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Vién Khoa hoc vat liéu, Vién Han 1am KH&CN Viét Nam

Bai viét nay gidi thiéu két qua nghién ciiu vé su ting cudng cia dién tUr trudng trong
khoang khdng gian quanh cac hat cau nano kim loai do hiéu ng cong huéng plasmon
dinh xi (localized plasmon resonance - LPR) clia cac hat nay. Nghién citu xuat phat
tir viéc tom tat nhiing k&t qua da biét trong trudng hop don gian mét hat cu nano kim
loai, rdi sau d6 m& rong nhitng két qua nay cho trudng hgp mét mang ludi bat ky nhiéu
hat cau nano kim loai hoan toan giong nhau. D& minh hoa, mot sd mang tinh thé dién
hinh cac hat cau nano kim loai sé dugc khdo sat. Cac biéu thifc giai tich va cac phuong
trinh dai so xac dinh dién tir trudng trong khoang khong gian bao quanh cac mang tinh
thé nay sé dugc thiét 1ap.

Tir khda: plasmonic, tan sé plasma, cdng hudng plasmon dinh xit LPR, mémen ludng cuc.

PLASMONIC ENHANCEMENT FfFrCT | Mo dau
NEARDBY NETWORKS OF METALLIC Sau khi Fujishima va Honda céng b8 bai bao ndi tiéng vé
SPHERICAL NANODARTICLES su phan tach clia nudc nguyén chat trong mot t€ bao quang

dién héa dung anét TiO, [1], rat nhiéu cong trinh nghién clu
st dung céc céu truc nano nhay cam véi anh sang kha kién
trén co s TiO, dé ché tao cac quang andt cla cac té€ bao
In this work we study the enhancement of | quang xuc tac, quang dién hoa va quang dién da dugc tién
the electromagnetic field in the free space | hanh (xem bai t6ng quan [2] va cac tai liéu d& dugc trich dan
surrounding metallic nanoparticles due to the | trong bai nay). Ngoai viéc pha tap TiO, béng céc anion va céc
effect of their |00_a||zed plasmon resonance. We | cation dé tao ra cac chat c6 viing nang lugng bi cdm nhd hon
start irom.a review of .the knm_un results |n.the viing nang lugng bj c&m clia TiO, ciing nhu viéc 1am nhay
case of a single metallic spherical nanoparticle TiO, bdi cac chat mau hodc cac chdm lugng tir, ngudi ta ciing
and then extend these results to the general | 45 4 xu4t tang cuong hoat tinh quang xic tac ciia TiO, dudi
case of any network of many identical spherical | 5. 4 ng cia anh sang kha kién béing cach dat thém cac hat
metallic n?nopart!cles. A_s the_lllustratlo_ns, nano kim loai quy Au hodc Ag trén TiO, va sif dung hiéu ting
so:“ﬁ_tvp'cal Iat:!cfs of _'Il:ehn“!:al s‘:_hert'csl cdng hudng plasmon dinh xt LPR cla cac hat nano nay [3-
metallic nanoparticles will be investigated. | 4, 1. painay, chang toi trinh bay co sé Iy thuyét cla hiéu
Analytical expressions and algebraic equations B o , A

. . PR ung tang cudng anh sang do hiéu ung LPR xung quanh mang
determining the electromagnetic field in the free o A‘ . A 2 ) .
. . . IuGi cac hat cau nano kim loai. Hién nay G nudc ta, cac nha

space surrounding these typical networks will he e 1 A , .. A gy 4A
derived: vat ly thuc nghiém, hoa hoc va céng ?ghe sinh hoc bat dau
nghién clu Ung dung hiéu Gng LPR dé lam tang do nhay cla
Keywords: plasmonic, plasma frequency, |  cac phép do [21-24]. Chung 6i hy vong réing, bai béo nay sé
localized plasmon resonance LPR, dipole | cung cap cong cu ly thuyét dé lua chon mang IUGi cac hat cau

