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fiswesd tlzlsjds Wistedzdteso0idw &0 ceOhdyd eOLHJEZO
M JHEBNS DM HSBNS  Bed jdisdeto0hks? Yz jkSd.
3¢ fishssdls du cqHEsWEBEEEE ~oshisO d st isds2
CqHEEWAE Gs2 csdser, SEsrj gsezs Brist COC
st l3d, S0S o d&J dstkeardd. JHeds du zhdsed?
orBEE0 Ns0BEgLOssEd Wodjisiy jots tzyhow 0f)-
sotsteddsshis o Ists2 MdHSHs, Shlsstelzts e jHYfstz0c0-
distw fHJE0s4 Gt jterodis? WOLS2. wHsOBdkdLOSt
50S3J HBE> & SBEOHOL! Astsh j2 OHfSEBYdEHREE2
ntfsfsBEEnsS G0 cohdyj BOLH &0 HEW o BLOGHT A
SMAHCSHIs 2 of OO0 dij>HE Gddd (td. 8, 0),
0 GzJ & B jd3j BHES? dL &dn, k. J. MisHjE>0 ctelzg-
gr, ©BLOHOBPJ) fesHisesds € BBjdds WOLOM,
q G it hok! fosBsHEEZE g jtscdt Noisikr. Stk
Istsets, dtsiz Sz AdslzdzOlststel HisE>dY s ls! HshisO-
Stsublz® Hizddlz, YistsBY sBtOLSE0 N 2w fits fststetsdz ™
alzjNkj2 WOLr OHfstBydshe 2 fEs? ¢4 HetizhCor
&> jady SOk &0 wonhissWhkd], ¢HJ E0BEZEHO jishw
tfte jsBEZOHOG, | 90d-H jte-000d- s ¥ fidi tfedlsW>jddw.

tedesHO I disydls st jH jdwls Isotf Adszdz+fd(d.
1A, Subsery dryhj wofsestdkT o obHj, Uik
o dONL], COC Heoodiss, WekhBdiektsk Adgzaidd kof)-
s-0-o6Hj (JT1), 0 I, Sabster j ¢zyh j tofsetstsd-
& o dOmij, SO tfOodhs, Wistdhdikztsls Adze1fhdd
otsHO-0-BOME] (/) [38].
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J Loadhddsshisd ©ls 0L ite0 SOtfid, ARkz*hdd
CaonhdWdydiezesls &0 bted celztfyr: gOStksAdzehdd,
deddizendd d dadSesidizendd. Josestdaze-hdd
s Jted3sHARORqUINSd Gikzhlss2uder, &t dsekzls BYis4
CdtzdisduinCd misosdidLdiese0tr Idpd d ddils+ eoL-
Bt COYjiz+ o HAOYOLBE] Bls jHAhdy HE fBlsid GdS-
sl RisELso0td] IPA OS] tLotkvjls tfisiiz-
YOl 0L jte™ SOYfji2 His ~ 100 dads, SOS] Aglzdz iy
GOLYo0sskshw  "dgdhdigzahdvgd” [39]. riYthdd-
5 jiz2dGs 3P A HESBOaEWE o HAMY jiehdzts WOLE, VstsB Y™
o riidls* bijss2udostis! ddadBpi 2. ched G-
WOLGB] wOwWyJkdy didrPojshv v syjdr Gdisdn
tesok 2, bt dgelzls Brist fistizyjdr Sofed i tOLdsj-
53 HES ~ 10 &g, S0Sj 1gkzahdd Wedzweslsiw HftssLicOy-
Gra3d di-L0 dn GOEses e0LB 0 d GOLra0Eskhw Gdt
tesdgzenovgd [40]. wot2Mmsed dGdCesidzend? o
LEOYds i Gs? Misjijed stieiHjowesikhv fos2hse0sd
dGedkshsw ..

Caislze2mdd, Selssterj MisOBdEzdLdielzt=ls 1) Hadsh1ts
Gjsszthdn kojteH = YoOmisdy, OHMBEBdEZEPdRhwY
%0 cteOddyj tOLHjEO d3jMHEZz WOLOGd, ¢&OL90wsls
Az mdd IdSJedie0 (Pickering) (hds. tedh. 8, B).
YissBY 50COW AW BY¢0 fisOBAEAdkE2, ktejBlz jls-
fw, yssBr CieOjorj ek dz0ydooddw lso jeHEWOLGE2
Yohlsdyr HEW tsBjdn WOL BYdd tfieds jtetits SHAROSH-
orggd. roMd ok teOzdydw o mets2hse0n fdzOydeo-
td" stftsHjivels st Wistsddtelz Jd3ts? Adgtza-dd: hed
Yomisdy0 Mz0yde0 jishw esHE?2 dizyhj, ujds dondsd, s
oLEdCOls dszadw sdtfo J71 d dOsBBiEss. s0Sd4
hos2Mise0, €OC cdHeWEBESNSA, Wskd0, bOLd e
d Sty dabsteOyd yomisdy, diselzls 5C0LT o0k akdWdd |
%0 fisoBqidishis Az idd. vonsdy', Cebstrj wo-
awesishw slsyofise coHtssWiSBG:  d3d (ls 4. Ste0jots? zes®
tfeBzdidlsjz'dGs 904), & Bisizjj AWW jClsdadr j fiso-
BAizdLOStE T, Yisisshiz ysts shd yomsdyds fidoydedids*
sBJdid MdHEEhswad d, Mtz jHse0kjE ds, deyhj hew-
LY o0ssksiw f) tfise jondshis & COt ji-.

