Water with Switchable lonic Strength FIELD OF THE | NVENTI ON The field of
the invention is solvents, and specifically an aqueous sol vent 5conposition
t hat can we 2emereirbly converted between | ow ioni ¢ strergricaznd/dogher
ionic strength. BACKGROUND OF THE | NVENTI ON Conventi onal sol vents have

fi xed physical properties which can lead to 10significant limtations in
their use as nedia for reactions and separations. Many chem cal production

processes invol ve nulti piagtee@fth Seciitle fsiiéSalength st eps, and often the
type of solvent that is optinmumfor any one step is different fromthat

which is optimum for the next step. Thus it is comon for the solvent to be
renoved aftgeELBDHETHE ANVENTIOR new sol vent added in preparation for the next

step. This renoval 15and repl acenent greafly adds to the econpom c cost and
o ontent af || HORAPRGT e LR RV RoR Bbec il b SESTE RN exi st o & need
for a sd vesmtmpobkitidn thafrcaa thamgersiltscqnligrgsddetwgen dgreiohic @gength and higer vent s ar e
commonl y usigmcéﬁ%‘giﬁsm ve material in manufacturing, cleaning, dyeing,

extracting, an er processes. In order for a solvent to dissolve a
mat eri al 20quickly, selectively, and in sufficient quantity, it is usually

necessary fgick8ROBNDVEHTHENVENYAORArti cul ar physical properties. Exanples
of such properties include ionjic st re&g/t h droghobi Ci té?ag@ydrophi licity,
0

] ) h, . |
di el ectric const&@aventigeyl splveuphavediied RBFigRlePegigs whicp pan sity,
vol ati l1a vy, signftaogiettatoms th ttleinasd axgmedda for teactidmg dnd garardiiond Magept i ng
ability, an lari . point _jn . t
di ssol uti on&%@%ﬁ%@r‘%{'?'ﬁ]rog%ggﬂﬁ%r%t rglrnlnpalg Pe%rgt(')oﬁst% hgggp%l?ﬁ}gh%%h%fmge desired.
Such a sepa?fignitientyrsael soerttias Fsdptimumdoraniond etep ésstiftaterd ffrogp that whise sol vent i s

removed by dibghrhdrh R tHRMextMié L hriu§ AW EoRfndrter tHS Solént B BEQkAbldLarep! vent,
whi ch can lead to significant va%ar em ssion | osses and resulting

envi r onment AN §igReYE 2 NeWGolveRt RAdeA PERBIPHICHEEINGH. St9Ru DR PRBYR,
di stil | e8| cdndrreslbideiest grehtBragds tatpeltcadbmen@eiind entiromeich@l ipactek tiee be

30desi rabl e vtePaIprirorE: ssavﬁ}%PéfcgrEa%Fui:-rlele%tsis}éener g%ltr% sf f\)/{:-ntttrb? 5ne<g1mr/1 <!:-itOf sol vent s
from produc?s. ' er s a parttl culartly desirapld S6'vent because of
its | ow primwsica@repedirbcity, nonflanmmability, and | ack of adverse inpact on

the environnment,sidhtsbhectiRHiRlded o QbsoVRRdterdal A& URICRARS kiedhinQt her
material by distillation is particularly expensive in terns of energy

because of EEINFPYRCINGaINIANFACIACHSEE Refres” fifcPotvRR! thHigeelYRealgrial
35vapor2@at quidklypéel¥dtiv &y, .and eduiicRieguahtty e dsdally nécebsiiy @ kisbivadititaye rout e

Lg: t ;[ Eﬁl Z?I sarvgzp%ﬁgﬂgrfph%gza?E)rofpgr%gg. >%gnlf>?etssof (s)urch%trcbp%hieg?r;[cﬁlma ?olnlsc s

strength, hydrophobicity, hydrophilicity, dielectric constant, polarizability, acidity,
basicity, viscosity, volatility, hydrogen-bond donating ability, hydrogen-bond
accepting ability, and polarity. At some point in such a process after the dissolution,

25  separation of the material from the solvent may be desired. Such a separation can
be expensive to achieve, especially if the solvent is removed by distillation, which
requires the use of a volatile solvent, which can lead to significant vapor emission
losses and resulting environmental damage, e.g., through smog formation.
Furthermore, distillation requires a large input of energy. It would therefore be

30  desirable to find a non-distillative route for the removal of solvents from products.

Water is a particularly desirable solvent because of its low price, non-toxicity,

nonflammability, and lack of adverse impact on the environment, but the separation
of water from a product or other material by distillation is particularly expensive in
terms of energy because of the high heat capacity of water and the high heat of

35  vaporization of water. Therefore the need for a non-distillative route for the

separation of water from products or other materials is particularly strong.
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A common nethod for separating water from noderately hydrophobic yet

wat er-soluble materials is "salting out”", a nmethod in which a salt is added
to an aguwwoustigoruri on that includes a di ssol ved noder aPeryCAdrospiobi ¢
conpound, in sufficient anbunts to greatly increase the ionic strength of

t he aqueous portion. H gh 5ionic strength greatly decreases the solubility
of sone conpounds in water; thus nost of the selected conpound or materi al

is forced out ofa ¢dam@nMensEiopbaseatind m@teﬁﬁémmeratwy mt@hb@& y&i t her
precipitates a new liquid

phase) or p‘%?tigl?o'@%sm?tﬁ?%s '3 ?ﬁjtg‘gé’ﬁﬁse%ﬁ@ %Vd*ﬁ%‘h%?ﬁ"ds f“’%ﬁ 1%2bhase i f there
i s one. Thiautead folutign that iMclndxshaodis sobgdimodarately hydphddiatangoutxtin i s not

preferred 10BRCAUSH mstkg,?eaﬂ Pefas: L.mmn%ﬁrphlﬁg 8,8 ﬂ%sH. f salts

and, nore i rrportant cau e expens vin It fromthe

wat er afd erigRif argengmmmwe@eaqqa@q M%IPNN IGOMA COPPRES B wa ‘Ffethté? esent
i nvention igodt@r e Q¥kEled w:ﬁwunuvoi rhata,n&\m fbﬁ:@@@btebf iRNigGeckBphEaNatR. | n an

t th t tc t th of t
I T T
conpri si ng @&rmkaasty liquie phadey orgmmtlbhsamm sprekibiing fgdtophothalju thasdié
pr ot onat ed R&&f&%"”ﬂh& ?%frn%ou'imrﬁ’é?r?od g u..%gﬂ AR08 ﬁﬂ% ﬁdtgﬁaf Rghater or to

an aqueous solution to an a ueou ure W I"'e ionic
strengt ) rﬂmnssefcéthee@xp@ww@uwmevem b@f@l@r@qmtsr@f sa@tswind oherblirerdrignie st rengt h

to an ioni Zbééguéerdf%ee&{aer%'é%'ﬂre%«?ovﬁ%e SGiRomTR2witer <pR4rRs nation thereof, to
raise the ionic strength of the mxture; and neans for exposing the m xture

with raised ionic strength to i) heat, (ii) a flushing gas, (iii) a vacuum
or partial swaMARY GF VHE#QVENTIONN, or (V) any conbination thereof, to

reformthe aque%’rlu ob ecréf[{ﬁezgr%etn?m %4“08%6}5" %wd aferw @g@% tgl,harb'll (peCI fic

enbodi nents, thi's ro hobi ¢
liquid br aStr§O@tVehtarD€rSpe¢1 ﬂa?r%i@m\dldﬁ?étalstwemrf@fc%@shmg the ioniq S’rhrea@tbtoher aspect

there is pr\ﬁ’éﬁérd&%n%q%’o%%%mtﬁd?{ c&ﬁ’&fsfn@l tbdH S oYU addfie t he presence and
absence, of dissolved salt in an ‘aguegus m Xxture conprising a conpound

whi ch rever®nirising atigast pae pitsogendbatis syfisienthasicds b@\Pfth”é‘P?d Y GAPPNG tri gger
i n 30t he pr&seneandfor Wiy the bitbtiveaspatencr tban aggeoubeolgnas frmfaar nul a (1): R2

RL (1) Whaequ%ous r‘hIXIRZé Wlﬁ] SW|ﬁ§§)Iee|oh|Qgtr@ng%d?n%%nyfor exposing the mixture with
20  switchable ionic strength to an ionizing trigger, such as CO,, COS, CS; ora
combination thereof, to raise the ionic strength of the mixture; and means for
exposing the mixture with raised ionic strength to i) heat, (ii) a flushing gas, (jii) a
vacuum or partial vacuum, (iv) agitation, or (v) any combination thereof, to reform the
aqueous mixture with switchable ionic strength. In specific embodiments, this system
25 is used to remove water from a hydrophobic liquid or a solvent or in a desalination
process.
In another aspect there is provided a system for controlling the amount, or the
presence and absence, of dissolved salt in an aqueous mixture comprising a
compound which reversibly converts to a salt upon contact with an ionizing trigger in
30  the presence of water, the compound having the general formula (1):

R2

R1/ N\R3

where R", R?, and R®are independently:

(1)



H; a substituted or unsubstituted C1 to C8 aliphatic group that is
| i near, branched, or cyclic, optionally wherein one or nore C of the alkyl
group i s wepbaamar2by {Si (R10)2-0O} up to and includi ng gCUdeIngseEpl aced
by 8 {-Si (R10)2-0-}; 5a substituted or unsubstituted CnSirr, group where n
and m are independently a nunber fromO to 8 and n + mis a nunber from1l
to 8, a substituted or unsubstituted C4 to C8 aryl group wherein aryl is
optionally hetenparyl, optionally wherein one or nore Cis replaced by

Fing atoms. opi .aowiﬁ?@;%“%%ﬁwﬁ{uaea”%ﬂ%ﬁé'ﬁﬁpﬁavcigr?ﬁéahe%a&% S Rdher ein aryi
i s optional éryeytiiet entiomally Whegin-qnBiof Rib@) 2 oOthp-alkglgeeup is replskectby fp is from1l to 8

which is t a thtuted or
unsubst i tute‘“ls’égEQ @ib%qm% M{mBHduh?g%bgr{]g?/gg?ﬁlg%gWge%osﬁ%@iOdr)t}a substituted or
unsubst it ut ed (@SUpgiteed g Li']éh%ﬁ“i“éﬁd-(%n@% arepramesg Hepd @r%@nwdw%mh aryl is

optional I'y Dgifspablo to@RinkANahliya MitesLFBmang gor nore Cis repI aced by 15a
{-Si (R10)2-0-}; subtltuted orryklnsg 'tuted Clto

o0 Lorac o b bsttvted ARtk BEed s 6 cs ALe PR vERoe Woxy, a
substi t ut emaneroamlsom@hallyunthecélmaanrr@e ariyleplabert Bi Big'YJ-Oi}s optional |y

heteroaryl, %Pﬁ:fakthﬁ&fgu% &%Wﬁfrﬁ%sérétg g%%%mﬂoaéhr?gaétgr%yog &}aﬁbet't“t ed

or unsubstltute Ic ar stituted or nsub
20al koxig armlu@mmvsor mprgl{-Si(R’ )2-0 mibereinrand issapbiendlly hetaroalys i ndependent | y:

al kyl; al kenyl ; aai(éa(m -o>arcma.n ||13‘\K/I§/lzh5'%|fidi’r?1 tofbewl%rp@rtéfhma@‘e\acayqlﬂlokaél
Si (al kyI ) 3; Sl | am no; al kenyl am no;

am de; am dtieW%! a Fﬂ/@f%ﬁ%smu}eﬂ|°65‘E"°W8?t't“t8?' Qy\oc%@r%mﬂ‘t'F a”%{Prk‘VY @éﬂ“ﬁo‘?fyl oXY;
aryl car bonyl oxy;a saubktitye ar ncastititad, (Catoyt Qxipeaich@nyd Oxaryl) gauponat e;

al koxycar bor%réln %%ﬂl@osﬁo%%ﬁ bIQert]gro%rglalo[ﬁ% glpl\l\%%?érlpgr{yor moa}?bdé @Eracepoh sp_hat e

phosphat e ester; 0, cyano
sul f hydtyl ; a{aSII@P)b Ho; arylthio; th| ocar boxyl at e; dithi ocarboxyl at e;

sul fate; sul f at Qhefil ROMBS ?ubsﬁtUieB%FQNéubstﬁMéé @P@rﬂg%‘ﬁphaﬂbbfogﬁ yitrile; azido;
het erocycl yl; ether; ester; silicon-contalni ng noi eti es i oester; or a

conbi nat i onsutbﬁ’éFtég)Pr“r&HBG“&'t%@P iCe QIAYY. AgyPRTgd AruResttifgd G A fed. |

30wher ei N wWirgwharein mlruea@tﬁbnalry He@shd 2yl Sd §®@gt|tlad ooﬁnshbﬂutméceaﬁaﬁa&- of sal t, is
desired, th tri pr esence of

wat er | ’resu'%koxxgg)gu Stq%'t8§8n% suU sglgué(%qo?llﬁga ic- r[PBI ZI 3 bstll% V\?]r ulnigu SEIt gl

decr eas?® i nalkaxyHagy!l sltonmgtlm or the absence of salt , 1s desired,
wherein a substituent is independently: alkyl; alkenyl; alkynyl; aryl; aryl-halide;
heteroaryl; cycloalkyl; Si(alkyl)s;; Si(alkoxy)s; halo; alkoxyl; amino; alkylamino;
alkenylamino; amide; amidine; hydroxyl; thioether; alkylcarbonyl; alkylcarbonyloxy;
arylcarbonyloxy; alkoxycarbonyloxy; aryloxycarbonyloxy; carbonate; alkoxycarbonyl;

25 aminocarbonyl; alkylthiocarbonyl; amidine, phosphate; phosphate ester;
phosphonato; phosphinato; cyano; acylamino; imino; sulfhydryl; alkylthio; arylthio;
thiocarboxylate; dithiocarboxylate; sulfate; sulfato; sulfonate; sulfamoyl; sulfonamide;
nitro; nitrile; azido; heterocyclyl; ether; ester; silicon-containing moieties; thioester; or
a combination thereof; and a substituent may be further substituted.,

30 wherein when an increase in ionic strength, or the presence of salt, is desired,
the compound is exposed to the ionizing trigger in the presence of water, resulting in
protonation of the compound, and

wherein when a decrease in ionic strength, or the absence of salt, is desired,
any ionizing trigger in said mixture is at a level that is insufficient to convert the

35 compound to or maintain the compound in protonated form.

In a further aspect there is provided a system, comprising:

3



any ionizing trigger in said mxture is at a level that is insufficient to
convert the 35conpound to or maintain the conpound in protonated form In a
further awpeotv/where is provided a system conprising: PCT/CA201éamEsf or
provi ding swi tchable water which is an aqueous |iquid conprising an
additive, that has sw tchable ionic strength; means for exposing the
switchable water to an ionizing trigger in the presence of water thereby

protonating the nagk tdr pRovidgls@itoRdbRNiEervHdha ad @qireadﬁi(TJiq\/dbmpViﬂh@h is

S5wat er - m sci blcl%.t.or twza}ther-s.gclhutgl e, . sg tgﬁat the switchable water forns an

i oni ¢ aqueotl52qXtYy T et PAR AHENPRRE 10K SEERY the i onic aqueous liquid to i)
heat, (ii) a fl usdaneéprgamsingithe jwitahatdewatat toranpanizingatiggenouberprefénce
agitation, gr o i . . ) 1d ngithe ionizing
trigger froé}nwta&e\eeqé@%ﬁggﬁ%@@sﬂeﬁadlﬂ\ﬁ%&ﬂﬁd%ﬁl?E@%@Xtteg)é%g\;eépgg? r(1)rr%ati on of the
pr ot onat%®d-uderisgible oswatehalukie o thersaBshablgarater fores a8 IDigRINECYSONi ¢
aqueous | i glgu@; and optionally, neans for separating a selected
conpound fromthe ionic aqueous liquid prior, ta formation of the non-ionic
aqueous |iquid. Means for expoting e jonje %¥%°Hg|3q“é‘£t8é> eap jig pdushn a&v{']'ﬁéd a system
f or renovi ngcaurs et gaotia dadlhioo (i @gitadioh r a itY) @ng cdrignatah dreref, thezelgor i si ng:

means for c J .m N | l.ect ed conpound with
swi t chabl e %g@?&ﬂh%n%ﬂ@é@é’%g [ %r{e?gh%&#'n& g?@gglg#ﬂm%@ﬂeiﬁdga swi t chabl e

addi ti vB i ndeépradongtion pirtag priatenat@d-additivel shihet the pwifchglle whater foams p@art a porti on
of the sel eghiedqfRUPRIME sRECONMES associ ated with the switchable water to
form an aqueous ngn-ionic sol ution; ZOOBti onal [Ih%jaﬂrreans for separating the

sol ution from r SIYFAY MEFNF EPr peRAEFNG B selected com dJomghe PRRALEIRg t he
sol uti on Wi liqnidginior 10 Mormiatieh dfthegg@rionifaduezeuplicgence of water to convert a

fSUbSt anti al armlfr% fucﬁheF Qs%r:-?tvt\ﬂetrgﬁﬁb%v?c{e %dsl %tie%eforfrre%m/i% Ss&”é?é&’t Ona_t ed formto
its protonated form resulting in a vvod ase lrquird®mxture having a
| i qui d Phasenponpt irem agolichnateedl.ecotrpdsiewnpound, and an aqueous ionic

25liquid phase GQIHL kR icHdaMRl 8miR0A Jf B&idinRdidifal AfLipRAlE B8 dtitve; and
means for separating the selected conpound fromthe |i c]w d phase.

Yet anot herSYAShg WeELWNGR SORPIESES A SMXHISOf WRIGH AR 3 FYtcARP'® 8ddviedn Y adi ent
across a neddhr@oenated Mph-ichicigrm, 8o FRMAH-ERE APafbeof B E &) compound

becomes associated with the switchable water to form an aqueous non-ionic solution;
20 optionally, means for separating the solution from residual solid material;
means for contacting the solution with an ionizing triggerin the presence of
water to convert a substantial amount of the switchable additive from its
unprotonated form to its protonated form, resulting in a two-phase liquid mixture
having a liquid phase comprising the selected compound, and an aqueous ionic
25 liquid phase comprising water and the ionic protonated additive; and
means for separating the selected compound from the liquid phase.
Yet another aspect provides a system for modulating an osmotic gradient
across a membrane, comprising:
a semi-permeable membrane;
30 a switchable water comprising an additive having a switchable ionic strength
on one side of said semi-permeable membrane;
means for contacting the semi-permeable membrane with feed stream; and
means for contacting the switchable water with an ionizing trigger to ionize the
additive and thereby increase solute concentration in the switchable water and
modulate the osmotic gradient.
An aspect provides a desalination system comprising:

a semi-permeable membrane that is selectively permeable for water;
4



30a switchable water conprising an additive having a switchable ionic
strength on one side of said sem -perneabl e nenbrane; neans for contacting
t he sem -woenmaAbr27Mmenbrane with feed streanm and neansPCorcAzonmet7’sng t he
switchable water with an ionizing trigger to ionize the additive and
t hereby increase solute concentration in the switchable water and nodul ate
the osnotic gradient. An aspect provides a desalination system conpri sing:

a semi - per neabl & drpwesianm ohptisiharsREE hiehyswperapaihie sheigtvnaier; 4 a draw
solution conprising an additive having switchable ionic strength and water;

means for i%{foducing an ionizing trigger to the draw sol ution to ionize
the additive; Smesans fdrgntrodaairigeastipmizing tiggey darihe pleavinedldioe tavienibe ke Wi th a f eed
st ream of aéhdﬁgﬁeous salt solution to permt flow of water fromthe aqueous
salt solution through the sem -perneabl e nenbrane into the draw sol ution
conpri sithg the insTANs &4 cariasting the, seavacmeapls mestoranepuiha feedysttead ®a@ai ti ve from
the water. J{i86@f 0@ pePiiToWdRFattr HYSHRMAJURsULCRNEEINEdahiongh 2 di | ute
aqueous sol ution, conprising: a sem -perneable nenbrane that is selectively
per moabl o F SHALRSTEIPIPETPERF (9 BR CERHSIIST Fa aden 76 havi ng

swi t chabl e additive; a&tir engt h; nmeans for introducing an ionizing trigger to the

draw sol ution t%A%Q;&gew%wéﬁ%gmgﬁbmthew tefTEaNs for contacting the

sem - per neabl e nmenbr ane ream of the dilute aqueous sol ution
to perm& flow dfnothat esrettiaeridea saiftemtfer ceperstyaiingsodiyte asieeusrsolulien.t he

sem - per nealdnfprigRgbr ane into the draw solution conprising the ionized
additive; and 200% i onal | El@ neans for separating the additive fromthe

wat er . AnGtIFE1-PEEERIE MEMPRIFNFRAtSS 3RRH G RFMERNAAMAIRY a solute from
an aqueous sol utd daw selatigprdosiphgnganidditiva gavity swighapidenic sierigeit;; a sol ut e;

Cx2, COs, Cs2 or i,nation thereof: an it th onpri ses at
| east one nit rogr%%ngfogﬁqt'{ta lé(!tmq ¥ 'grﬁ???%'P%‘%tt(?w%@zaag\?goqtgxgoe'%?)'?%t[h%nat ed by
car boni tb acadditiveind al | owi ng separation of two 25 conponents: a first

conponent that GQIRE ks @Snt&fink Ml erd-PEMeable hehrAdRidith\Ere¥W&Fahibit he nitrogen
atomis protonated and optionally er; and a second conponent that

conpri ses tHgdide aqusouppriytion i Eer‘i@h§g‘l‘l‘?téfc‘Qéat?%fr%ﬁ‘erdé‘éiﬁtaﬂwﬁé’“&ﬁ'ﬁioﬂ"he addi ti ve,
CO2, COS, Ghduglthe semPpérmatible mehidbemeadto theriraietoldivatcb@prisvaiR€e lonizédere i s
provi ded a %tltit\)g;dangor nmodul ating ionic
20 optionally, means for separating the additive from the water.
Another aspect provides a method of separating a solute from an aqueous
solution, comprising combining in any order: water; a solute; CO,, COS, CS; ora
combination thereof; and an additive that comprises at least one nitrogen atom that is
sufficiently basic to be protonated by carbonic acid; and allowing separation of two
25 components: a first component that comprises an ionic form of the additive wherein
the nitrogen atom is protonated and optionally, water; and a second component that
comprises the solute; wherein the solute is not reactive with the additive, CO,, COS,
CS, or a combination thereof.
In yet another aspect, there is provided a method for modulating ionic
30  strength, comprising providing an aqueous solution of lower ionic strength comprising
water and an additive that comprises at least one nitrogen that is sufficiently basic to
be protonated by carbonic acid; contacting the aqueous solution of lower ionic
strength with CO,, COS, CS; or a combination thereof, to form a higher ionic strength
solution; subjecting the higher ionic strength solution to heat, contact with a flushing
35 gas, or heat and contact with a flushing gas; and reforming the aqueous solution of
lower ionic strength.



30strength, conprising providing an aqueous solution of |ower ionic
strength conprising water and an additive that conprises at |east one

ni trogen wohaniv®7rafficiently basic to be protonated byPcardaaniinsecsd;
contacting the aqueous solution of lower ionic strength with CO2, COS, CS2
or a conbination thereof, to forma higher ionic strength sol ution;

subj ecting the higher ionic strength solution to heat, contact with a

flushi ng 35gas, IPEN Bﬁs’é'bt fnada |§9Fbtv@|§& a\Wdttbdaor deggbilingy @re}ﬁevean@ reformng the
aqueous sol ni c ere is provided a

th. In _an aspect
merhod for HEABRE 3 PG et SRpEuEN PRGN ish A SHS3F R WRES: on,
conpri si ng \eaerhhmiateg-immiseiblg oowdter-msojumemgreaiem Rb addtivevtbdtepmprises at
wat er - i mm 5|85§?'oﬁe Rfro%ﬁttﬁ& 74 QiR Eaéucqgfb?‘ﬂiro‘?&{atedad" cag)‘éh&'a&@ dfyat conpri ses
at | east one nit ro% I'S sufticient basic to protonat ed by
car boni & acte: C&Xvd “50028 catBatigshersr Ane aintD? BRUTREr ¥WPRrtER® al | owi ng

the m xtur et\A/bQoﬁ@&ﬂa"n%t Qfllsﬂ&d}nﬂo\ﬁ@nt(é@m]@@ﬂfmh& waférfmrﬁl%lbléﬂfém%ﬂénop@rm“ si ng
redi ent and a3 second t conprising water and

t he mater-lnn1%f %g ﬂF
an ionic forff “WH@”% PPPLsNG water an W“OW%mgm Veinder st ood for al
aspects and embdidihoeintbs uhdeestead fot albdspectp oy erebddinéntaithesdtihtt ve as descri bed

in the pres @fe‘?n'th zlgﬂfﬂvé Q&ée‘é@ﬁb%d%?ﬁ%‘re%%%nc% iol"RbiGadshan one additive.

I n enbodi nmen ove aspects trve 1S a conpound of formula
R2 RlNRg(1)mn@mm@m©mﬂmwemgnqaﬁ@d@m@re each independently: H;, a substituted

or unsubsti t ut edn EnbbfAmBfs 8 thP Bisdvie @ spE R el akivd B al doRBBInd dkRMERed, or
cyclic, optlonally wherein one or nore C of the al kyl group is replaced by

{- Sl(RlO)Z-@ '} up to and including 8 C being replaced by 8 {-Si (R10)2-0-};

a substituted or unsubstituted Cp&ir,-, group where n and mare

20i ndependently a nunber fromO o 8 and n + mis a nunber from1l to 8; a
substituted or unsubstituted 04 o 08 aryl group wherein aryl is optionally
het eroaryl, optionally wherein ome or nore Cis replaced by a

{-Si (R10)2-0-}; a substituted or nsubstituted aryl group having 4 to 8
ring atonms, optionally InC|9Qkﬁ6 o] nore {-Si (R10)2-0-}, wherein aryl
is optionally heteroaryl; -(Si (R10) %)p chainqin which pis fromlto 8
25 which is term nated by H or is termnated by a substituted or
unsubstituted G to 08 aliphatic and/or aryl group; or a substituted or
unsubstia utwatkré R, R’ cardidR°akd @dratindeper(d@dtiyt BI: H8utatituted o undupstittited €k to aryl i s

0Py enat) X BCHBKARGb PRY 05, DAt 10,805 BT BB 500

al i phatic gquqoalkyag@gswtrsmlaqaqtbws(rm%r%mmarnqtnmmmg a®beigg mpleesy, a
substltutequ unsubstituted 04 to 08 aryl wherein aryl is optionally
het er oaryl , ubstituted or unsubstituted aliphatical koxy, a substituted

or unsubst i {t%lfpedz-%?rh % Buftsfituted oy pnsugstituted Gy piopp WReTSM ARASNBSt i t ut ed

20 independently a number from O to 8 and n + m is a number from 1 to 8; a substituted
or unsubstituted C, to Cs aryl group wherein aryl is optionally heteroaryl, optionally
wherein one or more C is replaced by a {-Si(R'%),-0-}; a substituted or unsubstituted
aryl group having 4 to 8 ring atoms, optionally including one or more {-Si(R"%),-O-},
wherein aryl is optionally heteroaryl; a —(Si(R'%),-O),— chain in which p is from 1 to 8

25  which is terminated by H, or is terminated by a substituted or unsubstituted C, to Cg
aliphatic and/or aryl group; or a substituted or unsubstituted (C; to C; aliphatic)-(C, to
Cs aryl) group wherein aryl is optionally heteroaryl, optionally wherein one or more C
is replaced by
{-Si(R"%),-0-}; wherein R" is a substituted or unsubstituted C, to C; aliphatic group, a

30 substituted or unsubstituted C, to C; alkoxy, a substituted or unsubstituted C, to Cs
aryl wherein aryl is optionally heteroaryl, a substituted or unsubstituted aliphatic-

alkoxy, a substituted or unsubstituted aliphatic-aryl, or a substituted or unsubstituted

6



al koxy-aryl group; and wherein a substituent is independently: alkyl;

al kenyl ; al kynyl; aryl; aryl-halide; heteroaryl; cycloal kyl; Si(al kyl)3;
Si (al koxyw;20hal9e727al koxyl ; am no; al kyl am no; di al kyl arCmaA2ad 1ksenys am no;
am de; am di ne; hydroxyl; thioether; alkylcarbonyl; alkylcarbonyl oxy

aryl car bonyl oxy; al koxycar bonyl oxy; 5aryl oxycarbonyl oxy carbonate;

al koxycarbonyl ; am nocarbonyl; al kylthiocarbonyl; phosphate; phosphate

eﬂ( elrt hphosmm mgropmﬁame%trpa SUbER0&Nt .saﬁd/elpaﬁadmy alki; amenw:a][ki/fwdryl .
a 1 O ocar po 0 ultate; su al 0,
sul f onat e. M?%‘M’?et‘" Bt o eyl e s o Rt ocyel vl

et her; est ealkylanihe;cl@ty@otmoaalkenytpnmim. @mides amidme presitoayl, th@lethar conbi nati on

t her eof ; In certain
embodi ment sg@@: ﬁ#% %%@%%a"s”gg%‘{ é%%hbeHYIB&eglk%?%B%%&ge additive is a
conpouncP of arylexigaeanyiy: @pbqnate; alkoxycarhprk eminorarbomy alkyifioReoayle as defi ned

fo;I L he comamt@fphwha@éleate( :Iehoéblﬁtgl"/eﬁo pﬂﬂﬂahﬁlaﬂébﬁan@;acﬁaﬂfnoamﬂhﬁ(tUr?lg)f 00I
an i ment s e co nul as an
(2), one orswcgy'oaﬁkyki hio, %&Cﬁ@%ﬁ% OﬁtE8C36 %8'8]['] Wiﬁage ﬁ‘l"ft%i %gen that is

suf ficient Igulfbt%e» Gulfandye splfombmmlat ittlo; Imitrile carzlio nhegeracyictyl; ether;wetet;d be readily
appr ect at et Lhfaiilih HoRledHidSor £3605BhahSn0AS:, Bl MRSy DLkRAgEN Lhal i
suffici ently as rdtona b car oni ¢ acl s assocliated with a
corresp%dlbﬁgfuﬁiaﬁjﬁweﬁrmtit@h ESCH in the corrpound of formula (2). I n
certain enbodi MRSt erhbRIFHPGERISH00E adReUha PonlckdmPdidhd Zdaitive Yo of R1,

R2, and R3, taken totgfether with the nitrogen to which they are attached,

are joi ned 3 &°FRAVAY ST IRERYR Geycelic ri ng. In some enbodiments, the
heterocyclic ring has 4 to 8 2Z%atons in the ring. In certain enmbodiments of
formula (1) Rl, R2, and R3 may|be H Rl1l, R2, and R3 may be a substituted or
unsubstituted Cl1 to C8 al kyl gfoup that is | i near, branched, or cyclic,
optionally containing 1 to 8 { (RlO)(%1 . R1, R2, and R3 nay be a
substituted or unsubstituted GH E&ceﬂyl group that is |inear,
branched, or cyclic, optio IyMtal ning 1 to 8 {-Si(R10)2-0-}. R1l, R2,
and R3 may be a 303ubstﬁtut ed or unﬁjbstltut ed CnSi (2)-, group where n and m
are independently. a nunmber fromO to 8 and n + m.is unber from1l to 8.
RL, R2, andVFiSy: oAy kAt es Ce/Ded Rine HERBYH 4 BLREH 67 TandPyl ~gr oup
opti ona15y i€ ansair ainfigurk of @ ﬁd{s Si (R10)2-0-}. R1, R2, and R3 may be a

substituted or u e 0 0 tomsmthe
aromatic ring olfr'??%rﬁ ‘%r};'%cd(')n Y (ﬁﬁrﬁlg&)f%tog% #Poémaléﬁgﬁfn% 2? on R2, and R3
my be a (rsoremiaj R’ yng- R3c§>hmprnsq anewihimore mitrogentiiad in sLficienty haisicdbibe s

term nat ed &Mtohht@é b@cé?rb'&ﬁé a&out«e%eﬂa b‘érﬂéébm%bﬁré'&égd @thfe%ku@l Wkl group that

is linear, branched, or cyclic. be a substituted or
unsubst i t ut @ ELthe gnear meikitogen @‘Bt 'Pé“f@%e’ﬁ'ﬂyﬁs'ﬁpoll?porﬁtﬁf‘?t%% ly containing 1
to 8 {-& ( RdModicQcld is BdsociBad wtn@d dode spaKdibg cauntad bsitH,CHL iR ¢heddonmpsndost i t ut ed
C2 to C8 al Keor%ﬁ%r}%RgS to C8 aryl group optionally containing 1 to 8

{Si (R10)2 and R3 nmay be a substituted or unsubstltut ed Cl to
C8 al kyl enehet erwagntain gmigjmenta/ofitine epmpoudisatf fampulian (1) laed &) dwaof B'.ri ng

optional |y gonfagnidign aog%ﬂ%eﬁ\mmheﬁhcgérg})%v'hﬂhhhey%e al%cheda%ﬂ:- FRedRY be a

substituted or unsubstituted | kenyl ene- het eroary %roup havi ng 4
to 8 atons TPHN & RECHCHHAINS 'P|Sﬁ@‘e@51bP@iﬁ'3Pq5yth%Bﬁ?@ﬁYﬁ“ﬁ@”glh‘iso“ '8

{C5 Si (R§ 2- zﬂlol}w wRﬂe ARy |beerﬁaursekbﬁddnﬁéﬁt£5kf@rmuwxspﬂQSRPtamUeﬁmac;bemﬁ c8 al kyl,
to aryl o et eroar avin rom 0 rhon, atons in the aromatic
Tno. or aiy BB REYe aarbifed &R heliGist % BB ERIB isbise aspect o ¢ he
additive i shnaarcbnrapdmddorc:fyclfcommruhaly containing 1 to 8 {-Si(R"),-0-}. R', R? and R’

may be a substituted or unsubstituted C, to Cs alkenyl group that is linear, branched,

or cyclic, optionally containing 1 to 8 {-Si(R""),-0-}. R", R?>, and R’ may be a
30  substituted or unsubstituted C,Si,, group where n and m are independently a number
from 0 to 8 and n + m is a number from 1 to 8. R", R? and R® may be a substituted

or unsubstituted Cs to Cs aryl group optionally containing 1 to 8 {-Si(R'%),-0-}. R", R?,
7



(6), R RN NRR(6) where Rl, R2, R3, and Rdare independently: H, 20a
substituted or unsubstituted Cl to C8 aliphatic group that is |inear,
branched,wonotymbi2e, optionally wherein one or nore C ofPCrhe2ai1kpbo7§r oup i s
replaced by {Si (R10)2-O} up to and including 8 C being replaced by 8
{-Si (R10) 2-0-}; a substituted or unsubstituted CnSir,-, group where
n and mare independently a nunber fromO to 8 and n + mis a nunber from1l

to 8; 25a saHastimaitmch arbsmms,ulbs&rishb&u&deo%tér@ar%r@rpmvlgqu@smsehn aryl is

optionally etero /1 ptiona ne g replaced by

(7| (Ri0) 3. B8 plomatc #ng ofBitGBnifindd o F Sl Tt Ba 0 "BV B8A naving 4
to 8 ring at(6itB))-a)i-Haba@mlin whicmpisfdirgtoodrehion |srte3rnma{ed81y(l-R<1r02)2 0-}, wherein
aryl is opt n hpis froml
to 8 whi oh ME‘@QE%@*&%@W%Q 80 R “‘@Z*ﬁ?tﬁi'ﬁ“sapﬁgah%d L o or
unsubst i& utRdRCENE & MYQPlaﬁHb%tFl&ech?deélﬁbSﬁﬁuﬁﬁld Qrtotpalkygne-Csto Cs grysubst i t ut ed

or UnSUbStl%{U&pﬁ@puGﬁélu Tc@ntSiﬁmQ'ﬂt@B?—%i(R)oyz(cQ}‘l FQ’ORC%na'Rthy@é@léﬂbmécﬁl naryl is
optionally heter V

db
2P CRa0) 5. 0 SnSieiiiraicy 85 et kel 1ahud Ge Mottt T Rd Fe o’
al i phatic gBiRID);-08. R%Lkasadesﬁreat/ oz a emtstntbeulot utitist@ited 0, G allky@ry-, a

substi tut edhe?éroé‘r@ Sqaafpmabgb 9% Ftohtd iffhedldth ‘é‘?.ﬁ%ﬁg{bngi gy«{gn{a%m%ﬁt pgnal Iy

het er oar yl unsu St tute al'i a substituted
or unsubst i ESitREa-a1 Fhdt’ @nobRymay lesr a substithtetl ior umseIGSttwtedJﬁsiQt%t ituted

al koxy-ar yl 5/ nQlR& het@RErWYBHChA iRy SlSddrhdiBMe 48 !a&d% ﬂl&ﬁm y: alkyl;
al kenyl ; al iyr?;? a? Ighalml?de 10het er oearlry1n % + Si (al kyI ) 3;

Y,
Si (al koxy) 3°°”Wéﬂ”191 ’z9I8k{0§€Sﬁég Qi Ro: %W?Fy‘? é‘fﬁSWHteszf R'%ﬁ’f ?tEELH‘F 8r98de
am di ne; hyalkydQslts Ct hiyioréthenryl I@dvk'M|fm&f4bmr&/darboa|a}wﬁﬂalﬂm)awﬂn@ﬁcyhng
aryl car bony onyloxy, aryl oxycar bonyl oxy; carbonat e;
al koxycar bo#nﬁqoc gIléoxélarqbgt)(li al kyl t hi ocar bonyl ; am di ne, phosphate;
phosphat® ester;n plhib@th@mapfdhe phaysplibests tre asigitiviois azopipayridr forinpiano;

sulfhydryl Ikylthio; arylthio; 15 thiocarboxyl ate; dithiocarboxyl ate;
sul f at e; ‘ato; sulfonate; sulfanoyl; sulfonamide; nitro; nitrile; azido;
heterocyclyl, ether; ester; silid®Bn-containing noieties; thioester; or a
conbi nati on thereof; and a substifuent may be further substituted. In

certain enbodi nents of the above jpspects, the ionic formof the additive is
a conpound of fornmula (6'): R2

RN NRSR 6)
where R", R?, R®, and R* are independently:
H;
20 a substituted or unsubstituted C4 to Cs aliphatic group that is linear, branched,

or cyclic, optionally wherein one or more C of the alkyl group is replaced by {-
Si(R"%),-0-} up to and including 8 C being replaced by 8 {-Si(R"%),-0-};
a substituted or unsubstituted C,Si,, group where n and m are independently
a number from 0 to 8 and n + mis a number from 1 to 8;
25 a substituted or unsubstituted C, to C; aryl group wherein aryl is optionally
heteroaryl, optionally wherein one or more C is replaced by {-Si(R'%),-O-}:
a substituted or unsubstituted aryl group having 4 to 8 ring atoms, optionally
including one or more {-Si(R").-O-}, wherein aryl is optionally heteroaryl;
a —(Si(Rm)z-O)p— chain in which p is from 1 to 8 which is terminated by H, or is
30 terminated by a substituted or unsubstituted C, to C; aliphatic and/or aryl group; or



e EScH R HN(r)3 4 20NR-R(6') wherein R, R2, R3 and R4 are as defined for
the conmpound of formula (6) above, and Eis 0, S or a mxture of 0 and S.
I n enbodiwenvsl/f720he above aspects, the at | east one niPCTapen lHSHaTy
sufficiently basic to be protonated by carbonic acid is the at | east one
ni trogen having 25a conjugate acid with a pK, range from about 6 to about
14, or about 8 to about 10. In certain enbodi nents of the above aspects,

'It\lhet a?dl ti ;/e i's aMQEAltL(t% Hﬁinléwbstldjte&it(banEa aﬂiﬁhd’m@))(yCJd\'@Pﬁylﬁ BoutN. N,
-tetrane

et ak SO anER el RV RGN RE R 1 m@m §15 plepeg by

(d| met hyl ana i8R Pe-Gply| ] ami no] - 2- propanol ); HMIETA (1,1, 4, 7, 10, 10- hexaret hyl
30tri et hyl enet et\/\yh%md{]@" ézq I ﬁ_@tgd or unsu stituted C, t adphatlc group, e\

(N, Ar-(butane-1, I met hylacetim

enbodi meht  Bbsued af WSHQ%' dsC1 1 e aliPYE éu%ﬁﬁt}'&ﬁﬁ uggbstitHeA q4é° %st ewat er .

In certain Qﬂbﬂfélré”fﬁéwﬁs @6tuo’h£1@ HREREFH, é3§ub@t|tm%8 lap%sﬁ@ﬁltﬁ&ﬁéliéhéﬂclﬂ ng or
preventing forrratl order conprises

Porm ng. o s ey e ar s bRbledalibrenion v batesl e EGHLRH ¢ ha

conpri ses tdiexgahlyeupandd contacting the m xture with COZ CCS, CS2 or a

combi nation thergafen, ) 0, ARLASY in %P%R&'ér{i‘ﬁ"aﬁ% E%nﬁoaf‘i%glté}? A3 or der

conprises forming a mxture by teto an aqueous
sol uti otf c@ﬁ@ra@vh g loaliy!; ﬁ'l(@ﬂtym §l(ﬂli@>f¥)3(m0 akowl; anwo; @lkylama'@rrbu nation

thereof ; angkagdinie; éﬁﬂﬁeaéiﬂmhé \h%drolqﬂ tbﬁ@&thé&“Qlkﬁ@irbcﬁw'ypgﬂiyléﬁﬂénylo&lﬂe

10conbining in a ri/y{or der conprises % the solute

to an aqueoi'ﬁé'c%r[?ﬁJ YR ROERTOBH DY §@§’X¥%8° Y% FVBO”%G'kBWP%?ang t he
m xture w tmumrboﬁﬂsmkﬁs@cabo@l @it ahdsphate eoeHate dseranot her embodi nment,

e combi ni 0.} b 80V, Bk S ORI 65,3061, A BTG B E00 Lhe sol ute

and the ad 0’ an CS2 or a
conbi nat3 orihloh@rb@tyfate plmq@ﬂmsvlhférStﬁﬁboﬁalfﬁ@mulfomm% sgfaridyhisplfpniamidgny or der

conpri ses frﬂtrrénnﬁﬁle aazmoxmére i}axn agd} @gteF Qﬁic&oc!o‘ﬂfa%ﬂgq*n&@tléqt‘ﬂ%@élér gol ution
that conprises or a conbination thereof, and adding the

addi tive. @ Comb'”"’lt'ﬁn H@Fe@élaﬁdéﬁﬁ'@ﬂf%ﬁm‘@ R fupthgrsubtiBERd  the sol ute

conprises a prodmeértamerabddhﬁdﬂts:althermé b§pects JiAe idnicrfeim eramgadu@ing istay furt her

conprise a é’\@gn%ouﬁg 1“formu|a &'):

R2

©E;CH

20 RTHN ~7® 7N NR3R4 ©)
wherein R', R?, R®> and R* are as defined for the compound of formula (6) above, and
E is O, S or a mixture of O and S.
In embodiments of the above aspects, the at least one nitrogen being
sufficiently basic to be protonated by carbonic acid is the at least one nitrogen having
25  a conjugate acid with a pK, range from about 6 to about 14, or about 8 to about 10.
In certain embodiments of the above aspects, the additive is MDEA (N-methyl
diethanol-amine); TMDAB (N, N, N’, N'-tetramethyl-1, 4-diaminobutane); THEED (N,
N, N’, N'-tetrakis(2-hydroxyethyl) ethylenediamine); DMAPAP (1-[bis[3-
(dimethylamino)]propyllamino]-2-propanol); HMTETA (1,1,4,7,10,10-hexamethyl
30 triethylenetetramine) or DIAC (V' ,N'"-(butane-1,4-diyl)bis(/NV,N-dimethylacetimidamide.



20catal yst. The solute may conprise a catalyst. |In another enbodi nent of
certain aspects, conbining further conprises conbining the water, the

sol ute, tweaddisrizve, and the CO2, COS, CS2 or a conbi naCiraa20hensens, wth
a hydrophobic liquid, wherein after the separating step the second
conponent conprises the hydrophobic liquid. In certain enbodinents, a

m xture of water, the solute, and the additive is a 25honpbgeneous |i quid.
I'n other enbodi NkBA EmbédimbetlobiEtaff aspadte theadldte fpRe b dortibPIEM Of the additive
is a honogeneous |iquid. In yet another embodinent, a mxture of water and
the ionic f‘%?sgﬁ"@ﬁ '“he additive is a suspensi on. I n another enbodi nent, a

m xt ure of wat erin egrthirt érabadoments cﬁfmlnmsrpfacttolhe mettaidtfordestabiliang@l i d. I n certain
embodi ment syt i iPlotthdion 3t £ glsbikien Me drtfilily |ﬁahYonP’\5 nﬁﬂk&fﬁﬁﬁugg{‘ﬁth aqueous

sol uti ons and nso Imm scibledn ionic stren aqueous
sol uti ons. m'Xture by @tﬁ'ﬁ’@ t%ﬁﬁf’dlvﬁ%@”saeﬂﬁp*ﬂwm'émﬁgf @%@ris%ﬂhatwh@ e first

conponent, é%ﬁ\féc hé& Gt itg \Mtﬁ c9, @O$ YRk cblﬂblhé)tfoﬂ‘tﬁ’é?eﬁquﬁéﬂéﬂweﬁm ution
conprising t itive, where

{ bl th
PR S S Sogdit b G B e Aer (oS s S By AeaiPl 1"
enbodi ment ssolits ol vedtérrg an aglasde sola@nt canfastngiye miecamith OF,, ¢®$t®2|omg, or a

35conbi nat | %’&rﬁd?r%ﬁ.‘éﬁ’ heréo'f1 aﬁgag@ﬁ&hg%@%ﬁﬁ?ﬁ anBtngr e%jtg)'dﬁﬁe\ﬁ? tth—:- its

wat er - sol ubl € or water- rmiscible in _ ioni zed Torm dn
non- i onl®%edcothining in ANy efdeadompe paFdalinTiEh? mlxtttmbyaddm theaeltedo for m of t he

addi tive i Sadg@&&ér s“oﬁﬁlbhﬂ?u'aﬁcd?rﬂpn‘é@étﬁé a&‘&u%' &«\oecoﬁ&@tﬂghﬁe Rk @i ged formis
wat er i nsol |l e or rtain embodi ments of the above

aspects, nu%%rc%forﬁt?P@Q'”ﬁtfo'Wé?rE?f '%a'iol%erﬁ'aﬁ%qﬁ'ﬂgms@ia GeTRRNA AP Wunber of
nol es of baster d@mqonageaadmgl atnfigu@ddimprisng tha sdibie dpafieenidiive® amt i on i s

appr oxi nat & A%?& o)’u?l it conﬁ)n%sh@é %’B%O%”‘Eﬁatéorﬁ’p naﬁ.oﬁth%%%}’emasloe“s number

of nol es of dIUtT on ovér nunber of nol es
of basit ni Qﬁoﬂ‘@éﬁmbmmm taeld¢mli>lmeg lnmnwmdeaqqm@ss @mﬂug aa@rxture by I n an

enmbodi ment ébfdmtghﬁ'e ?&H@F&aﬁ&ﬂ@é@é&ﬁ;t@q fvBt Kty cdesbrbik &g or preventing
formation of di spersi on, di spersion is an emul'si on” and the wat er -

10i mmi sci bl‘@”?bt'f@F'@mhéWPf pad édq'rigcﬂl? gddvea supercritical fluid. In other
enbodi ments, then dermnﬁérﬁbdmnnerﬁs (ﬁtmeld@feﬁlewﬁ%lut‘d ®@mpabet & freduwgbes - | mi sci bl e

ingredient s a upercriti S fluid . ln yet angther enbodi ment
of “thi s aspuermeal w8f, fhs elirerE st et ArsR i o

i ngr edi &ht datalyst.gdis solute roavirempesha datafpsit i aothehgmbedipedof catam di spersion is
a_suspensi ofy, @8 cfoﬁﬁm\’l‘@tf@rfhe!r %@%b?t&?}!um&d fﬂg'\/\%@r théséluté%é Qddltl[v@

15enbodi nment s e aspects cri her ei n, m xt ure t
conprise a Wr'ﬁ%@?arﬁos Tsiora cqRPIRgioB sl it hyplro[ph@olcélgqy@lcwh?rg@ar d| ng the
met hod for smeetheatpdratingQdpths téRAgESmpdnBAt damphguithéhyus@ﬁoasn@.csensor of

Cx2, COS or CS2; a detec C switch; a
surfactant deact? v%{'tjaﬂ}em%ord'r?ed“ 85’3)885?%3}”8@ %C?Qﬂ@ aﬂgm‘? %HP'Y%'@F embodi ment s
of the Z&speuwimagegenudiingd. alnrvmelnenib@cﬂmsm;aaerramumofava;mlauu thefioroefioam oiqueous

sol uti on, tﬂ@a@tﬁﬂ%(?# &g@i @%lﬁ%“'lﬂétQHothé?%h%o&uHeﬁPQHMur@%@'w%t@? aspect

regardlng a net I'zing or preventing fornmation o
di spersi on #dh¢igaig er@ of EYecAdditivinis @rsUpRedsicn. IAIPHSheBPIIMet A Bixt¥e a sol vent .

of water and the ionic form of the additive is a solid. In certain embodiments the
solute is soluble or miscible in low ionic strength aqueous solutions and is insoluble
30  orimmiscible in high ionic strength aqueous solutions.

Some embodiments further comprise isolating the first component, and
subjecting it to a trigger to form an aqueous solution comprising the additive, wherein
the trigger is heat, bubbling with a flushing gas, or heat and bubbling with a flushing
gas. In certain embodiments, isolating includes centrifuging, decanting, filtering, or a

35  combination thereof. In certain embodiments, the additive is water-soluble or water-
miscible in both its ionized form and its non-ionized form. In certain embodiments,

10



In further enbodi nents, nethods of these aspects are used in a desalination
25process or a wastewater treatnent process. BRI EF DESCRI PTI ON OF THE

DRAW NGS wotzodiaverzs of the invention will now be descr iPb@&aA2bu/o88075 of
exanple, with reference to the acconpanying drawings. 30 Figure 1 shows a
chem cal reaction equation and a schematic of the switching reaction
between differing ionic strength fornms of an aqueous sol ution of an am ne.

Figure 2 pr&mnéﬁantzb@fcﬁrh%m@@hduﬁ\vew%wreaulsxé oMRditt oM ciblelahll ee)hopimi nes usef ul
as 3b5additive inventign. Figure 3 shows nmultiple 1H NWR

t he prese
spectra froﬂ‘l‘§‘?/dfn%5l¥‘fa{?€irt'@?°@hﬁd’{lmﬁ?'s' ‘A carried out in D20 at 400 MHz.
Spectrum A was dapértaireemividinientroof@@akiove aspeetst nunsee ot moles & wade ictipt ur ed
after 20 m I‘ﬁiﬁé:tl d after 300
m nut es of %gg&bﬁ%%& hi se:rg ?Igggﬁsbégg%rro&ﬁ&t dﬁ@g&qg(\%v S Figure 4
shows mifl t i FUEOUSFONRIRD SFRRIoKiIEIatahoRAVE A t'&ﬁ@ﬁi@’m@%ﬁ"r@fmﬁj‘gf thsf akONAE carri ed

out in D20 é’épe&QQluMdérof%ﬂ%tdfwmeAana%Bh&é@LﬂloW@lh eﬁ&sg@erhﬁﬁﬁéﬁmnt
spectrum B S caé%ured after i ng, and spectrum C

nhs  capt ur et TG bSO HEIRIRLEGRIND BIRANAGS PITY s o soussed i n Bxampl e
4 bel ow. 10 Fi gumen Bmbdrdmentiilheiappext tigativig aspetbdd far dersmnhamgwr tchability
study of H captured with
no CQO2 treg/érg\]-éﬁ ﬁgalrgFr’é%gn(éﬁ% glsé]\?aggrgéﬁetﬂéje M’%an §@ggr%hlr%u Wa?ercoz bubbl i ng,
and spetdr umﬁﬂ}%m@@@?mﬂ%é ligifid efra %@@rcﬁil%ufd% |0f0thﬂ2€fbmmn¢rﬁg theThis is

di fSCUSSGP' imsdéwmks révebR| OMsidH LHdMtRe ﬁat@hﬁ%sd’ﬁl‘é ﬁwbﬂ%b@ntlk‘a'h’&% spectra froma
SV\AtChabI|ItL%/? study of DMAPAP carried out in D20 at Iéﬁlf(%tb_.%:trumAwas

capt ured wi f4rersBt qr'Bé(?tr?é‘HWer%rﬁmmwféh\ﬁ/ﬁp??éﬂﬂ%‘?'%%r%‘m m nut es of
CO2 bubbl i nghd teedatepiedhisdisie ﬁigm&nmaptgus el oftfer embddPents othraspdct, N2 bubbl i ng.

This is dIS i e ondyctivity spectra
for the resﬁgﬁéggrs'o 'S%X?agyén%'oﬁ ?8 Vyaté:rl—[%" S%stl&gr%?'f%véj\g}éﬂﬁ&& MDEA; and

1: 1 w widH20embpdREDtseflthe dspags tescabagdrerein i aygietureomay futthereeomPhsesa i s di scussed
in Exanpl e §,Mghqw. 25Fi gure 8 shows conducti vity spectra for the responses
of 1:1 v/v H20: DMVAE;, 1:1 v/v H20: MDEA; and 1:1 w w H20: THEED sol uti ons,
whi ch had been %A EMBerimentof the @gpect fqg@r@lgl,g thq@e%%foefm%%tvn%?m@oz by

ni trogen bu&rﬂ@hgtngh@mrhoﬂnsrmedEbbsen@rdi soyswbndsza(@dwdt@ opcbel ow. 30Fi gure

9 shows a p t he, degree. aof elgelgle tlon sof DVAE and
MDEA i n DzoJj 8r§i%afhﬁﬁnaa‘ Sévga’s SHﬁ a”qﬂe%ﬁ"" ?FEEB° C°”%£{)éfecér ul'ting from
exposurzdto a C@meherg&ymodmmts df theeaspadtiregardingda wethed etheparatingadpl e 6 bel ow.

Figure 10 s e | utions of
DVAE 35 an d&%frﬁp%hlﬁ s%&ﬁ‘ho‘ﬁ ﬂ@%@gég L‘a?@&@tﬂ?ﬂﬂk iy} |OHE sQer@th\Aﬁ;ﬁdgh Have

been swi t cHB8 afechregarding at"f‘ﬁ”@jﬁ’é?'rqeétapl‘ié”g @rn‘ﬁ%‘éﬁ”t“&ﬁfofrﬁ%'of‘ﬁ’fﬁger by nitrogen
bubgl i ng ovagperrsumreTfeoﬁolrﬁnweamsﬁmamydapagmbmuﬁdm@wmﬁ gurfe 11 shows
con UCtIVIty spec or, the S n S solutions to a
oop 11 poer oveilt e Hiotiierls FBRBSE R feseisraliste Uesyin Bledira) | “nng
DVAPAP Z9A) . prdtess or 3 wdstgwatsistechtrnent Brogegsl. e 7 bel ow.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be described, by way of example, with
reference to the accompanying drawings.

30
Figure 1 shows a chemical reaction equation and a schematic of the switching
reaction between differing ionic strength forms of an aqueous solution of an amine.

Figure 2 presents the chemical structures of various tertiary amines useful as
35  additives in the present invention.
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Figure 12 shows conductivity spectra for the responses of 1:1 v/v H20:

am ne sol utions, which have been swtched with a CQ2 trigger, to the
renoval oWotzha/worizgger by nitrogen bubbling over tinme, iPeTWN20h/05ME5am ne
is TMDAB (*), HMIETA (.), and DVAPAP (A). This is discussed in Exanple 7
bel ow. Figure 13 shows five photographs A-E representing different stages
of an experinent exhibiting how the switchable ionic strength character of

am ne addi tm%@ewm& ampleeH mmsﬁe@tréﬁraﬁuwnchaan@@wld%ﬂmt)eix cu@ib@r and
n- decanol 1S 1S ur.e 14A C schematically

epi ot ot b Bory SRR SerbftrARRR TRt g0 HER el Rias &t or
accordi ng tBwaacamursd eftdy@dimimi¢sof (&.gublliag, anBtspelgiruin OfvaErampee 12; Fig. 14B
Study 2 of fxa ﬁm#ﬂ%s OP'IdeLbeﬂ‘I i §gk'£lbése?u inEXE%@EB bRioh2) : 20Figure 15A-D
shows the resu mxmga wi tchabl e water w kaolinite clay fines
and treat nent W|th C2 fol |l owned by treatment with N2 (Fig. 15A clay + 1 nmV

TNDAS; i g.F684Ghals yfplTh TNEFheakd i dii 0Bl ol Slilatiey 1 mht TDAB
- a | 0 S O xtures +
O, 4t + oot a8 & 4D T rsegesim 5 55 Fastined VN PG CoRBRaRERe st o of

m Xi ng a SV\BWeiﬂad[ﬁtlﬁ‘ed\laﬂtGEISO\MIle"led((ﬁ(ﬂOzIblublﬂlng|emyl shectes @Qivds tapatdent with CO2
in the pres R 6 l.ay. + £l 1 h C®2; and Fig.
16D phot ogr%%ﬁ%d) mrg#e)%t%{)'& I$Lg)b“rilpl\/g&% '%%{'tsgjrs;%@l,& @galﬁjt eorW N2). 30Fi gure
17A-C stfows the results of nmixing a CO2 treated filtrate (obtained froma

m xture of ﬁ&%r&@@ﬁ&h@m%ﬁz@mwmsdé@@é fré‘m'atsﬁnt&{a%hr‘tyfs'td&?%? HWTE*T‘AC| ay (Fig. 17A
lh CO2 filtrate + cl bl ank + cla 17C

(o] 0)
phot ogr aphscafed rﬂ“k'ﬂ"lfkésat &QMWI PPEREMA WRSSAPHHRA W ”%Pghﬁ(eglm‘é
(control)) . spdbthing Brweas t8ptdepiatters20amiatitas oeC O, pslirgaddspestaanatvers desal i nation

usi ng. { O W SIaL Suo mELAVGRIRIFY GhR SasNRLEI 200, ALATERS, 1O

desal i nati off SWard oSS s FSe 0Snbsi's Usi ng a
switchath e water ("SWon" refers to the bi carbonate formof the sw tchable

wat er and "S\WeEfsholEheiisle '19 NMEEs g2 iR iaZGfcHBliP Rfay pBvaphpbchabl e wat er) .
5 Figure 20 depicts an alternative system and procesS for desalination by

f orward osnéied Wb'l”l%@/@él“%@/“"l"éﬁf)%ﬂ"“@f'“‘Wca(pﬂye%é%ﬁ NOFOLIRBNEMg of a

non-aci di c sgﬁsﬂ'unﬁ:Bu\i‘alsmlptﬁl%ﬁ&ftélrtzmﬁlnmfesBl.md)z ubbiagl amfsptebtmraddwatsl ve fromthe
wat er, usin ure r@p e wat e '%1 tSubﬁ\é_yo |s Iseélegusé t '”tﬁ mq onate f or m of
t he svmtcha & 1 ang ERPhH 9% PGS HE TR PSI’]I ze?ﬁ’ form of the
swi t cha®fl e vvater) I'n such a process, if the separation of the swtchable

wat er addi tgyge IR %dg‘ﬁﬂxﬁv spleStrd BF%@P&%BP@es o‘FMEt%?&q JUVSIRS

nanofiltrati on_can renove remai ni ng additive ?romthe wat er .
15Fi gure 210Méki ¢l gfva'zgyMPEﬁq 3Rl ! W/%WZSHEE'EﬁQaﬁ%J“WrtO @&Fér*@ﬂgsr 9V&onverting
a non- ionites Ty isuRtussw InEhakbr s¥dey. to an ionized formof the

swi t chabl e water. Figure 22 depicts a systemfor obtaining at |east one
conmpound froma m xture of conmpounds using switchable water that is
reversiti y Sgire8tsbawd camuitivisy spentra onihe résponse20f o 1ary H-OnDi&E; f drvim  DETAI LED

DESCRI PTI %gzmﬂgﬁséﬁ!}e/ﬁwf/m Y kd?m(ﬁ]n%ﬂs which had bQ%%ﬁﬁhQ&xﬁxu&H"&d otherw se,

all technical an Ic’terns use ereln ave € same neani ng as
conmonl y undler§9grido e 'emeva Pf ePdhnairgeesierphling gvariigearhistigpdighvisead t hi s

i nvention belER&ESle 5 below.

30  Figure 9 shows a plot of the degree of protonation of 0.5 M solutions of DMAE and
MDEA in D;O and a 0.1 M agueous solution of THEED in D,O resulting from

exposure to a CO; trigger over time. This is discussed in Example 6 below.

