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CdSe/CdS B/ REMMPIK BT 5. ARSI OLE AT I EBIF T CdSe/CdS BT My &M
¥t BATREE(TEM) 4R K CdSe/CdS B T rUEMIIRE, AT BB, th CdSe BT RAEEIMR
FERIERE, REDGERRBOERALBRR . ¥ CdSe/CdS BT HE5RHLA CD3 JuikE#, Hl#& 1k
Wtk CdSe/CdS-CD3 B5 YRS, X A MM E AU AATHRIC AR . 45 R R R RT3 A Lo B2 40 R LR
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BB R BESE, RGBTSR, B aERMmAN
LA RS R RIS, 3 HAA & HHOLRE
RN, EAEYEFSFEMNNAERZE XM, 5§
HHBRREALL, KEERERARAMK, BAERR., B4
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RTAHM T AMH TR O R — AR A A
ERFR I, MGG TRA &R R i
RIEIERE, TN Fe B & 51 % 9 2 % 58 (full width at half
maximum, FWHM)R3E, BB A RENHEE, &Rk
ZIEIES, BRE T 8EF B8R AR OL B S H , AP
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KK, Wang F09 B KK S BiK N 605 nm i) B F 21K
R SRR A B9 BLI% 40 ML PR LR 125 (CALZS) IRk,
B T 8RR .

AP AR H K (GSHERRER, BHRIKER P
AR TRSER CdSe/CdS /AWM MK E T . FFEM-
AL LA HETT RS A R FE AT T R AL . RS, #5 2
FARR RSB CdSe/CdS B F R MBHLA CD3 btk
B, &K CdSe/CdS-CD3 &AWL, XA MLk B 40
MtriC . ERERERY, CdSe/CdS BT R 5EKEMA
PR REARK LR (FITOM L, HAEERLRE
LR E .

1 SEHRHIY

1.1 {5

LS55 #3636 B 1} (Perkin Elmer, USA), UV-2100 53t
RS-0 WArEEH (L HFI A ¥, Philips EM420 5%
568 F B (TEM, Holland, TfE#JE 100 kV), DF-101S
SRS E T P BE T B B2 (L LT S 4028, pH
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BT PB21 RIAL BB FB B REF WA FD; HRAK
BwRG RIS, 435, BER R (DHP-9082 1i#g—
EREUBRARAF), KEBHE(DMIL, Leica, fEH),
Wik (Se 99.999%, EHALEAM AT, HILMHCACL, -
5HO) (H#k 2 EM A FD, WMELH(NaBH,, 96% EHZY
FERLFEEAERAFD, B (NS - 9H,0 98%, ¥
TR RBRARAE, BFEAAMNHK(GSH) (HZ54EHR
EEFEBRARD, BbiA CD3 Hilkfi FITC tric i B4T
ACD3 Hitk (LR BREYHEARAFRA ), NHS (N-
Hydroxysuccinimide) #1 EDC ( N-ethyl-N’-{ 3-( dimethylami-
no) propyl Jcarbodiimide hydrochloride (Fluka 22 5]) . B
Rk srtrah, KA=K#EEK.

1.2 APHREEE CdSe/CdS KB F ARSI &

(DCdSe BF S A&

# 54. 8 mg FALGRA 184. 3 mg Y H K T 25 mL %
87Kk, A1 mol+ L' NaOH ¥ IRA WM pHH 9
~10, FERIZIBEPHT , EARSHE 20 min, RERFEMA
1 mL i &MWKER 0.7 mol - L™ RS /L AW, B
BIEBRBINAZE 95 °C, EHER 2 b, BRI EAMK CdSe
BT RABH.

(2)CdSe/CdS B T A &

B R FI 46 CdSe B F 5% 10 mL i AKX 10 min
G, TEREHA T BB/ 2.4 mmol » mL™" CdCl, Fi
GSH R WM 4 mmol » mL~" Na,S ¥ (B4 CdSe 5 CdS
YVIRMBRIL R 4 D, ¥ BOREEH A 60~70 CEA,
B 2 h, BB H AN CdSe/CdS BF SBW, 7€ 350 nm ¥
R T RHEFREIN. WE— I AR 0ok
WA 2.1 mol « L7, EMERKTEAIBANERT RS
W, 7€ 350 nm PR T RETREIA.

