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Abstract

As a populous country, the importance of food security is self-evident, and pesticides, as an important
means of agricultural production, can prevent and control various plant diseases and ensure food production.
However, some pesticides have problems such as poor resistance to interference, short efficacy period and
harsh application conditions. To solve the above problems, in this thesis, kresoxim-methyl and thifluzamide
were used as model pesticides, and the mechanism of polydopamine formation by oxidative self-
polymerization of dopamine under alkaline conditions, and the formation of resin by phenolic condensation
of resorcinol and formaldehyde was utilized for the in situ coating and loading of kresoxim-methyl and
thifluzamide, so that two kinds of slow-release capsules and two kinds of drug-carrying mesoporous
nanoparticles were designed and prepared. Subsequently, the structural properties and drug-loaded release
performance of the composites were investigated, and it was proved that the nanomaterials containing
kresoxim-methyl and thifluzamide had a long-lasting and slow-release ability, better adhesion, and anti-
splash properties. The aim of this paper is to use environmentally friendly biodegradable materials loaded
with pesticides to solve the problems of pesticides with short effective period, easy to slip and splash on the
surface of leaves, providing a new way of thinking for pesticide application to be able to achieve low
volume and high efficiency, and providing a new direction for the innovative development of the pesticide
industry. Specific research results are as follows:

(1) Preparation and properties of polydopamine nanocapsules of kresoxim-methyl and thifluzamide, as
well as their suspensions. First, two types of polydopamine nanocapsules of about 180 nm were prepared
using mechanical force emulsification of the drug-carrying oil phase and surfactant-solubilized aqueous
phase to form stable emulsions, and in situ encapsulation of the drug-carrying droplets by autoxidative
polymerization of dopamine. Subsequently, the corresponding nanocapsule suspensions were screened and
compounded. The loading capacity of nanocapsules of kresoxim-methyl and thifluzamide was 50% and
34%, respectively, and the release time of nanocapsules was extended by 1 time compared with that of the
original drug, and the cumulative release rate was basically the same, and the suspension rate of two kinds
of pesticide nano-suspension was 92% and 83%, respectively, and it had a suitable pH value as well as a
good stability and storability.

(2) Preparation of resorcinol-formaldehyde mesoporous nanospheres of thifluzamide and study of their
properties. First, resorcinol-formaldehyde mesoporous nanospheres were prepared by phenolic
condensation of resorcinol and formaldehyde under alkaline conditions, and thifluzamide was loaded in situ

during the polymerization process. The loading rate of the loaded mesoporous nanospheres was 33.78%



with a particle size of about 400 nm, and the active ingredients could still be detected after 96 h of pesticide
release. Subsequently, the data were simulated using different release models to determine the release
mechanism under different conditions. The contact angle experiments and droplet collision tests showed
that the material has strong adhesion and deposition efficiency, which can effectively inhibit the droplet
rebound.

(3) Preparation of polydopamine mesoporous nanobottles with kresoxim-methyl and study of their
properties. First, polydopamine mesoporous nanobottles were prepared by solvent-mediated
polymerization-induced self-assembly under alkaline conditions and loaded with kresoxim-methyl in situ.
Subsequently, the loading rate of drug-loaded mesoporous nanobottles was measured to be about 49.25%,
the particle size was about 710 nm, and the pesticide slow-release could be sustained for 300 h. Stable
release ability was also observed under the influence of different temperatures and pH. Moreover, the
release data were fitted to determine its release mechanism under the influence of different factors. The
contact angle and droplet collision tests proved that it has excellent matrix affinity and splash resistance,
which improves the utilization of pesticides in many ways.

Key words: Polydopamine; Resorcinol; Kresoxim-methyl; Thifluzamide; Slow release
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curves for THI in 40% methanol/water

HEFFREL— & f ) KM@PDA. THI@PDA 4K #E4 IN%] 50 mL FEEH, 755

TRECSTEAERE 48 h, W IRGUKIE I 7800 KM THI SE 2R, B3 mL &0 i3S

BHATIE . ] 2-1 (av d), KM. THI BRI K 203, 206 nm. ik & DL

Jo 38 2 bR e il 2t ST A5 -

T (%) = 2—2 x 100% (2-1)
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AR (%) = % x 100% (2-2)

Hrpm, A+ KM@PDA. THI@PDA 4K % b lf A i . WERREEIZ A i & (mg),
my A KM@PDA. THI@PDA HfieE (mg), m NI INBRREE. WERREEZ T
JE (mg).

2.3.4 R % BEEHNRIRBE RTINS

FIT, E57E 200 mL BHEEFIK (viv = 2:3) BB 5 20 500 5 Tk e i L 1
R i (R TR 4% o K R AR R I B B T . KM@PDA 9K i 2 DA R M IR 5 e
THI@PDA #0K 5845 ) /3 BUAE BT A8 o, LA 200 rpm 3Rk 3 AT Rl 76 45 52 I} 1]
RGP, HUH 3 mL BRI/ B, AT WA G BE v e RO B2, e bsvE 4R T i H o
HEURE S Z IR B Cp o B G PR VA TRBI ], DAAERF RSO TR Py AR e 2 . Bt
PERCER LR 7 R 5

SRR (%) = C:; Y % 100% (2-3)

HrhVRBIEAN BAR (Vv =200 mL), €, (mg/mL) AR5+ KM@PDA.
THI@PDA KR EEEF— ZIFKE, mNy KM@PDA. THIQPDA 44K i 5 Fh figk 1
fig . MERRELE R (mg).

2.35 BZ BREHANRRES FRAEIF

2.3.5.1 S EUEE TR 7 1k

YK R FEBIF IR ARG FE . A BERIER . BRI B LK.
Forr, A B R BRI M R s TN B, RATMRBUORBER 0 HON . ZE R
B AR 2R A ) = KSR A BOEIR R R aE B R, BD F127. F108. K JiT R R 4
(NaLS). ARFZEMERES (CaLS). WHEXZEMERE (NNOD, HEATHINT R i fifiidk 77
%o WU R B & I 2 BOEE A, 20 SN AE R & O BE B e . MERR I IR I 2, T
MNATEAERENLLL 200 rpm A5 3 h, Bl f5 I € & AR EREZK LA 500 rpm #7745+ 1 h,
e Je PR 430 10 mine 45 00 BT R IR R FE BR VT AT H 5 23 0 77 o

2.35.2 FiFRHTIB S AL
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I oy AR IR JJ A S Zeta HAEA E S 070 BGIERE AV BC LG, A8 FH S 20 0V 77
SRR NERRAYER. BGRNR O ZERATRIMNER. R E YRR 2T
War 4N KMSC-x, 4 W R I i fl iR e = i il am 44 9 THISC-x (x = 1, 2...0. LA
KMSC-1 J9%il, Bt E KM@PDA 9K HE V70 : ¥ 0.25 g KM@PDA 9K 0.5

g 7 HOENE A LA K 0.05 g A SRA, TNBREVLUEE 3 h, SERUS A 24.1 mL
zKOlmL RO TEAERMH Ll 500 rpm $iHER SR G, HAREY, MEHETE
T, RREMEVH

R 2-3 BIF AR AR R UL &

Table 2-3 Type and dosage of suspension compound

P 525 (@) 7 B (9) HFH (g A (mL) 7K (mL)
KMSC-1 0.25 05 0.05 0.1 24.1
KMSC-2 0.25 0.5 0.1 0.1 23.6
KMSC-3 0.25 0.5 0.2 0.1 22.6
THISC-1 0.25 05 0.05 0.1 24.1
THISC-2 0.25 0.5 0.1 0.1 23.6
THISC-3 0.25 0.5 0.2 0.1 22.6

236 = ~ i E,]:;_.\/¥$5}H\IJ/F:E

flEHEAR GB/T-14825-2006 % 24 =i 30 € 7715, MIntesh, ¥HZEEH I H
250 mL #epk 25 mL, WE AL E SR SR, WETEWN T AR —E B
i CRER 42 0.0001 @) - 50 mL BB, In 10 mL AR#EREZK, F8E 2 min, {8 HFRHE
WEACKAE fhAsiive® 25 mL RN, 2 LEEII%E, 1 min B8 30 &k, BEHETK
WA 30 min, INAGEEE R (30£2) °C. FIWRAE W HRAR Y 9/10, I FE R ASE IR

EMARIEARE, ARSIEE, HAEFHTETHANSYEHER G, EERZH]
To BIFRwodi FRIHH:

m

w%=%x%‘)x 100 (2-4)

1

A
m,—L B BIFR AT EGRAE =, ¢
BATE B )EES 2.5 mL B WP iE, o;
%—ﬁﬁ%ﬁo

20



525 BAEAS. ELEIR R D O RN ENEZ RS R E R AAFXEMEZEMNIL
2.3.7 BRI EMEMNR

A pH X Bl 6 () & o AT I &, BRI 3 0%, BUPHME. AR e v
S K E BSOS BB, B, e (5412) CCRIMETHE 14
K, WHAME=R, WEFEMIN, GLEGRGEL. AREERIE: K E8
il & B IRE L BN BRI R, BN T, JRE (0£2) °CRUTKAE 14 R, BUHIRE =
i, GRS AL ES R B o

2AER5Ti8

2.4.1 BZ ERREANKIRENTI&

Kl 2-2 y KM@PDA. THI@PDA 4K iz B il %% ik 72 . ¥R Mg ¥ 77 SDS.
CTAC 75l T Tris-HCl 2B, KM AN LR L, THUETIE T EE, fENLK I 5L
R, HKBABTERTEE A AR S N 2t e MALRIA R . DA TERME 4 T &AM

R, WHEZ Ok, B2 OKEARGRIAEIEETT, 7] DUREA FORS BEUTRRE I
AR 25 AL R T, BB A K RO IR 2 . R X e, AT R 2 B iR Ak 2 3,
T BN AT 078 o B S S SRR, FTRAR I, SV TR e A R ] (19 386 4 3%
WA, PRAEREAYIE. 25, SRS GRS T RS [ER 25 1) 5K 2 Tk

Polydopamine

= . = alkaline 2y _coating
A Med:‘ﬁ‘““?' a L {7 condition | B Lo !
\/ N emulsification N polymerization vV N L |
( \ J \ [ \ s 1
\ ) —— {ie: o mtaiield) ) 600000, ] '
\ / \ o o s/ HO ‘o000 o __ _ ! N
N\ 4 NG A4 ]@\/\ eoo S R _
T HO NH .

