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CdS nanomaterial was hydrothermally synthesized at 160 °C for 6 hours from a
dispersed mixture of Cd(NO3)24H.O and CH3CSNHz in 50 mL
ethylenediamine and denoted as Cw-m, where w-m is the weight ratio of
Cd(NO3)2.4H20/CH3CSNHz and equals to 1-2, 1-1 and 3-2. The obtained
materials were characterized by X-Ray Diffraction (XRD), Infrared spectra (IR),
Scanning electron microscopy (SEM), Transmission electron microscopy (TEM),
Energy-dispersive X-ray (EDX), and Ultraviolet-Visible Diffuse Reflectance
Spectroscopy (UV-Vis-DRS). The UV-vis DRS showed that the CdS materials
possess bandgap of around 2.24 eV. The photocatalytic activity of the CdS
was assessed by degradation of methylene blue (MB) under visible light. The
experiments indicated that CdS semiconductor materials can be active under
visible light. The MB degradation over the CdS was mainly attributed to the
photoreduction process induced by the superoxide radical anions (02" ) and
hydroxyl radicals (OH).

Gidi thiéu chung

Ngay nay, su phéat trién nhanh chong clia cdng nghiép
héa va dé thi hoa dan dén su thiéu hut ngudn nang
lugng toan cau va mot lugng dang ké cac chat 6
nhiém hoa hoc doc hai thai ra moi trudng xung quanh.
Do do, ching ta cép thiét phai tim ra mét céng nghé
mdi va xanh dé giai quyét cac cudc khiing hoang nang
lugng va maéi trudng néi trén; do dé, nhiing nd luc to
I6n da& dugc thuc hién dé thuc déy khoa hoc va cong
nghé can thiét dé san xudt nang lugng sach va bén
ving [1, 2]. Nang lugng mat trai la ngudn sach va doi
dao nhét,viéc tao ra cac hé théng quang hgp nhan tao
c6 thé chuyén ddi nang lugng mat trai thanh nhién
litu hda hoc da dugc thuc hién. Trong sé rat nhiéu

cdbng nghé dugc dé xudt, cong nghé quang xdc tac
ban dan dugc coi la mét trong nhiing chién lugc nhién
liéu mat trai ducc nghién clu chung nhét dé giai quyét
tinh trang thiéu nang Iugng toan cau va 6 nhiém moi
trudng. M6t mat, céng nghé quang xuc tac ban dan cé
thé si dung nang lugng mat trai dé san xudt mot sé
nhién liéu hdéa hoc co gia tri nhu hydrogen tr qué trinh
phan tach quang xuc tac cla nudc va hydrocarbon tu
qué trinh khir carbon dioxide [3]. Mat khac, cong nghé
nay co6 thé lam sach méi trudng bang cach phan hay
quang xUc tac cac chét hda hoc ddc hai khac nhau.

Sulfide kim loai c6 néng lugng vung cdm hep va gié tri
ving dan thich hap, vi vay ma loai vét liéu nay dugc su
dung lam chat xtc tac quang dudi viing anh séng nhin
thay [4]. Bac biét, cadmium sulfide c6 dé réng ving
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c&m hep, khodng 2,177-2,85 eV [5, 6] nén hdp thu anh
sang nhin thay t6t, nd la mét trong nhitng chéat xuc tac
quang ban dan ndi bat nhat trong s& cac sulfide dé
thuc hién qué trinh quang xUc tac phan tach nudc
thanh Ha [7]. Mat khac, vat liéu nay con cd khad ndng
phan tach cac electron quang dién va cac 16 tréng cao,
di chuyén hiéu qua va kéo dai thai gian “séng” cla cac
hat mang dién nay dan dén hoat déng quang xUc tac
cao.

Trong cong bé nay, nhém nghién cliu s t6ng hop
CdS kich thudc nano bang phucng phép thiy nhiét.
Hoat tinh xUc tac quang cta CdS ciling dugc danh gia
bang phan ting phan hiy MB dudi su chiéu xa clia anh
sang kha kién.

Thyc nghiém va phuong phép nghién clu
Héa chdt

Céc hoa chat dugc st dung trong nghién clu nay déu
dugc mua tU hdng Sigma Aldrich (Bdc) bao gdm:
thioacetamide (CH3CSNHz, > 99%), ethylendiamine
(CoHsNz, > 99%), melamine (C3HeNs, > 99%)
methylene blue (CieHisCIN3SxH20, (= 97%), cadmium
nitrate tetrahydrate (Cd(NQOs)2.4H20, = 98%) va
CoHsOH (= 99,9%) tUr Samchun (South Korea). Tat ca
cac hda chét déu thudc loai cod doé tinh khiét cao.

