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e — LU T, LU ANTE S 45 G, LA R A LS8 42
FeBR X BRI T % 05 kA v Al R AR CAn e AR
U N o BRI A RS M AR B
B WL AR AT 45 R S A RN, IR R BR LR, 15
FIRS W ANKRER . %7 1 5 Ve B O S Y
AR, A B 15 T ] 2 40 R BR IR A R, BLAE
(IR OE P = Aol N = = = S D o O U]
an, A i w26 VR BE L T A R AR L9 K
R AR, R A A R BR  EUR X T
B ik, 4R 0 4 5 3 B R AT IR A TR X R
— BB R R AR ] A R A O R B o T
I, 20 K BRI A 52 0 G R R R AR 2% B o8
4 25 SRR LA B2 W 44 oK Bk R 45 AL A BE TR 5
2, [N Bk B R AT BE 2 R R AR BR 19 PR RE , HLAE
F BR o A bk nl BE 1A J% B a3 A A K Bk A
it

SCHRIE G P SRR A L IR AR A A
Wil & AR RS JE M RSP RK . &
e, B I SRR SR L R R I TR (PAAD . A
PAATE A 412 5 7 b BT B 5 1 RO A, 15 31
PAAGKER I 30 1o 87 7 2H 25 0 1) 00 4y Jo i v
JE P AUOR BR M 5 R o AR5 i 3O Ak
FCRE, 76 PAA E 5 B AL 51 A BA B K WE
RWE I (PDEEBL, 28 A 413 B B PAA 250
QUK HE . I, R PAA QUK BR S 10 4 & 1 7
Ay R 38 A ORI, K Ag 94 R R £ 2 3
PAAYKRER b o WSS R BN, Ag 98 K OkL 71 3
f09 PAA 9 K BR7E X fiF 55 28 By 14 i Al i i b 36 B i
L5 O HE AL P BE

1.1 R

)26 0 B R — BF (PMDA | C,,H,O4 . w=99% .
BThr T AR A A PR A R s 4,47 -8 TR
fik CODA |, C,H,,N,O ,wo=98% | B[ i T 4= {b Bl 5 ik
AR 7D s N, N-ZH B H Bt i (DMF .C;H,NO |
G3 AT Ak 25 4 AL AR A PR A FD s PR AR (=
98% B hr T AL R R A BR A FD .
1.2 {Xs§

Alpha 1-4 LSCbasic % B, %5 ¥ VR 1 1 L (12
Christ 2 7)) ; Zetasizer Ultra 35 25 6 190 55 k7 B AL (92
[ Malvern panalytical A ) ; UV-1900i 4 28 4b - 7]

L4336 6B T (H AR Shimadzu 23 7D o
1.3 FEMBEBER(PAAMNEREBHE
1.3.1 PAA# &R PMDA 5 ODA BERER
N, A PAA . HARLBRIT .

D BRI 2. 047 g ODA (0. 100 moD) /il A 40 mL
F2 N, BN 13.5 mL DMF . i A 4 7 3 78
250 r/min FHHE T ODA ¥ i

PRI 2. 208 g PMDA (0. 100 moD Bl A 20 mL
F B, I A 20 mL DMF, il i #8 75 2 i fd
PMDA ¥ fi# .

3) W5 I % I 1) PMIDA % W% 3 il A ODA
W, BRI 2~3 mL, [8] B 10 min, 5 fin 52 BEAT .

)N SE AR SEREFE 2 he A PMDA, % 1 %
WPl TG A8 AR R 0, i & 45 8] p=127.0 mg/mL ¥
PAA W

