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TOM TAT: Béng phuong phdp Sol-Gel mang phitc hgp TiOSi dugc tao tix dung dich
gdm hai thanh phdn alkoxide Tetraethylorthosilicate Si(OC,Hs); va Tetra-n-
propylorthotitanate Ti(OC3H7)4.

Mot 56 tinh chdt ciia mang dugce xdc dinh dua trén cdc phé truyén qua, nhiéu xa tia X,
ATR, Raman. S6 liéu dwgc xit Iy bling phdn mém chuyén dung SCOUT. Két qud cho thdy vdi
mang phitc hop TiOSi ¢6 su phu thuc tuyén tinh ciia chiét sudt (trong khodng 1,43 dén 1,95)
vao ty 1¢ néng do phdn trdm ciia hai alkoxides.

1. Mé ddu: :

Phuong phdp sol-gel di dugc biét tir rit liu va ngiy cang dudc phat trién, nha't 13 trong linh
vuc tao cdc oxide kim loai. Phudng phdp nay d& ding tao cdc oxide kim loai rdt tinh khiét theo cic
dang khdc nhau, nhv dang khéi, dang sgi, dang mang mdéng hoic dang bot rit min.

Trong linh vifc tao mang, y&u t& quan trong tic ddng manh d&n sy ph4t trién ciia phuong phip
sol-gel 12 gid thanh thap. Thi&t bi tao mang don gidn, d& ché tao, chi phi thip, thuén tién cho viéc diu
tu cong nghé. '

Hién nay, vdi si phat trién da dang cia c4c oxide kim loai, chiing rat thich hgp trong viéc tao

cdc mang oxide dya trén hién twgng thiy phin va ngung tu. Qué trinh ngung tu trén tao thanh ciu ndi
kim loai-oxide-kim loai 12 cd sd cdu tric cho cd4c mang oxide kim loai. Hién tugng ngung tu ti€p dién,
din d&n mit do cic lién k&t kim loai-oxide-kim loai ting 1&n cho d&n lic qu4 trinh gel héa x4y ra.
P& da dang héa kha ning Wng dung clia cic ming oxide, mdt s& nghién citu vé mang oxide clia nhiéu
kim loai khédc nhau (& trong bai viét nay, tam goi 12 mang oxide da thinh phin) da dudc ti€n hianh vdi
nhiéu phuong phdp nhu nhiét dién trd, electron beam, sputtering nhung gap nhiéu khé khin, ching
han rat kh6 k&t hgp cdc thanh phin kim loai khéc nhau véi oxide trén mit phing rong. Trong khi do,
sy phat trién da dang clia cdc alkoxide kim loai va khd ning k&t hgp dé dang cia céc alkoxide kim
loai nay théng qua viéc diéu chinh tdc do thiy phan dd 1am cho phudng phip sol-gel trd nén mdt
phuong phdp hidu qui trong viéc ch€ tao cdc mang oxide da thanh phin ¢ ciu triic hdp phin khong
thay d8i khi phi trén mit phing rong.

Mo hinh don gidn clia qud trinh tao ra mot oxide da thinh phin c6 thé md td nhu sau P

Alkoxide'+ Alkoxide™ + Alkoxide™ -> Multicomponent Alkoxide"™™
- AIK' + AIK" + AIK™ + Multicomponent Oxide

Trong bai nay ching td6i chon hai alkoxide kim loai 1d Ti(OC;H;)s (Tetra-n-
propylorthotitanate) va Si(OC,Hs); (Tetraethylorthosilicate ) cho két hdp vdi nhau tao nén hén hgp
alkoxide da thanh phdn cda Titan va Silic. T d6 ti€n hanh tao cdc mang SiO,, TiO, v2 ming da thanh
phin Ti-O-Si vdi cdc ti 1& hgp phdn khdc nhau bing phuong phép spin coating trén d€ thdy tinh. C4c
tinh chit quang hoc va céu tric ciia cdc mang SiO,,TiO; va mang da thianh phin Ti-O-Si din xuit tir
hai alkoxide trén dugc x4c dinh dya trén cdc phd nhiéu xa tia X, phé truyén qua, ph Raman, phd
ATR do dudc theo cdc diéu kién G nhiét khdc nhau. S& liéu dugc xit 1y bing phdn mém chuyén dung
SCOUT.
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2. Thyc nghiém:

Dung dich diing tao mang SiO, 12 hén hgp clia chd't Tetraethylorthosilicate (IM) [TEOS] va
nudc (4M) véi chit xiic tdc 12 acid chlohydric (0.004M). P nhét dung dich dugc diéu chinh bing
ethanol. Dung dich thu dudc trong su6t, dé dang tao mang bing phudng phép spin coating. H¢ phudng
trinh don gidn md td phdn @ng:

Si(OC,H;)4 + 4H20 - SI(OH)4 + 4C,HsOH
Si(OH), 2> Si0; + 2H,0

Tuong ty, dung dich tao ming TiO, cling dugc diéu ch& nhu trén v6i Tetra-n-
propylorthotitanate(1M) [TPOT] trong nuéc (4M) véi chat xiic tdc 12 acid chlohydric cho dung dich
trong sudt 4nh hdi xanh. Phudng trinh don gidn mé t cdc phdn dng">™:

Ti(OC;H,)4 + 4H,0 > Ti(OH), + 4C;H,0H
Ti(OH), = TiO, +2 H,0

Phd Raman cla cic dung dich TEOS va TPOT trong
viing 100 cm™ d&n 3500 cm™ do bing midy EQUINOXSS5 véi
cOng sudt kich thich 700mW dudc trinh bay trong hinh 1 va 2.
Céc dinh 2880 cm™ va 2936 cm™ trong ving 2800 cm™ dén
3000 cm™ 12 cdc mode dao dong C-H clia cdc thanh phdn hitu "L 20 RO il b
cd c6 trong dung dich. Dinh 880 cm™'trong ving 750 cm™ d&n  Hinh 1 : Phé Raman dd TEOS
900 cm™ 12 mode dao ddng d&i xdng stretching Si-O-Si. Piéu
nay cho thiy trong qué trinh di€u ch€ dung dich (thyc hién
phdn Wng thiy phin va ngung tu), chiing t6i da tao dudc cdu

ndi kim loai-oxide-kim loai trong dung dich sol. ﬁ
Twong t, dinh 156 cm™ trong hinh 2 ciing néi 1én méi - aa e

lién k&t kim loai-oxide-kim loai dugc hinh thanh trong dung  Hinh 2: Phd Raman dd TBOT
dich sol TBOT.

DP&i vdi cdc mang da thinh phén, hai alkoxide kim loai néi trén Ti(OC;H;)s (Tetra-n-
propylorthotitanate) va Si(OC,Hs)s (Tetraethylorthosilicate ) cho thuy phén trong nudc véi chat xic
tic 12 acid HC1 0.05M. Trong qu4 trinh thuy phin hai alkoxide trén dugc trdn theo cdc ty 1& hgp phan
nhu & Bédng 1.

e o et T amms aswe b
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Do t8c do thiy phin  FROCH,), [ TiOGH,), S(OGH,), | S(OCH,),
cia Ti(OC;3H7)s rat chdm so véi (ml) (%) (ml) (%)
t8c do thiy phin cla Si(OC;H.

s)s» ching t8i thuc hién thiy 0 0% 10 100%
phdn Ti(OC;H;)4 trudc, sau dé 2 20% 8 80%
thém din Si(OC;Hs)4 vdo, ti€p 3 30% 7 70%
tuc ti€n hianh thiy phin cho dén 4 40% 6 60%
khi dung dich dat dg trong xanh. 5 50% 5 50%
D6 trong xanh nay ting hay 6 60% 4 40%
gidm phu thudc vao ti 1& phin 7 70% 3 30%
trim cia Ti(OC3H;), trong hén 8 80% 2 20%
hop nhiéu hay it. 10 100% 0 0%

Bang 1: T? I¢ hgp phdn Ti(OC3H7)4/ Si(OC2Hs)

Phin ¢ng md td qué trinh hinh thinh cAu ndi kim loai cla Ti va Si véi Oxy nhu sau ">
Si(OC,Hs), + 4H,0 = (OC;Hs); Si-0-Si-OH + 4C,Hs;OH
(OC,Hs)3Si-0-Si-OH + C3H;0-Ti(OC;3H;)3-2 (OC,Hs),8i-0-Si-Ti(OC;H;); + C3H,OH
Qué trinh thity phan va k&t hgp s& tiép tuc cho dén khi hinh thanh cdc ciu ndi Ti-O-Si trong
hén hdp dung dich va 12 cd s& d€ hinh thinh mang oxide da thanh phin TiOSi.
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Cdc mang Ti-O-Si vdi cdc ti 1& hgp phin khdc nhau, sau khi dugc G nhiét & 450°C trong 6 gid,
c6 d6 bam dinh 5t va dd trong sudt cao. Cic mang dugc do phd truyén qua trong viing budc séng tir
350 d&€n 1100nm bing mdy UVVIS-530 (hinh 6).

