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TOMTAT

Bai baodua ra nling két qua nghién @u vé hiéu ing quang niét cia hat nano vang au
trdc 16i/vo SiO/Au va FeO,/SiO,/Au trong md thit khi duoc chiéu sang Bng ngwn laser
diode lréc séng 808 nm. Sau 10 phut @hilaser, nhit d6 trung binh da néu tiém ht
SiO/AU va FgO,/SiO/Au vé6i cung lrong 1x10® hat dat duoc twrongung la 58 °C + 5 °C va
50 °C + 5 °C. Xaatinh dugc hi¢u suit chuyén ddi quang - nhit n twong tng Wi mdi loai hat
Fe3,04/S|02/Au va SiQ/Au 1a 16 % va 22 %. & gu nay cho tby hat nano vang au trac
I6i/vo co the dungdugc trong vEc pha liy mé king hiu tng quang - nlét.

Tur khoa: hat nano du tric 18i-w, higu ting quang nid.

1. GIOI THI EU

Cé&c hat nano kim lai nhu: hat nano vang, & nano lac, thanh nano vangatinano vang
da lop, ... da dugc biét dén woi cac tinh cht quangdic biét do hiu tng @ng hrong plasmon
bé mit [1 - 4. Hat nano vangda l6p hay ht nano vang 4u tric 16iA0 (nanoshells) nit
silica/vang (Si@Au), ti/silica/vang (FgO./SiO/Au) co ptd hip thu plasmon B mat véi dinh
dich \& phia séng dai khi t¢ I6i/vé cang én [4, 5, §. Bang cachdiéu khién ti 18 16i/vo nguoi ta
da cké tao duoc cac ht nano vangia I6p codinh hap thy plasmon am trong vang Bng ngai
gin 800 — 900 nnéng Wi vung “cira $ da”. Dodd, ngroi ta co tie phat hén va tiéu dit té bao
ung thr trong céc khi u nim sau a6i da nhy hiéu tng quang ntét ma khéng lanminh hrong
dén t bao lanh 4 - 9.

Trong bai béo nay, chang tdi nghiéiuchiéu tng quang niit caa hat nano vang 4u trac
16i/vo (SIO/Au va FgO,/SiO/Au) trong md thit dugc chidu bing laser liénic bréc song 808
nm. Trén o sy cacduong ting va ghm nhigt do thu dugc, dd xacdinh k¢ sb chuyén doi quang
nhiét cho trng loai hat. Cac Kt qua cho tHy kha ning aia cac ht nano vangita lép trong vai
trd tac nhan chun doi nang krong quang thanh nétitrong vangduoc chiéu sang.



2. THUC NGHIEM
2. 1. Chuén bi thi nghigm

Céc hit nano vangta lop dugc sr dung 1a it nano du trac 18i0 silica/vang (SiQAu)
va tir/silica/vang (Fg04/SiO./Au) dugc ché tao tai phong thi ngiim Nanobiophotonici@ Vién
Vit ly [10,17. PhS hip thy cia cac riu duoc do trén [ UV-Vis —NIR (Shimadzu UV-2600)
cia phong thi ngéim trong diém, Vién Vat ly. Hinh thai cac #t nanodugc khio séat dra trén
anh chup trén kinh Hn vi dién tr TEM (JEM-1010), Vén v sinh Och €. Hé do hiéu tng
quang - nhit caa hat nano vangtuoc dung tai phong thi ngldm Nanobiophotonici@a Vién Vat
ly.

