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TINH CHAT QUANG CUA CAC CAU TRUC NANO KIM LOAIL
HIEU UNG CONG HUONG PLASMON BE MAT

TOM TAT

Chu Viét Ha"
Trudng Dat hoc S pham — DH Thdi Nguyén

Bai bo nay trinh bay téng quan v& cac tinh chit quang ciia cac hat nano kim loai, chil yéu ta tinh
chét quang cla cac hat nano rleng ré va mang nano kim loai; su phu thudc vao hinh dang va kich
thuée hat cia tinh chét quang; ddug thoi gi6i thigu v& higu tng cdng hudng plasmon trong céc vit

liéu nay.

Tix khéa: Tinh chdt quang, nano kim loai, higu 1ing cong hwong plasmon.

GIOI THIEU

Trong nhimg nam gin day vét liéu nano dugc
quan tim, nghién citu nhidu vi nhimg tinh
chét co ban thit vi ciia vat liéu ma ndi bt 1a
tinh chét quang hoc phu thugc vao hinh dang
va kich thudc ciia ching. D4i vdi cac chu trac
nano kim loai, mét higu tmg déng cha y gy
ra tinh chit quang khac voi vat ligu khdi la
hleu ng céng huéng plasmon bé rnat fam cho
cu tric nano kim logi c6 céc mau shc tin xa
khac véi vat lidu khéi. Hiéu g cdng hudng
plasmon b& mit 14 hién twong khi anh sang
kich thich céc plasmon bé mat — 14 dao déng
t4p thé cia dién tir tai bién phan cach giita hai
vat liéu (kim loai-dién méi) — trong trudng
hop tin s& ciia 4nh sang t&i tring v6i thn s&
dao dong riéng cha céc plasmon thi hign
tugng cdng hudng xay ra [1-6]. Hién tugng
ndy anh huéng manh mé dén céc tinh chét
quang hoc cia cdu tric nano kim loai va 1a
mbi quan tdm lon cho cac tng dung trong
thlet bi quang tir. Higu tmg plasmon trong céc
chu triic nano kim loai cho thdy nhitng trién
vong thi vi cho sy hidu biét va khai thac cac
hién twong lién quan dén sy giam giit 4nh
sang & thang nano [1, 2].

Khi 4anh sang t4i kich thich cac dao dong tap
thé cia dién tir tai bién phan cich kim loai —
dién moi (hai vét liéu cé phén thuc cia ham
dién moéi tréi du) tao thanh cac plasmon trén
bé mat cita kim loai (surface plasmon — SP,
cdn goi la surface plasmon polariton - SPP).
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Khi tin sé séng anh sdng tdi tring véi thn s&
dao ddng riéng cla plasmon thi hién tuong
cdng hudng s& xay ra va séng plasmon cdng
huéng (surface plasmon resonance — SPR) s&
lan truyén trén bién phan cach giita dién méi
va kim loai, hodic birc xa ra khong gian ty do.
Su tdn tai cia SP Iin ddu tién duoc Rufus
Ritchie tién doan vao ndm 1957 {7]. Trong
hai thép ki tiép theo, SP dugc cac nha khoa
hoc nghién clru mét cach tich cuc, di tién
phong 1a Turbadar nhiing nim 1959 — 1960
(8], ddc biét Kretschmann, va Otto trong
nhitng ndm 1960 - 1970 la nhimg nguoi dua
ra cdc cu hinh kich thich SPP bing thuc
nghiém [9, 10], va Raether Heinz nghién ciru
céc SPP trén cdc bé mat kim loai gd ghé — nén
tang cla cac sensor plasmon hién dai [11]. Do
SPP ¢6 thé lan truyén trong cac cdu tric nano
mét mang theo cdc théng tin, twong tv nhu
céc photon, fir plasmonic dugc ding dé chi
cic qud trinh quang hoc trudng gin & thang
nano mét [12, 13].

