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The Mo-doped AgsPO.s photocatalytic material were successfully
prepared with varying contents of AgNOs NHiH:POs and
(NH4)sM07024. 4H20 with mol ratio of Ag:P:Mo in material and equals
to 1. 3-x%: x%, (x = 3, 5, 8). The obtained materials were characterized
by X-Ray diffraction (XRD), infrared spectra (IR), scanning electron
microscopy (SEM), energy-dispersive X-ray (EDS), Raman spectroscopy.
The photocatalytic activity of AgsPOs (APO), xMoAPO (x = 3, 5, 8)
materials samples was assessed by degradation of Rhodamine B (RhB)
in aqueous solution under visible light. The effect of photocatalyst
XxMoAPO was affected by the mole ratio of Ag:P:Mo in which XMoAPO
samples with  5SMoAPO sample exhibits the highest photocatalytic

performance under visible light irradiation.

Gidi thiéu chung

Ngay nay, © nhiém moi trudng va khing hoadng nang
lugng dang la hai van dé nghiém trong trén toan cau,
vi thé viéc tim ra cac ngudn nang lugng cé kha nang
tai tao ngay cang tr&d nén quan trong [1]-4]. Quang xuc
tac v&i nhigu uu diém vugt troi nhu dé an toan, quy
trinh don gian, bén viing, tiét kiém néng luong [2] dé
va dang trd& thanh chu dé nong dugc cac nha khoa hoc
quan tdm nghién cltu. Trong do, chat ban dan bac
photphat (AgsPQO4) dugc phat hién vao khoang nam
2010 va nhanh chéong nhan dugc su chu y bdi kha
nang phan huy tét chat hitu cc trong vung anh sang
kha kién [3], cO kha nang diét khudn [4] va khang
khuédn [5]. Tuy nhién, hién nay viéc ap dung AgsPOs
trong xU ly cac chat 6 nhiém hitu co vao thyc t€ con bi
han ché bdi gia thanh cao, it tan trong nudc, nhung

tan tét trong dung dich axit nitric hodc ammoniac, dan
dén viéc ap dung vat liéu nay cing kho khan. Hon nifa,
ion Ag* c6 kha nang hép thu céc electron quang sinh
va bi khir thanh kim loai bam 1én bé mat cua vét liéu
lam cho céu trdc cla AgsPOs bi pha hady, lam gidm
hoat tinh quang xUc tac cla vat liéu. Hién nay, mot
phuong phép téng hop hda hoc mdi - phuong phap
phan Ung pha ran trong moi trusng &m (WASSR) [6]
gidi quyét dugc tat ca cac nhugc diém thong thudng
néu trén.

Trong nghién clu nay, phuong phap phan Ung pha
ran trong moi trudng &m dugc si dung nham thay thé
mot s& cation P (V) trong mang AgzPOs bang Mo (VI).
Vat liéu tao ra dugc dac trung bang cac phuong phap
héa ly hién dai nhu nhiéu xa Ronghen (XRD), hién vi
dién ti quét (SEM), phd tan sdc nang lugng tia X, phé
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phan xa UV-vis ran (UV-Vis DRS), phd Raman. Hoat
tinh clia vat liéu dugc danh gia thdng qua su phan hdy
clia Rhodamine B, qua do ca ché tang cudng hoat tinh
cua vat liéu cling dugc phan tich.

Thuc nghiém va phuong phap nghién ctu
Héa chdt
Céc hoda chét chinh st dung trong nghién cdu dugc

mua tU Cong ty hda chat Quang Bong (Trung Qudc)
va Cong ty Merck clia (Burc)

Bang 1: Héa chét st dung trong nghién cliu

Hoéa chat Nguén géc

- Bac Nitrat: AgNOs 99,9%

- Amoni dihidrophotphat:
NH4H2PO4 99,9%

- Merck (Buc)

- Trung Quéc

- Amoni molypdat :
(NH4)sM07024. 4H20 99,6%

- Trung Quéc

- Rhodamine B: C2sH31CIN2O3
99%

- Merck (D)

