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Abstract: The calculation ofthe gel point is the key knowledge point of three-dimensional polycondensation.
Through the problem oriented deep learning method, during the process of questions were solved by
learners based on discussion, questions, and exploration, some vague knowledge points were clarified
and explained. For example, the limitations of Carother’s equation and its application to calculate the
degree of polymerization and formula design were clarified. The limitations of Flory’s theory and the
development process of gel point theory were also discussed. A closed loop of knowledge is formed
through a combination of theory and practical experiments. Based on deep learning, students’ higher-order
and critical thinking are formed and enhanced, and their subjectivity and creativity are stimulated.
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Table 1 The theory and related calculation formula for gel point
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Table 2 Formulas for the degree of linear condensation

polymerization

ARF ARECEA &I
©) X, = ﬁ SRR R R
@ Romgt0 EHBAR

= 2
®) Xn=2_p7 A

5

N A-A M B-B 2545 BE R BAA R, KRB R
_ — 2 2 1
N2, WX, = = = = "
f2, W s 222, 1o, e
AX@)HO)IGE
A-AFB-B& &4 B-BIFL &, 1A R B RE
FEMCIR A 2, {HIEAL A S SRR B2 R Ay s 2 Hh AR ied 44

na

SR SRR p ) s SRR = 0, WA

ngy
SIRRIMAT R
EIBAE e B ()

%QHD&FEE’JBE%‘EEI#C :&, ﬁg/%qj/éeﬂma&m

fE 1 0 S B AR E pa=

B He
¥ X N r
LR p— ﬁﬂﬂﬁﬁﬁﬁéﬁ]ﬁ:nm X PA + Mo X P _
AT REI A B -
ranopr+nBO><r><pA:2rpA U'JJX_n: _
¥ X Ngy + Apo r+1 2-pf
I 1 o or+l e
1‘[’_1_ 2r Cr+1-2mp, e T 2 ()
r+1
H®)MWg—.

It4h, A-A+B-B+-BiE &, UL M A-B+-B 1k %,
Bel i R(DEEA A 2 (8). MhEB 7 N2 AT 1R
NEFEARRIME R, ZOMHR A N 1K 225 SOk i 4
S, Pl _E X} Carothers J7 3 (4 E 5H16, 22 2E B
W 72TV N R 3 s R B, Xz A
T RN B
3 FloryZREZF IHFRIT

Flory 4 it %153 2 1) & (Q2), ¥ &3 HE
&, PR AT B 2, BRI 4 N iRa Fisak
“1.5 mol ZX B, 0.99 mol H 1 #10.002 mol 7, —. i
R X 3 A & Y SR T AT
SRV UCRE , FERT % IE R BRI AT T8

g s A G) &N ELE P R .

(H)RT B RESE, BT W24 Carothers 7%, 2%

He ST FE S B R B AR, (28 52) B e
Sy ¥ TE I BERE . TR AR Z o £ Sk B
SR AR 3

Q)% THFBLL r, SRR RS
B SR BB A SR B, 52 X = 2%, g T

nyo
ST B P/ e R B B R R B
B AR B B B . 7E Flory HEHE S
o, B =20 (gL e A B B Ry e

npy

JEHT I E el s A BE Dy H I T

er e T L, [ gy r = e = 099X3+0.002x2
gy 1.5x2

i E U W 2, Flory 2~ s i A AT RE R KT 1
IAUE -

(3) p Ju kv STAR L TT P 1R RET AL
AT E R AR EE. HH] P RIEoR F S

. o HubmmEm
B OCH AN L R = e e
0.99%x3

0.99%x3+0.002%x2 ,

I 2: Flory 12 5 52l i S AH b, 7E0UE I
TAEA AR R

ARGl T A R TR ok SR AR
Flory i IA N — A AR G FiH % | — NS g
(AL B (1), IR IR SR Be [ E
SEVE TR, R TN AR B S Bl & AE WA
AR B S R IR X BUE TR TR AL
Carothers 77 V% 5847 5 3, W] 4 il 3R 5 3 i 56
B N S AR K o

1718 3: Carothers 7% Fl Flory 7 W ¢ iR s ) B
BT

% Rt KAEAE A B Be A Z TR I SN, Rtk
GBI RE A Bt RN ps, BE eI
SRS pgs A RAR R NFREE p 3N AR 3
B RS . b — M DL s SRR FE AR,
FEA B 2 [X 43 o Carothers A1l Flory i3 K 1)
NFLFE S pa~ pp~ I RZpWE? BE BAEG—
We? TEZUMAR s B 21, 24— AR N B,
B AL T . R ATE RN 5] 5 T RIS 2 il R
Tff 2 20 13X AN ) R, A5 SR 55 S — IR AT TR I
REVE B BRSO AE B2 1 B S B
o @IiE A X F LR, AT E Flory VL I BEAL 21
R &SGR TT BT B R R B FE (Da)ce




VAN

986 7

h=x
=]

%

DI 8 2025 4

Carothers i 1 T P HREEER B2 2L TR &40
5, PSR IR s o i R R I B 41 7 1) e R AR FiE
Dao WIRELIR AL G B R B AR R 2S5,
FESC AL TG Bty B Be AU AR 2 40 7 1 & R4l
Fe S5 [R] (1, {H A2 S0 LT P s B Re B IS & 41 4y
MiE R RARP . HEXNBE “LRRGREE
JEE AR T 4 SR8 Mg i 2 X S A FEE P A 3 A S
FAr P PR, R R A

