 alkyl, C -C3 

monohaloalkyl, and C -C3 polyhaloalkyl; wherein each of R and R when present, is 

independently selected from -O' -OR1, Cl-C3 alkyl, C 1C3 monohaloalkyl, C1-C3 

polyhaloalkyl, and -NR 6 R ; wherein eich of R R i and R 611 Iwhen present, is 

independently selected from hydrogen, Cl-C3 alkyl, Cl-C3 monobaloalkyl, and CY1C3 

20 polyhaloalkyl wherin ach of R and R when present s indepndently selected from 

- 4 -R, C I-C3 alkyl, C 1-C3 monohaloalkyl, C -C3 polyhaloalkyl, and -NR "'R3; 

wherein each of R 5. R', and Ry, when present, is independently selected from hydrogen, 

Cl -C3 alkyl, 1 C3 monohaloalkyl, md C -C3 polyhaloalkyl; wherein each of R4 and 

R", when present, is independent selected froam-O-ORY C~C3 aikyI, C~ 

25 monohaloalky L CI -C3 polvhaloalkyL and -.NR4 tRb; and wherein each of R R' and 

R" when present, is selected from hydrogen. C 1 -C3 alkyl, C1-C3 mono haloalkyl, and Cl 

C3 polyhaloalkvl.
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Also disclosed are polymers comprising a structure represented by a formula: 

N -- N------- N-" 

Rb\ R R id R C R R R 
/ x 

R RN 

nl 
wherein each Z is independently selected from hydrogen and R ; wherein n is an 

integer selected from 1, 2, and 3: wherein p is independently 0 t05, or 1; wherein q is 

5 independently 0, 05, or 1; wherein, for each x, p + q = I; wheein each of R, R", R", and 

R(* is independently selected from hydrogen, halogen -cN SR20 , {R)NR2 

-NR- R-H -SO 2R -(C=)2*, and C-C3 alkyl substituted with 0, 1, 2, or 3 groups 

selected from halogen, -CN. -SR -OR", -NRitR -SOR and -(C=0)R>; 

wherein each of R' and R' is independently selected from hydrogen, halogen -CN, 

I -SR -OR 3  NR Rb NRRmH SO2Ra=)R nd C-C3 alkyl 

substituted with 0, 1, 2, or 3 groups selected from halogen -CN -SR -OR 

-NRl"Rt -S0 2R. and -((=O)R; wherein Lach of R1 R', and R< is independently 

selected from hydrogen, halogen -RN SR4 OR3  -NR"RA -NRRbH 

-SO 2 R , and -(C=O)R 4 ; wherein each of R, R 'V RR K. R13 R>K,' R R*, 

15 R4 R4' and R", when present, is independently selected from hydrogen, C1C3 alkyl, 

C1-C3 monohaloalkyl, and C -C3 polybaloalkyl; hecrein each of RF and R ,when 

press ndentiseeently selected roti -O -OR Cl-C3 alkyl, Cl-C3 mionohadoakyl, 

C1~C3 polyhaloalkyl, and -NR wbR hein c o fi R R , and R ,when present, is 

independently selected from hydrogen C -C0 alkyl, C 1C monohaloalk yl and 01-C3 

20 poiyhaioalky I wherein each of R anod R when present, is independently selected from 

-O.-OR, C1~ C3 aly. C1~C3~ monohaloalkyl, (1-C3 polyhaloalkyl. and -NR E 

wherein each of R" R , and R when present, is independently selected from kydrogen, 

C1-C3 alkyl, C1 -C3 nnohaloalkyl, and Cl -C3 polyhbaloalkyl, wherein each of R and 

WA, when present, is independently selected from -O, --Ol 3t C I -C3 alkyl, C -C3 

25 monohaloalkyl, C1-C3 polyhaloalkyl, and -NR 4 R; wherein each of R R4 and R t
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when present, is selected from hydrogen, C -C3 alkyl, C1 -3 monohaloalkyl, and C 1-C3 

polyhaloalkyl; and wherein at least one Z is a structure represented by a formula: 

R2 Ra 
RIC 

R3 ,and 

whereinat least one of R R R R and R is not hydrogen.  

Also disclosed are methods of making filtration membranes.  

Also disclosed are methods of filtering water through membranes.  

While aspects of the present invention can be described and claimed in a 

particular statutory class, such as the system statutory class, this is for convenience only and 

one of skill in the art will understand that each aspect of the present nvenion can be 

0 described and claimed in any statutory class, Uniless otherwise expressly stated, it is in no 

way intended that any nethod or aspect set forth herein be construed as requiring that its 

steps be performed in a specific order. Accordingly, where a method claim does not 

specifically state in the claims or descriptions that the steps are to be limited to a specific 

order, it is in no way intended that an order be inferred, in any respect. This holds for any 

5 possible on-express basis for interpretation, including inaters of logic with respect to 

arrangement of steps or operational flow, plain meaning derived from grammaical 

organization or punctuation, or the number or type of aspects described in the specification.  

BRIEF DESCRIPTION OF T HE FIGURES 

The accompanying figures, which are incorporated in and constitute a part of this 

20 specification, illustrate several aspects and together with the description serve to explain the 

principles of the invention.  

FIG. I shows representative data pertaining to the effect of being soaked. in 

bleach containing 250 ppm free chlorine for 2 days on the physical appearance of nt-Pani 

membranes compared to Pani and PSf membranes.  

25 FIG. 2 shows representative data pertaining to the contact angle of n-PANi and 

PANi membranes before and after being soaked in 250 ppm free chlorine.
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FIG. 3 shows representative data pertaining to the effect of chlorine on the 

benzenoid and quinoid groups in polyaniline membranes as observed by FT-IR analysis, 

FIG. 4 shows representative data pertaining it the effect of chlone on the 

benzenoid and quinoid groups in polyaniline membranes as observed by UV-V is analysis.  

FIG. 5 shows representative data pertaining to the effect of chlorine onl the 

benzenoid and quinoid groups in polyaniline membranes as observed by Nuclear Magnetic 

Resonance (NMR) analysis.  

FIG. 6 shows images from bacteral adhesion tests that indicate that n-Pani 

membranes are more resistant to fouling than Pani membranes, 

10 FIG. 7 shows flux decline and recovery for menibranes fouled by 1.5 g/L BSA 

solution before being flushed with Di water.  

FIG, 8 has 12 panels (a-1), depicting SEM images. Panel (a) depicts a PANi 

membrane and and Panel (b) depicts a n-PANi membrane surface at 3 000x magnification; 

Panel (c) depicts a n-PANi membrane surface at 100,000x magnification and Panel (d) 

15 depicts its black-white picture after conversion using imig J software. Panels (C)-(h) depict 

cross-sectional images of (e) pristine PAMNi membrane, (f) PANi membrane after chlorine 

exposure, (g) pristine n-PANi membrane and (h) n-PANi membrane after chlorine exposure 

at 600- magnification- Panels (i)-1) depict surface images of (6) pristine PAMicmbrane, 

() PANi membrane after chlorine exposure, (k) pristine n-PANI membrane and (1) n-PANi 

20 membrane after chlorine exposure at 600x magnification.  

Additional advantages of the invention will be set forth in part in the description 

which follows, and in part will be obvious from the description, or can be learned by 

practice of the invention. The advantages of the invention will be realized and attained by 

means of the elements and combinations particularly pointed out in the appended claims. It 

25 is to be understood that both the foregoing general description and the following detailed 

description are exemplary and explanatory only and are not restrictive of the invention, as 

claimed.
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DETAILED DESCRIPTION 

The present invention can be understood more readily by reference to the 

following detailed description of the invention and the Examples included therein.  

Before the present compounds, compositions, articles, systems, devices, and/or 

5 methods are disclosed and described, it is to be understood that they are not limited to 

specific synthetic methods unless other ise specified, or to particular reagents unless 

otherwise specified, as such may, of course, vary It is also to be understood that the 

terminology used herein is for the purpose of describing particular aspects only and is not 

intended to be limiting. Although any methods and materials similar or equivalent to those 

t0 described herein can be used in the practice or testing of the present invention, example 

methods and materials are now described.  

All publications mentioned herein are incorporated herein by reference to 

disclose and describe the methods and/or materials in connection with which the 

publications are cited.. The publications discussed herein are provided solely for their 

5 disclosure prior to the filing date of the present application. Nothing herein is to be 

construed as an admission that the present invention is not entitled to antedate such 

publication by virtue of prior invention Further, the dates of publication provided herein 

can be different from the actual publication dates, which can require independent 

confirmation.  

20 A, DEHNa EONS 

As used herein, nomenclature for compounds, including organic compounds, 

can be given using common names, IUPAC IUBMB, or CAS recommendations for 

nomenclature When one or more stereochemical features are present, Calmn-gold-Prelog 

rules for stereochemistry can be employed to designate stereochemical priority, E/Z 

25 specification, and the like, One of skill in the art can readily ascertain the structure of a 

conipound if giv en a name. either by systemic reduction of the compound structure using 

namng coi ns, r hy commercially available software, such as CHEMDRAW1" 

(Cambridgesoft Corporation, U.SA.).  

As used in the specification and the appended claims, the singular forms "a," 

30 "an" and "the" include plural referents unless the context clearly dictates otherwise. Thus,
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for example, reference to "a functional group," "an alkyl," or 'a residue" includes mixtures 

of two or more such functional groups, alkyls, or residues, and the like.  

Ranges can be expressed herein as from "about" one particular value, and/or to 

"about" another particular value, When such a range is expressed, a further aspect includes 

5 fromu the one particular valie and/or to the other particular value. Similarly, when values are 

expressed as approximations, by use of the antecedent "about." it will be understood that 

the particular value forms a further aspect. It will be further understood that the endpoints 

of each of the ranges are significant both in relation to the other cndpoint, and 

independently of the other endpoint. It is also understood that there are a number of values 

10 disclosed herein, and that each value is also herein disclosed as "about" that particular value 

in addition to the value itself For example, if the value "10" is disclosed, then "about 10" is 

also disclosed, It is also understood that each unit between two particular units are also 

disclosed. For example, if 10 and 15 are disclosed, then I1, 12, 13, and 14 are also 

disclosed.  

15 References in the specification and concluding claims to parts by weight of a 

particular element or component in a composition denotes the weight relationship between 

the element or component arid any rther elements or components in the composition or 

article for which part by weight is expressed. Thus, in a compound containing 2 parts by 

weight of component X and 5 parts by weight component Y, X and Y are present at a 

20 weight ratio of 2:5 and are present in such ratio regardless of whether additional 

components atre contained ii the compound.  

A weight percent (wt. %) of a component, unless specifically stated to the 

contrary, is based on the total weight of the formulation or composition in which the 

component is included.  

25 As used herein, the terms "optional" or "optionally" means that the subsequently 

described event or circumstance can or cannot occur, and that the description includes 

instances where said event or circumstance occurs and instances where it does not.  

A residue of a chemical species, as used in the specification and concluding 

claims, refers to the moiety that is the resulting product of the chemical species in a 

30 particular reaction scheme or subsequent formulation or chemical product, regardless of 

whether the moiety is actually obtained from the chemical species. Thus, an ethylene gtlycol
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residue in a polyester refers to one or more -OCHCH2O- units in the polyester, regardless 

of whether ethylene glycol was used to prepare the polyester. Similarly, a sebacic acid 

residue in a polyester refers to one or more -CO(CH2)CO- moieties in the polyester, 

regardless of whether the residue is obtained by reacting sebacic acid or an ester thereof to 

5 obtain the polyester.  

As used herein, the term "polymer" refers to a relatively high molecular weight 

orgame compound., natural or synthetic, whose structure can be represented by a repeated 

small unit, the monomer (e., polyethylene, rubber, cellulose). Synthetic polymers are 

typically formed by addition or condensation polymerization of monomers.  

10 As used herein, the term "copolymer" refers to a polymer formed from two or 

more different repeating units (monomer residues). By way of example and without 

limitation, a copolyner car be an alternating copolymer., a random copolymer, a block 

copolyner, or a graft copoly'mer. It is also contemplated that, in certain aspects, various 

block segments of a block copolymer can themselves comprise copolymers.  

5 As used herein, the term "oligomer" refers to a relatively low molecular weight 

polymer in which the number of repeating units is between two and ten, for example, from 

two to eight from two to six, or form two to four. In one aspect, a collection of oligomers 

can have an average number of repeating units of from about two to about ten, tor example, 

from about two to about eight, from about two to about six. or form about two to about 

20 four.  

As used herein, the term "molecular weight" (MW) refers to the mass of one 

molecule of that substance., relative to the unified atomic mass unit u (equal to 112 the 

mass of one atom of carbon- 12).  

As used herein, the term numberr average molecular weight"(Ml)nrfr to the 

25 common , iean, average of the molecular weights of the individual polymv r. M:, can be 

determined by measuriu the molecular Weight of n polymer molecules, summing the 

weights, and dividing by n. M, is calculated by: 

V M
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wherein N is the number of molecules of rolecular weight Mi. The number average 

rolecular weight of a polymer can be determined by gel permeation chromatography, 

viscometry (M'ark-Iouwink equation), light scattering, analytical uhracentrifugation, vapor 

pressure osmometry, end-group titration, and coligative properties.  

5 As used herein, the term weightt average molecular weight" (N) refers to an 

alternative measure of the molecular weiah of a polymer. NI is calculated by: 

7 N AL 

wherein Ni is the number of molecules of molecular weight M1 intuitively, if the weight 

average molecular weight is w. and a random monomer is selected, then the polymer it 

0 belongs to will have a weight of w, on average. The weight average molecular weight can 

be determined by light scattering, small angle neutron scattering (SANS), X-ray scattering, 

and sedmentation velocity.  

As used herein, the terms "polydispersity" and "polydispersity index" refer to 

the ratio of the weight average to the number average (M )vl3.  

15 As used herein, the terms "flash welding" and "flash weld" refer to applying a 

pulse of light to an absorbing material Flash welding can provide enhanced photothermal 

phenomena when performed on polymeric nano fibers. In certain aspects, the material 

rapidly conv erts the light to heat and then undergoes a transformation, such as melting- It is 

understood that, in certain aspects, chemical reactions can take place in the material as a 

20 consequence of flash welding, Techniques for performing flash welding are described in 

US. Patent No. 7,850,798 ("Flash welding of conducting polymers nanofitbers"), issued 

December 14 2010, to J. Huang and R, B. Kaner.  

Certain materials, compounds, compositions, and components disclosed herein 

can be obtained coimnercially or readily synthesized using techniques generally known to 

25 those of skill in the art. For example, the starting materials and reagents used in preparing 

the disclosed compounds and compositions are either available from commercial suppliers 

such as Aldrich Chemical Co, (&ivaukee, Wis,), Acros Organies (Morris Plains, NJ.), 

Fisher Scientific (Pittsburgh, Pa.), or Sigma (St, Louis, Mo.) or are prepared by methods
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known to those skilled in the art following procedures set forth in references such as Fieser 

and Fieser's Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); 

Rodd's Chemistry of Carbon Compounds, Volumcs 1-5 and Supplemental volumes 

(Elsevier Science Publishers, 1989); Organic Reactions, Voluimes 140 (John Wiley and 

5 Sons, 1991); March's Advanced Organic Chemistry, (John Wiley and Sons, 4th Edition); 

and Larock's Comprehensive Organic Transformtions (VCH Publishers Inc, 1989).  

Unless otherwise expressly stated, it is in no way intended that any method set 

forth herein be construed as requiring that its steps be performed in a specific order 

Accordingly, where a method claim does not actually recite an order to be followed by its 

10 steps or it is not otherwise specifically stated in the claims or descriptions that the steps are 

to be limited to a specific order., it is no way intended that an order be inferred, in any 

respect. This holds for any possible non-express basis for interpretation, including: matters 

of logic with respect to arrangement of steps or operational flow; plain meaning derived 

from grammatical organization or punctuation; and the number or type of embodiments 

15 described in the specification, 

Disclosed are the components to be used to prepare the compositions of the 

invention as well as the compositions themselves to be used within the methods disclosed 

herein. These and other materials are disclosed herein, and it is understood that when 

combinations, subsets, interactions, groups, etc. of these materials are disclosed that while 

20 specific reference of each various individual and collective combinations and permutation 

of these compounds cannot be explicitly disclosed, each is specifically contemplated and 

described herein. For example, if a particular compound is disclosed and discussed and a 

number of modifications that can be made to a number of molecules including the 

compounds are discussed, specifically contemplated is each and every combination and 

25 permutation of the compound and the modifications that are possible unless specifically 

indicated to the contrary. Thus, if a class of molecules A, B7 and C are disclosed as well as 

a class of molecules D, E, and F and. an example of a combination molecule, A-D is 

disclosed, then even if each is not Individually recited each is individually and collectively 

contemplated meaning combinations, A-E, A-F, B-D B-EF, CD, C-E and C-F are 

30 considered disclosed, Likewise, any subset or conibination of these is also disclosed, Thus, 

for example, the sub-group of A-E, B-F. and C-E would be considered disclosed. This 

concept applies to all aspects of this application including, but not limited to, steps in
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methods of making and using the compositions of the invention. Thus, if there are a variety 

of additional steps that can be performed it is understood that each of these additional steps 

can be performed with any specific embodiment or combination of embodiments of the 

methods of the inv.enton, 

5 It is understood that the compositions disclosed herein have certain functions.  

Disclosed herein are certain structural requirements for performing the disclosed functions, 

and it is understood that there are a variety of structures that can perform the same function 

that are Mated to the disclosed structures, and that these structures will typically achieve 

the same result.  

0 B. FunTIArION MEMBRANES 

In one aspect, the nenbranes of the invention relates to a. filtration membrane 

comparing a polymer formed by polymerizing a compound having a structure represented 

by a formula: 

RR 

H R2b 
H R 

R" 

15 wherein n is selected from 1, 2, and 3; wherein each of R", R"'. R', and Rid is 

independently selected from hyvdrogen, halogen, -CN, -SR K -OR, -NRI*RR 

-N1RRH* -S OR , -(C=O)Rand Cl-C3 alkyl substituted with 0, 1, 2, or 3 groups 

selected from halogen, -CN -SR" -OR -\ R R -SO R and -(C=0)R 4; 

wherein each of R"and Ru' is independently selected from hydrogen, halogen -N, 

20 -SRt -OR'3 -NR""Rk -NR:aR 5TH, -SO R- -(C=O)R 1 and Cl-C alkyl 

substituted with 0, 1 2, or 3 groups selected from halogen., -CN -SR -OR", 

-NR""R", -SO2 R3 . and -(C=O)R" 4 ; wherein each of R3 , R and R" is independently 

selected from hydrogen, halogen, -CN -SRt -OR' -NRR , -N RYRrH.  

-SO R' and -(C=O)R4; wherein it leist one of R R , R vnd R" is not 

25 hydrogen; wherein each of RlkR, R21 W", RK"> R R, R ";- R , R4 R4% R4a and R4"', 

when present, is independent lyslecktd trom hydrogen, Cl-C3 alk y Cl C3 

m~onoiadoalkl and C I-C3 polyhaloalkyl1; wherein each of R2 and R when present, is
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independently selected from-O ,-OR2. C1-C3 alkyl, Cl-C3 monohaloalkyl, Cl -C3 

polyhaloalkyl, and -NR R2 ;R wherein each of R15 RS' and R , when present, is 

independently selected from hdge, Cl-C3 alkyl C1-C3 monohaloalkvi, and Cl-C3 

polyhaloalkyl; wherein each of R and R" , when present, is independently selected from 

5 -0,-OR'. C-C3 alkyl, C-C3 monohaloalkyl, Cl-C3 polyhaloalkyl, and -NR' R ; 

wherein each of R-, R'&h and R when present, is independently selected from hydrogen, 

C1~C3 aly, C~C 3 nonohaIlotlkl, and Cl-C3 polyhaloalkyl; wherein eachof R4 an d 

Rt when present is independently selected from-, -OR 5 C-C3 alkyl Cl -C3 

monohaloalkyl, CI -C3 polyhaloalkyl, iand -NR""R; and wherein each of R' R , and 

10 R" when present, is selected from hydrogen, Cl -C3 alkyl, C I-C3 monohaloalkyl, and Cl

C3 polyhaloalkyl.  

In one aspect, the invention relates to filtration membranes comprising a 

polymer comprising a structure represented by a formula: 

z 2 z z 

R R R R R"I Ra R1\ R1 

N N N K / 

Ric Rid RiO Rid R R 6  Ri Rid / 
/x 

R2a, R26 

n n 

1 wherein each Z is independently selected from hydrogen and R3, wherein n is an 

integer selected from 1., 2, and 3; wherein p is independently 0. 05. or I; where q is 

independently 0, 0.5, or ; wherein, for each x, p 4- q:=: I wherein each of R", R"', R", and 

R is independently selected fon hydrogen, halogen-CN, -R NR RSR' 

-NR>R'NH -SOY2R3 -(C O)R and Cl -C3 alky] substituted. with 0, 1, 2, or 3 groups 

20 selected from halogen -CN, -SR -OR' -N R2" -SO R and -(C=O)R ; 

wherein each of R" and R- is independently selected from hvdrogen, halogen -C'N, 

-SR -OR'R -NitR aRTH -SOR a(C= and Cl -C3 alkyi 

substituted with 0, 1, 2, or 3 groups selected fom halogenCN - -OR 

NR>"R. -SOR' and -(C=O)R; wherein each of R R and Rt is independently 

25 selected from hydrogen, halogen, -CN, -SRt -OR -R 4 "Rb -N R4 zlH 

-SOR and -(C=0)4: wherein each of Rt R1, R221 R R '0 Rt, R", R
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R', R4 , and R4". when present, is independently selected from hydrogen, C1~C3 alkyL 

C -C3 monohaloalkyl, and C I-C3 polyhaloalkyl; wherein each of Ra and R when 

present, is independently selected from -, -OR Cl-C3 alkyl, Cl-C3 monohaloalkyl, 

C1-C3 polyhaloalkyl, and -NR NR; wherein each of R-t RA and Rb when present, Is 

5 independently selected from hydrogen, Cl-C3 alkyl, Cl-C3 monohaloalkyl, and Cl -C3 

polyhaloalkyl; wherein each of Ra and R w win present is independently selected from 

-4, -OR Cl -C3 alkyl, Cl C 3 monohaloilkyl, Cl-C3 polyhaloalkyl, and -NRv a 
wherein each of R R""', and R when present, is independently selected from hydrogen, 

Cl-C3 alkyl, C I-C3 monohaloalkyl, and C I-C3 polyhaloalkyl; wherein each of R- and 

W0 R4, when present is independently selected from-), -OR, CI-C3 alkyl, C1-C3 

monohaloalky L Cl-C3 polyhaloalkyL and -NR"R 4 ; wherein each of R R and R 

when present, is selected from hydrogen C I -C3 alkI C I -C3 nonohaloalky, and C1-C3 

polyhaloalkyl; and wherein at least one Z is a structure represented by a formula: 

R~e R25 

R33 ,and 

15 wherein at least one of R' R R'", R a nd R- is not hydrogen, 

In a further aspect, the filtration membrane is selected from an ultrafiltration 

membrane, a nanofiltration membrane, a reverse osmosis membrane., a forward osmosis 

memribrane, and a pressure retarded osmosis membrane without thin filn coating. In a still 

further aspect, the filtration membrane is selected from an ultrafiltration membrane, a 

20 nanofiltration membrane, a reverse osmosis membrane and a forward osmosis membrane.  