T6ng hop vt ligu

Hon hop gdm bac nitrat  (AgNOs), amoni
dihidrophotphat  (NH4H2PO4) va amoni  molypdat
(NH2)6M07024. 4H20 theo ty 1é mol Ag:P:Mo 1a 1: 3-x%:
x%, (x= 3, 5, 8), nghién hén hop sau do cho vao lo
thdy tinh 20 mL c6 chdia lo 3 mL khac chdia 1 mL nudc.
Lo 20 mL dugc boc kin dé & nhiét d6 80 °C trong 24
gi& [7]. Sau phan Ung, hén hop dugc dé ngudi tu
nhién dén nhiét d6 phong roi ria nhiéu [an bang nudc
cat va ancol dén khi pH=7, sdy khé & 60 °C trong 24
gi. Cac mau dudc ki hiéu 1 xMoAPO.

Mau vat liéu AgsPO4 tinh khiét dugc t8ng hop bang
phuong phap tuang tu nhu trén nhung khéng bé sung
tién chat Amoni molypdat (NH4)sMo07Q24. 4H2O va
dugc ki hiéu la APO.

Phuong phdp ddc trung

Cac mau vat lieu dugc dac trung bdi nhiéu xa tia X
(XRD) trén méay Brucker D8 Advance, &ng phat tia X
bang Cu c6 budc séng A=1,540 A, dién ap 30 kV
cuong dé dong 6ng phéat 0,01A; khado sat hinh dang bé
mat hat, bién gidi va kich thudc hat bang kinh hién vi
dién t& quét SEM (Nova Nano SEM 450), phé tan xa
nang lugng tia X (EDS), phd phan xa khuéch tan tur

ngoai kha kién (UV-vis DRS) trang thai rdn clia mau
dudc do trén may GBC Instrument-2885, lién két trong
vat liéu dugc xac dinh bang phd Raman (T64000
Raman vdi tia laser 633 nm, DPai hoc Ewha Womans,
Han Qudéc). Nong ddé Rhodamine B dugc xéac dinh
bang phuong phap tréc quang tai budc séng 553 nm
(Jenway 6800 clia Anh).

Ddnh gid hogt tinh xdc tdc quang

Hoat tinh quang xUc tac cla vat liéu dugc danh gia
dua trén kh& ndng phan hiy Rhodamin B (RhB) trong
dung dich nudc véi khéi lugng xdc tac (0,5 g/L). Hon
hop dugc khudy trong bong t6i 30 phut dé dat cén
bang hadp phu va gidi hdp phu, sau dé dugc chiéu
sang dudi anh sang den sgi toc 220V-60W (c6 kinh loc
tia UV) trong 120 phut. Nong do RhB trong cac mau
dung dich sau phéan Ung thu dugc & cac thai gian khac
nhau dugc xé&c dinh bang phuong phéap do quang trén
may UV-Vis hiéu CE-2011.

K&t qua va thao luan
Ddc trung vat liéu

CAu trdc tinh thé va dé tinh khiét clia cac vat liéu APO
va xMoAPO dugc trinh bay trong Hinh 1.
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Hinh 1: Gidn do XRD cla cac vat liéu APO va xMoAPO
(x=3, 5, 8)

Cac dinh nhiéu xa tai 26 = 20,88; 29,70; 33,30; 36,59;
47,81, 52,71; 55,04 va 57,30 Ung vd&i cac mat tinh thé
(110), (200), (210), (211), (310), (222), (320) va (321) dac
trung clia AgsPOs [8]. Diéu nay chiing to da téng hop
thanh cong vat liéu AgsPOs bang phan Ung pha ran
trong moi trudng am. Pong thdi tat cd cac mau vat
liéu cd cac dinh nhiéu xa vdi chiéu cao pic séc nhon
chiing to vat liéu cé do tinh thé cao. Su déng nhét vé
cac dinh nhiéu xa trong cac mau cé Mo cho thay su ¢
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mat clia Mo khong lam thay déi dang ké cau tric tinh
thé clia AgsPOsa.