, H HO OH
HO.
KM@Ethyl Acetate or THI@Butanol )
Stable emulsion system Ho - H
SDS/CTAC in Tris-HCI solution

&l 2-2 KM@PDA. THI@PDA il %1 #2 )7 = &l
Figure 2-2 Schematic diagram of the preparation process of KM@PDA, THI@PDA

2.4.2 B2 B RRE A KT BRI SR

21



£25 MER ERERES DRIKEE BT RIS R M A BAFAZMT R
WKl 2-3 tf SEM il TEM EIFR, &1 KM@PDA f1 THIQPDA 90Kk RH
RIEFITES, K/ANE), RN, BRLE S, SIREERIVEN. HT R
Z BRI IR E, RE2ERS MERAZ AR HE. 456k
AT T AR, TBETE . MERRTRE IR SR 2 A K IR ZE 1) P3R5 4 185, 145 nm.,

a b 8 )

J k
60 - 5626 KM@PDA 60 ™ THI@PDA
X 50+ = 50+ 44.84
% 40 - % 40
"g 30 "dé,' 30 -
O 20- O 20
a 10 4 850 & 10
22 0.77
0 0 .
145 185 235 114 145 185 235
Diameter (nm) Diameter (nm)

K 2-3 [t T R RIE: (a, b KM@PDA. (e, f) THI@PDA, &4t i1 BMsiE&: (¢, d
KM@PDA. (g, h) THI@PDA; ¥izs#iK: (j) KM@PDA. (k) THIQPDA
Figure 2-3 Scanning electron microscope images: KM@PDA (a, b), THI@PDA (e, f); Transmission
electron microscope images: KM@PDA (c, d), THI@PDA (g, h), Particle size distribution images: (a)
KM@PDA, (b) THI@PDA,;

XPS AJ LAHER 73 BT AL S EI AL LA R A5 A R3S o B 2-4 BV D9 1K e T R W PR T e
HRZ O NAITE XPS 1Kl w2, BB ARSI B C 1s. O 1s
AN 1s HFpAEWE, BERRIENZIEAT 5340 F 1s LA K Br 3d F§1iEl¢. & PDABEZ G, BT
Wk e e 55 22 LS T R A RSO [R) B TR T T ol 5 0 R 5 M 1 Wi T TR 224
T/ I ) PR T e s i P 3R I T PRI SR AT ) F 1s BAK Br 3d 4RI . 3%
2-4 TORB NEANAM B TR &8, BE )G B RN TR C TR E &R
X, N. O CRESEA T, MEEERERBRICEMAS TOEN C. Oty & E
Jhe, N F 2K XEHTESMER TR EESETESITMAM B TR S
EXIEIFE, X5 XPS RAAFEA G128, ik, XPS i 5] % I i) 2w B K
TUER & B B AT DA H 2R 2 L R 3 24 P K TR ) 25 B

22
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C1s
O1s
| KM l N‘1s

F1s

Br 3d
THI

KM@PDA |
THI@PDA L l

1200 800 400 0

Intensity (a.u.)

Bonding energy (eV)
] 2-4 KM. THI. KM@PDA. THI@PDA [f] XPS i []

Figure 2-4 XPS spectra of KM, THI, KM@PDA, THI@PDA
K 24K B ST R S &

Table 2-4 Content of various elements in nanomaterials

PDA KM THI KM@PDA THI@QPDA
C% 71.2 77.84 51.58 75.01 67.24
N% 7.21 4.17 8.73 5.74 7.93
0% 21.6 17.99 9.05 19.26 13.69
F% — — 30.64 — 11.14

ZLAMGIE T LLE I E L AR E BEBIRIEMIM BN E & . K2 B, BEREE.

VSE PR Pk iz DL R Tk 81 i« DB Pk e 4l K IR BRI 0 A 2-5 . 2 EEAE 3420
et IR, ARERE JLASE PR FE R S0, TR IR . TR B R 4N K i B A
3382. 3435 cmt HI T AEFEE BB SE, XTRNE 2 ERERIAAE

- -OH -NH- c-0-C
2 |poa e
o |suemv LB
(8]
c C=C
g THI@PDA
E 33827 355 16667
2 v c=0
S |xm@PpA =
S
- 435"
1737 1124

L} L} L}
4000 3000 2000 1000

Wavenumber (cm™)
2-5 KM. THI. KM@PDA. THI@PDA [{J£ 4k &

Figure 2-5 FT-IR of KM, THI, KM@PDA, THI@PDA

WEMRTE RN K IR FEAE 3228 em™ A1 1666 cm™ ¥ H I T Wi, AR -NH-1IH 45

PRBNIE DL N2 C=C XUEE M 4E R 3004 . BREATE . Tk BR 2 K IR BE4E 1737 cm™®. 1224 cm'?
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$25 SRR BRBES BRAKE RS TRAHIE KM RS BAFAFMEFAILT
HYBL 7 IR, X C=0 XUB AR sl LL R BRRRAE (C-O-C) MEHiist®l. it LAk,
BAHE ML, SR RIRERING . MEORBLIG R 2 B h B, K2 BBk
FE B ] 25 A

243 REBREANKREAHEULEEHERANE

TGA VAT DL R 5 2 2 R Tk e B . PERKIERE L8 . 1 2-6 v KM THI.
KM@PDA. THI@PDA k& #h 2k, PDA. KM 5 THI 7E 200°C~400°C2 [a]¥)4H —
KRR, PDAL KM. THI FFER 7 il 322.3. 238.9. 255.0°C, K47
fifiR FE 4y 380.9. 305.8. 322.6°C, i A/MRIHZE N 4.22, 25.24. 29.21 %/min. HEE
TR 45%. 96%. 97%. XAZHAFEME B &R E LR e, XA Ko LK
5L E R iR 111 KM@PDA 5 THI@PDA #4K Ji FEAE 1M I 55 3 1) 5 VR
Ak . KM@PDA. THI@PDA KRS — IR 7 it & 226.9. 230.0°C, KM@PDA.
THI@PDA 4K K FE 58 — R iR 340.0. 344.1°C. 55— RGN T /K 5r RZGI iR,
BN N TR Z BN . U EERKN: 56%. 65%. RiEfEENANX (2
1 LK (2-2) iHE[1E, THI@PDA 5 KM@PDA 44K IR 3 7138 7 5 N 34%A11 50%,
BERR 17%. 25%. FHEE/NTFIKOERSR K. FEAENEREF, B,
EE IR Tt it 2 tH BN BB 20 W AR AFE I I L, &5 SRR, A5 Y 2R 2 I 2 A oK i 22
il B o

100 { —x.
80 4

PDA:55%
PDA:44%

60 -

40 -
KM@PDA:35%

Weight (%)

20 -

THI:4%

0 4 KM:3%
1 |

0 200 400 600

Temperature (°C)
K 2-6 KM. THI. KM@PDA. THI@PDA [#j#E 45347 &

Figure 2-6 Thermogravimetric analysis of KM, THI, KM@PDA, THI@PDA

2.4.4 B BRREANARRBERMEERNIR
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Kl 2-7 Fi7n 8 KM. THI. KM@PDA. THI@PDA HIRR HH£R B . A1 17E = iR it
BN TT T RRR e MEPRTE G 5 R 2 LS A 9K IR BRI . WK 2-7 Fow, i
PRI . IR TR A iR 24 B8 JECT- i A () KAl 8~10 h, I HLURRUGE b, BRBE KL
7E 95%. 1fi THI@PDA. KM@PDA 4K R ZE AR 2R FECT- it (MK 2028 20~24 h, BETK
S AT 51 PR 5

AR RIPRCRM Y, I HARBR G e g 1 —f%.

K2 EREZ ORI BERBENE 15 BB S BERUR

K 2-7 KM. THI.

-
(=]
o

Cumulative release (%)

THI

KM

KM@PDA,

THI@PDA

Time (h)

KM@PDA. THI@PDA [fB: i ith 28 K]

Figure 2-7 Release curve of KM, THI, KM@PDA, THI@PDA

2.45 B2 BREEHAMKILE

K 2-8 (a) ANEBCHRREREKAIE, WEFRATTLE M, AFRFEER S

l

pES =R RN

FREMIARES

Bl

B

MR R R A PR AR T 5K AT RE T, Herp R B R B N S B T e L R PR B 1 T

bRk S Ak,

35109 29.74, 30.27 mN/m, 3iF B S B B E S SO e .

E50
Z
E404 _

PF127 PF108 NNO CalLS Nals

BN THI

KM

]

o O
1 1

b & R o
o
1

Zeta potential (mV)
o

[4.]
o
1

E-:E{

L

F

- ] km O THI

NaLS CalLS PF127 PF108 NNO

K 2-8 (a) KM. THI 7 i fAC LR T 7K 775 (b)) KMy THI 73 BUERE FIRC L Y Zeta FEAL
Figure 2-8 (a) Surface tension of dispersive wetting agent ratios of KM, THI, (b) Zeta potential of

dispersive wetting agent ratios of KM, THI

Kl 2-8 (b) NERHIIN Zeta ALK, Zeta FAALBEW Fn&IF A RIE €

P

HT BRI R0, AR5 SRR AN 5 T T T A A o SR A IR 5 5 M R I P L T4 Zeta A2
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225 BER ERBEESCRAKKERBTRNGIS R MR BAFAZMTZMRT
SHE RS, 23N 50.23. 40.34 mV, REJHEL AR E e . (HR BT RIS 5 Wk
Tk e IE LR I e 22, B LA FH AT A 55 2 A 22 /0N A AR Jo 25 il R N 5 M Pk T e T
bb, o Zeta BAAZZEXTE A 39.23 mV. ZE LA, FATER: T A RBEERTE R 7 5
MR R LA B

ORI AP RIERLE, AT BFRBHEAT M . PP R B 2-9.
® 2-5 R, BEREE. MERREERZ 90K IR BRI BIE R 0N 92%. 73%. 8% LA JL
83%-. 56%-. 24%. FEAEEHGFIHERRN, SEREETREH, 2t 14 REA.
PICIELIG S, SRR A VIR IR, IR R O A 7R A I KA R R A
BEUTUE. Bz, FRATIE 7B pH {EH, PIFEIEHM pH 4708 4.93. 4.86.
4,74 1 5.85. 6.50. 5.83, ¥JFFH pH 5~9 F1 pH 4~12 FIMERRIEZ . ik 1 B s 14 X [a],
XA RS TCRE . 25 A, BRI ) KMSC-1 BLAZ THISC-1 7|8 AR R

IRV IEEM pH. RIFHIA . S,
54:2°C I 14d  02°C ;¢ 14d

]l

KMSC-1 KMSC-2 KMSC-3 KMSC-1 KMSC-2 KMSC-3

THISC-1 THISC-2 THISC-3 THISC-1 THISC-2 THISC-3
K 2-9 AR BN B IR S
Figure 2-9 Storage state at different temperatures
K 2-5 BIF A AR PPN 45 2R

Table 2-5 Evaluation results of suspension compound formulation

B i 2EE (%) faE pH
KMSC-1 92 TUTE 4.93
KMSC-2 73 = 4.86
KMSC-3 8 I3 4.74
THISC-1 83 LE IR 5.85
THISC-2 56 BiE 6.50
THISC-3 24 N E 5.83
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525 BAEAS. ELEIR R D O RN ENEZ RS R E R AAFXEMEZEMNIL
2.5 KRB/

WA EEE 2 BA B RGN BRI, #& 7R 2 B
BWERPURR AR R, & EE R BUGR ISR, % 7P RS RZ08 180
nm [EEREE . BERRELIG R 2 CIRAUK IR EE, JFXHLHET 1T ARAE, UEM] TR R TR
Tyl % o

(2) A B Xf PAFIAN [ (I 9 K 0 8 70 Sl 3R AT 1 GReAT ik FEAORG R R BE 7E - 45 2R W) 60
PRI I BE 5132 733009 50 34%, BEZMHIN 25, 17%. #RZ LR EE S 1
AR HE VR TBAT i RARR R AR MBEZ 0, 703009 91, 89%, eI [ AH# R 24
R 1%, RIPRBCRM Y. tnlra, B2 EREERA —E N EE AR SR
Ry ARSER ARG RN AR

QAT il & AN 2 BRI TR, HEF R RIREIAE] 92%LL & 83%,
7 RICERE I RTA 14 R, B9 pH WEEEGE N . FEILRA RAFHEF R,
Wt . AR Mk LLAGE B pH, UER] T RA T2 B AR Y AU 7 7D
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5 3 85 VERKTRREABE AV A FLERS & R EL MR 5