SPR 14 co s& cia nhidu thiét bi do su hép phu
clia cdc vat ligu trén bé mat kim loai (chd yéu
14 vang va bac do hai kim loai ndy cé dinh
SPR ndm trong ving nhin théy). Higu img
nay ciing 1a nguyén Iy ciia nhidu sensor (cam
bién) chi thi miu va sensor dang vi luu (lab-
on-a-chip). Trong céc sensor nay, dinh kich
thich plasmon duoe x4c dinh bing sy thay abi
cudng do cla dnh sang phan xa tir b& mat
mang kim loai theo géc chiéu hodc theo bude
song anh sang. K¢ thuat nay duoe sir dung dé
quan sat sy thay dbi coa do day mang chinh
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xAc t&i nano mét, sy thing gidng cta mat do
vit chét hogc sy hip phu ciia céc phan tir nhur
protein, ADN, polyme...
Céc plasmon bé mit dinh xir (localized SPRs
- LSPR) la cac dao dong tap thé cua cac dién
tir trong hat nano kim loai do anh sing kich
thich. Ly thuyet Mie thuomg dugc 4p dung dé
tinh todn tAn sé dao ddng cila cdc LSPR va hé
sb tht cia céc hat nano kim loai [14-16]. Tai
buéc song cong hudng, bién d6 cla truomg
dién gin xung quanh hat nano dugc ting
cudmg déng k&, do d6 céc hat nano kim loai
c6 hé sb tit (hép thy va tan xa) cao g:";p 3-4
béc hé sb tit cia cht miu danh déu hitu co.
Tinh cht nay lam cho cac hat keo vang hodc
bac ¢& mau sc ruc rd, diéu ma kim loai khéi
khéng cd duge. Sy ting cudmg cla cudng 4o
4nh sdng & mot thude tinh rét quan trong cia
LSPR va s dinh xir ¢& nghia [ LSPR c6 46
phan giai khong gian rat cao (duéi butc séng
anh sang), chi bj gidi han bdi kich thudc hat.
Hiéu img plasmon bé mit dugc sit dung dé
ting cudng 46 nhdy cia mét s6 phép do
quang phd nhir huynh quang, tan xa Raman
vé phat hai bic hai (second harmonic
generation).
Bai bo ndy trinh bay cée tinh chét quang clia
cac hat nano kim loai thong qua viée tim hiéu
hiéu tmg cdng hudng plasmon bé mit. Mau
tan xa cia cac hat nano kim loai dang keo
duge gidi thich bing ly thuyét Mie va ly
thuyét Gans. Céc tinh chét quang cla cac hat
nano kim loai dap tng dwoc nhiéu (mg dung
trong thyc t& dac bist la trong cac tmng dung
hién anh.
CAC TINH CHAT QUANG CUA CAC HAT
NANO VA MANG NANO KIM LOAI
Céc hat nano kim loai 13 vat lidu ¢ kich
thucyc [ tu 1 dén 100 nm. Céc hat nay bao
gom mot sé lugng 16n cac nguyén tir hoiic
phan tir lién két voi nhau (coi hai nguyén tir -
dimer - 13 mét phan t). Céc hat nano kim
loai c6 thé chira sé luong nguyén tir tir 3 dén
107 [17]. Cac hat nay c6 thé duge phiin bé
trong khéng gian ty do hodc trong chét khi,
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16ng, hodc dugc nhing trong chit rin, hogc
duge bao phit bdi vo hay duge ling dong trén
mét vét liéu nén. Higu g kich thuée ndi tai
cia cdc hat nano kim loai lién quan dén cac
thay dbi cu thé trong cac tinh chit so voi vit
liéu khéi va bé mit cia hat. Thuc nghidm cho
thdy kich thuée hat anh hudng lén céc tinh
chét chu tric va dién tir, cu thé 12 thé jon héa,
nang luong lién Két, phan Gng hoda hoc, chu
triic tinh thé, nhiét d6 noéng chiy, va céc tinh
chit quang ctia cic dam kim loai phu thuge
vao kich thudce va hinh hoc cita ching.

Cong hwdng plasmon bé mit

N6i chung, c4c tinh chit quang cia cic chu
trisc nano kim loai 14 rdt phire tap va khé cb
thé md ta mét céch diy da. Ching ta s€ xem
xét tinh chit quang ciia cdu triic nano mit kim
logi qua hiéu biét truc quan vé plasmon bé
mit nhu sau: Plasmon duoc hidu 13 dao déng
tap thé cia cac dién tr ty do; plasmon-
polariton (surface plasmon polariton, thuomg
duoc goi 1a plasmon bé mgiry: 1a dao ddng cia
dién tir ty do & b& mat cua kim loai du6i sy
kich thich clia 4nh sdng tdi; con cong huong
plasmon bé mct (Surface plasmon resonance,
SPRY: 12 su kich thich tap thé ddng thoi cia
tht ca cic dign tir dén thanh mét dao dong
dong pha.

Hinh 1 minh hoa sy tao thanh céc plasmon bé
mat Dién truong cia séng anh sing téi tao
nén phin cure cia céc dién tir dén (dién tir tr
do) dbi v&i cac 15i fon nang clia mét hat nano
cAu. Sy chénh léch dién tich thue € & cic
bién ciia hat nano vé ph:in minh hoat dong
nhur lue hdi phyc (restoring force). Bing cich
d6, mét dao ddng ludng cuc cta cac dién tir
v&i chu ky T da duge tao nén. Dao dong cila
phan bd dién tich nay tao thanh séng goi 1
song plasmon bé mit.

Biénting o -

Hinh 1. Sir tgo thanh plasmon bé mat trén cdc hat
nano kim loar [18]
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Nhur vy, thudt ngir plasmon hodc plasmon bé
mit duge sir dung dé mé 13 céc dao dong tap
thé ciia céc dién tir trong kim loai. Plasmon ¢6
y nghia réng cac dién tir duge tw do di chuyén
trong kim loai theo cich thirc twong ty nhur
cia cic ion trong mdt plasmon khi [3].
Plasmon bé mjt — polariton (surface plasmon
polariton - SPP) 1a su két hop ctia cac SP voi
photon anh sing t6i, c6 thé lan truyén doc
theo bé& mit kim loai cho dén khi nang lugng
cia n6 bi mét hét do sw hip thu trong kim loai
hoic do su biic xa ning lugng vao khéng gian
tu do. Nhwr viy c6 thé thAy SP la cdc mode
lién két ctia trueong dién tir cia dnh sdng 16i
va cdc dién tir t do trong kim logi. Ching c6
thé dugc xem nhur 4nh séng hai chidu bj rang
budc bdi mot mat phan cach kim loai - dién
mbi, tredmg SP c6 cudng 4o Ion nhit & mat
phén cach va suy giam theo ham mii cla
khoang cich & cac huéng vudng géc véi bé
mat [19, 20].

Tén sb plasmon vi @9 dai lan truyén cia
song plasmon

Xét mit phin céch gilra hai méi trudng co
ham dién méi trai ddu, vi du nhu kim loai va
khong khi. Khi c6 anh sang kich thich chiéu
t6i mit phdn cach s& gy nén mdt phin b
dién tich trén bé mit kim loai. Dao ddng clia
phan b dién tich nay la séng plasmon bé mat
truyén doc theo bién phan cach kim loai — dién
mdi (hinh 1.2). Do do, ly thuyét dién tir hoc s&
dugc ap dung dé giai bai todn song dién tir trén
bién phén cch giita hai méi trudmg.