Figure 10 shows a plot of the degree of deprotonation of 0.5 M solutions of DMAE
35 and MDEA in D,O and a 0.1 M solution of THEED in D,O which have been switched
with a CO; trigger to the removal of the trigger by nitrogen bubbling over time. This

is discussed in Example 6 below.
12



As used in the specification and clainms, the singular forns "a", "an" and
"the" include plural references unless the context clearly dictates

ot herwi sewOTha/merm "conpri sing” as used herein will bePomd2et1idseh750 nmean
that the list 30 follow ng is non-exhaustive and may or may not include any
ot her additional suitable itens, for exanple one or nore further
feature(s), corrponent(s) and/ or ingredient(s) as appropriate. As used
herein, "aliphatic" refers to hydrocarbon noieties that are |inear,

branched or_c or a n nd may be

oubst i ¢ ut e Y 38 helRRrRi b ecs Refe esrfisshel L Ky BCaPBEn moi ety that
is linear, dpwincetd ao?Oyigdear ovaaricheciomthiinnise @ting esaBIDAR &), cHITEIA tap car bon
doubl e bond L nd [ﬁ\ﬁXﬂ“AP nﬁ1hsqs ggb&tsgcf s Ee%eio)(\?UbSti tuted or unsubstituted
aromatic ring, 1ncluding heteroaryl nolieties and noieties with nore than
one conjugated ar OITB.tI c ring; optionally it may al so i nclude one or nore

non aromitlFig&rbﬁ%ho@%oh@ucﬁ&ty@’pﬁ&tra ﬁﬂﬁ@%sﬁoﬁﬁéb@iywmﬂzgdérﬁu@ea substi tut ed
unsubstituted a %H?tl C ri ng/ ql%\él é&g] %car on a} @B in one or
rmre conj ugEa"H P hgepgoitc 2 f'ggsfﬁ?* FOPBEYRY heleede phenyl .
5" Het er oar yiy'nitne@n $ulsblin® bedryime nio whithtige @amisel l3STIMDAR ) HMTRIAs@pshd t ut ed
aromatic ri and at | east one heteroatom
in one or ng@épgﬁlﬁunggaqgg]d;%%%g ;nﬁ@){aﬁﬁ eicgsw'used her ei n, "heteroat ont
refers t& non-carbon and non- hydrogen atoms such as, for exanple, 0, S,

and N. Exang &51@%&@@6 AbtY REIBSretdMBhd /SR Qﬁ{t“t § of & &@BNAERS ur anyl
and thi enyl : P grﬁgma dlrvli?ent dz; v Ségﬁé 2 X% - Cf H2f -

wherein f %’(hﬁ’ﬁ'”p HP&&@SW”"’W%H@/Féﬁﬁ%‘gthr@ﬂ?sdeéo yag %‘i’ﬂt“’SIT | Cadi cal ,
e.g., - CHCHbe useAty/diien gt anmeaunsoreof diated larm b-dacanbl. riadi i€ discuseedlin Exafpled - .

"Het er oar ylggq means a divalent heteroaryl radical, e.g., -05H3N-.

"Al kyl ene-aryl'™" 'nmeans a dival ent al kyl ene radical attached at one of its
two fretb valencies to an aryl radical, e.g. ,-CH2-C6l-15. "Al kenyl ene-aryl"

15means a Ogiyak qRh- cas!c'ﬁ@rﬂé(ﬂc%ﬂﬁderp%@ktﬁaé Cﬁérfoﬁﬁ&% rﬁémt@r'l@a;ﬁ%fetth Sptwo free
val encies to an aryl radical | ene- het eroaryl "

means a di vaitehableVatey agserdingde Eaéiou%l?WB%drh'Bﬁ"t%lﬁF'%ﬁéAo?ft“‘i’St 5oftEy8MPleee val enci es
to a heter omr ¥lg. 148161@ay 2 ofE@mple 2Hand o HAUNY stidy Kersuasipe-12et eroaryl " nmeans a
di val ent al kenyl ene radical attached at one of its two free valencies to a
heteroaryl radical, e.g., -CHCH O5H4N-. 20"Al kyl ene-aryl ene"” neans a

di val en20 al FngtllrenéAmowatheaBMt@hémixmg agmécloble watertwilh Kaplinde elay émesi es t 0 one
of the two grfdQFéaEﬁén‘FW% 85, RfiofedliMUafiibnt Bl NE[HFo, 1346341 fmEmDAe:

CH2- C61- 14- ene-aryl ene™ nmeans a di valent ne radi cal

at t ached atF'@n@BdiaYﬁﬂsmt\’kAB\"a‘{/h%éﬂ%l*b%@z &Y. 1% gag+ dmi HM 3P val enci es
of a di val eqddition ¥t J¥6r fla,ehlnaalg,. 18D @hatogtapHstdEhti-@es 14MDAB, after CO,,

"Al kyl ene- heteroa]gxl ene" neans a dival ent al kyl ene radi cal attached at one
of its two ¢ ®V&encies to one of the tvvo free valencies of a di vaI ent
het er oa2%| ene radical, e.g., -CH2-05H3N-. "Al kenyl ene- het eroaryl ene" neans
a dival ent ﬁé\ﬁ@%&%&%o éﬁfe%éuué‘yrﬂ&@?% s%cr% vdtervith k%&ﬂ.té Elgffu\’ lencies to

one of the t free va encies o val ent eterary ene ra e.g.,
- CHCH- 05H3NeNd trsgtmgpb with £6Y indhe presgnse REYMNEG %o n@ elpy o reM I, afigeht noi eti es

whose presence, daesignPD pRt&yrh@isef Wixtlted hevoasiditedcoeand bt N, Fxanpl es of
substituents include al kyl, alkenyl, alkynyl, aryl, aryl-halide,

het er oaryl, cycl oal kyl (non aromatic ring), S (al kyI )3, Si(al koxy) 3, hal o,
al koxyl 30 anFFigme 1ahydhawt the, re auitk efiyixagiarty), teateddijtratengobiiamed frbmdr oxyl |

thioether, al ¥l GALRMLSle wal KW GAEIRAL ¥hPNes) RV LGRIRPIYA 9 %o,

filtrate + clay; Fig. 17B CO; blank + clay (control); Fig. 17C photographs of mixtures
CO; filtrate + clay and CO, blank + clay (control)).

35  Figure 18 depicts a standard system for seawater desalination using forward

0oSMosis.
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35 al koxycar bonyl oxy, aryl oxycarbonyl oxy, carbonate, al koxycarbonyl,

am nocar bonyl, al kyl t hi ocarbonyl, phosphate, phosphate ester, phosphonato,
phosphlnawozonymmn7 acyl am no, imno, sulfhydryl, alkyl PhiraA2arylsediso,

t hi ocar boxyl ate, dithiocarboxylate, sulfate, sulfato, sulfonate, sulfanoyl,
sul fonam de, nitro, nitrile, azido, heterocyclyl, ether, ester,
silicon-containing noieties, thioester, or a conbination thereof.

PL eferab: e ﬁ%}lbéﬁbhbl@&ts% s@ét@n&hawoce@rfwdes&lmb@drp@rfyﬂw,armo%h@rowedjt is noted
that ary a

des are acceptable i des are known to
o qui 1 & r ARIEIEE SRS B PR SRl Pt Pes Rt PR o for e
wi th the deditreesvitciebtd watar an"ﬂHSV\SQjﬁmferBltmﬂleSome}mztadl&erB@f theswibehablebst i t ut ed.
For instancg te RN am no substituent may itself be nobno or independently
dlsubstltued %y further substituents defined above, such as alkyl, alkenyl,
al kynyl ,2 aryl, aryl-halide and heteroaryl cycloal kyl (non-aromatic ring).
10" Short Cha ﬁe@bh@@é’t&bﬁalt&ﬁatuvé@}@ém ahd ﬂb@éds%rdlégéliﬁétﬁ)nttgf@&aﬁdo A
al i phati c. ng (ilha'n al |nﬁ]a] ﬁ ?lP( {e‘?r er allg atic" ref rs to C5 to C8
al i phatic. osos follgwed, BB EFMRNR'a - fyd ek AUk GhR PP 2G99 Y ef ers to any
open val encausiig aepasdtiomobaiichgorad ottpe edditbse floyrdthe gater, uking @, switthaite occupant  of
an open val t d hydr ogen.
1585 used NS rorphcl ey Bt Br b dulnd REn e ElralebER s b L Ve
mol ecul Ht ngfess tOttmmn@tlprmz,etdjp@ @‘fthQ/\ﬁW@ha*é%Wétﬁf)l dl $ugh eprgseps dsharul ti pl e

repetition éféfpalléﬂbﬁ&tﬁ’e%wlt‘éﬁé’olé L é’%ﬂutl%%ﬁﬁh&xﬁxatbﬂ‘é’ﬁc@ﬂn%iev%vé‘@.b ecul ar mass.
As used herein, the term"o means a nol ecul e of internedi ate

rel ative notSRASis&F ”ﬁ%grat'?%‘@”g’faﬁ'ﬁ‘éq @rempyYe Hf UG ARVE PP S npri ses a
smal | plurakatey of units derived from 20 nolecules of |Iowrelative

nmol ecul ar mass. A nol ecul e can be regarded as having a high relative

nol ecul ar mass if the addition or renoval of one or a few of the units has
a negl i th bl Bowe Rédepigta atshigiembiat igludes peapderreessiblAceryesioge@otan be regar ded
as havi ng apnibdlf WAt Rabial ALY 8n EHPJz@&FHrWof{ﬁ%%%téﬁabIet das nol ecul ar
properties which do vary significantly with the renoval of one or a few of
the units. (See | UPAC 25Recommendati ons 1996 in (1996) Pure and Applied
Chenmistry %gur@?ﬁaeﬁaiﬁ s)/stem forobta'Fh@ étwaﬂﬂorﬁ\ﬁbmﬁMfrdﬁ’eaﬁﬁ(tdr@at t he
phy.SI.Cal pro ertl ssans o gﬁe ter'fhaql rver ?c Er ﬁf‘[ b |ceforbeen

nodi fi ed. POERL1SEY SHEARE eI 1) 1908 %¥§WQ PO TS tate with a
first s& dbaprw@edéarmpropertles, e.g., a first state of a gl ven ionic
strength, to a second state with a second set of physical properties, e.g.,
a state of 30hi Eher ionic strength. A "trigger"” is a change of condi ti ons

(e.g., intrREIALFBPESCRIBHBIAF SHE NJNTIO¥hange in tenperature) that causes

a change i npéMiriophysi cal properties, e.g., ionic strength. The term

"reversi bl e" t.he reactjon, ca e r direction
(backward or 1 orla eE RN S B RS e TSR O
wat er" 2feantbe aarse hmabniognaoéomuadrdy uridersidoiddly o@ORf drdisadpskithindhgshtoved. " CO2
sat ur at ed V\ﬁﬁ.a{m.smnéon%emgy“ on of water in which CO2 is dissolved to the
maxi mum extent at that te rature. As used herein, "a gas that has
substantially nd\swe%@ﬁhwmlﬂa%wn RBAASIMShie stawaasNhas | <'|"h§l]‘F h&ient C2

content to .hﬁ@@rm@aﬁeméhbeglmﬁesrsm{expéle&g&cidtmmm.sgol ution. For sone

appl i cati ons as that has s tanti ntreated air
oy be. Successt AMPYEBTBY s 7e weo naiem il oo ik eion Stinett |

5unal t e3ted; folidwirgy isvaor- elxtmustwedqed magosmagsaaturm@deléoy ofhaisddaiitional sajtablemay be a

O ARy AP N R aERRE, Brp R S BPRRRGRD L

mai nt ai n a ¥oRPEWAAei n a switched form such that air can be a trigger used

to remove CX2 frQmsaq ﬁé’rleMt icgahaa@de@%%ﬁycmarrwmnﬁkget.e&m bfih¥ar, “@ gas that
has substanti al | Oi nsufficient CO2, CS2 or COS

content to t?@‘?“é‘?%@? @’C%’l RY PR &Y edlts| orgfkypypAndRegy hgysubstituted or

35  unsubstituted. “Alkenyl” means a hydrocarbon moiety that is linear, branced or cyclic
and contains at least one carbon to carbon double bond. “Aryl” means a moiety

including a substituted or unsubstituted aromatic ring, including heteroaryl moieties
14



CCS fromthe sol ution. As used herein, "additive" refers to a
conpound conprising at |east one amne or amdine nitrogen that is

suf fi ci enwbypobizawr7t hat when it is in the presence of watercAnd/8@2s( whi ch
formcarbonic acid), for exanple, the conpound becones 15protonated. Wen
an aqueous solution that includes such a swtchable additive is subjected
to a trigger, the additive reversibly switches between two states, a

non-i oni ze%@tmreremhmotr@manbﬁé &gﬁrgaiea arrcrniraﬂalnﬁ@topmwnsmuvl@raar ged, and an
i oni zed stat ere the nitro S coordi nat e

I ot
bost £ 1 very BT AT BT aTE o e B g A RS ASTT kRS B har ged o
non-ionic fmbauturéd b hensaloidit utédvagoringticahg diaeinafrdry 5ot csrrbenatfonedj orvarmrr eas the
ionic form e ionic" as used
herein in |H8(Zrﬁ?;|gﬁﬁa§%d %ro gfr?ér;r':";gh gxac{ai-a% é\jgw.rrr@ro'eelngylhaﬁ&egr rﬁ% It he protonated or
charged state of Hetﬁ@aafmmﬁ@néa naigtyinpleding @ﬁ@t@éwww URBPEE utse aroadF | y
appr eci at edm@%a@m@ﬂbﬂﬁ%to%‘%br‘doﬁ@tdrd% atnh%t At on§h@t§@>afoﬂWnl@h@bprlﬂaﬂel on reactions
proceed to conpl etion Js referred to herejn 25as being

'pr ot onat edmnrueatﬁ%ar?@#'ﬁafeg %S “Sg h%fﬁ'l“y h?‘r‘?éOaLPé'] SFPEYO NYFCIRY Y1 ecul es of
t he conpounmbnaiyerogembtomat sidh akdor exaapipl @, S,wehe M. tHxemalddiof heteodrgls a single N

atom nore foan.3han: zﬁd{ﬂte% Jf&raN‘%de’%Peﬂ%s 95% or about 95% of the

mol ecul es are pt ot onat used herein, "amne additive"
(see cotbhound of A*kvjﬁfrmlr@aoﬂﬁ db@lleltﬂw)kyrr@ﬂléﬁlse g0teHa whsreig fils@nwitedera structure

R1IRZR3N Vme‘%ﬁ(eﬁ?ieﬁehﬁ@‘dﬂ@a Wal%t%lﬂeﬁﬂmﬂ%r& lyeHaAr 9gaBndmeahs Rhatic or
aryl, which includes heteroar%_| as di scussed bel ow. The ionic formof an
4'( 2

am ne (see Y@PBantragicals spnaf Yetseanigne eeansy HEWPIEH helgimdbhi um sal t". The
bi car bonat era8|aahlte of —agmzmm: Amy|(aseaaybampwmduvaéntfamymué md(oabatherhecm)t is ter med

an "ammoni u t 1.din refers to a
nol ecul e w (ﬁ'ei f?? W%ﬁ%’%ﬁ’?'@”ﬂ%\ﬁ%@%@ﬁ%k gb—gl 'rﬂh%g % &ﬁ
[ ndepent!'entm?amm\cm\halmnywne ozt @ttaeheda@ty)he Ofmﬁ toh frieﬁwlam then er oar yl, or

siloxyl, asyffirssessesl het@ye h@AlkﬂéHeChé‘té}E;éﬂn@fneéﬁb @Hb&léﬂ%m%@ﬁ'@ conpound of
forrrula(6) below) 1s terned an m di ni um sal t used herein,

the term' aragragllagaqnep,ab%.pf itg fwor fgpen\ra{e,ngagwa[rp%qroergl radifdli&9-erftly basic to be
pr ot onat ed @s\maarﬁbmmenaaetdroarys mi2@sla URadenaleaylandliaticagiacirtiabvidiat has a

5l one pair 8f S&gcﬁet e\?\é%?’)a Qel?erﬁ%rﬁl[] %Iﬁ%zecgegfj@_ﬁ&ﬁctﬁ \pr ot onation. Although

car boni c aci frogen woul d al so be
prot ona?®ked by CS2kyleneaziylene” aminCagivaleniaityéane radidasattashed atoneof rtded t o

denote the qld[pG68s & é%%%'f fHeWo ﬁ@vdl%ncleﬁ. oF‘QEnvéTEﬁ%trylér% a1 Ye i ch of the

three tri gger ases I'oni ¢ neans contai ni ng or
i nvol VI ng orHoedlr r'it Q“X‘?’Petarﬁ)éeﬁeoﬁ}%@?aB%@F@tlalféﬂxrer@rra@l'eﬂéﬁéqhie%\ y charged
ions, i.e.,ochAargam freeivaleh@8s to dNe R MBI fréEashcied Bd Hisaleg asuast anti al Iy of
nol ecuI es Wi th no for nmal charges. Nonionic does not inply that there are no
ions of any®RHc®Ibut rather that a substantial ampunt of basic nitrogens
are in zin urpCt-Cedt ethligtent-detetddalidére” magnsusdidalérd mikylanaragdicelattpchedds wi t h no

net charge ét%ér%ﬂt t%&’@b@%ér‘idﬁ‘é%Xné&%éﬁ%eb‘(&le%crﬁ LQffhidaPNS. FOr purposes

of this disclosure, Ionic are sal are l1quid bel ow 100
C. such |i dmtqgar&lp@e tadisplc @pl: yCHz -CsH3N-. “Alkenylene- heteroarylene means a

divalent alkenylene radical attached at one of its two free valencies to one of the two
free valencies of a divalent heterarylene radical, e.g., -CHCH-CsH;sN-.

30 “Substituted” means having one or more substituent moieties whose
presence does not interfere with the desired reaction. Examples of substituents
include alkyl, alkenyl, alkynyl, aryl, aryl-halide, heteroaryl, cycloalkyl (non-aromatic
ring), Si(alkyl)s, Si(alkoxy)s, halo, alkoxyl, amino, alkylamino, alkenylamino, amide,
amidine, hydroxyl, thioether, alkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy,

35  alkoxycarbonyloxy, aryloxycarbonyloxy, carbonate, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphate ester, phosphonato, phosphinato, cyano,

acylamino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, dithiocarboxylate,
15



nonvol atil e, polar and viscous. "Nonionic |iquids" neans |iquids that do
not consist primarily of nolecules with formal charges such as ions.

Noni oni ¢ Woquild®7are available in a wi de range of pol aripCiras\2andsoeay be
pol ar or nonpolar; they are typically nore volatile and | ess viscous than
ionic liquids. 20"Ionic strength"” of a solution is a neasure of the
concentration of ions in the solution. lonic conpounds (i.e., salts), which

di ssol ve i nsumafeesulffo! iulfdtﬁéi&%@ifa’stﬁcﬁjl isOitdPamRRSnitrd mmﬂ@ae&idaghettaec;jc@ni c strength
of asolut| The total concen fnasolutlon w |

Ot oot moitber 191, U ep EEnEE Mt doftest e R TR ah Lsacs ot Lo or
sol ubi l'ity Frkfethbld ibetittentarp alkyidaryl, fﬁéteroatymaod stheergs hetedl thabbryla sol ution is

25a functi %lu@és 40§ ééB{é%ﬁe%B&ﬂdeﬂ& Jnfléé)él@ kﬁ’évﬁﬁg% q&ﬁb&e@% déo' ution and

is typicall glven he equati on n which c, is
t he nol & c’mﬁ'c%?\@‘?o&? ab'ﬁ Séﬂom@ﬁ theyjdq n r\Vedﬁ@ witp thq desireeregpi@NgEenuber  of

that ion an@bgth@erﬁymhmema&m HVRbstabtbd | I nsEingS An\e@thd gmbgth@erﬁsmaytl on. In

non-i deal i ons, Vol ume such tha referable to
ol cul ace tial PG ot Rusrgraerth ety S0P Mot S5 yms 984 88)E. cuch ¢ hat
ionic str engtch asalnhylb@kegpwelhydyy ast|uai-haile (@B hetBtbary]Lcyblo(alksdn(ﬁczf (B)

in which m, ﬁ]golalityofioni in nmol/kg H20, and z, is as defined in
t he previ ous para P ph. 5A "polar” nolecule is a nolecule in which sone

separ at 1®n occurshaf chalmealipkatict @slower alipkatici feteratedC negaslichaticHenge (or of

partial posifainvaipratie” d}aﬁl hé"alu&%ga,atréﬂén% t@b?fog%)all‘é‘h igi n the nol ecule. Polar
sol vents are typi call b/ aracter e nonent. lonic liquids are

consi dered to b&SgSFAReER Vaife’ uweﬁ'@/ﬁ% @fﬁ'%é ° gMpyica Vﬁlﬁg}c%‘?fla”be present,
because t hestola@biny @ciupicdivg hg@rogenTBARe f andcquphatrof b opendalente pesitive of 10t hei r

ability to g %ugbrlmszrﬁtgg‘%cﬁled% n"'lttlgﬁ%jr#ﬂ,%ﬁl r-mscibility with other polar

| i qui ds, hert I'va om c dyes. A polar solvent is
gener al 15)/ bet t erAstusashhereinothp tarer” pf(lwerl asangromalefuls of highelatite di ssol vi ng

pol ar or chasggfhrissGHe ﬁﬁ;cture OfWhICh éﬂ@&ﬁ@'lﬂomp‘?@@éﬁulrﬁé’wﬁgtlt%%\( sol vating
power of polar or charged nol ecul es. Nonpol ar sol vents are associated with

ei t her haviWys P'?"EvleP'éroB‘rmﬁ’l‘%ﬁ%ﬁé‘o&’trﬂ@wel@@?c“@ﬁQ}aé% Agsediigteimdeposi ti ve or
negati ve pokes olg@mdrome®d a @bleflae/ bfitte@nediratd lelativdMbi@cular mass, the

structure of which essentially comprises a small plurality of units derived from

20  molecules of low relative molecular mass. A molecule can be regarded as having a
high relative molecular mass if the addition or removal of one or a few of the units
has a negligible effect on the molecular properties. A molecule can be regarded as
having an intermediate relative molecular mass if it has molecular properties which
do vary significantly with the removal of one or a few of the units. (See [UPAC

25 Recommendations 1996 in (1996) Pure and Applied Chemistry 68: 2287-2311.)

The term “switched” means that the physical properties and in particular the

ionic strength, have been modified. “Switchable” means able to be converted from a
first state with a first set of physical properties, e.g., a first state of a given ionic
strength, to a second state with a second set of physical properties, e.g., a state of

30 higherionic strength. A “trigger” is a change of conditions (e.qg., introduction or
removal of a gas, change in temperature) that causes a change in the physical
properties, e.g., ionic strength. The term “reversible” means that the reaction can
proceed in either direction (backward or forward) depending on the reaction
conditions.

35 “Carbonated water” means a solution of water in which CO- has been
dissolved. “CO, saturated water” means a solution of water in which CO, is

dissolved to the maximum extent at that temperature.
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nonent. A nonpol ar solvent is generally better than a polar sol vent at

di ssol vi ng nonpol ar, waxy, or oily nolecul es. "Hydrophobicity" is a
property Wb 2a1wmmorecul e leading it to be repell ed from aPERASA20(1/088L76T .

Hydr ophobi ¢ nol ecul es are usual |l y nonpol ar and non-hydrogen 20bondi ng. Such
nol ecul es tend to associate with other neutral and nonpol ar nol ecul es. The
degree of hydrophobic character of a nolecule, or hydrophobicity, can be

quantified by a AsagRyW&bine:a ghbehak RGPsubStahtitly h@g@bort Mok ndags Ihapi d- wat er
partition cgeff ition

R AR KR R A A
l'i pi d envi remutient Ferrsdma applivatitmo pdil thaycbeg gantbat hen sirstantigliytno Ge | i pi d- wat er

partition cgg eale‘a'a‘f‘r’?ﬁa/'b% %'Bé‘es 1) drhd8yet M %’ﬁrlﬁ \?&E‘i[éh il il gEt%ﬂ't i@s the ratio

of the concentration ecu e’ln th phase Vi ded by the
concent rat | Gi3terdithie wapld @cyide 4 WS&W'”aqﬁ@dﬂﬁéaf]&ﬁa%@“ay be a gas thai@ér at el y

hydr Fp[mIbI Csub!st%nﬂ#ﬁ?ﬁo b@E Qé(ﬁaug@lnrs@fn@rcw&@ns@é?ﬁ@@lﬂgj@pw}#ﬁa[tﬁy 8. oﬂﬁsdﬁr ?t ?lhyt or
Coer ete y S u erus SO ow lonic stren u a

SO e et T e Gy LR AR e el 18 st B PP SHENGR it o of
hi gh i onic fetnendt that a"ﬁwah be artpgyendseatey rdmeove iQyifds osolgioh mdscaushey nmay be
or gani c 0r |, gkAAN AN £LXATRL G0 RsE el e bysiiephqbi ¢ compound i s

t et rahydrof u ran coef fi el ent's erm ned usi ng n-octanol
as a notkel ipsufidpst ﬁppl%ﬁz@h‘a@e cant@ntp indefipeoUiEh tbh@@mvat@ Quf¢erorat pH 7.4 as
a model of ¢bg nvAlRs schrBfase. Because the partition coefficient is a ratio,
it is dinmensionless. The partition coefficient is an additive property of a

nol ecul e, becaud¥ L@S?:Herf"ﬁn@??’ BYfareiyye SLpCHRIyEd QUPRISHIYRE *HE Ry dr ophobi ¢ or
hydr ophi | i camih@bearigine aftrobdrethains eufidiently bisid thet Wegh iv althepresergeat |, t he

ol ecul e w 'étePﬁd’I} c}r(\lllecI?foV\FntcPrbgﬁ)% a§®| H)l? Qarhsp?g tN@éoﬁpto Hqcl!)]ecto%%g the Wat er

and nol ecul Ions
val ue i | aprgtenatsd. Wéhetfmmuwswplmlorbfeahlnm®élsb¢rea SWItChal(l@ﬁddltrvgaﬂ ubI e i n)

wat er such §ifppkted td ¥RighErame adbitfetefer¥ibll switet BEREN Wot datt 1@ noRt er and
nol ecul e present as separate |layers in nost proportions,

It
possi bl e t oCRRSOTAE wagle|the pitpean istixaley gpd M”ﬁ'éaig?%la”%%?”'é?‘b%lﬁ‘iec corrpounds
because of wikee a\ddiuttdgmeusrpadth@eonhamﬂmt @arcbbrblln@ﬂé peele\feﬂy maaﬁt:l nafogen ng from

t he 10i ndi vj dua&orfcgrgw%lgleg ahe(E QH*?L:\'%C%W&%P%P ecumcfomo%:18 ﬁ%ut of (conputer
el |

progr anms ar 8O a'ue B 'Val ues
descri bl heaneiatly aotepptifedi ehechatbe mgicArOtPgererdly spédifiedr Be tamsch cal cul ates

the | ogP vajdic. chr |@ ig éé%eﬂﬁér@ﬁ% fﬁeh’tﬁ ifa Fb'rrﬂ%edéofdéﬁé %Felﬂe&?ddthg'm; and

t hen averages t ues I'S CO tational Tully scri bed by
Tetko 1. Pra‘t‘?ﬂat?‘a%%ﬁ@e@’ﬂa*?Of”F?‘?Jm'”Q:H(e?ﬁ“d'Pﬁf""O%}Tput 15Sc., 2002, 42,

1136- 1145 and lfAlevoum:‘m‘éhdllyébﬂemMéH by@@\ﬁ)rker 20243,in the art%&e‘?@@ both of
whi ch are mcorgorate

e epnoti GEonaRh FA Bl Seeo Bed et MR Acgmppund st SR SR i g 1 ¢ to
be di ssz veab heingdprotinstedbit meanstthatall naosly dfie majbity, of thepn@eduleg dbtheause t he

mol ecul e 1 scGARAR &e QlotddaflS F&Uxb¥pROMHNHe YididVe WAL §5inbRNPMER, hydrogen

bondi ng.
more than about 90%, or more than about 95%, or about 95%, of the molecules are

protonated by carbonic acid.
As used herein, “amine additive” (see compound of formula (1) below) refers
30 to a molecule with a structure R'R°R°N where R’ through R® are independently
hydrogen or aliphatic or aryl, which includes heteroaryl, as discussed below. The
ionic form of an amine (see compound of formula (2) below) is termed an
*ammonium salt”. The bicarbonate salt of an amine (see compound of formula (3)
below) is termed an “ammonium bicarbonate”.
35 As used herein, "amidine additive” refers to a molecule with a structure
R'N=C(R?-NR’R*, where R through R* are independently hydrogen or aliphatic or
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20Hydrophilic nol ecul es are usually polar. Such nol ecul es may thus be
conpati ble with other polar nolecules. Hydrophilic nolecules nay conprise
at | east woeotwwrphi | i ¢ substituent which can transi enPCy/daand/osda7h wat er
t hrough hydrogen bondi ng. Hydrophilic substituents include am no, hydroxyl,
carbonyl, carboxyl, ester, ether and phosphate noieties. 25"Insol uble"
refers to a poorly solubilized solid in a specified liquid such that when

the solid \}vlhlélwndu@é’s%ewmm&@ll@(yh@& au@ageétﬁ@u@m MhX idhicSomesidnt s. It s
recogni zed i nsol u a specified

N I
reconnl Zed &bt 8 SaPH et il O e Rl il SPeC e
usef ul in pract iAseised hereinstbe tfrmt*abasienitregehs ol “abit@gen thatis eliftidéraly

"sol ubi i typaspndpt Pl%tcln'a{% b cgr B@E E@I@[}Qa%lqoHQndt@tho%Mtom%%}ﬂQéé( a

solid/liquid mxXxture Is in or exanple, a statenent at the
addi tiveé i slo%lPﬁj'mfélePTrﬁOf\%?tVé'Pablesa”ﬁétJSQ‘?é%h’ﬁ totRsOtPIAEIPY. AlERHIR PPN t i ve nust

be a Zoljl d; ﬁ&@c@%@mb« )k hantohed, stidhes m&behlmald% déqar@tohatéwwbsﬁn nozI

excl uae SCI ro

ety A et TaRIERI otaeta o not B Airasi e ey bo el o oper t y
of two |i quit idsothednt BGwiplyrwhithxed thephrew trggercgaiet @@ CBLDIEOIyixtwde, for

| nstance Naving oy sl RS Bl Sroed MY e torm of podiRel/ 380, NoT €11

"imm sci bl e" means ‘una a singfe ase. wo |iquids
are destdi beagatigly'dhatged inblie”. chargem@yleﬂeﬁr WPW'@WQ coiriisingonbi ned in a

pr oportion. suFQﬂaﬁtudll?oﬂﬁ&leé[ﬁ‘e%%thtr@ bl dha?d@t NeRBRE Bé‘éé r%?ﬁnpﬁ&fthhthﬁer%"‘ﬂ li quids
will be two- ?hase m Xt ur es ions or under all” conditions. The

5i i sci bi |§" VOWSPWVIHWUPHSM%%{H“%@ SHBF%’H'@E?P?LF“ PREFSIEA0EEN S AR Myr esent |
for exanpl Ean/llqubrotmr&ltallstatélsmﬁiIasl’lllsedTlhm'elh\AﬁB @ivasesds@ih foepeesgnt as two

layers of li‘oﬁ]rlr'eddf 0 P osﬂ%el?ra%)n ve(?y C%Pg:e,dqyn%s%o%%yﬁ&e?g{tﬁg dlS@%glllrg ot her

phase. The use oF rty" and the
| i ke ar® notonicieideleate saitsithrgh ke Ilthétbel@wl WWOaC] dugluliqhidsi ageitydicaflyxt ure i s

i ntended. Ry, QXHMRbeir af \ﬁ&é@h?mﬁﬂhloﬁlgﬂ&uugsh%eéqghcfuid‘é%dt%Io %Qtrﬂoﬁﬁétm e wth
water is not meant to inply that the additive nust |'iquid; the

possi bi | i t yPiMesly of Aoleqelgs ’("Ith @rrﬁ%lfhifée%ts%alaﬁ&”iss NH@P”'%M“E’(P& As used
herei n, theavagdbme in@ondenh§eot poldiedLarsl ndy eN@iapbr ENpelat HEpwgsicdligat | s
i ntended to_be r xture.and is not intended to irrply t hat the

cont am nant MAas oﬁgg ?Ieésv'i%oﬂgrﬂagé%l"%"qluglsn the term "enul sion" neans a

col I oi d&ll suspenbniostrefgtis of pgolitibniina aeetdieof the gencentrafippiotians ip thean enul si on
refers a sugpgpgsi Pﬂuc%ml&mﬁ%f@%l&)'Wrﬁéﬁ'di‘ss%ﬁ/e%w?t&'\khdu'sébc\’é@é ﬂLyWhereaS the

term"reverse enul sion" refe suspensi on water 1n a hydrophobic
li quid. ions, increasing\ihe jQueistiFapB;oh a spldticne e 14 SprGesT#ien ohdiasrived
het er ogeneoyss iRiaxblufien Wil afféd‘ﬂﬁn@ﬁ&ﬁﬂprdbel&w’stof hkeslusdrispendethei n 1iquid. As

used herei ndlgs%glaFonromsonglﬁy of gﬁ&gﬁt c%m%&llr!dm (Ff% |oﬁ|lé% eng?h ?Q)f gfsolﬁtl as ina
25  afunction of the concentration of all ions present in the solution and is typically given
by the equation (A),

1 71
=i
25

(A)

30 in which ¢ is the molar concentration of ion i in mol/dm®, z is the charge
number of that ion and the sum is taken over all ions dissolved in the solution. In
non-ideal solutions, volumes are not additive such that it is preferable to calculate the
ionic strength in terms of molality (mol/kg H,O), such that ionic strength can be given
by equation (B},

35
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l'i quid. As used herein the term"dispersion" nmeans a m xture of two
conponents, wherein one conponent is distributed as particles, droplets or
bubbl es iwotzha/wrter 25conponent, and is intended to i neChdA2emSaG76N

(i.e., liquidin liquid, liquid in supercritical fluid, or supercritical
fluid in liquid), suspension (i.e., solid in liquid) and foam (i.e., gas in
l'iquid). "NVR' neans NucI ear Magnetic Resonance. "I R spectroscopy"

spectroscopy. 30The term "DBU"'/ 1.4, 8-di azabi cycl o-[5. 4. 0] -undec- 7- ene.
The term "DMAE" neans N, N-(di net’hyl am no)ettnol. The term "NMDEA" neans
N- et hyl di et hanol -am ne. The term "TMDAB" neans N, N, N,

N -tetramethyl-1, 4- diam nobutane. The term "TEDAB" neans N, N, N,

N -t et raet hyi - 1,1 #hicmaigithegBelpine! ionrie MokkahizOr prsEpyis arelsfiReNn the ' N |

N -tetraki s;(rawdsueqfa@agy hyI ) 35et hyl enedi am ne. The term " DVAPAP" means

1-[bis| (di met h 0 ani no The t "HMTETA" neans
1507 50! Tor Bl B 2R il b G R AR aten B Bl e for

t hese conpoeenties efrpesitiveoand negativie gharge Ror of partial poStive and pattiahvegatbwat er " nmeans
wat er that HagDerin ¥RbI&NI2 #%%F%&@érﬁs%t;}p’@k&?éﬁa‘ra%len@&&b;}’é &u}éolé”d therefore

now i ncl udes waSte products. 5US Patent Application Publi‘cation .
2008/ 0058549°H¢R c |pEdiguigs 851 opasiEerehiRtPernalAs eV Rty exasrveahs Gf'l?%%“ay noni oni c

liquid m Xt ee bfesaﬂ beRBiISe théyBehavaipeie Saftmginekbd fola ig@ieiataehsiof i gger,
ni.c i an _am di ne Qr guani di ne

such as e include

or Dot h1S arliebarer © s Bufro ol it R TRTPoRTi e o ol

" Re- exam natheioeffest o@qmmwwnm dyeel pgbkt salent BgensralfaictteRhaea 10Di | ut e

sol utions t Neutral Reversible
Pol ymer " Nab%:/r Eﬁﬁ#(‘é@'& @%}g%oﬁnpgz S%ﬁgbmg\g& ﬁg‘lgﬁ‘?:@?eggg% a polynmer that
can undergo a neNPfFFé’lafdh%ﬁ“@@év'ﬁ@ﬂ(?ﬁ-‘ka%'vtaﬂ%ﬁqwelréfrPOﬂ‘%*iODﬁVFar%dth 5% wat er. The

transition rhebmn I\Iolﬂﬁolﬁheé&v'eﬁtls afduks6HREQ R SitrRt ﬁ?a\)ufg memcﬁue%éw.oal ternately
bubbl i n1g5 C02f ﬁl m xture containin ?]{5 Swi t chabl e
Vet er R BBa oA EPaNE 4 Bt P R al et DavE SPAL I aqueous

conponent momb‘n.tch rtoh@olarcsnlventSi gemeddinbetten tHae arpelee selvdlt wt dissoiveed from a | ower
ionic streng i r strength by subjecting the mxture to a

trigger. Put OIEPIWQTJ?O%Q r%dsléscgl?tgs 20 provide water that can be reversibly
swi t ched bet weeriHy@erhobigity e & priogerayaf ipandlgculedeading ittade seretlsd ge 8ar, over and

over with |m5§s|cﬁw@{er SH%ﬁéﬁﬁbic%dlééuFéQ amngw rioﬂi%!&r andh8n hedrBye nSW tchabl €
water" is used herein to refer to @ueous congonent whi ch is pure water

ni xed w&h %ﬂ’i‘d@ad?H?W@O'e?ﬂ‘esa{ﬁ”data@éw@% ethgeHiral@ad PtPR'%ANn addi ti ve,
wher ei n t hemaldelilds. Vite clagres of hyarophetiivvereinacter oiamocecﬁlercmhamdpra;brwm ionic form

| n order 25éat‘% be%%ﬁﬁi@&b% ISABRARES Fnd RGP IARL foohthGPHD 1Bk W water or

aqueous sol
partltlon coeff|C|ent P, of a molecule. The lipid-water partition coefficient seeks to

means infrared spectroscopy. "UV sgect roscopy"” neans ul traviol et

determine the ratio of solubilities of a molecule in a lipid environment and a
25  hydrophilic aqueous environment. The lipid-water partition coefficient is the
equilibrium constant calculated as the ratio of the concentration of the molecule in the
lipid phase divided by the concentration of the molecule in the aqueous phase.
“Moderately hydrophobic” is used herein to refer to compounds that are
moderately or completely soluble in aqueous solutions of low ionic strength but that
30  are much less soluble or essentially insoluble in aqueous solutions of high ionic
strength. Such compound may be liquids or solids; they may be organic or inorganic.
An example of a moderately hydrophobic compound is tetrahydrofuran.
Partition coefficients can be determined using n-octanol as a model of the
lipid phase and an aqueous phosphate buffer at pH 7.4 as a model of the water
35 phase. Because the partition coefficient is a ratio, it is dimensionless. The partition
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respectively. Traditionally, once a salt was added to water, high
energy input was required to recapture the water (e.g., since the salted
wat er hadwoceob@omeated to its boiling point). Accordi nglPgT/@entiaismraspect s
of this application provide nethods of separating 30a conpound from a

m xture by solubilizing the compound in an aqueous solution of a first
ionic strength (a switchable water) and then isolating the conpound by

swi t chi ng tdveidrReltisan bauutweswdpéhy 6fa Mbleduls ®eO4de ie8EH inGibhAREUD hefpych net hods

use non- |on| ons an ter can be
e oA TTRY R b S B Ao Bl AP go dghgr can b
35Aqueous nis xnak, dee moledwrlwii e svsdlddait @r stk inpsatdeschitiatthelvertesi N ar e
useful for t , a matriXx.
After use |ﬁ?8|r§§&1luz)e\j\q@|rl %Trg%séﬁgﬁh%ﬁ%[nwﬁpﬁkﬁwse;gﬂe Pgbl&%lgggeli éactl on of a
wat er sol ubihe carppannd wilk hedmpmscibigyithclaib s dublinewatpssuc T%éﬁ\@dpﬁ%esw tch to
its higher hgikCwibe ekl witRindwad shdwpRcliB@rRefGsRepabiedyerinSeparation of
the solute. The switchable water can then be re-used by switching it back
to the | owePoTiBMPEMERS ength form Solutes for extraction are either pure
conpounds or m){tlslpeslbdﬁto¢rmmp@|umd$alcmhteyogmcdluedeorbrm&ocganicam nants and
Sdesired C

composi 11 oreorHoandneeieh of e sl & RE REAGLED Sk BER By U e
bi ol ogi thl ingivieyd| wncwm@kgr@u@érﬁ)a@ol%l@dArwmbprofpyaméwter peaiams aseeds, neat

fat, bark, gnfsh fo%é?&ﬁatmé H)E]P val%é”ﬁ{e I$de\Vaﬁi§es deSdriRed ﬁérléﬁ,ar&br{e&l:ted wat er,
equi pnent, or manufactured ials hi ned parts, nol ded

parts, extr{RWCHRER? éISOft"t‘?r‘i%ﬁ”(rEcﬁl Cat?f‘%tfﬁétﬂes'oggg‘?'ﬁ‘%fé?ﬂa QEVF%mO'ei‘ﬂe refined
fuel s, fabriusus,nidd diff@snt agjos@ins anamdnlavéragasthevaladss Tthtetnbetbtld’mde of netal,

mneral  plgstl € 00EAREhy PLARCon O BRN & TRLELY 33 (B goTDI nal i ons

t hereof). extracte ude Ri't at | on,
medi ci nEl  cBHpN2d42. 183gaMSanddnp syt AichiVier. iedi 2805, é%#é@*&ﬁ@sbothm ner al S,

synthetic r&a@RRtse inBdrhsrated HBRISLy iERRGSe. fl avorants, fragrances, dyes,
pestici des, fungicides, fuels, spices, and 15like materials. O her

non-liniting exanpRu@ste hg@p@}g{)@@y ShyrdippaUcynis pRIRPEfth 8T 3 BREEWE ng: pl ant

extracts (eallgwmg||tlt@Ida aussdt\@dhmbroﬁuecubllawnh aehhdssbmaer Bylcalysicsuseriagduct s, | eaf
extracts, a] tract %’Ie (9 act | cotl ne,

R boce” ox( TaEFLE & Rabibe iaftett hRT el OFE oo I @ER Poahd X1 LT, e
extractd) clfdradhiie motpsates ateawnalhsmaPO@@hbmmmmmw thsugagogpatiiler ose,

gl ucose, de\%ﬁhrd?ﬁ& o hbRESes. q—?yﬁlwp'hm: mo%tcpéé mi Bam @:SY@Qst%ﬁEe“ als (e.g.,

proteins, creatin s am no aci enzynes);
al cohol s, ndrPRRIE substityan yhich cap frapsiandy borﬂ"ﬂhht"éﬁ‘i%ﬂthro@*b*ﬂﬁwﬁbl 2- but anol ,
2- but anol , lionbmbaHleroptihc?su%th&Gﬁhhﬁble an@hd/ Ggdrokyi, cafbdniilhférddx%eesté?!' oduct s of

organi ¢ syn | ene glycol, 1,3-propanediol, polymers,
pol y(vinyl & F §|P§°Spg%‘86'r%ﬁg§?y| am des, pol y(ethyl ene glycol),
pol y( przfpyl ene glnymcnb@)r;afersndas:bonl;adollqblhu@obmubl ircheprecified iyucesugh thapl asti ci zers,

phenol s, f%ﬁ@%‘tﬁ@?&@%nd P«ng'igrQ H]%lo?@&‘é{ﬂ ero%la’ﬁéo?%ﬁ%@&réﬁjéﬁ?% detergents,

demul sifiers, anii-foam tives ve ﬁer et hyl
acet at e, aceeemizes thagthe gplyeitith pf arulifseliPigesolidin 3 ﬁqeéﬁ'éd ligtifl Pights | be

g' rre: Ey: f ormﬂ%mémmm wsmalelbhmb@ﬁat mérb.@ruaéf]gl,m prraamél 3’H@u§@<gb0[\at ¢(a
I me yaceame e 0S 0SS| oducts (e.g.
creosot e, ﬁfer‘i"érSOFL'gg I'”f@?tﬂ%y '§b'gt|y @%ﬁ)@%e@ﬁ? Qot "H?Wgt%'i“ﬁ’ Y@l er - sol ubl e

conponestt s cm‘ly & saliddiqud jxture & inte adeds Foeexgmpled v emtenng thatths addithgasi C

pi gments, Séoﬂ]b?'ésﬁ{u WIR: fait %ant‘t’&‘ﬁiﬁi&th&‘@h{é’@&gﬂﬂét t?e”éjscg‘d%bﬁgfs%mn g., dirt

or stains on C hlng or equip conpounds be suited
t o extract itbat theadiiiys mayderd ligeid is not excluded.

“Miscibility” is a property of two liquids that when mixed provide a
homogeneous solution. In contrast, “immiscibility” is a property of two liquids that
35  when mixed provide a heterogeneous mixture, for instance having two distinct
phases (i.e., layers).
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35herein include conpounds that are soluble to different degrees in water
of lower ionic strength and water of higher ionic strength. Certain

sel ect ed wol2ot1e®78Br7e nore sol ubl e i n aqueous sol utions &sTdervisetsher ei n
that have |ower ionic strength and include an am ne additive than they are
in neat water. Because the follow ng description is about a reversible
reaction that proceeds fromlow ionic strength to high ionic strength and

back again, overasared Ayein, - .rﬁm@cumsme@Maewme@fe |ﬁt5|§%mgﬁa\MB|a§é ates to begin
t he process iiS choi ce. as descri bed 5bel ow,

wever
one coul d ST%'PF?WW'CIUWS@? ﬂeesl"”%etdaatse'%ﬁ@?{%h'fﬁéeyofﬁmﬂ ﬁvé’ RIBERT YRS appl i cati on.
Swi t chabl e dadubirteidvrea proportion. THas iexetvpéant Yo |dmelsfdmatponnmnat;mnsmi tletiwobel ow starts

wi th the | o0 Whheshb BABLSmaHdsAN APk Bodid-Ror il RogRIBEL SR water and a

swi tchabl e tive in'its non-ionic I's substantially sol uble
in water? TREKWIEC AN Eauigstcan bwd@ﬂect@ﬁétwm@heiseﬁare Presenh ©f exaiPlandeli ti ve has

little to n@sdaﬂuﬁép&‘ecﬁ&rf a'fh@ttxk)o pﬂ'el%le§ nféy\do& 9a@mt%3w|@yer§aﬂ.qn@ ssRd as a sol vent
to di itive. Wien it is

|
hosi 1 onre. tuoaER O o ot Bl b St e R, When 1t TS
wat er, a trimggecibles" ralppbleednlambiluty‘rm\damjnl@laveanotsmtemiader|tnpcythan onlys i onic

form The r|%ﬁH/hh@Htm h&ﬁé'.&m@eﬁﬁé’éﬂ tF%*P%PJn‘F%é dat e R 1t (e %H?L digni ¢ strength.

| n accordance non-1oni c an e Tonic forms of
the swi ‘tQ:halblS@blaG\dhwatﬁélSefWE)m@?@do Inplt thatghe additive inpiskbe batid: ¢ are sol ubl e

W th wat er,po%!a'uﬁiﬂtytttﬁbﬂhe%@ﬁl@e al bélH'thd% XétekQuRpar ates into two phases, a
hydr ophobi ¢ phasé and an agueous g _P%nésubstantl al | greall of the additive

remains in the AuHEEHhESFRyEE termac rre{RAEC AT Of MOTELOMROYRAS thabn- i oni ¢
form or it sisinnided fosemmembiied funs a eaurp lagd isinat mtmnﬂéoatsnmplgbtﬁahmeaddl tive,

certain co nQJ.onger be soluble in the higher ionic strength
sol ution, ”Pg}é[ﬂhﬁan%éﬁ 1° \%tlapar ate into a phase that is distinct fromthe

i onic atﬁjeous pbPésL@ed eveis thal et ramulgidna swanay chleidal sseensionof & igichy dr ophobi ¢

l'i qui d phasg SR8 1RGHE PYicaif ! b &Mul siordefels @%eémco@hwr&%oa.@nau&er native
exanple, only ionic formof the swtchable additive is soluble in water,

such that wifén 9HB Walsgivheigas the lRBnTRYFISE §MUIaNt %eferE%Wﬁ%&ﬁP%“SfO@rorfn t wo phases
are forned, wa‘tbrhhathb@roﬂﬁm'rdlﬂmblc formof the add| t| ve in the non aqueous

phase. The non-gqueg can include o rmof t he
B thable add CrvESd BrBRIRe e e aie it et aro Shiee €Mt e o
m sci bl 20 wi sottid B@ticleesyspensieh irdlgiud. pr e- exi sting hydrophobic |iquid phase

(non-aqueous SO'A %Ea herein the terrﬂh@arﬁ%é:ﬁ@%@oﬁb ididpN&od GHlasfasipierred to

herein as an "additive") is a conpound conprising an amne nitrogen that is
suffici entl'&ﬂ“b“asm that when it is in the presence of water and CO2 (which
form carbonic aoalsctbsed ﬁ@rém@b@i@ﬁﬁ Qilspiefmdheﬁﬁﬁiﬁﬁa mrxﬁtr@ﬂtaﬁvedommmsan aqueous

| uti t hat t 5 t dt
S0 bgern ¢ ndertihSbe G TecRbE s Rambieed G bt bR S 60 % o 6
state wher ecanfpenent] and inintenderete inciideremuioprite. arqdldur'sllqmmbhmncgled and an ionic
state "‘herecu.{ﬁ)@%nf?cglﬁlﬁd 3} LRAR R Rui®h H QB &DRBK 1Y, bdiiadh fuRHandi nate

ositivel
P y foam (|e gas in liquid).

“‘NMR” means Nuclear Magnetic Resonance. “IR spectroscopy” means
infrared spectroscopy. “UV spectroscopy” means ultraviolet spectroscopy.

30 The term “DBU” means 1, 8-diazabicyclo-[5.4.0]-undec-7-ene. The term
“‘DMAE” means N, N-(dimethylamino)ethanol. The term “MDEA" means N-methyl
diethanol-amine. The term “TMDAB” means N, N, N’, N'-tetramethyl-1, 4-
diaminobutane. The term “TEDAB” means N, N, N’, N’-tetraethyl-1, 4-
diaminobutane. The term “THEED” means N, N, N’, N'-tetrakis(2-hydroxyethyl)

35  ethylenediamine. The term “DMAPAP” means 1-[bis[3-
(dimethylamino)]propyllamino]-2-propanol. The term “HMTETA” means
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nitrogen atom Accordingly, the charged am ne noiety has a negatively
charged counterion that is associated with it in solution. The nature of

t he countwoizon/depends on the trigger used and will be @esarazbadswasow. An
aqueous solution conprising the additive in its ionic state is

di stingui shabl e from an aqueous sol ution 5conprising the conpound inits
non-ionic state by conparing the ionic strengths. In certain

enbodi ment sq,1 lye1 ostoLHesbinbth e Ve yRne @B BRINE S SFuMBaEbmAME fanthags ne additive
that is peralk rm "zjc)er al kyl ated" as used herein neans that the

I aci ed. The .tg
ani ne has afAPPUEEs A AP 6WHE Zonnected to nitrogen atons that are
suf ficiently badihe térmdivattbested meaps watenthbicts hgercageddyiacioaest, orso t hat t he

nol ecul e cq%%i[r%;a&igwﬂjrﬁg@%%w i%&g@g{g@g&@%_ of formulae (1) and (4)

whi ch do not have an ‘bonds are preferr ecause nost primary and
secondary ami ned/SaraertApatfatoryultisation et LOMBHORBI4OSHIFCIEeS F18PIEM thehi ng with

CC2. Renovalevétbing abMABEmiadRiohid 4@ fixtiry td@AbhiB GquadghbdAWBRaEREnW th a
e amne. m can be difficult.

flushing gas to swi.tch the salt pback to th r

This | o ess aarted b ap SRy o Maminis 1957 TR inehiar ShETSD89b er i ned
that it wasguactdine@sboth] andivatesaltabol arerdoaibmation thereyf. and a secondary ami ne
addi tives in 'O'Ehﬁuk%[@b‘%%‘-%xmin%' &(Hyﬁgrﬁigggﬂidm]je% s b &AL Ne forms
using | ow energy 1 nput friggers. Thus, "carbamate formation |Is undesirable
because!(q t Rihite %Péélp_@%@eDQ%"@f@ﬁé-ISmg@j\lwl NW@I‘@M@B%W@W@V%&W@H on back
to an aqueopsysat MhéomoRE.NDEY) @BON4b QY164 fcbes I Pbigm&ana@am about
formation of carbamate jons is not 20relevant if the amne is an aniline
(i.e., an aYF982 eat o396 H-ngyspansdion in RIRH wdh g7eralen JNe nsitial ¢ r ogen
atom; in stetbech th®hatul shd chargbl ktatzandchis/en oy atonsteldenating opr efer r ed.

Stabl e car %Wﬁ%ﬁ ﬁgrm%&rie%gn gan 9% rlgr%trl y reduced by using bul ky
substituents on %rl nery and degon aryy am nes to provide steric hindrance
(Bougi €%. and Illiuta MC., ChemEng Sci, 2009, 64, 153- 162 and

references g)iBghthesisi n). 25Steric hindrance allows for easier CO2
desorption. Tertiary amnes are preferred since their ionic fornms do not

i ncl ude car bamat™8QVidsgthereit iIs@liadif MBHE P HBHII%ERN ANPOHTCOMASIRNYEY , in sone
errb?di megt Swhi@fﬂhﬂ&fnﬁ: sidAlgth esioBElRi Y sidIyiva s ftrdm«gﬁ |dfmvmniat$trﬁngtrmﬁsti tgent S gre
preferre ecause. t he t chin rocess _nay, be er an, t hat . observe

o eh terti Ay missbendlbl SHinthd 68 B TR e b Shebodtn Rt vent o <
30r easo?fabl growsgeater thatztan &e fréversaamt switshret rtbeen weatgrtvgth-sugstastiafpsei bl e bet ween

non-i oni ¢ [We]a) i ri - - t have bul k
angl a_'llw_ﬂgélﬁ/-v@é?éme\f*‘aﬂ oRer Wit it é&%b%@ﬁt%ﬂ?ﬁ& %(?1%159 @ﬁg. rha y

substituents. The i'nventors al so r_easonabl% expec presence of a
smal | anpun€Mbtswichableoyrielr iF Used PRIFIAHR (Ffed it he apppous cameeisabviclde car banat e

formation, puie ag@i ixed witd aR addfivieChraddl Ruesldisbiuveh eePaitnen addithver mul a (1),
woul d not inhih di nents, the

DB b W GOLAL AL liGe. 35 ALY, o3, SOME SrBAdL
presence of VRE &M% 2GR AT Y REERYLFY OB WiARH ANRINIOWRY 99 r ease t he
rat e of2&swi tbaivrange of déchemsatiaiitniv grengthwé e wattey or equepuapdutioon- i oni ¢ f or ns.
In one enbo%’gﬁ%me,' a primary am ne additive can be used. However, the
reversion of the 1onic formof the primary am ne additive to the non-ionic
formis too diffliradifionalyponse apfaltyas eedecHp wates Nigh enspviinat wanreaniErde rever si on
IS requiredo rébRS the Malkh (! dncdthdSated diater ME ©IR HRBteY @ MARRINGN Si tuations
i n which reversa/ll\ of . tlhe additive Sionization is. unnecessary. .
point). Accordingly, certain aspects of this application provide methods of separating
30 acompound from a mixture by solubilizing the compound in an aqueous solution of a
first ionic strength (a switchable water) and then isolating the compound by switching
the medium to a solution of a second ionic strength. Such methods use non-ionic
aqueous solutions and ionic liquids Switchable water can be reused over and over in
the extraction of a desired or selected compound.
35 Aqueous mixtures including switchable water as described herein are useful
for extraction of a solute from a mixture, a solution, or a matrix. After use in its lower

ionic strength form for example, for extraction of a water soluble solute, the
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I n anot her enbodi nent, a secondary am ne additive can be used. As
denonstrated in Exanple 22, certain secondary am ne additives are

rever si blwo=witwwhabl e bet ween an ioni zed and a non-i oni ret/daaptvosugef ul
additives can conprise nore than one nitrogen centre. Such 10conpounds are
call ed, for exanple, diamnes, triamnes or polyam nes. Pol yam nes include
polymers with nitrogens in the polynmer backbone. Pol yam nes al so include

pol ymers wi mcmmdmens tﬂg@e@am@mkhwmgher RBalcyashdieform) 1 @aidaahdide pol ymers
wi th ni trogens

groups. PolKf L?@%” %{ngaria% ‘ﬁénae? €f gfﬂﬁbLes {artc‘rgo eng}el nHF%S?Q; t hat

have nore tltyaawutcmﬁg i hackrio thedgue iaicsiengik forpl &®lutds fprodxgrastionase githet ude

pol y(vi nyl I ne)

Dol y(Nal | 3{[! ﬂ@%\rp%ﬁﬂbé’ %%@éegkd}ﬁ&'ﬁﬁ@st hbf{g?g?cmé botR RbAta ALY 3R

hexaki s(N, M%lr%wr@m Wh@ﬁs)%@ﬁiéhtéaceéf@m Ve CHIMIVER®) and
1,2,3,4,5, Gncllfﬁcﬁﬁrgamtﬁ&uhhnhhéiioﬁﬁéohydlo?rﬁ@snﬁbﬁﬁtd‘wdg)@Vﬁbt@hﬁ%@ﬂé’xaﬁﬁ)lé}wood
CGH6(CHZNIVE 6) An e el epare B yam ne addi tive

"ncl udes r B ROy RErC otk BT SrS Rt SNt MEEhy s eno. oxi de wi t h
nmal ei ¢ anhy@brrmmh&kwmtha:nmaﬁe*re@qurpmhncalr maaufgdtbre o nategipls iffer exampsol uti on or in

solid state 5&.‘( 'dg) %oﬂe%%%g?%&ﬁ&del%'matéﬁa 2 erﬂ1'c£|§)r6eb@hﬂs"r%ﬂﬁe% digmopol yners,

random or bl yrrers propyl ene oXide an l'ene oxi'de can be
used. dfte rpﬁ't%ﬂdﬁ@%i faliria® figreaf sheets nanddike matqnglsf\@mneémaaﬁphmataun anmne (e.g.,

N1, N1-di metknbRr ‘B%ﬂem%rg’éhg' &g&m@brﬁéiuﬁa%éﬁbﬁal@@ﬂdéﬁmn@ﬁo@qgér&éfye that 25is
useful as an additive nvention descri bed herein. In

sonme enbodi REHEE solytgs fod%e %‘Fra?tﬁ%'”&'t*%‘%rlwéh%“tB%It?}@”d’ﬁﬁd ?5'?%[59'1“%%@ oxi de
repeating usrphrsc cn‘mptohedqomlt@rmamate campounastminéraRdsdthetic tehgdnts, afls,a gi ven

terrper ature, % g 18 gssﬁyvo?ant ?r%gr%ﬁ'@é t%yt g,tpestlé ée% fuﬁ)%%ldes Fu%wa%ﬂ ées stantial |y

i nsol ubl e i A Anot her
exanpl elof |&<emﬂ1¢it§'t$ to prepare poI yani ne addl tive includes reacti ng a

pol ymer of acr y|dtﬁer%hﬁ1m(ti9§ cRarfytd GSPRALY Q&Iut@ﬂn@lﬁéﬂe WelkdloRing! ke (e.g.,
N1, N1- di net hyl propane-1, 3-diamne) to formthe additive via am de bond

formation. P&astH (@9 fasimailipae. heMigelyjesecPryiely s EfBF'%ﬁ%feaf afGERr2 pol ymer t hat

conpri ses cam’aaxyﬁeta;eﬂfacti fosé hip e&@édt@fﬁmem mga@ste&rradmecrceeit)ac&an be used.

