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Abstract: Fluorescent nanomaterials have been widely used in diverse fields like sensing, bio-imag-
ing, ions detection, owing to their unique optical properties. Microfluidic is an effective technique
that allows the precise control and manipulation of fluids in microscale dimension. In recent years, it
has exhibited important practical values in organic synthesis, fluorescent materials preparation, cell
detection, and drug screening. This work focuses on the microfluidic synthesis of fluorescent nanoma-
terials, and reviews recent advances in this field. Firstly, according to the characteristic structure,
different types of microfluidic reactors along with their working principles are elaborated, including
chip-based microreactors, tubular microreactors, and centrifugal microreactors. Afterwards, repre-
sentative examples of fluorescent nanomaterials are summarized, such as semiconductor nanoparticles,
carbon dots, perovskite nanoparticles, rare earth nanomaterials, metal and metal oxide composites.

Finally, the existed challenges and future development of this field are prospected.

Woim B 8 : 2022-05-30; 1T B : 2022-06-16

BEEWE : VLAY A ARHEEEE (BK20190605) 5[5 H A5 Fl 243k 4 (22078125, 52004102) ;5 F7 [H 14 )5 B 22 2 42 (2021M690068) 5
VL3 A AR AR AR L S % TP R (21S202) 5 7 7R 48 245 il ARG 380 JI 61 52 24 ot i A0 LUy et it RIS, 3Py T2 a0 52 46 %2 T
O (KF2021014) % B35 H
Supported by Natural Science Foundation of Jiangsu Province (BK20190605) ; National Natural Science Foundation of China
(22078125, 52004102) ; Postdoctoral Science Foundation of China (2021M690068) ; Open Project of The Key Laboratory of
Nanodevices of Jiangsu Province (21SZ02) ; NMPA Key Laboratory of Cosmetic Safety Assessment, Guangdong Institute for
Drug Control(KF2021014)



5510 4

BT, F e PR RS & SO T 5 2 R 1525

Key words: microfluidic technique; continuous flow synthesis; microreactor; fluorescent nanomaterials

e

1 3]

B 5 2 K B R 1 K R 9 6 98 K B ORE I
B T o 1K il g Ak o B, B R HESh T
AW R S TR AR 5T o BIF Tl A B AR AR
SE M RE DIE B 0 D6 AR BB, REE— 2 30 R K
TE B K 2R ) AR R S AR T AR
SRR P o AR R R B R L, PO AR R
[ S I 1 7 S U R s I N S N 23
e K — A w5 RE L B B > B 2 IR AE D
Ty AR B R B Ry PR B 2 8 R ORL AT LU
BbRic HAREAT AR I o 1 B b B m o
WA O e e O B RO L ik e A R PO L,
B A TSR3 Y T3 A DO RO 2 A W B A
SR BEAR R ORL o XF TR 2 A O6 A ok
B H ROt 1 RE AR 25 32 B 1 BR RO A KR
T A" B R W, 0] R G T 7 O A R R R b
s, AR AT R E TR RE B9 2GR R

T A AR 2T — 2R 80 1 4 516 2 K A4
BT i, Al s S AR BBaE Y T
PRI R BGE T B . RV Bk Ty
L C UG TN BE R (EER R TR AR A A A
FHFER™ T2 2™ i R R AR AR ) L
L 2 2R B899 6 94 K b BHF AR 7= RN 9
PEREZE VRLJE NST o0 A1 AN 14953 85 i A TR 36 52 1)
AT A R AR AR AR 14 3 — 1 X LA i R 5 S )
o7 JH 280G F B, AN [R)RLAR (1 UKL 76 A= 4 K Y 1Y i
I8 R s R AL A S AR E AT AR 2
B, WA R RSCR . A, O R R AR —
JiCR R AE M B DL A 14 5 Ol 40 oK UKL i % T2 %
K B Se it A W LB R BAT TR S

