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Tom tat

Thiy tinh aluminosilicate v6i thanh phan 5A1,03 - 95Si0; + 1wt% CuO dugc ché tao bang phuong phéap sol-gel. Sau
khi ché tao, ion Cu?* trong mau thuy tinh dwoc khir thanh kim loai Cu biang cach u miu thiy tinh & trong méi trudng
100% khi H; tai nhiét d6 400°C. So sanh két qua nhifu xa tia X va anh SEM cta mau trude va sau khi 0 nhiét da cho
thdy Cu nano hinh thanh trén bé mat thity tinh v6i kich thudc vao khoang 50-60 nm. Bén canh do, hiéu tng ting cudng
tan xa Raman bé miat (SERS) d duoc quan sat thiy dbi véi mau thity tinh hinh thanh nano Cu.

Tur khoa: Al;Os; nano kim loai; Raman; SERS.

Abstract

Aluminosilicate glass with 5Al,03 - 95Si0, + 1wt% CuO in composition was prepared by the sol-gel method. After
fabrication, Cu?* ions in glass samples were reduced to Cu metal by annealing these glass samples in an environment of
100% H, gas at 400°C. The comparison of X-ray diffraction results and SEM images of samples before and after
annealing showed that Cu nanoparticles were formed on glass surfaces with a size of around 50-60 nm. Besides, a
Surface Enhance Raman Scattering (SERS) effect was observed on Cu nanoparticle glass samples.

Keywords: Al;Os; metal nanoparticles; Raman; SERS.

1. Mé dau hinh dang khac nhau. Trong do, thuy tinh pha

Hién nay, vat li¢u thuy tinh da va dang dugc tap’ion dat hiém duogc tmg d}_mg nhiéu trong Cé’C
(mg dung rong rai trong nhidu tng dung nho thiét b1 quang hoc nhu khuéch dai quang, thiét
cac dac tinh vu viét nhu do truyén qua cao, do bi,chiéu sa'u}g, laser [1-4]. Ngcgéi C?C ion dat
bén hoa hoc tét, ¢ thé hoa tan luong 16n céc hiém, mot s6 ion kim loai chuyén tiép nhu: Cu,
ion tap chét va d& san xuit hang loat voi nhidu ~ Au cling da duoc pha tap vao thuy tinh dé tao

*Tdc gia lién hé: Nguyén Thi Thai An, Vién Nghién ctu va Phat trién Cér}g ngh¢ Cao, Dai hoc Duy Tan, ba Nﬁng,
Viét Nam; Khoa Moi truong va Khoa hoc Tu nhién, Pai hoc Duy Tan, Pa Nang, Viét Nam
Email: nguyentthaian@dtu.edu.vn, thaiannguyen212@gmail.com


mailto:nguyentthaian@dtu.edu.vn
mailto:thaiannguyen212@gmail.com

N.T.T.An, N.H.Vi, N.M.Tam / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 02(57) (2023) 90-95 91

thanh tdm phat quang hodc tao ra cdu triic nano
voi céc tinh chét dic biét. Khi cac hat kim loai
c6 kich thudc nano, cac hi¢u ung kich thudc
xuit hién, vat liéu c6 nhiing tinh chat vat Iy
hoan toan khéc so véi cling kim loai dé khi ¢
dang khéi. Trong sb cac kim loai pha tap vao
nén thiy tinh, nano ddng (Cu NPs) dic biét hap
dan do nguyén t6 dong rit doi dao trong tu
nhién va gia thanh ré, bén canh d6 Cu NPs con
1a su thay thé cho cic nano kim loai quy khéc
nhu vang, bac va platinum vi Cu NPs c6 tinh
chat quang, 46 dan dién tot [5] va doc tinh thap
[6]. Do do, trong pham vi nghién clru nay, thiy
tinh Al,03-SiO2 pha tap ion Cu?* duoc ché tao
thong qua phuwong phap sol-gel nham thu duoc
thay tinh chtra ion Cu?*, sau d6 dugc xtr ly
nhiét dé thu duoc Cu NPs théng qua qua trinh
khir Cu?* hiéu qua trong méi truong khi Ha. Cu
NPs tao thanh trén bé mit thuy tinh sau khi ché
tao dugc kiém tra bang phép do nhiéu xa tia X
cling nhu anh SEM. Hiéu Ung tang cudng tan
xa Raman (SERS) ciing dugc khao sat bang
phép do pho tan xa Raman.

