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SYNTHESIS AND LUMINESCENCE PROPERTIES OF ZnSe:Al 
NANOPARTICLES

Colloidal nanocrystals of ZnSe:Al were synthesized in organic polymer matrices. The optical absorption and long- 
wavelength luminescence were studied, the average sizes of nanoparticles were determined, the efficiency of the transition 
from bulk crystals to nanocrystals was shown, and the types of optical transitions were determined.

Introduction

S e m i c o n d u c t o r  c o l l o i d a l  n a n o c r y s t a l s  o f  t h e  

A 2B 6 g r o u p  a r e  p r o m i s i n g  m a t e r i a l s  f o r  b i o m e d i 

c a l  m a r k i n g  a n d  v i s u a l i z a t i o n .  T h e  m o s t  w i d e l y  

r e p r e s e n t e d  i n  t h e  s t u d i e s  a r e  C d S  a n d  C d S e  n a 

n o c r y s t a l s  [ 1 , 2 ] ,  w h i c h  h a v e  t u n a b l e ,  w i d e  a n d  

i n t e n s e  e m i s s i o n  b a n d s .  H o w e v e r ,  m a n y  r e s u l t s  

s h o w  t h a t  a n y  l e a k a g e  o f  c a d m i u m  f r o m  n a 

n o c r y s t a l s  w i l l  b e  t o x i c  a n d  f a t a l  t o  b i o l o g i c a l  

s y s t e m s .  I n  c o n n e c t i o n  w i t h  t h i s ,  t h e  s y n t h e s i s  o f  

n a n o m a t e r i a l s ,  n o t  c a d m i u m  e n t i t i e s ,  i s  t o p i c a l .  

S u c h  m a t e r i a l s  i n c l u d e  z i n c  c h a l c o g e n i d e s ,  a n d  

z i n c  s e l e n i d e  i n  p a r t i c u la r .

B e i n g  a  w i d e - b a n d  s e m i c o n d u c t o r ,  Z n S e  i s  i d e 

a l l y  s u i t e d  f o r  t h e  c r e a t i o n  o n  i t s  b a s i s  o f  o p t o e l e c 

t r o n i c s  d e v i c e s  a n d  b i o m e d i c a l  i m a g i n g .  D o p i n g  

Z n S e  a l l o w s  t h e  r e a l i z a t i o n  o f  l u m i n e s c e n t  r a d i a 

t i o n  i n  t h e  v i s i b l e  a n d  n e a r  i n f r a r e d  w a v e l e n g t h s .  

A t  p r e s e n t ,  Z n S e  n a n o c r y s t a l s  d o p e d  w i t h  t r a n s i 

t i o n  e l e m e n t s  s u c h  a s  C u ,  M n ,  C o  h a v e  b e e n  s u c 

c e s s f u l l y  s y n t h e s i z e d  [ 3 ]  A t  t h e  s a m e  t i m e ,  t h e r e  

i s  n o  i n f o r m a t i o n  o n  t h e  p r e p a r a t i o n  o f  z i n c  s e l -  

e n i d e  n a n o p a r t i c l e s  d o p e d  w i t h  G r o u p  I I I  d o n o r  

e l e m e n t s  ( A l ,  G a ,  I n ) .  I n v e s t i g a t i o n s  o f  t h e  p h o 

t o l u m i n e s c e n c e  o f  b u l k  Z n S e :  A l  c r y s t a l s  s h o w e d  

t h a t  i n  z i n c  s e l e n i d e  a n  A l  i m p u r i t y  i s  t h e  b e s t  a c 

t i v a t o r  i n  t h e  v i s i b l e  r a n g e  [ 4 ] .  S o  t h e  p r e p a r a t i o n  

a n d  i n v e s t i g a t i o n  o f  t h e  l u m i n e s c e n t  p r o p e r t i e s  o f  

Z n S e :  A l  n a n o c r y s t a l s  i s  r e l e v a n t .

T h e  p u r p o s e  o f  t h i s  w o r k  i s  t h e  d e v e l o p m e n t  

o f  a n  e c o l o g i c a l  a p p r o a c h  t o  t h e  s y n t h e s i s  o f  

Z n S e : A l  n a n o c r y s t a l s ,  t h e  s t u d y  o f  t h e i r  l u m i n e s 

c e n t  p r o p e r t i e s  a n d  t h e  e s t a b l i s h m e n t  o f  n a t u r a l  

e m i s s i o n  t r a n s i t i o n s  i n  t h e s e  n a n o c r y s t a l s .

