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DANH MUC CAC KY HIEU CAC CHU VIET TAT

TT Ky hi¢u Viét tit Tén tiéng Anh Nghia tiéng Viét

1. V5,05 Vanadi pentoxit Vanadi (V) oxit

2. SDS Natri dodecyl sulphate Natri dodecyl sulfat

3 CTAR Cetyl trimetylammonium Cetyl trimétylaméni bromide
bromide

4, P123 Pluronic Pluronic

. SEM Scanning Electron Kinh hién vi dién tir quét
Microscope

6. uv Ultraviolet Tia tir ngoai
Fourrier Transformation Ph6 hong ngoai bién d6i

" FTIR InfraRed Fourrier

8. XRD X-ray diffraction Nhiéu xa tia X

9. rpm Revolutions per minute Vong quay/ phat

10. abs Absorption Héap thu

11. C Concentration Nong d6

12. CvD Chemical vapor deposition Ling dong hoi hoa hoc

13.  UV-Vis  Ultraviolet — Visible Pho tir ngoai — kha kién

14. MB Methylen Blue Xanh Methylen
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KET QUA NGHIEN CUU

Trong nghién ciu ndy, ching tdi ché tao thanh cdng vat liéu nano V,0s
bang phuong phéap thay nhiét don gian, tan dung nhing trang thiét bi sin c6 tai
phong thi nghiém Ly, Hod cta truong Pai hoc Hoa Lu. Két qua tong hop vat
licu nano V,0s dugc nghién ctu va khang dinh bang cac phép do nhu kinh hién
vi dién tir quét (SEM), nhidu xa tia X (XRD), quang phd hong ngoai bién doi
Fourier (FTIR) va quang phé tir ngoai - kha kién (UV-vis). Bic biét, két qua da
ching minh rang viéc bé sung chat hoat dong bé mit co tac dong manh mé dén
hinh thai, nang luong ving cAm va bé mit hoa hoc cua vt liéu nano V,0s. So
sénh gitra viéc bd sung ba chat hoat dong bé mat natri dodecyl sulfat, pluronic
P123 va CTAB cho thay rang viéc bo sung SDS tao ra vat liéu nano V,O0s hiéu
qua nhat cai thién xdc tac quang. Nhu vay bang cach thay d6i chat hoat dong bé
mat, ching tdi c6 thé kiém soat hinh thai va hoat dong xUc tac cta cau trdc nano

V,0s tir d6 cai thién hiéu qua trong tirng ung dung cu thé caa vat liéu nano.

Vi



MO PAU

1. TONG QUAN TINH HINH NGHIEN CcUU

Vanadi pentoxit (V,0s) la mot trong nhitng vat liéu da chirc nang duoc
nghién cau rong rdi cho nhiéu tng dung khac nhau nhu: thiét bi vi dién tr va
quang dién tir, vat liéu dién sac, pin K&m — ion, siéu tu dién, quang xuc tac...
V,0s da dugc nghién cau ca & quy md nano (bao gom céc day nano, day nano,
thanh nano...) va micro (vi cau) véi nhiéu phuong phap tong hop khéac nhau.
Hat nano V,0s dugc diéu ché bang nhiéu phuong phap nhu nhiét phan phun,
phuong phap thay nhiét, lang dong hoi hoa hoc, bay hoi nhiét bot oxit va
phuong phap sol-gel... Trong tng dung quang xdc tac, cac nghién cau hau hét
déu danh gia V,0s nhu mot chat quang xuc tac hai chirc ning, co thé xdc tac cho
ca phan ing oxy hoa va phan tng khtr. V,0s dugc coi 1a mot chat xuc tac quang
day trién vong dé phan hay hau hét cac loai chat 6 nhiém hitu co kho phan
huy. Hon nira, hoat tinh quang xuc tac cua V,0Os la phu thudc vao hinh thai cua
n6 do phan tng quang x(c tac xay ra & bé mat chat xuc tac trong dung dich véi
cac chat 6 nhim hitu co. Hinh théi, tinh chat, cau trdc cua vat liéu V,0s phu
thudc vao mét sé théng sé nhu phuong phap ché tao, nhiét do, ham luong tién
chat, nong 6, pH, nhiét do, st dung chat hoat dong bé mat... Trong qué trinh
quang xuc tac cua vat liéu cau trc nano noi chung va V,0s ndi riéng, hinh dang,
kich thudc, dién tich bé mat riéng la nhitng théng s6 ¢6 ¥ nghia anh huong dén
tinh chat quang xuc tac caa chat xtc tac. Trong sé cac yéu td nay, sir dung chat
hoat dong bé mat duoc chitng minh 1& mot phuong phap hiéu qua dé thu duoc
hinh thai dic biét cua V,0s. Viéc bod sung chat hoat dong bé mat s& 1am giam
stc cing bé mit va ning luong bé miat cua cac hat chét long, do d6 1am giam su
két tu cua chdng, cudi cung 1a kiém soét hiéu qua kich thudc va hinh thai cua
cac hat nano. Mot sé nha nghién ctru da dwa chat hoat dong bé mit vao qué trinh
thuy nhiét dé kiém soét hinh thai cua V,0s vi tuong tac hap phu cua chat hoat
dong bé mat trén cac mat phang cuc cua tinh thé V,0s 6 thé thay d6i qua trinh

phat trién caa tinh thé.



Trong qué trinh ché tao vat liéu nano V,0s cac chat hoat dong bé mit co
tac dong manh dén hinh thai hoc, dong thoi anh huong dén do két tinh, tinh chét
quang dién tir va bé mat cua vat liéu nano nay. Nghién ciu anh hudng cua chit
hoat dong bé mat trong qua trinh tong hop vt liéu nano V,0s duoc nhiéu nha

khoa hoc d3 va dang nghién cru va phét trién. Tiéu biéu c6 thé ké dén nhur:

1. Nam 2015, Raj va cac cong su [1] diéu ché hat nano V,0s bang phuong phap
thuy nhiét véi viéc st dung chat hoat dong bé mit SDS, CTAB va Triton-X thu
duoc kich thudgce tinh thé nano lan luot 12 61,6 nm; 27,5 nm va 46 nm. CAc mau
c6 mat SDS dugc s dung l1am chéat xdc tac quang cho thuéc nhuém methyl
orange, dat duoc muac phan hiy 84% dudi anh sang tir ngoai sau thoi gian chiéu

sang la 90 phdt.

2. Trong béo cao cua Aslam M. va céc cong su [2], V,0s duoc tong hop bang
quy trinh két taa hda hoc s dung Triton X-100 dé kiém soat hinh théi hoc va
dugc ¢ng dung trong sy phan hay phenol va cac dan xuat cia nd (2-
hydroxyphenol, 2-chlorophenol, 2-aminophenol va 2-nitrophenol) khi tiép xc
véi anh sang mit troi. Hiéu suat phan hay 2-chlorophenol [&n téi 99% sau 180

pht chiéu sang.

3. Solis-Casados va cac cong su [3] di tong hop thanh cong thanh nano V,0s c6
su hd tro cia chat hoat dong bé mat khong ion polyoxyetylen lauryl ete (Brij
L23) ung dung dé phan hay thuéc nhudém xanh malachite dudi anh sang mat

troi. Hiéu suat phan hiy xanh malachite 1én tgi 80% sau 180 pht chiéu sang.

4. Ibrahim | va cac cong su [4] da st dung céc loai chat hoat dong bé mit khac
nhau: natri dodecyl sulphate (SDS), Tween 80, Triton X-100 (T100) va ruou
polyvinyl (PVA) dé tong hop V,0s theo quy trinh héa wét. Cac mau duoc diéu
ché bang cach st dung Tween 80 thé hién cac dic diém cau trdc, hinh thai va
quang dién tir dic biét, ddng thoi cho thay hiéu suat xuc tac quang cao nhat dé
khir crom (V1) ciing nhu qua trinh oxy hoéa chit gy 6 nhiém nudc xanh

methylene (thudc nhudém azo) va tetracycline (khang sinh).



Nhu vay trong qua trinh tong hop céc vt liéu c6 cau tric nano, chat hoat
dong bé mit duoc str dung nhu mot chat on dinh, chat pha va khuén mau. Sy c6
mit cua chat hoat dong bé mat co thé kiém soat kich thudc, sy phat trién khong
dang hudéng va su két tu trong qué trinh tong hop vat liéu nano. Hon nita, khi
thém céc chat hoat dong bé mat trong dung dich tién chat c6 thé 1am giam sic
ciang bé mat, thiic ddy qua trinh tao mam va giam ning luong cua su hinh thanh
pha mai. Cac phan tir chat hoat dong bé mit bao gém phan dau va nuéc va phan
dudi hydrocacbon hoat dong nhu mot phan ky nudc. Sy sap xép siéu phan tir cua
cac chat hoat dong bé mat tao thanh cac mixen trong dung dich hoat dong nhu
bo diéu khién tang truong thuc hién @c ché su két tu. Uu diém cua viéc sir dung
chat hoat dong bé mat trong qua trinh tong hop 1a nd tao ra vat liéu c6 dién tich
bé mat I6n va 6n dinh tinh chat cua vat liéu ché tao.

2. TINH CAP THIET CUA NHIEM VU KH&CN

Khan hiém nudc sach 1a mét trong nhitng van dé 16n ma con ngudi hién
nay dang phai d6i mat. Qua trinh céng nghiép héa da dan dén viéc & nhiém
ngudn nudc trén khap thé giéi do viéc thai truc tiép nudc thai doc hai ra moi
truong. DE giai quyét van dé nay, xudc tac quang hoat dong bang anh sang Mait
troi da tra nén pho bién sau khi cac nha nghién ciu phat hién ra phan tng quang
dién trén dién cyc titania. Kham pha nay co tac dong lén trong nhiéu linh vuc
nhu xir Iy khdng khi, xt 1y nuéc thai va san xuit niang lwong. Cho dén nay,
nhiéu nghién cau da dugc thuc hién dé xa ly cac chat gay 6 nhidém hitu co ¢o
trong nudc thai bang cac phwong phap vat Iy, hda hoc va sinh hoc khac nhau.
Xlc téc quang, st dung ngudn ning luong cua anh sang Mt troi dé thuc day cac
phan tng oxy hda khir dugc cho 1a mot trong nhiing cach hiéu qua nhat dé xir ly
chat thai voi kha ning oxy héa manh, it chat 6 nhiém tha cap, phan tng 6n dinh
va c6 tinh kha thi vé kinh té. Trong sé do, xtic tac quang di thé duoc coi la cong
nghé day haa hen dé xur 1y nudce thai vi chi phi thap, than thién véi moi truong
va tinh bén vitng cao. Xuc tac quang ban dan 1a mét trong nhitng ng cir vién co
tiém nang Gng dung trong tach nudce, khir CO, va loai bo thube nhuom, thudc trir

sdu, dugc pham va cac chat thai hitu co khac. Cac nha nghién ctru da phat trién



nhiéu chat quang xdc tac ban dan nhu TiO,, ZnO, SnO,, CdS, BiOY (Y =1, Br,
Cl)... Vat liéu nano V,0s la mét ban dan cé nhiéu tiém ning cho linh vuc quang
xuc tac boi n6 1a mot chat bén, khéng bi phan hay duéi tac dong cua cac yéu tb
quang, héa hoc, hon nira ban than nd khi st dung 1am chat xic tac quang hoa
khong dua thém chat doc hai vao moi trudng... CAc nghién ctru hién nay déu tap
trung vao viéc tdi uu hoa cac diéu kién ché tao, nang cao hiéu suat quang xuc tac
cua vat lieu V,0s nham dap ung yéu cau thuong mai trong linh vuc nang lugng
va moi truong.

NGi chung, mac du mot s chat hoat dong bé mat da duoc nghién ctu trén
co s& anh huong cua ching trong qué trinh tong hop vat liéu nano V,0s, nhung
van chua c6 su so sanh day du giita cac chat hoat dong bé mat vé ban chat, do
phan cuc... Ching tdi cho ring tac dung cua chat hoat dong bé mit trong viéc
hinh thanh chat xdc tac quang va hiéu suat caa xUc tac quang va anh hudng cua
cac chat hoat dong bé mit trong qua trinh tong hop V,0s van 1a mot linh vuc
nghién ctu con nhiéu tiém nang. Vi vay, viéc lya chon mot chat hoat dong bé
mat phi hop dé nang cao hoat tinh quang x(c tac cua chat xdc tac cho vat ligu
V,05 Van con la thach thac va ludn can phai dau tu nghién cuu.

Dua trén diéu kién cac trang thiét bi hién cé tai phong thi nghiém Héa hoc
va Vat ly cia Truong Pai hoc Hoa Lu, ching t6i lya chon hudng nghién ciru “
Nghién ciu anh hwéng ciaa chat hoat déng bé mit trong téng hop vat liéu
nano V,Os bang phwong phap thily nhiét”. Bang viéc st dung phuong phap
thay nhiét, nghién ciru nay tap trung vao viéc khao sat anh huong cua viéc s
dung cac chat hoat dong bé mat khac nhau dén hinh thai, ciu trdc, tinh chat caa
vat liéu tao ra va kha ning quang xuc tac phan hily mét sé6 dung dich mau hitu
co trong nuGC
3. MUC PiCH NGHIEN CcUU
- Nghién ctu ché tao thanh cong vat lidu nano V,0s bang phuong phap thuy
nhiét str dung cac chat hoat dong bé mat khac nhau (CTAB, SDS, P123...).