1.3 CdSe/CdS-CD3 M & iR$taysl&

5 BRI £ i K B4 CdSe/CdS & F £, FI & EDC
(50 mmol), NHS(5 mmol) K B8R £h 2% b ¥k 0. 5 mL (PBS,
0.01 mol » L', pH 7. %%, FHIA 40 pg BHiA CD3 $1
&, 37 ‘CHRERM 2 h,

1.4 Am#EHEZEFNEERLE

0.8
()

0.6

0.4 1 b

Absorbance

0.2

0 ; T . : 7
350 400 450 500 550 600
Wavelength/nm

OOF: [l oty

BERRK I 1~2 mL, A L B 40 A 23 1 9 2 B0 e B
PR E SN, &L, BUBKREZKE, F0.01 mol« L7 PBS
V2|, Bl FEHBR. B pL XARBRERER (12
L, BRTERE, BAREESEE 10 min(FEEEHA 4
CHRAFOBE, THRIGHA—80 CHKMPREH.

ORK

RSB MUK B, PR T (BT
ThewEt), SAMARARK 20 oL, $HBEABE S, B
A37 CHEHRADIE 30 min, BUEHMH K, 560 0.01
mol + L™'PBS s WK, 4540 3% i A ¥ PBS Witk
RN 5 min, BUHSIMR . FI40 KB 40K FL A Bl AR
F, BFLMA 20 uL B CD3 fithsf FITC #rid i BHLA
CD3 ¥ithja, HHBMA 37 CHEFEFEE 2 h, BUBAHKR
H s 4330 H PBS w2 1K, B4R R Y PBS #ilk
Rl 5 min, BUBFABARERE, FOLBME T WE,

2 ZR5ie

2.1 CdSe/CdS #kRF AN FRHHE

U BRRER T ARKRTYHET THENGEHE
fiE . TEM 45 5% CdSe B F &1l CdSe/CdS & F S &KL
B, PR RS, R CdSe/CdS B FHIR T HE K
FHAHY CdSe BF 5, FHTE CdSe BF S EmE HE L
T—R CdS 5%, FBBME/REWNETRORT RSN
5 nm, & 1(a) Fimik/ 7 MM CdSe/CdS 5 CdSe BT 5
WO CdSe BT AN REAE—ERTH CS 5,
HR g 00 E M 395 nm 2546 E] 403 nm, 4L T 8 nm, X
BEHF CIS EEEWE] T CdSe WK F4, {#18 CdSe #
WG 75 TERE R CAS e, 25Xl TARBUR B KM
THEl, Wi CdSe Iy . iXHERE R B FHIZS 7O X 2 3
(EFTTE B F R BB B A BT /N, B CdSe/CdS B F
AHRBEL U, B 1(b) i o #6435 350 nm &
F CdSe & T S F#% /52 45 H i) CdSe/CdS & F 8 %Kk
&, mETH, CdSe BFAMBRKFIEEHF KN 529 nm,

800l ®)

=2
(=3
<

4001

Fluorescence intensity

2001

0 ; T ,
350 400 450 500
Wavelength/nm

5650 600

Fig.1 Absorption (a) and fluorescence spectra (b) of prepared CdSe a and CdSe/CdS b QDs
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H30%

i R &4 T A B Y CdSe/CdS B T S M RSB Jy 535
nm, ZFEMEEDE, FEREMM. X2HTFE CdSe
BFAmEmMaOEL CSfE, XMEEERNEEAR R
FT B E, HE7IEEHBRRERIED LR
6, fiBRE CdSe M NB T4 TiRE, it
BRETHAMTEADNZERERNS . FHEE, Fism
RHR AR CdSe/CdS BT 45 CdSe ML, &I
TEBMFOCRERFAEKIBLRAE 4(b) P HEE],
2.2 CdSe/CdS #i X MTF RSB &KL

LR LUEHGETNE T SO EIRRNR, #
1T ABRRNS BRI 1ERBR N &4 — %
T, MREBaAgNE. K EE R CdS AR R/
FEWAKRRFHEmEIELT TiE.
2.2.1 GME A B EF R K2 CdSe/CdS #F .69 %

] 2(a) &4 R g i 1] B TE B CdSe/CdS BF S5
HIREAELR . RUBERLBR N R MK, & §Hidf g
BALLHE, FOLIREHE, XEEHTE—CRET, M

450 1 (a) 2h

400

3501

3001

Maximal PL intensity

2501

200 r v T T T
525 526 527 528 529 530

Wavelength/nm

#HRMEEHE, RRKASREBHRNET, RRBR
KABEAHE, BAIEHEMBEABAHE, MEREE
WifE AR B, TRYOEBENR ., H2Y KM E#T 2h
J& » RCIREE X AEBTREAR, X T By F RSB )t 4, BB
BUIBHE, HTEERA, REBEEE, KOBRENA
FREA%.