Blén mél

‘f\ﬁ A

Kim logh

Hinh 2. Plasmon bé mdt tg1 mit phdn cdch giita
mgt kim logi va vt liéu dién méi c6 cdc dién tich
ket hop [21]

Xét mat phan cach giffa hai méi trudmg b
ham dién mdi 1a € va &. Dién truong clia
séng dién tir lan truyen duoc bigu dién boi

cdng thic:

E=Eoexp[i(k‘x+kzz—mt):| )

trong d6 k la sb song va o 14 tAn s6 céa anh
sng téi.

Giai phuong trinh Maxwell cho séng dién tir
tai bién phan céch gitra hai vét ligu vdi hing
sb dién moi 13 €, va g, (hinh 1.3), sir dung cac
didu kién bién lién tuc cia dign thé va vecto
dién dichtaco [11, 22]:

k, k

Xa X% @
g g
® 2
va k§+kj,:s,(—j Ji=1,2 3)
c
trong d6 ¢ la tbe d6 4nh sing trong chin
khéng, ky 1& nhu nhau tai bién phan cach cho
mét séng bé mgt Tir hai phuong trinh (1.2)
va (1.3) 1a ¢ mbi quan hé tan séc cho mét
song lan truyen trén bé mit la:
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ky=—| =2 | =Kkg *
C 81+82

Trong md hinh cia khi dién tir tr do, bé qua
sy suy giam, ham dién md1 ca kim loai duge
cho bé [23]

e{w) =1- (5)

trong d6 op la thn sb plasmon cta kim loai
khéi, ¢o bidu thire trong don vi SI la-

®, = [pe /(som ) (6)
voi p 12 mét d§ dién tich, e 1a dién tich cia
dién tix, m" 12 khdi luong hidu dung cia dién
tr vi g 12 hing sé dién méi trong chin
khéng. Dudng cong tin sic cha tAn sé
plasmon bé mit duoc biéu dién trén hinh 4. O
Zid trj cAc vecto séng nho, cac SPP thé hign
gibng nhur céc photon, nhung khi k tang,
dudmg cong tan sic bj ubn cong va dat t&i mot
gi¢i han tidm cdn 141 tin sb plasmon cita kim
loai khéi. Tan sé plasmon duge cho bai:

.giv X

Ogp =0, /148, G

Trong truong hop mdi truong dién mdi 1a
khong khi trén bé mat kim loai, ta c6:

op =0, /\2 (8)
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Minh 3. Minh hpa cdc hinh chiéu vecto séng cia
mgt s6ng tqr mdt phdn cdch giffa hai méi trucng

0TG5 1 15 3 25 3
k. (dom vi wy y)

Hinh 4. Dugng cong tdn sde cia cdc plasmon bé
mat, O gidtri k thdp, dudng cong tan sdc cia cde
plasmon triing voi dudng tan sic ciia photon
Nhu vdy, v6i ciing mét tin sé, gia tri vecto
séng cta plasmon kgp lém hon so véi gia trj
vecto séng clia photon ty do. Do sir chénh
léch vecto song ndy, séng plasmon chi lan
truyén trén bé mit phin cach gita hai méi
trudng, Dé s6ng plasmon cé thé Ian truyén ra
trrdng xa qua bién phén cdch, cén phai 1am
sao dé ¢ sy phi hop vecto séng giita

plasmon va photon tyr do.

Xét mit phén cach gita kim loai (&) va dién
mdi (&) ta cb & la thuc va > 0 va g <0(la
diéu kign kim loai thoa mén). Séng dién tr di
qua kim loai s& by suy hao do cdc mét mat
ohmic va céc tuo‘ng tac glua dién tr va 16i
ion. Céc higu ¢mg nay cho thiy ¢6 mot thanh
phan 4o cila hdm dign méi. Ham dién médi cia
kim loai duwoe bidu didn:

5 =g, +ig, 9
trong d6 &, 1a phin thuc va & 12 phdn o.
Noi chung || >> |g,], bidu thirc ciia sb song tai

mét phan cich cha cac plasmon duge bidy
dién nhur sau [22):

142
k =k +ik7=| 2| _ &8
cle +g,

(10
372
i 2 Bf | e
cle, +e, 2gf

Biéu thire vecto séng cho ta ¥ nghta vét ly cﬂ’ '

séng dién tir trong kim loai 1a bién dé khong
gian clia céc plasmon va yéu cAu dé ca sur két
hop vecto song tai mat phén cach.

D&i v6i mdt song SPP lan truydn doc theo
mét bé& mat kim loai, nang lugng ciia nd s& bj
mét do sy hap thu ciia kim loai hosc bi birc X1
vao khéng gian ty do. Tai mét khoang céchx,
cudng d6 séng p]asmon gidm theo hé s exp|-
2k,"x]. D6 dai lan truyén plasmon dugce dinh
nghfa 12 khoang cich ma séng plasmon cf
cudng do giam di e ln, duoc cho bai cong

thirc [24]:
1
L= 11
" n

Tuong ty nhu vy, dién trudng giam mot cich
nhanh chéng theo chleu vuong goc v&i bé mit
kim loai. O c4c tin so thip, su thim nhdp cla
SPP vao kim loai gén dang v&i céng thire &
xuyén sdu cia mot trudng vio kim loai
Trong moéi mr(mg dign moi, trudmg s& giant
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chim hon nhidu. P xuyén siu cia truomg [ Gindtih
plasmon vao kim loai 8,, va dién méi 8, duge (i gl
biéu didn theo cac cbng thirc [19, 24]: <0 kichthy
1”2 A Mawel o
E.+E

