5547 % SrHTika: (FENXI HUAXUE) ik 5 kR %6 )
2019 46 H Chinese Journal of Analytical Chemistry 795 ~ 804

?\%\/.-/\%\/.-/\%\/.-/\-//.\1 DOI:10. 19756/ j. issn. 0253-3820. 181745
(ARG

e e

MR IEE R TT AT R R

BER? BFRC ERE F
'R EBFBAGE TR E SRR, PEBEREEE ARV, dba 100190)
2(Jbam BRI S RE IR TR R, LR 102616)
SO ERb R BB AR BT T, LA 100190)
OIGIRAE P B2 T AR i B 52862, dbat 100190)

W OE IR AeE MORRRE | TSRS A N T, W AR R O M E AT i,
LG8 B ORTE 1Y s, BB BB, BRI JLAR B B — B8 B A i 0 19 ) A B R AE
BAAF RN A B RN SE 35, AN S Sl Ay 2 [l 1 28 ST ) LR L R0 4% B8 i Mo a8 s e s, &
PG T — B AR B R A i i IR B A AN, R IR S T R AR S AT T G X RO R B AR
KRB T R,
KEER RO WOEOR T A, PEIR

1 5| 8§

ORI TEA Y A2y BPBERE 2 | TR SR G 1 ] 433z, i H 2 28 55 A 1 S0 =80
PCR RG5> LARCTRCIR ' R IS 17 48 e Ak 0 SR A RS R 32 P Y T e o R Y A B AR
FEA BN 8B MR TC E AR 4 FE Web of Science M3 L “ micro droplet” 1 Sk S il 1] 17 46
K, AR, MG OR FRECGR AR £ 20 4F BLRRERIG K JUHUETE 2002 4EZ S5, WFSE R S R
E( lz] 1) °© 700

RG89 TR0 T ) 2% 7 vk = A AE 600
Pz . BE A TR IS B

£ 500
AT R B 7 A R VR R R ij 400
ARG W L H M T g 300
FRIEESR, Z2 PP Re i TR A BT R Z 200

HEPANANGIE R -3 (KL ORI RPN V= 1] 100

A Hip ) RO AR B R AE RO 4996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
W EZE TR, B AEERBUN 4R Year

TR R M VRO RN A R &R = LA
RS HPE R BT O
S R - 5 TE 25 ) Ik A ML O
DL Kz DNA FAE 1 o1 55 LR )R o 1 19 41
M 5 7 A B T 2 R

BRIR TSI R4, AR T — S g S (0 e A O T, A ST T B R A ik R
THER% (4 B A A BB 0 3k R Ak A e R G T L AR R 5 i T A B
Tl ERVEN GRS, Sy RS T I 5 e DR b A ORI BRI T I 2 TR

1 Dl“micro droplet” SR #H 2 I/ SCL it SCHUR ST
Fig. 1 Number of the published SCI papers with the keyword of “micro

droplet”

2018-11-29 ki ;2019-04-25 $£3Z
AL RER A RFIEILETH (Nos. 31770107, 21874116) ALHITT F AR B} 3£ FL 4 9 BHIW H (No. 3174047 ) AU 85 85244 = K A A
A& XIS SR 5 E RN E SR R A FLEAFRHE 5 H (No. 5700201955318 A-0-0-00) ¥ Bl

# E-mail; sunziqiao@ bucea. edu. cn; lileilei@ mail. ipc. ac. en



796 o B Ak 2 547 4
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SRR 0 A TR O 1 R A E R B RE N BRI R LAk R B SR
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LI S 18, TR - B 5 A B A LIRS . S TOORR L 5 S Al U T8 % SR I, %454 %
e — SRS A, SEER R, TR AL th B i AR, 55 B T0UAR, B A T, ) A
HEARE S, ZJE W S0 A AR AL 5, TR A, RAERN, SlipChip BATIHFERFID | A
Sy ARG Y | 2OV AT RS T UL . AR SORE 3hit i I TR A A0 I B O s A o, O
P TR BEHLER 5 ( Microfluidic stochastic confinement) AT, % TAERA BY 40 R IR AR FEAL
B Tl 7 A 2S5 12 IR PR 5 T A5 405l 1 7 R AT S22l ok 7 B L 33t % 43T 19 B A B B R
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-G A R TR A BB O i A A W W 4T Y R i SIS R ik S T R MR R
A, AT R B R AL A AR T TR, AR DU SR 3 25 5 4 A B T b A SRR > 2
SrFRERR SR, 7E SlipChip RYEERE L, A T —Fi T #a R 6 , FIFHES W 2R 15K ) 523
TREE TRA AR R AR B AE Y TR ORI AR (B, B TR T TRAR A X 5 A
BEIA IR o, SlipChip 5% AT BB S 8058 HIBG N ; 534b, SlipChip 77k HUBGIE & #E17T— S840 (1 A=
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Fig.2 (A) Step-by-step 3D schematic drawings with cross-sectional view that describe the operation of the
SlipChip™®’; (B) Schematic illustration of the process of droplet-splitting""'!; (C) Harnessing the Rayleigh-