2.2. Bb tri thi nghiém

Céac nghién ¢u hiéu tng quang nigt caa cac ht nano vang trong mé tthduoc khao sat
trén k¢ do nhr mé & trong Hinh 1. Chum laser baard(CW, 808 nm, 2 W) sau khi quai £ap
quang vaiugc chuin tnye treéc khi chéu vao niu, dat cach ndu mot khaing d khongidi. Cam
bién nhiét (PT100, Hayashi Denkajuoc dit trong miu gin Vi tri tiém hat, tin héu cia am
bién duoc dua vao b DAQ (Data Acquisition) i véi may tinh. Phégo duoc diéu khién bing
phan mém LabVIEW 8.6. Miu thi nghém duoc thrc hién trén mé tit cé kich thrc 4x4 mm
Véi cac chéu day thaydoi 1a 1, 2, 3, 4 mm. Nlu tiém ht va miu dbi chang (khéng tiém ht)
déu duoc chiéu laser, thi gian chéu 10 phatduong kinh \ét chiéu 1,5 mm, rat 6 chiéu 7,3
W/cn?. Cac phégto dugc thyc hign & nhiét do phong 28°C.

Hinh 1.So d6 b tri thi nghém khao sat héu tng quang nigit cia hat nano vang trén ma it vi NPs
la vi tri duoc tiém ht nano trong ru.

2.3. Qua trinh chuyén déi quang - nhiét

Khi c6 sr kich thich @a anh sangst, cacdién tir trong hat nano § hap thu ning lwong va
daodong, saui6 ning rong aia daodong aiadién tir £ chuyén bien thanh nhit khi twong tac
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v6i cac daatong mang tinh tré. Nhiét s3 khuéch tan ki hat nano ra xung quantid dén nhigt

d6 & moi trrong xung quanh dt tang Ién. Qua trinh sinh rtitré néndac biét manh trong
truong hyp cac lat nano kim lai trong cké do cong hrong plasmon. Khi & (gdm hat nano vang
va mdi trong chira hat) duoc chiéu sang, thi mé hinh canity ring hrong ©ng aia Mt hé

dugc md & boi phuong trinh can ing nhigt [1, 8, 9:

dT
Z miCPyi T Qin,np + Qin,surr - Qout (2)

trong do, Qu, pn - - nhiét lugng aia hat nano vang do&p thu &nh séang cBi 16i, Qsuy — Nhist
lwong aia méi tirong he do Hp thy truc tiép anh sang chil toi va Qu — nhit luong it mat
do truyén nhit ra ngoai B.m G;;la khoi luong va nhét dung @a cac thanh gim trong I, T(t)
la nhiét 46 tai thoi diém t. Qinpnduoc xacdinh theo cong tinc:

Qin,np = I(l_lO H )‘,7 (2)

véi | 1a cong sét anh sang chii vao nau, A, 12.do hap thy cua hat tai buéc séng kichy 1a higu
suat chuyen doi quang nhit cua hat.

QOUt = hS(T - TSUFI’ )1 (3)

véi hla hg s truyén nhigt cua hg, Sla dién tich viing trugn nhigt tir hé ra ngoai Te,, 1a nhigt do
ngoai I¢. TichhSdugc xacdinh king ar suy gim nhigt o sau khi it nguwon chiéu. T 1a nhét
do mdi trrong aia Fe.

Tai trang thai can Bng nhit, nhiét luong ke thuduoc bang nhit lrong Ha ra:

Qin,np +Qin,surr= I (1 - lO_AA )‘,7 + Qin,surr = hS(Tmax - Tsurr ) (4)

VGi Tmax 12 Nhit d6 cao nlat tai trang thai can ing nhit. Do do, hiéu suit chuyén doi quang
nhiét caa hat nano trong & duoc tinh la:

h
— S(Tmax surr_)A an surr (5)
| 1-10%)
bat A:M (°C/s) 1a vin toc hap thy nhiét luong the hién sr ting nhit 6 khi co
C,,

anh sang cBiu dén hat, B = hS (sh) 1a hing $ toc d6 mat mat nhét dugc xacdinh king sr

o

p,l

giam nhiét d6 cua he ra ngoai sau khiit &nh sang chi.