An exanpl e olf esu%lracg Pa graseﬁ% 1 0¢ ude)gIr 8'.0[;.” or. btaoclkS co- pol ymer of

pol ystyrene INgd 5t m? 75%iR raBSXyﬁ C LS 8> ani de bond is

f or ned, 2G orcmmes smgarSd@hme aqluooﬂe dagticge ohédltosé. dextrielactheiorie- cat aytical ly,
or the |ike Y, r t a be al kyl at ed
Fo further me) Earunr [f 1P s £ e e AR PD AN R o et o
rati os of tWY@W?@HFSmWa@%éaﬂt?@P&é'rWPé”‘érbbléé'?ﬁ' rot PRIk gNtaplat | at a

gi ven t enpez-pitbfic t:’bﬁ]dan@ll’ easvptrpanedmegwédm tanwnd |me|ptr5duc&foﬁ= orgatnat eis
subst anti al |y¥‘hl nsol ubl r exposure to

o0 HoooineDE Jp 8b e Hikd o EPSebitalcl oy, ARV EHaRAMIL At o 1 he

addi ti va&b ibspdlyamysamutﬁsepaw(ethyisrm gﬂadoe,, pody(prppwafr:ce)glyq:DBE)Clnbdlsinaﬂy up&juirl ydsol ubl e,
in water onver i nd is

sol ubl e or%r?le‘gﬁcia% ggﬁn %%P&S aphgﬁr‘%%g‘?r%hg@?j& Ir%&%ﬁ’&%h@% Sgﬁcﬁnﬁ:’ y of the
addi tive inS9@P% dﬁ@fﬂﬁ”@nﬁ%’@‘ds'ﬁ%ﬁ Anfi-foagnrdsi e evlienisneontiFapihri cat i ons

because t heetﬁﬂ@bétbﬂéeac%ﬂa'ﬂﬂrl@@nét@)ﬂﬁllfb%dé’ @Glfbvéﬂ duifeiEhd, RIgnaARfiBfimaniiien such
removal is desir e renova 3%&*&* TEDAB i s an exanpl e of

an additi veofr??é?'gef l?HWi/epﬁﬁ%‘rb%%%rpEﬂpﬁlﬁn? BarPWaée I3%8131de; 1 certain aspects
of the 3Mvetexamathylheosabaratideg fassil fuelqooquatsn . @f créapreutal (at,)cpal

pyrolysis oil components, crude oil, water-soluble components of crude oil); colorants
(e.g., dyes, pigments, organic pigments, stains, mordants); undesired compounds
and mixtures (e.g., dirt or stains on clothing or equipment).
Selected compounds that may be suited to extraction methods described
35  herein include compounds that are soluble to different degrees in water of lower ionic
strength and water of higher ionic strength. Certain selected solutes are more

soluble in aqueous solutions as described herein that have lower ionic strength and
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R2 15 (1) where Rl, R2, and R3are independently: H, a substituted or
unsubstituted Cl to C38 aliphatic group that is linear, branched, 20or
cyclic, opOionalor7wherein one or nore C of the al kyl grouA2811vdpi7aced by
a {- SI(R10)2-O} unit up to and including 8 C units being replaced by 8
{-Si (R10) 2-0-} wunits; a substituted or unsubstituted CnSir,-, group
where n and m are independently a nunber fromO to 8 and n + mis a nunber

from1lto &ncl@deséihﬁﬁlhé udcﬁld/e(ﬂﬂanuﬁ@m&ri ﬁeut\@@telcfbetcguééaheafoyéwugg oup wherein
aryl is opt onal rein one

. 25het er oar
P aced Ao RROSA Y SR reatton RAProdke b T I PRE sBinolREtost | fut ed
aryl group Higtvionig stﬁertgth &drhanlgamm)rmer apptovemnarid ust glcdaseiongyoithesedwo nor e

{-Si (R10) 2- %3&3, HﬂLgrn tN\@&% ﬁlBWevérsthQﬂél%gla ra\%ta 98h¥deribdd

- (Si (R10) 2- nin s from1 IS termnated by H,
or is term Wﬁéﬂ%@”%ym&d §ta'b§’tth ?'U‘teééta@rdeﬁﬁ@lnﬂsqfi th%lﬁl@?'fleﬁpl?l@a@ al i phatic
and/ or aryl group; 30a substituted or unsubstituted C1L to C8 aliphatic-C4

to C8 aryI | n aryl is optionally heteroaryl, optionally wherein
one or nore ‘@?%gb’\?!\gﬂg’ ‘¢ed by a {Si (R10)2-O} unit; or wherein Rl is

a substituted orTharezerbﬁhnytdaSceMtudﬁlprbnde@&eﬁ:lw spdnﬁwum thye bwponiCitrengthC8 al koxy,
or G4 to Cgmﬁtrcpfé ﬁ@re\/vﬂlcﬂ Xlln Hls%s%fergpc% g\fl rﬂgf)l%'ég@rﬁ%lin its non-ioni A
hb denf f< a kyny?, aryf,

substi t uent e | ndepende _ ry
aryl - halq defomh@@blﬁéabsqulalb/f@lubw"kylate( nﬁmwtmq water with)the snciahiky | ) 3;

Si (al koxy) 3forn|5"§1*tﬁe a@dﬂkx@’ﬁﬁl‘. iittl &9 H’b%m@!%n@m TRl sWiesapldi vrd an b@'ukéd ani no;
al kenyl am no; am de; I ne; t hi oet her; al l&/l car bon

al kyl car borfA %?&We”hWrSé%JY%?{W%ﬁgﬁ thp skl tB‘?(?/ddéﬂ ¥ WEﬁﬂ%onyl oxy
car bonat e; ddskabiy wasebaniel dissaledodagdandy/iam tlelayhtidmicomatt emrghatepBosphat e;

phosphate egt of i PRRSPIANRL QaRE SR ARG tEYAR Brm2THE AL iohfD NO;

15  switchable water has a higher ionic strength.

In accordance with one example, both the non-ionic and the ionic forms of the
switchable additive employed in this reversible reaction are soluble with water, such
that where a liquid mixture separates into two phases, a hydrophobic phase and an
aqueous phase, substantially all of the additive remains in the aqueous layer, no

20  matter whether it is in its non-ionic form or its ionic form. In this example, in contrast
to the additive, certain compounds will no longer be soluble in the higher ionic
strength solution, and they will separate into a phase that is distinct from the ionic
aqueous phase. This distinct phase may be a pre-existing hydrophobic liquid phase
(non-agueous solvent).

25 In accordance with an alternative example, only ionic form of the switchable
additive is soluble in water, such that when the additive is converted to its non-ionic
form, two phases are formed, with the non-ionic form of the additive in the non-
aqueous phase. The non-aqueous phase can include only the non-ionic form of the
switchable additive, or it can include a solvent that is not soluble or miscible with

30  water, such as a pre-existing hydrophobic liquid phase (non-aqueous solvent).

The switchable additive (also referred to herein as an “additive™) is a
compound comprising an amine nitrogen that is sufficiently basic that when it is in the
presence of water and CO; (which form carbonic acid), for example, it becomes
protonated. When an aqueous solution that includes such a switchable additive is

35  subjected to a trigger, the additive reversibly switches between two states, a non-
ionic state where the amine nitrogen is trivalent and is uncharged, and an ionic state

where the amine nitrogen is protonated making it a 4-coordinate positively charged
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sul fhydryl; alkylthio; arylthio; thiocarboxylate; dithiocarboxyl ate;

sul fate; sulfato; 10sul fonate; sul fanoyl; sulfonamde; nitro; nitrile;

azi do; hewenotywiiel; ether; ester; silicon-containing mpcgtdAesil/ostneest er
or a conbi nation thereof. The substituents may thensel ves be substituted.
For instance, an am no substituent may itself be nono or independently

di substitued by further substituents defined above, such as al kyl, al kenyl,

al lI§yny| : armﬂrogearawm h@ddomg@nmemﬁ&rgwammb nfoyedy bds e(mugan@wmaﬁgiea ring). 15A
substi tuent

{ , h
Si (Cl- C4- a‘f%B%Wgth ga%%g{ ﬁd@blutu ?ﬁrﬁ‘tﬁgn?ﬁx&m B IC8 %goulo such as
C2- ¢4- al kengdpammthsulgsenusad et wilrba desoBhedddelal. kAn aguebss sdiuibed- am no,

C2- C4- al ke t , .
G- Ca ol eyt Lo et athigh AR MR o “ﬁ” Sl Ui souon |
car bonat%®, @ﬂ%‘ﬁ'ﬂath@www@dﬁw nOfla'ﬁﬂ'ﬁé é@rttyoqszmpanrtglth@@n'cz@’aqum t hi ocar bonyl ,
phffsﬁhgt el phosnﬂﬂaér%ueéﬁ@ﬁamng%fmnﬁﬁa%e \&Hi@rsd@hipﬂé?és%at&ga}ﬁh@ma%e [ ml POt
su r car.box ocar box sul f at e,
Sl o oY G abie el skl The B oreAlvat S s istd hren By et ol oy
Cl- C4- al kydminshéd akyhecahdrairaups gonmectet! nGemtrogehlamersHtBat ar@sufficientdyrbi nat i on
thereof. asic that the&%ré&%n&@? gk%&f c,sam Vp@%&&%%g%h@ ng:l\? Har €
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wat er - sol ubl'e or water - Ive e I ments, corrpounds
of fornmfl a Konys.apmingge@pounds of fatnwaen(l) M(é}WhlﬁhTﬁ%thjB@ anyriN- Urbloydﬁ’part ially

wat er - sol Ubér@p?éﬁ‘er?’é@b%l’:au@b%sbﬁrﬁnaryand secorhd&rﬁﬁﬁlh@éé}e%ﬂméfems each of Ri,
R2 and R3 may be substijtuted by IS oEtlonaIIy

suf fici ent Icgﬁr*??é%”lt% ofrBat%@'HW?é? Wtﬁ?'ﬂ%ﬂgtéﬁoﬁh%ﬂ“?‘fa' ?fézafbﬁmtaﬁe'o'ﬂfr YBifee of water
and CO2 (whbycteafiny andaaibbimgiveth aciug)ing @&Fhewmhesesﬁu lﬁpp’td te@tino. féror t her

provi des an_Jj I i , itive of formula
(2) where Fffn%%fﬁf'&ﬁ '11&593 eV%%n};fFOCTZ &rﬂo \é\g}?g ’oI o'ﬁﬂgqv%f formula (1) and
Eis 0,16 oteterminedthat é wop not penelbl§fo svieh Kftain EB@rHaR!LRBQ@)WdaW AMEGTE

embodi Ment s,qqRivEORRMEmPhadk@s fﬁkllc@rré%)andh% lﬁHrﬁQﬁﬁE S nla)forﬁ'nsrﬁ%ﬁﬁ% conpri sing

contacting a conpound of forrmula (1) CS2 COS i1 n the 5presence
of water, tHEFRHPUBIROREL TR Pﬁ@a@%ﬁ%ﬁ‘ﬁw’”ﬂ%“@dﬁé'r%ﬂ 'EecéFsef'b‘P%ul a(2). In
some enbodi derdase tha eﬁmrmWJdSTde\ibfrtmfg@Ihn&Hl@scﬂLRlbn bsckiBbe bqsdlisiBbiation of Any

of Rl, R, anld l?\% Oon|c r copcern ab Ul %r 2;'on 0 a\,(gae qgl[oi Oﬂc,alo y substl t ut ed
25 a scusseantorornecSimo e SroerSrmt Rridn FRaituf iR Bl he opt i onal
subst i t:mentrete@amnflﬂsaearennﬂlswn@@éne 6., snfafyi oi retarodygdiratiptis attashéxkdifectit onat ed by
carboni ¢ 5 5 nitrogen atom): in such a molecule, an N-H bond is not considered unpreferred.
Stable carbamate formation can be greatly reduced by using bulky
substituents on primary and secondary amines to provide steric hindrance (Bougie F.
and llliuta M.C., Chem Eng Sci, 2009, 64, 153 — 162 and references cited therein).
25  Steric hindrance allows for easier CO, desorption. Tertiary amines are preferred
since their ionic forms do not include carbamates but rather are bicarbonates anions.
However, in some embodiments, primary and secondary amines that have bulky
substituents are preferred because the switching process may be faster than that
observed with tertiary amines. As demonstrated in Example 22 below, the inventors
30 reasonably expect that efficient reversible switching is possible between non-ionic
and ionic forms with primary and secondary amines that have bulky substituents.
The inventors also reasonably expect that the presence of a small amount of a
secondary or primary amine that is capable of carbamate formation, in addition to a
switchable additive compound of formula (1), would not inhibit switching of the
35 additive. In some embodiments, the presence of a small amount of secondary or
primary amine may increase the rate of switching of the additive between its ionic

and non-ionic forms.
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10 acid, it can be present in its protonated formas it may be protonated
by the ionizing trigger. For instance, if the optional substituent is an
am no gr owNp,208mwh72as a tertiary amno group, this may ePCIICA2811050Tat er nary
amonium noi ety in the salt of fornula (2). The present application
further provides a swtchable water conprising water 15and a salt of
formula (3). In a preferred enbodinent, in the presence of water and CQO2,

an am ne conpounﬁio@ef erhiggaihd it d&har@&ﬂw@ba&tumaame@mnﬂdmmvbﬂ gar bonat e,
depicted as_a salt_of. fornul H}(?er} shown (ﬁt 3 E]u%ﬂh“ Owhere R1, R2, and
R3 are as d&FT'AE ’a°fatﬁ%{?8'."f?rﬁ‘°3 r@?&bﬂ?'ﬂ%ﬁ? Ve H‘Srﬁ? 8" Fd%hula (3) is
wat er sol ubdiiiculfibhée ef magticb@se@mp_dlwtlbmwaere reversionss proesehRathien aaddi tion to
bi car bonat €, i 00%me SRR Be ORLE R sit .fstuh‘iAME e eREPL i RLa it EST C

nitrogen, it may be present in protonat orm| I't can be protonated by
car boni 05 aciP@izatPpis ynRgeasAd¥, if the optional substituent is an am no group,

such as a terti a;ﬁMn&l@@hﬂ@du&%ﬁﬂﬁseédﬂb&yE&qu%blme@a‘h R Jdedtgr nary anmmoni um
noiety in the s e additive of

Toreula (1) Sttt okl (ki seconpmamif o e s S A i nase. mxtur e
and can f unsiitclablaiset@eencdnviemited ad avahdonizalfobl. e subst ances. 29 Al t hough in

theory an aqueo%ﬁﬁl%d&tlvgyc:%f%o%ﬁs FF‘erth&OMé%?og‘éR@Prﬂ}é”%uQﬁ formula (1), in

t he absence of other conmponen an i1onic strength of zero since
no chartfed eopwebeds ae éallpﬂe‘gwmpiendlpmmés itdgaminess pobamioest Payagiresm ght be

smal | but hhéhhl&rpotl;}ﬂﬂé?s \Klﬁ{ﬁltréé}éﬂsirﬂh@96’1?mérrm1'dkﬂohlaeﬁol%’rﬁuhe@&srﬂin&lﬁ&ﬁ ved air or
smal | anpunts of salts cause of the zero or small ionic strength a

swi t chabl e REMTRES VHRPIPIENAY RENAAR SFURT- sE?‘b‘?@”%ﬂ?ﬁb‘Uﬁﬂd%‘ro'WWH% (1) is
particul ar | yitrateas Wl thasolgnadlavigohe bod wnsmdﬁfmgaamceﬂoe\nbamtgro@pe m sci bl e or

sol uble in Il’cgfvgrﬁ QUM & 3lsoiny Ge SAA G Ly Age fé?(l #I&O?Y%erﬁﬁthat{]i\je @ﬁrg%)%e sal t

enbodi nent s, BOrH % non-ioni c a
addi ti ved fmwm'tepgematom EENMID@ﬁOémlmﬂl@Samﬂld@@lqumwm"ﬁ)eqoéﬁdrweyl forma

single phasﬁNWﬁQM@QM%e??EI?{a\IQ&MH@)%I (P}@'N GuMeEhyWuﬁJ 1,5,!?,'4,55,&93”5 t hat
t he non-ioni c conmpound he sa ormula (2) can

remain in a*EﬁBfé'ﬁE(%‘ %B'FWWY@W'W%‘YQP?{&P@G sce?(%'zi\‘lhﬂe\ﬁai 81 heeérd%wi t chi ng.

Swi t chi ng ahdst_ams(qummeﬁwamﬁbarKHtrejl)mtoaéxmmrérg SIGHQCHM\A@%rmound of formul a
.(1) to an ionic svg %C o € T%t Cr%p f rﬁ gdl cluc{e eacg‘u (2) . .
mcreasestheléAr?&(g]P ﬁat"ho ? K PPYRATRBF SIGIRYEP ﬁéeryngthelomc
15 st r eyt hhasfopplymesvif pokalbheoxige qarrethy@ne bede withmalgiceanpedride udiles drek ved
substance wajeh O?bﬁ .ﬁdﬂ%%ltl‘r&?' so'llﬁ'lo§UF|n séifa étél&foeﬁeﬁﬁgrah%‘lnﬁteﬁ&lr QRghh solution

wi t hout the nee distillation or her energy I ntensive separation
t echni ques. alternative tOAanéP?hémWéP@:d%?ré}‘QcikﬁgQﬂ'XJ”Eﬂr%Of REPPYSH6 PKige 88 ubl e,
additive ofetﬁmﬁaﬂxme(céh b@&ébop@ﬁéb@ﬁbpareﬂwt‘hégl‘mbb fawaibias rdab@ll wite aa t wo- phase

rLxture o AIRAET A NSRS el e o dVRR. Sl 1 Ehe

25  is useful as an additive in embodiments of the invention described herein. In some
embodiments, ratios of the ethylene oxide and propylene oxide repeating units of the
polyamine are controlled such that, at a given temperature and pressure, the additive
in its “off” state is substantially insoluble in water and in its “on” state is soluble in
water.

30 Another example of a method to prepare polyamine additive includes reacting
a polymer of acrylic acid (or a corresponding ester) with a diamine (e.g., N1,N1-
dimethylpropane-1,3-diamine) to form the additive via amide bond formation. As an
allternative to acrylic acid polymer, another polymer that comprises carboxylic acid
(or a corresponding ester thereof) can be used. An example of such a polymer

35 includes a random or block co-polymer of polystyrene and a polymer comprising
carboxylic acid. The amide bond is formed, for example, via dehydration, acid

chloride reaction, cataytically, or the like. Any secondary or primary amide nitrogen
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strength of zero since no charged species are present; in practice, the
ionic strength m ght be small but higher than zero due to sone inpurities
such as dwe=oiwvmar2air or small anounts of salts. Becaus®CoiCA2hE/56176 Or
smal|l ionic strength, a switchable water m xture conprising a

wat er-imm scible, or poorly mscible additive of fornmula 25(1) is
particularly useful as a solvent for substances which are m scible or

sol ubl e i n Atewch@bé ﬁlkﬁété@flg‘ﬁhhé]‘ﬂli@%@ﬁlbiﬁl?'p\ﬂﬂpbﬁl@@ of the additivel h SmE
enbodi nents, the n t er-insol ubl e, or

poor |y S0l TSI 3187 BEinS CabiarEro & e PR e 3 TR BRGR o such

t hat a si ngd gvgghtameeiatird andyressard, shewduditive indts aufit statevie sutstaptidltyched to its
ionic form, i i 1 t he
conmpound of @Mbﬁ&ﬁ mg%{%nﬁl@q%né?g%:%%gérmv%x%ﬁﬁgﬁg%v\%%rg Hégﬁrpg'rgéglgtlﬁ%g}gt he salt of
formul a Y 2)W3tRler eases the ionic strength of the switchable water. In this

enbodi nent, the f a&{aldé]ﬁﬁodirhlﬁthQaumer ferﬁuQ&utﬂé oﬁuhﬁ:l@ﬁ&jbf botRy i S
wat er - i nsol uble o

e us in sit ere it is
bone § ci al T30PE a0 REOLR T WpFE DYty ST e b AR B o P 1o
sSwWi t chi ng tandtifieolutdeen roincilde fvith wateB5T e iaodseibilgynarénsal ubliityedf theeaddigvdiiodi nent ,
the salt of,f t. 0, ditive of
formla (1) n%%ﬂ zaed(fcfr)n gg{i\hamﬁag%emszuﬁgﬁﬂ? Q;?p%atfoﬂé B’ec%HQa He &@f\}é C%Hb Lddi ti on
of a notti d?ﬁ@ﬁ@ﬂb{ removggdiom tirgivater, gvhaehsmhtra@emw d@é@hbéthﬁﬁerawabws t he
re-use of tfeyRybdt ciEpAlBas YRERImpld 6F Mmelabi@ldtherTaQdb Aecsindto Ingast one of Ri,
R2 and R3 can be replaced by one or nore further tertiary am ne groups. For
i nst ance, F&mtfﬁilvn%‘é substituted with a Stertiary am ne, which may itself be
further substitui ectan ddpeédts bEthé ingéntioa MenelditiVd 1S, cotripeun @3a@miulai(nyent i on
i ncl udes the use of an aqueous solution conprising water and a conpound of
formula (4), where R2, and R3, are independently as defined for the
conmpound of formula R5 andrR6 are independently selected fromthe
definitions of Rl, R2 and R3 of flormula (1); 15R4 is a divalent bridging
group selected froma substituted or unsubstituted to C8 al kyl ene group
that is linear, branched or cyclic; a substituted or unsubstituted C2 to C8
al kenyl ene group that is | i near ranched or cyclic; a substituted or
unsubstituted -CnSir, g{o whe nand mare |ndependently a nunber
from0O 1o 8 and n + mls nunber fronl?l to 8; a @ubstituted or
unsubstituted C5 to C8 aryl ene 20group optionally containing 1 to 8
{-Si (R16) 2-0-} unlts a substltut ed or unsubstituted heteroaryl ene group
havi ng 4 t ovi@raRbmE, arwlFHatee indensadéntlyri ng optionally containing 1 to 8
{-Si (R16)2-0-} ypits; -(Si (R10) 2-0) p- chaln in which "p" is from1l to 8§
a substituted or unsubstl tuted Cl to C8 al kyl ene-05 to C8 aryl ene group
optional |y cont & fPsfuted Pb“”é“l{St'@'ite(dF&G? e 6"F}halﬁ19rf"é° that ig linsef.iPfanceef. or
unsubst2d ut @dy&i, dptiokMy wherein one or more C of the alkyl group is replaced by a {-

Si(R"%),-O-} unit up to and including 8 C units being replaced by 8 {-Si(R"%),-O-} units;
a substituted or unsubstituted C,Si,, group where n and m are independently
a number from 0 to 8 and n + mis a number from 1 to 8;
a substituted or unsubstituted C, to Cs aryl group wherein aryl is optionally
25  heteroaryl, optionally wherein one or more C is replaced by a {-Si(R'%),-O-} unit;
a substituted or unsubstituted aryl group having 4 to 8 ring atoms, optionally
including one or more {-Si(R'%),-O-} unit, wherein aryl is optionally heteroaryl;
a —(Si(R"%),-0),— chain in which p is from 1 to 8 which is terminated by H, or is
terminated by a substituted or unsubstituted C, to C; aliphatic and/or aryl group;
30 a substituted or unsubstituted C, to C; aliphatic-C,4 to Cg aryl group wherein
aryl is optionally heteroaryl, optionally wherein one or more C is replaced by a {-
Si(R"%),-0-} unit; or
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25al kenyl ene-05 to C8 aryl ene group optionally containing 1 to 8

{-Si (R16)2-0-} units; a substituted or unsubstituted Cl1 to C8

al kyl ene-weterigmriplrene group having 4 to 8 atons in theprParamsdildN350G78g
optionally containing 1 to 8 {-Si (R16)2-0-} units; a substituted or
unsubstituted C2 to C8 al kenyl ene-heteroaryl ene group having 4 to 8 atons
in the aromatic ring optionally containing 1 to 8 {-Si (R16)2-0-} units; Rl
is a 308ubsti tutmmaretnfRlSirlswaﬂatsinmtj@du@hbétm@caﬂolcglanprﬁ'ﬁc§@u§831a6mL

het er oaryl Vi Cﬂ o&n '@}?8 car on tat ng}f* %ﬂg aromatic ring or Cl to C8
al koxy noi e? Ve &+ igts 3 WR'q '?1‘?'% 2PPIOPRTYIIEIETY embodi nent's, conpounds of
formula (4) areA/\anoeurtummablbemdAMdlenﬂyealkwalkenylaalgmwatmea/l béhdéa are
likely to h r n they are
in their |§%t%m§@ri o%Fk%| (e érgm?{fnwn%??éé(rgnﬂ ooﬁ(ds”%%& |Fof @R%hwat gr when t hey
are in t%elwh'ﬁb'ﬁdp‘éﬁ?l%afﬂ"m ylapgio; @'h@ymoda'ﬁ@é Fridagederoxylt is pointed out

t hat when tﬂloet:heﬁalkylbé}b@wyf %FR?I@érbéHVIdxy -dNIERD oty a%xﬁa%olﬂﬁoﬁay have a
different definition from anot

Suc
Crbogi oant SV ibRiSb A F el Sko o et B g cHBp YAt aEmeBH: or e one or
nor e t han optesphdte; phesphate @stes phospadnats; p&uép‘hmatoenydny dzgwiminot nife  pr ot onat ed

by car boni ¢ \Mﬁ’fﬁ% Oh%@@@ r%rgm?oa{h'o%grb'dﬂ’lg‘te %{.th.%gb‘?b (a0 OBt O byl yTer . I n

accordance di ment rogen atons aré wthin the
backbont of suifprate shamayl; sqifpeamidigi i aitde: afzmlprﬂnﬁt%rombyl ether esgeci fi ¢ exanpl e

of such a pgloyRREnthiRinYofdied; Mfoditdrr #FRBmBInAIdSther@b1E TWleTs.lth'ﬂtutth@ nkgckbone of
the polynmer. In alternative enbodi nents, the additive is an oli orrer or

pol ymer t hahemggiesibRSUBsttest FihstaprRAn GWé"Orﬁ“P?tBLge@hma?( B?ﬂfé’f MW er
suf ficientl mdé:p@suehtw gishisstifue o by Aethedsubytit@satsxidined atwivel suth as @mdant gr oup

15that is pﬁ eﬁ‘lé aINnd(jn%/?%?y?%I%g aHg'hl:-tEro?ﬁ/ S\}ch norrlréro %ttlc%@uat ed along the

backbone of Nent sone or all of
the nittogen at dnfubptituérdmayie psﬂﬂérﬁbltﬂ@mﬂt9n¢)m@|r®ht“99t@epmuoln anailed by

car boni c acd)dall@cfx?)3 @“eﬁr@:xglr%u% C%’%yﬁa‘?ﬂﬁﬂ @?CQ,%RHH’gﬁarH‘ﬁU destkgd. of the
backbone of the 0 orrer or in pendant group s that are

part of t h@W'@?}&t%f?&yhﬁ‘ﬂbﬁ“t“tQQIER‘éﬂ?pPéCﬁﬁ'WWb?“béWH‘P%a{T@? #4% ng formul ae
(5a-f) are s, in&)bmek ChKDHah@I&@rbf)rm wlaeukylcarboﬁm@r& te the nunber of

r epeat unlt cont ai n n asi.c _arou efers to the
aver of - rssae Dl cSheleitr oRRaleend: StoRbm boEE W T Tar g
val ues 2ff fﬂkyltalpearb@ﬂvéIOD'OSlpbathphmf@taaéSﬂ%cmhothqnatOl proxsplzisateg t he ionic

strength W@c%hh%vmﬁﬁ@ shlfhyﬂ@?br -l RYithid, WJE%er%}latQB&{thia@é’rﬁo@ Ry solubility in

wat er when they are 25in non-1oni c forns I's not ‘necessary that
t he backbon%”fB‘P %L!'fétop%%'@’h%? syiareayt. |SI="81”9mf?§d@"‘bf”'t6‘3r%o% Ay Hydrogen at ons;

in some enbael sivsscontdin PRGN MIoFBNr, @PFBsHISIRatRh MRsrect! enents. For exanpl e,
t he pol yner oxane nt ai |ng si de

e e Y e T e SoR e RS R e BaR Tl b S R Ber0? ¢l
backbonzb camistiblselhfalteroatyeiesdodiments, gnguoepsds df forsoleg1)30ewdtedine@wils, it is

preferably §.Q,RaYGmR-BRCSUMEaRaiy hEer HIWIPS: k3 mikSpik easonabl y
In certain embodiments, each of R', R? and R® may be substituted by a
tertiary amine, which is optionally sufficiently basic to become protonated when it is in
the presence of water and CO; (which form carbonic acid).
30 The present application further provides an ionic solution comprising water
and a salt additive of formula (2) where R', R?, and R® are as defined for the
compound of formula (1) and E is O, S or a mixture of O and S,
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hydrophilic or polar. Wthout wi shing to be bound by theory, it is
contenplated that a hydrophilic or polar backbone or side groups can help

t he char gwo 2bovaer2? t he additive fromprecipitating. 35PCTNA2DINNSM7650

R1 can be substituted with a tertiary amne, which may itself be further
substituted with a tertiary amne, as shown in the conpound of fornula (4).
Such tertiary am ne sites may be protonated when contacted with CO2, CS2 or
CCS in the presence of wateg2 Thus, in certain enbodiments the present

i nvention provides an 5ioni ¢ solution conprising water and a salt of
formula (4). It wll be apparent that when the polynmer additive is inits
ionized form in order to b Ignce the positive charges on the quaternary
amonium sites in the cati oty a nunbecaf anions equival ent to the nunber
of protonated basic S|d/s// ‘h*que present. For exanple, in the ionized
formof the polymer aiditive of T®tnmula (4), 10there vl be (a+l) -E3CH
ani oni ¢ counterions for each cation having (a+l) quaternary anmoni um sites
in the salt of fornula (4). Alternatively, sone of the E3CH ions are

repl aceg b%/ ?ni amsorpd el’h&fcmdérgs G&%&pound offormulaE@QQp@baB&by%etmd $m3 iR t he
conpound o 0 ca e s an ne ich may
Coaert e trian Somading RaBSoidiar et T b o b B R N 1L Ty
sites mely bmegmoe ofnmetteldthmmcmttlagtrecbompbmo[t@z)e B2 orm@OR)i m t he presence
of water. I—R\pﬁ'ev%bodm%tgglcomg%%g Of,@ﬂ:ﬂ §S\p§gr1§ggj plor e t han one anmne site

(i.e. polyam nes rot nat 1 on thetrlger at every
am ne site. Thu\Wa& n@ c%‘ﬁpﬁ)@ﬁ'tﬁ@ saif °fff®rmﬂﬁ @) ay bﬁa@iwﬁ@tysy stijfiest onat ed at

every tertigyyscabidaqorthd &ersz@ﬁd 6GBinAAd @si mv&dwep%uldi@@opﬂ'ongsZ
Consequent | sites. nust be

oo sttt oy e DRy B S AL ehe o S NP | e
swi t chatdl e aut @rcan be present wﬁtsrptrdnemamu‘ferm ahie makbkipfatonatedtblyehgiknizioy t he

conj ugat e atggéjer( #%rqn%aﬂcgﬂt t@e o {Jﬁ)a su?%utﬁé?ﬁ?.saaﬂ‘a ﬁ@@po%'& Ay t%ﬁiéfw: o (1)

shoul d not _ nder rotona I'rreversi

particul ar, afﬂ'h@@lioéhlthlsﬂ@ts/ﬁ?(létfastwaéﬁﬂ'@ﬁw PW@OBIHGW@GM@tbapﬁ‘tﬂféo”l"g@f

deprotonatl(gr through the action of the non-ionizing trigger (which is
o]

descri bed below_to be, for exan%a heat i ng bubbl i with a flushing gas,
or heating and DUBBIGSAY RPIRIY PR RIGYegaSiitchale @éﬁﬁmﬂ&w@ﬂm
enbodi ment sandtaheltpKioknils (3)N Inda prafeged eimbadimsit, i6 theOprademué oflwhaterlamdot her

enbodi ment SC?;hEﬁ &lﬁ_e‘léom%ourﬂj oqfor%nlgﬁo)oéo Qr?ut%?ngrr}mo%g?ng%lfa]rgw h certain

enbodi nent s I's’rn a range I n some
enbodi nent sO,IepICmI Pk &alt|0§f0rrnula(3r)aﬁg@0mfbeztmbut 8 to about 10.

R2

® S
NH O;CH

R1/ \R3 -

20 where R", R? and R’are as defined above. In some embodiments, a compound of
formula (3) is water soluble. There may be some carbonate anions present, in
addition to bicarbonate anions. Should an optional substituent comprise a basic
nitrogen, it may be present in protonated form if it can be protonated by carbonic
acid. Forinstance, if the optional substituent is an amino group, such as a tertiary

25  amino group, this may exist as a quaternary ammonium moiety in the salt of formula
(3).

A water-soluble additive of formula (1) can provide a switchable water that is

a single-phase mixture and can function as a solvent for water-soluble substances.
29



Addi tives useful in a switchable water can have higher aliphatic (C5-C8)
and/ or siloxyl groups. Mnocyclic, or bicyclic ring structures, can al so be
used. A hwohervesareber of aliphatic groups can cause a cecpaa0itsoIe waxy
and water-inmm scible at roomtenperature. As described above, this nmay be
advantageous if it neans that 35the non-ionic formof the additive is

wat er-imm scible, but the ionic formis water mscible. In certain

errb]?di rregt S/ﬁlth’bh@h .a@lclaiow e\/rﬁaciuéodsj e%witlﬁ'n aﬁthé wgtm §&urm@mﬁwuﬁd of formula (1),I t 18
preferred t

atic an isl1lto 6, nore
Dt of o abl y 1 Herrondt &t PRBSAepRe il A etion Serr ] E D0 M 1 o “where R1
i S a subst icthatged speciesese psseritLit echcCE, the i@ ulekyth MigH be@mﬂblarh]gher het er oar yl
havi ng frong4, 19, év%r&aﬂ]@ .rﬂ&r@f{gs kd?:h%@%;s@&l%%u.‘&smaﬂg 8{]nt§3rf dafls C8 al koxy

noi ety. Conveni ent in so di scussions herein term
"al i phatd C/%‘?qab%y@“hq 7§rQJQres(ﬂnaéHPW@ﬂﬁﬁrﬁs‘m‘@h&%wwﬁhﬁnﬁﬂsi”ﬁﬁd‘tﬁTQf si | oxyl,

and a chai r\ni%lbl@f&ohﬁo@d%@fﬂﬂhﬁléh)%pé}ﬁcuﬂrlyQE@&Ilafé a@aﬂemlf&r%wétahuébts

Optional l'y thg}ad itive Cor% ses .a grou t hat mc{jI es an ether or ester
moi ety. | n ‘PrEt AP MUF AT OV g grqnﬁwaﬁqv%m@rsa ﬁ”lss al kyl . Aliphatic
groups may be subsdémé¢ ermbalimerits botmeh@nomlomeadmtn&tqf&smslaa;h and thefsat exanpl e,
al kyl, al ke I 0, r yl,

non- arorratlécuékrulv?lgogw@(%) al“?l@?‘)%"'@{ '1 oxy %?%e?%%‘(e %Yr{w(asmSFe rrrllg%(r) ester,

am de, Hhi dicveouspoittipaivhen disspivedirmeater. &hm@a@ﬁmmp@onmmq@mm@od t hi oest er,
or a conbi n&‘tférﬂlﬂlat(ﬁ'%rﬁ%e sdneAfdrin\ig (@%‘Qﬁ?énﬁéﬁ?mta%uédi@&olﬂﬁorﬁéﬁém l'i de,

car boxylic acid, é de and ac | ori de are not preferre
Strongly ba¥age %ﬂ”ﬂ)WB rgfﬁ?é AWEDING i 'tﬁ?é'gsg 3R QUSSVEhARYE "%F;FCH’BP“SH@ preferred
15i f their tpe obmpstamumnfobwaambmm ioniaewicthiasle tliafel bmulbrtsurtgc:her saterfse. In

ot her enbodh IR 2 8<bl hOLSAL Gl SUBSLLLHEIL 58F Spltto LAt | of T X

groups, and are Such gr oups
i ncl udetd ovmenathk>§/1he(s@ltcrtablema)erga@n@ssednp eknet ﬁéGS@v@rﬁpbéénQﬁmemsl ower

al i phatic ghQupse ﬁrsﬁc%ncr%%lc Sl GRIR) ition i fﬁ'é@t)tﬁe nedd(i6HR3tRatioH2 CH2OH,
CH2CH( OH) CH3, and 20phenyl . Monocyclic, or bicyclic ring structures, may

al so be usedy.other energy infensiy pepafalon ISGAAIEHAS. t hat i n sone enbodi ment s

substituents R rmymbs,\/ewem@rt.ﬁgbmbra)m FooRP BHlLE tadaiveddf fbrenomr(1pd¥ hi gher
aliphatic gr oup certain errbo nunber of

Furt t he .t ot
carbon and &7 i c%ﬁw' l?r]rgwgperg]af 'ngtw?ﬁ aseu%')df’l tu tﬁe@%ﬁlthe?@th 6}gmd R4
(1 ncl udzthg Ionna topwhassubisture, incthe shseote of ofeer epmpwleats| will bavepoupnic of 25f or nul a

(1) may be étr%n&th%f Eégglﬁcé)ﬁ%%a}d%d%gemﬁ@érg pFérSQrttE%Fm%Fgcﬁcégtﬁegorﬂéstrength

Referring to Figu em cal eme and ematic drawi ng are shown
for a swtch4Bike Si"&?r'hbé:'t lighes g reQd]ug dn sorag/Biraiasrsuegh adiesolvat 8€Pbl e ani ne

aggl tive ?fsrﬁamramduats(ol%ananﬁﬁmtsebfthér Bero @ efiriahic ét@a@th a@wﬂaauartel o?l)showg an
additive (n orm. 1L cn 1 an
fater on { HAPURELRRaLS S bl riRRep B PP AREP RSB s an
ammoni u2a bi @ pislpertiatieryseleful af a @vemtifoa sB)ances whieh are ghigcittemordsobiblden Thi s

reaction cap J ELELES as bIUtQJ cat ed. The schematic shows the sane
reaction occ‘ﬁ?ﬁ' ng ﬁ% ﬂueo rgsen(r:]e of tetrahydrofuran (THF) wherein a

si ngl e- phase aque#&tuse @@P%mems de nan-ianif Addityg @f forpda (g iggvaterdngdifound of
formula (1)9r pbb@sduﬁalewaﬁ@trhe@hlsgddalve,formataeuz) |§WQteF[§ﬁuﬂl§3l§:hWanhgtehe | ef t

si de under %bl aﬁ q lbl\i1 i &rﬁ?eté%a g él gn%ture i s shown on

the right st'H&® P8 é’”'%l ﬁRéﬁ : 'W s ditQu 'éﬂ'& RO PSR YYueous

sol uti 03D of ionibewihbble @itel osmprsing(ti3) canqropnd sfiforgruengtptoi anrorid dtchamat e and

water, and v-\[:;_tigr comprising the salt of formula (2) increases the ionic strength of the switchable
water. In this embodiment, the fact that the non-ionic form of the additive is water-
insoluble or immiscible, can be useful in situations where it is beneficial to remove
the additive from the aqueous phase following switching to the non-ionic form.

35 In accordance with either embodiment, the salt of formula (2) can be switched

back into a non-ionic additive of formula (1) by removal of the ionizing trigger, such
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Referring to Figure 2, structures of a nunmber of conpounds of fornmula (1)
are provided. DMEA is N, N (dinethylam no)ethanol, which in fornmula (1) has
Rl is netwol2011R®7123 net hyl ; and R3 is C2HAOH). MDEA i s RCEEA2911/050075

di et hanol am ne, which in formula (1) has RL is nethyl; R2 is C2HAOH, and R3
is CH4AOH). Bot h compounds, 5DVEA and MDEA, are nonoam nes having a single
tertiary amne group. TMDAB is N, N, N, N -tetranmethyl-1, 4-di am nobutane,
whi ch in fos9wbAof By adddion Bla hén-BRikiAY triggéi2 This isTBdVANagedss besausé BN( CH3) 2) .
THEED i s N,"N, N‘, N'-%éhéaklﬁaé-R%Proxyethyl) et hyl enedi am ne, which in
formul a (1)2RYE"erese gichplle Watto L uoH: “and R3 i's C2HAN( C2HAOH) 2) .
Conpounds TMDAB lapettairHERD dimantdpblrastese bisR/i Rgard®’ cbdtbe replavey barneie gr oups.

Conmpound PAP_ | - e i : erti i ups,
L [bi S - (df AerRuTak *%'?;i IS R oy e, Roel B RN (1) has
Rl i s met hyertiagamise, maichynay itgeltoegres S%’-!EN( Ry HBIR(tee3) 2) .
Compound  HMIEJeMt inSerflioh Rlciudsd e usdiendniguédidisolufidrt dofpYisiAgrivaRr 8hdPMPS,
1,1,4,7,10, 10- hrﬁcﬁafﬁm h}/l triethylenetetramne, which in fornula (1) has Rl
i s met hyl ; RPMPOUIEYHYMUIBhnd R3 i s C2HAN( CH3) C2HAN( CH3) C2HAN( CH3) 2) . These
conmpounds are di scussed further in the working exanples. Referring
to Figure 3, multiple 1H NVR spectra are shown froma MDEA switchability
study carried out in D20 40P MHz. Thi srRfs discussed in Exanple 4 bel ow.
20Referring to Figure 4, ItiEIe 1H N Tpectra are shown from a DVAE

switchability study carri in D20 |at |400 MHz. This is discussed in
Exanpl e 4 bel ow. Figure 5, multiple 1H NWMR spectra
are shown froma HMIETA swi carried out in D20 at 400 MHz.
This is discussed in Ex%a

re s

rring t
ility
|_Qw. Referring to Figure 6,
multiple 1H NVR spectra hown from/a DMAPAPYswi t chabi | i ty study carried
out in D20 at 400 MHz. This is discuss i n Exanpl e bel ow. Referring to
Figure 7, conductivity spectra are shown for the responses to a 30CQ2
trigger'®ver time the following solutions: 1:1 v/v H20: DMAE; 1:1 v/v
H20: MDEA; and 1:whewd ¢, BRORT HiERiepai @ty BEadmbd B tRi dompalrl dirseussed in
Exanple 5 bﬁL\OW Referring to Figure 8, conductivity spectra are
shown for t responses of 1:1 v/v H20:DMAE; 1:1 v/v H20: MDEA; and 1:1 ww
H20: THEED sol ut iRdres¢ RMaiediddpacddnée selentéd fame thedefiditions IR, & agy®T of t 0 t he
removal of %@ nitrogen bubbling over 35tine. Experinental details are
di scussed in Exanple 5 bel ow. Referring to Figure 9, a plot of the
degree bf pr ot orfati§ dAVYENtGridoing grevrisgientesd fem pruEtikind avprsAbEiRutepS1and a 0.1
M aqueous s@lditikRn®§rodptaEDs ife dPAParic@8d bit dyBR:; 88ubstituted or unsubstituted

C, to Cg alkenylene group that is linear, branched or cyclic; a substituted or

unsubstituted -C,Si,- group where n and m are independently a number from 0 to 8
and n + mis a number from 1 to 8; a substituted or unsubstituted Cs to C; arylene

20  group optionally containing 1 to 8 {-Si(R'%),-O-} units; a substituted or unsubstituted
heteroarylene group having 4 to 8 atoms in the aromatic ring optionally containing 1
to 8 {-Si(R"%),-0O-} units; a —(Si(R"%),-0),- chain in which “p” is from 1 to 8; a
substituted or unsubstituted C, to Cg alkylene-Cs to Cg arylene group optionally
containing 1 to 8 {-Si(R"%),-0-} units; a substituted or unsubstituted C, to Cs

25  alkenylene-Cs to C; arylene group optionally containing 1 to 8 {-Si(R'%),-O-} units; a
substituted or unsubstituted C, to C; alkylene-heteroarylene group having 4 to 8
atoms in the aromatic ring optionally containing 1 to 8 {-Si(R"%),-O-} units; a
substituted or unsubstituted C, to Cs alkenylene-heteroarylene group having 4 to 8
atoms in the aromatic ring optionally containing 1 to 8 {-Si(R"%)>-O-} units; R" is a

30 substituted or unsubstituted C, to Cg alkyl, Cs to Cg aryl, heteroaryl having from 4 to 8
carbon atoms in the aromatic ring or C¢ to Cs alkoxy moiety; and “a” is an integer. In
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fromexposure to a CO2 trigger over time is shown. This is discussed in
Exanple 6 below. Referring to Figure 10, a plot of the degree of

depr ot onawpan11a®775 M sol uti ons of DMAE and MDEA in D2@Canmch2a11®51075
solution of THEED in D20, which 5have been switched with a CO2 trigger, to
the renoval of the trigger by nitrogen bubbling over tinme is shown. This is
di scussed in Exanple 6 bel ow. Referring to Figure 11, conductivity

spectra forgoﬁﬂbeenﬁmmmwsmﬁouﬁdsloﬂfémw(ﬁ) areWake-s510blut padsveb@ita CO2 tri gger
over time, in a PAP (A), is

shown. Thi s?i98 va'ug%ﬂsgeade hebeio s Qﬁﬁ'f%e éﬁ%g‘(%&/'”crefé'”%\geéﬁ? %Ef”?‘gm HeGure 12,

conduct i vi tthewgredt thair foaic forins buemppmsfesfr@ﬁ pdorsolbility iHP@ateamhengheodrat | ons,

whi ch have P%ﬂbq%ﬂ‘ &n?é‘f@r‘}‘ns""'ﬁolr"th% a%?ami] Silot ittl 5||tﬂ§d 6&%?&&?9 the trigger
h

by nltro en bubbl'ing over tine, ne IS HMTETA
(.), DMAER@rEpagt, ung-B(RhBwnR' i R’ may *tﬁvgélﬂs‘@éﬂﬂ“ fefintien fpmangtheie| ow.
Referrl ng tQuchidpebeunk3, five phot ographs A-E representi ng di fferent stages

of 15an experl nt eXhIEd[ianlﬁ %ﬂe swi t chabl e |o% renﬁth character

of anine addlt SNVERAB Y ¥ NEEE SANHIaYrerLn 2 @ANIMET BRSPSt er and

n- decanol asre oslnmmthaﬂ'bnesnnrsgedlmus)steat i$ sufExanﬂpbmuthotbelponnated by I n

cocordance WAL LR INANS. ARG RIBGRIEN BeAUd R R

i ndepentient ¢nypodarengidife misebealstares armhin g1 heskbongofiheolymer. dbiei t i ve of

formul a (6)adattive WfoWR@% s(pggiﬁcw)&mple of suc‘,’m‘?& yrﬁ‘erh@wﬁﬁcﬁ‘iﬁ@bﬁfoggrﬁ omlto 6
ce

sufficient to bal an overal |l char e 25am diniumcation, and E
is 0, S or HORSkPGErEhErthgbagihons, Ofﬁ“t?rﬂoﬁ’g?‘f‘é L9 G eRBHS Eeime gt ST*rhi‘aggers
As used herai:ldlllve&etnrdllgtgﬁéro!rsolméhﬁmg:entbhabné eatsre ttanane hewheal reaction or
a series of Srﬂz%glh%ﬁss FAGTHA RS 1dbel Frb@9%Ld FAL SN R RS BRadr?lofih N9

trigger,
15 that is part of the repeating unit, but that is not situated along the backbone of the

oligomer or polymer. In some embodiments, some or all of the nitrogen atom(s)
that are sufficiently basic to be protonated by carbonic acid are amidine groups.
Such amidine groups may be part of the backbone of the oligomer or polymer or may
be in pendant group s that are part of the repeating unit.

20 Example polymer additives having formulae (5a-f) are shown below. In these
formulae, “n” refers to the number of repeat units containing at least one basic group
and “m” refers to the number of repeat units containing no basic group. Additives
with large values of “n” are likely to be more effective in increasing the ionic strength
when they are in their ionic forms but may have poor solubility in water when they are

25  in their non-ionic forms. It is not necessary that the backbone of the polymer be
entirely made of carbon and hydrogen atoms; in some embodiments, the backbone
may comprise other elements. For example, the polymer may have a polysiloxane
backbone with amine-containing side groups, a polyether backbone with amine-
containing side groups, or the backbone can itself comprise amine groups. In some

30 embodiments, it is preferably to have a backbone or side groups that is reasonably
hydrophilic or polar. Without wishing to be bound by theory, it is contemplated that a
hydrophilic or polar backbone or side groups can help the charged form of the

additive from precipitating.

35
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effect conversion of the additive tois ionic form(e.g., protonated), or a
non-ioni zing trigger, which acts to effect conversion of the additve to its
non-i oni cwbaenmvoeer2g. , deprotonated). As the skilled per #omaa2bivdsood, there
are several ways to protonate a 5conpound in the presence of water.

Li kew se, there are several ways to deprotonate a conmpound in the presence
of water. In accordance with some embodinents, a non-reversible switch

bet ween a non-ionic/(e.qg., i oni
(protonated) state i . i ot h¢r enbodi nents, a
nonreversi ble swt NI . ed-am ne) state and a
non-ionic 10(deprotonated)/state i i’oi ) hed enbodi nents
the switching between iofjic and non-ionjc states is reyersible. Accordingly
the follow ng discussion W [ An exanpl e
of a non-ionizing trigger for con ing the ionic e.g., protonated
amne) to the non-ionic state (e.g., deprotonated n an aqueous
15sol ution that has little or no dissolved CO2, is additien of a base to

t he aqueous solution. An exanple of an ionizing triggey for converting the
non-ionic state (e.g., deprotonated amne) to the ioni¢ state (e.g.,
protonated am ne) in an aqueous solution, is addition of an acid to the
aqueous sol ution. The compound of formul a (1) cansagwant ageously be
converted, in the 20presence of water, froma watef-sol uble non-ionic anine
formto an ionic fornda)hat is al so waber sol ubl e. Thebcjonversi on occurs
when t he aqueous non-ionic solution is contacted with an ionizing trigger
that is a gas that liberates hydrogen ions in the presence of water.
Hydrogen ions protonate the amine nitrogen of the non-ionic conpound to
forma cation an in|the se of %%g?n trigger, bicarbonate anion acts

25as a count formed. This aqueous salt solution is
a single- phase {afic aq@® uti pnX More particularly, the ionic form
is an ammonium salft. One skilled in trhe art will recognize that a snal
anount of carbonatle anions will'also formand may act as counterions to the
s. In the exanple in which the additive is

i mm scible or i e, or poorly 30m scible or poorly soluble, in water,
it can be convented,'in the presence of water, to an ionic formthat is

al so wat er - sol e. I\ILor exanpl e the conversion can occurs when the m xture
of non-ionic ditiveNand water is contacted with a trigger gas that

l'i berates hydrogen iopfs in the presence RN n i QnR protonate
the am ne nitrogen of/ the non-ionic conpoun catipgf _and, in the
case of a CO2 trigger\ 35 bicarbonate anion acts as a counF Pion and a
salt formis fornmed. TiNR,aqueous salt solution is a S|ngl phase ionic
aqueous sol ution. Mre pa?ticularly, the ionic formis an annonlun1salt
One skilded in the art (#)l | recognize that a snmall @e&pount of carbonate

anions wll also formand may act as counterions to the protonated anmoni um
cations. As used herein, "gases that |iberate hydrogen ions" fal
into two groups. oup (i) i ncl udes gases qhat I|berate hydrogen ions in

the presence of a|base, rf/m\ﬂm (\ NMe;
/ e_-;_u

, NWM”’“\V“MWN%MW

I H |

— N. -~
Me,N~ "~ "NMe,

(5%)
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5exanpl e, HCN and HCI (water may be present, but is not required). G oup
(i1) includes gases that when dissolved in water react with water to
| i ber at e Wodnogen2rons, for exanple, CO2, NO2, SO2, SOBpCTLA20nds@TS. For
exanple, CQ2 in water will produce HCO3- (bicarbonate ion) and CO32-
(carbonate ion) and hydrogen counterions, with bicarbonate being the
predom nant species at pH 7. One skilled in 10the art wll recogni ze that

the gases of gr@®ipafg 'bé)suw'mlu{edIvhth%rtar&.@ryaarrﬁrrmbvhien R RS beahititydr ogen ions in
water in the aliltgwenc

er at | ar ger unt of
hydrogen i ofrds eg\lgﬂé?t?rﬁar}( ﬁ'@'”ﬁraess HYYE ”otPe 80%%%‘83 c’fafo'rm“'aqaﬁ’r g‘f’ red gases
that |i ber aegiatyyairioggtes imay de pratortatisenentrentectad whieCOlAS fooCMSsmiteches to its

non-ioni c (&tggéﬁgogﬂcv?eﬁé‘? WREQ u’?{bﬁ‘t ﬁnaem%ogﬁrﬁern g@é@?%ﬂt @ggﬁntfoﬁg}évt&%s an

15envi r onnen articu pre ns produced from
di ssol vitng 'GJ@SZS‘PW'C\MP@P”WQ)W@%\Q@ 3t5h"§ ohfermida (4)n such solution, the

counterion for thg Wréﬁﬂﬁaﬂﬂhérﬁth@b&ﬁﬁ@ﬂd’d@mbéhéubitéh@uﬁu%bﬂ'@in@ in However, some
carbonate io resent tion and osshbl lity that

for exanpl ¢ SO P near SRt Pisson e Shtenem i eREENE T o ohar ge
associ at e wdtibn,a raarbb oofan@ne equitatent trthe Bursbemof pretoabtad eakic eehd@® | S

expel | ed ”t?e”[& {aQ—:-%t S@Jr‘é&érﬂ&e n’i {?1% &-{%ﬁ?érw‘af‘ﬁ?etdo%e@dﬂ%ro‘ﬁo %?g and thus is

converted to S non-i ases that
| i berat® hytber@g@'hbéi @r'lé) E@Z aaﬁdlCG%\t?f@hafﬁéeémﬁalﬂm hqmrtgdatj@z such that their

reaction w cﬁd&t@ﬁﬂr?@m%ﬁluwt@im'tl% $Riok toym@8 )| AiteRNiGdIP @Fme ldpyeVEr, they are
not typicall erred because their use _in conjunction with water 25and

an am ne co Gﬂd%ﬂf‘saée feRIcE DPREISIPT BMMMR §fFy toxic H25. In sonme enbodi nents
of the inventi orEachbtRT Ratand & gataesorhftaihd bf fomiad @) byrdseogestititeasitar e used

i nst ead of at | ith each
ot her. Al teﬁ% | V%mm%gv@%% ﬁg%%f%qe%?%ggmae%eﬁthg c}rgﬁ a?ng'gr]ie% , SO2, HCN)
are typlxal tleylal‘yeamnq)ﬁﬂ@ﬁmaw@d Phéeataslevheh CphiéCtadMémC@@s}S& 0o £OSUpthleyi ng t hem

and recapt uslkQgct BeMterd HoWREAPHH il BRink ToPPARMRAE ANihPhEre thVEE Imind N SOME
applications one or nore such alternative gases may be readily avail able

and t her ef ott& (£ @°l3iNER May beFaeslls of Pé%%ﬁat'owa}ﬁ@eéﬁﬂgﬁr@ég% amte t he aci ds
gener at ed fft@ﬂﬂ'huh@bfnuderbbmpamdls@nfovmmm(wma@rnot taerlﬁoﬂoh#te& yit etverybems@ acidic

that the reyerse reaction ri&ag ni, ym to the am ne
form may n%er F"E cesd Ctomagtggrﬁ" %9060&@ gﬁ éon?\equfe éSpoqua Ogtqal ng reaction
with CGQ @e@ulpemh)at aBgasésea-mtaﬂ@rwmatedrneomelsts effeaively rase the iogger s because

of their tOéﬂeﬁbt'hléfﬁ%@(iwp%ﬁﬁé%fatérever5' bility would likely require a strong
base. Contact anrta wat er - sol ubl e conpound of fornula (1) with a C2, CS2
o

or COS trigger perEofs: dedieel Sfth%\/ﬂ'ﬁe?“h‘?a‘ipnb'ﬂét\e@f"élﬁ'}%/ '%?ﬁsrm%ef preparing
a swi t chabl e wairercom9bidl o FiguMal )esho@d dotdeVsdtrifh-28ab tHaker tagldi ti ve of fornul a
(1); and contactin tr| gger.

N or g o otbBRie eyl SEolaf b RE iy R b s Perghae & 05 i ¢

C2, CSz orof@e3otonatidnehmngsibaeetionfof the non-ionizing trigger (which is described
below to be, for example, heating, bubbling with a flushing gas, or heating and
bubbling with a flushing gas). For example, in some embodiments, the pK, 4 isin a
range of about 6 to about 14. In other embodiments, the pK,4 is in a range of about
7 to about 13. In certain embodiments the pK.y is in a range of about 7.8 to about

30 10.5. In some embodiments, the pK.y is in a range of about 8 to about 10.

Additives useful in a switchable water can have higher aliphatic (Cs-Cg) and/or
siloxyl groups. Monocyclic, or bicyclic ring structures, can also be used. A higher
number of aliphatic groups can cause a compound to be waxy and water-immiscible
at room temperature. As described above, this may be advantageous if it means that

35  the non-ionic form of the additive is water-immiscible, but the ionic form is water
miscible.

