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Tom tit. Trong khoang 10 nam tro lai day, tap flij khoa hoc thupc Phong Vjt I15U quang 
dien tti, Vien Hioa hoc vat Heu da tap ttrnlg cac nghien cm. ve vat heu qumg dljn ta cau 
Ouc nano, ttong d6 c6 m6t nhanh quan ttpng la vat lieu huynh quang nano. Mpt so tmh 
Ch4t hjp din dac biet cua vat lieu huynh quang nano la hieu suat lupng ttr huynh quang cao 
ttong vimg ph6 diSu khito duoc bing kich fliucc hojc thanh phan hoac cau tt^c vat lifu, yi 
kich fliuoc "nano" cua vat lieu cho phep nhiing ling dung tttfc tiep vdi cac doi tapug can 
dinh dju nhu te bao hay cum phan hi. Cac nghien ciiu dupe ttien khai ca ve phat men 
cong nghe chS tao vat Ueu, nghien ciiu tinh chJt/cac qua ttinh quang dien ta cung nhu 
nghien cira ve trite vong iing dung chiing. Ba nhom vjt hfu huynh quang cau ttnic nano 
duoc quan tam la: (i) cham lupng tir ban dan loai I huynh quang hiju suSt cao vung kha 
kien nhu CdSe, CdTe, hiP, CuhiSi va vat lipu nano ba flianh phan CdZnSe, CdSeTe, 
hi(Zn)P voi vjt lieu vo la CdS, ZnSe hoac ZnS; (ii) vat lieu loi/v6 cau ttuc lupn^ ta loji II 
CdTe/CdS dinh huong img dung lam vat lieu huynh quang vung hong ngoai gan co flicri 
gian song huynh quang dai; (iii) chSm lupng ttr ban din In(Zn)P/ZnS pha tap ion dat hiem 
Eu'* phat huynh quang dac tnmg ciia ion djt hiSm. De phu hpp vcri di6u ki^n phong thi 
nghiem a Viet Nam, cac loai vat Ueu tten dupe nghien ciiu che tao chii yeu bang phuong 
phap hoa 6 nhiet dp thSp: ttong khoang 200-300 °C ttong dung moi hiiu CO hoac ~3O-120 
°C ttong moi tnrcmg nuac. Cac nghien cim vi hinh thai va cA\i tnic tten thiet bi hien d^ (fe-
SEM S4800, HR-TEM JEM 2100,...) da cho phep khSng dinh chit lupng t6t cua vSt lieu 
nano che tao duac. Cac qua trinh quang dien tir (hap thu, huynh quang, dpng hpc huynh 
quang) cua vat lieu dupe nghien ciiu kha chi tiet va he thong bang cac ky thuat quang pho 
thich hpp nhu pho hap thu, huynh quang dimg, huynh quang phan giai thai gian, huynh 
quang theo nhiet dp va mat dp cong suat kich thich,... cho thay cac cham lupng tir loai 1 
che tao dupe co tinh chat huynh quang tot, hipu suat cao (nhieu mau toi 85%) ttong vung 
pho kha kien (470-700 nm) va cham lugng ta loai n phat huynh quang vung pho hong 
ngoai gan 700-850 nm voi thoi gian song huynh quang dai -200 ns, rat thich hpp cho ling 
dyng lam cam bien sinh hpc huynh quang nham phat hien nhanh vai dp nhgy cao mpt so 
loai thuoc tni sau, vi-nit ciini gia cam,... 

Vai nhiing ket qua nghien ciru da dat dupe ve vat lieu huynh quang nano, chung toi cho 
rang Vien Khoa hoc vat lieu da dat dupe trinh dp de hoan toan co the hpp tac, chia se voi 
cac phong thi nghiem tien tien tten the gioi ttong mpt so de tai/linh virc nghien ciiu lien 
quan. 

Tir khoa; huynh quang, vat heu nano, cham luong tu, quang dien tii, cam bien sinh hoc. 
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1. MOf DAU 

Vat lieu quang di?n tii can true nano dirge quan tam nghien curu nhieu do c6 tinh 
ch4t quang ly diu va c6 trien vpng ung dung fh\rc te rat tot. Co so khoa hpc ciia nhiing 
diim neu tren la do cau tnic nand so hiiu hai tinh chat ca ban: (i) so nguyen tii tren hh 
mat hat vat lieu chiem ti le 1cm so vm so nguyen tir phan ho ben trong vat lieu, va (ii) 
hieu ung giam ham hat tai dien khi kich thuac hat vat lieu nho so sanh dupe vai ban 
kinh Bohr cua exciton. Cac qua trinh quang dien tu trong vat lieu ciu tnic nano co 
nhiing khac biet ly thii Uen quan tai ca be mat hat v^t lieu va su giam ham luang tir cac 
hat tai dien sinh ra do hap thu quang. Trong cac loai vat lieu quang dien tir can tnic 
nano, vat li?u ban dan huynh quang dupe dac bi?t quan tam nghien ciiu. Truac het, rat 
nhieu iing di^g doi hoi c6 dupe vat lieu huynh quang hieu suat cao, viing pho dieu 
khiin duac theo mong mu6n, va trong mot so iing dyng lai cin kich thuac "nano" cua 
'̂at lieu huynh quang. Vi mat thuat ngii, vat li^u huynh quang nano trong do hieu ling 

