SMAC M METIC Field of the Invention This inventionis in the field of SMAC
m meti cs and conpositions and uses thereof to treat proliferative disorders
i ncl udi ngvoanwerss776 Backgr ound of the I nvention | nhibitoPSTAS200008G006i S
Proteins (1 APs) are naturally occurring intra-cellular proteins that
suppress caspase-dependent apoptosis. SMAC, also known as DI ABLO, is
another intracellular protein that functions to antagonize, i.e., inhibit
the activity of 1APs. In normal healthy cells, SMAC and | APs function
together to maintain healthy cells. However, in certain di sease states,
e.g., cancers and other proliferative dilsorders, |APs are not adequately
ant agoni zed and therefore prevent apoptosis and cause or exacerbate
abnormal proliferation and survi \EUUIDIMNIEGEION i cs, al so known as | AP

ant agoni sts, are synthetic small nolecules that mmc the structure and | AP
ant agoni st activity of the four N-term nal am no acids of SMAC. (SMAC

m metics are soneti mes r eFEPERALIY SBONAPREN RESEAREH ) When adm ni stered
to animls suffeping probihf &f ative, disonders. the. JMAC ML IBLLCS, ant agoni ze
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2007/ 130826 ncppontryArengshoEicreiie Wo 2007/ 101347. Sunmary of the | nvention
This invention, in one aspect, FfELD OF INVENTION

N-{IS-[2R- (6,6 -Di fluoro-3'-{4S-hydroxy-I|-[2S-(2Snet hyl am no-

propi onyl ani no) - b Bresgny inyspip B¢ngialy patgd ey gms and pethqdp for shejqonirel @bl y| - 3-

yl et hyl) - 4%ﬁﬁ¥§ﬁc9)ﬁ¥s' rcragals,' tg's%?éﬂhs'aﬁﬁmmg b’r@l‘b@zﬂ%la}ﬂ&@fn{ﬁa %@H@(ﬁ}o' propion
am de andpharnaceutically acceptable salts thereo as well as various
forns of sueotheciwrigound and salts thereof as further described herein bel ow
Thi s conpound has the foll ow ng st L erein R5 is -CH2CH3. This
conpoung?is also referred to hereﬂ%gggﬂ%gﬂ%%gnd 15. The invention, in

rel ated aspect s, Tioompripdasnat ghids meiosu tlucakreaongd elssited opnicaumoion,si ng such
conmpound and. a nethod of treating a proliferative disorder in.a human or
mon hunan: AR T Sy b o B RO PR o B PR Bt Bl Ty

adm ni st er i dglivieey, plvdus wineatuanamtfsBcindvie: iepigatreladvehavel-aodipbarnd or a

har naceuti cal l.y acceptable s thereof.. In other aspects, the invention
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20  analysis of chemical and biological systems.

In many applications, several fluids must be combined in a specific sequence.
Existing methods describe achieving this result by separately emulsifying a plurality of
fluids as droplets, and bringing the droplets into contact at which point the droplets may
be coalesced to combine the fluids. While droplet coalescence has been demonstrated
25  for pairs of droplets, it is difficult to control.
SUMMARY OF THE INVENTION
The present invention generally relates to systems and methods for the control of
fluidic droplets and, in some cases, to systems and methods for flowing a fluid into
and/or out of other fluids. The subject matter of the present invention involves, in some
30 cases, interrelated products, alternative solutions to a particular problem, and/or a

plurality of different uses of one or more systems and/or articles.



mammal in need thereof, e.g., a human, or a conpanion animal, a food
animal, or a sporting aninmal, that conprises internally admnistering to

t he ani mawoaniefsizet i ve anount of Conpound 15 or a phar raEtaseé10ak0096
acceptable salt thereof. In another illustrative enbodi nent, the invention
conprises a nethod for inducing apoptosis in a cell conprising contacting
the cell with Conmpound 15 or a pharnaceutically acceptable salt thereof. In
this enbodiment, the cell can be, e.g., a cancerous cell. In additional
illustrative enbodi ments, the invention conprises any one or nore of the
above net hods t hat further conpri ses adAinistering a second cancer-rel at ed
t herapy, such as, e.g., radiation, chenotherapy, i nmunotherapy,

phot odynami c thehlaply aspeeicla othofl fratrp Gl {The medfod, inthinaspertt deewrisds| ust r at i ve
D od rent - kA VB ARRSOIRLL AR & BAAA Bl FRPALDG. Aln@ifhel TN

di sease, in IC e condition 1's caused or exacer nof mal

r egul at i onofwhapopho8rss{luid andthpraenoad ﬂuud dn eedsubshentiabf miy, aed wmrnng at Feant
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phar maceuti cal.l. table salt .th reof Descr i t| on of Fi gures
B Gure 1 shondebutE SRR R e BERy et i e P TP b R eRG R °hys. of

i nt ravenous skohdguidagb 0@ fmkttthidSMAC mi metics substantially as described in
Exampl e 4. Figur hows nean tumnor vol (2A). and b ht change
(2B) resulting fﬁﬁ?@?@?%mmﬁo%ﬂﬁﬁﬁl%é%gb‘i‘ogfl%jéeslmo"hﬁaé gfesf:gu‘\ﬂnafl% SMAC
m metics suhst@nd ﬂaﬂdhyc@ﬁacd@ﬁmnebﬁg fluftl 4R S wHIRlRihk Bk BERIGHE el On Of
the Invention The conpound of the invention is a SMAC minetic that can be

used i n1Phestrahilwg ﬁ‘P ngf SUB%t%ﬂtluaH)émat PObWBEreg At oncolghe figgiiyie ard Beni gn

tunmors or mald,gnant if dTRTRidkCADAS cl)nta%@bvﬂﬁm&rc‘a fhemeld e dic-gpases (e.g.
psoriasis, benign prostatic hypert ropici;:(,étlm enosi s), or autoi nmune

di seases ( e fggther eompsiserrARRYINgrag|clec@icdte lemfml sHHERE fotdjisgupt at least a
| 'ymphoprol i {6531 byﬁeﬂh@rﬂcmmﬁﬁﬁgwéﬁa orQé‘lP&ﬁBéTe\ém é@%ﬂ%k@t' y can be

treated with | AP antagonists inc ut are not imte one or nore
of the foll &idng: | ung adenocarci nona, pancreatic cancer, colon cancer,

ovari an,gancer : ' ma, bl adder
cancer, §| i obl as?‘c?%g%o%%?gsr%% aﬁ@ﬁ?ﬁeﬁg%%z? I c chatr@lg(?ngrlrlﬁya%% S-rel ated

| ynmphona, anahprmmqgaﬂylng)zhra@dmnc mmm intagme rqlgﬁmdﬂpet\r@len o ffinest ﬂalsltanéa yt oma,

br east cancer, gﬁ [ a} e E g%i rollfetr tive c[ders (e.0.,
chroni ¢ | ynpHSRGHTIE PRy eWh m&ﬁ TAFE gw %ngress eetﬁ)kléen%eg}n ¢t on cancer,
endocri ne canc&ns] wietia drehinnal suffime to, cagqean td:ymmtloﬁmp]haga@adi flaidncer ,

Ewi ng's sarcoma acranial germcell tunors, extragonadal germ cell
tunors, ext Fléltﬁ’étbﬁffsf: \5‘181 e duct cancer, gallbladder cancer, gastric cancer,

gastroi npest i nal nGe @étROalbddHMBNLS thed@shal inclod@ds atk opprobildagtaigictodomics, hairy
cell |eukem a, Hodgkin |ynphoma, non- HOdngI n Iyrrphoma hypopharyngeal
cancer, int F%?&é%?‘&??fﬁﬁllgéﬁgﬁénlcliOQP@tc el aacserrganicy b‘6§|0 arkoma,

| aryngeal c A RLing RUKE Hhidrotl@i@ktcBadnd MR RA Blt@sdction, pRHKBIE AfirsGUl & dy el oi d

first microfluidic channel and a second fluid in the second microfluidic channel, and
applying an electric field to the interface to urge the second fluid to enter the first

25  microfluidic channel. In some cases, the first fluid and the second fluid may contact
each other at least partially within the intersection to define a fluidic interface. In certain
instances, in the absence of the electric field, the second fluid is not urged to enter the
first microfluidic channel.

The method, in another set of embodiments, includes acts of providing a

30  microfluidic system comprising a first microfluidic channel and a second microfluidic

channel contacting the first microfluidic channel at an intersection, providing a first fluid

in the first microfluidic channel and a second fluid in the second microfluidic channel,



| eukem a, |ip cancer, oral cavity cancer, |iver cancer, nmale breast cancer,
mal i gnant nesot hel i oma, nedul | obl ast oma, nel anoma, Merkel cell carcinom,
nmet ast at iwoquarsbl’ls neck cancer, nultiple nyel oma and oPh@ruspliaswmocel |
neopl asns, nycosis fungoi des and the Sezary syndrome, nyel odyspl astic
syndronmes, nasopharyngeal cancer, neurobl astoma, nonsmall cell |ung cancer,
smal |l cell lung cancer, oropharyngeal cancer, bone cancers, including
osteosarconma and malignant fibrous histiocytona of bone, ovarian epithelial
cancer, ovariangermcell tunors, ovarian |ow nmalignant potential tunors,
pancreatic cancer, paranasal sinus cancér, parathyroid cancer, penile
cancer, pheochronocytoma, pituitary tunors, prostate cancer, rectal cancer,
renal cell| eshewtyingandlestis fzedd Orthe infeifatrdo mpasSnd oom thesfabt igrofluglicand cancer,
skin cancer o SRl bkl SR HACEANGR dafiR] kbR URHGRARGATRe HURLA g3t OF 1 &l
primtive neuroectodernal tunors, pineoblastoma, testicular cancer,

t hynmoma, t hytwisecand floidnoayasontahtyaach otheraan teest pattinByn withinoieaihtecse¢toncadder of t he
renal pel vi g Anfl HLSLE! AL Sl EANGE L ET RE NS SOMR. HAGLRRl,, cancer,
vul var cancér, and Wi amsr aNd QY e Cnv 'dhoda K dney “tumer's." Some
enbodi neft s teffirttimid iRvwenirg@ino iemet tidecomtiucrofpidpaphedi s of cells,

particul arly pathol oqgi cal | roliferating cells. The nethods can be carried
et nvitry o Mrvepmiger Pt et st G BT Rer Ade

adm ni st r at nf¢roRdidic Restan opapHIcheaf firkhRictofviRIg dhafnehh@esec@dmibtosibidat i on of a
conbi nati on of | AP antagonists, or. administration of the conpqound of the

i nventi on, }ﬁﬁnﬁelc?f)m\?x?ttnﬁg]?ﬁ %IIBHBICB%UWE)?’ Cg;a Z?tt?’ind’i’f&‘is?‘itlﬂ?’ pé‘ﬁ‘flgfﬁgg%gsf ‘,“.dand one
or more addid ihenak nEEMBEbeRAREUhI & s@B8NTISId ifdTlEosd ikl MAdiOthaRMeIl | pl €
agents can be sinultaneous or sequential. Useful chenntheraﬁeutlc agents

i ncl ude,19butndyrgingdie ererdiian! EnCaIg Jir ticiglege shanele Tge firg Peidgphdphani de,
mechl or et hamd B4 1160 e 2BRUG Ichoh TR BNRARPariial BNV i R ¥ GhibR&Sioh & Efine a

daunor ubi ci n, doxorubicin, epirubicin, 1darubicin, mtoxantrone,

val rubi ci n) flugiaigsKateetidtastinspupewpedipentyy In cpeiain Fasgy sfhen godleatiasiagly is

epot hi | ones - I I i Lkl b t ors of
t opoi soner asaé]ﬂrlelg tO( ttlalg H{.?%rpdlg%’g%gsg ;&)cil él?pl? %ﬂ%@%ﬁé@m p?fa{ FIE E%)eg%%@mmn ngt?%o i de
anal ogs pr eterfggmiaiedbidgshfmely. , azaciti di ne, azathi opri ne, capecitabi ne,
cyt ar abi;pe, doxi 1Al ne I il Q@EB.t' e, ) rine,
nethotrégate, tiE%%%%?%Q%T“%E%@@%gkgﬁ#?gpo |C§J?§P§$ﬁdg§£§%§%%%%,

pl at i num basedofgditsgst¢ne cgnprisoegrabiopt mitctofluidid Gphed aml a ereEldinpkatlomlc,

retinoids (e.g., all-trans.retingic.acid and vi nca al kal.oi ds. and.
Gorfvat | ves g ShgrstBed ThleRPh b s Mip S IR Bl 1
sone enbodi it sirst ateofdiidie cigpaeltand a agend Huid i thy deohd mitasfalidio ehandelxor ubi ci n

aclitaxel, docetaxel,. canptothecin,..etoposjde,. topotecan,. Irinotecan,
Cispl atin, AAFWEREEI OB IR rmitiofuiok Bwg| R s s FEERShc channdl

5-f1 uor gour &tidme ibogiiaist @BIiRE fluildAns QRBe@ND AdidTRAt ®n@tt datteothéweRbdion,
phar maceuti cal conpaositions conprising the conpound of the invention, alone

or in conbi REUASHVIRIR HhedREmseftiond &lige Aépidicinictiace Ha Frfsdbgtodirenisgr edi ent s,

are adm ni st@eesh di8ctdec AUMIRMpPliedtBTRNihBA%Y, &b PLRGh bd NGeRhRkmGeut i cal
conpositions typically conprise at |east one pharnaceutically acceptable

exci pi ent, @rgentedirameprgne Be sgprdmisroliviheckaartioe adni nistered in the
conventional MmanpegiYother aspect, a microfluidic apparatus is provided. The apparatus

25  comprises, in one set of embodiments, a first fluidic channel, a second fluidic channel in
fluidic communication with the first fluidic channel at an intersection, and first and
second electrodes positioned on generally opposing sides of the first fluidic channel or
the second fluidic channel, wherein the first fluidic channel, the second fluidic channel,
the first electrode, and the second electrode are positioned such that a plane intersects

30  each of these.

In another set of embodiments, the microfluidic apparatus includes a first

microfluidic channel, a second microfluidic channel contacting the first microfluidic



routes including systemc, topical, or oral routes. Admnistration is
normal |y by intravenousinjection, either as a bolus or infusion, but other
rout es ofwadnmomisst7eati on are not precluded. An intraven®@d3/Usoeiok@é on can
be 1 ng/nL of Conpound 15 in sterile 0.05Mcitrate buffered PBS, pHb5.
Specific nodes of admnistration will depend on the indication and ot her
factors including the particul ar conpound bei ng adm ni stered. The anount of
conmpound to be adm nistered is that anmount which is therapeutically
effective. The dosage to be adnlnlstered wi || depend on the characteristics
of the subject being treated, e.g., the4particular patient treated, age,
wei ght, health, types of concurrent treatnent, if any. Frequency of
treat nents chamnplet amidrsecigun errdﬁrﬂt@mdbgﬁoo@ele@fodsquniomd anhawpesing {idesg. , by
the clinici gf‘%)e il RliGBhidie chite CRTRRUAL, Q1 l&gﬁmdfé‘éﬁﬂ{depri W be
adm ni stere i ntravenous 1 njection, i'nct By I nf usi on over
about 1 to ambemmim@ tha seodrelniceflgidic cboet c@eqs muln@stersEhemp/twammrfeutl cal
conposition., of the invention.is o} tlon i n active
oy maceut 1 e8yind 5L E AR alR B ORBEIE b d SR RENNBE e
enough, and&mhexmdmpasﬂmﬂmmhMmethermnse suitable, for |nternal
adm nistration t n or ot her n epared inh unit dose
form ©oer ot of i WU RBE et e i b b oA S e e o,
e.g., a phama@ﬂmtuc@ainnfepiirlmgnd mwﬂoﬂmdw Eﬁaﬁlﬁel\éslﬂﬁﬂﬂﬁlgtlﬂzlﬂrstdﬁmlﬁﬂﬁﬂ[d’n may
conprlse av re-filled sy rin each conpri sing an effect v anmount
a convenF%WPeﬁfﬁgpFﬁﬁdﬂp’ 8@?@ f?VB QﬁﬁﬁﬂgP URngdag thoireestis ont ent s
of one Vi al gRIfir§YitdO8idR BaddM MicsiHh eMdeRthe@edondhicrSthGHic 2BIHNBI ®hctsi on can
be repeated up to about 4 tines per day over a period of tinme, if necessary

to achi déle & G&ErECHYEViafR EHG BVigs R aree oo m@rﬁﬁwa}o@ﬁﬁe&qf&w A dosi ng

regi men can,ffagcRr@s-secBhd MinRnsibWoE@e WREKd Yidrdlivi@Y 8RAKS. | nj ections, or,
e.g., weekly injections in cycles of three weeks on and one week off for as

| ong as the trealmightnother afppecan apécle i pgovidednilhe aigirls samarissp.Ggradise® or t he
drug is not oh@ée%@én?&dufféﬂ?s g Sﬁdl i€ cﬂlﬁlﬁg &fﬁ?hﬁh%& Efs@ﬂlufaﬂtﬁﬁ%ﬁg‘lé@i&ct' on is

an anount that ctive an erate to 30 ng/ m
, e.g., O. ZaﬁmnﬂOmhgbmvgniﬂsa@nﬁphudﬁnymwamwﬁﬁmwmndﬂembonp@und of the

i nventi can, ' t | L rf usi on.
e Compsur PR 1R S LSRRG R0 B L SEbRLEE Lhyper L)
cream gel , rdpottingmpattan withintthemicrofbidic dlaanﬂflelmrapcatar atdeasnmticeiand bygpe pat ch, or

over t he. cotred Bt TERBT b kT ERPE )T 10 Tore veeks: . g, -

mul tiple cpursesoakrﬁhmmggsamnmi@MEahn@bfmepﬁﬁmﬁnﬁ@MﬁmRWHaémmmﬂ of the
prollferatl\égadlsrrd%r, hoSimn adaJEcl ease |ntal eJa r—iof di seas < of

progr essi on PRSP TARHGIIGYIng dgia %1 SrRgPeekyaghus nop-limypeanbq %F

rem ssi Qo. Phafiffaatod wEal coa QiRaSinlcofjasction wil thisfRboaipink $Quas.t heaapeut i cal |y
effective anpunt of a conpound as descri bed above, or_a pharmaceutically
accept abl e e Uy Pr%%eﬁteﬁpe@fl%?aﬁﬁ)? At ae‘éﬂ”cu‘fnﬁ‘&é‘ﬂ‘}‘?éﬂor%q Ty T5fsEenss inpiyfe

phar maceut i eadflifindGa&BE AbbRisRYCiRIABSthe pREerPticdFRai ARBLINRRKEAYL IIE&o
conposition” refers to a conposition suitabl e for_adnministration in nedica

use. |t shol okePRlHeRsiiagosrpratethly releendeinelugs rpliceing apb oripgpesctosage

forms, dosaggciosure with respect to each other, then the later-filed application shall control.
25 BRIEF DESCRIPTION OF THE DRAWINGS
Non-limiting embodiments of the present invention will be described by way of

example with reference to the accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical or nearly identical
component illustrated is typically represented by a single numeral. For the purposes of

30  clarity, not every component is labeled in every figure, nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of

ordinary skill in the art to understand the invention. In the figures:



amounts, and routes of adm nistration for a particular patient are within
the level of ordinary skill in the pharmaceutical and nedical arts.
Conposi t ivex0Bustzll e for parenteral adm nistrati on conPEmUS200P4@O6Pri se a
steril e agqueous preparation of the conmpound of the invention, which is
preferably isotonic with the blood of the recipient. This agueous
preparation may be fornul ated according to known nethods using suitable
carriers or diluents which may include a buffer. Wen practicing the

conj oint or conbination therapy described in nore detail below the

adm nistration of the conpound and conpdsitions of the present invention
can occur sinultaneous with, subsequent to, or prior to chenotherapy or
radi ati on, so | ol dshewren vemdbhidevape uidantagedor ant of apdihat flwd isensi ti zes

t he SySte”‘58x$$§ké§%ﬁ%%%ﬁﬂ>ﬁﬁﬂm?&ﬁﬂ@&k&h%ﬂs of the present invention. The
present invention also 1s directed to the use of the compound and

conposi tions as BElGh2hepotshi( stowngdraplertiefant trffiecobh eloritg i@pernemandgder oaches.
The ter m * chonmpolentl Al %, a9k LELERAl & @lafgRDL Lhal acts to increase
the sensiti VPEY OB AROTGHSE N E Aopsrsaheimspt Aahiq YR heni cal  conpound, or
treat mens nanel yFIz Behothesyapaitbt tovege fitid into and/cheinof dhiothgsfluidin t 0 radi ati on
treatnment. Thus, conpound and c ositi.oans of .t he present invention can be
used for i nAfSFEMHY ﬁ%?mg?%ﬁﬁﬁggwevfg “BYV4YPM ni stering themin

coggi nation wt EFm}smMBgnw@fe v@iﬁ@méhfbedﬁfﬁéﬁﬂsbf meageﬁﬁonarogipmsiugbn@rﬂshem :c n
conmbination wWwith radiation. In ese jcations, the adm nistration o

t he conpoun&P%ﬁHbﬁé’ g?ﬁﬁPHﬁQdB#a%ﬁ@“ﬁﬁE%EﬁF“F%VEﬁWﬁEMaﬁﬁghﬁbcur prior to,
and w t h sutib&di@bht of tH8avehQotause sensitization of the site to be treated.
Al ternatively, the conpound and conpositions of the present invention nmay

be used Bont enpofaiedtsByhow £ Ay fadiovinediid Bt addr prichanrotgitividdancer

chem cal aggniiahddV Pl saHGEr SWRHUEB S8R AVQ@ns epeat ed adm ni strations of
t he conmpound and conpositions of the present invention, increasing

conveni ence to tHE&. Subpveca plard draptet piag disiEibaion ig aeroppcwithay t i cul arl y

sui tabl e fogmg&£&>}qﬁﬁgquﬁr&{ons of the present invention. Biological and
chenot her apeuti cs/anti-neopl astic agents and radiation i nduce apoptosis by
activating the eKlGsi h&i78 sbew pletydfgsiteol apopcaen wlpat mahyes cmbedimens ofce t he
conpoundsang Gonpesi.ti ons of the present invention relieve antagonists of
apoptotic proteins (lAPs) and,thus, renove the block in apoptosis, the
conbi nati on of chHéhvotAéBapeuflucishjaciton-imewpidasdei vathegettsersindimendpBthe on wi t h
t he conpound aqq conpositions of the present invention should work
additively 8FMWergistically to facilitate apoptosis. A combination of the

conmpound of the PIBS&RYBIishweahdtidt cabddimeli ddlileghaalioofor dfvplinfwetiapeut i ¢/ ant |

neopl asti ¢ agent d/ or [ation thera f .any type that activates the
excri et ¢ or i nt Fithol EXpR M h By s rieter AgaibRact Ryat s Bt ¢ o
destroyi2ng fermstheni®dimbdicofaRnPostitidnof the present invention interacts

wth | AP's, such_as XIAP, clAP-1, clAP-2, M-I1AP, etc., and renoves the | AP
medi at ed bl ock oFlCGspbigt-bl§ dlusigpiedropkisretior imgsserdincs mahstill ABYMTast i ¢ agent s

and/ or radi ahb&imbR&T &RYn¥hlibs actively dividing cells by activating the
'ntrinsic apopt OIJ[JIIGCS. PQ%—%ACB ﬁlulstiﬁg {Jrggsuﬁeomgrs)&gélgr?tls Sccgrrc]lgngctg lyflzt aglgt?l;[:rh' Bi ol ogi cal
embodiment of the invention; and
25 FIGs. 13A-13B illustrate a sensor in still another embodiment of the invention.
DETAILED DESCRIPTION
The present invention generally relates to systems and methods for the control of
fluids and, in some cases, to systems and methods for flowing a fluid into and/or out of
other fluids. As examples, fluid may be injected into a droplet contained within a fluidic
30  channel, or a fluid may be injected into a fluidic channel to create a droplet. In some

embodiments, electrodes may be used to apply an electric field to one or more fluidic

channels, e.g., proximate an intersection of at least two fluidic channels. For instance, a



antitunor agents such as TRAIL (TNF-rel ated apoptosis inducing |igand)
activate extrinsic apoptotic pathways. As is described in nore detai

bel ow, emodorerstzeof the i nvention provide comnbi nati on®CofUusede/ogwnpound of
the present invention and a bi ol ogi cal or chenot herapeutic/anti-neoplastic
agent and/or radiation which provide a synergistic action agai nst unwant ed
cell proliferation. This synergistic action between the conpound of the
present invention and a biol ogical or chenotherapeutic/anti-neoplastic
agent and/or radiation therapy can inprove the efficiency of the biol ogical
or chenot herapeutic/anti-neopl astic agefAt and/or radiation therapies. This

will allowfor an increase in the effectiveness of current biological or
chenot her apéut iloidanyi ben%&ﬂdlllastah@magléﬁf &seoendrfid, dadilgated bethe wieatris figld owi ng a

hi gher perCﬁg&%&n%elhulﬂ‘%ﬁe%e%gﬁ&I flup t &n fn ﬁfa& 'E\%é}{fa ﬂeugp [@yed tumor

response, potentia Int ose 0 oglcal or
chenot her apéuastiont athtr ﬂméobioa@tlesmualgmhe vaededlotoratey @atof a fﬂrsm ftoid, betniger eby

provi ding the us rabl e dose o
chenot her ape{ﬁelhlc af I%dl/qrr?lelo%f%as |n§f{:illlcf:1ecrgil anc tmhecpgd?oél f)olﬁg V?rhougn embodi nent

of the pBesenipeitinveithé g ahdier pfhdidie Idtople$, fbrr@mtnpld cbyva@enofnhesfhedicng t he
conmpound or har naceut | on of the present invention at a tine
t he patientdfoé’P @ﬂ ?mFS&E%H§ﬁ$$%%¥i%ngﬁLbcedent radi ati on or

chenot her apy f or Oh¢ BRLIFEINE c:QinpR iDAOP pAvidee Mathirvercpat B PIGY Iofhoaldtienor such
as, but not |imted to, bladder can st cang pr o te cancer,

| ung cancer un‘ﬁ?ést‘i‘&qdeﬁ‘f"i’eé’e’bgﬁﬁ%t er e@%@ lln}eBtSE’ @eérthe %Ilﬁﬁﬁﬁtﬁ‘?ﬂf@:ﬁ & %ri an
cancer, renalso cafiGflateNBRASD ORbodIBL AN e 1ﬂvymmlscﬁ@é&ﬁ@taﬂ%@ﬂw

conbi nations thereof. In another embodi nent of the present invention, the

conpound®or Ifathééﬁ%’%i%‘? ol IgH- bfa yHemperdiavine 3 peiif ghe-catuid i dratedr ed i n

conbi nat i on iy L/ oRi A 09k &l (e‘*gh%rﬁﬁ'id"@di@ﬂ%éﬂé 1ﬁus?ﬁ€yd0h(§ qfshbk%@ in
conbi nati on w th _radi ot herapy, inmunotherap ot o nam ct her apy,

T oMot ng. apBiTbANERAG Gk e vies £ Hereat pEeh e 0dton Ho hrst nannel
cherot her apay i et Adh, 1G5 AMY 10 TTHARLHSEARS, o ARG ASHIART Gy € her apy.

Enbodi nents o e Invention also include a net treating a patient
afflicted wof ﬂroylamleﬁrsbghanmﬁé%%mgemog dnedossog t@bmigunsroenthelatéfrhnmuss ration

of a bi qgogls&c%las (i)srdeg %rer&) n (Frg‘ggtg \%gEAnsIO E?*h%ﬂl PFg(I}Olgalr ectC des 250,

chenot her apeuti c s Inc are no enot her apeutic
agent s descandawdondmhamumwﬁhhnme@tsogﬂl favist darGiel M(Imhnteéqu@hom%ﬁ(] ons", Sixth

Edi tion, & S 39- ( porat ed
by ref or enceH aRoRE el AR e PR sl sheel AR LB PS8 T

al kyl ati ng agmﬁesecarmdhaﬁteabm i AsaBe drapleis-fTobnakt 1ﬂtﬂfsbdlioﬁt26@,31 flydiant - der| ved
products such as taxanes, enz hor nonal. agents, .m scel | ane agent s
Sloh s i TSRS THHOLFONTER 1 druEen WP QEUe O s e PREDE e

i nhi bi t QS, FlRR6des QFBERSE an elbdifit RElH @Hab may ORAIPS OB BIEGERe bétwbenhh@mbpres,

i mmunonodul at | ng agents_such as interferaons, cellular owt h fact ors,
cyt oki nes, ARHRGHSTAbIcvd thus flpwing fluidindlow o brnsergRdshanpdAlefhe cel | ul ar

growth fact QfopledNEbrkiyT8mAng BopRist205 SHo RS in &ié'abéélﬁl:@ofcah%ﬁa&n’fclfﬁﬁlt hens for
chenot herapeutic agents include mtotic i nhi bitors, and anti - est rogenic

agents. SpedispipHORRIARpIngsTagt maypqcan ped o Itlyis feom sesaed dranbeHdospasit i c
agents i ncl ugey inRUroE€ 2P Droplets 225 containing the injectable fluid subsequently leave

25  intersection 260, e.g., flowing into collection channel 270.

In certain aspects of the invention, systems such as those described herein may be
used to perform fluidic injections into and/or fluidic withdrawals from a fluid, for
example, from a channel containing a fluid, from a fluidic droplet, or the like. As
described in the example above, these operations may be performed on a first fluid by

30  disrupting an interface defined between a first fluid and a second fluid. It should be
understood that fluid injection and/or withdrawal may include only a portion of a fluid.

In some cases, however, fluid exchange in both directions may occur; i.e., a portion of



limted to, cisplatin, carnmustine (BCNU), 5-fluorouracil (5-FU), cytarabine
(Ara-C), gentitabine, nethotrexate, daunorubicin, doxorubicin,

dexanet haworel0/t5opet ecan, et oposi de, paclitaxel, vincri SCIAS20M0AHR6 f en,
TNF- al pha, TRAIL and other nenbers, i.e., other than TRAIL and TNF-al pha,
of the TNF superfam |y of nolecules., interferon (in both its al pha and
beta fornms), thalidom de, thalidom de derivatives such as | enalidom de,

mel phal an, and PARP inhibitors. O her specific exanples of suitable
chenot her apeuti c agents include nitrogen nustards such as cycl ophospham de,
al kyl sul fonates, nitrosoureas, ethylen’/mnes, triazenes, folate

ant agoni sts, purine anal ogs, pyrimdine anal ogs, anthracycli nes,

bl eonyci ns, theifiregrfiped may badiarsticd ovy die necong flhid arhyle iaportipn o€ the a¢doad Biids,

epi podophy! 1,08 @Xi AR b AXRDRR rirQIHEL G EOILRipiid ASRHAUDARS cofiBhilcogeNS,
andr ogens, progestins, lutelnizing hornoneés, Bett 8ot de act at e,

hydr oxyur eadispipoogia berpmef, therintapfaeser, thhexianmtenfatardl shoilde]sodbaubdpitedd n,

m toxant rong,, ARAGCLNal . ANLBO % i YIS0k Sro ILALLST 805 o il € | euki ns,
filgrastimand sargra SEPMCTRNST her "arpeai heht™ Of e present 1 nvention
rel ates fo tlendiag onthetehdodiarpound or a conposition of the present

invention in congjna.léntﬁﬁth t opai soner ase nginton t o .pot.e t%ate their
apopt oti ¢ i nduci N EIPELNC FIPHCL AP RS EPFhi ??%P§y%%WTﬁpfm%$£k(Eplication
and repair, fishgro bya_llepsbi(ﬁgﬂi/(i) ﬂjgn@B@]!ﬁIdQSﬂtS oﬁd’lﬂli_lia(@.,_l,[&ﬁdi fra a fluidic channel
ST B TR R R e
Therefore, awpondidPha sddr @ Qb1 8e dMinfosmB ARSIk # dabdsQyHeRENEBID orGYdr®sol s
provoked by the DNA danmage caused by topoi sonerase inhibitors.