moment | nano kim loai t6i uu trong m&i thi nghiém.
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Chang 4 bt &fu biing vic trinh by v aif ting cudng cda An 1dng trong bdc xa A§n T gfin m
hat edu kim logl do hidu dng LPR. Céc cing thie cd bdn trong tnidng hgp niy di duge chilng minh trong
ede adch chuydn khio [28, 28] Sau &4 chdng 18] tinh bly ¢ Thuylt Sng qudl w8 oy ling cudng clia g
trudng trong boe xa dign 1 gfin mdt mang A bl kY edc hat edu nara kim (aad gi&ng bt nhau do hlju dny
LPR trdn cde hat ndy. Bé minh hoa cing nhu dd aau ndy sé dude dng dung, cde céng thde cho phdp xdc
dinh d§n tir trdng 48 duge ting cvdng nhir hipu dng LPA mén mang (dl hat cdu nane kKim loal gi8ng h
nhau aid Jugc thidt [§p.

B din dat d13n 1ir trudng trong chdn khéng hede rong md rudng 4n mal dSng nhit va 4dng hudng

b ngodl nguiin phit adrg din 1Y, 28 cha thufn tén ching ta sd sl dyng shulin Larentz (Lareriz gauge},

puaerem L i bt e ke WY b A bl L e Ll L deams Sl amkp [ afa dlhm W b A
I.rl.lllu W Wi '“ ||““||H Rk B l.lqll M Il ““rlu "llu m"lm Pl W “Fm - "‘ Iy hrkdil WINEET A Il hll.lrlu l“l “l

dude xdc dnh b thif vectd A(7,n, cy thif | vectd cuing 48 tf trdng 77,0 bling:
HEFEN =V dFH, {1}

con vectd cuding dd didn tdng E¢F.N duge xdc drh b phudng trinh Maxwell:
e, AE(F.0 -
P =V« 7.0, {2)

trong 34 e, & hding o8 dijn mél cia mdl trudng. Trong trudng beip difn BT ruding dov ele v in o8 géc o
thi phudng trinh [2) trd thinh

- I = -
BFn- :; _.I,E‘Fuﬂ{r.rl {9)

trang 44 k= .s.% [28] Trong bl nky, ching 1a aé al dung cdc céng thde (1) v (3.

Tronkms bow mpt gt il b lopl
C:hing ta gld thist rAng o& mét het afu nane kim gl v bin kinh p, 08 44m @#m t Afm #, vl ky hidu

hing & din mal hifu dyng ofin vAt By Kim lag) odia hat oy 96 841 vl Man trudng oda b xa dn K den
nfio ofi thn o4 péa o Wk £(x), hAng & On mal ada mal irydng bas quanh hat kim oal 1A & . BN frvdng

EP(F 1) = -GN,

- 4

il
cOa sdng 1n 13 don sdc, phing vA phan auc thing, va1 44 dal sdng A, gy ra trén hat cfu nano kim loal
ndu trén mdmen Ang cyc di¥in cAm Ong sau diy:
BR, ) M Ea0,

PRPeREY. C Ll {5)

a0} +21x
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{xam [26]). M&men [U8ng cyc 41§n cdm dng ndy Igl phdt bie xg ddn b don afie b ciing tin a8 vie khodng
khang glan xung quanh hat edu, Bde xa do hat ciu nane Km (oal phdt ra {dide gol 1A SHn t dng cdm
dng}, duge dilin dat b3 18 vactd cim dng . (7,0 haiic bl mit cip din tnidng chm dng (77 va
trudng chm Mng Gy 7.0, Theo cic thl gu [25, 28], tal mdt dm gin hat cdu nano idm loal thE vectd cm
ang £ (7.0 cé dang

- ik n#_q..
A7, '—mﬂﬂlﬂr (&)
Tir &4 auy ra @0 tndng cdm Ing E .5 bAng:
‘EH # )= #- “‘ﬂ‘#’ _q
[ a7l ]— Bi)i- 7 i
[ - {P &K ]}
rony &4