fodoint 4 F A AT L SoR 2L A ROK 9
A T R R R JRAR™Y, B A A A R
B A o RN o Al LTI E RN [ NI ]
PSR A o 5 G TR I IR R B R
KRS B, T 2o A o S A 2 R R R {5 B I
] FLIE 450 R 7 3045 23 6 7 9 R JBORE 1 21
B RSE SRR BN, Rao SEIT E T AR T
U428 7 A ) B i T 4 o A E T e A S B it
JE U E | £ T R R 2T 4k FL B AR AR AR T
JEHURIGHE T 7 (73% ) 1Bk A5, 5 Su 5 H) T

T SR AR R TR AR M URL 1Y) SRS T
2 TFRE T G A AR P Fu AR 2-H
L TN M T 2k £ FE Wl TR VLB (PMIPC) XoF AR I 4% i
P 2 T B W 38 3 A K S L8 g 1 3% TR AT
AR R B0 W A AL B RE ) 5 Zhang ZE R B )=
FI 2 2 B AR A8 WAL a8 Al 3% U A TR
b H 3 Y R R BB S B s i 2 A
LBl 5 30 TR A 2 FRAE H AR T2 i 5 R4 I
N O A8 S W WL ) g 2 E . R %
TR TG R BB BT Bl g 4R B TR &
o A AR HIE WO 45 BOR T i A
TS T ¥y — HLAEBE L 5 B9 9O6 94 K 1 K
SR ENHTIRTE T I PR Ok b R B S )
PH I I AR TE 2% U A 2534 ) Js 25 1 o

U T RORE BARAE DO AR ARG Bh i B
KRG A SCRE BRI 94 1 31 2457 [/ N SN SRR
P 55 D CHUORBRIF ST G o TR AN B A A [ 45
IE 45 R B4 B0 4 0 i B ol ot A L A 1 T L Y
PSRN R Y RS S U X B i)
ek

2 MARIEASR ARG E

PR P AR Tt R SR RS A T AR AR A s
T DA AR R A O G S5 A 38 R R AR
TEORUBE b 647 W A 7 BB, B 45 B AE M L 2>
B SRR R A N B b o (TR0 4% B
AR 1 4 4 3 T S BN VR 0 R 3 R 3 )
F% 5% B ST IW) A B ve RO A TR AL e LAY BE A
GRS o - SRS Y TN SR I
I i B SRR P AR B s = 4Rk BEE O
LGB B K R T S TR B 32 T B 5 B L
RIS W i E IS % A€ 2 AR/ ST
Sk SR IN A T SFR VAT N A R N T OFaE
i S SE R AR B BE AR 5 07 A BB A Y
R A L 2 TR E D' A R R o A ) R
DU o H I, B0 48 S D i 42 B 25 40 T Dy ot
P S I g R 388 U S 7 e (A RIS O i TS s
SR AR ) o Fer S R IR o v B A% i i 7
ER LAY HON 3 A 2R RO 2RO N g A 1R
Jot ok 7 U 32 1) 37 1A 50 BE R Sh AR R B R . hy
TR RO 5 BN AR AT SEPRAR Y T, B 1528 T



1526 K b/

¥R

5 43 &

Classification of microfluidic synthesis systems

DETAILB  DETAILC | !

Chip-based microfluidics

Tubular microreactors

Centrifugal microreactors
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Fig.1 Characteristic structure diagram of typical microreactors. (a) Chip-based microfluidics’

(¢)Centrifugal microreactors™ .

442 (b) Tubular microreactors™™**.
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Tab. 1 Pros and cons of microfluidic devices
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Fig.2 Schematic of continuous laminar flow microfluidics
devices. (a) Linear capillary”™". (b) Serpentine capil-

lary'™. (¢)Y-type™. (d)Co-axial structure**.