giam ham lugnag tii cac hat tai dien dong vai tro quan trpng, thi thuong dugc gpi la 
cham lupng tii huynh quang. De co dupe cac loai cham luong hi huynh quang, can rit 
nhieu nghien ciiu co ban ve cong nghe che tao vat lieu, vk cau tnic va tinh chat dac 
trung, ve nhiing hieu iing giam ham lupng tu theo kich thuac va thanh phSn vat lieu, 
ve vai tro cua cac nguyen tii va cac lien ket ha tren be mat h?t vat li?u, vl thu dpng hoa 
be mat/bpc vo cho cac hat vat lieu nano,... Mpt so vat lieu huynh quang nan6 dugc 
nghien ciiu manh me va nhieu cong bo da trmh bay cac ket qua nghien ciiu ly ±ii. Co 
le, nhiiu nhat la cac nghien ciiu tren he vat lieu CdSe, CdTe [1-5] va sau do la InP [6-
8], CuInS2 [9-11],... va gin day la he vat lieu ba thanh ph4n CdZnSe, CdSeTe [12,13] 
va mpt so v t̂ li?u pha tap kim loai chuyen tiep Mn hoac dat hiem Eu [14-16]. Loai trii 
dugc anh huong ciia cac trang thai be mat (thuong lam giam hi?u suat huynh quang 
exciton) bang cac ky thuat bpc vo/thu dpng hoa be mat, vat lieu huynh quang nano 
thuong dat hieu suat lugng tii huynh quang cao do sir giam giu cac hat tai dien kich 
thich (difn hi va 16 trong sinh ra do vat lieu nh^n dugc kich thich quang) trong hat vat 
lieu c6 kich thuoc vai nano met, lam tang xac suat tai hgp/chuyen ddi huynh quang rat 
nhieu so vai vat lieu khoi. Han nua, nang lupng lien ket exciton cung tang rat manh a 
vung kich thuoc nay, lam cho exciton ben ngay a viing nhiet dp phong hoac cao ban 
vai nhieu ban din (trong khi do, vai da so vat lieu ban dan khoi, nang lugng lien ket 
exciton nho hon nhieu nang lupng nhiet kT tuang iing a nhiet dp phong, lam cho 
exciton dl d^g bi phan ra, khong the cho huynh quang exciton a nhiet dp phon^). 
Vung pho huynh quang ciia cac vgt lieu huynh quang nano co the dugc dieu khien 
bang kich thuac hoac thanh phan hoac cau tnic vat lieu. Vai nhiing vat Ueu ban din 
hong ngoai nhu CdSe, CdTe, InP, do dieu khien hieu iing giam ham lupng tii thong 
qua kich thuoc nano hoac thong qua thanh phan CdZnSe, CdSeTe, In(Zn)P, c6 the ch6 
tao vat lieu huynh quang a cac vung pho kha kien khac nhau (Hinh 1). Mot giai phap 
niia cung dupe sii dung de co vun^ pho huynh quang kha kien theo y muon la pha tap 
Mn ^ de CO huynh quang vung pho -580 nm hoac Eû "̂  de co huynh quang viing 610 
nm. Kich thuac vai nano met cua cac vat lieu huynh quang nano cho phep nhiing ling 
dyng danh dau huynh chuang true tiep tren doi tugng kich thuoc nho nhu te bao hay 
cum phan hi. Vai mpt so iing dung yeu cau vat lieu huynh quang nano c6 huynh quang 
viing pho hong ngoai gan voi thai gian song huynh quang rat dai, mpt so cau tnic 
lupng tu loai II nhu CdSe/ZnSe, CdTe/CdSe, CdTe/CdS da duoc thiit ke, che tao 
[5.17,18]. 
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Trong khoang han 20 nam ki tu khi vat lieu quang dien tu nano dugc q ^^^^ 
nghien ciiu manh me, cac nghien ciiu dugc tien hanh tren cac h | v t̂ li?u cau j^-j^p 
trai qua nhiing giai doan nghien cuu cac phucmg phap tong hgp vat lieu co ^ ^ ^ 
cao, nghien ciiu cac tinh chat quang dien tii, nghien cuu kha nang ung .. , 
nhau,... Cho den nay, co mot so phuang phap ly va hoa dang dugc sir dung -
cac chim lugng hi ban din. Cac phuang phap vat ly thuong dugc su dun| . 
cac ciu tnic linh kien dien tu c6 chiia cac gieng lugng di hoac cac Igp ̂ f^^ • ^ 
trong miin tich cue, vi du cac chim lugng tu ban dan InGaN hong di-6t phat quan| 
(LED) tren ca sa GaN [15,16,19]. Phuang phap hoa dac biet the hien mi the kht che 
tao cac dun^ dich keo (colloid) ciia chim lupng hi; trong do cac cham lupmg tu ban 
din hgp chat II-VI nhu CdS, CdSe, CdTe dugc nghien cuu chi tao thanh cong nhat, 
cho cac tinh chat cau tnic ciing nhu tinh chat quang vugt trpi. 

Trong s6 cac chim lugng hi ban din II-VI, CdSe la vi du dien hinh dugc quan 
tam nghien ciiu che tao nhieu nhat trong nhiing nam qua. Vdi phuang phap hoa-1;̂ , 
CO thi ki mpt s6 cong nghe cho phep che tao cac tinh thi nano/cac cham lugng tu 
ban dan CdSe chit lupng cao nhu phuang phap gia nhi?t hon hpp tien chat ca-kim 
(heating-up) [1], phuang phap phun tien chat Cd va Se vao dung dich nong (hot-
injection) [2], phuang phap che tao trong moi trucmg nuac (aqueous phase synthesis) 
[3-5],... Trong cdc phuang phap nay, cac chit boat dpng bi mat (surfactant) da dugc 
su dung mgt each hop ly vcri cac tien chat thanh phan de co the dieu khien kich thudc 
va hinh dang ciia cac tinh the nano/cham lugng tir. CdTe la loai vat liSu dugc quan 
tara nhieu trong thoi gian gan day vi c6 th6 che tao lugng lan vol chat lugng tot trong 
moi truong nuac, rat thuan ti?n cho ling dung trong danh dau huynh quang nong-
sinh-y (fluorescence labeling for agricol-bio-medicine applications) [20-23]. Hai loai 
vat lieu tren, ben canh rat nhiSu uu diem nhu phat huynh quang hieu suit cao viing 
pho kha kien khi co kich thuac vai nano met, nhung co chiia Cd la kim loai nang 
dugc xem la rit dpc hai khi tich tu trong co thi nguai. Vi vay, cac vat li?u danh diu 
huynh quang khac dang dugc tich cue nghien ciiu tim kiim. Trong it nam gin day, 
ZnSe, InP va CuInS2 dugc quan tam nghien ciiu nhim co dugc vat lieu phat quang 
hieu suit cao thay thi cac cham lugng tir CdSe va CdTe. ZnSe thu6c hp ban din hgp 
chit II-VI CO nang lugng vimg cim -2,65 eV nSn khi xuit hien hieu iing giam ham 
lugng hi da phat quang hrong iing a cimg ph6 tim 400^50 mn, khong thuan tien cho 
cac ling dung danh dau huynh quang. Hai loai vat lieu InP va CuInSs dugc nghien 
ciiu che tao hrong dung moi hiiu co c6 nhiet dp soi cao co chit lugng tot, rit co trien 
vpng ling dung frong danh diu huynh quang y-sinh [8,9]. Mpt cong b6 chung cua 
chiing toi vai cac don^ nghiep Phap ve vat heu huynh quang nan6 CuInSj/ZnS [9] da 

Chim luomg tti ban din che tao duoc bing cong nghe ngay cang hoan thien cd 
gia thanh hpi) ly, cho phep cae ung dung co yeu cau lupmg sit dung Ion hon vi du iihu 
lam vat lieu huynh quang ttong mot cau tnic linh kien chieu sang rjn Chiiu ' ' 
(solid state lighting, SSL) - mpt c4u ttuc g6m co LED va vat Heu huynh aume^hiS 
suat cao co the hap thu mpt phan anh sang phat ra tii LED chuyjn thanh h i • 
vimg ph6 mong mu6n, gop phin lam cho anh sang t6ng hpp phat ra tir t^^h " 
LED-t-bpt huynh quang c6 mau sac mong mu6n - dang phat ttijn m înh me do t h h^ 
than thien moi ttiiang, hieu suat cao, tiet kiem nang lugng va tao kha nane Yu -
ttong thiet kS nguon chiju sang chat lupmg cao. Nhim muc tieu img dung cu th* ^"^ 
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SSL hieu suit cao, cac chim lupmg tir ban din phat quang tai ba viing ph6 co ban: lam 
(-480 nm), luc (-550 mn) va do (-610 nm) tren ca so vat lieu ban din CdSe, CdZnSe 
dang dugc quan tam nghien ciiu che tao tai mgt so phong thi nghiem va hang tren thi 
gioi (vi du, tai Evident Technologies, Sigma-Aldrich,...). Cho tai nay, cong nghe chi 
tao cac cham lugng tii CdSe a quy mo hang gam den hang chuc gam m6i me da rit 
hoan chinh, trong mpt he thong phan ling kin, diiu khiin dugc kich thudc cac chim 
lugng hi bing nhiet dp phan ung va thdi gian phat triin tmh thi. Khi sir dung chim 
lugng tir ban dan lam chit phat quang trong ciu tnic cua mot SSL, ngoai hieu suit 
huynh quang cao thi uu diem noi bat niia la c6 thi dat dp tra mau tdi 85. 