Mat khac, dinh nhiéu xa cao nhat Ung véi mat (210) cla
3 mau AgsPO4 pha tap Mo dich chuyén nhe vé ving
20 thdp hon cé lién quan dén su gia tang kich thudc
clia tinh thé. Cac tinh toan Iy thuyét ciia A. B. Trench va
cdng sy da tinh dugc doé dai lién két Mo-O trong tU
dién [MoQa4]* dai hon lién két P-O trong tU dién [PO4]
(dvo-0 = 1,789A, dr-o = 1,577A) [8], do d¢6 kich thudc
cla tinh thé AgsPOs khi pha tap Mo tang la minh
chiing cu thé cho su két hgp clia Mo vao mang tinh
thé AgsPO4 [9]. Mat khac, su du thura dién tich duong
khi thay thé cac cation P>* (P(V)) bang Mo®" (Mo(VI))
da hinh thanh cac luéng cuc gilta cum [MoOa4]" va
[PO4], lam tang su tuong tac day tinh dién gitta Mo va
Cac nguyén tir P xung quanh va cling la nguyén nhan
lam gidn nd& tinh thé, tir d6 tang kich thudc tinh thé. Su
thay d6i chiéu dai cac lién két cling la nguyén nhan
thay déi tinh déi xiing trong cdu trdc tinh thé, gdp
phan hinh thanh nhiing tinh chat quang hoc mdi cho
vat liéu.

Hinh théi bé mat vat liéu dugc danh gia bang phuong
phap hién vi dién tr quét (SEM). Anh SEM clia 2 mau
dién hinh la APO va 5SMoAPO dugc trinh bay & Hinh 2.

LT TR ' o Fave

Hinh 2: Anh SEM cua (a) APO va (b) 5MoAPO

K&t qua anh SEM cho thdy cac hat AgsPOs tinh khiét ¢
kich thudc kha déng déu. Cau tric clia mau SMoAPO
bi bién dang thanh hinh que, kich thudc nhd hon va
phan tan tuong déi riéng ré. Cau trdc nay phu hap vdi
nhiing nhan dinh trén XRD, su thay d&i vé chiéu dai
cac lién két clng la nguyén nhéan thay déi tinh ddi

xUng trong cdu truc tinh thé, doéng thai su du thia
dién tich duong la nguyén nhén lam céc tinh thé
5MoAPQO bi phan tan.

Cac dao dong co ban trong mau vat liéu dugc xac

nhan bang phd Raman, két quad dudc trinh bay trén
Hinh 3.

——APO Aq
——— 3MoAPO
~——— 5MoAPO
—— 8MoAPO

T2
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E
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L x v s T - T o T - 1
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Hinh 3: Phé Raman clia mau APO va xMoAPO (x=3, 5,
8)

Cac cong trinh nghién ctu vé tinh thé AgsPO4 da chira
rang, trong tinh thé AgsPOs c6 18 dao dong ca ban
[10]). Trong vat liéu AgsPOs tinh khiét dugc téng hop
bang phan Uing pha ran trong méi trudng 4m cé 5 dao
déng dugc quan sat rd rang (ki hiéu bang cac nét mau
den). Cac dao dong tai 905 va 991 cm™ dugc quy cho
dao déng hoa tri déi xiing (A1) va khong déi xiing (T»)
clia cac cum [PO4]; dinh pic tai 414 va 547 cm™ Ung vdi
dao déng bién dang déi xing (E) va khong déi xiing
(T2) clia cum [PO4] va dinh 228 cm™ & dao déng tinh
tién hodc dao déng quay (T2) cla tu dién [PO4]) [8],
[10], [13]. Mét vai dao dong yéu & khoang 725 cm’
dugc xac dinh do dao déng bién dang clia két hgp clia
cac lien két O-P-O [11], [14]. Trong cac mau AgsPOs
pha tap Mo, ngoai cac dao déng cd ban néu trén con
xuét hién cac dao déng bé sung (ki hiéu bang cac nét
mau do) & 855 cm™ va 370 cm! tuong Ung vdi cac dao
déng bién dang cua lién két O-Mo-O trong cum t&
dién [MoQ4] (Tag). M6t dao déng hoa tri déi xiing cua
lién két [«—O«Mo—0—] tai 873 (Aig) [12], [15-17]. Dac
biét, su gia tdng manh mé cudng dé cla dao déng
gan 550 cm™ la dao déng bién dang khong déi xing
clia t dién [PO4] (T2). Ngoai ra, trong cac mau pha tap
khong xudt hién bat ky dao déng nao clia [MoO4)°* da
cing ¢6 thém bang ching Mo (VI) thuc sy d& xam
nhép vao céu trdc AgsPOs [8].
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Ving hép thu &nh sang clia cac mau vat liéu dugc xac
nhan bdi phé UV-vis trang thai rén, két qua dudc trinh
bay & Hinh 4. K&t qua cho théy rang tat ca cac mau véat
liéu déu co dai hdp thu kéo dai tur ving ti ngoai sang
vung kha kién va bd hdp thu manh & khodng 450 —
600 nm. Nang lugng ving cdm dugc xac dinh cu thé
theo ham Kubelka—Munk (Hinh 5).