Wi 4: Flory J5 v 1 &) B 4 A1 & i s 3R 1
a

Carothers V% ARS8 & B2 N T0 55 KHE S BEIR
s EESEBRE K, S2BR B 8/ . Flory 7% LA
AR BRI HE T B AL NN B A I Y B
HRETCTT R, PRINAE LE SEPRE AR, S8 bk = s
il e B3k A2 B A 8 3 = . {H Flory 77 VAt 56 3%
TR ? Sl [ A5 5T 5E: Flory 7732 DL A,-
B,-A MK ZONRAAE T T BB SRR A (2),
e T ApBy FTA-Bs AN FRIR AR 2R B EEIR A
B HoAth R R U As-By 1k R, & A BE e B ERAR 1)
P R RFIR AR R BB Az an e SR B 2

Sfr X TR Z R kAR R, Flory 77k JF R4
B s SR 7 B s e — BELAEAN T K
J& i, DRl A b R I A RO ) K R, L2
P B2 ZRAE B Mg i BEAR v 1 D R A0 HS AR 3 AR
B, DALREK 2= AR iR BE. R &2 TR R
JERR e A 30 705207 1% 3 AR TR 48 SR oy
TR AT R o3 A BREH SR AR R 1) 2 R
FHEHS TR, BREES > TEBET LI KR
FEBEIR I 2 AT, 155 A, 5 By, C AR BAR R (A
A B H Be B CH e A5 7T L B, HBAIC Z
() AN [ 87, W2 TG A1 22 JC K % ol 2 18] R
Ri). A, 5B,C M R(Z TR E 2 TTILEEAR &, 5L
HZ GRS & A ARG 2 JolE 2 8] 1) ) V)5
F Tk R AL A1, IR ik, (Hid
FEHES E A, BEM ATl L2 M BE R, A
DBy TR ATRE, R HEY S TEINE
NI, BETT AR YR AR g IR 5 ORI
RS, S WLV AS R A 2R A s AR
. X1 2 JeR A, M2 JoEE B, I NiAR &, H
I 0 2 A 2% 1 2 28 R3) (@ = Db - Drp,° =1,
HdraMib oy n 2 M AR B RERE, r VIR RA
S HUB B B3 AR AR M,
WAE 5 LI AAE R, (HRRFERPE R, A A S i

J7 HE AN E I A 2, f7 ZEH AR A B EAR 53 B
G0 B A O PR, R T LM 2 iR
TR IR I 1Y e A T 1) e Ak 2% 1, A5 RS Rk
PRARAL — 5, (H L HE St A W fei 4 7

¥ 73 72 4% 1 Carothers 5 #1 Flory J7 ¥ 17 1 fhi
%2, FEERAEBT LS KNG R A &
ANHETIBIRS ), TR R E = 2 PR K 431 A i R A
B, 5 BRI AN TR, 7T B I S
WEFEM, B K RS T RAEDTH
AL RIS, 5 35 = 4 IR 25 4 AR R, T T AR
B, HES T Ay,-Bsy Ay-By F1A,-B,-B, 3 Fl A [A]
R 2 EE R . B WX T A-B-By Rk R, 4

o= 3Nyg; y= 2Ny, BRI T TN
3Nps +2Ng, . 3Ngs + 2Ny, | PRI IES

1_
3-3(—L)1=rpac) =2 pact —F2pac +
p )

(2r* =3r)pac’ =3rpac +6

AN [ 1) R p BT T 55 H AN [R] BC 7 1D 98
Mo WMr=1, p=1, FXFh 55T SRR s
0.768, 17 T Carothers 72:(0.833) Al Flory J51£(0.707)
Z ), AT TSIt . BRIt Ah, B0 R 1
REER, MBEEFREER DY BERW G4
F PO, B AR 2 SR R B R Y, 15 &
BRI T 2R Wit

W PR A (1) T 7 P 22 R 0 A A B I R
LR g 07 TR A5 B R RE A5, o AR g e e A v
PR AN 1) 1) R, B A TR A v BN R LA
JE MAAC BB Ao Flory 755 v DL B A -A)-B,
W FZNBIEATHE S, FRIEAE % B R T L Re
YIS FE e AN SR 3 U7 DRI EC 7 TU7 4 e I AR
etk R AN, (B v f+ p ¥IAH ], F Flory
TR B IR AR AR R AR o (X AL 7
FAUE R A I P = AN T, s A AN T, PR
AR HIVE R N Z A ] o T T B R 2B
TEIRT “ B R 0 Jof 1 P 2 0o A 28 4 SR Ak
Z5m” —3CHh Y, LA A, AL B, B, i R A,
FINZ B BRIV T OTHRZE p oy BRERE B 5R TTBR
% p o M pgys W IH K Flory 324k 2550 AR 2 F0 5
WA AR, R T B T A K(G).
= 1 s )

r(1=pe)l(I = pan) + par (f =21}

Hbp NZ B REH AR AT IR L B RE R A 5
A B BEHLEEU L], pay W H RERTHAR A T

Pe



6 ] ¥

7558 s LATR) R 3 ) F) “ BRI A T R BE 2 ST e 987

"3 EEBRW IR ) 1 FEC 77 B FL BRI s ) TN
Table 3 The gel point for two alkyd resin
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