Topoi sorBr addids AFikFilore Ugpblagg fse Lheratsjise fqr cggmpe dug rpeppetiden surfacepot ecan,

SN-38 (iri n%@i@ﬁ;rﬂr@ﬁétis&@, tH@]BI@&ﬂ&é (Srea))se%géjoftsﬁﬁac-fé&@se ete! E61 é%ﬁl%pfe,e& ﬂlBQSi de) are
expected to show potent synergy with conpounds of the preséent invention.

Further examgy &sincladdpeiosenenarsdluidihimpleisnip egentaiciofaidicrysicne tesed
I ncl ude, but L AGbn bt i Hl%glz;‘:%s?reg{ﬁglé {E%thﬁﬁé’e%f tﬁ@@gﬁl%,%@feﬁ%oﬂﬁ%hpe’

ansacri ne, exatecan, gl mat e er topol sonera Ibitors
i ncl ude, f ofusexnamppaescenst HommgayongninAome ames. abivactha systtasrod olsthoiln,

doxor ubi,gi n di@%&éd%%kfd f%Ffusf?lg io{ H(Bﬁe%&h‘% ﬂ%ﬂ&’. Kﬁ&i@&&@ﬂé{a%g%s 0 gﬁlg §f enbodi ment
of the present invention refFates to tThe use o e compoun ra
conposi t i oncodlesting fiprdasdnplets arceksdribed inAneoatiombPateon Applidatino Aetad Noi dal

antiinfla ? A %? ? I "éJ other enbodi ment qf the invention,
t he chennthg 36%% p@ﬁ§ﬁ®”§ﬁ%£%'Tls?g%ﬂaﬂéﬁ%ef%%lﬁg (¥¥F¢h§ I?ﬁ%tion with the
conpound ané:feomposi ti ons of the present invention may be a platinum
cont ai ni ng conpound. | n one engﬁgi nt of .the invention, t&f | at.i num
contai ni ng. compolnesmerpeat i crapebihSd oL FHEF g i R ompound
of the poesemnnéiny edintedc@didyiped @otir@ti@nhdland mBisiohd eindl nasdt, kAR as such as
but not limted to XIAP, clAP-1, c-1AP-2, MIAP, etc. |In another ernbodi ment
a pl ati num S¥HEEP ATGg! bR IS Ldhp bRt dhanpe! ey bp dpiighaic ag 4R “89iRer gi ze
with a conpeuidelQthahh@ 2B0)8%e e sbévhe Bhdnae cRIRLi SRtid s @ned ‘R kRdinBIPt 1 On Of
an | AP, |nclud|n? but not limted to, XIAP, clAP-1, c-l1AP-2, M-I1AP, etc.
I n (channe Q40). However, it should be understood that in other embodiments, other
channel arrangements are possible, and that “main” and “side” channels are for
25  explanatory purposes only. Generally, as used herein, the “main” channel and the “side”
channel may each contain fluid, and the main channel is the channel in which fluid flows
when an electric field is turned off, with the interface separating fluid in the main
channel from fluid in the side channel, while the “side’” channel holds fluid that flows
when the interface is disrupted. Typically, the “main” channel for carrying a first fluid
30  continues on past the intersection while the “side” channel for carrying a second fluid

ends at the intersection, although the “main” channel need not be linear. However, the

“main” and “side” channels need not have the T-arrangement shown in FIG. 1. In other



anot her enbodi ment a pl ati num cont ai ni ng conpound is oxaliplatin. The
oxal i platin can synergize with a conpound of the present invention and

pot ent i atworhw/ismtvebi ti on of an | AP, including, but not PCITSe@d/08@p6 XI AP,
clAP-1, c-1AP-2, M--1AP, etc. Platinum chenotherapy drugs belong to a
general group of DNA nodifying agents. DNA nodifying agents nmay be any

hi ghly reactive chem cal conpound that bonds wi th various nucl eophilic
groups in nucleic acids and proteins and cause nutageni c, carcinogenic, or
cytotoxic effects. DNA nodi fying agents work by different nmechani sns,

di sruption of DNA function and cell deaBh; DNA damage/the formation of
cross-bridges or bonds between atons in the DNA;, and induction of

m spai ri ng embedimenisof boinveemn| wadianple, demgdeghainpplsmat by adighddevith athe sanme end
result. Thr = | it . pl.at | i ni NA nodi fyi ng
agents are ?ﬁggﬁg?#ﬁ?&%g&%%%?%ﬁpﬁggﬁgg%ﬁgﬁﬁgé%??2%@%@&g%gfﬁ%fggﬁ£odinent of
t he present dinmneibdl @rangsmihieort thelilap euborclinoing exmtplool 0FY tdmangdnemnaipeut i ¢ use
in conbinatg&p off%ggsggﬁyound or conpositions of the present invention
with TRAIL OF°MRAIL"4goni st antibodies, or other chenical or biol ogical
agents whli ch bi nth someands,ald firg@irendimehatfAhlay hewepdrass{ssgtionams (cancer cel

types are sensitive t RAI Li. ced apoptosis, while nost nornmal .cells
nobear o baristbpanfedss s Ml TRERTGRPBR <Rarh wiheess pRBineHREREER] o ray
ari se by a waieehannéifappichdhes @Blintereciani Brdher Dlabcs Mweossthotrokhe recept or,
presence of decoy receptors, overexpression. of Fglg;wg%ch co ehes for
zynogen cas PSR 25R HYY TR PTGCBRSE ¢S REETLOH Bt (P ERRSrReBts Bt i vat ed
caspase- 3 anféicti6@ SRR RanplO ¥ho¥r&R-sed dondIRNalof (R TIr& ANEHE) m® &erpeund or
conposition of the present invention may increase tunor cell sensitivity to
TRAI L | d4di Agproashigibeiaeedtn death, the clinical correlations of which

are expected to @&nk&ﬁﬁ%ﬁ%ﬁﬁlﬁQﬁﬂkﬁkbﬁh@ﬁ&iMﬁh%ﬂh(hﬂﬁ%&émﬁﬁ%ﬂﬁ?@ﬁﬁutU”Dr51
i mproved clinical response, increased response duration, and ultimtely,

enhanced patioeathedistehanar]. Petle poim ohindrisetiondiehisesn therirsishanmgbandient i on,
Conpound 15 séc%n@gﬁhﬂél,sthgge%g?d &ﬁ&%mh? ﬁ'lte!etQHe Mt &aﬁ‘neﬁ: Wa%ﬁ bAfice if-sGme TNFa. The
conpound and conpositions of the present Invention al'so can be used to
augnent r adieambpdmentharcapypoition of didsesondelapydl at the mtersechen wllihe dirstuse  of

i oni zi ng<radj at i of, .€ t . i t cells.
At hough®r ad S di Pty e RERL WAAELIRG «hPuSRRLL QIR LRSS P2
occasi onal | yheussenhd @sanacljeddingatpi v éhetintemeatient In ol embodiments, iomeverpwssi bl e and
the aimis fof s tomatic relief. di ot her is commonly used for the
treat mont *of b ATe TR eling! b fe TR et MRt oDy 1855 o1 <o
common to cothivay laaehiokdes @pys. Wiht brificy igey he @ndy stape hemnmhinglkapyularThe nost
conmon tunnrﬁ.tégated W th raﬁ%othera %>aée br eas cancer prast at e cancer
rectal canc&PPUFRLAHANURE g %F@raaﬁ AL 1 B5iiard in dp b Py e ancer
and | ynpbonghe sRasidahdn@dl, & Beh@p)nd sr GONRWWItheRepndedannds buch@s tshaokotal i zed
area involved with the tunor. Oten the radiation fields also include the
draining ly “modes. It is possi bl e but uncomon to give radiotherapy to

the whol e body, @& d&Bfibdigefkd, heSebhiasor dra@iedlet @R rﬁzpfea'ffwtyﬂdi&e)&éﬁé@b' y given
r

daily for u% to 35-38 fractions (a daily dose is a fraction).
etween a fluid in the first channel and a fluid in the second channel. The orifice may

have an average cross-sectional dimension less than about 100 microns, less than about

25 30 microns, less than about 10 microns, less than about 3 microns, less than about 1
micron, less than about 300 nm, less than about 100 nm, less than about 30 nm, less than
about 10 nm, etc. In some cases, the orifice may have a cross-sectional area that is no
more than about 90% of the average cross-sectional dimension of the channel, and in
some cases, the area is no more than about 80%, no more than about 70%, no more than

30  about 60%, no more than about 50%, no more than about 40%, no more than about 30%,
no more than about 20%, or no more than about 10% of the average cross-sectional

dimension of the channel. The orifice may be flush with an intersecting wall of the first



These smal| frequent doses allow healthy cells tinme to grow back, repairing
damage inflicted by the radiation. Three main divisions of radiotherapy are
ext er nal Wweamwiitizet her apy or tel et herapy, brachytherappCoUiss@aloewosour ce
radi ot herapy and unseal ed source radi ot herapy, which are all suitable
exanpl es of treatnent protocol in the present invention. The differences
relate to the position of the radiation source; external is outside the
body, while seal ed and unseal ed source radi ot herapy has radi oactive
material delivered internally.Brachytherapy seal ed sources are usually
extracted later, while unseal ed sources%are injected into the body.
Conmpound 15 is capable of form ng pharmaceutically acceptable salts,

i ncl udi ng thMMGWi¢4&wt@%ﬁqﬁmwﬁﬂd&ﬁaﬁﬂbﬂﬂ@ﬁﬂéﬁdWUKmbés@médﬂmtﬁaﬁ salts. Such
salts are | el Hdedot Alihn@hb - BSRRCLSh Rl b I IVARLLET0y lih sl Laended that
t he present 1 nvention enconpas oun synt esi zed’in vitro using

| aboratory ﬂenmmmquesbesuqhmﬁwnﬂhOgeumkﬁMukﬂmemtmnmwnthet|c chem sts; or

synt hesi zed u5|nﬂlln VI%O technl ues KH%FE §$§F350@%%&gﬁé%éggﬁy?hat he

SQ od1m D
fermentation, dlgesfne 2T R
conpoundSofekhﬁcmemseamummyemmnﬁmfﬁﬁybmﬂmynmhe&umédmumﬂnglamﬁnmbmnat|on of
invitro an hni ques e _pr.es nvention. al sa jncludes
i sot opi cal |y ‘%%? %ﬁ&“@% %W%?dsﬁﬁf@ﬁﬂgr‘” 8% F@?angdeﬁﬁﬁkhnd 15 but for
the fact thafaxianen Gat dmfaﬁlsaﬁdlﬁﬁrsacftﬁ)n]’ &Pk ReQ s PyximAtcaboimcRastiong Fan at om c
mass or mass nunber rent fron1th$fatonlc mass _nunpber usual |y

found in nathfface Beg V% S g2y PE BPBHEE ‘Hﬁ?“%ﬁﬂa%%mqgﬁ$ﬁﬂ%ﬁmﬁﬁuiH@ilnventlon

i ncl ude i sohRRRSINPfochtYHHAGE fhe SE@MD ORannliihitE RGR Wit ¥ i chm@lsmgémﬁu
fluorine and chlorine, such as 2H, 3H, 13C, 14C, 15N, 160, 170 1P, 32P,

35S, 18RO aMi inigtthce befypsen Qi ie ghapns i ArBITieness f P lesiledticlie éHeTheer. um

i.e., 2H a%f%ct%&é)ma{ﬂﬁé pelafhned RRLOPIGRE tRanfIN 1&1%%Het9%f7&91ﬁgﬁiﬁu&fs fhi s
invention can generally be prepared by substituting a readily avail able

i sot opi cal | yornas@niples. anééagéme 1yt beepopigAnddssteapillygIpposite aseeonéehanaglgent .  For
exanpl e, %%Hﬁ §y,90 efe&rdéﬁéﬁa?rbh mlﬁﬂ{éd ?@ééﬁ&@%bﬁ@ﬁ&’e R SHPsHal tuting

sodlun1boro dride W th A oro y repl aci ng 1 odonet hane
with A/ 3-i odkmm@lhémwmd?@]mémtsaan Q)@ctl@si‘ampy bspwitiogpkdiolé or byt @eat ed

anal ogs ;and i in Exanple 1. Conpound 15 may
exi st |ngung%ﬁgggéﬁ&§§%%§5§§&§éﬁ (%§§§% %%d forms, including hydrated
fornmns. Furthernnhsom@@wp&uqmnmﬁynﬁ@e@mﬂssMwpmwﬂﬁdowsesmnMdtwbates i ncl udi ng
crystalline, ous (noncr forms, and in

IIi e
The-f orm of Cirats SeLB Baisira SR BT YRR Sin’ SEPRINE oty R ST o S
racem c m Xketoedchanndls. rlaceme hstahoek ive lec@dde map be pcﬁslteﬁe@ bleblgmsl&cnm S
including, b i.cally pure enantiomers ani
diastereonepgﬁﬁﬁﬁmﬁgﬁgb q‘ﬂﬁﬁ“@géﬂﬁﬁgﬂ éﬁ&xﬂ?ﬁ% 5ﬂPﬁﬂ?ﬂ%“Eﬂ@¥h nt ended
to be engomaassRaodys ki positibedsmaResadic stdaes hetwmin MOMOMINE: shembBeihehences to

Conmpound 15 and to the conpound of the invention, and other simlar phrases
in this spedl Vhighthesicaples pr poREoRed on REPOSEF 8desrit dia@dn 1790 D HRIe€ not  onl y

t he conpoundm@bdifnefiti! fBst(elekiroditind @lsS@ndd BrREFOE Bidly ibe BbdiYordE sRMtiehe salts of
Compound 15, as well as various
plane intersects both electrodes. In some cases, the electrodes may be positioned to be
co-planar with one or more channels (e.g., as shown in FIG. 1), e.g., such that the first
25  fluidic channel, the second fluidic channel, and the electrodes are positioned such that a
plane intersects each of these.
Referring again to FIG. 9, FIG. 9A shows a photomicrograph of an example
system, while FIG. 9B is a schematic diagram of the same system. In this example,
system 700 includes a first electrode 710, and an opposed, second electrode 720 that is
30  co-planar with first electrode 710. In the example in FIG. 9B, during use, electrode 710

is positive, while electrode 720 is negative. However, in other embodiments, electrode

710 may be negative and electrode 720 may be positive. In this figure, electrodes 710



forms of said conmpound or salts thereof such as those that are descri bed
above and bel ow. I n additi onal enbodi nents, the invention conprises
conmpoundswogzefwuls1as | nternedi ates in the synthesis of Coepaseeodooas wel |
as in processes for preparing such intermnmedi ates and Conpound 15. For
exanple, in such enbodi nents, the invention conprises conpounds shown in

t he Exanpl es, bel ow, such as Conmpounds 9, 10, 11, 12, 13, 14, and the

i sotopically enriched conpounds such as Conpounds 18 through 32. One such
enbodi nent is Conpound 15 in which the 4-OH substituent on the pyrrolidine

moi ety is protected with a protecting gtboup. An illustrative protecting
group is an acetyl group, which is illustrated in Conpounds 11-14, below.
O her usef ukngrBraaeposHpnedt ougnpowniel sidep ef infspraeteont75 betpeesohisst, ofaiski [ | in t he

art and i nCchQlﬁel ﬁOgndape%Qrfthlee cﬁ?ﬁﬂgl)?lélﬁ) 'hllé Jf&hja%és%%yde oﬁﬂ&e‘d%&*}ﬁﬂy' met hyl
g e.g., by cont

groups. The protecting group 1s renoved, e. cting the protected
i nt er nedi at éhewidchicdivldbaealeddretwech dgeslecasdasshommteral Sehberaserséetion irdecX| V,

bel ow. Thus,. e i tipn c ris t he conmpou ving the structure of
Comoond 12 1k MaohER P E SRR E R s SRIRAHREG WY DB LGSR IHEI LT e O
13 and 14 i e phuitidned heanN{f-@hter nonf@netipw, od edérethbalintencar berimcatiomist | es

and/ or free hydroxyl. gr.o are nrotected as. esters such c 0 bei ng
o ein 1 ef et 1 se P SRR P Bt SaHa 20 E e B B R P ap

ccr)]rrpri ses tlttsdethshegau@ef caléteﬂbﬂ@ﬂﬂﬁtDL@ghe’:lloE’thIbh@gﬂ@dlema@@mgthr%Eiem&ir@@UIIiicti ng
the Protected Conpou 1 it n acid or base ere Protecting G oup
is removed P@S%%Wq@g ‘bﬁr?o‘of@?tr‘?‘@gggﬁi‘%QV‘Try}ntﬁlﬁ‘?‘it‘Sﬂéa&cﬁﬁ‘fj’wnds of the
invention i gedublieedBINRha BowER 1Bl QiroSRNMe URE il PicRUE hidsctamoungs 20, 29,
and 32. Protected forns of such conpounds unds 19, 28, and 31,

) ) , €.g., Conpound:;
are al 580 coRpFoEaHedi ARG Hopan 15 OFe NBhChaEsel A isdiliv it 8l s fioidy While

prepar at i onge.RREHEHE TEGis3IRd With YStdoal MR @GowdRENR 1S @én GRRAPANDs of the
present invention. Abbreviations which are used throughout these schenes

and in the apppiceat ¢laiyyehedizubyd hereia, theseepnd fled fiom seprndfchpnnglif Hgnay
tabl e: FLUI Dol MGG N FEDERALLY) SRONSORFR FESEARG, A3 seiah. figadi ng to

various aspects of the present I nvention e sponsored, at least in part,
by the Nati omabelS8Pence Foundation, Grant Nos. DBI-0649865 & DVR- 0820484.

The Uni ted State rkain . riof i LV j RELATED
APPLI CATTONS Thi g‘n%%ﬁlé;gﬁ%ﬁp%%%ugﬁ%&ﬂg aneV%}é}S%?stSéd;Wh@Fe&%&Brgg‘%/F@glﬁ'al Pat ent
Appl i cat i on IiSdisi fgdurdNOnidexdifhi2PP{i8dchanddl [78padsen éy 216id 2008ing éomi seted " Fl ui d

I nj ection," itz t al,. incorporated . herein by.r ence. FIELD OF

| enT! o ThEB e o B pARGRRS BP RS b B ana. et hods
for the contlkakodes, nbl dhods iraFlds. §8),a peaive of s €l5jd fir@n Saeshdcmn@h donet hods f or

flowng a f linlJin:cgedi irr;tto% r(g]p(i]étc}% ggr}tair?gd V(/Jltthrfﬁ firs{ (l:hl%!linr(lje? ’75@ zﬁ%m passes

20  through intersection 765 of first channel 750 with second channel 760. As previously
discussed, the amount of fluid injected into the droplet may be controlled by controlling
the strength of the electric field applied to the intersection, and/or other factors such as is
described herein. For example, in one set of embodiments, if no electric field is applied
via the electrodes, then no fluid injection may occur, or the volume of fluid that is

25  injected into first channel 750 from second channel 760 may be controlled, at least in
part, by controlling the electric field applied to the intersection.

An electrode as discussed herein may be fabricated from any suitable material,
and if two or more electrodes are present, the electrodes may be formed from the same or
different materials. Non-limiting examples of electrode materials include metals,

30  metalloids, semiconductors, graphite, conducting polymers, and the like. The electrode
may have any shape suitable for applying an electric field. In some cases, an electrode

may have an essentially rectangular shape. As another example, an electrode may be



The mani pul ation of fluids to formfluid streanms of desired configuration,
di scontinuous fluid streans, droplets, particles, dispersions, etc., for
pur poses W0 2biomisa77del i very, product manufacture, anal ysiP€T/Usa@oohe®os i ke, is
arelatively well-studied art. Droplet mcrofluidics are useful for a

vari ety of purposes including high-throughput analysis of chem cal and

bi ol ogi cal systens. In many applications, several fluids nmust be conbi ned
in a specific sequence. Existing nethods describe achieving this result by
separately enulsifying a plurality of fluids as droplets, and bringing the
droplets into contact at which point the -droplets may be coal esced to
conbine the fluids. Wile droplet coal escence has been denonstrated for
pairs of drelohgitel andthayesa tapp deflinedips a negion ohthe électr(S@MﬂBﬂYw@ﬁ IMEIBCdtRWENT] ON The
present i nvenloal, BRNGHA Ynd SLEOE AL YRLETE ARTTELD QS fnl he cont rol
of fluidic ropesan I n sone cases, to systens an ods for flow ng
a fluid int oleamﬂémmaychat/e a)Wlddt thetris slhuﬂladtsaviﬁh@ oédbjsemdnh&rmér Iobthethe present

i nvention |nv ses. interrel ate r oduc | tern |ve

sol utions t& go%ar?tlsctg taPrO ane ter%c]lenéaﬁc}ﬁﬁeaglt ur FArT yo%rg%ﬁl% earvéln{ uses of
one or nBr e ofthsk&wsd etdhdr TﬂﬂfélbcmioéSsHape oimebedmp &G hapal, nednyather suipblevi ded.

The nethod, in this as ses providing a first fluid and a second
fluid in coft@Ret>uel ¥ %Oﬁ]é‘pérs dpsgpss ?C' Ui'd™at an interface, wherein the first
fluid and the semanghefchis,dncdgp srake detistiantcb@uytediuch taneh weenieficldat | east
one of the first fluid and the second fluid j a fluidic droplet

cont ai ned vm“taﬁifliﬁlf%lsééﬁa?ea iy i late“?%’nr?éi”ﬁ%ﬂm\‘%ﬁ?‘? HETSCBND A BEEOUIY| yvi ng an

electric fialseuskql. tHofedanip®y, hir@1BctfME hiaG b€ Bdnsir@et&l St bt B¢ clb@asticld portion of
the interface and flowing at | east a portion of the second fluid into the

first fifi derepigniingpiairedigpacdirechondihiotrsial iprgyicdbaurtivat s i ses

provi di ng ajfsiansds, d. glg U\k/H’er@HﬂltéleS&&%&’es a!ré&is@d teh, CRALBgkedYelalivd BEahGI T st fluid
at an interface, wherein the first fluid and the second fluid do not

subst ant i al hgreim-he elprirodarasi by capstigiad to iBHIENGY NGBS B PTG OB he
second fl ui gm& Q0% nconl 'oPtheCchQﬁ;ﬁRl Rl e 'b?ﬁgmmlz%u{fge(?{ ¢, Enifiithdod ol ng fluid.

The net hod urt conpri ses applying an'e ectrlc to the interface
suffici ent ﬁ@p@ulspﬁpflrsatntdr@a@tomeboﬁlplf@bﬂ yfantehpstrpdetintefided o expdsa @novi ng at

! east a ?Or E%C%Hd Qlfterttapee %?%ﬁ%}jﬂl lcﬁlflfge tﬁ](g tl(gﬂhtﬁa\'[ thé %&'St ntelf’fage tO a'ﬂ eYG%&lcanOt her

aspect, hod The ne I'S aspect nprises

appl yi ng an flelde(m sqnm a‘rmlt@lddndna mdudimg tbe ﬁla@:ef ali@llqcne@ tnzatawak}mw alofel rst fluid
and a secon i d can t ai i ressure to
the second e FefR b muaRt i hPg ERaTEee BRI Fafullaear °1 east
a portion Oﬁntérfneessaicﬁ)ditﬁhnfnkdmhdnaﬂlg) eepsﬁsed tott]itﬁelédtﬂicsfﬁelcﬁ |lanil/dr art BxyoB&l Bet  of
enbodi ment s, .t he rIEt ho

" ' E{fjes a l())VIdg ggﬁ CrOHLﬂI dic system
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cont act 20g flkentdsvilerert € editetd k&ﬂe@u&hladmghncabetmeﬂ NpfaE8Cdfigectiopr ovi di ng a
first fluid in the

systems.

The electric field produced by the electrodes, in some embodiments, is generated
using an electric field generator, i.e., a device or system able to create an electric field
that can be applied to the fluid, e.g., via one or more electrodes. For example, the

25  electric field generator may include a voltage source and one or more electrodes.
Voltage sources include batteries, wall current, fuel cells, or the like, and a wide variety
of voltage sources are commercially available. The electric field generator may produce
an AC field (i.e., one that varies periodically with respect to time, for example,
sinusoidally, sawtooth, square, etc.), a DC field (i.e., one that is constant with respect to
30  time), a pulsed field, etc. The electric field generator may be constructed and arranged to

create an electric field within a fluid contained within a channel or a microfluidic

channel. The electric field generator may be integral to or separate from the fluidic



first mcrofluidic channel and a second fluid in the second mcrofluidic
channel , and applying an electric field to the interface to urge the second
fluid to woterytsheefirst mcrofluidic channel. In sone ®a3as2010/0¢0006 r St
fluid and the second fluid may contact each other at |east partially within
the intersection to define a fluidic interface. In certain instances, in

t he absence of the electric field, the second fluid is not urged to enter
the first mcrofluidic channel. The method, in another set of enbodi nents,

i ncludes acts of providing a mcrofluidic systemconprising a first

m crofl uidi c channel and a second mi crofd-ui di ¢ channel contacting the first
m crofl uidic channel at an intersection, providing a first fluid in the
first m crofystingd¢antashiagihelchamdl, accewdongrid sfrhegrabddimente Aseusehlereriicr of | ui di ¢
channel , and. At i i t. i . - fluid from
tho first m ARarr oS b &t ShRah Bl AR 4R MERE AL € |
sone enbodi awvay shat theeofmposhtsfchanodbamanuae sepeaed droh esckl oternywid@t actingeach
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interface. AccCOr |%1g 0 C6ie erboli ent s I h e *abs el 6 £hE "%t ri ¢
field, the fiaydt ahtbmbttallg coroiolled, ged by aidenthepmpiter @aaamdmamicdaaideui di ¢

channel In yet another set of enbodi nent t t had .i ncl udes acts of
G g a i e B iSRSy Shas Rt i s R B PR ofn B e anmel and
a second m eewktna tdisccrahen gl a @onidabhhdey féeahple she fearofitldindly®e channel  at
an intersectian, tcgrovi ding a first fluid il?}flihe irst mcrofluidic channel
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and a secondPHICH{Hn RCFRETO0 PEBITEN AIEY BFANDF dNE? SHARhERMAn PGy t he

second fl ui diefdnBSMHe@ppldaohddudlslyipehidfidauly dirGnisiainel , depbilidg dnhe f 1 Ui d and
the second fluid may contact each other at |east partially within the

i nt er sed?i ofMpedigrent; ¥ e\ ailRC iekt dioF @pleavhileasinterseiBrinedRId? nent s.

In certain GASRSric WM ARNdRlRKId nfay bE Bedd into &Qﬁlloll%gtht‘:%térg@tiblnt'ﬁ{ef ace, the
second fluid may be at |east partially prevented fromentering the first

m crof | ui di eleetiiahigld|maytsapphiadtie disruphths trjtgrface fumpdbetwean the fladds slepdeint s,
el i o . St O £iret
I ncluaes actgg Eér eR&:ﬁMg%! J’ﬂﬂd&tﬁé &%9{& éﬁh@eﬁgiigm% 8&%&%%%, PQreBy 1 1S

m crof | ui di ¢ channe a second mcro ic cha contac%]ingthefirst
m crof | ui di ellehiagfeid cachaage firerh dresseenil ghannplrinteitle firgt chardniet wtocfuruiAd i n t he
first m,grof] ui di . e P e ) uidic
channel ,1§an3&##‘%ie%%ﬁé]?’tr}?gh?t?og@nlg[atﬁégg ﬁ?g{labﬁﬁlﬁ%hpﬁﬁ% < %ﬁ%ﬁ%@g llggr??%! t he
second m cr ofgedindd the dinsialwinel th presio wee enbad inpe dtaplets dvgtafned stithinl the Arsand t he
second fl ui dh may, cont act each other at |east partially within the
intersecti ofi t0“define a fluidic interface. In certain enmbodi nents, when an
electric field iShapphgegptial bhie dateddsacs, betahe sdilatliedoan faealigtptngast

ot hor  Sspaeic et APt Rl HRabae SE0re rpmer Bad 0 BISEPGeet =1

conprises, N vwagl 56d0 Vfbeard2a dilme aid300av foefwetn Dl1Or gidcloohapaglen @132Cond
fluidic channel in fluidic communication with the first fluidic channel at

an i nt er secib Vahraveen Vs V apds G ¥ clsivedilelcY B4 S Vpordhg it aBRliYener al |y
opposi ng si Q@l@ag@fma}rlﬁg_aﬂ; {1#e8 torftinbbdlyG peIaiN) @lterBfitdnn§, raReAM efcl Uhdbeisshannel ,
u

wherein the first i c. channel , the second fluidic channel,

may be DC, or AC, with any suitable frequency, for example, frequencies in the hertz,
kilohertz, or megahertz ranges, etc.