APO

3% MoAPO

Po hap thu (a.u)

00 45 500 s0 600
Budc song (nm)

Hinh 4.: Phé UV-Vis DRS clla mau APO va xMoAPO

(x=3, 5, 8)

K&t quad Hinh 5 cho théy su pha tap Mo vao cdu tric
AgsPO4 da lam gidm gia tri nang lugng ving cém cla
cac mau vat liéu. Theo A. B. Trench va cong su [8],
cation P (V) cia AgsPOs dudc thay thé bang cac
cation Mo (VI) va hinh thanh cac muc nang lugng
trung gian mdi, cai thién kha nang van chuyén dién t&
trong tinh thé AgsPOa. Theo mét nghién clu khac cia
X.Li [13], cac nguyén tt pha tap Mo cé thé lam suy
thoai céac orbital Ag 4d va su cd mat cla obital Mo 4d
trong vung dan s& lam giam gia tri nang lugng ving
cadm. Mot lugng Mo phU hop s& du dé tao ra cac
khuyét tat, dong vai tro 1a cac bay dién t& han ché sy
téi t6 hgp cla cac hat mang dién, hinh thanh céc trang
théi trung gian trong dai cdm dé ha thdp nang luong
vung cam. Nang ludng vung cam gidm khi pha tap Mo
vao AgsPOs moét lan nita chiing minh rang da téng
hop thanh cong cac mau vat lieu xMoAPO bang
phuong phap phan Ung pha ran trong maoi trudng am.
Trong do, mau 5MoAPO c6 ndng lugng viung cdm
thap nhét (Eg=2,359 eV), dugc ky vong sé la ty 1é pha
tap thich hgp dé tang hoat tinh quang xdc tac cling
nhu kéo dai kha nang tai s dung cua vat liéu

APO 3MoAPO

2,397eV 2,381eV

[F(R)y*hv] /2

v
20 22 24 26 28 30 20 22 24 26 28 30

8MoAPO

2,383eV

20 22 24 26 28 30 20 22 24 26 28 30
Nang lugng photon (eV) Nang lugng photon (eV)

Hinh 5: D6 thi xac dinh nang lugng ving cdm Eq cla

cac mau APO va xMoAPO theo ham Kubelka—Munk

(x=3, 5, 8)

Phé tan xa nang lugng tia X (EDS) clia cac mau APO,
5MoAPO dugc trinh bay & Hinh 6. Két qué phan tich
dinh lugng thanh phan hoa hoc clia cac mau vat liéu
AgzPOy4 tinh khiét va pha tap theo phuong phap phé
EDS dugc trinh bay trong Bang 2.

Két qua phan tich phé EDS (Hinh 6) cho théy trong thanh
phan mau 5 MoAPO ngoai cac nguyén t& Ag, P, O con
c6 sy xudt hién clia nguyén t6 Mo vdi khodng 2,64% vé
khéi lugng. Ty 1é phan tram khéi lugng clia %P: %0
(8,45% : 32,18%) trong mau 5MoAPO, gidm so vdi ty lé
phan tram khéi lugng %P:%0 (6,00% : 19,89%) trong mau
APO. Mdt khac, khi pha tap thém Mo kéo theo sy gia
tang ham lugng C, N tU mudi molypdat lam ham lugng
Ag trong vat liéu gidm xudng.