Khi chum sang clu dén he, cac ht nano va mdi trong chra hat cing fp thu ning
lwong &nh sangot 1am nhigt do cia e ting din. Tir pheong trinh (1) suy ratwong ting nhigt
theo thi gian:

TR =T, + g[l— exr(— Bt)] khiA#0 (6)

Sau khi nhit do hé dat dén trang thai can ing ta &t anh sang chii tsi, khi d6 A= 0. Lic
nay nhét do caa ¢ cao fon nhét d6 bén ngoai nénéhst mat mat nhét ra moi trong xung
guanhbuong g'ém nhiét theo thyi gian la:

T (t) SUI’I’ (Tmax surr )eXF( Bt) khl A = 0 (7)
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V6i Tmaxl@ nhigt do Itic bit dau tit &nh sang chi. Tir két qua thuc nghm ta c6 th tinh re s5 A
vaB saudo bieu dien duoc duong fit nhiet d6 theo thvi gian.

3. KET QUA VA THAO LUAN
3.1.Pic trung cia cac hat nano du trac I8i/v é
Hat nano FgO,/SiO,/Au (FeSiAu) co &p vo vang day 20 + 10 nndurong kinh 16i ti/silica
la 110 + 20 nm, phhip thy plasmon tii rong tir 650 + 900 nm §i cuc dai tai 750 nm (Hinh

2a). Hit nano SiQ/Au (SiAu) cd bp vo vang day 20 + 10 nnduong kinh [Gi silica la 140 + 10
nm, kap thu plasmon tii rong tir 700 + 900 nm &i cuc dai tai 810 nm (Hinh 2b).
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Hinh 2.Anh TEM va pl hap thy caa hat nano vang 4u trdc I18i/0: (a)- FeSiAu, (b)- SiAu.

1000

3.2. Khao sat higu wng quang nhigt
111.2.1. Khio sét s thaydsi nhiét do cia cac hut nano @u trac 16i/v véi cung krong hat

Céac miu thit c6 d6 day thayddi 1, 2, 3, 4 mmduoc tiém hit nano SiAu va FeSiAudi
cung rong hat nhe nhau (k10°hat). Saud6 chiéu laser lxéc s6ng 808 nm vao &n véi dudng
kinh vt chiéu 1,5 mm, nat do laser chéu trén B mat miu 7,3 W/cm. Cac niu déi ching co
d6 day tronging ding dugc chiéu lasers cungdiéu kién. Puong biéu dién ar thaydoi nhiét do
cia mau theo thyi gianduoc biéu dién & Hinh 3. Sau 600 gidy c¢hi sang, nliit 46 caa cac mu
dat dugc 1a 58, 53, 41, 38C (x 5°C) v6i mau tiém ht SiAu va 50, 44, 36, 3% (+ 5°C) wi
mau tiém it FeSiAuo cacdo day miu trongtng 1a 1, 2, 3, 4 mm. N&i do ¢ mau déi ching
la 40, 35, 33, 36C (+ 5 °C). Trong cungiéu kién chiéu sang, i luong hat dugc tiém vao
mau nhr nhau nleng nhit do caa miu tiém ht SiAu ludn cao bn mau tiém ht FeSiAu.Diéu
nay co tit giai thich la dodinh Hip thy plasmon @a hat nano SiAu la 810 nm,ag Vi budc
séng 808 nmia laser chiu hon dinh hip thy 750 nm @a hat nano FeSiSAu. Kich thc mau
cang day thi #ng lrong laser ctiu dén hat nano vang cang @i, nén nhit d6 caa miu cang
giam khi 6 day miu cang ing. Sr chénh &ch nhit do giita miu tiém it va miu déi chang
dugc giai thich king hiéu tng @ng hrong plasmon @a cac bt nano vang 3-6]. Két qua do
nhiét d6 cia cac ru duoc tdng hyp trong Bing 1.
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Hinh 3.Puong thaydoi nhiét do cia miu déi chimg (DC) va riu tiém hit nano SiAu, FeSiAu theo dh
gian, miu co6do day, mit do cong sat laser chdu 7,3 W/cm. Puong fit la duong nét Ién.