5, =i ’ rI _ 2 (122) § toevdicic
2n € Hith ry v
112 fith

Afle :
3, =_['*Z) (12b) § s
2% €5 “"“C&pdung

D6 xuyén sdu cia trudng plasmon vao kim Jf i ol i
loai vi dién méi duge bidu din trén hinh 5. H Wi momm
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cdc hat nano kim loai dang keo Ty -'flfxg_
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Vitly hqp clia hai qué trinh hip thu va tan xa. Trén
9% b2 mat gong kim loai, cic dién tr c6 thé
chuyén dong trén cac khoang cach 1én. Trong
. céc hat keo kim loai, cac khoang cach bj gioi
i han boi kich thuéc ciia hat. Do plasmon bé
Gty m3t ciia céc hat keo khong lan truyén ra xa
% nhir trén mang kim loai céc plasmon bé mat
it cia cc hat nano kim loai con duge goi Ta cic
iy plasmon dinh x&r. Céc 16 giai chung cia bai
IR, 104n tin xa cia mot hat cAu kim loai don theo
fﬁm 1y thuyét dién dong lwc hoe 1dn diu tién duge
™ Mie dua ra nam 1908 [16]. Mie d4 4p dung Iy
thuyét téng quan v& sy tan xa anh séng trén
céc hat nho giai thich hién tuong thay dbi
mau sic cia cic hat keo vang, Ong da sir
. dung cac phuong trinh Maxwell vai diéu kién
. bién thich hop trong hé toa dd cAu véi cic
. khai trién da cuc ctia fir trudng va dién truong
cho 4nh sang toi t§ d6 dwa ra két qua tinh
todn chinh xac cho sy tvong tic 4nh séng véi
¢ cAc hat nano kim loai hinh cdu. Ly thuyét Mie
d3 m6 ta hé sb dap tit - extinction coefficient
(bao gém hép thu va tan xa) cila cic hat cdu
¢6 kich thuée tiy y. Thue té cac phuong trinh
Maxwell ¢6 thé giai duge cho 11 dang hinh
hoc v6i cac diéu kién bién khac nhau nhur 5ng
* hinh try v6 han, ellipsoid, hai hat clu, mot
hinh cdu va mét hinh phfmg, hioh hfp, cac vo
. cAu... [17]. Tuy nhién hiu hét cic tinh toan
duge 4p dung cho hat hinh ciu. Cac dic tnmg
o phd cia céc hat nano chi cé thé khao st dbi
Gkt voi mét tép hop 16n céc hat nay. Do do, sir
4 dung mé hinh theo ly thuyét Mie cho ta cic
} két qua hop ly.
§

!éu‘;w

!

Cic tinh cht quang phu thude vio kich thude

! cia cdc hat keo da dugc khio sat chuyén séu

.- théng qua tan xa Mie. Ly thuyét Mie md ta

* toan ly sir tan xa cia birc xa dién tir boi cac

hat cAu nhing trong mdt mi trudng lién tyc.

Nghiém tén xa Mie duge giai bit diu v6i hé

spa® phuong trinh Maxwell vi mé. Dién truomg E

ﬂ.ﬂvaa fir tredng H duge sir dung cho cac ham
gt gbién do tan xa.

m Trong gi6i han 2R << A (v6i R la ban kinh

‘ ﬂ,mhat va A 1 bude song cuia dnh sang trong méi

wmmf""’

truomg, thi dao dong cua dién tir dugc xem la
plasmon dao ddng ludng crc va tiét dién dap
tht duoc viét dudi dang don gian:

Sogry 8@ a3
Yae =9 c s v[g, (o) + ZSZT + [5. (m):r
trong d6 V = (41!/3)R3 1a thé tich hat nano
cu, ® 1a thn sd goc cia anh sang kich thich, ¢
1a van tdc 4nh sang, & va g(0) = efo) +
ig(®) twong {ng Ia cac ham dién moi cita mdi
trudng xung quanh hat va cia chinh hat.
Tham sb g, dugc gia thiét 14 khéng phu thude
tan sb, con £,(@) 14 phirc va 12 ham cia nang
lugng. Didu kién cbng hudmg duoc dap ing
khi g{0) = -2&,; néu &, 1a nhé va phu thude
yéu vao o [14]. Diéu ndy c6 nghia khi tiét
dién dap tht 1én nhét, anh sang truyén toan bd
ning luong cia minh dé kich thich séng
plasmon trong hat kim loai.
Phd hép thu UV-vis cia cac hat nano keo ¢6
thé dugc tinh tir 1y thuyét Mie. B hdp thu 4
cia mdt dung dich keo chira NV hat trong mét
don vi thé tich duoc cho bai:

A =(NoylL/n10) (14)
trong 46 Oy 12 tiét dién hip thy cta kim loai
va L 1a quang trinh cia anh sing. S6 hat trong
mot don v thé tich d& dang dugc x4c dinh tir
sé mol cua céc hat nano..

Tiét dién tin xa oy, duge tinh nhu sau:

K'V? 27

O = Tl IF[@ ey +e‘z} as)
Ngoai ra ngudi ta con sir dung mébi lien he
giita tiét dién tan xa (tiét dién dép tit, tiét dién
hép thu) v6i hiéu suit tan xa Qg hidu sudt
dap tht Qe, hiu sudt hip thu Qu, trong
plasmon dinh xi& cia cdc hat nano kim loai
theo cac bidu thire [26]:

_Gwl _ole _cabs
= 72 Qu = 2 Qu, = % 16
Qe = %2 Q= 5.0 = %2 (16)

trong d6 S 1a dién tich hat nano clu § = 7R?,
R 14 ban kinh. Cac hiéu sudt niy cho thdy kha
nang mot hat tan xa 4nh sang ra ngoai tiét
dién vit ly ciia né. Ching tré nén Ion hon mét
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don vi tai vi tri g?m bé& mit hat 1 do trudng
ghn b mit cia hat 6 thé 16n hom gid trf
trudmg trung binh cua anh sang toi mdi
trudng xung quanh hat. Khi xét sir tng cudmg
hay dip tit huynh quang béi kim loai chiing
ta mong dgi s6 hang hip thy (c,.) gy ra su
dap tht va sb hang tin xa () gAy ra sw ting
cudng Phiong trinh (13) va (15) chi ra ring
Gaps tAng cling voi R} trong khi d6 oy, ty 1€
vé&i R®. Do d6 cic hat keo kim loai ¢ kich
thudc 16m hon s& c6 ty 18 tiét dién tan xa trén
tiét dién dap it Ion.