r&v COMHBes SohSt jlskses Mizyow Adlze1c0kssts
YsHBdte0 Jlsiw s Istk v d3 izl jo3, & thed ovBiste] UOMiSES
ditfistLiztsls AdztdtedyhCd Loadhddsshisd o R0te0Sk j-
tedisdSd, &Oed®ite  edHteWdkds-EqsWdkd 2
BOZO&N (), sylide0shd? BOOGH G idHE Hj2Ms-
odi tiehs? d Giftdveds? yomksj? ¢seiSkze
d tsLesevshd? ticjHnCoLOs Isdtf Hfistzkzy0iBs2

R. 1. sUMUARY, C. & I JUHIRUYLPC, S. R. A Juu ] d Hts.

Qjmrmx

Bona

‘[Bepﬂme

‘laCTHLIbI
Puc. 8. Czzhdd, hisosdidLd-
tetso0tk j Apd (0) o ko jieHts-
WLt T 3o dsdSesyemisoyOhd (8)

Agzefdd. A 1949 6. qoWWdk [41] eejt tisdvisd
U1 (HLB) SoS fifsise  teschsLdesedtdy sdtd
Az hdd, diRsHY di Bt jSkdehses fshis0o0 Yis-
9 Jtordshstzs-0Skdadses 9 jise0. stkdyihkses 4
o lsjtedsdiz0n ydhizser ~ LGOYGd2, Hedhosith a ~d-
BudnCdd ctlztffods o I, stftejHeVIsh® fitjHlzts-
P a3 tBIEOLBS:

HLB = 7 +X, (hydrophilic group numbers) TX, (li-
pophilic group numbers).

GO0 tyjiSo d&j nOLOCkjtedLizjls Efsts2ydoshisd
Agzed. v 0HjSo0kts? sy jkSd 1Bz edizsh j2
htfshsehshsd t0LGn IdA NEzjHE il HisOadds! Zfss2-
ydotshist Wstegdtez iz n LOP kG~ fiizsio &0 cteddkdyd
OLHJZO WOL (HEW Astsets tftejHjavesls dishistwidizes
COadiydbydd); syjhds! Yo jendshist, Clststelzs
ftfshsek0 MsOBdidLdite0ks JHdRdyo tBl j&0 tof)-
botsts® A, d doMBd? tejnie Sthyjdstoydd
gz c0lstste0, tfted Cbsstes? jPJ tfetsdhnsHdls fisoBd-
ZdLoydw.

v stsets yss Y o fistzddls! stfjtoydd f) SOfEvgd,
50Sdj SOS ohiftesdLotHABOW ¢ jdktedydw SOt ja-, di-
CzBOydw dn tted tOLGE2 gt itOskztej, steOdhtistolsd-
tesoC0 d Midwidj, o0M b dhtfstLso0k! GOHJMEBY §
14 [42]. J Soyjise XA, COS Hedads, o¥ BAtO-
sl ORWAWAEAGT ] &S SEar ) coHEsWBGT &l
d cqnesWdizrid ceztfgodkd [43]. 3P OHfseBd-
telzEslsiw &0 cteOddyj OLH 0 GOz eBHO d fdkd>0-
Bl fsojtonkshsisd GOWMJGdy, uss tejiWishisokjls
hedvades Cotje! d tedHoils dds dsilsonisOBdi-dishs-.
9 jtentshshs-0Skdok Yy ojiflse0 d&j Wodweslshw
izF jijse jls &8 HEW € djtsOydd SOk, ks COtid|,
GJ MsOBdzdLdteso0herj I, fudedsikhv tfed Csh-
50Ck tishitj Wistsdsoftstso0. g jlsonsOBdi-dishis+ CO-
Y sLGOYOJS, st sid disd=ls seteddkdyjdbnks] ot jdw
MALkd HE hkdwhdwy, Colssesj @ty jls o0k dtssatlsnw
tsls G3ofzdzefhiClziH HE GifSEEICHn dils o LOadhddsshisd
tsls hisoBdizdLdtelzEsPdr ROt0Sk jtediisdS I b o WdLd-
WINCAR Ehitsed? sSezx0sh 2 fisjHr [44]. I Hew
GCtesWiEsdHG Y R s jrdstsed? HEEMGY ZHBow jlsot-
Vs tOLEuBT (s e jBEo0Gd e o B! GsBRsHd-
&4 Mos2Mise0 HEW sBMYIydsdw AWW iSkdodshisd or-
BeOtBE2 B jlssHIS 0%0kdLO dud kjnbsksedd hdds -
LO. u0S, o Nizizy0d MStecfizddze0 wJSOthiso jid ™ - s jHiiso

