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A65tract 

New react10n 5cheme5 5h0w1n9 ph0t0chem1ca1 1n5ta6111t1e5 1n c105ed 150therma1 c0nd1t10n5 are pr0p05ed. 815ta6111ty and 05c111at10n5 ate 
pred1cted f0r a 5y5tem 1n wh1ch 0ne reactant 15 1n rap1d d1mer-m0n0mer e4u1116r1um. 7he nece55ary feed6ack 0r191nate5 fr0m the 119ht 
a650rpt10n 1aw at h19h t0ta1 a650rpt10n 0f a 5t1rred 501ut10n. F0r the exper1menta1 065ervat10n 0f 1n5ta6111t1e5, the rate5 0f therma1 and 
ph0t0chem1ca1 react10n5 mu5t 6e e0mpara61e. 7he nece55ary re1at10n5 0f the parametcr5 are 06ta1ned fr0m the pre5ented e4uat10n5. 
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1. 1ntr0duct10n 

••Ex0t1c•• k1net1c 6ehav10ur, 1.e. 615ta6111ty and 05c111a- 
t10n5, 1nv01ve5 chem1ca1 1n5ta6111t1e5. 1n 50me 5y5tem5 [1- 
7], 1n5ta6111t1e5 have 6een 065erved exper1menta11y 1n reac- 
t10n51nc0rp0rat1n9 a ph0t0chem1ca15tep. 1n m05t ca5e5, unu- 
5ua1 k1net1c5 have 6een 5tud1ed 1n a e0nt1nu0u5 f10w 5t1rred 
tank react0r (C57R),  1.e. 1n 5y5tem5 0pen t0 ma55 f10w, 0r 
at therm0k1net1c c0nd1t10n5, when the nece55ary feed6ack 
1nv01ve5 heat1n9 6y f19ht and the temperature dependence 0f 
the e4u1116r1um c0n5tant. 

50 far, n0 exper1menta1 065ervat10n5 0f 1n5ta6111t1e5 1n an 
150therma1 c105ed 5y5tem 0n 119ht exp05ure have 6een 
06ta1ned. 1n Ref. [8], the ph0t0chem1ca1 tran5f0rmat10n 0f 
pr0duct5 1nt0 reactant5 ha5 6een 1ntr0duced 1nt0 the m0de1 
react10n 5cheme t0 06ta1n a d05ed 5y5tem. 1n the m0de1, the 
aut0cata1yt1e 5tep, 0r 5u65tratum 1nh161t10n 0f the en2yme 
react10n, 15 u5ed a5 the feed6ack. 7he p05516111ty 0f ph0t0- 
chem1ca1 1n5ta6111t1e5 1n c105ed ph0t0chem1ca1 5y5tem5 ha5 
6een 5h0wn [ 9-11 ]. Kn0wn 615ta61e ph0t0react10n 5cheme5 
1nc1ude [ 10,11 ]: (1) therma11y rever5161e ph0t0chem1ea1 
react10n5 1n wh1ch the reactant 15 5u6ject t0 c0ncentrat10n 
4uench1n9; (2) three-mem6ered eyc11c reaet10n w1th a ther- 
m0rever5161e phet0chem1ca1 5tep; c0mpet1t1ve f19ht a650rp- 
t10n 15 the feed6ack 1n the 5ec0nd ca5e. 05e111at0ry 6ehav10ur 
ha5 6een 065erved f0r a m0re c0mp11cated 5cheme 1n wh1ch 
the 5y5tem c0nta1n5 tw01ndependent ph0t0chem1ca1 react10n5 
1nduced 6y 119ht w1th tw0 d1fferent wave1en9th5.0ne 0f the 
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react10n515 615ta61e and the 0ther react10n 15 c0nnected w1th 
the f1r5t 6y the a650rpt10n 0f 119ht at 60th wave1en9th5. 

