L F F IR

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A18120512

PR RERGHU AL R B A 2 2 BARM RS F P aI A
FREM O BEE K®F  EER

CHRBRHERENES ST IR AU TERE SRR EEFHEM  H5 266042)
C AR R R E 5 R A2 s R 250100)

WE LK, WARNITE T IZ R K % BB KN, AR AR 10 nm B/ RSF AR T 75 18
HARZEMS. ER, HTE N AR T 78 T SCCHRIRIE, 20 1 507 [ A 2238 06 T AL 3L D7 2 B TRA
B BRI, AR RBERITE AL LB S i A B AR AL (5 TR, 00T 1 UTE SR B HT AR « VAL L
A PR LA 8] VAR DL A R ZOG VAL A BL R I RE R, A28 T 2 TR0 T 5 oL 55 SR RO R R T 5
e A7y 5 J2 B R LA LR T A AL R v (56 4 B BT 745 DR 2R O B AR R AN FE 45 2R, 3R 1V AL BT AE i %
ERAKKLT . BEPUKRRT . SR ARG G E T 5 DL A ARRE 755 57 BAUORA R R RN, B
JRE B 1 VA AN ) 26 A B0 O KR 75 290 K ZEL 2 M0 22 R P 55 ST 2

REEE  GORKL T AL, Bk HLE B4

Digestive Ripening at Nanoscale and Its Application in the Preparation of
Monodisperse Nanomaterials
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Abstract Recently, a digestive ripening process at nanoscale has been widely used to prepare monodisperse nanoparticles
(NPs), especially for sub-10 nm small NPs, with significant advantages such as the very narrow size distribution of the ob-
tained nanoparticles, the versatile applications for various nanoparticles and the simple operation process. However, no Chi-
nese references are reported on digestive ripening process till now, which may limit the cognition and utility of digestive
ripening method for some domestic scientists. Thus, this review starts from the discovery of the phenomenon and the pro-
posal of mechanism for digestive ripening at nanoscale, to the analysis of influence factors including the precursor in the
precipitation reaction, the digestive ripening reagent, heating treatment temperature and processing time, solvent media and
so on. Then, theoretical hypothesis and the derived results are introduced based on the charged surface, the curvature effect,
the interaction between NP surface and attached ligand layer, the diffusion effect and the competing reaction balance in the
digestive ripening process. Subsequently, the important applications of digestive ripening method in the preparation of mono-
disperse nanomaterials of metal NPs, alloy NPs, quantum dots of metal oxide and metal chalcogenide, and other NPs are
discussed, the obtained small metal or alloy NPs show a perfect sphere shape and a very narrow size distribution (relative
standard deviation less than =+ 5%). Finally, the broad perspectives are proposed in the NP assembly for optical, electric and
magnetic nanodevices, and the heterogeneous catalysis of monodisperse metal, alloy and semiconducotr NPs via the digestive
ripening method.
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Figure 1 Alkylthiol protected nanoparticles (a) and the formed superlat-
tice (b)
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Figure 2 Modified schematic illustration for digestive ripening process
(the messy dash lines represents crystaline defects on the nanoparticle
surface)!"!"!
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Figure 3 Schematic illustration by TEM for reversible change from
larger polyhedral nanoparticles to smaller, monodisperse ligand-stabilized
spherical particles
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Table 1 Size and size deviation of gold nanoparticles influenced by
alkyl amines
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Figure 4 TEM images of Ag (a, d), Au (b, ¢) and Pd (c, f) nanoparticles
after digestive ripening using dodecylthiol (a~c) and dodecylamine (d~
f), respectively
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Figure 5 Size and size distribution of gold nanoparticles influenced by
the temperature in digestive ripening process
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Figure 6 TEM micrographs and particle size histograms of gold nano-
particle systems obtained at 120 ‘C for 1 h (a~c), 3 h (d~1), 5 h (g~1),
7h (§~1),and 9 h (m~o)
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Table 2 Typical experimental conditions and results in the preparation
of metal nanoparticles by digestive ripening

N o T AR TR R
Au HDT 30 FZK [ 3h 74 — [72]
Au DDT 10 2k [ 1.5h 45 0.39 [68]
Au DDT — FZK [ 1h 6.0 04 [27]
Au DDT 039 F2K  [H#3h 87 1.5 [15]
Au DDT 39 X [i3h 6.2 03 [15]
Ag DDT 20 tbT*  [E48h 9.6 0.5  [75]
Ag DDT 20 tbT FL48h 6.6 1.0 [74]
Ag DDT 5.1 F% 110 'C 3h 5.6 04  [85]
Pd DDT 30 B [ 1h 18 0.13  [83]
Pd DDT 05 thT 192 C 1h 7.55 0.73  [36]
Pd DDT 30 2R R 5.8 0.43  [61]
Pt DDT 30 HZR R 5.4 0.46 [61]
Rh DDT 30 R R 38 035 [61]
Ru DDT 30 2R R 4.0 0.37 [61]
Cu DDT 56 HZ 110 'C 4h 53 0.88 [77]
Co HDA 2 HZE =i 24h 20 0.5  [78]
In TOPO 30 DCM’ 38 ‘C 24h 5 0.6 [81]
In HDA 30 DCM 38 C 24h 9 0.6 [81]
m TOPY 30 DCM 38 C 4h 5 0.6 [81]
HDA
Mg HDA 2 2R =R 2.8 02 [80]

ST R A

Bl 7 RYLKRR B ET () LS () FIEEJE (c)ff) TEM &
)ﬂl—[XS]

Figure 7 TEM images of silver nanoparticles before digestive ripening
(a), after digestion (b) and after ripening (c)
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codigestive (1:1)

...............

hia,
ripening | core@shell % a
heterojunctions .,"(I’ i ﬁ

B8 NG AR B 2 & SRR T I a5 R R
Figure 8 Schematic illustration for alloy nanostructures by codigestive
ripening of two metal nanoparticles
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AR R SEASR], T BB E AR 7 et GE(E 9, i), 1k
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B9 CdTe fETHLAALHT (o, D)FITHALPLIN (8] 2355029 10 (c) 20 (d)-
30 (e) 40 (f)+ 50 (g)F1 60 (h) min FFFFh TEM 8P FIRE S 28 AT 1
S NITEIR T

Figure 9 TEM images of CdTe quantum dots before (a, b) and after
digestive ripening for 10 min (c), 20 min (d), 30 min (e), 40 min (f), 50
min (g) and 60 min (h) and their corresponding optical fluorescence photo
under UV illuminator (i)

B 10 IR/ PR AR 2 P AL B A R R B LayOs (a), EuyOs
(b), Gd203 (C), Tb203 (d), Dy203 (C), H0203 (f), Er203 (g), Tm203 (h) *D
Yb,05 (i) #92K 19 TEM HB AU b7 R 20 nm

Figure 10 TEM images of La,0O; (a), Eu,05 (b), Gd,05 (c), Tb,0; (d),
Dy,0; (e), Ho,O; (f), Er,O; (g), TmyO5 (h) and Yb,O; (i) nanodisks pre-
pared by digestive ripening in oleic acid/toluene system. Scale bar: 20 nm

HALBALFI AL FE T 99K Bi,0s5+ BiFeO;. Fe;04 Al
Fe,0; % & J@ A MBRL, 3743 TR 5~10 nm #E1%
B BN KHL T, Jagirdar 250252 FHW AL Bk 21 45 1)
SYKRLTFI CdS 4Kk 7, F& it ey b 2T LA
F| Au/CdS 9K E &),
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6.2 ZEMAKEN
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