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TRUYEN NANG LUQONG CONG HUONG
GAN MOQT KHOI TRU PIEN MOI

*hK

TRAN MINH HIEN’, PHAM DIEN THONG ™, HO TRUNG DUNG

TOM TAT
Chdng t6i xem xét hién nrong truyen nang lwong cong huong glua hai phan ti trong
sie hién dién cua khai tru dién mdi. Két qua soé cho thdy téc dé truyén nang luong c6 thé
tang hodc giam nhiéu bdc do dnh hwéng cua khai tru. Hap thu vét chdt c¢6 xu hwong lam
giam d¢ truyen nang heong cong huong, dac biét ¢ cac khoang cach xa.
Tirkhoa: truyén niang luong cong huang, khéi tru dién mai.
ABSTRACT
Transferring resonant energy near a dielectric cylinder
We examined the resonant energy transfer between two separated molecules in the
presence of a dielectric cylinder. Numerical results show that the rate of the resonant
energy transfer can be increased or decreased by being influenced by the magnitude.
Material absorption tends to inhibit the resonant energy transfer, especially at large
distances.

Keywords: resonant energy transfer, dielectric cylinder.

1. Mé diu

Truyén ning luong cong huong (RET- resonance energy transfer) giira hai phan
tir, ciing c6 thé 12 ion hay chim lugng tir, 1a co ché chinh trong hién twong quang hop,
trong cac thiét bi quang tir nhu dén LED, nano laser, va htra hen nhiéu tmg dung trong
xu li thdng tin lugng tir [2]. Goi khoang cach gitra hai phén tir 1a R va budc song truyén
la A Trong khong gian tu do, Ngudi ta thuong phan biét hai truong hop: truyén ning
luong phi birc xa (Foster) ¢ khoang cach ngan R/ A <<1, ¢6 thé giai thich qua twong
tac Coulomb, va truyén ning lugng birc xa & khoang cach dai R/ A >>1 théng qua trao
d6i photon. Trong truong hop thir nhét, te do truyén ti 18 véi R™® va trong truong hop
thtr hai ti 16 v6i R [{ thuyét théng nhat bao gdm ca hai truong hop trén d4 duoc thao

op

luan trong [3].

Ta c6 thé loi dung anh hudng ciia mdi truong xung quanh dé diéu khién qua trinh
truyén nang luong. Li thuyét luong tir tong quat mo ta hién tuong truyén ning lwong
cong huong trong sy hién dién cia vat cht vi mo ¢ cau hinh bét ki, cho phép hap thu

" ThS, Vién Vat Ii TP H& Chi Minh; Email: mhientran@yahoo.com
" ThS, Trwéng Pai hoc Bdng Thap
" PGS TS, Vién Vat |i TP Hd Chi Minh

43



TAP CHi KHOA HOC BHSP TPHCM Sé6 9(75) nim 2015

va tan xa, da dugc xay dung trong [6]. Trong cac cau hinh khac nhau, hé co d6i ximg
tru dong vai tr0 quan trong do d6 1a hinh hoc cua sgi quang hoc va dng carbon nano.
Céu hinh nay cho phép hai loai cong hudng: cong hudng whispering gallery modes
(WGM) vong theo ria khoi tru va cong hudng song dan (guided modes) doc theo khoi
tru. Mot wu diém khéc caa hinh hoc try (trai t6i vo han) 12 ham Green cia n6 dugc biét
chinh xac [7]. St dung If thuyét cua [6], trong [8] nguoi ta d@ xem xét RET trong hé tru
gifta cac phéan tir nam trong clng Mot mit cét cia khdi tru. Truong hop hé tru c6 kich
thudc nano da dugc xem xét trong [4] st dung phuong phap phan tich mode 1a phuong
phép khong cho phép xem xét truong h0’p vat chét c6 tan xa va hap thu. Trong cong
trlnh nay, Chung toi xem xét toc do truyén ning luong cong huong giita hai phan tir dat
gan mot khoi tru dién moi, tap trung vao truong hop cac phan tir dat doc theo khéi try.
Chung t6i sir dung cach tiép can ctia [6] 12 cach tiép can cho phép vat chat c6 hap thy
va tan xa. Su phu thudc cua toc do truyén nang luong vao cac yeu to nhu khoang cach
giita cac phan tir, ham dién méi, ban kinh cua khdi tru s& duoc khao sat.