In yet a further aspect, the filtration membrane is selected from an ultrafiltration memnbrane 

and a nanofiltration membrane In an even further aspect, the filtration membrane is an 

ultrafiltration membrane. In a still further aspect, the filtration membrane is a nanofiltration 

membrane.  

25 In a further aspect, the filtration membrane further comprises a thin film 

polymerized onto a surface of the membrane, thereby providing an osmosis membrane. In a 

still further aspect, the osmosis membrane is selected from a reverse osmosis membrane 

and a forward osmosis membrane. In yet a further aspect, the osmosis membrane is a
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reverse osmosis membrane, In an even further aspect, the osmosis menibrane is a forward 

osmosis membrane, 

L. PoLYME'1S 

In one aspect, the invention relates to polymers useful as components of 

S filtration membranes, In various aspects, the polymers can improve properties of the 

membrane. For example, the polymers may improve the chlorine-resistance of the 

membrane and/or the hydrophilicity of the membrane.  

In a further aspect, the polymer is present in an amount from about 01 wt% to 

about 40 wt%. In a still further aspect, the polyner is present in an amount from about 

10 0,1 wt to about 35 wt%. In yet a furh eraspect, the polymer is present in an amount from 

about 0,1 wt% to about 30 t In an even further aspect, the polymer is present in an 

amount from about 0. 1 wti% to about 25 wt%. In a still further aspect, the polymer is 

present in an amount front about 0.1 wt% to about 20 wt%. In yet a further aspect, the 

polymer is present in an amount from about 0-1 wt% to about 15 wt%, In an even further 

I aspect, the polymer is present in an amount from about 15 wt% to about 40 wt%. In a still 

further aspect, the polymer is present in an amount front about 15 wt% to about 40 wt%, In 

yet a further aspect, the polymer is present in an amount frotn about 20 wt%4 to about 40 

wt%. In an even further aspect, the polymer is present in an amount from about 25 wt% to 

about 40 wt%. In a still further aspect, the polymer is present in an amount from about 30 

20 wt% to about 40 wt%, 

In a further aspect, the membrane further comprises a second polymer. In a still 

further aspect, the second polymer is selected from polysulfone., polyurethane, cellulose 

cetate, sulfonated polysulfone, polvethersulfone, sulfonated polvethersulfone, polyanil ie, 

polyaniline co-polymers, polyacrylonitrile, polyvinylidene fluoride 

25 polytetrafluoroethylene, polyvinyl fluoride, polyvinylidene fluoride, polytrifluirethylene, 

polyperfluoralky, polhexafluoropropene, cellulose acetate, polyurethane or 

a mixrure thereof: In yet a further aspect, the second polymer is pIolsulfone, 

It is contemplated that each disclosed derivative can be optionally further 

substituted. It is also contemplated that any one or more derivative can be optionially 

30 omitted from the invention. It is understood that a disclosed compound can be provided by
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the disclosed methods. It is also understood that the disclosed compounds can be employed 

in the disclosed methods of using, 

a. STRUcuRE 

In one aspect, the invention relates to polymers formed by polymerizing a 

5 compound having a structure represented by a formula: 

Ri"H R3b 

R 

ANN ~R 2 o ' 
H R 

wherein n is selected from 1, 2., and 3; wherein each of R , R" Ri, and R1L' is 

independently selected froni hydrogen, halogen, -CN SR -OR NR. R.., 

-NWaaRC H SOR. -(CO)R and Cl -C3 alkyl substituted with 0, 1, 2, or 3 groups 

10 selected from halog en -CN, -SR -- OR-, -NR dR , -SOR m  and -(C=O)R ; 

wherein each of R, and R is independently selected from hydrogen, halogen, -CN, 

-SR-ORK, -~NR"Rt -NR kR'HI, -SOR (C=0)R and CI-C3 alkvi 

substituted with 0, 1 2, or 3 groups selected from halogen, -CN -SR", -oR, 

-NR R, -SORt and -(C=O)R wherein each of R R- and R is independently 

15 selected from hydrogen, halogen, -CN, -SR" -OR" \R R -b NR'RZH*, 

-SOR and--(C=O)R4; wherein at least one ofR R" R' , R, and R' is not 

hydrogen: wherein each of R R R R2 t RWRR RR R Rtp Rl F RAU I{RU R4 ;'. and R4' 

when present, is independently selected from hydrogen, Cl -C3 alkyl, Cl-C3 

monohaloalkyl, and C1-C3 polyhaloalkvl; wherein each of R and R.4 , when present, is 

20 independently selected from -O'-ORl, ( alkyl, 1~ monohaLakyl, C-3 

polyhaloalkyl, and -NR R";W6  wherein each of R R"h and R "', when present, is 

independently selected from hydrogen, Cl-C3 alkyl, Cl-C3monohaloalkyl, and Cl-C3 

polylaloalkyl; wherein each of R" and R". when present, is Independently selected from 

-O4R tCl-C3 alkL, Cl-C3 monohaloalkyl, Cl-C3 poiyhaloalkyl, and- uR 

25 wherein each of R,5 R)" and RM*, when present is independently selected from hydrogen, 

C1-C3 alkyl Cl-C3 monohaloalkyl, and C1-C3 polyhaloalkyl; wherein each of R! and R 

when present, is independently selected from -- oR Cl -C3 aiky'l, Cl -C3 

monohaloalkyl, Cl-C3 polyhaloalkyl and -NR 4 "R t and wherein each of Ri. R'> and
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R, when present, is selected from hydrogen, Cl-C3 alkyl, C -C3 monohaloalkyl, and Cl

C3 polyhaloalkyl.  

In a further aspect, the polyner comprises at least one residue of a compound 

having a structure represented by a. formula: 

R RW 

H 

5 ~Rc 

present in an amount of at least 0 1 wt% in a still further aspect, the at least one residue of 

a compound is present in an amount of at least 0.5 wt%. i yet a further aspect, the at least 

one residue of a compound is present in an amount of at least I wt%. in an even further 

aspect, the at least one residue of a compound is present in an amount of at least 5 wt%. In a 

10 still further aspect, the at least one residue of a compound is present in an amount of at least 

10 wt% In yet a further aspect, the at least one residue of a compound is present in an 

amount of at least 15 wt% In an even further aspect, the at least one residue of a compound 

is present in an amount of at least 25 wt%, In a still further aspect the at least one residue 

of a compniound Is Present in an amount of at least 50 wt% In yet a further aspect, the at 

15 least one residue of a compound is present in an amount of at least 75 wt% 

In one aspect the invention relates to polymers comprising a structure 

represented by a formula: 

R R R 'Ria Rl Rla R' Ra 

N N N N /RCk R1  R~ R 1  R1% R R~h R1 

RWc RI d RIC R10 R Ic Rid R1 Rid X /x 

R29! R2 

\ ni- ss 
wherein each Z is independently selected from hydrogen and R3  ; wherein a is an 

20 integer selected from 1, 2, and 3- wherein p is independently 0 0.5 or I; wherein q is 

independently 0, 0.5, or 1; wherein, for each x, p + q 1; wherein each of R, R' R" and
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R is independently selected from hydrogen, halogen, -CN, -SR 3 , -OR' -NR" R 

-NR>H -SO 2R --(C=0)R,4 and Cl -C3 alky substituted with 0, 1, 2, or 3 groups 

selected from halogen, -CN, -SR( -- NR \R ,R O and -(C=)R 4 

wherein ich of R and R- is independently selected from hydrogen, halogen, -- CN, 

5 -SR -OR -NR"aRW -NR *RfH -SOfR -(C=0)W , and ClC3 alkyl 

substituted with 0, 1, 2, or 3 groups selected from halogen, -CN, -SR, -ORE, 

-SO2R{ and -(C=O)Rt4; wherein each of R RT and R" is independently 

selected from hydrogen, halogen, -CN. -SRt -OR 4  -RR 4 , -NR 4 R 4 t 

-SOR and -- (C-O)R; wherein each of R0 , R2 , Ria, kR, R 7, R R, R'), R 11t).  

10 R4 R~ and R4 , when present, is independently seccted from hydrogen C -C3 alkyl, 

Cl-C3 monoialoalkyl, and CI-C3 polyhaloalkyl; wherein each of Rand R , when 

present, is independently selected from -O'-OR> CI-C alkyl, C -C nionohaloalkyl, 

C i-C3 polyhaloalkyl, and -NR 'R ; wherein each of R. Rk and R. x when present, is 

independently selected from hydrogen, Cl -C3 alkyl, Cl -C3 monohaloalkyl, and C I -C3 

IS polyhaloalkyl;, wherein each of R" and R w Nv hen present is independently selected from 

-O^,-OR", C I -C3 alkyl, C I -C3 monohaloalky L Cl-C3 polyhaloalkyl, and -NR**R ; 

wherein each oft R ", and R when parent, is independenty selected frn hydrogen, 

CI-C3 alkyl, C 1-C3 monohaloalkyl, and C I~C polyhaloalkyl wherein each of R4 and 

R"', when present, is independently selected from -0~ -OR 4 Cl -C3 aIkyl, Cl -C3 

20 monohaloalkyl, C I-C3 polyhaloalkyl, and -. NR 'R ; wherein each of Rt R 4  and RU, 

when present, I selected. from hydrogen, C1-C3 alkyl, C1-C3 monohaloalkyl, and Cl-C3 

polyhaloalkyl; and wherein at least one Z is a structure represented by a formula: 

R2aI R20 

~4R3 

,and 

wherein at least one of P. R , " P R and R- is not hydrogen.  

25 In a further aspect, the invention relates to polymers formed by pt olyneriziig a 

compound having a structure represented by a formula:
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H R3o 
H 

H 
HN 

H 

In a still further aspect, the invention relates to polymers formed by 

polymerizing a compound having a structure represented by a formula selected from: 

H H H 
H R n H H 

H Ri H R 
R N 

H.H HH R 21 Rt 

H~N H H~ T H 
H and H 

In a further aspect, the invention relates to polymers formed by polymerizinga 

compound having a structure represented by a formula: 

R'W Rzt 

H H H- RIQ 

wherein each of Rl, R) and R' is independently selected from hydogen, hCNo-SR" 

-SRt -NR 4 R -N R4 R --, ---- nW -SO ==RO 4 a, and -A 

0 least one of R' R3- anid R3cis not hydrliogen.  

In a still further aspect, the invention relates to polym-ers formed by

poilmerizing a compound hiaxinw a structure represented by a fbnnuia: 

H jR 3 
VN-f 0)f R 

H H 
H NRI 

w.herein each ofR3  amd R"h is liwdrogen. and R"c Is selected from haloLdn, -CN, -SR",.  

15 -OR',-NRR 2 -'NR R 4 -SO. Rt and -( C=O)R".
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In yet a further aspect, the invention relates to polymers forced by polyenrizing 

a compound having a structure represented by a formula: 

H R 

N R3a 

H Rl H 
R"o 

wherein each of R and R' is hydrogen and R" is selected from halogen, -CN, -SH, 

5 -OH, -NH -NHW, -SO2O, -SO2OH, -(C=O) and -(C:::O)OH.  

In an even further aspect the invention relates to polymers formed by 

poly menzing a compound having a structure represented by a. fornmia: 

H RMb 

}n- R-'a 
H H 

H RW 

wherein each of R-' and Ri is hydrogen and R-3 is selected from -SH -01-LINH, 

10 -NH , -SO20. -SOOH, -(C=::0)0 and -(C=0::O)OH, 

In a still further aspect, the invention relates to polymers formed by 

polymerizing a compound having a structure represented by a formula: 

Rla RUo 

H R H 
RiR 

H H 
H" 

wherein each of R and Rt is hydrogen and R" is selected from -SH, -OH, -NH> 

5 -SO2OH, and (C=O)OH 

i a further aspect, the invention relates to polymiers formed by poliymerizing a 

compound having a structure represented by a formula:
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1IO H 
H 

R R H 

H NyXR:~ 

wherein each of R * and Rm is independently selected ftrm hydrogen, halogen, -CN, 

-SR4-OR", -NR R -NRR H,-SOR -((=0)R, and Cl3- alkv 

substituted with 0, 1, 2, or 3 groups selected from halogen. -CN. -SRI -OR 

5 -N'R<' . -SO2R and -(C=O)R; and wherein at least one of R2 andR s not 

hydrogen.  

In a still further aspect, the invention relates to polymers formed by 

polymerizing a compound having a structure represented by a formiula: 

R H 

H R 

R 

10 wherein Ri hydMroen and RP is selected from halogen, -CN, -SR " -OR 

-NRaR? -NRWR9"H, -SOR , P -(C=O)R and Cl -C3 alkyl subsutted with 0, 1, 2 

or 3 groups scouted from halogen -CN, -SR' ,-OR, -NR" R-- -SO2R and 

-( C=O)Rl, 

In veta further aspect, the invention relates to polymers formed by polymerizing 

15 a compound having a structure represented by a formula: 

R I H 

'IN H 

R2-3 R' 
H 4 RI 

RIc 

wherein R is hydrogen and R is selected from halogen, -CN, -SR', -OW", 

-NRnR -NR"aRtH -SOR and -(C=O)R
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In an even further aspect, the invention relates to polymers formed by 

polymerizing a compound having a stnucture represented by a fomiula: 

H H 

R N H 

J Ra R2b 
H Rd 

R 

wherein R" is hydrogen and R is selected from halogen, -CN, -SH, -OH, -NH 

5 -NH. -SO20' -SOOH ---(=O)O and -(=O)OH, 

In a still further aspect, the invention relates to polymers formed by 

polymenzing a compound having a structure represented by a fornmua: 

H H 

Rt~ R2 ,A R2b 

R' 

wherein R' is hydrocn and R"' is selected from -S.-OH. -NH>, -Ni -SOO', 

10 -SO2OH -C= 0O~., and -(C=::0)OH.  

In yet a further aspect, the invetion relates to polymers formed by polyrnenzng 

a compound having a structure represented by a formida: 

Ria H 

1,R b [ H 

K~R2 RNb 
H Rd 

R 

wherein R ' is hydrogen and R' is selected from -SH -OH, -NH -SOOH, and 

5 -d>O)OH.  

in an even father aspect, the invention relates to polymers formed by 

polymerizing a compound having a structure represented by a formula:



WO 2015/157227 PCT/US2015/024635 
27 

1IO H 
H 

R2a 

R2b  
H R' c 

RI H 

wherein R* is hydrogen and R" is C1~C3 alkyl substituted with 0, 1, 2. or 3 groups 

selected frm halogen, -CN -SR' -OR -NR.2m, -S0R , and -(C=0)R 

In a still further aspect, the invention relates to polymers formed by 

5 polymerizing a compound having a structure represented by a formula: 

H 

H~ H R~ 
R 

H R 

RI4 

whercin R* is hydrogen and R" is selected fro methyl and ethyl and substituted with 0, 1, 

2, or 3 groups selected from halogen -CN, -SR -OR", -NRE"R 3  -SO2R, and 

-(C=0- )R.  

0 In yet a further aspet, the invention reMates to polymers formed by polymezrinig 

a compound hav ing a structure represented by a fornda: 

Wa H Rib 

R2a' R?" 

H' RN 

RM 

wherein Rit is hydrogen and Rh is methyl substited with 0, 1, 2, or 3 groups selected 

from halogen, -CN, -sR , -OR" -NR'>Rt -SO2R" and -(C=O)RI 

5 In an even further aspect, the invention relates to polymers formed by 

polymerizing a compound having a structure represented by a formula:
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1IO H 
H 

R2a 

R2b  
H R' c 

RIR 

wherein R* is hydrogen and R" is C 1-C3 alkyl substituted with 0, 1 or 2 groups selected 

from halogen, -CN., -SR', -OR"', -NR."R -S0R, and -(C:::0)Rt 

In a still further aspect, the invention relates to polymers formed by 

5 polymerizing a compound having a structure represented by a formula 

H HK H 

RR 
&R R5A 

H R 

RI 

whcrein R * is hydrogen and Ri is CI-C3 alkyl substituted with 0 or I group selected from 

halogen -CN -SR) -oR", -NR' 2 R' " -SO R", andC 

In yet a further aspect, the invention relates to polymers formed by polyrerizing 

10 a compound hav ing a structure represented by a formula a 

H J H H 
R 

n~-" H 

H R R 

R" 

wherein I isdrogen and R is substituted C -C3 alkyl, 

In a further aspect, the polymers ofthe invention further comprise a counterion.  

Examples of counterions include, but are not limited to, chloride, fiuoride, bromide, 

5 carbonate, hydrogen carbonate, phosphate, acetate, format, oxalate. cyanide, sulfate, 

perchlorate, and nitrate.
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(1) N 

In one aspect, n is an integer selected from 1, 2, and 3. In a further aspect, n is an 

integer selected from I and 2. In yet a further aspect, n is 3, In an even further aspect, a is 2.  

in a still further aspect, n1 is L 

(2) PAND Q 

In one aspect, c is 1 and p is 0. In another aspect, p is I and q is 0 

In a further aspect, q is 0,5 and p is 0.5, 

(3) Z GRours 

R9 R2 
R2* 

in one aspect, each Z is inde pendently selected from hydrogen and Ra 

1) wherein at least one Z is a structure represented by a formula: 

In a further aspect, each Z is a structure represented by a formula: 

R3F,'and 

wherein at least one of R, R R', R, and R' is not hydrogen.  

15 In a further aspect, each Z is a structure represented by a formula: 

Ra R2b 

(4) R 3 GROuPs 

In one aspect, each of Rh, R", R. and Rid is independently selected from 

hydrogen, hawlogn -SW", -OR). -NR- 3 R "'> -NR"1&'R1H =SOiRA
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-(C=O)R, and Ci-C3 alkyl substituted with 0, 1, 2, or 3 groups selected from halogen, 

-CN, -SRI" -OR -NR dR44, -SOQRi and -(C=O)R 4. In a further aspect, each of 

RE, R", R, and R is hydrogen.  

In a further aspect, each of R t R and R d is independently selected from 

S hydrogen, halogen, -C N , 0. --SR"4OR -N-NR R - NR RH SOHR% and 

-(C=O)R C In a still further aspect each of R, Rj R' and R M is Independently selected 

from hydrogen, halogen -CN -SRI -OR -SOR" and -(C=0)R- i yet a further 

aspect, coach of R" R"t R. and RE' is independently selected from hydrogen, halogen, 

-CN, -SR and -SO R In an even further aspect, each of R , R R , and R is 

10 independently selected from hydrogen. halogen. -SR. and -SOR" In a still further 

aspect, each of R. R", R' and R"' is independently selected from hydrogen, -SR and 

-SO2 R0 In yet a further aspect, each of R' R" RI and R" is independent selected 

from hydrogen and -SO R in an even further aspect, each of R R R and R] is 

independently selected from hydrogen and -SR").  

15 In a further aspect, each of R " REI , R1 , and RU is independently selected from 

hydrogen, halogen, -CN, -ORi, -NR-R ', -NRER"H, and -(C=)R In a still 

further aspect, each of R, R", RE> and REJ is independently selected from hydrogen, -CN 

-OR -bNR R -NRR tH and -(C=O)R 4 [n yet a further aspect, each of R" 

R"', R c~and RE is independently selected from hydrogen, -OR -NR"R"" 

20 -NR)R:I'H% atd -(C=::O)R . In an even further aspect, each of R R ", R' and R! is 

independently selected from hydrogen N'RR and -R-NR"3m HR In a still further 

aspect, each of R", R R:. and REJ is independently selected from hydrogen and 

-NRR IH In vet a further aspect, each of R P.R R, and R' is independently 

selected from hydrogen and -NRR bR.  

25 In a futther aspect, each of R R"t RIC, and R is independendy selected fromn 

hydrogen, halogen, -CN, -OR"E and -(C=OE)R In a still Further aspect, each of R" RL 

RE. and R is independently selected from hydrogen -CN -OR nd -(C=0)R 4 . In yet 

a further aspect, each of R R., R ad R is independently seletd from hydrogen, 

-OR, and. -(C=)R. In an even further aspect, ea of R RE R" and R' is 

30 independently selected from hydrogen and -(C=O)R. in a still further aspect, each of R 

RH, R":. and R " is independently selected from hydrogen and -OR"
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In a further aspect, each of R!", Rt R, and R is independent selected from 

hydrogcn and halogen. In a still further aspect, each of R , R, R%, and R is 

inkpendcntly selected from hydrogen -Cl, and -F. In yet a further aspect, each of Rta 

R"' R% and RE is independently selected from hydrogen and -Cl. In an even further 

5 aspect, each of R *, R"' R", and R" is independently selected from hydrogen and -F.  

In a further aspect, each of Rl, R, R', and R" i independent selected from 

hydrogen and C1~C3 alkyl substituted with 0, 1, 2 or 3 groups selected from haloge -CN, 

-SR-" -OR -NRu *R -SOR, and -C:::O)R' In a still further aspect, each of R, 

R" R., and R is independently selected from hydrogen, methyI ethyl, i-propyl, and n

10 propyl and substtured with 0., 1, 2, or groups selected from halogen, -CN. -SR-"OR, 

-NRR'R-, -SOy2R, and -(C=)R 4 In yet a further aspect each of R"," R, and 

Rp is mdependendy selected from hydroge, metiy and ethyl and substituted with , I, 2 

or 3 groups selected from halogen, -CN, -SR, ~-OR -NR*R 22 , -SO2R< and 

-(C=O)Rt In an even further aspect, each of R,', R-, R", and R is independently 

15 selected. front hydrogen and methyl substituted with 0, 1, 2, or 3 groups selected, from 

halogen, -CN, -SR -OR' -NR *R -SO.R. and -(C=O)R 4 

In a Further aspect, each of Rj' R", R3 ;, and Ri is independently selected fron 

hydrogen and Cl -C alkyl substited witb 0. 1, or 2 groups selected from halogen, -CN, 

-SR -CR, -NR*R ', -SO R and -(C=O)R-, In a still further aspect, each of R a 

20 R R-, and R"' is independently selected from hydrogen and CI-C3 alkyl substituted with 

0 or I group selected frorn halogen, --CNu -SR OR -NRR SO2R and 

-(C=O)R 4 In yet a further aspect, each of R, R'% R and R ! is independently selected 

from hydrogen and unsubstituted C1 -C3 alkyk 

(5) Rz GwuRPs 

25 In one aspect, each of R and R is independently selected from hydrogen, 

halogen, -CN -SRC -OR" -NR *R 2,-NR'"R "117, -SOR -(C O)R and Cl

C3 alkyl substituted with 0, 1 2, (Yr 3 groups selected from halogen, -CN -SR3 -ORt, 

-NR 2 *RE -'SO RK and -( C=)Rt inl a furither aspect. each of R and Ra is hydrogen.  

i a further aspect. each of Raand Rh is independenty selected from hydrogen, 

30 halogen, -CN, -SIRe -OR .- NR*R - -iRde -S~tR and -(C=O)R In a 

still further aspect, each of R~a and Rb is independently selected from hydrogen, -CN,
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-SR", -OR.", -NR 1 R'E, -NR 'RtH , -SO2R, and -(C=0,)RR In vet a further 

aspect, each of R' and R is independently selected from hydrogen, -SR, -OW 

-NR""'RA -NRR.' AT-SOp2R", and (C O0)R hi an even further aspect, each of 

R" and R is independenty selected from hydrogen, -SR'), -OR 4, -SO2R , and 

5 -(C=O)R 4 . In a still further aspect, each of R and Rb is independently selected from 

hydrogen, -SR", and -SO R in yet a frther aspect, each of R' and R is 

independently selected from hydrogen and -SO2IR. ,In an even further aspect, each of R> 

and R' is independently selected from hydrogen and -SR 

In a further aspect c~h of R. and R is independently selected from hydrogen, 

10 halogen, -CN, -ORW \NR""Rit -NR "R"'1I and -{C:::O)R' In still further 

aspect, each of R and Ra is independently selected from hydrogen. CN, -OR 

-NR'aR -NR""R"H and -(C=0)RK In yet a further aspect, each of R" and R' is 

independently selected ftroi hydrogen. -OR -NR"WR , -NP.'R "H and 

-(C=0)RC , In an even further aspect, each of R and Rh is independently selected from 

15 hydrogen -NR. R and -NR frRiH in astill further aspect, each of R.* and Rb i 

independently selected from hydrogen and -NR" "RH" In yet a further aspect, each of 

RP and P is independent selected frn hydrogen and -NR "R"b.  