25 For example, in one embodiment, the electric field that is applied may be pulsed.
For instance, the electric field may be applied when a fluidic droplet is present at an
intersection, but not applied at other times. In another embodiment, the electric field is
applied while a fluidic droplet is in front of the second channel. For example, the
electric field may be applied for a period of time sufficient for injection and/or

30  withdrawal of a specific volume of fluid, e.g., the electric field may on for a period of

time and off for a period of time while the fluidic droplet is in front of the second

channel.



the first electrode, and the second el ectrode are positioned such that a

pl ane i ntersects each of these. In another set of enbodi nents, the

m cr of | uivooBBaT7at us i ncl udes a first mcrofluidi c ch&amals201a/0¢@eend

m crofluidic channel contacting the first mcrofluidic- A - channel at an
intersection, and first and second el ectrodes positioned on opposing sides
of the first mcrofluidic channel and the second mcrofluidic channel. In
sonme enbodi ments, the second mcrofluidic channel connects to the
intersection via an orifice having an area of no nore than about 90% of the
average cross-sectional dimension of the-second mcrofluidic channel. The
m crofl uidic apparatus includes, in yet another set of enbodi nents, a first
m crof | ui di ¢ chaBrepplyiag & seltage aerpssitif ¢ledtdiles, ¢ hanaeh clegnt deldigagerathe fir st

m cr of | ui di i r j na. ctrodes
Dosi 11 oned ShERRACEHIRa R k8] BRG] helbe AN S eIt RARATHGRECL LOTES
cases, the s$wmoochdpositoreiccueddite themagmiet cleanmlectsss thowh eFiGhPBr déet i on vi a an
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orifice havi Iki Hief 1 r?ll;g'y B éueghttﬁ‘ealﬂtgrafﬁ’c%%w%%{‘lhgfﬂuﬁééefo‘%‘é’xer B in e
Cross-secti ona I nmensi o e“second mcrotluidi ¢c channel. n yet

anot her &speatg diaatiar 4sithd Bow guredujectead. of Afleidafitdn dle@eadplianadsptodecor di ng to
one set of enbodi nents, a m crofluidjc channel .conprjsi a first plurality
of dr opl et s 1Y ot SRteqApfsaby b e SRBHESHT U PR B OBl et s of o
second dr opheditidn¢pe @t iheglecsioalldeovbr @atddieclion, st offlcopbi@thetotpes, férhe first
and second droplet types definin repeating .pattern within the

m crof | ui di €* "rnﬁ‘éﬁgnﬁﬁéf‘ta“rogﬂ?@ﬁ‘%"g Ogtﬁle Fleggt f“ﬁla/i“g%d‘é‘??&oﬁ\éga QO‘Y 50881 unit t hat
i ncludes more t haMomeabiels 8f Gk dikfilon, & d6dribad (@RhRO&ToARAC ML/ oF eat ur es  of
the present invention will becone apparent fromthe follow ng detail ed

descri ptlf on vehdgginesuystbid fromiaspeagd SddayarerPanaion ohan infevtesst iedreehen

consi der ed Hﬁfﬁ&@hﬂﬂ&wd%k&%&ﬁmﬁ&%mﬂﬁﬁ@ﬂ&ﬁﬁyhﬂﬂﬁéégHLQ§mtheEa§ES where the
present specification and a docunent i ncorporated by reference include

confli cti ngliakapush tahi dpesingt Bratentn BaTigrivecen thivdirgraad gaspndsipeds. akat i on shal |
control. If afl(\Ags nsfIPEAIAPRIHEA PR A1dlG APAE Bl R¥ia! REARGARE V! ude

conflicting and/or inconsistent disclosure wth respect to each other, then
the | ater-fih é;der@ppbfitwaﬁtni Boﬁir_stsfhadl andcﬁmwndlﬂuiCEQIgElbet_DEmﬂPfﬂlmiﬁseTﬂEl

DRAW N@S No @ﬁgnlnglll ah{j QQ@E@P ﬁlde{ ﬁrngt?cfl]lﬁm%i (gslﬂﬁ)ngc{ %sdﬁ MersdYiGR %Vlltfl) ﬂleygleéolnfl b e
described by way of exanple w refBrence to the acconmpanyi ng tigures,
whi ch are schane isclisupdedafleidmoty flowt ieodda first flvgd @riiwecem fBodlfem the t he

figures, each identical .or _nearl igentical onent illustrated is
typicall y 7 opreL R LGRS 0% iRl ol GREM PR GRIRRES Tl GRar 1y, o
every conpofiefik with résplekeehch nthenyeny af exgquipd;,, bpnosntiofing\ier diffeempamnent of each
enbodi ment of the inven%i&ntsﬁfmn %Q?%e Elhgatra&jon i% ﬁOt necessary to
aIIOM(thosepﬁ?“ﬁ?&Fﬁﬁ?9l§ FHANT IO e aPt™™ o™imfe 59558‘3 2¥invention. In
the fi gaoes plefdrentlils hooke daedivs oemoier (4. avviags fileWrdbldiNleQ idadibarorout  of
another fluid in accordance with an enbodi nent of the invention;
away from the droplet, i.e., withdrawal).
Thus, in certain cases, at least a portion of an interface between two fluids may be
disrupted to allow fluid flow between the two fluids to occur. In some embodiments, at
least a portion of the interface may be disrupted by electric field, e.g., applied by using
25  electrodes such as those described herein. The electric field may be, for example, an AC
field, a DC field, a pulsed field, etc.
Without wishing to be bound by any theory, it is believed that application of an
electric field causes forces that are acting to disrupt the interface (e.g., shear forces,
mechanical forces, electrical forces such as Coulombic forces, etc.) to become larger
30 than forces acting to maintain the interface (e.g., surface tension, surfactant molecule

alignment and/or steric hindrance, etc.). For example, one possible mechanism by which

the electric field disrupts the fluidic interface is that dipole-dipole interactions induced



FI Gs. 2A, 2B, and 2C show a droplet before injection, during injection, and
after injection in accordance with anot her enbodi nent of the invention;

FIG 3 shwoon/sysbem for flowng fluid into and/ or out POT/tsa@vioer0os | ui d in
accordance with yet another enbodi nent of the invention; FIGs. 4A-4B
illustrate various enbodi nents of the invention conprising patterns of
droplets of a first fluid and of a second fluid in accordance with yet

anot her enbodi nent of the invention; FIGs. 5A-5B show a system for flow ng
fluid into and/ or out of another fluid in accordance with still another
enmbodi ment of the invention; FIG 6 shoWls a plot of droplet size
distribution in accordance with an enbodi nent of the invention; FIGs. 7A-7B
show pl ots &f tl@c@&ﬂ@h‘@lfie&ﬂiniem}het,ftﬂil@d?fuid&jhwuwﬁh@ﬂﬁé$ tOéﬁmmﬁ deatticallpf t he

i nventi on; '{trg@tﬁd %aﬁcﬁ eﬁ&oé%gr 'c_l‘jlé ﬁi) theg%a\l_%gaté g slt@clﬁg{é oS S n%uo%\f %_Et RAQ her

enbodi ment o e I nhvention; oW an nt of the
i nvention foortidn obllheintérfq'ce@ltd tberpbya@sing 4 OlidickOmndctibustipmt eetebeahe oni ¢

control of fI d| ect acc et a odi nent of the
i nventi on; I]—&l usﬁl] Portupactlon %%1 ae“falicr e%t%%%“ﬁ% eaéggrgﬁrance with

still an6t h@bsseﬂmnehhammh befwhidhehd ¢lstedid ficd lisfapEshe ih@2&adACHat theislectat e

pressure ne r ement or di to ye not h odi.ne of the invention;
G Fi e, 1 SR TS PRk b TR SbeRy SR SethsGiichent of -t he

i nventi on. DETAI E&%mEHEJﬁ\érﬂ'ﬁlﬁuﬁﬁmaiatﬂuidﬂtvscbeliﬂjwﬂedgﬂﬂaaroahﬂnyl ey ates to
systens and net hogs fo he crﬂgtrol of fluids and, @d{%orre cases, to

syst ems and PrEl s‘hﬁeﬁ of qrﬁi‘/\ﬂ ¢ RY APRIICAUH G Se G e SIng £1e6wolss ' 1 ui ds. As

exanpl es, f hdigoneBYo 41@1}1 thé 86BEEIN orHréNi ARk ete iGRREAIACAsWishdife @ 1 uidic
channel , or a fluid be injected into a fluidic channel to create a

dr opl et 10| nexuppie éﬁﬁéw}%mt%m 3dE ChABElPPTPRShCh e R EIEeAien AbiF Yirhn el ectric

field to ongphelMlanE Lddbsli &ammﬁ@dr%le@megj at leggt%ftﬁﬁ%' oldflel Of efsigction of
at least two fluidic channels. For instance, afirst uid may be urged into

and/ or out @¢pigediaddHdSA ﬁh@golqrg@qqu m@t&eﬂe@v apﬁéfaé‘ll‘éfdfplfCF geteel ¢ The
electric fi %F]e dzlﬂcl?&ﬁ%a%ﬁéﬁép ol $fudREq fi‘arlaa&l{‘&tﬁ Ai&o E%}%@F%n?e first

fluid and at ast one ot Properties suc as t flow
rate, et c @fstaacefSI s gonfe] agied, tb@ﬂmgs ueybdatilersiopagimdly epndvatingo findethe Beidnd f 1 ui d

can be g r Op glbgg?lp&{m&é%lnotrr Hihih PP @E 'aﬁﬂl%?lﬁ{;%pfﬂw %x%gfehcﬁ} Gnithdngnd/or a

flui dIC or exarrp e curvature o and/ or
controlling aﬂ(bmtmpblidse@e)éﬂamhmgc of cltalrgi: semgian|withét thatpplied ebeanplﬁeldl S now

provided with reference,t uld b nde od, however, that
Ot her _enbodi ment & BALFRBET PRAS STy BEPEE du By IRREL G conat

threshold electric field strength has been reached. The threshold electric field strength
may be any minimum value able to disrupt the interface, and may vary by application.
20  Por example, factors such as the viscosity or density of the fluids contained within the
channel, the flow rate of fluids within the channels, the geometry (e.g., sizes or
dimensions) of the channels, the angle at which the channels meet at an intersection, the
presence of other forces applied to the fluid, etc., may affect the threshold electric field
strength for a particular application. Non-limiting examples of electric field strength for
25  disrupting an interface include electric field strengths greater than about 0.01
V/micrometer, greater than about 0.03 V/micrometer, greater than about 0.1
V/micrometer, greater than about 0.3 V/micrometer, greater than about 1 V/micrometer,
greater than about 3 V/micrometer, greater than about 10 V/micrometer, etc. It should be
understood that values outside these ranges may also be used in some instances. In some
30  cases, the amount of fluid transfer may be essentially constant as a function of voltage
above the threshold voltage. In other embodiments, the amount of interface disruption

generally increases as electric field strength increases.



al so contenplated in other enbodi ments of the invention, as discussed in
detail below In the exanple of FIG 1, a systemfor flowwng a first fluid
(e.g., awbuod/mitmi n a channel) into and/or out of a secPAd0l0E@¢e. g., a
fluidic droplet) is illustrated. FIG 1 shows system 200 having a dropl et
source 210 from which droplets 220 flowinto first channel 230.
Intersecting first channel 230 is fluid source 235, which is used to
control the flow of droplets in first channel 230, e.g., using
fl owfocusing techni ques or other techni ques such as is described in nore
detail below. Also as shown in FIG 1 ake el ectrodes 250 and second channel
240, which intersects with first channel 230 at intersection 260.
El ect rodes 250 aNénﬁ@@h@k@m@ﬂe@ﬁﬂnmél@ﬁd@ﬂmﬁmﬁpf@@im@ﬁﬁﬂéﬂbzsohhear
i ntersectio , ; of I ow
past intersgg%?%ﬁngggigﬁgq %m%gﬁﬁgggfgggﬁﬁgdﬁ%S%% r%?ﬁ%gQBQEG&groplets
and an injedEabM&wﬁKugd&mmV$emamdr¢m&@naheaaQMmEkédmﬁmﬁbatmsﬂudneate an
nj ect abl e T RHUE oS R T e REhe T bt et dlebher bRSIRe 1 nro
t he dropBetpfmhemﬁhyubmommmgmdmﬂpbemshRQSAnbbmgﬂ@mﬂheamnhemahseqmenof an
electric field,. di sruption_of the | occur t hus, fluid
Fr om second SLHHARGR G420 ABE: ksdow rEbeP e e bh BRI BEe 225
cont ai ni ng lflmcﬂlaﬁlhﬁ(hh@bls@ofld tHating tas eaeianid ickeaw, widreiserii(anaiz60, e.g.,
flowing into collectio nel 270. In certain aspects f,th i nvention,
syst ens suchh %@eﬁﬁ€§§agﬁ <rwéﬁaﬁéﬁéwﬁn dﬁs E@@ﬁ“?gwﬁé%P ?Iuidic
injections iMé@edan@/id f1fillib dfbpfer, Wnd/Bok aveal s wﬁthﬂmvmuid i chef RAgie¥XRIE, from
a channel contalnlng a fluid, froma fluidic droplet, or the like. As
describdfl in t heAeQEmSINdIngHBY exampkes Suidisehanlpona Ik ghapeel gewrigihed on a
first fluidply;dh@FHRbiilth Al it RLRCRART, egedvﬁéﬁtﬁéﬁﬁﬁ cBardnkf &l ffd Ui d and a
second fluid. It shoul d be understood that i njection and/ or
wi t hdr awal feepnd shenpd @rceirit gn iigseetionoin spmecaspsthy fujdic droplet indedyst however ,
fluid excha first

. gﬂaﬁlﬁiﬂg%}}/%ﬁﬁfﬁftc%ﬁﬁg%&?%% @lﬁfcﬁ gr %ax in c&ta‘%%hh B vt be

flud my b portion of the second
fluid may béedirsteiameh in o casee, the weith ¢f] theé st mam@l\mge atfefit heuptivsorf of an

terf i i i
o or 208, "R SR RSP AR AL DLRLASE8 e e
fIU|d_|njecﬂwdmeﬂmmmﬁ&mdhmrwmhﬂhdmammhmﬂnmwﬂacbmuﬂmdadb@mhqannon t he
enbOdl ment . (%l‘gcornqu gne}/ngs E glglcno\ésegécluglga’l are% Pfstﬁ% FCCO?(F&HI nel Iat the 1néeﬁsect1;(f SySt ems

and met hods 0t I“ESEPHY "ui d
(e.qg., fluiaithnonfiac cﬂlhmne_d(ecg ;ahanodicemayole dfmeesectoad chaiinel, & ohé¢ 1siptkisent,

droplet). For.instan € 41 on t of enbodi nents, e fluids may
be Tusetl or SLbSTTARUGS [t ShaBiD- SPaph i oS SERonH AFE of REOTHS 61 ror o
flui ds Qodi naskdcyo@b@wednald Brst ndfstsad OhanGdal@s&sss, m@&adafsa)mp&ﬁatuﬁtw to

conposition, surface tensjon, dro | et size, the presence qr absence of
sur f act ant s thedfuid ingthyg seeqndphprnel ag it gonfagrs theyMuiching thy st amich fesrenes- 8 nor e

fluidic dr OQ(I)Iﬁé Sased, he GRALsf BuiVhi@FeQfflndl fﬂh&m&bfesge@m chhiiR1 ﬁlﬂ% hag&int@&nsi on of
the droplets, relative to the size of the dropl et s, uﬁ%ta SO prevent fusi on

or coalesce#@§4¥9§ﬁﬁbéﬁﬁﬂFVH§tmﬂm§%ﬁﬁh@é@é§““§5§ﬁﬁﬁl &¢ 8i¢ 2And et hods

least partially protrudes from the orifice or interface into the first channel.

25 As a non-limiting example of this, referring to FIG. 2A, fluidic droplet 300 is
shown in first channel 310 flowing from left to right in the figure. Fluid 320 is also
shown in this example protruding from a second channel 330, where the second channel
has orifice 340. It should be noted that, as is shown in FIG. 2, the orifice is at the end of
a tapered portion of second channel 330; the orifice need not have the same size or

30  average diameter as the fluidic channel flowing into the orifice. In this example, the
radius of curvature R; of the fluidic droplet contained within first channel 310 is larger

than the radius of curvature R; of the fluid entering first channel 310 from second



di scl osed herein for fusing or coal escing fluids. Additional exanples of
fusing or coalescing fluidic droplets are described in International Patent
Appl i cat iwe 288visal76No. PCT/ US2004/ 010903, filed April 9pC2OB2010p40006k, et
al, incorporated herein by reference. In sone enbodi nents, a first channel
is in fluid communication with a second channel at an intersection where
the first channel and the second channel neet, e.g., as shown in FIG 1. As
shown in FIG 1, the first channel may be designated as the "main" channel
(channel 230) and the second channel may be designated as the "side
channel " (channel 240). However, it s d be understood that in other
enbodi nents, other channel arrangenents are possible, and that "main" and
"si de" channkdngelaide. The fleidigldeapdat and/flpd ppsdkesgn eeritact with neahaithey formenganed
herein, the. i "side" channel may each contain fluid,
and t he nalﬁuc 5%%% Q?EQt\g?@ﬁgﬁgé? in which fluid fl ows when an electric
field is turned beFFIG 9B tthe inleefacalteewdecacle hedadapiengnd thuéldering ftUlirbmaﬁi n

channel fr OE] ]lesrlilll n et hoesur% 0? rilleIIPace td a gmtlallalg fe(r:]%c | % d as 1 1rs]cal‘1r§n h0| ds
fluid that ProWEPHASH SEREUE AT BIeFLREE L0 Hdlebls £ 8T 151 &4 tfhe "main"
channel Borhaamrymmgd&v&im@haﬁhuﬂﬂm;mmkbnmeﬂw@nynasﬁaﬂheth&mbsetmion whi | e

the "side" f fluid end t t t
al T hongh t e AT B RahY HEg SaReB i M5 Tl s e ana

"side" chanmelds, vmeadmmplbe Havne shffme]it @rm@mgl&rmffhce&h@m df thefthtGfack. I n
ot her enbodi nent s e inventi.on, | e, the %ae ch%]nel may be

aligned wit ﬁepéﬁ‘“B%flﬂe IS AR dlSIPHté“g\} ‘Hn CRBHAY GPHEE in a "Y

arrangenent f1Qfd dxbhadgSro @EUTE NSioRRkAasAl 4 ANGRRBMereiRthd L dnu}@esha@e BORe | i mting
exanpl e of a "Y' arrangenent is shown in FIGs. 5A-5B. In sone cases, the

first orlnmitHertasanspiseiscpspledbygopaaliagbeelspaic gldgs thejinterface heipiepe d
per pendi cul ﬁ{e fhudst fodbehnf IO WMot i Ge1gN a8 b ask RRLraGlREST tRQLipdihange

substantially as fhe channel approaches the intersection. In other
i nstances, Howepesof thedlwids apds suertace hetvey thaflwgy whithrmaaysherghy detthease (i . e.

constrict) Aohfi®r meu?&or{? 'El%’?ﬁl%ého &, 58, aﬂl{%r {h@ta bERGE HR-able s neXanpl e
area’o

the cross-sectiona the Tirst channe ecrease approaching the
|ntersectloﬁxdﬂhﬁdbéw@wmm@Wawnehqﬂaymﬂﬁw@m@eogﬂwﬁehﬁhmédabhhmm@hham an

I ntersegkl O'?lugﬁc &0 et%@hgstl%sg‘él Qf&a%&eexgﬁnﬁ aﬁ’hﬁ‘e crem ddi}élh ﬁﬁ]lcpﬁ?[ﬁe second

|ntersec§|on I'rs anne secon

channel ysapaﬂdmhmﬂBBQHMybhamm@ﬂduwahamndnnth&mdﬁﬂOSamBWQHMOwtnents

i.e., a portion of at tq% bn ectloq W t h the first
el.31 ns }H

channer oy PHS0ECRr 15 SRGRTIERAN T Bhorhd b SRR Rt tple] RS

Cross- sectlﬂmah%ﬁbmafmmnmhmcsﬁ@nndmﬁhmﬂméhmbﬁamMng up to the intersection

I n ot her enbodi nent fice gsent.. ar t he
cross-sectional ar% Cirefi?o V\‘ﬁéﬁé%%ﬁadlgﬁ h%ﬂ“(ﬁ@ tggéﬁllag\fg?? ‘Hé‘né g\“ﬁtﬁio\lféﬁefioqdar ger in
sone cages. cildn@el®30 hia§®e BB roled, abcoadiyg ®RaA6ys dmfod@@am heGhveatidR by

el l'iptical, trlangular rectangllar etc., and may be positioned I n any

SUi t bl 6 poSPRTODHIE e sichde Bt dloidicivapres Bt Be varged SHids ibe Siengh ohhe; e of
the second ghampelkid, Y §1|ﬂ1péi§f ihS cBMA¥NhE Rature of the channel intersection, or the like.

As a specific non-limiting example, in some cases, fluidic exchange may be controlled

by controlling the pressures or relative pressures of the fluids. For instance, and without
25  wishing to be bound by any theory, it is believed that by controlling the radii of curvature

of the fluids such that R; (in the first channel) is greater than R, (in the second channel),

for instance by controlling the pressure of the fluidic droplet (p;) to be less than the

pressure of the fluid in the second channel (p,), fluid may flow from the second channel

into the fluidic droplet. Thus, the fluid in the second channel can flow or be “injected”
30  into the fluidic droplet after disruption of the interface in this example. In other cases,

however, e.g., as discussed below, the pressures may be controlled such that R, is greater



HG 9. As described herein, the geonetry of the intersection may affect
fluid exchange between a fluid in the first channel and a fluid in the
second chworelo/15THveé orifice may have an average cross-s@CTiusp@b/ogionensi on

| ess than about 100 m crons, |ess than about 30 microns, |ess than about 10
m crons, |ess than about 3 mcrons, |less than about 1 mcron, |ess than
about 300 nm | ess than about 100 nm |ess than about 30 nm [|ess than
about 10 nm etc. In sone cases, the orifice nay have a cross-sectional
area that is no nore than about 90% of the average cross-sectional

di mensi on of the channel, and in sone thllses, the area is no nore than about
80% no nore than about 70% no nore than about 60% no nore than about
50% no nor éhanRarand bloist may0steasddoervo thdravinarona e dlui@odipplaionipdheseedrdn  about
20% or no iPﬁ fhan about 10% of the average cross-sectional dimension of
t he channel . e orifice may be flush with an intersecting wall of the
firstchannel (i.#s menﬂimle(hrtha‘imwamtmndwfﬂuix@dndgyoe&ohtadledw cantmlitrtgi on of a
A ter nat 1 voltl e BOR eSO F ATt ek B AP RSP e © %

pr ot rudes i nérait fisbddimeits, chramohel the élmtﬁoﬁadm@ﬁbmmeon@ltmﬂ ofithe e

el ectrodes are_.provided that can e |cf|e to .an intersection
of a first %{Ffﬁ‘é’l ©&an egle§8rc‘3l?f3t%ﬁ(§ﬁrr?g’|njec asugé?éw%gré‘go {}E 1BOdct r odes nmay
bﬁ posi ti oneﬂhnaﬁcahq/bhmto 4 Madieldepldt adam adheaiet @R cedngat, Ibb/(in(frclluﬁhﬁig exi mum

t hat contains the ersection, or at |east roximate the intersection.
For i nst ancéiCTlﬁg‘ @t é‘&ﬂ)?%tb‘&’so ,ﬁlgfyn‘ﬁgaﬁdﬁvﬁegﬂ{sdwggu@ﬁgg@’ ¢ ‘iliu%‘?fgc?srqnc field
or an el ect ekgnglé, @hechodfish BLRE IRGALEMayBEFfuivaS hEBEOMEnGRANDEGL fieRtiGr Sect s
with the first channel, or _such that the interface between two fluids in
the charflel ePligpeisitethows ISyl PRisomPaled & Vg thire 5o efaslicdiekb©f ddes may be
posi tioned rehakbiarit Gelah@s GRAGRSISTIGNI AV ahd ﬁ&s&’udﬂfof%'}ﬁtbﬂéﬂé%a!yf&[&% In some
exanpl es, an el ectrode nmay be positioned essenti al opposite second
channel . Al ﬂv@?Wil%wamaﬁlhemesemﬁG@éomntﬁef%efsqmnl%ﬁéaorw@wam| ally to one
side of the Eﬁa@%lgpl& RELte t}&l&orre enbodi nents, an el ectrode may be
positioned a owt e second channel (e.g., in another |ayer of the
devi ce). I n soneAeaSIEBSIflCalomhunfaﬁg axgmple, refcanteryets Fé@el()ﬁr pheidd volkge

exanpl e, i or

oppogi ¢ 451 qelegF FRERRRY s3I BEE il AR SIRERL Jhi E R LIBLRHE o

el ectrodes mytebbetpyeal the clnecbdcmth@qapqg]hb@tosthdﬁ&dmfmtbtrﬁetch thqvbcdtionst thehannel
and second chann nbodi t. 4N whi.ch the .el ectrodes are
posi ti oned 6r%erfaﬁ%r SCO ng"n%h%ﬁoas M=k rﬁ‘?‘,l(’%ﬁsﬁ“’w%mS%d%onn%ﬁ% in

whi ch the Ehlﬁﬂfd’cé)dﬁﬁlsalbﬁ hpﬁmgtdx@mﬁld) c(n sb@p@Ba': h@edsthae® it BGS hiddandnobl G 9.

In sone enbodlne ts, a f|r el.ect rode con ectrode may be

posi tioned &UréHt %ﬁi’fneémtﬂs uér%yc@flgglﬁg%ﬁ‘egf S‘SE’ ltleidﬁoglﬁ’ne cases, the
el ectrodes mmytfdoe, tw@sttioﬁlaﬁdlemelﬁee efir [dcainabe Wbitvl16d EA Ofeihed, ehamiel S

(e.g., as shown in FIG such that the first fluidic channel, the

second fl ui GMROURSRHdhe el%?ﬁ‘éF @"Hgmé}’ Be tonggled by conpaliipg the yalpss deplicdat a pl ane
intersects @rGc@badslRBEed about the interface, e.g., via controlling the intensity or polarity

of the voltage, and/or (e.g., if AC), controlling the amplitude, frequency, etc. of the
voltage. Dor instance, by using higher voltages, the interface between the fluids may be

25  extended farther into the first channel, allowing a larger volume to be injected into a
fluidic droplet, whereas a smaller voltage may be used to cause the interface to extend
less far into the channel, causing a lesser amount of fluid to be injected into the droplet.
The interface position can also be modulated, in some embodiments, at suitable
frequencies, for example, at frequencies that are comparable to the rate of droplet

30  formation or passage by the interface, thereby allowing the amount of volume to be

injected into each droplet to be individually controlled.



Referring again to FIG 9, FIG 9A shows a photom crograph of an exanple
system while FIG 9B is a schenmatic diagramof the sanme system In this
exanpl e, WOABMSTOO i ncl udes a first el ectrode 710, andPam/Usppodea)s second
el ectrode 720 that is co-planar with first electrode 710. In the exanple in
FIG 9B, during use, electrode 710 is positive, while electrode 720 is
negati ve. However, in other enbodi nents, electrode 710 may be negative and
el ectrode 720 nay be positive. In this figure, electrodes 710and 720 are
positi oned on opposite sides of intersection 750 between a first, main
channel 730 and a second, side channel-40. The el ectrodes nmay be
positioned such that the electric field created between the el ectrodes is
centered over t hin additien.se etriagne thtesdypacants, ffithastleattivalinriéls iM@Gsethet cortedied channel
e G L R R
of f-center con ration, 1n Sther> & ment s o e 1 nvention. shown
her e, eIectmwauhwehdchmmeﬁnamso&hmogedemameﬂwgmﬁmgldnwwwmpbtpbsitive

el ectrode 710 ta negati.ve el ectrode. 720. [ f..the

ol ot r odes, carids P PRERY'S Frde 9 MRl PG ER b PGB 15

el ectrode 73®m@ﬂ$&eﬂﬂeﬁddHMQmﬁmmﬁkmmt@Eﬁmcﬂﬁ&ﬂsa@ﬂwdaﬂﬁhﬂkﬂhm@BOhe vol t age
bet ween the el ectrodes, the @Bﬁ c fi e |nters cti

SOUMEIRRIE iart Iy RN S SRR T NI O A S
fluid, whil @eseeaonfuidhamnahe f46nd Gafindl hieokluM tvithia ﬂseem@mhaﬁﬂemsdlo( shown her e

as a dlfferent shade for of clarity). As sed her t he
second fl ui 5ﬂ1§@é@ﬁdﬂgﬁﬁﬂﬁ tﬁ?ﬁﬁoﬁt a Y?ﬁf@ﬁ?@ﬂfv 8”??”%? %hannel
730, and/ or chd¥h@, . QRORESrdaliSt is SBOW oWV NFIN @18 1 undlr ahspnalelcédR. AN
exanpl e of use of such a systemis nom1d|scussed with reference to FIG 8B.

In this!Piglie, repreaffrﬂe%ytthwcéwﬂd lingg Yehrined uying cloelsxies I by theligipdecext endi ng

frO”‘Secondb&Q%&ﬂﬁkﬂZ@QcmﬁﬂQm&ﬁ&QHﬁ%t&hﬁsﬁ@ﬁ&ﬁ@'|ed application of an
electric field &ﬁ Héle ectrodes, not shown in FIG 32 a portion of the
awHele

fluid from secoan cpadjtipns <f%ﬁé@ﬂé@ ajrejatpvely 1d@pig pate ol frd lewntiimed
within fir St ecfnﬁr&ﬂﬁlne qgtefﬁce 30 tbeZZtgnd%ﬁﬁﬁf?egfa} ﬁg@ﬁ@%h'afﬁ{gfggﬁggégg 765 of

first channel 750 MAt secon cha previ ous t he
anount of f lisshdwi pj ldEt &EB.i Intsome Iqeseslrﬂ@ph@tfamtebés wdat thgltheidtelfpcegont r ol | i ng

the strquot Iyl iy Sheghid fuil Lhe ARRLLARNGD AL NSl SRERLN0 0 O

other facto uch as Cri erein or exanp In one se

enbodi nent s distietenipopddte Bepdatng thesl pdodess ragpphd weld tsmwaeatd'eeplaiab@totf dddg, then no

fluid injection may.o i S inject into

firss hnmoatodu AL bR oLt MR Bled el I mpfest Ve iBac " 7,

part, by coeltwdidaiig rhfié d@prepiotactioh @lagl bapgHidved it @niclv@ses NnF@riseakce,an. An

el ectrode ai dk@ ﬁé%»é$ere|n my be fabrufated fron1%£é>SU|table mat eri al
fiast

and if two FoRfEseap mWB%“erﬁ%te PREMEFEEY AOHEL BB 4f or med

f rom t heosanmastbodi2hidespind peredcend, at Bast Masut B0 dfopleRPecasal, etsea@if ambect rode
materials include netals, netall oids, sem conductors, graphit conducti ng

pol yners, aﬁg)@ﬁ@bﬁﬂ?%“”Wﬁ%méW§E¥WBH%mﬁ@@ﬂ%%ﬁeS%ﬁvj§h§ﬁ%a@%¢§gble for

appl yi ng an agjpfed gek Secbh® Ia@heast Ebo%@f(ﬁ) ESHES perdBeddll Of 1daQd8ouTaY0 BRYR AN
essentially rectangul ar sh anot her exanple, an el ectrode may

beeIongatedpﬁﬁﬁaﬁﬁv%1%5W¢Bmd89@W@ERQ§W%$¥@§%@H“@Tﬂpheﬁﬁpéﬁpk&d@fclosest to

an inters eCTséc%ﬂd, at least about 2000 droplets per second, at least about 3000 droplets per second,
25  atleast about 5000 droplets per second, at least about 7500 droplets per second, at least
about 10,000 droplets per second or more droplets per second may be created in such a
fashion. Accordingly, in some embodiments, by controlling the electric field, individual
fluidic droplets may be created within a channel. In addition, by adjusting factors such
as the voltage, flow rates, and/or pressures within the fluids, the volume of the droplet

30  thus formed within the channel may be controlled.



between a first channel and a second channel. In sone enbodi nents, the tip
of an electrode nmay have a width that is simlar to a wwdth of the second
channel . W 20tdest77énbodi nents, the tip of an el ectrode maY/US2016/080006 dt h
substantially larger than a width of the second channel. The el ectrode
shape can be flat, V-shaped, or any other suitable shape, such as the
shapes di scussed herein. In sone cases, the tip of the electrode is
constructed such that an electric field maximumis created, e.g., in the
intersection or proximte the intersection, as previously d| scussed. For
exanpl e, an el ectrode may be constructe]c?-such that the electric field
gradient is optimzed in the direction of the desired interface disruption.
I n sone i nst ancel anethgr set glrparbedimentsi (e vseedf dlst alesdensticdd maybevéreedy. , as

di scussed r%)h tlYe %Hc 'tzorqsls u%echt% @nr&ﬁortdgcqeag%;g Ffe?%@ﬁloméstpa% STB0R ructed to
mnimze interfere ‘et ween one or nore e es ahd one or re
channel s; f osedex arptk droplys. Honexanmila)n tohe cases mfémdiedroekpaswnmuom aqa first
interface tq an.electric,fiel trode | ose a second
i nterface pgélef?I(S)Cﬁlést:‘fdlheremraa)ﬂ‘tfeellr%drlOC%%:am etst?:uhnﬁlﬁl% gﬂp ?ySé B ace to an
el ectric5fi etedie draplesgrR., ﬁﬁbg)ﬂl)\mfﬁmﬁmg reethiques gr biher ts¢hznﬁ1uen‘ suaimae| ect rode tip

can all ow nore facused tio an electric fi by .the el ectrode
CTn auch t At AR PRE tor e edd i AR i ol S e iveed Lo t he
el ectric fi ety aauftéiont cRkceicad®ROS eghlico, el‘g3|LaInlg\é&b&0de@,Vtﬂé’ fheibie Ghterifee hiag! d
strengt hs. ghl s may be advant algeous for in instances where it is

desired to PeEUEcEhe Pyl Wé?%léﬂroglebfoﬁpngtfqnty of injection systens.