2. Biéu thirc ciia tbc dd truyén niing lwong cong hwéng qua ham Green

Ta xem xét hé gdom hai phan tir twong tac v6i nhau thong qua trudng dién tir.
Truong dién tir & day s€ la truong dién tur da tinh dén sy hién dién cua vat chat [6]. Ki
hi¢u hai phén tir hai muc la A va B voéi cac vecto toa d6 twong ng 1a r, va ry, trang
thai co ban |a@) (| b)) va trang thai kich thich |@") (|b)). C&c phan ta nay dao dong
giira trang thai co ban va trang thai kich thich véi tan s6 va phan tir ma trén ludng cuc
tuong ﬁng la Wqa (a)b’b) va Haa (:ub’b) :

Gia str ban dau hé & trang théi |i) twong ung véi phan t A ¢ trang thai kich
thich |a’), phan tt B ¢ trang thai co ban |b) va trudng dién tir trong trang thai chan
khong | 0) . Trang thai cua hé duoc biéu dién dudi dang

DEERYIIOR 1)

Trong trang thai nay h¢ c6 nang luong 7w, . Sau khi co sy truyén ning lugng tir
phan tir A cho phan tir B hé chuyén vé trang thai cudi | f) twong tng véi phan tir A
¢ trang thai co ban con phén tir B ¢ trang thai Kich thich. Lac nay hé c6 nang lugng la
ha)b'b

| £)=a,b)®]0). )

Téc do truyén ning lwong gitra hai trang théai |a’,by va |a,b’) duoc cho boi
phuong trinh [4]

27 |w

2

Wii = W2 2 =22 11, G(Fg, M as Oa) Hara| O (g — Oyp) (3)
Trong gan dang Born-Oppenheimer, yéu té ma tran chuyén c6 dang
Haa =0 pVyq 4
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voi d, 1ayéu tb ma tran cua toan ti ludng cuc, va v,, la tich phan che phu giira cac
trang thai rung (vibrational states) trong hai trang thai dién tir; twong tu cho phéan ta B.
Nhu vay, tong tdc do truyén ning luong thu dwoc tir phuong trinh (3) cho tat ca cac
trang thai dau va trang thai cudi 1a [6]

2
Zzpa pb( J |Vbeaa| |d G(rB1rA1a))dA| 0(Wyn — @) . (5)

a,a’bb’
0 déy, p, laxac suat phan tir A & micc a’ va p, la xac suat phan tir B & muc b.
Phuong trinh (5) ¢6 thé viét lai nhu sau:

w = [doW(o)oy (0)og” (@), (6)
VGi
27 [ »® ’
W(w) = h_Z(C_ZJ |dgG(rg,rp, @)d, & (7)
va
GA - Z pa |Vaa | 5(waa ) ) (8)
op” Z Py |V * S (@, — ) )
b,b’

la phd phét xa cia phan tir A va phd hap thu cia phan tir B trong trang théi can bang.
Néu ham Green la mot ham bién do6i cham theo tan s6 so véi pho phat xa va pho hap
thy, ta c6 thé thay W(w) ~ W(w,) va viét lai biéu thic (6) nhu sau:

W =W(w,)[docy (0)og™ (). (10)

Bén trong tich phan bay gio don gian 1a sy chong chap pho phat xa va pho hap
thu cua hai phan tir. Anh hudng ciia méi truong 18n toe do truyén nang luong tong cong
dugc chira dyng hoan toan trong W(w,), cling 1a dai lugng ma ching ta s¢ tap trung
khao sat. Ta chuan hoa dai lugng ndy bang cach chia nd cho téc do truyén trong khong
gian tu do

- 2
r=w_ |dgG(rg, ra @a)da | (11)

~ 2 )