Experimental

T h e  s t u d y  u s e d  c o m m e r c i a l  r e a g e n t s  B e i j i n g  

R e a g e n t  C o m p a n y .  Z n C l 2 w a s  t h e  s o u r c e  o f  z i n c  

i o n s .  T h e  s o u r c e  o f  S e 2- i o n s  w a s  s o d i u m  s e l e n o -  

s u l f a t e  N a 2S e S O 3, w h i c h  w a s  p r e p a r e d  w i t h  a n  

a q u e o u s  N a 2S O 3 s o l u t i o n  a n d  p o w d e r e d  S e  ( 9 9 % ) .  

P o l y v i n y l  a l c o h o l ,  g e l a t i n  o r  l a c t o s e  w a s  u s e d  a s  

t h e  g r o w t h  s t a b i l i z e r  o f  n a n o p a r t i c l e s .  T h e  d o p i n g  

w i t h  A l  i o n s  w a s  c a r r i e d  o u t  b y  t h e  a d d i t i o n  o f  

A l 2C l 3 . T h e  r e s u l t i n g  c o l l o i d a l  s o l u t i o n  c o n t a i n 

i n g  Z n S e  a n d  Z n S e : A l  n a n o p a r t i c l e s  w a s  d e p o s 

i t e d  o n  q u a r t z  s u b s t r a t e s ,  t h e n  t h e  s o l v e n t  e v a p o 

r a t e d ,  f o r m i n g  m e m b r a n e s  f o r  m e a s u r i n g  o p t i c a l  

a b s o r p t i o n  a n d  p h o t o l u m i n e s c e n c e .

T h e  o p t i c a l  a b s o r p t i o n  a n d  p h o t o l u m i n e s c e n c e  

s p e c t r a  w e r e  r e c o r d e d  w i t h  a n  M D R - 6  m o n o c h r o 

m a t o r  w i t h  a  2 4 0 0  g r o v e -  m m 1 d i f f r a c t i o n  g r a t 

i n g s  i n  t h e  u l t r a v i o l e t  a n d  1 2 0 0  g r o v e -  m m 1 i n  t h e  

v i s i b l e  r a n g e .

Investigation of the optical absorption

T h e  o p t i c a l  d e n s i t y  s p e c t r a  o f  Z n S e  a n d  

Z n S e : A l  n a n o c r y s t a l s  w e r e  s t u d i e d .  I t  i s  e s t a b 

l i s h e d  t h a t  i n  a l l  t h e  s a m p l e s  s t u d i e d  t h e  a b s o r p 

t i o n  e d g e  i s  s h i f t e d  t o  t h e  r e g i o n  o f  h i g h  e n e r g i e s  

i n  c o m p a r i s o n  w i t h  t h e  a b s o r p t i o n  e d g e  o f  s i n g l e  

c r y s t a l s  o f  Z n S e ,  w h i c h  i n d i c a t e s  t h e  p r e s e n c e  

o f  q u a n t u m  s i z e  e f f e c t s  i n  t h e  s a m p l e s .  T h e  i n 

f l u e n c e  o f  t h e  r a t i o  o f  t h e  c o n c e n t r a t i o n s  o f  z i n c  

a n d  s e l e n i u m  s o u r c e s  o n  t h e  p o s i t i o n  o f  t h e  a b 

s o r p t i o n  e d g e  w a s  e s t a b l i s h e d .  T h e  m a x i m u m  

d i s p l a c e m e n t  w a s  o b s e r v e d  a t  a  r a t i o  o f  Z n C l 2 t o  

N a 2S e S O 3 o f  1 0 : 1 .
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Tne meav radim of the ZnSe, ZnSe:Al pars 
tidec w as esti m-tpd firoes ten ra^one in Ae ^ ( d̂ 
gandAE)) relative to the bulk crystal, using the 
effective-maas apdrosi mation esirin tZe SquAti pa

^ i h
R = -^= e=u . g t

There h  is the Planck constant; p = ((me*) 1 + 
(m,* )-1)-1, where m  * = 0.17m , m, * = 0.6m are,\ h* / / 5 e e5 h e 5
respectively, the effective masses of the electron 
and ho le in zin c selenide, m  is the mass; of t;he5 e
free electron ; A E i o fha chffrrenee b etw.ro thr

’ g
wM&ofthe band gfp m the nasopaod cite ana the 
bulk ctystal of  ZnSe t2.O8 eV). TTeresmts Ta f al- 
curgtions showed that die tmmmum ZnSe nano
particle s f ^̂  (3.e dm) i s recehedjus3; at the eatio 
o fZnCc  to ^ a2̂ e^^3 s 0: 1 (FigN , ruie e (s.