The el ectric fiefg RiQpLGEFIDY1E, fh@a@in@e@ﬂaé%een'arﬁré‘tqm WihR diiemtngel | S
generated using an electric field generator, i , a device or systemable

to creatl® afl@flcasependsflug] withip s¢cop ?ha%elﬁ%%dr@é?t% Hay precregigdig thee. 9., via one

or nore el eghdeREast an EREWiEXiRIIPL. § ddeh@ n%h@&!nr ﬂ\/ Esshie€lvinigdenakanaichiiy | ncl ude a
voltage source and one or nore el ectrodes. Vol tage sources include

batteries, Wafpree d}ersecmnd ﬂmsilenwé@ first chgpnet, g, [fprring Gapled (R erampley ifdhey of
vol tage SOU%&S%anﬁsreg ra&?é &%thntﬁﬁghhﬁﬁhﬁe) THEw&lLTho &le é}ﬂ Ik aegper at or

may produce an AC ., one at varies periodical W th respect to
time, for emtﬁpleeslecmcrfwé;ba@alswwn igalns 6purh w1t§qt¢atr@ Jficktloey 95Qabe|D®eﬁ1| eld (i.

one t hat {é dtpge?@fS amgragwg%%g g&w e ctahggeletgrf b%gt%eéﬂ 1211 E ehafite 9 OThe

el ectri c f| e ner construct arran O Cr ea e an
el ectric fi ehdseaprtdihanngl 92(110(11108’@,ntl diinede, whet ihferface mch/ammplstr@m antai cr of | ui di ¢

channel . Thgec% f?ﬁﬁtag% P%¢ mm rgtcﬁé?%lg{ébcé gsl%yvg}goo(g?grglbze arate from

t he fIU|d|csys di ments. As
used her ei ndroplent@ga@n’ fmﬁaanasOntllimd jporthé¢ Hivsflat wtnhm foorchadaren®1$). i ntegral to

each ot her oined in such a t hat the conponents capnot be manual ly
copar ot ed 1 ASHLRER BenBrtrtn SO Sutr it BPIERORR Fp R S ghe of ¢ he
conponends. ubdd t@ﬁﬁhﬁllyﬂﬁ,coinple&@}rﬁﬁefeasms secoh@fleil éehi dnferink @ledirbE}tid en

aut omat i cal Iﬁéhcont r ol I ed, e.g. aid of a computer or_an automatic
devi ce. Hoh AR A 1qeRUsHE™ fﬂ@’tb&r\’é?éjsto prgyentdfuatirom therlirg) cannel %‘HBI ied to

an inters ecnaelﬁg WRBIMRE i@ e isé®hd ERARAE] e. AR theabSBEONAnCRANRG1d HPin exanpl e,
the electric field may be
insufficient electric field), fluid may be withdrawn into the second channel from the first
channel, but upon application of a suitable electric field, the interface between the fluids
25  moves such that fluid cannot be withdrawn into the second channel from the first
channel.
In some aspects, fluid may be injected into a fluidic channel, e.g., in a fluidic
droplet contained within the channel, which may in some cases cause mixing of the
injected fluid with other fluids within the fluidic droplet to occur. The present invention
30  broadly contemplates, in certain embodiments, various systems and methods for

injecting fluid, e.g., into a fluidic droplet. It should be understood that, in the

descriptions herein involving the “injection” of a fluid from a second channel into a first



applied to an intersection between a first channel and a second channel .
The electric field may be applied continuously, periodically, or

i nt erm t twotbyw/15¢8pendi ng on the enbodi nent, and nmay bePATUSDE0/01006 For
exanple, while an intersection is exposed to an electric field, a fluidic
droplet may be urged into or through the intersection. The electric field
may be applied to disrupt the interface formed between the fluidic droplet
and, for exanple, a fluid in the second channel, e.g., as discussed above,
t hereby allowi ng fluid exchange fromthe second channel into the first
channel to occur. As another exanple, 1P -controlling the electric field,
fluid fromthe second channel may be urged into the first channel to create
one or nor e chrneldihe Pluitthataoinicaticd ady Wi trkicredtifie afdrapdat cetzingteVithiTHe fysl t age

applied to tc?aﬁ"lgtglgﬁ ﬂq)eﬁul ntQI?e Yhir Fﬁ'tetﬁ%? lcﬁan\ﬂgll éggﬁ)r&lﬂlr aq%%rcﬁl lti,t.ng a

fluidic inte or exanple, the voltage may be“betweén 1V and 10, 000
V, between Ohds, A nst einbOditheMs, fhed wgenoDusdnda Hndch3@], W, sedyat! weamelQartl V and

100 V, between 0.1 V.and V., between, 0.1 V and 30 .V tween 0.1 V and 10
v, or the | Frarctleffedbesn i HRED el B0 diotiasoratBVBRY o cari e
i nt er m t fenkdcynd ctanokd Hay are @idividobiie cpnthiaabwintey flbel ViXEGin die filCchannélh any

suitabl e frequengy, for exanple, frequencies in the hertz . kilohertz, or
rogahert7 1 angesloriPIEgH OBl PR, T Bt er reinkl LERRI i ol g
that is appltopttt Gayg Heccplilse@hs afbitron@gilcan 662zl hreorgticecd fube of bdbibusmy be

i ut . not

applied when a fluidic droplet is present. at an intersection, ,

applied at OfHES {1 HEST ?ehgé?%ﬁoﬂg?epnégn%‘ﬁgliuﬁéﬂﬂ ctipEclet gegctly iig f Apigic s

appl i ed whi igpset hdind £i16iadreamnet asicse flwdit !Elﬂ)glet edmdshfto s6aRA i@ hRNMeLic For
exanple, the electric field my be applied for a period of tinme sufficient

for inj@aBti 6hAnasldABT iInyiRRAsdnaGRin ePbliges ipfirg chamehrengming 4 fiyd mgy e | t he

electric fi el b9 sEQhd @nR@E106h Rferdebiith. 3MHd bfn hOlecEhdRBEARIMSYS bd | T
while the fluidic dioplet is in front of the second channel.By applying a

vol t age acr dyectediptoghesliimty harnsl, fer egamply, ygingpuigqbiecnresseres wehig ogepidiofh or ,  an

el ectric figld,mbe, of Sk vl b, JRAEL Bty itliehk kg i el d Iines
passi ng fronftﬁe pgéf%ivgﬂgfeé¥ro %§a¥ﬁe ﬂg§%t+ven%$%%€rode{ as i s shown
in FI G 9B. clidnaclalasses thrangh ihelinteiseatien, fhad/frpadlye sehondghimnehpayi byt wedddoie bet ween

t he fl uids, npl ' i e} . ri.ng injection
of a 11 dra fieheBhaE Besehy oot B ol BT L Bl Bied oL LW W09 01 o2 1y
be used i n etced clambd ditorgetdsopleliveocehect r odes nmay be positioned to center
the electric field over the.intersectjon of fset. from.th enter, for
exami o, 1o genel S Ent il BRI RS hE e e R RSNy ot on' of a
f | ow channekontotiirggi@eaipenhas die rélhevel pisseunt bbdihe flagls,desersidéed finke€hni ques

for injecti nd/or wwthdrawing a.first fluid from ecand fluid involve
for mat] on of it DG bl habroy e Tt R b B RAETR O 1 uf
di srupt 2on @ftertdae, ckditrer Eaeeld ef@ring B ROFIaR. B &eitad, Elufdicdraple300 ks ihat it

does not present a barrier between the first and second fluids, and allows
transfer of TPdif cprpenigaten vk Mpid om & segong chagpct #0. ankBruIyid gandloveor

instance, WRA@H second channel 330 into droplet 300. However, as fluidic droplet 300 moves
through first channel 310, shear between fluidic droplet 300 and fluid from second
channel 330 increases, and may cause the fluidic droplet to detach from the second
25  channel 330 (FIG. 2C). In some cases, the interface between the fluid in first channel
310 and the fluid in second channel 330 may be restored by the shearing action of
droplet flow past the intersection, as is shown in FIG. 2C.
The volume of fluid that may be injected and/or withdrawn may be any suitable
amount, depending on the embodiment. For instance, the volume injected and/or
30  withdrawn may be less than about 10 microliters, less than about 1 microliter, less than
about 100 nanoliters, less than about 10 nanoliters, less than about 1 nanoliter, less than

about 100 picoliters, less than about 10 picoliters, less than about 1 picoliter, etc. In



an interface between a first fluid and a second fluid (e.g., between a
flurd within a second channel and a droplet in a first channel positioned
at an i ntwpemiseriewi t h the second channel) is di srupte@CTfuseéid/onmye f | ow
fromthe first fluid to the second fluid, fromthe second fluid to the
first fluid, or both (e.g., through diffusion or convection of the two
fluids with respect to each other). As an exanple, by controlling the
difference in pressures between the first and second channels, fluid nay be
urged to flow preferentially in one direction or another (e.g., towards the
droplet, i.e., injection, or away fromilhe droplet, i.e., mnthdramal).

Thus, in certain cases, at |least a portion of an interface between two
fluids may b@n@l¢8§¢&aﬁuiédnabfd>ea¢j¢@w goid{or trithdrawn péiloderluidhia thagerst dheingsist o
occur. In sone t r y be

di srupted by ePé%B? &géna%haqﬁ&ChQFB@dhtﬁﬂﬁg%ﬁgqﬁﬁg@%f%%l %ggh as

t hose descr iabddr Wudrdeawn wﬂiteehfefledmr the fifst elhannﬁayhdhbstadanaryefan@damplean AC
field, a DC Ielseulrdﬂn tﬁleips E géc nroIleth h% X\rnosletlgg eg be bound by any
t heory, it PSBET eved E% Y Peation of “an el’dcauses forces
that are5ac ﬁnmgectlm bitseanphe ﬁlhechamrtee midaa:@c@el.ogannes hﬂarprefsmre esl/orfdihani cal
forces, eIe ric or.ces su ul onbi c forces me | ar ger
than 1 or ces TR B8 TRr HoR 6 Hem i isee el BT ineivd suRehl on

sur f act ant mah@@bu ;& 1 ihgnoaioh, tﬁﬂdﬁpﬂlo&‘»ﬁ@d estiéd i @ACET, ﬂu@d @) b)e injEdéd ex anpl e,
one possible sn1by Fhlch the electric flehd di sr t@@ fluidic
interface i & WﬁY igloghgndpgles. P&ﬁﬁv%ﬁﬁyﬂﬁﬂ QoA ﬁ tHAPY fiel d
in each of wheot k@utﬂ)ﬂemmrg@m 8ro ?Jiéﬁa\fzalylﬁdiﬁth%%t&@é&ﬂﬁo@e@%ﬁte@l&hioﬁntat tracted
towards each other due to their local opposite charges, thus disrupting at

| east a !Por Of BrdEps hewe piPeiddace and thereby causing a fluidic connection
to form between frhgnklititses, m@k&ﬁnﬁﬁﬁnﬂﬁnﬂ§%gc&9@ukﬁeggtWQWathﬁﬁﬂrawa

m xi ng, or the like. Another possible nechanismb the electric field
di srupts t héthenpresspigcenyd detieg sueh taefled ean ke ff)tCéqhdmﬂﬁ&gﬁd ﬁn@aw@déawrbr ce
directly on I I nce, in
one set enbgﬁ?ﬁ%%#%tﬁﬁﬁmﬁQﬁ%QQXrﬁ&ﬁgi?%ﬂg%?@, ?%fgﬁgagﬁggﬁe hﬁﬁé % char ged
directly, f@ﬂﬁﬁxgnpheﬂmbwkapphn@@@h@m&mﬁﬂanr@bék@r|c field u5|ng el ect rodes
positio d to ap JNtersection. As
a speci ?c exa ﬁyﬂ%\ggggédg% Hgﬁju&élfggﬁfepwﬁ e%‘%{annglleltlgﬁlé oaches the
intersectlodmcﬂmnﬂbntmnsembmwmﬂmibwwwmmmhdlSemqndmmh@nmemﬁmmme droplet may

| | | |
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cause then1bmmhecmﬁﬂumnﬁﬁ@mﬁedmmmmeahhhﬂmbbnheﬁmﬂﬁt@:mﬁkgemmmmsmae
i nst ances. sone onduct i ng,
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for exanpl esecdhd chanhdlg bicrmyibdseamatiode. Thailis pietsutxhibd coafidliedaisiap char ge
separation mnthln the applied electric field, In some enbodi nents, the
fluidic int@RfSHablriy %@mﬁﬁgFﬁ%ﬁﬁﬁ“§PgéPuﬁpﬁﬁﬁVQPﬁ”$W%8§%%PﬁeeIectrlc field

strength has beepshRa¢Hed. thJMurﬁ@éﬁﬁf@in&c@h%ﬁcﬁ/éﬂ witdr&l:fImef beRatbudmy be any

m ni nrum val ue able to dlsrupt the intertace, and nmay vary by application.
using any suitable technique, for example, by controlhng the pressures of the various

fluids, the volumetric flow rates, the strength of the applied electric field, or the like. For

25  instance, in some embodiments, the flow rate of fluid in the first channel can be used to
control the volume of fluid injected and/or withdrawn. It is believed that this can be
controlled since the flow rate of fluid in the first channel controls the flow rate of fluidic
droplets in the first channel, which thereby controls the amount of time that the fluidic
droplets are present at the intersection and/or exposed to fluid in the second channel.

30 In another set of embodiments, the pressure and/or the different in pressures
between the fluids may be used to control the volume of fluid injected and/or withdrawn.

For example, by equalizing the pressures, flow between the fluids may be minimized,



For exanple, factors such as the viscosity or density of the fluids
contained within the channel, the flowrate of fluids wthin the channels,
t he geonawoywo(0&5y776 sizes or di nensions) of the channel $CTiUsR01Q/0¢0086 at
whi ch the channels neet at an intersection, the presence of other forces
applied to the fluid, etc., my affect the threshold electric field
strength for a particular application. Non-limting exanples of electric
field strength for disrupting an interface include electric field strengths
greater than about 0.01 V/ mcronmeter, greater than about 0.03 V/mcroneter,
greater than about 0.1 V/microneter, gr&ater than about 0.3 V/nicrometer,
greater than about 1 V/mcroneter, greater than about 3 V/ mcroneter,
gr eat er t hawhdbuid 4y by/umiedtofew érto orfrem aldropidoud chapecl indevigibleod t hat
val ues out si NSt In sone
cases. the AHBerleRGREGR IR @ A0 o SR BIRPHALEES 0 3
functi on of chapintlagey t&bmr@sedaeelatfvm(sﬂholﬁchtvl@innagte cavsa flotdnigrw enbodiiment s, t he
anount of interface Srupt i eases as electric field
strength |n(r:11r gfe%te&si 1 SBrm Pnt Qm%%xalt%flt%flfmtccon rgl and disruption of the
interfacé foll ows.sohe egﬁﬁ@l’nﬂhts, th@mhumd: ofofluid h}&:haﬁg‘e&bét&eﬁl slegeidsngrbef act or s
such as the nat of the fluids within th . 9., thej i scosity
or Cdenai ty) cOibeE P vt ot S e tntie! S CRGT Farbuiney Fit wpiibid, peCsi o
o; tﬂe chanegl|, %y@&ﬂtoﬂ?g&l{fﬁﬁﬂ&cé hleierof@ﬂnMﬁﬁ tHeEllzaTchéiﬂﬁel dnﬂtpSs{itfl(ﬁQf&)n ht he si zeI
of the intersection of the channe or the |ike n exanple of the contro
and di srupt FGRt Y sgepnf fhanpsly géaﬂ‘é?fl fing spampleutha gesidenssdiircad &didield ani t h
reference tardplet iSheMshahag pésifidnes tn EHRBNAL s@BAd haBiR] aRY be baiRgkd t hat  meet
at an |ntersect|on where the first ("main' L channel carries a fluidic
dropl et 14ndb% vargwg e lfovsragent )ﬂ%fﬁaﬁl?ﬁeﬁlrstcfame sThat 151 gjopeer gesplengerdjnéct ed i nt o
the fluidi Cnﬁ&%@h&heve@ﬁ?él@ﬁwﬂg&h@ﬁ&@rét@or\@v&rhggﬁmg thél‘ﬂslw%f &mﬂhﬂﬁnftﬂew dic
channel . As one non-limting exanple ic droplet in a first channel
may form a firsickinecli felasive ke srend charnelij ldkewise a shasishepsidhregtigic may by, | when
the first c tersection. In sone
cases, the P%‘Ig‘% gQrJa f éllgﬁlg?ﬁ%t%???lg?ﬂugﬁgﬁ%?gtﬁgn%g sufficiently |arge
that the fluidi CIIKZHnQ'{hIEIEEtEt @fymh@dmmtsa@@ dwyiati¢n efHlee Q&iadtlllcsflfdfﬂ appihied.feig.st channel ;
in some,gas di us of
cur vaturg o] Gﬁptyj\%t ik s Bnetdql?%ﬁ nﬁ%ﬁ%ﬁﬁ?%@%ﬁ@@aﬁg@% gﬁ 5 uid in the
second chan medledatFot Mmph:t @raﬂlawencué flbideo trobagewetwreen Heidfin thetfire kel  may be
controlled at rtain enbo t he, ¢cross-secti onal
rea of ¢ ne RbgRG et R L TREHk AP EIRPERTIN frops b FLE BRETE
(e.g., at aalew aﬁm@l&r@momefﬂﬂthf(cHah@, aeamaﬁacehmmbekhsrupfedda@ dhert@r esent, as
it contacts the first channel). That is, as the cross-sectional area of an
orifice or PREUIYLEAS on between the first and second channel s decr eases,
the radigs of cumvatWEef efbddi@erts, WhakybtBmt Ml 1B@EARAc&RBANRIreiAtal be CONt act s
the fluid in the first channel decreases. |n sone cases, the radjus of

curvat ure ofsqdr@ rpsfir dlujdpepien a dig sbrnapd a peqray chand e fpraamplgs a ilshst i n

part, by presguhkzidohdnh8 thdytbsn ¥4 fbirAcd Ven 8 feondnadanngbofitdindehat t he
fluid at |least partially protrudes fromthe orifice or interface into the

first chann®isrupiongt hsmateriase betivgeresha fptt Buigrangd Hiegecopd flaidmayqlioy fioiddo 2A
fluidic dr OBE g)gch%%d bétween the two fluids, as shown in FIGs. 5A-5B. In FIG. 5A, a first

25  channel 600 containing a first fluid (the direction of flow is indicated by the arrows in
the channel) is connected to a second channel 610 having a second fluid that is
stationary. The two fluids are separated by an interface 620 when electrodes 630 are in
the “OFF” state (or otherwise are at a voltage insufficient to disrupt interface 620). In
HFIG. 5B, electrodes 630 are in the “ON” state (i.e., at a voltage at least sufficient to

30  disrupt interface 620), thereby causing disruption of interface 620 and allowing the
second fluid in second channel 610 to flow into first channel 600. In some cases, the

flow of fluid between the two channels may be facilitated, for example, by applying



shown in first channel 310 flowing fromleft to right in the figure. Fluid
320 is also shown in this exanple protruding froma second channel 330,
wher e t heweeowidivbhannel has orifice 340. It shoul d be ROTA®2010880006S | S
shown in FIG 2, the orifice is at the end of a tapered portion of second
channel 330; the orifice need not have the sane size or average di aneter as
the fluidic channel flowng into the orifice. In this exanple, the radius
of curvature RL of the fluidic droplet contained within first channel 310
is larger than the radius of curvature R2 of the fluid entering first
channel 310 from secondchannel 330. The2¥- uidic droplet and fluid are thus
in contact with each other formng an interface 350, as is shown in FIG
2A. I n FI G peBsurg leghd fserrfseqpad bleanned eedudieg freagirdion tl@rfér@tloetsecan@cltaheelent ering

fluid may beg digr j [ l ectric
field, as |§md|§é%§%§%1ﬁé¥§¥%:ﬁ#ngﬂﬂ%ﬂgﬁg@gﬁgﬁ%ﬁﬁﬁ%%@xgS&%aggg#bm‘e bound
by any t heopytheithatacappdn a@tricdieldf an electric field may alter the dipole

nonents of the f|UId at_the interf et we i.ch may be at
Tonet suftici ent f 8 ELkiie B EP ARG paH B R b B Cepar at ng
the fluids, chmmaehwodbsmapan@ﬁhhmmnmn@ﬁﬁﬁﬁelaﬂﬁammmmmguthﬁumhM|ds and

al [ owi ng f|UI excha 0 oc ases i rein, the
21 26" and/ or im0 BF De S APE P! RSP SREERE SR POMFGHS B OIS | i ng
the el ectri eneffisl dﬂ(aiitybhmelﬂrutdahimecd@ehmml ihlbe ffulidi¢ d®plef ©exANP €,
stronger electric fields y. increase alteration of the dipole noments of
the fluids SVeFHl f?lﬁtﬁ‘éﬁtagg‘/d&é‘{] YREBY TeRAnCy &ﬁath%?ecw‘f{ DAy THIBROBHY alter the
anount of dingk wptb@hatel N8 séhé BSBRIH bﬁfthéila%bb@;{tic@ﬁkmcﬁ@ﬁl()pﬂhe then@nount of
fluid able to be exchanged between e fluidic droplet and the entering

fluid. 1P sKeare dibs Homecketenay pratonrpilidefo cxpnenle. &y sderding aPRISRH DY way of

exanpl e 0n|Xhmh&xﬁh&%km@ﬁﬂ@ﬁﬂﬁ%ﬂ&ﬁﬂh&bﬁéﬁe&hﬂﬁb?ﬁ%@ﬁ@s%ﬂﬁ&ﬂﬁidﬁﬁ&ﬂ”ﬂy be
injected directly into first Channel 310, i.e., wthout the presence of

fluidic dropt smesmpoginmdnisnior insisnces gl velpeoy man be lssethamahedt [t hi s may cause
the creati O&@Feo@ﬁ‘d’vlésg 'aﬁihlﬁ) g[&ﬂhﬁ}&sfﬁ\&%w nesg lﬁﬁn f)({u%;lo ﬁltf@ % onggg%s
e rom

direction o ui d exc ange et ween t urdic droplet an
second chantiah aB30 1 mEgrobscconhtless tHaa dbovadebnuis¢ngnd.desy hran ebept érbodi ment s of

t he |nvqstlggmwg¥ﬁcﬁgﬁﬁﬂhkoﬂqIﬁ@%%8&§e&uch as the fluidic pressures of the

various flui e strengt e électric field, the shape of the
channel , the nathmsnmhemhahmhmamehwanEdsemmmdmhmumhmmamhmm@ﬂnAs a specific

non-limtin |c e ontrol l ed by
Controt 11 ng v f R BeR 3T ERET Ry bl Sl B P ot

i nst ance, amdsomddamsithwﬂslhnmgletfmstbhanheiunmy Hey:oﬁmnetl leleivy a higher [gedoekei eved

t hat by controlll radi i curvature of the f] such t at Rl (in
the t17st cHinia i siGmaBtshordiatineg v meres abGubihRaianety oFor st ance
by cont rol | iwags. tihgoié BSGhdes, fof exam@lef ihulrml@fdﬁ@ah@tof(amu)dld @oplet 1hﬂﬁ>$ t han the

pressure of the fluid in the second channel (p2), fluid may flow fromthe
second chanfit chanpel apga flpid jp dieseepng shaspel oy hs coptppdled pyghdhat theprpdiugQlc ond

channel can chh@weQt t&%mm@m%regg smhIMr@hadnige hbivé 6 &nmﬁ@bﬁhe ﬁiuueﬁ th@l sruption
of the interface in this exanple. In other cases,

di scussed béto chaneel grapisaitaees widythe Brse eiapned F@@X&raﬁlﬁ ttl%ﬂwdmir?pslﬁt
greaterthan rrB!y be @Rl IbA L EhiTRYe firfshead] Reuhd iRArRMA: flopi Hitea Ehiliedi ¢ dropl et

into the second
25  radius of curvature. In another embodiment, the cross-sectional area of the second

channel (or the cross-sectional area of an orifice of the second channel) may be increased
such that the radius of curvature of fluid emerging from the second channel into the first
channel is larger, relative to a droplet in the first channel.
In some cases, the interior of a channel may be modified to change the wettability
30  of the channel. For example, a channel such as a second channel may be modified such
that the fluid emerging from the second channel into a first channel can adopt negative

curvature inside the second channel (i.e., a concave configuration, concave being defined



channel . As nentioned, the interface between the fluids nmay be controlled
by controlling the pressure (or relative pressure) and/or the electric
field appvDediis1176e i nterface. In certain enbodi nents, PCoAISR@/0ad006 he
electric field may afford electronic control of the interface, e.g.,

whet her or when to control injection and/or withdraw of fluid into a
channel and/or into a fluidic droplet within a channel. For exanple, by
nodul ating the electric field, the position of the interface between the
two fluids may be adjusted. As an exanple, the position of the interface
may be relatively higher when an electtd% field is applied, as is shown in
FIG 10B, conpared to when there is no electric field (or a weaker electric
field), as kswghdeamn into e GcondanThas prpoiadite proghding &oinhescberskechamnel al so be
control I ed ﬁ%@@@f&&kh&ﬁn&lﬁ U %EEQ&%&S,?&%&% 1 Qhe ?@é%ﬁo(’lhﬁnneﬁ’}hagfwhﬁglo' ing the
vol tage applied to the electrodes. a spenglc non-Trmting exanpl e,
referring nowhtewRlu@E rapdG, fravhe lutdhe thedirstagsnab plei, edrdptet témeaieddegithiomdes i s
adj ust ed, therehy, adj ing, th trength of the electric field. .created

et woen t he 151 e Bt Sooypel QP St PG s lapb of ki b PRBUSPR,

| ocat i on5of hydrephobicay b aurfaespoddslogdrin @s@onibnadlayent Agplicstic™dwn in FIG 10D

Shoul d be. 3T R Oun i ehie P 300 eplled oSGkl o e scmi o)
Thus, by comMitolbidRg Haheels Meat CotrofleeWdiiapPrdpedict,0by hea er f ace, the

position of the interface can |likew se be controlled. As nentioned, in sone
enbodi ment s MPRATARIET Y Fefsinge Hal SBEeBont rol | ed by control ling the

vol tage applied fohBendbaskhedessehsRgsedudiutiplt BRainhlt I @eRcurled. , Vi a
controlling the intensity or polarity of the voltage, and/or (e.g., if AC,

cont rol 1P ng Stfe? SiisIy {4 RN st dRes-d e perlorprmyliple ysqigyaithdigpal nst ance, by
usi ng hi ghegpMdn@Aes, intdifsi PEghdAcE 6! &St NEmE LddudR e MBYoRGaret ended

farther into the first channel, allowing a'larger volunme to be injected

into a fl ui éuectign ebileds intgractivadis deppletraln| teip figieet aapjaraligyel baecige slystegs@suse t he

interface t - ' - , Sl mount of
etk § Hldsghgé SEaEl"E‘{)]f thgﬁlgegf@fsﬁ@ﬂ]g %k cof @S In@, dr@FRlref

fluid to be Injected Into the I htertace position can al so be
modul at ed, iflnidgo e inggetydditme ghannelatfos efanply, e dertaigquestroiessa siige tleidanpl e, at
frequengkes rapl e . . . i r passage
by The. Tt et sy Ra FREREAME b RE i RR: Bt b P Bl b IR DT T
each dropl et.gt, by be ofnndilwaldy al injecéantysteib.eds huptizd dkanipde) jin §omecert ai n

enbodi nment s, the electri i.s, increased or | ed, sufficiently,

if. fiel : 1t r ol
Che 11 ur of cePhaPP Rz Ty s bfclael PRY SERTR s Qo ERERE B 8 Fotha
fluid from aetsedoid Ghaanaky be agkedofith asatadthael. f i r st channel to forma new
droplet. An exanple of. this._process i i ssed with referenc Fl Gs.
LA and 118, 1 n B Esperit hog B e ami, FIE S HRB G ks 100 LS TRA 418

el ectri ofi glidkldgo@ppO0 £d 400 idihe FOiFestitacey. I3 Qé@ad Rdd & adbledtAt gelgect i on
bet ween first channel 910 and second channel 920, the interface between a

fluid withi f2% hecoacohtrsRAGInEIR A syfigre WAPAPhin RETRED sEICEHERAEY 1S s not
di srupted, an@le tdtrsiad, hppiEndht Hbdirid HOd SEEEBSL 16 DRAAPEAN idReEcNH fEigRdi |y flow
'nto the fi I;lrsotplet 420, having moved past channels 430 and 432 containing a colored fluid, has not
been injected with colored fluid since electrodes 400 and 405, which can apply an
25  electric field at the intersection of channel 435 and channels 430 and 432, respectively,
are in the “off” state. Fluidic droplet 420 is, however, injected with colored fluid from
channel 434 while at the intersection of channel 435 and channel 434 since electrode 410
is in the “on” state.
Other arrangements for performing multiple injections will be apparent to those
30  skilled in the art. Multiple injections may be used to generate, for example, a

combinatorial library of fluidic droplets, where each fluidic droplet has a unique

combination of injections differentiated by properties such as injection content, injection



channel, i.e., droplet creation is "off." However, in FIG HB, under an
applied electric field (represented by electric field lines 950) created
usi ng el e¥Onows1945, the interface between the fluids eam/useriens@need i nto
the first channel. Under suitable conditions (for exanple, a relatively
rapid rate of fluid floww thin the first channel), interface 930 nay be
extended quite far into first channel 910, e.g., as is showmmn in FIG HB. In
sonme cases, the interface extends so far that the interface is disrupted,
causing sone fluid within second channel 920 to enter first channel 910 as
a discrete droplet. Repeating this procd®ss may be used to create a
plurality of fluidic droplets within first channel 910. It should be noted
t hat, si nceamhiy (pr.coaeeatritponeyneng lefcgdtiag etinreominc@at.| §t diffapit gewirds pf et
producti on gﬁ%)g% achieved in sone cases. For instance, at |east about 10
dropl ets per sécond may be created in sone cases, and in other cases, at

| east about 20 dAo@h@tsmpem%mgmmmdpng@wh@asﬂmanmuumaﬂﬁapﬁ¢bpkswpsr second,
R ) R et O G N LU R e
second, at [RRAPLEEUE 2 5e0mg: Sish & ML el £Y Ueing £y B0 droplets
per secofd, ﬂake&saﬂmdabmutdﬂ@@mdn@pk&bmnpkdw&ﬁmanﬂmnmﬂuﬂﬁaﬁmngbﬂmbmlooo
dropl ets per. second, bout 1500. dr opl.e second, | east
about 2000 draprars opdie wSAShetiatss A58 bRRHOE h B S0 piietecond, at
| east about ob®ODkelr DilselsS sp&iificeanpid, yﬁknh@ﬁaéoﬁb@u@h®ﬁﬁan@kﬁph@n& per
second, at | east about 10, 000 droglets r se&ond or nore draoplets per

second may BUCEddaCEACAAITY pERalLY pRURRIEH O %E@b TPHGYDE andig seeind PEHYBYI ment s,

by control | bngople® o&h8&bhd &ropleBlypb dibttduMhabiadrorh kidi rdiGrapl @R RL or MRY be
created mnthln a channel. In addition, by adj stln? factors such as the

vol t age,10f | Hitanes. BX usiaghylyse Phassypples %ppwpﬁalkywalt%bl Ufignguiskige vol ume of the

droplet t hU%hafr&b&éf%écs%élﬂd&ohﬁ%s&&fiB&%Entﬁ%ﬂn RRnGQNE Ob Rl ﬂrébeﬁ[&@%ﬁr set of
embodi ments, the use of the electric field may be reversed, where the

applicati onas @ar\wé@ncvwnammr@faﬁuwn@éc?t@a@@lwmﬁl WPPesiesashal, | nst ead of

bei ng used E Nog-t %oHﬁB L§;§: g@g gyxanple, in sone cases, a fluidic
dropl et syst nlsuc as t ose scussed herein may be used to create

droplets. The fIhndm@ﬂdfémb@hm@ysm@ngﬂ@fy%@eavérmﬁmp$éﬁ§nb@ﬂgﬁm1@8Yng
f1ow fogysi Q%IJ a\?ﬂ};ﬂleﬂy A%Q% acﬁ%ﬂl@f rﬂé}?%, lﬁ]ggtgcrlr%‘}g %%bﬁ&érgsrﬁﬁdoaﬁr ein. Wen

no el ectric I'S a en a
sufficient eh®dh1|g|aceﬁeamigjseq®naqapt thedike chg instansg, g ded@at maglesinjdeled ik | ui di

interface on ter or .inhibjt dr.oplet fornatlon
For exanpl o i pfige HREh Ry, MG AR B Bl R bef PR 0%
first chann@k}Ql@aamdBahsﬂﬁﬂﬂﬂh@ﬂmsdmybéhwmmﬂ@tbngHQQﬁmn%hnQﬂﬁ&mﬁropIets
may be created in the absence  of c fie due to notion or
D S o6 WU P LB GHEHE oSS b dac AR S bR T PR A o 1 ho
first chann@ast t@icg -w1thfrﬁhmt[a@néilt@1§1b&lc$ t&é@peaa@pmtbm) d.d. that ddik ot 2,8)d second
fluids are SUbStantIa||¥2Inﬂ1SCI However, upon the appllcatlon of

sui tabl e el &ctO & % Pellyl2ds: %keﬁhBMHmFﬁﬂﬁﬁﬁ%]%F&ﬁpéahfyﬁ %Y desirRis apj el d

lines 950 b@ﬁl\s&ﬁﬁeﬁlv@féﬁer@%ajamdm Re APRl-ed wethadh itsdvle easse _
interface 930 between first channel 910 and second channel 920 to nove; in

this case, efacenhdreplely@alinisyied withpglys.dhrgbyicpraging a S-droplet repeat unit; in FIG.
4B, a 15-droplet repeat unit is illustrated.