F-#
Hm—— - (8
-5
Talmdt dfm # it gdn hat chu nano kKim lowl, 67— B <« 1, cing thite {7) e dang gin ding:
= o e GIEEN-F 1
EiF.t)=e ey —
4”-&. ‘F—Rr 9

N#&u di¥in dat cAc thanh phin E. (7.0, cln vacia @An indng 2. (F./) qua cdc ihanh phén 7, cla vects

== = reme 22 22 Og ===

mdmen (Udng cuc didn uim ing 7 thl ednp thic {7) dudc vist lal nhy eau;
e L) TV )

trany 4

Cap - F}=dg

K & 1
|*’-f|?—ﬂ"|*'-ﬁ’]
YR

GAr k¥ qud vie duge trinh bay o8 duge el dung trong phén sau,

(11}
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Tronkwn byw it e bt cie gt el nane ki gt nalin it nhan

Phéin chinh ca bal ndy & thidt 1§p hi thing cdc phudng tinh xie dnh di§n 1T rudng 48 dide tng
EUdryy trong khaidng kiving gian bas quarh mdt mang W4 cde hgt nano kim (oai giSng hit nhau khi mang
] iy duige chiliu b3l mit s6ng dinh sing don slle, phing va philn aje. Bl sim dng BA1 Slgn uling cia
dnh ading M4, m3l hgl clu nana km loal 163 tinh mdt mdmen UBng e din phit ki xp dHn O cd cdng
Liin a8 v khodng khibag glan xung quanh, Da 36 diin truing ing ofing tal mal Aldm # & gn nhung 3 biin
ngodl ko hat ou nano Kim logl phil 1k ohing chip oflia odo din trudng Z924#,1 oia ndo bito xp JHn L
phit ra b¥ cde maman [UBng cufe ddn cdm dng F(E,H vi 41gn ruing clia dnh edng 131:

BR0 0 = ENF 0 + T BB, {12)

Tuy nhibn, dgn 1rudng tedn phin E4¢E, 1 tic dung n mdmen [Udng cue An cdm Mg HE,H b
thm d§t tal difm & e ik ching chip cia dn tudng F™E.n clu dnh sdng 11 vi cic dign
tnidng EA(E.0) trang bile xp dide i phil re bl ede mdman (Wing cuc dlin cdm dng F(E,7) wil fui:

Ewm.ﬂ-imm.mﬁiﬂm.n (13)

Bl v chinh dign tudng todn phiin 5%, n niy giy ra m&men [UBng cye 430 cdm ong B(X,, che
min theo cdng thile (5) chdng ta cd:

PRy = Aot Lo\ E#0 (.1, (14}
trang a&;
s() -y

Lwy= z(w) + 2n,, (%)
Ghing ta hiy vidt m&men (ubng oo An ofim dng {14) dudl dang

PR, )= F B 50, (16)
T4 BMé&u 1thde (7) suy ra riing

o1 e R

Eﬂ'm.ﬂ i‘-ﬂ= Hm o

(17}
[[;m-{i,sw) i,]lﬁr [ -%7,7) 7] & ft Tl -l.E, r]}

trang UG

. K-F
- - 1
wy i % (18}

N#u dibn dpt odic thinh phidn EG(E.n, ola dn trvdng EJ(R,.0 thea ode thanh philn 247 olia oda
mimen (udng ayo din gdm dng Y7 ihl ndng thir (17) of thi dro will lal nhy sau:

Eﬂ(‘--rl-ﬁfﬁ""l“i""";ﬂuﬁ—ijlv’s”- (19)
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trang 74

Gk Byt

1| L&-R:F‘ P‘ﬂ‘lrr
R 3
- By - P-—E:I’]'

{n,), 1& cic thinh phin eda vectd &,

Ding cde phuong trinh {13), (14) vd (17} cOng nhu ede bidu thie [4) va (183, 1a suy ra ngay hi phidng
binh dal &8 xdc drh cde mimon IUBny cyc 9n chm tny 797 cla cde hat cdu nans kim kwal rong mang
rdl:

1=t UGB+ L) Py
=)

(20}

() )1

(21}

72~ G ] g g+ P -3 ﬂ
|1.l i‘r |ﬂ1
N&u tryn 88p sif dung oo thanh phiin g olin odo verto mamen (Wing nyo d18n 7, vi odia thinh philn
Z™ola vectd AWn trydng #% pja finh sdng 141 hl kil phugng tinh dyl 8 {21) ink thanh:
P = drn p L) B
+p’ﬂ(m:~§f“" Rlaske ;cqs{i s i =
GIAl cde hi phuong 1inh (21) hofle (22), ching ta tm dide cac hdm pE'() xdc dinh cde thanh phin cia

ciic voctd mémen UIng cyc 414n cia tht cd cdc hat ciu nano kim logl treng mang udl,
Cang thitc {7) halic {10] xéc dinh ddn tndng <lda bdc xa didn 10 phét ra b3l mdmen (U3ng cuc di§n

PR = E-p
Tit nhiing adng thite thu Juge 3 trin db dAng suy ra biu thio ol dgn trudng todn phin (12}
EEN=E%G.0
il g 3
e gs"'c [[ # (i”’ﬁ”ﬁ‘“]l?_ 7 (23)
P
\-&f &)
trany 44
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- T ok 4
|'.F— x,| (24)
Khi sl durg trye: 1ifp cde thinh phin E80f ) vi B0, 1) cia cde dign udng B0} vk E.e)
eling nhif ede thanh phiin ;E,'] cda cde vecto mdmen LOng cye dn B thl cbng thde (23) trd thanh
B¢ = BP0+ % A 24 36wl - A ). (26)
trong 44 q.,[? .l,} duek: ﬂ:ﬁuh bii bilu 1hﬂ==nu dily twdng f nh edng thde {11)

e

m"lf N F i,|}

¥ & cAc thanh phé&n cdia vecta & duge dinh nghla b coing thide (24).

Guifl cing chdng ta ¢hd ¥ ring Hamlltonlan tudng téc glda tridng din ti tdng cing giy ra bdl it cd cde
hat cfu nanc Km lkal frong mang (M vl cdc didn 4 vA 15 irding x4t iéng bt irong céc chilt lal chda twdng
minh th¥ vects L(F,r} cda d¥n 1T tudng tfng cdng phit ra bl tit cd céc mémen wdng cuc Jn

F(E,ycdm dng trén th cd cde hm nanc dm logl:
3
Ful) m— (27)

(26)

e o iy o ghim

Brlius Hn bt b§ dan glin nhil gfm hal hat clu nane km lsgl glfng bt nhau, o6 bén kinh p vd eé thm
dlim odich nhau mat Joan I, TaZp. Hi niy of thn & dimmer. Ching B o 40 dyng h lon I8 Dexaaris,
lrang 84 tm £ vi H; oda hal hat ofu ld hal ddim vl tpa 88 — /2 v }/2 tréin trga Qy (hinh 1} vi khila sdi
tde dung cla dnh sdng tN 13 sdng phing don sdc phin cye thing ¢ vectd adng k aong song val s O
ke,

D ding thilt 1p duge ngay hig phudng tink (21) 48 vA1 hal vactd mdmen i8ng cye dlign edm dng 5O
vi 3™ aha hal hat ol nane kim (o, Ndu atng &4 phin cye doc thee hudng trus Oy thl ta ¢ hal hif phudng

i gy By
B w e 0 L) ET + 7, 28)
FP = dme P L(@)EC 1 5,
rong 4
2 -z%fuu»*{l—im- (29)
Lol gldl i
) A (30)
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Hirh 1 tml et olkei e Xim owl

So vl cbng thds (B} saic dinh mémen [uBng eye ddn cim dny cda midt hat edu nand kim (oal ddng Bl
iy gi¥ cé tham thita af 11— £). MR eidch trang ty, ndu aéng 181 phan cire thiing doc thes e Ox th cde
vactd mdman udng ey dijn #® vh F¥za hal hat edu nane kim (eal phal thia mEn hi phudng tnh aau

ahy:

B = ame g L) B p D, N
F mdneg p"L(@)E® - 550,
irong 46
q-%l{m}«ﬂ{l—ﬁ—k’l'}. (32)
L gidl 1
ﬁ-ﬁm-i-ﬁw’mﬁ“. (49)

o TUI 1AHTY Wil

H{ don glkn tha hal 13 mat chull thing cde hat clu nana kim (oal giSng hit nhau cb thm ddm tal che
dm & =i, ¢ & mdtaf nguysn vi T 1A mdt vactd & dinh (hinh 2). T&m & cia mé1 hat edu nano & psc
toa 4. GH al ring vectd séng £ tnfc giso vé hudng cla chull & = ¢, Trong truding hep dnh adng 11 phitn
eye thing vl vects 4iin trudng ™7 song aong vl hudng cda ehull, B 47, ede gl 1] p®clia cde
mdmen [¥ng cie dibn cdm dng dude xde dinh bl hd phuong tnh sau ddy:

P = dae, PPL()EO +zp’n:=-:?_:iﬁ"‘[| ;-lq

- e

P . e mdl WP
HIT U RIDi Wue = 1),

Fad (34)

7 u-ﬂi’ﬁ]
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Hith B: cholt ey eae Fod eolin ety Joio? Kend el (BB i

N&u chudl dal ¥8 han thi do tnh bEt bisn 4nh B8n cda chudl b8 phueng tinh (34) cb @1 giAl

P == g U (35)
vl
i.'l-i%L(N] #ﬂ—ﬂ'ﬂm ()
RiAr rdoh hedma BY rane TUARG han dnh sdng W shidn cue Ml sall pansto dlhn bowpem DAL a7t ka laoa
Qo r e Hijrh g i Ny Uuuiiy NYE Eii SEily Wi PInn Ly Ty Yol TWens WRpll AIUUTIG D LF gy el
wd| hidng clla chull, 5™ 17, ching ta & phitdng tinh sau diy
5 =dep’ Lw)E
.. ‘w.q 1 _ B _ ¥ . 37}
PUZ, [u—q’r’ =i |:—4f]’m
N&u chull dal va han thi ba cé (3l glil'
P =p=s a.p’l{ﬂ)lm (38)
v
i PP
g =L ey 3 Y (30)
el [ur‘ T }

Mang U3l thi? ba o5 duge ad dung thudng xuydn |2 mang tinh thd vuing hal chidu cde hat cfu nano dm
loal gifng Mot nhau vel chc tAm d1dm tal céc J¥m ig.ﬂ-(ﬁ,+ﬁ,]i'. i vA J li cic af nguysn, { 1A khodng
cdch ngin nhill gita hal had cBu (hinh 3.
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Mo 3: sy Kk 3l ha? chillis esic il ol aere Jim ogl
W oot il 3 oo aiin

Chidng ta hity vift mdmen (Bng cijc dn cdm ing trdn hat clu nane vl tm didm &, , dudl dang trdng 1y
b thde (18}
Fh .0 =g, (4

Ching ta quy ude chon thm Rg ;) cha midt hat cfu nane hm pSs e 48 vi gld thilt rng vecidd xdng | cia
dnh adng Y tnfe glaa val mit phdng eda mgng u: E{m =0 Xiit tntng hop dnh adng 1] phin eye thing
vil o vanis dijn inidng %7, sang song wal hudng truo Qx. G thil thili ip ngay hi phuang tink dgl o8
uau diy o xic dinh cic mimen (UBng cye dgn cim dng -

F =4, L) BD +

T L . _ (41)
PH }u}un {[ﬁd (™) R (B, B

P -3 ™) B i) [ﬁmfim

tranyg d6:

S

wm% (42)

Do Hrh bE bn tinh t%n cia mang tinh th vudng w4 han theo cd hal chidu, |8 gl cla hé phudng tinh
{41) 331 v mang tinh ihé vudng hal chifu c4c hat cu nana kim |oal gi¥ng hét nhau o4 dang:
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#) o fim #hl.p’l{mﬁm (48)
vl