815ta6111ty 1n a C57R and 1n therm0k1net1c exper1ment515 
065erved f0r m01eeu1e5 wh1eh f0rm a550c1ate5 0r, 1n the ~1m- 
p1e5t ca5e, d1mer1c part1c1e5 [ 1-5]. 1n the pre5ent w0rk, we 
have c0n51dered ph0t0chem1ca1 react10n5 wh1ch 1nc1ude a 
5u65tance 1n rap1d d1mer-m0n0m~, e4u1116r1um. 7h15 15 a 
51mp1e examp1e 0f a 5y5tem w1th 615ta61e and 05c111at0ry 
6ehav10ur. 

2. Re5u1t5 

Let u5 c0n51der a 5u65tance A wh1ch 15 1n rap1d d1mer- 
m0n0mer e4u1116r1um w1th a c0n5tant K• 

A 
A.• f 

K~ ~ 
D :, 2M 

7he c0ncentrat10n5 0f d1mer and m0n0mer are 

A - M ~1  + 8AK• - 1 D =  ~ ; M =  (1) 
2 4K• 

where A 15 the t0ta1 c0ncentrat10n 0f m0n0mer and d1mer 
expre55ed 1n m01e5 0f m0n0mer. 

N0w, 1et u5 5upp05e that 60th m0n0mer1c and d1mer1c 
m01ecu1e5 a650r6 119ht. 7he 119ht 1nten51ty a650r6ed 6y the 
m0n0mer 1n a 5t1rred 501ut10n 15 
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1M110 = DM 
t 1 - e x p (  - D,2) ] 

DM ff1 M~1; Dy. ff1 MC~1 + DeD1 (2) 

where eM 15 the m01ar a650rpt1v1ty 0f the m0n0mer1c f0rm 0f 
A, eD 15 the m01ar a650rpt1v1ty 0f the d1mer1c f0rm, D215 the 
t0ted a650r6ance, DM 15 the a650r6ance 0fthe m0n0mer (here 
the m01ar a650rpt1v1t1e5 and a650r6ance5 are mu1t1p11ed 6y a 
fact0r 1n10). 1M and 10 are the 1nten51ty 0f f19ht a650r6ed 6y 
the m0n0mer and the 1nc1dent 119ht 1ntet=51ty re5pect1ve1y and 
115 the 0pt1ca1 path 1en9th. 

7he c0ncentrat10n dependence 0f the f19ht 1nten51ty 
a650r6ed 6y the m0n0mer 15 5h0wn 1n F19. 1.1t can 6e 5een 
that the dependence 15 5u65tant1a11y n0n=11near. A max1mum 
15 065erved at a 5uff1c1ent1y h19h t0ta1 a650rpt10n. 7he max- 
1mum 0ccur5 when the m01ar a650rpt1v1ty 0f the m0n0mer 15 
1ar9er than that 0f the d1mer, and v1ce ver5a. 1t 15 c1ear that 
the a650rpt10n max1mum 15 re1ated t0 the 5creen1n9 effect, 
1.e. the 5h1e1d1n9 0f 119ht 6y the d1mer a5 the c0ncentrat10n 0f 
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1~, 1, C01~n1r~1104~ ¢1e1~de~ 0f the 119ht • .n51ty a650r6ed 6y the 
rn0a0mer (1n acc0rdance w1th E4. (1)): (a) .,~5 1 m01-1 cm-•; 
K~=100 1 m01-~; ~.1~=0.1 (1). 1 (2), 3 (3) , ,  30($) ,60(6) ;  
(6) ¢t~= 1031 m01-1 ¢m- ~; ¢~=0.1¢-~; K~ 0nt01-=): 105~( 1),5X 103 (2), 
10 ~ (3). 5X 104 (4). 105 ($). 

A 1ncrea5e5 a~d the fract10n 0fd1mer 1n the t0ta1 c0ncentrat10n 
1ncrea5e5. 

7he n0n-11near1ty 0f the a650r6ed 119ht 1nten51ty a5 a func- 
t10n 0f c0ncentrat10n a110w5 615ta6111ty 1n the 150therma1 
c105ed c0nd1t10n t0 6e pred1cted. 7he 51mp1e5t react10n 
1nv01v1n9 5u65tance A 15 

h1, 

A - - ~ 8  k 

5cheme 1. 