In a further aspect, each of R and Ri is independently selected from hydrogen, 

halogen, -CN -OR -(C=O)R. In a still further aspect, each of R" and Ri'> is 

20 independently selected froi hydrogen, -CN. -WOR', -(C=O)R i In yet a further aspect, 

each of R' and R is indepndently selected from hydrogen. -OR and --(C=O)R 4 . In 

an even further aspect, each of R and Rb is independently selected from hydrogen and 

-(O" i0) n a still further aspect, each of RA and R is independently selected from 

hydrogen and -OR' 

2S In a further aspect, each of Rl and Rb is independently selected from hydrogen 

and halogen, in a still further aspect, each of R- and R is independenty selected from 

hydrogen, -Cl, and -F. In yet a further aspect, each of R2' and R is independently 

selected from hydrogen and-Cl. In an even further aspect, each of R and Ri' is 

independently selected from hydrogen and -F.  

30 In a further aspect, each of RC; and R" is independently selected from hydrogen 

and C -C3 alkyl substituted with 0, 1, 2, or 3 groups selected from halogen, -CN, -SR
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-OR, -SRiand -(C=O)R4 In a still further aspect, each of R?- and Rm 

is independently selected from hydrogen, methyl, ethyl, i-propyl, and n-propyl and 

substituted with 0, 1, 2 or 3 groups selected from halogen, -CN, -SR> -OR", 

-NR R", -SO R and -(C=O)R 4 . In yet a further aspect, each of R and RE is 

5 independently selected front hydrogen, methyl, and ethyl and substituted with 0, 1, 2, or 3 

groups selected from halogen -CN, -SR' -OR -\R R -1SO2Rand 

-(C=0)R: In an even further aspect, each of . and P. is independently selected from 

hydrogen and methyl substituted with 0, 1, 2, or 3 groups selected from halogen.C -N, 

-SR -4R-", -NR"R", -SO 2
3R, and -- =C:::O)R-' 

10 In a further aspect, each of R and R independently selected from hydrogen 

and C I-C3 alkvl substituted with 0, 1 or 2 groups selected from halogen. -CN, -SR.  

-OR -NRA R -SO R" and -(C=0)R. In a still further aspect, each of R" and R 

is independently selected from hydrogen and Cl -C3 alkyl substituted with 0 or 1 group 

selected from halogen -CN, -SR"' -OR';, -NR tRt', -SOR ,and -(C=O)R. In yet 

15 a further aspect, each of R and. R" is independently selected from hydrogen and 

unsubstituted C -C3 ilkyl 

In a Further aspect, R is hydrogen and R1 is selected From halogen, -CN, 

-SR -OR , -NR'*Rt, -NR"RtHI-SOR., -(C=)R andCI C3 alkLi 

substituted with 0, 1, 2, or 3 groups selected from halogen, -CN SR" -OR 

20) -NR>tR -SO2R", and -(C=0)R> in a. still further aspect, R" is hydrogen and R"> is 

selected from halogenCN-SR OR N-RC 1  -NR R H SO R and 

-(C=O)R1 In yet a further aspect R is hydrogen and R is selected from -CN, -SR 0 .  

-OR -NR"R , -NR"R f -S. O, R and -( :::O)R 3> In an even further aspect, 

RP is hydrogen and R is selected From -SR -OR'> -NR R .-NR R:' H 

25 -SO2R and -(C=O)R In a still furthr aspet, R' is hydrogen and P. is selected from 

-SR"7 -OR" , -SOR and -(C=O)R In yet a further aspect, R. is hydrogen and R" 

is selected from -SIC 0 and -SO R In an even further aspect, Ra is hydrogen and R. is 

-SO2R i a still further aspect, W" is hydrogen and R" is -SRt 

In a further aspect, R is hydrogen and Ra' is selected from halogen-CN, 

30 -O)R 1 -NR'UR , -NR>" R:-2 H and --(C::O)'4. In a still further aspect, R is 

hydrogen and R2  is selected from -CN, -OR -NR R -NR >RJH., and 

-(C=O)R 4 , In yet a further aspect R> is hydrogen and R is selected from -O.R
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-NR2Rt -NR9R t and -( C=O)R' 4. In an even further aspect, R' is hydrogen and 

RF is selected from -NPR*R and -NR *RH In a still further aspect, R' is hydrogen 

and R is -NR"R 3'H'I In yeta further aspect, R is hydrogen and RWh is -NR""b 

In a further aspect, R"is hydrogen and R' is selected fromn halogen -CN, 

5 -4R' and --(C=:0)R In a still further aspect, R is hydrogen and R is selected from 

-CN, -ORE, and -(C=0)R' In et a further aspect, R hydrogen and R1 isselected 

from -OR," and -(C=O)R'. In an even further aspect, R is hydrogen and R" is 

-(C:::O)R. In a still further aspect, R is hydrogen and R- is -OR" 

in a further aspect, RP is hydrogen and R is halogen. In a still further aspect, 

t R" is hydrogen and R is selected from -CL, and -F In yet a further aspect, Ra is 

hydrogen and R is -Cl. In an evenl further aspect, R is hydrogen and PR0 is -F 

In a ftirther aspect R n is hydrogen and P R is C 1 -C3 alkyl substituted with 0, 1, 

2 or 3 groups selected from halogen. -CN, -SR> -OR , P-NPR R -SO R and 

==(C=O)R: In a still further aspect, R, is hydrogen and R is selected from methyl, ethyl, 

s i-propyl, and n-propyl and substituted with 0, 1, 2, or 3 groups selected from halogen, CN, 

-SRI -CuRl -NitR , -SOR, and -(C=O)RI In yet a further aspect, R is 

hydrogen and R' is selected from mixe hyl and ethyl and substituted with 0, It 2, or 3 groups 

selected from halogen, -CN -SR -OR' -NR"R 0 -SOR and -(C=O)R In an 

even fUrther aspect, R2 is hydrogen and R is methyl substituted with 0. 1, 2, or 3 groups 

20 selected from halogen -CN SR", -OR- -NR.R. -SO2 P and -(C=0)R 4 

In a further aspect, R" Is hydrogen and R b is C I -C3 alkyl substituted with 0, 1, 

or 2 groups selected from halogen -CN, -SR -OR', -NW'R"R P , -SOR 3 . and 

-(C=0)R In a still further aspet, R Is hydrogen and RI is Cl-C3 alkyl substituted with 

o or I group selected from halgen C -CM SRI -CR =NR R SO R and 

25 -(C=0)R In yet a further aspect, R is hydrogen and Rt is unsubstituted Cl1-C3 alkyl.  

In one aspect, at least one of R, Ri R R:and R is not hydrogent
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(6) R3 GRouPs 

In one aspect, each of R", R, tand R is independently selected from hydrogen, 

halogen, -CN. -SR , -OR:' -NR *R -NRaRb"H -,SO2R", and -(C:O)Rt, In a 

further aspect, each of Rt W, and R" is hydrogen, 

In a further aspect, each of R", RX, and R- is independently selectedfrom 

hydrogen ---CN SR "-OR -NRtt4* -NR47R"Hj -SO2R(, and -(C=:O)R , In 

a stilt father aspect, each of R3, R', and I is independent selected from hydrogen, 

-SRW, -OR' -NR4-R-, -INR 4 "RH. -SOR, and -(C=O)R. In yet a further 

aspect, ach of R RM, and RN is independently selected froni hydrogen, -SR", -OR4' 

10 -SO2R4 and -(C=O)R'. In an even further aspect, each of R' R., and R is 

independently selected from hydrogen. -SR4, and -SOR 4 In a still further aspect, each 

of R", R' , ad R is independently selected from hydrogen and -SQO R In yet a further 

aspect., each of R, R3> and R is independently selected from hydrogen and -SR 

In a further aspect, each of I" R, and Rt is independently selected from 

15 hydrogen. -(TN, -OR 4> -NR.- R NR R4Z H, and -(C=O)R4. In a still further 

aspect, each of R", R", and R is independently selected from hydrogen. -OR', 

-NR4 RI A -NR4R H and -(C:::O)R" In yet a further aspect. each of R", R", and 

R' is independently selected from hydrogen -NR4aRY, and -NR R4 zH In a still 

further aspect each of R, R and RC is independently selected from hydrogen and 

20 -NRiRiH. in yet a further aspect, each of R" R and R is independently selected 

from hydrogen and -NR *R4 

In a further aspect, coach of R', R, and RW is independently selected from 

hydrogen, -CN.-OR and -(CO)R4> In a still further aspect, each of R ,R and RVm 

is independently selected front hydrogen R -C.R"0 and -(C::O)R. In yet a further aspect, 

25 each of R, RI , and RP is Independently selected from hydrogen and -(C=O)R . In an 

even further aspect, each of R3 ", and R"< is independently selected from hydrogen and 

-ORK 

In a further aspect, each of R", R3 , and R" is independently selected from 

hydrogen and halogen. In a still further aspect, each of R3 R, and R3 is independently 

3) selected from hydrogen, -Cl, and, -F In yet a further aspect, each of R- R ' and R": is
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independently selected from hydrogen and -Cl In an even further aspect, each of R R -" 

and R4 is independently selected from hydrogen and -F 

In a further aspect, R is hydrogen and coach of R ' and R is independently 

selected from halo gen -CN -S Rt -OR. -NR ' R -NR "'IRT', -SOR 1  and 

5 -(C=:O)R' .in a still further aspect RN is hydrogen and ech of R~b and R( is 

independently selected from -CN -SR' -OR, -NR 4' R'> -NR 4 R 2  H*. -SOR ,

and -- (C=O)R" In yet a further aspect, R is hydrogen and each of R and RL is 

independenty selected from -SR , -OR' -NR R' -NRtR H -SO R' and 

-(C=0)RY, In an even further aspect R" is hydrogen and each of R" and R is 

10 independently selected from -SR 1' -OR' -SOR 3  and -(C::::O)R hi a sll further 

aspect, Ra is hydrogen and each of R3V and R. is independently selected from -SR4" and 

-Su, R43i 

In a further aspect, R is hydrogen and each of RiK and R- is independendy 

selected from halogen, -N, -oC R NR 4  -NR R and -iC=O)R In a still 

15 further aspect, R, is hydrogen and each of R and Ra is independently selected from 

--CN, --OR -NRPR -NRy"Ri H and - O(C=)R44 In yet a further aspect. Ra is 

hydrogen and each of R tand R4 is indlependently selected from -ORi -NR*aR4 t 

- NR'R H 'i- and -(C=()R"4 In an even further aspect R is hydrogen and each of R"1 

and R is independently selected from -nNR4"R and -NR"R 4 'H 

20 In a further aspect, R" is hydrogen and each of R and Rx is independently 

selected from halogen, -CN. -Rt and -(C=0)R 4 Ina still further aspect R is 

hydrogen and each of R and R" is independently selected from -CN -OR", and 

-(C=O)Rt In yet a further aspect, R" is hydrogen and each of R2> aid R' is 

indcpendealy selected from -OR; and -(C:::O)R" 

25 In a further aspect R is hydrogen and each of R and R is hakgen. in a still 

further aspect, R is hydrogen and each of R3 and R. is selected from-Cl and -K In yet 

a further aspect, R is hydrogen and each of R and R4 is -C. In an even further aspect, 

Ra is hydrogen and each of Rt and R is -4.  

ln a further aspect., each of R" and R" is hydrogen and R" is selected from 

30 halogen. -CN, -SRt -- OR". -NR1R 6, -NR R" S and -(C=O)R In a 

still further aspect, each of R and Rb is hydrogen and RM is selected fom -4, -SR4
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-OR41 -NR"REN, -NR 2bR1 1H -SO2R-, and -(C=O)R. in yet a further aspect, each 

of R and R is hydrogen and R is selected from -SR, -OR 4 , -NR4R 

-NR 4 R4 "I -SO:RS' and -(C=0)Rt4 In an even further aspect, each of R>a and Rf i 

hydrogen and R is selected front -SR ~, -R', -S0R , and -(C=O)RY In a still 

5 further aspect, each of R" and R' is hydrogen and R is selected from -SR' and 

-SOR4. In yet a further aspect each of R' and RI) is hydrogen and R " is -SOR 4 . In an 

even further aspect., each of R and R 1 is hydrogen and R C is SR 

In a further aspect, each of Ri and R is hydrogen and R 'is selected from 

haloen., -CN, -OR -NR 42t -NRaR HW and -(C=O)R". In a still further 

10 aspect, each of R- and R' is hydrogen and R is selected from -CN, -)R 4' -NRR 4 t 

-NR."R46HI and -(C:::O)R' In yet a further aspect, each of R." and R* is hydrogen and 

R3 is selected from -OR 4 , -NRt -NReaR H and -(C=0)R 4 In an even 

further aspect each of R' and R-1 is hydrogen and R" is selected from-NR>R4b and 

-NR4 "R H In a still further aspect, each of R" and Rb is hydrogen and R is 

15 R in yet a further aspect, each of R and R"b is hydrogen and R is 

-NR R 

In a further aspect, each of R" and R is hydrogen and Rn is selected from 

halogen, -CN, -OR4 , and -(C=0)R4 In a still further aspect, each of R" and R is 

hydrogen and R' is selected from -N -OR and -(C=O)RY In yet a further aspect, 

20) each of Ri and Rib is hvdrogen and I is selected from -OR> and -(C=:)R4 In an even 

further aspect, each of R" and R- is Iydrogen and R- is -(C:::O)R 4 . In a still further 

aspect, each of R- and R' is hydrogen and R- is -OR 4 1.  

In a further aspect, each of R3" and Rn is hydrogen and R3 : is halogen. In a still 

further aspect, each of R' and R' is hydrogen atnd R< is selected from -Cl and -F. In yet 

25 a further aspect, each of R and R3  is hydrogen and R is -Cl In an even further aspect, 

each of R' and R is hydrogen and R' is -F.  

In one aspect, at least one of Rt *R R, R, arid R; is not hydrogen.
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(7) R2" R% ANT) R2 GRoUrs 

In one aspect, each of R R R ", and Ruh when present Is independently 

selected from hydrogen, Cl-C3 alkyl, Cl-C3 nonohaloalkyl, and Cl-C3 polyhaloalkyL In 

a further aspect, each of R RE, R aand R when present, is hydrogen, 

In a further aspect, each of R, R R and R ' when present, is 

independently selected from hydrogen, Cl-C3 monohaloalkyl, and Cl-C3 polyhaloalkyl, In 

a still further aspect, each of RE, R, R ". and R2 when present, is independently 

selected from hydrogen, -CHYF, -CH2C0X, -CHyCH21F, -CH1CHC I -CHY -CHiCHF 

-CF 3 -CH2CF , -CHCI -CH2HC, -CCh, and -CH 2CC. In yet a further aspect, 

10 each of RE> R, Rt and R"" when present, is independently selected from hydrogen, 

-CH.F, -CH2 CHF. -CF, -CHOC, -CHC, -CHICHCl, -CCh, and -CH 2 CC. In 

an even further aspect, each of R", R R2", and R-, when present, is independently 

selected from hydrogen -CF- -CHCF., -CCb, and -CH2CCh.  

In a further aspect, each of R , RE, ,R and R when present., is 

15 independently selected from hydrogen and C-C3 alkyl In a still further aspect, each of 

R-26, R, R and R"'", when present, is independently selected from hydrogen, methyl, 

and ethyl. In yet a fIurther aspect, each of R RE R and R 21 when present. is 

independentdy selected from hydrogen and methyl.  

In a further aspect, R', when present. is hydrogen and each of R R-"', and 

20 RE3', when present, is independently selected from Ci-C3 alkyl, Ci-C3 mnonohaloalkvl, and 

Cl-C3 polyhaloalkyl. In a still further aspect, R"3 when present, is hydrogen and each of 

R R ad(R3 when present, is independently selected from Cl-C3 monohaloalkyl, 

and C1-C3 polyhaloalkyl. In yet a further aspect, R-- when present., is hydrogen and each 

of R", R"i, and R."'. when present, is independently selected from -CH F, -00HCl, 

25 -CH2CHF -CHCH2Cl, -CHF, -CHCHF -CV -CH2CF -CHC , -CH(CH b,.  

-CCh, and -CH2CCh. In a even funther aspect R' when parent is hydrogen and each 

of R. R", and R when present, is independently selected from -C HF' -CH CHF, 

-C.F -CH2CF, -CHCI, -CHCHCh, -CC, and -CH CCV. In a still furth 'aspect, 

R , when present is hydrogen and each of R R12, and R 'B when present, is 

30 independently selected from -CF, -CHCF -CCV, and -CH2CCh.
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In a further aspect, R2 3, when present, is hydrogen and each of R) , R>", and 

R , when present, is CI -C3 alkyl In a still further aspect, R, when present, is hydrogen 

and each ofR, R'" and R", when present, is selected from methvl and ethyL. In yet a 

further aspect R<, when present, is hydrogen and each of R R and R E', when present, 

5 is nethyl.  

In a further aspect, Ri, when present, is hydrogen and each of R ES R", and 

RI2 , when present, is independently selected from Cl -C3 alkyl, Cl -C3 monohaloalkyl, and 

Cl-C3 polyhaloalkyl in a still further aspect, R when present, is hydrogen and each of 

R', R2 '", and R4, when present, is independently selected from C-C3 monohaloalkyl, 

10 and Cl -C3 polyhaloalkyl, In yet a further aspct, R', when present, is hydrogen and each 

of R R. " and RI2' when present, is independently selected from -C2F, -CH2Ci, 

CHCH2F, -CH2CH 2C, -CHF 2 -CH2CHF -CF, -CH2CF3, -CHCl, -CH2CHCL, 

-CCh. and -CHCCL. In an even further aspect, R-', when present, is hydrogen and each 

of R RSCK and R"I2 when present, is independently selected from -ClHF 2, --CH 2CHF2, 

15 -CF, -CHCF 3, -CHC,-CH CHCI, -CC, and -CH2C(.E in a still further aspect, 

R, when present, is hydrogen and each ofkR R' and R2 when present, is 

independently selected from -C -CH CF, -CCb, and -C.H 2CCI3 

In a further aspect, R , when present, is hydrogen and each of Rt R" and 

RI2 , when present, is CI -C3 alkvl In a still further aspect, R'> when present is hydrogen 

2) and each of R"', R, and R i when present, is selected from nethyI and ethyl In yet a 

further aspect, R when present, is Ivydrogen and. each of RI R":, and R vi when present, 

is methyl 

In a further aspect, R , when present, is hydrogen and each of R0 R 3 and 

h When present, is independently selected from C-C3 alkyl, C-C3 nonohaloalkyl, and 

2 (1 -C3 polyhaloalkyl In a still further aspect, R", when present, is hydrogen and each of 

R20, Rltm, and R"I when present. is independently selected from (l-C3 monohaloalkyl, and 

C1-C3 polyhaloalkyl IIn yet a further aspect, Ru, when present, is hydrogen and each of 

RU N'I R R , and R when present, is independently selected from -CH 2F, -CH2Cl, 

-CH2CH2F, -CH2CH , -CHFR, -CH CHF2, CF ,. -C HCF3, -(HCGB, -CHCHCI, 

30 -CCb, and -CH2 CC. In an even further aspect, R when present, is hydrogen and each 

of RI RI and R ., when present, is independently selected from -CHF 2, -CH 2CHF2 

-CT. -CH2CF 3, -CHCI, -CH2CHCb4, -CCb, and -CH2CCL. In a still further aspect,
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R2 " when present, is hydrogen and cach of R2", R, and RE, when present, is 

independently selected from -CF, -CH CF 1 -CCl., and -CH2CCb.  

In a further aspect, R , when present, is hydrogen and each of R R2W and 

I&" when present, is Cl-C3 alkL In a still further aspect, R!", when prcsen.t is hydrogen 

5 and each of R", R K and R"i when present, is selected from methyl and ethyl. n yet a 

further aspect, R"', when present, is hydrogen and each of R-", R, and R"T, when present 

is methvl.  

In a further aspect, each of RN and R' when present, is hydrogen and each of 

R 22 and Rh when present, is independently selected from CI -C3 alkyl, C -C3 

10 monohaloalkyl, and C1~C3 polyhaloalkyl. In a still further aspect, each of R" and R 

when present, is hydrogen and each of R< and R-" when present, is independently 

selec ted fror C I -C3 monohaloalkyI. and C -C3 polyhaloalkyl In yet a further aspect, each 

of R" and R when present, is hydrogen and each of R" and R'>when present, is 

independently selected from -- CH2F -CH2C.C -CH 2 FCHF -CH 2CHIClt CHF2, 

15 -CHCHF, -CF , -CHCF --CH -1CH0CHC, -CCL, and -CH CCh. In an even 

further aspect, each of R" and R when present, is hydrogen and each of Ra22 and R", 

when present, Is ldepelndently selected from -CHF, -CH 2 CHF, -CF, -CHtCF 

-CH:C -CHICIH:C, f-CC13, and -CH2CCIj In a still further aspect, each of RC and R2 

when present, is hydrogen and each of R" and R when present, is independently 

20 selected frn -F CH2CF CL CC, and -C H CL.  

In a further aspect, each of R and R when present, is hydrogen and each of 

R ' and Rt when present, is C -C3 alkyl In a still further aspect, each of RO and R 

xihen present, is hydrogen and each of R and R$ , when present, is independently 

selected from methyl and ethyl In yeta further aspect, each of R" and R", when present, is 

25 hydrogen and each of R and R when present, is methyL 

In a further aspect, each of Ri RE and R> is hydrogen and Rh' is selected 

from C1 -C3 alkyl, C1 -C3 monohaloalkyl and C -C3 pokhaloalkyL In a still further aspect, 

each of Rl RE and RT is hydrogen and R -is selected from CI-C3 monohaloalkyl, and 

CI-C3 polyhaloalkyl In yet a further aspect, each of R, R" and R2a is hydrogen and R12 

30 is selected from -CHF. -CHCl -C'H-CHF -CHC H21 -Cl HF-CH, -CHF, -CF3, 

-CH CF, -CHR, -CHCH(A, -CC, and -CH 2CC. In an even further aspect, each
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ofR. RE, and R"Z is hydrogen and R"' is selected from --CIF 2, -CHCHF, ~-CF3 , 

CHLCF3 -CH1Cl, -CH 2CHClb, -CCL, and -CHCC3. In a still further aspect, each of 

R', R", and R2 is hydrogen and R is selected from -CF- -CH2CF3 -CCl, and 

-CHCCh.  

5 In a further aspect, each of R% R, and R" is hydrogen and R"T is Cl-C 

alkyl. In a still further aspect, each of Rt R>, and R 2 is hydrogen and R: is selected 

from nmethyl and ethyl. In yet a further aspect, each of R% RE, and R" is hydrogen and 

R is methyl.  