3155

W TG T g e 3 10 ) 358 0T T Ot S o 380 R TR 1 1), G ) o %) 9 i R e Ik 5 [
AIARBCRK R, WA ENE . SR, MERREL I DL A [R) SRR R 245 BT it FH R
2y R Rk IS AR RS SRR A AL, RY 60% R FE, SRR ZECE M
W 53R N SRR A 01821 i s ™ ) AR AT R N SR i R e LS, Mk, S
RBT B T 1R S K AR 24 R T ROAE Ik B P s B B T A 5 DA 21

M RAE 55 K TR 7 OB . BE2R. ik, =% ARk
(1B K E 3430 B T K MR IR A1, FRA T HEA R SRR AR R 9N KRR 2% 25 W 2 A
RS T P HE RS S0 A5 JHL B e S Y AU AR SO 137T] I, FF AR 23R R _EAB T o AN 3 [ 2
PR AR BRI RO iEIO0 B, — RAIRBAEE AR, G5k 2 A
L RMARIR 2 ), O TR AR RE A MRS . Zhou SETZOLR A ALy A I 2R
EiEM#% T PDA HL78 IR 4k B 22 U FEAE R AR AN R OK I B 230 R4 R R B 12 R A
WEREENTE .. RIEK, TER G 5] R E F W] LR K I Ik ik 5 - 4 i
Fa oy Z RS A AR, AN S 5 Emt i ERIIREE 3, BT 2 BIRBON &
B, FRAT S R B SRR RO -y 5 PR AT T e 40 S R AT R A f sk . 220
A KA BRI 2 S5 B0 7T

Az DLA]ZE —# (Resorcinol). 1/ (Formaldehyde) JyRTERAK, Z /K N5 K7,
RBILIRY) (F127. P123) JRIHWEMER], 1,3,5-=HHEEK (TMB) ANEAILA, 7ELH
IRV R I M AR S A A% T TRR - B ALK ER . RS, DABERREEZ (THD
NIERUR Y], ERAGERPEA k. M, BT T EAN LYK L. 7
WEE IR RS, A T I ERBUEAL . Shah, R T AN FLGUKRERXS I
a1, TRERE TR RilkE . X 2 DhREAR 25 s 34t TR Is 4.
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3.2 SERu MR R AL R

3.2.1 SE R R 5T

R 3-1 S JEURE R Ak

Table 3-1 The raw material and regents used in experiments

2R FHE A K
IR I fre 97% W 2R SRR AT BR 2 7]
[) % Ty 99% Sigma-Aldrich
P % 37~40% Greagent
Pluronic F127 Mn~12600 g/mol Sigma-Aldrich
(PEO106-PPO70-PEO106)
Pluronic P123 Mn=~5800 g/mol Sigma-Aldrich
(PEO20-PPO79-PEO2)
BI=HF (TMB) Sy M al Sigma-Aldrich
2K 25~28% KRBT & TR 4 TA RA 7
iR Iy el g S AT PR A
HEAN gy Hrat Sigma-Aldrich
K LB e REETH & FRG 4 LA PRA 7
WAL — S

# 3-2 Il R
Table 3-2 Substrates used in this study

S fir 4 TR
P AU PTFE il
R LI PVC T
VEE Glass B
TAEAEE Si i

3.2.2 UGN B
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BAFAFHMEFMIR

® 3-3 LIS

Table 3-3 The experiments apparatus
SRR A% CIIE S
N A 0000249 LR B2 RIS RGA PR A ]
KR P TH A PL-S80 IR 58 R R R A TR A
EQ R VAL ks MMS8Pro W LA 22 SRER A A5 A BR A ]
FRACTELI SR T R A DHG-9140 #! R S B PR A
KA T3k RCT IKA £ 4]
i AR B 0L H1850R VA P VR S = R AT BR A ]
pH it pHS-3C g TR
by R S L R Hitachi SU8010 H A H 427
B58 N R AT 65 Hitachi HT7700 H A Hr &7
ZLANEREAY Bruker Vertex 70V 7 [ AT B e AR ]
X Rt LT RE AR K-Alpha REEIR IR
4> B BNFLABR A 2 B 43 BT A ASAP2460 [ Micromeritics £E 4]
AT WA UV-3200PCS g A PR A
e i 77 00 5 A DSA 100 TEE b A AR
YNKFLFE zeta HLAT 0 HTAX Litesizer 500 B AR 22 R £E 4]
KK I A601 FEBRE TR
R SR Photron NOVA S9 ERN

3.3 LI ER ST

3.3.1 B R Y-SR FLEK (RF) AYHIE

SR FABL 5| R o s 4 1) g 1) 5% D 2R - B A LR 2 KA L . 20 T FRE 0.1 g
25 . 0.1 mL FFf. 0.17 g F127 LA 0.03 g F123 % f# £ 20 mL ) 50% AR 5 $ i
- KIER A, Fer B a8 2EE AW . B2 0.2 mL # TMB LA 300 rpm $it#E
30 min, {F2ZRIEMAE, a8 in 0.2 mL Z/KIFLE R, 7E 300 rpm ¥ T
N3 h, S5 S fE F 50% O REKBES, 60°CTHE, B r=#in 4 N RF.
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3.3.2 IERKER ARIE) K —Bp-FREE R AR 4R/ FLEK (THI@QRF) HY&l &

Sy AFREL 0.1 g I 2 /. 0.1 mL g, 0.17 g F127 LA K& 0.03 g F123 ¥ f# %] 10 mL
LB TFKE, OB ERRIEER . FREL0.1 g THIVIME] 10 mL LEEF 0.2
mL TMB FHRGWRS, #F EREM. M2 A FREEHEE 30 min, {2 ¥ BZE M
FLR, BJE RN 0.2 mL ZUKFFUR M, 300 rpm N 3 he S gh R e & 8T
KB, a4 8 THI@RF.

3.3.3 THI@RF K # B S5 RAE

PRI RS2 7 R A B T B 35E (FESEM, Hitachi SU8010, Japan) LA
JE i i T R EE (TEM, Hitachi HT7700, Japan) JIHAZRTS . 9KM kL (3 BL 21 4k
Kt (FT-IR) 2 Hi {8 L2048 %t 4% (Bruker Vertex 70V, Germany) M3k . 45k
MR 2 R B X B 2R 6 T AERE A (XPS, Thermo Scientific, K-Alpha, USA) il
IRTF o UK RPN B4R 2 B HUN 773k (DLS) M4, {XE#RfEH ALV-500
i (CGS-3MD, Germany). hKAHHZR BRI FLAZ ST 4 E1 B AL B AL,
W43 AT 248 (Micromeritics, ASAP2460, America) Jll75 .

3.3.4 THIQRF Rt R a2 8 AR B H RN E

HEFFRBUE B 1) THI@RF A FLERTRINE] 100 mL HIEEd, BEGLE SR N o0l i
48 h, HRRZGAFLERGUERM THI B SE 4, B3 mL B0 BT E, Wil 2-1 (d)
Fis, THI SRR S 206 nm. ke DL 3R itk 7 FR i S A iS
THE %) = % X 100% (3-1)

AR (%) = % x 100% (3-2)

Hrbm Nd THIQRF /-FLERHBERRIEIZ i = (mg), m, NI = THI@QRF /i
BRI E (mg), m AR EWEREIZFE IS In=E (mg).

3.35 THIGRF Sk AP R BRI M BE RO 5

FIRT, 7ESE 100 mL HELRIK (viv = 2:3) IR BRIl 2 THI@RF /- FLER
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%3 5 ERBEEMBAKA TS R EAFASMLECEY
PRSI 28 . B — 5 B [ MERK L i UL I A 308 o AR IR i B 1) THI@RF A~ fLER 7 U7 1
Mrasb, R AT SRR G RIS R T R DLOREE B &, DL 200 rpm SR FE SR
FE AT B 8] (8] B P9 BORH R AR AR v (3 mL) T4 e Bk, Bl s 181 =]
YeFF N ARARTE E, RO AFRAEII & R IR1RC,, # N AT H R P R E :
SRR (%) = £ x 100% (3-3)

m

Hrh VOB B AAER (V=200 mL), ¢, (mg/mL) JNEJEA B THI@RF /4L
BREEFE— I ZIKEE, moA THI@RF A FLER P I B R & (mg).

3.3.6 A R AN [ELE BE X EERR B AR R F Y 52 M1

KRB A R THI@RF AFLER, 510 BUE LR e BT BT 4S . B K
FEHTAIZ 21 200 mL 40% H EE/K 2B, T TR K IR R 2R E 250531 25,
30 35°CHEATREML. FEUIA], AHERAH FI A B 2 R, A a] Lo et
THIR IR G RE, 58 i K DU A 3] ol 4 R R O A AR B e . & )a, IR IROR R
L5 vHE T 208 22 1 W IR T e 28 1R T 2 5 B 1] R A8 T it 4%

3.3.7 (RG] pH X EERK B B FE AV 22 M

i EBHFERER THIQRF MAFLER, WA ERE 2T A B 2. Bl e
FEHTASIR F) 200 mL 40%ANE pH (5. 7. 9) HIEKIEREHTRR . HAL R 3.3.6.

3.3.8 THIQRF KM R BN T FEEE

N T2 THI@RF A fLERIR ZBBUT A, EFEZFH. —Br. Higuchi 1
Korsmeyer-Peppas 3}j /1 2 B3 A A9 K M KL THIQRF B sEI8 2w 475
e I

TR H) )R

C: = Cy + kot (3-4)

— B AR

C, = ky[1 — exp(—kyt)] (3-5)
Higuchi 2 /7 A5 A
Cp = kyt'/? (3-6)

32



% 35 ERE BB ARNFLERIF R E R AATFREMLEMIRI
Korsmeyer-Peppas 5} /72 A5 A

Ct = k4_tn (3'7)

KHkes ky» ky ks kO AAFBNTFBETL IR BUR L, ne B des. T

BRI EZ RS, £ Korsmeyer-Peppas 3 /158, Yn < 0.43 B, RGBT BT

Fickian ¥ 8, 0.43 <n < 1, RZBEHIO N Non-Fickian 3 #, 7] AR ff AR 25 LY B
Mo, AL e,

3.3.9 THI@RF LRI kb B M A0 E R 1 B 5

NEBRIFREE, XK REER (S B3 (Glass) A /Kt ik R VU4 2 45
(PTFE). H&E M (PVC) #HTIHTER T4, 2rAFEL 0.1 g 2K =W, 0.1 mL HEE,
0.17 g F127 DL }% 0.03 g F123 & f# %) 10 mL FI/KIEWR T, BEZ IR EEREEIZ 1) 0.2
mL TMB #1 10 mL Z LA 300 rpm $iidE 30 704%d, 82 FERIEM IR, a2 18w in
0.2 mL ZUKIFIR RN, H4 LRI NIE AR, 300 rpm #ii#E 3 h, SRJEHZECHUH
HARTH

HAEMANE, KBAFEKFES (RF, THIQRF) FCEWKE N 5 mg/mL BIF 5.
T ARG AL PR B e i i, BRSSOy B HRuESEE (0.3 mm) AR
TR R RARIEN A R B AT = ilse, &k 10 738

3.3.10 THI@RF #K#4#L Y R B 5k 71 K Bl R E BT A B3R
o M0, 7ER TSR /14X Kino model AG01 Jif5 3.3.7 Ffic B 25 (1 Hi ik
1. FIFHEEAAPL (Photron NOVA S9) LLAEHP 9000 i fr)58 41148 T B AN s o v

JK I A AR R R IE S8 o JEIEVESTZE (KD Science Model 230) # =77 ME Sk
(0.06 mm) HE SR, FEAEEAR 2.9 mm KR, fEdEEE A 2.5 mis.