Céc phuong trinh trén di dugc st dung réng
riii dé giai thich phd hip thy cia cac hat nano
kim loai nhé ca v& dinh tinh ciing nhur dinh
lugng. Di véi cde hat 16n (hon 20 nm trong
trudmg hop d6i voi cac hat nano vang), cong
hudng ludng cuc phu thuge mét cach rd rang
vido kich thudce hat do x 14 ham cda ban kinh
R. Céc hat cang 16n, cic mode bic cao hon
cang tré nén quan trong hon do anh sing
khong thé phén cuc cdc hat nano mét cach
ddng nhit. Két qua 1a céc tic dung & ca
trudmg dién tir qua hat ¢6 thé gdy ra nhimg sy
dich phé 16n va mé rong phd céng hudng
plasmon bé mit. Cac mode béc cao 6 dinh &
niing luong thip hon do d6 dai plasmon dich
vé do véi sy tang kich thuéc hat. Diéu nay
dugc minh hoa trén hinh 1.8, va két qua la
phit hop véi Iy thuyét Mie. Do phé hép thy
quang hoc phu thude tryc tiép vao kich thuéce
hat nén diéu ndy dugc coi nhu mét hiéu tng
kich thuéc bén ngoai. Ly thuyét Mie chimg
minh ring hé sé tit khéng phu thude vio kich
thuée hat ddi véi treomg hop cac hat c6 kich
thude nho hon 20 nm.

Tiét dién dp tht cda mot hat véi hing sb dién
moi g dat trong mdi trudng cb hing sé dién
mbi g cér} duge biéu dién theo d6 phan cuc 9
clia qua cau [14, 15]:

= O T O =Ky Im

Ll |e[ (16)

trong d6 k 1a vecto séng cia séng plasmon
blic xa, Im (0) 1a phén 40 cha d6 phan cuc
16

duoc xac dinh qua bidu thirc cua 8 nhir sau
[14]:
€ - &,

g +2¢,

Nhu vy, cac tiét dién hz"tp thu va tin xa cia
hat nano vang cé thé diéu chinh b::sng cach
thay ddi kich thuée va hinh dang ctia ching.
Do c¢6 higu (g cong huéng plasmon bé mit,
tiét dién tan xa va hép thy ciia hat nano kim
loai 16n hon dang ké tiét dién hip thu va
huynh quang cta chit miu thudmg diing trong
hién anh sinh hoc va y sinh. Tir ly thuyét Mie
nguoi ta danh gia dugc ring tiét dién quang
cia céc hat nano cdu vang cao hon khoang 4-
5 bic cua céc phén tir chét mdu. Nhu vay, cic
hat nano vang dang cdu voi duémg kinh 40
nm ¢ tiét dign hip thu 2,93.10"° m’ (twong
(g voi hé s& hip thy mol Iy thuyét khoing
~7,7.10° M em™) & bude séng cuc dai 530
nm, 4 bac cao hon hé s6 tit cia Rhodamine
6G (¢ 1,2 x 10° M'em™ & 530 nm ) va
malachite green (1,5 x 10° M'cm™ ¢ 617 nm)
[27]. Hon niva, ly thuyét tan xa Mie chi ra
ring d 16n cia tan xa 4nh sang trong ving
nhin théy ca hat vang 80 nm (Gyer~ 1,2x10™
m’ & 560 nm) 14 twong duong véi tan xa tir
hat vi cAu polystyrene véi dudng kinh 300 nm
(O~ 1,8x10™ m?) & cing budc séng dnh
sang (thuong dwge sir dung trong hién anh
ddng tiéu - confocal imaging). Déi voi cing
mét cudng 84 anh sang kich thich, s& photon
do fluorescein phat ra (hé sb bic xa
~9,2x10'M"em™ & 483 nm, dugc gia thiét 12
hiéu suéit luong tir bing 1) 1a 5 bac thép hon
4nh sang tan xa tir hat vang 80 nm dang cdu
(hé sd tan xa mol ~ 3, 2x10'" M'em™ tai 560
nm). Hinh 7 biéu di&n phd hép thy, tin xa vd
dép tht (extinction) clia cc hat nano vang véi
cac kich thudc khac nhau (dugc tinh theo Iy
thuydt Mic). Hat vang duong kinh 20 nm thé
hign hiéu ing hap thu cong hudng plasmon
dinh x( 1a chii yéu v6i phin khéng dang Ké
anh sing tin xa. Nhung khi dudng kinh cla
hat tang tir 20 nm 1én 80 nm, ty 1& déng gop
cla tan xa plasmon ting 1én ddng ké. D¢ lon

0= 4ne,R’ a”n

w

13

“7

o
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cia tan xa 4nh sing trong ving nhin thiy cia
hat vang 80 nm (G~ 1,2x10™ m? & 560 nm)
13 twong duong vé&i tan xa tir hat vi cdu
polystyrene v6i duwdong kinh 300 nm (o~
1,8x10™* m?) & cling biréc séng anh séng.

