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Abstract

Integrating Metal-Organic Frameworks (MOFs) into the undergraduate Materials Chemistry course
is of great significance for addressing the limitations of traditional textbooks and cultivating stu-
dents’ “structure-property-application” systems thinking. However, a notable tension exists between
the multidisciplinary complexity of MOFs and students’ cognitive readiness, leading to common in-
structional challenges such as misaligned cognitive starting points, reinforcement of abstract con-
cepts, fragmented logical reasoning, and incomplete hands-on understanding. Grounded in the cog-
nitive progression of “perception-comprehension-application-transfer,” this paper proposes targeted
strategies: anchoring cognitive entry points, visualization and concretization of abstract ideas, prob-
lem-driven logical reconstruction, and practice through virtual-real integration. A controlled teach-
ing experiment demonstrates that the experimental class significantly outperformed the control
class in knowledge acquisition, logical reasoning, and practical innovation, with visualization and
problem-driven strategies contributing most notably to improvements in “comprehension” and “ap-
plication.” The effect of virtual-real integrated practice on “innovation” ability was comparatively
delayed. This study provides a student-cognition-based reference paradigm for integrating cutting-
edge materials into undergraduate teaching.

Keywords

Metal-Organic Frameworks, Cognitive Perspective, Teaching Problems, Optimization Strategies,
Structure-Property-Application

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

4 )& WIHE S (Metal-Organic Frameworks, MOFs) Ak} A T 1 2 FLE5 M) LR TRV RIS Th gt 1&
e, EMREE . . AERESEUEN 2, SO EHME ST R [1]-[6]. ¥ MOFs A ELGIN (B,
) B, BB TIRAMERAM AT RO, WA g5 - ERE - N RGUE4E, AW
TR ANA 872 HAR[7]. 28171, MOFs MEHRA RIS fih. ZHMBIEZ R, K
M 3 5 25 N BRI E BOR ZEBE [8] . #UHh, 2R W Re B MRS A AR, BB (E 5 50
HATEZH, MRIEET VNSRS . EaK, W#%>] (Problem-Based Learning, PBL)FI#R 7t X
%> (Inquiry-Based Learning, IBL) B 1iE B BE A7 Ui 2 7 A= 2 M 4E[9] [10]. (HZH TE ML N X T
MOFs IX K5 E ik, AR, BEEH PBL 8¢ IBL il AR AUK. MEaxELLA R AL
G, L, AT CORA - BRAE - N - DR INENEERUEE, HIHT MOFs e %L iR
AR 5 B 2 AR DA R 1) EE A SRS
2. ETFEE AT AR MOFs #8135 5 I 0]

A MOFs MR ARIIE G BN - FRAF - RN - I nsb gt i, 72 S B Be R BHRRPE AN 22 A2 A
SRR, 5=t LR DY A% O il

() AN AR AL SR R AT A M Y

MOFs #1RLHH 42 J& B 1/ S A ML AOs i I AL SR 30 [2] [4], 2% ) /ALY . SREify . 1h 55
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BB R AIIR1L] [12]. (E K0 U4 B A 70(l Cu(NH, ). 46K, X 2 IR EE th by R bz 4
JEAE A EL R R AE[13], b RS AR AR R T RIS [12], HMELASCHK MOFs Z LA ML, 1
AH# UiO-66 0oL 745 5wk g ke R[14]; B RIAREE SR, MOFs 33 K W #
5. MEALBY 2 AE[15] [16], 22 A LM RME SR M A RGENA . S A0 UL B R BB 4L S 80
Wi, PRASIARRE .

