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TOM TAT

Cdc nano tinh thé (NC) CoAl,04 cdu triic spinel voi kich thucc hat tic 54 - 60 nm da dwoc ché
tao thanh cong bang phuong phdp sol-gel ket hop véi phan iing pha rdn. Anh huéng ciia nhiét
do nung mdu dén cdc tinh chdt quang, tiv, cdu tric va kich thide hat dwoc nghién cieu chi tiét.
Cdu triic spinel va kich thitdc ciia cic NC CoAl,O4 dirge xdc nhdn va tinh todn théng qua gidn
d6 nhiéu xa tia X (XRD). Phwong phdp phé hdp thu hong ngoai va tan xa Raman dwoc sir dung
dé khao sat ddc trung dao déng va cdc nhém lién két ciia cac NC CoAlQ4. CAc tinh chat hap thu
va phat quang cua cac NC CoAl04 da duoc khao sat thong qua cdac phép do phd hdp thu va
quang huynh quang. Phép do duong cong tir tré duge sir dung dé xdc dinh ban chat tr tinh cua
vdt liéu. Nghién civu nay cung cdp théng tin méi vé cdc tinh chdt quang, tir va trién vong img
dung vdt liéu nano CoAl>,O4 trong linh viec in mau ky thudt $0.

Tir khoa: Spinel; Tinh chit quang; Tinh chét tir; CoAlOx; In mau.
1. MO PAU

Céc oxit tw nhién c6 ciu trac kiéu spinel (AB;04), trong do6, cac cation A (hoa tri hai) va B
(hoa tri ba) chiém cac vi tri ttr dién va bat dién tuong tmg trong tinh thé da duogc sir dung rong rai
nhu cac chit mau vé co, vat liéu tr tinh va cac chét xtc tac [1-4]. Trong s d6, aluminat coban
(CoAl,04) 12 mét chit v co mau xanh dién hinh véi cac ion Co?* chiém cac vi tri ttr dién va AI3*
chiém cac vi tri bat dién trong tinh thé (3, 5]. Séc t6 CoAl>04 mau xanh lam da dong mot vai tro
quan trong trong viéc tao mau cho cac do gla dung, chang han nhu tao mau cho nhua, son, thuy
tinh, men sir va ddc biét 1a trong linh vyc in mau ky thuét sd [4, 6, 7]. Diéu quan trong 1a sic to
mau xanh lam nay c6 dic tinh quang hoc rét t6t va c6 kha ning chéng oxy hoa cao véi 4nh sang,
thoi tiét khic nghiét, méi trudng axit va cac tac nhan khi quyén khac.

Trong nhiing nim gan day, cac nha khoa hoc da tap trung ché tao, nghién ctru tinh chat tir va
cac tmg dung ciia vat liéu spinel CoAl,O4. Nhiéu phuong phap thuc nghiém nhu dbt chay [1],
Penchini [8], sol-gel [5, 7] , dong két tua [6], thuy nhiét [9, 10], vi nhil twong dao [9] da duoc st
dung dé diéu ché vat lidu CoA1204 Nhiéu nghién clru da chi ra rang mau sic ciia CoAl,0, bi anh
hudng manh boi nhiét d ché tao [10, 11]. Cac mau thudng c6 mau xanh da tro1 khi dugc tong
hop & nhiét do tuong dbi thap va chuyén sang mau xanh 14 céy khi dugc tong hop & nhiét do
tuong ddi cao. Tuy nhién, mot s6 nghién ctru khac lai cho rang mau sic vat lidu CoAl204 lai phu
thudc nhiéu vao nong do pH, ty 1€ cac chat va phuong phap ché tao [2, 5, 8]. Trong sO cac phuong
phép ché tao dugc ké ra ¢ trén, khong co6 mot phuong phap nao la t6i uu, diéu quan trong van la
tim ra cac phuong phap don gian va cdc 10 trinh hiéu qua ve chi phi dé tdng hop vat liéu CoAl,04
bang viéc str dung cac vat lidu tién chat ré tién, khong doc hai va than thién véi moi trudng.