ouy L HMraJtJast IR, 2015, bisds 25, — 3



IMRUARIZ, sML T JURR R vustdsuvdd "sod o ds" IRSTINTDRIRSR. Y. 2

Skd HEEGT Bl fisedijisddr 1) SkjlsSond o bjy-
G Hidsjz dses Y tdtHO ots jdsjhd, djsBRtHAMGEES
HEW AChY jtedddisse; BY st dizjtelskrdd s sisdsh i-
kgt € St iksol o SOtit; tickzedieso0l! Bt iSk-
ez 2 sBBjE BjMHEZ SOEwdRd d tisjHiskatsdMOls-
kceoyds BAsBELCEE € cwlhdyj OLHjEO [42].
RLEY G oY it o dydStesWhtsdHE - Efjstets2Mso0n
LotWjls  tsezydlst  yjbhizs daWskhoydss
& foshse0n e Md?, o tisesedd, Hesyinnen &o
6te0kdyOn teOLHJEO fisjH, B jr0GALEOR Hi2Msadw I
dh. H.

Z st teontftsshisteOnjdtdsof Id A, theddsjoj-
Brad o "SOYjiGE" GASEEWESIHAS, Werweskiw
Gidster J HizeWoSkonsr & Span d Tween, CRbssterj
qB el neEshls fsOedi dGshst o PdEsSsd HIOHO-
LSt pH d stz jte0dishshs € At jShtssidlsods.

riv Wstgdeso0hdy Cotjz+ AL f, SOS tfOodis,
At Lty St ey fiSd HENSEYGY § ot josHs-
tesHEY J d WisstedsszedtesHE " § GOhE0. sotid o kze-
(Z jOSHEIESHESEH G0Nk, S0 COS ¢ SHOH SOk did 508
GOL 90 jdisds d3ofdzjteOkAdiscy gOME], sBY Ydats flsOBdd-
Lafelztsls Sl inCd HishszyGdd I, Gottddnts
Span 80. Glstsls I o 3 %-g hstistsh jedd HsBOaEY-
dsihw € ¢ jChoHjSO0uE HEW fisOBddLOYdd SOYfjks, st
fdedX0dls tfisojterdashistsg wOlsWH Jedd BiMHEZ Hdhisofi-
tofeso0hkE? osHE? d ofsoitsd ¢ jSHOHjSOBO HE J=
=5 dn/® [45, 46]. rtkzes? Ipd S ABIL EM 90
HESBOaEWESs o fstistzsh jidd 1 d 2 % HEW Wistgzdteso0-
tfv COtjE HOOGstests 10130 GBS, 2 %-W HisBOSSO
1. ABIL EM 90 o icftjts0zisj kO tfisLatsiz0
snte0tis1 SOt HEs 4 y [47150].

RLEZYjEd] dLBikiedy 0LB 0 SOt o ksjyidkd]j
HBsEeRes ot jRikd M dhtfsziLse0hdik 2 % ABIL
EM 90 aggjfisj f 0.5 % Triton X 100 [44] tsCOL0wS,
Ysts flsOBddLdtetso0ls+ CoYd Byt o sjyjdd, diddd-
ks hfisd WOfse, G5 ~25 % COtfjt Y jHotdhdi
sk Asses ot jdikd. A slzdudy sk Asses hishisOo
f) 3% ABIL EM 90 Gjtijj BT tfsHe s>t fizowddts
(ssiz+Cts 10 %). vajkdyindd Sohkydstoydd Idd
arLa0dss Oete jeOydts CoYji-.

ABIL EM 90 wogwjist\v Bdftshsedzdfisdzr & d di-
sz Lz jstiv o  CshgdsduinSdn  tiesHizCsor  [51].
1 gqSesWisdrh = hdhisjd0n ddditeot ] Gonds
i ABIL EM 90 tfiedJdvishw HEW ydWisses? FAL
o COYEvn [46]. vOSK] Msyjsoed) seiftjvdedjs At
teshizts s jhtfjteOlslztehizts fisOBdddishis CoYjd. JH-
4SS orfsCOw owCHils! OfsenEd SBkidsetdenjs
B0t HOotjkd tied HEdls b ds2 dhSkeOydd SO-
it o COROLj d fedosHdls S & jfsOBdEdshisd CO-
k2. Iststsz ABIL EM 90 o teWHj fizlzy0jo djtfted-
GHJ% HEW d3CesWirsdHG R Yoy jhd2, StjslzEs-
hdn  HEdsji'tises dRCzBOydishhsets ot jkjdkd
d hesy&r stfjteoyd? f) Cogevdd. rtkes? Ipd S
ABIL Ef 180 [52] wWokwsho2mw kddfo jtshOzidrds
orfsColthjCedMehd;  AdszzcOstetsds HEW  A/fC
gz 2 0S4 Ehfihds ditfseiLkzshv o “CoY j¢1-
B2" GoSesWiEsdHdSj. J& BBEOHOjS At j2 Isjte-

ooy L MrAJtJestJOLRE, 2015, Isisd 25, — 3
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d&shsoBdiz- dtshis4 s d fised jhisddsshis4ts i A jShtetsid-
s0Bd d 50S>J dhtfszLizikhv o HoLWEsdiths? tes-
& jdashsd, yss hodHikjz ek jls & Bdthsads -
Isqldztsfisd. _