Ham lugng dung méi thém vao hdn hgp dé didu chinh d6 nhét cla dung dich trudc khi ding
dé€ phi mang c6 dnh hudng dé€n chi't lugng mang tao thanh. Chiing tdi da ti€n hianh tao mang da thanh
phdn ndy v6i cdc him lugng dung mdi pha vao khdc nhau, V6i ham lugng dung mdi khong thich hgp
s& x4y ra hién tugng tdch 16p tao thinh hai mang khdc nhau. Do gi6i han cla bai viét, vin dé nay
chiing ti s& dé cip dén trong nhitng bai bdo sau. Cdc mang tao dugc c6 dd bam dinh trén d€ thiy
tinh rit 16t (>25kg/cm?), mang gin nhy trong sudt trong ving khé ki€n, nh4t 13 d&i véi mang TEOS.

3. K&t qua va thdo ludn:

a) Mang SiO,va TiO;:

PE danh gid cdc thanh phin hitu cd con lai trén mang sau qué trinh 4 nhiét, ching t6i ti€n
hanh do ph§ ATR ciia cdc mang SiO; (hinh 3) va TiO, (hinh 4) trong viing 750 cm™ dén 4500 cm™.

Ving tir 1300 cm’'mob t3 su hap thu ciia HCI (dao ddng bending H-O-H), tir 2300 d&n 2400 cm’
'1a sy hap thy cda HCI va 3600 dén 3900 cm™ lién quan d&n sy hip thu ciia cdc g&c O-H (dao dong
stretching). T4t cd cdc viing trén déu xudt hién & cd hai ph8 vi cdc phdn Wng thiy phin va ngung tu
trong hai dung dich sol TEOS va TBOT déu cdn ding nuéc d€ thiy phan va acid HCI 1am chat xic tdc
va déu cho cdc sén phdm phy c6 goc O-H. >4
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Hinh 3 :Ph8 ATR cila mang SiO; Hinh 4 :Phé ATR cila mane Ti0-

Cdc dinh 751 cm, 865 cm™, 1012 cm™ trong ving  _ prermmeim e
750 cm™ d&n 1300 cm™ (hinh 5) rd't 15, ddng ti&c ching tdi S S
chua c6 tai liéu tra citu vé ching. Vi dic tinh tuong ddi
x8p cla cdc mang dudc tao bing phudng phdp sol-gel,
nén kha ning hdp thu cdc thanh phin ¢é trong mdi trudng
(vi du hdi nuéc) cia mang c6 thé x3y ra nhidu hay ft1a do L 2 TR herbhvmnd ¥

dd x8p clia mang. C4c thanh phin acid HCI va c4dc nh6m Hinh 5a :Phé nhiéu xg tiaX cila dé sit i
rugu (cé trong qud trinh diéu ché sol) khong bi mit di nhiét 900°C trong 6 giv

trong qué trinh 4 nhiét ( xem phS ATR, hinh 3 va 4).

Anh hudng ciia nhiét do & 1&n c&u tric mang TiO,
rit rd rét. Khi nhiét do 4 thap (450°C) mang vd dinh hinh.
Nhiét d6 & 650°C, phd nhiéu xa tia X ¢c6 mot dinh anatase
nhd [A(101)]. Ching t6i sif dung d€ si 1am nén (nén dugc
U & nhiét 46 900°C trong 6 gid) va khdng cé dinh ndo dic
trung cho TiO, trong ph8 nhi&u xa tia X (hinh 5a. Mang
TiO, din xudt t¥ TBOT phi 1én ching dugc & nhiét & |, i} b| 0 21, 11
850°C trong 6 gid thi xudt hién khd nhiéu dinh Rutile S LA b LA
[R(110), R(220), R(002), R(221)] va Anatase [A(101),
A(112)] trong phd nhi€u xa tia X (hinh 5b). V§i nhiét dd i
cao, thi cdu tric tinh thé dang Anatase trong mang sé

PERS P

Hinh 5b :Phé nhiéu xq tiaX ciia mang TiO,
trén d& su i nhigt 850°C trong 6 gio
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chuyén thanh dang Rutile™®,

Ngoai ra con mdt s& dinh nhd, la ma chiing t6i chua cé diéu kién tra citu, c6 thé cdc dinh nay
xuit hién 12 do sy phdn iing cia mét s8 chit clia d€ sit v6i cdc thanh phan c6 trong dung dich TPOT
(dung tao mang TiO,) tao ra trong qué trinh 4 & nhiét dJ cao.

b) Mang da thanh phin:
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Hinh 6 a:Phd truyén qua thuc nghi¢m va tinh todn va D0 thj chiét sudt ciia mang TiO; 100%
(n=1,9 tai 550nm; d=588 nm)
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Hinh 6 b:Phé truyén qua thuc nghié¢m va tinh todn va D0 thj chiét sudt cia mang TiO; 50%
(n=1,63 tai 550nm; d=389 nm)
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Hinh 6 c:Phé truyén qua thuc nghiém va tinh todn va P4 thj chiét sudt ciia mang hai lop Si0; 100%
: trén mang TiO; 100%