Dc>ping os Z n^  nmovep-avlt wiiN nluminem 
lee . s toashift inthe abaorption e(Snc te ̂ fteregion 
oftowe- ezereld s.Tha mannitucle of  the di splofel 
ment increased with increasing concentration of 
the aluminum f ource (FI0-0, cuvve w 2,c). A tnm- 
larvuTendenceof dhew i.dsof  the fotoidden band 
on die epncetoration of dtt hvn a f t was obsaopad 
earlier )o< bid0 Zncr ciystah  evntammg oge donor 
impurity -n, the .m.n rity ton- ef  the tran titi on d-

where: e -  elhctron charge, N  - concentration of 
imev(ities in (̂  ̂i, ^̂  ̂V.6U is Nnc -dcnide statin 
dielnetIrc constant, tCus cĉr̂6es tn̂ rioŝ  of l̂̂ nm̂ -
n ic dielectric constant, the concentration of alu 
dete^umed .r% soiotivn of A^C)  edrresponds a  
th  ̂Cdneentratide of alumlzum in nanodtystal- o(  
1018 ^m_s and - ( % tolr̂1̂^̂ĉi3 o0Nl2Pl3 is ^co u ani 
trationof s019cma .

I yestigation of long-wavelength photolu- 
mineINVESTIGATION OF LONG-

Cnvestig ation of ZnSe nanocrystals photolumi
nescence spuctrn ittn  owSd tOe presenee opC-oaf  
phnSoiuminctcspec Vands loeailzeV ip dse 0(0- 
C50 nm region. .  he chanoe in die tempsratilre oC 
^ 5̂̂ 00̂18̂s01 ̂  from e00 to 4 3 0  tg diO not came a 
sht f t i nthe s-ccda sSun(ef . T0e o oî i^̂<3n df  tOe 
spcdra remaiasO undlengnV eum d/itTi a enenge 
in diewdddi ar. the forbidden vand df  nanoa y c- 
tachange in the width of the forbidden band o
(~ . ^ m r^ h s.f-wMdr <s(  toe 0fnds mdiente tbeir 
non-elnmentaIy naturn. Tha deeompofitioninto 
elindicate their non-elementary nature. The de
Pro f  program reoealen e erri es of demc-tfty 
endsston lmes tougiizn0 a t t̂ 5S0, f 00, ( e 0 ,6 8 ŝ , 
700, 7-p and (013 nm (Fig . 2, a). Hie lventiuai 
d ementaty etmsston .ir̂ 0̂ w5reob86100d^arl^^g 
in buty Zr̂ ĥe sin^e nltyStgmSZSn̂. 2, b) -̂4],

Emi sŝ 3̂  v( u tvâ’̂ e^̂ î ĝ lli l f̂ ees n m u]̂ pcâts 
^ui  ^o î̂ ^̂<3ĉ î t̂ve native defects (VZoVSe)-. The 
emisŝ <̂ n ŝ ne at; a weve ênn ĥ on6e c nm aes:lea)a 
diteto ns ̂ os î̂ 1̂iê .e l̂ eÔ cil t V, n̂Dtl)■ ê l ê̂ŝe S(̂  ̂do
nor is shher NSe ot at î 3̂ (̂ ot^̂ :̂ ô 0 d600t i^ e ŝ 
r̂t̂ ŝ , <m IFV <̂rvT-) Cien̂ (̂ nU fno :̂xerlen̂ t̂̂r Cw B^
I. T^^o r̂̂ î r ^mi<̂cinn :̂rnea ^e^^o- ô(̂ (ŝl̂ad wit0 
d impurity, an IIV group element, for example

<̂3m̂ rs r̂ nc. hC(̂ eotv l̂s. Î t̂ î eî(ie donTr, ane oî ŝ t̂ îi 
to [( ], .w the unconixolled îẑ ,̂ ur t1̂ c Â1, (n, r̂ a.