In certain embodiments, the additive is liquid at room temperature.
34



wat er may conprise: first preparing an aqueous solution of CO2, CS2 or COS
in water; and subsequently m xi ng the agqueous solution with a water-sol uble
additive wh20avasmiza (1) to forma switchable water. Al tecmatA20a/030075 he
contacting a water-soluble additive of formula (1) with CO2, CS2 or COS in
the presence of water may conprise: 10dissolving CO2, CS2 or COSin a
wat er-sol ubl e additive of formula (1) that is in a liquid state to provide

a liquid; and mix p@férﬂaatmme%mplﬁmusnd/bmbﬂn WdilieM@h /1 @, fnerem @ swi t ch
abl e water. act i

a water-ins lou compound..of forrmula (1)
e R piaatly ! S Sibyh et S BRELhRL PR gl Lo & (1
conpri se: psubptinted gr @nsiibsivutédcrabiCe alkglt @grtocﬁaram irstengarylhteng fora 4 4o 8

wat er - i nsol &é%é%za@&%sg'tﬁeear%ﬁcoﬁ@wr% IR mf If?e\ﬁ}ﬁ a&%b&ﬁeﬁtl Sn SYhd chabl e

water with tri Alter ontacting a
wat er - i s ol digfugsienssarih dheoerm cﬁ“ﬁ'iﬁ'é/s'éor)’l iwivsed @ophort IBENCIHaFH t he

presence ofamﬁét@rsnw ﬁm@ma.ﬁw.cﬁmwborﬁw.@a@ﬁbna.paa.caaqu@w@ @b ution of OQ2,

CS2 or COS in enI m Xi ueQus solution with a
rarerti mool ubl & Srhtal Ma AMEES Rie o Db 1Bt ORI chSHe v or
Al t er nat i vehyietyt Inepref(errbcaembmrgnmts;\/ahaﬂlphamsgnioub)isallqzddtklnoham godupsorayul a (1)

Wth 02, GR2REu Q0B olds IETENSE, LBl sl o AR COBraSiy Hlip! ving. OB
PR e o5 AP s

CS2 or COS in a water-inso Ive of formila |naI|qU|d
state tH pr@”vh eyl halidd, Gudrebyl. fatraanitineg-ardreatia inga Gifelkyls. $ifataids. \hﬁlph water to

forma sw tgRab! fniMeteSter, aZﬁd@eﬁﬂn%He%ha‘ﬁfdm@C@noeﬁ%%? aﬁk&lc%afté oma sw tchabl e
water is obtained b Lerr?g of non-ionizin as: heating the

swi t chabl e RUQERIHRE. aCA@PIBaT N RRIBITe ?t'é!g%k”ﬁ’t”éﬂ??ts S%Sl‘p?&s”l'% t he
sw t chabl e w#iti€rcatboxyiaatidanaydripaahd atyl viaeriterdre agiptedérigdg t he swit chabl e

wat er; exposi ng SW tC e {
i nsufficient Cofftg@§%%§‘r'c %%QAS Sumﬁlgg?m{d%egag@éuat%'d"%%% r?ortgen'?rg%gr?at e to the
i oni c stat ef thgbpiotenhiiongoytdaebosigiacidhadffieulttatremersgi t h a gas or gases that has

insufficient COJ, o%@&od%t&&%eﬁﬂ&enﬁu&q %%%%%hts%?l@loﬂ%ubﬁ’é’ﬁ'c&no% ate to the
ionic state; or any conbination thereof %i% t hat ber at es hydr ogen ions

may be expe@rP‘é% i ar%P*?JYP'Bﬂ'W@PW%V% W?{*}WFSW IFRNes NGRS
cont acting Mﬁvér’(hlléyl (Mg €a@kdupe: ga&n(edfekmﬂﬂw@ugmwér dliphaticlghoupaareum in the

Pl ioning gat net e BHSoTeata nebai g e okt Sl HEEHERN on o
acti vel 30 exgrehyla Mpascychtar bi¢ysks rrgedrubty s oganalsobsusedom a sol ution. This
shifts the equilyjfj SH=PR sBmE QEFbdi S%Qub&ﬁeﬁﬁ%?yf %] dleg&y tain

situations, especi aF%lnga{ speed is desire Ing gas and
heat can b r%ﬁlcwté'aatloﬁ OéBWB'imn'%ﬁf@@hat'%?HHSoﬁvﬁh%@m‘Pringg@?m
Preferred fdmisddinightarastabiunddRof Aiton add Eiliddhatoriaid alafkhe kebstienteonponent

subst anti al and,. ar . Les referre as are those
Gases. 5t hat " Re Labir (PSR ARG L NRENRES) § e rip B REP AR Spri ace.
However2s i mosmne(1appybeatthemgen93 wr20mooe dréfashiyidgodases may be readily
avail abl e and_thehahiay @ Ffifk | Il dhkfichfschon€Xhd SnEiShc arbilin Sfs! dofin cases.

flushing gases are |ess pref erre ecause o eir toxic , €.g., carbon
nmonoxi de. Apfa Pvg'tcaalgjamcwpwtm solprépxstaeel omeicrisgkle amineadiitingoigas, where

the CO2I evedormfia hljlancawate(tmé@ysemméuuwn 3@.@t|&p§ﬂom%nSa'elﬁllfl\l'eCGnSﬁlIo'nbé 10l ow t hat
form Untreated

an ionic fo anmmoni um sal t
o D e SRS at Se coheb g ok Th Ref Btek Antn i s SRl o souad
I N sone3Gi taraibniofusm ohtheedditive astanramyndn@miesarbajh)dtesélmfmmblaw)a:nrthé hat has had

its CL2 CO"@%PFE&L% s?déb%%éc%& x%rr b%”f’é%/e%geqags Aaideg efﬁet :%cYngm% %ﬁ%@k ng) gas. By
reduci ng t he anount of I'n the flushihg gas, ess salt or
am ne may bBe eape mpelipn occurring in the presence of tetrahydrofuran (THF) whereln a
single-phase aqueous solution of an amine additive (e.g., a compound of formula (1))
that is water-miscible, water and THF is shown on the left side under a blanket of N,.
35 Atwo phase (layered) mixture is shown on the right side under a blanket of CO,.
The two phases being an aqueous solution of the salt of formula (3) comprising

ammonium bicarbonate and water, and THF.
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15Al ternatively, some environnents nmay have air with a high CO2 content,
and such flushing gas woul d not achieve sufficient swtching of ionic form
t o non-i owpeormiome7f orm Thus, it may be desirable to tPeICARNOINSHITS t O
remove enough of its CO2 for use as a trigger. CO2 nay be provided from any
conveni ent source, for exanple, a vessel of 20 conpressed CO2(g) or as a
product of a non-interfering chem cal reaction. The am nes of the invention

are ab:ce to IreaQ‘w_‘e'Ifé/hfiﬁd'lo@g&reﬁi, sﬂru&&ﬁs@fahhlﬂﬁl%rfafcdéﬁdoWof?&ﬁlﬁul%\/é/i)tafiél to their
ionic form It . st 9o the skilled pers t hat regeneration
of a wat er-prﬂ’f'ge\ﬁ' t#’\@?%8%gﬁ{qwegrfy?%"3¥%ﬁh3”%ﬂh'cfhr'?)fﬂ?@wai?@rﬂaé%a&ueous sol uti on
of a salt ohethgrRiik e 2hd Bais b, GihiMBEZdis bymethylhisthanoleimine, hicipassi ve
means. The iﬁ%}ﬁpﬁr(ﬁtﬂagw Wethﬁ; RG0Lay e BASR? i\é%@l—i). Qi J&ﬁﬁ%&rﬂq%! ent
concentration of an ionizing trigger, such as CO2, i's present in the

sur r oundf ngP¥R&aNS MRAEAt atednReaRINeR 82WR sing/e tesignt @ied 9tawrPt AMDABAS ¢ form I n
this case, RN NN ZétREhR-99Ldiaminebutase, Wekn Fobintlida) BaaiUahlehyl @3t from the
haating o 'SORDI 00 COHEUEt g HEER 5 NS i SREE Nt HEBY  equi red:
Heating or e:tnmer&dta'lrrm@, \tmhléaﬂninffbrnagﬂd (ﬂ%;gﬂ@ﬁ;@b@@h—z%s Cquh@kfndlﬁjﬁs rr}a%/ be rr?re
expensi ve. r . ) , efficien
cont act bet%_'éwcég"sdha{%d shﬁéh owvdvas %Bjt aiEﬁéed(]a u?f‘aﬁnf@éﬁ%ﬁ ﬁvgd gl ass

appar at L% teiaty anzne @féu@ummpednd DMﬁf’éﬂ i%@(Hiémm_l haveagtthree taricasy alpiﬂéh_eat ed
nonreact i veyggs, 1-Rf98-ifhsthRading Fbpiib@MmoRs-p@Band whichan RGuiagHeRss ionic
solution, or, an exotherm c process or reaction occurring inside the Iiquid.
In initial Btiadely: R RnA-a9R 2 gt GRICHISERCelNHdd)- cop from

sol uti on anCorhgousWHMIIE TR Oatdtraming, hainyfow tatamamimeyrdipal 1,1 lowevier, CO2 was
expel | ed, h ver. ' COht. 09 wth a

fl ushi ng gZ@e%a@sﬁxlitﬁ%ﬁ%?q"éﬁe’?raﬁﬁ%r @@éﬁ% fﬁgr& ul}ars](?)ar?ésgoé]g?%é@f/ Ig:‘(l;:}2 '?ﬁ%{hy'coz can be
expel | etb f ranth R°heCitbNiGH:¥oHuN (Coin CaldNET i) Dy Thesssiomebyndeapodisaugsadhe sol uti on

to air. In Sengiembedhimdambe anne additive in its non-ionic state is a
liquid, in 5other enbodiments the amne additive in its non-ionic state is

a solid. Wet heR9f§raRf 19 Figurasd mufirle EYMRgpedi@ an shawsifem? MPRAT scible with
wat er . switchdbilitys ey czaduiImLe at heo MBARiI Thif Rrdvcoset eEamid4 ve (e. g.,
anmoni um bibcezflorwbonat e) is aliquid, in other enbodinments the ionic form of
the additive'i's a solid. Wiether liquid or solid, they may be m scible or
i mmi sci2fl e wi t h Redgreng to Fighird 4, mudtipteotH VI spédtazane shemotfieera BMAE armoni um

bi car bonat e @@h billtystadyS@irded ogfin%zbia%'%cglgﬁ% f ﬂgﬁg AubdediSEVRIRS 4 SOl Ubl e such

that a si ng? phase solution 1's provi e 1onic aqueous solution. It
will be app®ht that at |l east a mol ar equivalent of water is required to
react with the GHertity BFQurES riudICd MARIsfeAi ke SwWRfRhONAMEERANI t rogen

site(s) of the amn roup of the_ c oynd of formula ( to formthe
15ammmoni um %&C'i‘%ﬂ}.*y %W%’ecr%r%&ioﬁﬁ'ﬂ[b§o\ﬁﬁg§0e'ugz'n£@? 'Sam%ﬁeﬂﬁﬁl%)fag}ﬂeo nate of
formul a2 3)balev.a solid and not a liquid, nore than a nolar equival ent of

water relative tothe t@lﬁgﬂ%%gﬁuétﬂ%{l—@?@ﬁ 3§é&r%saré£\%wn%n€ Bmﬁf\t&u. in the

aqueous solution to ensure t ssolution of the sa in the
i oni ¢ aquectISCEI study. cariedyhis DaRisbOtMHE s This selisppssed imexastPlaht er is 1 or
nore wei ghtpegsiui val ents relative to the conpound of formnula
Referring to Figure 7, conductivity spectra are shown for the responses to a
30 CO, trigger over time the following solutions: 1:1 v/v H;O:DMAE; 1:1 v/v H,O:MDEA;
and 1:1 w/w H,O:THEED. Experimental details are discussed in Example 5 below.
Referring to Figure 8, conductivity spectra are shown for the responses of 1:1
v/iv H,O:.DMAE; 1:1 v/v H,O:MDEA,; and 1:1 w/w H,O:THEED solutions, which had
been switched with a CO, trigger, to the removal of CO; by nitrogen bubbling over
35 time. Experimental details are discussed in Example 5 below.
Referring to Figure 9, a plot of the degree of protonation of 0.5 M solutions of

DMAE and MDEA in D,O and a 0.1 M aqueous solution of THEED in D,O resulting
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(1). I n sone enbodi nents, the nole ratio of water and basic
nitrogen sites in the am ne capable of protonation is at |east about
equi nol arwolzp1mi9r127be apparent to one skilled in the ar®CriaRoumsomsshe

ionic formis prepared fromthis mxture, there will 25remain little or no
unreacted reactant(s), and thus little or no water after conversion to the
salt form I n other enbodinents, the ratio of non-gaseous reactants

i's greater fdmBxReuk @4 &0, triggér ovet fife RUABRT. THis RRIsesssed inBgipldes great er
t han t he nubngger of noles of basic nitrogen sites in the am ne capabl e of

pr ot onati on: %hi s provi des additional, 30unreacted water which is not
consumed in t he Refrtingtofrggures & taipto of it degramyf deprotecteselis Mo ensure a
single phasglbRob A bdd BOERRHDS Lites 83 odifiH bof RS A b Pengn sO! ! d,

t hereby providing a single phase aqueous solution. I'n sone enpbodi ments, a
very hi rRAVE §eOT sWitsheswist a (e Bigo¢Totortes egoyal ohthe-tiasar by ieAeNi ve (amine) is
preferge?hs@b:oﬂ@tovbhtﬁn&i@%h%\g{tfﬁfﬁs{aﬁu%%in@&am@% m{whbe ?ﬁcreased; H I's
assumne a m.ne 35a ive is. nore expensive than t er. is
preforred that GETTT MO bEoTucRiuStHe /5 th EHONss T Qi or med
aft er swit cdmingsddaionhat a @0, irigoérovadingo insvisd] the kmimeiis TDARI(#)ed. | f
i nsufficient i 0. i | ] j | car bonat e
fornmed aft Q?M)'sﬁﬂ%aﬁn‘é’%mﬁfﬁ EJ%)l 'sﬁgé\gpsgﬁl%gvﬁcﬁ&gg%pr es Wé%‘%

preci pi tht e. FoRefeidnatadigureshbapriiuctvity ppacira fasthelrrenoasesodf Twat'e)O:t o {nol es

of basi ¢ nifHhiRgSHutiht Sshidhhal/b BedHEuith&ARMY €0 PHrigHrOb Mkt oP@eequi mol ar,
substanti al | gq all the water woul d be 5consuned | ete _switching

, | . ( d Tn_a co
reaction. |fi99558Y BPIENALPUNOLYRS NG, it WIE 1R ZMingds FMHIA@TBE gUiTBTAt hi s solid
woul d form @y aadd DVAFEADP (A9t &re shdven. fnigTadiscussed intBxampiel tbefiv. 2 preci pitate may
be advant ageous J I rc t ances it _1.s easily_recoverable, for
i nstance by fil tr\!reg%rﬁ%nntl.g Fi%" irglﬁ\ée ogoﬁﬁﬁ}g?h%ffg reéﬁ'?atﬁ](gyoﬁ%ée \S/\t,iaf% 0\zibl e Water
As desctd beah dxpe@nent edlibling hoarthe spitaheblp iamcd sedothehasasteri of aminget hod and

system for gl € rvidaatdaR bk A8 Lo it BmkioWBE BhteCdnd@ kGG @S sol ution.
The net hod conprises the st(?r|10 of mxing water or an aqueous solution with a

swi t chabl e Q¥ Thigis Preussed in Bxagle BPel8YVul t aneously with the introduction
of an ionizing tif bg@efantOwitroa AR rridiee ashactsive tsaliadable aasithd it we and
consequentlé/ iap(ia%ev.thfe iu?”%ﬁ? strength of the m xture of the water or the
aqueous sol UPTOR "Ry PHE"S Wt chabl e addi ti ve. Optionally, the nethod
additionally conprises the stepR¥ introducing a non-ionizing trigger to
reverse the ionization of the switchable additive. Al so provided is a

swi tchabl e water systemthat conprises: neans for 20providing a sw tchable
additive conprising at |east itrogen that is sufficiently basic to be
protonajed by carbonic acipdn“feans Ygr3adding the additive to water or to
an aqueous solution to forman aqueous ‘m xture WI(P swi tchabl e ionic
strengt h; netene R, andfv'sineachhadapandantiprasaglinedwbown The iopized toranf i oni zi ng
trigger, sugb . &tiedt ronk )2 or a conbination thereof, to raise the ionic
strength of the aqueous 25m xture with switchable ionic strength; and,
optionally, neans for exposing the m BUre with raised ionic strength to a
non-ioni zing trigger, such as (i) heat} (ii) a flushing gas, (iii) a vacuum
or partial vacuum (iv) agitation, (v)|or any conbination

RTHN"7® N\“NR3,
(©ELCH),

where n is a number from 1 to 6 sufficient to balance the overall charge of the

25 amidinium cation, and E is O, S or a mixture of O and S.

lonizing and Non-ionizing Triggers
As used herein, a trigger is a change that leads to a chemical reaction or a
series of chemical reactions. A trigger can either be an ionizing trigger, which acts to
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thereof, to reformthe aqueous m xture with switchable ionic strength. As
w Il be appreciated, the neans for exposing the water or aqueous sol ution
to the i onND20ng930QUri gger, can be enpl oyed before, aftePCorcaogasmss with
the neans for adding the additive to the water or the aqueous sol ution.
Fi gure 21 provides an exanple of a switchable water system as descri bed
above. In the system enbodi nent depicted in Figure 21, the system i ncl udes

means for cam:afbhi/érgoﬁ breth & aditive o iéeand‘@frmeaj @ot&M@tédah@cm OnUBHiShg W th t _heh
contact wt

ionizin tr| int

t he ion?zi ng Vﬂbfg}acmttﬂéff%%"?'&%’?ﬁ‘bﬂ”° a&ﬁ"‘ie fof (}%}@P'Blf%fmc%gverted to its
ioni c formdepstaiasml).depi cted in Figure 21, the systemin this exanple
further conprises ﬁe%%@?eifs fwlu%&ﬂqH&r‘e%ge %v@r%ﬂmayst?@#o?dn%é“ gger to the

ionized formof the swt e wat er S exa non-i oni zi ng
trigger 4 s gmpoundin the prespace af waign mgerise heig@rg $%‘P'tai \M@/SIW gerrePnppl i cati ons

of systens apshgBRh§RdRe @@pér@ylon@atswm GERR R @ Eomddmbddiméasasi s (el ther
by Forward Osnps Rever se Osnosi s

L RO 6 RS ST heRena Hoars (0 P BRI S et or o
br acki sh wabsc (pridondtedt) stader |ts|saﬂf|mdﬁmmacondgnaefwmmneembedlmemsoa:m wat er, or

other | ”dusrfe(/érgllﬂejs@ﬂ&}“[ﬁe%éen %'.bﬂ gef? pé(XYQﬁétheém Pesdi e 9f %'ﬂor‘? oRicocess) . The
osnpbsi s concenirates e WwWas a[ rocess water/in ri a| aqueous
sol ut i ofP andeppionaiedsstate muffrmﬁ@td Immetafreéterr@amwaﬁhecsmcimm betweRit |y recycl ed

or di sposedpft and®horf-ibhit BRfeshfeldkied. AbchiRQEEReSlIolMNg KLG¥niwi@ or di sposal .
152. In Forcin Im"nsmb ility a. For the drying of (i.e., renoval of water

from organf<SeTeqsrea B9 orcing the water-content in the organic liquid to
forma second | ixpuixdmplease nolionkziig tligyer forcavertiyg ik ianigdaate ¢e.§.i qui ds from

vater by €O GiRSied Dl G G SONL 80k £, WDSMRLEL 1] fERLA,ag0nd 11 quid

separ at g sedittien W@blhaﬁtjltt@ qmopylwecvlseds%hls@dpm W@Wb@@egnmﬁ (PEG from

sal ts or f%ol&.@ﬂcﬁﬁlte%aﬁ’ﬁdlé‘&a%%d&uﬂg%&gé?fror\e@ﬁ\}%?nné%e%lnﬁorﬁ@&t £§. such as
PEG. 3. In Forcing Insolubility . For recovering a solid conpound or

conpounds (gqgéqﬁorgéedamm@ﬁ)é%ﬂpéomc state (e g., protonated amine) in an aqueous

solution, is addition of an acid to the aqueous solution.
The compound of formula (1) can advantageously be converted, in the
20  presence of water, from a water-soluble non-ionic amine form to an ionic form that is
also water-soluble. The conversion occurs when the aqueous non-ionic solution is
contacted with an ionizing trigger that is a gas that liberates hydrogen ions in the
presence of water. Hydrogen ions protonate the amine nitrogen of the non-ionic
compound to form a cation and, in the case of a CO; trigger, bicarbonate anion acts
25  as a counterion and a salt form is formed. This aqueous salt solution is a single-
phase ionic aqueous solution. More particularly, the ionic form is an ammonium salt.
One skilled in the art will recognize that a small amount of carbonate anions will also
form and may act as counterions to the protonated ammonium cations.
In the example in which the additive is immiscible or insoluble, or poorly
30  miscible or poorly soluble, in water, it can be converted, in the presence of water, to
an ionic form that is also water-soluble. For example the conversion can occurs
when the mixture of non-ionic additive and water is contacted with a trigger gas that
liberates hydrogen ions in the presence of water. Hydrogen ions protonate the amine
nitrogen of the non-ionic compound to form a cation and, in the case of a CO;, trigger,
35  bicarbonate anion acts as a counterion and a salt form is formed. This aqueous salt
solution is a single-phase ionic aqueous solution. More particularly, the ionic form is

an ammonium salt. One skilled in the art will recognize that a small amount of
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product, e.g., an active pharnmaceutical ingredient (API) or a contam nant)
fromwater or froman aqueous m xture. The recovered solid conmpound or
conpoundswoaniiy®712lie target conpound or compounds or anPomdRITIE@dewsmpound
or conpounds (such as 30contam nants or by-products). This can be useful,
for exanple, after an organic synthesis in water; after the extraction of
an organic into water; for recovering proteins fromwater; for

decont ani naddritgha@emtorlivincd o PRSI may &t a& adimtdign StoCRAlrbRGatedlye or nor dant
to cone out of aqueous solution and attach itself onto a solid. 35b. For

adj usting tHETYYUEAI®y of salts in water (i.e., the solubility of the
salt woul d be diAsfuseéhéreinn‘ghées thad tibera®wiytiroperbibes” ialtistp thhgmupsn t he non-

honi c switcaapl g M’é\&@s)gasgﬁﬁét'luhéﬁéte"rﬁﬁifoglan lofls M Bisce ofla BERRAYAL | ONS

i nvolving salts. ustin artition coefficient of sol ut es
bet ween an @@G@@ub‘%‘ﬁ@éé‘%ﬁtﬁtﬁﬁn%@aﬁﬁ?ni Peus Botperaged). GEpyPalin systens and

met hods  5enpbigydsiE sevthitGnaR iR sHRah wale® rdseafith wdtst t@ﬁﬁeﬂét&ﬁ%&rog@xt ractions,
rea

washi ng of pro ucts i Qns xtu
By aper o onsois ek e T B R Ponds: ehChs Eetrampe bR ISR o, in the
oi | i ndust rwill deodiicegHOD auictaehronetehancaedicmﬁ (caepo0ate ion) athmydrrg;eor af ter

10pi pel i ni ”&:uﬂ{ SHFRAYh ?Eé’rgf&oﬂe.@ tE{ejgﬁe'aomﬂQ@t sBieicd %ﬁﬁtﬁrom AR er

treatment, 10 Lhe trea eaki ng suspensi ons. Can
be useflfl, tﬁ@ﬁﬁéddlammgelze‘th@tﬂ’@@wﬁl Ofoouﬁmlﬁm@H@é@t%@Bm@Iwp@pwfﬁ@f es from wat er

(e.g., WaStr%)&ﬁIg@ﬁ o513 wﬁké?ém%ta%énce oP4 bR Bill libIRte RNISIENMmIRE frods and
systenms can be used 15in oil sand aa$roce55|ng and tailings ponds, in

m ni ng, in DHEOED LRE Hetrtedh REeeRet ¥ %%®m mining, in minerals processi ng
and separation, Rréfetrégdsaethat Kferai@Bjoeoyth ensfarotos Wiesrein fressitidres, in | atex

prepar ation wﬂ%ﬁ&ql 'étgﬁor?%glc%rﬁlﬁ%)% \%e(?ﬂhe se[;'me as is FX elled from the

enul si on/ m Cr oemu s on/ sUspensi o merization. In a
20speci 3 c @wuenpnent. €Reismpattingarty mﬁférrsqxsmx@imeomskpeoduseéﬁfrqnmdiﬁ@ﬁ@wal of fine

clay parti Céésmfmfa%\’é@&rﬁfeth&amﬁ@r |rP£LR:ﬁ‘§b|Gﬁbnf m%%urﬁ%nfféﬂﬁé‘s Can be useful,
for exanple, in the aoil industry for supﬂresm ng foans, I n mneral
S

separ at i onsAMMANIYA PN @@Pﬂ"ﬁ'ﬁ?”tﬂfb'céw&%tﬁ QYR \EAROMEIREONAE RBS AYs epar at i ons.

255. I n Caugsoige @éhﬁ.t ml%bmp@féndetae p&ss&ﬂﬂ&ﬁ&tSfoB@laWiplld)ﬂﬁa ém@naﬁge a. For
nodi fyi ng de water is

S bl.e
Tvnect et FRBbdRs pad ST Sl pefblivh Biech 9 Sl R et SRR S &
densi t y2Ghanget exalndése Wiksf ©P: is axpetied @@pmeaomon de @Uhomumaat&nnal s like

pol ymers begapién i Thd Wl idcdrvedda 8 RYnSRIBRic YaHhE) form.

Of group (ii) gases that liberate hydrogen ions, CS; and COS behave similarly
to CO; such that their reaction with amine and water is fairly easily reversed.
However, they are not typically preferred because their use in conjunction with water

25 and an amine could cause the formation of highly toxic H,S. In some embodiments
of the invention, alternative gases that liberate hydrogen ions are used instead of
CO,, or in combination with CO,, or in combination with each other. Alternative
gases that liberate hydrogen ions (e.g., HCI, SO,, HCN}) are typically less preferred
because of the added costs of supplying them and recapturing them, if recapturing is

30 appropriate. However, in some applications one or more such alternative gases may
be readily available and therefore add little to no extra cost. Many such gases, or the
acids generated from their interaction with water, are likely to be so acidic that the
reverse reaction, i.e., converting the ammonium salt to the amine form, may not
proceed to completion as easily as the corresponding reaction with CO,. Group (i)

35 gases HCN and HCI are less preferred triggers because of their toxicity and because

reversibility would likely require a strong base.
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30sink at each density and nodifying the density could allow the separation
of different polyners at different densities. b. For nodifying

conduct i WoOyo1tfr72exanpl e, in sensors, liquid sw tches. PCT/(Aan11msai7fyi ng
viscosity. The viscosity of the ionic formof a sw tchable water solution
is different fromthe non-ionic version. 35 In specific enbodinents, this
system and nethod are used, for exanple: to renove water from a

hydr ophobic Ii qwdﬂta@rngaa abNEINble &d?npfo@ﬁ@tdﬁorfﬁfuld pmt £C8, 8,6k ecsr om an
aqueous sol ution;

I | I t f
o aqueous. T IHae P B AL yale uRY Pilsin i CytHar &?%Jaﬁ%'gﬁvv@@e@% na o
desal i nat i omeatpraopssing Gater alesd aatet-satwleoaddiive ptiptmuta Cigldnesortadingr t o
deactivate e SHfdhaGk Faler mﬁtf?al%fd) ?geor% CP hah)& the%fthg‘égrﬁactlﬁ%?w tchabl e

el ectrolyte solution, a swt € con ng so uti or an ectrical

switch; %or W%ierpﬁob\ﬁ’i%@”wowof f@(’)@a (OoPiths@Ps 652 orOPH Infhe PesBisgiofent , there is

pr ?VI defl( a)\ﬂaéhﬁéi/ Qmp@isé: rfl?é?bleﬁgnr@ aﬁﬁalq@@ét%@oﬁlﬁm&fmecéf Sa@s mt arting
materi a S

ecte st a odi nents, the
Tal oot ou st SR BB ine e frtbg G ShEoL BT male e d R ~HE ot e
non-i oni ¢ ffommla{1) to fem & kaitdhableataesr. Awnmlvelmthgcdrimuag aoater-evlulde f orm of t he

Swi tchabl e 1%‘2’19&/& .l)fvfg%nb%%. gﬁ‘}mﬁr‘?&B Vs o?kﬁ’o's‘?mh% p?éseﬁé’%f'&va:e‘?%& cgﬁgﬁsee' ect ed

substance 151's Tnso an-agueous sol Ut on conprlsin ionic form
of a swi& chdigfobingei@®r CPcaig$ @uwtene@ubmdﬂwe pideimutsf (1) thetiaddd ti ve), which

has a hi ghequuld%'fblt&tospiré\ﬁfd@é iuid8Rd MkHY I Fon-ddiCotiRlbIWRE Wk & forth aMRY be a
solid inpre nat ed with the sel ected substance. For another instance, the

starting n MeWAG be a liquid nixture of the sel ected substance and a
hydr ophobic i qmodtactTﬁy swaret-inedué ccﬁmioruaabifagnwa gelveich ed, 20s,wWhst ance is

partl cularl C¥O§ ?an\{he rgse%cer%fsﬁaterﬁigt %%?l%ﬁrlée prwﬁ%r ! e in the

non-ionic aqueo sol nay be a liquid
or a sol3d d, swtckaltd watsr ¢omprikiag weter pichd wafaqlme@u@e sdditiveiobfermdah)i &idng an

addi tive of confictity tBe Edidchaind mﬁ%’?w‘tlh@ﬁ@})fcé?z%rrc@%jt‘nbé'ersﬁ@&ﬁé‘%mel? fhgom any
wat er -i nsol ubl e remai ni ng starting nmater 9 éégé?l [tration) and can

be separ at e@NfAHIA 3 HECHYR dPHEBTIROUN aUP'E!i"Uﬂae(Q;W'th 6 taRfat thén) . once the
non-i oni c amugamusomdtutmmmﬁm ifi i p@pér’n@ aﬁm@lqe@d@dommmww €S, drsol at ed,

the selecte ubstance [ epara ed eous se (i.e.,
PRI e A R g el e o R e T SN
aqueousZQ;ola;ptdntuenofﬁrtmwlas@l)@domdas\ummauﬂ@/etew AllerMMHﬂyswmcang)mt and can be

i sol ated. 30MS|RG PR M&F %En‘c"!rn%{a'S 150k és%éztb‘?ééﬁﬁ ﬁierbrééenbesofg\%e?' ble to

separate certain water-sol ubl e se ecte oun rom an aqueous sol ution.
Once the seMBCEWPrEBHBAMAS Cak LB EHS/BA thlera'?fobﬂaﬁ’@@ﬂﬁv%glf?fmu@ﬁ and

optionally (3pmar.atr@nofurdcmat@tdwsmwm@m dhd @ixiHPOREHS uBYuS fqid wekanpl e,
filtration, tQﬁo?oermeaCst(?dhé;n?enBa un S can
25 Depletion of CO,, CS; or COS from a switchable water is obtained by using of
non-ionizing trigger such as: heating the switchable water; exposing the switchable
water to air; exposing the switchable water to vacuum or partial vacuum; agitating the
switchable water; exposing the switchable water to a gas or gases that has
insufficient CO;, CS; or COS content to convert the non-ionic state to the ionic state;
30  flushing the switchable water with a gas or gases that has insufficient CO,, CS; or
COS content to convert the non-ionic state to the ionic state; or any combination
thereof. A gas that liberates hydrogen ions may be expelled from a solution by
simple heating or by passively contacting with a nonreactive gas (*flushing gas”) or
with vacuum, in the presence or absence of heating. Alternatively and conveniently,
35 aflushing gas may be employed by bubbling it through the solution to actively expel
a gas that liberates hydrogen ions from a solution. This shifts the equilibrium from

ionic form to non-ionic amine. In certain situations, especially if speed is desired,
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be isolated fromthe aqueous solution without having to input a |l arge
anount of 35energy to boil off the water. Conveniently, this separation is
done by iwonrension27t he i onic strength (anmount of charge®CIERCIEAF0G7A t he
aqueous solution (nore conmonly referred to as "salting out") resulting in
a separation of the selected compound fromthe distinct agueous phase. The
sel ected conpound can then be isolated fromthe aqueous sol ution be

decant i ng ifotia fifidhirg@fa BEd héat cASbABRPIOWI IREAMbITANIGR as @MoAARM4S SOl ution
whose |on|c strength is altered upon contact with a suitable trigger can
5di ssol ve of9%&parate froma sel ected compound in a control |l ed manner.

| mportantly, thiFsefae¢dhibdhiod gssestarey.. @uitaiitBatrheadad s Ce@yvemgiobérg, unli ke the
conventi on I b I . A system
for enpl oy?gﬁé)g%ht%qgre%ovgﬂohbg%cﬁ Eeéseprgﬁrr% hlngﬂé\@;ar tgo%%ta%%gnents set out
above, rfearf§atrase C?ﬁétt?aﬁvlpélala”@/@ﬁdarf%ﬁapwﬁ whe@cﬁpp@gnqte ohPEever. dupdnem xt ure.

10l n an enb%hémaﬁsorfehﬁ!rdofﬁé/fmhing@aﬁsWdydﬁSeQdul%Hﬂ@ﬁie@fwd fh%FEPélrbIan wat er
(i.e., rom as sol vent escribed in

As
Goi il ey ol o nh AT UL RS casef flfing Bt B BB el S o s
or CS2. Acctoeidiorigity e. gaddnbbn vesoxadkd exlr it @ parituls prefatre@ctubuc:eramaom 2| ng trigger

gcs {10 oy SAED e BRI LU, BB B T

separate out inc _ 54 A system
for errp1Q)y||hgthﬂjéhloalcrf@mh(édlfﬂ0nt§lmﬁ%‘sls nptmaicteined oritstsalt forve. é’@hﬁﬁﬁents set out

above, ”Eanérlggfefcﬁ?ébrb@&ids@g@bdt@ﬁw@i%pe'n@% 8id éﬂvﬁoﬂnhéih‘t’dll? sORS &y §dnn an aqueous
solution. A conceptual npdel mis shown in Figure 1, which

shows the r¥Vyaiegs H]Oé’e’é"ép'éfnét’ P%Hesﬁtab'?é‘t ?@ﬁ%?'b‘l’“ﬁt% e¢iEFCer om an aqueous
sol uti on of compdReraspisstamtialyfreiovetidsa fohjeactivei Bushinglgss. Byosdiciaie when THF is

m xed wi th ?T@?tpotlcp@llﬁth§QM§holigS% le#&ht%ﬂy Iess%&o?amn%%gbg e\phﬁﬁ%& he non I oni ¢

aqueous sol Ution, provi
exanpl e 1 @mﬂamvelWHFmW&QVI@ﬂmehtﬁmthaW §ir witfoavhigh & Ch eomtierd canll seichn t h t he

non-i oni ¢ %ﬁﬁ&gass\%m h&récmE\HJ duhRlent SWiHEhiNG 8t ibSOtaRh &nd i8Rt bhtem Xt ure by
switching the additive in the solvent fromits non-ionic formto its

25i oni ¢ f or'RiM-akiHSnt WAY Bf e3BEIR LR €92t Srrhairde remayeieaetdb L &s CRefor 8% ¢ strengt h
and force T friggen t he aqueous sol ution. Specifically, as discussed
i n wor ki ng exam:g he aqueous vas cont act df with C2 to

i toh Eng R n B W asat b S i et PR BB St & v by
for mul a2q 3) compnessebROaQ) orreg araeducefri nod-imerferipg cheraiaal irgrgtien. nifeci bl e

30m xture Oémﬂé'ﬂ: oftl‘(@h@énuéwgre"é@k% rexel Wi €o zaawb%r GHQ&QH%(%QF g ormul a (1)

with carbonated water or actively exposing the mxture t The THF t hen
formed a noti&iRdBeISION&JM: and the armoni um bi car bonat e remained in an

i ncreased ionic IﬁﬁlﬂB@gﬁdbréiﬁﬂmuﬁe klﬁbéﬂl’pe(soh\:ﬂfaﬂ’egéhe‘iﬁloh ots)zvaﬂer The
non- agqueous anglgﬁgu ous

s aau o RO ARG B B BTSSP R oIS St TRl o' once
separatzd, @heanmerechiguebhiseiatactiqre@assiveayears. Jhe vgeeeration s xt ed

NON-aqueous, J1gsfpdINVE .f% rl%utFHEntacggce"hﬂaﬁo%chgh iz gﬂ!ﬁ‘f‘gg,@ﬁ sﬁé??a%ec@‘?”p” sing
t he ammoni um bi car bona ormo |t|ve|nt tchabl e
is present in the surroundlng environment to keep the addltlve switched to the ionic

form. In this case, an ionizing trigger such as CO; could be gradually lost from the
aqueous solution by natural release. No non-ionizing trigger, such as heating or

30  active contacting with flushing gases would be required. Heating or contacting with
flushing gases would be quicker but may be more expensive.

In studies described herein (see example 7), efficient contact between gas
and solution was obtained using a fritted glass apparatus. Heat can be supplied from
an external heat source, preheated nonreactive gas, exothermic dissolution of gas in

35  the aqueous ionic solution, or an exothermic process or reaction occurring inside the
liquid. In initial studies, the non-ionizing trigger used to expel CO; from solution and

to switch from ionic form to amine was heat. However, CO, was expelled, and the
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47 solvent. In this way, the solvent is separated fromthe THF w t hout
distillation. Wile it is unlikely that every single nolecule of THF w |
be forcedwouniig®72he aqueous phase, a mgjority of the THRETEa0th®56005ced out
by this nmethod. The ampbunt of THF that remains in the aqueous phase w |l
depend on several factors, including nature 5and concentration of additive,
tenperature, effect of other species in solution, nount of CO2 (or other

gas(ses) thalt waelcemeasd RNthé BRme b cH@b&INY wWith atiDenivBdLI speaifhlyhe nunber of

basic sites _on the additive a re proto | e car bonj.c aci d.

The amoni UTLafions eoEded U5t Bt SaRd i e R 3800E Bl vas

sw t ched bapkpassively sxposing thersottibrotorair. The aqueous sol ution of salt (3) which
has been 10swit - = O Lo E i then be used
to dissolve or gﬁ?%%grﬁ%oﬁrﬁ%e?ﬁ%ﬁ@urﬁ%"ﬂqﬁm%mﬁ&% g%&kﬁ%tgﬁeﬁg‘g%dl?@ of the

| i qui d rA xtUPe egidodianeats thhamiaspaditivedalits papdorie sigte is a safislo MRt ligwid nul a (1))

t o di ssol veyraofERGheS be NI 6r ifBYscR: Gfreadter than the ability of pure
water to dissolve fhe Sﬁ%}? se{'I cted corrﬁobmd OEeczuse t he additive 15may

hel p the desired" EYRpBURY T HINS LBV R PhHRIUYESORS2EBPHon. This may be
because of licgpldnate) tsya liqoideiniotiger embediments tHelieniaform ef thb edditiveds abolijdr ef er ent i al
sol vati on . es h j . he nol ecul es of the
am ne addi ?\:;V\r}éetﬁgre{' 'F%?g%fgbtggsrgg%se %%%fbgego?brﬁrﬁ[ ;'/'H@}rﬂf‘ glte}rfg effect in which
the ad_d1f_ti on of lgs O@rﬁpﬂ@ﬁlﬁ@ht@meihﬁt@aﬁ_@l@jiﬂaﬂlémﬁmad}oh@tysﬁlh@rae@%_grét he mut ual

m sci bi i tyjigaRtasesy R il i@WalkPsdidid Such it h AingRPALsAsdlitigR rsipbvideatay | 1 qui d.
When t he aq‘ueou_s solutions with switchable ionic st renﬁt_h are swtched

bet ween t he'f ONRAIHEGUSFPUIY (EWE PR 2Rk thah gt Ie3rbp Maar §AWYaISTBAT ¢ strengt h
state, charwatéEs reajuired tofredch@itistbk WO, o0 p@vide teaagedic aSuehpretoastaat eri stics

i ncl ude: co cti Vi i i il in i ] to solubilise
certain solﬁtgo eF] Sﬁ%%%%%%@”%%@ﬁ%?ﬂb%% éjgasjgfsfg%é)uslgng? ?ogo'lpn*r{gésure, and there
may al st bearametigmgationn vapour pressure. As di scussed herein, the

swi tchabl e i oni g, ghp&igEMs #heR AlbeshRositth bRafdR4S o%rﬁﬁ@{@is@so‘ii@ei r.
critical mcelle concentration and by affecting their ability to stabilize

di sper si ons2nd\Rt # H3Yih Mg thap @ M ALKRIEH o5 WRteselRYYF 19dnq REEPe Por  exanpl e,

t he rever siirgges witdCmabik ®eipasint i theeqgédus Solutidn to RnaaatHaeomplever si bl y

swi t chabl e |snstolu L eeﬁﬁé ag‘.r ﬁm\éeuénségl% l?OSSoX;J itor(%h%l%loreneeel ect.r %I %tt«ﬁ solution, or a
reversi bl y CiCrERREITES By HEN MG AEP TR To5HoT PUrPRSr "aspect provi des
a non-ihi carswint eftveetéras hat merenisight equivaleats relgtivedp dfel gpmponcbefderaiave (or only
weakl y cond(q?ti ve) of electricity, that becomes nore conductive when it is
converted to its ionic form and that this change is reversible. Such a
conductivity di fif &anerbPedineHs ditabrie ratihef wetet arebast; e sites intheel ect ri cal
35 switch, fﬂﬁiﬂ@c@&btecbﬁﬁhicﬁ?ﬂ@ﬂb HMeagh Sbdut g%gmer_?ﬁ_rn wifl ggl@gparg@@ﬁ CS2, or as
a sensor of the. presence o - or : is ability of the ionic
i o coianEthERERER v §° bais R 8 P i B e cbeBWhonem st ry, in
| i qui d Z5n trelmei ligtledr no usreaged sadao(Hranddietsditecr so waenaia comfefsiandabl e CO2
sensors arethgggifgm]_ly effective at 2-5% CO2. CO2 sensors that work between

2-100% are usual 'y Iarge and prohibitively expensive. A chemi cal approach
based on swi t chdbPBei faragingnts Higtraticsd INAR-0aseeve EBTCienisis sradtAr thalss. SFurt her

provi ded i seqinigérhiad th@Ruldrdf Mbies BOvAér islh@btdPihbR theMAusbePdinhdiss f two
l'iquids where the first |] %w dis nglscgrbl e w thTé.ow I oni c%dstrelngth wat er
but s i mm SEIBIEGR PHFSH UREMNeHPES PTRINGEHRal B PEECE A8 lond 11 quid s
the revar sidireactswiwatdrabiiah is noticonshrednythl satehérgusadioh.veis mdgber i bed herei n.
! ham xt urﬁec?ésahhg.epwrgg.sﬁgfgﬁ%ggeq[&qidlﬁigweds%milﬁ tt}'f'eyneg{ r%SLmi@CQ.aPlbg awhen the
swi tchabl e solvent is 1ni on-tonic form 1o

solid, thereby providing a single phase aqueous solution. In some embodiments, a

very high ratio of moles of water to moles of non-ionic additive (amine) is preferred so

that the cost of the aqueous solvent can be decreased; it is assumed that the amine

35  additive is more expensive than the water. It is preferred that sufficient water is
present to dissolve the salt formed after switching so that an ionic aqueous solution is

obtained.
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10di srupt the mscibility, a trigger is applied, causing the ionic strength
of the switchable solvent to increase and the newy-immscible liquids to
separ at e.wolzbevmar2rvel y, the first liquid may be a |iquipdTida@diiesoarssci bl e
wi th aqueous solutions of high ionic strength and i mm scible with agueous
solutions of lowionic strength. In such a case the ionic and non-ionic
forms of the switchable sol vent should be used to naintain 15and di srupt

the miscibility,rfirQHRRGE WMl Y present to solubi2etRelid ARREGIMPIcaMoAss a met hod of

deactivating surfacta rfact nts SQ, Known as detergents
and soapy <Puttd AGES TR e el SRS SEL Uk PRSET SRS P Gie TRy dr ophi |1 ¢
conponent s. instangsrealdshsatio b {o1es of etter}de (mwde ad thasio nirtbgasites inthesur f aces and
cl ot hi ng by I er

(hydrophi | |%r€ﬁ bgt%tb%rw '&%ﬁﬁ&?%gg&%& sutSE‘PJn‘ﬁalﬁ/QJuH' a\’gaetbm&@dé@éa cl eani ng j ob
is fini sﬁwedcongwawnm@plew PHChiDe regplindbifidhe et wasiansoid Sthes thein@8. To recover

the oil frOiBhu& f’kﬁucﬁﬂﬂ@%h&%@lﬂ forﬁ*?dsta &aé]plté@e aﬂﬁle&niaﬂoﬁ &Qhé/\@etlt%rs aand nost of
the oil wll @rate tchabl e ionic

sa he

strengt h aq‘U&‘aEl SBRRS %‘g{aB‘PQ‘?%é ’b?°é%ee%&cumﬁ9%‘%?Pub8?F“38ftﬂs 2% ¢l eani ng j ob,
the oil canrebeverabEofoeimatinte loyfiltrdliensoapy wat er 25sol ution nerely by applying
a trigger to reversibly increase the solutions ionic strength. The trigger
causes the ionic strength to increase, thereby deactivating the surfactant.
Many sutd acranes anddVielieds| Enaiavingfivdichape Wetsper |y (effectively stabilize

di spersions) at A(%%Q&rﬁbb@ﬁﬁef@fabmé}lﬁn laé}ﬁ'cpp@\?uﬁ&ﬂﬁwn |s'5hﬁetﬁbd addhen separates
fromthe agueous phase, be decanted off. Then the ag@eous sol ution

can be 30t rY§§ayfe W'tﬁh'a%ﬁ‘teé%{%“eﬂfeﬁﬂth ohppier %&aﬁ"@rw?ws RUI¥hPaEdd0apy wat er
can t hen becohguis&tthe eepbf mmﬁhgwﬁfmré‘rﬂlaﬁd&ens ampueﬁt:vutpaQthamewﬂ‘tmmabl e wat er
of switcha Loni.c str t hat n abilize
emul si ons, bgvﬁ??rg’hamﬁg?/rs:m@{;ﬂ%‘bﬁg il the[ 'nﬁ?o}ﬁ%{?ablf% ?on?f mébs%r% gn'gérﬁrél si ons of
oi | andlSwat ®yitchdbdg adddivk @d@cmemt@@tharmsg thagr ienig steehgthnof §Bomhixtureefd ries to

control vi S\f}éiér' 6r¥heaé’!£’|e§uf‘s3§%'luﬁorﬁ 5@@[1%99Mch96|e%Jjutn(eaé)ptfi’d?waﬁ;ﬁme%é{ﬂéd by pi peline.
Once the emul sion has been transported, however, it Is desirable to

separate th@dg'ﬂP?”é(GP'QHFdseéd&p%‘?Ft‘@‘d“@ﬁﬁ?“@ﬂ dROTFAAZING Higgeto smverseihg i s
subst ant i al ibyizatAbethe biigghable Rdditiv. non i oni zed form am ne additive does not

significantly |2\terfer(§a n th hﬁé‘ Lers%s emul si.on _of , water and a

wat er - i mi sci bl &' TIRIRN (22 gve Hatah PIPTIEBWETET " once swi t ched

to its 20@nipovidingra swmnabln@d@m@e@mposm@a@easeﬂ@mtng‘enttHreélsswrfmenﬂm i nt erferes
wi th the St@amctb[)%(pﬁ onfaiéﬁ g‘gbéhueacdrrﬁ’ Effdrféeduh(tﬁ‘w% aﬂ&.ﬁﬁéﬂb%t&f

5enul si on surfactant-s i ze si ons i onic st rength
sol uti on me8N FRERYS VIREORIO AT ALAKIGP Y HBPIR WiEh %ﬁcl‘?*%'%/'of"é sengiil i ze the

enul si on. Trheawsrf@rve&p@surwtﬁe fadet Gl’thfué@mdoQM@ﬁ totam |$H|ﬁrﬁ‘g€‘thggébr’du@h gérength is
pr ef er abl e o ezs%abl i zi n

Uner oasing ¢ 2842 b BT Wiafier R it i Bt o e PR Ss, oh as
NaCl ). Zhhi smpxtuﬁ eitresvdtehalde loeic atigr@tit; laed, |0|pt1¢raasse1e|ans foomkpsy ttengt h caused by

llgﬁ hg ?ﬁd'ui"”o uréé&.terfrak%@%'nk's?r@ﬁdth &8 forliSnidhd figGet! LuchQs [iFN&R §H aM thout a
g P flushing gas, |||) a vacuum or partial vacuum, (iv) agitation, (v) or any combination

thereof, to reform the aqueous mixture with switchable ionic strength. As will be
appreciated, the means for exposing the water or aqueous solution to the ionizing

30  trigger, can be employed before, after or together with the means for adding the
additive to the water or the aqueous solution.

Figure 21 provides an example of a switchable water system as described
above. In the system embodiment depicted in Figure 21, the system includes means
for contacting the non-ionized form of a switchable water with the ionizing trigger,

35  which, in this example is CO,. Following contact with the ionizing trigger, the
switchable water is reversibly converted to its ionic form. As also depicted in Figure

21, the system in this example further comprises a means for introducing a non-
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Creating an emulsion is possible, for exanple by adding a water-imm scible
liquid to the Iower ionic strength switchable agueous sol ution as descri bed
previ ouslwQ 2bt/dom2h t wo phases. Then, a surfactant that PCI/Gebuser7sn t he
aqueous phase should be added to a concentrati on above the critical mcelle
concentration of 15the surfactant. Shear or m xing of the m xture then
creates an enul sion. As discussed above, the resultant enul sion can be

dest abi |'i Zeidnlﬂbfg tnlgg@rttmtuomehhora:rbfitm\,ﬂtbﬁméwétggﬁftms%u@fhplaahé)b/orbubbl ing it
wth CQ2, to raise the ionic strength of the aqueous phase.
Subsequent 'P@HB%{'PQ%H'S%Q COS or CS2 by treatment with a non-ionizing
trigger, such asThbyollbwlnbhs agort-lngting list efrapplivetidnsaf tystesis ang n@digas and/ or by
heating it [ m«;héb%gterstrength allowing the systemto return to the
initial con t|o S. Non-1imting exanpl es of enulsions include

m xt ur es® of wét dn Opmesis (etherdwy Ferward Pemags i) OééhﬁQfWéWt%SWCé!Sg‘PUOV\@ésol i ne,
kerosene, bitumgy, Rel/éke o@,ﬁ.@ggkpto/Rggal derived liquids); oil (i ncI udi ng oil

derived from pyrol el I ul ose | asti c,
ubber, tires. or %aFsrafggfjuc?%ﬁé&eawaéer&v|d§saq@@é°& EErRGITbEERR 1 neeed
oil; tung oil; castowaterl; canola oil; sunflower oil; safflower oil; peanut

orl; palmotl; cocpnyt, ;%Ertkaﬂ dé\ba‘%@nr{a o?@/agie\léa'r%ﬁ{ E%Qeé%‘ Jter grgn'tﬁlé‘?k dBkihg: La' ow,

or suet. Other non-1li exa es o0 I ons 1 ncl er W t
coll oi dll particles, a@ldﬂoll@ﬁ@i@tlonéaftﬂ‘&lt*}%wgste@blnladqr@%lss)plT@ﬁéﬁF@SlS clay, sand,

mnerals, soil coal c&dc@ﬁ@ate@tﬁ@wa%ﬁéter/ﬂ)r@&&%%ter/ﬂ@hﬁﬁﬁ,aq@éb'&@part' cles
30|nclud|ng netalllc nanoparti cl es, napotubes. her aspect provides

aqueous sol utions of QAN BraduFsSA Rurdeq @?fﬁ'ﬁﬁreaﬁ‘rth@\ﬁ?? BRIBIYY wat er, which
are used to stabili zecgted olesdpabed dfzer flirheepaied BLPreteldB& for recycling A
suspension is a finel %/dg# %Ided solid that is dispersed but not dissolved in
aliquid. In an aspec he i nvention, aqueous solutions of swtchable

i oni ¢ st¥engt B 3Bhereinademistibiliyt abi | i ze and destabilize suspension of solids

in water, which nmay Fﬂﬁhé’gﬁnﬁl&f @C?%va%f%lér'fréﬁ?o@hﬁ@ scb@srormh? its
non- |on|zed form am ne additive does not interferé in the stabilTity of a

suspensi on. However, tTEatentaqatendathe; areanicdiauigite tonaa@ seePndtiguidipBesee form t he

i ncreased ionic st eletthe myvm Gmrﬁamrqhidyfrdm&\ta@eblbblfo?an@.théldﬁgwmm on and/ or
it may inhibit the a rfactant b| I i ze such a suspension,

S
resulting in coagul aforben%'}tﬂ? tegg foﬁn %3‘?“(0”%?%% T's reversible swtch
from|oifer to hi gher Fpidnicthgdve emgsdivle sqysogs phases & foon dersepditinazi ng a

suspensi on by addi “gwfafeﬁ”‘g%ﬁleEé\{/mﬁékﬁ& ésepc%ethyhr%wégtl %‘."@ﬁ%‘% EJ‘@ i ncrease

inionic strength caused Is difficult
to reverse without a°lfgr %‘CPH&JE‘Q %ﬁ'“t@H%Pfg’KﬁteWb'lb@aqo'y&?mcﬁ§S of such
suspensi ons nay incl pde)pol ymers (e.g., polystyrene), colloidal dyes, and
nanoparticl es |q Eudjn%ﬁnﬁ II|c nanopartlcles I ncreasing the ionic
strength of tHe $6PGfP b "Ypplying a trigger, causes small solid
particl®s to aggregaFer@cmeomgmBdﬂeom6Mmdkmpmnmamgeﬁmgaasém@g&ﬂ¢hat settle

to the bottom of theﬁ%‘ahé{té an B8R b é?Fn'aE’éhtuE’{] r%rédﬁénggx%ﬁ) drg convert from

hi gher ionic strengt I on| stren renoval of CO2) all ows
for redispersion of fPéapaRRY fé‘?@@’atef @@f@ﬁ@%@%@w W@t%ﬁs'rﬁéﬁ%q%ﬁedl n an

alternative aspect tbgid&omPolHddticEiRpounasBfPbESthE drgdticOmpom@®Rr i Si ng
suitchable water of Sl LSRaPhe (hSiedheRS & Batedig, toghad o stabilize
and destabilize
30 contaminants or by-products). This can be useful, for example, after
an organic synthesis in water; after the extraction of an organic into
water; for recovering proteins from water; for decontaminating
contaminated water; for causing a coating, dye or mordant to come
out of aqueous solution and attach itself onto a solid.
35 b. For adjusting the solubility of salts in water (i.e., the solubility of the

salt would be different in the ionic switchable water than in the non-
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15foam (i.e., gas-in-liquid), which may include surfactant-stabilized
foams. In its non- ionized form the swtchable additive does not interfere
in the stwbi2bittop72f a f oam However, once the additive PESTAW200SD750 its
ionic form the increased ionic strength interferes with the stability of
the foam and/or inhibits a surfactant's ability to stabilize a foam
resulting in the breaking of the foam This reversible swtch fromlower to
20hi gher i oni ¢ strenghft swctiibrf\itéh! BodslydRsfubiRininidd HOn kgaimaiohy adding a
traditional salt (e. 9{ | .NaCI% because the increase 1n ionic strength caused
by the addition of a"VP¥89¢#5nal salt is difficult to reverse without a

| arge i nput of enes.g¥or adjusting thé pgeition evefficigoti o selnteb Setorercamagiebst i n t he

| ower ionic strength if; i - i dditive. Wen
a trigger is appli edp?%lé%ﬁgr%gg?g%#gm%gﬁ%%i g%%'”%ﬁ%ﬁ?%@%ﬁ%%t h the foam

i s destabilized. Thec@pleyingaviichableivater aie uggltincatatysinvae¢ractions.f rom t he hi gher
ionic strength sol ut i,vgm,ﬁé)oftptp@ub@y@rpa.iaqmscofﬁﬁ)&@egteh;_soI ution leads a newy
gener at ed foagpto be .St%bl |ized in the solution. In this situation, a

non-i oni zi ng fri'YGERKPSDIBFE8: cop, COS or CS2 woul d preferably be
application of a faushimgakdmeniusigns, ONR be asefil, fol axaapleirtodbirent of t he

net hod of separati ng; . ol Ut ] i nst ead of
separating the sol ut Q%F%R/Ia&&hg%y?%} %aﬁ?&ﬁiqg@%&b‘#@w gp%ﬂ(% a water
inmmiscitle liquid (ePpgeliningabbeamysrydes or bityemem qtring er aflenwastewatever i oni c
strength form the sqbMhRnlAShSr&HtyER PRiglidJetONni Ng bet ween the aqueous
phase and t he hydrophobi c phase. W i i

_ th application of a trigger, the agueous
phase converts to & RPgHe? 'Wgosh'ﬁ?:ené'tof‘%nﬁg"ﬁbes'ﬂﬁem’if?ﬂﬁxaﬁﬂﬂ'iec'ﬂ r%ﬂ?)@b@‘ nmor e of
the solute to partit smpenhddacsotidegpadiziegdioaphadi (6.gphastewatenotdars enbodi nment ,
rather than the solute, formng its el i.ssol ved in
t he hydrophobic phasg.gtepf ﬁéc}]eeé(lgrpg%’,thg\é\%tsgﬁﬁetﬁﬁdégg? g%&aeﬂsfanr%g%%d; of CQ2)
| oners the ionic stréngtsandd prosaspigg emetagingurands.on mining: in thotredtmeB1 aqueous

phase. A system for gfplayidd rSHCHiInRg TR IhRtavBiakelsingGhl d8paratRnafdi tion to
t he conponents descri bed above, neansS for providing the water 1 nmscible

liquid and neans for "8XMea WAgEYARAIUP othandystissdN I3tuRTeP3#iR8e from an
aqueous sol ution I n aatihbeanBspastativhere i s provi ded, aqueous sol utions of
swi tchabl e ionic 5st geﬂgton/ t.pratma}r.g ulsneed ugqo gueaén%ioaﬁ)% ours/a%gugr(])us bi phasi c
systens. A | ower ioni ¢ skrénﬁg?% Léﬂu'g@u SOT USSR W AT HE"84dT i ve and a
wat er - s¢fl ubl e pol ynespqcéicgxampelty methptieanal systeamsichn bx bssdsn gsnayalgifngl e

phase. Wth applicatgong ididd f0Ehatet N aqueous phase converts to a
hi gher ionic strength SO ulct)él?‘t(l)n, whi c?1 causes the m xture to formtwo

separ at e phases. SpeéEPfhreatingfoanpandyirpifeseLanrhe usplyl EEYGAR'e. dhIeRlt er t hat

10 it carries wth itndgétRaer dupp@bdiiEiod@mt af mildibéraings il@eaqueous sol ution
of higher ionic st regrgtth. | f desired anaglt her triﬁ{%ert. ée. g., renoval of

Co2) [owers the ioni ES¥ PR PRYEOLE STFE S E" TS RHFE P % onbi ne into a

si ngl e Ziqueou$. p&sesing Other Propédriesaoi AgndrodiSokitionsdd Chhnge aspect, there are
two solutes in the,a solut d.on 1 koni h t hat
conprises a mter-%oﬁgﬁﬁg&fgﬁpﬂﬁﬁeérlt9'( gﬁg de%\éq%%gﬁé&%@% We"ﬁ%ggvfﬁ‘gg'%). The two
sol utes may be, for é’)%@frﬁl%Pethocﬂ’?ﬂff%f’eé‘himrﬂF*@tc@ﬁﬁ*é/ﬁfE@dﬁ”p‘?"dﬁ ein wll
separate from hi gher vé@igh CTHE HENGY Brhangtl e8Se $RkI In tR@sddardlion of SoRdt out™) at

a distinct and specific ionjc strength. If a trigger increases the ionic
Strength of the Sw t ERIRSPE IKOPRNMER DEGUAF B “BHF JPRART ™S KM wo pr of ei ns
separat®s from t he hkigketeacbdesity inemgtifyirgguedensitypdrasiegliowitiee one protein
will partition into ts&?ar%ﬁ%}f diﬁ&gnt%bﬂek at different densities.

b. For modifying conductivity, for example, in sensors, liquid switches.

¢. For modifying viscosity. The viscosity of the ionic form of a switchable

water solution is different from the non-ionic version.
35
In specific embodiments, this system and method are used, for example:
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20sol ubl e-pol yner layer so that it is separated fromthe other protein. As
descri bed above, with another trigger to reduce the ionic strength, the
aqueous swbupvilom7ran be used over and over again. |n aneCharAzernssdi7aent of
this aspect, a solute may partition fromthe higher ionic strength aqueous
solution into the water with watersol ubl e-polynmer layer in the formof a
solid. 25Another aspect of the invention is a method of drying hydrophobic

| i qui ds by separt@pénnget,\}a%rhyﬂraqga@lph@b,&“ngldjafsbggml ts water contanm nant. As
descri bed herein, this seﬁlar ation is effected bé@gddl ng an additive that

forms a salt int® F?é”oﬁ?é?é'é gl& FrolUilrn a Agueep so! or CS2. The salt can
t hen be isol atedo fernwvbroheolam@rr@ﬁmpbmc |hquwujrdowmlfremenrae;tr@wsmgxtute,s wat er

contamnant. Non-limti dr ophobi c. 30l i qui ds i ncl ude

ol vent o ai condp Bk APt SiPus s dask HPERG HessHRIPIIRE, seed o 5. et
anot her mspect ab dédwbilizevedisiuptmipgiey iad@sr ta demdtibad achirfacarer si bly 1 owering an
aqueous solutio Anot her. invention provides

S ohod ot |t oo Bronft = ish e Bl M4 s B S s BB T g por e

Anot her aspect oiwitthadle qoudurtingsplyioovarde sleatrin@tshvideh; of reversi bly | owering an

35aqueous sol ut 'tQBro?ld gidd ”@%ﬁ%@tsenéﬂm her aspect of the invention
provides a met hod Fevers creaS|ng an aqueous sol ution's boiling

poi nt. An aspect of the invention provides a reversibly sw tchable

antifregye. 5% on@rénﬂa%ﬁiﬂfeht ﬂferet ||§%rde\é9'atnhé¥ﬁbdRJf@)(tlréiﬁ§g AsdieX& sibly switchable
el ectrol yte. ‘[r)? referred i rents, conversion of the con‘Pound of

formul a (1)S“ﬂ°8taf‘ efr%f"tﬂart@gm'lagf)éhatFﬂmeﬁe?meﬁe@ﬁﬁﬂéllﬁ?ﬂcg "t he conversion
to salt is svote endalngngs, tHeeakevied sulsstaiaé fs ivbletin amaguebufoldtive am ne i s

conver t ed té%r&p'ﬁ?m@ﬁn'e noh ha36ri ot bl §F@vﬁﬁmaﬁaf&%a§ér%ﬂnﬁor%pm fbr2 .;m.E %?rB'  qui d.

Anal ogousl vy, conversi onic Tormback to the
anm ne conpoRfitfee %\‘ltchfiﬂm@ﬂ@lve)l\/ylthtzhm orilew inatcstrendtis @b e seiegtedsubsianceonpl et e;

however 5|§fnfsb|9b|€ﬂ$arﬁéﬂéﬂé&§s &iut.meorﬁ@flsrnglth% .emevowoesls&v&hraa@ wafgrne conpound
of formul a e ionic strength of the

S0l bl on 2 pisaing ReebRme i DERABIE) MO aa AL RN it BOE a1 ¢

can facili tiaitenceymtResweg rmﬁuamayﬂbahBammbmgsétemwmamersglettb@ need to renove

and repl ace \Qat%%e q-rorgrgcitlge (1)r}s a@ge %he nggrqugfe{lglrmac}/ﬁ)e a I|qu Cr%llfdﬁn grﬁpc \SA: '; Qngt h

triggers that"are da Uusinh ange
of the wat aelﬂted&qDSm a@dlauwdr@nhmllqwdl {This gneghhqd| df extraCt"msa s@%&t@d on vessel,

it My RE PQBSaRlSEs bAitRSy ABRE Feth S @lRled Wb AFHL Y Soluble in the non-ionic

aqueous solution. The selected substance, which may be a liquid or a solid,
dissolves in the non-ionic aqueous solution comprising an additive of formula (1) and
can thereby be readily separable from any water-insoluble remaining starting material
(e.g., by filtration) and can be separated from the hydrophobic liquid (e.g., by

25  decantation). Once the non-ionic agueous solution comprising the selected
compound is isolated, the selected substance can be separated from the aqueous
phase (i.e., “salted out”) by converting the non-ionic aqueous solution to an ionic
aqueous solution. The selected substance will then separate out and can be
isolated.