;-%L{uizl%ﬂ—ﬂm
2 pors
O R A “

{%(l—lﬂ For +1-’f‘_r‘}-

S hanyg tha nhit trong v phdl cdng thde (44) chinh 12 biu thie (38) cda hdng 88 = trong céng thile (38)
xde: dinh mdman |Udng cife 49n cdm dng trang mdt chull thding vé han cic hat cfu nane kim loal giing hit
mhau v @t edch ddu nhau téin trye thite O, can cde o hang khiie [ 85ng gop cia tdt ed cde chull thing
khade,

Nhing mang |udl phie tap han elng ¢b thif khio adl mét cdch tang or. TT bidu thie cla cde mdman
ny cite dign cim dnyg p@ cha cle hat cdu nana kKin loal of thil thh Suie ngay dI§n Udng tedn philn
oy cla bdc xa didn tif tng edng trong todn khing glan bling cdch ddng cdc chng thie (23)-(28) v
tnh dude thd vectd todn phin L{i’,l} bing cdeh ding cdng thde (27).

Tribn oo wd céng thide (5) 981 M maman (W8ng oa dWn odem dng HE,4 aiia mit bt ofu nans kim lagl
o bdn kinh g wvh of thm tal @fm X do kg Wi ole mét D intdng 22 (7.0 of deng (4) v oka din 1
dlin ban frang hed odu nano kim (ol gy m, oOng nhy oling 1hia (7) o val dgn tnding L. (7.0 frong hoo
xa b phdd ra b3l mAmen (uling ave (A0, ahling ta d% nghl®n adu mang (vdl bt ki cdo hat pdu nana idim
ipal giing hit nhau 3 pén nhay v thilt Bp pdo phyvang iinh (21) vik {22) xén dinh pdio maman ulng oy
dign adim ¢ng oda oéa hat afy nano kim Ioal, phd ¥ 3#n trng bio dn BT gita adie hal vl nhay. Tir kit qui
nity suy ra oo blfu thide (23)-(27) ode Ain 1 trang todn phin I8 dum Hing oudryg &0 vl Sin 1T tuidng
rang énh edng 181 da ob cka hat clflu nena Kim oal. Mdo 8§ tiing audng phy thulo ding kil vio hal dgl
wgng: # &4 p/! odm bin kinh p ol mil hat irén khodng o&oh 7 gila hel tAm Jém cda hal hat gan nhau
nhit, vd tham s8 L{w} x&a dnh B3I sdng thite {15).

Hiy kf hiju o, Wi tn s& plasma pla khi dign t] t do trang vt By kim |agl ola ofia het nana vA ¥ 1A
tn »4 va gham d3a tning trong khl Agn tY ndy. Tal mt tiln =8 gén w gin biing #in =& adng hudng
plasmon, hiim Sign mdl s(o) ode vt hu kim o of dang gn Ging [25]:

#(@) =, —ﬁ (49
{thitng Thuding 1= s, =10). T dnh nghfe {15) suy s fing:

12 Tapchi KHOAHOC

CONGNGHEVIETNAM S°2+3nam 2014



NGHIEN CJU - TRAO DA

o [(rg + 2 X + %) - a77]

-1- . 4
Relfw) =1- 3. [ga + 200" -] +(8y + 22, Ty 'n’ e)
InLie)- Sennapt = o7
[(r_+h,}w"—m§]t +{5, +2r.}271w!
Tul t4n »& LPR cila hat cu nana kim Ioal o=, vH
['-'l'h-)ﬂe -'H:r {.'E]
chdng ta &b:
el B
Re L{o,) T {48)
-t
HmL{p,) 35: " {50)
B3 vi théng thwing y «« o cho ndn ImLja, ) »»1, hibu dng Bng cudng ob thd rét manh gin gid 1 « cda
tin af LPA =
Tl Bja tham ki
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