(8) R AN) R Gnit oUPs 

1 in one aspect, each of RF and R4 when present, is independently selected from 

-O~,-OR C-C3 alkyl, Cl -C3 inohaloalkyiL CI-C3 polyhialoalkyL and -NR"R. In 

a further aspect, each of R- and R ' Wihen prent, is mdepndentl selected hom -4o> 

-ORzt and -NR.- "" In a still further aspect, each of R- and R, when present, is 

independently selected froni -OR" and -NRnR-h In yet a fUrther aspect, each of R 

5 and R"', when present, is -OR, I an even further aspect, each of Ra and R1- wI en 

present, is -NR&"Rb 

In a further aspect., each of R> and R. when present, is independently selected 

from Cl-C alkyl, Cl-C3 monohaloalkyl, and CV-C3 polyhaloalkyl In a still further aspect.  

each of R 3 and R-' when present, is independently selected from merhyl., ethyl, -CHF, 

20 -CH2Cl -CHFCHF, -H2CH2CL, -C.HF2, -C( He -CF 3 . -CH2CF 3 , -CHC, 

-C-1 iCH-(Cl, -CC 13, and -CH 2 CCb. in yet a further aspect, each of R> and RI when 

present, is independently selected from methyl. -CHF, -ClHC. -CHF, -CF -C fHCl, 

and -CCl3.  

(9) R2 ' AND R26 GROUPS 

25 In one aspect, each of R< R', and R when present, is Mdependent y 

selected from hydrogen,( C-C akyi ( I -C3 monohaloalkyI litn Cl-C'3 polyhaloalkyl LIn 

a further aspect, each of R R!, and R , when present, is hydrogen.  

In a further aspect, each of R R., and R wkx&hen parent, independently 

selected ftn hydrogen, C -C3 monohialoialkyl, and C C3 polyhialoalkyl In a still further
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aspect, each of R<, R d and Rti when present, is independently selected from hydrogen, 

-CHIF -CH:Cl, -C~HCHWF -CH:CHtCl,-C1H, -CHCHF 2,-CF 3,~~CH1CF 3, 

-CHCl-CH2 CHCb, -CCL, and -CI2CCls, In yet a further aspect, each of R 5, R% 

and R"". when present, is independently selected from hydrogen, --CH+. -CH 2 CL 

5 -CHF 2 , -CF, -CHOI, and -CCh.  

In a further aspect, each of R, R2 ', and R2t when present, is independently 

selected from hydrogen and Cl -C3 alkyl. In a still further aspect, each of R, R , and R2 "' 

when present, is independently selected from hydrogen, methyl and ethyL In yet a further 

aspect- each of R"' R M and Ri when present, is independently selected from hydrogen 

10 and methyl.  

In a further aspect, R' is hydrogen and each of R" and RctI is independently 

selected from Cl -C3 alkyl, Cl -C3 nonohaloalkyl. and C1-C3 polyhaloalky. In a still 

father aspect, RT is hydrogen and each of R2" and R2"(T is independently selected from C1

C3 alkyl, C-C3 monohaloalkyL and Cl-C3 polhailoalkyl. In yet a further aspect, R'5 is 

15 hydrogen and each of Ra and RW" is independently selected from methyl, ethyl, -ClF., 

-CHACT -CHCH-F, -CHCH2CI, -CHF., -CHCHF, --CF3 -CHRCF. -CHCI, 

-CH2CHCl, -CC , and -CH 2 CCb, In an even further aspect, R.. is hydrogen and each of 

R> and R>u is independently selected from methyl, -CH 2E, -CH 2C, -CHF2 -CE3 

-FIC , -CC .  

20 In a further aspect, Ra is hydrogen and each of R5 and R< is independently 

selected from C-C 3 alkyl, C-C3 monohaloalky, and C I-C3 polyhaloalkyl, In a still 

further aspect, R. is hydrogen and each of R and R" is independently selected from CI 

C3 alkyl, I C3 monohaloalkyl, and CI-C3 polyhaloalkyl. In yet a further aspect, .R2 is 

hydrogen and each of R5 and R(*t is independently selected from methyl, ethyl -CHIf.  

25 -CH1-2(2 -CHC1HF, -CH2C -CHF2 -H Cl-F -CF- -CHCF -C10, 

-CH-CHCI, -CCL, and -CHCCl. In an even further aspect, W' is hydrogen and each 

of RP and R2 " is independently selected from methyl, -CUF, -CH 2CL -CHF, -CE

-CHC, and -CC 3.  

In a further aspect, each of R ni ad R5 is hydrogen and R!"" is selected from 

30 Cl-C3 alkyl, Cl-CS monohaloalkyl,and Cl-C3 polyhaloalkyl. In a still further aspect, each 

of R25 and R" is hydrogen and R' is selected from methyl, ethyl, -CHT, -CHtCl,
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-CHCHF. -CHCH2CL, -CHF, -CH 2CHF, -CF3, -CH2CF, -C1h, -CH CHCh 

-CCL, and -lCH:CCh. In yet a further aspect, each of R and Re is hy drogen and R 6 is 

selected from methyl, -CHTF, -CHCl, -CH1F, -CFa -CHb, and -CCL., 

(10) R' R, AND RG2 (h1o PS 

S in one aspect., each of R, R'. R*, and R." when present, is independently 

selected from hydrogen, Cl-C'3 alkyl, Cl-C'3 nionohaloalkyl, and CI-C3 polyhaloalkyl. In 

a further aspect, each of R' , R, R"T, and Re1T, when present, is hydrogen.  

In a further aspect, each of R 3 R RP, and R>, when present, is 

independently selected from hydrogen, Cl-C3 monohaloalkyl, and Cl-C3 polyhaloalkyl, In 

10 a still further aspect, each of R"), R", R.'" and R,. when present, is independently 

selected front hydrogen, -C HIT, -CFHCl, -CH2CHF, -CBCH Cl, -CHlF', -CHCHF, 

-CF"" -CHF 3, -CHCb -ClHCHCl -CC, and -C 2CCI 3. ln yet a further aspect, 

each of R' R', R-", and R when present, is independently selected from hydrogen, 

-CHF1,,-CH2CHF,. -CF -CCH&CF>-('HO> --CH CHL -CCb, and H-CECCh. In 

15 an even further aspect, each of RI R, R't and RT when present, is independently 

selected from hydrogen, -CF> -CH 2 CF, -CCh and -(CH(CLh.  

In a further aspect., each of R, R P, R and R, when present, is 

independently selected from hydrogen and C I -C3 alkyl. In a still further aspect, each of 

R R P, R and R' when present, is idependendy selected from hydrogen, methyl, 

20 and ethyl In yet a further aspect, each of R'. R" R, and R'' when present, is 

independently selected from hydrogen and methyl.  

In a further aspect, R' when present, is hydrogen and each ofR R and 

R- when present is independently selected from C I-C3 alkyl, C I-C3 monohaloalkyl, and 

CI-C3 polyhaloalkyl In a still further aspect, P, when present, is hydrogen and each of 

25 R1, PS and R when present, is independently selected front Ci-C3 n'monohaloalkyl, 

and Cl -C3 polyhaloalky L In yet a further aspect, R C , when present, is hydrogen and each 

ofR R ", and R' when present, is independently selected from -CH2F -CHC1, 

-C&C F -, <CH2CbCl, -<HF, -<H2CHF2, --4F,-CH2CF, -4HCh> -CHCHCIh, 

-CCL and -CWICl. In an even further aspect, R when present, is hydrogen and each 

30 of R' Ri'. and R", when present, is independently selected from-CU2 -CH bCHF2.  

-CF, -CH2CF 3, -CHC, -CHVLCHCI> -CCL, and -CHCC, In a still further aspect,
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R , when present, is hydrogen and each of R , R and R , when present, is 

independently selected from -CF 3, -- C2CF -CCl., and -CH2CCh 

In a further aspect, R , when present is hydrogen and each of R, R-. I t and 

I when present, is Cl -C3 alkyl, In a still further aspect, R, when present, is hydrogen 

5 and each of R1, R"i and Ri when present, is selected frorn methyl and ethyl In yet a 

further aspect, R, when present, is hydrogen and each of R , R, and R> when present, 

is methyl.  

In a further aspect, R-, when present, is hydrogen and each of R", R'< and 

R when present, is independently selected from CI-C3 alkyl, Cl-C3 monohaloalkyl, and 

10 CI-C3 polyhiloalkyl. in a still further aspect RM when present, is hydrogen and each of 

R R and RW when present, is independently selected from Cl-C3 monohaloalkyl, 

and C1-C3 polyhaloalkylt In yet a further aspect R". when present, is hydrogen and each 

of R3 RI and R33b when present, is independently selected from -CH,,F. -CHCl, 

-CHtCH3F, --CH C~I-Cl, --CHF 2 , --CH CHF . -CFa CH2CF3 -CH Ch-CH2 CH Cb.  

15 -- CCl, and --CH2CCh. In an even further aspect, R when present, is hydrogen and each 

of R , and R , when present, is independently selected from-CHF2, -CHCHF, 

-CF, -C.H 2CF. -CHCl -CH 2CHCI , -CCl:,, and -CH-CCIl,. In a still further aspect, 

R when present, is hydrogen and each of R R > ad R when present, is 

independently selected from--CF, -- CITCF. -CCl and -CH 2CCh.  

20 In a further aspect, R" when present, is hydrogen and each of R - W'- and 

R' when present, is C1 -C3 alkyl In a still further aspect, R", when present, is hydrogen 

and each of R R)" and R m when present, is selected frorn methyl and. ethyl, In yet a 

farther aspect, R3. when present, is hydrogen and each of R', R",. and Ri, when present, 

is methyl.  

25 In a further aspect, I when present, is hydrogen and each of R" , R and 

RII when present, is independently selected from Cl -C3 alkyl, Cl -C3 monohaloalkyl, and 

CI -C3 polyhaloalkyL In a still further aspecl, RI when present, is hydrogen and each of 

R, R, and R" , when present, is independently selected from C1-C3 monohaloalkyl, and 

Cl -C3 polyhaloalkyl. In yet a further aspect, RI when present, is hydrogen and each of 

30 R, R", and R- when present, is independently selected from -- C H , -2CH(Cl, 

-CH 2CHF, -CHi 2CI, -CHF, -CH CHF , -CF, --CHCF, -CHC, -CH- 2 HCI,
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-CCI, and -CHCC13. In an even further aspect, R, when present, is hydrogen and each 

of R' Rt and R-' whein present, is independently selected from --CHF, -CHtCIF 2 , 

-CF- -CH 2 CF3, -CHCla, -CHICH Cla, -CCs and -CH2CCI-. In i sill further aspect, 

R 3't when present, is hydrogen and each of R" R", and R'", when present, Is 

5 independently selected from -C F, -CH 2C, -CC, an -CHiCdCl 

In a further aspect R!a, when present, is hydrogen and each of R"' R-", and 

R, when present, is C ~C3 alkyl In a still further aspect, Raa when present, is hydrogen 

and each of R R and R- when present, is selected from methyl and ethyL In yet a 

ftuther aspect R when present, is hydrogen and each of RN, Ri and R when present, 

10 is methyL 

In a further aspect, each of R4 and R Nvhen present, is hydrogen and each of 

R2 and Rb when present, is independently selected from Cl-C3 alky1, Cl-C3 

monohalakyl and Cl-3 polyhaloalkyl In a still further aspect, each of R 4 and W', 

when presentl is hydrogen and ech of RCE" and Rtt when present, is independently 

15 selected from Cl-C3 monohaloakyl, and C1 -C3 polyhaloalkyl. In yet a further aspect, each 

oftR" and R w\hen present, is hydrogen and each of R' and R32 when present, is 

independently selcted frorn -CHF, -C -CH 2 CH 2F, -CHCH&C, -CHF>, 

-HCHF7 -CF- ,-CH2CF, --CHC 2 , -CH 2 CHIC 2, -CC. and -CHLCC. In an even 

further aspect, each of R" and R, when present, is hydrogen and each of Rs and RI", 

20 when present, is independently selected from -CH.F2, -CHtHF. -CF 3, CH CF, 

-CHCl , -CH 2CHC, -Ch, and -4H2CCU. i a still further aspect., each of R and R1 

when present, is hydrogen and each of R " and R',- when present. is independently 

selected from '-CF. -CHyCI> -CCh, and -CHCC .  

In a further aspect, each of R' and R v whi presut, is hydrogen and each of 

2 : Ra' and R wxhen present, is Cl-C3 alkyLi In a still father aspect, each of R and R3', 

when present. is hydrogen ind each of R and R' when present, is independentlv 

selected from methyl and ethyl. In yet further aspect, each of R and R wvhen present, is 

hydrogen and each of R3 and R ' when present, is niethl 

In a further aspect each of R. R-, and R is hydrogen and R'- is selected 

30 from C1 -C3 alkyl, C1 -C3 monohaloalkyl, and C1 -C3 polyhaloalkyl In a still further aspect., 

each of R R' and R> is hydrogen and R3 bis selected from CI-C3 monohaloalkyl, and
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Cl-C3 polyhaloalkyl. in yet a further aspect, each of R ', R', and R3" is hydrogen and R 

is selected fromt -C F CH2Cl, -CHCHJzF, -CHCH2Cl, -CHF , -CHCHF, -CF 3 , 

-CH2CFs, -CHC, -CH2CH(b, -CCL, and -CCHCC. In an even further aspect, each 

of R', R', and R3 is hydrogen and R" is selected from -CHF 2, -CH 2CHF2 , -CF 3 , 

5 -CH2CF-, -CHC -CICIHlC, -CCh, and -CICCl, In a still further aspect, each of 

R', RE, and R" is hydrogen and Ru is selected From -CF-, -CH2CF 3, -CC, 'md 

-CHt CCh.  

In a further aspect, each of R * RV and RE" is hydrogen and R Is Cl-C3 

alkyl. In a still further aspect, each of RI R, and 'R is hydrogen and R Is selected 

10 fron methyl and ethyl. in vet a further aspect, eachof R"', R. and R; is hydrogen and 

RI is methyl.  

(11) R 3 AND R GROUPS 

In one aspect, each of R"' and RN, when present, is independently selected from 

-4, -OR', CI -C3 alkyl, CI-C3 monoh aloalkyl, Cl-C3 polyialoalkyl, and -NRuaR. In 

5 a further aspect, each of R and R"4, when present, is independently selected from 0, 

-OR. and -NR"R R'"Y In a still further aspect, each of R3" and R 4, when present, is 

independently selected front -OR and -NR 5 "Rit In yet a funher aspect, each of R" 

and R' when present, is -OR In an even funher aspect, each of R and R"'. when 

present, is NItRIt 

20 In a further aspect, each of R.' and R Kwxhen present, is independently selected 

from CI-C3 alkyl, C I -C3 nonohaloalkyl, and Cl -C3 polyhaloalkyl. In a still further aspect, 

each of R3 and R, when present, is independently selected from methyl, ethyl, -CIF, 

-CH2CI H2, -C CH:F, --CHCH2Cl, CHF2 , CHCHFt, -CF 3, -CHCF.,CHC 3 

-CH2CHCh, -CCL, and -CHCC,. In vet a further aspect, each of R and RI when 

25 present, is independently selected from methyl, -CHIF, --CH2 Cl, -CHF2, -CF, -CHCl2, 

-CCh, and -CH2CC.  

(112) RS AN) R3 GRoUPs 

In one aspect, each of R 5R. and R , when present, is independently 

selected from hydrogen, Cl -C3 alkyl, C1-C3 nonohaloalkyl, and CI-C3 polyhaloalkyl. In 

30 a further aspect, each of R 5, R"", and R', when present, is hydrogen.
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In a further aspect, each of R', R", and R, when present, is independently 

selected from hydrogen, CI-C3 monhaloalkyl, andCl-C3 polyhaloalkyl. In a still further 

aspect, each of R, R:"', and R , when present, is independently selected from hydrogen, 

-CH T, -CH 2C,-CH2CH2 F, -CHH -C H2 -CHIF - CH11 2, 3, -CHCF 3, 

5 -CHCI: -CCHCIC2 -CC, and-~CH CCb. In yet a further aspect, each of R R' 

and R3, when present, is independently selected fror hydrogen, -CHF -CHCl, 

-CHF2, -C. -CHC,, and -CCh.  

In a further aspect, each of R, R 3, and R3 , when present, is independently 

selected from hydrogen and C1-C3 alkyl. In a still fiwther aspect, each of R 5, and R't 

10 when present, is independently selected from hydrogen, methyl and ethyl. In yet a funher 

aspect, each of R RER and R when present, is independently selected from hydrogen 

and methyL 

In a further aspect, RC is hydrogen and each of R'and R3 b is independently 

selected from Cl -C3 alkyl, C -C3 monohaloalkyL and C 1-03 polyhaloalkylt In a still 

15 further aspect, R" is hydrogen and each of R"and R t is independently selected from CI

C3 alkvl, Cl-C3 monohaloalkL ani C1-C3 polyhaloalkyl. In yet a further aspect, R' is 

hydrogen and each of R a nd R' is independently selected from methyl, ethyL -CHF, 

-CH2 CL, ~~CHCIF, -CHCHCi, -CHF 2 , -CHCHF> -CF, -CHCF, -CH:CI, 

-CH-LCHCb, -CCL, and -CH2CCl. In an even further aspect, R 5 is hydrogen and each of 

20 1 6 and R3 is independently selected from nethyl, -CHF, -CfHCl, -CHF, -CF, 

In a further aspect, R Nd is hydrogen and each of R- and R36 is independently 

selected from Cl-3 alkyl. C-C monolaloalkyl, aid C~C3 polyhaloalkyl In a still 

further aspect, Ra is hydrogen and eLh of R, and R is independently selected from C2

2 C3 alkyl , Cl -C3 imonohaloalkyI, and C1-C3 poyhaoalkyl in vet a further aspect, RK is 

hydrogen and each of R" and R: is independently selected from nethyl, ethyl, -CH-F, 

~~CH2CL ACH2CH2F,~~CDH2CH>,C1.,~~CHF 2, ~~CHf2CH F2, ~CP3 , -C~HCB. -CHC 2.  

-CH2CHC,~ ~CC, and --CH2CCh. In an even further aspect, R is hydrogen and each 

of R" and R" is independently selected from nethyl, -CH 2F, H-(HCl, -CHF, -CF, 

30 CHCb, and -CCh.
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In a further aspect, each of R' and Rt is hydrogen and R"6 is selected from 

CI -C3 alkyl, C -3 monohaloalkyl, and C I-C3 polyhaloalkyl, In a still further aspect, each 

of R3 and R is hydrogen and Rlb is selected from methyl, ethyl -01HF -C 2C, 

-CHCHJF, -CH 2CH2CI, -CHFE, -CH 2CHV2 -CF 3 , -CH2CFl -CHICL-CH 2CHCL, 

5 -CCL, and -CH2CCh. In yet a further aspect, each of R,5 and R- is hydrogen and R is 

selected from methyl, -CHF, -CH 2 C1, -CHF, -CF,, -CHC, and -CC 3.  

(13) R4", R An R"2 G1ors 

In one aspect, each of R tR R4 R4 U and R4 , when present., is independently 

selected from hydrogen, C (-C3 alky I C I -C3 rnonohalalkvl, and C -C3 polyhaloalkyl. In 

to a further aspect, each of R40. R, R4, and R4', when present, is hydrogen.  

In a further aspect, each of R44, R', R24' and R4 when present, is 

independently selected from hy drogcn 1-C3 monohaloalkyl, and C -C3 polyhaloalk vin 

a still further aspect. each of Rt0  R41 R42 and R4  when present, is independently 

selected from hydrogen -CH2F -CH2Cl, -TH2CHF -CH 2 CHCL -CHC -CH&HF, 

B- -CF5 -CHC -CHCL-CH CHCL-CC, and -CHCCI3 . In yet a further aspect, 

each of R , R4', R-43 and R4 ', when present, is independently selected fton hydrogen, 

-CHF -CHtCHF2, -CF -CHCF, -CHCI, -CH2CHC , -CC, and -CHtCC. In 

an even further aspect, each of R'. R R and  whern present, is independently 

selected from hydrogen, -CF 3 , -CH-CF -CCL, and -CHCCh.  

20 In a further aspect, each of R-t R'", R4 and R' when present, is 

independendy selected from hydrogen arnd C-C3 alkyl. In a still further aspect, each of 

R R4 , Ri' and R4"l, when present, is independently selected from hydrogen, methyl, 

and. ethyl In yet a further aspect, each of R R4' RK and R4
b% when present, is 

indcpendently selected fron hydrogen aid methyl.  

25 In a further aspect, RI"" when present, is hydrogen and each of R" RUK and 

R when present, is Indpendently selected from CI -C3 alkyl, C -C3 monohaloalkyl, and 

CI-C3 polyhaloalkyl. In a still father aspect, R". when present, is hydrogen and each of 

RR% and R", whe n present is independently selected from CI -C3 monohaloalkyl.  

and Cl-C3 polyhaloalkyl in yet a further aspect, Rt when present, is hydrogen and each 

30 of R Rt and RI"b. when present, is independently selected from -CWI,-CH)Cl, 

-CH CH2F. -CH 2CHCI, -CHFz, -CH2CHVCF2 , -CF ' -CCF -CHCL H2LCHC,
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-- CCI3 and -CHCCl3 In an even further aspect. R4". when present, is hydrogen and each 

of R R4  and R' , whlen present, is independently selected froIm -CiF 2 , -CHCHF>, 

-CF -CIHCF 3 , -CH Cl, -CIlCHCI, -CCIs and -CH CCI In i sill further aspect, 

R4 , when present, is hydrogen and each of R R4  and Rb when present, is 

5 independently selected from -CF 3, -CH 2C, -CC, and -CHICCl 

In a further aspect, R, when present., is hydrogen and each of R R4 and 

R4  when present, is CI -C3 alkyk In a still further aspect, Ri, when present, is hydrogen 

and each ofR4 R>'., and R4b when present, is selected. from ineth land ethyL In yet a 

further aspect Rt when present, is hydrogen and each of R R1, and R" when present, 

10 is metlvi 

In a further aspect, R141, when present, is hydrogen and each of R, R4-<t and 

W when present, is independently selected from Cl -C3 alkyl, Cl -C3 monohaloalkyl, and 

C(1 -C3 polyhaloalkyl. hn a still further aspect R', when present, is hydrogen and each of 

R40, R4% and RI4bx when present, is independently selected from Cl-C3 nonohaloalky L 

15 and Cl-C3 polyhaloalkyl In yet a further aspect R4, when present, is hydrogen and each 

of R R: and R when present, is independently selected from -C-2F, -- CHCl, 

-CH CH2F -CH2CH 1, -CHF, -CH2CHF 2 , -CF, -CH2CF, -CHCl, -CH 2 CHCl2, 

-CUl. and -CICCI2 -In an even further aspect, R', when present, is hydrogen and each 

of RW R4  and R4', when present, is independently selected froIm -CHF 2 , -CH 2 CHF-, 

20 Ft -CH2CF 3, -4iHCI, -<hCHCl, -CCI. and -CH2CCih In a still further aspect, 

Rt, When present, is hydrogen and each of R , Ri" and R- when present, is 

independently selected from -CF -CH 2CF, -CCI,and-CH2CL.  