A jteWisstedeso0hhJ GO0 d IdAr wolweskshw
e jHYsysds jE & rgd HEW Witedidteso0dd™ d3dStetsCo-
Yot HiY BSnAdBAuinSdn diedisMied?, YishSoeCl
sid eqysWdedr, dideser, ¢ ofsostdBr o osHj
d hsedfisdi ™ fis dwsedid BdS-dBdunSddd dised-
Czwogd. Wi KOS Sotfizd Wodwhdh dihisOBdEAd " d3d
d tsBJ jHddVizdh! Hislze i) Hislzetsds tftsH HOoM jdad jds [53].

NSBEzetjtesHE Y j GONE0 diitslk tiejdiizh ifise0
s ftcOodjhac[es ) kdk josHistesHG Y Bd kOMEOkd dL-LO
~tteshdn fats2fse CohdstesHtteshkdyo jdshisd d d&4-
hBJNdeohdw 1) stecokduinSdld d osHE  &Gd Lonkets-
edsivzd.  FoCtesAgzaandd o Wisstlzel jsHE A
GOMEoR &elzs BYis tistzyid™ 1) dhtfiskaLse0hdjd
Fluorinert FC-40, FC-77 did O%0dscdykrn oOn it
0 SOy fisaj dJtftejteots? dzONEVes2 WOLY d fisOBdid-
Lofteso0k ™t jeWlsststfszdtWdt0id (IAIS) &0 shdsej
3¢, 50¢dm SOS Krytox (DuPont) d His. [42, 44].

1 jtoWhststedteso0ht ™ j 6z josHBtesHY (U jeWlststoH j-
CoLdh, fiewisteltdsizisdzokde FC-43, FC-70 d Ht.)
diseHO ttegHtfsulsdisdddd, Udd Botjtor-arj dof-
%0, dL-LO dr teOninEzOdo0kd™ o tec0hduinSdn o osHEY -
teOnsostedls juWn, Abtsh j2 WaLdyihSs?2 d ~rdidyihss?
fisOBdEAditshise. Absstelzetz jtesHET § ds0mE0, SO Hfte0ad-
s, fazskid], yjd osHsYHEBEG | 8P ifise0 Hht jteh)-
Gs2 WOLr [54]. IBwjLkov dewstkoydy s sdfon
Aze2d2, shisOe] Gitfeiterods? WOLY d fteddsjdwi-
&ra AP fis hiyr&Sokd &0 htie jshisekzEsMdj t0Bts-
57 fedojHid0 o sBLSts]j [55]. Jlsd3dlsdds, st g ieWiss-
HJSOZd% o Msyikokdd f 1H,1H,2H,2H-perfluoro-1-
octanol dhtfiszALise0kd HEW dLizyjddw StediisOkddLo-
ydd Bj&SO o celtftfj RMdG30cdEs00 [56].

WJSbiser CoByoedd fyjydordidizEshv o tB-
@Ofise NoftsJLO Wisstedftetso0hdk m B0l jedOtse, Yst-
Gk &z LOzB &Y R difitjHse0k jizj2 hizf jhisekzjls otL-
dis>dshiss LOCOLOKH GzjsBRBHA®R Y J 9F jiise0 & ddm.
WOttedzits, StkOkdw RAN Biotechnologies [57],
shese0hkE0w o 2012 6., ©0LE0BO 00 jls d fddls jLdtelz jls
WizzsteshizteWoSkk0dls ™ HEW “CoY ja ' tis2" GdSesWizEd-
HASd (dESOthzdvyd™ s, TUsS, BjkSte d S jisss)
d Adszz-dshis? IAT.

u0sow fdskzoydw f) I tedosHdls € sk, ylsts
GBSt difizjHse0kjEnSd] ettty ndwsiLdik-
sl izteWOSOdls ™ ) G jsBRBHAR G hes2fse0Rd: &Oo-
ek jts, © tOBBkj [58] B s fiddlsjLdteso0hs Id.d
d orwakz " jes ROwOSk jtediisdSd HEW 6 jdjteOydd $O-
ik, dn fhisoBdi dshist, dsWdkdshis? o ydiksisse-
hdudshist f) yjzts ditfszLtse0ddy Hiw or fisCtiss-
dLotsHds g = hiSteddhese rn YizolsWisteds.