Let u5 a55ume that 0n1y the m0n0mer1c f0rm 0f A react5 
w1th the 5u65tance pr0duced (8)  and the d1mer1c f0rm 15 
unreact1ve. 7he k1net1c e4uat10n f0r th15 react10n 15 

dA = _ 10~6DM [ 1 - exp(  - D=) 1 + k8 
dt D~ (3) 

where ¢615 the 4uantum y1e1d 0f the ph0t0chem1ca1 react10n 
0f the m0n0mer and 8 = A0-  A 1n acc0rdance w1th the c0n- 
5ervat10n c0nd1t10n. 

Let u51ntr0duce the d1men510n1e55 var1a61e5 

~D 
X=A1A0; K=4K•A0; ~=kt; e ~= 2e M 

7he d1men510n1e55 repre5entat10n 0f E4. (3) 15 

dX 
d•••; = = ~09(x)  + 1 - x (4) 

where 

9(X) ==DM [ 1 - e x p ( - D ~ ) ]  ~. 10=10dp1 k 
D~ 

u1A0° 1 +¢17Y  
K 

7he 5teady 5tate e4uat10n 

1 - X  
~°=  8(x--~ ( 5 )  

can 6e. numer1ca11y 0r 9raph1ca11y 501ved (F19. 2). 7hree 
5tat10nary 5tate5 are f0und 1n the 5y5tem. Further exam1nat10n 
1nd1cate5 the f1r5t and th1rd 5tat10nary p01nt5 t0 6e 5ta61e and 
the 5ec0nd p01nt t0 6e un5ta61e. 7h15 mean5 that 615ta6111ty 
mu5t 0ccur 1n the 5y5tem. and tw0 d15t1nct 5tat10nary 5tate5 
w1th d1fferent c0ncentrat10n5 0f A can 6e 065erved. 7he tran- 
51t10n fr0m 0ne 5tat10nary 5tate t0 an0ther can 6e 1nduced 6y 
a var1at10n 1n the 1nc1dent 119ht 1nten51ty. 7he feed6ack 15 a 
re5u1t 0f the 119ht a650rpt10n 6y the d1mer1c f0rm 0f A. 

7he 5ame k1nd 0f 615ta6111ty can 6e 06ta1ned 1n 0ther c105ed 
ph0t0chem1ca15y5tem5. F0r examp1e, the cyc1e m0de1 
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F19. 3. 501ut10n 0f E4. (7) w1th fact0r t0/[10( 1 +/3) ] = 4 ( 1 ) and E4. (9) 
w1th 10=2 and a19=3 (2). 

hV 
t12D # M - - - - ~ 8  

12 
5cheme 2. 

a150 dem0n5trate5 615ta6111ty. 7he d1men510n1e55 e4Uat10n51n 
th15 Ca5e are 

dX1d~= --109(X) + Y 

d Y / d r =  0( 1 -- X) -- ( 1 +/3) Y (6) 

Where 

Y= C1A0; /3 = k1/k2; 7 -  k2t 

7he 9raph1Ca1 501Ut10n 0f the 5teady 5tate e4Uat10n 

(1 -X)/~1 (7) 
9 ( x )  - 10( 1 +/3)  

15 5h0wn 1n F19. 3 .7he  phy51ea1 519n1f1cance 0f the va1ue 
9(X)  15 the fract10n 0f 119ht a650r6ed 6y the m0n0mer1c f0rm 
0fA. 

7hu5 615ta6111ty 15 a character15t1c feature 0f ph0t0chem1ca1 
react10n5 0f 5u65tance5 that can d1mer12e. 7he nece55ary c0n- 
d1t10n5 are a rap1d d1mer-m0n0mer e4u1116r1um 0f the ph0- 
t0act1ve c0mp0und, c0mpara61e rate5 0f ph0t0chem1ca1 and 
0ther therma1 5tep5 0f the reaet10n and h19h t0ta1 a650rpt10n 
0f the 1nve5t19ated med1um. 