Phuang phdp tong hop vat liéu

CdS nano dugc téng hgp bang phuong phap thuy
nhiét bang cach cho Cd(NO3)2.4HO va CH3CSNH:
(theo ty 1& 1:2, 1:1 va 3:2 vé khéi lugng) hoa tan hoan
toan trong 50 mL ethylendiamin. Cho toan bé hdn hap
vao binh teflon, tién hanh dun néng dén 160 °C va duy
tri trong 6 gid. Hon hop phan Ung dugc lam ngudi tu
nhién dén nhiét d6 phong. Ly tdm 18y chét rén, ria
nhiéu 1an bang nudc ct va ethanol, cudi cing san
phdm dugc lam kho trong td sdy & 80 °C. San phém
thu duagc ki hiéu la C1-2, C1-1va C3-2.

Phuong phdp ddc trung

Nhiéu xa tia X (XRD) ctia cac mau dudc do trén may
Brucker D8 Advance, 6ng phat tia X bang Cu cé budc
séng A = 1,540 A, dién ap 30kV, cudng dd dong 6ng
phat 0,01A. Phé hdng ngoai (IR) clia mau vat liéu dugc ghi
trén may GX - PerkinElmer. Phé tan xa ndng lugng tia X
(EDS) va anh hién vi dién tir quét (SEM) dugc do trén
méay Nova Nano SEM 450. Ph§ UV-vis DRS dugc do
trén méay GBC Instrument—2885 budc song ti 200 dén

800 nm. Nong dé dung dich MB dugc xac dinh bang
phuong phap do quang trén may UV-vis Jenway 6800.

Khdo sdt hoat tinh xtc tdc quang

Nong dé dung dich MB cla qué trinh quang xUc tac &
céc thai diém khac nhau dudc xac dinh dua vao dudng
chuén dugc thiét 1ap bdi méi quan hé gitta do hap thu
theo néng doé trén may UV-vis Jenway 6800, tai budc
séng 663 nm. Hiéu sudt phan hiy MB clia cac vat liéu
dudc xac dinh theo cong thuc:

H:%HOO%

0

trong do6, Co la ndng do dau clia MB tai thai diém dat
can bang hép phu - gidi hdp phu va C: la néng dé MB
tai ting thai diém khao sat.

K&t qua va thao luan
Bdic trung vt liéu

Thanh phan pha cla cac mau dugc dac trung bdi
nhiéu xa tia XRD, két qua dudc trinh bay & Hinh 1.

TU Hinh 1a cho thdy, XRD ctia mau C1-1 chi gém nhiéu
xa clia CdS tinh khiét c6 bén cyc dai nhiéu xa riéng
biét tai 20 bang 26,64; 43,94; 51,92 va 70,43° tuong
Ung vdéi cac mat (111), (220) va (311) va (337) clia céu
trdc 13p phuong tam mat. K&t qua nay la hoan toan
trung khdép vdi cac cong trinh dé cong bé vé vat liéu
CdS [8-10]. Cling & Hinh 1a, nhiéu xa XRD cla hai mau
C1-2 va C3-2, ngoai cac peak nhiéu xa clia CdS nhu &
mau C1-1 con xudt hién thém céc peak khdng thude bd
nhiéu xa clia CdS & 26 = 44,43 (peak nay dugc chi ré
haon & Hinh 1b) va va mot peak khéc & 26 = 64,78°.
Piéu nay ching t6, ngoai CdS & hai mau nay con chita
cac tap chat khéac.

TU gié tri d6 réong nlfa peak (FWHM) ghi trén gidn doé
XRD clia mau C1-1tai 28 = 26,64° (ng v&i mat nhiéu
xa (111), kich thudc tinh thé CdS trong mau nay dugc
xac dinh bang phuong trinh Debye — Scherrer:

kA

- B.cosO
V&i A = 0,154 nm; FWHM = 0,266, B = (FWHM).1t/180.

