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TOM TAT

Trong bai bao nay, ching téi trinh bay mot phwong phap méi d€ xac dinh néng dé
v cling thdp ctia cac phan tir bang cach st dung dau do tan xa Raman ting cuong
bé mét (SERS) trén nén vat liéu silic x6p (PSi) c6 phu cac hat nano bac (AgNPs).
Trén bé mat PSi do dwoc phu cac lién két Si-H, lién két nay c6 tdc dung khir cac ion
Ag* d€ hinh thanh cac nguyén tr Ag, sau d6 cac nguyén tr Ag két hop véi nhau
thanh hat nano Ag véi mat dd cao cua cac vung "diém nong'". D& SERS AgNPs/PSi
v6i hiéu suat ting cuong cao dugc danh gid qua viéc xac dinh cac phan ti chat
mau methyl da cam (MO) véi cdc nong d¢ khac nhau trong khoang tit 102 M t6i 10-
11 M. Hé s6 tang cuong (EF) cua d&€ SERS AgNPs/PSi dat khoang 3x10!! tai nong do
1011 M. Giéi han phat hién (LOD) thu dwgc 102 M déi véi cac phan tit MO. Céc két
qua nay mo ra trién vong trong linh vuc cam bién khi st dung dé€ SERS
AgNPs/PSi.

Tw khoéa: hat nano bac, methyl da cam, SERS; silic xdp.

1. MO PAU

Quang phd Raman (Raman spectroscopy - RS) da thu hat dwgc sy quan tam 16n
nhu mot ky thuat cam bién sinh hoc nho tinh dac hiéu héa hoc tuyét voi cua no, vi
chiing c6 dic diém quan trong 1a mdi phan tir déu c cac phd Raman riéng biét, vi vay
phuong phap phan tich vat liéu bang tan xa Raman c6 tinh chon loc rat cao (khong
thua kém phuong phap khdi phd ké). Tuy nhién, tin hiéu Raman thong thuong co
cuong do rat nho do hiéu sudt twong tac gitta chum sang kich thich va cdc phan
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tie/nguyén tir trong mau do rat thdp (cd 109), vi vdy phuong phdp Raman thong
thuong chi dp dung c6 hiéu qua khi néng d¢ phan tir/nguyén tir can phan tich ¢6 nong
do 16n. Hiéu ting tdng cwong tin hiéu tan xa Raman khi c6 mat cac mang kim loai da
duoc phat hién tir gitta thé ky XX do ¢ cong huong dao dong cua cac dién tir trén bé
mat kim loai v6i tan s6 thich hop cua séng dién tir kich thich va dac biét khi cong nghé
nano duoc phat trién da phat hién hiéu tng ting cuwong tan xa Raman trén cac nano
kim loai dinh x& trén bé madt c6 hiéu sudt ting cuong lén dén hang ty lan so vdi tin
hiéu Raman thong thuong [1]. Cac loai d€ pht nano kim loai ¢ hiéu tng ting cuong
tin hiéu Raman dwoc goi chung la d€ SERS (Surface Enhanced Raman Scattering). Da
c6 nhiéu loai d€ SERS vdi cac cdu hinh khac nhau duoc ché tao va dua vao st dung voi
hiéu sudt cao trong ky thuat phan tich vat liéu bémg tan xa Raman vdi do nhay phat
hién cuc thap va dd chon loc rét cao.