Trong mpt s6 bai bao trudc day [20,24] chiing toi da trinh bay t6ng quan kit qua 
nghien ciiu vi vat lieu quang tir ban din nano, bao gdm ca cac chim lugng tii hu>mh 
quang CdSe, CdTe, va vat lieu quang xiic tac nand tren ca sd Cu nhu CuO, CuS v^ 
CuSe. Bao cao nay tap trung trinh bay ve (i) chim lugng tir ban din loai I huynh 
quang hipu suit cao vung kha kiin nhu CdSe, CdTe, InP, CuInS2 va vat lieu nand ba 
thanh phin CdZnSe, CdSeTe, hi(Zn)P vdi vat Heu vd la CdS, ZnSe hoac ZnS; (ii) vat 
lieu 16i/v6 ciu \mc lugng tir loai II CdTe/CdS dinh hudng ling dung lam vat lieu 
huynh quang vung hong ngoai gan cd thai gian song huynh quang dai; (iii) chim 
lugng hi ban dan In(Zn)P/ZnS pha tap ion dit hiim Eû "̂  phat huynh quang dac trung 
ciia ion dat hiem. Ket qua n ^ e n cixu bao gom nhiing thanh cdng vi phat triin phuang 
phap che tgo v t̂ li?u nand bing phuang phap hda d nhiet dp thap (trong khoang 200-
300 "C trong dung mdi hiru ca hoac -30-120 °C trong mdi trudng nude), nhiing 
nghien ciiu chi tiet cSu tnic va tinh chat huynh quang, va mpt so kit qua thu nghiem 
ban diu iing dung cham lugng tii huynh quang CdTe va CdSe trong che tao biosensor 
phat hien/phan tich nhanh vdi dp nhay cao mgt s6 loai thudc trir sau, chit kich thich 
tang trudng, vi-nit ciim gia cim,... 

2. THlTC NGHIEM 

Chi tiet ve cac phuang phap che tao vat lieu cham lugng tir huynh quang da dugc 
trinh bay trong mdt quyen sach chuyen khao cua chung tdi [25]. 6 day chiing tdi chi 
he thong hoa ket qua nghien ciiu phat trien phuang phap che tao v^t lieu nham co dugc 
vEtt li$u huynh quang nand chat lupng cao, huynh quang trong viing pho mong mudn 
vdi cac tinh chSt quang thoa man yeu cau dinh trudc cho nhiing iing dung cu thi. Mpt 
sd "triet ly co bdn" dugc xay dung de dinh hudng cho cac nghien ciiu ve vat lifu nand 
huynh quang cua chung tdi la: (i) phai phat trien, lam chu dugc cdng nghe thich hgp 
vdi dieu kien phdng thi nghiem Viet Nam; (ii) cdng nghe dd phai tao ra dugc vat lieu 
nand chat lugng cao theo tieu chuan qudc te, theo y dinh thiet ke vat lieu tu trudc; (iii) 
vat lieu nand chat lugng cao phai dugc sir dung thii nghiem cho nhiing iing dung cdng 
nghe cao. 

(i) Trudc tien, de cd the phu hpp dieu kifn phong thi nghi?m Vi^t Nam, chiing toi da 
lua chpn phat trien phuang phap hoa, da triin khai thuc hien cac thi nghiem, nghien 
ciiu chi tiet cdng nghe de che tap vat lieu nand. Kit qua tdt dep \h. hai loai cdng nghe 
chinh da dugc chung tdi phat trien thanh cdng di che tao cham lugng tir loi va ciu tnic 
loi/vd troiig dung mdi hiiu ca cd nhiet dp sdi cao va trong mdi trudng nude. Dung mdi 
huu CO ed nhiet dp sdi cao thudng dugc sii dung bao gdm tri-n-octylphosphine oxide 
(TOPO), oleylamine (OA), 1-octadecene (ODE), hoac diesel cho phep chi tao chim 
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lugng ttr CdSe, CdZnSe, CdSeTe, InP, CuInS, ttong khoang nhift dp ^OO-^OO^^^^ ^^^ 
cac phan nr ligand khong phan cure bao quanh, nen vat lieu nano sau o ™ ^^^^ J^^^: 
tot ttong cac dung moi hiiu co khong phan cure nhu n-hexane, ,' .a.^ iirrme tii 
- 1 • , W-- , - ' T . J A- r,u^ tao cac loai cham iuv"6 ̂ ^ 