30 Using methods and systems described herein it is possible to separate certain
water-soluble selected compounds from an aqueous solution. Once the selected
compounds are dissolved in an aqueous solution, and optionally separated from
other non-soluble compounds by, for example, filtration, the selected compounds can
be isolated from the aqueous solution without having to input a large amount of

35  energy to boil off the water. Conveniently, this separation is done by increasing the
ionic strength (amount of charged species) in the aqueous solution (more commonly

46



15sol ution for several consecutive reaction or separation steps. This woul d
elimnate the need to renove and repl ace the sol vent water or agueous

sol uti on.wBan1iewarpl e, a chem cal reaction that requiregCarcAaaqUEsusssol vent
coul d be perfornmed using the switchable water while in its amne form as
the solvent. Once the reaction is conplete, the solvent could be swtched
to its higher ionic strength formwhich is 20substantially incapabl e of

fllh ssol Vld ngtrafemte@m sa{w{:{ &ﬁ)ﬁdsdmnglpmcaéfsﬁra@én i é’e%%ﬁé’dlc@hh oJrfaufﬁ:nkul ddf orT ﬁe
e roauc Cl al e I qul e
ovont  oount Sl SaBokShten, Lof Fotsa pﬁ%@ﬁ%&*“ﬂ%{ﬁ%ﬁ%@%ﬁ? ana-Such ne.

for exarrpl eqqueo s sohtipmbe @ecadmiga’rnrarttermg it, IhappsadrieentThop@ha@qodven be swi t ched
back to i tssglll.fwﬁ(}vhbé%%rﬁc &F@gm% Bitdr. %oﬁt%tt\@'ﬂ S%I %J@tn'g?:ﬂ &Gnformto the

wat er - m sci am ne and reuse hi' s net e use of an
aqueous ol Yevewr senaiate trere arsetgated éﬁ@?ﬂunﬂd”ra gantrelrerggnnent lereitandly.

distillati Qﬂls%&tﬁbdtcﬁ?sélﬁWus&Qﬁju@%v\é%ﬁbﬁe uﬁtk@fﬂméjéoﬁbédtlbﬁél inffhogtogps may be
conpl ex bec se b

ot rod uc ave lar boilin
001 Nt S, G e S S AR B L P oG
benef i ts |Bﬂudlélsemta|ddmorrtema copgpohents vt oataboet, vmnstdnmehhagimar and | owner

ionic streng fﬁ’gr@‘?’l %(fesra@ ffoﬁ]ghg[qtmﬁﬁwedenonst rated by studies described in

Exanples 6 a an 1 nconplete switch between an additive in
ionic frmanth mmhﬂdir@eni direninvetionperevides mmsthod af remowsg Whteh(iBeat i ng. Exanpl e

6 al so showgyih§akoni l?d?db‘ﬁ@@@hcﬂfds%@@#és SURnaf A%Qi%sdri‘%@éi ﬁ'\ ofePJI'ﬁ%re@f MDEA and

THEED wer e converted back heir non-ionic forns. THEED was 98%
depr ot onat e?fdiveLiPrm 8 Galhin iR RESTHLe ﬂ%‘%‘it?rr?d‘d(cféc‘)?oﬁﬁﬂcﬁﬂ%q@wg\kﬁ th N2 using
a singl e nesfditiees ARles fowst soNeftiagt ar ichZingnthgdesay (inkeg combibxt@mptasé,

conductl VI t B u tely 95%.i.n . ' when
heat ed %{V%%Wf\ aILQ@sthé ﬁgtb @%Ptqggé%aﬁéotu taS (i?gmd' n'?ggqmrgﬂﬂ?ﬁsﬁ'?esult
denonst ‘rfat exh Fudeuatiese A oystem &r eenlgiing ﬁwwcmiitbm includes, in adglitipstoadvant ageous

to convert tfmé%%ﬁl:%nt’s%@i Sut QBBv@eméé?{s%rté%trh&uﬂb% vJa@Hr%ﬁB@'ibl%hemd BRsde again (or
vice-versa). The solvent conprising water and the additive in its 5anine

form coul d BN A7 8R4eBHESAWIOR- anot her | | quid, and then the solvent could be
swi tched toa bméﬁtaSI&ﬁbdeDcﬁlchtSé ERht B shanmtﬁuguaé ! me‘hwho\semar ation of the

resulting two Y iLd conp conponent LOr may not
ippoar s drCPRE PRI CRAb Rl St ARG e shponent s ey

i ncl ude2@ec@mpionty] ofdermeian( ). i Thirfigute shoivk twedhdyTilfeisamrddgth sxidngenisepar at i on,
it is desi r?cf&le@usté&uﬁ%‘vﬂﬁus ﬁa”s.clbi?e%ﬁ] tﬁ héR- B{ucfa otfadltiohi ﬁ/r@vuéﬁﬁ&g to |ts n

non-ionic anmne formin water. Thus the so can be feuse
accor dance Wgﬂfhp%?sgpé&f’*ﬁ?‘@s%qﬂﬁd@?%‘?@”lpﬁéﬂ@”f’@ priovpaeedmeyiaiem as

depicted i nsrﬁbvgw& a&cubfecmhitﬁ@rh@tubmgaqueopslédmjtwhngum{w wm.eowz@cﬂmounds _
froma th e % ste |nc i ntrod CII’]&H non-1oni c

or.
swi t chabl e DR SIVE b G sTRaeSm il Rl s BRI BB [P T e
conpounzb i siomt Mnnbdarempmuml’otch@onmm|nordectoflmreasefthesimmtsﬂnatglteanmabree and the

second corrpﬂjﬂ;n]qo% e'éh%%dé@o%uoﬁa‘ccord' ngly, the systemadditionally

conpri ses neans mechani cal |y collecting the second conpound that is
i nsol ubl e in theSPﬁQHQQ”brﬁS@'%WS?@H‘d’W@”%’Eaéﬁp'esljo?”de%(ﬁ}?rﬁqéeo%sﬁé uligist em can

i ncl ude neapss Jo‘ﬁfacfé@'vdﬂﬁ@dzWs@fchﬁtﬁé@ﬂhé\& |¢S%n$&ﬁmm§ﬁc&r@6ﬁ2@é%ﬂn yniéi I tration
thereby | eav#m’}gas%hg\)vr%(tby{ormlﬁa (38 ‘:—T]'he cI:orgl(t:a!cHrﬁjgev?/ast cbarrlertlzlooui !)y treatlng a miscible
30  mixture of THF, water and water-soluble amine compound of formula (1) with
carbonated water or actively exposing the mixture to CO,. The THF then formed a
non-aqueous layer and the ammonium bicarbonate remained in an increased ionic
strength aqueous layer (“water + salt (3)”). The non-aqueous and aqueous layers
are immiscible and formed two distinct phases, which can then be separated by
35  decantation, for example. Once separated, the non-aqueous and aqueous layers
provide an isolated non-aqueous phase comprising THF and an isolated aqueous

phase comprising the ammonium bicarbonate form of additive in the switchable
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20swi tchabl e water and the first conpound. The system depicted in Figure 22
further conprises neans for contacting mxture 30 with an ionizing trigger
(e.g., CWp2wu/inrease the ionic strength of the sw tcirablca20atoso07and
generate a two-phase mxture 40 in which the first conpound is no |onger

m scible with the switchable water. The system shown in Figure 22
additionally conprises neans 50 for collecting the 25imm scible first

conpound. leveﬁ?(aﬁmlﬁmayﬁ e sswsﬁteg&@amédrwdnume W%out@'sﬂﬂ’&l@ﬁmWhW@ or
ot herwi se c | ayer incl udes

Thestirer BBl Mesiey iaBle it 1Pk Sutheaten el b dsiiat arens. or

rever si ng tprase.amgority pithgTHF icac befsedobt hyheis swathoch dbk empariter T

| ntroduci ng5 rQHQqu Eﬁ{}iééé oEé %@Qggﬁlﬁgﬁ%&ﬁ?e@b&l fakiBrs! ﬁaaa.ﬁgstgla@r&m il oni ¢

formof the swtc | e water can a e useful in
wat er / sol vedd @ewiramqnmﬁ§d¢lweb|tm@terecﬁaﬁ Fkher srpstes dheelutigegagut i on of a

liquid f r0%f@@%ﬂcﬁl’ﬁh&'@bﬁs&@i%ﬁ%ea@@dﬂpr%nﬁfnfm%%rﬁlﬂttﬁé\’w&t‘\ﬁ bedwheg the
swi t chabl e sol vent to | iic stren . This ability to

e nr o € e B b st g i o B D b AR oa her & unon
conpletion of a Tmeammomru,m bitrebaalevaittof oanulb &) swihe ahedbut phasteswalsi gher ionic

strength fof Wch%sba\[@k J’ﬁt LG fﬂoPrho?heogqu%%Gsr doHiGh oPéaLg%M%h 126 pLae! | e

separation of di'stinc ases us a swtc e 1 oni c Strength
sol vent 1hayswitehegskagk taa h@rslom@mmeouéﬁ@letlosltora@H@nwewéedﬁoabssalvmm umfor a
chem cal reaghiiiithelip@p. conpl etion of the reaction, the chem cal product
is readily separated from sol ution béﬁ({sw t chi ng the solvent to its higher

i oni ¢ strength MShatiAe akilly pEtheguwd ¢ Ol EME aEUE 39HEME (5e9-r ecover ed and
reused. To @aipdudd &rddriviila (W) eedisdodrdi el chmpounavedtbeaneal@3nan thed herein,

the 1ol | oW NG PSABIRLES BLReR L QLhD bRl PEUdaRabagglthat t hese

exanpl es are ffoul d not
limt tHe s@@)p@elmﬁetdhﬁl@dqummnddﬁ dISﬁO%nIy thﬁegqueqms sohigor. oTHIS)WaYlge Wor ki ng

Exanpl es, a,a¢afidetr¥% p@fanﬂ/%\ﬁérlﬁ?)éff@d%ﬂﬁe? amﬁﬂ\éebé%%@gé of prefereftfabéiiflod Or their
properties as swi t chabl ives in swtchable ionic st renfqt h 10aqueous

sol uti ons (91 Molegigsc His desippat mpoumERy e Bolseulsepttegiamine @AM for ki ng

exanpl es, far@wr%caa.edoftaaqlalsensmgmﬁwgm@aﬁecswwhﬁoarthe &idition st Aesmpsatiect ed from
nonoamni nes, am e and, t everdS| bl e

oot toni o1 BB Brigh rBERat af e RO BB r SRR i s b1 o
with wallr and ahtjgrepelaits iduis i on and in the presence of CO2 switched to

15ammoni um bi canhonaheagbhs §c9urt s Wi %tcﬂ’é’&l@uoﬁﬁ's&!@c?% & s’&/vh@r]e%queous phase.

Variations to the structure of t ese am ne conpoun are within the
skill of theetyRandbeir Igverders sEangthstate pnd theip h'@h%'?”'fp%feﬁa‘ﬁrﬁ% to the
i nvention. chaRRRibicdf UdesoliitiBParecHB et eucm@&racve@ewsngmwbecdnemtnty of a

hydr ocar tsjglnqug al ncisrg%,?ﬂllnggoﬂz)aggtxao i%%qlse rPaln squQes aglllt\Mt)O Iur})qlsgxanpl s,

sever al
25 gases, osmotic pressure, and there may also be a change in vapour pressure. As

discussed herein, the switchable ionic strength also affects surfactants by changing
their critical micelle concentration and by affecting their ability to stabilize dispersions.
Variation of such characteristics can be used, for example, the reversibly switchable
ionic strength solution can be a reversibly switchable antifreeze, a reversibly

30  switchable electrolyte solution, or a reversibly switchable conducting solution.

A further aspect provides a non-ionic switchable water mixture that is largely
nonconductive (or only weakly conductive) of electricity, that becomes more
conductive when it is converted to its ionic form, and that this change is reversible.
Such a conductivity difference would enable the mixture to serve as an electrical

35 switch, as a switchable medium, as a detector of CO,, COS or CS,, or as a sensor of
the presence of CO,, COS or CS;. This ability of the ionic liquid to conduct electricity

can have applications in electrochemistry, in liquid switches and in sensors and/or
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20and of polyam nes have been formed according to the invention by reacting
CO2 with aqueous sol utions of water-m scible am ne conpounds of fornul ae
(1) and (WP.20Tie7726t er syst em advant ageously provi des aPcafiAtoriaser7of
reaction to formthe anmoni um bi carbonate conpounds fromthe water-mscible
conpounds of formulae (1) and (4), and allows the dissolution of the

anmoni um bi car bonat e conpounds 25should they be solid at the tenperature of

t he separ at detébtor¥\OBhiNGn RXOMBBIES O, sensors arIlelcfaW drrefivegt elxentoal s were used

as received: et hanol am am no oformd (99. 8+
at ontig), D2OC( TE°Ys Hﬂ%’f&%g? 18{5% tildad Yﬁége(aé‘g pé"l‘cbg '.r¥%1) met hanol - d4
(99. 8+ at ongaghensive, 4 chieonahap pfG@h b sedOisiyjtciiDEAoNId MEpABth sPHEES, caDVAPAP and
HMTETA (Si ghR '%gﬂlﬁl%h of Qakville, Ontario, Canada, "Aldrich" or TC of
Portl and, O egon, A); THF (99+% and ethyl acetate (99.5+ % (Cal edon
Labor at ¢t i es, oﬁuahﬁercprov@e?ﬁaﬁwnethﬁ%m GREAtIRING ordsrdpting IPsqRilitpfdemer

Scientific, hqu'fs.ﬂ)h@re 618t ligQia |Q@B&6@Mlth%ﬂlo%@®ﬁ1 W8 Slit isatnaiddible
35Canbr i dge h'd“Ot ope La et her was

e R B e SB DE e BRI s 118 TS i B oyt | v
Technol ogi esnit sitogpoagated, soNemtilesyibeo hereinUSA) mixiioapf e Sestlagbssesd 55  wer e

f P | 999 5.0
ar ade A (95 58GTR) SRR St QuntaRE e G BhF EEm 38700
ni t r ogetP (oBsroBtde miggipility. Btrigperis mvde%rcgwﬁmg(tggloggwf@nmgﬂhe switshale  Unl ess

ot herw se Sé?ﬁiéhtf tb%rea‘é@bﬁd thH%@QIylnﬂm%EM@'Iﬁﬁldg%séébbﬁa%d Ah@Fn%hx}%IW\ﬁq% S
muni ci pal gtlwater rom Ki ngst on, hat was dei oni zed by

reverse osnfﬁ 'gu'amfvtbﬁéd'qwﬂﬁ@a'stw%*ejswﬂ%@welov? ?5“‘3;%? RidYOMG 0 appar at us
(M 11ipore subgthMal shaistiple itAageous eslutions bhiew igpio dtiehgtht incsuich a case DBU

(Al drich, lévo:nicl 4 ng{' o% cfg s%?&%dsﬁmcha%%%fv%ﬁtee)nﬂt\ggﬁte)ﬂé%qetg nPaYntg Ef | uxi ng over

CaH2 and di's under uce ressure on si eves and then
10deoxy‘§ﬁena@r@|cﬁls’twptﬂ@pﬁl&@l@tﬂwrem@leiz/acuum t haw cycl es or by bubbling with

C2 followed by Afn'o{h%Fé‘ép'earbr&ﬁbers%rmé{ﬁooﬁdﬂdegdtﬁﬁtrn Q.U@:Sc?an% @Bb@ld@@t e.
1H NMR and 13C NVWVR spectra were col |l ected at on a Bruker AV-400

spect r omet ePurRctanidalse 'éﬂ%’”f@@'.e*}erw,anﬁégi‘)@éﬁb{yé? V.e infeyfaeg hpHESR i ve Exanpl e
1: Amdine r@ﬂcbpwueénoamtc@mné\c&h@nehtbc|naaljudwasesoDB&hs detergents act to

nvosti gat oo sets o1 AO0RS BY pERER me A RebE igfire WGt 1 Gqueous
sol uti ofs. waer (hydrophlllc) by its action at the oil-water interface. Once a cleaning job is
finished, soapy water with hydrophobic contaminants remains. To recover the oil
from the soapy water, salt can be added to the water and most of the oil will separate
from the salt water. With the switchable ionic strength aqueous solution of the
present invention, after a cleaning job, the oil can be recovered from the soapy water
25  solution merely by applying a trigger to reversibly increase the solutions ionic
strength. The trigger causes the ionic strength to increase, thereby deactivating the
surfactant. Many surfactants are unable to function properly (effectively stabilize
dispersions) at conditions of high ionic strength. The oil then separates from the
aqueous phase, and can be decanted off. Then the aqueous solution can be
30  triggered to decrease the ionic strength. Regenerated soapy water can then be
reused, over and over.

Another aspect provides switchable water of switchable ionic strengths that
are used to stabilize and destabilize emulsions, which may include surfactant-
stabilized emulsions. Emulsions of oil and water that include surfactants are used in

35  oil industries to control viscosity and enable transport of oil (as an emulsion) by
pipeline. Once the emulsion has been transported, however, it is desirable to

separate the surfactant-supported emulsion and recover oil that is substantially
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\ 8 20DBU in non-ionic am dine formwas soluble in water to provide a

si ngl e phase aqueous solution. It was found to be capable of switching to a
wat er - solwbl2e11z09727ni um bi car bonate salt formin the presemaeoafosmaser and
a CO2 trigger. Initial experiments with a solution of DBU in water
confirnmed that conpounds THF and 1, 4-di oxane were m scible with the aqueous
solution of DBU (non-ionic 25form in the absence of CO2, and were

i mm sci bl e watbbrrdehen wmbﬁz@ﬁbm,iaﬁﬁhd ddd&lh@dﬁS&}%ﬁQ%rﬁﬂdéﬁtlﬁ%rfér@ imhi ch t he
am di ne had, bee Bat e ionic form

it
owever, (RGP Ak FRden P gt HEE RS R E P RGeEar 3D {om ¢ he
i oni ¢ sol utdrade aif).t Howsee pateswiehed tadts ichlndomuthephasasediioniastrength ohon- agueous

THF and aqUtﬁQQ%%gJﬁ‘cr%ﬁﬁ SO @ t@esgBﬂf?to?thfegﬂ’?uls%%dre%ﬁﬁb H%rb%a"ﬂng%ffh’éom

30exposure to not converte sin hase ueous sol ution
of DBU (oreMésiet: InsHifgctanigtaliliged emulsions, thsb@bﬁerfl@rwaﬂreygtha%omthn may v/ v/ v)

m xture of @BHereWﬁth%e ﬁiﬂt@ctﬁﬁl@%tﬁﬂﬂo‘é@&hﬂﬂ@dmﬁ@loﬂ $hi¥ rélemid/éidch cont ai ni ng
a magnetlc rer 0 |ntro;j?uce gas to the

Soradlen © i [y hio e Lo St R i s S et R S S s e
bubbl ed thrtmmlgionalﬁrmes(md inerasiowtigaoge steingthl byreeldidy of avasditionslevatted t o al | ow

venti ng of u ~,a single
phase m s_ci%’FEa?_ﬁggﬁ'd?hlpgl%%%nc\?\éssbeg %éeér}@é;giﬁgﬁcﬂn%%gv\éﬁ %%J%‘Elbéd t hr ough
the sol it i ohe peditionsf mitraditipnesath ix difficult Bgeysaseawithgul nitgetingyt prrasey, an aqueous

phase conpri si ngrgatinglaHhRRioAfis Ff&@ub%moﬂéiﬁnw’@@éb@lfn%%t@r imtidcivtf DBU and a
non- agueous ghase co Ilneg t hrou the m xture for

several hould¥idde tr@dovgipfoéi'q %‘%”Qta spighahle@ay %‘ﬁég'étéo”t‘ﬁ deeebRtine. Sinilarly, a
1:1:1 (v/v/ppvioaskt torfernotwolpBhlkeswaher, sasudadtant4natliscoribr invene atOedaser ved to be a

singl e phas %ag%)gl%upo, be %}ddgéﬂo %gc}n)éénlfrra%n a’%{o&%the%%c%?ceﬁ%?&cgqraﬂ Iojrl: glugh t he

solution for , an aq
phase cthprtheswuipctans odhgar ermiging ptibe mtwemeum@ﬁqseﬁﬂtﬁom@ gal t of DBU and a

non- aqueousyRass a%@%"iﬂe%élﬁtaﬁ{ enftnGAOeEANE de@‘d&h’ie'd%?tr@gtnkh{\m% the mxture
for several hours at 50 |l ed to cause the phasés to reconbi ne. 15Thus,

al t hough an'o%ial]%ﬁ'ﬂgersﬁlcﬂtaﬁ(‘% bB‘?b"P%@WQWH}P rfeO%BrLP%%IPI rgize t8iohed from a

| ower i oni Cst&'h@tﬂlﬁ)gihb afq@dfdmbfpﬁas% bu@aqmenlt fHMOG‘/aISiTCQEIgIdﬂS Bms@ uyn order to force
out THF or éatm nqwq 0 (I)Zm ttreeSO s hpln em|><f| re |h sn%t found to
be reversi bl € At t (3 ér‘l1 539 et *he a? oty s 'I'(Q'f)’that wth
hi gh enz gygasrwd/tor ssukmtlaglt MNgrsth@wpersHemmiesI!ow@\lm sysmrretosmmtrdmtheg woul d be
possi bl e. 20Q.C0npafALi ve Exanple 2: Primary and secondary ami ne and water

systens - o : : :
Non-limiting examples of emulsions include mixtures of water with: crude oil;

crude oil components (e.g., gasoline, kerosene, bitumen, tar, asphalt, coal-derived
liquids); oil (including oil derived from pyrolysis of coal, bitumen, lignin, cellulose,

25  plastic, rubber, tires, or garbage); vegetable oils; seed oils; nut oils; linseed oil; tung
oil; castor oil; canola oil; sunflower oil; safflower oil; peanut oil; palm oil; coconut oil;
rice bran oil; fish oils; animal oils; tallow; or suet. Other non-limiting examples of
emulsions include water with colloidal particles, colloidal catalysts, colloidal pigments,
clay, sand, minerals, soil, coal fines, ash, mica, latexes, paints, nanoparticles

30 including metallic nanoparticles, nanotubes.

Another aspect provides aqueous solutions of switchable ionic strength, or
switchable water, which are used to stabilize and destabilize reverse emulsions.

A suspension is a finely divided solid that is dispersed but not dissolved in a
liquid. In an aspect of the invention, aqueous solutions of switchable ionic strength

35  are used to stabilize and destabilize suspension of solids in water, which may include
surfactant-stabilized suspensions. In its non-ionized form, amine additive does not

interfere in the stability of a suspension. However, once the additive is switched to its
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A primary am ne, ethanol am ne, and a secondary am ne, 2-(nethyl am no)

et hanol were investigated as additives to provide switchable ionic strength
aqueous swDLPi1M3727Si X dram vials conprising 3:3:1 (v/veer/asatunsessof H20,
am ne, and 25conpound were prepared as described for conparative exanple 1.
A 3:3:1 (v/vliv) mxture of H20, ethanol am ne, and THF was observed to be a
singl e phase solution. This solution separated into two phases after CO2

was bubbl edoﬁubrdmgthemaﬂeabécquuh.d stidngtimngy iu@mfuoaﬂnme@tabmﬁe a ‘étilstpbnﬁfh aqueous

phase and a non- S e eparate

P haces i d HBOTsaran: Reany SPAReRrads Seaird SEF 5 Shimenar e B hg

bubbl ed t hrioggéygutatien bfi thelsaid paitles.eThiorevOBibia swittlegoratowsdtodigher ionic A 3:3:1
(v/vliv) mx v, O, be a single
phase sol ut%%ﬁ&hﬁergggagleﬁ%Pgﬁ%ﬁwgﬁ%u{%%a% I'n ggﬁ.@a %ﬂs Ls after CO2
35was bubbl ML brcaugsHhe merepsgyiniiani ghtsendih a9 by S ﬁﬁdﬁ'elﬂ éfsa trafiiRgdler turbidity
was obser Veﬁlt is d|ff|cult to?ev%rs% vﬂthGM/aWér\g)e |rfﬂ$UtX6fléh@rg?f T | examples of such

2- (et hyl ami n é_@t anol FH s observed to g sin ({)e phase sol ution.
Thi & so ut i BeeRs AeuincRAE sob e IR as BV TR RLPASHATI en L hr ough t h
i qui d m xtnenepdrtisleslifcludimuhetallic wartdpadditle 8 dnoesasthgiecisic atnehgeh efdhe- aqueous

h . i
o one i SiBR o) P tPAENEE: ARES S BRERIRacs (B BRGECa b ecabnel POOTR 1.
90 mi nut®es taforBd@geiatticlesithat setée forihe hetiprsefies &utIOOeAPIﬁIP@iIOpM‘f mary and

secondary aghaR teeilén ff&ﬁ h@h@'rué\% st@ﬁbihbb Iomfeﬁ\éﬁﬂ&%lr&\g@n &Y. treali er of ionic
strength character. Alth theé/ swtched from]ower ionic strength to

hi gher i oni%° %@P%’ﬁd Wed‘F‘FPF’é OMRTRE PYticIeq) (RISRYPING ) S4YF8GRY®hed from hi gher to
| ower ionic streamngh bitdnating as;&bnger’ehseprbweoeaar@ys scmnu;hs cangtisingons  of

bubbl i ng N2 r is noted
that higher® |tlgﬁa%ltlgw?t%pc§s t&‘é’b% Sﬂ&t}é gth &I?at a?e us %t?tﬁj‘zt%a ?g%ﬁa%lszg d by the
boi | i ng1EpO|fn@m(6rfe mﬁlmﬁqumwhlm inglgdeNirfactany- Smbglh&foﬁl@ﬁphé\rl’@mghe may have

led to the |E>ﬁ1'¥é°off§|$n rtr‘?@s%t'cﬁ’éble M\-%%es rﬂﬁﬁt&%@&ﬁﬁ@ét&ﬂut%f@arﬁaw been a
probl em 15Al t hough not w shing to be bound theory the inventors suggest

that this iFPWRVER SNEH the agditugys B’@tcﬁ%d‘z?'trsé%lﬂfPr”bﬁhec'a?rB%%?ﬁﬂ‘é"CT%ﬁeﬁﬂﬁ‘l on arising

from t he r eaeteres wi tra\eaabinq,bifmd‘dodrdn @R@UPRhIbIts atétefaaéntmytyaadtasmmndar y
am nes wt anmat ?hISOI’IS e non I oni c

r
o nes by na et g TRl O Bt Fit 08l R F Ry R, I
Exanpl e20L: MRgheeionicktrengio|swaeferabigite déritabgizing fqaerqhyaadylmamtnaévhvm ealt syst em;

Three terti@ry ) rb%%aus@'}ﬂ%ﬁn rlé@%ph A sﬁ%@c%é@by%%ﬁ&uh&%f%d as additives

for sw tchable | on| c st rengq sol uti ons. VDEA ar e nonoam nes, and
THEED i s a ‘tRddienalealt saidficultdp wenerse Hlt%‘)%éiﬁr% 'HPLHQf an%)gnetu c stirrer and
fitted with a rubferin BRI @éulsion can exist in the lower ionic strength aqueous solution

that includes an amine additive. When a trigger is applied to increase the solution’s

25  ionic strength the foam is destabilized. The application of a trigger to convert it from
the higher ionic strength solution to the lower ionic strength solution leads a newly
generated foam to be stabilized in the solution. In this situation, a non-ionizing
trigger to release CO,, COS or CS; would preferably be application of a flushing gas
(e.g., No, air). In an embodiment of the method of separating a solute from an

30  aqueous solution, instead of separating the solute in a neat form, it is possible to add
a water immiscible liquid (e.g., n-octanol) to the mixture. In the lower ionic strength
form, the solute has a given partitioning between the aqueous phase and the
hydrophobic phase. With application of a trigger, the aqueous phase converts to a
higher ionic strength solution, which causes more of the solute to partition into the

35  hydrophobic phase. In this embodiment, rather than the solute forming its own
phase, the solute is dissolved in the hydrophobic phase. If desired, another trigger

(e.g., removal of CO,) lowers the ionic strength allowing the solute to return to the
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were prepared with 1:1:1 ww w solutions of water, THF, and an additive of
tertiary am ne conpound of forrmula (1). To introduce gas to the solution, a
si ngl e nawpamigeue steel needl e was inserted and gas wasThiazbligdoa7ir ough.
A second narrow gauge steel needle was inserted to allow venting of the
gaseous phase. 30The solutions were tested for swtchable ionic strength
character by bubbling CO2 through the mxtures. The time necessary to

observe sepajudbisiihasd. AHWeWErérﬁ&dﬁDMd&lcﬁlaW wolduhdide, @fadbfen ooni ¢
bi car bonat e salt was et erm ned

that it typpgg?mg,ontegﬁggs%n@eﬁ%ovgfmf,quﬁ?r pﬁ‘a"‘imgltﬁe t“iﬁif%@“é%%%ﬁ%wcg out THF
from t he acareloveanplfasetracBbpd veter gapiacilzle liquid pifase fremBAFRguedus salutierst | nct

non-aqueous phaﬁﬁa%ﬁer%@ﬁ&f%ﬁ%@uspr'o§n69<9%ﬂg%%s&lnﬁdﬁsg\“%lcﬁ%lé [BhRugh t he

t wo- phase sol utions at erature of In order to renove CO2 from
t he aquebusstishgiyéhatate usas t%fﬁe‘%i? agueRYs/agreguy bipasicolysieme. sdower ipficc

bi car bonat estr%ﬂbt'h afq@édfbQalﬁﬂhnt\Mthtdﬂﬁn@Mtiv@@h@a Km@fe"r b@l[lbde Qay:ﬁ@r E&erm If the
swi t chi ng rea ionic strength

t
o the aquebINCpHIEsENes) X E08R Snaeierty TISRTUFED §' SrER BE ThE,
conver si on ajuedisephav®eqivasetors highar &smtcatrmgth sltien agugoess sgths enivas  obser ved.

S5As shown i ¢ &%&%Wrﬁla'ph%est@ edifeS yeﬁk ‘ﬂééésaarré/th%%%ef%\két re(ﬁ:ﬁcom d be

swi tched back fromtheir 1onic reconbrnati on o
phase m&t uit easrigsovith Itsﬁmglweqtrﬂhao@ter soluble an‘Bh&r@EU%OUE solgiarafihigher igric

det er m nat i grRngh. if'@l@suﬁeﬁpﬁ{oﬂiérﬂ@Paf(e‘QOWﬂof@&) ibaddhd ibNig stdyfh swi t ching
The three swi tchabl e aﬂueous sol ution Séstems Exanple 1 were further

i nvest i gat eUBYI Y dQERCPIBIaE BY¥R2 FIBIIG AAYROME PNke anount of THF separ at ed
from t he aqueousn phaspodipern oStMstasbecmgh@ré atdr@oaddiekiinvi@e tagudous hi gher ionic

Strength anp I B CALROBRE LT Bl QAR Ll IS Of additi ve

retained i n"th measur e the
extent of W(@b}'lmﬁ leobeiﬂh@wo sofut%snﬂaa/qﬂtﬁemusxqmmq;@m)wf@mntinﬁ@eiease in ionic

strength, apgnthGeid WALLRbSralf roAlhi rmiccgﬂreﬁ&ﬁ%h%qs LolutfoR§i. 2040 Phase,
1:1:1 vv/vv/w sol utions or water, F, and am ne additive were prepared in

graduat ed c3i@i %'é?téngﬁﬁecﬂfﬁéowt'ieﬁﬁfér § ateqasT baispeas G OAIC stignodh ofdkt a. After

30 20mi nut e§mt@lﬁal:i]mhinhioﬁgu@ctﬂattdﬁwcwghfﬂhb@wd prateind spparates abmand highwrr ate of 3-5
mM mn-1)as e

| 1i |
Moma o) aopREStafilsdbabotare. o SiluaR vIAGRE S Bk Seler S0 hotet Vo e
observedd Tindubleopalyress laykr setbét ﬂphmrfw&@om deothbedotoh. iAguietgided the
non- aqueous,And \Aﬁ‘tﬂ%ﬂ@l’l‘!grt é’g}é‘?fosreWthc% @K%@tré}% des Sa%@nleé!%ckoalﬂoﬁj@én%et onitrile

in NVR tubes. own anount hyl acetate wa to each NMR tube
as an i nt erYs&f °¥?%ﬁﬂ§¥ﬂ.agam In another embodiment |9f \YFRSEPREE $O416B¥% acquired on a

Bruker AV- M.tmwlﬁo&n@é:h.gmmirﬁistr@hgtﬁaaué’ou%autfdnrintsmeeﬁaaér Wit atérat e sol utions
of each mxt bg %i roug? fJnt e&% ipon of the ethyl acetate standard, a
concent r at i S PGP L eLif &g PULOVER al cul ated and scal ed up to reflect
the totzl vol unmnofhet agpeetapd thelisveotione a-naEthwe @i Srypig digdrophabicriiguids BPper cent age

$f blt he Co”pééﬁégguﬁgeﬂhl@ﬂyér%%%ﬁ QU 1B its laftr R HamihBR. MEGHLdBe@h&eRNOWN 1N

this separation is effected by adding an additive that forms a salt in the presence of
water and CO,, COS or CS,. The salt can then be isolated from the hydrophobic
liquid thereby removing its water contaminant. Non-limiting examples of hydrophobic
30 liquids include solvents, alcohols, mineral oils, vegetable oils, fish oils, seed oils.
Yet another aspect of the invention provides a method of reversibly lowering
an aqueous solution’s boiling point. Another aspect of the invention provides a
method of reversibly increasing an aqueous solution’s boiling point.
Another aspect of the invention provides a method of reversibly lowering an
35  aqueous solution’s boiling point. Another aspect of the invention provides a method
of reversibly increasing an agueous solution’s boiling point.

An aspect of the invention provides a reversibly switchable antifreeze.
52



The choice of tertiary amne additive was found to determ ne the anount of
THF separated fromthe aqueous phase upon switching wwth CO2 as shown in
Tabl e 2. Woenivdegr2verti ary am ne was MDEA, 74 nol /0 of whe/CAIFIvESNTS
separated from the 35aqueous phase after bubbling CO2 through the solution,
while 90.7 nol/0 of the additive (in ionic forn) was retained in the
aqueous phase. In sone enbodinents, it is preferred that

substantially aldn &be&tbﬁthadﬂbﬁtiow@rdvmaiam@veirmQﬁtcaémeeluardqwase, rather than
going into the S IS, pecause f such

on- agueou ase. ut il
2ol 0ot oms as T o S BT g ST MeRS ol b a1 BE BERReD BEiehid 1 Bt ee of ¢ he
addi tive frsahig trenpdeielclousrtahasbodimetd, the convarision seshlt i$ notsbimeletase of MDEA,
90.7 nol /0 - i | /0 of
e Moo watveh ha Yt FRLASH e il BMERUPORICSR forhl Wnarthe D
| nt er estd ngPyic Swmfﬁﬁd'qwﬁe%é@@owsbft@ﬁpméﬁmbﬁd'mﬁﬁsdhﬁ%ﬂﬁrswﬁe at

appr oxi mat ebyic BmPabob e ﬁﬁlﬂac&rhwlﬁb ofﬂorn\i@§(1') aabls mﬁat&%&%l&ha%ﬁotf or ci ng
about 677m)I/0 f the T ling of N2

i on.  10Sub n b
Fhrough t hePiSERIATE MPURIS BavBHET TR iR DR e THE and
aqueous phacsmmoum bfdoronma (1) thetiibiveteamibcibao idvienthe iddic S@n@h of thes t ook about
30 mnutes fap. fhe MDEA/ THF/ water m xture (Table 1). The rate of
reconbi nat i on vvoul d increase at higher tenperatures, but this was not
attenpt®d i n t hiAd agiadadseef awkehable watrs dleﬁmrbm)mrﬁlngetb@h”rﬁané@Cilﬂ’cFF (boiling

DO' nt 66 C) synﬂa@?&ea%% s@%&@ﬁdn%?%ﬁnm@ﬂn@ tﬁ’é %d%%&& %ﬁ'd |=é-'§)|a69w§ieF of at her than
nit rogen as t he nonreactive t he agueous sol ution

and switch %ﬁaqué‘ét‘éstSoﬁ‘t'ﬁ'?)?fﬁrﬁgdbﬁea?tﬁa sgadlv\{lﬁh\}%ggpfsqu%%ﬁpaps M to non-ionic
form The tdaueing akiestié cranyém themﬁlﬁbtrﬂ&ﬁh éfMholateha aaqee’usiuadowiien- aqueous

pha_se_s was ngEXIH tthate%t%?gE/steFﬁa aly 895'[|l:>rle f% setthevg?nefv?a[t%r%% él.?eoug ach

additive. antr ef i hat 1 on Of arati on of
conpountb angliidaiarseieral gorrsesuiive mct’r@ ctsepHratfoarstaps. ahiéwpuld@llrlﬂma@l ngs

Reversi bl e §ohY& rSHbeClNEpIdR t@é@d\%’ni"@ét@( or%)ﬁéd%lg%oane FeX BkpipRd_f or
different |oadings of five additives, whi e ratio of THF: water

at a const ahthepucp! teagliaR thatfeauiagian ?%@uwﬂ@anv%th@r&erfawd&mnﬁé@ sel ect ed

from nonoamvnteﬁadwwe\&eamdlem%%mude foninze theENgABNt. tarcarieveadVRAP and tetram ne
HMTETA. ent THF . bei hq :‘?Itﬁrced out. of an aqueous

sur e t
phase by ancolmr%erteegr%e e °H| c sst xt e t?](?s RPIE o {LMHNLHF he whi ch
renai ned i mtlbhfentwdjwmowbbmgwol\lnma WO@IM(S@M(DI sitesprofiuchat tbe repetonwer e pr epar ed

in graduat eﬁn&%dlé‘%‘?&eﬁhf‘ﬁ'ﬂ&&&?‘f‘o &Qé}ﬁ%’i&ﬂrsblﬁﬁ 6r t?é?EQMQ‘irBrﬁ scipidl ﬁ‘lﬁqu%dd' tive

added. The 1q}rﬁa\a/lﬁguate ers were ca er sep hi s

conpari son IV\?@*CFOB'GB'Eﬂnl We@@teﬁﬁrpmgﬁp@%@ HQP@YSWQW%@OS%E@@S &eel needle
for 30 m n &lamplel Atrgtiodfor de&antitionMRe doldént Eraadsmreﬁede Byitched 8MYkIsitent i fic ADM
2000Intelllﬁent Flow Meter to sw t ete amn§|n .aguepus

sol ution wi PR NPT BOPHENRZ &‘8&% f°ﬁ%°* Wé‘&[@‘ésc LAt e was
provi dezb t oreughl. Vigninethod aliarsabelssepifas@quebuy isslvdrit @itphva e regr@matt on i nto two

i quid pha r hase.
q p Sf%t?%r%{éw ﬁtgnswee(ﬁé”llgtyﬂ%tégg% 3esnﬁkﬁg1r?eqéb%H§ s"%ﬂﬁd%ﬂlaﬂ&'ﬂﬁ%s p

Al'i quot s of e no ueous an ers were taken and were spiked
wi th a knowR2wabrehitPlefresaysg|Potdbe aqhéenf and the product may have similar boiling

points.
Reuse and recycling of solvents of the invention provide economic benefits.
30  The time required to switch between the higher and lower ionic strength solvents is
short as demonstrated by studies described in Examples 6 and 7. In Example 6, an
incomplete switch between an additive in ionic form and nonionic form can occur in
300 minutes with heating. Example 6 also shows that in excess of about 90% of the
ionic forms of MDEA and THEED were converted back to their non-ionic forms.
35 THEED was 98% deprotonated after 120 minutes of heating (75°C) and bubbling
with N; using a single needle. As shown in Figure 12 and described in Example 7,

conductivity of TMDAB was reduced approximately 95% in 90 minutes when heated
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act as an internal standard and the amounts of THF and additive were
quantified by 1H NMR integration as discussed in Exanple 2. The results are
shown i n wakba/@®7727 It is apparent that an increasecCrrcAha/dsoadi ng of
the additive generally resulted in an increase in the % THF separated from
t he aqueous solution after switching, as 5would be expected. It can al so be
seen that the diam ne conpound TVMDAB at a 9 wt% |l oading (i.e. 5:5:1

THF: H20: anmi dﬂ%b d @mopresza%%anéd tn gwu@a@u&ntofmb huRasReHtFated asraradticer
switching while 99 % the additive was retained in the aqueous phase.

f
Even at a 3‘°R}\f§)€f”c9§‘oﬁeﬂlg° '8%- TMDAB (15:15:1 THF: H20: anine), 74%of the THF
was forced out dfisedvastaigealsitogonven frommpadiangoaming foem mieoip fanamdt ed addi ti ves

10DMAE and h@ﬁ% I eat er

| osses of the acf\c%’eép &tv%)éesltﬁegg‘ljﬁ]\éesﬁg’%rg%%gﬁfmd gf\g}émﬁh@%”%% F;r

exper i ment sam'f\ﬁ@”éfCP@@Pe Gﬂsct%w'twwé@lw%ai‘%ﬁ?%”‘@tspbfﬁ@tcﬁmdﬁén swi t chi ng
wth CO2 ﬁ%ut@h&ﬂorrﬁvﬁsé@?mc%ﬂ@r{gtﬂiaﬂ:ﬁ tdill@wT%ﬂEepé'laﬁ&] df@fe%&]ltﬁ@dwwth Lhet g
agueous r egener a_one se stem re was heate
2 Spar bed B PTRORG D, oY GoTRINS eRts” MEN BRpAPEe ¥4 QIR VFEaL | ve

det er m nat i Methods fbh&paepraﬂ afttheocongdonsies eay exdlude npaatiah, bddR)rifeyid addi tive
(an ne) upoBudihenmRl. S uak-80h AIALLIKE | patERYT AR ALad ot | ve

conpari son A I’SI SWtc Ive am ne vvater syst ens
of Exanffl e Sldile bagkdeits a%lﬁnlataﬂm?d@rwr\@ﬁteraamistthe/éol\re(ﬂh@ﬁf‘t@sre@@ddet ernine by

1H NWR spectr OSCI:QQUcoH&ﬁcé \ﬁr‘lltrﬁé hb’&lf@%h%&lin\éﬁtnﬁ&% |9E>ro$|¥9’e& §B)'/s'i@n gach additive
from non-i on| c anine to ionic amoni um bi carbonate and back to non-ionic

am ne f or ne9ePKRERTED HYUEH2 T BRGINAPTREN AR 8NS OTGPOTBFREPCYIBEKCMAVDAB, THEED,
25 DVAPAP, hiMUEel Ahadygitdm nelsidewes meafkj’mioilﬁtrdduﬂ:lng\lbWos-ﬁﬂnlﬂémmasabcé THF: D20 in

NMR tubes, v%u)rct xtureso?%rﬁ?ound% {hlr!s. Q(g I%etﬂg? st %o'#]d}!h’% &%géllglg yer e

acquired for lown as the A
spectrald n thg gQﬂt-@QICAOHTB)f S@ItChahlé W?tefr @hd MECOWNDNBOUHGIWH'IEWluidﬁd DVAPAP

respecti Ve'A(ccoFEIYHQ;Iy”%rs?é%:‘a%H&ﬁor%ilﬁ@dmﬁ?ﬁ@éﬂn@éws%ﬁ@r hePEhitad candiide trigger
gas was gently bubb é’@gﬁdone of needles into_the solution at a

rate of 4-5hpgeANESOPRUNd nsoikle id BedRA-IHetitehads WiE™ 59" a vent for the

gas phase, Mdarrq’,)ha thaSysteRbainoiade Aleass fpoajuécwgoprreeﬁ)smgmeaﬁam at nospheri c by
t he bubblin g)m o l\)/va}ﬁtaqon%sa ha%ltr r& ure th e ﬁrlrg ne fromits
non-ionic toronrc % or ﬁgcat re %\é’b F% o' ddch sanple after
SwWi t chi 21y vnwnﬂqh@@wate%\d'lfh@flrsip@mppumﬂ dhe aymmdaﬁttt@q‘mfwumzﬂ faghdDMAE by 20

m nutes of é%‘r\#b*ﬁk%sre\ﬂ%fr& f@rfbofﬁawnghm?tur‘é@% Wlt"h'aﬂg&ﬁ%ﬁgsm%&q\(@? agoghectrumB in

Figure 4. Subse tive was swit 0 non-ionic form by
bubbling a 'H?r??%?dﬁ?m'°§'&§"?ﬁ9"gafé?e tHitcBeRih wetseandeangtat o Othasp i Aut es at 75
C and the smﬁmmmtnéfurﬁmemom i§ peRhgdimiscibiawii GefsRitchabiéRete PRt rum

obt ai ned after swtch in {) 0O mnutes O bbljng at 25 Cwith a C2
Cri gger i o SRsmeteuR Bt Hpeg el et Rel BRI hre "saad! t1ve vas
swi t chezb baioknisablenfysi-dooppend. Somaxbypleuthblsystem aamintindegmeaargdsr decamgiger
or otherwise collecting the top layer of mixture 40, which top layer includes the first
compound. Optionally, this system further includes means for reversing the ionic
strength increase of the switchable water by introducing a non-ionizing trigger, such
as air, to reform the non-ionic form of the switchable water 60.
30 Switchable water can also be useful in water/solvent separations in biphasic
chemical reactions. Separation of a liquid from a switchable solvent can be effected
by switching the switchable solvent to its higher ionic strength form. This ability to
separate solvents may be useful in many industrial processes where upon
completion of a reaction, the solvent can be switched to its higher ionic strength form
35  with the addition of a trigger allowing for facile separation of the two distinct phases.
Thus a switchable ionic strength solvent may be used in its lower ionic strength form

as a medium for a chemical reaction. Upon completion of the reaction, the chemical
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t hrough the solution for 240 m nutes at 75 C and the spectrumis shown as
spectrumC in Figure 5. The spectrum obtained after sw tching HMITETA by 20
m nut es oVoktormeg at 25 Cwith a CO2 trigger i s shownPa3/GpentasentsB i n
Figure 6. Subsequently, the 10additive was sw tched back to non-ionic form
by bubbling a nitrogen gas trigger through the solution for 240 m nutes at
75 C and the spectrumis shown as spectrum C in Figure 6. The spectrum

(():%tz ait ned afgreducssirégny g@aa%t%?n bdéut_’%@ bifisAid sy 7tﬁé ssatdabloi ii@g\tiglﬁiubr B?a Cwith a
rlgger | S own S S rum I N | e . upseguen e
Toadu t Lue sisBod T ES o BBERE Bk Crebahi R o oD BT e n tr ogen gas

trigger through the solution for 120 mnutes at 75 nC and the spectrumis

shown as spectr - i I : i i.ve j,nati on of
t he separation g?gsgleqéej%ét@eeg%%é%ar?ﬁo %gm@é?og%gg%??%@é’?gﬁlﬁ%ﬁbupon
switchi iy a@*aggles e whfortiddisheuwebe vrisr that these exgmpiea&af® t he anount of
THF bei ng sipRabeqiirgddts &Mly. FReREHAE MEY sRAAS RotthMititNCERBPS bbis idventiodni €
strength, and the anounts of am ne which remained in the aqueous phase, 1:1
w w sol uti dAE"6Y3FHF and water were prepared in graduated 25cylinders. The
appropri at e nmassn tike fellwiving Veatking Examtles, aeatdty of tartiaryGrtesmalabeesol ut i on was
added and the, I C Lt t.a.. 30 m nutes of
bubbl i ng chﬁqlﬁaflggb@%ﬁ) %8%%%%% %ﬁgﬁ%slég&#d?g%ggg&%%ﬁg '%16'1? ré%\t;\]/s@auge st eel

needl e, 1 vaaieplsesopitiarel. e epichehlowatgds observed. The two phases were a

non- aqueous phasesGRMEdhtcash thefuorktl SBmPRS, fyBFeFd RitlesQhoW Rt siRcr eased

i onic stren%th agueous 30sol uti on, and an aqueqQus phase conprising the
addi tive i nCHBNiERTY PRICCIFETAHMGRRANIBTS. dACHEHHARBN W PEYPFed. Al i quot s
of the non-agibeedcvesidlcatiiteonsiohiagrsptinaghavibakdinf e cbriohiederen
d3-acetonitril.e_in N u n t C. was added to
each NWR tu gklglg Wz'?ﬂ %%rénr%%?o%ségﬁagﬁr'%p 8?ﬂHﬁlkfﬁgén§§@P %(’g)z \%Vé'gzégéa%qui red as for
the fully paromonem egawddate saibiormamich Weresghbliein bgratdogppodset he et hyl 35
acetate st apgdafichs 18 tHeURe&MNRIH90 aRhe EblRpQlnagddl didiMRiniaRe S@l Gt ed and
scaled up to reflect the total volune of the agqueous or non-aqueous phase

gi ving a peRCERtcAgelingfy tildn s AsPgRaNHe i e fypRilen: dhgsediciydstain®led. The
results ar esmbmenis,g/aMHﬁ!e I@n%thtc))fa médrodairtaian@in,TmmE’e liker i am ne Dl\/APAPdand
tetram ne HMTETA agdditiyes, exhibited superior THF separ.ation npared to
ronoan ne addi ¢ TGS TR IAG R AP EE St Al o TR Dy P ned due o
t he i nczleasandiaf pplpamioeshave mgernfoamedaqcesingtto e invieatianriyreztiegiCOhwitiye on t he
quaternary EDi 6 4k -@ﬁ%{rﬁlé élﬂﬂefcélﬂﬂalﬁlhg'gffgﬁﬁﬁé%r@félﬂrt#?ﬁh@u' tiple

. . r
basic nitrogen centres in th lamne, triamne &
water system advantageously provides a rapid rate of reaction to form the

ammonium bicarbonate compounds from the water-miscible compounds of formulae
(1) and (4), and allows the dissolution of the ammonium bicarbonate compounds

25  should they be solid at the temperature of the separation.

WORKING EXAMPLES
The following chemicals were used as received: ethanolamine, 2-
(methylamino) ethanol, chloroform-d (99.8+ atom%d), DO (99.9+ atom%d),

30  acetonitrile-d; (99.8+ atom%d), methanol-d, (99.8+ atom%:d), 1,4-dioxane (99+%),
DMAE, MDEA, TMDAB, THEED, DMAPAP and HMTETA (Sigma-Aldrich of Oakuville,
Ontario, Canada, “Aldrich” or TCI of Portland, Oregon, USA); THF (99+%) and ethyl
acetate (99.5+ %) (Caledon Laboratories, Ontario, Canada); hydrochloric acid (~12
M, Fischer Scientific, Ottawa, Ontario, Canada); and DMSO-d; (99.9+ atom%d)

35  Cambridge Isotope Labs, St Leonard, Canada).

Diethyl ether was purified using a double-column solvent purification system

(Innovative Technologies Incorporated, Newbury Port, USA). Compressed gasses
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tetramne. It is apparent fromequation (C that for an equi nol al
concentration of additive, an increase in the charge on the cation of the
salt fromveRotiw9¥27shoul d give rise to a tripling in i oRCE/GR20ENFOATS |t
shoul d be noted that although TMDAB and DMPAP contain nore than two
10tertiary am ne centres, only two of the basic sites in each nolecule are
capabl e of protonation as a result of swtching wth CO2. This neans that

eﬂui Imgl al ﬁ%r@ﬁrﬁ@n@a@rm&@ls@d’u@bm&ﬁdo‘éﬁédﬁ 44 grdbAAB, (d@MQF)ds\lFs @nd/ ?ﬁEETA
snou eac ex m | ar n ar %
Sonar at | oncorediireb fhed). BiacRicdt B R 104, 3R b e Dl i

protonati on(96199%r‘erih‘lb@ atlgpi) srekargon (9209808, Haons 6 ppred by conductivity
Pr ot onati on of Qﬂﬁb%%ﬁmeﬁ,ﬁéé%ie&ﬂéd WatetrggfangﬁElfe% 8Lty (%%H QfeiRgditives, DMVAE,

MDEA, and THEED, 1 n respons tiron o trigger was perfor med
and noni& or'é@ﬁ'wa'&i)r\'bﬁﬁ%rtfiom Kigasien &ntariooenaea that ‘yéﬁ’r drionAed byfrevgrFeaddi ti ve

wi th di stilspehsisdb eithoRdibBughed iy el A1d: aﬁapé/rét\ds Zfpea G AQVAE, 1:1 v/v

H20 and THEED) in sanple beakers. 1:1 ww H20 and
THEED was 5@%’%‘%’8%{6@@)§ |i(“%e"\lciL\/"c'%"actiPut| on was too viscous to pour
accurately. A tmDRydrighOakhids entdriooGa2da, 983 yrade) westdried enrefiagndubbl ed at

| denti cal f&%Y"céﬁta%% oﬁé?.L Hasuc%a %339@0}4{064 gnag&[é?\glegg#%%t ifel tube and
25t he conduct’i vi't e SOl Ut on was neasur e periodically using a Jenway
470 Contﬂjctqleksaw%?n%ﬂévre(PBﬁtbﬁbifeQ}Z@r’V@ﬁlﬂtlm/ihéWCmeSQBSQ)/beb)inﬁg/lthC@elI const ant of

1.02 cm 1. followed by filf@8H tbsrerﬁ(‘;vetél-ﬁpmcbmgnﬁe %.pgﬁé trigger through the
solutions of addjtives in erature are dep| cted in Figure

7. As shown in tRiNIERRAr %N'Vﬁ]%oeéﬁ?ﬂﬁ@t‘io{}?cﬂ PPOREOR af kK &Vai ti ve

sol uti ons r«peetrasetéld 40018 BRd VEs7 RBibVesdeetlelyo its 30ionic formas it was
contacted with the CO2 trigger. The aqueous sol ution of DMAE showed the

| argest rise in conductivity. It is noted that conductivity is not
si nply t f ukempantivf Example doAcddine antl waterdyatenctivity is also strongly

affected by a sq| M&Jcﬁ’d‘arﬁld\‘lbmﬁ@ t8ViazEBieolo-BVAE- dn&eé—ﬂ@néelpa@/fn@ttﬁ'e additive
sol utions have i dentical nunmbers of basic sites which can bé fully

35pr ot onat fllAHY HAGWre wantnvedivated Ae ampdHtvEdnBrOYiIAe RMEBAPIE{REY may have

di fferent cardgtatagyvéduy sbietelss. The deprotonation reactions of the
ionic solutions of additives in wat were nonitored in a simlar manner,
and the conductivity plot is sho i2n i 8. Nitrogen gas was flushed
through the solution at 80 C to/switch | salt¥|back to their non-ionic
tertiary amine form The residual.level s\%f 9gonductivity exhibited show
that 5none of the additives were Ny~ deprotonated by this treatnent
within 6 h. 6: Reversi bl rotonation of am ne additives in D20 as
moni t or by 11 B S gty orh was Saabi Hiuteraf PSR el 33t | on-of
tertiary amqueowadshiutibn.elswapfnnd oriteaapani dtswitciii@to a water-soluble

amidinium bicarbonate salt form in the presence of water and a CO; trigger.

Initial experiments with a solution of DBU in water confirmed that compounds

THF and 1,4-dioxane were miscible with the aqueous solution of DBU (non-ionic

25 form) in the absence of CO,, and were immiscible with the aqueous solution in the
presence of CO- in which the amidine had been switched into its amidinium
bicarbonate ionic form. However, it was found that it was not possible to liberate CO-
from the ionic solution with moderate heating. The two-phase mixture of non-
aqueous THF and aqueous amidinium bicarbonate that had been generated from

30  exposure to CO; could not be converted to a single-phase aqueous solution of DBU
(non-ionic form) and THF.

Specifically, a 1:1:1 (v/v/v) mixture of DBU, water and compound was added
to a six dram vial containing a magnetic stirrer and fitted with a rubber septa. To
introduce gas to the solution, a single narrow gauge steel needle was inserted and
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10trigger was investigated by 1H NVMR spectroscopy. Two nonoam nes, DMAE and
MDEA, and the di am ne THEED were chosen for study. In order to establish

t he chemwal20sliof123 of the protonated bases, nolar equi paraeligsoEeyer al
strong acids, including HCO and HNO3, were added to separate sol utions of

t he am nes di ssolved in D20. 1H NWR spectra were acquired on a 15Bruker
AV-400 NWVR spectroneter at 400.3 MHz for three replicate solutions of each
am ne. An ayRNRGOUBBEIRrARgh AGBcIHaEIERbasel sidel heddicamsIngditel @nat ed base was
cal cul ated anIPong twittt]hstandard deviations. If the bases when reacted with
the trigger® P8 FEMOC G 93 NSRS cheni cal shifts within this error range,

t hey were consi denendh¢ contyubh@ 086 pribtosiadle phase thisaiblelicpier mimerd wds error. The
1H NWVR chemn hj f ] : : 0 measur ed.

The ext ent GFoeat anacian by Futpt B AR P] L R e ot ur e at
0.5 M ( excefParpigEimo Wsphased an agyequa PIBRs aREgrisithd c@lvtiod ohihe BRIGINFRN The ami ne
was di ssol vigghrbdhal@ditionDBO ahVR nbhtaguednsl pafalcBrpMdidd TIF T RibBdg 8ept a. The

spectrum t hen acquired. Subsequ Ly, .t narr ow gau st eel needl es
Were | nser tBEUENReqHSUEREse G BABLY ] RGUTHTORGEE @ her i nt o t he
sol uti on atreeppsioxi mately 4-5 bubbl es per second. The second needl e served

as a vent for t:qu%Z@,eé)ﬁﬂQO@@ rgiﬁ‘t&{ ofl%Bl{,.'\:Ajafétahéﬁ _e.%y%%%m}ggbbl ed t hrough

the solution fo require ngth of Tinme and t e spectrum was
r e- acqul® edebsived todreprsirgle plagse Mugsedg kedid Mkkires/dteoEOnwes bubbtgd t he ani ne was

det erm ned #rRph tHaQoRESEHVEIMMNRRINGRlreSBpA bR d o RRARLSIThNbQRLSe amount  of
novement of thé peaks fromthe nornal position for the unprotonated am ne

towar ds t heP 388 FeTRIITNG Broltianofftls apidiivm PiERrbalst Tt of BEYR Adon- The
resul ts shoaquedus ghagelc@m@isingd| ¢-aiogarieh &ub VBRI, #rdudvBEAmadtee fanlsévergdr ot onat ed
(the peaks ] withi e viation of the HCI and HNOG3 salts)
within 20 nliiotr:% aet\s% é%e%%zca\ﬁfgegmg%%‘:feggo ieﬁgr"lgﬁa% the solution. THEED i s one
hal f 35 ot onat ddiu$.48bgugbhyan BQueruagelekon aftherantiding RBY cenbg switehedf t he two

ni trogen atqs,uet Bhe sHLAM RFm RAS nBRE oK QLRRRYSEH: in order to forcd B& T €Ver se
reaction was nmonitored in a simlar manner and the results shown in Figure

10. Ni t r ogeHifg@is!: detioxang,&orB dhersorory the Hatcking was Bef fernd pesberevatsklesdbect r a

showed t hatthagiven efpetimentalddnditiotes ItMenielyeraTRite hhenegp mpliosiat ashigy t hi s
t reat men D, wth the ionic form of THEED

t VYI § Bi rn u5esh0el\1/rrsrb e(32 itholur souflgh -|c|>-c|>_! |
reacting 5t RUPF ALY s FVRPTIY Frﬁ?%& @GPVt DMAE bei ng the sl owest. THEED
was 98 26 deprotonated (i.e., the ionic strength of the solution dropped

twenty-fivecdphshhtd Efimge BOBrMaRY ah?sdtdRBhyWhine and water systems

A primary amine, ethanolamine, and a secondary amine, 2-(methylamino)

2]

ethanol were investigated as additives to provide switchable ionic strength aqueous
solutions. Six dram vials comprising 3:3:1 (v/v/v) mixtures of H,O, amine, and
25 compound were prepared as described for comparative example 1.

A 3:3:1 (viviv) mixture of H,O, ethanolamine, and THF was observed to be a
single phase solution. This solution separated into two phases after CO, was
bubbled through the liquid mixture for 30 minutes, with an aqueous phase and a non-
aqueous phase comprising THF. However, the two separate phases did not

30  recombine into one miscible layer even after N, was bubbled through the liquid
mixture for 90 minutes at
50 °C.