Trong vai thap ky qua, nho cac dac tinh quang hoc va vat ly doc dao cua silic
x0p ma no6 da dugc st dung rong rai lam cam bién nhu cam bién sinh hoc [3], cam bién
dién hoa [4] va cam bién quang [5]. Trong cac loai cam bién nay, cam bién SERS da
nhan dwoc nhiéu sy ch y tie cac nha nghién cttu trong thoi gian gan day. Silic x&p ¢
dién tich bé mét 16n, dd nham bé mat cao va kich thudc 16 x8p chon loc duoc 1a nhiing
théng s6 quan trong cd thé tao ra sy tang cuong tin hiéu tan xa Raman cao cho cac muc
tiéu khac nhau. Silic x6p la mét trong nhitng vat liéu x6p duoc sit dung lam d€ SERS
(nhw nhém x6p, thuy tinh x6p) do bé mat SERS ¢d d6 nham cao sé giup tao ra sy tang
cuong tan xa Raman cao hon so vdi bé mat nhan [6]. Cac hat nano Si trong cau truc
silic xp dwoc phu cac kim loai quy nhw vang, bac, hop kim vang-bac...c thé giup viéc
truyén dién tich dién t& tang cuong tir cac hat nano kim loai dén cac phan ti can phan
tich va nhu vay s€ lam tang ceong hiéu ting SERS.

Trong cdng bd nay, cac hat nano bac (AgNPs) lé'mg dong trén bé mat cau truc
silic xdp (PSi) nhu mot dau do SERS duwgc thiét ké' dé xac dinh va nhan biét dinh luong
cac phan tit chat mau methyl da cam (MO). Cau tric PSi duwoc ché tao bang phuong
phap @n mon dién hda anét phién Si don tinh thé ¢ diéu khién chinh xac mat d6 dong
dién va thoi gian &n mon st dung phan mém may tinh. AgNPs duoc ling dong trén bé
mit PSi bang ky thuat ngam don gian trong dung dich AgNOs nong d6 10* M khong
stt dung chat xtc tac hitu co. Gan day, xu hudng ctia cong nghé nano dé la chuyén dan
tlr cdc diéu kién nghién cttu truyén thong sang chién lwgc “xanh” d€ tranh 6 nhiém
mdi treong [7]. AgNPs tao thanh trén bé mat PSi do trén bé mat caa PSi dwgc phu cac
lién két Si-H, lién két nay c6 tac dung khit cac ion Ag* d€ hinh thanh cdc nguyén ti Ag,
sau d6 cac nguyén t@¢ Ag két hgp voéi nhau hinh thanh hat nano Ag. D€ SERS
AgNPs/PSi 6 hé s6 tang cuong cao khoang 3.10". Gidi han phat hién cac phan ti chat
mau MO st dung dau do SERS nay khoang 102M. Hinh théi bé mat cua ciu trac PSi
va AgNPs duoc khao sat béng anh cua kinh hién vi dién t& quét (SEM) va su ton tai
ctia AgNPs trén bé mit PSi dwoc x4c minh bang phd tan sic nang lwong tia X (EDS).

76



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 16, S8 1 (2020)

2. THUC NGHIEM
2.1. Nguyén vat liéu

Phién silic ¢6 dinh hudng tinh thé (100) dwgc danh béng mdt mat, loai p pha
tap Bo (B), dién trd suat trong khoang tir 0,002 Q.cm dén 0,004 Q.cm, day 500+550 pm
st dung dé ché tao cac mau PSi. Axit flohydric (HF) nong d6 48% (Merck, Dtic) duoc
pha loang véi con tuyét ddi (d6 tinh khiét 299,9%, Merck, Diic) d€ thu duoc dung dich
an mon c6 nong do theo yéu cau (16+20% HF). AgNO:s (Fluka, 98%) dwgc hoa tan trong
con tuyét ddi véi nong d6 yéu cau 10°M dé st dung cho qua trinh lang dong AgNPs
1én trén d€ PSi. Metyl da cam (ham lwong chat mau 85%, Merck, Dtic) duoc pha trong
con tuyét do6i va nudc cat hai lan voi ty 1é 1:1 dé thu dugc dung dich gdc voi nong do
10°M. Ttr dung dich gdc nay ta pha loang véi con dé tao thanh dung dich metyl da
cam c6 nong do nam trong dai rong tir 10°M dén 10"M. Quang phd Raman ctia chat
mau metyl da cam dwoc hap thu trén d€ PSi sé duoc khao sat chi ti€t trong phan sau.