so loai polyme. Mot ttiiong nuoc dugc su dung de che i?" • , ^ ^^^ ^j,-
CdTe, CdSe, CdS, CuInSj o nhiet do kha thap - thucmg phan ™S "o ^^^ ^^^^ 
crnhiet dp phong va phat ttidn tinh the 6 120 °C. Chit hs<ttig tm ^^^^^ ^^^ ^^^, 
bang hai cong nghe sir dung hai loai moi ttircmg phan ralg la ni s ^^^^ ^ ^ 
chii dgng che tao vat lieu ttiy thupc vao dinh huong iing diin^ v? . ̂  ^ ^ ^ 
dugc viec phai thuc hien ttao doi ligand thucmg lam giam chat̂ iupi ̂  j ^ ^̂ ^̂  ^^^ 
vat lieu nano. Trong khi nghien ciiu phat ttiln cong nghe. che ^°f"°? . ^ ^ 
nhieu lo nho -100 Mm cho phep phun rit nhanh lugng Ion tien chat de p g 
nic then tao thanh cac mim vi tinh the d6ng diu la mgt sang kien cong ngne, ™" Pn̂ P 
chiing toi CO the chi tao cac chim lugng ni ban dSn chat lugng huynh quan^ rat cao. 
Voi thanh cong vl cong nghe ehl tao vat heu nano a nhiet dp duoi 120 C, noi nap ion 
CO thi dugc sir dung, cho phep chi tao lugng Idn san pham voi gia thanh rat re, cung la 
mpt sang kien dang ghi nhan. 
(ii) Lam chu dugc cong nghe chi tao dugc cac loai chim lugng tti huynh quang nana 
da cho phep chiing tai chu dgng cbl tao cac loai chim lugng tti CdSe, CdTe, CdZnSe, 
CdSeTe, InP, ln(Zn)P, CuInSz, In(Zn)P:Eu'* va ciu ttiic loi/v6 cua chiing ven vat hen 
v6 la CdS, ZnS, ZnSe, ZnTe. Cac loai chim lugng tir tten dugc Iva chpn che tao vi c 
vimg kich thuoc vai din gin chuc nano met chung thi hien hieu img giam giQ lugng tii 
ro rang, cho phep dieu khiin dugc vimg phi huynh quang theo kich thuac hat vat lieu, 
Chim lugng tii ban din huynh quang dugc ehl tao co chit lugng ngay cang cao, co gii 
thanh hgp ly, cho phep ttiln khai rat nhiiu cac img dung vgi yeu cau lugng sil dung 
1cm (Khi chimg toi bit diu triin khai dl tai nghien ciiu cap Vien Khoa hgc va Cong 
nghe Viet Nam nam 2005 [26] gia ciia chim lugng tti huynh quang CdSe do Sigma-
Aldrich ban la -1600 USD/mg, hien nay -300 USD/mg; chiing toi chi tao dugc vol 
gia thanh thap horn nhieu chuc lan, va quan ttong hon la c6 the chu dpng, khong mat 
thoi gian dat hang, cho dgi,..) 
(iii) Chii dpng che tap dugc cac loai chim lugng hi huynh quang chit lugng cao la tiji 
de cho phep ttiln khai cac nghien cuu iing dung co sit dung chim lugng tir ban dai 
huynh quang. Trong mgt so de tai Nghien ciiu coban dinh hu6ng itng dung, chiing toi 
da su dung chim lugng hi huynh quang dl ehl tao thu nghiem cam biin sinh hoe 
nham phat hien/phan tich du lugng thu6c tt^t sau, chit kich thich tang ttuong, vi-i«l; 
ciim gia cam,... Cac irng dung thu nghi$m nay dugc triin khai voi su hgp tao chuyo 
mon chat che voi cac nha sinh hgc va hoa hgc. 

Nhieu ky thuat hien dai da dugc sit dung ttong cac nghien ciiu ciia chiing toi. Ci 
the diim qua: ky thuat ghi anh hiln vi dien tir quet SEM (scmning elect™ 
microscopy), TEM (transmission electron microscopy), ghi gian dl nhiiu xa tia X, pli 
tan xa Raman da dugc sit dung dl nghien cim vi hinh thai va ciu tnic. Thijt bi TEM 
phan giai cao (din 0,14 nm) cho phep ghi anh cac lop nguyen tir ttong mpt hjt finh tbi 
nano. De nghien ciiu tinh chat quang va cac qua trinh huynh quang ttong cj^ j ^ • ^ 
die nano, cac ky thuat quang phi hip thu, huynh quang (dimg va phan gij; ^ ^ ' . , 
va kich thich huynh quang da dugc sii dung mot each kit hgp va he thing, i^-; ^. 
laser lien tuc va laser xung phat a cac buac song 630 nm, 532 nm, 405 nm, 3s<: ^ i '• 
266 nm da dugc sir dung mpt each thich hgp. Cac ylu to anh huong toi q'uj j^"™'" 
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xa va phan bd cua he hat tai dien khdng can bing smh ra do kich thich quang nhu nhiet 
dp va mat dp cdng suit kich thich dugc khai thac de lam ro hom cac qua trinh vat ly 
lien quan trong ciu tnic nand. Cac ky thuat phan tich phd thanh cac thanh phan 
(deconvolution) sii dung mdt sd phin mem chuyen dung (vi du, Microcal Origin, 
Labspec) tren ca sd md hinh vat ly ve cac qua trinh cd the xay ra trong vat lieu da 
dugc thuc hien giup cho viec giai doan ket qua tiem can diing han. 

3. KET QUA VA THAO LUAN 

3.1 ChS tao cac loai cham Ivong tn' 

Tren ca sd chii dpng cdng nghe, chiing tdi da che tao cac loai cham lugng hi 
huynh quang d cac vimg phd khac nhau theo thiet ke trudc, bang su lua chpn vat lieu 
va kich thudc cham lugng tir ldi/ vat heu va dp day ldp vat lieu vd thich hgp. Ldp vat 
li$u vd vira ddng vai trd bao ve/thu ddng hoa cac trang thai be mat cua cham lugng tir 
ldi, vira tao cau tnic lupng tii loai I hoac loai n theo y mudn. Vdi su hieu biet sau sac 
va lam chit cdng nghe, chimg tdi da che tao cac loai cham lugng tii CdSe, CdTe, 
CdZnSe, CdSeTe, InP, In(Zn)P, CuInS:, In(Zn)P:Eu^" va ciu tnic 16i/vd ciia chiing vdi 
vat lieu vd la CdS, ZnS, ZnSe, ZnTe. Tuy thugc vao nhiet dp phan ling va thdi gian 
phat triin tinh the, cd the che tao cac loai cham lugng tir ban din tren vdi kich thudc 
thay ddi trong viing 2-6 nm. Viec su dung cac mdi trudng phan iing khac nhau - dung 
raoibiiu cc cd nhiet dd sdi cao hoac nude - cho phep che tao lmh hoat cac loai cham 
lugng tii huynh quang cho cac loai muc dich iing dung khac nhau. Trong sd cac dung 
mdi huu ca, diesel dugc sii dung lam mdi trudng phan iing cd mdt sd Igi ich rd rang: 
thii nhat, day la dung mdi hiiu ca re tien cd the mua ngay de dang; thii hai, khi che tao 
cac tinh thi nand d -210 °C rat gan vdi nhiet dp sdi ciia diesel lam cho dgng hpc phan 
ling hoa hpc tang manh. Cac loai cham lugng che tao dugc cd hieu suat lugng tii 
huynh quang cao (hiu hit tren 30%, nhieu miu dat 85%), phat huynh quang trong 
vimg phd kha kiin 485-590 nm (InP), 470-600 run (CdSe), 520-700 nm (CdTe/CdS 
cau trie lupng tir loai I) va vung hdng ngoai gan 700-850 tun (CdTe/CdS cau tnic 
lugng tir loai II),... Lxm y rang loai vat lieu huynh quang viing hdng ngoai gan vdi thdi 
gian sdng huynh quang dai dugc sit dung rat thuan Igi cho danh dau huynh quang y-
sinh de cd the ghi anh huynh quang phan giai thdi gian, loai bd dugc su lan ciia huynh 
quang do nen hiiu ca ciia ddi tugng can danh dau (thudng cd thdi gian sdng huynh 
quang ngan khoang chuc nand giay),... 