- Khéo sat va danh gia duoc anh huong cua cac chat hoat dong bé mat khac nhau
l&n hinh thai, ciu trdc, tinh chat va kha ning quang xtc tac phan huy chat mau
hitu co cua vat liéu V,0s ché tao duoc.
4. POI TUQNG, PHAM VI NGHIEN CUU
4.1. Poi twong nghién ciu
- Vit liéu V,05
- Phuong phap ché tao va khao st tinh chat caa vat liéu nano V,0s
4.2. Pham vi nghién ctru
- Vat liéu nano V,0s ché tao bang phuong phap thay nhiét sir dung cac chat hoat
dong bé mit khac nhau (CTAB, SDS, P123...).
- Cac phép do khao sat tinh chat cua vat liéu: hinh thai, cau tric, tinh chat; kha
nang quang xuc tac phan huy dung dich mau hiru co
5. CACH TIEP CAN VA PHUONG PHAP NGHIEN CUU
5.1. Céch tiép can.
Nghién cau Iy thuyét — thiét ké quy trinh céng nghé — ché tao va khao
sét tinh chat.
5.2. Phwong phap nghién ctru:
Phuong phéap nghién ciru thuc nghiém trong phong thi nghiém két hop voi
nghién cau Iy thuyét.
Céc phuong phap nghién ctu thuc nghiém bao gom:
- Thuc nghiém ché tao vat liéu.
- Thuc hién nghién cau tinh chét caa vat liéu bang:
i) Anh hién vi dién ti quét (SEM),
ii) Phép do phd tir ngoai — kha kién (UV-vis),
iii) Phép do phd tan xa Raman,
iv) Phép do pho nhiéu xa tia X (XRD),
v) Phép do pho hong ngoai bién d6i Fourier (FTIR),

- Thuc nghiém do quang xtc tac phan hity chat mau hiru co.



Chuong 1. TONG QUAN

1.1. TONG QUAN VE VAT LIEU V,0s
1.1.1. Oxit vanadi
Vanadi 12 nguyén té kim loai chuyén tiép rat phong phu trong 16p vo Tréi

d4t va co cau hinh electron 1a [Ar] 3d4s® & trang thai co ban. Trang thai oxy hoa
cua vanadi c¢d thé nam trong khoang tir +5 dén —3 va cac hoa tri cua vanadi 1a
+5, +4, +3 va +2 [5]. Tay thudc vao trang thai oxy hoa, vanadi tao thanh mot sb
hop chat khac nhau vai oxy. Cac oxit cua vanadi VO, (hinh 1.1) ton tai ¢ céc
trang thai oxy héa tir V2* dén V°* phé bién gom:

« Vanadi (I1) oxit (vanadi monoxit), VO

« Vanadi (I11) oxit (vanadi sesquioxide hoac trioxide), V,03

. Vanadi (IV) oxit (vanadi dioxide), VO,

. Vanadi (V) oxit (vanadi pentoxit hoac vanadi anhydrit), V,0s

//e;ta.‘y‘st
/_\ @
% 7
@9 v,"-/,o_’:,v.

Hinh 1.1. So' @6 minh hoa cac oxit vanadi va cic ing dung [5].

Ngoai ra cac chd trong oxy trong pha vanadi-oxy c6 thé tao thanh hdn hop
cac oxit nhu V307, V4Oq, V6013 (6N hop V> va V4+), cling nhu day oxit: VO,

V;013, V& V5015 (hdn hop cua V** va V*"). Céc trang thai oxy héa cua vanadi
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phu thudc vao diéu kién xung quanh ching han nhu nhiét do, ap suat, pha, nong
d6 vanadi, pH va phuong phap ché tao.

Céc oxit vanadi thé hién cac cdu trac tinh thé voi cac phdi tri oxy khac
nhau, dan dén sy hinh thanh cac ludng kim tu thap bat dién, ngii giac, kim tu
thap vudng va cac goc, canh hodc mit tir dién chung. Trang thai oxy hoa cua cac
cation vanadi anh huong dang ké dén tinh chit hoa 1y cua cac oxit vanadi voi
cac pha khac nhau. Do c6 cac trang thai oxy hoa da dang va cac ciu trac tinh thé
phong pht, cac oxit vanadi thé hién cac dic tinh xen ké vuot trdi dbi véi cac
phan tir hodc ion luu trit, trong quan electron-electron manh, kha niang chuyén
pha (chuyén tiép kim loai-chat cach dién) va d6 dan dién cao. Do d6, cic oxit
vanadi khong chi rat ngan khoang cach van chuyén cua cac ion hodc dién tir va
tao ra sy khuéch tan trang thai ran nhanh hon trong cac hé thong chuyén doi
nang luong dién héa ma con cung cip nhiéu vi tri hoat dong hon cho su tuong
tac vo1 cac phan tir hodc ion khac va cac mat tinh thé hoat dong tiép xtic nhiéu
hon cho céac ung dung xtc tac. CAc tinh chat hda hoc, dién va quang hoc doc dao
nay cho phép cac oxit vanadi dugc tmg dung trong cac linh vuc chuyén doi/tiét
ki¢m nang luong, chéng han nhu pin ion, tach nudc, si€u tu dién, cam bién...
1.1.2. Cau tric caa vat liéu V,0s

Vanadi pentoxit V,0s cO trang

thai oxy cao nhat trong hé thdng VN
vanadi-oxy va Ia vt ligu én dinh nhét : e
trong chudi cac oxit vanadi. V,0s €6 L , . 2 ’
nhiéu dang da hinh riéng biét, bao " :. - 20 o
gom o-V70s (truc thoi), B-V;0s (don @l aTa e Fom, A58 T
ta hoac tor giac) va y-V,Os (truc B-V,0,
thoi), trong d6, a-V,0s1a phd bién . N
nhit (hinh 1.2). a-V,0s 12 pha bén Y .
nhi¢t dong va hai pha con lai (- y ¥ o 4
V,05 v y- V,0s ) ¢6 thé bién dbi tir -

¥-V20s

0-V,0s trong diéu kién &p suat cao
Hinh 1.2. Cau truc cia V,05 [6].



va nhiét do cao [6].

M6 hinh tinh thé caa V,0s dugc hinh thanh tir 2 dong hinh chép tt gidc c6
canh chung tao thanh mot day zig-zag va nhiing day zig-zag ké can nhau c6
chung mét dinh, ct thé néi v&i nhau tao thanh mot 16p [7]. Néu day thir nhat cé
dinh hinh chép hudng Ién thi day thir 2 c6 dinh hudng xudng (hinh 1.3). Cac 16p
tao thanh mang 3 chiéu bang cach xép chong 1én nhau sao cho dinh caa hinh
chop cua 16p thi: nhat dit phia trén ion vanadium, 1a tdm cuaa hinh chép trong
mit phang co s& cua 16p thir hai ké tiép. Cau tric tinh thé V,0s 12 ciu tric 1op,
cac 1op lién két véi nhau bang luc lién két yéu Van der Waals, dé dang bdc tach
ra theo mat (001).

Hinh 1.3. C4u truc tinh thé caa V,Os [7].

Tinh thé V,0s ¢6 cau tric 16p duogc két tinh tir nhitng khéi truc thoi don vi
thuoc nhdm khong gian D2h-Pmmn véi tham sé mang a = 11,519 A; b = 3,564
A; ¢ = 4.373 A. Hudng b duge xem 13 hudng c6 luc lién két yéu gitra nhitng 16p
song song véi mat (010) cua tinh thé, va trai dai theo truc ¢. Nhu hinh 1.4a tinh
thé V,0s ton tai nhitng nhitng khe rdnh kéo dai theo hudng [001] va [010], c6
duong kinh hiéu dung khoang 2 A. Trong cau triic V,0s duoc trinh bay trong
hinh 1.4b, nhitng nguyén tir vanadium thanh 1ap 5 lién két v4i nhiing nguyén tir

oxygen, vi tri cia chung duogc dat trong tdm cua hinh chép vudng nam trong mit



phang (010). C6 3 dang nguyén tir oxygen trong cau tric. Nhém nguyén tir
vanadyl oxy O(1) huéng theo truc ¢ ¢ duy nhat mot lién két manh (chiéu dai
lien két V-O: 1,58 A), nhdm cau ndi oxy niam trong mat phang co so, gom:
nhom O(2) cd 1 lién két (V-O-V: 1,77 A) vai géc V-O(2)-V la 125° nhém cau
ndi O(3) thanh 1ap 3 lién két, 2 lién két dai 1,88 A va 1 lién két dai 2,02 A. Do
khoang cach giira 2 nguyén tir O(3)-O(3) rat bé nén 2 nguyén tir nay day nhau
rat manh, dan dén lién két 2,02 A dé bi gdy nhat giira nhiing lién két V-O va su
tach doc theo mat (100) dé nhan ra hon mat (001). V&i céu trac nhu thé co thé
xem V,0s 1a mdt chudi lién két cac hinh chép vuéng, hinh chép nay bao gom 4
lien két chiéu dai xap xi 2 A nam trong mat (010) va mot lién két co chiéu dai
1,58 A [8].

(@) & Lo (b) ¢ 01,\3\?03
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Hinh 1.4. Hinh chiéu phéi canh (a) doc theo truc b va (b) dec theo truc ¢
cia hai l6p V,0s, cac nguyén tir V 14 cac qua cau mau vang, cac nguyén tir O

la cac qua cau mau xanh [8].

1.1.3. Tinh chat caa vat liéu nano V,0s
Vanadium pentoxide V,0s 1a mot hop chit vo co ton tai & trang thai rin
va ¢6 mau nau hoic vang. Khi két taa tir dung dich nudc thi n6 chuyén thanh

mau cam dam.



Bang 1.1. Tinh chat Iy hda caa V,0s

CAu hinh dién tir \éi;adi [[f"';]] 32‘?':2 ‘;224
Khéi lweng phan tir 181,889 / mol

Mat do 3,36¢g/cm®

Nhiét d ndng chay 690° C

Nhiét d¢ soi 1750° C

Céc dic tinh ciu trc, dién, quang va tir trong oxit vanadi phu thudc vao
cac electron 16p ngoai. Cau trlc dai dién tir ctia oxit vanadi bi anh huong béi cau
trc tinh thé, sy phan tach truong tinh thé va su lai gitra cac dai O, va Vag. Cau
tric dién tir ciia V,0s c6 mdi lién hé chit ché vai tinh di huéng cua nd, do do
tinh di hudng nay lai lién quan dén cau tric tinh thé caa nd. Cac nguyén tir tao
thanh chudi kép trong cac mat phang duoc lién két bai luc Van der Waals.

Khi xét cac nguyén tor mot cach doc lap, cac lop vo ngoai cung cua
vanadium 1a 3d°, 2s® va caa nguyén ti oxy 1a 2s, 2p. Céc quy dao hinh thanh nén
cac muc nang lugng tuong tng caa nguyén tu vanadium va oxy. Trong mang
tinh thé tuong tac giita cac dién tir & 16p ngodi ndy Véi cac ion va cac dién tur
khac trong mang dan dén cac mac ning luong duoc mé rong ra thanh céc day
nang luong.

CAu trdc tinh thé cua V,0s cho thdy mdi nguyén tir V duoc bao boc boi 6
ion oxy, tao thanh khéi bat dién VOg, dong thoi mdi ion oxy bi kep giita 2 ion V.
Viéc sip xép nay dan dén viéc mac d bi tach thanh 2 mic Eg4 va ty,, trong d6
muc E, bi suy bién bac hai va mic ty, bi suy bién bac ba [7]. Lép vo ngoai ciing
(3d) trng véi cac s6 lwong trn =3, 1 =2, m =0, 1, +2. Néu khéng tinh dén spin
cua dién tir thi mac nay suy bién bac 5. Trong hé truc toa d6 Oxyz véi O tring
véi nguyén tir vanadium, c6 thé chia cac orbital 1am 2 nhém: 2 orbital hudng
dén Oxy lan can gan nhat, 2 orbital con lai nam trong 3 mit phang co s& cua hé

toa do .
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Gi4 tri gan dung cua ving cam quang E, c6 thé xac dinh tir thuc nghiém
théng qua pho truyén qua va phan xa tir d6 xac dinh duoc do rong ving cam Eg
cua V,0s trong khoang 2,25 - 2,4 eV.