Trong nghién ctru nay, ching t6i st dung phuong phap sol-gel két hop v6i phan ing pha rin
dé ché tao cac NC CoAl>04 cau triic spinel. Uu diém cua phuong phap két hop nay la thao tac thi
nghiém don gian, co thé ché tao dugc cac NC CoAl,04 co chit lugng tinh thé tot va do tinh khiét
cao vé6i khéi Iuwong luong 16n. Vat li€u nano CoAl204 duoc ché tao tai cac nhiét do khac nhau va
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khao sat ddng thoi hai tinh chat quang va tir véi muc dich tim ra cac NC CoAl;04 ¢6 cac tinh
chat vat ly thich hop ting dung trong linh vuc in mau ky thuét so.

2. THU'C NGHIEM

Dau tién hoa tan 16,5g CeHgO7.H20 vao nude ct dé tao dung dich axit citric. Tiép theo hoa
tan 29,1 g mudi Co(NO3)2.6H20 (0,1 mol) vao nuge cit va thém 15,6 ¢ Al(OH)s (0,2 mol) vao
khuay 1an dugc hon hop A. D6 dung dich axit citric vao hdn hgp A va khudy déu dugce hdn hop
B. Thém tir tir (dé diéu chinh gia tri pH) dung dich amoniac vao hon hop B va khudy déu duoc
hén hop C. Dung gidy chi thi mau dé do do pH ctia hdn hop C dén khi dat gia tri pH = 9. Pun
noéng hon hop C va khudy lién tuc trén may khudy tir gia nhiét dé tao thanh chét long dang xird
sau do 1a gel trong sudt mau tim nhat. Nung gel trong 10 nung & cac nhiét do khac nhau tir 500-
1000 °C trong thoi gian 2 gid. Cac NC CoAl,O4 duge khao st cau tric, thanh phan théng qua
phép do XRD va EDX. Tinh chéat dao dong va cac nhom lién két cua vat lidu duoc xac dinh
thong qua cac phép do RS va FT-IR. Cac tinh chat quang va tir cia vét liéu duge nghién ciru
thong qua cac phép do phd hip thu, quang huynh quang va duong cong tir tré.

3. KET QUA VA THAO LUAN

3.1. Phan tich ciu tric, kich thwée va thanh phan
Hinh 1 1a gian d6 nhifu xa tia X ciia cac mau CoAl:04 duoc tong hop & cac nhiét do 500,
600, 800 va 1000 °C. Nhu két qua quan sat trén hinh 1, khi nhiét d6 nung 1a 500 °C ta khong
quan sat thay bat ky dinh nhidu xa nao, chiing t6 miu dang ¢ trang thai vo dinh hinh. Véi cac
nhiét d6 nung cao hon (tir 600 °C), két qua quan sat cho thiy cac mau déu c6 6 dinh nhidu xa
tuong ng véi cac mat phang mang (220), (311), (222), (400), (422), (511) va (440). Vi tri cta
céc dinh nay pht hop véi cac dinh nhiéu xa cia CoAl,O4 mau khéi véi cu triic spinel (thé JCPD
s6 10-458) [12-14], chimg to su hinh thanh cua pha tinh thé aluminat coban. Sy hién dién pha
spinel dic trung dugc xac nhan béi sy xuét hién cua dinh nhidu xa (440) & khoang goc 20 ~ 66°
[1, 5, 6]. Cac dinh nhiéu xa thu dugc déu co cuong do 16n, ngoai 6 dinh trén khong quan sat thay
cac dinh thir cap khac. Két qua nay chimg to cac mau CoAl204 thu duge déu don pha va c6 cdu
triic spinel, cac mau déu tinh khiét va co su két tinh t6t. Co thé nhan thay, cuong do cla cac cuc
dai nhiéu xa ting khi nhiét do U ting, diéu nay co thé lién quan dén su gia tang do két tinh. Kich
thudc hat duge xac dinh tir dinh nhiéu xa c¢6 cuong dd manh nhat (311) thong qua gian do nhidu
xa tia X, sir dung cong thuc Scherrer [13, 15]:
_0,89.1 L
p.cosé 1)

Trong do: d 1a kich thudc tinh thé trung binh (nm); A la budc song cua tia X; A = 0,154 nm; (3
1a d6 rong cua dinh nhiéu xa tai nira chiéu cao cuc dai cua dinh tinh theo radian; 0 1a gbc nhidu
xa Bragg tmg v6i dinh nhidu xa (311). Kich thudc tinh thé trung binh ciia cac hat dwoc tinh toan
va trinh bay trong bang 1. C6 thé nhan thay kich thudc hat thay d6i khong dang ké khi nhiét do
nung tang tir 600 - 1000 °C.