In a further aspect, R4. when present, is hydrogen and each of R4k, R", and 

R42 when present, is Cl -C3 alkyl In a still further aspect, '", when present, is hydrogen 

25 and each of ItR, and R4 when present, is selected from methyl and ethyl In yet a 

father aspect, R when present, is hydrogen and each of R44N R", and R4 E. when present, 

is methyl 

In a further aspect, R when present, is hydrogen and each of R4 , R43 and 

R when present, is independently selected from CI -C3 alkyl, CI -C3 monohaloalkyl, and 

30 CI -C3 polyhaloalkyl In a still further aspect, RE", when present, is hydrogen and each of 

R40. -R and R42> when present, is independently selected from (1~C3 monohaloalkyl, and
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Cl-C3 polyhaloalkyl. in yet a further aspect, R4", when present, is hydrogen and each of 

RI, R4 ', and R', when present, is independently selected front -CHF, -CiCl, 

-CH2CHF -CH C -C HF, -CHCH F, -CF, -CH2CF, -CCb -ClH2CCb 

-CCb, and -ClH2CCh. In an even further aspect R when present, is hydrogen and each 

5 of R4'r, R! and R* when present, is independently selected from -CHF,, -CH2CHF, 

-CF, -CH2CF. -CHCIb, -CHCI -CC, and -CH2CCS. In a still further aspect, 

R.n, when present. is hydrogen and cach of R4", ,and R , when present, is 

independently selected from-CFl -CH 2CF.j, -CCJIt and -CH>CCi.  

In a further aspect, R4 when present, is hydrogen and each of R" R , and 

10 R when present, is Cl -C3 alkyl, In a still further aspect, R", when present, is hydrogen 

and each of R" It and R ' Then present, is selected from methyl and ethyl. In yet a 

further aspect, R' When present, is hydrogen and each of R40 , R ad R$2 when present.  

is methyl.  

In a further aspect, each of R4 and when present, is hydrogen and each of 

15 R4' 3 -and R4"', when present, is independently selected from Cl -C3 alkyl, Cl -C3 

ninohaloalkyl, and Cl -C3 polyhaloalkyl In a still further aspect, each of R" and R 

when present, is hydrogen and each of R and R4 0 when present, Is independently 

selected from Cl -C3 monohaloalkyl, and C1~C3 polyhaloalkyl. In yet a furtheraspect, each 

of R4 and Ri. when present, is hydrogen and each of R"" and R4' when present, is 

20 independently selected from -JH-T, H-CH L -CHCH2 F, -CH CH'iC, -CHF, 

-CH&CHF, -CF, -CH2CF3C -HC, -HC'HCI 2 , -{;C3, and -CHCCL. In an even 

further aspect, each of .R' and R4', when present, is hydrogen and each of Ri" and R430 

when present, is independently selected from -CF, -CFC2-11 -CF CH-2C , 

-CHC, -CHsCHCl2, -CCI;, and -CH2CCl, In a still further aspect, each of Ri3 and R"', 

25 when prescit, is hydrogen and each of R4 'and R4 " when prescit, is independently 

selected from -CF, -Cl2CF, -CCI3, and -CH 2CCh 

In a further spect, each of R4' and R. when present, is hydrogen and each of 

R4- and R" t
> vvhen present, is C I -C3 alkyL In a still further aspect, each of R4 and R" 

when present, is hydrogen and each of R4 >and R 3 " when present, is independently 

30 selected from nethyl and ethyt In yet a further aspect, each of It and R when present, is 

hydrogen and each of R4 " and R4. when present, is methyl.
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In a further aspect, each of R", R4 , and R4" is hydrogen and R4> is selected 

from C I-C3 alkyl, C I-C3 monohaloalkyl, and Cl -C3 polyhaloalkyl In a still further aspect, 

each of R4 , R'V and R4" is hydrogen and R"i' 's selected from C1 -(C3 monohaloalkyL, and 

Cl-C3 polvhaloalkyL In yet a further aspect, each of RY R, and R4 * is hydrogen and R"S" 

5 is selected from -C H2F, -C2Cl, -ClH2CIHF -CHtCH 2Cl, -CHF2, -CHCHF 1 , -CF3 , 

-CH-CF -CHC., -CH2CHC -CCl,. and -CHCCl, In an even further aspect, each 

of R4 R", and R4 is hydro en and Rt b is selected from -CHF, -CHCHF> -CF 3 , 

-CH 2 CF3. -CHC, -CH2CHCI, -CCl, and -CHCCh. In a still ftinher aspect. each of 

R', R, and R41 is hydrogen and R is selected from -CF;, -CH2CF:;, -CC:, and 

0 -CH2CCl., 

In a further aspect, each of R, RE, and R is hydrogen and R- is C -C3 

alkyl, In a still further aspect, each of R', R4
. and R4 is hydrogen and R. is selected 

from methyl and ethyl. In yet a further aspect, each of R", R4 z and R4" is hydrogen and 

R4 5 is methyl.  

15 (14) R4 'AND R4 GROlPs 

In one aspect. each of R and R4 , when present, is independently selected from 

-0 -O R:, CI -(C3 alkyl, C C3 ionohaloalky , Cl IC3 polyhaloalkyl, and -NR* In 

a further aspect, each of R" and R4
4, when present, is independently selected from -O^ 

-OR, and -NPR. 'R In a still further aspect, each of R43 'anrd Rt when present, is 

20 independently selected from -OR- and -NRyRtt In yet a further aspect, each of R4 

and R4 , when present, is -OR> In an even further aspect, each of R4 and R , when 

present. is -NRERt 

In a further aspect., each of R3 and. R4 when present, is independently selected 

from CI-C3 alkyl, C1I-C3 monohaloalkyl, and Cl-C3 polyhaloalkyl In a still further aspect, 

25 each of IRt and R", when present, is independently selected from methyl, ethyl, -CHF, 

-CHCI. -CH2CH[F, -CHCH2Cl,-CHF2,-CHCHF. -CF 3, -CHCF -CHCb, 

--CHCHCh, -CCh, and -CH2CCh. In yet a further aspect, each of R and Rt when 

present, is independently selected from methyl, -CHF, -CH 2CI -CHF 2, -CF,, -CHC, 

-CC, and -CH2CCht



WO 2015/157227 PCT/US2015/024635 
52 

(15) R $ANo R 4 GRouPs 

In one aspect, each of R, R a, and R4&K when present, is independently 

selected from hydrogen., Cl-C3 alkyl, Cl-C3 monohaloalkyl, and Cl-C3 polyhaloalkyl. In 

a further aspect, each of RCt R.4  and R(42, when present, is hydrogen.  

In a further aspect, each of R, R"', and R" , when present, is independenly 

selected from hyro gen, Cl-C3 mtnohaloalkyl, and Cl-C3 polyhaloalkylt In a still further 

aspect, each oftR, R4 , and R , when present, is indepedlndtly selected from hydrogen, 

-CH2F -0,C , Ol CTCHF -CHCHVC, -CH RF, -CH f CIF CF-, CHtCF, 

-C-HC.l -CHCHCl2, -CC1z, and -CH2CC 3. In yet a furtr aspect, each of RW, R"t ' 

10 and R4*, when present, is independently selected from hydrogen, -CHJ, -CHCl, 

-CHF, -C.F -CH01, and -CCl;.  

In a further aspect, each of R " P, and R4b when present, is independently 

selected from hydrogen and C 1-C3 alkyl- In a still further aspect. each of R4 ", Rft and R""", 

when present, independently selected from hydrogen, methyl and. ethyl. In yet a further 

5 aspect, each of R' R- and R" wien present, is independently selected from hydrogen 

and methyl 

In a further aspect., .4 is hydrogren and each of R"' and R'61' is independently 

selected frm C1~C3 alkyl, C1~C3 monohaloalkytl and Cl-C3 polyhaloalkyl In a still 

further aspect, R is hydrogen and each ofR"i Md R"* is independently selected from Cl

20 C3 alkyl, C I -C3 monohaloalkyl, and C I-C3 polyhaloalkyl. In yet a further aspect, R" is 

hydrogen and each of R"' and R46" is independently selected from nethyl. ethyl. -C.2-f.  

-CHCl, -CHtCHF -CH 2CHCl. -CHI4F-CH, CH -CF 3, -CH2CT 3 -CRHC 

-CHCHCl2 -CCL, a.nd -CHC00L, in an even further aspect. R< is hydrogen and each of 

R." and R4' is independently selected from methyl, -CH 1 F. -CH2Cl, -CHF -CFj, 

2 -CHC. -CCL.  

In a further aspect, R4 a is hydrogen and each of R and Pd; is independently 

selected from Cl-C3 alkyl Cl -C3 monohaloalkyl, and C1~C3 polyhaloalkyk In a still 

further aspect, R""< is hydrogen and each of R4 and R" is independently selected from CI

C3 alkyl, Cl -C3 monohaloalkyl. and Cl -C3 polyialoalky In yet a further aspect, Rta is 

30 hydrogen and, each of R5 and R" is independently selected from methyl, ethyl, -CH2F 

-CHCl. -C-HlCH2F, -CH2CH2CI, -CHF, -CHlCHF> -CF 3. -CHCF, -CHCl
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CHCHCI: -CCh, and -CH-CCh. In an even further aspect, R4t* is hydrogen and each 

of R' and R46' is independently selected from methyl -CF, -CH-Cl -CF2, -CF.  

-CHCb, and -CCl> 

In a further aspect, each of Ri4 and R4I is hydrogen and Ril is selected from 

5 Cl-C3 alkyl, Cl-C3 monohaloalkyl, and Cl -C3 polyhaloalkyi in a still further aspect each 

of R and R'(* is hydrogen and R4c" is selected from methyl, ethyl -CHTF --CHtCI, 

-CHWCFLF -CHWCHCL -CHF> -CICHF 2, '-CF3, -CH2CF 3, -CHCU, -CH2CHC, 

-CCL, and -CHtCWh. In yet a further aspect, each of R" and R'"' is hydrogen and R4 ; is 

selected from methyl. -CHTF -CHC, -CiH -CF -CHCl, and -CCh.  

0 (16) x 

In one aspect, x is an inter greater than 1, In another aspect, x is an integer 

greater than 10, in a further aspect, x is an integer greater than 100, 

(17) COUNTERIONS 

In certain embodiments, the polymer further comprises an acceptable counterion 

15 In one embodiment, the counterion is selected from iodide, brornide, chloride, fluoride, 

sulfate, hydrogen sulfate perchlorate, nitrate, carbonate. hydrogen carbonate, phosphate, 

hydrogen phosphate, dihydrogen phosphate, acetate and formate.  

b. EXAMPLE PLYMERS 

In one aspect, thhe poly mer is formed by, polymerizing a compound having a 

20 structure: 

H 

H HN 

H H 
H 

III (1c aspect, the polymet has a structure represented by a fwnwmla:
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OH OH OH OH 
CH2 CH2  CH2 CH2 

H2C CH 2  CH2  OH2 

H H HI HI H H H H 

H H H I 1H H MH H 'H 
\//x 

wherein p is independently 0 (05, or 1; q is independently 0. 0.5t or I and, for each x, p + q 

= .  

2. SU PPORT STRUR 

5 In a further aspect, the membrane is cast onto a support structure In a still 

further aspect, the support structure is a nonwoven support fabric. In a preferred 

embodiment, the support structure is a nonwoven polyester fabric.  

3. ULTRmA Rn AwTION MEMBR ANES 

In various aspects, the menbranes of the invention are ultrafiltration membranes.  

10 Examples of high-performance synthetic polymers commonly used in the formation of 

ultrafiltration membranes include polysulfone, polvethersullfone, and polyacrylonitrile.  

One advantage of ultrafiltration membranes comprising the disclosed polymers 

involves the potential to impart passive foulm resistance to the support layer. Passive 

fouling resistance, sometimes referred to as "passivation," describes modification of a 

15 surface to reduce surface reactivity and promote hydrophilicity. Passive fouling resistance 

can prevent unwanted deposition of dissolved, colloidal, or microbial matter on the 

membrane surface, which tends to foul the membrane and negatively influence flux and.  

rejection.  

The present invention provides a new class of ultrafiltration membranes with 

20 improved hydrophilicity and chlorine-resistance over conventional ultrafiltration 

membranes, Development of more efficient, more selective membranes with tunable 

surface properties holds great promise for advanced protein separation, dialysis, water 

filtration, and other macro molecular separations.
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4. NANOFiLTRATI ON MEMRANES 

In various aspects, the membranes of the invention are nanofiltration membranes.  

Typical high-performance synthetic polymers commonly used in the formation of 

anofiltrationl membranes include polysulfone, polyethersulfone, and polyacrylonitrile, 

5 These nanofiltration membrnes can be prepared, for example, by notn-solvent induced 

phase separation (NIPS).  

Another advaitage of nanofiltration membranes comprising the disclosed 

polymers involves the potential to impart passive fouling resistance to the support layer.  

Passive fouling resistance, sometimes referred to as "passivation," describes modification 

t0 of a surface to reduce surface reactivity and promote hydrophiiicity. Passive foul ing 

resistance can prevent unwanted deposition of dissolved, colloidal, or microbial matter on 

the membrane surface, which tends to foul the membrane and negatively influence flux and 

rejection.  

The present invention provides a new class of nanofiltration membranes with 

s improved. hydrophilicity and chlorine-resistance over conventional nanofiltration 

membranes. Development of more efficient, more selective membranes with tunable 

surface properties holds great promise for advanced protein separation., dialysis, water 

filtration, and other macro molecular separations.  

5. OSMOSIS MEMBRANES 

20 In various aspects, the membranes of the invention can be osmosis menrbranes.  

for example, forward osmosis membranes, reverse osmosis membranes, or pressure 

retarded osmosis membranes without thin film coating. Among particularly useful 

membnes for osmosis applications are those in which the discriminating layer is a 

polyamide.  

25 (omposite polyaniide membranes are typically prepared by coating a porous 

support with a polyfunctional amine monomer, miost commonly coated from an aqueous 

solution. Although water is a preferred solvent, non-aqueous solvents can be utilized, such 

as acetonitrile and dimethylformamide (DMF), A polyfunctional acyl halide monomer (also 

referred to as acid halide) is subsequently coated on the support typically coated first on the 

30 porous support followed by the acyl halide solution. Although one or both of the
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polyfunctional amine and acyl halide can be applied to the porous support from a solution, 

they can alternatively be applied by other means such as by vapor deposition, or heat.  

In a further aspect, the membranes of the invention can further comprise a thin 

fihn polymerized onto a surface of the membrane, and the membrane is an osmosis 

5 membrane. In a still further aspect, the osmosis membrane is selected from at reverse 

osmosis membrane and a forward osmosis membrane.  

6. Fnim 

in Various aspects, the meimbranes of the inention further comprise a thin filn 

polymerized onto a surface of the membrane. The thin film can be a semi-permeable 

10 polymer matrix, e.g. with a three-dimensional polymer network, substantially permeable to 

water and substantially impertmeable to solutes. For example, the polymer network can be a 

cross4inked polymer formed from reaction of at least one polyfunctional monomer with a 

difunctional or polyfurictional monomer.  

The polymer matrix fihn can be a three-dimensional polymer network such as an 

15 aliphatic or aromatic polyanide, aromatic polyhydrazide, poly-bensimidazolone, 

polyepiamine/amide, polyepiamine/urea. a polyester, or a polyimide or a copolymer thereof 

or a mixture thereof Preferably, the polymer matrix film can be formed by an interfacial 

polymerization reaction or can be cross-linked subsequent to polymerization.  

The polymer matrix film can be an aromatic or non-aromatic polyamide such as 

20 residues of a phthaloyl (e.g. isophthaloyl or terephthaloyl) halide, a trimesyl halide, or a 

mixture thereof, In another example, the polyariidc can be residues of diaminobenzene, 

triaminobenzene, polyetheriminu piperazime or poly-piperazmne or residues of a trimesoyl 

halide and residues of a diaminobenzene. The film can also be residues of trimesoyl 

chloride and n-phenylenediamine. Further, the film can be the reaction product of trimesoyl 

25 chloride and m-phenylencdiamine.  

The polymer matrix film can have a thickness of from about 1 nmi to about 

1000 nm For example, th film can have a thickness of from about 10 nm to about 1000 

nm, from about 100 nm to about 1000 nm, from about I nm to about 500 nm, from about 10 

nn to about 500 nm, from about 50 nm to about 500 nim, from about 50 nim to about 200
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rnm, from about 50 nmr to about 250 nm, from about 50 nm to about 300 nrm, or from about 

200 rn to about 300 nmr.  

7. PROPrTIEws 

In various aspects, the composite filtration membranes of the invention can have 

5 various properties that provide the superior function of the membranes., including improved 

hydrophilicity, improved resistance to chlorine, excellent permeability, and Improved salt 

rejection- It is also understood that the membranes have other properties

a. HYDROPILIC.rY 

The hydrophilicitv of the membranes can be expressed in terms of die pure 

1) water equilibrium contact angle. The contact angles of the membranes of the invention can 

be measured using a contact angle goniometer (DSA1 0, KRUSS Gnb-), 

In various aspects, a membrane of the invention can have a pure water 

equilibrium contact angle of less than about 90, In a further aspect, a membrane of the 

invention can have a pure water equilibrum conUtact angle of less than about 80" i a still 

15 further aspect, a membrane of the invention can have a pure water equilibrium contact 

angle of less than about 70*, In yet a further aspect, a membrane of the invention can have a 

pure water equilibrium contact angle of less than about 60' In an even further aspect, a.  

membrane of the invenion can have a pure waier equilibrium contact ange of less than 

about 50*. In a still further aspect, a membrane of the invention can have a pure water 

20 equilibrium contact angle of less than about 40'. In yet a further aspect, a emnbrane of the 

invention can have a pure water equilibrium contact angle of less than about 30* In certain 

embodiments, a membrane of the invention can have a pure water equilibrium contact angle 

of about 200, about 30* about 310, about 320 about 33* about 34* about 350 about 36', 

about 374, about 3 8 *, about 3 9 *, or about 400 

b. PERIMEADLtTY 

The permeability of the nmembranes can be expressed in terms of the pure water 

permeability. The permeability of the disclosed membranes can be measured, for example, 

using a dead-end stirred cell (Sterlitech).
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Membrane permeability can be affected by, for example, the amount of polymer 

present. Thus, in various aspects, the polymer is present in an amount of about 30 wt% and 

the membrane has a pure water permeability of less than about 5.00 gfd/psi, In a further 

aspect, the polymer is present in an amount of about 30 wt% and the membrane his a pure 

5 water permeability of less than about 4.50 gfd/psi, In a still further aspect, the polymer is 

presct in an amount of about 30 wt% and. the membrane has a pure water permeability of 

less than about 4,00 gfd/psi, In yet a further aspect, the polymer is present in anlamount of 

about 30 xi% and the membrane has a pure water permeability of less than about 3.50 

gfd/psi, In certain embodiments, the polymer is present in an amount of about 30 wt% and 

10 the membrane has a pure water permeability of about 3.0 gfd/psi, about 3.1 gfdlpsi, about 

3.2 gfd/psi, about 3 3gfd/psi, about 3.4 gfd/psi, about 3.5 gfd/psi, about 3.6 gfdjsi, about 

3.7 gfd/psi, about 3.8 gfidpsi, about 3.9 gfi/psi, or about 4.0 gfd/psi.  

c. REJECTiON 

The rejection of the membranes can be expressed ii terms of bovein serum 

15 albumin (BSA) rejection. The salt rejection of the disclosed membranes can be measured, 

for example, using a dead-end stirred cell (Sterlitech).  

The salt rejection of the membranes can be affected by, for example, the amount 

of polymer present. Thus, in various aspects., the polymer is present in an amount of about 

30 wt% and the membiiran has a BSA rejection of at least about 50%. In a further aspect

20 the polymer is present in an amount of about 3.0 wt% and the membrane has a BSA 

rejection of at least about 55%. hi a still further aspect, the polymer is present in an amount 

of about 30 wt% and the membrane has a BSA rejection of at least about 60%. In yet a 

further aspect, the polymer is present in an amount of about 30 wt% and the membrane has 

a BSA rejection of at least about 65%. In an even further aspect, the polymer s present in 

25 an amount of about 30 wt% and the membrane has a BSA rejection of at least about 70%, 

In certain embodiments, the polymer is present in an amount of about 30 wt% and the 

membrane has a BSA rejection of about 60%, about 62%, about 64%, about 66%, about 

68%, about 70%, about 72%, about 74%, about 76%, about 780%,, or about 80%.
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C. METHODS FOR MAKING FITVnATION MEMIRRANES 

In one aspect, the invention relates to a method of making a filtration membrane, 

the method comprising the step of providing a polymer forced by polymerizing a 

compound having a structure represented by a formula: 

R C 

R R2b 
H R 

wherein n is selected from 1, 2, and 3; wheriun each of R R"> RlK and Rl is 

indep endenty selected from hydrogen, haogen-CN, -SR -OR -NR R 

-N.R$R 2 H*, -SOR" -(C=0)R anmd C1-C alkyl substituted with 0 1, 2, or 3 groups 

selected from halogen N, -SR , -OR -NR"R -SO2R>. and -(C=O)R'; 

10 wherein each of R" and R- is independenly selected from hydrogen, halogen, -CN, 

-SR' -OR -NR- 2 R-,- -NRA R TH -SOR, -(C=0)R 4 and Cl-3 alkyl 

substituted with 0, 1, 2, or 3 groups selected from halogenCN -SR Q -OR 

-NRER -SOR arid -(C:O)R; wherein each of R", Rt and R3 is independently 

selected froin hydrogn, lialogn -CN SR4" OR.", -NRPR4RTh NRA"R 1 H 

15 -SO2R 4 t and NC=O)R4; wherein at least one of R R R R-, R-, and R- is not 

hydrogen; wherein each ofR R' R1, R .' RW RI, R- R" R R 4 and R 4 

when present, is idependen seletetd rl hydrogen, Cl -C3 alkyI, C I -C3 

nionohaloalkyl, and CI -C3 polyhaloalkyl; wherein each of R" ad R \T when present, is 

independently selected from -O -OR C] CI alkyL C] C3 monohalialkvl, Cl -C3 

20 polyhaloalkyl, and -NR R26; hein each o R R and RPt when present, is 

independctiv selected from hydrogen, C -C3 alkyl, C -C3 monohaloalkyl, and C I-C3 

polyhaloakyl; whierein each of R" and R wxhen presen, is independently selected from 

-O~>-OR Cl-C(3 alkyl, Cl-C3 monohaloalkyl, Cl-C polyhaloalkyl, and -NR 1< RI 

wherein coach of R'5, R t and R), when present, is independently selected from hydrogen, 

25 C -3 alkyl C IC3 monohaloalkyl, and Cl-C3 polyhialoalkyl; wherein each of R4' anid 

R44, when present is independently selected from -O -4OR 4s C -C3 alkyL Cl -C3 

monohaloalkyl, C1-C3 polyhaloalkyl, and -NR4("R46; and wherein each of R 4. R>( and
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R4X when present, is selected from hydrogen, Cl-C3 alkyl, C -C3 monohaloalkyl, and Cl

C3 polyhaloalkyl; and casting a solution or a suspension of the polymer.  