Cac chim lugng tii da dugc khao sat vi hinh thai va nghien cuu cau tnic (ghi anh 
TEM, gian dd nhiiu xa tia X, phd tan xa Raman), khang dinh chat lupng tinh the tdt 
ciia val li?u chi tao dugc [25]. Tuy nhien, bieu hien cudi cimg, rd rang nhat ve chat 
lupng ciia cac chim lupmg tu ban din huynh quang chinh la tmh chit huynh quang tdt, 
c6 the dap iing muc tieu iing dung trong cac cam bien huynh quang hoac trong cac linh 
kien hiin thi. Hinh 1 trinh bay vi du ve cac san phim cham lugng hi cau true Idi/vd 
CdSe/ZnS. CdTe/CdS, In(Zn)P/ZnS va CuInS2/ZnS do chiing tdi chi tao. Hiu hit cac 
chim lugng hi CdSe/ZnS, CdTe/CdS va In(Zn)P/ZnS che tao dugc cd huynh quang ro 
ngay dudi anh sang thudng trong phdng, cho thiy hieu suat lupng tu huynh quang rat 
cao (>50%; doi vdi CuInS2/ZnS, tiiudng hieu suat lugng tii huynh quang dat -15%, 
mpt sd miu phat huynh quang manh vdi hieu suit lupmg tir huynh quang dat tdi 60%). 
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Hinh I. fa) sdn phdm cham lufmg hi CdSe/ZnS trong n-hexane, (bl CdTe/CdS ^°"^"^°''-'J^' 
InP/ZnS trong nhexane. va (d)CuInS,/ZnS trong n-hexane V/n chdt lutmg tot, hmsuat lugng 
lit huynh quang cao, cdc chdm lugng tu huynh quang ngay dudi dnh sang trong p g-

3.2 Tinh chat huynh quang cua cac loai chim luvng tu che tao du^c 

3.2.1 Tinh chdt huymh quang phu thuoc kich thir&c, cdu tnic vd tiianh phdn vat lieu 

Trong che dp giam giii manh, nang 
lugng chuyen ddi tuang iing vdi trang thai 
kich thich co ban (ISelsj,) ciia cap di?n tii-lo 
trdng trong mgt cham lugng hi dugc xac dinh 
bang bieu thiic: 

= £ , + 
2^^ 

•l.i 

trong dd Eg \i nang lugng viing cam tuong 
ling cua vat lifu khdi, sd hang thii hai la ddng 
gdp ciia hi |u irng giam ham lugng tir cac hat 
tai di?n (di?n tii va lo trdng) phu thudc ti 1? 
nghich vdi binh phuang kich thudc hat vat 
lieu va sd hang thii ba the hi$n nang lupng 
tuong tac Coulomb, ti le nghich vdi kich 
thudc hat vat lieu. Vi sg ph\i thupc 1/a ,̂ nen 
ddi vdi cac cham lugng tir cd kich thudc rit 
nhd, hieu iing giam giii lugng tii ddng gdp 
phan nang lugng rat dang ke trong nang lugng 
chung ciia 

exciton, nhu ttinh „_ ...^"^'"^"^ f"™> 
bay tren Hinh 2. 

Nhu vay, cd 
the dieu khien 
vimg phd huynh 
quang do chuyen 
ddi exciton trong 
cac cham lugng tii 
ban dan bang vif c 
diiu khiin kich 
thudc hgt \at lieu, 
thdng qua viec 
diiu khien phin 
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Hinh 2. Su phu thugc ndng lugng exciton 
vdo kich thuac cua chdm lugng td CdSe:. 
tinh todn gdn dung khdi lugmg hieu rfyn^J 
(effective-mass approximation. EMA -" 
dudng lien net), gdn dung gid the bdn kinh 
nghiem (semiempirical pseudopotentid 
method, SEPM - cdc chdm tron vd dau 
chu thdp), vd ket qud thirc nghiem (cdc 6 
nhd hinh thoi) [27]. 

Buoc song (nm) 

Nang litong photon (eV) 

Htnh 3. Phd huynh quang cua cdc chdm lugng tu CdSe c6 kich thudc') 
-3.4 nm vd CdTe co kich thuac trong khodng 3-6 nm •• 
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ddng gdp ciia hieu iing giam harn 
lugng tir. Hinh 3 hinh ba^ vi du ve 
cac phd huynh quang va hap thu ciia 
chim lugng hi CdSe cd kich thudc 
ttong vung 3,4 nm, vdi cac chuyen 
ddi dien hi dugc chi ro fren hinh; va 
pho huynh quang ciia cac cham 
lugng hi CdTe cd kich thudc trong 
khoang 3-6 nm. Ddi vdi CdSe \"a 
CdTe, ndng dp tien chat phan iing 
cao, thdi gian phat trien tinh the 
ngin vii chit hoat ddng be mat phu 
hpp dugc cho la cd ddng gdp ro 
rang tdi sy phan bd hep kich thudc ciia hat vat 
lieu chi tao dugc, do cd the ban che dugc qua 
trinh "bdi-ld" Oswald. 

Mgt giai phap niia da dugc chung tdi 
n ^ e n ciiu ap dung de cd dugc \ a t lieu nand 
huynh quang viing hdng ngoai, la tao dugc cau 
tnic lugng tii loai II, bang each dieu khien nang 
lugng tuang ddi ciia dien tir/ld trdng d vat lieu 
loi va vd. Hinh 4 trinh bay su chuyen can true 
lirgng tu loai I thanh cau tnic lugng hi loai II 
bang each giii nguyen kich thudc cham lugng tix 
loi CdTe, thay ddi dp day ldp vd CdS de tao 
dugc su chenh lech nang lugng tuong ddi ciia 
dien tir lo trdng d vat lieu vd so vdi d loi. 
Chuyen ddi huynh quang trong trudng hgp nay 
xay ra giiia hai loai vat lieu ldi va vd. Mac jdu cd 
ve chuyen ddi dien tir huynh quang khdng thuan 
Igi, chiing tdi da che tao dugc vat lieu huynh 
quang loai II CdTe/CdS vdi hieu suat lugng tir 
huynh quang d in 30% d vung phd 800 nm. 
Hinh 5 trinh bay phd huynh quangciia cham 
lugng tir CdTe/CdS vdi do day ldp vd CdS thay 
di i 0, 1, 2, 3,5 va 7 dan ldp (ML). 6 dp day ldp 
vd 3 ML CdS, tmh chit lupng tu loai n bat dau 
the hien rd. 

Vimg phd huynh quang cd the dupe dieu 
chinh bang ban chat \a t heu (CdSe hoac CdTe, 
InP,..), kich thudc cham lugng tu, va cd the che 
tao hgp kim (vi du CdZnSe hoac CdSeTe,..). 
Hinh 6 trinh bay vi du ve phd hap thu vk huynh 
quang ciia cac vat li^u ba nguyen td cd vung phd 
thay ddi theo ti le nguyen td thanh phin. 

Huynh quang cua cac cham lugng di ban 

Hinh 4. su chuyen cdu true lugng tir loai I (vdi 1 ML 
CdS) thdnh cdu true lugng tir logi I! (3-5,.. ML CdS) 
bdng cdch giir nguyen kich thuac chdm lugng tu loi 
CdTe, thay ddi do ddy lap vd CdS 

i\ Pho huvnh quan^t 
Uchlhidl<ai4a'iili 

1 B 20 22 24 26 28 30 32 3 
NSng [isgaf pbMon (eV) 

Hinh 5. Phd huynh quang cua chdm 
lugng tir CdTe/CdS vdi do ddy lap vo 
CdS thay doi 0, 1, 2, 3, 5 vd 7 ML (tir 
phdi sang trdi). 