2.2. Ché tao silic x0p

CAu trtc don 16p PSi dugc ché tao bang phurong phap andt héa dong dién st
dung nguodn dién mot chiéu (Agilent E3640A, 0-8V,3A/0-20V,1.5A) c6 phan mém diéu
khién mot cach chinh xac dong dién va thoi gian &n mon dé tao 16p x6p theo yéu cau.
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Hinh 1. So d6 hé &n mon dién héa

Hinh 1 1a so d6 qua trinh an mon phién silic don tinh thé dé tao PSi. Mot 6ng
Teflon hinh tru st dung lam binh dién héa boi vi né ¢d d¢ bén cao trong axit. Tam silic
duoc it theo kich thude 1,5x1,5 cm? dit trén d& nhom hoat ddng gidong nhu cuc duong
(+). N6 duoc ép chit vao dng Teflon hinh tru bang cac 8¢ vit va dé 16 dién tich hinh
tron khoang 1 cm? & chinh gitta cta tdm silic. Dung dich dién phan la hon hop ctia con
(C2Hs0OH) va axit HF voi ty 1€ 2:1 vé thé tich. Cyc am (-) la mot lwdi platin hinh tron c6
dwong kinh khoang 20 mm va dwgc gitt ¢6 dinh cach mdt danh bong cua silic khoang
5 mm. T4t ca cac mau PSi trong nghién cttu nay dwgc chuan bi véi mat do dong dién 1a
50 mA/cm? v6i thoi gian 2 phut.
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2.3. Lang dong AgNPs trén dén silic xop

Cac mau PSi ngay sau khi ché tao dwoc nhing truc tiép vao trong ImL dung
dich AgNOs (mudi AgNOs dang ran duwoc hoa tan trong con) nong do 10°M. Trén bé
mat PSi sau khi an mon sé xudt hién cac lién két Si-H, lién két nay cd tac dung khtr cac
ion bac d€ tao thanh AgNPs bam trén bé mat. Nhu vay, mot 1o6p AgNPs sé duoc tao
thanh trén bé mat ctia mang PSi. Qua trinh hinh thanh AgNPs duoc quan sat trén anh
hién vi dién t& quét véi thoi gian ngam khac nhau: 15 phat, 20 phat, 30 phut va 60
phut.

2.4. Phwong phap nghién cttu

Hinh dang, kich thudc cia AgNPs va cau truc cta vat liéu PSi dwgc quan sat
qua anh hién vi dién tir quét va viéc xac dinh thanh phan cac nguyén t6 thong qua
phuong phép do quang phd tan xa nang luong tia X (EDS) trén may FE-SEM (Hitachi
S-4800 - Nhat Ban) tai Vién Khoa hoc vat liéu — Vién Han Iam Khoa hoc va Cong nghé
Viét Nam. Quang phd Raman ctia chdt mau Metyl da cam duwoc hap thu trén d€ PSi
duwoc thuc hién boi hé thdng quang phd Raman (Horiba Scientifc LabRAM HR
Evolution) tai truong Pai hoc Suw pham Ha Noi véi kinh hién vi dong tiéu duoc ndi voi
thau kinh c6 vat kinh 10x, 60x, 100x va budc séng kich thich 1a 532 nm. Budc séng nay
phtt hop hon cho nghién cttu chat mau Methyl da cam vi n6 gan cong huong véi trang
thai kich thich caa né [8].

3. KET QUA VA THAO LUAN
3.1. Dic trung cau triic caa vat liéu PSi

C4u trtic don 16p PSi duoc ché tao bang phuong phap andt héa dong dién
phién silic don tinh thé dinh hudéng (100) duoc pha tap Bo véi dién tré sudt thap
(0,002+0,004 Q.cm™) trong dung dich 16% HF/con. Hinh 2a minh hoa hinh thai bé mat
cta cdu triuc don 16p silic x6p. Hinh anh FE-SEM cta silic x8p cho thay bé mat silic xop
bao gom céc 16 x8p dugc sdp xép ngau nhién, phan b dong déu cé kich thude tir
10 nm t6i 50 nm. Hinh 2b minh hoa mit cit cta 16p silic x0p v6i do day khoang
5,26 um. Cau tric don 16p silic x8p nay duoc stt dung dé ling dong cac hat nano Ag
lén trén bé mat va sau d6 dugc nghién ctru hiéu tng SERS ctia chung.
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Hinh 2. Anh SEM (a) bé mit cua 16p silic x8p, (b) mat cit ngang ctia 16p silic x&p
3.2. Dic trung cta AgNPs trén bé mit PSi