In one aspect, the invention relates to a method of making a filtration membrane, 

te method comprising the step of providing a polyier comprising a structure represented 

5 by a formula: 

RR Rib R Rt  R'a 

\RR 7 Ric' R3 Rio Ri N RW R 

R2* R R 

wherein each Z is independently selected from hydrogen and R, ; wherein n is an 

integer selected from 1, 2, and 3; wherein p is independently 1) 05 or 1: wherein q is 

independently 0, 0.5, or 1: wherein, for each x, p ± q= I; wherein each of R', Rb RI, and 

10 RW is independendy selected from hydrogen, halogen CN -SR2t-OR NR R' 

-NR -R H SOR, -(C =0R24, and Cl -C3 alkyl substituted with 0, 1, 2, or 3 groups 

selected from halogen -CN, -SR --OR' N R" t -SO R mid -- C=Out 4; 

wherein each of R" and R. is independently selected from hydrogen, halogen, -CN 

-SR, -ORATNR"R~ =NR RnH SO2R, =0:)RO , and CI-C3 alkIl 

15 substituted with 0, 1, 2, or 3 groups selected from halogen -CNSR -OR 

NR R' -SOR, and-(C=0)R; wherein eich of R*, R and R" is independently 

selected from hydroen, halogen -CN. -SR OR4" NR R R-NRJR"HF, 

-SO2R41 and -C=O)W4; wherein each ehof R", R RR R, R P R R It R R' 

', R " and R1", when present, is independently selected from hydrogen, Cl-C3 alkyl, 

20 C -C3 nonohaloalkyl, nd C1-C3 polyhaloalkyt; wherein each of RM and R , when 

preset, is independently selected from -() -OR C-C3 alkyl, Cl C3 monohaloalkyl, 

CI-C3 polyhaloalkyl, and -NR" R ; wihereuin each of R R", and RI when present, is 

independently selected from hydrogen, Cl-C alkyl, Cl-C3 monolialoalkyl, and Cl-C3 

polyhaloalkyl; wherein cach of R%' and R 4. when present, is independently selected from 

25 -0~,-OR 5, Cl-C3 alkyl, Cl-C3 monohaloalkyl, Cl-C3 polyhaloalkyl, and -NR3"R3 ; 

wherein cach of R5, Rt and R when present, is independently selected from hydrogen,
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Cl-C3 alkyl, Cl-C3 monohaloalkyl, and Cl -C3 polyhaloalkyl; wherein each of R4
" and 

R4, when present, is indepen tly selected from - -OR 4 Cl-C3 alky Cl-C3 

monohaloalkyl, Cl-C3 polyhaloalkyl, and -NR 46 R" ; herin each of R45 R"", and R"", 

when present is selected from hydrogen, C- -C3 alkyl Cl-C3 monohaloalkyL and C I -C3 

5 polyhaloalkyl; and wherein at least one Z is a structure represented by a formula: 

R~e Rb 
\/ tN 

R3 , and 

wherein at least one of Rt R"t, R"', R"". and R' is not hydrogen; and casting a solution or 

a suspension of the polymer.  

In a further aspect, the solution or the suspension is cast onto a support structure.  

t0 In a still further aspect, the support structure is a nonwoven support fabric. In a preferred 

embodiment, the support structure is a nonwoven polyester fabric.  

ln a further aspect, the membrane is selected from an ultrafiltration membrane, a 

nanofiltration membrane, a reverse osmosis membrane, a fonard osmosis menibrane, and a 

pressure retarded osmosis membrane without thin film coating. In a still further aspect, the 

15 filtration membrane is selected from an ultrafiltration membrane, a nanofiltration 

membrane, a reverse osmosis membrane and a forward osmosis membrane, In yet a further 

aspect, the filtration membrane is selected from an ultrafiltration membrane and a 

nanofiltration membrane, in an even further aspect, the filtration membrane is an 

uhrafiltration membrane. In a still further aspect, the filtration membrane is a nanofiltration 

20 membrane.  

In a further aspect, the polymer is in a suspensions. In a still further aspect, the 

polymer is in a solvent solution.  

i a further aspect, the method further comprises the step of solution casting a 

second polymer selected front polysulfIne, sulfonated polysultone, polyethersulfone, 

25 sulfonated polyethersulfone, polyaniine, polyaniline to-polymers, polyacrylonitrile, 

polyvinylidene fluoride, poiytetrafluoroethylene, poIyvinyl fluoride, polyvinylidene 

fluoride, polytrifli oetihylen, polyperfluoroalkyl vinyl ether, polyhexafiloropropylene,
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cellulose acetate, polyurethane, or a mixture thereof in a still further aspect, the second 

polymer is polysulfone.  

In a further aspect, the method further comprises the step of polymerizing a thin 

fihn onto a surface of the membrane, thereby providing an osmosis membrane, In a still 

5 further aspect, the Ostuosis membrane is selected from a reverse osnosis membrane and a 

forward osmosis membrane. In yet a further aspect, the osmosis membrane is a reverse 

osmosis membrane, In an even further aspect, the osmosis membne is a forward osmosis 

membrane.  

It is understood that the disclosed methods can be used to provide the disclosed 

0 membranes.  

In various aspects, the polymers of this invention can be prepared by employing 

reactions as shown in the following schemes, in addition to other standard manipulations 

that are known in the literature, exemplified in the experimental sections or clear to one 

skilled in the art. For clarity, examples having a single substituent are shown where 

15 multiple substituents are allowed under the definitions disclosed herein.  

Reactions used io generate the compounds of this invention are prepared by 

employing reactions as shown In the following Reaction Schemes, as described and 

exemplified below. The following examples are provided so that the invention might be 

more fully understood, are illustrative only, and should not be construed as limiting.  

20
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. RouTE1 

In one aspect, substituted halobenzene derivatives can be prepared as shown 

belowv.  

Scheme IA.  

H SOaH 

R' t X R X 

HN Rid H2N K Rl 

R l 

11 12 

SO3 H SO H 
RX  

N R H R 
Rl R 

5 13 1.4 

Compounds are represented in generic form, wN ith substituents as noted in 

compound descriptions elsewhere herein. A more specifhe example is set forth below.  

Scheme tB.  

H SQH SO-H 
SOa 1. NaNO 2/HCI, 

H, Br H2SO4 .Br 

H2N' CHa ea H2N CH , H CH3 

H H H 

1.5 1.6 17 

1) In one aspect, compounds of type 14, and similar compounds, can be prepared.  

according to reaction Scheme IB above. Thus, compounds of type 1.8 can be prepared by 

sulfonation of an appropriate aniline, e.g, 15 as shown above. Appropriate anilines are 

commercially available or prepared by methods known to one skilled in the art. The 

sulfonation is carried out in the presence of an appropri ate acid, e g. fuming sulphuric acid.
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Compounds of type L7 can be prepared by reduction of an appropriate aniline, e.g, L6 as 

shown above. The reduction is carried out in the presence of an appropriate acid, e.g, 

hydrochloric acid (H10), and an appropriate salt, e.g. sodium nitrite, at an appropriate 

temperature, e.g. ( (C, followx ed by addition of an appropriate acid, e.g., hypophosphorous 

5 acid. As can be appreciated by one skilled in the art, the above reaction provides an 

example of a generalized approach wherein compounds similar in structure to the specific 

reactants above (compounds similar to compounds of type .5 and 1.6), can be substituted 

in the reaction to provide substituted diary acetylenes similar to Formula 17 

2. RoUT U1 

0 In one aspect. substituted aniline derivatives useful in the present invention can 

be prepared as shown below.  

Schere 2A.  

Ru R1 a 

H H 2 R N H 2 

RRO RO 

21 2.2 2.3 

Compounds are represented in generic form, with substituents as noted in 

15 compound descriptions elsewhere herein. A more specific example is set forth below.  

Scheme 'B 

H H H 

H NO2 NO2 S nCI CNH2 

H r H AIC 3  H H H H 

CH- OH3 CH3 

2,4 2,5 2.6 

In one aspect, compounds of type 2.3 and similar compounds, can be prepared 

according to reaction Scheme 2B above. Thus, compounds of type 2.5 can be prepared by 

20 alkylation of an appropriate niutrobenzenc, e.g. 24 as shown above. Appropriate
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nitrobenzenes are commercially available or prepared by methods known to one skilled in 

the art. The alkylation is carried out in the presence of an appropriate halide source, e g, 

dichlorine, and an appropriate Lewis acid, e.g, Aluninum chloride, Compounds of typ 2.6 

can be prepared by reduction of an appropriate nitrobenzene, eg., 2.5 as shown above. The 

5 reduction is carried out in the presence of an appropriate Lewis acid, e g, tin (II) chloride.  

As can be appreciated by one skilled, in the art, the above reaction provides an example of a 

generalized approach wherein compounds similar in structure to the specific reactants 

above (compounds similar to compounds of type 2.1 and 2.2), can be substituted in the 

reaction to provide substituted diarylacetylenes similar to Formula 2.3.  

t0 3. RouTir III 

In one aspect, n-substituted aniine derivatives of the present invention can be 

prepared as shown below.  

Scheme 3A.  

nR31 

RM R a Ra a R 
H ~ 

R? NH- 31 

RiRo 
H RIO H RW 

23 3,2 

5 Compounds are represented in generic form, with substituents as noted in 

compound descriptions elsewhere herein, A more specific example is set forth below,



WO 2015/157227 PCT/US2015/024635 
66 

Scheme 3B, 

H 
H 

H H OH H H 

H NH 2  H H 3A H 
H ~ H H I -H 

H H 

3.3 3,5 

in one aspect, compounds of type 3.2, and, similar compounds, can be prepared 

5 according to reaction Scheme 3B above. Thus, compounds of type 3.5 can be prepared by 

alkylation of an appropriate aniline, e.g., 3.3 as shown above. Appropriate anilines are 

commercially available or prepared by methods known to one skilled in the art. The 

alkylation is carried out in the presence of an appropriate alkyl halide, e.g. -chloroethanol 

(3.4), As can be appreciated by one skilled in the art, t above reaction provides an 

10 example of a generalized approach wherein compounds si milar in structure to the specific 

reactants above (compounds similar to compounds of type 2.3), can be substituted in the 

reaction to provide substituted diarylacetylenes similar to Formula 3.2.  

4. RouT EIV 

in one aspect., n-substituted aniline derivatives of the present invention can be 

15 prepared as shown below.  

Scheme 4A 

Ra R4 
R . NH2  4.1 N > r' N 2 4. n 

2 R
2

L H W 

Rlc Rlc 

2.3 3.2
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Compounds are represented in generic form, with substituents as noted in 

compound descriptions elsewhere herein. A more specific example is set forth below.  

Scheme 4B.  

OH 
H 0 

O~ .H 
H H H 

HH H H 
H N 42 H NH NOH 42 'NjX" li > OH 

X'~ AN -~ H H 
H H NaBHaCN H H H 

H H 

3,3 4.3 

In one aspect compounds of type 3.2, and similar conipouds, can be prepared 

according to reaction Scheme 4B above, Thus, compounds of type 4.3 can be prepared by 

reductive amination of an appropriate aniline, e.g& 3.3 as shown above, Appropriate 

anilines are com mercially available or prepared by methods known to one skilled in the art.  

The reductive armnation is carried out in the presence of an appropriate carbonyl derivative.  

10 e.g. 2-hydroxyacctaldehydc (4.2) and an appropriate salt, e.g., sodium cyanoborohydride.  

As can be appreciated by one skilled in the art, the above reaction provides an example of a 

generalized approach wherein compounds similar in structure to the specific reactants 

above (compounds similar to compounds of type 2.3 and 4.1). can be substituted in the 

reaction to provide substituted diarylacetylenes similar to Fornula 3.2.  

15 5. RouTE V 

In one aspect, n-substituted aniline derivatives of the present invention can be 

prepared as shown below-
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Scheme 5A 

H2N{ R 

R2  R2  R Rc 
RK .X 52 RIN 

H' R H' RlM 

R' RR 

51 3,2 

Compounds are represented in generic ferm, with substituents as noted in 

compound descriptions elsewhere herein. A more specific example is set forth below.  

Scheme 5B.  

F 

H2N -\ 

H H H H F 

H .Br HFL NH H Br5.4 H 

H H PdC6[P(o-Tody) 3h. H' ' H 
NaOtBu, 

H heat H 

5,3 5.5 

In one aspect, Compounds of type 3.2, and similar compounds, can be prepared 

according to reaction Scheme 5B above. Thus, compounds of type 5.5 can be prepared by 

coupling of an appropriate aryl halide, e.g, -53 as shown above, and an appropriate amine, 

10 e.g, 2,22-tritluoroethanamine (5.4). Appropriate aryl halides are conmurcially available or 

prepared by methods known to one skilled in the art. The coupling is carried out in the 

presence of an appropriate palladium catalyst, e.g., PdCjIP(o-TolyltVh, and an appropriate 

base, e.g. sodium t-butoxide., at an appropriate temperature, e.g., above room temperature, 

As can be appreciated by one skilled in the art, the above reaction provides an example of a 

15 generalized approach wherein compounds similar in structure to the specific reactants 

above (compounds similar to compounds of type 5.1 and 5.2), can be substituted in the 

reaction to provide substituted diarylacetylenes similar to Formula 3.2.
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D. METHOsFOR PUREFING WATER 

In various aspects, the invention can be used as a filtration membrane for 

performing water purification, bioseparations, protein purification, oil-water separations, 

etc.  

Thus, in one aspect, the invention relates to a method for purifying water, the 

method comprise. the step of filtering water through a membrane comprising a polymer 

firmed by polymerizing a compound having a stricture represented by a fornmLa: 

R2, Rio HR 

R" 

wherein n is selected from 1, 2, and 3; wherein each of R" Ri', R1Q, and. R is 

10 independently selected from hydrogen, halogen, -CN, -SR -OR -NRRR' 

-NR«'R"'lH -SOR' -(C)R , and CI -C3 alkyl substituted with 0, 1, 2, or 3 groups 

selected from halogen, -CN -SR , -OR -NR R, -SO.R and -(C=0()R24; 

wherein cich of R" and W is independently selected from hydrogen, halogen, -CN, 

-SR"', -OR -NRUaR -NR sRN -(= , and C1~C3 alkyl 

15 substituted Nith 0, 1, 2, or 3 groups selected from halogen, -CN, -SRt -OR, 

-NR2
aRE -SO PR3 and -(C=O)R>; wherein each of RAS R~1 and RN is independently 

selected from hydrogen, halogen -CN, -SRa -OR 1 -NP. R 4'" NRER 

-SO)R and -(C-O)R4; wherein at least one of R R"' R"', R", and R-" is not 

hydrogen; wherein each of R R' R P. R" RP, R.$ R PR and Rt 

20 when present is independently selected from hydrogen, Cl -C3 alkyL Cl -C3 

monohaloalky L and C -C3 polyhialoalky; wherein cich of P. and P.R hen present, is 

independently selected from -C -R 2 , Cl-C3 alkyl, C I-C3 monohaloalkyl, C-C3 

polyhaloalkyl, and -NRPaRb; wherein each of RR and R when present, is 

independently selected from hydrogen, C1-C3 alkyl, C1-C3 monohaloalkyl, and C1-C3 

25 polyhalioalky; wherein each of R3 and R, when present, is independently selected from 

-0^-OR. C I -C3 alkyl, C1-C3 monohaloalk , Cl-C3 polyhaloalkvl. and -NR**R; 

wherein each of R, RE0 3, and R n, when present, is independently selected fron hydrogen, 

C1-C3 alkyl, C -C3 monohaloalkyl, and C1-C3 polyhaloalkyl; wherein each of R" and
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R44, when present, is independently selected from -C I-OR4 , C -C3 alkyl, Cl -C3 

monohaoalkyl, Cl -C3 polyhaloalkyl, and -NRi*R 4 ; and wherein each of R45, Rt*, and 

R4 t, when present, is selected from hydrogen, Cl-C43 alkyl, C1 -C3 monohaloalkyL, and Cl
C3 polyhaloalkyl.  

5 In one aspect, the invention relates to a method for purifying water, the method 

comprising the step of firing water through a membrane comprising a polymer 

comprising a structure represented by a formula: 

z z Z z 

R - R Ra R -3iRIb\ R Ra 

N>N N N 
RL Rid RI K>\ I- q 

R R R1 R't R RS Rd 

ROI Rib 

wherein each Z is independently selected from hydrogen and Rlt; wherein n is an 

1) imeger selected from 1_2, and 3; wherein p is independently 0, 0,5, or I; wherein q is 

independently 0, 0.5, or 1 Wherein, for each x, p q 1; wherein each of R", R"', R ' and 

P. is independently selected fom hydrogen halogen-CN, S

-NRR 4 'H* -SO R., --(C=O)R4 and CI-C3 alkyl substituted with 0. 1., 2, or 3 groups 

sclcted from halogen, -CN -SR't -OR' NR-'1& , -SOR', and -(C=O)R ; 

15 wherein each of R" and R is independently selected from hydrogen, halogn -CN, 

-SRI -OR. -NRI R ,-NR>RtH{,-SO2R -(C=0)R4 andC C 3alky 

substituted with 0, 1 2, or 3 groups selected from halogen, -CN SR -OR 

-NWR " SO2R and -(C=O)R; wherein each of R", Rt and RC is independently 

selected frou-im drogen ho-aloen -CN SR4 , -OR, -NRNRW"RRH -N R bH 

20 -SOzRt, and -(C=O)R4-; wherein each ofR R' R Rt' R' R", R R' R4(1 

R 41R and R4% wThen present, is iindpendently selected from hydrogen, CI-C3 alkyl, 

C -C3 monohaloalkyL and C-C3 polyhaloalkyl; wherein each of R' and Rt when 

present, is independently selected from -UO ,-OR, Cl-C3 ailkyl, C-C3 monohaloalkyl, 

Cl-C3 polyailoalkyl, and -NR R; wherein each of R> R, and R when present, is 

25 independendy Selectd rn hyogen,3A C 42C3 akyl, C i3 monohlanlky, and C fC3 

polyhaloalkyl; wherein each of R3 and R", when present, is independently selected from
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-- -R", CI -C3 alkyl, CI -C3 mon ohaloalkyl, CC -C3 polyhaloalkyl, and -N 'R" 

wherein each of R ,. R'> aind Ry, when present, is independently selected from hydrogen, 

C1-C3 alkyl, C -C3 monohaloalkyl, and C I-C3 polyhaloalkyl; whrein each of R i and 

R4 when present, is independently selected from'-O -OR 4 , C ~C3 alkyI, C1C3s 

5 monohaloalkyl, C I -C3 polyhaloalkyl, and -NRR" wherein coach of R45 R4('l and R4i(E 

when present, is selected. from hydrogen, Ci-C3 alkyl, Ci-C3 monohaloalkyl, and CI-C3 

polyhaloalkyl; and wherein at least one Z is a structure represented by a formula: 

RN RW 

and 

wherein at least one of R24 RI R', R" iand R' is not hydrogen, 

to In a further aspect, filtering comprises applying pressure to the water, 

In a further aspect, the membrane further comprises a thin polyinerized onto a 

surface of the membrane, and wherein filtering is reverse osmosis filtering.  

It is understood that the disclosed purification methods can be used in 

connection with the disclosed membranes- It is also understood that the disclosed 

5 purification methods can be used in connection with the products of the disclosed methods.  

In a further aspect, the water farther comprises at least one solute.  

Typically, the membranes of the invention can be prepared so as to be 

substantially impermeable to solutes. As used herein, solutee generally refers to materials 

dissolved, dispersed, or suspended in a liquid. The matenals cin be undesired; in such a 

20 case, the membranes can be used to remove the desired solute from the liquid thereby 

purifying the liquid, and the liquid can be subsequently collected. The materials can be 

desired; in such a case, the membranes can be used to decrease the volume of the liquid, 

thereby concentrating the solute, and the solute can be subsequently collected In one 

aspect, the membranes can be provided to be substantially impermeable to particular 

25 solutes, which can be selected from among solutes known to those of skill in the art. In a 

further aspect, the solutes can comprise at least one of sodiun ions, potassium ions, 

magnesium ions, calcium ions, silicates, organic acids., or nonionized dissolved solids with 

a molecular weight of greater than about 200 Daltons or a mixture thereof The solutes can
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be dissolved or dispersed within a liquid. The solutes can be hydrophobic or hydrophilic or 

neither or a mixture thereof Exemplary solutes can include ions, neutral species, silicates, 

and organic compounds, for example, amines or carboxylic acids, 

lons can be monovalent ions, divalent ions., trivalent ions, higher talent ions, or 

5 a mixture thereof n one aspect, the solutes comprise monovalent ions. The ions can be 

positive ions, negative ions, or a mixture thereof Monovalent metal ions include lithium 

ions, sodium ions, potassium ions, rubidium ions, cesium ions, francium ions, ammonium 

ions, protonated primary aminc ions, protonated secondary amine ions, and protonated 

tertiary amine ions In addition, monovalent ions can be dissociated mineral or organic 

10 acids. In a further aspect, one or more of these types of ions are not among the solutes 

wherein a membrane of the invention is substantially impermeable.  

In a further aspect, the solutes comprise di valent ions. The ions can be positive 

ions, negative ions, or a mixttre thereof Divalent ions include beryllium ions, magnesium 

ions, calcium ions, strontium ions, radium ions, ferrous iron, barium ions, and protonated 

15 diamines. In addition, divalent ions can be dissociated mineral or organic acids. In a further 

aspect, one or more of these types of ions are not among the solutes wherein a membrane of 

the invention is substantially impermeable.  

In a further aspect, the solutes comprise higher talent ions. The ions can be 

positive ions, negative ions, or a mixture thereof Higher valent ions include aluminum 

20 ions, ferric iron ions, or silica ions, In a further aspect, one or more of these types of ions 

are not among the solutes wherein a membrane of the invention is substantially 

impermeable.  

Neutral species can include, for example, nonionized solids with a molecular 

weight of greater than about 200 Daltons. The molecular weight can be, for example, at 

25 least about 200 Daltons, at least about .250 Daltons, at least about 300 Daltons, at least 

about 250 Daltons, at least about 400 Daltons, at least about 500 Daltons, at least about 

600 Daltons, at least about 700 Daltons, at least about 800 Daltons, at least about 

900 Daltons, or at least about 1,000 Daltons. The neutral species can be dissolved or 

suspended. The neutral species can be hydrophobic, hydrophilic, both, or neither. In a 

30 further aspect, one or more of these types of neutral species are not among the solutes 

wherein a membrane of the invention is substantially impermeable.
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Silicates can include all known compounds of Silicon and Oxygen based upon 

the Si0 4 tetrahedron-shaped anionic group, with or without one or more metal ions present, 

It is understood that the silicates can be present as solids with a molecular weight of greater 

than about 200 Daltons and can be dissolved or suspended. The molecular weight can be, 

5 for example, at least about 250 Daltons, at least about 300 Daltons, at least about 250 

Daltons, at least about 400 Daltons, at least about 500 Daltons, at least about 600 Daitons, 

at least about 700 Daltons, at least about 800 Daltons, at least about 900 Daltons, or at least 

about 1,000 Daltons. In a further aspect, one or more of these types of silicates are not 

among the solutes wherein a membrane of the invention is substantially impermeable.  

10 Organic acids can include formic acid, acetic acid, propionic acid., butyric acid, 

pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, 

and lactic acid and derivatives and mixtures thereof Also included are phenols and 

derivatives and mixtures thereof, in addition to naturally occurring humic and fulvic acids 

or biopolymers comprising amino acids, proteins, or complex polysaccharidic acids. The 

15 acids can be protonated or deprotonated. In a further aspect, one or more of these types of 

organic acids are not among the solutes wherein a niembrane of the mention is 

su bstantially impermeable

In a further aspect, the solutes can be the product of a chemical or biological 

reaction, screening assay, or isolation technique. For example, the solutes can be a 

20 chemically active agent, a phannaceutically active agent, or a biologically active agent or a 

mixture thereof In yet a further aspect, one or more of these types of agents are not among 

the solutes wherein a membrane of the invention is substantially impermeable.  