25 In addition, more complex sequences of droplets may be created in a channel,
according to certain embodiments, by using more than two types of droplets. For
instance, a channel may contain multiple sites of injection, e.g., as previously discussed,
and injections may be controlled to create a first plurality of droplets of a first droplet
type, a second plurality of droplets of a second droplet type, and a third plurality of

30  droplets of a third droplet type. Even more droplet types may be created in other

embodiments, e.g., fourth, fifth, sixth, etc. The droplets may be arranged in any suitable



second channel 920 and away from first channel 910, thereby slow ng or
inhibiting droplet formation of the second fluid into the first fluid

wi thin fiwetomm#aniel 910. Accordingly, in another set ofCerisodiomemds, the
application of an electric field may be used to partially or conpletely
prevent the second fluid fromentering the first fluid. In addition, an
anal ogous system may be used to prevent fluid fromthe first channel from
being withdrawn into the second channel; i.e., in the absence of an
electric field (or an insufficient electric field), fluid may be w t hdrawn
into the second channel fromthe first-%hannel, but upon application of a
suitable electric field, the interface between the fluids noves such that

f1 ui d cannotatyen,wicluskireeanpitrpyt anddye o eperitig Ehdmmelwhioharaytage fyrmsmbehannel .

In sone asp | U i ni [Nt idic channel, e.g., in a
fluidic drogféﬁp%%ﬁggﬁﬂ ﬁ?%ﬁhﬁhﬁﬁgﬁgﬁ%n%%ﬁgu§#rch may in sone cases cause
m xi ng of the i njnembérer dspesi,dhapredsuptvhidiin 4 ¢hangkd may badetetnheedfusimgeli ¢ dr opl et
to occur. The. present invention broadly con tes, i rtai

enbods ment s Sl FEEe ehRERESRaTLE ot Bk TR B GRS 1o a
fluidic dropluglk bethiershiitst chabe] umtiedesdmiatiadnehthe pressirber plesareidoiférans her ei n

involving the "injection” of a fluid from.a second channel into a

£11 st channePeveHbiE Fhangcls Ay b drerined; JB° b ORBaTer! AR NS dr opl et
cont ai ned Wwbtthicen 4 hst fliitl & a iRe¢HARKe] At @toddludd ful dkecbnd@Rimknied W t hin the
first chann one _enbodi nent s,

|, .e.g., formn new dropl et. Thus, i
fluid inj ec?‘?nﬁﬂorhgf 15t i narty gﬁttﬁ%‘i’fgfﬁ’i‘?ﬁ?e, lgﬁreé%lé%]?ﬁwiﬁl’i‘é éﬂaf‘neéf‘mfyel ectrodes as
di scussed h@e@innidBY pRPekip BChE Mt BO\He@iPRing ki Faddhs & chivikugb Jrii@m t he
second channel that are individually contained wthin fluid within the

first cH8nnélerfacgPressyppyighin fhy chrpmels op cigher sidp SbibpENErECe B¢ | ui d may be
injected i nyQethged | Ui di c droplet using a needl e such as a mcroneedle, a
nozzle, an orifice, a tube, or other such devices. |In another set of
embodi nents, t heA# peirediligeyamprle. afjraichamneiindase¢apd changelmay iniegee abiopl et

using a fl U'iﬂér?eeﬁ@é”ﬂ%‘ﬁ@t%h&&h@l Hb G IFRPL 6 nEOIBR Ul W IRE PbmW th the

fluidic channel. For i1nstance, I1n certain e oginents, a first channel

cont ai ni ng &hefskesind chayelyatersthefissedtaenk] bythainsewoneh, ¢ ilaniveihteghceanay be

i ntersegktio Fl, ui : : i.nj.ect s the first

channel 51 oot E QM IRy 6E O IR PAR. IBH R Bl MERAREID t 0F G

channel s, ecgnple@ ppigging oFthe fiestahquinel, bywhefiuid edegplgdtont n taion@échanndlhi n t he
kg on1tq% second

e I L T e L e
and causi ngposifi@et irode €ifst EHanhd upst@amioh ehes@eEion annelshovnt ia HiGiel3dr opl et to
occur. The ampunt of fluid injected n be con lled,. in c ain.

onbod; ment s Sy s athrt Bkehure) S8 wionRaEt (e shipe 3l ¢ of the
fluids, 20he exegildBneRl b injet @flurl ifodRIcRhannBl FODEinitlt 456 eRhting, nelvtBoplétSCOSIi ty
of the fluids, the electric field applied to the interface, etc. For

exanpl e, refe? Mithig chrek i OpFagy inghe Gisly. e emergingdireplehap lsps pardally plagy n
f1uidic commuptigahéi®00 Watidind thd!bsdufORR HaGARthe RO BAJ iddFacedad of hus fl uid

can flow from second channel 330 into droplet 300. However, as fluidic
dropl et 300 sqpﬁggaé%w to move upward, as shown in FIG. 13A. However, when the droplet 820
separates from the second channel, the pressure is released, causing interface 840 to
25  move lower in sensor 8§15, as shown in FIG. 13B. Because the droplets produced via the
second channel are produced in the first channel in a periodic cycle, the interface of the
sensor oscillates up and down periodically. By tracking the position of the interface over
many cycles, pressure fluctuations within the first channel may be determined or
quantified during droplet formation. An example of such a determination can be seen in
30  Example 4.

For example, early in the cycle, when the emerging droplet partially or

completely plugs the first channel, there is a general ramping up of pressure within the



t hrough first channel 310, shear between fluidic droplet 300 and fluid from
second channel 330 increases, and nmay cause the fluidic droplet to detach
from t he wecondistttannel 330 (FIG 2C). In sone cases, tIRETiUs2@0Ha®E6 bet ween
the fluid in first channel 310 and the fluid in second channel 330 nay be
restored by the shearing action of droplet flow past the intersection, as
is showmn in FIG 2C. The volune of fluid that nmay be injected and/or

wi t hdrawn may be any suitable anobunt, depending on the enbodi nent. For

i nstance, the volune injected and/or w thdrawn may be | ess than about 10
mcroliters, less than about 1 nicrolit®r, less than about 100 nanoliters,

| ess than about 10 nanoliters, less than about 1 nanoliter, |ess than about
100 picolité&%Ch$@@smﬁhamié@EU@wmaxphd@Hﬁﬁ%@@dbY@@éﬂ@h&ﬁwmb0u®ﬁ@fpicoliter
etc. Insone f he fluid
in the firSpﬁ%%ﬁ%ﬂm(ﬁﬁgg?ﬁﬁﬁgﬂggﬁﬂkﬁﬁh%QngﬁﬂéQ&o&ﬁﬂ?g% w@#%g?ichannel).

I n ot her cagessurd llntplmgesralythbemlerg]l@chqﬂetacwdémg theidtdptht &vearnelyvi dne evdneuafly ui d i n
the first channe t r For exa essu i.n the first
channel maybé& Qc%ﬁ ﬁﬁ g%%‘ﬁ@%%t%geﬁmnnpé nggﬁﬁtﬁeért é%ﬁ‘lntersectlon
bet ween fhe pfesgusd. channel and a second channel The pressure and/or fluid

flowwithin the first channe ecreased. s that t he dropl et
N R AT et FRA WM A R g o A e AR o
amount of f lidéhdle a@rdpiet fdin@cdredstamcd @nsing Eﬁ@hﬁ%oﬁtﬂﬂl@r taﬁtﬁ!mdarcﬁmlat The

pressure may then be increased and/or fluid flo e controlled to urge
t he dropl et S%FWé%la Y Rafriop MS&%QE??Y&?“@HBBO%O%EI%SF Fé&ef’%ﬁﬂh‘ﬁﬁ SYSE™| ui d has

been transpaid @6hodsmSEokiNSARANE 88y sulthife 560 BEheaMaR bk piayuIxe confi gured,
e.g., with a punp or other pressure control devi ce such that f|UId can be

f or ci bl yOi npRRlcaPrapid) B sOME tateh BRHIPIG YiEmhel § siyar tyehamnauseq fof - to or from

a fluidic deophsl .wéef m@?é%%blle%formaﬁ&%jztsteﬁﬁ|tbv€'&9§m%r§pl&'sfaﬁa@a&%ﬁce in radii
of curvature of the interface, or the he fl ow velocity of the

fluidic dr opySEmsaptehisp etmlefsmf §1tfaftgﬁ@ﬁlﬁélsysrﬁ<ﬁ95 Qféh@@t@tlﬂil prachei aﬁa@@#é
enbodi ment Sf(%}?ﬁu'rgtlﬁ%@, ér aa Qﬁuf?@ b Bnull &é%&{c@m%of. Bf;s d& _sﬁ\%ﬁtg Fd% fence

bet ween t he in the first channe I the
second chanﬁ€t¢bphét¢$dmﬂﬂ@&ES®M¢éﬂnﬂi@meﬂmmuwuﬁhp@hammemswsﬁhe si ze of the

orifice ? ‘éFo%TbtstJAE«‘h idu&a?ﬁl?g&?e'}{}&!a%ﬁ’e“& r&a*&gl s &gond &J‘%B{‘a‘?drogfeﬂg anale of

i ntersec etween rst and second channel's P'stussed
above. The fdagiieh press up@eﬁagnttueed:m iteriodiligdal uisipigs, andetgmirteatdcgon(ec hni que,
for exanpleﬁm93|n on ned, the

ip ressu
vol ume-or ¢ Pl BPETPasEn R PhETEM el Sl olter Skl e %oy
sui tabl e te@hmuqmenmk@ﬂhﬁxaﬂmhﬁ;mbmumﬁntroII|ng the pressures of the
various fluids, the volupetric rates, the th of the applied
Slectric field. BR e o B imeuronHekRleavein RGP EE, “Phe 1 ow
rate of 2l Uldﬂ)plelﬂ; dthiRid dufrtindeb 8 B Eluid AMhdLuil AR HE GqGiantal Ok sitkanvalyune of
fluid injected and/or withdrawn. It is believed that this can be controlled

since the fIBRSFRIedn Srany Fagesy L¢-ninppigciple pa f gl sppiep! ISt 61es edingit ow rat e of

I | ui di It ﬁ flr ?ﬁik@% iﬁﬂmgtctdﬁ%léct it & tr£nB SR8 khrotMAl aGArdcORF 8RENCAMEViBH)S It hgaghount  of
i me a e ul
cases, the droplets may each be substantially the same shape or size, as further described

below. The fluid may also contain other species, for example, certain molecular species
25 (e.g., as further discussed below), cells, particles, etc.

In one set of embodiments, electric charge may be created on a fluid surrounded
by a liquid, which may cause the fluid to separate into individual droplets within the
liquid. In some embodiments, the fluid and the liquid may be present in a channel, e.g., a
microfluidic channel, or other constricted space that facilitates application of an electric

30 field to the fluid (which may be “AC” or alternating current, “DC” or direct current etc.),
for example, by limiting movement of the fluid with respect to the liquid. Thus, the fluid

can be present as a series of individual charged and/or electrically inducible droplets



droplets are present at the intersection and/or exposed to fluid in the
second channel. In another set of enbodinents, the pressure and/or the

di f f er entwpDropvsszdar es bet ween the fluids may be used t ®@Ctxarseeiolo4aohe vol une
of fluid injected and/or withdrawn. For exanple, by equalizing the
pressures, flow between the fluids may be mnimzed,while fluid may be
urged to flowinto or froma droplet or a channel by a suitable difference
in pressures between the fluids. For exanple, the pressure in the second
channel may be increased, relative to the first channel, to cause fluid
flow to occur into the first channel, €%., into a droplet within the first
channel . I n sone enbodi nents, the volune of fluid exchanged between two
fluids may bethucht liglid.ela doy cwberdimont| thagle¢thie faressixdesertoen the Hreidigfdrepldti rst f1 ui d
in proximt e UNST ol iing. 4 i.den time of
2 uid i PR ReEPARE LS e ok AR e i 1 R el
As a non- | i elettrindorexeepédon thhdudesirddeiomythiermeedoh diedtlagiegied matiom ofithepl et i n
the first channel .position in front of.the second channel.. b
control ed BYPULPUTRIG KON fonetsrie o victing cRampy » A SMoigie Rt rar s,
a | onger 5r esd. glensdertier describyd Heesigche.eved by slowng the flow rate or even

stopping the flow of. the fluid in the first channel, relative .tp the second
channel i kewi hiete Shgys mp FetuiE i Rb o ile WShand Ruban By Pier casi ng

t Eg {j | ow r ateehﬁt]ueé e ckdriplel b}yl’lblatrc]h@ tflﬁd UREET| yvﬁlhi]:’li_l’mﬂiegctrﬂc milemr(gmarma@% V\AACF"I

enbodi nent s e duration of the electric field applied, e.g., while a
droplet is E%i??ﬂdﬁ@g“FﬂmQﬁaFﬁFBW&@éF?ﬁﬁmﬁfmF?%@?Hgﬂﬂaggﬁéﬁgb@ﬁénnels may
by varied. ERirg&X@WRhifple aQhhlc@WeiTIOLE, ahlisHiCrehQioBXChRAGR RSB IR Ui d i n
the first channel and in the second channel, the interface may be disrupted
for a | dAgefpdt Prscrrrdinegp theflridisjapglegristhaPpieton ndped §¢reim 4 d exchange,

the iUterfa@&mﬂﬁﬁmb%ughﬁﬁﬂﬂ%ﬁﬁn%95mﬁb§h@&%§hﬂ&%{h%9mﬁéahh&ﬁwnyﬁfQﬁe set of
enbodi ments, the systens and nmethods descri bed herein nay be used to

transfer fl ticdadhat W@ ar MSpsraterhdhtkquidparoandieg badluchannive aFor exanpl e, a
first fluid,. o of : J ~ A nd fluid in
a second chgﬁﬁgF&%fé%gggﬁgﬁgng?%g'?ﬁ?&%@gﬁghgg%aggﬁ%%%gl??@gggfIuid and

t he second fdlativd toveéay flald, ovat fidastiad‘l¢aby beulexchangéed liped webk t hdeaswo f | ui ds, as

shown iR Fl . 5A-5B. |.n.Fl acfi nnel . .cont.ainipg a first
Flura (the el vame Dbl @il B R E ol PEBET IR Snel ) 1
connect ed t ordinasedalhth thdranwel beodble thadantify the sadongdity btifldddd. Haton¢ sorst at | onary.

The two flui.ds.are . separated, by an interface 620 when ectrodes 630 are in
The »ore st GPRar UE T d s MGy RRE e e PrEmE R0 a: o ot
interface 62@jountliig He@uidbBay & @btiiniag hpB0pbe, i n the "ON' state (i.e., at

a voltage at least sufficient to disrupt interfac 620%, t herepy causi ng
di sruption of i %?ﬁ%?géc @ I%W%?WMFEF&% ﬁege’éeé?:t‘écﬁﬁomla PR fig cond channel
610 to Hbhowgkmtkod i.4 5t desftaBnghtebOMie thRrea@NE efed®ie Fieldithe chd BVappfied doihe
between the two channels may be facilitated, for exanple, by
appl yi ngpr e$8idr dhe glepte ligjdigsperggpr wRLRRIE ANl figd 98T gt YFieSsure on the
first or seqoMiGNRONEGesBEE o dife, dGSKEMPELiRRANALY, tRRodRGILACR RWPCDE
di srupted using nmet hods such as exposure of the interface to an electric
field. field (i.e., one that is constant with respect to time), a pulsed field, etc. The electric field
generator may be constructed and arranged to create an electric field within a fluid
25  contained within a channel or a microfluidic channel. The electric field generator may
be integral to or separate from the fluidic system containing the channel or microfluidic
channel, according to some embodiments.
Techniques for producing a suitable electric field (which may be AC, DC, etc.)
are known to those of ordinary skill in the art. For example, in one embodiment, an
30 electric field is produced by applying voltage across a pair of electrodes, which may be

positioned on or embedded within the fluidic system (for example, within a substrate

defining the channel or microfluidic channel), and/or positioned proximate the fluid such



As anot her exanple, the geonetry of a second channel intersecting a first
channel, in sone cases, may influence fluid injection and/or w thdrawal .
Wt hout wvehnrbrgistitvebe bound by any theory, it is believedTiusae109¢@whe contr ol
may be achi eved since the flow velocity of the fluid in the second channel
into a fluidic droplet is generally inversely related to the hydrodynam c
resi stance of the second channel. This property nay be dom nated, in sone

i nstances, by the narrowest constriction of the second channel. The fl ow
velocity may be controlled, for exanple, by selecting appropriate channel
di mensi ons and/or by controlling the préssures of the fluids within the
channel . I n sone enbodi nents, for instance, the flow velocity may be | ess

t han about thapsyleascopaition efdke ¢léranc add unerd@owith e dusl ddie olvdirodesean ichan about
10 m crons/ t 100
nnm second, ?%ggﬂt féénrgg oun%ll%giga ggino%ﬁf(ﬁgé%&%%g%bghg%@o%&ﬁ% Cg%ggnd et c.
In certain ekbodibpentiscludisg, mentat imadd toasibec @gnld, aipaemedrbamplat@nus ed for

wi t hdr awi ng . fI U|(Elnf£torr1ntz%11 (];a|drlilll qnlnnckg f| rsttrclzhann@k 69 th\ém %h e:l]lhe second
channel i nt SPRESE WS Ul padiichn puckel, pndivpy (i e CHRQ D4 Wellsfnel may be
control | 8d tembiamenathaiegh e spine s@uy, @atidpamnttdiguifstadiidlywianhkyarent dlectsdeond

h | . Thi d o t
For oxanpl ol aLPRan i Baoupchs s Gdedenliii: SRR o

channel and aﬁaﬂgbw(@gmesmlh@edsmmﬁmmflamypﬂ@eam@mttn@ﬂmledf fueh t hat t he
the fluidic droplet smabl (. than the radius of

radi us of cu

curvat ure of1 é%ﬂ %Wﬁr‘?%t‘irh@ds‘é‘é%‘ﬁ C?:Sﬁ%lﬁh]@?“ lhrt Pﬁng‘F%ervﬁtﬂ%“t he first
channel . Forb&X 8108 Vemickditerdr] Atilchk CabBi@RIsel /@Y mbBer, GOBdst Mdued 1w t hin the
first channel resulting in a fluidic droplet with a smaller radius of

curvat ur@. MisHERgsEr at Pt V/ fl@lﬁ@n’@%%l%%é'??%Hélwa]l‘%‘ém‘%iﬁf ftHeassecond

channel (or ,b0G"\I8SrSRGL] ANAlst AoBA1 OfmiBdnRlek fat &8s @bodi N WREQHHEhanNel )
may be increased such that the radius of curvature of fluid emerging from

t he second éhashahoul htty/miseonpqiersat leapizabae 1.6 ¥/migiogeter, of al lgast skeutd a dr opl et
in the firsg, %ﬁ?&ﬁh@ér il SR UTRARRAR; ?Jeﬁﬁ egh&Ie%c'trfU fie®d infenGRARS! beRYa, 0e

modi fi ed to change the wettability channel . For exanpl’e, a channel
such as a séucemndnpghanivest ahewy QBémIIm@nfft@re@t leagcdponthpY /mipremitegiatilcasrebgit ng f r om

the secqad GRANDGLLLAE Q 18] dofl7 G}Pﬁ%ﬁ}e Fabad RPLbICRARY I Erofidfey @ Ur € 1 nsi de

d

t he second channeﬁL (l(l. e., a concave Cont gur agl on, concave @ el ng definedas
w t hdr awn i mtoee.t he second channel as opposed to protrudi ng fromthe second
channel into the fir St chann i nst ance t he second

channel may be abi®@! 8r W?Cﬁéged\}/lvv‘?nlu aﬁ%lsptl enfs a8§nme 1 E)aaﬁg)mfl%%l “first

channel , e. gixingofinopltiein oae fital o ectum Edﬁlleﬂarﬁﬂfle ifi varflus eﬂna(miménts &anpl es of

technlques for controllin n he. hydr h|I|C|t hydr ophobicity
of s { acdmEpETaMRT QBane T By Briovear e s SRRERpe
PCT/ US2009/ @e8854hd thdn| @dhifreter fuaiyirdplat, (RO, ore@iiré ﬂ{uadfr ©Duld @ees mokd1cl udi ng

M crofluidic Channels, Wth Controlled Wettin Procﬁwertl es," by Abate, et
ah, i ncor porHgiay thidiefiirisly mayrtadisallowed lopaix e fshould e nqied bydics o di nent s,

a system mayrdpRed Me€ortibdcB] Rrich alnkial §idiRdhodrofkbaiks /4@Stantaneously
occur. Instead, for example, the coalesced droplet may initially be formed of a first fluid
region and a second fluid region. In some cases, the fluid regions may remain as

25  separate regions, for example, due to internal “counter-revolutionary” flow within the
fluidic droplet, thus resulting in a non-uniform fluidic droplet
However, in other cases, the fluid regions within the fluidic droplet may be
allowed to mix, react, or otherwise interact with each other, resulting in mixed or
partially mixed fluidic droplets. The mixing may occur through natural means, for
30  example, through diffusion (e.g., through the interface between the regions), through
reaction of the fluids with each other, through fluid flow within the droplet (i.e.,

convection), etc, However, in some cases, mixing of the regions may be enhanced



Such a system for exanple, may be used to performnultiple

i njection/w thdrawal operations, e.g., in series. For instance, FIG 3

depi ct s awOi20B/1SeTfdence denonstrating injection of fl ui @#sTiusc@omsdobai di c
droplet. In this figure, a plurality of injection systens are arranged in
series. Each of the injection systenms may contain the sane, or a different
fluid to be injected into a channel. For exanple, in certain instances, a
single fluidic droplet nay be injected with a plurality of different fluids
as it flows through a channel, e.g., by use of a plurality of injection
systems. As another exanple, in sone embdi ments, a first set of fluidic
droplets may be injected with a first fluid and a second set of fluidic
dropl ets rra;hrb@hiCﬁjt@nS)eSCbn%ie@WHaﬂ sletbofdidicldnepdet. Ber examplecthé fleidieahioplétni t i ng
exanpl e, 400 and
405 in the %a?] ?5 ?%gét!%thfdugﬁgﬁ 62121?05 g?agré(???rc d?egg)(sﬁ%ovgm%ﬁn&el etg(tgéllroggfl el d that
is below a thmes hmedodlte\nedl/oadlrelcw&tf gavehegi dht changdoistigpionanayi aieer f ace) .

El ectrode 410 is.in the " st eIe rlcfl | d.sufficient
Co dt srpt - aomeficaehdss wiltp i Bhder AR ALER FASTIG oblfl Big channel s
430 and 432 cont aihet exgngples of ﬂmérd nfulxmgdn drhplsts At debeidad 1nﬂp&ﬁta&d1a\l\/P:ﬁtélntCO| ored
fluid since el gctrodes. 400 , e n p n.electric field at
the int erse@tpplg(f‘? ugp %fﬁéh]ﬁeﬁﬂg@%@@ém@ﬁ%ﬁkﬁ??ﬂg Ja?ﬁél%ﬁglﬁﬂ( fiddpectively, are
in the "off 1rﬁ:bﬁbﬁ1tedﬁietﬁuﬁlb;€re£ﬁiré)ﬁ&6t 420 is, however, inj ect ed with col ored
fluid from chann 4 e at the intersection of cha 35 and channel
434 since el ectr{%o”é1 i‘irogef Wofhllﬂfntso opl §ttg8f§md@1h]éfi'cr%ﬂt? Frglﬁ’dds f or
perform ng RudduniddEoy AMidgREd WRME a\bhdhelds a&e@fagrtﬁ@&hameltdb@&@mﬁ&mlalrﬁﬂmeln t he
art. I\/Ultlple injections may be used to generate for exanple, a

conbi natlBr i A1t siapledp pduge the Hyidte.fogp apsliugual dighistselos sxamme. grag BO%r opl et has a

uni que conbiRatih®RcRiqled) e dhamR] Haf 16 &BMbR! G B¥n R FRESKDHARE rakf as
injection content, injectionanount (i.e., concentration, volume, etc.),

time of injécthe 6ﬁec((1pn ef flowate. g spetethairibe Pefl dowgopidhpienehe chinael wilbendr aspect
of the i ”Ve%rh@ fi ﬁllog?éts 1§Jt&h Est alcRarthe P! xﬂ@frb\tvé’ reP vg €00[H% ﬁ’ﬁechbﬁp&,&

contai ned wit chann such’ as a mcrof hanne By using
syst ens suctﬁlowseghwleﬂde@l@ﬂutﬁedfdn@de@ noalédm)lptoetl@wldw} dowlagornodiet ed within a

channel 5o Q&b&'&%&ﬁt@ ;Emn ok rrtguctl ol rﬁée,ﬂag og&ﬁg%d t%rlal&sja%ﬁ%?ﬁ%!ﬁﬁrm(a&%tglo%w size, a

speci es contai ne 0 as a
specific ex&mhaancsdwﬁmrm@eetpsstafor alepllkanab/be ysedfto diswpt lafusd ey ibe | nj ect ed
to create a flrstta%) urat 8 PE ets dfllrtSt droplet type and a
second pl ur &1PPS U6F CaFEireteds CO& S8R uﬁjrlc pl&tt ype di stingui shable from
the first dropl eOtI‘Equ)ﬁmpfe@bf iha ptcdna®n olﬁylropRtsng flaiddyigrourdet vy a Gyddpiees of

Concont rat | i hanaiyymSipR Gnpdh e S5 3k A El Ofar 8RR oncy

opaci ty20r efApacd,inoe4 bndek, er @l @nd Irﬁrmaelloeﬂ%ieﬁtazkpmmpﬁrsehm\@ uch as
capaci tance, conductance, resistivity, In one set of enbodi nents,

usi ng the s§17§t BR3¢ rrdiaddee Hb2ees ‘He?imr?efféﬁl npubkished.as By RAMNO0ZEL A QY ' of
droplets W thulry®, chanarh ilBpoRe.dHtpchedier&ed. , arbitrary, random

In some embodiments, the fluidic droplets may each be substantially the same

shape and/or size. The shape and/or size can be determined, for example, by measuring

25  the average diameter or other characteristic dimension of the droplets. The term
“determining,” as used herein, generally refers to the analysis or measurement of a
species, for example, quantitatively or qualitatively, and/or the detection of the presence
or absence of the species. “Determining” may also refer to the analysis or measurement
of an interaction between two or more species, for example, quantitatively or

30  qualitatively, or by detecting the presence or absence of the interaction. Examples of
suitable techniques include, but are not limited to, spectroscopy such as infrared,

absorption, fluorescence, UV/visible, FTIR (“Fourier Transform Infrared



encodi ng a repeating sequence, or the like. For instance, the droplets may
be injected in an alternating fashion (e.g., between first and second

dropl et twpesio/1seri6as is shown in FIGs. 4A and 4B, the PCHiw2e004@pé et s may
be injected in |longer repeating or arbitrary patterns, containing any
nunber of droplets within a repeat unit (which is repeated at | east tw ce
within the channel to produce the repeating pattern), e.g., repeat units of
2, 3, 4, 5 6, 7, 8 9, 10, 12, 15, 20, etc., or nore droplets. For
instance, FIG 4A illustrates an enbodi nent where two adj acent droplets are
injected with a dye, followed by three Hdjacent droplets not injected with
a dye, thereby creating a 5-droplet repeat unit; in FIG 4B, a 15-droplet
repeat unit Speetiopdopy ratRaghany gta\éméﬁripitf@hniqmr@lim@mplrﬁmi@e@i@(émes of droplets
Y O s bRl AT AC R AGLA (ELLANE RO HEMb R uST N0
nore than two types o S I nst ance, nel may contain

mul tipl e siseh agbptiaaj @Dsm}mmeasetegtents,asrcpiaﬁdﬁcluulsﬂnyhght sccausm@:tneaamlmbmj; ections

may be controlledtoc irst plur rop f a first
dr opl et type Cha?‘S %%gpeﬁ{nca}t%rﬁ%ﬁcatttenngfp rnén %ré’tre}[ra Omg conab Cé‘?opl et type, and

a third pl unahsurements. dr opI ets of a thi rd dr opl et type Even nore dropl et
types may be cretedlnoher fifth, sixth, etc.
The dr opl et mmy b SFRRGEE by B e Sisd tepRY  Meellinigt ar br o rary.
random or aepagtdf 0@ Ppahiedingetwl clth dBhe ARpRRMhoLdTedinY skin epdhet S
defining the re at unif of the rg{gea in attern). In_ another aspect, the
pressure w ERMAT B RGOSRy ¢ L APAE LT gharagodstis ragsignhd & hose

descri bed hen@difty ofefiesef ARls, (&2 ¥exaAR11ERInR A6 ItdhescRadrdaCRicelscdpidi ds bet ween
a first channel and a second channel, the pressure or pressure difference

bet ween 1 he CEHERAHONSOTPET B@W@Wtﬁuﬁ%d“e'ﬁh@éneé‘?f?ea6¥0P£eha1pen‘6tsﬁh%c4 | uid

interface bet s @e fzﬂa[h%hla&éaﬂyiéleflﬁbd%véﬂagéalarﬁ&%%e cﬁn@;ﬁetam&g&%%fdsy' din a
second channel i's a function, at |east TIn part, of erence in

pressure betﬂwe“ehfetshﬁac@h dhnavesage Biamgéer ef wﬂwplﬁg@ad/ P & pelurglity or seies pint er f ace,
e.g., by de 9 bé b ahﬁ?leolfeﬁfgtﬂ% VAL Bl 1k oG 5()@91‘?1 dro%[%?ssur es

vmthlnthec nnesone e inferface may termned. As a
speci fi ¢ ex&ypthen alzpuf Rﬁ%lnlcmmellesamanab®e¢%hm1whmﬁ¢rellesmnlam1er7§ect at an

i ntersegkio i Lqui d.
When f|lc,lilgd r“gzrgﬁt Iestégsczﬂcl)n}% s ann en gslt’ 2&5{%%1 éﬂloﬁlgéﬁmcg%%ée‘%}yq‘%‘? 4%‘!8

i nt er sect i oaboua 19 hudrometerns ndrdest gdae ahtmySlnecrbmamsdn sdfht@capafse%la peeraget hi n t he
cont i nuous has yaLe du rtial gi ng of
Che firet chARGr TBY bnie g GLich R DR eh oo B Bl Ye Macur e
t he pressur ebdut @atictaink@Sat 1easSHOGOT mﬁ:l:tmlibtfﬁs aalehﬂppmeo SRNSIOEteTRY ldag
positioned i tgg first channlrefi lg é(gam of the intersection, e.g., as
shown in FI &0% % JHTADEESGrabigash ARt SHBICTUBER P ChaiTai°s810, and sensor
815. Segond chaniglerti@mbbdiinbhis ofkha Mvtaidnsthe sleidid @opléys 8@y céndihui d into
first channel 800, in this case creating a new droplet 820 w.thin channel