SYWCL/3RFIN) PAA W, K 2248 i A9 1
RAEW CHLCL Y, A BUR 8 6 2R DITE . X ITTE i
e, &8 T HA THRA , A8 PAAK K.
1.3.2 @it # T b R F d PAA 4% £ 3] A PI
4 f BRI PAA K K (0. 400 @) B F I
%, JmA 8 mL DMF , #8 7 T~ fiff H: 5¢ 4 i fie , 13 3
o= 50 mg/mL B PAA W o $F 1 3R B WA 8K
T4, T 180 Chn#k 24 h, ffi PAA 43 FHEM 4y Kk
Az AR N, LAB TR 5K P Y PTAE B, I8
FEYE S PCAA-stat-1)
1.3.3 @it A X%k %I PAA & P(AA-stat-
DawxE  LLDMF i, B il A [F 5 & vk B i
PAA W . 7€ 250 r/min fi $H 45 44 T, 3 2 i 2h 52
PL 5.0 r/min (20 mL/h) 3 B 3 % B+ K % W\
(VOK): VIDMBP)=2: 1), 15 5| PAA H H3 IR -
TNt Ee K PAA A RERIB IR A BIT4E, £ L
BTk ENT 2 d, B 2~3 h e 1 UK, ABR 25w
) DMF ., %87 56 BUA 13 8 PAA A 434k, [,
FE 180 “CF W e £k J2 1 J , a8 2 % 7R 38 e 1k S
M P(AA-stat-D {43, R IA#AE LIRS PAA R
FHIA
1.4 PAA KREKENMITHEXD

D PAA 95K Bk 738 Ag 40K Uk, K40 4 i i
W% (o) M 4 mg/mL ) PAA 99K ERIE R 5 AgNO,
WA nCRI nUREFH)=2:11RA , %+ 2 h,
A o=1 mg/mL i & fk 81 (NaBH,) /K % W
500 pL, WEHF S Rt o, KRtk W im s T4
Bk hiE 1 d,

2) Ag T8 B9 PAA 99 K ER A 1k X A 2 78 19 (p-
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NP). FEMA Ag 738 5 PAA 44 K Bk % 8 . NaBH,
VWA A L, X p-NP BE AT AL R TR R
PAA 9K BRIE W XTI 2 . Ag 3819 PAA 94K
B 0=5.0,15.0 pg/mL, £ £F p-NP  NaBH, i) £
We B Cod 43 9 A 5.0 107, 6.7X10 ° mol/L. ¥
p-NP (10 pL, 0.01 mol/L) #l NaBH, (133 pL,
0. 1 mol/L) i JF i W AR UOm A A 36 IR G 3457,
5min 5 E UV-Vis WG . SR JF A —E & 1Y
AR R R0 2 B K IR A R R R BUR R AE 2. 0
mL. ] UV-Vis 43066 BE 3 & 400 nm &b A [A]
kA C0,2,5,10,20,30 min) F B UV-Vis WG .
1.5 RIEF*E

1.5.1 4 # % ¥ £ 3% (H nuclear magnetic reso-
nance spectra, 'H-NMR) il i '"H-NMR i & 7] 43
Br A BL 4 F b H R 78 Bl 28 A 7 B g H &
FREUK 2010 mg PAA Ky A, 48 fin A G b 285 04 4%
WA . B 500 ul. DMSO-d ik #l , i PAA K
56 AW R o B R 3 PR S AN € 'H-NMR
R

1.5.2 A& 2 vt & 3% 21 4 (Fourier transform infra-
red, FTIR) k. # FTIR YGRS E g
W) £ 2k 2 — it FTIR G il i B &4
S A AR R E BT . AR 1~2 mg AW
oK 200 mg = 4 KBr, B — % 7070 AF 5 2= 406 . 34
SPIRAS o BE R _E R TR A ARl i R AL
JE il B B R SRR RE A FTIR Y6 35X
PEAT IR, 0 5 B 3 B 4 000~400 em !, 4
Bk 32,5 R 4 em

1.5.3 3 & X #4 (dynamic light scattering, DLS)
FHAR DLS JZ— Bl I 5% W g8 oK 2 fOK RS
KL RLAR 53 A0 Koy FH BORECE W HAR . e
AU B I £ 53 301 S 137, 1737,

1.5.4
microscope, TEM)

& 4 8 F 2 4 (transmission electron
SCrp il HT 7700 %93 5t s
W 55% C H AR Hitachi 28 /D WLEE R & W09 N 4544 .
W 19 2H 2 ARV R (8 L) i ) e TR A A 0,
SR 5 HEAT I

1.5.5 % 4h-7T L 4 & & & (ultraviolet and visible
spectrophotometry, UV-Vis)ik i & UV-Vis i 45
Br A W nt 52056 AT WG WOCR P IE X RS
HATEM ERE ST, Fe=0.1mg/mLESYA
2 PRI IR 58 Ah = AT LA OO B R AR =
Ja sl R, W5 RS Y UV-Vis IO .