Két qua tinh dugc kich thudc tinh thé CdS trong mau
vat liéu C1-1 bang 30,76 nm.
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Hinh 2: Hiéu suét va nhiéu xa XRD cla cac mau CdS

t6ng hop & cac thai gian thy nhiét khac nhau

Ngoai ra, thdi gian tién hanh thay nhiét d&i véi mau
C1-1 con dugc nhém nghién cdu khdo sat. Hiéu suat
clia qué trinh t6ng hop theo thdi gian thay nhiét va
nhiéu xa XRD clia cac mau nay dudc trinh bay & Hinh
2. Két qua cho théy, hiéu suét clia quéa trinh téng hop
CdS tang theo thai gian thiy nhiét, dé tinh thé, cuong
do peak clia cac mau cling tang theo diéu kién nay.

Lién két hoa hoc trong cac mau vat lieu dugc dic
trung bdi phd IR, két qua dugc trinh bay & Hinh 3.

TU Hinh 3 cho thay, déi véi phd FTIR cla C1-1, dai réng
o tAm G 3445 cm™ va peak & s6 séng 1634 cm™ |a dao
déng hoa tri cia nhdom -OH trong cac phan t&r nudc
hép phu trén bé mat CdS [11, 12]. Biéu nay cho théy, cb
sU tuong tdc manh mé clia CdS vdi cac phan ti nudc.
Céc peak co cudng do yéu & s& séng khoang 1533 cm’
11457 cm™, 1129 cm™ va 711 cm™ 1 dao déng do su
déng gop cla lién két Cd-S [13-15].

Piéu nay ching to, trong mau C1-1 ¢6 su hinh thanh
CdS. Mat khac, quan sat phS FTIR clia cac mau C1-2 va
C3-2 trong Hinh 3 cling dé nhan thdy, phd cla cac
mau nay c6 dac diém hoan toan khac véi mau C1-1, cu
thé khong cd nhitng dao déng cua lién két Cd-S &
nhifing viing co s6 song nhu mau C1-1.

—2C3-2
—C141
—0C1-2

Do truyén qua (%)

0 —T T T T T
4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)

Hinh 3: Ph& IR clia cAc mau vat liéu

Nhu vay, két qua dac trung XRD va IR da chi ra vat liéu
CdS hinh thanh khé tinh khiét & mau C1-1. V&i két qua
nay, mau C1-1 dugc chon dé khao sat bdi cac dic
trung tiép theo.

Phé tan xa nang lugng tia X (EDS) ciia mau C1-1 dugc
trinh bay & Hinh 4.
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Hinh 4: Ph& EDS clia mau vat liéu C1-1

TU Hinh 4 cho thay, chi cé peak clia cac nguyén t6 Cd
va S xudt hién & cac mic nang lugng kich thich tuong
Ung. Ngoai ra, khéng thdy xudt hién peak cla céc
nguyén té khac.

Thanh phan cla cac nguyén t& trong mau C1-1 cling
dugc xac dinh, két qua dudc trinh bay & Bang 1.

Bang 1: Thanh phan cac nguyén t6 trong mau C1-1

Nguyén t& % khéi lugng % nguyén té
Cd 75,98 47,43
S 24,02 52,57
Téng 100,00

Thanh phan nguyén t6 trong mau chi c6 Cd va S. Biéu
nay ching to, mau C1-1 vdi sy tao thanh CdS co do
tinh khiét kh& cao. Két qua nay hoan toan phu hgp vdi
két qua phan tich XRD.

Tiép tuc dic trung mau vat liéu C1-1 bang hién vi dién
tlr quét (SEM), két qua dugc trinh bay & Hinh 5.

IMS-NKL 5.0kV 4.9mm x150k SE(M)

Hinh 5: Anh SEM clia mau vat liéu C1-1

TU Hinh 5 cho thdy, CdS nano dudc téng hap tir qué
trinh thay nhiét Cd(NO3)2.4H20 va NH2CSNH; (theo ty
lé 1:1 vé khéi lugng) trong dung moi ethylendiamin la
cac hat co hinh thai va kich thudc khac nhau. TU nhitng

hat hinh cau cé kich thudc 20 — 30 nm (tinh theo thang
do) dén céc hat dang vay co kich thudc I6n han (50 —
100 nm) la do su tap hop cla cac hat nano nhd dan
dén su hinh thanh cac hat nano 16n hon. Quan sét ky
con théy xuét hién cac thanh hinh que nano cé dudng
kinh khodng 30 nm (diéu nay thdy ré han & anh TEM).
Tom lai, sy hinh thanh CdS & mau vat liéu C1-1 1a rat
da dang vé hinh dang va kich thudc. Tuy nhién, géan
nhu tat cad déu dat kich thudc nano nhu muc tiéu dat
ra cla nhom nghién clu.