810. Early Piditional ejides foremamplpeaihar Ahenyrabdieahenical, era@?loea%ltep%lqsye Bt ugs
first channglss§@@ orSapsidd id e NRag s, Barlifed, BReS, nfcidcukhpaRikt 01 | S and
Interface 843100mé) I:ases, the droplets may each be substantially the same shape or size, as discussed
above. In certain instances, the invention provides for the production of droplets
25  consisting essentially of a substantially uniform number of entities of a species therein
(i.e., molecules, cells, particles, etc.). For example, about 90%, about 93%, about 95%,
about 97%, about 98%, or about 99%, or more of a plurality or series of droplets may
each contain the same number of entities of a particular species. Ior instance, a
substantial number of fluidic droplets produced, e.g., as described above, may each
30 contain 1 entity, 2 entities, 3 entities, 4 entities, 5 entities, 7 entities, 10 entities, 15

entities, 20 entities, 25 entities, 30 entities, 40 entities, 50 entities, 60 entities, 70 entities,

80 entities, 90 entities, 100 entities, etc., where the entities are molecules or



sensor 815 to nove upward, as shown in FIG 13A However, when the dropl et
820 separates fromthe second channel, the pressure is released, causing

i nt erf acew®201015117ove | ower in sensor 815, as shown in FCEUS2BB04BeEcause

t he dropl ets produced via the second channel are produced in the first
channel in a periodic cycle, the interface of the sensor oscillates up and
down periodically. By tracking the position of the interface over many
cycles, pressure fluctuations within the first channel may be determ ned or
gquantified during droplet formati on. An exanple of such a determ nation can
be seen in Exanple 4. For exanple, eari3-in the cycle, when the energing
droplet partially or conpletely plugs the first channel, there is a general
ranpi ng up ofacinedsules collst pariclehefi Istometrasendhe dipples ezancadh t he

I ntersect ofy el 'c%ht%{n%%%%é o Eﬁit!;eﬁ,l%la&ﬁmgﬁf‘l%&rma dlia® HOGhaP1{ he
orifice at the i1ntersection the Tirst and 5econd channels, tThe I ncreased
pressure i npntiigedessthanté cemies gessghariogmliets, lesatbsi heptitlg odlespthat 3t 0 nar r ow
and event ual ltt'eginns%pn %f ge tPan%rse O?Qmiagcprlnargtsedngi'o h%(t)ﬂ-ta'%l;lli aroe}/e?sntf may

coi nci de wi th"&" rapld Far1 T ACSFessUrE ™ P> vaF i'8Us “AsPale S8t he

i nventi of, @ufd stinth  wayditcemaas: peded dseerehandsameneywhadhsio noncdnudetha dr opl et
formati on system .a sensin st .,a controller, and/or a draplet sorting
andl o sepaieroh SyEeh Gdiny Bt Br Bt iineforpBRLo ol Pt n° o st o
and net Ihods ﬂmﬂl)c_obﬁinp@&hé i@giegasi fanmylessﬁbetdam(ﬁvl @red l@lléing ﬁememm]g)r Othedl

particul ar application, and in sone cases, multiple systens of a given type
may be used}egﬁﬁﬂueéﬁa%pﬂsé‘}os‘f thoc ?edgg?@id‘iﬂgm S@fnefcégﬁ’é]ﬂ‘? %ﬁ%&?é‘t%‘?ﬁ, two or

nor e dr opl etcra@RA LAk fc Nik&I® ple Rl fluliTo XA GarRllaAhkiANg 6 RALSot SYSt ens
of the invention can be arranged to formdroplets, to dilute fluids, to
cont r ol 1Phe cpyive ehthe aRECERH ODNtCE S Ei8e &5 IEYIRTSY dseilcdt s, to sort droplets to

sel ect those w tfh A@ESIsp&Y GORGERbA ARld@QNo Y sichRSRH BR(HAs B bpifidi (e.g.,
dropl ets each containing one nol ecule of reactant), to fuse indi vidual

dropl ets t ofleiss&opledpipiton obaeweErlgpeticdyidofroaichaay Phsurkendeddy ¢i dual
droplets, tg Qg,tee.é.,rQS%gevﬁd%@ (e QRbS, 1AL ﬁhidra%h%l@indra‘?@&%én% ) in one or
nor e dropletg, etc. ny other arrangenents can be practiced in accordance
Wit h t he i nvemiscible.in @rec easge dihe oF0 othmore dyaptety aeateddtysphging thegyiginehs and

met hods tor duci ' L qui e fluid
R e L S T e

i mm sci bl e droplettmaehase differenf shapdsend/st sifed, dgpendingeont thereonditionaksed taa f | ui di ¢
droplet to be.transported. through a particular systemor device). In
certain casépgftﬂ%ehoélgglra!)%‘flgltcsflroﬁgéy{' each be substantially the same shape or

si ze, as further Adesding tbage balodembddn@crts, wifthidiayroples@ando pilausingiher speci es,

for exanple, certain nolecular species (e.g., f er. di scussed bel ow),
col 1 o oo ¢ el R TR0 s HouBP B Bt s o i B, &t SR8 my bo
creat ed20n ardpletiifl thsdunitdinsidd nidy havd 4 gatek elodficahcomycti@Rythantiee fluid to
separate into individual droplets within the liquid. In sone enbodi nents,
the fluid afgUReng ﬂla‘ﬂflnﬁnﬂd? SYEC pses Eytiluidic droplrmmehe ne@t.r@l!x charged. In

some embodiments, the droplets produced from the original fluidic droplet are of

=

approximately equal shape and/or size. In certain embodiments, in an applied electric
field, electric charge may be urged to migrate from the interior of the fluidic droplet to

25  the surface to be distributed thereon, which may thereby cancel the electric field
experienced in the interior of the droplet. In some embodiments, the electric charge on
the surface of the fluidic droplet may also experience a force due to the applied electric
field, which causes charges having opposite polarities to migrate in opposite directions.
The charge migration may, in some cases, cause the drop to be pulled apart into two

30  separate fluidic droplets. The electric field applied to the fluidic droplets may be created,
for example, using the techniques described above, such as with a reaction an electric

field generator, etc.



m crofluidic channel, or other constricted space that facilitates
application of an electric field to the fluid (which may be "AC' or

al t ernat iwgQ 20wrsers, "DC' or direct current etc.), for @KRrGsR@/0p0éi mting
novenent of the fluid with respect to the liquid. Thus, the fluid can be
present as a series of individual charged and/or electrically inducible
dropletswithin the liquid. In one enbodinent, the electric force exerted on
the fluidic droplet may be | arge enough to cause the droplet to nove within
the liquid. In sone cases, the electric force exerted on the fluidic
dropl et may be used to direct a desireddmtion of the droplet within the
liquid, for exanple, to or within a channel or a m crofluidic channel

(e.g., as furthePthdes@niplped! srditteigr)fluidie droplel imbt twioglrerthess gre desayibdsencr eat ed i n

the fluid within. LOWid: Usi | i Ak l e, by
pllaci ng ¢ he PR b LA S LBRMIEENR, ST gkPS. JBPEP.S;

and/ or causing, & al.eHcY Ponistamaldtour ApplatitioabsebNoO.He/4OB0D H filal Aapuet 24N

el ectric ch or examnmpl a chemcal reaction, . i gpi ion, a
photocataly?@%fP%gE i%ﬁ%”é?gkm¥%&8ﬁg¥3m %%%%ﬁ%#?@?ﬁ%qugpgﬁﬁgﬁgﬁggﬁectrica
conduct of. AgdussB(heo by, Stene; eraidpidiished as V@ 20MBIYERH2I orhawuang 8,82004,
conductivit¥ f. at quit abﬁut t he conductivity of 18 nmegaohm (Mohm or MWA
wat er. The %%d?ﬁm§5¥? Rl AYTEHE 1 ui d may have a conductivity |ess than
that of the fl ui bhonEét of BEb&GEnts, aTRIidid Gropldt MEybdEreaed bnskeh@igan, rel ative
to the fluid, or at least a "|eaky insulator," i.e., the ljquid is able to
at | east paFFP&FFV“@?@é%ﬁ?B%VW?SYﬁﬁﬁP%¥@OQ&@dﬁﬁﬁﬁdmﬁé?mgﬁthggngh short
period of tiuiBg adl A‘j%ﬁé‘d Qbct8¢ HE10AIMcISKLY be dPAL iB1024 DCWiEld, elee Aglahe to identify
the conductivity of fluids. In one nonlimting enbodinment, the fluid may be
subst ant!Pal Py B plFrF Ecldapy Berelervgly aapisidrand dreivig (T RHarent dlertEy be
substanti al lyglyY.ArRRBERIT as ntRgdeb 8&Ed IR fuldd Groplefo2PARIcERPRIIAETHS, 1S
generated froman electric field generator, i.e., a device or systemable
to create asleglieéieldingayftiesplgctiviglytappliad 496 rapqyed agnceded: Hesome gigodimisatse| ect ri ¢
field generaf : ~ i L avard periodically
wth respec?hﬁgngﬁ%gahg’r %ﬂ%ﬁ%@g?&égh%§§$ﬁ§?P??m§%§f§%?ﬁ?&ﬁﬁﬁare, etc.), a
DC field (i.e., bmhahabodigenohowant, e tlhidicakedas mapbe jonehed @ spuddsed fi el d,
o, s L S En L A AEGNE L R B G0 ANEL S A ALt © create
m crof | ui di drophegnriel instihe, &l e tetiof ehbeliderge ndhuatiodropiayminebd sitcegreal t o or
channel - acoOrding o RS R i e P By Pt F oL ol e
electrié fi ehahnéiritch may be AC, DC, etc.) are known to those of ordinary
skill in the art, For, exaqplf i.n one enbodi nent, electric field is
produced by appl i SH08IREG8" R FHSRIR- iR gF P&Véjé’? ﬂlﬁ‘&%aél, SRi*EH ey be

posi tioned aeemiinesieasdete Mafdicfisddiof th fiumiCdrsyss exmi/of ®thexampli€cf aM t hin a
Substrate deanin? t he channel or mcrofluidic channel?, and/ or positioned

proxi mate t RUPP Af e Spidse sfemspnipigng el e droplet (58 + e i@idaropdipg o

interacts Weltididi€dfoblél)dn subh@ n@nfGtaE feRwaahahanfiasibh onad o K any suitable
el ectrode material or materials known to those of ordinary skill in the

art, incl udchrgactasisticsdthe fuidie depples; (dpragigristicyegterminablspwith fegngeyorhe pl at i num
droplet and usable in the invention can be identified by those of ordinary skill in the art.
25  Non-limiting examples of such characteristics include fluorescence, spectroscopy (e.g.,
optical, infrared, ultraviolet, etc.), radioactivity, mass, volume, density, temperature,
viscosity, pH, concentration of a substance, such as a biological substance (e.g., a
protein, a nucleic acid, etc.), or the like.
A variety of definitions are now provided which will aid in understanding various

30  aspects of the invention. Pollowing, and interspersed with these definitions, is further

disclosure that will more fully describe the invention.



copper, tungsten, tin, cadmum nickel, indiumtin oxide ("ITO"), etc., as
wel | as conbinations thereof. In sonme cases, transparent or substantially

t ranspar ewo 2el085176des can be used. In certain enbodi mremCT/USRIIe/08008€t i C
field generator can be constructed and arranged (e.g., positioned) to
create an electric field applicable to the fluid of at |east about 0.01
V/mcronmeter, and, in sone cases, at |east about 0.03 V/mcroneter, at

| east about 0.05 V/mcroneter, at |east about 0.08 V/mcroneter, at |east
about 0.1 V/mcroneter, at |east about 0.3 V/ mcroneter, at |east about 0.5
V/microneter, at |least about 0.7 V/ micr¥meter, at |east about 1
V/mcronmeter, at |east about 1.2 V/mcroneter, at |east about 1.4

V/ microneter, atAbaelsd, vabagtaspecs ohpiprasentatventiongelagtio Hralets chblot 2

VI m cronet er, §1qu sities
may be used, I?Acl)lﬁl dex alﬁ}ﬁpgtg g&;@ndeﬁ gfjhte% £m§§F ge?r%frsg&ddugﬁf%lgg%&;bout 3
V/ m cr onet eshapaand/e!asszte abxﬁdtffeﬁenvmapcsranmbt gres, &fpehdiigpsden tabparticularV/ mi cr onet er
or at leaSt ati%gtgonl%svsggk?ro tern(ljr‘ enera{f re?é)rg poearsugst%)ncerthat Ee Stl()rlverltI on
rel ates to SYSIEHE" 4n o al't V\% he At Xih or e an one
fluid to5occlow. anEﬁTC(ﬁﬁﬂmpb&Leouﬂmvafitfmmtaﬁﬁb@dl alQgdis, aogas tahescbm@mtl on, two

f1uidic dr be al l.oned t d bed
above. and (R THEHS: RBy e BAHP BBt obii e R SRRhE S Gt SRy om t he

two or noreafd wgemwdhe;irlsueﬁug:ap@napk}@tfmlcrragpelﬁéhedss ahemalhdl@g/\aﬂ pfeﬁnfﬁib%t. It should
be notedtht when \A%Hdroletsfuse r coale ect ())(g{ll%withinthe

dropl et doe 13??(5"&011 dAREIELS §nyoet eVlIS?Pé‘@é %‘%nlpﬁlt‘@ &coal esced

dropl et may flufk hiedrdsynid@ch AbiABEhyde uﬁ’def)érfd%ﬁtlyf §e1ébt@d hREOhORscnaParsar@rd fluid
region. In sone cases, the fluid regions %lprerral n as separate regions,

for exarBl e (lidyifls. gases; prdehalke) by diomg ‘éfr"fﬁhé%réils gAY DY qopHidstingrian t he

fluidic droghglonsipbSwb&siHé fihin@ THE iRy Watd o MskibliodimAtioR! ¢hr However,
in other cases, the fluid regions within'the fluidic droplet may be al | oned

to mix, rea€tampy, iy Heidgragebeispleepdiotbewpsentialydmmatchds withie gl ienigamarini xed or
partially ”‘f&ﬁl‘;lu%ﬁ&t*a%%ar%ﬁﬁg %?r withig u%@ ﬁ&h@ﬂa oy rQé‘cﬁHﬁ ﬂﬁlﬂ{e&‘dﬁ _natural

means, for exanple, throug usi on roug e Interface between
the regi ons)Whetéhth@u@;homseram@mdqudffondlﬁeglﬁﬂlwtj@rmﬂ Dﬁtlleadlhﬁndh%@mids shepldugh f 1 ui d

flow w tl?' Nyt Qseselﬁfaﬁ h}?lhs&‘o & Whe QIN&ES ht%)an h%r Hpeve dlts%ér&dza%{{%r n§SE€s,

m xi ng of the reglo ‘ancedt roug certain Sys nal of
the fluidi car;trqnpcﬂ(e/thardéo¢d lgxmhjphtmzamd‘ns)rfthedﬂ@l the ﬂuxdphfexl nmalye abemplasssbmj t hr ough
one or nore. £hanne S to. change its
Vet oot ty andror it ol e Y Shenpe “HERARHEE it SRRl Bt Al Per
convection pattﬁceani@e We:isbtemehtlser ﬂhtedmé ab carpaiis ilegechhiqudslaiiigdntentiie at | east
partially m xed. exa es of . fluidi X|n in dro Ie re descri bed
in I nternational A?)&%egﬁfre}&pgﬁf%glﬂ%ﬁ %9“3& PURBEOYE AS %%@é‘nmfl | ed
April 92020Qbpleyn bd Mwn etoudd the ifiRe OfiRY (R oh@rtm fecbi dnaifyer/efigeentibyiisanot her
set of enbodi rrents droplets. of fluid can be created from a fl UI d
surrounded bSPRPI§FISEPURAEhilFclgsed faornapingiironsh aply dip serend cRER Fa O4i mensi ons

i N a ManNner drawn around the first entity regardless of direction (orientation of the loop). In one
embodiment, the first entity is a cell, for example, a cell suspended in media is
surrounded by the media. In another embodiment, the first entity is a particle. In yet

25  another embodiment, the first entity is a fluid. The second entity may also be a fluid in
some cases (e.g., as in a suspension, an emulsion, etc.), for example, a hydrophilic liquid
may be suspended in a hydrophobic liquid, a hydrophobic liquid may be suspended in a
hydrophilic liquid, a gas bubble may be suspended in a liquid, etc. Typically, a
hydrophobic liquid and a hydrophilic liquid are essentially immiscible with respect to

30  each other, where the hydrophilic liquid has a greater affinity to water than does the
hydrophobic liquid. Examples of hydrophilic liquids include, but are not limited to,

water and other aqueous solutions comprising water, such as cell or biological media,



that is able to induce the fluid to formindividual droplets, for exanple,
using fl owf ocusi ng techni ques. The channel nmay, for exanple, be a channel

t hat expawooreelsat’ove to the direction of flow, e.g., skch/ush@wv/osdeesfl ui d
does not adhere to the channel walls and forns individual droplets instead,
or a channel that narrows relative to the direction of flow, e.g., such
that the fluid is forced to coal esce into individual droplets. In other
enbodi ments, internal obstructions may al so be used to cause dropl et
formation to occur. For instance, baffles, ridges, posts, or the Iike may
be used to disrupt liquid flowin a mantder that causes the fluid to
coalesce into fluidic droplets. O her exanples of the production of

dropl et s of s#lf wiufioguricoandeldahythex hb/ihqnliliuc hquedsgwsleas dfesdol. Expmples pfat i onal

Pat ent Appl | Q 04 by

Li nk, et al hg&gﬁlﬁn%ce&&g?fng% gt%’ﬁ? A dﬁé_a?llg g‘?f%éb ?&P%&IL Ig@ﬂ) %203/ 20542,
filed June Eﬂs nﬁﬁ)ﬁ@& oy, f&t)mqabommlsabl;galpubcblvaﬂtmlc WO Kadgledo2oRablon January
8, 2004, ea corpor at eg Shecrleesl rhgy reference. In sonme enbodi nents, the
fluidic drop etss ey LR HOBY 4GB dnt i al Iy the same shape and/or size. The
shape and/ or 5| z&mﬁaﬂy,tae dct@lleer’m mdherfemr is@xX aofalted, pob;bnnﬁaﬁmtlﬂngl thdhés aver age
di aneter or IChaI’aC'[&bI,StI C fﬂ% |on of tg%dr%pllg The term
"det er ni ni nﬁomp @YLFEEB‘“}% hiccgenersa )’IStlpé’Fé‘Ptg th3te HePIShS PO s or

nmeasur enent nefesariBRekdral, bitQliayexanol @her shiped dstvadlll foekyan@le, derhidihgbh vel y,

and/or the detection of the presence or absen t he speci es.

" Det er mi ni néL gF%VHOPIE‘FIEr P“c et Oﬁlﬁ’éPﬂ/gleé“B)?etﬁ?aaslﬂF‘éfﬁ’é‘Hfméﬁf an
interaction s&ﬁbmaﬁnetnmn Hat RRGEREHRAG] Q8al 1b Bk 18¥AMBhRNsiGVSNAd tahadrel y or
qualitatively, or by detecting the presence or absence of the interaction.

Exanpl ed0of PSerdigyias ¢ @?}ﬁﬁlpau@svhwhéh%%pletbmo%{% not limted to,

spectroscopy SUCRHs @Rndidhbd,ah §ne, BRSRE R érﬁﬁbdlrﬁéwﬁ%ss?ﬁé}ﬁ@and%tl’{dd%' ble, FTIR
("Fourier Transform I nfraredSpect roscopy"), or Raman; gravinmetric

t echni ques; describgskhsrasn myy 1%111@9 oRd @enare BliGTeiudie sprPRNSALS | ATMBasseRPr
el ectroc he%@é it &'J@gﬁﬂ{ﬁ s. . ‘AR LofiRa; JFERASNELNERL SefNGa Q&I&Paﬂsp%ﬁ'msdens' ty

measur enents; i rc roism [ight scattering nmeasurenents such
quasi el ectr ionsﬂsieghnclg@ag atéwswglefbloi%hanmman arfe’ﬁssesetttmmltduyensmn of lpshi dity

measur erfgnt ﬁianqqﬁmllﬁl\d% th)eofﬁér?gﬁpt%%r"es%m?s d;Bét%r 1 ch}an ?Jn 0%%{1163%?3 qf Adr opl ets

is the arithmetic average e average ers of eac the droplets.
Those of or dmmﬂp@kchalnmlﬁ as h@dauetemmslalchbmlehmbfemgdledetmﬁmn nhet“t@saver age
di anmet er (or char act t| c.di man5| eries of
arapret s, 1 ortbeapatc R dabkh S o Ep Pl gl Pkt 25

exam nati on;flo@rwmﬁlhae chkanasin Theg h\cmne:]ueﬂl of'{Ihﬁhﬁh amﬁﬁeekrm@]ﬁlcmﬂdud@pl et, in a

non- spheri c the mat hemati cal | defi ned .aver ter of
The P oot ot S diRBrS bt et e TR Bt e o A R R M et o1 of

a dropl ep (amdﬁ@rndqxf cetafdl ddfed) ledsYha@r1 18RI T£6neakt ciredpoiihisr@yhe, for
exanple, less than about 1 nm |ess than about 500 m cronet ers | ess than
about 200 nickangpieeyaining gakodipgps gl invamien AccPiGHbREiGor hpysal %8 about 75

M cronet er s ¢roks €8N BRI 0f2H 1f8r6 AR HLER 85 1 @S SIntch@in ahedlimeRs, the
m croneters, |ess than . .
fluid channels may be formed in part by a single component (e.g. an etched substrate or

molded unit). Of course, larger channels, tubes, chambers, reservoirs, etc. can be used to
25  store fluids and/or deliver fluids to various components or systems of the invention. In

one set of embodiments, the maximum cross-sectional dimension of the channel(s)

containing embodiments of the invention is less than 500 microns, less than 200 microns,

less than 100 microns, less than 50 microns, or less than 25 microns.

A “channel,” as used herein, means a feature on or in an article (substrate) that at

30  least partially directs flow of a fluid. The channel can have any cross-sectional shape

(circular, oval, triangular, irregular, square or rectangular, or the like) and can be covered

or uncovered. In embodiments where it is completely covered, at least one portion of the



about 10 mcroneters, or |less than about 5 microneters in sonme cases. The
average dianeter may al so be at |east about 1 mcroneter, at |east about 2
m cr omet eWe,208K151'Hast about 3 microneters, at | east aboRrCTAIS210/04008¢ er s, at
| east about 10 microneters, at |east about 15 microneters, or at |east
about 20 mcroneters in certain cases. In certain enbodi nents of the
invention, the fluidic droplets may contain additional entities, for
exanpl e, other chem cal, biochem cal, or biological entities (e.qg.,

di ssol ved or suspended in the fluid), cells, particles, gases, nolecules,

or the like. In some cases, the droplet%Snay each be substantially the sane
shape or size, as discussed above. In certain instances, the invention
provi des f orhanhel cpn baigatcressrsestion thapis e@@pls@tysﬁinskoisq@gorethsenitrfi etlanyel gfay a
substanti al

ol ecul cs. SopHBLE TAUEGlonghc i b ot By SRETIER HOBYEler 51306
about 95% amrlnn(tS) %%anad:icmﬂy aB8Haveoan abautatid hgtioro average crbsseseq:tiqnalal i ty or
series of dro | et s cont ai.n S f ities o

particul ar spé%?@n'ﬁBYEaﬁggt%ﬁ%@ymCﬂéwgg?ﬁﬁﬁfgqnﬁﬁ%ﬂ] QEfFGFﬁgc Uroplets
pr oducedjs eogen, chasnetigserailp edll a]bmdechalmyenem hhat Gaatl@dteicdntiehdvet fluid2 entiti es,
3 entities, entities titi i

10.enti entities,
S0 ont1 ¢ o FenE0 i R rE PhisclefRics lropedisl Fide aRu S b dirTnicn of B
entities, 7Qh@mt:albha&ﬁqter&Gcse(nydrbptesl,chOs apdophiB&ty) ﬂ)ﬂ&hﬁl’cbharhctta‘is,tlcﬁﬁhﬁt wher e

the entities are mol ecul es ormacronol ecul cles, etc. In sone
cases, the 4¥bpreEfdosa é%éHWnWHH%ﬁgEﬂeﬂ%? u@oi?%#wdﬁﬂﬁ b%dBPmeHPthes f or
exanpl e, | epartihifgd dpRAdY ill @2.chh®SS Th Bafle ddResBiMerd Arfspen bLRSSeltihadd 1Rk
entities, less than 7 entities, less than 5 entities, or |ess t han 3

entiti ed0i nllagraydedild within tsshansel. f5r cxaparderiopan swtace [Fngon (i GuP GORAH ai ni ng

droplets of of Ldahveh mSQE®sPf Which contain a species of interest and some of

whi ch do not contain the species of interest, the droplets of fluid may be
screened or sort & ¢hgpnal pey be @Iﬁ@rﬂlséﬂ?sfobﬁfxamﬂ?m bpvingritlaigest dgnanpién speci es as

further des ther S such
u géljrpggﬁtél ‘?'td)ﬂﬁlﬁ Bo@- oglé:!é{h%gaﬁdut‘%ﬁ%&ﬁﬂﬁﬁl g’{ 1eQURE ab&?tclhﬁfn%ie u

as those de above) I n some cases roplets may be screened
or sorted fdass thhms@udﬁ%bhetoens déssfthaniabiout G miqndnsgless thar aboetull08micraner  or

range O enltlésg {h§1§ ?lﬁ t 6&%10?(9}%% %S[haglf abb&tS%rn?latonsé? th’an ﬁoupﬁﬁ ifuc (511%' ¥s

descrlbed n anot her aspec he i nventionr 0 systens an& net hods
for splitti dgnabddtGd ducuom:kl: I@pﬂ tban Aot 3 miorams, less ltltandb@p Ilémcroﬂ'mEss‘ then di c

dropl et may ur.roun Uld e usl.y des ed, and
the t1ui d st nearanre: arbeDelLAvGHISs Mine 88 BIEMT St B *The Too
or nore dropletess t!hﬁleﬂio&CBd]yn S ldst ﬂmmgaduheo ani o wale cfaslelsl tdidemehsiop et may each

be substantlalkéﬁF sha droplets

may have di 1% O§Wd$§}£§ﬂ§@£m hég%ﬁﬁﬁ%éo%ﬂmﬁﬁéi@hﬂHﬂgPan used to

split the okigirnal Tlﬁd dmﬁhs;orﬁro@meehannélcfﬁgrmm chse@fer S&phf toaMb@di Nents, a
fluidic droplet can be split using an applied electric field. The electric
field may bECTHI WIPGLES Brh%ar[ﬂ?"ff?téloéﬂmét”&the?]ﬁ@nf’li Gilgpersy rﬂ?fd}ué% 9l this

enbodi ment, cHBRYeld AYEhsipeat 86 ciRh8ad EdntRlyaSQIEUGY ineitior Kkhb@R it B&es¥r r oundi ng
liquid, and, in sone cases, the fluidic droplet nmay be neutrally charged.
I n ordlnary skill in the art. In some cases, more than one channel or capillary may be used.
For example, two or more channels may be used, where they are positioned inside each
25  other, positioned adjacent to each other, positioned to intersect with each other, etc.
In one set of embodiments, the fluidic droplets may contain cells or other entities,
such as proteins, viruses, macromolecules, particles, etc. As used herein, a “cell” is
given its ordinary meaning as used in biology. The cell may be any cell or cell type. For
example, the cell may be a bacterium or other single-cell organism, a plant cell, or an
30  animal cell.

A variety of materials and methods, according to certain aspects of the invention,

can be used to form any of the above-described components of the systems and devices



sonme enbodi nents, the droplets produced fromthe original fluidic droplet
are of approximtely equal shape and/or size. In certain enbodi nents, in an
appl i ed evecvrowis1ficel d, el ectric charge nmay be urged toPgirgrsatie/ ofeooen t he
interior of the fluidic droplet to the surface to be distributed thereon,
whi ch may thereby cancel the electric field experienced in the interior of
the droplet. In sone enbodi nents, the electric charge on the surface of the
fluidic droplet may al so experience a force due to the applied electric
field, which causes charges having opposite polarities to mgrate in
opposite directions. The charge m gratidir may, in sone cases, cause the
drop to be pulled apart into two separate fluidic droplets. The electric
field appli etitheonvehieonf |Iypahiccagisolbl strgougmptepels selecitdldnd thonsadyeapl e, usi ng
the techniq e field
goner at or SEEOFREIE e SrRAN HER ?E’P%Bg AR FUAEI 06, |
droplets ar eoldiefsaiemfmam which thie eharatis omabe f@anfelrma mmmbmzratrmwnﬁserl al No.