Bing 1. Anh huong ciia nhiét dp nung dén kich thiéc ciia cac hat CoAlLOL.

Nhiét do nung (°C) | 0 (rad) | g (rad) | D (nm)
600 36,96 | 0,0079 54
800 37,05 | 0,0079 60
1000 37,14 | 0,0071 59

Nhu ching ta da biét, pho tan séc nang luong tia X (EDX) cho phép xdc dinh su c6 mat va
thanh phan cua cac nguyén tb c6 trong miu. Két qua ghi phd EDX cua cac NC CoAl204 ché tao
tai nhiét d6 800 °C dwoc chi ra trén hinh 2. Tt hinh 2 cho thay c6 1 dinh pho dac trung cua
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nguyén t& Al & vi tri ¢6 ning luong 1,5 KeV; 3 dinh phd dic trung cua nguyén td Co trong dé
dinh phd & vi tri ning lugng cao nhat 1a 7,6 KeV; 1 dinh phd dic trung clia nguyén t6 O & vi tri
c6 nang luong 0,5 KeV. Ngoai cac nguyén t6 ctia NC CoAl,O4 con quan sat 3 dinh pho cua
nguyén to Cu, day chinh 1a cac dinh ciia &é dong chira vat liéu. Thanh phan % vé khdi lugng va
nguyén té dugc quan sat ngay trong hinh 2. Tir két qua quan sat trén hinh 2 ¢6 thé két luan mau
vat liéu CoAl20s ma chiing t6i tong hop duoc 1a tinh khiét va khong bi 1an tap cht.

311
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Hinh 1. Gidn do nhiéu xa tia X ciia cdc mau Hinh 2. Phé EDX ciia céc NC CoAl,Oy 1i tai
CoAl,04 nung ¢ cdc nhiét do khac nhau. nhiét do 800 °C.

3.2. Pic trung dao dong va cac nhém lién két ciia vt ligu

Phé hip thy hong ngoai (FT-IR) 1a phd ctia cic phan tir va nhom phan tir xuat hién dudi tac
dung ctia chum sang kich thich ¢ ning lwong phu hop ndm trong viing hong ngoai (IR) lam cho
céc phan tir, caic nhom phan tir quay va dao dong. Cac qua trinh d6 sinh ra phd hap thy hong
ngoai cla chat dudi tac dung ctia chum sang kich thich. Nhu vay, thanh phan tao ra phd FT-IR
bao gdm sy quay ctia phén tir chit va cac dao dong clia cac nguyén tir va nhém nguyén tir trong
phan tir. Pé xac dinh cac nhom lién két va cac dic trung dao dong cua cac nhom lién két trong
cac mau CoAl,04 ching t6i do phd FT-IR cua ching. Hinh 3 13 phd FT-IR ctia cac NC CoAl,O4
u tai cac nhiét do 600 °C, 800 °C va 1000 °C.
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Hinh 3. Phé hdp thu hong ngoai ciia cdc NC Hinh 4. Phé tan xa Raman cic NC CoAl,O,
CoAl,O4 nung tai cdac nhiét dé 600 °C, 800 °C nung tai nhiét do 800 °C.

va 1000 °C.
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Quan sat hinh 3 ta thiy mot s6 dinh ¢ khoang 690 va 567 cm™ ching t6 sy hinh thanh cta pha
spinel CoAl,04 [5, 6]. Pinh hip thu rong ¢ 3374 cm™ duge gan cho cac dao dong dic trung cua
cac nhom hydroxyl lién két vai cac ion kim loai [12]. Pinh ¢ 1622 cm™ dai dién cho dao dong
kéo dan cua cac nhom cacboxyl (COO) cua cac ion citrate tao phiic véi cac ion kim loai trong
cac chit trung gian polymetric Hai dinh hip thu & 1401 va 1510 cm™ lién quan dén ion NO3z
[13]. Khi nhiét d6 nung mau tang lén, cac dinh lién quan dén CoAl,Oq trd nén rd nét hon, cho
thdy sy phat trién 16n 1én cua céac tinh thé nano.