B 2(b) REEAFIBEE F#in CdClL-GSH &M Na. S
RO &Y CdSe/CdS B F R %R E 0 . ME ]
B, EVEEMANBEMNAE, CdSe/CdS BT &K
HIRBERATATIE b, MEBE AT 60 CHY, Bl & METF N
MRLRIERGR . X TALKEET CdS BT Sk
BA7Hh g CdSe BT, fff CdSe B FEE MBI, FHHK
RtFRE. AREHEREARR, YOLRE R MK, X
B FRERET & ES CdSe WA KX, FWEFH CdS
BFHACERERT R CdSe hi T, CdSe B F AKX HEBE
WA R IR R, R CdSe/CdS B T &5 76 %9 1 7 i K&
1.

®)
360

300

240

Maximal PL intensity

180+

120 r r T —
40 80 120 160
Wavelength/nm

Fig. 2 Fluorescence intensity of the CdSe/CdS QDs obtained with different reaction time (a) and reaction temperature (b)

2.2.2 CdS A& CdSe/CAS A T £69%h

Kl 3% CdS 5 CdSe BE/R It » 3 1.0, 2.0, 3.0, 4.0,
5.0 71 6.0 B I IEHIE . MEHFATLAFH, B#E CdS A
BRI, SOLBRERRKEE/N, FN RS %k
HIEM A L%, 2 CdS 5 CdSe BRI » K 4 I 9% L3
BEBA. X EREA THRHUETANRCHETESF
CdS itk CdSe N BEA X, MBHBRBYS, ZHE
TS B B & 5. %% CAS A E RS, CdS
BT ARt CdSe B, MBHRERBEE, K
MAZHRTARTOL, FRIOGRERMK. b#F CdS fif
AIA BT, %4 CdS &5 CdSe BE/RH r K 4. 0 B, CAS BT 4%
REME 5B CdSe BL T, SRR ERIBRMEE D, % 6iR
BRI, M2 CdS Y5 CdSe BE/R I r M5 4 B, i F ik
CdSe/CdS gkt X, REB W T HAIGRKE, FRECERE
55,
2.3 EHHRICA MM E S

2.3.1 CdSe/CdS 4k &1 545 CD3 ket is

H 4 Jy CdSe/CdS & F s Ml CdSe/CdS-CD3 B & #4184
PRSI, HE 4T R, CdSe/CdS & T 5 i & 5 i

4001 1:4

300 1

200 1

Fluorescence intensity

g

450 500 550 600 650
Wavelength/nm

Fig. 3 Fluoresence spectra of CdSe/CdS solution

with different CdS/CdSe molar ratio

7 525 nm &b, CdSe/CdS-CD3 & A4 & JHids F 529. 5
nm, EBT 4.5 nm, FRFOLIEEHRE. SRR MRl
FRE A RE R £ TE LA EDC fit NHS f94E T, CdSe/CdS
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BFREEARES AN E LM MBI, { CdSe/CdS &
FRHREBATERD, NiliF#K T CdSe/CdS Gy kL 1]
AR SR AR, F3 Stokes MIBE/DN, HIObE
SHIRETHEBR ., T CDS kG ER T ANET,
BT RFRERRE, FEEF AWML REMN.

B T ORI A AL NS IR A S Ak kA T B A
KB AR N H CdSe/CdS B F £ 5 B A CD3 Hilkiy i
B, HERSRA M CdSe/CdS-CD3 £ 454, i 4
(b) B[ W, CdSe/CdS & F i i & 5 & 7 583 nm i, CdSe/
CdS-CD3 HAH4 MR H L F 581 nm, BH T 2 nm, [H
B FIEIR IR .

a
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2 3001
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Fig. 4 (a) fluorescence spectra of CdSe/CdSA525 a and CdSe/
CdS linked mouse anti-human CD3 b; (b) fluorescence
spectra of CdSe/CdSA583 a and CdSe/CdS linked mouse
anti-human CD3 b. The insert of (b) is the fluorescence
spectra of CdSe and CdSe/CdSAS83

2.3.2 AfnkE@mEeiiie

B s(a) B EABEIE LR AN BT . AP LIE
oy AMMPKE 40 M4 5 H R EH. (b, (o) Fdd 47l
FITC Fi CdSe/CdS-CD3 & A #4 (R # 46) Fl CdSe/CdS-
CD3 & A HEH (R 650 FRic AN MU E 20 il 78 1 6 3k
TR, o AT 2 L B I 70K B 40 Mg 8% CdSe/CdS-CD3
HORHREARD, HRBLE FITC R R RHAE
HIEW S AR AEER.