3.4 ER51TIE

3.4.1 THI@QRF 4K R A&

K 3-1 A THI@RF N fLERK & BOLFE =, PLIAIZE Wy AT ox{Ak, DL P123.
F127 JutEbR, LA TMB JHAHTE N EFLA PA S B2 i, W MERRIE LA T 4% TMB,
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535 BREBREMB KA TG & B AR 5 BT REMEFRIL T
IR GE B RKIATTE o A, FFRIRL A RN BEEZURRIINA, A4S [A] 2K A
AR AT B 4 6 B 19 BIRR B SRR, I EL I BV VB A 2R A O RE RE N vh L 5

Fekrerts, BaR ARt . BRI R IROK il 5 i 8 O R IR, 55
KA TR AR B OBE, T I R ke, 46 I N A SEREAT, AR A YR
(RIZE A I 50451,

THI@RF
NH;OH Formaldehyde

® 9 f\

S0 11;3; 5 m

,9:. ® THIGTME ‘L l '@( (?f
¢ esorcino ) . . ‘ - ‘

I.QI. . THIGEOH/H, O emulsification : / polymer]zatlon

OH o
. CH,0H
e Resorcinol Formaldehyde I —»
o W Su 0“ OH- oH
CH,0H

K 3-1 THI@RF & s f s =

Figure 3-1 Schematic of the synthesis process of resorcinol mesoporous nanospheres
3.4.2 IR R EE R FRALE

K 3-2 4 RF. THI@RF A-fLERHY SEM A1 TEM E% . 3% & e 85 DL F 3t e st 1
3-2 (a. by ev ) Fron, AR A B G ol i A A2 FROBEAR T 48 S 15 31 1 TR AL
I FLAKER, HRSTZ) 250 nm, B REFEIEUE, 99K FLERIMRERES, KN
HEAWIRRNAL, FLEENHE. 1824 )E, @idE 3-2 (cv dv g. h) ATELR
BN GUKA R R TR, A EFLER, X RH TR HEEPK LB
FLIE DA SGRTRFE AT I I G . 538U IR FLER I 25 0 DR FR S8 8, A FLERRST
ﬁﬁﬁk,%ﬁmmm,m%% ﬂﬁ% ui %ﬁ%?%%%&&wﬁﬁ

K 32 Affis 7 BBt R (a, b) RF. (¢, d) THI@RF; ZEHHFEMERE: (e, f) RF,
(g, h) THI@RF
Figure 3-2 Scanning electron microscope images: (a, b) RF, (c, d) THI@RF; Transmission electron

microscope images: (e, f) RF, (g, h) THI@QRF
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235 B BN FLERI B SRR 5 BAFAEMESMRT
XPS m LR BEFTIL S TR AR TR TR, WHRE. T EHU A
BOTHEMEE . & 3-3 Frx, MERRELRZ thA] DR B8 . & AL B/ IR R,
L 687 1 183 eV N L HILE A RE A AIE T F 1s Ml Br 3d, ZMERRELIZRF B IR 1M
RFEAFLERFFAINE] T C. N. O =Fhucz, N 1s X[ 399 eV 4k [15515 5 vl RERIE T
il RF /LB AR, 551 K FZUKBERR I ETTER . £ THIQRF /1 fLERE XPS 1% &
i C 1s BB SHET THI BB IG9E, JEHHIL T F 1s M Br 3d H1fE 5, XME 3-4
WAT AR DIIESE, faiEnk Bl THIQRF M FLERM RN F G &89 4.92%, 1
RFE N FLERAAZAE Fou&R . Frbh, 455U THI STh S8k 2190k 18 RF A FLFLIE

F1s
— c1
5 |TH 015N1ssBr3d
8
=2
7)) RF
s [—
£
THI@RF
1200 800 400 0

Binding energy (eV)
K 3-3 THI. RF. THI@RF [f] XPS i[&]
Figure 3-3 XPS spectra of THI, RF, THI@QRF
R 3-4 ARV B BRI CR & &

Table 3-4 Content of various elements in nanomaterials

THI RF THI@RF
C% 51.58 75.32 71.88
N% 8.73 0.41 0.73
0% 9.05 24.27 22.47
F% 30.64 — 4.92

N7 BER GO, @i FT-IR #E—24R% 17 RF. THI. THI@RF 4Kt
BIERANGEE. W 3-4 PR, RF/FLERTE 3442 cm b B RE, SNIRIR — M b
-OH FI4E RSN UG, MERREE L LE 3220 e AbXt B -NH-F{H4a IR 21,  {E 3003 cm™
AbXF BT C-H HRBNIE, 78 1172 cmt abxf RiERRFfEIE (C-O-C). 1fi THI@RF /4L
BREA LR PTA WRRENE, A HIUH g, B THI BOhERN, 3251 R % .
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-OH -NH- -CH, C=0 C-0-C

S L
THI@RF
m i !
3442 .- o
1664

¥
3220 176

Transmittance (%)

| | |
4000 3000 2000 1000

Wavenumber (ecm™)
K 3-4 RF. THI. THI@RF £L4MEiE K

Figure 3-4 FT-IR of RF, THI, THI@RF

I N2 W B-B 208, #i5E T RF. THI@RF A FLERAI L R AR LA L FLIE S5 4
i 3-5 i, RF ALERIEAG BN EUNFLE 40 (10-60 nm), H BET LR A
) 34.3068 m?g, “FIIFLERZAEAR N 0.3145 cm®lg, THI@RF /FLERA) BET Eb R AR AT
PIFLBR AR 08 18.9304 m?/g A1 0.1761 cm®g, ¥I/NT RFE #RE, HJREK A] A8 2 L1
HH IR IR TR Y 1Y) A7 28 I 55 1 T I AR R A RL I A FLAREYE, JF B T RERR BRI AE, 1S
THI@RF /LRI FLARRE S N, FLAR A X TG 5 . DL b &5 RONMERRBEIZ/E RF A
?Léﬂfﬁéﬁ@ﬁ%ﬂ%ﬁtjiﬁ—ﬂ@m&, BHEEEHE THI@RF /i FLER 45 BT o

= -~ b

17

5200] — RF E 0.008 "y eyl e

[ o

£ 150 , % 0.006 { 0.3145 m*/g

" Sger 34.3608 m?/ s

§ 100 “EET g 2 0.004 -

° S

2 504 ' 0.002 4

° >

£ 04 2

§ L 50001

2 0.0 02 0.4 0.6 0.8 1.0 0 20 40 60

o Relative pressure (P/P;) Pore diameter (hnm)

@ 0] I Ermroe

Il —— THI@RF € 0.003 4 TRFLEAR

1001 z 0.1761 m%g

- 80 4

2 co Seer 18.9304 mig %,E}U-‘m 1

=

S S

> = 0.001

7 g

a o

5 S 0.000 4

‘.g T T T T T T o T T T T

< 0.0 02 04 06 08 1.0 0 20 40 60
Relative pressure {P/P;) Pore diameter (nm)

K 3-5 JAMBi M HhZk: (@) RF. THI@RF; (b) fLE4#ild: RF. THI@RF
Figure 3-5 Nitrogen adsorption and desorption curves: (a) RF, THI@RF; (b) pore size distribution
KA RHEE R RO RRE VEX ORI A — M. — ek, &R Zeta HLALAY
YSHERR, BIFEA R e, THIQRF. RF. THI ¥ Zeta HLAT 1L XEHE 533
139, 118 M1 113 mV, XKUY THI@QRF N ALERAEREBOAE L THI R e . 1t
4b, Zeta HLATERH T THI@RF. RF. THI ¥ f i
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%35 HELBRREARE RN FLERS B R H MR BAFARFMEFILT
0 -

4 -

-8 4

12 -

Zeta potential (mV)

-16

THI RF THI@RF
K 3-6 THI. RF. THI@RF [{] Zeta FLfi

Figure 3-6 Zeta potential of THI, RF, THI@RF
343 PAEE AR A RATNE

AR (3-1. 3-2) tHEAH, THI@RF A fLERIKFEAE /1y 33.78%, M HRNy
6.75%. AT FE A o 241 HORD B O ek I R H VA R i A 2 R R JRA
Li ZE0470R g 1 S s nee ik R 6 1 R 2 1 AL RE TG BE  (Pyr@SiO.@PDA MC), #
ZIRRN 55%, il &R 48 ho Zhou ZEIM4BIFF kK T —Ff sk s (R IR A L R
i (DIN@C-mSiO2@PDA), ZiMHEKZE N 24.7%, Hil#&BIF% 30 h; Sun Z504
(S I AN I A -G S a1 v = Al 7 <= < (T Gl 1 S 3 5 NI = A = 5
(DNF@SiO2/PDA@PED), 4N 12.1%, #Hl4&mE)y 52 he fEACH,
THI@RF JN# A B 4CA 4 h, RZGEATIA 33.78%. H1T THI@RF #RIR A FLEE I,
THI@RF M FLER R A IR M BE 2, SRR =

3.4.4 THIQRF GuR R REA R B N F IR B &

TATRFEE 7 THI AT THI@RF 1 FLERFEAH R 2544 F BT . IR 3-7 (a) I,
G4 O IR T i 2 7 57 R R OB, 8 h 2 R BEARTE BRI . THI@RF A FLERTE
pH N 7 KI5 SRR A rT R KA 100 he L BB 70%. BT AA]
PARE T AP B, 55— AN B B 36 TE G0 K A FLER IR TH RS 44 I PERR B AE 2 h Ay LA
BRI, AR E, 5 I BB FLFLIE P ERRBE G AE 2 h S LR
18 P R R, REM R B AT R ERH M. L ESSRERE, THI@RF /rfLERZER:
RO, WERRIE ORI T IE K . fE 96 h 22 )5, VEWSA: N pH 5 445 ,  MERKEE I
) BRI 49.98%; IAWAAIERN pH 9 &M, MERREL AL R EN 96.96%,
MEERHT, IE pH B R ERRTBE e VR, A IS pH A0 1 WA R T e (14 88 T8
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35 BB BEANK A FLIRSI 5 R L GRS BAFAZMEZMR T
2 pH FHEI, TR IR 2548 TR By R R e b 5 A R IR, 5 (A A e ek
AR ELHE R, AEMERRIE LG SRUP R BRI =, 2 pH BRIRES, Byt b 2
TEVE, SRR A R R R T e, T ) AL IR R A R s 00

K 3-7 (b) NARRNEE (25, 30, 35°C) FNYURMEIHIRRAZE, MWEH ] LIE
t, 25, 30, 35°CF [HMEMLIEiZ BRiHREE 73 Al 80.40. 91.44. 96.97%. W RFEIRE
it 96 ho FRATTAT DA H R U 5 A B 4R TS il A L P () TE sy 3G o, X TR
THE o> TG S5, Rk 25 7 se,