RL-L0 BSZ4M&es fstsash jeédv gishond tise jton-
s € s jiz gdStsSoy it Yo jtendshiser j oL0d-
dGHj2Msod™ &0 cte0dkdyj ©OLHJEO oBHODRONES daiJ-
sk fizh jhise jabs] LEOYJGA] o ovBBts] fidhisjd™ don-
tsdIPA HEY dusevydd S ikssS o BdsdsedyihSd
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OCkdozrn asziSke o COHEy. —wihyiydWdyihcow
MsteByd” BJI$O G0 660Gy LOLHIEO WOL d3B5>1Jls &0
sfodss otzgWls+ h0 tejLizaz4sOY W ted3jdzlstasets O0kdLO
dizd Y JydwayinSdn eL0qdsH2Med2 dled MStedid-
¢j jCOthse jtB TR fisjHise. misks™ COtd dseks o dj-
Crlsiste = flzlzyOwa B Is+ wOMNd3Eiste ji - COC LOBSHEISY |
Hlesseonse0 (5 0SkEET), Ass &) ofjcHO BsE0M0,jk
e Oz J tesydhir. A t0BB0R [59, 60] BY iz S5BEO-
oz Jd tfjte jhzish Ok~ BiskjCld dL osHEEES tofsots-
0 o GO WoLk. sl AWW S LOadfds s Sists-
YJasteOydd I d disydls Brls! g jdh g e HE-
BOatzjkdd BOtYBEdB e, tedosHvdn € SBEOLEOO0-
G zitld &0 ce0kdyd eOLHJEO fitejH, GOYddsdts,
HESBOOWL B Jdf3 Aud.

Ied oreitej CBYBh bt HEY MSLHOGIW Adslzd--
MR Hst{ts BV dLizyjss okdvkd) GO0 d Il
%0 9P jilsad Hhtfjtefis? WOLY (GORsHYAJjiw o CO-
yizj). vos, oL0ddssHj2Msod ] BdBuseduinCdn dstzjSkzd,
50Sdn €0< BJ&SHe d s (Ths), f 6te0ddyj? tOLH j&z0
oBHODBONES YoMt tfiedesHdls € HjLOSsda0ydd, HJ-
&OskzteOydd d dsCoudLoydd sdstsedyjhnSdn dsd jSlzd
%0 ttodtentshisd [61]. YksBY kdjd1hdst oL0ddts-
Hj2Msadj f BdtkseduinCddd dgiszjSzaokd nkjHEzjis
dhtfst-Lse0k Gidstkegr ] Ipd [62]. rdWWizLdw Bds-
tsEu SR BEESkd o GonEvEzE WOLE &y tisd-
ojiisd C k] zohsods it dishisq tied SBGEOEE -
&dd, &iftcOodidshisd LChtf jedids0z ¢ tjLizd-
s0sSo q 4je St jfjsts? CoBsOBABOydd COfiE. -
stz oV BBStelz & jtfle jteods?2 WOLY iz jHEz s zH jdzcfls4
st okdk0kd), UssBY i jHBlkotsOlsdis! 1 jto jditsh
BOBdBEICE gidHE SOYkvgd [63]. usShoydbshis-
GO0 o 1A HEW CjissC 500 j HEEMEO BY 5PO-
S j s Lz j0; GOttedids jie, © OB [64] fissMO,jis-
v, 5 tislsjievn HE 15 % MdLGihtfshsshshsd Cijsse
tfled] st LEa0hdd Witk et jeSHESES BOnE0 o SOy j-
fMisod  MdHEEhs]-GondsjzY, st ¢G> Jls BY+ BBE-
Mirsez ks GOdE">1Jjedids Hadcd o fyjihg desoy-
hzdvydd Sz jlsCd.
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The active and passive methods and the devices for coalescence of the droplets are considered in the second
part of the review. Particular attention is paid to the methods of processing and surface modification of polydi-
methylsiloxane (the most frequently used material in microfluidics) in order to create the conditions for the sta-
ble droplet generation. Depending on the type of the emulsion (water drops in oil transport flow or vice versa)
the surface should be hydrophilic or hydrophobic. The surface with the different wetting properties on the vari-
ous local sections is required at generation of double emulsions. A single part describes the methods of stabiliz-
ing the emulsions. Usually the surfactants used for the droplets stabilizing. The surfactant reduces the surface
tension between the two fluids through the formation of the oriented film at their interface. However, the choice
of an appropriate surfactant should be carefully carried out, since these substances can affect on the components
of sample and biomolecules.

Keywords: microfluidic chip, droplet microfluidics, dimensionless numbers of fluid mechanics, droplet generator, droplet
coalescence

REFERENCES no. 2, pp. 1747178. doi: 10.1039/b513908b.
9. Niu X. et al. Pillar-induced droplet merging in microflui-

1. Riegler H., Lazar P. Delayed coalescence behavior of dic circuits. Lab on a chip, 2008, vol. 8, no. 11, pp. 18377

droplets with completely miscible liquids. Langmuir, 1841. doi: 10.1039/b813325¢.