2.3.3 CdSe/CdS-CD3 £ 4-#R4T49 A48 2 14

FE G 3 & B4y 3 3k F CdSe/CdS-CD3 & 4 #4t #1
FITC-CD3 fRic i A Ik 2 4040, &3 1, 5, 10, 20, 30 min
T CEBIE L, W 6 ifR. CdSe/CdS-CD3 B & #4t
FRT R A FEZ R 30 min 5, REMLHB R, W
FITCHER N E A FHR L AHBEFERYBAE, 7 30
min WEAKK, LREREY, SEEREHLE, BF
NEHREARENR, 7OEEaK, RIS RA BR
B e KB )R R A A o bR SN P AR 2

(a) ®) ( (D)

Fig. 5 Lymphocyte in dark-field illumination (a), lymphocyte
incubated with FITC for 2 hours (b), lymphocyte incuba-
ted with CdSe/CdS-CD3 (orange)for 2 hours (¢) andlym-
phocyte incubated with CdSe/CdS-CD3 (green) (d) for 2
hours in dark-field illumination with blue excitation

&) 0] (m) (n) (o)
Comparison of photo stabilities of CdSe/CdS QDs (a) ~

(e), (k)~(0) and FITC (f) ~ (j) labeled lymphocyte.
The images were taken at irradiation times of 0 (a, f,
k), 5 (b, g, 0), 10 (¢, h, m) 20 min (d, i, n) and
30 min (e, j, o) respectively, under blue excitation

Fig. 6

3 4 #®

ASCIR I T —Fh i B AT 478 ] S K AT 4K BT A
MISEE . FIABEH IR AR E R, BB G R T
By CdSe/CdS e HUKBLT > JEH HAE AT AR IT Y X
A M E AR TARIC . BT 5 8 ) CdSe/CdS B FEH KM T
FIRBERMFIRME TR &K CdSe BF IA FTigm, HR
W R R ST IARR A LR, (AL T BT R R TSR . B
HARCERERERY], SEERBALE, BT RRAK
BEths, xHEBAMESIRRIER, SOCRMRERA, #
HAE KB A A R i U P AR R E s R SRR A KR
i 5t.
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Preparation of GSH Capped CdSe/CdS Core-Shell QDs and Labeling of
Human T-Lymphocyte

DONG Wei'" 2, GE Xin?, WANG Xuan-yi’, XU Shu-kun'"
1. Department of Chemistry, Northeastern University, Shenyang 110004, China
2. Department of Chemistry, Shenyang Medical College, Shenyang 110034, China

Abstract Two kinds of L-glutathione capped highly fluorescent CdSe/CdS core-shell quantum dots (QDs) emitting green and
orange fluorescence at 350 nm excitation were firstly prepared by an aqueous approach and used as fluorescent labels, to link
mouse anti-human CD3 which was expressed on human T-lymphocyte. UV-Vis absorption and fluorescence emission spectra of
the as-prepared CdSe/CdS core-shell QDs were studied. Compared with the CdSe QDs, a remarkable enhancement in the emis-
sion intensity and a red shift of emission wavelength of CdSe/CdS core-shell QDs was observed for the two kinds of QDs emitting
green and orange fluorescence. The TEM results showed that the as prepared CdSe and CdSe/CdS QDs dispersed well in aqueous
solution, and their shape was approximately spherical, and the CdSe/CdS QDs nano particles emitting green fluorescence are of
about 5 nm in diameter. The two kinds of CdSe/CdS QDs were linked with mouse anti-human CD; to image human T-lympho-
cyte. The fluorescent microscopical images of human T-lymphocyte labeled with CdSe/CdS QDs-CD3 and FITC-CD3 demonstra-
ted that the fluorescent CdSe/CdS QDs exhibited much better photo stability and brighter fluorescence than FITC, showing a

good application potential in the immuno-labeling of cells.
Keywords Aqueous CdSe/CdS core-shell QDs; L-glutathione; Immunolabeling; Human T-lymphocyte
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