Taylor instability at the materials scale*
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Fig.3 (A) Schematic diagrams of the working principle of sequential operation droplet array ( SODA ) '*7;
(B) Droplet generation by cross-interface emulsification (XiE)™; (C) Schematic illustration of a SiMPLE

generator ' ; (D) Schematic illustration of droplet manipulating device!™
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YER, TSR A R pL ~ L SRR FR AT H5E Y 57 BB (181 3B) o XiE B S BI0n THoR, B
7 — B TR AR — SR H BB [ E SRR i e IR sha% , A MORA e S, &5 S
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Fig.4 (A) Systematic diagram of digital droplet pipetting system"®!; (B) Schematic view of acoustophoretic

printing'™’ ; (C) Schematic illustration of droplet dispensing system based on gigahertz acoustic resonator *’
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800 o B Ak 2 415
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i e A4 R IR S 1 AR (70 >50 Pa) ) SEATHETF M ED . 275 I T BRI il 28 77 12k A A% O J2 1R I 30 4 vk
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BEJE JeNg A IS T2 MRS S AR AR AT R A 2 R et
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2.2.7 BHBEEMEEHEHEAR He &5 MINHF & T —Fh 5 40 7 i o il & AR (A
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107 m, RBATESHVEEIZE 1077 ~ 107 L 22 (8], FI|FH i 500 8 75 I e ink o 25 45 7R B8 0% 78 3 335 Fn 22 P 3k
b S A DNA R LB S 45 . I ELR TORBERY R/ INaT DS B 5 7 10° m ((RF B
H1072 L), B &RAY S (CM0S) MARAEMEAN, MRS N A R e, 54
TIHAL AL AY R BESFONFE AR, seoh, 7E e 2 TR i i B R R,
2.3 EEREEWHFTE

F BN T AR SR AR TR 14 T A5 RO s A AR SR A R /N AR AR R AR A L
SR RN AT W ELENAETLUR L, BRI IRTE LB X L 2R 2k, — Sy L HI R
AL SR 33 4 vk 4 BE YT 114 A4 ML B 1% A2 7 B 2K RT3 B LA 280010 < ¥ st B vk R FH T Bl B
VB S T P A R B T 0 A A B ) SR 5 R T S T B R - 2R AN R e A VR R R R O
FHTF S i ) AN e M AR B SRR BT |, SIMPLE 325 A1) 850 7 B 3% 11 5K 77 28 /N 5 i Bh A
F2 1 AR G A ORI R T T

Table 1 New methods for preparation of microdroplet developed in recent years
Jrik o] WA JICE gy
L : eneration
Method Principle Droplet size f Ref.
requency
Bl Bk SlipChip W ahgry) Sliding shear ~12 nLL - [45]
N SRR ABUKEE PR
WE S5 Droplet-splitting Hydrophilic/hydrophobic characteristics 9.7 fL. ~83.5 pL - [11]
of interface, patterns
. 2 £ e e . .
y . . Centrifugal force, the Rayleigh-Taylor 50 pm ~10 mm - [57]
Droplet generation method based on the . tabilit
Rayleigh-Taylor instability nstabiit 2, .
. . SEFEL AL < TG Y YR R Eh T o
WGP B TG 91 2 5 \i{ﬂﬁkm S -TTE-F Bl 1k , X-y-z
Sequential operation droplet array > « - . 60 pL ~1.98 nL - [64]
o Programmable aspirating-depositing-
system, SODA o, o
moving” method, x-y-z platform
i o LIRS A RS, KMk S
ﬁﬁ{f Ep ({fl{ﬁﬁﬁiﬁif&w - . Vibration caused by electromagnetic pL ~nL ~500 s7! [9]
Cross-interface emulsification, XiE . X ;
vibrator, tension force
| FH T A i 2 A A SR BT .
%“‘Hﬁ}t%ﬂ’]%jﬂ Eﬁiﬁi{ﬁl(ﬁﬁﬂ’]ﬁ(i BT, Kk E
Spinning micro-pipette liquid emulsion, : . ) 25 ~230 pm 200 s [10]
: Centrifugal force, tension force
SIMPLE
A B K MRS X BN R AT SREROK BUK R, R RSE
-3 Hydrophilic/hydrophobic characteristics 0.1~3 pL - [78]
Superhydrophobic “aspirator” of interface, negative pressure system
e b B Tl K2 ape——r.
FRRETRETIARINE DRSS SL-10pL 500" )
Digital droplet pipetting Electromagnetic device trigger
oy - 7 R 3
};&*TEI] (&‘@ﬁ _— Vibration caused by acoustophoretic wL ~nL ~10° s7! [84]
coustophoretic printing force
R AL P ] VR R, IR ]
Droplet dispensing system based on Gigahertz acoustic force, transient fL. ~nL ~10% s7! [85]