Wo |dgGy(rg,ra,@a)dyl
trong d6 G, (r,,r,,®,) 1a ham Green trong khong gian tu do [7]. Pay la cong thirc tong
quét, co gia tri cho tat ca cac cau hinh hinh hoc cua vat thé vi mo va cho phép xem xét
day du tan sac va hap thu cia méi truong. Cong thirc (11) cho thay toc do truyén nang
lugng cong hudong phu thudc vao ca phan thyc va phan ao cia ham Green, va phu
thudc vao vi tri phén tir cho ciing nhu vi tri phén tir nhan. Beé rat ra cac ket luan vat i,
ta can biét ham Green cua hé. Ham Green cho khoi tru chira dung tong va tich phéan
[1,7] va ham dudai tich phéan bién thién rat nhanh tai cac vi tri cong hudng. Bé xur li cac
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diém bién thién nhanh, ta s& lgi dung tich chat giai tich caa ham Green va thuc hién
tich phan theo dudng vong trong mat phang phic [1]. Két qua sé dugc trinh bay trong
phan tiép theo.

3. Két qua sb va thio luan

Do hé c6 d6i xuang tru, hé toa do phu hop nhéat 1a hé toa do tru. Khi do
r,=(R,,0,.2,) Va r, =(R,,0,,2,). Tachon truc z Ia truc cua khdi try va ki hiéu
ban kinh khéi try 12 R, hiang s6 dién mdi khdi tru 12 ¢ = &' +ie", trong d6 phan a0 &”
dic trung cho d6 hap thu cua vat chat. Vi tri phan tir A duoc ¢b dinh trong mat phang
Oxy, tuc 1a z, = 0. Dbi véi mot phan tir bat ki, mémen ludng cuc cia phan tir ¢6 thé
dinh hudng theo cac phuong khac nhau hodc dinh huéng hoan toan ngau nhién. Dudi
day ta gia dinh phan tu cho va phéan tir nhan cung c6 mémen ludng cuc dinh hudng
theo phuong Oz: d, = (0,0,d,). Tir cong thiic (11) ta thay dé tinh téc do truyén nang
lwong cong huong, ta chi can biét thanh phan G, cia ham Green. Pay ciing 1a thanh
phan c6 dang giai tich don gian nhat. [1,7]

Trude tién chung t6i da so sanh két qua sé vai két qua caa [8] cho trudng hop hai
phan tir ndm trong cing mot mat cit va tim thiy su nhét tri cao. Didu nay khiang dinh
do tin cay cua chuong trinh. Tiép theo ching tdi s& tap trung khao sat truong hop cac
phan tir dat trén dudng thang song song Véi truc cia khdi tru R, =R,, @, = @, V&
nam ngoai khéi try R, = R, > R. Ta c6 thé thay khi c4c phan tir nam trén cing mot
duong thang song song véi truc caa khdi try, tbe do truyén ning lwong cong huong
khdng phu thugc vao toa do goc va cong husng song dan dong vai trd quan trong hon
WGM trong RET.