Vat liéu CdS ¢6 dang hinh cau dugc chi ra & anh TEM
(Hinh 6).

Hinh 6: Anh TEM clia cac hat nano hinh cu

Nhu vay, cac dac trung XRD, IR, EDS, SEM, TEM da chi
ra su hinh thanh CdS kha tinh khiét & mau C1-1.

uv Vis
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Hinh 7: PhS UV-Vis DRS (hinh Ién) va nang luang ving

c&m (hinh nho) clia mau vat liéu C1-1

Méu vét lieu CdS tiép tuc dac trung bdi phd UV-vis
trang théai ran, két qua duoc trinh bay & Hinh 7. Quan
sat Hinh 7 cho théy, bd hép thu anh sang clia mau vat
liéu nay nam léch manh vé ving kha kién & budc séng
> 550 nm). Nang lugng ving cdm cla mau vat liéu
CdS clng dugc xac dinh dua vao do thi biéu dién su
https://doi.org/10.51316/jca.2021.082
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phu thuéc ham Kubelka — Munk theo ndng lugng anh
sang hép thu (Hinh nhd).

Két qué thu dugc gia tri nang lugng vung cdm ctia CdS
téng hop theo phuong phép nay bang 2,24 eV. Gia tri
nay khé phu hgp véi cac cong trinh d& cong bé [5, 16]
va nhé han nhiéu so vdi cac cong trinh khac vé CdS [6,
17] dugc chira & Bang 2.

Bang 2: Nang lugng vung cdm ctia CdS & mét sé cong
trinh d& cong bd va cla nhém tac gid cong trinh nay

Vat liéu Bandgap (eV)
Cds 2,17; 2,25 va 2,32 [5]
Cds 2,31116]

Cds 2,61 [17]
Cds 2,85 [6]
CdS 2,240

© Nhom tac gid clia cong trinh nay

Dua vao di lieu nay cho phép du doéan, vat lieu CdS
thé hién hoat tinh quang xtc tac manh trong viing anh
sang kha kién.

Bdnh gid hoat tinh xuc tdc quang
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Hinh 8: Su phan hdy MB (10 mg/L) bdi mau vat liéu
CdS dudi su chiéu xa cla anh sang dén LED 30W-220V
& diéu kién co va khong co kinh loc tia UV

Trén cd s& thu dugc tU viéc dac trung CdS, nhom
nghién clu tiép tuc khdo sét hoat tinh xic tac quang
cUa vat liéu nay. Hoat tinh xtc tac quang cua vat liéu
CdS dugc danh gia bang phan Ung phéan hiy MB (10
mg/L) bdi anh sang dén LED 30W-220V vdi téng thdi
gian chiéu séng 4 gid. Sau 30 phdt ding chiéu den

cho mot 1an 18y mau dé xac dinh ndng dé MB. Két qua
dugc trinh bay & Hinh 8.

Két qua thu dugc hiéu sudt phan hiy MB déi véi mau
€6 va khong c¢o kinh loc tia UV tuong Ung la 85,71% va
95,21%. Biéu nay ching to vat liéu CdS xdc tac manh
chd yéu & vung anh sang kha kién.

K&t luén

Vat liéu CdS nano da dugc téng hgp thanh céng bang
phuong phap thay nhiét tUr cac tién chat
Cd(NO3)24H.0  va  NH2CSNHz  trong  dung  modi
ethylendiamin. San phdm dugc dac trung va xac nhéan
bdi cac phuang phan tich héa ly hién dai nhu XRD, IR,
EDS, SEM, TEM. Vling hép thu anh sang (vung kha
kién) va nang lugng vung cam (2,24 eV) cla vat liéu
nay cling dugc xac dinh bang phd UV-vis trang théi
ran. Vat liéu CdS nano thé hién hoat tinh xic tac
quang t&t dudi su chiéu xa clia anh sang vung kha kha
kién (den LED 30W-220V).

L&i cdm on

Céc tac gid chan thanh cdm on dé tai cép B6 mé s
B2021-DQN-05 da tai trg mét phan kinh phi cho viéc
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