- b

100

=100 4 THi THI@RF pH 9 s THI@RF 35°C
g g 80 30C
3 80 pH7 g 25T
2 60 g 60
® PHS o
2 40 2z 40
= ®
F = 20
E £
(&) 0 T T T T T (] 0 T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (h) Time (h)
c 3z d \’;-
< 100 o THI@RF pH 9 < 100 4 THI@RF 357
® b *30C
§ 80 o7 g 804 PP
£ 60- 2 60+
[ pH 5 Q A
Z 40 Z 40
K] K]
E] I/ F] g
g 20 g 20
Q 0 (&) 0

T T T T L} T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (h) Time (h)

K 3-7 (a) THUREHHIZA pH XT THI@RF FIREBGENT; (b) X THI@QRF RGN (o)
pH 521~ THI@RF [¥] Korsmeyer-Peppas fl & H2k; (d) &I T THI@RF [ Korsmeyer-Peppas
WA ith 2
Figure 3-7 (a) THI release profile and effect of pH on THI@RF release, (b) effect of temperature on
THI@RF release, (c) Korsmeyer-Peppas fitted curve for THI@RF under the effect of pH, (d) Korsmeyer-
Peppas fitted curve for THI@RF under the effect of temperature

* 3-5 1 RT =R, W REAME R N7t BRI GRAR 2 FHLEE,
KH T VWUMILE TR (EM . —B 7 2. Higuchi 7241 Korsmeyer-Peppas 7 £)
PSRN OL T BRI 2547 7S . BRALEE Rank 3-5 Ml 3-7 (¢, d) Fow,
THI@RF M fLERAE pH 9 HIFHHL T, HRPUBRBU LT & —Brsh iR, a3 2%

(R? 4 0.9974, HARHEHLT, THI@RF /rfLEK (25°C. 30°C. 35°C. pH 5. pH 7)
KB 2675 & Korsmeyer-Peppas 5 /7548, [A1H R 4535124 0.9980. 0.9971.
0.9905. 0.9957. 0.9915. = T=30°C, n KT 0.43, KL E Non-Fickian 37 HAL
H, U] THIQRF - fLEREPB A BN T, RUIHLEOYH . AR SEH] (25°C,
35°C. pH 5. pH 7) %74 Fickian §HHLEE, RU] THI@RF S fLERHPRE B LAY HIHLEE
N, WEZ RS THI B EE R R
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% 3-5 KM@PDAMNB-50 ] SR AR B 26 1 801 ) 5240 45 2R
Table 3-5 Kinetic fitting results of cumulative release curves of KM@PDAMNB-50

Kinetic Temperature pH Fitting equation R?
Zero-order 25°C 7 y=43.84+0.45x 0.4349
30°C 7 y=13.23+0.94x 0.9456
35°C 7 y=31.84+0.83x 0.8122
RT 5 y=23.55+0.31x 0.5593
RT 7 y=26.43+0.46x 0.7052
RT 9 y=8.48+1.06x 0.9563
First-order 25°C 7 y=66.77(1-e0-621x) 0.9871
30°C 7 y=93.49(1-e0-035x) 0.9851
35°C 7 y=98.14(1-e0-042x) 0.9659
RT 5 y=44.28(1-e0-392%) 0.9824
RT 7 y=46.75(1-e"0-48%) 0.9694
RT 9 y=122.63(1-e0917%) 0.9974
Higuchi 25°C 7 y=9.54x"2+13.33 0.7057
30°C 7 y=9.64x2+0.10 0.9970
35°C 7 y=9.54x2+7.07 0.9640
RT 5 y=5.55x"2+0.13 0.9418
RT 7 y=7.01x"2+3.66 0.9221
RT 9 y=10.15x%2-1.09 0.9882
Korsmeyer-Peppas 25°C 7 y=50.07x%08 0.9980
30°C 7 y=9.66x%:50 0.9971
35°C 7 y= 24.80x°30 0.9905
RT 5 y= 23.86x%1° 0.9957
RT 7 y=27.11x%15 0.9915
RT 9 y= 4.64x%67 0.9947

3.4.5 THI@RF KA # RUFE M PE FUERE M Y5

e ful 2 R R SRR P — AN B AR . B, THI@RF A FLER 7 I UTAR
f£ PTFE. PC. Si. Glass PUFEIE, FIAREHIAEIR THIQRF BIF 51T S IARLL A,
ANFFEH AT AR THIQRF AFLERFT S, ERAH AT R A ARG P . B8 516 2537
AKX e AR EEAT B A M &, N R, AT R OE 5 E (PTFE.
PVC. Si. Glass) #&filifi¥H —wm F ke, WEHE BF, /K PTFE. PVC. Si.
Glass %Ml 7 WM 108.43° | 72.22° | 62.45° | 44.29° FP&3| 31.74° . 38.43° .
33.29° . 39.74° , XKRMRZEMGE T RHIERMIFISEGKME, 1EH T THI@RF 51
@Y. THIQRF BIF B M AEEYmt Fr Eadb AT a0 A58l A ik, 283 A (R ] 7 42
K (2 min), THI PEARMAMN 75.79° AN 49.27° , i THIQRF =7 R 1HEfil /1
55.51° A8y 32.53° , ME XL THI@RF 7EM fr FahAs il T REE R, I
T EIEAE S bR SO B B A LR VR AR T, R IR I I EoRT ARSI T AR e
F X THI@RF &R IR, AT $2 s THI BISTRR AR FH 23R
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a b

120 PTFE PVC _Si_ Glass
I Before coating r

90 4 Bl After coating Before

Water contant angle

¢ PTFE PVC Si  Glass d

604 63 s1 58.08

}\"\l\‘\{ {"5349° 5376 4575
- e VW .
= THI THI@RF 43.71° 38.89°

T T T T T ., &
0 2 4 6 8 10 12 s O
Time (min)

K 3-8 (a) THI@RF iR/ZHA Al S MM, (b FEM I Sl B, (o) mHv L THI, THI@RF
HEha M mAA, (d) MifEm i b THI, THI@RF (&4

Figure 3-8 (a) Contact angle before and after RF-coated substrate, (b) Photograph of substrate and image of

Contact angle (°)
»
o

n
o

contact angle. (c) Dynamic contact angle variation of THI, THI@RF on blade, (d) Image of THI, THI@RF

on cotton leaf

3.4.6 THI@RF K44 B SR E 5K D AR Bl R E RYSE BT A B 5S

Kl 3-9 (a) AKiE. THI BiFW. THIQRF BiFMMIRmKAE, SR, K.
THI BIFEF THI@RF B PR TH % I E S IR U Bk 5, ,\@/\%wj 72.6.
60.47. 44.06 N/m, 1F Bz kS 5K AR 2500 b B SRR e e 5. | 3-9

(b-d) 27K THI 1 THI@RF ¥ $ 7 75 i 7K 58 i 5 DY 9 £ 0 2R 1 046 fif‘ﬁﬁiﬂ]ﬂi
LIRS VL R pK e 3 R WG, K R R AT .

i 80 Initial state Highest st_ate End state Initial state MaXImur.n of End state
& of bouncing spreading
2
2 b W
c
S -— L
2 [ —
57 c E
b <. <o —
S 20 - e — ————
5 d - g
(2l
Water THI THI@RF 0ms 15 ms 30 ms 0ms 15 ms 30 ms

3-9 (a) /K. THI. THI@RF &VFRR K K, widfds (b-d) B/KMEREEF (e-g) HiK
PEARAEI T SR kAT
Figure 3-9 (a) Surface tension of water, THI and THI@RF and its bouncing and adhesion behavior of high-
speed impinging on the surface of (b-d) a hydrophobic solid and (e-g) hydrophobic cotton leaf
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235 B BN FLERI B SRR 5 BAFAZMTZMRT

ERVR ORI b, P EE THIE A THI@RF 15805 R i 72 4 o 25 i S 1 S i g
J1, RIARER 5> THI MO AR R S, IF H 2R, AReiEE s /KR, M
THI@RF ¥ NIA B R IR B KR A &S . HE 3-9 (e-g) K NARIRIME
KPR B B RBEBAT . K. THI O S 2 R AR, Bl A TP ER
W e R, M THIQRF R E 5E & FaifE il b 28 b, FRAT 0
THI@RF 57K THI OREAHEL, TERREI G, R3EE/155, FTLAER THI@RF
A HIR VB0 S s e A R e

3.5 RE/hE

(1) AREBETG KBS EEH % T RE A FLER, HHEH] &5 2 AL 7
BT ARZ THI, 45 SEM. TEM. FT-IR. XPS ZRAEJ7H:ME, 53] 7 RiAEZN 400
nm YRR, IhHI& T THI@RF & 2522 B .

(2) ARFHILT THI@RF AFLERNEZ R A RREE . pH ERBE RIS OL T R
TP RE S R TR B AU G, 5 KRE, THIQRF A-fLER s Znlik 33.78%. £
BFHA 6.75%, FFERETN 96 h X BIRHCT4T, pH AR B 5 R B A R R T30 26 52 TR AH
K, BRI R R GBI Y BN E.

(3) ATMF T THI@RF S FLER AL PR ATOAR M, Bl A sk 45 R W,
THI@RF & F 7 H 2 L5 R B A iR s, B A Rl ik s, wr
B RANERN . R, PSR . JE R AN DL R SRR e N T T AR e T
RAIFIHZ
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45 BEEER S BRNTFLAKMmASHE LT REMR

415|5

FR 42, 256 R 04 T s % B TR R — AR 25 R T R0, xBTS R R B 82, ]
B IR R AL (G KD BRI Y (k. Wik AR ZER GRE.
TREE) 5o, HAEES) 10~40%[1 25 30BY . Rtk AR 25 B RUE 1R 24 F B 2 2 18 hm,
AMUERAEY PR 20 &S, B S BCR AR EY = B 4P . w250 FR
Bl 7 H e e E YT G, ok A SRR ) R BE e B3 I0), Sy v 25 R FH AR
BRI AR, BN G0 AR 25K A2 B NI I 3 SO A R tE 4T T 7. Du 25056
FER T —MEER R D REGoKIORL,  [FI S B M R 25, R AR LA AH AR A “000%
WA BN RURE S B v AR 24 R i B R AN P b . Zeng ZEDSTIR Thi 4% 1 BT R A,
WIBTAE B R AUK IR HE,  FA R R RAORE TSR B 12

AR, R 2K BAIAEM B RISER, 251 RRAAR Ik, £ R R R MR
UEESHEDIM | ) sEfn g o160 oRy, 2y R HATAD I AR S, B blS 48
o, FIERIESY) (nELZER (PDA) U &L mM4% (MPNs) 1) myp)
EREVIREYIRRE, 7T LR Hhfd o LR 808 B 7 38 500 4% 24 5 5 5 SE AR R B
FEAMERBBEYESL, 2R RkE AT DLy /D JE REAR DX S AN IR I5E Hh 1 5% B v 1281, 43
an, FATZHTHRIE T PDA INEBTERE R (Av) KRG &M AvV@PDA K
R HE, IR R G R B R IE K Av ZE M F R AR B B TR) o 4K 4K 22 FL
MORL —Hh, 2R AE A BE A — AT 0B AAR UL 40 K T PR R ik 4 4 i DL iRy
Zianik IR AR IR AR A (W I R VE R AR D, TIT AT DAPIE S 2, FEAT L
16 B4 LS B i R s 12630