Hinh 6: Két qua phan tich EDS clia mau (a) APO va (b)
SMoAPO
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Bang 2: Bang s8 liéu két qua phan tich EDS clia mau
APO va 5SMoAPO

Vat liéu % khéi lugng % nguyén t
Nauy APO SMSAP APO SMSAP
t6

Ag 70,18 40,77 27,26 10,83
P 6,00 8,45 8,11 7,82
O 19,89 32,18 52,09 57,65
Mo 8,85 2,64
Khac 3,94 9,76 12,54 21,04
Téng 100,00 100,00 100,00 100,00

Hoagt tinh quang xdc tdc cla cdc vt liéu

Két qua khdo sat thai gian can bang hdp phu dugc
trinh bay & Hinh 7.

1,0 4

0,9 4

) v —
o0 v v
£
=2
= 0,8 -
=
=]
=
2
20,74
£
o
£ —=— APO
= 064 | —e— 3M0APO
—a— 5MoAPO
o5 || =7 8MoAPO
0 1‘0 20 3.0 4‘0 5‘0 6‘0

Thoi gian hap phu (phat)

Hinh 7: D6 thi su phu thudc dung lugng hap phu
q(mg/g) vao thdi gian hdp phu (phdt) clia cac mau
APO va xMoAPO (x= 3, 5, 8) (ndng dd RhB 20mg/l).

TU céc gia tri thu dugc, co thé thdy rang su hdp phu
dung dich Rhodamin B ctia cac méu vat liéu AgsPOs4
tinh khiét va pha tap déu dat can bang sau 30 phut. TU
két qua nay, chiing téi xac dinh thai gian khudy trong
bong téi dé dat can bang hdp phu la 30 phut déi véi
tat c& cac mau

Khd nang phan hiy RhB cla cac vat lieu APO;
3MoAPO; 5MoAPQO; 8MoAPO dudc trinh bay & Hinh 8.
K&t qua cho thdy hiéu suat phan hay RhB dudi diéu kién
anh sang kha kién clia cac mau 3MoAPO, SMoAPO cao

hon so vdi vat liéu chua bién tinh. Sau 120 phudt chiéu
séang, kha nang phan hay RhB clia mau 5MoAPO rat
cao, dat trén 93%. Diéu nay, chiing minh hiéu qua xdc
tac tang khi pha tap mdt lugng thich hdp Mo vao
AgsPO4. Do do, ti Ié pha tap Mo thich hgp dé tang
cusng hoat tinh xtc tac quang cla vat liéu la 5%.

1,0

0,8

0,6
o]
Q
© 0,4
0p ] | T APO
7 | —e—3MoAPO
—a— 5MoAPO
—v— 8§MoAPO
010 T T T T T T

T T
0 15 30 45 60 75 90 105 120
Thoi gian (phut)

Hinh 8: D& thi sy phu thudc gia tri C/Co vao thai gian
chiéu séng (phut) clia cac mau APO va xMoAPO (x=3,
5, 8) (ndng dd RhB 20mg/I; den 220V-60W)

K&t ludn

Vat liéu AgsPOs va AgsPOs pha tap Mo da dudc téng
hop thanh cdng bang phuong phéap phan tng pha ran
trong méi trudng am. Da khado sat anh hudng cla ty lé
khéi lugng tién chat va ti 1é pha tap dén qua trinh hinh
thanh vat liéu AgsPO4 va AgsPO4 pha tap Mo. Cac
phuong phap dac trung hién dai XRD, SEM, EDS,
Raman, UV-Vis DRS ching minh sy thanh céng cla
phuacng phap trong viéc hinh thanh vat liéu.

Hoat tinh quang xUc tac clia cac vat liéu dugc khao sat
bang phan Ung phan hay RhB. Trong d6 cac mau vat
liéu 3MoAPO va SMoAPO c6 hoat tinh xUc tac cac hon
so Vdi vt liéu AgsPOa. Trong dé mau vét liéu SMoAPO
(ty & pha tap Mo la 5%) cho hiéu suét phan hay RhB
cao nhéat dat trén 93% sau 120 phut chiéu sang
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