PCT/ US2004/ 910903 %és!s(%dsu a[s'sl 9,,2004 b a ?tdealsft Uk§ Pr ovi si onal
Pat ent Appl L SAF ISR PESE A By 2@@%& d ROGUSE™ 27, %%b03, by Li nk,
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enbodi nent s(A@geﬂl &gl Cn dtecmhﬁthnmy ableastlh petibedr dy figikiRal g ivformddadt ri c
charge (e.g.,. revl 1y desc,ibegq) ?n the droplet, and steg{lng t he
dropl et usi ﬁ’&c%lhb QrR at& e8 8t ¢ §Hicomichipg In recisaragems MeF RtsrqtuidiG

field, etc. A n@PnR¥88Mthed dh &)@ Glaidrial, fah@in@oﬂi@yasese vagh R Glitréghiicappl i ed and
rem)ved or adifferent electric field my be applled) as needed to direct

the fl uilli c ernagls étay{v%d%\fuﬁérrt%eewtﬁrsolrde@pé%ar rferiEt atae epicel may be

sel ectively .gpRlddado Ry, F&TRYSRe aSirN§eA8 makial SRR oRFRAAIIBRIE: W t hout
subst anti al I%qalterl ng the flow of the l'iquid containing the fluidic

dropl et . | nceanpey ansdrseennd@ianar maesjgd Wy contpya afspqgng fleidigy hppnst, vhgegythge
screened or nﬁl&a{iﬁ%re\éﬂélkgbﬁlﬁ/lacr?fnja&h(mo etﬁéi«%h&gﬁ OifideNR rhAMR R deR hed¥sc@hd €T ”9 the

flow of the t al | ets. For instance, in one set of
enbodi nent s secand Phh@imt@mbph@tthmlmnﬁwefr@mth@rsecsmd t?@@in(ﬂyntdltheefa“stl ng the

liquid SRRV élngé f' {ﬂ?ouﬁil lﬂl glllﬁ é 1?g tﬁ{:‘| e);sﬂagrg a He{h%hs c(ﬁpc%g's%g labov% second

channel , “etc. pec |nven I'on, “sensors are provided

t hat can seffs@lnalmgiee)for@eicee mllChéflclﬂE fdmomﬂum@fczhmmmfh&ha szsuems awf davives f | ui di ¢
droplets, act. risti orti | uidic s

cont ai ni ng tﬁ(ge I}Vf:nt&ﬂnaf; p?ogtare( %nown Rotlrer amb(ajlme Vanﬁlas compt()ﬂéln%% (fefw di c
dropl et) i ndsugheras aEinRekeas tﬁe(ln@dnhﬁmlcatnhje fot@ted fofrh pellyinern f@fexm@eam nor e
characteri st cs of t fluidic droplets. Char Listics determnable with
oopect to. tHEoHPuHRme s PRI R e T AN S R SRR UEIIRT ed by

t hose ofpor d‘imEyoﬁ'k¢ﬂdn j,0rthbgkart. Non-limting exarrpl es of such
characteristics inglude fluorescence,  spectroscopy ( opti cal ,

g
Cnfrared. ol traviulesm cupronynis paedarch e 0| G prRaETAHI For CHES £y
tenperature baéé'p%ﬁfbﬁ |1ﬂcYud1r@‘é bo@t@ﬂﬁ%ﬂ dn@lsid@Ryva0f c euhsicane ﬁomSaHQ)Bacﬁl% a

bi ol ogi cal substance (e.qg.
material such as silicon or PDMS and a top portion can be fabricated from a transparent
or at least partially transparent material, such as glass or a transparent polymer, for

25  observation and/or control of the fluidic process. Components can be coated so as to

expose a desired chemical functionality to fluids that contact interior channel walls,
where the base supporting material does not have a precise, desired functionality. For
example, components can be fabricated as illustrated, with interior channel walls coated
with another material. Material used to fabricate various components of the systems and

30  devices of the invention, e.g., materials used to coat interior walls of fluid channels, may

desirably be selected from among those materials that will not adversely affect or be



protein, a nucleic acid, etc.), or the like. A variety of definitions are
now provi ded which will aid in understandi ng various aspects of the

i nventi orwwORe10/16Wi7ag, and i nterspersed with these defi niPCiTarsg)10iog00bar t her
di sclosure that will nore fully describe the invention.As noted, various
aspects of the present invention relate to droplets of fluid surrounded by
aliquid (e.g., suspended). The droplets may be of substantially the sane
shape and/or size, or of different shapes and/or sizes, depending on the
particul ar application. As used herein, the term"fl ui d generally refers
to a substance that tends to flow and t¥conformto the outline of its
container, i.e., aliquid, a gas, a viscoelastic fluid, etc. Typically,
fluids are nHeasd il fyid Hawing theoushdhd Buitlie swittnh st saraateriads bthitds givangallyt r ess,
and when a [ periences a continuing and
per manent d?lgtﬁglﬁ%llégﬁe%&%e O§Pfﬁap b%%e%‘g?g{la{%fggg%t abl e viscosity that
permts flow |flIntome emlbodrmem ydrigugleongropeps efstbﬂmvemn Iareffhllznodted’ﬁly)mbe
|ndependentl select sentiall n qu | i qui ase and
the Tikey by bRSUEEFH RERRRORER bR e phl G5 of s 9RFRE

rel ati onshi pf bbﬁrdﬁﬁhletﬂhﬁi falcl]hltaﬂlﬂig fabiieatfoln wii0igo Ity (egcrbpliae rrmlctmg bljetion

i sci bl & R CEheefie oot GRF B BRGR B Sut PR B R or

within the bemuéddadeoliaffyr@agd k@naatoustselidifés, Dlltb a M@ c@pableof podthihidRs r enrai n
liquid for a ni fi cant riod of tinme, the he flui ds should be
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fluids need not be as inmmscible. Those of ordinary skill in the art can

sel ect dli t ABCEseR e idh PEPOYMER SH Pl @obymgriel dquitisian dndisist REE* 28R e

nmeasur ement she@fiofldMgc bblkRierst tﬁeﬁﬁ)"sét){ao@ﬁierst &emixﬁﬁ@aﬂ QbesolPherd RGadd NN 1 N, As
used herein, a first entity is "surrounded" by a second entity if a closed

pl anar | oopﬂ@aﬁn%@lgcﬂ%n%ﬂ%hﬁx cxavenle.jarsyitabiqpglynyericHidgidghayoptlydathe second
entity. A f'sélﬁ orfSHohd ¥r dﬂngrﬁ tpiéf{}ﬁﬂs%%'sé{lt }érs!{)%ﬁld%ﬂlclékélﬁt?dn G564 4 8aRs goi ng

t hrough only the secon y can rawn aroun first entity
regardl ess oflydieriewticoal vpor rearvaltdf dre sofverthior boop)e, by avapnrtienbBhnent , the

first e BI t éol'y@ﬁﬁ‘c i g#lals vﬂ{lcheg&ﬁ%g scﬁidﬁ%{gﬁ? lIIll fér%?;ﬁ)rﬁﬁlg dm!alp %&{ éo? ent

surrounded n anot her e | ent | rs
particle. | ﬂV%thatlalm@td'mll lewbadd hemt of drdiearf skiftin éntrtt yx vagetd of pazlyniencThe
second entltn}/ n. some spensi on,

al
SnCom oo iyl AR ke dhouhdhion TS RARE e foo Bt BrBuBiRPS OSP4
hydr ophobi c rﬂolld*bur d],oldamhsye:is (ﬁ@’rmbjodmiemqwlﬂrermly obBotb usmenﬂbaﬂrnasmeralshydr ophilic
| d b d
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respect 200 eaGlleOpdIRhers tmﬁé gerdehe claysdy emilicbhepdlyfitts, dpbaspodyr@irgah@r affinity
to water than does the hydr ophob| c liquid. Exanples of hydr ophilic |iquids
i ncl ude, bufCT3iaE oL HROEYPY Bmeﬁﬁéfeéihar&ﬁﬂrl@fjﬁéﬁhedﬁ%%so &8reti ons

conpri sing %h%éred%yt(hla ea§r %@h{b cAmOHIP DGR} aJ@ﬂa‘p@xﬁé&ﬁp goldfoki@BSor etc., as
wel | as ot her hydroph ds such as et hanol | es of hydrophobl C

liqui ds i ncPgigse. Saltexam@len@glyw%eﬂ@& f GispagmokAgar be wed.HYy él‘ikbté‘élrtﬁons

sili c;)ne 0:: kSmp ({Hnﬁ@ﬁa@éd M drSmatld #ARO AL RRNarich Sloal PhAR YaCk iR ALY EHotept €. Ot her
exanpl es o1 sul ab
25  example includes the well-known Novolac polymers. Non-limiting examples of silicone

elastomers suitable for use according to the invention include those formed from
precursors including the chlorosilanes such as methylchlorosilanes, ethylchlorosilanes,
phenylchlorosilanes, etc.
Silicone polymers are preferred in one set of embodiments, for example, the
30  silicone elastomer polydimethylsiloxane. Non-limiting examples of PDMS polymers
include those sold under the trademark Sylgard by Dow Chemical Co., Midland, MI, and
particularly Sylgard 182, Sylgard 184, and Sylgard 186. Silicone polymers including



fluids have been previously described. Simlarly, a "droplet,"” as used
herein, is an isolated portion of a first fluid that is conpletely
surroundesolrisasseeéond fluid. It is to be noted that a ®#CHAISR10i0$000©t
necessarily spherical, but may assune other shapes as well, for exanple,
depending on the external environment. In one enbodinment, the droplet has a
m ni mum cr osssecti onal dinmension that is substantially equal to the |argest
di mensi on of the channel perpendicular to fluid flowin which the dropl et
is located. As nentioned, in sone, but not all enbodi nents, the systens and
met hods descri bed herein may include on® -or mor e m crof I ui di ¢ conponent s,
for exanple, one or nore mcrofluidic channels. "Mcrofluidic," as used
herei n, ref &P knva seieval benefigipiyaererties sonplidying Bhmi¢ation Qﬁ‘ihﬁglifa’t)ﬂllliéiast one
fluid Cha““@érucﬂﬁ& AhAnLPSE  FEGHL AR s dl g&% 1M Bex eﬁ?%tr dlyl M and a
ratio of length to l'argest cross-sectiona nensi o edst 3:1. A
"nlcroflU|dnmnbhhnm@kahamhm@edﬁhaw%pmpoUnmnalmmdwnamnngemthMIﬁese
criteria. Th)?a ) §Cz$rf|:ton13(‘:al di m% e ure oﬁﬁ Te ori' erlcl ur tasured
perpendlcularl? gploﬂl #ﬁ dm?ﬁOM/mn TR YhE ChBnél . Thus, sone
or all of t Imenp‘etammls cﬁhamnﬁloSeXampm ﬁh‘oﬁlf. bt dioabeurtys AC Herdxposafe e dffeent i on

M P B L T e e T T N

cont ai ni ng enwo ady e 0teSul@br fofiting NG RInkIO Featlid withGt@fivdly Bk agecthaus, a | ar gest
cross sectional dinension of no nore than 2 mm 1 mm In certain
enbodlnentsn“?ﬁ@”PPﬁPH“%ﬁﬁWﬁ@P@“ﬁﬂih%@V?BWﬂeEbpﬁkﬁﬁgte%?“&“§§ﬁ6ﬁ%‘%onponent
(e.g. an et%ﬁggm%H@§$&ﬁﬁﬁﬂ@buﬁ@kﬂ@%gw@t) O course, larger channels,

t ubes, chanbers, reserv0|rs etc. can be used to store fluids and/or

del i ver 1Pl ui ds t B¢ abreage dPRIuRETIISIIES Seqhiss dhigroBridicEuswventthon. I n one
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cont ai ni ng enbodi ments of thé invention is I ess than 500 nicrons, |ess than

200 micr ons OXIFIE@% forraamplody kRSB $0 a1 eyser-pRNRIBE PlRERbSh apgn dikss t han 25
m Crons. a rticle
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(substrate) t t at | east partial Irects ow of a Ui channe
can have anyf@p@§sms@cop@wahﬂhhdpéwemimdﬂhqmuﬁ@vaMWOﬂmuan@mﬂauﬂmx$@@gular,

square r ) c vered. In
enbodi it s A B0 fier gBbt? abd (e T FEEL S Blac RIS O

t hechannel @aWCMaweubh@mnahaseodmmﬂnmhannwgsmbnwhbdehymﬂmmbmeqwbmun t he
entire channe ed al on th with the
excepti on ofo e r S ST e GUR BRE & AR Bkhh ef ] g B Mdvd L
aspect rat|@mﬁkangmhmndxauedag@qmﬁmsamaﬁﬁﬁbﬁmﬁhnﬁﬂngmﬁmmﬂﬂn@kmﬂhmkeast 2:1
nore typicall | east ,.o:1. 10:1, 15:1, 20:1, or re. An open
Channel | gendtanE R R SHPIE it etk S U7 e P SeBOB8ht ol over
fluid transp@fice with@ut theSlctditappBlauciiafypedsairé &t fofis tHeabal TR GA R Gre-

i ndent ati on) and/ar physical or chem cal characterjstics, (hydrophobicity
VS. hydrophPF@E@??&“ﬁ?Sﬁﬁﬁéﬁmﬁh%ﬁ%@?@?%@?$ﬁ§%ﬁﬁgﬁuﬁ%ﬂ3@%@%ﬁuﬁmFBrce (e.g.

a cont ai ni ngpéPM@a), iR AdBidd Mibbing ThR&ehibW daibit i kelrh&idihannrbnd®¥n par ti al | y
or conpletely fill the channel. In sone cases where an open channel is
used, the oxidized PDMS can also be sealed irreversibly to a range of oxidized materials other

than itself including, for example, glass, silicon, silicon oxide, quartz, silicon nitride,

25  polyethylene, polystyrene, glassy carbon, and epoxy polymers, which have been

oxidized in a similar fashion to the PDMS surface (for example, via exposure to an

oxygen-containing plasma). Oxidation and sealing methods useful in the context of the

present invention, as well as overall molding techniques, are described in the art, for

example, in an article entitled “Rapid Prototyping of Microfluidic Systems and

30  Polydimethylsiloxane,” Anal. Chem., 70:474-480, 1998 (Duffy ef al.), incorporated

herein by reference.



fluid may be held within the channel, for exanple, using surface tension
(i.e., a concave or convex neniscus). The channel may be of any size, for
exanpl e, wawvorgsa77bar gest di nensi on perpendi cul ar to fl ®Ci/Uskawoafoos ess
than about 5 mmor 2 mm or less than about 1 mm or |ess than about 500

m crons, |less than about 200 m crons, |ess than about 100 m crons, | ess

t han about 60 mi crons, |less than about 50 m crons, |ess than about 40

m crons, |less than about 30 mi crons, |less than about 25 mcrons, |ess than
about 10 mcrons, |less than about 3 mcrons, |ess than about 1 mcron, |ess
t han about 300 nm |ess than about 100 4m |ess than about 30 nm or |ess
than about 10 nm |In sone cases the dinensions of the channel nmay be chosen
such that fluid Asothysladvanig tekerying noevotlhidisisghctetieofahe ing¢nsionforsubst r at e.
The dlnen5| f I [l ow a
Cortain vol g niBCofARDEl LB nBhARIRASIASE o s SRR @l | DO
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As used herein, "cell™ ven its ordinary neanjng as used_in |ology
The cel | rra\}“%%mgwalgéﬂf Pt%)rwagLP’f Ot{l‘ifﬁ@mp?—f&?r‘ltseféh‘“ﬁ‘la@?kt %‘8 Iirar S‘%ﬂ? B

bact eri um on bEkdE val chgdRpied the @GR oS Mili€onPl A8 or @8behi®lor iheni Mal cel . A
variety of materials and methods, according to certain aspects of the

i nventi df, eunUNe QdEcHRPoNShcaRngs dsseribrdaboee serdetipisBdRlEBAbSnent s of t he

systens and sERULEE SWhert NEs HRNENIsS a cbit &Qﬁpcoﬁﬂﬁﬁgiﬁg akiliSotaolydls (1@t eri al s
selected I end thensel ves to various netﬂ exanpl e, vari ous

conponent s PMéo p pupaiate drotiemry able of ‘bffﬁ@@t Iﬂ%t@frﬁl sﬂ@q JustRiR 1BRY d sslecied whi ch
the channel g,6aR. BSuf i @ WG &”&Eé?l'dsﬂlcﬂﬁk I%Jlﬁhé{‘l SROSi #réxgpsﬂﬁ{/ ocesses

such as spi n coat n and chem cal Vvapor epositl on aser abricati on,
phot ol i t hogseaahi.&. glessiicquesicorbrie, mganve siiowsniiride| netlietylenatpolyberdneal  or

pl asma peoc AL AR can,

248: 44- é %@%‘%%F/X%%gﬁ Ims%]ilsjsg%rb&l S(r?llr%(fhegl;ve HP it &e?%g ?Q‘?)eé%%%ré‘ peg*ti on of
t he fl ui di codygsicelng tschfnmume@n@fi ugdd| asomulcblye aipatantig tHosaofunrdgary nkidl isi | i con
chip. In some case |d|c be defined in a

oo P i o S RV Rl 1R TGLRE et SUARGSS BB rRRURE" | 0o, L

defined in s@panabmh@phnﬁymknmﬂangmunaterlaIs that are phy5|cally cont act ed
t oget her. For g rst Ian r nater%g» may gntal (%rst fluidic
channel , and a s @B Bmﬁpaﬂ Pfﬁimﬁﬁﬁmﬁ% Apgihads obeonigliip gﬁ? i ¢ channel ,
where the mafagipurlisy @frfﬁnwhyémaédvmmemtfacdxaﬁpkogatellﬂeﬁncarﬁ@thars aorifice
defined between the first and se planar materials such that fluid can

f1ow from t HElogddnl - I?atﬁﬂﬁpﬂhﬁ%t@ntsﬁ’éalfwor 4{/30h&{n Bed Fgbryary 2810000 an
orifice, usihg, the;3ysSirams RO, R dSued AFMISHE B9BIO K@mar, ef al.;

International Patent Publication WO 96/29629, published June 26, 1996 by Whitesides,
et al.; U.S. Patent No. 6,355,198, issued March 12, 2002 to Kim, et al.; International

25  Patent Application Serial No.: PCT/US01/16973, filed May 25, 2001 by Anderson, et
al., published as WO 01/89787 on November 29, 2001; International Patent Application
Serial No. PCT/US03/20542, filed June 30, 2003 by Stone, ef al., published as WO
2004/002627 on January 8, 2004; International Patent Application Serial No.
PCT/US2004/010903, filed April 9, 2004 by Link, ef al.; U.S. Patent Application Serial

30  No. 11/246,911, filed October 7, 2005, by Link, et al.; and U.S. Patent Application Serial
No. 61/098,674, filed September 19, 2008 by Weitz et al., each of which is incorporated

herein by reference.



Technol ogi es for precise and efficient fabrication of various fluidic
systens and devices of the invention fromsilicon are known. |n another
enbodi merwQ 20awisors conponents of the systens and devi c@€TafS2elam440nyent i on
can be forned of a polyner, for exanple, an elastoneric polymer such as

pol ydi nmet hyl si | oxane ("PDV5"), polytetrafluoroethylene ("PTFE" or
Teflon(r)), or the like. Different conponents can be fabricated of
different materials. For exanple, a base portion including a bottom wall
and side walls can be fabricated froman opaque material such as silicon or
PDVS, and a top portion can be fabricat®dd froma transparent or at |east
partially transparent material, such as glass or a transparent polyner, for
observation and/ 8he foBpwinglexahplestaee mrenildi to ilhrsoee sgtairGonpsdnatsofdn be coat ed
SO as to ex N i ds that contact
interior ch %tﬂwgﬁfols ﬁﬂmﬁggg@xﬁﬁbﬁg@%@gg %Pfﬁaglﬁg{l@ﬁ al does not have a
preci se, deS| red functl onality. ForEXAMﬁILE:l corrponents can be fabricated

as illustrated, thlnelor e not her nateri al .
Mat erial used to )?aimcpg een%/oél?tfagﬂsgﬂl (lzolrri?(%trlloenn g)qguf“ﬁf Hmpfegst%%na% devi ces of

the invefti @mampiegl,,z, m’aitksﬂnglleSawsEHMScmmﬂﬁ]mldm“kIe@rcemuchvad thesechowh in d
channel s, desir be. sel ected from a t hose materi Isthat w | |
ot adver sel P RaBE R MR REliod By rRNoT P Y HBGGh SORNY | ui di o
system e. gwithr@h@VelyalblblydRpdrsitysilen@rpagahd ()hfic@&lhbrelaﬂ eIeb@cFHeElS@d’SCe of
fluids to be Li d wthin the d vice. In _one enpbodi %hl Qus_ conponent s

of the inveAtH' t‘h‘faélsql%f”‘?%‘é{ é IQIPW%FIWW%I%@? ijfefse BIEPkhd/ or

el ast oneri ¢ phREEhiALS a s@pchie@thaafel Q@QV@%&K)& Iyriterareshdafs) avnbarEenabl e
fluid, faci |pltatl ng fabrication via noldi g (e.qg. replica nolding
T

i nj ecti ¢ ndraraRgenot bt mixed with e fRickinyide thy draplets g drerlaty tﬁ?rdﬂ%ﬁﬁl N3

essenti al | 'y Q¥ dehjrrt hﬁﬁ)toﬁﬁaﬁhﬂﬁ@r t'uﬂeg lé&ﬁﬂ aﬂcpmﬁ?ﬂsb@e fe¥mer@I bdi@twhich
spont aneously solidifies, into solid c of containi ng and/ or

t ransporti n§amyred e l@wn@@nspwamse@ th%qironﬂgté gwcam vejupg of paehfdrqpleyipaoriet wor k.
I'n one emo%&@%ﬁ is KnB&n DA &?&ﬁ@hﬁm@ Lihd t&%%ﬁhf?%nﬂn@ﬂ!ﬁ {zéd‘qu'ld quid or a

| i quid pol ymeéric precursor prépoly Sur't e polyneric

| i qui ds can iij¢veddugeld b&dﬁteema%ﬂr@n thelvbamraoph manpicy @ohedreplst aftehimyorberet

pol yrer o] oi nt. As
anot her %gxa%ﬁ%e%&géngsw ‘% agljfécﬂMP aﬁ%rl{a%rr?: &Ee%g ﬁnﬁ%\é a&;ﬂﬁég&bﬁéﬁé% ng%ql g)n of one
or nore pol ynmrescommstancsumaah)bcmws@j/ \Z:le drophtso*ermalmmeldcfnr daoln dsa poiginl Ard

pol ymeric materla on renoval f.or a

evapor at i on &Rl 58& PP HEY szhaTV“ ml\%\[/gil }é nctglrsn figares %Flngmgéré&xf rom for
exanple, a ﬂBtrIbuﬁcblﬁitnélcﬁIEs fhyt fiod wevihjeerdpos at idampletawieh neldividpawnow o t hose of
ordi nary ski]l |n the art. A variety of polyneric materials, many of which
are el ast om8f rﬂ’ Yte suitable, and are al so suitable for f or ni ng nol ds or
mol d maspers, for enbodi nents wher eERARIEIE ot h of the nbld masters is
conposed of an el astonmeric material. A non-lim¢ting |ist of exanpl es of

such pol ymers i néggeanniofapm@sEatescopryl of Bpidrnipctop Q% J@ryingstheggonfiptpus,

pol ymers, epRasy (iR ®ufer piReh) e Mh@l B PabM IBifir (RRAXNscRRLYINEXEmAka
characterized by the presence of a threenmenbered cgcl ic ether group

commonl y ref@p P@d f?fdh1é§X9éIi*P1‘?e pbieyousr ghgse low zate yaxseg By a gplume-driven syringe

pump and was varied while keeping the other operating conditions (i.e., applied voltage)
25  constant. As shown in FIG. 7A, as the outer phase flow rate increased, the residence
time of droplets decreased, resulting in a decrease in the volume of fluid injected. Thus,
by controlling the outer phase flow rate, the amount of fluid injected into the droplets
could be readily controlled.
EXAMPLE 3
30 This example demonstrates control of fluid injection by varying the injection
pressure. A system similar to that discussed in Example 1 was used for this example.

The fluid tubing leading into the second channel containing a bromophenol dye was



oxi rane. For exanple, diglycidyl ethers of bisphenol A can be used, in
addition to conpounds based on aromatic am ne, triazine, and cycl oaliphatic
backboneswoAnwiserieéexanpl e i ncl udes the wel | - known NovolPaE/(Se0191080086
Non-limting exanples of silicone elastoners suitable for use according to
the invention include those fornmed from precursors including the
chl orosi | anes such as net hyl chl orosi | anes, ethyl chl orosil anes,
phenyl chl orosi |l anes, etc. Silicone polyners are preferred in one set of
enbodi nents, for exanple, the silicone elastonmer polydinethylsil oxane.
Non-1imting exanples of PDVB pol yrmers 42rcl ude those sol d under the
trademark Syl gard by Dow Chem cal Co., Mdland, M, and particularly
Syl gard 182 plagid igamees$:84 tight trelsisied dpaireula@@:cosirdlled prrssypiaed/arer As thacl udi ngPDVB
have sever aly REREHI.CLAl inBEABLIA] HRe TR Yihidt A0L UEAN iR Rri7d he
m crof lui di ¢ struttures of the imnvention. FOF I nstance, such materials are
i nexpensi ve (pressadiih ynigwé ph)aBlceqrdiaply, Iyaconbyellisg thednjtdted pfasome, shepmepol yneri ¢
1auid via gunlagl SRl gro ok 1R Bl Gy FRNBSAr e ypical |y curabl e by
exposur e of e pHepo YIeri c ?qu| o tenperatures of about, for exanpl e,
about 6550C to about 75 OC for expoENAMRIE#®s of, for exanple, about an
hour. Al so, siligaone polyners uch as. PDVS,. can be el astoneric and thus
tay be usetul 1 ol SHATTGREYPs dicbre R T areh vy e SR Y aspoct
r ?ti 0s, nec)eﬁcsalrtyhign tdi@’otaairdéolﬁimﬂﬁi; difibﬂigﬁerﬁlﬁocﬁrh&ltiomheﬁﬁviﬁﬁﬁbn. FI exijbl e (e.g.,
el astoneric) nol ds .ast er an be advantagequs in this regard. One
advant age of forﬁK%EEgﬂgﬁﬁ?ﬂﬁ%gMQﬂEﬁmﬁgmh?%?gﬂPﬁPﬁF@kgPPﬁﬁ?ﬁﬁ@§H%¥ t he
invention f KRS otARNEd RO W SmpsMGBsodsioRDMINGL 824 Bst@RAdnkt 8500ha such
polymers to be oxidize for exanple 2% exposure to an oxygen-cont ai ni ng

h

d
pl asma dlchseendehagnsl Sp) mesr! integseetion S70n Eloyeydi RIisd (sinteries iSO diplt ai n, at

their surfaggannbRSTheddecSQURSFERARN SutRfanGdIQSaralllbNK bAG JiRr.0§h6ka OXi di zed
silicone poléfer surfaces or to the oxidized surfaces of a variety of other

pol ymeri ¢ asnAgiengroAl prEpd F6Smainigrication 87Phligst chiymebhdmostaman fise quitsr i cat ed
and then Oxpgﬂdzxﬁme%%nﬁéﬁﬁﬂ&' S%b:ccé’ntﬁiflg EYRbR, Rln¥: é‘hﬁ%efsé)ﬁg\té&?{he%lds90”6

pol ynmer surfaces, or to the surfaces of other substrates active with the
oxi di zed si kirsens ditdrgmeplosurfddbesrmsiiinieglandt heteri@edustdfor pepaseavt adhesi ves
or ot her,csea||. a n. | 4. ng. sinply by
contact#%g g%hﬁﬁwgﬁzgﬁaE#Pfgﬁﬁﬁmé%?S%ggiﬁ%”%ﬂ%gﬁﬁﬂmgﬁ%?g%%kﬁﬁfﬁgut t he need
to apply auxdjbstagyhqpressus ef thotwoditunls By ®eabllingtha prassirestwidhipthe Gixst eindz ed

silicone surface acts as.a, cont si.ve .agai nst suitahle mating

surf aces. - SouBRoRERTl 3 InGat G, L TR SRR B Bok B G Ml PR bEC,
itsel f, oxi dometleio ddomnehspechithafixedxindhmetuBDE wapresuguing asesl ted
irreversibly to a.range of oxidi material s ot her itself including,
for -exanpl et SRR B afurt FEGRTB PR e dindt BIPCR 1 de.

pol yet hybenecafp@ihy eyl ®imee oOth@hsdtfac@bddON thedNale @POY WriP&, Y¥Bidus othi ch have
been oxidized in a simlar fashion to the PDVS surface (for exanple, via

: (

exposur e t o “Halengd-RutEscan s g uiteds divine laplagat Fow s gasBat Pyayedt hods
useful in tRgcQARiRres@ire tNEcHARRSQN,, dsth¥ @R bH@RAI mBSuiBlcht F$heay&iish br mol di ng
techni ques, are described in the art, for

the interface.

The following is an explanation of how the location of the interface can be used
25  to calculate the pressure in a channel. However, it should be understood that this
discussion is not meant to be limiting. When the interface between the two fluids is

balanced in the orifice, the pressure differential between the inner (second) and outer

(first) fluids is equal to the Laplace pressure jump across the interface,
30 Pout'Pin=]//r.

For fixed P;,, the radius of curvature of the interface r depends on P, If P,y is



exanple, in an article entitled "Rapid Prototyping of Mcrofluidic Systens
and Pol ydi net hyl si | oxane," Anal. Chem, 70:474-480, 1998 (Duffy et al),

i ncor por aWeaotersei7a by ref erence. Anot her advant age to f ®@CEIUSQ01i0¢¢006 | ui di
structures of the invention (or interior, fluid-contacting surfaces) from
oxi dized silicone polynmers is that these surfaces can be nmuch nore
hydrophilic than the surfaces of typical elastoneric polyners (where a
hydrophilic interior surface is desired). Such hydrophilic channel surfaces
can thus be nore easily filled and wetted wi th aqueous sol utions than can
structures conprised of typical, unoxidt¥zed el astomeric pol ymers or ot her
hydr ophobi ¢ naterials. In one enbodlnent a bottomwall is forned of a
material di fhell.ertinferiarn ionesitomednstasively dev athé erifige, alopape avdblape ofdwghot her
conponent s X , ot f.a . t O conpri se
t he surfacecgg&gﬁégﬁagﬁﬁf%gﬁé IPEh&@#%%ﬂk%ﬁﬁgghg%ﬁgﬁkgﬁﬁggggég&’%ther
conponent s cﬁlamr sh@edxesldowd:r@drvamm/ df thopresoad ﬁubtmameSSm gime ah¢ arenfatd may

SUbSt rates. mo B\% n a{nsmf(:jc gl g equili Seaneg‘chcl(rjls S, glé ule (S)£P Qg C I l I cone
pol ymer (e. Vﬁ PG RS %ﬁ RO Em Wart ) o? er 8nt”fat &rial, the
substrat é nnyﬁbeuﬁkaQKQMuhmdnh@hﬁegmommqﬂhunﬁbemnmhg)MQ)wmnmh OX|d|zed
silicone pol i ever si bl 0. | ass, con

211 con- o deegnsek pBoedp R sEr bl bR i Bine ST B ahB e poxy
pol ynmers, am} @ifias sy sieamio FIG.urRf #eesamies for havenlheginicgxi di zed) .

Al ternatively, other sealing techniques can be used, as woul d be apparent
to those of ordinary skill in the art, including, but not limted to, the
use of separate adheS}Meaé[mbang%appndlng, sol vent bonding, ultrasonic
wel di ng, etc. Cbnblnatlons of these and/or other systens and net hods of
control lipng and nanlpulatlng of fluids are also envisioned, for exanple,
systens and net q; isclosed in U S. Patent Appllcatlon Serial No.

11/ 360, 845, Siict SekBebrvaff 3 hiseHownie pregware yctuagpns tpbedetprpipggkbyng .