2008, vol. 24, no. 13, pp. 639516398. 10. Chabert M., Dorfman K.D., Viovy J.L. Droplet fusion by

doi: 10.1021/1a800630w. alternating current (AC) field electrocoalescence in mi-
2. Tan Y.C. et al. Design of microfluidic channel geometries crochannels. Electrophoresis, 2005, vol. 26, no. 19,

for the control of droplet volume, chemical concentration, pp. 370613715. doi: 10.1002/elps.200500109.

and sorting. Lab on a Chip, 2004, vol. 4, no. 4, pp. 2927 11. Link D.R. et al. Electric control of droplets in microfluidic

298. doi: 10.1039/b403280m. devices. Angewandte Chemie International Edition, 2006,
3. Eggers J., Lister J.R., Stone H.A. Coalescence of liquid vol. 45, no. 16, pp. 255612560.

drops. Journal of Fluid Mechanics, 1999, vol. 401, doi: 10.1002/anie.200503540.

pp. 29371310. doi: 10.1017/S002211209900662X. 12. Niu X. et al. Electro-coalescence of digitally controlled
4. Wilhelm T.S. et al. Surface-induced droplet fusion in mi- droplets. Analytical chemistry, 2009, vol. 81, no. 17,

crofluidic devices. Lab on a Chip, 2007, vol. 7, no. 8, pp. 732177325. doi: 10.1021/ac901188n.

pp. 98471986. doi: 10.1039/b708091c. 13. Zagnoni M., Baroud C.N., Cooper J.M. Electrically in-
5. K®hler J.M. et al. Digital reaction technology by micro itiated upstream coalescence cascade of droplets in a mi-

segmented flow & components, concepts and applica- crofluidic flow. Physical Review E, 2009, vol. 80, no. 4,

tions. Chemical Engineering Journal, 2004, vol. 101, pp. 046303. doi: 10.1103/PhysRevE.80.046303.

no. 1, pp. 2017216. doi: 10.1016/j.cej.2003.11.025. 14. Schwartz J.A., Vykoukal J.V., Gascoyne P.R.C. Droplet-
6. Chokkalingam V. et al. Optimized droplet-based micro- based chemistry on a programmable micro-chip. Lab on a

fluidics scheme for sol-gel reactions. Lab on a Chip, Chip, 2004, vol. 4, no. 1, pp. 11717.

2010, vol. 10, no. 13, pp. 170071705. doi: 10.1039/b310285h .

doi: 10.1039/b926976b. 15. Singh P., Aubry N. Transport and deformation of droplets
7. Bremond N., Thiam A.R., Bibette J. Decompressing in a microdevice using dielectrophoresis. Electrophoresis,

emulsion droplets favors coalescence. Physical review let- 2007, vol. 28, no. 4, pp. 6447657.

ters, 2008, vol. 100, no. 2, pp. 024501. doi: 10.1002/elps.200600549.

doi: 10.1103/PhysRevLett.100.024501. 16. Wang W., Yang C., Li C.M. On-demand microfluidic
8. Hung L.H. et al. Alternating droplet generation and con- droplet trapping and fusion for on-chip static droplet as-

trolled dynamic droplet fusion in microfluidic device for says. Lab on a Chip, 2009, vol. 9, no. 11, pp. 1504711506.

CdS nanoparticle synthesis. Lab on a Chip, 2006, vol. 6, doi: 10.1039/h903468d.

109



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

I. V. KUKHTEVICH, Y. S. POSMITNAYA, K. I. BELOUSOV et al.

Baroud C.N., de Saint Vincent M.R., Delville J.P. An opt-
ical toolbox for total control of droplet microfluidics. Lab
on a Chip, 2007, vol. 7, no. 8, pp. 102971033.

doi: 10.1039/b702472j.

Lorenz R.M. et al. Vortex-trap-induced fusion of femtoli-
ter-volume aqueous droplets. Analytical chemistry, 2007,
vol. 79, no. 1, pp. 2247228.

doi: 10.1021/ac061586w.

Lin B.C., Su Y.C. On-demand liquid-in-liquid droplet me-
tering and fusion utilizing pneumatically actuated mem-
brane valves. Journal of Micromechanics and Microengi-
neering, 2008, vol. 18, no. 11, pp. 115005.

doi: 10.1088/0960-1317/18/11/115005.

Fischer A.E. et al. A high-throughput drop microfluidic
system for virus culture and analysis. Journal of virologi-
cal methods, 2015, vol. 213, pp. 1117117.

doi: 10.1016/j.jviromet.2014.12.003.

Jing Yan et al. Monodisperse water-in-oil-in-water
(W/O/W) double emulsion droplets as uniform compart-
ments for high-throughput analysis via flow cytometry.
Micromachines, 2013, vol. 4, pp. 4027413.

doi: 10.3390/mi4040402.

Bauer W.A.C. et al. Hydrophilic PDMS microchannels for
high-throughput formation of oil-in-water microdroplets
and water-in-oil-in-water double emulsions. Lab on a
Chip, 2010, vol. 10, no. 14, pp. 1814711819.

doi: 10.1039/c004046k.