(a)

z
o,
=
=

(c)

>
®) (Form g

=

T'=180 C
Nucleation

A T SR A [ 0% G R VR A o B AR S i B IR
A, Matlock-Colangelo 55 5 &t H, 27 22 40 K 21 4k £
BCE Y B GGE T OF ST IR A R AR 5 (1A
3(a)), UESEIZ 7 2 BE A &AL AR TR &

AN BN # AR BURL AR K R B kR R
XI5 Y ¥ 2 A RN A AR R B A A R K Y
B, WA UKL V5 G i BE 6 o Shiba 5 24>
PR 2 O R R N A AR R R (&3 (b)) 4y
G L Si02-Ti0o 44 K UKL B — %0 Ak B A% By
B MR B R Ak R B B B DL R R
Az K B B 43 B T, S 0ORS A A M A% R A
N AP BR . Uson A5 VR| FH AL 2 21 Il 7E N 45 3K Al
AT T 9370 pm R 150 wm 138 (K 3(e)) , A
L 2% 788 0 % M SR Ak Bk oK BORL . e B 7 X
A Kl K BR8N A K B BE A B T, SE B
T SE T 4 A 2l R AR 38— 1 SR Bk g oK
UKL .

BARH 2 U SN A5 5 A8 TRT B, BUAR AR R TR AR
FEIE T AR AR — M, 5 kA A8 XI5 Y L iE i
o4 3 3 T TR AR R BN LA [R) 5 2 AL A (8 T
TE—E R L pe bk n)

. Multistep nucleation-controlled

growth(mNCG)

‘‘‘‘‘‘‘‘
Kon

\ Growth
» - i » =
Nucleation Nuclei  Encapsulation ~ Hybrid
aggregation NPs

< /. ¥
\._ 4"

T°=280 °C
SPION growth

T'=180 C

Nucleation

702280 C
SPION growth

B3 (a) WA A RGOR LR AR Y BUEE IR A 2555 (b) 25 BOR 5 A i Si0,-Ti0, 45 K JFURLAE B 1> 5 (o) i 4 8 I A

SRR TR A 85 B SR 1 7

Fig.3 (a)Y-channel mixer with embedded nanofiber™. (b)Controlled growth of Si0,-Ti0, hybrid nanoparticles through a multistep

microfluidic approach®. (¢)Preparation of superparamagnetic iron oxide nanoparticles by a stainless steel microreactor””.
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Fig.4 (a)Pressure balance at the liquid-liquid interface of two phase microflows'”". (b) Discrete liquid plugs encapsulated by

an immiscible continuous phase'®’. (¢) Liquid slugs with the continuous phase separated by immiscible discrete bub-

bles™”
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Fig.5 (a)Multiphase microfluidic preparation of AuNPs'®. (b)Liquid partitioning by different gases resulting in magnetic nano-

materials of different morphologies ™.
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Fig.6 (a) Oil-water interface in a T-structure chip'®. (b)

Schematic diagram of cross-cross flow focus chip!®’.

(c) Droplet generation using cocurrent/countercurrent

flow in coaxial capillaries'" .
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Fig.7 (a)Schematic diagram of the microreactor system for the polymerization of aniline'™. (b) Synthesis of CdS/ZnS nanocrys-

tals in microchannels™". (¢) Centrifugal microfluidic system for water analysis and monitoring'™". (d) An automated lab-

on-a-disc for Salmonella detection'””".
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Tab.2 Summary of fluorescent nanomaterials fabricated by microfluidics

. M7 S 7 JZ I 3 V2] WE. %

- ks R Uk WEC Wekmm o Rbam o ik

ek CdSe ISR L €do, C,H,,0, Se 180 400~700  1.6~5.5 [85]
~ — o ~ . Q -

- ZnS ﬁ'égﬁﬁ%ﬁiﬂkm ZnCl,, Na,$ 80 350~700 3.0 [88]

CdSe, CdSe@ZnS RS €do, Se, Cs,CO,, PbBr, 95~160  515~625 7.0~9.5 [89]
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