F. ExAMnPLs 

The foll-wing examples are put forth so as to provide those of ordinary skill in 

25 the art with a complete disclosure and description of how the compounds, compositions, 

articles, devices and/or methods claimed herein are made and evaluated, and are intended to 

be purely exemplary of the invention and are not intended to limit the scope of what the 

inventors regard as their invention. Efforts have been made to ensure accuracy with respect 

to numbers (eg, amounts, temperature, etc.), but some errors and deviations should be 

30 accounted for, Unless indicated otherwise, parts are parts by weight, temperature is in "C or 

is at ambient temperature, and pressure is at or near atmospheric.
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L. GENERAL EXPERvIENTAL MIETHODS 

a. MATEmALs 

N-Hydroxyethyl anmline (n-Pani), aniline, bovine serum albumin (BSA), n

methylpyroliidone (NMP). 4-methylpiperidine (4-MIP ammonim persulfate (APS), 

5 polysulfone (PSf) beads ('22 kDa), scherichia coli (E coli) and Luria-Bertani (LB) broth 

were purchased from Sigma Aldrich. Hydrochloric acid (HCI), dimethyl sulfoxide (DMSO) 

and sodium hydroxide (INaOH) pellets were purchased from Fisher Dimethyl sulfoxide-d 

(DMAO-4) was purchased from Cambridge Isotope Laboratories. Bleach (sodium 

hypochlnrite NaClO) was purchased from Clorox. All materials were used as received

10 b. PREPARATION OF POLYMER SOLUTIONS 

An u-Pani casting solution was prepared by dissolving 30 wt% of n-Paui powder 

in 70 wt NMP The Pani casting solution was made by dissolving 21 wt% of Pani in 

11.67 wt% of 4-MP and 67.33 wt% of NMP as a co-solvent. The weight percent of Pan.i 

and 4-MP were chosen so as to maintain a 2:1 molar ratio of 4-MP:Pani base tetramer 

15 (0.547 g 4-NMP: I Pani base). A PSf casting solution was made by dissolving 18 wt% of 

PSfbeads in 82 wt% of NMP.  

C. MEMBRANE FAHRICATION 

Menrbranes were hand- cast by spreading polymer solutions onto nonwoven 

polyester fabric (1irose, Japan) usina a Gardco Adjustable Micrometer Film Applicator 

20 with a blade height of 152 pm Cast membranes were immediately immersed in a DI water 

bath to induce polymer precipitation based on the phase inversion process. Membranes 

were left in a water bath overnight before being transferred to a Zip-lock bag filled with Dl 

water and stored in the refrigerator at 4 *C, 

d. PERMEABIrITY AN) BSA REJECTION 

25 Membrane permeability and rejection tests were carried out using a deadiend 

stirred cell (Sterlitech) with a memubra area of 7.917 cm Permeate flow rates were 

measured. using a digital flow meter. Pristine membiranes were compacted. first using DI 

water at 20 psi until their flux change became smaller than 5% over 30 min. Flux data were 

measured under pressures of 20, 15, 10 ad 5 psi. Pure water permeability data were



WO 2015/157227 PCT/US2015/024635 
75 

determined by plotting the flux as a function of pressure. BSA was used to evaluate the 

membrane rejection properties. Concentrations were determined using a UV~Vis 

spectrophotometer. BSA rejection was calculated from 

R = I 

where c, is the BSA concentration in the permeate and ci is that in the feed solution, For 

bleach tolerance tests, pristine membranes were compacted as described above before being 

soaked in bleach containing 250 ppm of free chlorine (measured using an HACH Pocket 

Colorimeter"i 11 chlorine test kit) for I or 2 days. Pure water permeability and BSA 

rejection were measured as described above For pristine membranes.  

10 e. SURFACE CONTACT ANGLE 

Membrane surface contact angle measurements vere carried out with a KROSS 

DSA 10 goniometer using the captive bubble method. This method was chosen instead of 

the sessile drop method so that membranes could remain wet during the measurement, 

which leads to more realistic results, especially for hydrophilic membranes.  

t5 f. F'oURER TRANSFORM iNFRARFD SPECTROMETRY (FTJAR) 

FT-fR was performed on a JASCO FT/IR-5300 Membrane samples were cut 

into small pieces and dried in a vacuum oven overnight before carrying out the 

measurements, 

g. UV-Vis 

2 0 An Agilent 8453 UV-Visible Spectrophotometer was used for UV-Vis 

characterization with DMSO as a blank solvent. Unsupported membranes were cast on 

glass substrates using the same casting polymer solutions with the same casting procedures.  

The unsupported membranes were later peeled off and dried in the vacuum oven overnight 

and ground to a powder using a mortar and pestle before being dissolved in DMSO 

25 h. NMR CHARACTERIZATION 

H Nuclear Magnetic Resonance ( H NMR) characterization was carried out in a 

Bruker Avance AV300 (300 MI-z) instrument at room temperature. DMSOd, was used as
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the solvent, Unsupported membrane powder was also used for this study, The 'H1 NMR 

chemical shifts are reported relative to the deuterated DMSO solvent signal.  

. BACTERIAt ADHESION TErrs 

Bacterial adhesion tests were performed on n-Pani, Pani and PSf membranes 

S usu 1 coli as a model microorganism, Pure bacterial cell cultures were suspended in LB 

broth and grown at 35 *C, shaken at 150 rpm and incubated until a mid-exponential phase 

was reached, at which time the cells were harvested by centrifugation at 3800 x gfor 8 min 

The cells were then re-suspended with fresh LB medium to a concentration of 4 x 10 

cellsimL. Sample coupons of approximately I cmi were incubated in the bacterial 

10 suspension for 24 hours at 25 rpm and 35 *C using a New Brunswick Scientific 1 24 

Incubator Shaker followed by being rinsed with fresh LB broth. Coupons were then 

immersed and stained in SYTO 9 and propidium iodide (ive/dead Baclight Bacterial 

Viability Kit L13 152. Molecular Probes) for 15 min. Coupon images were taken using a 

microscope (Olympus BX51 microscope) equipped with a fluorescent lamp, green/red 

15 fluorescence filters and 4 x CC D camera (FVIEW-II, Soft Imaging System, USA).  

j. FoiN I JM EST USING BSA soLUTION 

A cross-flow system was used to determine the fouling behaviour of the 

membranes. A 19 cm2 cutout of each supported membrane was placed in the cross-flow 

cell, A computer connected to a balance recorded the mass change of the permeate with 

20 uime, enabling the flux to be monitored in real-time, The membranes were compacted using 

DI. water at 16 psi until the flux stabilized. The flux was then normalized to 68 Imh (40 gfd) 

by manually reducing the opeiational pressure, Once stable, DI water in the feed tank was 

replaced by 1. 5 g/L BSA solution to observe flux decline due to BSA fouling. The fouling 

test was continued for 2.5 min followed by flushing with DI water for 25 min.



WO 2015/157227 PCT/US2015/024635 
77 

2. GENERAL SYNHTI METiOS 

a. SYNTESis OF PAN1 

H 
N N 

H 
Pani 

Patni was synthesized following the procedure described by Guillen et al 

5 (Guillen G, R, et al. (2010), AIder. Chem. 20, 4621-4628), Panti was dedoped by 

centrifugation against a I M NaOH. aqueous solution at 3000 rpm for 5 minutes followed by 

dialysis against demonized (DI) water until the pH of the water bath reached neutral. Pani 

powder was obtained using a rotovap at 60 'C (yield 50%).  

b. SYNTHESIS OF A-PANI 

OH 

H 
OH APS, 1M HC N'v~ 

N N 

n.Pans 
0 OH 

N-Pani was polymerized from its monomer, n-hydroxyethyl anilime, via 

chemical oxidative polymerization. The monomer and APS were dissol ved in a I HC 

aqueous solution. A solution of APS was added dropxvise at room temperature into the 

monomer solution with vigorous stirring. The reaction was allowed to proceed overnight. n

5 Pani was purified using centrifugation at 3000 rpm for 5 minutes followed by dialysis 

against DI water until the pH of the water bath reached, neutral. Polymer powder was 

obtained by drying the polymer dispersion from a dialysis bag using a rotovap at 60 oC 

(yield. 65%), 

3. PROCESSABR.I IT OF A-PANI AND PANIC 

20 Due to the side chains in the polymer structure, n-Pani is more polar than pure 

Pani, and thus more soluble in polar solvents like NMP, DMSO, etc. (Chevalier, J, W., et 

al (1992) Aacromoleules 25, 3325-3331). Moreover, Pani gels rapidly at concentrations
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as low as 5 wt% (Scheme f) (Yang, D. and Mattes, B. R. (2002) Poly, ct. c.PoL Phsy, 

40, 2702-27i3). In order to achieve a high enough concentration for casting membrnes, 

secondwy anincs such as 4-MP have been used to prevent Pani solutions from gelling 

(Schemen IT) (Yang, D. and Mattes, B. R (1999) SYnthc Met 1.01, 746-749; Yang, D., et 

5 al (2002) Macronoiecules 35, 5.304-53 13), However, the addition of 4-MP results in a loss 

of hydrophilicity, 

H 
N N 

H N 

HH 

H H 

N NJ 

4 
H 

N N, 
'HH 

H 

N N 

Unlike Pani n-Pani shiutions don't gel even at concentrations as hihi as 30 

wt. n-Pani's backbone is made up of 75% benzenoid rings (Scheme . and H above) 

which leads to its flexible chain structure. Such flexibilitv makes it less likely for two 

adjacent polymer chains to form a sufficient number of hydrogen bonds to cause gelation, 

15 Additionally, the long flexible side chains attached. to the nitrogen atoms make it even less 

likely for two adjacent polymer chains to get close enough to each other to form bonds,
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4. PERMEAMLuTY ANT) BSA REJECiloN oF MEMRRANES 

The n-PANi me.mbrane exhibited a permeability of 86.8 1mh/bar (3.53 gfd/psi), 

while rejecting 65,8% BSA The pure PAN membrane possessed a higher permeability 

(280.4 huh/bar), but lower BSA rejection (12.9%).  

After soaking in the 250 ppm sodium hypochlorite solution, the permeability of 

the pure PANi membrane increased dritically from 280.4 lmh/bar to 1328,4 1mh/bar 

(Table 1). The BSA rejection of the pure PANi membrane also decreased significantly from 

12.9% to 0 indicating that exposure to chlorine damaged the PANi membrane. On the other 

hand, the permeability of the n-PANi membrane changes only slightly from 86.9 1mh/bar to 

40 100,6 hnh/bar upon chlorine exposure, with little change in BSA rejection, 

Pristine Chlorine I d Chlorine 2 d Chlorine 30 d 

N-PANi 
Permeability 86.9 103-3 100.6 108.7 
(1mh/bar) _____________ 

N-PANi rejection 

PAN8i Permeabi 64 1328 N /A 
.mh.bar)8464 

PANi rejection 1.8 0 N/A 

The Pani memb ranc turned golden from its original purple color after being 

soaked in 250 ppm free chlorine for2 days, showing that it was bleached due to certain 

15 reactions with chor ine Additionally, there were cracks otn the Pani membrane surface 

which could be because 4-MP deteriorated the membrane (FIG. 1) (Yang, D. and Mattes, B.  

R. (2002) J Povm, Sci PoL Phys. 40, 2702-2713). Various black dots showed up on the 

PSf membrane surfiae after it had been soaked in 250 ppm free chlorine for 2 days, 

indicating possible membrane deterioration by chlorine.  

20 5. CONTACT ANGLE OF MEMBRANES 

The n-PANi membrane is hydrophilic, with a contact angle 36,0 ± 0.8* 

compared with 52.8 ± 23 for the Pani membrane and 540 + 1.7 for the PSf membrane 

(FIG. 2). After being soaked in 250 ppm free chlorine for 2 days, the contact angie of the ni-
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PANi membnrae remained unchanged, while that of the Pani membrane decreased from 

52.8± 2.34 to 42,3 + 2. P, further demonstrating the occurrence of reactions with chlorine 

and the instability of Pani in chlorine.  

6. FT-I ANAILSS OF POLVANIUNF MEMBRANES 

FT-IR spectra was used to follow the benzenoid and quinoid groups in the 

polyaniline membranes (FIG. 3). For pure Pani, a red shift in the quinoid peak and a bIe 

shift in the benzenoid peak are observed. However, the quinoid and benzenoid peaks of the 

n-Pani stayed at the same positions after being soaked in 250 ppm of free chlorine for 2 

days. The intensity ratio of the quinoid group to the benzenid group in the Pani membrane 

t0 increased from 0.5 to 1, while that for the n-Pani membrane remained essentially 

unchanged (Table II). Without wishing to be bound by theory, the increase in quinoid 

intensity in the pure Pani membrane may suggest that the benzenoid groups are being 

oxidized into quinoid groups by chlorine.  

TABtE It.  

Membrane Peak Pristine (cmY1) Chlorine 2 d (cn') 
Benzenoid 149$ 1495 

n-Pani Quinoid 1591 1591 
Q'B Ratio 1L2 1.3 

Benzenoid 1501 1498 
Pam ... 1597 1587 

QB Ratio 0.5 1.0 

15 

-7, UV-Vis ANALYSrs or POLYANILINE MEMBRANES 

UV-Vis spectra showed one visible peak (benzenoid peak) for the n-PANi 

membrane and two peaks (benzenoid and quinoid peak) for the Pani membrane within the 

300-1000 nm test range (FIG. 4). After being soaked in 250 ppm free chlorine for 2 days, a

20 PANi showed no change in the UV-Vis spectrum. In contrast, the Pani spectim changed 

drastically, Blue shift was observed for the benzenoid peak and red shift was observed for 

the quinoid peak. The intensity ratio of the quinoid peak to benzenoid peak also increased 

(Table III). which is consistent with that in the IR spectra, further supporting the 

explanation of benzenoid groups being oxidized to quinoid groups by chlorine.
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TAERI IIL 

Membrane Peak Pristine (nm) Chlorine 2d (nm) 

n-Pani Belnzenoid 331 331 

Benzenoid 338 329 
Pan Quioid 601 624 

t________ QB Ratio 0 33 0.71 

& NMR ANAL.YSIS OF POLYANutNK MEMlIRANES 

NM'R spectra of n-Pani revealed that the alkyl and hydroxyl groups in the 

5 polymer structure do not change after being soaked in 250 ppm of free chlorine for 2 days 

(FIG 5). NMR spectra of pure Pani indicated that there's both NMP and 4M MP remaining 

in the unsupported membrane. A after exposure to chlorine, the NMP peak decreased 

significantly, In the as-Synthesized membrane, NMP is bonded to the Pani backbone via 

hydrogen bonding (Scheme III) (G. R. Ginlen, B. T. Meyerry, I P. Farrell, R. B. Kaner, 

10 and E. M. V. Hock, Manuscript in Preparation). Without on wishmg to be bound by theory.  

the decrease in the number of benzenoid groups may indicate that there are fewer potential 

sites for NMP to attach. The decrease in the intensity of the peak for the alkyl group around 

3000 em) in the FT4R spectrum may also be due, for e example, to the decrease in NMP 

content.  

Sc Ill H.  

CH3 

N 

CH3 

NN 

08N 
H 

H 
K N 

CH3
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9. BACTERIAL AulEsIoN 

Bacterial adhesion tests indicated that n-Pani membranes are more resistant to 

fouling than either Pani or PSf membranes since less bacteria adhered to their membrane 

surfaces (FIG, 6). The anti-fpuling properties of n-Pam membranes can be attributed to 

5 their enhanced hydrophilieitv. Generally, the more hydrophilic a membrane is, the less 

likely it is for hydrophobic matter to adhere to it (Mcverry, B. T, et al (2013) Chem, 

Aier, 25, 3597-3602). Hydrophilic surfaes"like" water and the water on the membrane 

surface in turn can help repel hydrophobic matter from sticking to the membrane 

The n-PANi membrane exhibis an observed contact mgle of 36.04)8' 

t0 indicating its increased hydrophilicity compared to a PANI membrane (CA=52, 82.3), 

Bacterial attachment test results are shown in Fig. 6 with green fluorescence representing E, 

colonies adhered to the membrane surface. It is evident that n-PANi membranes are less 

prone to fouling compared to PAMh membranes, This is in agreement with n-PANi's lower 

water contact angle values, i.e. higher hydrophilicity which suppresses the undesirable 

15 hydrophobic interactions between microorganisms and the membrane surface.  

10. LONC-TERM CHLORINE RESISTANCE OF N-PAN 

Long-term chorine resistance of n-PANi membrane was tested by extending the 

soaking time in 250 ppm free chlorine solution to 30 days. Fresh hypochlorite solutions 

were prepared and exchanged every 2 days. At the end of the 30-day period, the membrane 

20 performance was evaluated. After 30 days, the n-PAM netmbrane maintained its pure water 

permeability of 108.7 Imb/bar and aBSA rejection of 70.2% (Table 1), indicating 

outstanding long-term chlorine resistance, During operation, chlorine cleaning is performed 

either by backflushing with 2-8 ppm hypochlorite solution for i min or soaking in 20-400 

ppm free chlorine for lh periodically. The combined effect of chlorine oxidation can be 

25 expressed in a concentration time manner1 n-PANi is able to withstand at least 180,000 

tg h/t of free chlorine exposure, Therefore, we believe n-PANi is a viable candidate for 

long-term use in water treatment plants without fidlure due to chlorine degradation.  

it will be apparent to those skilled in the art that various modifications and 

variations can be made in the present invention without departing from the scope or spirit of 

30 the invention. Other embodiments of the invention will be apparent to those skilled in the 

art from consideration of the specification and practice of the invention disclosed herein, It



WO 2015/157227 PCT/US2015/024635 
83 

is intended that the specification and examples be considered as exemplary only, with a true 

scope and spirit of the invention being indicated by the following claims.  

1. FLux DECLINE UPON BSA FOULING AND FLUX RECOVERY UPON WATR 

FLUSHING 

The antifouling properties of n-PANi membranes were further investigated 

using a cross-flow fouling test (Figure 7), After 10 min of stable flux, te feed was switched 

to a 1.5 g/L BSA solution. As soon as the BSA solution was used., there was a sudden 

decrease in flux caused by membrane fouling. The PANi membrane lost 63% of its initial 

flux due to fouling and only regained 44% of its initial flux when the feed. was switched 

t0 back to Dl water after 35 min- The n-PANi membrane exhibits greater fouling resistance 

than the PANi membrane, only losing 1 of its initial flux from exposure to the BSA 

solution, wile regaining 91 % of its initial flux when rinsed with DI water, lWs also worth 

noting that McVerry et al performed similar testing on a polysuifone membrane in which 

the same foulimg technique was applied, md a commercial polysulfone membrane also 

15 exhibited a greater amount of fouling with 50% flux declinc after 10 min of fouling and 

62% flux recovery after flushing with DI water. Therefore, n-PANi has proven to be a 

promising new membrane material due to its outstanding ability to effecively mitigate 

fouling, 

12. CROSS-SECTIONAL ORPHOLOGIES AND SuRFACE IMAGES 

20 Cross-sectional msorphologies and surface images were taken using a JEOL.  

JSM-6701F scanning electron microscope. Unsupported membrane samples were 

used for cross-sectional imaging. The membranes were prepared from polymer 

solutions cast unsupported. on a glass plate followed. by precipitation via non-solvent 

induced phase inversion in a I water bath. The resulting unsupported membrnme 

2 films were peeled off and dried in vacuo overnight at 60 CN Membrane surface 

irmaces were observed at 3,000x and 100,000x to visualize the pore size and 

porosity, In order to determ ine the chlorine damage on menmbraine morphology, n

PANi and PANi membranes were soaked in 250 ppm free chlorine for 2 days before 

drying. Cross-sectional and surthee images of the pristine and chlorine exposed 

30 membranes were viewed at 600x magnification.
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Membrane surface SEM images (Fig. 8a) showed large pores on PANi 

membrane surface. The pores were several hundred nanometers in diameter, which is 

comparable with that reported previously. The big pores m3nay be contributing to its 

relatively high pernmeability but low BSA (only 8 nm in diameter) rejection. In 

5 comparison, at the same magnification, n-PANi membrane surface was continuous 

with no visible pores. At 100,000x, slip-shaped pore\ can be seen on n-PANi 

membrane surface (Fig,. 8). The image was converted to black-white picture (Fig.  

8d) using NIH Image J software in order to estimate the pore size. The slips were up 

to 50 nm long with around 10 unm width which led to higher BSA rejection. The 

t surface SEIM image in Fig. 8j clearly shows the damage that the chlorine exposure 

causes to the membrane. The exposed PANi membrane possesses large defects in the 

surface.
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CLAIMS 

What is claimed is: 

1. A filtration membrane eomprising a polvymer formed by polymerizing a compound 

having a structure represented by a formula: 

Rn R3 

R2a R2 
H R 

Ric 

wherein n is selected froin 1, 2, and 3; 

wherein each of R K R , R ", and R"is independently selected from hydrogen, 

halogen, -CN, -SR, -OR -NRaR NT h' - RR H' -S0&R., -(C=O)PW, and 

Cl-C3 alkyl substituted with 0., 2, oi 3 groups selected from halogen -CN, -SR"', 

-OR NR RJkh R ad e -e c)R 

wherein each of R and R2b is independently selected from hydrogen, halogen, -CN, 

-SRt -OR> -NR"Rt, -N~RRTHi -SOR". -(C=0)R ,and Cl-C3 alki 

substituted with 0, 1, 2. or 3 groups selected from halogen, -CN, -SR.', -OR 

-NRaR5 , -SO2R and -(C=0)R"4; 

wherein each of R, R and R is independently selected from hydrogen, halogen, 

-CN -SRt)Rt -R4 NR'R, -NR 4 'R42 .Hf*, -SOR' and -(C=0)R; 

wherein at least one of R, R R" R-, and R is not hydrogen; 

wherein each of Rk>1 R 'R ,R R1k ,R' R ' R , R4, R 1, and R, when 

present, is independently selected from hydrogen, Cl-C3 alkyl, Cl-C3 monohaloalkyl, 

and Cl -C3 polhaloalkyl; 

wherein each of R and R"',, when present is independently selected from -' 

CI-C3 alkyl, C l-C3 monohaloalkyl, C1-C3 polyhaloalkyl, and -NR I ,Rb
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wherein each of R2 R26S" and R26, when present, is independently selected from 

hydrogen, Cl -C3 alkvl, Cl -C3 monohaloalkyl, and C I-C3 polyhaloalkyl; 

wherein each of R"' and R v when present, is independently selected from -O -OR' 

Cl-C3 alkyl, C2-C3 momhaloalkyl (2-(C3 polyhaloalkyac and -NR and 

wherein each of R3 > RaTh and Ra 0, when present, is independently selected from 

hydrogen, CI-C3 alkyl, C2-C3 mon haloalkyl, and CI-C3 polyhaloalkyI; 

wherein each of Ri and R", when present, is independently selected from -0' -ORt 

Cl -C3 alkyl, C I-C3 monohalioailkyl, Cl -C3 polyhaloalkyl, and -NRIR and 

wherein each of R(, R" and R4 when present, is selected from hydrogen, C I-C3 

alkyl, Cl-C3 mionohaloalkyl., and Cl-C3 pnlyhaloalkyl.  