A 3:3:1 (vivlv) mixture of H,O, ethanolamine, and DMSO was observed to be

a single phase solution. This solution did not separate into two phases after CO;
35  was bubbled through the liquid mixture for 120 minutes, however turbidity was

observed.
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The observed rates of switching, as represented by the protonation and
deprotonation processes, are affected by the manner in which the CQ2 or
spar gi ng WOgasl/o8a®7i nt roduced (e.g., its rate of introdecricaoandot7he shape
of the vessel containing the solution). For exanple, a conparison of Figure
7 wth Figure 9 shows that the rate of the reaction in the 1H NWR
experinment was faster than that in the conductivity experinent. This rate

difference is du:es tsa (&/h/e) rﬂixfu?eecﬁf&e@ez i(rﬁetﬁﬂarhuﬁaﬁmanoﬁm Tlrt#\MM? experi ment was
perforned i [ e effici f?nt y

D e i t S5tk sk ool St i B st o

Fur t her nor eCOj Wwad Mbbedyhrbwghehg/hquhamxtume fara0 enimftedejin ot eqeabuophaaad t hus

O] 0N |l G016y BBHho TP SRl CR: GAllloB pcasgaed 11 Lhe
a nor

N2 spargi ng were ne I i cl ent manner bl i ng
t hr ough % At FRPQMgAA HEC erfoeiscitrilayer gven:Ne was pubklsd throsaly thepEA Mbfdrewat er can
be taken tofo,lﬁj)mpfe@tapmt;ed 20and returned back to about 4.5% protonatl on

by bubbl i ng/ spar | n ossible to cal cul ate an._approxi nate
Tt e st rongth JUpReP e DI et O ERY B TSN T B e A ne
addi tive. TdiéndenBibit yeverfsioDiAtchablelof @3B rendth cBaracterl Althswymphey of this

m xture woul g ﬁéH"r?og# BW%%%mQ sf?%qgﬁﬁk»/l%ﬁg{agﬂgn@}t?er%trﬁ fhe‘h}w'clﬁe' Aot Mehssrffper ef ore

the concentrati on eionic assum ng- an i deal
25so0l ut1®n w@h%fwmhlg@ertt%@wetIh@wmnmﬁﬁomﬁe@mdhe @waﬁg@ymﬁ CO2 is bubbled

through t he;patists d?'Buthﬁg fh, ﬂmngﬁ‘iheﬁ@Q%nﬂitQﬁeQ&ado'rﬁiHut@é‘Qt $pdIRiM at 4. 5%
prot onati on o55u5| n uatl on . Reversible

pr ot onat i on"%¥ éﬁmpﬁf g‘i"?feﬂ?busﬁg dH%WtF%W@'EP“BQ/p%‘?'?E@Mm?ct ivity Three
tertiary poboimgipo@t sfdwHFtdf ee<. vmmenrsgeﬂz@mraacbhéuémbmtukeamay na@séd gat i on of

addi tives f W e i t TVMDAB is a
di am ne, D\}ﬁé,&%efsé?ga%%q gﬂﬁ%vg? ﬁ_ﬁ:" %Eﬁ}%fﬁuloi%c’%?ﬁatvet r(yn ‘J’] ﬁr%gle_uﬂ 1 v/v solutions
of the Viari@Uﬂ@ummtwshélgt@h@ibf@ilngtbwﬂhe@d/thelélvemb@édggﬁattéattb@re 35 prepared

in six dr a”}rgve@§l§1l|tyh%k/%e%§‘g b ARPEREArRMe FPnAichlditih§HodiRSSaBRBF at us whi ch
acted as a reaction vessel. The fritted gl ass apparatus _consisted of a | ong

nar row gl as/a3pireNirteiauRsdn ihs pé!”‘PWr?é‘dgsP%@aWﬁrﬁ'”%éN}‘ih@% Te s1ejvalofof

appr oxi mat edaybafinaménonéﬂnefvatattdngme astdionit abies Bl asaing ahél biasing®nnected to a
cylindri calnot%l asé ettélbe vvg ﬁﬁ gl d the solution of the additive during
contacting w {5 Vnegts ef"'Gas. This apparatus allowed a multiple source
of trigger gas bubbles to cont act the solution, conpared to the single

poi nt sour g ﬁ lﬂaﬁ@e?suﬁles,%ﬁehfé\ﬂgﬁﬁn ﬁ%eﬁuﬁﬂ?ﬁ?m@fm&%r ir or nitrogen

was bubbl e ough he sol ution via gass ow rate of 110
mM mn-1 as rreasThfeéde'EﬁryémJ'@W@Mﬁ%n‘f"??ﬁ@” DVFEBOGE™ 'ﬁt’%‘%"%@%ﬁ% FI ownet er

(CA, USA). duartiveddhs@@RsKIE fohiistryn dife asutioRSTEDMAE aRe VBEAUrE afonv@hinéd, ansf er r ed
back to a mxﬁgﬁ{ﬁw a‘:[ .cooled to 298 K and neasured in triplicate.

Conduct i vi t3 "Sver e performed using a
25 Six dram vials containing a magnetic stirrer and fitted with a rubber septa

were prepared with 1:1:1 w/w/w solutions of water, THF, and an additive of tertiary
amine compound of formula (1). To introduce gas to the solution, a single narrow
gauge steel needle was inserted and gas was bubbled through. A second narrow
gauge steel needle was inserted to allow venting of the gaseous phase.

30 The solutions were tested for switchable ionic strength character by bubbling
CO, through the mixtures. The time necessary to observe separation of the THF
from the aqueous solution of the ionic bicarbonate salt was recorded and is shown in
Table 1. It was determined that it typically takes 30 min of bubbling with CO, to
separate out THF from the aqueous phase.

35 After separation of the THF into a distinct non-aqueous phase was observed,
nitrogen was then bubbled through the two-phase solutions at a temperature of 50 °C

in order to remove CO; from the aqueous phase and switch at least a portion of the
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10Jenway 470 Conductivity Meter (Bibby Scientific, NJ, US) having a cell
constant of 1.02 cm1l. Figure 11 shows a plot of the conductivity
changes rweubti/aeg72fr om bubbling CO2 t hrough the three secutdans/@0725 C. |t
is apparent that HMIETA (.) and DVAPAP (A), the tetrami ne and triam ne
respectively, exhibit |ower conductivities 15than TVMDAB (*), the di am ne.
In addition, TMDAB exhi bits the highest rate of conductivity increase.

The re}/erS_Giorﬁ@@ﬁﬁﬂerﬁbté’\@ﬁt fﬂmbé&ﬁ@meinﬁn%n&itQﬁrh@rarrfﬁeﬁﬂm{ mmd siiéhifgesul t s
shown in Frrgure 12. shed throl.g]gontt e solu |on at 80 C

T L o Bt G st ek Fheadse 11 Ne SEIR s g resd) 2 2 om ¢
f or m r et ur nts atleveR@bwogenisabiltewith tietTéitr, 2dhvansioutoéthe twmdhasatmrxtgrewbst anti al

renoval of %5&{;{%%4&%35%9%&?\@%“ reversion of the additive to its
or

non-ionic f e rat conductivity decrease is highest for TVMDAB (*),
t he di arfi ne, i ndiscApvmy Tableclagll pighe g derinry amietadpib e sisetiden non-i oni ¢ and

i oni ¢ f or mesydchadl thic eI theationit foafs HIVHREAe ahifMAPoRNE Mo pHage obser ved rat es

of switchin s represented by the changes in 25 conductivity, appear to
be af f ect ed'%'bgkI ‘?Sﬁgar?ﬁ‘ﬁﬁ?eqhaf‘% which the CO2 or sparging gas was introduced
(e.g., its rate of introduction and the shape of the vessel containing the

sol uti on). Eﬁmﬁé@@%&m&ﬁ%@“ﬂ%@a % rﬁaﬁd%%u% ch&ﬂ rﬁHrf‘d 7 shows that

the rate of 'the reaction uti I'ng TR gas app us appears to be
f ast er thhanadditime upoa sadtchingry of the trigger via a narrow gauge steel tube,

al though it is %@@rﬂ&@%ﬁcﬂéﬁle 3Q¢tol§ ssi@h spdetht bMBanRlee PaLAGtepnpared. This
may be because the fritted SsS a Ecﬁtratus is more efficiently flushed with

CO2 than t hBVGSHIARD mWRﬁg?%@S%OB iy the %”é%%OfTHF separateghfiofhy| e 8:
Enmul si on f oheatueons pindedipst sigichiog ooﬁhesodrmrxertonshugbmwn|<5$tmggta 35sur f act ant

cont ai i ng- O3 BReRERHS 9%, e q puaml E S o A B SRRRRERER) T e
wat er (Hh vi&tﬁgleauSOSOBGiOmmﬂt@ISWEmirLQtr on) and 20 ng SDS (sodr um dodecyl

sul fate, a nons"?‘otrﬁeb%me%esé%érﬁ%rwberﬁé fo%eéguwf%laﬁﬁ’égugghas-gcb gach vi al
n-decanol (0.25 m) was added and the vials were capped wth rubber sept a.

Fi gure 13, IPHBRSR £pis stranotiypagdhe: ameeuntsrab amipe gyhichgemeinggindheapiepys + he
exper i ment . pHase, eaphwm/alsorun&eroewatee THROadd dhihél agdtaga@sre gldparkower i quid

B ouS s oP Ry st Sfing Sitirs P ch o e S B O L onr | aos
t hough 2& iminnes oalsibbhrmr%@ﬂh@nuh thelided amase at 8 flow taterdfs di5khlenind)ah neat wat er .
The three vméés%rewy% J&W@cr@ﬁ\ﬁ%%%wp:}'oobﬁ‘mglnééﬁf Fr%@ m&omﬁa srbetrraﬁo

phot ograph "B* shows Eear ance after shaki ng hree vi al s show
an gauge steel needle a visible phase separation was observed The volumes of each

phase were recorded. Aliquots of the non-aqueous and aqueous layers were taken
and dissolved in ds-acetonitrile in NMR tubes. A known amount of ethyl acetate was
25  added to each NMR tube as an internal standard.
'H NMR spectra were acquired on a Bruker AV-400 NMR spectrometer at
400.3 MHz for several replicate solutions of each mixture, and through integration of
the ethyl acetate standard, a concentration of THF or additive was calculated and
scaled up to reflect the total volume of the aqueous or non-aqueous phase giving a
30  percentage of the compound being forced out or retained. The results are shown in
Table 2.
The choice of tertiary amine additive was found to determine the amount of
THF separated from the aqueous phase upon switching with CO, as shown in Table
2. When the tertiary amine was MDEA, 74 mol% of the THF was separated from the
35 aqueous phase after bubbling CO; through the solution, while 90.7 mol% of the
additive (in ionic form) was retained in the aqueous phase.
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10opaque liquid m xture with cloudi ness and foam ng typical of an enul sion,
which is as expected because of the presence of the known surfactant SDS.
Gases werwotzhawnobuzbbl ed t hrough the solutions for 30 m RCTIGA2011/080076W gauge
steel needle inserted through the septumand down into the liquid mxture.
For each vial, gas was allowed to vent out of the vial via a short second
needl e inserted into 15the septum but not into the |iquid phase. The gas
was CC2 for the nh edrhe é’rh@éduﬁé\ﬂs Nds t»@ferrteblmacemsfaauampdu6itg€ltadd1ttvel s. Figure 13,
phot ograph " C' earanpce, after t e treat nent s. Only the
P oht St viearis B b SRR ARECHE) BRke Mire R aibss B1erRBi i qui o i n
the | eft viiabetasisetn utlite af suadolfiticpe asfeukaaersolsmbsystegnst iradd ltehe conver si on of
the aqueousyseLULiAREOoHthS iR TAMNE adleh BB LATLOARGERt Y 20weakened

t he ablllty 0 I'i' ze emul si ons an oans |1 quid
cont ent & ofthe Resecd MOES. 8brd malglef the MREA efmained gnibevatdreus Pasdi ABes and

f oam ness typhrh otthe mE&trmds&tétherrbd\ﬂtoCtﬂé h&gacﬁdé@hs B Lbm |sh% 184S through
t he abl I#ﬂ@éof SDS to

t he sol ution does n ave t he e aken

Stabi i ve CREISTNE THRROTGAHE bophiEniar BT R S PR on t he
ioni c strengitimol,tehen thquuhausasibass succ2Ssiltin ferciigeabbetfer. Mhalte ofitte al | owed to
sit for 30 pin .F]Qo%{to further treatnent, CO2 gas was bubbl ed through the
l'iquid phase of 'the Centre vial for 30 mn and N2 was bubbl ed t hrough the
right vi@l. Fi giveseRentdbblingoDN: Brayak theleixtygdewerahthe ierfic stigadthrande vi al s

after this fioWey th'EhﬁtF' dn@lélqdé‘ou's@hésfé@té @é&ow@%ﬂs&&é‘éﬁcﬁre&érﬁtﬁﬁe akigonew | argely
clear and free of e conversion of the agueous sol ution

to its hi ghh'sé‘tﬂkcﬂ'?f’@ 3&%&4@% Wr%SMPWEH'aW@Qf FV“%&TI@@%H fhea®M ity of the

SDS to stabebmtﬂnaamwsumn&r@gdafmmten’ﬁeeatmulbat t0i3 wadhof mmpsddiih |  per si st

intherig S I rough, the liquid phases of
the left aﬁh's 2 l?e(g‘ﬁ’"\Jlsleacffthe QY %5'8'%(1?0}{1@?‘;1?%%)@)8&9? %arr]tggréo\% CO2 fromthe system
and t heteby | owe'l'rhesmexmtbméms ?/?teeqt@twn@&icmtméir@@m@ibgrtbm nitr¢gen.astee two vial s

were then Smlfé?a@tl\fecgaswdﬁve%ﬁ C@&rﬂ'oﬂgth& Qtitﬁaog§§olc’ﬁ§waﬁ@%mtat flag shaking, the
right vial was le unt ouched. gure hot ogr aph "E" shows the

appear ance W'Otnh’é”tetﬂdé@v‘?/tr%{? ?”é’ff?ré‘ttotqﬁf‘ $onjg fﬁ'iﬁ” qtimedpksd oAt bit t he

cl oudi ness rteymmladtuo@bftaa aqnmmhsamnoreéotubmsgdmaéebamsr@@ﬁaxmémmeIseufné two vials
i s not ewpregllt ¥ res E/a %ﬁge t he conversion of the aqueous sol ution
back to a I'6W A conplete. In practice, substanti al

convers?®n to IOW|on|c strength is not difficult. However, it can be nore

difficul t tpfa §V§u£ﬁﬁalv§toeete(\rﬁlﬂﬁ%ro?'oﬂhe s2p&diBRof cOmp Qﬁ{"cP dtion of ionic

strength he 1onic st ren?%i‘t gueous solutlono the salt wll
vary depend?i¥fivegentsuatcingcd dif ']t@HdtS't"e!%Q'"ﬁélt and the charge on the
ammoni um i on. F@®RevexBEHoentlitaihdli@ ahiltavataGyBtefk vafe aMplotdy fean be

protonat ed, B SRR a0 oA Lo RS B Yo PR R L5
25 1:1 w/w. The additives were all tertiary amines selected from monoamines DMAE
and MDEA, diamine TMDAB, triamine DMAPAP and tetramine HMTETA.

To measure the extent of THF being forced out of an aqueous phase by an
increase in ionic strength, and the amounts of amine which remained in the aqueous
phase, 1:1 w/w solutions of water:THF were prepared in graduated cylinders and the

30  appropriate amount of amine additive added. The graduated cylinders were capped
with rubber septa. This comparison involved bubbling CO; through a single narrow
gauge steel needle for 30 min at a rate of 3-5 ml min™' as measured by a J&W
Scientific ADM 2000 Intelligent Flow Meter to switch the tertiary amine in aqueous
solution with THF to ionic form. A second narrow gauge steel tube was provided to

35  ventthe gaseous phase. A visible phase separation into two liquid phases occurred,
resulting in a non-aqueous and an aqueous phase. Aliquots of the non-aqueous and

aqueous layers were taken and were spiked with a known amount of ethyl acetate to
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B+ nH20 + nCO2 ,=s [BH,'," + n[ O03CH reaction (1) 15If the nolality of
the am ne in aqueous solution is m the ionic strength | of the ionic

sol ut i on wbter1/®wi2vchi ng can be cal cul ated from equati oRCT@©A2011/65072 m (n2+
n) (C) 20Thus, for a given nolality m the ionic strength of a diprotonated
diamne (n=2) will be three tines that of a nonoprotonated nonoam ne (n=1).
Simlarly, the ionic strength of a triprotonated triamne (n=3) wll be six

ti {rets t hat t&ft at Ellﬁlh%e@ial &am@ﬁﬁm@@&folﬁffts gwmﬁﬁc[&ldmﬂéwﬁh?quiaﬁtme@ bgtrength of
atetrapro etranm ne (n= en tinmes that .

nonopr oltoon ?@%V'r%ﬂﬂ%go{?ﬁ NS %E§F§Waw}eésf%de%§ AE %ﬁ%&qa@?e Yertiary
anine sites in tteapmngodthatamincleesau tte 10ddingrfitiehadddine benepaliptesabieced by t he
trigger, hﬁfb%lre%sghrtﬁéﬂ'gotﬁr—og é)%ra?é%ﬂﬁbtn‘.fh@ G OLHRE sSILMh drBEs\iRhi Sa‘%‘)nd' ng salt

of formnul a can be 1 ncrease | n concentrati on. all the
basic si% esWQ}H\d e exPepiedn cat alsbersaea t'(al%erﬁb%m'b‘écmbﬁ éMBABst ét90nat ion by a

gas whi ch ggemebadiesBysls.oaer: HQQFhfﬁnuhé’) f&rdH 7ck, oNh’éle—W&iuﬁbf th&8dued@d nst ance,
when the g wat er and the

|
et oei ot ooPheks tenewi ey el b e b Tendl Bhe S50l "Moo
,=s1-1+ + H@@8e.r Bartatal v(t%)loadTr‘rgaofé'mmAB 6: |15tmTe16n$ZDaermmne)}<a4 fomf thiehi s aci d

di'ssoci at | #@a&%Lc%H'oﬂ%a%r%d}% g "{Oﬂfﬁaﬁ oﬂn"ﬂhe[m%%oésen {1 difffebum - i n

dilute solutions the concen y constant and
so can Y& oﬂMAE@ddMQEﬁ\WGiéoelweﬁQﬂ“w @Wﬁheﬂqédlm:ﬁﬁﬂdlhbﬁlgmﬁ%dms%eﬂit Ka is

convent|onathggd&mwgmeqmppmage gﬂggecg@rrespondl ng pK, value by equation 5(D):
pK, = -log Ka(D) The ction (2). The correspondi ng

IS 6.36.
equi | i brium for I@ ﬁlée@pg@g)r&t? él@q %fﬁ-:-cbqfthe increase in ionic strength upon switching
with CO, could be reversed; such that the THF phase recombined with the aqueous

phase to regenerate a one phase system when the mixture was heated and sparged

15  with N, or air to remove CO-.

Example 4A: Qualititative determination of the separation of selected
compound (THF) and additive (amine) upon switching at equivalent additive
loadings

20 A qualitative comparison of reversible solvent switching in the five
amine/water systems of Example 3 was undertaken at equivalent additive loadings to
determine by 'H NMR spectroscopy the relative effectiveness of switching each
additive from non-ionic amine to ionic ammonium bicarbonate and back to non-ionic
amine forms. Aqueous solutions (0.80 molal) of DMAE, MDEA, TMDAB, THEED,

25 DMAPAP, HMTETA additives were added to 1:1 w/w solutions of THF:D,O in NMR
tubes, which were sealed with rubber septa. 'H NMR spectra were acquired for each
sample prior to any gas treatment, and are shown as the A spectra in Figures 4, 5, 6,
and 7 for DMAE, TMDAB, HMTETA and DMAPAP respectively. Two narrow gauge
steel needles were inserted and the trigger gas was gently bubble through one of the

30 needles into the solution at a rate of 4-5 bubbles per second. The second needle
served as a vent for the gas phase, which was maintained at a positive pressure
above atmospheric by the bubbling.

CO, was used as the trigger to switch the amine from its non-ionic to ionic
form. 'H NMR spectra were acquired for each sample after switching with CO..

35 The spectrum obtained after switching DMAE by 20 minutes of bubbling at 25
°C with a CO; trigger is shown as spectrum B in Figure 4. Subsequently, the additive

was switched back to non-ionic form by bubbling a nitrogen gas trigger through the
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10a protonated am ne base Bl-1 (i.e. the conjugate acid) is provided by
reaction (3), Bl-1+ ,=s 1-1 + Breaction (3) The equilibrium constant KaH ,
for the cwoj20pmer2aci d B1l-1 dissociation is [B][H+] 15earanatigdodsy t he
ratio [B1/1 . The equilibriumconstant KaH is conventionally converted into
t he correspondi ng pKaH val ue anal ogously to equation (D). Fromthe
foregoing, it wll be apparent that the equilibriumconstant for the

Swi t chi ng r&agibh @n 360 @Mitdst TBaShidtRe 6ddctra @y hoini aW@F@dﬁrumiinqagnr@_e
cal cul at ed {romthe ratio [ BH+1[ HCOd K"K" [Bl[a) 21, which is

equi valent To KaH . The ratio KaH can al so be expressed 10 PK-PA o 20in
ternms of the corlhespendmmptaededeusstchisg TVIDAS, byi3a ningecaidebigingtahe

di ssoci at i f te acid Bl-1
exceeds &ﬁd@wc?mé@éﬁsmgnfggﬁ %%C@:: e ?egé%rg Lt%(wm%tﬂ%a favoring the
product i | itierira s PURhBY Bagkde Aet- @n'CTCH@sPY biut)bllng amt@lgé"r‘ peclig9pit a salt as

used herei ﬁhﬁb@ﬁﬂpfhle%@@tl&{fo}@ﬂﬁhm@t@@aﬂlﬁb@nﬂ@ﬁé’gfwﬁﬂmlswﬁb\ﬁh besgramimg a pKaH
greater thg 6_and_|l ess than 14. 25 Sone enbodi nents have at |east one

quat er nary A% site having a pKaH in a range of about 7 to about 13.
I n some enbodi ITE’MESPQd’NGITS’&)ﬂ&InGIICHﬂtpr$Vﬂ’$BIn@.HMTE§3tby(2ﬂer1lmﬂeﬂ(ﬁlbnahfllylg atmoni um

site havi ”9253*’0%6?15"& d:@ fng@&”&&o% 28R é‘cﬁru%éﬂ Fﬁg?lm Pelg. é&bseélﬂ:-nﬂ { g enbodi ment s,

the salt conprise one qua ernary nium si dving a pKaH in a
range of0 abwsiditivg was pwitchbd backtonen-iogig form by bubbling a nitrogen gas trigger

through the solution for 240 minutes at 75 °C and the spectrum is shown as spectrum
C in Figure 6.
The spectrum obtained after switching DMAPAP by 20 minutes of bubbling at
25 °C with a CO, trigger is shown as spectrum B in Figure 7. Subsequently, the
15  additive was switched back to non-ionic form by bubbling a nitrogen gas trigger
through the solution for 120 minutes at 75 "C and the spectrum is shown as spectrum

Cin Figure 7.

Example 4B: Quantitative determination of the separation of selected

20 compound (THF) and additive (amine) upon switching at equivalent additive
loadings

To measure the amount of THF being separated out of an aqueous phase by

increasing its ionic strength, and the amounts of amine which remained in the
aqueous phase, 1:1 w/w solutions of THF and water were prepared in graduated

25 cylinders. The appropriate mass of amine additive to result in a 0.80 molal solution
was added and the cylinders were capped with rubber septa. After 30 minutes of
bubbling CO; through the liquid phase from a single narrow gauge steel needle, a
visible phase separation was observed. The two phases were a non-aqueous phase
comprising THF, which was forced out of the increased ionic strength aqueous

30  solution, and an aqueous phase comprising the additive in ionic form. The volumes
of each phase were recorded. Aliquots of the non-aqueous and aqueous layers were
taken and dissolved in ds-acetonitrile in NMR tubes. A known amount of ethyl
acetate was added to each NMR tube as an internal standard. 'H NMR spectra were
acquired as for the fully protonated additives, and through integration of the ethyl

35  acetate standard, a concentration of THF or additive was calculated and scaled up to
reflect the total volume of the aqueous or non-aqueous phase giving a percentage of

the compound being forced out or retained. The results are shown in Table 4.
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Exanpl e 10A: Synthesis of N,N,N ,N -tetraethyl -1, 4-di am nobut ane ( TEDAB)
4.658 g (63.4 mmol ) diethylam ne was di ssolved in 100 m dichl oronet hane
and cool eaot2011087722. 339 g (15.1 mmol ) succi nyl chl ori depPaagcAaaddadowtsopw se
to the solution. The solution was warned to roomtenperature and stirred
for 18 hours. 5An aqueous solution 0.80 m concentrated HCl and 25 nl H20
was added to the m xture to wash the organic |ayer. The organic | ayer was

t hen renoved andp@mirRdrimbA tmwmmxhﬂpsﬁbm@mim@my@dww vacuo to
yield 3.443 raet h

i ide in 99%yield 1H NVR (400
MHz CDCl 3) ﬂ@Qe%s%h?rdl‘l-m sePar onc‘@q} ar%ﬂ%@o?@%pnlﬂ%%l&tﬂeﬁéWan% = 7 H, gSH),

1.11 (t, J MDEA HZ his 6bervation caiid® explaited Yuertothg inofease in ionic strength as a

N2 cool B Do EEY AT n bR Bt N e PR3 o1 ) s
added dropvihgerofanatigneof sufitipte ksic mtreges egnliep trihgdigmingetiamigFladted for 6 hours.

The sol uti oRtrivaBe! RBW @%hﬁﬂarﬁ @%L@ﬁb tHafr 8% € r$|o||aI Bhéhtiash quenched by
15addi ng 4. ution was

I
war med to r%mvm%@r%ﬁsmthméa@? P c?a'l‘%‘r“iff %‘?BJP%‘ %fﬂézﬁﬁl%’i‘io Y& ate was
filtered ofrdseand triptishiadonid ¢tiendthl-. The washi ngs were conbi ned with the

original THF SO'Hs&mg@H b@ﬂ&eﬂﬁ%‘?%t%‘u{;ﬁ‘ﬂb@%@%nﬁ A%Séo}ﬁﬁaﬂ%m@%ﬁ%a{nq)%ved in

vacuo to yleld r own resul ield of
N, N, N , N - ttetipereantivg Celltrﬂs ey ofibe baﬁec sitg HINNVRN Z0(e40lg ap-gapramerB) - 6: 2. 55

(Q: ;Z7 Hzl_ﬁ:gl’d)latloa a8k rééu»lto@sthcﬁmb‘%wth@@z Tﬂwﬂ%aﬁétha%qum?olé‘l"%olul‘f’dﬁ)sof1 02 (t, J

= 12 er_straight chain diamn
N, N, N, 1\ ' h¢ g %P&ﬁ?'is o TA/I%BO‘HNW%%%[%\H@I\Q%TA should each exhibit a similar

N, N - d| et hyibridstNngth, pridipvd sithjl4r-od Taim sepdrbiocns s ivveprareay nfdbhaablead in a siml ar
fashion utilizing the appropriate starting materials. Succinyl chloride,

di et hyl am ne, 25di propylam ne, |ithium al um num hydride solution were all
pur chastd fRom@Be Gnidevarsiblepiiotanatiarsefdmine additivasdd H:astmgritoreshy am ne was
purchased f¢pautNifiy Aesar and the soI vents and My504 were purchased from
Fi sher and used as ‘received. npl e 10B: Synthesis of

1,1', 1"- (cycl ohdXpgation 8f @SluﬁPH‘WLF'P”%‘(fF\WRP tertigy Mifke e AdiIvERt PMAENi ne)
(CHTDI\/A) MDEA, ahd9|€HEE@ (n&eﬁodﬂiﬁ@io)thé.a&utﬁmcbyab@amg@eﬁmatsrpeefarmw ic acid
was taken u oi QD mgucgwt Quet hane to create a suspension. 3.84 g (29.8
mol ) oxal y 'E:t‘r?f rlyc?(é’ SNe ofro of DMF were added to the solution. The
sol uti 020 was r efAqugeus solitiord dﬂ@ulasdltl\@iWiihrﬁ@ptiéeoyéﬁbmjwmaw&r@nramalten white

preci pi tat & ASHIB Xl BRAR 1 G/Q‘P-J 6%& ﬂAdEQ\OéHd315f \ﬁ}m%éﬁé Fﬁﬂhﬁtg if he solvent

was rem)ved in vacuo resu 8 : sol i [ cont ai ned both
t he desi r edsaNPE BRAKEE] 6Hé’%‘étﬁb @PP‘EE‘EEQMS “F?q E?ﬂakﬁq HETANFOIUIPWARL ed sal ts.
1H NVR (4000digcdud gour acirately.88 tridger ghsehBsdnZron3ED,, aﬁoﬁﬁtrégbn whs= 13 Hz,

o Lo ByppasdouSined e s pdetitn e st S i e 25, L
in THF %9 theobdidusivity afdttie dolutibhevas olaatured periodically using a Jenway 470
Conductivity Meter (Bibby Scientific, NJ, US) having a cell constant of 1.02 cm™.

Results of bubbling a CO, gas trigger through the solutions of additives in
water at room temperature are depicted in Figure 7. As shown in this Figure, the
conductivity of each of the additive solutions rose as the amine was converted to its

30  ionic form as it was contacted with the CO; trigger. The aqueous solution of DMAE
showed the largest rise in conductivity.

It is noted that conductivity is not simply a function of salt concentration;
conductivity is also strongly affected by a solution’s viscosity. Thus, even if two
separate additive solutions have identical numbers of basic sites which can be fully

35  protonated and have identical concentrations in water, they may have different
conductivity levels.
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5was warnmed to roomtenperature and stirred for 18 hours. The sol vent was
then renoved in vacuo leaving a yellow solid. The solid was taken up in a
sol uti on wO 2811081729 (37.1 mMmmol) KOH in 20 m H20. O ganPCTEADEHSBI7RET €
then extracted with 3 x 40 ml chl orof orm washi ngs. The organi ¢ washi ngs
were collected and the solvent renoved in vacuo to yield 1.930 g of a
yellow liquid, N,N N ,N,6 N, N-
10hexanet hyl CyC|T(hb%>é|§\ﬂ®n5,tao3|,r&&lbﬁmﬁIQQXmﬂbd@tioinB of&4dRiv8s iiwated wedeH NVR (400
?/It-lz \(]:DE:I g) I_Eonngr_e)d in iggglar lgt)artrber §nﬁ.}%s$onatmi\’/ity2blo§|5s s(h%\’/vn ‘|]n F_iguBré 185 Hz, 3H), 1.86
N, N, N, N, NNitrdfentrpeis auane fliished ytob ughd e sadutibn 3t 80 °Q toiswachgaita hackdo Wes di ssol ved
ing8om T tion (84
mol ) was QF ggrg‘ch féﬂ%vlr\f %elhfpboqﬁheﬁ%beg'dn%leﬁfel %ngglg tﬁh}ll_'élxmqlg\z’\-/aggovfﬁ%ﬁ refl uxed
for 6 hour shone of the adqm\@sg@rqj@qr@ﬁptmge@rﬁ@nat@@by@as tiegtnarDt Witkin 6lMe excess
Li AlH4 was quenched by adding 3.2 m H20, 3.2 m 15% NaOH, and 9.6 m H20.
The sol uti on 0 roomtenperature and s red faqr hours. The
brect pi tat CRIPI B ROBEID ST SR TGRS G A THTHRED DrRas B Ve o
conbi ned wi HNMRepectrascopy sol uti on and dried 20with MySO4. The sol vent was
renmoved i n vacu o n a 54.4%
Vield of 11 1medehes °§&f§fﬁ§§% 9r e bt BlaeRbboh BRELUMECRD % Do 1n
NMVR (400 NHﬂQQQD@BS)nVBStGateQ by & (\IMR S.P@PUOSCQOVOT\A(OdﬂoﬂPaBﬂmESI-Q'\/lA%PDd 1.89 (d, J
= 12 Hz, 3HypeA. a51%Ithe(&fhm%eTﬁEED"\ﬁeregﬂl'@senfbrﬂﬁdQQ: J = 12 Hz, 3H). M=
255. 2678 Expect ed = 25Q her ffﬁyd ic triam
N,N,N,N,N, N 'ﬁo@e@oﬁéﬁ?'eﬁ'?élfer?mﬁéﬂﬁ Héhe %tP%atE?msﬁéﬂQ%rd inasimlar
fashi on ut | éqummgtstohée\@rzpbtﬁpfglaaide indl@irig QI afm NGO Ab&e adlded), tbseparate
benzenetrlc n 0 rq drich and used as
recei ved. 1, ?bg %fﬂge %ex%snée%sgﬁgar Iﬁmlgg%gdrg e??é &’Eﬁ.&égéeo rom TCl and
used as!'d ec@MWd\V ‘3@ Ne i ctrometer @cﬂ@@ﬁd‘&’lﬂﬂ f@gtmekﬁerenl@ta@ oltienstaf ghchof

suspended clAide PAK hidrhdeSvaluR o‘f\@ééﬁrchemlcal shifl Br Sach YRRSHARIIMAsOfasOl i d particles
inaliquid, a zeta potential near to zero indicates that the particles

have |itt| ecaquateciaiong withsfandard deuiptipnsa ffdhe haspervbercrepsied Wikl e &1996" wi | | not

be repell edomhuﬁambsmmerchermba sPiRtk Witisih €8s Wdr|rar{gbetﬁey1ﬁérurcalhélderé‘dtbck to 35
each other, calis) coa tion, increase e. si nd either
cettl i ng t o RS cRPeBREs i dh e KemeRRl aR o Bk e fisdl focbeor ¢ ne

|'i qui d. 20Thuenptdienatadsameines wate wisp measdrethor mal I y be stable if the zeta

potential is negheZ&kAt of PRESHE! le"y(?%véf itﬁz@'a{ lob¥h tdrhperbiBreitong a zeta

potential close to zero is usefu |zqnﬁ su%pen5|ons such as
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Firstly CO, was bubbled through the solution for the required length of time

and then the spectrum was re-acquired. This process was repeated. The %
protonation of the amine was determined from the observed chemical shifts by

30  determining the amount of movement of the peaks from the normal position for the
unprotonated amine towards the position expected for the fully protonated amine.

The results shown in Figure 9 indicate that DMAE and MDEA are fully

protonated (the peaks fell within the standard deviation of the HCIl and HNO; salts)
within 20 minutes when CO; was bubbled through the solution. THEED is one half

35  protonated (49%) by 10 minutes, meaning that only one of the two nitrogen atoms of
this diamine has been protonated.
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Experimental nethods: 10C ay fines were wei ghed and pl aced into individual
vials (0.025 g, Ward's Natural Science Establishnment). Kaolinite and

nont nor i IwWonntiwInere used as received, but as illite cl agTwaaogrisuntd into a
powder using a notar and pestle. Solutions containing additives were nade
Wi th deionized water (18.2 MOcm MIlipore) and 10 M was added to the
clay fines. A suspension was created using a 15vortex m xer and

subsequent |y di spensrekeirBddtomwhOmdRitbréfiRial draly maphdrand iR rd&lita potenti al was

eta pot ent T g Bt S rEReRRe T iaurbr BR L 1o g B 78 GePF potential
peaks neasuspeda dolved thas paei df tredidditiés ware bamplelietyxdedetanated byninis s wer e
conduct ed ;Yh%amnéd?ﬁnthla% r%g&e&%rj%%#’méﬁb% Wi tﬂéi E}f?:f&ﬂ]déftﬁ %DtrQaéhh?y fi “es

For applicable measurenents tra gure car I oxI d upercritical

Chromatofgratbﬁfaéste@r%fd&ethpﬁxwokvﬂth@‘éﬁ\ agbgmstwemg‘waaww%. ons using a

syringe. Re&e%'rdt&wat&mé'tlhé%n&@ﬂ’eﬁ th 6f thek&utint batltwe(ntwf)ve%@ diet 21 BDVAPAP -
19.1 3.92 m%b@&mmpﬂ C2 -1.87 0.8 nolal TMDAB - 26.0 3.92
T'%EB’ H

0.8 nol al 4. 56
The observed rates of switching, as represented by the protonation and

deprotonation processes, are affected by the manner in which the CO, or sparging
10  gas was introduced (e.g., its rate of introduction and the shape of the vessel
containing the solution). For example, a comparison of Figure 7 with Figure 9 shows
that the rate of the reaction in the '"H NMR experiment was faster than that in the
conductivity experiment. This rate difference is due to the difference in equipment.
The "H NMR experiment was performed in a tall and narrow NMR tube, which is
15  more efficiently flushed with CO; than the beaker used in the conductivity tests.
Furthermore, it is very likely that the rate of deprotonation and thus reduction in the
ionic strength of the solution could be increased if the N, sparging were done in a
more efficient manner than simple bubbling through a narrow gauge tube.
Thus, a 1:1 v/v mixture of MDEA and water can be taken to 100% protonated
20  and returned back to about 4.5% protonation by bubbling/sparging with N,. Itis
possible to calculate an approximate ionic strength of the 100% and 4.5% degrees of
protonation of the amine additive. The density of MDEA is 1.038 g/ml,soa1L
sample of this mixture would contain 500 g of water and 519 g (4.4 mol) MDEA.
Therefore the concentration of MDEA is 4.4 M. The ionic strength, assuming an ideal
25  solution and assuming that the volume does not change when CO; is bubbled
through the solution, is 4.4 M at 100% protonation and 0.198 M at 4.5% protonation

(using equation (A) above).

Example 7: Reversible protonation of amine additives in H,O as monitored by
30  conductivity
Three tertiary polyamine additives were selected for further investigation of
additives for switchable ionic strength aqueous solutions. TMDAB is a diamine,
DMAPAP is a triamine, and HMTETA is a tetramine.
1:1 v/v solutions of the various additives and distilled, deionised water were
35  prepared in six dram glass vials and transferred to a fritted glass apparatus which
acted as a reaction vessel. The fritted glass apparatus consisted of a long narrow

glass tube leading to a fine glass frit having a diameter of approximately 4 cm. The
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1 ™M TMDAB -39.5 6.32 1 M TMDAB + 1.5 h C2 -4.69 4.23 10 nM TMDAB -48. 2
7.44 10 M TMDAB + 1.5 h CO2 -3.12 7.16 Kaolin ite WO

2011/ 097 ARORCI/0@A2011/ 050075 Additive Zeta Potential (mprTEAR0WISEN75 BDMAPAP
-24.3 2.29
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other end of the glass frit was connected to a cylindrical glass tube which held the
solution of the additive during contacting with the trigger gas. This apparatus allowed
a multiple source of trigger gas bubbles to contact the solution, compared to the
single point source of Example 5.

A trigger gas chosen from CO,, air or nitrogen was bubbled through the
solution via the glass frit at a flow rate of 110 ml min™" as measured by a J&W
Scientific ADM 2000 Intelligent Flowmeter (CA, USA). For each conductivity
measurement, the solution was transferred back to a six dram vial, cooled to 298 K
and measured in triplicate. Conductivity measurements were performed using a
Jenway 470 Conductivity Meter (Bibby Scientific, NJ, US) having a cell constant of
1.02 cm™.

Figure 11 shows a plot of the conductivity changes resulting from bubbling
CO, through the three solutions at 25 °C. It is apparent that HMITETA (m) and
DMAPAP (A), the tetramine and triamine respectively, exhibit lower conductivities
than TMDAB (¢), the diamine. In addition, TMDAB exhibits the highest rate of
conductivity increase.

The reverse reaction was monitored in a similar manner and the results
shown in Figure 12. Nitrogen gas was flushed through the solution at 80 °C. ltis
apparent that the conductivity of the solution of HMTETA (m) in ionic form returns to
close to zero after 20 minutes, indicating substantial removal of CO, from the solution
and reversion of the additive to its non-ionic form. The rate of conductivity decrease
is highest for TMDAB (#), the diamine, indicating it can be reversibly switched
between non-ionic and ionic forms at a higher rate than HMTETA and DMAPAP (A)

The observed rates of switching, as represented by the changes in
conductivity, appear to be affected by the manner in which the CO, or sparging gas
was introduced (e.qg., its rate of introduction and the shape of the vessel containing
the solution). For example, a comparison of Figure 11 with Figure 7 shows that the
rate of the reaction utilising the fritted gas apparatus appears to be faster than that
the delivery of the trigger via a narrow gauge steel tube, although it is accepted that
different additives are being compared. This may be because the fritted glass
apparatus is more efficiently flushed with CO; than the beaker used in the
conductivity tests. .

Example 8: Emulsion formation and disruption of solutions comprising a
surfactant and switchable amine additive
Three vials were prepared, each containing 0.462 g N,N,N',N'-tetramethyl-

1,4-diaminobutane (TMDAB) in 4 ml water (giving a 0.80 molal solution) and 20 mg
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0.8 nmol al BDVAPAP + 1h CO2 -3.99 0.8 nplal TMDAB - 17.4 3.92 0.8 nol al
TVMDAB + 1h CO2 2.29 1 nM TMDAB -39.6 6.68 1 mMMTVMDAB + 1.5 h CO2 -5.03
4.46 10 WODMDAB77230.7 13.1 10 MM TMDAB + 1.5 h CO2 - 3P8F/CARVUADS0075
Montnmorillonite

SDS (sodium dodecyl sulfate, a nonswitchable surfactant) at 0.50 wt% loading. To
each vial n-decanol (0.25 ml) was added and the vials were capped with rubber
septa. Figure 13, photograph “A” shows the three vials at this stage in the
experiment. In each vial, there are two liquid phases. The lower liquid aqueous

5 phase has a larger volume and is transparent and colourless. The upper liquid n-
decanol phase has a smaller volume and is also colourless though is is not as
transparent. n-Decanol is not miscible with neat water.

The three vials were then shaken by hand for 30 seconds. Figure 13,
photograph “B” shows the appearance after the shaking. All three vials show an

10  opaque liquid mixture with cloudiness and foaming typical of an emulsion, which is as
expected because of the presence of the known surfactant SDS.

Gases were then bubbled through the solutions for 30 min via a narrow gauge
steel needle inserted through the septum and down into the liquid mixture. For each
vial, gas was allowed to vent out of the vial via a short second needle inserted into

15  the septum but not into the liquid phase. The gas was CO; for the left vial and N, for
the centre and right vials. Figure 13, photograph “C” shows the appearance after the
treatment with gas. Only the right two vials show the cloudiness typical of an
emulsion. The liquid in the left vial is now clear and free of foam, showing that the
conversion of the aqueous solution to its high-ionic strength form has greatly

20  weakened the ability of the SDS to stabilize emulsions and foams. The liquid
contents of the centre and right vials still show the cloudiness and foaminess typical
of an emulsion, indicating that bubbling N; gas through the solution does not have
the effect of weakening the ability of SDS to stabilize emulsions and foams. This is
because N; had no effect on the ionic strength of the aqueous phase.

25 While the left vial was allowed to sit for 30 min without further treatment, CO;
gas was bubbled through the liquid phase of the centre vial for 30 min and N, was
bubbled through the right vial. Figure 13, photo “D” shows the appearance of the
three vials after this time. The liquids in the left and centre vials are now largely clear
and free of foam, showing that the conversion of the aqueous solution to its high-

30 ionic strength form has greatly weakened the ability of the SDS to stabilize emulsions
and foams. The emulsion and foam still persist in the right vial.

N, gas was bubbled through the liquid phases of the left and centre vials for
90 min in order to remove CO, from the system and thereby lower the ionic strength
of the aqueous solution. The two vials were then shaken for 30 min. During this gas

35 treatment and shaking, the right vial was left untouched. Figure 13, photograph “E”
shows the appearance of the three vials after this time. All three exhibit the

cloudiness typical of an emulsion, although foaminess in the left two vials is not
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Additive Zeta Potential (my) 0.8 nolal BDVAPAP -16.8 4.64 0.8 nol al
BDMAPAP + 1h CO2 -2.99 0.8 nolal TMDAB -25.8 4.14 0.8 nolal TMDAB + 1h
CO2 -5.52W020niM9TRIDAB -40.2 6.87 1 mM TMDAB + 1.5 h COPCTRA2011/04063 10 nmM
TMDAB -23.6 5.68

evident, presumably because the conversion of the aqueous solution back to a low
ionic strength is not complete. In practice, substantial conversion to low ionic
strength is not difficult. However, it can be more difficult to achieve complete

conversion.

Example 9: Description of ionic strength
The ionic strength of an aqueous solution of the salt will vary depending upon
the concentration of the salt and the charge on the ammonium ion. For example, an

amine B having n sites which can be protonated by carbonic acid to provide a

M+

10  quaternary ammonium cation of formula [BHn ] , may have a switching reaction
shown in reaction (1):

M+

B + nH,O + nCO; = [BHn ] +n[ O;CH] reaction (1)

15 If the molality of the amine in aqueous solution is m, the ionic strength | of the

ionic solution after switching can be calculated from equation (C):
| =% m (n? + n) (C)

20 Thus, for a given molality m, the ionic strength of a diprotonated diamine
(n=2) will be three times that of a monoprotonated monoamine (n=1). Similarly, the
ionic strength of a triprotonated triamine (n=3) will be six times that of that of a
monoprotonated monoamine and the ionic strength of a tetraprotonated tetramine
(n=4) will be ten times that of a monoprotonated monoamine. Thus, by increasing

25  the number of tertiary amine sites in the compound of formula (1) which can be
protonated by the trigger, the ionic strength of a solution comprising the
corresponding salt of formula (2) can be increased, for a given concentration.

Not all the basic sites on a compound of formula (1) may be capable of

protonation by a gas which generates hydrogen ions in contact with water. For

30 instance, when the gas is CO,, the equilibrium between CO, and water and the
dissociated carbonic acid, H,COs is shown in reaction (2):

CO; + HO = H + HCO5 reaction (2)
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10 MM TMDAB + 1.5 h CO2 9.07 4.18 For three of the clays tested, it was
found that switchable water additives 5 TMDAB and BDVAPAP were effective
addi ti veswoera/®hengi ng clay zeta potentials. Upon addi PCOCA21108®M75t he
absol ute values of the clay zeta potentials were reduced. This effect was
observed even at |ow concentrations of the switchable water additive (1
mV). The data above denonstrate the ability of swtchable water to affect
the zeta 10peteplib@lm 6dns@ha¥X, fod RO QfSciallse ¥ @tulatthRoPBiE bfieat ments were
conducted o Eie gueous sol utions of TMDAB before the clay fines were
added (a rreELﬁJ) Gefferred to as "switching externally"). Another experinent
was per f or meddon whi . , us sol ution of
TVDAB t hat al [reé]dy (‘?g% uﬁ%uerﬁ@?:ﬁ] Qbﬁ?%oﬁ@gﬁ%glégﬁeﬁtﬁ}oe e\%{g'egto as "swtching
in situ"). eHsentiasednsiantdndisolcanbe amitted bentheagatculaignhier ¢qudildriynm t he t abl e
bel ow. VQO%Q%M@?JZ%@ﬁ%A%%QWﬂQ@%Wiﬁe K& shBndideorC valie b eé{@a%‘gﬁ’bser ved

that the magnitude of the zefa potential of the clay surfaces decr eased
regar dl ess @P: whet her the switching externally nethod or the switching in
situ nmethod was used. In addition, the zeta potential could be restored to
its original value upon treat nent_ Qc’;i t}? ni tro&ﬁn gas at 70C. Exanple 12:
Reversi bl e destabilization of &<l )9 °n-wat er “suspensi on 10Three vari ati ons
of clay settling experinents were conducted with 1 nM TMDAB (TCl Anmeri ca,
Bat ch FI BOlppet dx @dri&dcdl PI) {srﬁ%eﬁbf'h:e'gﬁbfeé%néim Squsivtidr MMe?diésggbtion%;gngt h

additive to affect stabi é of clay suspensions. Experinen

depi ct etf i n? Eepnped aminelass PHI 8 B¢ 49n¥93 I 55 RypVigRerly ragrdied (o 100 M of 1
nmv TMDAB i n dei oni zed water. The mi xture was stirred for 15 mnutes at 900
rpmprior to transferring inte a,100 m graduat cylinder, which was
subsequent |y seal ed B A S 6

The equilibrium constant K.y , for the conjugate acid BH" dissociation is

[BI[H]
[BH"]

15  calculated by the ratio . The equilibrium constant K, is conventionally
converted into the corresponding pKay value analogously to equation (D). From the
foregoing, it will be apparent that the equilibrium constant for the switching reaction
shown in reaction (1) above in which n=1 can be calculated from the ratio
[BH[HCO; ] K, K,

[BI[CO.]

, which is equivalent to Ko . The ratio Ko can also be expressed

10 PK g —pPK,

20 interms of the corresponding pK values as . Thus, in the case of the

dissociation of CO; in water, if the pK,y value of the conjugate acid BH" exceeds
[BH[HCO; ]

6.36, the ratio  LBIIC0:

ammonium bicarbonate. Thus, it is preferred that a salt as used herein comprises at

is greater than 1, favoring the production of

least one quaternary ammonium site having a pK.y greaterthan 6 and less than 14.
25 Some embodiments have at least one quaternary ammonium site having a pK,4 in a
range of about 7 to about 13. In some embodiments the salt comprises at least one
quaternary ammonium site having a pK,y in a range of about 7 to about 11. In other
embodiments, the salt comprises at least one quaternary ammonium site having a
pKax in a range of about 7.8 to about 10.5.
30

Example 10: Synthesis of Diamine and Triamine Switchable Additives
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with a rubber septum Settling of the clay fines was nonitored as a
function of tine using a cathetoneter. 20CO2 was bubbl ed through 100 m of
1 mM TNVDABOusimy7a7di spersion tube for 1 hour. Kaolinit @CTiaas11(i5ogy were
added to the aqueous solution and the m xture was stirred for 15 m nutes at
900 rpmprior to transferring into a 100 m graduated cylinder and sealing
with a rubber septum Settling of clay fines was nonitored. CO2 was bubbl ed
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fines was nonitore (per 1 nent Icte I gureldB, Kaolinite
clay fires (5 _g,AWE@IOL_Eﬁ sRition @&po S&F%ﬁ@@f@t%lﬁ”gﬁﬁﬁﬁﬁom%d%@d to 100 n
8{)01 mv Tl\/PﬁBnitiﬂurd% wé%haﬁapwaﬁiera%/er.ﬂn@elo &lidlha r\'%%tﬁe{ri réh@&’eldféhg dkied C\}]DULGS at
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subsequent 1'glgec i st b st vepine euplTHy Gt A M ey 1ines was
moni t or ed astraettiylsuctinanidemn a9npeld. 'H NMR @R MidesChObbt &@.37nnougiHz he
suspensi on o] Th Xt e (s L inutes at 900 rpm prior
to transf ergr%_iahg'g? ?13'( éﬁ)fslmfgétl’]“rh 73?2;8%&,[1.&&?&1/' %FA%EHS"MI ch was subsequently
sealed Wth a r 89 Geptmmal) &N Notetbaethtraiceinayidé [sitissolwedsin 108vMi t or ed.

The clay fings @haded WK R, AR5 RENEISE . BNothiier SeutAiQnn ae sbl‘&ﬁorm Xture was
heated to 70C. was bubi)l ed _throu%h for 1 hour. After cooling to room

t enper at ur {12¢ FERiWas GAged HePwsq 1o lRGSAEN r P sPifom sasin Ry feluxedPidt to

transferringudto a 100 mM graduated cylinder and sealing with a rubber

septum Settling.,of cl fi.nes ' . I rent epicted in
Fi gure 14C, Kao?rihgisf) @'% Vzvﬁ/s tﬁ ?nn%oﬁéﬁgga@%tgé g)gcﬁgﬁjgg_{“w ciq%?]%géagbﬁ
Est abl i Bhreatd)novies @l dddd mio13°00lapH. arfid 13.31vi FAINIDABe isplulihei vasi wasidedvat er . The

20m xt ure vWaSoshh tehipRrhtdr@bind Rirfd Rt Soats. PR rERMaR WA itk Ralofrapgf erring into
a 100 m graduated %é%l nder, which was subsequently sealed with a rubber

septum Set¥35"RgWEh THReTNGIM@phinphwerera@bivphritbhine @rigisal I HFURREIPHAND ti ne.
The suspensdriza wath S OaaEhef dolve atrved .re bR dwasado b dyigd 215B8 gughbioha filtrate for

For 15 25m iMtReesafodlash B ueid sp B IFictePEYF 3o mnoB%iam o5 i oracuatea
cyl i nde20 wHP@NMHzDCl) —6:2.55 (9, =7 Hz, 8H), 2.41 (t, J=7 Hz, 4H), 1.43 (t, J= 7 Hz,
4H), 1.02 (t, J = 7 Hz, 12H).
All other straight chain diamines, N,N,N’,N'-tetrapropyl-1,4-diaminobutane
and N,N'-diethyl-N,N’-dipropyl-1,4-diaminobutane, were synthesized in a similar
fashion utilizing the appropriate starting materials. Succinyl chloride, diethylamine,
25  dipropylamine, lithium aluminum hydride solution were all purchased from Sigma
Aldrich and used as received. N-ethylpropylamine was purchased from Alfa Aesar
and the solvents and MgSO,4 were purchased from Fisher and used as received.

Example 10B: Synthesis of 1,1°,1”’-(cyclohexane-1,3,5-triyl)tris(N,N,-

30 dimethylmethanamine) (CHTDMA)

1.997 g (9.2 mmol) 1,3,5-cyclohexane-tricarbboxylic acid was taken up in 40

ml dichloromethane to create a suspension. 3.84 g (29.8 mmol) oxalyl chloride and
one drop of DMF were added to the solution. The solution was refluxed for 3 hours,
giving a yellow solution with white precipitate. The mixture was cooled to room

35 temperature and the solvent was removed in vacuo resulting in 2.509 g of a solid
which contained both the desired 1,3,5-cyclohexane tricarbonyl trichloride and

70



subsequently sealed with a rubber septum Settling of clay fines was

noni tored. Control Experinment CO2 was bubbl ed through 100 ml of deionized
wat er forw@2niv/eaerinite clay (5 30g) was added and t hePpginxaznea/o0sE5stirred
for 15 mnutes at 900 rpmprior to transferring into a 100 m graduated
cylinder, which was subsequently sealed with a rubber septum Settling of
clay fines was nonitored. Results 35Experinent 1 was conducted to exam ne
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a stabl e suspension. suspe SI 0 h' CO2, which resulted
in the et thqxﬁ@eﬂjfllcyqlfé\eéafﬁy1 ?rﬁﬁégerrmdamcﬂOe?a% ywbelﬂ NMRME0 Wi a cl ear

sedi nent | i®8cl,)Ass: 3@ 2fgoqyir ﬂ@“ﬁBd Bhe Hhehiavh g tobs@ryesHyas exactly
as that observé)ﬁs ‘gzpe?l megt 9@@ e settleda?l ay \gvas sti rre)\(ltlvato reform

a suspensi on, V\/r'ill%ifq Q/\fésr’ PPELPTEYNA DN NY D eramet ke e xemfsT Sdspensi on was
stabl e. Expetarb@amidd wsiisonediateoitTeiFdetiessean® d°C. 42hemssizanabl e ionic

strength addit YeraTlRKER ditnhiPyBLANAUEARS B SpHb I hbenslar e be 1 ost

upon renova ension cr reat ed
filtrat® sevadteen Wﬂwfedlfwéehoturﬁe previ ous two experinents. A clear sedinent

l'ine was ZOObSGVTﬁQQoluMVWa\éE{Hen éJ&i’ed'tb Q‘*@ %&PQX%‘ceE?EAﬁE%%G&nchéd@y was turbid
and still contained cla res 17A a C). This behavi or was

( u
al so observ@lﬂ“r\ﬂi%%mb'é%%ﬁlzz"é'cﬂ%W%@Htarnéz%gee'a' 'T}\%O[ ﬁhﬁﬁﬁ“tloﬁ "‘taﬁé"a%%‘btﬁce of any
swi t chabl e reahesmpaistutei ana stihgefor F Igpure Thd gBcipitsle Whs filtered off and

washed with THF. The washings were combined with the original solution and dried

20  with MgSO,. The solvent was removed in vacuo to yield 1.285 g of a yellow liquid
resulting in a 54.4 % vyield of 1,17,1”-(cyclohexane-1,3,5-triyl)tris(N,N,-
dimethylmethanmine). '"H NMR (400 MHz CDCls) — 6: 2.18 (s, 18H),2.07 (d, J=7
Hz, 8H), 1.89 (d, J = 12 Hz, 3H), 1.52, (m, J= 4,7 Hz, 3H), 0.48 (q, J = 12 Hz, 3H). M"
= 255.2678, Expected = 255.2674.

25  Other cyclic triamines, N,N,N’,N’",N”,N"-1,3,5-benzenetrimethanamine, were
synthesized in a similar fashion utilizing the appropriate starting materials. 1,3,5-
benzenetricarbonyl trichloride was purchased from Sigma Aldrich and used as
received. 1,3,5-cyclohexanetricarboxylic acid was purchased from TCl and used as
received.

30
Example 11: Controlling the zeta potential of suspended clay particles in water

In a suspension of solid particles in a liquid, a zeta potential near to zero
indicates that the particles have little effective surface charge and therefore the
particles will not be repelled by each other. The particles will then naturally stick to

35  each other, causing coagulation, increase in particle size, and either settling to the
bottom of the container or floating to the top of the liquid. Thus the suspension will

not normally be stable if the zeta potential is near zero. Therefore having the ability
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25 Exanple 13: The Renobval of Water froman Oganic Liquid 2.710 g THF
(3.76 x 10-2 nol) and 0.342 g H20 (1.90 x 10-2 nol) were m xed together in
a graduatwo 2ulaonmér to create a single phase sol ution eCTRAREHINEGS 1

THF: H20 (w/w). 0.109 g (7.56 x 10-4 nol) of

N, N, N N -tetranethyl-1, 4-di am nobut ane (TVMDAB) was added to the sol ution
agai n generating a single phase solution. The 30THF: TMDAB rati o was

appr oxi nmat ebYrieda ietéwbw}mal Ibé&to&@}oug UMUIW%&EIB]MM duBpaRionOBIMNRENt s had a
nmol /0 conposi tion i and 1.3 nol/0

TMDAB. Cay"ﬁ\“@fﬁrP“%PSPs%ss Fé&’éi"&‘é%f ggat?%ees Sé‘8“ at ?%ﬁi'%? %%%“%F%ﬁ&ét ed

cylinder andhéreltcykisntetmesamdeappledevaltsh, while these strategieado daukethg nar r ow
auge st eel t nto the

gol gtl on. Afj ég’ga?@%jwﬁggs ér%fot'@qhe éﬁanbgl %%ah&? ﬁ'éﬁg% e%s’é‘-@gltv not into the

sol uti orp  CTPMaRENt; bfﬁﬂ)\b@térdcﬁnh?t@etrﬁés@kfpbtﬁﬁ eﬁg"ﬂahamltgﬁﬂom@cwspéhe steel needl e

at a flow rateneé opabd sitsitteddrés iththé Brigiddl ébphﬁéhofﬁf TheefRrdiMefios 30 76

tes. At t d | h t
he bot  om EOFHHG EyRTHRERe TR Ep GArERT BT 1S BKEYBI gt nal' or gant ¢ phace.

The organi c phase was separated fromthe aqueous phase by decantation. 76.1
ng of the t se was extracted and placed in an NVR tube. 5The
sanpl e was g eﬁ@gﬁgf&itp euterated acetonitrile and 32.3 ng of ethyl

acet at elGvas addéaaxfmeawprea&elqmdianﬂ elaned intotindidduativiala (0.033 INVRIdpect r um was
acqui red. Ugitn@ éé?&cb@%%ﬁfﬁweﬁf? Réohhh@ari\e\'\(ﬁ%rﬁingﬂ%h% RéretB&y §L0 and TMDAB
conpared to those of known anmount of eth acet at e added, cal cul ated

masses of 4reS%V%b‘é{ﬁa"Be&'8yW©S gruRSHtofer %"Q/\%F‘@taée PgSHe respectivel y.
The renui ni $kgutnsa§Somﬁmﬂg_a@ﬁlvﬂgwé@Oﬁdidee/ﬂmmwalzemwbﬁeE(ﬁWmamt he sanpl e.

o 70 T, MEPERRER BT BRI OR G bt S e MR PR B of
swi t chatdl e witdk tﬁimeamdﬁt@xwlenfafrﬁimeg%ﬁ%I@tO@dm}@mﬂw'”éwtcebfTmeeer and t hen t he

removal of Mamastnh@as%q'uglhyg I\ﬁaf\%m i&%lfb‘ﬂ”ﬁf?&‘fﬁerﬁh@§@error3 reportéd) SOne
enmbodi nrents, the non-ionized Torm of additive 1s water-imm scible. This

nmakes it po%tf‘%lz‘féat%teﬁtt'aééﬁ'%e%’l”ﬁﬁtheoﬁtﬁ’@a@'tqeé'ﬁb‘i”ﬁ of theZRl@ RRENER! Pedlfsi e CO2 i s
present, i nmedsdesd.to achi eve some purpose such as the expul sion of an

20or gani ¢ conpo fromt equs n I e |ng the CO2, to
recover the mgj t)t?n?etss S%‘?C'f&eﬂ als g oPld\'%%F?S?ﬁ"}e EQI’W ?%drndu ?g'tr\'/v\é descri be the
expul sizh ofquepis a‘ortmmnsaprwatoeﬂdﬁTHFtomlavtfmee Rar@pplisbsle meemtremetoviiray of nuch
of the add'ﬁdré’ @arh&f&‘b}l&@(gwaér%rtrcgﬂcéQ:tgo _I_%r%&hBégr&eTﬂsg:xalrm R8lg

N,NNN-te i am no ane 25 were m xed together in a
gr aduat ed ctmoiu%lﬁ‘te splylignsrising @eyangsi ngl e phase

Results:
25 Ilite

0.8 molal BDMAPAP -19.1+£3.92
0.8 molal BDMAPAP + 1h CO; -1.87

0.8 molal TMDAB -26.0+3.92
0.8 molal TMDAB + 1h CO, -4.56

1 mM TMDAB -39.5+6.32
1 mM TMDAB + 1.5 h CO; -4.69+423
10 mM TMDAB -48.2+7.44
10 mM TMDAB + 1.5 h CO; -3.12+7.16
Kaolinite
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solution. The solution had a total volume of 3.54 ml. A small stir bar was
added to the solution and the cylinder was capped with a rubber septa. The
fol | ow ngwprotigdure was run in triplicate with a new samrpiraaA2ofi/o5mgssane
contents shown above) each tinme. 30A |ong, narrow gauge needl e was inserted
t hrough the septa into the solution. A second small needle was inserted
into the septa but not into the solution itself. CO2 was bubbl ed through
the sol utifg ng
until a 2njd— : , : , 3P : 5L , : : aubbl i ng
was st oppef-afA¥'d REMAEAE! es wi t hdr awn. 3&4-2hder was i mmersed in g hot
wat er 35b mgh@h|ggmepap+seggﬂps to Tac|kidate the separatron of the liquid

phases Boit-h n ases were clear and \lnll W in colour The top nrn:.\nl c |ayer

had a vol un®8 8P THBAR and the remmi ni gl ‘dttiddds | ayer had a vol une| of
2.04 nl. 7708 molal TMiﬁmgmnga@u C phase walsy decant ed off gl Vi ng a mass pf
1 253 g (d 08 a aal a-aLle a S g

(density bmyb '@?'ﬁ%) resul ti ng in a Ios§98f-§)6812 g due to transferr ng of

sol uti ons o m TMeRB%.1.50 88, 1 ny sanpl e[ sfostiwdmr ganl c phase was plafed in
an NWR t ub \u th Edantaratad acat nnl t r| a and l—'\ﬂ re—et vl acetate o0 act

A LEEA . -~ ~ pa — o~ — TeTorTT

rg—ethH
as an |nter1‘PaI st'\g?faaard A 66.2 ng sanp| éogf- ﬁ'ﬂe aqueous phase was p| aced
in a 2nd NVR mmbeiDMB R 1daucey at ed acet opifasid@4ad th 22.3 ng ethyl acptate
to act as } oW ng

t he correspondi ng anount of et hyI acetate in each sanple the resulting
anount s of Mbiﬁmomlohit&a aqueous sarrpl e and add| t| ve in the 100rgan| c sanple
can be calg i - rorens ayer, the
total anou ed.