b€ PSi hoat dong giong nhu mdt ngudn tao mam AgNPs va can thiét cho qua
trinh khtt cac ion Ag+ thanh Ag [9]. Hinh 3 (a,b,c, d) minh hoa hinh thai hoc cta
AgNPs duoc lang dong trén d& PSi véi cac thoi gian khéc nhau 15 phut, 20 phut, 30
phut va 60 phut. Mat do cua AgNPs ti 1é thuan vdi thoi gian lé'mg dong. Thoi gian léng
dong tang khoang cach gitra cac hat giam tao nhiéu "diém nong" gitip tang cuong hiéu
tng SERS tng dung cho nghién cttu cam bién. Khoang cach gitra cac hat giam tir 90
nm xudng 2 nm. Hinh 3d minh hoa mat d¢ day ddc ctia cac hat nano Ag khi thoi gian

ling dong dat 60 phut, kich thudc ctia cac hat nano Ag khoang 5 nm t&i 50 nm.

v X7 ‘ L

Hinh 3. Hinh thai hoc ctia cac hat AgNPs duoc léng dong trén bé mat Psi
voi cac thoi gian khac nhau a) 15 pht, b) 20 phut, ¢)30 phut, d) 60 phat

Hinh 4a minh hoa phé tén sic ning lwong tia X (EDX) ctia d& hoat dong SERS
AgNPs/PSi, sy ton tai ctia Ag duoc lang dong trén dé PSi ciing dugc chiing minh. Cac
nguyén t& Si va O ciing duoc hién thi. Su c6 mat ctia hai nguyén t3 Si va O la chac chan
boi vi d€'Si va Si bi oxi hda sau khi ché tao [10].

Hinh 4b trinh bay phd phan xa cta cau trac PSi don 16p trudc (duong nét lién)
va sau khi lang dong (duong nét duit). Su thay d6i nhe trong cac van giao thoa cho thay
cac hat nano Ag da duoc ling dong trén dé PSi.
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Hinh 4. (a)PhS EDX ctia mau AgNPs/PSi véi thoi gian ngam d& PSi trong dung dich
AgNOs/C2Hs0H t=30 phut, (b) ph6 phan xa ctia cau triic don 16p PSi truede va sau khi ngam
trong dung dich AgNOs/C2HsOH t=20 phtt

3.3. Hoat dong SERS ctia cau triic AgNPs/PSi

bé danh giad hoat dong cua dau do SERS AgNPs/PSi, chdt mau metyl da cam
(MO) da dugc st dung. Nhu da dwoc dua ra, muc tiéu chinh ctia bai bao la xac dinh
duoc cac phan t voi nong dd thap. Vi vay, nong do khao sat cua chdt mau MO dugc
lwa chon trong khoang rong tir 10°M dén 10-'' M. Hinh 5a va hinh 5b la cdu trac 2D va
3D cua chat mau MO. Cong thirc phan tir cia MO la C1sH14sNsNaOsS. Budce séng kich
thich trong tat ca cac phép do Raman 1a 532 nm, budc séng nay phu hop nhéat dé do
MO, boi vi ca chat nén (Ag) va chat phan tich (MO) déu c6 pho hap thu gan véi bude
song kich cua laser.

