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Research on comprehensive chemical experiment design
——Take "preparation of Co-UiO-67(bpydc) and its photocatalytic hydrogen production" as an example
Meng Liu Liqun Fan Hongwei Wu Chunyan Yan®
College of Chemistry, Chemical Engineering and Materials Science, Zaozhuang University
[Abstract] In order to broaden students' scientific research horizons and enable them to understand the national
new energy development strategy, a comprehensive chemical experiment for the preparation and photocatalytic
hydrogen production of Co—UiO—67 (bpydc) was designed and developed. UiO—67, as a classic metal organic
framework material (MOF), has been widely studied. In this experiment, Co—UiO—67(bpydc) catalytic material
was constructed by introducing active center Co” into the skeleton structure of UiO—67(bpydc). The material
was characterized by X—ray diffraction (XRD), infrared spectroscopy (IR), and scanning electron microscopy
(SEM), and finally used for photocatalytic water splitting hydrogen production performance research. Through
this experiment, students learned about the preparation methods and characterization techniques of MOF

materials, which helps to improve their comprehensive practical and scientific research innovation abilities.

[Key words] Co—UiO—67(bpydc); Photocatalytic hydrogen production; Comprehensive Chemistry Experiment

ARSI IR L ] ST TR AGE R % T Ze AR A2, 2 Bkt

SREIR EL AT AL L 3 T A R RS S T A A AT HRRL R 2R
TRATAT RS AR 2 — o A AU H AR R A R PR e B
FA R RETT 222 R0 2R B RO &R, BAESK
I R AR i 2

SR HUHEZE (MOF) 2 — K A 2 SLARE, LR 7 A
R P T 5 )P 5 T 00T o 3 SR 412 34 MO F Ay
RO B BART- 65 tRAh, MOF R BI7E LA ] =
DI BRI 01 o R A B 4 6L s 45 AMOF H LR
B RT3 25, TSI R R e AL

WE-5,5" ~ WK (H2bpydc) 225 1 Bl ) B 48 BIMOF Ui0-67
(bpydc) ; #RJE7Ebpydc B HIEE A NAT & R4 A% 54MCo (TT) 7 44,
#33Co-U10-67 (bpyde) fEALATE (BEIL) s FEXATRIEAT T 8584 K%
FRARAE, 7R WHEHRS R, LA=IRIEnE 4T (Ru (bpy) ™) 78R, A
= LI (TEOA) Nk FITE 4K R AL T MR G b 43 i
IKHNEPERE . AEEATIIERRAT A ER W7 G HAF, &
MEME B AL BT A A 255 2 2 R AR R R,
HRBRRISE A I ARSZIG IS, 1A T MR R SRR
IR, PR AR A8 SRR R e SE b i SR RE 7

28 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Modern Education Forum

MK AFITIT
H75e% S WeNA 1.062024 4
YERM . W FIS ISSND: 2630-5178 / (FFETIS): 380GLO19

H,bpyde

Ui0-67(bpydc)
E1 Co-Ui0-67 (bpydc) frihl %

1 KIGEHM

LA S TR, A BRI B O 10 S R A
FB, T ARG o i /K S B A i3, R 27 A e LI [ %
B, PEFF2A FIRE e ISR B RE ), (RiE A B R R .

(R i, AR St ot 24 2E B R BRI BE /1 BRI R

(1) PRMOFM LK A5 R 175 (2) 2 SIMOFAA R 5 IR AE
Jivks (3) TRICMEA A A ) L AT S A B (4) %
STHHR S M AL B VR RS SC S A

2 KIGJHEIE

FEHEA R SALER, dnE2FT7R, 76T OGRS T, RuGEGTI#%
TERIBOR A Rulbpy) ™) , SRS A E 4 B 7 AR [ TEOAKE SR i
K, B RGE 5 1 6 8O Rubpy)s) 5 Rulbpy) s 45 HL 7 55 % 3|
Co-Ui0-67 (bpyde) FRif, LT IR EERIIRIF RN . Befe, SER R
FHLECo-Ui0-67 (bpyde) LTI IR AEMT AN A AR ()

BN
?\}\\E‘i\-
-

Ru(bpy);*" Ru(bpy)s"

>

TEOQOA TEOA™ Co-Ui0-67(bpydc)
E2 S bh SR PR = E

3 XI{UEFNAM

3. LSCIOANER LT R, B0 ML, BLAR, BEBEEESS, LEDAT,
HfEAL R BEE B, XFFLRATHAY, TR T B, S G .

3. 2528625 . DUGALEL (2rCly), 2,2 —BBkMENE-5,5" -
¥ T (Hbpydc), N, N- — HT B H1 Bt )2 (DMF), 75 /K & fiF B8 &
(Co (NOw) - *6H.0) , PHZUKNH (THF) , = Z.E M (TEOA) , = HRAHEAE &
AT NKEW (Ru-PS), 2.1, 2.