Mot phép do khac bd trg rat tot cho phép do FT-IR dé nghién ctru vé cac mode dao dong
trong vt liéu 1a phép do phd tan xa Raman. Hinh 4 1 phd tan xa Raman ctia cac NC CoAl,O4
duoc ché tao tai nhiét dd 800 °C va do tai nhiét do phong trong pham vi tir 450 cm™ dén 850 cm
1. Phé tan xa Raman ciia cac NC CoAl,O4 ¢ bay dinh, cac dinh nay 1a cac dinh dao dong dic
trung dé nhan biét c4u trac spinel. Pinh c6 cudng do cao quan sat duoc & 496 cm™ dic trung cho
cac lién két ddi ximg Al — O va Co — O, duoc sinh ra do hiéu tmg mang cuc bo tai vi tri bat dién
(On) ¢6 dbi xtmg. Cac dinh c6 cudng do trung binh tai 525 va 620 cm™ dugc tao ra bai dao dong
kéo gin cua lién két Al — O khong dbi ximg va ddi ximg. Cac dinh nay x4c nhan lién két thir hai
va thi ba twong tng cta ddi xtimg Fzq [14]. Phd tin xa Raman tai ving tir 700 - 770 nm c6 4
dinh, cac dinh nay déu lién quan dén mode Aly. Mode Alg, c6 4 dinh véi cac vi tri twong Gmg 1a
696 cm™, 717 cm™, 733 cm™, 759 cm'™. Piéu nay co thé dugc cho 1a do su co lai va kéo dai cta
cac lién két Al-O va xac nhdn rang dao dong Alg ¢6 tinh chit ddi ximg [16].

3.3. Tinh chit hip thu va phat xa

Phé hép thu UV-Vis duoc sir dung dé nghién ciru mdi twong quan giita s phan bd cation va
céc dic tinh quang hoc tong hop ciia cac NC CoAl,O,. Hinh 5 cho thy phd hap thu ctia cic NC
CoAl;04 thu duge ¢ cac nhiét d6 nung khac nhau trong khoang bude séng tir 200 - 900 nm.
Trong ving anh sang nhin thdy ta quan sat thiy ving hap thu rong c6 ba dinh hap thy nim & 640
nm (ving d6), 603 (viing vang cam) va 561 (ving xanh luc). Cac dinh hap thu nay dugc quy cho
cac dich chuyén cho phép cta chuyén tiép “Az (F) — “T1 (P) ctia cac ion Co? (ciu hinh 3d")
trong truong ligand tir dién va bat dién c6 ciu trac kiéu spinel va tao mau xanh lam cho cic mau
[17, 18]. Su xuét hién cta 3 dinh hip thu nay c6 thé 1a do bién dang Jahn-Teller cta ciu tric tir
dién [19]. Trong khi d6 cac dinh hap thu trong pham vi 300 - 450 nm xuét hién trong phd c6 thé
1a do sy hién dién cua ion AI** trong céc vi tri bat dién [20, 21]. N. Srisawad ciing da chirng minh
rang ty phan cua cac ion Co? trong mot truong ligand tr dién quyét dinh v& mau xanh lam cia
vat liéu CoAl,04 [16]. Cac két qua nghién ctru cua N. Srisawad di chi ra rang mau sic ctia vat
liéu CoAl,O4 phu thudc rat manh vao nhiét d6 nung mau va vao ty s gitta Co va Al trong mau
C035Al0, véi mau xanh lam sang nhét thu duoc khi s = 2,25 [16]. Cac nghién ctru [23, 24] da
chi ra rang cudng do cta ba dinh hap thy trong ving 300 - 450 nm giam khi gi4 tri s ting 1én c6
thé 1a do sy hinh thanh cua hop. chat Al,03 mau trang tir Al du trong cac mau, dan dén lam giam
cuong d6 mau xanh lam cia mau va viéc giam kich thudce hat c6 thé anh huong dén su thay d01
ving cAm quang cua vat liéu. Tuy nhién, trong mot nghién ciru khac, M. S. Niasari lai cho ring
su chuyén mau xanh lam rd hon 1a do kich thudc hat giam [14].