(Z) WGBSR BRI R LA ST

Z5K - PERER R 2 MOFs UM OUUE[L7], B “ 244507 “Difefbigif” SMemEmE, 5
S AR RIBph 2E[18]. =42 FLA M ME LUBE A B 4E B B, 1 MOF-5 1 Zn,O 5 £
St R ALY L T RSB 2], BT 2L RF, AHEME RS LR
RURIRIE . BAEREI TR, . Bk TR B — Jo Bt DA S 2 T B AL i3, 54 B 2 AL MO 4 o
AALI . RS AR, SBORMHE T 1501,

(5) BABERWIRL: <4 - PERE - B I AnEIR

“HiRvEVERE, YEREVE N R MBLEERHZ OB R AR AR R A A IE . WRE M B “MOF-
5tk REA [2]55 “ZIF-8 mikasEtk” [19], HITCIEMIEORRINE, 5 ARy SRR R T “ o
Y MOFs il T CO 35”7 S5, AELABESTLAR. o, ThAEIEISG R 4] [15]; X “ Draefbisi”
SERTIS IR, AR AR AR A R SR R [20] . I BRI R BR B AT RS SR

(VYY) SEBRIAATA T BRI SBR A A

ZRTEBGRA(ERES ARG, AR R BT SR Ia[21] . 224w DURCRIIE
PRV A | 5L VA% S SRR M I [8]: Bt XRD BET JEUBE, KMk LUK R I i 5 s el i 56
BR[L7]s CEFFICMEATS5(n “Beit MOFs FIF /KR 16 )b, MELAREA TS Jeppite . ThAE B 5 4 R T
Z[22]. B GEEET, AR T R4,

3. ETFF4HINAMMER MOFs AL R

BE FOR IR, ARAEEEN - B - N - B, BRI DUT SRR, TR ARSI - BRI -
W - R JIIERE T B

(—) e s MR B RNR-MOFs 0N Ik &

BT B DURA B 2 Bk, 8T i2 W 5 b B K2 23] [24] . BRATSEREAC ALY Sk 4
FATE LR AR (A0 “ 2211 ZnOaVU [HIAREC AL Z544 ™), KRB 55387 s B Ro A (an « 2 B AREL Az A 20 )
FEZNZR ] KR “ Al - BEY 7 BTBRR R 28— BLLL Cua(bdc)o(bpy) & I BCALEE: 55 KBt Ll MOF-
5. ZIF-8 5I N - B2 %s; 38 = Bt & Ui0o-66 Dhfetb ZHIn R S5 M . 402 8 N R [H] 2
AR ZE RS, RN T .

(=) fefmiRpEes: A “TTHl + AR A TR

BT RWANR B, FFRZH T YEIE[18]. FIF Blender. SketchUp K% 3D 7Y, 224
AL RS | PR AR AL AN FLIE 25K s 51N VRIAR BOARE B I0R SRS o U 5l N BRARAS R 45 4,
S MOF-5 5 ZIF-8 5H 0. Wit g K: B2 LI aToK, FLR IR i 45
g, H “HRGE KIS BIE RN . 2R RAET B AR SE N “HiE” B “ BOEFMR” 1)
BRIT

() EMZEAEL. S0 “ R EKE) + ROITRMT KRS

DL “ghibg - PhRE - N7 ALk, WiTBYER R BEE[25]. IS ZIF-8 FHT CO filidk, MEEHIZ(T
MASECARE ) BN RE R (FLAA S RIS FRIRHZECHTE S CO, #i3R). KHFH R G #E1E: 1B
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MOF-5 H X & . UiO-66 FasiE VERE L5 4 MR ST, flte e “ I - s - 4551 - 25407 DUAMBEE, 2k
PL“Btois” MASE . SEan - oS R: Wit “Riur ORI R, ORI “H)
WSPEfE — SR RRE — JE R R T 545, 10 MOFs@ A1 8845 B A WP R B PR AL [26] - 383 1o BUBE A1 i
W5 SRAGIR BE R, SEPLA “FEMR” 2 “RiH” BRI

(VU) REHATIGE: M “BELEgE + FFHURA” FISEEARE &

DL “HRTR SO0, SCERMOAED” M EbR, IR CEI > WA SRS — R T i A . JF
R SEH AMEEH s AT BB, R A T A B A B AR AL BRI s SR SIS 1B FH = IR A R ZIF-8 SE
SR, EESERIAR R R ERIE S XRD RAE. SRACRAEEIRE el gh: DL BET Hdii A, %
REFEADPFRRERM G DMK R IWRE G 458G, Wl TFRURFUESS: W “&it&
BRoK R EYES T MOFs” , /N FERGS B o b« S5k icit s & o7 EiE MR R . 1k “MOFs 3C
BRI M, RS R SR, B B R CER - SEER - R R, SEELR
HOCNHT BRI TR MR A,

