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characterization of Ti3Cz/CN-X photocatalysts. Aiming at the drawbacks of graphitic carbon nitride,
including high recombination rate of photogenerated charge carriers, limited specific surface area
and insufficient photocatalytic hydrogen-evolution activity, this work develops a comprehensive
chemistry teaching experiment on material photocatalysis for senior undergraduates majoring in
chemistry. Few-layer TizCz (MXene) is synthesized via selective hydrofluoric-acid etching of TisAlCa.
Modified carbon nitride CN-X is obtained by a salt-assisted calcination strategy. Ti3Cz/CN-X hetero-
junction photocatalysts with varied TizCz loadings are further fabricated through liquid-phase ul-
trasonic compounding. X-ray diffraction (XRD), scanning electron microscopy coupled with en-
ergy-dispersive X-ray spectroscopy (SEM-EDS), and a photocatalytic water-splitting hydrogen-evo-
lution test system are employed for structural characterization and performance evaluation of the
as-prepared materials. Experimental results demonstrate that the TizCz/CN-X composite with 10 wt%
TisCz achieves an optimal hydrogen-evolution rate of 78.2 pmol-h-1-g-1, exhibiting a remarkable im-
provement compared with pure CN-X. Translating cutting-edge research achievements of MXene-based
photocatalysis into an undergraduate teaching program, this experiment can train students’ com-
prehensive experimental skills in material synthesis, instrumental characterization and perfor-
mance assessment. It also facilitates students’ understanding of the heterojunction photocatalytic
mechanism and cultivates their scientific thinking and innovative interest. Hence, it is suitable to
be incorporated into the comprehensive chemistry experiment curriculum for senior students ma-
joring in chemistry-related disciplines.
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HOeEALERE, 8 TR mEOCHELEE, SRR, (et - 2RI 8[17]. H ARSI &
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2.1. fENREMIEER

A BB CN-X fEIEHFDEIREE T, AR AR CN-X B & FELEA BT 37 1 fi i Al
—NEH RIS, ERIRAE R N RO, Gl AU EE SR, R A (VBRI
(CB)HF A7 A —ANEIRR, 3K — (MR AT BN AR A MR O i B R B (Ba) o 24 S ARRD LI 3 32 1R T WG R
L P A R R, AT (VB) LNt A i () F ARt 2 ORI A i BR AT 1) 3
(CB).L, HAEMAF(VB)= B T RIBRIE R A7 S8 H A R 27, AT T 7K 7 5 (H0) R s B
7R AL S (WA SRR AT R 5 R OH) . 5 i[RI 537 (CB) HH R AE 2RIAE FEL 7 () RV R AU
LTS RGBSR B H3E(-03) . FTREIFIZ(hY), Fdt B AL OH)ALE A B 2L (-0;) = MNFtEY B 5 &3
Y, R A BER AN AR I HEAT -

FEREAN NI RE AR, dRAE AL B R P AR A AT A R RS AR i 1R SRR DL R . 2T
RE /N T EUR REIA B SRR S BRME R, sl e B kTR 8 3 (CB), 2GR A
TR S ST A 3R DA FL T (e0)- 28 TR (W) R e DRt R 45 45, PRI 2 S BOB ML RCRIEIR13].

2.2. SEEGAF
49% A FL(49%HF), Ti;AlC,, JRZE, LiCl, NaCl, KCl, JT/KZEE.
2.3. SCIG{Y 3%

ME, Sm, ROKRE, DO, BT, 24550, WROr, AR, B BRG A, HAE TR,
Sapdr, mE RO, HAETRA, ST RREI(SEM), X B AATH X(XRD).
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Y e
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3. KWPR

(1) TisC: B % FREL 5.0 g B Ti:AIC, SIAE] 100 ml ) 49% HF 1, ZENIN TisAlC, (LR i
STtE, TP HF MR, ERRNGEN 58— EERIE LML, S5 R 72h, fExMd R
HOHF I8 SR b, R IRATT 5 BEAE SR 0 A2 A (B BN 20 ml (9 HF, $i4E 72 /B RS 258 7
KIEVEE] pH =7 J5H =N Z] 100 ml (1) DMSO H#8 7 1 h [G4iHE 24 h, N RZRATREMAE Ti:C. 2
JZ8% DMSO #7F, &2 2 2R B NP JE TisCy, ERERE 1 24 h J5 B OB EHE DMSO FH TE/K ZEET
VEJG T IRA T 12 ho

(2) CN-X il #. FREL 50 g IR R RIS S b T 53k dr e, BT S00°CRBE 2h, 3K
BAREEEEM C Ny ¥ 3 g MIRA ENaCl A KC)INBIA 2 RAR CNy 1, FEOW R G515,
DA N S50°CJE ke 2 h JGAA MBI E00, R 25 B /KB BBl bR 23R IR 1 3R (R s RE g 6 1T REAS
BOHIEVeT 1, BEAERMBERE 10 20805 T B OHLE OIS 2 JLIR), SR JE /K SRR 5 e 5=+
146 80°C, 12h, 9% CN-Na Al CN-K 7R & #I(CN-X).

(3) TisC2/CN-X B & EALF M F. 2 BIFKE 5.0 g (1 CN-X F Ti3Ca (TisC2:CN-X = 5%/10%/15%/
20%) NN BITEK 2B G 4003 by SRJEHE 2 AN HU R BOBOR G B HE 1 h, HGK SREET U,
RGBS T8R4 80°C T 12 he

(4) FESRAE. SLIGFTHIFR 02 )2 TisCo FffEE X H26H) XRD M5, Al THAIC,. £J2 TisCoy 2
JZ TisCa g-C3Nuw g-C3Ne-X//D 2 TisCo ZFiE i 13 s 5% SEM A EDS e Mle Has i, &EEE™ AR
GuLL = LA i 70 9 LA EAL AR ON AE NS5 BRI E g-CaNa-X/2D |2 TisCo PR3 .
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DOI: 10.12677/japc.2026.154030 318 Ly PR R=Svi


https://doi.org/10.12677/japc.2026.154030

PAPAIIE P T o

SRS N 22 SCHRHH BRI(111) (200) (220) i T » 3% -5 STRRARIE (S A — 0, 61.2°%F W FRIAT S I F) Ve B 37
W TR, T IRy 4 R MR RC T s 2 AT AN 26,50 R R BT R AT A, H 3 R P BT
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Figure 1. XRD patterns of multilayer Ti3C2
1. %JZ Tiz:C2 B XRD [&

4.2. SEM e EE 747

Figure 2. (a) TizAlCz; (b) multilayer TizCz; (c) few-layerTizCz; (d) g-CsNg; (e) g-CsNa-X/few-layer TisCa
2. (a) Ti3AIC2; (b) B TisCz; (c) P& TisCa; (d) g-C3Na; (e) g-C3Ns-X/7D & TisCa
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Figure 3. EDS spectrum of g-4 g-C3Ns-X/few-layer Ti3Ca
& 3. g-C3Ns-X/b & TisC2 B EDS BEIZ[E
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Figure 4. Photocatalytic Hz evolution efficiency of g-C3Na with different percentages of Ti3Ca
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