Wavelength (nm) 

ITinh 6. Phd hdp thu vd huynh quang 
cua chdm lugng tu CdTe^Sei-i vdi cdc ti 
le moi tien chdt khdc nhau 
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CunnOS 
Cufln 0.8 Jl 
Cofln 1 jjy 
Cuflr 1.2 ffi 
Coin I 5 ffi 

J 
" 

T\\ ^~ 

\ 

C l . , .y. 

Photon Energy (eV) 

Hinh 7. Pho huynh quang (a) va phd tdn xg Raman (b) cua chdm lugrig tu CuInSz 
chi too trong diesel phu thugc ti 1$ nguyen to thdnh phdn Cu.In khdc nhau 

din CO thS do chuySn doi exciton, ciin^ co thS do tai hop di?n tli-16 trong tten cac 
d-angthai donor-acceptor. Trong tmh thi nano CuInSz cho den nay lihong giu nhan 
duoc huynh quang exciton, chi co huynh quang co ban chit la tai hop dien tii-lo ttong 
tten cac trang thii donor-acceptor [9]. Cac ttang tai donor, acceptor kha sau nen nang 
luijng huynh quang thip hon nang luong exciton nhieu, va phu thupc vao ti le cua 
Cu:ln ttong ciu uiic vat heu. Hinh 7 trinh bay phi huynh quang va ph6 tan xa Raman 
(tuong img vcri phonon cua ciu tnic vi tinh the nano) ciia cham luong tu CuInS2 voi 
cac ti 1? nguyen to thanh phan Cu:hi khac nhau. 

Trong mpt s6 ttuong hpp, vi du ttpng tao ngu6n sang, huynh quang dac trung ciia 
ion kim lo?i chuySn tiSp hoac ion dit hiim la yeu cau bSt bupĉ  Trong mot so cong bo, 
chung toi da trinh bay nhung ket qua nghien cuu ve tinh chat hu>'nh quang ciia ion 

iO": Eu-3ocM ln;Znl=2nS QDs 

0 
°^$ 

/ , EulMA] 

•D.-'F. 

—-'''NJ''^-i/L 

Hinh 8. Huynh quang ddc tnmg cua ion 
Eu'' trong cau tnic InZnP:Eu^*/ZnS Ion 
Eu ' dugc pha tap tir ngudn Eu-oleate vd 
Eu-mynstate. 

Hinh 9. Ndng lugng dinh phd huynh quang 
cua chdm lugng tir CdTe/CdS cdu tnic logi I 
vd II phu thugc nhiet dg. Duong — pij^^ ^j^^ 
de di so sdnh mire dg ph{t thugc nhiet do cua 
hai loai chdm luang tie CdTe/CdS 
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Tm̂"*" va Eu^" trong nen vat lieu GaN hoac InGaN, cho huynh quang xanh lam va dd 
dac trung ciia hai loai ion dat hiem tren. Viec pha tap vao cac tinh the nand trong qua 
hinh kdt tinh la rit khd khan. Chiing tdi da phat ttien thanh cdng phuomg phap hai 
budc [28] di che tao dugc cham lugng hi huynh quang InZnP:Eu . d day, viec dua 
Zn thay th% cho m$t phan cua In de tao thanh vat lieu hgp kim InZnP da cho pho 
huynh quang exciton ro rang d vung nang luong cao hom so vdi InP, vung phd huynh 
quang on dinh trong sudt qua bpc vd ZnS. Su dn dinh huynh quang trong sudt qua bpc 
vd ZnS la yiu td rit quan trpng, cho thiy kich thudc chim lugng hi khdng thay ddi, la 
tiin dh cho cac nghien cuu pha tap vdi cac ndng dp khac nhau. Qua trinh pha tap Eû "̂  
vao cac cham lugng hi InZnP dugc thuc hien trudc, tiep theo la qua tnnh bgc vd ZnS, 
cho phep bao bpc/giii dupe cac ion Eu^^ trong cau tnic InZnP:Eu '̂*"/ZnS loi/vd. Kit qua 
nghien ciiu cdng nghe che tao va tinh chat huynh quang dac trung cua tinh the nand 
InZnP:Eu'VZnS loi/vd (Hinh 8) da dugc vinh dir cdng bd nhu bai bao bia (cover 
article) h:6n tap chi Dalton Transactions cd IF 4,197 (2014) [29]. 

3.2.2 Tinh chdt huynh quang phu thugc nhiet do 

Nghien ciiu tinh chat huynh quang phu thupc nhiet dp cd the thu nhan dupe 
thdng tin ve tuang tac ciia hat tai dien vdi phonon. Trong khoang nhiet dg hang chuc K 
tdi nhiet dp phdng, sî  gian nd nhiet ciia hang sd mang tinh thi ddng gdp khoang dirdi 
20% trong thay ddi nang lugng vung cam, cdn lai la do tucmg tac cua hat tai dien vdi 
VI trudng sinh ra do phonon [30]. Ket qua nghien ciiu tinh chat huynh quang phu thudc 
nhî t dp cho thay dii chi la t$p hpp cua hang nghin nguyen tir (gan diing la mdi chieu 
chi hang chuc nguyen tu) nhung tinh the nand the hien day dii cac tinh chat tuong tac 
cua h t̂ tai di$n vdi dao ddng tinh the nhu trong mdt tinh the khdi. Hmh 9 trinh bay sir 
phu thudc cua nang lugng huynh quang cua cham lugng tir CdTe/CdS theo nhiSt do, 
vdi cac he sd Varshni tuong tu nhu cua vat lieu khoi. Bieu thiic Varshni ve su phu 
fliupc nhiet dp cua dai huynh quang gan bd vimg cam la E(T) = EQ— —- vdi £"o la 

nang lupmgtuong img d 0 K va a, /ff la cac h? sd Varshni. Nghien ciiu chi tiet hom cau 
true loi/vd ciia cac loai cham lugng tir CdTe/CdS loai I va loai II, cd the thay su khac 
biet: huynh quang do exciton trong cham lugng tit loai I phu thugc nhiet dp manh hon 
so vdi huynh quang trong cham lugng tii loai II, dugc giai thich la do tuong tac 
exciton-phonon trong cham lugng tir loai I manh hon vi exciton hi giam giu trong vat 
lieu loi, trong khi do exciton trong cham lugng hi loai II dugc hinh thanh hi dien hi va 
Id ttdng d hai loai vgt lieu loi/vd khac nhau. Cac gia tri nang lupmg, he sd Varshni cho 
chim lugng tir CdTe/CdS loai I la £o = 2.376 eV, a = 6.5 10"̂  eV/K, ̂  = 223 K; va cho 
loai IIhxangung la£o = 1-71 eV, a = 3.4 10"̂  eV/K,^ = 126K. 