6 hép thu
o
»

o
Py

| ) | _ i
400 500 600 700 800
Budc séng (hm)
Hinh 6. PA6 hdp thu cong huong Plasmon cia
cdc hat nano vang kich thudc 9, 22, 48 va 99 nm

128]

Higa sult

T

e som o)
Hinh 7. Tink todn cdc hi¢u sudt hdp thu Qun
(dwong gach), higu sudt 16n xa Qs (Gieomg
chdm), va hiéu sudt ddp rdt Q (dwomg hén) cho
cde hat cdu nano vang kich thiude 20 nm (a), 40
nm (b),) 80 nm (c), va polystyrene nanospheres
kich thuée 300 nm (d) {29]

Hau hét cac 1y thuyét dua ra déu gia thiét ring
hing s6 dién mai cia hat phy thude vio kich
thude v6i céc hat ¢6 dudng kinh trung binh
nhé hon 20 nm. Kreibig va Von Fragstein
[30, 31] d& xuft tin xa dién tir trén bé mat
ting 1én dbi v6i cic hat nho khi ma quang
dudmg tir do trung binh clia dién tir din bj giGi
han bdi kich thudc vdt ly cia hat. Quang
dudmg tir do trung binh ciia dién tir trong hat
vang va bac I4n ot 14 40 v& 50 nm. Néu céc

dién tir va cham dan hai v6i bé mit hoan toan
nghu nhién, sy ddng pha dao ddng ngau nhién
bj mAt. Sy va cham khéng din hdi ciia dién tir
v6i bé mit ciing lam thay dbi pha. Hat cang
nho thi cac dién tir cham t&i bé mat cia hat
cang nhanh. Dién tir sau d6 c6 thé tan xa trén
bé& mit va mét tinh déng pha nhanh hon la déi
voi hat ¢6 kich thuée Ién hon. Do dd, d6 rong
phd plasmon tang khi ban kinh cia hat giam.
Drude di dua ra cong thirc didn ta sy phu
thudc ciia hing sé dién moéi vio kich thude
hat [14] ep:

o= 1e 18
o o +iye’ s
trong 6 @7 =pe’/egm; 1 tn 56 cla
plasmon khoi, p 1a mét do dién tir tu do, e 12
dién tich, € 1a hing sb dign moi trong chén
khong va mer 13 khdi Tugng hidu dung cda
dién tir, y 12 ham cia ban kinh hat » nhur sau:

A
YD) =1, + I;’F, a9)

trong d6 ¥, 13 hiing sé tht cia vét liéu khéi, A
12 mdt tham s phu thudc vao chi tiét cac qua
trinh tan xa (tirc 1 tin xa déng hudng hodc
tén xa khuéch tén) va vg 14 van tc coa dién tir
¢6 nang lugng bing mirc Fermi.

Nhu vy, si phu thude 1/R cia 49 rdng phé
plasmon duge hiéu chinh nhu ham cta kich
thude cho c4e hat nano dugc difn t bing gin
ding ludng cuc trong viing kich thude ni tai
“intrinsic” (R < 20 nm). Théng sb A duoge sir
dung nhu mét thong 56 “lam khop céc gid tri
thue nghiém”. Uu diém 16n nhét ctia Iy thuyét
niy 1 di dua ra duge mod hinh vé sy phu
thude cia hing s6 dién méi vao kich thudc
cua hat.

Cho t4i hién nay, cac nghién ciru chimg t6 si
phu thuge dinh hép thy cong hueng plasmon
cia hat vang kich thuge nhé R <20 nm va hat
ving cang nhé thi dinh hdp thy plasmon cang
phu thudc vao méi truomg bao quanh ching.
Diy ciing la mét loi thé img dung,
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Sir phy thude cic tinh chit quang vio hinh
dang hat - Iy thuyét Gans

Dao ddng plasmon bé mit trong céc hat nano
kim loai s& bi bién d5i néu dang cia céc hat
nay léch khoi dang chu. Céc tinh chét tan xa
ciia cac hat kim loai phu thudc vao hinh dang
¢6 thé duge giai bing Iy thuyét Mie voi cac
hiéu chinh ciia Gans.

Theo Iy thuyét Gans, ¢6 mot sy thay ddi trong
cong huémg plasmon bé mit khi hinh dang
hat 1éch khoi dang cdu [28]. Trong truémg
hop ndy, kha ning phén cuc ludng cuc theo
chidu ngang va doc khéng cdn la cic cong
huéng twong duong. Do d6 c6 hai cong
hudéng plasmon xufit hién: mjt cong hudng
plasmon theo chiéu doc bj dich do va duoc
md rdng va modt 1a cong hudng plasmon
ngang. Theo Gans, dbi v&i cic thanh nano
vang, sy hip thu plasmon chia tach thanh hai
dai twong ing voi dao ddng cia céc dién 1 ty
do cling phuong va vudng goc véi truc dai
cua cac thanh nano. Khi ty 1& twong quan giira
hai tryc ctia hat nano tang thi khoang cach
ning hrgng giita cac dinh cong hudng cia hai
dai plasmon tang (hinh 8). Dai nang lugng
a0 ndm xung quanh 520 nm twong (mg véi
dao dong cla cac dién t vudng géc véi truc
chinh (truc di) va dugc goi 1a hip thu
plasmon ngang. Dai plasmon dé giir khong
@81 v ty 18 twong quan giira hai tryc va tring
v6i cong hudmg plasmon cia chém nano. Con
dai hép thy & nang lugng thip 14 cda céc dao
ddng cia dién tir doc theo truc chinh va duge
goi la hép thu plasmon doc. Hinh 8 ciing chi
ra phd hdp thu cia hai thanh nano vang voi
céc ty 1§ twong quan giita hai tryc 14 2,7 va
3,3. Ciing tir phé dé cho thdy ring; cyc dai
dai plasmon theo truc dai (vong tron) dich d6
khi ting ty 1¢ twong quan R, trong khi dé cuc
dai dai plasmon theo truc ngang (6 vuéng)
khéng thay ddi.