2. Thyc nghiém

Mau thiy tinh pha tap Cu?* ché tao theo hop
thirc 5A1203 - 95Si02 + 1wt% CuO dugc tong
hop bang phuong phép sol-gel va ki hiéu mau
AS-Cu2. Cac tién chat st dung gém co
Si(OCzHs)s, Al(OCsHg)s va Cu(NO3)2 (Sigma-
Aldrich), tat ca déu tinh khiét va khong c6 bat
ki can thiép hoa hoc nao trude do. Pau tién, st
dung dung dich gdm C2HsOH, HCI va H.0 dé
thiy phan Si(OC2Hs)s bang cach khudy tron
déu véi may khudy tir trong thoi gian 1 gid.
Bu6c tiép theo, hdn hop AI(OC4Ho)s va
C2HsOH dugc thém vao dung dich Si(OC2Hs)4
& nhiét do 70°C va tiép tuc thém hdn hop chira
Cu(NOs3)2 va C2HsOH vao dung dich da duoc
khudy déu. Sau d6 dé cho hdn hop nay ty tré vé
dén nhiét d6 phong va thyc hién budc thuy
phan 1an hai v6i dung dich C2HsOH:H,0 theo ti
1¢ 1:4. San pham sau qua trinh thuy phan dugc

cho vao dia petri, giit & nhiét d6 phong va on
dinh trong 2 tudn dé thu duoc gel kho. Tiép
theo ta xir Iy hoi nudc cua gel kho bang cach u
& 150°C trong 12 gio. O bude cudi cung, nung
gel da xir Iy ¢ 700°C trong thoi gian 1 gior dé
thu dwgc mau thity tinh AS-Cu2.

Pé thu dugc Cu NPs, thuy tinh sau khi ché
tao AS-Cu2 dugc xur ly nhiét ¢ 400°C trong
moi truong 100% Hz voi thoi gian 1 gio, dé
ngudi ta thu dugc thuy tinh sau khi xtr Iy nhiét-
ki hiéu 12 AS-Cu0. Cudi cung chiing ta ngdm ca
2 mau thiy tinh trong dung dich 3,7-bis
(dimethylamino)-5-phenothiazinium  chloride
hydrate (methylene blue; MB) (5 x 10°M)
trong thoi gian 24 gid nham khao sat hiéu ung
tang cuong tan xa Raman SERS cua Cu NPs.

Céu trac va hinh thai cia thay tinh sau ché
tao dugc khdo sat thong qua phép phan tich
nhiéu xa tia X (D8-Advance; Bruker, Germany)
va anh hién vi dién tr quét SEM (SEM-Jeol
6490, JED 2300; Japan). Tin hiéu Raman dugc
thu bang thiét bj Xplora-Plus (Horiba Jobin-
Yvon) st dung laser 532 nm.

3. Két qua va thao luin

Nham khao sat ddc trung cau tric cua thuy
tinh sau khi ché tao va xac dinh sy ton tai cia
Cu NPs, hai mau thiy tinh AS-Cu2 va AS-Cu0
dd duoc tién hanh do nhiéu xa tia X dé so sanh
va danh gia, két qua trinh bay trén Hinh 1. C6
thé thdy thuy tinh AS-Cu2 sau khi ché tao (a)
c6 gian d6 nhidu xa dang dai rong dic trung
cho cdu triic vo dinh hinh cua thuy tinh. Trong
khi d6, mau AS-Cu0 sau khi nung trong khi H
& 400°C thi xuat hién dinh nhidu xa manh tai
43,3° dac trung cho kim loai Cu [7]. Ngoai ra,
khong quan sat thay cac dinh nhidu xa khac dic
trung cho CuO (35,84°) hay Cu.O (36,8°
38,63°) [8]. Piéu nay chung t6 rang, viéc nung
mau AS-Cu2 trong méi trudng 100% Ho di khir
ion Cu®* thanh kim loai Cu®.
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Hinh 1. Két qua XRD cuia (a) AS-Cu2 sau khi ché tao

va (b) va AS-Cu0 sau khi nung ¢ 400°C
trong moi trudng khi Ho.