3.2.3 Tinh chdt huynh quang phdn gidi thai gian 

Huynh quang trong cac chim lugng hi ban dan cd ban chat chuyen ddi exciton hoac 
tdi hgp cap dien tu-lo trdng tren cac trang thai donor-acceptor. Su dung ky thuat huynh 
quang phan giai thdi gian cd the gdp phan phan biSt cac loai ban chat huynh quang 
nay. Thudng thi vdi ban chat chuyen ddi exciton cho dai huynh quang hep, cd dmh rat 
gan vdi dinh phd hap thu, v^ cd thdi gian sdng huynh quang kha ngan. Trong da sd cac 
cham lugng hi CdSe, CdTe, InP thdi gian sdng huynh quang exciton vao khoang mdt 
vai chyc nand giay; trong khi dd huynh quang cua CuInS; do tai hgp dien hi-lo trdng 
tren cdc trang thai donor va acceptor, vdi thdi gian sdng huynh quang hang vai ttam 
nand giay [9,10], Su dung phuang phap phd huynh quang phan giai thdi gian cho phep 

41 



Tiiu ban: Khoa hoc Vit li^u 

in 

Nang lOOTig (eV ( 

Hinh 10. Pho huynh quang phan gidi thai gian cua cham lugng tulm hgp 
kim In(Zn)P/vd ZnS dgng cdc hgt xSp chat (a) vd dgn^ dung dich keo (b). 
Duong ke thdng trong hinh di chi ro sii dfch dinh pho ve nang lugng thap 
trong mau dgng cdc hgt xep chdt, do co tuang tdc giira cdc chdm lugng tu. 

nghien ciiu sy BUAT sAig (nm) 
truyen nang 
lugng, dien 
tich giua cac 
cham lugng tir 
[7]. Huih 10 
ttinh bay sy 
dich dinh phd 
huynh quang 
phan giai thdi 
gian ve nang 
lupng thap sau 
thdi gian tte so 
vdi thdi diem 
xung kich thich 
quang ciia 
cham lupmg tii 
ldi hgp kim 
In(Zn)P/vd 
ZnS dang cdc hat xep chat, do cd hromg tac ttuyin nang lugng, ttuyen dien tich giiia 
cdc chim lupmg tu. Doi ydi cac cham lugng hi In(Zn}P/ZnS ttong dung dich keo, do 
khoang cac giiia cdc chim lugng hi xa nhau nen gan nhu khdng cd sy tuomg tac, 
khdng cd sy truyen nang lupmg giiia cdc chim lugng tir, nen dinh phd huynh quang 
khdng thay ddi dii ghi phd d thdi gian tte ri t dai sau thdi di im xung kich thich quang. 

Chim lugng hi CdTe/CdS ciu ttiic lupng tir loai II cd thdi gian song huynh 
quang exciton rat ddi, -200 nand giay, r i t thuan Ipi cho nhiing iing dung ghi anh 
huynh quang phan ^iai thdi gian de loai bd huynh quang nen sinh chat. Do cd the chii 
dpng cdng nghe che tao cham lugng tir ban din va dieu khien dp day ldp v^t lieu vd, 
nen chiing tdi da che tao mgt sd loai cham lugng hi loai II chat lugng cao cd the iing 
dung ttong danh dau huynh quang y-sinh, ttong linh kien pin mat trdi, hoac lam vat 
lieu quang xiic tac. 

3.2.4 Tinh chdt huynh quang phu thugc mire dg thu dong hod be mdt vd dich chuyen 
Stark 

Thyc te, do sy 
phan bd khdng ddi 
xiing tam ciia cdc ttang 
thai be m^t, nen cdc 
cham lugng hi ban dan 
cho du la cd hinh dang 
tya cau vdn tdn tai mgt 
dp phan cyc nhit dinh. 
Dp phan cyc ciia chdm 
lupng tir Cling vdi cdc 
di?n trudng do dp 
phan cue bii ttu ciia 
ligand va dung mdi 

Th£ii gian chi&t sdng (giay) 

Hinh II. Sy dich dinh pho vd tang cuon^ dg huynh quang (hinh 
ben phdi) do thu dong hod cdc lien kit ho tren be mgt cham 
luong tu CdSe bdng IT vd OIT (hinh trdi) sinh ra do chieu tu 
ngogi 370 nm cdc chdm lugng tie CdSe phdn tdn trong nuac. 
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lam cho chim lugng hi chiu mdt dien tnrdng hieu dung, tao nen sy dich nang lugng 
chuyin ddi dien tu theo hieu iing Stark [2]. Thdng thudng, cac cham lugng hi ban din 
dugc chi tao ttong dung mdi hiiu co (TOPO/HDA, ODE,...) hoac ttong mdi trudng 
nude deu tao thanh ldp phan tir hgand bao bpc, thy ddng hoa cac lien ket hd cua cac 
nguyen tii nam tten be mat. Cd the thyc hien qud trinh thu ddng hod cdc lien ket hd 
Se^" va Cd^' cua cham lugng hi CdSe bang chinh cac ion H"̂  va OH^ dugc smh ra do 
chiiu dnh sdng tii ngo^i (UV) vao dung dich chiia cac cham lugng hi CdSe phan tan 
ttong nude (Hinh 11) [3]. Sau khi thy dpng hoa bang cac ion IT/OW, huynh quang 
cua cham lugng tir CdSe tang den - 6 0 lam Ddi vdi nhirng cham lugng tii da dugc thy 
ddng hoa be mat tdt bang ldp vd CdS hoac ZnS, viec chieu hi ngoai de tiep tuc thy 
dpng hoa ldp vd hau nhu khdng lam thay ddi tinh chat quang ciia ca cau tnic Idi/vd. 