Hinh 5c biéu dién phd SERS ctia cic phan t& MO néng d6 107 M trén dé&
AgNPs/PSi véi cac dai dinh chinh dugc quan sat tai 1070, 1175, 1296, 1378, 1420, 1442,
1536, 1584 va 1617 cm. Céac dinh phd Raman nay cho biét cac mode dao dong trong
lién két cua phan tr MO twong ting nhw udén C-H va uén C=N, co gian vong Ph-N va
udng trong mat phang C-H, co gian C-C va udng trong mat phang C-H, vong S va udn
C-N, co gian N=N, co gian C-C, co gian C-C va udng trong mit phiang C-H, vong S va
co gian C=C, vong N’ va co gian C=C [11].
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Hinh 5. C4u trac 2D (a), 3D (b) cia MO va (c) phd SERS ctia cac phan te MO (107 M)
trén d& AgNPs/ PSi
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Hinh 6 minh hoa phd SERS ctia cac phan tit chat mau MO véi nong do rat thap
ttr 103 M dén 10" M. Céc dau do AgNPs/PSi str dung trong cac lan do SERS véi cung
dién kién ché tao nhw mat d6 an mon silic 50 mA/cm? trong thoi gian t=2 phut va nong
do dung dich AgNOs 10° M, thoi gian ngam t=60 phut. Khi dung dich chat mau MO
nho 1én bé mat ciia dau do AgNPs/PSi duoc lam kho bang khi nito. Mdi Tan do tuong
tng voi mot nong do cia MO duoc khao sat tai nam vi tri khac nhau va két qua cua
phép do duoc ldy trung binh ctia nam vi tri khac nhau nay dé thu dwoc két qua chinh
xéac trong moi lan do. Lwgng dung dich chat mau nho 1én dau do AgNPs/PSi 1a nhuw
nhau cho mdi [an do khoang 2 plL.
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Hinh 6. Pho Raman ctia dung dich ¢6 chita MO v6i néng d6 trong khoang tir 10°M téi 1001M
duoc nho 1én trén d€ AgNPs/PSi

Khi nong d6 MO trong cac dung dich nho 1én bé mat d€ SERS ting lén thi
cuong do cua dinh Raman ciing duwogc tang 1én. Két qua nay duwoc minh hoa rdé qua
hinh 6. Tl hinh vé nay c6 thé thay rang khi nong do MO trong dung dich con giam,
cuong do cac dinh Raman sé giam di va khi nong do MO trong dung dich giam téi 10-
M, cuong d¢ tin hiéu Raman thu duoc kha yéu, mot sd dinh Raman déc trung caa
MO bi mat hoéc chong chap vao nhau. Tuy vay cé thé thdy rang mot vai dinh chinh
dac trung cho MO van duwoc phan tch rd rang. Do d6 van cé thé st dung phd Raman
nay dé lam dit liéu phat hién MO. Nhung néu ndng dd6 MO van tiép tuc giam téi 10-
12M thi cc dinh phé Raman déc trung cho MO géan nhu bién mat. Nhu vay gidi han
phat hién d6i vdi cac phan ti MO trén cdu trac AgNPs/PSi da ché tao 1a 102 M.

Dbé ching minh hiéu sudt SERS cua cac d&€ AgNPs/PSi, hé s6 tang cuong tan xa
Raman cua d€ nay ddi v6i phan t MO dugc khao sat ky ludng. Hé sO tang cuong tan
xa Raman cta cac d€ SERS dang AgNPs/PSi dugc tinh theo cong thire [9]:
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C Raman