AL Z B (DAY NETERE, ZUKNGIAA, BILERY (F127. F108) MK
B, 1,35-=HEEFR (TMB) NEALA], £ LEE-/KFERHESERNN RRETE S
AL T AFLYUKIE. A5, DA (KM) SHBERLR 2y, BEFL T A2 ik gk
ARt hERe G EvERe, JEG TR . BN, AT
A LG KA BT I B T DR BE R DA Rt B2 o X BT B SR A R 21
TR ROR] FH SR AL R
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4.2 SLIu AR R AL RS

4.2.1 L9 JR R KR

R 4-1 S0 SRR R
Table 4-1 The raw material and regents used in experiments
TR FA% EIIE
T o i 97% WA AR A R A
AN 99% Sigma-Aldrich
Pluronic F127 Mn~12600 g/mol Sigma-Aldrich
(PEO106-PPO70-PEO106)
Pluronic F108 Mn~14600 g/mol Sigma-Aldrich
(PEO132-PPOs-PEO132)
PJ=HZK baniiEa Sigma-Aldrich
K 25~28% RE T & FAE A LA R A A
R e g S S A PR A A
A St Sigma-Aldrich
ToK L PARiEs REET & FAE A TR A
*® 4-2 SEE R
Table 4-2 Substrates used in this study
ES il % AN
I LN PTFE Fi
RA LN PVC Fi
g Glass H
AR Si Fr
4.2.2 LIGILZE
* 4-3 SN AR
Table 4-3 the experiments apparatus
R T GIIE
HLRF 7% 0000249 LR R AR RGAT PR A 7
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B3k 4-3
ey i A% CIIE S
B P P AR PL-S80 HREERE L A R A R A ]
EQTRI AL ER S MMS8Pro WL 22 S BAN 25 A PR A )
FL VI IR SR TR A DHG-9140 #! R I S R PR A
IKA T 4k RCT IKA £ 4]
el G AR B LA H1850R T R R S5 35 T R A IR 7]
pH it pHS-3C RS
YRS B Hitachi SU8010 HAH 44
353 NI A AT K3 Hitachi HT7700 H A H 47
AE BT STA 449 F3 A ] i St £ 2]
ZLANEREAY Bruker Vertex 70V 1 [ A B e 4R ]
X B LT B X K-Alpha KEFEER AR
BET ASAP2460 £ [E Micromeritics 4[4
AN WA T UV-3200PCS LRI A IR A A
Find A7 0 5 A DSA 100 BN S
K zeta BT 4 BTN Litesizer 500 R ) 22 4R A 4E A
IR AL A601 FHEFBRE TR
R IR R L Photron NOVA S9 H 4
4.3 LR RSy

4.3.1 BAERER Z BN FLYKE (KM@PDAMNB-50) HEYHI&

B, HIRREZ I, H 10 mL ZEEA 10 mL /K¥ER#E 0.2 g DA Al
F127/F108 (1:1, 0.2 g). #RJS7E 500 rpm #ii#k, MHA M. B, A 0.2 mL
TMB. 428+ 30 min 5, WINEER . KR T L 300 rpm [P # 4k S0 4 3 h.
SN EER, @I B0 (8000 rpm, 5 min) WCAETE R £ A FLAKI, I 28
KB CLBR 225k B A MLV ), RIS B0 58 2 B A FL9 K il %4 9 PDAMNB-50.

WK, &R 2 EREEAN LYK, A 10 mL ZFEF 10mL K% f#E 0.1 g KM,
0.2 g DA F1 F127/F108 (1:1, 0.2 g). #RJEEA 10 min. H AR BRI, HHKMEE 2
FrRok BE R S TR, S B0 5 2 CIR AN FLaKifiar 49 KM@PDAMNB-50.
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4.3.2 KM@PDAMNB-50 4K 4t % B 5 ¥ F=A4iE

PR B TS 2 3 kB A B T 2 (FESEM, Hitachi SU8010, Japan)
DA K% S LT 488 (TEM, Hitachi HT7700, Japan) R3S . 44 KA R (8 B 21
AMEEE (FT-IR) J2& 118 BLH-20 ARGtk {% (Bruker Vertex 70V, Germany) MliR3EA . 44
KPR =2 R B X S 2ot L T-RETE A% (XPS, Thermo Scientific, K-Alpha, USA)
MRS o PR R A Hh 422t R A 0 H4 (Netzsch STA 449 F3, Germany) il
IRTT o GUKMRH IR BLAR 2 A& GEUN 773k (DLS) WIS, {XERfEH ALV-500
JEiEAX (CGS-3MD, Germany). 44 K44 K} 1) AR M FLAE 53 B 4 B S i AL A 3L
AR BT 248 (Micromeritics ASAP2460, America) Il 5E .

4.3.3 KM@PDAMNB-50 £k #4112 & 2 A R B RHNIE

HERIFRIUE B ) KM@PDAMNB-50 7R N%] 100mL HEEH, 7650 T 50 d i
P48 h, fHIKERE KM B E S, B3 mL B0 BT I E, BIE 2-1 (@) ATk
KM ff) 8RR Ui 1 203 nme Sl it e ok R ST A9

FE R (%) = :’l—: X 100% (4-1)

AR (%) = % x 100% (4-2)

Hdm, N KM@PDAMNB-50 H kB Bs I i & (mg), my, NI &
KM@PDAMNB-50 i) i (mg), mNHHE =i EEEFRHRAE (mg).

4.3.4 KM@PDAMNB-50 £l K #1 1 2 B4 sE I o=

EHET, £&F 100 mL FEAK (viv =2 :3) BB B
KM@PDAMNB-50 ) % 8 il 28 . B — 5 & W BF B B & A RR 2 48 B 5T & 1
KM@PDAMNB-50 7 #{fEIZE AT, W4 I A S8 T8LE 3 AR TN o PRI HE T O H DA DR fs
FE, L 200 rpm B AEAN I )] RS A BORE [RAFR B3 (3 mL) F T840k
FERETHRTIR, B R R R TR RE R, RO B N b i il 2R 5 R R
Tl :

SRR (%) = <Y x 100% (4-3)

m
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Hrhv AR BB R (V=200 mL), C, Cmg/mL) A B A i
KM@PDAMNB-50 7£ 35— ZI[1)#K E, m>y KM@PDAMNB-50 FEf B g 1= (mg).

4.3.5 Bt R AN [Elim FE X Bt e B A A 22 i

FEif BB E &) KM@PDAMNB-50, 5]/ B E IRl AU (BT 48 . BEJG
W E T AIZ 5] 200 mL 40% T EE K ZRVER D, R IE IR K IR a5 i E S 4000 )y 25,
30, 35°CHEAT RN . BEUHIE], AHRRAH RIS (6] 5 B, A3 A R4 mT W e
TR RO, 58 B R I R (5 [ 4 R B s AR AR e e . B Ja, IO B2
L5 1 2 2 i Tk B i 3R 1 H RO 5 I 1) DR TS 4% o

4.3.6 TR AN[E] pH X Bk B S F% A A 20

KRB E & KM@PDAMNB-50, $#445) 3 8 IR T rE . pE)S
B E T4 B F) 200 mL 40% N[5 pH FEE /K ZZRVETR, TR H AP R E 3.3.6.

4.3.7 KM@PDAMNB-50 Z K R B M h ZEBE
I, 3.3.8
4.3.8 KM@PDAMNB-50 ZhK#4 R} 371 RO R4 B 14 FE R RO i 53

BRI RIS, SR KA REER (Si). B (Glass) FMEE /K4 Je 58 VU4 2. 475
(PTFE). & LM (PVC) HHTIHETRAT M. B HEEMEIKIEAN 43.1 W%
THI@RF [ [ MR, #8205 R LA 300 rpm #t4E 3 h, SRJEHCH AR T4, {6 ab3E
i R R AT R AL B B BRI E A A, BN BRI E 3 IR

FIEEMANE, BARREKFES (KM, KM@PDAMNB-50) At & HEF 49Kk
T (5 mg/mbL) . il Z RS B KR B R e T, RS EDE IS A B R
AESAE (0.3 mm) BIEBI A R, BHAT =05

4.3.9 KM@PDAMNB-50 4K 44 8 R 5K I R FE Bl R E AISE BRI T 9

R A4iE, fEREK /71 Kino model A601 Jll5E 4.3.8 it B 1 B IR R 5K 17,
BEEBT TS (KD Science Model 230) ¥ 277 M EL (0.06 mm) FmEEH >k,
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FEAEEAR 2.9 mm BIGE, LA 2.5 mis R SR A, RIS EAEAL (Photron
NOVA S9) LAEEFP 9000 il s FEFr 8 1 B4R i o Pt v AR 58 DY 96 £ 0 2 T Py i 8
Fo BT =R .

4.4 HER51T1R

4.4.1 KM@PDAMNB-50 gl #1801 &%

K 4-1 (&) BREANILYCKRN G RABEBGIERER, B, UL DA NRTIRk,
F127 Al F108 AREEMER], TMB NEFLFI LS ERZG A, 78 L BE-7K ik R il 4 AN
A/ (10 nmy 50 nm) MR A, B, ISR NS 2 550, DA JF
IR L IETERL PDA A FLAKI LA 3 KM, BBt T, B 4-1 (b) #RZEMRER
P RA ST REHERNGEHES, B 4-1 (¢) FRT KM &5 PDA BT
I FH 70 A S B DA S o-m L (166.067],

o2les o0, % NHyHO
K X 5.5 :
‘. * » Ppolymerization /

Release .-,

e
g ¢
as®
_=
oﬁ
o
3
=
@a
=
0
]
=4
<]
=
L N
- e

b OH Cc
OH H HO OH

Polymerization O N Q i"ul.-lydrogen

Alkaline environment HO

NH,

KM@EtOH/H,0 ~ PF108 H PF127 « 0., KM %’@ ® KM@TMBZ *F108+ F127/TMBZ micelle
4-1 () BHAN LG E AR R 2Kl (b) PDA&uREE: (¢) KM 5 PDA £
FEIAH BAE
Figure 4-1 (a) Schematic illustration of the synthesis and release procedure for drug-loading mesoporous

nanobottles. (b) Schematic illustration of the synthesis of PDA and (c) interaction between KM and PDA
4.4.2 SRR R RV EE R RAE

AP HL, e FLAE R 1053 D AR AR 2 CLOBRT R AR A 3 11094700 Ry, AEEABE AR 1%
A B, HMELAER], BRI BT, BOERE SOV A SLM R R S
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245 BERESERNTLISKIRNS & B AR5 BAFAZMT R
P IE B 2SR R R AR A2 —, BT REE R AR RYINE K ER 56
BUTT SRR [ 32 i ik e A 0 7 AR EAE A, 8 A WU S LE Sl 7K S T 55 22 B
NITESY 3 YR S A RN s APy i L

4-2 NIEFNFRETE S B HEL LR &0 PDAMNB-x £ AN [F] 44 F3 43 £ 1
EtOH/H.0 & & S5 E LUl F108/F127 1) TEM BE&. 43RATHES A L,
B AN R B3 1 58 2 ER e gl K iy 24 N PDAMNB-X (X=VEton/VEton+Hz0, X=30. 50.
70%). W& 4-2 Fios, EARI KM BSOS, 8l EE F108/F127 &L, Hik
RBRIBFI BRI S LRSI . 2 EtOH [LLFIN 30%0, BEARBR R A
AFLFLRR, (RIS HAB TORGFE . 3 —204% EtOH pyLbbfily KE| 50%, mILAKIL,
TG W 2R 10 3 P R B LA G e, i A 3 A RORE #EL A B R 2 FL I A A, (Y
F108/F127 HpifEtty 1:1 i, ATRAR RN fUR R g5 Rk, I BARXT 5] . 4 EtOH
Lt — B 2] 7000, 15 20 BURCREE H 2 EAR, ARIT R M 5. B,
£ 50% EtOH/H,O %k 4 T il % ) i ki (PDAMNB-50) #t 47 7 W ¢, FF 1 3 KM
(KM@PDAMNB-50).