Bang 1.Nhiét d6 dat duoc cia miu sau 10 pht cBit T, , Van toc Map thy nhiét A(°C/s) va king $ toc
d6 mét nhiét B(s") ciia cac riu tiém hit SiAu, FeSiAu va riu déi chang.

o Mau déi ching Mau tiém hit SiAu MAu tiém hit FeSiAu
D%guay . B | | A B | 1 | A B
(mm) |, goey| G g/,sciz (isplioz £ 50) (;_rg/,g)z (isg,)oz £ 5C) (;_rg/,g)z (J_r;_)l,)oz

1 40 1 0,08 58 2,08 0,08 50 1,35 0,07

2 35 0,33 0,06 53 1,6 0,08 44 0,75 0,06

3 33 0,28 0,06 41 1,0 0,08 36 0,37 0,05

4 30 0,2 0,08 36 0,6 0,06 33 0,24 0,06

Tur cAcduong do nhit do ta xacdinh duoc téc d6 hap thu nhiét lwong A aia ke va hing $
tbc do mat nhiét B cia k¢ (Bang 1). Két qua cho thiy toc do hdp thu nhiét giam theo chdu diy
mau, néi cach khac 1a prthudc vao mit do chiéu sang. Mu duoc tiém kit nano SiAu code do
hap thy nhiét cao fon mau tiém ht FeSiAu va caodn mau dbi ching. Khi tit chiéu sang, khéng
con hiu tng plasmon tréngh nén nhét do cia ke giam din V¢ nhiét do phong. \an toc mét nhiét
dugc quyét dinh ki tinh chit cia mé va cac 4t vang trongi6. Trong thi ngkém nay, $ luong
cac hit nano vang la nhnhau, kich théc cac hat c6 tré coi la nhr nhau, vi ay van toc mat nhiét
khéng khac it nhiéu ¢ hai trrong hop hat nano vang SiAu va FeSiAu. Céétthdy I8i tir trong
hat FeSiAu khonginh hréng dén tinh clit quang nhit caa hat. Sy chénh éch gia ti caa tc do
hap thu nhiét giita cac rMu tiém it nano vang va fu déi chirng khing dinh vai trd @a cac ht
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nano vang trong qua trinh chmydsi quang - nhit.

Khi bat laser (A# 0), duong ting nhit do duoc fit theo phrong trinh (6). Khi 4t laser (A =
0), dwong gam nhit do duoc fit theo phrong trinh (7). Caduong fit 1a caaduong nét len duoc
biéu dién trén hinh 3, & qua cho thy sy thayddi nhiét do theo thsi gian @ia hat nano trong riu
la thaydoi tuan theo ham e i

111.2.2. Khio sét & thaydoi nhiét dg cia cac hut nano vang & cungds hap thy

Hat nano FeSiAu va SiAduoc diéu chinh mng do hat sao cho c6 cundd hp thy tai
budc séng laser kich 808 nm. SédicAc lat nano vang naguoc tiém vao riu véi cingdd hip
thu nhe nhau (OD=12) va cac du duoc chiéu laser wi duong kinh \ét 1,5 mm, mit d6 chiéu
7,3 W/cenf. Céac niu d6i chang ding dugc chiéu lasers cungdiéu kién.
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Hinh 4.Duong thaydoi nhiét do cia miu duoc tiém hit nano SiAu va FeSiAu ¢6 clrig hap so 6i mau
doéi chang (DC),do6 day ndu 4 mm.