1.1.4. Phwong phap tong hop vat liéu V,0s

Véi cac dac tinh ndi bat nhu cAu tric phan 16p, kha ning luu trit ion, ving
cam tryc tiép trong viing anh sang nhin thay, ¢ bén hoa hoc va nhiét 6 cao, an
toan dién hoa, gia thanh re, d& diéu ché nén V,0s la vat liéu quan trong trong cac
tng dung chuyén ddi va luu trit ning luong dién hda, xdc tac, pin mat troi, cam
bién khi, thiét bi dién sac, va cé4c thiét bi quang dién ta... Bén canh d6 V,0s co
cau trdc nano cd ty 1é bé mat trén thé tich cao hon, diéu nay c6 loi dé cai thién
cac hiéu suat cho cac tng dung khac nhau. Trong thoi gian gan day, nhiéu
phuong phap nhu sol-gel, thay nhiét, ling dong hoi hoa hoc, phin xa magnetron
va lang dong 16p nguyén tir da duoc phat trién dé diéu ché vat liéu nano V,0s.
1.1.4.1. Tong hop thity nhiét/dung nhiét

Phuong phéap tong hop thiy nhiét va dung nhiét duoc st dung rong rai
trong tong hop vé co. Phuong phap nay thuong duogc thuc hién trong ndi hap voi
dung dich nudc ¢ nhiét d6 cao & ap suat hoi cao. Sau d6, phuong phap thuy
nhiét c6 thé duoc dinh nghia 1a phuong phéap tong hop céac tinh thé hodc hat phu
thudc vao kha niang hoa tan ctia vat liéu vo co trong dung dich néng dudi ap suat
cao. V,0s thu dugc tir qua trinh tong hop thay nhiét (hinh 1.5) 13 chét rin dang
bot va thuong sir dung mudi metavanadat [9].

Nguén V,0s thé hién ciu tric phan 16p oxit tryc thoi a-V,05 dugc tao
thanh tir cac chudi d6i [VOs] co chung canh va goc. Tuy nhién, c6 mot ) dang

phdi hop vanadi dudi dang ludng kim tu thap tam giac dén kim tu thap vudéng va

heating asd
ulum(lon

Raw material Initial nuclei NHV;0,, nanosheet NHNV,0,, nanosheets V,0, mesoporous
solution nanosheets

Hinh 1.5. Quy trinh tong hop cic tim nano V,Os bang phwong phap thiy nhiét [9].
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tir dién cling nhu nhiéu dang tinh thé V,0s. Ngoai ra, cac diéu kién khac nhau c6
thé thu dugc cdu tric nano khac nhau tir qué trinh tong hop thity nhiét nhu day
nano, dai nano, thanh nano, 6ng nano, hinh dang nhim nano, qua cAu nano rong,
tAm nano va bong hoa nano. Ciing c6 thé thu duoc vat liéu xép nhu micro, meso
va macropious. Su két hop cta tong hop thuy nhiét véi V,0s thu duge bang con
duong sol-gel c6 thé tao ra vat liéu méi ¢ cdu triic va quy mo khac nhau.
1.1.4.2. Phwong phap sol—gel

Phuong phap sol-gel vé co ban dua trén qué trinh thity phan va ngung tu
vat lidu tién chat. Trong qua trinh sol—gel, sy hinh thanh V,0s xay ra trong giai
doan olation va oxolation & pH = 2 [6]. Trong sudt qua trinh olation, V>* trung
tam 1a nudc va phia dbi dién 1a oxy voi lién két doi trong truc z. Bén lién két
khac duoc dinh huéng trong mit phiang xich dao ma truc x xay ra lién két nuéc
va -OH & hai phia ddi dién. Cubi cung, trong truc y c6 hai lién két -OH & hai
phia dbi dién. Do cau trac bi bién dang nén do dai cta céc lién két khong bang
nhau va xay ra sy giai phong phan tir nudc khoi truc x dan dén lién két giita lién
két trung tdm V" v6i oxy tir phan tir khac toa do tao thanh chudi polyme
olation. Sau khi olation xay ra mdt phan rng trong truc z goi la oxolation. Sy
oxolation dan dén sy hinh thanh cac chudi kép chia sé canh trong truc y. Trong
giai doan nay xay ra sy ngung tu dan dén su tring hop ctua (-OVO'-),, lién két
v6i nhau tir O’ trang tir toa do phan tir -O’-V- khac. Cudi cing, cac mit phang c6
trat tu doc theo truc y cua VOy trung hop dugc hinh thanh va két nbi voi nhau
bang luc Van der Waals. Cac mit phang khic dang tao ra cdu trac dang
phién. Théng qua khoang cach giita cac 10p, c6 thé thuc hién phan tng xen k&
clia cac chat khac nhau ma khong anh huong dén do két tinh cua V,0s (qué trinh
topotactic). Cac phan tng xen k€ tao ra cic vat liéu mai voi cac dac tinh khac
hodc dugc cai thién (tac dung hiép déng). V,0s5 thu duogc tir qua trinh téng hop
sol-gel c6 do nhot thap, mau nau do va sau khi dé kho ¢ nhiét 46 phong tao
thanh xerogel dang mang mong V,0:s.

Phuong phap sol—gel da dugc sir dung dé ché tao mang mong V,0s va bot

nano théng qua sol V,0s, duoc didu ché bang cach trao dbi ion, thuy phan
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alkoxide, thily phan c6 sy hd tro clia peroxide va 1am nguodi nong chay. Nhugc
diém cua viéc sir dung trao doi ion 1a khé kiém soat nong d6 vanadi vi né thay
doi trong toan b qua trinh. Ngoai ra, mdt s6 ion la nhu Na* ¢6 thé tdn tai trong
gel sau qua trinh trao d6i ion. Qua trinh thuy phan alkoxide luén lién quan dén
mot s6 nguyén liéu tho dét tién va qua trinh t6i luyén V,0s ndng chay s& tao ra
khi doc.
1.1.4.3. Lang dong hoi hoa hoc

Ling dong hoi hoa hoc (CVD) tao ra ché phim kiém soat mang thong qua
kiém soat cac tién chat hoa hoc tao ra cau tric mang mong nano V,Os. Trong
phuong phép nay vat liéu dugc tao ra tir phan tng hoa hoc cua cac tién chat pha
hoi trong pha khi va & bé mat chat nén. C6 nhiéu bién thé ciia phuong phap lang
dong hoi hoa hoc: CVD kich hoat nhiét (TACVD), CVD tang cuong plasma
(PECDV), CVD bat dau quang hoéa (PICVD), CVD hiru co kim loai 4p suat
xung, CVD ap suét khi quyén, ling dong 16p nguyén tir, nhiét phan phun, CVD
tang cuong plasma, CVD ho trg khi dung, ... V& co ban, tién chit vanadi duoc
hoa tan trong dung dich va dugc van chuyén bang song siéu am. Sau do, dung
dich duogc dua vao thiét bi phan trng dugc gia nhiét b@fmg khi mang N,. Khi phan
tmg két thic, binh phan tng duoc 1am nguodi dén nhiét do phong. Cac 16p phu
khi lang dong c6 mau vang sang va bam chit vao chat nén [10]. Vat liéu thu
duoc duoc van chuyén dén bé mait chat nén & dang hoi, khi va chit long bay hoi
hodc trong mot so trudng hop 1a chat ran, s& thiang hoa truc tiép va thuong duoc
diéu ché bang cach bom chat long vao dung modi hoidc thiét bi bay hoi nong.
Hinh thai, kich thudc, pha tinh thé, dién tich bé mat riéng, thanh phan bé mat va
thanh phan hoa hoc trang thai V,0s cu tric nano c6 thé duoc kiém soat bang
cach diéu chinh mot s céac yéu td, chﬁng han nhu thoi gian phan tng, nhié¢t do
phan tng, ap suat, dung mdi tinh chat, hop chat tién chat. Trong cac yéu to do,
nhiét dJ 1a quan trong nhét d6i v6i kiém soat hinh thai va kich thude cua cau
trdc nano vi mo.

1.1.5. Ung dung cia vt liéu V,0s
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V,0s 14 loai vat liéu da ning vé tinh chat va tdm quan trong trong (mg
dung cong nghé. Tinh linh hoat nay duoc thiét ké boi cac hinh thai va cau tric
phong pht va cac phuong phap tong hop khac nhau. Mdi phuwong phap tong hop
thu duoc V,05 co cac cu tric khac nhau do d6 gy ra su thay d6i do rong ving
cAm dan dén sy thay ddi tinh ban dan cua vat lidu . Gia tri cua vung cAm
V,0s ¢ thé dich chuyén, nhung ludn nam trong gidi han cua vat liéu ban
dan. Két qua nay tac dong truc tiép dén nhiéu tinh chat cudi cing cta loai vat
liu nay. Sau do, voi vo sd k¥ thuét tong hop dé thu duge V,0s5 ¢ ciu tric va
hinh thai phong phl din dén tiém ning rong 16n va da dang trong cac ng
dung. Cac nghién ctru tng dung V,0s chu yéu tap trung vao cac dic diém va
tinh chat nhu dién tu, tir tinh, dan dién, dién hoa, quang hoc, co hoc, hoa hoc xuc
tac, ...
1.1.5.1. Pin Lithium-lon

Véi hinh thai va cau tric phong pht V,0s 12 loai vat lidu da nang vé tinh
chat va tim quan trong trong tng dung cdng nghé. Trong thap ky qua, do nhiing
tién bo dang ké trong cong nghé nano va khoa hoc vit liéu, nhiéu vat liéu co cau
triic nano da dwgc tng dung 1am vat liéu dién cuc cho pin lithium-ion. Trong sé
c4c vat liéu catot tiém nang, vanadi pentoxide phan 16p V,0s 1& mot trong nhiing
vat liéu catdt da duoc nghién cau rong réi vi chi phi thap, phong phu, dé téng
hop, an toan va kha ning 1y thuyét twong déi cao. V,0s c6 nhiéu tinh chat nhu
kha ning chuyén tiép kim loai-chat cach dién va dién tir. Nhu da dé cap ¢ trén,
mét cau tric phan 1ép nhu truc thoi a-V205 cd thé 1a vat chu dé xen ké cation
va ng dung tiém nang trong pin Li-ion. Cac c4u tric nano c6 thé thic day qua
trinh chuyén dién tir nhanh chong va thuan loi, dam bao duy tri cong suat thoa
dang ngay ca & mat do dong dién cao, giam khoang cach khuéch tan ion va cai
thién dién tich bé mat.

Cau trdc phan I6p khac thuong caa V,0s, cho phép céc ion hoic phan ta
nho nam giira cac 16p, dong vai tro 1a vat liéu cuc &m dung lugng cao cho pin
lithium-ion. Hau hét cac nghién ciru déu tap trung vao cac phan chén lithium-ion

cua V,0s. Vé mat ly thuyét, cong suat riéng cua V,0s c6 thé dat t6i 147 mA
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hg ™ véi 1 Li-ion dugc 1ap vao mdi V,0s, 294 mA hg ~* véi 2 Li-ion duoc chén
vao mdi V,0s va 440 mA hg ~* véi 3 Li-ion duoc chén vao mdi V,0s [11].
1.1.5.2. Cam bién khi

Mot cam bién khi cd kha nang phat hién mot sé loai khi trong céc khi
quyén khéc nhau, bién d6i cac phan ¢ng hda hoc thanh cac tin hiéu c6 thé phat
hién hitu ich vé mat phan tich. Hiéu qua caa cam bién khi phu thudc vao vat liéu
c6 trong cam bién va su tuong tac cua khi vai vat liéu. Nhiét do c6 thé 1a mot
yéu t6 quan trong giira su tuong tac ctia khi véi vat liéu trén bé mat cam bién.
Do ¢6 dd nhay cao ¢ mot sé nhiét d6 va trong ca diéu kién téi va sang V,0s
duoc tim thay trong mot s6 nghién cau 1a vat liéu cam bién cho mét sé loai khi,
chang han nhu amoniac, etanol, cam bién pH, phenylhydrazine, NO2, H,0, ...

Cac cam bién khi duya trén dién tré hoat dong & nhiét d6 cao, can c6 bo
gia nhiét bén ngoai va taing muc tiéu thu dién ning. Do do6, viéc phat trién cac
cam bién khi & nhiét do phong khong chi giai quyét cac van dé trén ma con tich
hop véi cac chat nén linh hoat trg nén d& dang hon. Hon nita, nguy co chay nd
c6 thé xay ra trong qua trinh cam bién khi né nhu khi H, giam dang ké. Céc qua
cau rong bao gdm nhiéu tinh thé nano V,0s lam 16p vé duogc tong hop bang
phuong phép polyol d& sir dung dé cam bién khi hydro & nhiét do phong. Dién
tich bé mat cua nhitng qua cau rdng 1a khoang 356 m®/g va do d6, nd cung cap
mét dién tich bé mat hoat dong I6n dé hap phu khi muc tiéu. Hon nita, ciu tric
x6p cua nd dan dén ting cuong hon nita cac phan ung khi. Hon nita, cac goc
nhon ciing nhu cac canh cta cac khéi hinh cau rdng nhoé xiu duoc béo céo la céc
vi tri hoat d6ng manh dé tiang cudng cac phan tng cam nhan trong qué trinh cam
nhan hydro [12]
1.1.5.3. Quang xuc tac

Véi do rong ving cam dién hinh (~2,3 eV), dai hap thu quang rong va do
linh dong dién tir cao, V,0s thé hién cac dac tinh phan tng quang tét bang cach
hap thu &nh sang kha kién nén duoc str dung rong rai trong linh vuc quang xGc
tac, chang han nhu dé san xuat hydro, phan hay chat gay 6 nhiém méi truong, ...