2 R Y5116

2.1 PAARIE R R ATLBR & MY

¥ PMDA FIODA 43 5% f#% T DMF ., fii #1414
T, PMDA ) DMF ¥ W & % il A & ODA #y
DMF i ,PMDA 5 ODA & A= BA R (F 1),

0O O
UoRoN DMF Ho JOUR
H NH 0~5°C,2h H N
2 2 O O O .

E1 PAARIER

K 2 J& PAA (9 'H-NMR % & . %% K {55
W 4y W 57 HE AT 43 BT, 0=6. 5~8. 34b 1 a,b,c,d %Ry
R b H AR R W% 0=10. 3~11 4b i e 1§
R B I R 15N TR A Y HR T B R E IR R0
Tk e 5 19 A B B8 R G RORE KR AR SCHR BT A R
PAA.

ab,c.d
(0] (¢}
a d e f
[ ]
Hi H
e
__L |
L 1 1 1
12 10 8 6

0
B2 PAAR'H-NMRiZ &

ik — 2N PAA (45 H , % H 347 FTIR 43

Br CI 3D, B 3w A 7 Tt i 5 8 5 114 R A 0% i
W, R SO R A I PAA

/%

3000 2500 2 000 1500 1 000
o/cm™

3 PAAHIFTIR L E

AL F Y BE  PAA 3 F P & AR W R R
CIEL 4D o T A 00 Tt e B 8 43 e A oy I I g B Wl /R
TEPAA B FH S AT PLEEEL . X —&5H 28 fb (f
PAA 7 F4E MR M B 2 48 7. % TR (O W] fig
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0O o0 0 0
NH H _ DMF
HO HT™ k24 h HO H
O O n 0 0 N

< f
(000
g o

B4 PAABIRIE R R B2

XF 43 F 8 R A R A R ), 6 A e £ R i
G RA W AT FTIR 40 87, #E 14K 58 0 % 43+ 9 3R
b5 RS2 (B 5) . 24 <0180 “Ci, FTIR 3% A
JLFEA EAEZA, BRTEZ LT PAA S FINEA
KA R AL RN, MR R AW PAAL Y =
180 CHY , i o o=1 778,1 725 em "4k 43 51 1 BR
C=0 AR XFFR X FRFFAE 0, 6=723 cm ' 4b
H BT STV B ) R AE W 0% R PAA R ARy T
OB AL S o 24 =280 “CHf, PAA 58 4 e ik .
YRR — 25 R AR S TR 2 300 °CL R BLFTIR
ik &1 5 280 “C B By 58 A AH (6] o X bEE ig RAE 0
PR AR 06 1 TR, & BT AT A 06 T R B (B R AR
R WA R A e, N AR R RNV PAA

300 °C |

/%

P 1 : | SIS N N SN ST IS ST ST ST S
3500 1800 1600 1400 1200 1000 800 600
o/cm!

5 PR REEEREEYH IR FTIR EE

2.2 PAABHENTHA

R R T T RO R B X PAA A AL BT AR
M, Bl A8 PAA W WM W) 06 BT it vk B (0,=1,2,4,8
mg/mL) , Xf PAA F 2 % 1K /Y i A& 71 2% H 42 (D,/
nm) | 2 7 5 2 (polydispersity index I,) 5 Zeta i
B/ mVO AT 43T o ANTE oo T PAA B 412561
DLS EI WL 6. & o3 K, B A R0 DG, A
95 nm M il 2 420 nm., AKN[E o, F PAA [ 2k 1
Zeta LA (O ¥ i fH , &= —40.6 ~—36.3 mV ([
7, R PAA [ AR A P TR fr . X2
RAE PAAGUKRERTE B, R 7K 1 2 1R J5E A 67 T4
KR, IR AT o s . R, R R B e i i
HLHE R iR PAA S HUA R R 2 IR