Mazutis L. et al. Single-cell analysis and sorting using
droplet-based microfluidics. Nature protocols, 2013,
vol. 8, no. 5, pp. 870T891.

doi: 10.1038/nprot.2013.046.

Barbier V. et al. Stable modification of PDMS surface
properties by plasma polymerization: application to the
formation of double emulsions in microfluidic systems.
Langmuir, 2006, vol. 22, no. 12, pp. 523075232.

doi: 10.1021/1a053289c.

Liao C.Y., Su Y.C. Formation of biodegradable microcap-
sules utilizing 3D, selectively surface-modified PDMS
microfluidic devices. Biomedical microdevices, 2010, vol.
12, no. 1, pp. 12571133.

doi: 10.1007/s10544-009-9367-8.

Shah R.K. et al. Designer emulsions using microfluidics.
Materials Today, 2008, vol. 11, no. 4, pp. 187127.

doi: 10.1016/S1369-7021(08)70053-1.

Seo M. et al. Microfluidic consecutive flow-focusing
droplet generators. Soft Matter., 2007, vol. 3, no. 8,
pp. 9867992. doi: 10.1039/b700687j.

Romanowsky M.B. et al. Functional patterning of PDMS
microfluidic devices using integrated chemo-masks. Lab
on a Chip, 2010, vl. 10, no. 12, pp. 152171524.

doi: 10.1039/c004050a.

Demming S. et al. Characterization of long germ stability
of hydrophilized PEG ggafted PDMS within different me-
dia for biotechnological and pharmaceutical applications.
Physica status solidi (a), 2011, vol. 208, no. 6, pp. 13017
1307. doi: 10.1002/pssa.201000967.

Zdyrko B., Klep V., Luzinov I. Universal platform for
modification employing grafted polymer layers. Material
Matters, 2008, vol. 3, no. 2, pp. 44746.

31.

32.

33.

34.

35.

36.

3r.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Hwang S., Choi C.H., Lee C.S. Regioselective surface
modification of PDMS microfluidic device for the genera-
tion of monodisperse double emulsions. Macromolecular

Research, 2012, vol. 20, no. 4, pp. 4227428.

doi: 10.1007/s13233-012-0048-8.

Abate A.R., Weitz D.A. High ader multiple emulsions
formed in poly (dimethylsiloxane) microfluidics // Small.
2009. Vol. 5, no. 18. P. 203012032.

doi: 10.1002/smll.200900569.

Kim B.Y. et al. Solvent gesistant PDMS microfluidic de-

vices with hybrid inorganic/organic polymer coatings. 4d-
vanced Functional Materials, 2009, vol. 19, no. 23,
pp. 3796713803. doi: 10.1002/adfm.200901024.

Abate A.R. et al. Patterning microfluidic device wettabili-
ty using flow confinement. Lab on a Chip, 2010, vol. 10,
no. 14, pp. 177471776. doi: 10.1039/c004124f,

Abate A.R. et al. Photoreactive coating for high-contrast
spatial patterning of microfluidic device wettability. Lab
on a Chip, 2008, vol. 8, no. 12, pp. 215772160.

doi: 10.1039/b813405g.

Bibette J. et al. Stability criteria for emulsions. Physical

Review Letters, 1992, vol. 69, no. 16, pp. 243972442,

doi: 10.1103/PhysRevL ett.69.2439.

Amarouchene Y., Cristobal G., Kellay H. Noncoalescing
drops. Physical Review Letters, 2001, vol. 87, no. 20,
pp. 206104. doi: 10.1103/PhysRevLett.87.206104.
Schramm L.L. Emulsions, Foams, and Suspensions. Fun-
damentals and Applications. Wiley-VCH, Weinheim,
Germany, 2005. 463 p. doi: 10.1002/3527606750.
Landfester K. Recent developments in miniemulsions
* formation and stability mechanisms. Macromolecular
Symposia, 2000, vol. 150, no. 1, pp. 1717178.

doi: 10.1002/1521-3900(200002)150:1<171::AlD-
MASY171>3.0.CO;2-D.

Goodwin G.W. Colloids and interfaces with surfactants
and polymers. An Introduction. John Wiley & Sons Ltd.,
2004. 289 p. doi: 10.1002/0470093919.

Griffin W.C. Hydrophilic-lipophilic balance. J. Soc. Cos-
met. Chem., 1949, vol. 1, pp. 3117326.

Baret J.C. Surfactants in droplet-based microfluidics. Lab
on a Chip, 2012, vol. 12, no. 3, pp. 4227433.

doi: 10.1039/C1LC20582J.

Zhang R., Somasundaran P. Advances in adsorption of
surfactants and their mixtures at solid/solution interfaces.

Advances in colloid and interface science, 2006, vol. 123,
pp. 2137229. doi: 10.1016/j.cis.2006.07.004.

Joensson H.N., Andersson Svahn H. Droplet microfluidics
O a tool for single aell analysis. Angewandte Chemie In-
ternational Edition, 2012, vol. 51, no. 49, pp. 121767
12192. doi: 10.1002/anie.201200460.