2. The membrane nf claim J, wherein the membrane is cast onto a support structure.  

3. The membrane of claim 1 or caim 2, wherein the membrane further comprises a second.  

polymer selected from polysul fone, sulfonated polysulfone, polyethersulfone, 

silfonated polyethersulfone, polyaniliine, poly aniline co-polymers, polvacrylonitrile, 

polyurethane, cellulose acetate, polvinylidene fluoride, polytetrafluoroethylene, 

polyvinyl fluoride, polyvindylidnte fluoride, pitrifluoroethylene, polyperfluoroalkyl 

vinyl ether, polyhexafluoropropylene, cellulose acetate, polyurethane, cellulose acetate.  

polyurethane, or a mixture thereof.  

4. The membrane of claim I or claim 2. wherein the membrane further comprises 

polysulfone.  

5. The membrane of any one of claims 1-4, wherein the polymer is present in an amount 

from about 0. 1 wt% to about 35 wt%.  

6. The membrane ofclainr 1-5., wherein the membrane has a pure water equilibrium 

contact angle of less than about 40*.  

7, A filtration membrane comprising a polymer comprising a structure represented by a 

formula:
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zz z z 

R R R1 3 R Rlb R1l R 1  R"' 

N--N N 

p q/ 
R Rid R' Rd R1  R RC RiC/ 

R2  R2 

Rc; 

wherein each Z Is independently selected from hydrogen and R 

wherein n is an integer selected from 1, 2, and 3; 

wherein p is independently 0, 0.5, or 1; 

wherein q is independently 0, 0,5, or 1; 

wherein, for each x, p + q 1; 

wherein each of R 7, R ;R, and R" is independentdy selected from hydrogen 

halogen -CN -SR -OR, -NR;R - -SO -(C):::OR and 

C -C3 alkyl substituted with 0 1, 2, or 3 groups selected from halogen, -ON. -SR, 

-OR 1 , -NRiR>b, -SOiR" anm (=0R4 

wherein each of PP and R is Mdependently selected from hydrogen, halogen, -CN, 

-SR> -OR~ ,-NR 'R ,-N~RR H*, -SOR ,-(C=)R~ andCl-C3alkyl 

substituted with 0, 1 or 3 groups selected from halogen, -CN, -SR -~OR 

-NR R , -S0Z R and -(C::::O)R 

wherein each of R' a, and R is independently selected from hydrogen, halogen, 

-CN, -Slit--OR4 0R",NRiR NR"'R- -SOiR, and -(C::=O)R'; 

wherein each of P", R, P W. R Pi, R-3)i RK Ri R2t PR R 41 ", and R4' when 

present, is independently selected from hydrogen, Cl-C3 alkyl, Cl-C3 monohaloalkyl, 

and C1-C3 polvhaloalkyl; 

wherein each of R7 and R , when present, is independently selected from -O, -OR 

C1-C3 alkyl, C1-C3 monohaloalkyt Cl-C3 polyhaloalkyl, and -NR
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wherein each of R R26S, and R when present, is independently selected from 

hydrogen, Cl -C3 alkyl, C 1-C3 monohaloalkyl, and C I-C3 polyhaloalkyl; 

wherein each of R"' and R v when present, is independently selected from -O -OR' 

Cl-C3 alkyl, C2-3 monhaloalkyl (2-(C3 polyhaloalky, and -NR anRR 

wherein each of R3 , R'"h and Ra 0, when present, is independently selected from 

hydrogen, Cl-C3 alkyl, C2-C3 mon haloalkyl, and Cl-C3 polyhaloalkyI; 

wherein each of R4j and R", when present, is independently selected from - -OR, 

C-C3 alky, Ci-C3 monohaloalkyl, Cl-C3 polyhaloalkyl, and -NT R4 

wherein each of R5, R4t and R4 when present, is selected from hvdrogen, C I-C3 

alkyl, Cl-C3 ionohaloalkyl, and Cl-C3 pnlyhaloalkyl; and 

wherein at least one Z is a structure represented by a formula: 

R2a1 R 

and 

Wherein at least one of R 2  R a R and R is not hydrogen 

8. A polymer formed by polymerizing a compound having a structure represented by a 

formula: 

1"3 R' 
H R 

Ra Ra 
H R" 2 

R14 

wherein n is selected from 1 2 and 3; 

wherein each of R" R"1. R t and R M is independently selected from hydrogen, 

halogen -C'N -Si", -OR -NR 1 ?-t -NR RH- SOyR'-(C=0 )R4  and 

Cl -C3 alky substituted with 0, 1, 2, or 3 groups selected from halogen, -CN -S R 

-OR, -NR'R -SCR and -(C=0)R;
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wherein each of R' and R2" is independently selected from hydrogen, halogen -CN, 

-SRt -OR', -NRE*R , -NR*RH H-SOR, --(C=O)R and Cl-C3 ailkyl 

substituted with 0, 1, 2, or 3 groups selected. from halogen, -CM -SR", -ORE, 

-NR R K -SOR and -(C=)R; 

wherein each of R"", RX and R" is independently selected from hydrogen, halogen, 

-CN, -SRt -OR . -NR 4 *R -N R4 H -SO2R 4 ' and -(C=O)R4; 

wherein at least one of R't P. R R and R is not hydrogen; 

wherein each of R0. RP, Ra R , R FR", R j, R"i R, Rl R4 > and R4 when 

present, is independently selected from hydrogen, CI-C3 alkyL CI-C3 nmonohaloalkyl, 

and C.-C3 polyhaloalky; 

wherein each of R" and Rt. when present, is independently selected from -O -OR 

Cl -C3 alkyl, C1-C3 monrhaloalkyl, Cl-C3 polyhaloalkyL and -NR 6hR 

wherein each of R( R"". and Rt', when present, is independently selected from 

hydrogen, C -C3 alkyl, C1-C3 monrhaloalkyl, and C I-C3 polyhaloalkyl; 

wherein each of R" and R vhen present, is independently selected from -O-t -OR'> 

Cl -C3 alkyl, C-C3 monrhaloalkyl, C2-C3 polyhaloalkyL and -NRi"R 

wherein each of R R", and Rt when present, is independently selected from 

hydrogen, Cl -C3 alkyl, Cl -C3 monolaloalkyl, and C 1-3 polyhaloakyl; 

wherein each of R and R", when present, is independently selected from -O-OR"t 

Cl-C3 alkyl, C -C3 0monohaloalkyl. C1 -C3 polyhaloalkyl. and -NRtR 4 ; and 

wherein each of R45, R4" and R4 1 when present, is selected from hydrogen, C I-3 

alkyl, C1C3 monohaloalkyl, and C1~C3 polyhaloalkyl.  

9. The polymer of clain 8 wherein. n is 2, 

10. The polymer of claim 8 or claim 9, wherein eachof R';. R" R and R 0 arc hydrogen.  

i1. The polymer of any one of claims 8-10, wherein each of R s and R-' are hydrogen,
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12. The polymer of any one of claims 8-11, wherein each of Rt and R is hydrogen, and 

R4 is -OR> 

13. The polymer of claim any one of claims 8-12, wherein each of R 0, R 4 , R', and Rim' 

when present, are hydrogen, 

14, The polymer of any one of claims 8-13, wherein each of R , and R', when present., are 

OR45.  

15. The polymer of any one of claims 8-14, wherein Rh. when present, is hydrogen.  

16, The polymer of claim any one of claims 8-15, wherein the polymer comprises at least 

one residue formed by polymerizing a compound having a structure represented by a 

formula: 

-- 1 .), 3 
R 

H Rid 
RIc 

present in an amount of at least 0. 1 wt%.  

17, A polymer comprising a structure represented by a formula: 

R Rm Rib R' R'0  Ra R R 

N N I:N 4-4 N'i N
RN- /--"--N-tyjj,-C\/ \ & 
R R R R'I R R Ri4 R 

/x 

wherein each Z is independently selected from hydrogen and 

wherein n is an integer selected from 1. 2, and 3; 

wherein p is independently 0, 0,5, or ;
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wherein q is independently 0, 0.5, or 1; 

wherein, for each x, p +q= 1; 

wherein each of R 7R R1, R and R is independently selected from hydrogen, 

halogen, -CN, -SR -OR -NR h R - -NR *R% W -SORi- -(C=))R, and 

Cl -C3 alky substituted with 0, 1, 2 or 3 groups selected from halogen. -CN -SR , 

-OR -NR TR" -SO R and -(C=.O)R2 4; 

wherein each of R2' and R is Independently selected from hydrogen, halogen, -CN, 

-SR -OR -\RHR -NRR H -SO2R>P. -(C=O)Rt and CI-C3 alkyl 

substituted with 0, 1 2 or 3 groups selected from halogen, -CN, -SR" -ORM', 

NIRE* R,-SOR", and -(C=0)Ri; 

wherein each of R R"1' and R" is independently selected from hydrogen. halogen.  

-CN -SR** -OR -NR R4". -NR{RH -SO-R . and ,(C:=)R44 

wherein each of Rt . R1 , R~ i R". R9 RC R", R. R'", R4 and Ru, ,when 

present, is id ependcndy selected from hydrogen, Cl.-C3 alkyl, Cl-C3 monohaloalkyl 

and Cl-C3 polyhaloalkyl; 

wherein each of R and Rk when present; is independently selected frorn -- Y, -OR 

CI-C3 alkyl, Cl-C3 monohaloalkyl, Cl-C3 polvhaloalkyl, and -N R R"; 

wherein each of R 5, R'", and R2S when present, is independently selected front 

hydrogen, Cl -C3 alkyl, Cl -C3 monohaloalkyl, and C 1-C3 polyhaloalkyl; 

wherein each of Ru and R4 , when present, is independently selected from -O' -O R 

C I-C3 alkyl, C I -C 3 monohaloalkyl, C I-C3 polyhaloalkyl, and -\R "R " 

wherein each of R'5, R' - and R?"6. when present, is independently selected from 

hydrogen, C 1-C3 alkyl, Cl -C3 monohaloalkyl, and C1 -C3 polyhaloalkyl; 

wherein each of R4 and RT4 7 when present, is independently selected from -O7-OR 

C(1-C3 alkyl, C I -C 3 monohaloalkyl, CI -C3 polyhaloalkyl, and -N "R ' "
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wherein each of R45, R6 *, and Rtb. when present, is selected from hydrogen, C I-C3 

alkyl, C1~C3 nonohaloalkyl, and C1-C3 polyhaloalky; and 

wherein at least one Z is a structure represented by a formula: 

R21 R2b 

R and 

wherein at least oneofR WR', R% Rt, and R is not hvdrogen.  

18 The polymer of claim 17, wherein each Z is a structure represented by a formula: 

R tR 

R3 - and 

wherein at least one of R R"T' RI" R" and R is not hydrogen, 

19. A method of making a filtration membrane, the mehod. comprising the step of 

providing a polymer formed by polymerizing a compound having a structure 

represented by a formula: 

R3c 

RAa ~ R' ''' R 

R R H ' 

wherein n is selected from 1 2 and 3; 

wherein each of R", R R' and R is indepenently selected from hydrogen, 

halogen, -CN, -SRi. -OR' -NR R -NRE R ?WH -SO2R -(C=OR' and 

C1 -C3 alkyl substituted with 0 1, 2, or 3 groups selected from halogen, -CN., -SR"' 

-OR -NR Rt -SO2R and -(C=0 )R ; 

wherein each of R and Ri is independently selected from hydrogen, halogen -CN, 

-SRI -OR, -NR" 2RN - -SORX,,( )R and C2-C3 alkyl
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substituted with 0, 1, 2, or 3 groups selected from halogen, --CN, -SR- -OR>, 

-.-NR R ,-SOR , and ->(C=0)R ; 

wherein each of R .R and R-" is independently selected from hydrogen. halogen.  

-CN. -SRt -OR 4  NR 4  -NR RH0 _-SO)RK and ,(C:::O)R44; 

wherein at least one of R R , R ; Rgb and R" is not hydrogen; 

wherein each of R1, R R, RW1, R R it R'; t Rb, RI, R41, R4> and Ri, when 

present, is independently selected from hydrogen, CI -C3 alkyl, C I-C3 monohaloalkyl, 

and Cl-C3 polyhaloalkyl; 

wherein each of R" and R, when present, is independently selected from -0O, -OR> 

CI-C3 alkyl, Cl-C3 monohaloalkyl, CI-C3 polyhaloaikyl, and--N:R " 

wherein each of R R "", and R"6 ', when present, is independently selected from 

hydrogen, C 1-C alkyl, C1-C3 monohaloalkyl, and CI -C3 polyhaloalkyl: 

wherein each of R'3 and R", when present, is independently selected from -O--U -OR> 

Cl-~C3 alkyl, C -3 monohaloalkyl, C ~C'3 polyhaloalkyl, and -N&R "R 

wherein each of R' R.'6 and R \ when present is independently selected from 

hvdroLen, CC '0alky, Cl -C3 monohaloalkyl, and C I C3 polyhaloalkyl; 

wherein each of R4 and R44, when pr sent, is independently selected from -0. --OR, 

Cl-C3 alkyl, Cl-C 3 monohaloalkyl, C I C3 polyhaloalkyl, and -NR R4.4 ; and 

wherein each of R R> and R 6 , when present, is selected from hydrogen, CI -C3 

alkyl., Cl-C3tmonohaioalkyl and Cl-C3 polyhaloalkyl; and 

casting a solution or a suspension of the polymer.  

20 The method of claim 19, wherein the solution or the suspension is cast onto a support 

structure.  

2. LThe method of claim 20, wherein the support structure is a nonwoven support fabric.
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22. The method of any one of claims 19-21. wherein the membrane is selected from an 

ultrafiltration membrane, a nanofiltration membrane, a reverse osmosis membrane, a 

forward osmosis membrane, and a pressure retarded osmosis membrane without thin 

film coating.  

23. The method of any one of claims 19-21, wherein the membrane is an ultrafiltration 

membrane.  

24. The method of any one of claims 19-23, wherein the polymer is in a solvent solution.  

25. The method of any one of claims 19-23. wherein the polymer is in a suspension.  

26, The method of any one of claims 19-25, further comprising the step of solution casting 

a second polymer selected from polysulfone, sulfonated polysulfone, polyurethane, 

cellulose acetate, polyetbersulfone, sidfonated ptlyethersulfone, polyaniline, 

polyaniline co-polymers, polyacrylonitrile, polyvinylidene fluoride, 

polytetrafluoroethylene, polyvinyl fluoride, polyvinylidene fluoride, 

polytrifluoroethylenc, polyperfluoroalkyl vinyl ether, polyhexafluoropropylene, 

cellulose acetate, polyurethane, or a mixture thereof 

27. The method of any one of claims 19-26, further comprising the step of polymerizing a 

thin film onto a surface of the membrane, thereby providing an osmosis membrane.  

28, The method of clairn 27, wherein the osmosis membrane is selected from a reverse 

osmosis membrane and a forward osmosis memnbrane.  

29. A method of making a filtration membrane, the method comprising the step of 

providing a polymer comprising a structure represented by a formula: 

z Z Z Z 

Rb R IR* R RMa R 

WR R R \R" R ; RM R R 
\ 1 /x
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R , Ra 
AR" 

wherein each Z is independently selected from hydrogen and R3 

wherein n is an integer selected from 1, 2, and 3; 

wherein p is independently 0U 0.5, or 1; 

wherein q is independently 0, 0.5, or 1; 

wherein, for each x, p - q =; 

wherein each of R R", R", and R." is independendy selected from hydrogen, 

halogen, -CN, -SR-, -OR- NRzRtt ,NR RJH -.- SO2 R4 7(C:::O)R, and 

C I -C3 alkyl substituted with 0, 1, 2, or 3 groups selected from halogen, -CN -S .  

-R2 -NR"R'". -SR and -(fO)R; 

wherein each of R> and R' is Independently selected from hydrogen, halogen, -CN, 

-SR -OR", -NR R3, -NRR "HC, -S2R -(C:O)R 4 and CI-C3 alkyl 

substituted with 0, L, 2t or 3 groups selected from halogen. -CN, -SR", -OR", 

-NR TR~t-SOR< and -(C=)Rt4; 

wherein each of R.a, R" and R is independently selected from hydrogen, halogen, 

-4 R NR -SzRot and -(C=O)R 44; 

wherein each of P", R P R"', R) R., R R-'I, R, R R",t and . R4, when 

present, is independently selected from hydrogen, C -C3 alkyl. C -C3 monohaloalkyl.  

and Cl-C3 polyhaloalkyl; 

wherein each of pand Re when present is indendently selected from -, OR 

Cl-C3 alkyl, C1-C3 monohaloalkyl, Cl-C3 polyhaloalkvl. and -NR "R"b; 

wherein each of R', Ra, and R"'. when present, is independently selected from 

hydrogen, C-C3 alkyl, C1-03 monohaloalkyl and Cl-C3 polyhaloalkyl; 

wherein each of PR'> and R"4! when present, is independently selected from -Y -R> 

C0-C3 alkyl, C1-C3 monohaloalkyl, Ct-C3 polvaloalkyl, and -NRC"Rt
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wherein each of R5 R, and Ri', when present, is independently selected from 

hydrogen, Cl -C3 alkvl, C 1-C3 monohaloalkyl, and C 1-C3 polyhaloalkyl; 

wherein each of R and R, vhen present, is independently selected from -O' -OR 4 5 

Cl -C3 alkyl, C1-3 momhaloalkyl, C1-C3 polyhaloalkvl, and -N R4fle"b; 

wherein each of R"-, R46". and R46 , when present, is selected from hydrogen, Cl-C3 

alkyl, Cl.-C3 itnohaloalkyl, an iCl-C3 pIlyhaloalkyl; and 

wherein at least one Z is a struck ure represented by a formula: 

R2 R2 

cI 

wherein at least one of Rt R2, R*R and R is not hydrogen; and 

casting a solution or a suspension of the polymer.  

3R A method for purifying water, the method comprising the step of filtering water through 

a membrane comprising a polymer formed by polymerizing a compound having a 

structure represented by a formula: 

RI 

R2  R20 

H RM 

R 0

wherein n is selected from 1, 2., and 3; 

wherein each of R tR, R", and R' is independently selected from hydrogen, 

halogen. -CN, -SR -OR -NR ItR -NR<ER, -SO 2 R, -(C::O)R:o and 

CI-C3 alkyl substituted with 0, 1, 2, or 3 groups selected from halogen, -CN, -SR t' 

-ORt -NR&RE -SO2R and -( C=O)R; 

wherein each of .R and R:a is independently selected from hydrogen, halogen, -CN, 

-SR, -OR -NR*R k-NR R H -SO'R".iC=0)R9, and CI-C3 aikyl
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substituted with 0, 1, 2, or 3 groups selected front halogen, ~-CN, -SR- -OR', 

-NR RW ,~-SOR , and --(C=0)R ; 

wherein each of R R and R-" is independently selected from hydrogen. halogen.  

-CN. -SRt -OR 4  -NR 4  -NRTCH K -SORK and (,C:::O)R44 

wherein at least one of R R R R;'), and R" is not hydrogen; 

wherein each of R1, R R, RW1, R2 R it R,; t R3 b, Ri, R41, R4> and Ri, when 

present, is independently selected from hydrogen, CI -C3 alkyl, C I-C3 mronohaloalkyl, 

and Cl-C3 polyhaloalkyl; 

wherein each of R" and R, when present, is independently selected from -0 -U. ORK 

Cl-C3 alkyl, Cl-C3 monohaloalkyl, CT-C3 polyhaloaikyl, and -N:R." 

wherein each of R2 R and R"6 ', when present, is independently selected from 

hydrogen, C 1-C3 alkyl, Cl-C3 monohaloalkyl, and CI -C3 polyhaloalkyl: 

wherein each of R,3 and R", when present, is independently selected from -O, -OR> 

C~C3 alkyl, C -3 monohaloalkyl, C ~C3 polyhaloalkyl, and -NRR 

wherein each of R' R.'6 and R ,\ hen present, is ndependently selected from 

hydroLen, CC 'alkyI, Cl -C3 monohaloalkyl, and C I C3 polyhaloalkyl; 

wherein each of R4 and R44, when present, is independently selected from -0. -OR4 , 

Cl -C3 alkyl, Cl-C 3 ionohaloalkyl, C I C3 polyhaloalkyl, and -NR R4.4 ; and 

wherein each of R"R R> and R 6 , when present, is selected from hydrogen, C -C3 

alkyl., Cl-C3 monohaioakW and CI-C3 polyhaloalkyl.  

31. The method of claim 30, wherein filtering comprises applying pressure to the water.  

32, The method of claim 30 or claim 31, wherein the membrane further comprises a thin 

film on a surface of the membrane, wherein the thin film comprises a third polymer, and 

wherein filtering is reverse osmosis filterng.  

33. The miethod ofany one of claims 30-32, wherein the water further comprises at least 

one solute.
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34, A method for purifying water, the method comprising the step of filtering water through 

a membrane comprising a polymer comprising a structure represented by a formula: 

z z z z 

R R Rb R R R R R 

N -N / N\ N 

Ric R Ric R R RI R1  Ri/ 
/x 

R2  R 

wherein each Z is independently selected from hydrogen and R ; 

wherein n is an integer selected from 17 2, and 3; 

wherein p is independently 0, 0. 5, or I; 

wherein q is independently 0, 0.5, or 1; 

wherein, for each x, p + q=1 

wherein each of R Rt R and R is independently selected from hydrogen.  

halogen, -CN -SR", -OR -NR 'Rt -NR RR H -SO2R, -(C::O)Rt and 

C-C3 alkyl substituted with 0, 1, 2 or 3 groups selected from halogen, -- CN, -SRX 

-ORL -NR>*R> -SOzR ,and -C=O)Rt4; 

wherein each of' R" and W? is independently selected from hydrogen, halogen -CN, 

-SR -OR-, -NR"-"R", -NRaR"HFL, -SOR' -(::O)R t and Cl-C3 alkyl 

substituted with 0, 1, or 3 groups selected from halogen CN-SR 3 R1 

-NRE"R~ b -SO R and tC=:)R; 

wherein each of R" R, and R: is independently selected froms hydrogen, halogen, 

-N SRt -OR NR4 R -NR1 R"H- -SO2R t and -(C:::)R; 

wherein each of R2( , R"', R'", R R1, R .R , R, R41, R and R when 

present, is independently selected from hydrogen, C I-C3 alkyl, C I -C3 monohaloalkyl, 

and Cl -C3 polyhaloalkyl;
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wherein each of R2" and RE, when present, is independent selected from -O~ -OR 

Cl -C3 alkyl, C I-C3 monohaloalkyl, C1 -C3 polyhaloalkyl, and -NR uR<; 

wherein each of R, R t", and Rm when present, is independently selected from 

hydrogen, C I-C3 alkylI, C1 I-C3 monohaloalky, and C-C3 polyha-loalkyl; 

wherein each of RF and R, when present, is independently selected from -O' -OR" 

C( -C3 alkyl, C -(C3 monohaloalky1, C I -C3 po lyhaloalky, and -NR"R,"; 

wherein each of R, R', and R-, when present, is independently selected. front 

hydrogen, CI1-C alkyl, C1 (C monohaloalkyI., and CI-C3 polyhaloalkyl; 

wherein each of R- and R" , whcn present, is independently selected from -U~ -OR> 

Cl-C3 alkyl, C1-C3 monohaloalkyl, C -C3 polyhaloalkyl, and -NW'R 4"R ; 

wherein each of R4, R, and R 411*, Wien prescat, is selected from hydrogen, C1 -(3 

alkvl, C1 -C3 monohaloalkyl, and C1-C3 polyhialoalkyl; and 

wherein at least one Z is a structure represented by a formula; 

R21 R2b 

RS and 

wherein at least one of R", R2> Rt R", and R: is not hydrog en




















	Abstract
	Description
	Claims
	Drawings