33. Thir nghi§ni mot so loai cam biSn huynh quang 

3.3.1. Phdt hien vdxdc dinh die luang thuoc trie sdu 

Cac cham lupmg tu CdTe/CdS dang loi/vd va CdSe/ZnSe/ZnS dang Idi/vd/vd da 
dupe su dung de thii nghiem che tao cam bien huynh quang (fluorescence sensor) 
nham phdt hien va xdc dinh dinh lugng mdt sd loai thudc trir sau. Nguyen ly hoat ddng 
ciia sensor dya tten sy thay ddi cudng dp huynh quang cua cham lugng tir tiieo pH, ma 
pH thay ddi theo miic dp lic che ciia enzyme AChE (acetylcholinesterase) bdi thudc 
trir sau [22,23]. Chi tiet ban ciia qua trinh la enzyme AChE xiic tac cho qud trinh thuy 
phan ATCh (acetylcholine - phan tii tmyen thdng tin than kinh) de sinh ra TCh 
(thiolcholine) lam tang them nhdm thiol (-SH), dan tdi lam tang pH ciia mdi trudng 
chira cham lugng hi CdTe hoac CdSe, lam giam cudng dp huynh quang cua cac cham 
lugng hi nay. Tren nguyen ly hoat ddng nay, cau tnic ciia cam bien huynh quang gdm 
hdn hop cua cham lugng tii huynh quang + AChE + ATCh, cd cucmg dp huynh quang 
thap nhat khi chua cd mat thudc tni sau. Ndng dp enzyme AChE dugc chgn tuomg iing 
de cd the thuy phan het lupmg ATCh. Khi cd mat thudc tru sau lam lic che hoat ddng 
cua enzyme AChE, lugng ATCh hi thuy phan it di, lam giam pH, se lam tang cudng 
do huynh quang ciia cham lupng hi. Khi toan bd enzyme AChE bi lic che bdi thudc trir 
sau. cudng dp huynh quang ciia cham lugng hi dat cao nhat vi khi do pH thap nhat. 
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Hinh 12. (a) Phd huynh quang cua cdm biin CdSe+AChE+ATCh (kich thich bdng laser 405 
r,m) vai cdc ndng do PM khdc nhau. Hinh chin Id cuong do huynh quang theo ndng do PM; (b) 
Circmg do huynh quang cua cdm bien CdTe+AChE+ATCh vai hai lugng enzyme AChE 1 vd 3 
don vi. cho thdy dg nhay-0,05 ppm nhung khodng xdc dinh nong do PM khdc nhau. 
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Hinh 12 trinh bay k6t qua thu nghifm cam biin huynh quang tten co_ so ^_^ 
lupng ni CdTe/CdS dang loi/v6 va CdSe/ZnSe/ZnS, cho phep xac dinh ^""^ i ^ 
PM (parathion methyl) dJn n6ng dp ik nho -0,05 ppm; voi khoang nong dp m ^ ^ ^ ^ 
sau CO the phan tich dupe phy thupc vao n6ng dp su dung ban dau cua ACht 
(lucmg cham lupng tii thuong dupe dung du). 

3.3.2. Phdt hien vi-nit cum gia cdm H5N1 

Cam bien huynh quang phat hien vi-nit ciim gia cam H5N1 cung " .A. .. ' 
dira tten nguyen ly ghi phd huynh quang cua cham lupng hi CdTe/CdS may 
pH; trong ttudng hpp nay pH dupe thay d6i djc hieu theo tac dpng cua -n-mt HSlNl 
thong qua phan ling cua he enzyme FoFl-ATPase ciia chromatophore [21]. Theo cau 
trie nay, chiing toi da thiet ke cam bijn huynh quang vcri phin "loi" ho?t dpng giong 
nhau voi cac loai khang nguyen c4n ghi nhan, chi cin thay d6i khang the tuong ung o 
phin "ngoai vi" ii co the ghi nhan chpn Ipc diing loai khang nguyen. Cam bien hu>^ 
quang ch6 tao dupe da duac thu nghiem d6 phat hien vi-nit H5N1 phong thi nghiem 
vori n6ng dp thip ~3 ng/^l. Hinh 13 ttinh bay ciu ttiic ciia cam bien huynh quang vi 
cuong dp huynh quang theo n6ng dp vi-nit H5N1 phong thi nghi?m. 

4. KET LUAN 

Bai bao da trinh bay tang quan nhiing kk qua nghien ciiu vS ba nhom vat lieu 
huynh quang ciu tnic nano: (i) cac chim lupng tu ban dSn lojii 1 huynh quang vung 
kha ki6n nhu CdSe, CdTe, InP, CuInS2 va vat Ueu nano ba thanh phin CdZnSe, 
CdSeTe, ln(Zn)P vcri vat lieu vo la CdS, ZnSe hoac ZnS; (ii) vat lieu 16i/v6 ciu tnic 
lupng tii loai II CdTe/CdS dinh hucmg ung dpig lam vat lieu huynh quang vfuig hong 
ngoai gin co thoi gian sing huynh quang dai; (iii) cham lupng tit ban dan In(Zn)P/ZnS 
pha tap ion dit hiem Eu "̂ phat huynh quang dac trung cua ion dat hiem. Chiing toi da 
phat trien thanh cong cong nghe che tao vat lieu bang phuang phap hoa a nhiet dp 
thap: (ttong khoang 
200-300 °C frong dung 
moi him co hoac -30-
120 °C ttong moi 
truoTig nuac) de ehii 
dpng che tao dupe cac 
cham lupng tu chat 
lupng tinh the tot. Triin 
khai nghien cuu chi tiit 
va he thong cac qua 
trinh quang dien tir (hip 

thu, huynh quang, dpng (A) ^ ' (B) 
hoc huynh quang) cua 
cac chim lupng ni che ^ " * •','• W Cau tnic cua cdm biin huynh quang dt/a trin phin 
tao dupe da cho thiy "",g i^" enzyme FoFl-ATP khi co mat khdng nguyen (6) nhdn bii 
cac chim lupng ni loai I *''"* **™^ 'lie (5) thong qua cdu gan kit biotin-streptavidiA 
chi tao dupe eo tinh * ' ° " " ^^^ '"'^ ^^"^ '^" beta-subunit (3), ldm thay doi dongprot^ 
chit huvnh quang tSt * ° " ' " ' ' '^'"'"'"'""phore (2), ddn tm sif thay toi cucmg do huyiA 
hieu suit cao fnhiiii ' " " " ^ """ ''"^"' '"^^ *" '^'''''^"^^^ <'>• '̂ -̂  *-!"*"? <ff5 huyni 
miu toi 8^M trnna 1'"'"S<^''rieng vi-rut (a) vacua todn bo cam bien (b),^^^„^.^ 

" " "a do Vi-nit 

Core part [ Peripheral part 
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vung phd kha ki^n (470-700 nm) va chim lugng hi loai II phat huynh quang viing phd 
hong ngoai giin 700-850 nm vdi thdi gian sdng huynh quang dai -200 ns, r4t thich hpp 
cho ling dung lam cam bien sinh hgc huynh quang. Mgt sd ket qua nghien ciiu thii 
nghi?m sit dung cac cham lugng ttr huynh cjuang trong che tao cam bien nhim phat 
hien nhanh vdi dp nhay cao mpt sd loai thudc tni sau, vi-nit cum gia c4m,... da dugc 
trinh bay, cho tnhrt vgng ling dung tdt. 

Thuc te, Viet Nam da bat dau tham gia cac nghien cuu khoa hpc cdng nghe vat 
lieu cau true nano tii trudc nam 2000, khdng qua mudn so vdi the gidi. Hien nay, vdi 
nhiing ket qua nghien ciiu da dat dugc ve vat lieu huynh quang nand, chiing ta da dat 
din trinh dp hoan toan cd the trien khai hop tac nghien ciiu vdi cac phdng thi nghiem 
tien ti6n fren th6 gidi. 

L&i cdm ffn. Cac tac gia xin cam on cac ddng nghiep (Peter Reiss, Nguyin Diic Nghia, 
Dinh Duy Khang) da ddng gdp trong cac nghien ciiu lien quan; Vien Han lam 
KHCNVN, Bg KHCN va Quy NAFOSTED da tai ttg; Phdng thi nghiem frong diim 
\h Vat lieu va Linh kien dien tii-Vien Khoa hgc vat lieu da cho phep su dung trang 
thiit bj. 
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