Garcia va cong sy [13] phét hién ra ring hinh thai cua cac hat nano/vi mé
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V,0s anh huong dang ké dén qua trinh san xuat hydro bang xuc tac quang. C6
thé thu duoc V,0s v6i hinh théi vi dai, tdim nano va tru nano biang céch st dung
canh hoa hudéng duong va tam ctia hoa huéng duong lam khuén phan huy sinh
hoc trong qua trinh tong hgp. Ong nano V,0s mang lai tbc do tao hydro téi da
véi su c6 mat cua Na,SO;véi nong d6 65,5 umol.g*h™, cao hon so voi
microbelt (26,3 umol.g *"h™*) va tim nano V,0s (19,4 pmol.g th™). Téc do tao
ra hydro cao 1a do 6ng nano V,0s c6 dién tich bé mat 16n, d6 hap thu cao trong
dai UV-vis. Bén canh d6 cac hat nano V,05 con dugc tng dung rong rai trong
viéc loai bo cac chat 6 nhiém mai trudng trong nudc, cO thé phan hiy hoan toan
cac chat 6 nhiém hitu co thanh CO, va H,0 bang qua trinh oxy hoa xlc tac
quang.
1.2. TONG QUAN VE CHAT HOAT PONG BE MAT

1.2.1. Chat hoat dong bé mit

Chét hoat dong bé mat 1a cac hop chat hitu co bao gom hai phan hda hoc
véi cac phan cuc khac nhau, mot nhém dau co ai luc véi cac pha phan cuc va
mot nhom dudi diéu d6 bi thu hat boi cac pha khdng phan cuc [14]. Do ¢6 cau
trac doc ddo, chat hoat dong bé mit ciing da dong gop dang ké vao nhiéu linh
vuc nghién ciru, dic biét 1a trong cdng nghé nano. Vi dy, ban chét ludng tinh cua
chat hoat dong bé miat da duoc dugc khai thac dé 6n dinh céc vat liéu nano ky
nudc trong nudc, tao kha nang tiép can rat nhiéu tng dung c6 thé mé rong dua
trén cac giai phap xu ly vat liéu nano. Chat hoat dong bé mat ciing 1a mot chat
phu gia quan trong khi kiém soét qua trinh san xuat hat nano. San xuat hat nano
kim loai duoc hd tro boi chat hoat dong bé mat di cho phép san xuat cac cam
bién do mau, dugc nhiéu ngudi quan tdm cac tng dung lién nganh do tinh don
gian, kha ning ung dung thuc té cua chdng, hiéu qua vé chi phi san xuat, do 6n
dinh cao va tinh chon loc cao. Chat hoat dong bé mit dugc thém vao trong qué
trinh tong hop hat nano déng mét vai trd quan trong trong viéc téi wu hoa do
nhay va do chon loc ciia cam bién vi ching anh hudng truc tiép dén tinh chat

cua hat nano.
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Cac phan ky nudc cia chat hoat dong bé mat twong tac vai cac bé mat caa
vat liéu nano va phan ua 1am 6n dinh t6 hop vt liéu nano trong nuéc. Két qua 1a
cac vat liéu nano duoc sap xép theo ciu trdc nhat dinh d gop phan quan trong
dbi voi nhiéu linh vuc nghién cau trong cdng nghé nano dic biét 1a dién ti,

quang dién tir, nang lugng, sinh hoc va xuc tac.

Chat hoat dong bé mat bao gdm hai phan véi cac phan cuc dbi lap, 1am
cho dung dich chit hoat dong bé mat khéng on dinh vé mat nhiét dong luc hoc
do luc day giira dudi ky nudc caa chat hoat dong bé mat va méi trudng phan
cuc, trong d6 chat hoat dong bé mat duoc hoa tan. Lyc day nay budc chat hoat
dong bé mat duoc hap thu trén hat nano va trai qua qua trinh vi phan héa dé on
dinh hé théng bang céch ha thap nang lwong mién phi. Trong hé thng lai giira
chat hoat dong bé mat-hat nano, chat hoat dong bé mit monome tu huéng vé bé
mat caa cac hat nano thdng qua twong tac ctia dudi chat hoat dong bé mat ky
nudc VoI cac hat nano thdng qua tuong tac tinh dién hoac luc Van der Waals
trong qua trinh tong hop, trong khi dau chat hoat dong bé mat wa nudc tiép xuc
véi dung mdi phan cuc, do d6 lam giam stc cing bé mat gitra cac hat nano va
dung mdi. Su sip xép nay lam giam niang luong tu do cta hat nano va ting
cudng sy 6n dinh cua cac hat nano. Do d6, 1am ting tinh ky nudc cua chat hoat
dong bé mat bang cach sy thay ddi cau tric héa hoc s& ting cudng ca kha ning
hap phu va d6 6n dinh cta chat hoat dong bé mat trén bé mit hat nano.

Su hap phu cta cac phan tir chat hoat dong bé mit vao bé mat cua vat liu
nano khong chi kiém soat 6 6n dinh cua ching ma con kiém soat kich thudc
hat. Chat hoat dong bé mit duoc dic trung boi kha niang hap phu tuyét voi trén
bé mit cua cac hat nano va cd thé d& dang hinh thanh cac mixen. Su hién dién
ctia chat hoat dong bé mat trong qué trinh tao mam cua cac hat nano co thé kiém
soat su phaét trién cua hat nano. Khi tinh ky nuéc caa chat hoat dong bé mit ting
1&n, ty 1& su di chuyén 1én bé mit caa céc hat nano trong vat liéu nano tang 1én,
tao thanh nhiéu 16p bao vé hon, do d6 duy tri sy phan tan caa cac hat nano trong
dung dich it két tu.

1.2.2. Phan loai chit hoat dong bé mit
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Cac chat hoat dong bé mat duoc phan loai dya trén dau phan cuc cua
chang vi cac dudi ky nudce thuong giong nhau.

- Néu dau khong c6 dién tich, chat hoat dong bé mat dwoc goi 1a khong
ion.

- Néu dau mang dién tich &m hoic dwong thi twong tng duoc goi 1a anion
hoac cation.

- Néu nhom dau chira ca nhom dwong va am thi chat hoat dong bé mat
ludng cuc.

a) Chat hoat dong bé mit ion

- Chat hoat héa duong: khi bi phan cuc thi dau phan cuc mang dién
duong. Nhiing chat phé bién nhu Cetyl trimetylamoni bromide (CTAB),
Polyethoxylated tallow amin (POEA), Benzethonium chloride (BZT)...

- Chat hoat héa am: khi bi phan cuc thi dau phan cyc mang dién 4m nhu
sulfat, sulfonat, photphat va cacboxylat... Nhitng chat ph6 bién nhu Natri
dodecyl sulfat (SDS), Ankyl benzen sulfonat, amoni lauryl sulfat, va cac mudi
ankyl sulfat khac...

b) Chit hoat dong bé mat khdng ion

C6 dau phan cuc khong bi ion héa. Ching bao gom Ankyl poly(etylen
oxide), rugu cetyl, Decyl maltosit, Cocamit MEA, cocamit DEA, Copolymers
cua poly(etylen oxide) va poly(propylen oxide)...

c) Chat hoat dong bé mat ludng cuc

Tuy vao d6 pH cua dung mdi ma khi bi phan cuc thi dau phan cuc cé thé
mang dién &m hoic mang dién duong. Nhitng chat phd bién nhu Coco ampho
glycinat, Dodecyl betain, Dodecyl dimetylamin oxide, Cocamidopropyl betain...

Vit liéu cAu tric nano V,0s d3 nhan duoc rat nhiéu sy quan tam trong thoi
gian gan day do cac dic tinh vat Iy va hoa hoc riéng biét ciia ching, ciing nhur
cac tng dung & kich thudc nano day tiém ning so voi vat liéu khdi. V,0s 13 vat
liéu da nang véi nhidu tng dung bao gém xtc tac, cam bién khi, cuc am pin,
dién cuc, vat lidu tir tinh, mang dién sic, hé théng quang dién va quang xUc téc.

Céc dic tinh quang hoc, tu tinh, xtc tac va dién tir cua vat liéu nano V,05 déu bi
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anh hudng boi hinh théi, kich thudc hat va ciu tric tinh thé. Viéc tong hop va
khao sat dic tinh cta cac hat nano V,0s bang cach ap dung phuwong phap thity
nhiét duoc md ta trong phan tiép theo ciia nghién ctru nay. Vat liéu nay duoc
diéu ché voi nhiéu chat hoat dong bé mit khac nhau dé khao sat hinh thai bén
trong va nghién ctu tac dong cua nd nhu mdt tac nhan dinh hudng cu trac
trong vi¢c diéu chinh hinh thai hoc cta cc hat nano V,0s trong ung dung cu thé

1a phan hity chat 6 nhiém hitu co.
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Chuong 2. THUC NGHIEM

2.1. CHE TAO VAT LIEU V,0s
Hoéa chat:
- Amoni metavanadat NH;V O3,
- Cetrimonium bromide (CTAB, [(C1sH33)N(CHs)3]Br),
- Sodium dodecyl sulfate (SDS, CH3(CH,);;0SONa),
- Pluronic P123
- Axit clohydric HCI (98%),
- Ethanol (CH;CH,0H),
- Nudc cat.
Dung cu, thiét bi: May khuay tir, may quay li tm, 6ng nghiém ly tam, ta
say, chau thay tinh, céc mo vit 1 lit, binh teflon, 10 thay nhiét, 16 nung.
Céac hoa chat co do tinh khiét trén 98%.
Cic buéc tién hanh:
Chung tdi tién hanh ché tao V,0s bang phuong phap thay nhiét, quy trinh
cu thé nhu sau (hinh 2.1):

: ' LD
lg NI:4V 0; ~ | Hydrothermal Annealing L Q4
Dissolved | @ 200°C/24h @5000C2h 0 R
60 ml H,0 — —_— T,
+
1g (P123/SDS/ CTAB)

Hinh 2.1. Quy trinh ché tao V,0s bang phwong phap thiy nhiét

Cho 1g amoni metavanadat NH;VVO3; dugc hoa tan trong 60 mL nuéc khu
ion ¢ chira 1g P123 va duoc khudy lién tuc trong 15 phut. Sau d6, thém tir tir 10
ml dung dich axit clohydric HCI 1M va khuay trong 30 phat. Sau d6, dung dich
dugc chuyén sang ndi hap bang thép khong gi 16t Teflon 100 ml dé gia nhiét
thay nhiét duy tri & 200°C trong 24 gid. Sau khi dwoc 1am nguoi dan dén nhiét
d6 phong, két tua & day duoc ly tdm va rira bang nuéc khir ion va dung dich
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ethanol nhiéu 1an va dugc thu thap bang céch ly thm ¢ 5800 vong/phdt. Bot mau
xanh den thu duoc cho siy kho trong 10 sdy & 60°C trong 24 gid, sau d6 nung &
500°C/2 gio.

Phuong phap tuong tu di dugc ap dung dé diéu ché V,0s cau tric nano tir
NH,VO; sir dung véi hai chat hoat dong bé mit khac 1a CTAB va SDS (Hinh
2.1). Cac mau téng hop duoc danh dau 1a V,0s-P123, V,05-SDS, V,0s-CTAB

tuong rng.

2.2. KHAO SAT CAC TiNH CHAT VAT LY CUA VAT LIEU

Pé tién hanh phan tich va khao sat cau trlc, tinh chat vat ly cua vat liéu
ching toi sir dung cac phuong phap sau [15]:

2.2.1. Phuwong phap hién vi dién tir quét (SEM)

Kinh hién vi dién ta quét - SEM 1a mot loai kinh hién vi dién tir cho hinh
anh 1ay mau bang cach quét nd bang mot chum electron nang lugng cao trong
quét raster (tirng budc quét tuan ty mau véi dau do dién tir). N6 cung cap thdng
tin v& bé mat caa mau, hinh thai (cau trdc tinh thé), thanh phan héa hoc, va cac
dic tinh khac nhu d6 dan dién... SEM cho phép mét luong l6n mau duoc lay nét
cuing mot Iic va tao ra hinh anh tét biéu didn caa mau ba chiéu.

Nguyén tac caa SEM 14 mot Kinh hién vi dién ta s dung mot chum dién
tor (e-beam) dé tao ra mot hinh anh duoc phong dai (kich thuéc phong dai
30.000 Ian) cua mau. Cac phan quan trong cua qué trinh quét kinh hién vi dién
tar 14 mot sung dién tir, mot hé thong thau kinh va mot may do dién tir. Nang
luong dién tir thuong 12 10 - 30 keV ddi véi hau hét cac mau nhung ddi véi cac
mau cach dién, ning luong c6 thé bang thap dén vai traim eV. Anh hién vi dién
tir quét duoc s dung dé nghién ctu hinh thai bé mat caa cac mau vat liéu ché
tao dugc. Anh SEM duoc chup bang may Hitachi S-4800 tai Vién Han 1am khoa
hoc va céng nghé Viét Nam.