5,512, 131, b@%ﬁﬁguﬁgaﬂ thaRotidP96hd Bickiuomr, et al; International Patent

Publ i cati on 96/ 29629, published June 26, 1996 by Wiitesides, et al; US.
Pat ent No. 6, 355,198, issued March 12, 2002 to Kim et al; International
Pat ent Appllcatl by

et et PP L cat T hien ) M T RO LR R he 1By 25807

| nt er natlP onaIIUS%t@@hﬂrelAﬁMSﬁ(@étnldmrﬁéiﬂl ialthaNot willGTidUSE8YiZ0B 4 2aridty pledherune 30,

[ nt or nat i ondl BEPaRr BB e PR G RER o RO oM mpri

9, 2004 by Iannda(r m@t ofthg adyaﬁtag@atemnfoeﬁpq:bmmﬂlem @euahaJanN@)ns 4dd/@46, 911,
filed October 2005 b%

and Ap catlo Seria
o, 61700, ansiepingay ahedlolvifty B besB B Momies SR RO RIS Rt Py k7
i ncor por at ethdeesiellaa 1bmeraﬁfvar1e¢adﬂy dpyeediad ih@Wllr}grmmHﬁﬁenalbﬁs inategiaded t o
iIIustrg e cer tai.n enbo%» of the($res% in entngﬂ ut d not
exenpl i b t ﬁ‘é RV e%ﬂ“ r‘i“h%rgﬁfﬂ ABrO = ?té
denonst r at epahimbict, difje@GbisOMatenile ahd/ot @infigwth @ik &% depefd ﬁ[ﬁﬁlhh@tfpeleIC

application or applications for which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention

25  described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any

30  combination of two or more such features, systems, articles, materials, kits, and/or
methods, if such features, systems, articles, materials, kits, and/or methods are not

mutually inconsistent, is included within the scope of the present invention.



Examples 1, 2, and 3, single-layer PDVS mcrofluidic devices such as those
shown in FIGs. 4A and 4B were fabricated. In these exanples, water-in-oil
enul si on wWoaploetss7i th rel atively | ow pol ydi spersity fl oagdspéasi4ione
orifice where an electric field was applied to cause injection of a

br onophenol dyed fluid into the droplets. The dropl ets passed through a
serpentine channel (e.g., as shown in FIGs. 4A and 4B) where the

br onophenol dye mixed with the fluid inside the droplets. The droplets then
fl owed past a | aser beani PMI (photonmultiplier tube) setup and m croscope
canera, both of which captured the light*intensity inside the droplets.
Since the volune of each droplet prior to injection is known and

essential |y the s#dnelinitions, @erislimd aofl ubrddwsph einoild iywederstod th donfreletved coul d
be determn i njection.
Measur enment %QP %ﬁhﬁﬁﬁgﬁ}@ﬁég@g?&%? é&%%h&g?cggpo%%gq %ggge%%%g{ujg?%d by the
canera to ensimaeymomnﬁtoénmyleﬁmdp«trom matel y 1,000 dropl ets vvere sarrpl ed for

each data point. f“s,uc «2n, eri ment Fl .
this figure, the nunggegﬁrnqgfrglgpdl st plbi onUl‘%fx{nh "5 nt&lefﬁfﬁicﬁw Ona d\lf\r/hsel nj ect ed

i nto thes5dr ol snlwdsickeady indicatet! wedhy casmfar}owlmilcsﬁerunbeﬂsuoomto rE@éAIVEiLlEasQ Thi s
exanpl e denonstrates control of fluid injection by varying the continuous
phase (i.e.™the "outer phase") flowrate. A systemsimlar to that

di scussed in Examp ghrdse wagl/dtS e ufedhetelti ia dexpoqpfieuiod hel @uialaiphageuld | ow rate

was set by vo| unme-driven, syringe. pu and was varied whil e keeping the
ot her operagf: H@Jeésé‘??&lt‘f M e herer] OtQpB%‘éale%‘th’ S UHH st rflemeRE tg own in

FIG 7A asafhen@hdRelyphass i L&w d’a@és@ndi agfus@sed, préba if edbOdarnge tinme of
droplets decreased, resulti n%gl n a decrease in the volune of fluid

i nj ect ed) TAIHUPIgglemeis ke Wity andier oliowld bp Rersugd 18 ihersape fashive. igao ot of
fluid injecteflolenbPt BRNEIRORS E3rfoifr@UlHihd@lchRAdinlaY opRMalIPbl BdsenESANPLE 3

Thi s exanpl e denonstrates control of fluid injecfion by varying the

i nj ection pﬁ@gﬁhﬁ%ﬂm@mtw%@ﬁls identifagd tt.\'/dh«t Trag/of deus sdgthienreRicdmpl e 1 was
used for thig.cxaNPliese %[Qﬁ é?lﬁ]%a!ﬂge{j&nh&ﬁdhﬂg o 31,00 ﬁlﬁl@thﬂ?%% %Sin,ca?a””e'

cont ai ni ng a bronopheno In a pressure tig ed by
regul at or - corferculelted ran@glslﬁu i IWilélduﬁﬂ R1l CORgIntineEn Wlﬁ} eenicodeddaesegersech #icr eased,

the injqgti Qé‘orﬁ{p‘%fs}ﬁ%ecdn%{e?%??& enftivd %ﬁk%\""?o A%In Iy n( tlo?l% 1851%3 eEmths“”' ts of

ps). Accordi con I ng t j ect res ure e anount of
fluid inj ecbéldr uhant B) ummodreoprhmchmanubdi dméy fopachally urcbxdtng@lldn@dts oEXAMPLE 4

This exanple illustrate eterm ure.in a fluidic channel
Focal 1y andtireH o Ele SRRt aL g Bih oot BRGRRL I uiBsdeiine Cof ¢ e

i nvention. Ele@endReicl | ustrates the Lapl ace sensors used in this exanple to
measure channel pressure.l.o aI nd W th | resolutio In FI G
o T frot - channBt S0t iR dEcB SR M S0 St Dar i B S G o7
However 20pr k®liavt helsaine histhgd an‘a&Y/Qr,” ak téfied above. For example, when separating

6‘ ”

items in a list, or “and/or” shall be interpreted as being inclusive, i.e., the inclusion
of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will

25  refer to the inclusion of exactly one element of a number or list of elements. In general,
the term “or” as used herein shall only be interpreted as indicating exclusive alternatives
(i.e. “one or the other but not both”) when preceded by terms of exclusivity, such as

kN1

“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially of”’, when
used in the claims, shall have its ordinary meaning as used in the field of patent law.

30 As used herein in the specification and in the claims, the phrase ‘“at least one,” in
reference to a list of one or more elements, should be understood to mean at least one

element selected from any one or more of the elements in the list of elements, but not



channel 850 and second channel 860 run substantially parallel to each

ot her. Second channel ends at orifice 865 at intersection 870. First

channel 880 0wvits&i7es a first, outer fluid while second EhAAIR10B8E6D0€ONt ai NS
a second, inner fluid (in these figures, the fluids appear as different
colors, and the terns "inner" and "outer"” are used for purposes of clarity
only). The fluidic interface between these fluids is balanced at the
orifice by adjusting the pressures of the two fluids. By controlling the
pressures within the first and second channels, as is showmn in FIG 12B,
the interface between the two fluids med? be controlled to adopt a shape
with fixed curvature such that the pressure junp across the interface is
equal to thaegsseslunduding ftdeasheneall cichgndieveandeent spagdicallnlisdayithie®e by
measuring t i I f - ifice, the
radi us of C@S&ﬁf%b%ﬁggm?<g%%§$%§£%gﬁgﬁﬁﬂgg#ﬁgﬁggﬁﬁagEg]%Q&Eg%13%%55 Law,

t hi s can t héhisklefinig edaltmallbails thak elemetthmap ppgmalebd pregnicdibartteln thee. g. , usi ng

an optical g SR SR fid{an'h‘%ie'g%clt%%n't Q{isﬁfof &Q&At“&%ﬁi&%ﬁe BhTrQsee 4, le%s wng s
an EXp| anation o ow e I ocatlron O e interrace can be use 0

cal cul at & t beepelesswhahdrielaed hiamiahted tdaivee efements sgdedichidly fdentifirdeBdsood t hat
this discussion is not neant .tq be limti . When .the interface between the
two f1uids RSB HRERE CRHPRSS Rt e A T @ SUPUAHIY  &F ST 00 OEet ween
the inner (seBORE)eqaiRalemlit @l lefdt bASHN)A fihdadrds’) tén efprah oficteniti@inkeapliage
pressure ju across the interface, r For fixed Pln , the radius of
curvature pggﬂﬁgéﬁﬁP@PPXHEhﬂnﬁgﬂgﬁ&§n8ﬂeﬁbd?mlpﬁ%@Bﬁ?‘%@gﬂﬂFP?%fhe
interface i sncR@SItIMNAE Jith eHah B! iM ah@Méricmbbdie, iof 4 G@st cadptibmdya shape of
hi gh curvature, whereas if it is large, it is positioned relatively high in
the ori flf ce Inchydstmerg than Ppa By aiith 98 Aperesint @nd erRiepalbyipciading gemerts oHe pressur e

fluctuates ifntd) MR yel BB REJaRES B YL 16V Ehel thféﬁﬁlpliﬁélﬁdi{i?ﬁl@ﬁﬂh&%ne,
equilibriumin each instant. Thus, the value of r(t) can be used to

indirectly dapedatdast quegyptiogally ingludirgororeithpg opeithtand Fiicpllwingluding ptheky(t) can
be determ ned ere h(t) is the distance of the lowest part of the
interface fromthé plane of the orifice, as shown in FIG 12. For exanple,
for a circul ar oltisfiquidalsa fetundytstapd Yhad 2hles(cleprly in€icaed Pharfttiarys igany r (t) +
P1n , thks . . I d 1 optically
trackingsthgkhgﬁggﬁﬁggB%ﬁgﬁﬁﬁﬁ%%¥%g%£@&ﬁ?p%3% Q%S% %%ﬁg%%?ﬁg%ggség t he
present i nveds pidthe haihed be@nnaesarnly higdted ndthe bidasinvatiddhdgemion acts hioke of

ordi nary skilhlin thetgrt will readily envision a variety of other neans
and/ or st r ulfU8& ¥ 87 Ser f orni ng the functions and/or obtaining the results
and/ or one or nohahotlainizeasachlian ige SpadERationddvd) el ehisiticanihheaedsuci assuch

variations gnd/or. npdi ficatiqns i.s deened,to be within the,scope af the
present 1 nvorfIBRNENGMS B r SFTYRE-t HESEesK TR e PREVEET *APTIer cadi | y
appreci abe tdaliposdd of fanamRURE Sre 6 b&BRRIs@E to PRéRAIcalEl, i.@nd neanf i gurati ons
described herein are neant to be exenplary and that the actual paraneters,
di mensi ons, MridEE byt jot lighigd ) Qunfiediapsiirghirgies CogEym8 e Ldn t he specific

“consisting essentially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office Manual of Patent Examining
Procedures, Section 2111.03.

25 What is claimed is:



application or applications for which the teachings of the present
invention is/are used. Those skilled in the art wll recognize, or be able
t o ascer twOroWsisHeno nore than routi ne experi ment ati onPCRAISO10M¥I0E] ent S
to the specific enbodinments of the invention described herein. It is,
therefore, to be understood that the foregoing enbodi nents are presented by
way of exanple only and that, within the scope of the appended clains and
equi val ents thereto, the invention rmay be practiced otherw se than as
specifically described and clainmed. The present invention is directed to
each individual feature, system articl®- material, kit, and/or method
descri bed herein. In addition, any conbination of two or nore such
features, systens, articles, materi ald;,AIMYs, and/or nethods, if such
features, systeny, e?ﬁ&'gdn?psas terials, kits, and/or nethods are not

mutual Iy i nconsi stent Uded within the scope of the present

i nvention. All defini tpr(mémg amldeﬂmdedysamcmmlﬂgerfasmlcsiﬁmwhcdchbmahnder st ood
L O oo e et R el HBRP o AETATDL EANSn fRC UL, o

i ncorporated by Fererence. lc]iflor o] I nary ani'ngs of 't S ied t er ms.
The indebinite amtdrebes;”a” and "an," as used herein |n the speC| fication

and in the clains, unles ated tQ the con uld be
under st ood to mean " aﬁm‘f@‘ﬁ g}ﬁd ﬂlg(\ﬁﬁﬁr“&%rtg lgﬁ(f}l?ﬂne Sﬁ%oélg%ﬁglr einin
the specificati om tangcoml hio®fialdad dEnnes, nﬂmfdﬁl e ficsd deidsiho ad sé@nmaﬂ “either
or both" of the el enents (i)n] oi neﬁ el ement s that ,

conj unctivel y pr &8st cacho @‘{"frﬁé Cagia ?‘n&“thinstf‘%‘n‘@fsie%téqn)}oﬂ?é@ u“ih?\ ot her
cases. Miltiple glementusd!listed with "and/or" should be construed in the
same fashion, i.e., "one or nore" of the elenents so conjoined. Cther

el ement 49may opt i onal APYyHIe agclesigilickt A die ingEpretnares themesind fTlupbeichietal |y
identified by thge ﬁ?srt'q{lé}l’)ﬂm&l'c%ﬁaﬁﬁel whatien telRiRe ofihe BREEE AERGHE O those
el enents specifically identif Thus, as a non-limting exanple, a
reference to "A saediuigis nomé?ﬂt@%@fihﬁ ligwmjierageidisshaineh open- ended

| anguage such as "conprising"” can refer, in one enbodinent, to A only
(optionally including el enents other than B); in another enbodi ment, to B
only (optiogal | yThewotthell eigglandpnpmther Q@trhveising hmying pressmreyte thegnen éuid

embodi mgat, to b uéd%ﬁmﬁh% Qé%BhCPI'ﬁ éﬁ{u &la&{fﬂ 1@%@%{}&5 ¢§ds P& ?%1 etc
used hereln in t e specification an ai ns, our'd be
understood to hapte“tltblh@f tbasmeomigind wg:nazsthéafmj/fkmd toasrndthé dm@httsabove. For
exanpl e, when separating items in a list, "or" or "and/or" shall be
interpreted as being inclusive, i.e., the inclusion of at |east one, but
al so i ncl udidng niilﬁeeméth@mofcnmgpn@éf cdaimsl oe?, vitferdin gt fiodt ﬂaidenpnatau wihid,

optionally, addi nal itens ear indicated to the
cgnt rary, ysuch aé‘ ?IB%WCI ﬁ‘&a %]rne]'aéﬁﬂzur%lﬁfy%% ﬂBtS'COIB?meC%//\)WéIH "fsed in the

cl ai ms, 20consi st édngingffluidwi || refer to the inclusion of exactly one el enent
of a nunmber or list of elenents. In general, the term"or" as used herein
shall only be interpreted as indicating exclusive alternatives (i.e. "one

or the otheg, but TROhLeR& b ahy WRESE dMiRS EAE An&¥intigY ¥Borfarépig htsbdd bYornsSUch as

droplets within the first microfluidic channel while the electric field is applied.

25 5. The method of any one of claims 1-4, wherein the second droplet is urged into a
droplet of the first fluid contained within a carrying fluid contained within the

first microfluidic channel.

6. The method of claim 5, wherein the droplet of the first fluid is completely

30 surrounded by the carrying fluid.



"either,"” "one of," "only one of," or "exactly one of." "Consisting
essentially of, when used in the clains, shall have its ordinary neaning as
used i n two 2bioglse776f patent |aw. As used herein in the $pEdiskiloasion and in
the clains, the phrase "at |east one,” in reference to a |list of one or
nore el ements, should be understood to nean at |east one el enment sel ected
fromany one or nore of the elenents in the |ist of elenents, but

not necessarily including at | east one of each and every el enent
specifically listed within the list of elements and not excludi ng any

conbi nati ons of elements in the list of4%l ements. This definition al so
allows that elenents may optionally be present other than the el enents
speci fical | Y. i delhhd mitherl oli ankione efvdaimp 416, whereinghrefissmictofiwkiicthanivd phr ase " at
| east one” ref eréoma‘f{‘ﬁl%gﬁ oflALGd al%ut}é%&{l&ﬁ £t O tﬂgﬁ&‘em% GSFERE S
specifically identi us, as a non-frmting exa , |'east one of
A and B" (or, equn@agemtﬁygﬂmax | east one of A or B, P or, eqU|vaIentIy

| east one of A and/or B") can refer, in one enbodinment, to at | east one,
optionally including nore than one, A, with no B present (and optionally

i ncl udi n§g eBenentls mtthed oﬂalﬁ@nneBc)f cldims aﬁobvhﬁeinehiﬁmdfmatemmoﬂhidioaﬂlammast one,
optional 'y includin tlonally
Thel uding el erentgpa R o ok PRer g e e st st
one, optionally fual uding nore than one, A, and at |east one, optlonally
including nore than one, B (and optionally including other elenents); etc.
It should al so be understood that, unless clearly indicated to the
contrary, i anyanmgikRdeosiainged hereln that include nore than one step or
act, the order of the steps or acts of the nethod is not necessarlly
limtedlfo the order MPVigiAg & MigrAkuidicspderns porpsnear lirptBICKhaRme] r eci t ed.
I'n the clains, a%xMﬁk&n@%thﬂ&ﬂ%cﬁ&ﬁ&l&m&@&mgﬂeﬁH@M&n@ﬂh&cE&ﬁﬁéhEhpna
phrases such as "conprising,” "including," "carrying," "having,

"cont ai ni ng, " "iH%@ﬂ%WQﬂj" "hol ding," "conposed of," and the like are to be
understood to be Ope’b ga first Buid lﬁﬁleff}?&%@aﬁhgﬁ'cﬂ&mléyéndré%cdnh%kﬁd to.
Only the transitional ‘consistin consisting essentially of
shal | be cl osed mrth@@n@nddm@mldldncr@ﬁmeﬂ |demlln thh fizst 8vid apddgectond b, as set

Pr ocodurds, - Soot| B2 10 705 Tyl FEOR Bl Sin g RENE 0

conpri sing: provingdirfage;andn cr of | ui di ¢ system conprising a first nlcrofluidic

channel and a second mi nne ctln I m crofluidic

channel at an |nterse@?ggﬁane#ﬁrwéﬁnﬁoglPPt8?” i %uﬁﬂ%ﬁ% F“

mcrofluidic chamnahhanddﬁmﬁemmadmhhumdnh@nﬂ@ﬂw&ﬁﬂﬂlﬂwﬁhﬁﬁpﬁhﬁid|c channel ,

wherein the first f|UIﬂ g th? ﬁg&» d fI |d contgct each other at | east
cTEN6H- 196 gd

partial ly withi n®®REChE ds Botursel i enterdbeiride: and
20 microfluidic channel.
10. A microfluidic apparatus, comprising:

a first microfluidic channel;
a second microfluidic channel contacting the first microfluidic channel at
25 an intersection, wherein the second microfluidic channel connects to the
intersection via an orifice having an area of no more than about 90% of the
average cross-sectional dimension of the second microfluidic channel; and
first and second electrodes positioned on opposing sides of the first
microfluidic channel and the second microfluidic channel.

30



applying an electric field to the interface to urge the second fluid to
enter the first mcrofluidic channel, wherein, in the absence of the
el ectric wWpebt/15ttvé second fluid is not urged to enter POE/USREIIW040006
m crof luidic channel. 2. The method of claim1, further conprising applying
pressure to the second fluid contained wthin the second mcrofluidic
channel sufficient to cause at | east a portion of the second fluid to enter
the first fluid to formthe droplets. 3. The nethod of any one of clains 1
or 2, wherein the first fluid is present within the first mcrofluidic
channel as a plurality of droplets cont®ined within a carrying fluid. 4.
The nmet hod of any one of clains 1-3, wherein the second droplet is urged to
form dropl etl$. wi Thd appatats bf ¢laim 1, shoeinuhaliist wivaofhvedic ginhe, thheceidect ri ¢
field is applied g he
second dropl et |?K%?3£ gpgﬁgﬁa dﬁ%t?@%mﬁ?%nﬁ e%%?%?E?%; ﬁgg?g?ﬁed w thin
a carrying fIU|dmmbﬂmahpbmammmhmne&heﬁﬂwmst m crofluidic channel. 6. The
met hod of claim5, wherein the droplet of the first fluid is conpletely
surrounded by the carrying fluid.7. The method of any one of clains 1-6,
wherein ShelﬁjrsThmﬁmmm&&ufﬂWQmebaﬂMGk10@nﬂammmﬁmmmsmﬁhdpmmmhmﬁcand an
outlet portion relative o the int tion for. carr the first fluid.
- The het hod of tye! rubgyniaur ] 15 Ty flahiof bt lio it of 1 ui o ¢
channel containSHQﬂﬁyu@ﬂ inlet portion relative to the intersection for
carrying the second fluid. 9. A nethod, conprising: providing a
m crofluidic systemconprising a first mcrofluidic channel and a second
m crof | ui di g3champedpps@int 3Cidytee bh@aibisr19112MvEdreth el ehGnicRARAR! chafinedn
i ntersection; provi a first fluidin the first mcroflujdic channel and
a secondYfluid i S?Wéang@deH@aWéh thaimpreccpm ik e sgroad slierotibdior i rst f1 ui d
and the second fly4hgicontact each other at |east partially within the
intersection to define a fluidic interface; and applying an electric field
to the interface to urge fluid fromthe first mcrofluidic channel into the
second i cr h! i ey SRANIEE any AELELRms!IN. 151EnA0R ARGy WickfioR) Bkl © Tiel d
the first fluid ﬁ t urge "o enter the sécond m Cro I ¢ channel
A microfluidic ap@aﬁmﬂusaﬁnmnbnmsmmgwlandﬂms@mnﬂamuﬁ%umdpmnmﬁamnel a
second q§cr°f|“'ﬂk&£&ﬂﬁh g%d %ﬁﬁ&ﬂgg the first mcrofluidic channel at an
o e se

intersection, wheréin crofluidic channel connects to the

15. The apparatus of claim 14, wherein the orifice is defined at a location where the

first planar material and the second planar material physically contact each other.

20 16. A microfluidic apparatus, comprising:

a first microfluidic channel;

a second microfluidic channel contacting the first microfluidic channel at
an intersection, wherein the second microfluidic channel connects to the
intersection via an orifice having an area of no more than about 90% of the

25 average cross-sectional dimension of the second microfluidic channel; and
first and second electrodes positioned on the same side of the first

microfluidic channel.

17. An article, comprising:
30 a microfluidic channel comprising a first plurality of droplets of a first
droplet type and a second plurality of droplets of a second droplet type
distinguishable from the first droplet type, the first and second droplet types



intersection via an orifice having an area of no nore than about 90% of the
aver age cross-sectional dinension of the second m crofluidic channel; and
first andweeswidi®vbect rodes positioned on opposi ng si dePCofUSRI10/0#0006t

m crofl uidi c channel and the second m crofluidic channel.11. The apparatus
of claim 10, wherein the first mcrofluidic channel, the second

m crofluidic channel, the first electrode, and the second el ectrode are
positioned such that a plane intersects each of these. 12. The apparatus of
any one of clainms 10 or 11, wherein the second mcrofluidic channel is
substantially parallel the first mcroffiuidic channel prior to the
intersection. 13. The apparatus of any one of clainms 10-12, wherein the
first mcrofl ui didinpigamedatingpasiginsvidnn thalnllig/rotlilid?ea:haltnhttb@tghpe@het leater secti on
with the second i dj any one of
clainms 10-13, vm@rlgelrér?ildthﬁéeg# ??agpﬁﬁt&grlgtlﬁéeséﬁ%égé ag ldﬁ)p ef| ned in a first
pl anar material, and the second mcrofluidic channeI is defined in a second
pl anar mat er al . tus of c rel heo ficeis
defined at agl oca e|a‘(§trllce %@%Bjta]h?awg?r%ltthe %mlhlets Oflthf‘\egfrgsl?at()p{%t aPY hecmslecond pl anar
mat eri al Sphysi cadioplecofittecécoaddivpiet type rep&zﬁm # dfieata0hd fastidoic wahipatreat us,
conprising: a first ﬂn rof |l ui.dic channel; a second mcrofluidic channeI
contacting the ftnt%? ‘Wf&ﬂﬁ“}lﬂ] dic channel at an intersection, wherein the
second mcrofluidic channel connects to the intersection via an orifice

havi ng an ar ea of, no than out o of the average. cross-sectional
di mensi on oft7t heT%%BﬁDO%WrOB‘FP %ﬂgn‘hleqrem&ﬁ irgtip ?‘Jg’t‘ht}éﬂgg replels Apd

el ectrodes positine @&@n@autah@y c&@t@lat t@get@efr hf€a dibtFiBiheiolof Hﬁfﬂetéksdslu@h glaan nel .
17. An article, conpris m crofluidic channel conprising a first

pluralit{ of dropf @ U@an agowu%tf B dioplets hpygredighefcrersdedhi Pl Ay
droplets of a segERE QR Klert YPe di stinguishable fromthe first dr opI et
type, the first and second droplet typesdefining a repeating pattern within
the mcrofluidic channel that repeats at |east twice and has a repeat uni t
t hat includ no [ Iy
wher ei n theggr opT[ﬁEtérHé}%1 ’?%“2 O? tgFf:(tlgglggzqgtWl’%eg%reﬁgﬁégtpﬁtdrﬁéfop{m IL:@o the
second dropl et tthpecaoapplataliiyrotfalropddts @e datingugshftds hy erdomi t hi n t he

m crof |l yidi ¢ channel. 19. The article of any one of clainms 17-18, wherein
the first plurality of droplets and the second plurality of droplets

t oget her havé a thedrticlout anyrono bl diiensd €0 swisuah teHast phoalitp pedroplas asbout 5%

0,
gf atrrgte e?“’p' ets f3V&of AR HardiERhE bishAARRAROKY «40% of the average

22. The article of any one of claims 17-21, wherein the first plurality of droplets and
20 the second plurality of droplets are distinguishable by a species contained within

the first plurality of droplets.

23. The article of any one of claims 17-22, wherein the species is colored.
25 24, The article of any one of claims 17-23, wherein the repeat unit includes at least 3
droplets.
25. The article of any one of claims 17-24, wherein the repeat unit includes at least 5
droplets.
30
26. The article of any one of claims 17-25, wherein the repeat unit includes at least

10 droplets.



20. The article of any one of clains 17-19, wherein the first plurality of
droplets and the second plurality of droplets are distinguishable by color.
21. The awoOi2eloasof’zeany one of clains 17-20, wherein thePCirraseoyplowoas ity of
droplets and the second plurality of droplets are distinguishable by size.
22. The article of any one of clains 17-21, wherein the first plurality of
droplets and the second plurality of droplets are distinguishable by a
species contained within the first plurality of droplets. 23. The article
of any one of clains 17-22, wherein the species is colored. 24. The article
of any one of clains 17-23, wherein thedepeat unit includes at |east 3
droplets. 25. The article of any one of clains 17-24, wherein the repeat
unit includes at least 5 droplets. 26. The article of any one of clains
17-25, whersgin t i Lo . 7. The
article of ZZy 0?%3%ﬁﬁgﬁg?ﬁgh%9{Q%%ﬂaﬁZ?g%ﬁggﬁgkﬁ%g?@¥@8% |%m§hanne
conprises a firstongirisessd fiitsypladaligrod propiess abh fastklrapsyt tyghe oydeedndtphpdity af second
plurality of dropl et f a second droplet t i St ishable framthe
Pirst dropl et tygasef it stoRFHORS ShERh iR i DR dR e T ol o
type di sti ngui shableldraloyot drepléts b4 thiad drapde opd ddrimplishhble yipmshe fikedandi n t he
first, second, andwgﬂﬁrq droplet types define a repeating pattern within
the microfl uidi c*¢ ACYHED repeats at |east twice. 28. A nethod,

conpri sing: providi ngwierdth tHeQfrthetingd, SidshiedopIoPEpSideanda fepsasihg pat@fOf | ui di c
channel and a second m crof] ujdic channel contacting the first mcrofluidic
channel at an inWE&gé%?Pﬁﬁﬁh%$%ﬁ?H?% AGCPTASAL PPV n the first

m crof | ui di c channel and a second fluid in the second m crofluidic channel,
wherein the first fluid and the second fluid contact each other at |east
partial 1) weBhi nAtPEdn¢REEEEi on to define a fluidic interface; and urging
the second fluid to %ﬂéﬁ&m%Q%n&bﬂﬁhm@}&&ﬁﬁ&&%ﬂ%ﬂg i Rloflui&tghis When an
electric field is applied to the interface, the second fluid is at |east
partial |y preventsgp seeahnapiodpidisgehamnel ¢anfastingihe figst migrefiwidie ganpejat apg,  The
met hod of claimg2g, wherein the first fluid is present within the first

m crofluidic channeﬁ as a plurality of droplets contained within a carrying
fluid. 30. The net hodro¥idiagy fig Euigfin ledirstani@@tlodicz8annghandai sacand éluglecond
dropl et ;ks urged.t r . |t hi . Ie: i fl.uidi hannel in
t he absé%ce of tnéﬂ%%%% ﬁ?%8?$§@%j¥%&%ﬁ%F%%g¢£?%?h %gﬁ%eeﬁgﬁg%ﬁugny one of
clai ns 28-30, whemgicheachethsieat daast pdriapy etthinghaimgedctiantto define a fluidic

interface; and
urging the second fluid to enter the first microfluidic channel, wherein,
when an electric field is applied to the interface, the second fluid is at least

20 partially prevented from entering the first microfluidic channel.

29, The method of claim 28, wherein the first fluid is present within the first

microfluidic channel as a plurality of droplets contained within a carrying fluid.

25 30. The method of any one of claims 28 or 29, wherein the second droplet is urged to
form droplets within the first microfluidic channel in the absence of the electric

field is applied.

31. The method of any one of claims 28-30, wherein the second droplet is urged into
30 a droplet of the first fluid contained within a carrying fluid contained within the

first microfluidic channel.



a droplet of the first fluid contained within a carrying fluid contained
within the first mcrofluidic channel.32. The nethod of claim 31, wherein
t he dr oplwO 20fo/tshefirst fluid is conpletely surroundedPOY/Ush@omanyi ng
fluid. 33. The nethod of any one of clainms 28-32, wherein the first

m crofluidic channel contains an inlet portion and an outlet portion
relative to the intersection for carrying the first fluid. 34. The nethod
of any one of clains 28-33, wherein the second m crofluidic channel
contains only an inlet portion relative to the intersection for carrying
the second fluid. 35. A nethod, conprisilng: providing a microfluidic system
conprising a first mcrofluidic channel and a second m crofl uidi c channel
cont acti ng Bhe fThesmethptolofdiniddi ehatiathwalropi¢t oh theifnstdluglis corapictelyr ovi di ng a
first fluid int ' icrafl channel and a second fluid in the
second m crof | ui é)ul egtrlfxe%e,ga\a%mggjﬂlndct he first fluid and the second fluid
contact each other at Ieast partl ally within the intersecti on to define a

fluidic int fac df efl cro{] LS channel
into the se %nd ?ﬁtlec?l%? ancrllae1 E%r eleﬁem tgrrlSténﬁcrg rlacnn ieldis
applied 5o the wttn&ﬁlisamemlettﬁwldnl and dn b&leaporhelaﬁ:ﬂatlpatdthainkeysepﬂi(m/feﬂt ed from

entering the sec((:)arllrc)lnnrgtﬁe Prfslf‘fllng.' ¢ channel .

34, The method of any one of claims 28-33, wherein the second microfluidic channel
contains only an inlet portion relative to the intersection for carrying the second

10 fluid.

35. A method, comprising:
providing a microfluidic system comprising a first microfluidic channel
and a second microfluidic channel contacting the first microfluidic channel at an
15 intersection;
providing a first fluid in the first microfluidic channel and a second fluid
in the second microfluidic channel, wherein the first fluid and the second fluid
contact each other at least partially within the intersection to define a fluidic
interface; and
20 urging fluid from the first microfluidic channel into the second
microfluidic channel, wherein, when an electric field is applied to the interface,
the fluid is at least partially prevented from entering the second microfluidic

channel.