4 XWAE

4. 1FHEHRI% . (1) U10-67 (bpyde) (4145« #430mg (0. 13mmol)
7rC1, 31, 4mg (0. 13mmol) H,bpyde M 22 15mL [ DMF 3% 1% 11
PR/, SRS 10min, /% S B T 100°CHEAE IR
E24h, BUH 5 A A 2 5, 8 B O AU Y, 4> B
DMFAN Z B3 0K, #E50°C F EL24F F-45:5h. (2) Co-Ui0-67 (bpyde)
4% o K514, 5mg (0. 05mmol) Co (NOs) » » 6H,0% T~ 15mL K THF 1
SR )5 IA10. OmgUi0-67 (bpyde) , ¥4 B i B i 2 IR T &8 5
F12h, f 5 I B0 09 7 00K B 1S B A [ 44, FIDMEAN 2,2 43 31
VRR3IK, £E50°C N A T4§#5h.

Co-UiO-67(bpyde)

. Ru{bpyy**

4.2 Co-Ui0-67 (bpydc) [FIRAE/3HT. 7EBruker DSHTHAX I
i FICuK o 158 5} ( A =1. 5406A) FRAFKE 5 XS 2857 5 (XRD) B
. R FHWGH-30LL /MG TE AR BIRE S LLAME B FE TR RS
JE I JSM-7800F 14 HL - 2. A48T (SEM) 3E4T .

4. 3eMEAHIZ N RERI FT o Y6 HE A BT S R FE 1 TmL 5 4 45 9
AN A AT o YU A 450nmLEDAT, 3 3 A G B4 /K 45 T R 2
25°Co ¥ 2mg & A G B &4 2mgRu-PSF10. 3mLTEOA
[A15mL 25 85 T /K A o 3B AR 304 A HE Y — IR AR RE 77 S 3R AT HURE,
FHA FBC A 5 A Sy T IR A A AR B 2 A 25 (TCD) 1) =Rt i A ik
FrIEI.

5 R5itHe

5. 1 XRDFRAE o Jffi & M B S A 4544, X$Co—-U10-67 (bpydc)
HEAT T XRDFRAE, WEI3FT7R, Co-Ui0-67 (bpydc) FIXRDIE -5 AR 5
Ui 0-67 ) 4. i B B 0145 3 (O XRDE 145 36 M LU R e 7 B % i
JE, Wi B Co™ [ Bl N FHF %18 B2 M Ui0-67 () B 22 45 %, iE B T
Co-Ui0-67 (bpydc) /& BT I & o

—— Co-Ui0-67(bpydc)
—— Simulated UiO-67

Intensity (a.u.)

L

10 20 30 40 50
26 ()

K3 Co-Ui0-67 (bpydc) HIXRDEE &

5.2 IRKAE. i IR HERE—BHESE T Co5Ui0-67 (bpyde)
FINJE A EAE . U067 (bpyde) HITREEEIZE 1668, 1603, 1535,
1411cm 40 0& (B4) ATUF R F-Ui0-67 (bpyde) F At BE 34 ) 28
WEARSh; TMCo” 5Ui0-67 (bpyde) & & )5 5Co-Ui0-67 (bpydc)
B M BB TR EIAE 1545cm—"F11418cm—1 kb 14 58 & & A4 1 Bl
B, 12 FHCo™ Sk e (KNI B 2 8] (AR B 512 .

F]
&
iy
o
£
g
—— UiO-67(bpydc)
Co-UiO-67(bpydc)
4000 3200 2400 1600 800

Wavelength (em™)

K4 Ui0-67 (bpydc) FCo-Ui0-67 (bpydc) HITREE ]

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 29



Modern Education Forum

MR FICE
H75e% S WeNA 1.062024 4
YERM . W FIS ISSND: 2630-5178 / (FFETIS): 380GLO19

5. 3 SEMZRAE o JH L FAHE B BEXF Co-Ui0-67 (bpydc) I FESR I
AT T RAE, &R anEspR. K5 (a) fRCo-Ui0-67 (bpyde) B H
IR SE R, 5 SR IRIE — 80, RPFEL1-2 nmZ 7] 5 (b) TR,
TEEMLYT G EHZr. 0. C. NFICo L EEMOF 13454 A

o

K5 Co-Ui0-67 (bpydc) [RISEME (a) 17T 25 M55 B (b)