12 T T I

10

o N A O
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g

Hinh 1. Si thay doi cua téc dé truyén nang heong da chudan héa nhw la ham cua
khodng cach lién phan tw. Cdc dwong cong nrong ung voi cac gid tri khdc nhau cua
khodng cach ti cac phan tr tsi tam khdi tru R, =Rg. Cac thong sé khac la
R=0.24,,2,=0,6=2.0.
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Hinh 1 trinh bay toc d6 truyén ning lwong da chuan héa I' nhu ham cua khoang
cach gitra hai phén tir. Ba duong cong khac nhau dugc vé cho ba gia tri khoang cach tur
phén tir téi tam. Twong Gng Véi ba gi tri ndy, khoang céach tir cac phan tir téi bé mat 1a
R, —R =0.11, (duong lién), 0.24, (duong gach), 0.3, (dwong chim). Trudc tién ta
thdy khi khoang cach lién phan tir zg bé hon hodc tham chi bang khoang cach tir phan tir
toi bé mat khdi tru thi ' — 1 — tde do truyén nang luong cong huang tién vé gid tri trong
khéng gian tu do. N6i cach khac, cac phan tar khong “nhin thay” khéi try. Cac mode cua
trudng dién tir 1 trung gian twong tac gitra hai phan tir. Cac mode nay c6 thé chia lam hai
loai: mode phi buac xa (nonradiative) va mode buc xa (radiative). Mode phi birc xa cé
cuong do giam theo ham e mi khi khoang cach tang, vi vay dong vai tr0 quan trong &
khoang cach ngin, trong khi mode bic xa dong vai trd chi dao & khoang cach dai [4].
Piéu ndy giai thich vi sao T' ~1 ¢ khoang céch ngan. Khi khoang cach ting, anh huong
caa khdi try ciing ting. Cac mode tham gia trong tac lién phan tir giao thoa véi nhau dan
dén su thay ddi cia I'. Khi giao thoa I triét tiéu T <1. Tur d6 thi ta c6 thé thiy ton tai
nhiing khoang cach khi hiéu tng truyén ning lugng cong huong bi triét tiéu gan nhu hoan
toan (I’ — 0). Khi giao thoa la ting cuong, I' >1 va hiéu ung truyén ning luong cong
huéng dién ra nhanh hon so véi trong khong gian tu do. Cac dinh cua I' twong ung véi
trudng hop cac phan tir cong huong tét voi cac mode dan caa khéi tru.

Ta c6 thé hinh dung hai phan tir nhu hai khe trong thi nghiém Young ngay ca khi
ta biét tai thoi diém t=0, phan tir nao la phan tir bi kich thich [5]. Hién tugng giao
thoa gitra cac mode song truyen cling ton tai trong khong gian tu do. Giao thoa nay
cling Vai giao thoa (dang ké hon) do su ton tai cua khéi tru dan dén cau tric phirc tap
caa I' nhu ta thay trong hinh v&.

Hinh 1 ciing cho thdy ' ¢6 xu hudng ting (trong khi dao dong) khi khoang céach
lién phéan tir ting. O khoang cach ¢ 34,, T’ ting 10" Ian so véi khong gian tu do
(duong lién). O khoang cach ¢y 104,, T tang 10° Ian (nam ngoai hinh v&). Piéu nay
khong c6 nghia la gla tri tuyét ddi cua tdc do truyén nang lwong cong hudng co xu
huong tang tuyét d6i ma 13 ting twong dbi so véi gia tri trong khong gian ty do. Két
qua sé (khéng trinh bay ¢ day) cho thay céc gié tri cuc dai . CO thé dat duoc khi cac
phan tir ndm doc theo truc khdi tru 16n hon T’ c6 thé dat dwoc khi cac phan tir nam
trong mat phang Oxy. D6 1a do kich thudc khéi tru 1a ¢ gisi han theo céc phuong mat
cat trong khi vd han theo phuong truc. Tuy nhién T khdng thé tang téi vo han. Khi
khoang cach giira c4c phan tir ngay mot 16n, vai tro cua hap thu cua vat chit ciing s&
tang 1én va lam giam I . Ta s& khao sat anh huong caa hap thy vat chat trong phan tiép
theo. Khi khoang cach phan tir — bé mat tang (duong gach va duong cham trong hinh
1) anh huong cua khéi try 1én T giam, dan toi T’ giam va céu trac cac dinh giao

thoa khéng rd rang.

max
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Trén hinh 2 ching t6i khao sét sy phu thudc cua T’ vao kich thuée khdi try. Nhu
truge, khi khoang cach lién phan tir nhd hon khoang céch phan tir — bé mat, anh huéng
caa khdi tru Ién téc do truyén niang luong cong huong la khong dang ké. Khi kich
thudc khéi try thay doi, vi tri va cuong do cac dinh cong huong ciing thay dbi. Biéu
nay c6 nguyén nhan vat I twong ty nhu khi ta thay ddi khoang cach giita hai khe trong
thi nghiém Young. Cling véi d6 tang kich thudc khdi tru, cac “vach” giao thoa co mat
d6 day hon va d6 phan giai tot hon.