Riéng v6i mang Si0, ( 0%Ti0,) c6 chi€t suit vio c3 clia chi€t sudt d&€ nén thiy tinh, khé phé:
hién dudc cdc dinh giao thoa khi do phd truyén qua. D€ khdo sét chi€t sudt cia mang SiO,, ching tbi
phi trudc 1&n nén thiy tinh mang TiO, cé chiét sudt cao biét trudc, sau d6 phd mang SiO,. Po phd
truyén qua va md phdng hé mang hai 18p nay, chiing tdi x4c dinh dudc chi€t sudt cia mang SiO, vao
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khodng 1,44. Hinh 6 a,b,c trinh biy mdt s& phd truyén qua thyc nghiém ( dudng lién nét ) va tinh todn
( dudng chAm chdm ) clia hé mang hai 16p TiO,-SiO, ndy.

Chiét suit clia cdc mang Ti-O-Si véi c4c ti 1& hgp phan khdc nhau dudgc x4c dinh bing phuong
phdp hinh bao clia Swanepoel™ dya trén cdc cuc dai va cuc tiéu ciia cdc dinh giao thoa trong phd
truyén qua (hinh 6). Phudng phdp ciia Swanepoel 4p dung dé tinh chi€t suit cho cic mang dién moi
rit hitu hiéu dac biét 1a khi trén phd truyén qua c6 nhiu dinh cyc dai va cyc tiéu giao thoa.

P& c6 két qua tin ciy hon, chiing tdi ciing ti€n hanh x4c dinh c4c chiét suit cia mang Ti-O-Si
n6i trén bing phin mém chuyén dung SCOUT ). Bing cdch chon md hinh thich hgp va thay di déng
thdi céc théng s6 cAn khdo sdt sao cho ph8 tinh todn tring t8t nhdt v8i phd thyc nghiém, c6 thé x4c
dinh dudc chiét sudt va do day cla mang. K&t qud xdc dinh chi€t sudt clia mang tir hai phudng phép
trén kh4 tring hgp (bdng 2). Piéu nay lam ting do tin ciy cho cdc k.&t qua tinh dugc.

TiOSi theo céc ti 18 phan trim cda Ti(OC;H;)4 trong dung dich, ching t8i bi€u dién sy phu
thudc ciia chi€t suat vao ti 1& phin trim cla Ti(OC3H,), (hinh 7). D4 thi thu dugc 13 dudng thing.
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Hinh 7: D6 thj cila chiét sudt phu thudc vao 1l Ig phdn 20 1.53 1.54
trdm ciia Ti(OC;3;H7)4 0 1.43 1.43
Bing 2

Ti cdc chiét suit tinh todn dudc clia cdc mang Sy phu thudc tuyén tinh cia chiét suit vao ti 1&
phén trim ciia Ti(OC;H,)4 trong mdt khodng rong tir 1,45 (100%Si0;) dén 1,95 (100%TiO,) gitip cho
viéc tao mdt mang trong sudt c6 chi€t sudt bat k¥ nim trong khodng 1,45 dén 1,95 trd nén d& dang vi
chi c4n sit dung hai alkoxide kim loai Ti(OC;H;)4 va Si(OC,Hs), véi i 1€ thich hgp. Di€u nay rit thuin
10i cho viéc tao hé mang da 16p vdi cdc ming dodi hdi c6 chiét sui't khdc nhau.

Loi cdm on
Chiing t6i xin cdm on Chuong trinh Nghién citu co ban thu¢c Hpi Pong Khoa Hoc Ty Nhién -
B¢ Khoa Hoc va Céng Ngh¢ da hd trg kinh phi dé thuc hign dé tai nghién citu nay.

THE TRANSPARENT DIELECTRIC THIN FILM WITH ADJUSTED
REFRACTION INDEX FROM 1,4 TO 1,95

- Tran Quang Trung, Le Khac Binh, Truong Quang Nghia

ABSTRACT: By Sol-gel method the TiOSi compound thin films is deposited on glass substrate
from solution with two alkoxide components Tetraethylorthosilicate Si(OC,Hs)s and Tetra-n-
propylorthotitanate Ti(OCs3Hz)s. Some properties of thin films are determined by transmission
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spectrum, X ray diffraction, ATR and Raman spectroscopy. The datum are calculated by SCOUT
software. Results show that with the TiOSi thin films, there is a linear dependence of refractive index
(from 1.43 to 1.95) on percentage concentration ratio of two alkoxides in the prepared process.
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