5. DA ER . B 6 HUi0-67 (bpyde) FCo-Ui0-67
(bpyde) fELEDAT HE S R AR T~ 48 F B . 450nmLEDAT >y LS
FEIR, LARu-PSAYEHIGRI, TEOA 44, 43 3 LAUI0-67 (bpydc)
FICo-Ui0-67 (bpyde) NHEAFITE = IR T AT i 4b /- ff /K ) &
L. TCORHRE, R RPEEASTE, YRR RRAE
Ru-PSEXTEOART R E S B~ s 24 R BiAdk & A IIAEALF
A DA, X ARu-PSA ST — i LG E: 24
LAUi0-67 (bpydc) NEALTIR, th2 R G/ DBESF 4 4L
Co-Ui0-67 (bpydc) NMEALFINT, =& iE 1 B 4e T, 7E2.5 hiA

PEEIE MR A4910 pmol /g.
5000

—a— Co-UiO-67(bpydc)
—a— Ui0-67(bpyde)
4000 {—— LAELTT
—v— L Ru-PS
—a— LTEOA
3000 + Rk

2000 -

=
=
=3
=
1

H, evolution rate (Lmol/g)

0.0 0.5 1.0 15 2.0 25

P16 A [F] SOE A 22 T RO A Al S =

ARER G SR A AL A MR R 5 TRE L AR A,
FARRER ST S THTR, AEIT UG SS90 AT 2R 2R A B [ A
SRICHR, T RECAEALHI MBS ONAHLER . MOF [ 65 By
2SRRI TTRE I E TS IR 5 SRR ZR 2 A 2-3 N —
AT FORHR ] 6 BORAE S M i U RE DK AT LR 7 A 25
SN G ST EOR S AR IS R S SR S I B, e
G5 IR I BN AT B 23 B A BRI 58 BRI AR 7, SRS N
A SR A AT NG, AR S SRR AR AT S IR )
FRIF o3 BT S P . B SR R o, A AR i T S
Bk 7St RS OB AR, 1k A ey B OB, B R
A E FZE T NI BRI R R BRI RE s U 2 R B

FIAR, ¥ 98 AR, S R SR ERIERE ) ST AR X
GBT RER SR B R AR o

| A A SR |
1
e R — JRST S
O SCRREBE Vo D R | D BERE .
I R e - e I
Hepoprpe A} L w8 ] Vo e i
;lm'lj—'lp&ql'lh)]::'. " T R | gl n gt
A HY SRS HE VI S HE
|'|‘j‘:|m:|)‘j:lw§:’ ||$|j:|ﬁ:|ﬁ]:|i‘r:- uﬁ:-ﬂ“i’]"u{f}.:
S Bl mimEmty i
BT gtz st
7 5%

ARSI I VA PWERI A TMOFA I Co-Ui0-67 (bpydc) , X
BT T S5 MRAEAD AL B SRR T YRR VESR G S8, A
LA E ZINNEY, W R ZFRNR, LA SCART. ARk
2 BRAE A A RIS T AR BN SE, BTELR A=)
FH, R SR AT, UL HE— PRI ) B e BEA

(E&EH)

W A B AR R E AT E SR B (22023170),20F 3K~ 3
SR H AR B (220505940025637,220505940025637,2308046
97264137)

[ % 3]

[1]JHu S,Gao M—L,Huang J,etal.Introducing hydrogen—bond
ing microenvironment in close proximity to single—atom sites
for boosting photocatalytic hydrogen production [J].J.Am.Chem.
Soc.2024,146,20391 —20400.

[2]Xiao J,Hisatomi T,Domen K,Narrow—band—gap particulate
photocatalysts for one—step—excitation overall water splitt
ing[J1.Acc.Chem.Res.2023,56,878—888.

[3]Yang GWang D,Wang Y,Modulating the primary and secon
dary coordination spheres of single Ni(ID)sites in metal—orga
nic frameworks for boosting photocatalysis[J].J.Am.Chem. Soc.
2024,146:10798—10805.

(4130 Fl 4, 2= 22 X U3 48 NH2—-MIL—53(Fe)/GO#Y #l & K
tEAMEESI N GEMFER R EREFTHH
%,2021,41(10):142-146.

(518 B 44,34 [E F, & 4. % FL.MOFs(Uio—6642Ui0—68)4 ik &
FAEM 5o MR F A F EE[I] M F % F,2020,42(10):45-50.

[613h A 5, £ 3% .Bi0CIXI1 -x@NH2—MIL—125(T1) Y 4| & & £
B AR R A SR (0] SRt R b E E,2023,40(5):57-62.

VI8 e IR, %, 3 TR E R TR AFELE S
LB T E— DU WA o MK H AR A S0 o B K L
£,2023,38(3):131-138.

EEE T

X 3(1987—=), % b &P AL BT, W L HF R A B R @
AR AR KB BB BB R .

30 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



