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JPRS* ^712 

ON" THE INVESTIGATION OF 2H.3 
'  ■ THiSaL!0-LUMIMJ33C3NT CURVE* 

';'- 'COMMUNIST- GHIKA -    "■' './ 

' :■'■;''■ /Following Is a translation of an,article ;.: 

v., %y Ch'en/I-hsun ana Hsu 'H'surJung, Physics       .■*, ;■ 
Research institute,-Academia Siniea, In :. ;i   .. ;;Y 

• Wu^li Hsueh-pao, Volume 15,; Number 7, ."'■ 
Ju~iy~19S9* PP 393-396^7 

1. Mien the condition of excitation (e.g., change''; 
in excitation, intensity) to phosphorescent material' changes, 
there: is always some delay.in the corresponding luminous , 
Intensity change.' This isiuainly caused by the fact that ;■■ 
in phosphorescent material either electrons or holes can 
becaptured by the localized energy level, the mein char- ; 
acteristic of the captured energy level beins its depth. ,- * 
Among the methods for.determining the depth of the captured 
energy level, the Bne which studies the thermo-luminescent, 

■curve' seems to be most effective- end convenient. In the 
above study there are two commonly adopted theorems upon ■ 
which the study is based. "■ One theorem assumes that the  ; 
recombination process obeys the mono-molecular reaction rule, 
while the other assumes that the recombination process obeys 
the'simple, bi-inolecui*r reaction rule. From the viewpoint:'v 
of the energy band model (nens'tai mo hsing), they corres«--! 
pond to two limiting cases: -the ratio of the probability ; 

of recombination to'that of capture approaches or it-   ; : 
approaches zero.: Although there hns been data^published ; 
which enables us to estimate the extreme to which the 
actual situation is likely to approach,'when determining 

■the" depth of the energy level'we c?n :treat it as' only bne ; 
of the limiting cases. As it is known,'■ the depth of the T 
energy level obtained from treating it in two limiting • ;■ ' 
cases differs by a factor of 2. In a typical phosphorescent 
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material such es zinö sulfläe, as shewn in (5), the prob- : 
'ability of electron recombination Is almost equal to the 
probability of capture. Therefore, in order to accurately 
estimate'the energy level, it is noooss^ry to take into ac- 
count- the ratio of probability of recombination to that of 
capture. Therefore,. in this paper, wo investigate the ther- 
mo~luminescent curve as follows»" - 

2. From tho viewpoint of energy band „model (neng ■. 
taj >-o visln*?), it is not"difficult to deduce the following, 
characteristics: AosumlnG the electron captured enerGy 
level has only one depth,- there■ is only a very small part 
of energv level v/hich can be filled by electrons, since the 
electrons once captured have'to return to the conducting 
band before rosclble »cömbinätion pith .-t,he. hqlo. tahes place 
(through external quenchinp) * /. At any instant * of the ther- 
mo-luminescent process .   7.: :p ,p,.nv ; ■•-'•■.. .-.■', •,..■:•■. 

^«-«r^tf, \l.;£ '■        <-'U): 

* - 

,'. ■ !*. -'■;       ■■.■■:-il.- .      v2;  ■ 

Siineo the life of an electron in the. trap is ^ longer, thon ; t; 
when it is in the enqr-y band,A«/^. from (1) and (2) .we (set 

........... ...t  ...     ...... j- .. 

Let t ■:■.  , 

We have 

In 

■"«»rm.'Ro-.-^:,' '■ ""':. ."'   ■■■/.  ;.B} 

/. 1+7*»' .A»' Y«K«-''«"-;. i;':    '■"' • TsV 

'prom this relation we see th>.t ' if ■■ ,?<* Crm estimate the.. '. ; 
VPIUO ;of A:, ■we. can plot a .strai.^-.t line■from'the experi- 
^ont.?-l-data-anc the alore'of"thrt strnight iinö-..tiiy.äs' the 
v 

the firßt.csrt or the  laut  of .'the  curve,   but .not pbotn.. 
.     .g*nce at cwr Ihßtp'nt,'-..tho .luminous, intensity */»r&i -, 

If wo.;;isf3ko the  line X*/i   Intercept with the  therrao-lumlnea- 
cent curve,   then*£J  are  eqmT at. tv.'O InterceptintPpolntsv / 

"~     ■     ll)     This' is  P  com-oleted  segment of  tho 1957  wors- 
en the luminescent problem. .Mhe' remainder     - 

• ' has not been continued, 



';Malting"■ use"of 
"(6) 

Taking different values of A.to.obtain corresponding £,  • 
°nd fkvei,8/-'0 the value of ■€■■• 
•v*  r Finally, when luminous intensity reaches its peak 
value; kits" first" derivative . should' be aero. At this peak . 
value ofluminous intensity, let-tine j^/J > we obtain 
another relation . -       ... .,..,;'''-.:„. .:'■■-. 