It was four\QjBtﬂmaall BaNIAEbo\Er age of 77.2 3.15%8'E|-F644vas renoved fromthe pqueous
phase with EDAB—T-estist Hr—tire—agqueous—phase—1+P43 ¢
(1.90 m) o?jé Ieal g”@éﬁﬁ? "‘ch% was retu r%ed to the sane graduated

15cyl i nder| 0.FhwlahédBR8s and septa wer e pﬁﬁ 8akkd into the cylinder and the
cyl i nder V\W T OCwater—bat i 5N was—troduced—Tmthe—pane
fashi on as pre oﬁrd\ﬁerdﬁhg?(zw ously and t5h5§ N2 was bubbled through the

sol uti on fljot MPUTMPABIt es where a deep ye %@Wﬁﬁ-@bni c phase creans out| of the
aqueous ph NBAESY FF BalT T PITase Tadsa o) gfTE Of 0 17 Tt fteavimg| an
aqueous pthQMOYMIg%%Eg?y ©: The organic 32}9&4&“@5 decanted off giving a
mass of 0.0% @M\MMD/EBthe remai ni ng aqueo@é-ﬁpﬁa@ﬁa had a mass of 1.507| g

(density H *rbr’ﬁM'I@MIjWB+1"5 mcoy U sanpi el §h7 t18saqueots piase was taken up
in an NVR itube with deutferared acetonitkile and 41 5 ng ethyl acetatlk to

act as an internal standard. A 1H NVR spectra was acquired and using the

same procedure crforﬁ@émﬁner@aysmése&r ﬁbv'a@fb%n@ﬁwat aﬁtcﬁﬁlé ReRPsIMReye, it was
found that 49. ved fr t he _aE%ueous phase. It

was al so f oUY\'BAFt‘ HB‘? BPMéPéBé‘fBé? ?ffeé‘/b"eoaddﬁ'vﬁs WB%F“W@%’&Y&P‘G‘ Y been
renmoved fr oopdnheidiion efols,, theabeolat valhes enick 0dy ideppeniardietereduced. Usi ng
N, N -dieth t

v AP AR Al e
expul si on ‘m).

The data above demonstrate the ability of switchable water to affect the zeta

10  potential of clay suspensions, however, the CO; treatments were conducted on the
aqueous solutions of TMDAB before the clay fines were added (a method referred to
as “switching externally”). Another experiment was performed in which CO; was
bubbled through a 1 mM aqueous solution of TMDAB that already contained clay
fines (a method referred to as “switching in situ”). The results with kaolinite clay are

15 summarized in the table below.
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300f 68% of the THF fromthe aqueous phase after CO2 treatnent. After N2
treatnent of the separated agueous phase, 81% of the

N, N - di etwol20N/0¥772di propyl-1, 4- di am nobut ane was r enpovedTidaamitdie7aqueous
phase. Exanpl e 15: Determning the mscibility of several diam nes
and triamnes 35 with water in the presence and absence of CO2 In sone
enbodi nents, the non-ionized formof the additive is water- inmscible
whil e the chaligiedidyormis water-mscible or water-soluble. The follow ng
exper|rrent AR a ava a Y. e 0) ala o..1L.den l AL e a 21N all m nes
and triam
and the lig
vial at roac
phases was

()
AW,

a single narrow gauge:mnst eel needl e absa-ddsow rat e of 90

m n. Wet he R e t-e-—f-er-red-one-—o M--phases--was--vi-suak-ty--ebser ved.
The results werewasosBolihoms: AdditiveoBefw®re addition ob3G@2s After addition
of C2 1, 3, Ve 2)-3—mi-set-b-e—m-set-bl-e—4-3+-5—eyet-oCoHH{-CH2NMR 2) 3

i i sci bi e mrYeMBI% BONCHECRE CHR CHRMNE 258 i sci bl e mi seiblses

Pr Et NCH2 CH2EeH2 EeH2NPr-Et—i-mm-s e i-bl-e—m-set-bt-e

It was observed that the magnitude of the zeta potential of the clay surfaces
5 decreased regardless of whether the switching externally method or the switching in
situ method was used. In addition, the zeta potential could be restored to its original
value upon treatment with nitrogen gas at 70°C.

Example 12: Reversible destabilization of a clay-in-water suspension

10 Three variations of clay settling experiments were conducted with 1 mM
TMDAB (TCI America, Batch FIB0O1) to elucidate the ability of this switchable ionic
strength additive to affect stability of clay suspensions.

Experiment 1

15 As depicted in Figure14A, Kaolinite clay fines (5 g) were added to 100 ml of 1
mM TMDAB in deionized water. The mixture was stirred for 15 minutes at 900 rpm
prior to transferring into a 100 ml graduated cylinder, which was subsequently sealed
with a rubber septum. Settling of the clay fines was monitored as a function of time
using a cathetometer.

20 CO, was bubbled through 100 ml of 1 mM TMDAB using a dispersion tube for
1 hour. Kaolinite fines (5 g) were added to the aqueous solution and the mixture was
stirred for 15 minutes at 900 rpm prior to transferring into a 100 ml graduated cylinder
and sealing with a rubber septum. Settling of clay fines was monitored. CO, was
bubbled through 100 ml of 1 mM TMDAB using a dispersion tube for 1 hour. The

25  solution was heated to 70°C and N; was bubbled through for 1 hour. After cooling to
room temperature, kaolinite fines (5 g) were added and the mixture was stirred 900
rpm for 15 minutes prior to transferring into a 100 ml graduated cylinder and sealing
with a rubber septum. Settling of clay fines was monitored.

30
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Pr 2NCH2CH2CH2CH2NPr 2 i nmi sci bl e inm scible 10 Exanple 16: Preparation and
use of a polyam ne for expulsion of acetonitrile fromwater Exanple 16A:

Pr epar at iwo 20f/®he7pol yam ne: 15 Pol yet hyl enei m meTAapl1e80006 t hr ee
di fferent nol ecul ar weights (MW 600, 99% MW 1800, 99% and MW

10, 000, 99% were purchased from Al fa Aesar. Fornmal dehyde (37% i n H20) and
formc acid were purchased from Signa-Aldrich. Al 20reagents were used

wi t hout furE}p@f,mgmrgi fication. AnberliteTM I RA-400 (OH) ion exchange resin
was purchased fr

e et hyl enei m ne
Vi P800 and 1800 AeREZ86 ieure BT Y TR SRR IED & 2 crm
tef | on sti rEstaigistvaentiawale plidecidd 100/ mi ofd rnug'thIAB:msnelomzemgatpt atre. 1.8 g (MW
600: 3.0 m@ﬁ l.yet hyl enei m ne
were pl ac aﬂur%\ﬁgy?tﬁr'ggwra%%@ﬂe?éat%{) Bnétﬁpans%l \RPH@S%%QBXeq and MW
1800 1200 ecgraqﬂatqﬁeﬂym@ﬁw@w@dwaatspbwqawlmeasgd yith g pberaepium. Meinggdo: 40 eq

and MW 1840ci4 ﬂne%qoasfrﬁurﬂb@da@la%maeof&%ed The flask was eqw pped with a
condenser and t rea tb?'ﬁ?@r Ere was heat 60C fo th an oil

bath, After 16 KQHESH! e RS or 6ot T T B A SR Bt b o and
t he sol vent ’55 muteS aedmved punide transgehiogtitopr €3sdlrg@adudtedtylitdee whichde pr oduct

was di ssol vige éu@se?oﬁlgnt&‘se@egwltﬁg*?é(b%P Lﬂﬁ‘.dsé’fgiﬂg B tn fos’iA% resin was added

to the solution ing mxtu was stitTred or for 16 h at
room t etbhermenitoeedbef ore the resin was filtered of and the Et OH was renoved

under r educed pﬁ%%lé&%nesﬁb%vé‘ﬁér‘%%ﬁkﬁ%d@@||thHE'éolM\{ﬂ>$1 MR MRrafag dark
yel | ow oi | fromt romthe MW 1800

f
L) o 1OHBICARED SaNpiES b FBHYERHY e IR THEON 190} 000: A 250 i
round bot t ogimbératike, asmigyts Waedirmat OO0 gnfoc ™ elledprisittd frandigritpintoand pl aced
over a nmagnej I | - of .1 he.
pol yet hyl enel%cﬂgérgéuake%%ypnd% gﬁd S%Fﬁngq?&aés%b%e@H%S%g "”?fé%'aﬁ% S, 120 eq)
f or mal d&hy deassadnitoredn and 4, 53 m (120 mmol, 120 eq) formc acid were
added. The flask was equi pped with a condenser and the 15reaction m xture
was heated to 60 C for 16 h with an oil bath. After 16 h the m xture was
al | oned to BH8IMEH F oom t enperature and the sol vents were renoved under
reduced pressur es depifed it Figure rMadex qulioitiUsdy fivas (T4, Y94ty edturd) S2ened Et OH

R R AL N
was fil2@r edixvfe wagistirgd fdet16 Hhinutes at 900 rpm prior to transferrlng into a 100 ml
graduated cylinder, which was subsequently sealed with a rubber septum. Settling of
the clay fines was monitored as a function of time.
The suspension above was filtered. CO; was bubbled through the filtrate for
1 hour. Kaolinite clay fines (4.5 g) were added and the mixture was stirred for 15
25  minutes at 900 rpm prior to transferring into a 100 ml graduated cylinder, which was
subsequently sealed with a rubber septum. Settling of clay fines was monitored.

Control Experiment
CO, was bubbled through 100 ml of deionized water for 1 h. Kaolinite clay (5
30 g) was added and the mixture was stirred for 15 minutes at 900 rpm prior to
transferring into a 100 ml graduated cylinder, which was subsequently sealed with a
rubber septum. Settling of clay fines was monitored.

Results
35 Experiment 1 was conducted to examine the effect of the switchable water
additive on the settling behavior of clay. The switching was conducted in the
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20was renoved under reduced pressure. The resulting crude product was
dissolved in 10 M CH2CA 2 and 10 ml of a 2 M aqueous solution of NaCH in
wat er. Thwopha#®z2her e separated and t he aqueous | ayer was/@eoriasewd t hree
times with 10 m of CH2C 2. The organi c phases were dried over MgSO4 and
the CH2A 2 was renoved under reduced pressure to yield the nethyl ated

pol yethyl eneimne as a yellow oil. 25 Methyl ated pol yethyl eneimne (MW

GOONgef ore bR Atlap fb)ens&ﬂé tﬁ&‘t’%e(é@@hlc o&@ﬂe(MdIhl) glt&fg&ﬂﬂo 7|inma521cé-g‘ [2 gjr-r] (m,

no si gn pe S =

42. 2 (q)f‘]j Z‘J&’."l &f‘ay iﬁe zFSk" e @{‘%d '8% re(Nf?Pg“t 30 Met hyl at ed PP

pol yet hyl enei m rfestéiig Wspem st fomeedrmathhpbliadite oley addH NVMRTIDEE] 3, 400 MHz): 6
= 2. : al appear

R the speatpicver abihte daii B ot sl Tyihot kg iR B B2 2P8°00)

44.0 (q)2 5v2y8vitna degngupeatagizng a(QJ‘)ar sgHmENt g ¢ A Sta%tSH%eﬁﬁ'é@IW%

Fol %et hy|29n%éd'fﬂoﬂﬁ’eo(\MhWaoﬂrﬁt@QIap%ﬁ@ﬂ%M@ﬁ'l"h)l’d)/@ tr@digd vkith NNBfé@DGIlé’wedlélOO Miz): 6
= nal appear in

o Spect by 1 of N2 esime ThologierCrbie TR e Asep e PER 215, o (g)

43.0 (q), 4508dddi) Figdee BD(q), 52.8- 554.0 (m t), 55.8-56.9 (m t),
57.2-57.8 (m t)ExFérorﬁéthgewt’agﬁ%ﬁ%dg }aﬂﬁne‘%PJhXMéh%bl%Qva%Bﬁé .\%geton'”! le

fromwater. _ T Fyam nes were I nvest i gated as additives
for swi t&hakeuwd stifsiviichsunoa mg ditorsefIGR-ziibthe prepenceeri kaelivite play.ext ent of

acetonitrile be'N%Qhrflt@rcﬁa?%n@h”ml\@er@ﬁ\Blf&%%Mﬁi@ll&ﬁm&@éiﬁﬁgn}%}’a ﬁéblé ncrease in ionic
strength, and the anpunts of remain ueous phase,

1: 1 w w sol ¥PYHP"o fTh'ééB?Q?H?'P'? Y"P%"%?ﬁ%ﬂ Wft%?? wyich r?“@%'ﬂ}“%@ﬂ@%‘cepar ed in
gr aduat ed cuik clageries. witBQOcl e soberhhtentrmnalcmar Sedioént ame. nas svddhii ve wer e added

and the o1 Al fo MBI G BARREI ML LMIEL DePay (ALLEL (R JL Gl bUDDl i ng

carbon di oxi has W gauge st eel
15needl & at1. rB@rﬁett@dp@lm@ﬁuﬁ@redao mf@rrrba susperEn, w@p@wa& fremtednstith Wbserved. The

vol unmes  of éf@?ﬁhu@ﬁ%%u%n@uoﬁ%%ﬁ@l@ E@'ehﬂle'rﬂ%ﬁmé%fcohéli%téa%‘d@t@h‘r‘ﬁﬁ’é’ﬁ and
aqueous | ayers were taken and di ssolved in D20 NMR t ubes. A known anount

of et hyl ac@?é‘ﬂ"&’hé'?'eéﬂ”ffe?rﬁwth69%‘1‘?1%@”@5&9!:‘316\%%3%{@6%6”? Woud teratR t ube as

an i nt er nal pestbgtnugad tbmoldd of the clay. The suspension created with the CO, treated
filtrate settled much like the previous two experiments. A clear sediment line was
20  observed, however, the liquid above the sediment line was turbid and still contained
clay fines (See, Figures 17A and C). This behavior was also observed with
deionized water treated with CO, in the absence of any switchable water additive
(See, Figures 17B and C).

25 Example 13: The Removal of Water from an Organic Liquid
2.710 g THF (3.76 x 10 mol) and 0.342 g H,O (1.90 x 10°* mol) were mixed
together in a graduated cylinder to create a single phase solution of roughly 8:1
THF:H,O (w/w). 0.109 g (7.56 x 10™ mol) of N,N,N'N'-tetramethyl-1,4-diaminobutane
(TMDAB) was added to the solution again generating a single phase solution. The
30 THF.TMDAB ratio was approximately 25:1 (w/w). This solution containing three
components had a mol% composition as follows: 65.6 mol% THF, 33.1 mol% H-0,
and 1.3 mol% TMDAB.
A stir bar was added to the solution in the graduated cylinder and the cylinder
was capped with a rubber septa. A long narrow gauge steel needle was inserted
35  through the septa and into the solution. A second needle was pushed through the
septa but not into the solution. CO, was bubbled into the solution through the first

steel needle at a flow rate of about 5 ml min™" with stirring of ~300 RPM for 30
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NMR spectra were acquired and through integration of the ethyl acetate or
DMF 20 standard, a concentration of acetonitrile or additive was

cal cul at edoand/®wcaelred up to reflect the total vol unme of PCHEARGUASUTSOr

non- aqueous phase giving a percentage of the conpound being forced out. The
results are shown in the follow ng table. polyethyleneimne Acetonitrile
forced out MW 600 56% MW 1800 72% M W 10000 77% 99.9% of the

pol yam ne wamufe€!mitmeshd o tHelb@Rb R SIS, RORE s ss 2qA6daie Phivsat tHaayattdnbbl ed
t hrough the n ses reconbi ned

| ut.i i heat i to 50 C til t t ph
o3 st nafrd B of e Enrt Giishe e st phaebe PRRURBRERE S xt ur o
agai n for 3€pmateddfeusibd atieoub popsedyriesdntatient o split into two phases and a
b bubbl-4 ]
subsequent bu %ﬂ%%gﬁ[tﬁ%ﬁu@r&r Alc phsdTh s %ﬁr‘dﬁgﬁlaﬂ&]ﬁa&‘@% Qﬁ'ﬁggﬁg& mer ge

agai n, which shows that E ocr:C ss was ful reversible. anple 17:

Pr epar atd onThern@mpsevasfdilgted aith dawerate dfasptoriltia s Bn B9 oy REIAte Was er

Examﬁl e é7fédd5’6§|paf%ﬁa§ gromtéaiaflgtlaﬁdérﬁtﬁraﬁmivmeé ectrum vHvSsg@@ruwweus [47 ]purity) was
pur chased from A esar, .fo e 0 n .. Zn _powder from

B e A dr 1 B0 S NAR e aIsr b E ehe M e Ay o BRSSNE f ound
bot t om f | asthowasmequtiob pthgl asktate aid2d, caictlefel orassds af Ais8gndosard Gedimpbiced over a
magneti c sty,ryi . I r m re placed in
the flask awéfég{bgrs@'gééﬁeﬁen _Cgﬁr%rééhgftewg& meﬁg&ﬁg‘%sﬁﬁgp%ﬂ% P{)@120 mol , 12.0
eq) f orthl destrgerondstoihe oHF e sanmend (240 nmol, 24.0 eq) acetic acid were

added and the solydtdfeg- 8Yg§ni@*r||-lp\6ﬁ&etr@d%trhcfl%%mbé?ﬁtmnta%fmﬁﬁv@:tﬁ@r@_ for 15 mn.
Afterwards, 7.84 0(1 nmo wder were added in small

500 10( 12( |, 12.00e(21\)I Zn po
portions, WHPIEhTHfeL05ad%iHOgfad 0.3 mol% TMDAB.

15 Example 14: Use of a switchable additive to expel an organic compound out of

water and then the removal of much of the additive from the aqueous phase
In some embodiments, the non-ionized form of the additive is water-

immiscible. This makes it possible to create high ionic strength in the water, while

COs; is present, in order to achieve some purpose such as the expulsion of an

20  organic compound from the aqueous phase and then, by removing the CO;, to
recover the majority of the additive from the water. Here we describe the expulsion
of THF from a water/THF mixture and subsequent recovery of much of the additive
from the water.

1.50 g H,0, 1.50 g THF, and 0.30g N,N,N’N’-tetraethyl-1,4-diaminobutane

25 (TEDAB) were mixed together in a graduated cylinder to generate a single phase
solution. The solution had a total volume of 3.54 ml. A small stir bar was added to the
solution and the cylinder was capped with a rubber septa. The following procedure
was run in triplicate with a new sample (of the same contents shown above) each
time.

30 A long, narrow gauge needle was inserted through the septa into the solution.
A second small needle was inserted into the septa but not into the solution itself. CO;
was bubbled through the solution a flow rate of about 5 ml/min for 45 minutes with
stirring until a 2™ phase creams out on top of the aqueous phase. The CO, bubbling
was stopped and the needles withdrawn. The cylinder was immersed in a hot water

35  bath for several seconds to facilitate the separation of the liquid phases. Both phases
were clear and yellow in colour. The top organic layer had a volume of 1.50 ml and

the remaining aqueous layer had a volume of 2.04 ml.
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formation. A cold water bath was used to nmaintain the tenperature in the
flask under 40 C. After conplete addition the reaction m xture was

vi gor ouslwyo=vivmert7f or 16 h at roomtenperature. 20 nl REBASGDbULGSEITSWer
added and the aqueous phase was extracted with ethyl acetate in a
separation funnel (3 tines 25 m ). 15The conbi ned organic | ayers were dried
over My504, filtered through filter paper renoved under reduced pressure.

The crude producthewaganRiphbéd Wb ditaktb@brr Yiain uma&bsti.iz%ito@nsifcy& yéeld 1.3 g
m

4.5 |, 429 f || whi mal | lled ..
NI N bt AETATE Ao ek e REES S PO s s A IR By As used
her ei n, t hilsscd®p@yleits traresfarimea sblotias ohvklBpeff(i . e. net hyl at ed sperm ne).

20 1H NWR ( CDCI ' = =144 « 1.55-1.66 (m
ah, Cp) 216 (o0 GO Egp PLERREhicongs Racpidtaiin iy G 100 G o),
2.28-2. 3 (qﬁutegqq(,ad Q}%n’itrile and 50.2 mg ethyl acetat¢ JxagRRag orsona stangyyd A MHz): 6
Eltﬁ)l)orﬂ I\/E (2%-&3.1 sau%@e%f(h%)g ués&us géﬁ)wzag 3c?d(rﬁﬁ12”dﬁl@lR8tu6% %vi,th aéﬁ(agrgt)%d(é%, 028- 0
; ; % = . , : +, 98, , .
(44, "5, orceedue Wih2a? nzgmv?a;%tm 5 feta b A B “3b67  f ound:
286. 3091. 3épexizapheachdided Kelvkapsingtre ©okspanting ambattiohethyfacéteterimm ne/ wat er
system 1 I I Lt for
v t chal e TSeamEE eSS RERE R Pl nt SURDLL BRSEAREABHREAE | C1 g
forced But @fannhsampeeindepagetadyKeavingibe gwss velwmeorddessitveafigad, and t he
amount s of |gyErNRe tofdlamBukt FRHP BFaddlive e RAMRAVSIaPNR8E e daiduipéyy sol utions of
THF and water were prepared raduat ed_35cyl i nders. The appropriate nass

in
of amine addit i JerasgoyBanTtEnaedIR0Eg bp AT YH 183 BHOSHEBREed and t he
cyl i nder s vajueowsappeswith h1 &R of hie MEDABAESiging BOhéraquebesphake bubbl i ng

car bon di oxj rou [.qui h f.r ' e narrow gauge steel
needl e, a vilgil%bé Q'%h@gggtggﬁgureg %%na%agég%%@éﬁ\/@ﬁé %&'&e %r(a)?uuartreedév of each phase
wer e r ethor detindeal Tihquieede pdndiseptani@ne piejipa@ciuistodhelcviingdrsand tHeapyindsr wes e t aken

and di ssol vigghepddd ifl368¢ehA0 Bt ING wa® iR de REPe sAnKRRWBN @gBBNt of et hyl
acetate was added to each NVR tube as an internal standard. 1H NMR spectra

wer e acqui rRIEMPHPRE RIBFHFYRNE et s RRPIge threrahdighsalutige & 8P &inttendar d, a
concentr at i wier@h dééfryenow ae@hiciptigsevasantd e Ut tak aguednslpisasal ed up to refl ect

the total volu of the agueQus_ or non-aqueous phase givin er.cent age of
t he conpound bgﬁt?ﬁ "PEPEEY ST adrae\foil’lmﬁee(%fb'&hr@“gaé’f'nac?ﬂgafﬂ?/\%% pﬁ% ebqfed t hr ough
the sol2ft i ohStmi.[Tee hesatic tryet wassEcantanoff divinhe mase ophesewhietbonbi ned (15 to

60 ninj. Tgrgsn%mgeaqﬁ&ﬂuts(bh%&%ﬁ%raqg%ﬁfﬁ.%87 gl fnChP= 038 GRLIE Ald¥Emg L hen anot her

I
30 min of was repeate e results a wn inthe follow ng table.
15Sal ting oAMAPIANG FRNEPLS RISEHIaTRKe vrin &n N Tuke Mith CREEBEF. run THF f or ced
out acetonitrile and 41.5 mg ethyl acetate to act as an internal standard. A '"H NMR

spectra was acquired and using the same procedure of comparing integrations as
25  performed above, it was found that 49.3 £ 6.3 % of the TEDAB was removed from

the aqueous phase. It was also found that the overall 90.0 £ 2.1 % of the total THF

had been removed from the aqueous phase at the end of the procedure.

Using N,N’-diethyl-N,N'-dipropyl-1,4-diaminobutane instead of N,N,N’'N'-

tetraethyl-1,4-diaminobutane (TEDAB) in the above procedure caused the expulsion
30 of 68% of the THF from the aqueous phase after CO; treatment. After N, treatment

of the separated aqueous phase, 81% of the N,N’-diethyl-N,N’-dipropyl-1,4-

diaminobutane was removed from the aqueous phase.

Example 15: Determining the miscibility of several diamines and triamines
35  with water in the presence and absence of CO,
In some embodiments, the non-ionized form of the additive is water-

immiscible while the charged form is water-miscible or water-soluble. The following
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Additive retained in THF 1 84.3% 99, 85% 2 85.5% 99, 79% Exanple 17C. NWR
measur enment of the degree of protonation of nethylated sperm ne by

car bonat esOwatien97727 The degree of protonationPofi/dArel1tes0078am ne
(et hyl ated sperm ne) upon 20contact with a carbon di oxide trigger was

i nvestigated by 1H NWR In order to establish the chem cal shifts of
t he protonated bases, nolar equivalents of several strong acids, including
HCl and HN%peMémsa&d%ﬁb@eaaparﬂaﬂte ide@lify vhefer @ftaihhrantigdsraam ne di ssol ved
in D20. 1H tNI\/R ggct rt@ V\ﬁ UI red on a Bruker AV-400 NWMR spectroneter at
400.3 Mz f'OP™ Ay B2 ¥pP ac:sﬁt ‘utions of the 25anine. An average val ue of
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was re- acqu1 patksHxRPHNMbcess

Wsibeepeat ed. Th

N5 BBr ot onat i on

of the am ne

was det er nifigg. pélg@#mznﬁ%&

ha naalk I rnm

ﬁ]qngg@,m cal shif

n a¥a¥d rm nnC| +

tsisByedet erm ni ng

|nn fnr

;
of novenen
amne to rlf;tsl\l@H*n@l'b@HJQHzNﬁtzexg

)E@’ﬂlé@lblﬁor the fu

Ir‘niycilyeot onat ed an

t he anpunt

t hn ||npr ot onat ed

i ne. The

results sh?%(_E @&9&?@“@%’“9@"

10Exanpl e al i

N rot onat ed
na ﬁ?nn Q\Q/QT em

r]higci degree of 9

ter desalin

3%
tion by

reverse osnPsNGHICH.@R&HyNPrcal
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S been

proposegy im the fiterature 1s forward osSnosi s (Figure 18), where water
flows across a nenbrane from seawater into a concentrated anmoni um
carbonate solution (the "draw solution”). Once the flowis conplete,
draw sol ut i Examg@e 16: Preparation and use of a polyamine for expulsion of acetonitrile

t he

from water

-

Example 16A: Preparation of the polyamine:
N/\VNHE
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N
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Polyethyleneimine samples of three different molecular weights (M.W. 600,
99%; M.W. 1800, 99%; and M.W. 10,000, 99% ) were purchased from Alfa Aesar.
Formaldehyde (37% in H,O) and formic acid were purchased from Sigma-Aldrich. All
20  reagents were used without further purification. Amberlite™ IRA-400 (OHj) ion
exchange resin was purchased from Supelco.

For the samples using polyethyleneimine M.W. 600 and 1800: A 250 ml round
bottom flask was equipped with a 2 cm teflon stirring bar and placed over a magnetic
stirring plate. 1.8 g (M.W. 600: 3.0 mmol, 1 eq, M.W. 1800: 1.0 mmol, 1 eq) of the
polyethyleneimine were placed in the flask and 9,73 ml (120 mmol: M.W. 600: 40 eq

and M.W. 1800 120 eq) formaldehyde solution and 4.53 ml (120 mmol: M.W. 600: 40

25
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15renoved fromthe systemand heated to elimnate the NH3 and CO2. The
principle costs of the process are the energy input during the heating step
and t he swppby/f72make- up anmoni um car bonate. The |i m t pog/dA2eticnsav75or t he
technol ogy are, according to a 2006 review of the field (Cath, T. Y.;
Childress, A E.; Elinelech, M J. Menbrane Sci. 2006, 281,70-87). a "lack
of hi gh-performance nenbranes and the necessity for 20an easily separable

draw sol uti&and M.w. 1800 1@@9Tdrr‘ﬂ@¢cidﬁvdr@b@de@xﬁma@k iw8s aquigpadaeial y separable
draw sol ution, which f]a es advgﬂ rf‘? of . the reversibly

converting ¥ SGHEEHE R RETL M sdwates t?ﬁs(ggg 06?1 E%E?ggﬂy%h The osnotic

pressur e ofAfterdontichaiiuee wed dlowsdh mudod! td reomterpatdtye rndtheaslvétie conver si on

fromlow iqplc r%é@?%ﬁﬁbr?&du’&é@ﬁeﬁ&% Ghed, rtrgefr}%ﬁibf 't?rg(?&é%%s ﬁkéb%d if t hough the

osnpbtic pressures o bef ore ave not been
measur e | 3G BrEPHraahgdees Jnda hof Ambeviite reghiwagadded toghe wlutior|Tihgel ech, M J.

I\/elnb[ ane S?ﬂesul@%(}?xtu?e&las?éﬁrrgﬁor8|HQ)chIrhéThaHb%rrﬂéﬁi@éﬂaﬁ:r@lﬁé?&@%eereQﬁ s élls(l\)/l -
SOl U |On (0] a eutr Suc S SuUCrose ou a
Shan e oot Mo andihd BB 3 BB BT et S Btk o eas MGCL2
(800 atm. mmnsermevebismbdes 3detkamipsy 0il(1 Gy fodn thedd. A5 SO0 sangadadoel.iged i n a

nmet hod for f?jo‘?*r?f'%l 'I\E‘W de ay X%ter as depicted in Figure 19. The
process depi ct ed | gure enpl oys a switchable water solution in its

ionic f¥rmas t Pr'@r ﬂhﬁéﬁmﬁ@ltﬁmgéﬁlyetml@f@immeMMrw@@mfsi@ miragndseawat er i s
removed andydiBR rfeRwhsSeduiipRY ﬁ/ﬁh Erzq;m t‘éhﬁh §|Y\4nbfb|aﬁ£h«\oeplé{%b%(/erseprhéﬁrie9@ dr oppi ng

the osnotic 35pressure dramat | 3/ osnosi s ro uces fresh water
fromthe switf®9ate W3 €r0 @B‘Phﬂ eH)n f\f\ﬁ‘et FFP'WWH“@'"@??@’V% N IREAASE because
of the | ow agIrHtd @l (PREEFI €20 eqoﬁbraamh@wsm?aca’mmmm&aﬁm 120 The

ey advant agss. gl -l R DbRRSS R USL SODNEL R, LRIIBLA, GRS > are the

expected | renergy tequirenmen abl e of
expect etb enepgipn quune W\@ﬁé\ﬂ@tsd tved W) fortoh wweari abbelﬂe Aétﬁtﬁ Q:ioﬂnplnexterer ecycling

of the am ngys FBFek @Yot AYP@MPIatlrdEndhHOROSERs RERGERS B RercONVENt i ONal
reverse osnosis is the Smuch | ower pressure requirenent during the reverse

osros S ot daUCepPsEYs. TEagNERBAEYORE P SIREPlYetr BR0 B GRS SN Nk 1B,
kJ/ mol  Energhd 4 @AM fe sinQvasRiiogon et 10 Sthe réslitingmikermaisonat i on of
NHa+ or NRBI#reg’?or‘?fg h a‘tsroom temperature before the resin was filtered of and the EtOH
20  was removed under reduced pressure. The resulting crude product was dissolved in

10 ml CH.Cl, and 10 ml of a 2 M aqueous solution of NaOH in water. The phases

were separated and the aqueous layer was extracted three times with 10 ml of

CH,CI,. The organic phases were dried over MgSO, and the CH,Cl, was removed

under reduced pressure to yield the methylated polyethyleneimine as a yellow oil.

25

Methylated polyethyleneimine (M.W. 600 before methylation):

'H NMR (CDCls, 400 MHz): & [ppm] = 2.18-2.91 (m), no NH signal appear in the

spectra

C NMR (CDCls, 100.7 MHz): & [ppm] = 42.2 (q), 44.1 (q), 44.4 (q), 50.5-56.0 (m, 1)
30

Methylated polyethyleneimine (M.W. 1800 before methylation)

'H NMR (CDCls, 400 MHz): & [ppm] = 2.16 (s, CHs), 2.23 (bs, CHs), 2.44-2.64 (m), no

NH signal appear in the spectra

C NMR (CDCls, 100.7 MHz): & [ppm] = 41.5 (q), 44.0 (q), 50.8-51.1 (m, t), 53.7 (),
35 55.0()
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Renoval of CO2 fromwater 19.4 19.4 Renoval of NH3 fromwater 30.5 O
Reverse osnosis step 0 unknown TOTAL 102.2 >56.3 Micci, A ; Domain, R ;
Benoit, RvoLRo11@am27J. Chem 1980, 58, 953-958. A nodifi eaTrianoniosediss
process, shown in Figure 20, differs only in the |ast step, 10where the
switchabl e water additive in the solution is swtched "off", or back to its
nonionic form and then renoved by a nethod other than reverse osnosis. For

exaLml e, | fMétﬂﬂat@_@polyaml&qeirmhmmi/\éﬁE@o I}?&fi’éﬁﬂé(l@laiti@n)i nzol ubl e or inmi Sﬁi bl e
wth water,, then Lt _can removed Iltration qQr ntation, wth any
oral 1 anountOUIR CRre oGP T2 18 (4 REPRALLR bEtng Pt By pacs: ng
t he wat er tNiHelggHl appédraethe 3pddgaul ts have shown successful use of such a

cxpal i on ofCSHE RS AT CFE a6 bl F STt R di ne: 060

C, 2 hi,5 9M.®n20),55.8-56.9 (m, 1), 57.2-57.8 (m, 1)

Example 16B; Use of the polyamine to expel acetonitrile from water.
The methylated polyamines were investigated as additives for switchable

ionic strength solutions. To measure the extent of acetonitrile being forced out of an

10  aqueous phase by an increase in ionic strength, and the amounts of amine, which
remained in the aqueous phase, 1:1 w/w solutions of acetonitrile and water (1.5 g
each) were prepared in graduated cylinders. 300 mg of the non-ionic polyamine
additive were added and the cylinders were capped with rubber septa. After 30 min
of bubbling carbon dioxide through the liquid phase from a single narrow gauge steel

15 needle at room temperature, a visible phase separation was observed. The volumes
of each phase were recorded. Aliquots of the non-aqueous and aqueous layers were
taken and dissolved in DO in NMR tubes. A known amount of ethyl acetate or
dimethylformamide (DMF) was added to each NMR tube as an internal standard. 'H
NMR spectra were acquired and through integration of the ethyl acetate or DMF

20 standard, a concentration of acetonitrile or additive was calculated and scaled up to
reflect the total volume of the aqueous or non-aqueous phase giving a percentage of

the compound being forced out. The results are shown in the following table.

polyethyleneimine Acetonitrile forced out
M.W. 600 56%
M.W. 1800 72%
M.W. 10000 77%

99.9% of the polyamine was retained in the aqueous phase.

25 Argon was then bubbled through the solution while heating to 50 °C until the
two phases recombined into a single phase (typically 30 min). Bubbling CO, through
the mixture again for 30 min caused the liquid mixture to split into two phases and a
subsequent bubbling of argon for 30 min caused the two phases to merge again,
which shows that the process was fully reversible.

30
Example 17: Preparation and use of a tetraamine for expulsion of THF from
water
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1, 4- Di am nobut ane was purchased from Si gma- Al drich and di net hyl acet am de

di net hyl acet al e was purchased from TCl . A 100 m flask was equi pped
with a comoensigw7and a 1 cmstirring bar and was then plPaFaA20MeS0ES
stirplate. 1.14 m (1.0 g, 11.3 nol, 1 eq.) of 1,4- diam nobutane and 3. 64
m (3.31 g, 24.9 mmol, 2.2 eq.) of dinethylacetam de dinethyl acetale were
the placed into the flask. The reaction m xture was then stirred with 600

rpm and heagefhpleo1 780 Plepadtibeéf tRdtetrbgmingact i on m xture was all owed to cool
to roomtenperature and the resul&i ng met hanol was renoved under reduced

S5pressure to yield a yellgw oil. This crude product was then purified by
hi gh vacuum di stillations ot \was~obtmined as a |ight yell ow
oil (2.32 g, 10.2 mmol, 919 . The conpound |was cal | ed

N, N'- ( but -1,4-di. j Ndi | t
has v et orrod 1 o e Rz QWIS DIARES TR B RER) ot farDc Bade PR o
6 [ppn = 10520 Badenirom SlamaAlyich Bng aCqlls ACGHOTTTHE) Scigntio. (s 6,

N( CH3) 2 3 6 =
1(2 A % q?5 CdA\-lg?? R rlaanci Bettoftiasicivids equl&%@%thjw M@stlrﬁf@%a?aﬁ\d‘gléce&ﬂg ppgi58 .

(t
(s); MB (EI9%e ww% Sﬂrﬂz@?'a%z%)%p <1C§r§®°bio(eﬁ§fper%3@s wege Rlaged NS 17" (7)
141. 14 (14)flask 464 diSso(v2d )n 40LABwaktdr. Aftévardd 2772401 (130 jnmoal 12.0lehy) ( 23), 113.11

28), 112.0 9 El): | c.
DRUER & ki o e Ly
Swi £ Chi g dhe eplaiFndiaseligackip Stat Teom Ppet anfoglheTABeRuSsT Foat ed as

addi 1 V8 T8 Wriof 130l62) F0Phack LeRilaB S pBREns TRITRESHEPInIGBe extent of

THF being forced an aqueous phase Sincrease in ionic
strength, aREnatiRe Aa?ﬁb‘i'm?t§r oAth W A% weed t&ma@Fﬁ"i @Pré‘?m@dati”ﬁ in e agfd¥es phase,
1.1 ww SO|4[I‘IOZ)FI\ﬁeerom'B|'d|Fe adudion@ieaeadion enixdiire PAE @i@oionslgétaﬁélda&ra@ll‘celw [ nfler S.

Q nol al solution

The approprlat Nass, ive to result in a 0 8

tos added dsar B AL LIRS eyt diet AR sl Degnd® R er 30 mi nutes
of bubbli nge>¢ractb@w1tidefbxlladetatehm eugtaratiee flnnguBdmebaself rom a si ngl e narrow
gauge SWG'TH%%ﬂlbﬁned%rg%ﬂ\é a(?ef% ﬁr@ﬁﬁ&%v@fﬂ?ﬁ@t k.@&e&‘ﬁﬁ%@ﬁﬁf?& gﬁ'er The vol unes

of each phase were recor uot € non- us a aqueous | ayers
wer e taken "§RQVeH Wylsl fedecedprepsuregtivt Gyfe Rrequst vas FNHVF@({ bdbldigh V‘%&“R’ﬁovvn anount

of ethyl acémbtwnwasicRddeg domapea2dVR 4 yehey aswhidh wat eFmaly caleandard. 1H NWVR
spectra Werﬁﬁ&&lﬁqarng-q,4§cﬂﬂ)btlsr(ll{l19l{7é%-tirirﬂgtﬁggr%kgn%m ,g-%liamine). As used herein,
this compound is referred to as MeSpe (i.e. methylated spermine).
20
"H NMR (CDCls, 400 MHz): § [ppm] = 1.36-1.44 (m, 4H, CH,), 1.55-1.66 (m, 4H,
CH,), 2.18 (s, BH, CHs), 2.19 (s, 12H, CH3), 2.21-2.27 (m, 4H, CH,), 2.28-2.35 (m,
8H, CHy);
3C NMR (CDCls, 100.7 MHz): & [ppm] = 25.3 (1), 25.7 (t), 42.3 (q), 45.6 (q), 55.8 (t),
25  57.8(t), 58.0 (1);
MS (El): m/z (%) = 287.32 (7), 286.31 (41) [M]", 98.08 (28), 86.08 (44), 85.07 (100),
84.07 (41);
HRMS (El): calc. for [M]": 286.3097, found: 286.3091.

30 Example 17B; Reversible solvent switching of tetramine/water system
The methylated spermine was investigated as additive for switchable ionic
strength solutions. To measure the extent of THF being forced out of an aqueous
phase by an increase in ionic strength, and the amounts of amine, which remained in
the aqueous phase, 1:1 w/w solutions of THF and water were prepared in graduated

35  cylinders. The appropriate mass of amine additive to result in a 0.80 molal solution
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of the ethyl acetate standard, a concentration of THF or additive was

cal cul ated and scaled up to reflect the total volune of the aqueous or

non- aqueow® 2phiz®e72gi vi ng a percentage of the conpound becmgAoriaseh7out or
retained. The results showed that the ampbunt of THF forced out of the
aqueous phase was 54.5% and the anmount of 5additive retained in the aqueous
phase was 99. 5% Then argon was bubbl ed through the solution while

heating to & 4ddedbid thk Rginbive wehaspped RrIOABbLEIQE t(alaftmoaﬂinmle@bf Exanpl e 20:

Precipitation, of \\at er 10TnmII|I|tres
ot ot er et BpfaeBther Als S MRl hass d BB A GHGo0e 763 038 o TNOAB
(-5:1 w w sudedie] anyible@Bage mamtlor(w:)smasﬁwladxrTM&MUIn@snfieschfpﬂaae Begna- Al drich)
was added t t r bath to
expedite thrgcggl ss%ﬁ%‘#ﬁéoﬁrhe r;Uﬁeaq%«%dé qM@o? n’? %{(ég] %%sqgsos}éﬁ%?on of the

solid (canphdr ycwn@deMﬁguw fd@ﬁyvﬂémsmt@t ethi aegate@yas adHed 9sieF r emai ned
di ssol ved i vk 3ideeasamnufems| §é?Hdble omNmﬁrs@e@teemérbfameauh@thva@hcapped with a

rubber septum I ut si ngl e narrow
Gauge. st el MEREEPEOEs s PERAP ARy, SpBUEnET ST o ANEEBRG need o vas
i nserted i ntdatcutaesl dndizealeduyt torreflect the dotdlveluselofithie@quedus oaotn-argieaugas out | et .

After 30 m é}ﬁ%ggl\g/ﬁé S&H%hﬂaggo%c&ﬂﬂ%HgBelﬁg%rttse(aloﬂ{6r_?(ﬁtaﬁlemhre§ a roﬁc' pitate

20appear ed ueous l'uti o
cent ri f Ugedwdsdrubbledihienabghe %%lil“ﬁg whilFhegting toSd) “nntifthe tQareses i ¢ 228

centrifuge @korRoisREes tdo é%?&h%%le%b&ﬁéhﬂd}ﬁéce%&k otrhiﬁ CHl dafpRObkdls col | ected

at the top of the aqgueous sol ution ite solids were coll ected by
vacuum fi | t!PeR ?'&ﬂt\heégla MHRPIgHE \Hasorﬁp%at%tTpF W“%ﬁ‘@&%""ﬁ@?ﬁ@ QHRMRG i cal bal ance.
A mass of 24bl®. ng was 25obtained, resulting in a 35.2%recovery of the
original dissolved solid. Exanple 21: Primary Am nes as Swi tchabl e

Addi tives Primary am nes were tested as switchable water additives.
The sw tThi $atingfout-xperimants oping engthylatash spermiree(Msti¥ae)ged f or m (Whl chis

pr obabl y :[mwmm | wel | .
The separat™Bn of an organic ik obser veld M GEIAPS ergi on of

the ionic [fprmback to the nppv4 N zed formvvas gg‘@%:cessful Primary
am nes ar ertherefore U|||y usefut—as—addi-tives ||| o. pllbaLIUIID whefle a
single swit€h to the ionic foPPP”wi t hout conver|si%f®’back to the nan-ionized
form is sufficient. Thus, primary am ne additives are not reversibly

"swi t chabl ;JcAéi 5 In a glass
vial, 5. OlgExanﬁ]}&%{ﬁwGﬁe anopﬂngh mf@orgaé%p' afr?ﬁﬁyle\tg?e m xed to
generate a %qerrgh@bqow%@atqﬂlv&eé@r col ourl ess sol ution. A stir bar was added

to the vial and thBeeyredbr M@t%n&ti%ﬁI%?ﬁl.e\f‘étFaBrr%er(Hﬁf?ﬁl%te%l%B&r%me%?oﬁ’vas I ntroduced
into the 5solution via a single narrow steel needle at a flow rate of

about 5% FANFRCYWitha eatbhdio a%erwa%'w%%'@g%awmwﬁgh the septa, but not
into the sol uti omordepto@etabiish tide chemical shifts of the protonated bases, molar

equivalents of several strong acids, including HCl and HNO;, were added to separate

solutions of the tetraamine dissolved in D,O. 'H NMR spectra were acquired on a
Bruker AV-400 NMR spectrometer at 400.3 MHz for three replicate solutions of the

25 amine. An average value of each chemical shift for each protonated base was
calculated along with standard deviations. If the base when reacted with the trigger
to ionic salt form showed chemical shifts within this error range, it was considered to
be 100% protonated within experimental error. The 'H NMR chemical shifts of the
unprotonated amine were also measured.

30 The extent of protonation of the additive at room temperature at 0.1 M (in D,O
was monitored by 'H NMR. The amine was dissolved in D,O in an NMR tube and
sealed with a rubber septa. The spectrum was then acquired. Subsequently, two

narrow gauge steel needles were inserted and gas was gently bubbled through one
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gas outlet. CO2 was bubbl ed through the solution for 20 mnutes until two

| i qui d phases (aqueous and organic) were observed. It was found by 1H NMR
spect r oscwpyeotimr72762 % of the THF was forced out of thecCagueoudspitase into
t he new organi c 10phase. The two phase mi xture was then placed in a
60 C water bath while N2 was bubbl ed through the m xture in a fashion
simlar to the previous bubbling of CO2. This was perforned for 60 m nutes.

Al t hough sogrenehiintdiné ls&@hoafai apﬁr&@n&t\émrmm&s@bﬂse@md reeqeetinae. The
t enper at ur 30 m nutes which appeared 15to boil

e
of f the ren’%ﬁmﬁ%&e“@? af’ﬁéfeﬂtl-ﬁt%esgalsﬁgus\/%\aﬁ% returned to that of the water
and am ne m xt urFérstlySoPewast thbhlet gmugh tinesolltian éor e reqdredfidngthsof ikl . At thi s

point, a sifglee ﬁe{wlsthgmgéltr%% r%é@?ée’fﬁ@ﬂmc@% m&@?ﬁa%d“@mh)o' led off,

however t he e s clou It appeare ve a ite preC|p|tate
(likely %armatﬁﬁ@t@wﬂht?@)”ﬂm% cteéqm@pgfrgméhembspwed fRareeal phifthPyvas t hen

i ncreased t&t&%uﬁ\g&ﬁé‘am&rﬁgiﬂmb\@n@woﬂw& é‘ék@trbrlﬁlﬂ@éjncfrﬁhél p%@ltlm fvies, giving a
total N2 treat es wer e

bbserved. | THETLGIARA s DHd Ry & %qsa'aeiﬁxrwﬁf N
whi t e precipit atTae hexlits showatbatele eframine waks gegonafedithie degraé of@?/arrpl e 21B:

Et hyl enedi am ne (18:18:1) 25In a glass vial, 5.004 g H20, 0.283 ¢

et hyl enedi am ne, and 5.033 g THF were nmi xed to generate a single phase,
cl ear, Ttol oerdmede 1&PamgtisDesalination Justemas added to the vial and the vial

Was capped W th \ﬁaté#ﬂ%@@lfnaﬁ&%y@evé?@oéﬁ%%us‘|£‘&rﬁé?€éﬂlﬁﬁg chHyOAﬁ BI?erﬁ;é?lbélt' on via a
singl e narrowt‘%é ge steel needle at a n. mn-1. A

second needP® NRESEFHREPISEH N tHE BGEH e ﬁefo@"éﬁ%?moﬁlﬁt(':'ﬁﬁr? 1i8}\1""BerteH’@t‘°srol ution, to
act as a 30@pas aotvst @imen(Btihevitn sualableenhtd heamaghiratdveansadniirh oarbérte 10 m nut es

anti 0 |58 BDARES JAINECUR e R0 BL LS abasved 1€ ves found

by 1H NWR t e agueous phase into
t he new or ggmovedirrs the system and hgied tovempiatestbe hix aiogd @OMQeDh@m@I aced in a

60 C water BHathprai dr@ce%?aﬁé@l% W %tﬁm{r@qwhééﬂﬁg Eﬁbﬁhhﬁ ﬂ”ue'SUp@/ (‘gfaSh' on

simlar to the previous bub bllngr hi s perforne
mi nut es wheP@kKeshaMmpiEuB SRTPRRAY e “B‘ﬁ'ﬂ‘g far?@r%%thﬁﬁ%fé‘égoﬁlﬁ e rﬂ?ﬁorﬁ'@&onm ne.
The t enper aburaoetevidheof watftd (@athh TwWasChiliesss AE. eaigRch .85 Memdhghe N2

nours. 11 o dopecrtaoerae B oSl iRl a P el FRAT0! e hao

ret urnezp toe_trtMtlymbatah@dnmecrlut@nd am ne m xture. The solution was a single
yellow I'iquid pft%%@rm%ﬁdhlﬂh%xﬁ’m 1Bisa H&N‘@é’sﬂ& s@paY%'let&‘ra\P S’IGMN Witk (! '2‘;_9| y

carbamate salts) cause e so ution Bear cl oud 5 Exanpl e
Sal ting outtawdﬂ?’ﬁﬁﬁe\mﬁ*ﬁprﬁ%ﬁ”h@e@%Bfrfﬂ‘éﬁ‘@ 'AﬁPW@”'SWatSE’H%l@Ibl@ WedRfi t i ves
| n gener al , frdn RMtb h@h@ih&fﬁ‘tr‘éﬂ@thoﬂﬁ déﬁ‘loﬂgpr@ﬁui’@idif}é AR waechadar y am nes

\r/)\flr ﬁafg(/pg(r:r;[ g@gtloca yrise afsfthe coln'glertsu(c)m brSmTSw fohic s?reng"fI & hlg%tlomgg'\t(r:e%g%ar y and

25  takes place. Although the osmotic pressures of the solution before and after CO-
have not been measured, literature data (Cath, T. Y.; Childress, A. E.; Elimelech, M.
J. Membrane Sci. 2006, 281,70-87) show that the osmotic pressure of a 4 M solution
of a neutral organic such as sucrose is much lower (about 130 atm) than the osmotic
pressure of a salt containing a dication such as MgCl. (800 atm). This reversible

30 change in osmotic pressure can be used in a method for desalination of water as
depicted in Figure 19.

The process depicted in Figure 19 employs a switchable water solution in its
ionic form as the draw solution. After forward osmosis, the seawater is removed and
the CO; is removed from the switchable water solution, dropping the osmotic

35  pressure dramatically. Reverse osmosis produces fresh water from the switchable
water solution with little energy requirement because of the low osmotic pressure.
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10tend to formcarbanmate salts in addition to bicarbonate salts when their
aqueous solutions are contacted with CO2. However the follow ng secondary
am nes wewe 20ouma@2ro be reversibly switchable. Wthout wCshiArgiitosodse bound
by theory, it is possible that the reversibility results froma tendency to
form nore bicarbonate than carbamate salts. 15The N-tert-butyl et hanol am ne
was purchased from TCI AMERI CA and N-tert- butynethylam ne was purchased

from Si gma- Al drite keﬁ@mnﬁgé@alﬂmdprowsrsevers@dvér«iubmmwérurot;rhegrs grification.

N-tert-Butyl et han nves gated as
hdd 1 ves. TBF SRR Enstahutoank B fredrie SR e S et ent of
THF bei ng Zé)fecgyceqimeurentefoelaw) afltee tesilplras@nipietarecydicg efdbeammei Trei ¢
Strength, 3 JhPartFERAHIE dilsATRLss QledBh G RIRLEIDshékid Bheaqueous
phase, v?/ s% i ons ptréb%?' an vaa?er 1 g eacs:’ )S\/\erleI prepared in

gr aduate%l c'?WM@I‘é?@reSFH@ regHE Bt difieg Wﬁi%vetﬁe ogepie sielldi tive to result in a
1.60 nol al solution was added and the cylinders were capped wth rubber
septa. After 30 mnutes of buybbling carbon dioxjde through the 25liquid
phase fromRroséssgle® narrow galgersstrepiremedddre, pENErgy lehergpieatior separ ati on
was observied. The vol unes of |@sckRsphitsifiéh:e r ecoepesgd pAIcEesfubd/mObf| t he
non- aqueous and aqueous | ayen«W®t e taken and djssolved in d3-acetlonitrile

in NVR tubese,é f upt [@h et hyl acetate wag; gdded to each NYR tube as
an intern %pr o@; qﬂg Kl/R spectra were acquifed and through integration

of the et h]ll :n'-nf ate standardg 30a-concentratiophof THF or additive was
cal cul at ed| Rerdovatef| &t figp t o dPlect the total vpldre of the aqueous or
non- aqueouswifase gi ving a percentage of the conpound being forced out or

ret ai ned. g CN"_|| I§11bubt3§%throughthe sofgtion at 5 nL/mniwhile
heating to ﬁﬂré[%unt e phases reconbined| (30 nmin for

N-t ert but ylethanolam ne\ The reconmbining of the phases when
N-tert-but ylﬂ%/cers)eloarmﬁes@s wag Oused as an additi venhwa\sn not successflul at 30
m n but vvasE@c%revea Dy Z N at g nrgner Ar TTOWTATE Of 15 moymm. THF was
added aftel to replace |H84nount of THE bkl evapor at ed during the

procedure. “FhecinhoPemaini RcBena. Rrlo€ess/. C8emMni 980, 5@953 -958.

2011/ 097727PCT/ CA2011/ 050075 CO2, sanple take, then another Ar treatnent)

was repeated. The results are shovvn in the following table. Salting

out - exper i ment s UBPHEFAERLVARPPCesTH HOWAHTONFS. d'fé{?ﬁ' ABlY THpEe fagh YR out

Addi ti veo r elisdreie@d siwichHdBl@ vtéresdtiitilain yheedonaio® |saswiteree dB 8k 7or back to its

nonionic form, and then removed by a method other than reverse osmosis. For

example, if the non-ionic form of the additive is insoluble or immiscible with water,
then it can be removed by filtration or decantation, with any small amounts of
remaining additive in the water being removed by passing the water through silica.

15  Results have shown successful use of such a separation process.

Example 19: Preparation and use of a diamidine for expulsion of THF from
water

Example 19A: Preparation of the diamidine:

ol I
NH 0 60°C,2h N._N
HZN/V\V 2+ )(N/ 91% \NJ&\N/\\/\/ \\( ~

20
1,4-Diaminobutane was purchased from Sigma-Aldrich and
dimethylacetamide dimethylacetale was purchased from TCI.
A 100 ml flask was equipped with a condenser and a 1 cm stirring bar and

was then placed over a stirplate. 1.14 ml (1.0 g, 11.3 mmol, 1 eq.) of 1,4-
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0.4% 99. 84
publicatio

0.04% N-tert-butynethylamne 67.6 0.8%99.75 0.04%
ns, patents and patent applications nentioned in this

5 Al

Speci f i cavoant1izer2indi cati ve of the | evel of skill of tiroTE€ARKIVIS@dSi n the
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hin the

scope of5 t heressord towieticp Yallaw o ThisgoIeIad U DTFRARETTY ieg b1 gD 5TBYS Tabl e 1.
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conpri sing
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at 25 C RT dimethylacetimidamide) and in this application was referred to as “DIAC” (j.e.

10

15

20

25

30

diacetamidine)
N N J\
_ Y N/ N/

'H NMR (CDCls, 400 MHz): 8 [ppm] = 1.45-1.53 (m, 4H, CH;), 1.80 (s, 3H, CCH.),
2.79 (s, 6H, N(CH3),), 3.09-3.19 (m, 4H, CH,);

®C NMR (CDCls, 100.7 MHz): & [ppm] = 12.3 (g, CCH), 30.2 (t, CHy), 37.9 (q, 2C,
N(CH)2), 50.0 (t, CH,), 158.7 (s);

MS (El): m/z (%) = 227.22 (3), 226.21 (21), 198.16 (7), 182.17 (7), 141.14 (14),
140.13 (21), 128.11 (10), 127.10 (30), 114.11 (23), 113.11 (28), 112.09 (52), 99.09
(27), 70.07 (45), 56.05 (100);

HRMS (El): calc. for [M]': 226.2157, found: 226.2161.

Example 17B; Reversible solvent switching of diamidine/water system

The diamidine was investigated as additive for switchable ionic strength
solutions. To measure the extent of THF being forced out of an aqueous phase by an
increase in ionic strength, and the amounts of amine, which remained in the aqueous
phase, 1:1 w/w solutions of THF and water were prepared in graduated cylinders.
The appropriate mass of amine additive to result in a 0.80 molal solution was added
and the cylinders were capped with rubber septa. After 30 minutes of bubbling
carbon dioxide through the liquid phase from a single narrow gauge steel needle, a
visible phase separation was observed. The volumes of each phase were recorded.
Aliquots of the non-aqueous and aqueous layers were taken and dissolved in ds-
acetonitrile in NMR tubes. A known amount of ethyl acetate was added to each NMR
tube as an internal standard. 'H NMR spectra were acquired and through integration
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Time of N2 bubbling to get phase reconbination at 50 C (m n) DMAE -30 -90

MDEA -30 -30 THEED -30 -60 5Table 2. Anpunt of THF separated out of

aqueous pNael1onPri sing additive and anmount of additi veCcratAaainadoi’a t he
aqueous phase Additive Anmount of THF separated (nol % Anmount of additive

retained (nol% DMAE 76 1.7 %73.5 2.0 % MDEA 74 3.0 %90.7 1.5

10

15

20

25

30

35

of the ethyl acetate standard, a concentration of THF or additive was calculated and
scaled up to reflect the total volume of the aqueous or non-aqueous phase giving a
percentage of the compound being forced out or retained. The results showed that
the amount of THF forced out of the aqueous phase was 54.5% and the amount of
additive retained in the aqueous phase was 99.5%

Then argon was bubbled through the solution while heating to 50 °C until the

two phases recombined (15 to 60 min).

Example 20: Precipitation of an Organic Solid using Switchable Water

Ten millilitres of water was pipetted into a glass centrifuge tube along with
2.038 g TMDAB (~5:1 w/w solution). 68.2 mg of (+)-camphor (used as is from Sigma-
Aldrich) was added to the solution. The solution was heated in a 70 °C water bath to
expedite the dissolution of the camphor. After complete dissolution of the solid
(camphor) and cooling to room temperature (23 °C), the solid remained dissolved in
the aqueous solution.
The centrifuge tube was capped with a rubber septum. CO; was introduced into the
solution via a single narrow gauge steel needle at a flow rate of about 5 mL min™. A
second needle was inserted into the tube, but not into the solution, to act as a gas
outlet. After 30 minutes of bubbling CO; through the solution a white precipitate
appeared throughout the aqueous solution.

The solution was centrifuged for 5 minutes, using a Fisher Scientific Centrific
228 centrifuge at a speed of 3300 RPM, such that all the white solids collected at the
top of the aqueous solution. The white solids were collected by vacuum filtration and
weighed on a Mettler-Toledo AG245 analytical balance. A mass of 24.0 mg was

obtained, resulting in a 35.2 % recovery of the original dissolved solid.