Link D.R. et al. Geometrically mediated breakup of drops
in microfluidic devices. Physical Review Letters, 2004,
vol. 92, no. 5, pp. 054503.

doi: 10.1103/PhysRevLett.92.054503.

Schaerli Y. et al. Continuous-flow polymerase chain reac-
tion of single-copy DNA in microfluidic microdroplets.

Analytical chemistry, 2008, vol. 81, no. 1, pp. 302T306.
doi: 10.1021/ac802038c.

Courtois F. et al. An integrated device for monitoring
time gependent in vitro expression from single genes in

ouy L HMraJtJast IR, 2015, bisds 25, — 3



48.

49.

50.

51.

52.

53.

54.

55.

56.

PRINCIPLES, TECHNOLOGIES AND DROPLET-BASED MICROFLUIDIC DEVICES. PART 2

picolitre droplets. ChemBioChem., 2008, vol. 9, no. 3,
pp. 43971446. doi: 10.1002/cbic.200700536.

Hatch A.C. et al. 1-Million droplet array with wide-field
fluorescence imaging for digital PCR. Lab on a Chip,
2011, vol. 11, no. 22, pp. 383813845.

doi: 10.1039/c1lc20561g.

Huebner A.M. et al. Monitoring a reaction at submillise-
cond resolution in picoliter volumes. Analytical chemistry,
2011, vol. 83, no. 4, pp. 146271468.

doi: 10.1021/ac103234a.

Bremond N., Dom@jean H., Bibette J. Propagation of drop
coalescence in a two-dimensional emulsion: A route to-
wards phase inversion. Physical review letters, 2011,
vol. 106, no. 21, pp. 214502.

doi: 10.1103/PhysRevL ett.106.214502.

Saint-Jaimes A., Zemb T., Langevin D. Trends in Colloid
and Interface Science XV. Springer, Berlin, Heidelberg,
2001. 299 p.

URL: (http://www.surfachem.com/abil-em180).

Song H., Tice J.D., Ismagilov R.F. A microfluidic system
for controlling reaction networks in time. Angewandte
Chemie, 2003, vol. 115, no. 7, pp. 7921796.

doi: 10.1002/ange.200390172.

Niu X., de Mello A.J. Building droplet-based microfluidic
systems for biological analysis. Biochemical Society
Transactions, 2012, vol. 40, no. 4, pp. 6157T623.

doi: 10.1042/BST20120005.

Basova E.Y., Foret F. Droplet microfluidics in (bio)
chemical analysis. Analyst, 2014, vol. 140, no. 1, pp. 227
38. doi: 10.1039/C4AN01209G.

Zheng B., Roach L.S., Ismagilov R.F. Screening of pro-
tein crystallization conditions on a microfluidic chip using
nanoliter-size droplets. Journal of the American Chemical
Society, 2003, vol. 125, no. 3. pp. 11170711171.

Contacts: Evstrapov Anatoliy Aleksandrovich,
an_evs@mail.ru

ooy L MrAJtJestJOLRE, 2015, Isisd 25, — 3

57.
58.

59.

60.

61.

62.

63.

64.

doi: 10.1021/ja037166v.

URL: (http://www.ranbiotechnologies.com/).

Chen C.H. et al. Enhancing protease activity assay in
droplet-based microfluidics using a biomolecule concen-
trator. Journal of the American Chemical Society, 2011,
vol. 133, no. 27. P. 10368110371.

doi: 10.1021/ja2036628.

Courtois F. et al. Controlling the retention of small mole-
cules in emulsion microdroplets for use in cell-based as-
says. Analytical chemistry, 2009, vol. 81, no. 8, pp. 30087
3016. doi: 10.1021/ac802658n.

Woronoff G. et al. New generation of amino coumarin
methyl sulfonate-based fluorogenic substrates for amidase
assays in droplet-based microfluidic applications. Analyti-
cal chemistry, 2011, vol. 83, no. 8, pp. 285212857.

doi: 10.1021/ac200373n.

Roach L.S., Song H., Ismagilov R.F. Controlling nonspe-
cific protein adsorption in a plug-based microfluidic sys-
tem by controlling interfacial chemistry using fluorous-
phase surfactants. Analytical chemistry, 2005, vol. 77,
no. 3, pp. 7857796. doi: 10.1021/ac049061w.

Holtze C. et al. Biocompatible surfactants for water-in-
fluorocarbon emulsions. Lab on a Chip, 2008, vol. 8,
no. 10, pp. 163271639. doi: 10.1039/b806706f.

Derkach S.R. Rheology of emulsions. Advances in Collo-
id and Interface Science, 2009, vol. 151, no. 1, pp. 1123.
doi: 10.1016/j.cis.2009.07.001.

Brouzes E. et al. Droplet microfluidic technology for sin-
gle-cell high-throughput screening. Proceedings of the
National Academy of Sciences, 2009, vol. 106, no. 34,
pp. 14195714200. doi: 10.1073/pnas.0903542106.

Article received in edition: 15.06.2015