Hinh 2. Anh SEM cua (a) AS-Cu2 sau khi ché tao va (b)
va AS-Cu0 sau khi nung & 400°C trong moi truong khi

Trén Hinh 2 1a anh SEM cua mau thiy tinh
trudc va sau khi 0 trong méi truong khi Hz &
400°C. Két qua cho thdy mau thay tinh AS-Cu2
c6 bé mit phang khong xudt hién cac tinh thé,
trong khi d6 thiy tinh sau khi 0 AS-Cu0 xuét

hién rat rd cac hat tinh thé kich thudc nano &
trén bé mat. Kich thude cac hat nano Cu trong
bé miat miu AS-Cu0 dugc udc luong vao
khoang tir 50-60 nm nhu dugc trinh bay trén
Hinh 3.
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Hinh 3. Phan bé kich thudc hat caa thiy tinh sau khi
xu 1y nhiét 400°C 6 moi truong khi Ho trong 1 gio
(AS-Cu0).

Mot trong nhitng hiéu tng dugc st dung dé
danh giad hiéu qua cua Cu NPs chinh la hi¢u
ung tang cuong tan xa Raman (SERS). Dung
dich 3,7-bis (dimethylamino)-5-
phenothiazinium chloride hydrate (methylene
blue; MB) dugc st dung lam chét phan tich
trong qua trinh danh gia. Tuong tu véi nghién
ctru trude day [9], trong truong hop nay, cac
mau thiy tinh dugc ngdm trong dung dich MB
5 x 10° M trong 24 gio. Pho tan xa Raman
duoc thu dudi kich thich cua laser 532 nm véi
cong sudt < ImW trong 30 s. Hinh 4 trinh bay
két qua Raman ctia MB hap phu trén thiy tinh
ctia mau AS-Cu2 va mau sau khi khir trong moi
truomg khi Hy & 400°C - mau AS-Cu0. Céc dinh
dic trung cua MB ¢ 445 cm™ va 1624 cm
duoc thé hién 15 trén phé Raman, diéu nay
chimg t6 rang da c6 sy co mit ciia cac phan tir
MB trén bé mit cta dé thay tinh. Chung toi da
do phd Raman tai cac diém khac nhau dé kiém
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tra tin hiéu SERS cia MB, két qua cho thay
cuong dd va vi tri cac dinh thu dugc hoan toan
tuong tu nhau. Cac dao dong chinh cua MB
quan sat dugc trén phé Raman duoc liét ké &

Bang 1, nhing két qua nay phu hop véi céc dao
dong da cong bd trong cac cong trinh trude day
[10-12].
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Hinh 4. Phé Raman ciia MB hép phu trén thuy tinh AS-Cu2 (1) va thity tinh sau khi xtr 1y nhiét 400°C &
moi truong khi Hp trong 1 gio/SERS —mau AS-Cu0 (2).

Nhu c6 thé thiy trén Hinh 4, hiéu tmg SERS
cudng do rat thap xuat hién khi do phd Raman
ctia MB hép phu trén dé thiy tinh sau khi ché
tao. Trong khi d6, cuong do SERS tang manh
voi thuy tinh xt ly nhiét 400°C trong moi
truong Hp, thé hién 16 & cac dinh 1624 cm™,
1394 cm™, 445 cm™ va 499 cm™, chiing tuong
g v&i dao dong kéo gidn C-C, bién dang cia
mit phang C-H, dao dong bién dang khung cua
C-N-C va C-S-C cuia phan tu MB [13]. Su ting
cuong cua cac dinh hoat dong SERS duoc cho