Phé hép thy ciia cic thanh nano vang (Au
nanorod) véi ty 1€ twong quan p duge Gans tinh
todn dya trén co s6 ly thuyét Mie véi gin ding
Iudng cue [32]. Tiét dién dép tit o cho hinh
thon déii elip duge biéu dién boi phuong trinh:

18

)
NERE

trong d6 P, 14 chc thira s& khir cyc doc theo ba
truc A, B va C cia thanh nano, véi A > B =
C, duge x4c dinh khi:

2
g1 (lve)
¢t 26 \1l-¢
1-P,

2
vaty I& twong quan p c6 méi lién hé nhu sau:

[ @)@

Nhu véy hé s6 dép tt cia cac hat nano kim
loai gdm hai thanh phin hép thu va tan xa phy
thude vao kich thudc hat R. Tiét dién tit ty 1§
voi R® va tiét dién tan xa ty 18 voi RE, Kich
thuée hat cang 16n thi kha ning tin xa anh
sdng cang manh, do d6 mau séc tin xa cia
dung dich céc hat nano kim loai s& khac nhau
di vei cac hat co kich thuée va hinh dang
khac nhau. Hinh 8 biéu dién mau tin xa thye
cla céc hat nano vang phu thugc vao hinh dang
v kich thude hat. Hinh 9 trinh bay phé hép thy
cdng hudng plasmon ctia hai dung dich vang vi
bac v&i cling kich thude hat 20 nm.

5 20,
9, =£EAVZ @

T 3o m

P, = @n

>

Py =P = 22

PEPI T

:-.‘ !u Tem !i fm i

nand ving (bén trdi) va dnh tan sdc ciia ching (bén
Pphai)- a. céc hat cdu, b. cic [hanh nand

W Naudo

Mau vang

“ buse singiom
Hinh 9. Phd hdp thu cgng hzomg plasmon vi '
mau tdnxa cia hai dung dich hat nnao ving vi

bac véi ciing kich thudce hat 20 nm [33] %
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KET LUAN

Tinh chit quang (& ddy la hiéu dGng cdng
hudng plasmon b& mat) cia cdc hat nano kim
loai phu thugc va hinh dang va kich thuwéc
hat. Tinh chét quang cta céc cdu tric nano
kim loai dwgc hidu qua twong tic cda anh
sang t&i voi bé mat kim loai gly ra higu tng
cdng hudng plasmon b& mit. Trong c4c mang
kim loai, séng plasmon cé kha ning lan
truyén doc theo bién phan cach kim loai —
dién méi hoic birc xa ra trudmg xa trong didu
kién thich hop. Trai véi b& mat kim loai lién
tue, cac hat nano kim loai dang chu (céc hat
keo kim loai) biéu thi mau sic manh m& do sy
két hop ciia hai qua trinh hip thy va tan xa.
Trong céc hat nano keo kim loai, cic khoang
céach bi gidi han béi kich thude cia hat. Do d6
plasmon bé& mit cia cic hat keo khéng lan
truyén ra xa nhu trén mang kim loai cic
plasmon bé mit cita cac hat nano kim loai con
duge goi la cae plasmon dinh xit. Cong hudng
Plasmon xdy ra trong cac hat ndy quy dinh cac
mau séc tan xa ciia ching do hé sé dap tht cuia
céc hat kim loai phy thude vao kich thudc hat.
Céc hat ¢6 kich thuée 16n thi thanh phan tan
xa chiém wu thé. D6 la ly do tai sao kim loai
khéi chii y&u tén xa anh sing.

TAILIEU THAM KHAO
1.Geddes CD. (2015), “Review in Plasmonics
20157, Springer, ISBN: 978-3-319-24604-8
2.Wang AX., and Kong X. (2015), “Review of
Recent Progress of Plasmonic Materials and
Nano-Structures for Surface-Enhanced Raman
Scattering”, Materials 2015, 8, 3024-3052
3.Lakowicz J.R. (2005), Radiative decay
engineering 5: metal-enhanced fluorescence and
plasmon emission, Anal Biochem. 337, Elsevier,
171-194
4. Ditlbacher H., Krenn J. R., Felidj N., Lamprecht
B., Schider B., Salemo M., Leitmer A, and
Aussenegg F. R. (2002), “Fluorescence imaging of
surface plasmon field”, Appl Phys Lett 80(3), pp
404-406
5. Willets K. A. and Van Duyne R. P. (2007),
“Localized  Surface  Plasmon  Resonance
Spectroscopy and Sensing”, Annu Rev Phys Chem
58, pp 267-297.

6.K. Lance Kelly, Eduardo Coronado, Lin Lin
Zhao, and George C. Schatz (2003), “The Optical
Properties of Metal Nanoparticles: The Influence
of Size, Shape, and Dielectric Environment”, J.
Phys. Chem. B2003,107,668-677

7.Ritchie R. H. (1957), "Plasma Losses by Fast
Electrons in Thin Films", Physical Reviewl06 (3),
874-881

8. Turbadar T.(1959), “Complete Absorption of
Light by Thin Metal Films”, Proc Phys Soc 73 40
9.Kretschmann E  (1972), “The angular
dependence and the polarisation of light emitted
by surface plasmons on metals due to roughness”,
Optics Communications 5 (5): 331-336.