4 HESBRHRERE

NIGAUE SRS A R, AR S B EME 2 R b NP, SEIQPE(42 AR AL SRmg 2, xi
PE(40 N)RHIMESE “BIRPHZ + KON o Zed Rl mR L) SRR (5 ) A S B R
CRE TN AT 2 4EFEVT AL [27]

(—) EARERR T B

FOARIIAE & =GR CAZ28(I0 MOFs JE 3(. JLARURPRIAAFR) . BRFSR(IIARRESE 1 - PERER R) 5
N2 IR R (e € B 37 570 MOFs U5 58) . SRER RS 0 IBEI 8 70 ol A& 1.

Table 1. Comparison of score rates of questions at different cognitive levels between experimental class and control class (%)
= 1. LW S BMARIAMRREES 7 R (%)

BRI SGHE(n = 42) X HEHE(n = 40) ZE
idlzk 88.2 84.5 +3.7
TR 79.4 61.3 +18.1
INAENREI RS 74.1 56.8 +17.3

MFE L AL, PALEICIZ R H R A K (+3.7%), Ui B4 G th BE S DL Al AR A 2 f 0
{EAEF SRS PG TR, SCIePE/r Bl 18.1 A1 17.3 AN 4 sio IX R WA AT MIAL 5 1) 3 X ) S5 0 ot
CHIfR” PR, RESLAE A ST COIHTT Be IR B S . BRPEVFIR S, 83.3%0 SE I
Y22 Re vt [ RE “ MOF-5 25t tfal g2 L R AR, XHHEPEAY 35%; SEE RPN, SZERPE “MOFs
IR T 27 AR BT 47 M B 15 0 I 70%.

() RRMHHE 5 AR KT

S PRGBS T IAGTRBS A R, (AR AR T R, WA EmE. Hk, FHARNRE
PR . PIANFEIAR A AL A — FFA R R T, SR TERE . 2% 5] IR 58 30 U 2 — s R b
SRR HE 2 AN R BRI LE A R m R B B Tl (B A . IR TR R — 2P
UE. HIR, BERBPATZM. SLRIEEAMBEE O3 5Nk, H5 8Nz
RETRLE B T U= R B R O BEBE, AT 8RR IE AR i . AT FUR BT XCE X, R GVE 5
AR IX — BRI . BB =, FBUWARE AR ARG RE N IEHE —BUTHER, H BN
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PR T 2 HUA M RS IR 71, XA “HON " ARt R R ACRZ R MRIEZ —. 2600, At
TPl 7 R IR RBOR (SAR), ARR 2 A R RIIRIR R 5 B AT I8 ER, DUAC SRS & 15 HA K
BAERCR A -

B EIRRIR, ARKRBIFAT LT T RN M, TFRER. BRI ZuhEARTIL, K505
FEARZEHE THREEESENE. L=, S5IAEEREEMHELR BT, RN n “ 2@ 4
(UnR A R S5 VR B A SEBCA RN A MY 18), UL BECARIg A S S “BASGE” MR =, S
BB (LR 6 ML 124N H), JEER RS AL 2240 MOFs A% UL IR I OR 45 5 £E R T
PE R sERRT B ae 7). HU, 4iE RS WAy (tn DINA R BIR 18 BR 55 BRSO, SR G 4R 7
AN ] SR 3o AN R AR B 4 - T LA o

5. &

ST RIPLA . MOFs B M I B E T AR AR . SR MEA L 32 i A 0 2
WKL, AEJE MOFS [ 52 2 5525 A YRR F MR 2 IR0 . 33t i AR 1 A
2 AL A St L ) SR T MO . S0 A 2 T I S N, 2 A
- B - R - RSOV, BYE R RS AINESE, SRR LR SRR T, SR
WO R RE CRPRMEZE) 3246 T A R B L BB TE R, B AU B PR AR 0 T 2%

E&WE

KR LA TR H (2024zygzts133. 2024sysx031): ZHAH & T H AR %0 5 W H
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