gigahertz acoustic resonator

contact
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BA R A HIE S, H S5 & BRVEEOR N Y Bl Rl G A 2 75 SRORBLE 19 32F 25 R I8
Je, TR AR, R EAMEARL, TR
7, NHESHIGE IR KR SRR T 21 fE,

EAE R H B 5 V0T 14 T B 6 D
e EAL G 07 ik AR AR R O ik ) — SE R
FESLIE A o DA e, 7E 71 A R B AR K
A 3 A VBT R B A o YR 45 T L
BARKA A, RENE T 4y b 3l V0T 1 A5 10 7
Ko Bk, SODA BI ARG, LT

XXX XX

I AL A S i B K IR AR T ol

B 555 T 1k v i B L Ak T 34 2 it
T3 AR A 37 ok e R R A 8 ) R R T
JSCRIRG o BRI K WS A 8 FH ) i 7K
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T S BRTR E B K A L 9 3415 4 ORI 4 S PR A O e R
VEARAT PR Bl B T 3R 7 . FREEUT R FigS Development process of microdroplet generation methods
WAL S SRR WA G, W&
faj 5, ATERTARAE ) JF HLRRRE N BB A TR B R A WO A R T B U R 25, Ak, S
AT ENEAR I SR 1 Mo% S5 4T ENH A W AE b4 B PR, RORHA B 1 R 17 FH S0

BET U R B 1 4 7 12 AR BRI R R R D AR e 1Rt EL /NS — A5 R Y AL 34 B
THAEAY) A B2 A SN T BRI . B, BOREES EREA E T BR 2 3y A 3h ik
VRO 7 A T AR A RSP AR I BV 2 PR 2R AR R BB RN T S A &R
S04 NG e NG W U (W SR O O O P T 5 % N T W R D R AR O RT e SN W
FHEAER] ATENHOR BOBVR I S 45 6 A OB , PI7E— @ R Tl R Im) i

FIH, WFSEEATIESS ) R 28 RO R A ST ¥ o ARRAROBE 1Y A BT ¥4 72 22 A [m] @5 52 SC
YERMZE SR, & VRN K, FEA U # LR %5 0T, AT 28 o) o 22 (e PR T 4 RS At
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Advances in Microdroplet Generation Methods

WEI Yu-Yao'?, SUN Zi-Qiao*?, REN Hao-Hui’, LI Lei*'"*
"(CAS Key Laboratory of Cryogenics, Technical Institute of Physics and Chemistry ,
Chinese Academy of Sciences, Beijing 100190, China)
*(School of Environment and Energy Engineering
Beijing University of Civil Engineering and Architecture, Beijing 102616, China)
*( Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, China)
*( Beijing Key Laboratory of Cryo-Biomedical Engineering, Beijing 100190, China)

Abstract Microdroplets have been widely used in biology, chemistry, material science, and engineering,
and the microdroplet generation methods are becoming more efficient and controllable. The development of the
generation of microdroplets experienced traditional methods, microfluidic chip-based methods, and recently
proposed off-chip methods. In this paper, we first briefly summarized the typical traditional methods and the
microfluidic chip-based methods for microdroplet generation, and then emphatically introduced the principles,
devices, and applications of the recently developed microdroplet generation methods. The advantages and dis-
advantages of these methods were discussed and the future development of microdroplet generation technology
was also prospected.
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