AT oo N PAA B A ARR TEM K& ILE 8.
KIMEAN oo F,PAA HHRIIE RPN KK, 4

4 mg/mL
(D,=230 nm,IP:0.23)
h

2 mg/mL

(D,=170 nm,I =0.06) 8 mg/mL
P

(D,=420 nm,/ =0.05)
h p

10 100 1 000
D,/nm

Bl6 AREBREREPAABARAEHNDLSE

1 mg/mL
(£=40.6 mV) 2 mg/mL
((=-36.3mV)
8 mg/mL 4 mg/mL
(=382 mV) ((=-38.1 mV)
-1 -
00 O gmy 0 *

B7 AEREREPAA BHEEEKN Zeta B AL E

oo=1 mg/mL i, H 4 %I R4 (90 £ 23) nm
(SO AR BR . BEE 003G K, 9H K BR 19 RS 3% 7 3
Ko M po=4 mg/mL B, 94 K BR % m i BL— >
F L T8 BB AR 98 K KL . B 003G % 8 mg/mL,
2 A BR A R SF B & (420 £ 16) nm, H R SF oA
B —,
2.3 PAA-stat-I)BAETH

LI DMF R #) 6 PCAA-stat=1 B i 18 00—
1,2,4,8 mg/mL ¥ W, Bl o ¥ 77 58 ¥ 1k 50 81
P(AA-stat-1) H 41 %€ . 2R J5 M 2 P (AA-stat-1)
BB D5 K 9~K 10> . d & 9w %,
P(AA-stat-1 H 4 % & 19 D,=100~200 nm, /A fifi
B oo M BE KM AR AL o Fh I 10 R %0, & A W Ak )
J5  PCAA-stat=1) H 2H % 1K 3% TH 1) 32 5E i i ook /b
PR ot 2% THT Y R A % R W3 R R ((=—33.0 ~
—25.0 mV) , {HIE AR A 95 - £F P(AA-stat-D H
HAMRTRE

fifi F TEM %t AN A o, F PCAA-stat-1) [ 41 %%
it AT RAECE 1) . B A PIEEB W AL 5] AL P
CAA-stat=1) (1) B 7K B B E ] 5 38 18, B 4 2 Ak
KA NG OK IR B 25 O K ISR e AR L LI HE R
[ oo T, PCAA-stat-D¥Jfig A %8 25 0 e 4%, B
250 BB () R I N o, 1 WUAE 1T & AR AR Ak .
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H:(a) (e)H o, 1T mg/mL;(b) (D o,k 2 mg/mL; (¢) . (g)H p, 4 mg/mL; (d) . (h)Hp, 24 8 mg/mL.

8 AEVIAREIRE PAA 41k BkH TEM B &

1 mg/mL

2 mg/mL (Dh=152 nm3[p=0.10)

(D,=198 nm,1 =0.14)

4 mg/mL
(D,=170 nm,/ =0.17)
P

8 mg/mL
(D,=173 nm,/ =0.14)

10 100 1000
D,/nm

9 180 °C T P(AA-stat-I) B4R % KA DLS &

1 mg/mL 2 mg/mL
((=28.0mV ((=27.5mV)

4 mg/mL 8 mg/mL
((=-33.0mV) ((=-25.0mV)

100 50 0 50
{mV
10 180 °C T P(AA-stat-T) B A3 K Zeta B { &

i (a) (e)H o, 1T mg/mL; (b) (D o,k 2 mg/mL; (¢) (g)H p, 4 mg/mL; (d) . (h)H p, 2k 8 mg/mL.
E11 AEGREEIREP(AA-stat-1) B A% K5 TEM E &

2.4 AgfHiE I PAA K EK B X R E X
1)PAA 9K R = 30 8 Ag 9ok kL . L po=
2 mg/mL 1Y PAA DK BRI WA B8 IR A7 M Ag™
IERe AR S5 R Ag 9K BORL . 25 i RS & 45 8 TR
J5 - R OGS 40 BT, BBk Ag (1 PAA 44K Bk
w(Ag)=4.8% . PAA T4 LR ELFIA GRS
Ag R S 2 AR AgT FE AR ER R
T 4, 3N S 2k 138 R R AR AR T R S R R