815ta6111ty 0f a ph0t0chem1ca15y5tem make5 the c0n5truc- 
t10n 0f an 05c111at0ry ph0t0chem1ca1 mechan15m p055161e. 1t 
ha5 6een 5h0wn [ 10,11 ] that n0n-5t0p 5w1tch1n9 6etween 
5tat10nary 5tate5 can 6e ach1eved 6y 1nduc1n9 an 1ndependent 
ph0t0chem1ca1 react10n, a550c1ated w1th the 615ta61e 5u65y5- 
tem, 6y 119ht a650rpt10n. 7h15 meehan15m, h0wever, 1mp05e5 
5tr0n9 11m1tat10n5 0n the a650rpt1v1t1e5 0f the reactant5. A 
51mp1er 5w1tch 1nv01ve5 a react10n wh1ch chan9e5 the am0unt 
0f 5u65tance 1n the 615ta61e 5u65y5tem. F0r examp1e, the 
m0de1 

hv 
112D # M ~v-~---- 8 

P 

c0rre5p0nd5 t0 5cheme 1 w1th an add1t10na1 rever5161e ther- 
ma1 react10n 0f the ph0t0aet1ve 5u65tance. 7he d1men510n1e55 
k1net1c e4uat10n5 and 5teady 5tate c0nd1t10n f0r th15 mecha- 
n15m are 
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F19.4. Numer1ca1501ut10n 0f E45. (8); (a) 5h0w5 the 05c111at0ry k1net1c5 0f 
X (10wer curve) and Y (upper curve); (6) dem0n5trate5 the 11m1t cyc1e; 
parameter5: ¢~50, D0 ~, 10, K -  1,10,~ 2, a~,0.3, t0-0.1. 
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dX1d,rff1 -109(X) - ( 1 -  a ) X -  ( 1 -  0) Y + 1 

dY1d~rff10X-/3Y (8) 

6y 1mmed1ate Lapun0ff ana1y515 0f the c0rre5p0nd1n9 e4ua- 
t10n5. 

1 - X( 1 + a / ~ )  
•(X) = ( 9 )  

/0 

where 

Yff1P1A0; 0t=k2/k1; [3=k3/kt; ¢=k11 

We can ch005e parameter5 10 and a/13 50 that the 5teady 
5tate e4uat10n ha5 0ne 501ut10n 1n the fa111n9 part 0f the 9(X) 
curve (F19, 3). 1n th15 ca5e, 05c111at0ry k1net1c5 are 065erved 
6y numer1ca1 501ut10n 0f E4, (8) (F19. 4). 7he 05c111at0ry 
6ehav10ur can 6e exp1a1ned 1n the f0110w1n9 manner. Let u5 
a55ume that k= and k5 are 5ma11.7hen the 615ta61e 5u65y5tem 
rap1d1y ach1eve5 0ne 0f the tw0 5tat10nary 5tate5 and the 
c0ncentrat10n5 0f the 5u65tance5 vary 510w1y acc0rd1n9 t0 the 
5w11ch e4u1116r1um. 1f, acc0rd1n9 t0 the rat10 k=/k3, the e4u1- 
116r1um c0ncentrat10n 0f A (X, 1n F19.3) fa115 near the un5ta- 
610 5tat10nary p01nt 0f the 615ta61e 5u65y5tem, the 9106a1 
5tat10nary 5tate 15 unatta1na61e. 0n m0v1n9 t0 X5, the 5y5tem 
w111 tran5fer fr0m 0ne 5ta61e 6ranch t0 an0ther, 1.e. 05e111at10n 
w111 6e 065erved. 

8y a 51m11ar meth0d, 05c111at0ry mechan15m5 can 6e c0n- 
5tructed f0r an ar611rary 615ta61e ph0t0chem1ea1 5y5tem (f0r 
examp1e, f0r 5cheme 2). 5u11a61e parameter5 can 6e 06ta1ned 
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