£ ' ' T R=05,

0.5 1.5 25 4 o, 35

Hinh 2. Sir thay doi cua téc dé truyén nang heong da chudan héa nhw la ham cua

khodng céch lién phén ti. Cdac dwong cong twong 1vng Vi céc gia tri khac nhau cua bén

kinh khéi tru R. Khodng cach tir phan ti @én bé mat khai try ludn duy tri bang 0.5, .Van
nhu truéc Ry =Rz, 2, =0, € =20.

Khi khoang cach lién phéan tu thay doi, toc do truyén nang lwong cong hudng
trong khong gian tu do dao dong theo quy luat ham sin [5]. Thém vao d6 toc do truyén
ning lugng cong hudng dao dong do giao thoa cac séng dan, dan téi hinh dang duong
cong phuc tap nhu ta thay trong hinh 1 va 2.

12 T T T
10 e=2.0+ 107
e=2.0
8
—~ ©6
4
2
0

0.5 1.5 2.5 ZB/)'AS-S

Hinh 3. Sir thay doi cua téc dé truyén nang lheong da chudan héa nhw la ham cia
khodng céch lién phan ti. Cdc duong cong twong ung voi cac gia tri khac nhau cua phan
do ciia ham dién mdi & =2.0+ig". Ban kinh khoi tru R = 0.2, , khoang céch giira cac

phan tiz va tam khéi tru R, = Rg =0.31, ,2, =0.
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Hinh 3 thé hién sy phu thudc cua tde do truyén nang luong vao do hap thy caa vat
chat, ddc trung bang phan 4o caa hing sé dién moi & =2.0+&"i. Khi thay ddi "t 0
dén 107° duong cong hau nhu khong dbi & cach khoang cach zg c6 gia tri tir O toi
3.51,. Khi ¢” tang téi £”=10"" (duong nét gach) su thay doi tré nén ré rang. Anh
huong caa su hép thu vat chat dang ké hon & khoang cach xa hon so voi khoang cach
gan. Vi du cho hai gia tri &"=0 va ¢” =107, & khoang cach 3.51,, sai khéc giita hai
duong cong la 0.093%, ¢ khoang cach 104, sai khac la 0.097%. O cac khoang cach
104, va 16n hon, sai khic giita hai dudng cong co thé phan bi¢t bang mét thuong & ti 18
hinh v&. Nhu vay I"khdng thé ting lién tuc khi khoang cach ting, ma sém muon s&
giam do anh huong cua sy hap thy vat chat. Ta ciing c6 thé thdy ting hap thy vat chat
c6 xu huéng l1am giam tdc do truyén ning luong cong hudng nhung khong lam thay doi
déng ké vi tri cac dinh ciia I (dwong gach). Cha Y ring cac cac gia tri &” =10 va
107" st dung trong hinh v& 1a trong d6i 16n so vai cac vat ligu dién méi thdng dung
nhu silicon.
4.  Kétluan

Trong bai bao nay chung t6i d& nghién ctu hiéu ¢ng truyén ning lwong cong
huéng gitra hai phan tir dat gan mot khi try dién méi, tap trung vao trudng hop céc
phan tir nam trén mot dudng thang song song véi truc hinh try. Khéi tru c6 thé gidp
tang toc do truyén ning lugng giita phan tir cho va phan tir nhan I1&n nhiéu bac. Nguoc
lai, sy hién dién caa khi tru ciing co thé tc ché hoan toan hién tugng truyén ning
lugng cong huong tai khoang cach phu hgp do giao thoa triét tiéu. Chiung t6i da chi ra
mot cach dinh lwong cac ving gia tri caa &”, tai d6 hap thu vat chit c6 thé anh huong
dang ké t6i tde do truyén nang lugng cong huong. Viée tinh dén hép thu vat chét giup
bai toan tré nén thuc té va dac biét quan trong & cac khoang cach xa. Cac tinh toan &
day c6 thé ma rong cho cac huéng khac cia momen ludng cuc phan tir, hay cho cac hé
d6i xung tru nhiéu hon hai 16p.
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