)eonmb t 1̂̂ h aiûô î - t̂̂ m during dee ŝ r̂ wan â-  
^ Î̂ (̂ r̂-n̂ s)<̂lt (eads to ^ninr̂secî e io n̂e t̂ mi,̂ ps n̂ 
intensity in the 500-1000 nm region. Further in
crease of the emission intensity with increasing
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al b)
F i g  3 .  P h o t o h u n i n e s c e n c e  s p e c t r a  o f  ( a )  Z n S e : A l  n a n o c i y s t a l s  a n d  ( b )  Z n S e : A l  b u l k  c r y s t a l s

A l 2C i 3 e o n c e o t r c t i  o n <s e x p 0 a i m  i  g y o n t u c r e a s e  

o f  t Oe  V o n o n  i m o u r i t y c o o c e n Or o s i o n  m  m v e c a ig eS t  

e d  n a n e c t y s t e l s .

I n  t h e  a m ir ôk n  s p e e t c a  o f  Z n S e :  A ( n r ô o e n t s -  

t a l s , a i e m e v t o i y  e m i s e i  o n  l i n e s  a r e  e m i t t e d  a t  5 C 0 ,  

6 0 0 ,  6 3 0 , 6 8 0 , e n d  0 0 0  n m : O P e  s s m e e m i s o I o d  

l i n e s  w e r e  f t̂ t e c t̂ ^ d  i n  b u lO  c r y s t a l s  o f  O n S e : A l  

( F i g - 3 ,  b ) .

I s  ( s  e s t t î î i s r e d  tiu^t: a  e h a n o e  o f  A I cC Is a o n -  

c e n Z o S i î^, t h e  c h o i c^e o f  t h e  s t a b i l i z i n g  m a t r i x  

t y p e  d o e s  n s t i e a d t o  c  ah i f t  o 0 t n e d e m e n ta I O  

a n d  m t e g r o l  e n n o s t o n  l i n a o  t o  ( h s  t t o r t - w a v r  o r1 

l o n g w a v e  r e g i o n  ' D i e  d i a s g p  m  t e c h n o t o g i c a l

condidions i eadsto o chnvve m tOe inteosity od <  
elemenlaty emicsion iiT^̂ , whieh iw exoiained Xy 
the t r̂̂ i i tri ûiti on o f the eoneenfraiion o f native 
a n d impurity d aOuctt sUn̂i: maPe up CVe ftPOcta- 
tivc castecs. The cOrOt o f Tic escifaion ivOenrrted 
maoimum go tOu smalirr waveiengtht renior with 
increusm g A i2Nl3 eoneenaoaSinu from 2 to C0% 
car be e xptained Oy m crcasi ng in the int im ity of 
thc d emt ntoIyem iosion l̂ nê ĉO Ol̂ O nmdue 1̂ ^—- 
sociative ( 63̂666̂0 (VZnClf (  ".
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Conclusions

Z n S e  a n d  Z n S e :  A l  n a n o p a r t i c l e s  u p  t o  3 . 5  n m  

i n  d i a m e t e r  w e r e  s u c c e s s f u l l y  s y n t h e s i z e d  u s i n g  

t h e  “ g r e e n ”  s y n t h e s i s  m e t h o d  a n d  o r g a n i c  s t a b i 

l i z i n g  a g e n t s .  I t  i s  s h o w n  t h a t  Z n S e : A l  n a n o p a r 

t i c l e s  p o s s e s s  e f f e c t i v e  l o n g - w a v e  e m i s s i o n  a n U  

c a n  b e  u s e d  a s  f l u o r e s c e n t  l a b e l s .  T h e  n a t u r e  o f  

t h e  r a d i a t i v e  t r a n s i t i o n s  i n  Z n S e  a n d  Z n S e : A l  

n a n o c r y s t a l s  i s  e s t a b l i s h e d .  I t  h a s  b e e n  e x p e r i 

m e n t a l l y  c o n f i r m e d  t h a t  w h e n  t h e  t r a n s i t i o n  f r o m  

b u l k  c r y s t a l s  t o  n a n o c r y s t a l s  d o e s  n o t  o c c u r ,  t h e  

e m i s s i o n  l i n e s  s h i f t  t o w a r d  d o n o r - a c c e p t o r  p a i r s .
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o f  o p t i c a l  t r a n s i t i o n s  w e r e  d e t e r m i n e d .
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