F108/F127
3:7

K 4-2 BRI SR EFE S A 4251585 11 PDAMNB-x fEASFIRF 4> B 28R & B S5 R R ERA7 )
TSP F108/F127 ) TEM EI&

Figure 4-2 TEM images of the PDAMNB-x prepared by solvent-mediated polymerization-induced self-
assembly approach in the different volume fractions of ethanol systems with different ratio of surfactant
F108/F127

4-3 3y PDAMNB-50 fl KM@PDAMNB-50 [¥] SEM I TEM K& i wl4l,
PDAMNB-50 i #hETHI %) 5 nm ¥/~ FLA1Z) 60~80 nm f{IRFLALRL (& 4-3 a-c). TEM K
% (K 4-3 d-f) Bt—PE/R T NERE S KL 100 nm, FHIEW] 1 R FLHIAFAE
PDAMNB-50 {134 ]~} 74 558 nm (& 4-4 &)
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mesopore

—
\

macropore

500 nm

o 4 'Mesopore { -

e A macropore il

% B\ ’\“ ,_\[ \g

pesticide
{ 500 nm
] 4-3 (a-c) PDAMNB-50 ] SEM &% (g-i) KM@PDAMNB-50 ] SEM &1#%; (d-f) PDAMNB-

50 ff] TEM E%: (j-D KM@PDAMNB-50 (] TEM &%
Figure 4-3 SEM images of (a-c) PDAMNB-50, (g-i) KM@PDAMNB-50, TEM images of (d-f) PDAMNB-
50, (j-I) KM@PDAMNB-50

a b

10 r==roawne 50 6 {7 KM@PDAMNB-50
< 8- 2 5-
1] 3]
c 4 Il II £ 1 “ll I
o 47 © I I
2,10 ARRE .
o B | | a14 |

- | '
0 0

400 600 8001000 200 400 1000 2000
Diameter (nm) Diameter (nm)

K 4-4 (a) PDAMNB-50 fil (bh) KM@PDAMNB-50 [{J#i 4% 5 4
Figure 4-4 Particle size distribution of () PDAMNB-50 and (b) KM@PDAMNB-50
HHAR LA, KM@PDAMNB-50 HIERIEZR A WL AR (K 4-3 g-h), &
A FLETE B, RZGME R, PSR (8 4-3 j-k). KM@PDAMNB-50 ]
FERAETY 710 nmo (18] 4-4 b)o RIARIE R H SR PR AT RE R R BB B R e R A RIORE A L
GENE
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Kl 4-5 %f KM, PDAMNB-50 1 KM@PDAMNB-50 #E47 7 #E /3 #r, 45 5% 0
PDAMNB-50 255 45%, KM Al KM@PDAMNB-50 [ 52 E 5> 5 97, 85%, Hib
— A RIKAF R, F— A R 2 AR R E R A . A EHER &k
&, 200~400°CiE Bl 4 KM@PDAMNB-50 A #i MH & [k Bl K iIg 5 KM,
KM@PDAMNB-50 A%f B MRIE M ZF K A 4-1 115E, KM@PDAMNB-50 1% 3 4)
W 49.28%, /N T- AR E B, FIOAEE R BE 7L 7 E R R I R L,
FrUARF & BIRSCIGEE R, EMEZY) 4.

100 4

80 -

PDAMNB-50:55%

Weight (%)

M@PDAMNB-50:15%

KM:3%

| 1 L]
] 200 400 600 800
Temperature (°C)

4-5 KM. PDAMNB-50. KM@PDAMNB-50 [ # 2 73 #7114
Figure 4-5 Thermogravimetric analysis of KM, PDAMNB-50, KM@ PDAMNB-50
N TSR 2 B A, AT LA G ig R — B4R T KM, PDAMNB-50,

KM@PDAMNB-50 E it BIME R (K 4-6). Z4MGiEanE TR, PDAMNB-50 7£ 3300
et AbH BRI, TR SR 2 K E-OH BRI, KM fE 2937 cm™ &b X} B-CHa () {#1 45
PRBhE, 7E 1739 cm™ kbxt ARG B (C=0) WrUkHs, 7€ 1242 cmt4bxfpifig (C-O-C)
FRAEMR IS U . 1T KM@ PDAMNB-50 B3 FiR A MRS, A HIUH g, 358
KM BCIEN,  #21k 51 £ )

3 -OH -CH;, C=0C-0-C

8 |km

m —

o ¥ I " '
& |PpamMNB-50

8 A ———— wa
=t e

E KM@PDAMNB-50

& <

S 3300

- 2937 1735/ 1212

4000 3000 2000 1000
Wavenumber (cm™)

4-6 KM. PDAMNB-50. KM@ PDAMNB-50 FJ£L4M i
Figure 4-6 FT-IR of KM, PDAMNB-50, KM@ PDAMNB-50
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XPS B IR EPIRM R L e R RE E. WE 4-7 Frox, il B4 K6t
BIFEM S H Co Ny O =Mutk. FURAIN TR S ERIT 0, Bk KM R
H CILEME RN 77.84%, N. O Z&EHIA 4.17%. 17.99%, PDAMNB-50 #' C G
K& E 71.2%, N. O BI&E 7.21%. 21.6%, KM@PDAMNB-50 ¥tfhH, C oS
B 74.2%. N. O & 6.08%. 19.72%. KM@PDAMNB-50 it 7o & 1 & 3 )
T KM #1 PDAMNB-50 JT & & &M X A E, VIR UER T KM BF%EE.

WK 4-8 fion, BATRAKAP R Co N. O JTTERMIE D PEE BT IEM A . KM
[ 7 HRG EITE 289.4 eV LA X M. KM FEfiElE: O-C=0 (] 4-8 a), 7E 400.9 eV I H
[F5%F N KM $#fEIE: C=N-O (/& 4-8 ¢). PDAMNB-50 /573 # i KI7E 531.3 eV 4bHilg,
X N AFEIE: C=0 (Aromatic) (/& 4-8 ), KM@PDAMNB-50 £ 289.4. 531.3. 400.9
eV AbHIE, RN R KM EREIE: 0-C=0 (& 4-8 g). PDAMNB-50 #%{iFl&. C=0
(Aromatic) (P 4-8 h). KM ##fFl§&: C=N-O (& 4-8 i). KM@PDAMNB-50 B A
KM LLK PDAMNB-50 FIHRfEVE, FFH A B PIEHIL, DL EGREUESE T KM #
PDAMNB-50 i f % .

Cis
O1s

KM N‘ls

| poamngs0 | |

Intensity (a.u.)

| KM@PRAMNE:50

|| | |
1200 800 400 0

Bonding energy (eV)
4-7 KM. PDAMNB-50. KM@PDAMNB-50 1] XPS i %]

Figure 4-7 XPS spectra of KM, THI, KM@PDA, THIQPDA
R AL DKM S TR S &

Table 4-4 Content of various elements in nanomaterials

KM PDAMNB-50 KM@PDAMNB-50
C% 77.84 71.2 74.2
N% 417 7.21 6.08

0% 17.99 21.6 19.72
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Intensity (a.u.) Intensity (a.u.)

Intensity (a.u.)

K] 4-8 (a-c) KM, (d-f) PDAMNB-50.

b_ c.
C 1s giec S lo1s 4 S Ints  ONO
S | cox® s 'ﬁ‘
¢ ‘; oA T Ry
S -
weoth | 2| AL | 2 A
0-C=0 Gu/ =& E g P = 3 \\
L G % | 8 N 8 |rmsmect e
. r £ Ere——— £ r
. 288 284 /535 530 . 405 400
Binding energy (eV) e Binding energy (eV) f Binding energy (eV)
cis Sy 3 fo1s 2 3 [N1s -NH-
g © <
c-olc-Ng fcc & c-0 c=0 <
g 2 3 2
5 2 ‘B J (Aromatic) ‘0
AR c A N H
o [ 2 V; N 2
L] ] E IL T E
290 285 535 530 .. 400 395
Binding energy (eV) h Binding energy (eV) i Binding energy (eV)
C1s & cc 2 |o1s & 3 Nis
COICH < cof % — [c=N-O/-NH; %,
g AL z PR
C=N : “_ Z’ 37\ %c=0 2 A .‘;—C=N
oo\ % s | F/NL"™ o &\ %
| = | E & N g — o
L] L] . -
288 284 535 530 405 400
Binding energy (eV) Binding energy (eV) Binding energy (eV)

(g-i) KM@PDAMNB-50 (] C 1s. O 1s. N 1s [{IF /3 #E%
XPS i &

Figure 4-8 High-resolution XPS spectra of C 1s, O 1s and N 1s for the (a-c) KM, (d-f) PDAMNB-50 and
(9-) KM@PDAMNB-50

L No W - B 234, #iE T PDAMNB-50 1 KM@PDAMNB-50 [)FLiE 45 %,
MFEF AT HT, PDAMNB-50 #4 K} B A BN F 5 4L48 (3.76 nm), fA#Eik 2 )G,
KM@PDAMNB-50 [ LR THAR . FLER A FFLE 5 A 28.15 m?/g. 0.11 cm/g fil 3.76
nm FFREF] 11.76 m%g. 0.049 cm¥g 1 2.64 nm (£ 4-5). iXLELERLH KM HiF 1
PDAMNB-50 fLIJFLERZS 1], SECLREAR . LA RN . BLE g5 R E POk
7 KM 7£ PDAMNB-50 A B KAL) 71 2, Ui ] KM@PDAMNB-50 2K A4k il 2%

JRH o

60 -

40 -

20 -

0 -

PDAMNB-50

KM@PDAMNB-50

0.00

Adsorbed volume (cm®/g) STP

025 050 0.75 1.00
Reltive pressure (P/P,)

4-9 /S 28 : PDAMNB-50. KM@PDAMNB-50
Figure 4-9 nitrogen adsorption and desorption curves: PDAMNB-50, KM@PDAMNB-50
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® 45 MBS H
Table 4-5 The parameters describing pore structures of the complexes
Mk EbR M (m¥g) FLERAEF (emd¥ig) FLERS (hm)
PDAMNB-50 28.15 0.11 3.76
KM@PDAMNB-50 11.76 0.049 2.64

YR BRI RR e X B — g . K 4-7 7% KM@PDAMNB-
50. PDAMNB-50. KM [f] Zeta A7 £ X1 E 73 54 35.3. 32.6 A1 31.7 mV, H¥yw
M, X% KM@PDAMNB-50 76 B iR L KM flfifa

0 -

; 4

£ 10+

E L

€ -20 4

3 |

o

Q.30 4

S

o KM  PDAMNB-50
N 40 4 KM@PDAMNB-50|

K] 4-10 KM. PDAMNB-50. KM@PDAMNB-50 [] Zeta HLf,
Figure 4-10 Zeta potential of KM, PDAMNB-50, KM@PDAMNB-50