EFZ ISERS X
IRaman CSERS

Trong cong thitc, Isers la ceong do SERS cta cac phan ti MO trong dung dich
trén d€ AgNPs/PSi, Irmman 1la cwong d¢0 Raman chuan hoda ctia cac phan t¢ MO trong
dung dich trén dé€ PSi. Craman va Csers trong ting la néng do ctia cac phan t MO trong
dung dich véi treong hgp Raman chudn hdéa va SERS. Dinh Raman ctia MO tai
1617 cm* dwgc chon dé€ xac dinh cuwong dd Isers va Iraman do ceong do tin hiéu Raman
tai vi tri nay la 16n nhat trong pho, hon ntta khi giam nong d6 MO trong dung dich thi
dinh nay van duoc phan tach khé rd chit khong bi chong chap béi cac dinh khac. D&
xac dinh Iramar, mot lwong dung dich 2 uL MO pha trong con nong d6 1 M duoc nho 1én
dé& PSi c6 dién tich 1x1 cm? sau d6 tién hanh ghi phd Raman ctia mau nay. Nhu da
duoc chi ra phéan trén, khi khong c6 cac AgNPs thi hiéu tng SERS khong xuét hién
nghia 1a cac phép do Raman thuc hién trén hé PSi khong c6 AgNPs c6 thé duoc coi la
mot phép do khong cé SERS. Nhu vay, dwa vao phd Raman trong hinh 7 hé s0 ting
ceong Raman cua d&€ AgNPs/PSi d6i vdi cac phan tie MO 1a khoang 3x10™.

4. KET LUAN

Trong bai bao nay, chung t6i da trinh bay mét phwong phap ché tao dau do
SERS AgNPs/PSi don gian, hiéu qua va xtt ly nhanh chéng d€ tng dung lam cam bién
véi d6 nhay cao. AgNPs dugc lang dong 1én trén bé mit PSi bang cach ngam dé PSi
trong dung dich AgNOs/con nong d6 10°M véi thoi gian khac nhau. D& SERS
AgNPs/PSi nay c6 hé s6 tang cuong tan xa Raman cao 1én téi 3x10" va kha nang phat
hién cac phan t& MO trong dung dich con véi nong do thap khoang 102 M. Diéu nay
da ching to, d&€ SERS AgNPs/PSi ¢ kha nang ting dung rong rai lam cam bién vdi do
chon loc, d¢ 6n dinh va d¢ lap lai cao.

LOI CAM ON

Cong trinh nay dugc thuc hién voi su hd tro vé kinh phi cua dé tai hd tro kinh
phi nghién cttu cap co sd cho can bd tré ndm 2020, ma s6: HTCBT.01/20-20 va thiét bi
cua Phong thi nghiém trong diém qudc gia vé Vat liéu va linh kién dién t&r tai Vién
Khoa hoc vat liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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SENSORS BASED ON SERS-ACTIVITY POROUS SILICON COATED SLIVER
NANOPARTICLES FOR ULTRA-LOW MOLECULE DETECTION PROCESS

Nguyen Thuy Van', Pham Thanh Binh?, Vu Duc Chinh?, Ngo Thi Thu Hien?, Do Thuy Chi?,
Hoang Thi Hong Cam?, Nguyen Van An%, Bui Huy?, Pham Van Hoi?, Pham Thanh Son!

!Institute of Materials Science, Vietnam Academy of Science and Technology
2TNU - Thai Nguyen University of Education,
3 University of Science and Technology of Hanoi, Vietham Academy of Science and Technology
4 University of Sciences, Hue University
*Email: vannt@ims.vast.ac.vn
ABSTRACT

In this paper, we present a novel method for ultra-low molecule detection process
based on silver nanoparticles/porous silicon (AgNPs/PSi) SERS active substrate.
PSi was fabricated by an electrochemical etching method which precisely control
current density and etching time via computer software. Then PSi was
immediately immersed into a solution AgNOs/C2HsOH with a concentration of 10-
SM. Due to the abundant Si-H bonds on the PSi surface, Ag* ions can be easily
reduced to AgNPs with high density of “hot spot” regions. The SERS ability of
such substrates was evaluated using ethanolic solutions of methylene orange (MO)
with concentrations ranging from 10 M to 10'M. The enhancement factor (EF) of
AgNPs/PSi SERS active substrate is about 3x10" at a concentration of 10-'* M. The
limit of detection (LOD) of MO molecules in ethanolic solutions is as low as 102 M.

These results show that AgNPs/PSi SERS active substrates have prospect of sensor.