(Ag %Ak

i TEM Xt 171 2% Ag 9 PAA 98 K 2R il 17 2 AF
(FE12), 7%k AgHia , PAA 94 K Bk (9K 51 K & 2k
M N PAA YK EREE AR T o Ag 41K kL
S) AT AE PAA 9K Bk R I, P ¥ RSF 5 nm, 1A
B K TR A SR B4, s PAA 9K ER X Ag 48K
TR A B 1 0 B0 B AR . RIEE, 78 00 32 68 1Y
Ag 4K BURE , AT 3255 PAA 9K Bk 1 48 10 1 AE .



25 nm

12 Ag fa5 1 PAA 40K 5k 8 TEM B 1%

% Ag 119 PAA 45K B £7 XRD 48 B C
13). APAE 200 38. 1°(111 fh T 44. 3°(200 f1A) o
64.4°(220 fTATD L 77.4°(311 S TAT) L 81.5°(222 ¥
W BRI Ag 04 G A7 ST , oK % B A 40
AT S 7 U Ag 0K URLAE 76 LA 77 45 2
M5 00 Ag IR

111

200 220 311

222

20 30 40 50 60 70 80 90
20/(°)

13 Ag 5188 PAA 40K 3K 59 XRD iE E

2) 3k Ag ) PAA 9 K Bk 1k p-NP. IR 5
gk Ag 19 PAA 94 KBR YT p-NP 1 18 J5 GE 77,
A PAA ZKIRE I BC I AL 0=5. 0,15. 0 pg/mL
%W . ¥ p-NP (10 pL. 0.01 mol/L) fil NaBH,
(133 pL 0. 1 mol/L) Ay J5L i WK W A e A 1 2%
Ag M PAA KRR W AR IXE  IRG Y,
5 min J5 M ER AR R B UV-Vis BB . K5
TN — 7 S A AL R A2 B oK IR A R R IR
FURFFTE 2.0 mL . [AH, L p=5.0,15.0 pg/mL 1
PAA 9K ER W W X IR 38 2 UV-Vis 230 66
THI % 400 nm &b £ W65 (D) .

p—NP 1A X 5T £ 43 20 Cw ) B 38 X

D,
Ao D, Ry R IHE] 2BF, 400 nm AL 0BRSS5 9 D
{8, Do AR K HE RIS D

AR LGN w (F 14, Bk 1475,
AT PAA Y K BRAEAE I, p—NP b & K 9l ik Ji .
M A 00="5.0 pg/mL 1 1 2% Ag ) PAA 40 K Bk
VWG , 400 nm AL 9 D B 3 R B, R p-NP ik
Bk R LI (p-AP) , 13 Ag 19 PAA 40 K Bk

w, = X 100% o

B, R AWK BRI T 3 A B Ak X A R I 34 D 245
a b
100 ¥ z
C
80 o
a—=F X IE
b—PAAZKER(p=15.0 pg/mL);
. 00r c—PAAZAIKER(p=5.0 pg/mL);
< d—Ag MELIPAALNKER (p=5.0 ng/mL);
* sl c—AgMEMIPAALNKER(p=15.0 ng/mL)
201
d
(S /
ot /o - H
0 5 10 15 20

t/min

14 A[BE&EEET p-NP B HE X R E 5

HA B AR 1. 18 %l B A0 IR 8 R
AR 0.082 min ', 5 SCHR R IE A Y. Y i
# Ag B9 PAA 94 KBRS W 1Y o 3G I F) 15. 0 pg/mL
IF, p=NP B 38 J5t 3 48 i & it , HLAE 2 min N 3 RE
B p-NP 43038 J5 8 p—- AP, B p—NP 1935 B 30T
100% o

3 45

DL ODA [PMDA Jy 84k i i % 4 B A I
Hil s PAA . i 0 se e ik e B PAA A 416, 9K
O PAA ] IR B VR RS HE 4 PAA 19 TE
o ZERBIR,PAA AU IRAIE L L S0 g1k
BR—0 IR 9 A R — S0 0 K BR 1 T P 5 AR LB
B PAA W WD) IR 0T B R, oK Bk A RS 3SR
HAra sy .