Subscript'in denotes' that all öusntitiea in/the^bracket 
ehould.be t^valuetf-corresponding to peak luminous inten- 

e^^;v.&XViu'•W6wh^f•ro]4l■ (6) ehd (7), we can find; «V 
The; quantity" .€ ^determined by tha-above '^l?*?***™™^ 
esponds-to the therao-ipniaationpotential of the cJP£ureo 
center.' As 'to internal ^nöhir^,'«8 long as It« varistlon 
In <rue- to temperature- under experimental' conditions, it. is 
not'lar^e. The value of f do6s"not change.» hence ;the 
.result Is not affected; ;-;'; */- : ;;v -.;* . v... •-_,.., hv , 

• ' ,*< rTc-estimate /L * we can use the method suggested by 
(6>rbut u-oon careful analyeiß of (5), we can P.1BO determine 
both A> and. *'simultaneously from"- the thenno^ luminescent . 
'curve' itself by making' üe*of 'the, characteristic s -^.^ed 
(<5'i.. Tp-fp.ct-s if we let >u change f rom 0 to. *# -|,.thO plot, , 
if  VYiÄÄ:'-**^  ' :aSains;t ^ will become straightened ■ 

'  gradually from "inclining "to ascertain direction end. then 
' incomes to another direction» .When' „the straight lino 
' Swwe. it means thPf the value of -K6 in compliance with 
■the actual condition is" found (within the range of temp- 
erature change In'the experiment.the change otä with 
temoerature i'e neglected for the; tiifie being) .       '■   ■ 
''-*' '3» xn'oraer :that: the'%herm:o«lümine-30ent curve is k :■. ■: 
not affected by. shallow energy, level, j?f first excite a- . 

. senple (ZHS-CUJ CO, in which Cu has V*V Co *«•* ' Jm(fSn°h 
it is made f:rom heating '5* 'paCl^'at,a temperature of 1100 o 

; for 30 min. »at 6?fi,. then; let the luminescence fade 15 . 
mln. and cool it to4 the * temperature of liquid air-. Heat ■ 

' it in such aj\way that the ^temperature rises uniformly, 
using * 33/-f» and,,ammbter^o -detect- the. variation of the 

: """  (1)  ThT^Ithor of "(7) mentioned, in general, by the 
'  >.L ■    vchanBe ofjfe* and/*& with r'and its devimion 

' T"^r;  ": from linear Vi^tioKship, ??» can be determined-- 
;',./:;■'.:  remarked when editing/ '■ ;   <;:■-■..,.,':.;.;. 



shown in f IS ♦3.« 

.rterao-luiiineBOTOt. curve,, "^t «olteto'^Cu, 
oat 65»o with ^^J0g!_HfX*f „Ät ÄtU 

state, then stai-t to «»"^v  of MB8 when 

SÄ th«»o:Wn..oent. curve. 

Straight U». «o- thatL «« ^^«SESÄÄ 

to be f «<****• P"8*"*"^      .,-.-■.. 

•(a) 

(D) 

jFle^.„„„Relaj Relation j?lM?®*l 

4' 
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At this stage we need not use (6) because, it only 
söiite a part of (5), but we still can use (7). Values 
.«& pa0a the) plot of A versus «, Tia -measure the slopeJ 
OB» the ratio of luminous intensity to find the slope.. 
•2,/jnin., €« 0.866V. 

•the meaning of the symbols used in. this papers 
• ^«s*-.effective electron recombination and cspture 

■section respectively 
/W» density of electron in conducting,band 
'W- average .velocity of .moving electrons. •.. 
v - density öf electron captured -energy level 
A/-'density of.electron"captured en&r&y  level 

'    which 1« fully."filled by electrons 

\!H ""*?8$l*k~ density of loniz&tloir center at **Ö ■ 

the author'wishes-HI'o thank Mr. Kuai Xu-lu for 
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