Hinh 4 béu dién két qua do nhiét do caa miu duoc tiém cac ht nano FeSiAu va SiAu c6
clungdd hap thy va miu ddi ching, miu c6do day 4 mm. Kt qua cho thy, & clngdiéu kién
chiéu sang thi du tiém hit SiAu va FeSiAutéu dat dugc nhiét d6 gan nhr nhau la 33+35C.
Tur két qua do nhigt caa miu déi chirng, tinhduoc nhiét lwong do mé tht hap thy truc tiép anh
sang laser 1&s,,=c.mAT. Trong md tlit c6 6i 79% tté tich la nréc néndé don gian cho vic
tinh toan ta c6 thcoi ke la cac lat nano @m trong trong mdi rong nede. Khi dé c 1a nhist
dung @a nréc, mla khdi luong nréc vangduoc chiéu laser AT & nhigt ¢6 mau d6i chiang so
véi nhiét d6 phong. Trong thi ngim v6i mé thit c6 d6 day 4 mm tinhiugc gia ti cia Qur =
7,42.10° mW. He sd din truyén nhigt ciia hat nanoda lop hla: h = 17,74 mW/cr°C [9]. Dién
tich mit truyén nhiét s 1& dién tich hinh ta chum laser cléu 1én hat nano S = 0,47 ch{la dién
tich k& mat caa thé tich mé co cha hat nano). Tr cong thirc (5) ta c6 th tinh duoc hiéu suit
chuyén d6i quang - nhit n ddi véi cac hat nano 1aeesian= 16 %;7siau = 22 %. \Ay cac hat
nano c6 cungld hap thy tai budc séng chiu sang thi it nano SiAu c6 u stit chuyén doi
quang nhit cao fon hat nano FeSiAu. Cacahnano do nhém dhtao duoc cé hgu suit chuyén
d6i quang nhit tuong duong Wi cac Kt qua ¢4 duoc cong 1 [8,9.

IV. KET LUAN

Nghién aru hi¢u tng quang - nigt cua cac lat nano vangia lop ché tao duoc (FeSiAu va
SiAu) trén mo tit cé gr dung anh sang lasebhg ngai 808 nm nhdm tac gida duoc cé ndt

79



Vi Thj Thay Dwong va NNK

so két qua. Cac miu dugc tiém hit nano vang FeSiAu va SiAwicing krong hat va clngdo
thu thi nhit d6 caa mau luén cao bn so \6i mau khdngduoc tiém ht sau 10 phat chi laser,
mat d6 chiéu 7,3W/cm. Cacduong fit déu cho thy sy ting hay gim nhigt d6 cua miu déu
d6i theo ham e . Tir thuc nghém ding xacdinh duoc van téc hap thy nhiét caa cac bt nano.
Tinhdugc hé sb chuyén ddi quang nhit n caa hat nano FeSiAu 1a 16 % vahSiAu 1a 22 %.

Loi cam on. Bai béq chan thanhim on ar hd trg kinh phi nghién€u cia Vién Han lam KHCN Vit
Nam chodé tai ma & VAST.DLT.12/14-15.
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ABSTRACT
PHOTOTHERMAL EFFECT OF GOLD NANOSHELLS IN TISSUE

Vu Thi Thuy Duong ", Trinh Thi Thuong, Vu Duond, Nguyen Thi Thu}
Nghiem Thi Ha Lieh, Do Quang Hoq Tran Hong Nhuny

YInstitute of Physics, Vietnam Academy of SciendeTaghnology, 18 Hoang Quoc Viet Road,
Cau Giay District, Hanoi, Vietham

>The Office of National Programmes on Science astif@ogy, Ministry of Science and
Technology of Vietnam, 113 Tran Duy Hung Road, Gy District, Hanoi, Vietham
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This work presents the research results on photottleeffect caused by gold nanoshells
SiO/Au and FgO4/SiO/Au in tissue under illumination of a diode lasentinuous light at
808 nm. The results shown that the average temperaf samples injected with 1¥1Gi-
O,/Au and FgO,/SiO,/Au nanoshells reach to 58° + 5°C and 50° + 5°Gpeetively. The
photothermal transduction efficiengy of FeO,/SiO/Au and SiQ/Au shells was determined
as 16 % and 22 %espectively This study proves that gold nanoshells can bd tselestroy
the tumor cells by photothermal effect.

Keywords:gold nanoshells, photothermal effect.
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