Example 21: Primary Amines as Switchable Additives

Primary amines were tested as switchable water additives. The switching of
the non-ionized form to the charged form (which is probably a mixture of bicarbonate
and carbamate salts) proceeded well. The separation of an organic liquid was
observed. However, conversion of the ionic form back to the non-ionized form was
unsuccessful. Primary amines are therefore only useful as additives in applications
where a single switch to the ionic form, without conversion back to the non-ionized
form, is sufficient. Thus, primary amine additives are not reversibly “switchable”.
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67 5.0 %98.6 0.2 % Table 4. Conparison of abilities of 0.80 nol al
aqueous solutions of amne additives to separate THF from 1:1 w w sol utions
of THF amsoMBO/@nT27r et enti on of am ne 10additive in thePaguacos/gmase when
reacted with CO2 Additive % THF Separated al % Additive Retainedal DVAE 70
0.6 %98.0 0.2 %MDEA 61 0.6 %99.0 1.3 % TNVDAB

Example 21A: Ethanolamine (5:5:1)

In a glass vial, 5.018 g H,O, 1.006 g ethanolamine, and 4.998 g THF were
mixed to generate a single phase, clear, colourless solution. A stir bar was added to
the vial and the vial was capped with a rubber septa. CO, was introduced into the

5  solution via a single narrow gauge steel needle at a flow rate of about 5 mL min™". A
second needle was inserted through the septa, but not into the solution, to act as a
gas outlet. CO, was bubbled through the solution for 20 minutes until two liquid
phases (aqueous and organic) were observed. It was found by '"H NMR spectroscopy
that ~62 % of the THF was forced out of the aqueous phase into the new organic

10  phase.

The two phase mixture was then placed in a 60 °C water bath while N, was
bubbled through the mixture in a fashion similar to the previous bubbling of CO,. This
was performed for 60 minutes. Although some THF boiled off, the two phases did not
recombine. The temperature was increased to 75 °C for 30 minutes which appeared

15 to boil off the remainder of the THF as the volume returned to that of the water and
amine mixture. Some ethanolamine may have boiled off as well. At this point, a
single liquid phase was observed, as the THF was boiled off, however, the phase
was cloudy and it appeared to have a white precipitate (likely carbamate salts).

The temperature of the water bath was then increased to 85 °C and N;

20  bubbling was continued for 90 minutes, giving a total N; treatment of 3 hours. No
additional physical changes were observed. The solution remained cloudy white in
colour and some of the white precipitate had collected on the sides of the vial.

Example 21B: Ethylenediamine (18:18:1)

25 In a glass vial, 5.004 g H,O, 0.283 g ethylenediamine, and 5.033 g THF were
mixed to generate a single phase, clear, colourless solution. A stir bar was added to
the vial and the vial was capped with a rubber septa. CO, was introduced into the
solution via a single narrow gauge steel needle at a flow rate of about 5 mL min™". A
second needle was inserted through the septa, but not into the solution, to act as a

30  gas outlet. CO, was bubbled through the solution for 10 minutes until two liquid
phases (aqueous and organic) were observed. It was found by 'H NMR that ~67 % of
the THF was forced out of the aqueous phase into the new organic phase.

The two phase mixture was then placed in a 60 °C water bath while N, was
bubbled through the mixture in a fashion similar to the previous bubbling of CO,. This

35  was performed for 60 minutes where some THF boiled off, but the two phases did not
recombine. The temperature of the water bath was then increased to 85 °C and N;

bubbling was continued for 120 minutes, giving a total N, treatment of 3 hours. It
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82 0.6 %99.2 0.4 % DVAPAP 79 1.2 %98.8 0.4 % HWIETA 78 0.9 % 99.3
0.4 %[al Determ ned by 1H NWMR spectroscopy as di scussed in Exanple 1.

Tabl e 3. worppardssn of rel ative anmounts of am ne additi PeTiGa20Tg585par at i on
of THF from1l:1 w w solutions of THF and H20 and retention of amne in
aqueous phase when reacted with CQO2.

appeared that all of the THF had boiled off as the volume had returned to that of the
water and amine mixture. The solution was a single yellow liquid phase at this point,
however a white precipitate (likely carbamate salts) caused the solution to appear

cloudy.

Example 22: Salting out THF from Water using Secondary Amine Switchable
Additives

In general, from the observations using primary amines, secondary amines
were expected to be difficult to reverse, because both secondary and primary amines

10 tend to form carbamate salts in addition to bicarbonate salts when their aqueous
solutions are contacted with CO,. However the following secondary amines were
found to be reversibly switchable. Without wishing to be bound by theory, it is
possible that the reversibility results from a tendency to form more bicarbonate than
carbamate salts.

15 The N-terf-butylethanolamine was purchased from TClI AMERICA and N-tert-
butymethylamine was purchased from Sigma-Aldrich. Both compounds were used
without further purification.

N-tert-Butylethanolamine and N-fert-butymethylamine were investigated as
additives for switchable ionic strength solutions. To measure the extent of THF being

20  forced out of an agueous phase by an increase in ionic strength, and to measure the
amount of amine remaining in the aqueous phase, 1:1 w/w solutions of THF and
water (1.5 g each) were prepared in graduated cylinders. The appropriate mass of
amine additive to result in a 1.60 molal solution was added and the cylinders were
capped with rubber septa. After 30 minutes of bubbling carbon dioxide through the

25 liquid phase from a single narrow gauge steel needle, a visible phase separation was
observed. The volumes of each phase were recorded. Aliquots of the non-aqueous
and aqueous layers were taken and dissolved in ds-acetonitrile in NMR tubes. A
known amount of ethyl acetate was added to each NMR tube as an internal standard.
'H NMR spectra were acquired and through integration of the ethyl acetate standard,

30  aconcentration of THF or additive was calculated and scaled up to reflect the total
volume of the aqueous or non-aqueous phase giving a percentage of the compound
being forced out or retained. Then argon was bubbled through the solution at 5
mL/min while heating to 50 °C until the two phases recombined (30 min for N-tert-
butylethanolamine). The recombining of the phases when N-fert-butymethylamine

35 was used as an additive was not successful at 30 min but was achieved by 2 h ata
higher Ar flow rate of 15 mL/min. THF was added afterwards to replace the amount

of THF being evaporated during the procedure. The whole switching process (30 min
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Addi tive THF: H20: Additive (W ww % THF Separated al % Additive Retai nedal
DMAE 1:1:1 76 1.7 %73.5 2.0 %DVAE 3:3:1 85 2.2 %93.9 2.1 % DVAE
5:5:1 74 wb.261999277 2.6 % DMAE 10:10:1 75 0.3% 98. 3 POTA%2MDRAO@S1: 1 74
3.0 %

CO,, sample take, then another Ar treatment) was repeated. The results are shown
in the following table.

Salting out-experiments using secondary amine additives.

Amine THF forced out Additive retained in H20
N-tert-butylethanolamine 68.7 £ 0.4% 99.84 £ 0.04%
N-tert-butymethylamine 676 +0.8% 99.75+ 0.04%

All publications, patents and patent applications mentioned in this
Specification are indicative of the level of skill of those skilled in the art to which this
invention pertains and are herein incorporated by reference to the same extent as if

10  each individual publication, patent, or patent applications was specifically and
individually indicated to be incorporated by reference.

It will be understood by those skilled in the art that this description is made
with reference to the preferred embodiments and that it is possible to make other
embodiments employing the principles of the invention which fall within its spirit and

15  scope as defined by the claims appended hereto. All such modifications as would be
obvious to one skilled in the art are intended to be included within the scope of the

following claims.
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90. 7

1.7

10

% MDEA 3:3:1 74 3.8 %95.7
% MDEA 10:10:1 66 3.0%96.6 0.6% TVMDAB 3:3:1 87 1.3
5:5:1 87 w0.2600®9726 0.1

% TVDAB 10: 10: 1

Table 1. Duration of CO, bubbling required to separate THF from aqueous phase

comprising additive, and duration of N, bubbling required to recombine THF and the

aqueous phase

Additive Time of CO; bubbling to get Time of N; bubbling to get
phase separation at 25 °C RT phase recombination at 50 °C
(min) (min)

DMAE ~30 ~90

MDEA ~30 ~30

THEED ~30 ~60

Table 2. Amount of THF separated out of aqueous phase comprising additive and

amount of additive retained in the aqueous phase

1.5 % MDEA 5:5:1 72 0.3 %95.2 1.5
%87.1 2.1 % TMDAB
PCT/CA2011/050075

Additive Amount of THF separated Amount of additive retained
(mol%) (mol%)

DMAE 76+1.7 % 73.5+£2.0%

MDEA 74+3.0% 90.7+1.5%

THEED 67+50% 986102 %

Table 4. Comparison of abilities of 0.80 molal aqueous solutions of amine additives

to separate THF from 1:1 w/w solutions of THF and H,O and retention of amine

additive in the aqueous phase when reacted with CO;

Additive % THF Separated® | % Additive Retained™
DMAE 7006 % 98.0+02%
MDEA 61+06% 99.0+13%
TMDAB 82+06 % 99.2+0.4 %
DMAPAP 7912 % 988 +0.4 %
HMTETA 78+09 % 99.3+0.4 %

[l Determined by "H NMR spectroscopy as discussed in Example 1.
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80 0.5%99.4 0.1 % TMDAB 15:15:1 74 0.9%98.4 0.4% DVAPAP 3:3:1 78 6.1
%87.1 7.3 % DVAPAP 5:5:1 81 1.0%98.4 0.4 % DVAPAP 10:10:1 69 1.4 %
96.0 O. SVo2DMABAR715: 15:1 62 1.1 %94.4 1.1 % HVMIETAPCT/CA2011/050075

Table 3. Comparison of relative amounts of amine additive to the separation of THF
from 1:1 w/w solutions of THF and H,O and retention of amine in aqueous phase
when reacted with CO-.

Additive THF:H,0:Additive % THF Separated™ % Additive Retained!®
(W/w/w)
DMAE 1:1:1 76 £1.7 % 735+2.0%
DMAE 3:3:1 85+22% 93.9+21%
DMAE 5:5:1 74+56 % 91726 %
DMAE 10:10:1 75+03 % 98304 %
MDEA 1:1:1 74+30% 90.7+1.7 %
MDEA 3:3:1 74+38% 957 +1.5%
MDEA 5:5:1 72+03% 952+15%
MDEA 10:10:1 66+3.0% 966+ 0.6 %
TMDAB 3:3:1 87+13% 87.1+21%
TMDAB 5:5:1 87 £ 0.6% 996+0.1%
TMDAB 10:10:1 80+0.5% 99.4+01%
TMDAB 15:15:1 74 £ 0.9% 98404 %
DMAPAP 3:3:1 78+6.1% 87173 %
DMAPAP 5:5:1 81+1.0% 98404 %
DMAPAP 10:10:1 69+14% 96.0+0.8 %
DMAPAP 15:15:1 62+11% 944+11%
HMTETA 3:3:1 80+£4.0% 956+1.5%
HMTETA 5:5:1 80+£3.0% 984+12%
HMTETA 10:10:1 70£13% 98.0+1.0%
HMTETA 15:15:1 65+4.9% 98203 %

[ Determined by 'H NMR spectroscopy as discussed in Example 2.
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3:3:180 4.0 %95.6 1.5 % HMIETA 5:5:1 80 3.0 %98.4 1.2 % HMIETA
10:10:1 70 1.3 %98.0 1.0 % HMIETA 15:15:1 65 4.9%98.2 0.3% [al

Det er m newlolzg112097MWR spectroscopy as di scussed i n ExanplPeTZA20Mé50078i m 1.
A systemfor controlling the amount of dissolved salt in an aqueous m xture
conprising a conpound which reversibly converts to a salt upon contact with
an ionizing trigger in the presence of water, the conpound having the
general forwdlcain2 RINR3(1) where Rl, R2, and R3 are independently:

1. A system for controlling the amount of dissolved salt in an aqueous mixture
comprising a compound which reversibly converts to a salt upon contact with an

ionizing trigger in the presence of water, the compound having the general formula

(1):

N

where R", R?, and R’ are independently:
H;

a substituted or unsubstituted C4 to Cs aliphatic group that is linear, branched,

(1)

or cyclic, optionally wherein one or more C of the alkyl group is replaced by {-
Si(R"%),-0-} up to and including 8 C being replaced by 8 {-Si(R"%),-0-};

a substituted or unsubstituted C,Si;, group where n and m are independently
a number from 0 to 8 and n + mis a number from 1 to 8;

a substituted or unsubstituted C, to Cs aryl group wherein aryl is optionally
heteroaryl, optionally wherein one or more C is replaced by {-Si(R'%),-0-};

a substituted or unsubstituted aryl group having 4 to 8 ring atoms, optionally
including one or more {-Si(R').-O-}, wherein aryl is optionally heteroaryl;

a —(Si(R"%),-0),— chain in which p is from 1 to 8 which is terminated by H, or is
terminated by a substituted or unsubstituted C, to C; aliphatic and/or aryl group; or a
substituted or unsubstituted (C, to Cs aliphatic)-(C, to Cg aryl) group wherein aryl
is optionally heteroaryl, optionally wherein one or more C is replaced by a {-Si(R"").-
O-};

wherein R is a substituted or unsubstituted C, to Cs aliphatic group, a
substituted or unsubstituted C, to C; alkoxy, a substituted or unsubstituted C, to Cs
aryl wherein aryl is optionally heteroaryl, a substituted or unsubstituted aliphatic-
alkoxy, a substituted or unsubstituted aliphatic-aryl, or a substituted or unsubstituted
alkoxy-aryl groups; and

wherein a substituent is independently: alkyl; alkenyl; alkynyl; aryl; aryl-halide;

heteroaryl; cycloalkyl; Si(alkyl)s; Si(alkoxy)s; halo; alkoxyl; amino; alkylamino;
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H; a substituted or unsubstituted C1 to C8 aliphatic group that is
| i near, branched, or cyclic, optionally wherein one or nore C of the alkyl
group i s wepbaamar2by {Si (R10)2-0O) up to and includi ng gcTdeIngseEpl aced

by 8 {-Si (R10)2-0-); a substituted or unsubstituted CnSir,-, group
where n and m are independently a nunber fromO to 8 and n + mis a nunber
fromlto 8; a substituted or unsubstituted C4 to C8 aryl group

wher ei n ar yikdnglamitol @mablamubnﬁ& ey @aky! thio&pér &Rﬂ&drb’on%@lkﬂbéib&ﬂ%x@r more Cis
repl aced by i S%FR%]O?/ X% | E’ | ubstituted aryl
group havi 42" %Lrﬁ PHRRYOHEY ﬁ’éﬂaﬁvn}'%’l ﬁ%fPﬂbat Eoﬁfa%?%

{- Si (R10) 2-@mihocaviveyiealkyitaiogrbors/l; aptdimen ahdsphatet phosgeatd gstea; - ( Si (R10) 2- 0) p-
chain in s term nated
by a subsmr&?e@n% %Hr?ggl?oi.att% Q:y%owg%@mhé&%rgunﬂ}dtﬁgcﬁé"% or Itg’ro group; or
a subst i t utle@cypPoyIt Hihiecthaxdate Grifplg: Tlfatgl $Lﬂfﬁ%ﬂt? Spfge; tsé'f%m&eyl ) group
wherein ar yjird, %utﬂ@tdz%arhété/ro&y%tyﬁlémef ¥kter; @m&dnodbﬂ{ahryngv\/ﬁ@ét%snthréeﬁe@6r more Cis
repl aced by a ubstltuted or

unsubstit ut%&or&lnsatt' &2‘9{5’? %ﬂatsw%stl&egway be é’B'B@tSF?SE L@ unsubstituted Cl

to C8 al koxy, a vdelert whart @dnoeasens thesinouot of dalG4 dbmreﬁﬂhanmhpmerisei naryl is
optionally | I ti J i.cal koxy, a
stbst 1t ut oo B g vieden AR ol S sBee P HRE L B AR f e

unsubst i t ut@dpgiikbRyd aryl groups; and wherein a substituent is

i ndependent | y @M‘éyém wI@éH‘@H@’dreas@kMé‘ﬂnourﬁro%alt @Hé@lre@adny%zuﬁ%ﬁepar yl;

cycl oal kyl; al k X é? al kox ﬁ{s . am no; al kyl am no;

al kenyl ani n'853' k! e'sa‘?had? ethapiy Bﬁ??’?”t ‘? ﬁ‘?ﬂd@‘i‘ H@rwmapmteaf Ban

al kyl car bongyit exyipouat yH mratohatay fomdy; al konr car bonyl oxy; aryl oxycar bonyl OXY;
car bonat e; al koxycar bonyl ; am nocarbonyl; al kyl thi ocarbonyl; am di ne,
phosphat e; phosphate ester; phosphonato; phosphi nato; cyano; acyl am no;

i m no; sul fhytisystem.gbkplisitd:o; aryl t hi o; thi ocarboxyl ate; dithiocarboxyl ate;

sul fate; sulfat Qmea%glfdcr‘ﬁﬂﬁﬁdﬁ\g Slitb R ate S érﬂ@@ﬁ‘a&'&ougllﬁufd)con%%lﬁb| e; azido;
heterocyclyl; ether; ester; “silicon-containing noieties; thioester; or a

conbi nat i onAt #tiygihat %ﬁoewéicwl?s'f’m? Senetimy be further substituted, wherein
when an InCreaSendalﬁs'fdﬂ%x;ﬁimgmﬂie ﬁihtcrs@wéwatsmd%andmqug thdj@rmﬁ@pme@hcbs exposed

tothe|0n| in.th ALEsens rotonation
of the corrpou %rtther[n pmtonat'n%vﬁ]&agl Vev@ﬁi maa %fg S%gggtﬁve !ﬁae a\'l"r%u'ﬁt of salt
i s desired, maggbleioowater-pgjultle, |quwtﬁen0m<a$tt¢nmh>ofme§mt@aate veatdrénaedasediat i s
insufficient to n?é%rﬁgﬁ{r%xﬁd%ﬁmgqma’é%dﬁ&l@éreﬂah%ﬁ’éﬂ&bie%t&%*@)%@fj in

protonated form ) onprisin nmeans for ‘providing a
swi t chabl e (a3 BshiRai%eh ('i'>sa ‘éﬁ?“&’ﬂ@é@%a'lvﬁwm('&ﬁ%?tl% HgVaYaddi tive that has

swi tchabl e ¢o(ﬁﬂi|r€ét|5ﬁ heret, Ehereby expellingBiNBniking trgg@rosem@oﬁamagw tchabl e water
to an ionizj n

res nce. o rotaonating the
ndd tive t PPapHes e R Ete ST Faiechatdt & ealhatle BeRh ARy
wat er - sol ubl e, opti¢riady, nidaes foorerarating engoimok stleted norhpdiatié Eoretteer
i ncr eases; ipTTo kNN e i i c..strength
swi t chabl e I\r/]v(z:alr'?aesredt'o (|% %tgas)tNﬁ" Bé \A%ger:p}:' hl nﬁgeﬂgg% %rﬁlﬂb tIrIgz‘s’é\'/racuum or
partial vacuum (iv) agitation, or (v) any conbination thereof, thereby
expel i ng tileA»syymrz.rorﬁgenﬁdvnr@gaereastdfﬁ@rsénb@a@bdrﬁ&uh@ﬁoﬂaracgowma@elaladdI tive and
decreasing the 1onic strength of the swtchable water; and
opti onal | y,Col‘?ﬁ’é'ﬁ'E for separating one or nore sel ected conpounds fromthe
i ncreased | oni ¢ nsdane fgcbntsating @aikilie ofadliemaperiadand tbe eXpast bhegelédtel i oni zi ng
L 99°T - erconfhomEhEILIRATENRY, Meh thEalcn e wakk EhR-c afRRYRY from a

solid materia
of water and a switchable additive in its non-protonated form, so that at least a

portion of the at least one selected compound becomes associated with the
switchable water to form an aqueous solution;
optionally, means for separating the solution from residual solid material;
means for contacting the aqueous solution with an ionizing triggerto convert a

substantial amount of the switchable additive from its unprotonated form to its
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means for contacting a mxture of solid material and the at |east one

sel ected conpound with switchable water, wherein the swi tchable water
conpri seswa2ainwere of water and a switchabl e additive POTIGAR011/050075
non-protonated form so that at |least a portion of the at |east one

sel ect ed conmpound beconmes associated with the switchable water to form an
aqueous sol ution; optionally, neans for separating the solution from

resi dual soprb@nared fbl’rmc’tﬂe,remmsfn@rth&l@ﬁlb@ﬁérigﬂgofttthlﬁsvﬂt‘dh@ﬂ)élﬁat&pédé{ti on with an

i oni zi ng tr ert nve subst ant i chable additive
Fromite urBratenaree e T EorE A rARY PhafrorRar By erhERtas ng « he

i onic st rentgtehsetybteu mempwnldc:hmibal oot l@uidarid sé oommdrinigg éhetinegsed $mid | qui d

m xture havgt%g @ shldrs |elv\;agé1u %dphase conprising the at |east one selected
conmpound, an % second |1 qui d phase conprising the increased ionic strength
swi t chabl e wat ermeaaar seRAAING dre &gaak ene Sel§cted eompoynddiom the Brstliguide t ed
conpound frgyxpsghe first liquid phase. 4. The systemof claim3 for
cleaning solid particles that are contam nated by the at | east one sel ected
conpound, wherein all or a portion of the at | east one selected conmpound is
sol ubl e or 4n B dybtemi af claine3 &wicleetiad baid wattieles mnaraicnmtalginbiee bpdire-gdr ot onat ed
additive a scible in the increased ionic strength

swi t chabl qu\%tgﬁgwgédeed mrpelmr]la the solid particles are insoluble in the

swi t chabl e wat ewhetsin all ¢fiarRpriionef the et lspgtonaseleciedermrauveis salvllewier ei n t he

system conpgissigie |m@@§ntéh%le'm%@r%rﬂté‘ugméh\% rﬁaﬁlﬂr&{orﬁb?éof ddeltios akdRE&imOM  and
optionally Cﬁﬁ%#@lﬂeng neans collectin | east one sel ected
|

conpound frY the '”‘i“?ﬁ???l'oﬁﬁégéngth @N'%*?ﬂ@e §’9‘§f@ﬁ9&‘f‘e@lr‘él“?ﬁ%d wher ei n
i sol at ed sopdrtitlgzaird inediaise mrtee sutzabimavarl l:qntefumegath@fnoh betalatddeadstiveone

sel ect ed Coém%%g in th?ls(ggq?r%&&l%ﬁﬁs%m ean$ Pla‘lngof gond\r'ggﬁlcf%' rhetrer?t% at |east one

sel ected corrpou omt PS'SSUBSt anti al | y
pure. 7. Té@ systemof claim3 for use in |soI ation of one or nore

conponents of ag Mnfé’dmﬂrﬁﬁgﬁﬂe%s%?Qol@&iﬁfgtth&él@éds}’or%%c{e%' ng: means
for adding reagents of the chemi cal reaction to the system wherein at

| east one cOAHPOHEh{OBHNG e lGHEMN8% reaction is soluble or miscible in the
swi t chabl e water contai ning the non-protonated additive; and nmeans
for collectj e cQ nent.s of. the c onfromthe
rrst 1 qui i TRt 8o BhERREPARE B afrnt” S DETRiRly RAEMT across a
menbr ane, cadmgasi memlecadsempotp@r meabl e nmenbr ane; a switchabl e water
conprising an additive having a swtchable ionic strength on one side of
sai d sem - permeabl e nenbrane; neans for contacting the semn-pernmeable

nmenbr ane wi & hTecetestqf 63k 4 aR% WisTein the at least SRR SeIReLeRPRER] fRyestad

swi t chabl e fyéh ke fivét liduidphdsen stbiantlally @ger to ionize the additive and
t hereby increase solute concentration in the swi tchable water and nodul ate

the osnotic gradient. 9. The systemof claim8 for use in a desalination
process or a Testyeteeita claimedriod use indsvlghipo o®®.or more components of a

chemical reaction and additionally comprising:

means for adding reagents of the chemical reaction to the system, wherein at
least one component of the chemical reaction is soluble or miscible in the switchable
water containing the non-protonated additive; and

means for collecting the one or more components of the chemical reaction

from the first liquid phase.

8. A system for modulating an osmotic gradient across a membrane, comprising:

a semi-permeable membrane;

a switchable water comprising an additive having a switchable ionic strength
on one side of said semi-permeable membrane;

means for contacting the semi-permeable membrane with feed stream; and
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10. A desalination systemconprising: a sem -perneable nenbrane that is

sel ectively perneable for water; a draw solution conprising an additive
havi ng swochaloe727oni ¢ strength and wat er; means PCOrCA2ntIvose0I8i ng an
ionizing trigger to the draw solution to ionize the additive; means
for contacting the sem -perneable nmenbrane with a feed stream of an aqueous
salt solution to permt flow of water fromthe aqueous salt sol ution

through the sem’me@ﬁéma&«\t@cuﬁgtmrsanehaibrhtmt&Mthcbrnamﬁ.@d tbded o iemBEPr i si ng the

d dd t t h ddi t f
the water hg pdiveltid B iFeash sl ARt rart puchat P SO SR Ut o,

conpri si ng: madmmhememnmhaemtenbrane that is selectively perneabl e for

wat er; a draw sol ution conprising an additive having switchable ionic
strength means for introducing an ionizing trigger to the draw solution to
i oni ze the Qdapeysiem of claim 8 fapyaedn p gpsabingiicn RIICATH AiRevastatiaigher neabl e menbr ane
wth a feedrem@a,gfpdn@@cetsge dil ute aqueous solution to permt flow of water
fromthe dilute aqueous solution through the sem -perneabl e nenbrane into

t he draw solution conprising the ionized additive; and optionally, means
for separatim ddsaliretion systeen Eangisinhe water. 12, The system of claim 11,

wherein the dil Bétsfe(gﬁ?bzﬂ%%\%@e%ﬁ’én‘r&%rﬁ'}héﬁs M&#@éﬁ%e‘%eabl&?& %@? system of any

one of clains 1 erein e neans renovi n e ‘additive from

t he wat er conpr ias#aw golptiapecererigiRhsaddityg badng SWItPhablel'hélC§SV%rtgéhwftﬁf any one of
claims 10 tpyd, wherein the rreans for renmoving the additive fromthe water
conpri ses: nmeans for elling the ionizing trigger fromthe m xture

of the draw sol d?%aaﬁf%ﬁme\mr@r IgNIZRPIGIY A tE df%goélﬁﬁp 998z W84 neans for

separati ng ddueivelepr ot onat ed additive fromthe mxture. 15 . The system of

ol aim 14, “aner el 4 0% T5ANSn) e ERRLH-LRE oBARRIALRA SeLAAdLA ve from

the m xture conpri deptotonated additive
by decant i nefluepust a8 sdetirnae oamiywad diater (femmse quﬁi)l@cﬁlablseluwntthroum er; or

nmeans for fhbteni ﬂéﬂn&ib?e Aerbaho e @d apdddidi¥e corhprshig tileiBriodLnat ed addi tive
is insol Ublaeddlutucemé%der

optionally, means for separating the additive from the water.

11. A system for concentrating a dilute aqueous solution, comprising:

a semi-permeable membrane that is selectively permeable for water;

a draw solution comprising an additive having switchable ionic strength;

means for introducing an ionizing trigger to the draw solution to ionize the
additive;

means for contacting the semi-permeable membrane with a feed stream of
the dilute aqueous solution to permit flow of water from the dilute aqueous solution
through the semi-permeable membrane into the draw solution comprising the ionized
additive; and

optionally, means for separating the additive from the water.
12. The system of claim 11, wherein the dilute aqueous solution is wastewater .

13. The system of any one of claims 10 to 12, wherein the means for removing the
additive from the water comprises a reverse osmosis system.

14. The system of any one of claims 10 to 12, wherein the means for removing the

additive from the water comprises:
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16. The system of claim 15, additionally conprising: means for

renmoval of residual switchable water additive remaining after decantation
or filtravpanm1/@7727The system of claim 16, wherein the meama2barosesoval of
resi dual switchable water additive conprises a reverse osnpbsis or
nanofiltration system 18. The system of any one of clains 1 to 17, wherein
the ionizing trigger is CO2. 19. A nethod of desalinating an aqueous salt

sol ution conpri smenﬁst&nexﬁdlmgmmmzm%mgg?rf.(oawbth?mwrdgﬂtﬁe AraSeIBIUtiBe _rrgabl eOI
or water an as on one sl de a draw

menbr ane t hat electiv per

sol ution co?‘Pﬂr"Yai? %Ot%ag?%e\fgd'ﬁ\é iPAY switchabl e i onic strength;

(b) contacting tnh@ndfcmmematlm'mtmé\prcttdmamd ddditive frorg thermigiges: t o 1 oni ze t he
additive before or after association with the sem -perneabl e nmenbrane,
thereby increasing the ionic strength of the draw sol ution; (c)

cont acti ng thelhgsistepef paidbl4e Whekivrtbh@eans far seraatien ¢ fepiptopated he aqueous
salt sol utlm,t,t,@fr@,ertﬁg ﬁ'nxm &mpri@ed:| ow from the aqueous salt solution

t hrough the sem - perneabl e renbr creased nic strength draw
S0 ut Lon: and - T4EHS Y SPrRB I A PRI ALY DY FEATTELURT | ng o Fured dr aw
sol ution. 2deprotomasidreniditios |scmmcse|btervaﬂhmmgeraord| | ute aqueous sol ution
comprising the SheRs fiterng e achIAERY A% R Gh oRAEMEARLATENDT ane that
is selectively perneabl 8¢ Fas on one side a draw sol ution
conpri si ng iaselebtRiin Wates. haV| ng switchable ionic strength; WO

2011/ 097727PCT/ CA2011/ 050075 (b) contacting the draw solution with
an ionizing tri er to ionize the additive before or after association with
the seni - pelSedhl ééStﬁ'ﬁr?f)F'é'H’ew ARty qomPriEag; ng the ionic strength of the
draw sol ution; means for rdrogvacanésidiiai svdtchdide B&Bl adaeiveeafdiengatdbr ane with a
feed strea aqueous solution to permt water to flow fromthe
dilute aqugaoe(l%smét'q%u%ﬂ’"%g}lrough the sem - perneabl e nenbrane into the

i ncreased ionic strength draw sol ution; and (d) optionally,

renmovi ng t hey agdist g of Lgim 1 fHLkinNge ﬁinlz-:-!ar\alstf@fdreFliﬂb@é/i"ofst‘é%lH&éI9\'7\)|*tcha@k1h The net hod
of claim19 or 20, wherein step (d) conprises reverse osnosis. 22. The

method of CYAPTAYMEVSFODRIIsCHAEVEISH OTREHS PHENGHHION F¥s!$8- | i scible with

water after removal of the ionizi ng trigger, step (d) corrprl ses decanting

the additiv f{h%mthe eol ut i el cla|ms1t ?e rret e|o 2| a rgr19 r 20, wherein
AW ML RIS WP & WP 'laq 8¢ %%iomzmg

when the adih tive's'ETioh
trigger, step (d) conprises filtering non-ioni zed additive fromthe

sol uti on. . s sol ution,
o |9 . R A Pt 24458, QUSBLUL A A SRS, SO L °f

or a conbi nati or@k heP@d'Id'”g;i‘rﬁ?métHerﬁdéP'?|rﬂﬁé"btr‘?1'§tth%dﬁﬁﬁ'qcﬁ‘é‘9§,y REMPERIRL one _
nitrogen at@ﬂWétBﬁéndlk&s%Hfoﬁé gitieatdtaw Mﬁ.bﬁc@rﬁprtsmwn%dn@é efingy carbonic acid;
and C@ | g @ ﬂbl on of two conponents: a first conponent that
conpri ses a?’(”l e iRgce f the additive wherein the nitrogen atomis
protonated and dpti onaithofing thetdeany s@utidnavit @o oomizirgdngoenritnizenthe conpri ses t he
sol ute, additive before or after association with the semi-permeable membrane, thereby
increasing the ionic strength of the draw solution;

(c) contacting the semi-permeable membrane with a feed stream of the
aqueous salt solution to permit water to flow from the agueous salt solution through
the semi-permeable membrane into the increased ionic strength draw solution; and

(d) removing the additive from resulting diluted draw solution.

20. A method of concentrating a dilute aqueous solution comprising the steps of:

(a) providing a semi-permeable membrane that is selectively permeable
for water and has on one side a draw solution comprising an additive having
switchable ionic strength;
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wherein the solute is not reactive with the additive, CO2, COS, CS2 or a
conbi nation thereof. 25. The nethod of claim 24, wherein the additive is a
conpound wb 2bavasmiza (1), R2 RINR3(1) where Rl, R2, andPR3B/(a2e11/050075

i ndependently: H; a substituted or unsubstituted Cl to C8 aliphatic
group that is linear, branched, or cyclic, optionally wherein one or nore C
of the alkyl group is replaced by {Si (R10)2-O} up to and including 8 C

bei ng repl aced k) 8 {:OI’&C&IR@-%%‘F@N }olutlon with an |cﬁ1|z$1¢bﬁédeﬂbt|&dzé)the unsubstituted

CnSir, -, endent 0O to 8 and n +
m s & hunoRHRY B o g astbddin WAL FBEBEE P Il SRR ASEHEEFP U od o1 to Cs
aryl group mtreasngthaioplc strsngipof tomeialvsotugerer oaryl , optional | y wherei n one or
more Cis repl a(@d onﬁtacﬁhg%%%l Ber}n’e ble membran% \AﬁtHQSfEéOFHFeg o(?'fhe
unsubstituted ar rou vin 8 ring optionally 1ncluding one
or nore {- si"etamyzote ?'Ut'%@rpérrﬁt \&@tﬂ t°|f|§W<ffS't”|tbﬁé‘luF%/a%@P@rW'W a

- (Si (R10) 2- tﬂbolagh ﬂw'@%lemu b&tmaBbIE hembianelint® tendréas8d WRicGhehdih bRWM nat ed by H,
or is termn y a substituted or unsubstituted Cl1L to C8 aliphatic
and/ or arylsog'll'8’ﬂrr?” or a substituted or unsubstituted (Cl to C8
al i phatic)-(C4 t(@ C8optiophl)y, gmovingwWieeadelitine &oyiIresuiing gilutexhdral wolotdrer oar yl |
optionally wherein one or nore Cis replaced by a {-Si (R10)20-);
wherein RL is a substituted or unsubstituted C1L to C8 aliphatic group, a
subst i t ut edRlorTharralinst 4f clatne i @120 wheginzgtddd tcomprisefysYEreqI0 b sisr
unsubstituted C4 to C8 aryl wherein aryl is optionally heteroaryl, a
substituted or_unsubstituted aliphatical kox a substituted or
unsubst i t uted EEiHRAG L3y 9 R0 Wherghatep ¢ eRfidiive FAamESPlEitted al koxy- aryl
groups; andNater after remwligirothie iehisnyxsddelr Letat (d) Sonmpridepandetmyltye acrlitky | ; al kenyl ;
al kynyl ; f¥om ar Xllutu?al i de; heteroaryl; cycloal kyl; Si(alkyl)3;
Si (al koxy) 3, hal r1<oxyl am no; al kyl am no; al kenyl am no; am de;
am di ne; hydroxyl; thioet her al kyl car bonyl ; al kyl car bonyl oxy;

aryl car bony3pxye ﬁlal#sewfc@é.#aqmek %theﬁar Mlvﬁl%iMﬁ@Fa@d?ﬂbé'uQMolukﬁ@fn%ﬁ@t €,
al koxycar bonyl ; am nocarbonyl ; al kyl t hi ocar bonty di ne, phosphat e;

phosphat e &¥ é@m%ﬁ'ﬁﬂﬁdﬁﬁ%"ﬂﬂtr'%sﬁ?ﬂ QatBnPriesH ‘6””9&'&% '8'?1‘1’-‘??03 diti¥% no;

sul f hydryl ; framh tglsbhotien. aryl t hi o; thi ocarboxyl ate; dithi ocarboxyl at e;

sul f at e; sul f at o; sulfonate; sulfanoyl; sulfonamde; nitro; nitrile; azido;
het erocycl yl; ether; ester; silicon-containing noieties; thioester; or a
conbi nat i onk4 Hemethbg obsegaiatingib salite fremtanregyedys sbiutierheemprisigt i t ut ed. 26. The
met hod of clai mc%ﬁ'ngfﬂfng?ﬁanm rShdlet BRGRIELNICHE Idd, BPY cftlliof OMP! | Ses:

formng a mxture g@ ditive to an aqueous sol ution that

conpri ses ttH%regfoPrﬂH@“ad&ﬁUe hﬁ%risﬂﬁatt'?%t ARedtieaen whtheidp suftigently cs2 or a
conbi nat i onpdsltas e@fgrotonat%d byRerbomt Bad @b cl aim 24 or 25, wherein the

conbi ning in any order ure tﬁa//ﬁtadd the solute to

g
oo o o s S Sos TR o F cpmBeTanl e Rt N B e Ses Ot or
a conbi nat i iomizédfemeoffthe _aam_hilvad\dheregw thé eitragkeh dtorads pr%natemenmmihmilyof claim 24
or 25, Vmer\ﬁétf‘u%k?agé)dm& %rﬂ&;n'eﬁ‘ttﬁél)(:oﬁ’uf)ﬁ?e%t Ol ses: formng a mxture by

addi ng the solute to an aqueous solution that conprises the additive; and
contacting the Mhefain Bewplbte oy reacths withghe gedityeceRbiGvat Co&n ot her eof .  29.
The net hod @mpaiayorPiereef clains 24 to 28, wherein the at | east one nitrogen
being sufficiently basic to be protonated by carbonic acid is the at |east
one nitrogen having a conjugate acid with a pK, range from about 6 to about
14. 30. Thexaretheoaktiofd of kclainm24L Whewdirethe dditivieas p Kormbauad géfoirsulabiout 8 t o about
10. 31. The nethod of claim24 or 25, wherein the conbining in any order
conprises: adding a m xture conprising the solute and the additive to an
aqueous sol ution that conprises BE2, COS, CS2 or a conbination thereof.

N
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32. The nethod of claim 24 or 25, wherein the conbining in any order
conprises: formng a mxture by adding the solute to an aqueous sol ution

t hat conpwO=es/@C2;7 COS, CS2 or a conbi nation thereof, ant/cddigod7he
additive. 33. The nethod of any one of clainms 24 to 32, wherein a m xture
of water, the solute, and the additive is a honogeneous liquid. 34. The
nmet hod of any one of clains 24 to 32, wherein a mxture of water and the

i oni zed form of the additive is a honogeneous liquid. 35. The nethod of
any one of crlla 3%332 vvhergr@ a mxture of water and the ionic form
of the addi%" ‘Vé GENBHSRENIEN3E " The met hod of any one of claims 24 to
32, wherein a mH(ture of water and the ionic formof the additive is a

sol id.  37. The gg tpagd Bf RNk Ofo € BB colPndfis iaETEiRnLdIC SOl ute
is soluble or nmisciblein]lowionic stren ous SO tlons and is

i nsol ubl e O Cy¢lFi GRIPRAI WhAreHs QR eF mocﬁﬁ@ft@@nal#wmwpaw@@egd Bl utions. 38.

The net hod 9f{r'gnY- }Q@Qo ahd mkiading s 2heir rgﬂacefjllb&@'{%l(ch?p@J}l sing isolating the
first conponent,

b COMBOTE o SR RERSE ki Sl et R ™

non-i oni zi n@ndmbeyfrem 0 te 8(an} nheratls,a QumBer &ofml1usidi ng gas, (iii) a vacuum or
partial vacuum 39. The
met hod of claim géﬂg;t\/\/ﬂgérl Ee)%sﬁ%’gl OQC“% Cﬁgﬁuﬁgg@\g@eﬁ%'h% E%ﬁ{'&% fecant i ng,
filtering, rmteraarwoﬂmion@lbnv@ﬁrenm@reezﬁrnore g0s replaeechit (IR o C)zainy one of clains

24 to 39, wher e'ar'subElﬁut@éﬂQH GdsM&tulu?edVﬁyt/l%qu%%M%@tc% n?é&l t6h3 erﬁ&'lalFN/e 41. The
nmet hod of anévone of clains ditive is

39,
wat er - i nsol QPYEGPNEMEE |- W&épb}l whereﬂ?ry'wt'ﬂ%ad'}ﬁaﬂe@ﬁ%| aim41, further
conprising isol am(eg?*ﬁ)@e)pf-lchsh IrCWITPoP &ffom Atdds Bhikh i@ edrinm@tddtbytH) ofiis
non-i oni zi [ ayvi h in the
additive i gtgb"ﬁmécqgg&ha EL& |t9{e'a10?u Su)é%tglggd Bﬂ? r?%t"é]ﬁg??g @?ra% %%and t he wat er
i s predom nasibisitulsd ot HMSUbﬁMGWQ1M fis allpbatseoriel Cph@b@rouam@ewrreareh n the
non-ioni zi ng obﬁdnglﬂﬁ{eté@a I aptlbﬁ'@rﬁ/wh@f'e'lr)or% ertr@re?@@ed dyld {-giEyyacuum or
partial vacuum (i'v) agitation, (v) or any conbination thereof. 43. The
net hod of cPa&i m 42, wherein the first phase is separated fromthe second
pEase bK gen;rl }‘m@ngmd@@amsmngd ofUrhstuBﬁtltlngd Cpto @ alishdat g@up.an thergofI 44,
The method 0 arm sesrrmn esi dua
addi t e 1 romriiEY Sbdiertlhala S ehBR o IR R SRR g
nanof i | t r atargrwhereir aylgs gIGlooslde@leﬁoarylAaSsubﬁtetecket rsdb gitutechglipbatis- of cI ains 24
to 39, Wherﬁkd&y@&bbﬂﬂt‘eﬁ%ﬂuﬁsﬂ%ﬁ‘t&ﬁéd éngﬁat%da(#yltdr‘é%ui)éud@@& &hinS@sHiated or

wat er - m sci ny one of ainms 24 to 45, wherein
number of n¥kR¥-apf 9REREAY n t he aqueous sol ution and nunber of noles of

basi c Im t r09927IV\Fh_IqF]é’I€a agkdtifubmes .haeﬁeh@ermgwm@uagksmh leikyﬁﬂ :i4rgl &pv\ﬁfamré mat elmxg
equl va ent e N al 1. t erern nu er
of moles of "SNP Fyﬁlogﬁél gg%@hhg'(é%?)ﬁ L %O aLk AN E E“"SU/‘E\Q number of nol es
of basi ¢ nidlkenglamirionarhide; awldiné:ihyerokyt, thihetherjaibyiessbagl; alkylcatbony8y: A met hod
for nodul atjfg,d, ocf(}/Za}['II{&yr&}d%n Iogﬁ/c'&%onwo@/l carb&{a?é‘ 'a%ﬂgar%ﬂnﬁqueous

solution having a ionic gtren an additive
t hat conpr i Fagosfbandaalkyligiearnerivh agésne: RBAsP %teQQPPﬁW*@Fee?ﬁEqry basic to be

pr ot Onat ed @%s@ﬂfnb@nplﬂbsﬁlﬁhéio cyano acylé}‘*ﬁ]ﬁ\& ﬁ%ﬁl‘hb rh@llflﬁ)}%lﬁ/l Wﬁ’rﬂé}% foution with
t her eo itive and raise

Che i om e STPERBERD SHE e bR M e St sRrBegiFe gt
subj ecti ng ritne ngdik LHZldonhdnamyngl ther; estensiticdnerontirdty recigtiels; thioegtely oheat, (i)

a flushing Qé‘oﬁnbu(dnbh he oY%ﬁHH@L?JmLBﬁMb o XMW bsriied agi tation, (v) or

any conbi nation thereof; 'and reformng e aqueous sol ution haV|ng t he
first ionic strength.

26. The method of claim 24 or 25, wherein the combining in any order comprises:
forming a mixture by adding the additive to an aqueous solution that
comprises the solute; and
contacting the mixture with CO,, COS, CS; or a combination thereof.
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49. A nethod for destabilizing a dispersion or preventing formation of a

di spersion, conpri sing: conbining in any order to forma m xture:

wat er; a weterr/iomzrsci bl e or wat er-i nsol ubl e i ngredi ent pCarcAazaddiosoore t hat
conprises at |least one nitrogen that is sufficiently basic to be protonated
by carbonic acid; and CO2, COS, CS2 or a conbination thereof; and

allowing the mxture to separate into two conponents, a first conponent

conpri si ng therngamhedtiod dmiawizbbrezd Wﬂér@ﬂitl@@&onﬂﬂdn@m%ﬁfisﬂadr &iﬂfﬁﬁ@é‘eﬁnt
conprising water_and an. e met hod of

O € A B B o e LB L i sy "o b
ingredient is a cbntqctlng tiger mixtusipigy CO}, AQSAICSE bua dombitdetion Firesofrentiod of cl ai m
49, wherein the gﬁ{ Seldﬂﬁlvé s a reverse enul sion and the water-imm scible
ingredient is a do a supercritical fluid. 52. The nethod of claim
49, wherein the d| sper5| on is a foamand the water-imm scible ingredient is

a gas. 53. Jhernamhdiesh Aliafh 24 bt ZBOwnhybRried ébrﬁmﬁngjlh%ﬁ?br%bpébnipﬁ?ls@s suspensi on
and the vvater-lr}[msm le.in t hod of any one

oo e 1 o T a by finaths bl o aeous sape Bl STt ant . Coe.
The net hod toé additveoarel of clains 24 to 54, wherein the additive is: NMDEA

gf’\tjlng?nh%l)bgi SLQ%BR%E%Q&%Q[XNTW& éQtdr\éaet ﬁy é\lionilﬁ'ﬁjgt'am ntt)l%)ut ane) EPDAB

(N'N -diethyl -N'N -di propyl-1, 4-di am nobutane) THEED (N, N, N,

N -tetraki S§2-Thechheamoueds By aneetﬁflﬁbékn@d"@ﬂtio@@i Wrein MARARst one nitrogen
(1- [b| s[ 3- (di net higl am no;ctgrog%l am noj - ropanol ); or HMIETA

(1,1, 4,7, 10°°1sL fYEEIZAREN bR P@H@e/éﬁrﬂoa Ay Is thipgdeast one nitrogen

(N1, N1- (butme.gja cbnjdyathatia (vMith alNB, NBgé rrbmbbylﬁpb@p@,meu 3-di am ne)

Met hyl at ed pol yet hyl enei m ne CHTDVA (1 ,1',1"-(cycl ohexane-1

, 3, 5-triyhtris(N, N, -di net hyl net hanam ne) 56. The nethod of any one of

clai ns 24 t3¥. SHhe meieadedf glainhed. ivdiared the panaéngelealkaddl® td akeut ¥0.a conpound of
formula (2): R2 NHeOEBCH R1R3(2) wherein R1, R2, and R3 are as defined for

t he conpound of fornu (1) inclaim2, and Eis O, Sor a mxture of 0 and
S. 57. Use df Fﬁe"”%%ctdrﬂﬂﬁ'atﬂ Z%Praﬁ%NB@e'”f“EﬁC%@'@”%@ a@()?rde%‘pé'ﬁescsz 58. Use
of the nethod ofadgihgamitibre comprisied 6 ko10@ d0the LdMbvero daSueous

solution that comprises CO,, COS, CS; or a combination thereof.
32. The method of claim 24 or 25, wherein the combining in any order comprises:
forming a mixture by adding the solute to an aqueous solution that comprises

CO,, COS, CS; or a combination thereof, and adding the additive.

33. The method of any one of claims 24 to 32, wherein a mixture of water, the
solute, and the additive is a homogeneous liquid.

34. The method of any one of claims 24 to 32, wherein a mixture of water and the

ionized form of the additive is a homogeneous liquid.

35. The method of any one of claims 24 to 32, wherein a mixture of water and the
ionic form of the additive is a suspension.

36. The method of any one of claims 24 to 32, wherein a mixture of water and the
ionic form of the additive is a solid.
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59. Use of the nethod of claimb56, for chemcal switching. 60. Use of the
nmet hod of claimb56, for deactivating a surfactant. 61. Use of the nethod of
cl ai m 56,wban1igontacti ng el ectricity. 62. Use of the meChath20f1/0505 m 24 or
48, for renoving water froma hydrophobic liquid or a solvent. 63. Use of
t he met hod of any one of clains 24 to 47, wherein the solute conprises a
product of a chem cal reaction. 64. Use of the nmethod of any one of clains

24 to 47 orsﬁ&heWHicﬁidtahmqeféfrc&tmmmﬂa@eameré.utﬁet@rut@@@uuus@s a
wat er - sol ubl e clains 24 to

47, Cwiher ef rMERBCLDPIII AR SRCee sty epd X e lueRt vRERABE 1t any one. of
cl ai n8 24 tloghkr jonidséergtim agueobs solutgné.urt her conpri ses conbi ni ng the water,
the solute, the additive, and the CO2, COS, CS2 or a conbination thereof,
wi th a hydrophobic |iquid, wherein after the separating step the second
conmponent c%ﬁrpTﬁtesTéﬁihftdtféahX/@n%‘ﬁﬁ@bF%z‘l togdi frtherggmpisingds Ny @9 dte f&par at i ng

wat er and acdﬂr)ﬁéhé}ﬁfw#als@bjlettmghtdo Bh@MoﬂlzmgXﬁqgéﬁtoG&Wéd SjuBsusRi@bn and a
hydrophoblc In an

|,oin
yelr ophobi coae g neERproteis e bhereta g ForaPHigHS TRRsdL B ah D an addi i ve
t hat conprisfshay ghedil} a vaveumiot pmgﬁmaatunm(lt/)ha@ttatlos @udrfangicembihgtiobasi ¢ to be
protonated hy.. §]ar boni ¢ acid; and al  owi ng separation of two
conmponent s: irst conponent that conprises an ionized formof the
additive wherein the nitrogen atomis protonated and optionally, water; and

a second C%@%@%eﬂﬁd@&fcl‘ém iwhereir B8athy a5 QRO B fiifl it igdcanthgr ei n t he
hydrophoblc liquid is not reactive with the additive, CO2, , CS2 or a

conbi nat i onfteH 86‘? corggnatipp ihefgdfhod of claim 67, wherein the additive is a
conpound of for rrula (1), R2 RINR3(1) where R1l, R2, and R3 are

i ndeDendenti(y The method %an%grhe 03%% tﬂ{t%%Q heltlgﬁ}hgsatd:dll |v<§ %(timagr s&‘aleS al i phatic

group that 1's linea I'n"one or nore C
of the al kWrV@ﬂQM‘ijQI@erepl aced by {SI (R10)2 O} up to and |ncI uding 8 C
bei ng replaced by 8 {-Si (R10)2-0-}; a substituted or unsubstituted

CnSirr, group where n and m are independently a nunber fromO to 8 and n +
mis a nunbthr fheomptiod ef agy one of claims g4 4 375 wheigindhe 8ddityRduMRieTt uted C4 to C8
aryl group inksibsd or vatetlimmsscibet i onal |y heteroaryl, optionally wherein one or
nore Cis replaced by {-Si (R10)2-0-}; a substituted or
unsubstituted aryl group having 4 to 8 ring atonms, optionally including one
or nore {-Si{ RII® RetDod of ahimridi fartikzar ghmprsingpsdlang theyfirtepmposny land

subjecting it to a non-ionizing trigger to form a mixture having two phases, wherein
the additive is predominantly partitioned within the first phase and the water is
predominantly partitioned within the second phase, and wherein the non-ionizing
trigger is (i) heat, (ii) a flushing gas, (iii) a vacuum or partial vacuum, (iv) agitation, (v)
or any combination thereof.

43. The method of claim 42, wherein the first phase is separated from the second

phase by centrifuging, decanting, filtering, or a combination thereof.
44. The method of claim 43, which additionally comprises removing residual additive
from the second phase by separation from the water using nanofiltration or reverse

0oSMosis.

45. The method of any one of claims 24 to 39, wherein the ionized form of the
additive is water-soluble or water-miscible.
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-(SI (R10)2-0)p- chain in which pis froml to 8 which is term nated by H,
or is termnated by a substituted or unsubstituted ClL to C8 aliphatic
and/ or arwD 2grig9pi27or a substituted or unsubstituted (CPCT&AZB11/050075
aliphatic)-(C4 to C8 aryl) group wherein aryl is optionally heteroaryl,
optionally wherein one or nore Cis replaced by a {-Si (R10)2-0- };
wherein RL is a substituted or unsubstituted Cl1 to C8 aliphatic group, a

substi t ut edserThdmsdiist df bl &6k &ELialrds £Btoab k\m@em AuBbEI S holék @EwaET in
unsubsti tut A to

Cubst i ut od Mo FRG ALt I A0 APT gheeed vty B e Fedlved BF ° *

unsubst i t ut apieads gpheivm -appypkimataly eaqusmlestl t ut ed or unsubstitut ed al koxy- aryl
groups; and mherein a substituent is independently al kyl ; alkenyl;

al kynyl ; ar aryl - hal i de; heteroa cycl oal kyl; Si(al k 1) 3;

Si (al koxy) 7 hTéﬂlecEﬂe”éﬂdI&SﬁW Oneaff'ﬁcﬁbﬂs %‘?/tl‘é%ﬁa‘ﬁ"ierﬁ@” nannk@rgf/mkhsﬁ watghinde;

am di ne; hYtﬂé axdous gdnumt.m rexce&sls. l6Vd rer@mBent ol el f Bh SR PETENiME;

aryl car bony car oxy; aryl oxycarbonyl oxy; carbonate;
alkoxycarbdﬁﬁﬁxéﬁﬂbﬁ Pb%ﬂ@ﬂ%”alkylthlocarbonyl ani di ne, phosphat e;

phosphat e ester; phosphonato; phosphi nato; cyano; acylam no; im no;

sul f hydryl u‘fgfala'ét‘%gh% ﬁyfrona%{llaﬁ@gg Etnaln ﬁaE&ﬁ[ﬁnyn te; dithiocarboxyl ate;

sul f at e; am de; nitro; nitrile; azido;
het erocycl yl ; etPeMdingedit asiueous ﬂoi%@hh@maaﬁrﬁllm ﬁ@ln@fhce@]ori%iﬂrﬂ wideter; or a
combi nat i oNaghrREtive MBCcomprisdisdtidadedie ntRY e hal idisLMBENtHWASE td sy ed.
protonated by carbonic acid;
contacting the agueous solution with CO,, COS, CS; or a combination
thereof, to protonate the additive and raise the ionic strength of the aqueous solution
to a second ionic strength;
subjecting the solution having the second ionic strength to (i) heat, (ii) a
flushing gas, (iii) a vacuum or partial vacuum, (iv) agitation, (v) or any combination
thereof; and

reforming the aqueous solution having the first ionic strength.

49. A method for destabilizing a dispersion or preventing formation of a dispersion,
comprising:

combining in any order to form a mixture: water; a water-immiscible or water-
insoluble ingredient; an additive that comprises at least one nitrogen that is
sufficiently basic to be protonated by carbonic acid; and CO,, COS, CS; or a
combination thereof; and

allowing the mixture to separate into two components, a first component
comprising the water-immiscible ingredient and a second component comprising

water and an ionic form of the additive.

50. The method of claim 49, wherein the dispersion is an emulsion and the water-
immiscible ingredient is a liquid or a supercritical fluid.

51. The method of claim 49, wherein the dispersion is a reverse emulsion and the
water-immiscible ingredient is a liquid or a supercritical fluid.
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52. The method of claim 49, wherein the dispersion is a foam and the water-
immiscible ingredient is a gas.

53. The method of claim 49, wherein the dispersion is a suspension and the water-
immiscible ingredient is a solid.

54. The method of any one of claims 49 to 53, wherein the mixture further comprises
a surfactant.

55. The method of any one of claims 24 to 54, wherein the additive is:
MDEA (N-methyl diethanol-amine);
TMDAB (N, N, N’, N'-tetramethyl-1, 4-diaminobutane);
TEDAB (N,N,N’,N’-tetraethyl-1,4-diaminobutane)
EPDAB (N,,N'-diethyl-N,,N'-dipropyl-1,4-diaminobutane)
THEED (N, N, N, N'-tetrakis(2-hydroxyethyl) ethylenediamine);
DMAPAP (1-[bis[3-(dimethylamino)]propyllamino]-2-propanol); or
HMTETA (1,1,4,7,10,10-hexamethyl triethylenetetramine).
MeSpe (N',N'-(butane-1,4-diyl)bis(N',N°, N*-trimethylpropane-1,3-diamine)
Methylated polyethyleneimine
CHTDMA (1,17,1”-(cyclohexane-1,3,5-triyl)tris(N,N,-dimethylmethanamine)

56. The method of any one of claims 24 to 55, wherein the ionic form of the additive
is a compound of formula (2):

R2

NH ©EscH

o g

()

wherein R", R? and R’ are as defined for the compound of formula (1) in claim 2, and
E is O, S or a mixture of O and S.

57. Use of the method of claim 56, for sensing CO,, COS or CS..

58. Use of the method of claim 56, for detecting CO,, COS or CS..
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59. Use of the method of claim 56, for chemical switching.

60. Use of the method of claim 56, for deactivating a surfactant.

61. Use of the method of claim 56, for conducting electricity.

62. Use of the method of claim 24 or 48, for removing water from a hydrophobic

liquid or a solvent.

63. Use of the method of any one of claims 24 to 47, wherein the solute comprises a

product of a chemical reaction.

64. Use of the method of any one of claims 24 to 47 or 63, wherein the first

component further comprises a water-soluble catalyst.

65. Use of the method of any one of claims 24 to 47, wherein the solute comprises a

catalyst.

66. The method of any one of claims 24 to 47, wherein combining further comprises
combining the water, the solute, the additive, and the CO,, COS, CS, ora
combination thereof, with a hydrophobic liquid, wherein after the separating step the

second component comprises the hydrophobic liquid.

67. A method of separating water and a hydrophobic liquid from a mixture
comprising water and a hydrophobic liquid, comprising:

combining in any order: water; a hydrophobic liquid; CO,, COS, CS; ora
combination thereof; and an additive that comprises at least one nitrogen atom that is
sufficiently basic to be protonated by carbonic acid; and

allowing separation of two components: a first component that comprises an
ionized form of the additive wherein the nitrogen atom is protonated and optionally,
water; and a second component that comprises the hydrophobic liquid,
wherein the hydrophobic liquid is not reactive with the additive, CO,, COS, CS; or a
combination thereof.

68. The method of claim 67, wherein the additive is a compound of formula (1),
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R2

R1/ N\RC’*

where R", R?, and R’ are independently:
H;

a substituted or unsubstituted C4 to Cs aliphatic group that is linear, branched,

(1)

or cyclic, optionally wherein one or more C of the alkyl group is replaced by {-
Si(R"),-0-} up to and including 8 C being replaced by 8 {-Si(R'),-0-}:

a substituted or unsubstituted C,Si, group where n and m are independently
a number from 0 to 8 and n + mis a number from 1 to 8;

a substituted or unsubstituted C, to C; aryl group wherein aryl is optionally
heteroaryl, optionally wherein one or more C is replaced by {-Si(R'%),-O-}:

a substituted or unsubstituted aryl group having 4 to 8 ring atoms, optionally
including one or more {-Si(R').-O-}, wherein aryl is optionally heteroaryl;

a —(Si(Rm)z-O)p— chain in which p is from 1 to 8 which is terminated by H, or is
terminated by a substituted or unsubstituted C, to C; aliphatic and/or aryl group; or
a substituted or unsubstituted (C, to Cs aliphatic)-(C4 to Cg aryl) group wherein aryl is
optionally heteroaryl, optionally wherein one or more C is replaced by a {-Si(R'%),-O-
X

wherein R'’ is a substituted or unsubstituted C, to C; aliphatic group, a
substituted or unsubstituted C4 to Cg alkoxy, a substituted or unsubstituted C,to Cs
aryl wherein aryl is optionally heteroaryl, a substituted or unsubstituted aliphatic-
alkoxy, a substituted or unsubstituted aliphatic-aryl, or a substituted or unsubstituted
alkoxy-aryl groups; and

wherein a substituent is independently: alkyl; alkenyl; alkynyl; aryl; aryl-halide;

heteroaryl; cycloalkyl; Si(alkyl)s; Si(alkoxy)s; halo; alkoxyl; amino; alkylamino;
alkenylamino; amide; amidine; hydroxyl; thioether; alkylcarbonyl; alkylcarbonyloxy;

arylcarbonyloxy; alkoxycarbonyloxy; aryloxycarbonyloxy; carbonate; alkoxycarbonyl;

aminocarbonyl; alkylthiocarbonyl; amidine, phosphate; phosphate ester;

phosphonato; phosphinato; cyano; acylamino; imino; sulfhydryl; alkylthio; arylthio;

thiocarboxylate; dithiocarboxylate; sulfate; sulfato; sulfonate; sulfamoyl; sulfonamide;
nitro; nitrile; azido; heterocyclyl; ether; ester; silicon-containing moieties; thioester; or

a combination thereof; and a substituent may be further substituted.
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