Hinh 6 biéu dién ph6 huynh quang ciia cic NC CoAl,O4 1 tai cic nhiét do khac nhau. Khi
dugc kich thich bai budc song 400 nm, phd huynh quang ctia cac NC CoAl,O4 quan sat thay hai
dinh phat xa, mot dinh & khoang 600 nm va dinh kia & 750 nm. Cac nghién ctru trudc déy da cho
rang hai dinh phat xa nay tuong ing v6i cac chuyén muc ?E(*G) — *A(*F) (600 nm) va “T1(*P)

— *A2(*F) (750 nm) ctia cac ion Co®* [20-22]. C6 the nhan thiy cuong do phat xa clia mau duoc
nung & 800 °C dugc ting cudng dang ké so voi mau duge nung & 600 °C. Két qua nay c6 thé 1a
do khi nung & nhiét 46 800 °C chét luong két tinh cia miu 1a tét nhat, vi vay xuét hién it sai
hong mang. Ddi vi cac vat liéu phat quang khi sai hong mang nhiéu s& xuat hién cac tam bat hat
tai, tai hop khong birc xa s& 1am giam cuong d6 huynh quang ctia mau. Tuy nhién, khi nhiét d
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nung qua cao (1000 °C) cudng d6 huynh quang clia mau lai giam manh nhu quan sat trong hinh
6, cudong d6 huynh quang giam khi nhiét d6 nung qua cao c6 thé 1a do sy xudt hién nhiéu sai
hong mang tai nhiét 6 nay. Ph6 huynh quang ctia CoAl,O4 véi cac dinh phat quang dic trung
quan sat dugc trong hinh 6 cling 1a mot b::ing ching xac nhan sy ton tai cta cac ion Co?* tir dién
trong Spinel [22, 23].

g1 SBR1 —1000°C

800°C

—600°C

Do hép thu (dvty)
Cudng do huynh quang (dvty)

200 300 400 500 600 700 800 900 500 600 700 800 900
Buéce séng (nm) Budc song (nm)

Hinh 5. Phé hdp thu ciia cic NC CoAl,O4 i tai  Hinh 6. Phé huynh quang ciia cdec NC CoAlOq
cdc nhiét dé 600 °C, 800 °C va 1000 °C. 1 tai cac nhiét do 600 °C, 800 °C va 1000 °C.

3.4. Tinh chat tir

Hinh 7 14 dudng cong tir tré cia cac NC CoAl,O4 duge nung & cac nhiét dd khac nhau va duoc
do & nhiét d6 phong 300K. Chung ta khong quan sat thay vong lap tré, tir du va luc khang tir &
300K dbi voi tat ca cac mau chimg t6 tinh chat siéu thuan tir va don do-men tinh thé cua vat liéu
[24]. Tinh chét siéu thuan tir tai nhiét d6 phong co nghia 1a nhiét ning c6 thé vuot qua thé nang di
hudng ctia mot hat don 1€ va do tir hoa thuc ctia cac hat khi khong co truong bén ngoai [25].
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Hinh 7. Puong cong H-M cuia cic NC CoAl,04 ui tai cdc nhiét dé 600 °C, 800 °C va 1000 °C.
Gia tri tr 0 bao hoa Ms tang tir 0,02 emu/g dén 0,053 emu/ g khi nhiét 6 nung mau téng tr
600 - 1000 °C; Gia tri tu gicf) bdo hoa cao clia caic NC CoAl;O4 nung tai nhiét d6 1000 °C co6 thé 1%1
do trén thyc t€ khi cac mau dugc nung ¢ nhiét do cao thi cac tinh ning di huéng cia cac tinh thé
nano nay da tang cuong tuong tac ludng cuc-ludng cuc, vu tién dinh huéng [26]. Nhu da phan
tich & trén, khi nhiét 6 tang thi kich thudc ctia cac hat tang, vi vay, c6 thé ndi rang tir d6 bao hoa
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Ms cta cac hat ting khi kich thudc cua cac hat ting 1én. Nhu ching ta di biét, hiéu Gmg bé mat
phu thudc rat manh vao kich thude hat nén hiéu tng bé mat c6 thé dan dén giam do tir hoa trong
cac hat ferit nhé. Muc gidm nay co lién quan dén cac co ché khac nhau, ché“ing han nhu su tOn tai
cua mot 16p tir tinh chét trén bé mat hat, su tdn tai cla spin Canted hoac su tdn tai cia spin bé
mit [27]. Ngoai cac co ché trén, mot hiéu Gmg bé mit khac ciing lién quan dén sy phu thudc cua
do tir hoa vao kich thude hat 1a hi€u (mg tang cudng di hudng tir (Kefr) khi kich thudce hat giam
dan [27]. Ngoa1 hiéu ing bé mit, ddc tinh rdi loan trat tu ciia cdc mau ciing c¢6 anh huéng manh
mé dén viéc giam cua tir hoa bao hoa [26]. Tir két qua quan sat trén cac hinh 6 va hinh 7 nhan
thdy dé thu dugc ciac NC CoAl,Oq vira co tinh chit quang va tir tt thi nhiét d6 nung 1a 800 °C.