10. Otto A. (1968), “Excitation of nonradiative
surface plasma waves in silver by the method of
frustrated total reflection”.Z Phys 216, 398-410
11. Raether H. (1988), “Surface Plasmons on
Smooth and Rough Surfaces and on Gratings”,
Springer Tracts in Modern Physics 111, New
York, ISBN 0-387-17363-3, 136

12. Polman A, Harry H. A.
(2005), "Plasmonics: optics at the
nanoscale”. Materials Today 8 (2005): 56

13. M. H Ha; Tatsuro E.; Kagan K., Miyuki C.,
Do-Kyun K, Shohei Y., Yuzuru T., Eiichi T.
(2007), “A localized surface plasmon resonance
based immunosensor for the detection of casein in
milk”, Science and Technology of Advanced
Materials 8 (4): 331

14. Ghosh S. K. and Pal T (2007), “Interparticle
Coupling Effect on SPR of Au Nanoparticles™,
Chemical Reviews, 107(11), 4797-4862

15. Lakowicz J R (200]) “Radiative decay
engineering:  biophysical and  bi
applications”, Anal Bzochem 298, pp 124

16. Mie G. (1908), “Contributions to the optics
of turbid media especially colloidal metal
solutions™ Ann Phys 25,377

17. Soonnichsen C. (2001), “Plasmons in metal
nanostructures”, Dissertation der Fakultat fiir
Phystk  der, Ludwig-Maximilians-Universitit
Miinchen, Hamburg

18. We1 A. (2004), “Plasmonic nanomaterials.

Enhanced  optical  properties  from  metal
nanoparticles and thewr ensembles”,
Nanoparticles: Building Blocks for

Nanotechnology 7, Kluwer Academic/ Plenum
Publishers, New York, 173-200

19. Barnes W.L., Dereux A. & Ebbesen T.W.
(2003), “Surface Plasmon subwavelength optics”,
Nature 424, 824-830

20. Yun C. S, Javier A, Jennings T., Fisher M.,
Hira 8., Peterson S., Hopkins B., Reich N. O., and
Strouse G F. (2005), “Nanometal Surface Energy

19



Chu Vit Ha

Tap chi KHOA HOC & CONG NGHE

R sidiaan 4

iy

Transfer in Optical Rulers, Breaking the FRET
Barrier”, J Am Chem Soc 127(9), 3115-3119

21. Zayats A. V., Smolyaninov L. 1., Maradudin
A. A. (2005), “Nano-optics of surface plasmon
polaritons,” Phys Rep 408, 131 314

22. Cottam M. G. (1989), “Intreduction to
Surface and Superlattice Excitations”. New York:
Cambridge University Press.

23. Charles Kittel, Introduction to Solid State
Physics, 8th Edition, Wiley 2005

24. Homola J. (2006), “Surface Plasmon
Resonance Based Sensors™. Springer Series on
Chemical Sensors and Biosensors, Berlin:
Springer-Verlag.

25. Zoran Jaksi¢ (2011), “Plasmonic waveguides
based on synthetc nanomembranes®, SPIE
Newsroom, Nanotecnology

26. DeBono, R. F., Helluy, A., Heimlich, M., &
Krull, U. J. {1993), “Applications of silver island
films for the preparation of fluorescently based
chemical sensors”. Sensors and Actuators B
Chemical 11 (1), Elsevier, 487-497

SUMMARY

OPTICAL PROPERTIES OF METALLIC NANOSTRUCTURES: SURFACE

PLASMON RESONANCE EFFECT

27. Niederberger M. (2006), “Colloidal Ga‘_ﬂ
Chem. Rev., pp. 104-293

28. Link S., El-Sayed M. A. (1999), “Speué
properties and relaxation dynamics of surfag
plasmon electronic oscillations in gold and silve
nanodots and nanorods” J Phys Chem B 103 (40),
pp 8410-8426

29. El-Sayed M. A. (2006), “Calculated Absorpﬁﬁ,

and Scattering F of Gold N: icles
Different  Size, Shape, and Compositigi
Applications  in  Biological ~Imaging @

Biomedicine”, J. Phys. Chem. B, 110, 7238-7248
30. Kreibig U., Fragstein C. V. (1969), “Th
limitation of electron mean free path in smal
silver particles” Z Phys 224, pp 307 323

31. Kreibig U., Vollmer M. (1995), “Opticd
Properties of Metal Clusters”, Berlin: Springs-

1470 -2 |{ pimh

—_—

G40
VAN

| T0MTA
Pofb
st
Pof
e
way e
ng i
Tir khd

pATVAN

Verlag.
32. Klabunde K.J. (2001), “Nanoscale Materids
in Chemistry”, John Wiley & Sons, Inc 4

Liz-Marzan L.M. (2004), Mateials Today, 7 (2), 2

5

Chu VietHa' "
College of Education - TNU 4]

This paper presents briefly the review of optical properties and the surface plasmon resonance
effect of metal nanostructures. The optical properties of metallic nanostructures are figured out via
the interaction of light and the metallic surface that causes the surface plasmon resonance effect.
Surface plasmons (SPs) are coupled modes of electromagnetic field and free electrons in metal. In
the metailic nanofilms, plasmon waves have the ability to spread along the interface of the metal
and dielectric or radiate in the far-field. Contrary to the continuous metallic surface, the spherical
metallic nanoparticles (colloidal particles) denote the powerful color due to the combination of
absoxjption and scattering processes. In colloidal metallic nanoparticles, the distance is limited by
the size of the particles, therefore, the surface plasmon of colloidal particles are not spread out as

far as the metal films - the surface plasmons of spherical metallic nanoparticles is also known as *

the located plasmons. Plasmon resonance in metallic nanoparticles regulates scattering colors

because the extinction coefficient of the metal particles depends on particle size. X

Key words: plasmon resonance effect, metallic nanoparticles, optical properties.
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