2.2.2. Phwong phap pho Raman

Phuong phap quang pho tn xa Raman dugc sir dung trong vat 1y chat ran
va hoa hoc dé nghién ciru co ché dao dong dic trung ctia phan tir, nhém nguyén

ter trong vat liéu t6 hop hoic dao dong tap thé caa mang tinh thé chat rin
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(phonon). Nguyén ly cia phuong phap dua trén qua trinh tan xa khong dan hoi
(thay d6i nang lugng photon) cua photon kich thich trén cac dao dong (tuong
rng 12 gia hat) cia mau can phan tich.

Tuong tu nhu cac phuong phap phan tich cau tric khac, sé liéu vé cac dao
dong dic trung cua cac lién két phan tir, cdc nhom nguyén tir va cac phonon
mang dugc ghi nhan va xay dung thanh co s¢ dir liéu cho phuong phap phéan
tich. Phd Raman duoc sir dung dé nghién ctu cac théng tin vé mic ning luong
dao dong cua nguyén tir, phan tir hay mang tinh thé. Cac muc ning lugng nay 1a
dic trung cho ting nguyén tir. Phd Raman duoc do tai Vién Vat ly Ky thuat —
Truong Pai hoc Bach khoa Ha Noi trén may Raman LabRAM HR cua hang
HORIBA Jobin Yvon (A = 632.8 nm).

2.2.3. Phuwong phap pho hong ngoai bién d6i Fourier (FTIR)

Phan tich FTIR duoc st dung dé xac dinh céc vat liéu hitu co, vo co va
cao phan tir bang cach su dung &nh sang hdng ngoai dé quét mau. Nhitng thay
d6i trong mo hinh dic trung cua dai hap thu cho thay rd rang su thay doi trong
thanh phan vat chat. Nguyén tic cia FTIR 1a cac hop chat hod hoc c6 kha ning
hap thu chon loc buc xa hong ngoai. Sau khi hap thu cac birc xa nay, cac phan tir
cta cac hop chat hod hoc dao déng véi nhiéu van toc va xuat hién dai phd hap
thu goi 12 phd hap thu birc xa hdng ngoai. Cac dam phé khac nhau c6 mit trong
phd hdng ngoai twong ung véi cac nhdm chirc dic trung va cac lién két ¢ trong
phan ti hop chat hod hoc.

Nhu vay, pho FTIR hoat dong dua trén su hap thu biic xa hong ngoai cua
vat chat can nghién ctiru. Phuong phap nay ghi nhan cac dao dong dic trung cua
cac lién két hoa hoc giira cac nguyén tir. Phd FTIR duoc ghi trén may do Nexus
670 - Nicole tai vién Ky thuat nhiét doi — Vién Han lam khoa hoc va céng nghé
Viét Nam.

2.2.4. Phuwong phap pho nhiéu xa tia X (XRD)

Nhiéu xa tia X (XRD) la mét ky thuat phan tich da ning, khong pha huay
thong tin lién quan dén cau tric tinh thé cua mot chat. Nguyén 1y chung cua

phuong phap nhiéu Xa tia X: Chiéu chum tia X don sic vao tinh thé, khi d6 cac
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nguyén tir bi kich thich va tro thanh cac tam phat séng tha cip. Cac séng nay
triét tiéu hodc ting cuong véi nhau theo mot s6 phuong tao nén hinh anh giao
thoa. Hinh anh nay phu thudc vao cau trlc cua tinh thé. Phan tich hinh anh d6 ta
c6 thé xac dinh duoc cac thdng tin chi tiét vé tham s6 mang tinh thé, khuyét tat
mang tinh thé, bién dang mang tinh thé, thanh phan héa hoc, kich thudc tinh thé
(trong trudng hop hat nano) va kiéu lién két phan tir cua pha tinh thé.

Phuong phap phé XRD la phuong phép hitu hiéu dé nghién ciu ciu tric,
thanh phan pha cua chat ran. Phd XRD dugc do trén may do D8 Advance
Bucker sir dung buc xa CuK, véi budce séng A = 0.15406 nm tai Khoa Hoéa hoc -

truong Pai hoc Khoa hoc ty nhién, Pai hoc Qudc gia Ha Nai.
2.3. KHAO SAT TINH CHAT QUANG XUC TAC CUA VAT LIEU
2.3.1. Xay dung dwong chuin néng d ciia dung dich chat mau

Hiéu suat phan huy chat mau bai chat xac tac quang da dugc xac dinh
thong qua xac dinh ndng d6 chat mau con lai trong dung dich dua vao do hap
thu tai budc song dic trung trong pho hap thu UV — Vis cia chat mau. Dé xac
dinh nong d6 cta chat mau dyua vao phd hap thy, ching t6i xay dung duong
chuan ndéng do cua cac chat bang may quang phé UV - Vis, dudng chuan cho
thay sy phu thudc tuyén tinh cia do6 hap thu vao nong do chat mau tan trong
dung dich. Trong phép phan tich ndng d¢, dua vao dudng chuan néng do da xay
dung, phan mém UV-Win trong may quang phé PG-T90 s& cho biét nong do cua
c4c mAu can xac dinh. Tur két qua do ndng do & budc song Amax Ciia chat mau,

hiéu suit phan huy chat mau duoc xac dinh theo cdng thuc:
C
H(%) = [1 — C—t] X 100% (2.2)

Trong d6 H (%) 1a hiéu suat phan hiy, C, 1a nong d6 ban dau va C; la

nong do tai thoi diém t caa dung dich chat mau.
2.3.2. Cac buéc khao sat tinh chit quang xic tac cia vat liéu

Pic tinh quang x(c tac cua vat liéu ché tao duoc khao séat véi cac dung

dich chat mau hitu co ndng d6 20 mg/l va btic xa phat ra boi dén Compact phéat
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anh sang nhin thay. Trong mdi thi nghiém mau vat liéu cung véi 100 ml dung
dich chat mau dyng trong cc dung tich 250 ml duoc khudy déu bang may
khudy tir trong téi (dark) trong thoi gian 60 phut dé dat dugc sy hap phu can
bang giita chat mau va vat liéu. Chiéu sang dung dich bang anh sing dén
Compact phat ra anh sang nhin thy sau dé theo chu ky 30 phat, 7 ml dung dich
trong coc duoc rat ra va quay ly tim nham loai bo hoan toan vat liéu (hinh 2.2).
Dung dich chat mau thu duge dugc phan tich béi may quang phd UV — Vis (PG-
T90, UK).

Ngudn sang

\ 100

Dung dich mau

May khudy tir

Hinh 2.2. So d6 ciu tao hé do Quang xuc tac.

24



Chuwong 3. KET QUA VA THAO LUAN

3.1. KET QUA KHAO SAT HINH THAI VA CAU TRUC VAT LIEU V,0s

Chung t6i da tién hanh tong hop ba mau: V,0s-P123, V,05-SDS va V,0s-
CTAB. Céc két qua vé hinh thai, tinh chit ciing nhu kha ning quang xuc tac cia
vat liéu véi dung dich chat mau hiru co dugc ching toi thao luan chi tiét dudi
day.

3.1.1. Két qua chup anh SEM

Hinh 3.1 1a két qua chup anh SEM cho thay hinh thai caa ba mau ché tao

cua vat lieu V,0s tly thudc vao cac chat hoat dong bé mat khac nhau duoc sir

dung trong qua trinh tong hop thay nhiét.

Hinh 3.1. Anh SEM ciia ciac miu vat liéu V5,05
a) V,05-CTAB, b) V,0:-SDS, ¢) V,05-P123

25



Nhan thay c6 sy khac biét dang ké gitra cac mau téng hop duoc. Mau
V,05-CTAB (hinh 3.1a) Ia cau trdc nano hinh 14 c6 chiéu dai 1-2 um, dan xen
khong d6ng nhat véi nhau. Bang cach thay d6i CTAB bang SDS, mét sy thay
d6i dang ké vé hinh thai dd xay ra (hinh 3.1b), V,0s duoc sinh ra véi hinh thai
khong d6ng nhat va tao thanh dam c6 kich thude lén. Cudi cing, véi su két hop
véi chat hoat dong bé mit P123, ciu tric nano V,O0s tao ra céc thanh nano c6
duong kinh rat nho (vai chuc nm) va dai khoang 1- 2 um (hinh 3.1c). Nhu vay,
c6 su phu thudc rd rang giira chat hoat dong bé mat va hinh thai cua san pham.

Céc quy trinh sau day c6 thé giai thich cho viéc xép chdng cac tAm nano
mong cua V,0s trong qua trinh thuy nhiét:

NHVO, < NH;+VO; (1)
NO; +H, =V,0,+H,0 (2)

Trong nudc khtr ion, tién chat cta vanadi 1a mubéi NH,VO; c6 khuynh
hudng phan tach thanh ion NH; va ion VO;. Viéc bd sung axit clohydric HCI
trong qué trinh tong hop 1am ting nong d6 ion H'twong tic véi VO, dé tao ra
V,0s. Viéc tong hop cac tim nano mong c6 thé dugc cai thién bang cach dua
vao chat hoat dong bé mat P123, CTAB va SDS.

3.1.2. Két qua pho XRD

CAu tric tinh thé cua cac mau V,0s tong hop duge nghién ciru bang phép
do XRD. Hinh 3.2 cho théy biéu dd XRD cta cac mau bot dugc ché tao bé‘lng
phuong phap thuy nhiét véi cac chat hoat dong bé mat khac nhau. Nguoi ta thiy
rang tat ca cc pic cua tit ca cac mau déu nhon va sic nét dic trung cho su két
tinh cta cau trac tinh thé truc thoi V,0s (Thé JPDS s 1359) [16]. Céc dinh dién
hinh trong tat ca cac mau 1a (001), (110) va (040). Pinh cuong d6 cao nhat 1a
(001) & gid tri goc 20 1a 20,4° cho thiy cac tinh thé phat trién t6t hon theo hudng
(001). Ngoai ra, khong tim thdy cac dinh bd sung nao khac trong mau XRD cuta
tat ca cac mau. Do do, ciu trac tinh thé V,0s c6 do tinh khiét cao, khong co tap

chat di dugc tong hop bang cach bd sung cac chit hoat dong bé mit khac nhau.
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Hinh 3.2. Phé XRD ciia vit liéu V,05
a) V,05-CTAB, b) V,0:-SDS, ¢) V,05-P123

Kich thudc ctia cac hat nano V,0s thu dugc tir mau XRD dua trén phuong

trinh Scherrer:

kA
cosé

Trong d6 D 1a kich thudc hat trung binh (nm) ctia cdc mau, A 1a budc soéng
tia X (nm), k 13 hang s6 va 6 va p-FWHM la goc Bragg (rads) va mé rong dong
du thira (rads) twong tng. Kich thudc tinh thé trung binh (nm) thu dugc bang

phuong trinh Scherrer va dugc trinh bay trong bang dudi day
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Bang 3.1. Kich thudéc hat nano V,05

Mau Kich thwée hat trung binh (nm)
V,05 - CTAB 57.187
V,0s5 - SDS 75.135
V,05 — P123 87.176

3.1.3. Két qua pho hong ngoai bién d6i Fourier FTIR
Hinh 3.3 minh hoa quang phé hdng ngoai bién doi Fourier duoc phan tich

trong khoang s séng 400 - 4000 cm ctia ba mau bot V,0s.

@ __ v 0_p123
b) v, 0.cTaB
(© __v,0.sDs

% Transmitance

1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
Wavelength (cm™')

Hinh 3.3. Phé FTIR cia vt liéu V,Os
a) V,05s-CTAB, b) V,05-SDS, ¢) V,0s-P123
Ngudi ta nhan thay ¢ day co 3 dai dao dong troi thudc vé cac lién két hoa
hoc ctia V,0strong ca ba mau vat liéu. Dao dong & s6 séng 477 cm™ va 589 cm™
da xac dinh céac ché do kéo dai d6i xung cua dao dong V-0O-V [17]. Pinh quan
sat dugc khoang 1034 cm™ 1a dao dong cua lién két V=0 véi oxy cudi clng
[18]. Ngoai ra, cac dinh 1381 cm™, 1627 cm™ ¢ thé quan sat thdy cuong d6 nho
dai dién cho nhoém hydroxyl va cuc dai ¢ 3415 cm™ 1a d6 dao dong cua lién két
H-O-H, nghia 1a trong san pham van con su hién dién caa mot sé phan tir nuéc

[19]. Ngoai ra, dinh xuét hién & sé séng 2368 cm™ la cua phan tir CO, hap thu
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trén bé mat. Trong hinh anh phé FTIR ctia ba miu bot V,0s, khdng co cuc dai
tuong ang Voi cac dao dong cua cac hop chat hitu co, ngu y rang cac hop chat
hitu co cua tién chat da bi phan hay hoan toan sau qua trinh @. Do d6, phén tich
FTIR, két hop voi phan tich XRD, xac nhan d¢ tinh khiét cao cua vat liéu V,0s
ché tao duoc.