Keywords: Methylene orange, porous silicon, SERS, silver nanoparticles.
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Nguyén Thiy Van sinh ngay 24/12/1987 tai Ha Noi. Nam 2009, ba tot
nghiép ctt nhan chuyén nganh Dién t - vién thong tai truong Dai hoc
Céng nghé - PHQG Ha N¢i. Nam 2011, ba t6t nghiép Thac si chuyén
nganh Dién t& - vién thong treong Pai hoc Cong nghé - PHQG Ha Noi.
Nam 2018, ba t6t nghiép Tién sy chuyén nganh Vat liéu quang hoc, Quang
dién tx va Quang t&t thudc Vién Khoa hoc vat liéu - Vién Han lam Khoa
hoc va Céng nghé Viét Nam. Hién nay, ba la nghién cttu vién tai Vién

Khoa hoc vét liéu, Vién Han lIam Khoa hoc va Cong nghé Viét Nam.

Linh vic nghién ciru: Vat liéu quang hoc, cdu trac tinh thé quang tt, cam

bién dua trén tinh thé quang ttt.

Pham Thanh Binh sinh ngay 03/12/1977 tai Pht Tho. Nam 2000, 6ng tot
nghiép ct nhan Vat ly tai Treong Pai hoc Khoa hoc ty nhién - PHQG Ha
No6i. Nam 2005, 6ng tot nghiép Thac si Khoa hoc vat liéu tai Trung tam
dao tao qudc t€ vé khoa hoc vat liéu (ITIMS) - Truong Pai hoc Bach Khoa
Ha No¢i. Hién nay, 6ng la nghién cttu vién tai Vién Khoa hoc vat liéu, Vién

Han lam Khoa hoc va Cong nghé Viét Nam.

Linh vwc nghién civu: Vat liéu quang hoc, linh kién quang tr, cdm bién

quang tt, truyén dan quang soi.

Vii Pitc Chinh sinh ngay 30/5/1978. Ong tSt nghiép ctt nhan va thac si
chuyén nganh Hda hoc tai treong Dai hoc Khoa hoc ty nhién, PHQG Ha
Noi Jan lwot vao cac nam 1995 va 2004. Nam 2011 6ng dat hoc vi tién si vé
Khoa hoc vat liéu tai Vién Khoa hoc vat liéu, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam. Hién nay, 6ng dang cong tac tai Vién Khoa hoc vat

liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
Linh vwc nghién ciru: vat liéu nano, plasmonic, quang xtc tac.

Ng6 Thi Thu Hién sinh ngay 10/11/1997 tai Thai Nguyén. Nam 2019, ba
tot nghiép Ctt nhan chuyén nganh Su pham Vat ly tai Truong Dai hoc Sw
pham, Dai hoc Thai Nguyén. Tt nam 2019, ba theo hoc thac si chuyén
nganh Vat ly chét rin tai treong Pai hoc Sw pham, Dai hoc Thai Nguyén

va thuee tdp nghién cttu khoa hoc lam luan an thac si tai Vién Khoa hoc

Vat liéu, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Linh vwc nghién ciru: Vat liéu c6 cu tric nano, tinh thé quang tt.
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D6 Thuy Chi sinh ngay 07/10/1982 tai Thai Nguyén. Nam 2004 ba t6t
nghiép ctt nhan s pham Vat ly tai Treong Pai hoc Su pham, Pai hoc Thai
Nguyén. Nam 2007, ba t8t nghiép Thac si Vat ly chat ran tai Truong Dai
hoc Su pham Ha No6i. Nam 2013, ba t6t nghiép Tién si chuyén nganh Vat
ly chat rdn tai Vién Vat ly, Vién Han lam Khoa hoc va cdng nghé Viét
Nam. Hién nay, ba la giang vién tai Treong Pai hoc Su pham, Dai hoc

Thai Nguyén.

Linh vyc nghién cieu: Vat ly chat ran, vat liéu quang, tinh thé quang tt,

cach tix bragg trong s¢i quang.