1a do su tao thanh Cu NPs trén bé mit dé thuy
tinh sau qua trinh 0 nhiét trong moi truong khi
Hz nhu da thdy trén anh SEM & Hinh 2. C6 thé
nhan dugc hi€u tng SERS do sy dong gép cua
hién twong cong hudng Plasmon bé mat khi cac
phan tir cta chat phan tich MB dwgc hap phu
1én dé kim loai Cu NPs [9]. Nhiing két qua nay
da thu dugc hi€u qua ting cuong Raman, tuy
nhién dé tdi wu hoa phuong phap niy van can
phai tién hanh thém mot sd nghién ciru trong
tuong lai.

Bdng 1. Vi tri cac dinh Raman cua methylene blue (MB) va cac dao dong tuong ing

MB MB + glass MB + Cu NPs Reported results 2 . b
powders 2 1 1 Band assignments
) (cm™) (cm?) (cm?)
449.151 447.086 445.408 449 3 (C-N-C)
498.888 500.675 499.476 502 3 (C-N-C)
595.983 - 593.632 612 3 (C-S-C)
673.327 - 667.025 670 v(C-H)
3(C-N-C),
770.85 771,517 771.142 761 3(C-S-C),
v(N-CH3)
- - 825.745 807 3 (C-H)



94 N.T.T.An, N.H.Vi, N.M.Tam / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tan 02(57) (2023) 90-95

858.892 860.49 857.516
874.713 - 873.52
898.761 - 896.572
952.169 949.395 948.124
1036.41 1037.5 1033.58
1071.87 1069.99 1069.62
1153.33 - 1159.25
1182.96 - 1180
1299.62 1300.06 1297.25
1363.15 1360.3 1358.06
1393.31 1397.67 1394.41
1430.8 1442.93 1435.96
1466.17 1470.48 1465.34
1544.5 - -
1625.01 1625.31 1624.51

901 v (C-C)

947 Int. J. Mol. Sci. v(C-H)
1030 B(C-H); 6(C-S-C)
1070 B(C-H)
1121; 1154; 1168 3(C-H)
1184 ¥(C-N)
1301; 1299 a(C-H)
1368 v (Ccenter — C)
1396; 1393 a(C-H)
1442 vasym(C—N)
1464 vasym(C—N)
1530; 1563 vasym(C-C)
1619; v(C-C) ring

Note: v - stretching; o - in-plane ring deformation; B - in-plane bending; y - out-of-plane bending;

& — skeletal deformation.
a Reference [10-12]
b Reference [14, 15]

4. Két luin

Thiy tinh aluminosilicate thanh phan
5Al,03 - 95S5i0; + 1wt% CuO duoc ché tao
thanh cong bang phuong phéap sol-gel ¢ cau
truc vO dinh hinh dac trung cta thuy tinh. Qua
trinh khtr Cu®* thanh kim loai Cu® duoc thuc
hién khi nung thiy tinh ¢ 400°C trong mdi
truong 100% khi Ha, két qua 1am xuét hién Cu
nano trén bé mit thuy tinh véi kich thudc hat
vao khoang 50-60 nm. Tin hiéu Raman cua chat
phan  tich  3,7-bis  (dimethylamino)-5-
phenothiazinium chloride hydrate da dugc tang
cuong theo hiéu img SERS khi st dung dé mau
thuy tinh chira Cu NPs. Két qua nghién ctru ndy
cho thiy rang cac dé thuy tinh Al,O3 — SiO; véi
cac Cu NPs trén bé mit cua ching dugc tong
hop bang phuong phap dé xuit co ¥ nghia tiém
nang trong cac nghién ctru vé SERS va cac linh
vuc khac nhau nhu cam bién sinh hoc, xuc tac
sinh hoc. Ngoai ra, du két qua nay da thu duoc
hiéu qua ting cuong Raman, nhung van can
phai tién hanh cic nghién ciru tiép theo dé tbi
uu héa phuong phap nay.
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