3.1.2. Két qua phd UV - Vis

Pé xac dinh tinh chat hap thy cua vat liéu ciing nhu tinh toan do rong
viing cdm quang hoc cua cac mau ché tao duoc, ching tdi thuc hién phép do phd
hap thu UV-Vis. Hinh 3.4 cho thiy anh hudng cua céc chat hoat dong bé mit
khac nhau d6i véi dic tinh hap thu caa cac mau V,0s ché tao. Trén phd UV-Vis
cua 4 mau, c6 thé nhan thay cac chat hoat dong bé mit dong vai tro quan trong
trong viéc thay ddi dic tinh hap thu cia mau (hinh 3.4a). Cac mau déu c6 do hap

thu cao trong vung anh sang cuc tim.

—_ (1) € o cme (i)

5 VO SD5

o 1) vocPi23

o E

@ 2

2 2

]

S B

g it

o (€ \.o-cTas

<L V0,505
© ) _wvo.F1z:

200 0 W sw 500 me  sae [ 5 &
Wavelength (nm) hu (eV)

Hinh 3.4. Phé UV-VIS ciia cac miu vat liéu V,Os (i); dd thi Tauc twong &ng va

khoang céach dai wéc tinh cia vat liéu tong hop (ii)

Do rong viing cam cia V,0s duoc tinh theo cdng thirc ham Tauc nhu sau [20]:

(ochv)l/2

Eg =hy -

O dau 'Ey 1a niang lwong ving cam, 'hv' 1a ning lwong photon, 'a' 1a hé s6 hap

thy, 'C' 1a hang s6 phu thudc nang luong.
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Nhu vay néu vé do thi phu thudc cua (ahv)2 theo nang lugng hvcua anh
sang t6i sau d6 ngoai suy phan doc cua d6 thi thi ta thu dwoc gia tri do rong
viing cdm cua vat liéu. Két qua nay cho phép xac dinh bé rong viing cim cua vt
licu V,0s tir phd UV-Vis thuc nghiém. Hinh thé hién sy phu thudc cua gia tri
(ahv)’ vao ning lugng hv, do rong ving cam cta vat ligu duge woc tinh bang
cach ngoai suy phan tuyén tinh cua dd thi véi truc ning luong. Gia tri do rong
viing cidm quang hoc ciia mau V,0s- CTAB 1a 3,2 eV trong khi d6 do rong ving
cam quang hoc caa mau V,0s- SDS 12 2,8 eV va mau V,0s- P123 13 2,2 eV.
Viéc giam ning lugng ving cidm I do kha ning cua ting chat hoat dong bé mit
lam giam nang luong bé mat. Nhu vay, chat hoat dong bé mat dong vai tro quan
trong trong viéc diéu chinh ning luong ving cam cua vat liéu V,0s tong hop
duoc.

3.2. KET QUA PO QUANG XUC TAC PHAN HUY CHAT MAU HUU
CO METHYLEN BLUE

Thudc nhudm duoc 4p dung cho cic chat nén dé tao cho ching mau sic
vinh vién, c6 thé chéng phai mau khi tiép xuc véi nudc, anh sang, chat oxy hoa,
md hoi va su tin cong cua vi sinh vat. Do nhitng wu diém nay, nhiéu loai thudc
nhuém dugc s dung trong cac nganh cong nghiép khac nhau nhu dét may, thuc
pham, cao su, in an, my pham, y hoc, nhua, bé tdng va cong nghiép gidy cho
nhiéu muc dich. Nhitng nganh cong nghiép nay tao ra mot luong nudc thai
khong 16 ¢6 chta thubc nhuém gay ung thu va doc hai lam 6 nhiém nudc, tro
nén khdng thich hop cho con ngudi sir dung. Trong s6 cac nganh cong nghiép
nay, nganh dét may 1a nganh sir dung thudc nhuom nhiéu nhat, 1a nhiing hop
chat c6 do phuc tap cao véi cac nhom cau tric khac nhau. Mot trong nhiing
nguyén liéu tiéu thu nhiéu nhét trong nganh nhuom la xanh methylen (MB),
thuong dugc sir dung dé tao mau cho lua, len, béng va giay.

Methylene xanh 1a thuéc nhudém bazo di vong thom véi cong thirc phan tir
C16H1gN3CIS (hinh 3.5). MB la chét ran, khéng mui, dang bot mau xanh dam &
nhiét do phong va tao ra dung dich mau xanh lam khi hoa tan trong nudc [21].

Thudc nhuém MB ¢6 nhiéu @ng dung trong nganh dét, duoc pham, giay, nhuom,
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in, son, y hoc va thuc pham. N6 1a thuéc nhuém phé bién nhat trong nganh dét
may, va duoc coi la mét trong nhitng chat tao mau quan 4o pho bién nhat. MB
bam chéic vao cac k& cua soi bong va duoc cd dinh chic chin trén vai trong
nganh dét may. Trong qua trinh st dung c&c nganh cong nghiép dét may thuong
giai phong mot luong 16n thudc nhuém MB vao ngudn nudce tu nhién, trg thanh
mbi de doa suc khoe ddi véi con ngudi va vi khuan. Thudc nhuém MB c6 hai

cho stc khoe con ngudi trén mot ndng do nhat dinh do doc tinh dang ké caa no.

HiC. * CH

CH; CHs

Hinh 3.5. Cong thirc cAu tao ciia MB [21].

Quaé trinh oxy héa MB thanh H,0 va CO, thdng qua chat xuc tac quang la
mot ki thuat bat budc dé loai bo thuéc nhudom khoi nuéc thai cdng nghiép. Phan
huy quang hoc la mdt qua trinh oxy hoa trong d6 sy phan huy héa hoc cia cac
phan tir phirc tap bién d6i thanh cac chat don gian, khong doc hai va cé trong
lugng phan tir thap hon do tiép xUc voi anh sang. Pay 1a cong nghé Xt 1y nudc
thai day hira hen, c6 kha nang khtr mau va phan huay cac phan tir thudc nhuém
thanh cac chat vo co don gian va khong doc hai nhu CO, va H,0. Qua trinh nay
duoc thuc hién vai su ¢ mat cua chat xic tac quang, mot vat liéu ban dan dugc
kich hoat bang cach hap phu cac photon va c6 thé tang téc phan wng ma khéng

bi tiéu hao. Qua trinh quang phan thuéc nhuém MB dién ra trong khong khi va
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O, rat can thiét cho qué trinh phan hay. Trong méi trudng bazo, cac goc OH
hinh thanh thdng qua qua trinh khir don dién tor cua cac géc MB' biang
OH". Géc "OH phan tng véi nhau dé tao ra H,0, day la chat hoat dong quan
trong trong cac qué trinh phan hay. Twong tu, O, phan ng vai cac géc MB’ bj
kich thich va tao thanh "0, . Céac phan mg quang phan MB nay duoc tom tat
trong cac phuong trinh (1) — (3) sau day:

MB*+OH — MB +OH (1)

2'0H — H,0, @)

MB*+OZ—>MB++'O; 3

Tat ca cac loai gbc phan tmg nay déu tham gia vao qué trinh quang phan
truc tiép thuoc nhuom MB. Qua trinh phan hay quang cua MB tién hanh thong
qua (i) khtr khoang; (ii) phéa v vong thom trung tam MB va sau do 1a cac vong
thom bén; (iii) chuyén d6i cac chat duoc tao ra tir hai budc dau tién thanh cac
chat trung gian, chang han nhu cac loai R-NH3", phenol, anilin va aldehydic/
carboxylate; va (iv) chuyén doi cac chit trung gian nay thanh céc san pham cudi
cuing, chang han nhu CO, , H,0, SO,*~ va NH," [22]. Hau hét cac chat trung gian
phan tng dén tir sy pha v vong thom cuia thuéc nhuom MB. Thuée nhuom MB
bi phan huy thanh cac chat trung gian phan ang tiép theo, bao gdm aldehyde, cac
loai carboxylic, phenol va amin, cudi cung duoc chuyén thanh H,0, CO,, ion
amoni va ion sunfat .

Vit liéu nano V,0s 1a mot trong nhitng chat xdc tac quang ban dan dugc
st dung dé xuc tac phan hay cac chat hiru co 6 nhiém trong méi trudng nudc va
khdng khi nhe dac tinh 1i hoa 6n dinh, hoat tinh xdc tac cao va dé tong hop.

Hoat tinh quang hoa cua vat liéu nano V,0s duoc téng hop voi cac chat
hoat dong bé mat khac nhau CTAB, SDS, P123 di dugc danh gia so bd qua
phan ng quang phan hity chat mau hitu co MB. Theo d6, 50 mg mau vat liéu
nano V,0s duoc thém vao 100 ml dung dich MB (20 mg/l) trong cdc 250 ml. NG
dugc dit trong mot 10 phan tng quang tu ché va khudy trong béng téi trong 60
phut dé dat dwoc can bang hap phu/giai hap phu cua dung dich MB va bot V,0s.
Sau d6, huyén phu dugc chiéu sang bang bic xa kha kién. Khoang céach giita
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dén Compact va coc duoc cd dinh ¢ 15 cm. Tai cac khoang thoi gian cu thé,
khoang 7 ml dung dich duoc rut ra khoi hdn hop va loai bé cac hoat chat xuc tac
bang cé4ch str dung may ly tim 5900 vong/phit va sau d6 dwgc phan tich bang
may quang phd UV - Vis (PG-T90, Vuong quc Anh). Cac nong do cua MB
dugc do & Amax = 498 nm.

V,0,-SDS (2)

—— Origin
—— 0 min
——30min |
——60 min |
——90 min |
—— 120 min |
—— 150 min ¥

Absorbance (a.u.)

400 500 600 700 800
Wavelength (nm.)

V,0,-CTAB (b)

—— Origin

——O0min
——30min |
——60 min |
——90min
—— 120 min :
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400 500 600 700 800
Wavelength (nm.)
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V,0,-P123 ()

——— Origin
=0 min
= 30 min
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400 500 600 700 800
Wavelength (nm.)

Hinh 3.6. Su thay d6i phé hap thu cia dung dich MB theo thai gian chiéu bic
xa tir ngoai ciia cac mau vt liéu V,0s tong hep

Tinh chat quang xUc tac cia qua trinh phan huy dung dich MB sir dung
cac mau V,0s 1am chat xuc tac duoc thé hién trong hinh 3.6. Sy bién mat cua
cuc dai hap thuy MB & budc song 664nm sau 2 gio chiéu sang cua ca ba thi
nghiém chang té ring MB da bi phan hay boi V,0s dudi 4nh sang cua dén
huynh quang compact.

1.0 H
0.8 4

Ua 0.6

o]

0.4

0.2

0.0 1 L 1 M 1 M 1

1 1 L 1 L 1 1 1
-60 30 0 30 60 90 120 150
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Hinh 3.7. Qua trinh hap phu-phan hily quang caa dung dich MB khi

duna cac mau V,0-
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Hinh 3.7 so sanh hiéu suat khir mau MB cua cac mau V,0s. Sau 1 gio
khudy tir trong bong téi, tat ca cdc mau V,0s déu hap phu maot it hoic hau hét
dung dich MB. Trong d6, V,0s-SDS hap phu téi 95%, V,0s-P123 hap phu 50%
va V,0s-CTAB chi hap phu khoang 5% luong cua MB trong dung dich. Tir 0
phut dén 180 phut, dudi anh sang cua dén compact, ndong d6 MB trong 3 mau
giam dan. Hiéu suat phan huy MB duoc tinh todn cho cac mau lan luot 13 V,0s-
CTAB: 62%, V,05-P123: 80% va V,0s5-SDS: 90% twong trng. Nhu vay, V,0s-
SDS thé hién kha ning hip phu tét hon hai mau kia. Hién twong nay la do dién

tich bé mat 16n cia mau V,0s-SDS.

08 ™ V:O-CTAB
® V,0.-SDS V;0:-P123 k=459 x 10° min™
A V,0-P123 R*=10.91
2 ®
|
0.6 4
V,0.-CTAB: k =3.83 x 10 min” /
° RZ=072
Q 04
=
5
' |
0.2 -
| |
|
0.0 4 V,0,-8DS: k=489 x 102 min”
RZ=093
-0.2 T T T T T

L L L
0 20 40 60 80 100 120 140 160

Time (min)
Hinh 3.8. P6 thi ham theo thoi gian khi khir thudc nhuém MB bang cac

mau vt liéu nano V,0s

Hiéu suat quang x(c tac hap phu cta cac mau vat liéu nano V,0s chu yéu
phu thudc vao su phan tach dién tich va hinh thai bé mat. Tur cac nghién cau

dong hoc, sy phan hay tuan theo phuong trinh dong hoc bac nhat [23].:

In (&] =—Kt
CO

Trong d6 C;, Co lan luot 12 ndng do ban dau va nong do tai thoi diém t

cua dung dich MB; K 1a hang sé toc d6 (min™). Bong hoc vé hiéu suat quang

35



xUc tac cua cac mau V,0s duoc thé hién trong hinh 3.8.