4. KET LUAN

Céac NC CoAl,04 ciu truc spinel, chat luong tinh thé t6t véi kich thudc hat tir 54 - 60 nm da
dugc ché tao thanh cong bang phuwong phép sol-gel két hop voi phan ng pha rin. Phd hip thu
cua cac NC CoAl204 c6 ba dinh hap thy & 630 nm (do), 598 nm (vang cam) va 552 nm (xanh
luc). Cac dinh héap thu nay duoc quy cho cac chuyén tiép cho phép Az (F) — *T1 (P) cua cac ion
Co?* (c4u hinh 3d7) trong trudng ligand tir dién va bat dién c6 cau tric kiéu spinel va tao mau
xanh lam cho cac mau. Sy xuét hién cta 3 dinh hap thu nay 1a do bién dang Jahn-Teller cta ciu
tric to dién. Cac dinh hép thu trong pham vi 300 - 450 nm xuét hién trong phé la do su hién dién
ctia ion AIP* trong cac vi tri bat dién. Phd quang huynh quang ctia cac NC CoAl;O4 quan sat thiy
hai dinh phat xa & 600 nm va 750 nm. Hai dinh phat xa ndy twong tmg v6i cac chuyén mirc
?E(*G) — *A(*F) (600 nm) va “T1(*P) — *Ax(*F) (750 nm) clia cac ion Co**. Duong cong tir tré
clia tat ca cAc mau chumg t6 tinh chat siéu thuan tir va don d6-men tinh thé ctia cac NC CoAl0s.
Két qua nghién ctru cho thay dé thu dugc cac NC CoAl,O4 vira co tinh chit quang va tir tot thi
nhiét d¢ nung la 800 °C.

Loi cdm on: Nghién ciu nay dwoc tai tro boi B Gido duc va Pao tao trong dé tai ma sé B2023-TNA-08.
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ABSTRACT
Synthesis, optical and magnetic properties of spinel-structured CoAl.O4 nanomaterials

Spinel-structured CoAl,O4 nanocrystals (NCs) with sizes from 54-60 nm have been
successfully fabricated by the sol-gel method combined with a solid-phase reaction. The
effect of sample annealing temperature on optical and magnetic properties, structure, and
size was investigated. The spinel structure and size of the CoAl.Os NCs were confirmed
and calculated through X-ray diffraction (XRD). The vibrational characteristics and
binding groups of the CoAl,O4 NCs were investigated by infrared absorption spectroscopy
and Raman scattering. The absorption and luminescence properties of the CoAl,O4 NCs
were investigated through absorption spectroscopy and fluorescence measurements.
Hysteresis curve measurement was used to determine the magnetic nature of the material.
This study provides new information on optical and magnetic properties and application
prospects of CoAl,O4 nanomaterials in the field of digital color printing.

Keywords: Spinel; Optical properties; Magnetic properties; CoAl204; Color printing.
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