Hoang Thi Héng Cam sinh ngay 25/10/1985 tai Quang Ninh. Nam 2007,
ba t6t nghiép ct nhan Vat ly truong Dai hoc Suw pham, Dai hoc Théi
Nguyén. Nam 2010, ba t6t nghiép Thac si chuyén nganh Vit ly ly thuyét
va Vat ly toan truong Dai hoc Sw pham Ha No6i. Nam 2018, ba tot nghiép
Tién si chuyén nganh Vat ly treong Pai hoc Paris-Saclay, CH Phép. Hién
nay, ba la giang vién tai treong Pai hoc Khoa hoc va Cong nghé Ha Noi,

Vién Han lam Khoa hoc va Céng nghé Viét Nam.

Linh vwc nghién citu: quang tw silic, plasmonics dinh huéng cho cam bién

va ngudn sang nano.

Nguyén Vin An sinh ngay 08/12/1973 tai Quang Nam. Nam 1996, ong tot
nghiép ¢ nhan nganh Vit ly tai truong Pai hoc Khoa hoc, Dai hoc Hué.
Nam 2000, 6ng t&t nghiép thac si chuyén nganh Vat ly chat ran tai truong
Dai hoc Khoa hoc, Dai hoc Hué. Hién tai dang la nghién cttu sinh tién si
chuyén nganh Vat liéu quang hoc, Quang dién t& va Quang tt thudc Vién
Khoa hoc vat liéu - Vién Han lam Khoa hoc va Céng nghé Viét Nam. Tw
nam 1996 dén nay, 6ng cong tac tai truong Dai hoc Khoa hoc, Dai hoc

Hué.

Linh vwc nghién ciru: dién tit, quang ttr, cam bién quang tu.

Bui Huy sinh ngay 10/1/1953 tai Ha Noi. Nam 1979 6ng tot nghiép ky su
chuyén nganh Vat ly chat rin tai Truong Dai hoc Bach khoa Ha N¢i. Nam
2005 6ng tot nghiép Tién si chuyén nganh Khoa hoc vat liéu tai Vién Khoa
hoc vat liéu, Vién Han lam Khoa hoc va Cong nghé Viét Nam. Hién nay,

ong dang cong tac tai Vién Khoa hoc vat liéu - Vién Han 1am Khoa hoc va

Coéng nghé Viét Nam

Linh viec nghién cieu: Vat ly chat ran, vat liéu quang, tinh thé quang tt, cam

bién quang.
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Pham Vian Hoi sinh ngay 22/02/1952 tai Ha N6i. Nam 1974 6ng t6t nghiép
Thac sy Vat ly tai Truong Dai hoc Téng hop qudc gia Ajerbaijian (Lién X6
ct). Nam 1986, 6ng t6t nghiép Tién si Vat ly tai Vién Vat ly Lebedev, Vién
Han lam Khoa hoc (Lién X6 cfi). Hién nay, 6ng cong tac tai Vién Khoa hoc

vat liéu, Vién Han 1am Khoa hoc va cong nghé Viét Nam.

Linh viec nghién cieu: Vat ly chat ran, vat liéu quang, tinh thé quang ttt, cam

bién quang.

Pham Thanh Son sinh ngay 20/12/1989 tai Ha N6i. Nam 2011, 6ng t6t
nghiép ct nhan chuyén nganh Vat ly ky thuat va Cong nghé nano tai
treong Dai hoc Cong nghé - DPHQG Ha No¢i. Nam 2013, dng tot nghiép
Thac s chuyén nganh Vit liéu va linh kién nano tai treong Dai hoc Cong
nghé - DPHQG Ha Noi. Nam 2019, 6ng t6t nghiép Tién si chuyén nganh

Vit ly - Cong nghé dién tw tai treong dai hoc Kyung Hee, Han Qudc. Tt
nam 2011 dén nay, 6ng la nghién ctru vién tai Vién Khoa hoc vat liéu, Vién

Han 1am Khoa hoc va Cong nghé Viét Nam.
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