Hang sd téc d6 phan hay chat mau hitu co Kyg cua cac chat xuc tac thu
duogc tir 46 dbc cua cac 6 dugc dua ra trong Bang 3.2. O day c6 su khac biét vé
gia tri do co ché quang xtc tac dé khir mau MB khdng chi dwa trén goc OH

duoc tao ra ma thong qua co ché truc tiép do dién tich bé mit trong dbi I6n

Bang 3.2. Hing s6 tdc dd phan hiy chit mau hiru co Kyg

x Hing s6 toc do 5 B
Mau i R Hap phu
(min™)
V,0s - CTAB 3,83.10° 0.72 5%
V,0s- SDS 4.89.10° 0.93 95%
V,0s — P123 4.59.10° 0.91 50%

Ngoai ra, ty 18 % suy giam ciia MB so véi c4c chat xuc tac quang khéac
trong tai liéu (Bang 3.3). RO rang 1a vat liéu nano V,0s dugc tdng hop trong
nghién cau nay c6 hoat tinh quang xuc tac cao do d6 chung 1a tng cir vién trién

vong cho viéc xtr ly moéi truong.

Bang 3.3. Ty 1é % suy giam cia MB so véi c4c chat xtc tac quang khac

. Thé tich . .. | Thoigian | Hiéu Tai ligu
o Khi Nong do e o
Chat xuc tac dung xUc tdc | suat xic tham
lwgng . MB . . .
dich MB (min) tac khao
Mxene/
500mg 100ml 10 mg/L 180 69,4 [27]
g'C3N4
MnWOQO, 50mg 100ml 3,83.10° 180 82 [28]
Fe304/Zn0 200mg 50mi 100 mg/L 120 88,5 [29]
V,05 30mg 100ml 20 mg/L 150 90

Nhu vay trong nghién ctu ndy, ching t6i da diéu ché thanh cong vat liéu
V,0s €6 cau tric nano cho cac tng dung xdc tac. Cau tric nano V,0s khéc nhau
duogc tong hop bang cach thém chat hoat dong bé mat khac nhau (CTAB, SDS
va P123) vao dung dich tién chat. Tat ca cac mau thé hién céc tinh chat quang

hoc va tinh thé twong tu nhau, véi cac hinh thai khac nhau. Tuy nhién, mau
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V,0s-P123 hinh thanh cau trac que c6 kich thudc nho hon, do xdp cao hon
chung té chat hoat dong bé mit cd tac dung dang ké dén sy hinh thanh hinh thai
cua V,0s Ciu trac nano. Hon nita, mau V,0s-P123 thé hién hiéu suit quang xuc
tac cao hon V,0s - CTAB; trong khi cac vat mau V,0s-SDS thé hién tinh chat
hap phu manh d6i véi dung dich thudc nhugm Xanh Methylene. Nghién ciu cho
thiy riang bang cach thay d6i chat hoat dong bé mat, ching t6i c6 thé kiém soét

hinh thai va hoat dong xuc tac cua vat liéu nano V,0s.
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KET LUAN

Trong nghién ciu nay, cau tric nano V,0s cho wng dung xdc tac quang
duoc diéu ché bang qué trinh thay nhiét véi viéc bo sung cac chat hoat dong bé
mit khac nhau (CTAB, SDS va P123) vao dung dich tién chat. Két qua tong hop
vt liéu nano V,0s dugc nghién ciru bang kinh hién vi dién tir quét (SEM), nhiéu
xa tia X (XRD), quang phé hong ngoai bién d6i Fourier (FTIR) va quang pho ti
ngoai - kha kién (UV-vis). Anh SEM va pho XRD cho thiy da tong hop thanh
cong vat liéu nano V,0s ¢6 hinh thai khac nhau két tinh trong pha truc thoi. Phd
FTIR cho cac dao dong dic trung cua cac lién két hoa hoc trong V,0s, chira lién
két V-O-V. Pho UV-Vis xac dinh ning luong ving cAm pht hop Vi gid tri ning
lwgng ving cam cua V,0s. Dac biét, két qua da chang minh rang viéc bd sung
chat hoat dong bé mat co tac dong manh mé& dén hinh thai, niang lugng ving cam
va bé mat hda hoc cua cac chat xdc tac quang. Tat ca cac mau thé hién céc tinh
chat quang hoc va céu tric tinh thé twong tu nhau, véi cac hinh thai khac nhau.
Mau V,0s-P123 hinh thanh céu tric que ¢ kich thuéc nho hon, do x6p cao hon
so véi cac mau V,0s-SDS va V,0s-CTAB chang té chat hoat dong bé mat c6
tac dung dang ké dén su hinh thanh hinh théi cau tric nano cua V,0s. So sanh
giira viéc bo sung ba chat hoat dong bé mat cho thay rang mau V,0s-P123 thé
hién hiéu suit quang xuc tac cao hon V,0s-CTAB. Bén canh dé viéc bo sung
SDS tao ra vat liéu nano V,0s thé hién hiéu qua hap phu manh nhat cai thién
kha niang xuc tac quang dung dich thuéc nhuom Xanh Methylene. Duéi anh
sang cua dén Compact, mau V,0s sir dung SDS c6 hiéu suat quang xuc tac dat
tGi 90% Xanh Methylene. Nghién ciu cta ching tdi cho thay rang bang céch
thay doi chat hoat dong bé mat, ching t6i cd thé kiém soat hinh thai va hoat
dong xUc tac cua cau trdc nano V,0s tir d6 cai thién hiéu qua trong ting tng

dung cu thé cua vat liéu nano.
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Abstract

In the study, the nanostructured V205 photocatalyst was prepared by a hydrothermal process followed by
calcination with the addition of various surfactants to the precursor solution. The synthesized V20s
nanomaterials were investigated by scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier
transform infrared spectra (FTIR), and ultraviolet - visible spectroscopy (UV-vis). The SEM images and XRD
spectra showed that the V20s nanomaterials with different morphologies crystallized in the orthorhombic
phase were successfully synthesized. The FTIR spectrum gives characteristic oscillations of the chemical
bonds in V205, containing the V-O-V vibration. The UV-Vis spectrum determines the band gap energy in
accordance with the bandgap energy value of V20s. In particular, the results demonstrated that the addition
of surfactant had a strong effect on the morphology, band gap energy and surface chemistry of the
photocatalysts. The comparison between the addition of the three surfactants of dodecy! sulfate sodium,
pluronic P123, and CTAB showed that the addition of SDS produced the most efficient V205 photocatalyst is
beneficial to improve V20sagglomeration. Under the illumination of the Compact lamp, the V205 product using

SDS removal could reach up to 90% Methylene Blue solution after 120 minutes.

Keywords: Vanadium pentoxide, nanostructures, photocatalyst, hydrothermal, surfactant.

1. Introduction

The textile industry is one of the most important
sectors of the global economy, and the twenty-first
century is known as the "Industry 4.0 century," with all
its innovations and achievements. The rapid expansion
of the textile industry is harmful to the environment,
particularly the wastewater produced by the cooking,
bleaching, and dyeing processes [1]. Water contains
complex colour-carrying groups as well as long-lasting
organic compounds, which are especially important
during the dyeing process. As a result, their waste
pollutes the environment, harms aquatic life, and is
carcinogenic to both humans and animals. Numerous
physical, chemical, and biological techniques have
been employed to date to remove a variety of
pollutants from wastewater. One of these approaches,
semiconductor photocatalytic oxidation, has been
researched as one of the most cutting-edge and eco-
friendly ways to treat organic pollutants.

Vanadium oxide (V,0:s), a transition metal oxide
semiconductor with a narrow band gap (2.5 eV), is an
excellent candidate for capturing visible, UV, and
sunlight light. A significant portion of the solar
spectrum can be captured and used to build active
redox centers. However, its ability to photodegrade

ISSN 2734-9381
https://doi.org/10.51316/jst.165.etsd.2023.33.2.4
Received: February 7, 2023; accepted: March 22,2023

22

pollutants efficiently is limited by the rapid
recombination of photo-excited electron/hole (e7/h")
pairs and a small specific surface area.

Recently, V,0s nano and microstructures have
been extensively studied with their advantageous
properties (optical, structural, mechanical, and
biological) due to their high specific surface area,
layered structure, low cost, low toxicity, abundance in
nature, ect. In the application of photocatalysts, V,0s
is of great interest because of its unique advantages:
narrow band gap, reactivity in the visible light region,
high efficiency, chemical stability, etc. It might be one
of the best-suited catalyst materials for photocatalytic
application. A variety of V,Os nanostructures, such as
nanourchins, nanotubes, nanospikes, nanorods,
nanowires, and nanobelts have been prepared by using
the most popular synthesis techniques include sol-gel,
hydrothermal, solid-state reaction, etc. [1, 2].
Furthermore, the photocatalytic activity of V,0s is
believed to be strongly dependent on the morphology,
surface area and band gap energy because the
photocatalytic reaction occurs at the catalyst surface in
the dye solution under the radiation of the light. There
are many factors in the synthesis process that directly
affect the morphology and surface of the catalyst such
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as: pH, temperature, precursor content, surfactant, etc.
Among them, the use of surfactants is influenced the
morphology of the fabricated materials as they reduce
the energy and surface tension of the particles thereby
minimizing the agglomeration of the nanostructures.
Aslam, et al. synthesized V,0s by chemical
precipitation procedure using Triton X-100 as
morphology mediator under sunlight for the
degradation of phenol and their derivatives [3]. Raj e?
al. prepared Vanadium pentoxide crystalline
nanoparticles hydrothermally in the presence of
various surfactants named Sodium Dodecyl Sulphate
(SDS), Cetyl Trimethyl Ammonium Bromide (CTAB)
and Triton-X. The photocatalytic studies were
performed and found better photocatalytic efficiency
in V20s prepared with SDS, obtained through the
degradation of MO dye under UV light irradiation [4].
I. Ibrahim, et al. synthesized V,0s by wet chemical
process using four different surfactants PVP, SDS,
T100 and T80 and then compared their photocatalytic
performance. The results showed that, under UV light,
the most efficient photocatalyst (T80) was based on
Tween 80 surfactant capable to reduce hexavalent
chromium to trivalent by up to 70% and showed high
yield in the decomposition of methylene blue and

tetracycline antibiotic water pollutants [5].

In general, studies of the effects of the surfactants
on the synthesis process, the characterization and
the photocatalytic  activity of the V20Os
nano/microstructures is rare and it is an potential area.
In this study, different V,Os nanostructures were
successfully synthesized using different surfactants
(P123, SDS and CTAB) by hydrothermal method
followed by calcination. The photocatalytic properties
of Methylene Blue solution decomposition of all V,0s5
products under visible light were compared and
analysed.

2. Experiment
2.1. Fabrication of V205 Nanostructures

The following chemicals were used: ammonium
metavanadate (NHsVOs;, 99.99%), Poly(ethylene
glycol)-block-poly(propylene glycol)-block-
poly(ethylene glycol) (Pluronic P-123,
HO(CH>2CH>0)20(CH,CH(CH3) 0)70(CH2CH,0)20H,
99%), Cetrimonium bromide (CTAB,
[(Ci6H33)N(CH3)3]Br, 99%), Sodium dodecyl sulfate
(SDS, CH3(CH2)110S0sNa, 98.5%), hydrochloric acid
(HCI), and ethanol (CH3CH,OH, 99.8%) were bought
from Sigma-Aldrich. Deionized water was used as a
solvent to prepare solution.

V,0s nanostructures were synthesized by
hydrothermal method. In a typical procedure,
ammonium metavanadate [NH4VO3] (10 mmol) was
dissolved in 60 mL of deionized water containing P123
under continuous stirring for 15 min. Then, 10 mL of
hydrochloric acid [HCI (1M)] was slowly added into
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the above mixture stirring for another 30 min. The
solution was then transferred to a 100 mL Teflon-lined
stainless-steel autoclave for hydrothermal heating. The
hydrothermal process was maintained at 200 °C for
24h. After being gradually cooled to room
temperature, the precipitate at the bottom was
centrifuged and washed with deionized water several
times. It was then also washed several times with
ethanol solution and collected by centrifugation at
5800 rpm. The obtained blue-black powder was dried
in an oven at 60 °C for 24 h, and then calcined at
500 °C/2h. The same method was followed to prepare
V,0s nanostrures from NH4VOs using with other two
surfactants CTAB and SDS (Fig. 1). The samples were
labelled as V»0s5-P123, V,0s-SDS, V,0s5-CTAB,
respectively. All three V,0s samples were taken for
characterization.

The synthesized materials were characterized by
field-emission scanning electron microscopy (SEM —
JEOL 7600), X-ray diffraction (XRD, X-Pert Pro,
Malvern Panalytical Ltd., Malvern, UK) with a Cu-K,
source in a 20 range from 10° to 90° and Optical
absorption spectra (UV-vis) were investigated using an
Ultraviolet - visible spectrometer (PG-T90, UK). FTIR
spectra were measured on a Nexus 670-Nicole.

> Annealing
— @ 500°C/2h

1gNH,VO,
+ _ —_—

———
60 ml H,0

v

N

+
1g (P123/SDS/

CTAB) Hydrothermal

@ 200°C/24h

Dissolved

Fig. 1. Schematic of hydrothermal synthesis of V,0s
using different surfactants.