4.4.3 iE 2 AN B RN E

WEE AR (4-1. 4-2) 5, KM@PDAMNB-50 %8 1 49.28%, fEFE A
12.32%. & FE A B0 43 25 0= HHRT B8 a0 e 4% e 2 P ) AR 3 AR 25 B O I TR TR
Xu F Zhang S8 2ZERIF F2 A A 5] B4 ARk 7 5 [ F B S A 445 T I 255 7% B 791 bt e
G, BT R PORRS B S SR 2 48 h Il B 259 KR T, #2550 22.44%; )5
TRARRERIES 3 h il F R AGPIRRT, RN 24.8%, ALH KM HEHNH
T 3 h, ZMFEENIE 49.28%. HTMEIRRSE R, PDAMNB-50 P i SRR
Ri/NER, BARGIRZAMEET . SMIEASE N IL, WIRE G ENRY . HEE
[f)7&, PDA FI KM A] LB AN n-n L5, Bk, AH#FFeH ) PDAMNB-50 A]7£ 40
I B PN BT 2 Ak 2, AR T &

4.4.4 PDAMNB-50 HYIR 2 L 20 7] BE RO 2 B H1 3

K 4-11 7 F108 Al F127 &Sty (K 4-11 a) BLEAFL (& 4-11 b) PDA ik
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TEM K. ZHREARZEECR, e E AR RS m . ik, JAHR AR S
PEFIZH &5 20 B A A fL- R AL R G (B 4-11 ), IR T A fL- K ALRER AT REITE
FEALA o

b
B 4-10 ANF R TETER TR KBRS : (2) F108. (b) F127. (¢) F127+F108

Figure 4-11 The morphologies that different surfactants can form: (a) F127, (b) F108 and (c) F127+F108

N T AR T RIS T AR, BORAN AN ERIE I A S Y F108/F127 Tk

R . A5, B R R A RIS LA 25 TMB 1 DA JE B IR SRR 56 1IE %
L. xt+4l F108, f£ EtOH/H0 Hr] LUEERIEER (K 4-12 a), EINA TMB Ja
ABETERIHR, X ArAES F108 B TMB 2 [ A B & il /) A k. X T4l F127, &
W RMAAAEILE S TMB AT DA LRI, A RE B SR ERIEEOR (B 4-12 by o).
PAESERERW], RIS EFIAEAR R 5610 T ASREIE BRI AN R IR, %44 22 A
[ )RS R o A e XA T i 2791 FL08/F127 ZH RS A AL R o

Kl 4-12 [5E% TEM: (a) F108. (b) F127. (¢) F127/TMB/DA
Figure 4-12 TEM images of micelles: (a) F108, (b) F127, (c) F127/TMB/DA

Kl 4-13 &y PDAMNB-50 [ JE Rt #2 . B %6, XWHEE MR FL108/F127 7& 50%
EtOH/H20 &I SA R RS (34, 8 nm) HIEREIKH (K 4-13 a. b). ¥iN
TMB #1 DA J5, F108/F127/TMB/DA ERJER AT (43, 10 nm) K (K& 4-13 ¢,
HX, IANZEKIG, DA TE 10 778 NIRE K G TE K PDA 4Kk (B 4-13 d). 11K
INERTE A0 B R U 2 B R ARG oK iR B A2 R A TE A FLA KIS . R, gk
WRLLE 20 73 Bh N B4 B W1 10 nm A1 30 nm LS5 K (B 4-13 @) BB B[] () 4
%, HARFLAE A 30 nm Zedq B FLIZHTHE K2 120 nm A A R AL, X AT RESE B TR
FACR AR A BB A T, kAR A 80 nm E A1 K F] 350 nm A4 . NHIARALIR R
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—HATFHAIE AL . BE R R, @ENfLEEKE, HILAIREH
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F108/F127 XK s FIPh FE/EH R, 8 DA AT PDAMNB-50.

a Eh AR, I,
; ;. # -
Vo * NH,;-OH .
b . . E—, *‘}
* .
; . Assembly *& e 5urfactants
. * . ’ * ® Removal
. .
F108/F127/TMB/DA micelle " F108 ee F127 © TMB

"~ .~ 500 nm

K 4-13 (a) MNBs I REESE R /RER. (b) F108/F127 XA Fl(c) F108/F127/TMB/DA &R 1]
TEM E{%A1 (d-i) PADMNB-50 A= Kb #2 b i pr Rl 2
Figure 4-13 (a) Schematic diagram of a possible morphologic formation of MNBs. TEM images of (b)
F108/F127 micelles and (c) F108/F127/TMB/DA micelles and (d-i) intermediate morphology of
PADMNB-50 during growth.

4.45 KM@PDAMNB-50 #1 £} B928 F514 B K 5 J1 4R BRI

B, WA T PSS T KM A KM@PDAMNB-50 78 % 5 T IR BUT N . 1 4-
14 (a) Frax, KM fEEFIH RiFBE N 93.63%, 10 h J& ik BB, 1M
KM@PDAMNB-50 7£ 288 h J&isZIRHCFAT, RIPEIE N 87%, KB Ay
336 h. KM@PDAMNB-50 7EAN[H] pH {E AR R IR BT NI 4-14 (b. o Fis.
330 h J5, pH N 4. 5. 6 f1 7 I}, KM@PDAMNB-50 1] 2RI CE /> 5 59.74%.
73.80. 76.76 F1 97.72%. fEt 25. 30 A1 35°C2fF~, 276 h i} KM@PDAMNB-50 #1 KM
)R BE R 7> 5 N 90% . 93% fl 98% . LiR4EHEEW, 5 KM MLk,
KM@PDAMNB-50 1284 FH B T 1K
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% 4-6 KM@PDAMNB-50 (1) SRR 5 28 F1 30 1 440 5 45 SR
Table 4-6 Kinetic fitting results of cumulative release curves of KM@PDAMNB-50

Kinetic Temperature pH Fitting equation R?
Zero-order RT 7 y=12.41+0.27x 0.9356
25°C 7 y=33.61+0.32x 0.8790
30°C 7 y=22.51+0.33x 0.8613
35°C 7 y=33.61+0.31x 0.7446
RT 4 y=9.03+0.17x 0.9413
RT 5 y=10.34+0.23x 0.9212
RT 6 y=15.36+0.23x 0.8530
RT 7 y=22.47+0.28x 0.8853
First-order RT 7 y=96.92(1-e0-0069x) 0.9925
25°C 7 y=88.48(1-e0-016x) 0.9762
30°C 7 y=91.57(1-e0-018x) 0.9651
35°C 7 y=93.43(1-e0:04%) 0.9689
RT 4 y=64.26(1-e0-0067x) 0.9863
RT 5 y=82.70(1-¢0-0068x) 0.9936
RT 6 y=80.60(1-g0-0096x) 0.9818
RT 7 y=100.06(1-e001x) 0.9796
Higuchi RT 7 y=5.30x2-5.26 0.9909
25°C 7 y=5.86x2+1.73 0.9817
30°C 7 y=5.98x2+5.52 0.9756
35°C 7 y=5.92x"2+15.61 0.9134
RT 4 y=3.35x2-1.69 0.9966
RT 5 y=4.46x2-4,11 0.9526
RT 6 y=4.66x2-0.53 0.9587
RT 7 y=5.63x2+3.36 0.9897
Korsmeyer-Peppas RT 7 y= 3.23x%-%8 0.9910
25°C 7 y=7.84x045 0.9858
30°C 7 y=10.37x%4 0.9858
35°C 7 y=18.63x03! 0.9632
RT 4 y= 2.47x055 0.9976
RT 5 y=2.81x%%7 0.9827
RT 6 y=5.10x0%48 0.9591
RT 7 y= 8.08x%44 0.9931

NTH— P IRAERELRGPERNLEE, XA 7THUMBEFE (. —Fr.
Higuchi 1 Korsmeyer-Peppas 77 #2) XA T BB SEdadt4T 700G . B4 R
#* 4-6 MK 4-14 (d-B) FR, KM@PDAMNB-50 7£ 35°C. pH 5. pH 6 A48 &
LT, HERBEB LA —Msh a8, HIHRE (R 4054 0.9689,
0.9936. 0.9818. 0.9925, H:A1HH T, KM@PDAMNB-50 (25°C. 30°C. pH 4. pH 7)
f& Korsmeyer-Peppas 2 7724584, [al )4 %43 7124 0.9858. 0.9258. 0.9976. 0.9931.
RA Y T=35°C, n < 0430, RLBEMFTH Fickian 7 HHLIEE, WKEEZRFIREL KM
R FEERE. He9ehl (25, 30°C. pH 4. 5. 6 fi1 7) 35454 Non-Fickian 4 B2,
F ] KM@PDAMNB-50 IREAL LAY BOLEL N 32, (RULIE v4H . IR 2229 Bl i
FEIRE ). Hrh, % 4-6 T RT AR, M R2 &,
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Figure 4-14 (a) Release behaviors of KM, KM@PDAMNB-50 under neutral solution. Release behaviors of
different (b) pH values and (c) temperatures, (d) Korsmeyer-Peppas model fitting of cumulative release
curves of KM@PDAMNB-50 under neutral solution and different (e) pH values and (f) temperatures

Kl 4-14 (9) FEIRZGREIALE . £-T, KM BB EE mRkEZWE) . |
TR A 18] 454, KM@PDAMNB-50 fifLiHIE 1) KM RSO R, 1 FLisE
) KM OB R FE 18 . KM@PDAMNB-50 (1 B AT T 4 A 9 A B B
KM@PDAMNB-50 )55 — B BORE TS B T I F IR AR TBORI A SRR SR SE R 1 1
FEFELIN (B B BNRYTIREE, 58 I B R A UR, MR R B, BEY A 0
HAKE . B 4-14 (a) PHIREB AT 2R AESE 7 IX— /o pH R0 AR 2R8I 52 i n 1]
4-14 (@) Fim. LEBARM pH {E T, KM@PDAMNB-50 (& 4250 74 i 1E L,
WS L KM, SERSEE . £ pH T, KM@PDAMNB-50 I [ 2 HE Al
BRI R AL, SO, TS FIRR SR GT KM AR AT AR, A
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4.4.6 KM@PDAMNB-50 0K #4 RHE ik A ra M R R I R

BAE R B A A R B6E KM@PDAMNB-50 7E R AL B — RAIMERE. BE5E, F-AT
H KM@PDAMNB-50 JTAREAN AL RE, AH ECA R A B AL R, A7 Ja R
KM@PDAMNB-50 K& 2B, MR R 2 DR E, B RIS
B DL T V2 ORL B RE 700 Bl G 0T IX S AT R AT $E i A (I 2, AT 2 316078
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Figure 4-15 (a) Before and after contact angles of the PDAMNB coating substrate and (b) photograph of
the substrate and images of contact angles. (c) Dynamic contact angle change of KM, KM@PDAMNB-50
on leaves and (d) images of KM, KM@PDAMNB-50 on tomato leaves

HIR, £ KM@PDAMNB-50 #F ft Xt H AR{EIM: Fr Lk AT shaS ik, 2
F R (R T B (2 minD, FATRIL, KM M 68.42° 45Ky 4543° , if
KM@PDAMNB-50 #7577 i3k /3 A 65.66° 8y 24.17° , KM@PDAMNB-50 5 KM
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Figure 4-16 (a) Surface tension of water, KM and KM@PDAMNB-50 and its bouncing and adhesion
behavior of high-speed impinging on the surface of (b-d) a hydrophobic solid and (e-g) hydrophobic leaves

45 KRB
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5.1 &5
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