2) 38 1 WA BB L 1) PAA E5E E 5] ABK
P PR Bt , R AR B R A Y P(AA-stat-D . [AlFf,
T I R S 0k SE B P(AA-stat-1D) H 413 . PAA
G N PLEE B A0 2R 6 ) 240 100 W M 398 5 i 7K
FREEIG N, AR AW A A AT Uz O I

LI PAAGIKER 3K, ] 5 28 5 2k Ag 44k it
Ko T3k Ag iy PAA GKERTE p— NP (138 i s 7 4
B OL S AR RE T, 2 T3 Ag 1Y PAA 9K BRI 5T
RN 15. 0 pg/mL B, 7T FE 2 min WK p-NP 438
W N p— AP, Bl p— NP i35 B R0 100%

S % Wk
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Controlled Preparation and Catalysis of Polymer
Nanoballs Loaded With p—Nitrophenol

TONG Jinhua, SUN Hui
(School of Chemistry and Chemical Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: This study explores precise control methods for the morphology of polymer nanoballs and verifies the
catalytic performance of polymer nanoballs loaded with Ag nanoparticles. Using 4, 4’ -diaminodiphenyl ether
(ODA) and pyromellitic dianhydride (PMDA) as monomers, amphiphilic polyamic acid (PAA) was synthe-
sized through a stepwise polymerization reaction. The polyimide (PI segments) was introduced into the PAA
main chain via a thermal imidization reaction to form P (AA-stat-1) , and then self-assembly of the polymers
PAA and P(AA-stat-1) was achieved through a solvent exchange method. Ag nanoparticles were loaded onto
PAA nanoballs using an in situ deposition method, and their catalytic performance was tested. The polymer
nanoballs and Ag-loaded PAA nanoballs were characterized using nuclear magnetic resonance spectroscopy,
infrared spectroscopy, dynamic light scattering, transmission electron microscopy, and UV-visible spectropho-
tometry. The results indicate that the mass concentration and reaction temperature significantly affect the mor-
phology of PAA nanoballs. As the mass concentration increases, the morphology of the PAA nanoballs transi-
tions from solid nanospheres to bowl-shaped nanoparticles and back to solid nanospheres. At an annealing tem-
perature of 180°C, the increase in hydrophobic segments enhances the rigidity of the PAA main chain and
increases the hydrophobicity, ultimately resulting in hollow capsules. The PAA nanoballs loaded with Ag
nanoparticles exhibit excellent catalytic performance, completely reducing p-nitrophenol to p-aminophenol
within 2 minutes. The findings validate the possibility of precisely controlling the morphology of polymer nano-
balls through regulating the self-assembly behavior of polymers (self-properties, environmental factors, and

external conditions) , providing a technical route for the development of efficient nanocatalysts.
Key words: polymer nanoparticles; poly(amic acid) ; self-assembly; reduction of p-nitrophenol
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Recent Advances in the Study of Isocyanide Dimerization Reaction

GUO Xiaoyu, HU Zhongyan, XU Xianziu'
(School of Chemistry, Chemical Engineering and Materials Science, Shandong Normal University, Jinan 250014, China)

Abstract: Nitrogen-containing heterocyclic compounds possess extensive application value in fields such as
medicinal chemistry, synthetic chemistry, and materials science, and effective synthesis strategies for nitrogen-
containing heterocycles have been a widely researched topic. The isocyanide dimerization reaction has gradually
developed into an important method for synthesizing nitrogen-containing heterocyclic compounds, and recent
research results have highlighted its significant development potential. This paper summarizes the recent
advances in the study of the isocyanide dimerization reaction for the synthesis of nitrogen-containing heterocy-
cles, mainly introducing the “head-to-head” dimerization and polymerization reactions of isocyanides, cycliza-
tion reactions involving a-acidic isocyanides, and visible light-mediated isocyanide dimerization reactions, while

also providing an outlook on the future development of this field.
Key words: isocyanides; dimerization reaction; nitrogen-containing heterocyclic compounds
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