2.2. The Photocatalytic
Nanomaterials

Activity  of V205

The photocatalytic performance of V,0Os samples
was investigated with Methylene Blue (MB) solution
with initial concentration of 20 mg/l under irradiation
of compact lamp (220 V, 120 W). Typically,
experiments were conducted in a closed reactor house:
30 mg of V205 powder and 100 ml of MB solution
(20 mg/l) were stirred in a 250 ml beaker using a
magnetic stirrer in the dark for 60 min to achieve
equilibrium adsorption between MB solution and V,0s
powder. Next, the system is illuminated with compact
fluorescent lamp. The distance between the lamp and
the beaker is about 15 cm. At specific time intervals,
about 7 ml of the solution was withdrawn from
the mixture and centrifuged to completely remove
the catalyst. The solution was then analyzed
using an ultraviolet-visible spectrophotometer. MB
concentration was measured at Auqx = 664 nm.

3. Results and Discussions
3.1. SEM Analysis

Fig. 2 shows the morphology of three fabricated
samples of V,0s material depending on the different
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surfactants used during hydrothermal synthesis. There
are significant differences among the products. The
V,05-CTAB sample (Fig. 2a) is a leaf-rod
nanostructures with a length of 1-2 um,
heterogeneously interwoven with each other. By
changing CTAB by SDS, a significant morphological
change occurred (Fig. 2b), V205 was produced with
heterogeneous morphology and formed large-sized
clusters. Finally, with the combination with surfactant
P123, the V,0s nanostructures produce nanorods with
small diameter of about 100 nm, and about 1-2 um in
length (Fig. 2c). Thus, there is a clear dependence
between the surfactant and the morphology of the
products.

The following processes may account for the
stacking of thin nanosheets of V;Os during the
hydrothermal process:

NH, VO, <> NH, +VO;
2V0,+H, < V,0,+H,0

)
2

Fig. 2. SEM images of V,0s samples prepared using
SDS (a); CTAB (b) and P123 (c) surfactants.
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In deionized water, NH4VOs, a precursor of
Vanadium, has a propensity to split into NH*" and
VOs~ ions. The addition of hydrochloric acid during
synthesis raises the concentration of H' ions, which
interact with the VO3~ species to create V,0Os. The
production of thin nanosheets can be improved by the
inclusion of the surfactant P123, CTAB, and SDS.

3.2. XRD Analysis

The crystal structure of the synthesized V:Os
samples was investigated using XRD measurement.
Fig. 3 shows the XRD plot of the powder samples
hydrothermally synthesized with different surfactants.
It is found that all the peaks of all samples are pointed
and sharp characteristic for the crystallization of the
orthorhombic crystal structure V,Os (JPDS card no 1-
359) [6]. The most significant peaks typical in all
samples are (001), (110) and (040). The highest
intensity peak is (001) at a 26 value of 20.4° indicating
that the crystals grow preferentially in the (001)
direction. In addition, no other additional peaks were
found in the XRD pattern of all samples. Therefore, a
high-purity V,0Os crystal structure with no impurities
was synthesized by the addition of various surfactants.

V,0.,-P123
V,0,-CTAB V0, ortharhormbic
g JCPDS No. 1-359

Intensity (a.u.)

30 40 50 60

2 Theta (degree)
Fig. 3. XRD diagrams for V,0s samples prepared
using SDS, CTAB and P123 surfactants.

The size of the crystallite size obtained from the
XRD pattern based on the Scherrer equation:

K4
PcosO

3)

where D is the average crystallite size (nm) of the
samples, A is the X-ray wavelength (nm), K is the
constant, and € and f-FWHM are the Bragg angle
(rads) and the excess line broadening (rads),
respectively. The average crystallite size (nm) was
obtained using the Scherrer equation and presented in
Table 1.
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Table 1. The average crystallite size (nm) of the
samples

Sample ID Average crystallite size (nm)
V205-CTAB 57.187
V205-SDS 75.135
V205-P123 87.176

3.3. FTIR Analysis

Fig. 4 illustrates the FTIR spectra analysed in the
range of 400 — 4000 cm™' wave number of three V205
powder samples. It is found that here there are three
dominant vibration bands belonging to the chemical
bonds in V,0s in all three material samples. Vibrations
at wave numbers 477 and 589 cm! identified the
symmetric stretching modes of V-O-V vibration [5, 7].
The observed peak around 1034 ¢cm™ is the vibration
of the V = O bond with the terminal oxygen [8]. In
addition, the peaks of 1381, 1627 cm’' of small
intensity representing the hydroxyl group can be
observed and the peak at 3415 cm! is the vibration of
the H-O-H bond, which means that there is still the
presence of some water molecules in the products [9].
In addition, the peak appearance at wave number
2368 cm™ is of CO, molecules absorbed on the
surface. In the signal range, there were no peaks
corresponding to the vibrations of the organic
compounds, implying that the organic compounds of
the precursors were completely decomposed after the
annealing process. Therefore, FTIR analysis, in
conjunction with XRD analysis, confirms the high
purity of V,0s.

—V,0.-P123
——V,0.-CTAB
——V,0.-SDS

% Transmitance

Q
o
N
n
a
2

500 1000 1500 2000 2500 3000 3500 4000
Wavelength (cm™)

Fig. 4. FTIR spectra of V,0s prepared samples using
SDS; CTAB and P123 surfactants.

3.4. UV-Vis Analysis

Fig. 5 shows the effect of different surfactants on
the absorption characteristics of the fabricated
samples. On the UV-Vis spectrum of the four samples,

it can be observed that the surfactants play an
important role in changing the absorption
characteristics of the sample (Fig. 5a). The samples all
have high absorption in the ultraviolet light region.
The band gap of V,0s is calculated according to the
following formula [7]:

(ahv)]/2
E,=hv B 4
where E, is the band gap energy, Av is the photon
energy, o is the absorption coefficient, C is the energy
dependent constant.

The bandgap energies of the V,0s samples
synthesized with different surfactants CTAB, SDS,
P123 are 3.2, 2.8 and 2.2 eV, respectively (Fig. 5b).
The reduction in the band gap energy is due to the
ability of the individual surfactants to reduce the
surface energy [1, 7]. Thus, surfactants play an
important role in regulating the band gap energy of the
product.

28 eV

22¢eV

(b)

(ahv)'?

——V,0.CTAB
V;058DS
V,0P123

5 6

hv (e4V)

V,0,-CTAB
V,0,-8DS
V,0,P123

Absorbance (a.u.)

(a)

T T T
200 300 400 500 600 700 800

Wavelength (nm)

Fig. 5. UV-Vis spectra for V,0s-SDS, V,05s-CTAB
and V»0s-P123 samples (a); respective Tauc plots and
estimated band gaps of the synthesized materials (b).

3.5. Photodegradation of MB Solution under Visible
Light Irradiation

The photocatalytic properties of MB solution
decomposition using three V,0s samples as catalysts
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are shown in Fig. 6. The disappearance of the MB
absorption peak at 664 nm after 2 h of illumination of
all three experiments demonstrates that MB was
degraded by V,0s under the illumination of compact
fluorescent lamp.

V,0,P123

——Orign
——0mn
—30mn
——60mn
W min
120min :
——150min

Absorbance (a.u.)

600
Wavelength {nm.)

V,0,CTAB

—Onigin |
——Omin |
——30min |
——60min

Omin

120 min |
——— 150 min v

Absorbance (a.u.)

400 500 600 700 800
Wavelength (nm.)
V,0,-SDS
e
8
]
L]
=
o
2
o
("]
£
<
_,-:-!‘A_
400 500 600 700 800

Wavelength {(nm.)

Fig. 6. UV—vis absorbance spectra of degraded MB
using V20s5-SDS; V205-CTAB and V,0s-P123
nanostructures.

The photocatalytic decomposition efficiency of
MB is determined according to the following equation:
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0/ — _£ x %
H(A;)—(l cj 100% (5)

0

where H (%) is the decomposition efficiency, C, is the
origin concentration and C is the concentration at time
t of the MB solution.

Fig. 7 compares the MB decolorization
performance of the V,Os samples. After 1 h of
magnetic stirring in the dark, the V,Os samples all
adsorbed a little or most of the MB, in which, V,0s-
SDS adsorbed up to 95%, V.0s-P123 adsorbed 50%
and V,0s-CTAB adsorbed only about 5% amount of
MB in solution. From 0 min to 180 min, under the
illumination of compact lamp, the concentration of
MB in the three samples decreased gradually. The
calculated MB decomposition efficiency for V,0s
samples is: V20s-CTAB: 62%, V,05-P123: 80% and
V,05-SDS:  90%, respectively. Thus, V»,0s5-SDS
exhibits better adsorption capacity than other two V,05
samples. This phenomenon is due to the large surface
area of the V,0s5-SDS sample.

The adsorption-photocatalytic performance of
V,0s5 nanomaterial samples mainly depends on charge
separation and surface morphology. According to
first order kinetics reaction, rate constant k (min') can
be determined using the following equation:

Ln (gj =—kt
CO

The first-order kinetics data for the
photodegradation of MB on the prepared samples is
shown in Fig. 8. All fitting curves of -In(C/C) versus
the irradiation time (t) are nearly linear. The rate
constant of the catalysts obtained from the slope of the
plots is given in Table 2. Here there is a difference in
values due to the photocatalytic mechanism for
decolorization of MB not only based on the generated
OH radical but through a direct mechanism due to the
relatively high surface area and hole-trapping sites.

(6)

1.0

0.8
—B-V,0,-CTAB
~@—V,0,-SDS

° 0.6 ——V,0,-P123

cic

0.4

0.2+

0.0
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Time (min.)
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Fig. 7. The adsorption—photodegradation of MB
solution using the synthesized V,0s samples
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Fig. 8.-Ln(C/Co) function of reaction time for the
reduction of MB dye over nano vanadium oxide
structures

Table 2. Pseudo first-order kinetics and adsorption
efficiency of the samples

Rate

Sample ID C(Onrqlisr?lr;t R? Adsg);gtion
V,0s-CTAB ~ 3.83 x 1073 0.72 5
V,05-SDS 4.89 x 1073 0.93 95
V,05-P123 4.59 x 1073 0.91 50

The degradation process could be described as

OH + k" — "OH %
V3(V05) +e — Vv (8)
VH* + 0, > V3(V,05) +°02° )

‘OH + O, + dye — degradation products + co,T
+H,O (10)

When irradiated with light, electrons from the
valence band (VB) of V,0s are excited to the
conduction band (CB) and leave holes in the VB.
These holes will react with OH™ on the catalyst surface

to form "OH radicals, as seen in (7). The electrons after
moving to the conduction band reduce a part of the V>*
ion to V#"as in (8). The surrounding oxygen molecules
will take electrons from V3' to regenerate V# and
superoxide anion radicals ‘O, as in (9). "OH and "0~
radicals are known to be the strongest oxidizing
species and play an important role in the photocatalytic
reaction efficiency [7]. On the other hand, hydroxy
groups can trap holes due to their high electron density,
and thus contribute to efficient carrier transfer from the
interior to the surface of the material and prevent
electron-hole recombination. In addition, the shape
and size of the nanostructures also play an important
role in enhancing the conact area between the
photocatalyst and the pigment, thereby enhancing the
photocatalytic efficiency.

In addition, the % degradation of MB was also
compared with other photocatalysts in the literature
(Table 3). It is clear that the V,Os nanomaterials have
much higher photocatalytic activity; therefore, they are

followine: very promising candidates for environmental
oflowing. remediation.
Table 3. Photodegradation of MB dye by different photocatalysts compared with literatures.
Weight  Volume Initial MB Degradation de I;Ec(;;(t)ion
Photocatalyst of MB of solution 8 . Light source gra Ref.
. . time (min) efficiency
catalyst solution  concentration %)
Visible light
MXene/g- 506 me 100 m 10 mg/L 180 (500W 69.4 [10]
C3N4
Halogen lamp)
Visible light
N-doped s (300 W
MnWO, 50 mg 100 ml 25x10°M 180 Tungsten 82 [11]
lamp)
Visible light
Fe;04/Zn0  200mg 50 ml 100 mg/L 120 (500 W 88.5 [12]
Halogen
lamp)
Visible light
(120W This
V205 30 mg 100 ml 20 mg/L 150 Fluorescent 90 work
lamp)
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4. Conclusion

We have successfully prepared V05
nanomaterials for catalytic applications. Different
V,0s nanostructures were synthesized by adding
different surfactants (CTAB, SDS and P123) to the
precursor solution. All samples exhibited similar
optical and crystalline properties, with different
morphologies. However, the sample V,0s-P123
formed rod structures with smaller size and higher
porosity, indicating that significant effect of
surfactants on the formation of morphologies of V,0s
nanostructures. Furthermore, sample V,0s5-P123
exhibits higher photocatalytic efficiency than V»Os-
CTAB; whereas the sample V205-SDS exhibits strong
adsorption property for Methylene Blue dye solution.
Our study suggests that by varying the surfactant we
could control the morphology and catalytic activity of
nanostructured V,Os materials.
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